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V a lu e s  o f  L ig n in  . . . I n c o r r e c t?

We w ou ld  lik e  to  p o in t o u t to  the readers o f  JFS that Childs 
and Abajian (1 9 7 6 )  have reported incorrect values for  the lig
nin co n ten t o f  p eanu t hulls. Their m easurem ent o f  lign in  in 
cludes the cu tin  fraction  resulting in a value for  lignin that is 
app roxim ately  tw ice  the actual am ount present.

The proced ure Childs and Abajian fo llo w ed , V an Soest
(1 9 7 3 ) , was designed  for  forages w h ich  are lo w  in cutin . This 
procedure (V an  S oest, 19 7 3 ) defines lignin as the fraction  o f  
acid detergent fiber w h ich  is insoluble in 72% su lfuric acid. In 
an earlier paper, V an Soest (1 9 6 9 )  p o in ted  o u t that cutin  [ “a 
polym er o f  a liphatic  h yd roxy  fatty  acids (lon g  chain satu
rated ), long  chain fa tty  alcohols, a ldehyd es and k e to n es, w ith  
a m ixture o f  paraffin  hydrocarbons o f  odd-num bered  chain  
length  up to  29  carb ons” ] is a contam in an t w h en  m easuring  
lignin as the residue after treating acid detergent fiber w ith  
72% sulfuric acid. Van Soest (1 9 6 9 )  reported  the cutin  co n 
ten t o f  peanut h u lls to  be 22% and the lign in  co n ten t as 17% 
as determ ined b y  the perm anganate procedure o f  Van Soest 
and Wine (1 9 6 8 ).

We have recen tly  p o in ted  o u t  (H eller et al., 1 9 7 7 ) that the  
particle size o f  th e  sam ple greatly in flu en ces the value foun d  
for  cutin and lignin w h en  analyzing peanut hu ll by  the per
m anganate m eth od . U n til standard m eth o d s o f  fiber analysis 
are accepted by researchers w orking w ith  p lant fibers, co n fu s
ing data w ill con tinue to  be generated.

-S te v e n  N. H eller  and L. R o ss  H ackler, D ep t, o f  F o o d  Science  
& T ech n o logy , N ew  Y ork State A gricultural E xperim ent Sta
tio n , G eneva, N Y  1 4 4 5 6

A  M a t t e r  o f  D e f i n i t i o n

The thesis o f  the above letter  is that our m easurem ent o f  the  
lignin con ten t o f  peanu t hulls is in error because th is fraction  
conta ins cutin as a contam inant. T he w riters cite  a 1969  paper  
by Van Soest to  support their p o sitio n . In a 1973  paper by

Van Soest and M cQ ueen, the fo llo w in g  paragraph is found.:
“ Lignin is generally regarded as the m ain non carb oh y
drate fraction  in plant cell walls and the source o f  m uch  
resistance to  m icrobial degradation. T he treatm ent of  
vegetab le fo o d s and forages w ith  6 4 0  m l H2 S 0 4 /liter  
ten d s to  iso late  m uch m ore than the su bstitu ted  ph en yl- 
propane polym er. Cutin, p rotein -tann in  adducts and 
p rodu cts o f  the brow ning reaction s are also iso lated  and 
m ay occasion a lly  be the d om in an t com p o n en ts . Pro
vided th ey  are n o t generated as artifacts in the analytical 
procedure, th ey  m ay be regarded as leg itim ate  co n stitu 
en ts o f  crude lignin as they  all have the co m m o n  prop
erty  o f  being relatively in d ig estib le .”

Because (a) Van Soest developed  th e  detergent analysis 
system  and (b ) contrary to  the assertions in the above letter  
his recen t w ritings define cu tin  as a portion  o f  the lignin frac
tio n , our paper did n o t a ttem p t to  d ifferen tiate  betw een  the  
lignin and cu tin  polym ers in  the lignin fraction .

There was also an experim en ta l reason for n o t  m aking the  
d ifferen tia tion . A t the tim e th is work was perform ed there was 
no tech n iq u e available w h ich  was accurate and precise , in  our  
hands, for m easuring the tw o  co m p on en ts . In their le tter , I 
n o te  that Heller, Rivers and H ackler have a paper in press 
w hich th ey  suggest w ill provide such a m eth o d . I lo o k  forward  
to  reading the paper up on  its pu b lica tion .

- E r n e s t  A . Childs, D ederich  C orporation , B o x  7 , H ubertus, WI 
5 3 0 3 3
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ERRATUM  NOTICE

•  J. F ood  Sci. 4 1 (5 ):  1 2 2 2 - 1 2 2 4  (1 9 7 6 ) ,  S. L eonard, G .L . Marsh, G .K . Y ork , J .R . H eil, T. W olcott and S. 
Coggins: “ D eterm ination  o f  a F lam e S terilization  P rocess for A p ricot H alves in  3 0 3  X 4 0 6  cans.”

On page 12 2 3 , line 6 under R esu lts & D iscussion: change D io o  = 0 .6 9  to  read D 10o = 0 .5 6 9 .

On page 12 2 4 , the w rong co p y  o f  Figure 1 was printed. The corrected  figure is printed  herew ith. The  
caption  is correct as printed on  page 12 2 4 .

COMMERCIAL SCHEDULE

Fig. 1—A comparison of internal can temperature data taken in the commercial 
Steriflamme cooker-cooler to a typical heat penetration curve taken in the labora
tory model Steriflamme.
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SYMPOSIUM: The Basis of Quality in Muscle Foods

THIS SYM PO SIUM , sponsored by the M uscle F o o d s D iv ision , 
com prised  fo u r  papers presented at the 3 5 th  A nnual M eeting  
o f  The In stitu te  o f  F o o d  T ech nolog ists in  C hicago, June 8 — 12, 
1975 . T he first paper in the series concerning  M olecular A rchi
tecture and B ioch em ica l Properties as Bases o f  Q uality  in M us
cle F ood s b y  D .E . G oll, R.M . R ob son , and M .H. Strom er o f  
Iow a State University is n o t available for pu b lica tion  at this 
tim e. Rather than delay pu b lica tion  any longer, the three  
papers on  the basis o f  co lor , tenderness and flavor in m uscle  
fo o d s are being pu blished  in  their en tirety  w h ile  th e  first paper  
b y  G oll et al., appears b e lo w  on ly  in  abstract form .

MOLECULAR ARCHITECTURE AND BIOCHEMICAL PROPERTIES 
AS BASES OF QUALITY IN MUSCLE FOODS. D.E. GOLL, R.M. 
ROBSON & M.H. STROMER, Muscle Biology Group, Iowa State Univ., 
Ames, IA 50010.
Vertebrate skeletal muscles that are commonly used for food have 
remarkably similar structural and chemical properties when examined 
at the molecular level. Skeletal muscles from fish, poultry, or bovine, 
ovine, or porcine animals all contain approximately 15-20% of their 
weight as protein, 60-85% water, highly variably amounts (1-12%) of 
lipid, and small amounts (1—2%) of carbohydrates and soluble organic

compounds. It is now clear that the proteins in skeletal muscle are 
responsible for most of the variation encountered in textural and proc
essing characteristics of muscle when used as a food, whereas the lipid, 
carbohydrate, and soluble organic fractions may be involved along with 
the protein fraction in the flavor and appearance of muscle used as 
food. The protein fraction in vertebrate skeletal muscles can be sub
divided into three classes that differ in solubility:

(1) the sarcoplasmic proteins (30-50%);
(2) the myofibrillar proteins (50-60%); and
(3) the stroma proteins (15—20%).

The myofibrillar and stroma proteins are directly involved in textural 
properties of muscle used as a food, but the myofibrillar proteins alone 
are responsible for 90-95% of the variation in water-holding capacity 
and emulsifying properties of muscle. Sausage products that are osten
sibly normal in texture and water-holding abilities have been made from 
fractions of purified myofibrillar proteins. The myofibrillar protein 
fraction in vertebrate skeletal muscle cells consists of eight or nine 
different proteins arranged in a very specific and unique three-dimen
sional array. Molluscan muscles (lobster, clams, etc.) contain an addi
tional myofibrillar protein, paramyosin, that is not found in vertebrate 
muscle, but myofibrillar proteins in molluscan muscle are arranged in 
the form of fibrils that are similar but not identical to the fibrils of 
vertebrate skeletal muscle. Relationship of the myofibrillar proteins and 
their unique architecture to the variation that is observed in meat 
quality was discussed.
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SYMPOSIUM: The Basis of Quality in Muscle Foods 
TH E BASIS OF COLOR IN M USCLE FOODS

---------------------------------------  A B S T R A C T  --------------------------------------
The basis of color in heme-pigmented muscle food of mammalian, avian 
and marine origin resides in the physiocochemical/electromagnetic prop
erties of the oxygen-carrying heme protein, myoglobin. This paper is a 
discussion of literature pertaining to the underlying nature and proper
ties of myoglobin and its derivatives that are responsible for the color 
of fresh, cured and cooked ‘red’ meat. Factors governing fresh and cured 
meat color stability and the nature and causes of undesirable changes 
are also explored. In doing so an attempt is made to interrelate struc
ture, including electronic, with properties.

IN T R O D U C T IO N

TH E SU BJECT o f  this paper is the ‘red’ m uscle hem eprotein  
pigm ent, m yoglob in ; sp ec ifica lly  its p h y sico ch em ica l/co lo r-  
im parting properties in the co n te x t o f  m uscle fo o d  co lor qual
ity  and stab ility . The in terested  reader is referred to  related  
earlier review s by F ox  (1 9 6 6 , 1 9 6 8 ), Solberg (1 9 6 8 , 1 9 7 0 ), 
G ovindarajan (1 9 7 3 ) , G iddings (1 9 7 4 )  and H am m  (1 9 7 5 ) , and 
to  recent book s conta in ing  d iscussions o f  m y og lob in  from  the  
stan d p o in t o f  m eat co lor  (Price and Schw eigert, 1 9 71; Lawrie,
1 9 7 4 ) and m eat co lor  m easurem ent (F rancis and C lydesdale,
1 9 7 5 )  , and from  the p h ysio log ica l v iew p oin t (A n to n in i and 
Brunori, 1 9 7 1 ;K a g en , 1973).

A p om yoglob in  (g lob in) in co lorless, the color im parting  
property  residing in the prosth etic  h em e/h em in . T he free hem e  
group does n o t form  an oxy g en  adduct bu t, rather, is rapidly  
ox id ized  b y  sam e. In order to  reversibly bind oxy g en  an e ffe c 
tive donor fifth  ligand m ust first be coord in ated  to  the iron at 
one axial site , y ie ld in g  a square pyram idal com p lex . In general, 
the basicity  o f  the fifth  ligand in large m easure determ ines the  
equilibrium  and k in etic  characteristics o f  six th  ligand binding  
to  iron. The glob in-h istid ine im id azole  is an especia lly  e ffec tiv e  
fifth  ligand (particularly from  the p h ysio log ica l stan dp oin t)  
being a good  n  donor. A s such it is m ore effec tiv e  than pyri- 
dines, according to  Basolo et al. (1 9 7 5 )  and Chang and Traylor
(1 9 7 3 )  , at enhancing the ab ility  o f  ferrous hem e iron to  form  
an electron-sharing adduct w ith  oxy g en  (R ifk in d , 197 3 ). The  
precise geom etric  orien ta tion  o f  the proxim al im id azole  vis-a- 
vis the hem e group, and its basic ity , are very im portant in 
regard to  co m p lex  stab ilization  and are am ong the factors in 
fluenced  by g lob in  conform ation , especia lly  in the v icin ity  o f  
the hem e p o ck et. Peisach (1 9 7 5 )  suggests that the h yd rop ho-  
bic ity  o f  the hem e p o ck et governs the state o f  p ro to n a tio n /  
d eprotonation  o f  this im id azo le , thus in fluencin g  e lectron  
density  at the hem e iron , and thereby providing the basis for  
e lectron ic  contro l in hem e proteins. A less e ffec tiv e  base than  
im idazole w ou ld  increase the p ossib ility  o f  o x id a tio n  instead  
o f  o x y g en a tio n , and a stronger don or base w ou ld  render o x y 
gen binding m ore irreversible w h ich , w hile undesirable from  
the respiratory stan dp oin t, w ou ld  enhance fresh red m eat 
color stab ility . In this regard, how ever, Wagner and Kassner
(1 9 7 4 )  qu estion  the essen tia lly  o f  an im id azo le-typ e  base as an 
axial ligand for oxy g en  binding.

N e x t in  im portance to  the proxim al h istid in e in the apopro
tein g lob in  prim ary structure w ou ld  probably be the so-called  
distal (E 7 ) h istid ine (g lob in  residue # 6 4 ) .  It is generally b e
lieved to  stab ilize the h em e-o x y g en  c o m p lex , once form ed , by  
H -bonding b etw een  im id azole  N and o x y g e n , rather than en
hancing the form ation  o f  the co m p lex  per se since it , un like  
the proxim al h istid in e, is n o t an a b so lu te  requirem ent for o x y 
genation . In fact, A n ton in i and Brunori (1 9 7 1 )  play dow n the  
im portance o f  the distal h istid ine in stab ilizing  the hem e iron- 
oxygen  co m p lex , attributing stab ility  to  a num ber o f  struc
tural factors w h ose relative roles are d ifficu lt to  assess pre
cisely. T h ey  cite the h y d ro p h o b ic  environm ent abou t th e  hem e  
and an im id azole  fifth  ligand as probably essentia l. N o t  to  be 
overlooked  as a factor is the detailed structure o f  p ro to 
porphyrin IX , the porphyrin o f  o x y g en  binding hem e proteins. 
The in flu en ce  o f  porphyrin structural features, n o ta b ly  su b stit
uents at the ring periphery, on  six th  ligand binding and co m 
plex stab ility  is discussed in som e detail by C aughey (1 9 7 3 )  in  
term s o f  steric e ffe c ts  and , e sp ecia lly , e lectron ic  (in d u ctive)  
effec ts . P rotoporphyrin  IX was, o f  course, ‘d esigned’ to  fu lfill 
the relatively w eak reversible 0 2 binding requirem ent o f  res
piration (B ayer et al., 1 9 7 3 ) and n o t the strong, irreversible 0 2 
binding that w ou ld  best serve fresh red m eat co lo r  stab ility . 
Since in the c o n te x t o f  m eat co lor one m ust ‘take m y og lob in  
as it co m es,’ one m ust therefore seek to  o p tim ize  environ
m ental co n d ition s w ith in  practical lim its to achieve m axim um  
co lor quality  and stab ility . W hile the em pirical approach has 
been qu ite  successfu l in this regard, u ltim ately  a thorough  
understanding o f  the underlying nature o f  the problem  is w hat 
is desired.

M y o g lo b in  O x y g e n a tio n  a n d  A u to x id a t io n

UPON E X PO SU R E  o f  cut surfaces o f  fresh red m u scle  to  the  
atm osphere m yog lob in  in  the v icin ity  o f  the surface, because  
o f  its great a ffin ity  for the d ioxygen  biradical, rapidly b ecom es  
o x y gen ated  to  a depth  o f  a fraction  o f  a cen tim eter  b e low  the  
cut surface. T he resulting bright, cherry red appearance is rec
ognized as being the  param ount, overriding poin t-of-purchase  
quality attribute although tex tu re  and flavor, and n o t color, 
are w hat really counts at the ‘m o m en t o f  truth ,’ n am ely  m eal
tim e. N evertheless the shopper associates this bright red color  
in th e  superm arket d isplay case w ith  the ex p ecta tio n  o f  w h o le 
som e eating en jo y m en t, and th is particular ip so  fa c to  has 
proven to  be ‘chiseled in to  the granite’ o f consum er attitudes.

G aseous oxy g en  enters and d iffu ses through th e  aqueous 
environm ent surrounding each m y og lob in  m o lecu le , (in e ffec t  
becom in g hyd rated ), and then in to  the h y d rop h ob ic  hem e  
cleft to  o ccu p y  the vacant six th  coord ination  site  o f  the iron. 
Taking quite d ifferent approaches A ustin et al. (1 9 7 5 )  and 
L apidot and Irving (1 9 7 4 )  present a very rigorous exam in ation  
o f  this process. T he key structural features o f the h em e-o x y 
gen co m p lex  o f  o x y h em o p ro te in s are rather w ell estab lished , 
due in large m easure to  recent su ccess w ith so m e ingen ious  
reversibly oxygen  binding sy n th etic  m odel m eta lloporph yrin
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system s (e .g ., B aso lo  et al., 1 9 7 5 ; Chang and T raylor, 1975;  
C ollm an et al., 1 9 7 5 ; and the classical w ork o f  Wang, 1 9 7 0 ). 
The overw helm ing w eight o f  recent ev id en ce from  such  
studies, plus studies on  th e  hem eproteins them selves (e .g ., 
M axwell et al., 19 7 4 , G upta et al., 1 9 7 5 ), and th eoretica l co n 
siderations (R oh m er et al., 1 9 75; T rautw ein  e t  al., 1 9 7 4 )  
favors the bent end-on  configuration  w ith  an F e - 0 2 bond  
angle o f  around 1 35° (sim ilarly for hem e adducts such as NO  
and azide, and cobalt-porphyrin  add ucts), and w ith  the outer  
dioxygen  atom  h yd rogen  bonded  to , or the inner oxy g en  atom  
electroph ilica lly  attracting  the distal h istid in e im id azo le  (F ig. 
la ). The proxim al h istid in e im id azole  m ay be hydrogen  
bonded to  an adjacent globin  group, thereby increasing its  
basicity and the o x y g e n  bonding strength o f  the iron (Chang  
and T raylor, 1 9 7 5 ) . A long  w ith  the geom etry  o f  the hem e-  
oxygen  co m p lex  (b en t end-on  vs straight end-on  vs the G riffith  
sym m etrical m o d e l) the other major controversia l feature, 
e lectron ic  d istr ibu tion  or covalent vs ion ic  iro n -o x y g en  co m 
plex , appears to  also have been recently  resolved. Caughey et 
al. (1 9 7 5 ; a lso  see M axw ell et al., 1 9 7 4 ) w h om  Peisach (1 9 7 5 )  
cites as having “ proven” the Weiss (1 9 6 4 )  ferric su peroxide  
structure o f  o x y m y o g lo b in  and o x y h em o g lo b in  present com  
pelling evidence and argum ents in support o f  the m iddle reso
nance form  in Fig. lb ,  w hich th ey  refer to  as “ d io x y g en  iron .”  
It w ou ld  appear, th en , that the single b est e lectro n ic  represen
tation  o f  the iro n -o x y g en  com plex  Ties b e tw een ’ the co m 
p letely  covalent and com p lete ly  io n ic  ex trem es, and that the  
“ d ioxygen  iron” m o d el favored by Caughey et al. (1 9 7 5 ) ,  w ith  
substantial, bu t less than co m p lete  charge transfer to  o x y g en , 
is m ost representative. Lapidot and Irving (1 9 7 4 )  present a 
detailed analysis o f  the e lectron ic  structure o f  m eta l-oxygen  
com plexes, including o x y h em ep ro te in s , as w ell as events tak
ing place during form ation  o f  such co m p lex es and factors c o n 
tributing to  their stab ility . B oth  th ey  and Bayer et al. (1 9 7 3 )  
em phasize, how ever, that understanding o f  sam e is by no  
m eans com plete  since m any com p lex  factors are involved . In 
short, the com ing togeth er o f  m y og lob in  (and even m oreso, 
hem oglob in ) and o x y g en  to  form  the adduct is a proh ib itively  
com plex  and in tricate process w hen view ed in depth  at the  
m olecular, a tom ic  and su b atom ic  levels.

It has long  been kn ow n that as the o x y m y o g lo b in  hem e  
iron undergoes a un ivalent ox id a tio n  to  the ferric (III or 3 +) 
oxidation  state fresh red m uscle loses its  attractive, bright 
cherry red surface appearance and b eco m es brow n. Ferrim yo- 
globin  is unable to  form  an oxy g en  adduct, probably because  
the ferric hem e iron is a poorer 77 donor to  six th  ligands than is 
its ferrous counterpart (R ifk ind , 1 9 7 3 ). This is com pensated  
for in  ferrim yoglobin  co m p lexes w ith  s ix th  ligands (CN~, NO, 
N 3 ") that are superior donors. As such th ey  form  lo w  spin  
com plexes w ith  e lectron ic  properties and therefore op tica l 
spectra and appearance sim ilar to  th ose  o f  lo w  spin ferrous 
com plexes such as o x y m y o g lo b in . The un ivalent ox id a tio n  o f  
o x y m y o g lo b in  is co m m o n ly  referred to  as “a u to x id a tio n ,”  im 
plying a n on en zy m ic , sp on tan eou s o x id a tio n  by free oxygen . 
A lthou gh  not stated  ex p lic itly  (th e  fate o f  the bound oxy g en  
usually being ignored ), in the str ictest sense the expression  
autox id ation  im plies that the o x y gen ated  co m p lex  separates 
in to  ferrim yoglob in  and a free su peroxide anion (0 2 ‘), the  
latter carrying aw ay an e lectron  from  the hem e iron. The pos
sib ility  o f  such a process was considered years ago (G eorge and 
Stratm ann, 1 9 54; K ikuchi et a l., 1 9 5 5 ), and was actually  pro
posed som e years earlier by the theoretician  (W eiss, 1 9 3 5 , 
cited  and discussed by George and Stratm ann, 1 9 5 4 ) w h o first 
proposed  the ferric su peroxide structure for oxy h em ep ro te in s  
(W eiss, 1964; see also Pauling and W eiss, 1 9 6 4 ). There have 
been a few  recent reports o f  experim en ta l evidence for super
ox id e  d issociation  during o x y h em ep rote in  a u tox id ation  (Misra 
and Fridovich, 19 7 2 ; Wever et al., 1 9 7 3 ; Brunori et al., 1975;  
W interboum  et al., 1 9 7 6 ), o f  su peroxide generation  coup led  to  
hem oprotein  o x id a tio n  (G oldberg and S tem , 1 9 7 5 , 1 9 7 6 ), and

o f  b o th  ferro- and ferrih em oglobin  possessing su peroxide dis- 
m utase activ ity  (K ovacs and M atkovics, 1 9 7 5 ). H ow ever, the  
experim en ta l results were n o t unequivocal for su perox ide  
anion d issocia tion  during au to x id a tio n  (e .g ., see Y ou n es and 
Weser, 1 9 7 6 ) w h ich  is un lik ely  to  occur from  b o th  the m ech 
anistic  and energetics stan d p o in ts (e .g ., G eorge and Stratm ann, 
1954; W allace et al., 1 9 7 4 ). A far m ore p lausible interpretation  
o f  their findings, and one that b etter  exp la in s the observed  
e ffe c t  o f  p roton  concen tration  (i.e ., pH ) is  that o f  hydro- 
p ero x y  radical d issociation  from  o x y h em ep ro te in s  during 
a u to x id a tio n . W hile the poin t as to  w h eth er  the superoxide  
anion (0 2 ‘) or its conjugate acid , the h y d ro p ero x y  radical 
( H 0 2 , pKa 4 .8 8 )  is able to  d issociate  during au to x ia tio n  m ay  
at first seem  m o o t, m echanistically  and en ergetica lly  the dis
tin c tio n  m akes a great deal o f  d ifferen ce. It is generally co n 
ceded  o n  b o th  m echanistic  and therm o d y n a m ic  grounds that 
bou nd  oxy g en  cannot d issociate  as su p erox id e  (at least in the  
absence o f  therm al perturbation), and recen t exp erim en ta l evi
dence (G iddings and M arkakis, 1 9 73) em p lo y in g  cy to ch ro m e c 
as w ell as “ tiron ,”  w h ich  is believed to  be sp ec ific  for the  
su peroxide anion (W eser and V oelcker, 1 9 7 2 ; G reen stock  and 
M iller, 1 9 7 5 ) supports th is p osition . There is a grow ing bod y  
o f  o p in io n  that d esp ite  unfavorable en ergetics o f  univalent 
o x y g en  red uction  h yd rop eroxy  radical d isso cia tio n  is n o t on ly  
possib le , but that it is on e  o f  tw o  m ajor path w ays o f  o x y 
hem eprotein  au to x id a tio n  (Castro, 1 9 7 1 ). T he oth er  major 
path w ay involves a tw o  equivalen t red u ction  o f  bound oxygen  
to  the p eroxid e level, iron donating one e lectron  and a one- 
equivalen t reducing agent d on atin g  the secon d  one.

In regard to  the un ivalent red uction  o f  oxy g en  and hydro
peroxy  radical d issociation  the obvious m ech an istic  require-

Fig. la .— T w o  m o d e ls  fo r  th e  in te ra c tio n  o f  b o u n d  o x y g e n  w ith  th e  
g lo b in  d is ta l  h is t id in e  im id a zo le . L e f t :  h y d r o g e n  b o n d in g , w h ich  
req u ires th a t  th e  o u te r  im id a zo le  N  b e  p r o to n a te d . R ig h t:  n u c leo -  
p h ili-e le c tro p h ile  in te ra c tio n  b e tw e e n  in n e r  O  a to m  a n d  u n p ro -  
to n a te d  N.

COVALENT DIOXYGEN FERRIC SUPEROXIDE
IRON (IONIC)

Fig. 1b.— T h ree  re so n a n ce  fo r m s  o f  h e m e  iro n  — o x y g e n  b o n d in g  in  
o x y h e m e p r o te in s .  A c c o rd in g  to  C au g h ey  e t  ai. 11975) th e  m id d le  
s tr u c tu r e  (d io x y g e n  iro n )  is m o s t  rep re sen ta tiv e . T h e  c o v a le n t fo rm  
is p r o b a b ly  v ir tu a lly  n o n e x is te n t .  A  te m p e r a tu r e -d e p e n d e n t fra c tio n  
o f  th e  to ta l  p o p u la t io n  o f  o x y m y o g lo b in  in  a g iven  s y s te m  is p r o b 
a b ly  in  th e  c o m p le te ly  io n ic  (ferr ic  s u p e r o x id e )  c o n fig u ra tio n , in  
th e rm a l e q u il ib r iu m  w ith  th e  d io x y g e n  ir o n - ty p e  o f  in te r m e d ia te  
c o n fig u ra tio n . Increasing  te m p e r a tu re  s h o u ld  te n d  to  s h i f t  th e  e q u i
lib r iu m  to  th e  io n ic  side.
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m en t is the p ro to n a tio n  o f  the outer  a tom  o f  the bound d io x y 
gen togeth er w ith  co m p lete  transfer o f  an e lectron  from  iron  
to  o x y g en . Such a process appears co n sisten t w ith  a recen tly  
proposed “ p roton-assisted  n u cleo p h ilic  d isp lacem en t” m ech an
ism  (W allace et al., 1 9 7 4 ; W allace and C aughey, 1 9 7 5 ) and the  
findings o f  W ang (1 9 7 0 ) . The outer  o x y g en  atom  w ou ld  
appear from  the foregoing  to  invariably carry a net negative  
charge, and, at therm al equilibrium  som e fraction  o f  bound  
o x y g en s in an oxy g en a ted  m y o g lo b in /h em o g lo b in  system  (e .g ., 
a fresh red m eat surface) w ou ld  be ex p ected  to  ex h ib it essen 
tia lly  com p lete  charge transfer (i.e ., ferric su perox ide  sta te)  
and therefore p ossess especia lly  go o d  p roton  acceptor prop
erties. The energy d ifferentia l b e tw een  d ioxygen-iron  and 
ferric su peroxide sta tes should  be m uch less than the ~ 2 0  kcal/ 
m ole b etw een  th e  c o m p lete ly  covalent and co m p lete ly  ion ic  
states w h ich , accord ing  to  W illiam s (1 9 7 0 )  probably lie very 
close to  o n e  anoth er. This is con sisten t w ith  the k n ow n tem 
perature e ffe c t  on  a u to x id a tio n  rate (G o to h  and Shikam a,
1 9 7 4 ) , as it  is reasonable to  assum e that increasing the tem per
ature o f  such a system  w ou ld  increase the equilibrium  fraction  
o f  the pop ulation  o f  th e  c o m p lex  that ex h ib its  essentia lly  
com p lete  charge transfer from  iron to  o x y g en . E ngagem ent o f  
a p ro to n  by the bou nd  d io x y g e n  (su p ero x id e) w ou ld  be e x 
pected  to  further w eaken  the iron -oxygen  bond resulting in 
d issocia tion  o f  the h y d ro p ero x y  radical from  the n o w  form ally  
ferric hem eprote in . A m ech an istic  a u to x id a tio n  schem e has 
recen tly  been  presented (G iddings and M arkakis, 1 9 7 3 ) that is 
based u p o n  this co n cep t p lus experim en ta l observations, and 
on  the o x y g en  u p ta k e /ev o lu tio n  sto ich io m etry  (0 .2 5  m o le /
0 .7 5  m o le ) reported b y  B row n and M ebine (1 9 6 9 ) . The  
schem e, w h ile  u n d o u b ted ly  an oversim p lification , is co n sisten t  
w ith  k in etics  in form ation  o f  G eorge and Stratm ann (1 9 5 2 ,
1 9 5 4 ) and others w ith  respect to  the in itia l d issociation .

W hile h y d rop eroxy  radical d issocia tion  can at least partly  
exp la in  the w ell d ocu m en ted  pH e ffe c t on  au to x id a tio n  rate, 
increasing the proton  (h yd ron iu m  io n ) con cen tra tion  o f  an 
aqu eou s o x y h em o p ro te in  system  w ou ld  also be ex p ected  to
(a) in fluence  globin  con fo rm a tio n  in such a w ay as to  render it 
less e ffec tiv e  in stab ilizing the h em e-o x y g en  co m p lex  (e .g ., 
Chang and T raylor, 1 9 7 5 , and the io n izab le  hem e-linked  group  
suggestion  o f  G eorge and Stratm ann, 1 9 5 4 ) and (b ) increase  
the rate o f  a sso cia tio n /d isso cia tio n  o f  hem e from  g lob in  (no  
dou bt due in part at least to  con form ation a l change). The  
latter is k n ow n  to  result in  an increased au to x id a tio n  rate since  
oxy g en  rapidly o x id izes the ferrous ion  o f  globin-free hem e. 
A ccording to  A n ton in i and Brunori (1 9 7 1 )  the hem e-glob in  
system  m ay be considered  to  be in a state  o f  equilibrium  (i.e ., 
globin  + hem e  ̂ m y o g lo b in ) even at neutral pH , where
the K eq ( k i / k 2 ) is estim ated  to  be on  the order o f  1 0 12  to  
1 0 l s  M '1 , underscoring th e  very high a ffin ity  o f  glob in  for  
hem e. Thus it  is perhaps reasonable to  ex p ect that, w hile at 
p h ysio log ica l pH (ca. 7 .4 ) the hem e-glob in  associa tio n /d isso c i
ation  rate is to o  lo w  to  give rise to  an appreciable au to x id a tio n  
rate, at typ ica l post-rigor m uscle pH (ca  5 .6 )  b o th  rates b e
com e sign ificant, and hem e d issocia tion  togeth er w ith  bound  
oxy g en  p ro to n a tio n  acco u n t for  the pH e ffe c t. T his, o f  course, 
om its the tem perature e ffe c t  w h ich  can operate in  concert 
w ith  th e  pH (and o x y g en  partial pressure or, m ore precisely , 
dissolved o x y g en  con cen tra tion ) e ffec t (M acD ougall and T ay
lor, 1 9 7 5 ). G o to h  and Shikam a (1 9 7 4 )  estim ate  the au tox id a
tion  half-life  o f  bovine o x y m y o g lo b in  in  so lu tio n s buffered at 
pH 5 to  be 2 .8  hr at 25°C  com pared w ith  5 days at 0°C . A t pH  
9 the values are 7 days and 1 yr respectively , underscoring the  
know n im portance o f  pH and tem perature for m eat co lor sta
b ility . T hey  report an activa tion  energy o f  2 6 .5  k ca l/m ole  and 
a Q i o  o f  5 .3 , w h ich  is in  agreem ent w ith  data o f  B row n and 
M ebine (1 9 6 9 )  and o f  G eorge and Stratm ann (1 9 5 2 , 1 9 5 4 ) for  
saturating o x y g en  partial pressure ( P 0 2 ). The latter authors 
foun d  a sign ifican tly  low er activation  energy (ca 19 k ca l/m ole)  
at w ell b e lo w  saturating P 0 2 ( i .e ., at 4  torr) w h ich  brings up

the secon d  m ajor o x y h em o p ro te in  o x id a tio n  m ech an ism  ad
vanced by Castro (1 9 7 1 )  and other (e .g ., Wang, 1 9 7 0 ; W illi
am s, 1 9 7 0 ), nam ely  tw o  equ iva len t red u ction  o f  bou n d  o x y 
gen.

There is a grow ing b o d y  o f  evidence in su pp ort o f  the  
th eory  form alized  b y  Castro (1 9 7 1 )  that co m p lete  e lectro n  
transfer from  h em e iron to  bound o x y g en  “ o n ly  ensu es up on  
approach o f  a secon d  m etal ion  or a p ro to n ,”  th e  la tter  having  
been d iscussed in  the foregoing. T w o equivalen t red u ction , o f  
course, requires either the availab ility  o f  red uctant in in tim a te  
p ro x im ity  to  th e  liganded  o x y g en  in  the hem e c le ft  (an  axial 
or inner sphere process as per Castro et al., 1 9 7 5 ) , or, e lectro n  
tunneling (B lum enfe ld  and Chernavskii, 1 9 7 3 ) from  a red o x  
reaction  site  on th e  g lob in  rem o te  from  the hem e, or on  the  
periphery o f  the hem e itse lf  (a peripheral or outer sphere pro
cess as per Castro, 1 9 7 1 , and Castro et al., 197 5 ). G eorge and  
Stratm ann (1 9 5 2 )  reported  (sin ce  confirm ed by o thers) that, 
w hile a u to o x id a tio n  at saturating P 0 2 fo llo w ed  sim ple  first 
order (in  u n o x id ized  m y o g lo b in ) k in etics , at well b e lo w  satura
tio n  the observed rate co n sta n ts sh o w ed  a com plex  secon d  
order variation  w ith  o x y g en  pressure according to  the p rodu ct 
o f  the con cen tra tion s o f  M b2 "1" and M b 0 2 . This find in g  
strongly  suggests a tw o  equ iva len t red u ction  o f bound o x y g en  
to  th e  p eroxid e level during a u to x id a tio n  such that the o x y 
genated h em e iron co n tr ib u tes o n e  e lectron  and the un com  
plexed  (five coord in ated ) iron o f  a d eo x y ferro u s m y og lob in  
contr ib utes the secon d , perhaps via an outer sp h ere-type m ech 
anism  ( i.e ., prophyrin-porphyrin  bridging and /or e lectro n  tun
neling). Such a m echanism  w ou ld  co m p lete ly  accou n t for  the  
w ell d o cu m en ted  o x y g en  partial pressure — au to x id a tio n  rate 
relationsh ip  since one w ou ld  e x p e c t  a rate m axim um  at the  
half-saturating P 0 2 (ca 1—2 torr for  m yo g lo b in ) w here h em e
protein  a u to x id a tio n  is in d eed  m axim al. As first proposed  by 
Snyder (1 9 6 3 )  and later su pp orted  by Banerjee and Stetz-  
kow sk i (1 9 7 0 )  this o x y g en  partial pressure relationsh ip  is c o n 
sisten t w ith  a m echanism  involving hem e d isso cia tio n  from  
glob in , but probab ly  on ly  at acid ic pH (F ro n tice lli and B ucci, 
1963; A n ton in i and Brunori, 1 9 7 1 ), and, o n ly  if  the process 
involves a tw o  equivalen t red uction  o f  o x y h e m e  o x y g en  via 
in teraction  w ith  dissociated  d eo xyferrou s hem e. H em e d isso c i
ation  need  n o t be a requirem ent if  an outer  sphere e lectron  
transfer from  d eo x yferrou s to  oxyferro u s h em o p ro tein , and 
ultim ately  to  the bound o x y g en , takes place. Steric constraints 
probably  rule o u t a direct red ox  in teraction  b etw een  d e o x y 
ferrous hem e iron and oxyferro u s o x y g en  (i.e ., an axial inner  
sphere m echanism ) w ith  the hem es associated  to  g lob ins w ith 
in the c le ft. H ow ever, hem e-hem e in teraction  appears to  be the  
case w ith  e lectron  transfer betw een  cy to ch ro m es, and could  
conceivab ly  apply to  m y o g lob in , especia lly  if  th e  glob in  
assum es a m ore open , less hem e-sh ield ing configu ration  under  
favorable co n d itio n s (C astro, 1 9 7 1 , Chance, 1 9 7 4 ; Stellw agen  
and Cass, 1975; O’K eefe et al., 1 9 7 5 ). The proposed  m ech an 
ism  o f  direct e lectron  exchange b etw een  c y to ch ro m es via 
in teraction  at exp o sed  hem e edges (C hance, 1 9 7 4 ) or via m ed i
ation  o f  arom atic am ino acid side chains (D ick erson  et al., 
19 7 1 ; T akano e t  al., 19 7 3 ; L ichtin e t  al., 19 7 4 ), or a com bina
tion  o f  the tw o  (M iller and C usanovich , 1975; Satterlee and 
LaMar, 1 9 7 6 ), coup led  w ith  recent evid en ce o f  direct e lectron  
exchange betw een  ferrous m yog lo b in /h em o g lo b in  and ferri- 
cy to ch ro m e c, and also betw een  ferrylm oglobin  and b o th  fer
rous cy to ch ro m e  c and ferrous m y o g lo b in  (Wu et a l., 1972; 
G iddings and Markakis, 1 9 7 3 ) len ds support to  the p ossib ility  
o f  a tw o  equivalen t au to x id a tio n  m echanism  involv in g  o x y -  
and d e o x y m y o g lo b in . The process w ou ld  be e x p e c te d  to  in
volve th e  “ therm ally p o p u la ted ” fraction  o f M b 0 2 in  the fer
ric su peroxide configuration . T his, like the proton-assisted  
univalent au to x id a tio n  process, sh ou ld  therefore sh o w  a direct 
rate-tem perature relationsh ip . This again underscores the  
k n ow n im provem ent o f  fresh  red m eat color sta b ility  brought 
abou t b y  low ering  above-freezing tem perature.
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SYM P O SIU M : M U S C L E  FOOD Q U A L I T Y  -  C O LO R  . . .

OXYMOGLOBIN PHOTOOXIDATION

ALTH O UG H  A P P A R E N T L Y  n o  m ore than an occasion al 
m inor problem , it  is recogn ized  that in c id en t light (e .g ., in 
superm arket disp lay cases) can be a contrib uting  factor  in  red 
m eat surface d isco lo ra tio n . This is particularly so  o f  frozen  
m eat and m eat ex tra cts and th e  ex ten t o f  th e  e ffe c t  is d ep en 
dent up on  such  factors as w avelength  and in ten sity  o f  the  
ligh t, tem perature and o x y g en  pressure under w h ich  the m eat 
is held , m eat pH , len g th  o f  h o ld in g , and, in the case o f  p igm ent 
extracts and probab ly  frozen  m eat, e lec tro ly te  con cen tra tion  
and presence o f  free transition  m etal io n s (O w en  et al., 19 7 6 ;  
H unt e t  al., 1 9 7 5 ; R ifk in d , 1 9 7 4 ; Satterlee and H ansm eyer, 
1974; Zachariah and Satterlee, 19 7 3 ; Setser e t a l., 1 9 7 3 ; A ssaf 
et al., 1 9 7 1 , and  literature cited  therein). Based up on  their  
experim ental resu lts and cited  earlier reports Solberg and 
Franke (1 9 7 1 )  h y p o th esized  that a p h otoen erg ized  m olecu le  
such as r ib oflav in  m ay interact w ith  and o x id ize  oxy g en a ted  
hem e p igm ents. M ore recen tly  Lynch et al. (1 9 7 6 )  suggested  
the sam e fo r  the sem iquinone o f  riboflavin  generated by  
p h o to red u ctio n . W hile a direct in teraction  b etw een  pigm ent 
and prim ary p h o to ex c ited  species is possib le , in  o x y gen ated  
system s sing let o x y g en  (* 0 2 ) w ou ld  be lik e ly  to  serve as the  
energy-carrying interm ediary and direct o x id a n t (e .g ., see Tada 
et al., 1 9 7 1 ; Aurand et al., 1 9 7 6 ). S inglet o x y g en , a high  
energy ox id a n t w ith  a fin ite  life tim e , is generated by energy  
transfer in teraction s b etw een  ground sta te  trip let 0 2 and any  
o f  a num ber o f  ph otoen erg ized  “ sen sitizer”  m olecu les  (K earns, 
1971; Bland, 1 9 7 6 ). S inglet oxy g en  can be generated ch em 
ica lly  by m echanism s n o t  involving p h o to a ctiv a tio n , and there  
is som e controversy  as to  w hether or n o t  singlet 0 2 is gen
erated during su p erox id e  d ism u tation  viz 2 H 0 2 ----- » H2 0 2 +
* 0 2 (P ederson and A ust, 1 9 7 3 ; K han, 1 9 7 0 ; N ilsson and 
Kearns, 1 9 7 4 ; P oupk o and R osen thal, 1 9 7 3 ; K op p en o l, 1 9 7 6 ). 
What is clear, how ever, is that singlet 0 2 , w h ich  is m uch m ore  
reactive than ground state  trip let 0 2 , is  a p o ten t ox id an t to 
ward proteins as w ell as lip ids and other  fo o d  co n stitu en ts . It 
is qu ite conceivable  that su ffic ien t singlet o x y g en  generated at 
o x y g en ated  m eat surfaces (or in  o x y g en a ted  m y o g lo b in /h em o -  
globin  ex tracts) is in teractin g  in such a w ay as to  cause the  
m od est increase in  au to x id a tio n  over and above that observed  
w ith  com parable system s held in  parallel, bu t in  th e  dark. The  
possib ility  that m ore than on e  p h o to o x id a tio n  m echanism  pro
ceed sim ultaneously  cannot be overlook ed . T he apparent com  
p lex ity  and lo w  e ffic ie n c y  o f  the process n ot d ou bt at least in  
part explains w h y  p h o to ca ta ly zed  au to x id a tio n  is n o t a serious 
problem  w ith  fresh  red m eat co lorw ise . T he fact that NO is a 
m uch better quen ch er than 0 2 and has a higher e lectron ic  
affin ity  (K earns, 1 9 7 1 )  m ay explain  w h y  cured m eat color is 
apparently m ore su scep tib le  to  ligh t-induced  d isco loration  
than is fresh m eat co lor .

MYOGLOBIN NITROSYLATION AND 
CURED MEAT COLOR STABILITY

IT IS WELL estab lished  that th e  s ix th  p o sitio n  ligand o f  cured  
red m eat m y og lob in  is n itric  o x id e  (N O ) w hich  binds to  the  
hem e iron via th e  nitrogen a tom  to  form  an ex trem ely  stable  
param agnetic add uct having the characteristic op tica l prop
erties o f  such co m p lex es, w h ich  gave rise to  a reddish  color  
(e .g ., th e  a. and |3 absorption  bands o f  equ in e M b 0 2 and MbNO  
are at 5 8 0  and 5 4 2  nm , and , 575  and 5 4 3  nm  resp ectively ). It 
has lon g  been k n ow n that NO com b in es w ith  b o th  ferric and 
ferrous iron o f  unhindered h em ep rote in s, hem i/h em och rom a-  
gens (i.e ., n on p rotein  six-coord inate hem e co m p lex es norm ally  
having at least o n e  n itrogenous base axial ligand), and, under  
certain co n d itio n s , free hem e/h em atin . Ferric m yo g lo b in  and 
hem oglob in  co m p lex es o f  n itric o x id e  are kn ow n to  gradually  
autoreduce and assum e a partial ferrous n itrosy l (F e 2 + — NO )

configuration ; that is, partial transfer o f  th e  odd  n itrogen  elec
tron to  iron (Ehrenberg and Szczep k ow sk i, 1 9 6 0 ;  Chien, 
1969a; Y on etan i e t  al., 1 9 7 2 ). T hat is, lo w  spin n itrosy lferro-  
h em o g lo b in  is th e  so le  product o f  b o th  the ferrih em oglobin  
and ferroh em oglob in  reactions w ith  NO . T he general coord in a
tio n  chem istry  o f  n itr ic  ox id e  w as recen tly  review ed b y  E isen- 
berg and M eyer (1 9 7 5 ) . A n to n in i and Brunori (1 9 7 1 )  point 
o u t the fo llo w in g  w ith  respect to  NO  co m p lex es o f  Mb and 
Hb. The a ffin ity  and “ o n ” v e lo c ity  co n sta n t in  both  cases is 
ex cep tio n a lly  h igh, over 100-fo ld  greater than for  CO w hich, 
in turn , has a m uch greater a ffin ity  than 0 2 . O nce form ed the 
Mb and Hb co m p lex es o f  NO  are very stab le  in  the absence o f  
o x y g en . In the presence o f  0 2 , w h ich  rapid ly  o x id ize s free NO  
to  N 0 2 , th e  stab ility  o f  the co m p lex es is lim ited  by the rate o f  
NO  d issociation  since 0 2 does n o t react d irectly  w ith  the  
bou nd  NO . T his d issociation  rate is very lo w . N itric ox ide  
co m p lex es are p h o tod issociab le  how ever, a lth ou gh  the quan
tum  y ield  is very lo w  (0 .0 0 1  for b o th  Hb and Mb com plexes)  
com pared w ith  a p erfect 1 .0  for CO co m p lex es , and 0 .03  for  
sperm  w hale o x y m y o b lo b in  (B runori et al., 1 9 7 3 ). D ue largely  
to  the unpaired e lectron  on  the nitrogen a to m , N O  hem e com  
p lexes possess certain properties n o t ex h ib ited  b y  0 2 and CO 
co m p lex es in add ition  to  ex cep tion a l sta b ility  and the n o n 
essen tia lity  o f  a trans donor axial ligand (see  also  M oore and 
G ibson , 1 9 7 6 ). N evertheless optical properties o f  com p lexes o f  
all three ligands in the v isible and Soret regions are quite sim i
lar and cured m eat is n o t un like fresh co lorw ise .

As p o in ted  out by B inkerd and K olari (1 9 7 5 )  in  a historical 
review the use o f  n itra te/n itr ite  salts in flesh  fo o d  has it ori
gins in an tiq u ity , whereas an understanding o f  the chem istry  
o f  the reaction s that lead to  cured m eat co lor has developed  
o n ly  recen tly . Tarladgis (1 9 6 2 b )  was perhaps the first to  dis
cuss cured m eat p igm ent chem istry  in  quantum  m echanical 
term s. He conclu ded  on the basis o f  op tica l and EPR sp ectro
sco p y  cou p led  w ith  th eoretica l considerations that the pig
m ent o f  cooked-cured  m eat is a hem e com p ou n d  (“ nitric o x 
ide m y o ch ro m e” ) conta in ing  NO  groups at b o th  axial coord i
nation  sites rather than the w id ely  accep ted  denatured globin- 
NO hem och rom e descrip tion . The p ossib le  ex isten ce  o f  this 
proposed  structure received recen t support from  W ayland and 
O lson (1 9 7 4 )  w h o  provided ev id en ce  o f  a di-NO  co m p lex  o f  
the m odel ferrous porphyrin  com p ou n d  “ tetraph en ylporphy- 
rin iron,”  the fo llo w in g  structure for  w h ich  was suggested:

O N ------F e — — NO'

The authors po in t out that th e  F e2+ — N O ' un it is isoe lec-  
tron ic w ith  the F e 0 2 o f  o x y h em ep ro te in s . W hile such a com  
plex  cou ld  at least in  part accou n t for  cooked-cured  m eat 
co lor , the presence o f  a sim ilar co m p lex  having a n itrogenous  
base trans to  th e  NO ligand is qu ite  possib le , and, as ind icated  
b y  R ifkind (1 9 7 3 ) ,  ten d s to  be m ore stab le. In fact, as pre
v iously  m en tio n ed , a stab le five-coord in ated  hem e-N O  com 
p lex  can ex ist. In the presence o f  pyrid ine th is species has been  
sh ow n to  ex h ib it an EPR spectrum  and rhom bic sym m etry  
w hich  resem bles c lo se ly  that o f  M bNO (D ick in son  and C hien,
1 9 7 1 ). Tarladgis (1 9 6 2 b )  advanced th e  v iew  that fading o f  
cured m eat co lor by lip id  o x id a tio n  or p h o to ca ta ly zed  d issoci
ation  o f  NO from  hem e involves w ithdraw l o f  e lectron  d ensity  
from  iron to  porphyrin thu s w eakening  th e  Fe-N O  bond. The  
NO dissociates leaving the iron su scep tib le  to  o x id a tio n  by  
“ electronegative  groups present in  the m edium  ”  He view ed  
green d isco loration  as being caused by e lectrop h ilic  and nuc
leo p h ilic  attacks on  areas o f  high and lo w  e lectron  d en sity  in 
the porphyrin  ring n  e lectron  clou d  causing ring opening. It is
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well k n ow n that a d d ition s to  (e .g ., su lfm y o g lo b in ), and rup
ture o f the porphyrin  ring can produ ce green chrom ophores. 
Strong reducing c o n d itio n s , excess  n itrite  and absence o f  light 
exposure w ere cited  b y  Tarladgis (1 9 6 2 b )  as m easures to  avoid  
color fading. A s dem onstrated  earlier by R a m sb ottom  et al. 
(1 9 5 1 ) , and ex p la in ed  by F o x  (1 9 6 6 )  e lim ination  o f  oxy g en  
essentia lly  e lim in ates p h o to in d u ced  co lor  fading as a problem  
by avoidance o f  0 2 o x id a tio n  o f  d issociating  NO. S inglet o x y 
gen generation  by p h o to ex c ited  hem e-N O  is, o f  course, also  
avoided in anox ia . Tarladgis w en t o n  to  recom m en d  replacing  
NO -based curing salts w ith  com p ou n d s possessing strong elec
tron-donor pow er such as purines, pyrim id in es and other n itro
genous bases having desired ligan d-electron ic  properties. Sub
seq u en tly , w ith  im p etu s generated in part b y  th e  n itrosam ine  
q u estio n , researchers have tested  a num ber o f  possib le su bsti
tu tes for NO as hem e ligand w ith  paten ts having been  issued in 
som e cases (e .g ., see M acNeil and M ast, 1 9 73; B row n, 1 9 7 3 , 
K elly , 19 7 4 ; K em p, 1974; K now les et al., 1 9 7 4 ; F o x  et al., 
1 9 7 4 , 1 9 7 5 b ; D y m ick y  et al., 1 9 7 5 ). W hile certain o f  the com  
pounds (e .g ., im id azole , su b stitu ted  pyrid ines, n ico tin ic  acid) 
proved som ew hat e ffec tiv e  in providing reasonably  good  color  
qu ality  and stab ility , th is au th or agrees w ith  the view  e x 
pressed b y  Brown (1 9 7 3 )  th at it  is h igh ly  un lik ely  that any  
substiture will m atch the all-around e ffica cy  and e ffec tiv en ess  
o f  n itr ite /N O . D irect ap p lica tion  o f  NO gas, w hile h igh ly  e ffe c 
tive co lorw ise  in cured m eat ‘em u lsion s’ especia lly , w ill prob
ably rem ain prohib itively  im practical and hazardous. In addi
tion  to  a possib ly  fu tile  search for su b stitu tes it  is advisable, it 
seem s to  th is review er, to  also seek w ays o f  realizing the advan
tages o f  th e  n itr ite /N O  approach to  m eat curing w hile m in i
m izing th e  risk o f  a realistic n itrosam ine hazard (e .g ., see  
F iddler et al., 1 9 7 3 ; W ierbicki and H eiligm an, 19 7 4 ; F o x  and 
N icholas, 19 7 4 ; Cassens et al., 19 7 4 , Fujim aki et al., 19 7 5 ;  
M ottram  et al., 1975).

W hile the M bNO structure for uncook ed -cu red  m eat pig
m ent is n ow  firm ly estab lished , u n certa in ty  still surrounds the  
m echanism (s) b y  w h ich  ferri/ferro m y og lob in  and nitrite  give 
rise to  th is p igm ent, especia lly  the role o f  endogen ou s and 
added reductants (e .g ., see M acDougall et al., 1 9 7 5 ). F o x  et al. 
(1 9 7 5 a )  correctly  p o in t o u t tha the role o f  red uctants in hem e  
pigm ent chem istry  in general is am biguous since, as p o in ted  
out earlier, th ey  can p rom ote  o x id a tio n  and even porphyrin  
ring rupture under certain co n d ition s. A good  case-in -point is 
ascorbic acid w h ich  togeth er  w ith  its isom er, ery th rob ic  acid, 
and their salts con stitu te  probably  the m o st e ffec tiv e  added  
reductants in  cured m eat system s, apparently counteracting  
p h oto in d u ced  d isco loration  as w ell. This subject has been re
ported on and discussed in  several recen t papers (e .g ., see  
R eith  and Szakaly, 19 6 7 a ,b ; F o x  and A ckerm an, 19 6 8 ; K oizu 
m i and B row n, 1971; M ohler, 19 7 4 ; A n d o , 1 9 74; Cassens et 
al., 1974; Cheah, 19 7 4 ; and W alters et al., 1 9 7 5 ). The picture  
that seem s to  em erge m ay be sum m arized as fo llo w s. T o  begin  
w ith , as previously p o in ted  o u t b o th  ferrous and ferric m y o 
glob in  w ill com bine w ith  NO to  y ield  the sam e pigm ent. The  
latter is believed to  ‘au to red u ce’ w ith  tim e via internal e lec
tron ic  rearrangem ent. Further, ferrous m y og lob in  can reduce  
N 0 2 to  generate NO w h ich  w ill com b in e  w ith  e ither ox id a tio n  
state  o f  the p igm ent. E nd ogenous or added red uctants such as 
ascorbate, su lfh ydryl com p ou n d s and NADFt-flavins accelerate  
the process by e ither reducing ferrim yoglob in  w hich can then  
reduce N 0 2 , or, reducing N 0 2 to  N O , or both , in add ition  to  
perhaps accelerating red uction  o f  ferri M b-NO. Ferrihem epro- 
tein — N 0 2 has been suggested as a possib le transitory inter
m ediate in m eat system s, and there is evid en ce o f  such an 
ir o n -N 0 2 com plex  occurring w ith  hem oglob in  (U chida  and 
Klapper, 197 0 ).

M itochondrial and cy to ch ro m e c involvem ent in cured m eat 
co lor d evelop m en t has been ex ten sively  studied  by W alters and 
co-w orkers (W alters et al., 1 9 7 5 ) w h o  in this la test paper (as o f  
this w riting) ind icate  that fu n ctio n a l m itoch ondria  appear to

survive the bacon  curing process and m ay be able to  m ediate  
the transfer o f  NO from  n itrosy lferr icy to ch ro m e c to  ferri
m y og lob in  to  form  N bN O  in sam e. T hey  n o te  that ascorbate  
and som e su lfh yd ry l co m p ou n d s, as w ell as N A D (P )H -flav in s, 
can also accom p lish  th is. T h ey  and Cheah (1 9 7 4 )  also  p o in t
ed out that n itrite  is an inh ib itor o f  m itoch on d ria l respira
tio n , acting as an in e ffic ien t e lectron  acceptor from  th e  c y to 
chrom e o x id ase . In a stu d y  o f  nitrogen fix in g  bacteria C ox et 
al. (1 9 7 1 )  ob ta ined  EPR evidence o f  direct participation  o f  
c-typ e  cy to ch ro m es in the red uction  o f  N 0 2 to  N O , and o f  a 
cy to ch ro m e  hem e-N O  in term ed iate. T he actual N 0 2 reducing  
system  was an N A D H -requiring flavoprotein , and the auth ors  
conclu ded  that the great a ffin ity  o f  cy toch rom e c for  the so- 
generated NO causes a sh ift o f  th e  redox equilibrium  to  th e  
NO side. W hether or n o t a sim ilar m echanism  o f  cy to ch ro m e  
c-con nected  M bNO generation  (e .g ., involving an N A D H -  
dehydrogenase such as the lactate-L D H  system  suggested  by  
w ork o f  Cheah, 1 9 7 6 ) occu rs in  cured m eat is one o f  a num ber  
o f  y e t  unansw ered q u estion s having to  d o  w ith this m o st co m 
plex  co lor d evelop in g  process.

C O O K E D  M E A T  C O L O R

T A PPEL (1 9 5 7 a , b ), w h o produ ced  so m e  o f  the im portant 
earlier w ork on cured m eat p igm ent, described the brow n co l
or o f  c o o k ed  b eef as a m ixture o f  denatured g lob in  n ic o tin 
am ide hem ich rom es w h ich  can be reduced to  p ink hem o- 
chrom es (e .g ., by irradiation-generated ei/q in a n ox ia ). The  
hem ich rom e nature o f  co o k ed  and cooked-cured  m eat gained  
add itional support in a su b seq u en t report (T app el, 1 9 6 1 ). 
Tarladgis (1 9 6 2 a )  interpreted  the op tica l spectra o f  coo k ed  
m eat p igm ents in quantum  m echanical term s and conclu ded  
that the co lor  im parting co m p o u n d  o f  cooked  m eats is a high  
spin ferric hem e having a carb oxy la te  ion  o f  denatured g lob in , 
and water as axial ligands. He referred to  th is c o m p lex  as 
“ m etm yoch rom agen ” and argued that n ico tin am id e, a strong  
donor base, as an axial ligand w ou ld  render the co m p lex  low  
spin. H ow ever, another strong d on or base, im id a zo le , is fifth  
ligand o f  high spin ferrim yoglob in  w h ich  is believed  to  have a 
water m o lecu le  as s ix th  ligand. In other w ords, sp in sta te  is 
largely determ ined  by the six th  ligand and the high spin nature 
o f  the co o k ed  m eat p igm ent does n o t rule o u t a denatured  
glob in  h em ich rom e having a n itorgen ous base and w ater as 
axial ligands. Tarladgis and D in (1 9 6 5 )  su b seq u en tly  reported  
that ion izing radiation  reduced the ferric iron o f  “ m e tm y o 
chrom agen” to  ferrous w ith  associated  d evelop m en t o f  the  
fam iliar p ink co lor  o f  irradiated -cooked  red m eat. In tw o  re
cen t p u b lications (L edw ard, 1 9 7 1 ; 1 9 7 4 ) Ledward conclu ded  
on the basis o f  op tica l and EPR sp ectroscop y  resu lts that the  
pigm ent o f  co o k ed  red m eat con sists o f  d iim idazole co m p lex es  
o f  ferric hem atin . T hat is, h istid y l im idazoles o f  an array o f  
denatured sarcoplasm ic proteins o ccu p y  both  axial coord in a
tion  sites, thus exp lain ing the lo w  spin ferric nature that they  
fou n d  for the p igm ents at - 1 9 6 ° C .  T h ey  poin ted  ou t that the 
hem atin  o f  therm ally  denatured m y og lob in  and h em o g lo b in  is 
readily transferred to  o ther proteins (e .g ., gelatin , bovine  
serum  album in) in-vitro, and th at th e  sam e m ay h o ld  true in 
co o k ed  m eat. The co o k ed  m eat p igm ent was essen tia lly  100% 
lo w  spin at — 196°C , but apparently  has som e high sp in  charac
ter at room  tem perature. A lthou gh  ferrim yoglob in  can coord i
nate an im id azole  group (V ick ery  et al., 1 9 7 6 ), and heat dena
tured m yog lob in  can d o  lik ew ise  (K oizum i and N onaka,
1 9 7 5 ), and free ferrous hem e can co m p lex  w ith  an im idazole  
at each axial coord in ation  site , Wagner and K assner (1 9 7 5 )  
ind icate that ferrous hem e can coord in ate  on ly  on e  sterica lly  
h in d ered  im id azo le . Since m ere m eth y la tio n  p laces the im id
azo le  group in the latter category in th is co n tex t it is un likely  
that tw o  denatured protein -bound im idazoles can o ccu p y  the  
tw o  axial hem e coord in ation  sites as proposed b y  Ledward.

2 9 2  -  J O U R N A L  OF FOOD SC IENC E  -  Vol. 42, No. 2  (1977)



SY M P O SIU M : M U SC L E  FOOD Q U A L I T Y  -  C O LO R . . .

W hile un certa in ty  co n tin u es to  surround the ex a ct nature o f  
th e  cook ed  m eat p ig m en t(s), it  appears certain that it  is a 
reducib le ferric co m p lex , th e  s ix th  ligand o f  w h ich  can be 
replaced by such  strong  fie ld  ligands as N O , CO and CN" to  
yield  adducts w ith  op tica l spectra and appearance sim ilar to  
that o f  the native h em ep rote in  co m p lex es. This w ou ld  suggest 
a strong don or ligand ( i.e ., a n itrogenous base) at on e  axial 
coord in ation  site  and a readily d isp laceable ligand (e .g ., H 2 0 )  
at the other.
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G e o rg e ,  P . a n d  S t r a t m a n n ,  C .J . 1 9 5 4 .  T h e  o x i d a t i o n  o f  m y o g lo b in  t o  
m e tm y o g l o b in  b y  o x y g e n .  3 . B io c h e m . J . 5 7 :  5 6 8 .

G id d in g s ,  G .G . 1 9 7 4 .  R e d u c t i o n  o f  f e r r im y o g lo b in  i n  m e a t .  C R C  C r it .  
R e v s . F o o d  T e c h n o l .  5 :  1 4 3 .

G id d in g s ,  G .G . a n d  M a rk a k is ,  P . 1 9 7 3 .  O n  th e  i n t e r a c t i o n  o f  m y o g l o b in  
a n d  h e m o g lo b in  w i th  m o le c u la r  o x y g e n  a n d  i t s  lo w e r  o x i d a t i o n  
s t a t e s  a n d  w i th  c y t o c h r o m e  c . J .  F o o d  S c i. 3 8 :  7 0 5 .

G o ld b e r g ,  B . a n d  S t e m ,  A . 1 9 7 5 .  T h e  g e n e ra t io n  o f  O I  b y  t h e  i n t e r a c 
t i o n  o f  th e  h e m o ly t i c  a g e n t .  D h e n y lh y d r a z in e ,  w i th  h u m a n  h e m o g lo 
b in .  J .  B io l . C h e m . 2 5 0 :  2 4 0 1 .

G o ld b e rg ,  B . a n d  S te r n ,  A . 1 9 7 6 .  P r o d u c t i o n  o f  s u p e r o x id e  d u r in g  th e  
o x i d a t i o n  o f  h e m o g lo b in  b y  m e n a d io n e .  B io c h im .  B io p h y s .  A c ta  
4 3 7 :  6 2 8 .

G o to h ,  T . a n d  S h ik a m a ,  K . 1 9 7 4 .  A u t o x i d a t i o n  o f  n a t iv e  o x y m y o g lo 
b i n  f r o m  b o v in e  h e a r t  m u s c l e .  A rc h .  B io c h e m . B io p h y s .  1 6 3 :  4 7 6 .

G o v in d a r a ja n ,  S . 1 9 7 3 .  F r e s h  m e a t  c o lo r .  C R C  C r i t .  R e v . F o o d  T e c h 
n o l .  4 :  1 1 7 .

G r e e n s to c k ,  C .L . a n d  M il le r ,  R .W . 1 9 7 5 .  T h e  o x id a t io n  o f  t i r o n  b y  
s u p e r o x id e  a n io n .  K in e t ic s  o f  t h e  r e a c t io n  in  a q u e o u s  s o lu t i o n  a n d  
in  c h lo r o p la s t s .  B io c h im . B io p h y s .  A c ta  3 9 6 :  1 1 .

G u p ta ,  R .K . ,  M ild v a n , A .S ., Y o n e ta n i ,  T . a n d  S r iv a s ta v a , T .S . 1 9 7 5 .  
E P R  s tu d y  o f  1 7 0  n u c l e a r  h y p e r f i n e  i n t e r a c t i o n  in  c o b a l t - o x y h e m o 
g lo b in :  c o n f o r m a t i o n  o f  b o u n d  o x y g e n .  B io c h e m  B io p h y s .  R e s .  
C o m m  6 7 :  1 0 0 5 .

H a m m , R . 1 9 7 5 .  M u s k e l f a r b s to f f  u n d  f le i s c h f a r b e .  D ie  F le i s c h w ir ts -  
c h a f t  1 0 :  1 4 1 5 .

H u n t ,  M .C ., S m i th ,  R .A . ,  K r o p f ,  D .H . a n d  T u m a ,  H .J .  1 9 7 5 .  F a c t o r s  
a f f e c t in g  s h o w c a s e  c o lo r  s t a b i l i t y  o f  f r o z e n  la m b  i n  t r a n s p a r e n t  f i lm  
J .  F o o d  S c i. 4 0 :  6 3 7 .

K a g e n , L .J .  1 9 7 3 .  “ M y o g lo b in - B io c h e m ic a l ,  P h y s io lo g ic a l  a n d  C lin ic a l 
A s p e c t s .”  C o lu m b ia  U n iv . P re s s , N e w  Y o r k .

K e a rn s ,  D .R . 1 9 7 1 .  P h y s ic a l  a n d  c h e m ic a l  p r o p e r t i e s  o f  s in g le t  m o l e c u 
la r  o x y g e n .  C h e m  R e v ie w s  7 1 :  3 9 5 .

K e lly ,  R .F .  1 9 7 4 .  P ro c e s s in g  m e a t  p r o d u c t s  w i t h o u t  n i t r a t e s  o r  n i t r i t e s .  
F o o d  P ro d .  D ev . 8 ( 7 ) :  3 8 .

K e m p ,  J .D .  1 9 7 4 .  N i t r a t e  a n d  n i t r i t e  s u b s t i t u t e s  in  m e a t  c u r in g .  F o o d  
P r o d .  D ev . 8 ( 9 ) :  6 4 .

K h a n ,  A .W . 1 9 7 0 .  S in g le t  m o l e c u l a r  o x y g e n  f r o m  s u p e r o x id e  a n i o n  a n d  
s e n s i t i z e d  f lu o r e s c e n c e  o f  o r g a n ic  m o le c u le s .  S c ie n c e  1 6 8 :  4 7 6 .

K ik u c h i ,  G ., S h u k u y a ,  R . ,  S u z u k i ,  M . a n d  N a k a m u ra ,  C . 1 9 5 5 .  O n  th e  
m e c h a n is m  o f  a c t iv a t io n  o f  m o le c u la r  o x y g e n  b y  h e m o g lo b in .  J . 
B io c h e m  ( T o k y o )  4 2 :  2 6  7.

K n o w le s ,  M .E ., G i lb e r t ,  J .  a n d  M c W e e n y , D .J .  1 9 7 4 .  S t a b i l i t y  o f  r e d  
f o o d  c o lo r s  in  th e  p r e s e n c e  o f  n i t r i t e  i n  c a n n e d  p o r k  lu n c h e o n  m e a t .  
J .  S c i. F d .  A g r ic . 2 5 :  1 2 3 9 .

K o iz u m i ,  C , a n d  B ro w n ,  W .D . 1 9 7 1 .  F o r m a t io n  o f  n i t r i c  o x id e  m y o g lo 
b i n  b y  n i c o t in a m id e  a d e n in e  d in u c l e o t y i e s  a n d  f la v in s . J . F o o d  S c i.

K o iz u m i ,  C . a n d  N o n a k a ,  J . 1 9 7 5 .  C o m p a r is o n  o f  c a t a ly t i c  f u n c t i o n  o f  
o x y m y o g l o b in  a n d  m e tm y o g l o b in  fo r  t h e  o x id a t io n  o f  l i n o le a te  in  
a q u e o u s  d is p e r s io n .  B u ll . J a p .  S o c .  S c i. F is h .  4 1 :  1 0 5 3 .

K o p p e n o l ,  W .H . 1 9 7 6 .  R e a c t i o n s  in v o lv in g  s in g le t  o x y g e n  a n d  th e  
s u p e r o x id e  a n io n .  N a tu r e  1 6 1 :  4 2 0 .

K o v a c s , K . a n d  M a tk o v ic s ,  B . 1 9 7 5 .  P r o p e r t i e s  o f  e n z y m e s .  4 .  N o n s p e 
c i f ic  s u p e r o x id e  d i s m u ta s e  a c t iv i ty  o f  i r o n - p r o p h y r i n  s y s te m s . 
E n z y m e  2 0 :  1 .

L a p id o t ,  A . a n d  I rv in g , C .S . 1 9 7 4 .  T h e  e l e c t r o n i c  s t r u c t u r e  o f  c o o r d i 
n a t e d  o x y g e n . I n  “ M o le c u la r  O x y g e n  in  B io lo g y ,”  E d .  H a y a is h i ,  O . 
N o r th - H o l la n d  P u b . C o ., A m s te r d a m .

L a w r ie ,  R .A . 1 9 7 4 .  “ M e a t  S c ie n c e ,”  2 n d  e d . P e r g a m o n  P re s s  L td . ,  
O x f o r d .

L e d w a r d ,  D .A . 1 9 7 1 .  O n  t h e  n a t u r e  o f  c o o k e d  m e a t  h e m o p r o te i n .  J .  
F o o d  S c i. 3 6 :  8 8 3 .

L e d w a r d ,  D .A . 1 9 7 4 .  O n  t h e  n a t u r e  o f  th e  h a e m a t i n - p r o t e i n  b o n d in g  in  
c o o k e d  m e a t .  J .  F d .  T e c h n o l .  9 :  5 9 .

L ic h t in ,  N .N .,  S h a f f e r m a n ,  A . a n d  S te in ,  G . 1 9 7 4 .  R e d u c t io n  o f  f e r r i 
c y t o c h r o m e  c b y  h y d r o g e n  a to m s .  E v id e n c e  f o r  i n t r a m o l e c u la r
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t r a n s f e r  o f  r e d u c i n g  e q u iv a le n t .  B io c h im .  B io p h y s .  A c ta  3 5 7 :  3 8 6 .
L y n c h ,  R .E . ,  L e e ,  G .R .  a n d  C a r tw r ig h t ,  G .E . 1 9 7 6 .  I n h i b i t i o n  b y  s u p e r 

o x id e  d i s m u t a s e  o f  m e th e m o g lo b in  f o r m a t i o n  f r o m  o x y h e m o g lo b in .  
J . B io l. C h e m  2 5 1 :  1 0 1 5 .

M a c D o u g a ll ,  D .B . a n d  T a y lo r ,  A .A . 1 9 7 5 .  C o lo u r  r e t e n t i o n  in  f r e s h  
m e a t  s to r e d  in  o x y g e n  — a  c o m m e r c i a l  s c a le  t r i a l .  J .  F o o d  T e c h n o l .  
1 0 :  3 3 9 .

M a c D o u g a ll ,  D .B ., M o t t r a m ,  D .S . a n d  R h o d e s ,  D .N . 1 9 7 5 .  C o n t r i b u t i o n  
o f  n i t r i t e  a n d  n i t r a t e  t o  th e  c o l o u r  a n d  f la v o r  o f  c u r e d  m e a ts .  J .  S c i. 
F d . A g ric . 2 6 : 1 7 4 3 .

M a c N e il ,  J .H .  a n d  M a s t ,  M .G . 1 9 7 3 .  F r a n k f u r t e r s  w i t h o u t  n i t r a t e s  o r  
n i t r i t e s .  F o o d  P r o d u c t  D e v . 7 ( 3 ) :  3 6 .

M a x w e ll ,  J .C . ,  V o lp e ,  J .A . ,  B a r lo w , C .H . a n d  C a u g h e y ,  W .S . 1 9 7 4 .  I n 
f r a r e d  e v id e n c e  f o r  t h e  m o d e  o f  b in d in g  o f  o x y g e n  t o  i r o n  o f  m y o 
g lo b in  f r o m  h e a r t  m u s c le .  B io c h e m . B io p h y s .  R e s .  C o m m . 5 8 : 1 6 6 .

M ille r , W .G . a n d  C u s a n o v ic h ,  M .A . 1 9 7 5 .  E l e c t r o n  t r a n s p o r t  b y  c - ty p e  
c y t o c h r o m e s .  1 . T h e  r e a c t io n  o f  h o r s e  h e a r t  c y t o c h r o m e  c w i th  
a n io n ic  r e d u c t a n t s .  B io p h y s .  S t r u c t .  M e c h a n is m  1 : 9 7 .

M is ra , H .P . a n d  F r id o v ic h ,  I. 1 9 7 2 .  T h e  g e n e r a t io n  o f  s u p e r o x id e  r a d i c a l  
d u r in g  t h e  a u t o x i d a t i o n  o f  h e m o g lo b in .  J .  B io l . C h e m . 2 4 7 :  6 9 6 0 .

M o h le r ,  K . 1 9 7 4 .  F o r m a t i o n  o f  c u r in g  p ig m e n ts  b y  c h e m ic a l ,  b io c h e m i 
c a l o r  e n z y m a t i c  r e a c t io n s .  P ro c .  in t .  S y m p .  N i t r i t e  M e a t  P r o d . ,  
Z e is t .  E d . D r o l ,  B. a n d  T i n b e r g e n ,  B .J .  W a g e n in g e n  C e n te r  f o r  A g r. 
P u b l is h in g  a n d  D o c u m e n ta t i o n .

M o o re ,  E .G . a n d  G ib s o n ,  Q .H . 1 9 7 6 .  C o o p e r a t iv i ty  in  t h e  d is s o c ia t io n  
o f  n i t r i c  o x id e  f r o m  h e m o g lo b in .  J .  B io l . C h e m . 2 5 1 :  2 7 8 8 .

M o t t r a m ,  D .S . ,  P a t t e r s o n ,  R .L .S . ,  R h o d e s ,  D .N . a n d  G o u g h , T .A . 1 9 7 5 .  
I n f lu e n c e  o f  a s c o rb ic  a c id  a n d  p H  o n  th e  f o r m a t io n  o f  N -n i t r o -  
s o d im e th y la m in e  in  c u r e d  p o r k  c o n t a in i n g  a d d e d  d im e th y l a m i n e .  J . 
S c i. F o o d  A g ric . 2 6 : 4 7 .

N ils s o n ,  R . a n d  K e a rn s ,  D .R . 1 9 7 4 .  R o le  o f  s in g le t  o x y g e n  in  s o m e  
c h e m ilu m in e s c e n c e  a n d  e n z y m e  o x i d a t i o n  r e a c t io n s .  J .  P h y s .  C h e m . 
7 8 :  1 6 8 1 .

O ’K e e fe ,  D .H .,  B a r lo w , C .H .,  S m y th e ,  G .A .,  F u c h s m a n ,  W .H ., M o ss ,
T .H .,  L i l ie n th a l ,  H .R . a n d  C a u g h e y ,  W .S . 1 9 7 5 .  M a g n e t ic  a n d  s p e c 
t r o s c o p i c  p r o b e s  f o r  F e O F e  l i n k a g e s  in  h e m in  s y s t e m s .  B io in o r g a n ic  
C h e m . 5 : 1 2 5 .

O w e n , J .E . ,  H e w le t t ,  J .  a n d  L a u r ie ,  R .A . 1 9 7 6 .  A  n o t e  o n  th e  d is c o lo r a 
t i o n  o f  f r o z e n  p o r c i n e  m u s c l e ,  s to r e d  u n d e r  f l u o r e s c e n t  i l lu m in a 
t i o n ,  a s  in f lu e n c e d  b y  a n  a r t i f i c i a l l y  i n d u c e d  h ig h  p H  in  t h e  m e a t .  J . 
S c i. F o o d  A g ric . 2 7 :  4 7 7 .

P a u lin g , L . a n d  W e iss , J . J .  1 9 6 4 .  N a tu r e  o f  th e  i r o n - o x y g e n  b o n d  in  
o x y h a e m o g lo b in .  N a tu r e  2 0 3 :  1 8 2 .

P e d e r s o n ,  T .C . a n d  A u s t ,  S .D . 1 9 7 3 .  T h e  ro le  o f  s u p e r o x id e  a n d  s in g le t  
o x y g e n  in  l ip id  p e r o x i d a t i o n  p r o m o t e d  b y  x a n t h in e  o x id a s e  B io 
c h e m . B io p h y s .  R e s . C o m m . 5 2 :  1 0 7 1 .

P e is a c h ,  J .  1 9 7 5 .  A n  in t e r im  r e p o r t  o n  e l e c t r o n i c  c o n t r o l  o f  o x y g e n a 
t i o n  o f  h e m e  p r o te in s .  A n n . N .Y . A c a d . S c i. 2 4 4 :  1 8 7 .

P o u p k o ,  R . a n d  R o s e n th a l ,  I. 1 9  7 3 . E l e c t r o n  t r a n s f e r  in t e r a c t io n s  b e 
tw e e n  s u p e r o x id e  io n  a n d  o rg a n ic  c o m p o u n d s .  J .  P h y s .  C h e m . 7 7 : 
1 7 2 2 .

P r ic e ,  J .F .  a n d  S c h w e ig e r t ,  B .S . ( E d .)  1 9 7 1 .  “ T h e  S c ie n c e  o f  M e a t  a n d  
M e a t  P r o d u c t s , ”  2 n d  e d .  W .H . F r e e m a n  a n d  C o ., S a n  F r a n c i s c o .

R a m s b o t to m ,  J .M .,  G o e s e r ,  P .A . a n d  S c h u l t z ,  H .W . 1 9 5 1 .  H o w  l ig h t  
d i s c o lo r s  m e a t :  W h a t t o  d o  a b o u t  i t .  F o o d  I n d u s ,  ( n o w  F o o d  E n g .)  
2 3 ( 2 ) :  1 2 0 .

R e i t h ,  J .F .  a n d  S z a k a ly ,  M . 1 9 6 7 a .  F o r m a t io n  a n d  s t a b i l i t y  o f  n i t r i c  
o x id e  m y o g lo b in .  1 . S tu d ie s  w i th  m o d e l  s y s te m s .  J .  F o o d  S c i. 3 2 :  
1 8 8 .

R e i th ,  J .F .  a n d  S z a k a ly ,  M . 1 9 6 7 b .  F o r m a t i o n  a n d  s ta b i l i t y  o f  n i t r i c  
o x id e  m y o g lo b in .  2. S tu d ie s  o n  m e a t .  J .  F o o d  S c i. 3 2 :  1 9 4 .

R i f k i n d ,  J .M . 1 9 7 3 .  H e m o g lo b in  a n d  m y o g l o b in .  I n  “ In o r g a n ic  B io 
c h e m is t r y ,”  V o l .  2 , E d .  E i c h h o r n ,  G . E ls e v ie r  S c ie n t i f i c  P u b . C o ., 
A m s te r d a m .

R i f k i n d ,  J .M . 1 9 7 4 .  C o p p e r  a n d  t h e  a u t o x i d a t i o n  o f  h e m o g lo b in .  B io 
c h e m is t r y  1 3 : 2 4 7 5 .

R o h m e r ,  M .M ., D e d ie u ,  A . a n d  V e i l la rd ,  A . 1 9 7 5 .  E n d - o n  v e r s u s  s id e -o n  
c o o r d i n a t i o n  o f  d io x y g e n .  M o d e l  a b - in i t i o  c a lc u la t io n s  f o r  th e  
a d d u c t s  o f  C o  ( a c a c e n ) .  T h e o r e t .  C h im . A c ta  3 9 :  1 8 9 .

S a t t e r le e ,  L .D . a n d  H a n s m e y e r ,  W . 1 9 7 4 .  T h e  r o le  o f  l ig h t  a n d  s u r f a c e  
b a c t e r i a  in  th e  c o lo r  s t a b i l i t y  o f  p r e p a c k a g e d  b e e f .  J .  F o o d  S c i. 3 9 :  
3 0 5 .

S a t t e r le e ,  J .D .  a n d  L a M a r, G .N . 1 9 7 6 .  A  p r o t o n  N M R  s tu d y  o f  im id 
a z o le - i r o n  b o n d in g  in  lo w -s p in  f e r r ic  c o m p le x e s  w i th  s y n th e t i c  p o r 
p h y r in s .  J . A m e r .  C h e m . S o c . 9 8 :  2 8 0 4 .

S e ts e r ,  C .S ., H a r r is o n ,  D .L .,  K r o p f ,  D .H . a n d  D a y to n ,  H . 1 9 7 3 .  R a d i a n t  
e n e rg y - in d u c e d  c h a n g e s  i n  b o v in e  m u s c le  p ig m e n t .  J .  F o o d  S c i. 3 8 :  
4 1 2 .

S n y d e r ,  H .E . 1 9 6 3 .  H e m e  d is s o c ia t io n  a n d  a u t o x i d a t i o n  o f  m y o g lo b in .  
B io c h im  B io p h y s .  A c ta  6 9 :  2 0 0 .

S o lb e rg ,  M . 1 9 6 8 .  F a c t o r s  a f f e c t in g  f re s h  m e a t  c o lo r .  P ro c .  M e a t . In d .  
R e s . C o n f .  A M S A /A M IF , p . 3 2 .

S o lb e rg ,  M . 1 9 7 0 .  T h e  c h e m is t r y  o f  c o lo r  s t a b i l i t y  in  m e a t  — A  re v ie w . 
C a n . I n s t .  F o o d  S c i. T e c h n o l .  J . 3 : 5 5 .

S o lb e rg ,  M . a n d  F r a n k e ,  W .C . 1 9 7 1 .  P h o to  s e n s i t iv i ty  o f  f r e s h  m e a t  
c o lo r  in  th e  v is ib le  s p e c t r u m .  J .  F o o d  S c i. 3 6 :  9 9 0 .

S te l lw a g e n , E . a n d  C ass , R .D . 1 9 7 5 .  C o m p l e x a t io n  o f  i r o n  h e x a c y a n id e s  
b y  c y t o c h r o m e  c . E v id e n c e  f o r  e l e c t r o n  e x c h a n g e  a t  t h e  e x p o s e d  
h e m e  e d g e . J . B io l. C h e m . 2 5 0 :  2 0 9  5.

T a d a ,  M ., K o b a y a s h i ,  N . a n d  S . 1 9 7 1 .  S tu d ie s  o n  t h e  p h o t o s e n s i t i z e d  
d e g r a d a t io n  o f  f o o d  c o n s t i t u e n t s .  P a r t  2 . P h o to s e n s i t i z e d  d e g r a d a 
t i o n  o f  m e th io n i n e  b y  r ib o f l a v in .  J .  A g r . C h e m . S o c . J a p a n  4 5 :  4 7 1 .  

T a k a n o ,  T .,  K a lla i ,  O .B . S w a n s o n ,  R . a n d  D ic k e rs o n ,  R .E .  1 9 7 3 .  T h e  
s t r u c t u r e  o f  f e r r o c y t o c h r o m e  c  a t  2 .4 5  A  r e s o lu t io n .  J .  B io l .  C h e m . 
2 4 8 :  5 2 3 4 .

T a p p e l ,  A .L . 1 9 5 7 a .  R e f l e c t a n c e  s p e c t r a l  s tu d ie s  o f  t h e  h e m a t i n  p ig 
m e n t s  o f  c o o k e d  b e e f .  F o o d  R e s . 2 2 :  4 0 4 .

T a p p e l ,  A .L . 1 9 5 7 b .  T h e  r e d  p ig m e n t  o f  p r e c o o k e d  i r r a d i a t e d  m e a ts .  
F o o d  R e s .  2 2 :  4 0 8 .

T a p p e l ,  A .L . 1 9 6 1 .  S p e c t r a l  m e a s u r e m e n t s  o f  h e m a t i n  p ig m e n t s  o f  
c o o k e d  a n d  c u r e d  m e a ts .  F o o d  R e s .  2 6 :  2 6 9 .

T a r la d g is ,  B .G . 1 9 6 2 a .  I n t e r p r e t a t i o n  o f  t h e  s p e c t r a  o f  m e a t  p ig m e n ts .
1 . C o o k e d  m e a ts .  J .  S c i. F o o d  A g r ic . 1 3 :  4 8 1 .

T a r la d g is , B .G . 1 9 6 2 b .  I n t e r p r e t a t i o n  o f  t h e  s p e c t r a  o f  m e a t  p ig m e n ts .
2 . C u re d  m e a ts .  T h e  m e c h a n is m  o f  c o l o u r  f a d in g . J .  S c i. F o o d  A g r ic . 
1 3 :  4 8 5 .

T a r la d g is ,  B .G . a n d  D in , E .-U D . 1 9 6  5 . S t r u c t u r e  o f  th e  p ig m e n t s  o f  
p r e c o o k e d  i r r a d i a t e d  m e a ts .  N a tu r e  2 0 7 :  4 8 9 .

T r a u tw e in ,  A ., M a e d a , Y ., H a r r is ,  F .E .  a n d  F o r m a n e k ,  H . 1 9 7 4 .  M o ss- 
b a u e r  a n d  m o le c u la r  o r b i t a l  s t u d y  o f  th e  m y o g lo b in -C O  c o m p le x .  
T h e o r e t .  C h im . A c ta  3 6 :  6 7 .

U c h id a ,  H . a n d  K la p p e r ,  M .H . 1 9 7 0 .  E v id e n c e  f o r  a n  i r r e v e r s ib le  r e a c 
t i o n  b e t w e e n  n i t r i t e  a n d  h u m a n  m e th e m o g lo b in .  B io c h im . B io p h y s .  
A c ta  2 2 1 :  6 4 0 .

V ic k e ry ,  L .,  N o z a w a ,  T . a n d  S a u e r ,  K . 1 9 7 6 .  M a g n e t ic  c i r c u la r  d ic h r o -  
is m  s tu d ie s  o f  m y o g lo b in  c o m p le x e s .  C o r r e l a t i o n s  w ith  h e m e  s p in  
s t a t e  a n d  a x ia l  l ig a t io n .  J .  A m e r .  C h e m . S o c . 9 8 :  3 4 3 .

W a g n e r , G .C . a n d  K a s s n e r ,  R .J .  1 9 7 4 .  S p e c t r o s c o p ic  p r o p e r t i e s  o f  p r o 
t o h e m e  c o m p le x e s  u n d e r g o in g  r e v e r s ib l e  o x y g e n a t io n .  J .  A m e r .  
C h e m . S o c . 9 6 :  5 5 9 3 .

W a g n e r , G .C . a n d  K a s s n e r , R .J .  1 9 7 5 .  S p e c t r o s c o p ic  p r o p e r t i e s  o f  f e r 
r o u s  h e m e  c o m p le x e s  o f  s te r i c a l l y  h in d e r e d  l ig a n d s .  B io c h im .  
B io p h y s .  A c ta  3 9 2 :  3 1 9 .

W a lla c e , W .J .,  M a x w e ll ,  J .C . a n d  C a u g h e y ,  W .S . 1 9 7 4 .  T h e  m e c h a n is m s  
o f  h e m o g lo b in  a u t o x id a t io n .  E v id e n c e  f o r  p r o to n - a s s i s t e d  n u c l e o 
p h i l ic  d i s p l a c e m e n t  o f  s u p e r o x id e  b y  a n io n s .  B io c h e m . B io p h y s .  
R e s . C o m m . 5 7 :  1 1 0 4 .

W a lla c e , W .J . a n d  C a u g h e y , W .S . 1 9 7 5 .  M e c h a n is m  f o r  th e  a u t o x i d a t i o n  
o f  h e m o g lo b in  b y  p h e n o l s ,  n i t r i t e  a n d  “ o x i d a n t ”  d ru g s .  P e r o x id e  
f o r m a t i o n  b y  o n e  e l e c t r o n  d o n a t i o n  t o  b o u n d  d io x y g e n .  B io c h e m . 
B io p h y s .  R e s .  C o m m . 6 2 :  5 6 1 .

W a lte r s , C .L ., B u rg e r ,  I .H .,  J e w e l l ,  G .G .,  L e w is , D .F .  a n d  P a r k e ,  D .V . 
1 9 7 5 .  M i to c h o n d r i a l  e n z y m e  p a t h w a y s  a n d  th e i r  p o s s ib le  r o le  d u r 
in g  c u r in g .  Z . L e b e n s m . U n te r s .  F o r s c h .  1 5 8 :  1 9 3 .

W a n g , J .H .  1 9 7 0 .  S y n th e t i c  b io c h e m ic a l  m o d e ls .  A c c o u n t s  C h e m . R e s . 
3 :  9 0 .

W a y la n d , B .B , a n d  O ls o n ,  L .W . 1 9 7 4 .  S p e c t r o s c o p ic  s tu d ie s  a n d  b o n d 
in g  m o d e l  f o r  n i t r i c  o x id e  c o m p le x e s  o f  i r o n  p o r p h y r in s .  J .  A m e r .  
C h e m . S o c . 9 6 :  6 0 3 7 .

W eiss, J . J .  1 9 6 4 .  N a tu r e  o f  t h e  i r o n - o x y g e n  b o n d  in  o x y h a e m o g lo b in .  
N a tu r e  2 0 2 :  8 3 .

W e se r, U . a n d  V o e lc k e r ,  G . 1 9 7 2 .  E v id e n c e  fo r  a c c e le r a te d  H 2 0 2 f o r 
m a t io n  b y  e r y t h r o c u p r e in .  F E B S  L e t t e r s  2 2 :  1 5 .

W e v e r, R . ,  O u d e g a ,  B . a n d  V a n  G e ld e r ,  B .F .  1 9 7 3 .  G e n e r a t io n  o f  s u p e r 
o x id e  r a d i c a ls  d u r in g  th e  a u t o x i d a t i o n  o f  m a m m a lia n  o x y h e m o g lo 
b in .  B io c h im . B io p h y s .  A c ta  3 0 2 :  4 7 5 .

W ie rb ic k i , E . a n d  H e il ig m a n , F . 1 9 7 4 .  S h e l f  s ta b le  c u r e d  h a m  w i th  lo w  
n i t r i t e - n i t r a t e  a d d i t i o n s  p r e s e r v e d  b y  r a d a p p e r t i z a t i o n .  P r o c .  in t .  
S y m p .  N i t r i t e  M e a t  P r o d . ,  Z e is t .  E d .  K ro l ,  B . a n d  T in b e r g e n ,  B .J .  
W a g e n in g e n  C e n te r  f o r  A g r. P u b l is h in g  a n d  D o c u m e n ta t i o n .

W illia m s , R .J .P .  1 9 7 0 .  I n i t i a l  s t e p s  in  o x y g e n  in t e r a c t io n  w i th  p r o t e in -  
b o u n d  m e ta l s .  B io c h e m . J .  1 1 6 :  1 4 .

W in te r b o u r n ,  C .C ., M c G r a th ,  B .M . a n d  C a r re l l ,  R .W . 1 9 7 6 .  R e a c t i o n s  
in v o lv in g  s u p e r o x id e  a n d  n o r m a l  a n d  u n s t a b l e  h a e m o g lo b in s .  B io 
c h e m . J . 1 5 5 :  4 9 3 .

W u, C -S .C ., D u f f y ,  P . a n d  B r o w n ,  W .D . 1 9 7 2 .  I n t e r a c t i o n  o f  m y o g l o b in  
w ith  c y t o c h r o m e  c . J . B io l. C h e m . 2 4 7 :  1 8 9 9 .

Y o n e ta n i ,  T . ,  Y a m a m o to ,  H ., E r m a n ,  J .E . ,  L e ig h , J .S .  J r .  a n d  R e e d , 
G .H . 1 9 7 2 .  E l e c t r o m a g n e t ic  p r o p e r t i e s  o f  h e m o p r o te i n s .  5 . O p t ic a l  
a n d  e l e c t r o n  p a r a m a g n e t ic  r e s o n a n c e  c h a r a c te r i s t i c s  o f  n i t r i c  o x id e  
d e r iv a t iv e s  o f  m e t a l l o p o r p h y r in - a p o h e m o p r o te in  c o m p le x e s .  J .  B io l. 
C h e m . 2 4 7 :  2 4 4 7 .

Y o u n e s ,  M . a n d  W e se r , U . 1 9 7 6 .  I n h i b i t i o n  o f  n i t r o b lu e  t e t r a z o l iu m  
r e d u c t i o n  b y  c u p r e i n  ( s u p e r o x id e  d i s m u t a s e ) ,  C u  ( t y r ) 2 a n d  C u  
( ly s ) 2 . F E B S  L e t t e r s  6 1 :  2 0 9 .

Z a c h a r ia h ,  N .Y . a n d  S a t t e r le e ,  L .D . 1 9 7 3 .  E f f e c t  o f  l ig h t ,  p H  a n d  b u f f e r  
s t r e n g t h  o n  th e  a u t o x i d a t i o n  o f  p o r c i n e ,  o v in e  a n d  b o v in e  m y o g lo 
b in s  a t  f r e e z in g  te m p e r a t u r e s .  J .  F o o d  S c i. 3 8 :  4 1 8 .

M s r e c e iv e d  3 / 2 7 / 7 6 ;  re v is e d  9 / 2 6 / 7 6 ;  a c c e p te d  9 / 3 0 / 7 6 .

P r e s e n te d  a t  th e  M u sc le  F o o d s  D iv is io n  S y m p o s iu m  a t  th e  3 5 th  
A n n u a l  M e e t in g  o f  th e  I n s t i t u t e  o f  F o o d  T e c h n o lo g i s t s ,  C h ic a g o , J u n e  
8— 1 2 , 1 9 7 5 .
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8. 8. M A R S H
M u sc le  B io lo g y  L a b ., U n ive rs ity  o f  W isco n s in , M a d iso n , W I 5 3 7 0 6

SYMPOSIUM The Basis of Quality in Muscle Foods 
THE BASIS OF TEN D ERN ESS IN MUSCLE FOODS

--------------------------------------  A B S T R A C T  ---------------------------------- —
Two muscle components, collagen and the contractile apparatus, deter
mine tenderness. The collagen contribution to toughness is due to the 
presence of intermolecular crosslinks which, with increasing animal age, 
become more thermally resistant and thus less readily broken during 
cooking. By contrast, toughness due to the contractile proteins is deter
mined by conditions during the first few postmortem hours, when rapid 
chilling causes “cold shortening” of the muscles and a consequent very 
appreciable toughening. Beef and lamb are particularly prone to this 
process-induced defect; toughness development in these species can be 
largely controlled, however, by simple cooling-rate adjustment during 
rigor onset.

TWO ST R U C T U R A L  COM PONENTS determ ine the tender
ness o f  m eat. T he collagen o f  con n ective  tissue has lon g  been  
recognized as an im portant in fluence  o n  qu ality , and indeed  
un til very recen tly  was regarded as th e  so le  cause o f  tenderness  
variation. T he con tractile  apparatus, b y  contrast, w as first 
established as a p o te n t contributor to  tough ness o n ly  in the  
early 1 9 6 0 ’s and its fu ll significance to  m eat quality  is still n o t  
universally appreciated . This does n o t m ean that con n ective  
tissue has been relegated  to  play m erely  a m inor role as a 
toughen ing agent; as w e shall see, in som e circum stances  
toughness is due a lm ost en tire ly  to  co llagen , whereas in others  
it  is caused a lm ost exclu sive ly  by the contractile  m achinery. 
O nly b y  a fuller understanding o f  b o th  these  co n stitu en ts  can 
w e h op e to  com prehend tough n ess and co n tro l tenderness.

Collagen
Each unit o f m uscle organization  — fiber, fiber bu nd le , and 

entire m uscle — is surrounded by a sheath  or sleeve o f  co n n ec
tive tissue, rather lik e  the insu lation  enw rapping every w ire, 
each bundle o f  w ires, and the ex ter ior  surface o f  a co-axial 
cable. The co n n ectiv e  tissue serves m any vital purposes in  life: 
it  supports the so ft  m uscle substance w ith in  its boundaries, 
provides a bed for b lood  vessels and nerves, and p ro tects the  
contractile  structure from  dam age by over-exten sion . It co n 
sists o f  a variety o f  cells, a ground su bstance, and fibrous  
proteins, the principal one o f  w h ich , in  b o th  q u an tity  and 
tenderness sign ifican ce, is collagen.

The basic structural un it o f  collagen is trop oco llagen , a n o t  
unusually large (m o l w t 3 0 0 ,0 0 0 )  protein  w ith  a high axial 
ratio (length: w id th  about 2 0 0 ) . W ithin this m o lecu le  are three 
peptide chains, w ou nd  rope-like around each other in helical 
form  and bound to  each other by in tram olecu lar crosslinks. If 
these internal bridges were the on ly  linkages present in co lla 
gen, n o  tough en in g  problem s w ou ld  arise, for the len gth  o f  the  
m olecu le , about 2 8 0  nm , w ou ld  be to ta lly  u n n oticed  by the  
m eat consum er n o  m atter h o w  resistant the structure m ight be 
to  cleavage. Such a protein , how ever, w o u ld  serve v irtually  no  
usefu l purpose in  the living anim al, for it  w ou ld  lack entirely  
the very properties o f strength and in ex ten sib ility  w h ich  are its  
raison d ’etre. N ature has endow ed  it w ith  these  ind ispensable  
qualities by in troducing  tw o  m od ifica tion s: longitud in al m o 
lecular overlap and latitudinal in term olecu lar crosslinkage. We

n o w  k n o w  that tropoco llagen  u n its assem ble in  a so-called  
“ quarter-stagger”  fo rm ation , each one overly ing  its neighbor  
by abou t three-fourth  o f  its  len g th  and being bonded  to  it  at 
intervals to  prevent sliding or slipp ing under ten sion  in the  
liv ing tissue. A m ulti-layered wall o f  very lon g , th in  and nar
row  bricks w ou ld  be a reasonable analogy.

C learly, these  in term olecu lar linkages are qu ite  adequate to  
bind th e  tropoco llagen  un its togeth er at all stages o f  life; 
y o u n g  bridges are as e ffec tiv e  as o ld  in  cem en tin g  the m ole
cules in strong and relatively m assive structures in  vivo. In 
postm ortem  tissu e, how ever, major d ifferen ces b eco m e appar
ent. “ Y o u th fu l”  or recen tly  form ed crosslinks are relatively  
unstable w h en  exp o sed  to  denaturing con d itio n s , and as a re
su lt the collagen o f  y o u n g  anim als breaks dow n q u ite  readily  
w hen heated . As the bridges grow older in the m aturing ani
m al, how ever — and collagen has a long “ life ”  in  the sense that 
its  m eta b o lic  turnover is s lo w  — they  stab ilize  to  a m uch m ore  
heat-resistant form ; co o k in g  thus causes far less d isin tegration . 
This age-dependent strengthening o f  bon ds goes a long  way  
tow ard exp la in in g  som e o f  the con flic tin g  results o f past 
studies, for it  suggests that the collagen o f  y o u n g  anim als 
sh ould  m ake a m uch sm aller co n tr ib u tion  to  tough n ess than  
that o f  their m ore m ature brethren. N um erous tenderness in 
vestigation s support this view . It has lon g  been  k n o w n , for  
in stan ce , that veal conta ins m ore collagen  than b eef desp ite  its 
greater tenderness, and that th e  percentage o f  intram uscular  
collagen so lub ilized  by en zy m ic  or h ot-w ater treatm ent is sev
eral tim es greater in veal than in m ature steers. These and 
sim ilar earlier observations, inexp licab le  th ou gh  th ey  were  
w h en  first m ade, n o w  fit in precisely  w ith  m odern co n cep ts o f  
the fine structure o f  collagen.

T he principal p rotein  o f  co n n ective  tissue thu s rem ains a 
m ajor determ inant o f  m eat tenderness, but in a w ay w h ich  was 
n o t realized until qu ite recen tly . It is n o w  clear that collagen  
qu antity  is o f  m uch less sign ificance than its  “ q u a lity :” the  
ease w ith  w hich the in term olecu lar crosslinks are broken dur
ing postm ortem  en zy m ic  treatm ent, a c id ifica tion  or cook in g . 
A lthou gh  th is con clu sion  d oes n o t suggest any im m ed iate  or 
early practical rem edy for the problem  o f  connective-tissu e  
toughness, it  does open  another m ajor ro u te  for  further e x 
ploration . Sc long  as we considered o n ly  the am oun t o f  colla
gen as a m atter o f  concern , little  advance could  be exp ected , 
for a significant red uction  o f  this vital co m p o n en t in  the living  
anim al w ou ld  probably be incom p atib le  w ith  life . M odification  
o f  collagen in vivo, how ever, as d istin ct from  its rem oval or 
dim inu tion , m ay be a m uch m ore readily attainable goal. T he  
co m p lex  syn th esis o f  collagen w ith in  the organism  is n o w  
fairly w ell un d erstood , and w ith  this com preh en sion  has com e  
the kn ow led ge  that collagen structure can, in fact, be m odified  
at certain critical stages o f  its  b iom anu factu re by appropriate  
treatm ent. It is certain ly w ith in  the bou nd s o f  p o ssib ility  that 
future advances along these  lin es m ight ind icate  w ays to  e x 
tend  the life  o f  the “y o u th fu l”  form  o f  collagen  crosslinks in to  
m aturity , to  inh ib it bridge form ation  by use o f  feed  additives, 
or to  retard in term olecu lar linkage by in trod u cin g  a contro lled  
nu tritional defic ien cy .
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The contractile proteins
Despite the new avenues revealed by these recent advances 

in connective-tissue science, it must be admitted that there 
would be little hope of any early practical improvement in 
meat tenderness if toughness were solely a function of colla
gen quantity or quality. Fortunately, this is not the case. It is 
now quite clear that collagen is only one of two causes of 
toughness, and the other -  the contractile protein complex -  
is much more amenable to modification and control. It is 
largely due to R.H. Locker that our knowledge of this latter 
influence on meat quality is so far advanced; his investigations 
during the years 1959—63 (partly in collaboration with C.J. 
Hagyard) are now regarded as classics in the field.

The conclusions drawn from these pioneer studies can be 
stated very simply. Visibly red muscles (including all bovine 
and ovine muscles so far examined) are stimulated to shorten 
if exposed to chiller temperatures while still in a pre-rigor 
state, and, if not physically prevented, will contract by half or 
more of their initial lengths. This “cold shortening” is accom
panied by a very appreciable toughening which is not neces
sarily prevented by normal skeletal attachments, since many 
muscles of the normally hanging carcass are slack and thus free 
to shorten if provoked to do so.

Later investigations have repeatedly confirmed these initial 
observations. It is now clear that, in terms of the force re
quired to bite through the meat, cold shortening can cause as 
much as a four- or fivefold increase, rendering the tissue 
absolutely unchewable. It is equally apparent that this “proc
essing toughness” is of fairly recent origin; the practical means 
to chill meat rapidly and early postmortem and the incentives 
to do so — quicker processing, smaller weight loss, reduced 
bacterial spread — have not been with us for many years. 
These studies have also shown why it is quite impossible to 
give a simple answer to a straightforward question; is it con
nective tissue or cold shortening which is the more important 
toughener? Clearly, if early postmortem conditions have dis
couraged shortening, then connective tissue will be virtually 
the sole contributor to shearing resistance. On the other hand, 
if the imposed environment has prompted an appreciable 
length change in the musculature, then the connective-tissue 
contribution will be of almost negligible significance since the 
meat will have been made almost inedible by the shortened 
actomyosin component.

The ability of a muscle to cold shorten declines with time 
postmortem, and if the primary filaments are given long 
enough to “lock” into rigor before the tissue is cooled below 
about 10°C, only a small and relatively innocuous “rigor short
ening” occurs. Once this cross-bridging has taken place, chill
ing or freezing can cause no shortening and toughening at all, 
no matter how steep the applied temperature gradient. This 
behavior suggests an immediate solution to the problem of 
cold-induced toughening: leave the carcass at a temperature 
above, say, 10°C until incipient rigor bonds have locked the 
contractile structure into a relaxed configuration, and only 
then transfer it to a cold environment. Such a procedure has 
been in full commmercial operation in the New Zealand ex
port lamb trade for the past 9 yr, during which time many 
millions of carcasses have been treated successfully for the 
North American market. Effective though it is, however, this 
conditioning treatment is wasteful of time, space and labor. 
Furthermore, direct application of the process to beef is not 
practical without extensive modiification, since the much big
ger carcass would maintain a higher internal temperature for a 
longer time, so encouraging deep spoilage and the possible 
development of pathogens. For these reasons, other methods 
of reducing or totally eliminating the cold-shortening effect 
are being sought in several laboratories at this time.

One promising alternative stems from the original studies of 
Locker, who noted that “various muscles of the ox enter rigor 
mortis in differing stages of contraction, related to the strains

present in the muscles of the hung carcass,” and suggested that 
“it should be possible to improve the quality by hanging the 
carcass in such a way that the muscle is stretched and pre
vented from shortening.” This prediction was tested and veri
fied by the Wisconsin group, and was later developed by Texas 
researchers, whose simple hip-hanging procedure causes the 
carcass or side to take up a more natural posture in which 
muscles maintain themselves at lengths approximating those in 
the living relaxed state. In an alternative procedure developed 
by Cornell workers, an extendible rod is applied along the 
back of the side or carcass soon after slaughter; the “extend- 
erizer” opposes any cold-shortening tendency in the tissues, 
and is removed when the rigor bonds have locked the muscu
lature into a tender, unshortened configuration.

A different approach is seen in recent attempts to acceler
ate the postmortem changes of glycolysis. If rigor onset could 
be hastened, only a brief prechilling delay would be required 
to satisfy both the toughness-sensitive consumer and the bac- 
teria-sensitive meat hygienist. Temperature elevation is ruled 
out, of course, since it would greatly accelerate bacterial pro
liferation, particularly of potentially pathogenic mesophiles. It 
has been found in Australia that a brief application of high 
pressure to the carcass causes very rapid glycolysis and rigor 
onset, the meat being very significantly tenderized despite 
immediate post-pressure chilling. In New Zealand, very early 
postmortem electrical stimulation of the lamb carcass has been 
shown to rush the musculature into rigor at a very high rate — 
in some cases within an hour of slaughter — and the process 
has been tested successfully in an otherwise normal commer
cial operation.

There are thus several possible ways already in which the 
serious detrimental effects of cold shortening can be mini
mized or prevented. Nevertheless, a substantial case can be 
made for continued study of the phenomenon and of its con
sequences, for its better understanding could well yield a 
better control. Furthermore, the effect is of considerable in
terest at a more basic level, since it bears a strong resemblance 
in many ways to the contraction of living muscle. We know, 
for instance, that both processes are brought about by a sliding 
of the thick and thin filaments over each other, and that both 
are triggered by a release of calcium ions: rapid in the physio
logical length change, slow in the cold-induced postmortem 
shortening. In one respect, however, the two effects differ 
greatly, for whereas both visibly red and visibly white muscles 
are obviously capable of vigorous shortening in life, only the 
former display cold shortening; the length of a rabbit psoas, 
for instance, is virtually unaffected by exposure to chiller tem
peratures early postmortem.

This observation has been used to support the view that, as 
in a living contraction, it is from the sarcoplasmic reticulum 
(SR) that calcium ions are released. It is well established that 
the SR is much more developed in white muscles than in red, 
and it is argued that the enhanced calcium-binding ability of 
the “ white” reticulum explains the reluctance of these paler 
tissues to cold shorten. This explanation is not wholly satis
fying, however, for it supposes that the SR of white muscle, 
besides being more extensive than that of the red, is also more 
able to retain its calcium at low temperatures. A recent alter
native hypothesis suggests that the free calcium initiating cold 
shortening comes from the mitochondria responding to post
mortem anoxia, and not from the SR reacting to cold. If this 
concept is coupled with the well known reluctance of the SR 
to sequester calcium at low temperatures, the difference in 
cold-shortening ability between red and white muscles can be 
explained quite readily, for only in the red tissue are there 
enough mitochondria to release sufficient calcium to trigger a 
length change. Although this and similar lines of investigation 
do not immediately suggest alternative practical procedures to 
eliminate cold shortening and its accompanying toughness, it is 
quite within the bounds of possibility that the better under
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standing they generate may lead ultimately to an improved 
solution.

The basis of tenderness in muscle foods has thus become 
much clearer in recent years. Recognition that there are two — 
and, almost certainly, only two —major contributors to tough
ness has all but eliminated the contradictory results of earlier 
studies, and it is now possible to study either of the prime 
causes without the confusing and often unknown intervention 
of the other. This ability to separate toughness due to collagen 
from that due to the contractile apparatus has led to rapid prog
ress in both areas. Already it is practical, by appropriate post
mortem treatment, to avoid the potentially great toughening 
caused by shortening, and modification of the collagen compo
nent during life may soon become a reality.

Additional information and specific references will be 
found in the reviews and other relevant papers included in the 
Bibliography.

BIBLIOGRAPHY
B a i le y ,  A .J .  1 9 7 2 .  T h e  b a s is  o f  m e a t  t e x tu r e .  J . S c i. F d .  A g r ic . 2 3 :  9 9 5 .  
B a i le y ,  A .J . ,  R o b in s ,  S .P . a n d  B a l ia n , G . 1 9 7 4 .  B io lo g ic a l  s ig n i f i c a n c e  o f  

t h e  in t e r m o l e c u la r  c r o s s l in k s  o f  c o l la g e n .  N a tu r e  2 5 1 :  1 0 5 .
B u e g e , D .R . a n d  M a rs h ,  B .B , 1 9 7 5 .  M ito c h o n d r ia l  c a lc iu m  a n d  p o s t m o r 

te m  m u s c le  s h o r te n i n g .  B io c h e m . B io p h y s .  R e s .  C o m m u n .  6 5 :  4 7 8 .  
C h r y s ta l l ,  B .B . a n d  H a g y a rd ,  C .J . 1 9 7 5 .  A c c e l e r a t e d  c o n d i t i o n i n g  o f  

l a m b .  N e w  Z e a la n d  J . A g r ic . J u n e ,  p . 7 .
G o ll ,  D .E .,  S t r o m e r ,  M .H ., O ls o n , D .G . ,  D a y t o n ,  W .R ., S u z u k i ,  A . a n d  

R o b s o n ,  R .M . 1 9 7 4 .  T h e  r o le  o f  m y o f i b r i l l a r  p r o t e in s  in  m e a t  t e n 
d e rn e s s .  P ro c .  M e a t  I n d .  R e s . C o n f . ,  p .  7 5 .

L o c k e r ,  R .H . ,  D a v e y , C .L ., N o t t i n g h a m ,  P .M ., H a u g h e y ,  D .P . a n d  L a w ,
N .H . 1 9 7 5 .  N e w  c o n c e p t s  i n  m e a t  p ro c e s s in g .  A d v . F o o d  R e s . 2 1 :  
1 5 7 .

N e w b o ld ,  R .P . a n d  H a r r is ,  P .V . 1 9 7 2 .  T h e  e f f e c t  o f  p r e - r ig o r  c h a n g e s  o n  
m e a t  t e n d e r n e s s .  A  R e v ie w . J .  F o o d  S c i. 3 7 ( 3 ) :  3  3 7 .

S h im o k o m a k i ,  M ., E l s d e n ,  D .F .  a n d  B a i le y ,  A .J .  1 9 7 2 .  M e a t  t e n d e r n e s s :  
a g e  r e l a t e d  c h a n g e s  in  b o v in e  in t r a m u s c u la r ,  c o l la g e n .  J . F o o d  S c i. 
3 7 :  8 9 2 .

M s r e c e iv e d  1 / 1 6 / 7 6 ;  a c c e p te d  9 / 3 0 / 7 6 .

P r e s e n te d  a t  th e  M u sc le  F o o d s  D iv is io n  S y m p o s iu m  a t  th e  3 5 th  
A n n u a l  M e e t in g  o f  t h e  I n s t i t u t e  o f  F o o d  T e c h n o lo g i s t s ,  C h ic a g o , J u n e  
8 - 1 2 ,  1 9 7 5 .

C o n t r i b u t i o n  f r o m  t h e  C o lle g e  o f  A g r ic u l tu r a l  a n d  L if e  S c ie n c e s , 
U n iv e r s i ty  o f  W is c o n s in , M a d is o n ,  M u sc le  B io lo g y  M a n u s c r ip t  N o . 9 5 .

Voi. 42, No. 2  (1977)  -  J O U R N A L  OF FOOD SC IENC E -  2 9 7



S T E P H E N  S .  C H A N G  a n d  R O B E R T  J .  P E T E R S O N

D e p t ,  o f  F o o d  S c i e n c e ,  C o o k  C o l l e g e

R u t g e r s ,  T h e  S t a t e  U n i v e r s i t y  o f  N e w  J e r s e y ,  N e w  B r u n s w i c k ,  N J  0 8 9 0 3  ■

SYMPOSIUM: The Basis of Quality in Muscle Foods 
R ECEN T DEVELOPM EN TS IN THE FLA V O R  OF MEAT

— ------ ------------------  ABSTRACT ----- ----- ------------ —
Techniques involved in the study of volatile flavor compounds of 
cooked meat, including isolation of the volatile flavor compounds, frac
tionation of the isolated volatiles by gas chromatography and identifica
tion of the pure gas chromatographic fractions by infrared and mass 
spectrometry are reviewed. The volatile compounds identified to date, 
as components of cooked meat, such as boiled beef and roast beef, are 
reported. The importance of heterocyclic compounds containing oxy
gen, nitrogen and sulfur in the ring and pyrazine compounds to the 
flavor of meat are discussed with their possible mechanisms of forma
tion. The possible use of high pressure liquid chromatography for the 
fractionation of the less volatile flavor compounds in cooked meat and 
the many difficulties of this technique are reviewed. The deterioration 
of flavor during storage and processing as caused by the qualitative and 
quantitative changes of flavor compounds are discussed with detailed 
information on the change of flavor compounds during the retorting of 
beef stew.

INTRODUCTION
THE FLAVOR of meat is of great academic, as well as prac
tical importance, but we are still unable to completely under
stand this important sensory quality of muscle foods. With the 
advancement of modern instrumentation, we have made a 
giant step forward in understanding the volatile compounds 
responsible for meat flavor during the last 15 yr. However, we 
still do not have a complete spectrum of these compounds. 
Consequently, the quantitative composition of meat flavor vol
atiles and the mechanism of their formation are also not con
clusive. (For a review of meat flavor research up to 1970, see 
Herz and Chang, 1970; up to 1975, see Dwivedi, 1175.)

In the earlier research on meat flavor components, the com
pounds identified included a few simple sulfides, mercaptans, 
carbonyl compounds, alcohols, carboxylic acids, ammonia, 
hydrocarbons, esters, and aromatic compounds (Bender, 1961; 
Bender and Ballance, 1961; Hornstein and Crowe, 1960; 
Kramlich and Pearson, 1960; Sanderson, et al., 1966; Yueh 
and Strong, 1960). At that time a hypothesis was formulated 
by some researchers that we had already identified enough 
compounds for meat flavor, what we were lacking was simply 
the relative concentration of the compounds which had been 
identified. They claimed that if the appropriate relative con
centrations were known, one could duplicate the characteristic 
flavor of different meats using the few simple compounds 
which had been identified by that time. As research continued, 
an increasing number of important meat flavor components 
were identified, including heterocyclic sulfur and nitrogen con
taining components. Without such compounds, meat flavor 
could not possibly be reconstituted, clearly demonstrating that 
the earlier hypothesis was an oversimplification of a complex 
problem.

Another hypothesis was put forth that the characteristic 
flavor of different meats is not produced by the lean muscle 
during cooking, but rather produced by the lipids during cook

ing (Hornstein and Crowe, 1960). Indeed, the fatty tissue may 
serve as the solvent for the precursors of meat flavor but lipids 
themselves can, in no way, produce some of the sulfur- and 
nitrogen-containing heterocyclic compounds which have been 
identified as components of meat flavor since then. In addi
tion, the fat portion of the meat from different animals, after 
extraction and refining, does not produce characteristic meat 
flavor of different animals when it is cooked.

At present we do have a large number of compounds which 
have been isolated and identified in the volatiles of meat. How
ever, we still cannot combine them to obtain a genuine flavor 
characteristic of meat, such as beef, pork or chicken. We prob
ably have not yet identified the “star performers” in meat 
flavor which are predominantly responsible for the character
istic flavor which makes beef flavor different from that of 
pork or lamb.

Certainly, the aroma of a food is the total contribution of a 
large number of volatile flavor components. Nevertheless, most 
flavors do contain “star performers” or “key compounds” 
which play the major role in imparting a specific flavor to the 
food. Examples are 3-isobutyl-2-methoxypyrazine in bell pep
per flavor and 4-hyd:oxy-3-methoxybenzaldehyde (Vanillin) 
in vanilla flavor.

CLASSES OF COMPOUNDS IDENTIFIED
LET US NOW briefly review the types of compounds that 
have been identified as components of meat flavor.

The types of compounds which, we believe, are not primary 
contributors to meat flavor are listed in Table 1. Carbonyl 
compounds have been listed here, even though some re
searchers believe carbonyl compounds are extremely impor
tant to the flavor of meats. They state that the only difference 
between the flavor of different meats is essentially due to the 
qualitative and quantitative differences in the content of car
bonyl compounds (Hornstein and Crowe, 1963; Jacobson and 
Koehler, 1963; Sanderson et al., 1966). Certainly, carbonyl 
compounds are powerful odor components, which un
doubtedly contribute to the total flavor of meat. Furthermore, 
it is well established that the carbonyl compounds are mostly 
autoxidative or oxidative decomposition products of lipids. 
Since the lipids which constitute the fat of different animals 
are composed of different fatty acids, cooking of fat-contain
ing meat of different animals should produce qualitative and 
quantitative differences of carbonyl compounds. However, in 
our rather extensive experience in studying the autoxidative 
and oxidative decomposition products of refined animal fats 
and oils, we never noticed any odor or flavor reminiscent of 
meat. In addition, when lean beef, carefully trimmed of fat 
was boiled, a delicious boded beef flavor was produced. Identi
fication of volatile compounds in this boiled beef flavor 
showed a limited number of carbonyl compounds and none of 
them had meaty notes (Hirai et al., 1973).

The classes of compounds which probably are important
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Aliphatic hydrocarbons 
Aromatic hydrocarbons 
Saturated alcohols 
Carboxylic acids 
Esters 
Ethers
Carbonyl compounds (Aldehydes and Ketones)

T a b le  1— C la s s e s  o f  c o m p o u n d s  w h i c h  m a y  n o t  b e  p r i m a r y  c o n t r i b u 

to r s  t o  m e a t  f l a v o r

T able  2 —Classes o f  c o m p o u n d s  w h ic h  m a y  b e  im p o r ta n t  c o n tr ib u 
to rs to  m e a t  fla vo r

Lactones
Acyclic sulfur containing compounds 

e.g., mercaptans, sulfides
Nonaromatic heterocyclic compounds containing S, N, 0  

e.g., hydrofuranoids
Aromatic heterocyclic compounds containing S, N, O 

e.g., pyrazines, thiophenes

contributors to  m eat flavor are listed  in  Table 2. Let us c o n 
sider som e ex am p les o f  each o f  th ese  m ore im portant classes 
o f  com p ou n d s w hich  have been  id en tified  in m eat vo latiles.

The la c to n es that have been  found b o th  in roast b e e f  drip
pings and b o iled  b e e f (Hirai et a l., 19 7 3 ; L iebich et a l., 1 9 7 2 )  
are listed in Table 3. The la cto n es have very in teresting  flavor  
characteristics and can be used to  im prove the butter flavor o f  
margarine and the deep-fat fried flavor in snacks (Chang and 
May, 1 9 7 3 ). T hey certain ly cou ld  con tr ib u te  to  the to ta l fla
vor o f  c o o k ed  m eat.

Furanoid com poun ds have been  iso lated  and id en tified  in 
co o k ed  beef. Table 4  lists som e o f  these  co m p ou n d s. The 2- 
pentylfuran  and 2-th iom eth ylfurfu ral have been  reported  by  
th is laboratory, and the 2-d ihydrofuranones by T onsbeek  and 
co-w orkers at U nilever (Hirai et al., 1 9 7 3 ; T onsbeek  et al.,
1 9 6 8 ). P aten ts have been  issued o n  the use o f  the furanones 
for the p rod u ction  o f  im itation  m eat flavor.

A considerable num ber o f  various su lfur-contain ing co m 
pou nd s have been  id en tified  in cook ed  m eat as the exam ples in 
Table 5 ind icate. The 3 ,5 -d im eth y l-l,2 ,4 -tr ith io la n e  id en tified  
by this laboratory was iso lated  from  bo iled  b eef and is an 
interesting com p ou n d  having three sulfur a tom s in a ring. It 
was in itia lly  believed  to  be o f  prim e im portance to  the b eef  
flavor. U n fortu n ate ly , after syn thesizing  it , it w as found n o t to  
possess an od o r  w h ich  could  be described as beef-like . Thi- 
azoles have also been  identified  in canned b e e f p rodu cts , bo th  
in this laboratory and by von  S yd ow  and co-w orkers in 
Sw eden (P eterson  et al., 1 9 75; Perrson and von  S yd ow , 19 7 3 ).

The pyrazine com p ou n d s are a m ost im portant group o f  
flavor com p ou n d s. T hey  generally have a roasted or n u tty  
arom a. This laboratory , as w ell as o thers, have foun d  a num ber  
o f  them  in b o iled , roasted and shallow  fried beef. Som e o f  
these  com poun ds are listed  in Table 6 (M ussinan et al., 19 7 3 ;  
Watanabe and Sato , 1 9 7 1 ). We are now  engaged in an e x te n 
sive study o f  the basic com p ou n d s iso lated  from  roast b e e f  and 
we h op e to id e n tify  m ore o f  the im portant pyrazine co m 
pounds.

artifacts w h ich  m ight interfere. T he criterion used in th is lab o
ratory is that the iso lated  vo la tiles m ust have an odor w h ich  is 
iden tica l to  th e  characteristic odor o f  th e  original sam ple, as 
judged by an experien ced  organolep tic  eva lu ation  panel. As an 
ex am p le, th e  vo la tiles iso lated  from  roast b e e f  m ust be judged  
by the panel as having a typ ical roast b e e f  arom a before the  
flavor sam ple is subjected  to  further analysis.

An apparatus designed in this laboratory for  th is purpose is 
sh ow n  in Figure 1 (H erz and Chang, 1 9 6 6 ). C ook ed  m eat was 
m ade in to  a water slurry w hich was kept under ag itation  at the  
proper tem perature in  the reservoir flask. T he sam ple slurry 
was pum ped co n tin u o u sly  at a constant f lo w  rate in to  the  
evaporator b y  a positive  d isp lacem ent rotating and rec ip rocat
ing pum p. The reservoir side o f  this pum p is un der a tm o s
pheric pressure w hile the evaporator side o f  th e  pum p is under  
a vacuum  o f  app roxim ately  0 .01  mm Hg. The w ater slurry o f  
the co o k ed  m eat, w h en  pum ped in to  the evaporator, w as at a

T able  3 —S o m e  r e p o r te d  la c to n e s  in c o o k e d  b e e f

Lactone Source

7 Butyrolactore' Roast beef drippings
7 -Hexalactone1 Roast beef drippings
7 -Heptalactone1 Roast beef drippings
7 -Valerolactone2 Boiled beef

1 Liebich et al., 1972
2 Hirai et al., 1973

Table  4 —S o m e  r e p o r te d  fu ra n o id  c o m p o u n d s  in c o o k e d  b e e f  

Furans Structure

Even though th e  id en tifica tio n  o f  th e  flavor com p ou n d s in 
m eat is n o t y e t  co m p leted  and their m echanism s o f  form ation  
are n ot clear, m any paten ts have been  issued on  the produ c
tion  o f  im itation  m eat flavors by heating togeth er a w ide range 
o f  com pounds as ex em p lified  in  Table 7. Such im ita tion  m eat 
flavors do have an odor  rem iniscen t o f  m eat, even thou gh  their  
final chem ical c o n stitu tio n  and the reaction s taking place are 
n o t know n. H ow ever, w e m ust realize that the im ita tion  m eat 
flavors do not have the u n iq u e , characteristic flavor o f  m eat, 
such as beef, lam b, or pork, w h ich  can be d istinguished from  
on e another.

IS O L A T IO N  an d  ID E N T IF IC A T IO N  
O F  F L A V O R  C O M PO U N D S

IN O R D E R  TO ST U D Y  the vo la tile  com p ou n d s w h ich  are 
responsib le for th e  flavor o f  m uscle fo o d s , it is necessary to  
first isolate the vo latile  flavor com p ou n d s w ith o u t creating

2-Pentylfuran 
(Hirai et al., 1973)

5-Thlo methyl furfural 
(Hirai et al., 1973)

4-Hydroxy-2,5-dimethyl-2- 
dihydrofuran-3-one 
(Tonsbeek et al., 1968)

4-Hydroxy-5-methyl-2-dihydro- 
furan-3-one 
(Tonsbeek et al., 1968)
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Fig. 1—A p p a ra tu s  u se d  fo r  th e  iso la tio n  o f  vo la 
tile  fla vo r  c o m p o u n d s  fr o m  c o o k e d  m e a t.

tem perature near its bo ilin g  p o in t and was su dd en ly  released  
to  high vacuum . C on seq u en tly , a flash evaporation  w ou ld  take  
place. The residue then  flo w e d  d o w n  the evaporator as a thin  
film . Heat was supplied to  th e  film  b y  circulating heated g lyc
erine through the outer  ja ck e ts  o f  the evaporator. The vo latile  
com poun ds in the coo k ed  m eat were therefore under the best 
co n d itio n s for vaporization , nam ely , a th in  film  under vacuum  
w ith  heat supplied from  o u ts id e . The v o la tile  com p ou n d s and 
water thus evaporated w ere condensed  in a series o f  traps 
w hich  w ere coo led  by e ith er dry ice  or liquid  n itrogen .

The volatiles that co llec ted  in the co ld  traps w ere then  
extra cted  in to  e th y l ether, and th e  ether so lu tio n  o f  the m eat 
flavor co m p o n en ts was th en  concen trated  w ith  a spinning  
band still to  a vo lu m e su itab le for  gas chrom atographic analy
sis.

The co n d itio n s used in  th is apparatus are relatively m ild , 
H ow ever, the vo la tiles iso lated  still have so m e odors due to  
artifacts in add ition  to  the true sam ple odor. In order to  iso 
la te  the vo la tiles from  coo k ed  m eat under m ilder co n d ition s, 
the m od ified  gas washing b o ttle  sh ow n in Figure 2 , was 
designed. It is sim ply a long  b o ttle  w ith  a gas in let tu b e  e x 
tend ing  to  the b o tto m . The end o f  the gas in let tu b e  is b low n  
in to  a large disk w ith  p inholes spaced equally  along its circum 
ference. The b o ttle  is filled  w ith  a water slurry o f  the cook ed

m eat and pure n itrogen gas is bubb led  through the sam ple  
co n tin u o u sly . T he ex it gas is passed through a series o f  traps 
c o o led  b y  dry ice in order to  condense  th e  v o la tile  flavor 
co m p o u n d s togeth er  w ith  w ater vapor.

The am oun t o f  vo la tiles iso lated  b y  this m eth od  is less than  
the am oun t ob ta ined  by the prev iou sly  described m eth od . 
H ow ever, the arom a o f  th e  vo la tile s  iso lated  by th is m eth od  
m ore c lo se ly  resem bles the arom a o f  the original co o k ed  m eat.

The v o la tiles iso lated  from  b o iled  b eef, w hen  gas chro m a to 
graphed, y ie ld ed  the curve sh ow n  in Figure 3. That o f  roast 
b e e f is sh o w n  in Figure 3A . D ue to  the co m p lex ity  o f  the b e e f  
flavor, n o n e  o f  the peaks sh ow n  in th is figure represents a pure 
co m p ou n d . T herefore, each peak was accum ulatively  co llected  
as an ind ividual fraction . Each o f  the fracions was rech rom ato
graphed w ith  a d ifferen t stationary phase in to  subfractions. 
Each o f  th e  subfractions was again co llected  and ch ro m a to 
graphed, i f  necessary, to  y ie ld  sub-subfractions. This w as c o n 
tinued  until pure gas chrom atographic fractions w ere ob ta in ed . 
The pure fractions were then  id en tified  b y  the use o f  IR and 
mass sp ectrom etry . This also a llow ed an organ o lep tic  evalua
tio n  panel to  sm ell each o f  the trapped pure fractions in  order  
to  describe its odor  characteristics.

W henever possib le , th is flavor research tech n iq u e is sim p li
fied  by sm elling the ex it gas.from  th e  gas chrom atograph. O nly

Fig. 2 —S p e c ia lly  d es ig n ed  a p p a ra tu s  u se d  fo r  
th e  iso la tio n  o f  vo la tile  fla vo r  c o m p o u n d s  fro m  
c o o k e d  m ea t.
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th o se  peaks w ith  an in teresting od or , or an odor relevant to  
th e  arom a o f  the original sam ple, are co llected  and id en tified .

The m eth od  th is laboratory has adop ted  is certain ly  ted io u s  
and tim e-consum ing. H ow ever, it o ffers a b etter  chance to  
id en tify  th o se  co m p o u n d s w hich  w e are lo o k in g  for, that is, 
com poun ds w ith  unusual chem ical structures, w h ich  m ay have 
the unique odor  characteristics o f  interest.

Table 5 —S o m e  su lfu r -c o n ta in in g  c o m p o u n d s  id e n t i f ie d  in  c o o k e d  
m e a t

Mercaptans Thiazoles

Methylmercaptan 2-Methylthiazole
Ethylmercaptan Benzothiazole

Sulfides Polysulfur heterocycles
Methylsulfide 3,5,Dimethyl-1,2,4-trithiolane
Methyldisulfide 5,6-Dihydro-2,4,6-trimethyl-1,3,5-dithiazine

Thiophenes 2,4,6-Trimethyl-5-thrithiane
2-Methylthiophene
Tetrahydrothiophene-3-one

Table 6 —S o m e  re p o r te d  p y r a t in e s  in  c o o k e d  b e e f

Pyrazine Source

2-Methylpyrazine Shallow fried beef
2,3-Dimethylpyrazine Boiled beef
2,5-Dimethylpyrazine Shallow fried beef
2,6-Dimethylpyrazine Shallow fried beef
2,3,5-Trimethylpyrazine Shallow fried beef 

Pressure cooked beef
2,3,5,6-Tetramethylpyrazine Shallow fried beef
2-Ethyl pyrazine Shallow fried beef
2-Ethyl-5-methy I pyrazine Shallow fried beef
2,5-Dimethyl-3-ethylpyrazine Shallow fried beef 

Pressure cooked beef

T able  7 —M ajor c o m p o n e n ts  o f  p a te n te d  " im ita tio n  m e a t  f la v o r "

Amino acids and proteins Sugars
Glycine Ribose
Valine Glucose
Proline Xylose
Carnosine Carboxylic acids, lactones
Albumin cr-Ketobutyric acid
Glycoprotein Lactic acid

Sulfur contributors 7 -Lactones
Cysteine Oils and fats
Cystine Beef tallow
Glutathione Lard

Nucleotides Chicken fat
Adenosine-5'-monophosphate 
I nosine-5'-monophosphate 
Guanosine-5'-monophosphate

Phosphoric acid, phosphates

T able  8 - V o la t i l e  c o m p o u n d s  id e n t i f ie d  in  b o i le d  b e e f

Class of compounds Compounds identified Peak size13

Hydrocarbons n-Hexane Small
n-Dodecane Small
n-Pentadecane Medium
n-Hexadecane Small
n-Octadecane Small
l-Undecene Large
l-Pentadecene Small

Alcohols Ethanol Large
1-Propanol Large
2-Methy 1-1 -propanol Small
1-Butanol Small
3-Methyl-1 -butanol Extra small
1 -Pentanol Medium
1-Octanol Medium
1 -Penten-3-ol Small
2-Hexen-1 -ola Small
1-Octen-3-ol Extra large

Ester Ethyl acetate Extra large
Lactone 7 -Valerolactone Extra small
Aldehydes 3-Methyl-1-butanal Small

Pentanal Large
Hexanal Extra large
Heptanal Large
Octanal Large
Nonanal Large
Hexadecanal Medium
2-Octenal Small
6-Methyl-2-heptenala Medium

Ketones 4-Octanone Small
3-Nonanone Small
3-Dodecanone Extra small
Diacetyl Large
Acetoin Extra large

Acids Propionic acid Medium
Butanoic acid Medium
Hexanoic acid Small

Sulfides Methyl propyl sulfide3 Extra small
Methyl ally! sulfide3 Extra small
Dimethyl disulfide3 Extra small
DiallyI sulfide3 Extra small

Aromatic compounds Benzene Large
Toluene Small
Propylbenzene Small
1,4-Dichlorobenzene Medium
Benzaldehyde Extra large
3-Methylbenzaldehydea Small
2,6-Di-tert.-butyl-p-

hydroxytoluene
Medium

Heterocyclic compounds 5-Thiomethylfurfurala Small
2-PentyIfuran Medium
Thiophen-2-carboxaldehyde Extra small
2,5-Dimethyl-1,3,4- 

trithiolane
Large

2,4,5-Trimethyl-A3-
oxazoline

Extra large

2,5-Dimethylpyrazine -
2-Ethyl-3,6-dimethyl-

pyrazine

a T e n ta t iv e ly  id e n t if ie d
h Peak s ize  w as co n s id e red  to be " e x t r a  s m a ll"  w h en  th e  peak area 

w as <  5 0 ; " s m a l l "  b etw een  5 0  and  3 0 0 ; " m e d iu m "  b etw een  3 00  
and 1 ,0 0 0 ; " la rg e "  betw een  1 ,0 0 0  and 2 ,0 0 0 ; and " e x t r a  la rg e " >  
2 ,0 0 0 .
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GAS CHROMATOGRAM OF BOILED BEEF FLAVOR

Fig. 3 —A  ty p ic a l p r e lim in a r y  gas c h r o m a to g ra m  o f  th e  vo la tile s  iso la te d  fr o m  b o i le d  b e e f. [ 2 0  f t  X  1 /8  in . S S  c o lu m n  p a c k e d  w ith  15% 
C a rb o w a x  2 0 M  on  6 0 /7 0  m e s h  A n a k r o m  A B S . T e m p e ra tu re  p r o g r a m m e d  fr o m  6 5  to  2 1 !j ‘C  a t  a ra te  o f  4 ° C /m in  fo r  th e  f ir s t  2  m in , 5° C /m in  
fo r  a n o th e r  2  m in , a n d  12f  C /m in  th e re a fte r . T h e  f lo w  ra te  w as 3 5  m l /m in .  F ID .]

Fig. 3 A —P re lim in a ry  gas c h r o m a to g ra m  o f  th e  n e u tr a l vo la tile  c o m p o u n d s  iso la te d  fr o m  ro a s t b e e f . [1 0  f t  X  1 /8  in. S S  c o lu m n  p a c k e d  w ith  
10% O V -1 0 1 . T em p era tu re  p r o g r a m m e d  fr o m  5 0 °  C  (h e ld  2 0  m in )  to  2 5 0 °  C  (h e ld  2 0  m in )  w ith  p ro g ra m  ra te  o f  2 .7 5 "  C /m in . F ID .]
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C O M PO U N D S ID E N T IF IE D  IN  B O IL E D  B E E F  
A N D  C A N N E D  B E E F  STEW

THE VOLATILE flavor com pounds identified by this labora
tory  from boiled beef are listed in Table 8 . Among the many 
com pounds identified, those with oxygen, sulfur, or nitrogen 
in a ring are probably of the most interest. Our group was the 
first to identify 2,4,5-trimethyl-3-oxazoline and was optim istic 
in regard to its im portance in boiled beef flavor. U nfortu
nately, as with the trithiolane previously m entioned, when the 
compound was synthesized, it did not possess a characteristic 
beef aroma.

After establishing that the flavor methodology we used was 
quantitatively reproducible to ±5%, it was employed to com 
pare the volatiles isolated from a fresh, boiled beef sample and 
a sample made from  the same lot of beef, but which was freeze 
dried and stored under nitrogen at am bient tem perature for 6 
months. Organoleptic evaluation of the two samples showed 
that the flavor o f the sample which had been freeze dried and 
stored was inferior to the flavor of the fresh sample. Figure 4 
indicates that the deterioration of flavor resulting from freeze 
drying and storage is not due to the form ation or elimination 
of a single com pound, bu t rather, to the change in the relative 
concentration o f a num ber of compounds. As can be seen in 
the figure, fractions 1, 2 and 5 greatly increased as a result of 
freeze drying and storage, while fractions 6 and 10 were 
greatly reduced. It is interesting to note that fraction 6 con
tained the oxazoline, and fraction 10 contained the trith io 
lane.

The techniques developed have also been applied to  the

study of the flavor deterioration due to  retorting of beef stew. 
The flavor of canned beef stew is, in general, inferior to the 
flavor o f freshly prepared beef stew. This is due to  the devel
opm ent of a “retort flavor” during the sterilization process. 

The gas chromatograms of the volatiles isolated from

Fig . 4 — Q u a n tita t iv e  c o m p a ris o n  o f  th e  b ro a d  gas c h ro m a to g ra p h ic  fra c 

tio n s  o f  v o la tile s  is o la te d  fro m  fresh b o ile d  b e e f  a n d  b o ile d  fre e z e  d r ie d  

a n d  s to re d  b e e f.

F ig . 5 —C o m p a ris o n  o f  th e  gas c h ro m a to g ra m s  

o f  v o la tile s  is o la te d  f ro m  fresh a n d  c a n n e d  b e e f  

s te w  (T o p  — fresh b e e f  s te w ; B o t to m  — c a n n e d  

b e e f  s te w ). [ 6  f t  X  1 /8  in . S S  c o lu m n  p a c k e d  

w ith  5%  O V -1 0 1  o n  8 0 / 1 0 0  m esh  C h ro m o s o rb  

W -H P . T e m p e ra tu re  p ro g ra m m e d  fro m  5 ( f  C  

(h e ld  fo r  3 .2  m in )  a t  a  ra te  o f  5  to  2 1 5 ° C /m in .  

H e liu m  f lo w  ra te  was 3 3  m l /m in .  F I D . ]
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freshly prepared beef stew and canned beef stew are shown in 
Figure 5. The chromatogram of the canned beef stew volatiles 
was recorded at twice the sensitivity o f the freshly prepared 
beef stew volatiles. Thus, significant differences, both  qualita
tive and quantitative, are clearly dem onstrated. These differ
ences are considered the end result o f the chemical reactions 
which take place during retorting.

T a b le  9 — V o la t i le  c o m p o u n d s  id e n t if ie d  in  c a n n e d  b e e f  s te w

Class of compounds Compounds identified Peak size3

Saturated aliphatic 2-Methylpentane Medium
hydrocarbons 3-Methylpentane Large

Heptane Medium
Octane Small
2-Metbyloctane Small
3-Methyloctane Small
3-methylnonane Extra small
3-Methylundecane Small
Dodecane Medium
2-Methyldodecane Small
T  ridecane Medium
2-Methyltridecane Small
3-Methyltridecane Small
4-Methyltridecane Extra small
Tetradecane Small
4-Ethyltetradecane Extra small
Pentadecane Medium
2-Methylpentadecane Small
Hexadecane Small
Heptadecane Small
Octadecane Small

Unsaturated aliphatic 1-Tridecene Small
hydrocarbons 1-Heptadecene Extra small

Alicyclic hydrocarbons Cyclohexane Medium
Methylcyclohexane Large
Ethylcyclohexane Small
Tri methylcyclohexane Small
a-Phellandrene Medium
•y-Terpinene Small
0-Caryophyllene Medium

Aromatic hydrocarbons Benzene Large
Methylbenzene Small
Ethylbenzene Medium
1,3-Dimethylbenzene Medium
3-Ethy!methylbenzene Small
Trlmethylbenzene Small
4-lsopropy I methylbenzene Small
Dimethylstyrene Small
C4 -Alkylbenzene Extra small
C s-Alkylbenzene Small
C6 -Alkylbenzene Small
Naphthalene Medium

Alcohols Ethanol Large
1 -Butanol Small
1 -Pentanol Large
1-Hexanol Large
4-Methyi-2-hexanol Medium
6-Methy 1-1 -heptanol Medium
1 -Pentene-3-ol Medium
1 -Octene-3-ol Medium
Benzyl alcohol Extra small
Phenol Small
2-Ethoxyethanol Large
2-Butoxyethano! Medium
1 -Chloro-2-propanol Small

The 102 com pounds identified in the volatiles isolated from 
canned beef stew are listed in Table 9. Both o f  the acylpyr- 
roles identified have rather unpleasant, heated plastic odors 
when evaluated as gas chrom atographic effluents. These com
pounds may, therefore, play an im portant role in the objec
tionable “ retort flavor” developed in the canned beef stew. As 
m entioned, the oxazoline had been identified previously in

T a b le  9  (c o n tin u e d )

Class of compounds Compounds identified Peak size3

Aldehydes Butanal Medium
3-Methylbutanal Small
2-Ethylbutanal Medium
Hexananal Large
Heptanal Medium
IMonanal Large
Pentadecanal Medium
Benzaldehyde Large
Ethylbenzaldehyde Small

Ketones Acetone Large
3-Methyl-2-hexanone Medium
5-Methyl-2-hexanone Medium
6-Methyl-2-heptanone Small
2-Octanone Medium
2-Decanone Medium
2-Pentadecanone Small
Acetoin Small
Diacetyl Small
Methyl acetophenone Small
(3-lonone Small

Keto-aldehyde 3-Methyl-4-oxopentanal Medium
Esters and lactones Ethyl formate Large

Ethyl acetate Large
Terpinyl acetate Small
Diethyl phthalate Extra small
Dibutyl phthalate Medium
7-Caprolactone Small

Acid Acetic acid Medium
Furan compounds 2-Pentylfuran Small

Furfuryl alcohol Medium
2-Furfuraldehyde Large
5-Methyl-2-furfuraldehyde Medium
2-Acetylfuran Large
5-Methyl-2-acetyl furan Small

Nitrogen compounds Pyridine Medium
Methylpyrazine Medium
2,5-Dimethylpyrazine Small
2-Formylpyrrole Medium
2-Acetylpyrrole Medium
2,4,5-T rimethy l-A3 - 

oxazoline
Large

2,4,5-Trimethyloxazole Medium

Sulfur compounds 2-Acetylthiazole Medium
Benzothiazole Small
Thiophene-2-carboxaldehyde Medium

Miscellaneous 1,1 -Diethoxyethane Large
compounds Trichloromethane Small

1,4-Dichlorobenzene Extra small

a Peak s ize  w as co n sidered  to  be " e x t r a  s m a ll"  w hen  p e a k  area w as 
>  2 5  u n it s ; " s m a l l "  w h en  it w as b e tw een  25  and 2 0 0  u n it s ;  " m e d i
u m "  w h en  it  w as betw een  2 0 0  and 5 0 0  u n its ; and " la r g e "  w h en  it 
w as >  5 0 0  u n its .
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Fig . 6 —F r a c t io n a t io n  o f  a  m ix tu r e  o f  e ig h t  

k n o w n  c o m p o n e n ts  o f  b o i le d  b e e f  b y  h ig h  p re s 

sure l iq u id  c h ro m a to g ra p h y .

1 Mixture of Eight Compounds J
SIL-X

ETH
1 1 Im iv v

Corasii-GIO i ] 18 I v-Valerolactone
I----------1 --------1 1 1 11-2 II-l H-2 II-3 U 1 1-4 II-5 II-6

|̂ 3-DecanoneJ j Butyl Acetate [ |̂ 3-HeptanoneJ

7 L
I Butyl Benzene I

!------------ !— )----------1
1-2-2-1 I-2-2-2 I-2-2-3 I-2-2-4

Phenyl Ether
+Undecane

j Nonyl Alcohol |

this laboratory in boiled beef. The com pletely unsaturated 
analogue of this com pound, 2,4,5-trim ethyloxazole, was now 
identified. This was the first tim e that this com pound was 
identified as a com ponent of the volatile flavor com pounds of 
foods. The two thiazole com pounds found had previously 
been only tentatively identified in pressure cooked beef by 
Wilson et al. (1973). Their presence in canned beef stew was 
confirmed by IR and mass spectra in this laboratory. Benzo- 
thiazole has a heated, rubber-like odor and may be of consider
able importance in the undesirable odor notes of canned beef 
stew. On the o ther hand, the 2-acetylthiazole has a pleasant 
popcorn-like aroma with a strong nu tty , roasted character.

A N EW  A P P R O A C H  T O  F L A V O R  R E S E A R C H

DURING the gas chromatography of the volatiles isolated 
from cooked beef, it became obvious that not all the odorifer
ous com pounds could be eluted from the gas chromatographic 
column. Some com ponents were either decomposed by heat or 
were retained by the column. It may have been that such 
compounds were those having the im portant meat flavor. 
Therefore, we started to investigate the possibility of using 
high pressure, liquid column chromatography to  fractionate 
the less volatile flavor com pounds at am bient temperatures.

Figure 6 indicates that a m ixture of eight com pounds, 
which were previously identified in the volatiles of boiled beef, 
could be successfully separated by high pressure liquid column 
chromatography, if different packings and repeated chrom a
tography were adopted.

In this fractionation, only packings available a few years 
ago were used. With the development o f new and more effec
tive adsorbants, such as the 5p diameter silicic acid with
40,000 theoretical plates per meter, the use of high pressure 
liquid column chromatography becomes a very attractive 
means of fractionation for the less volatile com ponents of 
meat flavor. We propose that the to ta l volatile flavor com
pounds isolated from a cooked meat should be first separated 
into a more volatile and a less volatile fraction. The former 
should be fractionated by gas chrom atography and the latter 
by high pressure liquid chromatography.
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COMPOSITION AND PALATABILITY OF MECHANICALLY DEBONED MEAT 
AND MECHANICALLY SEPARATED TISSUE

................................ ................... A B S T R A C T --------------— — -------
Four groups of Good and Choice grade carcasses were hand boned. Flat 
bones from the right sides were mechanically deboned using a Beehive 
machine with 0.46 mm holes in the cylinder and designated mechani
cally deboned meat (MDM). Flat bones from the left sides were hand- 
cleaned of all visible muscle and fat and then run through the mechani
cal deboner and designated mechanically separated tissue (MST). No 
significant differences in moisture, fat or protein between tissue from 
the right and left sides were present, but MDM had less ash than did 
MST. Higher ash content in the MST was paralleled by higher values (P 
< 0.05) for iron, calcium, magnesium, collagen and pH. Greater 
amounts of isoleucine (P < 0.05) were present in MDM than in MST. 
Bologna was formulated to contain 30% MDM or 30% MST. No differ
ences in processing quality of the bolognas were noted. Independent 
triangle tests for flavor and grittiness showed that panel members could 
detect differences (P < 0.01) in bologna containing MDM or MST when 
compared to control bologna.

IN T R O D U C T IO N

INCREASED animal protein production with the use of 
mechanical deboners has been outlined by Field (1976). With 
increasing use of mechanically deboned red meat (MDM) as a 
human food source, the composition of tissue in deboned 
meat which is not skeletal muscle is of interest. Tissue other 
than skeletal muscle is designated as mechanically separated 
tissue (MST) in this study and is thought to be primarily bone 
marrow.

Considerable research has been done on the composition 
and yield of MDM (Grunden et al., 1972; Noble, 1973; Field 
et al., 1974a, b; Field and Riley, 1972). Amino acid composi
tion of deboned turkey racks has been determined by Essary 
and Ritchey (1968). Emulsion stability and flavor aspects of 
deboned meat have also been investigated (Vadehra and Baker, 
1970; Maxon and Marion, 1970; Kunsman and Field, 1973). 
However, very little data have been published on the protein 
com position of tissue other than muscle which is found in 
MDM.

Understanding the composition of mechanically separated 
tissue can help explain how the com position of MDM differs 
from the com position of hand boned lean. Characterizing MST 
may also lead to  a way of determining how much protein 
other than muscle is present in MDM from different sources.

E X P E R IM E N T A L

FOUR GROUPS of Good and Choice grade beef carcasses were hand 
boned. Flat bones from the right sides of each group were ground 
through a 9.5 mm plate of a bone cutter and mechanically deboned 
using a Beehive machine with 0.46 mm openings in the cylinder head. 
Flat bones from the left sides were hand-cleaned of all visible muscle 
and fat, ground through a 9.5 mm plate, and mechanically deboned 
using the same Beehive machine.

MDM from the right sides and MST from the left sides were frozen 
at — 25°C immediately after deboning. Samples were frozen 1—3 wk 
prior to analysis. The samples were analyzed for fat, protein, moisture 
and ash by standard AOAC methods (1970). Calcium, magnesium and 
iron were determined by atomic absorption spectrophotometry as out
lined by the Perkin-Elmer Corp. (1964). Hydroxyproline analysis was 
conducted according to the methods of Woessner (1961) and hydroxy
proline was converted to collagen using a factor of 7.25. A Corning 
model 12 pH meter, equipped with a surface electrode, was utilized in 
determining tissue pH values. Total pigments were obtained from the 
procedures outlined by Broumand et al. (1958). Ascorbic acid content 
of MDM and MST was conducted according to the modified colori
metric method of Roe and Kuether as outlined by Oser (1965). Total 
amino acids were determined using a modification of the Moore and 
Stein (1954) procedure with the aid of an Auto Amino Acid Analyzer.

Triangle difference tests were conducted to compare bologna made 
with MST or bologna made with MDM to a standard bologna formula 
made with hand boned meat. Thirty percent of the meat ingredient was 
replaced by MDM or MST in the bologna formulas. Seventy-four un
trained staff members and students from the College of Agriculture 
were used as panel members for the triangle test. Panel members were 
asked to choose the different bologna (control vs MDM or MST) from 
the viewpoint of flavor. A separate triangle test for differences in gritti
ness of bologna containing MDM or MST vs control bologna was con
ducted after the flavor comparisons were completed. Panel members 
were also asked to indicate which samples they preferred.

Data were analyzed by least squares analysis of variance (Steel and 
Torrie, 1960). For the statistical analysis of the triangle test, the num
ber of correct identifications of the odd sample was compared to a 
probability table to determine the statistical significance of differences 
(Roessler et al., 1948).

R E S U L T S  & D IS C U SSIO N

COMPOSITION OF MDM and of lean free MST are found in 
Table 1. The lower percentage figures for moisture and fat in 
MST when compared to MDM are due to the presence of more 
bone particles in MST. Lean and fat scraped from  the flat 
bones of the left sides made up 34.3% of the to ta l bone 
weight. It is assumed flat bones from the right sides also had 
34% lean and fat at the time of mechanical deboning. The 
reason for more bone on a percentage basis in MST is the 
dilution of bone with lean in the MDM product (Field, 1976). 
Yield of MDM from the right sides (bones with lean and fat 
attached) averaged 30.1% while yield of MST from the left 
sides (bones with no lean or fat attached) averaged 19.5%. An 
attem pt to  determ ine the moisture and fat content of bone 
free MDM and of bone free MST was made by using a conver
sion factor of 5.0 to  convert calcium content to  dry-fat-free 
bone (Field et al., 1974c). The results are shown in parenthesis 
in Table 1. No differences in moisture and fat between MDM 
and MST are present when the data are expressed on a bone 
free basis.

Protein and collagen content of MDM were lower than for
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MST. These differences are partially due to  the presence of a 
higher bone content in MST. Early work by Eastoe and Eastoe
(1954) stated that the marrow free epiphyses of ox femora 
contained 18.6% collagen, 0% fat and 8.18% water. More 
recently Brown et al. (1972) and Brown and Hacker (1974) 
have shown tha t collagen concentration in bone increases with 
maturation and tha t the collagen concentration is altered by 
many different factors. Brown et al. (1972) suggested that 
there was a unique chemical development pattern for each 
bone. Some of the pig long bones which they studied con
tained over 30% collagen when the pigs were 16—24 wk of age. 
In view of these data, it is obvious that an increased bone 
content will result in an increased collagen and protein content 
in MDM and MST. Collagen and protein percentages in bone 
are closely associated, since collagen comprises over 90% of 
the organic phase of marrow free bone (Posner, 1969). In 
addition to  collagen from bone, some collagen from connec
tive tissue closely associated with the bone undoubtedly be
came part o f the MST and to a lesser ex tent, part of the MDM. 
Data reviewed by Field (1976) show that when products like 
lamb breasts or whole chicken necks are mechanically de- 
boned, collagen is removed by mechanical deboning. The data 
in Table 1 make it clear that the am ount o f collagen in MDM is 
related not only to  bone content of MDM but to the am ount 
o f lean on the bone prior to  deboning.

Ash and calcium increases in MST as compared to MDM are 
a result of increased bone content. Percentage ash in dehy
drated bone is relatively constant at 68.5% (McCance and 
Dickerson, 1961) and the percentage of calcium in bone ash is 
relatively constant at 37% (Field et al., 1974c). The increase in 
magnesium is also due to  higher bone content since marrow 
free bone contains 0 .4—0.7% magnesium (Eastoe, 1961).

Since bone contains only trace am ounts of iron, the figures 
for iron in MDM and in MST can be expressed on a bone free 
basis using the same procedure described for moisture and fat. 
According to  Eastoe (1961) dried rabbit bone contains 0.008% 
iron while rat bone contains 0.0027% iron. Increased levels of 
iron in mechanically separated tissue when compared to 
mechanically deboned meat were expected since bone marrow

contains much higher levels of iron than does muscle. Accord
ing to Garcia (1957), rat bone m arrow  from 150 and 250-day 
old rats contains 8.8 and 11.0 mg of iron per lOOg of marrow 
respectively. The figure of 8.8 mg of iron per lOOg of rat 
marrow is similar to the 8.16 mg of iron per lOOg listed in 
Table 1 for mechanically separated bone free tissue. Watt and 
Merrill (1963) state that prime beef containing 41% fat (fat 
content similar to  42.84% in mechanically separated tissue) 
has 2.0 mg of iron per lOOg of m eat. It is possible that the 
increased iron content of fat-free mechanically deboned meat 
could be usee as an indicator o f the am ount of red marrow 
present. Higher values for iron in MST were paralleled by in
creased total pigments present when com pared to  MDM.

The ascorbic acid content was studied since fresh bone mar
row found in MDM and MST is high in this vitamin (Table 1). 
About 24 mg of ascorbic acid were found per lOOg of tissue in 
rat bone marrow (Lutwak-Mann, 1952) and 13 — 15 mg per 
100 cells were observed in hum an bone marrow (Cox et al.,
1960). The ascorbic acid content of mechanically deboned 
m eat and mechanically separated tissue in Table 1 is likely low 
because ascorbic acid is easily oxidized in the presence of air. 
Oxidation of ascorbic acid could have occurred, as the split 
carcasses hung in the cooler and later during mechanical de
boning.

The figure of 7.7 for pH of mechanically separated lean free 
tissue was higher than expected (Table 1). While no pH values 
for bone marrow were found in the literature, bone marrow 
undoubtedly made the major contribution to the high pH 
readings. The possibility exists that calcium phosphate from 
bone also contributed to this high pH value. Anderson and 
Gillett (1974) have observed tha t the pH of marrow extracts 
were more than a full unit higher than muscle extracts from 
the same animal. They also found that adding marrow to mus
cle increased the pH of the muscle. The proportion of marrow 
to muscle present in MDM varies widely depending upon the 
am ount of muscle on the bones at the tim e of mechanical 
deboning. High levels of marrow present in MDM help make 
conditions for growth of bacteria ideal. The im portance of 
chilling MDM rapidly and using it after short holding periods

T a b le  1—C h a ra c te ris tic s  o f  m e c h a n ic a lly  d e b o n e d  m e a t  ( M D M )  a n d  

m e c h a n ic a lly  s e p a ra te d  tissue ( M S T ) 3-

Variable MDM MST
Standard

error

Moisture, % 37.05 (40.5) 32.97 (39.8) 1.34
Fat, % 45.66 (49.9) 42.84 (51.7) 2.03
Protein, % 11.83 12.79 0.50
Collagen, % 2.63b 6.72c 0.34
Ash, % 4.33b 8.72c 0.53
Calcium, % 1.72b 3.44c 0.23
Magnesium, /ug/100g 30.00b 53.00c 3.07
Iron, jug/100g 5.25 (5.75) 6.75 (8.16) 0.56
pH 7.23b 7.70c 0.11
Total pigments, mM/ml 10.16 11.21 1.58
Ascorbic acid, /ug/100g 1.37 1.28 0.24

a F ig u re s  in  p a re n th e s is  are on a b one  fre e  b asis  using  a co n ve rs io n  
fa c to r  o f  5 .0  to  c o n v e rt  ca lc iu m  in  f la t  bones o f 1 2 —2 4  m o n th  o ld 
c a tt le  to  d ry - fa t- fre e  bone (F ie ld  e t a l . ,  1 9 7 4 c ) . M eans on th e  sam e 
lin e  bearing  d if fe re n t  le tte rs  d iffe r  s ig n if ic a n t ly  (P <  0 .0 5 ) .

T a b le  2 —A m in o  a c id  c o m p o s it io n  o f  m e c h a n ic a lly  d e b o n e d  m e a t  

( M D M )  a n d  m e c h a n ic a lly  s ep a ra te d  tissue ( M S T ) *

Amino acid MDM MST

Threonine 4.2 3.7
Valine 6.8 6.4
Methionine 1.7 1.6
Isoleucine 4.0b 2.7c
Leucine 7.2 6.5
Phenylalanine 4.0 4.0
Lysine 7.4 7.2
Histidine 3.1 3.0
Arginine 6.7 6.8
Tyrosine 2.9 2.5
Aspartic acid 8.5 8.2
Serine 3.8 3.8
Glutamic acid 12.5 12.4
Proline 6.2 8.3
Glycine 7.2 8.4
Alanine 6.5 7.1

a A ll va lu es are  exp ressed  as the  p ercen tage  in  th e  c ru d e  p ro te in  (N 
X  6 .2 5 )  and are th e  average o f  t r ip lic a te  a n a ly s is  on each  o f fo u r  
d if fe re n t  lo ts  o f M D M  and M S T . M eans on th e  sam e lin e  bearing  
d if fe re n t  le tte rs  d if fe r  s ig n if ic a n t ly  (P  <  0 .0 5 ) .
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Table 3-Triangle test results for bologna made with hand-boned Table 4-Trlangle test results for bologna made with hand-boned
beef and mechanically deboned meat (MOM) beef and mechanically separated tissue (MST)

No. preferring
No. of 

judgments
No.

correct

No. preferring

judgments correct Hand-boned MDM Hand-boned MST

Flavor 41 19 12 7 Flavor 33 28a 15 13
Grittiness 41 29a 23 6 Grittiness 33 26a 18 8

a S ig n if ic a n t  d iffe re n c e  (P  < 0 .0 1 )  a s ig n if ic a n t  d iffe re n c e  (P  <  0 .0 1 )

at 0—3°C is obvious, if acceptable microbial levels are to be 
maintained. Anderson and Gillett (1974) have suggested that 
higher pH values in MDM increase the extractability of pro
tein. In the present study, handm ixing of the fresh MDM or 
MST at 0°C soon formed a sticky, rubbery-type product. This 
was undoubtedly a result of the high pH. Of interest to  the 
sausage maker is the protein:m oisture ratio for MDM and MST 
(Table 1). The values are similar to  those for many hand-boned 
sausage ingredients and they are lower than those reported by 
Grunden et al. (1972) for mechanically deboned poultry.

The amino acid contents of mechanically deboned meat 
and mechanically separated tissue are given in Table 2. Isoleu
cine was the only amino acid that was statistically different (P 
<  0.05) and it was higher in mechanically deboned meat. The 
greater am ount of collagen in mechanically separated tissue 
may be partially responsible for this difference since collagen 
is low in isoleucine (Mello et al., 1975). However, collagen is 
low in several other essential amino acids which did not show a 
statistical (P <  0.05) difference. Isoleucine may be a limiting 
essential amino acid in MST (marrow) as it is in blood (Dill,
1975).

There appear to be no differences between the nonessential 
amino acids found in MDM and in MST. However, glycine, 
proline and alanine are all slightly higher in MST. These amino 
acids are also higher in collagen than in muscle (Field, 1976).

Bolognas were formulated to contain 30% MDM or 30% 
MST Moisture, fat and protein content of the bolognas were 
within 1% of each other. However, higher ash percentages were 
noted in the bologna with MST added. This is due to the 
higher ash content of the MST (Table 1). Weight loss for the 
two bologna formulations during heating, smoking and chilling 
was 6.28 and 6.87% for the MDM and MST, respectively. 
These differences were no t statistically significant. Triangle 
difference tests were conducted to  determ ine whether differ
ences in flavor and grittiness were present in bologna made 
from 30% MDM or 30% MST and a control bologna made with 
hand-boned meat. Tables 3 and 4 summarize the findings of 
the tests. No difference in flavor could be detected by the 
panel for the control bologna compared to the bologna made 
with 30% MDM; however, a significant difference for grittiness 
was found (P <  0.01). Of the 29 correct answers for grittiness, 
23 preferred the control with only 6 preferring the MDM bolo
gna. In the test involving the control bologna and the bologna 
made with MST, both flavor and grittiness were significantly 
different (P <  0.01). Of the 28 correct answers for flavor, 15 
preferred the control while 13 preferred the MST bologna. 
These tests were conducted with panel members who had not 
eaten bologna made with MDM. Previous tests in our labora
tory, utilizing experienced panel members, indicated that 30% 
levels o f MDM high in calcium could be detected in bologna. 
The finding that approxim ately half of the panel members 
preferred the flavor of bologna with MST was surprising in 
light of the statem ent by Carpenter (1976) who associated 
excess iron from marrow in mechanically deboned m eat with

an off-taste described as a “ liver” taste. It is probable that 
experienced panel members would have preferred the control 
bologna because the flavor was more typical of traditional 
bologna. Perhaps larger consumer tests comparing control 
bologna and bologna containing MDM should be conducted to 
ascertain if the change in flavor is objectionable to consumers 
as a whole.

Overall, this study has shown tha t with the exception of 
iron (pigments), pH and isoleucine, there is very little chemical 
difference between bone free MST and bone free MDM. The 
chemical com position of these products are also similar to 
those of muscle (Rice, 1971). The calcium content o f MDM 
must be kept within limits to  avoid grittiness in the finished 
product. The am ount of MDM which can be added and still 
avoid grittiness depends upon the calcium content of the MDM 
and upon the size of the individual bone particles. This study 
has raised some question about the acceptability of flavor of 
MST and the findings infer tha t a flavor different from the 
traditional bologna flavor may not be objectionable to  the 
consumer.

R E F E R E N C E S

A n d e r s o n ,  J .R .  a n d  G i l l e t t ,  T . 1 9 7 4 .  E x t r a c ta b le - e m u ls i f y in g  c a p a c i t y  
o f  h a n d  a n d  m e c h a n ic a l ly - d e b o n e d  m u t t o n .  J .  F o o d  S c i .  3 9 :  1 1 4 7 .

A O A C . 1 9 7 0 .  “ O f f ic ia l  M e th o d s  o f  A n a ly s is ,”  1 1 th  e d . ,  p .  3 9 2 .  A s s o c i
a t i o n  o f  O f f ic ia l  A g r ic u l tu r a l  C h e m is ts ,  W a s h in g to n ,  D .C .

B r o u m a n d ,  H .,  B a ll, C .O . a n d  S t ie r ,  E .R .  1 9 5 8 .  F a c t o r s  a f f e c t in g  th e  
q u a l i ty  o f  p r e p a c k a g e d  m e a t .  1 1 .  E . D e te rm in in g  t h e  p r o p o r t i o n s  o f  
h o m e  d e r iv a t iv e s  in  f r e s h  m e a t .  F o o d  T e c h n o l .  1 2 :  6 5 .

B r o w n ,  R .G . ,  A e s c h b a e k e r ,  H .U . a n d  F u n k ,  D . 1 9 7 2 .  C o n n e c t iv e  t i s s u e  
m e ta b o l i s m  in  s w in e .  4 .  G r o w t h  d e p e n d e n t  c h a n g e s  i n  t h e  c o m p o s i 
t i o n  o f  lo n g  b o n e s  in  f e m a le  s w in e .  G r o w t h  3 6 :  3 8 9 .

B ro w n ,  G .R . a n d  H a c k e r ,  R .R .  1 9 7 4 .  C o n n e c t iv e  t i s s u e  m e ta b o l i s m  in  
s w in e  V : I n f lu e n c e  o f  e n v i r o n m e n t a l  t e m p e r a t u r e  o n  c a lc iu m  a n d  
p h o s p h o r u s  e x c r e t i o n  a n d  b o n e  m i n e r a l  c o m p o s i t i o n .  G r o w t h  3 8 :  
4 0 1 .

C a r p e n te r ,  J .  1 9 7 6 .  N e w  e v id e n c e  c a lls  f o r  r e f i n e m e n t  o f  th e o r i e s .  
T h e  N a t i o n a l  P ro v is io n e r ,  1 7 4 ( 9 ) :  6 0 .

C o x ,  E .V .,  M a t t e w s ,  D .M ., M e y n e l l ,  M .J . ,  C o o k e ,  W .T . a n d  G a d d is ,  R .
1 9 6 0 .  C y a n o c o b a la m in ,  a s c o r b ic  a c id  a n d  p t e r o y lg lu t a m a t e s  i n  n o r 
m a l  a n d  m e g a lo b a s t ic  b o n e  m a r r o w .  B lo o d .  1 5 :  3 7 6 .

D ill , C .M . 1 9 7 5 .  U se  o f  b lo o d  p r o t e in  in  p r o c e s s e d  m e a ts  a n d  s a u s a g e .  
T h e  N a t i o n a l  P ro v is io n e r  1 7 3 ( 2 6 ) :  1 4 .

E a s to e ,  J .E .  1 9 6 1 .  T h e  c h e m ic a l  c o m p o s i t i o n  o f  b o n e .  In  “ B io c h e m i s t ’s 
H a n d b o o k ,”  E d .  L o n g , C . V a n  N o s t r a n d ,  P r in c e to n ,  N .J .

E a s to e ,  J .E .  a n d  E a s to e ,  B. 1 9 5 4 .  T h e  o r g a n ic  c o n s t i t u e n t s  o f  m a m m a 
l ia n  c o m p a c t  b o n e .  B io c h e m . J .  5 7 :  4 5 3 .

E s s a ry ,  E .O . a n d  R i t c h e y ,  S .J .  1 9 6 8 .  A m in o  a c id  c o m p o s i t i o n  o f  m e a t  
r e m o v e d  f r o m  b o n e d  t u r k e y  c a rc a s s e s  b y  u s e  o f  c o m m e r c i a l  b o n in g  
m a c h in e .  P o u l t r y  S c i. 4 7 :  1 9 5 3 .

F ie ld ,  R .A . 1 9 7 6 .  I n c r e a s e d  a n im a l  p r o t e i n  p r o d u c t io n  w i th  m e c h a n ic a l  
d e b o n e r s .  W o r ld  R e v ie w  o f  A n im a l  P r o d u c t i o n  1 2 ( 1 ) :  6 1 .

F ie ld ,  R .A . a n d  R i l e y ,  M .L . 1 9 7 2 .  C h a r a c te r i z a t io n  o f  m e c h a n ic a l ly  
d e b o n e d  m e a t .  J .  A n im . S c i .  3 5 :  2 0 1 .  ( A b s t r . ) .

F ie ld ,  R .A . ,  R i l e y ,  M .L . a n d  C o r b r id g e ,  M .H . 1 9 7 4 a .  I n f lu e n c e  o f  y ie ld  
o n  c a lc iu m  c o n t e n t  o f  m e c h a n ic a l ly  d e b o n e d  la m b  a n d  m u t t o n .  J .  
F o o d  S c i. 3 9 :  2 8 5 .

F ie ld ,  R .A .,  R i l e y ,  M .L . a n d  C o r b r id g e ,  M .H . 1 9 7 4 b .  C h a r a c t e r i z a t i o n  
o f  m e c h a n ic a l ly  d e b o n e d  h o t  a n d  c o ld  m u t t o n  c a rc a s s e s .  J . F o o d  
S c i. 3 9 :  2 8 2 .

F ie ld ,  R .A .,  R i l e y ,  M .L .,  M e llo , F .C . ,  C o r b r id g e ,  M .H . a n d  K o tu l a ,  A .W . 
1 9 7 4 c .  B o n e  c o m p o s i t i o n  in  c a t t l e ,  p ig s ,  s h e e p  a n d  p o u l t r y .  J .  
A n im . S c i. 3 9 :  4 9 3 .
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G a rc ia ,  J .F .  1 9 5 7 .  R a d i o i r o n  t i m e - d i s t r i b u t i o n  s tu d ie s  a t  v a r io u s  a g e s  in  
n o r m a l  m a le  r a t .  A m e r .  J .  P h y s io l .  1 9 0 :  3 1 .

G r u n d e n ,  L .R . ,  M a c N e il ,  J .H .  a n d  D im ic k ,  P .S .  1 9 7 2 .  P o u l t r y  p r o d u c t  
q u a l i ty :  c h e m ic a l  a n d  p h y s ic a l  c h a r a c te r i s t i c s  o f  m e c h a n ic a l ly  d e -  
b o n e d  p o u l t r y  m e a t .  J .  F o o d  S c i. 3 7 :  2 4 7 .

K u n s m a n ,  J .E .  a n d  F ie l d ,  R .A .  1 9 7 3 .  T h e  e f f e c t  o f  m e c h a n ic a l  d e b o n -  
in g  o n  h y d r o ly s i s  a n d  o x i d a t i o n  o f  la m b  f a t .  P r o c .  W e s t . S e c .  A m . 
S o c . A n im . S c i. 2 4 :  1 1 2 .

L u tw a k -M a n n , C . 1 9 5 2 .  S o m e  a s p e c t s  o f  p h o s p h o r o u s  m e ta b o l i s m  in  
b o n e  m a r r o w .  B io c h e m . J .  5 2 :  3 5 6 .

M a x o n , S .T . a n d  M a r io n ,  W .W . 1 9 7 0 .  L ip id s  o f  m e c h a n ic a l ly  b o n e d  
tu r k e y .  P o u l t r y  S c i .  4 9 :  1 4 1 2  ( A b s t r . ) .

M c C a n c e , R .A . a n d  D ic k e r s o n ,  J .W .T . 1 9 6 1 .  S e v e re  u n d e r n u t r i t i o n  in  
g ro w in g  a n d  a d u l t  a n im a l s .  9 .  T h e  e f f e c t  o f  u n d e r n u t r i t i o n  a n d  i t s  
r e l ie f  o n  t h e  m e c h a n ic a l  p r o p e r t i e s  o f  b o n e .  B r i t .  J .  N u t r .  1 6 : 1 .

M e llo , F .C . J r . ,  F ie ld ,  R .A .  a n d  C h a n g , Y .O . 1 9 7 5 .  A m in o  a c id  p r o f i l e  
o f  b o v in e  b o n e  d u r in g  g r o w th .  G r o w t h .  3 9 :  2 4 1 .

M o o re , S . a n d  S t e i n ,  W .H . 1 9 5 4 .  P r o c e d u r e s  f o r  t h e  c h r o m a to g r a p h i c  
d e t e r m i n a t io n  o f  a m in o  a c id s  o n  f o u r  p e r c e n t  c ro s s  l i n k e d  s u l f o n -  
a t e d  p o ly s ty r e n e  r e s in s .  J .  B io l . C h e m . 2 1 1 :  8 9 3 .

N o b le ,  J .  1 9 7 3 .  R e t r ie v e  m e a t  w a s te s  t o  b u i l d  n e w  f o o d s .  F o o d  E n g i
n e e r in g  4 5 :  7 6 .

O se r , B .L . 1 9 6 5 .  D e te r m in a t io n  o f  a s c o r b ic  a c id  in  p la n t  t i s s u e s .  In  
“ H a w k ’s P h y s io lo g ic a l  C h e m is t r y ,”  1 4 th  e d ,  p .  7 0 3 .  M c G ra w -H il l  
B o o k  C o ., N e w  Y o r k ,  N .Y .

P e r k in - E lm e r  C o rp .  1 9 6 4 .  “ A n a ly t ic a l  M e th o d s  f o r  A to m ic  A b s o r p t io n  
S p e c t r o p h o t o m e t r y , ”  N o r w a lk ,  C o n n .

P o s n e r ,  A .S . 1 9 6 9 .  C ry s ta l  c h e m is t r y  o f  b o n e  m in e r a l .  P h y s io lo g ic a l  
R e v . 4 9 :  7 6 0 .

R ic e ,  E .E .  1 9 7 1 .  T h e  n u t r i t i o n a l  c o n t e n t  a n d  v a lu e  o f  m e a t  a n d  m e a t  
p r o d u c t s .  In  “ T h e  S c ie n c e  o f  M e a t a n d  M e a t  P r o d u c t s , ”  E d .  P r ic e ,
J .F .  a n d  S c h w e ig e r t ,  B .S . W .H . F r e e m a n  a n d  C o .,  S a n  F r a n c i s c o ,  
C a lif .

R o e s s le r ,  E .B .,  W a rre n ,  J .  a n d  G u y m o n ,  J . F .  1 9 4 8 .  S ig n if i c a n c e  i n  t r i 
a n g u la r  t e s t s .  F o o d  R e s .  1 3 :  5 0 3 .

S te e l ,  R .G .  a n d  T o r r i e ,  J .H .  1 9 6 0 .  “ P r in c ip le s  a n d  P r o c e d u r e s  o f  S ta t i s 
t i c s . ”  M c G ra w -H il l  B o o k  C o ., N e w  Y o r k ,  N .Y .

V a d e h r a ,  D .V . a n d  B a k e r ,  R .C . 1 9 7 0 .  P h y s i c a l  a n d  c h e m ic a l  p r o p e r t i e s  
o f  m e c h a n ic a l ly  d e b o n e d  p o u l t r y  m e a t .  P o u l t r y  S c i. 4 9 :  1 4 4 6 .  
( A b s t r . ) .

W a t t ,  B .K . a n d  M e rr il l ,  A .L . 1 9 6 3 .  “ C o m p o s i t io n  o f  F o o d s .  R a w . P r o 
c e s s e d .  P r e p a r e d .”  U S D A  A g r ic u l tu r a l  H a n d b o o k  N o . 8 . U .S . G o v 
e r n m e n t  P r in t i n g  O f f ic e ,  W a s h in g to n ,  D .C .

W o e s s n e r ,  J .F .  1 9 6 1 .  T h e  d e t e r m i n a t i o n  o f  h y d r o x y p r o l i n e  in  t i s s u e  
a n d  p r o t e i n  s a m p le s  c o n t a in i n g  s u c h  p r o p o r t i o n s  o f  th i s  im in o  a c id .  
A rc h .  B io c h e m . B io p h y s .  9 3 :  4 4 0 .

M s r e c e iv e d  7 / 1 4 / 7 6 ;  r e v is e d  8 / 3 1 / 7 6 ;  a c c e p te d  9 / 8 / 7 6 .
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MICROWAVE AND CONVENTIONAL PRECOOKING OF 
HOT AND COLD PROCESSED PORK LOINS

----------------------------- ABSTRACT ---------------------------
20 barrows were used to study the effects of hot and cold processing of 
pork loin chops and roasts precooked by conventional or microwave 
methods. Cooking time, losses, palatability and histological characteris
tics were determined. Precooking of hot processed chops appeared 
unfeasible due to decreased tenderness related to muscle contraction. 
Precooking of hot processed roasts by conventional roasting appeared 
feasible because of lower cooking losses and acceptable tenderness as 
compared to that of cold processed roasts. Microwave precooking of 
chops and roasts was less desirable than conventional precooking be
cause of increased cooking losses and decreased tenderness. Sarcomere 
length and fiber diameter were related to muscle tenderness.

INTRODUCTION
HOT PROCESSING of pork  carcasses is economically desir
able because of reduced chilling costs when compared to  chilli
ng entire carcasses. The utilization of hot processed pork loins 
has been studied by several workers. Weiner et al. (1966) 
found that pork loins frozen within 1 hr postm ortem  had 
significantly higher shear and expressible m oisture values than 
conventionally processed loins. Loins removed from the car
cass within 1 hr postm ortem  and cooled in a 0—3°C cooler for 
48 hr were significantly more tender than loins which were 
chilled while still attached to the carcass. Moore et al. (1966) 
observed that fresh loins could be cut from  the prerigor carcass 
but that the loins required chilling in the conventional man
ner. They found differences (P <  0.01) in response due to  
animal variation for percent thaw  loss, cooking loss, mois
ture loss, residual m oisture and shear value. Hinnergardt et 
al. (1973) studied the accelerated chilling of pork loins and 
observed that pork loin chops chilled at —45 and —29°C were 
less tender than chops chilled more slowly.

Precooking of loins im m ediately after the hog is slaughtered 
offers one possible solution to the problem of decreased ten
derness associated with hot processing of pork loins. Several 
studies have shown that muscle cooked soon after the animal 
is slaughtered is more tender than muscle cooked soon after 
the development of rigor mortis (Ram sbottom  and Strandine, 
1949; Paul et al., 1952; deFrem ery and Pool, 1963; Weide- 
m ann et al., 1967).

The objectives of this study were to  determine the cooking 
yield and tenderness of pork loin roasts and chops from hot 
and cold processed pork carcass sides, to  determine the effects 
of microwave and conventional cooking of hot and cold proc
essed pork, and to  compare the histological characteristics of 
reheated pork muscle initially cooked prerigor with that ini
tially cooked postrigor.

EXPERIMENTAL
A 20 X 2 x 2 factorial experiment was conducted. The main effects 
were animals, processing method (hot and cold) and cooking method

‘ P r e s e n t  a d d r e s s :  A n i m a l  S c i e n c e  D e p t . ,  W e s t  T e x a s  S t a t e  U n i v e r 
s i t y ,  C a n y o n ,  T X  7 9 0 1 6

(conventional and microwave). The 20 barrows in the study were ob
tained from the Texas Tech University swine herd. They averaged 92 kg 
live weight and were produced in a three-breed rotational breeding 
program using Duroc, Hampshire and Yorkshire boars.

On the day before slaughter, the hogs were weighed, transported to 
the Texas Tech University Meat Laboratory and randomly assigned to a 
kill sequence. They were given access to water but not to feed. After an 
overnight fast, the hogs were weighed and moved to the kill floor where 
they were shackled and exsanguinated with minimal excitement. They 
were not stunned. This procedure was followed in an attempt to pre
vent an unusually rapid rate of postmortem glycolysis (Overstreet et al.,
1975). The hogs were skinned, beginning within 5 min of exsanguina- 
tion. The body was eviscerated and the carcass was split into sides. The 
sides were alternately assigned to either hot or cold processing so that 
each treatment contained 10 left and 10 right sides. The side assigned 
to cold processing was chilled overnight at 1°C. Chilling time ranged 
from 18-22 hr. The side assigned to hot processing was immediately 
broken into wholesale cuts in a 7°C cutting room. The entire procedure 
from exsanguination to processing or beginning of chilling required 
about 30 min.
Cutting of loin chops and roasts

After removal from either the chilled or unchilled side, the loin was 
trimmed of excess subcutaneous fat and cut into chops and roasts 
which were assigned to either microwave or conventional cooking meth
ods. The intact loin was divided into anterior and posterior portions 
between the 10th and 11th costae. The anterior portion was cut on a 
band saw into three chops 2 cm in thickness beginning at the 10th 
costa. Two additional chops were cut from the cold processed loin. The 
three most anterior chops from the cold processed loin served as con
trol chops. The posterior loin portion was cut into six chops, 2 cm in 
thickness, beginning with the 11th costa. Two roasts 12 cm in length 
were cut from the remaining posterior portion of the loin. The loin 
section containing the ilium was not used in the study. All of the chops 
were obtained from the thoracic vertebrae region of the loin, and in 
most sides all chops were cut from the section including the 6th 
through the 13 th thoracic vertebrae. All except the control chops were 
alternately assigned to either conventional or microwave cooking 
treatments. The roasts also were alternately assigned to the two cooking 
treatments. Subcutaneous fat in excess of 0.6 cm was trimmed from all 
chops and roasts after they were cut from the loin.
Cooking

The precooking procedure was the same for both the unchilled and 
chilled chops and roasts. Chops were cooked on racks to an internal 
temperature of 63° C in a microwave oven (General Electric Model JET 
80002, 120V, 11.2 amp., 1320 W) or were broiled in a conventional 
electric oven. The average rise in internal temperature was 2°C after the 
chops were removed from either oven. Roasts were placed in elastic 
netting and roasted on racks to an internal temperature of 63°C in 
either a 121°C conventional electric oven or microwave oven. The aver
age rise in internal temperature after removal from the oven was 1°C 
for the conventional oven and 4°C for the microwave oven. Internal 
temperature of the conventionally cooked chops and roasts was meas
ured with a mercury type, glass column thermometer. The temperature 
of chops and roasts cooked in the microwave oven was measured with a 
Taylor spirit thermometer. The chops from hot processed loins were 
placed in the ovens about 1 hr postmortem and the roasts about 1.5 hr 
postmortem. Regardless of the processing treatment, the chops were 
cooked before the roasts. After precooking, the chops and roasts were 
wrapped in freezer paper, frozen at -23°C, and stored for up to 6 mo.

The chops, which had been precooked by both methods, were, 
thawed overnight at 4°C and then reheated to an internal temperature
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of 68°C by broiling in a conventional electric oven. None was reheated 
in the microwave oven. Three chops from each treatment were broiled 
per pan to determine reheating time and evaporation, drip and total 
cooking losses. After reheating, the chops were allowed to cool to room 
temperature and three 1.2-cm cores were taken from the longissimus 
muscle in each chop. Each core was sheared three times with a Warner- 
Bratzler (W-B) shear device. The average of these 27 shears was used as 
the shear value for each treatment.
Evaluation of chops

The same chops were used for both W-B shear and sensory panel 
evaluations. Sensory evaluation was performed by a 6-member experi
enced panel composed of 3 males and 3 females. Cores 2.5-cm in diame
ter were removed from each reheated chop. Each sample was identified 
according to anatomical location within each chop and the correspond
ing sample from each of the four treatments was served on warmed 
plates to the same panel member at each evaluation session. All chops 
except the control chops were evaluated at one panel session. The 
control chops were evaluated after all of the treatment chops had been 
evaluated. The samples were scored on a 9-point Hedonic scale (9 = 
Like extremely, 1 = Dislike extremely), and the average panel score was 
used in the statistical analyses. Chew count was determined on the
2.5-cm cores.

The precooked roasts were reheated from the frozen state in a 
155°C electric oven to an internal temperature of 77°C. After the 
roasts were removed from the oven, the longissimus muscle was excised, 
cut in half, and four 1.2-cm cores were taken from each of the halves. 
Three W-B shears per core were recorded and the average of the 24 
shears was used for the treatment value. A sensory panel evaluation was 
not performed on the roasts.
Histological studies

To determine the extent of muscular contraction, sarcomere length 
and muscle fiber diameter were measured on 0.5-cm cubes from the 
lateral side of the longissimus muscle in cooked chops from the 10th 
and 11th costae. These samples were fixed in 10% buffered formalin 
and held at room temperature until measured. The fixed samples were 
blended for 30 sec in physiological saline in a blender which had the 
cutting blades reversed to facilitate tearing rather than cutting of the 
muscle fibers. A drop of the supernatant was placed on a glass slide and 
a cover slip was applied. Sarcomere length was measured with a micro
scope and an ocular micrometer at 1000X by determining the distance 
between 25 A bands on 20 fibers. The average length of the sarcomeres 
was used in the statistical analyses. Muscle fiber diameter was deter
mined with an ocular micrometer at 100X magnification. The average 
diameter of 100 fibers was used in the statistical analyses.

The data were analyzed by the method of least squares (Harvey,
1960.) Duncan’s New Multiple Range Test was used to test the differ
ences between means when the analysis of variance revealed a signifi
cant effect in the main factor.

RESULTS

U n co o k ed  ch o p  w eigh ts
Table 1 contains least squares means for variables measured 

on the loin chops. The uncooked control chops were heaviest 
(P <  0.05), averaging 596.2g, and the hot processed chops 
were heavier than the cold processed chops. The greater mean 
weight of the control chops probably was due to  the differ
ence in anatomical location. Control chops were obtained 
from a location anterior to the treatm ent chops and they con
tained additional muscles (spinalis thoracis and trapezius pars 
thoracia). This additional m usculature accounts, in part, for 
the differences in initial weight. The weight differences be
tween hot and cold processed chops were expected because of 
the shrinkage which occurs in carcasses during chilling.
Precooking tim e and lo sses o f  ch op s

The time required per kilogram to precook the chops by 
either conventional broiling or microwave m ethods to  an in ter
nal tem perature of 63°C, which is a rare doneness, varied 
greatly between cooking methods. The microwave oven 
cooked the hot processed chops 63% more quickly and the 
cold processed chops 53% more quickly than did the conven
tional broiler. However, differences in cooking tim e/kg be
tween ho t and cold processed chops within cooking m ethod 
were not different (P >  0.05). The control chops, which were

conventionally broiled only one tim e to  68°C (medium done
ness), were interm ediate in cooking tim e (52.0 m in/kg) be
tween the chops precooked by the two methods. These con
trol chop data are included because their cooking procedure 
was one which is com monly practiced.

The precooking losses were affected (P <  0.05) by both 
processing and cooking methods. The control chops, which 
were broiled to  a 5°C higher tem perature than the precooked 
treatm ent chops, had the highest drip (10.4% ), evaporative 
(19.2%) and to ta l (29.6%) cooking losses. A processing X 
cooking m ethod interaction (P <  0.01) existed for percent 
drippings. Microwave precooked, ho t processed chops had 
2.3% less drippings than conventionally broiled, hot processed 
chops; however, chops which had been cold processed dripped 
3.0% less if they had been conventionally broiled. Within both 
processing m ethods, microwave cooking produced about 55% 
as m uch evaporative loss as conventional broiling. Hot proc
essed chops shrank 2.2% less than cold processed chops when 
both  were broiled.

Total precooking losses were less for the microwave cook
ing m ethod within both  processing m ethods. An interaction (P 
<  0.01) existed between processing and cooking methods. The 
difference in to ta l losses between the two precooking methods 
within hot processing was over twice as large as between the 
cooking m ethods within cold processing. The reason(s) for this 
in teraction is no t known. Weight of the chops should n o t be a 
factor because mean weights within processing m ethod did not 
differ (P <  0.05). Likewise, anatomical location on the loin 
should not be a causative factor because the assignment of 
chops to  treatm ent was alternated between anatom ical loca
tions from  hog to  hog and within each loin. Animals were a 
significant source of variance (P <  0.05) in the precooking 
data only for evaporation loss.

R eheating tim e and losses o f  chops
All of the treatm ent chops were reheated to  68°C by broil

ing in a conventional oven. The control chop data were used 
for comparison purposes (Table 1). Average reheating tim e/kg 
varied from 46.0 to  53.2 min among treatm ents. However, the 
only significant difference was between the ho t processed, 
microwave precooked chops and the cold processed, conven
tionally broiled chops w ith the la tter tim e being greater. Re
heating drippings loss as a percentage of precooked weight was 
decidedly (P <  0.05) lower for the chops which had been 
precooked by broiling. Processing m ethod differences were not 
apparent. Evaporative losses varied less than drip losses and 
were lower (P <  0.05) for ho t processed chops than for cold 
processed, conventionally precooked chops.

Total reheating losses were less for the ho t processed, con
ventionally cooked chops (15.8%) than for the microwave p re
cooked chops. None of the interactions between processing 
and cooking m ethods was significant (P <  0.05). Animals were 
a significant source of variance for drip loss (P <  0.01), evapo
ration loss (P <  0.05) and reheating tim e/kg (P <  0.01).
T ota l coo k in g  tim e and losses o f  chops

The to tal cooking tim e/kg and cooking losses are the sum 
of precooking and reheating values expressed as a proportion 
of the uncooked weight of the chops. They are not a sum of 
the precooking and reheating values previously discussed be
cause reheating values were expressed as a proportion of the 
precooked weight.

Although the control and the conventionally cooked chops 
were broiled, the control chops required less than one-half as 
much tim e per unit weight to  cook as did either the ho t or 
cold processed chops. This shortened cooking tim e was the 
result of only one cooking instead of the precooking and re
heating received by the treatm ent chops. The longer cooking 
time and increased energy usage for reheating of the h o t proc
essed chops Would offset, at least partially, energy savings 
associated with the reduction of refrigeration needed for hot
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processing. Microwave precooking produced substantially (P <
0.05) shorter to ta l cooking tim es/kg than conventional broil
ing. However, differences between processing m ethods within 
cooking m ethod were not significant. Animals were a signifi
cant (P <  0.01) source of variance.

The percent of drippings differed (P <  0.05) only for cold 
processed, microwave cooked chops, which shrank more than 
the other treatm ents. Animals were a source of variance for 
bo th  drippings and evaporation (P <  0.01). Evaporative losses 
varied much more than drippings among treatm ents. Chops 
cooked in the microwave oven evaporated much less (15.3 and 
16.9%) than broiled treatm ent chops (20.5 and 24.1%) or con
trol chops (19.2%). All of these differences among treatm ents 
were significant except for the difference between the control 
and hot processed, conventionally broiled chops. A similar pat
tern among treatm ents was found in to tal cooking losses. The 
control chops were interm ediate in to ta l losses (29.5%) among 
the treatm ents and did not differ significantly from  the hot 
processed, conventionally broiled or cold processed, micro- 
wave cooked chops. Hot processed, microwave cooked chops

had the lowest losses (26.0%), and cold processed convention
ally broiled chops had the greatest losses (33.9% ). A significant 
(P <  0.01) interaction was found between processing and 
cooking methods. Greater differences between cooking m eth
ods existed within hot processing than within cold processing.

Palatab ility  and W-B shear o f  chops
Much less variability was found in mean sensory panel juici

ness scores than in tenderness scores. Control chops were rated 
most juicy (6.9) and cold processed, microwave precooked 
chops were rated least juicy (5.3). O ther differences among 
treatm ents were not significant (P <  0.05). A 5 rating was 
described as “neither juicy or d ry” and a 6 rating as “ slightly 
juicy.”  Thus, the consumer acceptability of the juiciness of all 
but the control chops would be questionable. Cooking the 
treatm ent chops twice surely contributed  to the lowering of 
their juiciness scores.

Flavor scores varied less am ong treatm ents than did juici
ness scores. Control chops were scored highest (7.2) and hot 
processed, microwave precooked chops were scored lowest

T a b le  1—L e a s t squares m e a n s  fo r  th e  c o n t r o l  c h o p s  a n d  th e  m e th o d  o f  p ro c e s s in g  a n d  c o o k in g  on  c o o k in g  t im e , losses a n d  p a la ta b i l i ty  o f  p o r k  lo in  

chops

Treatment6

Hot processed Cold processed

Characteristic Control Conventional Microwave Conventional Microwave

No. of loins 20 20 20 20 20
Uncooked wt,a g 596.2e 512.8f 519.8f 481,0g 481.5g
Precooking time/kg, min 52.Oe 78.9f 29,0g 80 .Of 37 ,3g
Precooking losses,15 %

Drippings 10.4e 6.8f 4.5g 6.5f 9.5e
Evaporative 19.2e 11.6f 6.2g 13.8h 7.5g
Total 29.6e 18.4f 10.7g 20.3h 17.Of

Reheating time/kg, min 
Reheating losses,0 %

Drippings 10.3e 4.6f 7.1 g 4.1 f 6.1g
Evaporative 19.2e 11.2f 11.Of 12.9g 12.1f,g
Total 26.5e 15.8f 18.1f 17.Of,g 18.2g

Total cooking time/kg, min 
Total cooking losses,6* %

Drippings 10.3e 10.5e 10.7e 9.8e 14.4f
Evaporative 19.2e 20,5e 15.3f 24.1g 16.9g
Total 29.5e 31.0e 26.Of 33.9g 31.3e

W-B shear force, kg/1,3-cm
core 3.7e 6.2f 5.7g 4.5h 4.9i

Sensory panel scores
Juiciness 6.9e 5.8f 5.8f 5.9f 5.3f
Flavor 7.2e 6.4f 6.0g 6.6f 6.5f
Tenderness 7.4e 4.4f 4.7f 6.1g 6.1 g
Chew count 33.8e 50.3f 46.7f 36.7g 37.3g
Overall acceptability 7.2e 5.2f 5.2f 6.2g 6.0g

Muscle fiber characteristics 
(N = 5/treatment)
Sarcomere length, p 1,6e 1.2f 1 .Of 1,5e 1.5e
Diameter, p 58.2e 81.2f 82.5f 6 1 ,8e 64.2e

a Total weight of three chops
b Pe rcen t o f  th e  un co o ked  ch o p  w e ig h t . C o n tro l ch o p s w e re  co o ked  o n ly  one t im e . H o w e v e r , the  c o n tro l ch o p  d ata  a re  co m pared  to  p re c o o k in g , re 

heating  and to ta l co o k in g  t im e  and tosses o f th e  tre a tm e n t ch o p s . 
c P e rce n t o f th e  p reco o ked  ch o p  w e ig h t
d Sum  o f p re co o k in g  and reh ea tin g  losses as a p e rce n t o f th e  u n co o ked  ch o p  w e ig h t 
e M eans on a lin e  w ith  d if fe re n t  le tte rs  d iffe r  s ig n if ic a n t ly  (P  <  0 .0 5 ) .
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(6.0). A flavor score of 6 is described as “like slightly.” The 
acceptability of pork w ith mean flavor scores in this range is 
questionable.

Tenderness scores showed that the control chops were most 
tender (7.4) while the hot processed chops cooked by either 
broiling (4.4) or microwave (4.7) m ethods were least tender. 
Differences between precooking m ethods within processing 
method and the interaction between processing and pre
cooking m ethods were not significant (P <  0.05). Animals 
were a significant (P <  0.01) source of variance.

Chew count or the num ber of chews necessary to  prepare a 
sample for swallowing followed the same tenderness-indicating 
pattern among treatm ents as tenderness scores. These two 
measures of tenderness appeared to  be measuring the same 
attribute among treatm ents. However, the intraclass simple 
correlation coefficient was only —0.73, indicating that 47% of 
the variance in tenderness score was no t associated with chew 
count. A similar relationship (r = —0.66) was found between 
W-B shear value and sensory panel tenderness score.

W-B shear force values revealed great differences among 
treatm ents in their influence on tenderness of the longissimus 
muscle. Shear force was least (P <  0.05) for the control chops 
(3.7 kg), indicating the greatest tenderness. Hot processed 
chops had the greatest shear resistance, but the microwave 
precooked chops had a lower average shear (5.7 kg) than the 
broiled chops (6.2 kg). Differences within cold processing like
wise were significant, but in this treatm ent the microwave 
cooking m ethod produced less shear resistance (4.9 kg) than 
broiling (4.5 kg). However, the interaction between processing 
and cooking m ethods was not significant. Animals were a 
source of variance (P <  0.01) in shear value.

The mean overall acceptability score followed the same pat

tern among treatm ents as the various tenderness measure
ments. No difference (P <  0.05) was found in acceptability 
within processing m ethod, but hot processed chops were least 
acceptable, and the control chops m ost acceptable. Animals 
were a significant source of variance in all of the palatability 
traits, indicating the variability which apparently exists in the 
hog population.
H isto log ica l evaluation  o f  chops

To investigate the effects o f treatm ents on sarcomere length 
and diam eter of the muscle fibers, longissimus muscle samples 
were taken from  the cooked loin chops of five animals selected 
at random . Every treatm ent was represented on a within ani
mal basis. Hot processed chops had m uch shorter sarcomeres 
than either the control or cold processed chops. Fiber diam
eter showed an inverse pattern among treatm ents; those with 
shorter mean sarcomere lengths tended to  have the larger 
diameters (r = —0.69). Differences among treatm ents were 
large, with the means varying from 1.0 —1.6/i for sarcomere 
length and from 58.2-82.5/u for fiber diameter.

With one exception, mean sarcomere length was closely 
related to  mean W-B shear value. The exception was the short
est sarcomere length ( 1,0p ) for the ho t processed, microwave 
precooked chops but a slightly lower shear value than for the 
hot processed, conventionally broiled chops.

Muscle fiber diam eter was positively related (r = 0.55) to 
W-B shear value, indicating that samples with larger fiber diam
eters tended to be less tender. Animals were a significant (P <  
0.05) source of variance for fiber diameter but not for sarco
mere length.
Precook ing tim e and losses o f  roasts

The raw roast weights (Table 2) did not differ between

Tab le  2 - L e a s t  squares m ean s  f o r  th e  e ffe c ts  o f  m e th o d  o f  p ro cess in g  a n d  c o o k in g  o n  c o o k in g  tim e  a n d  losses, shear fo rc e  a n d  f ib e r  c h a ra c te ris 

tics o f  p o rk  lo in  roasts.

Processing method Cooking method

Characteristic Hot Cold Conventional Microwave

No. of loins 20 20 20 20
Uncooked wt, g 1180.5 1116.2 1159.9 1136.8
Precooking time/kg, min 47.2** 62.9 96.3** 13.8
Precooking losses,2 %

Drippings 3.8** 5.4 2.4** 6.7
Evaporative 6.5** 9.2 6.1“ 9.6
Total 10.3** 14.6 8.5** 16.3

Reheating time/kg, min 201.1 * 217.8 209.6 209.2
Reheating losses,13 %

Drippings 5.8 6.2 6.9** 5.1
Evaporative 14.4 14.2 16.2** 12.4
Total 20.2 20.4 23.1** 17.5

Total cooking time/kg, min 221.4* 242.7 282.9** 181.3
Total cooking losses,0 %

Drippings 9.0** 10.6 8.7** 10.9
Evaporative 19.0“ 21.2 20.8* 19.4
Total 28.0** 31.8 29.5 30.3

W-B shear force, kg/1.3-cm core 3.8* 3.2 3.0** 4.0

Muscle fiber characteristics 
(N = 6/treatment)
Sarcomere length, p 1.3** 1.5 1.5** 1.3
Diameter, p 74.4* 66.5 69.5 71.5

a P e rce n t o f the  u n co o ked  roast w e ig h t 
13P e rce n t o f the  p re co o k ed  roast w e ig h t
c S u m  o f p re co o k in g  and reheating  losses as a p e rce n t o f th e  u n co o ked  ro ast w e ig h t
*P  < 0 .0 5 ; * * P <  0 .0 1 . S ig n if ic a n t ly  d if fe re n t  fro m  the  m ean o f the  o th e r tre a tm e n t  w ith in  e ith e r p ro cessing  o r co o k in g  m e th o d .
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processing or cooking m ethods or among animals (P <  0.05). 
However, precooking tim e/kg was much lower (P <  0.01) for 
the ho t processed roasts and for the microwave precooked 
roasts. The interaction between m ethod of processing and 
m ethod of precooking was significant (P < 0 .0 1 ) .  The average 
precooking tim es/kg for the treatm ents were: hot processed, 
conventionally roasted, 83.1 min; hot processed, microwave 
precooked, 11.2 min; cold processed, conventionally roasted,
109.5 min; and cold processed, microwave precooked, 16.4 
min. Thus, the hot processed roasts precooked 7.4 times faster 
to  a 63°C internal tem perature in the microwave than in the 
conventional oven. The cold processed roasts cooked 6.7 times 
faster in the microwave oven. Hot processing allowed 1.3 times 
faster cooking in the microwave oven and 1.5 times faster 
cooking in the conventional oven than did cold processing.

All three measures of cooking losses favored hot over cold 
processing and conventional over microwave roasting. Total 
precooking losses were 4.3% higher for cold processing over 
hot processing and microwave roasting losses were almost 
twice as great as conventional roasting losses. Significant inter
actions between the m ethods of processing and cooking were 
noted for evaporation (P <  0.01) and to tal losses (P <  0.05). 
Both interactions were the result of the excessive losses of the 
cold processed, microwave precooked roasts. The evaporation 
losses for the treatm ent groups were 5.8% for the hot proc
essed, conventionally precooked; 7.2% for the hot processed, 
microwave precooked; 6.4% for the cold processed, conven
tionally precooked; and 12. 1% for the cold processed, micro- 
wave precooked roasts. Total losses reflected similar differ
ences in the treatm ents, producing the interaction between 
processing and cooking m ethods.

Reheating time and losses o f roasts
The tim e/kg required to  reheat the roasts to 77°C in a 

conventional oven was 16.7 min less (P <  0.05) for hot proc
essed than cold processed roasts. The hot processed roasts 
averaged 64.5g heavier in weight when raw and 105.8g heavier 
in weight after precooking. Differences in reheating time be
tween roasts precooked by the two m ethods did not differ (P
<  0.05). However, reheating time of the roasts differed (P <  
0.05) among animals.

All three measures of reheating losses showed that animals 
and processing m ethod were not significant sources of vari
ance. However, these losses differed (P <  0.01) between m eth
ods of precooking with microwave precooked roasts having 
lower percentages. Thus, the roasts which shrank most during 
precooking shrank the least during reheating by conventional 
roasting. Significant interactions between processing and pre
cooking methods for evaporative (P <  0.01) and total losses (P
<  0.05) indicated an inconsistent response to  the treatm ents.

Total cooking time and losses of roasts
Total cooking tim e/kg of raw roast differed among animals 

(P <  0.01) and between processing (P <  0.05) and cooking 
m ethods (P <  0.01). The hot processed roasts (221.4 min/kg) 
had a 9% advantage in cooking tim e over the cold processed 
roasts (242.7 min/kg). The microwave precooked roasts had a 
decided 36% advantage in cooking time over the convention
ally roasted cuts. An interaction (P <  0.05) between process
ing and cooking m ethods indicated an inconsistent response 
of the roasts to treatm ents.

Total cooking losses showed significant processing trea t
ment effects for drippings (P <  0.05), evaporation (P < 0 .0 1 )  
and total losses (P <  0.01). In each measure, ho t processing 
produced lower losses, expressed as a percent of the raw roast 
weight, than did cold processing. Those roasts which were con
ventionally precooked had 2.2% lower drippings and 1.4% 
higher evaporation than roasts which were microwave pre
cooked. However, total cooking losses between cooking m eth
ods were similar (29.5 vs. 30.3%).

W-B shear values of roasts
Animals were not a significant source of variance in shear 

value of the roasts. Processing and cooking treatm ents had 
much less effect on muscle in the roasts than in the chops. The 
mean W-B shear values for all treatm ents of the roasts (Table
2) were near or below the mean value of 3.7 kg for the refer
ence chops (Table 1). However, treatm ent differences were 
evident (P <  0.01). Cold processed roasts were 0.6 kg/1.3-cm 
core more tender than hot processed roasts. A 1.0-kg advan
tage in tenderness was found for conventional over microwave 
precooking.

A significant (P <  0.01) interaction was found between 
processing and precooking m ethod. Within hot processing, the 
roasts precooked in the conventional oven had 0.9 kg lower 
W-B shear values than the roasts precooked in the microwave 
oven. However, within cold processing, this cooking m ethod 
difference was only 0.4 kg.
Histological evaluation of roasts

To evaluate the effects of the treatm ents on sarcomere 
length and fiber diameter o f the longissimus muscle in the 
roasts, samples from six hogs were random ly selected with 
every treatm ent being represented on a w ithin animal basis. 
Mean sarcomere length was 0.2/u less (P <  0.01) and mean 
fiber diameter was 7.9jU greater (P <  0.05) for muscle in roasts 
from  ho t processed sides than from cold processed sides. Mi
crowave precooking produced 0.2jU shorter sarcomeres (P <  
0 .01) than conventional roasting, but the 2.0-fu difference in 
mean fiber diameter was not significant.

W-B shear value was related to  sarcomere length (r = —0.57) 
and fiber diameter (r = 0.21). Sarcomere length and fiber 
diameter showed a lower correlation (r = —0.51) than in the 
chops.

D IS C U S S IO N

COOKING LOSS results from the loin chops in this study are 
not in agreement with the work of Bollman et al. (1948), 
Phillips et al. (1960), Headley and Jacobson (1960) and Ru- 
yack and Paul (1972). These researchers found tha t cooking 
losses were greater for microwave cooking than for conven
tional cooking. In the present study, microwave cooking did 
not result in greater precooking losses for the chops, possibly 
because the meat was precooked to  lower tem peratures than 
in the earlier studies. However, the precooking roast data gen
erally agree with the earlier reports. Moore et al. (1966) ob
served that 10.2-cm pork loin samples cooked in a microwave 
oven had a greater cooking loss (26.1%) than similar samples 
cooked in a conventional oven (23.6%).

The decreased tenderness o f the chops cooked prerigor as 
compared to  those cooked postrigor is in general agreement 
with the report by Weiner et al. (1966). They found that 
2 .5 4 -cm  loin chops, which were frozen prerigor, were less 
tender than conventionally chilled chops. Although this re
ported toughness was a result of cold shortening, contraction 
of the prerigor muscle also influenced the tenderness o f the 
hot processed chops in the present study.

Paul et al. (1952) observed that beef steaks cooked immedi
ately after slaughter were more tender than steaks cooked 24 
hr after slaughter. Heat rigor was observed in the muscles. 
Ram sbottom  and Strandine (1949) found that beef was more 
tender 2 hr following slaughter than at any time thereafter for 
the next 2—6 days. Weidemann et al. (1967) evaluated muscle 
cooked prerigor and found that muscles always were tender 
even when cooked w ithout restraint. In the present study, the 
reasonable assumption was that the increased toughness of the 
hot processed chops was caused by heat stimulated contrac
tions of heat rigor during precooking.

Usually, the greater the state o f muscle contraction at rigor, 
the greater the toughness of the muscle. Indeed, several w ork
ers have shown that muscle is tougher if it enters rigor in the
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contracted state rather than in the relaxed state (Locker, 
1 9 6 0 ;  Herring et al., 1 9 6 5 ;  Howard and Judge, 1 9 6 8 ;  Wel- 
boum  et al., 1 9 6 8 ; Smith et al., 1 9 6 9 ; McCrae et al., 1 9 7 1 ) .  In 
the present study, ho t processed chops precooked in the mi
crowave oven had shorter sarcomeres ( 1.0¡i) than chops pre
cooked by conventional broiling ( 1 . 2 / u ) .  However, the chops 
with shorter sarcomeres had lower W-B shear values. The rea
son for this paradoxical tenderizing has been described by 
Marsh et al. ( 1 9 7 4 ) .  They observed that, when muscle short
ened to  55% o f its initial excised length, a num ber of super- 
contracted sarcomeres fractured along the internodal zones. 
This fracturing process accounts for the slight increase in ten 
derness o f very highly shortened muscles.

In this study h o t processed, microwave precooked roasts 
were considerably less tender than conventionally precooked 
roasts. These results do not totally agree w ith results reported 
by Ram sbottom  and Strandine (1949), Paul et al. (1952), 
deFremery and Pool (1963) and Weidemann et al. (1967). 
These researchers observed that muscle cooked soon after 
slaughter was more tender than muscle cooked soon after the 
developm ent o f rigor mortis. However, the tim e lapse of about 
an hour in the present study between slaughter of the hog and 
the beginning o f cooking may have affected the results.

The general histological exam ination of the treatm ent and 
reference chop muscle tissues revealed much of the microscop
ic morphology described in the literature. Heat rigor nodes, as 
described by Paul et al. (1952), were observed in all o f the 
cooked, hot processed tissues but were more frequently ob
served in the microwave heated tissues. The observation of 
Weidemann et al. (1967), that cooking destroyed many details 
of the muscle’s fine structure with only the outlines remaining, 
was especially noticeable. Another point, relative to the sarco
mere measurements in this study, concerns the maximum 
am ount o f muscle contraction possible. Sarcomere lengths of 
less than 1.5/2 have been reported (Locker, 1960; Marsh et al., 
1974; Okubanjo et al., 1975). However, many researchers have 
discounted these very short sarcomere lengths because the 
myosin filaments are reported to  be 1.5/r in length. Any sarco
mere shorter than 1.5/i could occur only if the Z lines were 
penetrated by the myosin filaments. In fact, this phenom enon 
occurs in supercontracted muscle tissue and has been docu
mented by the work of Hagopian (1970) and Marsh et al.
(1974).

The precooking of hot processed loin chops, using either 
microwave or conventional m ethods, does no t appear feasible 
because of the increased toughness produced by the contrac
tion of the muscle during precooking. However, the conven
tional precooking of pork loin roasts appears feasible because 
precooking and reheating produced a product which was very 
acceptable in tenderness. Additionally, the lower precooking 
losses favored this m ethod of processing. The microwave pre

cooking of pork loin roasts appeared less desirable than con
ventional roasting because microwave cooking increased tough
ness and precooking losses. However, microwave roasting 
should produce significant energy savings over conventional 
roasting.

The results o f this study also indicate the need for research 
on the optim um  tem peratures for precooking both  hot and 
cold processed pork. In addition, research investigating the 
u ltrastructure of the precooked product is needed to deter
mine optim um  precooking, conditions and endpoints.
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LONG-DISTANCE TRANSOCEANIC SHIPMENTS 
OF FRESH BEEF

— ----------------- — —  ABSTRACT  --------- ------------------
Fresh beef cuts and quarters were shipped from Ellensburg, Wash, to 
Yokohama, Japan in refrigerated vans with either normal (ambient air) 
or modified (60% C02, 25% 0 2, 15% N2) atmospheres. Packaging 
treatments involved use of polyvinyl chloride film, calcium alginate 
coating, cotton stockinettes, polyethylene-lined boxes and vacuum 
packages for rounds, chucks, ribs, loins and/or quarters. Use of a 0.02% 
solution of sodium hypochlorite (NaOCl) did not affect the terminal 
condition of beef cuts or quarters. Use of modified atmosphere was 
associated with significant improvements in overall appearance and 
desirability of beef cuts and quarters. The best method for protecting 
fresh beef cuts during long-distance shipments was vacuum packaging; 
vacuum packaged cuts were adequately protected from deterioration 
and weight loss during the 20-21 day shipment. The best system for 
protecting fresh beef quarters during long-distance, transoceanic ship
ments consisted of wrapping with PVC film and transport in a modified 
atmosphere van; however, quarters treated in this manner were not 
adequately protected from deterioration and received relatively low 
appearance ratings.

INTRODUCTION
RECENT ADVANCES in transportation equipm ent and re
duced transit times have increased interest in transoceanic 
shipments of fresh meats. The United States has an advanta
geous global position for producing and distributing high qual
ity beef. Demand for fresh beef by foreign consumers has 
recently increased as highly industrialized or oil-rich countries 
have developed higher standards of living. Correspondingly, 
the potential for sales of United States beef to  foreign markets 
has increased dramatically and there is a need to identify tech
nology capable of providing adequate product protection dur
ing transport.

Inter-continental shipm ents via ocean-going vessels are less 
expensive than air shipments, but require longer transit times. 
The time required to transport beef from the United States to  
the Orient in an ocean-going vessel has been reduced to  
approxim ately 14 days. Since distribution of fresh meat within 
the United States involves an average of 4 days from origin to 
destination and the product sustains approxim ately 0.5% 
shrinkage per day (Weatherly et al., 1968), the prolonged peri
ods of tim e in-transit characteristic of long-distance shipments 
increase shrinkage, magnify the stress placed on the product 
and increase the probability of deteriorative changes. Some 
research on beef transportation has been conducted (Johnson 
et al., 1959; Rea et al., 1972; M arriott et al., 1977), but none 
of these studies included shipm ents of the duration required 
for long-distance transoceanic shipments.

This study investigated the effects of two atmospheres, six 
m ethods of product protection and use of a chlorine rinse on 
the condition, appearance and shrinkage of fresh beef follow
ing a long-distance transoceanic shipment.

EXPERIMENTAL
TWO REFRIGERATED vans adjusted to maintain temperatures of 0 to

-1°C were loaded with beef and monitored from shipment origin 
(Ellensburg, Wash.) to destination (Yokohama, Japan). One van con
tained a normal (ambient air) atmosphere; whereas, the other van was 
charged with a modified atmosphere commonly used for such ship
ments under commercial license which contained 60% C02, 25% 0 2 
and 15% N2. Each van contained fresh beef quarters and subprimal 
cuts. Half of the beef in each van was rinsed with a solution of 0.02% 
sodium hypochlorite (NaOCl) prior to packaging; the other half of the 
beef was not treated with NaOCl.

Some of the quarters in each van were not protected (NA), others 
were wrapped with polyvinyl chloride (PVC) film, spray-coated (to add 
approx 2% of quarter weight) with calcium alginate (CA), or covered 
with cotton stockinettes (CS). Beef cuts (boneless rounds, trimmed full 
loins, wholesale ribs and bone-in blade chucks) in each van were 
wrapped with polyvinyl chloride (PVC) film, spray-coated with calcium 
alginate (CA), vacuum packaged (VP) or placed in polyethylene (PE) 
lined cardboard boxes. Nominal permeability characteristics for VP and 
PVC films were as follows: oxygen transmission rates (OTR = cc/m2 /24 
hr/23.9°C/50% RH) were 35 (VP) and 8370 (PVC); moisture vapor 
transmission sates (MVTR = g/m2 /24 hr/37.7°C/70% RH) were 10 (VP) 
and 228 (PVC). There were 60 quarters and 64 cuts in the normal 
atmosphere van and 48 quarters and 64 cuts in the modified atmos
phere van.

Beef cuts from each treatment were weighed, swabbed by use of a
12.9 cm2 aluminum template (to obtain bacterial samples) and subjec
tively evaluated at both origin and destination by a trained pair of 
evaluators. Rating scales used for evaluating beef quarters and cuts were 
as follows: an 8-point scale for muscle color (8 = very bright cherry red; 
1 = very dark red); a 7-point scale for surface discoloration (7 = no 
surface discoloration; 1 = total surface discoloration); a 6-point scale 
for freshness of subcutaneous fat (6 = very fresh; 1 = extensive deterio
ration); a 7-point scale for visual microbial damage (7 = dry, no slime 
formation; 1 = wet, moist or dry; extensive colony formation or mold 
growth); an 8-point scale for overall appearance (8 = extremely desir
able; 1 = extremely undesirable); and a 3-point scale for degree of 
vacuum (3 = high vacuum; 1 = total loss of vacuum).

The two test shipments were prepared and loaded (within 24-32 hr 
following slaughter of the cattle) in Ellensburg, Wash., pulled overland 
to the harbor in Seattle, Wash., loaded on an ocean-going vessel and 
shipped to Yokohama, Japan. Upon arrival in Japan, the vans were 
pulled overland to two retail outlets where they were unloaded. Cuts 
were evaluated at the retail outlets 20-21 days following initial packag
ing. Losses associated with moisture evaporation and purge were deter
mined by weight differentials.

Temperature data were collected during fabrication, loading, transit 
and unloading by use of Ryan (models D and F) recording thermom
eters positioned at various locations within each van. Additional tem
perature data were obtained from 24 thermocouples strategically 
located in each van to measure air and product temperature by use of a 
potentiometer.

Bacterial samples were stored in sterile 0.1% peptone broth, care
fully packed with ice, placed in a styrofoam container and shipped by 
air (time intransit was 28 hr) to the Texas A&M University Meat Labo
ratory. Samples were diluted to appropriate concentrations in peptone 
broth, plated on standard plate count agar, incubated at 25°C for 3 
days and subsequently counted.

Data were analyzed by use of analysis of variance (Snedecor and 
Cochran, 1967). Mean separation techniques of Duncan (1955) and 
Kramer (1956) were utilized for comparison of mean values when anal
ysis of variance indicated that the main effects were statistically signifi
cant at the 0.05 probability level. In a number of instances, time pres-
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TRANSOCEANIC SHIPMENTS OF BEEF . . .

sures associated with monitoring actual shipments precluded collection 
of complete data from cuts and/or quarters. In such instances, partial 
data are reported (e.g., bacterial counts, Table 10) or incomplete sets of 
data are not presented in tabular form (e.g., visual microbial scores for 
modified atmosphere cuts, Table 4).

RESULTS & DISCUSSION
PRELIMINARY ANALYSES of all of the data in the present 
study revealed tha t use of a 0 .02% solution of sodium hypo
chlorite (NaOCl) rinse did not (P >  0.05) affect any of the 
traits in the present study. Correspondingly, the data for 
rinsed and unrinsed beef were combined for all subsequent 
analyses. The ineffectiveness of the chlorine rinse was attrib 
uted to  the prolonged duration of the shipm ent (2 0 -2 1  days).

Data from recording therm om eters and therm ocouples used 
during loading, transit and unloading revealed tha t the average 
tem perature during shipm ent was 0°C for the normal atm os
phere van and —2°C for the modified atm osphere van. Tem
perature of bo th  vans remained very close to  0°C until the last 
36 hr prior to  shipm ent term ination at which time (on the 
dock in Yokoham a) the therm ostat on the modified atm os
phere van was accidentally or inadvertantly turned down.

Muscle color scores for cuts upon arrival in Japan, 20—21 
days after fabrication, packaging and loading are presented in 
Table 1. Vacuum packaged cuts shipped in the normal atmos
phere van sustained the least (P <  0.05) degradation of muscle 
color, while those which were spray-coated w ith calcium algin
ate and shipped in a modified atm osphere van had the greatest 
(P <  0.05) deterioration of muscle color. Muscle color did not 
differ (P >  0.05) among beef cuts shipped in the normal 
atmosphere van which were protected by calcium alginate, 
PVC film or polyethylene-lined boxes. When the shipm ent 
atmosphere was modified, muscle color was brightest (P <  
0.05) for vacuum packaged cuts, interm ediate for cuts 
wrapped w ith PVC film or shipped in polyethylene-lined 
boxes, and least desirable (P <  0.05) for cuts sprayed with 
calcium alginate. There data suggest that vacuum packaging 
increases color stability; whereas, use of modified atmosphere 
has a negative effect on muscle color. The latter effect was 
attributed to  discoloration of muscle surfaces from m ainten
ance of high concentrations o f C 0 2 and/or N2 around fresh 
meat cuts (Ledward, 1970; Simmons, 1974).

Vacuum packaged cuts, irrespective of van atmosphere, sus
tained less (P <  0.05) surface discoloration than cuts in the 
other packaging treatm ents (Table 2). Surface discoloration 
did not differ (P >  0.05) among beef cuts shipped in the 
normal atm osphere van which were protected by calcium 
alginate, PVC film or polyethylene-lined boxes. In the m odi
fied atmosphere van, vacuum packaged cuts had the least (P <  
0.05) surface discoloration followed by cuts wrapped with 
PVC film, cuts shipped in polyethylene-lined boxes and cuts 
sprayed with calcium alginate. These data suggest that vacuum 
packaging will reduce surface discoloration of cuts during long
distance shipments.

Scores for freshness of the external fat covering on beef 
cuts upon arrival in Japan 20—21 days after packaging and 
shipment are presented in Table 3. Van atmosphere had more 
effect than packaging m ethod on subcutaneous fat freshness. 
Cuts protected with aerobic packages (CA, PVC and PE) which 
were shipped in the modified atm osphere van exhibited greater 
(P <  0.05) freshness than comparable cuts in the normal 
atmosphere van. These data suggest tha t vacuum packaging 
(irrespective of van atm osphere) or use of modified atm os
phere will enhance freshness and improve condition of beef 
cuts shipped 20—21 days.

Visual microbial damage scores for beef cuts shipped in the 
normal atmosphere van are presented in Table 4. Very limited 
data for this trait were collected from cuts in the modified 
atmosphere van and these are not presented in tabular form. 
Vacuum packaged cuts (Table 4) had the least (P <  0.05)

Table 1—Mean muscle color scores3 for beef cuts following trans
portation for 20—21 days

Normal atmosphere Modified atmosphere 
Packaging method1’ Packaging method^1

Item CA PVC VP PE CA PVC VP PE

Blade chucks 5.4 5.1 — 5.0 4.3 5.5 5.8 5.3
Wholesale ribs 5.9 5.8 5.6 5.5 4.3 5.4 6.0 3.4
Trimmed loins 5.3 4.6 6.6 6.0 3.4 2.2 5.4 4.3
Boneless rounds 4.9 5.0 7.0 4.6 2.3 3.8 4.5 3.4
Combined cuts0 5.4e 5.1 e 6.4d 5.3e 3.5g 4.2f 5.4e 4.1 f

a Means based on an 8-point scale (8 = very bright cherry red; 1 = 
very dark red).

b CA = calcium alginate spray coating, PVC = polyvinyl chloride 
film  wrapping, VP = vacuum packaging, PE = unwrapped cuts in 
polyethylene-lined boxes.

c Means for chucks, ribs, loins and rounds combined. Means on the 
same line bearing a common letter are not different (P >  0.05). 
Only means for combined cuts were tested for statistical signifi
cance.

Table 2—Mean surface discoloration scoresa for beef cuts follow
ing transportation for 20—21 days

Normal atmosphere Modified atmosphere

Packaging methodb Packaging methodb
Item CA PVC VP PE CA PVC VP PE

Blade chucks 3.5 3.3 — 2.4 2.3 2.9 4.4 2.0
Wholesale ribs 3.4 3.9 3.1 3.0 2.3 4.5 5.1 2.4
Trimmed loins 2.8 1.6 5.0 3.0 1.8 2.6 4.3 2.5
Boneless rounds 2.8 2.1 6.0 2.4 1.9 2.6 4.5 2.3
Combined cuts0 3.1 e 2.7e 4.7d 2.7e 2.1 f 3.2e 4.6d 2.6ef

a Means based on a 7-point scale <7 = no surface discoloration; 1 = 
total surface discoloration).

b CA = calcium alginate spray coating, PVC = polyvinyl chloride 
film wrapping, VP = vacuum packaging, PE = unwrapped cuts in 
polyethylene-lined boxes.

c Means for chucks, ribs, loins and rounds combined. Means on the 
same line bearing a common letter are not different (P >  0.05). 
Only means for combined cuts were tested for statistical signifi
cance.

Table 3—Mean subcutaneous fat freshness scores3 for beef cuts 
following transportation for 20—21 days

Normal atmosphere Modified atmosphere
Packaging methodb Packaging methodb

Item CA PVC VP PE CA PVC VP PE

Blade chucks 2.3 2.1 — 2.0 3.3 3.4 3.3 3.0
Wholesale ribs 2.1 3.3 3.8 1.6 4.3 5.1 4.3 4.4
Trimmed loins 2.9 2.6 3.4 3.0 3.5 4.0 4.0 3.8
Boneless rounds 2.3 3.3 3.5 2.0 3.0 3.3 3.3 3.6
Combined cuts0 2.4e 2.8e 3.6d 2.2e 3.5d 4.0d 3.7d 3.7d

a Means based on a 6-point scale (6 = very fresh; 1 = extensive
deterioration).

b CA = calcium alginate spray coating, PVC = polyvinyl chloride 
film wrapping, VP = vacuum packaging, PE = unwrapped cuts in 
polyethylene-lined boxes.

c Means for chucks, ribs, loins and rounds combined. Means on the 
same line bearing a common letter are not different {P >  0.05). 
Only means for combined cuts were tested for statistical signifi
cance.
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visible damage from  microbes; cuts packaged in aerobic m ateri
als (PVC, CA and PE) evidenced serious damage from micro
bial proliferation and metabolic activity. Vacuum packaged 
cuts suffered less damage than cuts in other packaging trea t
ments because the anaerobic conditions m aintained under vac
uum precludes or greatly limits growth of slime-producing bac
teria on m eat surfaces. Data from trimm ed loins wrapped with 
PVC film (mean visual microbial damage score = 2.0) and 
blade chucks which were vacuum packaged (mean visual 
microbial damage score = 4.4) in the modified atm osphere van 
generally support these conclusions.

Mean overall appearance scores for beef cuts following 
transporation for 20—21 days are presented in Table 5. Vacu
um packaged cuts, irrespective of van atm osphere, were most 
desirable (P <  0.05) in overall appearance while those shipped 
in polyethylene-lined boxes were least desirable (P <  0.05) in 
appearance. Beef cuts wrapped in PVC film and shipped in a 
m odified atmosphere van were more desirable (P <  0.05) than 
com parable cuts from the norm al atm osphere van. The latter 
advantage for use of modified atm osphere was also apparent

for cuts sprayed with calcium alginate and for those shipped in 
polyethylene-lined boxes. These data suggest tha t vacuum 
packaging is the most appropriate m ethod for protecting  beef 
cuts during long-distance transoceanic shipments.

Beef cuts shipped in the modified atm osphere van had 
lower (P <  0.05) bacterial counts than those shipped under 
normal atmospheric conditions, but packaging m ethod was not 
associated with differences in bacterial count (Table 6 ). Re
duced microbial proliferation on cuts shipped in the modified 
atm osphere van further verifies that carbon dioxide retards 
bacterial growth and agrees with results reported by Ogilvy 
and Ayres (1951), Hoke (1967), Clark and Lentz (1969), 
Pohja et al. (1969), Smith et al. (1974) and Huffman et al.
(1975).

Mean weight losses for beef cuts following transportation 
for 2 0 -2 1  days are presented in Table 7. Percentage weight 
loss for cuts coated with calcium alginate were somewhat ex
aggerated since a large proportion of the weight loss could be 
attributed  to moisture loss from  the liquid coating which had 
insufficient time (following application and prior to  initial

Table 4—Mean visual microbial damage scores3 for beef cuts fol
lowing transportation for 20—21 days

Normal atmosphere 
Packaging method15

Item CA PVC VP PE

Blade chucks 1.5 1.9 - 1.4
Wholesale ribs 1.5 1.8 5.5 1.9
Trimmed loins 2.5 2.8 5.5 2.1
Boneless rounds 1.4 2.4 5.4 1.0
Combined cuts3 1.7e 2.2e 5.5d 1.6e

a Means based on a 7-point scale (7 = dry, no slime formation; 1 = 
wet, moist or dry; extensive colony or mold growth).

'’ CA = calcium alginate spray coating, PVC = polyvinyl chloride 
film wrapping, VP = vacuum packaging, PE = unwrapped cuts in 
polyethylene-lined boxes.

c Means for chucks, ribs, loins and rounds combined. Means on the 
same line bearing a common letter are not different (P > 0.05). 
Only means for combined cuts were tested for statistical signifi
cance.

Table 5—Mean overall appearance scores3 for beef cuts following 
transportation for 20—21 days

Normal atmosphere Modified atmosphere

Packaging method*5 Packaging method15

Item CA PVC VP PE CA PVC VP PE

Blade chucks 2.0 2.3 _ 1.6 2.4 3.1 4.9 1.5
Wholesale ribs 2.1 2.6 4.3 1.9 3.3 4.9 5.4 3.4
Trimmed loins 2.6 2.4 5.1 2.4 2.8 3.1 5.0 3.5
Boneless rounds 1.8 2.1 6.3 1.4 1.9 2.9 4.8 2.6
Combined cuts3 2.1g 2.4fg 5.2d 1.8h 2.6f 3.5e 5.Od 2.8f

3 Means based on an 8-point scale (8 = extremely desirable; 1 = 
extremely undesirable).

b CA = calcium alginate spray coating, PVC = polyvinyl chloride 
film  wrapping, VP = vacuum packaging, PE = unwrapped cuts in 
polyethyiene-lined boxes.

c Means for chucks, ribs, loins and rounds combined. Means on the 
same line bearing a common letter are not different (P >  0.05). 
Only means for combined cuts were tested for statistical signifi
cance.

Table 6—Mean bacterial counts3 for beef cuts following transpor
tation for 20—21 days

Normal atmosphere Modified atmosphere

Packaging methodb Packaging methodb

Item CA PVC VP PE CA PVC VP PE
Blade chucks 8.8 9.1 6.5 10.3 6.5 7.4 8.1 8.0
Wholesale ribs 9.0 9.4 9.5 8.9 6.4 5.8 7.3 6.9
Trimmed loins 9.5 8.6 8.1 8.5 6.3 6.2 6.5 6.5
Boneless rounds 8.8 9.3 8.6 8.5 5.9 6.6 5.9 6.5
Combined cuts3 9.0e 9.1e 8.2e 9.1e 6.3d 6.5d 6.9d 7.Od

3 Bacterial counts are reported as plate counts (log, 0) per 6.45 cm2 
of muscle surface area.

b CA = calcium alginate spray coating, PVC = polyvinyl chloride 
film wrapping, VP = vacuum packaging, PE = unwrapped cuts in 
polyethylene-lined boxes.

c Means for chucks, ribs, loins and rounds combined. Means on the 
same line bearing a common letter are not different (P >  0.05). 
Only means for combined cuts were tested for statistical signifi
cance.

Table 7—Mean weight loss percentages3 of beef cuts following 
transportation for 20—21 days

Normal atmosphere Modified atmosphere

Packaging methodb Packaging method15

Item CA PVC VP PE CA PVC VP PE

Blade chucks 1.0 0.5 — 0.6 0.8 0.5 0.3 0.2
Wholesale ribs 2.3 0.5 0.9 0.2 2.2 0.8 1.2 0.9
Trimmed loins 1.2 0.7 0.8 0.5 0.8 0.7 0.4 1.0
Boneless rounds 2.5 1.2 0.6 2.0 1.9 0.6 0.7 1.3
Combined cuts3 CO CL 0.7e 0.7e 0.8e 1,4d 0.6e 0.6e 0.8e

3 Weight loss expressed as percentages of initial cut weight. 
b CA = calcium alginate spray coating, PVC = polyvinyl chloride 

film wrapping, VP = vacuum packaging, PE = unwrapped cuts in 
polyethylene-lined boxes.

c Means for chucks, ribs, loins and rounds combined. Means on the 
same line bearing a common letter are not different (P >  0.05). 
Only means for combined cuts were tested for statistical signifi
cance.
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weighing) to lose the water associated w ith CA application. As 
a result, the real effect o f calcium alginate coating on meat 
tissue shrinkage was no t determ ined. Weight losses did not 
differ (P >  0.05) among cuts in PVC, VP or PE treatm ents. 
Van atmosphere did not affect (P >  0.05) shrinkage.

Table 8—Traits and measures for combined beef cutsa and com
bined atmospheric conditions^ following transportation for 20—21 
days

Packaging methode

Item CA PVC VP PE

Muscle colord 4.5I 4.7I 5.9k 4.7I
Surface discoloration6 2.6I 3.0I 4.7k 2.7I
Subcutaneous fat freshness£ 3.0k 3.4k 3.7k 3.0k
Visual microbial damage^ 1.71 2.11 5.0k 1.61
Overall appearance1* 2.4m 3.01 5.1k 2.3m
Bacterial count* 7.7k 7.8k 7.6k 8.1k
Weight loss (%)i 1.6k 0.71 0.7I 0.8I

a Means for chucks, ribs, loins and rounds combined. Means on the 
same line bearing a common letter are not different (P > 0.05).

k Means for normal atmosphere and modified atmosphere com
bined.

c CA = calcium alginate spray coating, PVC = polyvinyl chloride 
film , VP = vacuum packaging, PE = unwrapped cuts in polyethyl
ene-lined boxes.

^ Means based on an 8-point scale (8 = very bright cherry red; 1 = 
very dark red).

e Means based on a 7-point scale (7 = no surface discoloration; 1 = 
total surface discoloration).

t  Means based on a 6-point scale (6 = very fresh; 1 = extensive 
deterioration).

£ Means based on a 7-point scale (7 — dry, no slime formation; 1 = 
wet, moist or dry; extensive colony or mold growth).

h Means based on an 8-point scale (8 = extremely desirable; 1 = 
extremely undesirable).

i  Mean plate counts (log, 0) per 6.45 cm2 of muscle surface area.
J Weight loss expressed as percentage of initial cut weight.

Table 9—Mean appearance scores, bacterial counts and weight 
losses for combined subprimal cuts evaluated 20—21 days after vac
uum packaging^

Terminal vacuum level

Trait High Intermediate None

Muscle colora 6.3g 5.8g 5.8g
Surface discoloration13 5.3g 5.3g 3.5h
Subcutaneous fat freshness6 4.3g 3.5g 3.2g
Visual microbial dam aged 7.0g 7.0g 7.0g
Overall appearancee 5.7g 5.3gh 4.3h
Bacterial count (log, 0 )f 7.3g 7.1g 7.4g
Weight loss (%) 1.0g 0.6g 0.7g

a Means based on an 8-point scale (8 = very bright cherry red; 1 = 
very dark red).

b Means based on a 7-point scale (7 = no discoloration; 1 = total 
discoloration).

c Means based on a 6-point scale (6 = very fresh; 1 = extensive 
deterioration).

d Means based on a 7-point scale (7 = dry, no slime formation; 1 = 
wet, moist or dry; extensive colony or mold growth).

e Means based on an 8-point scale (8 = extremely desirable; 1 = 
extremely undesirable).

f Reported as the number of microorganisms per 6.45 cm2 of sur
face area.

£ Means on the same line bearing a common letter are not signifi
cantly (P > 0.05) different.

An evaluation of packaging m ethod, disregarding the effect 
of van atm osphere, on certain traits and measures for beef cuts 
is presented in Table 8. Vacuum packaged cuts had (P <  0.05) 
the brightest muscle color, the least surface discoloration, the 
least visual microbial damage, the highest overall appearance 
scores and among the lowest weight losses in the present 
study. Neither calcium alginate coating nor shipm ent in poly
ethylene-lined boxes satisfactorily m aintained condition of 
beef cuts during 20—21 days intransit. PVC film wrapping was 
the most desirable of the three aerobic packaging systems but 
still would not be satisfactory for shipm ents of this duration.

Failure to maintain the integrity o f vacuum packages during 
transport and storage has been shown by M arriott et al. (1977) 
to  profoundly influence the appearance and condition of vac
uum packaged cuts. In Tables 1 through 8, comparisons were 
made between beef cuts packaged by use of four methods 
w ithout accounting for the fact tha t some of the vacuum pack
ages were not in tact at the destination. 75% of the vacuum 
packaged boneless rounds, 37.5% of the wholesale loins, 25% 
of the wholesale ribs and 25% of the blade chucks had main
tained high levels of vacuum upon evaluation in Japan; 0, 37.5,
12.5 and 0% of the specified cuts, respectively, had completely 
lost their vacuum. Mean appearance scores, bacterial counts 
and weight losses for combined subprim al cuts evaluated 
20—21 days after packaging are presented in Table 9. Terminal 
vacuum level was not associated with scores for  muscle color, 
subcutaneous fat freshness or visual microbial damage and did 
not significantly (P >  0.05) affect bacterial counts o r weight 
losses during transit and storage. Beef cuts which m aintained 
high vs interm ediate levels o f vacuum during transit-storage did 
not differ (P >  0.05) in surface discoloration or overall appear
ance ; but those with high term inal vacuum levels sustained less 
(P <  0.05) surface discoloration and had higher (P <  0.05) 
overall appearance scores than cuts which were leakers at the 
shipm ent destination. These data reiterate the im portance of 
maintaining the integrity of vacuum packages during long-term 
shipments of fresh beef.

Effects of van atm osphere and packaging m ethod on traits 
and measures for beef quarters are summarized in Table 10. 
Irrespective of van atm osphere, quarters wrapped with PVC

Table 10-Effects of van atmosphere and packaging method on 
traits and measures for beef quarters following transportation for 
20-21 daysf

Normal atmosphere Modified atmosphere

Packaging method6 Packaging method6
Item CA PVC CS NA CA PVC CS NA

Surface 1.6g 2.9f 2.2g 2.2g l.2g 2.8f 1.4g 1-2g
discoloration^

Overall 2.4h 3.1 f 2.7g 2.8g 2.Oh 3.5f 2.Oh 2.Oh
appearance6

Bacterial countd - - 4.7g - 6.6f 6.3f 5.5f 6.6f
Weight loss (%)e 2.6f 0.6h 1.4g 1.6g — — — —

a CA = calcium alginate spray coating, PVC = polyvinyl chloride film 
wrapping, CS = covering with a cotton stockinette, NA = unwrapped 
cuts.

b Means based on a 7-polnt scale (7 = no surface discoloration, 1 = total 
surface discoloration).

c Means based on an 8 point scale (8 = extremely desirable; 1 = ex
tremely undesirable).

d Mean plate counts (log,0) per 6.45 cm2 of subcutaneous fat surface 
area.

e Weight loss expressed as percentages of initial quarter weight.
f Means on the same line bearing a common letter are not different (P 

>  0.05).
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film had less (P <  0.05) surface discoloration and were more 
desirable (P <  0.05) in appearance than unprotected quarters 
and quarters protected with calcium alginate or co tton  stock
inettes. Contrary to  suggestions by Rea et al. (1972), quarters 
wrapped w ith PVC film did not have excessively high bacterial 
counts. The latter result undoubtedly was associated with use 
o f a modified atm osphere in transit. Quarters wrapped in PVC 
film sustained less shrinkage than quarters in the CA, CS or 
NA treatm ents. Although there were significant differences in 
all of the traits among packaging m ethods, they are incon
sequential since none of the quarters was acceptable in appear
ance at the destination. Of the m ethods presently available for 
protecting fresh beef quarters during long-distance trans
oceanic shipm ents, PVC film wrapping and use of modified 
atm ospheres appears to  be the best.

The following conclusions were drawn from the data o f the 
present study: (1) Use of a 0.02% solution of sodium hypo
chlorite (NaOCl) did not affect the term inal condition of beef 
quarters or cuts. (2) Use of modified atm osphere was asso
ciated with significant improvements in subcutaneous fat 
freshness and overall appearance of beef cuts and quarters. (3) 
The best m ethod for protecting beef cuts during long-distance 
shipm ents was vacuum packaging. (4) The best system for pro
tecting fresh beef quarters against deterioration during long
distance shipments consisted of wrapping with PVC film and 
transportation in a modified atm osphere van, but quarters 
treated in this manner were not acceptable in appearance or 
condition upon arrival at the destination.
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SHORT-TERM TRANSOCEANIC

------- ABSTRACT ———— — ---- —
Two refrigerated (0 to -1°C) vans containing polyvinyl chloride film 
(PVC) wrapped or vacuum packaged (VP) beef cuts were monitored 
from Richmond, Calif, to Honolulu, Hawaii. One van had a normal 
(ambient air) atmosphere; the other van had a modified (60% C02,25% 
0 3, 15% N2) atmosphere. Neither packaging system nor van atmos
phere affected (P > 0.05) appearance of cuts evaluated 5 -6  days after 
packaging. However, VP cuts evaluated 7 -9  days after packaging were 
superior (P < 0.05) in appearance traits to PVC cuts in 6 of 10 compar
isons of cuts in normal atmosphere vans and in only 1 of 10 compari
sons of cuts in modified atmosphere vans. Use of a modified atmos
phere decreased (P < 0.05) microbial growth on cuts shipped and/or 
stored for 7-9  days. Neither packaging method nor van atmosphere 
affected (P > 0.05) weight losses during transit and storage. Cuts with 
high levels of terminal vacuum were superior (P < 0.05) to those 
wrapped with PVC film in: freedom from surface discoloration (5-9  
days), overall appearance (5-9 days), bacterial counts (7-9 days), and 
trim losses (7—9 days). Vacuum packaged cuts which were leakers (no 
terminal vacuum) did not differ from those wrapped with PVC film in 
any appearance trait (5 -9  days) but sustained increased (P < 0.05) 
purge loss after 5 -6  days of transit-storage. Short interval (5-6 days) 
transoceanic beef shipments can be consummated with acceptable prod
uct condition in normal atmosphere vans and wrapped in PVC film; if 
longer transit-storage periods (7—9 days) prior to cutting are antici
pated, cuts should either be vacuum packaged or wrapped with PVC 
film and shipped in modified atmosphere vans.

INTRODUCTION
FRESH BEEF shipm ents involving 5 days for transit and 2 —4 
days for subsequent storage prior to retail cutting are en
countered when beef is shipped great distances within this 
country or when beef is shipped from the United States to 
other countries. Selection of appropriate packaging materials 
and storage conditions are essential to prevent shrinkage and 
to protect the product from spoilage.

Hoke (1967) and Pohja et al. (1969) have identified m eth
ods for decreasing microbial growth and extending the storage- 
life o f fresh m eat by use of modified atmospheric conditions. 
Hoke (1967) reviewed studies of the effect of atmospheric 
conditions on m eat quality and concluded that meat stability 
during transit and storage could be enhanced by modifying the 
atmosphere to contain a higher percentage of carbon dioxide. 
Pohja et al. (1969) found that m eat stability was improved by 
use of atmospheres with high concentrations of carbon diox
ide, whereas increased nitrogen concentration in the atm os
phere did not significantly improve product condition. Led- 
ward (1970) reported tha t carbon dioxide atmospheres did not 
significantly affect the oxidation rate of myoglobin or ulti
mate discoloration of meat.

The efficacy of vacuum packaging for protection of fresh 
beef is well docum ented (Baran et al., 1969; Hodges et al., 
1974; Minks and Stringer, 1972;O rdal, 1962; Seideman et al., 
1976a); however, vacuum packaging is expensive. Rea et al.
(1972), Berry et al. (1971) and Simmons (1974) have dem on

N. G. M A R R IO T T , G. C. SM IT H , K . E . H O K E  and Z. L . C A R P E N T E R  
Meats and Meat Chemistry Section, Dept, o f Anim al Science 

Texas A  & M  University, College Station, T X  77843  
and U SD  A  Transportation and Packaging Research Laboratory, A R S

A M R I, Beltsville, M D  20705

SHIPMENTS OF FRESH BEEF

strated very satisfactory preservation of beef for periods of 
approxim ately 7 days via use of polyvinyl chloride (PVC) film. 
Films like PVC are much less expensive than vacuum packages.

The present study determined the effects of two atmos
pheres (normal and modified) and two packaging systems (vac
uum  packaging and PVC film wrapping) on the condition of 
fresh beef following short-term  transoceanic shipm ent and sub
sequent storage.

EXPERIMENTAL
TWO REFRIGERATED VANS, adjusted to maintain temperatures of 
—1 to 0°C, were loaded with meat and monitored from shipment origin 
(Richmond, Calif.) to destination (Honolulu, Hawaii). One van had a 
normal (ambient air) atmosphere, the other van was charged with a 
modified atmosphere which contained 60% C02,25% 0 2, and 15% N2. 
Twenty of each beef cut (bone-in blade chucks, semi-boneless rounds 
and boneless sirloin tips) from each van were evaluated. One-half of the 
cuts of each kind were vacuum packaged in bags comprised of co-ex- 
truded EVA-Saran (ethyl vinyl acetate and polyvinyl chloride-poly- 
vinylidene copolymer); the remaining cuts were wrapped in PVC film. 
Nominal permeability characteristics for VP and PVC films were as 
follows: oxygen transmission rates (OTR = cc/m2/24 hr/23.9°C/50% 
RH) were 35 (VP) and 8370 (PVC); moisture vapor transmission rates 
(MVTR = g/m2/24 hr/37.7°C/70% RH) were 10 (VP) and 228 (PVC). 
Each refrigerated van contained 60 test cuts as part of a mixed meat 
load composed of fresh beef, pork and poultry as well as processed 
meats destined for a retail outlet.

All cuts in each treatment were weighed, muscle surfaces were 
swabbed by use of a 12.9 sq cm aluminum template (to obtain bacterial 
samples) and subjectively evaluated at both origin and destination by a 
trained pair of evaluators. Rating scales used for evaluating beef cuts 
were as follows: an 8-point scale for muscle color (8 = very bright 
cherry red; 1 = very dark red); a 7-point scale for surface discoloration 
(7 = no surface discoloration; 1 = total surface discoloration); a 6-point 
scale for freshness of subcutaneous fat (6 = very fresh; 1 = extensive 
deterioration); a 7-point scale for visual microbial damage (7 = dry, no 
slime formation; 1 = wet, moist or dry; extensive colony formation or 
mold growth); an 8-point scale for overall appearance (8 = extremely 
desirable; 1 = extremely undesirable); and a 3-point scale for degree of 
vacuum (3 = high vacuum; 1 = total loss of vacuum).

The two test vans were loaded in Richmond, Calif., pulled overland 
to the harbor in Oakland, Calif., loaded on an ocean-going vessel and 
shipped to Honolulu, Hawaii. Upon arrival at the destination, the meat 
vans were pulled overland to two retail outlets where they were un
loaded. Cuts were monitored in the retail outlets over a period of 5 -9  
days following packaging. Losses associated with moisture evaporation, 
purge and surface trimming were determined during this period.

Temperature data were collected during cutting, loading, transit and 
unloading. Ryan (models D and F) recording thermometers were posi
tioned at various locations within each van. Additional temperature 
data were obtained from 24 thermocouples strategically located in each 
van to measure air and product temperature by use of a potentiometer.

Bacterial samples were stored in sterile 0.1% peptone broth, care
fully packed with ice, placed in a plastic foam container and shipped by 
air (time intransit was 20 hr) to the Texas A & M University Meat 
Laboratory, diluted to appropriate concentrations in 0.1% peptone 
broth, plated on standard plate count agar, incubated at 25°C for 3 
days and subsequently counted.
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Data were analyzed by analysis of variance (Snedecor and Cochran, 
1967). Mean separation techniques of Duncan (1955) and Kramer
(1956) were used to compare mean values when analysis of variance 
indicated that the main effects were significant at the 0.05 probability 
level.

RESULTS & DISCUSSION
DATA from recording therm om eters and therm ocouples used 
during loading, transit and unloading revealed that the average 
temperature during shipm ent was — 1.1°C for the normal 
atmosphere van and 0.6°C for the m odified atm osphere van. 
Temperature w ithin the vans during shipm ent ranged from 
-3 .9  to  +5.0°C which was less variable than that reported by 
Johnson e t al. (1959) and closely paralleled results reported by 
Rea et al. (1972).

Neither shipm ent atm osphere nor packaging m ethod (Table 
1) significantly affected the appearance of blade chucks evalu
ated 5 days after cutting and packaging. Based on these data, 
the least expensive protection  system (PVC film and normal 
atm osphere) was adequate for protecting chucks during trans
oceanic shipments of 5 days duration. More rigid tem perature 
contro l could potentially increase transit and storage time 
beyond 5 days.

Mean appearance scores fo r blade chucks evaluated 7 days 
after fabrication and packaging are presented in Table 2. Mus
cle color was not significantly affected by either packaging 
m ethod or van atm osphere. Transit atm osphere had no signifi
cant effect on any appearance trait. In four of eight com pari
sons, vacuum packaged cuts had significantly (P <  0.05) less 
surface discoloration, subcutaneous fat deterioration and 
visual microbial damage as well as higher overall appearance 
scores than those wrapped in PVC film. These data suggest 
that for transit and storage periods of 7 days, vacuum packag
ing provided increased product protection; whereas, use of a 
modified atmosphere did not significantly improve product 
appearance.

Neither shipm ent atm osphere nor packaging m ethod (Table
3) significantly affected the appearance of semi-boneless 
rounds evaluated 6 days after cutting and packaging. These 
results support use of PVC film wrapping and normal atmos

Table 1—Mean appearance scores for blade chucks evaluated 5 
days after packaging

T rait

Normal
atmosphere*

Modified
atmosphere*

Vacuum PVC film 
packaged wrapped

Vacuum
packaged

PVC film 
wrapped

Muscle colora 6.Of 6.3f 6.0f 6.2f
Surface discolorationb 4.1f 5.2f 4.8f 3.9f
Subcutaneous fat freshness0 4.4f 4.3f 5.3f 4.Of
Visual microbial damage0* 5.6f 6 .Of 5.9f 5.2f
Overall appearancee 4.4f 5.2f 5.Of 3.8f

a Means based on an 8-point scale (8 = very bright cherry red : 1 = 
very dark red)

13 Means based on a 7-polnt scale (7 = no discoloration; 1 = total 
discoloration)

c Means based on a 6-polnt scale (6 = very fresh; 1 - extensive 
deterioration)

d Means based on a 7-point scale (7 = dry, no slime formation; 1 = 
wet, moist or dry; extensive colony or mold growth)

e Means based on an 8-polnt scale (8 - extremely desirable; 1 = 
extremely undesirable)

f Means on the same line bearing a common letter are not signifi
cantly (P > 0.05) different.

pheric conditions to pro tect rounds for transoceanic shipm ents 
which involve 6 days of transit and storage.

Mean appearance scores for semi-boneless rounds evaluated 
8 days after fabrication and packaging are presented in Table
4. Muscle color and subcutaneous fat freshness were n o t signif
icantly affected by either packaging m ethod or van atm os
phere. Transit atm osphere did not significantly affect any of 
the appearance traits except visual microbial damage. Use o f a 
modified atm osphere was associated with reduced visual 
microbial damage (Table 4) and lower bacterial counts (Table
5). Vacuum packaged cuts shipped in normal atmosphere vans 
had less (P <  0.05) surface discoloration and visual m icrobial 
damage and were more desirable in overall appearance than 
PVC wrapped cuts.

Collectively, these data suggest no benefit for use of m odi
fied atm ospheric conditions for PVC wrapped cuts transported 
and stored for 5 or 6 days (Tables 1 and 3). However, PVC 
wrapped cuts m aintained in the m odified atmosphere during 
transportation (for 5 days) and subsequently stored in normal 
atmosphere coolers for 2 —3 days (Tables 2 and 4) had num eri
cally higher scores in nine of ten com parisons of appearance 
traits. Maintenance of high concentrations of C 0 2 and/or N2 
around fresh meat cuts causes discoloration of the muscle sur
face (Ledward, 1970; Simmons, 1974) either because of 
anoxia or because C 0 2 causes a change in muscle pH (Led
ward, 1970). Cuts evaluated w ithin 1 hr following opening of 
the van were discolored (Table 1) to  a greater ex ten t than cuts 
from the normal atmosphere van; cuts evaluated 24 hr follow
ing opening of the van still had more surface discoloration 
than cuts from the normal atm osphere van (Table 3); cuts 
evaluated 4 8 —72 hr following opening of the van (and con
com itant loss o f the m odified atm osphere) were less discolored 
and more desirable in overall appearance than were PVC 
wrapped cuts shipped in normal atmosphere vans (Tables 2 
and 4).

Mean bacterial counts for com bined beef subprimals evalu
ated 5—9 days after fabrication and packaging are presented in 
Table 5. Increased concentrations of C 0 2 are known to inhibit 
the growth of aerobic meat-spoilage microorganisms (Clark 
and Lentz, 1969; Pohja et al., 1969). Data of the present study

Table 2—Mean appearance scores 
days after packaging

for blade chucks evaluated 7

Normal Modified
atmosphere* atmospheref

Vacuum PVC film Vacuum PVC film
Trait packaged wrapped packaged wrapped

Muscle colora 6.6f 6.1 f 6.7f 6.8f
Surface discoloration13 4.5f 3.0g 3.7fg 3.4g
Subcutaneous fat freshness0 4.5f 3.0g 5.4f 3.7fg
Visual microbial damage^ 5.8g 5.3g 6.9f 5.8g
Overall appearancee 4.6f 2.8g 4.1 f 3.1 f g

a Means based on an 8-polnt scale (8 - very bright cherry red; 1 = 
very dark red)

b Means based on a 7-ooint scale (7 = no discoloration; 1 = total 
discoloration)

c Means based on a 6-point scale (6 = very fresh; 1 = extensive 
deterioration)

^ Means based on a 7-point scale (7 = dry, no slime formation; 1 = 
wet, moist or dry; extensive colony or mold growth)

e Means based on an 8-point scale (8 = extremely desirable; 1 = 
extremely undesirable)

* Means on the same line bearing a common letter are not signifi
cantly (P > 0.05) different.
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Table 3—Mean appearance scores for semi-boneless rounds evalu
ated 6 days after packaging

Normal
atmosphere*

Modified
atmosphere*

Trait
Vacuum
packaged

PVCfilm
wrapped

Vacuum
packaged

PVC film 
wrapped

Muscle color3 5.8f 5.8f 6.2f 6.7f
Surface discoloration13 5.3f 4.6f 3.5f 3.6f
Subcutaneous fat freshness0 3.6f 4.5f 3.7f 4.4f
Visual microbial damaged 6.2f 5.9f 5.7f 6.Of
Overall appearancee 5.2f 4.7f 3.5f 3.9f

3 Means based on an 8-point scale (8 = very bright cherry red; 1 = 
very dark red)

b Means based on a 7-point scale (7 ~ no discoloration; 1 = total 
discoloration)

c Means based on a 6-polnt scale (6 = very fresh; 1 - extensive 
deterioration)

d Means based on a 7-point scale {7 Sr dry, no slime formation; 1 = 
wet, moist or dry; extensive colony or mold growth)

e Means based on an 8-point scale (8 = extremely desirable; 1 = 
extremely undesirable)

1 Means on the same line bearing a common letter are not signifi
cantly (P > 0.05) different.

Table 4—Mean appearance scores for semi-boneless rounds evalu
ated 8 days after packaging

Normal Modified
atmosphere1 atmosphere*

Vacuum PVCfilm  Vacuum PVCfilm  
Trait packaged wrapped packaged wrapped

Muscle color3 7.Of 6.3f 6.8f 6.6f
Surface discoloration13 4.6f 1.8g 2.5fg 2.5fg
Subcutaneous fat freshness0 2.3f 3.2f 3.4f 3.2f
Visual microbial damaged 5.Of 4.0g 5.4f 5.0f
Overall appearance15 4.6f 1.7g 2.5g 2.6g

a Means based on an 8-point scale (8 = very bright cherry red; 1 = 
very dark red)

b Means based on a 7-point scale (7 = no discoloration; 1 = total 
discoloration)

c Means based on a 6-point scale (6 = very fresh, 1 = extensive 
deterioration)

d Means based on a 7-point scale (7 = dry, no slime formation; 1 = 
wet, moist or dry; extensive colony or mold growth)

e Means based on an 8-point scale (8 = extremely desirable; 1 = 
extremely undesirable)

* Means on the same line bearing a common letter are not signifi
cantly (P > 0.05) different.

(Table 5) support previous findings in this regard although 
differences were no t always consistent enough for statistical 
significance. Nevertheless, bacterial counts were lower (P <  
0.05) for PVC wrapped cuts shipped in vans equipped w ith a 
modified atm osphere and evaluated 7—9 days after packaging 
(Table 5) than were counts for PVC wrapped cuts shipped in 
normal atm osphere vans. These data suggest tha t use of a mod
ified atmosphere containing up to  60% CO2 had an inhibitory 
effect on microbial growth which was especially evident for 
cuts evaluated 7—9 days after fabrication and packaging.

As has been reported previously (Smith et al., 1974) bac
terial counts from  vacuum packaged cuts are not always lower 
than those for cuts wrapped with oxygen permeable films. 
However, it is im portant that the genera of bacteria which 
predom inate may be different (Lactobacillus in anaerobically 
packaged cuts and Pseudomonas in aerobically packaged cuts, 
Seideman et al., 1976b). Use of modified atmosphere condi
tions decreased (P <  0.05) visual microbial damage for PVC 
wrapped semi-boneless rounds evaluated 8 days after packag
ing (Table 4) and for vacuum packaged blade chucks evaluated 
7 days after packaging (Table 2). Although gaseous atm os
pheric conditions would not normally be expected to affect 
microbial counts on vacuum packaged cuts, the incidence of 
vacuum package failure (almost 42% of these cuts were 
“leakers” in the present study) was such that statistically sig
nificant effects o f atmosphere on visual microbial damage 
(Table 2) and overall appearance (Table 4) were observed in 
the present study.

Failure to  maintain the integrity of vacuum packages during 
transport and storage had a profound influence on data of the 
present study. In Tables 1 through 5, comparisons are made 
between vacuum packaged and PVC wrapped cuts w ithout 
accounting for the fact that many of the vacuum packages 
were no t intact at the destination. Such data can be mislead
ing. Correspondingly, data presented in Tables 6 through 9 
com pare cuts wrapped with PVC film with those in vacuum 
packages segmented into three groups on the basis of terminal 
vacuum levels (at the tim e of evaluation at the destination). 
Among semi-boneless rounds, blade chucks and sirloin tips,
23.6, 20.0 and 35.4%, respectively, of the cuts had high term i
nal vacuum levels; while 52.8, 50.0 and 22.9%, respectively,

had suffered com plete loss o f vacuum at shipm ent destination.
A com parison of appearance scores for com bined cuts eval

uated 5—6 days after fabrication and packaging is presented in 
Table 6. Vacuum packaged cuts with high or interm ediate 
levels o f vacuum sustained less (P <  0.05) surface discoloration 
and had higher overall appearance scores than vacuum pack
aged cuts which sustained to tal loss o f vacuum or those cuts 
wrapped in PVC film. There were no significant differences in 
muscle color, subcutaneous fat freshness or visual microbial 
damage which were attributed  to  packaging treatm ent or vac
uum  level.

Bacterial counts and weight losses for combined subprimal 
cuts evaluated 5 - 6  days after packaging are presented in Table
7. Neither packaging treatm ent nor vacuum level significantly 
affected bacterial counts. Cuts packaged in PVC film had less 
purge loss than did vacuum packaged cuts which were leakers, 
bu t term inal vacuum level did not significantly affect purge 
loss among vacuum packaged cuts. At transport-storage inter
vals o f 5—6 days neither vacuum level nor packaging m ethod 
significantly affected weight losses or bacterial counts.

A comparison of appearance scores for subprimal cuts eval
uated 7 - 9  days after packaging is presented in Table 8 . Vac
uum packaged cuts with high or interm ediate levels of vacuum 
sustained less (P <  0.05) surface discoloration and had higher

Table 5—Bacterial countsa for beef cuts

Storage
interval

Normal atmosphere13 Modified atmosphere13

Vacuum PVC film Vacuum PVCfilm
(days) packaged wrapped packaged wrapped

5 -6 8.4b 8.4b 7.3c 8,0bc
7 -9 6.9c 8.4b 6.5c 6.8c

a Bacterial counts are reported as the number (log10) of microor
ganisms per 6.45 cm2 of surface area, 

b Means on the same line bearing a common letter are not signifi
cantly (P > 0.05) different.
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Table 6 —Mean appearance scores for combined subprimal cuts
evaluated 5 —6 days after packaging

Trait

Packaging method1

PVC film 
wrapped

Vacuum packaging 

Terminal vacuum level 

High Intermediate None

Muscle color3 6.1 f 6.8f 6.8f 6.5f
Surface discoloration13 3.3g 5.7f 5.7f 3.2g
Subcutaneous fat freshness0 3.2f 4.2f 4.Of 3.8f
Visual microbial damage'1 5,7f 6.Of 6.2f 6.0f
Overall appearancee 3.2g 5.8f 5.5f 3.2g

3 Means based on an 8-point scale (8 = very bright cherry red; 1 = 
very dark red)

b Means based on a 7-point scale (7 = no discoloration; 1 = total 
discoloration)

c Means based on a 6-point scale (6 = very fresh; 1 = extensive 
deterioration)

d Means based on a 7-point scale (7 = dry, no slime formation; 1 = 
wet, moist or dry; extensive colony or mold growth)

e Means based on an 8-point scale (8 = extremely desirable; 1 = 
extremely undesirable)

1 Means on the same line bearing a common letter are not signifi
cantly (P > 0.05) different.

overall appearance scores than those cuts w ith total vacuum 
loss (leakers) or those cuts wrapped in PVC film. No signifi
cant differences in muscle color, subcutaneous fat freshness or 
visual microbial damage were associated with either packaging 
m ethod or terminal vacuum level. Vacuum packaging provides 
superior product protection in comparison to  use of PVC film 
if the vacuum packages remain intact; however, 41.9% of the 
packages in this test had sustained to tal vacuum loss by 7 —9 
days after packaging. These data suggest that packages which 
sustain to ta l loss of vacuum do not provide improved protec
tion in com parison to use of PVC film. Since vacuum pack
aging costs more than five times as much as PVC film wrapping 
(Smith et al., 1976) the economic consequences of using a 
packaging system with this kind of failure rate is self-evident.

Weight losses and purge losses were not significantly 
affected by packaging m ethod (Table 9). Bacterial counts did 
not differ (P >  0.05) among vacuum packaged cuts; however, 
cuts wrapped in PVC film had higher (P <  0.05) counts than 
any o f the cuts which were vacuum packaged. Subprimals 
which had high or interm ediate levels of vacuum at destination 
had less (P <  0.05) trim  loss than those which were leakers or 
those which were wrapped in PVC film. Although cuts 
wrapped in PVC film and shipped in a modified atmosphere 
had fewer (P <  0.05) bacteria to cause discoloration, C 0 2 
from  the modified atmosphere appeared to  be partially respon
sible for muscle surface discoloration; therefore, trim loss was 
attribu ted  to  chemical discoloration. Discoloration associated 
with use of the modified atmosphere apparently negated bene
fits of reduced microbial load.

To establish relationships between visual traits associated 
with product stability and actual percentages of trim  loss, sim
ple correlation analyses were perform ed and results are pre
sented in Table 10. Higher scores for appearance traits (indica
tive of greater product stability) were associated (P <  0.05) 
with decreased trim  loss. Overall appearance scores were most 
closely associated with am ount of trim loss required 7 - 9  days 
after packaging, indicating that this trait was most indicative 
of deterioration of the product during transit and storage. The 
fact that bacterial count was not indicative of trim  loss further 
supports the contention that the type of bacteria rather than

Table 7—Bacterial counts, weight losses and purge losses for 
combined subprimal cuts evaluated 5—6 days after packaging

Packaging methodb

Vacuum packaging

Terminal vacuum level PVC film ___________________________
Trait wrapped High Intermediate None

Bacterial count (log, o>a 8.4b 8.1b 8.1b 8.2b
Weight loss (%) 0.33b 0.40b 0.20b 0.26b
Purge loss (%) 0.02c 0.10bc 0.1 Obc 0.31b

a Reported as the number {log, 0) of microorganisms per 6.45 cm2 
of surface area

b Means on the same line bearing a common letter are not signifi
cantly (P > 0.05) different.

Table 8—Mean appearance scores for combined subprimal cuts 
evaluated 7—9 days after packaging

Packaging methodf

Vacuum packaging

___ ... Terminal vacuum levelPVC film ______________________
Trait wrapped High Intermediate None

Muscle colora 6.3f 7.Of 7.5f 6.5f
Surface discolorationb 1.8g 5.5f 6.Of 1.5g
Subcutaneous fat freshness0 3.2f 2.Of 2.5f 2.5f
Visual microbial damage^ 4.Of 5.Of 5.Of 5.Of
Overall appearancee 1-7g 5.5f 6.0f 1 -5g

a Means based on an 8-point scale (8 = very bright cherry red; 1 = 
very dark red)

b Means based on a 7-point scale (7 = no discoloration; 1 = total 
discoloration)

c Means based on a 6-point scale (6 = very fresh; 1 = extensive 
deterioration)

d Means based on a 7-point scale (7 = dry, no slime formation; 1 = 
wet, moist or dry; extensive colony or mold growth)

e Means based on an 8-point scale (8 = extremely desirable; 1 = 
extremely undesirable)

f Means on the same line bearing a common letter are not signifi
cantly (P > 0.05) different.

Table 9—Bacterial counts, weight losses, purge losses and trim 
losses for combined subprimal cuts evaluated 7—9 days after packag
ing

Packaging methodb

Vacuum packaging

Terminal vacuum level
Trait wrapped High Intermediate None

Bacterial count (log, 0)a 8.4b 7.0c 6.8c 7.1c
Weight loss (%) 0.64b 0.45b 0.20b 0.41b
Purge loss (%) 0.50b 0.40b 0,20b 0.21b
Trim loss (%) 2.75b 0.50c 0.50c 2.68b

a Reported as the number of microorganisms per 6.45 cm2 of sur
face area.

b Means on the same line bearing a common letter are not signifi
cantly (P > 0.05) different.
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Table 10—Correlation of appearance scores and bacterial counts 
with trim losses from combined subprimal cuts evaluated 7—9 days 
after packaging

Trait

Trim loss (%)
Correlation
coefficient

Muscle color3 -0 .5 0 **
Surface discoloration15 -0 .6 8 **
Subcutaneous fat freshness0 -0 .5 8 **
Visual microbial damage^ -0 .6 0 **
Overall appearance® -0 .7 8 **
Bacterial count (log, 0 )f 0.01

a Means based on an 8-point scale (8 - very bright cherry red; 1 = 
very dark red)

b Means based on a 7-point scale (7 = no discoloration; 1 = total 
discoloration)

c Means based on a 6-point scale {6 = very fresh; 1 = extensive 
deterioration)
Means based on a 7-polnt scale (7 = dry, no slime formation; 1 = 
wet, moist or dry; extensive colony or mold growth) 

e Means based on an 8-point scale (8 = extremely desirable; 1 = 
extremely undesirable)

* Reported as the number of microorganisms per 6.45 cm2 of 
surface area 

* *  P <  0 .0 1 .

the number of bacteria is critical in determining the rate and 
extent of product deterioration during storage.

The following conclusions were drawn from  these data: (1) 
Since neither packaging nor atmosphere significantly (P >  
0.05) affected appearance of cuts evaluated 5—6 days after 
packaging, econom ic considerations favor use of PVC film and 
a normal atm osphere for transit-storage intervals of this dura
tion. (2) Cuts in in tact vacuum packages which were evaluated
7—9 days after packaging were superior in appearance to  those 
with to ta l vacuum loss and those wrapped w ith PVC film. (3) 
Use of a modified atmosphere significantly (P <  0.05) de
creased microbial growth on PVC wrapped cuts shipped and/or 
stored for 7—9 days but no differences were found with 
shorter transit-storage periods. (4) Use of a modified atm os
phere decreased appearance of PVC wrapped cuts which were 
evaluated within 24 hr after removal from the van, bu t im
proved the appearance of these cuts when they were evaluated 
48—72 hr after removal from the modified atm osphere van.
(5) Neither packaging m ethod nor van atmosphere affected (P 
>  0.05) weight losses during transit and storage. (6) Trans
oceanic shipments of fresh beef can be conducted w ith accept

able results: (a) by use of PVC film if the subprimal cuts are 
fabricated into retail cuts within 6 days after packaging; or (b) 
as in tact vacuum packages if longer transit and storage periods 
are necessary.
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EFFICACIES OF THREE SANITIZERS UNDER SIX CONDITIONS 
OF APPLICATION TO SURFACES OF BEEF

---------------------------  ABSTRACT — — ---------------------
Efficacies and optimum application conditions of three sanitizers (chlo
rine, 200-250 ppm; acetic acid, 4.0%; and quaternary ammonium, 3.78 
g/liter) were determined. Variables were three rates of flow of sanitizer 
(1.7, 3.4 and 6.8 liters/min), washed and unwashed meat, warm (38°C) 
and cold meat (3.3°C), and two pressures of sanitizer application (3.5 
and 14.0 kg/cm2). Results were averaged over other variables providing 
the following data for individual variables. Acetic acid gave a high initial 
average decrease in counts (-1.47 log), and counts decreased (-1.79 
log) up to 48 hr after sanitization. Chlorinated solution caused an initial 
mean difference of -0.31 log and a difference after 48 hr of 0.53. The 
quaternary ammonium compound produced differences of -0.79 and 
-0.03 log in immediate and 48-hr counts. Acetic acid and hypochlorite 
were nonselective, but the quaternary sanitizer allowed more oxidase 
positive, nonfermentative bacteria to survive.

INTRODUCTION
SANITIZERS are used in the food industry to  destroy m icro
organisms on food contact surfaces. These same sanitizers can 
kill microorganisms on surfaces of solid foods such as meat.

Chlorinated water applied to lamb carcasses was beneficial 
at concentrations of 15—350 mg/liter, and effectiveness in
creased with concentration (Bailey, 1971). Patterson (1968) 
reported less than a one-log decrease in bacterial counts on 
dressed chickens when 5—20 m g/liter o f free residual chlorine 
were used. Kotula et al. (1974) observed average log decreases 
in counts of 1.52 and 2.31 in two tests in which samples were 
collected with swabs from beef carcasses 45 min after use of a 
chlorinated wash. Average log decreases were 2.39 and 3.07 
for the same tests when samples were collected 24 hr after the

chlorinated wash. They noted tha t the effect of high-pressure 
washing overshadowed the effects o f pH and wash water tem 
perature.

Mountney and O’Malley (1965) observed that acetic, adipic 
and succinic acids were the most inhibitory  to bacteria on 
poultry of 10 organic acids tested. They considered acetic acid 
unacceptable because of its pungent odor and effect on the 
skin.

Thom son et al. (1967) found that chlorine, antibiotics, 
)3-propiolactone, and citric and succinic acids reduced the pop
ulations of organisms on fryer breast skin. Acetic acid (pH 1.5 
and 2 .0) reduced counts on pork carcasses by 104 according to 
Biemuller et al. (1973).

Although decontam ination of meat carcasses with various 
sanitizers has been studied by many researchers, little inform a
tion is available as to optim um  application procedures.

The present study was undertaken to determine the effi
cacies of three sanitizers, optim um  conditions for applying 
them , and whether they selectively eliminated portions of the 
microflora.

MATERIALS & EQUIPMENT
Materials

Strips of fresh plate meat (beeD, approximately 20 x 30 X 1.5 cm, 
were sanitized with sodium hypochlorite (200—250 mg/liter); acetic 
acid (4.0%); and a quaternary ammonium compound. SRV-M cone 
2622 (3.78 g/liter) supplied by Dr. B. Singh, Graduate School of Public 
Health, University of Pittsburg, Pittsburg, Pa. All solutions were pre
pared with tap water and were sprayed at temperatures of
12.8—15.6°C. The pH of the sodium hypochlorite was adjusted to 6.0 
with acetic acid.

T able  1—D iffe re n c e s  in  lo g  c o u n ts  o f  m ic ro o rg a n ism s  as a f fe c te d  b y  variables s tu d ie d  in  a p p lic a tio n  o f  a c e tic  a c id

Differences in log counts3

Flow rate Pressure
Application

rate Nozzle

Mean
droplet

size

Time of sampling 
after sanitization (hr)

(liters/min) (kg/cm2 ) (ml/cm2 ) no. (pm) 0 1 24 48

1.7 3.5 0.09 5004 600 -1.16b - 1 ,33b - 1 ,48bc -1.70c
1.7 14.0 0.09 5002 350 -1.09b -1.01b - 1 ,30b -0.77b
3.4 3.5 0.18 5008 740 - 1 ,39bc -1.53b -1.92bc - 1 .96cd
3.4 14.0 0.18 5004 450 -1.53c -1.62b -1.52bc - 1 .96cd
6.8 3.5 0.36 5015 980 -1.75c - 1 .62b - 1 .61bc - 1 ,86cd
6.8 14.0 0.36 5018 590 -1.82C -1.67b -2.04c -2.41d

3 M eans o f 12 va lues averaged o ve r te m p e ra tu re  o f m e a t and w ash in g  tre a tm e n t .
b .c .d  V a lu e s  w ith  th e  sam e su p e rsc r ip ts  in  each c o lu m n  are n o t s ig n if ic a n t ly  d if fe re n t  (P  <  0 .0 5 ) .
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Equipment
Meat was washed in the meat cleaning unit and the water was sup

plied by a high pressure pumping unit as previously described (Ander
son et al., 1975). Wash water was sprayed with nozzle 5050. Sanitizers 
were sprayed in the same equipment with nozzle 5002, 5004, 5008, or 
5015 which were obtained from Spraying Systems Co., Wheaton, 111. 
Effective width of the spray pattern was 30.5 cm. Mean droplet size of 
sanitizing solution applied to the meat surface as a function of flow rate 
and pressure of application is given in Table 1.

PROCEDURE
THE EXPERIMENT was a 3 x 2 x 2 x 2  factorial in a randomized 
complete block design with three replications. Seventy-two pieces of 
meat were used for each sanitizer. Conditions of the study were three 
flow rates of sanitizing solution (1.7, 3.4 and 6.8 liters/min); washed 
and unwashed meat (confounded in rep 1 — sections 1 and 2); warm 
(38°C) and cold (3.3°C) meat (confounded in rep 2 — sections 3 and 
4); and two pressures (3.5 and 14.0 kg/cm2, confounded in rep 3 -  sec
tions 5 and 6). Nozzles were changed to obtain the correct volume for 
the different pressures. Meat moved past the sanitizing nozzle at the 
rate of 10 cm/sec.

Each day 12 pieces of meat in individual plastic bags were obtained. 
Samples used to simulate freshly slaughtered meat were preheated in 
the bags to 38°C and were tempered for 5 min at that temperature 
(referred to as warm meat).

When washing was required, a piece of warm or cold meat was 
removed from its bag, placed on a frame and washed under the follow
ing conditions before initial sampling: pressure, 14.0 kg/cm2 ; flow rate,
25.4 liters/min; nozzle distance from meat, 40 cm; speed of meat past 
nozzle, 10 cm/sec. Thus, the rate of application was 1.4 ml/cm2. After 
being washed and before being sanitized, warm and cold meat were 
placed on trays at 38 and 3.3°C, respectively, until they were sampled 
(within 20 min).

Samples, composed of 4 cores from the top surface (each 2.54 cm in 
diameter by 3 mm thickness), were taken from each piece of meat (Fig. 
1) after meat was washed (before it was sanitized) and immediately and 
1, 24, and 48 hr after it was sanitized. Initial bacterial counts on the 
meat ranged from 103-42 to 108'86/cm2, and the mean count was 
107'71 . Between times of sampling, meat was stored on open trays in a 
walk-in refrigerator (3.3°C, relative humidity 86 ± 5).

Fig. 1—P attern  fo r  re m o v in g  c o r e  sa m p le s  fro m  m e a t  b e fo r e  sa n i
tiz a tio n  (B E ), im m e d ia te ly  a f te r  s a n it iz a tio n  (A F I, 1 h r  a f te r  sa n i
tiza tio n  (11, 2 4  h r  a f te r  sa n itiz a tio n  (2 4 ) a n d  4 8  h r  a f te r  sa n itiza 
tio n  (481. \

Samples were blended in 100 ml of sterile buffered dilution water 
for 1 min. Appropriate dilutions were made. Plates were poured with 
plate count agar (Difco) and incubated three days at 28° C before col
onies were counted. Methods of plating and counting were according to 
standard methods (Hausler, 1972). A log ratio transformation was used 
to normalize the data. Before analysis the normalization of data was 
verified by the test of Kolmogorov, Smirnov and Lilliefors, and data 
were analyzed by use of ANOVA programs in the Statistical Analysis 
Systems (SAS) package (Service, 1972).

Three colonies were picked from each series of plates made before 
and 48 hr after meat was sanitized. A template with three randomly 
placed dots was used to select colonies. Plates having 30-300 colonies, 
or the nearest thereto, were placed on the template, and the three 
colonies closest to the dots were transferred to slants of triple sugar 
iron (TSI) agar. After incubation at 25°C for 48 hr, tubes were ob
served for type of fermentation and for evidence of gas and hydrogen 
sulfide.

Tests for catalase and cytochrome oxidase were performed on col
onies from the TSI slants. The catalase test was positive when gas 
bubbles were produced by cells emulsified in a few drops of 3% hydro
gen peroxide. Cells positive to the oxidase test produced a blue color on 
Pathotec CO test strips (General Diagnostics Div., Warner-Chilcott 
Laboratories, Morris Plaines, N.J.).

Numbers of isolates examined for each type of sanitizer were as 
follows: acetic acid, 210; hypochlorite, 216; and quaternary ammoni
um compound, 144. Numbers were composed equally of isolates taken 
before and after meat was sanitized.

To determine whether the microflora after sanitization differed 
from that initially present, the number of isolates which failed to pro
duce catalase or oxidase or to ferment glucose, lactose, or sucrose was 
determined. Groupings were made among isolates picked before and 
after sanitization, and the grouped data were subjected to Chi-square 
analysis.

RESULTS & DISCUSSION
CONCENTRATIONS of sanitizers were selected based on find
ings of Kotula et al. (1974), who used hypochlorite, and of 
Bali (1970), who did preliminary work with acetic acid, and 
on recom m endations of the m anufacturer of the quaternary 
ammonium compound.

Differences in log counts o f microorganisms on meat for 
different times of sampling after sanitization with acetic acid, 
hypochlorite, and a quaternary ammonium com pound are 
shown in Figure 2. Difference in log counts = logio (num ber 
of microorganisms after sanitization) — logio (num ber of 
microorganisms before sanitization). Thus, negative values 
indicate a decrease in the microbial population and positive 
values an increase.

Acetic acid gave a large initial decrease in counts, averaged 
over other variables (—1.47 log), and counts decreased up to 
48 hr after sanitization when the difference was —1.79.

Table  2 - D i f fe r e n c e s  in  log  c o u n ts  o f  m ic ro o rg a n ism s  o n  p re w a sh e d  
a n d  u n w a s h e d  m e a t  as a f f e c te d  b y  p re ssu re  a n d  v o lu m e  o f  sa n itiz e r  
fo r  sa m p le s  c o lle c te d  4 8  h r  a f te r  sa n it iz a tio n  w ith  a c e tic  a c id

Differences in log counts3

Flow rate of acetic acid (liters/min)
Pressure 
(kg/cm2 )

Type of 
meat 1.7 3.4 6.8

3.5 unwashed - 1 ,78cd - 1 ,8 6 cd - 1 ,58cd

3.5 washed - 1 ,62cd -2 .0 5 c d - 2 .1 4cd

14.0 unwashed - 1 ,46c -1.43c - 2 .6 8 d

14.0 washed -0.09b -2 .5 0 c d —2.14cd

a Means of six values.
b ,c ,d  v a lu e s  w ith  th e  sam e su p e rsc r ip t  are  n o t s ig n if ic a n t ly  d i f f e r 

ent (P  <  0 .0 5 ) .
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Table 3—Differences in log counts o f microorganisms as affected by
pressure o f application o f hypochlorite (200—250 mg/liter) and
time o f sampling after sanitization

Differences in log counts3

Time of sampling after sanitization (hr)

(kg/cm2 ) 0 1 24 48

3.5 IDÒI X>Xod 0.28b 0.90y
14.0 I p -«J xo 0.41 x 0.20“ 0.17“

a M eans o f  3 6  va lues.
k ’c V a lu e s  w ith  th e  sam e su p e rsc r ip t  in  each c o lu m n  are n o t s ig n if i

c a n t ly  d if fe re n t  (P <  0 .0 5 ) .
x ’y  V a lu e s  w ith  th e  sam e su b sc r ip t  in  each ro w  are  n o t s ig n if ic a n t ly  

d i f fe re n t  (P  <  0 .0 5 ) .

W hether microbial death resulted from low pH or as a direct 
effect of the acid molecule was not determined.

Effects of flow rate, pressure and tim e of sampling after 
sanitizing with acetic acid are presented in Table 1. Applica
tion rate, nozzle num ber and mean droplet size are presented 
as additional inform ation though they were not considered in 
the analysis o f variance. Increasing the rate of flow of acetic 
acid sanitizer from 1.7 to  3.4 to  6.8 liters/m in produced signif
icant (P <  0.05) decreases in log counts for each sampling time 
except 1 hr. The greatest decrease occurred 48 hr after sanitiz
ing at the highest rate of flow and pressure, 6.8 liters/min and
14.0 kg/cm2 , respectively. Besides increased washing of the 
surface, the high volume of solution undoubtedly produced a 
lower pH and provided more unionized acetic acid in the 
microenvironment of the bacteria than did the other five con
ditions of application. However, no effect of pressure of appli
cation was shown when data were averaged over all other varia
bles.

A significant interaction of rate of flow and pressure was 
observed in counts taken 48 hr after sanitization. At the flow 
rate of 1.7 liters/m in the lower pressure, 3.5 kg/cm 2 , was more 
effective, whereas at the highest flow rate, 6.8 liters/m in, the

Table 4—Differences in log counts o f microorganisms on warm and
cold meat as affected by pressure o f application o f quaternary
ammonium compound and time o f sampling

Differences in log counts3

Pressure 
(kg/cm2 )

Temperature
(°C)

Time of sampling after sanitization (hr)

0 1 24 48

3.5 3.3 -0 .7 5 bc ~0.50b -0.13“ 0.29b
3.5 38 —0.79bc -0.7Qbc -0.34c -0 .1 8bc

14.0 3.3 -1 .1 1 “ -1 .05“ -0,55c -0 .33“
14.0 38 —0.52b -0 .70bc -0.1 4C 0.09bc

a M eans o f 18 va lu es  each
V a lu e s w ith  th e  sam e su p e rsc r ip t in each co lum n are ’ n o t sig-
n if ic a n t ly  d if fe re n t  (P  <  0 .0 5 ) .

higher pressure, 14 kg/cm2 , was more effective. The interac
tion was insignificant at the o ther times of sampling. The lesser 
effectiveness of acetic acid at high pressure and low flow rate 
may be explained as follows: as diam eter o f the nozzle orifice 
was decreased and pressure was increased, smaller droplets 
formed. Mean droplet size under above conditions was 350 pm  
compared with 600 pm  when the pressure was 3.5 kg/cm 2. 
Many of these small droplets did n o t impact on the m eat but 
were carried away by air currents. This reduced the concentra
tion of acetic acid on the surface.

Differences in log counts (48 hr) of unwashed and washed 
m eat as affected by pressure and flow rate of acetic acid are 
shown in Table 2. The mean difference in log counts was only 
—0.09 on washed samples sprayed at 14.0 kg/cm2 and 1.7 
liters/m in. Since the log difference for unwashed samples,

1.46, was significantly greater, it is suggested that m oisture 
absorbed at the surfaces of washed samples diluted the already 
low concentration of acid.

Application of hypochlorite to  m eat caused an initial mean 
difference of —0.31 log (Fig. 2). The observed increase in bac
terial counts (0.53 log) over the next 48 hr indicated no resid
ual effect o f the chlorine. This is to be expected because chlo-

Fig. 2 —L o g  d if fe r e n c e s  o f  m ic ro o rg a n ism s  
on m e a t  su r fa ces  fo r  d i f f e r e n t  tim e s  o f  s a m 
p lin g  a f te r  sa n it iz a tio n  w ith  a ce tic  acid , h y 
p o c h lo r ite  a n d  a q u a te r n a ry  a m m o n iu m  c o m 
p o u n d .
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T able  5 —P ercen ta g es o f  Iso la tes, ta k e n  b e fo r e  a n d  a f te r  s a n it iz a tio n , p o s i t iv e  to  se le c te d  b io c h e m ic a l  te s ts

Sanitizer
No.

of samples

Catalase Oxidase
Glucose

fermentation
Sucrose or lactose 

fermentation

Before After Before After Before After Before After

Acetic acid 105 84.8 91.4 69.5 79.0 3.8 8.6 20.0 12.4
Hypochlorite 108 94.4 92.6 92.0 83.3 16.7 12.0 17.6 23.1
Quaternary ammonium 71 95.8 100 87.3 100 7.0 4.2 15.5 1.4

Averages 91.7 94.7 82.9 87.4 9.2 8.3 17.7 12.3

rine can react w ith organic com ponents of meat and become 
inactive.

Pressure of application and time of sampling were signifi
cant variables in experiments with sodium hypochlorite (Table
3). Counts were lowest immediately after sanitization and in
creased w ith time of storage. The higher pressure caused 
greater reductions in counts than did the lower pressure. The 
data suggest that during the 48 hr at 3.3°C residual cells repro
duced three to four and two to three generations on samples 
sprayed at 3.5 and 14.0 kg/cm2 , respectively.

Counts (not shown in table) taken 48 hr after sanitization 
with hypochlorite indicated tha t less growth occurred (P <  
0.05) on unwashed than on washed m eat (0.27 vs 0.80 log 
increase, respectively). The chlorinated solution was probably 
diluted below an inhibitory concentration by water which had 
penetrated the meat during washing. The higher water activity 
in the washed samples probably caused the faster growth. No 
significant effects were noted for volume of solution or warm 
vs cold meat.

There were no significant main effects o f volume, pressure, 
tem perature of meat or washing of m eat in experim ents with 
quaternary ammonium sanitizer. However, an interaction of 
pressure and tem perature of meat was observed for the various 
times of sampling (Table 4). The greatest difference in log 
counts produced by the quaternary ammonium sanitizer was 
— 1.11, which was observed with cold m eat sprayed at 14.0 
kg/cm2 and sampled immediately. This treatm ent tended to  
have the greatest differences in counts at all times of sampling. 
Differences averaged over all treatm ents were —0.79 and 
—0.03 (log) in immediate and 48-hr counts, respectively.

Neither acetic acid nor hypochlorite had a detectable effect 
on type of m icroflora as measured by biochemical activities of 
the ioslates (Table 5). However, Chi-Square analysis indicated 
that the quaternary ammonium sanitizer selected among the 
microflora of the meat and favored survival of catalase and 
oxidase positive, nonferm entative bacteria. These were the 
dominant flora of the meat. More than 90% of the isolates 
from  the fresh samples were catalase positive and 83% pro
duced cytochrom e oxidase. Nine percent ferm ented glucose 
and nearly 18% fermented either sucrose or lactose. No culture

produced gas in lactose broth , and only four o f 570 isolates 
produced gas in TSI agar. None of these produced hydrogen 
sulfide.

Tests perform ed were those most im portan t in identifying 
gram negative bacilli. Although gram stains were done spar
ingly, results o f biochemical tests and observations of colonial 
morphology strongly suggested that the prim ary microflora 
was composed of the genera Pseudomonas and Alcaligenes.

Based on the findings of the study reported here, acetic 
acid was the best sanitizer, and it was most effective when 
applied at the highest rate of flow and line pressure that were 
used, viz., 6.8 liters/m in and 14.0 kg/cm2 .
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EFFECT OF BLADE TENDERIZATION ON STORAGE LIFE 
RETAIL CASELIFE AND PALATABILITY OF BEEF

----- --------------------- - ABSTRACT ----------------------------
Boneless strip loins (n = 90) and inside rounds (n = 90) from Heavy- 
Choice, Heavy-Good and Light-Good carcasses were randomly assigned 
to one of six treatments representing combinations of storage interval 
(7 or 14 days), blade tenderization (prior to or following storage) and 
packaging (vacuum packages or polyethylene bags). Vacuum packaging 
was much more satisfactory than polyethylene packaging for maintain
ing appearance of subprimal cuts following storage and for assuring 
desirable overall appearance of steaks during retail display. Subprimal 
cuts should be blade tenderized after, rather than prior to, storage to 
minimize weight losses of subprimals during storage, but time of blade 
tenderization did not affect retail caselife or palatability traits. Light- 
Good beef was not generally inferior to that from Heavy-Choice or 
Heavy-Good carcasses in storage-life, retail caselife or palatability if 
subprimal cuts were stored in vacuum packages. However, Light-Good 
strip loins which were blade tenderized prior to storage and stored in 
polyethylene bags were discolored and unattractive following storage 
and produced steaks which had very limited retail caselife. Blade ten
derization increased tenderness above that achieved by aging alone but 
did not otherwise affect palatability.

INTRODUCTION
THREE of the most im portant trends in the m eat industry dur
ing the 1970’s included: increased impetus toward centralized 
cutting and fabrication of red meats ( Partch, 1976), revitalized 
interest in slaughter of forage-finished and short-fed cattle 
(Cross and Smith, 1975) and increased use of blade or needle 
tenderizing machines to improve the palatability of retail cuts 
(Bowes, 1975).

Centralization of beef warehousing, breaking and cutting 
operations has occurred because of needs to  increase labor 
efficiency and to prolong storage-life. Breaking, cutting and 
trimming to form subprimal cuts increases the meat surface 
area exposed with resultant increases in shrinkage and spoilage. 
Vacuum packaging is effective in reducing shrinkage and in 
retarding spoilage of red m eat, during transit, distribution and 
storage (Minks and Stringer, 1972; Hodges et al., 1974; Seide- 
man et al., 1976a, b). U nfortunately, vacuum packaging is 
expensive and may not be economically feasible when com
pared to  less expensive wrapping materials for storage intervals 
of less than 7 days (Smith et al., 1976). O ther packaging sys
tems for protecting beef cuts during transit and storage have 
been identified (Smith and Carpenter, 1973; Berry et al., 
1971; Rea et al., 1972).

High prices for grain, unfavorable cattle-feeding margins 
and increased availability of lean, light-weight beef have cre
ated a dilemma for retailers. Considerable uncertainty prevails 
regarding the eating qualities and storage stability of Light- 
Good beef. Technology for increasing tenderness exists in the 
form of mechanical tenderization techniques developed and 
used extensively in the HRI meat trade. Blade or needle ten
derization can be used to  improve the tenderness of beef 
(Schwartz and Mandigo, 1974; Glover et al., 1975).

Major unanswered questions at present include: the proper 
time to  blade tenderize beef (prior to  or following shipm ent to  
retail stores); the effect of weight and grade of beef on shrink
age, retail caselife and palatability; and the effects of packag
ing and bacterial decontam ination on the storage-life of beef. 
The present study investigated the incorporation of blade ten 
derization into systems for préfabrication, packaging and stor
age of beef cuts.

EXPERIMENTAL

BONELESS STRIP LOINS and inside rounds were obtained from 45 
beef sides. Fifteen sides were U.S. Choice, yield grades 2 or 3 and 
weighed 125-150 kg (Heavy-Choice); 15 sides were U.S. Good, yield 
grades 2 or 3 and weighed 125-150 kg (Heavy-Good); and, 15 sides 
were U.S. Good, yield grades 1 or 2 and weighed 75-100 kg (Light- 
Good). The Heavy-Choice and Heavy-Good sides (selected from animals 
slaughtered at the Meats Laboratory, Texas A & M University) were 
aged for 2 -4  days prior to cutting; the Light-Good carcasses (selected 
from a commercial firm) were aged 5 -7  days prior to cutting. Each 
wholesale cut was divided into two subprimals immediately preceding 
treatment allocation.
Experimental design for supprimal cuts.

Boneless strip loins and inside rounds were randomly assigned to 
one of six treatments representing various combinations of packaging 
system (vacuum packaging, VP, or packaging in a polyethylene bag, 
PEP) storage interval at 2°C (7 or 14 days), blade tenderization (BT) 
with a reciprocating blade-type (Ross, model TC-700) mechanical ten- 
derizer (before or after storage) and use of 0.02% sodium hypochlorite 
rinse. The six specific treatments (Table 1) were as follows: (A) Vacu
um packaging and storage for 14 days;(B) Blade tenderization, vacuum 
packaging and storage for 14 days; (C) vacuum packaging, storage for 
14 days and blade tenderization; (D) Polyethylene packaging and stor
age for 7 days; (E) Blade tenderization, polyethylene packaging and 
storage for 7 days; and (F) Polyethylene packaging, storage for 7 days 
and blade tenderization. Half of the cuts in treatments B and C were 
rinsed with a solution of 0.02% sodium hypochlorite.

All subprimal cuts in Treatments A, B and C were vacuum packaged 
in a chamber-type packaging machine using a chamber vacuum of 29 in. 
of Hg and Conofresh B (barrier) bags of the type described by Seide- 
man et al. (1976b).
Evaluation of subprimal cuts

Upon completion of storage for specified intervals, appropriate 
weights of subprimal cuts were obtained (to facilitate determinations of 
evaporative and purge loss) and each cut was subjectively evaluated by a 
three-member trained evaluation panel for overall appearance according 
to an 8-point scale (8 = ex:remely desirable; 1 = extremely undesirable).
Bacteriological evaluation

Bacterial counts were obtained by sampling the surfaces of subpri
mal cuts with a damp, sterile 5 x 5 X 1.3 cm cellulose sponge, with the 
analyst’s hand covered with a sterile, plastic glove (Silliker and Gabis,
1975). Bacteria samples were obtained by swabbing a 129 cm2 area of 
the subcutaneous fat cove: and of the longissimus or semimembranosus 
muscles. Psychrotrophic counts were obtained by use of standard plate 
count agar and incubation rt 7°C for 10 days.
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Table  1—E x p e r im e n ta l  design  fo r  su b p r im a l c u ts  (n = 1 80 ) a n d  re ta il c u ts  (n = 3 6 0 )

Treatment
code

Number
of

subprimal
cutsa

Treatment
before

storage15 Packaging0

Storage
interval
(days)

Treatment
after

storage15

Number
of

retail
cuts

Retail
display
interval
(days)

0 90 None None None None 90 None
A 60 None VP 14 None 60 4
B 60 BT VP 14 None 60 4
C 60 None VP 14 BT 60 4
D 30 None PEP 7 None 30 4
E 30 BT PEP 7 None 30 4
F 30 None PEP 7 BT 30 4

a R e ta il cu ts  fo r  tre a tm e n ts  A  and C  w ere  o b ta in ed  fro m  th e  sam e su b p rim a l c u ts ; re ta il c u ts  fo r  tre a tm e n ts  D and F  w e re  o b ta in ed  fro m  the  sam e 
su b p rim a l c u ts . S u b p rim a l cu ts  w ere  sto red  fo r  14  or 7 d a y s , re sp e c t iv e ly , re ta il cu ts  w e re  rem oved  (fo r  tre a tm e n ts  A  and D ) ,  th e  su b p rim a l cu ts  
w ere  b lade  te n d e rize d  and ad d it io n a l re ta il cu ts  w e re  o b ta in ed  ( fo r  tre a tm e n ts  C and F ) .  

b B T  = b lade  te n d e rize d .
c V P  = va cu u m  p ackag ed ; P E P  = packaged  in p o ly e th y le n e  bags.

Experimental design for retail steaks
Retail steaks (n = 360) were removed from the 90 subprimal cuts at 

four stages. One steak (2.5 cm thick) was removed from each of the 90 
subprimal cuts prior to packaging, blade tenderization or storage (treat
ment 0). A second steak was removed from each subprimal cut assigned 
to treatments A and D, following storage but prior to blade tenderiza
tion. A third steak was removed from each subprimal cut in treatments 
A and D following blade tenderization and designated as treatments C 
and F. A second steak was removed from each subprimal cut assigned 
to treatments B and E following storage.

The 90 control steaks (treatment 0) were immediately double- 
wrapped in polyethylene-coated freezer paper and stored at -10°C for 
subsequent palatability determination. Each of the other 270 steaks 
(treatments A-F) was weighed (to facilitate determinations of weight 
loss during retail display) placed in a plastic foam tray, over-wrapped 
with polyvinyl chloride film (MVTR = 260; OTR = 12,000) under 
simulated retail caselife conditions (1-3°C with 968 lux of incandes
cent light).
Evaluation of retail steaks during retail display

Retail cuts were evaluated by a three-member trained panel at 24-in
tervals during four days of retail display. Each retail cut was evaluated 
for overall appearance (a composite evaluation of muscle color, fresh
ness of fat, surface discoloration and peripheral discoloration) and sur
face discoloration. Following the four-day retail display period each of 
the 270 steaks was weighed to determine weight loss during retail dis
play and immediately frozen and stored at -10°C for subsequent pala
tability tests.
Palatability evaluation

Steaks for palatability determinations were stored at -10°C for 
periods which did not exceed 60 days. Steaks were subsequently re
moved from frozen storage, thawed at room temperature (to an internal 
temperature of 22°C), weighed, oven-broiled in a 180°C preheated elec
tric oven to an internal temperature of 75° C, copper-constantan thermo
couples were used to monitor oven and meat temperature. A six-mem
ber trained sensory panel evaluated each steak for tenderness, juiciness, 
flavor and overall palatability according to 8-point rating scales (8 = 
extremely tender, extremely juicy, extremely flavorful and extremely 
desirable in palatability, respectively). Mealiness was rated on a 7-point 
scale (7 = no mealiness; 1 = extremely mealy). Panel members all had 
1 4 yr of sensory panel experience and were trained for 3 wk prior to 
actual testing using the open-discussion method.
Statistical methods

Data were subjected to analysis of variance as outlined by Snedecor 
and Cochran (1967). Mean separation analyses were performed using 
the Kramer (1956) modification of the Duncan (1955) Multiple Range 
Test.

RESULTS & DISCUSSION
PSYCHROTROPHIC BACTERIAL COUNTS (Table 2) sub
primal cuts prior to packaging and following storage did not

differ (P >  0.05) among weight-grade classes of beef which is 
in agreement with Hodges et al. (1974). Subprimal cuts pack
aged in polyethylene bags and stored for 7 days (Treatm ents E 
and F) had slightly higher psychrotrophic counts following stor
age than did vacuum packaged cuts stored for 14 days (Treat
ments B and C). Rea et al. (1972) postulated th a t polyethyl
ene bags reduced surface evaporation and thereby m aintained 
a favorable water activity (Aw) for bacterial growth.

Data from the present study but not presented here in tabu
lar form indicated that retail cuts removed from subprimal 
cuts which had been packaged in polyethylene bags possessed 
higher counts than those removed from vacuum packaged cuts. 
Pierson et al. (1970) arrived at a similar conclusion using top 
round steaks from PEP vs VP cuts. Subprimal cuts (Table 2) 
which were blade tenderized prior to  packaging had higher 
numerical counts in 19 of 27 comparisons with cuts which 
were tenderized following storage. Rinsing of subprimal cuts 
with a 0.02% sodium hypochlorite solution did not signifi
cantly (P >  0.05) affect bacterial counts.

Overall appearance ratings for boneless strip loins and inside 
rounds are presented in Table 3. Blade tenderization prior to 
storage rather than following storage did n o t,(P  >  0.05) de
crease overall appearance of strip loins in either packaging 
material, but did (P <  0.05) in 3 of 6 comparisons) decrease 
overall appearance ratings fo inside rounds.

Strip loins and inside rounds which were vacuum packaged 
and stored prior to  blade tenderization (Treatm ent C) were 
more desirable (P <  0.05) in overall appearance than those 
stored in polyethylene bags prior to  blade tenderization 
(Treatm ent F) in 5 of 6 comparisons. Subprimal cuts in treat
m ent B were more desirable (P <2 0.05) in overall appearance 
than those in treatm ent E in 5 of 6 comparisons (Table 2). 
Light-Good strip loins were decidedly (P <  0.05) inferior in 
overall appearance to  those from heavy beef.

Effects of blade tenderization on weight losses during stor
age, retail display and cooking are presented in Tables 3 and 4. 
Weight losses during storage were increased by blade tenderiza
tion prior to, rather than following, storage. Blade tenderiza
tion prior to storage increased weight losses for vacuum pack
aged strip loins and inside rounds (irrespective of weight-grade) 
by 1.55% and 2.25%, respectively, and increased weight losses 
for polyethylene packaged strip loins and inside rounds by 
0.97% and 2.13%, respectively (Table 3).

Retail cuts from strip loins and inside rounds which were 
blade tenderized prior to, or following, storage lost more 
weight (P <  0.05) during retail display than retail cuts from 
wholesale cuts which were not blade tenderized in only 2 of
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T able  2 —M ean p s y c h r o tr o p h ic  b a c te r ia / c o u n ts  fo r  su b p r im a l c u ts  s tr a t i f ie d  a c co rd in g  to  tr e a tm e n t

Trait

Weight 
and 

grade 
of beefa

Psychrotrophic bacteria counts (log, J

Treatment B Treatment C Treatment E Treatment F

BT, VP, 
stored13

BT and NaOCI, 
VP, stored13

VP, stored, 
BTb

VP stored, 
BT and NaOCIb

BT, PEP,
storedb

PEP, stored, 
BTb

Count prior to packaging 1 2.4 2.2 2.3 2.0 2.3 1.5
2 1.5 1.6 1.2 2.8 2.7 3.1
3 1.9 3.6 3.7 2.8 2.9 2.7

Count following storage 1 5.3 5.3 4.8 4.3 5.6 5.1
2 5.6 4.6 4.2 4.0 5.8 5.7
3 4.9 5.1 4.9 5.7 6.3 6.1

Increase in count during storage 1 2.9 3.0 2.4 2.3 3.3 3.6
2 4.1 2.9 3.0 1.2 3.1 2.6
3 3.0 1.5 1.1 3.0 3.4 3.4

1,2,3 3.4C 2.5C 2.2C 2.2C 3.3C 3.2C

a 1 = H e a vy -C h o ic e , 2 -  H e avy -G o o d  and 3 = L ig h t-G o o d .
b B T  = b lade  te n d e rize d , V P  = va cu u m  p ackag e d , P E P  = packaged  in  p o ly e th y le n e  bags, sto red  = 7 o r 1 4  d a y s  sto rage  as w h o le sa le  c u ts , and N aO C I 

= r in sed  w ith  a so lu tio n  o f  0 .0 2 %  so d iu m  h y p o c h lo r ite . 
c M eans in  the  sam e row  b earin g  a c o m m o n  su p e rsc r ip t  le tte r  are  n o t d if fe re n t  (P >  0 .0 5 ) .

T able  3 —M ean va lues fo r  w e ig h t  lo ss d u r in g  sto ra g e  a n d  overa ll a p p ea ra n ce  ra tin g s  fo r  b o n e le s s  s tr ip  lo in s  a n d  in side  ro u n d s

Packaging treatmentb

Vacuum packaged cuts stored 14 days Polyethylene packaged cuts stored 7 days

Weight 
and 

grade 
of beefa

Treatment B Treatment C Treatment E Treatment F
Rank order 

(highest to lowest) 
across treatments0

BT, VP, 
stored

VP, stored, 
BT

BT, PEP, 
stored

PEP,
stored, BT

1 4.0d
Weight loss for strip loins during storage (%)

1,9d 2.4d 1.2d B E C F
2 3.4d 2.2d 2.2d 1.3d B C E F
3 3.6d 2.2d 1,7d 0.9d B C E F

1 5.3d
Weight loss for inside rounds during storage (%) 

2.4d 3.9d 2.0d B E C F
2 4.4d 2.8d 3.8d 2.1d B E C F

3 4.0d 2.3d 3.8d 1.0e B E C ?

1 7.1d
Overall appearance ratings for strip loins 

7.4d 6.1d 6.9d C B F E
2 7.1d 7.3d 5.7d 5.7d C B E F
3 6.8d 7.0d 3.3e 3.8e C B F E

1 5.7d
Overall appearance ratings for inside rounds

7.4d 3.1d 5.6d C B F E
2 5.6d 6.1e 2.9d 3.8e C B F E
3 5.7d 7.2d 3.7d 4.6de C B F E

—
a 1 = H e a vy -C h o ic e , 2 = H e avy -G o o d  and 3  = L ig h t-G o o d .
b  R ating s fo r  o ve ra ll ap pearance  are  based on an 8 -p o in t  sco rin g  system  (8  = e x tre m e ly  d es ira b le ; 1 = e x tre m e ly  u n d e s ira b le ) . T h e re  w a s  a s ig n ific a n t  

f irs t-o rd e r in te ra c tio n  b e tw een  w e igh t-g rad e  o f bee f and tre a tm e n t  fo r  o v e ra ll ap pearan ce  ra ting s o f s t r ip  lo in s . B T  = b lade  te n d e riz e d , V P  = 
va cu u m  p ackaged , P E P  = p ackaged  in  p o ly e th y le n e  bags, and sto red  = 7 o r 14 d a y s  storage as w h o le sa le  c ii t s . 

c M eans in the  sam e ro w , u n d e rsco red  b y  a co m m o n  lin e , do  n o t d if fe r  (P >  0 .0 5 ) .
M eans in  th e  sam e c o lu m n , fo r  a g iven c u t  and fo r  each t ra i t ,  bearing  a co m m o n  su p e rsc r ip t  le tte r  are n o t d if fe re n t  (P >  0 .0 5 ) .
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24 comparisons and lost more weight (P <  0.05) during cook
ing than retail cuts from loins or rounds which were not blade 
tenderized in only 3 of 48 comparisons (Table 4). Blade ten- 
derization prior to storage rather than following storage: (a) 
did not affect (P >  0.05) weight losses during retail display in 
6 o f 6 comparisons of steaks from  vacuum packaged cuts and 
in 4 of 6 comparisons of steaks from polyethylene packaged 
cuts, and (b) did not affect (P >  0.05) weight losses during 
cooking in 5 of 6 comparisons of steaks from polyethylene 
packaged cuts (Table 4).

Total weight losses (during storage, retail display and cook
ing) for all beef tenderized prior to  storage, all beef tenderized 
after storage and all beef which was not tenderized were 30.9,
30.3 and 29.4%, respectively, for strip loins and 36.3, 36.8 and 
35.0%, respectively, for inside rounds. The combined losses are 
similar; however, the weight lost at particular stages in the 
system differed among treatm ents. Subprimal cuts which were 
tenderized prior to storage sustained more of their ultim ate 
weight loss during storage, whereas beef which was tenderized 
after storage incurred more of its ultim ate weight loss during 
cooking. Davis et al. (1975) reported that mechanically tender
ized beef had significantly higher cooking losses than nonten- 
derized beef and attributed this increase to the loss of moisture 
through the holes created by the tenderizer. However, other 
researchers have determ ined that cooking losses are not affect
ed by blade or needle tenderization (Goldner et al., 1974; 
Schwartz and Mandigo, 1974; Bowling et al., 1976).

Comparisons of shrinkage among the three weight-grade 
classes of beef indicated nonsignificant (P >  0.05) differences

in: storage loss, 7 of 12 comparisons; retail display loss, 11 of 
12 comparisons; and, cooking loss, 14 of 14 comparisons 
(Tables 3 and 4). Hodges et al. (1974) reported that beef of 
the higher grades shrank less than beef of the lower grades 
because cuts from  higher grades had less m oisture and more 
extensive fat covering than cuts from  lower grades.

Strip loin steaks removed from  subprimal cuts packaged in 
polyethylene bags sustained more (P <  0.05) surface discolora
tion (day 1, 9 of 9 comparisons; day 4, 3 of 9 comparisons) 
and were less desirable (P <  0.05) in overall appearance (day 1, 
9 o f 9 comparisons; day 4, 6 o f 9 comparisons) than steaks 
from vacuum packaged strip loins (Table 5). Round steaks 
removed from  subprimal cuts packaged in polyethylene bags 
sustained more (P <  0.05) surface discoloration (day 1, 8 o f 9 
comparisons; day 4, 0 of 9 comparisons) and had lower (P <  
0.05) overall appearance scores (day 1, 9 of 9 comparisons; 
day 4, 1 of 9 comparisons) than steaks from  vacuum packaged 
inside rounds (Table 6).

Blade tenderization prior to , rather than following, storage 
did not affect surface discoloration (P >  0.05 in 12 of 12 
comparisons) or overall appearance (P >  0.05 in 11 of 12 
comparisons) o f strip steaks (Table 5), and did not affect sur
face discoloration (P >  0.05 in 10 of 12 com parisons) or over
all appearance (P >  0.05 in 10 of 12 com parisons) of inside 
round steaks (Table 6).

Strip loin steaks and inside round steaks from  Heavy-Choice 
carcasses sustained less (P <  0.05) surface discoloration than 
cuts from Light-Good carcasses in 6 o f 12 (Table 5) and 2 of 
12 (Table 6) comparisons, respectively, and were more desir-

Table  4 —M ean va lues fo r  w e ig h t lo ss d u r in g  re ta il d isp la y  o r  d u r in g  c o o k in g  o f  s tr ip  lo in  s te a k s  a n d  in s id e  r o u n d  s te a k s

Packaging treatment11

Weight
and

Vacuum packaged cuts stored 14 days Polyethylene packaged cuts stored 7 days

Treatment A Treatment B Treatment C Treatment D Treatment E Treatment F Bank order
grade Treatment 0 VP, stored. BT, VP, stored. VP, stored, PEP, stored, BT, PEP, stored. PEP, stored, (highest to lowest)

of beefa Control displayed displayed BT, displayed displayed displayed BT, displayed across treatments0

Weight loss for strip steaks during display (%)
1 - 1,5d 0.9d 1.7d 0.4d 0.2d 1.6d C F A B D E
2 - 1,7d 1,6d 1.7d 0.4d 2.9d 2.0d E F A C B D
3 - 2.4d 2.3d ,2 .0d 0.4d 0.1d 1.9d A B C F D E

Weight loss for inside round steaks during display (%)
1 - 2.1d 1.1d 1,9d 1,5d 1,6d 1.8de A C F E D B
2 - 3.7d 1 .Id 2.4d 2.0d 1.5d 2.7d A F C D E B
3 - 1,9d 1.4d 0.8d 1.2d 1.0d 1.1e A B D F E C

Weight loss for strip steaks during cooking (%)
1 28,2d 24.7d 25.0d 26.0d 27.4d 25.8d 27.9d O F D C E B A
2 30.3d 25.7d 26.8d 27.3d 26.5d 28.6d 27.8d O E F C B D A

3 29.7d 25.0d 26,8d 27.0d 30.7d 27.0d 26.0d D O C E B F A

Weight loss for inside round steaks during cooking (%)
1 35.1d 29.0d 30.7d 32.5d 30.2d 31,5d 32.7d O F C E B D A

2 37.2d 30.5d 30.7d 31.1d 31.7d 30.6d 33.8d O F_D C B E A

3 35.4d 31,2d 30.7d 32.6d 31.9d 30.1d 34.7d O F C D A B E

a 1 = H e a vy -C h o ic e , 2 = H eavy-G o o d  and 3  = L ig h t-G o o d ,
b T h e re  w as a s ig n if ic a n t  f irs t-o rd e r in te ra c tio n  betw een  w eigh t-g rade  o f bee f and tre a tm e n t  fo r  w e ig h t loss d u rin g  d isp la y  fo r  s t r ip  s teaks . B T  = 

b lade  te n d e rize d , V P  = va cu u m  p ackag ed , P E P  = packaged  in  p o ly e th y le n e  bags, sto red  = 7 o r 14 d a ys  storage as w h o le sa le  c u ts , and  d isp la ye d  = 
4  d a ys  d isp lay  o f  s teaks in  a re ta il case .

c M eans in  the sam e ro w , u n dersco red  by a co m m o n  lin e , do n o t d if fe r  {P  >  0 .0 5 )
M eans in the sam e c o lu m n , fo r  a given c u t  and fo r  each t ra it ,  bearing  a co m m o n  su p e rsc r ip t  le tte r  are n o t d if fe re n t  (P >  0 .0 5 ) .
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T able  5 —M ean ra tings fo r  overa ll a p p ea ra n ce  a n d  su r fa ce  d isc o lo r a tio n  o f  s tr ip  lo in  s te a k s

Packaging treatment13

Vacuum packaged cuts stored 14 days Polyethylene packaged cuts stored 7 days
Weight 

and 
grade 

of beef3

Day
of retail 
display

Treatment A Treatment B Treatment C Treatment D Treatment E Treatment F Rank order
VP, stored, 
displayed

BT, VP, stored, 
displayed

VP, stored, 
BT, displayed

PEP, stored, 
displayed

BT, PEP, stored, 
displayed

PEP, stored, 
BT, displayed

(highest to lowest) 
across treatment0

1 1 7.7*
Overall appearance rating1*

7.5* 7.4* 6.5* 6.0* 6.4* A B C D F E
2 1 7.6* 7.5* 7.5* 5.9* 5.2*8 5.78 A B C D F E
3 1 7.18 7.1* 7.08 4.58 4.38 4.7h A B C F D E

1 4 6.8* 6.6* 6.1* 6.1* 5.0* 6.1* A B C D F E

2 4 6.8* 5.6* 6.5* 5.3* 4.9* 5.18 A C B D F E
3 4 5.6« 5.4* 5.9* 3.28 3.58 3.6h C A B F E D

1 1 7.0*
Surface discoloration ratinge 

7.0* 6.9* 6.3* 6.0* 6.2* A B C D F E
2 1 7.0* 6.9* 6.9* 6.0* 5.7* 6.1* A B C F D E
3 1 6.9* 6.9* 6.8* 5.28 5.3* 5.58 A B C F E D

1 4 6.4* 6.2* 6.0* 6.1* 5.8* 6.1* B A D F C E
2 4 6.4* 5.6* 6.2* 5.8* 5.6* 5.6* A C D B E F

3 4 5.68 5.4* 6.0* 3.98 4.48 4.78 C A B F E D

3 1 = H e a vy -C h o ic e , 2 = H e a vy -G o o d  and 3 = L ig h t-G o o d .
13 T h e re  w ere  s ig n if ic a n t  f irs t-o rd e r  in te ra c tio n s  b etw een  w eigh t-g rad e  o f bee f and tre a tm e n t  fo r  o ve ra ll ap p ea ran ce  (d a y  1 and 4 ) and su rfa c e  d isco i- 

ra tio n  (day 1 and 4 ) . B T  = b lade  te n d e rize d , V P  = vacuum  p ackag e d , P E P  = packaged  in  p o ly e th y le n e  bags, s to red  = 7 or 14 d a ys  sto rage  as 
w h o le sa le  c u ts , and d isp la y e d  = 4  d ays d isp la y  o f s teaks  in a re ta il case , 

c M eans in th e  sam e ro w , u n d e rsco re d  by a c o m m o n  lin e , do n o t d if fe r  (P  >  0 .0 5 ) .  
d M eans based on an 8 -p o in t  ra tin g  sca le  (8 = e x tre m e ly  d e s ira b le ; 1 = e x tre m e ly  u n d e s ira b le ) . 
e M eans based on a 7 -p o in t ra tin g  sca le  (7 = no su rfa c e  d is c o lo ra t io n ; 1 = co m p le te  su rfa c e  d is c o lo ra t io n ) .
f .g .h  M eans in th e  sam e c o lu m n , fo r  the  sam e d ay  o f re ta il d isp la y  and fo r  each t r a i t ,  b earing  a co m m o n  su p e rsc r ip t  le tte r  are n o t d if fe re n t  (P > 

0 .0 5 ) .

Table 6 —M ean ra tings fo r  o vera ll app ea ra n ce  a n d  su r fa ce  d isc o lo r a tio n  o f  in s id e  r o u n d  s te a k s

Packaging treatment13

Vacuum packaged cuts stored 14 days Polyethylene packaged cuts stored 7 days
Weight

and Day Treatment A Treatment B Treatment C Treatment D Treatment E Treatment F Rank order
grade 

of beefa
of retail 
display

VP, stored, 
displayed

BT, VP, stored, 
displayed

VP, stored, 
BT, displayed

PEP, stored, 
displayed

BT, PEP, stored, 
displayed

PEP, stored, 
BT, displayed

(highest to lowest) 
across treatments0

1 1 7.1*
Overall appearance ratings^

6.5f 7.0f 5.2f 4.7* 5.3* A C  B F D E
2 1 6.8* 6.7* 6.7* 5.0* 5.0* 5.0* A B C  D E F
3 1 6.6* 6.4* 6.7* 4.3* 3.98 4.4* C A B F D E

1 4 5.9* 4.6* 6.0* 4.5* 3.8* 4.8* C A F B D E
2 4 4.9* 4.9* 4.88 4.7* 3.9* 4.7* A B C D F E
3 4 4.8* 4.0* 4.78 3.9* 2.7* 3.8* A C B D F E

1 1 6.8*
Surface discoloration ratinge 

6.2* 7.0* 5.8* 5.6* 6.2* C A B F D E
2 1 6.5* 6.6* 6.6* 5.9* 5.7* 5.8*8 B C A D F E
3 1 6.4* 6.2* 6.6* 5.38 5.3* 5.48 C A B F D E
1 4 5.7* 4.7* 5.8* 5.4* 4.8* 5.4* C A D F E B
2 4 5.1* 5.1* 5.1* 4.9* 4.6* 4.9* A B C D F E
3 4 5.2* 4 .4 * 5.2* 4.7* 4.1* 4.9* A C F D B E

a 1 = H e a vy -C h o ic e , 2 = H eavy-G o o d  and 3 = L ig h t-G o o d , 
b B T  = b lade  te n d e rize d , V P  = va cu u m  p ackag ed , P E P = p ackaged  in p o ly e th y le n e bags, sto red  = 7 or 14  d ays storage as w h o le sa le  c u ts , and

d isp layed = 4  d a ys  d isp lay  o f s teaks in a re ta il case .
c M eans in  the  sam e ro w , u n d e rsco red  b y  a co m m o n  lin e , do n o t  d if fe r  (P >  0 .0 5 ) .
d M eans based on an 8 -p o in t ra ting  sca le  (8 = e x tre m e ly  d e s ira b le ; 1 = e x tre m e ly  u n d e s ira b le ) .
e M eans based on a 7 -po in t ra ting  sca le  (7 = no  su rfa c e  d is c o lo ra t io n ; 1 = co m p le te  su rfa c e  d is c o lo ra t io n ) .
* ’8 M eans in the  sam e c o lu m n , fo r  th e  sam e d ay  o f re ta il d isp la y  and fo r  each t ra it , bearing  a co m m o n  su p e rsc r ip t  le tte r  are n o t  d if fe re n t  (P  >  0 .0 5 ) .
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Table 7—Expected  retail caseUfe for strip loin steaks ana inside round steaks

Expected retail caselife ( d a y s ) b

Heavy-Choice Heavy-Good Light-Good

Code

Treatment
Description3

Retail
cuts

Overall
appearance

Surface
discoloration

Overall
appearance

Surface
discoloration

Overall
appearance

Surface
discoloration

A VP, stored, displayed Strips 4 4 4 4 4 4
Insides 4 4 4 4 4 4

B BT, VP, stored, displayed Strips 4 4 4 4 4 4
Insides 4 3 4 4 3 3

C VP, stored, BT, displayed Strips 4 4 4 4 4 4
Insides 4 4 4 4 4 4

D PEP, stored, displayed Strips 4 4 4 4 1 1
Insides 4 4 4 3 2 3

E BT, PEP, stored, displayed Strips 4 4 4 4 <1 2
Insides 2 3 3 3 <1 1

F PEP, stored, BT, displayed Strips 4 4 4 4 2 2
Insides 4 4 4 3 2 3

a B T  = b lade te n d e riz e d , V P  = va cu u m  p ackag ed , P E P  = packaged  in p o ly e th y le n e  bags, sto red  = 7 or 14  d ays storage as w h o le sa le  c u ts , and 
d isp layed  = 4  d a y s  d isp la y  o f steaks in  a re ta il case .

h  E xp e c te d  re ta il c a se life  w a s  d efined  as th e  la st d ay  (o f  a 4 -day  re ta il d isp la y  p e rio d ) a t w h ic h  o v e ra ll ap p ea ran ce  w as " s l ig h t ly  d e s ira b le "  (a score 
o f 4 .5  o r h ig h er) o r a t  w h ich  su rfa c e  d is c o lo ra t io n  w a s  less th an  5 0 % (a  sco re  o f 5 o r h ig h e r).

Table 8—Mean palatability ratings for steaks from boneless strip ,'oins stored 7 or 14 days

Packaging treatment15

Vacuum packaged cuts stored 14 days Polyethy ene packaged cuts stored 7 days
Weight

and Treatment A Treatment B Treatment C Treatment D Treatment E Treatment F Rank order
grade 

of beefa
Treatment 0  

Control
VP, stored, 
displayed

BT, VP, stored, VP, stored, PEP, stored, 
displayed BT, displayed displayed

BT, PEP, stored, 
displayed

PEP, stored, 
BT, displayed

(highest to lowest) 
across treatments0

1 4.4f 5.2f 5.4f
Tenderness rating^

5.9f 5.3f 5.5£ 5.9f C F E B D A O

2 4.4f 5.0f 5.6f 6.2f 5.1f 5.9f 6.2f C F E B D A 0
3 4.6f 5.1f 5.9f 6.2f 4.4f 5.8£ 5.7f C B E F A O D

1 4.9f 5.1£ 5.2f
Juiciness rating^

5.2f 5.0f 4.9f 4.9f B C A D 0  E F
2 4.6f 5.3f 4.7f 5.0£ 4.9£ 4.9f 4.2f A C D E B O F
3 5.2f 5.1f 4.5f 4.7f 5.1f 4.8f 5.0£ 0  A D F E C B

1 4.6f 5.2f 5.3f
Flavor desirability rating^

5.3f 5.4f 5.2f 5.4f D F B C A E O

2 4.7f 5.0f 4.9f 5.7f 5.0f 5.2f 5.5f C F E A D B O

3 5.0f 5.2f 5.3f 5.2f 5.3f 5.0f 5.1 f B D A C F O E

1 4.9f 4.8f 4.3f
Mealiness ratinge

4.4f 5.2f 4.7f 4.5f D O A E F C B
2 4.5f 5.0f 4.0f 4,5£ 4.6f 4.1 f 4.3f A D O C F E B
3 5.0f 4.6£ 4.4f 4.2f 5.6£ 4.5f 4.4f D O A E B F C

1 4.3f 4.9f 5.2f
Overall palatability rating^

5.3f 5.2f 5.1£ 5.0f C B D E F A O
2 4.2f 4.7f 4.7f 5.5f 4.8f 5.1 f 5.3 £ C F E D B A O
3 4.78 4.9f 5.2f 5.0f 4.7f 5.0f 5.0f B C E F A O D

a 1 = H e a vy -C h o ic e , 2 = H e avy -G o o d  and 3  = L ig h t-G o o d .
b b t  = b lade te n d e rize d , V P  = va cu u m  p ackag ed , P E P  = packaged  in p o ly e th y le n e  bags, sto red  = 7 or 14  d a y s  storage as w h o le sa le  c u ts , and 

d isp laye d  = 4  d a y s  d isp la y  o f s tea k s  in a re ta il case . 
c M eans in the sam e ro w , u n dersco red  b y a co m m o n  lin e , do n o t  d if fe r  (P  >  0 .0 5 ) .
d M eans fo r ten d e rn ess , ju ic in e ss , f la v o r  and o v e ra ll p a la ta b il it y  are based on 8 -p o in t  ra tin g  sca les (8  = e x tre m e ly  te n d e r, e x t re m e ly  ju ic y ,  e x tre m e ly  

f la v o r fu l and e x tre m e ly  d esirab le  in  p a la ta b il it y , re sp e c t iv e ly ) . 
e M eans based on a 7 -p o in t ra ting  sca le  (7  = no m e a lin e ss ; 1 = e x tre m e ly  m e a ly ) .

M eans in  the  sam e c o lu m n , fo r  each  t ra i t ,  bearing  a co m m o n  su p e rsc r ip t  le tte r  are n o t d if fe re n t  (P  >  0 .0 5 ) .
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able (P <  0 .0 5 )  in overall appearance than cuts from  Light- 
G ood carcasses in 9 o f  12 (T able 5 ) and 2 o f  12 (Table 6) 
com parisons, respectively . Steaks from  H eavy-C hoice carcasses 
were n o t  d ifferen t (P >  0 .0 5 )  from  th ose  from  H eavy-G ood  
carcasses in surface d isco loration  or overall appearance in 46  
o f  4 8  com parisons (T ables 5 and 6).

For H eavy-C hoice and H eavy-G ood b eef, the retail caselife  
(T able 7 ) o f  strip steaks was 4  days and that o f  round steaks  
was 3 days, irrespective o f  packaging system  or tim e o f  blade  
ten d eriza tion . V acuum  packaging appears to  be necessary  
(Table 6 ) for  L ight-G ood b ee f to  m aintain reasonable caselife  
if  it is stored  for 7 - 1 4  days prior to  m erchandising. Berry et 
al. (1 9 7 1 )  rep orted  that steaks from  vacuum  packaged ribs had 
ap p rox im ate ly  1 day o f  add itional retail caselife  w hen  co m 
pared to  steaks from  ribs p rotected  by p o ly v in y l chloride film .

C om parisons o f  untreated  and blade tenderized  strip lo in  
steaks and inside round steaks (T ab les 8 and 9 )  revealed that 
blade tenderization  did n ot sign ifican tly  (P >  0 .0 5 )  a ffec t  
ju ic in ess (4  o f  6 com parisons), flavor desirability  (4  o f  6 co m 
parisons), m ealiness (6  o f  6 com parisons) or overall palatabil- 
ity  (5  o f  6 com parisons). G lover et al. (1 9 7 5 )  and Davis et al. 
(1 9 7  5) have previously rep orted  that blade tenderization  did 
n o t sign ifican tly  in fluence flavor or ju ic in ess o f  b eef. In the  
present stu d y , blade ten d er iza tio n  increased (P <  0 .0 5 )  tender

ness above that achieved by aging a lone in  10 o f  12 com pari
son s o f  strip lo in  steaks (T able 8 ) and in 4 o f  12 com p arison s  
o f  inside round steaks (T able 9 ).

Steaks from  strip lo in s and inside rounds w h ich  w ere blade  
tenderized  prior to storage were not sign ifican tly  d ifferen t (P 
>  0 .0 5 )  from  th ose  from  subprim al cuts tenderized  after  sto r 
age, in tenderness (1 0  o f  12 com parisons), ju ic in ess (1 2  o f  12 
com parisons), flavor desirability  (11 o f  12 com parisons), m ea l
iness (11 o f  12 co m p arison s), or overall palatability  (1 2  o f  12 
com parisons). C om parisons o f  palatability  attributes o f  strip  
lo in  steaks and inside round steaks revealed n o  m ajor d iffer 
ences am ong th e  three k inds o f  b eef u tilized  in the present 
stu d y . H odges et al. (1 9 7 4 )  rep orted  that difference in grade 
was n o t a sign ificant source o f  the variation  in palatability  o f  
steaks from  b eef that had been  aged for  15 days.

SUMMARY & CONCLUSIONS
TH E FOLLOW ING C O N C L U SIO N S were drawn from  the  
data o f  the present study:

(1 )  Subprim al cu ts w h ich  were packaged in p o ly e th y len e  
bags generally had higher num erical p sych rotrop h ic  c o u n ts  and 
had low er overall appearance ratings fo llo w in g  storage, but 
sustained less shrinkage during storage than vacuum  packaged

Table 9 —Mean palatability ratings for steaks from boneless inside rounds stored 7 or 14 days.

Packaging treatment13

Vacuum packaged cuts stored 14 days Polyethylene packaged cuts stored 7 days
Weight

and
Treatment 0 

Control

Treatment A Treatment B Treatment C Treatment D Treatment E Treatment F Rank order
grade 

of beefa
VP, stored, 

displayed
BT, VP, stored, VP, stored, PEP, stored, 

displayed BT, displayed displayed
BT, PEP, stored, 

displayed
PEP, stored, 

BT, displayed
(highest to lowest) 
across treatments0

1 3.8f 4.3£ 4.3f
Tenderness rating** 

5.1 f 4.2f 5.0f 4.2£ C E B A D F O
2 3.8f 4.7f8 5.18 5.2f 3.9f 4.8£ 4.9 f 8 C B F E A D O
3 4.68 5.08 5.28 5.6f 4.98 5.0f 5.78 F C B A E D O

1 4.5f 5.4f 4.4f
Juiciness rating** 

4.8f 4.5f 4.9f 4.4f A E C O D B F
2 4.0f 5.0£ 4.7f 4.7f 4.1£ 4.8f 4.3£ A E B C F D 0
3 4.3f 4.8f 4.6f 4.7f 4.8f 4.8f 4.5£ A D E C B F O

1 4.0f 4.8f 4.9f
Flavor desirability rating

5.0f
d
5.6f 5.0f 5.0£ D C E F B A O

2 4.4£S 5.1£ 4.9f 5.0f 4.7f 5.1f 5.1£ A E F C B D O
3 4.7« 4.9f 5.0£ 5.0f 4.8£ 5.2f 5.5f F E B C A D O

1 4.6f 5.1£ 4.6f
Mealiness ratinge 

4.0f 4.8f 3.9f 4.5f A D O B F C E
2 4.4f 4.7f 4.6f 4.0f 5.4f 4.7f 4.0f D A E B O C F
3 4.3f 4.4f 4.1f 3.7f 4.6f 4.5f 3.6f D E A O B C F

1 3.8f 4.4£ 4.2f
Overall palatability ratingd

4.4f 4.4f 4.4f 4.4£ A C D E F B O
2 3.7f 4.6f 4.6f 4.5f 3.7f 4.7f 4.5f E B A C F O D
3 4.38 4.4f 4.5f 4.6f 4.6f 4.5£ 4.9£ F C D B E A O

a 1 = H B a v y-C h o ice , 2 = H e avy -G o o d  and 3 = L ig h t-G o o d .
13 B T  = b lade  te n d e rize d , V P  = va cu u m  p ackaged , P E P  = packaged  in  p o ly e th y le n e  bags, sto red  = 7 or 14  d ays storage as w h o le sa le  c u ts , and 

d isp layed  = 4  d a ys  d isp lay  o f s tea k s  in  a re ta il case . 
c  M eans in  th e  sam e ro w , u n d e rsco red  b y  a co m m o n  lin e , do  n o t d if fe r  (P  >  0 .0 5 ) .
d M eans fo r  ten d e rn ess , ju ic in e s s , f la v o r  and o v e ra ll p a la ta b il it y  are  based on 8 -p o in t ra ting  sca les (8  = e x tre m e ly  te n d e r, e x tre m e ly  ju ic y  e x tre m e ly  

f la v o r fu l and e x tre m e ly  d es irab le  in  p a la ta b il it y , re sp e c t iv e ly ) . 
e M eans based on a 7 -p o in t ra tin g  sca le  (7  -  no m e a lin e ss ; 1 = e x tre m e ly  m e a ly ) .
L b  M eans in the sam e c o lu m n , fo r  each t ra it ,  bearing  a co m m o n  su p e rsc r ip t  le tte r  are  n o t d if fe re n t  (P  >  0 .0 5 ) .
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cuts. Steaks from  p o ly e th y len e  packaged subprim al cu ts su s
tained greater surface d isco loration  during retail d isplay and 
were less desirable in overall appearance than steaks from  vacu
um  packaged cu ts, b u t packaging system  did n ot a ffec t w eight 
loss during retail d isp lay , w eight lo ss  during co o k in g , or p a y a 
bility  characteristics. '

(2 )  Blade ten d eriza tion  prior to , rather than fo llo w in g , 
storage decreased overall appearance o f  subprim al inside  
rounds and increased w eight losses o f  subprim al cuts during  
storage, bu t had little  e ffe c t  on  w eight losses during retail 
display, w eight lo sses during cook ing , surface d isco loration  
and overall appearance o f  steaks during retail d isp lay, or fla
vor, ju ic in ess, tenderness, m ealiness and overall palatab ility  o f  
c o o k ed  steaks.

(3 )  There w ere very few  d ifferences b etw een  subprim al 
cuts and retail cu ts from  H eavy-C hoice vs H eavy-G ood car
casses in bacteria l co u n ts , surface d isco loration , appearance, 
w eight lo sses, co o k in g  losses, retail caselife  or palatab ility  
traits. W hen subprim al cuts from  L ight-G ood carcasses were 
vacuum  packaged th ey  were n o t d ifferen t from  th ose  o f  heavy  
b eef in w eigh t losses during storage or overall appearance. R e
tail cu ts from  vacuum  packaged L ight-G ood subprim als were  
n ot generally  different from  th o se  from  H eavy-C hoice or 
H eavy-G ood subprim als in w eight lo sses during retail d isp lay, 
co o k in g  losses, retail caselife or pa latab ility  traits. H ow ever, 
subprim al strip lo in s from  Light-G ood carcasses w h ich  w ere  
stored  in p o ly e th y len e  bags were less desirable in overall 
appearance fo llo w in g  storage and produced  steaks w h ich  sus
tained greater surface d isco loration , had low er overall appear
ance ratings fo llo w in g  retail display and had less retail caselife  
than strip lo in s from  H eavy-C hoice and H eavy-G ood carcasses.

(4 )  Blade tenderization  increased tenderness above that 
achieved by aging alone for strip lo in  steaks but did n o t gener
ally affect flavor, ju ic in ess or overall pa latab ility  ratings.
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VARIABLES AFFECTING THE ACCEPTABILITY OF 
RADAPPERTIZED GROUND BEEF PRODUCTS.

Effects of Food Grade Phosphates, NaCI, Fat Level, and Grinding Methods

.. .................. .....................ABSTRACT —  — —
A series of experiments were conducted to determine the effect of 
different variables on the quality of an irradiated ground beef product. 
Factors studied included: different food-grade phosphates; NaCI con
tent; fat content; and size of grind. The influence of these variables on 
the cooking loss (moisture retention), shear press values and sensory 
scores was studied. The addition of phosphates and NaCI was desirable 
in controlling cooking losses. The most effective phosphate was tetra- 
sodium pyrophosphate. The addition of,NaCI decreased the shear press 
force required to penetrate the beef patty, i.e., it tenderized the prod
uct. Phosphate addition did not affect the shear press force. Increased 
fat content increased the cooking losses, but did not affect the shear 
press force. Irradiation with sterilizing doses had a marked effect on 
decreasing the shear press force.

INTRODUCTION
TH E E F FE C T S o f  the add ition  o f  NaCI and phosphates have 
been  stu d ied  by m any investigators (Grau et al., 1153; H am m , 
1960; W ierbicki et al., 1963; Sw ift and Ellis, 19 5 6 ; Sherm an,
1 9 6 1 ). T he role o f  the NaCI and phosp hate  add ition s in pH 
changes, increased m oisture reten tion  and m eat sw ellin g  has 
b een  adequ ately  d ocu m en ted .

Shults et al. (1 9 7 2 )  and Shults and W ierbicki (1 9 7 2 )  
sh ow ed  that the add ition  o f  salt and phosphate  to  ground  
m eat increased the m oisture reten tion  and bou n d  the ground  
m eat in to  a product o f  desirable tex tu re  and appearance.

The results o f  research reported from  taste panel studies 
that a ttem p ted  to  define the m ost desirable fat co n ten t for  
ground b e e f  have sh ow n  great variability. Several researchers, 
using con su m er taste panels, foun d  that the ground b eef prod
ucts con ta in in g  15 —20% fat were m ore acceptab le than prod
ucts higher ( 2 5 —35% ) in fat co n ten t (G lover, 1964; Law et al., 
1 9 65; Carpenter and K ing, 1969; M ize, 1 9 7 2 ). C onversely, 
C ole et al. (1 9 6 0 )  reported that b o th  laboratory and fam ily  
taste  panels rated ground b e e f contain ing 15% fat to  be less 
palatable than ground b eef conta in ing  2 5 , 35 or 45% fat.

K endall et al. (1 9 7 4 )  reported that ground b eef contain ing
10 —20% fat had less coo k in g  loss than ground b e e f that con 
tained 2 5 —30% fat. A lso ground b e e f  w ith  9 — 12% fat tended  
to  be less ju icy , m ore m ealy  in tex tu re , and less desirable in 
flavor than produ cts w ith a higher fat con ten t.

The investigation s in th is stu d y  were con d u cted  to  deter
m ine the factors a ffecting  the qu ality  o f  irradiated ground b eef  
patties. D evelop m en t o f  an irradiated product was dependent 
u p on  the e ffec ts  o f  NaCI, phosp hate  add ition  and fat level.

MATERIALS & METHODS
Raw materials

The raw material used in these studies was USDA Choice grade beef

rounds, consisting primarily of the semimembranosus, semitendinosus 
and biceps femorus muscles.

The phosphates studied were sodium tripolyphosphate (TPP), Na5 
P3 0 !0 ; tetrasodium pyrophosphate (PP), Na4 P2 0 ,;  hexameta-
phosphate (HMP), (NaP03)N; Foodfos, a commercial preparation of 
HMP; Curafos 11-2 and Curafos 224, commercial combinations of 
HMP and TPP; and Kena, commercial combination of PP, TPP, and 
sodium acid pyrophosphate. These phosphates were obtained from the 
Merck Chemical Co., Pittsburgh, Pa.
Processing

The beef rounds were trimmed to approx 5% fat and ground 
through either a 13 or 16 mm grinding plate with added fat to approxi
mate the desired fat levels. The ground meat was then mixed with the 
additives and 3% crushed ice in a mixer (Hobart Mode! No. H-600=D) 
for 3 min at moderate speed. The meat was then formed into patties of 
100 + lg wt, 13 ± 1 mm rhickness for enzyme inactivation.

The patties were placed in flexible laminated pouches, unsealed, and 
chilled to 4 ± 1°C. Enzyme inactivation was achieved by placing the 
pouches in a controlled water bath at 82 ± 2°C for 7 minutes. The in
ternal temperature of the meat was 70 ± 2°C.
Packaging

After the enzyme inactivation, the patties were removed from the 
pouches and the cooking loss was measured on 18 patties by weighing 
the drained moisture. The patties were then placed into new flexible 
pouches. These pouches were composed of medium density polyethyl
ene as the food contactant layer, aluminum foil and a Mylar exterior 
layer and sealed at a pressure of 3 ± 1 kPa. The sealed pouches were 
then frozen to -40  ± 2°C and held at that temperature until irradiated. 
Irradiation processing

Irradiation was performed with a Cobalt60 (gamma) source at a 
dose rate of 14 J(kg_1 )(sec"'). Irradiation conditions were: dose of 3.7 
-  4.3 X 104 J/kg; irradiation temperature of -30  + 10°C. After irradia
tion, the samples were thawed and held at 2 1  ± 2 °C until evaluation. 
The nonirradiated sample controls were held at -20  + 2°C.
Sensory evaluation

The samples were evaluated by technological panels (12 members 
per panel) for the sensory characteristics of odor, flavor, color, texture 
and appearance using the defined intensity scale of Table 4.
Texture evaluation

Shear press analyses were performed on all samples within 3 days 
after irradiation using a Kramer Shear Press. This method is described 
by Cohen and Rice (1974), with the following modification: A single 
blade shear cell was used with the 136 kg ring and the “300” (100%) 
scale. The beef patty was cut so that the blade penetrated a cross 
section 13 ± 1 mm deep by 24 ± 1 mm wide. Sixteen replications were 
performed on each sample and results are reported in Newtons. Samples 
were analyzed at a temperature of + 4 + 1°C.
Statistical analysis

Statistical analyses of the data were performed using analysis of 
variance and least significant difference (lsd) methods (Steel and Torrie, 
1960).
Chemical analysis

Proximate and other analyses were done in duplicate on the same 
sample using standard AOAC (1970) methods.
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Table 1—Effect o f food grade phosphates on cooking loss and Kramer shear press values

Kramer shear press (Newtons)

%  Cooking loss Irradiated IMonirradiated

Phosphate 
0.375% addition

Salt level Salt level

0 0.75% 0 0.75% 0 0.75% analyses

Tetrasodium pyrophosphate 20.7 9.5 59.8 48.6 53.2 48.2
Cooking loss
All samples: F = 46 (1 % sign.)

(PP)
Sodium tripolyphosphate 21.3 10.5 47.5 45.9 59.4 61.9

Isd (0.05) = 1.6; Isd (0.01) = 2.4 
Samples with no salt: F = 11.1 (1 % sign.)

(TPP)
Curafos 11 -2a 23.5 14.0 51.2 48.6 54.8 52.2

Isd (0.05) = 2.3; Isd (0.01) = 3.1 
Samples with salt: F = 44 (1% sign.)

Curafos 22-4a 20.3 13.3 51.9 52.8 62.6 56.8

Isd (0.05) = 2.0; Isd (0.01) = 2.8 

Shear Press: (Nonirradiated)
All samples: F = 2.2 (1% sign.)

Kenab 23.1 13.9 58.0 51.5 59.2 48.6
Isd (0.05) = 1.2; Isd (0.01) = 1.6 
Samples with no salt: F = 2.9 (1% sign.)

Hexametaphosphate (HMP) 19.4 17.2 45.9 42.3 71.5 73.2
Isd (0.05) = 4.7; Isd (0.01) = 6.4 
Samples with salt: F = 4.1 (1 % sign.)

Foodfosc 25.0 20.9 55.0 46.2 68.7 63.0

Isd (0.05) = 13.8; Isd (0.01) = 18.7 
Shear press: (Irradiated)
All samples: F = 7.6 (1 % sign.)

Control 24.7 18.3 74.8 49.8 71.2 53.4
Isd (0.05) = 8.5; Isd (0.01) = 11.5 
Samples with no salt: F = 1.6 NSD

(no phosphate) Samples with salt: F =  0.9 NSD

a C o m m e rc ia l b len d s o f T P P  and H M P
h C o m m e rc ia l b lend  o f  P P , T P P  and so d iu m  p y ro p h o sp h a te s  
c C o m m e n ça i p re p a ra t io n  o f HM P

RESULTS & DISCUSSION

E ffect o f  d ifferen t fo o d  grade ph osp hates
Table 1 lists the d ifferen t food-grade p h osp hates evaluated  

at 0 .375%  add ition  level. T he e ffe c ts  on  the percent cook in g  
loss and shear press values o f  irradiated and nonirradiated b ee f  
patties w hen used w ith  and w ith o u t 0.75%  NaCl are show n.

T he m ost e ffec tiv e  phosphate for m oisture reten tio n , particu
larly in th e  presence o f  NaCl, was PP, fo llo w ed  by TPP. B oth  
PP and TPP were sign ificantly  m ore e ffec tiv e  than the other  
ph osp hates. C ooking losses w ere reduced from  24% w ith  no  
add itives to  9.5%  w ith  0.75%  NaCl and 0.375%  PP. The use o f  
PP w ith o u t NaCl resulted  in o n ly  a 4% red uction  in cook in g  
loss. The use o f  TPP w ith  0.75%  NaCl gave sim ilar results as

Table 2 —Chemical analyses for samples Usted in Table 7a

% NaCl 
added

% Phosphate13 
added

% NaCl 
analyzed

% Phosphate0 
analyzed

Type of 
phosphate

0 0.375 0.23 0.210 PP (Tetrasodium pyrophosphate)
0.75 0.375 0.85 0.243 PP (Tetrasodium pyrophosphate)
0 0.375 0.25 0.309 TPP (Sodium tripolyphosphate)
0.75 0.375 0.71 0.321 TPP (Sodium tripolyphosphate)
0 0.375 0.37 0.285 ! Curafos 11-2
0.75 0.375 0.80 0.311 Curafos 11-2
0 0.375 0.13 0.318 Curafos 22-4
0.75 0.375 0.82 0.302 Curafos 22-4
0 0.375 0.41 0.303 Kena
0.75 0.375 0.68 0.309 Kena
0 0.375 0.23 0.317 HMP (Hexametaphosphate)
0.75 0.375 0.81 0.332 HMP (Hexametaphosphate)
0 0.375 0.23 0.341 Foodfos
0.75 0.375 0.76 0.338 Foodfos
0 0 0.22 0.200 none
0.75 0 0.73 0.254 none

a P ro x im a te  a n a ly s is , 
b A s  so d iu m  salts

raw  m eat w ith o u t  th e  a d d it iv e s : % H20 = 7 1 .5 4 ; % P ro te in = 2 1 .0 1 ; % F a t  = 5 .0 6 ; % A sh  = 1.05

c A s  e lem enta l P
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Table 3—Effect o f salt level, phosphate level and grind on cooking loss and Kramer shear press valuesa

Kramer shear press (Newtons)

% Cooking loss Irradiated Nonirradiated

% TPP %PP Grind

Salt level Salt level Salt level

0 0.5 1.0 0 0.5 1.0 0 0.5 1.0

0 0 6 mm 24.4 22.3 21.1 25.3 26.5 35.9 32.3 38.2 40.5
0.25 0 6 mm 21.8 23.1 16.7 32.1 35.3 31.6 40.0 33.1 37.7
0.50 0 6 mm 16.5 13.3 4.8 36.7 33.4 33.1 34.9 43.5 36.9
0 0.25 6 mm 19.1 18.7 6.8 25.5 33.4 33.0 37.9 38.8 36.3
0 0.50 6 mm 14.6 10.3 2.6 29.3 33.5 30.1 33.9 36.8 41.4
0 0 1 3 mm 25.8 27.0 22.6 37.4 37.7 33.6 48.1 58.5 53.9
0.25 0 13 mm 16.6 17.4 13.1 32.6 30.7 37.1 50.0 48.9 38.6
0.50 0 13 mm 16.9 12.3 11.1 36.3 37.5 36.0 36.6 40.8 40.5
0 0.25 13 mm 16.3 14.4 7.8 39.9 30.1 30.2 39.6 41.1 41.9
0 0.50 13 mm 15.5 9.5 1.3 40.2 38.9 35.4 41.8 35.7 37.8
Statistical analyses

C o o k in g  loss : F o r  6  m m  g r in d :  F  = 105  (1 %  s ig n . ) ;  Isd ( 0 .0 5 )  = 2 . 0 ;  Isd ( 0 . 0 1 )  = 2 . 7 ;  F o r  13  m m  grin d : F  = 1 2 4  (1 %  s ig n . ) ;  Isd ( 0 .0 5 )  = 1 . 9 ;  
Isd (0 .0 1 )  = 2 .5 .
Kramer shear press: For 6 mm grind, irradiated: F = 4 .0  (1 % sign.); Isd (0 .0 5 )  = 5 .7 ;  Isd (0 .0 1 )  = 7 .7 ;  For 6 mm grind, unirradiated F = 1 .7  
(5 %  sign.); Isd (0 .0 5 )  = 7 .5 ;  Isd (0 .0 1 )  = 1 0 .2 ; For 13 mm grind, irradiated: F = 2 .2  (1 % sign.); Isd (0 .0 5 )  = 1 0 .1 ; Isd (0 .0 1 )  = 1 3 .6 ; For 13 mm 
grind, un irradiated: F = 7 .1  (1 %  sign.); Isd (0 .0 5 )  = 8 .0 ; Isd (0 .0 1 )  = 1 0 .8 .

PP. T hese results d em on stra te  th e  syn ergistic  e ffec ts  o f  ph os
phate and NaCl on  w ater reten tion  as reported by M ahon  
(1 9 6 1 ) .

In this exp erim en t, and all other exp erim en ts in this stu d y , 
irradiation o f  sam ples decreased the shear press values w hen  
com pared to  the corresponding nonirradiated sam ples. This 
w as also dem onstrated  by C ohen and R ice (1 9 7 4 ) .

T he add ition  o f  NaCl decreased the cook in g  losses o f  all the  
sam ples. It also decreased th e  shear press values o f  m ost o f  the  
sam ples.

Sensory tests  were n o t don e w ith  this experim en t. Earlier 
w ork  by Shults (1 9 7 1 )  on o th er  b e e f  produ cts, dem onstrated  
n o  sensory d ifferences in th e  use o f  these phosphates.

T able 2 lists the NaCl and ph osp h ate  co n ten t and the pro x 
im ate analysis for  the sam ples in th is experim ent.

D esp ite evidence sh ow n  in the literature (Sh u lts et al., 
19 7 2 ; Neraal and H am m , 1973; Y asui et ah, 1 9 6 4 ), and that 
dem onstrated  in th is exp erim en t, that PP is the preferred p h o s
phate to  use, it w as not used in all experim en ts as TPP and 
HMP are the o n ly  food-grade ph osp h ates currently approved

Table 4—Effe ct o f  salt level, phosphate level and grind on sensory score*!,<b

%
TPP

%
PP

%
Salt Grind Color Odor Flavor Texture Appearance

0 0 0.5 6 mm 6.9 ± 0.8 5.5 ± 1.5 5.3 ± 2.0 6.3 ± 1.5 6.3 + 2.1
0.25 0 0.5 6 mm 6.6 + 0.7 5.8 ± 2.0 6.1 ± 1.2 6.8 ± 1.5 6.8+ 1.3
0.50 0 0.5 6 mm 6.8± 0.6 6.5 — 0.8 5.9 ± 1.8 6.8 ± 0.7 6.8 + 0.8
0 0.25 0.5 6 mm 6.8 ± 0.7 6.5 ± 1.3 6.3 ± 1.2 6.8 ± 0.8 7.1 ± 1.1
0 0.50 0.5 6 mm 6.8 ± 1.0 6.0 ± 1.7 6.1 ± 1.6 6.7 ± 1.4 6.8 + 0.8
0 0 1.0 6 mm 6.7 ± 1.0 6.2 ± 0.8 5.8 ± 1.5 6.1 ± 1.8 6.8 + 0.9
0.25 0 1.0 6 mm 6.1 ± 1.6 5.7 ± 1.4 5.6 ± 1.4 6.1 ± 2.0 6.1 ± 1.7
0.50 0 1.0 6 mm 6.1 ± 1.9 6.2 ± 2.0 6.2 ± 2.0 6.1 ± 1.7 5.8 ± 2.0
0 0.25 1.0 6 mm 6.2 ± 1.5 6.3 ± 1.1 5.8 ± 1.5 5.3 ± 1.4 5.9 ± 1.7
0 0.50 1.0 6 mm 6.3 ± 1.3 6.2 ± 1.3 6.2 ± 1.9 6.2 ± 1.8 6.1 ± 1.6
0 0 0.5 13 mm 6.3 ± 1.2 6.1 ± 1.2 6.2 ± 1.6 6.2 ± 1.2 6.3 ± 1.3
0.25 0 0.5 13 mm 6.4 ± 1.0 6.3 ± 1.2 5.9 ± 1.6 6.6 ± 0.8 6.6 ± 0.9
0.50 0 0.5 13 mm 5.9 ± 1.2 5.8 ± 1.6 5.3 ± 1.3 6.1 ± 1.3 6.5 ± 0.8
0 0.25 0.5 13 mm 6.0 ± 1.0 5.7 ± 1.0 5.7 ± 2.0 6.3 ± 1.1 6.1 ± 1.0
0 0.50 0.5 13 mm 6.2 ± 1.2 6.3 ± 1.2 6.5 ± 1.0 6.6 ± 0.7 6.2 ± 0.5
0 0 1.0 13 mm 5.9 ± 1.0 5.3 ± 1.4 5.1 ± 1.3 5.6 ± 1.4 5.9 + 1.2
0.25 0 1.0 13 mm 5.8 ± 1.4 5.6 ± 1.3 5.5 ± 1.3 5.7 ± 1.9 5.7 + 1.6
0.50 0 1.0 13 mm 5.6 ± 0.9 5.6 ± 1.2 5.3 ± 1.5 5.9 ±0.9 5.8 + 1.3
0 0.25 1.0 13 mm 6.0 ± 0.8 5.9 ± 1.0 5.3 ± 1.7 6.2 ± 0.8 6.2 ± 1.3
0 0.50 1.0 13 mm 5 8 ± 1.3 5.8 ± 1.1 5.5+ 1.6 5.5 ± 1.9 6.0 ± 1.3

a In te n s ity  sca le  p o in ts : 1 - e x t r e m e ly  p o o r ; 2 —v e ry  p o o r ; 3 - p o o r ;  4 - b e lo w  fa ir ,  above  p o o r ; 5 - f a i r ;  6 - b e lo w  g ood , ab o ve  fa ir ; 7 - g o o d ; 8 - v e r y  
g ood ; 9 —e x c e lle n t .

b S ta t is t ic a l a n a ly s is : No s ig n ific a n t  d iffe re n c e s  on an y  te s t . S am p le s  g rouped  to g eth e r w e re  tested  a t th e  sam e t im e . A ll  sam p les  irra d ia te d .
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R A D A P P E R T IZ E D  G R O U N D  BEE F  P R O D U C T S  . .

Table 5—Chemical analyses for samples listed on Table 3  and 4 a

%  NaCl 
added

% TPPb 
added

% PPb 
added

% NaCl 
analyzed

% Phosphorous0 
analyzed

0 0 0 0.12 0.161
0.5 0 0 0.60 0.163
1.0 0 0 1.00 0.160
0 0.25 0 0.13 0.224
0.5 0.25 0 0.57 0.229
1.0 0.25 0 1.05 0.235
0 0.50 0 0.15 0.295
0.5 0.50 0 0.58 0.299
1.0 0.50 0 0.54 0.279
0 0 0.25 0.08 0.225
0.5 0 0.25 0.57 0.227
1.0 0 0.25 0.99 0.228
0 0 0.50 0.11 0.277
0.5 0 0.50 0.53 0.291
1.0 0 0.50 1.03 0.282

a P ro x im a te  a n a ly s is , co o ked  m eat, w ith o u t  a d d it iv e s : % H 2 0  = 
6 0 .9 3 ; % P ro te in  = 1 7 .0 8 ; % F = 2 0 .1 1 ; % A sh  = 0 .8 4 . 

b A s  so d iu m  sa lts  
c A s  e le m e n ta l P

Table 6 —Chemical analyses for samples listed Tables 3  and 4 a

% NaCl 
added

% TPpb 
added

% PPb
added

% NaCl 
analyzed

% Phosphorous0 
analyzed

0 0 0 0.02 0.178
0.5 0 0 0.45 0.201
1.0 0 0 0.54 0.256
0 0.25 0 0.03 0.263
0.5 0.25 0 1.16 0.234
1.0 0.25 0 1.05 0.256
0 0.50 0 0.13 0.327
0.5 0.50 0 0.61 0.385
1.0 0.50 0 1.06 0.302
0 0 0.25 0.03 0.257
0.5 0 0.25 0.58 0.261
1.0 0 0.25 1.09 0.241
0 0 0.50 0.08 0.311
0.5 0 0.50 0.50 0.319
1.0 0 0.50 0.94 0.305

a P ro x im a te  a n a ly s is , raw  m eat w ith o u t  th e  a d d it iv e s : % H 2 O = 
6 6 .2 1 ; % P ro te in  = 1 8 .3 8 ; % F a t=  1 3 .4 0 ; % A sh  = 0 .9 5 . 

b A s  so d iu m  sa lts  
c A s  e le m e n ta l P

b y  the U S D A  for b e e f  products (M eat In sp ection  R egulations, 
T itle  9 , Chapter 2 , U S D A , APH IS). TPP has been  sh ow n  to  be 
th e  on ly  approved phosphate w hich is ben efic ia l in ground  
b e e f (Sh u lts et al., 1 9 7 2 ). Neraal and H am m  (1 9 7 3 )  reported  
that TPP was rapidly h yd rolyzed  in m eats to  PP and o r th o 
phosphate  and it w as the PP m o iety  o f  TPP w hich  w as m ainly  
responsib le for  th e  increase in the w ater-hold ing capacity  o f  
m eats.

E ffe c t o f  sa lt levels, p h o sp h a te  levels an d  g rind
T he e ffec ts  o n  shear press values and coo k in g  losses o f  three 

levels o f  TPP and PP (0 , 0 .2 5  and 0.50% ), three levels o f  NaCl 
(0 , 0 .5 0  and 1.0%) and tw o  particle sizes o f  grind (6  and 13 
m m ) were studied  using irradiated and nonirradiated sam ples 
(Table 3).

The add ition  o f  TPP to  the ground b e e f patties resulted in a 
significantly  higher coo k in g  loss than w ith  the add ition  o f  PP. 
With PP add ition , in com bination  w ith  1% NaCl add ition , 
coo k in g  losses w ere reduced from  21% to  7%, w ith  0.25%  PP,

to  2.6%  w ith  0.5%  PP w hen  a 6 m m  grind w as used. Similar 
results w ere obtained  w ith  PP additions w ith  13 m m  grind. 
Increasing the add ition  o f  TPP and PP from  0 .2 5  to  0.5%  
resu lted  in  signficant decreases in the co o k in g  losses w h en  used  
w ith  0 .5  or 1.0% NaCl.

Increasing NaCl co n ten t also decreased the cook in g  losses. 
Significant red uction s w ere foun d  w h en  used w ith  phosphate  
add itons.

T he size o f  the grind had no sign ificant e ffe c ts  on the c o o k 
ing losses. The 13 m m  grind had a ten d en cy  to  give greater 
shear press values than the 6 m m  grind, ind icating a tougher  
product. There was n o  d iscern ib le trend for the shear press 
value as a fu n ctio n  o f  the additive or the additive level used.

Table 4  sh ow s sensory scores for  th is test. In this, and w ith  
all o th er  sensory tests, n o  significant d ifferen ces appeared for  
any sam ples tested  at the sam e tim e. It appears that the use o f  
NaCl a lone (0 .5 -1 .0 % ) results in a p rodu ct o f  acceptab le  
qu ality . H ow ever, the use o f  NaCl w ith  ph osp hates im proves  
the p ro d u ct’s w ater reten tio n  qu a litites , T able 3 , thus m aking

Table 7—Effect o f  salt, phosphate and fat content on cooking loss and Kram er shear press valuesa

Kramer shear value, (Newtons) 
% Cooking ----------------------------------------------------------

% Salt % TPP Fat loss Irradiated Nonirradiated Grind

0 0 25.8 30.3 51.4 46.5 double, 5 mm
0.75 0 25.8 35.4 23.9 24.8 double, 5 mm
0 0.3 25.8 34.2 35.3 47.9 double, 5 mm
0.75 0.3 25.8 29.5 31.8 41.0 double, 5 mm
0 0 7.8 28.4 43.6 55.9 double, 5 mm
0.75 0 7.8 29.8 36.4 61.6 double, 5 mm
0 0.3 7.8 30.4 40.3 60.9 double, 5 mm
0.75 0.3 7.8 24.8 25.8 49.0 double, 5 mm

a Statistical analyses:
K ra m e r  shear va lu e s : Ir ra d ia te d : F  = 7 .9  (1%  s ig n .) ; Isd (0 .0 5 )  = 1 2 .4 ; Isd (0 .0 1 )  = 1 1 .1 . N o n irra d ia te d :: F  = 5 .3  (1 %  s ig n .) ; Isd (0 .0 5 )  = 1 1 .5 ; Isd
(0.01) = 10.2 .
% C o o k in g  lo ss : F  = 11.1  (% s ig n .) ; Isd (0 .0 5 ) = 3 .6 ; Isd (0 .0 1 )  = 4 .8 .
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Table 8—Effect o f fat, salt and TPP levels on sensory scores^

%  Fat % NaCl % TPP Color Odor Flavor Texture Appearance Irradiated

25.9 0 0 6.8 ± 1.1 6.4 ± 0.9 5.4 ± 1.3 6.2 ± 1.3 6.8 ± 0.9 ye s

25.9 0.75 0 6.8 ± 1.0 6.3 ± 1.1 6.8 ± 0.8 6.8 ± 1.1 7.1 ± 0.5 yes

25.9 0 0.3 6.7 ± 0.8 6.3 ± 0.5 6.1 ± 1.2 6.4 ± 0.8 6.7 ± 0.7 ye s

25.9 0.75 0.3 6.2 ± 1.2 6.3 ± 0.9 5.8 ± 1.5 6.3 ± 1.5 6.8 ± 0.6 yes

7.8 0 0 6.5 ± 1.2 6.1 ± 1.2 4.5 ± 1.9 6.1 ± 1.3 6.6 ± 1.2 yes

7.8 0.75 0 6.3 ± 1.4 6.0 ± 1.6 5.1 ± 1.9 6.4 ± 1.2 6.4 ± 1.1 yes

7.8 0 0.3 6.3 ± 0.9 6.0 ± 0.9 5.6 ± 1.4 6.1 ± 1.2 6.1 ± 1.2 yes

7.8 0.75 0.3 6.7 ± 1.1 6.2 ± 1.0 5.5 ± 1.4 6.2 ± 1.1 6.4 ±0.9 yes

25.8 0 0 6.7 ± 0.5 6.8 ± 0.9 6.1 ± 1.4 6.3 ± 1.1 6.7 ± 1.0 no

25.8 0.75 0 7.1 ± 0.8 6.9 ± 0.5 7.2 ± 1.1 7.0 ± 0.9 7.3 ± 0.9 no

25.8 0 0.3 7.0 ± 0.7 6.9 ± 0.9 6.4 ± 1.4 6.6 ± 1.2 6.8 ± 0.8 no

25.8 0.75 0.3 7.3 ± 0.5 7.1 ± 0.5 6.8 ± 0.8 7.0 ± 0.6 7.3 ± 0.7 no

7.8 0 0 6.7 ± 0.8 6.7 ± 0.8 6.3 ± 1.0 6.2 ± 1.3 6.6 ± 0.8 no
7.8 0.75 0 6.6 ± 0.9 6.8 ± 1.2 6.5 ± 1.7 6.9 ±0.9 6.6 ± 1.1 no
7.8 0 0.3 6.8 ± 0.8 6.8 ± 0.8 6.1 ± 1.0 6.6 ± 0.9 6.8 ± 0.8 no
7.8 0.75 0.3 7.1 ± 0.5 6.8 ± 1.1 6.1 ± 2.1 7.1 ± 0.5 7.3 ± 0.8 no

a S a m p le s  grouped to g eth e r w e re  tested  at th e  sam e t im e .
b  S ta t is t ic a l a n a ly s is : No s ig n if ic a n t  d iffe re n c e s  fo r  a n y  te s t . A l l  sam p les  d o u b le  g ro u n d , 5 m m  p la te .

Table 9 —Chemical analyses for samples listed Table 7 and 8

Sample % H j O % Protein % Fat % Ash % Phos. % NaCl Cooked

1 57.26 15.99 25.52 0.85 0.154 0.20 no
2 57.26 15.99 25.52 1.38 0.161 0.85 no
3 57.26 15.99 25.52 1.11 0.245 0.12 no
4 57.26 15.99 25.52 1.73 0.243 0.78 no
5 70.78 19.91 6.84 1.01 0.204 0.09 no
6 70.78 19.91 6.84 1.65 0.194 0.89 no
7 70.78 19.91 6.84 1.34 0.267 0.05 no
8 70.78 19.91 6.84 1.82 0.258 0.85 no
1 51.76 20.47 25.80 0.90 0.174 0.17 yes
2 51.76 20.47 25.80 1.42 0.167 0.89 yes
3 51.76 20.47 25.80 1.22 0.253 0.16 yes
4 51.76 20.47 25.80 1.86 0.243 0.87 yes
5 63.64 25.32 7.79 1.04 0.196 0.07 yes
6 63.64 25.32 7.79 1.62 0.204 0.82 yes
7 63.64 25.32 7.79 1.28 0.275 0.09 yes
8 63.64 25.32 7.79 1.85 0.273 0.88 yes

it m ore ju icy  if  increased ju iciness is sy n o n y m o u s w ith  w ater
h o ld in g  capacity . In previous experim en ts, it was sh ow n that 
th e  b e e f patties m ade w ith o u t NaCl, or w ith o u t NaCl and 
ph osp hate , tended  to  fall apart after irradiation and were 
judged inferior in quality  due to  the p oor textu ral character
istic.

Table 5 lists th e  NaCl and phosphate co n ten t and the pro x 
im ate analysis o f  the co o k ed  sam ples listed  o n  T ables 3 and 4 . 
Table 6 lists the NaCl and phosp hate  co n ten t and the prox
im ate analyses o f  the raw m eat sam ples listed  o n  T ables 3 and
4.

E ffect o f  NaCl, phosphate and fat co n ten t
T w o levels o f  TPP (0  and 0.3% ) and tw o  levels o f  NaCl (0  

and 0.75% ) were used to  test the e ffec ts  on  shear press values 
and co o k in g  loss o f  fat levels (2 5 .8  and 7.8% ) in irradiated and

nonirradiated b e e f patties. Table 7 lists the levels o f  NaCl, 
phosphate and fat used in this ex p erim en t and th eir  e ffe c t  on  
the coo k in g  loss and shear press values. F at, NaCl, and ph os
phate sh ow ed  n o  d ifferen ces for cook in g  losses. Salt decreased  
the shear press values; increased fat did the sam e for the n o n 
irradiated produ ct but n o t for the irradiated p rodu ct; ph os
phate had no e ffec t o n  these  values.

Table 8 sh ow s the sensory scores for  this experim en t. 
Again, no d ifferences w ere dem onstrated  for the sam ples 
tested .

Table 9 lists the NaCl and phosp hate  conten t and the p rox
im ate analysis for  th e  sam ples sh ow n in Table 7.

R esu lts o f  these studies have dem onstrated  th a t acceptab le  
irradiated ground b e e f patties can be produced. It can be con
cluded that fat level and degree o f  grind does n o t  a ffect prod
uct q u a lity . The use o f  NaCl and phosphates is beneficia l in  
reducing cook in g  losses and in textu ral im provem ents.
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E F F E C T  O F  C H E M I C A L  A N D  P H Y S I C A L  T R E A T M E N T S  O N  R A N C I D I T Y
D E V E L O P M E N T  O F  F R O Z E N  M U L L E T  (Mugil cephalus) F I L L E T S

— -------------------- --------  ABSTRACT..................— — — -
Approximately 30 million pounds of mullet are harvested annually in 
Florida. However, mullet has only limited economic value compared to 
other commercially valuable fish species which in part is due to the 
poor stability of the flesh during storage. The instability of mullet flesh 
during storage has been attributed mainly to the development of oxida
tive rancidity. The purpose of this study was to retard rancidity devel
opment in the stored mullet fillets by chemical and physical treatments. 
The mullet fillets were dipped for 1 min in the following antioxidant 
solution, mono-tertiarybutylhydroquinone (TBHQ), disodium ethylene- 
diaminetetraacetate (Na2 EDTA) and ascorbic acid, singularly or in vari
ous combinations. Each antioxidant and their combinations retarded 
rancidity development in the stored mullet fillets. The chemcial tests 
(peroxide value and TBA number) indicated that ascorbic acid alone or 
in combination with TBHQ or Na2 EDTA was more effective than other 
antioxidant treatments. Vacuum packaging in combination with anti
oxidants improved rancidity control over antioxidant treatments alone. 
Based on the chemical measurements rancidity development is retarded 
best by treatment with the antioxidants ascorbic acid and/or TBHQ in 
combination with vacuum-packaging.

INTRODUCTION
A PPR O X IM A T E L Y  3 0  m illion  pounds o f  m ullet (Mugil  
cephalus)  are harvested annually , accou nting  for m ore than  
o n e-fifth  o f  th e  fin fish  landed  on  F lorida coasts (U SD C , 1973;  
Pierce, 1 9 7 5 ). H ow ever, m u llet has o n ly  lim ited  e co n o m ic  val
ue com pared  to  other com m ercia lly  valuable fish species  
w h ich , in part, is due to po o r  stab ility  o f  the flesh  during  
storage. Processing tech n iq u es such as p ickling, sm oking, salt
ing and drying generally  are very e ffec tiv e  for  preserving  
m arine products, bu t consum ers dem and conven ien ce  type  
produ cts, w ith  the characteristics o f  fresh  m arine fo o d s  (W ein
ste in , 1 9 6 9 ). Freezing tech n o lo g y  has provided consum ers  
w ith  p rodu cts that have a reasonably  go o d  acceptan ce. H ow 
ever, fro zen  m ullet fille ts have been  o f  lo w  qu ality  and rancid 
flavor has b een  considered  th e  m ajor fa c to r  responsib le  for the  
qu ality  lo ss  (Saenz and D u brow , 19 5 9 ; Beaum ariage et al.,
1 9 6 9 ). T he qu ick  on set o f  ox idative  rancid ity  o f  m u llet flesh  
lip id  during storage is believed  to  be due to  the hem e pigm ent 
present in  th e  large lateral band o f  the fille ts . The p igm ent acts 
as a ca ta lyst fo r  the o x id a tio n  o f  the h igh ly  unsaturated fa tty  
acids in the flesh  (Z ipser and W atts, 1 9 61; F ischer and D eng,
1 9 7 6 ). Studies to  con tro l ox id ative  rancid ity  in  frozen  m ullet 
fille ts have b een  reported by previous w orkers (Saenz and 
D ubrow , 1959; Beaum ariage e t al., 1 9 6 9 ). N on e o f  the various 
treatm ents rep orted  could  ex ten d  the sh elf life  o f  m u llet fillets  
harvested in O ctober b ey o n d  5 m on th s o f  frozen  storage. The 
treatm ents w ere m ore e ffe c tiv e  o n  the relatively  lean m ullet 
harvested in April, during the nonspaw ning  season . H ow ever, 
the m ajor harvesting period  fo r  m u llet is during the spaw ning  
season , the other seasons acco u n t fo r  o n ly  a sm all p o rtion  o f  
landings (U SD C , 1973).

Thus, the experim en t reported  here was designed to  investi
gate the e ffe c t  o f  a com b in a tio n  o f  vacuum  packaging and

a n tio x id a n ts on  ex ten d in g  th e  storage stab ility  o f m u llet har
vested  during the spaw ning sea so n  (D ecem ber). M ost m ullet 
harvested during peak period  (sp aw nin g  season) are frozen  b e
fore sh ipping or further p rocessing  (C ato , 1976). T hus, m u llet  
in  th e  round frozen  at —2 9 °C  fo r  o n e  m onth  were used as the  
raw m aterial.

EXPERIMENTAL

FRESH CAUGHT MULLET were obtained from commercial fisher
men, shipped in ice to Gainesville, Fla., immediately frozen and stored 
at -29°C until used. The thawed mullet were freed of bone, viscera and 
belly flaps. Unless otherwise specified, whole boneless fillets with skin 
were used in the study. The average mullet size was approximately 2.5 
lb and total fat content of fillets was about 5%. All experiments in this 
study were conducted in duplicate. For the yield study of mullet fillets, 
dark and light color flesh, five mullet harvested in June (nonspawning 
season) and five mullet in December (spawning season) were used. 
Antioxidant treatment

Only aqueous antioxidant solutions were employed. The antioxi
dants used were ascorbic acid (Dubois, 1949; Greig, 1967), Na2EDTA 
(Farragut, 1972) and TBHQ (Eastman Products, 1973; Sweet, 1973; 
Matthews et al., 1975). Mullet fillets were dipped for 1 min in various 
antioxidant solutions individually or in different combinations before 
they were frozen at —18°C. The solutions used were: (1) 2% ascorbic 
acid, (2) 0.025% TBHQ, (3) 0.5% Na2 EDTA, (4) 2% ascorbic acid +
0.025% TBHQ, (5) 2% ascorbic acid + 0.5% Na2 EDTA and (6 ) 0.025% 
TBHQ + 0.5% Na2 EDTA.

Combination treatment of antioxidant 
and vacuum packaging

Mullet fillets were dipped in one of the following antioxidant solu
tions for 1 min: (1) 0.5% Na2 EDTA, (2) 2% ascorbic acid, (3) 0.025% 
TBHQ and (4) 2% ascorbic acid + 0.025% TBHQ, then vacuum packed 
in Cryovac barrier bags and frozen at —18°C.
Antioxidant determination

Mullet fillets were dipped in 0.5% Na2 EDTA and 0.025% TBHQ for 
periods of 15, 30, 60 and 90 sec. A colorimetric determination (Sinclair 
and Power, 1968) was used to determine the content of Na2EDTA in 
mullet fillets after dipping. The TBHQ dipped mullet fillets were freeze 
dried and then analyzed for TBHQ using a colorimetric method (East
man Products, 1974).

A standard curve was developed for each compound by using the 
procedure above except that undipped fish was used and known con
centrations of the respective compounds were added to the ground 
mullet.
Chemical tests

The rancidity development was determined by thiobarbituric acid 
(TBA) test and peroxide value. TBA numbers were measured by the 
method of Yu and Sinnhuber (1967) except in preparing fish samples 
the frozen fillet was sliced and blended with 2  vol of cold deionized 
water for 30 sec. Duplicate aliquots of homogenate were used for deter
mination of TBA number which is expressed as mg of malonaldehyde 
per kg of sample. Peroxide values were determined by the AOCS 
method (1970), following the Bligh and Dyer (1959) lipid extraction. 
The peroxide value is defined as mg equivalent of peroxide per kg oil. 
Data were subjected to analysis of variance procedure (Dixon and 
Massey, 1969).
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Organoleptic evaluation
Sensory evaluation of the quality of frozen stored fillets were car

ried out by panels composed of 10 or more students and staff from the 
Food Science Dept. The same panelists participated each time. For 
evaluation of undesirable rancid flavor, the frozen fillets were thawed, 
cut into approximately 1/2 by 1 in. segments, placed in a dish covered 
with aluminum foil, heated in an oven at 177°C for 25 min, and 
allowed to cool to room temperature before presenting to the panelists. 
The scores of undesirable rancid flavor were on a 9-point hedonic scale 
with 1 designating none and 9 extremely intense.

RESULTS & DISCUSSION
M ULLET FIL L E T S w ith  and w ith o u t skin w ere stored  in  a 
freezer at — 1 8 °C  to  ex a m in e  rancid ity dev e lo p m en t. F igure 1 
sh ow s the rancid ity  change in  m ullet fille ts during storage  
determ ined b y  th e  T B A  m eth od . The T B A  num ber o f  the  
skinless fille ts  increased  sharply during fro zen  storage. For the  
m ullet fille ts w ith  sk in , th e  TA B  num ber stead ily  increased but 
at a slow er rate. W hen the skin was rem oved , the sk inside dark 
m uscle con ta in in g  larger am oun ts o f  h em e p ro te in  and n o n 
hem e iro n  (F isch er  and D eng, 1 9 7 6 )  w as ex p o sed  and o x y g en  
could  readily contact the dark flesh , and hem e or other cata
lysts accelerated  the o x id a tio n  o f  m ullet lip id  at a higher rate. 
W hen th e  skin was retained  o n  the fille ts , o x y g en  perm eab ility  
on  th e  skinside was lim ited  and thu s the o x id a tio n  rate was 
reduced . The dark m uscle  on  the sk in less m u llet fille ts  n o t  
o n ly  increases the rate o f  lipid o x id a tio n  b u t according to  
other  workers also decreases th e  accep tab ility  o f  fille ts  w hen  
th ey  are processed  in to  fish sticks. The appearance o f  m ullet 
sticks m ade o f  sk in less m ullet fillets is co m p le te ly  d ifferent 
from  th e  trad itional w h ite  fish sticks m ade o f  cod  or pollack  
(C on nell, 1 9 7 6 ). B ecause o f  the large am ou n t o f  dark m uscle  
in the m eat th is p rodu ct is less acceptab le to  the consum er  
(Cam ber, 1 9 5 5 ). If th e  lig h t co lored  flesh  is separated from  the  
dark m uscle, it  cou ld  be used to  prepare m u llet sticks w ith  
im proved consu m er a ccep tab ility . H ow ever, the y ie ld  o f  light 
co lor  flesh  is o n ly  2 /3  to  3 /4  o f  the b o n eless fille t during the  
spaw ning season  (T able 1) and dark m uscle  is very d ifficu lt  
and u n eco n o m ica l to  separate c o m p lete ly  from  the ligh t co lor  
m uscle. T herefore, bon eless m u llet fille ts w ith  skin in tact to  
retard o x id a tio n  w ere used to  stu dy  the lon g  term  storage  
stab ility . Since sk in -on  fille ts are processed in to  b lo ck s and 
m arketed (C on nell, 1 9 7 6 ), it is h o p ed  that frozen  b lock s could  
be prepared from  m u llet fille ts w ith  skin and u p on  thaw ing the  
individual fille ts  w ou ld  be u tilized .

The con cen tra tio n  o f  TBHQ and Na2 E D T A  in m ullet fille ts  
after dipping fo r  e ith er  15, 3 0  or 6 0  sec  (T able 2 ) was below  
the legal allow ance (2 0 0  ppm  T B H Q /g o f  lip id , Eastm an, 
1974; Na2 E D T A  approved for  use in som e fo o d s up  to  5 0 0  
ppm , FDC, 1 9 7 0 ). T hus, 1 m in dipping in various an tiox idan t  
so lu tion s was used .

The e ffec t o f  th e  various a n tiox id an t treatm ents on  the  
storage stab ility  o f  m ullet fille ts ind icated  b y  p eroxid e value is 
sh ow n  in  Figure 2. M ullet fille ts  w ith o u t any treatm ent  
sh ow ed a steady  increase in  perox id e  value during frozen  stor
age and n o  in d u ctio n  period w as observed. The p eroxid e value 
increased sharply from  3 m on th s up to  6 m on th s in  frozen  
storage and then started to  decrease. The decrease in  p eroxid e  
value im plies further d eco m p o sitio n  o f  the peroxid e. T he per
o x id e  value decreased from  6 to  9 m onth s storage and then  
leveled  o ff. This corresponds w ith  the general p eroxid e pro
d u ctio n  w hich p eaks and th en  tapers o f f  as the lip id  o x id a tio n  
p roceeds (L abuza, 1 9 7 1 ). Na2 E D T A , at the concen tra tion  
used in  th e  stu d y , was n o t e ffec tiv e  in  contro lling  the p ero x i
dation  o f  m ullet fille ts  since the pattern o f  p eroxid e produ c
t io n  w as sim ilar to  th e  fille ts w ith o u t any treatm ent. A scorbic  
acid , TBH Q  and th ree  d ifferent com b in ation s were m ore e ffe c 
tive (P  <  0 .0 5 ) th an  Na2 E D T A  in retarding p erox id ation  o f  
the m u llet fillets. There w as n ot a sign ificant d ifference (P <

Table 1—Yield of mullet fillets, dark and light muscle during 
spawning (December) and nonspawning (June) seasons

Month
Length

(cm)

Fish in 
the round 

(fl)
Fillets 

yield3 (%)
Light flesh 
yieldb (%)

Dark flesh 
yieldb (o/o)

J u n e
D e c .

38.3 ± 1.0 
46.5 ± 1.5

582.5 ± 20.2 
1403,0 ± 51.3

31.8 ± 2.4 
28.0 ± 3.0

86.0 ± 2.5
71.0 ± 3.3

14.0 ± 1.5
29.0 ± 2.0

a Calculation based on fish weight in the round 
b Calculation based on weight of the fillet

Table 2—Concentration3 of TBHQ and Na2 ED TA in mullet fil
lets after dipping in 0.025% TBHQ and 0.5% Na2 ED TA  solution 
respectively for different periods of time

Dipping time 
(sec)

TBHQ
(ppm/g lipid)b

l\la2 ED TA  
(ppm/g muscle)

15 80 270
30 94 380
60 190 492
90 286 561

3 Values are the average of two experiments 
b Calculation based on 5% oil in mullet fillets

Fig. 1—Comparison o f  rancidity development measured b y  TBA num
bers in skinless mullet fillets and m ullet fillets with skin stored at 
—18° C.
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Fig. 2—Effe ct o f  various antioxidants on perox
ide values o f m ullet fillets stored  at —18°C.

Fig. 3—Effect o f  various antioxidants on TBA 
numbers o f mullet fillets stored at — 18°C.

Fig. 4—E ffe ct o f  various antioxidants on rancid 
flavor o f  mullet fillets stored at —18°C.

0 .0 5 )  am ong the five a n tio x id a n t treatm ents, ascorbic acid , 
TBH Q  and three d ifferen t co m b in ation s.

W hen T B A  num ber w as used to  ind icate  the e ffe c t  o f  vari
o u s a n tio x id a n ts on  the storage stab ility  o f  m u llet fille ts (F ig .
3), it was observed  that th e  T B A  num ber o f  m ullet fille ts w ith  
n o  trea tm en t increased from  about 1.5 to  6 .0  during 9 m on th s  
o f  storage. T his pattern  is d ifferen t from  that for  the perox id e  
value. W ith the e x ce p tio n  o f  N a^E D T A  an d /or  T BH Q , all anti
o x id a n t treatm ents w ere low er (P <  0 .0 5 )  than co n tro l in the  
TBA  num ber. The fille ts treated  w ith  N a2 E D T A  or TBHQ  
alone or in  co m b in a tio n  had a higher (P <  0 .0 5 )  T B A  num ber  
than th o se  w ith  o th er  a n tiox id an t treatm ents.

The T B A  num bers and p erox id e  values ind icated  that ascor
bic acid a lone or in co m b in a tio n  w ith  the an tiox id an ts TBHQ  
or N a2 E D T A  were m ore e ffec tiv e  than other a n tio x id a n t treat
m ents. G enerally , it  was observed that w h en  the pero x id es  
started  to  decrease, the TBA num ber increased further, reach
ing th e  h ighest around 9 m onth s storage and th en  decreasing. 
The further increase o f  T B A  num ber, as perox id es d ec lin ed , is 
sim ilar to  th e  pattern after the b im olecu lar period o f  lip id  
o x id a tio n  in  a m od el system  (L abuza, 1 9 7 1 ). P ossible exp lana
tio n s for  the decrease o f  TBA  num bers after 9 m on th s could  
be that lip id h yd rolysis produ cts, fa tty  acids, w ere high  
enou gh  to  depress the o x id a tio n  o f  m ullet lip ids (C astell e t  ah,

STORAGE TIME, MONTHS STORAGE TIME, MONTHS

Fig. 5—Effect o f  various antioxidants in com 
bination with vacuum packaging on peroxide  
values o f  mullet fillets stored at —18° C.

Fig. 6—Effect o f various antioxidants in com 
bination with vacuum packaging on TBA num 
bers o f  m ullet fillets stored at — 18°C.

Fig. 7—Effect o f  various antioxidants in com 
bination with vacuum packaging on rancid fla
vor o f  mullet fillets stored at —18° C.
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1966) and decomposition products of protein, amino acids, 
interacted with malonaldehydes or other aldehydes (Kwon et 
ah, 1965).

Figure 4 shows the effect of various antioxidant treatments 
on the rancid flavor of mullet fillets evaluated by the panelists. 
The trend of overall average scores of undesirable rancid flavor 
for various antioxidant treated fillets at different periods were 
in general agreement with the chemical changes measured by 
TBA method during 12 months storage (correlation coefficient 
7 = 0.96). However, panel scores indicating undesirable rancid 
flavor of mullet fillets with different treatments did not nec
essarily correlate with the TBA number. The skin retained on 
the fillets retarded oxidation and the TBA numbers were be
low 6 (Fig. 3). This might be partially responsible for the 
inability of the panelists to detect the rancidity and distinguish 
the difference between treated and untreated samples.

The effect of the combination of antioxidant treatment and 
vacuum packaging on the rancidity development of mullet fil
lets based on the determination of peroxide value is shown in 
Figure 5. Mullet fillets treated with vacuum packaging alone 
had the highest peroxide production after 6 months storage, 
which was similar to the nonvacuum packed mullet fillets 
without any treatment (Fig. 2). However, the packaged prod
uct was much lower (P <  0.05) than the unpackaged product 
in peroxide production. Similarly the mullet fillets treated 
with vacuum-packaging in combination with ascorbic acid, 
TBHQ and TBHQ + ascorbic acid had lower (P <  0.05) per
oxide values than the unpackaged products. The fillets vacuum 
packaged in combination with Na2EDTA had higher (P <  
0.05) peroxide values than with the other combinations, indi
cating the Na2 EDTA was less effective than TBHQ or ascorbic 
acid in combination with vacuum packaging.

The effect of combination treatments of vacuum packaging 
and antioxidants was also interpreted by TBA number as 
shown in Figure 6. The TBA numbers slowly increased during 
9 months storage. Generally, the TBA numbers were lower (P 
<  0.05) in mullet fillets treated with various antioxidants in 
combination with vacuum packaging than with vacuum pack
aging alone. After 9 months storage, the TBA number of mul
let fillets with different treatments also decreases slightly.

As to the effect of the combination treatment of vacuum 
packaging and antioxidants on the undesirable rancid flavor of 
mullet fillets, the panels were unable to detect significant ran
cid flavor in the products evaluated periodically over a storage 
time of 12 months (Fig. 7).

In summary, the skin-on mullet fillets treated with the anti
oxidants, ascorbic acid and/or TBHQ, in combination with 
vacuum packaging had the least rancidity development as 
measured by chemical tests and organoleptic evaluation. Thus, 
skin-on mullet fillets preserved as frozen blocks potentially 
offer a stable mullet product with little rancid flavor and also 
provide a convenient source of mullet fillets for the consumer, 
instead of the traditional mullet in the round.
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EFFECT OF FREEZING AND FROZEN STORAGE 
INTO FISH MUSCLE IMMERSED

ON SALT 
IN BRINE

PENETRATION

— ----------------------—  ABSTRACT — ----------------------------
Salting is a processing treatment used either to provide a salty flavor or 
to impart storage stability by decreasing water activity. Optimum salt 
content can enhance overall flavor acceptability and is a major factor in 
safe preservation of smoked fish. In this study, rate of salt penetration 
into fresh or frozen and then thawed fish muscle was studied by dip
ping mullet fillets in brine. Salt penetration curves resemble a first order 
change [X = C(1 -  e'kt) ] . Initial salt penetration rate (g salt/g sample/ 
min) and rate constant (min'1) increased respectively from 0.006 and
0.018 for fresh fish to 0.014 and 0.029 after freezing (frozen for 1 wk), 
then decreased to 0.011 and 0.025 after 3 wk of frozen storage, and 
leveled off at 0.009 and 0.018 from 5 -9  wk of storage. The change in 
salt penetration rates closely followed changes in extractable actomyo- 
sin in muscle, indicating a dependence of the change on the degree of 
denaturation of fish muscle proteins. The effects of brine concentration 
and frozen storage on water transfer were also studied. Water migrated 
from the brine into the flesh if fresh mullet fillets were dipped in brine 
at concentrations up to 15%. When the brine concentration was 20% or 
higher, the water migrated from fish muscle to the brine. However, 
after 2 months frozen storage, fish muscle gained water if dipped in 
brine of 20% or below and lost water when the brine was 25% or 
higher.

INTRODUCTION
SALTING is one of the oldest methods for preserving fish 
which has been used in products such as dried fish and smoked 
fish. Traditionally, high levels of salt in smoked fish decreased 
water activity and preserved the product. Today, however, be
cause refrigeration is widely available, salt and smoke are em
ployed primarily for flavor acceptability rather than as pri
mary preservatives (Cutting, 1962, 1965; Burgess et al., 1967; 
Deng et al., 1974; Chan et al., 1975). The heavy salting process 
has been shifted to a light salting operation in the production 
of smoked fish. It has been reported that proper amounts of 
salt will affect the overall acceptability of smoked fish (Bur
gess et al., 1967; Deng et al., 1974) and the required smoking 
process (temperature and time) for smoked fish (FDA, 1970; 
Chan et al., 1975). Thus, the degree of salt penetration n the 
brining process becomes a very important factor in smoked 
fish quality.

There are numerous reports concerning the salting process, 
many of which deal with a solid salt curing process (Beatty 
and Fougère, 1957; McPhail, 1957; Crean, 1961 ; Voskresen
sky, 1965; van Klaveren and Legendre, 1965; Burgess et al.,
1967). Only a few reports of the rate of salt penetration into 
muscle immersed in brine are available (Torry Research Sta
tion, 1961, 1962 and 1963; Del Valle and Nickerson, 1967a, 
b).

The preliminary work indicated that different periods of 
frozen storage would affect the degree of salt penetration into 
fish muscle and the overall acceptability of smoked fish. And 
since frozen storage is currently a common practice for storing 
fish, this study was designed to investigate the effects of freez

ing and frozen storage on the salt penetration into fish muscle, 
using mullet (M ug il cephalus) fillets as the experimental sam
ples.

EXPERIMENTAL

Materials
Mullet were harvested in Placida, Fla., in Aug., 1975. The freshly 

caught mullet were kept in ice, shipped to Gainesville, Fla., and imme
diately filleted (skinless and boneless) or frozen in the round at -18°C. 
Mullet in the round were removed from the freezer at different periods 
of time, thawed at room temperature for 3 hr and filleted before brin
ing.
Salt determinations

The mullet fillets were immersed in 25% brine for 2, 4, 6, 10, 20, 30 
and 40 min without agitation. In order to obtain a maximum muscle 
salt concentration in equilibrium with brine, mullet fillets were allowed 
to equilibrate in brine solution for 48 hr. The salt (NaCl) content of 
mullet muscle after dipping was determined by AOAC procedure
(1970).
Protein denaturation

Extractable actomyosin’of mullet muscle was used as an indication 
of protein denaturation. The following extraction procedure for acto- 
myosin is a slight modification of the method of Deng et al. (1976). All 
extraction steps were carried out at 4°C. The ground muscle was 
blended with 0.6M KOI containing 0.01M NaHC03 (pH 8.0) (6 ml/g 
meat) for 30 sec. The homogenate was then centrifuged at 16,000 x G 
for 1 hr. The supernatant was mixed with 0.2 mM NaHC03 until the 
ionic strength decreased to 0.2 and the mixture was centrifuged at 
9,750 X G for 20 min. The precipitate was dissolved in 1M KC1 with 
slow stirring and centrifuged at 16,000 x G for 1 hr. The actomyosin in 
the solution was determined according to the biuret method (Gornall et 
al., 1949).
Water transfer

Water transfer in mullet muscle immersed in various concentrations 
of brine was determined according to the method of Fougere (1952). 
The fillets were weighed before dipping and weighed again after dip
ping, allowing excess water to drain from the fillet’s surface by dripping 
for 40 min.

RESULTS & DISCUSSION
THE EFFECT of freezing on the salt penetration of mullet 
muscle in the early stages of brining (25%) is shown in Figure 
1A. A sharp increase of salt penetration was observed in the 
mullet muscle obtained from 1 wk frozen storage and then 
thawed mullet when compared to fresh mullet fillets. The 
sharp increase may be due to cell wall damage of mullet flesh 
after freezing, resulting in a higher rate of diffusion when 
thawed muscle was immersed in 25% brine. The salt penetra
tion curves follow first order kinetics. Figure IB shows a semi- 
logarithmic plot of the difference between the maximum con
centration (after 48 hr equilibrium in brine solution) and the 
concentration at any time in the brining, as a function of the
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dipping time. The datum point in the early stages of brining 
fits the equation X = C(1 — e'kt). The rate constant (min'1) 
increased from 0.018 for fresh muscle to 0.029 after 1 wk 
frozen storage.

Figure 2 indicates the effect of various periods of frozen 
storage on salt penetration into thawed mullet muscle in the 
early stages of brining (25% brine). The salt penetration into 
mullet muscle decreased gradually with 1—5 wk storage. How
ever, after 5 wk storage, there was no further decrease in salt 
penetration in the early stages of brining. The rate constants 
were 0,025, 0.018 and 0.018 respectively for 3, 5 and 9 wk 
frozen stored fish. If the initial rate of each salt penetration 
(the slopes at time 0) representing the product of the rate 
constant K and the equilibrium concentration C is plotted 
against different periods of storage time, a decrease pattern is 
observed (Fig. 3). The dotted line between 0 time to 1 wk is a 
predicted possible initial salt penetration rate. The decrease of 
initial salt penetration rate proved to be highly related to the 
protein dénaturation in mullet muscle during storage (Fig. 3). 
The extractable actomyosin, an indication of protein dénatura
tion, decreased gradually ' during the first 5 wk and then 
levelled off, with no observable further decrease after 5 wk 
storage. There is a high correlation between the decrease of 
initial salt penetration rate and extractable actomyosin of mul
let flesh during frozen storage. The correlation coefficient is 
estimated to be 0.99 (Dixon and Massey, 1969). Thus, protein 
dénaturation is the major factor responsible for the decrease of

initial salt penetration rate into mullet muscle. The denatura- 
tion of muscle protein during frozen storage will lead to pro
tein aggregation (Connell, 1962) resulting in an increased 
bonding or network between the myofibrillar proteins (Bram- 
snaes, 1969) in fish muscle which may reduce the initial salt 
penetration rate. On the other hand, protein-protein inter
action will decrease available binding sites for water and par
tially cause dripping loss after fish is thawed. This dripping loss 
will decrease the water content and increase the salt concentra
tion in the water phase of fish muscle which will decrease the 
difference of osmotic pressure and may be partially respon
sible for the decrease of initial salt penetration rate.

Fig. 2 —E f fe c t  o f  various  p e r io d s  o f  fro z e n  s to rag e  p r io r  to  d ip p in g  

on  s a lt p e n e tra t io n  in to  m u l le t  m u s c le  im m e rs e d  in  2 5 %  b rin e .

F ig . 1 - E f f e c t  o f  fre e z in g  on  s a lt  p e n e tra t io n  in to  m u l le t  m u scle  

im m e rs e d  in  2 5 %  b rin e . IA ) P lo t te d  in  re c ta n g u la r  c o o rd in a te s ; (B l  

S e m i-lo g a r ith m ic  p lo t .

Fig. 3 — E ffe c t  o f  various  p e r io d s  o f  fro z e n  s torag e  o n  e x tra c ta b le  

a c to m y o s in s  a n d  in i t ia l  s a lt  p e n e tra t io n  ra te  (in  2 5 %  b r in e )  o f  m u l

le t  m uscle .
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Fig . 4 —W a te r  tra n s fe r  in  fresh m u l le t  m u s c le  im m e rs e d  in  b r in e  w ith  

vario u s  s a lt  c o n c e n tra tio n .

F ig . 5 — E f fe c t  o f  fro z e n  s to ra g e  on  th e  w a te r  tra n s fe r  in  m u lle t  

m u s c le  im m e rs e d  in  2 5 %  b rin e .

Water transfer in fresh mullet fillets immersed in brine with 
various salt concentrations is shown in Figure 4. Water transfer 
is indicated as percent change in weight of mullet due to 
water. A positive value indicates water gain; a negative value 
indicates water loss. When fresh mullet fillets were dipped in 
12 and 15% brine, they gained water. When fresh mullet fillets 
were dipped in 20 and 25% brine, they lost water. Fougere 
(1952) found that cod flesh would gain water when dipped in 
14% or higher brine. The possible reason for the difference of 
water transfer between mullet flesh and cod flesh when dipped 
in brine with various salt concentrations is that the mullet 
flesh used in this study had higher total lipid content (approx 
6% on a wet basis). Although Fougere did not specify the total 
lipid content of cod flesh used in his study, Ackman (1967) 
reported that the total lipid content of cod flesh ranged from 
0.5 —1.0%. Thus, the higher total lipid content in mullet flesh 
may proportionally decrease the water content resulting in a 
higher natural salt concentration in the water phase of mullet 
flesh. This might explain why the brine with higher salt con
centrations was required to transfer water from mullet flesh to 
the brine. This result corresponds with the report (Torry Re
search Station, 1963) that increasing fat content of the fish 
reduced the uptake of salt.

When thawed mullet muscle from different periods of 
frozen storage was dipped in 25% brine, the longer the storage 
time of the mullet the less water transferred from mullet flesh 
to the 25% brine (Fig. 5). This might be due to a greater 
extent of protein denaturation of muscle protein with increase 
of storage time, resulting in more water loss and a higher natu
ral salt content in the water phase of mullet flesh.

When mullet flesh frozen for 2 months was immersed in 
various brine concentrations, the critical concentration for 
gaining water or losing water from the mullet flesh was be
tween 20 and 25% brine (Fig. 6). This is different from fresh 
mullet flesh (Fig. 4) whose critical concentration was between 
15 and 20% brine solution. The reason for the difference of 
critical concentration for water transfer between fresh and 
stored frozen mullet flesh is also attributed to the extent of 
protein denaturation.

In summary, freezing and frozen storage had a major effect 
on the initial salt penetration rate into mullet when they were 
dipped in 25% brine solution. Immediately following freezing,

F ig . 6 —E f fe c t  o f  fro z e n  s to rag e  o n  th e  w a te r  tra n s fe r  in  m u lle t  

m u s c le  im m e rs e d  in  b r in e  w ith  various  s a lt  c o n c e n tra tio n .

the initial salt penetration rate was increased and on subse
quent frozen storage the initial salt penetration rate was de
creased. Since the resultant salt content will affect the accept
ability and required processing conditions for smoked fish, 
further study is needed to define guidelines of the brining 
process for mullet harvested in various seasons and frozen at 
different temperatures. The information thus obtained would 
be of importance to processors who may freeze fish in season, 
and process smoked fish from frozen fish in the off-season.
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QUALITY EVALUATION OF FROZEN STORED CHANNEL CATFISH 
GROWN BY TANK CULTURE: EFFECTS OF DIETARY FAT, 

FREEZING METHOD AND STORAGE TEMPERATURE

--------------------------------  ABSTRACT --------------------------------
Channel catfish (Ictalurus punctatus) were grown in tank culture on 
diets containing either tallow or menhaden oil as 10% of diet. Processed 
fish were frozen in air at -18°C or in nitrogen spray at —77°C, sealed 
in polyethylene and stored at either -18 or -35°C. Sensory evaluations 
of fresh fish revealed no differences in flavor, texture, or aroma. Fish 
reared on tallow were rated slightly superior for flavor after 94 days 
storage and for aroma and flavor after 312 days. Fish frozen in air were 
rated slightly superior for aroma after 94 days and for texture and 
flavor after 312 days. Fish stored at -18°C were rated slightly superior 
in texture after 312 days. Initial microbial counts were approx 900 per 
10 cm2 of flesh surface; these values decreased by 65% after storage for 
102 days and by 95% or more after storage for 365 days.

INTRODUCTION
FISH and fishery products are particularly susceptible to post
harvest deterioration and consequently numerous studies have 
been made of factors affecting post-harvest changes in phys
ical, chemical and organoleptic properties. These studies have 
included the effects of treatment of fish prior to and during 
processing, bacterial populations, type of packaging, method 
of freezing, and temperature and duration of frozen storage. 
Although most attention has been given to marine fish, a num
ber of studies have been made of aquatic species as well, in
cluding channel catfish (Ic ta lu rus puncta tus) (Dupree, 1969; 
Boggess et al., 1971, 1973; Lovell, 1972a, b; Heaton et ah, 
1971, 1972; Ammerman et ah, 1973; Beuchat et ah, 1973, 
1975; Maligalig et ah, 1973, 1975a, b).

Most farm raised catfish are grown in earthern ponds and 
raceways. Under such conditions, only limited control over 
water quality, diet and other environmental factors is 
achieved. Catfish readily absorb malodorous compounds from 
environmental waters (Lovell, 1972a; Maligalig et ah, 1975a,
b) and from the diet (Dupree, 1969; Lovell, 1972b; Maligalig 
et ah, 1973) and consequently off-flavor and aroma are recur
ring problems in catfish production. These off-flavors may 
come from the numerous aquatic micro- and macroorganisms 
present in ponds and raceways as well as from other sources 
(Lovell and Ammerman, 1974). The influence of diet on flavor 
was demonstrated by Maligalig et ah (1973) who observed a 
chicken-like flavor in fish fed turkey livers and by Dupree
(1969) and Lovell (1972b) who observed an objectionable 
fishy flavor in catfish fed diets containing marine fish oil. 
Lovell (1972b) reported that the initial fishy flavor increased 
in intensity with time during storage at — 18°C and was accom
panied by a large increase in thiobarbituric acid (TBA) values, 
indicating extensive oxidation of polyenoic acids during frozen 
storage.

The long term growth and success of the catfish farming

1 Present address: Seneca Foods Corp., Dundee, NY 14837

industry will depend on the production of a product that is 
uniformly high in quality and competitve in price with similar 
food products. As demonstrated by Andrews et ah (1971), a 
system of tank culture providing for systematic water replace
ment is an attractive alternative to the production of fish in 
static or recycled waters of ponds and raceways. This method 
has several decided advantages from the standpoint of im
proved product quality. Water quality and diet can be rigor
ously controlled thereby eliminating malodorous compounds 
from these sources. Also, fecal matter, metabolic by-products, 
and uningested feed are systematically removed, thereby mini
mizing microbial populations and associated sanitation prob
lems during processing. Because the production of catfish by 
aquacultural techniques is seasonal with the bulk of the har
vest occurring in late fall and early winter, successful frozen 
storage should help to insure a uniform supply of fish through
out the year.

The purpose of this study was to examine sensory charac
teristics and microbial populations of frozen stored channel 
catfish that were grown by tank culture on diets containing 
either tallow or menhaden oil. Fish were frozen by conven
tional methods at — 18°C or ultra-rapidly in nitrogen spray at 
—77°C and stored up to 365 days at either -1 8  or —35°C.

MATERIALS & METHODS
Experimental diets and cultural method

The channel catfish evaluated in this study were grown by tank 
culture at the Skidaway Institute of Oceanography, Savannah, Ga. The 
fish were maintained on experimental diets for 3V4 mo at which time 
they weighed 350-45Cg each. The experimental diets were identical in 
every respect except fcr the source of fat: one diet contained 10% beef 
tallow and the other 10% menhaden oil. Both diets contained 40,000 
International Units of Vitamin E and 113g of ethoxyguin per ton of 
feed. Feed was withheld 1 day prior to transporting the fish live to the 
Dept, of Food Science at Experiment, Ga., where they were kept over
night in aerated containers prior to slaughter.
Processing

The fish were stunned as described by Boggess et al. (1973), be
headed, eviscerated, skinned, washed in tap water, and packed in ice 
overnight. The following day sensory characteristics of both sets (beef 
tallow and menhaden cil diets) of fresh, unfrozen fish were evaluated. 
The remaining fish were divided into two subsets per diet. One subset 
from each diet was placed in an Ultra-Freeze Simulation Freezer 
(National Cylinder Gas, Chicago, 111.) and frozen in nitrogen spray to an 
internal temperature of -15°C in a period of approx 6 min. Fish were 
individually packaged in polyethylene bags, sealed, and stored at -18 
and -35°C. The second subsets from each diet were placed in trays and 
frozen at —18°C in a walk-in freezer. After 3% hr, internal temperatures 
had dropped to -2°C; and after approximately 10 hr. fish were pack
aged as described above and stored at -18 and -35°C, thus making a 
total of eight groups of fish (Table 1).
Microbial enumeration

Bacterial populations on catfish were determined by swabbing 10 
cm2 areas in the anterio-dorsal regions of each fish (Beuchat et al.,
1973). Swabs were taken from one side of five fresh fish that had been
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iced overnight and from six fish that had been stored for 102 days 
(three at -35 and three at -18°C). Four fish that had been stored 365 
days (two each at -35  and at -1 8 3C) were sampled by swabbing areas 
on both sides of each fish. Prior to swabbing, all frozen fish were 
thawed overnight at 4°C. Swabs were deposited in 0.1% peptone dilu
ent, washed, and serial dilutions were plated in standard methods agar 
(BBL) using the pour-plate technique. Incubation was at 21°C and 
counts were made after 4 days.
Organoleptic evaluations

Prior to cooking, the frozen fish were thawed overnight at 4°C. The 
taste panel evaluations were conducted on fish sections that had been 
baked in aluminum foil at 205°C for 17 min. At each session panelists 
judged cooked fish sections for aroma, texture, and flavor using a 9- 
point scale ranging from 1, extremely poor, to 9, extremely good. Ten 
experienced panelists were used in all of the sessions. For the evaluation 
of fresh fish, panelists were presented with fillet halves. Because differ
ent portions of fish differ in composition and therefore might be ex
pected to respond differently to freezing methods and storage tempera
tures, fish that had been frozen were evaluated by presenting panelists 
with portions of fillets so that each individual panelist evaluated com
parable sections of fillets from the different treatments. Sensory data 
were subjected to analysis of variance to determine significance of treat
ment effects.

RESULTS & DISCUSSION
Microbial enumeration

Initial microbial counts revealed approximately 870 organ
isms per 10 cm2 of external fish area. Similar counts were 
noted on fish from both tallow and menhaden diets. After 
frozen storage for 102 days, populations decreased by 65% or 
more. The fish were not examined after 312 days, but after 
365 days the counts had decreased by 95% or more.

The initial counts agree quite well with those reported by 
Beuchat et al. (1973) for fish grown by tank culture. Low 
levels of micro-organisms would be of particular importance in 
fish to be ice-packed and sold as fresh fish. Heaton et al.
(1972) found that fish grown by tank culture could be packed 
in ice and held for up to 12 days without significant deteriora
tion in quality. Data for catfish grown in ponds and raceways 
are not available for comparison but one could reasonably 
expect much higher microbial populations on such fish and 
consequently a shorter shelf-life for ice-pack fish.
Organoleptic evaluation

The mean taste panel scores for aroma, texture and flavor 
are summarized in Table 2. Small but occasionally statistically 
significant differences were noted in response to diet, freezing 
method, and storage temperature. No differences in flavor, 
aroma, or texture were detected in the fresh fish in response to 
dietary fat but after frozen storage those fish given tallow were 
rated slightly superior in both aroma and flavor. These differ
ences were small but statistically significant for flavor at 94 
days and for aroma and flavor at 312 days. After 94 days of 
storage the marshy or musty flavor often detected in baked, 
unseasoned catfish was judged to be slightly more intense in 
those fish that had received menhaden oil. Surprisingly, the 
fishy flavor and aroma observed in catfish (Dupree, 1969; 
Lovell, 1972b) and other species (Crawford et al., 1975) in 
response to dietary marine fish oils, were not observed in this 
study until 312 days frozen storage. The malodorous com
pounds responsible for this flavor characteristic are by-prod
ucts of polyenoic fatty acid oxidation (Meijboom and Stroink,
1972) and presumably may be derived either from partially 
oxidized oil in the diet or from fatty acids that are oxidized 
during fish storage. Dietary vitamin E effectively reduces the 
fishy aromas and flavors in meat products derived from ani
mals fed highly unsaturated fish oils (Dupree, 1969; Crawford 
et al., 1975). The observation of these compounds (Lovell, 
1972b) in catfish that were fed diets containing levels of a- 
tocopherol (Worthington and Lovell, 1973) similar to those

used in this study suggests that the development of this flavor 
profile is dependent upon an interaction between levels of 
a-tocopherol and extent of oxidation of dietary fish oil. In 
addition, water is systematically replaced in tank culture, 
thereby limiting the accumulation of malodorous compounds 
and their consequent uptake and concentration in catfish.

Rapid freezing with nitrogen was not beneficial with regard 
to preserving catfish quality. In fact, in some instances, slightly 
lower mean scores for aroma, texture and flavor were noted 
for fish frozen with nitrogen. These differences were statisti
cally significant for aroma after 94 days of storage and for 
texture and flavor after storage for 312 days. The differences

Table 1 —Groups of catfish placed in frozen storage

Dietary 
lipid source

Freezing
method

Storage
temp
(°C)

Menhaden oil Nitrogen -3 5
Menhaden oil Nitrogen -1 8
Menhaden oil Air -3 5
Menhaden oil Air -1 8
Tallow Nitrogen -3 5
Tallow Nitrogen -1 8
Tallow Air -3 5
Tallow Air -1 8

Table 2—Mean taste panel scores 
time in frozen storage

according to treatment and

Storage time Mean taste panel scores

(days) Treatments compared Aroma Texture Flavor

Diets
0 (Fresh) Menhaden oil 6.9 6.1 6.0

Tallow 6.9 5.8 6.0
94 Menhaden oil 6.4 6.9 5.6

Tallow 6.5 6.8 6.4*
220 Menhaden oil 5.9 6.1 5.2

Tallow 6.0 6.4 5.4
312 Menhaden oil 5.4 5.8 5.3

Tallow 5.9* 6.1 5.9**

Freezing methods
94 Nitrogen 6.1 6.7 5.8

Air 6.8* 7.0 6.3
220 Nitrogen 5.8 6.4 5.3

Air 6.1 6.1 5.3
312 Nitrogen 5.6 5.7 5.4

Air 5.7 6.1* 5.9*

Storage temperatures (°C)
94 -3 5 6.5 6.9 6.2

-1 8 6.4 6.8 5.8
220 -3 5 5.9 6.2 5.2

-1 8 6.0 6.3 5.5
312 -3 5 5.5 5.8 5.5

-1 8 5.7 6.1* 5.7

* S ig n if ic a n t  t re a tm e n t e f fe c t , P <  0 .0 5  
* *  S ig n if ic a n t  t re a tm e n t e ffe c t , P <  0 .01
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associated with freezing method were slight and panelists’ 
comments were insufficient to indicate the nature of the dif
ferences.

Differences associated with storage temperature were small 
and statistically significant in only one instance. At 312 days 
fish stored at — 18°C were judged slightly superior in texture. 
Catfish have a soft texture, and the higher levels of free fatty 
acids present in fish stored at the higher temperature (Gibson 
and Worthington, 1977) may have caused a slight firming in 
texture by interacting with muscle protein. The accumulation 
of free fatty acids has been associated with toughening in lean 
fish and in fish wherein the fat is localized (Olley and Duncan, 
1965; Anderson and Ravesi, 1961; Dyer, 1966). The presence 
of large amounts of neutral fat dispersed throughout the mus
cle tissues of catfish perhaps acts as a “sink” for free fatty 
acids, thus preventing sufficient localized accumulation of 
these acids to adversely affect texture.

CONCLUSION
THESE EXPERIMENTS have shown that little if any advan
tage is to be gained by freezing catfish ultra-rapidly with nitro
gen spray when compared with freezing in air at — 18°C or by 
storage at —35°C when compared with storage at — 18°C. 
Although catfish receiving dietary menhaden oil accumulated 
high levels of polyenoic acids in tissue lipids (Gibson and 
Worthington, 1977), there was no evidence of significant oxi
dation of these acids during frozen storage at —18 or —35°C as 
determined by organoleptic or instrumental techniques (Gib
son and Worthington, 1977). Even though menhaden oil did 
not seriously affect any of the quality parameters of the fish in 
this study, other reports in the literature indicate that in some 
instances fish oil may seriously impair both fresh flavor and 
storage stability of catfish and caution should therefore be 
exercised in the use of these oils in catfish diets. It is likely 
that physiological requirements of catfish for polyenoic acids 
can be met by the inclusion of low-fat fish meal in dietary 
formulations thereby minimizing adverse effects on organo
leptic quality.
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LIPID CHANGES IN FROZEN STORED CHANNEL CATFISH 
GROWN BY TANK CULTURE: EFFECTS OF DIETARY FAT, 

FREEZING METHOD, AND STORAGE TEMPERATURE

-------------- -----------------ABSTRACT............. ...................—
Channel catfish ( Ic ta lu r u s  p u n c ta tu s )  were grown in tank culture on 
diets containing either tallow or menhaden oil at 10% of diet. Processed 
fish were frozen in air at -18°C or in nitrogen spray at -77°C, sealed 
in polyethylene, and stored at either -18 or -35°C. Levels and fatty 
acid profiles were determined for total lipid, triglyceride, phospholipid, 
and free fatty acids in fresh fish that had been held on ice for 2 days 
and in frozen fish at 0, 94, 220, and 312 days. Dietary lipids strongly 
affected fatty acid profiles of all lipid fractions. Free fatty acid produc
tion occurred only in fish held on ice and in fish stored at -18°C. 
Changes in free fatty acid profiles and decreases in phospholipid levels 
indicated phospholipase activity. After 312 days storage at -18°C free 
fatty acid levels reached approx 0.93%. Measurable oxidative deteriora
tion did not occur under either condition of frozen storage.

INTRODUCTION
CHANNEL CATFISH (Ic ta lu rus  puncta tus) are particularly 
well adapted to warm waters and in southern areas of the U.S. 
are grown commercially by aquacultural techniques. Produc
tion is seasonal and frozen storage is therefore necessary to 
maintain a uniform supply throughout the year.

A number of changes have been observed to occur in fish 
during frozen storage and several of these are associated with 
changes in tissue lipids. These changes include oxidative deteri
oration, particularly in fatty fish (Banks and Hardy, 1965), 
and toughening of fish muscle in lean species of fish (Anderson 
and Ravesi, 1969). Autoxidation of polyenoic fatty acids pro
duces fishy flavors (Meijboom and Stroink, 1972) and other 
undesirable flavors and aromas, and in addition may affect the 
nutritional and textural quality of fish as a result of the in
volvement of protein in the sequence of autoxidative reactions 
(Braddock and Dugan, 1973). Textural changes are most likely 
to occur however as a consequence of the denaturation and 
toughening of fish protein by free fatty acids (FFA) during 
frozen storage (Anderson and Ravesi, 1969). FFA are produced 
by phospholipase in lean fish and by both phospholipase and 
lipase activity in fatty fish (Olley et ah, 1962). Neutral cellular 
lipid appears to mitigate the effects of FFA and toughening 
occurs primarily during storage of lean fish or in fish contain
ing localized body fat (Dyer, 1966).

In a manner characteristic of monogastric animals, catfish 
accumulate dietary fatty acids (Stickney and Andrews, 1971; 
Worthington and Lovell, 1973) and as a consequence, catfish 
that have received fish oil high in polyenoic acids may undergo 
oxidative deterioration. Dupree (1969) and Lovell (1972) ob
served an objectionable fishy flavor and aroma in fresh fish 
that were grown in diets containing fish oil and Lovell (1972) 
reported an intensification of this flavor profile and an in
crease in TBA (2-thiobarbituric acid) values during storage at

1 Present address: Seneca Foods Corp., Dundee, NY 14837 .

-18°C . Fat usually comprises 20-30%  of the dry weight of 
channel catfish. In addition to considerable localized deposi
tion, the fat appears to be distributed throughout the muscle 
tissues, although to our knowledge this has not been demon
strated histochemically.

Post-harvest changes in the lipids of channel catfish have 
not been investigated and the objective of this study was to 
determine the influence of dietary fat, freezing method, and 
storage temperature on changes occurring during frozen stor
age.

MATERIALS & METHODS
Fish

Channel catfish were grown at the Skidaway Institute of Ocean
ography on diets containing either tallow or menhaden oil. Processed 
fish were frozen either in air at —18°C or with nitrogen spray at -77°C, 
sealed in polyethylene and stored at -18°C or -35°C as described by 
Gibson et al. (1977). Fish to be examined in the fresh, unfrozen state 
were kept on ice for 48 hr prior to analysis.
Total lipid analysis

All lipid extractions and subsequent analyses were made on subsam
ples drawn from composite samples consisting of three fish (350-450g 
each). Frozen fish were thawed overnight at 4°C, bones and fins re
moved, and initial mixing accomplished by grinding the fish together in 
a Toledo food chopper. The tissues were frozen, lyophilized, 
thoroughly mixed, and stored at -35°C until time of lipid extraction 
(Worthington ar.d Lovell, 1973).

Duplicate 2-g samples were rehydrated with 8.0 ml of 0.1M KC1 and 
homogenized in a chloroform:methanol:water (0.1M KC1) ternary 
monophasic system of Bligh and Dyer (1959) except that 0.1M KC1 was 
substituted for water to prevent formation of stable emulsions. Lipid 
extracts were reduced in volume under vacuum, transferred to 10 ml 
volumetric flasks, made to volume with chloroform, and aliquots with
drawn for the quantitative determination of total lipid (TL), phos
pholipid (PL), triglyceride (TG), and free fatty acids (FFA). Total lipid 
value was determined gravimetrically after evaporation of solvent under 
a stream of nitrogen.
Phospholipids

Phospholipids were separated from neutral lipids by column chro
matography on acid washed Florisil (Carroll, 1963). Approx 8.6-g quan
tities of 60/80 mesh heat activated (110°C) Florisil were added to 1.0 
x 30 cm glass columns containing chloroform. After addition of lipid in 
chloroform, the columns were washed with 200 ml chloroform to re
move neutral lipids and with 200 ml methanol to remove phospho
lipids. The methanol eluate was reduced in volume under vacuum on a 
rotary evaporator at 40°C, transferred to a fared vial and the remaining 
solvent removed with a stream of nitrogen. After removal of traces of 
solvent under high vacuum, the phospholipids were quantitatively 
determined by weighing and then stored under nitrogen at -35°C until 
time of FA analysis.
Triglycerides and free fatty acids

Triglycerides and FFA were separated from TL by preparative thin- 
layer chromatography (TLC) on silica gel G plates with petroleum 
etheridiethyl etherracetic acid (85:15:1). Prior to TLC, known quan
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tities of triheptadecanoin and heptadecanoic acid (17:0) were added as 
internal standards. After spraying with the color reagent of Jones et al. 
(1966), the TG and FFA bands were removed and retained for FA 
analysis by gas-liquid chromatography (GLC).
Methyl ester analyses

The TL, PL, TG, and FFA obtained from fresh fish and from frozen 
fish at 0, 94, 220 and 312 days were analyzed for fatty acid content. 
Methyl esters were prepared essentially as described by Worthington et 
al. (1972). Samples to be esterified were placed in Carius combustion 
tubes with 5 ml of a 3:1 mixture of methanohbenzene containing 3% 
HjS0 4. The tubes were closed, placed in a horizontal position in a 
90°C water bath and shaken continuously for 2 hr. Upon cooling, 2 ml 
of 0.1M KC1 were added to effect phase separation and the organic 
(benzene) phase was removed and filtered through anhydrous sodium 
sulfate. The remaining aqueous phase was washed twice with 2 ml 
aliquots of redistilled petroleum ether which were likewese filtered 
through the anhydrous sodium sulfate, and combined with the benzene 
extract. The methyl ester solutions were then concentrated with a 
stream of nitrogen and stored under nitrogen at -35°C prior to analysis 
by GLC.

Individual methyl esters were determined on a MicroTek 220 gas 
chromatograph essentially as described previously (Worthington et al. 
1972; Worthington and Lovell, 1973). Peak identifications were estab
lished by comparing the retention times and equivalent chain length 
(ECL) values of sample methyl esters with those of standards obtained 
on four liquid phases -  OV 101, OV 225, DECS, EGS -  differing 
widely in polarity (McReynolds, 1970). The ECL of unavailable methyl 
esters were obtained from published data (Jamieson, 1970). As addi
tional evidence, ECL values were calculated by the method of Jamieson 
and Reid (1969) using data obtained with the four liquid phases.

All quantitative determinations were made with 1.8m x 4mm glass 
columns packed with 15% w/w EGS on 80/100 mesh Chromosorb 
W(AW) (DMCS) that had been coated with 3% phosphoric acid (w/w). 
Fatty acids within each lipid class were calculated as percent of total 
fatty acids (percent distribution). Additionally, the percent TG and 
FFA were determined by relating the integrator counts for all fatty 
acids within these samples to that obtained for the known amount of 
17:0 added as an internal standard. These values are expressed as 
g/lOOg full-fat dry tissue.

Analysis of variance was performed on values for the levels of the 
major identified FFA and on values for the different lipid components 
obtained at 94, 220 and 312 days storage.

RESULTS & DISCUSSION

Total lipid
Levels of total extractable lipid were not significantly influ

enced by diet, method of freezing or by temperature or length 
of storage. Average total lipid values by diet, obtained from all 
determinations made throughout the course of the study, were 
30.5% (g fat/lOOg lyophilized tissue) for those fish receiving 
menhaden oil and 29.6% for those receiving tallow.

The influence of dietary fat on the fatty acid distribution of 
total lipid (Fig. 1) is in agreement with previous studies with 
catfish (Stickney and Andrews, 197 1; Worthington and Lovell,
1973) and other monogastric animals (Carroll, 1965). Levels 
of polyenoic acids were approximately three-fold greater in 
fish receiving menhaden oil than in those receiving tallow. 
These observations demonstrate clearly that the degree of un
saturation in the fat of catfish can be appreciably modified by 
dietary means.

The ratios of unsaturated to saturated fatty acids in total 
lipids from fish receiving menhaden oil and tallow were 2.4 
and 2.6, respectively, and did not change measurable through
out the course of the study, thus indicating that significant 
oxidative deterioration did not occur. Some of the products of 
lipid oxidation have low taste thresholds and can be detected 
organoleptically before decreases in polyenoic acids can be 
detected by GLC. For example, Meijboom and Stroink (1972) 
assessed the fishy flavor of 2-trans, 4-cis, 7-cis-decatrienal at a 
concentration of 0.001%. The fishy flavor profile did not 
appear in this study until late in the storage period and then at 
low intensity (Gibson et al., 1977). Shono and Toyomizu

2.2

2.0

1.8

1.6

1.4

F ig . 1—C hanges in  f re e  f a t t y  a c id  (F F A )  a n d  p h o s p h o lip id  (P L ) d u r 

in g  s to rag e  a t  — 18° C.

(1971) observed large changes in the ratio of 22:6/16:0 in fish 
held for 3—5 days at 5°C and suggested that the extent of 
oxidative deterioration be expressed as percent decrease in this 
ratio. Similarly Worthington (1973) observed large (25-50%) 
decreases in levels of 22:6 in processed catfish grown in race
ways on a diet high in polyenoic acids (Heaton et al., 1973) 
and subsequently stored for 60 days at — 18°C. In an evalua
tion of catfish grown in open-air concrete ponds on diets con
taining fats from several sources (Worthington and Lovell, 
1973), Lovell (1972) observed an objectionable fishy odor and 
flavor in fish receiving menhaden oil, and reported that an 
increase in this characteristic during frozen storage at -18°C  
was paralleled by an increase in TBA (thiobarbituric acid) 
values. Clearly the results of the present study are at variance 
with these earlier observations.

The reasons for these differences in stability of catfish dur
ing frozen storage may be related to differences in degree of 
oxidation of dietary menhaden oil at the time of ingestion, a 
variable that was net measured in either of the studies, or it 
may be related to differences in cultural methods. Tank cul
ture, the method used in the production of fish evaluated in 
this study, provides for systematic replacement of water and 
removal of extraneous feed, fecal matter, and other metabolic 
end products (Andrews et al., 1971), thus, malodorous com
pounds derived from oxidized feed lipid were not allowed to 
accumulate in environmental waters. Oxygen stress is not a 
significant factor in the culture of fish by this method (An
drews et al., 1971). By contrast, excess feed, excrement, and 
metabolic end products accumulate and serve as substrates for 
numerous micro and macroorganisms in the static waters of 
pond culture and in the recycled waters of raceways. In addi
tion oxygen stress may also occur in pond waters. The actual 
relationship of these cultural factors to the quality and storage 
stability of catfish is unknown and merits further study.
Triglycerides

Approximately 77% of TL were TG and consequently the 
fatty acid spectrum of this fraction was similar to that of total 
lipids. Average TG values were slightly higher (24%) for those 
fish frozen with nitrogen spray than for those frozen at -18°C  
(22%) and an analysis of variance showed this difference to be 
significant at the 5% level of probability. The difference in  
triglyceride levels associated with freezing method might be 
attributed to the slower rate of freezing permitting enhanced 
lipase activity; however, corresponding differences due to 
freezing method were not observed in levels of total free fatty 
acids which averaged 0.48% in fish frozen by each method. 
Furthermore levels of TG which averaged 23% during the 
course of the study did not change significantly during frozen 
storage. Although lipase activity has been noted in other spe
cies of fatty fish (Olley et al., 1962), the difference in TG
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Table 1—Influence of dietary fa t on fa tty  acid distribution of phospholipids (PL), and free fa tty  acids (F FA ) and of frozen storage at — 18°C  on
the fa tty  acid distribution and levels o f free fa tty  acids in catfish

Dietary fat

Menhaden oil Tallow

Fatty
acid

0 days3 312 days 0 days3 312 days

TG
(%)b

PL
(%)b

FFA F F A
TG
(%)b

PL
(%)b

FFA FFA

(%)b (Mg/100g) c (%)b (mg/100g)c <%)b (mg/100g)'c <%)b (mg/100g)c

14:0 7.0 2.7 5.0 12 3.9 36 2.3 1.2 2.1 5 1.3 12
16:0 18.9 22.8 18.3 4 14.2 131 19.1 21.8 16.2 39 13.1 124
16:1 10.0 4.6 9.6 23 9.3 86 4.5 3.5 4.6 11 5.1 48
18:0 3.9 7.4 5.8 14 5.4 49 6.4 7.5 6.7 16 6.1 58
18:1 29.9 18.5 29.6 71 26.1 240 51.7 30.4 46.7 112 41.5 394
18:2 8.8 4.6 9.2 22 8.4 77 8.0 8.4 9.2 22 11.4 108
18:3 2.7 1.3 2.5 6 3.0 28 2.0 1.4 1.7 4 2.1 20
20:5 7.3 10.2 9.2 22 11.3 104 0.7 2.4 1.7 4 2.3 22
22:5d 2.9 4.4 4.2 10 4.8 44 0.3 1.4 2.5 6 3.6 34
22:6 3.6 13.0 4.2 10 6.7 62 0.56 6.6 1.7 4 4.2 40
Other 5.0 10.5 2.4 6 6.9 63 4.5 15.4 6.9 17 9.3 88
Total 100.0 100.0 100.0 240 100.0 920 100.0 100.0 100.0 240 100.0 950

3 Post-freezing 
b Percent distribution 
c mg/100g lyophilized tissue 
d Includes u>3 and u>6 isomers

values between different freezing methods found to be signifi
cant in this study appears to have been due to sources of 
variance other than those included in the analysis of variance 
or to chance because of the random variability inherent in the 
testing for significance. Catfish typically show large fish-to-fish 
variations in total lipid — and therefore triglyceride — content.
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Phospholipids
The distribution of fatty acids in PL was also influenced by 

dietary lipids but not to the extent as was observed in TG 
(Table 1). Phospholipids were richer in polyenoic acidshaving 
20 or more carbons and less rich in 14:0, 16:1, and 18:1. 
Those fish receiving menhaden oil accumulated considerable 
quantities of the polyenoic acids in the TG fraction; therefore, 
the greatest difference in PL and TG fatty acid makeup was 
observed in those fish that had received tallow (Table 1).

The level of extractable phospholipids exhibited consider
able change with time (P <  0.01) and was influenced by stor
age temperature. In those fish stored at —35°C, the extractable 
PL values increased from an initial average value of 1.85% to 
3.5% at 220 days storage and declined thereafter to 2.75% at 
312 days. Comparable values for fish stored at — 18°C were
1.85%, 1.50% and 1.63% after 0, 220 and 312 days storage 
(Fig. 1). Although the percent extractable PL decreased with 
time at — 18°C, the distribution of fatty acids within this frac
tion did not change.

As is discussed below, the level of FFA increased with stor
age at -18°C , and this coupled with the increase in proportion 
of polyenoic acids in the FFA fraction and concurrent de
crease in PL (Fig. 1) is strong evidence of phospholipase activ
ity during frozen storage. Considerable scatter was observed in 
the PL data and therefore measured changes in levels of PL 
were not as good an indicator of lipolysis as were measured 
levels of FFA. Experimental error was probably the greasiest 
contributor to the scatter of data: Florisil column bleed was 
noted near the end of the study and in addition Palmer (1971) 
has reported that some of the phospholipids may be read
sorbed on sample tissues during extraction by the Bligh and 
Dyer technique. The catfish used in this study were not segre
gated according to sex and this may also have contributed to 
scatter of PL data. Ackman et al. (1969) reported sexual 
differences in levels of PL in capelin (M a llo tus villosus).

F ig . 2 —W e ig h t p erce n ta g es  o f  f a t ty  acids fro m  to ta l  lip id s  o f  c a tfis h  Free fatty acids
a c c o rd in g  to  source  o f  d ie ta ry  lip id .  Diet had a significant effect on the distribution pattern of
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fatty acids within the FFA fraction (Table 1) and this effect 
was statistically significant for all fatty acids except the 22:5 
isomers although levels of 18:2 were identical in unfrozen fish. 
Changes in the amount of FFA were also determined to be 
significantly related to temperature of storage. Minimal change 
occurred in fish stored at —35°C whereas a large increase 
occurred in fish stored at —18°C particularly during the initial 
94 days of storage. During this period the level of FFA more 
than doubled from a post freezing level of 0.25 g/lOOg freeze- 
dried tissue to a level of 0.56g (Fig. 1). A substantial increase 
in FFA also occurred in the fish that had been held on ice for 
2 days for analysis in the unfrozen state; these fish contained 
approx 80% (0.45g/100g) as much FFA as fish that had been 
stored for 94 days at — 18°C. The FFA of the iced fish were 
not as rich in some of the polyenoic acids as were the FFA of 
fish stored for 94 days, and in some cases were lower than post 
freezing values. These differences suggest that the FFA in the 
iced fish were derived in part from lipase activity. Levels of 
total FFA continued to increase during storage at — 18°C but 
at a decreasing rate until a level of 0.93% was reached at 312 
days.

Although the mean percentage increase in the amount of 
total FFA was approximately 290%, the increase for individual 
acids was somewhat greater as shown by data in Table 1. The 
individual fatty acids increasing in concentration the most for 
both diets were the polyenoic acids 22:6co3 and 20:5co3, but 
the differences in lipid unsaturation (Fig. 2) did not have a 
measurable effect on the extent of overall FFA production 
(Table 1). Thus, it appears that the FFA formed during frozen 
storage were derived from phospholipids or from other lipids 
high in polyenoic acids.

On a fresh weight basis, the FFA content of fish stored at 
-18°C  reached a final level of approximately 230 mg per lOOg 
of tissue and would probably not have increased much more 
since FFA production appeared to be reaching a constant level 
at the end of the storage period (Fig. 2). The final levels of 
FFA were similar to those observed in other frozen fish stored 
at approximately the same temperature and for approximately 
the same length of time (Olley et al., 1969) but did not have a 
deleterious effect on organoliptic properties (Gibson et al.,
1977). In fact those fish maintained at —18°C for 312 days 
were rated slightly superior (P <  0.05) in texture (Gibson et 
al., 1977) when compared with fish maintained at —35°C.
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BACTERIOLOGICAL SURVEY OF THE CHANNEL CATFISH 
(Ictalurus punctatus) AT THE RETAIL LEVEL

----------------------— —  ABSTRACT ---------— —  ---------- --
Using standard procedures, aerobic plate counts (APC), total and fecal 
coliform most probable number (MPN) determinations, and analyses 
for Salmonella, Arizona, Shigella and Edwardsiella tarda were per
formed on 335 fresh and 342 frozen sample units of channel catfish. 
APC values for 93.0% of the fresh and 94.5% of the frozen samples 
were <107 organisms per g. Fecal coliform MPN values for 70.7% of 
the fresh and 92.4% of the frozen samples were <400 organisms per g. 
The occurrence of Salmonella in channel catfish was subject to seasonal 
variation. Salmonella-positive samples yielded 15 serotypes from 8 so
matic groups. Edwardsiella tarda was isolated from two samples; Ari
zona and Shigella were not detected.

INTRODUCTION
THE RECENT RISE in cost of red meats and poultry has 
pressured consumers to seek other less expensive sources of 
protein. One of these has been the channel catfish, Ic ta lu rus  
punctatus. These catfish are bottom-feeding scavengers, able to 
efficiently convert consumed food into edible body protein 
over a relatively short period of time. In addition to being 
caught from fresh-water ponds and lakes, primarily in Florida, 
Alabama, Mississippi, Louisiana, Arkansas and Texas, these 
fish are cultured or farmed in large open, shallow ponds. Cat
fish farming has become a successful commercial enterprise in 
the mid-South, with 8.6 million pounds of farm-raised catfish 
processed during the first 6 months of 1974 (NOAA/NMFS,
1974).

Although fish rarely, and catfish never, have been definitely 
incriminated in human outbreaks of salmonellosis and related 
enteric foodborne illnesses, a number of published reports doc
ument the possibility of such an occurrence. Meyer and Bul
lock (1973) isolated Gram-negative, motile, rod-shaped bacte
ria from the lesions of diseased channel catfish in an outbreak 
of what was called “emphysematous putrefactive disease of 
catfish.” The causative organism was subsequently identified 
as the human enteric pathogen, Edwardsiella tarda. Working 
with the brown bullhead catfish (I. nebulosus, Le Sueur), 
Troast (1975) demonstrated high serum titers to Escherichia  
co li and Enterobacter cloacae. Several human enteric patho
gens were isolated from the Crucian carp, another type of 
bottom-feeding scavenger with feeding habits similar to those 
of channel catfish (Lee, 1972). Based on the foregoing reports 
and on the continuing large supply of fresh-water catfish enter
ing interstate commerce, the Food & Drug Administration 
(FDA) conducted a bacteriological survey of fresh-water cat
fish at the retail level. The objectives of this survey were to 
determine what percentage of marketed catfish at the retail 
level would meet proposed quality standards, and to determine 
the incidence of human enteric pathogens in this commodity.

EXPERIMENTAL

Collection of samples
Samples were collected by FDA inspectors in the Atlanta, Orlando,

Nashville, Dallas and Houston areas because of the availability and eco
nomic importance of catfish in these geographical regions. To deter
mine seasonal variation in the occurrence of pathogenic enteric bacteria 
in catfish, sampling was conducted during two different seasonal peri
ods (Jan. 2-March 31, 1975 and July 1-Sept. 30, 1975). During each 
sampling period, each inspector collected 50-75 units of fresh (iced), 
fresh-water catfish and a similar number of units of frozen, fresh-water 
catfish. Each unit was a retail package of the finished product, weighing
1-5 lb, as offered for sale by the processor. The inspectors were asked 
to select samples from processors within each district, representing as 
wide a geographical area as possible. Additionally, they were asked to 
evenly space the collection of samples within each seasonal period. 
Finally, the processors were asked to identify, whenever possible, the 
exact source of their catfish in order that the relative incidence of 
pathogenic enteric bacteria in farm-reared and commercially caught cat
fish could be established.

All samples were sent air express to the Division of Microbiology 
laboratories in Washington, D.C., for bacteriological analysis. Fresh 
samples were packed with wet ice or with a dry refrigerant, while 
frozen samples were packed with dry ice (solidified C02). Fresh sam
ples were given priority for bacteriological analysis and were analyzed 
immediately or within 48 hr of their receipt. Frozen samples were 
either analyzed immediately or transferred to a freezer until they could 
be examined. In general, no more than 2 wk lapsed between collection 
and initiation of analysis of the frozen samples. A total of 335 units of 
fresh catfish from 41 processors and 342 units of frozen catfish from 
23 processors were examined during the survey. The majority of the 
processors were located in Florida (13), Mississippi (8), Alabama (7) 
and Texas (5). Other processors from which samples were collected 
were located in Georgia (3), Arkansas (3), Tennessee (1) and North 
Carolina (1).

Bacteriological analysis
Aerobic plate counts (APC), as well as total and fecal coliform most 

probable number (MPN) determinations, were performed on each unit 
by the official method for the examination of frozen, chilled, pre
cooked, or prepared foods (AOAC, 1970). Additionally, the units were 
analyzed for Salmonella, Arizona and Shigella according to procedures 
in the Bacteriological Analytical Manual for Foods (BAM) (FDA, 
1972). Additionally, the samples were analyzed for the presence of 
Edwardsiella tarda by the cultural procedures as outlined for the isola
tion of members of the genus Salmonella.

From each sampling unit a 100-g portion of the edible flesh was 
taken as the analytical unit. Four hundred ml of ButterfieldXphos- 
phate buffer (pH 6.8-7.0) was added as the diluent and the mixture 
was blended for 60-120 sec at 14,000 rev/min in a commercial blend
er. To maximize the possibility of detecting Salmonella, Arizona and 
Edwardsiella, both the lactose preenrichment and the direct selective 
enrichment procedures of BAM (FDA, 1972) were used. Three 50-ml 
aliquots of the catfish homogenate were pipetted into 500-ml Erlen- 
meyer flasks containing 250 ml of 0.5% lactose broth, selenite cystine 
(SC) broth, or tetrathionate (TT) broth with 10 mg added brilliant 
green dye per liter. Unless stated otherwise, all dehydrated culture 
media used in this study were obtained from Difco. The flasks were 
swirled thoroughly to completely mix the contents and the pH was 
adjusted to 6.8 ± 0.2; they were then placed in a walk-in incubator 
(35°C) for 24 ± 2 hr. A 1-ml portion of the incubated lactose broth 
mixture was pipetted into tubes containing 9 ml of fresh, 35°C-tem- 
pered SC or TT broth. After an additional 24 hr of incubation at 35°C, 
the selective enrichment broths, including those from the lactose pre
enriched samples as well as those from the directly enriched samples,
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were streaked onto plates of brilliant green 24-hr aged bismuth sulfite 
(BS) and Salmonella-Shigella agar. All agar plates were incubated 
(35°C) and examined at 24 ± 2 hr. The BS agar plates were incubated 
an additional 24 hr and re-examined. When present, at least two col
onies suspicious for Salmonella, Arizona, or Edwardsiella were picked 
from each plate to tubes of triple sugar iron (TS1) agar and lysine iron 
agar. Cultures giving reactions in the differential agars that were suspi
cious for these bacterial pathogens were submitted to biochemical 
screening and definitive serotyping (Edwards and Ewing, 1972).

Similarly, the analysis of the sample units for Shigella was in accord
ance with procedures detailed in BAM (FDA, 1972). A 50-ml aliquot of 
the catfish homogenate was pipetted into 500-ml Erlcnmeyer flasks 
containing 250 ml of Gram-negative (GN) broth. The flasks were 
swirled thoroughly and the pH of the contents was adjusted to 6.8 ± 
0.2. After incubation (35°C) for 16 ± 2 hr, the GN broth and the SC

broth (also used in the direct enrichment procedure for Salmonella, 
Arizona, and Edwardsiella) were streaked to plates of xylose lysine 
decarboxylase, Levine’s eosin methylene blue, and desoxycholate cit
rate agars. After incubation (35°C) for 24 hr, the plates were examined 
and colonies typical for Shigella were picked to TSI agar. Suspicious 
Shigella cultures were biochemically screened and, if necessary, sero- 
typed. All Salmonella serotypes not isolated previously by this labora
tory and all enteric pathogens other than Salmonella were sent to the 
Enterobacteriology Branch, Center for Disease Control, Atlanta, Ga. for 
confirmation of identification.

RESULTS & DISCUSSION
TABLE 1 summarizes the results of the bacteriological analy
ses of 335 units of fresh catfish collected from 41 processors

Table 1—Comparison of bacteriological analysis of fresh catfish from various processors

Processor Area

No. of 
units

examined3

Aerobic
plate

count/g
(median)

Total
coliform
MPN/g

(median)b

Fecal
coliform
MPN/g

(median)b

No. of 
units

containing
pathogens

1 F Lc 21 1.2 X 106 1.5 X 103 7.3
2 F L 15 9.3 X 104 4.6 X 102 9.3
3 F L 15 3.8 X 106 2.3 X 103 6.4 X 102
4 F L 12 7.5 X 10“ 7.5 X 101 <3
5 F L 8 1.6 X 10’ 2.8 X 1 o4 1.2 X 103 2
6 FL 7 1.9 X 108 2.4 X 106 2.4 X 103
7 F L 6 2.7 X 105 3.6 X 103 1.2 X 102
8 F L 6 7.0 X 103 2.1 X 102 3.0
9 FL 6 2.4 X 106 5.3 X 103 1.6 X 102 1 S

10 F L 5 8.2 X 10s 3.6 X 103 1.9 X 10‘
11 FL 5 3.8 X 106 5.3 X 103 2.9 X 10‘
14 MS 19 3.9 X 106 7.5 X 103 3.4 X 10' 4 S
15 MS 18 1.8 X 106 7.5 X 10' 2.8 1 S
16 MS 10 2.3 X 106 3.9 X 103 1.6 X 101 1 S
17 MS 10 6.9 X 103 <3 <3
18 MS 8 6.7 X 10s 1.9 X 103 <3
19 MS 6 7.4 X 10s 9.5 X 10' 1.1
20 MS 5 2.6 X 106 6.4 X 103 2.1 X 102 4 S
21 MS 5 9.8 X 10s 3.9 X 103 1.5 X 102
22 A L 10 2.7 X 106 4.6 X 103 1.6 X 102
23 A L 5 5.9 X 105 9.5 X 102 <3
24 A L 5 1.7 X 106 6.4 X 103 6.0
25 A L 5 7.6 X 10s 3.9 X 103 1.6 X 102
26 A L 5 1.4 X 10’ 1.2 X 103 1.2 X 102
27 A L 5 3.7 X 106 5.3 X 103 4.6 X 102
28 A L 5 2.7 X 106 2.9 X 103 7.5 X 10'
29 LA 7 4.1 X 107 6.4 X 103 4.6 X 102
30 LA 7 4.1 X 106 4.3 X 103 <3
31 LA 6 1.9 X 106 9.3 X 103 1.1 X 10‘
32 LA 6 7.4 X 10s 2.9 X 103 2.1
36 TX 10 4.1 X 10s 4.2 X 103 2.4
37 TX 5 2.4 X 10s 1.2 X 102 1.1
38 TX 5 1.9 X 10s 1.5 X 102 <3
41 GA 8 3.4 X 10s 4.3 X 103 1.6 X 10'
42 GA 8 7.4 X 107 6.4 X 103 1.5 X 102
43 GA 6 1.9 X 108 2.1 X 104 1.2 X 102
44 AR 10 8.1 X 10s 7.5 X 103 6.4 X 10' 1 S ; 1 fd
45 AR 5 6.0 X 10s 7.5 X 103 1.5
46 AR 5 1.5 X 106 2.3 X 103 <3 1 S
47 T N 10 2.6 X 106 4.6 X 103 4.6 X 102
48 N C 10 4.3 X 106 1.1 X 104 4.2 X 10' 1 E

a A  u n it  w as a 1—5 Ib re ta il p ackage , 
b M P N : M ost P ro b ab le  N um b er.
c F L ,  F lo r id a ; M S , M iss iss ip p i; A L ,  A la b a m a ; L A ,  L o u is ia n a ; T X ,  T e x a s ; G A , 

 ̂S , S a lm o n e lla ; E . E d w a rd s ie lla .
G e o rg ia ; A R , A rk a n s a s ; T N , T e n n e sse e ; N C , N o rth C a ro lin a .
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representing 9 states. When compared according to three bac
teriological indices, wide ranges in median values were observed 
among the processors of fresh catfish: APC values (6.9 X 103 
to 1.9 X 108 per g), total coliform MPN values (<3 to 2.4 X 
106 per g) and fecal coliform MPN values (<3 to 2.4 X 103 
per g). Salmonella was isolated from 15 units (4.5%) and Ed- 
wardsiella tarda from two units (0.6%). APC values, total coli
form MPN values, and fecal coliform MPN values for individual 
units containing Salmonella and/or Edwardsiella ranged from
1.5 X 10s to 7.4 X 107 g, from 4.3 X 103 to 1.1 X 10s per g, 
and from <3 to 4.3 X 103 per g, respectively.

In Table 2 are listed the results of the bacteriological anal
yses of 342 units of frozen catfish. As with the fresh catfish, 
wide ranges in median values of three bacteriological indices 
were observed among the processors of frozen catfish: APC 
values (4.2 X 103 to 1.7 X 108 per g), total coliform MPN 
values (<3 to 9.3 X 103 per g), and fecal coliform MPN values 
(<3—230 per g). Although E. tarda was not recovered from 
any of the frozen units, Salmonella species were recovered 
from five samples (1.5%). APC values and total and fecal coli
form MPN values for the individual units of frozen catfish 
containing Salmonella ranged from 2.2 X 10s to 8.3 X 107 per 
g, 9.3 to 2.3 X 104 per g, and <3 to 4.3 X 103 per g, respec
tively.

Comparative APC values of fresh and frozen catfish sample 
units are given in Table 3. The choice of the various category 
levels was arbitrary and, overall, there was no great difference 
in counts between sample units of fresh and frozen catfish. 
The International Commission on Microbiological Standards 
for Foods (ICMSF, 1974), an internationally recognized body, 
has established standards for certain categories of fish and fish 
products. It was thought to be of interest to compare the

microbiological data obtained from the examination of catfish 
to those standards published by ICMSF for other types of 
fresh water fish. Basically, up to three of five samples exam
ined per lot of fish may have APC values between 106 and 107 
organisms per g, but an APC value in excess of 107 by even 
one sample would result in the whole lot being unacceptable. 
The ICMSF procedure recommends the performance of plate 
counts at 25°C rather than at 35°C as used in this study. In 
spite of this differential, it is interesting to compare the results 
of this study with the recommended ICMSF standards. 7% of 
the fresh and 5.5% of the frozen samples had APC values in 
excess of 107 organisms per g. Considering that all samples had 
either been chilled or frozen, it should be realized that 
psychrophilic organisms would constitute a significant portion 
of the total microflora for this product. Had the lower incuba
tion temperature been used in this study, it is likely that 
higher APC values would have been obtained, resulting in 
larger percentages of both fresh and frozen catfish not being 
able to meet the recommended ICMSF standard.

The comparative distribution of total and fecal coliform 
MPN values for fresh and frozen catfish is given in Table 4. 
The choice of MPN categories was patterened according to the 
recommended fecal coliform limits for fresh and frozen fish by 
ICMSF (1974). Limits for total coliform MPN values have not 
been established. Up to three of five samples per lot may have 
fecal coliform MPN values between 4 and 4 X 102 organisms 
per g, with no value exceeding 4 X 102 fecal coliforms per g. 
Under this standard, 29.3% of the fresh sample units and 7.6% 
of the frozen sample units would have been judged unaccept
able. Unlike the similarity in APC values of the fresh and 
frozen catfish, there was a significant difference in both the 
total and fecal coliform MPN values of the fresh and frozen

Table 2—Comparison of bacteriological analysis of frozen catfish from various processors

Processor Area

No. of 
units

examineda

Aerobic
plate

count/g
(median)

Total
coliform
MPN/g

(median)b

Fecal
coliform
MPN/g

(median)b

No. of 
units

containing
pathogens

1 F L C 10 1.4 X 106 5.3 X 101 <3
4 F L 27 8.0 X 104 7.5 X 101 <3
5 F L 10 2.5 X 107 2.1 X 103 2.3 X 102 1 S d
6 F L 35 1.5 X 106 9.3 X 101 <3 1 S
7 F L 8 3.0 X 10s 2.9 X 102 2.1 X 10'

10 F L 10 5.4 X 10s 2.9 X 10* 2.8
12 F L 15 2.0 X 10s 4.3 X 101 1.1
13 F L 10 3.4 X 10s 9.3 X 10' <3
14 MS 36 5.2 X 106 9.3 X 10' 3.0 1 s
15 MS 39 7.5 X 10s 4.3 X 101 <3 1 s
16 MS 13 2.6 X 106 7.5 X 10' 3.0
29 LA 20 3.7 X 106 7.5 X 102 4.3 X 10'
31 LA 18 6.0 X 10s 2.1 X 10' <3
33 LA 10 4.2 X 103 4.3 X 10' 6
34 LA 10 8.0 X 105 7.5 X 102 4.3 X 10'
35 LA 10 1.7 X 10s 9.3 X 103 1.5 X 102
37 TX 5 4.5 X 106 7.5 X 10' <3
39 TX 15 2.8 X 106 7.2 X 102 2.1 1 s
40 TX 5 4.0 X 10s <3 <3
41 GA 5 2.0 X 105 2.1 X 103 1.1
44 AR 5 4.7 X 10s 7.5 X 10' 1.5
45 AR 15 6.0 X 10s 2.1 X 10' <3
47 TN 11 2.3 X 106 4.3 X 102 1.2 X 102

a A  u n it  was a 1—5  lb re ta il package. 
b M PN  : M ost P ro b ab le  N u m b er.
c F L ,  F lo r id a ; M S , M iss iss ip p i; L A ,  L o u is ia n a ; G A , G e o rg ia ; A R ,  A rk a n sa s ; T N , Ten nessee , 
d S . S a lm o n e lla .
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catfish sample units. The survival of coliform organisms at 
sub-freezing temperatures has been the subject of a number of 
investigations. Kereluk and Gunderson (1959) reported that 
sterile gravy samples inoculated with equal numbers (5.6 X 
106 organisms per ml) of Escherichia co li  and E nte ro b a c te r  

aerogenes  demonstrated an MPN count of 66 organisms per ml 
after 481 days of storage at —6°F. In comparing the viability 
of E. coli  with fecal streptococci in frozen green beans (1955a) 
and in frozen orange concentrate (1955b), Larkin et al. found 
that MPN values of E. coli  decreased significantly during pro
longed storaged (217 days at 0°F and 147 days at —10°F, 
respectively), whereas the level of streptococci remained rela
tively constant. In frozen vegetables held at 0°F for 2 yr, 
Hucker (1954) found that the predominating organisms were 
members of the genera F la vo b a c ter iu m  and A c h ro m o b a c te r .  A 
relatively large percentage of psychrophilic microflora indigen
ous to the catfish surveyed in this study would explain the lack 
of disparity in the APC values of the fresh and frozen catfish 
sample units (Table 3). Even though the overall incidence of 
Salm onella  in catfish was low, there was a threefold higher 
incidence of this pathogen in fresh (4.5%) as compared to

Table 3—Distribution 
catfish

of aerobic plate counts of fresh and frozen

Aerobic plate Percent of samples
count/g Fresh Frozen

>108 2.9 2.6
>107 -  108 4.1 2.9
> 1o6 - 1 o7 39.1 35.1
>105 -  106 30.4 37.1
> 104 -  1 o5 19.8 19.9

0 -  104 3.7 2.4

Table 4—Distribution of total coliform a 
values of fresh and frozen catfish

nd fecal coliform MPN

MPN
value/g

Percent of samples
Total coliforms Fecal coliforms

Fresh Frozen Fresh Frozen

>1000 54.0 7.6 6.9 4.4
401-1000 14.9 5.0 22.4 3.2
101-400 10.1 12.3 17.0 4.7

31-100 9.0 41.2 5.1 7.0
4 .1-30 9.2 30.7 29.6 7.9

<3.0—4.0 2.8 3.2 19.0 72.8

Table 5--Incidence of Salmonella and Edwardsiella in farm-
reared and commercially caught catfish during two different seasons

Samples positive for enteric pathogens 

Jan.—March July—Sept.

Commercially Farm- Commercially Farm-
caught reared caught reared

Pathogen No. 7A No. %b No. %c No. %

S a lm o n e lla 1 0.8 2 0.9 6 4.4 11 5.7
E d w a rd s ie lla 0 0 0 0 1 0.7 1 0.5

a ,b ,c ,d  E xp re ssed  as p ercen tage  o f 1 2 8 , 2 2 0 , 1 37  and 192  sam p les , 
re sp e c t iv e ly .

frozen (1.5%) catfish (Tables 1 and 2). It is logical to expect 
the lack of survival of Salm onella  at freezing or sub-freezing 
temperatures to be similar to that of E. coli .  In studying 
the survival of Salm onella  in butter at <40°F, Sims et al.
(1969) found that the longer the sample was held at this tem
perature, the fewer Salm onella  organisms survived. McCles- 
key and Christopher {1941) reported a significant reduction in 
the levels of four Salm onella  serotypes inoculated into sliced 
strawberries and frozen at —0.4°F for up to 8 months.

Table 5 compares che incidence of the bacterial enteric path
ogens in catfish on :he bases of season and source (whether 
caught commercially or farm-reared). Overall, more Salm onella  
isolates were recovered from farm-reared than commercially 
caught catfish. When compared on a percentage basis, how
ever, there was no significant difference in the incidence of 
Salm onella  in commercially caught and farm-reared catfish. 
Both the actual number of S alm one lla  isolates and the percent
age of Salm onella -positive units was greater during the July- 
Sept. sampling period. These results are in agreement with 
those of Meyer and Eullock (1973), who reported that disease 
outbreaks in catfish caused by E. tarda  occurred only during 
the period of July-Oct. when water temperatures were above 
30°C.

Table 6 lists the 15 Salm onella  serotypes isolated from cat
fish in this survey. Fifteen units contained a single serotype of 
Salm onella ,  three units contained two serotypes, and one unit 
was contamined with S. n e w p o r t ,  S. l i tch f ie ld  and S. 
6 ,7 : 1 ,5 : —. One of the two E. tarda-postive units also con
tained S. ana tu m .  No members of the related genera. A rizona  
and Shigella,  were isolated.

Most of the procedures in B A M  (1972) used in the analysis 
of foods for the presence of Salm onella  require preenrichment 
of the sample in 0.5% lactose broth, a practice based on the 
findings of North (1961). In foods where gross contamination 
is suspected (e.g., red meats and poultry) the lactose preenrich
ment step may be by-passed so as to minimize the possibility 
of over-growth of the Salm onella  organisms by the competing 
lactose-fermenting organisms. Unfamiliarity with the history 
of this product was the basis for the use of both the lactose 
preenrichment and the direct selective enrichment procedures 
for Salm onella  analysis in this survey. Twelve samples were 
exclusively positive for Salm onella  by the lactose preenrichment 
procedure, one sample was positive exclusively by the direct 
enrichment procedure and seven samples were positive by both 
procedures. Thus, the use of the lactose preenrichment broth

Table 6—Salmonella serotypes isolated from catfish

Serotype
Somatic
group

No. of samples 
positive for 

this serotype

■S. n e w p o r t c , 5
S. a n a tu m E, 2
S. i n f  a n tis c , 2
S. Inverness 38 2
S. m o n te v id e o C, 2
S. s a in t-p a u l B 2
S. ty p h im u r iu m B 2
S. d a y to n a c , 1
S. h e id e lb e rg B 1
S. ja v ia n a D 1
S. l i tc h f ie ld 1
S. o ra n le n b u rg c , 1
S. p o o n a G, 1
S. ru b is la w F 1
S. 6 , 7 : 1 , 5 : - C, 1
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proved to be an essential step for the maximal recovery of 
Salmonella from this product.

The low incidence of bacterial enteric pathogens in channel 
catfish may be due to the sanitizing procedures followed dur
ing the processing of this commodity. Typically, the fish are 
received by the processor in wire baskets. After organoleptic 
examination and weighing, the baskets of fish are washed in a 
chlorine dip (300 ppm) solution. The fish are immediately 
eviscerated with care taken not to rupture the gastrointestinal 
tract. Afterwards, the fish are individually washed and then 
skinned with pliers. The skinned fish are spray-washed and are 
decapitated with a hand saw. Workers’ hands and utensils are 
sanitized in an iodine dip (25 ppm) solution between each of 
the above operations for each individual fish. The eviscerated, 
skinned, decapitated, fish are inspected and trimmed, if neces
sary, before packaging. The final packaged product is either 
refrigerated or frozen until sale at the retail outlet. Other fac
tors contributing to minimizing the incidence of pathogens in 
channel catfish could be the biochemical incompatibility of 
the catfish’s skin, flesh and/or gastorintestinal tract as a suit
able substrate for enteric pathogens; inhibition of Salmonella  
by competing microflora both in the aquatic environment and 
within the gut of the catfish; and incorporation of antibiotics 
and other selectively bactericidal agents into the feeds. Addi
tional epidemiological investigations are needed, however, to 
substantiate any of these possibilities.

Considering the overall low incidences of enteric pathogens 
in catfish and the terminal heating of the fish before they are 
consumed, it seems reasonable to conclude that the microbio
logical hazard potential of this particular type of domestic 
catfish is low. Recently, however, domestic catfish farming has 
felt increased competition from a large influx of less expensive 
catfish imported primarily from Brazil and Mexico. Fresh
water catfish imports for the first 6 months of 1974 reached
4.6 million pounds, an increase of 44% over the same period 
for 1973 (NOAA/NMFS, 1974). Our limited experience to 
date with imported catfish suggests that the incidence of Sal
monella may be somewhat higher than in domestic catfish.
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COMPARATIVE PROTEIN STUDIES (KJELDAHL, DYE BINDING, 
AMINO ACID ANALYSIS) OF NINE STRAINS OF 
Agaricus bisporus (Lange) IMBACH MUSHROOMS

- — ...............—  --------- ABSTRACT ..........-  ■ -
Although it is difficult to ascertain the true protein content of mush
rooms because of their variable nonprotein nitrogen content and pro
tein heterogeneity, even among strains within a species, some knowl
edge about a mushroom’s protein is essential for nutritional, processing 
and economic considerations. Protein similarities and differences in cul
tivated mushrooms are shown with the aid of three analytical methods. 
Protein data based on amino acid analyses are preferred but too expen
sive to obtain. Amido black dye binding is the next preferable method. 
Its correlation with amino acid protein was higher (D.74) than that 
between Kjeldahl protein and amino acid protein (D.44).

INTRODUCTION
E A R L IE R  R ESEARC H  on  m ushroom  prote in  has resulted  in 
the id en tifica tio n  o f  a num ber o f  n inhydrin-reacting co m 
pou nd s including am ino acids and am ino acid derivatives 
(B lock  e t  al., 19 5 3 ; H ughes et al., 19 5 8 ; Renard and Casimir,
1 9 5 3 ). Altam ura et al. (1 9 6 7 )  iso lated  53 ninhydrin-reacting  
com p ou n d s from  m ushroom s. A ll these  stu d ies on  the iso la
tio n  and id en tifica tio n  o f  am ino com p ou n d s involved various 
species o f  m ushroom s. The findings m ay have b een  o f  in terest  
at the tim e, but to d a y , w ith  m ore m odern analytica l to o ls  
available, it has b ecom e desirable for n o t o n ly  th ose  in terested  
in m ushroom s to  apply these  to o ls  and to  learn m ore about 
th e  nature o f  protein  in this fo o d  product.

The prim ary m ushroom  o f  com m erce in N orth  A m erica and 
E urope is Agaricus b isporus ,  the culture o f  th is m ushroom  
having begun in France in the early e ig h teen th  cen tury . During  
the past 2 0 0  yr a large nu m ber o f  iso la tes , se lec tio n s, or strains 
has been developed . T hey  can be grouped con v en ien tly  in to  
four varieties com m on ly  referred to  as w h ite , o f f  w h ite  or 
golden  w h ite , light cream , and brow n. G enerally  speaking, 
scaliness, average size, sp ec ific  gravity, sh elf life  and certain  
other characteristics vary d irectly  as natural p igm entation  in 
creases. L ittle  is kn ow n , how ever, o f  the p rotein  co m p osition  
w ithin  th is species.

This stu dy  was undertaken to  exam in e n ine strains o f  the  
species Agaricus b isporus  (L ange) Im bach w ith  the aid o f  the  
K jeldahl m eth o d , am ido black dye binding procedure, and 
am ino acid analysis. The protein  percentages reported here are 
n ot true values. T h ey  are m eant to  illustrate o n ly  d ifferences  
am ong strains w ith in  a sp ecies .

EXPERIMENTAL
Mushrooms

In these studies, nine strains were used representative of the 4 vari
eties within the species. All mushrooms were produced from grain 
spawn, in the same crop, in the same growing room, and under nearly 
identical cultural conditions of nutrition, environment, and general 
management. All strains used are deposited in the Mushroom Culture 
Collection of The Pennsylvania State University as follows: whites 310, 
318; off whites D26, 341, 348; light creams 322, 324; and browns 321,

340. Furthermore, these cultures were obtained from each of the four 
common sources: single spores, multispores, mycilial transfer, and tis
sue.

All mushrooms analyzed were taken from the first flush or break of 
the crop. It is possible that corresponding tissue from other flushes 
would give different analyses.
Methods

The freshly harvested mushrooms were diced, kept a few days in 
frozen storage, then freeze-dried and subsequently further dried in a 
100°C oven at 25 in. of vacuum for 24 hr. This procedure also supplied 
the total solids (dry matter) data. The samples were then pulverized in a 
Foss-Let Reactor (A/S N. Foss Electric, Hillerod, Denmark) to be fur
ther analyzed.

Organic nitrogen determinations were carried out according to the 
micro-Kjeldahl method (AOAC, 1975). A conversion factor of 6.25 was 
chosen to convert to protein percentages. This factor is obviously in
accurate and too high for mushrooms because of their variable and 
relatively high concentration of nonprotein nitrogen (mainly chitin). 
Nevertheless, in a comparison any factor is suitable.

Dye binding analyses were made with a Pro-Milk Mk II instrument 
(A/S N. Foss Electric, Hillerod, Denmark). However, first the samples, 
weighing 0.1 g, were mixed with 20 ml amido black dye solution for 15 
min on a Multireactor (A/S N. Foss Electric, Hillerod, Denmark). For 
each sample a dye binding value was obtained from the lower scale of 
the instrument’s galvanometer unit. These were converted to protein 
values with a standard curve based on bovine serum albumin (Nutri
tional Biochemicals Corp., Cleveland, Ohio). Any other protein would 
have served this purpose, since only comparative results, rather than 
absolute protein percentages, were expected.

Amino acids were determined with a Beckman 120 C Amino Acid 
Analyzer. The dried mushroom material was weighed into a 10-ml 
ampule (Wheaton Scientific Co., Millville, N.J.). The 0.01-g sample 
weight was based on a 100% protein weight as calculated from Kjeldahl 
nitrogen. Before the ampules were heat-sealed, 5 micromole norleucine, 
an internal standard, and 5 ml 6N HC1 were added. The samples were 
hydrolyzed in an oven at 110°C for 24 hr. The hydrolysates were then 
passed through a glass filter and evaporated to dryness in a rotary 
evaporator at 40°C. The residue was redissolved in distilled water and 
again evaporated to dryness. Then 50 ml distilled water was added and 
the samples frozen until used. One-nil samples were applied to the long 
and short columns of the analyzer. Data for tryptophan are not shown 
because they cannot be obtained through acid hydrolysis.

Data processing and statistical analyses were carried out with the aid 
of an IBM computer at the University’s Computation Center. An anal
ysis of variance was performed on the data followed by Duncan’s modi
fied (Bayesian) least significant difference test (Duncan, 1965) for the 
mean separations.

RESULTS & DISCUSSION
A SU M M AR Y o f the am ino acid data from  the n ine strains o f  
m ushroom s is contained  in Table 1. In general, the overall 
pattern is sim ilar am ong the strains. There was n o  significant 
difference am ong the m eans o f  the basic am ino acids ly sin e , 
histid ine and arginine as d en o ted  by a com m on code letter. 
These are the on es involved in dye  b inding. Table 1 also c o n 
tains the m ean separation data for  the am ino acids. G lutam ic
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T able  1—A m in o  a c id  c o m p o s i t io n  o f  n in e  s tra in s  o f  A g a rlcu s  b isp o r u s  (g /1 0 0 g  p r o te in )a

Strain of Agaricus bisporus

Amino acid D26 324 310 340 318 348 322 321 341

Lysine** 12.1a 10.8a 8.1a 8.4a 7.7a 9.8a 10.9a 11.2a 10.9a
Histidine 2.2a 2.5a 1.6a 2.0a 1.7a 2.2a 2.2a 2.3a 2.3a
Arginine 5.3a 6.0a 4,1a 5.8a 4.3a 5.5a 5.0a 6.5a 6.0a
Aspartic 11.2a 10.9ab 11.2a 11.2a 10.2a 10.5ab 10.5ab 10.3ab 10.1ab
Threonine** 5.0ab 4.7bc 5.6a 5.2ab 5.1ab 4.7bc 4.8bc 4.7bc 4.3c
Serine 5.1ab 4.8ab 5.8a 5.3ab 5.4ab 5.3ab 5.1 ab 5.6ab 4.6b
Glutamic 14.3b 18.5a 16.3c 18.1 ab 14.5d 17.1ab 18.3ab 17.0bc 19.1a
Proline 5.6bc 5.4bc 4.8c 5.6bc 10.4a 6.1b 5.4bc 5.7bc 5.4b
Cysteine * * * * * * * * *
Glycine 4.9ab 4.9ab 5.7a 5.3ab 5.0ab 5.0ab 4.6b 5.0ab 5.0ab
Alanine 9.7bc 8.6d 10.7ab 9.1cd 10.7ab 9.5c 10.9c 8.8cd 9.1cd
Valine** 5.5ab 4.8b 5.9a 5.1ab 5.8ab 5.3ab 5.3ab 5.1ab 5.2ab
Methionine** * * * * * * * * *
Isoleucine** 4.7a 4.3ab 4.6ab 4.3ab 4.3ab 4.1b 4.0b 3.9b 4.0b
Leucine** 7.2ab 7.0ab 7.9a 7.5a 7 .7  a 7.1ab 6.7b 7.3ab 6.7b
Tyrosine 2,6ab 2.5ab 2.9a 2.3bc 2.5ab 2.3abc 2.1c 2.2bc 2.1bc
Phenulalanine** 4.6ab 4.4ab 4.7a 4.5ab 4.7ab 4.3ab 4.2b 4.3ab 4.1ab

a A m in o  ac id  va lues in  each ro w  fo llo w e d  b y  th e  sam e le tte r  are n o t s ig n if ic a n t ly  d if fe re n t , P >  0 .0 5 ) ,  
* T ra c e  o n ly  

* *  E ssen tia l a m in o  ac id s

acid and alanine varied the most among strains. The most un
usual variation is that of proline in Strain 318 which is almost 
twice that of any other strain.

Table 2 shows the data for the various protein measure
ments made on the samples. All of the strains were signifi
cantly different from each other when analyzed for protein by 
the Kjeldahl method except for strains D26 and 340. When 
using amido black dye for the protein measurement, in this 
case compared to bovine serum albumin as a standard, the 
variation among strains was not as much as found with the 
Kjeldahl method; the ranges were 17.6—25% and 19.4— 
38.8%, respectively. The mean separation of the Kjeldahl 
protein values resulted in eight groupings of samples, while 
the mean separation for dye binding protein values resulted 
in five groupings. Each grouping in the tables is identi
fied by a common code letter: a,b,c, etc. The protein values 
calculated from the weights of the amino acids found with the 
amino acid analyzer ranged from 19.8-30.6% protein. A mean 
separation of the nine means resulted in four groupings. The 
wide variation in protein percentage in mushroom strains is in 
agreement with a study involving four strains of Agaricus 
bisporus in which the biuret method was used to ascertain 
protein quantity (Beelman et al., 1976).

It should be pointed out that no accurate method for mush
room protein content is presently available and that no stan

dard method has been proposed. The infeasibility most cer
tainly lies in the variable nonprotein nitrogen content of 
mushroom as well as in the heterogeneity of mushroom pro
tein, as demonstrated in this paper. Protein data based on 
amino acid analysis are most likely preferable over those based 
on other methods. However, the cost is excessive. Amido black 
dye binding is the next preferable method, because its correla
tion with amino acid protein was shown to be higher (0.74) 
than the correlation between Kjeldahl protein and amino acid 
protein (0.44).

The dry matter content of the various strains is shown in 
Table 3. The average dry matter content was 10.5% and the 
range 7.45—13.66%, for strains 324 and 321, respectively. This 
is a considerable variation within a species of mushroom. It 
may be of practical importance since there is a direct relation
ship between dry matter content of mushroom raw product 
and canned product yield (Parrish et al., 1974; Dommel,
1964). Table 3 also shows the comparative protein percentages 
for the nine strains when calculated on a wet basis. It is obvi
ous that because of variable water (dry matter) concentrations, 
these protein percentages don’t agree with those shown in 
Table 2.

A comparison of the amino acids of Agaricus bisporus and 
those of mushrooms used in another study (Kalberer and 
Kiinsch, 1974) is contained in Table 4. In general, the two sets

Table 2 —P ro te in  va lues fo r  n in e  m u s h r o o m  s tra in sa

Strains

Method of analysis □26 341 340 318 324 322 348 321 310

Kjeldahl 30.2d 26. Oe 29,9d 38.8a 25.6f 37.1b 24.8g 33.2c 19.4h
Dye binding 25.0a 22.Od 25.5a 23.0c 24.0b 21.5de 22.Od 21.1e 17.6f
Amino acid analysis 30.6a 30.6a 30.2ab 29.7ab 29.2abc 28.1 be 27.4bc 26.1c 19.8d

a P ro te in  va lues in  each ro w  fo llo w e d  by th e  sam e le tte r  are n o t s ig n if ic a n t ly  d if fe re n t , P >  C .0 5  .
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Table 3—Dry matter o f nine mushroom strains and wet basis protein content (Kieldahl)

Strain

Dry matter D26 341 340 318 324 322 348 321 310

(% of fresh wt) 11.38 9.98 10.75 10.58 7.45 9.41 11.53 13.66 10.00
%  Protein (wet basis) 3.44 2.59 3.21 4.11 1.91 3.49 2.33 4.54 1.94

of data for Agaricus bisporus are very similar. The amino acids 
varying the most between the two sets are arginine, glutamic 
acid and proline. When comparing the differences between the 
two species, only lysine stands out as the most varying amino 
acid. The lysine average for Agaricus bisporus was almost twice 
that of Pleurotus ostreatus, 10.0 vs 5.2 g/100g.

In summary, as shown in Table 2, there were significant 
differences between the various amino acids in the nine strains 
of Agaricus bisporus investigated. It is suggested that this fact 
be considered in selecting strains to be used commercially. 
There were significant differences in the amino acid composi
tion of the protein when investigating the proteins only. A

T a b le  4 —C o m p a ris o n  o f  a m in o  a c id  c o m p o s it io n  o f  A g a ricu s  b i 

sporus  a n d  P le u ro tu s  O s tre a tu s  (g /W O g  p r o te in )

Agaricus
bisp.

(avg 9 strains)
Agaricus
bisp.***

Pleurotus***
ostr.

(gray type)

Pleurotus***
ostr.

(Florida type)

Lysine 10.0 8.0 5.2 4.8
Histidine 2.2 2.4 1.9 1.7
Arginine 5.5 10.6 6.0 5.9
Aspartic acid 10.7 8.1 10.2 10.9
Threonine 4.9 4.9 5.2 5.1
Serine 5.2 4.1 5.5 5.3
Glutamic acid 17.2 12.7 18.7 17.2
Proline 6.1 9.2 5.2 5.2
Cystine * 1.0 0.5 0.6
Glycine 5.1 4.6 5.1 5.3
Alanine 9.6 8.3 7.2 8.7
Valine 5.3 4.6 5.9 6.0
Methionine * 0.8 1.7 1.7
Isoleucine 4.3 4.0 4.8 5.1
Leucine 7.2 6.6 7.7 7.5
Tyrosine 2.2 3.5 3.4 3.6
Phenylalanine 4.4 3.7 4.2 4.2
Tryptophan * * ** *** 1.8 1.6 1.2

* Trace amount of amino acid present
** Tryptophan not analyzed

*** Adapted from Kalberer and Künsch, 1974.

much larger source of variation was introduced when the levels 
of protein in the various strains were examined on a dry 
weight basis. Further variation is introduced when protein or 
amino acid data are computed on a wet basis. The wide varia
tion should be noted by processors, since the yield of canned 
mushroom products is related to the protein content of the 
raw product (McArdle and Curwen, 1962). Further investiga
tions into the possible effects of various amino acids and their 
levels on mushroom yield should be conducted. The authors 
are planning to examine about 17 strains of Agaricus bisporus 
for protein differences by disc gel electrophoresis in an 
attempt to further differentiate the strains chemically and 
physiologically.
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BEAN PROTEIN SEPARATIONS USING LABORATORY 
AND CONTINUOUS DECANTER CENTRIFUGES

— ----------------------------  ABSTRACT --------------------------------
California Small White bean meal was given three acidic extractions at 
low pH followed by three at high pH by laboratory and pilot plant 
procedures under similar conditions. Extracts and residues were neu
tralized to pH 6.5 and lyophilized. Acid extracted bean solids were 31% 
of the original bean meal by both laboratory and pilot plant proce
dures. The basic extracted solids were 6% by the two procedures. The 
protein content in the acid extract was 14% of the original meal by 
each procedure while the protein in the basic extract was 3% by the 
two procedures. The decanter-centrifuge was effective for the separa
tion if the ground bean was not too fine.

INTRODUCTION
THE SEEDS from the genus Phaseolus in the Leguminosae 
family are an excellent source of protein. Phaseolus are grown 
world wide to  the extent of 12+ million tons and thus supply 
millions of people with a large portion of their daily protein 
and calories. In the USA the yield is about one million tons, 
most of which is from Phaseolus vulgaris.

Research indicates that the potential of beans and other 
legumes has not y e t been fully exploited and that multidisci
plinary research will show ways to increase considerably the 
average yields with a higher content of protein of better nu tri
tional quality (Bressani, 1973). At the present time, the pro
tein in beans is low in quality due, primarily, to  low levels of 
methionine. If bean protein is supplem ented with this amino 
acid, or if beans are used in com bination with other foods, 
mainly the cereals, the resulting protein m ixture has a much 
higher nutritional value. Each food supplies an extra am ount 
of an amino acid which is limiting in the other food (Bressani, 
1973).

In order to  determ ine the properties of bean protein it is 
necessary to ex tract it from the bean. Physical, chemical and 
nutritional data are needed to  determine where genetic im
provement can be made and how the overall value of the bean 
can be increased. Such testing and evaluation often require 
am ounts of protein fractions larger than can be conveniently 
prepared in the laboratory. This report gives the results of 
laboratory and pilot plant experim ents in producing protein- 
rich fractions from  California Small White beans.

EXPERIMENTAL
CALIFORNIA Small White (CSW) beans harvested in 1974 were used 
as the raw material for these experiments. They were sorted, washed in 
cold water 1-2 min, and redried (16 hr, forced air, 25°C). The beans 
were ground at the coarsest setting in a Hobart coffee mill and then 
recycled through the mill three times at the finest setting. This pro
duced a fine meal with a Coleman sieve analysis of 65% retained on #48 
mesh, 11% retained on #80, 4% retained on #150 and 20% through 
#150. The whole meal contained 10.4% moisture and 21.9% protein 
(Kjeldahl N x 6.25).

The flow diagram for separation of protein-rich fractions from the 
meal is shown in Figure 1. Small samples of various extracts and dried 
solids were analyzed for Kjeldahl nitrogen and total solids. Distilled 
H20  was used and the IN HC1 and IN NaOH were prepared from ACS 
reagent grade chemicals.

Laboratory procedure
70g of the CSW bean meal were mixed with 560 ml of distilled H20  

in a Waring Blendor at minimum speed. The pH of 6.2 was lowered to 
pH 2.0 with IN HC1. After mixing for 30 min, the slurry was centri
fuged at 3000 x G for 3 min. The supernatant was decanted and 
neutralized to pH 6.2 with IN NaOH. The cake was mixed with 530 ml 
H20  and the pH again lowered to 2.0. After 20 min of mixing, the 
second extract was centrifuged as before. A third extract was made in 
the same manner except that the pH was not adjusted. The second and 
third extracts were combined and neutralized to pH 6.2. The cake was 
extracted the fourth time by adding 530 ml of H20 , adjusting the pH 
to 1 1.6 with IN NaOH, stirring for 20 min and centrifuging. A fifth 
extraction was made in the same manner. A sixth extraction was made 
with distilled H20. The fifth and sixth extracts were combined and 
neutralized. The final residue was diluted with H20  and neutralized. All 
fractions were frozen and lyophilized.
Pilot plant procedure

A Sharpies P-660 Super-D-Canter centrifuge was used in this work. 
Horizontal decanter centrifuges of this type are commonly used in a 
wide variety of industries including food processing of edible animal 
fat, vegetable oil, and soy protein. Capacities of such centrifuges, using 
different models, range up to 40,000 lb of solids/hr with liquid feed 
rates up to 30C gal/min. This type of scroll discharge centrifugal settler 
is described by Ambler (1969).

Such centrifuges are so arranged as to introduce the slurry into the 
center of a rotating horizontal cylindrical bowl. Solids that collect on 
the walls of the bowl are extruded by the scroll discharge screw that 
forces them to one end of the bowl. The liquid portion overflows from 
holes at the other end of the bowl.

CSW meal (8.0 kg) was rapidly mixed with 64 kg of distilled water 
and the pH lowered from 6.5 to 2.0 with IN HC1. The slurry, while still 
being stirred, was pumped with a positive displacement pump (Moyno)

FLOW DIAGRAM  OF PROCESS

r

BEAN MEAL + ACID (pH = 2)

*
----------- CENTRIFUGED ----- j

RESIDUE + ACID (pH = 2) 1st. ACID EXTRACT-

\
| -----------------  CENTRIFUGED ------------------------------- ^

RESIDUE + WATER 2nd. ACID EXTRACT -

r
CENTRIFUGED-

RESIDUE + WATER
t

EXTRACTED 3 TIMES AT pH 11.8

f— 1-------------------

3rd. ACID EXTRACT-

COMBINED
AND

NEUTRALIZED 
TO pH 6.5

FROZEN 
AND DRIED

1
RESIDUE + WATER COMBINED BASIC EXTRACTS

NEUTRALIZED TO pH 6.5 NEUTRALIZED TO pH 6.5

J F
FROZEN AND DRIED FROZEN AND DRIED

Fig. 1—Flow diagram for acid-base extraction of protein-rich frac
tions from CSW bean meal.
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Fig. 2—Labo ra to ry  extraction  o f  bean meal. Percentage o f  bean 
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centages based on orig ina l d ry  bean and  the actua l y ie lds obta ined  
(corrected fo r N aC ! and  m o istu re  contents).

at 3.78 kg/min into the centrifuge. It was operated at 5900 rpm (3000 
X G) with the scroll discharge screw at 2600 rpm; at this screw rate, the 
centrifuged solids are discharged at a medium rate. The liquid extract 
flowed out of the left end of the centrifuge and the mushlike residue 
was conveyed to the right end; each was collected separately.

When all the slurry had been centrifuged, the extract container was 
replaced and the centrifuge rinsed with 14 kg of water which was then 
combined with the residue. Samples of the extract were analyzed for 
nitrogen and total solids. The residue plus the rinse water was made up 
to the weight of the original slurry and reacidified (pH 2.4 lowered to
2.0) with IN HC1. The second extraction, rinsing, sampling, etc., was 
made in the same manner. The third extraction was made in the same 
manner except that the pH was not adjusted. The three extracts were 
combined, sampled, and neutralized with IN NaOH to pH 6.5 and again 
sampled. The solids were obtained by lyophilization.

The residue from the third acid extraction was diluted to 55.5 kg (1 
part of remaining bean solid to 9 of water) and the pH increased to
11.7 with IN NaOH. The slurry was stirred and then centrifuged in the 
manner previously outlined. The residue was given a second basic ex
traction at the high pH by adding water and additional IN NaOH to pH
11.9. A third extraction was made with water. The three basic extracts 
were sampled, combined, sampled, neutralized to pH 6.5 with IN HC1, 
again sampled, and lyophilized. Each of the six extractions took about 
45 min. The final residue was diluted with water, neutralized to pH 6.5 
and lyophilized.

RESULTS & DISCUSSION
HANG et al. (1970) reported that from 75—95% of the pro
tein could be extracted from bean meal with dilute acid or 
dilute base. These researchers used mung beans (Phaseolus 
aureus), pea beans (Phaseolus vulgaris), and red kidney beans 
(Phaseolus vulgaris) in a comparative study. Their work did 
show some differences in the solubilizing of the protein from 
these beans at different pH’s.

Preliminary w ork in our laboratory with CSW beans indi
cated that about 70—80% protein was extracted at pH 2; when 
the pH was increased to 1 1 — 12, a somewhat greater am ount of 
protein was extracted from this particular lot of beans. O ther 
work at our laboratory required fractionating sizable am ounts 
of CSW beans into two protein rich fractions—one part that 
was easily extracted with dilute acid (pH 2.0), and the second 
part that was extracted with dilute base (pH 11.6+). Since
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Fig. 3—Pilot plant extraction of bean meal. Percentage of bean 
solids in each extract (upper figure) is shown by the total bar. 
Percent protein (lower figure) is shown by the shaded portion. Per
centages based on the original dry bean and the analysis o f each 
aliquot (corrected for NaCI and moisture contents).

these protein-rich concentrates were to  be fed for nutritional 
studies, HC1 and NaOH were used since the NaCI formed on 
neutralization to  pH 6.5 could easily be removed by 70% alco
hol extraction or by dialysis; any NaCI remaining would be 
innocuous.

In the laboratory extractions an attem pt was made to  dupli
cate what the pilot plant conditions would be with respect to 
centrifuge G’s, times, etc. The results based on actual yields 
(NaCI and H20-free) are shown in Figure 2. The first acidic 
extract contained 26% solids and 12% protein based on the 
weight of the original bean meal. This extract therefore con
tained 55% of the 22% protein in the bean meal. The com 
bined second and third acid extraction yielded 9% of the pro
tein, and the three basic extracts yielded 10.5%. The final 
residue contained 25% of the total original protein. Note that 
the first basic extract contains nearly as much protein as both  
the second and third acid extracts contained.

Figure 3 shows pilot plant results when 8 kg of bean meal 
were extracted in a similar manner. These results are based on 
analyses of aliquots of each liquid extract. The first acid ex
tract contained 55% of the total original protein, the same 
am ount as in the laboratory run. The second and third acid 
extracts contained 11%. The basic extracts yielded 19.5%, 
leaving 13% of the protein in the residue.

The CSW beans used for the data presented in Figure 3 had 
been coffee-milled to  a fine meal. Previously a fine bean flour 
obtained by turbo-milling had been used successfully in a labo
ratory experiment to separate protein-rich fractions. This flour 
had a Coleman sieve analysis of 2% retained on #48  mesh, 7% 
retained on #80, 7% retained on #150 and 84% through the 
#150. It was correctly assumed that the fine flour would give a 
better separation of protein. In the laboratory the separations 
were achieved by centrifugation at 27,000 X G for 30 min. 
These conditions were unobtainable in the decanter-centrifuge. 
The decanter-centrifuge did not give an effective separation of 
the liquid extract from the insoluble solids because both the 
centrifuge retention  time (0.5 min) and the G’s (3000) were 
too low for this fine flour. Even when the feed rate of the 
bean flour suspension had been lowered from 3.78 kg/min to 
only % as much (increasing the retention time to  2 min) the



BEAN PROTEIN SEPARATIONS . . .

WHOLE
BEAN

COMPOSITION

ACID BASE RESIDUE
EXTS. EXTS. K tb lü U t

L LABORATORY J

ACID
EXTS.

BASE
EXTS.

J
EXTRACTION EXTRACTION

Fig. 4—Comparison of laboratory and pilot plant runs. All acid ex
tracts combined and all basic extracts combined. Based on actual 
yields obtained. Percentages calculated as in Fig. 2.

separation was still very poor. When a sample of the extract 
from the decanter-centrifuge was recentrifuged at 27,000 X G 
in a laboratory centrifuge, a large cake of solids was obtained. 
On the other hand, the six extracts from the coffee-milled 
beans (Fig. 3) produced smaller cakes containing only about 
10% of the to tal solids of the extracts. This was considered 
acceptable since that am ount would not dilute out the protein 
excessively in the dried solids.

Figure 4 gives a comparison (based on actual yields calcu
lated on a salt and moisture free basis) o f the laboratory and 
the pilot plant runs. Data in this figure are essentially the same 
as that obtained from the analysis of small aliquots of the in
dividual extractions shown in Figure 3. Similar yields were ob
tained in both runs although in these examples the residue from 
the pilot plant run contained somewhat less protein than the 
residue from the laboratory run.

The neutralized acid extract, it should be noted, contains 
not only the solubilized protein but also NaCl, sugars, amino 
acids, etc. am ounting to more than 40% of the extract. These 
can be removed by 70% alcohol extraction or by dialysis, leav
ing a product richer in protein.

Calculations based on the weight of acid extracts and the 
liquid left in the decanter cake indicated tha t very little solu
bilizing of protein and nonprotein m aterial may have occurred 
after the first extraction. The second and third extractions 
merely removed by dilution the solubilized m aterial from the 
decanter cake. On the other hand, in the basic extractions 
similar calculations indicated that additional bean protein and 
nonprotein m aterial were being extracted in the second and 
third basic extractions.

All of the fractionation procedures have been repeated sev
eral times in the laboratory and in the pilot plant with a re
peatability of ±5%.

The results obtained with CSW bean meal show that a 
decanter-centrifuge can be used for protein separation if the 
particle size of the ground bean is not too fine.
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TEMPERATURE DEPENDENCE OF THE 
COOKING RATE OF DRY LEGUMES

.... ... . -t—— ——  ABSTRACT ------------------------------------
It is well known that high temperatures reduce the cooking time of dry 
beans and peas. However, little quantitative information on the temper
ature dependence of the cooking time can be found in the literature. 
The temperature dependence of the cooking rate was obtained by cook
ing samples of dry legumes for various times at 98, 116, and 127°C and 
measuring the maximum force on a Kramer TP-1 shear press with a 
CS-1 cell containing lOOg samples. The time-temperature combinations 
which gave the same texture were plotted to obtain /.-values for soften
ing of the beans. Tire following z-values for softening due to cooking 
were found: Black beans: 19°C; brown beans: 18°C; soybeans: 16°C; 
and Alaska dried peas* 16°C. The results reported can be used for more 
adequate design of cooking processes of beans with special regards to 
energy savings since beans are frequently cooked for 5 hr at 100°C.

INTRODUCTION

DRY BEANS (Phaseolus vulgaris) of various colors are a very 
popular food in Brazil and other countries. They are the main 
source of protein of many populations. One of the main prob
lems of dry beans is that they require long cooking times to 
render them  “eating-soft.”

Dry beans and peas are usually hydrated for 12 — 16 hours 
prior to  cooking (Campbell, 1950). The effect of hydration 
rates on the quality of the product was studied by Rockland 
(1964). Rockland’s group (Rockland, 1966; Rockland et a!.. 
1967, 1970) studied various processes of preparation of quick
cooking dry beans. Binder and Rockland (1964) used the shear 
press to measure the degree of cooking of beans. They dis
tinguished the effect of the seedcoat and of the cotyledons 
and found that the maximum shear force decreased linearly 
with cooking time. Most of the work was done with Lima 
beans (Plaseolus lunatus). Morris (1964) studied the effect of 
moisture content and tem perature during storage on the cook
ing time of Pinto, Sanilac and Lima beans. He found that 
cooking time increased with storage time, especially at mois
ture contents above 10%, At 13% moisture content the cook
ing time after 12 months was three times the initial cooking 
time. At 10% the cooking tim e after 12 m onths was only 
slightly longer than the initial time. Cooking time also in
creased with storage tem perature, especially at high moisture 
contents.

Although it is well known that the cooking time of dry 
beans can be decreased considerably by higher tem peratures 
such as those obtained in pressure cookers, very little quantita
tive inform ation on this can be found in the literature. The 
main objective of this work was to determine the tem perature 
coefficient (z-value, activation energy or Q 10) of the cooking 
rate of various beans and peas.

MATERIALS & METHODS

Products
The following dry legumes were studied: Black beans (Phaseolus 

vulgaris)', Brown beans, “Carioca” variety (Phaseolus vulgaris)-, Soy

beans , Santa Rosa variety (Glycine max)', and Alaska dried peas (Pisum 
sativum).

The dimensions of the grains are summarized on Table 1.
Cooking rate

150g of dry legume were added to a flask containing 0.5 liters of tap 
water. Hydration was done over a period of 12-16 hr at 22°C. The 
grains were drained and transferred to a 1-gal pressure cooker. For 
atmospheric pressure cooking (98°C) 1 liter of water was added since 
the losses due to evaporation were large. For higher temperatures only 
0.5 liter of water was added. After closing the pressure cooker, the 
product was heated as fast as possible to reduce the effect of the 
temperature lag. 3.5 min were required to reach 98°C and an additional 
3.5 min to reach 127°C. For the short times required at 127°C the 
cooking effect of the come-up time cannot be neglected. Its effect was 
estimated by graphical integration with z = 20°C as 1 min at 127°C and 
this time was added to the actual cooking time at 127°C. The pressure 
cooker was well deaerated and the temperature was controlled by an 
adjustable safety valve. After the desired cooking time the pressure 
cooker was cooled rapidly under running water and the beans drained 
and cooled for shear press measurements at room temperature.
Shear press measurements

The degree of cooking of the samples was measured on a Kramer 
shear press, Food Technology Corp. model TP-1 with a TG-3000 ring 
and TR-1 recorder. A CS-1 shear cell (Fig. 1) containing lOOg of the 
drained product was used. This cell has ten 1 /8 -in. blades that move 
through the sample. The maximum shear force was obtained from the 
recorder strip and divided by the amount of sample. The results were 
expressed as lbf/g.

RESULTS & DISCUSSION

Cooking rate
A typical shear press recorder o u tp u t is shown on Figure 2. 

It was attem pted to correlate the area under the curves and the

T a b l e  1 —S i z e  o f  t h e  l e g u m e s  s t u d i e d

P ro d u c t

A v g  w t  o f  
g ra in

(g )
D im e n s io n s

(m m )

Black beans 
( P h a s e o lu s  v u l g a r i s ) 0.175 4.1 X 6.1 X 9.6

Brown beans, Carioca variety 
( P h a s e o l u s  v u l g a r i s ) 0.212 4.6 X  6.4 X  9.3

Soybeans, Santa Rosa variety 
( G l y c i n e  m a x ) 0.134 5.2 X  6.1 X 6.5

Alaska dried peas, whole 
{ P i s u m  s a t i v u m ) 0.150 5.5 X  6.2 X 6.2

Alaska dried peas, 
halves, without 
seed coat 
[ P i s u m  s a t i v u m ) 0.069 2.8 X  5.9 X 5.9
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slopes of the curves with the cooking time. However, the best 
results were obtained for the maximum shear force.

The maximum shear force (lbf/g) was p lotted against cook
ing time for each of the cooking tem peratures on semi- 
logarithmic paper. Similarly shaped curves were obtained for 
all products. The results for black beans are shown on Figure
3. On a linear plot (not shown) the maximum shear force 
decreased rapidly at high shear forces and slower at lower 
shear forces. Binder and Rockland (1964) found a linear varia
tion of maximum shear force with cooking time at 100°C for 
Lima beans.

From plots similar to  Figure 3 the cooking times required 
to reach certain degrees of cooking at each of the tem peratures 
were obtained. For black beans the following degress of cook
ing were chosen: 5.0, 4.0, 3.0, and 2.5 lbf/g. The results for 
black beans are shown on Figure 4. This plot is similar to  the 
plot of D-values or F-values vs. tem perature for death of 
microorganisms. Although only the 2.5 lbf/g beans were “eat
ing-soft,” the other degrees of cooking can be of interest for 
precooking processes, just as partial sterilization is used in 
some processes of therm al destruction of microorganisms.

The straight lines on Figure 4 represent the tim e-tem pera
ture com binations that give the same degrees of cooking. Thus, 
9 min at 127°C has the same effect as 260 min at 98°C. The 
slope of the curve is related to the z-value. In the case of black 
beans, z = 19°C, indicating that the cooking tim e is decreased 
ten times for each increase of 19°C in the tem perature.

F i g .  1 — T y p e  C S - 1  c e l l  f o r  K r a m e r  s h e a r  p r e s s  m o d e l  T P - 1 .

F i g .  2 — T y p i c a l  r e s p o n s e  c u r v e  o f  c o o k e d  b l a c k  b e a n s  i n  s h e a r  p r e s s .

0 (» )9 8 * C  — I00 200
0 ( A)!I6®C — 10 20
0 ( a )l2 7 *C —  2 4 6 8

COOKING TIME (MINUTES)

F i g .  3 — D e g r e e  o f  c o o k i n g  o f  b l a c k  b e a n s  a s  a  f u n c t i o n  o f  t i m e  a n d  

t e m p e r a t u r e .
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Similar calculations were made for brown beans, soy beans 
and Alaska dried peas. The results are shown on Figures 5, 6 
and 7. It can be seen that in all cases the straight line correla
tion on semilogarithmic paper is excellent. The z-values for the 
same product were identical for different degrees of cooking.

The tem perature dependence of the cooking rate can also 
be represented in other forms such as the apparent activation 
energy (E) or the Q i0 coefficient. These values can readily be 
calculated (Quast, 1976):

4.6 T2 h i  n  - 10 z = ~ —  and logj o Q io  —E z

where T is the absolute tem perature (°K), z is in °C or °K and 
E is cal/gmole. The results for the products studied are sum
marized in Table 2. It can be seen tha t for black beans an 
increase of 10°C in the cooking tem perature causes a 3.36-fold 
reduction in the cooking tim e, for the same degree of cooking.

Fig. 4 —Effect o f  temperature on the cooking time o f  black beans.

The tem perature dependence of the cooking rate o f dry 
legumes was found to  be smaller (z-value larger) than the tem 
perature dependence of the death of microbial spores (typ i
cally z = 10°C = 18°F). Therefore, very high processing tem 
peratures could result in a commercially sterile product which 
is inadequately cooked. For example, black beans were ade
quately cooked (degree of cooking = 2.5 lbf/g) after 18 min 
at 121°C (Fig. 4). The sterilization value of F 121 = 18 min 
can also be considered adequate for commercial sterility. A 
treatm ent of 1.8 min at 131°C would have the same steriliza
tion value of F 1 2 1  = 18 min for spores with z = 10°C. This 
treatm ent, however, would leave the beans incom pletely 
cooked, at a degree between 4.0 and 5.0 lbf/g (Fig. 4). Clearly, 
the results can be used for the precise design of cooking opera
tions involving the legumes studied.

With the aid of these data on the kinetics o f cooking, the 
economic advantage of pressure-cooking can be evaluated 
more precisely. The required cooking tim e of beans increases 
with the age of the beans and is also a function of storage

Fig. 5—Effe ct o f temperature on the cooking time o f brow n beans.
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conditions. However, it is not expected that the tem perature 
coefficient (z) will vary considerably with these conditions. 
Rarely the beans are cooked for less than 2.5 hr at 98°C.

Since

t2/n = l o K T ,  -  T , ) / t i

where I , ,  T) and t2 , T2 represent tim e-tem perature com bina
tions which give the same cooking effect, then the cooking 
time at 121°C for z = 19 can be calculated:

t 2 = 150 x 1 0 l98 -  12D /19]

t 2 =  10 min

Table 2 —Temperature dependence o f  the cooking rate o f  various 
dry legumes

E
z (cal/gmole)

Legume ("C l at 110°C Q.o

Black beans 
(Phaseolus vulgaris) 19 35,500 3,36

Brown beans, Carioca variety 
(iPhaseolus vulgaris) 18 37,500 3.59

Soybeans, Santa Rosa variety 
(Glycine max) 15.5 43 ,500 4.41

Alaska dried peas 
[Pisum sativum) 16 42,200 4.21

Fig. 6 -E f fe c t  o f temperature on the cooking time o f  soybeans. Fig. 7 -E f f e c t  o f  temperature on the cooking time o f  Alaska dried peas.
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The cooking tim e can therefore be reduced by 140 min. 
Assuming that a typical Brazilian family cooks beans 100 
times per years, and since the gas com sum ption on a domestic 
range at the low setting is 75 g/hr o f LPG (Brastemp Corp.,
1976), the extra com sum ption of gas per year, by not using a 
pressure cooker, amounts to  18 kg. At a cost of 0.40 U.S$/kg, 
the savings would $7.20 per year. By these savings the pressure 
cooker could be paid for in 1—2 yr. From  a national economic 
point o f view, the subject appears to  be of interest. Consider
ing that five million families in Brazil could each save $7.20 
per year on gas, a total o f $36 million could be saved.
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EFFECT OF BLANCHING, EDTA AND NaHS03 ON COLOR AND VITAMIN B6
RETENTION IN CANNED GARBANZO BEANS

--------------------------------  ABSTRACT --------------------------------
THE EFFECT of blanching, EDTA and NaHS03 treatments on color 
and vitamin B6 retention in canned garbanzo beans (Cicer a rie tinum )  
was investigated. Saccharom yces carlsbergensis (ATCC 9080) and 
Kloeckera apiculata  (UCD FS&T 72-62) were used as comparative 
organisms for the microbiological assay. Water blanching resulted in 
approximately 10-15% loss of total vitamin B6 while steam blanching 
resulted in only 5-8% loss. The dry garbanzo beans contained 5.5 Mg 
vitamin B6 /g when S. carlsbergensis was used as the test organism and
5.8 pg/g when K. apiculata  was used. Blanching had no significant 
effect on the color of the canned beans. Vitamin B6 retention in the 
canned product was affected by the use of NaHS03 in the soaking 
water as a bleaching agent. Samples soaked in water containing 1600 
ppm NaHSOj contained 3.4 ± 0.1 Mg vitamin B6/g on the dry basis 
while the control samples contained 3.9 ± 0.2 Mg/g- The NaHS03 soak
ing improved the color of the canned beans significantly. Incorporating 
300 ppm of ethylenediaminetetraacetic acid (EDTA) in the canning 
brine for color improvement did not significantly affect the vitamin B6 
content of the canned product. But, it did improve the color of the 
canned beans. Use of K. apiculata  as the test organism resulted in 
slightly but consistently higher total vitamin B6 assays in all samples 
than those using S. carlsbergensis. This could be due to the difference in 
the response of the two organisms toward the different forms of vita
min B6. K. apiculata  responds nearly equally to pyridoxine, pyridoxal 
and pyridoxamine, while S. carlsbergensis responds nearly the same to 
pyridoxine and pyridoxal, but to a lesser degree to pyridoxamine.

INTRODUCTION
THE NUTRITIONAL importance of vitamin B6 as a coen
zyme in body metabolism has been established (Gyorgy, 1971; 
Sauberlich, 1967). The Food and N utrition Board of the Na
tional Academy of Sciences (1974) included vitamin B6 in the 
Recommended Dietary Allowances. The vitamin B6 content of 
a variety of foods has been presented in the literature 
(Dimaunahan et al., 1973; Fiedlerova and Davidek, 1974; Orr, 
1969; Polansky, 1969).

The effects of processing m ethods on nutritive value of 
foods have been a subject of concern to  food processors and 
consumers and recently there has been greater awareness and 
concern regarding food additives and their effect on vitamin 
retention in processed foods. The effects of cooking and pro
cessing on vitamin B6 in some foods have been published 
(Engler and Bowers, 1975; Everson et al., 1964; Lushbough et 
al., 1959; Raab et al., 1973; Richardson et al., 1961; Schroe- 
der, 1971; Miller et al., 1973).

Ethylenediam inetetraacetic acid (EDTA) and other seques- 
trants are used by food processors to  minimize undesirable 
color changes and improve the quality o f the final product 
(Furia, 1972). The effect of such additives on other vitamins 
has been reported by various researchers but no inform ation 
on the effect of EDTA on vitamin B6 was found in the litera
ture.

1 P resent address: California Dept, o f Food  & A griculture, Bureau of 
A gricultural Chemicals & Feed, Sacram ento, CA 95814

Sulfur dioxide and sulfites are another group of compounds 
used in foods to  increase storage life, preserve color, and aid in 
retention of ascorbic acid and carotenoids. These are generally 
regarded as safe for use but may no t be used in foods which 
are substantial sources of thiamin (Chichester and Tanner, 
1972; Schroeter, 1966). While there is extensive inform ation 
on the application of sulfites to food products, no report on 
the effect of N aH S03 on vitamin B6 was found.

A num ber of m ethods have been used to  analyze vitamin 
B6 . Microbiological assays are most com monly used to deter
mine the vitamin B6 content of biological m aterials because 
they are more sensitive and less subject to  interference from 
other com pounds than are chemical and physical m ethods and 
are less expensive than animal assays (Sauberlich, 1967). Sac
charomyces carlsbergensis (ATCC 9080) is the test organism 
used in the AOAC standard m ethod (AOAC, 1970). K. apicu
lata has also been used successfully for vitamin B6 assay and 
has been found to  have certain advantages over S. carlsber
gensis (Daoud, 1973; Barton-Wright, 1971).

This work was undertaken to  investigate the effect of 
blanching, EDTA, and N aH S03 on color and to tal vitamin B6 
retention in canned garbanzo beans using S. carlsbergensis and
K. apiculata as comparative test organisms for the m icrobio
logical assay.

MATERIALS & METHODS
Garbanzo beans

Fourteen pounds of dry garbanzo beans {Cicer arie tin u m )  were sup
plied by a local super market. The beans were thoroughly mixed before 
use.
Preparation and canning

One part of dried beans was washed and soaked in three parts of 
distilled water, or in 800 ppm, or in 1600 ppm food grade NaHS03 
solutions for 12 hr at room temperature (22-25°C). The soaked beans 
were drained, rinsed twice, and blanched either in distilled water, or 
with steam on a stainless steel screen at 100°C for 10 min. Samples 
used to study the effect of NaHSOa soaking were water blanched at 
100°C for 10 min. Samples used to study the effect of EDTA in brine 
were not blanched. Blanched samples were immediately cooled by dip
ping in cold water (about 10°C) for 2 min and then drained.

Each No. 303 X 407 enamelled can was filled with 250g of beans 
and 240 ml of 1.5% NaCl solution. For those samples used to investi
gate the effect of EDTA, 0, 150 and 300 ppm EDTA was added to the 
brine.

Filled cans were sealed under a vacuum of 22 in. Hg in a Rooney 
semi-automatic can sealer and heat processed at 118.3°C for 30 min in 
an upright, stationary retort, allowing 5 min for come-up time. The 
cans were water cooled in the same retort to 25°C, dried and stored at 
room temperature until used for analysis (Lin et al., 1975).
Vitamin B6 content

Preparation of garbanzo bean samples for extraction of vitamin B6.
Dry garbanzo beans. 500g of dry garbanzo beans were pulverized in 

an Osterizer blendor and passed through a Tyler standard screen with a 
0.0276-in. screen. The pulverized sample was stored in an air-tight 
bottle at 0°C.

Canned garbanzo beans. The contents of three cans (beans plus
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brine) were blended for 1 min in a Waring Blendor. Portions of the 
resulting puree were stored in air-tight glass jars at — 18°C.

Extraction of vitamin B6. The extraction procedure described in 
AOAC (1970) for vitamin B6 was followed. 1-g samples of dry garban
zo bean powder or 5-g samples of the garbanzo puree were autoclaved 
with 200 ml of 0.44N HC1 for 2 hr at 121°C in 500-ml Erlenmeyer 
flasks capped with 100-ml beakers. After cooling to room temperature 
and adjusting the pH to 4.5 with 6 N KOH, the solutions were diluted 
with distilled water to 250 ml and filtered through Whatman No. 40 
filter paper under suction. The resulting filtrates were stored in brown 
bottles at 0°C.

A reagent blank, using 1 ml of distilled water instead of the sample 
was made.

To test the percent recovery, a known amount (5 pg) of pyridoxine 
in the form of pyridoxine hydrochloride solution was added to Ig of 
pulverized dry bean sample just prior to extraction with hydrochloric 
acid. Also, 2.5 ml of pyridoxine hydrochloride solution containing 2 pg 
of pyridoxine per ml was subjected to the same extraction procedure as 
those used for the garbanzo samples and the blank. The data were used 
to construct an “effective” standard curve from which the total vitamin 
B6 content of the garbanzo samples was interpolated.

Assay procedures
The procedures described by Daoud (1973) for the microbiological 

assay of vitamin B6 were employed in this investigation.
S. carlsbergensis ATCC 9080 (UCD FS&T 71-35) and K. apiculata 

(UCD FS&T 72-62) were used as the assay organisms.
A synthetic medium containing all the elements necessary for the 

growth of the two test organisms except vitamin B6 was used as the 
basal medium for the assay.

Incubation of the inoculated assay tubes was done on a Rollo-drum 
at 30°C and the growth response was measured after 15-18 hr of 
incubation in the case of S. carlsbergensis and after 48-60 hr for K. 
apiculata.

The light absorbances at 550 mp were used as criteria for measuring 
the growth response of the test organisms to the amount of vitamin B6 
present in the assay tubes. A Spectronic 70 spectrophotometer was 
used to measure the absorbances.

The amount of vitamin B6 present in the samples was calculated by 
interpolating the average OD readings of the triplicate assay tubes from 
an “effective” standard curve. The results were reported in terms of pg 
pyridoxine per gram of sample on dry weight basis (allowing for the 
amount of salt used in making the brine for the canned samples).

Standard curves were constructed for each test organism.
A stock solution containing 2.5 ml of pyridoxine hydrochloride 

solution (2 pg of pyridoxine per ml) was used. It was treated exactly 
the same as the garbanzo samples as to extraction, purification, and 
assay procedure. 0, 1, 2, 3 and 4 ml of the resulting extract solution 
containing 1 ng pyridoxine/ml was used per assay tube in triplicate. The 
average OD readings obtained after inoculation and incubation were 
plotted against concentrations on graph paper.

Total solids. The vacuum oven drying method (AOAC, 1970) as 
modified by Luh et al. (1975) was used.

Color. The color of the garbanzo samples was evaluated objectively 
with a Gardner automatic color difference meter, Model AC-1 (Gardner 
Laboratories, Inc., Bethesda, 14, Md.). A light yellow porcelain plate 
(LYI) with an Rd = 60.7, a = —2.1, and b = +22.3 was used as a 
reference (Luh et al., 1975).

Subjective color evaluation. A panel of 12 judges evaluated the color 
of the canned beans under a standard McBeth Light source on a 10- 
point scale: excellent, 9-10; good, 7 -8 ; fair, 5 -6 ; poor, 3 -4 ; very 
poor, 1-2. The results were subjected to analysis of variance, and the 
least significant difference at 95% confidence level was calculated.

Sulfur dioxide content. The AOAC (1970) pararosanaline hydro
chloride colorimetric method was used to determine the S02 content in 
the canned beans as well as in the acid extract containing the vitamin 
B6 being assayed for. Results are reported as ppm SO.,.

RESULTS & DISCUSSION 
Effect of blanching

The effect of blanching on color and vitamin B6 retention 
in canned garbanzo beans is presented in Table 1. Blanching 
did not affect the color of the canned beans significantly. The 
water blanched samples were significantly lower in vitamin B6 
than the unblanched samples. Water blanching resulted in 
approximately a 10—15% loss of total vitamin B6 while steam 
blanching resulted in only a 5—8% loss. The greater loss from 
the water-blanched samples is due to water leaching since vita
min B6 is water soluble.

The vitamin B6 content of the dry garbanzo beans used as 
raw material for canning was 5.5 ptg/g when S. carlsbergensis 
was used as the test organism and 5.8 jUg/g when K. apiculata 
was used. These values were used as bases for calculating the 
percent retention in the canned samples. The unblanched, can
ned samples retained approximately 80—85% of the original 
vitamin B6 content. This loss of 1 5—20% resulted collectively 
from soaking overnight in water, washing and retorting. No 
attempt was made to determine the percent loss due to the 
individual operations. It is known, however, that vitamin B6 is 
fairly heat stable and very little loss if any should occur due to 
retorting; hence most of the loss may be assumed to be due to 
soaking and washing of the beans in preparation for canning.

Effect of sodium bisulfite
The effect of sodium bisulfite soaking on color, vitamin B6 

retention and the S02 residue in the canned beans is presented 
in Table 2. The NaHSC>3 soaking process does improve the

T ab le  1 —Effe ct of blanch ing m ethod on co lor and vitam in  B 6 retention  in canned garbanzo beans

Subjective
color
score2

V ita m in  B6

S. carlsbergensis K . ap icu lata

Total solids
G ardner color values

P yridox in eb
R e te n 

tio n P yrid o x in eb
R e te n 

tion
Tre atm e n t (%) R d a b ( 1 - 1 0 ) (Mg.'g) (%) (pg/g) (%)

Not blanched 
(control) 

Water

22.7 ± 0.1 21.2 +2.4 +20.2 5.7 ± 0.2 4.5 ± 0.3 81.8 4.9 ± 0 .3 84.5

blanched
Steam

21.5 ± 0.2 20.5 +1.5 +19.0 5.8 ± 0.7 3.9 ± 0.2 70.9 4.0 ± 0 .2 69.0

blanched 21.6 ± 0.2 19.1 +2.3 +18.5 5.7 ± 0.8 4.2 ± 0.2 76.4 4.4 ± 0.2 75.9
Dry (raw) beans 91.5 ± 0.2 - - - - 5.5 ± 0.1 100 5.8 ± 0.2 100

a L .S .D .  (P  = 0 .0 5 )  fo r  su b je c tiv e  c o lo r  sco re  = 0 .7  
b D ry  w e ig h t b asis  co rre c te d  fo r  so lid s  (s a lt )  added  fo r  th e  b rin e
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CANNED GARBANZO BEA N S . . .

Table 2—Effect of NaHS03 soaking on color and vitamin B6 retention in canned garbanzo beans

Vitamin B6

S. carlsbergensis K. apiculata

Treatment

Total
solids

<%)

Gardner color values 

Rd a b

color
score3
(1-10)

Pyridoxineb
(pg/g)

Reten
tion
(%)

Pyridoxineb
(Mfl/g )

Reten
tion
<%>

s o 2
content

ppm

Control 
(soaked in 
distilled 
water

21.5 ± 0.1 20.5 +1.5 +19.0 5.8 ± 0.7 3.9 ± 0.2 70.9 4 .0  ± 0 .2 69.0 0.1 ± 0.02

Soaked in 
water con
taining 
800 ppm 
NaHSOj

20.9 ± 0.3 22.0 +2.4 +20.5 7.9 ± 0.5 3.8 ± 0.2 69.1 3.9 ± 0.2 67 .2 4.5 ± 0.5

Soaked in 
water con
taining 
1600 ppm 
NaHSOj

20.8 ± 0.2 26.8 +3.1 +22.7 9.1 ± 0.5 3.4 ± 0.1 61.8 3.5 ± 0.1 60.3 14.0 ± 1.3

Dry (raw) beans 91.5 + 0.2 - - - 0.5 5.5 ± 0.1 100 5.8 ± 0.2 100

a  L .S .D .  (P  = 0 .0 5 )  fo r  su b je c tiv e  c o lo r  sco re  = 0 .5  
b D ry  w e ig h t basis co rre c te d  fo r  so lid s  (sa lt ) added  fo r  th e  b rin e

color of the canned product significantly, as indicated by the 
Gardner values and visual color scores. The S 0 2 contents in 
the final products were 4.5 and 14.0 ppm in the samples 
soaked in water containing 800 and 1600 ppm respectively.

The vitamin B6 content of the canned product was affected 
by the sodium bisulfite in the soaking water. Higher levels of 
sodium bisulfite in the soaking water resulted in lower vitamin 
B6 retention in the canned product. Samples soaked in water 
containing 1600 ppm N aH S03 were approxim ately 8—10% 
lower in vitamin B6 than the control samples which were 
soaked in plain water. Since analysis of the garbanzo bean 
extract solution used to  assay for vitamin B6 was free of any 
SO2 residue, the lower vitamin B6 values in the N aH S 03- 
soaked samples could no t be attributed  to  any possible inhibi

tory action of sodium bisulfite on the growth of the test 
organisms. The S 0 2 content of the assay extract from  samples 
soaked in water containing 800 and 1600 ppm was found to 
be zero.

Effect of EDTA
The effect of incorporating the disodium salt o f EDTA into 

the brine used as the canning medium on color and vitamin B6 
retention in canned garbanzo beans is shown in Table 3. The 
EDTA treatm ent does improve the color of the canned prod
uct as shown by Gardner Rd value (brightness) and higher 
visual score in the samples containing EDTA in the brine. 
However, this color im provem ent was less than that effected 
by soaking in N aH S03 solution. Incorporating 150 and 300

Table 3—Effect of adding ED TA to the canning media (brine) on color and vitamin B6 retention in canned garbanzo beans

Vitamin B6

S. carlsbergensis K. apiculata

Total solids
Gardner color values

Subjective
color

scorea Pyridoxineb
Reten
tion Pyridoxineb

(pg/g)

Reten-

Treatment % Rd a b (1-10) (pg/g) (%) (%>

Control (no 
ED T A  added)

22.7 ± 0.1 21.2 +2.4 +20.2 5.8 ± 0.8 4 .4  ± 0.3 80.0 4.9 ± 0.3 84.5

150 ppm ED TA  
in brine

22.6 ± 0.2 21.4 +2.7 +19.8 6.3 ± 0.8 4 .5  ± 0.2 81.8 4 .8+  0.3 82.8

300 ppm ED TA  
in brine

22.5 ± 0.2 22.7 +2.6 +21.4 7.3 ± 0.6 4.5 ± 0.1 81 .8 4 .8  ± 0.2 82.8

Dry (raw) beans 91.5 ± 0.02 - - - 0.6 5.5 ± 0.1 100 5.8 ± 0.2 100

a L .S .D .  (P  = 0 .0 5 ) fo r  su b je c tiv e  c o lo r  sco re  = 0 .0 6
I3 D ry  w e ig h t basis co rre c te d  fo r  so lid s (sa lt ) added fo r  th e  b rin e
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ppm of EDTA in the canning brine did not significantly affect 
the final vitamin B6 content of the canned product. Differ
ences between the various samples were within the range of 
experim ental error.
Test organisms

The use of K. apiculata as the test organism resulted in 
slightly but consistently higher values for to tal vitamin B6 
content in all samples used throughout this study than those 
obtained using S. carlsbergensis. This could well be due to the 
difference in the natural responses of the two organisms to 
ward different forms of vitamin B6 . K. apiculata responds 
growth-wise nearly equally to pyridoxine, pyridoxal and pyri- 
doxamine while S. carlsbergensis responds nearly equally to 
pyridoxine and pyridoxal but responds to  a lesser degree to 
the pyridoxam ine form  of vitamin B6 (Daoud, 1973).

Values for the percent retention of vitamin Bs obtained 
w ith S. carlsbergensis were quite comparable to  those obtained 
using K. apiculata as the test organism. The mean standard 
deviations for vitamin B6 content of the experim ental samples 
were less than 10% of the mean values obtained with the two 
yeasts.

The responses of the two yeasts toward different levels of a 
pyridoxine standard solution used for constructing standard 
curves were greater when the pyridoxine standard solution was 
exposed to  extraction procedures similar to  those for food 
samples than the responses to  pyridoxine standards n e t sub
jected to  extraction procedures. However, the inoculated con
trol blanks (using distilled water instead of samples) that were 
subjected to extraction procedures produced growth responses 
similar to that obtained with inoculated blanks not subjected 
to extraction procedures. Thus one may postulate that the 
acid treatm ent with HC1 during extraction and the form ation 
of KC1 salt after neutralization may have a stabilizing effect on 
the pyridoxine and that the presence of trace elements as im
purities may act as activators in the presence of pyridoxine, 
thereby stimulating the growth response of the test organisms 
since no change in the growth response was observed in the 
inoculated control blanks containing no pyridoxine.

The standard curves (in which the pyridoxine standards 
were subjected to  extraction procedures similar to those used 
for bean samples) were used for interpolating the vitamin B6 
content of the garbanzo samples. It is believed that the points 
on this curve are more representative than the points on stand
ard reference curves where the pyridoxine solutions were not 
subjected to the extraction procedures as were used for the 
bean samples.
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TITRATABLE ACIDITY OF TOMATO JUICE 
AS AFFECTED BY BREAK PROCEDURE

— --------- --------------  ABSTRACT ----------------------------—
There is less titratable acidity in tomato juice that has been processed 
by a “hot-break” procedure to inactivate pectolytic enzymes than in 
juice of tomatoes from the same lot of fruit that has been extracted 
cold. These differences in titratable acidity can be attributed to the 
activity of the pectolytic enzymes in the “cold-break” juice which pro
duce acidic breakdown products from the pectins.

INTRODUCTION
TOMATOES and canned tom ato products have been studied 
extensively with respect to  their acid com position, pH, and 
titratable acidity. In studies on nine lots of canned tom ato 
juice, Rice and Pederson (1954) found that all lots contained 
citric, malic, and pyrrolidonecarboxylic acids. Some lots also 
contained lactic and acetic acids. Bradley (1960) reported 
fumaric and galacturonic acids and three inorganic acids 
(hydrochloric, sulfuric and phosphoric) as well as the acids 
reported by Rice and Pederson.

With the exception of studies of the change of glutamine to 
pyrrolidonecarboxylic acid (Rice and Pederson, 1954) ‘Mahdi 
et al., 1959) only three studies have compared the organic acid 
composition of tom ato juice before and after heat treatm ents 
for preservation. Some changes in acid com position do occur, 
but there is disagreement as to the nature and extent of these 
changes. Hamdy and Gould (1962) reported the effect of heat 
processing on dihydroxytartaric, a-ketoglutaric, pyruvic and 
citric acids in juices from  eight varieties of tom atoes. They 
found that dihydroxytartaric acid disappeared and a-keto
glutaric acid increased while pyruvic and citric acids decreased. 
They reported substantial decreases for citric acid after pro
cessing; yet, w ith bu t one exception, the pH of their samples 
decreased after processing. Eight acids were reported by El 
Miladi et al. (1969). Their list included succinic acid which had 
not been found by other investigators. Their observation that 
a-ketoglutaric acid decreased while citric acid increased with 
processing is in opposition to  the findings of Hamdy and 
Gould. They noted that their results were in agreement with 
Scott and Walls (1947) although they did no t report values for 
either pH or titratable acidity (TA) of the juice. Schoenemann 
and Lopez (1973) studied the changes in acid com position, 
after 6 months storage at 24°C, for several varieties of tom a
toes tha t had been packed at two different processing tem pera
tures. They concluded “ the only acid significantly altered by 
the length of heat processing was pyrrolidonecarboxylic acid.”

In spite of the fact tha t acidity in heat processed tom atoes 
has been studied extensively, there has been no study of acid
ity  differences between raw tom ato juice and juice from the 
same lo t of tom atoes after hot-break treatm ents. Only a few 
studies have been made to  determine the effect of the more 
extensive heat treatm ents required for preservation on the 
titratable acidity of tom ato products. In an early publication, 
Scott and Walls (1947) reported tha t “acidity of processed 
juice was invariably higher than that of fresh fru it.” Adams 
(1961) measured the pH of tomatoes before and after process

ing and reported “the average pH value of processed tom atoes 
(4.23) is actually lower than the average pH value of raw tom a
toes (4 .41).” Hamdy and Gould (1962) compared eight differ
ent varieties o f tom atoes with respect to  the pH of the juices 
before and after high tem perature-short tim e processing for
2.5 min at 115.5°C. With but one exception their results show 
tha t the pH for each variety was slightly lower after process
ing.

Since 1967 in the laboratories at the University of Califor
nia at Davis, TA and pH have been determ ined for juices from 
hundreds of tom ato samples representing different maturities 
and many different varieties. For each sample the TA and pH 
were determ ined for a laboratory cold-break (CB) juice and for 
a hot-break (HB) juice prepared by a continuous pilot plant 
steam injection procedure. The TA of the HB juice was invari
ably lower than that of the corresponding raw juice, when 
compared in term s of the soluble solids content of the juices. 
In almost every case, the lower TA was reflected in a higher 
pH. These findings are in opposition to  published results where 
tom ato  juices have been compared before and after heat pro
cessing.

This study was undertaken in an effort to  explain some of 
the observed acidity changes and perhaps reconcile some of 
the differences reported in the literature.

EXPERIMENTAL
Preparation o f tomato juices

Tomatoes used for these studies were harvested from field plantings 
grown for commercial use. Samples for. analyses were taken, after the 
fruit was washed and culls and green fruit removed, by methods shown 
by statistical studies to yield a representative sample of the harvested 
lot (800 lb).

Juices were prepared on the day of harvest. From each lot a CB 
sample for laboratory use was prepared by pulping raw fruit in a Food 
Processing Equipment Co. laboratory pulper fitted with a 0.027 in. 
screen. These juices received no heat treatment. The remainder of the 
lot of. fruit was pulped by a procedure designed to inactivate quickly 
the pectolytic enzyme systems of the tomatoes. Fruit fed through a 
disintegrator was almost instantaneously heated to 104.4°C by steam 
injection and held at this temperature for 30-40 sec in a 1 in. diameter 
holding tube with a back pressure valve at the discharge end. The 
heated juice was separated from seeds and skin tissue with a Brown 
extractor equipped with a 0.027 in. screen. The extrusion screw was 
operated at 800 rpm against 8 lb pressure on the discharge orifice. The 
juice was then cooled in Cherry Burrell and Creamery Package Co. heat 
exchangers. Samples of both raw and heated juices not used immedi
ately were sealed in #2-1/2 cans with vacuum, frozen immediately and 
kept frozen until needed.
Raytheon hot-break juices

A Raytheon microwave oven was used to prepare laboratory hot- 
break juices for comparison with steam injection HB juices from the 
pilot plant processing line. Two 4-lb samples of whole unblemished 
fruit were weighed into separate tared glass baking dishes ca. 12 in. 
diameter x 3 in. deep. The samples were covered and heated separately 
for 9 min in the microwave oven and combined afterwards for analyt
ical use.
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Alcohol extracted tomato juices
For an “alcohol break” of fresh tomatoes, 200g of firm unblem

ished fruit were covered with 600 ml of 95% ethyl alcohol in a Waring 
Blendor and blended for 30 sec. Comparable samples of alcohol-treated 
HB, CB, and Raytheon heated juices were prepared by thoroughly mix
ing 200g of each with 600 ml of 95% ethyl alcohol. In each case, the 
mixture was evaporated to dryness under vacuum in an all glass rotary 
evaporator equipped with a condenser cooled with acetone and dry ice. 
Residues were taken up in deionized water and the volumes adjusted to 
200 ml. The resulting juices were centrifuged to separate the insoluble 
solids from the sera.

pH and titratable acidity (TA) were determined on samples of sera 
separated from insoluble juice solids by centrifugation. pH and titration 
end points were determined with a pH meter equipped with calomel 
and glass electrodes. pH was measured on the sera directly, while TA 
was determined for 10-g samples of serum diluted with 50 ml deionized 
water and titrated with 0.1N NaOH to a pH 8.00 end point. Values 
reported in Tables 1 and 2 are the average for triplicate analyses of each 
serum. Those reported for other experiments are averages of duplicate 
analyses of each serum.

Serum solids reported are the average of quadruplicate analyses.
10-g samples of serum were weighed into tared aluminum weighing 
dishes. The solids were taken as the dry weight after 2 hr in a vacuum 
oven at 70°C.

Paper chromatography was used for qualitative evaluation of 
pyrrolidonecarboxylic and galacturonic acids in HB and CB sera. For 
pyrrolidonecarboxylic acid 10 microliter samples were chromato
graphed for 20 hr using descending elution with ethanol/ammonia/ 
water (8/1/1). Spots were detected with hydroxylamine hydrochloride 
and ferric chloride reagents according to procedures described by 
Ramakrishna and Krishnaswamy (1967). For galacturonic acid. 10-ml 
samples of serum were first passed through a 15 x 200 mm column of 
Dow-X 50 x 8 resin to remove the cations. Samples eluted with deion
ized water were collected in 25 ml volumn flasks. 10 microliters of each 
effluent were chromatographed on paper using butanol/ethanot/water 
(47%/15.5%/32.5%) as the eluant. Chromatograms were dried and 
sprayed with an alcoholic solution of m-phenylenediamine dihydro
chloride 0.2% and oxalic acid 2% and then heated 20 min at 100°C. 
Galacturonic acid appeared as a pinkish-brown spot on a white back
ground.
Steam distillation

A 250-g sample of CB tomato juice was placed in a 500 ml RB flask, 
and steam, generated in a 1000 ml boiling flask, was then bubbled 
through the juice for 20 min. The vapors were condensed in a water 
jacketed spiral condenser and collected. The residue was centrifuged to 
remove the insoluble solids from the sera which was then analyzed for 
TA and soluble solids.

Pectic substances in tomato juice were determined by inactivating 
the enzymes with 95% ethanol and further pruifying the alcohol-insol
uble material with acidified alcohol extraction and washing with ace
tone. The insoluble residue (marc) was then analyzed for uronic acid 
carboxyls (free and combined) according to the method described by 
Gee et al. (1958). The method was modified slightly in that the purified 
marc was suspended in water and 100-ml aliquots were analyzed rather 
than dried and pulverized so weighed samples could be used for sub
sequent analysis.

RESULTS & DISCUSSION
REPORTED IN TABLE 1 are pH and TA values for CB and 
corresponding HB juices from  20 different lots of tom atoes. In 
every instance the TA for the HB juice is lower than that for 
the corresponding CB juice. With but one exception the de
crease in TA was reflected in an increase in pH. This relation
ship between TA for CB and HB juices held for fruit picked at 
different maturities, (Table 2) and for all varieties of tom atoes 
analyzed. Since these differences in acidity between raw tom a
to juices and the corresponding processed juices are at variance 
with those reported by o ther investigators, studies were made 
in an effort to  explain the disagreements and cite chemical 
changes in the juices to  account for them. In most instances it 
was not possible to confirm results already reported. Unfor
tunately it is not easy to duplicate exactly processing condi
tions used by other investigators; however, some attem pts

were made to  approxim ate processing conditions reported in 
the literature. In order to  compare results with published data 
for juices processed at 104.4°C for 20 min, TA was deter
mined for canned samples of CB and steam injection HB juice 
tha t had been removed from freezing storage, allowed to  equil
ibrate at room tem perature w ithout being opened, and then 
processed in a retort at 104.4°C for 20 min. The results from 
re-heating three samples representing tw o different varieties of 
tom atoes are reported in Table 3. It was found that extra

Table 1—Differences in pH and titratable acidities between cold- 
break and hot-break tomato juices

Sample

pH

TA
meq/100g

juice
T A
d iff

CB HB CB H Ba %

R-1 3-1 4.10 4.30 5.70 5.14 9.8
R-13-2 4.17 4.34 6.24 5.64 9.6
R-14-4 — 4.33 5.96 5.64 5.4
R-16-11 4.12 4.25 6.73 6.19 8.0
R-17-1 7 4.12 4.20 5.47 5.15 5.8
R-18-19 4.20 4.25 5.60 5.19 7.3
R-19-25 4.20 4.20 6.51 5.28 3.5
R-21-4 4.20 4.30 6.16 5.42 12.0
R-24-23 4.10 4.20 6.97 6.58 5.6
R-26-41 4.11 4.23 6.56 5.51 16.0

11 4.20 4.30 6.01 5.63 6.3
12 4.20 4.34 6.11 5.67 7.2
13 4.26 4.33 6.24 5.74 8.0
14 4.15 4.25 6.60 6.43 2.3
15 4.15 4.20 5.81 5.54 4.6
16 4.18 4.25 5.99 5.48 8.5
17 4.20 4.25 6.96 6.58 5.5
18 4.10 4.30 6.42 5.77 10.1
19 4.15 4.25 6.74 6.09 9.6
20 4.10 4.23 6.44 5.55 13.8

a T h e  h o t-b reak  va lu es w ere  c o rre c te d , on the  basis o f so lid s  co n 
te n t , fo r  m o is tu re  gained  d u rin g  steam  in je c t io n  p ro ce ss in g .

Table 2—Titratable acidity of cold-break and hot-break tomato 
juices with respect to three maturities selected on the basis of color

Titratable acidity 
meq/100g juice

Sample Maturity CB H B a

1A 7.72 7.07
2A Below color 6.57 5.89
3A 5.67 5.16
1 B 7.35 6.76
2B Fairly well 6.45 5.88
3B colored 5.36 4.85
1C 5.99 5.40
2C Well colored 5.55 4.69
3C 4.72 4.46
4C 5.48 5.04

a T h e  h o t-b reak  va lu es w e re  co rre c te d , on th e  basis o f so lid s  co n 
te n t , fo r  m o is tu re  gained d u rin g  th e  steam  in je c t io n  p ro cess .
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heating did not significantly change the TA for either the CB 
or the HB juice for any sample.

One difference between CB and HB tom ato  juice is the 
presence of pyrrolidonecarboxylic acid (PCA) after processing 
(Rice and Pederson,1954; Mahdi et al., 1959, 1961; El Miladi 
et al., 1969). PCA is readily formed from glutamine when 
heated in aqueous solution to  100°C. It can also be formed 
from glutamic acid (Form an, 1914). There are large quantities 
of both glutamine and glutamic acid in tom atoes (Stadtm an,
1972). When PCA is formed from glutamic acid the gamma 
carboxyl is lost due to  the ring closure involving the amino 
nitrogen group. This would result in a decrease in TA if any of 
the PCA formed in heated tom ato  products is derived from 
glutamic acid. This, however, is probably not the case since it 
requires heat for a much longer tim e than used in tom ato

Table 3—Titratable acidity for two varieties of tomato juice after 
two different heat processing treatments.

Sample Variety
Method of 

heating

Titratable acidity 
meq/100g solids

CB HBa

304 145-F5 Steam injection 86.4 80.3
304 145-F5 Retortb 86.9 80.1
307 145-7879 Steam injection 119.0 100.9
307 145-7879 Retortb 119.0 99.4
310 145-7879 Steam injection 90.6 80.8
310 145-7879 Retortb 89.9 78.7

a T h e  h o t-b reak  va lu es  w ere  co rre c te d , on th e  basis o f so lid s  co n 
te n t , fo r  m o is tu re  gained  d u rin g  steam  in je c t io n  p ro cess in g . 

b 1 0 4 .4 °  C fo r  2 0  m in

Table 4—Comparison of pH and titratable acidity for cold-break 
tomato juice before and after steam distillation and retort process
ing

SSa pH TA b

Raw juice 5.40 4.315 153.3
Steam distillation residue 4.50 4.305 149.9
Retort processed 5.48 4.275 151.4

104.4° C 20 min

a Soluble solids %
°  Titratable acidity in meq/1 00g solids

Table 5—Titratable acidity in tomato juice after alcohol treat-
ments

meq/100g meq/100g
Sample solids juice

"Alcohol-break" 
tomato juice 

Alcohol-treated
57.44 2.654

HB tomato juice 62.04 2.913
Alcohol-treated 

CB tomato juice 
Alcohol-treated

76.22 3.522

"Raytheon Break”  
tomato juice

63.50 2.934

processing to produce significant am ounts of PCA, and other 
studies have not found significant changes in the glutamic acid 
concentration of tom atoes after processing or storage, (S tad t
man, 1972; Mahdi et al., 1959). The PCA found in processed 
tom atoes probably all comes from glutamine. When glutamine 
is converted to PCA there is a release of ammonium ion, but 
this does not result in a change of ion equilibrium that could 
affect the TA (Schoenemann and Lopez, 1973); furtherm ore, 
there is no significant decrease in glutamine when steam injec
tion is used :o produce HB juice (Stadtm an, 1972). In this 
study, when CB and HB sera were chrom atographed for PCA, 
there was none found in the CB sera, and only about 0.3 meq 
in HB samples—too  little to  account for TA differences ob
served.

To check the possibility that some volatile acids might be 
“ flashed o ff’' in the steam injection processing procedures 
used in the University of California pilot plant, a sample of 
CB juice was steam distilled. Its TA was then compared with 
that of unheated CB juice and that of CB juice that was 
processed in a retort at 104.4°C for 20 min. The results are 
reported in Table 4. Only 0.0114 meq of acidity was removed 
by the distillation, and there were no significant differences in 
TA between any of the three samples. These results indicate 
that there is in fact, no significant heat induced  acidity change 
in tom ato juice when heated by steam injection to  inactivate 
pectolytic enzymes.

It became evident that the observed acidity changes actu
ally occurred during the laboratory preparation of CB samples 
because of pectic enzyme activity. In light of the extensive 
work done on the activity of pectic enzymes in tom ato juice, 
this should have been obvious. U nfortunately the bulk of con
fusing data in the literature has obscured the obvious.

To substantiate the conclusion that the pectic enzymes and 
no t heat are, in fact, responsible for the TA differences ob
served between CB and HB juices, a sample of tom atoes was 
subjected to  an “alcohol break” rather than a hot break. The 
alcohol served to inactivate the enzymes and precipitate the 
pectin immediately. For comparison, alcohol-treated samples 
of CB juice, steam injection processed HB juice, and labora
tory  HB juice heated in a Raytheon microwave oven were 
prepared. Results are reported in Table 5. Since there was less 
TA in the alcohol-break sample than in either of the hot-break 
samples the alcohol break was apparently more effective than 
either o f the HB procedures for inactivating the enzymes. The 
higher TA for the CB sample indicates that enzymes had con
verted the pectin to  pectic acid and/or galacturonic acid before 
the alcohol treatm ent. This is evidenced by the fact that some 
galacturonic acid was found in CB juices but not in HB juices 
when chromatographed on paper.

That differences in TA between CB and HB juices are due 
to pectic enzyme activity in the CB juice is further sub
stantiated by analyses of the pectic substances in the two 
juices. Results from one such analysis is presented in Table 6. 
Significant in these results is the difference in the am ount of 
pectin ester. The ester was not destroyed in HB juice since the

Table 6—Pectic substances in tomato serum (meq/100g)

Sample
Free

carboxyls Ester A U A a

Q 22A (HB) 0.773 1.027 1.800
Q22B (CB) 0.387 0.015 0.402
Difference13 0.386 1.012 1.398

a A n h y d ro u s  u ro n ic  a c id s .
13 D if fe re n c e s  d ue  to  e n zy m e  a c t iv ity  in  the  co ld  b reak  ju ic e .
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pectinesterase was inactivated by heat. The difference, (1.012 
meq) of ester between HB and CB juice is a measure of the dif
ference in TA that can be expected between the two juices (Ta
ble 1).

The am ount of TA difference that occurs between CB and 
HB juices can vary widely. In these studies the TA differences 
have varied between 0.23 and 1.58 meq/1 OOg juice. These vari
ations may be due to differences in the pectin content of the 
different tom atoes studied. Serum viscosity of tom ato juice is 
related to the pectin content of the juice, and there is a posi
tive correlation between TA difference for CB and HB juice 
and serum viscosity for different varieties of tom atoes.

C O N C L U S IO N S

1. Differences in TA between CB and HB tom ato  juices 
immediately after processing are, for the most part, due to 
changes in the com position o f pectic substances as a result of 
pectinesterase activity.

2. The TA and/or pH of hot-break tom atoes is a more 
accurate measure of these factors for the intact, unblemished, 
raw  fruit than TA and/or pH measured in juice samples pre
pared by a cold-break procedure.

3. When measuring the pH or TA of tom atoes to  evaluate 
the heat required for preservation during canning one should 
always make these measurements on juice that has been pre
pared by some hot-break procedure such as an autoclaved sam
ple of whole fruit, or fruit tha t has been heated in a microwave 
oven.
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CITRIC ACID FERMENTATION OF BREWERY WASTE

-----------------------------------------  A B S T R A C T  — -----------------------------
Spent grain liquor, a brewery waste, was used as a fermentation medi
um for the production of citric acid by Aspergillus foetidus (formerly 
called A. niger NRRL 337.) The yields of citric acid varied from
3.5 — 12.3g/liter of the waste fermented, depending on the samples. On 
the basis of the reducing sugar consumed, the yields ranged from 
42-58%. The added nitrogen compounds increased mycelial growth 
and the consumption of sugar, but markedly reduced the amount of 
citric acid formed. The addition of phosphate (KH2P 04) appeared to 
have little effect on mycelial growth and citric acid production. Meth
anol in concentrations of 2—4% markedly increased the formation of 
citric acid from the waste. There was a reduction in mycelial growth 
associated with the use of methanol.

*  IN T R O D U C T IO N

SPENT GRAIN LIQUOR, a brewery waste, is character
istically high in biochemical oxygen demand (BOD) and sus
pended solids (Stein et al., 1973). It presents a serious treat
m ent problem. Hang et al. (1975) recently found Aspergillus 
foetidus  (form erly called A. niger NRRL 337) capable of rap
idly converting about 96% of the BOD into fungal mass. This 
fungus produced a significant am ount of citric acid during the 
fermentation.

Prescott and Dunn (1959) have reviewed the literature on 
the production of citric acid by submerged-culture methods. 
Since the constituents o f growth medium are known to have a 
profound influence on the production of citric acid (Shu and 
Johnson, 1948), the present investigation was undertaken to 
determine (1) the variation in the yields of citric acid from  the 
brewery waste samples; and (2) the effect of added nitrogen, 
phosphate and m ethanol on the form ation of citric acid from 
the waste.

M A T E R IA L S  & M E T H O D S

Source of wastewater
Samples of wastewater used in this work were the liquors resulting 

from the spent grain recovery process in a nearby brewery. The flow 
rate of this waste stream ranged from 2,300-3,200 gal per hr. Table 1 
shows the characteristics of these waste effluents.
Culture

Aspergillus foetidus NRRL 337 was provided by Dr. J.J. Ellis,

• Northern Regional Research Laboratory, Peoria, 111. The culture was 
maintained on potato dextrose agar slants at 1°C.
Inoculum

The organism was grown on a potato dextrose agar slant at 30°C for 
7 days. A spore suspension was prepared by adding 5 ml of sterile 
distilled water to the slant and shaking vigorously for 1 min. 
Fermentation studies

Aliquots of 100 ml of spent grain liquor were dispensed into 500-ml 
Erlenmeyer flasks and autoclaved at 121°C for 15 min prior to use. 
Each flask was inoculated with 0.2 ml of the inoculum and incubated 
for 96 hr at 30°C on a rotary shaker of 200 rpm.
Analytical methods

Mycelial dry weight was determined by filtering, washing with dis
tilled water and drying at 105°C overnight. Reducing sugar was meas
ured by the method of Clark (1964), and citric acid by the method of 
Taussky (1949). Analyses of 5-day BOD, Kjeldahl nitrogen, total phos
phorus, total and suspended solids were conducted according to the 
standard procedures (APHA, 1971).

All samples were prepared in duplicate and the reported data are the 
average values.

R E S U L T S  & D IS C U S S IO N

THE YIELDS of citric acid varied from 3.5—12.3g/liter of 
waste ferm ented, depending on the samples (Table 2). On the 
basis o f the reducing sugar consumed, the yields ranged from 
42—58%. The am ount of citric acid form ed was apparently 
dependent on the initial sugar concentration of the waste. The 
difference in the yields could also be attributed  to  the varia
tion of other constituents of the samples (Table 1). Shu and 
Johnson (1948) have observed that a high concentration of 
sugar was required to produce high yields of citric acid. For 
example, the highest yield of citric acid (64%) on the basis of 
the sugar utilized was obtained with a sucrose concentration of 
145g/liter. At low concentrations, the yield was poor.

The effect o f addition of various nitrogen com pounds on 
citric acid conversion from the brewery waste is shown in 
Table 3. It is apparent that none of the added nitrogen com
pounds increased the form ation of citric acid. In contrast, 
these com pounds markedly reduced the yields of citric acid 
although they prom oted better mycelial growth. These data 
clearly indicate that the sugar was mainly used for the syn
thesis o f cellular materials by A. foetidus  in the medium with

Table 1—Characteristics of brewery waste samples

Reducing Kjeldahl Total Total Suspended
BOD sugar nitrogen phosphorus solids solids

Sample (mg/liter) (mg/liter) (mg/liter) (mg/liter) (mg/liter) (mg/liter) pH

A-4 23,500 24,000 376 87 44,000 174 5.0
B-5 16,000 17,750 308 71 32,600 724 3.8
C-6 16,500 20,000 356 74 36,000 931 5.5
D-10 10,800 12,100 280 47 24,800 170 5.7
E-12 19,800 23,900 340 63 35,950 188 5.2
F-15 9,900 12,300 224 41 21,400 507 4.4
G-17 8,000 10,900 236 39 20,500 310 7.1
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Table 2 —C itric acid conversion from  brew ery  w astes 700
Reducing sugar

Mycelial consumed Yie ld of c itric  acid

Sample
dry wt 
(g/liter ) (g/liter) <%) (g/liter) (%)a

Q
UJ
U

A-4 11.0 21.2 88 12.3 58 2D
Q

B-5 10.4 12.7 72 6.6 52 O
C-6 8.3 19.1 96 10.7 56 QC

CL
D-10 7.8 11.1 92 5.5 50 Q
E-12 7.7 20.7 87 9.8 47 0
F-15 6.6 11.8 96 5.0 42 <
G-17 6.0 8.0 73 3.5 44 u

Table 3—Effect of addition of various nitrogen compounds on 
c itric acid production

on
C
o
TO
n
O
zOn
C
5:
m
D

S3

Reducing sugar
Mycelial consumed Yie ld of citric acid

Nitrogen dry wt ------------------- ------------------------
source3 (g/liter) (g/liter) (%) (g/liter) (%)b

Control 7.0 12.7 78 7.0 55
NH4 CI 8.1 14.4 89 0.47 3
n h 4 n o 3 8.5 15.4 95 1.2 8
(n h 4 )2s o 4 8.0 14.0 86 0.37 3
(NH4 )2 H P 0 4 8.0 14.3 88 1.8 13

a A d d ed  at a level o f 0.1% {w t/v o l)  
b Based on sugar co n sum ed

Table 4 - Effect of added phosphate on citric acid production

K H j P 0 4
cone

(g/liter)

Mycelial 
dry wt 
(g/liter)

Reducing sugar 
consumed Yield of c itric acid

(g/liter) (%) (g/liter) (%)a

0 7.2 13.5 84 7.7 57
0.5 7.3 14.4 90 8.7 60
1.0 7.5 14.9 93 9.6 64
2.5 7.5 14.5 91 8.7 60
5.0 7.6 13.5 84 7.9 59

a Based on sugar co nsum ed

Fig. 1—Effe ct o f methanol concentration on citric acid fermentation in 
brewery was te.

at concentrations of 2—4% by volume resulted in a marked 
increase in the am ount of citric acid formed. There was, how
ever, a marked reduction in mycelial growth associated with 
the use of methanol. Moyer (1953) has found m ethanol capa
ble of enhancing the form ation of citric acid from commercial 
glucose and other crude carbohydrate sources such as corn 
starch, ground corn, wheat starch, high-test beet and black
strap molasses. Methanol is not assimilated by A. foe tidus  and 
its exact role in stimulating the production of citric acid is still 
not clear.

According to the equation, C6H g 0 7 + 2 0 2 ^ 6  C 0 2 + 4 
H20 , the theoretical BOD of citric acid may be calculated as
4.5 molecules of 0 2 per molecule of citric acid or 144gof 
oxygen per 192g of citric acid. On the basis o f this, if 1% citric 
acid was removed from the ferm ented waste, it would reduce 
the BOD 7,500 mg/1. In our previous studies (Hang et al.,
1975), we had observed that the oxidation of 1% citric acid 
resulted in a reduction of approxim ately 5,200 mg/1 of the 
waste BOD.

These studies have shown that spent grain liquor could be 
used as a ferm entation medium for the production of citric 
acid by A. foetidus. The commercial potential of this myco- 
logical process remains to  be assessed.
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COMMERCIAL ORANGE ESSENCE: COMPARISON OF COMPOSITION
AND METHODS OF ANALYSIS

— ----------------- --—  ABSTRACT --------------------------------
Quality of three commercial orange essences was related to composition 
determined by gas chromatography. Two essences were unacceptable in 
flavor; the third was typical with a high flavor score. The technique of 
directly analyzing untreated essence was adequate for most com
ponents. Of the 21 identified, three were present in reduced concentra
tion in unacceptable essence and six were present in high concentration. 
The three components found in low concentration -  acetaldehyde, 
ethyl butyrate, and octanal -  are known contributors to desirable fla
vor while two of the components found in high concentration -  trans- 
2-hexenal, and a-terpineol -  are known contributors to off-flavor. 
Determination of flavor and off-flavor components by gas chromatog
raphy of directly injected essence appears promising as a rapid, objec
tive technique for quality control.

INTRODUCTION
AQUEOUS ORANGE essence, with some of the character of 
fresh orange juice, is an im portant citrus product, and is re
covered with essence oil by condensation from multiple effect 
evaporators during production of concentrated orange juice. It 
contains 10-13%  ethanol and more than one-hundred 3- to 
15-carbon organic com pounds (aldehydes, esters, ketones, al
cohols and hydrocarbons) many of which contribute to fresh 
orange aroma (Shaw and Moshonas, 1974). Certain com 
pounds are essential to  orange flavor (Ahmed, 1975), while 
others cause off-flavor (Tatum et al., 1975). A simple analyt
ical method to  determine am ounts of com ponents most 
responsible for flavor quality, would greatly help essence pro
ducers to prepare blends of uniform  quality.

Quality and flavoring strength may vary from lot to  lot 
because of variations in fruit cultivar, m aturity or processing 
conditions. For controlling quality, commercial essence pro
ducers usually base required specifications on ethanol content, 
total aldehydes and total esters. Some quick tests have been 
developed to evaluate essence strength and quality (Moshonas 
and Shaw, 1975). However, these could not replace organo
leptic evaluation, which is essential in specifying flavoring 
quality.

The major com ponents of orange essence have been identi
fied by gas chrom atography (GC) and results of previous 
studies have been summarized by Shaw and Moshonas (1974). 
In those studies, essence com ponents were usually concen
trated before analysis. A commonly accepted concentration 
technique consists of repeated extraction of an essence sample 
with methylene chloride and the subsequent vaporization of 
most o f the solvent. A simpler m icro-extraction technique was 
developed by Dinsmore (1973), based on the m ethod of 
Rhoades and Millar (1965). By this m icro-extraction tech
nique, a relatively small quantity  of essence is extracted with 
an even smaller quantity o f solvent, such as diisopropyl ether. 
A sample of the ether solution is then injected directly into a 
GC column. Another concentration m ethod used involves 
adsorption on a porous polymer (Moshonas and Lund, 1971;

Schultz et al., 1971). By this m ethod, essence components 
besides water, ethanol, m ethanol and acetaldehyde are re
tained on a precolumn of Porapak (Waters Associates, Fram
ingham, Mass), eluted into a GC column, and analyzed without 
solvent interference. Although many essence com ponents have 
been determined by GC, some quantitatively, no studies have 
reported a correlation of essence com position with flavor 
quality, determined organoleptically.

In our study, commercial essence samples of varying quality 
were quantitatively analyzed for major com ponents by GC of 
the untreated samples. Compositional differences were related 
to flavor score. Three other GC analytical m ethods of varying 
com plexity were also evalueated. Objectives were to  relate 
chemical com position to essence quality and to  dem onstrate a 
simple and rapid GC analytical m ethod which might be appli
cable to quality control.

EXPERIMENTAL
Essence source

Three essences produced by fractional distillation were obtained 
from a Florida supplier of commercial essence. Two samples were 
organoleptically unacceptable (designated A and B) and one was a 
normal, high-quality essence (designated N). Flavor quality was evalu
ated by the supplier’s expert five-member panel using a synthetic drink 
base containing 10% sucrose, 0.3% citric acid and 2000 ppm essence. 
Essence A and B had flavor scores of 5 on a Hedonic scale of 1-10 and 
essence N was rated 8. Essences A and B had no commercial value due 
to poor quality ratings.
Quantitative GC analysis

A Hewlett Packard Model 7620A gas chromatograph with a flame 
ionization detector was used for quantitative analyses. Helium flow was 
33 ml/min and temperature of the glass-lined injector and detector was 
220°C. Essence samples were injected either directly into a GC column 
or after concentration as described below.
Analyses for methanol, acetaldehyde and ethanol

For the assay of methanol, acetaldehyde and ethanol, 2-/jl samples 
of essence were directly injected into a 1 /8-in. diam by 5-ft stainless 
steel column packed with 50/80 Porapak Q (Waters Associates, Inc., 
Framingham, Mass.) maintained at 120°C. The instrument was cali
brated with aqueous solutions of known concentrations of methanol, 
acetaldehyde and ethanol.
Analyses for other components

Less polar compounds of higher molecular weight in 2-̂ 1 samples of 
essence or essence concentrate were analysed with 1 /8-in. diam x 15-ft 
stainless columns. They were packed either with 5% Carbowax 20M on 
70/80 Anakroni ABS, or with 5% stabilized diethylene glycol succinate 
(DEGS) on 70/80 Anakrom ABS, (both packings supplied by Analabs, 
Inc., North Haven, Conn.). Column temperature was programmed from 
80-220°C at 2°C/min. The instrument was calibrated with an external 
standard of cis-hexen-l-ol in methylene chloride.
Calculations

Peak area, determined with a planimeter, was corrected by a factor 
(Dal Nogare and Juvet, 1962) equal to the molecular weight divided by 
12 times the number of carbons not bonded to oxygen (MW/12C).
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Reproducibility of peak areas for the compounds determined in this 
study, except for methanol, acetaldehyde, and ethanol, was estimated 
to be ± 10-20%, based on repeated injections. Peak area reproduci
bility for methanol and ethanol was ± 5% and for acetaldehyde, ± 10%.
Concentration by methylene chloride extraction

Anhydrous essence concentrate was prepared according to V/olford 
et al. (1962). Essence was saturated with sodium sulfate and extracted 
three times with distilled methylene choloride. Most of the solvent was 
removed by fractional distillation at atmospheric pressure through a 
Vigreux column. This method reportedly enables recovery of more than 
9 5 % of essence components besides methanol, acetaldehyde and ethan
ol.
Concentration by microextraction

An essence extract in diisopropyl ether was prepared by the micro
extraction method of Dinsmore (1973). A 10-ml sample of essence, 
0.20 ml of diisopropyl ether and 3.6g of NaCl were added to the test 
tube of a micro-extraction apparatus (Fig. 1). With the sidearm plugged 
and the stopcock closed, the mixture was vigorously shaken so that the 
aqueous phase would by saturated with NaCl and the organic com
ponents partitioned by the aqueous and ether phases. After the phases 
separated, saturated NaCl solution was slowly admitted through the 
sidearm from a reservoir to displace the upper ether layer through the 
open stopcock into the 10-cm length of capillary tubing. The ether 
extract was sampled with a syringe for injection into the gas chromato
graph.

A solution of known essence components at about the concentra
tions in normal essence was prepared for standardization of the micro
extraction procedures and evaluation of the recovery of specific com
ponents in the ether extract.
Concentration by adsorption on Porapak

A modified procedure of Moshonas and Lund (1971) was used to 
trap essence components other than water, methanol, acetaldehyde and 
ethanol, on a precolumn (1/8 in. x 5 ft stainless steel packed with

50/80 Porapak Q). Essence samples were injected into the precolumn 
maintained at 120°C, and the lower molecular weight compounds were 
allowed to pass through. The precolumn was heated to 160°C and 
purged by backflushing with helium. As the precolumn was being 
purged, the eluting essence components were condensed in a liquid 
nitrogen trap (Dravnieks and O’Donnell, 1971). These were then in
jected into the Carbowax 20M column by rapid heating of the trap to 
240°C in a heated air bath.
Identification of compounds

The anhydrous esserce concentrate in methylene chloride was anal
ysed with a Varian Aerograph Series 1400 gas chromatograph coupled 
to a DuPont 21-490 mass spectrograph. A 4-pl sample was injected 
onto either the Carbowax 20M or the DEGS column described above. 
Column temperature was held at 80°C for 10 min, then programmed 
from 80-220°C at 4°C/min, with helium flow, injector temperature 
and detector temperature the same as for quantitative GC analysis. 
Compounds were identified by comparison of their spectra and relative 
retention times with those of known standards.

RESULTS & DISCUSSION
ESSENCES differing in quality were found to differ in compo
sition, particularly with respect to minor components. As com
pared to the acceptable essence, both unacceptable essences 
contained lower concentrations of three components and con
siderably higher concentrations of six others. The three com
pounds of lowered concentration have been shown to contrib
ute to orange flavor (Ahmed, 1975). Two of the six 
compounds that increased are known to contribute off-flavor 
in orange juice (Ahmed, 1975; Tatum et al., 1975).
Comparison of analytical methods

Figure 2 shows the separation by the Carbowax column of

P O R A P A K
P R E C O L U M N

D I R E C T
IN J E C T IO N

Fig. 2—Gas chromatograms of normal essence on Carbowax 20M.
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O R A N G E  ESSENCE C O M PO SITIO N . . .

normal essence injected directly onto  the GC column or after 
concentrations by three methods. The chromatograms have 
been normalized with respect to  the height of the linalool peak 
(peak 12). O ther num bered peaks are: ( l)e th y l butyrate, (7) 
octanal, (16)ethyl-3-hydroxyhexanoate and (1 7)a-terpineol.

The methylene chloride extraction procedure, which en

Table 1—Recovery of essence components in a standard solution by 
microextractiona

Cone in
std soin Recovery

Compound mg/100 ml %

E th a n o l 1 7 5 _
E t h y l  v in y l  k e to n e 0 .3 2 7 8 .5
H e x a n a l 0 .2 3 3 2 5
1 -P e n te n -3 -o l 0 .2 4 4 1 4
fra n s - 2 - H e x e n a l 0 .2 6 2 2 0
1 - H e x a n o l 0 .2 3 3 3 4
c/'s -3 -H e xe n -1 -o l 0 .3 3 5 2 8
O c ta n a l 0 .2 3 7 2 5
1 -O c ta n o l 0 .1 6 8 3 3
T e rp in e n - 4 - o l 0 .2 3 2 4 2
C it r a l 0 .2 4 3 3 4
a - T e rp in e o l 0 .8 3 2 4 5
C a rv e o l 0 .2 0 8 4 9

a  0 .2 0  m l d i i s o p r o p y l  e t h e r / 1 0  m l e sse n ce  s a tu ra t e d  w i t h N aCI

Table 2 -■Essence compositions

Normal 
essence (N) 
mg/100 ml

Concentration
ratiosb Determined 

by direct 
injectionCompound® A/N B/N

M e th a n o l 8 0 0 0 .9 0 .7 X

A c e t a ld e h y d e 1 2 0 0 .3 0 .3 X

E th a n o l  1 1 1 ,0 0 0 0 .9 1 .0 X

1. E t h y l  b u t y r a t e 4 0 .3 0 .5
2 . H e x a n a l 0 .1 4 3 .1 2 .8
3 . 1 -P e n te n -3 -o l 0 .3 - 1 .3
4 . 3 - M e th y b u ta n - 1  -ol 1 .3 0 .6 1 .3 X

+ l im o n e n e 0
5 . n - A m y l a lc o h o l 0 .0 9 2 .4 -
6 . f r a n s - 2 - H e x e n a l 0 .0 7 1 2 2 .5 X

7 . O c ta n a l 0 .5 0 .6 0 .5 X

8 . 1 -H e x a n o l 0 .0 8 9 2 .1 X

9 . c / 's -3 -H e xe n -1 -o l 0 .3 4 0 .7 X

1 0 . f r a n s - L ln a lo o l  o x id e 0 .2 1 .1 - X

1 1 . c / 's -L in a lo o l o x id e 0 .2 1 .0 - X

12. L in a lo o l 2 .6 0 .8 1 .0 X

1 3 . 1 -O c ta n o l 0 .2 1 .0 0 .8 X

1 4 . T e rp in e n -4 -o l 0 .2 0 .8 0 .6 X

1 5 . trans-2,8-p- 0 .0 3 3 .8 3 .9 X

M e n th a d ie n -1 -o l
1 6 . E t h y l- 3 - h y d r o x y - 6 0 .5 0 .9 X

h e x a n o a te

1 7 . c r-T e rp in e o l 0 .2 8 2 .0 1 .4 X

1 8 . f/ 'a n s-C a rve o l 0 .0 8 2 .5 1 .8 X

U n id e n t i f ie d  c o m p o u n d s  1 .5 1 1

a N u m b ered  in o rd e r o f re te n tio n  t im e on C a rb o w a x  20M
°  C o m p o n e n t c o n ce n tra t io n  ra tio s , u n accep tab le : n o rm a l essence
c A n  un reso lved  p eak  co n s istin g  m a in ly  o f 3 -m eth y lb u tan - l-o !
d Based on peak a rea  co rre c t io n  fa c to r = 1 .0 ; a to ta l o f 2 9  p eaks .

ables high recovery of most essence com ponents (Wolford et 
al., 1962) was the most accurate. The solvent peak, however, 
obscured peaks for com pounds eluted before ethyl butyrate. 
This procedure is too complicated and time-consuming to be 
used for quality control.

The m icroextraction procedure is relatively simple and rap
id, but the extraction of essence com ponents was incomplete. 
Table 1 shows the recovery by the m icroextraction procedure 
of essence com ponents from a standard solution. Recoveries 
ranged from 8 -49%  and tended to  increase with increasing 
molecular weight. In spite of low recoveries, the m ethod could 
be used to determine relative concentrations of individual 
com ponents among essences. Also, recovery of com ponents in 
the extract could be improved if the am ount of extracting 
solvent is increased. Peaks detected after solvent elution were 
as well resolved as for concentrate prepared with methylene 
chloride.

The Porapak trapping procedure eliminated interfering sol
vent peaks and perm itted quantitative determ ination of com
ponents more volatile than ethyl butyrate. The peak before 
ethyl butyrate in Figure 2 was caused by residual ethanol re
tained by the Porapak precolumn. This m ethod must be fre
quently calibrated with known standards for reliable results.

Chromatograms for directly injected essence showed a 
broad solvent peak caused by ethanol and water. High instru
ment sensitivity was required, causing a pronounced baseline 
shift, as shown in Figure 2. Peaks for the m ost volatile com
ponents, including ethyl butyrate and hexanal were obliter
ated, and sensitivity for smaller peaks was reduced, particu
larly for com pounds with long retention  times. However, most 
major essence com ponents were quantitatively determined by 
this simple m ethod, which might be suitable for quality con
trol applications.

Composition of acceptable and unacceptable essences
Essence com pounds which were quantitated  after direct in

jection or preliminary concentration are shown in Table 2. 
Compounds which were analysed by direct injection m ethods 
only are indicated by an “ x” in the fourth  column. The other 
com pounds were determined by one of the solvent extraction 
procedures. The underlined ratios indicate substantial differ
ence between normal and unacceptable essences, taking into 
account the limited num ber of samples and the accurracy of 
the data.

Ethanol, m ethanol and acetaldehyde were the predominant 
essence com ponents. Of these, only acetaldehyde has been 
shown to contribute to orange juice flavor (Ahmed, 1975). 
Concentration of acetaldehyde in either unacceptable essence 
was about 1 /3 that in normal essence.

Remaining com ponents, numbered in Table 2 in order of 
retention tim e on Carbowax 20M, were present in far lower 
concentration than acetaldehyde. Ethyl butyrate and octanal 
are im portant contributors to  orange flavor (Ahmed, 1975) 
and their concentrations were significantly lower in the un
acceptable essences. Concentration of linalool, another desir
able flavor com pound, was not significantly reduced.

d-Limonene is the major constituent o f essence oil, another 
flavoring by-product recovered from aqueous essence. It was 
not quantitated in these analyses, because the limonene peak 
was obscured by that for 3-methyl-butane-ol. The concentra
tion of limonene would be expected to  be about the same in 
all essence samples and less than 1 m g /100 ml.

Concentrations of several com ponents were substantially 
higher in one or both unacceptable essences, and some of these 
are known to contribute off-flavor. Hexanal and tram-2-hex- 
enal im part a characteristic im m ature or “greenish” flavor 
(Ahmed, 1975). a-Terpineol causes off-flavor in orange juice 
(Tatum et al., 1975). Other com ponents which were notably 
more concentrated in the unacceptable essences and which 
might contrioute to off-flavor were: 1-hexanol, trans-2-8-p-
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menthadiene-l-ol and tram-carveol. The 29 unidentified com
pounds, which totaled 1.5 X 1 O'3 %, were present in all 
essences at about the same concentrations.

One possible explanation for the changes in certain of the 
unacceptable essence com ponents would be the oxidation or 
hydration of lipid, carotenoid, or terpenoid com ponents of the 
fruit. The six carbon compounds hexanal, fran.s-2-hexenal and
1-hexanol may be oxidation products of lipids or carotenoids. 
Similarly, the three terpene alcohols (com pounds 15, 17 and 
18 of Table 2) are well known oxidation and hydration prod
ucts of lim onene, the main com ponent of orange peel oil. The 
losses o f acetaldehyde, ethyl butyrate, and octanal could have 
resulted from  oxidation or acid catalyzed hydrolysis at some 
point of essence production.

A nother possible cause of the changes is the enzymatic 
reactions occurring in the normal metabolic process of fruit. 
The concentrations of volatile aldehydes, ester and alcohols 
change considerably during the m aturation of fruit. Thus, if an 
over- or underripe batch of fruit were processed, the essence 
com position would be affected.

A third of possibility could be unusually large am ounts of 
peel com ponents present in the juice used for essence re
covery. The volatile aroma from the peel portion of the fruit is 
lower in ethyl butyrate and ethyl-3-hydroxyhexanoate, and 
higher in a-terpineol, than the interior of the fruit (Moshonas 
et al., 1972). Thus, many observed differences could result 
from the presence of undesired levels of peel components.

CONCLUSIONS
FLAVOR QUALITY of three samples of orange essence 
appeared to correlate with concentration of certain com po
nents as determ ined by gas chrom atography. Two unaccept
able essences contained low levels of three com pounds, acetal
dehyde, ethyl butyrate and octanal, tha t have been established 
by previous studies to contribute to typical orange flavor. The 
two essences also contained high levels of two compounds,

ira;2i-2 -hexenal and a-terpineol, that are known off-flavor 
com ponents. For the assay of some volatile com pounds, such 
as ethyl butyrate and hexanal, essence first had to  be concen
trated by solvent extraction or entrapm ent on a Porapak pre
column. However, most com ponents known to influence typ i
cal orange flavor could be determined by GC of directly in
jected essence. This simple m ethod may be suitable for quality 
control at citrus plants.
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PRODUCTION OF PROTEIN ISOLATES AND CONCENTRATES FROM OILSEED FLOUR 
EXTRACTS USING INDUSTRIAL ULTRAFILTRATION  

AND REVERSE OSMOSIS SYSTEMS

------------- --------------—  ABSTRACT --------------------------------
The consumption of protein isolates from oilseed flours is expected to 
continue its upward trend as meat analogs from vegetable proteins are 
more widely marketed. However, conventional protein isolation proce
dures are lengthy and somewhat expensive. These processes also result 
in whey-like liquid by-products which constitute a water pollution 
threat unless properly processed. Preparation of protein isolates and 
concentrates from glandless cottonseed and soy flours by extracting the 
protein and ultrafiltering the solubilized protein directly from the liq
uid extract was investigated. In the process devised, proteins normally 
precipitated to produce isolates were recovered together with the con
ventional whey protein by ultrafiltration (UF). The UF permeate was 
further processed with a reverse osmosis (RO) membrane. Different 
industrial UF and RO systems were utilized in 22-60 lb extractions. 
UF membranes were found which gave desirably high permeation rates 
and satisfactory constituent separations, especially with cottonseed 
storage protein (SP) extract. With SP extract, initial UF permeate flux 
achieved was in excess of 150 gal of permeate per square foot of mem
brane area per day (gfd). The flux declined to 96 gfd over a period of 8 
hr while the volume of original extract in the feed solution was being 
reduced by a ratio of 12.5 to 1 in the final UF concentrate. As ex
pected, nonstorage protein (NSP) and SP extracts from cottonseed were 
found to require membranes having different molecular weight cutoff 
points. Noncellulose-based membranes performed better for this appli
cation because of their broader pH and temperature operating ranges.

INTRODUCTION

IT IS THE CONSENSUS of authorities in the area of world 
food requirem ents that oilseed proteins for direct consump
tion in human foods are the most promising means of supply
ing the protein shortages that exist in the diets o f over half the 
world’s population (NSF/MIT Protein Resources Study,
1975). There is little doubt that the production of soy protein 
isolates and concentrates will continue to  increase and that 
similar types of cottonseed protein products will play an im
portant role in future food systems.

Conventional procedures developed for protein isolation 
from defatted soy or cottonseed flours, however, are some
what expensive and in the case of cottonseed, especially, quite 
lengthy. Cottonseed protein isolation procedures generally re
quire either six or seven centrifuge steps (Berardi et al., 1972,
1969). Also, each of the conventional processes (both soy and 
cottonseed) result in a whey-like liquid by-product which con
stitutes a serious water pollution threat unless properly proc
essed (Lin et al., 1974).

Semipermeable ultrafiltration (UF) and reverse osmosis 
(RO) membrane systems have been used commercially for a 
num ber of years to  profitably process cheese wheys (Selitzer, 
1972; Horton, 1974; Crocco, 1975; Anon., 1975) sim ultane
ously recovering marketable products and reducing pollution 
loads. Investigations into the use of these techniques for proc
essing both  soy wheys (Goldsmith et al., 1972) and cottonseed 
wheys have also been conducted (Lawhon et al., 1973, 1974, 
1975, 1976).

In current research at the Food Protein Research and Devel
opm ent Center (FPRDC), Texas A & M University, an ap
proach to prctein isolation different from conventional acid 
precipitation m ethods is under investigation for both  cotton
seed and soy protein. By using semipermeable membranes to 
process protein extracts from defatted Hours the generation of 
wheys is avoided and process effluents are rendered reuseable. 
O ther investigators reporting results o f their work to  produce 
soy protein isolates using RO and UF techniques include 
Frazeur and Huston (1973) and Pompei and Maletto (1974).

In the work reported here, the industrial membrane systems 
employed were equipped with the newer noncellulosic, “sec
ond generation” membranes and extracts of both fractions of 
cottonseed protein i.e., nonstorage protein (NSP) and storage 
protein (SP) were processed in addition to  soy protein ex
tracts.

EXPERIMENTAL
Preparation of protein extracts

Protein extracts were prepared in the FPRDC pilot plant. Different 
preparation procedures were used for soy and cottonseed extracts as 
shown in Figures 1 and 2, respectively. Multiple runs were made with 
each procedure.

Soy extracts were prepared by extracting from 22-60 lb per run of 
a high nitrogen solubility soy flour (Central Soya’s Soy Fluff 200W). 
Extraction was made with tap water (10:1 solvent-to-flour ratio by 
weight) adjusted to pH 9 with sodium hydroxide. Extraction continued 
for 40 min at 43°C. After centrifugation to separate the Hour-water 
slurry into soluble and insoluble components, the insoluble residue was 
resuspended in one-half the original amount of water at the same pH 
and temperature for an additional 20 min to more completely remove 
solubilized components. Liquid supernatant from the first and a second 
centrifugation were then mixed and pasteurized by heating to 63° for 
30 min. Pasteurized extract was prefiltered to 10 microns before mem
brane processing.

Two cottonseed protein extracts were prepared from glandless cot
tonseed flour which had been produced under mild-heat conditions 
(simulating commercial processing) using the FPRDC’s Crown solvent 
extractor. The cottonseed protein was divided into NSP and SP frac
tions by first extracting the flour with tap water (10:1 water to flour 
ratio) at 28.5°C for 30 min to solubilize the NSP and other water 
soluble components. The initial extraction was followed by centrifuga
tion and resuspension of the solids in water (8:1 water to original flour 
by weight) to more completely separate the NSP fraction. The two NSP 
extracts were mixed, pasteurized and prefiltered as were the soy ex
tracts. SP extract was prepared by reextracting residue from the NSP 
extraction with tap water (10:1 water to original flour by weight) 
adjusted to pH 10 with sodium hydroxide. Extraction continued at 
28.5°C for 30 min after pH stabilization. Centrifugation was followed 
by resuspension of the insolubles at the same pH and temperature to 
more completely remove the SP fraction. The two SP extracts were 
mixed, pasteurized and prefiltered as the other extracts.
Membrane systems employed

Data obtained using the two UF systems and one RO system that 
performed quite satisfactorily in producing protein isolates by the new
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approach under investigation are reported. The two UF systems were 
the UCARSEP® system of Union Carbide Corp., Tarrytown, N.Y., and 
the tubular membrane UF system of Abcor, Inc., Cambridge, Mass. The 
RO system employed was an RO pak Single-Core Reverse Osmesis Ma
chine manufactured by Rev-O-Pak, Inc., Newbury Park, Calif.

The UCARSEP® system used consists of a stainless steel single tube 
module equipped with one 0.24 in i.d. UCARSEP® membrane coated 
porous carbon tube. The tube has an active length of 37 in. between 
o-ring seals. The membrane coating is placed on its inner surfaces and is 
of a specially developed inorganic composition that will permit operat
ing temperature of 93°C or higher and a pH range of 1 — 14 in feed 
solutions. System pressures up to 600 psi are permissible for use with it.

The Abcor, Inc. tubular membrane unit employed consisted of 2.2 
ft2 of Abcor HFJ organic polymer (noncellulosic) membranes. The 
membrane is coated on the interior of a 1 in. i.d., 54 in. long support 
tube. The membrane withstands operation over a wide pH range (pH 
2-13) and is limited in operating temperature only by temperature 
resistance of other components in the system. Operating pressures up to 
60 psi may be used.

The RO system yielding the data reported was equipped with Rev- 
O-Pak, Inc.’s external tubular design cellulose acetate membrane. Two 
ft2 of membrane area cast on the exterior of 3-ft length, 5/8 in. diam
eter ceramic support cores were used in the experimental unit. Plastic- 
coated wire tubulators helically wound around the cores serve to in
crease turbulence at the membrane surface during feed flow. Operating 
temperatures are restricted to below 49°C and pH of feed solution must 
be maintained between pH 3 and pH 7.5. The membranes used were 
rated as having a rejection for 5000 ppm NaCl of about 95% at 500 psi.

Membrane processing techniques
After pasteurization and prefiltering, feed solutions were pumped to 

each membrane system at its manufacturer’s recommended pressures 
and flow rates. F'eed temperatures were maintained around 65°C for 
UF processing and from 46-49°C for RO processing. UF feed solutions 
were usually processed in batches sized to allow about a 4.5:1 volume 
reduction in original feed (in the case of soy extract) and a 1 0 : 1  volume 
reduction (for cottonseed SP extracts) prior to employing a dilution 
technique to further purify the protein retentate. The dilution tech
nique generally consisted of adding an equal amount of filtered tap 
water to the concentrated feed and reconcentrating it to achieve an 
“equivalent volume reduction” of around 9:1 for soy extracts and 20:1 
for cottonseed SP extract. For NSP extract, batches were concentrated 
to one-fifth of the starting volume, diluted and reconcentrated to a 
final concentrate volume of around one-fifth of the initial feed volume 
for drying. This procedure with NSP extract resulted in an “equivalent 
volume reduction” of approximately 1 0 :1 .

In RO processing, the dilution technique was not employed since 
the objective was essentially concentration as opposed to concentration 
and fractionation as achieved with UF membranes. Feed volume reduc
tions of around 20:1, 8:1 and 4:1 were accomplished with the RO 
membranes for soy UF permeate, SP extract and soy extract, respec
tively.
Membrane performance calculation methods

A membrane’s performance may be assessed by measuring its ability 
to achieve desired separations of the components in a feed solution and 
its permeation rates, i.e., the rates at which the separations occur (as
suming we do not consider the length of membrane life, etc.).

Separation efficiency or degree of fractionation of feed stream com
ponents is conventionally determined by calculating the percentage of 
each component of interest retained by the membrane as follows:

(% Component in feed -  % Component in permeate)
Ret, % = ------------------------------------------------------------------x 100

% Component in feed

The above equation will suffice to describe percentage retentions 
being attained at a given point during feed concentration and fractiona
tion. However, retention of particular components tends to vary (usual
ly increasing) as feeds become more concentrated and membrane pores 
are restricted by feed solute along the membrane surface. Thus, a 
calculation method was devised for obtaining a single term that would 
describe the mean retentive characteristics of a membrane for an indi
vidual feed component over the entire processing cycle. Corresponding 
samples of feed and permeate were taken usually at five somewhat 
equally spaced points from the beginning to the end of the concentra
tion period prior to dilution. The average % retention of a component 
between each two consecutive points was calculated and multiplied by

the gallons of permeate collected in the interval between the two 
points. The products obtained were summed and their total divided by 
the total number of gallons of permeate collected. The quotient ob
tained represented the mean percentage of an individual component 
retained. This calculation method expressed in equation form is as fol
lows:

/  Avg Voi \  + /Avg Voi \  + _ /Avg Voi \  
Mean _ \ret, permJ  \ r e t2 p e rm j \ retn permny/
^ et’ Total voi perm

Permeation rates through membranes decline continually from be
ginning to end of a concentration cycle. Therefore, a single value repre
senting the mean flux attainable over the entire processing period was 
likewise deemed necessary. A method for calculating such a value simi
lar to the one devised for obtaining mean percent retentions was used. 
In this instance the average permeation rate expressed as gallons of 
permeate per square foot of membrane area per day (gfd) between each 
two test points (usually 1 0 —2 0  rate tests were taken per run) was 
multiplied by the number of minutes elapsed between the tests. The 
products were then summed and divided by the total minutes elapsed 
from the first to the final flux test. The quotient was the mean permea
tion rate achieved by a membrane while processing a particular feed 
solution from beginning to end. Expressed in equation form the calcula
tion method is as follows:

Mean perm_ 
rate, gfd

( Avg Time \  /  Avg Time \  /  Avg Time \
P.R., X period,/ + \P .R . 2 X period,,/ + \P.R.n x periodn /

Total time elapsed (min)

Analytical procedures
Moisture, total solids, oil and ash were determined according to 

standard AOCS methods (AOCS, 1971). Nitrogen was determined by 
the micro-Kjeldahl method. Carbohydrates in terms of glucose were 
measured colorimetrically by the phenol sulfuric acid method of 
Dubois et al. (1956). Total phosphorus was determined by the method 
according to Sumner (1944). Color measurements were made using a 
Hunter Digital Color and Color Difference Meter, Model 25D. Measure
ments were first made on freeze-dried products in powdered form and 
then on the same products as a wet paste prepared by adding water (5:1 
water to product ratio by wt). Nonprotein nitrogen (NPN) was deter
mined as nitrogen soluble in 10% TCA solution.

RESULTS & DISCUSSION
THE OBJECTIVE of the investigations reported here was not 
to  evaluate industrial membrane systems per se and rate one 
system above another for the application under study. The 
purpose was to dem onstrate the feasibility of applying a new 
approach to protein isolation from oilseed flours. Further, it 
should be pointed out that the membranes used within a par
ticular m anufacturer’s system may not .be the optim al mem
branes that m anufacturer could supply for the separation task 
undertaken.

The two industrial UF systems and one RO system from 
which data are reported performed quite satisfactorily in 
dem onstrating the utility o f membrane processing techniques 
in producing protein isolates and concentrates from the oilseed 
flours under study.
Protein extracts and UF permeates

Table 1 contains data on protein extracts from soy and 
glandless cottonseed flours as prepared and processed. The soy 
extracts were considerably higher in to ta l solids. These solids 
were composed of a high level of protein (N X 6.25) and a 
substantial am ount o f sugars. The cottonseed SP extract (the 
major fraction of cottonseed protein) contains the high molec
ular weight proteins. It has the lowest total solids content of 
the three extracts since prior to its extraction the NSP fraction
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OILSEED FLOUR EXTRACTS . . .

has been extracted (see Fig. 2) with tap water along with all 
the water-soluble carbohydrates and salts. This leaves relatively 
low amounts of ash and sugar to be removed at pH 10 during 
the SP extraction. It should be observed tha t because of this 
extraction sequence and the low levels of salts and sugars con
tent of the SP extract, it actually requires no fractionation 
only concentration to  reduce the cost o f spray drying and 
conserve water from it for reuse. For this reason RO process
ing of this extract w ithout first subjecting it to  UF was viewed 
as a viable processing possibility. Actually, both  the SP and 
soy extracts were processed directly with RO membranes and 
the resulting data will be discussed subsequently.

The NSP extract contains more solids than the SP extract as 
indicated above because of the salts and sugars that are re
moved along with these water-soluble, low-molecular weight 
proteins.

Table 2 contains data on the permeates resulting from UF 
processing of the three extracts. The solids content of each 
permeate reflects the composition of the extracts as noted in 
Table 1. Those extracts highest in sugars and ash, i.e., NSP and 
soy, had more solids to  pass through the UF membranes. The 
composition of these unretained solids are given on a dry 
weight basis. These UF permeates as indicated in Figures 1 and 
2 would constitute the feed to  the RO stage in the proposed 
process designed.

Table 1—Data on protein extracts from soy and glandless cotton
seed flours

R etention of com ponents by UF membranes
The percentage of each major com ponent o f the three ex

tracts retained by UF membranes are shown in Table 3. Since 
the percentages retained change from  the beginning to the end 
of a batch concentration, initial and final percentages are given 
along w ith a mean value which represents the overall retention 
for tha t particular com ponent by a single term .

As would be expected the protein molecules were retained

F lo u r

Extracts

Total
solids

<%)
Ash
<%)

Nitrogen
<%)

Protein 
(N X 6.25) 

(%)

Total
sugars

(%)

Soy 4.75 0.41 0.51 3.16 1.32
(8.72)* (10.65)* (66.56)* (27.79)*

Cottonseed 1.63 0.095 0.25 1.58 0.11
SP (5.82) (15.53) (97.06) (6.53)
Cottonseed 2.54 0.19 0.21 1.32 1.02
NSP (7.59) (8.29) (51.80) (40.16)

* D ry  w t  basis

Table 2—Data on UF permeates from two U F systems

Permeate
source

Membrane
system

Total
solids

(%)
Ash
<%)

Nitrogen
(%)

Protein 
(N X 6.25) 

(%)

Total
sugars

<%)

Soy Abcor 1.40 0.26 0.02 0.13 0.70
Extract (HFJ) (18.30) *(1.51)* (9.45)* (50.00)*
SP Abcor 0.21 0.05 0.01 0.05 0.04
Extract (HFJ) (25.14) (4.12) (25.75) (19.96)
NSP Abcor 1.63 0.18 0.09 0.57 0.84
Extract (HFJ) (11.22) (5.64) (35.25) (51.53)
Soy UCARSEP® 1.70 0.24 0.04 0.28 1.06
Extract (ABR) (14.29) (2.59) (16.19) (62.35)
SP UCARSEP® 0.34 0.08 0.02 0.13 0.07
Extract (ABR) (24.59) (6.21) (38.79) (20.00)
NSP UCARSEP® 1.76 0.18 0.10 0.61 0.79
Extract (ABR) (10.20) (5.58) (34.86) (44.89)

* D ry  w t  basis

Fig. 1—Sim plified flow diagram for soy protein isolation by U F  and RO  
membranes.

No OH

Fig. 2—Sim plified flow diagram for cottonseed protein isolation by U F  
and RO  membranes.
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Table 3—Percentage of protein extract components retained by two UF systems

Components retained, %

Extract Membrane Solids Ash Nitrogen Sugars

processed system Start Finish Mean Start Finish Mean Start Finish Mean Start Finish Mean

S o y A b c o r
( H F J ) 66.5 81.0 73.5 45.4 55.3 48.9 97.3 97.2 97.2 23.2 31.7 26.3

S P A b c o r
( H F J ) 90.8 96.7 92.6 63.2 71.3 60.2 98.7 98.8 98.1 61.3 88.7 68.1

N S P A b c o r
( H F J ) 48.0 66.4 56.0 22.3 28.9 24.0 68.9 84.1 77.3 23.5 45.3 32.1

S o y U C A R S E P ®
( A B R ) 60.2 86.2 72.6 39.4 71.8 51.6 92.1 97.3 94.7 21.3 55.8 34.1

S P U C A R S E P ®
( A B R ) 87.1

X -
96.5 90.2 42.1 61.1 49.8 96.8 98.6 96.5 50.9 83.9 60.9

N S P U C A R S E P ®
( A B R ) 34.3 80.5 49.6 27.0 67.7 36.2 48.3 89.2 63.2 15.0 75.7 36.4

to a much greater degree than smaller salt and sugar molecules. 
The smaller protein molecules of the NSP extract were re
tained to  a lesser degree than the larger molecules of the SP 
and soy extracts. While the retention of sugars from the SP 
extract appears quite high it should be remembered that there 
were very little sugars in that extract at the beginning. A final 
observation from these data is the indication that the 
UCARSEP® ABR membrane was slightly more permeable 
than the Abcor HFJ in use. This may explain at least in part 
the differences in permeation rates that will be noted in Fig
ures 3, 4 and 5.

UF perm eation rates
Figure 3 depicts permeation rates achieved while processing 

soy extract by UF. The feed was concentrated to a final solids 
content of around 13% at overall permeation rates o f 26.9 and
84.5 gfd using Abcor and UCARSEP® membranes, respective

ly. By reducing the original feed volume by a ratio o f approxi
mately 4.5 to  1 and then adding back a volume of water equal 
to the volume of concentrated feed and again reducing the 
feed volume by a ratio of 2 to 1, one-half of the original feed 
remaining in the concentrate before dilution is considered to 
have passed through the membrane and an “equivalent original 
feed reduction” of around 9 to 1 is generally achieved. Dilu
tion points are indicated in the figure.

Permeation rates achieved during SP extract processing are 
shown in Figure 4 along with the same inform ation discussed 
relative to  Figure 3. Somewhat different processing tactics 
were used with the tv/o UF systems during the processing of 
this im portant extract. In each instance, however, the final 
solids content of the concentrated feed was about 14.5% and 
each UF system accomplished this at the exceptionally high 
permeation rates of 55.5 and 89.2 gfd for the Abcor HFJ and 
UCARSEP® ABR membranes, respectively. During processing

Fig. 3—Relationships between permeation rate and processing time 
while ultrafiltering soy protein extract using two UF systems with perti
nent membrane performance data included.

Fig. 4—Relationships between permeation rate and processing time 
while ultrafiltering glandless cottonseed SP extract using two UF sys
tems with pertinent membrane performance data included.
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Table 4—Data on products from UF of soy and glandless cottonseed flour extracts

Moist
ure

Nitrogen
Protein 

(N X  6.25)Product UF Ash Oil Total NPN* P sugars Color

source system <%i % Dry wt basis dry wet

S o y
E x t r a c t

A b c o r
(HFJ) 1.72 6.31 0.08 14.05 0.18 87.80 0.83 5.65 82.5 46.0

S P
E x t r a c t

A b c o r
( H F J ) 5.23 2.42 0.17 16.86 0.23 105.39 0.33 3.29 75.6 26.0

N S P
E x t r a c t

A b c o r
( H F J ) 3.46 4.81 0.77 11.21 1.51 70.05 0.67 17.20 78.4 57.9

S o y
E x t r a c t

U C A R S E P ®
( A B R ) 2.05 6.37 0 .0 0 13.95 0.24 87.13 0.82 7.70 76.3 46.4

S P
E x t r a c t

U C A R S E P ®
( A B R ) 1.33 3.02 0.15 16.72 0.24 104.52 0.29 3.73 69.5 18.5

N S P
E x t r a c t

U C A R S E P ®
( N J R ) 3.54 5.47 2.04 12.24 0.36 76.52 1.11 10.21 69.6 50.1

* Nonprotein nitrogen

with the UCARSEP®, a dilution technique was not used. In
stead the feed was removed at the point indicated in Figure 4 
and a water flush given to  the system before returning the feed 
and resumption of processing. Thus, a high “equivalent volume 
reduction” was not attained as for the Abcor system with 
which the usual technique was employed.

Figure 5 shows permeation rates achieved during NSP ex
tract processing. The same inform ation contained on the previ
ous two figures is shown on it also. Each extract behaves some
what differently during processing due to  their varying com po
sition. The run data plotted were taken using a UCARSEP® 
NJR membrane rather than the UCARSEP® ABR used with 
SP extract and in some runs with bo th  SP and NSP extracts. A 
tighter membrane than those available for use with either 
system would have been desirable to attain a higher mean 
retention of NSP. Tighter noncellulosic membranes are now 
commercially available which would be expected to  give higher 
retention of NSP.

Analytical data on UF products
Table 4 gives analytical data on dry products from the three 

UF concentrated extract feeds. These products were freeze 
dried. While the SP product is the only one that could rightly 
be called an isolate (i.e., 90% protein or greater on a dry 
weight basis) no difficulty would be anticipated in raising the 
protein level of the soy isolate by increased purification at the 
dilution point during processing. NSP protein products from 
conventional isolation procedures possess protein contents be
low the recognized isolate level. This will also be true of NSP 
products from the membrane isolation process (MIP) pre
sented herein.

The higher protein content of the SP product processed 
with the Abcor membrane is reflective of the dilution (wash
ing) technique. This technique was not applied during the 
UCARSEP® processing of the SP extract (see Fig. 4). Other 
proxim ate analyses are presented, in Table 4 and subsequently 
in Table 5 which permit comparisons of MIP products with

Fig. 5—Relationships between permeation rate and processing time 
while ultrafiltering glandless cottonseed N SP extract using two U F  
systems with pertinent membrane performance data included.

Fig. 6—Relationships between permeation rate and processing time 
while R O  processing soy U F  permeate, soy extract and SP  extract with 
pertinent membrane performance data included.
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T ab le  5 —D ata  on  p ro d u c ts  fro m  R O  p ro cess in g  o f  U F  p e rm e a te  a n d  p ro te in  e x tr a c ts 3

N itro g en
P ro te in

M ate ria l
M o is t

u re
A sh Oil T o ta l NPN (N X 6 .2 5 ) P su g ars C o lo r

p ro ce ssed t% % D ry  w t basis d ry w e t

Soy UF 
permeate 5.04 16.72 0.00 1.39 0.77 8.66 0.54 46.34 67.5 29.5
Soy
extract 1.65 8.33 0.05 11 .2 ' 0.35 70.04 0.71 18.71 84.7 43.9
SP
extract 2.42 9.61 0.01 15.13 0.38 94.54 0.92 5.10 75.9 27.2

a P rocessed  w ith  R ev-O -P ak , In c . reve rse  o sm o sis system

corresponding products from conventional processes where 
such products are available. For example, the to tal phosphorus 
conten t o f the MIP soy product was found to be essentially 
the same as tha t of a leading commercial soy isolate. Phos
phorus contents of SP and NSP products from the MIP were 
also comparable to  those of similar products from conven
tional procedures.

It is beyond the scope of the work reported to further 
compare the quality and quantity  of MIP products obtained 
with that of products from conventional isolation procedures. 
However, those comparisons along with energy and economic 
analyses are contem plated in our further investigations.

It is expected that yields of the MIP products will be con
siderably greater than yields from conventional processes since 
protein that normally would remain in the wheys after acid 
precipitation is harvested along with the precipitable protein in 
the MIP. The highly soluble whey proteins in adm ixture with 
the proteins normally going into isolates enhances the nitrogen 
solubility characteristics of the MIP products and is expected 
to  alter other of their functional properties as well. Nitrogen 
solubility index (NSI) values on a MIP soy UF product, for 
example, were more than twice that of a commercial soy pro
tein isolate tested.
RO processing of UF permeates 
and protein extracts

Figure 6 gives permeation rates and performance data ob
tained while processing soy UF permeate, SP extract and soy 
extract with the Rev-O-Pak RO system. These three feed 
streams, composed of the constituents shown in Tables 1 and 
2, were concentrated to solids contents o f 19.9, 15.7 and 
19.5%, respectively. No dilution step is incorporated in an RO 
processing cycle since the objective here is essentially concen
tration alone w ithout com ponent purification. Those feeds 
which had lower initial solids contents gave better overall 
perm eation rates and the feed with essentially all of its protein 
previously removed by a UF membrane (soy UF permeate) 
gave the highest flux of the three.

Although not shown elsewhere the solids content of the RO 
effluent from processing soy UF permeate was lower than that 
of the tap water (0.041% as compared with 0.055%) available 
from the Texas A & M University water system. This fact is 
indicative of its recyclability as designed into the MIP flow 
diagrams of Figures 1 and 2.

Table 5 holds analytical data on dry products from process
ing the three feed streams described. The SP product protein 
content is still at the isolate level since it needed no fractiona
tion to achieve this as previously m entioned. The soy product 
protein level changed little from that of the original extract 
solids as expected. The RO product from soy UF permeate 
processing is shown in the first row of the table. This product

might find utility as a feed ingredient or be m arketed for other 
purposes. A study of its possible utilization was beyond the 
scope of the work reported.
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DETERMINATION OF VITAMIN A IN FOOD COMPOSITES 
BY HIGH SPEED LIQUID CHROMATOGRAPHY

— ------------— —  ABSTRACT -----— -----—
A method is presented for measurement of Vitamin A in food compos
ites by high speed liquid chromatography. Saponification of the sample 
is necessary, but no purification or separation is required. Neither 
phytofluene nor other unsaponifiable material in the sample cause in
terference. Accurate measurement is possible in samples which contain 
0.5-4 Mg/ml, and recovery of Vitamin A standard in the presence of 
high levels of carotenoids is 103.5%.

INTRODUCTION
WHILE TWO OFFICIAL m ethods (AOAC, 1975) are available 
for measuring Vitamin A in foods, neither m ethod is adequate 
in all cases. Limitations and disadvantages of the official m eth
od have been described (Erdman et al., 1973). Basically, high 
sterol content interferes in one m ethod and the presence of 
high am ounts o f plant material amplifies problems with the 
other method.

Recently, Vitamin A has been measured fluorom etrically, 
w ithout many of the disadvantages or problem s incurred with 
the official m ethod (AOAC, 1975). When determ inations are 
made on foodstuffs, substances such as phytofluene may be 
present and interfere or produce spuriously high readings. 
Corrections of such data require additional readings and sub
sequent m athem atical manipulation (Thom pson et al., 1971; 
Erdman et al., 1973; Bubb and Murphy, 1973). Garry et al.,
(1970) used a fluorom etric m ethod after chromatographing 
the sample on a silicic acid column to separate Vitamin A from 
interfering fluorescent compounds.

Williams et al., (1972), described quantitative analysis of 
fat-soluble vitamins by liquid chrom atography, using a UV 
detector. They used purified samples which did not require 
prior saponification, and they did not encounter interfering 
substances typically present in food material. Van de Weerdhof 
et al., (1973) used liquid chromatography for routine analyses 
of foodstuffs. They used a fluorom etric detector but did not 
describe m ethodology sufficiently to perm it use of the m eth
od.

The purpose of this work was to develop a m ethod for 
determ ination of Vitamin A in food composites, in which in
terferences would be avoided with minimum clean-up. The 
m ethod is presented below.

MATERIALS & METHODS
Preparation of standard

A Vitamin A standard reference capsule (obtained from U.S.P. .Ref
erence Standards, U.S. Pharmaoopeial Convention Inc., 460 Mont
gomery Ave., Bethesda, MD 20014) was used. This contained a solution 
of 34.4 mg of all-trans retinyl acetate per gram in cottonseed oil. The 
capsule was expressed into a 300 ml glass-stoppered Erlenmeyer flask, a 
few crystals of EDTA and equal volumes of water and KOH-saturated 
methanol were added, and the mixture was refluxed in a nitrogen at
mosphere for 15 min. The saponification mixture was extracted with

1 Present address: 768  F a irm o n t A ve., W estover W V  2 6 5 0 5

acetone-hexane, 1:1, and re-extracted with hexane. The extract was 
washed free of KOH and acetone, dried with Na2S04, and made to 100 
ml in hexane to provide a standard stock solution. A standard working 
solution was prepared by diluting this solution with hexane to contain
4 -5  Mg Vitamin A/ml; exact concentration was determined on a scan
ning double-beam spectrophotometer at 325 nm. A 5-ml aliquot of this 
standardized working solution was evaporated to dryness and made to 
10 ml in CHClj; this was the reference standard solution used with the 
high speed liquid chromatograph (LC).

Preparation of food samples
Homogenized mixed food items or composites of complete meals, 

which had been preserved with KOH and CHC13, were extracted 
according to the method of Purcell (1962), except hexane instead of 
ether was used for extraction of filtrate. Size of sample varied; 50g of 
the homogenate were used for most samples. When items or composites 
were estimated to have relatively high Vitamin A content, a known 
amount ranging from 5-25g was used. Approximately 100 ml aliquots 
of the hexane extracts were saponified with 50 ml KOH-saturated 
methanol as above. Samples containing large amounts of Vitamin A 
were made to known volume in hexane; aliquots were evaporated to 
dryness in nitrogen atmosphere and dissolved in 10 ml CHCl3 for use 
with the LC. If items contained a small amount of Vitamin A, the 
entire sample was used and was fortified with the same amount of 
Vitamin A as was used for the reference standard.

Most food composites contain carotenoids in varying concentra
tions. Those containing carrots or tomatoes are especially high in the 
fluorescing carotenoid, phytofluene. A food sample containing a mix
ture of items which contained no Vitamin A but a high carotenoid level 
was prepared by the method described above. This sample was used to 
demonstrate the influence of carotenoids and to determine the need for 
clean-up of samples before LC.

The carotenes and xanthophylls were separated by partitioning an 
aliquot of the above food composite with 95% methyl alcohol. Xantho
phylls in the methyl alcohol layer were extracted with diethyl ether and 
transferred to hexane.

An aliquot of the complete food composite sample was passed 
through a neutral A120 3 column using the official method (AOAC,
1975). The Vitamin A fraction was fortified and the results with LC 
were compared to an identical sample that had not been passed through 
the AL 0 3 column.

Phytofluene was prepared by treating shredded carrots with methyl 
alcohol, extracting with acetone:hexane, 1:1, washing free of acetone, 
and saponifying as described above. The phytofluene was isolated and 
purified by repeated chromatography through MgO'.diatomaceous 
earth. The final solution was contained in hexane, its purity was 
checked by its absorption spectrum and the exact concentration deter
mined by its absorbance at 325 nm.

A stock solution of liver extract was prepared by the extraction and 
saponification method described above. Concentration of the liver ex
tract was determined by LC against the Vitamin A reference standard. 
Varying amounts of this solution were mixed with constant concentra
tions of Vitamin A reference standard and recovery of Vitamin A was 
calculated.

Measurement of Vitamin A
A Varian Model 4200 basic gradient elution liquid chromatograph 

was utilized. It was fitted with two 5000 psi pumping devices capable 
of gradient or flow solvent programming and a UV continuously vari
able wave length detector with flow-through cell. A Fisher Recordall 
Series 5000 recorder with integrator was connected to the detector.

Dry degassed hexane was used in one pump (A) and degassed
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Fig. 1-Chromatograms of Vitamin A reference standard alone and mixed with food materials. Fig. 2-Chromatograms of separation of phyto-
la) solvents; lb) 1.92 gg/ml Vitamin A standard; Ic) 0.77 gg/ml Vitamin A standard + 0.5 gg/ml fluene and solvent peaks, (a) 1.37 gg/ml phyto-
Vitamin A from liver; (d) 1.92 gg/ml Vitamin A standard + 2.0 gg food composite; le) 1.82 fluene; lb) 2.74 gg/ml phytofluene. 
gg/ml Vitamin A standard +1.71 gg/ml phytofluene.

methylene chlorideiisopropanol, 9:1, in the other (B). Flow rate was 
set at 39 ml/hr, pumps A plus B. Detector was set on 325 nm detector 
scale at 0-0.1 absorbance units, full scale deflection, and slit 2.0 nm. 
Damping was necessary at this low scale. A 50 cm, 2 mm i.d. Varian 
MicroPak column packed with LiChrosorb Si60-10 was used. Integra
tion amplitude was set on high, and the volt scale for the recording pen 
was set at 0.1.

Gradient elution was used and the mobile phase was programmed as 
follows: Initial solution ratios were 81% from pump A and 19% from 
pump B; decreased 9%/min from pump B for 2 min; held at 1% for 1 
min; decreased 0.2%/min for 1 min; decreased 0.8%/min for 1 min. 
Pump B was then reset to 19%.

The zero adjustment was made with initial solvent ratios, a 50 gl 
sample of Vitamin A reference standard was syringe-injected, and the 
gradient elution program was started. Integrations were counted when 
Vitamin A was eluted. A 50 gl aliquot of food sample, containing 
0.5-4 Mg/ml was injected and gradient elution program used as above. 
This range of accuracy was established from the standard curve. Con
centration of vitamin in the sample was determined by ratio with inte
grations and concentration of the standard.

RESULTS & DISCUSSION
FOOD COMPOSITE samples contain a large am ount of pulp. 
Extracting before saponification separated pulp from the lipid 
material; therefore, after saponification, there was a decreased 
problem with washing samples because there was less material 
entrapped with emulsions. Liquid samples such as milk could 
be saponified before extraction.

It was necessary to saponify in order to  convert all the 
Vitamin A, whether palm itate or acetate, into the same form 
as in the standard against which samples were measured. In the 
work carried ou t here, no peak was obtained in liquid chroma
tography with samples that had not been saponified.

Detection of Vitamin A
A chromatogram of the solvent used with all samples is 

shown in Figure la ; this include i a typical aliquot o f hexane 
transferred to  CHC13. Chromatograms of Vitamin A reference 
standard and the standard mixed w ith liver extract which con
tained naturally-occurring Vitamin A are shown in Figures lb  
and lc . As can be seen, both the synthetic standard and natu
ral V itamin A have identical retention  times.

There was less than 2% difference in Vitamin A value be
tween liver extracts which had or had not been passed through 
the AI2 O 3 column. No advantage of this clean-up step was 
seen. A chromatogram of a food composite which had not 
been passed through an A12 0 3 colum n, and which had been 
fortified with standard Vitamin A is shown in Figure Id. 
Again, no differences in peaks or retention  tim e was noted, 
and no interference from materials in the food com posite was 
apparent.

When the phytofluene extract was fortified with Vitamin A 
standard and the m ixture passed through the LC, phytofluene 
was eluted on the leading edge of the first solvent peak, as 
shown in Figure le . Resolution of two concentrations of 
phytofluene from the first solvent peak, obtained by using a 
more rapid chart speed, is shown in Figures 2a and 2b. Further 
proof that carotenes and xanthophylls have m uch shorter re
ten tion  times than Vitamin A and do not in terfere with its 
measurem ent are shown in Figure 3. For these chromatograms, 
detector scale was changed to  0 to 1 absorbance units, full 
scale deflection.
Range and recovery

A standard curve plotted for Vitamin A in am ounts ranging 
from 0.24—8.24 /rg/ml is shown in Figure 4. At the higher 
levels, there appeared some distortion toward high readings.
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V I T A M I N  a  i n  f o o d  c o m p o s i t e s  B Y  L C  . .  .

Table 1—R ecovery o f  V itam in A reference s tandard  In th e  presence of food  m aterials

Sample

Components included in sample

Total
Vitamin A 
recovered 

(pg/ml)

Reference standard 
recovered

Vitamin A 
reference 
standard 
(jug/ml)

Vitamin A 
from 
liver 

(jug/ml)

Food
composite3

(g/ml)

Mg/ml
(Total
minus
liver) Percent’5

1 A 1.71 0.10 0 1.83 1.73 101.2
B 1.71 0.16 0 1.88 1.72 100.5
C 1.71 0.20 0 1.98 1.78 104.1
D 1.88 0.45 0 2.29 1.84 97.9
E 1.88 1.13 0 2.93 1.80 95.7
F 0.75 0.45 0 1.17 0.72 96.0
G 1.32 0.24 0 1.58 1.34 101.5
H 1.32 0.47 0 1.82 1.34 101.5
1 1.32 0.71 0 2.06 1.35 102.3
J 1.32 1.42 0 2.87 1.45 109.8

Il A 1.87 0 0.47 1.94 1.94 103.7
B 1.87 0 1.87 1.93 1.93 103.2

a H igh ca ro te n o id  c o n te n t  b u t no V ita m in  A 
“  B e tw e e n -d u p lica te  va rian ce  ■ 1 .32

The regression formula calculated over the whole range was Y 
= -2 .8 7  + 48.51 and the residual term was 14.6. However, the 
regression calculated over the range of 0 .24—4.12 /Ug/ml was Y 
= 0.24 + 46.10, and the residual term was only 1.64. At levels 
lower than 0.24 /Ug/ml, variation between duplicate samples 
was relatively high.

It was determ ined that when working with food compos
ites, best data were obtained when Vitamin A levels were 
0 .5 -4  /Ug/ml.

Food samples containing very low am ounts of Vitamin A 
could be fortified with standard Vitamin A to increase their 
concentration to a level which could be accurately measured. 
In analysis o f food composites, it was noted that when fewer 
than 4 - 5  integration units (based on 100 units in standard 
chart paper) were contributed by the sample, duplicates often 
varied beyond an acceptable amount.

Recovery of standard Vitamin A when mixed with the food 
composite and w ith natural Vitamin A from liver is shown in 
Table 1. For samples containing standard Vitamin A and liver 
extract, low in carotenoid content, mean recovery of standard 
Vitamin A was 101.1%. Mean recovery of Vitamin A from 
mixtures with high carotenoid content was 103.5%.

When the stock solution of liver extract was handled as a

natural Vitamin A standard and was mixed in varying amounts 
with food com posite containing no Vitamin A, recovery of the 
natural Vitamin A was determ ined. Results are shown in Table 
2.

Table 2—Recovery of natural Vitamin A in the presence of food 
composites

Sample

Components included in sample Vitamin A recovered

Vitamin A 
from liver 

(Mg/ml)

Food
composite3

(g/ml) Mg/ml Percent

A 2.24 0.29 2.29 102.2
B 1.15 0.29 1.12 97.4
C 2.23 1.17 2.26 100.9
D 1.15 1.17 1.17 101.7
E 1.37 0.46 1.38 100.7
F 1.37 1.87 1.31 95.6

a H igh ca ro te n o id  co n te n t b u t no  V ita m in  A  p re sen t

( C )

R E T E N T IO N  T IM E  (M IN U T E S )

Fig. 3—Chromatograms o f  carotenoids, (a) solvents; (b) carotenes; Ic) xanthophyiis.
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Hexane vs chloroform
Chromatographing Vitamin A in chloroform necessitated an 

extra step in the procedure, but chloroform  offered several 
advantages over hexane as the final solvent. Hexane solutions 
prepared for chrom atography were sometimes turbid; recorded 
peaks from hexane solutions showed more tailing, perhaps be-

f jq  VITAMIN A ALCOHOL PER ml

Fig. 4—Standard curve for Vitamin A reference solution obtained by 
high speed liquid chromatography.

cause of insoluble material. Recovery of Vitamin A was super
ior when it was chromatographed in chloroform.

Gradient elution vs constant com position 
of mobile phase

Results from the liquid chrom atograph were com pared 
when programmed gradient elution was used or when mobile 
phase of constant com position (81% pum p A, 19% pum p B) 
was used. Gradient elution gave more reproducible results. 
With constant com position of mobile phase, recoveries were 
acceptable but less consistent. Advantages of gradient elution 
were more pronounced when chromatographing food m ixtures 
than when measuring the Vitamin A standard. The gradient 
elution m ethod was slower; with the conditions given here, 
approxim ately 12 min were required for Vitamin A to pass 
through the column with gradient elution, while it was eluted 
in approxim ately 7 min with mobile phase of constant com 
position.

REFERENCES
A O  A C . 1 9 7 5 . “ O ffic ia l M ethods o f A na lys is ,”  1 2 th  ed. Association o f 

O ffic ia l A n a ly tica l Chemists, W ashington , D .C .
Bubb, A . and M u rp h y , G .M . 1 9 7 3 . D e te rm in a tio n  o f  serum ph yto fluene  

and re tin o l. C lin . Chem . A cta . 4 8 : 3 2 9 .
E rdm an , W . Jr., H ou , S-H . F . and LaC hance, A . 1 9 7 3 . F luorom etric  

dete rm in a tion  o f v itam in  A  in  foods. J. Fo o d  Sci. 3 8 : 4 47 .
G arry , P .J., P o llock , J .D . and O w en, G . 1 97 0 . Plasm a V ita m in  A  assay 

by  flu o ro m etry  and use o f a silicic acid c o lu m n technique. C lin . 
Chem . 1 6 (9 ):  7 66 .

Purcell, A .E . 1 9 6 2 . Carotenoids o f G oldrush sweet p o ta to  flakes. Fo o d  
Techno l. 1 6 (1 ):  99 .

Thom pson, J .N ., E rd o d y, P., B rien , R . and M u rray , T .K . 1 9 7 1 . F lu o ro 
m etric  de te rm in a tion  o f V ita m in  A  in  hum an blood and liver. B io- 
chem. M ed. 5: 67.

W eerdhof, T . V an  de, W iersen, M .L ., Reissenweher, H . 1 9 7 3 . A p p lic a 
tio n  o f  liq u id  chrom atography in  food analysis. J. C hrom atogr. 83: 
4 5 5 .

W illiam s, R .C ., S chm it, J .A . and H en ry , R .A . 197 2 . Q u an tita tive  anal
ysis o f the fat-soluble v itam ins by high-speed liqu id  chrom ato g
rap hy . J. C hrom atographic Sci. 10: 4 94 .

Ms received 4 /1 3 /7 6 ;  revised 9 /1 6 /7 6 ;  accepted 9 /2 1 /7 6 .

Paper N o . 150  o f the Journal Series o f the N o rth  C aro lina  A gricu l
tural Extension Service, R aleigh, N .C . The use o f trade names in this  
pu b lica tio n  does n o t im p ly  endorsem ent by  the N o rth  C aro lina  A gricu l
tural Extension Service o f the products  nam ed, nor criticism  o f  s im ilar 
ones n o t m entioned .

The A uthors express sincere appreciation to  D r. A .E . Purcell fo r  his 
technical advice th rou ghou t a ll states o f th is w o rk  and to  M r. R ay m o n d  
K ellin g  fo r his laboratory  assistance and in itia l developm ent w o rk .

398 -  JOURNAL OF FOOD SCIENCE -  Vol. 42, No. 2 (1977)



P. E. HUTCHINSON, F. BAIOCCHI and A. J. DEL VECCHIO' 
C. J. Patterson Co., 3947 Broadway, Kansas City, MO 64111

EFFECT OF EMULSIFIERS ON THE TEXTURE OF COOKIES

--------------------------------  ABSTRACT --------------------------------
The function of emulsifiers in cookies is well reported as a character
istic of spread ratio. It is understandable that these ingredients would 
also affect other characteristics. Texture, as related to hardness or soft
ness of the cookie, is one of the most readily discernible features for 
the consumer. Using the American Association of Cereal Chemists 
method for determining cookie spread ratio, various emulsifiers were 
evaluated for their effect on the texture of cookies. Optimum levels for 
each emulsifier were determined. An Instron, model 1132 with the 
Ottawa Texture Cell, was used in establishing the procedure for measur
ing cookie texture. The procedure was designed in which the tenderness 
of samples could be determined and presented graphicly.

INTRODUCTION
THE EXPLORATION of cookie ingredients and test proce
dures is well docum ented. Inform ation has been presented on 
cookie ingredients (both  major and m inor ingredients, to in
clude acidulants and alkalinity), mixing conditions and baking 
variations. The relationship of surfactants to  spread ratio, pro
tein fortification and cookie quality has been reported by Tsen 
et al. ( 1973, 1975). The textural response to  surfactants has 
not been explored to  any significance. It was the purpose of 
this work to study the textural responses to  surfactants used in 
cookies.

Gross differences in texture (softness vs toughness) can be 
determined through subjective type evaluations using hedonic 
ratings or preference selection. Consistency of evaluations dur
ing storage and small changes related to richness of mouthfeel 
can pose some analytical problems. This work used instru
mental evaluations to  determine textural changes that occur 
when surfactants are used in cookies.

EXPERIMENTAL
CRITERIA for setting up the evaluation were based on two variations:

(a) Variations between cookie formulae and ingredients; and
(b) Establishing a procedure for textural evaluations.

Of the two available cookie formulae (AACC Method 10-50 (1962) or 
the Micro Method of Finney et al. (1950)), we used the AACC Method 
10-50 (cookie flour spread test) to screen the effects of emulsifier 
levels.

Ingredients, baking sheets, thickness gauges and cutters were as spec
ified by the test. The soft wheat cookie flour used throughout the 
investigation had 8.7% protein, 0.41% ash, and 12.5% moisture. The 
moisture was checked periodically during the project to insure correct 
water addition. The cookies were mixed in a Hobart N-50 mixer and 
baked in a Reed reel oven at 204.5°C for 10 min.

Cookies were evaluated, after cooling for 30 min, for spread ratio 
and top grain. Samples were packaged in heat sealable poly bags and 
stored at room temperature for 3 months. Initial texture readings were 
observed after 18 hr storage.

Textural evaluations were measured using an Instron Texturometer, 
model 1132. The instrument settings were determined through selective 
observation of chart, print-out data. Critical instrument settings and 
conditions included load cell, calibration setting, range selector, cross
head speed and chart speed. The load cell used was a 500 kg, combina

1 Present address: PiUsbury C o ., M inneapolis, M N  5 5 4 1 4

tion cell (tension/compression cell) and was calibrated to 50% full scale. 
This calibration insured that textural measurements would fall within 
the limits of the chart.

Since the chart speed and crosshead speed affect the appearance of 
the printed graph, these settings were established to show highest sensi
tivity and information. Optimum chart speed was 10 mm/sec using the 
CX/CY gears and the crosshead speed was set for 1 mm/sec using the 
BX/BY gear combination. Charts produced from these settings gave a 
moderate peak height at maximum compression and expanded the 
graph slope to give an indication of internal structure and texture of the 
cookie.

The range selector for the testing was M-50. The M setting refers to 
the type of cell used (metric or English) and the 50 is the specific range 
setting. Variations on the range setting will affect size and shape of the 
graph.

Cookies were compressed to a depth of one-half the thickness of the 
cookie or 4 mm. Six cookies were evaluated for each emulsifier level 
and each storage sample observed.

The emulsifiers selected, have known or expected use in the bakery 
industry. The samples used were commercial products and were added 
to the formulation as received with no grinding, blending or precondi
tioning. The emulsifiers were incorporated into the cookie dough dur
ing the first step or creaming phase of the mix. Table 1 summarizes the 
level of each surfactant. Use levels are based on flour weight.

RESULTS & DISCUSSION
THE DATA collected throughout the evaluations are summa
rized in Figures 1 — 5. The higher the Instron units the harder 
the cookie. The control cookie (no additive) is shown on each 
graph as a single point, along the vertical axis. Initial results are 
shown as continous lines, while the 3-m onth storage points are 
connected with the dotted lines. All storage was done at room 
tem perature (22—24°C).

The use of sodium stearoyl lactylate (SSL) in cookies, (Fig. 
1) shows initially an almost straight line relationship of con
stant tem perature vs level used. After 3 m onths, SSL gave 
lower textural scores with the most noticeable change being at 
the 0.375% level. On initial observation the lactylic esters of 
fatty  acids show constant increase in texture as the use level

Table 1—Surfactants and levels3

S urfactant Levels

Sodium  stearoyl acty late  (SSL) 0 .1 2 5 , 0 .2 5 0 , 0 .3 7 5 , 0 .5 0 0 , 0 .6 2 5
Lactylic  esters o f fa tty  acids 0 .1 2 5 , 01250, 0 .3 7 5 , 0 .5 0 0 , 0 .7 5 0
Succinylated m onoglycerides (S M G ) 0 .1 2 5 , 0 .2 5 0 , 0 .3 7 5 , 0 .5 0 0 , 0 .7 5 0  
E tho xy la ted  m oroglycerides (E M G ) 0 .1 2 5 , 0 .2 5 0 , 0 .3 7 5 , 0 .5 0 0 , 0 .6 2 5  
Plastic m ono and diglyceride 0 .2 5 0 , 0 .5 0 0 , 0 .7 5 0 , 1 .0 0

(40%  a-m o no)
Polyglycerol esters (3 -1 -S) 0 .2 5 0 ,0 .5 0 0 ,  0 .7 5 0
D iacetyl ta rta ric  acid esters 0 .2 5 0 , 0 .5 0 0 , 0 .7 5 0

Based on % f lo u r  w e ig h t
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Fig. 1—Sodium stearoyi lactylate (SSL), lactylic esters of fatty acids 
(LEFA), and succiny/ated monoglycerides (SMG).

Fig. 2 —Ethoxylated monoglycerid (EMG) and polyglycerol esters 
(PGEI.

goes up. At 3 m onths the higher use levels produced a rela
tively constant texture and lower levels produced a definite 
toughening. Succinylated monoglycerides initially increase tex
ture. On storage, the cookies harden at all levels, with the % 
change being less at the higher levels.

The initial observations with the ethoxylated monoglyc
eride (EMG) (Fig. 2) show imm ediate softening and then a 
leveling out from 0.250% on. After 3 m onths storage the EMG 
samples are slightly softer at all levels. The polyglycerol ester 
(3-1-S type) (PGE) cookies were softer over most levels. The 
cookies tended to harden as the PGE level increased. Three- 
m onth storage samples increased significantly in hardness.

Using a 40% a-monoglyceride product, the texture was 
slightly softer during initial observations. The slope of the 
monoglyceride graph paralleled that of the control (Fig. 3). At 
3-months storage, the cookies containing monoglycerides 
approached or exceeded the texture of the control. The diace
tyl tartaric acid esters gave a considerably softer cookie at all 
levels. A slight softening occurs as the level of additive in
creases. After 3 months some increase is noted; however, most 
samples were still softer than the control.

Recent interest has been noted in the ability to  reduce 
shortening of fat in bakery and other food systems. The test 
formula was modified by reducing the shortening by 20% and

E
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Fig. 3-40% a monoglyceride (MONO) and data esters (DATA). Fig. 4 - Reduced shortening with SSL, LEFA and SMG.
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Fig. 5-Reduced shortening with EMG, PGE, MONO's and DATA 
esters.

at the same time increasing the water by one-half the weight of 
shortening removed. This is comparable to  increasing the water 
by 32%. This step is necessary to  maintain proper formula 
balance. Initial observations are completed at this tim e and are 
presented in Figures 4 and 5. Only two levels of each emulsi
fier were observed, that being 0.250% and 0.500% of the flour 
weight.

All of the products observed gave textural values below 
(softer) that of the control. SMG showed the most stable tex
ture verses levels used and was also the most tender. SSL 
appears to im part m ost softening at lower levels while LEFA is 
just the opposite (Fig. 4).

At the 0.25% level, EMG, monoglycerides and PGE pro
duced equal softness in the cookie (Fig. 5). The polyglycerol

esters exhibit the most softening especially at higher use levels. 
The 40% mono shows m oderate increase and the EMG pro
duces a texture approaching tha t of the control. Data esters 
show a m oderated effect with only slight change as the level 
increases.

SUMMARY & CONCLUSIONS
SELECTED EMULSIFIERS were tested and their effect on 
cookie texture has been recorded. The results depend upon the 
formula used and the specific effect(s) desired. Based on the 
change in softness vs time, the optim um  levels for the dis
cussed surfactants are: sodium stearoyl lactylate (SSL), 
0.375%; lactylic esters of fatty acids (LEFA), 0.500%; succin- 
ylated monoglycerides (SMG), 0.75%; ethoxylated  monoglyc
erides (EMG), 0 .25—0.50%; 40% a-monoglyceride, 1.0%; poly
glycerol esters (3-1 -S), 0.75%; diacetyl tartaric  acid esters, 
0 .50—0.75%. All percentages are based on flour weight.

When the shortening in the system is reduced, the optim um 
levels for the surfactants are: SSL—0.250%; LEFA -0.500% ; 
SMG—0.25—0.50%; EMG and 40% a-m ono-0 .250% ; PGE— 
0.500%; and data esters—0.500%. Again, percentages are based 
on flour.

The research completed to date can be used as the basis for 
future work to  determine the correlation of surfactant effects 
on texture, storage and consumer acceptance. Some of this 
work is currently underway, using commercial form ulae and 
equipm ent. It is anticipated that the inform ation from  these 
continuing studies will be presented at a later date.
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EFFECTS OF CONVENTIONAL BAKING, MICROWAVE BAKING, AND STEAMING 
ON THE NUTRITIVE VALUE OF REGULAR AND FORTIFIED BREADS

---------------- ---------------  ABSTRACT
The nutritive value of protein in regular and fortified breads was signifi
cantly affected by methods of baking. Rat-feeding tests demonstrated 
that protein efficiency ratios (PERs) of breads were significantly im
proved and feed conversion ratios were reduced by substituting steam
ing or microwave baking for conventional baking. Lysine and other 
amino acids varied little among conventionally baked, microwave 
baked, and steamed breads. The significantly low PER of conven
tionally baked bread indicated that lysine became less available nutri
tionally with conventional baking than with either microwave baking or 
steaming. Lysine or soy fortification could effectively raise the PER of 
conventionally baked bread. Loaf volume and crumb qualities of con
ventionally baked bread were better than those of microwave-baked or 
steamed bread. However, conventional baking produced a much darker 
brown crust and crumb than did microwave baking or steaming. The 
effect of heating, as shown by browning, on reducing the bread’s nutri
tive value could be greatly minimized by replacing conventional baking 
with microwave baking or steaming.

Moisture Protein3 Ash Fat
(%) (%) (%) (%)

Wheat flour 12.0 11.0 0.5 _

Soy flour 7.6 51.2 7.8 1.1
a%N x 5.7 for wheat flour;

%N X 6.25 for soy flour.

We used AACC Methods (1962) for all analyses except for fat by AOCS 
Method Aa 4-38 (1971) with petroleum ether as the extracting solvent.

L-lysine monohydrochloride (lysine) was purchased from ICN 
Pharmaceuticals, Inc., Cleveland, Ohio. Sodium stearoyl-2 lactylate 
(SSL) was obtained from C.J. Patterson Company, Kansas City, Mo. 
Processing

We made all doughs using the K-State Process developed by Tsen

INTRODUCTION
BREAD is the most popular food in the world. However, it 
and o ther cereal products are nutritionally inferior because 
they are generally deficient in lysine. Wheat flour is low in 
lysine, and the baking process can aggravate the lysine defi
ciency in bread. Several investigators, notably Rosenberg and 
Rohdenburg (1951, 1952), Rosenberg et al. (1954), Sure 
(1952), Hutchinson et al. (1959), Ericson et al. (1961), Jansen 
and Ehle (1965) and Jansen et al. (1964), have shown that 
lysine is the limiting amino acid in bread and that lysine loses 
nutritive value during the baking process.

Several simple ways can be employed to  remedy bread’s 
lysine deficiency. One is to  fortify wheat flour with lysine or 
such protein-rich additives as soy flour and protein, for bread
making, as shown by many reports (Scrimshaw and Altschul, 
1971; Milner, 1969). The other is to  modify the bread process
ing to  reduce the nutritional loss of lysine. However, little 
inform ation had been available on the effect of various heating 
processing (conventional baking, microwave baking, and 
steaming) on the availability of lysine in bread. The study was 
therefore undertaken to compare the effects of conventional 
baking, microwave baking and steaming on the nutritive value 
of protein in regular, lysine-fortified, and soy-fortified breads. 
Chemical analyses and rat-feeding tests were used to  determine 
results.

MATERIALS & METHODS
Materials

Commercial wheat (hard red winter) flour and defatted soy flour 
were used. Their moisture, protein, ash and fat contents were:

Table 7—Composition of diets fed rats

Casein or

Prote in  sourcea 'b 
(Prote in  %)

ground
bread^

(%)

Fa t
(o il)
(%)

V it .
m ix e
(% )

M in.
m ixe

(%)
Sugar

(%)
Starch

(%)

Caseinc 82.0 12.20 2.0 2.0 3.0 2.8 77.00
WF (C) 12.4 80.64 2.0 2.0 3.0 2.8 9.56
WF (M) 12.4 80.64 2.0 2.0 3.0 2.8 9.56
WF (S) 12.3 81.30 2.0 2.0 3.0 2.8 8.90
WF + 0.2% 80.00 2.0 2.0 3.0 2.8 10.20

L(C) 12.5
WF + 0.2% 80.00 2.0 2.0 3.0 2.8 10.20

L(M) 12.5
WF + 0.2% 80.00 2.0 2.0 3.0 2.8 10.20

L(S) 12.5
88% WF + 12% 58.47 2.0 2.0 3.0 2.8 31.73

SF (C) 17.1
88% WF + 12% 58.47 2.0 2.0 3.0 2.8 31.73

SF(M) 17.1
88% WF + 12% 58.13 2.0 2.0 3.0 2.8 32.07

SF (S) 17.2

a

b

c
d
e

W F , W F  + 0 .2 %  L, and 8 8 %  W F  + 12%  S F  in d ica te  b read s p re 
pared fro m  w h e a t f lo u r , w h e a t f lo u r  fo r t if ie d  w ith  0 .2 %  L - ly s in e  
m o n o h y d ro c h lo r id e , and 12%  so y  fo r t if ie d  fo u r (8 8  p a rts  w h e a t 
f lo u r  and 12 p a rts  d e fa tte d  so y  f lo u r ) ,  re sp e c t iv e ly .
(C ) ,  (M ) and (S )  d en o te  b read s , p ro cessed  b y  co n ve n tio n a l b ak in g , 
m ic ro w a v e  b a k in g , and steam in g , re sp e c t iv e ly .
C ase in  d ie t  c o n ta in s  1% n o n n u tr it iv e  f ib e r  
A m o u n t  is added to  m ake  d ie t  w ith  1 0 .0 %  p ro te in  
V ita m in  and m in e ra l m o is tu re s  w ere  ad ju sted  fo r v ita m in  and m in 
era l co n te n ts  o f f lo u rs , u sing  sta rch  as a f i l le r .
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and Tang (1971). The formula, on a wheat flour or soy-fortified flour 
(88 parts of wheat flour and 12 parts of soy flour) basis, called for 5% 
sugar, 2% salt, 3% yeast, 70 ppm bromate, 0.5% SSL, 0.2% lysine for 
lysine-supplemented products only, 60% water for wheat-flour dough, 
and 70% water for soy-fortified flour dough. Amounts of water used to 
prepare various solutions and suspensions were included as part of the 
total water required in each formula.

After each batch of dough fermented, we prepared nine dough- 
pieces, each weighing 125g. After proofing the dough, we processed 
three samples each by conventional baking (19 min at 2189C), steaming 
(25 min), or microwave baking (8 min at 0.3 kW and 0.2 milliamperes). 
The doughs were not processed in baking pans with the microwave and 
steaming methods. The microwave oven operated at a frequency of 
2450 ± 50 megaHertz.
Methods

Ten min after loaves came from ovens, we weighed them and mea
sured volumes in cc by seed displacement to determine their specific 
loaf volume (cc/g). Data are averages of triplicate determinations.

Table 2—Analysis o f dried and ground breads used in the diets

B reada ’b
Protein

(%)
Ash
(%)

C . Fa t
(%)

C . F iber  
(%)

W F(C ) 13.5 2.6 0.9 0 .5
W F(M ) 13.5 2.6 0.8 0 .4
W F(S ) 13.4 2.6 1.1 0 .5
W F + 0 .2%  L (C ) 13.6 2.7 0 .9 0 .4
W F + 0 .2 %  L(M ) 13.6 2.7 0.9 0 .4
W F + 0 .2%  L (S ) 13.6 2.6 1.1 0 .4
88%  W F + 12%  S F (C ) 18 .5  - 3 .5 0.8 0.8
88%  W F + 12%  S F  (M ) 18.5 3 .5 0 .8 0.6
88%  W F + 12%  S F (S ) 18.6 3.3 0.6 0.9

a W F ,  W F  + 0 . 2 %  L ,  and  8 8 %  W F  + 1 2 %  S F  in d ic a te  b re a d s  p re 
pared  f r o m  w h e a t  f lo u r ,  w h e a t  f lo u r  fo r t i f i e d  w i t h  0 . 2 %  L - ly s in e  
m o n o h y d r o c h l o r i d e ,  1 2 %  soy  fo r t i f i e d  f lo u r  ( 8 8  p ar ts  w h e a t  f lo u r  
and 1 2  p ar ts  d e fa t te d  so y  f lo u r ) ,  r e s p e c t iv e ly ,  

b (C ) ,  (M) and (S)  d e n o t e  breads,  p ro ce sse d  b y  c o n v e n t io n a l  b a k in g ,  
m ic r o w a v e  b a k in g ,  and ste am ing ,  re s p e c t iv e ly .

Table 3—Weight gain, feed intake, and feed conversion ratio by rats fed 
indicated bread diets 28 days

Breada’b in diet

W eight gain 
(m eanc ± S E M )  

(g)

Feed  intake  
(m eanc ± S E M )

(g)

Feed  co n 
version  

ratio

88%  W F + 12%  S F  (S) 111 .5  ± 5 .9 A 4 6 9 .0  ± 1 5 .8 A 4 .2
88%  W F + 12% S F  (M) 109 .0  ± 9.1 A 4 3 5 .3  ± 22.1 A B 4 .0
W F + 0 .2%  L (S) 10 2 .0  ± 4 .8 A B 4 4 0 .2  ± 1 3 .3 A B 4 .3
W F + 0 .2%  L(M ) 9 4 .2  ± 5 .6B 4 2 2 .5  ± 14 .3B 4 .5
Casein (control) 7 9 .2  ± 4 .2 C 2 8 8 .7  ± 1 0 .7 E 3.6
W F + 0 .2%  L(C) 6 1 .7  ± 4 .6 D 3 6 3 .7  ± 1 3 .8 C 5.9
88%  W F + 12% S F  (C) 4 9 .3  ± 1 .2 E 3 2 8 .3  + 12.3D 6.6
W F(M ) 4 1 .0  ± 4 .0 E 2 9 7 .3  ± 1 9 .5 D E 7.3
W F(S ) 4 0 .5  ± 2 .3 E 3 0 8 .7  ± 2 0 .6 D E 7 .6
W F (C) 2 2 .2  ± 1.1 F 2 5 4 .3  ± 12.1 11.5

a  W F ,  W F  + 0 .2 %  L ,  and  8 8 %  W F  + 1 2 %  S F  in d ic a te  b re a d s  p rep ared  
f r o m  w h e a t  f lo u r ,  w h e a t  f l o u r  fo r t i f i e d  w i t h  0 . 2 %  L - ly s in e  m o n o h y 
d r o c h lo r i d e ,  w h e a t  f lo u r  fo r t i f i e d  w i t h  1 2 %  s o y  f l o u r  ( 8 8 %  parts  
w h e a t  f lo u r  and 1 2 parts  d e fa t ted  s o y  f lo u r ) ,  res p e c t iv e ly ,  

b  (C ) ,  (M )  an d  (S ) :  C o n v e n t io n a l  b a k in g ,  m i c r o w a v e  b a k in g  and s t e a m 
ing, r e sp ec t iv e ly .

c  D u n c a n ' s  M u lt ip le  Ran g e  T e s t  ( 1 9 5 5 ) :  M e an s  w i t h o u t  a le tte r  in  c o m 
m o n  d i f fe r  s ig n i f i c a n t ly  (p <  0 .0 5 ) .

We evaluated the crust and crumb colors of fresh and dried breads 
with Agtron Multichromatic abridged reflectance spectrophotometer 
Model M-300A, with monochromatic spectral lines: blue (436 nm), 
green (546 nm), yellow (585 nm), and red (640 nm). The instrument 
was standardized with standard discs M-68 and 00 to read 100 and 0, 
respectively. Crust and crumb-color measurements were on slices (about 
1 cm thick), from the crust (top surface) and middle part of a loaf. We 
used gas-liquid chromatography (Kaiser et al., 1974; Gehrke and Stall
ing, 1967) to determine amino acid contents of various diets. Since the 
bread supplied the only protein in the diet, the diets’ amino acids also 
represented the amino acid composition of breads.

Organoleptic evaluation
We used slices without crust from the central portions of loaves, and 

eight persons judged the crumb for texture, grain, flavor and taste as 
listed below:

Evaluation of bread-crumbs

Characteristics
Factors Desired Undesired Score Comments
Texture Smooth, Rough,

velvety crumbly
Grain Fine, Uneven, close,

even open-hole
Flavor Delicate, Cheesy, musty,

neutral rancid, off-
flavor

Taste Pleasing, Sour,
bland gummy

Score key: Highly desirable 5 Fair 2
Desirable 4 Unacceptable 1
Acceptable 3

Nutritional study
For feeding experiments, we sliced the breads, dried them in a 

heated oven (air-blowing type) at 37°C for 24 hr, ground them to 
uniform particle size (20 mesh). We analyzed the ground breads for 
moisture, protein, ash, fat and fiber (AACC, 1962; AOCS, 1971, Meth
ods) and incorporated them into experimental diets.

We prepared vitamin and mineral premixes according to NRC for
mulas (1972) to support optimum rat growth, and added 2% vegetable 
oil to each diet to improve texture and decrease dustiness.

Four-week-old male weanling rats (Charles River CD) were fed ex
perimental diets that contained 10% protein supplied by breads or 
casein for 28 days. The rats, whose initial weights varied from 75-85g, 
were randomly divided into groups of six per treatment. Each rat was 
housed in a screen-bottom cage in an environmentally controlled labora
tory and given a test diet and water ad libitum. Fresh water was 
supplied every second day; feed cups were checked daily and filled as 
needed. Weights and feed consumed were recorded weekly for each rat 
and PERs were calculated. Feed wastage (usually small) was subtracted 
from consumption data. Compositions of diets are listed in Table 1.

RESULTS & DISCUSSION
Analyses of breads

Table 2 shows that processing has little effect on the proxi
mate com position of breads. As expected, fortifying with 0.2% 
lysine increased bread’s protein content slightly; while wheat 
bread’s protein and ash contents were increased 38% and 31%, 
respectively, by fortifying with 12% soy flour.
Weight gain and feed conversion

Processing significantly affected the nutritive value of 
breads (Table 3). Replacing the diet containing conventionally 
baked bread with one containing microwave baked or steamed 
bread significantly increased weight gained: from 22.2g to
41.0 or 4 0 .5g for wheat bread, from 61.7g to 94.2 or 102.Og 
for lysine-fortified bread, and from 49 .3g to  109.0 or 111.5g 
for soy-fortified bread, respectively. The increases ranged from
52.7 — 121.1% for microwave baked breads and from
65.3—126.2% for steamed breads.

Feed intake also varied with different breads (Table 3). The
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Table 4 —P rotein  e ff ic ie n cy  ratios o f  bread-diets fed  rats 2 8  days

Breada ’b in diet
P E R

(m eanc ± S E M I
A djusted

P E R

Casein  (contro l) 2 .7 4  + 0 .1 2 B 2 .50
88%  W F + 12%  S F (M ) 2 .4 7  ± 0 .0 9 C 2 .25
88%  W F + 12%  S F  (S) 2 .3 6  ± 0 .0 5 C 2 .1 5
W F + 0 .2%  L(S ) 2 .3 0  ± 0 .0 4 C D 2 .09
W F + 0 .2%  L(M ) 2 .2 3  * 0 .1 2 D 2 .03
W F + 0 .2%  L (C ) 1 .69  ± 0 .1 1 E 1.54
88%  W F + 12%  S F  (C) 1 .50  ± 0 .0 4 F 1.36
W F(M ) 1 .37  ± 0 .0 9 G 1.25
W F (S) 1 .32  + 0 .0 6 G 1.20
W F (C) 0 .8 7  ± 0 .0 5 H 0 .7 9

a W F ,  W F  + 0 .2 %  L ,  and 8 8 %  W F  + 1 2 %  S F  in d ic a te  b re a d s  p r e 
pared  f r o m  w h e a t  f lo ur ,  w h e a t  f lo u r  fo r t i f i e d  w i t h  0 . 2 %  L - ly s in e  
m o n o h y d r o c h l o r i d e ,  w h e a t  f l o u r  f o r t i f i e d  w i t h  1 2 %  so y  f lo u r  
{ 8 8 %  p arts  w h e a t  f lo ur  and 12  p a r t s  d e fa t te d  so y  f lo u r ) ,  r e s p e c 
t iv e ly .

b  ( C ) ,  (M )  and (S) : C o n v e n t io n a l  b a k in g ,  m i c r o w a v e  b a k in g  and  
s te a m in g ,  respect iv e ly .

c D u n c a n ' s  M u lt ip le  Ran ge  T e s t  ( 1 9 5 5 ) :  M e an s  w i t h o u t  a lette r  in 
c o m m o n  d if fe r  s ig n i f ica n t ly  (p <  0 . 0 5 ) .

feed conversion ratio, calculated from weight gain and feed 
intake, was reduced by microwave baking or steaming from
11.5 to 7.3 or 7.6 for wheat bread, from 5.9 to 4.5 or 4.3 for 
lysine-fortified bread, and from 6.6 to 4.0 or 4.2 for soy-forti- 
fied bread, respectively. The reductions ranged from 23.7 to 
39.4% by microwave baking and from 27.1 to 39.4% by steam
ing.
PER values

Although there was no significant difference (P <  0.05) in 
PERs between wheat breads, 0.2% lysine-fortified breads or 
12% soy-fortified breads when they were processed by micro

Table 5—Amino acids (W/W%) of diets containing wheat breads con 
ventionally and microwave baked, and steamed

W heat bread

A m in o  acid

Con ventio na lly
baked

(%)

M icrow ave
baked

(%)
Steam ed

(%)

A spartic acid 0 .4 5 0 .4 9 0 .50
T h reo nine 0.31 0 .2 6 0 .2 8
Serine 0 .4 9 0.41 0 .4 2
G lu tam ic  acid 3 .33 3.11 3 .20
Proline 1.12 1.06 1.09
G lyc in e 0 .37 0 .34 0 .3 6
A lan ine 0.31 0 .29 0 .30
Cystine 0 .2 5 0 .22 0 .23
V aline 0 .4 2 0.41 0 .42
M ethionine 0 .1 4 0 .15 0 .1 5
Isoleucine 0 .35 0 .34 0 .3 4
Leucine 0.71 0 .67 0 .6 7
Tyro sine 0 .22 0 .2 4 0 .2 3
Phenylalanine 0 .50 0 .47 0.47
H istidine 0 .22 0.21 0.21
Lysine 0 .20 0 .22 0 .22
Arginine 0 .3 4 0 .36 0 .3 6

wave baking or steaming, differences in PERs between the 
conventionally baked bread and the microwave baked or 
steamed bread were highly significant (Table 4). PERs (ad
justed) determined using conventionally and microwave baked 
breads were 0.79 and 1.25 for wheat bread, 1.54 and 2.03 for 
lvsine-fortified bread, and 1.36 and 2.25 for soy-fortified 
bread. All favored microwave baking with a respective increase 
of 58.2, 31.8 and 65.4. For steaming, the respective increases 
were 51.9, 35.7 and 58.1%. Microwave baking and steaming 
substantially improved the nutritive value of protein in regular 
or fortified bread over conventional baking.

Nutritive loss of lysine during heat processing of bread was 
also reflected by the changes in PERs of fortified breads. For
tifying with 0.2% lysine or 12% soy flour raised the adjusted 
PER from the nonfortified’s 0.79 to  1.54 or 1.36, respectively, 
for conventionally baked bread, from 1.20 to 2.09 or 2.15, 
respectively, for steamed bread, and from 1.25 to 2.03 or 
2.25, for microwave baked bread, respectively. The marked 
increases in PERs with lysine or soy fortification, regardless of 
baking m ethod, suggest that wheat bread is deficient in lysine. 
The higher response to  lysine or soy fortification with conven
tionally baked bread indicates again that conventional baking 
can aggravate the lysine deficiency of wheat bread much more 
than microwave baking or steaming.

Lysine and other amino acids
Lysine and other amino acid contents vary slightly among 

conventionally baked, microwave baked, and steamed breads 
(Table 5). Because the different breads were prepared from the 
same dough, except for the m ethod of baking, the significantly 
lower PER of conventionally baked bread must have resulted 
mainly from  the browning reaction during oven baking. Ly
sine, a reactant in the browning reaction, became less available 
nutritionally with conventional baking than with either micro- 
wave baking or steaming despite the small variation in their 
total lysine contents.

The im portance of lysine to  bread’s nutritive value is re
flected by the relation between PERs and lysine contents of 
the three steamed breads (Table 6). Only the difference in

Table 6—Amino acids (WAA/%) of diets containing wheat, lysine for
tified, or soy fortified bread processed by steaming

Steam ed bread

A m in o  acid
Wheat

(%)

Lysine
fortified

(%)

S o y
fo rtified

<%)

A sp artic  acid 0 .50 0 .4 0 0 .7 2
Th reo nine 0 .28 0 .2 8 0 .3 0
Serine 0 .42 0 .46 0 .4 2
G lutam ic acid 3 .20 3 .13 2 .5 9
Proline 1.09 1.04 0 .82
G lyc in e 0 .36 0 .3 4 0 .3 5
A lan ine 0 .30 0 .3 0 0 .3 3
Cystine 0 .23 0 .2 2 0 .20
V a line 0 .42 0 .4 0 0.41
M ethionine 0 .15 0 .1 4 0 .10
Isoleucine 0 .34 0 .3 3 0 .3 6
Leucine 0 .6 8 0 .6 7 0 .6 8
Tyro sine 0 .2 6 0 .2 3 0 .1 6
Phenylalanine 0 .48 0 .47 0 .4 6
H istidine 0.21 0 .2 0 0.21
Lysine 0 .22 0 .33 0 .3 4
Arginine 0 .3 6 0 .3 4 0 .4 0
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EFFECTS OF BAKING ON NUTRITIVE VALUE OF BREAD . . .

Table 7—Specific volumes and colors (Agtron readings) of breads

A g trcn  reading

Breada ’b

S p ecific
vol

(cc/g)

Crust C rum b

Blue Green Y e llo w Red Blue Green Y e llo w Red

W F(C ) 6 .4 3 1 9 12 28 48 79 90 88
W F(M ) 5.87 53 77 85 87 58 89 100 100
W F(S ) 3 .36 22 54 68 70 59 91 100 100
W F + 0 .2%  L (C ) 5.17 0 5 0 19 47 76 73 83
W F + 0 .2%  L(M ) 5.09 49 70 66 71 63 99 100 100
W F + 0 .2%  L(S ) 2 .58 28 54 60 68 63 93 100 100
88%  W F + 12%  S F (C ) 5 .83 0 0 0 7 41 72 71 79
88%  W F + 12%  S F  (M) 5 .16 35 65 70 75 52 77 87 92
88%  W F + 12%  S F (S ) 2 .68 30 56 62 68 48 80 92 94

a W F ,  W F  + 0 . 2 %  L ,  and 8 8 %  W F  + 1 2 %  S F  in d ica te b re a d s  p re p a re d  f r o m w h e a t  f lo u r , w h e a t  f lo u r fo r t i f i e d  w i t h  0 . 2 %  L - ly s in e m o n o h y -
d r o c h lo r i d e ,  and  1 2 %  s o y  fo r t i f i e d  f lo u r  (8 8  p ar ts  w h e a t  f lo u r  an d  12 p ar ts  d e fa t te d  s o y  f lo u r ) ,  respect iv e ly .  

b (C ) ,  (M) and (S)  d e n o t e  b re a d s ,  p ro ce sse d  b y  c o n v e n t io n a l  b a k in g ,  m ic r o w a v e  b a k in g ,  an d  s te a m in g ,  r e sp ec t iv e ly .  
c C ase in  d ie t  c o n ta in s  1% n o n n u t r i t i v e  f ib er ,  
d A m o u n t  is added to m a k e  d ie t  w i t h  1 0 . 0 %  p ro te in .
e V i t a m i n  an d  m in era l  m i x t u r e s  w e r e  a d ju s te d  fo r  v i t a m in  and m in e ra l  c o n t e n t s  o f  f lo u r s ,  us in g  s ta rch  as  a fil ler .

lysine contents explains the significant difference in PER val
ues among the steamed breads. Little browning reaction takes 
place during steaming, leaving most lysine available in steamed 
breads. Plotting steamed bread diets’ lysine contents against 
the PER values shows linear relationship, indicating that lysine 
content is mainly responsible for the PER differences.
Color and volume

As shown in Table 7, conventional baking resulted in a 
much darker crust and a slightly darker crumb than microwave 
baking or steaming. Apparently, the brownings of crust and, to 
a less extent, o f crumb are mainly responsible for the nutritive 
loss of lysine during conventional baking.

Lysine- and soy-fortified breads were darker than nonforti- 
fied breads likely because fortified breads contained more 
amino acids to serve as reactants for the browning reaction.

The marked differences in crust and crumb colors between 
conventional baked bread and microwave baked bread or 
steamed bread were also observed for the crust and crumb of 
breads after drying or grinding.

Along with the color measurements, data on specific loaf 
volumes are also given in Table 7, showing that dry heat in
creases loaf volume more than steam heat, and that conven
tional baking produces a slightly larger loaf than microwave 
baking. However, it should be noted that doughs were in pan 
for proofing and baking during conventional baking but not 
during microwave baking or steaming.

Evaluation of breads
In addition to the nutritional and com positional data, panel 

evaluations of the crumb qualities of the breads are presented 
in Table 8.

For regular bread, mean acceptability scores showed crumb 
qualities o f conventionally baked and steamed breads accept
able. Microwave baked bread was scored low in texture; o ther
wise it was also acceptable. Statistically, crumb texture, grain, 
flavor, and taste did not differ significantly between conven
tionally baked and steamed breads.

Steaming and microwave baking, however, were not suit
able for processing soy-fortified bread: soy-fortified bread 
baked conventionally was rated acceptable except for its 
crumb flavor, whereas steaming gave soy-fortified bread low 
rating in all categories and so did microwave baking with the 
exception of flavor.

DISCUSSION
THE PRESENT STUDY dem onstrated that crust and crumb 
browning during, conventional baking reduced the availability 
of lysine in bread, and consequently decreased PERs, and in
creased feed conversion ratios measured by growth of experi
mental rats. Steaming and microwave baking caused less crust 
and crumb browning and minimized the reduction in lysine 
availability (Tables 3, 4 and 7). The involvement of lysine in 
the browning reaction has been well established by many re-

Table 8--Scores (mean t  SEMC) of breads' texture, grain, flavor and taste evaluated by panel members

Breada'b Texture Grain Flavor Taste

W F (C )
W F (M )
W F (S)
88%  W F + 12%  S F (C ) 
88%  W F + 12%  S F (M )  
88%  W F + 12%  S F(S )

3 .87  ± 0 .4 7 A  
1 .75  ± 0 .2 4 C
3 .5 0  ± 0 .4 2 A B
3 .5 0  ± 0 .3 2 A B
1 .87  ± 0 .2 2 C  
2 .1 2  ± 0 .3 9 B C

4 .5 0  ± 0 .1 8 A
3 .0 0  ± 0 .2 6 B C
3 .7 5  ± 0 .3 6 A B  
3 .1 2  + 0 .4 4 B C
2 .0 0  + 0 .2 6 C
2 .7 5  ± 0.31 BC

3 .8 7  ± 0 .4 4 A B  
3 .5 0  ± 0 .3 7 A B
4 .0 0  ± 0 .2 6 A  
2 .7 5  ± 0 .5 2 A B
3 .0 0  ± 0 .4 2 A B  
2 .3 7  ± 0 .3 2 B

4 .1 2  ± 0 .2 9 A  
3 .0 0  ± 0 .2 6 B
4 .1 2  ± 0 .2 2 A  
3 .3 7  ± 0 .3 2 A B  
2 .6 2  ± 0 .2 6 B  
2 .7 5  ± 0.31 B

a W F  an d  8 8 %  W F  + 12 %  S F  In d ica te  b re a d s  p re p a re d  f r o m  w h e a t  f lo u r ,  an d  w h e a t  f lo u r  fo r t i f i e d  w i t h  1 2 %  s o y  fo r t i f i e d  f lo u r  ( 8 8  p ar ts  w h e a t  
f lo u r  an d  12 p a r t s  de fa t ted  so y  f lo u r ) ,  r e s p e c t iv e ly .

b ( C ) ,  (M )  and (S) d e n o te  b rea d s ,  p ro ce sse d  b y  ov en  b a k in g ,  m i c r o w a v e  b a k in g ,  an d  s te a m in g ,  r e sp ec t iv e ly .  
c D u n c a n ' s  M u lt ip le  Ran g e  T e s t  ( 1 9 5 5 ) :  M e a n s  w i t h o u t  a le tte r  In c o m m o n  d i f fe r  s ig n i f i c a n t ly  (P <  0 . 0 5 ) .
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ports, as reviewed by Reynolds (1965). The nutritive loss of 
lysine by conventional baking of regular and fortified breads 
was also observed by such workers as Jansen and Ehle (1965), 
Jansen et al. (1964), Rosenberg and Rohdenburg (9151), and 
Jenneskens (1971).

Heating has been reported to reduce the nutritive value of 
essential amino acids in a protein through racemization 
(Hayase et al., 1975) and chemical decom position (Osner and 
Johnson, 1974). Furtherm ore, lysinoalanine (Ne(DL-2-amino- 
2 carboxyethyl)-L-lysine) was recently found to form in pro
teins with or w ithout alkali treatm ent during heating (Wood
ard and Short, 1973; Sternberg et al., 1975) and it could 
reduce protein digestibility and net protein utilization (De- 
Groot and Slump, 1969). All indicate that besides crust and 
crumb browning, other changes during the heating process 
could also lower the bread’s nutritive value. Such changes, like 
browning, would be more severe with conventional baking at 
218°C than with steaming at 100°C. This may also be a factor 
responsible for the superiority of steaming or microwave bak
ing over conventional baking in preserving the nutritive values 
of bread.

Since bread is deficient in lysine, its nutritive value pri
marily depends on the availability of lysine, as shown by the 
significant raise in PERs with the lysine- or soy-fortification 
(Tables 4 and 6). However, other amino acids including argi
nine, histidine, tyrosine, tryptophan, and m ethionine could 
also become nutritionally unavailable during conventional bak
ing. The early work of Lea and Hanan (1950) showed that the 
destruction or com bination of such amino acid residues with 
sugars took place in the reaction between glucose and casein.

In a time of food shortages in many parts of the world, 
every means should be sought to  improve food’s utility and 
reduce food waste. Proper food processing, among various 
other means, should be em ployed to preserve and improve the 
nutritive value of foods. Bread is a staple; its nutritive value 
affects a great majority of the hum an population. The marked 
increase in nutritive value of breads microwave baked or 
steamed, observed in the present study, indicates that those 
processes deserve serious attention. Steaming has been the tra
ditional way to  process yeast-raised dough in China and other 
countries in the Far East while microwave has recently been 
used increasingly to  heat foods. Both processes may serve to  
improve the nutritional value of our daily bread.
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SAFETY EVALUATION OF AN ENZYMATIC FISH PROTEIN HYDROLYSATE: 
10-MONTH FEEDING STUDY AND REPRODUCTION PERFORMANCE IN RATS

----------------- ----------—  ABSTRACT ----- --------------------—
Weanling rats were fed an enzymatic fish protein hydrolysate (EFPH) at 
10, 20 and 30% protein levels for 40 wk. Control animals were fed 
casein at 10% protein level. At 12, 24 and 40 wk, animals of each group 
were killed to determine hemoglobin cone, hematocrit, total red blood 
cells count and total and differential white cells count and for histologi
cal study. Experimental animals showed higher growth rate when com
pared to the controls. Hematological and histological studies showed no 
abnormalities. Fertility was studied in another group of animals and 
was found comparable to that of the controls. Litter sizes were similar 
and birth weights were normal in all groups except in the 10% EFPH, in 
which it was lower. Growth curves in this second generation were signif
icantly higher in animals on 20 and 30% EFPH protein: at 15 days of 
age they reached the same weight as controls and 10% EFPH groups at 
20 days. Results confirm the high quality and safety of this fish protein 
hydrolysate and open the possibility of using it to supplement the 
protein intake in developing countries.

INTRODUCTION

PRODUCTION of enzymatic hydrolysates of fish protein has 
been reported by several groups. According to  McBride et al. 
(1961) pepsin produced better solubilization of herring tissue 
than did other proteolytic enzymes. Sripathy et al. (1964) 
developed a m ethod to  produce hydrolysate from fish flesh 
using papain. Hale (1969) investigated the production of sol
uble fish protein concentrate by enzym atic hydrolysis of 
whole red hake ( Urophycis chuss).

Rutman and Heimlich (1974) developed a process to  solu
bilize the proteins from  Chilean hake (Merluccius gayi) fillets 
using bromeline. Yaflez et al. (1976) have reported extensively 
on the chemical composition, nutritive value and supple
mentary capacity to  cereal protein of this hydrolysate.

This paper reports on the safety and influence on reproduc
tion of Rutm an’s fish protein hydrolysate. For this purpose a 
10-month feeding study in rats was designed, using different 
levels of dietary protein.

MATERIALS & METHODS
THE ENZYMATIC fish protein hydrolysate (EFPH) used in this study 
was manufactured in the pilot plant of the Fisheries Research Institute 
of Chile (IFOP) by the method developed by Rutman and Heimlich
(1974). Data on chemical composition and biological value of this pro
tein have been reported recently by Yanez et al. (1976). Adjusted PER 
values ranged from 2.81-2.96 (casein = 2.50).
Diets

EFPH was incorporated into the experimental diets at the 10, 20 
and 30% protein levels. A 10% casein diet, prepared according to Chap
man et al. (1959), was used as a control. Fresh batches of each diet 
were prepared every 2—4 wk and kept at room temperature.
Animal feeding study

Each experimental diet was fed to 15 male and 15 female weanling 
rats of the Wistar strain from the stock of our Institute. Animals were 
housed in groups of five, in an environmentally controlled room in 
wire-mesh screen bottom cages. Temperature was maintained at

24-26°C. Food and drinking water were offered ad libitum. Total 
body weight of animals housed in each cage was recorded weekly.

At 3, 6 and 10 months, 5 males and 5 females from each group were 
sacrificed by decapitation. Blood was collected for hematologic studies 
and organs were fixed for histologic examination.

The following hematologic studies were carried out: hemoglobin 
concentration and hematocrit, total red blood cell count, reticulocytes 
and total and differential white cell counts according to Cartwright 
(1966). In addition the animals were carefully examined for gross path
ologic changes. The weight of the liver, heart, kidneys, spleen, adrenals 
and thyroid was recorded.

Histologic studies were conducted on these organs as well as in 
samples of lung, stomach and small intestine.

Samples of tissue were fixed in Bouin’s solutions, dehydrated in 
increasing concentrations of ethanol, embedded in paraffin and stained 
with hematoxylin and eosin for study with the light microscope. Histo
logic examination was performed without foreknowledge of the diet 
the animals had been fed.

Reproduction and lactation study
In this study four groups each of 30 weanling rats, 10 males and 20 

females, were fed the experimental diets for 3 months. One of these 
groups was fed rat chow containing 22% protein, served as the control. 
After 12 wk all the animals in each group were mated and separated 
into two sub-groups of 5 males and 10 females. The females were caged 
individually throughout pregnancy and delivery and until weaning. Lit
ters were counted and weighed at birth.

Mothers were allowed to suckle their pups for 3 wk. The litters were 
weighed every 5 days until 20 days of age.

RESULTS
Physical condition and mortality

During the 10-month period of this study no adverse 
changes in the appearance, behavior or survival of the rats on 
the EFPH diets were observed. A male rat on the 30% EFPH 
diet died after 6 wk of experiment. Autopsy revealed diffuse 
inflammation of the pulmonary parenchyma.

Growth rates are shown in Figure 1. Weight gains for both 
sexes were greater in animals fed EFPH at 10% protein level 
than for those fed the same concentration of casein. As antici
pated, animals fed EFPH at 20% and 30% protein grew signifi
cantly faster than those fed the casein control diet.
Hematology

Blood values at 12, 24 and 40 wk did not differ markedly 
between the different groups. At 12 wk hemoglobin and 
hem atocrit values of males on the 20% and 30% EFPH diets 
were significantly higher than the controls. These differences 
were not observed later in the trial. Table 1 shows the data at 
12 wk of experim ent, since no differences were found at 24 
and 40 wk.
Organ weights

Table 2 shows liver, kidney and adrenaUweights expressed 
as grams per 100 grams of body weight after 12 wk. No differ
ences were found between the experim ental groups and the 
same was observed.at 24 and 40 wk. However, at 12 wk the 
adrenals of the females were always significantly heavier (p <
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Fig. 1 - G r o w th  o f  ra ts fe d  E F P H  a t  d i f f e r e n t  leve ls  o f  p r o te in .

0.001). These sex differences disappeared at 24 and 40 wk of 
age.
Histological study

All the organs investigated were histologically normal. No 
changes could be observed that could be attributed to the test 
material.
Reproduction and lactation

Reproductive performance is summarized in Table 3. Fer
tility was similar in all the groups considered and the average 
num ber of pups per litter was the same whatever the diet. Pups 
born to  mothers fed 10% EFPH weighed less than those whose 
mothers received 20%, 30% EFPH or stock diet. Weigh.: gains 
of pups suckling the m others receiving 20 and 30% protein 
level EFPH were significantly greater than the controls. At 15 
days of age their weights were similar to  those of control pups 
on 10% EFPH at 20 days.

DISCUSSION & CONCLUSIONS
TESTS for safety and suitability for human consum ption are

T able  1—H em a to lo g ica l va lues fo r  ra ts  fe d  E F P H  a t d ie ta r y  p r o te in  
leve ls  o f  10, 2 0  a n d  30%  fo r  12  w k a

D ietary  protein  
level

0//o
Hb

(g/100 ml)
P C V

%
To ta l

1 0 3/m m 3

Males
Casein (10%) 13.8 39.8 7 .8 8
E F P H  10 14.9 4 3 .0 5 .9 0
E F P H  20 1 5 .6 * 44 .6 7 .52
E F P H  30 1 6 .0 ** 4 5 .7 * * 7.32

Fem ales
Casein (10%) 14.9 43 .3 6 .1 4
E F P H  10 14.7 43 .0 5 .84
E F P H  20 14.9 42 .0 7.68
E F P H  30 15.6 42 ,6 5 .6 0

a E a c h  v a lu e  rep re se nts  th e  m ean  o f  4  o r  5 o b s e r v a t io n s .  H b  = 
H e m o g lo b in ;  P C V  = P a ck e d  ce l ls  v o lu m e .

* S ig n i f i c a n t ly  d i f f e r e n t  f r o m  c o n t r o l  (p <  0 .0 1 )
**  (P <  0 . 0 0 1 )

Table 2 —W eig h t o f  liver, k id n e y s  a n d  ad ren a ls  fr o m  m a les  a n d  fe m a le s  a f te r  12 w k  o f  e x p e r im e n ta l  d ie ta

Protein
source

(%)

Liverb Kidneys13 Adrena!sc

Males Females Males Females M ales Females

Casein 10 3 .40  ± 0 ,28 3 .02  ± 0 .52 0 .5 6  ± 0 .0 9 0.61 ± 0 .1 0 11.2  ± 2 .5 18 .0  ± 5.1
E F P H  10 3 .2 4  ± 0 .83 2 .9 3  ± 0 .5 4 0 .6 0  ± 0.11 0 .57  ± 0 .0 7 11.2  ± 4 .4 20 .3  ± 3 .7
E F P H  20 3 .1 5  ± 0 .36 3 .0 4  ± 0 .37 0 .6 8  ± 0 .0 2 0 .6 3  ± 0 .0 5 14.6  ± 2 .8 17.8 ± 3 .9
E F P H  30 2 .7 8  ± 0 .3 2 2 .8 2  ± 0 .12 0 .6 5  ± 0 .0 3 0 .6 3  ± 0 .0 3 12.8  ± 2 .2 2 0 .0  ± 5 .5

a Al l va lu es  are ca lc u la te d  as c o n f id e n c e  l im i ts  o f  th e  m e a n  a c c o rd in g  to th e  f o r m u l a :  P (x + s *  t/2)  = 0 .9 5 .
A l l  da ta  e x p re ss e d  as g / 1 0 0 g  b o d y  w e ig h t .  E a c h  v a lu e  is the  average fo r  5 an im a ls .  

c m g / 1 0 0 g  b o d y  w e ig h t
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T able  3 —R e p r o d u c t io n  o f  ra ts fe d  E F P H  a t  d ie ta r y  leve ls  o f  10 —30%  p r o te in

D ietary  Percentage o f Average no. of
level fem ales w ith  ra ts /litte r  M ean bo dy w eight (g) o f  young at day

(%) litter at birth 0 5 10 15 20

Stock d iet3 6 2 .5 9 .3  ± 0 .3 5 .4  ± 0 .1 4 8 .8  ± 0 .6 2 15.5  ± 0 .6 6 21.7  ± 1 .03 30 .0  ± 1.52
E F P H  10 6 0 .0 9 .4  ± 0 .4 4 .8  ± 0 .1 4 b 9 .8  ± 0 .4 5 14.2  ± 0 .6 5 2 0 .7  ± 1.22 3 2 .5  ± 1.31
E F P H  20 66.6 9 .6  ± 0 .3 5.7  ± 0 .1 5 12.7  ± 1 .2b 2 2 .5  ± 1.2b 3 2 .5  ± 1 ,33b 4 9 .0  ± 2 .4 b
E F P H  30 6 0 .0 10 .4  ± 0 .6 5.7 ± 0 .1 4 13.1 ± 1 .3b 2 2 .4  ± 1 ,3b CO 1+ o cr 4 8 .3  ± 2 .5 b

a C o m m e r c i a l  d ie t  c o n ta in i n g  2 2 %  p ro te in  
b S ig n i f i c a n t ly  d i f f e r e n t  (p <  0 . 0 1 )  f r o m  s t o c k  d ie t

essential in the development of new foods (NAS-NRC, 1959). 
Safety is the practical certainty that injury will not result from 
the substance tested when used in the quantity  and in the 
manner proposed for its use. Commonly, the laboratory rat is 
used in these experiences to establish the safety of a product 
because it is easy to  handle, economical and, from the enor
mous experience accum ulated, its reactions are well known. 
Eventually tests have to be carried out in other species, includ
ing the one for whom the product is intended. It is common 
practice to  adm inister at least three dosage levels of the sub
stance under test in the expectation of finding both a non- 
adverse-effect level and a dose that induces some abnormal 
response. The present study was performed in weanling rats 
using EFPH at 10, 20 and 30% protein levels as the sole source 
of protein for 10 months. Our results indicate that EFPH is a 
product of good protein quality. It prom otes satisfactory 
growth in rats, it can be ingested at levels as high as 20 or 30% 
for extended periods of time w ithout apparently causing dele
terious effects: hem atologic values, relative organ weights and 
histology were always normal. Fertility and litter size were 
similar to those of control rats and agreed with the standards 
of our colony. However, it is notew orthy that 20 and 30% 
EFPH protein diets induced' faster growth rates than in con
trols or rats fed 10% EFPH since the first days o f  life. From 
these data one is tem pted to postulate that these animals 
attained m aturity faster than those fed EFPH or casein at 10% 
protein. However, this is not known with certainty. Widdow- 
son and Cowen (1972) have postulated that earlier sexual 
m aturity o f children today as compared to  decades ago can be 
attributed among other factors, to  improved nutrition.

In conclusion, EFPH did not induce any obvious toxic 
effect after 40 wk of feeding up to 30% protein level. Growth 
rates were normal and clinical illness or adverse biochemical or

physiological effects were not detected. Gross and microscopic 
damage to body tissues or organs were absent and fertility and 
reproduction seemed unaffected.

Enzymatically hydrolyzed fish muscle has excellent nutri
tive value and may be fed to rats for long periods of time. It 
seems advisable to  investigate means of introducing this prod
uct in human foods to correct the shortage of high quality 
protein in developing areas.
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BETANINE SEPARATION AND QUANTIFICATION 
BY CHROMATOGRAPHY ON GELS

-------------------------------- ABSTRACT --------------------------------
Published methods for separation and quantification of betalaine pig
ments from plant extracts are based on electrophoretic and spectro- 
photometric techniques. These methods are either time consuming, or 
lack accuracy if interfering substances are present; therefore, a more 
rapid and accurate method for betalaine separation and betanine quan
tification is needed. Chromatography on gel filtration supports (Sepha- 
dex or Bio-Gel polyacrylamide) is shown to be a rapid and efficient 
method of separating betalaines from raw beet juice. Raw and fer
mented beet juice (Beta vulgaris) directly applied to a column ot poly
acrylamide gel (Bio-Gel P-6) resulted in the detection of numerous 
pigment bands. Observed average distribution coefficients (Kav) for 
betanine on Sephadex G-25 or Bio-Gel P-6 ranged from 0.8-2.0 at a pH 
value of 4.0-2.0, respectively. These data suggest that the major mech
anism of retention of the pigments on gel supports can be adsorption 
rather than gel-filtration. Resolution of betanine and betanidine was 
greater on columns packed with Sephadex G-25 compared to columns 
packed with Bio-Gel P-6. Loading capacity (based on reduced plate 
height) was greater on columns packed with Bio-Gel P-6 when compar
ing the two column packings. When Bio-Gel P-6 was chosen as the 
support for the separation of pigments, excellent separation was ob
tained using a phosphate buffer at pH 3.0. Elution patterns of betanine 
were recorded by measuring the absorption at the maximum wave
length. Peak areas obtained were related to standard concentrations of 
betanine.

INTRODUCTION

RECENT LIMITATIONS on the use of some synthetic food 
colorants have prompted increased interest in natural pig
ments. Beet concentrates o r powder {Beta vulgaris) have been 
shown to be an applicable colorant in many food systems 
(Pasch et al., 1975; von Elbe, 1975). Their inherently low 
betacyanine concentration, organoleptic qualities, and rela
tively high cost compared to  synthetic dyes, have limited their 
increased food usage. Ferm entation of beet juice has been 
shown to increase the betacyanine content on a dry weight 
basis and to  decrease organoleptic properties (Adams and von 
Elbe, 1976). Further studies in the application of betacyanines 
as colorants will require a more efficient large scale m ethod for 
purification and method of quantification.

Present m ethods for separation and quantification of beta
laine pigments from aqueous plant extracts are based on elec
trophoretic or chromatographic techniques, and spectrophoto
m etry. Paper electrophoresis is used extensively as a qualitative 
tool to  separate betalaine pigments from raw beet extracts 
(Powrie and Fennema, 1963; Piattelli and Minale, 1964; Nils
son, 1970; von Elbe et al., 1972). By far the most efficient 
method for isolation of different betalaine pigments is column 
chromatography. However, such column m ethods must be pre
ceded by a crude purification of the plant extract by cationic 
exchange resin or gel filtration to prevent excessive band 
spreading on the adsorptive chrom atography support (Aronoff 
and Aronoff, 1948; Peterson and Joslyn, 1958; Piattelli and 
Minale, 1964; Lempka and Krause, 1970; Nilsson, 1970; 
Kinder, 1972; von Elbe et al., 1972). Quantification of beta
laines in beets involving spectrophotom etric measurements at

the visible maxima determines only red or yellow pigments 
and proves slightly inaccurate if sufficient colored im purities 
are present (Nilsson, 1970). Von Elbe et al. (1972) estim ated 
the betanine content of beets by the use of electrophoresis and 
subsequent densitom etry.

The purpose of this study was to investigate separations of 
betalaine pigments on gel filtration supports, mode of opera
tion and betanine quantification.

Gel filtration is based on the ability of the solute molecule 
to diffuse into a cross-linked polymer particle that prevents 
bulk flow of its imbibed fluid. The molecular size of the solute 
determines the extent to which it can penetrate the polymeric 
particle. The chromatographic effect is determ ined by the 
ratio of the solute’s residence time in the stationary phase 
relative to  the mobile phase. Solute retention on the column is 
generally determined by a calculation of the average distribu
tion coefficient (Kav) using the equation

Kav = (Vr -  V0 )/(V t -  V0 )

where Vr is eluate volume of the solute, V0 is the excluded 
column volume, and Vt is the to ta l column volume. W ithout 
solute-gel matrix interactions, solutes totally excluded or to ta l
ly penetrable in the polymeric particle would have Kav’s equal 
to 0 and 1, respectively.

Gelotte (1960) and Porath (1960) noted that the primary 
chromatographic effect of Sephadex, the first gel support m an
ufactured, was to separate solutes by molecular sieving. Super
imposed on this phenomenon was the possible adsorption of 
aromatic and heterocyclic organic com pounds on the bed 
material. More recently, Brook and Housley (1969) and Brook 
and Munday (1970) proposed the mechanism of interaction of 
phenols, anilines, and benzoic acids with Sephadex. These 
authors suggested the similarity of titra tion  curves and the 
elution curves of aromatic acids (Kav vs pH), and that the 
inflection point in either curve was the pKa of the acid. They 
further suggested that this adsorption occurs at the epichloro- 
hydrin cross-linkage as hydrogen bonding between the acid’s 
proton and the alcoholic or etheral oxygen. Since this adsorp
tion occurs at the cross-linkage, it would be expected that the 
capacity of Sephadex as an adsorbent would not be very large; 
therefore, another gel support (Bio-Gel P-series polyacryla
mide) was studied because it has similar gel filtration charac
teristics to Sephadex, but also contains a matrix which con
tains possible hydrogen bonding sites.

METHODS
Comparison of Sephadex G-25 and Bio-Gel P-6 as gel support

Sephadex G-25 fine (Pharmacia Fine Chemicals, Piscataway, N.J.) 
and Bio-Gel P-6 200-400 mesh (Bio-Rad Laboratories, Richmond, Cal.) 
gel supports were hydrated in 0.025M phosphate buffer of varying pH 
values. A 2.5 cm diam. column (K25/40, Pharmacia Fine Chemicals, 
Piscataway, N.J.) was slurry packed to a length of approximately 36 
cm. A 1-ml sample (2% solution of a fermented beet juice powder)
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(Adams and von Elbe, 1976), adjusted to column pH value with cone 
HC1) was applied to the column and the eluate collected volumetrically 
(Golden Retriever Pup, Instruments Specialities Co., Lincoln, Neb.). 
Fraction collector tube volumes were determined by weighing. Absor
bance maxima measurements were made on a Spectronic 20 (Bausch & 
Lomb Optical Co., Rochester, N.Y.). Excluded column volumes were 
determined by applying 1 ml of Blue Dextran 2000 solution (Pharmacia 
Fine Chemicals, Piscataway, N.J.) and determining the leading inflec
tion point of the eluate curve.
Comparison of buffer composition and exclusion limits 
of polyacrylamide gels

The influence of buffer composition of eluate patterns was investi
gated on columns containing a Bio-Gel P-6 (400 mesh) support. Buffers 
made with 0.025M phosphate, 0.025M citrate, and 0.075M acetate 
were adjusted to pH 3.0 ± 0.1 by the addition of HC1 or NaOH.

The influence of exclusion limits was investigated on columns con
taining Bio-Gel P-2, P4, or P-6 (-400 mesh), respectively as supports. 
The gels were hydrated in 0.025M phosphate buffer at pH 3.00 ± 0.1, 
deaerated and slurry packed in a 0.9 cm diam. column (K9/30, Phar
macia Fine Chemicals, Piscataway, N.J.) to a length of approximately 
28 cm. Absorbent measurements were made on a recording spectro
photometer (ACTA III, Beckman Instruments, Fullerton, Cal.) using on 
80 /al flow cell (upward flow). Excluded column volumes were esti
mated by determining the inflection point of the eluate response 
(A620) to a step input of Blue Dextran 2000. A 0.1-ml sample (0.4% 
solution of fermented beet juice powder (Adams and von Elbe, 1976) 
adjusted to pH 3.00 with cone. HC1) was applied to the column and the 
elution curve estimated by timed chart response at As 3 8 for betanine 
and As 4 2 for betanidine.
Separation of betalaine pigments

Separation of betalaine pigments was accomplished on a 2.6 cm 
diam. column (K26/40 with A26 applicator, Pharmacia Fine Chemicals, 
Piscataway, N.J.) containing Bio-Gel P-6 (-400 mesh) as support with 
0.025M phosphate buffer (pH 2.95) as eluent. One ml of a 15% solu
tion of fermented beet juice powder (Adams and von Elbe, 1976) or a 
five-fold concentrate of fresh beet juice (50% solids) were used as sam
ples.
Betanine quantification

Crystalline betanine was obtained in the following manner:
1. 150-ml sample (10% fermented beet juice powder (Adams and 

von Elbe, 1976) adjusted to pH 2 with cone HC1) was applied to a 5.0 
cm diam. column (bed volume 1000 ml, K50/60, Pharmacia Fine 
Chemicals, Piscataway, N.J.) having a bed material of Bio-Gel P-6, 
100-200 mesh with distilled water as eluent. The red fraction was col
lected (350-400 ml) after essentially all of the salts had eluted. The 
eluate was concentrated twofold on a rotovaporator (25° C).

2. 20 ml of the above concentrate (adjusted to pH 2.9 with cone 
acetic acid) was applied to the column and bed material described 
above with the exception that the eluent was 1% acetic acid in water. 
The betanine fraction (150-200 ml) was collected and freeze dried.

3. A saturated solution of the freeze-dried powder was prepared 
with double distilled water at room temperature and filtered. Sufficient 
cone HQ was added to reduce the pH value below 2. A flocculent 
precipitate was collected by centrifugation after storage at 4°C for 12 
hr. Tire precipitate was redissolved in double distilled water adjusted to 
pH 1.0 with HC1, filtered, and placed in a desiccator at 4°C for crystalli
zation.

A series of betanine solutions were prepared and used as samples to 
relate peak area to mg betanine applied to the column. A 1-ml sample 
of each solution was placed on a 2.6 cm diam. column with applicator 
(Pharmacia Fine Qiemicals, Piscataway, N.J.) packed with Bio-Gel P-6 
200-400 mesh gel. A 0.025M phosphate buffer (pH 3.00) was used as 
eluent.
Data analyses

A computer program based on Simpson’s Rule for integration was 
written to compute the first, second, and third moments of the chro
matograms (absorbance vs volume). A measure of skewness was defined 
as the third moment divided by the second moment to the 3/2 power 
and used as a check to substantiate the assumption of symmetrical 
eluate curves.

The first and second moments of the eluate curve were used as the 
estimates of its mean (Vr) and the variance (a2), respectively. Plate 
height, reduced plate height, reduced velocity and resolution were cal
culated as

(a) Plate height (Purnell, 1962)

H = N/L = VeVr/L a2

where L = column length (cm); N = number of theoretical plates; and
Ve = Vt - o / 2 .

(b) Reduced plate height (Giddings and Mallik, 1966) 

h = H/dp

where dp = gel particle diameter (= 0.008 cm for Sephadex G-25; = 
0.006 cm for Bio-Gel P-6 200400 mesh; = 0.003 cm for Bio-Gel P- 
series minus 400 mesh).

(c) Reduced velocity (Giddings and Mallik, 1966)

v = dpv/Dm

where Dm (betanine diffusivity in mobile phase) = 5 x  10'6 cm2 /sec; v 
(mobile phase velocity) = FVt /AV0; F = flow rate (ml/sec); A = column 
cross-sectional area (cm2); VQ/Vt = 0.37 for G-25; = 0.32-0.34 for P-6; 
= 0.36 for P4; = 0.38 for P-2.

(d) Resolution (Zweig and Sherma, 1972)

^  1 | K av(betan id ine) I _ .  K av(b e ta n in e ) j

s 4 |^Kav(betan in e) J I 1 -  K av(b e ta n in e )J

RESULTS & DISCUSSION
TO SEPARATE betacyanines from beet juice, gel filtration 
was considered as a m ethod of desalinating ferm ented beet 
juice (Adams and von Elbe, 1976). During these experim ents it 
was found that substantial adsorption of betacyanine pigments 
(Kav > 1 )  occurred when Sephadex G-25 was used as column 
packing. This property was used to  obtain a product of 
approxim ately a 50% betacyanine conten t on a solids basis 
even with sample loading of 15—20% of the to ta l column vol
ume (von Elbe et al., 1974). This gel filtration-adsorption phe
nom enon could be useful as an analytical too l particularly 
when betanine stability and degradation is studied in a variety 
of solution compositions, and as a commercial m ethod for 
large scale betacyanine purification.
Dextran and polyacrylamide gel comparison

A perform ance comparison of Sephadex G-25, fine (dex
tran matrix) and Bio-Gel P-6  2 0 0 4 0 0  mesh (polyacrylamide 
matrix) was made. Figure 1 is a plot o f Kav for betanine and 
betanidine vs pH. Table 1 gives data for Kav, h, measure of 
skewness, and resolution o f betanine and betanidine. No data 
were obtained below pH 2.0 because of possible pigment and 
column support degradation. Above pH 4 reproducible data 
could not be obtained on P-6  primarily because of excessive 
band spreading. In Figure 1, and Kav values below pH 4.0 
increased on bo th  column supports for betanine and betani
dine. A polynomial equation (model; YKav = A0 + AxX + 
A 2 X 2 + A3 X 3 +A4 X4 , where X = pH values) fitted by sequen
tial multi-linear regression yielded only an inflection point of 
significance (0.05) on P-6 at pH 3.2 and 3.3 for betanine and 
betanidine, respectively (Fig. 1). The pK a value of the car
boxyl groups at positions 15 and 17 of betanine (Fig. 2) have 
been reported as 3.4 when determ ined by alkaline titration  
(Nilsson, 1970). The data in Figure 1 seem to indicate that the 
adsorptive mechanism on either G-25 or P-6 is in part due to  
the protonization of the carboxyl groups at positions 15 and 
17 and possible hydrogen bonding w ith gel cross-linking or 
matrix.

A sequential multiple linear regression (model: Y = A0 + 
Ai X i + A2 X2 + A3 X 3 was solved for pH values of 2 .5—4.0 (in
dependent variables Xi =pH ; X2 = betanine peak area; X 3 = re
duced velocity; dependent variable Y = Kav, h, measure of 
skewness, or resolution of betanine and betanidine). Those
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KAV 0 F  B ETO N IN E AND BETON ID I NE V ER SU S PH

PH

Fig. 1—K av values fo r  b e ta n in e  a n d  b e ta n id in e  o n  S e p h a d e x  G -2 5  a n d  
B io -G el P -6  vs p H .

relationships having F-ratios significant at the 0.05 level are 
listed in Table 1. The measure of skewness for the betanine 
peaks on G-25 and P-6 were independent of pH, peak area and 
reduced velocity.

The Kav and h values for betanine on Sephadex G-25 were 
dependent on pH and peak area, while on P-6 the Kav value 
was dependent on pH only and the h value was a constant. Kav 
and h value for betanidine on G-25 were dependent on pH 
only, while on P-6 the results were similar to those of beta-

nine. The resolution of betanine and betanidine was dependent 
on pH on G-25 but independent of pH on P-6. With dilute 
betanine sample concentrations on Sephadex G-25 b e tte r reso
lution of betanine and betanidine was achieved com pared to 
that on P-6 (at pH 3.0, 1.79 vs 1.26). However, since h values 
on P-6 were substantially lower and not dependent on pH 
and/or peak area, polyacrylamide gel was chosen for fu rther 
studies.

Buffer com position com parison
Buffer com position was tested as a variable in a more sen

sitive flow-through spectrophotom etric system com pared to  
the previously used fraction collection method. Data in Table 
2 compare colum n variables as a function of the buffer com po
sition of acetate, phosphate and citrate at pH 3.0 ± 0.1. To 
compare buffer com position, the independent variables of pH, 
peak areas and reduced velocity were held constant, and the 
values obtained were not significantly different (Table 2). The 
measure of skewness indicated sym m etrical peaks and, there
fore, the assumption made to  calculate h and resolution 
applied. With increasing anion size (i.e., acetate — phosphate — 
citrate) there was a decrease in Kav value for betanine and 

betanidine and a general increase in h value. The changes in 
values of bo th  Kav and h implied th a t although adsorption of 
these betacyanines seemed predom inate, there was still a sig
nificant molecular exclusion mechanism. Possibly these obser
vations could be understood by considering the buffer anion 
interaction with the positively charged quaternary nitrogen 
and the subsequent increase in their associated molecular size. 
In addition, the resolution of betanine and betanidine de
creased as the buffer anion increased in size.
Polyacrylamide gel exclusion lim its comparison

Data in Table 3 presents colum n variables resulting from 
changing polyacrylamide gel exclusion limits. Independent 
variables pH, peak area and reduced velocity were, as pre
viously, held constant. For the exclusion limit range studied, 
the molecular size of betanine and betanidine would suggest 
significant molecular sieving on P-2 with lessening effects on

Table  7—D e p e n d e n t  c o lu m n  variables fo r  G -2 5  a n d  P -6 ge ls as a 
fu n c t io n  o f  p H  (2 .5 —4 .0 ) a 'b

C olum n Packing

Y  variable G -25 P-6

Betanine
Measure of skewness 0 .3 4 - 0 .1 4
K av 2 .0  -  0.21 X , — 0 .0 3 X j  2 .5  — 0 .3 9 X ,

for X ,  = 3 .0 ; X 2 = 8.1 Kav = 1-14 = 1.33
h - 8 .3  + 1 3 .5 X , - 2 . 6 X ,  7.1

for X ,  = 3 .1 ; X 2 = 8.1 h = 11.1 -

Betanidine

Kav 3 .4  - 0 . 4 9 X , 3 .5  - 0 . 5 7 X ,
for X ,  = 3 .0 K av = 1 .93 = 1.79

h 1 .4 4  + 1 .9 3 X , 4.1
for X ,  = 3 .0 h = 7 .23 -

Resolution o f 
betanine and betanid ine

for X ,  = 3.0 3 .6 2  -  0.61 X ,  
R s = 1.79

1.26

a C o l u m n  d ia m .  = 2 .5  c m ;  a p p ro x  length  = 3 6  c m ;  re d u ce d  v e lo c i ty  
o n  G - 2 5  = 1 4 .5 ,  on  P-6 = 1 0 .5

b M o d e l :  Y  = A „  + A ,  X , + A 2 X 2 + A 3 X 3 w h e r e  X ,  = p H ,  X 2 
= b e ta n in e  pe ak  area ,  X 3 = re d u ce d  v e lo c i t y

Table 2 —C o lu m n  variables as a fu n c t io n  o f  e lu e n t  b u f f e r  c o m p o s i-  
t io n a (p H  3 .0  ± 0 .1 )

B uffe r com position*3

Variables'3
0 .0 7 5 M
A cetate

0 .0 2 5 M
Phosphate

0 .0 2 5 M
C itra te

Betanine
Peak area (ml X  A s 3 8 ) 0 .07a 0.08a 0 .1 0 a
V 7.1a 5.8a 6.9a
Measure of skewness 0.0a 0.4a 0.1a
K av 1.45a 1.43a 1.32b
h 4.0a 4.5ab 6 .0b

B etanidine

K av 1.91a 1.87a 1.74b
h 3.7a 2.8b 3.7ab

Resolution o f betanine  
and betanid ine

2.3a 2.1ab 1.8b

a C o l u m n  d ia .  = 0 .9  c m ;  a p p ro x ,  length = 2 8  c m ;  P-6  —4 0 0  m esh  
bed m ater ia l

k  v = r e d u c e d  v e lo c i t y ;  K av  = average d is t r ib u t io n  c o e f f i c i e n t ;  h = 
r e d u c e d  p la te  he ig ht .

c  V a lu e s  f o l lo w e d  b y  t h e  sa m e  le tte r  in a n y  o n e  row  a re  n o t  s ig n i f i 
c a n t l y  d i f f e r e n t  f r o m  e ach  o th e r  at  the  9 5 %  c o n f id e n c e  level  (t 
test).
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P-4 and P-6, respectively. The Kav and h values of both  pig
ments increased with increasing molecular sieving character of 
the gel. Resolution of betanine and betanidine was a com 
promise of the desired increase in the ratio of Kav values and 
the undesired increase in h values. On P-2 the differences in 
Kav values of the two pigments was greatest and despite large 
elution band widths (h values) good resolution was obtained. 
In this study, because of the narrow elution band and the still 
adequate resolution of betanine and betanidine, P-6 was 
chosen for further studies.

The data on column variables presented have indicated that 
satisfactory separation of betanine and betanidine can be 
achieved on G-25 and P-series gels. The mechanism involved in 
column retention  of the pigments involve bo th  molecular siev
ing and adsorption. Betanidine, the aglucone of betanine, was 
retained on the columns to  a greater degree because it is a 
smaller molecule and may have an additional adsorption site 
( -O H  group at position C-6, Fig. 2) due to  the absence of the 
possible steric hindrance of the glucose moiety.
Betalaine separations

Data in Table 4 show the average distribution coefficients 
(Kav) for com pounds from fresh and frem ented beet juice 
detected on columns of polyacrylamide P-6 gel. A com pound 
was considered to  be detectable if the elution pattern  (ml vs 
A) reflected a change in sign of the slope. Com pounds were 
considered resolved when the point at which the change in sign 
o f the slope occurred between adjacent peaks was below the 
half-height of the resolved peak. Areas (ml X  A) are given for 
those peaks which were considered resolved. Ferm ented as 
well as fresh beet juice was used as samples because on a dry 
weight basis ferm ented beet juice had a higher concentration 
and greater num ber of pigments. These data dem onstrate that 
pigment separation was achieved with relatively concentrated 
but unpurified samples. Measurements at 540 nm easily de
tected betacyanines while measurements at 475 nm detected 
both betaxanthines and betacyanines.

D etection of com pounds at 220 nm indicated that betanine 
(Kav = 1.23 — 1.32) absorbed considerably less in the UV 
range than at its visible maxima. The major betaxanthine peak 
had a column retention (Kav = 0.82 -  0.85) approximately 
equal to  other nonexcluded, nonadsorbed com pounds, thus 
greatly increasing the peak area detected (Table 4; col. run 3,

T able  3 —C o lu m n  variables as a fu n c t io n  o f  p o ly a c r y la m id e  g e l (B io- 
G el P -series) e x c lu s io n  limit*'**

P o lyacry lam id e  geld

V ariab le 0 P-2 P-4 P-6

Betanine
Peak area (ml X  A 5 3 s ) 0 .10a 0 .10a 0.08a
V 7.5a 7 .3ab 5.8b
Kav 1.54a 1 ,46ab 1.43b
h 16.7a 1 0 .3b 4 .5 c

Betanid ine
Kav 2.79a 2 .0 6 b 1.87c
h 8.1a 5 .7b 2.8c

Reso lution  o f betanine 
and betanidine

3.0a 1.8b 2.1b

a C o l u m n  d ia m .  = 0 .9  c m ;  a p p ro x  length = 3 8  c m ;  0 . 0 2 5 M  p h o s 
p h a te  b u f f e r ;  p H  3 , 0  ± 0.1

b E x c l u s i o n  l i m i t s  B io -G e l  P-2 = 1 0 0 — 1 8 0 0 ,  P-4  = 8 0 0 —4 0 0 0 ,  P-6  = 
1 0 0 0 —6 0 0 0  d a l to n s

c v = r e d u c e d  v e lo c i t y ;  K av = average  d i s t r i b u t io n  c o e f f i c i e n t ;  h = 
re d u ce d  p la te  he ight.

^ V a lu e s  fo l lo w e d  b y  th e  s a m e  le tte r  in a n y  o n e  r o w  are  n o t  s ig n i f i 
c a n t l y  d i f f e r e n t  f r o m  each  o t h e r  a t  t h e  9 5 %  c o n f id e n c e  level (t 
test).

Table 4 —A vera g e  c o lu m n  r e te n tio n  (K ay) o f  p e a k s  d e te c te d  a n d  p e a k  areas (m l X  A )  o f  r e so lv e d  c o m p o u n d s  fo r  P -6 c h r o m a to g r a p h y  o f  fre sh  a n d  
fe r m e n te d  b e e t  ju ic e *

Colum n run

Beet ju ice

Fresh Ferm ented

1I 2 3 4 5
Detector 

wavelength (nm )
475 5 4 0 4 7 5 540 220

K av Area K av Area K av Area K av Area K av Area

Tentative
Identifica tion

0.69 b
0 .7 6 0 .79

Vulgaxanthines 0 .85 2 .66 0 .8 0 2 .82 0 .83 0 .84 11.9
0 .98 1.01

1.10 1.06 1.05
Betanine 1.30 4 .42 1.32 13.6 1.30 11.1 1.23 3 4 .6 1.25 17.7

1.45 1.43 1.37
1.52 0.41

Betanidine 1.77 0 .0 2 1.72 3 .03 1.63 11.0 1.66 5 .34
1.74

1.99 2.11 0 .2 2
2 .7 6 0.01 2 .78 0 .0 6

Betalam ic acid 3 .53 0 .77
4 .1 6 1.81

a C o l u m n  d ia m .  = 2 .6  c m ;  a p p ro x  length = 31 c m ;  bed m ater ia l  P-6 - 4 0 0  m e s h ;  e lu e n t  0 . 0 2 5 M  p h o s p h a t e ,  pH  2 .9 5  
b E ig h t  p e a k s  d e te c te d  w i t h  K av va lu es  b e tw e e n  0 . 0 0  an d  0 .2 6 .
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Kav 0.80, area 2.82 vs col. run 5, Kav 0.84, area 11.9). UV 
monitoring could be advantageous for the detection of com 
pounds not absorbing in the visible range which were present 
(i.e., Kav = 1.74 or 4.16, Table 4) in the fermented juice or 
may be present in future pigment degradation studies.
Betanine quantification

Preparatory columns were used throughout this study since 
the in tention of the research was oriented toward the feasi
bility o f betanine separation and purification. However, even 
with these lim itations a standard betanine curve (peak area vs 
mg betanine) was established. The equation was solved by 
regression and found to  be linear:

Y = 1008x

where y = peak area and x = mg betanine. The signicance level 
of this equation as determined by F-ratio test was 0.0000.
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ENUMERATION OF TEMPERATURE-STRESSED Pseudomonas aeruginosa 
UTILIZING SELEC TIV E PROCEDURES

--------------------------------  ABSTRACT --------— --------------------
SublethaUy stressed cells of Pseudomonas aeruginosa were enumerated 
using the plate count procedure with Plate Count Agar (PCA) and 
several selective media. Exponential phase (5 hr) cultures were stressed 
at 1 or 5°C in phosphate buffered distilled water for 0, 5 and 30 min 
and 24 hr. Counts on all media decreased as time of stress increased. 
Cold-stressed organisms plated on Acetamide Agar (ACE), King’s Me
dium B with cetrimide (KMB), Trypicase Soy Agar with nitrofurantoin 
(TSN) and Naladixic Acid Cetrimide Agar (NAC) gave lower counts 
than those obtained on PCA, but KMB and NAC were the only media 
that gave statistically different counts at the 95% confidence level. 
Stationary phase (24 hr) cultures were stressed at 55°C in reconstituted 
milk-solids-not-fat to obtain approx 99% kill. Counts of heat-stressed 
organisms on ACE, KMB, TSN, NAC and Pseudosel BBL (PSE) were 
significantly lower than counts on PCA. Incubation of plates at 41°C 
reduced the count of heat-stressed cells significantly from counts ob
tained at 35 or 37°C on all media, including nonselective PCA. Only 
PSE affected counts of unstressed organisms, the counts being signifi
cantly lower than those on PCA. Counts of temperature-stressed P. 
aeruginosa may be substantially decreased when selective procedures 
are used.

INTRODUCTION
Pseudomonas aeruginosa is currently considered one of the 
most frequent causative agents of hospital associated infec
tions. Pseudomonas infections rarely occur in the normal 
human host, but some strains can cause disease in debilitated 
patients. In one report (Bennett, 1974), seven out of 1000 
hospital patients developed an infection with P. aeruginosa, 
accounting for about one-tenth of all nosocomial infections.

P. aeruginosa is most com monly isolated from  water, soil, 
dust, food, and animal and hum an feces. In addition, sampling 
studies in hospitals have resulted in multiple isolations from  a 
large num ber of sources in the inanim ate environm ent, includ
ing eating utensils, floors, lavatories and kitchen facilities 
(Young and Armstrong, 1972).

Several studies have concentrated on hospital environments 
as the source of the organism. Shooter et al. (1969, 1971) 
reported finding P. aeruginosa in cooked and uncooked food 
in a hospital and suggested tha t this organism became estab
lished as intestinal flora of patients as a result of ingestion in 
foods. Wright et al. (1976) recovered P. aeruginosa from 44% 
of hospital salad samples. Kominos et al. (1972) isolated P. 
aeruginosa from fresh vegetables, hands of workers, and knives 
and cutting boards in a hospital kitchen. Pyocine typing of 
clinical isolates revealed that many of the types were the same 
as those recovered from vegetables and kitchen sources. This 
raised the question of whether the source was the plant m ate
rial or contam ination by human handling. Green et al. (1974) 
detected P. aeruginosa in 24% of soil samples, but only 0.13% 
of vegetable samples from  the field contained this bacterium.

Processing and distribution subject foods to  conditions 
which may impose sublethal stress upon the microorganisms. 
Heat and cold stresses have been reported to  affect the recov

ery of other bacteria (Jackson, 1974; Nelson, 1971; Ordal, 
1970; Speck et al., 1975; Traci and Duncan, 1974). Stressed 
organisms are more demanding in their requirem ents for initia
tion of growth than are those which have no t been stressed.

Since food is considered a possible source of P. aeruginosa 
in hospital infections, the m ethod of detection employed must 
be one which can be used with confidence. The purpose of this 
study was to  determ ine the effects o f selective media and incu
bation tem peratures on the enum eration of P. aeruginosa 
which had been subjected to  tem perature stress.

EXPERIMENTAL
Culture preparation

Two strains of P. aeruginosa were employed, ATCC 10145 and a 
laboratory strain obtained from the Dept, of Microbiology & Medical 
Technology, University of Arizona. Cultures were held at —20°C in 
litmus milk. Each strain was grown in nutrient broth (Difco Labora
tories, Detroit, MI) at 37° C for 5 hr to obtain exponential phase cells or 
24 hr to obtain stationary phase cells. Cultures were mixed by a vortex 
mixer for 1 min prior to dispensing for stress treatment, in order to 
diminish cell clumping.
Temperature stress

Cold stress was accomplished by adding 1 ml of exponential phase 
culture to 99 ml prechilled (1 or 5°C) phosphate buffered distilled 
water (Hausler, 1972) and holding at that temperature for 5 min, 30 
min and 24 hr before plating. All samples were immediately diluted in 
room temperature (23 or 25°C) phosphate buffered distilled water and 
plated.

Heat stress was accomplished by adding 1 ml of stationary phase 
broth culture to 50 ml rehydrated milk-solids-not-fat (llOg/liter). A
5-ml aliquot was heated in a screw-capped test tube at 55°C in a ther
mostatically controlled bath for 5, 6 or 7 min following a predeter
mined come-up time and then cooled in ice water.

Unstressed cells were diluted in phosphate buffered distilled water 
and plated out as the control. Platings were made in duplicate and each 
experiment was repeated three times. Plates were incubated at 37°C, 
except where otherwise indicated.
Media employed

Standard Methods Plate Count Agar (Difco Laboratories, Detroit, 
MI) (PCA) (Hausler, 1972) and several media selective for P. aeruginosa 
were used. Acetamide Agar (ACE) was used by Green et al. (1974). The 
formula is that of Hedberg (1969), utilizing acetamide (Eastman Kodak 
Co., Rochester, NY) as the sole carbon source. King’s Medium B (King 
et al., 1954) (KMB) with 0.03% cetrimide (hexadecyltrimethyl-ammo- 
nium bromide) (Eastman Kodak Co., Rochester, NY) was suggested by 
Brown and Lowbury (1965). Naladixic acid cetrimide Agar (NAC) of 
the formula of Goto and Enomoto (1970) utilizes 0.02% cetrimide and 
5 qg/liter naladixic acid (Sigma Chemical Co., St. Louis, MO). Trypti- 
case soy agar plus 0.02% nitrofurantoin (Sigma Chemical Co., St. Louis, 
MO) (TSN) was used. Kominos et al. (1972) used a level of 0.2% 
nitrofurantoin, but Thom et al. (1971) used a level of less than 0.02%. 
Pseudosel (BBL, Cockeysville, MD) (PSE) utilized cetrimide as the 
selective agent.

Statistical analysis used computer program A 3.1 of Sokal and Rohlf
(1969). It was modified to conform to CDC 6400 System of the Uni-

Vol. 42, No. 2 (1977) -  JOURNAL OF FOOD SCIENCE -  415



Table 1—In flu en ce  o f  plating  m edium  on co u n ts  o f  P. aerugm osa
¡A T C C  10145) stressed  at T  C  for 0  m in , 5  m in , 3 0  m in , and 2 4  h r

C olony fo rm ing  un its /m l

M ed iu m 0 m in 5 m in 3 0  m in 2 4  hr

PCA 8 2 0 ,0 0 0 6 5 0 ,0 0 0 3 6 0 ,0 0 0 3 ,9 0 0
A C E 7 6 0 ,0 0 0 5 1 0 ,0 0 0 2 9 0 ,0 0 0 9 9 0
K M B 7 6 0 ,0 0 0 1,300 540 90
T S N 8 8 0 ,0 0 0 3 9 0 ,0 0 0 3 8 0 ,0 0 0 2 ,2 0 0
N A C 59 0 ,0 0 0 2 4 ,0 0 0 3 ,4 0 0 120

Table 2 —Influence o f  p la tin g  m ed ium  on counts o f  P. aeruginosa 
(lab s tra in ) stressed a t 5° C fo r  0 m in , 5  m in , 3 0  m in , and  2 4  h r

C olony fo rm ing  un its /m l

M edium 0 m in 5  min 3 0  m in 2 4  hr

PCA 1 ,5 0 0 ,0 C 0 1 ,1 0 0 ,0 0 0 1 ,1 0 0 ,0 0 0 7 ,5 0 0
A C E 1 ,4 0 0 ,0 0 0 5 6 0 ,0 0 0 5 0 0 ,0 0 0 5 ,8 0 0
KM B 1 ,4 0 0 ,0 0 0 1 3 0 ,0 0 0 37 ,0 0 0 1 ,5 0 0
TS N 1 ,5 0 0 ,0 0 0 6 8 0 ,0 0 0 5 5 0 ,0 0 0 7 ,6 0 0
N A C 1 ,1 0 0 ,0 0 0 3 8 0 ,0 0 0 50,000 2 ,2 0 0

versity of Arizona Computer System. Each count was converted to 
log! 0 and averaged. Log ratio was expressed as log, 0 (count on selec
tive medium/count of respective control of that part of the experiment, 
i.e., PCA at 37°C, with unstressed organisms. Confidence levels of 95% 
are illustrated by dotted lines in the graphs.

RESULTS & DISCUSSION
TABLE 1 gives the average num ber of colonies per ml that 
grew in a representative trial where cold stress at 1°C was used. 
Selective media had no apparent effect on enum eration of 
unstressed cells. Cells stressed at 1°C gave lower counts on 
ACE, KMB, TSN, and NAC than when plated on nonselective 
PCA.

Statistical analysis of data from  trials (Fig. 1) showed that 
unstressed P. aeruginosa gave the same count on all media, so 
it is not illustrated on the graph. KMB and NAC significantly

reduced the count of chilled bacteria. Counts on TSN and 
ACE were not significantly different from  those on PCA.

Data from one representative trial of cells stressed at 5°C 
are shown in Table 2. This treatm ent corresponds to  possible 
stress encountered in foods under less rigorous conditions of 
refrigeration. Unchihed organisms showed little difference in 
counts between the several media. ACE, KMB, TSN and NAC 
reduced the counts of stressed organisms. Holding for 24 hr at 
5°C markedly reduced counts with all media, including nonse
lective PCA.

Statistical analysis of data from three trials (Fig. 2) shows 
that KMB and NAC gave significantly lower counts than PCA 
when cells are held for 5 min and particularly 30 min at 5°C. 
Counts on TSN and ACE were not significantly different from 
those on PCA. After 24 hr stress the to tal cells enum erated 
decreased markedly, but no significant difference between 
counts on PCA and selective media was found.

Fig. 1—Comparison o f  enum eration o f  
cold-stressed (1°C) e xp onen tia l phase 
cells o f  P. aeruginosa (A T C C  10145) on 
PCA and several selective m edia. 3Log o f  
c o u n t on selective m edium  /lo g  o f  co u n t 
on PCA fo r  stress times o f  5  m in , 3 0  m in  
and 24  hr.

416 -  JOURNAL OF FOOD SCIENCE -  Voi. 42, No. 2 (1977)





Fig. 3 —C om parison o f  enum era tion  o f  
heat-stressed (55° C) s ta tio na ry  phase 
cells o f  P. aeruginosa (lab s tra in ) on PC A  
and several selective m edia. ALog o f  
c o u n t on selective m e d ium /lo g  o f  c o u n t  
on PCA fo r  stress times o f  0, 5  and 7 
m in.

NO H EA T 5 m in , 5 5  C 7 m in , 55  C

MEDIA a  STRESS CONDITION

5) suggest tha t incubation at 22 or 41°C lowers the count of 
heat-stressed cells when compared with 35°C.

Statistical analysis of three trials (Fig. 6) shows that incu
bation tem peratures used had no effect on enum eration of 
unstressed cells. However, incubation at either 22°C or 41°C 
significantly decreased the num ber of heat-stressed cells that 
formed colonies on all media, including PCA.

Table 4 —Influence o f  in cu b a tio n  tem perature and p la tin g  m edium  
on counts o f  P. aeruginosa (lab s tra in ) stressed a t 5 5 °C fo r  0 m in , 5 
m in , and 7 m in

C olony fo rm ing  un its /m l

M ed iu m 0 min 5  m in , 5 5 ° C a 7 m in , 5 5° Cb

P C A 1 0 ,0 0 0 ,0 0 0
3 7 ° C Incubation

1 ,7 0 0 ,0 0 0 23 ,0 0 0
A C E 1 3 ,0 0 0 ,0 0 0 1 0 0 ,0 0 0 c 2 ,2 0 0 °
KM B 6 ,0 0 0 ,0 0 0 1 90 ,000 2 ,2 0 0
T S N 1 0 ,0 0 0 ,0 0 0 2 4 0 ,0 0 0 2 ,0 0 0

P C A 9 ,5 0 0 ,0 0 0
4 1 °C  Incubation

2 7 0 ,0 0 0 1,200
A C E 1 4 ,0 0 0 ,0 0 0 15 ,0 0 0 c 6 2 0 °
K M B 7 ,0 0 0 ,0 0 0 2 5 ,0 0 0 1,300
T S N 1 3 ,0 0 0 ,0 0 0 7 ,0 0 0 1,100

a 83% k ill 
b 99 .8%  k ill 
°  Counted after 72 hr

Counts by several selective media were essentially the same 
for unstreseed cells. For both strains of P. aeruginosa the selec
tive media used lowered the num ber of colonies tha t grew 
from heat-stressed cultures. This has been dem onstrated for 
other bacteria. Nelson (1943) dem onstrated that several heat- 
stressed bacteria were more difficult to  enum erate on selective 
media than were unstressed bacteria. Maxcy (1970) showed

Table 5 —In fluence  o f  incub a tion  tem perature and p la t in g  m ed ium  
on counts o f  P. aeruginosa (ATC C  10145) stressed a t 5 5 ° C fo r  0  and  
6  m  in

C olo ny  form ing  un its /m l

M edium 0 min 6  m in , 5 5 °C

P C A
2 2 °C  Incubation

5 3 ,0 0 0 ,0 0 0 2 ,2 0 0 ,0 0 0
N A C 3 1 ,0 0 0 ,0 0 0 6 2 0 ,0 0 0
T S N 5 2 ,0 0 0 ,0 0 0 1 ,8 0 0 ,0 0 0

P C A
3 5 ° C Incubation

5 3 ,0 0 0 ,0 0 0 9 ,8 0 0 ,0 0 0
N A C 3 0 ,0 0 0 ,0 0 0 2 ,4 0 0 ,0 0 0
T S N 5 0 ,0 0 0 ,0 0 0 3 ,2 0 0 ,0 0 0

P C A
4 1 °C  Incubation

5 5 ,0 0 0 ,0 0 0 3 ,0 0 0 ,0 0 0
N A C 4 5 ,0 0 0 ,0 0 0 1 ,0 0 0 ,0 0 0
T S N 5 0 ,0 0 0 ,0 0 0 3 3 0 ,0 0 0
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ENUMERATION OF STRESSED P. aeruginosa . . .
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Fig. 4 —Com parison o f  enum era tion  o f  
heat-stressed (55" C) s ta tio n a ry  phase 
cells o f  P. aeruginosa (lab s tra in ) on PCA 
and several selective m edia. aAverage log  
ra tio  o f  b o th  in cu b a tio n  tem peratures  
fo r  each m edium  using ra tio  o f  log o f  
co u n t on test m e d iu m /lo g  o f  co u n t on 
PCA a t 37° C fo r  stress tim es o f  0 ,5 and 
7 m in .

counts to be comparable for uninjured cells of Escherichia coli 
on PCA and violet red bile agar, but counts of heat-injured 
cells were much lower on the selective medium. Numerous 
other examples could be cited.

When cells of P. aeruginosa have been stressed by either 
cold or heat, they definitely are more sensitive to selective

i__________ i i__________ i i---------------
NO HEAT 5min, 55 C 7m in ,55C

INCUBATION T EM P ER A T U R E  a  S T R E S S  CONDITION

Fig. 5—Comparison o f  enum eration o f  heat-stressed (5FT C) s ta tio na ry  
phase cells o f  P. aeruginosa (lab s tra in ) incubated  a t 3 7  and 41°C. 
aAverage log  ra tio  o f  a ll m edia a t each incub a tion  tem perature using 
ra tio  o f  log  o f  c o u n t on test m e d ium /lo g  o f  co u n t on PCA a t 37° C 
incubation  fo r  stress times o f  0, 5  and 7  m in.

conditions em ployed for enum eration. Media containing cetri- 
mide, naladixic acid, nitrofurantoin and acetamide can reduce 
the num ber of stressed cells which will form  countable colo
nies on these selective media, while having no comparable 
effect on unstressed control cells. Cells stressed by sublethal 
heat form fewer colonies when plates are incubated at 41 °C

NO HEAT 55 C, 6 min

INCUBATION T E M P E R A T U R E  a  S T R E S S  CONDITION

Fig. 6 —Com parison o f  enum eration o f  heat-stressed (5 5 ' C) s ta tiona ry  
phase cells o f  P. aeruginosa (ATC C  10145) a t three incub a tion  tem pera
tures. aAverage log  ra tio  o f  a ll three m edia a t  each incub a tion  tem pera
tu re  using ra tio  o f  log o f  c o u n t on test m e d iu m /lo g  o f  c o u n t on PCA a t 
3 5 °  C incub a tion  fo r  stress times o f  0  and 6  m in.
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than at the usual 37°C. Similar data have not yet been ob
tained for cells stressed by cold, but in view of the similarity 
of response to other factors by cells stressed by either heat or 
cold, a reduction in count would not be surprising if an ele
vated plate incubation tem perature were used when enum erat
ing organisms stressed by cold.

Of the selective media studied, TSN gave numbers of 
countable colonies closest to those obtained on PCA. This 
might be attributed to the trypticase soy agar base used in 
TSN which is high in nutritional com ponents that may be 
required by injured cells for their repair and reproduction. 
Colonies also are larger and more easily differentiated on the 
TSN medium than on the other selective media.
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OPTIMAL CONDITIONS FOR ASSAY OF 
STAPHYLOCOCCAL NUCLEASE

— -----------— — --------  ABSTRACT --------------------------------
Conditions optimal for assay of staphylococcal nuclease were estab
lished by spectrophotometric measurement of acid soluble oligonucleo
tides produced from heat denatured calf thymus deoxyribonucleic acid 
(DNA) by purified micrococcal nuclease (DNase, E.C. No. 3.1.4.7) as 
well as crude DNase from Staphylococcus aureus. Assay conditions of 
50°C, calcium concentration of 0.005M, NaCl concentration of 0.17M 
and pH of 10.0 were optimal for activity of DNase. There was a sixfold 
increase in activity of DNase under these conditions over that observed 
under the most commonly used assay conditions of 37°C and pH 9.0. 
Use of 50°C and pH 10.0 in a DNA-agar diffusion system also resulted 
in a reduction in assay time by twofold with crude DNase from growth 
of weak or strong DNase producing strains of S. aureus. Similarly, the 
assay time of DNase extracted from dried malted milk and cheddar 
cheese (involved in staphylococcal food poisoning) was also reduced by 
twofold at 50°C and pH 10.0 over that observed at 37°C and pH 9.0.

INTRODUCTION
THERE IS considerable interest in the use of staphylococcal 
nuclease (DNase) for detection of staphylococcal growth in 
heated or ferm ented foods because DNase withstands both 
heating and low pH which result in destruction of Staphylo
coccus aureus (Chesbro and Auborn, 1967; Cords and Tatini, 
1973; Tatini et al., 1975; Lachica et al., 1972). In order for 
the DNase assay to be useful as an indicator of staphylococcal 
growth in finished foods, the assay must be specific for mea
surement of staphylococcal growth as well as expedient for 
application as a routine quality control test by the food indus
try. Consequently, establishment of optim al conditions for 
activity of staphylococcal DNase would lend the assay for rou
tine quality control o f finished foods for possible presence of 
enterotoxins (Tatini et al., 1976). Varying conditions of tem 
perature, pH, ionic strength, and calcium concentration were 
reported to be optim al for activity of staphylococcal or m icro
coccal DNase (Alexander et al., 1961; Cuatrecasas et al., 1967; 
Heins et al., 1967) and some of these conditions were also 
shown to be inhibitory to  DNase (Cuatrecasas et al., 1967). Of 
these conditions, tem perature and pH are known to exert a sig
nificant influence on both the activity and stability of DNase as 
well as the stability or orientation of the substrate (deoxyribo
nucleic acid, DNA) with some variable and interactive effects 
of calcium, magnesium and sodium chloride (VonHippel and 
Felsenfeld, 1967; Cuatrecasas et al., 1967) on both  DNase and 
substrate DNA. However, the most com monly used assay con
ditions for measurem ent of DNase activity were 37°C, pH 8.6 
and a calcium concentration of 0.005M.

The purpose of this investigation was to  evaluate and estab
lish the optimal conditions necessary for (1) spectrophoto
metric measurement of crude or purified DNase and (2) for 
rapid detection of weak nuclease activity from foods with 
DNA-agar (DA) or DNA-agar-Toluidine Blue-0 dye (TDA) dif
fusion system.

1 Present address: General M ills , In c ., M inneapolis, M N  554 2 7

EXPERIMENTAL
Spectrophotometric assay

The procedure described by Chesbro and Auborn (1967) and Cords 
and Tatini (1973) was used with minor modification. Purified micro
coccal nuclease (E.C. No. 3.1.4.7) was obtained from Sigma Chemical 
Co. (No. N-3755). A stock solution of enzyme was prepared by dissolv
ing micrococcal nuclease in distilled water to provide 0.146 pg of pro- 
tein/ml. This solution was stored frozen at -5°C. Before use, the en
zyme solution was diluted 12 times in 0.1% Bovine Serum Albumin 
(also from Sigma Chemical Co.) to provide 0.0122 pg of micrococcal 
nuclease protein/ml. A solution of 2 mg/ml of heat denatured calf 
thymus deoxyribonucleic acid (DNA from Calbiochem) was prepared in 
0.01M NaCl and boiled for 30 min followed by rapid cooling in ice- 
water. This DNA solution was also frozen at —5°C until used. A solu
tion of 0.05M glycine buffer and a solution of appropriate molarity of 
CaCl2 were prepared and stored for <2 wk at 4°C and room temper
ature, respectively. The reaction mixture contained 0.20 ml of the heat 
denatured DNA, 0.025 ml of CaCl2 solution, 0.175 ml of the buffer, 
and 0.10 ml of enzyme solution. The reaction mixture was incubated 
(in siliconized 13 x 100 glass test tubes) at the desired temperature for 
30 min. The reaction was stopped by adding 0.5 ml of 7% cold per
chloric acid and placed in an ice-water bath and after 1 min, 3.0 ml of 
cold distilled water was added to the mixture. After 5 min, the samples 
were centrifuged at 3000 rpm for 10 min in a refrigerated Sorvali 
RC-B centrifuge. The supernatant was decanted into a clean cuvette 
and the optical density (OD) was measured at 260 nm with a Beckman 
Acta III spectrophotometer. Blanks were prepared in the same way 
except that the enzyme was added immediately prior to the addition of 
the perchloric acid. The OD of the blank was subtracted from the OD 
of the reaction mixture and was expressed in units of activity per ml. 
The assays (under each set of experimental conditions) were replicated 
at least twice with duplicate determinations in each trial. One unit of 
activity is defined as the change in OD of 1.0 at 260 nm resulting from 
acid soluble oligonucleotides produced from heat denatured calf 
thymus DNA in 30 min.
Preparation of crude thermostable DNase

Staphylococcus aureus was allowed to grow in Brain Heart Infusion 
Broth (BHI) under static conditions at 37°C for 18-24 hr. Five ml of 
BHI was removed and centrifuged at 10,000 rpm for 15 min. The 
resultant supernatant was boiled for 15 min and cooled for use. 
Extraction of thermostable DNase from food products

The procedure described by Tatini et al. (1976) was used to extract 
DNase from lOg of each food product tested.
Preparation of DNA agar diffusion assay systems

With the exception of omitting Toluidine Blue-0 dye both DNA- 
agar systems (DA and TDA) were prepared by dissolving 0.30 Bacto- 
DNA (Difco) in 1,000 ml of the appropriate buffer (0.05M Tris or 
glycine) of the desired pH and containing the desired concentration of 
calcium and/or sodium chloride and lOg of Bacto-agar as described by 
Lachica et al. (1971) and by Tatini et al. (1975).
Assay of DNase in an agar diffusion system.

Before using either system, DA or TDA, 2 mm wells were cut with a 
13 gauge cannula and the plates were tempered at room temperature 
for 20 min. Duplicate wells were filled with 5 pi of enzyme solution 
and incubated at the appropriate temperature. To develop the zone of 
activity in the DA system, the agar was flooded with IN HC1. The 
diameter (mm) of the resultant zone of clearing around the well due to 
acid soluble oligonucleotides was measured with a calipers. With the 
TDA system, the pink zone of activity around the well was measured.
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All assays were performed at least twice with duplicate wells and two 
measurements per well per reading.

RESULTS & DISCUSSION
DATA IN TABLE 1 show the effects o f tem perature and pH 
on the activity of purified nuclease (DNase). As the tem pera
ture of assay increased above 37°C there was an increase in the 
activity of DNase up to  50 or 55°C and decreased at 60 or 
65°C. For example, DNase activity was 4.8 units at 37°C and
11.1 units at 55°C and the activity decreased to  9.7 at 60°C 
and to 4.4 units at 65°C when the pH was 9.5. The DNase 
activity, which was highest at 55°C and pH 9.5, has more than 
doubled over tha t observed at 37°C. Also, as the pH of the 
assay increased there was an increase in the activity of DNase 
at each tem perature. For example, the activity was 2.3 units at 
pH 9.0 bu t was 11 units when the pH was 10.5 at 37°C. The 
data also indicate that there was an interaction of tem perature 
and pH. The pH optim um was 10.5 at 37 or 45°C whereas it 
was 10.0 at 50, 55 and 60°C. The activity was highest when 
the pH was 10.0 and tem perature was 50°C (14.8 units). 
Though the actual values of tem perature and pH were differ
ent from those reported, these data confirm earlier reports 
(Cuatrecasas et al., 1967; Alexander et al., 1961; VonHippel 
and Felsenfeld, 1967) in tha t there was an interdependence of 
these factors which affect bo th  the activity and stability of 
nuclease and substrate DNA. Data in Table 2 show the further 
dependency of activity on a third factor, calcium. A calcium 
concentration of 0.0005M was optim um  at 45°C but the op ti
mum shifted upward to  0.005M at 50 and 55°C. At each 
tem perature, when the calcium level exceeded the optim um , 
the activity of DNase decreased. It does not appear that the 
effects o f tem perature and pH were on the solubility o f cal
cium (affecting its availability) because the activity of DNase 
at 0.005M or 0.001M calcium was higher at 55°C or 50°C than 
that observed with 0.0005M calcium at 45°C. It has been sug
gested by others that tem perature, pH and calcium not only 
affect the stability of enzyme but also affect the enzym e’s 
preference for sites of attack on DNA (VonHippel and Felsen
feld, 1967) by causing conform ational changes. The site of 
initial attack depends on the conform ation of DNA. DNase 
attacks heat denatured DNA at 60°C random ly, whereas it 
attacks preferentially regions rich in deoxyadenylic or thy- 
midylic groups in native DNA. Conform ational changes in 
DNase were observed in the range of 55 to  60°C and pH of
10.0—10.5 (Anfinsen et al., 1971; Roberts and Jardetzky,
1970). Since these changes affect both  activity and stability of 
DNase and conform ation of DNA, the conditions of 50°C, pH
10.0 and a calcium level of 0.005M which were found op ti
mum, are a reflection of balancing conditions between activity 
and stability of DNase and the preferred conform ation of 
DNA. In a storage study of the working dilution of purified 
DNase at 37°C and 50°C and at pH 9.0 and 10.0 at each 
tem perature, it was found that DNase was inactivated substan
tially (74% decrease) after 4-hr storage at 50°C and pH 10.0. 
For instance, the activity was 1 .6 -1 .9  units/m l after 1 - and
4-hr storage at pH 9.0 and 37°C and the activity was 4.2 
units/m l after 1- and 4-hr storage at pH 10.0 and 37°C. When 
the pH was 9.0, the activity was 2 .3 -3 .0  units/m l after 1- and
4-hr storage at 50°C whereas the activity decreased from 4.2 
units/m l after 1 h r to 1.1 units/m l after 4-hr storage at pH
10.0 and 50°C. The assay conditions were 50°C, 0.005M Ca++ 
and 30 min incubation.

The conditions of 50°C, pH 10.0 and calcium level of 
0.005M were also found to be optim al for activity of crude 
nuclease from Staphylococcus aureus (Table 3). The activity 
almost doubled (8.6 vs 4.4 units) at 50°C and pH 10.0 as 
compared to that observed at 37°C and pH 9.0.

Spectrophotom etric assay of DNase activity, though pre
cise, has lim itations in application such as (1) expensive instru
mentation is needed and (2) cannot be used with weak nucle

ase activity in the presence of excessive impurities. The DNA- 
agar diffusion system resulting in an acid soluble zone from 
DNase activity forms a less expensive assay system. Likewise 
the DNA-agar system, containing Toluidine Blue-0 dye whose 
blue color changes to pink when DNA is hydrolyzed, is 
another less expensive system for use with weak nuclease activ
ity in the presence of impurities. The log concentration of 
DNase/ml is linearly related to the diam eter o f the zone in 
bo th  agar diffusion systems. Therefore, conditions found op ti
mal for spectrophotom etric assay were evaluated in these two 
DNA-agar diffusion systems. Data in Table 4 show that DNase 
activity of crude DNase from each strain of S. aureus (Z-88, 
196E and 418) was higher wherf the pH was 10.0 than when it 
was 9.0 at either assay tem perature (11.2 vs 10.3 at 37°C and

T able  1—A c t iv i t y  o f  p u r i f ie d  m ic r o c o c c a l n u c lea se  as in f lu e n c e d  b y  
te m p e r a tu re  a n d  p H

Tem p
°c

U n its3 of a ctiv ity/m l

pH 9 .0 pH 9 .5 pH 10.0 pH 10 .5

37 2.3 4 .8 8 .0 11.0

45 5.3 3 .5 10.5 11.9
50 7.9 9.6 14.8 11.4

55 10.7 11.1 14.1 4.3

60 not tested 9 .7 12.0 2 .6

65 not tested 4 ,4 2.5 0 .3

a One unit of activ ity  is equal to a change in optical density  of 1.0
at 2 6 0  n m  resu lt ing  f r o m  ac id  s o lu b le  n u c le o t id e s  p r o d u c e d  in 3 0  
m in  b y  1 ml of e n z y m e  s o lu t i o n .  A s s a y  m i x t u r e  co n s is te d  o f  0 .2  
ml o f  h e a t  d e n a tu re d  c a l f  t h y m u s  D N A  (2 m g /m l)  in O.OTM N a C I ,  
0 . 1 7 5  m l  o f  0 . 0 5 M  g ly c in e  b u f f e r ,  0 . 0 2 5  m l  o f  0 .1 M  C a C I 2 an d  
0.1  m l  o f  e n z y m e  so lu t io n  in 0 . 1 %  B o v i n e  s e ru m  a lb u m in .  U n i t s  
rep o rte d  w e r e  averages f r o m  t w o  se p a ra te  t r ia ls .

T able  2 —A c t iv i t y  o f  p u r i f ie d  m ic r o c o c c a l n u c lea se  a t  p H  10 .0  as 
in f lu e n c e d  b y  te m p e r a tu re  a n d  c a lc iu m

Final
cone

T em p of calcium U n its3 of
° C (M) activ ity/m l

0 .0 0 0 5 11.5
45 0.001 10.0

0 .0 0 5 10.5
0.01 9 .6

0 .0 0 0 5 12.1
0.001 12.3

50 0.005 14.8
0.01 14.1

0 .0 0 0 5 12.2
55 0.001 10.9

0 .0 0 5 14.1
0.01 13.8

a O n e  u n i t  o f  a c t iv i t y  is equa l  to  a ch a n g e  in o p t ica l  d e n s i t y  of 1 .0  
at  2 6 0  n m  result ing  f r o m  ac id  s o lu b le  n u c le o t id e s  p r o d u c e d  in 3 0  
m in  b y  1 m l o f  e n z y m e  s o lu t i o n .  A s sa y  m i x t u r e  c o n s is te d  o f  0 .2  
ml o f  h e at  d e n a tu re d  c a l f  t h y m u s  D N A  (2 m g / m l )  in 0 .0 1  M N a C I ,  
0 . 1 7 5  ml o f  0 . 0 5 M  g ly c i n e  b u f f e r ,  0 . 0 2 5  m l  C a C I 2 an d  0 .1  m l  of  
e n z y m e  so lu t io n  in 0 . 1 %  b o v in e  se ru m  a lb u m in .  U n i t s  rep o rte d  
w e re  averages f r o m  t w o  se p ara te  tr ia ls .
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13.0 vs 12.0 at 50°C with Z88). These observations were anal
ogous with spectrophotom etric m easurem ents. Data in Table 5 
show the effect o f NaCl on the activity of DNase in the DA 
system. As can be seen, DA with 0 .1 7M NaCl yielded the 
largest zone of activity.

Table 3 —A c t iv i t y  o f  c r u d e  s ta p h y lo c o c c a l  n u c le a sea as in f lu e n c e d  
b y  c a lc iu m , te m p e r a tu r e  a n d  p H

U nits’3 o f  ac tiv ity  /m l

pH 9 .0  pH  10 .0

C oncentration  o f  calcium

° c 0 .0 0 0 5 M 0 .0 0 5 M 0 .0 0 0 5 M 0 .0 0 5 M

37 2 .3 4 .4 3 .9 6.1
50 3 .3 6 .0 6 .0 8 .6

a S u p e r n a t a n t  f r o m  an o v e r n ig h t  c u l tu r e  o f  S t a p h y l o c o c c u s  a u reu s  
(Z - 8 8 )  g r o w n  in B ra in  H e a r t  in fu s io n  b r o t h  (at  3 7 ° C )  t h a t  w a s  
boi le d  fo r  1 5  m in  a n d  d i lu te d  1 : 5  In B H I . 

b O n e  u n i t  o f  a c t iv i t y  is e q u a l  to  a c h a n g e  in o p t i ca l  d e n s i t y  o f  1 .0  
at 2 6 0  n m  resu lt ing  f r o m  ac id  s o lu b le  n u c le o t id e s  p r o d u c e d  in 3 0  
m in  b y  1 ml o f  e n z y m e  s o lu t i o n .  A s s a y  m i x t u r e  c o n s is te d  o f  0 .2  
m l o f  h e at  d e n a tu re d  ca l f  t h y m u s  D N A  (2 m g / m l )  in 0 .0 1  M N a C l ,  
0 . 1 7 5  ml o f  0 . 0 5 M  g ly c i n e  b u f fe r ,  0 . 0 2 5  m l  C a C I 2 and 0 .1  m l  o f  
e n z y m e  so lu t io n  in 0 . 1 %  b o v in e  se ru m  a lb u m in .  U n i t s  rep o rte d  
w e r e  averages f r o m  t w o  se para te  tr ia ls .

T able  4 —A c t iv i t y  o f  c r u d e  s ta p h y lo c o c c a l n u c le a sea in  an  agar d i f 
fu s io n  s y s te m  as in f lu e n c e d  b y  p H , te m p e r a tu r e  a n d  ca lc iu m

D iam eter (m m ) o f acid13 soluble zone  
a fte r 4  hr incubation

Calcium Tem p

pH cone. ° c Z-88 196E 4 1 8

9 .0 0.001  M 37 10.3 9 .2 9.1
50 12.0 10.4 11.6

9 .0 0 .005M 37 not tested not tested not tested
50 13.0 12.0 12.2

10 .0 0 .0 0 5 M 37 11.2 10.3 10.2
50 13,8 12,2 13,4

a S u p e r n a t a n t  f r o m  an o v e rn ig h t  c u l t u r e  o f  S .  a u re u s  g ro w n  in B ra in  
H e a r t  in fu s t io n  b r o t h  (at  3 7 ° C )  t h a t  w a s  b o i le d  fo r  15  m in .  

b Z o n e  o f  c le a r in g  c a u se d  b y  1N H C I  s o lu b le  n u c le o t id e s  p r o d u c e d  
f r o m  D N A  ( 0 . 1 7 M  N a C l )

T able  5 —A c t iv i t y  o f  c r u d e  s ta p h y lo c o c c a l n u c le a sea in an  agar d i f f u 
sion  s y s te m  as in f lu e n c e d  b y  N aC ! _________

Tem p
°C

C one
o f

N aC l (M )

D iam eter (m m ) o f acidb soluble zone  
a fte r 4  hr incubation

Z -8 8 196E 4 1 8

0 .0 0 4 6.7 6 .2 6 .0
37 0 .0 1 7 7 .6 6 .0 5.9

0 .17 11.2 10,3 10 .2

0 .3 4 11.5 10.0 10 .0

0 .0 0 4 7.2 6.7 6 .4
50 0 .0 1 7 7.6 7.1 7 .0

0 .1 7 13.8 12,2 13.4

0 .3 4 12.0 11.3 12.0

a S u p e r n a t a n t  f r o m  an o v e rn ig h t  c u l tu r e  o f  S .  a u re u s  g ro w n  in B ra in  
H e art  in fu s io n  b r o t h  (at 3 7 ° C )  t h a t  w a s  b o i le d  fo r  15  m in .  

b Z o n e  o f  c le a r in g  caused  b y  1N H C I  s o lu b le  n u c le o t id e s  p r o d u c e d  
f r o m  D N A .  p H  o f  assay w a s  10 an d  C a ++ 0 . 0 0 5 M .

Data in Figures 1 and 2 show the DNase activity, respec
tively, of growth from strong and weak nuclease producing 
strains of S. aureus (Z88 and D143). The supernatant from an 
overnight culture grown in BHI at 37°C was boiled for 15 min 
and was used as crude DNase for assay. As can be seen from

Fig. 1—N u c lea se  a c t iv i ty  o f  S . a u re u s  (Z -8 8 ) c u l tu r e  s u p e r n a ta n t in  T o lu -  
id in e  B lu e -D N A  agar. ( • —p H  1 0 .0 , 5 0 °  C, 0 .0 0 5 M  C a++, 0 .1 7 M  N aC l; 
• - p H  9 .0 ,  3 f  C, 0 .0 0 1  M  Ca++, 0 .1 7 M  N aC l)

h o u r s  o f  i n c u b a t i o n

Fig. 2 - N u c le a s e  a c t iv i ty  o f  S . a u re u s  (D -14 3 )  c u l tu r e  s u p e r n a ta n t in  
T o lu id in e  B lu e -D N A  agar. { • —p H  1 0 .0 , 5 0 °  C, 0 .0 0 5 M  Ca++, 0 .1 7 M  
N aC l; • - p H  9 .0 ,  3 f  C, 0 .0 0 1 M  Ca++, 0 .1 7 M  N aC l)
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Fig. 3 — N u c lea se  a c t iv i ty  o f  C heddar ch eese  in  T o lu id in e  B lu e -D N A  agar. 
( • - p H  1 0 .0 , 5 0 ° C, 0 .0 0 5 M  Ca++, 0 .1 7 M  N a d ;  • - p H  9 .0 ,  3 7 ° C, 
0 .0 0 1  M  Ca++, 0.17171 N a d )

the dotted line, a pink zone of activity comparable to  a 4-hr 
assay time at 37°C was obtained w ithin 1.5 and 2.5 hr at 
50°C, respectively with weak and strong DNase producing 
strains. Similar observation was also made w ith crude DNase 
obtained from  two food products, dried malted milk and Ched
dar cheese bo th  involved in staphylococcal food poisoning 
(Fig. 3 and 4). It should be pointed out here that the TDA- 
system of Lachica et al. (1971) yielded a similar size zone at 
pH 9.0 or 10.0. However, the zone size according to our find
ings should have been larger at pH 10.0. It was subsequently 
found that visualization of pink zone at pH 10.0 was the prob
lem and it was solved by using twice the concentration of dye 
employed by Lachica et al. (1971). The pink zone was more 
distinct and was more accurately measured when the dye con
centration was higher. The color contrast between background 
and zone of DNase activity was more distinct w ith TDA plates 
o f pH 9.0 (blue against pink) than those with pH 10.0 (purple 
against pink). Increasing the dye concentration in TDA plates 
by tw ofold did not change the background purple color though 
it did make the pink zone more distinct and more accurately 
measurable. Data shown in Figures 1—4 were obtained through 
use of TDA system of Lachica et al. (1971) at 37°C and TDA 
system at 50°C which contained a twofold higher concentra
tion of the dye. The reason for this poor visualization of zone 
at pH 10.0 with the regular concentration of the dye as in 
Lachica et al. (1971) may have been due to  some lim itation of 
dye molecules to  form aggregates.

In any event the TDA system containing a twofold higher 
concentration of dye than the TDA system of Lachica et al.
(1971) and use of 50°C, pH 10.0,0.005M  calcium and0.17M  
NaCl would reduce the assay time by twofold over the pres
ently used 4-hr at 37°C and a pH of 9.0. This certainly is 
advantageous in adapting this assay for routine quality control 
of foods for detecting S. aureus growth in finished foods.

Fig. 4 —N u c le a se  a c t iv i ty  o f  m a l te d  m i lk  in T o lu id in e  B lu e -D N A  agar. 
( • - p H  10 .0 , 50°C, 0 .0 0 5 M  Ca++, 0.17171 N aC l; • - p H  9 .0 , 3 7 °C , 
0.001171 Ca++, 0 . 17M  N a d )
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ENZYME INACTIVATION BY AN IMMOBILIZED PROTEASE 
IN A PLUG FLOW REACTOR

--------------- — ------------ ABSTRACT -------------------------- -----
Streptomyces griseus protease was immobilized to porous glass and 
characterized kinetically. The immobilized protease was then used in a 
plug flow reactor to inactivate enzymes in solution at low concentra
tions. The glass-bound protease was effective against fungal glucose 
oxidase and partially effective against soluble S. griseus protease. Some 
enzymes were more efficiently inactivated by plain or silanized glass 
without enzyme, presumably due to adsorption. Less tomato pectin 
methylesterase was inactivated by glass-bound protease than by plain 
glass. This is most likely due to masking of adsorption sites by the 
immobilized protease.

INTRODUCTION
IT IS OFTEN desirable to inactivate enzymes in fluid food 
products like fruit juices. This is usually accomplished by heat
ing. However, where destruction of microorganisms is not 
necessary for the process, such as in the production of frozen, 
concentrated orange juice, there may be some advantage in 
protecting the properties of the material by inactivating the 
enzymes w ithout heat.

In the work described in this paper we examined the possi
bility of cold inactivation of enzymes by means of an imm o
bilized protease in a continuous plug flow reactor. The prob
lem basically is one whereby a high molecular weight substrate 
(the enzyme) at a very low concentration must be acted on by 
the immobilized protease. With large molecular weight sub
strates steric hindrance may prevent the approach of the sub
strate to the immobilized enzyme. In addition, diffusional 
restrictions are more severe with high molecular weight sub
strates. With these considerations one would expect tha t an 
immobilized protease would be a much poorer catalyst for 
protein hydrolysis than for esterolytic activity against small 
molecular weight substrates. Briimmer et al. (1972) found that 
immobilized trypsin was 20—100 times less active against pro
teins than it was against small molecular weight amino acid 
derivatives. However, an alkaline protease from Tritirachium  
album  was only six times more active against N-acetyl-L- 
tyrosine ethyl ester compared to  lactalbumin and hemoglobin 
and less than 10 times more effective against the small molecu
lar weight substrate than against lactate dehydrogenase. This 
immobilized protease was actually more active against the en
zyme ribonuclease than the amino acid ester. Activity of the 
immobilized protease against the enzymes was followed by 
measuring the decrease in activities of the substrate enzymes.

In addition to  the obvious advantage of adaptability for a 
continuous processing procedure, immobilized proteases do 
not digest themselves. Reactions catalyzed by immobilized 
proteases could be closely controlled by varying the contact 
time of the enzyme with the substrate (Lill and Hartmann,
1975). Venkatasubramanian et al. (1975) used papain immo
bilized on collagen to  chill-proof beef. Mason et al. (1975)

1 Present address: K ra ftco  C orp., G lenview , IL .

immobilized a neutral protease from  B. sub tills to  porous glass 
and used it in a fluidized bed reactor for the continuous prep
aration of a soy protein hydrolysate. The product was low in 
free amino acids and had good solubility at low pH.

MATERIALS & METHODS
Materials

The enzymes used were as follows: glucose oxidase from A. niger 
(110 I.U. per mg protein), Worthington Biochemical Corporation; pec
tin methyl esterase from tomato (150 units per mg protein), Sigma; 
bacterial protease from Streptomyces griseus (type VI), Sigma Chemical 
Co. (hereafter referred to as S. griseus protease); and papain, Sigma. 
The support used was a controlled^ pore glass of 80-100 mesh with 
pore sizes ranging from 980-2060 A obtained from Electro-Nucleonics 
Inc., Fairfield, N.J. N-benzoyl-L-arginine ethyl ester was a product of 
Sigma. All other reagents used were the purest available commercially.

The immobilization procedure was similar to that of Lee et al.
(1974) who immobilized trypsin to porous glass. The glass was silanized 
in 10% gamma-aminopropyltriethoxysilane in acetone overnight at 
40°C and washed with 1 liter of distilled water. It was then placed in a 
solution of 25% glutaraldehyde at pH 7.0 and evacuated with an aspira
tor for 1.5 hr and allowed to stand for 2 additional hr at 1 atmosphere. 
It was again washed and allowed to react with a solution of S. griseus 
protease at a concentration of 5 mg per ml overnight at 4°C. Five ml of 
solution were used for every gram of support. After standing overnight 
the support was again thoroughly washed and stored as a wet cake at 
4° C.
Assay of S. griseus protease

The S. griseus protease was assayed with either a-N-benzoyl-L-argi- 
nine ethyl ester (BAEE) or casein as substrate or by its ability to 
deactivate enzymes. The activity against BAEE was performed in 0.01M 
tris at pH 7.8 in 0.1M KC1 and 0.05M CaCl2 (Walsh and Wilcox, 1970). 
The pH was kept constant by the automatic addition of standard base 
in the pH-stat mode of a Radiometer automatic titrator. Activity 
against casein in 0.1M phosphate buffer, pH 7.6, was determined by 
measuring the TCA-soluble peptides following digestion using the meth
od of Kunitz (1947) except 20% TCA was used. Activity against the 
enzymes was determined by measuring the initial activity before treat
ment and the activity after various times of contact with the S. griseus 
protease. In all cases the reaction medium was kept well mixed with a 
magnetic stirring bar. Similar assay techniques were used for soluble 
and immobilized S. griseus protease.

Glucose oxidase was assayed in an oxygen polarograph (Gilson 
Medical Electronics Model KM Oxygraph) by a procedure previously 
reported (Bouin et al., 1976). Pectin methyl esterase was detemined 
according to the procedure of Hultin and Levine (1963) using 0.3% 
pectin in 0.1M NaCl. The amount of base required to maintain a con
stant pH was followed by a pH-stat technique. Inactivation of papain 
and S. griseus protease were determined using casein as substrate as 
described abcve.

Reactor
A packed bed reactor was constructed by using a jacketed glass 

column with a bed diameter of 1 cm. A peristaltic pump was used to 
maintain fluid flow and temperature was controlled in the column 
jacket at 38CC. The pump could be regulated to give flow rates up to 
160 ml/min. Samples were removed at time intervals from the system 
for analysis. Results with the column work are expressed in terms of 
contact time, i.e., the amount of time that the solution actually spent 
in contact with the bed. With our system it took roughly 30 min to
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obtain 4 min of contact time. Two to 2.3g of support containing
5.2-6.0 mg of immobilized enzyme was used in the column. The exact 
amount for each experiment is given in the appropriate figure legend.
Determination o f bound protein

Determination of the amount of enzyme protein bound to the glass 
support was performed by a modification of the method of Lee et al.
(1974) coupled with the Lowry test for proteins (Lowry et al., 1951). 
Known weights of the glass-bound protease were shaken with 5 ml of 
IN NaOH for 4 hr, filtered and 0.5 ml assayed for protein content. The 
same procedure was done with silanized glass that had been reacted 
with glutaraldehyde. This served as a control.
Dry weight determinations

The dry weights of the catalysts were determined on samples com
parable to those used in the assay procedures by drying the support at 
195°C for 30 min.

RESULTS & DISCUSSION
Characteristics of immobilized protease from S. griseus

D eterm ination of the to ta l am ount of immobilized protein 
on the porous glass support using the m ethod of Lee et al.
(1974) gave an average value of 3.9 mg/g of glass (dry weight). 
The am ount of immobilized protein was also estim ated by 
determ ining the activity of the glass-bound protease using 
BAEE as substrate. The activity of the immobilized enzyme 
was com pared to  the activity per un it weight of the original 
preparation and the am ount of protein immobilized calculated 
therefrom . By this technique an average value of 2.6 mg of 
protein per gram o f dry weight of glass was found. The differ
ence may be due to some inactivation of the enzyme during 
the imm obilization process or to  diffusional restrictions during 
the assay of the immobilized enzym e causing an apparent 
lower activity in the immobilized preparation.

When stored as a wet cake the immobilized S. griseus pro
tease showed no loss in activity over 1 m onth  at 4°C. Thus, 
the inherent stability was very satisfactory for our experi
mental work. Experiments were also perform ed to  determine 
if the protease leached off the column bed during operation. 
To do this a sample of the casein solution which had been in 
contact w ith the bed for 4 min was removed from the system

and incubated for 5 hr. The OD at 280 nm of a supernatant 
from TCA treatm ent was determ ined im m ediately and after 
the 5 hr incubation. This was used to  calculate the activity 
leached off the column which was then com pared w ith the 
to tal activity on the column. It was calculated tha t approxi
mately 0.06% of the activity of the column was lost by leach
ing per min of contact time. This was an acceptable level for 
our experiments.

Maximal velocities (VMax) and apparent Michaelis con
stants (Km ) were determ ined for bo th  soluble and insoluble S. 
griseus protease. These kinetic parameters were determ ined for 
the immobilized enzyme at two different flow rates through 
the reactor. The substrate used was casein, varying in concen
tration  from 0 .005—0.1% for the insoluble protease and 
0.001 — 1% for the soluble protease (Fig. 1 and 2). At a flow 
rate of 154 ml per min, the apparent Km was 0.011% (weight/ 
volume) and the VMax was 10-9 tyrosine units per min. At a 
flow rate of 13.5 ml per min the apparent KM was 0.036% and 
VMax was 30.3 units per min. For the soluble S. griseus pro
tease a value of 1.67% was obtained for the apparent Km and
18.2 tyrosine units per min for VMax - The values of VMax and 
Km are summarized in Table 1.

The apparent kinetic constants obtained are somewhat un
usual and deserve a com m ent. The apparent Km of the bound 
enzyme at both  flow rates was considerably lower than that 
for the soluble. Assuming th a t there were no major structural 
changes in the protease on binding to  the support, it is possible 
that the decrease in Km on binding is due to an adsorption of 
casein onto  the glass surface thus increasing the effective con
centration of substrate in the m icroenvironment of the en
zyme. Strong adsorption of proteins to  controlled pore glass 
has been docum ented (Messing, 1969; Bock et al., 1976). 
However, adsorption by itself does no t explain the lower 
apparent Km at the higher flow rate compared to  th a t at the 
lower. We suggest that this is due to  the smaller unstirred layer 
at the higher flow rate. Since the diffusion distance would be 
shorter for the casein at the higher flow rate, the effective 
concentration o f casein at the surface would be higher than 
that observed at the slower flow rate (larger unstirred layer).

The apparent Vm 3x values are also rather unusual. The
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Fig. 1—D o u b le  re c ip ro ca l p lo t s  o f  in itia l v e lo c itie s  o f  im m o b il iz e d  S . 
g riseus p ro te a se  w ith  casein  as su b s tra te  in  a p lu g  f lo w  re a c to r  a t  tw o  
f lo w  rates. T h e  casein  s o lu tio n  (1 9  m l)  w a s in 0 . 1M  p h o s p h a te  b u f fe r ,  
p H  7 .6 , a n d  th e  te m p e r a tu re  w as 2 3 °C. T o ta l c o n ta c t  t im e  o f  th e  casein  
s o lu tio n  w ith  th e  b e d  w as 1 .42  m in . A p p r o x im a te ly  2 g  o f  s u p p o r t  w ere  
u se d  c o n ta in in g  5 .2  m g  o f  p r o te in .

Fig. 2 —D o u b le  rec ip ro ca l p l o t  o f  in itia l v e lo c itie s  o f  s o lu b le  S. g riseus  
p ro te a se  w ith  casein  a s su b s tra te . T h e  a m o u n t  o f  p ro te a se  u se d  w as 2 0 0  
p g  in  a to ta l  v o lu m e  o f  2  m l. R e a c tio n  t im e  w as 2 0  m in . A ll  o th e r  
c o n d it io n s  w ere  a s d e s c r ib e d  in th e  leg en d  to  F ig. 1.
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ENZYME INACTIVATION BY BOUND PROTEASE . . .

total amount of protein used in the flow reactor tests was 
greater than that in the soluble tests. Therefore, in Table 1 the 
maximal velocities are also expressed in tyrosine units per min 
per mg of protein. The apparent Vj^ax of the enzyme was 
higher at the slower flow rate. This observation is unexpected. 
We suggest that it is due to the retention of substrate in an 
unstirred layer. Since this is a macromolecular substrate which 
can be hydrolyzed several times by the protease, retention of 
substrate in this unstirred layer gives the enzyme longer to act 
on it. The unstirred layer is larger at the slower flow rate. This 
factor would be of particular importance if the enzyme was 
more active against the polypeptide degradation products than 
against the native casein. The Vmax of the soluble enzyme was 
considerably greater than that of the immobilized enzyme at 
either flow rate.

Inactivation of glucose oxidase by immobilized 
S. griseus protease

Glucose oxidase at a concentration of 200 (ig per ml in 
0.1M phosphate buffer, pH 6.5, was passed through the reac
tor containing either glass, silanized glass or the glass-bound 
protease and the decrease in activity measured as a function of 
time. Preliminary runs indicated that a significant amount of 
activity was lost from solution after passing through the plain 
glass or the silanized glass reactor. Over and above this, addi
tional activity was lost when the glucose oxidase solution was 
passed over the glass-bound protease. It seemed likely, there
fore, that inactivation by the glass-bound protease column was 
due to both non-specific adsorption as well as inactivation by 
the immobilized protease.

It was desired to saturate binding sites on the column with 
glucose oxidase such that any further inactivation would be 
due solely to proteolytic activity. To this end a silanized glass 
column reactor was prepared and the glucose oxidase solution 
passed through the column for a total contact time of 4 min. 
A contact time of 4 min means that all of the solution was in 
contact with the bed for a period of 4 min. With our reactor, it 
took approximately 30 min for this to be accomplished. The 
glucose oxidase solution was then checked for enzymic activ
ity as well as absorbance at 280 nm (protein) and 450 nm

T able  1—K in e t ic  c o n s ta n ts  fo r  so lu b le  a n d  im m o b i l i z e d  S . griseus  
p ro te a se

E nzym e fo rm
F lo w  rate 
(m l/m in )

k M
(w t/v o l )%

^ M ax
tyrosine units/m in®

Im m obilized 13.5 0 .0 3 6 30 .3 (5.8)
Im m obilized 154.0 0.011 10.9 (2.1)
So lub le 1 .67 18.2 (91)

a V a lues in parenthesis are expressed on the basis of tyro sin e  units  
per m in per mg protein.

(flavin). After this solution had been through the column, a 
second was put on and so forth for 10 successive solutions. 
The results are shown in Figure 3. After three passes of glucose 
oxidase solution through the column, there was little or no 
further loss of activity, presumably because the binding sites 
had been saturated during the first three runs. This experiment 
was then repeated using protease immobilized to silanized glass 
(Fig. 4).

The percentage of initial activity remaining after passing 
through the column is much less than with the plain silanized 
glass. This difference is presumably due to the proteolytic 
activity of the immobilized enzyme which hydrolyzed the glu
cose oxidase and inactivated it. An interesting feature of the 
results is the absorbance at 280 and 450 nm. These values 
hover around the 50—60% mark and indicate that the smaller 
peptides produced by proteolysis are to a large extent ad
sorbed on to the column. These values should not decrease 
simply because the protein is hydrolyzed. The ability of the 
column to inactivate glucose oxidase slowly decreases such 
that less than 80% of the glycose oxidase is being inactivated 
after the 10th run. It is possible that this decrease is due to the 
build-up of adsorbed peptides onto the surface. The smaller 
fragments of the hydrolyzed glucose oxidase can possibly dif-
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Fig. 3 —In a c tiva tio n  o f  g lu co se  o x id a se  b y  p a ss in g  th ro u g h  re a c to r  o f  
s ila n ized  glass. T h e  g raphs in d ic a te  th e  % o f  a c t iv i ty  a n d  m a te r ia l a b 
so rb in g  a t  2 8 0  a n d  4 5 0  n m  w h ich  passes th ro u g h  th e  reac tor. T he  
g lu co se  o x id a se  s o lu t io n  (1 7  m l)  c o n ta in e d  2 0 0  p g /m l o f  e n z y m e  in  
0 . 1M p h o s p h a te  b u f fe r ,  p H  6 .5 ;  th e  te m p e r a tu re  o f  th e  e n z y m e  so lu 
tio n  a n d  re a c to r  w a s m a in ta in e d  a t  3 8 °  C. A p p r o x im a te ly  2 .3 g  o f  th e  
s ila n ized  s u p p o r t  w as u se d  in  th e  reac tor.

Fig. 4 - In a c tiv a tio n  o f  g lu co se  o x id a s e  b y  p a ss in g  th ro u g h  re a c to r  c o n 
ta in in g  S . g riseus p ro te a se  w h ich  ha s b e e n  im m o b i l i z e d  to  s ila n iz e d  g lass 
via g lu ta ra ld eh yd e . A H  c o n d it io n s  w e re  th e  sa m e  as d e s c r ib e d  in  th e  
leg en d  o f  Fig. 3  e x c e p t  th a t  S . g riseus p ro te a se  w as im m o b il iz e d  to  th e  
glass su p p o r t.
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fuse more easily into the internal pores of the support than the 
native molecule.

The silanized glass and the silanized glass-protease columns 
were washed twice with 1.5M NaCl for 15 min each tim e to 
determ ine if adsorbed protein could be removed. Of the total 
num ber of glucose oxidase units put through the silanized glass 
column, 8.3% was lost. Of this, approxim ately 0.1% was 
washed off the column with the 1.5M NaCl. On the other 
hand, the total loss of activity through the glass-protease col
um n was 89% of the to ta l applied. Twenty-one per cent of the 
to ta l activity was washed off with the concentrated salt solu
tion. There was indeed considerably more inactivation on the 
glass-bound protease colum n than on the silanized glass col
umn, and a good part of the inactivation was due to  hydrolysis 
of the glucose oxidase. However, these data also indicate that 
in the reactor w ith the glass-bound protease, more enzyme is 
reversibly bound than with the silanized glass column. The 
absorbances of the wash solutions at 280 and 450 nm corre
lated very closely with the recovered activity. Where the total 
activity desorbed by the 1.5M NaCl was 21% of the total 
initial value, the absorbances of the desorbed material at 280 
and 450 nm were 26% and 20%, respectively. Thus, most of 
the protein which was washed off the glass-bound protease 
colum n by the strong salt solution was active. The ability to 
wash rather high levels o f protein out of the glass-bound pro
tease support is consistent with the relatively low per cent of 
materials w ith absorbance at 280 and 460 nm which came 
through the column during the runs (Fig. 4). It appears that 
active enzyme is more easily washed off the glass than are the 
hydrolyzed fragments.

Adsorption of other enzymes to glass support
Solutions of pectin m ethyl esterase, papain and the S. 

griseus protease were also passed through plain glass, silanized 
glass and glass-bound protease columns. Both pectin m ethyl 
esterase and papain were com pletely adsorbed to  either plain 
glass or silanized glass columns. In fact, the loss in activity of 
pectin m ethyl esterase was considerably less on the glass- 
bound protease than on either the silanized glass or the plain 
glass. In the case of the glass-bound protease, the immobilized 
enzyme covers some of the binding sites which probably pre
vents com plete adsorption of the pectin m ethyl esterase.

The protease from S. griseus lost about 30% of its activity 
on passing through the glass or silanized glass column in 4 min 
of contact time. About 65% of the activity was lost in the 
same am ount o f time on passing through the glass-bound pro

tease column. This enzyme is interm ediate in its adsorptive 
properties to  pectin m ethyl esterase and glucose oxidase. It is 
likely that different proteins would have a very broad range of 
adsorptive properties.

The efficient binding of enzymes to  porous glass may be 
due in part to  the very high surface area of this support. Bock 
et al. (1976) found that they could adsorb a large num ber of 
proteins on controlled pore glass. This procedure followed by 
elution with chaotropic buffers led to  purification of several 
hundred-fold of proteins from relatively crude m ixtures. For 
the removal of enzymes from fluid food products, a com bina
tion of adsorption and deactivation by proteolysis could con
ceivably be used. The glass support may be regenerated peri
odically by washing with salts to  remove adsorbed proteins. 
Presumably the covalently linked protease would not be 
affected by the high salt concentrations and would remain 
attached to  the support.
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COMPARSION OF CHEMICALLY MEASURED AVAILABLE LYSINE WITH RELATIVE  
NUTRITIVE VALUE MEASURED BY A Tetrahymena BIOASSAY 

DURING EARLY STAGES OF NONENZYMATIC BROWNING

................— —  ABSTRACT ------— ■ ■ ■—  ---------
Tetrahymena pyriformis W (TPW) was used as a biological assay to 
study the loss of overall protein quality due to nonenzymatic browning. 
The Relative Nutritional Value (RNV) as determined by this organism 
decreases in a model food system as Maillard compounds are formed 
during storage at 35°C for 80 days and at three water activities (0.3, 0.5 
and 0.7). These results were compared to the fluorodinitrobenzene 
(FDNB) chemical assay. The latter method shows a greater loss of 
available lysine than is seen by TPW growth at early stages of browning. 
Significant accumulation of brown pigment production does not occur 
until after RNV has diminished by 35-50% and FDNB has decreased 
by 60-70%. At advanced stages of browning, however, the TPW test 
showed equivalent or greater losses of nutritional value. Considerable 
variation in the TPW bioassay occurred due to the problems in the 
technique but analysis of all stored samples in a single test allowed 
comparison to a standard casein control for measurement of protein 
quality loss.

INTRODUCTION
REACTION of sugars with amino acid through Maillard 
browning results in com pounds that cannot be nutritionally 
utilized. The greatest destruction and loss occurs with lysine, 
which has a free £-amino group that can react w ith reducing 
sugars (Mauron et al., 1955). The early stages of the reaction 
are reversible and no color develops; however, some results 
show that the nutritional availability of the amino acid is re
duced (Mauron et al., 1955; Adrian, 1974; Carpenter and 
Booth, 1973).

Acid hydrolysis used in many chemical assay m ethods for 
nutritional losses may release bound amino acids which have 
reacted but are unavailable for biological enzymatic break
down. Therefore, chemical assay techniques which rely on re
action with the labile amino acid may underestim ate true bio
logical loss. It has been shown that one of the assays most used 
for lysine m easurem ent, the fluorodinitrobenzene (FDNB) 
procedure, may underestim ate protein losses in nonenzym atic 
browning (Hurrell and Carpenter, 1974; Mauron et al., 1955). 
In browning, however, early stage reaction compounds of ly
sine with carbonyls may not react with FDNB but could be 
available in the gut so that the FDNB procedure could actually 
overestimate nutritional losses from a biological standpoint.

The nutritional loss that occurs from nonenzym atic brown
ing affects overall protein quality, usually by reducing the 
am ount of available lysine, an essential amino acid for humans. 
This could be especially im portant in cereals that are already 
low in lysine and in foods form ulated to meet the protein 
requirem ent for a meal, such as shelf stable interm ediate mois
ture food bars (Labuza et al., 1976). These typically have a 
water activity (aw) in the 0 .6—0.85 range and contain both 
protein and reducing sugars.

Lea and Hannan (1949) dem onstrated that aw affected the 
rate of browning in a casein and glucose system. They found a 
maximum in browning rate in the aw range 0 .65—0.7 at tem 
peratures from 3 7 —90°C.. Warm bier (1975), however, dem on
strated th a t the rate of browning is reduced by the presence of 
liquid hum ectants in the high aw range.

Tetrahymena pyriform is W (TPW) is a protozoan requiring 
the same essential amino acids as man, including lysine. It has 
been used over the past 20 yr for research on protein quality 
evaluation (Fernell and Rosen, 1956; S to tt e t al., 1963; Helms 
and Rolle, 1968; Rolle and Eggum, 1971; Srinivas et al.,
1975). It has also been used by several workers as a measure of 
available lysine. In these tests, the sample provides the only 
supply o f lysine in an otherwise nutrient rich media (S to tt and 
Smith, 1966; 3oyne et al., 1967; Shorrock and Ford, 1973). 
Values obtained in such a TPW assay tend to  be slightly lower 
and yet correlate well with FDNB results, particularly if an 
enzym atic digestion of the sample aids the pro teo ly tic  TPW in 
digesting the in tact proteins (Shorrock and Ford, 1973).

The purpose of this project was to evaluate the use of a 
TPW assay for the study of loss of overall protein quality due 
to nonenzym atic browning in an intermediate moisture model 
system. Values obtained by the chemical FDNB assay for avail
able lysine were compared to the TPW assay.

MATERIALS & METHODS
Model food systems

A model food system using ANRC reference casein and glucose in a 
3:1 ratio was used. Individual components listed in Table 1 were mixed 
in descending order. Water was added to obtain the desired water activ
ity. The systems were equilibrated over appropriate saturated salt solu
tions for 3 days at room temperature. Three systems were prepared to 
aw’s of 0.3, 0.5 and 0.7.

Ten-gram portions of each system were sealed in 202 x 214 tin cans 
and dipped in paraffin to prevent moisture changes. Cans representing 
zero day samples were held at -35°C. The remaining cans were stored 
at +35°C. Samples were periodically removed for up to an 80 day 
period and were also placed at -35°C. At the end of storage all samples
(12) at each aw were simultaneously analyzed.

Tetrahymena pyriformis W assay
A microbiological assay using Tetrahymena pyriformis W (TPW) was 

used to measure Relative Nutritional Value (RNV). The method was 
that used by Stott et al. (1963) and Landers (1975), with an adaption 
of the nucleic acids which is listed here.

A portion of the model food system containing 100 mg nitrogen (as 
measured by Kjeldahl) was incubated with 20 ml water and 1% pepsin 
at pH 1.8 for 3 hr (55°C). The digested sample was cooled, the pH was 
adjusted to 7.1, and made to a final volume of 50 ml. Triplicate sample 
suspensions containing 3 mg N (1.5 ml) were added to 1.5 ml water and
2.0 ml of freshly prepared nucleic acid solution. This nucleic acid solu
tion was prepared according to Lander’s method (personal communica
tion), except that the final concentrations of phosphate and TRIS 
buffers (pH 7.1} were at 0.005M and the final concentration of citric 
acid was 0.001M. These conditions were found to maximize Tetra
hymena growth.

Sample, water and nucleic acids were autoclaved in 50 ml, gauge 
stoppered Erlenmeyer flasks for 15 min at 121°C to prevent growth of 
other organisms. Solutions of vitamin stock and glucose were auto
claved separately and aeseptically added to the cooled samples.

Samples were inoculated with 0.1 ml of a 3-day old broth culture of 
TPW which had been centrifuged for 8 min at 5000 rpm in a Sorvall 
refrigerated centrifuge. Cells were diluted in 0.07M pH 7.1 phosphate 
buffer to 5.0 X 10s cells/ml.

After 4 days in a 25°C shaker incubator (100 cpm) 1 ml of the assay
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Fig. 1-Lysine loss by FDNB protein quality 
loss by a TPW bioassay IRNV), and pigment 
development of 0.3 aw model food at 35° C.

Fig. 2—Lysine loss by FDNB protein quality 
loss by a TPW bioassay (RNV), and pigment 
development of 0.5 aw model food at 35° C.

rig. 3—Lysine loss by FDNB protein quality 
loss by a TPW bioassay (RNV), and pigment 
development of 0.7 aw model food at 35°C.

solution was delivered into 1 ml formaldehyde preserving solution. Cells 
were then counted in a Fuschs-Rosenthal haemacytometer under a light 
microscope (300 x 10 power).

RNV was determined as the average total growth of triplicate stored 
samples per ml assay as a percentage of the total growth of the zero day 
sample per ml assay material. The range for the TPW is shown in the 
results. The standard deviation for the control was ± 18.6% RNV based 
on values for the control done over a two year period. This includes 
both the variation in the casein as well as the problems in counting. It is 
felt that most of the error is in the counting procedure however, as 
experienced by Evancho et al., (1976).
FDNB procedure

Available lysine was also determined using the FDNB method of 
Carpenter and Booth (Booth, 1971). The FDNB tags to free f-amino 
groups at pH 8.5. The sample after treatment with FDNB reagent was 
refluxed in 8.IN HC1 for 16 hr, filtered hot, and diluted with water to a 
known volume. Available lysine was determined by absorbance at 435 
nm.

The available lysine per gram of solid system was compared to the 
original available lysine determined in the zero day duplicate samples. 
The standard deviation for FDNB measurement was ± 2.2 mg lysine/ 
gram solids which gives a range of ± 11.8% FDNB lysine.
Nonenzymatic browning pigment production

Brown pigments were measured by the method of Choi et al. 
(1949). Two grams of the model food system were incubated at 45°C 
for 2 hr with 20 ml phosphate buffer (pH 7.8) and 2.5 ml 10% (w/v) 
trypsin. Proteins were denatured with 2.0 ml of 50% (w/w) trichloro
acetic acid. Samples were filtered with O.lg celite filter aid and the 
filtrate optical density was read at 420 nm against a reagent blank. The 
OD was reported on a per gram of solids basis against a reagent blank 
(precision ± 0.001, Warmbier, 1975).

RESULTS & DISCUSSION
THE EFFECT of storage at 37°C on loss of nutritional value 
and browning in the three model systems is shown in Figures 
1, 2 and 3 respectively. Available lysine loss by FDNB assay 
and protein quality loss (RNV) TPW assay were plotted on a 
semi-log scale while browning increase was plotted as a zero 
order reaction (Warmbier et al., 1976). The TPW assay was a

com parison of the stored sample to that of the original control 
at the 3 mg n itrogen /10 ml assay level, so it is a relative nu tri
tional value (RNV). In all cases, loss of lysine occurs as meas
ured by both procedures before significant browning occurs, as 
was found by Lea and Hannan (1949) and Warmbier et al.
(1976).

The early reactions in the Maillard reaction sequence are 
reversible and the com pounds formed are usually colorless. 
Table 2 compares TPW, RNV and FDNB values when the 
absorbance reached 0.02/g dry solids. It is obvious that the 
FDNB procedure overestimates the loss of lysine as compared 
to  the TPW test procedure by about the same am ount at each 
aw. The organism may be able to enzymatically digest the 
early reaction products while the FDNB test procedure meas
ures these as being biologically unavailable. It should be noted, 
however, that the FDNB procedure is specific for available 
lysine. On the other hand, the TPW procedure measures effect 
on overall protein quality. Thus, some loss of lysine and other 
more limiting amino acids may not be detrim ental to  growth. 
The early reaction products should be isolated and tested in a 
limited lysine medium to prove they are available however.

The level o f lysine needed to support growth o f TPW (as 
estim ated by Rolle, 1975), is sufficient in casein. Thus, total 
growth capacity should not be affected greatly until lysine 
becomes the limiting factor. The growth capacity was maxi
mized by choosing the 3 mg nitrogen test level and comparing 
it to  the control to reduce the error in the TPW assay. At 
lower levels growth is poor and at 4 mg N the assay has high 
variability (S tott et al., 1963).

The overall results seen in the figures show the browning 
was more rapid at the lower aw . This is because of the pres
ence of propylene glycol which is similar to th a t found by 
Warmbier et al. (1976). At aw 0.3 the FDNB procedure 
showed greater losses over the whole storage time. At the two 
higher aw ’s where the reaction was slower the TPW procedure 
eventually showed equal or greater protein quality loss. The 
reasons for this are r.ot clear since one might expect that with
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greater browning the protein would become less readily digest
ible to  the organism. Thus the lower aw sample would be 
expected to show this crossover. On the other hand, it is possi
ble that reaction pathways change with aw , so that the change 
in patterns shown might occur. The data indicate that at stages 
of advanced browning the TPW test shows equivalent or 
greater losses in protein quality. The test also indicates the 
problems tha t would occur if a similar response is found in rat 
PER assays. Usually in the la tter test, only one system at one 
storage tim e and tem perature can be evaluated, due to  time 
and labor costs. Thus the value may not be meaningful as to 
the actual changes that occur during transportation and stor
age of a food. The TPW test is simple and easy to  perform  and 
thus allows com parison of many more test conditions. The 
problem would be in the evaluation of the reliability o f the 
TPW test. As can be seen, some unexpected fluctuations occur 
in the TPW assay which cannot be accounted for. This shows 
that one should n o t use single point analysis even with reliance 
on numerous replicates. Rather, one should test more points 
over a period of tim e with less replicates, to  determ ine a trend.

Considerable evaluation of the TPW procedure preceded the 
actual storage study presented here. Variation from  trial to 
trial on to tal count at a given N level was large even with a 
standard casein control. Strict control of the inoculant level

Table 1 —M odel fo o d  system com position (0 .3 , 0 .5 , 0 .7  aw 's)

C om pon en t Grams

Potassium  sorbate 0 .3
G lucose 10 .0
Propylene glycol 20 .0
Casein (A N R C  reference, Sh effield  Chem . C o .) 30 .0  
A piezo n  B-oil (J .G . B idd le C o .) 2 0 .0
M icro crysta lline  ce llu lo se  20 .0
Water variable for aw used

Table 2 —Average loss o f available lysine by F D N B  and Tetra- 
hym ena R N V  at the  early  s*rge o f brow ning

M odel
food

system
Days stored  

at 3 5 ° C

Pigm ent 
developm ent 
@ 420 nm O D  

per g solids

F D N B  % original 
lysine 

le ft

R N V  at 3 
mg N by TP W  

procedure

0.3  aw 22 0.2 32 48
0 .5  3 r̂ 18 0.2 35 50
0.7 a w 30 0.2 40 65

Table 3 —E ffe c t o f model foo d  system com ponents on T e tra - 
hym ena R N V

C om ponent Avg R N V  3  mg N /1 0  m la

Potassium  sorbate 105
A piezo n  B oil 102
M icrocrystalline cellulose 112
H um ectants:

Propylene glycol 110
B utylene glycol 103
G lycero l 88

a V a r i a t io n  w a s  ± 8  R N V  fo r  t r ip l i ca te  sa m p le s

eliminated part o f this problem , although biological variation 
could n o t be com pletely eliminated as might be expected. To 
eliminate the variation, with respect to the casein standard, 
stored samples at each aw , were frozen until they could be 
analyzed in a single TPW test.

A nother consideration examined prior to  this experiment 
was the effect of the individual model food com ponents and 
possible substitute hum ectants on TPW growth. Each diluted 
com ponent was added separately to  casein reference samples 
at levels found in Table 1 and also at a final concentration 25 
times th a t level. As seen in Table 3, only the use of the humec- 
tan t glycerol com pletely suppressed growth for this organism. 
Chloroform :m ethanol (3:1) extraction of the glycerol from a 
model food system, resulted in norm al growth patterns.

These results indicate the care tha t m ust be taken if form u
lated foods are evaluated with Tetrahymena pyriformis W, 
since they may contain inhibitory substances. It also exempli
fies the difficulties tha t might result from  com parison of dif
ferent food sources to  an unrelated reference sample for pur
poses of protein evaluation.
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EVALUATION OF SEVERAL PULSED NMR TECHNIQUES 
FOR SOLIDS-IN-FAT DETERMINATION OF COMMERCIAL FATS

— ---------------- ------------ ABSTRACT ----------—-------------------
The critical procedural and instrumental parameters for the determina
tion of the percent solids in commercial fat samples using proton pulsed 
NMR techniques are reported. The precision and accuracy of two alter
nate data treatments are identified. The pulsed NMR technique has the 
advantage of measurement speed on the standard dilatometrie and 
wideline NMR procedures. However, in common with these, for consis
tent results the samples must be temperature conditioned. Within 
experimental error, the pulsed NMR method is not sensitive to a tem
pering step in the conditioning procedure. A pulsed NMR method based 
on the use of a standar plot has a standard deviation of ±1%. This 
compares favorably with wideline NMR, but is less precise than dila- 
tometry. The results, however, are linearly related to dilatometry, and 
are most accurate at low solid levels. For commercial fats, accuracy was 
found to depend upon their composition.

INTRODUCTION
THE CONSISTENCY of food fats and oils is im portant to the 
design of food products. For example, a liquid oil will gen
erally not produce a satisfactory cake in term s of grain and 
volume. If this oil is hydrogenated to a plastic fat, an accept
able cake is produced. Fat and oil consistency is a function of 
both  com position and tem perature, as illustrated by the varia
tion in the spreadability of margarine formulations.

Food fats and oils are principally mixtures of triglycerides. 
As physical systems, they are liquid crystals. They exhibit 
polymorphism , and form solid solutions of mixed crystals. 
Their liquid portions have variable rates of crystallization 
depending upon composition.

The consistency of fats and oils at a given tem perature is 
determined by the above physical phenom ena and measured 
by the solids-in-fat index (SFI). The tem perature dependence 
of SFI is an im portant specification for product development 
and process control purposes.

Methods for determining SFI have been described. These 
are based on the techniques of differential thermal analysis 
(DTA), differential scanning calorimetry (DSC), specific vol
ume (dilatom etry), continuous wave NMR (wideline NMR), 
and pulsed NMR. It is also believed that dielectric measure
ments could be used for this purpose; however, there is no 
literature describing a m ethod. Regardless of the m ethod, sam
ple tem perature history is critical to accuracy and precision.

The DTA and DSC m ethods (Bentz and Breidenbach, 1169; 
Miller et al., 1169) have no t been widely accepted. They do 
not measure percent solids directly, since averaged heats of 
fusion are used in the calculation. The time required for a 
single determ ination is long, and the sample size is small. The 
tim e-tem perature relationships are incompatible with the sam
ple conditioning and tempering procedures used for other 
methods. This makes comparison of results difficult.

Dilatometry (Braun, 1955, 1957; Bailey, 1950), the oldest 
and widest used m ethod for SFI, is an official AOCS method

(Braun, 1957). This m ethod is tim e consuming and applicable 
only below 50% SFI. D ilatom etry is not a direct measure of 
solids.

The other official AOCS technique (Vermaas, 1972) is 
wideline NMR (Chapman et al., 1959, 1960; Bosin and Mar- 
mor, 1968). This technique is a direct measurm ent of solids 
since it depends on the dipole-dipole interactions of rotating 
triglyceride molecules (Pople et al., 1959). It is applicable 
throughout the entire range of SFI. The m ethod compares the 
area under a liquid signal at a specified tem perature, with that 
of a reference oil. Haighton (1972) indicates that signal satura
tion can effect results and recommends the use of specific 
reference oils depending on sample com position. Comparisons 
have been made between dilatom etry and wideline NMR re
sults (Bosin and Marmor, 1168; Haighton et al., 1971; Wett- 
strom , 1171), and DSC, dilatom etry, and wideline NMR 
(Walker and Bosin, 1971).

Taylor et al. (1964) reports that dilatom etric results at low 
solids level are more accurate than wideline results. At higher 
levels, the results are comparable. Pohle et al. (1965) indicates 
that the precision of the wideline NMR method decreases with 
increasing solids level.

On first principles, the pulsed NMR approach should pro
duce the same results as wideline NMR (Farrar and Becker,
1971). An autom ated SFI procedure has been described using 
the pulsed NMR free induction decay (FID) signals (Van Putte 
and Vanden Enden, 1974). Two m ethods were detailed. A 
m ethod which uses a standard and saturation correction to 
determine directly the ratio of solid signal to  total signal, and 
an indirect m ethod which tkes only the liquid signal at a tim e 
70 microsec after the pulse and with reference oil data, uses a 
calculation similar to wideline NMR. Both m ethods give simi
lar results. Pulsed NMR results have been compared w ith bo th  
wideline NMR and dilatom etry (Van Putte et al., 1975). The 
use of references based on sample com position is suggested.

We report the investigation of critical parameters, and the 
precision and accuracy of two additional pulsed NMR m ethods 
based on the extrapolation of a single FID signal to  time zero. 
The first, the calculation m ethod, is similar to the indirect 
m ethod of Van Putte and Van den Enden (1974). The second 
involves the use of a standard plot at each testing tem perature.

METHODS & MATERIALS
Fat samples

Samples with known solids content were blends of safflower oil and
5.4 IV tallow supplied by Anderson-Clayton Co., Richardson, Texas. 
Their composition is given elsewhere (Walker and Bosin, 1971). Un
known samples were commercial shortenings supplied by Glidden- 
Durkee Co., Cleveland, Ohio. Fatty acid composition and physical 
properties for these samples are given in Table 1
Sample tempering and conditioning

Three procedures were used: the standard dilatometric method as
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described by Braun (1957); the AOCS procedure for wideline NMR 
(Vermaas, 1172); and an excessive tempering procedure. In this, the 
samples were tempered in a 60° C waterbath and transferred directly to 
the testing temperature. After conditioning for 30 min at this tempera
ture, measurements were taken. All samples were retempered at 60°C 
prior to moving to the next testing temperature. Measurements were 
made at 10, 20, 30 and 40° C.
NMR measurements

A pulsed NMR spectrometer (Model PR-102, The Praxis Corp., San 
Antonio, Texas) capable of 10 and 30 MHz operation was used. Sample 
temperature was controlled to ± 0.1°C in a 10 MHz probe using a 
Varían Model V-4540 controller (Varian Associates, Palo Alto, Calif.). 
The 30 MHz probe was maintained at 32°C by magnet heat. A transient 
recorder (Model 802, Biomation, Cupertino, Calif.) was used to capture 
the NMR signal. Output was by recorder (Electronik 194, Honeywell, 
Fort Washington, Pa.), or oscilloscope (Model 5103N, Tektronix, Inc., 
Beaverton, Or.). An oscilloscope camera was used for permanent rec
ords (Tektronix Model C-5).

The logarithm of the free induction decay signal after a 90°C r.f. 
pulse was extrapolated to time zero. The solids content was calculated 
from intercept values using a standard curve, or using the following 
formula.

SFI= 100 -
/  sample at T °C  \  
\  sample at 60° Ç Z

(reference at T °C  \  
reference at 60° C /

X 100

An olive oil reference standard was used.
Dilatometry

The AOCS (Braun, 1957) official procedure was used for all dila
tometrie measurements.

RESULTS & DISCUSSION
SFI MEASUREMENT by an NMR technique is not expected 
to agree exactly with a dilatom etric measurement. However, 
there is a linear relationship between them . Figure 1 shows a 
typical result for a commercial hydrogenated vegetable fat us

ing the standard p lot m ethod with wideline sample condition
ing. The pulsed NMR results are higher than those of dila
tom etry . Walker and Bosin (1971) associate this with a lack of 
sample tempering. The AOCS dilatom etric procedure includes 
a sample tempering step. However, results taken using this 
sample conditioning sequence are not significantly different 
than the untem pered date (Fig. 2). One concludes that within 
experim ental error, the pulsed NMR m ethod is not sensitive to 
a tempering step.

The proposed indirect SFI calculation results are consis
tently  lower (Fig. 3) when compared with standard plot results 
on the same sample. They are linearly related to the later

Table 1—Composition and physical properties o f  commercial fat 
samples

Fatty acid 
composition (wt %) Fat A Fat B

C 8 :0 0 .0 7 Trace
C 1 0 :0 0 .0 3 0 .0 4
C 1 2 :0 0 .2 6 0 .3 5
C 1 4 :0 0 .2 5 0 .4 2
C 1 6 :0 11.31 1 3 .58
C 16:1 0 .1 0 0 .3 2
C 1 8 :0 9 .3 9 7 4 .6 0
C 18:1 7 2 .1 5 1 0 .19

C 1 8 :2 2.71 -
C 1 8 :3 3 .4 0 -
C 2 0 :0 0 .3 3 0 .3 0

W iley  m elting po in t 4 0 .6 °  C 4 4 .6 °  C
Iod ine  value 6 9 .8 6 6 9 .6 8

Fig. 1—Comparison o f  S F I  methods on a commercial hydrogenated Fig. 2 —Comparison o f  tempering methods

vegetable fat (Fat Bl
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results, and to  those of dilatom etry. The results in Figure 3 
can be explained if molecular exchange were a contributing 
factor. The standard plot m ethod makes corrections for this if 
a p lot is constructed for each testing tem perature.

O ther potential sourcs of variance are the type of reference 
oil used in the calculation technique, sample probe tempera-

Table 2 —Variables for full factorial screening experiment

Factor Variable

Solids level 30% , 70%

Tem pering One step, five steps

R eference oil Olive o il, safflow er oil

Probe tem perature C o n tro lled , uncontro lled

Table 3—Analysis o f  variance S F I  b y  calculation method

Percentage
Factor of total variance

Solids level 70%
Tem pering 21%
Reference oil 8%
Probe tem perature 1%

Table 4 —S F I  o f  commercial fat samples

Solids in fat index

Testing 
temp (°C )

Standard plot Calculation Dilatometry

Fat A Fat B Fat A Fat B Fat A Fat B

1 4 .5 °C 41 34 34 23 3 4 .0 23 .5
20° C 34 31 27 18 2 7 .0 20.6
30° C 22 2 5 8 9 16.0 15.4
4 0° C 20 23 2 2 5 .0 10.2

Table 5—Precision o f  S F I  methods

Standard deviation
Method of method (%)

D ila to m e try 0 .2
W ideline N M R 1 - 2
Pulsed N M R  calculation 1.8
Pulsed N M R  standard p lo t 1.0

Table 6—Accuracy o f  proposed S F I  methods on commercial fat 
samples

Slopea Intercept*5

Method Fat A Fat B Fat A Fat B

Standard Plot 0 .7 0  0 .8 3  + 1 5 .4  +1 3 .9
C alculation 1 .0 9  1 .5 4  - 3 . 8  - 1 3 . 7

ture control, and sample com position. Haighton et al. (1971) 
found that the choice of reference oil did no t have much 
effect on wideline SFI measurements. Safflower oil and olive 
oil gave the most divergent results. Van Putte and Van den 
Enden (1974) found that pulsed NMR probe tem perature con
tro l was necessary only for the most accurate results. Wideline 
NMR results w ith compositions having low SFI are more 
accurate than those with high SFI (Taylor et al., 1964). A 
two-level full factorial screening experim ent (Table 2) was 
designed to quantify the relative significance of these effects. 
We also chose to  investigage further tempering effects by in
cluding an excessive tempering sample conditioning scheme. 
The fat samples were 30% and 70% SFI safflower oil-tallow 
mixtures. Data taken for five replications of the eight samples 
at each solids level at the 30°C testing tem perature.

An analysis o f variance for the difference between the cal
culated and known SFI responses is shown in Table 3. The 
data indicate that solids level (and therefore sample com posi
tion) is the most significant factor in the difference between 
known and measured values. The average difference of the 30 
SFI sample was +2.36, while the 70 SFI fat gave +5.23. One 
concludes tha t like wideline NMR, the pulsed NMR m ethod is 
more accurate at lower solids levels. This suggests that satu
rated fats form mixed crystals (solid solutions) more easily 
than unsaturated fats. This behavior could also account for the 
difference seen between the standard plot m ethod and dila
tom etry  (Fig. 1 and 2 ) .

Excessive tempering showed some effect, bu t it was not 
significant at the 95% confidence interval. The choice of refer
ence is no t im portant. The AOCS has chosen olive oil for wide- 
line NMR. We see no reason to  deviate from this for a pulsed 
m ethod. Our work confirms the observation that tem perature 
control o f the probe is unim portant for routine work.

The limiting precision of these m ethods is determ ined by 
the confidence one can place in the extrapolation of the FID 
signal. Evaluating all samples as a group, we found this lim it to  
be ± 0.15% solids.

The standard plot m ethod was found to  be more precise

SFI BY CALCULATION

a R e fe re n c e  is A O C S  
k  % so lid  c o n te n t  d iffe re n c e

Fig. 3 - C o m p a r is o n  o f  s ta n d a rd  p l o t  a n d  ca lcu la tio n  m e th o d s  fo r  S F I  
d e te r m in a t io n  o f  a  c o m m e r c ia l  fa t  b y  p u ls e d  N M R
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Table 7—Effe ct o f  temperature on pulse N M R accuracy

Testing 
temp (°C)a Slopeb Intercept0

1 4 .5 °C 0 .9 6 0 - 6 . 4
20° C 0 .9 7 5 - 7 . 0
30° C 0 .9 6 5 - 7 . 0
4 0° C 0 .9 9 5 - 1 3 .1

a W id e lin e  c o n d it io n in g  
b R e fe re n c e  A O C S d ila to m e try  
c % S o lid  fa t  n o t m easured

than the calculation m ethod when tested on commercial sam
ples (Tables 4 and 5). The precision of the standard p lot and 
calculation m ethods fall within the range reported for wideline 
NMR. Both the wideline and pulsed NMR techniques are less 
precise than dilatom etry.

The accuracy of the pulsed NMR calculations compared 
with dilatom etry is determined from a bias plot. The slope of 
this line would be unity and there would be a zero intercept if 
bo th  m ethods were of equal accuracy, and were measuring the 
same phenomena. The data reported in Table 6 indicates a 
com position dependence for the slope in bo th  methods. The 
intercept for the standard plot m ethod is a constant high value 
within experim ental error. The indirect calculation m ethod 
gives low values, and they appear to  vary depending on com po
sition.

In Table 7, bias plots are made at each testng tem perature 
for the entire set o f sample data. This inform ation indicates 
that a tem perature dependent phenom enon is responsible for 
the changes in slope. The low intercept can be explained by 
molecular exchange between solid- and liquid-like environ
ments. The change in intercept observed between 30 and 40°C 
has been indicated in other data (Van Putte and Van den 
Enden, 1974). Molecular exchange would be expected to  in
crease at the melting point. Molecular exchange is com position 
dependent. The explanation given for Table 6 is therefore con
sistent with this explanation.

CONCLUSION
AS ANTICIPATED, pulsed and wideline NMR give similar re
sults. The pulsed NMR m ethod has the advantage of speed, 
ease of autom ation, and lower instrum ent cost. Our work has 
shown that the standard plot technique can be used to  mea
sure SFI in food fats with a precision of ±2% at the 95% 
confidence level. This could be improved to  a lim it of ±0.15% 
by replication. The SFI measurement by this technique can be 
related to  dilatom etric measurements through regression equa

tions. Our work suggests tha for highest accuracy, standards 
should be chosen with com position similar to  the unknown.

Since tem pering does not influence the results within exper
im ental error, we suggest the use of the wideline sample con
ditioning scheme which emphasizes speed. If samples are rap
idly transferred in making m easurem ents, probe tem perature 
control is not necessary. Large 25 mm sample tubes can be 
used to  improve signal to  noise ratio. It is im portant that the 
sample tube exterior is free of m oisture when measurements 
are taken.

Our work also indicates that molecular exchange has an 
im portant influence on NMR measurem ents in fats and oils.
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D I E T A R Y  F IB E R : THE EFFECT OF PARTICLE SIZE AND pH 
ON ITS MEASUREMENT

— ------------------------—  ABSTRACT ------------— ---------— -
The effect of particle size, acid and alkali on the composition of pro
cessed and unprocessed wheat bran, purified corn pericarp, and peanut 
hulls was studied. Van Soest’s method for fiber analyses was used to 
measure hemicellulose, cellulose, lignin, and cutin. Hemicellulose values 
for wheat samples ground through a 60-mesh screen of Wiley Mill were 
20% lower than samples ground through a 20-mesh screen. Shaking red 
wheat bran for 24 hr at 25°C solubilized 17% of the hemicellulose at 
pH 11.5 and 9% at pH 2.2. Refluxing for 60 min reduced the hemicellu
lose content by 62% at pH 11.5 and by 52% at pH 2.2. Similar losses 
were observed for purified com pericarp while little change was found 
for peanut hulls. Variation in sample particle size and exposing plant 
fiber to acid and alkali may change fiber composition as measured by 
the Van Soest procedure.

INTRODUCTION
THE HYPOTHESIS that certain disease states may be related 
to  the lack o f plant fiber in the diet has attracted the attention 
of bo th  nutritionists and food scientists. Many researchers are 
striving to  elucidate the physiological role of plant fiber in 
man’s diet. Others are developing m ethods of increasing the 
fiber content o f foods w ithout lowering product quality.

Both groups of scientists need quick m ethods of measuring 
and classifying various plant fibers. Procedures based on chem 
ical extractions have been suggested by Goering and Van Soest
(1970), Morrison (1972) and Edwards (1973). Methods using 
enzymatic and chemical digestions have been developed by 
Weinstock and Benham (1951), Fraser et al. (1956), Van Soest 
and Wine (1967), Southgate (1969), and Hellendoorn et al.
(1975). The Van Soest procedure was found to  be relevant to 
the needs of nutritionists and the fastest of four m ethods of 
fiber analysis compared by McConnell and Eastwood (1974). 
Spiller and Amen (1975) reported that they look for Van 
Soest’s measurem ent o f total cell wall, that is the neutral 
detergent fiber (NDF), to  replace the term crude fiber in food 
com position tables and possibly on food and feed labels.

If nutritionists and food scientists will be using the Van 
Soest procedure for measuring plant fiber, it is im portant that 
we understand factors affecting fiber measurement. The pur
pose of this research is to  show the effect of particle size, acid, 
and alkali on plant fiber com position as determined by the 
Van Soest procedure.

MATERIALS & METHODS
Plant fiber sources

Processed and unprocessed red wheat brans were obtained from 
General Mills. The processed red wheat bran had received a short time, 
high pressure, high temperature treatment to inactivate enzymes and

1 D ept, o f Food Science &  Technology, N ew  Y o rk  State A gricu ltu ra l 
E xperim en t S ta tion , Cornell U n ivers ity , Geneva, N Y  144 5 6

2 Division of N u tr itio n a l Sciences, C ornell U n ivers ity , Ith aca , N Y
1 4 8 5 3

microorganisms. Purified corn pericarp was obtained from Corn Prod
ucts Corporation and peanut hulls were received from Gold Kist Inc. 
The peanut hulls were ground through a hammer mill and then through 
an attrition mill using a tolerance of 8 X 10'3 inches. All samples were 
stored at -10°C.
Particle size reduction

Replicate grindings through either a 20- or 60-mesh screen of a 
Wiley Mill were made using 75-g samples of each of the plant fiber 
sources. Samples of the stock material were also taken in replicate for 
comparative analyses. The purified corn pericarp was not ground 
through the 20-mesh screen since it had been previously commercially 
gound to pass through a 30-mesh screen.

The treatment and error mean squares were determined by analysis 
of variance by completely random design for each fiber source. When 
the computed F value was greater than the tabular F for 95% level of 
significance, treatment means were compared by the lsd test. Means 
which differed significantly at the 95% level were given different super
scripts as shown in Tables 1-4.
Treatment w ith acid and alkali

Red wheat bran, purified corn pericarp, and peanut hulls were 
treated by refluxing for 5 or 60 min, or by shaking at 25°C for 24 hr
6-g samples in 300 ml of each of the following solutions: sodium phos
phate-citric acid buffers at pH 2.2, 3.2, 4.8, 8.0 and 0.5M sodium 
carbonate of pH 11.5. A control of deionized, distilled water was also 
used. After treatment the solutions were filtered through tall form, 
coarse porosity sintered glass crucibles of 40/a pore diameter and 
washed three times with hot water. The filter cake was quantitatively 
recovered and freezed dried. Recovery factors were computed from 
the dried weights of the initial and treated samples.
Plant fiber analyses

Plant fiber was analyzed using the Van Soest procedure as described 
by Goering and Van Soest (1970). This method uses sodium lauryl 
sulfate in a neutral solution to isolate the cell wall material. The cell 
wall or neutral detergent fiber comprises the hemicellulose, cellulose, 
lignin, and cutin components of fiber. When treated with cetyl tri- 
methylammonium bromide in an acid medium the cellulose, lignin, and 
cutin or acid detergent fiber (ADF) is recovered. Hemicellulose is calcu
lated as the difference between NDF and ADF. The addition of a 
potassium permanganate solution to the acid detergent residue removes 
the lignin fraction. Cellulose is removed by applying 72% sulfuric acid 
to the ADF minus lignin leaving cutin as the remaining substance. When 
analyzing the samples treated with acid and alkali, the fiber fraction 
measured was expressed as a percent of the original dry matter using 
the appropriate recovery factor.
Particle size analyses

Approximately 35g of sample were placed on the largest sieve of the 
following nested series of 8 in. x 2 in. stainless steel U.S. Standard 
Sieves: 10, 18, 35, 60, 120 and 230 fitted with a pan and cover. The 
following procedure was used with a Fisher-Wheeler Sieve Shaker at a 
setting of 900: place known weight of sample on tared sieves and shake 
nested sieves and samples for 15 min, disassemble and carefully brush 
down sieve walls and bottoms, reassemble and shake 10 min, weigh 
sieves and retained samples, shake for additional 2-min intervals and 
weigh until < 0.5% of total sample weight passes through any one sieve.

Using probability graph paper, the cumulative percent undersize was 
plotted on the normal probability axis and the log of the corresponding 
sieve aperture plotted on the log axis (Lapple, 1968). The aperture at 
which 50% of the sample passed, the mean log particle size (MLPS), was 
recorded from the graph.
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RESULTS & DISCUSSION

VALUES for the NDF and hemicellulose content of red wheat 
bran ground through a 60-mesh screen were significantly lower 
by 9% and 12% than the samples ground through a 20-mesh 
screen as shown in Table 1. A significant reduction of 14% and 
20% in NDF and hemicellulose values was also found for the 
finely ground processed wheat samples (Table 2). A 2% 
decrease in NDF occurred with peanut hulls as reported in 
Table 3. Particle size had no effect for any of the acid deter
gent values or for the NDF or hemicellulose values for purified 
corn pericarp (Table 4).

Since the recommended sample preparation (Goering and 
Van Soest, 1970) for fiber analyses is grinding to  pass a 
20—30-mesh screen, samples ground more finely will yield 
lower values for to tal cell wall. Differences of up to  20% may 
occur when measuring the hemicellulose values on finely 
ground wheat products.

Reduced values for neutral detergent fiber in finely ground 
wheat were reported by Butcher (1975a). He attributed  the 
decrease to the release of cellular contents from the protein 
rich aleurone cells which were damaged with severe grinding. 
Butcher’s results are confounded since he used filtering cru
cibles o f maximum pore diameter of 100—120/i (Butcher,

1975b) whereas the crucibles recom m ended by Van Soest have 
40[i pores. Van Soest (1963) has similarly reported an in
creased nitrogen loss in samples prepared by grinding in a 
Waring Blendor.

Our results show that the ADF value is no t dependent on 
particle size. Since hemicellulose is calculated as the difference 
between NDF and ADF, values for hemicellulose will vary by 
the same am ount as NDF.

Lignin values for peanut hulls ground through a 60-mesh 
screen increased significantly by 20% over samples ground 
through the 20-mesh screen as shown in Table 3. This increase 
was attributed  to  greater oxidation of lignin due to  decreased 
particle diameter. Conversely, the values for the cutin content 
o f the finely ground samples decreased significantly by 25%. 
This decrease was expected as unoxidized lignin would be in
cluded in the cutin fraction.

Particle size had no effect on the values for the cellulose 
conten t o f peanut hulls, wheat bran, processed red wheat bran 
or com  pericarp. Similarly no significant differences were 
found between the 20- and 60-mesh grinds for the lignin and 
cutin values of red wheat bran or processed red wheat bran. 
Grinding of the corn pericarp had no effect on either the lignin 
or cutin values.

The presence of acid or base, and heat resulted in the solu-

Table 1 —Fiber composition of red wheat brana

t

Neutral
detergent

fiber

Acid
detergent

fiber
Hemi

cellulose Cellulose Lignin Cutin

As received 
3 R eplications  

M LP S  = 1 20 0 m

5 6 .0 a 1 5 .1a 4 1 ,0 a 1 0 .1 a 5 .0  a .34  a

20  Mesh screen 

2 Replications  

M LP S  = 3 2 0 m

5 1 .7b 15 .0 a 3 6 .6 b 1 0 .6 b 4 .6  b .2 0 a

6 0  Mesh screen 
3 Replications  

M LP S  = 1 60 m

4 7 .3 C 1 5 .1a 3 2 .2 C 1 0 .7b 4 .7  b ,2 0 a

a V a lu e s  sharing  a co m m o n  su p e rsc r ip t  le tte r  w ith in  a co lu m n  are  no t 
s ig n if ic a n t ly  d if fe re n t  (P  <  0 .0 5 ) .

Table 3—Fiber composition of peanut hulls2

Neutral Acid 
detergent detergent Hemi-

fiber fiber cellulose Cellulose Lignin Cutin

Grind -----------------------  % dry weight ----------------------------

A ttr it io n  mill 8 1 .2 a 7 1 .7 a 9 .5 a 4 2 .4  a 1 2 .8 a 16 .7 a
4  Replications  
M LP S  = 5 0 0 m 
2 0  Mesh screen 8 1 .3 a 7 0 .3 a 11.0a 4 1 ,8a 1 4 .2 a 14 .6 b
3 Replications  
M LP S  = 250m 
60 Mesh screen
4  Replications  
M LPS = 1 4 0 m

7 9 .4 b 69 .4 a 10.0 a 4 1 .5 a 17 .0 b 11.00

a V a lu e s  sharing  a co m m o n  su p e rsc r ip t  le tte r  w ith in  a co lu m n  are no t 
s ig n if ic a n t ly  d if fe re n t  (P  <  0 .0 5 ) .

Table 2—Fiber composition of processed red wheat brana

Neutral Acid
detergent detergent Hemi-

fiber fiber cellulose Cellulose Lignin Cutin

Grind ------------------------ % dry weight ---------------------------  * 2 3

As received 4 9 .9 a 1 3 .3 a 3 6 .6 a 9 .2 a 4 .4 a ,2 7 a
3 R eplications  
M LP S  = 600m
2 0  Mesh screen 4 7 .1b 1 2 .9 a 3 4 .2 b 9 .4 a 4 .2 a ,1 9 a
2 Replications  
M LP S  = 300m
6 0  Mesh screen 4 0 .3 C 1 3 .1a 2 7 .2 C 9 .4 a 4 .0 a ,1 9 a
3 R eplications  
M LP S  = 2 20 p

a V a lu e s  sh arin g  a co m m o n  su p e rsc r ip t  le tte r  w ith in  a co lu m n  are n o t 
s ig n if ic a n t ly  d if fe re n t  (P  <  0 .0 5 ) .

Table 4—Fiber composition of purified corn pericarp2

Neutral Acid 
detergent detergent Hemi-

fiber fiber cellulose Cellulose Lignin Cutin

Grind ------------------------  % dry weight ----------------------------

As received 9 1 .5a 2 1 .6 a 6 9 .9 a 2 1 .3 a 0 .7 9 a .0 1 a
3 R eplications  

M LP S  = 250m
6 0  Mesh screen 8 9 .3 a 2 1 .4 a 6 7 .8 a 2 1 .1 a 0 .8 5 a ,03a
3 Replications  

M LP S  = 160m

a V a lu e s  sh arin g  a co m m o n  su p e rsc r ip t  le tte r  w ith in  a co lu m n  are n o t 
s ig n if ic a n t ly  d if fe re n t  (P  <  0 .0 5 ) .
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Table 5—Effect of pH on the hemicellulose, cellulose, lignin and 
cutin content of red wheat bran treated by shaking or refluxing

Treatment

Deionized _________ _____________________________________
Fiber fraction water 2.2 3.2 4.8 6.6 8.0 11.5

Treatment

Table 6—Effect o f pH on the hemicellulose, cellulose, lignin and
cutin content of purified corn pericarp treated by shaking or reflux
ing

Deionized _______________________________________________
Fiber fraction water 2.2 3.2 4.8 6.6 8.0 11.5

% of dry matter remaining after treatment

Shaken 2 4  hr at 25° C

Hem icellulose 38.4 3 5 .0 35 .4 3 8 .0 38 .7 3 8 .6 3 2 .0

Cellulose 10.6 10 .2 1 0 .6 10.7 10.7 1 1 .0 11.1
Lignin 4 .6 3 .9 4 .0 4 .3 4 .4 4 .5 4 .8
C utin 0.3 0 .5 0 .7 0 .5 0 .4 0 .7 0 .2

R eflu xed  fo r  5 m in

H em icellulose 34.7 2 7 .7 3 4 .6 33.1 3 6 .0 35 .2 22 .3
Cellulose 10.4 10.1 10.6 10.4 10.8 10.9 11.0
Lignin 4 .3 4.1 4 .2 4 .3 4 .8 4 .6 4 .4
C utin 0 .4 0 .4 0 .4 0 .7 0 .4 0.1 0

R efluxed  fo r  6 0  m in

H em icellulose 36.4 17.5 2 2 .0 37.1 - 3 4 .0 14.0
Cellulose 10.5 10.1 10.8 10.7 - 10.7 10.3
Lignin 4 .9 4.1 4 .7 4 .5 - 4 .8 3 .5
C utin 0 .2 0 .3 0 .2 0 .3 — 0 .2 0

% of dry matter remaining after treatment

Shaken fo r 24  hr a t 2 5 ° C

Hem icellulose 6 9 .0 6 8 .5 6 9 .7 6 9 .2 6 9 .0 6 7 .7 6 0 .5

Cellulose 2 0 .5 2 0 .9 2 1 .0 2 0 .9 20 .7 2 0 .4 2 1 .0
Lignin 0.7 0 .9 0 .8 1.3 0 .3 0 .3 1.1
C utin 0 .3 0 0 0.1 0 0 0

R efluxed  fo r 5  m in

Hem icellulose 6 9 .6 6 6 .8 6 9 .6 7 0 .4 6 9 .7 6 9 .2 2 9 .7
Cellulose 2 1 .0 2 1 .0 2 1 .0 2 1 .0 2 1 .0 2 0 .9 1 9 .4
Lignin 0 .8 1.0 1.0 1.0 1.0 0 .5 1.0
C utin 0 0 0 0 0 0 0

R efluxed  fo r 6 0  m in

Hem icellulose 6 9 .8 4 6 .5 65 .3 7 0 .2 6 6 .4 65 .7 1 5 .4
Cellulose 20 .8 2 0 .8 2 1 .0 2 1 .0 2 0 .0 2 0 .6 19.2
Lignin 1.1 0 .8 0 .4 0 .8 0 .9 0 .8 0 .6
C utin 0.1 0.1 0 0 0 0 0

bilization of the hemicellulose fraction of plant fiber. Since 
hemicellulose is a part of the cell wall material, the value for 
NDF reflected the hemicellulose losses. Acid or base had little 
effect on o ther fiber components.

After shaking red wheat bran for 24 hr at 25°C the hem i
cellulose content decreased 17% from its deionized distilled 
water control at pH 11.5 and 9% at pH 2.2 as shown in Table
5. Refluxing for 5 min reduced the hemicellulose content by 
35% under basic conditions and 20% under acidic conditions. 
A sixty m inute reflux resulted in a 62% loss of hemicellulose 
at pH 11.5 and a 52% loss at pH 2.2.

Purified corn pericarp (Table 6) showed similar trends when 
treated with acid and alkali. When the fiber was shaken for 24 
hr at 25°C a 12% loss in hemicellulose was found at pH 11.5 
Refluxing for 5 min increased the loss in alkali (pH 11.5) to 
57% while a 4% loss was seen at pH 2.2. The greatest loss 
occurred after refluxing for 60 min when a 78% decrease in 
hemicellulose occurred at pH 11.5 and a 33% loss was found 
under acidic conditions.

The fiber com position of peanut hulls was unaffected by 
pH when shaken for 24 hr at 25°C (Table 7). Little change in 
com position was observed when the fiber was refluxed for 5 
min. Refluxing for 60 min resulted in a 12% decrease in cell
ulose at pH 11.5. The NDF and ADF also decreased slightly 
under alkaline conditions.

These results agree w ith Van Soest and Wine’s (1967) re
port o f the decline of hemicellulose in a basic solution contain
ing a detergent, and a decrease in ADF recovery with an in
crease in sulfuric acid concentration (Van Soest, 1963). The 
results do not agree with Van Soest and Wine’s (1963) finding 
of increased lignin solubility under alkaline conditions.

The results show that cell wall material may be solubilized 
under acidic and basic conditions. This solubility is increased 
in the presence of heat. Researchers working with plant fibers 
should be aware that exposing plant fiber to  acid and alkali 
may alter the values determined for hemicellulose and cellu
lose.

The determ ination of neutral detergent fiber, hemicellulose 
and lignin as measured by the Van Soest procedure may be 
influenced by the particle size of the sample. When analyzing 
plant fiber, attem pts should be made to use samples of similar 
physical nature.

Table 7—Effect of pH on the hemicellulose, cellulose, lignin and 
cutin content of peanut hulls treated by shaking or refluxing

Treatment

Fiber fraction water 2.2 3.2 4 .8 6 .6 8.0 11.5

% of dry matter remaining after treatment

Shaken 2 4  hr a t 25'’ C
Hem icellulose 9 .9 12.2 10.9 15.6 12.2 14.8 14.1
Cellulose 4 1 .0 39 .8 4 0 .0 39 .8 40.1 40.1 3 8 .7
Lignin 13.6 13.1 13.4 13 .0 13.3 13.8 15.5
Cutin 15 7 14.8 14.8 15.1 15.3 15.1 14.4

R efluxed  fo r  5  min

Hem icellulose 14.3 11.4 12.0 1 2 .6 14.9 15.7 14 .6
Cellulose 3 9 .0 4 0 .7 40.1 4 0 .5 38 .9 3 7 .8 38 .4
Lignin 13.3 12.4 12.7 12.6 13 .0 13.0 13.0
Cutin 13 .8 15.5 15.1 14.7 14.4 13.7 14.6

R efluxed  fo r 6 0  m in
Hem icellulose 12.0 10.7 11.3 12.5 14.4 14.8 12.9
Cellulose 4 0 .3 40 .3 40.7 4 2 .2 39 .2 38.7 3 5 .5
Lignin 13.3 13.3 13.2 11 .0 13.8 13.9 13 .5
Cutin 15.4 15.1 15.3 1 6 .0 14.1 14.2 13 .0
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DIETARY HEMICELLULOSE INTERACTIONS INFLUENCING SERUM LIPID PATTERNS 
AND PROTEIN N U TR IT IO N AL STATUS OF ADU LT MEN

-------------------------------- ABSTRACT ---------------------------- —
The objective of the present project was to determine the effect of 
graded levels of hemicellulose added to a constant, plant-based diet on 
serum lipid patterns and protein nutritional status of adult men. The 
50-day study was divided into a 2-day depletion period, a 3-day pre
adjustment period, three 14-day experimental periods (randomly 
arranged) and a 3-day post-adjustment period. During all adjustment 
and experimental periods, ground peanuts provided 6.0g N/subject/day 
as the near sole source of dietary protein. In addition to the oil supplied 
by the ground peanuts, six of the twelve subjects received butter oil 
while the other six received corn oil on a daily basis. During the three 
experimental periods, supplements of 4.2, 14.2 and 24.2g of hemicellu
lose were added daily to the diet. All subjects received all experimental 
treatments. Graded increases in hemicellulose had no demonstrative 
effect on nitrogen balances of subjects in strong apparent positive nitro
gen balance; however, those individuals in marginal or negative nitrogen 
balance tended to show poorer nitrogen balances as level of dietary 
hemicellulose was increased. Mean blood serum cholesterol levels of 
subjects were slightly lowered as level of dietary hemicellulose was 
increased regardless of source of dietary fat. While mean serum tri
glyceride levels of subjects receiving the corn oil and peanut oil combi
nation were quite constant with increases in dietary hemicellulose, the 
triglyceride levels of all subjects receiving the butter oil and peanut oil 
combination were increased as levels of dietary hemicellulose were in
creased.

INTRODUCTION
THE ROLE OF FIBER in nutrition and in m aintenance of 
human health is a topic of current research interest. Authors 
have suggested possible roles of dietary fiber in the prevention 
of colon cancer (Burkitt, 1971; Burkitt et al., 1972), divertic
ular disease (Painter et al., 1972) and coronary heart disease 
(DeGroot et al., 1963; Mathur et al., 1968; Trowell, 1972). 
Many of these conclusions are based on correlations and do 
not constitute proof of cause and effect. Dissemination of 
inform ation in the lay press has developed an appeal for devel
opm ent of food products with a higher fiber content. Fiber is 
the term covering several different food com ponents which 
vary in their chemical/physical characteristics and could well 
cause different physiological responses when consumed by 
humans. Furtherm ore, any recom m endations for major change 
in diets should be carefully studied in order to determine the 
total as well as isolated effects. Relatively little inform ation is 
available on purified fibers fed in controlled human m etab
olism studies.

The purpose of the present study was to  investigate the 
effect of graded additions of hemicellulose to  a plant-based 
diet on serum lipid patterns and protein nutritional status of 
adult men.

EXPERIMENTAL
THE EXPERIMENTAL PLAN for the study is shown in Table 1. The 
50-day study was divided into a 2-day depletion period, a 3-cay pre
adjustment period, three experimental periods of 14 days each and a 
3-day post-adjustment period. Order of the three experimental periods 
was randomly arranged for each of the 12 subjects who participated in 
the study to minimize the effects of time and order of diet presenta
tion.

Initial feeding of a very low level of nitrogen (protein) to research 
subjects has been found advantageous in our laboratory for speeding 
adjustment of subjects to the relatively low levels of protein fed in 
nitrogen balance type studies. During the depletion period, subjects 
received the basal diet shown in Table 2 from which the peanut butter 
component was omitted. With this omission, the diet provided 0.8g N 
per subject per day. Other purposes of this period were to introduce 
subjects to their duties and responsibilities and to begin to establish 
that level of caloric intake necessary for each individual to maintain 
body weight.

During adjustment periods and all experimental periods subjects 
received a standardized diet shown in Table 2 which provided 6.8g 
nitrogen (primarily from ground peanuts), 119.8g of fat (59.8g of fat 
from ground peanuts and 60g from corn oil for subjects 1081, 1082, 
1083, 1086, 1088 or from butter oil for subjects 1092, 1094, 1095, 
1096, 1097, 1099) and 6.8g of fiber. Hemicellulose was added to the 
diet to provide 4.2g during depletion, adjustment and one experimental 
period, 14.2g during a second experimental period and 24.2g during a 
third period. All subjects received all experimental variables in relation
ship to hemicellulose intake. Total fiber intake was varied from 10.2 to
20.2 to 30.2g per day during the three randomly arranged experimental 
periods.

Diets were supplemented with vitamins and minerals so that in addi
tion to those nutrients supplied by the ordinary foods in the diet ade
quate intake of essential nutrients was assured (Table 2). By varying the 
amount of starch bread, sucrose, hard candy, jelly and soft drinks 
among individuals, total caloric intake of subjects was adjusted to that 
level necessary for weight maintenance. Subjects were weighed daily to 
ascertain caloric adequacy of the diet. After this level of energy intake 
was established for each individual, caloric intake was maintained con
stant for the remainder of the study.

The hemicellulose supplements were added to the ground peanuts 
and approximately one-third of each day’s allotment was served at each 
of the three meals. Starch bread was prepared using either butter oil or 
corn oil. The fruits and vegetables used as part of the basal diet were 
purchased from the same lots at the beginning of the study.

The 12 adult men who were volunteers for this study are described 
in Table 3. All were inmates of the Nebraska Penal and Correctional 
Complex for Men-Reformatory Unit who were housed within the facil
ities of the institution and continued usual institutional assignments of 
work or study except for consumption of special meals and for collec
tions of excreta. The study was approved for inmate participation by 
the Human Rights Committee of the University of Nebraska and by the 
institutions’s medical and administrative staff. All subjects were volun
teers who were free to withdraw from the project at any time. Clear
ance for participation on a health basis was obtained on the basis of 
physical examinations conducted by the institution’s medical officer.

Complete collections of urine and feces were made by subjects 
throughout the 50-day study. Urine collections were divided into 24-hr 
lots on a time basis for analyses on a daily basis. Creatinine content of 
urine by the method of Folin (1914) was used to ascertain both the 
completeness of each 24-hr collection and the accuracy ai which divi
sions were made. Fecal collections were made during the experimental 
periods on the basis of 7-day composites using orally given carmine dye 
to mark the division between each lot. Since each period was 14 days 
long, two fecal composites were made for each subject for each period. 
Fasting blood samples were drawn from subjects at the beginning of the 
study and at the end of each experimental period. Food composites 
were made for analysis twice during the course of the study.

Urine, feces and stools were analyzed for nitrogen basically by the 
Scales and Harrison (1920) modification of the Kjeldahl method. Blood 
plasma samples were analyzed for triglyceride (Dade TRI-25, Hantzsch 
condensation colorometric method) and cholesterol (iron-salt acid, feric 
chloride method). In addition, blood samples were analyzed for a wide
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Table 1 —Experimental plan

Period

Nitrogen intake (g/day) Hemicellulose
supplement

(g/day)

Fat intake (g/day)

Peanut
Butter oil 

or corn oil*3 Totaldays Peanut Totala

Depletion 2 0 0.8 4.2 59.8 60 119.8
Pre-adjustment 3 6.0 6.8 4.2 59.8 60 119.8
Expt. 1 14 6.0 6.8 4.2 59.8 60 119.8
Expt. 2 14 6.0 6.8 14.2 59.8 60 119.8
Expt. 3 14 6.0 6.8 24.2 59.8 60 119.8
Post-adjustm ent 3 6.0 6.8 4.2 59.8 60 119.8

a T h e  basal d ie t  sh o w n  in T a b le  2 p ro v id ed  0 .8 g  n itro g en  (e x c lu d in g  g ro und  p ean u ts) and 6 .0 g  c ru d e  f ib e r  per su b je c t  per d a y . H e m ic e llu lo se  m ate 
ria l co n s isted  o f a m ix tu re  o f p en to san s , h e xo sa n s  and g a lactan s fro m  p sy ll iu m .

^ T h e  su b je c ts  w e re  d iv id ed  in to  tw o  g ro ups o f s ix  su b je c ts  each . O ne  group  rece ived  co rn  o il and the  o th e r group rece ived  b u tte r  o il fo r  the  en tire  
feed ing  p e rio d .

spectra of chemical components as a general check on maintenance of 
physiological condition by autoanalyzer techniques by the Lincoln 
Pathological Laboratory, Lincoln, Neb.

Statistical analysis on data collected included analysis of variance 
and Duncan’s Multiple Range Test.

RESULTS & DISCUSSION
NITROGEN BALANCES of subjects while receiving the three 
levels o f hemicellulose are shown in Table 4. Mean balances for 
all subjects while receiving the 4.2, 14.2 and 24.2g of added 
hemicellulose per day for the first seven days of each period 
were +0.62, 0 and +0.11 and for the second seven days of each 
period were +0.56, +0.04 and —0.10g nitrogen per day, respec
tively. Regardless o f whether values for the first seven days or 
the last seven days of each period were used, subjects retained 
significantly (P <  0.05) less nitrogen while receiving the two 
higher levels of hemicellulose supplem entation than while 
receiving the 4.2g addition. No significant difference was 
determined between nitrogen balances of subjects receiving the 
14.2g and 24.2g supplement.

Subjects who were in strongest positive nitrogen balance 
showed the least change in nitrogen balance as a result of 
dietary hemicellulose addition. Since these individuals were 
most likely meeting or exceeding all their protein needs at this 
level o f protein intake, it is not surprising that a decrease in 
protein availability would have little affect on the apparent 
protein nutriture of the subject as illustrated by nitrogen bal
ance. In a previous study from this laboratory (Kies and Fox,
1974) graded levels of hemicellulose to  a low protein wheat 
diet produced more negative nitrogen balances as levels of 
hemicellulose were increased. The results of this study are sur
prising in that it is usually difficult to affect nitrogen balances 
of subjects when working in the positive range. It is for this 
reason that most studies of this type are conducted at levels of 
protein designed to  produce a slightly negative nitrogen bal
ance.

Urinary nitrogen and fecal nitrogen excretion values are 
used in the calculation of nitrogen balance. An examination of 
these values independently of nitrogen balance is sometimes of 
value. As shown in Tables 5 and 6 , as supplem entation levels 
of hemicellulose were increased, both  urinary nitrogen and 
fecal nitrogen values also increased; however, these differences 
were not statistically significant at all intake levels. Generally, 
changes in fecal nitrogen excretion are more difficult to 
dem onstrate than are changes in urinary nitrogen excretion 
due to inherent errors in fecal collections, division, sampling 
and analyses. In this situation the increased fecal nitrogen ex
cretion suggests but does not prove that the poorer nitrogen 
balances achieved with higher hemicellulose intake were due 
primarily to  interference in protein absorption.

Several studies have dem onstrated a blood cholesterol
lowering effect of selected dietary fibers or fiber-containing 
materials in several animal species. For example, inclusion of 
barley, whole wheat or rolled oats resulted in a lowering of 
blood cholesterol levels of rats fed cholesterol-containing diets 
(DeGroot et al., 1963). Pectin has been shown to lower blood 
cholesterol levels of rats fed cholesterol-containing rations 
(Leveille and Sauberlich, 1966.). Cellulose additions to  rat 
rations also have been dem onstrated to  have a cholesterol
lowering effect (Sundaravalli et al., 1971). In several other 
studies, addition of bran to  diets have failed to  produce a 
cholesterol-lowering effect (Eastwood, 1969; Heaton and 
Pomare, 1974; Jenkins et al., 1975; Elias et al., 1975; Connell 
et al., 1975; Durrington et al., 1975; Truswell and Kay, 1975; 
Malinow et al., 1976). Failure to produce a response may be 
associated with am ount of bran, w ith length of time or with

Table 2—Experimental diet

Item Amount/day

G round peanuts 130
Starch bread V aried3
Applesauce 100g
Peaches 100g
Pears 100g
Green beans 100g
T o m a to  juice 
V itam in  supplement*3 
M ineral supplem ent*3

100g

Soft drinks V aried 3
Hard candy V arieda
Jelly
N onprotein  bouillon

V aried3

a Fed  in  a m o u n ts  to  m eet c a lo r ic  needs fo r  w e ig h t m a in te n an ce  o f 
each in d iv id u a l. A lth o u g h  varied  b etw een  su b je c ts , am o u n ts  w ere  
c o n s ta n t fo r  each in d iv id u a l. Le ss  th an  10%  o f  th e  ca lo r ie s  w e re  
fro m  m o n o  o r d isa cc h a rid e s , 4 0 —4 5%  o f ca lo r ie s  fro m  s ta rch  and 
3 5 —4 0 %  o f ca lo r ie s  fro m  fa t .

b T h e  m in e ra l su p p le m e n t (p a rt  cap su le  fo rm , p a rt  m ix e d  in  sta rch  
b read ) su p p lied  the  fo llo w in g  (g per su b je c t  per d a y ) : C a , 1 .0 0 ; P ,
1 .0 0 ; M g, 0 .1 9 9 ; F e , 0 .0 1 5 ; C u , 0 .0 0 2 ; K , 0 .3 2 3 ; I ,  0 .0 0 0 1 5 ; M n ,
0 .0 0 2 ; and  Z n , 0 .0 0 0 9 . O rd in a ry  fo o d s su p p lie d  a p p ro x im a te ly
0 .1 2 1  mg o f a d d it io n a l Mg and a p p ro x im a te ly  0 .8 5 0  m g o f a d d i
t io n a l K . N aC I w as a llo w e d  ad l ib itu m . T h e  v ita m in  su p p le m e n t 
supp lied  th e  fo llo w in g  (p e r su b je c t  per d a y , cap su le  fo r m ) : 5 0 0 0  
U S P  u n its  o f v ita m in  A  a c e ta te ; 6 0 0  U S P  u n its  o f v ita m in  D (ergo- 
c a lc ife ro l) ;  2  m g th ia m in e ; 2 .5  m g r ib o f la v in ; 2 0  mg n ia c in a m id e ; 
5 0  mg a sco rb ic  a c id , 1 mg p y r id o x in e ; 1 jdg c y a n o c o b a la m in ; 1 mg 
ca lc iu m  p a n to th e n a te .
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Table 3—Description of subjects

Blood Chemistry Subject Numbers

1081 1082 1083 1086 1088 1089 1092 1094 1095 1096 1097 1099

Race W hite W hite W hite Black Black W hite W hite W hite W hite W hite W hite W h ite

W eight, kg 8 8 .4 9 2 .5 8 5 .2 8 2 .5 79.3 8 3 .9 6 8 .0 69 .3 6 8 .0 75 .7 6 3 .4 8 3 .9

Age, yr 20 19 22 24 23 25 20 18 23 23 23 2 4

H eight, cm 180.3 1 9 2 .8 1 7 7 .8 1 9 0 .5 1 8 5 .4 1 85 .4 180 .3 1 80 .3 1 79 .0 1 85 .4 1 85 .4 1 7 7 .8

C alcium , mg% 10.2 0 9 .9 0 9 .3 10.0 10.0 9 .8 10.1 9 .4 10.5 10.3 0 9 .9 0 9 .9

Phosphorus, mg% 0 3 .6 0 4 .7 0 3 .5 0 4 .3 04 .3 0 3 .9 0 4 .4 0 3 .5 0 3 .9 0 3 .7 0 3 .2 0 3 .9

A lb u m in , g% 5 .2 5 5 .3 2 5 .4 9 5 .0 7 4 .8 3 5 .4 9 5 .2 8 4 .8 7 5 .4 5 5 .0 6 5 .0 5 5 .5 2

B iliru b in , mg% 0 0 .3 0 0 .4 0 0 .5 0 0 .3 0 0 .3 0 0 .9 0 0 .6 0 0 .7 0 1 .3 0 0 .7 0 0 .6 0 0 .2

A ik . Phos., m U /m l 118 0 6 6 0 8 0 108 100 0 6 2 0 6 0 0 9 2 107 125 053 0 5 2

L D H , m U /m l
CD

141 1 2 4 167 134 182 160 158 161 160 2 2 2 121 124

S G O T , m U /m l Oa 0 2 2 0 1 7 0 2 7 0 2 2 0 3 6 0 2 6 0 5 4 0 2 5 0 1 9 196 0 29 0 1 6

Trig lycerides, mg% o 143 93 106 122 102 8 4 112 1C1 62 135 126 8 4

Glucose, mg% CD 091 0 8 6 0 9 2 0 8 5 0 8 5 0 92 0 92 0 9 0 0 80 0 93 089 081

B U N , mg% 0 1 0 011 0 1 4 0 17 0 13 0 2 0 0 14 013 0 2 0 0 1 3 009 0 1 5

Uric acid, mg% < 0 6 .7 0 5 .6 0 4 .7 0 5 .7 0 5 .6 0 5 .6 0 5 .3 0 6 .7 0 5 .5 0 5 .9 0 5 .3 0 4 .3

Cholestero l, mg% 182 153 136 125 271 127 191 153 2 00 2 05 169 157

T o ta l p ro te in , g% 0 7 .5 0 7 .6 0 7 .0 0 7 .5 0 7 .6 0 7 .2 0 7 .4 C6.9 0 8 .3 08.1 0 7 .3 0 7 .5

H em atocrit 46 5 0 .3 4 6 .5 4 6 .0 4 7 .0 4 4 .5 4 7 .0 4 5 .0 50.7 4 9 .0 4 9 .6 4 8

H em og lob in , mg% 15 .5 16 .4 16.3 15.0 16.0 15.1 15.9 15.7 1 6 .6 16.9 1 6 .4 1 6 .5

Table 4—Nitrogen balances of subjects fed graded levels of hemi- 
cellulose at a constant protein intake (6.8g N/day)

Subject N balances (g N/day) of subjects fed hemicellulose at 
4.2g/day 14.2g/day 24.2g/day

A a Ba A B A B

1081 + 0 .2 0 +0.01 -0 .0 1 - 0 .0 3 - 0 .3 2 - 0 .0 9

1082 + 0 .7 5 + 0 .7 3 + 0 .5 8 - + 0 .6 6 +0 .6 2
1083 + 0 .9 4 + 0 .9 7 +0.61 + 0 .5 8 + 0 .8 5 + 0 .8 3
1086 - 0 .5 2 - 0 .3 6 - 1 .0 3 - 0 .9 7 -1 .2 1 -1 .1 1
1088 + 0 .9 9 + 0 .9 2 + 0 .6 5 + 0 .7 4 + 0 .7 7 +0 .7 9
1089 — - 0 .2 0 - 1 .2 5 -1 .0 1 - 1 .3 2 - 1 .2 5
1092 + 1 .6 4 + 1 .6 5 + 0 .9 5 + 1 .0 3 + 3 .8 2 + 1 .3 6
1094 +0.81 +0 .8 4 +0 .3 9 + 0 .4 7 + 0 .2 2 + 0 .3 7
1095 + 0 .2 0 tO .27 - 0 .8 6 -0 .5 1 - 0 .7 0 - 0 .9 7
1096 + 0 .8 0 +0 .8 8 + 0 .5 0 + 0 .6 5 +0.81 + 0 .4 4
1097 -0 .0 1 +0 .0 8 -1 .3 1 - 1 .2 3 - 1 .3 4 - 1 .4 2
1099 + 1 .0 2 + 0 .9 3 +0 .77 + 0 .6 8 - 0 .9 4 -1 .0 1
Meanb + 0 .62a + 0 .56a 0b + 0 .0 4 b + 0 .1 1b -0 .1 0 b

a P a rt  A  va lu es are th e  m eans o f th e  f ir s t  7 d a ys  o f each perio d  and 
P a rt B  va lues are the  la st 7 d a ys  o f each 14-day p erio d , 

b D u n ca n 's  m u lt ip le  range te s t . M eans w ith o u t  a le tte r  in co m m o n 
d if fe r  s ig n if ic a n t ly  (P  <  0 .0 5 ) .

other variables. It does not necessarily mean tha t there is no 
response under all conditions.

In the present study, mean blood serum cholesterol levels 
were lowered as dietary hemicellulose was increased (Table 7). 
The degree of change was approxim ately the same among sub
jects receiving corn oil and those receiving butter oil. These 
results are somewhat suprising since the study involved feeding 
of the various levels of hemicellulose for short time periods. As 
previously discussed, peanut oil from the ground peanuts pro
vided approxim ately half of the fat calories for both  groups. 
Peanut oil is not a good source of polyunsaturated fatty  acids 
and, in previous studies from this laboratory, tends to  produce 
blood serum lipid patterns in human subjects more similar to 
those typical of animal than plant fats. In studies with rabbits, 
hydrogenated peanut oil resulted in increased atherosclerosis 
when added to semi-synthetic diets but not when added to 
chow diets containing fiber (Kritchevsky et al., 1968). The 
lowering of blood cholesterol levels even with no fiber additon 
in comparison to “norm al” levels in the bu tter oil group is 
surprising since the bu tte r oil plus peanut would be expected 
to  be hypercholesteremic. The observed effect was probably 
due to  the lower total dietary fat and lower intake of choles
terol in comparison to  subjects’ norm al diets, an institutional 
diet relatively high in  fat (50% of calories) and featuring eggs 
on nearly a daily basis.

Table 5—Urinary nitrogen excretion of subjects fed graded ievels 
of hemicellulose at a constant protein intake (6,8g N/day)

Level of 
hemicellulose 

g/day

Mean urinary nitrogen excretion 
g/day

Part Aa Part Ba

4 .2 4 .86a  ( 2 .7 0 -7 .7 8 ) 4 .99a  ( 2 .2 0 -8 .2 7 )
14.2 5 .1 5 b  ( 2 .8 3 -8 .1 7 ) 5 .1 3 b  (2 .7 5 -7 .9 3 )
2 4 .2 4 .9 0 ab  ( 3 .0 0 -6 .3 0 ) 5 .3 8 b  (3 .0 5 -7 .0 6 )

a P a rt A  va lues are th e  m eans fo r  12 su b je c ts  fo r  th e  f ir s t  7 d a y s  o f 
each p erio d  and P a rt  B va lu es are  th o se  fo r  th e  la s t 7 d a y s . D u n 
ca n ’ s m u lt ip le  range te s t . M eans w ith o u t  a le tte r  in  co m m o n  d iffe r  
s ig n if ic a n t ly  (P  <  0 .0 5 ) .

Table 6—Fecal (stool) nitrogen excretion of subjects fed graded 
levels of hemicellulose at a constant protein intake (6.8g N/day)

Level of 
hemicellulose 

g/day

Mean fecal nitrogen excretion 
g/day

Part A a Part Ba

4 .2 1.32a (0 .6 6 -1 .5 1 ) 1 .25a  ( 0 .5 5 -1 .4 1 )
14.2 1 .5 5 b  ( 1 .2 0 -1 .8 3 ) 1 .5 3 b  (1 .1 5 -1 .9 0 )
24 .2 1 .7 9 b  (1 .2 9 -2 .3 0 ) 1 .5 2 b  (1 .2 2 -1 .8 6 )

a P a rt  A  va lu es are th e  m eans fo r  12 su b je c ts  fo r  th e  f ir s t  7 d a y s  o f 
each p erio d  and P a rt  B va lues are  those  fo r  the  la st 7 d a ys . D u n 
can 's  m u lt ip le  range te s t . M eans w ith o u t  a le tte r in co m m o n  d if fe r  
s ig n if ic a n t ly  (P  <  0 .0 5 ) .
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Table 7 —Blood serum cholesterol levels of subjects fed either
butter oil/peanut oil or corn oil/peanut oil at graded intake levels of
hemicellulose intake

Subject
no.

Cholesterol levels (m g /100cc) 

o f subjects fed hem icellu lose

N orm al 4 .2 14.2 2 4 .2 g /d a y

Corn o il/p ea n u t oil

1081 182 177 — 158
1082 153 167 162 166
1083 2 08 169 156 150
1086 125 125 122 118
1088 271 216 194 187
1089 127 124 — 104
M ean 178 163 158 147

B utter o il/co rn  oil

1092 191 182 182 163
1094 153 146 147 110
1095 2 0 0 186 177 157
1096 2 05 210 194 192
1097 169 185 170 160
1099 2 48 247 221 207
M ean 194 193 182 165

Response of subjects’ blood, serum triglyceride levels to 
quantitative changes in dietary hemicellulose are shown in 
Table 8 . For the corn oil group, blood serum triglyceride levels 
were lower than when subjects received their normal diets; 
however, no consistent changes were dem onstrated as a result 
of hemicellulose supplem entation. The group receiving butter 
oil in addition to  the oil provided by ground peanuts 
responded quite differently to  the hemicellulose additions. As 
dietary hemicellulose increased so too did the blood serum 
triglyceride levels of these subjects. While it is no t unusual for 
decreases in blood cholesterol levels to  be accompanied by 
increases in blood triglyceride levels, this is not generally con
sidered to be a desirable response. In this situation it is diffi
cult to explain these results.

Blood urea nitrogen levels of subjects were lower while sub
jects received the experim ental diets than while consuming the 
usual institutional diet. This response would be expected since 
the protein content of the experimental diet was m oderately 
low. No consistent differences in blood urea nitrogen levels as 
a result of hemicellulose additions were noted. No consistent 
changes between blood chemistries of subjects while on nor
mal diets and experim ental diets or among experim ental diets 
for the following factors were found: calcium, phosphorus, 
glucose, uric acid, to tal protein, albumin, total bilirubin, alka
line phosphatase, LDH, SCOT, hem atocrit and hemoglobin.

In conclusion, the results of this study dem onstrate that 
changes in level of dietary hemicellulose result in changes in 
both apparent protein nutritional status and in blood serum 
lipid patterns of adult men. These changes may be desirable, 
undesirable or not im portant. However, recom m endations for 
radical changes in dietary fiber intake should take into consid
eration the to ta l possible effects on the physical well-being of 
humans.
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COMPARISON OF Tetrahymena pyriform is W AND RAT BIOASSAYS 
FOR THE DETERMINATION OF PROTEIN Q UALITY

----------- -------------------- ABSTRACT — — -------------- ------
The protein quality of 34 samples of commercially prepared foods was 
determined using the T e tra h y m e n a  p y r i fo r m is  W and rat Protein Effi
ciency Ratio (PER) bioassays. ANRC Reference Casein was used as the 
reference protein in both assays. The regression equation relating the 
T e tra h y m e n a  Relative Nutritive Value (RNV) and PER was: PER = 
0.286 + 0.022 (RNV), r = 0.90 (P < 0.01). This relationship could be 
used to predict the protein quality of food samples. The use of the 
Coulter particle counter instead of the direct microscopic counting pro
cedure increased the efficiency of the T e tra h y m e n a  assay by reducing 
counting error and the length of time required. In addition, quantitative 
information on cell size in relation to quality and quantity of pro:ein in 
the test sample was obtained. The results of these studies suggest that 
the T e tra h y m e n a  p y r ifo r m is  W assay may be adapted to provide a 
rapid, low cost assay for estimation of protein quality of commercially 
prepared foods.

INTRODUCTION
NUTRITIONAL LABELING requirem ents, concern for nu tri
ent retention during storage and the effects of processing on 
the nutritive quality of protein products have created a need 
for an assay m ethod to measure the quality of protein which is 
less tim e consuming and less expensive than the official bio
assay for protein efficiency ratio (PER) (AOAC, 1970). The 
plant breeder, concerned w ith genetic improvement of protein 
quality, also has need for a rapid, simple, inexpensive test 
which requires only a few grams of material (Adams, 1974).

For ethical and practical reasons, human experim entation 
to determ ine protein quality is unacceptable, yet any m ethod 
chosen to test the biological availability of nutrients must cor
relate with human needs. Numerous in vivo and in vitro m eth
ods have been proposed (Porter and Rolls, 1973), but none has 
met with wide acceptance. Microbial assays employing S t r e p 
t o c o c c u s  f a e c a l i s  (Halvey and Grossowicz, 1953), S t r e p t o c o c 
c u s  z y m o g e n e s  (Ford, 1962), C l o s t r i d i u m  p e r f r i n g e n s  (Boyd et 
al., 1948) and T e t r a h y m e n a  p y r i f o r m i s  W (Rockland and 
Dunn, 1949; Anderson and Williams, 1951; Pilcher and Willi
ams, 1954; Fernell and Rosen, 1956; S tott et al., 1963; S tott 
and Smith, 1966; Sheffner, 1967; Helms and Rolle, 1970; 
Rolle and Eggum, 1971; Rolle, 1973; Shorrock and Ford, 
1973; Srinivas et al., 1975; Frank et al., 1975; Landers, 1975) 
have been suggested. Of these, T . p y r i f o r m i s  appears to be the 
most suitable since many of the amino acid requirem ents of 
the organism are in reasonable agreement with human (Rolle,
1975) and rat (Kidder and Dewey, 1961) requirements.

Limited comparisons have been made between T . p y r i 
f o r m i s  W and rat bioassays (Fernell and Rosen, 1956; Rosen 
and Fernell, 1956; Srinivas et al., 1975); however, the T e t r a 
h y m e n a  data were collected using protein samples which had 
been extracted with organic solvents. Landers (1975), recog
nizing that this extraction could affect protein utilization by

1 Present address: Del M onte  C orp., W alnut Creek, CA  9 45 9 8
’ Present address: Kellogg Salada Canada L td ., O n tario , Canada
' Present address: Hunt-W esson Foods, F u lle rto n , C A  9 2 6 3 4

T e t r a h y m e n a ,  used unextracted food samples; however, his 
PER data were obtained from the literature and not deter
mined on the identical samples used in the T e t r a h y m e n a  assay.

The present study was undertaken to determine the rat 
PER and T e t r a h y m e n a  relative nutritive value (RNV) or. iden
tical samples of commercially available food products, to  cal
culate the correlation coefficient between the two m ethods, 
and to establish whether the T e t r a h y m e n a  bioassay had appli
cation as a rapid screening m ethod in assessing protein quality 
of commercially available foods.

EXPERIMENTAL
Food samples

Thirty-four commercially prepared foods, representing 15 heat pro
cessed canned foods and 19 frozen foods were selected. The composi
tion of the food products examined is given in Table 1.
Sample preparation

Samples of commercially prepared frozen foods were passed 
through a Hobart commercial grinder with a 1/8 in. stainless steel plate. 
Heat processed foods were blended in a Waring Blendor. Sufficient 
sample of each food was prepared for both PER and T e tra h y m e n a  RNV 
assay. A portion of the homogenized food sample was removed for the 
T e tra h y m e n a  assay and was further homogenized for 5 min using a 
Tissuemizer (Tekmar Co., Cincinnati, Ohio). The pepsin digests were 
prepared in Folin-Wu NPN blood digestion tubes. Blended portions of 
each food, containing 625 mg of protein (100 mg of nitrogen), were 
weighed into separate digestion tubes. The volume of each sample was 
made up to approximately 30 ml with distilled water and the pH was 
adjusted to 1.8 with IN hydrochloric acid (HC1). Then 1 ml of a 1% 
pepsin (Sigma Chemical Co., St. Louis, Mo.), the 2X crystallized and 
lyophilized pepsin, was dissolved in water and the HC1 concentration 
was adjusted to 0.05N with mixing) solution was added to each tube. 
The stoppered tubes were incubated at 55°C for 3 hr with inversion 
mixing in a Roto-Torque Heavy-Duty Rotator (No. 0007637, Cole- 
Parmer Instrument Co., Chicago, 111.). Pepsin digest pH was adjusted to
7.1 with IN sodium hydroxide (NaOH); digest volumes were adjusted 
to the 50-ml mark with distilled water. ANRC (Animal Nutrition Re
search Council) reference casein (available from Sheffield Chemical Co., 
Union, N.J.) was digested using the same procedure except homogeniza
tion was not required.
Test organism

T e tra h y m e n a  p y r i fo r m is  W (ATCC 10542) was obtained from the 
American Type Culture Collection, Rockville, Md. The culture was 
maintained in T e tra h y m e n a  medium (5g protease peptone, 5g tryptone, 
0.2g K2HP04, 1000 ml distilled water). The organism was transferred 
regularly at 3-4  day intervals into 15 ml of sterile medium in 50 ml 
micro-Fernback flasks, and grown in the dark at 25°C. Immediately 
prior to inoculation of sample culture flasks in the assay procedure, a 
3-day broth culture of the organism was centrifuged, washed once and 
resuspended in 15 ml of 0.067M phosphate buffer, pH 7.2.
Tetrahymena assay procedure

The procedure (Fig. 1) of Stott et al. (1963) as modified by Landers
(1975) was used with the following modifications. Buffer solution D 
was prepared by mixing 0.2M solutions of mono- and di-basic potassi
um phosphate to give a pH of 7.1, and then adding an equal volume of 
0.2M Tris-HCl buffer, pH 7.1. This modification was made to help 
minimize the reduction in pH which occurred in the culture flasks
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Tetrahymena A S S A  Y  O F P R O T E IN  Q U A L I T Y

mg/20 ml of sol. E

d u rin g  g ro w th . S o lu tio n  E  w as p re p a re d  b y  d isso lv ing  th e  fo llo w in g  in
1 4 .0  m l o f  h o t  w a te r :

cytidylic acid 12.5
guanylic acid 3' (2') mixed isomers 15
adenosine 2' (3') — phosphoric acid 10 
uracil 5

After the above was solubilized, 1 ml of the following was added with 
stirring: 0.02M citric acid, solution B, and solution C. The pH was 
adjusted to 7.1 with 0.1N NaOH and 2.9 ml of modified solution D 
added to obtain 20 ml of working solution E. Solution G was prepared 
in two parts, each autoclaved separately at 121°C for 15 min, cooled 
and combined aseptically:

Part 1. 3.5g dextrin (bacteriological) (Eastman Kodak Co.)
dissolved in 100 ml of hot water.

Part 2. 2.25 ml of stock solution A diluted to 15.0 ml
with distilled water.

Vitamin stock solution A was prepared by dissolving the following 
milligram quantities of the components (available from ICN Nutritional 
Biochemicals, Cleveland, Ohio) in distilled water and, diluting to 200

ml, followed by heating to 55°C with stirring to dissolve components. 
Stock solution A was frozen in 10 ml aliquots until needed.

mg/200 ml
D-calcium pantothenate 12.5
nicotinic acid amide 12.5
pyridoxne hydrochloride 125.0
pyridoxal hydrochloride 12.5
pyridoxamine dihydrochloride 14.8
riboflavin 12.5
folic acid, crystalline 1.25
thiamine hydrochloride 125.0
i-inositol (meso) 12.5
choline chloride 125.0
p-aminobenzoic acid 12.5
D-biotin 1.25
D-L-thioctic acid 0.4

Mineral stock solutions B and C were prepared by dissolving the 
following quantities of reagent grade chemicals (J.T. Baker Chemical 
Co., Phillipsburg, N.J.) in distilled water containing IN HC1 to a final 
volume of 200 ml. The solutions were stored in the refrigerator until 
needed.

T a b le  1—C o m p a riso n  o f  r a t  P E R , T e tra h y m e n a  R N V  a n d  c a lc u la te d  T e tra h y m e n a  P E R  o f  3 4  fo o d  sam ples

Sample
code

Protein
(%)

Fat
(%>

Carbohyrate
(%)

Solids
(%>

Corrected
rat

PER
Tetrahymena

RN V

Calculated
Tetrahymena

PER®

05 9.7 9.6 16.4 37.3 2.9 113 2.8
010 8.1 8.8 12.7 30.9 2.9 115 2.8
012 9.7 10.6 17.4 39.2 2.9 106 2.6
032 6.2 10.9 19.1 37.6 2.9 101 2.5
041 8.5 6.1 11.5 27.4 2.9 110 2.7
042 8.0 5.6 13.7 28.9 2.9 121 2.9
03 8.2 3.6 12.5 25.8 2.8 119 2.9
06 10.7 10.7 13.5 36.7 2.8 111 2.7
07 11.6 11.4 19.1 43.7 2.8 129 3.1
014 8.1 6.4 14.3 29.8 2.8 111 2.7
031 5.7 9.9 19.2 36.3 2.8 107 2.6
033 6.1 11.1 17.7 36.3 2.8 105 2.6
044 6.7 5.7 11.5 25.3 2.8 110 2.7
02 9.7 3.4 10.3 24.6 2.6 120 2.9
08 8.3 13.0 12,4 35.1 2.6 107 2.6
013 6.6 9.4 15.8 33.2 2.6 105 2.6
043 6.4 3.2 13.8 24.6 2.6 102 2.5
020 4.2 3.8 15.9 25.1 2.4 95 2.4
011 9.2 12.9 17,2 41.2 2.3 106 2.6
025 3.0 1.8 7.1 14.2 2.3 76 2.0
037 5.6 2.4 6.9 16.2 2.3 98 2.4
022 3.4 3.2 11.1 19.1 2.2 97 2.4
024 3.3 1.6 6.8 13.8 2.2 77 2.0
016 4.5 4.1 11.2 21.4 2.1 94 2.3
019 3.9 4.6 12.1 22.1 2.1 77 2.0
017 4.1 4.5 11.4 21.5 2.0 84 1 2.1
036 5.3 1.3 5.7 13.7 2.0 85 2.2
035 4.2 1.8 6.1 13.5 1.9 67 1.8
0 '  8 4.6 3.1 14.8 24.0 1.8 73 1.9
038 4.5 2.9 7.6 16.4 1.7 77 2.0
039 3.5 2.6 9.5 17.7 1.7 63 1.7
023 3.0 1.3 8.2 14.1 1.6 84 2.1
029 4.6 1.8 11.0 18.9 1.3 57 1.5
027 1.4 1.6 8.5 12.8 1.2 39 1.1

a PE R =  0 . 2 8 6  + 0 . 0 2 2  ( R N V )
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COUNT

F ig . 1 - T e tra h y m e n a  b io assay  p ro c e d u re .

Solution B g/200ml
MgS04 -7 H ,0  2.8
Fe(NH4 )„ (S04)¡-6 H ¡0  1.25
MnCl2-4H 20  0.025
ZnCl2 0.0025
Solution C mg/200 ml
CaCl2 -2 H2 0  600
CuCl2 -2 HjO 60
FeClj -6 HjO 15

Appropriate aliquots of digested casein or food sample suspensions 
were pipetted into 50 ml micro-Fernback flasks to provide 0.1-0.4 mg 
N/ml of final culture medium. Water was added to bring the volume in 
each flask up to 3 ml. Two ml of freshly prepared solution E were 
added to each flask. Trays containing 20 flasks each were covered with 
aluminum trays and autoclaved at 121°C for 10 min. After autoclaving, 
trays of flasks were cooled rapidly in a cold water bath. Five ml of 
sterile solution G (dextrin-vitamin solution) were added to each flask 
aseptically. Each flask was inoculated with 2 drops (approx 104 organ
isms) of the washed inoculum and incubated in the dark at 25°C for 4 
days.

Determination of Tetrahymena growth
After 4 days of incubation, each flask was mixed on a Vortex mixer 

and 1 ml of growth medium was added to 1 ml of preserving solution 
(86 ml. water, 20 ml 36% formaldehyde, and 14 ml of modified buffer 
solution D).

Organisms were counted by one of two procedures. All samples 
were counted using a Spiers-Levy eosinophil counting chamber 'A.tl. 
Tilomas Catalog No. 2936-K10). The organisms in eight adjacent 1-mrn 
squares were counted and the mean number per 1 mm square gave the 
final population in the test culture in units of 104 organisms per ml.

In later experiments, a Coulter counter model ZB together with a 
Coulter channelizer (Coulter Electronics Inc., Hialeah, Fla.) were used. 
Teunnisson (1971) had suggested the use of this instrument to count 
T e tra h y m e n a  cells, however, she had used an elaborate extraction pro
cedure to separate the cells from food debris. This extraction procedure 
greatly restricted the number of samples which could be counted in a 
day. No extraction procedure was used in this study. A 1:10 dilution of 
the preserved test culture was made using Isoton balanced electrolyte 
solution (Coulter Electronics Inc., Hialeah, Fla.). The diluted test cul
ture was then counted using a 100 mm aperature tube. Since the food

samples had been homogenized and digested, little interference was 
encountered from large particles blocking the aperature. In samples 
other than casein, particles smaller than T e tra h y m e n a  cells often inter
fered with the count. However, by using the channelizer to determine 
the lower threshold setting on the Coulter counter, these small interfer
ing particles could be eliminated from the count. Duplicate or triplicate 
counts were made on all test cultures.
Calculation of relative nutritive value

The procedure as described by Landers (1975) was used to calculate 
the RNV of test cultures. Average organism count per ml was plotted 
against mg nitrogen per ml of incubation medium. The organism count 
at 0.3 mg nitrogen per ml was determined from the plot or a linear 
regression calculation.

R N V  -  s a m p l e  o r g a n i s m  c o u n t ____x  1 0 0
ANRC reference casein count

Both counts were expressed per ml at 0.3 mg nitrogen per ml of incuba
tion medium.
Animal bioassay

The official AOAC procedures for the biological evaluation of pro
tein quality were followed throughout this study (AOAC, 1970). Wean
ling male, Sprague-Dawley derived rats, weighing 45-55g, 21-25 days 
of age were obtained from a commercial supplier (Blue-Spruce Farms, 
Inc., Altamont, N.Y.). During the 28-day feeding study, the animals 
were housed in individual galvanized steel (7 in. w X 7 in. h x 15 in. 1) 
cages in a room where humidity (50%), temperature (22-24°C) and 
lighting (12 hr light/12 hr dark) were controlled.

Assay groups were assembled in lots of 10 rats in a random manner 
so that the weight differential was less than 5g within each lot and with 
a mean weight within 2g between lots. Throughout the 28-day test 
period, feed and water were provided ad libitum. Fresh diet was offered 
on an every-other-day basis. The composition of the casein control and 
test material diets were formulated according to AOAC (1970) rec
ommended protocols whenever possible. If the diets could not be pre
pared according to suggested nutrient levels because of the composition 
of the test ingredients, the casein control diet was adjusted accordingly 
to compensate for differences in nutrient content (Hurt et al., 1975).

Individual rat food consumption records and weight gains were 
determined on a 2-day and 7-day basis respectively. Data collection and 
processing were done by an automatic electronic balance interphased 
with time-sharing computer facilities. Upon conclusion of the 28-day 
feeding studies, individual rat (PER) values were calculated for each rat 
based upon individual weight gain and consumption of diets for which 
protein (nitrogen x 6.25) and total solids had previously been deter
mined by official AOAC (1970) procedures.
Statistical analyses

Statistical analyses of the data were patterned after standard regres
sion analysis procedures (Steel and Torrie, 1960). ¿he slope-ratio bio
assay technique for the estimation of the potency of an unknown 
(Finney, 1971) was applied to a portion of the experimental data col
lected with the Coulter technique as outlined above. Where appropriate, 
standard analysis of variance and t-test techniques were used to deter
mine the relative significance of observed differences between treat
ments.

RESULTS & DISCUSSION
A LINEAR GROWTH response was observed with casein and 
food samples when 0 .1—0.4 mg N/ml was contained in the 
culture medium. The correlation coefficient of the growth 
versus nitrogeri concentration regression lines of over half the 
samples counted microscopically was greater than 0.95, and all 
were greater than 0.90. The correlation coefficients of the data 
obtained by the Coulter counter were greater than those ob
tained microscopically. This was partly due to less error inher
ent in the Coulter counting procedure. Coulter counts were 
done in duplicate or triplicate, whereas, for reasons of time, 
one count per culuture flask was obtained with the micro
scopic counting procedure.
, ^For the most part, the magnitude of the slope of the T e t r a 

h y m e n a  growth versus nitrogen concentration increased as the 
protein quality of the food sample increased. This was also
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Table 2—Linear regression o f Tetrahymena count on level o f protein
from standard casein contained in incubation media.

- 95% Confidence level

r2 Y-intercept Slope

3 point assay Y = 28 + 966 (x) 0.98
4 point assay Y = 42 + 880 (x) 0.98 
Y = Tetrahymena Count/0.001 ml media; x

±15 
± 13

Protein level

± 71 
± 48

Table 3 —Biopotency o f  food product protein using 4-point slope- 
ratio technique

Potency PER
Frozen Product FC 1.12 ± 0.03a 2.7
Pleat Processed TN 0.76 ± 0.06 2.0
Pleat Processed FID 0.66 ± 0.04 1.5

a Mean and standard deviation of six independent estimates

observed by Srinivas et al. (1975) and Landers (1975); how
ever, there were exceptions, as described by Landers (1975). 
The growth versus nitrogen curves did not intersect at a com
mon point for proteins of different or even similar quality. 
Landers (1975) assumed this reflected uncontrolled variables 
in the method, and emphasized the importance in choosing an 
optimum and common nitrogen concentration for determining 
organism counts.

Table 1 shows a comparison of PER and T e t r a h y m e n a  RNV 
measured on identical samples of the 34 foods studied. The 
PER values were corrected to the PER of casein set at 2.5. The 
RNV values were calculated on the basis o f the mean count 
obtained on 15 casein samples.

The RNV and rat PER values from Table 1 were plotted 
(Fig. 2) to obtain the relationship between the two methods. 
The regression equation relating T e t r a h y m e n a  RNV and PER 
was: PER = 0.286 + 0.022 (RNV). The correlation coefficient 
between RNV and PER was 0.90 (P <  0.01).

Using this equation, the T e t r a h y m e n a  PER was calculated 
from the RNV data (Table 1). 27 of the 34 food samples 
tested had a calculated T e t r a h y m e n a  PER within 0.2 PER 
units of that determined by the rat bioassay. Six of the seven 
samples which disagreed by more than 0.2 PER units, were 
within 0.4 PER units o f that determined by the rat bioassay.

The error inherent in the rat PER bioassay is ± 10%, (Per

sonal experience). This would represent an error of ± 0.25 
PER units for casein. In separate experiments designed to 
determine the error inherent in the T e t r a h y m e n a  microscopic 
counting procedure, we have observed that a ± 10% error 
existed in the method. With this degree of inaccuracy, casein 
could have an RNV of 90 — 110 which would equate to a cal
culated PER of 2 .3—2.7 (2.5 ± 0.2). Considering the error in 
both techniques, the PER as measured by the two techniques 
might be expected to disagree by 0.4 PER units. 33 of the 35 
samples tested in this study were within this experimental 
error.

The error associated with the microscopic counting pro
cedure, as well as the time required to perform the counts, 
prompted an examination of alternate procedures. Measure
ment of optical density as an indication of growth was imprac
tical since food digests were often cloudy. Bioluminescence 
was examined but was found lacking in sensitivity. The 
Coulter counter appeared promising (Teunnisson, 1971) if 
time-consuming elution procedures could be eliminated.

Analysis of data obtained by the Coulter counter revealed 
the counting error had been reduced from 10% to less than 3% 
(an experimental error of ± 0.1 PER unit). This reduction in 
error is not surprising when one considers the dilutions in
volved. Coulter counts were multiplied by 20 to obtain the cell 
population per ml of growth medium, whereas microscopic

10 20 30 40 50 60 70 80 90 100

Fig. 2—Correlation o f  Tetrahymena R N V  values with P E R  o f  34 foods. Fig. 3-Increa se  in cell volume o f Tetrahymena pyriform is W cells ver-
The casein data was not included in the calculation o f the regression sus increasing nitrogen concentration in medium.

line.
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counts had to be multiplied by 104 . Miscounting one cell with 
the Coulter counter would represent 20 cells per ml of growth 
medium. Miscounting the same cell microscopically would rep
resent 10,000 cells per ml of growth medium. An added advan
tage of using the Coulter counter was that duplicate or tripli
cate counts could be made per growth flask. Since the 
microscopic counting procedure is more time-consuming, and 
eye strain becomes a problem as the number of samples in
creases, only one count was performed per growth flask.

While using the Coulter channelizer to determine the lower 
threshold setting in order to eliminate debris from the count, 
it was observed that the volume of the cells increased as the 
amount of protein available to the organism increased (Fig. 3). 
Therefore, not only did the cell number increase with increas
ing amounts of protein, but the size of the cells increased as 
well. With a good protein source, maximum cell size was ob
tained with 0.3 mg N/ml culture medium, and though cell 
number increased with the addition of 0.4 mg N/ml, cell size 
did not. With a poor protein source, maximum cell size was 
not obtained even at 0.4 mg N/ml culture medium. All investi
gators who have studied the T e t r a h y m e n a  assay for determin
ing protein quality have used cell number at a particular nitro
gen concentration as an index of protein quality. The 
observation that cell size varies with good and poor protein 
quality at a particular nitrogen concentration suggests that a 
good quality protein allows for better cell maintenance than a 
poor quality protein.

A second approach to utilizing the T e t r a h y m e n a  assay as a 
predictor of protein quality was attempted by utilizing the 
concept of the slope-ratio bioassay as described by Finney
(1971). T e t r a h y m e n a  growth curves for the four nitrogen 
levels of the casein and test material were obtained by means 
of the Coulter procedure previously described. The relative 
growth curves of the two protein sources were compared 
according to the slope-ratio bioassay technique. The relative 
potency of the test material was estimated by the comparison 
of the slope of the test material to the slope of the standard 
casein.

The relative linearity of the response of 12 casein protein 
sources was evaluated using this system. The equations derived 
from growing T e t r a h y m e n a  on 3 (0 .1—0.3 mg N/ml) and 4 
(0 .1—0.4 mg N/ml) protein levels are presented in Table 2.

All casein protein sources gave the same response curve as 
determined by multiple comparison test of linear regression. 
Both the three and four point assays gave highly significant 
linear response of T e t r a h y m e n a  count with increasing protein 
concentrations in the incubation media. The four-point assay 
resulted in a decrease in the variability of both the Y-intercept 
and slope value. The biopotency (relative to casein) of the 
protein from three prepared food products as evaluated util
izing this technique is presented in Table 3. These procedures 
provide a means whereby the biopotency of the protein source 
can be estimated according to standard statistical techniques.

The T e t r a h y m e n a  bioassay can measure protein quality 
with accuracy comparable to the rat assay. The method can be 
used presently as a rapid screening procedure. With further 
refinement, such as the use of the Coulter counter and addi
tional research on variables in the assay, the technique would 
be ready for collaborative study. Its greatest application would 
be in determining changes in protein quality in plant breeding 
studies, in evaluating the effects of processing on protein 
quality and in studying changes in protein quality during stor
age of food products. The technique is relatively simple to 
perform, requires only a small amount of sample, is less costly

and requires relatively little space when compared to the rat 
bioassay.
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A DIFFERENTIAL MEDIUM FOR THE ISOLATION
OF Aspergillus flavus FROM COTTONSEED

■ - ABSTRACT ..........
An amended Aspergillus Differential (BSAD) agar prepared by a modifi
cation of Bothast and Fennell’s formula [Mycologia (1974) 66: 365] 
using botran (2,6-dichloro-4-nitroaniline) facilitated the isolation and 
enumeration of A . fla v u s  from cottonseeds based on the characteristic 
orange yellow under-colony pigmentation after the cultures were incu
bated for 5 days at 28°C. Pigment production by A . fla v u s  cultures on 
BSAD agar was detected by the third day of incubation. An incubation 
period of 5 days at 28°C is recommended for routine screening of 
cottonseed samples for contamination by A . fla v u s . At the concentra
tions used, botran (10 mg/liter) and streptomycin sulfate (50 mg/liter) 
did not interfere with the pigment production by A . fla v u s  but de
creased the numbers and colony size, pf other fungi and bacteria. 
Decrease in pH of the medium from 6.5.to 5.5,4.5 and 3.5 resulted in 
decrease of the intensity of pigmentation, while the sporulation of A .  
f la v u s  colonies increased. When ferric citrate was omitted from ADM 
containing botran or was replaced with manganous sulfate, zinc sulfate 
or copper sulfate, orange yellow pigmentation was not produced. Kojic 
acid produced by strains of A sp erg illu s  reacts with ferric citrate in the 
medium to produce orange-yellow pigmentation. When esculin hydrate 
(6,7-dihydrocoumarin-6-glucoside) was added to BSAD agar at a 1% 
level, deep reddish brown pigment was produced by all isolates of A .  
fla v u s  and A . p a ra s itic u s  tested. Similarities between pigment produc1 
tion and nitrification by the A . fla v u s  group of fungi was observed. Few 
isolates of A . o ry z a e  produced pigmentation similar to that produced 
by A . flavus .

INTRODUCTION
STRAINS of fungi belonging to the species A. fla vu s-A . para
siticus produce aflatoxins on a wide variety of crops and pro
cessed foods. Since aflatoxins are toxic and carcinogenic 
metabolites, the importance of screening agricultural crops for 
these mycotoxins cannot be over-emphasized.

Aflatoxin contamination of cottonseed at the time of har
vest was correlated with bright greenish-yellow (BGY) fluo
rescence of the fiber and seed fuzz (Marsh et al., 1969; 
Whitten, 1966; Ashworth et al., 1968). BGY emission under 
long wave UV light is diagnostic of A. flavus boll rot (Marsh et 
al., 1973) and a qualitative test for aflatoxin through the 
detection of BGY fluorescence and removal of fluoresent seed 
was developed. However, contamination of cottonseed by A. 
flavus may not always be accompanied by BGY fluorescence 
(Hamsa and Ayres, 1975). Samples of cottonseed free from 
internal infections at the time of harvest may become contam
inated during storage after ginning if the spores of A. flavus are 
present on the surface of the seed at the time of storage. Not 
all isolates of A. flavus produce aflatoxins. However, once a 
toxigenic strain becomes established within the seed coat, it is 
able to grow and produce toxins during storage. At the same 
time the seed coat protects the internal fungi from the chem
icals used for their control. To minimize the risk of toxin elab
oration during storage, the seed should also be screened for 
surface and internal contamination with A. fla vu s-A . para
siticus. This prompted us to investigate the possibilities of de
veloping a differential medium that would facilitate isolation

and enumeration of A. flavus group of fungi by personnel 
without extensive mycological training.

This paper describes an easily prepared Aspergillus Differ
ential agar which consists o f a combination of Bothast and 
Fennell’s Aspergillus Differential Medium (1974) and the 
Botran Rose Bengal Streptomycin agar developed by Bell and 
Crawford (1967) for use as a selective isolation medium for 
strains of A. flavus. In addition, information on the factors 
influencing the formation of orange-yellow undercolony pig
mentation by A. flavus cultures on BSAD agar is presented.

MATERIALS & METHODS
THE BASAL MEDIUM was Aspergillus Differential (BSAD) agar pre
pared by modifying Bothast and Fennell’s formula to contain 15g 
tryptone; lOg yeast extract; 0.5g ferric citrate; 10 mg botran; 50 mg 
streptomycin sulfate; I5g agar; and 1000 ml distilled water. Botran and 
streptomycin sulfate were added to the medium after it was cooled to 
5CPC prior to pouring into Petri plates. Initially, an appropriate amount 
of botran was dissolved in 1 ml of acetone and was then added to the 
hot medium. Upon contact with the partially cooled medium, acetone 
volatilizes leaving the botran in suspension. pH of the medium was 
adjusted to desired values by using sodium hydroxide and hydrochloric 
acid solutions. The culture media were autoclaved at 15 psi for 15 min 
before pouring into plates.

Botran Rose Bengal Streptomycin (BRBS) agar medium was pre
pared according to the procedure described by Bell and Crawford 
(1967). To determine recovery of A . fla v u s  from cottonseed on BRBS 
agar and BSAD agar, 5-lb samples of cottonseed were obtained from a 
commercial gin located in the vicinity of the University of Georgia 
(UGA) Experimental Farm, a commercial oil mill located in Macon, and 
acid delinted seeds from Farmington, Ga. The seeds were assayed for 
seed borne A . fla v u s  contamination by randomly selecting 400 seeds 
and the seeds were then plated on BRBS agar and BSAD agar at the rate 
of 10 seeds per plate. Presence of A . fla v u s  colonies on BSAD agar was 
based on orange yellow under-colony pigment production after incuba
tion for 5 days at 28°C. A . fla v u s  cultures were isolated in pure culture 
from BRBS agar and were identified based on morphological character
istics of cultures grown on Czapek’s solution agar and malt extract agar 
media after incubation for 10 days at 28°C. The moisture content of 
the seeds collected from UGA Experimental Farm was adjusted to 20% 
and the seeds were inoculated with dry conidia of A . fla v u s  harvested 
from an 8-day old Czapek’s solution agar culture and incubated for 30 
days at 28°C. At the end of the incubation period (60 days), seeds were 
surface disinfected in 5.25% sodium hypochlorite solution for 5 min, 
followed by several rinsings in sterile tap water and blotted dry. Re
covery of A . fla v u s  from surface disinfected seeds on BRBS agar and 
BSAD agar was determined as described earlier.

A modified Czapek’s solution agar (Hesseltine et al., 1970) was used 
in carbon assimilation experiments to which filter sterilized carbon 
sources were added at levels of lg/100 ml of the medium. Esculin 
hydrate (6,7-dihydrocoumarin-6-glucoside) (Sigma Chemical Co., St. 
Louis, Mo) was added to BSAD agar at a level of 10g/1000 ml and was 
autoclaved with the medium.

Various trace elements were either added individually to the BSAD 
agar or were added instead of ferric citrate at the following concentra
tions: MnS04, 5 mg/liter; ZnS04,5  mg/liter; CuS04,5  mg/liter; and 
FeCl3, 0.5g/liter and their influence on pigment production was noted 
after incubation for 5 days at 28°C. Two hundred thirty-five cultures of
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A . fla v u s  isolated from cottonseed as well as cultures of A . fla v u s  ob
tained from various sources and cultures of A . o ry za e , A . o ch ra ceu s , A . 
tam arii, A . niclulans, A . u sa is , A . c lava tus, A . fu m ig a n ts , and A . n iger  
were plated on BSAD agar to check for the production of characteris
tic orange-yellow pigmentation under the colony. Fungi outside the 
Aspergillus group which were known to produce kojic acid, e.g., P én i
c illiu m  c itr in u m , P. p u rp u r o g e n u m , P. ru b r u m , P. g r is e o fu lv u m  and 23 
genera of fungi isolated from cottonseed, were checked for the pro
duction of pigment as described earlier.

RESULTS & DISCUSSIONN 

Evaluation of BSAD agar
Table 1 records data on the growth and pigment production 

by fungi belonging to the genus Aspergillus when the cultures 
were grown on BSAD agar. Two hundred thirty-five cultures 
of A .  f l a v u s  series HAF 1-HAF 235 as well as cultures of 
NRRL Nos. 5917, 5565; H-5642, H-5692; and A .  p a r a s i t i c u s  
NRRL No. 2999 and ATCC No. 15517 grew well on BSAD 
agar and produced under-colony pigment in shades varying 
from orange yellow to orange red after incubation for 5 days 
at 28°C. Cultures of A .  o r y z a e  No. 5 5 -7  produced moderate 
orange yellow pigment and strain No. 5 5—3 produced good 
pigmentation while strain No. H-57 produced no pigment at 
all. None of the cultures of A .  w e n t i i ,  A .  ta m a r i i ,  A .  o c h r a c e u s ,
A .  c h e v a l i e r i ,  or A .  a m s t e l o d a m i  tested produced orange- 
yellow pigment. Others (Salkin and Gordon, 1975) have re
ported that cultures of A .  f i s c h e r i ,  A .  f u m i g a t u s ,  A .  n id v .la n s ,
A .  t e n u s ,  A .  u s t u s ,  and A .  v e r s i c o lo r  did not produce orange 
pigments.

Table 2 records data on the under-colony pigment pro
duced by 24 genera of fungi other than A s p e r g i l l u s  when such 
cultures were grown on BSAD agar. None of the cultures

Table 1—Characteristics of Aspergillus cultures grown on BSAD
agar for 8 days at 28°C.

Cultures
Under colony 
pigmentation Growth

Sporu
lation

Aspergillus flavus-. H A F :
1 -  H A F 235; N R R L  5917,
5565; H-5642, H 5692 Orange-yellow Good Nil
A. parasiticus: N R R L  2999,
A T C C  15517 Orange-yellow Good Nil
A. oryzae : 55—3, 55—7,

and N R R L  1988 Orange-yillow Good Nil
H-57 No pigmentation Good Nil
A. wentii: M-108 
A T C C : 10583, 1023, 

10584

Colorless Restricted Moderate

A. tamarii
H A T : 1 ,2 , 3, 14, 16 
A. ochraceus

Amber Good
o r

Nil

HAO: 2, 3 , 4 , 6 ,9  
A. chevalieri

Pale yellow Restricted Moderate

IVI: 7 0 ,7 1 ,2 3 6  
A. amstelodami 
M: 27, 60 , 194, 237,

Colorless Restricted Moderate

253 Dull gray Restricted Nil
A. repens: M-33, 52,

55, 197, 256, 276 Colorless Restricted Moderate

tested produced the characteristic under-colony pigmentation. 
Recovery of A. flavus on BSAD agar

The performance of any selective medium depends upon 
the consistent recovery of the desired fungus when wide fluc
tuations prevail in the frequency of occurrence of the desired 
fungi. When the seeds are investigated for seedborne fungi, 
other microorganisms usually influence the results. Interfungal 
antagonism and fungal-bacterial antagonism can be observed 
easily in agar tests (DeTempe and Limonard, 1973). Table 3 
records data on the recovery of A .  f l a v u s  on BSAD agar and 
BRBS agar. Pigment production by A .  f l a v u s  cultures was 
detected by the third day of incubation. The colonies of A .  
f l a v u s  were distinct by fifth day of incubation which facili
tated their enumeration based on under-colony pigmentation 
alone. Differences in recovery of A .  f l a v u s  on BRBS agar and 
BSAD agar from cottonseed with lower levels of A .  f l a v u s  
contamination and seeds artificaially contaminated with A .  
f l a v u s  were small. Sporulation of fungal colonies was heavy on 
BRBS agar while on BSAD agar the colonies did not sporulate. 
Sporulation may be undesirable because of the inaccuracies in 
count resulting from the development of secondary colonies 
from conidia disseminated during handling of the culture 
plates. Addition of botran to Aspergillus Differential agar to 
inhibit undesired fungi resulted in varying degrees of inhibi
tion. Usually mycelia of R h i z o p u s  spp. overgrow in Petri 
dishes and mask any fungi that grow under t h e  mycelial mat. 
Growth o f this fungus was restricted on BRBS agar when 
botran was added at a level o f 10 mg/liter, while that of A .  
f l a v u s  cultures was not. At concentrations above 25 mg/liter 
botran inhibited the growth of A . f l a v u s  cultures. Strepto
mycin-sulfate added to inhibit bacterial contamination (50 
mg/liter) did not affect colony growth or pigment production

Table 2-Undercolony pigment produced by soil fungi after 8
days at 28°C on BSAD agar

Strain Undercolony Colony diarn3
Cultures no. pigment (mm)

Acremoniella H-157 Pale brown 19
Alternaria H-17 Black 2
Botryodiplodia H-124 Black 11
Chaetomium H-126 Pale ye:,ow 37
Chalara H-1 28 Pale yellow 26
Cladosporium H-6 Black 2
Curvularia H-147 Pale black 43
Dactylium H-86,87 Pale brown 22
Diplodia H-115 Light brown 21
Epicoccum H-112 Pale black 12
Fusarium « HF-2 Pjle  brown 19
Gonatobotrys H-152 Pale yellow 43
Harpographium H-22 Colorless 3
Humicola No growth
Macrophoma H-151 No growth
Monodictys H-120 Pale yellow 24
Nigrospora H-148 Yellow 39
Pénicillium t HP-41 Colorless 2
Phialophora H-155 Pale black/

brown 41
Plthomyces H-123 Pale yellow 32
Rhizoctonia H-117 No growth
Staphylotrichum H-121 Ye llow 17
Stemphyliu.n H-122 No growth
Trichoderma H-158 Colorless 83
a Average of five or more replications
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by A .  f l a v u s  isolates. Inhibition of colony growth of unde
sirable fungi and of A .  f l a v u s  on BSAD agar did not result in 
reduced recovery of A .  f l a v u s  from naturally or artificially 
contaminated cottonseed.
Factors affecting pigment production

Carbon source. Utilization of 13 carbon sources by the A .

Table 3—Recovery of A. flavus from cottonseed

Source Treatment
% recovery of A . flavus 
BRBS agara BSAD agarb

UG A farm Lin ty  seeds, after 
sterilization, artificially 
contaminated

100% 100%

UGA farm Linty seeds, artific ia lly 
contaminated

98% 93%

Farmington, G A  Acid delented seeds,
naturally contaminated

45% 53%

U G A farm Lin ty  seeds, naturally 
contaminated

42% 49%

Macon, GA Linty seeds, naturally 
contaminated

2% 2%

a BR BS agar —The colonies of A . flavus were isolated and identified on
Czapek's solution agar and malt-extract agar plates, 

k BSAD agar—The counts based on undercolony pigmentation

Table 4—Effect of pH on growth and pigmentation production by
A. flavus cultures11 after 8 days at 28° C on BSAD agar
pH of 

medium Growth
Avg colony 
dia (mm)

Undercolony
pigmentation

Sporu
lation

6.5 Regular 38 Orange-yellow Nil
5.5 Regular 31 Orange-yellow Nil
4.5 Regular 35 Orange-yellow Slight
3.5 Aerial felt of 31 Pale yellow and Heavy

cottony mycelium orange shades
2.5 Restricted 7 Pale yellow Heavy

a Observations based on 50 cultures of A. flavus of the HAF series

f l a v u s  group of fungi was investigated according to the pro
cedures described by Hesseltine et al. (1970) to determine if 
cultures of A .  f l a v u s  and A .  p a r a s i t i c u s  selectively utilize car
bon sources and produces pigments indicative of the presence 
of A .  f l a v u s - A .  p a r a s i t i c u s  cultures. The compounds tested 
were: galactose, glucose, lactose, maltose, melezitose, rham- 
mose, xylose; dulcitol, inositol, mannitol, sorbitol; 5-ketoglu- 
conic acid and esculin hydrate. Isolates of A .  f l a v u s  and A .  
p a r a s i t i c u s  consistently produced bright red pigments in the 
media containing esculin hydrate. When esculin hydrate was 
added to BSAD agar at 1% level pigment production by all 
isolates o f A .  f l a v u s  and A .  p a r a s i t i c u s  was altered. A deep 
reddish-brown pigment was produced in the BSAD agar medi
um in contrast to the characteristic orange-yellow pigment 
produced by A .  f l a v u s .  Growth of isolates of A .  f l a v u s  and A .  
p a r a s i t i c u s  was not restricted when esculin hydrate was added. 
The average colony diameter ranged from 20—35 mm after the 
cultures had incubated for 10 days at 28°C. The deep reddish- 
brown pigment had diffused uniformly throughout the agar 
medium and was stable at room temperature. Since all of the 
cultures of A .  f l a v u s  isolated in pure culture from BSAD agar 
produced deep reddish-brown pigments on BSAD agar contain
ing esculin hydrate, addition of esculin hudrate to BSAD agar 
offered promise as a secondary check on colony counts.

pH.Table 4 shows the effect of the pH of BSAD agar on 
colony appearance, growth, pigment production, and sporula- 
tion by A .  f l a v u s  cultures. The optimum concentrations of 
hydrogen ions required for fungal growth is low; in higher 
concentrations the ion can materially affect metabolic pro
cesses other than growth. When the pH of the BSAD agar was 
decreased to 3.5, the under-colony pigment was pale yellow  
instead of the characterisitc orange-yellow pigment. Sporula- 
tion of fungal colonies increased with decrease of the pH of 
the medium. The pH of unadjusted BSAD agar was 6.5. When 
the pH of the medium was increased from 6.5 to 9.5, the 
medium was yellow in color. Growth and pigment production 
by cultures of A .  f l a v u s  NRRL Nos. 5917, 5565; H-5642; 
HAF-50; HAF-4; PC 72; and A .  p a r a s i t i c u s  ATCC No. 15517 
obtained from various sources was not affected at any pH 
values between 6.5 and 11.0. Intensity of the pigment pro
duced at pH 9.5 was dark in comparison to the pigment pro
duced at other pH values in the alkaline range. At pH 9.5 there 
was better contrast between the color of the medium and the 
pigment produced by A .  f l a v u s  cultures. Culture of A .  p a r a s i t i 
c u s  NRRL No. 2999 and a culture of A .  o r y z a e  NRRL No.

Table 5—Influence of temperature on pigment production

Temperature (°C)

Cultures 25 30 32 37 45

A. flavus: N R R L : *
5917, 5565; PC 72; Orange- Orange- Orange- Orange- No
H A F 50 yellow yellow yellow yellow growth

A. parasiticus: Orange- Grange- Orange- Orange- No
N R R L  2999; A T C C  15517 yellow yellow yell iw yellow growth

A. oryzae-. Light '  Light Very No No
orange- orange- light pigment growth

N R R L  1988 yellow yellow orange-
yellow

A. ochraceus:
N R R L  3174 No No No Orange No

pigment pigment pigment yellow growth

HAO 30 No No No No No
pigment pigment pigment pigment growth
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Table 6—Effect of trace minerals on pigment production

Undercolony pigmentation

Culture
Control 

BSAD Agar
(BSAD Agar- 

Fe)
(BSAD Agar- 

Fe) + Zn
(BSAD Agar- 

Fe) + Cu
(BSAD Agar- 

Fe) + Mn

A . fla v u s : N R R L : 
5917, 5565; H-
5642 Orange- Pale Pale Pale Pale

yellow yellow yellow yellow yellow

A . p aras itic u s : Orange- Pale Pale Pale Pale
ATCC :1 5517; N R R L : 
2999

yellow yellow yellow yellow yellow

A . w e n tii:

M-108 Pale Pale Pale Pale Pale
yellow yellow yellow yellow yellow

A . o c h ra c e u s :

H-33 Amber Pale Pale Pale Pale
yellow yellow yellow yellow yellow

A . a m s te lo d a m i:

M-300 Colorless Colorless Colorless Colorless Colorless

A . n ig e r

HAN-1 Pale Pale Pale Pale Pale
yellow yellow yellow yellow yellow

1988 also produced the orange-yellow pigment at all pH val
ues. A .  o c h r a c e u s  culture HAO-19 produced light orange 
yellow pigment at pH 9.5 with increased pigmentation at pH
10.0 and 11.0. Culture of A .  o c h r a c e u s  NRRL No. 3174 pro
duced brownish-yellow pigment at pH 9.0 and 9.5 while at pH
10.0 and 11.0 the pigment produced was similar to that pro
duced by A .  f l a v u s  cultures. Sporulation of fungal colonies 
started at pH 9.5 when the cultures were incubated for 5 days 
at 28°C with increasing sporulation at pH 10.0 and 11.0.

Temperature. Table 5 records data on the influence of tem
perature on pigment production by A .  f l a v u s  and other 
selected fungi. Pigment production by the tested strains of A .  
f l a v u s  was not affected at 25, 30, 32 and 37°C. With A .  o r y z a e  
NRRL No. 1988 there was light pigmentation at 25°C, the 
intensity of pigment decreasing as the incubation temperature 
increased. At 37°C, no pigment was produced at all. A .  o c h r a 
c e u s  NRRL No. 3174 did not produce pigment at 25, 30 and 
32°C but produced light orange-yellow pigment at 37°C. A .  
o c h r a c e u s  culture HAO-30 did not produce any pigment at 
any incubation temperature. At temperatures above 40°C no 
growth occurred for any of the fungal cultures tested.

Trace minerals. According to Lillihoj et al. (1974) trace 
minerals are usually present as impurities in sufficient quanti
ties for the normal growth of fungi. Presence or absence of 
certain trace elements can materially alter the chemical activi
ties of fungi.

The influence of various trace elements on the pigment 
produced by A . f l a v u s  is shown in Table 6. When ferric citrate 
was omitted from BSAD agar, no pigment was produced. 
When ferric citrate was replaced with MnS04 , CuS04 , ZnS04 , 
or MgS04 at a concentration of 5 mg/liter, orange pigment 
was not produced but when this iron compound was replaced 
with ferric chloride at a concentration of 0.5 g/liter, the pig
ment produced was similar. However, growth of A .  f l a v u s  was 
more rapid on BSAD agar containing ferric citrate than ferric 
chloride. At concentrations of ferric citrate of 2.0g/liter and 
above, pigment production became orange red as contrasted to 
the orange-yellow shades at a concentration of 0.5g/liter. 
When either ferric citrate or ferric chloride was added to

Table 7—Pigment production after 10 days at 28°C by fungi 
known to produce kjoic acid

Culture Strain no. Undercolony pigment
A . c la v a tu s H-55 Black
P. ru b ru m 141-B Balck-brown

H-113 Brown
A . ustus H-611 Pale brown
A . o ry z a e 55-3 Orange-yellow

H-57 Pale yellow
55-7 Orange-yellow
N RRL-1988 Orange-yellow

A . fu m ig a tu s H-63 Light brown
P. p u rp u ro g e n u m H-616 Colorless
P. c it r in u m H-618 Pale brown
A . n id u la n s H-40 Black

BSAD agar at concentrations of 0.5g/liter, under-colony pig
ment permeateu into a circular zone around the fungal colony 
after the cultures were incubated for 10 days at 28°C  At 
higher concentrations of ferric citrate, the pigment produced 
was restricted to under the colony.

Kojic acid. Kojic acid, a metabolite produced by several 
species of A s p e r g i l l u s ,  is a reactive multifunctional gamma 
pyrone. A very sensitive, but nonspecific, test for kojic acid 
consists of adding ferric chloride to the culture media to pro
duce a cherry-red color. Under-colony pigmentation was pro
duced by strains of A .  f l a v u s  only when ferric citrate or ferric 
chloride was present in BSAD agar. It was hypothesized that 
kojic acid produced by strains of A s p e r g i l l u s  reacts with ferric 
chloride in the medium to produce an orange-yellow pigmenta
tion. Two hundred thirty-five cultures of A .  f l a v u s  which pro
duced orange-yellow pigment on BSAD agar also gave a posi
tive test for kojic acid when the cultures were screened for 
production of kojic acid according to the procedures described
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by Hesseltine et al. (1970). However, certain fungal cultures 
outside A .  f l a v u s  group are known to produce kojic acid. Pro
duction of characteristic pigmentation on BSAD agar by such 
cultures will limit the usefulness of orange-yellow under
colony pigmentation as an indicator of the presence of A .  
f l a v u s .  Cultures of A .  c la v a tu s ,  A .  e f f u s u s ,  A .  f u m i g a t u s ,  A .  
f l a v u s ,  A .  o r y z a e ,  A .  f l a v u s - o r y z a e ,  A .  n id u la n s ,  A .  p a r a s i t i c u s ,
A .  ta m a r i i ,  A .  u s t u s ,  and few cultures of P é n i c i l l i u m  c i t r i n u m ,  
P. g r i s e o f u l v u m ,  P . p u r p u r o g e n u m  and P . r u b r u m  are reported 
to produce kojic acid (Parrish et al., 1966). Table 7 records the 
under-colony pigmentation produced by fungi belonging to 
the above species. Cultures of A .  c la v a tu s  strain No. H-522, 
and A .  n i d u l a n s  strain No. H-40 produced black pigment while 
cultures of A .  u s t u s ,  A .  f u m i g a t u s ,  P . r u b r u m ,  and P . c i t r i n u m ,  
produced varying shades of brown under-colony pigments. A 
strain of P . p u r p u r o g e n u m  produced no pigment under the 
colony. These cultures produced amounts of kojic acid on 
BSAD agar inadequate to give orange-yellow pigment under 
the colony. It was further confirmed when the cultures were 
grown on BSAD agar minus ferric citrate and the aqueous 
extract of the medium was tested for the presence of kojic 
acid. Lack of such a pigment production by the above fungi is 
desirable since it demonstrates the selective nature of BSAD 
agar.

The factors affecting pigment production on BSAD agar 
closely parallel conditions favorable for the formation of 
nitrate. Nitrate was produced by most A .  f l a v u s  (Marshall and 
Alexander, 1961), and by occasional A .  o r y z a e  (Nakamura and 
Shimota, ¿954). Schmidt (1960) observed that during the first 
2 days of incubation there was rapid synthesis o f mycelium 
and very little nitrate was produced. At the initial pH level of
6.6 and above, nitrate was formed by the fourth day and 
increased gradually with further incubation. Under conditions 
favorable for the formation of nitrate, strains of A .  f l a v u s  
cultures produce kojic acid, hydroxyl amines, and N-formyl-N- 
hydroxyglycine (Doxtader and Alexander, 1966). Orange- 
yellow pigmentation produced by A .  f l a v u s  cultures is the 
result of one or more of these colored complexes. Depending 
upon the amounts of these compounds produced by strains of
A .  f l a v u s ,  the intensity and shades of pigments produced by 
the various isolates differs.

SUMMARY & CONCLUSIONS
THESE RESULTS show that BSAD agar can be used as a 
selective isolation medium for members of the A .  f l a v u s  group. 
Inhibition of colony growth of undesired fungi by addition of 
botran (10 mg/liter) did not result in reduced recovery of A .  
f l a v u s  from cottonseeds. Differences in the recovery of A .  
f l a v u s  on BRBS agar and BSAD agar from cottonseeds with 
lower levels of contamination and seeds artificially contam
inated with A .  f l a v u s ,  were small. Pigment production by A .  
f l a v u s - A .  p a r a s i t i c u s  cultures on BSAD agar was detected by

the third day of incubation at 28°C. However, an incubation 
period of 5 days at 28°C is recommended for routine screening 
of cottonseed samples to avoid inaccuracies in colony counts. 
Enumeration of colonies of A .  f l a v u s ,  based on under-colony 
pigmentation alone, could give higher counts since few isolates 
of A .  o r y z e a  produced similar pigments. Kojic acid produced 
by strains of A s p e r g i l l u s  reacts with ferric citrate in the medi
um to produce the characteristic orange-yellow pigmentation. 
Addition of esculin hydrate to BSAD agar offers promise as a 
secondary check on colony counts since all the cultures of A .  
f l a v u s  isolated in pure culture from BSAD agar produced deep 
reddish-brown pigments on BSAD agar containing esculin 
hydrate.
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FUNCTIONAL PROPERTIES OF A SOY CONCENTRATE AND 
A SOY ISOLATE IN SIMPLE SYSTEMS.

Nitrogen Solubility Index and Water Absorption.

--------------------------------  ABSTRACT— ------------------------------
Nitrogen solubility index and percent water absorption of a soy protein 
concentrate and isolate were evaluated as a function of pH and tem
perature. Although solubility and water absorption tended to increase 
as pH of the dispersion increased from 5.0 to 7.0 and as temperature 
increased from ambient to 90°C, pH and temperature effects were in
terdependent. The concentrate was less soluble and less responsive to 
changes in pH and temperature than was the isolate. Response surfaces 
for the concentrate and isolate, particularly those for water absorption, 
differed in shape.

INTRODUCTION

WITH THE RECENT increase in food uses of edible soy prod
ucts, the desirability of quantitative information on the func
tional properties of these products has become apparent (Cir
cle et al., 1964). Soy protein concentrates and isolates with 
their relatively high protein concentrations seem particularly 
applicable to assessment of functional characteristics of soy 
proteins as affected by conditions of use.

Solubility or dispersibility of soy protein is a physicochemi
cal property that is related to the other functional properties 
and is, therefore, the first property to be studied in systematic 
investigation of physical properties (Mattil, 1971 ; Hermansson, 
1973; Wu and Inglett, 1974). Ionic strength, pH and tempera
ture, as well as particle size and product processing, have been 
reported to affect the solubility of soy proteins (Wolf, 1969; 
Johnson, 1970; Anderson et ah, 1973; Hermansson, 1973; Lin 
et al., 1974; van Megen, 1974; Hermansson and Aksson, 1975).

Water uptake by soy products, attributed primarily tc the 
protein content, also is affected by a number of factors, in
cluding pH. Wolf and Cowan (1971) reported the pH-water 
retention curve of soy proteins to follow the pH-solutility 
curve. Both solubility and water rentention were minimal at 
the isoelectric point (4.5) and increased as the pH diverged 
from this point. Johnson (1970) cited evidence that suggested 
a less consistent relationship between nitrogen solubility index 
(NSI) and water absorption of a soy flour. e

pH and temperature are variables that are commonly ap
plied to foods and might be expected to be interdependent as 
to their effects. This study was an investigation of protein 
solubility and water absorption of a soy concentrate and a soy 
isolate at several pH-temperature combinations.

EXPERIMENTAL

A SOY CONCENTRATE (Promosoy-100) and a soy isolate (Pro- 
mine-D) were obtained from Central Soya Company, Chemurgy Divi
sion, Chicago. The concentrate and isolate contained approximately 68 
and 92% protein, respectively, on the as-is basis. The concentrate was

1 Present address: Dept. of Food, Nutrition & Institution Manage
ment, The University o f Alabama, University, AL 35486

compared with the isolate (P-D) on both an equal weight (P-100,) and 
an equal protein (P-100.,) basis. Sample weight for providing the com
parable protein content was based on moisture determinations (AOAC, 
1970) and nitrogen content on a moisture-free basis. The pH levels used 
for protein solubility and water absorption measurements were 5.0, 6.0 
and as-is (7.0 ± 0.1). The temperature treatments were at 4°C, ambient 
(22-25°C) and 90°C.

Nitrogen solubility indices (NSI) of the soy products were deter
mined by water extraction (Inklaar and Fortuin, 1969) and micro- 
Kjeldahl analysis (AOAC, 1970) of the extract. Percent water absorp
tion was determined for the same samples by a modification of the 
procedure of Sosulski (1962). A 1.25-g sample of Promosoy-100 or 
Promine-D or 1.684g of Promosoy-100 was transferred to a preweighed 
90-ml centrifuge tube. Fifty ml of dispersion medium were added and 
the sample was dispersed for 30 sec with a magnetic stirrer. The disper
sion medium was water to which HC1 had been added in the amount 
previously determined to be needed for achieving the specified disper
sion pH. Tire tubes were placed in a shaker water bath at 4° (cold 
room), ambient temperature or 90DC and the contents were stirred for 
1 hr by polyethylene “policemen” suspended into the tubes from a line 
stretched between two ringstands. After removal of the tubes from the 
water bath and centrifugation for 30 min at 1500 X G, the supernatant 
liquids were decanted into 200-mi volumetric flasks and the residues 
were re-extracted for 1 hr with 50 ml of distilled water. Supernatant 
liquids were combined with the corresponding extracts in the 200-ml 
flasks and made to volume. Extracts were filtered and analyzed for 
nitrogen by the micro-Kjeldahl method (AOAC, 1970). The unextract
ed Promosoy-100 and Promine-D samples also were analyzed for nitro
gen content and the NSI of the experimental samples was calculated by 
the following equation:

N in water extract
NSI = ------------------------------X 100

N in unextracted sample

The centrifuge tubes with residue were placed mouth down at an 
angle of 15-20° on paper toweling in an air oven at 50°C and allowed 
to drain and dry for 25 min. The samples were cooled in a desiccator for 
30 min and weighed. The water absorption or hydration capacity was 
calculated as the difference between hydrated weight and original 
weight, expressed as a percentage of the original dry weight of the 
sample.

The basis for the statistical analyses was a 33 factorial arrangement in 
which the soy sample, pH and temperature were the factors represented 
at three levels each. Data were collected in a 9 x 9 quasi-Latin square 
arrangement (Cochran and Cox, 1962). The Statistical Analysis System 
(SAS) Package was used to compute the analyses of variance. The ef
fects of soy, pH, temperature, soy x pH, soy x temperature, pH x 
temperature and soy x pH X temperature, independent of day and 
order effects, were estimated for NSI and water absorption. Differences 
in the main effects and interactions were partitioned by the use of poly
nomials. From the polynomials, the estimated response surfaces of NSI 
and percent water absorption for the soy products were drawn with a 
Hewlett-Packard flat-bed plotter.

RESULTS & DISCUSSION
NSI RESPONSE SURFACES are shown for P-IOO2  and P-D 
(Fig. 1 and 2). The surface for P-100 ¡ was nearly indistinguish
able from that for P-IOO2 .
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Fig. 1—N SI response surface for Prom osoy-1002 with variations in 
p H  and temperature.

Fig. 2—N SI response surface for Promine-D with variations in pH  
and temperature.

NSI was much lower for the concentrate than for the iso
late, whether the concentrate was equal to the isolate on the 
dry, weight basis (P-100!) or on the protein basis (P-1002). 
Because NSI is the percentage solubility of the total nitrogen 
of the sample, the differences in NSI cannot be attributed to 
the differences in total nitrogen content between concentrates 
and isolates. Also, the comparison of P-1002 with P-D was on 
an equal protein (N X 6.25) basis but the NSI values for 
P-IOO2  were similar to those of P-lOOi samples rather than to 
those of P-D. The difference in NSI between concentrate and

Fig. 3 —Water absorption response surface for Prom osoy-1002 with 
variations in p H  and temperature.

isolate samples undoubtedly reflects variation in processing 
methods. The concentrate used in this study is denatured to a 
greater extent during processing and thus is less soluble than 
the isolate. Another possible contributor to the difference in 
solubility is the nonprotein portion of the soy products. This 
component is primarily polysaccharide. Polysaccharides could 
compete with other system components, protein in this case, 
for the available water. The carbohydrate content of the soy 
products used was approximately 22% (as-is basis) for the 
Promosoy-100 and less than 1% for Promine-D. Because of the

Fig. 4 —Water absorption response surface for Promine-D with varia
tions in p H  and temperature.
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larger am ount of Promosoy-100 used for the equal protein 
comparison, P-lOCh and P-1002 samples also differed in carbo
hydrate content but not as much as they both/differed from 
P-D.

NSI in general increased with increased pH. The low solu
bility at pH 5 reflects the well known response to  pH in the 
vicinity of the isoelectric point. Increased solubility with in
creased pH was more pronounced for the isolate, P-D, than for 
the concentrate as a result of the greater extent of dénatura
tion during processing of the concentrate than of the isolate. 
The effect of pH was tem perature-dependent, as seen in the 
figures, particularly the surface for the more responsive P-D. 
Whereas the pH slope is roughly linear in the mid tem perature 
range, it is curvilinear at the tem perature extremes.

NSI was consistently higher at 90 than at 4 C, but the 
effect of tem perature was dependent bo th  on soy product and 
on pH. The concentrate was less responsive to tem perature 
than was the isolate, again because of its greater initial degree 
of dénaturation. The pH dependence of the tem perature effect 
is seen particularly in the surface for P-D (Fig. 2).

Water absorption response surfaces are shown for P-1002 
and P-D (Fig. 3 and 4); as with NSI, the water absorption 
surface for P-1001 was nearly indistinguishable from that for 
P-1002 . The water absorption surfaces show the curvilinear 
nature of the response to  both  pH and tem perature, as well as 
the pH-temperature in teraction and the greater responsiveness 
of the isolate than the concentrate to changes in pH and tem 
perature.

Effects of pH and tem perature on water absorption for the 
most part paralleled those on solubility, as is to be expected. 
Comparison of the response surfaces in Figures 2 and 4 does 
reveal a marked difference in NSI and water absorption results 
for P-D. At the high end of the pH range used, the tem perature 
effect was increased solubility but increased, then decreased, 
water absorption. This suggests that solubility and water ab
sorption may be related to a point, perhaps maximum hydra
tion, at which solubility continues to  increase and hydration 
does not. The independent effects of pH, tem perature and soy 
sample on NSI and water absorption were significant at the 
level P <  0.0001, as were the pH-temperature interaction, the 
other two-factor interactions and the three-factor interaction 
for each property.

Variations in pH and tem perature are com m only imposed 
on food systems. The highly significant pH -tem perature inter
action that was observed for effects on protein solubility and 
water absorption in simple systems containing soy protein 
might have implications for food systems containing soy pro
tein.
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FUNCTIONAL PROPERTIES OF A SOY CONCENTRATE AND A SOY ISOLATE 
IN SIMPLE SYSTEMS AND IN A FOOD SYSTEM.

Emulsion properties, thickening function and fat absorption

-------------------------------- ABSTRACT — ----------------------------
Emulsion stabilizing activity and thickening function of a soy protein 
concentrate and isolate were evaluated at pH 5.0, 6.0 and 7.0 and at 
4°C, ambient temperature (22-25°C) and 90°C; fat absorption was 
evaluated as a function of temperature. pH and temperature effects on 
emulsion stability and on apparent viscosity were interdependent. Fat 
absorption was dependent on protein content of the soy sample. The 
concentrate and isolate differed as to magnitude of response to treat
ments. Functional performance of the concentrate and isolate in a food 
system did not necessarily parallel that in simple systems.

INTRODUCTION
EMULSIFYING PROPERTIES of soy proteins are im portant 
in their use as food ingredients. Soy proteins probably play 
two roles in emulsification. They aid in the form ation of oil-in
water emulsions and stabilize the emulsions once formed (Wolf 
and Cowan, 1971). Proteins lower surface tension and collect 
at oil-water interfaces. A stabilizing effect of soy protein in 
emulsions thus possibly results from the protective barrier 
around fat droplets, preventing their coalescence (Wolf and 
Cowan, 1971; Lin et ah, 1974).

Emulsification capacity of oilseed proteins has been re
ported to be affected by many factors, including protein solu
bility, pH and protein concentration. Crenwelge et al. (1974) 
reported a general positive correlation between emulsification 
capacity and solubility of a soy protein concentrate. pH influ
ences the emulsifying capacity of protein ingredients indirectly 
by affecting the solubility of the proteins; as the pH of emul
sions diverged from the isoelectric region of the proteins, 
emulsification capacity of soy isolates increased. Emulsion sta
bility increased as soy protein isolate concentration increased 
(Inklaar and Fortuin, 1969; Crenwelge et al., 1974).

Rheological properties of aqueous dispersions of soybean 
globulins also are dependent on many factors, including pro
tein concentration, heat treatm ent and pH (Circle et al., 1964; 
Catsimpoolas and Meyer, 1970). According j  Hermansson
(1972), the viscosity of soy dispersions is related to the degree 
of protein hydration. The apparent viscosity of soy dispersions 
increases exponentially with increasing concentration (Circle 
et al., 1964; Ehninger and Pratt, 1974; Fleming et al., 1974). 
Heated dispersions exhibited greater viscosity than unheated 
dispersions at a given concentration (Circle et al., 1964). 
Ehninger and Pratt (1974) reported that apparent viscosity of 
soy protein dispersions increased with increased pH. The effect 
was attributed to increased protein solubility at the higher pH 
values.

Fat absorption data for soy protein products are meager

'P resen t address: D ept, o f Food, N u tr itio n  & In s titu tio n  Manage- 
m ent, Th e  U n ivers ity  o f A labam a, U niversity, A L  3 5 4 8 6

and the mechanism of fat absorption or binding has not been 
elucidated. Soy proteins have been added to comminuted 
meats to  prom ote fat absorption or binding and thus decrease 
losses and maintain dimensional stability during processing. 
Wolf and Cowan (1971) reported that in ground meat pro
ducts fat binding appeared to involve form ation and stabiliza
tion of an emulsion. A gel formed by a soy protein (Hermans
son and Akesson, 1975) also might interfere with fat globule 
coalescence and enhance fat absorption.

Interactions between independent variables as to  their ef
fects on functional properties of proteins, as well as close rela
tionships among the functional properties themselves, have im
portant effects in food systems. The purpose of this study was 
to investigate the combined effects of pH and tem perature on 
emulsion properties and thickening function and of tem pera
ture on fat absorption of a soy protein concentrate and a soy 
protein isolate in simple systems. A further purpose was to 
relate the data for simple systems to  functional performance 
of the concentrate and isolate in a food system.

EXPERIMENTAL
A SOY PROTEIN CONCENTRATE (Promosoy-100) and a soy isolate 
(Promine-D), obtained from Central Soya Company, were used. For 
emulsion properties and fat absorption measurements, the concentrate 
was compared to the isolate (P-D) on both an equal weight (P-100,) 
and an equal protein (P-1002) basis. Viscosity measurements were made 
on the soy isolate and the equal protein level of the soy concentrate. 
Sample weight for providing the desired protein content was based on 
moisture determinations (AOAC, 1970) and nitrogen content on a 
moisture-free basis. The pH levels of the soy dispersions for all func
tionality tests except fat absorption were 5.0, 6.0 and as-is (7.0 ± 0.1 
pH unit). Fat absorption measurements were made at the as-is pH of 
the soy and oil dispersion. The temperature treatments were at 4°C, 
ambient (22-25°C) and 90°C. The food system studied was a base for 
a dip. The soy concentrate and isolate were compared on an equal 
protein basis in a base product prepared at pH 5.0 and 6.0 and subjec
ted to holding at 4 and 90°C. The base products were evaluated for 
emulsion stability and apparent viscosity. Dips formulated from the 
base products were held and evaluated at 4°C by a consumer panel for 
viscosity, mouthfeel, oiliness, flavor and general acceptability.
Emulsion properties in simple systems

Emulsifying and emulsion stabilizing activity of the soy products 
was determined according to a modification of the procedure of Inklaar 
and Fortuin (1969). Modification involved the use of 30 ml of disper
sion medium (adjusted to the predetermined pH) and proportionate 
reduction of the amounts of soy sample, NaCl and oil used. The emul
sion was prepared in a 400-ml beaker. The added oil was a weighed 
amount and the volume of separated oil was multiplied by its density 
for conversion to grams. Emulsified oil was expressed as the grams of 
oil emulsified (total minus free) per gram of sample (dry basis). 
Thickening function in simple systems

The thickening function of the soy products was assessed by a modi
fication of the procedure of Circle et al. (1964). The soy sample was 
added to a blender jar containing dispersion medium at the predeter
mined pH. Constant low speed was used throughout the 5-min blending
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F ig . 1— E m u ls i f ie d  o i l  re s p o n s e  s u r fa c e  f o r  

P r o m o s o y - 1 0 0 , w it h  v a r ia t io n s  in  p H  a n d  te m 

p e ra tu re .

F ig . 2 —E m u ls i f ie d  o i t  re s p o n s e  s u r fa c e  f o r  

P r o m o s o y - 1 0 0 2 w i t h  v a r ia t io n s  in  p F t a n d  te m 

p e ra  tu re .

F ig . 3 —E m u ls i f ie d  o i l  re s p o n s e  s u rfa c e  f o r  P ro -  

m in e - D  w it h  v a r ia t io n s  in  p H  a n d  te m p e ra tu re .

period. Tire dispersions were equilibrated to the predetermined tem
peratures in water baths for measurement of apparent viscosity, for 
which the Brookfield LVF viscometer was used on the Helipath stand 
and with the T-spindles,
Fat absorption in simple systems

Fat absorption of soy products was measured essentially according 
to the procedure described by Lin et al. (1974). Modification included 
incubation of the samples at the experimental temperatures for 30 min 
followed by holding at ambient temperature for 40 min prior to centri
fugation. The volume of absorbed oil (total minus free) was converted 
to weight by multiplying by the density of the oil. The fat absorbed 
was expressed as percent of soy sample weight on the as-is, dry and 
protein weight bases.
Preparation of food systems

Preparation of the base product and the dip has been detailed by 
Hutton (1975). The base contained 250 ml water, 16.9g thin boiling 
starch (Amaizo Quick-Set 68. American Maize-Products Co.), 8.0g dried 
whey (Land O'Lakes, Inc.). 26.8g sodium caseinate (Land O’Lakes, 
Inc,), 90.4g margarine and 9.9g Promine-D or 14.8g Promosoy-100. A 
portion of the water was acidified as needed to result in base product of 
the appropriate pH. The freshly prepared base product was held at 4°C 
in tightly covered 50-ml centrifuge tubes for assessment of emulsion 
stability, in !O0-i. beakers covered tightly with foil for viscosity 
measurement and in covered jars for use as a dip.
Emulsion stability of base product

After storage overnight at 4°C the subsamples in the centrifuge 
tubes were held at either 4 or 90°C for 1 hr and then were equilibrated 
to ambient temperature in a water bath (30 min). The samples were 
centrifuged at 87 3 X G for 30 min. Volume of the separated liquid was 
read directly from the graduated centrifuge tube and was expressed as a 
percentage of the total volume after centrifugation.
Apparent viscosity of base product

Following overnight storage at 4°C, the subsamples in beakers were 
held at either 4 or 90°C for 1 hr. Apparent viscosity was measured at 
the treatment temperatures asdescribed for the simple systems.

Consumer sensory evaluation
Ten percent ham flavored Bontrae (General Mills, Inc.) and 10% 

minced onion were added to the base product. Each dip was mixed 
thoroughly and transferred into coded 3/4-oz cups. The cups were 
covered with plastic wrap and held briefly at 4°C until the time of 
sensory evaluation. A consumer panel of 115 judges, mostly undergrad
uate and graduate students enrolled in food science classes, evaluated 
the dips on descriptive scales for viscosity, mouthfeel, oiliness, flavor 
and overall acceptability. Four samples were presented simultaneously: 
dips made from bases Containing Promosoy-100 and Promine-D, each at 
pH 5 and 6.

Treatment of data
A response surface for emulsified oil was plotted for each soy sam

ple as a function of pH and temperature, as previously described (Hut
ton and Campbell, 19771. The thickening function of the soy products 
was evaluated in a 2 x 3 x 3 factorial arrangement in which soy 
product was represented at two levels and pH and temperature at three 
levels each. Thickening function and fat absorption data were collected 
in randomized complete block designs for three replications.

Emulsion stability and apparent viscosity data for the base products 
were collected for two replications in a balanced 23 factorial arrange
ment with soy, pH and temperature represented at two levels each. 
Sensory panel scores for the dips were collected in a randomized com
plete block design. Emulsion stability data were not subjected to 
analysis of variance because only one treatment had a measurable re
sponse. All other data were subjected to analysis of variance.

RESULTS & DISCUSSION
Simple systems

Emulsion properties. The emulsified oil response surfaces 
are shown for P-100 m P-1002 and P-D (Fig. 1, 2, 3). The 
emulsions containing Promosoy-100 consistently had less 
emulsified oil after centrifugation than did those containing 
P-D. Although the difference between P-100] and P-D can be 
explained at least partially by a difference in the am ount of 
protein to  serve as emulsifier, the difference between P-1002 
and P-D cannot. The additional carbohydrate in the P-1002 
sample might have competed successfully for water and thus 
reduced the water available as dispersion medium. Another 
factor is greater dénaturation of the concentrate than of the 
isolate during processing.

The emulsified oil response surfaces for the three samples 
(Fig. 1 , 2 ,  3) reflect the interdependence of pH and tem pera
ture effects, as well as the differing responses of the soy pro
ducts to  changes in pH and tem perature. The effects on em ul
sification of soy sample, tem perature and all two-factor inter
actions were significant at the level P <  0.0001. The three-fac
tor interaction was significant at the level P <  0.0001 or P <  
0.05, depending on the basis of expression. The effect of pH as 
an individual factor was significant (P <  0.05) only for the 
values based on protein weight. For each soy sample several 
pH-temperature combinations resulted in relatively effective 
emulsification. The emulsified oil response surfaces differ con
siderably in shape from the corresponding surfaces for n itro 
gen solubility index reported elsewhere (H utton and Campbell,
1977). While the effects of pH and tem perature on protein
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Table 1—Apparent viscosity mean values of soy dispersions with varia
tion in pH and temperature

Apparent viscosity (cps)a

Soy sample P-1002 P-D

Temp pH pH
<°C) 5.0 6.0 7.0 5.0 6.0 7.0

4 84 166 765 62,693 50,519 2,153
Ambient13 86 151 451 55,278 43,326 1,268
90 233 456 19,992 >166,000° >166,000° 64,463

a D if fe re n c e s  a t tr ib u ta b le  to  soy  sam p le , p H , tem p e ra tu re  and a ll in te r 
a c t io n s  s ig n if ic a n t  a t  th e  leve l P <  0 .00 0 1  

b 2 2 —25° C
0 U pper l im it  o f  m e asu rem e n t

Table 2 —Apparent viscosity mean values for Promosoy-100 and Pro- 
mine-D base products prepared at p H  5.0  and 6.0  and held at 4 and 
9 0° C

Apparent viscosity (cps)a

5oy product P-100; P-D

Temp pH PH
(°C) 5.0 6.0 5.0 6.0

4 >166,000b 150,977 >166,000b 85,674
90 3,320 3,184 3,537 2,980

D iffe re n c e s a ttr ib u ta b le  to  soy p ro d u c t , p H , tem p e ra tu re and all
in te ra c tio n s  s ig n if ic a n t  a t the leve l P <  0 .0 0 0 1  

13 U p p er l im it  o f m easu rem ent

solubility probably influenced emulsification in specific cases, 
they apparently were not decisive in their effects on emulsifi
cation at all of the pH-temperature combinations.

T hick en in g  fun ction . The apparent viscosity values were 
consistently lower for P-1002 than for P-D dispersions (Table 
1). P-1002 dispersions increased in viscosity as pH increased 
from 5.0 to 7.0 at all tem peratures studied. P-1002 dispersions 
at 90°C had higher apparent viscosities than P-1002 disper
sions at either am bient tem perature or 4°C. The apparent vis
cosity of P-1002 dispersions was of greatest magnitude at the 
combination of pH 7.0 and 90°C. The particularly high vis
cosity at this pH-tem perature combination might be related to 
the maximum solubility of the concentrate under those condi
tions (H utton and Campbell, 1977). The greatest increase in 
viscosity with increased pH for P-1002 dispersions was ob
served as the pH increased from 6.0 to  7.0. This large increase 
in viscosity from pH 6.0 to  7.0 was evident at all tem peratures 
and is in agreement with the findings of Circle et al. (1964).

As the pH of P-D dispersions increased, the dispersions de
creased in apparent viscosity but increased visibly in stability.

to

Fig. 4—Fa t absorption (% of sample weight, as-is basisI o f Pro- 
mosoy-100 x, Prom osoy-1007, and Promine-D held at 4 °C , ambient 
temperature (22—25°C ) and 9 0 °C.

The effect of pH occurred primarily between pH 6.0 and 7.0 
and the decreased viscosity with increased pH was evident at 
all tem perature levels studied. The viscosity response of the 
isolate dispersions to pH variations in the present study was 
not in agreement with any data reviewed.

Tem perature effects on apparent viscosity were similar for 
P-1002 and P-D dispersion (Table 1). Dispersions exhibited 
minimum viscosity at ambient tem perature. Apparent viscosity 
tended to increase slightly as the tem perature was lowered to 
4°C and increased dramatically as the tem perature was raised 
to 90°C. The large increase in viscosity with a tem perature 
increase from am bient to  90°C for both  P-1002 and P-D prob
ably can be attributed to irreversible conversion of the sol to a 
viscous progel (Catsimpoolas and Meyer, 1970).

Fat absorption . Fat absorption, expressed as a percentage 
of the sample weight on the as-is basis is shown in Figure 4. 
Fat absorption for the Promosoy was significantly lower (P <  
0 .0001) and the curves are shaped quite differently from that 
for P-D. The curves for the two levels of Promosoy are similar 
to each other both as to height and as to  shape. The curves for

Fig. 5—Fat absorption (% o f  protein weight) o f Promosoy-10 0 , ,  
Promosoy-1002 and Promine-D held at 4 °C, ambient temperature 
(2 2 -2 5 ° C) and 90° C.
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Table 3—Mean sensory scores for soy dips prepared from Promosoy-
100 and Promine-D base products at pH 5.0 and 6.0 and held at 4°C

Soy product P -1 0 0 2 P-D

Q u a lity  a ttr ib u te 3

PH

5 .0  6 .0

pH

5 .0  6.0

Viscosity (6 = very thick) 5.5 3.5 5.7 3.2
Mouthfeel (6 = very smooth) 4.3 4.5 4.0 4.5
Oiliness (4 = very oily) 3.1 2.8 3.0 2.7
F la v o r  (6 = very desirable) 4.1 3.6 4.1 3.3
Overall acceptability (5 = very good) 3.2 2.9 3.3 2 .7

3 E f fe c t  o f soy  p ro d u c t  n o t s ig n if ic a n t ; e f fe c t  of pH s ig n ific a n t  a t 
least a t th e  leve l P <  0 .001 fo r  each a t t r ib u te : o n ly  one in te ra c tio n  
s ig n if ic a n t : p H -so y  p ro d u c t  fo r  v is c o s ity  (P <  0 .0 0 1 )

fat absorption values expressed on the basis of sample dry 
weight, no t shown, were similar to  those in Figure 4. The 
lower absorption of oil by P-100! than by P-D when expressed 
on the basis of sample weight suggests that the protein was 
largely responsible for fat absorption. Fat absorption values 
for P-1002 also were lower than those for P-D when expressed 
on the basis o f sample weight, even though the am ount of 
protein was the same; this indicates tha t the additional carbo
hydrate present in P-1002 with the use of Promine-D and 
Promosoy on the equal-protein basis certainly did not absorb 
as much oil as the protein.

Expression of the fat absorption values as percent of pro
tein weight (Fig. 5) brings the values for all soy samples into a 
relatively narrow range, further indicating that the protein was 
responsible for most of the fat absorption by the soy products. 
The differing shapes of the fat absorption curves for the con
centrate and the isolate do not appear to  be directly related to 
the other properties measured.

Differences in fat absorption attributable to  tem perature 
and the soy-tem perature interaction were significant at the 
level P <  0.0001 for all bases of expression.
Food systems

Emulsion stability. All base products were stable when held 
at 4°C. At 90°C the concentrate base products were stable and 
the isolate products were unstable. An average of 4% (volume 
basis) liquid separated from the isolate base product at pH 5.0 
and 90°C. The isolate base product prepared at pH 6.0 and 
90°C appeared “ crumbled” throughout; however, no separa
tion occurred during centrifugation.

Apparent viscosity. Apparent viscosity was higher at pH 5.0 
than at 6.0 and higher at 4°C than at 90°C for both soy 
products. The products were too viscous at pH 5.0 and a hold
ing tem perature of 4.0°C to measure with the available equip
m ent; thus if a difference between the concentrate a.:d the 
isolate base products existed at this pH-temperature combina
tion, it was not measurable under the conditions of the study. 
For all o ther pH-temperature combinations, the concentrate 
base products were similar in viscosity or more viscous than 
the corresponding isolate products.

Consumer panel evaluation. With both the concentrate, 
P-100, and the isolate, P-D, dips prepared at pH 5.0 were rated 
more viscous and scored higher on flavor and overall accepta
bility than dips prepared at pH 6.0 (Table 3). On the other 
hand, dips prepared at pH 6.0 were considered smoother and 
less oily than those prepared at pH 5.0.

Relation of simple system data to food system data
Of the measurements made on simple systems, emulsion 

stability and viscosity were applicable to  the base products 
used for dips. In addition, the consumer panel evaluated the

dips themselves from the standpoint of oiliness and viscosity, 
as well as smoothness, which is closely related to  solubility.

Panel oiliness scores may be related to  emulsion stability. 
Panel members rated products prepared at pH 5.0 as oilier 
than those prepared at pH 6.0. Less oil was emulsified at pH
5.0 than at pH 6.0 in the simple systems at 4°C, though the 
base product emulsion was stable at both pH 5.0 and 6.0 at 
that tem perature.

Concentrate dispersions in simple systems exhibited in
creased apparent viscosity as pH increased from 5.0 to 6.0, 
whereas isolate dispersions showed the reverse effect. With 
both  the concentrate and isolate food systems, viscosity of the 
base product as measured by viscometer and of the dip as 
evaluated by the consumer panel was higher at pH 5.0 than at
6.0. In spite of the differences in the viscosity responses of the 
concentrate and isolate in simple systems, the food systems 
containing the concentrate and the isolate responded similarly 
to change in pH. In other words, the isolate performed as 
predicted and the concentrate did not. Combined effect o f the 
low viscosity and low pH-sensitivity of concentrate relative to 
the isolate and the possiblity of interactions among the prod
uct constituents could override the response to  pH that would 
be predicted by behavior of the soy concentrate samples in 
simple systems. The dips were more complex systems than the 
dispersions on which viscosity measurem ents were made in the 
first part of the study. Possibly other constituents (that con
tributed to  viscosity) in the concentrate base product were 
affected more by pH than was the concentrate.

Mouthfeel, representing smoothness, was rated higher for 
the dips at pH 6.0 than for those at pH 5.0. The lower m outh- 
feel scores for the dips prepared from pH 5.0 base products 
probably are attributable to the lower solubility of soy pro
teins at pH 5.0, as observed in simple systems (H utton and 
Campbell, 1977).

Many interactions were observed throughout the study. In 
addition, simple and more com plex systems sometimes dif
fered in their response to  variations in pH and tem perature. 
Therefore, extrem e caution is needed in extrapolation of re
sults from simple systems to  food systems.
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--------------------------------  ABSTRACT--------------------------------
Water-soluble pentosans from a hard red winter, a hard red spring and a 
soft red winter wheat flour contained 50-68% carbohydrate and
8-22% protein, after treatment with a-amylase. Carbohydrate compo
sitions of those pentosans were: arabinose, 39-40%; xylose, 35-42%; 
and galactose, 18-24%. Fractionation of the pentosans on a column of 
DEAE-cellulose yielded five fractions, two of which were fractionated 
into two subfractions, indicated to be heterogeneous by polyacrylamide 
disc electrophoresis and by gel filtration. The carbohydrate composi
tion of fractionated pentosans from the three types of wheat differed, 
particularly in the distribution of carbohydrate components in fractions 
II, III, and V. Gel filtration patterns were similar for pentosans from all 
three wheat flours, and indicated that the fractions probably contain 
glycoprotein components, but part of the protein is present as non- 
dialyzable protein that is not glycoprotein.

INTRODUCTION

WHEAT FLOURS contain 2 —3% pentosans of which about 
20—25% are soluble in water forming viscous solutions (Neu- 
kom et al., 1962). Kuendig et al. (1961a) fractionated water- 
soluble pentosans from wheat flour into five fractions on a 
column of DEAE-cellulose. The first fraction was an arabinox- 
ylan, free of galactose and protein. The other four fractions 
were more complex and contained various am ounts of protein 
and galactose. Fractions 2, 4 and 5 contained xylose, arabi
nose, and galactose as com ponents of their carbohydrate poly
mers, while fraction 3 contained only galactose and arabinose. 
Kuendig et al. (1961b) suggested that about half of the pen to
san preparations investigated were glycoproteins. Fractions II, 
III, and V have been fractionated into subfractions with vari
ous carbohydrate or protein contents during chromatography 
of the water-soluble pentosans on DEAE-cellulose (D’Ap- 
polonia et al., 1970; Patil et al., 1975a).

Treating wheat flour with 80% ethanol prior to extraction 
with water resulted in isolating water-soluble pentosans con
taining only 2% protein (Fincher and Stone, 1974). The 2% 
protein was firmly bound to  a polysaccharide. A high molecu
lar weight arabinoxylan and a low molecular weight arabino- 
galactan, the latter being associated with a hydroxyproline-rich 
peptide, were separated by fractional precipitation of the 
water-soluble pentosans with ammonium sulfate.

An arabinoxylan containing protein was isolated from 
water-soluble pentosans of wheat flour by precipitation with 
ammonium sulfate (Geissman and Neukom, 1973). Chroma
tographic purification of that fraction yielded an arabinoxylan 
with only a trace of protein. Ferulic acid was bound to  the 
polysaccharide.

Carbohydrate com ponents in the five fractions resulting 
from chromatography of water-soluble pentosans on DEAE- 
cellulose have been investigated by several groups (Kuendig et

'P resen t address: D ep t, o f Food Science, 111 Borland L ab o ra to ry , 
The Pennsylvania State U nivers ity , University  P ark , PA 1 68 0 2

al., 1961a; Cole, 1967; Wrench, 1965; Lin and Pomeranz,
1968). Medcalf et al. (1968) isolated water-soluble pentosans 
from the endosperm of durum and hard red spring wheats 
using two isolation procedures. In all cases, durum pentosans 
contained a higher proportion of arabinose than hard red 
spring wheat did, indicating a more highly branched structure. 
D’Appolonia and MacArthur (1975) isolated water-soluble 
pentosans from three conventional-height and five semidwarf 
varieties of hard red spring (HRS) wheats. High am ounts of 
glycoproteins were reported in those water-soluble pentosans. 
Based on the carbohydrate properties investigated, it was not 
possible to separate conventional-height wheat varieties from 
semidwarf samples by any one particular character measured. 
However, certain differences were noted between varieties.

To obtain a better understanding of differences and similar
ities between water-soluble pentosans from different types of 
wheat flours, we isolated water-soluble pentosans from a hard 
red winter (HRW, Scout R-70), a hard red spring (HRS, Chris), 
and a soft red winter (SRW, Logan) wheat flour. The carbo
hydrate components- of the five fractions, obtained from 
chromatography of the pentosans on DEAE-cellulose, were 
determined after acid hydrolysis.

EXPERIMENTAL
Materials

Flours were milled (Miag Multomat mill) from different types of 
wheat: hard red winter (Scout R-70, 9.5% protein, 14% moisture basis), 
hard red spring (Chris, 13.1% protein, 14% m.b.), and soft red winter 
(Logan, 10.5% protein, 14% m.b.).
Isolation of crude pentosans

Crude, water-soluble pentosans were isolated as described previously 
(Patil et al., 1975a) using 250-g samples of flour. Extracts from five 
250-g samples were combined for further purification and isolation of 
the pentosans. Solutions of crude pentosans were freeze dried. 
Preparation of purified pentosans

Soluble starch in crude water-soluble pentosans was removed by 
treatment with bacterial a-amylase according to the procedure of 
Kuendig1 et al. (1961a) except the enzyme was precipitated with 5% 
trichloracetic acid (TCA) using 25 mg TCA per 1 mg a-amylase (Patil et 
al., 1975a). Solutions of purified pentosans were freeze dried. 
Fractionation of purified pentosans on a column of DEAE-cellulose

DEAE-cellulose (Brown Company, Berlin, N.H., exchange capacity
0.86 meq/g) was prepared in the borate form according to the method 
of Neukom et al. (1960) with minor modifications.

a-Amylase-treated pentosans (2g in 100 ml water) were applied to 
the top of a column (5 X 70 cm) of DEAE-cellulose and fractionated as 
described previously (Patil et al., 1975a) using 4 liters of each solvent. 
Fractions were combined on the basis of protein and carbohydrate 
content, dialyzed against distilled water for 3 days at room tempera
ture, and freeze dried.
Analytical methods

Carbohydrate contents of column effluents and of freeze-dried frac
tions were determined using the phenol-sulfuric acid procedure (Dubois 
et al., 1956). A standard curve was constructed with D-xylose (10-60 
Mg).
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Protein content of each fraction was determined using the Lowry 
(Lowry et al., 1951) procedure. A standard curve was constructed with 
bovine serum albumin (10-100 Mg). Protein components were located 
in effluent fractions by automatically scanning the effluent at 280 nm. 
Gas-liquid chromatography of alditol acetate derivatives

Freeze-dried samples (40 mg) of purified pentosans and DEAE-cellu- 
lose fractions I-V from Scout R-70, Chris, and Logan flours were hydro
lyzed with 3 ml of 1M hydrochloric acid in a boiling-water bath for 6 
hr. The hydrolyzates were diluted with 10 ml distilled water and were 
neutralized to pH 6 with AG 3-X4 resin (OH' form, Bio-Rad Labora
tories. Richmond, Calif.). The resin was removed by filtration, washed 
thoroughly with water (4 X 20 ml), and the filtrates were freeze dried. 
myo-Inositol (10 mg) was added to each freeze-dried sample as an 
internal standard. The aldoses in the hydrolyzates were reduced to the 
corresponding alditols with 10 ml sodium borohydride (10 mg/ml). 
After 2 hr at room temperature, the samples were placed in an ice-water 
bath and excess borohydride was decomposed by dropwise addition of 
glacial acetic acid until gas evolution ceased. The solutions were concen
trated to 10 ml each. Methanol (3-4 ml) was then added and the 
samples were evaporated to dryness to remove excess borate as the 
volatile methyl borate.

Methanol was added and evaporated to dryness eight times. The 
samples were acetylated in screw-capped vials by adding 0.5 ml of 
acetic anhydride and 0.5 ml of pyridine and heating for 10 hr in an 
oven at 100°C. Aliquots (1-2 pi) of the acetylation mixtures were 
injected into the gas-liquid chromatograph for analyses of individual 
carbohydrate components.

Chromatography was accomplished on a Hewlett-Packard Model 
5751B Research Gas Chromatograph equipped with dual flame ioniza
tion detectors using a stainless-steel column (1/8 in. X 10 ft) packed 
with 3% ECNSS-M on Gas Chrom Q (100/200 mesh) (Sawardeker et al.,
1965). The column was operated isothermally at 180°C with nitrogen 
as carrier gas (35 ml/min).

Carbohydrate components were identified by comparing their reten
tion times with those of known alditol acetates chromatographed under 
identical conditions. Areas under component peaks were determined 
using a disc integrator. A response factor was determined for each 
alditol by chromatography of standard alditol acetates.
Gel filtration of purified pentosans and DEAE-cellulose fractions

Purified pentosans (15 mg/15 ml 0.1M acetic acid) and DEAE-cellu
lose fractions (<0.16% in 0.1M acetic acid) were subjected to gel filtra
tion on a column (2.5 X 40 cm) of Bio-Gel P-150 which had been 
calibrated for molecular size. Calibration of the column and gel filtra
tion were accomplished as described previously (Patil et al., 1975a) 
except 0.1M acetic acid was used to prepare and to elute the column at 
a flow rate of 15 ml/hr. Fractions (5 mi) were collected automatically.
Disc electrophoresis

DEAE-Cellulose fractions lla, IIb, III;,, IV, and V were characterized

by disc electrophoresis (pH 4.3) on polyacrylamide gels (5%) using a 
modification of the procedure described by Davis (1964). Samples (0.1 
ml), prepared 1 day before use to insure complete dissolution, of frac
tions !Ia (2%), IIb (2%), Illa (4%), IIlb (2% plus 20% sucrose), IV (2% 
plus 20% sucrose), and V (4%) were subjected to electrophoresis at 1.6 
ma per tube for the first 10 min and then 4 ma per tube for an 
additional 60 min. Immediately after being removed, gels were fixed in 
20% sulfosalicylic acid for 40 min and stained with 0.25% Coomassie 
Brilliant Blue R-250 (Colab Laboratories, Chicago Heights, 111.) for 1 hr 
(Chramback et al., 1967). The stained gels were stored in 7% acetic 
acid.

RESULTS & DISCUSSION
Yield of water-soluble pentosans

Yields of crude water-soluble pentosans ranged from 
0 .55-0 .81%  (Table 1) while those of a-amylase-treated (puri
fied) pentosans ranged from 0 .44 -0 .55%  of the flour. Both 
results are similar to those reported by other investigators 
(Neukom et al., 1967; Lin and Pomeranz, 1968; Patil e t al., 
1975a). Chris flour yielded more crude pentosans than either 
of the o ther two flours and the yield of purified pentosans 
from Chris flour exceeded that of either of the other two 
flours about 20%. Our yields are somewhat lower than those 
reported by D’Appolonia and MacArthur (1975) from hard 
red spring wheat flours; 1.1 —1.5% for crude pentosans and 
0 .6—0.7% for amylase-treated pentosans. Those authors ob
tained 1.4% crude pentosans and 0.7% amylase-treated pen to 
sans from Chris flour.

Purified pentosans from Scout R-70 flour were highest in 
carbohydrate content but lowest in protein content (Table 1). 
Purified pentosans from Chris and Logan flours contained 
similar am ounts of carbohydrate and protein. The protein,con
tents of the purified pentosans from Chris and Logan flours 
agree well with values (16.9 -22.6% ) reported for Marquis and 
Omar flours (Lin and Pomeranz, 1968). D’Appolonia and 
MacArthur (1975) reported 28.0% protein in the amylase- 
treated pentosan from Chris flour. Purified pentosans from 
Scout R-69 flour were previously reported (Patil et al., 1975a) 
to contain 16.4% protein.

In our study, carbohydrate content was expressed as xy
lose, the predom inant carbohydrate, although other carbohy
drates are present. The carbohydrate values must be con
sidered as minimal because D-xylose gives the highest absorb
ance values of common monosaccharides (Dubois et al., 1956).

Table 1—Yield and distribution o f carbohydrate and protein in water- 
soluble pen tosans

Crude pentosans ct-Am ylase-treated pentosans

Source Y ie ld  (%)
Y ie ld

(%)
C arbohydrate3

(%)
P rote inb

(% )

Scout R-70 
(HRW)

0.55 0.44 68.5 8.0

Chris
(HRS)

0.81 0.55 51.2 22.5

Logan
(SRW)

0.70 0.47 50.5 20.6

a D e te rm in e d  b y  th e  p h e n o l-su lfu r ic  ac id  p ro ced u re  (D u b o is  e t a l., 
1 9 5 6 ) using  D -xy lo se  as a standard

b D e te rm in ed  b y the L o w ry  p ro ced u re  (L o w ry  e t a l . , 1 9 5 1 ) using 
b o v in e  se rum  a lb u m in  as a s ta n d a rd .

Table 2 —Yield o f freeze-dried fractions obtained from chromatography 
o f purified water-soluble pentosans on DEAE-cellulose

Pentosan
Fraction num ber

source I "b IHa Hlb IV V

Scout R-70 39.9a 10.8 5.6 15.9 1.1 17.7 8.9
(HRW) 
Scout R-69b 
(HRW)

16 3 22 21 20 17

Chris
(HRS)

30.1 8.6 9.2 18.0 9.2 15.6 9.1

Chris0
(HRS)

31.1 15.9 17.4 24.4 11.1

Logan
(SRW)

27.9 9.7 7.6 17.8 12.5 10.7 13.7

a V a lu es  c ited  are d is tr ib u tio n  percentages 
b V a lu e s  fro m  P a til et a l. (1 9 7 5 b ) 
c V a lu es  fro m  D 'A p p o lo n ia  and M a c A rth u r  (1 9 7 5 )
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Table 3—Distribution o f  carbohydrate in fractions obtained from  
chromatography o f purified pentosans on DEAE-cellulose

Pentosan Fraction number

source I "a "b IMa '"b IV V

Scout R-70 
(HRW)

29.7a 23.3 14.5 14.2 0.9 7.5 9.9

Scout R-69b 
(HRW)

20 4 32 17 16 10

Chris
(HRS)

27.3 21.5 18.2 12.7 1.4 9.5 9.4

Logan
(SRW)

23.9 23.2 16.1 13.4 3.6 11.2 8.6

a T h e  va lu e  rep rese n ts  th e  d is tr ib u tio n  (% ) o f c a rb o h y d ra te  re la tiv e  
to to ta l c a rb o h y d ra te  ob ta ined  fro m  each f lo u r . 

b V a lu es f ro m  Pa,til e t a l. (1 9 7 5 b )

This may account for the carbohydrate and protein values not 
summing to  100%. Neukom et al. (1962) found 16% protein 
and 84% carbohydrate in purified pentosans from Manitoba II 
flour.
Fractionation of purified pentosans on DEAE-cellulose

After fractionation on columns of DEAE-cellulose accord
ing to the m ethod of Kuendig et al. (1961a), the purified 
pentosans from Scout R-70, Chris and Logan flours each yield
ed the five major pentosan fractions expected. Peak II was 
separated into two subpeaks, designated IIa and IIb , on the 
basis of carbohydrate and protein contents. Such behavior has 
been reported by D’Appolonia et al. (1970) and Patil et al. 
(1975b). Peak III was separated into IIIa and IIIb according to 
protein contents, in agreement with results reported by Patil et 
al. (1975a). The yield of each fraction is shown in Table 2. 
Fraction I was obtained in highest yield. The largest am ount of 
fraction I in Scout R-70 flour supports the observation that 
pentosans from Scout R-70 flour contained the most carbohy
drate, since fraction I has been identified as an arabinoxylan 
(Kuendig et al. 196la; Wrench, 1965). O ther fractions were 
obtained in much lower yields than fraction I and were com 
posed of carbohydrate and protein. They have been postulated 
to by glycoproteins (Kuendig et al., 1961a). Lin and Pomeranz
(1968) did not find fraction I to be the largest com ponent 
from two hard red winter wheat flours, a hard red spring 
wheat flour, one soft red winter, durum, and soft white club 
flour. Neukom et al. (1962) and Wrench (1965) obtained frac
tion I as the largest com ponent of their pentosan preparations. 
Considerably larger proportions of fraction IIb and V and 
smaller proportions of fractions I and IIa were reported (Patil 
et al. 1975b) for the pentosans from Scout R-69 flour (Table 
2) than we obtained for those from Scout R-70 flour. D’Al- 
lolonia and MacArthur (1975) reported less fraction III and 
more fraction IV in the pentosans from Chris flour (Table 2) 
than we obtained. The reasons for those differences are not 
known.

Distribution of carbohydrates and proteins in the fractions 
are shown in Tables 3 and 4, respectively. As expected, frac
tion I had the highest carbohydrate content and contained no 
protein. Fraction l l lb from Logan, a soft wheat flour, was 
remarkedly high in protein content compared with the other 
two types of wheat. No general protein content trends could 
be ascertained in the fractions from the three flours, although 
differences among the pentosans were obvious. The highest 
protein content in fractions from Scout R-70 and Chris flours 
was in fraction V, while the highest from Logan flour was in

Table 4—Distribution o f  protein in fractions obtained from chroma
tography on D EAE-cellulose

Pentosan
source i Ha " b "la l l l b IV V

Scout R-70 
(HRW)

0 3.5a 15.5 16.9 7.8 18.3 38.0

Scout R-69b 
(HRW)

2 4 17 19 33 26

Chris
(HRS)

0 3.5 8.9 13.6 25.7 20.2 28.0

Logan
(SRW)

0 1.4 4.8 11.0 46.7 23.4 12.7

a The value represents the distribution (% ) of protein relative to
total protein obtained from each flour, 

k Values from Patil et al. (1975b)

fraction 111 b . Additional varieties from each type of wheat 
must be investigated before valid generalizations can be made. 
Carbohydrate and protein distribution reported by Lin and 
Pomeranz (1968) differ considerably from ours. Patil et al. 
(1975b) reported less carbohydrate in fractions I and IIa and 
more carbohydrate in fractions IIb and IV from Scout flour 
(Table 2) than we observed. The total carbohydrate in fraction 
II (fractions IIa and IIb) was very similar from both Scout 
flours. Larger percentages of protein were reported in fractions 
I, IIIb , and IV from Scout flour (Patil et al., 1975b) than we 
obtained, while smaller percentages were reported for fractions 
II (IIa and IIb in our data) and V (Table 2). Reasons for those 
differences are not known.

Table 5—Carbohydrate composition (% o f totalaj  o f acid-hydrol
yzed a-amylase-treated pentosans and D EAE-cellulose fractionsb 
//a, //b, ///a, and ll/b

Source o f pentosans

Fraction
Scout R-70 

(HRW)
Chris
(HRS)

Logan
(SRW)

a-Amylase- Arabinose 39.3 40.6 40.2
treated pentosans Xylose 42.6 37.4 35.3

Galactose 18.1 22.0 24.5

"a Arabinose 41.8 43.5 38.6
Xylose 26.2 32.5 60.7
Galactose 32.0 24.0 0.7

"b Arabinose 43.5 44.7 49.2
Xylose 29.0 47.4 37.3
Galactose 27.4 7.9 13.5

l l la Arabinose 59.8 47.5 54.5
Xylose 4.2 3.7 2.0
Galactose 36.0 48.8 43.5

Hlb Arabinose 40.8 19.4 21.0
Xylose 11.8 20.9 8.8
Galactose 47.4 59.7 70.2

a Su m m in g  in d iv id u a l a ldoses ob ta ined  b y  G L C  an a ly s is  
b se e  T a b le  6 fo r  f ra c t io n s  I , IV  and V .
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EFFLUENT, ml

Table 6 -C a rb o h yd ra te  com pos ition  (% o f  to ta l) o f  ac id -hyd ro lyzed  frac tions o f  pentosans e lu ted  from  chrom atography on DEAE-ce/lu/ose

Investigator1

Fraction i 2 3 4 5 6 7 8 9 10 11 12

I A rabinose 37 37 40 _ 43 45 27 40 36 41 40 45

X ylo se 62 63 60 - 49 55 6 6 60 64 59 60 55
G alactose 1 0 0 - 0 0 - - - - - -
G lucose 0 0 0 - 0 0 1 - - - - -

II A rabinose 4 3 b 4 4 b 4 4 b 43 41 36 32 50 45 47 47 36
X ylo se 27 40 49 49 42 38 6 6 50 55 53 53 38
G alactose 30 16 7 8 17 26 - - - - - 26
G lucose 0 0 0 0 0 0 5 - - - —

III Arabinose 5 0 c 3 3 c 3 8 c 40 35 46 53 50 50 32 37 46
X ylo se 8 1 2 5 2 1 0 0 53 35 45 17 7 -
G alactose 42 54 57 39 65 54 - - 5 51 56 54
G lucose - - - - - - trace 15 - - - “*

IV A rabinose 42 41 36 38 43 43 4 5 53 50 32 30 43
X ylo se 6 6 2 6 0 8 50 1 1 1 0 8 9 8

G alactose 52 54 61 56 57 49 1 - 40 60 61 49
G lucose - - - - - - 3 37 - - - -

V A rabinose 26 2 1 8 2 2 — 17 2 0 43 42 42 44 17
X ylo se 38 23 25 31 - 81 35 39 46 58 56 81
Galactose 7 10 7 0 - 2 trace - 12 - - 2
G lucose 27 42 48 47 - 0 13 17 - - - -
Mannose 2 3 12 0 - 0 - - - - - -

a 1, 2 , 3 P resen t in v e s t ig a tio n , so u rce  o f p en to san s fro m  S c o u t  R -7 0 , C h r is , and Logan  f lo u rs , re sp e c t iv e ly ; 4  F ro m  L in  and P o m e ra n z  (1 9 6 8 )  
fro m  H R S  (M arq u is ) w h e a t f lo u r ; 5 fro m  W rench  (1 9 6 5 )  fro m  " t y p ic a l A u s tra lia n  b a ke r 's  f lo u r ;"  6 fro m  K u en d ig  (1 9 6 1 a ) fro m  H R S  (M a n i
to b a  I I )  w h ea t f lo u r ; 7 F ro m  C o le  (1 9 6 7 ) fro m  H RW  (M o n tan a ) w h e a t f lo u r  (so d iu m  h y d ro x id e -so lu b le  f lo u r  hem  ¡c e llu lo se s ) ; 8 , 9  fro m  Med- 
c a lf  et a l. (1 9 6 8 ) fro m  d u ru m  (L e e d s ) and H R S  (T h a tc h e r )  w h e a t f lo u r , re sp e c t iv e ly ; 1 0 , 11 F ro m  D 'A p p o lo n ia  and M c A rth u r  (1 9 7 5 ) fro m  
H R S  (Ju s t in  and W o rld  Seed s 1 8 0 9 , re sp e c t iv e ly ) w h e a t f lo u rs ; 12 F ro m  N e u ko m  et a l. (1 9 6 2 )  fro m  H R S  (M an ito b a ) w h e a t f lo u r , 

k  V a lu es  fo r  f ra c t io n s  I la and l Iĵ  averaged 
c V a lu e s  fo r  f ra c t io n s  11 la and 111̂  averaged
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W A T E R -S O L U B L E  P E N T O S A N S  . . .

Fig. 1—Gel f ilt ra t io n  o f  a-am ylase-treated pentosans and D EAE -ce llu lose fractions fro m  S cout R -70 (HRW ) flou r. The samples were e lu ted  
from  a co lum n (2 .5  x 4 0  cm ) o f  B io-Gel P-150 w ith  0.1 M  acetic acid, f lo w  rate 15 m l/h r. Top curve (so lid  line ) represents carbohydrate  
(phenol-sulfuric ac id  m e thod ). L o w e r curve (d o tte d  lin e ) represents p ro te in  (au tom atica lly  scanned a t 280  nm .). [ (A )  a-Am ylase-treated  
Pentosans; (B) D EAE-ce llu lose F rac tion  I;  (C) D EAE -ce llu lose F rac tion  / / a;  (D ) D EAE -ce llu lose F rac tion  / / b : (E) D EAE-ce llu lose F rac tion  / / / a;
(F) D EAE-ce llu lose F rac tion  l l l b; (G) D EAE-ce llu lose F rac tion  IV ; and  (H) D EAE -ce llu lose F rac tion  V ] .

Carbohydrate composition of a-amylase-treated pentosans 
and DEAE-cellulose fractions

The carbohydrate compositions of the unfractionated, acid- 
hydrolyzed, a-amylase-treated pentosans from Scout R-70, 
Chris, and Logan flours are shown in Table 5. Pentosans from 
Scout R-70 flour differed from those from the other two 
flours by containing slightly more xylose than arabinose and 
by having the least galactose. No glucose was found in any 
purified pentosan before fractionation on DEAE-cellulose.

The carbohydrate compositions of acid-hydrolyzed DEAE- 
cellulose fractions from Scout R-70, Chris and Logan flours 
are shown in Tables 5 and 6. Fraction I from Chris and Logan 
flours was an arabinoxylan as expected, but fraction I from

Scout R-70 flour contained a trace of galactose. Fraction IIa 
from Chris and Scout R-70 flours had similar carbohydrate 
com positions but that from Logan flour differed considerably 
by having twice as much xylose and only a very small am ount 
of galactose. Fraction IIIa from all three flours had extremely 
low xylose content. Kuendig et al. (1961a) and Wrench (1965) 
reported no xylose in fraction III. Fraction IIIb from Logan 
flour had the highest galactose content as well as the highest 
protein content. In general, in fractions II to  IV, a decrease in 
xylose content was accompanied by an increase in galactose 
content. The inverse relation between changes in galactose and 
xylose contents in the fractions and the direct relation between 
galactose and protein contents might be related to  a structure

EFFLUENT, ml

Fig. 2 —Gel f ilt ra t io n  o f  a-amylase-treated pentosans and D EAE-ce llu lose fractions from  Chris (HRS) flou r. The samples were e lu ted  fro m  a co lum n  
(2 .5  x 4 0  cm ) o f  B io-Gel P-150 w ith  0.1 M  acetic acid, f lo w  rate 15 m l/h r. Top curve (so lid  line) represents carbohydra te  (pheno l-su lfu ric  acid  
m ethod). Lo w e r curve (d o tted  line ) represents p ro te in  (au tom atica lly  scanned a t 28 0  nm ). [ (A ) a-Am ylase-treated Pentosans; (B ! DEAE-ce llu lose  
Fraction  I ;  (C) DEAE-cellu lose F raction  l l a;  (D ) DEAE-ce llu lose F raction  I l c ; (E) D EAE-ce llu lose F rac tion  i l l a;  (F ) D EAE-ce llu lose F rac tion  I I I b; 
(G) DEAE-ce llu lose F raction IV ; and (H) D EAE-ce llu lose F raction  V ] .
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proposed for pentosans (Neukom et ai., 1967) of an arabino- 
galactan linked to  an arabinoxylan via a peptide bridge. Frac
tions with high galactose and protein contents may contain 
more of such a structure and perhaps less arabinoxylan. An 
arabinogalactan-peptide has been isolated from the water- 
soluble pentosans from wheat flour (Fincher and Stone,
1974); its chemical and physical properties have been studied 
(Fincher et al., 1974). Interestingly, fraction V contained glu
cose and mannose. Neither o f these aldoses was detected in the 
starting material. They may have arisen from eluting DEAE- 
cellulose with a fairly strong alkaline solution.

Carbohydrate com positions of fractionated pentosans we 
obtained from Chris, Logan and Scout R-70 flours are com 
pared with results by other investigators in Table 6. They agree 
reasonably well. Differences are noted among the three types 
of wheat, particularly in the distribution of carbohydrate com
ponents in fractions 11, III, and V. The com position of fraction 
I, an arabinoxylan, was similar in all pentosans. The degree of 
branching may differ slightly as indicated by the small varia
tion in arabinoseixylose ratios; increasing arabinose:xylose 
ratios indicate increased branching since the arabinose units 
are present as single unit side-chains (Perlin, 1951). Con
siderable differences are noted in the com position of fraction 
11 from different pentosans, particularly in galactose content.

The xylose and galactose contents o f fraction III differ among 
the pentosans. In virtually all the pentosans, fraction IV con
tains the smallest am ount of xylose and the greatest am ount of 
galactose. This fraction may contain the arabinogalactan iso
lated as a peptide by Fincher (Fincher and Stone, 1974; F inch
er et al., 1974) and also reported by Kuendig and Neukom 
(1963). The com position of fraction V shows large differences 
among the pentosans. No consistent differences in carbo
hydrate com position are readily apparent to allow pentosans 
from  different sources to be separated.

Gel filtration of a-amylase-treated pentosans 
and DEAE-cellulose tractions

Gel filtration of a-am ylase-treated pentosans and DEAE- 
cellulose fractions on a column of Bio-Gel P-150 resulted in 
the elution patterns shown in Figures 1—3. The elution pa t
terns are similar for the three different wheats, although differ
ences do exist in some of the fractions. It is evident that part 
of the protein present in most o f the fractions is not glyco
protein, since the protein and carbohydrate components do 
not coincide. Glycoproteins probably are present in all frac
tions, except 1, as indicated by a symm etrical overlapping of 
carbohydrate and protein com ponents. It definitely appears 
that only a limited portion of the pentosans are glycoproteins.

EFFLUENT, mi

Fig. 3 —Gel f i ltra tio n  o f  u-amyiase-treated pentosans and DEAE-ce llu lose fractions from  Logan (SW) flo u r. The samples were e luted fro m  a co lum n  
(2 .5  x 4 0  cm ! o f  B io-Gel P-150 w ith  0 .1M  acetic acid, f lo w  rate 15 m l/h r. Top curve (solid line ) represents carbohydra te  (pheno l-sulfu ric ac id  
m ethod). L o w e r curve (d o tte d  line ) represents p ro te in  (au tom atica lly  scanned a t 280  nm ). [ (A )  u-Am ytase-trea tedpentosans; (B) DEAE-ce llu lose  
F raction  I;  (C) D EAE-ce llu lose F raction  / / a;  (D) D EAE-ce llu lose F raction  l l b : (E) D EAE-ce llu lose F raction  l l l a: (F) D EAE-ce llu lose l l l b : (G) 
D EAE-ce llu lose Fraction  IV ; and (H) DEAE-ce llu lose F rac tion  V ] .
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Disc electrophoresis
Aqueous solutions of the a-amylase-treated pentosans and 

DEAE-cellulose fractions were subjected to disc electrophoresis 
on 5% polyacrylamide gel at pH 4.3 with Sephadex G-25 as the 
upper spacer. The a-amylase-treated pentosans showed three 
bands in Scout R-70, six in Chris and five in Logan flours. All 
bands were stained blue with Coomassie Brilliant Blue dye, a 
protein stain. Fraction IIa from all three flours showed no 
bands, perhaps because of its high viscosity when dissolved in 
the upper buffer, pH 4.5, and its low protein content.

Fraction Illa from  all three flours contained four bands 
when stained with Coomassie Brilliant Blue dye. Fraction Illb 
from Scout R-70 and Logan flours contained three bands; that 
from Chris flour, four bands. Fraction IV from Logan and 
Chris flours showed four bands; that from Scout R-70 flour, 
three bands. Thus disc electrophoresis also indicated hetero
geneity of fractions III through V. In some cases (all fraction 
Illa, fraction IIIb from Chris flour, fraction IV from Scout 
R-70 flour, and the a-amylase-treated pentosans from Chris 
and Logan flours) disc electrophoresis revealed greater hetero
geneity (m ore components) than did gel filtration on Bio-Gel 
P-150. However, fraction IIb from all three flours showed less 
fractionation with disc electrophoresis than during gel filtra
tion — perhaps because the high viscosity of the solution con
taining fraction IIb prevented clear separation on the poly
acrylamide gel. The remaining fractions (fraction IIIb from 
Logan and Scout R-70 flours, fraction IV from Chris and 
Logan flours, fraction V from all flours, and the a-amylase- 
treated pentosans from Scout R-70 flour) showed the same 
num ber of protein bands by the two techniques.

S U M M A R Y

PENTOSANS isolated from Scout R-70 flour contained the 
most carbohydrate and the least protein. Pentosans from Chris 
and Logan flours were similar in carbohydrate and protein 
content. Pentosans from Scout R-70 flour also gave the highest 
am ount of fraction I, an arabinoxylan.

Pentosans are a complex class o f materials defined on the 
basis of solubility. As such they tend to be heterogeneous, 
lacking well-defined structures. The carbohydrate composi
tions of fractions of pentosans from different sources are not 
sufficiently different to separate the pentosans by source. 
DEAE-cellulose fraction I is an arabinoxylan and fraction IV 
apparently contains an arabinogalactan. The structures o f the 
other fractions are not known. G lycoprotein com ponents ap
pear to be present in the pentosans but part of the protein is 
present as nondialyzable protein that is not glycoprotein.
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FUNCTIONAL CHARACTERIZATION OF PROTEIN STABILIZED EMULSIONS:
EFFECT OF PROCESSING

------- ------------------------  ABSTRACT --------------------------------
In order to evaluate the emulsifying characteristics of a protein the 
effect of processing of a protein stabilized soybean oil-in-water emul
sion on the creaming stability of the emulsion was investigated. Three 
protein systems were used, namely soybean protein isolate, sodium 
caseinate and whey protein concentrate (WPC). The effects of four 
different types of emulsifying equipment, an ultra-turrax, a Sorvall 
omnimixer, a valve homogenizer and an ultrasonic apparatus were 
studied. It was found that the type of emulsifying apparatus, the emul
sifying time and intensity had a marked influence on the properties of 
the protein stabilized emulsions. It was demonstrated for all the types 
of apparatus and proteins used, that by increasing emulsifying intensity 
and time better emulsions, when characterized by the creaming 
method, are obtained up to a certain limit whereupon there is nothing 
to be gained by an additional increase of these factors. The necessary 
emulsifying intensity and time to obtain a certain stability range dif
fered considerably according to the various proteins investigated as well 
as environmental conditions. This intensity-time dependence may be 
considered as an emulsifying characteristic of the protein.

INTRODUCTION
PROTEIN STABILIZED oil-in-water emulsions are to  be 
found in various branches of the food industry. These include 
milk, cream, ice-cream, salad dressings, mayonnaise, gravies 
and meat emulsions. Ice-cream and meat emulsions differ from 
“ true” emulsions as they contain one or two additional struc
tures such as foam, suspension and gel. Moreover “ tru e” emul
sions can differ considerably in oil phase volume, in fat sol- 
id/liquid ratio and content and in viscosity of the continuous 
phase. This leads to different stability problems. It is, there
fore, difficult to develop one single model system applicable in 
all cases for measuring the emulsification properties of a pro
tein.

The determ ination of the emulsifying characteristics of pro
teins has evolved via two main approaches: emulsifying capac
ity  and emulsion stability measurements.

The m ethod of Swift et al. (1961) to  investigate the emulsi
fying capacity is to  determine the maximum am ount o f fat 
emulsified by a protein dispersion. Oil is added at a given rate 
to  a protein dispersion being constantly stirred, until the emul
sion inverts into a water-in-oil emulsion, as indicated by a 
sudden drop in emulsion viscosity. This m ethod has been 
widely used, though modified in certain respects. The registra
tion of the inversion point varies from visual appearance of the 
viscosity decrease (Swift et al., 1961; Pearson et al., 1965; 
Carpenter and Saffle, 1964) to change in amperage required to 
drive the blender (Crenwelge et al., 1974) and to  change in 
electrical resistance of the emulsion (Webb et al., 1970; Satter- 
lee and Free, 1973; Smith et al., 1973). Alternating blender 
speed from 1000 up to 20000 rpm has a large effect on both 
the am ount of fat emulsified and the character of the emulsion 
produced. The am ount o f fat emulsified is also related :o the

^ 1 P r e s e n t  a d d re s s :  S IK  — T h e  S w e d is h  F o o d  I n s t i t u t e ,  S 4 0 0 2 1
G ö d e b e rg ,  S w e d e n

rate of oil addition and to the maximum temperature attained 
during emulsification (Swift et al., 1961). All these influencing 
factors raise doubts about the possibility of evaluating the 
field of application of a protein in food emulsions by this type 
of method.

There is a great difference between the emulsifying capacity 
and the emulsion stability produced with proteins. Emulsion 
stability is not a measure of maximum oil addition, but rather 
of the ability of the product to  remain durable and unchanged.

Instability of an emulsion can visually appear as creaming 
and fat separation, which is usually caused by flocculation and 
coalescence, as shown in Figure 1.

Emulsion stability can be estimated from oil separation 
(Smith et al., 1973; Inklaar and Fortuin, 1969; Neelakantan,
1971). However, to  be able to  measure any fat separation from 
protein stabilized emulsions, “weak” emulsions have to  be 
made -  for instance by choosing an oil concentration near the 
inversion point — or stable emulsions have to  be ultra-centri
fuged. These criteria limit the research field, and it is question
able whether ultra-centrifugation provides a valid stability test 
for highly stable emulsions (K itchener and Musselwhite, 1969). 
Time-consuming, but more informative, is to  register the size 
distribution of the fat particles as a function of time (Mita et 
al., 1973; Kako and Sherman, 1974).

A nother approach is to measure the extent of creaming as a 
rapid test to characterize the emulsion produced. Various pa
rameters can be chosen to  evaluate creaming, such as depth of 
cream layer, percentage of the total fat collected in the cream 
layer (Mol, 1963) or the percentage of the to tal fat left in the 
aqueous lower phase(Vakaleris and Sabharwal, 1972; Kurzhals,
1973). The percentage of water (Acton and Saffle, 1970,
1971) or of to tal solid (Smith and Dairiki, 1975) in the aque
ous lower phase can also be recorded. Mild centrifugation is 
often used to accelerate the creaming rate of the fat particles. 
The tests vary depending on storage tem perature and storage 
time of the emulsions.

Although the same stability test has been used by several 
authors it is difficult to  compare the results, due to  the fact 
that the form ation o: the emulsion has been made differently. 
It has been shown for milk that processing parameters strongly 
affect the character of the emulsion (Goulden and Phipps, 
1969; Kurzhals, 1973; Mulder and Walstra, 1974; Walstra,
1975).

The aim of this work is to investigate the effect of process
ing of a protein stabilized soybean oil-in-water emulsion on the 
stability of the emulsion in order to obtain inform ation on the 
evaluation of the emulsifying characteristics of a protein. Four 
different types of emulsifying equipm ent have been studied, as 
processing conditions may differ considerably for., various 
types of food emulsions. They are an ultra-turrax, a Sorvall 
omni-mixer, a valve homogenizer and an ultrasonic apparatus. 
Three protein systems were used, a soy protein isolate (Pro- 
mine-D), a sodium caseinate and a whey protein concentrate 
(WPC). In this paper low-viscous emulsions with a fat content 
of 40% are considered as model systems.
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MATERIALS & METHODS
Soy protein isolate

Promine-D (Central Soya), a commercially available sodium soybean 
proteinate. Analysis: protein (N x 6.25) 89.6% (dry wt), solubility in 
distilled water at pH 9, denoted as (0-9), 65%.
Caseinate

Spray blend caseinate (DMV, Holland), a commercially available 
sodium caseinate. Analysis: protein (N X 6.37) 89.3% (dry wt), fat
1.2% (dry wt), solubility in distilled water and in 0.2M sodium chloride 
solution at pH 7, denoted as (0-7) and (0.2-7), is 97.4% and 95.4%, 
respectively.
Whey protein concentrate (WPC)

WPC concentrated by gel filtration on an industrial scale was used. 
Analysis: protein (N x 6.25) 65.6% (dry wt), fat 1.9% (dry wt). Solu
bility in distilled water at pH 9, denoted as (0-9), 45%.
Soybean oil

A commercially available soybean oil (AB Karlshamns Oljefabriker, 
Karlshamn, Sweden) was used. Analysis: fatty acid composition C 18:2 
53.3%, C 18:1 23.0%, C 16 10.8%.
Preparation of samples

Protein dispersions composed of 2.5% (w/w) based on the protein 
content in distilled water or sodium chloride solution were made with 
the Sorvall omni-mixer. The pH was adjusted with 0.2M NaOH or 0.2M 
HC1. Soybean oil was added directly to the protein disperison to attain 
40% oil by weight.
Emulsion formation

Omni-mixer. A sample of 40g was emulsified in a stainless steel 
container with a capacity of 50 ml. A Sorvall omni-mixer, consisting of 
a rotating six-bladed knife suspended into the mixture, was used as a 
disperser. The rotor speed could be adjusted up to 15000 rpm.

Ultra-turrax. A quantity of 40g was emulsified in a 100 ml centri
fuging tube of stainless steel with an Ultra-turrax type TP 18/2N (Janke 
& Kunkel) driven by a universal motor giving 20000 rpm. The motor 
speed was adjustable with a variable voltage transformer.

Ultrasonic Emulsions of 30g were formed in a 40 ml tube with a 
Branson Sonifier Cell Disrupter model B-12 (Branson Sonic Power Co.) 
consisting of a power supply, a sonic converter and a disruptor horn 
operating at a nominal frequency of 20 kHz. The power supply had a 
timing control, an activity output control with a dial marked in arbi
trary units from 1 to 10. Before emulsification the mixture was shaken 
sufficiently to mix the two liquids, and thereafter the disruptor horn 
was suspended into the emulsion.

Valve homogenizes Homogenization was accomplished on an ali
quot of 50g with a single piston valve homogenizer equipped with a 
high pressure pump driven by a hydraulic system and having a pressure 
gauge and an adjustable valve opening (To be published). The mixture 
was shaken before it was poured into the feeder. Repeated homogeniza
tion was carried out.

Cooling was performed during all the emulsification procedures to 
keep the temperature of the emulsion near 25°C during processing.

Emulsion characterization. In this study the stabality rating (SR) 
was determined on the basis of the percentage change of fat in the 
aqueous lower phase after creaming. The following equation was used:

P
SR = test X 100 (%)

F o r ig in a l

Etest ' s the fat percentage of the bottom 5 ml of the sample, and 
Foriginal is the initial fat percentage of the whole sample. 30g of the 
emulsion were stored for 24 hr at 20°C. After storage the samples were 
centrifuged at room temperature at low speed (180 X G) for 15 min. 
The centrifugation was supposed not to lead to any desorption or re
moval of proteinacious material from the fat globule interface. Prelimi
nary experiments with different storage times and temperatures and 
various centrifuging speeds were done to establish conditions giving 
reproducible results.

After centrifugation of the emulsion 5 ml of the lower phase was 
carefully removed with a syringe for fat determination by the Gerber 
method. The Gerber method was calibrated for the soybean oil over the 
range 0 -  50% (w/w) in the emulsions. No significant deviation of the 
fat content determination due to the various techniques of emulsion 
formation was evident.

RESULTS
Effect of different emulsifying equipment

The two mixers, the ultra-turrax and the omni-mixer, run
ning at a maximum speed of 20000 rpm and 15000 rpm, 
respectively, were used to  produce Promine-D ( 0 - 9 )  stabilized 
emulsions. The resulting stability rating as a function of the 
emulsifying tim e can be seen in Figure 2, which obviously 
shows that emulsions produced by the two mixers can differ 
considerably in creaming stability. This behavior was most pro
nounced at shorter emulsifying tim es, when the difference in 
creaming stability could be as high as 45%.

Comparisons between the ultra-turrax and the ultrasonic 
equipm ent can be made in Figures 3 and 5. The stability rating 
is plo tted  as a function of the intensity factor of the emulsify
ing apparatus; which for the ultra-turrax is the m otor speed 
(emulsifying time of 2 min) and for the ultrasonic equipment 
is the power supply (emulsifying tim e of 1 min). The ultra
sonic device seemed to  be more efficient than the ultra-turrax.

Fig. 2 —S ta b i l i ty  ra ting  o f  a P ro m in e-D  ( 0 - 9 )  e m u ls io n , e m u ls ifie d  
w ith  an  u ltra -tu rra x  a n d  an  o m n i-m ix e r  ru n n in g  a t  2 0 0 0 0  rp m  a n d  
1 5 0 0 0  rp m , re sp ec tiv e ly , as a fu n c t io n  o f  th e  e m u ls i fy in g  tim e .
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The differences in creaming stability are pronounced for the 
WPC ( 0 -9 )  and the caseinate (0 .2 -7 )  emulsions. It is also 
interesting to note that the WPC (0 -9 )  emulsion had a higher 
stability score than the caseinate (0 .2—7) emulsion when pro
duced in the ultrasonic device, whereas the reverse was found 
when the emulsions were produced in the ultra-turrax.

The intensity factor of valve homogenization is the pressure 
drop and this has been varied for a caseinate (0 .2—7) emulsion. 
The derived creaming stabilities when emulsifying for three 
minutes are plo tted  in Figure 6. This figure clearly shows that 
valve hom ogenization is more effective compared to the ultra- 
turrax in giving emulsions of high creaming stability.

Effect of emulsifying time and intensity
So far it has been shown that the type of emulsifying appa

ratus being used strongly influences the creaming stability of 
the protein emulsions. In determining the characteristics of the 
formed emulsion, the emulsifying time and intensity also play 
an im portant role, which is illustrated in Figures 2 to 7.

The dependence of stability rating on processing time can

Fig. 3 —S ta b i l i ty  ra tin g  o f  d i f f e r e n t  p r o te in  s ta b il iz e d  e m u ls io n s , 
e m u ls ifie d  fo r  2  m in  w ith  an u ltra -tu rra x , as a fu n c t io n  o f  th e  ro to r  
speed .

Fig. 5 —S ta b i l i ty  ra tin g  o f  d i f fe r e n t  p r o te in  s ta b il iz e d  e m u ls io n s , 
e m u ls ifie d  fo r  1 m in , as a fu n c t io n  o f  th e  u ltra so n ic  p o w e r  su p p ly .

best be seen in Figures 2 and 7. In Figure 7 caseinate disper
sions of various ionic strength were used for em ulsification in 
the valve homogenizer at two pressures, 7.5 and 15 MPa. In 
Figure 4 the resulting creaming stabilities of Promine-D (0 —9) 
emulsions are plotted against various ultrasonic intensities, 
where the different curves represent various emulsifying times. 
The figures show :hat prolonged emulsification gave more 
creaming stable emulsions up to a certain limit whereupon 
nothing further could be gained in stability with tim e. The 
upper limit of stability rating is dependent on the apparatus 
used, the emulsifying intensity , the type of protein and envi
ronm ental factors such as pH and ionic strength.

Increasing emulsifying intensity also gives rise to  more 
creaming stable emulsions, which is clearly dem onstrated in 
Figures 3, 4, 5 and 6 for all the types of apparatus and pro- 
tiens used. In the case of emulsifying intensity a limit of 
creaming stability is also attained where the curve flattens out. 
This feature, however, varies according to the apparatus used, 
as can be seen in the case of caseinate (0 .2 -7 ): a stability 
rating of about 90% is achieved at the higher intensities with

Fig. 4 —S ta b i l i ty  ra tin g  o f  a P ro m in e-D  (0 —9 )  e m u ls io n , e m u ls ifie d  
fo r  various tim es , as a fu n c t io n  o f  th e  u ltra so n ic  p o w e r  su p p ly .

Fig. 6 —S ta b i l i ty  ra ting  o f  a ca se in a te  (0 .2 — 7) e m u ls io n , valve h o 
m o g e n iz e d  fo r  3  m in , as a fu n c t io n  o f  th e  p re ssu re  d ro p .
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F U N C T IO N A L  C H A R A C T E R IZ A T IO N :  E F F E C T  OF PRO C ESSIN G  . . .

the ultrasonic and the valve homogenizer, whereas the greatest 
stability rating obtained with the ultra-turrax is about 1 5%.

Effect of protein and ionic strength
Although increasing emulsifying time and intensity could 

give better emulsions, the intensity-tim e dependence differed 
considerably according to  the protein used and the environ
mental conditions. This is clearly dem onstrated in Figures 3, 5 
and 7.

Comparisons between the proteins used as stabilizers can be 
made from Figures 3 and 5. It can be seen that the Promine-D 
( 0 -9 )  emulsions needed less intensity and shorter times to 
reach a stability rating of 90% than all the other protein stabi
lized emulsions when emulsified with the ultra-turrax or the 
ultrasonic device. On the other hand, caseinate (0 —7) emul
sions required a lo t of energy input to achieve stabilities as low 
as 20%, whereas WPC (0—9) and caseinate (0 .2—7) emulsions 
had an intensity-tim e dependence somewhere between the two 
first m entioned proteins.

The creaming stability of the emulsion in the case of casein
ate as a stabilizer showed a strong dependence on changes in 
ionic strength. Increasing the ionic strength to  0.2, drastically 
improves the intensity-tim e dependence for all the types of 
apparatus used, as is clearly visible in Figures 3, 5 and 7.

DISCUSSION
THE RESULTS obtained in this investigation have dem on
strated that it can be hazardous to draw any general conclu
sions about the stabilizing power of a protein when emulsify
ing with only one apparatus at a fixed intensity and time level. 
The emulsifying apparatus used in investigations on protein 
stabilized emulsions varies from mixers of different outfit 
(Mita et al., 1973; Neelakantan, 1971; Inklaar and Fortuin, 
1969; Smith et al., 1973) to valve homogenizers (Acton and 
Saffle, 1970, 1971; Vakaleris and Sabharwal, 1972) and to 
ultrasonic equipm ent (Smith and Dairiki, 1975). Comparisons 
between the results obtained from these different investiga
tions are therefore difficult to  make.

Mulder and Walstra (1974) have already pointed out that 
mixers usually employed in emulsification give globules of the 
order of 10 jum, whereas the great “power per unit volume” 
generated in valve homogenizers and in ultrasonic machines 
generally produces very small particles. Our results also 
showed a better .emulsifying efficiency in using the valve 
homogenizer or the ultrasonic device than the ultra-turrax.

Our findings that WPC, caseinate and Promine-D under cer
tain conditions were good emulsifiers had already been re
ported by several authors (Vakaleris and Sabharwal, 1972; 
Smith and Dairiki, 1975; Pearson et al., 1965; Acton and 
Saffle, 1970, 1971; Inklaar and Fortuin, 1969; Guy et al.,
1972). Comparisons can hardly be made, as no or little a tten 
tion has been paid to  the emulsification procedure in these 
investigations.

The stability-time and the stability-intensity dependence of 
the proteins used in this investigation showed similar behavior. 
At a certain emulsification intensity or time the creaming sta
bility started increasing but this tendency levelled out with 
additional intensity or time. Hence there is nothing to gain in 
creaming stability by increasing emulsifying intensity or time 
past a certain limit. A no therjea tu re , not observed to any ex
tent for our protein stabilized emulsions in the range studied, 
is that an emulsion can be overprocessed, i.e., continual.pro
cessing or excessive pressure will increase the particle size.

A protein being a biopolymer, has the possibility to adsorb 
on a surface at many points as illustrated by Figure 8. The 
number of attachm ents can vary to  a greater or lesser extent 
depending on such factors as time, protein concentration, oil 
phase volume etc. If a protein is attached to  an interface at 
many points and the adsorption at each individual site is re
versible, the activation energy for desorption of the whole

molecule is still very high, because the probability of all sites 
to desorb at the same mom ent is extrem ely small. Therefore, 
the adsorption of the protein as a whole often can be con
sidered as irreversible. The irreversible adsorption of the pro
tein to the fat surface can explain why the character of a 
protein stabilized emulsion is so strongly influenced by the 
emulsification procedure, as all irreversible processes are 
dependent on the pre-history. Lankveld and Lyklema (1972) 
have clearly dem onstrated with a polym er, polyvinylalcohol, 
as stabilizer for a paraffin-in-water emulsion, that the proper
ties of the emulsion are primarily determ ined by the kinetics 
of the emulsification process, as also suggested by the results 
of this study.

Evidently, a wider approach in investigation proteins as sta
bilizers for emulsions is needed, in order to get any com para
tive results. A factor describing the need of emulsifying time 
and intensity to reach 90% stability for a given protein could 
perhaps be a better description of the emulsifying characteris
tics of the protein. To be able to com pare between different

Fig. 7 —S ta b i l i ty  ra tin g  a ch ieved , w h e n  valve h o m o g e n iz in g  case in a te  
(0 —7) a n d  ca se in a te  (0 .2 —7) e m u ls io n s  a t  d i f f e r e n t  p re ssu res , as a 
fu n c t io n  o f  th e  e m u ls ify in g  tim e .

Fig. 8 —A  sc h e m a tic  re p re se n ta tio n  o f  th e  s tr u c tu re  o f  a p r o te in  
a d so rb ed  a t  an  in te r fa ce .
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types of emulsifying apparatus with respect to  their emulsify
ing efficiency, flow conditions, effect and energy input in the 
emulsifying unit must be controlled. These problems are under 
investigation.
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CALCIUM BINDING AND ITS EFFECT ON THE PROPERTIES 
OF SEVERAL FOOD PROTEIN SOURCES

----------- --------------------  ABSTRACT --------------------------------
A study was conducted to evaluate the ability of four protein sources 
to bind calcium during an alkaline, calcium saturated incubation. Leaf 
protein concentrate and gluten bound the most calcium. Soy protein 
isolate and bovine blood protein isolate (plasma fraction) bound less 
calcium but both had large (80%) reductions in sodium content. Phytic 
acid was prevalent in both soy protein isolate and gluten, and was 
found to be entirely in their residue protein fractions after Ca binding. 
After incubation, essential amino acid losses were noted for all protein 
fractions, yet the losses were not significant. Following Ca binding, 
changes in molecular weights of the soluble proteins were noted as 
determined by gel filtration chromatography. Isoelectric points were 
noted to decrease in the soluble protein fractions, following Ca binding.

INTRODUCTION
INGESTION of excessive am ounts of sodium over long periods 
of time has been shown to cause irreversible hypertension in 
rats (Dahl and Schockrow, 1964). Even though there is con
troversy concerning the exact role of sodium in human hyper
tension (Lancet, 1975), there is a general concern over pro
longed high daily sodium intake by humans.

As the human consum ption of plant protein concentrates 
and isolates increases, these food sources will contribute large 
am ounts of sodium to the human diet. Sodium is introduced 
into the proteinate during alkaline extraction. At present, cal
cium proteinates are produced only for therapeutic diets and 
are quite expensive. A possible alternative is to exchange cal
cium for sodium in an existing and less expensive sodium pro
teinate. Secondly, with the decrease in consumption of milk 
products, the added calcium could contribute to the develop
ment of a new dietary calcium source.

Appu Rao and Narasinga Rao (1975) have described the 
ability of the 11S fraction of soybean protein to  bind calcium. 
These authors found insignificant binding at pH 5.5, but sub
stantial binding at pH 7.8. They dem onstrated that the imid
azole groups of the histidine residues were the binding site for 
the calcium ions. It was noted that phytate impurities, inher
ent in plants, also bind calcium ions. Saio et al. (1968) des
cribed the effect o f phytic acid on the com bination of calcium 
and soybean meal protein. Their results indicated that the ex
tent of calcium binding increased as the content of meal phos
phorus compounds, such as phytic acid, increased.

This study reports the ability of four protein sources: soy 
protein isolate, wheat gluten, leaf protein concentrate and bo
vine blood protein isolate (plasma fraction); to  bind calcium 
with concurrent removal of sodium and the effect of pH and 
tem perature on this binding. It was of interest to  evaluate the 
biochemical changes that occurred during the binding of cal
cium, since De G root and Slump (1969) reported a detrim en
tal effect on proteins exposed to excessive alkali and tempera
ture treatm ents, with corresponding form ation of lysinoala- 
nine and reduction in nutritive value.

MATERIALS & METHODS
Protein sources

Soy protein isolate (Promine D) was supplied by Central Soya Co., 
Chicago, 111. Wheat gluten was obtained from Nutritional Biochemicals 
Corp., Cleveland, Ohio. Leaf protein concentrate processed from alfalfa 
was prepared by the method of Free and Satterlee (1975). Bovine 
blood protein isolate (plasma fraction), prepared by the method of 
Tybor et al. (1975), was supplied by Dr. C.W. Dill, Texas A & M 
University. Protein contents were determined by the Kjeldahl method 
(AOAC, 1975).
Effect o f pH on Ca binding

The equivalent of Ig of protein from each source was incubated 
separately in a calcium ion rich system containing 100 ml distilled- 
deionized water and 0.02% sodium azide, a bactericide. The protein was 
allowed to solubilize for 15 min before titration to the appropriate pH 
with a saturated Ca(OH)2 solution. The pH conditions ranged from
7- 11 for each source studied. Differences in calcium ion concentration 
among the various pH conditions were adjusted with a CaCl2 solution 
to achieve a final calcium ion concentration of 49 mg%. All calcium 
solutions were monitored for exact calcium ion content by atomic 
absorption spectrophotometry. The calcium rich protein solutions or 
suspensions were incubated for 36 hr at the specified temperature. 
Protein solubility was measured by the method of Lawhon and Cater
(1971) with the following modifications: (1) after incubation, a final 
pH adjustment was made (if needed) with 2M KOH, and the solution 
was centrifuged for 20 min at 27,000 X G; (2) a 1-ml aliquot of the 
supernatant was diluted to 25 or 50 ml with distilled-deionized water 
and water soluble protein was measured by the method of Lowry et al. 
(1951) using bovine serum albumin as a standard.

The supernatant fraction obtained after centrifuging the incubation 
mixture was freed of unbound Ca and Na ions by ultrafiltration using 
500 ml of a 10 mM tris buffer of the appropriate pH, in an Amicon 
Model 52 ultrafiltration chamber with a PM 10 ultrafiltration mem
brane. The above procedure was based on preliminary studies, which 
demonstrated that 9 9+% of the total removable calcium ions were 
removed during the ultrafiltration process with this specific volume of 
buffer. The washed protein solution was then lyophilized and stored for 
later analysis.

The insoluble residue fraction was resuspended twice in 20 ml of 10 
mM tris buffer of the same pH, and recentrifuged for 20 min at 27,000 
X G. The residue was collected, lyophilized and stored for later analy
sis.

After preparation of both residue and supernatant fractions for each 
pH value, a portion of each sample was ashed in a muffle furnace at 
500°C for 12 hr. The ashed samples were dissolved in 50 ml 6N HC1 in 
preparation for atomic absorption spectrophotometry.

Atomic absorption spectrophotometry
All atomic absorption analyses were conducted using a Perkin-Elmer 

Model 303 atomic absorption spectrophotometer. Calcium standards 
ranging from 0.1-10 /jg/ml were prepared, as well as sodium standards 
ranging from 0.1-4 pg/ml. Final sample dilutions were made using a 1% 
lanthanum and a 1.5 mM lithum (I) solution for the calcium and sodi
um samples, respectively.
Temperature effect on Ca binding

Following analysis of the pH effect on Ca binding to the protein 
samples, an optimal pH was chosen and used for temperature studies at
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Fig. 1—E ffe c t  o f  in c u b a tio n  p H  w /e x c e s s  C a++ 
o n  a m o u n t  o f  Ca-Na b in d in g  a n d  s o lu b i l i ty  o f  
s o y  p r o te in  iso la te .

Fig. 2 —E ffe c t  o f  in c u b a tio n  p H  w /e x c e ss  Ca+ + 
on  a m o u n t  o f  Ca-Na b in d in g  a n d  so lu b i l i ty  o f  
b lo o d  p r o te in  iso la te.

Fig. 3 —E ff e c t  o f  in c u b a tio n  p H  w /e x c e ss  Ca++ 
o n  a m o u n t  o f  Ca-Na b in d in g  a n d  s o lu b i l i ty  o f  
le a f  p r o te in  c o n c e n tr a te .

25°, 35° and 45°C. All Ca incubation parameters and procedures were 
identical to those described for the pH studies, except that the incuba
tion temperature was held constant throughout all steps of the removal 
of unbound Na and Ca ions.
Phytate determination

Phytate was isolated from the soy protein isolate, leaf protein con
centrate and gluten, and their fractions from Ca binding by the meth
ods of Common (1940) and Singsen et al. (1950), as modified by 
Hansmeyer (1976). Phosphorus was determined spectrophotomctrically 
as described by Fiske and Subbarow (1925).
Amino acid composition

Amino acid compositions of all protein sources and their fractions 
after Ca binding were determined using a Beckman 120C amino acid 
analyzer. All amino acids except methionine, cysteine and tryptophan 
were obtained by a 6N HC1 hydrolysis for 24 hr at 110°C. The sulfur 
amino acids were determined using a performate-HCl hydrolysis as spec
ified by Moore (1963). Tryptophan was determined using a Ba(OH)2 
hydrolysis as described by Pataki (1968).
Molecular weight determination

Protein molecular weights were obtained by gel filtration chroma
tography for the soluble fraction of the original protein sources using a 
10 mM tris buffer, pH 7.0. Solubilization was accomplished by stirring 
the protein source in the buffer for 30 min, followed by centrifugation 
to remove suspended particles. Ten mg of the Ca-incubated, lyophil- 
ized, supernatant fraction samples were dissolved in 1 ml dist.lled-de- 
ionized water. One ml of sample was applied to 0.9 X 60 cm columns 
of Ultrogel AcA 34 and AcA 54 (LKB Instruments, Inc.), whicn were 
used to separate the large and small molecular weight proteins, respec
tively. Bovine serum albumin (BSA), bovine metmyoglobin, eggwhite 
lysozyme, and bovine insulin were used to calibrate the AcA 54 col
umn. Urease, catalase, and BSA were used b calibrate the AcA 34 
column. A flow rate of 0.20 ml/min was used cu both columns and was 
controlled by an LKB Instruments, Inc., peristaltic pump.
Isoelectric focusing

Isoelectric focusing of the soluble proteins from the original protein 
source and the Ca-binding supernatant proteins was conducted in 7% 
polyacrylamide gels using pH 3.5-10 ampholyte (LKB Instruments, 
Inc.), as described by Wrigley (1968). Focusing was performed in 125 x 
5 mm glass tubes for approximately 3 hr at 300V. Protein staining of 
the gels took 24 hr using a 0.02% Coomassie Blue stain containing 18% 
methanol, 5% trichloroacetic acid, and 5% sulfosalicyclic acid. Individ
ual pH gradients were obtained by transversely slicing a duplicate gel 
into equal portions. Each gel slice was placed in 1 ml distilled-deionized 
water for 3 hr, then the pH of each slice was measured using a Corning 
Model 109 digital pH meter.

RESULTS & DISCUSSION
Effect of pH on protein solubility

Soy protein isolate (SP1) dem onstrated a very pH depen
dent solubility curve, increasing from 10.6% at pH 7 to 89.9% 
at pH 11 (Fig. 1). The solubility of blood protein isolate (BPI) 
increased from 61.2% at pH 7 to 95.6% at pH 11, with the 
major increase in solubility occurring just above pH 9 (Fig. 2). 
Leaf protein concentrate (LPC) was only slightly soluble 
throughout the pH range studied (Fig. 3), with 9.4% solubility 
at pH 7 and 13.0% at pH 11. Gluten solubility decreased from 
14.3% at pH 7 to 10.6% at pH (Fig. 4), with a large increase in 
solubility to 39% between pH 9 and pH 11. SPI and BPI were 
both highly soluble proteins, gluten was moderately soluble, 
and LPC was only slightly soluble.
Effect of pH on Ca binding

Soy protein isolate had original Na and Ca levels of 10.0 
and 2.5 mg/g, respectively. After incubation in the presence of 
excess Ca, both the insoluble proteins (residue) and soluble 
proteins dem onstrated higher calcium levels. The residue pro
tein fraction bound considerably more Ca than did the soluble 
protein fraction (Fig. 1). The calcium content of the soluble 
fraction increased to  5.2 mg Ca/g at pH 7 and to  15.3 mg Ca/g 
at pH 11. The residue fraction increased to 8.5 mg Ca/g and to
45.5 mg Ca/g at pH 7 and pH 11, respectively. The sodium 
level for the soluble fraction was below 2.6 mg Na/g for all pH 
levels. The same was found for the residue fraction through pH 
9, with a slight increase to  4.5 mg Na/g at pH 10 and pH 11. 
When considering optimal protein solubility of SPI, pH 9 was 
chosen for tem perature studies. At this pH the calcium con
tent of the Ca-incubated soluble and residue protein fractions 
were 548% and 727% above the level in the original protein. 
Sodium levels in the fractions were reduced to near or below 
10% of the original Na level.

Blood protein isolate had original Na and Ca levels of 10.0 
anti 0.9 mg/g, respectively. The soluble protein fraction had a 
greater ability to  bind Ca ions, when compared to  the residue 
proteins (Fig. 2). At pH 7, the soluble proteins contained only 
0.3 mg Ca/g, but increased io 8.95 mg Ca/g at pH 11. The 
residue proteins at pH 7 contained 1.2 mg Ca/g, and increased 
to only 2.6 mg Ca/g at pH 9 and pH 10. Sodium levels for the 
soluble proteins were near 1.0 mg Na/g through pH 9, but
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Ca B IN D IN G  E F F E C T  O N  P R O T E IN  S O U R C E S  . . .

Fig. 4 —E ff e c t  o f  in c u b a tio n  p H  w /e x c e ss  C a++ 
on a m o u n t  o f  Ca-Na b in d in g  a n d  so lu b il i ty  o f  
g lu ten .

Fig. 5 —E ff e c t  o f  in c u b a tio n  te m p e r a tu re  w /  
e x c e ss  Ca++ o n  a m o u n t  o f  Ca b in d in g  a n d  
s o lu b i l i ty  o f  b lo o d  p r o te in  iso la te  (pH  11) a n d  
s o y  p r o te in  iso la te  (p H  9).

Fig. 6 —E ffe c t  o f  in c u b a tio n  tem p era tu re  w /  
e x c e ss  Ca++ o n  a m o u n t  o f  Ca b in d in g  a n d  
so lu b i l i ty  o f  le a f  p r o te in  c o n c e n tr a te  (pH  11) 
a n d  g lu te n  (p H  10).

increased to  2.1 mg Na/g at pH 10 and pH 11. In the residue 
proteins Na levels were slightly lower, ranging from 0.3 mg 
Na/g at pH 8 to  1.3 mg Na/g at pH 11. Based on these data, 
pH 11 was chosen for the tem perature study. At this pH the 
calcium level of the soluble and residue proteins increased 
above the original levels, 1017% and 290%, respectively. So
dium levels in both fractions were reduced to less than 20% of 
the original value in the BPI.

The original Na and Ca levels of LPC were 1.2 and 1.6 
mg/g, respectively. The soluble proteins bound considerably 
more Ca than did the residue proteins (Fig. 3), but this soluble 
fraction was rather insignificant when protein solubility was 
considered. The soluble proteins bound 7.7 mg C a/gand 10.7 
mg Ca/g at pH 7 and pH 8, respectively. A significant increase 
in binding was seen (40 mg Ca/g) at pH 9, pH 10 and pH 11. 
The residue proteins responded in a linear fashion, ranging 
from 5.9 mg Ca/g at pH 7 to 15.8 mg Ca/g at pH 11. Sodium 
levels for the soluble proteins were consistently near 2.0 mg 
Na/g, with the residue proteins having less than 1.0 mg Na/g. 
After considering solubility and Ca binding, pH 11 was chosen 
for tem perature study. At this pH the Ca level of the soluble 
and residue fractions excelled the original level, 2655% and 
966%, respectively. Sodium content was slightly higher for the 
soluble proteins when compared to  the original level. The resi
due’s Na level was reduced by 56%.

Gluten had original Na and Ca levels of 0.9 and 3.1 mg/g, 
respectively. The residue proteins dem onstrated a greater abil
ity to  bind Ca. This binding was linear through pH 9, reaching
6.7 mg Ca/g at tha t pH (Fig. 4). A sharp increase in Ca binding 
occurred at pH 10, with maximum binding (19.4 mg Ca/g) 
then decreased at pH 11 to  12.2 mg Ca/g. The soluble protein 
Ca-binding curve was similar to  the residue protein Ca-binding 
curve, but reached a maximum at pH 9 (8.5 mg Ca/g). Sodium 
levels for both protein fractions ranged between 1.9 mg Na/g 
and 0.3 mg Na/g. Due to the high Ca binding at pH 10 by the 
residue proteins, this pH was chosen for the tem perature 
study. At this pH, the Ca levels of the soluble and residue 
proteins were 235% and 637% higher than the level in -the 
original gluten. Both protein fractions increased their Na con
tents about 100%; however, the final levels of Na were not 
considered high. The 100% increase in Na content is due to the 
lower lim it of the ultrafiltration system to remove this ion; the 
Na ions were contributed by the sodium azide used in each 
incubation.

Effect of temperature on Ca binding
The SPI at pH 9 generally exhibited the same types of 

curves for both solubility and residue protein Ca binding (Fig.
5). Protein solubility increased from 60.1% at 25°C to 89.7% 
at 35°C, then decreased to  84.5% solubility at 45°C. The 
am ount of Ca bound to  the residue proteins increased from
12.7 mg Ca/g at 25°C to 26.1 mg Ca/g at 35°C, and dropped 
to  17.7 mg Ca/g at 45°C. The soluble proteins were not signifi
cantly affected by tem perature, with all Ca levels near 10.0 mg 
Ca/g.

The BPI at pH 11 (Fig. 5) was very soluble (near 100%) at 
both 25°C and 35°C, but decreased to  87.2% at 45°C. The 
residue proteins responded linearly to tem perature and extent 
of Ca binding (8.5 mg Ca/g at 25°C), increasing to  11.7 mg 
Ca/g at 45°C. The soluble proteins remained stable, having 6.0 
mg Ca/g at both 25° and 35°C, then decreasing to  4.7 mg Ca/g 
at 45°C.

The LPC solubility (Fig. 6) was only slightly affected by 
tem perature, increasing from 11.3% at 25°C to  16.5% at 45°C. 
The soluble proteins showed decreased Ca-binding ability as 
tem perature increased, from 40 mg Ca/g at 25°C to  27 mg 
Ca/g at 45°C. The more prevalent residue fraction'exhibited an 
increased Ca-binding ability at 35°C, from 6.7 mg Ca/g at 
25°C to 13.6 mg Ca/g, decreasing at 45°C (10.0 mg Ca/g).

The gluten protein solubility (Fig. 6) at pH 10 was slightly 
elevated with increased tem perature, from 14.8% at 25°C to 
22.9% at 45°C. The Ca binding of the residue proteins in
creased from 13.0 mg Ca/g at 25°C to 21.0 mg Ca/g at 45°C. 
The soluble proteins Ca-binding ability increased from 4.6 mg 
Ca/g at 25°C to 6 .Q mg Ca/g at 35°C, decreasing to 6.6 mg 
Ca/g at 45°C.

It is clear that all four protein sources have an ability to 
bind calcium and tha t the extent of binding is pH dependent. 
Tem perature effects upon Ca binding are no t as clear nor as 
consistent. But the am ounts of calcium bound to these pro
teins could easily allow for their use as new calcium sources in 
the human diet.

The Ca binding process resulted in an exchange between 
calcium and sodium with SPI and BPI, causing a reduction in 
sodium and an increase in calcium contents. However, with the 
LPC and gluten, when sodium was low initially, there was no 
exchange. This appears to  be caused by the ability of these 
systems, with their low sodium content, to  rapidly bind Ca.
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P hytate  co n ten t
Both Saio et al. (1968) and Appu Rao and Narasinga Rao

(1975) indicate that phytic acid contained in proteins of plant 
origin can effectively bind calcium ions. Therefore, it was of 
interest to evaluate the phytate content of the three plant 
proteins and determine the final distribution of the phytate in 
the protein fractions from Ca binding. The phytic acid content 
of SPI and gluten were found to be 1.15 and 0.60 mg phytic 
acid phosphorus/g of sample, respectively (Table 1). The LPC 
contained no phytic acid. Analysis of both  residue and soluble 
fractions of incubated SPI and gluten showed that all phytic 
acid was in the residue fractions.

Final distribution of the phytate contained in SPI and glu
ten in the residue proteins substantiates the increased Ca bind
ing seen in these fractions, when compared to  their soluble 
protein counterparts.
A m ino acid co m p o sitio n s

Based on the research reported by De G root and Slump
(1969) and the prolonged alkali treatm ent used during the Ca 
incubation, changes in the amino acid compositions of the 
four proteins were expected to occur. To detect any such 
changes, the amino acid com positions of the original proteins 
and their Ca-incubated fractions were determined.

All comparisons were made back to  the amino acid content 
of the original protein source. Samples analyzed were chosen 
based upon the sample’s greatest Ca binding and the least se
vere treatm ent; therefore, the SPI sample incubated at 25°C 
was analyzed. The only amino acid losses by the proteins of 
SPI (at pH 9, 25°C) were a 10.8% lysine loss from the residue 
proteins and a 14.3% loss of tryptophan from the soluble pro
teins (Table 2). A very small quantity  of lysinoalanine (LA I t 
was qualitatively detected in the original SPI; however, slightly 
increased quantities of this amino acid were found in the resi
due proteins, possibly explaining the lysine loss. The SPI sol
uble proteins did not form this amino acid.

The residue proteins of BPI (pH 11, 35°C) incurred losses 
of lysine and methionine + cysteine, of 15.0% and 16.8%, 
respectively. No form ation of LAL was noted. The soluble 
proteins lost small but near equal am ounts of lysine and cys
teine + m ethionine, and a small am ount of LAL was detected,

Table  1— T h e  p h y t i c  a c id  c o n te n t  o f  th e  th re e  p la n t  p r o te in s  a n d  
th e ir  fra c tio n s

P ro te in  so u rce
m g P h y t ic  a c id  p h o sp h o ru s  

gram  sam p le

So y  isolate 1.15
So y isolate soluble fractio n a 0 .0
So y  isolate residue fractio n a 1.78

G luten 0.60
G luten  soluble fractio n *3 0 .0
G luten  residue fractio n 15 0.53

Leaf protein concentrate
and its fractions 0 .0

a E x tra c te d  w ith  10  mM  t r is , pH 9 .0  a t 2 5 ° C  in the p resence  of 
excess  Ca.

b E x tra c te d  w ith  10 m M  t r is ,  pH  1 0 .0  a t  3 5 ° C  in the p resence  o f 
e xce ss  Ca .

possibly the product of lysine and cysteine reaction. Trace 
am ounts of LAL were found in the original BPI protein.

The LPC (pH 11 at 35°C) proteins had the most substantial 
overall loss of amino acids, especially the residue proteins 
which had losses of 24.8, 14.5, 14.2, and 16.4% for lysine, 
methionine + cysteine, isoleucine, and valine, respectively. The 
soluble proteins lost 17.1% isoleucine, 16.7% leucine, and 
13.0% tyrosine + phenylalanine. No significant quantities of 
LAL were detected in either o f the protein fractions or origi
nal protein source.

The residue proteins of gluten (pH 1 0, 35°C) had a substan
tial loss of lysine (21.5%), but no form ation of LAL. The 
soluble proteins had small losses of all amino acids except the 
sulfur containing and tryptophan. However, only the lysine 
and threonine losses were significant, at 26.5 and 11.6%, re
spectively. The gluten residue did produce a small quantity  of 
LAL.

T able  2 — T h e e ssen tia l a m in o  a c id  c o n te n t  o f  th e  o rig ina l p r o te in  so u rce s  a n d  th e ir  so lu b le  a n d  re s id u e  fra c tio n s  a f te r  ca lc iu m  b in d in g

E sse n t ia l E s se n t ia l a m in o  acid s
a m in o  a c id  (g /100g  p ro te in )

Lysine 5.92 5.82 5.28 2.00 1.47 1.57 8.20 7.91 6.97 7.30 7.37 5.49
Methionine + 2.86 2.98 2.85 4.64 4.98 4.64 5.52 5.27 4.59 4.06 5.34 3.47

cysteine
Threonine 3.31 3.24 3.32 2.76 2.44 2.53 5.80 5.93 5.82 3.95 4.38 4.96
Isoleucine 4.80 4.73 4.76 3.74 3.61 3.93 2.92 2.98 2.92 5.51 4.57 4.73
Leucine 7.47 7.48 7.78 6.87 6.41 7.13 8.50 8.81 8.41 8.67 7.22 8.79
Valine 4.76 4.62 5.05 3.99 3.73 4.18 6.02 6.2 6A5 7.20 6.99 6.02
Tyrosine + 8.55 8.64 8.52 8.44 8.03 8.13 9.44 9.74 8.98 9.84 8.56 10.92

pnenylalanine
Tryptophane 0.98 0.84 0.97 0.30 0.32 0.44 1.24 1.24 1.65 1.45 1.68 1.71

_c
'©
O

03 033 C
©

.= o
©3c -a ©

e
'© 

© ts ©
©+■<ro
O

CD Q. 
CO ©  
O SI.S£ 3

03*->
CO ©
u C

03

3
0 Ct/5
C ££ o

;u«5©
c©

V
O
a  S ■a ™

s  0
s :  c 
a  1 « U -  a

© tn
o ®
a  ®
~G ÜÜ

,E © © £ 
0 c z. © a  u

.E © £ © ^ Q. 
Q  C  03

i l l

.E ©© ho c ©Z. 03 3a  « T3
>ow

>. Oo « 00
> ® o *- 00

3
Ü

= Q.
C3

3
(J

O 0o .2 
0Û

o o £ o .¡2 a 
CO

O OO .!£ 
CÛ

© g © °_J 1  8 8 
mJ

4- O £ 
© ° *-

4 7 6  -  J O U R N A L  OF FOOD SC IENC E -  Voi. 42, No. 2  (1977)



Ca B IN D IN G  E F F E C T  O N  P R O T E IN  S O U R C E S  . . .

Table 3—The molecular weights o f  the soluble proteins from soy
isolate, blood protein isolate, lea f protein concentrate and gluten

Soluble prote in  frac tio n
M olecular weight 

(daltons)

Relative  

concentration  

(as % of
soluble pro te in )

So y isolate — pH 7 .0 , 2 6 0 ,0 0 0 39.1
10 mM tris, 25° 1 25 ,000 10.7

6 2 ,0 0 0 50.2
Soy isolate — pH 9 .0 , 2 6 0 ,0 0 0 50 .5

10 mM tris w /excess Ca, 2 5 ° 1 25 ,000 2 5 .8
6 2 ,0 0 0 2 3 .7

G luten — pH 7 .0 , 150 ,000 4.3
10 mM tris, 25° 9 0 ,0 0 0 15.5

6 6 , 0 0 0 79.1
Gluten — pH 1 0 .0 ,

10 mM tris  w /excess Ca, 35°
6 6 , 0 0 0 1 0 0 . 0

Blood protein  isolate — pH 7 .0 , 6 9 ,0 0 0 9 2 .0
10 mM tris, 25° 1 1 , 0 0 0 8 . 0

Blood protein  isolate — pH 11.0, 6 9 ,0 0 0 9 7 .5
10 m M  tris w/excess Ca, 35° 1 1 , 0 0 0 2 .5

Leaf protein  concentrate, pH 7.0 , 9 0 ,0 0 0 4.3
10 mM tris, 25° 6 ,9 0 0 9 5 .7

Leaf protein concentrate , pH 9 .0 , 9 0 ,0 0 0 0 . 2

10 mM tris w/excess C a , 35° 6 ,9 0 0 99 .5
< 1 , 0 0 0 0.3

The slight, but insignificant, production of LAL in these 
proteins was expected (De G root and Slump, 1969). No toxic
ity caused by LAL would be expected because the amino acid 
is protein bound. Also, this amino acid is now being shown to 
be prevalent in many of our foods (Sternberg et al., 1975).

Lysinoalanine is only one possible explanation for the loss 
of lysine which was consistent throughout the protein frac
tions from Ca binding, except SPI soluble and LPC soluble 
proteins. Other condensations and racemization are also pos
sible (Sternberg et al., 1975). At present, there is no explana
tion for the loss of some of the stable essential amino acids;

however, in most cases the losses are of no nutritional signifi
cance.
Molecular weights

The alkaline treatm ent used during the Ca incubation of the 
proteins and the resulting Ca binding could have an effect 
upon the structure of these proteins. To evaluate subunit or 
molecular species changes, gel filtration chrom atography was 
conducted for the soluble proteins from both  the original pro
tein source and from  the Ca incubation.

Three large molecular weight fractions at 260,000,
120,000, and 62,000 daltons (Table 3) were obtained from the 
original soluble SPI. The largest and smallest fractions were the 
most prom inent, representing 39.1 and 50.7%, respectively, of 
the total soluble protein. Following Ca binding at pH 9.0, 
25°C, there was a shift in relative concentrations toward the 
larger molecular weight fractions. The 260,000 fraction made 
up 50.5% of the to tal soluble protein, with the remainder 
evenly distributed between the other two fractions.

One large and one small fraction, at 69,000 and 11,000 
daltons, was eluted from the original soluble BPI. The larger 
molecular weight fraction made up 92.0% of the total soluble 
protein. Ca binding at pH 11, 35°C, enlarged the relative con
centration of the 69,000 dalton fraction to  97.5% of the total 
soluble protein.

Three large molecular weight fractions (150,000, 90,000 
and 66,000 daltons) comprised the original soluble gluten pro
teins. The 66,000 dalton fraction comprised nearly 80% of the 
total soluble protein. Following Ca binding at pH 10, 35°C, 
the only fraction present was the smaller 66,000 dalton pro
tein.

The original soluble protein from  LPC contained two frac
tions (90,000 and 6,900 daltons). The smaller protein was 
most abundant, representing 95.7% of total soluble protein. 
This fraction became 99.5% of the soluble protein after Ca 
binding at pH 11, 35°C. A very small (<1 ,000  dalton) fraction 
also appeared but comprised only 0.3% of the to tal soluble 
protein.

The shift in the major protein fraction of the SPI soluble 
proteins from the smallest to  the largest fraction is due to  the 
solubilization of larger proteins at the alkaline pH. Gluten sol
uble proteins appear to  dissociate to their smallest com ponent 
at 66,000 daltons. The 6,900 dalton protein fraction from 
LPC appears to be the same chlorogenic acid binding fraction 
reported by Lahiry et al. (1977).

T able  4 — T he iso e le c tr ic  p o in ts  o f  th e  so lu b le  p r o te in  fra c tio n s  b o th  b e fo r e  a n d  a f te r  c a lc iu m  b in d in g

Isoelectric po int

Soluble pro te in  fraction M ajo r com ponents M in or com ponents

Soy isolate — pH 7, 10 mM tris, 2 5 ° C 5 .25 5 .20  3 .6 5
Soy isolate — pH 9 , 10 mM tris w /Ca, 2 5 °C 4 .9 7 4 .70 6 .9 5 6 .75 6 .3 0

Gluten — Ph 7, 10 mM tris, 2 5 °C 5.59 7.43 7.35 7.25 7 .02 6 .90
Gluten — pH 10, 10 mM tris w /Ca, 3 5 ° C 3 .65 6 .97

Blood protein isolate — pH 7, 10 mM 6.3 5 5.30 6 .5 0 6 .0 8 5 .95 5 .4 2
tris, 2 5 ° C

Blood protein isolate — pH 11, 10 mM 4.3 4 4 .15 4 .9 5 4 .60
tris w /C a, 3 5 ° C

Leaf protein concentrate  — pH 7, 10 mM 5.75 5 .4 5  5.25
tris, 2 5 ° C

Leaf protein concentrate  — pH 9 , 10 mM 4.7 5 4 .4 5  4 .1 5
tris w /Ca, 3 5 ° C
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Isoelectric focusing
If calcium ions were bound to protein amino acid residues 

(histidine), then a masking of the negative charges would take 
place and the isoelectric point of that protein would decrease. 
To verify this hypothesis, soluble proteins from both the origi
nal proteins and the Ca-incubated proteins were isofocused in 
polyacrylam ide gels.

The original soluble SPI protein contained three major com 
ponents with isoelectric points (IP) of 5.25, 5.20, and 3.65. 
Following incubation with excess Ca at pH 9, 25°C, two major 
com ponents (IP = 4.97 and 4.70) and three minor com ponents 
(IP = 6.95, 6.75, and 6.30) were present (Table 4).

The original soluble BPI protein contained two major and 
four m inor com ponents, having respective IP’s of 6.55 and 
6.30, and 6.50, 6.08, 5.95, and 5.42. After incubation at pH 
11, 35°C, w ith excess Ca, two major fractions and tw o minor 
fractions were found at IP’s of 4.34 and 4.15, and 4.95 and 
4.60, respectively.

The original soluble LPC protein included three major com 
ponents with IP’s of 5.75, 5.45, and 5.25. The sample incu
bated at pH 11, 35°C, with excess Ca also had three major 
protein peaks but they possessed lower IP’s of 4.75, 4.45, and 
4.16.

The soluble gluten protein contained one major fraction 
with an IP of 5.59 and five m inor com ponents with IP’s of 
7.43, 7.35, 7.25, 7.02, and 6.90. The Ca-incubated, pH 10, 
35°C, protein had one major com ponent (IP = 3.65) and a 
wide minor band (IP = 6.97).

The binding of calcium ions decreases the IP of the soluble 
protein. This is clearly seen with the LPC soluble proteins 
whose IP’s decreased 1 full pH unit.

CONCLUSIONS
ALL FOUR PROTEIN sources studied possessed an ability to 
bind calcium which generally increased with increasing pH 
and tem perature up to  35°C. The level of calcium is suffi
ciently high to possibly establish a new calcium source in the 
human diet when consum ption of plant proteinates reaches a 
higher level.

Leaf protein concentrate bound the most calcium, approxi
mately twice the quantity bound by gluten. Blood protein 
isolate and soy protein isolate bound the least am ount of Ca. 
The two sources, BPI and SPI, which had high initial sodium 
levels both lost substantial am ounts of this ion during the 
Ca-binding procedure.

High phytate content of both gluten and SPI residue pro
teins explain their greater ability to bind calcium when com
pared to  their respective soluble proteins.

There was a consistent loss of lysine for all proteins from all 
the protein sources, excluding the soluble proteins of LPC and 
SPI. The lysine loss of SPI residue, BPI soluble, and gluten 
soluble proteins is partially explained by very slight form ation 
of lysinoalanine. The lysine loss which occurred with wheat 
gluten was considered critical because of its low initial level in

the gluten. The loss of essential amino acids occurred for the 
residue proteins o f LPC, but even these losses were not con
sidered extrem ely significant from a nutritional standpoint.

Soluble protein molecular weight changes were noted  for 
gluten, which dissociated to its smallest molecular weight 
(66,000 daltons) com ponent following Ca binding. The rela
tive concentrations of protein in SPI changed from smaller to 
larger molecular weight as more of the larger molecular weight 
proteins solubilized at the alkaline pH. The only appearance of 
a previously unseen molecular weight species, after Ca binding, 
was a <  1,000 dalton com ponent in the LPC.

Isoelectric points of the soluble proteins generally moved to  
more acidic ranges following Ca binding, the only exception 
being three minor com ponents of SPI.
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SOME VISCOELASTIC AND MACRONUTRIENT 
CHARACTERISTICS OF PEANUTS

— ----------------------------  ABSTRACT — ----------------------------
Some of the viscoelastic properties of four peanut varieties were investi
gated by a series of uniaxial compression tests. The uniaxial tests were 
performed with a universal testing machine at temperatures of 5, 20 
and 30°C, all at 55% relative humidity. Individual amino acid contents 
of the peanuts were determined by ion exchange chromatography. A 
proximate analysis was run to determine Kjeldahl nitrogen and oil. The 
results of the mechanical tests were analyzed to obtain uniaxial modu
lus of elasticity at various times and a decay constant. A correlation 
analysis of viscoelastic properties with chemical composition yielded 
significant correlations between modulus of elasticity and some individ
ual amino acids, protein and oil. The amino aicds and protein were 
positively correlated while oil exhibited a negative correlation to the 
viscoelastic properties.

and to leave the testa (skin) intact. While shelling the peanuts were 
sorted according to maturity. Mature peanuts were classified as those 
with a dark colored interior pericarp surface or with some white on the 
interior pericarp and a thin pink or very thin faded pink colored testa 
(Young et al., 1974). Only those samples meeting this requirement were 
used in the analysis. No attempt was made to select for basal and apical 
seeds.

For the amino acid analysis full-fat peanuts were ground in a Labo
ratory Wiley mill equipped with a stainless steel rotor and blades. The 
duplicate samples (200 mg) were first hydrolyzed in 20 ml of 6N HC1 
with high purity nitrogen flushing for 2 hr at 145°C. following this, the 
pH of the samples was adjusted to 2.1-2.2 with 12N NaOH. The sam
ples were then diluted to 50 ml with pH 2.2 citrate buffer. Total amino 
acid analyses were performed by the ion-exchange chromotography 
technique of Spackman et al. (1958). A Durrum Model D-500 amino

INTRODUCTION
PEANUTS are a very im portant cash crop in the Southeast 
United States, am ounting to  $317 million in cash receipts for 
1972 (Sullivan, 1974). The production of peanuts has been 
steadily rising since the late 1940’s; however, the domestic 
demand for conventional peanut products has remained fairly 
constant for the last 15 yr. This has led to much research into 
the potential use of peanut protein in applications similar to  
those of soy. These would include m eat extenders, meat ana
logs, and form ulation into existing products in order to  in
crease their nutritive value and/or appeal. It is estimated that 
the market potentials for peanut flour and grits is 265 million 
poünds per year (Chiang, 1973).

It is very likely tha t peanuts will find their way into more 
and more foods in one form  or another. In each of these 
applications the texture of the product must be accurately 
predicted so that a desirable product is produced. However the 
definition of the physical behavior of any biological material is 
always a complex problem. It is felt that some light may be 
shed on this problem by measuring the viscoelastic properties 
of the peanuts and attem pting to correlate this w ith the chem
ical makeup of the unprocessed peanut. It is hoped tha t by 
knowing more about the unprocessed peanut it will be possible 
to  better predidt the behavior of the peanut as an ingredient in 
a food product. This research is intended only to  be a start in 
this direction, but it does serve to point out some interesting 
correlations that merit a more detailed examination.

EXPERIMENTAL METHODS
THE PEANUTS used for this study were planted May 10, 1974 at the 
Southwest Branch Station of the University of Georgia, located near 
Plains, Ga. The four varieties used were: Early Runner (#45), F 
416-12-4-8-2 (#81), F 393-8-2-1-4-1-4 (#94), and Bradford Big Boy 
(#102). These peanuts and their protein levels have been previously 
described by Young and Hammons (1973). Recommended cultural 
practices were used (McGill, 1974) in the growing of the samples. The 
peanuts were dug on Oct. 2, 1974, placed in onion mesh bags and dried 
at 35°C to about 8-10% moisture. These peanuts were stored at 5°C 
and 50% RH until ready for analysis.

Before analysis the peanuts were hand shelled to prevent damage
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acid analyzer was used with a 1.75 mm (i.d.) x 48 cm column packed 
with Durrum high resolution cation exchanger (bead diameter 8 ± 1m). 
Running time was 70 min including column regeneration.

Kjeldahl nitrogen was determined by the AOCS Method (AOCS,
1951) and protein calculated by using the 5.46 conversion factor 
(.(ones, 1941). Total oil was determined by drying 1-g samples for 5 hr 
at 110°C, suspending the dried meal in 20 ml of diethyl ether, letting 
stand overnight or until clear, removing 10 ml of clarified ether contain
ing dissolved fat, evaporating the ether in a tared vessel, weighing and 
calculating the percentage oil originally contained in the meal. Previous 
unpublished data from our laboratory indicates that this method of oil 
quantitation compares favorably to the Soxhlet extraction procedure. 
Carbohydrate content was calculated by differences.

The uniaxial compression tests were performed with a table model 
Instron universal testing machine (Model 1130). A strain gage load cell 
with 100 lb (455 N) capacity was used as the force sensing element. 
The universal testing machine was fitted with a compression cage con
sisting of two parallel plates made up of hardened stainless steel. The 
peanuts were compressed (with testa in place) in a direction perpen
dicular to the longitudinal axis. The compression tests were run at 0.2 
in/min (0.508 cm/min) with a decade crosshead speed reducer. This 
slow speed allowed the peanuts to be compressed for the longest period 
of time without failure. A chart speed of 50 in/min (127 cm/min) was 
used to provide a miximum magnification of the time scale. The desired 
temperature and relative humidity were maintained by a Hotpack Mod
el 882 environmental chamber.

Prior to mechanical testing, the four varieties of peanuts were main
tained at an equilibrium relative humidity of 55% and 5°C for 2 wk for 
preconditioning. Then, the peanuts were allowed to equilibrate for 3 
days at each of the test temperatures of 20 and 30°C before testing. At 
each temperature, 10 replications of the compression tests were per
formed. The longitudinal and cross-sectional dimensions of each peanut 
were measured with a micrometer and the peanuts were compressed 
until the failure point, which was indicated in the force-displacement 
graph, by a sudden drop in force.

The force-displacement curve for each temperature and replication 
was analyzed using the general method of Hammerle and Mohsenin
(1970). The actual displacement of the peanut was obtained as the ratio 
of crosshead to chart speed. For each displacement value the corre
sponding force was determined from the graph. Since, the tests were 
run under quasi-static conditions and other assumptions of Hertz’s the
ory (Kozma and Cunningham, 1962) are valid, the modulus of elasticity 
was calculated at each “time” by the following equation (Mohsenin, 
1970).

E(t) = 0.531 F(t) d -  + ^ ) ° ‘S
D 1*5 ±t2

where u = Poisson’s ratio; F = force at time t; D = displacement at time 
t; and R ,, R2 = radii of curvature.

As the tests were conducted at constant loading rate, the displace
ment was linearly proportional to time and the “time” was obtained as 
the ratio of displacement to displacement rate. At each “ time” the 
modulus of the 10 replications were averaged and the standard devia
tion determined. The curves of uniaxial modulus function against time 
were drawn through a range representing the mean, plus and minus one 
standard deviation. The three curves for the three temperatures were 
shifted horizontally using an average horizontal shift factor (Rao and 
Hammerle, 1973) of 0.056 sec/°C. This shift factor was experimentally 
determined as the one which would produce the smoothest curve. The 
master curves, thus obtained for the four varieties are shown in Figure 
1.

RESULTS & DISCUSSION
From the shape of the master curves shown in Figure 1, it 

can be seen that the peanuts obeyed a generalized Maxwell 
model which corresponds to two or more Maxwell models 
arranged in parallel. Since it was desired to correlate the visco
elastic properties of the peanut with the chemical properties, 
values of the uniaxial modulus were taken 3, 5 and 7 sec from 
the master curve for each variety. These points, along with 
selected data from  the chemical analysis are presented in Table 
1. In order to  correlate the points, linear regression was per
formed using x and y data points from each variety of peanut.

T able  1 - R e s u l t s  o f  c h e m ic a l a n d  p h y s ic a l a n a lys is  fo r  th e  fo u r  p e a 
n u t  varie ties

Early F 416-12- F 393-8-2- Brad ford
Runner 4-8-2 1-4-1-4 Big B o y
(#45) (#81) (#94) (#102)

E(3.o)(Ncm" )a 417 249 245 3 4 5
 ̂ (N cm  2 ) 2 5 8 182 198 225

206 153 171 168

m o m o 2 .0 2 4 1 .6 2 7 1.433 2 .0 5 4
Oil (%) 52 .0 6 5 3 .9 2 55 .45 5 3 .2 5
Protein (%) 29 .5 3 26.01 26.94 2 8 .9 6
C arb ohydrate  (%) 8 .93 11 .1 4 9.06 8 .4 6
L y s  (mg/g) 12.49 11 .59 1 1 . 8 8 11 .97
Arg (mg/g) 4 1 .8 9 35.71 38.47 4 0 .2 9
A la (mg/g) 14 .26 1 2 .3 8 13.22 13 .4 4
G ly  (mg/g) 21 .7 0 2 0 .2 4 19.65 2 0 . 6 8

A sp (mg/g) 4 3 .3 4 3 8 .2 7 4 0 .8 8 4 1 .1 3
G lu  (mg/g) 59 .5 0 5 1 .7 0 5 5 .1 0 5 5 .6 2
lie (mg/g) 11 .45 10 .60 11 .05 11 .3 8
T y r  (mg/g) 11 .08 9 .5 0 7 1 0 .1 4 10 .85
Phe (mg/g) 19.09 17.05 1 7 .9 8 18.25

a E ( t )  re fe rs  to  u n ia x ia l m o d u lu s  o f  e la s t ic it y  a t  t im e  t.

In all cases the uniaxial m odulus and the E3_0 /E 70  value 
(which indicates how rapidly the modulus decayed with time) 
represented the x data point. To determine how well the re
gression line fits the original data points the (r) value was 
calculated. Using the technique of Snedecor and Cochran
(1968) it was determined rhat an (r) value of greater than 
0.900 was needed for a 95% confidence limit. This was the 
limit chosen in this experiment to determine significance. The 
(r) values of all parameters displaying a significant relationship 
are presented in Table 2. Any parameters not showing a signifi
cant correlation are not shown.

The % oil values gave a negative correlation w ith the uni
axial modulus at low times and also correlated inversely with 
the decay of the modulus (E 3 0 /E 7 0 ). This would seem to 
indicate that the oil in the peanut tends to  make the material 
dissipate stress more rapidly. Oil could have this effect by 
providing some sort of lubrication, which would cause the 
peanut to undergo a strain more readily.

Nine of the amino acids displayed a significant correlation 
to  the uniaxial modulus at one or more of the times. All of 
these correlations were positive and are listed in Table 2. The 
% to tal protein also showed a positive correlation with the 
uniaxial modulus at two of the times. These facts indicate that 
the protein in the peanut provides some of its strength. The 
fact that some of the amono acids correlate with the uniaxial 
modulus at time intervals where the to tal protein does not, 
may come from at least two factors. First, it is known that the 
peanut contains several different proteins (St. Angelo and 
Mann, 1973). The two classical protein fractions found in pea
nuts are arachin and conarachin. It has been confirmed 
(Neucere and Ory, 1970) that the arachin exists in aleurone 
grains or protein bodies in the cell. The conarachin fraction 
seems to  exist as two separate proteins, one of which exists 
“free” in the cytoplasm of the cell. It is likely that protein 
found in a spherical body in the cell and protein found “ free” 
in the cytoplasm will have different effects on the viscoelastic 
properties of the cell. It has been shown (Dieckert et al., 1962) 
that these two protein fractions have different nitrogen con
tents and it is likely that they have different amino acid pro
files (Jacks et al., 1972). In light of this inform ation it can be
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C H A R A C T E R IS T IC S  OF P E A N U T S  . . .

T able  2 -C o r r e la t io n  c o e f f ic ie n t  (r) va lues fr o m  lin ea r regression  o f  u n ia x ia l m o d u lu s  o n  o il, ca r b o h y d ra te , p r o te in  a n d  s o m e  a m in o  a c id  c o n te n ts  
fo r  p e a n u ts

Oil
(% w.b.)

Carbohydrate 
{% w.b.)

Protein 
(% w.b.)

Lys
(mg/g)

Arg
(mg/g)

Ala
(mg/g)

Gly
(mg/g)

Asp
(mg/g)

Glu
(mg/g)

lie
(mg/g)

Tyr
(mg/g)

Phe
(mg/g)

E/ \aC(3.0) —0.905* -0.556 0 . 9 4 5 0.907* 0.893 0.878 0.953* 0.836 0.870 0.837 0.902* 0.877
E(5.0) -0.792 -0.683 0.962* 0.971* 0.961 * 0.963* 0.882 0.938* 0.957 0,907* 0.944 0.967*
(̂7.0 ) -0.696 -0.561 0.791 0.985* 0.870 0.950* 0.777 0.945* 0.970* 0.771 0.803 0.971*
(̂3.0 )/E(7.0 ) -0.900* 0.479 0.864 0.630 0.719 0.640 0.855 0.561 0.592 0.721 0.791 0.566

a E(^ ) refe rs to  u n ia x ia l m o d u lu s  o f  e la s t ic ity  at t im e  t. 
D e n o te s  s ig n if ic a n ce  a t 5 %  le ve l.

understood th a t the % total protein and the individual amino 
acid contents are really measuring different things; therefore, 
they may display different correlations with the uniaxial m od
ulus at d ifferent times. A second explanation for the discrep
ancy between the individual amino acid correlations and the % 
total protein correlations could lie with the m ethod of measur
ing protein. For this research the Kjeldahl m ethod was used 
with the accepted conversion factor of 5.46 used for peanuts. 
However, this factor could change quite drastically from one 
peanut variety to another. This would produce an inaccurate % 
total protein measurem ent and erroneous correlations. There is 
some indication at this tim e that the conversion factor is not 
constant for all varieties of peanuts. More work needs to  be 
done to  determine if this factor does indeed change signifi
cantly from >one variety to  another.

It can be seen from Table 2 that the % carbohydrate did 
not correlate with the uniaxial modulus of the peanuts. This is 
somewhat surprising since the cell walls of the peanut contain 
cellulose and the cell walls provide strength to  the cell. The 
lack of a correlation could be due to  the fact that true carbo
hydrate was not measured, instead the nitrogen free extract 
percentage obtained from the proximate analysis was used to 
obtain the % carbohydrate data. An improvement over this 
would be to measure the cell wall polysaccharides and corre
late this with the uniaxial modulus.
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B u r n e t t ,  R .S . R o b e r t s ,  E .J .  a n d  P a r k e r ,  E .D . 1 9 4 5 .  V is c o s i ty  p a t t e r n s  o f  

p e a n u t  p r o t e in  s o lu t io n s .  I n d .  E n g . C h e m . 3 7 :  2 7 6 .
C h ia n g , T .I .  1 9 7 3 .  “ T h e  O u t lo o k  f o r  P ro c e s s in g  P e a n u t  M e a l i n t o  E d i

b le  P r o te in  P r o d u c t s  in  G e o rg ia .”  E n g in e e r in g  E x p e r im e n t  S t a t i o n ,  
G e o rg ia  I n s t i t u t e  o f  T e c h n o lo g y .

D ie c k e r t ,  J .W ., S n o w d e n ,  J .E .  J r . ,  M o o re ,  A .T . ,  H e n iz e lm a n ,  D .C . a n d  
A l ts c h u l ,  A .M . 1 9 6 2 .  C o m p o s i t io n  o f  s o m e  s u b c e l lu la r  f r a c t io n s  
f r o m  s e e d s  o f  A ra c h is  h y p o g a e a .  J .  F o o d  S c i. 2 7 :  3 2 1 .

H a m m e r le ,  J .R .  a n d  M o h s e n in ,  N .N . 1 9 7 0 .  T e n s i le  r e l a x a t i o n  m o d u l u s  
o f  c o r n  h o r n y  e n d o s p e r m  a s  a  f u n c t i o n  o f  t i m e ,  t e m p e r a t u r e  a n d  
m o i s t u r e  c o n t e n t .  T r a n s .  A S A E  1 3 ( 3 ) :  3 7 2 .

J a c k s ,  T .J . ,  N e u c e r e ,  N .J .  a n d  Y a ts u ,  L .Y . 1 9 7 2 .  C h a r a c t e r i z a t i o n  o f  
p r o t e in s  f r o m  s u b c e l lu la r  f r a c t io n s  o f  p e a n u t s .  J .  A m e r .  P e a n u t  R e s . 
a n d  E d . A sso c . 4 ( 1 ) :  1 9 8 .

J o n e s ,  D .B . 1 9 4 1 .  P r o te in s  o f  P e a n u ts .  P ro c .  o f  F i r s t  A n n u a l  M e e t in g  o f  
N a t i o n a l  P e a n u t  C o u n c i l ,  P e n s a c o la ,  F la . ,  M a y  2 6 ,  p .  3 1 —4 1 .

K o z m a , A . a n d  C u n n in g h a m , H . 1 9 6 2 .  T a b le s  f o r  c a l c u l a t i n g  th e  c o m 
p r e s s io n  s u r f a c e  s tr e s s e s  a n d  d e f l e c t i o n s  in  t h e  c o n t a c t  o f  tw o  s o lid  
e la s t ic  b o d ie s  w h o s e  p r in c ip le  p la n e s  o f  c u r v a t u r e  d o  n o t  c o in c id e .  J . 
I n d .  M a th .  1 2 ( 1 ) :  3 1 .

M c G ill , J .H .  1 9 7 4 .  G ro w in g  P e a n u t s  in  G e o rg ia . B u l l e t i n  6 4 0 ,  C o o p e r a 
t iv e  E x t e n s io n  S e rv ic e , U n iv e r s i ty  o f  G e o rg ia ,  A th e n s ,  G a .

M o h s e n in ,  N .N . 1 9 7 0 .  “ P h y s ic a l  P r o p e r t i e s  o f  P l a n t  a n d  A n im a l M a te 
r i a l s .”  G o r d o n  a n d  B re a c h  S c ie n c e  P u b . ,  N e w  Y o rk .

N e u c e r e ,  N .J .  a n d  O ry ,  R .L .  1 9 7 0 .  P h y s io c h e m ic a l  s tu d ie s  o n  th e  p r o 
te in s  o f  t h e  p e a n u t  c o t y l e d o n  a n d  e m b r y o n ic  a x is . P la n t  P h y s io lo g y  
4 5 :  6 1 6 .

R a o , V .N .M . a n d  H a m m e r le ,  J .R .  1 9 7 3 .  S o m e  v is c o e la s t i c  p r o p e r t i e s  o f  
h ic k o r y  c la y  — O t t a w a  S a n d . J . A g ric . E n g n g . R e s .  1 8 :  2 5 3 .

S t. A n g e lo ,  A .J .  a n d  M a n n , G .E . 1 9 7 3 .  P e a n u t  p r o te in s .  I n  “ P e a n u t s  
C u l tu r e  a n d  U s e s ,”  p .  5 5 9 .  A m e r i c a n  P e a n u t  R e s e a rc h  a n d  E d u c a 
t i o n  A s s o c ia t io n  I n c . ,  S t i l lw a te r ,  O k l.

S n e d e c o r ,  G .W . a n d  C o c h ra n ,  W .G . 1 9 6 8 .  “ S ta t i s t i c a l  M e th o d s .”  T h e  
I o w a  S ta t e  U n iv e r s i ty  P re s s , A m e s , Io w a .

S p a c k m a n ,  D .H .,  S te in ,  W .H . a n d  M o o re ,  S . 1 9 5 8 .  A u to m a t i c  r e c o r d in g  
a p p a r a tu s  f o r  u s e  in  th e  c h r o m a to g r a p h y  o f  a m in o  a c id s . A n a ly t ic a l  
C h e m . 3 0 ( 2 ) :  1 1 9 0 .

S u ll iv a n ,  G .D . 1 9 7 4 .  P e a n u t s :  A  c r o p  t h a t  b e l ie s  i t s  n a m e  in  t h e  s o u th 
e a s t .  P e a n u t  J . & N u t  W o rld  5 3 ( 5 ) :  2 7 .

T h o m s o n ,  R .H .K . a n d  J o h n s t o n ,  A . 1 9 4 7 .  T im e  v is c o s i ty  s tu d ie s  o f  th e  
s y s t e m  g r o u n d n u t  p r o t e i n  — c a u s t ic  s o d a  w a te r .  J .  S o c . C h e m . 
I n d .  6 6 : 3 7 3 .

W o o d r o o f ,  J .G .  1 9 7 3 .  C o m p o s i t io n  a n d  n u t r i t i v e  v a lu e  o f  p e a n u ts .  I n  
“ P e a n u t s :  P r o d u c t i o n ,  P ro c e s s in g ,  P r o d u c t s , ”  2 n d  e d . ,  p . 1 3 9 .  A v i 
P u b l is h in g  C o ., W e s tp o r t ,  C o n n .

Y o u n g , C .T . a n d  H a m m o n s ,  R .O . 1 9 7 3 .  V a r ia t io n s  in  t h e  p r o t e in  le v e ls  
o f  a  w id e  r a n g e  o f  p e a n u t  g e n o ty p e s .  O le a g in e u x  2 8 :  2 9 3 .

Y o u n g , C .T . a n d  T a i ,  Y .P . 1 9 7 4 .  V a r ia t io n s  i n  p e r c e n t  p r o t e in  o f  in d i 
v id u a l  s e e d s  f r o m  f iv e  p e a n u t  p la n t s .  A g r o n o m y  J .  6 6 : 4 3 9 .

Y o u n g , C .T ., M a t lo c k ,  R .S . ,  M a s o n , M .E . a n d  W a lle r , G .R . 1 9 7 4 .  E f f e c t  
o f  h a r v e s t  d a t e  a n d  m a t u r i t y  u p o n  f r e e  a m in o  a c id  le v e ls  in  th r e e  
v a r ie t i e s  o f  p e a n u t s .  J A O C S  5 1 :  2 6 9 .

M s re c e iv e d  7 / 5 / 7 6 ;  r e v is e d  9 / 4 / 7 6 ;  a c c e p te d  9 / 8 / 7 6 .

P r e s e n te d  a t  th e  3 6 th  A n n u a l  M e e t in g  o f  th e  I n s t i t u t e  o f  F o o d
T e c h n o lo g i s t s ,  A n a h e im , J u n e  6 —9 , 1 9 7 6 .
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Fo o d  Science Dept, University o f  Georgia, A thens, GA 30602

TO XIC ITY OF Aspergillus amstelodami

— ------- — ---------- ABSTRACT — --------— -
ISOLATES of Aspergillus amstelodami from country cured hams were 
tested for toxicity to chick embryos and to mice. Seven of eight culture 
filtrates from isolates grown 30 days in yeast extract (2%)-sucrose 
(20%) media were lethal to chicken embryos. Six of eight culture fil
trates were lethal when injected intraperitoneally into mice. Eight of 
eleven strains grown on sterile corn were toxic when fed to mice. 
Deaths occurred after only 3 days. A single isolate, toxic to both mice 
and chick embryos was selected for further study. Culture filtrates of 
this strain were lethal to male, white, weanling rats. Symptoms and 
gross lesions were indicative of an effect on the circulatory system. 
Incorporation of the mycelial mat into the diet of rats resulted in 
increased liver and kidney weights although deaths were not observed 
within 30 days. Rats fed corn inoculated with this mold had signifi
cantly lower average body weight gains than controls. Because of lim
ited solubility of the toxic substance in most organic solvents, gel per
meation chromatography was used to isolate a single toxic fraction. 
Purification of the compound was accomplished by ion exchange and 
paper chromatography. The toxic material (Rf = 0.94) fluoresces blue 
when viewed under short wave UV light. The melting poin: of the 
material was 159-162°C. The UV absorption maximum of the material 
in 95% ethanol was 211 nm.

INTRODUCTION
THE TOXICITY of Aspergillus amstelodami to  animals was 
first reported by Rabie et al. (1964). They found that yellow 
com  inoculated with A. amstelodami (Mangin) Thom and 
Church (Eurotium  amstelodami Mangin) was lethal to  rabbits 
and, although not causing death of poultry , reduced the 
growth rates of Pekin ducklings and White Leghorn chickens 
appreciably. In screening tests, Semeniuk et al. (1971) evalu
ated the toxicity of 10 strains of A. amstelodami together with 
other fungi. Of 10 A. amstelodami strains tested for toxicity, 
one strain when grown on wheat was found to be lethal to 
mice and another strain grown on soybeans caused signifi
cantly lower average weight gains in chicks. These findings led 
these investigators to classify A. amstelodami with fungi that 
were “ moderately to  mildly toxigenic.”

Results o f screening tests done by Saito et al. (1971, 1974) 
showed culture filtrates o f two strains of A. amstelodami iso
lated from  Japanese foodstuffs to  be toxic to  Hela cells and to 
mice. Mycelial extracts were not found to be toxic to  mice. 
Histological examination of selected organs revealed hepatic 
lesions (Saito et al., 1971) and damage to  proliferating cells of 
the intestinal mucose (Saito et al., 1974). Recently in screen
ing tests, Wu et al. (1974b) found chloroform extracts of two 
of seven A. amstelodami strains isolated from cured meats to 
be toxic to  chick embryos. Culture filtrates were not found by 
these investigators to  be toxic.

Not all screening tests have implicated A. amstelodami to 
be toxic. Diener et al. (1963) fed ducklings sterilized defatted 
residues of peanuts inoculated with a single strain of each of 
nine species of fungi for a period of 3 days. A. amstelodami 
was not toxic to the ducklings. Kurata et al. (1968) found 
culture filtrates and methanol extracts of rice cultures of two

1 T o  w h o m  r e q u e s t s  f o r  r e p r i n t s  s h o u ld  b e  a d d re s s e d .

strains of A. amstelodami to  have no toxic effect when in
jected subcutaneously into mice in one single dose.

There is a need for a more thorough investigation of the 
toxic effects resulting from ingestion and other routes of ad
m inistration of metabolites elaborated by this mold. The toxic 
metabolites still must be isolated and characterized.

The present investigation was undertaken to study the tox 
icity o f A. amstelodami isolated from country cured hams to 
chicken embryos, mice and rats and to  isolate the toxic com 
ponents produced by this mold.

EXPERIMENTAL

Microorganisms
Twelve cultures of Aspergillus amstelodami isolated previously from 

country cured hams by Leistner and Ayres (1968) and Sutic et al.
(1972) were used in the experiments. All cultures were maintained on 
Czapek Dox Agar (Difco Laboratories, Detroit, Mich) slants.
YES medium

The yeast extract-sucrose (YES) medium of Davis et al. (1966) con
taining 2% yeast extract and 20% sucrose was used for the cultivation 
of the molds. 100-ml aliquots of the medium were dispensed into 250 
ml Erlenmeyer flasks. The flasks were stoppered with cotton plugs, 
autoclaved for 15 min at 12TC, cooled and inoculated using 1.0 ml of 
a suspension of 106 spores per ml harvested from CDA slants. Unless 
otherwise specified, each flask was incubated without agitation at 28°C 
for 30 days.
Chicken embryo inoculations

The method of Verrett et al. (1964) was used for the chicken em
bryo air cell inoculations. Groups of 10 or 20 fertile White Leghorn 
eggs were inoculated with 0.04 ml of the test solution, sealed, then 
incubated and candled daily from the fifth day of incubation. Infertile 
eggs were discarded. Nonviable embryos were removed and grossly ex
amined. Relative toxicity of a test solution was based on the number of 
embryos that did not survive through the hatching period compared to 
control eggs.
Intraperitoneal injections

Animals were swabbed around the area of injection with 70% ethyl 
alcohol. One ml of the test solution was injected intraperitoneally into 
the test animal with a 1 ml tuberculin syringe equipped with a 7/8 in 25 
guage needle.
Screening tests

Toxicity of culture filtrates. Eight flasks containing YES medium 
were inoculated with 10s spores of one of 8 strains of A. amstelodami 
and incubated as described above. After 30 days, the cultures were 
filtered through a fluted Whatman No. 1 filter paper and the filtrate 
sterilized through a 0.45 pm Millipore (Millipore Filter Corp., Bedford, 
Mass.) membrane into sterile vials.

The sterile culture filtrates were tested for toxicity by chicken em
bryo air cell inoculations and by intraperitoneal injections into mice. In 
the chicken embryo tests, 10 eggs were used in each group. Two groups 
of controls, one inoculated with YES and the other composed of 
drilled, uninoculated eggs were used for comparison. 20-25g male, 
white mice were used in tests for toxicity by intraperitoneal injection. 
Four mice were used in each group. Two groups of mice, one group 
injected with sterile physiological saline solution and the other group 
injected with sterile YES, were used as controls. Laboratory Chow 
(Ralston Purina Co., St. Louis, Mo.) and water were supplied ad libi
tum. The mice were dosed once a day for 21 days. One mouse from 
each group was sacrificed for histopathological examination after the
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7th and 14th day of the experiment. All animals that died were exam
ined for gross lesions.

Toxicity of moldy com. Corn cultures were prepared by combining 
lOOOg corn and 1400 ml distilled water in a 2800 ml Fernbach flask. 
The flasks were stoppered with cotton plugs and autoclaved for 1 hr at 
121°C. After the media were sufficiently cooled, 106 spores of one of 
11 strains of A. amstelodami were added to each flask. The inoculated 
flasks were incubated at 28°C for 2 months. The moldy corn was dried 
at room temperature then ground in a Wiley mill. The ground moldy 
corn was used as the test diet. The control diet was uninoculated gound 
corn.

Groups of 4 mice, each weighing 20-25g, were used in the feeding 
experiments. Water and feed were supplied ad libitum. The mice were 
maintained on the diets for 20 days.
Determination of toxicity of A. amstelodami VII1/24

45-50g Sprague-Dawley male rats and 20g CF, mice were used as 
the test animal. They were caged individually in wire cages 25.4 x 20.3 
x 17.8 cm, in a room maintained at 24-26°C.

Toxicity of culture filtrate. The culture filtrate from a 30-day cul
ture was tested for toxicity to rats and mice by injecting 1 ml filter- 
-sterilized culture filtrate intraperitoneally into the animals. Symptoms 
were observed. The rats that died were examined for gross lesions.

Toxicity of mycelia The mycelial mat from 20 day YES cultures 
were shaken with chloroform, dried at room temperature and ground. 
The ground mycelia were then incorporated into diets in the following 
proportions of mycelia to laboratory chow: 1:10, 1:20, and 0:100 
(control). The rats were maintained on the diets for 30 days. The 
animals were weighed at regular intervals. After 30 days the animals 
were sacrificed. Liver, heart, kidney, spleen and lung weight were re
corded.

Toxicity of moldy corn. Moldy corn was prepared according to the 
method of Wu et al. (1974a). After 2 months, the moldy corn was 
autoclaved for 15 min at 121°C, ground and fed to rats. A second 
group of rats were fed uninoculated, autoclaved corn. A third group of 
rats was fed laboratory chow. Ten rats were used in each group of rats 
fed moldy corn and control corn. Four rats were fed laboratory chow. 
Water was provided ad libitum. The rats were maintained on the diets 
for 42 and 71 days. The animals were weighed at regular intervals for 
35 days. After the 42nd day and 71st days the rats were sacrificed. 
Their body weight and liver, heart, kidney, spleen and lung weights 
were recorded.
Effect of time and temperature of mold growth 
and toxicity to chicken embryos

YES cultures incubated at 10, 25, 28 and 37°C were held at these 
temperature for 10, 20, 30, 40, 50 and 60 days. Growth was measured 
by mycelial dry weight per 100 ml of medium. The filter sterilized 
culture filtrates were tested for toxicity to chicken embryos. Ten eggs 
were used in each test group.
Effect of heat on culture filtrates of 30-day cultures 
of A. amstelomali VIII/24

10 ml of filtrate from a 30-day culture of A. amstelodami VIII/24 
were placed in each of four test tubes. One test tube was heated at 
50°C for 1 hr, another was heated at 75°C for 1 hr while still another 
was sterilized at 121°C for 15 min. The fourth test tube was not sub
jected to any heat treatment. The material in each of the test tubes was 
inoculated into chicken embryos.
Isolation of the toxic metabolites

Selection of suitable solvent. Ethyl acetate, chloroform, chloroform- 
methanol (8:2), ether and petroleum ether extracts were prepared by 
adding 100 ml of the solvents to a 30-day culture filtrate which was 
then agitated on a rotary shaker for 10 min. The liquid was decanted 
and filtered through a fluted Whatman No. 1 filter paper into 250 ml 
separatory funnel and shaken vigorously. The aqueous layer was trans
ferred back to the original culture flask while the solvent layer was 
transferred into a 500 ml or 1000 ml round bottom flask. The extrac
tion was repeated twice or five times as indicated with all extracts being 
combined in the round bottom flask. The extracts were concentrated to 
a volume of 10 ml using a rotary vacuum evaporator. The aqueous layer 
of the culture filtrate after extraction was filtered through Whatman 
No. 1 filter paper and filter sterilized into sterile vials. These solutions 
were tested for toxicity to chicken embryos without further treatment 
or evaporated to dryness and dissolved in propylene glycol when indi
cated and used in chicken embryo toxicity tests.

Methanol, ethanol, acetone, methylene chloride and propylene 
glycol extracts were prepared by freeze drying 10 ml of the culture

filtrate and suspending this in 4 ml of each of the specified solvents. 
These suspensions were filtered and filtrates were used in chicken em
bryo toxicity tests.

Control groups inoculated with each of the solvents were used for 
comparison.

Gel permeation chromatography. Because of the limited solubility 
of the toxic sutstance(s) in any of the solvents tested, gel permeation 
chromatography was used to separate the filtrate into fractions.

A 30-day culture of A. amstelodami VIII/24 was filtered through 
Whatman No. 1 filter paper and the filtrate layered onto a 2.5 x 58 cm 
Biogel P-2 (Biorad Labories, Richmond, Calif.) column. Distilled water 
was used to elute the fractions. 5-ml fractions were collected. The 
fractions were visualized under both visible and UV light and combined 
into 10 major fractions. These fractions were freeze dried, dissolved in 
5 ml distilled water (unless otherwise specified) and filtered through a
0. 45 micron Millipore membrane and tested for toxicity to chicken 
embryos.

Comparison with fungal metabolites. Culture filtrate and Band 2 
from the Bio-gel P-2 column were spotted together with aflatoxin B ,, 
B2, G; and G2, kojic acid, citritnin, patulin, penicillic acid, gliotoxin, 
ochratoxin, sterigmatocystin, zearalenone and emodin standards onto 
Adsorbosil-5 thin-layer plates (5g Adsorbosil-5:70g water) which had 
been previously activated at 110°C for 2 hr and cooled in a desiccator. 
All the standards, with the exception of kojic acid, were dissolved in 
ethyl acetate.

The thin-layer plates were developed using toluene:ethyl ace
tate : 90% formic acid (6:3:1 TEF) according to the method of Scott et 
al. (1970).

Paper chromatography. Fraction 2 from the Bio-gel P-2 column was 
run through Dcwex 1 ion exchange resin (Fig. 1). The material from 
the Dowex 1 resin was freeze dried, spotted on Whatman No. 1 filter 
paper sheets, developed in a descending fashion for 24 hr using n-butan-
01, acetic acid, water (4:1:5 BAW) as the solvent system. The paper was 
run in a descending fashion.

After 24 hr, the paper was dried, bands visualized and cut-off. The 
bands were eluted with distilled water. The material was freeze dried, 
then 70% ethanol was added to the dried material to serve as a carrier 
for the material to be used in the chicken embryo inoculations.

A measured amount of material was placed in fared aluminum 
dishes. The material in the dishes was dried and weighed and the 
amount injected into each egg was calculated.

Test for purity and partial characterization
The material from band 12 from the paper chromatogram that was 

most toxic to chicken embryos was tested for purity.
Thin-layer chromatography was carried out using silica gel plates 

developed in chloroform:acetone (95:5), toluene-ethyl acetate-formic 
acid (6:3:1 TEF) and methanohwater (1:1). Compounds were visual
ized under visible and UV light then sprayed with sulfuric acid solutions 
and charred. A melting point determination was carried out using a 
Mettler melting point apparatus.

The UV spectrum of the material in absolute ethanol was deter
mined in the 190-370 nm wavelength range using a Coleman Model 
124 Hitachi double beam grating spectrophotometer and cell with a 1 
cm light path.

RESULTS & DISCUSSION
Screening tests

Table 1 shows results of the tests for toxicity of culture 
filtrates o f 8 strains of A. amstelodami to  chicken embryos. 
Inoculation of culture filtrates of A. amstelodami VIII/24 and 
VIII/31 resulted in lethal toxicity to 100% of the eggs. No 
toxicity was observed in eggs inoculated with filtrates of A. 
amstelodami VIII/21. Culture filtrates of A. amstelodami VIII/ 
2, V III/29, V III/32, M27 and M60 resulted in varying degrees 
of toxicity ranging from 67% to  90% m ortality to  chick em
bryos. No deaths were observed in the control groups.

Intraperitoneal injections of the culture filtrate into mice 
resulted in 0—100% m ortality (Table 2). Injection of culture 
filtrates o f A. amstelodami VIII/21 and M27 did not cause any 
deaths. Injection of culture filtrates of A. amstelodami VIII/2, 
V III/24, VIII/29, V III/31, V III/32 and M60 resulted in lethal 
toxicity to all the animals injected. All four mice injected with 
the filtrate of A. amstelodami V III/24 died within 3 - 6  days.

Vol. 42, No. 2  (1977) -  J O U R N A L  OF FOOD SC IE N C E  -  4 8 3



No deaths occurred in the group of mice injected with physio
logical saline solution. One mouse injected with sterile YES 
died after the second day of the experim ent as a result of 
peritonitis. No histopathological lesions were found in the 
organs examined.

Before death, the mice were first observed to  be able to  use 
only their fore legs and had to  drag their bodies and hind legs

Table 1—Toxicity of 30-day culture filtrates of eight strains of 
Aspergillus amstelodami to chicken embryos

Treatment Infertile Dead %Mortality

A. a m s te lo d a m i  VIII/2 0 8 80
A. a m s te lo d a m i  VI11/21 0 0 0
A. a m s te lo d a m i  VIII/24 0 10 100
A. a m s te lo d a m i  VIII/29 0 8 80
A. a m s te lo d a m i  VIII/31 0 10 100
A. a m s te lo d a m i  VIII/32 1 6 67
A. a m s te lo d a m i M 27 0 9 90
A. a m s te lo d a m i M60 0 9 90
Y E S  Contro l 0 0 0
Drilled  uninoculated 0 0 0

control

Table 2—Toxicity of culture filtrates of eight strains of Asper
gillus amstelodami injected intraperitoneally into mice

Treatment Mortality % Mortality
No. of days 

to death

A. a m s te lo d a m i VIII/2 3/3 1 0 0 2-11
A. a m s te lo d a m i VI 11/21 0/4 0 -
A. a m s te lo d a m i VI 11/24 A/A 100 3 -6
A. a m s te lo d a m i VIII/29 2/2 100 11-20
A. a m s te lo d a m i VIII/31 3/3 100 7-9
A. a m s te lo d a m i VIII/32 3/3 100 11-13
A. a m s te lo d a m i  M 27 0/4 0 —
A. a m s te lo d a m i  IVI 60 3/3 100 11-14
Y E S  contro l MA 25 2
Physio log ical saline 0/4 0 -

control

Table 3—Toxicity of corn inoculated with Aspergillus amstel
odami when fed to mice

Treatment Mortality % Mortality
No. of days 

to death

A. a m s te lo d a m i  VI11/1 4/4 100 6-16
A. a m s te lo d a m i  VIII/2 0/4 0 —

A. a m s te lo d a m i  VIII/3 4/4 100 6-7
A. a m s te lo d a m i VIII/24 AIA 100 4-10
A. a m s te lo d a m i VIII/27 3/4 75 6
A. a m s te lo d a m i VIII/29 2/4 50 10-13
A. a m s te lo d a m i VIII/31 1/4 25 6
A. a m s te lo d a m i VIII/32 2/4 50 8-20
A. a m s te lo d a m i VIII /33 4/4 100 3-6
A. a m s te lo d a m i M 27 0/4 0 —

A. a m s te lo d a m i M 60 AIA 100 3-5
U ninocu lated  corn  

contro l
MA 25 11

when forced to move. They exhibited continuous trem ors of 
the entire body. A few hours before their death they lay 
quietly on their ventral side with bo th  fore and hind legs 
spread apart away from their bodies. Even when forced to  
move they seemed unable to use both pairs of legs properly. 
The control mice appeared to  healthy and active un til the 
experim ent was term inated.

The results of the feeding experim ents are presented in 
Table 3. Moldy com  inoculated w ith A. amstelodami V II I /1, 
VIII/3, V II/24, VIII/33 and M60 caused lethal toxicity to  all 
the mice in the groups. Deaths occurred only 3 days after the 
animals were placed on these diets. Two groups, those fed corn 
inoculated with A. am stelodam i V III/2 and M27, did not m an
ifest any toxic effect and appeared to be as healthy and active 
as those in the control group. The groups of mice fed corn 
inoculated with A. amstelodami VII1/27, VII1/29, V III/3 1 and 
V III/32 exhibited 25—75% m ortality .
Toxicity of A. am stelodami V III/24

Based on its toxicity in all three tests, one strain, Asper
gillus amstelodami V III/24 was selected for further study.

Intraperitoneal injections of culture filtrate of A. amste
lodami V III/24 into rats resulted in lethal toxicity. One ml of 
the fivefold concentrated culture filtrate produced immediate 
response in the form of rapid breathing, palpitations, pro
nounced thirst, and inability to  stand w ithin 7 — 10 min after 
injection. All these animals died within 15 hr. Gross lesions 
consisted of congestion of the heart muscle, congestion of the 
lungs with pale areas, accum ulation of fluid which was either 
colorless or tinged with blood in the thoracic cavity. The plan
tar surface of the paws and the nail bed were so congested 
they appeared dark. The sym ptom s and gross lesions indicate 
an effect on the circulatory system. Two of 5 rats and 5 of 5 
mice injected intraperitoneally for 1 or 2 days with 1 ml of a 
30-day culture filtrate died.

Rats fed diets containing defferent proportions of mycelia 
of A. amstelodami VIII/24 to  laboratory chow did not show 
any significant differences in body weight gain after the 30- 
day feeding period. However, organ weights as shown in Table 
4 had some statistically significant differences. Rats fed one

CULTURE FILTRATE

Bio-Gel P-2

I 1
Fraction 2 Fraction 1, 3-10

Dowex 1

Solution 1A

Whatman No. 1 Paper Developed with n-Butanol- 
Acetic Acid-Water (4:1:5 BAW)

Bands 1 - 1 2

Fig. 1—S c h e m e  fo r  th e  iso la tio n  o f  th e  to x ic  c o m p o u n d s .
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Table 4—Mean weight gain and organ weights of rats fed diets containing mycelia of Aspergillus amstelodami VI11/24 in the diet

Ratio of mycelia to 
chow in the diet

Mean wt 
gain

Mean organ weights expressed as % body weight

Liver Heart Lungs Kidney Spleen

1:10 138.6 4.39 0.40 0.64 0.90 0.38
1:20 131.0 3.66 0.41 0.58 0.80 0.26
0:100 119.2 3.31 0.32 0.58 0.77 0.26

F value 0.11783 2.54597 1.82116 0.94334 4.09924 2.00111
Probability > F 0.8895 0.1224 0.2066 0.5789 0.0460 0.1806
LSD, 1% Level 88.3 1.37 0.11 0.18 0.15 0.22
LSD, 5% Level 62.6 0.97 0.08 0.13 0.11 0.15

part mycelia to  ten parts chow had significantly (P <  0.5) 
kidney weight from  those in the control group.

Average body weights of rats fed corn inoculated with A. 
amstelodami VIII/24, uninoculated corn and laboratory chow 
for 35, 42 and 71 days are shown in Table 5. Average body 
weight gains of rats fed the moldy corn for 35, 42 and 71 days 
were significantly different (P <  0.01) from those maintained 
on the uninoculated corn and the laboratory chow. There were 
no significant differences in the relative organ weights.

Effect of time and temperature 
of incubation on mold growth 
and toxicity to chicken embryo

Growth of the mold as indicated by dry mycelial weight/ 
100 ml medium (Fig. 2) is best at 37°C. There was very little 
growth at 10°C.

Results o f toxicity tests to  chicken em bryo are depicted in 
Figure 3. A fter 10 days, only cultures incubated at 37°C 
showed any toxicity . Cultures held for 20 days at 15, 28 and 
37°C were lethal to all embryos inoculated. After 30 days, 
only the cultures held at 25°C remained toxic to  100% of the 
embryos inoculated. Cultures held at 10°C were not appreci
ably toxic to  chicken embryos.

Gross exam ination of nonviable embryos showed them  to 
be very congested. Several of the chicks that survived through 
the hatching period showed bilateral leg paralysis. Affected 
birds rested on their hocks which were enlarged and deformed

Fig. 2 - G r o w th  o f  A . a m s te lo d a m i V II I /2 4  (d ry  m y c e lia l w t /1 0 0  m l  
m e d iu m ) .

and the toes curled inward. Some of these chicks attem pted to 
walk on their hocks. Two birds examined had slipped tendon 
of Achilles. The affected chicks died w ithin one to  three days 
probably due to  their inability to  secure food and water even 
when it was made easily available to  them .
Effect of heat treatment on culture filtrates

Results o f the toxicity tests of culture filtrates subjected to 
different heat treatm ents are shown in Table 6. Culture fil-

Table 5—Means of weight gain of rats fed moldy corn for 35, 42 
and 71 days

Diet

Weight gain (g)

35 Days 42 Days 71 Days

Moldy corn -  4.9 -  4.7 1.2
Control corn 29.0 16.2 25.8
Laboratory chow 132.8 177.0 287.0

F value 115.3873 620.6943 251.3183
Probability > F 0.0001 0.0001 0.0001
LSD, 1 % Level 21.5 14.2 44.3
LSD, 5% Level 15.8 10.0 29.9

Fig. 3 - T o x ic i ty  o f  A .  a m s te lo d a m i V I I I /2 4  c u ltu re s  g ro w n  a t  vari
o u s  te m p e r a tu re s  to  c h ic k e n  e m b ry o s .
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trates o f A. am stelodami resulted in 89% m ortality when inoc
ulated in to  chicken embryos. After heating at 50°C for 1 hr, 
80% m ortality  was observed. Heating culture filtrates for 1 hr 
at 7 5°C resulted in 60% m ortality to  chicken em bryos inocu-

Table 6 —T o x ic ity  o f Aspergillus am stelodam i culture filtra te
subjected to  d iffe re n t heat treatm ents

Tre atm e n t In fe rtile Dead % M o rta lity

Culture filtrate  
No heat treatm ent 1 8 89
50° C , 1 hr 0 8 80
75° C , 1 hr 0 6 60
121° C , 15 min 0 7 70

D rilled , un inoculated  control 0 0 0

Table  7 —T o x ic ity  o f extracts o f A. 
bryos

am stelodam i to chicken em

Treatm ent % M o rta lity

Co n tro l, unin jected 5
Y E S  control 0

Culture filtrate 55
Eth y l acetate extract 70
Eth y l acetate control 10
M ethanol e x tract3 0

M ethanol control 10
A ceto n e  e x tract1 0
A cetone control 10
M ethylene ch loride ex tract3 0
M ethylene ch loride control 0
Ethanol ex tract1 10
Ethanol contro l 0
Propylene glycol extract3 10
Pro pylene glycol control 0
C h lo ro fo rm  extract 2C
C hlo ro fo rm  control 3C

3 E x tracts  were made by freeze-drying  
solving in the d ifferent solvents.

the culture  filtrate  ana dis-

Table 8 —T o x ic ity  o f extracts and culture filtra te  o f A . am stel
odam i a fte r extrac tion  w ith  various solvents

Treatm ent % M o rta lity

C o n tro l, unin jected  5
Y E S  co n tro l 5
Propylene glycol control 11
Ether e x tracta 45
Culture filtrate  after ether extractio n  63
Eth yl acetate extracta 5
Culture filtrate  after ethyl acetate extraction  100
Chloroform -m ethanol (8 :2 ) ex tracta 20
Culture filtrate  after chloroform -m ethanol (8 :2 ) 75

extraction
Petroleum  ether extract3 11
Culture filtrate  after petroleum  ether extraction  79

a Extracts were evaporated to dryness then dissolved in propylene 
glycol.

lated. Sterilization of the filtrates at 121°C for 15 min did not 
appreciably lower the toxicity of the culture filtrate.
Isolation of the toxic components

In order to  isolate the toxic principle in the culture filtrate 
o f A. amstelodami V III/24, the efficiency of various solvents 
in the extraction  of the toxic com ponents was determ ined.

Results of the test for toxicity of extracts to  chicken em 
bryos is shown in Table 7. Of the seven solvents selected, ethyl 
acetate seemed to be the preferred solvent for extracting the 
toxic com ponent. However, comparing the toxicity of the con
centrated extract to the toxicity of the filtrate, its efficiency 
as a solvent system is questionable.

A nother test for the extraction efficiency of ethyl acetate 
and three other solvent systems was conducted. Extractions 
were repeated five times. The six extracts were com bined and 
evaporated to  dryness, then dissolved in propylene glycol prior 
to injection. The culture filtrates after extraction were also 
inoculated into eggs. Results of the toxicity tests are shown in 
Table 8. In all instances the culture filtrate after extraction 
with the different solvents rem ained m ore toxic than the ex
tracts.

Gel permeation chromatography. Because of the limited 
solubility of the toxic substance(s) in any of the organic sol
vents tested, gel perm eation chrom atography of the culture 
filtrate was used to  fractionate the toxic filtrate.

The 5-ml fractions obtained from the Bio-gel P-2 column 
were combined into ten major fractions according to  color of 
each o f the fractions under visible and ultraviolet light. The 
characteristic color o f the fractions is shown in Table 9.

Results o f the toxicity tests are also shown in the table. 
Fraction 2 was found to  be the most toxic to  chicken em
bryos. The toxicity of the fivefold diluted Fraction 2 was 
greater than any of the other fractions. Fraction 3, 5 and 8 
also showed some toxicity to  chick embryos.

Since Fraction 2 was more toxic than any of the other 
fractions, all further effort was concentrated on the purifica
tion o f the toxic com ponents in this fraction.

Comparison with fungal metabolites. Comparison of migra
tion  on thin-layer chromatography aflatoxin B 1; B2 , G! and 
G2, kojic acid, citrinin, patulin, penicillic acid, gliotoxin, 
ochratoxin, zearalenone, sterigmatocystin and em odin stand
ards with the culture filtrate and Fraction 2 from the Bio-gel 
P-2 column confirmed the absence of these com pounds.

Table 1 0 —Bands obtained a fter spotting the to x ic  frac tio n  on 
W hatm an N o. 1 and developing 2 4  hr w ith  N -bu tano l, acetic acid 
water (4 :1 :5 )

Band
A verage

Rf

A p p e a ra n ce

V is ib le S h o r t  W ave U V Lo n g  W ave U V

1 0.03 Lt brown Green Green
2 0.10 - Purple Purple
3 0.14 - - Lt blue
4 0.16 - Blue Purple
5 0.21 - Lt blue Blue-Green
6 0.26 - - Lt purple
7 0.33 - L t  blue —

8 0.42 - - Purple
9 0.49 Y e llo w - —

10 0.54 - - Purple
11 0.69 - - —

12 0.94 - Bright Blue -
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Table 9—Toxicity of Biogel P-2 fractions obtained from culture 
filtrate of A. amstelodami

Treatment
No. of ml 
in fraction

Appearance 

Visible UV
%

Mortality

Contro l, unin jected 17
Fraction  1 80 — — 16

2 155 Y e llo w Y e llo w 39a
3 25 Lt. ye llo w — 25
4 60 — - 21
5 40 — Blue 37
6 20 - Lt. ye llo w 11
7 20 — Y e llo w 22
8 140 - — 26
9 65 Lt. yellow - 15

10 135 - - 20

D ilu te d  f iv e fo ld .

Paper chromatography. To further isolate and purify the 
toxic material(s), paper chrom atography was carried out using 
the top  layer of n-butanol, acetic acid and water (4 :1 :5  BAW) 
as the solvent system. Twelve distinct bands were obtained. 
Rf values and the appearance of these bands under visible and 
ultraviolet light is shown in Table 10.

The results o f toxicity tests of the m aterial eluted from  the 
different bands is shown in Table 11. Three of the bands gave 
a high m ortality to  chicken embryos. These were bands 1, 6 
and 12 which gave % m ortalities of 44, 50 and 70, respec
tively. However, if the am ount of material injected is taken 
into consideration, the material from band 12 appears to  be 
most toxic to  chicken embryos. 70% m ortality  was observed 
when each egg was inoculated with 1.43 mg of the material.

Test for purity and partial characterization. Band 12 which 
appeared to fluoresce bright blue when viewed under short 
wave ultraviolet light was isolated and partially characterized.

Thin-layer chrom atography of the material from band 12 
and visualization under visible and short and long wave ultra
violet light then charring with sulfuric acid showed that no 
more than two com ponents were present.

The melting point of the material was found to be 
159—162°C.

The toxic material was found to  have a UV absorption 
maximum at 211 nm.
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Q UANTITATIVE EVALUATION OF Rubus FRUIT ANTHOCYANIN PIGMENTS

---------------------- -------  ABSTRACT ------- ----------------------
The distribution of individual anthocyanin pigments in the fruits of 43 
Rubus clones was determined by TLC and densitometry. Quantitative 
estimates of anthocyanin pigments were based on absorbance at 533 
nm. The fruit of all red and black raspberries and blackberries con
tained cyanidin 3-glucoside. Some blackberries also contained cyanidin 
3-rutinoside. Cyanidin 3-rutinoside and cyanidin 3-glucosylrutinoside 
were also present in most red raspberries. Cyanidin 3-sophoroside was 
present only in red raspberry and red raspberry hybrids while cyandin
3-sambubioside and cyanidin 3-xylosylrutinoside were found only in 
black raspberries. R. crataegifolius, R. morifolius, R. illecebrosus and R. 
parviflorus each contained pelargonidin glycosides as major pigments. 
Black raspberry had the highest anthocyanin content, over 200 
mg/lOOg of fruit, and red raspberry had the lowest, less than 60 
mg/lOOg. Blackberry was generally intermediate in anthocyanin con
tent between red and black raspberries.

INTRODUCTION
RED AND BLACK RASPBERRIES, blackberries, Boysenber- 
ries and Loganberries are commercially im portant Rubus  spe
cies. Their fruits are usually frozen for (a) direct consumer use,
(b) production of jams and preserves, (c) concentration for 
flavor and coloring agents, and (d) wine production. With each 
of these uses the quality and quantity  of the natural anthocya
nin pigments affect processing characteristics and consumer 
acceptance.

In Rubus  the major fruit pigments are anthocyanins, glyco
sides of cyanidin and in a few species glycosides of pelargon
idin (Harborne and Hall, 1964; Nybom, 1968; Barritt and 
Torre, 1973). Quantitative estimations of individual anthocya
nin pigments in Rubus are lacking although Blundstone and 
Crean (1966) determined total anthocyanin content for 
Loganberry and three red raspberry cultivars. The objectives of 
this study were to determine the fruit anthocyanin pigments in 
a wide range of Rubus  species and to provide quantitative 
estimates of individual anthocyanin pigments.

MATERIALS & METHODS
FRUITS from 43 Rubus species, advanced selections and cultivars wr :e 
harvested from Western Washington Research and Extension Center 
field plots, frozen and stored at -22°C until needed.

Quantitative determination of total anthocyanin
With minor modifications the procedure of Lees and Francis (1972) 

was used to determine total anthocyanin content. 20g of frozen fruit 
were blended for 2 min with 10 ml of extracting solvent (95% etha
nol: 1.5N HC1, 85:15) and quantitatively transferred to a Buchner fun
nel under vacuum fitted with a GF/A (glass fiber) filter. Approximately 
60 ml of extracting solvent was used to facilitate washing, after which 
an additional 70 ml of extracting solvent was added to the residue and 
allowed to stand for 2 hr before vacuum was reapplied. Another 10 ml 
of extracting solvent was used to wash any remaining anthocyanin from 
the funnel and residue. The filtrate was then quantitatively transferred 
to a 200 ml volumetric flask and made up to volume. The pH was 1 ± 
0.1. Absorbance readings were taken using a Hitachi Perkin-Elmer Mod
el 124 double beam spectrophotometer. Readings of the undiluted ex
tract using a 1 mm cuvet at absorbance maximum of 533 nm were 
converted to total mg cyanidin 3-galactoside/100g of fruit using the 
following formula: (absorbance x 10 mm cuvet X 200 ml X 5)/98.2. 
For four species with pelargonidin glycosides, R. crataegifolius, R. il
lecebrosus, R. morifolius and R. parviflorus, absorbance maximum was 
515 nm. The complete procedure was repeated with three 20-g samples 
and the means are presented in Tables 1 to 4.
Qualitative determinations

A 5-g sample of frozen fruit was thawed, macerated and centrifuged. 
To the supernatant was added 2-propanol to precipitate the pectin- 
atious material. After filtering through glass wool, the filtrate was trans
ferred to a 0.8 x 10 cm column containing 32-60 mesh polyvinylpyr
rolidone (PVP) Polyclar AT. After washing the column with H20  and 
methanol the anthocyanin was released from the PVP with the addition 
of 0.1% HC1 in meOH. The filtrate was concentrated to a small volume 
with a rotary flash evaporator and spotted onto 10 X 10 cm microcrys
talline cellulose TLC plates (Brinkmann Instruments, Inc.). The plates 
were developed in the first direction with water-concentrated HC1- 
propionic acid (10:2:3) and in the second direction with n-butanol- 
concentrated HCl-water (5:2:1). For each Rubus species, cultivar and 
selection, an extract was spotted on three TLC plates.

After the plates were dried each spot was scanned using a Photovolt 
densitometer at response setting 5, slit aperture 1 mm x 6 mm and with 
a green 525 nm filter attached to the search head. Pigment densities 
were determined twice for each plate. The integrated pen response was 
converted to mg/lOOg fruit based on the proportion of the total antho
cyanin content. Method for identification of individual anthocyanin 
pigments was described previously (Barritt and Torre, 1973, 1975).

RESULTS
SEVEN CYANIDIN and three pelargonidin pigments (Tables 
1—4) in addition to  five unidentified minor pigments (Table 5)

Table 1 -A n th o c y a n in  co n ten t in m g/100g o f  fru it  fo r  b lack  raspberrfi¡Species

Cy 3-GI Cy 3-Ru Cy 3-Sam Cy 3-XylRu Total
R . leucoderm is — Washington native 30.0 100.4 67.8 127.7 325.9
R . occ iden ta l is  - New Hampshire native 35.9 49.8 43.6 84.5 213.8
R . occiden  tabs — 'Munger' 76.3 85.7 33.5 59.1 254.6
R . o cciden ta lis —'Cumberland' 89.0 167.7 55.2 115.8 427.7
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A N T H O C Y A N I N  P IG M E N T S  OF R ubus  F R U I T . . .

T ab le  2 —A n th o c y a n in  c o n te n t  in  m g /1 0 0 g  o f  fr u i t  fo r  re d  raspberries a n d  re d  ra sp b erry  h y b r id s

Cy 3-GI Cy 3-Ru Cy 3-Sop Cy 3-GIRu Cy 3,5-diGI Pel 3-Sop Pel 3-GIRu Total

R . idaeus var. s tr ig o su s  —
New  Hampshire native 2.9 3 .4 8 .9 9 .5 T a 0 .8 2 5 .5

R. idaeus — 'Augustred ' 3.7 7.1 4 .7 6 .7 0 .4 0 .8 23 .4
R. idaeus -  'N H  T X P 1 5 ' 9 .2 3 .6 30 .4 6 .2 2 .5 51.9
R. idaeus — 'W illa m e tte ' 16 .8 3 5 .6 2 .4 4 .3 59.1
R. id a eu s — 'L lo y d  George’ 7 .7 2 .2 30 .4 10.6 50.9
R . id a eu s  — 'M eeker' 10.1 2 .7 18.6 8 .3 39.7
R. id a eu s — 'G len Clova' 7 .6 2 .5 16.6 6 .9 33 .6
R. id a eu s — 'P uyallup ' 3 .8 4.1 11.3 9 .3 28 .5
R aspberry-B lackberry Hybrids —

'B oysenberry ' 4 2 .5 5.3 71 .6 4 1 .5 1 6 0 .9
'Loganb erry ' 16.7 5.2 3 7 .2 18.3 7 7 .4

a T  equals trace am ounts

T ab le  3-- A n th o c y a n in  c o n te n t  in  m g /1 0 0 g  o f  fr u i t  fo r  b la ckb err ie s

Cy 3-GI Cy 3-Ru Pel 3-GI
Other unidentified 

pigments3 Total

R. a lleghen iensis 129 .2 51.0 1 80 .2
R. am ab ilis 137 .5 (A ) Tb 1 3 7 .5
R. caesius 7 5 .6 6 .9 8 2 .5
R. ca n a d en sis 9 5 .7 9 5 .7
R . caucasicus 92 .9 4 .9 9 7 .8
R. d re g eri 2 21 .6 75 .6 (A) T; (C) T ; (E ) 2 8 .7 3 25 .9
R. la c in ia tu s 148 .7 148 .7
R. p ic e to r u m 171.1 171.1
R. p lic a tu s 171 .4 4 1 .5 (E) 21 .3 2 3 4 .2
R. p ro c eru s 1 4 3 .6 (A ) T 1 43 .6
R. radula 1 45 .6 (B) T 145 .6
R. sca n icu s 138.1 9 .6 147 .7
R. s c h e u tz i i 161 .9 (A ) T ; <B) T 161 .9
R. sh a n k ii 159 .9 (A ) T ; ( E ) T 159 .9
R . w ahlberg ii 1 86 .7 25 .3 (A ) 1 1 .7 ; (D ) 2 .9 ; (E ) 17 .8 2 4 4 .4
R. u rs in u s 6 4 .0 4 5 .0 109 .0
'O R -U S  112 2 ' 1 21 .4 17.6 (B) 3 .0 ; (E ) 8 .7 1 50 .7
'B lack Satin ' 142.1 (C) 3 .9 ; (E ) 9 .0 1 54 .8
'D irksen Thornless' 1 31 .4 (E) T 1 3 1 .4

a Upper case letters refer to  p igm ent designations
Ir-r- __________  __ . . ^

in Table  5.
e q u a ls  tra ce  a m o u n ts .

T able  4 -- A n th o c y a n in  c o n te n t  in  m g/TOOg o f  f r u i t  fo r  a m isc e lla n eo u s  g ro u p  o f  R u b u s  c lo n es

Cy 3-GI Cy 3-Ru Cy 3,5-diGI Pel 3-GI Pel 3-Ru
Other unidentified 

pigmentsa Total

R. cra ta eg ifo liu s 6.5 30.2 36.7
R. illecebrosus 4 .4 3 0 .2 3 4 .6
R. m o r ifo liu s 1.2 18.1 19.3
R, n e o -m e x ic a n u s 11.0 35 .9 3 .2 (C) 2 .8 ; (D ) 2 .7 ; (E ) 11.6 6 7 .2
R. p a rv iflo ru s 5 .4 33 .4 18.2 57 .0
R . p a rv ifo iiu s  — 'N C  701 -4 ' 1C 30 .6 4 3 .8
R. p a rv ifo iiu s  — 'N C  116 4 -4 ' 20 .8 2 4 .0 4 4 .8
R. p a rv ifo iiu s  — 'A R K  57-4 -5 ' 16.8 25 .0 4 1 .8
R. p h o e n ic o la s iu s 24.0 28 .6 55.0b

'D orm anred ' 3.3 19.1 22 .4

a U p p e r case  le tte rs  re fe r to  p ig m e n t d e s ig n a tio n s in T a b le  5 . 
b In c lu d e s  2 .4  m g /1 0 0 g  o f C y  3 - X y lR u .
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T able  5 — R f  va lues fo r  u n id e n t i f ie d  m in o r  a n th o c y a n in  p ig m e n ts

Pigment
designation

Water-.HCbpropionic acid 
(10:2:3)

n-butanol:HCI: water 
(5:2:1)

A 40 57
B 27 53
C 59 59
D 57 72
E 67 71

were found in the Rubus  clones examined. Based on the distri
bution of individual anthocyanin pigments and to tal anthocya
nin content, the Rubus clones examined were separated into 
four groups.

Black raspberry group
Fruits were characterized by two xylose-containing pig

ments, cyanidin 3-sambubioside (Cy 3-Sam) and cyanidin
3-xylosylrutinoside (Cy 3-XylRu), and by having a total an tho
cyanin content of more than 200 mg/lOOg of fruit (Table 1). 
R. leucodermis and R. occidentalis are closely related species 
native to Western and Eastern North America, respectively. 
Black raspberry cultivars such as ‘Cum berland’ appear to be an 
excellent highly concentrated source of natural cyanidin pig
ments.
Red raspberry and raspberry hybrid group

Fruits were characterized by the presence of cyanidin 3- 
sophoroside (Cy 3-Sop) as a major pigment, and by total an
thocyanin concentrations in the low range between 20 and 60 
mg/lOOg of fruit (Table 2). Two red raspberry/blackberry 
hybrids, ‘Boysenberry’ and ‘Loganberry’, had pigments typical 
of red raspberry and a total anthocyanin content more typical 
of blackberry (see below). They are morphologically blackber
ries as the drupelets do not separate from the torus (core) 
when picked as do raspberry fruits.
Blackberry group

Blackberry fruits were characterized by one major pigment, 
cyanidin 3-glucoside (Cy 3-G1), and, in some cases a second 
pigment, cyanidin 3-rutinoside (Cy 3-Ru) in lower concentra
tions (Table 3). Total anthocyanin content was higher than red 
raspberries and generally lower than black raspberries, al
though 3 of 19 blackberry species studied, R. dregeri, R . pli- 
catus and R. wahlbergii, had high total anthocyanin contents 
similar to  black raspberries.

Miscellaneous Rubus group
Neither the Cy 3-Sop and cyanidin 3-glucosylrutinoside (Cy 

3-GlRu) typical of red raspberries or the Cy 3-Sam and Cy 
3-XylRu typical of black raspberries were major pigments in 
this group, and the total anthocyanin content was less than 70 
mg/lOOg of fruit (Table 4). Pelargonidin 3-glucoside (Pel 3-G1)

and pelargonidin 3-rutinoside (Pel 3-Ru) were m ajor pigments 
in R. crataegifolius, R. morifolius, R. illecebrosus, and R. 
parviflorus, while Cy 3-G1 was found in very low concentra
tions. Fruits of 3 clones of the Asiatic trailing raspberry, R. 
parvifolius, and ‘Dorm anred’, a R. parvifolius hybrid, con
tained only Cy 3-G1 and Cy 3-Ru, and had total anthocyanin 
contents of less than 50 mg/lOOg of fruit. None of this group 
could be morphologically classed as blackberries as the torus is 
not imbedded in the fruit, but the fruit, when pulled from  the 
plant is hollow.

DISCUSSION
THE DISTRIBUTION of major cyanidin fruit pigments in a 
wide range of red and black raspberries and blackberries found 
in this study confirm previous reports (Barritt and Torre, 
1973, 1975; Francis, 1972; Harborne and Hall, 1965; Nybom,
1968). Only R. parviflorus, the Thimbleberry. and R. odor- 
atus, the flowering raspberry, have been reported to have ma
jor am ounts of pelargonidin glycosides (Barritt and Torre, 
1973; Harborne and Hall, 1964). We report three additional 
species, R. crataegifolius, R. illecebrosus, the strawberry rasp
berry, and R. morifolius, the Korean tree berry, which have 
Pel 3-G1 as their major fruit pigments.

Total anthocyanin content for black raspberry fruits was 
high with over 200 mg/lOOg of fruit while red raspberry fruits 
contained less than 60 mg/lOOg. Blackberry fruits usually con
tained interm ediate am ounts. The quantitative determ inations 
of to tal anthocyanin content for red raspberry and Loganberry 
are in agreement with those of Blundstone and Crean (1966).

Based on the distribution of individual pigments it would 
be possible to  determine if processed products such as puree 
and jelly were prepared from either blackberry, red or black 
raspberry fruits. If xylose containing pigments, Cy 3-Sam and 
Cy 3-XylRu, were found black raspberry fruit would be pres
ent, if Cy 3-Sop were found red raspberry fruit would be 
present, and if these pigments were absent and Cy 3-G1 and Cy
3-Ru were found to be the only major pigments blackberry 
fruits would be present.
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INVOLVEM ENT OF ETHYLENE IN THE HARDCORE 
SYNDROME OF SWEET POTATO ROOTS

------- ----------------— —  ABSTRACT — ----------------------------
Evidence presented supports our thesis that an ethylene mediated reac- 
tion(s) functions in the series of events which lead to a market disorder 
of sweet potatoes called “hardcore.” Storage of roots in an environ
ment conducive to ethylene accumulation or containing exogenous 
ethylene resulted in a higher incidence of hardcore. Alternatively, stor
age conditions designed to minimize endogenous ethylene accumulation 
decreased the extent of hardcore. Induction of hardcore was markedly 
reduced by carbon dioxide, a competitive inhibitor of ethylene medi
ated reactions. Sweet potato roots weighing less than 200g had a lower 
incidence of hardcore compared to larger roots. Also, low levels of 
ethylene gas were detected in the volatiles of sweet potato roots after 
long-term chilling.

INTRODUCTION

HARDCORE is a m arket disorder of sweet potatoes where 
areas of the cooked roo t retain the firm texture of raw tissue. 
Recent evidence has dem onstrated hardcore is induced by stor
ing roots below 15°C (Daines et al., 1974; 1976) and that it is 
caused by m odification of the intercellular cement (Daines et 
al., 1976; Haard et al., 1976). Buescher (1976) has reported 
that treatm ent of sweet potato tissue w ith tannic acid results 
in tissue firming analagous to  hardcore. These data suggest that 
a tannin-like substance is responsible for hardcore. It is known 
that treatm ent of sweet potato root with exogenous ethylene 
evokes the accumulation of phenolic substances (Imaseki et 
al., 1968). The purpose of this study was to examine the in
volvement of ethylene gas in the induction of hardcore by 
chilling temperatures. The data indicate that an ethylene medi
ated reaction functions in the chain of events leading to the 
hardcore syndrome of sweet potato root tissue.

MATERIALS & METHODS
SWEET POTATO ROOTS (Ipomea batatas, Jewel) were purchased 
from a local farmer at harvest time, dry cured at 20°C, 50% relative 
humidity for 2 wk and subsequently stored at 15°C, 85% relative hu
midity. A different lot of Jewel sweet potatoes, originating from North 
Carolina, were purchased from a local market for an experiment de
signed to measure endogenous ethylene concentration and the influence 
of carbon dioxide on hardcore development.

Hardcore was detected by boiling roots in tap water for 45 min as 
described by Daines et al. (1974). Hardcore tissue was separated from 
normal tissue by rapidly running water. Tissue which remained intact 
under the water stream was indicated as hardcore. The firmness of this 
tissue varied but in all cases the tissue indicated as hardcore was judged 
inedible because of its texture. The “percent severity” of hardcore was 
determined by dividing the weight of roots exhibiting hardcore by the 
total weight of the cooked tissue. The “percent incidence” of hardcore 
was determined by dividing the number of roots exhibiting any degree 
of hardcore by the total number of roots examined.

Roots were incubated under the various environmental regimes of 
temperature, atmospheric pressure and atmospheric content as des
cribed in the results section. In most experiments storage time under 
chilling conditions was 6 days as described by Daines et al. (1976). In 
all experiments roots were boiled and analyzed for hardcore immedi
ately after removal from cold storage. In certain experiments roots were

‘ P r e s e n t  a d d re s s :  D e p t ,  o f  B io c h e m is t r y ,  M e m o r ia l  U n iv e r s i ty ,  S t. 
J o h n ’s, N e w f o u n d la n d ,  C a n a d a  A 1 6 5 S 7

stored at 22°C for up to nine days after chilling prior to analysis for 
hardcore.

The headspace of 30 liter jars containing 20 roots each was analyzed 
for ethylene. Jars were incubated at various temperatures as described 
in the text and flushed at 24-hr intervals. Ethylene was analyzed by 
gas-liquid chromatography on a chromosorb 104 ( 6  ft X % in.) column. 
The oxygen concentration of jars was monitored with a Servomex oxy
gen analyzer.

RESULTS & DISCUSSION
Hypobaric storage

The incidence and severity o f hardcore in roots stored at 
2°C for 6 days was considerably lower at 0.1 atmosphere con
taining 100% oxygen than at 1 atm osphere of air or 1 atmos
phere of 10% oxygen and 90% nitrogen (Fig. 1). Hardcore was 
most severe immediately after cold treatm ent and declined 
markedly on storage at 22°C. These data are contrary to pre
vious findings that hardcore increases after removal from a 
chilling environm ent and subsequent storage at ambient tem 
peratures (Daines et al., 1974, 1976). The size of the root 
influenced the development of hardcore and its reversal by 
subatmospheric pressure (Fig. 2 and'3). Roots weighing greater 
than 200g exhibited a higher incidence of hardcore under all 
storage conditions (Fig. 2). Larger roots also showed a slower 
reversal of hardcore as a result o f storage at 22°C after chilling. 
Also, hypobaric conditions were more effective in reducing 
hardcore in the smaller roots.

The reduction in chill-induced hardcore by hypobaric con
ditions can be attributed to  an increased diffusivity of endo
genous ethylene gas from internal tissue spaces. Hypobaric 
storage of fruits and vegetables retards physiological events 
known to be mediated by ethylene such as fruit ripening and 
chilling disorders (Burg, 1975; Salunkhe and Wu, 1975). While 
it is possible that volatile substances other than ethylene may 
be involved these data rule' out the possibility that reduced 
oxygen tension was solely influential since 1 atmosphere at the 
same partial pressure of oxygen as hypobaric samples (10%) 
resulted in a comparable induction of hardcore as air. The 
severity o f hardcore in larger roots was significantly greater 
after chilling in 10% 0 2 than in air (Fig. 3). The suggested 
involvement of volatiles like ethylene is also supported by the 
observation that small roots, having a greater surface to vol
ume ratio, exhibited a lower incidence of hardcore. The great
er surface area of small roots may facilitate diffusion of ethyl
ene from internal tissue spaces.
Hyperbaric storage

The incidence and severity of hardcore was greater for roots 
stored at 1.7 atmosphere of air containing 100 ppm ethylene 
than in roots stored at 1 atmosphere of air (Table 1). Again, 
the induction of hardcore was most pronounced in larger 
roots; however, hyperbaric conditions did not increase, but 
rather decreased, hardcore in small roots. This indicates that 
some factor other than, or in addition to , the diffusivity of 
volatiles is related to the low susceptibility of small roots. The 
data with large roots shows that a hyperbaric environment 
containing ethylene increases the chilling induction of hard
core and are accordingly consistent with our thesis.
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Exogenous ethylene
Roots stored in a continuous air stream containing 92 ppm 

exogenous ethylene exhibited a greater incidence and severity 
of hardcore under chilling conditions than roots stored in air 
(Table 2). In this study, significant levels of hardcore were 
detected in roots stored at 22°C and the severity of hardcore 
was increased somewhat with ethylene treatm ent. The tissue 
exhibiting hardcore in roots stored under ethylene was also 
observed to  be firmer by subjective analysis than was hardcore 
tissue from air-stored roots. The hardcore in roots stored at 
22°C was not observed in previous trials and may reflect 
changes occurring during storage at 1 5°C after harvest.

Endogenous ethylene
Roots stored at various tem peratures in sealed jars did not 

evolve detectable levels of ethylene until 6 days storage (Table 
3). There was no relationship between ethylene concentration 
in the headspace (0 .7 -1 1  ppm) and hardcore at the different 
tem peratures (Table 3). The finding that considerable hardcore 
occurred at nonchilling tem peratures (Table 4) is again con
trary  to  previous findings (Daines et al. 1974, 1976) and is

DAYS AT 2 2 °C

Fig. 1—In flu e n c e  o f  h y p o b a r ic  c o n d itio n s  on  c h illin g  in d u c e d  h a rd 
core. R o o ts  (5 0  fo r  each  tr e a tm e n t)  w ere  in c u b a te d  in  the  in d ic a te d  
a tm o sp h e re s  fo r  6  d a ys  a t  2 ° C . O n e  lo t  o f  5 0  ro o ts  w as b o i le d  
im m e d ia te ly  a f te r  re m o va l fr o m  c h illin g  e n v ir o n m e n t  a n d  a d d itio n a l  
lo ts  w ere  a n a ly z e d  fo r  h a rd co re  a f te r  3  a n d  9  d a ys  sto ra g e  a t  2 2° C 
in air. In c u b a tio n  e n v ir o n m e n ts  w ere 1 a tm o sp h e re  a irW M , ! a tm o s 
p h e r e  10% 0 2 in  A/21 1, 0 .1  a tm o sp h e re  100%  0 2 MTU.

apparantly related to the postharvest age of the roots. As stor
age of the sweet potatoes used in this study in a continuous air 
stream or in a ventilated incubator resulted in negligible hard
core the use of a static environm ent may also by influencial. 
These data do not fully support our contention that ethylene

Table 1 —Influence of hyperbaric conditions on hardcore induc
tion

Sweet potatoes 
(wt range, g)

Hardcore severity (%)a

Air (1 atmos.) Air (1.7 atmos.)

125-480 4 1 .4 59.6
125-199 12.2 0.0
200-480 62.6 86.0

a R o o ts  (2 0  in each  t re a tm e n t)  w e re  s to re d  a t  2 ° C  fo r  6  d a y s  u n d e r  
c o n t in u o u s  f lo w  a t  th e  in d ic a te d  p re ssu re . A ir  e m p lo y e d  fo r  
h y p e rb a r ic  c o n d it io n s  c o n ta in e d  1 0 0  p p m  e th y le n e . R o o ts  w e re  
a n a ly z e d  fo r  h a rd co re  im m e d ia te ly  a fte r  re m o v a l fro m  co ld  s to r 
age.

Table 2—Influence exogenous ethylene on hardcore induction

Storage environment3
Hardcore 

severity (%)
Hardcore 

incidence (%)

A ir, 2 °C 64 .0 73.3

A ir + C j H„ (92  p p m ), 2 °C 8 2 .0 100

A ir, 2 2° C 3.9 2 6 .6
A ir + C 2 H 4 (92  p p m ), 2 2 ° C 14.0 2 0 .0

a R o o ts  (1 5  in  e ach  t re a tm e n t)  w e re  sto re d  in a c o n t in u o u s  ^.tream
o f a ir  or air c o n ta in in g  e th y le n e  fo r  3 d a y s  at th e  in d ic a te d  tern-
p e ra tu re s  an d  m a in ta in e d  a t th a t  te m p e ra tu re  fo r  3  m o re  d a y s  and
a n a ly z e d  fo r  h a rd c o re  im m e d ia te ly  a fte r  rem o v ail f ro m  sto rag e.

Table 3—Influence 
ethylene evolution

of storage temperature on hardcore and

Storage3 Hardcore severity (%); C2 H„ (ppm)

temp PC) 6 Days 12 Days

2 39.1 (n.d.) 8 9 .5  (4 .1)

5 26.1 (.74 ) 7 9 .6  (n.d.)
7 3 0 .3  (n.d.) 8 7 .4  (n.d.)
9 10.6  (n.d.) 3 8 .5  (n.d.)

18 10.6  (n.d.) 2 1 .3  (11 .1 )
22 12.0  (n.d.) 5 2 .8  (n.d.)

a R o o ts  (2 0  at e a ch  te m p e ra tu re )  w e re  sto re d  in a s ta t ic  e n v iro n 
m e n t fo r  2 4 -h r in te rv a ls  an d  f lu sh e d . T h e  lim it  o f e th y le n e  d e te c 
t io n  w as 0 .5  p p m . N o e th y le n e  w as d e te c te d  d u rin g  th e  in it ia l 5  
d a y s  storag e  a t  2 ° C .

Table 4—Influence of exogenous C02 on hardcore

Storage conditions3

Hardcore severity (%) 

22°C 7°C

A ir, static 14.7 8 0 .5
A ir, ventilated 6 .6 78 .3
A ir + C 0 2 (5% ), static 3 5 .2 24 .9

a Roots (1 5  in each trea tm ent) were stored as indicated fo r 6 days
an d  a n a ly z e d  fo r  h a rd co re  im m e d ia te ly .

4 9 2  -  J O U R N A L  OF FOOD SCIENCE  -  Voi. 42, No. 2  (1977)
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Fig. 2 —In flu e n c e  o f  r o o t  s iz e  o n  th e  in c id e n c e  o f  h a rd c o re  a f te r  
c h illin g  in  d i f f e r e n t  a tm o sp h e re s . S a m p lin g  w as as d e s c r ib e d  in  th e  
leg en d  o f  Fig. 1.

Fig. 3 —In flu e n c e  o f  r o o t  s iz e  o n  th e  s e v e r i ty  o f  h a rd c o re  a f te r  ch ill
ing  in  d i f f e r e n t  a tm o sp h e re s . S a m p lin g  was as d e s c r ib e d  in  th e  leg
e n d  o f  Fig. 1.

is causally related to hardcore induction. It is, however, pos
sible that ethylene concentration in the surrounding atmos
phere is not representative of ethylene concentration in inter
nal spaces of the tissue.

Exogenous carbon dioxide
Storage of roots in a static environm ent (flushed after 24-hr 

intervals) containing 5% C 0 2 significantly reduced the severity 
of hardcore induced by chilling (Table 4). It is known that 
C 0 2 is a competitive inhibitor of ethylene rhediated events 
(Abeles, 1973). Roots maintained in an atmosphere containing 
5% C 0 2 at 22°C also showed appreciable hardcore. These data 
indicate accum ulation of C 0 2 in the storage environment af
fects induction of hardcore differently at chilling and nonchill
ing temperatures. The inhibitory effects o f C 0 2 at low tem per
atures does, however, support our thesis that the hardcore 
syndrome is, in part, dependent on ethylene. Again, hardcore 
tissue in roots stored at 22°C was considerably softer than that 
found in chilled roots.

The data presented implicate ethylene in the induction of 
hardcore by chilling temperatures. Exogenous ethylene and 
hyperbaric conditions increase the severity of hardcore. Alter
natively, hypobaric conditions and C 0 2 decreased hardcore. 
Evolution of ethylene by sweet potatoes was low and did not 
correlate consistently with the incidence of hardcore. Measure

ment o f internal ethylene concentration may provide a more 
reliable measure of ethylene. This study also showed that small 
roots are less susceptible to chilling induced hardcore and that 
carbon dioxide can induce hardcore at nonchilling tem pera
tures.
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THE USE OF A COMMERCIAL Pediococcus cerevisiae STARTER 
IN THE PRODUCTION OF COUNTRY-STYLE HAMS

CULTURE

— ----------------- —  ABSTRACT — — -------— ----- —
Hams were inoculated with Pediococcus cerevisiae cells to determine 
effects of a lactic acid starter culture on country-style ham quality. 
Treatments consisted of two different cure mix levels, three aging times 
and five inoculum levels. Hams were subjected to taste panel, physical, 
chemical, and microbial analyses. Acidity and white film formation on 
cut surfaces were higher for inoculated hams although taste panel anal
yses indicated little difference from control hams. Increased aged flavor 
and nuttiness flavor were noted at the higher NaCl level. Inoculated 
hams decreased in pH during the initial days of aging but increased later 
in the aging period. Increases in pH and the concomitant development 
of aged flavor confirmed previous work done on flavor at this station 
that at least 80 days processing time must elapse when using our pro
cessing conditions before aged flavor becomes acceptable. The total 
time required to produce aged hams may be shortened by inoculating 
hams with P. cerevisiae.

INTRODUCTION
COUNTRY-STYLE ham is a specialty item which is very pop
ular in the southeastern United States. A natural aging process 
is responsible for flavor development tha t is bo th  tem perature 
and tim e dependent (Cecil and Woodroof, 1954).

Using current processing methods, assurance of top quality 
hams is not as controllable as processors would like.

Commercial concentrated starter cultures containing differ
ent species o f lactic acid bacteria, as well as nonlactic species, 
have been used extensively in recent years in the production of 
dry and semi-dry sausages. A more consistent and higher qual
ity is attainable in these sausages by using starter cultures rath
er than having to depend on chance contam ination (Niven et 
al., 1958). However, other workers have reported good results 
by natural contam ination under controlled processing condi
tions (Palumbo et al., 1973; 1976). Sharpe (1962) reported 
that lactobacilli were responsible for flavor production in some 
ferm ented sausages.

This study was undertaken to explore the effects of Pedio
coccus cerevisiae on quality characteristics of country-style 
hams.

EXPERIMENTAL
42 SHORT-CUT, skinned hams (7.3 ± 1.6 kg) were obtained from a 
local meat processor, wrapped in freezer paper, placed by pairs in card
board boxes, and held in frozen storage at -29°C until used (2-12 
months). Melo et al. (1974) found practically no difference in hams 
stored up to 3 yr under these conditions. Hams were alloted to three 
treatments or factors in a 2 X 3 x 5 factorial randomized block design 
(Cochran and Cox, 1957). The first factor, the curing mixture (78.5% 
sodium chloride; 19.7% sucrose; 1.5% sodium or potassium nitrate; 
0.3% sodium nitrite), was applied at the rate of 50 or 70 g/kg of ham. 
The second factor was sampling time at 80, 95, and 110 days after 
initiation of curing. The third factor was the inoculum size of lactic 
acid bacteria at five different levels: 1.2 x 104, 4.0 X 106, 7.5 x 106, 
and 2.3 X 107 cells/g of ham, and controls with no inoculum. The 
choices of inoculum sizes were based on the pH response and the 
number recovered from the meat. The hams were randomly assigned to 
the three factor treatments with inoculum levels 7.5 x 106 and 2.3 X 
107 cells/g of ham being duplicated because of time and ham number 
restrictions.

Concentrated lactic acid starter culture
A frozen concentrate of Pediococcus cerevisiae was obtained from a 

commercial source (Chr. Hansen’s Lab., Inc., Milwaukee, Wis.) 2 days 
prior to use. The starter culture is marketed under the brand name of 
“Redi-Set Meat Cultures #PC-1 (American Meat Institute, U.S. Patent 
No. 2,907,661) and is recommended for use in fermented sausages. All 
cultures were shipped and stored in dry ice prior to use. Each shipment 
of starter cultures was tested for viability in APT (BBL) agar from 
which serial dilutions were made and NaCl tolerance was tested in 
increasing concentrations in APT broth.

Inoculation and processing procedures
Frozen concentrated starter cultures were thawed in lukewarm 

water for 20-25 min and mildly agitated prior to use; whereupon, 
thawed weighed hams were inoculated immediately with viable/7, cere
visiae cells at 10 different locations via a 10 ml syringe equipped with a 
20 gauge, 3.8 cm length needle. The inoculum volume was minimal 
(1.00 to 11.67 mls/ham) to not appreciably alter ham moisture 
content. This volume is insignificant compared to the total water (ca
4.5 kg) present in the ham. The important consideration is the number 
of cells present and not the volume of the injection. The butt was 
inoculated in muscle tissue on each side of the ilium. Inoculum was 
injected into the cushion area with three injections in the quadriceps 
and adductor muscle area and two injections in the semimembranosus, 
biceps femoris, and semitendinosus muscle area. The shank was inocu
lated in muscle tissue on each side of the tibia and fibula.

Curing, salt equalization, and aging were done under the same condi
tions as described by Butz et al. (1974). One-third of the curing mix
ture required for each ham was applied on the first, third and tenth 
days of cure. The hams remained in cure for 4 days/kg of ham at 4°C 
and about 80% relative humidity (RH). Ultraviolet light was used in the 
curing room to control the surface growth of microorganisms.

After curing, the hams were weighed, placed in stockinettes, re
weighed, and held at 11 ± 2°C, RH 61 ± 5% for 30 days to permit 
equalization of curing ingredients. They were then aged with the butt 
end hung downward for 19, 34, or 49 days at 29 ± 4°C and RH 49 ± 
5% and the weight of each ham recorded. In both aging and equaliza
tion, an airflow of 10.5 M/min was maintained at the ham surfaces.
pH determination

The pH was determined on each ham before and after curing, after 
equalization, and during aging at 70, 80, 95 and 110 days. A Leeds and 
Northrup pH meter model no. 7401 fitted with a Corning combination 
electrode was used for pH measurements. The pH measurements were 
made in the gluteus medius muscle of the butt and the semimembrano
sus muscle of the cushion; incisions were made approximately 1.9 cm 
deep for electrode insertion. One milliliter of distilled water was placed 
in the incision to facilitate ease of pH measurement in the aged ham.

Sampling procedure
After aging, hams were trimmed free of subcutaneous fat and skin, 

the outside area treated with 95% ethanol, then flamed and a core 2.2 
cm in diameter removed aseptically in cross-sectional area of muscles for 
microbial analyses. The coring instrument was a metal tube sharpened 
on one end, 37 cm long and of the above diameter. The cored plug was 
removed from corer with a sterile metal rod. To obtain sufficient sam
ples for analyses, three cores were removed from the butt, divided into 
thirds and labeled butt inside (BI) from adductor, semimembranosus 
and/or quadriceps; butt middle (BM) from semitendinosus and/or quad
riceps; and butt outside (BO) from bicips femoris and/or quadriceps; in 
like manner the sections from the cushion were labeled cushion inside 
(Cl) from adductor, semimembranosus, semitendinosus and/or quadri
ceps and cushion outside (CO) from biceps femoris and/or quadriceps.

494  -  J O U R N A L  OF FOOD SC IENC E  -  Voi. 42, No. 2  (1977)



P. ce  revisiae IN  H A M S  . . .

Table 1—Percent m oisture, p H , fa t and NaCI content by process
ing tim e

M oisture pH Fat NaCI

T,a 6 4 .0 8 5 .77 4 .2 9 4 .5 2
t2 6 2 .7 7 5 .9 0 5 .02 4 .4 8
t3 6 0 .5 9 5.91 4 .5 7 5 .3 3

T ,  = 8 0  d a y s  p ro ce ss in g ; T 2 = 9 5  d a y s  p ro ce ss in g ; T 3 = 1 1 0  d a y s  
p ro cessin g . T o ta l o f  1 4  h am s u sed fo r  e ach  sa m p lin g  t im e .

Subjective evaluations of ham quality
Three trained taste panel members evaluated ham quality on a 

broiled, 9.5 mm thick slice taken from the cushion of the ham (biceps 
femoris muscle). The following factors were evaluated by the taste 
panel: saltiness, tenderness-elasticity, crumbliness, softness, juiciness, 
aged flavor, acidity, nuttiness, color, fruitiness, bitterness, moldiness, 
feed sack, and rancidity. Samples were rated using a scale of 1 -7 with a 
mean of 4.00 considered as optimum except for the factors fruitiness 
through rancidity which were considered as undesirable when scored 
greater than 4. The meat was broiled for 12 min at ca 180°C and 15 cm 
from the heat source. The white film which may form on the cut 
surface of the ham during storage was rated subjectively by one panel 
member on a 0 -5  scale: 0, none; 1, very slight; 2, slight; 3, moderate; 
4, heavy ; and 5, very heavy.
Identification procedures

Plate counts were made with APT and LBS agars (BBL) incubated at 
30°C for 48-72 hr. A modified LBS agar (Costilow et al., 1964) of pH
5.6 was used. Organisms growing on LBS agar were considered to be 
lactic acid bacteria. Details of identification procedures, including sam
ple size and sample preparation, are given in Bartholomew and Blumer 
(1977).
Physical and chemical measurements

The percent moisture was determined on duplicate homogenized 
samples according to AOAC (1965). Duplicate samples agreed within 
0.50%. Aliquots from the same homogenized sample were used for each 
of the measurements listed in this section.

The pH of homogenized samples was determined with a pH meter 
on homogenized aged ham samples taken after 80, 95, and 110 days 
processing independent of the pH measurements made in the intact 
ham muscles during processing. A titration was also made on lOg of 
homogenized sample with 0.5N HC1 to determine milliequivalents of 
acid needed to change the pH by 1.0 pH unit.

Percent fat was determined according to AOAC (1965) on duplicate 
homogenized samples. Duplicate samples had no more than 10% error 
for samples containing less than 5% fat and a difference no greater than 
0.50% between duplicates containing more than 5% fat.

Sodium chloride was determined to ± 0.2% accuracy on duplicate 
homogenized samples by the method of Glasstone (1946) as adapted by 
Graham and Blumer (1972).

Data were analyzed using a regression procedure of Snedecor and 
Cochran (1967).

RESULTS & DISCUSSION 
Physical and chemical measurements

Moisture, fat and NaCI content were similar to those en
countered in other studies (Graham and Blumer, 1972; Melo et 
al., 1974) (Table 1). Percent moisture decreased, while pH, 
percent fat, and salt increased. The increase in pH is due in 
part to free amino acid production by catheptic enzymes 
(Melo et al., 1974). A linear reduction in pH was observed 
between pH 6.0 to 5.0 in titration of the homogenized tissue 
with HC1. Approximately 0.38 meq of HC1 were required to 
lower pH of lOg of aged country-style ham 1.0 pH unit; about 
0.41 meq of lactic acid would be required by titration to 
reduce the pH from 6.0 to 5.0. Lactic acid of microbial origin 
causes some of the pH reduction in dry-cured ham with micro
organisms acting on glucose or other carbohydrates present. 
This acid is a weak acid and does not completely dissociate in 
aqueous solution as does HC1. The percent dissociation of lac
tic acid ranges from 93.2% at pH 5.0 to 99.3% at pH 6.0. The 
usual pH range of dry-cured ham is from 5—6.

Quality evaluation
Subjective evaluations indicated that control and inoculated 

hams were similar in flavor and other quality characteristics, 
although aged flavor increased as acidity increased, but not 
significantly. Nuttiness was highest at the Ij inoculum level, 
but further work is needed to confirm the value of this find
ing. Pediococcus cerevisiae is known to produce possible flavor 
related compounds (Bothast et al., 1973). Sharpe (1962) 
found that experimental inoculation of hams with high popu
lations of Lactobacillus casei and Lactobacillus plantarum var
ied little organoleptically from the controls. In Table 2, both 
NaCI and acidity appeared to enhance aged flavor significantly 
(P <  0.05). Hams receiving the 7% cure mix treatment were 
rated best for aged flavor and nuttiness (P <  0.05). The in
creases in acidity were not significant (P >  0.05).

White film formation increased generally in inoculated 
hams and with increased aging time. A significant increase (P <  
0.05) in ham film was observed between 80 and 95 days 
(Table 3). Film formation was positively correlated (P <  0.05) 
with increased crumbliness, softness, and tenderness. It is well

Table 2 —Taste test factors11 by cure m ix ture  and tim e  periods o f storage
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S , b 3 .83 4 .1 6 4 .0 6 4 .1 0 4 .6 5 3 .4 2 4 .5 6 4.01 4 .0 0 4 .1 7 4.11 4.01 4 .0 3 4 .0 0

S2b 3.94 4 .0 8 4 .0 3 3 .9 6 4 .6 7 3 .6 3 * 4 .7 2 4 .0 9 * 3 .94 4 .0 6 4 .1 2 4.01 4 .0 0 4 .0 0

T , c 3.93 4 .5 6 3 .6 9 * 3 .44 4 .4 6 3 .3 4 4 .5 4 4 .0 2 3 .93 4 .0 2 4 .1 0 4 .0 4 4 .0 2 4 .0 0

T 5 c 3.91 3 .8 4 * 4.21 4 .3 4 4 .6 7 3 .5 6 4 .7 4 4 .0 6 3 .9 0 4.11 4 .1 5 4 .0 0 4 .0 0 4 .0 0

t 3 c 3.81 * 3 .9 6 4 .2 5 4 .2 9 4 .8 4 3 .6 7 4 .6 4 4 .0 7 4 .0 8 4.21 4 .0 9 4 .0 0 4 .0 2 4 .0 0

a M ean o f  4 .0 0  w a s  co n s id e re d  o p t im u m .  
b A v erag e  o f 21 h a m s ; = 5 %  c u re  m ix ; S 2 = 7 %  c u re  m ix .
c A v erag e  o f 1 4  h a m s ; T ,  = 8 0  d a y s  p ro ce ss in g ; T 2 = 9 5  d a y s  p ro ce ss in g ; T 3 = 1 1 0  d a y s  p ro ce ss in g . 
* V a lu e s  a re  s ig n if ic a n t ly  d if fe re n t  {P  <  0 .0 5 )  th a n  o th e r  v a lu es w ith in  a c o lu m n .
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Fig. 1—H a m  b u t t  p H  b y  in o c u lu m  levels.

k n o w n  t h a t  a s  t h e  p H  o f  m e a t  d e c r e a s e s ,  s o  d o e s  t e n d e r n e s s .  
B a s e d  u p o n  p a s t  s t u d i e s ,  w e  m i g h t  e x p e c t  t h a t  a  l o w e r i n g  o f  
p H  b y  i n c r e a s e d  a c id  p r o d u c t i o n  w o u l d  d e c r e a s e  t e n d e r n e s s .  

H a m  f i l m  w a s  a l s o  s i g n i f i c a n t l y  g r e a t e r  ( P  <  0 . 0 5 )  w i t h  h i g h e r  
l a c t o b a c i l l i  n u m b e r s  a n d  L B S  c o u n t s ,  b u t  t e n d e d  t o  d e c r e a s e  
a p p r e c i a b l y  w h e n  a g r e a t e r  n u m b e r  o f  s t a p h y l o c o c c i  w e r e  p r e 
s e n t  ( P  <  0 . 0 5 ) .  H a m  f i l m  w a s  a l s o  g r e a t e r  w i t h  h i g h e r  l a c t o b a 
c i l l i  n u m b e r s  a n d  L B S  c o u n t s ,  b u t  t e n d e d  t o  d e c r e a s e  w h e n  
m o r e  s t a p h y l o c o c c i  w e r e  p r e s e n t .  L B S  c o u n t s  i n c l u d e d  b o t h  
l a c t o b a c i l l i  a n d  p e d i o c o c c i  n u m b e r s .  I n c r e a s e d  f i l m  p r o d u c t i o n  
w a s  p r o b a b l y  d u e  t o  l a c t i c  a c id  p r o d u c t i o n  a n d / o r  s t a p h y l o 
c o c c a l  i n h i b i t i o n  a f f e c t i n g  f r e e  a m i n o  a c id  c o n c e n t r a t i o n .  H a m  
f i l m  f o r m a t i o n  r e s u l t s  f r o m  f r e e  a m i n o  a c id  p r e c i p i t a t i o n  
( m a i n l y  t y r o s i n e )  o n  s l i c e d  h a m  s u r f a c e s  ( B u t z  e t  a l . ,  1 9 7 4 ) .

Table 3 —Film  scores by tim e  and by inoculum  levels1

T im e b Film  score Inoculum

Log.o
LBS

counts F ilm  score

80 days 0.3d lo C 1.48 0 .8 d
9 5  days 3.1e l , c 7.11 1 .8 d,f

1 1 0  days 2 .8 e I c 1 2 7.73 3.3e
L d 7.90 2 .3f
L d 7 .79 1.9f

a F ilm  sco rin g : 0 = n o n e ; 1 = ve ry  s lig h t; 2 = s lig h t; 3 = m o d e ra te ; 4 
= h e a v y ; 5 = ve ry  h e a vy . I 0 = no in o c u lu m ; I ,  = 1 .2  X  1 0 4 
ce lls /g m ; l 2 = 4 .0  X  1 0 6 ce lls /g m ; l 3 = 7 .5  X  10® ce lls /g m ; l 4 = 
2 .3  X  1 0 7 ce lls/gm

b T o ta l fo  14 ham s used fo r each sam p lin g  tim e  
c 6 ham s used fo r each In o c u lu m  level 
d 12 h am s used fo r  each In o c u lu m  level
e F ilm  sco res b etw een  t im e  o r In o c u lu m  leve ls  fo llo w e d  by d iffe re n t  

le tte rs are s ig n if ic a n t ly  d iffe re n t  (P  <  0 .0 5 ) .

Fig. 2 —H am  c u s h io n  p H  b y  in o c u lu m  levels.

L a c t o b a c i l l i  a n d  s t a p h y l o c o c c i  f r o m  t h e s e  h a m s  w e r e  i d e n t i 
f i e d  i n  a n o t h e r  s t u d y  ( B a r t h o l o m e w ,  1 9 7 5 ) .

Inoculum size and pH of ham muscle tissue
I n o c u l a t e d  h a m s  w e r e  s i g n i f i c a n t l y  l o w e r  in  p H  in  b o t h  t h e  

b u t t  a n d  c u s h i o n  c o m p a r e d  w i t h  c o n t r o l  h a m s  a f t e r  a b o u t  7 0  

t o  8 0  d a y s  p r o c e s s i n g  ( F i g .  1 a n d  2 ) .  H o w e v e r ,  t h e  n u m b e r  o f  
c e l l s  i n j e c t e d  i n t o  t h e  h a m  d id  n o t  r e s u l t  in  a u n i f o r m  p a t t e r n  
o f  p H  r e s p o n s e  f o r  e i t h e r  t h e  h a m  b u t t  o r  c u s h i o n  a r e a s .  A n  
i n o c u l u m  l e v e l  o f  a b o u t  o n e  m i l l i o n  P . c e r e v is ia e  p e r  g r a m  w a s  

s u f f i c i e n t  t o  c a u s e  p H  r e d u c t i o n  w h i c h  o c c u r r e d  p r i m a r i l y  d u r 
i n g  t h e  a g in g  p e r i o d .  T h e  o t h e r  p r o c e s s i n g  p e r i o d s  a t  4 ° C  a n d  
1 0 ° C  h a d  t e m p e r a t u r e s  t o o  l o w  f o r  s u f f i c i e n t  a c id  t o  b e  p r o 
d u c e d  a n d  a p p r e c i a b l y  a f f e c t  t h e  p H .  G r a h a m  a n d  B l u m e r
( 1 9 7 2 )  f o u n d  t h a t  h a m  p H  p r io r  t o  c u r e  w a s  l o w e r  t h a n  t h a t  
e n c o u n t e r e d  a f t e r  c u r e ;  b u t ,  f o r  t h e  i n o c u l a t e d  h a m s  o f  t h i s  
s t u d y ,  t h e  p H  w a s  u s u a l l y  t h e  l o w e s t  d u r in g  t h e  e a r l y  p a r t  o t  
a g in g .  H o w e v e r ,  i t  m a y  b e  o b s e r v e d  in  F i g u r e  1 t h a t ,  a s  t i m e  in  
p r o c e s s i n g  p r o g r e s s e d  b e y o n d  7 0  d a y s ,  t h e  p H  i n c r e a s e d  in  t h e  
h a m  b u t t s  f o r  a l l  i n o c u l u m  l e v e l s  e x c e p t  I2 a n d  14 . I n  t h e  
c u s h i o n  a r e a  s h o w n  in  F i g u r e  2 ,  t h e  p H  in c r e a s e d  r a t h e r  
a b r u p t l y  a f t e r  7 0  d a y s  f o r  a l l  i n o c u l u m  l e v e l s  e x c e p t .  I 2 . T h e  
v a r i a t i o n  i n  p H  m a y  b e  d u e  t o  t h e  n o n h o m o g e n e o u s  n a t u r e  o f  
t h e  h a m s ,  v a r i a b i l i t y  o f  g r o w t h  f a c t o r s ,  a n d  t o  v a r i a b l e  n u m 
b e r s  o f  b a c t e r i a l  c e l l s  w i t h i n  t h e  c o r e s  s a m p l e d .  T h e s e  d a t a  
s u p p o r t  w o r k  p r e v i o u s l y  d o n e  in  t h i s  l a b o r a t o r y  t h a t  a t  l e a s t  
8 0  d a y s  o f  p r o c e s s i n g  t i m e  m u s t  e l a p s e  u n d e r  t h e  a b o v e  c o n d i 
t i o n s  b e f o r e  a g e d  f l a v o r  b e c o m e s  a c c e p t a b l e .  T h e  i n c r e a s e  in  
p H  i s  d u e  t o  t h e  h y d r o l y s i s  o f  a m i n o  a c i d s  a n d  t h e  e x p o s u r e  o f  
b a s i c  g r o u p s  t o  a  l e v e l  w h e r e  t h e  a c id  p r o d u c e d  b y  t h e  l a c t i c  
a c id  b a c t e r i a  i s  n e u t r a l i z e d  a n d  t h e  p H  is  e l e v a t e d .  T h e  l e v e l  o f  
f r e e  a m i n o  a c id s  a p p e a r s  t o  b e  a s s o c i a t e d  w i t h  a g e d  f la v o r  in  
c o u n t r y - s t y l e  h a m  ( M c C a in  e t  a l . ,  1 9 6 8 ) .

Processing time
T h e  I 2 i n o c u l u m  l e v e l  h a m s ,  a f t e r  b e i n g  s t o r e d  a t  e q u a l i z a 

t i o n  t e m p e r a t u r e  ( 1 1 ° C )  f o r  2  w k ,  w e r e  s u b j e c t e d  i n a d v e r t 
e n t l y  t o  a n  i n t e r n a l  t e m p e r a t u r e  o f  3 8 ° C  f o r  p e r h a p s  3 6  h r
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w i t h o u t  a n y  a p p a r e n t  e f f e c t  o n  o d o r  o r  f l a v o r  a c c e p t a b i l i t y .  
T h e  p r e s e n c e  o f  l a c t i c  a c i d  b a c t e r i a  a n d  r e d u c e d  p H  o f  t h e  

t i s s u e  p r o b a b l y  i n h i b i t e d  s p o i l a g e  o r g a n i s m s .  O r d i n a r i l y ,  2  w k  

e q u a l i z a t i o n  t i m e  is  i n s u f f i c i e n t  f o r  t h e  c u r in g  i n g r e d i e n t s  t o  
e q u a l i z e  w i t h i n  t h e  h a m  t i s s u e  a t  t h i s  t e m p e r a t u r e .  U n d e r  
u s u a l  c u r in g  c o n d i t i o n s ,  s p o i l a g e ,  o r  a t  l e a s t  t h e  p r o d u c t i o n  o f  

o f f - f l a v o r s ,  w o u l d  b e  e x p e c t e d ,  s i n c e  t h e  a b n o r m a l  i n t e r n a l  
t e m p e r a t u r e  o b t a i n e d  d u r in g  s t o r a g e  w o u l d  f a v o r  t h e  g r o w t h  
o f  s p o i l a g e  b a c t e r i a  in  h a m  a r e a s  w h e r e  N a C l  c o n c e n t r a t i o n  
w a s  l o w  w i t h  a n  a c c o m p a n y i n g  h i g h  m o i s t u r e  l e v e l  in  t h e  m u s 
c l e  t i s s u e s .  T h e  f e a s i b i l i t y  o f  r e d u c i n g  p r o c e s s i n g  t i m e  w h e n  
u s i n g  l a c t i c  a c id  b a c t e r i a  n e e d s  f u r t h e r  s t u d y .
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MICROBIAL INTERACTIONS IN COUNTRY-STYLE HAMS

--------------------------------  ABSTRACT --------------------------------
H a m s w e re  in o c u la te d  w ith  P ed io co ccu s cerevisiae  c e l ls  to  d e te r m in e  
e f f e c t s  o f  a la c t ic  a c id  s ta rter  c u ltu r e  o n  r e s id e n t m ic r o flo r a  o f  h a m s.  
B u tt m ic r o f lo r a  o f  c o n tr o l  h a m s  w a s  p r e d o m in a te d  b y  la c to b a c il l i ,  
w h e r e a s  c o a g u la s e  n e g a tiv e  s ta p h y lo c o c c i  w e r e  m o s t  p r e v a le n t in  th e  
c u s h io n . I n o c u la te d  h a m s  w e re  p r e d o m in a te d  b y  P. cerevisiae  in  b o th  
b u t t  a n d  c u s h io n  areas. O th er  b a c te r ia  is o la te d  in c lu d e d  fe c a l s tr e p to 
c o c c i ,  E n tero b a c ter ia cea e , m ic r o c o c c i ,  b a c i l l i ,  a n d  y e a s t s .  T h e  n a tu ra l 
f lo r a  o f  c o u n t r y - s ty le  h am  a p p ea r e d  to  b e  a n ta g o n iz e d  b y  P. cerevisiae, 
w h ile  a s ta p h y lo c o c c a l  is o la te  an d  fe c a l s t r e p to c o c c i  w e re  m o s t  a n ta g 
o n is t ic  t o  th e  n a tu r a l flo ra  o n  agar m e d ia .

INTRODUCTION

S A L T  t o l e r a n t  m i c r o o r g a n i s m s  p r e d o m i n a t e  in  t h e  r e s i d e n t  

m i c r o f l o r a  o f  c o u n t r y - s t y l e  h a m s  a n d  a p p a r e n t l y  h a v e  l i t t l e  
e f f e c t  o n  h a m  q u a l i t y  ( G r a h a m  a n d  B l u m e r ,  1 9 7 1 ) .  H o w e v e r ,  
e a r l i e r  u n p u b l i s h e d  w o r k  d o n e  in  t h i s  l a b o r a t o r y  i n d i c a t e s  t h a t  
h a m s  w i t h  f e w  t o t a l  b a c t e r ia  o r  n o n e  p r e s e n t  a f t e r  a g in g  w e r e  

r a t e d  h ig h e r  in  f l a v o r  t h a n  t h o s e  w i t h  la r g e  n u m b e r s  p r e s e n t .

C o a g u la s e  n e g a t i v e  S t a p h y l o c o c c u s  a u r e u s  i s  t h e  p r e d o m i 
n a n t  m i c r o o r g a n i s m  f o u n d  in  t h e  c u r e d  a n d  a g e d  h a m .  L a n c e -

Table 1—M ethods o f id en tifica tio n  and isolation

M icroorganism
Isolation

procedure °c
Incubation

Hours Id en tifica tio n  procedure

All m icroorganism s A P T  agar (B B L )

Colo nies  
selected by 
m orphology

30 4 8 - 7 2 Streaked on A P T  agar. Purified cu tures 
carried on B H Ia agar slants. G ram  stain, pH 
reductions in A P T  bro th ; n itrate reduction  
and catalase p ro duction  w ere determ ined for 
each organism .

B acilli and 
C lostrid ia

Heated at 8 0 ° C  
N utrient broth  
(B B L )

30 72 Heated at 8 0 ° C  for 10 m in. A ero b ic  or 
anaerobic grow th, spore confirm atio n , and 
biochem ical reactions.d (Heat treatm ent from  
Barbe and H enrickson , 1967.)

Coryneform  bacteria G row th up to 
9%  NaCI in A P T  
broth

30 168 Irregular Gram  stain , cell m orphology and 
biochem ical reactions.^

Enterobacteriaceae M acConkey agar 
(D ifco)

35 1 6 - 1 8 IM V iC  tests, m orphology, sugar ferm entations  
(Bergey's, 8 th ed., 1974) and other b iochem ical 
reactions.d Lactose preenrichm ent technique  
used to identify  lactose negative organism s 
(N orth, 1961).

Lancefie ld  G roup  D 
Streptococci

M -Entero co ccus  
agar (B B L )

35 48 No growth on L B S  agar and b iochem ical 
reactions.d

Lacto bacilli L B S  agar (B B L ) 30 48 Y T G  pseudo-catalase test (Fe lto n  et a l.,
1953), C 0 2 production  (H ayw ard , 1 9 5 7 ), sugar 
ferm entations (Cavett, 1963) and b iochem ical 
reactions.d

P. cerevisiae L B S  agar 30 48 Cell m orpholo gy, Y T G  pseudo-catalase test, 
sugar ferm entations and b iochem ical reactions.d

S taph y lo co cci 
and M icro co cci

T P E Y  agar 
(B B L )

37 24 G lucose ferm entation in Brewers T h io g lyco la teb 
shake cultures and Phenol R ed  Broth Base (1%  
glucose). Coagulase positive cultures confirm ed  
using R abb it Blood Plasm a (D irect Tu b e  M ethod, 
B B L , 1 9 7 3 ). Cell m orphology and b iochem ical 
react ions.d

Y easts and molds A c id ified 0 

Potato D ex
trose agar 
(B B L )

2 0 1 2 0 - 1 6 8 Cell m orphology and b iochem ical reactions.d

a B ra in  H e a rt In fu s io n  agar ( B B L ) .  
b M ethods o f E v a n s  and K lo o s  (1 9 7 2 ) . 
c A c id if ie d  to  pH  o f  3 .5  w ith  s te r ile  t a r ta r ic  a c id .
d B io c h e m ica l rea c t io n s  used are given in  th e  id e n t if ic a t io n  p ro ced u re  fo r  a ll m ic ro o rg an ism s .
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f i e l d  G r o u p  D  s t r e p t o c o c c i ,  S t a p h y l o c o c c u s  e p id e r m id i s ,  m i 
c r o c o c c i ,  P r o te u s  a n d  b a c i l l i  h a v e  a l s o  b e e n  i s o l a t e d  f r o m  

c o u n t r y - s t y l e  h a m  ( G r a h a m  a n d  B l u m e r ,  1 9 7 1 ) .  Y e a s t s  a n d  
m o l d s  a r e  c o m m o n l y  a s s o c i a t e d  w i t h  s u r f a c e  g r o w t h  ( L a n g l o i s  
a n d  K e m p ,  1 9 7 4 ) .

B a c t e r ia  o f  p u b l i c  h e a l t h  c o n c e r n  a r e  n o r m a l l y  n o t  a s s o c i 
a t e d  w i t h  d r y - c u r e d  h a m  a s  e v i d e n c e d  b y  a  l a c k  o f  f o o d  p o i 
s o n in g  o r  f o o d  i l l n e s s  o u t b r e a k s  i n v o l v i n g  c o u n t r y - s t y l e  h a m  in  
t h e  la s t  1 4  y e a r s  ( B r y a n ,  1 9 7 4 ) .  O n l y  a  s m a l l  n u m b e r  o f  c o a g u 
la s e  p o s i t i v e  S. a u r e u s  h a v e  b e e n  i s o l a t e d  f r o m  h a m  s a m p l e s  
w i t h i n  t h i s  l a b o r a t o r y .  I t  i s  u n l i k e l y ,  e v e n  b y  c h a n c e  c o n t a m i 
n a t i o n  o f  S. a u r e u s ,  t h a t  f o o d  p o i s o n i n g  o u t b r e a k s  w o u l d  o c 
c u r  i n  p r o c e s s i n g ;  h o w e v e r ,  i t  w o u l d  b e  p o s s i b l e  f o r  t h i s  t o  
o c c u r  in  t h e  h o m e  p r e p a r a t i o n  a n d  s t o r a g e  o f  c e r t a i n  h a m - c o n 
t a i n i n g  f o o d  r e c i p e s .

C o n c e n t r a t e d  s t a r t e r  c u l t u r e s  h a v e  b e e n  u s e d  e x t e n s i v e l y  in  
r e c e n t  y e a r s  in  t h e  p r o d u c t i o n  o f  d r y  a n d  s e m i - d r y  s a u s a g e s  in  
o r d e r  t o  c o n t r o l  m i c r o b i a l  l a c t i c  a c id  f e r m e n t a t i o n .  C e r t a in  
s p e c i e s  o f  l a c t i c  a c id  b a c t e r ia  h a v e  b e e n  f o u n d  t o  b e  a n t a g o n i s 
t i c  t o  b a c t e r i a  o f  p u b l i c  h e a l t h  c o n c e r n  ( D a l y  e t  a l . ,  1 9 7 2 ;  
H u r s t ,  1 9 7 3 )  a n d  p r o v id e  a  m o r e  a c c e p t a b l e  m i c r o f l o r a  f o r  
h u m a n  c o n s u m p t i o n .

T h i s  s t u d y  w a s  u n d e r t a k e n  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  
P e d i o c o c c u s  c e r e v is ia e  a n d  h a m  e n v i r o n m e n t  ( e . g . ,  m o i s t u r e ,  
p H ,  N a C l )  o n  r e s i d e n t  m i c r o f l o r a  o f  h a m s .

EXPERIMENTAL

H A M  I N F O R M A T I O N , c o n c e n tr a te d  P. cerevisiae  s ta r ter  c u ltu r e  in 
fo r m a t io n , in o c u la t io n  a n d  p r o c e s s in g  p r o c e d u r e s , p H  d e te r m in a t io n ,  
sa m p lin g  p r o c e d u r e s , s u b je c t iv e  e v a lu a tio n s  o f  h a m  q u a lity ,  p h y s ic a l  
a n d  c h e m ic a l m e a s u r e m e n ts ,  a n d  s ta t is t ic a l a n a ly s e s  are r e ferred  to  in  
B a r th o lo m e w  a n d  B lu m e r  ( 1 9 7 7 ) .

Sample preparation
A n  1 1 -g  a l iq u o t  w a s  r e m o v e d  a s e p t ic a lly  fr o m  e a c h  c o re  s e c t io n  

fr o m  th e  h a m  b u t t  a n d  c u s h io n  areas (B a r th o lo m e w  a n d  B lu m e r , 1 9 7 7 )

Table 2 —Percent com position o f m icro flo ra  o f dry-cured ham  

after aging

Organisms
Langlois3

study
G raham b

study
C ontro l hams 
no in ocu lum 0

P. cerevisiae 

inoculated hamsd

Pediococci _ e _ e 12.4 8 8 . 0

Lacto bacilli Present _ e 20.9 5.0
Lancefield

group D Present O.Qi 8.9 0.4
Streptococci

E nterobacter- Present 0 .0 f 6.7 1.3
iaceae

Staphy lo co cci Present 88 .9 31 .9 1.7
M icrococci __e 0 .0 f 7.7 1.3
Bacilli __e 1 1 . 1 0.0 0.3
Yeasts Predom inate: 0 .0 f 1 1 . 6 1 . 8

& m olds

a T e n  ham s (c o n tro ls ) w ere  cu red  2 d a ys  p o stm o rte m  and held  at 
1 .7 ° C  p rio r to  cu r in g . M ic ro b ia l an a lyse s  o f sam p les ob ta ined  fro m  
su rfa c e  of ham s th ro u g h  1 5 0  d a ys  o f p ro cessing , 

b R ep resen ts  a to ta l o f 3 0  p re fro ze n  h am s. M ic ro b ia l an a lyse s  fro m  
ham s cured and aged 62  d a y s  (n o  e q u a liza tio n  period  o f cu rin g  
In g red ien ts  w a s  u se d ).

c R ep resen ts  a to ta l o f 6 p re frd ze n  ham s used fo r  c o n tro ls . M ic ro b i
al a n a ly s is  p e rfo rm e d  on su rface  and in te rn a l sam p les used fro m  
co re .

d R ep resen ts  a to ta l o f 36  p re fro ze n  ham s. M icro b ia l a n a ly s is  p e r
fo rm ed  on su rfa c e  and co re  sam p les. 

e ( —) in d ica te  o rg an ism s w ere  no t d e te rm in ed  in  th e  La n g io is  s tu d y  
w ere  n o t iso la ted  in  the  G rah am  s tu d y , 

f O rgan ism s iso la ted  o n ly  b e fo re  aging.

a n d  b le n d e d  w ith  9 9  m l o f  d is t il le d  w a te r  fo r  3 m in  a t h ig h  s p e e d , u sin g  
a c o m m e r c ia l W aring B le n d o r  an d  s te r il iz e d  s ta in le s s  s te e l  b le n d e r  cu p s . 
F r o m  th is  d i lu t io n  ( 1 : 1 0 ) ,  ser ia l d i lu t io n s  w e r e  p r e p a r ed  to  1 0 7 fo r  u se  
in  m a k in g  p la t e  c o u n t s .

Isolation and identification procedures
A ll o r g a n ism s w e re  is o la te d  fr o m  A P T  (B B L ) e n u m e r a t io n  p la te s  

an d  w e re  ca rr ied  o n  B ra in  H ea r t I n fu s io n  agar (B B L ) s la n ts  a n d  te s te d  
fo r  c a ta la se  p r o d u c t io n  (S e e le y  a n d  V a n d e r m a r k , 1 9 6 5 ) ,  n itra te  r e d u c 
t io n  (D if c o  M a n u a l, 9 th  e d .)  an d  g r o w th  in  A P T  b r o th . F o u r  or  m o r e  
o rg a n ism s  s e le c te d  b y  m o r p h o lo g y  w e r e  is o la te d  fr o m  e a c h  sa m p le d  
h a m  lo c a t io n  u n le s s  fe w e r  o r g a n ism s w e r e  p r e se n t  in  th e  sa m p le . A  to ta l  
o f  1 2 5 6  o rg a n ism s  w e re  is o la te d  an d  id e n t i f ie d  in  th is  s tu d y . T h e  id e n t i
f ic a t io n  s c h e m e  u se d  is  s h o w n  in  T a b le  1 . A  m o d if ie d  L B S  agar (C os-  
t i lo w  e t  a i . ,  1 9 6 4 )  w a s  u se d  to  e n u m e r a te  la c to b a c il l i  a n d /* . cerevisiae. 

Interactions of microbial groups
B a cter ia  w e r e  te s te d  fo r  in h ib ito r y  a c t io n  b y  an  agar o v e r la y  p r o c e 

d u re . M u lt ip le  is o la te s  o f  e a ch  g e n u s  w e r e  g r o w n  in  T r y p tic a se  S o y  
b r o th  (B B L ) fo r  2 4 - 4 8  hr a t 3 0 ° C  a n d  o n e  d r o p  o f  e a c h  c u ltu re  w a s

Table  3 —Percent m icro flora  com parison o f inoculated and con
tro l hams

C la -f C M a -f C O a f

Inocu la ted13 C o n tro l0 Inoculated1* C o n tro l0 Inoculated1* C o n tro l0

P 92.1 0.0 8 7 .4 0.0 8 7 .3 0.0
L 5.3 0.0 9 .0 0.0 4 .2 0.0
D 0.0 13.4 0.0 20.0 1.6 20.0
E 0.0 10.0 0.6 10.0 5 .8 20.0
S 0.7 6 0 .0 2 .3 3 0 .0 0.8 60 .0
M 1.4 0.0 0.0 0.0 0.0 0.0
B 0.0 0.0 0 .7 0.0 0 .3 0.0
Y 0.5 16.6 0.0 4 0 .0 0.0 0.0

BI<Lf B M e’f B O e f

In ocu la tec i*C o n tro l0 In ocu la ted1* C o n tro l0 Inocu lated1* C o n tro l0

P 8 2 .6 10.0 88.0 3 3 .3 9 0 .8 31.1
L 3.7 4 3 .4 7.3 5 0 .0 1.6 32.0
D 0.7 0.0 0.0 0.0 0.0 0.0
E 0.0 0.0 0.0 0.0 1.2 0.0
S 6.1 20.0 0.0 16.7 0 .5 4 .6
M 3.2 2 3 .4 1.0 0.0 2.0 22.6
B 0.0 0.0 0.0 0.0 0.8 0.0
Y 3.7 3.2 3.7 0.0 3.1 9 .8

a 1 ham  in each sam p le  ( C l ,  C M , C O ) o f c o n tro ls  co n ta in ed  no 
m ic ro o rg an ism s.

b 36  in o cu la te d  h am s sam p led  b y  co re  se c tio n s  sh o w n  
c 6 co n tro l h am s sam pled  b y  co re  se c tio n s  sh o w n  
d 2 in o cu la te d  and 1 c o n tro l ham  co n ta in e d  no d e te c ta b le  m ic ro 

o rg an ism s.
e 4  in o cu la te d  and 2 c o n tro l h am s co n ta in e d  no d e te c ta b le  m ic ro 

organ ism s. 1
f  S am p les  c o n ta in in g  no m ic ro o rg a n ism s w e re  n o t used in c a lc u la 

t io n  o f percentages.
P =  P . ce re v is ia e ; L  — L a c to b a c il l i ; D -  L a n c e fie ld  G ro u p  D s tre p to 

c o c c i; E  = E n te ro b a c te ria c e a e ; S  = S ta p h y lo c o c c i; M = M ic ro c o c c i; 
B = B a c i l l i ;  Y  = Y e a sts .

C l = C u sh io n  in s id e  co re  sectio n  fro m  a d d u c to r , se m im em b ran o su s 
an d /o r q u a d ricep s .

CM  -  C u sh io n  m id d le  co re  sectio n  fro m  a d d u c to r , se m im e m 
b ran o su s , se m ite n d in o su s  a n d /o r q u ad ricep s .

C O  = C u sh io n  o u ts id e  co re  se c tio n  fro m  b iceps fe m o r is  an d /o r 
q u a d ricep s .

B l = B u t t  in s id e  co re  se ctio n  fro m  a d d u c to r , se m im e m b ran o su s  
an d /o r q u a d ricep s .

BM  = B u tt  m id d le  co re  sectio n  fro m  se m ite n d in o su s  a n d /o r q u a d 
ricep s.

BO  = B u t t  o u ts id e  co re  sectio n  fro m  b icep s fe m o r is  a n d /o r q u ad 
ricep s.
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p la c e d  o n  p ie p o u r e d  T r y p tic a se  S o y  agar p la t e s  c o n ta in in g  15 m l o f  
agar a n d  in c u b a te d  fo r  2 4  hr a t 3 0 ° C . T h e  b r o th  c u ltu r e s  w e r e  e a ch  
m ix e d  w i t h  m e lt e d  T r y p tic a se  agar a n d  p o u r e d  in  an agar o v e r la y  o n  
e a ch  d r o p - in o c u la te d  p la te . T h e  o v e r la y  p la t e s  w e r e  in c u b a te d  fo r  7 2  hr 
a t 3 0 °  C  an d  in h ib it io n  z o n e s  (z o n e s  o f  d e c r e a s e d  a n d /o r  n o  g r o w th )  
a n d  s t im u la t io n  z o n e s  (z o n e s  o f  in c r e a se d  c o lo n y  g r o w th )  w e r e  m e a s 
u red  a r o u n d  d r o p - in o c u la te d  c u ltu re s . T h e  in h ib it io n  area  m e a s u r e d  w a s  
th e  d ia m e te r  o f  in h ib it e d  g r o w th  z o n e .  T h is  is  a c o m m o n  p r o c e d u r e  for  
d e te r m in in g  a n ta g o n is m  a m o n g  m ic r o o r g a n is m s  (F le m in g  e t  a l . ,  1 9 7 5 ) .

I n te r a c t io n s  w e r e  p o s tu la te d  w ith in  th e  h a m  b y  c o r r e la t io n  c o e f f i 
c ie n ts  o f  v a r ia t io n s  o f  p e r c e n ta g e s  o f  th e  m ic r o f lo r a  w ith in  th e  in o c u 
la te d  an d  th e  c o n tr o l  h a m s.

Statistical analyses
D a ta  o b ta in e d  fr o m  th is  2 x 3 x 5  fa c to r ia l  r a n d o m iz e d  b lo c k  

d es ig n  w e r e  a n a ly z e d  u s in g  a r eg r e ss io n  p r o c e d u r e  o f  S n e d e c o r  a n d  
C o ch ra n  ( 1 9 6 7 ) .

RESULTS & DISCUSSION

C o n t r o l  a n d  i n o c u l a t e d  h a m  m i c r o f l o r a

M i c r o f l o r a  f r o m  c o n t r o l  h a m s  ( I o )  w a s  c o m p a r a b l e  t o  t h a t  
f o u n d  i n  o t h e r  c o u n t r y - s t y l e  h a m s  ( L a n g l o i s  a n d  K e m p ,  1 9 7 4 ;  
K e m p  e t  a l . ,  1 9 7 5 ;  G r a h a m  a n d  B l u m e r ,  1 9 7 1 )  e x c e p t  t h a t  a  
f e w  p e d i o c o c c i  w e r e  i s o l a t e d  in  s o m e  o f  t h e  b u t t  a r e a s ,  w i t h  
l a c t o b a c i l l i  p r e d o m i n a t i n g  t h e  b u t t  m i c r o f l o r a  ( T a b l e  2 ) .  C o a g 
u la s e  n e g a t i v e  s t a p h y l o c o c c i  w e r e  t h e  m o s t  p r e v a l e n t  o r g a n 
i s m s  i s o l a t e d  f r o m  t h e  c u s h i o n  a r e a .  G r a h a m  a n d  B l u m e r
( 1 9 7 1 )  r e p o r t e d  c o a g u l a s e  n e g a t i v e  S. a u r e u s  t o  p r e d o m i n a t e  
t h e  m i c r o f l o r a  w i t h i n  t h e  h a m .  O t h e r  m i c r o o r g a n i s m s  i s o l a t e d

i n c l u d e d  L a n c e f i e l d  G r o u p  D  s t r e p t o c o c c i ,  E n t e r o b a c t e r i a c e a e ,  
m i c r o c o c c i ,  b a c i l l i ,  a n d  y e a s t s .  C o n t r o l  a n d  i n o c u l a t e d  h a m s  
c o n t a i n e d  n o  a n a e r o b i c  o r g a n i s m s  o r  o r g a n i s m s  o f  p u b l i c  
h e a l t h  c o n c e r n .  P e d i o c o c c u s  c e r e v is ia e  p r e d o m i n a t e d  in  b o t h  
t h e  b u t t  a n d  c u s h i o n  a r e a s  o f  a l l  i n o c u l a t e d  h a m s  ( T a b l e  3 ) .

B u t t  a n d  c u s h i o n  s e c t i o n s  p r o v i d e d  d i f f e r i n g  m i c r o e n v i r o n 
m e n t s  t h a t  w e r e  s e l e c t i v e  f o r  m i c r o b i a l  g r o u p s  p r o b a b l y  d u e  t o  
w a t e r  a c t i v i t y  ( a w ) ,  r e d o x  p o t e n t i a l ,  N a C l  c o n c e n t r a t i o n ,  o r  
o t h e r  c h e m i c a l  a n d  p h y s i c a l  a s p e c t s .  E n t e r o b a c t e r i a c e a e  i s o 
l a t e s  w e r e  m o s t  n u m e r o u s  in  h a m  a r e a s  w i t h  t h e  h i g h e s t  w a t e r  
c o n t e n t ,  t h e i r  g r o w t h  b e i n g  l i m i t e d  b y  l o w  a w  ( M o s s e l  a n d  

I n g r a m ,  1 9 5 5 )  ( T a b l e  3 ) .  Y e a s t  a n d  m i c r o c o c c i  w e r e  m o s t  

p r e v a l e n t  in  t h e  b u t t  a n d  C l  s a m p l e s .  M ic r o b ia l  a s s o c i a t i o n s  
v a r ie d  w i t h i n  t h e  t h r e e  a g in g  p e r i o d s ,  t h e  T 2 t i m e  p e r i o d  
y i e l d e d  t h e  h i g h e s t  p e r c e n t a g e  o f  P . c e r e v i s ia e  ( T a b l e  4 ) .  L a c 
t o b a c i l l i  in c r e a s e d  d i r e c t l y  w i t h  a g i n g  t i m e  in  t h e  c u s h i o n  

w h i l e  d e c r e a s i n g  s i g n i f i c a n t l y  ( P  <  0 . 0 5 )  w i t h  i n o c u l u m  s i z e  in  
t h e  b u t t ;  s t a p h y l o c o c c i  a n d  m i c r o c o c c i  s h o w e d  t h e  o p p o s i t e  

t r e n d  b y  d e c r e a s i n g  in  t h e  c u s h i o n  a n d  i n c r e a s i n g  in  t h e  b u t t  

w i t h  a g in g  t i m e .  Y e a s t  n u m b e r s  i n c r e a s e d  s i g n i f i c a n t l y  ( P  <  
0 . 0 5 )  w i t h  a g in g  t i m e ,  s h o w i n g  t h e i r  t o l e r a n c e  a t  t h i s  l o w  
m o i s t u r e  c o n t e n t .  N u m b e r s  o f  P . c e r e v i s ia e  i n c r e a s e d  s i g n i f i 
c a n t l y  ( P  <  0 . 0 5 )  v / i t h  i n o c u l u m  s i z e  f o r  t h e  b u t t  s a m p le s ;  
h o w e v e r ,  t h e  c u s h i o n  s a m p l e s  r e m a i n e d  f a i r l y  c o n s t a n t  ( T a b l e
5 ) .  S t a p h y l o c o c c i  a n d  m i c r o c o c c i  d e c r e a s e d  w i t h  h i g h e r  i n o c u 
lu m  l e v e l s  a n d  t h e  s a m e  t r e n d  ( P  <  0 . 0 5 )  w a s  o b s e r v e d  in  t h e  
c u s h i o n  a r e a  f o r  y e a s t s  w h i c h  m i g h t  b e  i n d i c a t i v e  o f  a n t a g 
o n i s m  b y  t h e  P. c e r e v is ia e  i n o c u l u m .

Table  4 —Percent m icroorganism s isolated/ham  core section by tim e  levels

Cl CM CO

T , a T2 t 3 T, t 2 T3 T, T t 3

p 8 5 .7 1 b 8 1 ,3 8 b ’c 7 5 .5 7 c 7 8 .0 0 8 5 .0 0 6 7 .8 6 7 0 .8 6 8 0 .7 7 7 8 .5 7
L 0.00 7 .0 8 7 .1 4 3 .5 7 5 .7 7 14.29 2 .3 6 b 1 .3 1b 7 .1 4 c
D 0.00 0.00 4 .7 9 0.00 0.00 7 .1 4 4 .0 7 0.00 7 .1 4
E 3 .5 7 0.00 0.00 3 .5 7 1 .54 0.00 1 2 .50 1 0 .23 0.00
S 10.71 7 .6 9 5 .3 6 13 .0 7 b 0.00c 3 .5 7 c 9.21 7 .69 7 .1 4
IVI 0.00 3 .8 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B 0.00 0.00 0.00 1.79 0.00 0.00 1.00 0.00 0.00
Y 0.00b 0 .00b 7 .1 4 e 0.00 7 .6 9 7 .1 4 0.00 0.00 0.00

Bl BM BO

T , a T t 3 T, T t 3 T, t 2 T
P 76.21 7 8 .5 0 6 5 .3 8 8 2 .0 8 9 7 .0 0 68.00 8 3 .9 3 8 8 .5 8 8 0 .0 0
L 14 .2 9 b 1 ,4 2 c 9 .6 2 b >c 1 7 .92 0.00 16.67 12 .5 0 b 0.00c 0.00c
D 1.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3 .70
S 4 .7 9 9 .6 7 9 .6 2 0.00 0.00 5 .5 8 0.00 2 .83 0.00
M 1 .1 4 b 9 .0 8 c 7 .6 9 c 0.00 3 .0 0 0.00 0.00 6 .9 2 5 .3 0
B 0.00 0.00 0.00 0.00 0.00 0.00 1.79 0.00 0.00
Y 1 .7 9 b 1 .3 3 b 7 .6 9 c 0.00b 0.00b 9 .7 5 c 1.79 1.67 10.00

a T o ta l o f  14  ham s used fo r each sam p lin g  t im e
b ’c M ean p ercentages o f a m ic ro b ia l g ro up  b e tw e e n  t im e  leve ls  fo r  a ham  sam p le  ( C l ,  C M , C O , B l ,  B M , B O ) fo llo w e d  b y  d if fe re n t  su p e rsc r ip ts  are 

s ig n if ic a n t ly  d if fe re n t  (P  <  0 .0 5 ) .
T”i  = 8 0  d ays p ro cess in g ; T 2 = 9 5  d a y s  p ro cess in g ; T 3 = 1 1 0  d ays p ro cessing .
P = P . ce re v is iae ; L  = L a c to b a c il l i ; D = L a n c e fie ld  G ro u p  D s t re p to c o c c i; E  = E n te ro b a c te r ia c e a e ; S  = S ta p h y lo c o c c i; M = M ic ro c o c c i’ B= B a c illi-  

Y  = Yeasts .
C l = C u sh io n  in sid e  co re  se c tio n  fro m  a d d u c to r, sem im e m b ran o su s  a n d /o r q u ad ricep s
CM  = C u sh io n  m id d le  co re  se c tio n  fro m  a d d u c to r , se m im e b ra n o su s, se m ite n d in o su s  an d /o r q u ad ricep s .
C O  = C u sh io n  o u ts id e  co re  se c tio n  f ro m  b iceps fe m o r is  a n d /o r q u ad ricep s .
B l = B u tt  in s id e  co re  se ctio n  fro m  a d d u c to r , se m im e m b ra n o su s  an d /o r q u ad ricep s .
BM  = B u tt  m id d le  co re  se c tio n  fro m  se m ite n d in o su s  an d /o r q u a d ricep s .
BO  = B u tt  o u ts id e  co re  se c t io n  fro m  b icep s fe m o r is  an d /o r q u ad ricep s .
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MICROBIAL INTERACTIONS IN HAMS . . .

I n t e r a c t i o n s  o f  m i c r o o r g a n i s m s  
f r o m  d r y - c u r e d  h a m s

I n t e r a c t i o n s  o f  d i f f e r e n t  m i c r o b i a l  g r o u p s  w e r e  s t u d i e d  d u r 
in g  g r o w t h  o n  a g a r  m e d i a  a n d  in  t h e  h a m .  S t r e p t o c o c c i  a n d  
o n e  s t a p h y l o c o c c a l  i s o l a t e  ( S t a p h y l o c o c c u s  # 3 )  w e r e  f o u n d  t o  
h a v e  b r o a d  s p e c t r u m s  o f  i n h i b i t i o n  o n  a g a r  m e d i a  ( T a b l e  6 ) 
in c l u d i n g  a n t a g o n i s m  t o  s t a p h y l o c o c c i ,  m i c r o c o c c i ,  s t r e p t o 
c o c c i ,  P . c e r e v is ia e  a n d  l a c t o b a c i l l i .  T h e  s t a p h y l o c o c c a l  i s o l a t e  
a ls o  i n h i b i t e d  b a c i l l i  a n d  t h e  s t r e p t o c o c c i  i n h i b i t e d  E n te r o b a c -  
te r ia c e a e  i s o l a t e s .  S t a p h y l o c o c c a l  i n h i b i t i o n  m a y  h a v e  b e e n  

d u e  t o  e p i d e r m i d i n s  ( H s u  a n d  W is e m a n ,  1 9 6 7 ) .  E n t e r o c o c c i  
h a v e  b e e n  f o u n d  t o  b e  i n h i b i t o r y  t o  G r a m  n e g a t i v e  b a c t e r i a  
( H u r s t ,  1 9 7 3 ) ,  b a c i l l i ,  C lo s t r id ia ,  a n d  l a c t o b a c i l l i  ( K a f e l  a n d  
A y r e s ,  1 9 6 9 ;  P o h u n e k ,  1 9 6 1 ) .

N e u t r a l i s m  w a s  n o t e d  a m o n g  s e v e r a l  b a c t e r i a l  g r o u p s  a n d  

w i t h  y e a s t s .  T w o  p o p u l a t i o n s  o f  m i c r o o r g a n i s m s  a l m o s t  a l w a y s  
r e a c t  w i t h  e a c h  o t h e r .  N e u t r a l i s m ,  w h e n  p r e s e n t ,  i s  p r o b a b l y

e x h i b i t e d  m o r e  o f t e n  b y  e x t r e m e l y  d iv e r s e  o r g a n i s m s  t h a n  b y  
c l o s e l y  r e l a t e d  o r g a n i s m s .  F o r  e x a m p l e ,  t w o  s t r a in s  o f  a  s p e c i e s  
w o u l d  b e  s o  s im i la r  in  n u t r i t i o n a l  a n d  e n v i r o n m e n t a l  r e q u ir e 
m e n t s  t h a t  t h e y  w o u l d  c o m p e t e  f o r  a c o m m o n  r e s o u r c e ,  
w h e r e a s ,  d iv e r s e  o r g a n i s m s  m i g h t  n o t  c o m p e t e  ( B r o c k ,  1 9 6 6 ) .

E n t e r o b a c t e r i a c e a e  a n d  b a c i l l i  s t i m u l a t e d  s o m e  o f  t h e  b a c 
t e r ia l  g r o u p s  i n c l u d i n g  s t a p h y l o c o c c i  ( i n  a g r e e m e n t  w i t h  
M c C o y  a n d  F a b e r ,  1 9 6 6  f o r  b a c i l l i )  a n d  m i c r o c o c c i .  T h e  B a c il 
lu s  i s o l a t e  w a s  a u t o - s t i m u l a t o r y  a n d  t h e  E n t e r o b a c t e r i a c e a e  
w e r e  s t i m u l a t o r y  t o  s o m e  o f  t h e  o t h e r  E n t e r o b a c t e r i a c e a e  i s o 
l a t e s .  A l t h o u g h  o n l y  s l i g h t  i n h i b i t i o n  b y  P. c e r e v i s ia e  w a s  o b 
s e r v e d  in  t h e  a g a r  o v e r l a y  s t u d y ,  s t a t i s t i c a l  a n a l y s e s  i n d i c a t e d  
t h i s  l a c t i c  a c i d  p r o d u c e r  t o  b e  i n h i b i t o r y  t o  m o s t  o f  t h e  m i c r o 
o r g a n i s m s  in  d r y - c u r e d  h a m  t i s s u e  i n c l u d i n g  s t a p h y l o c o c c i ,  m i 
c r o c o c c i ,  l a c t o b a c i l l i ,  E n te r o b a c te r ia c e a e  a n d  y e a s t s  ( T a b l e  7 ) ,  
i n d i c a t e d  b y  n e g a t i v e  c o r r e l a t i o n  c o e f f i c i e n t s  ( P  <  0 . 0 5 )  w h i c h  
a g r e e s  w i t h  r e s u l t s  f o u n d  b y  o t h e r  w o r k e r s  e x c e p t  f o r  y e a s t

Table 5 —Percent m icroorganism s isolated/ham  core section by inoculum  levels

p L D E s M B Y

I a '0 o .ooc 0 .00c 1 3 .4 0 10.00 6 0 .0 0 0.00 0.00 1 6 .6 0 e

l , a 9 1 .6 7 d 0 .00c 0.00 0.00 0.00 8 .3 3 0.00 0 .00d
5 1 a2 8 3 .3 3 d ’e 12 .5 0 d 0.00 0.00 4 .1 7 0.00 0.00 0 .00d

i3 b 9 8 .5 8 d -f 0 .00c 0.00 0.00 0.00 0.00 0.00 1 ,42d

Ub 9 0 .2 5 d ’e 9 .7 5 d 0.00 0.00 0.00 0.00 0.00 0 .00d

I a 0 .00e 0.00 20.00 10.00 3 0 .0 0 c 0.00 0.00 4 0 .0 0

C
M

i , a 9 5 .8 3 d 0.00 0.00 0.00 0 .00d 0.00 4 .1 7 0.00
I a 6 7 .5 0 d ’e 2 0 .8 3 0.00 3 .3 3 8 .3 3 d >e 0.00 0.00 0.00
I b 9 1 .6 7 d 8 .3 3 0.00 0.00 O.OOdTg 0.00 0.00 0.00
I b*4 8 8 .9 2 d 8 .3 3 0.00 0.00 2 .7 5 d 'e '® 0.00 0.00 0.00

l„ a 0 .00e 0 .00c 20.00 20.00 6 0 .0 0 0.00 0.00 0.00

l , a 8 3 .3 3 d 0 .00e 9 .5 0 0.00 4 .8 3 0.00 2 .3 0 0.00
o
o l2 a 7 2 .3 3 d >e 22.1 7d 0.00 5 .5 0 0.00 0.00 0.00 0.00

l , b 8 5 .4 2 d 0 .00c 0.00 14.58 0.00 0.00 0.00 0.00
9 8 .5 8 d 1 ,4 2 c 0.00 0.00 0.00 0.00 0.00 0.00

,oa 10.00c 4 3 .4 0 c 6 .2 5 0.00 20 .00e 2 3 .4 0 c 0.00 3 .2 0 e

l , a 6 2 .5 0 d 0 .00d 0.00 0.00 2 5 .0 0 e 0 .00d 0.00 6 .2 5 e
m I a 6 2 .5 0 d 1 2 .5 0 d ’e 0.00 0.00 0 .00d 8 .3 3 d 0.00 1 6 .6 7 d

9 3 .0 8 d 'e 0 .00d -f 0.00 0.00 4 .8 3 d 2 .0 8 d 0.00 0 .00e

l > 8 8 .9 2 d ’e 4.1 7d ’e ’£ 0.00 0.00 4 .1 7d 2 .7 5 d 0.00 0 .00e

'a 3 3 3 .2 5 c 5 0 .0 0 0.00 0.00 1 6 .7 5 0.00 0.00 0 .00e

l , a 100.00d 0.00 0.00 0.00 0.00 0.00 0.00 0 .00e

CD H a 7 5 .0 0 d 5 .0 0 0.00 0.00 0.00 0.00 0.00 20 .00d

i3b 9 3 .7 5 d 6 .2 5 0.00 0.00 0.00 0.00 0.00 0 .00e

U b 8 4 .7 5 d 11.08 0.00 0.00 0.00 2 .7 5 0.00 1 .4 2 e

i0 a 3 2 .5 0 c 3 1 .2 5 c 0.00 0.00 4 .2 5 2 0 .7 5 0.00 1 1 .25

h a 8 7 .5 0 d 0 .00d 0.00 0.00 0.00 0.00 1 2 .50 0.00
m i 2a 8 3 .3 3 d 0 .00d 0.00 0.00 0.00 0.00 0.00 16.67

>3b 9 1 ,6 7 d 0 .00d 0.00 3 .0 8 0.00 5 .2 5 0.00 0.00

H b 9 4 .4 2 d 4 .1 7 d 0.00 0.00 1.42 0.00 0.00 0.00

a 6 h am s used fo r  each in o c u lu m  level 
b 12 h am s used fo r  each in o c u lu m  level
c ,d ,e ,f ,g  Mean percen tages o f a m ic ro b ia l group  betw een  in o c u lu m  leve ls  fo r  a ham  sam p le  ( C l ,  C M , C O ) o r ( B l ,  B M , B O ) fo llo w e d  b y d iffe re n t  

su p e rsc r ip ts  are s ig n if ic a n t ly  d if fe re n t  (P  <  0 .0 5 ) .
I 0 = N o  in o c u lu m ; I ,  = 1 .2  X  1 0 4 ce lls/g m ; l 2 = 4 .0  X  1 0 b ce lls /g m ; l 3 = 7 .5  X  1 0 6 ce lls /g m ; l 4 = 2 .3  X  10 ce lls/g m .
P = P . ce re v is ia e ; L  = L a c to b a c il l i ;  D = L a n c e fie ld  G ro u p  D s t re p to c o c c i; E  = E n te ro b a c te ria c e a e ; S  = S ta p h y lo c o c c i; M = M ic ro c o c c i; B = B a c i l l i ;

V = Yeasts.
B l = B u t t  in s id e  co re  se c t io n  fro m  a d d u c to r, se m im em b ran o su s a n d /o r q u ad ricep s .
BM  = B u t t  m id d le  co re  se c tio n  fro m  se m ite n d in o su s  a n d /o r q u a d ricep s .
BO  = B u t t  o u ts id e  co re  se c t io n  fro m  b ice p s fe m o r is  an d /o r q u a d ricep s .
C l = C u sh io n  in s id e  co re  se c tio n  fro m  a d d u c to r , se m im em b ran o su s an d /o r q u a d ricep s .
CM  = C u sh io n  m id d le  co re  se c tio n  fro m  a d d u c to r , se m im e m b ran o su s , se m ite n d in o su s  an d /o r q u ad ricep s .
CO = Cush ion  outside core section from  b iceps fem oris and/or quadriceps.
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i n h i b i t i o n  ( D a l y  e t  a.L, 1 9 7 3 ;  A l - M a s h a t ,  1 9 7 3 ;  H a i n e s  a n d  
H a r m o n ,  1 9 7 3 ) .  F l e m i n g  e t  a l .  ( 1 9 7 5 )  r e p o r t e d  o n l y  t w o  i s o 
l a t e s  o f  p e d i o c o c c i  f r o m  c u c u m b e r  b r in e  w e r e  i n h i b i t o r y  t o  
o t h e r  G r a m  p o s i t i v e  o r g a n i s m s  w h i l e  1 3  o t h e r  i s o l a t e s  o f

Table 6-M ic ro b ia l in teractions by agara overlay m ethod

>-C
a

p e d i o c o c c i  f r o m  c u c u m b e r  b r i n e  a n d  v a r i o u s  o t h e r  s o u r c e s  
w e r e  n o t .  T h e  c o m b i n e d  e f f e c t s  o f  l a c t i c  a c id  a n d  t h e  h a m  
e n v i r o n m e n t ,  i n c l u d i n g  p H ,  N a C l  c o n c e n t r a t i o n ,  a n d  m o i s t u r e  
c o n t e n t  a p p e a r  t o  c o n t r i b u t e  t o  t h e  a n t a g o n i s t i c  e f f e c t s  o f  o u r  
s t a r t e r  c u l t u r e .  I n h i b i t o r y  a n d  s t i m u l a t o r y  m e c h a n i s m s  w e r e  
n o t  a n a l y z e d  in  t h i s  s t u d y ;  t h e r e f o r e ,  i t  w a s  n o t  d e t e r m i n e d  i f  
l a c t i c  a c i d  w a s  t h e  p r im a r y  i n h i b i t o r  p r o d u c e d  b y  P. c e r e v is ia e .  
M o r e  w o r k  w o u l d  a p p e a r  t o  b e  j u s t i f i e d  i n  a n  e f f o r t  t o  i d e n t i f y  
t h e  f a c t o r ( s )  t h a t  a r e  r e s p o n s i b l e  f o r  g r o w t h  i n h i b i t i o n  a m o n g  

m i c r o o r g a n i s m s  p r e s e n t  in  t h e  h a m s .  I t  m a y  b e  p o s s i b l e  t o  
e l i m i n a t e  u n d e s i r a b l e  m i c r o o r g a n i s m s  ( e . g . ,  s t a p h y l o c o c c i ,  
b a c i l l i  a n d  E n t e r o b c c t e r i a c e a e )  b y  i n o c u l a t i n g  w i t h  a p p r o v e d  
c o n c e n t r a t e d  s t a r t e r  c u l t u r e s  t o  p r o d u c e  h a m s  f r e e  f r o m  t h e s e  
b a c t e r i a  o f  p u b l i c  h e a l t h  h a z a r d  a n d  w i t h  s u p e r io r  f l a v o r  a n d  

q u a l i t y  c h a r a c t e r i s t i c s .
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THE ALKYLBEN ZEN ES IN ROAST BEEF

— — ----------  ABSTRACT — ------— ------- --------
T h e  v o la t i le  c o m p o n e n t s  o f  r o a st b e e f  w ere  is o la te d  b y  a s p e c ia l ly  
d e s ig n e d  gas e n tr a in m e n t  a p p a ra tu s. T h e  is o la te d  c o m p o u n d s  w e re  sep a 
ra te d  in t o  a c id ic ,  b a s ic  a n d  n e u tra l fr a c t io n s . T h e  n e u tr a l fr a c t io n  w a s  
fu rth er  se p a r a te d  b y  r e p e a te d  gas c h r o m a to g r a p h y  o n  t w o  d if fe r e n t  
s ta t io n a r y  p h a s e s  a n d  c o l le c t e d  as su b fr a c tio n s . T h e  in d iv id u a l su b fr a c 
t io n s  th u s  o b t a in e d  w e r e  a n a ly z e d  b y  gas c h r o m a to g r a p h y -m a s s  sp e c 
tr o m e tr y .  M ass s p e c tr a l id e n t if ic a t io n s  w e r e  c o n f ir m e d  b y  c o m p a r in g  
th e  m a ss  s p e c tr a  a n d  r e la tiv e  r e te n tio n  t im e s  w ith  a u th e n t ic  c o m 
p o u n d s . A  to t a l  o f  2 0  n -a lk y lb e n z e n e s  a n d  s u b s t itu te d  a lk y lb e n z e n e s  
w e re  p o s i t iv e ly  id e n t i f ie d ,  m a n y  for  th e  fir st t im e  in  c o o k e d  b e e f .  T h e se  
a lk y lb e n z e n e s  are p r o b a b ly  d er iv ed  from  th e  fa t  p r e se n t  in  th e  b e e f  b y  
th er m a l o x id a t io n .

INTRODUCTION
DUE TO BOTH economic importance and academic interest, 
considerable research has been carried out on the volatile 
flavor compounds of cooked beef during the last 20 yr (for 
reviews see Herz and Chang, 1970; Dwivedi, 1975). As many 
as 231 compounds have been identified in the volatile frac
tions of cooked beef. However, the compounds thus far identi
fied represent neither a complete spectrum of volatile com
pounds, nor the unique compound or compounds having the 
characteristic cooked beef aroma.

Among the compounds identified are alkyl substituted ben
zenes (for a review see Johnson et al., 1969; in cooked beef or 
beef fat, Watanabe and Sato, 1971; Liebich et al., 1972;Hirai 
et al., 1973; Persson and von Sydow, 1973; Peterson et al.,
1975).

The present communication reports the identification of a 
homologous series of n-alkylbenzenes and other alkyl substi
tuted benzenes in the neutral volatile fraction from roast beef.

EXPERIMENTAL
T H E  V O L A T IL E  F L A V O R  c o n s t i tu e n t s  o f  1 5 0  lb  o f  r o a s te d  to p -r o u n d  
b e e f  w e r e  is o la te d  b y  b u b b lin g  n itr o g e n  th r o u g h  it s  w a te r  s lu rry . T h e  
n itr o g e n  c u rren t w a s  th e n  p a sse d  th r o u g h  trap s c o o le d  w ith  d ry  ic e  a n d  
a c e t o n e .  T h e  c o n d e n s a te  th u s  c o l le c t e d  w a s  sa tu r a te d  w ith  s o d iu m  c h lo 
rid e  a n d  e x tr a c te d  w ith  e th y l  e th e r . T h e  e th e r  e x tr a c t  w a s  d r ie d  w ith  
a n h y d r o u s  so d iu m  s u lfa t e  a n d  th e n  c o n c e n tr a te d  w ith  th e  u se  o f  an  
O ld er sh a w  c o lu m n .

T h e  c o n c e n tr a te d  e th e r  e x tr a c t  w a s  s ep a ra ted  in t o  a c id ic ,  b a s ic , a n d  
n e u tra l fr a c t io n s  b y  e x tr a c t io n  fir s t  w ith  10%  a q u e o u s  N a , C 0 3 an d  
th en  w ith  5% a q u e o u s  HC1.

T h e  n e u tra l f r a c t io n  w a s  s e p a r a te d  in to  1 3  b r o a d  fr a c t io n s  o n  a 
B e c k m a n  G C -5 gas c h r o m a to g r a p h  w ith  a th e r m a l c o n d u c t iv i ty  d e te c 
to r , a c c o r d in g  to  th e  m e th o d  o f  C h a n g  ( 1 9 7 3 ) .  A  1 2  f t  X 1 /8  in . o .d .  
s ta in le s s  s te e l c o lu m n  p a c k e d  w ith  10%  S E -3 0  o n  6 0 / 7 0  m e sh  A n a k r o m  
A B S  (S u p e lc o ,  I n c .,  B e l le f o n te ,  P A ) w a s  u s e d . T h e  f lo w  rate  w a s  2 0  
m l/m in  w ith  a c o lu m n  te m p e r a tu r e  p ro g ra m  o f  6 0 ° C  h e ld  fo r  1 0  m in  
th e n  4 .5 ° C /m in  t o  a  h o ld in g  te m p e r a tu r e  o f  2 2 0 ° C .  T h e  13 fr a c tio n s  
th u s  c o l le c t e d  w e r e  e a c h  c h r o m a to g r a p h e d  fo r  a s e c o n d  t im e , u s in g  a 1 0

1 Present address: John Stuart Research Laboratories, The Quaker 
Oats Company, 617 W. Main Street, Barrington, IL 60010

2 Present address: Department of Agricultural Chemistry, Shizuoka 
University, 836 Ohya, Shizuoka, Shizuoka-ken, Japan

f t  x  1 /8  in . o .d .  s ta in le s s  s te e l  c o lu m n  p a c k e d  w ith  10%  O V -1 0 1  o n  
6 0 / 8 0  m e s h  C h r o m o s o r b  W (A W , D M C S ) (J o h n s-M a n v ille , D en v er , C O ). 
E a ch  o f  th e  s u b fr a c t io n s  w as aga in  c o l le c t e d  a n d  id e n t i f ie d  w ith  th e  u se  
o f  a  D u P o n t  M o d e l 2 1 -4 9 0  m a ss  s p e c tr o m e te r  w ith  a j e t  sep ara tor  
in te r fa c e d  w ith  a V ar ian  M o d u lin e  2 7 0 0  g a s  c h r o m a to g r a p h  w ith  fla m e  
io n iz a t io n  d e te c to r .  A  1 0  f t  x  1 /8  in . o .d .  s ta in le s s  s t e e l  c o lu m n  p a c k e d  
w ith  10%  C a r b o w a x  2 0M  o n  6 0 / 8 0  m e s h  C h r o m o s o r b  W  (A W , D M C S ) 
w a s  u s e d . T h e  f lo w  ra te  w a s  3 0  m l/m in  a n d  th e  c o lu m n  tem p era tu re  
w a s  p r o g r a m m e d  to  p r o v id e  m a x im u m  r e s o lu t io n  o f  e a c h  fr a c tio n  an a l
y z e d .  C o n d it io n s  fo r  th e  m ass  sp ectra l s ca n s  w e r e :  io n iz a t io n  v o lta g e  70  
e V , io n  s o u r c e  te m p e r a tu r e  2 7 0 ° C , io n  s o u r c e  p r e ssu r e  1 0 ' 6 T o n ,  sep a 
ra to r  te m p e r a tu r e  2 5 0 ° C .

RESULTS & DISCUSSION
AMONG the compounds identified in the neutral fracion of 
the roast beef volatiles, were a homologous series of n-alkyl
benzenes and other variously substituted alkylbenzenes. The 
alkylbenzenes were characterized by their mass spectra. Identi
fication of the alkylbenzenes was confirmed by comparing the 
mass spectra and gas chromatographic retention indices rela
tive to ethyl esters with those of the authentic compounds 
(Aldrich Chemical Co., Milwaukee, Wis.). Table 1 lists the 
alkylbenzenes which were identified.

The alkylbenzenes were characterized by their prominent 
molecular ion and characteristic fragmentation pattern. In long 
chain n-alkylbenzenes, (J-cleavage with hydrogen rearrange-

Table  1—A lkylbenzenes id en tified  in roast beef

R etention
Mass frag m entatio n , index

Com pounds m /e (1E) S F -9 6

o -X y lene 9 1 , 1 06 , 1 05 , 39, 51 4 .83
m -X ylene 9 1 , 106 , 1 05 , 77 , 51 4 .7 3

p-X ylene 9 1 , 106, 105 , 77 , 51 4 .7 8
1 ,2 ,4 -T rim ethy lb en zen e 1 05 , 120 , 1 1 9 , 9 1 , 77 6.10
1 ,3 ,5 -T rim ethy lb en zen e 105 , 120, 1 19 , 1 06 , 77 5 .8 3
1 -E thy l-2 -m eth ylbenzene 105 , 120 , 1 06 , 91 77 5 .93
1 ,2 ,3 ,5-Tetram ethylbenzene 1 19 , 1 3 4 , 91 133 , 39 7 .34
1 ,2 ,4 ,5 -Te tram ethy lb en zen e 119, 134 , 133 , 91 , 39 7 .37

Styrene 104 , 103 , 78, 51 , 77 4 .9 4

Benzene 78, 5 2 , 51 , 7 7 , 50 -

To luene 9 1 , 92 , 3 9 , 6 5 , 51 3 .6 2

n-E thylbenzene 9 1 , 1 06 , 51, 39 . 65 4 .6 5
n-Propylbenzene 9 1 , 120 , 6 5 , 39 , 9 2 5 .6 3

n-B utylbenzene 9 1 , 92 , 134 , 39 , 6 5 6 .7 0
n-Pentylbenzene 9 1 , 92 , 148, 6 5 , 1 05 7 .69
n-H exylbenzene 9 1 , 9 2 , 162 , 4 3 , 65 8 .8 0

n-H epty lbenzene 9 1 , 9 2 , 1 76 , 4 3 , 65 9 .7 4

n-O ctylbenzene 9 2 , 91 , 190 , 4 1 , 6 5 1 0 .7 8

n-l\lonylbenzene 9 2 , 9 1 , 2 0 4 , 41 43 1 1 .8 2

n-Decylbenzene 9 2 , 9 1 , 2 18 , 4 1 , 4 3 1 2 .84
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Fig. 1—Mass s p e c tr u m  o f  n -d e c y ¡ b e n ze n e .

C H 3—CH=CH—C H = C H -C H 2—(CH 2)n—C H 3
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Fig. 2 —O n e  p o ss ib le  m e c h a n is m  fo r  th e  fo rm a tio n  o f  n -a lk y lb e n ze n e s  
fro m  h yd ro ca rb o n s .
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ment gives rise to the strong m/e 92 peaks with elimination of 
a neutral olefin molecule (Budzikiewicz et al., 1967). Figure 1 
shows a typical mass spectrum of a long chain n-alkylbenzene.

The odor descriptions of some of the higher n-alkylben
zenes and of the more highly substituted alkylbenzenes identi
fied are given in Table 2. The alkylbenzenes probably play 
little if any role in the odor of the lean portion of roast beef; 
however, they could play a somewhat more important role in 
the odor of cooked beef fat.

Most of the alkylbenzenes identified in this study have not 
been previously reported in meat flavor isolates. Liebich et al.

Table  2 —O dor descriptions o f  some alkylbenzenes id en tified  in roast 
beef

C om pound O dor description

n-Propylbenzene Odor sim ilar to  th a t o f to luene; 
som ew hat m othb all-like

n-B uty lbenzene F ru ity ; licorice-like; som ewhat 
m othb all-like

n-A m ylbenzene Slight licorice no te; som ew hat ethereal

n-H exy lbenzene W eak; slightly  fru ity

n -H epty lbenzene Som ew hat pungent, goaty cheese-like 
odor

n-O cty lbenzene V in y l p lastic-like odor w ith  notes 
sim ilar to  those o f the highe- 
fa tty  acids

n-l\lonylbenzene W axy, fa tty  odor

n-Decylbenzene W eak, w axy  odor

n-Dodecylbenzene V e ry  w eak odor

1 ,2 ,4 -Trim ethy lb en zen e M oth ball-like; slightly  green

1 ,3 ,5 -Trim ethy lb en zen e Slight flo ra l odor w ith  green, 
moss notes

1 ,2 ,3 ,5 -Tetram ethy lb en zen e Slight fecal, sewer-like odor

1 ,2 ,4 ,5 -Tetram ethy lb en zen e W eak m othb sll-like  odor w ith  slight 
floral notes

(1972) identified toluene, 1,2,- and 1,4-dimethylbenzenes, 
n-butylbenzene and a number of C3 and C4 uncharacterized 
alkylbenzenes in roast beef meat and/or roast beef drippings. 
Hirai et al. (1973) reported benzene, toluene and n-propylben- 
zene in boiled beef. Persson and von Sydow (1973) identified 
benzene, toluene, xylenes, n-propylbenzene, ethylmethylben- 
zenes, trimethylbenzenes, and methylpropylbenzenes in can
ned beef. Peterson et al. (1975) identified benzene, toluene, 
ethylbenzene, and eight other more highly substituted or un
characterized alkylbenzenes in canned beef stew. Watanbe and 
Sato (1971) identified benzene, xylenes, isopropylbenzene and 
a number of uncharacterized C4, C; and C6 alkylbenzenes in 
fried beef fat. Alkylbenzenes have also been identified in vari
ous other food systems such as corn oil used for deep-fat 
frying (Krishnamurthy and Chang, 1967), boiled chicken 
(Nonaka et al., 1967), and roasted peanuts (Walradt et al.,
1971).

There are a number of precursor molecules which could 
give rise to alkylbenzenes when heated under the proper condi
tions. Heynes et al. (1966) identified benzene, toluene, xy
lenes and trimethylbenzenes when pure D-glucose was 
pyrolyzed at 300°C. However, Johnson et al. (1969) have 
questioned the relevance of such data to most foodstuffs. Mer- 
rit and Robertson (1967) reported that benzene and toluene 
were obtained on pyrolyzing free phenylalanine and tyrosine, 
respectively. Nonaka et al. (1967) found p-xylene, n-propyl
benzene and n-butylbenzene among the oxidation products of 
trans-2-trans-4-decadienal, a thermal oxidative decomposition 
product of fat. Long chain 2,4-dienals may form n-alkylben- 
zenes by a six-membered ring cyclization reaction involving 
loss of H2 O.

Alkylbenzenes may also be formed from long chain unsatu
rated hydrocarbons, which have been reported to be auto and 
thermal oxidative decomposition products of fatty acids. 
Krishnamurthy and Chang (1967) and Reddy et al. (1968) 
identified C13—C18 straight chain, saturated and unsaturated 
hydrocarbons in corn oil and hydrogenated cottonseed oil 
used in deep-fat frying respectively. Liebich et al. (1972) and 
Watanabe and Sato (1971) have found long chain saturated 
hydrocarbons in roast beef and fried beef fat, respectively. 
These compounds are formed from long chain fatty acids by a 
peroxide initiated free radical decomposition. The possible for
mation of n-alkylbenzenes from long chain fatty acid derived 
hydrocarbons is shown in Figure 2.
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A L K Y L B E N Z E N E S  IN R O A S T  B E E F  . . .

Thus it is possible that the 20 alkylbenzenes identified in 
roast beef are primarily derived from the fat present in the 
beef by a thermal oxidative cyclization.
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RELATIONSHIP OF MYOFIBRIL FRAGMENTATION INDEX 
TO MEASURES OF BEEFSTEAK TENDERNESS

— ------------------------------------------- A B S T R A C T  -------------------------------------------------

S a m p le s  w e r e  r e m o v e d  fr o m  6  v e a l, 3 5  A -m a tu r ity  a n d  1 2  C -m a tu r ity  
b o v in e  lo n g is s im u s  (L ) m u sc le s  a t  1 a n d  7 d a y s  p o s tm o r te m . M y o f ib r il  
fr a g m e n ta t io n  in d e x  (M F I), W arn er-B ra tz ler  (W -B ) s h e a r -fo r ce , s e n so r y  
p a n e l e v a lu a t io n  a n d  s o d iu m  d o d e c y l  s u lfa te  (S D S )  p o ly a c r y la m id e  g e ls  
o f  m y o f ib r i ls  w e re  d e te r m in e d  o n  m u s c le  sa m p le s  an d  stea k s. C o r re la 
t io n  c o e f f ic ie n t s  b e tw e e n  M F I a n d  W -B sh e a r -fo r ce  w e re  - 0 . 9 5 ,  - 0 . 7 3  
a n d  - 0 . 6 5  a n d , b e tw e e n  M F I a n d  s e n so r y  te n d e r n e s s ,  w e re  0 .9 7 ,  0 .7 5  
a n d  0 .7 2  fo r  s te a k s  p o s tm o r te m  ag ed  fo r  7 d a y s  a t 2 °C  fr o m  v e a l, 
A -m a tu r ity  a n d  C -m a tu r ity  c a rca sse s , r e s p e c t iv e ly .  S D S -p o ly a c r y la m id e  
g e ls  s h o w e d  th a t  th e  in t e n s ity  o f  th e  3 0 ,0 0 0 -d a lt o n  c o m p o n e n t  c o r r e 
s p o n d e d  to  th e  te n d e r n e s s  le v e l o f  th e  s te a k s . T h e s e  r e su lts  d e m o n str a te  
th a t M F I a c c o u n ts  fo r  a b o u t  50%  o f  th e  v a r ia t io n  in  te n d e r n e s s  an d  
th a t  m y o f ib r i l  f r a g m e n ta t io n  a n d  th e  in t e n s ity  o f  th e  3 0 ,0 0 0 -d a lt o n  
c o m p o n e n t  o f f e r  p o t e n t ia l  u s e fu ln e s s  a s  in d ic e s  o f  te n d er n e ss .

I N T R O D U C T I O N

OUR PREVIOUS WORK has indicated that myofibril frag
mentation (Parrish et ah, 1973; Olson et ah, 1976) and the 
appearance of a 30,000-dalton component seemed to be re
lated to postmortem bovine muscle tenderization. Both Moller 
et al. (1973) and Olson et al. (1976) have been able to suc
cessfully employ a light-absorbance method to measure the 
amount of fragmentation of a myofibril suspension from bo
vine muscle. Moller et al. (1973) found a correlation coeffi
cient of 0.78 between the light absorbance of a myofibril sus
pension and beef tenderness at 7 days postmortem storage. 
Olson et al. (1976) showed that amount of myofibril frag
mentation was muscle and storage temperature dependent, and 
coincided with W-B shear values and microscopic observations. 
A potential practical application of the information on myo
fibril fragmentation would be to use it to predict level of steak 
tenderness by segregating carcasses into different tenderness 
groupings.

The purpose of this paper is to report that MFI is highly 
related to beef loin steak tenderness at both 1 and 7 days 
postmortem storage at 2°C and at three maturities, veal and 
maturities A and C. Moreover, the increased intensity of the
30,000-dalton component seems to coincide with greater ten
derness.

M A T E R I A L S  &  M E T H O D S

S o u r c e  o f  m u s c le  t is su e

W h o le s a le  s h o r t lo in s  fr o m  3 5  A -m a tu r ity  ca rc a sse s  gra d in g  U S D A  
C h o ic e  an d  1 2  C -m a tu r ity  ca rc a sse s  w e r e  r a n d o m ly  s e le c te d  2 ^ —3 0  hr 
a fter  d e a th  (1  d a y  p o s tm o r te m )  fr o m  a c o m m e r c ia l p a c k in g  c o m p a n y  
(W ilso n  a n d  C o ., C ed ar  R a p id s , I o w a ) .  T h e  w h o le s a le  s h o r t lo in s  w e re  
ta k en  to  th e  I o w a  S ta te  U n iv e r s ity  M ea t L a b o r a to r y  w h e r e  fiv e  3 .1 -c m  
s te a k s  w e r e  r e m o v e d  fr o m  th e  a n ter io r  en d  o f  th e  lo in  and  p a c k a g e d  in  
fr e ez e r  p a p er . T w o  s te a k s  (o n e  for  se n so r y  p a n e l a n d  o n e  fo r  W -3  sh ear) 
w e re  r a n d o m ly  s e le c te d , fr o z e n  a n d  s to r e d  at - 2 0 ° C .  T w o  o th e r  s te a k s

‘ Present address: D ep t, o f A n im al Science, Univ. o f Nebraska, L in 
coln , N E  685 0 3

w ere  s to r e d  a t 2 - 4 ° C  fo r  7 d a y s  p o s tm o r te m  an d  th en  f r o z e n  and  
s to r e d  a t —2 0 °C . T h e  f r o z e n  s te a k s  w e r e  s to r e d  fo r  1 4 - 4 0  d a y s  fo r  
s u b s e q u e n t  sen so r y  p a n e l e v a lu a t io n  an d  W -B sh ea r-fo rce  d e te r m in a 
t io n . A  4 -g  sa m p le  w a s  r e m o v e d  fr o m  th e  f i f th  s te a k  a t 1 a n d  7 d a y s  
p o s tm o r te m  an d  u se d  im m e d ia te ly  fo r  m y o f ib r i l  fr a g m e n ta tio n  d e te r 
m in a tio n .

B o v in e  lo n g is s im u s  m u sc le s  fr o m  th e  w h o le s a le  sh o r t lo in  o f  s ix  v ea l 
w e re  o b ta in e d  fr o m  a n im a ls  o r ig in a t in g  fr o m  th e  Io w a  S ta te  U n iv e r s ity  
D a ir y  F arm  an d  s la u g h ter e d  a t th e  I o w a  S ta te  U n iv e r s ity  M ea t L a b o r a 
to r y . M u sc le  sa m p le s  an d  s te a k s  w e r e  r e m o v e d  a t 1 a n d  7 d a y s  p o s tm o r 
te m  a n d  u s e d  in  th e  sam e m a n n e r  as p r e v io u s ly  d e s c r ib e d  fo r  A - and  
C -m a tu r ity  b o v in e  carcasses .

M y o f ib r il  fr a g m e n ta tio n  p r e p a r a t io n  a n d  in d e x  d e te r m in a t io n

M y o f ib r ils  w ere  p rep a red , an d  M F I w a s  d e te r m in e d  as d e scr ib e d  
p r e v io u s ly  (O ls o n  e t  a l., 1 9 7 6 ) .

S o d iu m  d o d e c y l  s u lfa te  (S D S )  p o ly a c r y la m id e  g e l e le c tr o p h o r e s is

M y o f ib r ils  w e r e  a n a ly z e d  b y  S D S -1 0 %  p o ly a c r y la m id e  g e l e le c t r o 
p h o r e s is  as p r e v io u s ly  d e scr ib e d  (O lso n  e t  a l., 1 9 7 7 ) .

W arn er-B ra tz ler  (W -B ) sh e a r -fo r ce  a n d  se n so r y  p a n e l e v a lu a tio n

W -B sh e a r -fo r ce  w a s  m a d e  o n  s te a k s  as p r e v io u s ly  d e sc r ib e d  (O lso n  
e t  a l., 1 9 7 6 ) ,  an d  sen so r y  p a n e l e v a lu a t io n  w a s  c o n d u c t e d  w ith  a 
1 0 -m e m b e r  p a n e l as d e scr ib e d  b y  P arrish  e t  al. ( 1 9 7 3 ) .  S te a k s  w e re  
o v e n -b r o ile d  to  an  in ter n a l te m p e r a tu r e  o f  6 5 ° C . P a n e lis ts  e v a lu a te d  
e a ch  m e a t  sa m p le  for  te n d e r n e s s , f la v o r  a n d  ju ic in e s s  o n  th e  b a s is  o f  a 
h e d o n ic  sca le  o f  8 to  1 , w ith  8  b e in g  e x tr e m e ly  te n d e r , d e s ira b le  flavor , 
or j u ic y ,  a n d  1 b e in g  e x tr e m e ly  to u g h , u n d e s ir a b le  f la v o r  or  d ry . T h e  
average o f  th e  1 0  p a n e lis ts ’ v a lu es  w a s  u se d  as th e  te n d e r n e s s , fla v o r  and  
ju ic in e s s  sco re  fo r  e a c h  sa m p le .

D a ta  a n a ly s is

T h e  d a ta  fr o m  th e  v a r io u s  e x p e r im e n ts  w ere  a n a ly z e d  fo r  m e a n s ,  
sta n d a rd  errors, s im p le  c o r r e la t io n s  a n d  s ig n if ic a n t  m e a n  d if fe r e n c e s  b y  
th e  a n a ly s is  o f  v a r ia n ce  a c co r d in g  t o  m e th o d s  d e scr ib e d  b y  S n e d e c o r  
a n d  C o c h r a n  ( 1 9 6 7 )  and  S te e l  and  T o rr ie  ( 1 9 6 0 ) .  T h e  S ta t is t ic a l  A n a l
y s is  S y s te m  o f  th e  Io w a  S ta te  C o m p u ta t io n  C e n te r  w a s  u s e d  fo r  d a ta  
c o m p u ta t io n s .

R E S U L T S

MFI of longissimus muscle increased significantly (P <  0.05) 
from 1 —7 days postmortem storage at 2°C for all three matu
rities (Table 1); however, there were no significant differences 
in W-B shear values and sensory scores (with the exception of 
flavor score for maturity A). W-B shear values and sensory 
tenderness scores both indicated that tenderness improved 
with aging, but variation within each postmortem period was 
too large for these to be significantly different between 1 and 
7 days postmortem.

The correlation coefficients (Table 2) between MFI and 
W-B shear-force values were significant (P <  0.05, P <  0.01) 
for both 1 and 7 days postmortem for all three maturity 
groups, with the lowest coefficient being -0 .65  for the A- 
maturity group at 1 day postmortem. Likewise, the correlation 
coefficients between MFI and sensory panel tenderness score 
were significant (P <  0.05, P <  0.01) for both 1 and 7 days 
postmortem for all three maturity groups, with the lowest 
coefficient being 0.65 for the C-maturity group at 7 days post-
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T able  1—E f f e c t  o f  p o s tm o r te m  sto ra g e  (2 ° C) o n  m y o f ib r i l  fra g m e n ta tio n  in d e x  (M F I), l/Varner-Bratzler (W -B) sh e a r-fo rce  a n d  se n so ry  p a n e l  
ten d ern ess  (T E N D ), fla v o r  ( F L A )  a n d  ju ic in e s s  (JU ) o f  lo n g iss im u s  m u s c le  fr o m  3 5  A - a n d  12 C -m a tu r ity  carcasses a n d  6  veala

A -m a tu r ity , days C -m a tu rity , days V ea l, days

1 7 1 7 1 7

M F Ib

W -Bc

6 4 .8  ± 0 .7  

2 .8 5  ± 0 .0 8

7 1 .4  + 0 .6  

2 .7 2  ± 0 .0 7

5 9 .4  ± 0 .9  

3 .3 6  ± 0 .1 6

74 .2  ± 0 .8  

2 .9 4  = 0 .1 3

4 4 .4  ± 1.1 

4 .5 3  ± 0 .5 5

5 8 .6  ± 1.2  

3 .6 2  ± 0 .4 9
T E N D d 5 .2 9  ± 0 .2 0 5 .5 2  ± 0 .1 5 4 .7 2  ± 0 .3 4 5 .4 2  x 0 .2 7 3.91 ± 0 .5 4 5 .1 7  ± 0 .5 5
F L A d 5 .8 6  ± 0 .0 8 5 .6 2  ± 0 .0 8 5 .5 7  ± 0 .1 4 5 .4 2  ± 0 .1 7 3 .3 6  ± 0 .1 8 3 .2 2  ± 0 .1 7
JU d 5 .9 4  ± 0 .0 9 5 .7 8  ± 0 .0 9 5 .7 3  ± 0 .2 0 5 .5 6  ± 0 .1 8 5 .3 2  ± 0 .2 7 5 .3 4  ± 0 .2 3

a
b
c
d

M eans ± s tan d a rd  e rro rs . M eans n o t un d e rsco red  by th e  sam e lin e  are  s ig n if ic a n t ly  d if fe re n t  (P  <  0 .0 5 ) .  
A b so rb a n ce  p er 0 .5  mg m y o f ib r il p ro te in  X  2 0 0  
Kg  o f sh ea r-fo rce  p er c m 2
H e d o n ic  sca le  o f 1 to  8  w ith  8  being  e x tre m e ly  te n d e r , f la v o r fu l o r ju ic y .

mortem. In addition, the correlation coefficient between W-B 
shear-force values and sensory panel tenderness scores for veal 
steak was significant (P <  0.01) at 7 days postmortem 
(—0.94), but not at 1 day postmortem (0.76). Also the correla
tion coefficient between sensory panel tenderness and juiciness 
scores for veal was significant (P <  0.05) at 7 days postmortem 
(0.82), but not at 1 day postmortem (0.75). All other correla
tion coefficients for veal carcasses were not significant (P <  
0.05). The correlation coefficients between sensory tenderness 
and sensory flavor and juiciness scores were moderately high 
(0 .62-0.69) for the L muscle of A-maturity carcasses. Sen
sory flavor and juiciness scores also were moderately corre
lated with W-B shear-force and fragmentation index; these 
correlations, however, probably were not direct correlations, 
but resulted from their mutual relationship to sensory tender
ness scores.

MFI is related to the degradation of the myofibrillar pro
tein during postmortem storage (Olson et al., 1976, 1977). 
Therefore, myofibrils were selected at 1 and 7 days postmor
tem at 2°C from two longissimus muscles of veal and of A- 
maturity and C-maturity carcasses that had differences in myo

fibril fragmentation index, W-B shear-force and sensory tender
ness scores. These selected myofibrils were analyzed by 
SDS-10% polyacrylamide gel electrophoresis and are shown in 
Figures 1—3. The gels of myofibrils (Fig. 1) show that tropo
nin T is not extensively degraded in L muscle from A-maturity 
carcass 1; therefore, the 30,000-dalton component appears 
only faintly even at 7 days postmortem storage.

Troponin T seems to be more degraded in L muscle from 
A-maturity carcass 2, however, and therefore, the 30,000-dal
ton component appears more intense. Amount of degradation 
of troponin T and the intensity of the 30,000-dalton compo
nent coincide with lower W-B shear and higher sensory tender
ness scores and MFI. Similarly, gels of myofibrils from longissi
mus of maturity C (Fig. 2) and veal (Fig. 3) show that the 
absence of troponin T and the presence of the 30,000-dalton 
component parallel high MFI and sensory tenderness scores 
and low W-B shear values.

DISCUSSION
THESE RESULTS add further evidence to the importance of

T ab le  2 —E f f e c t  o f  p o s tm o r te m  sto ra g e  12°C) o n  co rre la tio n  c o e f f ic ie n ts  a m o n g  m y o f ib r i l  fr a g m e n ta tio n  in d e x  (M F I), W a rn er-B ra tz ler  (W -B) 
sh ea r-fo rce  a n d  se n so r y  p a n e l te n d e rn e ss  (T E N D ), fla vo r  (F L A )  a n d  ju ic in e ss  (JU ) o f  lo n g iss im u s m u s c le s  fr o m  veal a n d  fro m  A -m a tu r i ty  a n d  
C -m a tu r ity  carcasses

V e a la A -m a tu r ity b C -m a tu rity0

Days o f postm ortem  storage

1 7 1 7 1 7

M F I vs W-B - 0 . 9 5 * * - 0 .9 7 * * '  ■ - 0 . 6 5 * * - 0 . 7 5 * * - 0 .6 8 * - 0 .7 2 *

M F I vs T E N D 0 .88 * 0 .9 5 * * 0 .6 7 * * 0 .7 3 * * 0 .6 8 * 0 .6 5 *

M F I vs F L A 0 .5 2 0 .0 6 0 .4 3 * * 0 .5 4 * * 0 .5 7 * 0 .0 6

M F I vs JU 0 .5 8 0 .7 8 0 .5 0 * * 0 .5 7 * * 0 .3 6 0 .5 2

W-B vs T E N D - 0 .7 6 - 0 . 9 4 * * - 0 .8 6 * * - 0 . 6 2 * * - 0 .5 9 * - 0 .4 8

W-B vs F L A - 0 .5 4 - 0.01 - 0 . 5 0 * * - 0 . 4 9 * * - 0 .4 7 0.01
W-B vs JU - 0 .5 9 - 0 .7 9 - 0 . 4 7 * * -0 .3 1 0 .0 4 - 0 .3 2

T E N D  vs F L A 0 .5 5 0 .0 6 0 .6 3 * * 0 .6 9 * * 0 .7 5 * * 0 .5 5

T E N D  vs JU 0 .7 5 0 .8 2 * 0 .6 4 * * 0 .6 2 * * 0 .6 6 * 0 .8 3 * *

F L A  vs JU 0.22 - 0 .2 7 0 .4 9 * * 0 .4 9 0 .4 6 0 .66 *

a C o rre la t io n  c o e f f ic ie n ts  o f s ix  veal carcasses 
b C o rre la t io n  c o e f f ic ie n ts  o f 3 5  A -m a tu r ity  carcasses 
c C o rre la t io n  c o e f f ic ie n ts  o f 12  C -m a tu r ity  carcasses 

* S ig n if ic a n t  a t th e  5%  level 
** S ig n if ic a n t  a t the  1% level
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Fig. 1 -S D S -1 0 %  p o ly a c r y la m id e  g e ls  o f  m y o f ib r il s  p re p a red  fro m  
lo n g iss im u s m u s c le s  o f  tw o  A -m a tu r i ty  b o v in e  carcasses a t  1 a n d  7 
d a y s  p o s tm o r te m  sto ra g e  a t  2 °  C h a v in g  d i f f e r e n t  W arner-B ra tzler  
(W -B ) sh ea r fo rc e , s e n so r y  te n d e rn e ss  a n d  m y o f ib r i l  fra g m e n ta tio n  
in d e x  values, [(a) G el o f  m y o fib r ils  a t  1 d a y  p o s tm o r te m ;  (b) G el o f  
m y o f ib r i l s  a t  7  d a y s  p o s tm o r te m ;  (c) G el o f  m y o f ib r il s  a t  1 d a y  
p o s tm o r te m ;  (d l G el o f  m y o fib r ils  a t  7  d a y s  p o s tm o r te m ]

Fig. 2 - S D S - 1 0 %  p o ly a c r y la m id e  gels o f  m y o f ib r il s  p re p a re d  fro m  
lo n g iss im u s  m u s c le s  o f  tw o  C -m a tu r ity  b o v in e  carcasses a t  1 a n d  7  
d a y s  p o s tm o r te m  storage a t  2 ° C  h a v in g  d i f f e r e n t  W arner-B ra tz ler  
(W -B) sh ea r fo rc e , s e n so r y  te n d e r n e ss  a n d  m y o f ib r i l  fra g m e n ta tio n  
in d e x  values, [(a) G el o f  m y o f ib r il s  a t  1 d a y  p o s tm o r te m ;  (b) G el o f  
m y o fib r ils  a t  7  d a y s  p o s tm o r te m ;  (c) G el o f  m y o f ib r il s  a t  1 d a y  
p o s tm o r te m ;  (d) G el o f  m y o f ib r il s  a t  7  d a y s  p o s tm o r te m ]

CARCASS
DAYS POSTMORTEM 1

W-3 SHEAR-FORCE 4.4Z
SENSORY TENDERNESS 4.10

FRACME'ITATI JTi INDEX 60

30,000 DALTONS —»-

■mm

•m

7 1 7
2.85 3.42 3.01
5.30 4.43 5.30

74 63 70

«•NSW
*

m W

H r

s

j g j | 9Kr

myofibrillar proteins and their relationship to improved beef 
tenderness during postmortem storage. Particularly, the rela
tionship between MFI, determined by measuring the light 
absorption of a myofibril suspension, and sensory evaluation 
and W-B shear is of significance. Our results closely agree with 
Moller et al., (1973), who found by using a method of measur
ing myofibril fragmentation similar to that used in this investi
gation, a correlation coefficient of —0.78 between myofibril 
fragmentation and W-B shear force of longissimus muscles 
from A-maturity bovine carcasses at 7 days postmortem at 
2°C. Hence, our results clearly show that changes in myofibrils 
isolated from postmortem muscle and determined as a frag
mentation index is a good indicator of cooked muscle tender
ness, accounting for about 50% of the variation in tenderness 
of longissimus from A-maturity carcasses. Evidently, the 
changes in the myofibril during postmortem muscle storage are 
not greatly altered during heating to an internal cookery tem-

Fig. 3 - S D S -1 0 %  p o ly a c r y la m id e  gels o f  m y o fib r ils  p re p a re d  fro m  
lo n g iss im u s m u s c le s  o f  tw o  veal carcasses a t  1 a n d  7  d a ys  p o s t 
m o r te m  sto ra g e  a t  2° C h a v in g  d i f f e r e n t  W arner-B ra tz ler  (W -B) shear  
fo rc e , s e n so r y  te n d e rn e ss  a n d  m y o f ib r i l  fra g m e n ta tio n  in d e x  values. 
[ (a) G el o f  m y o f ib r il s  a t  1 d a y  p o s tm o r te m ;  (b) G el o f  m y o fib r ils  a t  
7  d a ys  p o s tm o r te m ;  (c) G el o f  m y o fib r ils  a t  1 d a y  p o s tm o r te m ;  (d) 
G el o f  m y o fib r ils  a t  7  d a y s  p o s tm o r te m ]
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perature of 65°C, but the effect of cookery temperature on 
myofibril fragmentation requires further exploration. That 
fragmentation of myofibrils occurs early during postmortem 
storage of muscle at 2°C and that it increases significantly 
during postmortem storage is indicative that calcium activated 
factor (CAF) activity on myofibrillar proteins occurs during 
the early stages of postmortem storage. CAF is an endogenous 
neutral protease active in postmortem beef muscle and is re
sponsible for myofibrillar protein degradation (disappearance 
of troponin T and appearance of a 30,000-dalton component) 
during postmortem aging (Olson et ah, 1977).

A practical application of MFI would be to specify tender
ness groups. That MFI could be used to predict beef tender
ness by segregating carcasses into different tenderness group
ings is supported by the significant correlation coefficients 
between MFI and W-B shear values (ranging from —0.65 to 
0.97) and between MFI and sensory tenderness scores (ranging 
from 0.65—0.95) in all three maturity groups at 1 and 7 days 
postmortem. Although no correlation coefficients were re
ported, our earlier results (Olson et ah, 1976) demonstrated 
that myofibril fragmentation and W-B shear values were 
closely related for beef aged on the carcass. MFI was a sensi
tive method of detecting differences in myofibril fragmenta
tion during postmortem storage at 2°C, but the W-B shear and 
sensory panel did not detect significant tenderness differences 
during the postmortem aging period, although tenderness im
proved during aging. This further demonstrates that significant 
changes in tenderness occur early during postmortem aging. It 
could be argued that if aging was carried out for a longer time, 
significant changes could have been detected in tenderness; 
however, our earlier work demonstrated that W-B shear values 
change little between 7 and 28 days of postmortem time (Par
rish et al., 1969).

Myofibrils from longissimus muscles of veal and of A-matu- 
rity and C-maturity carcasses at 1 and 7 days postmortem at 
2°C that were: (a) selected on the basis of differences in myo
fibril fragmentation index, W-B shear-force and sensory ten

derness of the muscles; and (b) analyzed by SDS-polyacryl- 
mide gel electrophoresis showed a relationship between beef 
steak tenderness (high myofibril fragmentation index and sen
sory tenderness and low W-B shear-force) and the degradation 
of myofibrillar proteins (absence of troponin T and presence 
of 30,000-dalton component). Conversely, less tender muscles 
showed less myofibril degradation (more intense troponin T 
band and less intense 30,000-dalton band on SDS-polyacryla- 
mide gels). These results, obtained by using SDS-polyacryla- 
mide gel electrophoresis, add further evidence to the impor
tant relationship of myofibrillar proteins to bovine muscle 
tenderization. Further investigations must be carried out to 
determine what ante- and postmortem variables regulate myo
fibril fragmentation and how MFI can be implemented for 
segregating carcasses into different tenderness groups.
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HIGH TEMPERATURE EFFECTS ON LYSOSOMAL ENZYME DISTRIBUTION  
AND FRAGMENTATION OF BOVINE MUSCLE

-------------------------- —  ABSTRACT --------------- -------- --------
B o v in e  m u s c le  sa m p le s  w e r e  fr a c t io n a te d  a n d  a s sa y e d  t o  a sse ss  th e  
e f f e c t s  o f  h ig h  p o s tm o r te m  te m p e r a tu r e s  o n  ly s o s o m a l e n z y m e s  and  
m u s c le  fr a g m e n ta t io n  v a lu e s . S a m p le s  o f  th e  lo n g is s im u s  d o rs i m u sc le  
w e r e  e x c i s e d  fr o m  b o t h  s id e s  o f  s ix  a n im a ls . O n e  m u sc le  w a s  h e ld  a t  
3 7 ° C  (H T ) a n d  th e  o th e r  w a s  m a in ta in e d  a t  2 °C  as c o n tr o l  (C ). T h e  pH  
o f  th e  m u sc le s  w a s  d e te r m in e d  a t 1 , 4 ,  a n d  1 2  hr p o s tm o r te m . A fte r  12  
hr th e  m u sc le s  w e re  h o m o g e n iz e d  a n d  c e n tr ifu g e d  to  sep a ra te  s e d im e n 
ta b le  a n d  u n s e d im e n ta b le  fr a c t io n s  w h ic h  w e r e  a s sa y e d  fo r  /3-g lu cu ron - 
id a se  a n d  c a th e p s in  C  a c t iv it ie s .  A  fr a g m e n ta t io n  v a lu e  w a s  a lso  d e te r 
m in e d  fo r  e a c h  s a m p le . T h e  p H  o f  th e  H T  sa m p le s  d r o p p e d  m o r e  
r a p id ly  a n d  w a s s ig n if ic a n t ly  lo w e r  a t b o t h  4  a n d  1 2  h r . N o  d e te c ta b le  
d if fe r e n c e  in  to t a l  /3 -g lu cu ro n id a se  a c t iv ity  w a s  o b s e r v e d  b e tw e e n  H T  
a n d  C s a m p le s  b u t  th e  d is tr ib u t io n  w a s  m a r k e d ly  a lte r e d  as s h o w n  b y  
s ig n if ic a n t  d if fe r e n c e s  in  th e  p e r c e n t  o f  t o t a l  a c t iv ity  th a t  w a s  u n s e d i
m e n ta b le  (H T  >  C , P <  0 .0 2 5 )  a n d  s p e c if ic  a c t iv it ie s  o f  th e  s e d im e n 
ta b le  (H T  >  C , P  <  0 .0 2 5 )  an d  u n s e d im e n ta b le  (H T  >  C , P  <  0 .0 2 5 )  
fr a c t io n s .  F o r  c a th e p s in  C  th ere  w a s  a s ig n if ic a n t  d r o p  in  to t a l  e n z y m e  
a c t iv ity  (H T  >  C , P  <  0 .0 0 5 )  r e su lt in g  fr o m  a n  a p p a re n t d e g r a d a tio n  o f  
th e  u n s e d im e n ta b le  e n z y m e  w h ic h  h a d  b e e n  r e le a se d  b y  th e  H T  tr e a t
m e n t .  T h e  fr a g m e n ta t io n  v a lu e s  w e r e  s ig n if ic a n t ly  d if fe r e n t  s h o w in g  
th a t  th e  H T  sa m p le s  h a d  p r o b a b ly  u n d e r g o n e  lim ite d  p r o te o ly s is  r e s u lt 
in g  in  a r e d u c t io n  o f  m u sc le  fr a g m e n t s iz e  a fte r  h o m o g e n iz a t io n .  T h e se  
r e s u lt s  a d d  s u p p o r t  fo r  th e  r o le  o f  ly s o s o m a l  e n z y m e s  in  p o s tm o r te m  
t e n d e r iz a t io n .

INTRODUCTION
T E N D E R N E S S  is  t h e  p r e d o m i n a n t  m e a t  q u a l i t y  d e t e r m i n a n t  
a n d  t h e r e f o r e  m u s t  b e  o f  m a j o r  c o n c e r n .  L o w  t e m p e r a t u r e s  
c a n  c a u s e  a  d e c r e a s e  in  t e n d e r n e s s  t h r o u g h  c o l d  s h o r t e n i n g  
( M a r s h  e t  a l . ,  1 9 6 8 )  a n d  e l e v a t e d  t e m p e r a t u r e s  d u r in g  t h e  e a r l y  
p o s t m o r t e m  p e r i o d  p r o d u c e  m a r k e d  t e n d e r n e s s  i m p r o v e m e n t s  
( P a r r i s h  e t  a l . ,  1 9 6 9 ;  F i e l d s  e t  a l . ,  1 9 7 6 ) .  T h a t  t h e s e  h i g h e r  
t e m p e r a t u r e s  h a v e  e f f e c t s  o t h e r  t h a n  p r e v e n t i n g  c o l d  s h o r t e n 
i n g  w a s  d e m o n s t r a t e d  b y  D u t s o n  e t  a l .  ( 1 9 7 5 )  w h o  s h o w e d  

t e n d e r n e s s  d i f f e r e n c e s  b e t w e e n  h ig h  a n d  l o w  t e m p e r a t u r e  s id e s  
w h i c h  h a d  b e e n  r e s t r a i n e d  t o  m a i n t a i n  e q u a l  s a r c o m e r e  
l e n g t h s .  I n i t i a l  s t u d i e s  ( M o e l l e r  e t  a l . ,  1 9 7 6 )  h a v e  s h o w n  s ig 
n i f i c a n t  c h a n g e s  i n  l y s o s o m a l  e n z y m e  l e v e l s  a n d  d i s t r i b u t i o n  in  
t i s s u e  f r a c t i o n s  a t  e a r l y  p o s t m o r t e m  s t a g e s  b e t w e e n  h i g h  t e m 
p e r a t u r e  c o n d i t i o n e d  a n d  n o r m a l l y  c h i l l e d  c a r c a s s e s .  T h e  p r e s 
e n t  i n v e s t i g a t i o n  m a g n i f i e s  t e m p e r a t u r e  d i f f e r e n c e s  in  a n  
a t t e m p t  t o  a m p l i f y  t h e  e n z y m e  c h a n g e s  a n d  s t u d y  t h e  e f f e c t s  
o n  m u s c l e  f r a g m e n t a t i o n .

EXPERIMENTAL
S IX  U S D A  G o o d  grad e  c a t t le ,  e a c h  w e ig h in g  a p p r o x im a te ly  3 8 3  kg  
(liv e  w e ig h t ) ,  w ere  u t i l iz e d  in  th is  s tu d y . S e c t io n s  o f  th e  lo n g is s im u s  
d o r s i w e r e  r e m o v e d  fr o m  b o th  th e  r ig h t an d  le f t  s id e s  o f  th e  a n im a l in  
th e  r eg io n  o f  th e  first t o  f i f th  lu m b a r  v e r teb ra e  a t a p p r o x im a te ly  4 5  
m in  a fte r  e x sa n g u in a t io n . O n e  s e c t io n  o f  lo n g is s im u s  m u sc le  fr o m  e a ch  
an im a l w a s  p la c e d  in  an  in c u b a to r  a t 3 7 ° C  fo r  12  hr (H T  s a m p le s )  w h ile  
th e  c o m p a n io n  m u sc le  fr o m  th a t  a n im a l w a s  p la c e d  in  a c o ld  r o o m  a t  
2 ° C  (C  s a m p le s ) . M u sc le s  w e r e  p la c e d  in  c o v e r e d  P y r e x  d is h e s  d u rin g  
th e  in c u b a t io n  p e r io d . A fte r  1 2  h r , m u sc le  s a m p le s  w e r e  tr im m e d  o f  a ll

fa t  a n d  e p im y s ia l t is s u e  a n d  th e  o u t e r  s u r fa c e  o f  e a c h  m u sc le  s a m p le  
w a s r e m o v e d  to  e lim in a te  a n y  b a c te r ia l g r o w th  th a t  m ig h t h a v e  o c 
c u rred  d u r in g  th e  in c u b a t io n  p e r io d . M u s c le  s a m p le s  w e r e  g r o u n d  
th r o u g h  a 3 m m  p la te  a n d  lO g  o f  e a c h  g r o u n d  m u s c le  sa m p le  w e r e  
h o m o g e n iz e d  a n d  c e n tr ifu g e d  a c c o r d in g  t o  th e  p r o c e d u r e s  o f  M o e lle r  e t  
a l. ( 1 9 7 6 )  e x c e p t  th a t th e  a d ju s te d  f i l tr a te  w a s  c e n tr ifu g e d  a t 1 0 5 ,0 0 0  
x  G  fo r  2 hr to  o b ta in  th e  s e d im e n ta b le  (p e l le t )  a n d  u n s e d im e n ta b le  
( s u p e r n a ta n t)  fr a c t io n s . T h e  p r o te in  c o n te n t  o f  th e s e  fr a c t io n s  w a s  
d e te r m in e d  b y  th e  C o n w a y  ( 1 9 5 8 )  m ic r o -K je ld a h l p r o c e d u r e .

M u sc le  fib er  fr a g m e n ta t io n  w a s  d e te r m in e d  b y  a m o d if ic a t io n  o f  th e  
m e th o d  o f  R ea g a n  e t  a l. ( 1 9 7 5 ) .  D u p l ic a te  1 0 -g  s a m p le s  o f  g r o u n d  
m u sc le  w e r e  p la c e d  in  5 0  m l o f  0 .2 5 M  su c ro se  c o n ta in in g  0 .0 2 M  KC1 
a n d  h o m o g e n iz e d  in  a V ir t is  “ 2 3 ”  h o m o g e n iz e r  a t fu l l  s p e e d  fo r  4 0  sec .  
T h e  h o m o g e n a te  w a s  f i l t e r e d  th r o u g h  o n e  la y e r  o f  c h e e s e  c lo th .  A  
2 0 -m l a l iq u o t  o f  f i l tr a te  w a s  p la c e d  in  a p r e -w e ig h e d  5 0  m l  p o ly e t h y l 
e n e  c e n tr ifu g e  tu b e  a n d  c e n tr ifu g e d  a t  4 8 ,0 0 0  X G  fo r  1 0  m in . T h e  
su p e r n a ta n t w a s  d e c a n te d , le a v in g  th e  p r o te in  r e s id u e  in  th e  c e n tr ifu g e  
tu b e . T h e  r em a in in g  fa t  p a r tic le s  a n d  su p e r n a ta n t w e r e  r e m o v e d  fr o m  
th e  in s id e  o f  th e  c e n tr ifu g e  tu b e  u s in g  a m e ta l  sp a tu la  c o v e r e d  w ith  
c h e e s e  c lo t h .  T h e  tu b e  c o n ta in in g  th e  p r o te in  r e s id u e  w a s  a ga in  w e ig h e d  
a n d  th e  to t a l  w e ig h t  o f  th e  r e s id u e  d e te r m in e d . R e s id u e  w e ig h t  (m u sc le  
fr a g m e n t w e ig h t )  w a s  u se d  as an  in d e x  o f  m u sc le  f ib e r  fr a g m e n ta t io n .

T h e  m u sc le  p H  a t 1 , 4  an d  1 2  h r  p o s tm o r te m  w a s  m e a su r ed  f o l l o w 
in g  h o m o g e n iz a t io n  o f  m u s c le  sa m p le s  in  0 .0 0 5 M  s o d iu m  io d o a c e ta te  
to  p r e v e n t g ly c o ly t ic  c h a n g e s  a fter  h o m o g e n iz a t io n .

C a th e p s in  C  a n d  /3 -g lu cu ron id ase  a c t iv it ie s  w e r e  a ssa y e d  f lu o r o -  
m e tr ic a lly  as p r e v io u s ly  d e scr ib e d  (M o e lle r  e t  a l . ,  1 9 7 6 ) .

S ta t is t ic a l a n a ly s is  w a s  b y  th e  S t u d e n t ’s p a ired  t m e th o d  (L i, 1 9 6 4 ) .

RESULTS & DISCUSSION
T H E  R A T E S  o f  p H  d e c l i n e  f o r  b o t h  t e m p e r a t u r e s  a r e  s h o w n  
in  F i g u r e  1 . T h e  h ig h  t e m p e r a t u r e  s a m p l e s  h a d  s i g n i f i c a n t l y  
l o w e r  p H  v a l u e s  a t  b o t h  4  a n d  1 2  h r  p o s t m o r t e m  ( P  <  0 . 0 5  
a n d  P  <  0 . 0 1 ,  r e s p e c t i v e l y ) .  T h i s  i s  in  e s s e n t i a l  a g r e e m e n t  w i t h  
t h e  r e s u l t s  o f  C a s s e n s  a n d  N e w b o l d  ( 1 9 6 7 ) .  T h e  c o m b i n a t i o n  
o f  l o w e r  p H  a n d  e l e v a t e d  t e m p e r a t u r e  a p p r o a c h e s  o p t i m u m  
c o n d i t i o n s  f o r  l y s o s o m a l  h y d r o l a s e  a c t i v i t y  ( B a r r e t t ,  1 9 7 2 ) .  
T h e  r e l e a s e  o f  t h e s e  e n z y m e s  i n t o  s u c h  a n  e n v i r o n m e n t  c a p a 
b le  o f  m a i n t a i n i n g  t h e i r  a c t i v i t y  c a n  l e a d  t o  s u b t l e  c h a n g e s  in  
m u s c l e  t i s s u e .

T h e  l o c a l i z a t i o n  o f  e n z y m e  a c t i v i t y  w a s  e x a m i n e d  b y  i s o l a t 
in g  a  s e d i m e n t a b l e  a n d  a n  u n s e d i m e n t a b l e  f r a c t i o n .  T h e  s e d i 
m e n t a b l e  f r a c t i o n  r e p r e s e n t s  t h e  a m o u n t  o f  e n z y m e  r e m a i n i n g  
in  f r a g m e n t e d  t i s s u e  a n d  m e m b r a n o u s  m a t e r i a l .  T h e  u n s e d i 
m e n t a b l e  f r a c t i o n  r e p r e s e n t s  t h e  a m o u n t  o f  e n z y m e  r e l e a s e d  
f r o m  t h e  l y s o s o m e .  T a b l e  1 p r e s e n t s  t h e  t o t a l  e n z y m e  a c t i v i 
t i e s  r e c o v e r e d  f o r  e a c h  f r a c t i o n  o f  e a c h  a n i m a l .  T o  r e m o v e  t h e  
v a r i a b i l i t y  d u e  t o  d i f f e r e n c e s  in  p r o t e i n  e x t r a c t i o n ,  t h e  e n z y m e  
s p e c i f i c  a c t i v i t i e s  o f  t h e  f r a c t i o n s  a r e  p r e s e n t e d  i n  T a b l e  2 .  
W h ile  t h e  t r e n d s  a r e  o b v i o u s ,  t h e  la r g e  a n i m a l  v a r i a t i o n  n e c e s s i 
t a t e s  t h e  u s e  o f  a  p a ir e d  a n a l y s i s  d e a l i n g  w i t h  d i f f e r e n c e s  b e 
t w e e n  h i g h  a n d  l o w  t e m p e r a t u r e  s a m p l e s  f r o m  e a c h  a n i m a l .  
T a b le  3  s u m m a r i z e s  t h e  d i f f e r e n c e s  in  e n z y m e  d i s t r i b u t i o n  p a t 
t e r n s .

N o  s i g n i f i c a n t  d i f f e r e n c e  in  t o t a l  ( 3 - g lu c u r o n id a s e  a c t i v i t y  
w a s  o b s e r v e d  b e t w e e n  t h e  t w o  t r e a t m e n t s  ( T a b l e  3 ) .  H o w e v e r ,  
m a r k e d  c h a n g e s  o c c u r r e d  in  t h e  d i s t r i b u t i o n  o f  ( 3 - g lu c u r o n id a s e
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Table 1—T o ta l e n z y m e  a c t iv i t ie s 3- in  e ach  fra c tio n  fo r  ^ -g lu cu ro n id a se  
a n d  ca th ep s in  C in th e  s e d im e n ta b le  a n d  u n s e d im e n ta b le  fra c tio n s  a t  
b o th  h igh  ( H T -  37° C) a n d  lo w  (C  = 2° C) te m p e r a tu re s

/3-glucuronidase Cathepsin C

Animal Temp
Sedi

mentable
Unsedi

mentable
Sedi

mentable
Unsedi

mentable

1 HT 1.20 2.35 33.40 91.14
C 2.25 1.88 89.85 83.56

2 HT 1.80 1.56 52.00 51.54
C 2.25 1.12 89.10 92.72

3 HT 3.35 2.81 79.75 51.18
C 2.55 2.21 105.10 82.92

4 HT 1.90 2.56 32.45 70.49
C 2.75 2.11 62.00 83.95

5 HT 3.20 2.18 102.80 68.94
C 3.15 1.61 133.80 72.73

6 HT 2.55 2.14 100.90 110.05
C 2.48 1.76 190.95 135.68

Mean HT 2.33 2.27 66.88 73.89
C 2.57 1.78 111.80 91.93

a  Total activi ty of  /3-glucuronidase expressed as nanomoles of 
p ro d u c t  released per  m inu te .  Total activity of  ca thepsin C ex
pressed as nanomoles p ro d u c t  released per  min.

between the sedimentable and unsedimentable fractions. The 
high temperature samples contained a larger amount of unsedi
mentable activity (P <  0.025). When considering the altered 
distribution of this enzyme relative to the changes in distribu
tion of other proteins, i.e., the specific activity of the enzyme, 
the same pattern emerges. The specific activity of the unsedi
mentable fraction is higher (P <  0.025) for the high tempera
ture samples, while for the sedimentable fraction, this is re
versed (P <  0.025).

For cathepsin C a more complicated picture is observed 
(Table 3). First, the high temperature samples contain much 
less total activity (P <  0.005) than the control samples. This 
result corroborates our earlier findings (Moeller et al., 1976) 
on the lability of this enzyme. Additionally, there is no signifi
cant difference between treatments in the proportion of the 
total enzyme activity which is unsedimentable. The explana
tion for these two results is found in an examination of the 
specific activity patterns for cathepsin C. The sedimentable 
fraction of the high temperature sample has a lower specific 
activity than the low temperature sample (P <  0.025), agreeing 
with the data on /3-glucuronidase. However, the specific activ
ity of the unsedimentable fraction was lower in the high tem
perature samples as compared to those held at the low temper
ature (P <  0.05). This complete reversal, compared to /3-glucu
ronidase, indicates that at the higher temperature, the 
cathepsin C activity not associated with the lysosomal mem
brane is more labile. The sedimentable enzyme is apparently 
able to maintain its stability while associated with the mem
brane fraction.

The fragmentation data in Table 4 show a greater residue 
weight for the high temperature samples (mean difference sig
nificant at P <  0.05). This is probably due to a limited prote
olysis which results in a reduction of muscle fragment size due 
to homogenization, allowing more fragments to pass through

T able  2 —S p e c i f ic  a c tiv it ie sa fo r  (3-glucuronidase a n d  c a th ep s in  C in  
th e  s e d im e n ta b le  a n d  u n se d im e n ta b le  fr a c tio n s  a t  b o th  h igh  (H T  = 
3 f  C) a n d  lo w  (C  = 2° C) te m p e ra tu re s

/3-glucuronidase Cathepsin C

Animal Temp
Sedi

mentable
Unsedi

mentable
Sedi

mentable
Unsedi

mentable

1 HT 2.1 4.5 0.0798 0.1784
C 4.0 3.7 0.1586 0.4328

2 HT 3.9 3.4 0.1130 0.1152
C 4.9 2.4 0.1956 0.2008

3 HT 4.4 7.3 0.1070 0.1341
C 8.4 4.3 0.3593 0.2247

4 HT 4.4 5.6 0.0753 0.1562
C 6.2 5.0 0.1417 0.2014

5 HT 4.1 5.3 0.1349 0.1679
C 9.2 4.1 0.3941 0.1868

6 HT 3.9 5.7 0.1540 0.2917
C 4.3 4.3 0.2309 0.3287

Mean HT 3.8 5.3 0.1107 0.1739
C 6.2 4.0 0.2467 0.2625

a Specific activity of  /3-glucuronidase expressed as picomoles of p ro 
duct  released per  m inu te  per  milligram prote in .  Specific activity of 
ca thepsin C expressed as nanomoles p ro d u c t  released per  min. per 
mg. protein.

Fig. 1—A  p lo t  o f  p H  vs h o u rs  p o s tm o r te m  fo r  2 °  C  a n d  3 7 °  C  in c u b a te d  
m u s c le  sa m p le s  sh o w in g  th e  in crea sed  ra te  o f  p H  d ec lin e  fo r  th e  3 7 °  C 
in c u b a te d  m u s c le  (average o f  s ix  an im a ls). T h e  p H  a t  4  a n d  12 h r  is 
s ig n if ic a n tly  less (P <  0 .0 5  a n d  P  <  0 .0 1 , r e sp e c tiv e ly )  fo r  th e  3 7 °  C 
in c u b a te d  sa m p les. V ertica l bars in d ic a te  s ta n d a rd  d ev ia tio n s .
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Table 3 —Mean differences in  enzym e a c tiv ity  d is tr ib u tio n  pa tterns  
fo r  high (H T ) and lo w  (C) tem perature treated samplesa

(3-g lu c u r o n id a s e C a th e p s in  C

To ta l a c tiv ity 13 0 .0 6 7  ± 0 .2 9 8 - 6 2 .9 5  ± 1 2 .1 6 d
% in unsedim entable fraction 1 1 . 0 0  ± 2 .8 0 e 7 .3 0  ± 4 .3 0
Sp e cific  activ ity  of

sedim entable fraction 0 - 2 .4 2  ± 0 .7 4 e - 0 .1 3 5  ± 0 .0 3 8 e
Sp e cific  activ ity  of

unsedim entable fractio n 0 1 .33  ± 0 .3 5 e - 0 .0 8 9  ± 0 .0 3 5 f

a A positive mean difference indicates m ore  activity for th e  high 
tem p era tu re  samples, while a negative mean difference indicates 
less activity for  these samples. Values are mean difference ± s ta n d 
ard error  o f  mean for  six samples.

h Differences in total enzym e units  per  10g of  muscle (total n ano
moles p roduc t  fo rm ed/m inu te)  

c Specific activities def ined as in Table 1 
d P <  0 .005 
e P <  0 .025 
f P <  0.05

Table 4 —Residue weights o f  sample a liqu o ts  used in fragm entation  
analysis

R e s id u e  w t  (g)

A nim al H T (3 7 °C ) C (2 °  C) H -L

1 0 .8 8 5 0 .4 0 5 0 .4 8 0
2 0 .9 8 0 0 .5 9 0 0 .3 9 0
3 1.145 0 .3 8 0 0 .7 6 5
4 0 .7 3 0 0 .5 1 5 0 .2 1 5
5 1.375 0 .3 7 0 1.005
6 1.295 1.440 - 0 .1 4 5
Mean 1.068 0 .6 1 7 0 .4 5 1 a

a Mean difference significant at  P <  0.05

the cheese cloth. Such degradation is not characterized by the 
release of free amino acids, but rather the cleavage of a few 
sites resulting in a deterioration of the muscle superstructure, 
allowing it to be broken more easily by homogenization. This 
probably contributes to overall tenderness differences between 
high temperature treated and normally chilled carcasses (Par
rish et ah, 1969; Fields et al., 1976; Dutson et al., 1975). With 
the current trend in this country against food additives and, 
since economic considerations have dictated shorter carcass 
aging periods, the maximum use must be made of endogenous 
factors controlling tenderness. These studies underscore the 
possible role of lysosomal hydrolases in the aging of meat and 
the need to maximize their effects.
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PROFILE OF FIBER TYPES AND RELATED PROPERTIES 
OF FIVE BOVINE MUSCLES

--------------------------------  ABSTRACT — ----------------------------
H is to c h e m ic a l ,  h is to lo g ic a l  an d  p h y s ic o -c h e m ic a l  p a r a m e te r s  o f  th e  lo n -  
g iss im u s , p s o a s  m a jo r , g lu te u s  m e d iu s , s e m ite n d in o s u s  a n d  s e m im e m 
b r a n o su s  b e e f  m u s c le s  w e re  in v e s t ig a te d . S ig n if ic a n t  d if fe r e n c e s  (P  <  
0 .0 5 )  w e re  o b s e r v e d  a m o n g  m u sc le s  fo r  fib er  ty p e ,  c r o s s -se c t io n a l fib er  
a rea , s a r c o m e r e  le n g th , v isu a l c o lo r ,  p e r c e n t  r e f le c ta n c e ,  m y o g lo b in  
c o n te n t ,  h e m o g lo b in  c o n t e n t ,  w a te r -h o ld in g  c a p a c ity ,  tr a n s m is s io n  v a l
u e ,  p H , m o is tu r e  c o n te n t ,  e th e r  e x tr a c ta b le  c o n s t i tu e n t s  a n d  p r o te in  
c o n te n t .  In n e r  a n d  o u te r  areas o f  th e  s e m ite n d in o s u s  a n d  s e m im e m 
b r a n o su s  m u sc le s  d if fe r  h is to c h e m ic a lly  in  fib er  ty p e  a n d  c o lo r .

INTRODUCTION
RECENT REVIEWS by Cassens and Cooper (1971), Anderson 
and Parrish (1972) and Ashmore (1974) indicated a relation
ship between ultimate meat quality and the muscles’ fiber type 
composition. Most of the histochemical literature pertaining to 
meat quality has been obtained, however, from porcine mus
cle. The reported histochemical data on bovine muscles have 
not established a “normal” fiber type composition for various 
economically important muscles within the same animal or 
carcass, but have related fiber characteristics to postnatal fiber 
development (Ashmore et al., 1972), double muscling (Holmes 
and Ashmore, 1972; Hendricks et al., 1973; West, 1974), car
cass maturity and marbling (Rao et al., 1968), animal age, 
nutrition and sex (Reddy, 1971), biopsy prediction of carcass 
composition and palatability (Melton et al., 1974, 1975) and 
color stability of frozen meat (Schafer, 1972). The objective 
of this study was to characterize and interrelate various histo
chemical, histological and physico-chemical parameters of five 
major bovine muscles removed from Choice, A maturity car
casses.

MATERIALS & METHODS
Sample selection and location

S ix  U S D A  C h o ic e  (U S D A , 1 9 6 5 )  s te er  b e e f  c a rca sse s  w e r e  s e le c te d  
a t a c o m m e r c ia l p a c k in g  p la n t 2 4  hr p o s tm o r te m . C arcass s e le c t io n  
criter ia  w ere : y ie ld  g ra d e  n ear 3 .0 ;  ty p ic a l  A  m a tu r ity ;  u n ifo r m  d is tr ib u 
t io n  o f  a  sm a ll o r  m o d e s t  a m o u n t  o f  m a rb lin g ; n o r m a l r ib e y e  c o lo r ,  
fir m n ess  a n d  e x u d a t io n ;  a n d  n o  p h y s ic a l  e v id e n c e  o f  d o u b le  m u sc lin g .  
A ll m u sc le  s a m p le s  w e re  r e m o v e d  fr o m  th e  c a rca sse s  o n  th e  fo u r th  o r  
f i f th  d a y  p o s tm o r te m  a n d  w e re  e ith e r  fr o z e n  o r  a n a ly z e d  im m e d ia te ly .

A  s te a k  3 c m  in  th ic k n e ss  w a s  r e m o v e d  fr o m  th e  lo n g is s im u s  m u sc le  
a d ja ce n t to  th e  1 2 th  th o r a c ic  v e r teb ra  a n d  u se d  fo r  u lt im a te  p H , tra n s
m iss io n  v a lu e , r e f le c ta n c e  an d  p ig m e n t  d e te r m in a t io n s .  A  s te a k  5 cm  in  
th ic k n e ss  w as r e m o v e d  fr o m  th e  1 3 th  th o r a c ic -f ir s t  lu m b a r  area  fo r  
s tu d ie s  o n  lo n g iss im u s  (L D ) m u sc le  h is to c h e m is tr y  a n d  sa rc o m e r e  
le n g th  d e te r m in a t io n . P so a s  m a jo r  (P M ) an d  g lu te u s  m e d iu s  (G M ) m u s 
c le  s a m p le s  w ere  r e m o v e d  b e tw e e n  th e  fo u r th  a n d  s ix th  lu m b a r  v e r te 
b rae a n d  th e  s e c o n d  an d  th ird  sacra l v e r teb ra e , r e s p e c t iv e ly .  S e m ite n d i
n o s u s  (S T )  an d  sem im e m b r a n o s u s  (S M ) m u sc le  sa m p le s  w e r e  ta k e n  n ear  
th e  m id p o in t  o f  th e  sh a ft o f  th e  fe m u r . A ll  h is to lo g ic a l  an d  h is to -

1 Present address: D ep t, o f A n im al Science & In d u s try , W eber H a ll, 
M anhattan, K A  6 6 5 0 6 .

c h e m ic a l s a m p le s  w e re  r e m o v e d  fr o m  th e  c e n te r  o f  e a c h  m u sc le  e x c e p t  
fo r  th e  S T  a n d  SM  w h ic h  w e r e  d iv id e d  in t o  in n er  a n d  o u te r  p o r t io n s .  
T h e  large  c e n tr a l p o r t io n s  o f  th e  S T  a n d  SM  m u s c le s  w e r e  n o t  u s e d . T h e  
in n er  S T  (1 S T ) a n d  th e  o u te r  S T  (O S T ) d id  n o t  d if fe r  in  v is u a l c o lo r ;  
th e r e fo r e ,  th e  S T  m u sc le  w a s d iv id e d  in t o  d ark  a n d  lig h t  p o r t io n s  
(B e e c h e r  e t  a l. ,  1 9 6 8 ) .  T h e  in n er  SM  (IS M ) a n d  o u t e r  (O S M ) varied  
c o n s id e r a b ly  in  v isu a l a p p ea r a n c e  (p a le  a n d  d a rk  r e d , r e s p e c t iv e ly ) .  T h e  
e x c e s s  t is s u e  fr o m  th e  h is to c h e m ic a l  s te a k s  a n d  fr o m  S T  a n d  SM  m u s
c le s  w a s p u lv e r iz e d  in  a W aring B le n d o r  w ith  liq u id  n it r o g e n  (B o r ch er t  
a n d  B r isk e y , 1 9 6 5 )  a n d  u se d  fo r  s tu d ie s  o n  w a te r -h o ld in g  c a p a c ity  
(W H C ), m o is tu r e  an d  p r o te in  a n d  fo r  e th e r  e x tr a c t io n .

Histochemical and histological methods
M u scle  s a m p le s  w e r e  fr o z e n  im m e d ia te ly  a f t e r  e x c i s io n  in  is o p e n 

ta n e  th a t  h a d  b e e n  c o o le d  in  l iq u id  n it r o g e n  a n d  s to r e d  o n  d r y  ic e  u n t il  
fu r th e r  p r o c e ss in g . T ran sverse  fr o z e n  s e c t io n s  ( lO p )  w e re  m o u n te d  o n  
c o v e r  s lip s  a n d  in c u b a te d  a t p H  9 .4  (2 -a m in o -2 -m e th y l - l-p r o p a n o l b u f 
fe r )  fo r  A T P a se  a ssa y  b y  th e  m e th o d  o f  P a d y k u la  a n d  H e r m a n n  ( 1 9 5 5 a ,  
b )  as m o d if ie d  b y  G u th  an d  S a m a h a  ( 1 9 6 9 )  a n d  fo r  r e d u c e d  n ic o t in 
a m id e -a d e n in e  d in u c le o t id e  te tr a z o liu m  r e d u c ta s e  (N A D H -T R ) a ssa y  u s 
in g  th e  p r o c e d u r e  o f  E n g le  an d  B r o o k e  ( 1 9 6 6 ) .  P r e in c u b a tio n  a t pH
1 0 .4  o f  f ix e d  m u s c le  s e c t io n s  fo r  A T P a se  a ssa y  p r ior  t o  th e  u su a l in c u 
b a t io n  a t p H  9 .4  d id  n o t  e n h a n c e  f ib e r  d if fe r e n t ia t io n  o f  th e  p o st-r ig o r  
t is s u e ;  th e r e fo r e  n o  a lk a lin e  p r e in c u b a t io n  w a s  d o n e .  A T P a se  s e c t io n s  
p r e in c u b a te d  in  an  a c e ta te  b u ffe r  (p H  4 .3 )  w e r e  u sed  o n ly  as a  c h e c k  to  
e s ta b lis h  fib er  c la s s if ic a t io n . F ib e r s  p o s se s s in g  A T P a se  a c t iv ity  w e re  
c la ss if ie d  a c c o r d in g  to  th e  n o m e n c la tu r e  o f  A sh m o r e  a n d  D o e rr  (1 9 7 1 ) ;  
d ark  s ta in in g  fib ers  as a  W h ite  (a W ), in te r m e d ia te  s ta in in g  f ib e r s  as « R e d  
(a R )  and  th e  l ig h t  s ta in in g  f ib ers  a s  /5R ed (j3R). F ib e r s  w e r e  a lso  c la ss i
f ie d  as red  ( in c lu d e s  in te r m e d ia te  s ta in in g  f ib e r s )  o r  w h it e  o n  th e  b asis  
o f  th e ir  N A D H -T R  r e a c t io n .

P h o to m ic r o g r a p h s  w e r e  ta k e n  w ith  a L e ic a  M -2 c a m era  m o u n te d  o n  
a L e itz  O r th o lu x  m ic r o s c o p e . S u f f ic ie n t  p h o to m ic r o g r a p h s  o f  A T P ase  
f ib er s  w ere  ta k e n  so  th a t a p p r o x im a te ly  1 0 0 0  f ib e r s  p er  L D  per carcass  
a n d  a p p r o x im a te ly  4 0 0  f ib er s  per m u sc le  fo r  a ll o th e r  m u sc le  areas p er  
carcass  c o u ld  b e  m e a su r ed  w ith  a Z e iss  T G Z -3  p a r tic le  s iz e  a n a ly z e r .  
P a ra m eters  c a lc u la te d  w e re : p e r c e n ta g e  o f  (3R, a R ,  aW  fib ers; m e a n  area  
o f  /5R, a R ,  aW  a n d  all f ib er s; p e r c e n t  area  fo r  e a c h  fib er  ty p e  t o  th e  
t o t a l  f ib e r  area  m e a su r ed ; a n a e r o b ic  f ib e r  ra tio  (p er c en t-a r e a  a -f ib e r s  to  
p e r ce n t-a r ea  /5-fibers); an d  an  a e ro b ic  f ib e r  r a tio  (p er c en t-a r e a  R -fib ers  
to  p e r ce n t-a r ea  W -fib ers). P e r c en ta g e  o f  N A D H -T R  red  f ib ers  in  e a c h  
m u sc le  area  w a s  d e te r m in e d  o n  e n la r g e d  p h o to m ic r o g r a p h s  o f  a p p r o x i
m a te ly  3 5 0  fib ers .

S a r c o m e re  le n g th s  w e r e  d e te r m in e d  fr o m  m y o f ib r i ls  is o la te d  b y  
b le n d in g  5 g  o f  t is su e  w ith  4 0  m l o f  c o ld  0 .2 5 M  su c ro se  fo r  4 5  sec  
(S tr o m e r  a n d  G o ll,  1967). Tire s u sp e n s io n s  w e r e  e x a m in e d  a t 1000X 
u n d e r  a p h a se  c o n tr a s t  m ic r o s c o p e . S a r c o m e re  le n g th s  w e re  m e a su r ed  
u sin g  an e y e p ie c e  filar m ic r o m e te r  a n d  r e p o r te d  as th e  average o f  2 5 0  
s a r c o m e r e s  fr o m  e a ch  m u sc le .

Physico-chemical parameters
M u scle  c o lo r ,  f ir m n e ss , a n d  e x u d a t io n  w e r e  s u b je c t iv e ly  e v a lu a te d  

u sin g  se v e n -p o in t  sca le s  (1  =  v ery  p a le ,  s o f t  o r  e x u d a t iv e ;  4  =  ty p ic a l  
c h a r a c ter is t ic s ;  7  =  v e ry  dark , firm  o r  d r y ) . S u b je c t iv e  sc o r in g  w a s  d o n e  
b y  th e  tw o  a u th o r s . T h e  s co r in g  s y s te m  w a s  b a se d  o n  a p re lim in a ry  
s tu d y  o f  th e s e  b e e f  m u sc le  c h a r a c te r is t ic s . P e r c e n t  r e f le c ta n c e  a t 6 8 5  
n m  (O c k e r m a n  a n d  C a h ill, 1 9 6 9 )  w a s  m e a s u r e d  o n  fr e sh  c u t  and  
b lo o m e d  m u sc le  su r fa ces  u s in g  a B e c k m a n  D U -2  s p e c tr o p h o to m e te r  
w ith  a r e f le c ta n c e  a t ta c h m e n t  w h ic h  w a s  s ta n d a r d iz e d  w i t h  a M gO  
b lo c k . M u scle  p H  w a s  d e te r m in e d  b y  p la c in g  a c o m b in a t io n  e le c t r o d e  
d ir e c t ly  o n  a fr e sh ly  c u t ,  c r o s s -se c t io n a l s u r fa c e  o f  th e  m u s c le .  W a ter 
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h o ld in g  c a p a c ity  (W H C ) w as d e te r m in e d  b y  a m o d if ic a t io n  o f  th e  p r o 
ced u r e  o f  G rau  an d  H am m  ( 1 9 5 3 ) .  T is s u e  fr o z e n  in  l iq u id  n itr o g e n  and  
p u lv e r iz e d , ( 5 0 0 - 7 0 0  m g ) w a s  p la c e d  o n  f il te r  p a p er  s to r e d  in  a d e s ic 
c a to r  a b o v e  a sa tu r a te d  KC1 s o lu t io n  fo r  a t le a s t  2 4  hr a n d  s u b je c te d  to  
a p ressu re  o f  4 5 5  k g /6 .4 5  c m 2 w ith  a C arver p ress  fo r  5 m in . W H C  w a s  
c a lc u la te d  fr o m  d u p lic a te  s a m p le s  as a r a tio  o f  th e  to t a l  area  to  th e  
m e a t f ilm  area; a larger v a lu e  s u g g e s ts  a lo w e r  W H C . T r a n sm iss io n  v a lu e  
o f  e a ch  m u sc le  w a s  d e te r m in e d  a c c o r d in g  to  th e  p r o c e d u r e  o f  H art
(1 9 6 2 )  as d e s c r ib e d  b y  O c k e r m a n  a n d  C a h ill ( 1 9 6 8 ) .  T o ta l m u sc le  p ig 
m e n t , m y o g lo b in  (M b ), a n d  h e m o g lo b in  (H b ) c o n c e n tr a t io n s  w e re  
d e te r m in e d  in  d u p lic a te  b y  a s lig h t  m o d if ic a t io n  o f  P o e l’s ( 1 9 4 9 )  m e th 
o d . T issu e  w h ic h  h a d  b e e n  b le n d e d  fr e sh  in to  a h o m o g e n o u s  p a s te  an d  
fr o z e n  w as e x tr a c te d  tw ic e  w ith  a 0 . 0 I N  a c e ta te  b u f fe r ,  p H  4 .5  
(d e D u v e , 1 9 4 8 )  in s te a d  o f  w a te r .  T h e  in d iv id u a l p ig m e n ts  w e r e  q u a n 
t ita te d  u s in g  a B e c k m a n  D U -2  s p e c t r o p h o to m e te r  in  th e ir  c a r b o x y  
fo rm s at w a v e  le n g th s  o f  5 3 8  a n d  5 6 8  n m  an d  th e  to t a l  m u sc le  p ig m e n t  
w as m e a su r ed  a t 5 4 0  n m  b y  c o n v e r s io n  to  th e  c y a n o m e t  c o m p o u n d s .

S ta t is t ic a l a n a ly s e s

T h e  d a ta  w e re  s u b je c te d  to  a n a ly s is  o f  v a r ia n c e  (S n e d e c o r  an d  
C o c h r a n , 1 9 6 7 )  to  d e t e c t  s ig n if ic a n t  e f f e c t s  a m o n g  m u sc le s  a n d  D u n 
c a n ’s n e w  m u lt ip le  ran ge te s t  (D u n c a n , 1 9 5 5 )  w a s  u s e d  to  sep a ra te  
m e a n s . S im p le  c o r r e la t io n  c o e f f ic ie n t s  w e r e  c o m p u te d  b e tw e e n  m a n y  
o f  th e  v a r ia b le s .

RESULTS & DISCUSSION
S I G N I F I C A N T  E F F E C T S  a m o n g  m u s c l e  w e r e  o b s e r v e d  f o r  a l l  
v a r i a b l e s  s t u d i e d  e x c e p t  f o r  t h e  a r e a  o f  |3 R  f ib e r s  a n d  D u n c a n ’s 
m u l t i p l e  r a n g e  t e s t  s e p a r a t e d  m e a n  d i f f e r e n c e s  ( P  <  0 . 0 5 )  f o r  

t h i s  v a r ia b le  ( T a b l e  1 ) .

Percent fiber types
H i s t o c h e m i c a l l y  t h e  P M  w a s  t h e  r e d d e s t  ( T a b l e  2 )  a n d  t h e  

O S T  t h e  w h i t e s t  a m o n g s t  t h e  m u s c l e s  e x a m i n e d .  T h e  L D  a n d  
G M  m u s c l e s  w e r e  s im i la r  in  f i b e r  t y p e  c o m p o s i t i o n .  T h e  1 S T  
h a d  a  g r e a t e r  p r o p o r t i o n  o f  A T P a s e  ( ¡ R - f ib e r s  a n d  N A D H  r e d  
f i b e r s  t h a n  t h e  O S T  m u s c l e  a r e a .  S im i la r  r e s u l t s  h a v e  b e e n  
r e p o r t e d  f o r  p ig  s e m i t e n d i n o s u s  m u s c l e  ( B e e c h e r  e t  a l . ,  
1 9 6 5 b ) .  H o w e v e r ,  t h e  I S M  m u s c l e  a r e a  h a d  s i g n i f i c a n t l y  f e w e r  
N A D H  r e d  f i b e r s  a n d  m o r e  A T P a s e  a W  f ib e r s  t h a n  t h e  O S M  
m u s c l e  a r e a .  T h u s ,  t h e  d i s t r i b u t i o n  o f  d i f f e r e n t  f i b e r  t y p e s  
w i t h i n  t h e  s e m i m e m b r a n o s u s  d i f f e r s  f r o m  t h a t  o f  t h e  s e m i 
t e n d i n o s u s .  T h e  c o m b i n e d  p e r c e n t a g e  o f  A T P a s e  (3R  a n d  a R  
f i b e r s  w a s  p o s i t i v e l y  c o r r e l a t e d  ( r  =  0 . 9 1 )  w i t h  t h e  p e r c e n t  
N A D H  r e d  f i b e r s  in  e a c h  m u s c l e .  T h e  r e c i p r o c a l  r e l a t i o n s h i p  
o b s e r v e d  b e t w e e n  t h e  A T P a s e  R - f i b e r s  a n d  t h e  N A D H  p o s i t i v e  
f i b e r s  s u p p o r t s  t h e  w o r k  o f  A s h m o r e  a n d  D o e r r  ( 1 9 7 1 )  s u g 
g e s t i n g  t h a t  b o v i n e  A T P a s e  R - f i b e r s  a r e  o x i d a t i v e  in  t h e i r  
m e t a b o l i s m .  T h e s e  d a t a  e n h a n c e  t h e  r o l e  o f  A T P a s e  a R  f ib e r s  
in  t h e  o v e r a l l  c l a s s i f i c a t i o n  o f  b o v i n e  m u s c l e  r e d n e s s  a n d  
w h i t e n e s s ,  i . e . ,  t h e  L D  w o u l d  b e  o n l y  3 0 %  r e d  c o m p a r e d  t o  
5 3 %  r e d  i f  A T P a s e  a R  a n d  i n t e r m e d i a t e  s t a i n i n g  N A D H  f ib e r s  
w e r e  e x c l u d e d  in  t h e  r e d n e s s  c l a s s i f i c a t i o n .

Fiber type areas
(3R  f i b e r s  ( T a b l e  2 )  w e r e  m o s t  u n i f o r m  in  s i z e  o r  a r e a  b u t  

t h e s e  w e r e  n o t  n e c e s s a r i l y  t h e  s m a l l e s t  t y p e  f i b e r  in  e a c h  m u s 
c l e .  T h e  a W  f i b e r  w a s  d e f i n i t e l y  t h e  la r g e s t  o f  t h e  A T P a s e  f i b e r  
t y p e s  in  a l l  m u s c l e s  e x c e p t  t h e  P M  m u s c l e .  F i b e r  t y p e s  a r e  
d y n a m i c  in  t h e i r  p h y s i o l o g y  ( G u t h  a n d  Y e l l i n ,  1 9 7 1 )  a n d  i n 
t e r c o n v e r s i o n s  o f  o n e  t y p e  f i b e r  t o  a n o t h e r  h a v e  b e e n  p o s t u 
l a t e d  ( A s h m o r e  a n d  D o e r r ,  1 9 7 1 ;  A s h m o r e  e t  a l . ,  1 9 7 2 ) ,  b u t  
d a t a  f r o m  t h e  p r e s e n t  s t u d y  i n d i c a t e  t h a t  d r a m a t i c  c h a n g e s  in  
m u s c l e  s i z e  w o u l d  r e s u l t  i f  a R  f ib e r s  w e r e  c o n v e r t e d  t o  a W  
f ib e r s .

A l l  f i b e r  t y p e s  in  t h e  m u s c l e  s a m p l e s  c o n t a i n e d  a f e w  f ib e r s  
w h i c h  w e r e  s im i la r  in  a p p e a r a n c e  t o  t h e  in t r a - f a s c i c u l a r  t e r m i 
n a t i n g  f ib e r s  o f  b o v i n e  m u s c l e  r e p o r t e d  b y  S w a t l a n d  a n d  
C a s s e n s  ( 1 9 7 2 ) .  A  l i m i t e d  n u m b e r  o f  v e r y  la r g e  r o u n d  s h a p e d  
f i b e r s ,  u s u a l l y  A T P a s e  a W  a n d  N A D H  n e g a t i v e ,  w e r e  o b s e r v e d  
in  a l l  o f  t h e  m u s c l e s .  S im i la r  o b s e r v a t i o n s  f o r  p o r c i n e  m u s c l e  
w e r e  r e p o r t e d  b y  C a s s e n s  e t  a l .  ( 1 9 6 9 ) ,  C o o p e r  e t  a l .  ( 1 9 6 9 ) ,  
d e  B r u in  ( 1 9 7 1 ) ,  H e n d r i c k s  e t  a l .  ( 1 9 7 1 )  a n d  L in k e  ( 1 9 7 2 ) .

Percent fiber areas and fiber ratios
A  m a j o r  r e a s o n  f o r  h i s t o c h e m i c a l  c l a s s i f i c a t i o n  o f  m u s c l e  

f ib e r s  is  t o  e v a l u a t e  t h e  m e t a b o l i c  p o t e n t i a l  o f  t h e  t o t a l  m u s 
c l e .  D a t a  e x p r e s s e d  a s  p e r c e n t  f i b e r  a r e a s  a n d / o r  f i b e r  r a t i o s  o f  
t h e  d u a l  n o m e n c l a t u r e  A T P a s e  c l a s s i f i c a t i o n  s y s t e m  p r o v i d e  
s u c h  e s t i m a t e s .  A T P a s e  (3R  a n d  a W  f i b e r s  h a v e  b e e n  s h o w n  t o  
b e  p r i m a r i l y  o x i d a t i v e  a n d  g l y c o l y t i c ,  r e s p e c t i v e l y  in  t h e i r  
m e t a b o l i s m ,  w h i l e  t h e  a R  f i b e r s  c o n t a i n  e n z y m e s  o f  a e r o b i c  
a n d  a n a e r o b i c  p a t h w a y s  ( A s h m o r e  a n d  D o e r r ,  1 9 7 1 ) .

C o m p a r i s o n  o f  t h e  p e r c e n t a g e  a r e a  o f  d i f f e r e n t  f i b e r s  t o  t h e  

p e r c e n t  o f  t h e  s a m e  f i b e r s  in  a l l  t h e  m u s c l e s  r e v e a le d  a n  i n 
c r e a s e  in  t h e  p e r c e n t  a r e a  f o r  a W  f i b e r s  a n d  a d e c r e a s e  f o r  a R  

a n d  ( ¡R  f i b e r s  ( T a b l e  2 ) .  H e n c e ,  a l l  m u s c l e s ,  e x c e p t  t h e  P M ,  
w e r e  p o t e n t i a l l y  m o r e  a n a e r o b i c  in  t h e i r  m e t a b o l i s m  t h a n  i n d i 

c a t e d  b y  f i b e r  t y p e  p e r c e n t a g e s  p e r  s e .
R a t i o  v a l u e s  ( T a b l e  2 )  c a l c u l a t e d  f r o m  p e r c e n t  f i b e r  a r e a s  

c l e a r l y  i n d i c a t e  m a j o r  m e t a b o l i c  d i f f e r e n c e s  b e t w e e n  a n d  w i t h 
in  m u s c l e s .  T h e  d e g r e e  o f  u t i l i z a t i o n  o f  c e r t a i n  p a t h w a y s  o f  

m e t a b o l i s m  a s  r e v e a l e d  b y  t h e  r a t i o s  w e r e  e x p e c t e d ,  i . e . ,  t h e  
L D  a n d  G M  m u s c l e s  w e r e  m o d e r a t e l y  a n a e r o b i c ,  t h e  P M  m u s 
c l e  w a s  v e r y  a e r o b i c  a n d  t h e  1 S T  a n d  O S T  m u s c l e s  w e r e  a e r o -

Table 1—Mean squares fo r  h is tochem ica l, h is to log ica l, chem ical and  
physica l characteristics o f  bov ine  musclesa

Source o f  variation and 

degrees o f freedom

V ariab le Muscle (6 ) Error (3 5 )

% /3R fiber
H istochem ical and histological

1 3 1 2 .0 3 * *  2 9 .3 4
% a R  fiber 1 8 8 .7 2 * * 1 7 .2 2
% a-W fiber 8 6 2 .6 2 * * 20.88

Area (JR fiber 4 3 3 6 8 5 .0 0 2 3 6 7 3 3 .6 9
Area a R  fiber 9 8 5 0 9 0 .5 0 * * 1 9 1 6 0 4 .3 8
A rea aW  fiber 1 9 2 7 8 9 1 .0 0 * * 4 1 0 0 7 5 .1 3
A rea, average 9 7 6 0 1 3 .6 9 * * 2 44 1 7 8 .3 1

% area (3R fiber 0 .1 5 * * 0 .0 0 2 6
% area a R  fiber 0 .0 1 8 * * 0.0012
% area aW  fiber 0 .11 * * 0 .0 0 3 0

A naero bic ratio 6 2 .0 2 * * 2.12
A ero b ic  ratio 2 .0 6 * * 0.12

% N A D H -T R  red fiber 7 7 6 .8 2 * * 2 2 .7 8

Sarcom ere length 1 .3 8 * * 0 .0 5 0

R eflectance
Chemical and physical

2 0 4 .1 8 * * 2 1 .0 7
V isual co lor 3 .7 3 * * 0.31
M yoglobin 3 .1 7 * * 0 .1 6
Hem oglobin 0 .1 7 * * 0.022
To ta l pigm ent 3 .2 9 * * 0 .1 3

Firm ness 0 .9 9 * * 0 .1 9
Exudate / .00 * * 0 .0 6 2
W H C 1 .5 1 * * 0 .0 6 3
Transm ission  value 0 .6 9 * * 0 .0 5 8
pH 0 .0 3 * * 0 .0 0 5
M oisture 6 .1 7 * 2.10
Ether extract 1 2 .5 4 * * 3 .2 5
Protein 1 .8 2 * 0 .5 9

a M uscles : lo n g iss im u s , psoas m a jo r , g lu teu s m ed iu s , in n er sem i- 
m e m b ran o su s , o u te r se m im e m b ra n o su s , in n e r se m ite n d in o su s , 
o u te r se m ite n d in o su s .

* S ig n if ic a n t  (P  <  0 .0 5 ) .
* *  S ig n if ic a n t  (P  <  0 .0 1 ) .
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Table  2  M eans fo r  h is to c h e m ic a l a n d  h is to lo g ic a l ch a ra c ter is tic s  o f  b o v in e  m u s c le s

M uscle3

Variable LD PM G M ISM OSM 1ST O S T

% 0R fiber 2 9 .3 d 5 2 .4 b 2 5 .8 d 11 .7 e 15 .5 e 3 5 .8 C 12 .2e
% aR  fiber 2 4 .7 eb 1 4 .9 e 2 1 ,7d 2 7 .8  = 3 2 .9 b 2 4 .7 cd 20 .6d
% aW  fiber 4 6 .0 e 32.78 5 2 .6 d 6 1 .3  = 5 1 ,1de 3 9 .2 f 6 7 .2 b
Area 0FP 2 5 8 9 bc 2211e 2 3 0 9 e 2 6 4 6 bc 2 6 2 1 bc 2 6 1 3be 3 0 4 6 b
Area a R  fiber! 2 5 8 0 bc 1 5 6 9 e 2 0 2 8 cde 2 6 6 0 b 1 95 6 be 2 5 6 2 be 2 3 5 5 bed
Area a W  fib er! 3 8 9 9 b 2 2 2 8 e 2 9 3 1 be 3 0 4 8 cd 3 1 33bed 2 8 7 0 be 3 7 7 0 bc
Area, average! 3 1 3 5 bc 2 1 2 7 b 2 5 6 1 ed 2 8 8 7 bc 2 6 1 2 cd 2 6 4 5 cd 3 3 4 6 b
% area (3R 2 4 .0 d 5 4 .2b 2 3 .2d 10 .5e 1 5 .0 e 3 4 .7 C 10 .8e
% area a R 20 .0cd 10 .8 f 17 .2 be 2 5 .0 b 2 4 .5b 2 3 .6 bc 1 4 .3 ef
% area a W 5 6 .0 d 3 5 .0 f 5 9 .6 cd 6 4 .6 C 6 0 .5 cd 4 1 .7e 7 5 .0 b
R atio

A naerobich 3 .3 3 d 0 .9 1 e 3 .3 8 d 8 .8 4 b 5 .8 2 c 1 .9 0 d 8 .9 3 b
A erob ic ' 0 .8 0 d 2 .01b 0 .6 9 de 0 .5 5 de 0 .66de 1 .4 3 ° 0 .3 4 e

% N A D H -T R  red 5 3 .3 cd 6 9 .6b 4 9 .1 de 4 2 .1f 4 8 .1 de 5 6 .2 e 33.36
Sarcomere 1 .8 3 d 3 .0 6 b 1 .7 3 d 1 .8 0 d 1 .8 5 d 2 .3 9 c 2 .22c

length, g

3 L D  = lo n g is s im u s , PM  = p so a s m a jo r , G M  = g lu te u s m e d iu s , ISM  an d  O S M  = in n e r  an d  o u te r  sem im e m b ra n o su s , IS T  an d  O S T  = ,in n e r and o u te r
s e m ite n d in o su s .

b ,c ,d ,e ,f ,g  M e an s b e arin g  d if fe re n t  su p e rsc r ip ts  on  th e  sam e lin e  are d if fe re n t  (P <  0 .0 5 ) .  
k  A T P a s e  p e rc e n t  area o -f ib e rs  to  p e rce n t area  /3-fibers 
i  A T P a s e  p e rc e n t  area  R -f ib e rs  to  p e rce n t area  W -fib e rs
i  A re a s  e x p re sse d  as g 2

bic and anaerobic, respectively. While ISM showed higher 
anaerobiosis than the OSM, the OST showed higher anaero- 
biosis than the 1ST muscle.
Sarcomere length

Differences in sarcomere length presented in Table 2 were 
typical of muscles from vertically suspended carcasses and 
were similar to those reported by Herring et al. (1965) and 
Hostetler et al. (1972). The longest sarcomeres were from the 
reddest muscle (PM) and the sarcomeres from the red portion 
of the SM and ST muscles were slightly longer than those from

the white area of the corresponding muscle. These trends sup
port the conclusions in the review by Cassens and Cooper 
(1971) that red myofibrils have longer sarcomeres than white 
myofibrils.
Relationship between fiber characteristics 
and other muscle properties

Subjective and objective measurements of color (Table 3) 
were similar for the LD, PM and GM muscles and were not 
significantly correlated with myoglobin, hemoglobin or total 
pigment content. Inner and outer portions of the ST muscle

Table 3 — M eans fo r  c h e m ic a l a n d  p h y s ic a l  ch a ra c ter is tic s  o f  b o v in e  m u sc le s

M uscle3

V ariable L D PM G M ISM OSM 1ST O S T

% reflectance® 3 2 .0 d 3 8 .0 e 3 6 .3 cd 4 8 .7b 3 1 ,7d 3 4 .4 cd 3 3 .9 cd
Visual colorh 4 .1 b 4 .2 b 4 .3 b 2 .3 d 4 .7 b 3 .3 C 3 .3 C
M yo g lo b in ', mg/g 3 .4 8 c 3 .7 1 be 4 .1 1b 3 .9 1 be 3 .5 6 e 2 .9 7 d 1 .9 5 e
H em og lob in ', mg/g 0 .1 9 C 0 .6 1 b 0 .5 3 b "  0 .4 4 b 0 .2 3 e 0 .2 3 c 0 .2 6 c
To ta l p igm ent', mg/g 3 .5 4 d 4 .0 7 bc 4 .1 8 b 3 .9 5 bcd 3 .7 1 ad 3 .1 0 e 2 .0 5 f

Firmness1* 4 0 bc 4 .4 b 3 .6 e 3 .2 d 4 0bc 4 .1 be 4 0bc

Exudate1* 4 .0 e 4 .4 b 3 .8 e 3 .1 d 3 .8 C 4 .0 e 4 .1 e

W H C 2 .6 1 de 2 .8 7 cd 2 .9 0 cd 3 .8 2 b 2 .5 2 e 3 .0 9  e 2 .7 2 de
Transmission value 11 .1d 4 8 .7 C 4 8 .8 e 8 9 .6 b 17 .8 d 4 0 .6 e 1 3 .1d

pH 5 .4 6 c 5 .6 0 b 5 .4 7 e 5 .4 8 e 5 .3 6 d 5 .5 4 bc 5 .4 9 c

Moisture! 7 1 ,9 cd 7 1 ,7cd 73 2be 7 1 ,3b 7 2 .5 bcd 7 1 ,8cd 7 4 .1b
Ether extract! 4 gbcd 6 .7 b 3 .5 d 5 .8 bc 3 .7 cd 5 .9bc 2 .9 d
Protein! 22 .4b 2 0 .7 ° 2 1 ,7b 21 ,8b 2 2 .3 b 2 1 .5bc 22 .0b

3 L D  = lo n g is s im u s, PM = p so a s  m a jo r , G M  = g lu te u s m e d iu s , IS M  and O S M  = in n e r  an d  o u te r  se m im e m b ra n o su s , 1ST an d  O S T  = in n e r  and o u te r  
se m ite n d in o su s .

b ,c ,d ,e ,f  M ean s b e arin g  d if fe re n t  s u p e rs c r ip ts  on  th e  sa m e  lin e  are  d if fe re n t  (P <  0 .0 5 ) .
£ R e f le c ta n c e  at 6 8 5  nm
h  S u b je c t iv e  co d e s : 1 = v ery  p a le , s o ft  o r e x u d a t iv e ; 7 = v e ry  d a rk  f irm  o r  d ry .
i  D e te rm in e d  as C O M b  fo r  m y o g lo b in , C O H b  fo r  h e m o g lo b in  an d  c y a n o m e t  fo r  to ta l p ig m e n t in  w e t  t issu e .
3 E x p re ss e d  as p e rce n tag e  o f w e t  t is su e  w e ig h t
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were similar in color even though the 1ST muscle had more (P 
<  0.05) red fibers and more total pigment than the OST mus
cle. The ISM muscle, however, was significantly more pale in 
color and had more myoglobin and hemoglobin than the OSM 
muscle; yet, histochemical data indicated that the ISM muscle 
was considerably more anaerobic in its metabolism. These data 
are contradictory to results obtained from pig muscle 
(Beecher, 1965a, b; 1968) which indicate the inner, red por
tions of certain muscles were darker in color and had more 
myoglobin content than the outer portions. Resons for these 
discrepancies, particularly with the SM muscle, are not clear 
but may be related to time—temperature cooling relationships 
of the more massive round muscles in beef carcasses compared 
to pork muscles or subtle differences in cytochrome content 
between muscle area differing in proportions of fiber types.

Hemoglobin concentrations of the LD, PM, GM, ISM, OSM, 
1ST, and OST muscles were approximately 5%, 14%, 11%, 
10%, 6%, 7%, and 12% respectively, of the total pigment. 
These values are within the range reported for hemoglobin 
concentration in beef muscle (Fleming et al., 1960; Rickan- 
srud and Henrickson, 1967; Hamm and Bunning, 1972). The 
greater blood flow and/or greater capillary density per unit 
muscle area in red muscles (Smith and Giovacchini, 1956; 
Romanul, 1965) cannot fully explain the above differences in 
hemoglobin concentrations of the different muscles; further 
the whitest of the muscles such as the ISM and OST had nearly 
as much hemoglobin as the PM muscle. Variation in degree of 
blood removal at the time of slaughter may have contributed 
to variation in hemoglobin levels among the muscles studied.

The ISM muscle was softer, more exudative, and had higher 
transmission and WHC values (lowest actual WHC) than the 
other six muscle areas studied. Transmission value was related 
positively to the percentage content of ATPase aW and aR 
fibers and negatively to (3R fibers; however, the correlation 
coefficients were low and nonsignificant. Water-holding capaci
ty was strongly correlated (0.83) with transmission value. Ulti
mate pH was not significantly correlated with either WHC or 
transmission value; however the lack of correlation was not 
surprising since the rate of postmortem pH decline has been 
observed by numerous workers to affect these parameters to a 
greater extent than ultimate pH when only small differences in 
ultimate pH occurred. Conditions similar to those of the SM 
muscle also occurred in the 1ST vs OST muscles although to a 
lesser extent. These data indicate that the physico-chemical 
differences between the ISM and OSM muscles may result 
from the same circumstances which cause pale, soft and exuda
tive muscle in pigs; these are rapid postmortem glycolysis and 
decline in pH while muscle temperature is high and a subse
quent denaturation of sarcoplasmic proteins (Briskey, 1964). 
Recent studies by Khan and Bullantyne (1973) and Khan and 
Lentz (1973) have revealed wide variation in the pH of the 
semimembranosus muscle of beef carcasses after one hour 
postslaughter.

Percent moisture in the various muscles was inversely re
lated to percentage of ether extractable material (Table 3). 
Red muscle is generally considered to contain more lipid than 
white muscle. Excepting the ISM muscle, a similar trend was 
observed for all muscles in this study; the PM had the highest 
percentage of ether extractable material and the OST the least. 
Apparently the lipid content of the ISM muscle was not re
lated to its fiber type composition. Percent protein ranged 
from 20.7% for the PM muscle to 22.4% for the LD muscle.

CONCLUSIONS
BASED ON FIBER characteristics, the muscles examined can 
be ranked in the following descending order for anaerobic 
potential: OST >  ISM >  OSM >  GM >  LD >  1ST >  PM and in 
the following descending order for aerobic potential: PM >

1ST >  LD >  GM >  OSM >  ISM >  OST. Inner and outer areas 
of the bovine semitendinosus muscle are histochemically red 
and white, respectively. Visual colors of the two areas are 
similar. Fiber type composition of the inner and outer areas of 
the bovine semimembranosus muscle tends to be white and 
rec, respectively. Visual color of the inner and outer areas are 
light and dark, respectively. These patterns do not follow the 
classical histochemical pattern of inner and outer muscle areas 
being red (dark) and while (light), respectively. Histochemical, 
histological and physico-chemical characteristics of bovine 
tissues vary among muscles and within cross-sectional areas of 
a muscle.
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SURVIVAL OF Clostridium perfringens IN REFRIGERATED AND 
FROZEN MEAT AND POULTRY ITEMS

-------------------------------- ABSTRACT — — ----------------— —
R e fr ig e r a te d  a n d  fr o z e n  m e a ts  a n d  p o u ltr y  p r o d u c t s  fr o m  a re ta il  
s o u r c e  w e r e  e x a m in e d  fo r  in c id e n c e  o f  C lo s tr id iu m  p erfr in g en s  v e g e ta 
tiv e  c e l ls  a n d  sp o r es . F o o d s  in c lu d e d  raw  g r o u n d  b e e f ,  b e e f  a n d  p o r k  
liv e r , a n d  p r e c o o k e d  fr o z e n  b e e f  a n d  p o u ltr y  it e m s . I n o c u la te d  s a m p le s  
w e r e  a ls o  f r o z e n  a n d  s to r e d  fo r  v a r io u s  p e r io d s  u p  to  4 2  d a y s  a t - 2 9 ° C .  
S u rv iv a l o f  C. perfr in g en s  sp o r e s  in  fr o z e n  f o o d  s a m p le s  an d  in  a b a c 
t e r io lo g ic a l  m e d iu m  w a s  h ig h , b u t  v e g e ta t iv e  c e l ls  w e r e  v ir tu a lly  e l im i
n a te d . T h a w in g  a t lo w  te m p e r a tu r e  fo r  2 d a y s  c a u s e d  fu rth er  r e d u c t io n  
o f  v e g e ta t iv e  c e l ls ,  b u t  n o t  o f  sp o r es . A p p r o x im a te ly  50%  o f  3 2  reta il  
f r o z e n  p r e c o o k e d  f o o d  s a m p le s  w e r e  p o s it iv e  fo r  v e g e ta tiv e  c e l ls ,  an d  
a b o u t  15%  d e m o n s tr a te d  sp o r es  o f  C. perfringens.

INTRODUCTION

C lo s t r id iu m  p e r f r in g e n s  is a normal inhabitant of the gut of 
man and animals (Turner and Wong, 1961; Hall and Hauser, 
1966; Sutton, 1966a, b; Oka, 1966; and Shapiro and Sarles, 
1949). It has been implicated in food poisoning outbreaks 
associated with poultry meat as well as with other meat prod
ucts (McClung, 1945; McKillop, 1959; Hobbs, 1960; and 
others). Food-borne illness caused by C . p e r f r in g e n s  has 
recently been reviewed by Walker (1975). Many instances have 
been reported of the organism as a contaminant of meat and 
meat products. Canada and Strong (1964) reported an inci
dence of 26% in bovine livers from animals at the time of 
slaughter. In a survey by Ladiges et al. (1974), C. p e r f r in g e n s  
was recovered from 47% of ground beef samples in a retail 
store, with counts commonly in the range of 5 -100  per g. 
Raw, boneless beef yielded C. p e r f r in g e n s  in 30% of the sam
ples obtained from a fast food service restaurant (Bryan and 
Kilpatrick, 1971).

C. p e r f r in g e n s  has been isolated from poultry during proc
essing operations and from further processed products (Lillard, 
1971; 1973).

The ubiquitousness of this organism makes it a probable 
contaminant of various foods including meat and poultry 
items via the raw material or during processing and handling. 
Freezing kills many vegetative cells but is not as harmful to 
spores of microorganisms. They appear to be highly resistant 
to freezing and those of C. p e r f r in g e n s  are no exception 
(Barnes et al., 1963; Strong and Canada. 1964; and Canada et 
al., 1964). In considering the epidemiology of pathogenic or
ganisms, C. p e r f r in g e n s  food poisoning is usually connected 
with large scale institutions and with reheated meats and meat 
dishes. The heat resistant C. p e r f r in g e n s  spores can survive heat 
and cooking processes (Woodburn and Kim, 1966; Strong and 
Ripps; 1967; Sutton, 1966a). They can also survive in frozen 
foods. When frozen foods are reheated, the heat may cause 
activation of spore germination. With favorable conditions, the 
spores germinate and multiply rapidly. Precooked frozen foods 
sometimes are given a mere oven warming which cannot kill all 
organisms, but instead may activate spore-forming bacteria 
with subsequent multiplication. A potential hazard exists 
when foods are held on warming trays. It has been suggested

that improper handling of such foods may cause food poison
ing outbreaks from C. p e r f r in g e n s .

Traci and Duncan (1974) reported that a progressive loss of 
viability occurred in cold-shocked C. p e r f r in g e n s  with increas
ing time of low temperature exposure. As many as 75% of 
viable cold shocked cells suffered injury when exposure 
occurred late in the exponential growth phase.

The present study was undertaken to determine the effect 
of freezing and subsequent frozen storage on the survival of C. 
p e r f r in g e n s  populations in frozen meat and poultry foods. This 
study also considered the effect of thawing and holding at 
refrigeration temperature on germination and survival of 
spores of C. p e r f r in g e n s  in the frozen-defrosted foods. Refrig
erated or precooked frozen foods from retail stores were ex
amined to aid in selection of specific foods for further study.

EXPERIMENTAL
F O R  S T U D IE S  in  w h ic h  f o o d  p r o d u c t s  w e r e  in o c u la te d , a h e a t  r e s is t
a n t C. p erfr in g en s  stra in  (S -4 5 )  w a s  u s e d . T h e  c u ltu r e  w a s  m a in ta in e d  in  
c o o k e d  m e a t  m e d iu m  ( D if c o )  s to r e d  a t r o o m  te m p e r a tu r e . I n o c u la  w e r e  
fr o m  c u ltu r e s  g r o w n  in  E lln e r ’s m e d iu m  (E U n er, 1 9 5 6 ) .

T h e  m e d iu m  u sed  fo r  r e c o v e r y  o f  C. perfr in gen s  fr o m  f o o d  sa m p le s  
w a s sim ilar  to  th a t  o f  A n g e lo t t i  e t  a l. ( 1 9 6 2 ) ,  b u t  w ith  n o  p o ly m y x in  B 
s u lfa te  a n d  s o d iu m  s u lfa d ia z in e . D -c y c lo s e r in e  w a s  s u b s t itu te d , as in  th e  
m e d iu m  o f  H a rm o n  e t a l. ( 1 9 7 1 ) .  D -c y c lo s e r in e  in h ib it s  g r o w th  o f  fe c a l  
s t r e p to c o c c i  a n d  m o s t  o f  th e  c o m m o n  c o n ta m in a n t s  in  fo o d  w ith o u t  
e x c e s s iv e  in h ib it io n  o f  C. perfr in g en s  (F iiz i  a n d  C su k a s , 1 9 6 9 ;  H a r m o n  
e t  a l. ,  1 9 7 1 ;  W alker an d  R e y ,  1 9 7 2 ) .  T h e  m e d iu m  d if fe r e d  fr o m  th e  
T S C  agar o f  H a rm o n  e t  a l. ( 1 9 7 1 )  in  th a t  n o  s o y to n e  w a s  a d d e d , th e  
c o n c e n tr a t io n  o f  y e a s t  e x tr a c t  w a s 1 .0 %, a n d  th e  le v e l o f  ferr ic  c itr a te  
w a s 0 .0 5 % .

R e c o v e r y  o f  C. perfr in gen s  c e l ls  w a s  d e te r m in e d  b y  u se  o f  th e  p o u c h  
m e th o d  d e s c r ib e d  b y  B la d e l an d  G r e en b e rg  ( 1 9 6 5 ) .  T h e  in c u b a t io n  
t im e  w a s  3 7 ° C fo r  1 8 - 2 4  hr.

F o r  sp o r e  c o u n t s ,  th e  h e a t a c t iv a t io n  fo r  sp o re  g e r m in a t io n  w a s  
8 0° C  fo r  15  m in . C o n fir m e d  te s ts  fo r  C. perfr in g en s  w e r e  m a d e  b y  
u sin g  m o t i l i t y  n itra te  m e d iu m  d e s c r ib e d  b y  A n g e lo t t i  e t  a l. ( 1 9 6 2 ) .

P re lim in a ry  e x a m in a t io n s  w e re  m a d e  o n  raw  h a m b u r g e r , b e e f  liv e r ,  
p o r k  liv e r , a n d  sev era l p r e c o o k e d  fr o z e n  f o o d  ite m s  p u r c h a se d  fr o m  a 
lo c a l  re ta il s to r e .  F resh  h a m b u rg er  a n d  th re e  ty p e s  o f  p r e c o o k e d  fr o z e n  
f o o d s ,  i .e . ,  m e a t  lo a f  d in n e r , b e e f  p o t  p ie  a n d  c h ic k e n  p o t  p ie  w ere  
s e le c te d  fo r  fu r th e r  s tu d ie s  o n  fr e ez in g  a n d  th a w in g  an d  su rv iva l o f  C. 
perfringens.

F o r  q u a n t ita t iv e  d e te r m in a t io n s ,  e a c h  it e m  w a s  w e ig h e d  a s e p t ic a lly  
in to  3 0 -g  p o r t io n s  an d  a d d e d  to  2 7 0  m l o f  s te r ile  p e p t o n e  w a te r  to  
m a k e  a 1 0 ' 1 d i lu t io n  in  th e  b le n d e r  jar. T h e  a p p ro p r ia te  d i lu t io n s  w e re  
th en  m a d e  u s in g  9 9  m l ste r ile  0 .1 %  p e p t o n e  s o lu t io n  b la n k s .  P rev io u s  
w o r k  in  th is  la b o r a to r y  d e m o n str a te d  r e c o v e r ie s  o f  v e g e ta t iv e  c e l ls  in  
in o c u la te d  m e a t (B aran  e t  a l . ,  1 9 7 0 )  a n d  u n in o c u la te d  m e a t  (R e y  e t  a l . ,  
1 9 7 0 ) .

O n  th e  d a y  o f  e x a m in a t io n , th e  fo o d  it e m s  w e r e  p u r c h a s e d  fr o m  th e  
lo c a l s to r e .  F r o z e n  it e m s  w e r e  th a w e d  at r o o m  te m p e r a tu r e  ( 2 5 - 2 7 ° C ) 
fo r  a t im e  lo n g  e n o u g h  o n ly  to  e n a b le  a s e p t ic  r e m o v a l o f  a p o r t io n  fr o m  
e a c h . T h e n  a r e p r e s e n ta tiv e  p o r t io n  o f  3 0 g  o f  e a c h  s a m p le  w a s  p la te d  
fo r  d e te c t io n  o f  C. perfr in gen s  (b o th  v e g e ta t iv e  c e l ls  and  s p o r e s )  im m e 
d ia te ly  to  d e te r m in e  in itia l c o u n t s .  T h e  res t o f  th e  sa m p le  w a s  w e ig h e d  
a s e p t ic a lly  in to  e le v e n  3 0 -g  p a c k a g e s  a n d  in o c u la te d  w ith  C. p erfr in g en s
S -4 5  g r o w n  in  E lln e r ’s m e d iu m . T h e  c u ltu r e  w a s  sh a k e n  b y  h a n d  fo r  1 0  
m in  fo r  u n ifo r m  d is tr ib u tio n  o f  c e l ls ,  th e n  su c ce ss iv e  in o c u la t io n s  o f
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C. perfringens IN ME A T . . .

54- - x  Hamburger
°----0 tteat lo a f  dinner
a---- a Meat pot pie
o— □ Chicken pot pie

Days of storage

Fig. 1—S u rv iva l o f  C. p e r fr in g e n s  in d i f fe r e n t  fo o d  p r o d u c ts  a t  —29 °C .

o n e  m l w e re  m a d e  in t o  e a c h  o f  th e  e le v e n  sa m p le  p a c k a g e s . E a ch  p a c k 
a g e  r e p r e se n te d  a p o r t io n  o f  th e  f o o d  s a m p le . O n e  in o c u la te d  p a c k a g e  
w as im m e d ia te ly  e x a m in e d  fo r  th e  in it ia l  n u m b e r s  o f  C. perfr in g en s  
v e g e ta tiv e  c e l ls  a n d  sp o r e s . T h e  rem a in d e r  o f  th e  c u ltu r e  w a s tra n sferred  
to  11 s te r ile  te s t  tu b e s  (1 6  b y  1 5 0  m m ) , o n e - fo u r th  fu ll;  o n e  tu b e  fr o m  
e le v e n  tu b e s  w a s s a m p le d  fo r  m a k in g  a c o u n t  b e fo r e  fr e e z in g . T en  
p a c k a g e s  o f  in o c u la te d  f o o d  s a m p le s  a n d  te n  c u ltu r e  tu b e s  w e r e  s to r e d  
a t - 2 9 ° C  (± 2 ° C ) .

A t p e r io d s  o f  1 , 7 ,  1 4 ,  2 8 ,  and  4 2  d a y s  o f  s to r a g e , tw o  p a c k a g e s  and  
tw o  c u ltu re  tu b e s  w e re  ta k e n  fr o m  th e  fr e e z e r . O n e  p a c k a g e  w a s  
o p e n e d  a n d  a d d e d  to  2 7 0  m l o f  0 .1 %  p e p t o n e  w a te r  to  m a k e  th e  fir st  
d ilu t io n  in  a b le n d e r  jar . S u b s e q u e n t  d i lu t io n  a n d  p la t in g  w a s  p e r 
fo r m e d  im m e d ia te ly  fo r  C. perfr in g en s  d e te r m in a t io n s .  A n o th e r  p a c k 
age w a s  tra n sferred  to  a 5 ° C  d is p la y  ca se  fo r  2 d a y s ,  a n d  th e n  e x a m in e d  
fo r  C. perfringens. T h e  c u ltu r e  tu b e  w a s  a ls o  e x a m in e d  in  th e  sam e  
m a n n e r . B eh a v io r  o f  th e  c u ltu r e  in  E lln e r ’s m e d iu m  an d  in  fo o d  sa m p le s  
w a s d e te r m in e d  a n d  c o m p a r e d .

RESULTS & DISCUSSION
IN FRESH MEAT surveyed, C. p e r f r in g e n s  vegetative cells 
occurred more frequently than spores. This is in agreement 
with Hobbs (1962) who indicated that although vegetative 
cells of C. p e r f r in g e n s  were frequently found in meat products, 
spores had seldom been observed in raw meats. Goepfert and 
Kim (197 5) reported that C. p e r f r in g e n s  was unable to grow in 
ground beef at low temperature. The frozen precooked foods 
generally had a lower incidence of C. p e r f r in g e n s  vegetative 
cells than the fresh meats. This may be due to the fact that the 
processing operations inhibited or destroyed the organisms. 
Spore contamination was more frequent in the frozen pre
cooked foods examined. Spores may also have been contrib
uted by ingredients other than meat. Survival of spores of C.

p e r f r in g e n s  in cooked meat has been observed by several inves
tigators (Sylvester and Green, 1961; Barnes et al., 1963; Wood- 
burn and Kim, 1966). Resistance of spores to heat and freez
ing temperature makes the spores themselves extremely diffi
cult to destroy in food.

Food samples were inoculated with C. p e r f r in g e n s  and fro
zen at —29°C to study survival of the vegetative cells and 
spores during a period of 6 wk. Figure 1 shows number of C. 
p e r f r in g e n s  vegetative cells and spores in frozen ground ham
burger, meat loaf dinner, meat pot pie and chicken pot pie, 
recovered after 1,7,  14, 28 and 42 days of storage. Generally, 
in all types of foods tested there was a rapid decrease in C. 
p e r f r in g e n s  vegetative cell counts. At day 1, 38—75% of the 
cells were killed. Subsequent declines were slow for the re
mainder of the storage period. In contrast, spores of C . p e r f r i n 
g e n s  remained fairly constant in all types of frozen food sam
ples throughout storage. Figure 2 illustrates the number of 
vegetative cells and spores of C. p e r f r in g e n s  maintained in Ell
ner’s medium for 42 days in frozen storage. A rather sharp 
reduction occurred in vegetative cells at the end of 28 days of 
storage with no decrease throughout the remainder of frozen 
storage. About 99.5% of the vegetative cells were killed after 
28 days; changes after that were not perceptible. However, the 
spore count in Ellner’s medium was quite stable throughout 
the storage period. The loss of viable vegetative cells in Ellner’s 
medium was quite pronounced (99.5% compared to 89.5% 
decrease in food samples). In the medium, suspensions tested 
were in small tubes which quickly became equilibrated with 
environmental temperature (Canada et al., 1964). In addition, 
since no food was present, protection to organisms offered by 
components of foods was lacking. More destruction probably 
occurred than would be true under usual conditions of food
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Days of Storage

Fig. 3 —S u rv iva l o f  C. p e r fr in g e n s  in d i f f e r e n t  fr o z e n  fo o d  p r o d u c ts  a fte r  
s to ra g e  a t  —2 9 p C  a n d  2  d a y s  o f  th a w in g  a t  5° C.

storage. Blanco and Dawson (1974) found that freezing and 
thawing inoculated chicken caused greater reduction of vegeta
tive cells and spores when the chicken was subsequently 
cooked by microwave energy than when no freezing or thaw
ing was done. Freezing and thawing heat resistant spores had 
no effect on recoveries, but later heat activation by microwave 
cooking did cause a reduction in C. perfringens.

Samples held frozen at —29°C for different periods of time 
and then thawed for 2 days at 5°C showed only slight changes 
in numbers of spores. In all cases the reduction was quite 
pronounced initially and rather gradually in considering the 
total storage period (Fig. 3 and 4). In comparing Figures 1 and 
3, it may be observed that freezing without the thawing treat
ment (Fig. 1) did not produce as much destruction during the 
storage period than did freezing and thawing for 2 days (Fig.
3). Percent survival of spores remained fairly constant when 
observed along with the vegetative cells. Apparently, thawing 
for 2 days had little effect on spore counts, whether recoveries 
were made from frozen foods or from Ellner’s medium.

From a practical standpoint, one important consideration is 
that caution must still be observed with respect to C. p e rfr in 
gens in fresh and precooked frozen meat and poultry. All such 
foods may be expected to contain vegetative cells and spores 
of C. perfringens, and the contamination by this organism may 
become great if growth conditions are favorable. Contamina
tion by spores presents a more serious problem because of 
their resistance to destruction by freezing and thawing.
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PHYSICAL AND CHEMICAL INFLUENCES ON MEAT EMULSION STABILITY
IN A MODEL EMULSITATOR

--------------------------------  ABSTRACT ---------------- ----------------
A  n e w  m e th o d  o f  p rep ar in g  la b o r a to r y  m e a t  e m u ls io n s  u t il iz in g  th e  
c o n c e p t  o f  c o n t in u o u s - f lo w  e m u ls if i c a t io n  w a s  d e v e lo p e d  to  s im u la te  
in d u s tr ia l c o n d it io n s .  H igh  s p e e d  c e n tr ifu g a t io n  w a s  u s e d  to  sep a ra te  
p h a se s  o f  p r e b le n d s  and  e m u ls io n s  fo r  th e  in v e s t ig a t io n  o f  p r o te in  s o lu 
b il i ty  S t u d ie s  o f  th e  e f f e c t  o f  w a te r :m e a t  r a tio  o n  th e  p r o te in  s o lu b il i ty  
or p r e b le n d e d  and  e m u ls if ie d  m e a t  in d ic a te d  th a t  in c r e a s in g  w a te : :m e a t  
r a t io s  r e s u lte d  in p r e b le n d s  an d  e m u ls io n s  w ith  larger  so lu b le  p h a se s  
a n d  lo w e r  so lu b le  p r o te in  c o n c e n tr a t io n s  in  th e  s o lu b le  p h a se . T h e  
e f f e c t s  o f  p r e b le n d in g  m e th o d ,  te m p e r a tu r e  o f  m e a t  p r io r  to  p r e b le n d 
in g , le v e l o f  ad d ed  w a te r  a n d  te m p e r a tu r e  o f  th e  a d d ed  w a te r  o n  th e  
te m p e r a tu r e  o f  p r e b le n d s  a n d  e m u ls io n s ,  p r o te in  s o lu b il i ty ,  N a C l c o n 
c e n tr a t io n , c o o k e d  e m u ls io n  s ta b ili ty  and  f ir m n e s s  o f  th e  c o o k e d  e m u l
s io n s  w e r e  e s ta b lis h e d . T e m p e r a tu r e  o f  th e  m e a t  ( - 3 0 ,  - 1 0  o r  0 ° C )  
a c c o u n te d  fo r  th e  la r g e st p r o p o r t io n  o f  th e  v a r ia t io n  in  te m p e r a tu r e  o f  
p r e b le n d s  and  e m u ls io n s ,  p r o te in  s o lu b il i ty  a n d  c o o k e d  e m u ls io n  sta 
b i l i ty .  L o w er  te m p e r a tu r e s  in  p r e b le n d s  a n d  e m u ls io n s  w e re  a s s o c ia te d  
w ith  th e  c o ld e r  m e a t  te m p e r a tu r e s . T h e  d a ta  in d ic a te d  th a t  e m u ls io n s  
p r e p a r ed  w ith  - 1 0 ° C  m e a t h ad  th e  p o o r e s t  c o o k e d  e m u ls io n  s ta b il i ty  
a s c o m p a r e d  to  th o s e  p rep ared  w ith  - 3 0  an d  0 ° C  m e a t. L ev e l o f  a d d ed  
w a te r  ( 1 0 ,  2 0 ,  3 0  o r  40% ) s ig n if ic a n t ly  a f f e c te d  th e  te m p e r a tu r e  o f  
p r e b le n d s ,  p r o te in  s o lu b il i ty ,  c o o k e d  e m u ls io n  s ta b ili ty  an d  f ir m n e s s  o f  
th e  c o o k e d  e m u ls io n s .  T h e  10%  le v e l o f  a d d ed  w a te r  r e s u lte d  in  firm er  
e m u ls io n s  w ith  g rea ter  c o o k e d  s ta b il i ty .  T e m p e r a tu r e  o f  th e  a d d ed  
w a te r  (0 ,  3 0 ,  6 0 ,  o r  9 0 ° C )  h a d  a s ig n if ic a n t  e f f e c t  o n  th e  te m p er a tu re  
o f  p r e b le n d s  a n d  e m u ls io n s ,  c o o k e d  e m u ls io n  s ta b ili ty  an d  f ir m n e s s  o f  
th e  c o o k e d  e m u ls io n s .  A d d in g  9 0 ° C  w a te r  r e s u lte d  in  e m u ls io n s  w ith  
th e  p o o r e s t  c o o k e d  s ta b ili ty  w h ile  a d d in g  0 ° C  w a te r  r e s u lte d  in  firm er  
c o o k e d  e m u ls io n s .

INTRODUCTION
I N D U S T R I A L  E X P E R I E N C E  in  m e a t  m a n u f a c t u r i n g  i n d i c a t e s  
t h a t  m a n y  f a c t o r s  l e a d  t o  t h e  i n s t a b i l i t y  o f  m e a t  e m u l s i o n s  
d u r in g  t h e r m a l  p r o c e s s i n g  a n d  a c c o u n t  f o r  a n  e s t i m a t e d  2 —3%  
l o s s  o f  p r o d u c t i o n .  S w i f t  e t  a l .  ( 1 9 6 1 )  d e v e l o p e d  a  m o d e l  
s y s t e m  t o  s t u d y  m e a t  e m u l s i o n s  a n d  t h i s  d e v e l o p m e n t  l e d  t o  
n u m e r o u s  i n v e s t i g a t i o n s  b y  m a n y  d i f f e r e n t  r e s e a r c h e r s  i n t o  t h e  
a r e a s  o f  e m u l s i f y i n g  c a p a c i t y ,  e m u l s i o n  s t a b i l i t y ,  p r o t e i n  s o l u 
b i l i t y ,  n o n m e a t  a d d i t i v e s  a n d  w a t e r - b i n d i n g  c a p a c i t y  in  m e a t  
e m u l s i o n s .  S o m e  1 6 0  i n v e s t i g a t i o n s  e m p l o y i n g  m o d e l  s y s t e m s ,  
i n d u s t r i a l  p r o d u c t i o n  s y s t e m s ,  o r  b i o c h e m i c a l  a n d  b i o p h y s i c a l  
m e t h o d s  h a v e  b e e n  r e p o r t e d  d u r in g  t h e  p a s t  1 5  y r  t o  g iv e  f o o d  
s c i e n t i s t s  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  m e c h a n i s m s  o f  m e a t  
e m u l s i o n  f o r m a t i o n .  H o w e v e r ,  t h e  d e v e l o p m e n t  o f  o u r  k n o w l 
e d g e  o f  m e a t  e m u l s i o n  s t a b i l i t y  d u r in g  h e a t  p r o c e s s i n g  is  s t i l l  
in  i t s  i n f a n c y .

T h e  r e c e n t  w o r k  b y  W e b b  ( 1 9 7 4 )  w i t h  m o d e l  s y s t e m s  h a s  
g iv e n  m e a t  e m u l s i o n  t e c h n o l o g i s t s  s o m e  i n s i g h t  i n t o  t h e  r o l e s  
o f  w a t e r  a n d  l i p i d s  i n  p r o c e s s i n g .  W h i l e  t h i s  i n v e s t i g a t o r  a n d  
o t h e r  ( S a f f l e  e t  a l . ,  1 9 6 4 ;  H a q  e t  a t . ,  1 9 7 2 )  h a v e  a t t e m p t e d  t o  
s i m u l a t e  p r o d u c t i o n  s y s t e m s ,  t h e  u s e  o f  e f f i c i e n t  s c a l e  m o d e l  
e m u l s i o n  p r o c e s s i n g  e q u i p m e n t  r e s e m b l i n g  t h a t  p r e s e n t l y  u s e d  
in  t h e  i n d u s t r y  f o r  h i g h - v o l u m e ,  h i g h - s p e e d  p r o d u c t i o n  h a s  n o t  
b e e n  d e v e l o p e d  o r  u t i l i z e d .

M o d e l  s y s t e m s  h a v e  c o n t r i b u t e d  a v a s t  a m o u n t  o f  u n d e r 

s t a n d i n g  o f  t h e  b a s i s  f o r  e m u l s i o n  s t a b i l i t y .  H o w e v e r ,  m a n y  o f  
t h e  r e s u l t s  o b t a i n e d  w i t h  m o d e l  s y s t e m s  c a n n o t  b e  d u p l i c a t e d  
u n d e r  p r a c t i c a l  c o n d i t i o n s .

S i n c e  f r o z e n  m e a t s  a r e  o f  m a j o r  e c o n o m i c  i m p o r t a n c e  in  
s a u s a g e  m a k i n g  ( S a f f l e ,  1 9 6 8 )  a n d  t h e i r  r o l e  in  m a i n t a i n i n g  o r  
d e s t r o y i n g  s t a b i l i t y  in  h e a t  p r o c e s s e d  e m u l s i o n s  is  p o o r l y  u n 
d e r s t o o d  ( W e b b ,  1 9 7 4 ;  G o r b a t o v  a n d  G o r b a t o v ,  1 9 7 4 ) ,  s t u d i e s  
w e r e  d e s i g n e d  w i t h  t h e  f o l l o w i n g  o b j e c t i v e s :
1 . D e v e l o p  a  p r o t o t y p e  s a u s a g e  e m u l s i t a t o r  t o  m e a s u r e  p a r a 

m e t e r s  h e r e t o f o r  u n r e p o r t e d .
2 .  D e t e r m i n e  t h e  e f f e c t  o f  t h e  l e v e l  o f  w a t e r  a d d e d  t o  m e a t  

o n  t h e  e x t r a c t i o n  o f  s a l t - s o l u b l e  p r o t e i n s .
3 .  M e a s u r e  t h e  r e s p o n s e s  o f  p r o t e i n  s o l u b i l i t y  a n d  c o o k e d  

e m u s l i o n  s t a b i l i t y  t o  v a r i o u s  p r e b l e n d i n g  m e t h o d s .
4 .  C o m p a r e  v a r i o u s  m e a t  t e m p e r a t u r e s ,  l e v e l s  o f  a d d e d  w a t e r  

a n d  a d d e d  w a t e r  t e m p e r a t u r e s  d u r i n g  p r e b l e n d i n g  a n d  
e m u l s i f i c a t i o n  w i t h  r e s p e c t  t o  t h e i r  e f f e c t s  o n  c o o k e d  
e m u l s i o n  s t a b i l i t y .

EXPERIMENTAL
P r o to t y p e  e m u ls ita to r

A  m o d e l  e m u ls ita to r  w a s  d e v e lo p e d  an d  a ser ie s  o f  e x p e r im e n ts  w e re  
d e s ig n e d  to  s tu d y  th e  e f f e c t s  o f  lo w  te m p e r a tu r e  o n  p r o te in  s o lu b il i ty ,  
e m u ls io n  fo r m a t io n  a n d  e m u ls io n  s ta b il i ty .

T h e  c o n c e p t  o f  c o n t in u o u s - f lo w  e m u ls if ic a t io n  to  s im u la te  c u r re n t  
in d u s tr ia l p r a c tic e s  w a s  u se d  in  th e  d e v e lo p m e n t  o f  a la b o r a to r y  m o d e l  
e m u ls ita to r  ra th er  th a n  th a t  o f  s te p -w ise  a d d it io n  o f  fo r m u la e  in g re 
d ie n t s  p r e v io u s ly  u t i l iz e d  b y  o th e r  r e sea rch ers  (O c k e r m a n  an d  C a h ill, 
1 9 7 0 ;  M o rr iso n  e t  a l., 1 9 7 1 ;  H a q  e t  a l., 1 9 7 2 ) .  A  fo r m u la t io n  (T a b le  1) 
in  th e  a p p r o x im a te  p r o p o r t io n s  o f  a  c o n tr o lle d  c o m m e r c ia l m e a t  e m u l
s io n  (30%  fa t , m e a t  p r o te in  % x  4  +  10% a d d e d  m o is tu r e )  w a s  u s e d  to  
e v a lu a te  m o d e l  e m u ls ita to r s .  T h e  m u sc le  tis su e  s a m p le s  w e r e  g r o u n d  
th ro u g h  a 3 m m  p la te  an d  th e n  th o r o u g h ly  m ix e d . T h e  fo r m u la t io n s  
w ere  p rep a red  a n d  m ix e d  in  th e  m a n n e r  o u t l in e d  b y  W a ld m a n  ( 1 9 7 3 )  
and  p a sse d  th ro u g h  th e  sca le  m o d e l ,  c o n t in u o u s - f lo w  e m u ls ita to r  illu s 
tr a te d  in  F ig u r e  1. T h e  p lu n g e r  a p p a ra tu s  w a s  d e s ig n e d  in  o rd er  to  
a c c o m m o d a te  c o n tr o l  o f  p ressu re  and  d w e ll  t im e  o f  th e  fo r m u la e  d u r
in g  e m u ls if ic a t io n . A  3 -h p  m o to r  (3  p h a se , 2 2 0 V ) ,  o p e r a t in g  a t 1 7 5 0  
rp m , w a s  u s e d  as th e  p o w e r  s u p p ly . T h r o u g h  p re lim in a ry  e x p e r im e n ta 
t io n , th e  d e g r ee  o f  h e a t  r ise  a n d  p a r tic le  s iz e  r e d u c t io n  d u r in g  c o m 
m in u t io n  w a s  fo u n d  to  b e  s im ilar  to  c o n d it io n s  fo u n d  in  in d u s tr y .  

P r o te in  s o lu b il i ty

P r e v io u s  r e sea rch ers  (S w if t  e t  a l., 1 9 6 1 ;  S a f f le  a n d  G a lb re a th , 1 9 6 4 ;  
A n d e r so n  a n d  G ille t ,  1 9 7 4 )  h a v e  u se d  large  q u a n t it ie s  o f  sa lin e  to  e x 
tr a c t a n d  q u a n t ita te  sa lt-s o lu b le  p r o te in  c o n c e n tr a t io n . T h e se  m e th o d s  
in v o lv e  th e  u se  o f  h ig h  s p e e d  b le n d e r s  fo r  e x tr a c t io n  w ith  v a r y in g  sa lt  
c o n c e n tr a t io n  an d  t im e . A  m e th o d  to  e x tr a c t  th e  s a lt -s o lu b le  p r o te in s  
fr o m  g r o u n d  m e a ts  an d  u n c o o k e d  e m u ls if ie d  fo r m u la e  u s in g  le v e ls  o f  
w a ter  a n d  sa lt c o n c e n tr a t io n s  fo u n d  in  c o m m e r c ia l p r o d u c t io n  w a s  
d e v e lo p e d .

T h e  m e th o d  o f  A n d e r so n  a n d  G il le t t  ( 1 9 7 4 )  e m p lo y e d  a c e n tr ifu g a 
t io n  s p e e d  o f  2 2 ,0 0 0  X G  fo r  15 m in  an d  th a t  o f  S a ff le  a n d  G a lb re a th  
( 1 9 6 4 )  req u ired  c e n tr ifu g a t io n  a t 3 0 2 0  x  G  fo r  10 m in . H o w e v e r ,  
so lu b le  p h a se s  c o u ld  n o t  b e  o b ta in e d  b y  e ith e r  m e th o d  w h e n  ra tio s  le ss  
th a n  5 :1  sa lin e  to  m e a t  w e re  u s e d . D if f e r e n c e s  in  th e  to ta l s a lt-so lu b le  
p r o te in s  e x tr a c ta b le  w e r e  a lso  n o te d  to  b e  s ig n if ic a n t ly  (P <  0 .0 1 )  
grea ter  d u e  to  in c r e a se d  e x tr a c t io n  t im e  b e fo r e  c e n tr ifu g a t io n  or  w h e n
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Table 1 —Ingredients o f preblends used in the preparation o f 
m eat emulsions fo r  m odel em uls ita tor studies.

Ingredient A m o u n t (g)
Proportion  o f to ta l

(%)

70%  fat pork tr im 4 5 4 2 5 .9 4
25% fa t pork  tr im 9 0 8 5 1 .8 9
Water 3 4 0 19.43
IMaCI 48 2 .7 4

To ta l 1750 100.00

a 1 0 :1  r a tio  o f  sa lin e  to  m e a t (S w if t  e t  a l., 1 9 6 1 )  w a s  u s e d  fo r  e x tr a c 
t io n  (F ig . 2 ) .  H o w e v e r , th e  v a lu e s  o b ta in e d  fo r  s a lt -s o lu b le  p r o te in s  
w e re  s im ila r  to  th o s e  p r e v io u s ly  r e p o r te d  (S a f f le  an d  G a lb r e a th , 1 9 6 4 ;  
A n d e r so n  a n d  G il le t t ,  1 9 7 4 ) .

H ig h er  c e n tr ifu g a t io n  sp e ed s  ( 4 0 ,0 0 0  rp m ; a p p r o x  1 3 0 ,0 0 0  x  G ) 
th an  th o s e  c i t e d  a b o v e  w ere  o b ta in e d  u s in g  a B e c k m a n  S p in c o  p rep ara 
tiv e  c e n tr ifu g e  (M o d e l L ) and  a ty p e  5 0  T i r o to r . T h e  r o to r  an d  c e n tr i
fu g e  tu b e s  w e r e  c h ille d  o v ern ig h t t o  4 ° C  an d  s a m p le s  w e re  c e n tr ifu g e d  
a t 4 ° C . G r o u n d  o r  e m u ls if ie d  sa m p le s  p r e v io u s ly  h e ld  a t 4 °  or  —8 °C  
c o u ld  b e  s e p a r a te ly  in to  th ree  d is t in c t  p h a se s  u s in g  th is  c e n tr ifu g a t io n  
m e th o d  (F ig .  3 ) .

D u r in g  th e  d e v e lo p m e n t  o f  a  s im ilar  c e n tr ifu g a t io n  m e th o d ,  M acfar- 
la n e  ( 1 9 7 4 )  u s e d  a sp e e d  o f  3 5 ,0 0 0  rpm  ( 1 0 0 ,0 0 0  x  G ) to  s tu d y  th e  
e f f e c t s  o f  p r e ss u r iz a t io n  o n  p r o te in  s o lu b il ity . S a lin e  to  m e a t  c o n c e n tr a 
t io n s  o f  le ss  th a n  u n ity  w e r e  u s e d ;  h o w e v e r , th e s e  r a t io s  w e r e  a d ju sted  
to  1 0 :1  (b y  th e  a d d it io n  o f  0 .5 M  salin e  s o lu t io n ) ,  h o m o g e n iz e d  an d  
th en  c e n tr ifu g e d . M a cfa r la n e  ( 1 9 7 4 )  r ep o r te d  n o  d if fe r e n c e s  in  th e  
a m o u n t  o f  s a lt-s o lu b le  p r o te in s  w h ic h  c o u ld  b e  s o lu b il iz e d  fro m  v a r io u s  
h o m o g e n a te s  w ith  r a tio s  r a n g in g  fro m  0 .2 5 :1  to  1 0 :1  a fte r  a d ju stm e n t  
to  1 0 : 1 .

M a cfa r la n e  ( 1 9 7 4 )  r e p o r te d  th a t  r o to r  s p e e d s  d id  n o t  a f f e c t  p r o te in  
c o n c e n tr a t io n  in  th e  s o lu b le  p h a se . In  th e  p r e se n t  s tu d y , t im e  o f  c e n tr i
fu g a tio n  (T a b le  2 )  d id  a f f e c t  th e  a m o u n t  o f  s a lt -s o lu b le  p r o te in s  as a 
p r e c e n ta g e  o f  t o ta l  p r o te in  w h ic h  c o u ld  b e  e x tr a c te d . D u p l ic a te  s a m p le s  
o f  th e  fo r m u la t io n  s h o w n  in  T a b le  1 w e r e  s u b sa m p le d  an d  n o  s ta t is t ic a l  
d if fe r e n c e s  w e re  a t t r ib u te d  to  sa m p lin g  error . T h e r e fo r e , a c e n tr ifu g a 
t io n  t im e  o f  6 0  m in  a t 1 3 0 ,0 0 0  x  G  w a s  u se d  fo r  e x tr a c t io n .

S o lu b le  p h a se

A c c u r a te ly  w e ig h e d  c e n tr ifu g e  tu b e s  w e r e  f i l le d  w ith  th e  e m u ls if ie d  
or g r o u n d  sa m p le s , r e w e ig h e d  a n d  c e n tr ifu g e d  b y  th e  m e th o d  p r e 
v io u s ly  d e s c r ib e d  ( 4 0 ,0 0 0  rpm  fo r  6 0  m in  at 4 ° C ) .  A fte r  c e n tr ifu g a t io n ,  
th e  s o lu b le  p o r t io n  a n d  th e  lo s s  w a s  c la c u la te d  as a p e r c e n t  o f  th e  
o r ig in a l sa m p le  w e ig h t  a n d  r eferred  to  a s  th e  s o lu b le  p h a se . T h e  so lu b le  
p h a se  w a s  u sed  to  q u a n t ita te  th e  sa lt-s o lu b le  p r o te in  c o n c e n tr a t io n  in  
ea ch  e x tr a c t  b y  th e  b iu r e t  m e th o d  u s in g  b o v in e  seru m  a lb u m in  as a 
s tan d ard  (G o r n a ll e t  a l., 1 9 4 9 ) .  S o lu b le  p r o te in  w a s  c a lc u la te d  as a 
p e r c e n t o f  t o ta l  p r o te in  in  th e  o r ig in a l sa m p le .

C o o k e d  e m u ls io n  s ta b il i ty

S a m p le s  w e re  s tu f f e d  in to  p r e w e ig h e d  2 x  7 cm  g la ss  tu b e s  to  
s im u la te  m ic r o -b o lo g n a s . A fte r  w e ig h in g , th e  e m u ls io n s  w e r e  c o o k e d  in  
a R A P I D A IR E  o v e n  (E u r e k a  C o m p a n y , A r p in g to n , E n g la n d ) sta r te d  at 
3 6 °C  a n d  in c r e a se d  6 °C  a t  e a c h  2 0 -m in  in ter v a l u n t il  an  in ter n a l t e m 
p era tu re  o f  6 8 °C  in  th e  e m u ls io n  w a s  a tta in e d  o n  a fin a l o v e n  s e t t in g  o f  
7 2 °C . T h e  w e ig h t  lo s s  a fter  c o o k in g  a n d  d r a in in g  (b y  in v e r tin g  th e  
tu b e s) w a s  d e te r m in e d  a n d  c o o k e d  e m u ls io n  s ta b ili ty  w a s  c a lc u la te d  as 
a p e r c e n t o f  th e  o r ig in a l sa m p le  w e ig h t .

P e n e tr o m e te r  rea d in g s

F ir m n e ss  o f  th e  c o o k e d  e m u ls io n s  w a s  m e a su r ed  u s in g  a U n iv ersa l 
P r e c is io n  P e n e tr o m e te r  w ith  tim er  and  e q u ip p e d  w ith  a 5 -p ro n g  a tta c h 
m e n t . D e p th  o f  p e n e tr a t io n  in 5 sec w a s  m e a su r ed  to  th e  n e a r es t  0 .1  
m m .

P r o te in  s o lu b il i ty  o f  p r e b le n d e d  and  e m u ls if ie d  m e a t

F iv e  le v e ls  o f  a d d e d  w a ter  (0 ° C )  w ere  p r e b le n d e d  w ith  b o n e le s s  
p ork  s h o u ld e r  m e a t  (c a  33%  fa t ,  15%  p r o te in ,  4 ° C )  t o  s tu d y  th e  e f f e c t s  
o f  b le n d in g  a n d  c o m m in u t io n  o n  th e  s ize  o f  th e  so lu b le  p h a se , p r o te in  
c o n c e n tr a t io n  in  th e  s o lu b le  p h a se  an d  p e r c e n t o f  to ta l p r o te in  w h ic h

Fig. 1—Schem atic diagram o f  the p ro to ty p e  em uls ita to r. (a) E x it  tube;  
lb ) blade assembly; (c) p lunger; (d) p lunger gu ide; (e) in feed opening; 
(f) side w a ll; (g) to drive m o tor.

Fig. 2 —E ffe c t o f  w ate r.m eat ra tio  on the p ro te in  s o lu b ility  o f  m eat 
cen trifuged  a t 22 ,000  X  G.
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Table 2 —E ffe c t o f tim e  o f cen trifugatio n  on the  soluble protein  

in em u ls ified  m eat

T im e  o f cen trifu g a tio n a (m in)

15  3 0  4 5  60 7 5 F value

Soluble p ro te ln b 1 .15c  2 .40d  4 .45e  8 .7 5 f 8 .6 9 f 4 9 .5 9 8 * *

a A t  4 0 ,0 0 0  rp m  (a p p ro x  1 3 5 ,0 0 0  X  G )  at 4 ° C
b  % S o lu b le  p ro te in  o f to ta l p ro te in . M e an s w ith  a co m m o n  le tte r  

are n o t  s ig n if ic a n t ly  d if fe re n t  (P <  0 .0 1 ) .
* * S ig n if ic a n t  at 1 % level

T ab le  3 —Ingredients o f preblends and emulsions

W ater:m eat ratio
Bnls pork  

shoulder3 (g) NaCl (g) W aterb (g)

0:1 750 2 2 .5 0 0
0 .1 2 5 :1 7 50 2 5 .3 2 9 4

0 .25 :1 7 50 2 8 .1 4 188

0 .5 :1 7 5 0 3 6 .7 5 3 7 5

1 :1 7 5 0 4 5 .0 0 7 50

a 3 3 %  fa t  b y  a n a ly s is ,  1 5 %  p ro te in  a ssu m e d
b o°c

FAT

S O L U B L E  PH A SE

IN SO L U B L E  P H A SE

Fig. 3 —P hase se p a ra tio n s  in m e a t  c e n tr i fu g e d  a t  1 3 0 ,0 0 0  X  G in g ro u n d  
m e a t  o r  e m u ls io n s  c e n tr ifu g e d .

Table  4 —Ingredients of preblends conta in ing  u n fro zen3 or f ro 

zen15 meat

W ater:m eat ratio
Bnls pork  

shoulder«5 (g) N aC ld  (g) W atere (g)

0 .125:1 25 0 .8 2 5 2 .5

0 .25 :1 25 0 .9 5 .0

0.5:1 25 1 .1 2 5 12.5

1:1 25 1.5 25 .0

5:1 25 3 .7 5 100.0
10:1 25 6 .7 5 2 25 .0

a 4 ° C  
b —8 ° C
c  3 3 %  fa t  b y  a n a ly s is , 15 %  p ro te in  a ssu m e d  
d If used  
e 0° C

was salt-soluble. Formula compositions are outlined in Table 3. NaCl 
was maintained at a constant 3% of the total weight of meat and water, 
and the preblends and emulsions were maintained at 4°C during prepa
ration. Approximately 40 min elapsed from the preparation of pre
blends or emulsions until centrifugation. Since a precise estimate of the 
total protein content of the meat was not required in order to compare 
the percentages of total soluble protein and since only one source of 
meat was used, total protein was not measured but was assumed to be 
15% of the weight of the meat. Samples were prepared In duplicate 
utilizing a completely randomized design (CRD) for each experiment. 
Duplicate analyses were performed for soluble protein.
P r o te in  s o lu b il i ty  o f  u n fr o z e d  a n d  fr o z e n  p r e b le n d e d  m e a t

The six watenmeat ratios used in each of the three independent 
experiments are listed in Table 4. CRD designs with replication were 
used for each study. The frozen samples were ground (3 mm plate) 
while in the frozen state, packaged in freezer paper and allowed to 
equilibrate at -8°C for 2 days before preblending. Preblends were pre
pared and protein solubility was characterized in the manner described 
in the first experiments. Duplicate analyses were performed for soluble 
protein.

E f fe c t s  o f  p r e b le n d in g , te m p e r a tu r e  o f  m e a t ,  le v e l o f  a d d e d  w a te r  
a n d  te m p e r a tu r e  o f  a d d ed  w a te r

A CRD 2 x 3 x 4 X 4 factorial design with replication that was 
utilized to investigate the treatment effects in shown in Table 5. Pre
blended and emulsion temperature, protein solubility, percent NaCl, 
cooked stability and firmness of the cooked emulsions were the vari
ables studied. Preblend temperature refers to that temperature of the 
preblends immediately prior to emulsification whereas emulsion tem
perature corresponds to the temperature of the formed emulsion as it 
exited the prototype emulsitator. Approximately 40 min elapsed from 
preblend preparation until emulsification. Boneless pork shoulder meat 
was ground through a 2.5 cm plate, mixed and adjusted to 35% fat 
content and allocated to the three meat temperatures. Meat samples 
were frozen at their respective temperature for 4 days, reground (3 mm 
plate) before formulation and maintained at their frozen temperatures. 
The samples to be processed at 0°C were frozen at — 10°C, thawed and 
ground as above and maintained at 0°C until formulation was accom
plished. Preblends and emulsions were prepared in a 10°C room. Pork 
shoulders were used because they approximate the chemical analysis of 
raw materials utilized in commercial meat emulsions. Their proximate 
composition was determined (moisture, AOAC; fat, Babcock; protein, 
by difference) and is shown in Table 6. NaCl was kept constant at 3% 
of total formualtion weight. Added water levels approached the limita
tions used in industry.

RESULTS & DISCUSSION 

Protein solubility of preblended and emulsified meat
Table 7 shows data on the solubility of proteins, after cen

trifugation of preblended and emulsified meat at the various 
water:meat ratios. The effects of dilution were highly signifi
cant (P <  0.01) in both preblended and emulsified meat.

As more water (0°C) was added, the soluble phase increased 
in both preblended and emulsified meat. Even without statis
tical comparison, it is obvious that a portion of the soluble 
phase was rendered insoluble during the emulsification proc
ess. Gorbatov and Gorbatov (1969) reported that, as water is 
increased, the muscle fibers separate faster during comminu
tion forming larger surface areas for protein-water bonding.

In both preblended and emulsified samples, the decrease in
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Table  5 —T re a tm e n t levels and com binations studied i n 2 X 3 X 4 X 4  C R D  facto ria l

Tem p
of

added
water
(°c)

NaCI in added w ater

Preblending m ethod

NaCI a fte r added w ater

- 3 0 - 1 0
Tem perature  o f m eat (°C )

0  - 3 0 - 1 0  0

0
30
60
90

10  2 0  3 0  4 0 10  2 0  30  40

Level o f added w ater (%)

10  2 0  30  4 0  10 2 0  30  40 10  2 0  3 0  4 0  10  2 0  3 0  40

concentration of protein in the soluble phase from approxi
mately 27 to 17 mg/ml appears to be a straight-line relation
ship with increasing water:meat ratio. Swift et al. (1961), us
ing saline phases larger than those reported here, increased 
dilution ratios and found similar reduction of salt-soluble pro
tein concentration. These researchers (Swift et al., 1961) 
found that increasing the saline:meat ratio resulted in more 
total protein being solubilized which increased the ability of 
the meat to emulsify large quantities of fat. Saffle (1968)

Table 6—P roxim ate  com position o f boneless pork  shoulder meat

C om ponent C om position (%)

Fata 35
P rotein*5 13
W ater0 49
Ash^ 3
Total 100

a B a b o c k
b 1 0 0  — (%  fa t  + % w a te r  + %  ash) 
c  A O  A C  (1 9 7 0 )  
d C o n s ta n t  assu m e d

reported data on the effect of protein concentration in meat 
slurries on fat emulsifying capacity. As the concentration of 
protein exceeded 28 mg/ml a curvilinear relationship resulted 
between the concentration of salt-soluble protein and the 
amount of fat emulsified. Doubling the number of blades on 
the model emulsifying equipment raised the maximum concen
tration to a value of 39 mg/ml before which a curvilinear 
relationship occurred. High concentrations of salt-soluble pro
teins in the continuous phase of a meat blend could therefore 
adversely affect emulsion stability. Data from the present 
study indicate that protein concentration in the soluble phase 
of unfrozen meat does not exceed 27 mg/ml when water is not 
added to aid extraction.

The effects of increasing the water:meat ratio on protein in 
the soluble phase as a percent of total protein in preblended 
and emulsified samples are shown in Table 7. At all levels of 
water added to either preblended or emulsified meat, the sol
uble protein as a percent of total protein increased signifi
cantly (P <  0.01). The increase in total protein solubility from 
the 0:1 to 1:1 ratio was nearly threefold. Even though no 
statistical comparisons can be made between the independent 
studies of preblended and emulsified meat, it appears that 
20—42% (difference in total soluble protein between blended 
and emulsified meat as a percent of preblended) of the soluble 
protein available in preblended meat is tied up in some way 
during emulsification. Other researchers have reported that

Table  7 —E ffect o f w a te r:m eat ratio  on the pro te in  so lu b ility  o f  preblended and em ulsified m eat

M easurem ent 0:1 0 .1 2 5 :1 0 .2 5 :1 0 .5 :1 1:1 S .E . value

Soluble phase*5 (%)
Preblended 22 .88a 3 0 .8 7 b 3 4 .6 0c 4 6 .0 6d 6 1 ,08e 0 .6 7 4 4 1 .4 * *
Em ulsified 1 7 .75a 16.24a 2 4 .5 2 b 3 1 .51c 4 0 .8 4d 0 .5 8 2 0 8 .0 * *

Soluble protein cone*5 (m g/m l)
Preblended 2 6 .8 3a 2 4 .0 6 b 2 3 .13c 19 .93d 17 .24e 0 .1 7 5 5 .5 * *
Em ulsified 23.40a 2 6 .7 0 b 2 3 .86a 2 0 .83c 18.99d 0 .1 5 6 4 .6 * *

To ta l soluble p ro te in d (%)
Preblended 4 .22a 5 .7 4 b 6 .87c 9 .4 8 d 14.47e 0 .1 5 3 9 .9 * *
Em ulsified 2 .86a 3 .30a 5 .07a,b 6 .7 6 b ,c 10.65d 0.51 3 5 .0 * *

a  M ean s in  th e  sa m e  lin e  b e arin g  a co m m o n  le tte r  are  n o t  s ig n if ic a n t ly  d if fe re n t  (P <  0 .0 5 ) .  
b % of to ta l sa m p le  w t  
c Mg so lu b le  p ro te in /m l so lu b le  p h ase  
d % S o lu b le  p ro te in  o f  to ta l p ro te in  
* *  S ig n if ic a n t  a t  1 %  level
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Table 8—E ffect o f w a te r:m e a t ra tio  on the  prote in  s o lu b ility  o f unfrozen (4 °C ) and frozen (—8°C ) preblended m eat

0 .1 2 5 :1 0 .2 5 :1 0 .5 :1 1:1 5:1 10:1 S.E. value

So lub le  phase *5 (%)
U nfro zen —no NaCl 33 .14a 3 9 .0 4 50 .5 9 c 63 .66d 83 .39e 8 9 .3 1 f 0 .3 5 1 0 6 6 .0 * *
U nfrozen  + N aCl 13.81a 17.23b 3 4 .1 7 c 50 .95d 6 1 .1 4e 77 .5 4 f 0 .39 1 2 5 3 .7 * *
Fro zen  + NaCl - 14.30a 34 .8 7 b 52 .5 9 c 7 1 ,90d 85 .79e 1 . 1 1 2 1 9 8 .5 * *

So lub le  protein co n cc (mg/ml)
U n fro zen —no NaCl 21 .42a 19 .75b 1 5 .84c 14.16d 5.03e 2 .1 4f 0 . 2 2 2 4 5 .9 * *
U nfrozen  + N aCl 25 .01a 22 .9 0 b 18.94c 1 7 .38d 9 .8 1 e 4.61 f 0 .42 2 4 4 .4 * *
F ro zen  +  N aCl - 21 .46a 18.88b 17 .71b 14.66c 6 .8 5 0 .5 4 270.1 * *

To ta l so lub le  protein^ (%)
U n fro ze n —no NaCl 5 .20a 6 .1 7 b 8 .0 1 c 12 .05d 13.97e 1 2 .7 2 f 0 .3 2 5 4 .7 * *
U nfrozen  + NaCl 2.63a 3.25a 6 .71b 12 .16c 20 .62d 24 .47e 0 .2 3 3 3 7 .1 * *
F ro zen  + NaCl - 2.57a 6 .58b 12 .55c 34.72d 38.54e 0 .7 3 1 1 0 5 .7 **

a M eans in  the  sam e line  bearing  a co m m o n  le tte r  are  n o t s ig n if ic a n t ly  d if fe re n t  (P <  0 .0 5 ) . 
h  % o f to ta l sam p le  w t . 
c Mg so lu b le  p ro te in /m l so lu b le  phase 
u % S o lu b le  p ro te in  o f to ta l p ro te in  
* * S ig n if ic a n t  a t 1 % level

o n l y  3 0 %  o f  t h e  s o l u b l e  p r o t e i n s  a v a i la b le  a r e  u s e d  in  t h e  
e m u l s i f i c a t i o n  p r o c e s s  ( S a f f i e  a n d  G a l b r e a t h ,  1 9 6 4 ) .  U s i n g  
s a l i n e  p h a s e s  o f  1 0 : 1 ,  S w i f t  e t  a l .  ( 1 9 6 1 )  r e p o r t e d  t h a t  u p  t o  
8 4 %  o f  t h e  p r o t e i n s  b e c a m e  i n s o l u b l e  d u r in g  e m u l s i f i c a t i o n  o f  
v e r y  la r g e  a m o u n t s  o f  f a t .  H o w e v e r ,  in  t h e  r a t i o s  u s e d  in  c o m 
m e r c i a l  m e a t  e m u l s i o n s  ( 0 . 1 2 5 : 1 ,  0 . 2 5 : 1  a n d  p o s s i b l e  0 . 5 : 1 )  
t h e s e  d a t a  i n d i c a t e  t h a t  t h e  a m o u n t  o f  s o l u b l e  p r o t e i n  r e n 
d e r e d  i n s o l u b l e  d u r in g  e m u l s i f i c a t i o n  v a r i e s  c o n s i d e r a b l y  a n d  
l i e s  s o m e w h e r e  b e t w e e n  t h e  v a l u e s  p r e v i o u s l y  r e p o r t e d  ( S a f f l e  
a n d  G a l b r e a t h ,  1 9 6 4 ;  S w i f t  e t  a l . ,  1 9 6 1 ) .

Protein solubility of unfrozen and frozen and preblended meat
T h e  e f f e c t s  o f  w a t e r : m e a t  r a t i o  o n  t h e  p r o t e i n  s o l u b i l i t y  o f  

u n f r o z e n  ( 4 ° C )  a n d  f r o z e n  ( - 8 ° C )  p r e b l e n d e d  m e a t  in  t h e  
t h r e e  i n d e p e n d e n t  e x p e r i m e n t s  u t i l i z i n g  u n f r o z e n  m e a t  w i t h  
a n d  w i t h o u t  3 %  N a C l  a n d  f r o z e n  m e a t  w i t h  a d d e d  N a C l  (3 % )  
a r e  r e p o r t e d  in  T a b le  8 .  H i g h l y  s i g n i f i c a n t  ( P  <  0 . 0 1 )  d i f f e r 
e n c e s  w e r e  o b s e r v e d  f o r  t h e  e f f e c t s  o f  w a t e r : m e a t  r a t i o  o n  t h e  

v a r ia b le s  m e a s u r e d  in  a l l  t h r e e  s t u d i e s .

Soluble phase
A d d i n g  w a t e r  ( 0 ° C )  t o  p r e b l e n d s  o f  m e a t  r e s u l t e d  in  s i g n i f i 

c a n t l y  la r g e r  ( P  <  0 . 0 1 )  s o l u b l e  p h a s e s .  E v e n  w i t h o u t  s t a t i s t i 
c a l  c o m p a r i s o n ,  i t  is  o b v i o u s  t h a t  t h e  o m i s s i o n  o f  N a C l  d u r in g  
b l e n d i n g  r e s u l t e d  in  la r g e  s o l u b l e  p h a s e s  w h e n  c o m p a r e d  t o  
p r e b l e n d i n g  f r o z e n  a n d  u n f r o z e n  m e a t s  w i t h  N a C l ,  p a r t i c u l a r l y  
a t  t h e  l o w e r  r a t i o s  o f  a d d e d  w a t e r .  T h i s  i s  e x p e c t e d  s i n c e  N a C l  
i n c r e a s e d  t h e  h y d r a t i o n  o f  m u s c l e  p r o t e i n s  ( H a m m ,  1 9 6 0 ) .  
W i t h o u t  N a C l  a v a i l a b i l i t y ,  m u c h  o f  t h e  a d d e d  w a t e r  is  n o t  
b o u n d  in  a n y  f o r m  a n d  is  e x p r e s s e d  in  t h e  s o l u b l e  p h a s e  d u r in g  
c e n t r i f u g a t i o n .  T h e s e  d a t a  s u g g e s t  t h a t  t h e  s o l u b l e  p h a s e  c o u l d  
b e  i n c r e a s e d  in  p r e b l e n d s  u s in g  u n f r o z e n  m e a t  a t  t h e  w a t e r :  
m e a t  r a t i o s  u s e d  in  c o m m e r c i a l  c o n d i t i o n s  ( 0 . 1 2 5 : 1 ,  0 . 2 5 : 1 ,  
a n d  0 . 5 : 1 )  b y  b l e n d i n g  w i t h o u t  N a C l .  I t  m i g h t  b e  p o s s i b l e  t o  
s u b s e q u e n t l y  m i x  t h e s e  p r e b l e n d s  w i t h  N a C l  t o  e x t r a c t  m o r e  
o f  t h e  s o l u b l e  p r o t e i n s ,  t h u s  in c r e a s i n g  t h e  p o t e n t i a l  f o r  
g r e a t e r  f a t  a n d  w a t e r  b i n d i n g  d u r in g  e m u l s i f i c a t i o n .

W h e n  t h e  w a t e r : m e a t  r a t io s  r e a c h e d  o r  e x c e e d e d  u n i t y ,  t h e  
s o l u b l e  p h a s e s  in  a l l  t h r e e  s t u d i e s  s u r p a s s e d  5 0 %  o f  t h e  t o t a l  
v o l u m e .  W a t e r : m e a t  r a t i o s  e x c e e d i n g  u n i t y  h a v e  b e e n  u s e d  b y  
o t h e r  r e s e a r c h e r s  f o r  e x t r a c t i o n  o f  s o l u b l e  p r o t e i n s  in  t h e  
s t u d y  o f  b a s i c  m e a t  e m u l s i o n  p r o p e r t i e s  ( S w i f t  e t  a l . ,  1 9 6 1 ;

S a f f l e  a n d  G a l b r e a t h ,  1 9 6 4 ;  J o h n s o n  e t  a l . ,  1 9 7 4 ) .  H o w e v e r ,  i t  
i s  u n l i k e l y  t h a t  s u c h  h i g h  w a t e r : m e a t  r a t i o s  w o u l d  e v e r  b e  u s e d  
in  a c t u a l  p r a c t i c e .  W h e n  t h e  p r e b l e n d i n g  c o n d i t i o n s  ( u n f r o z e n  

m e a t  w i t h  o r  w i t h o u t  N a C l  a n d  f r o z e n  m e a t  w i t h  N a C l )  a r e  
c o m p a r e d  w i t h  r e s p e c t  t o  v o l u m e  o f  t h e  s o l u o l e  p h a s e  a t  t h e  
l e v e l  o f  a d d e d  w a t e r  m o s t  f r e q u e n t l y  u s e d  i n  i n d u s t r i a l  p r e 
b l e n d i n g  c o n d i t i o n s  ( 0 . 2 5 : 1 ) ,  t h e  a d d i t i o n  o f  N a C l  t o  u n f r o z e n  

m e a t  g r e a t l y  r e d u c e d  t h e  s o l u b l e  p h a s e .  F r o z e n  m e a t  w i t h  
N a C l  a d d e d  h a d  t h e  s m a l l e s t  s o l u b l e  p h a s e .  S i n c e  a d d e d  w a t e r  
i n c r e a s e s  t h e  s u r f a c e  a r e a  f o r  p r o t e i n - w a t e r  b o n d i n g  d u r in g  
c o m m i n u t i o n  ( G o r b a t o v  a n d  G o r b a t o v ,  1 9 6 9 ) ,  t h e  a d d i t i o n  o f  
w a t e r  t o  in c r e a s e  t h e  s o l u b l e  p h a s e  c o u l d  p l a y  a n  i m p o r t a n t  
r o l e  in  e m u l s i o n  f o r m a t i o n  w h e n  u n f r o z e n  a n d  f r o z e n  m e a t s  
a r e  u s e d .

Total soluble protein
F i g u r e  4  s h o w s  t h e  p e r c e n t a g e  o f  t h e  t o t a l  p r o t e i n  in  t h e  

p r e b l e n d s  t h a t  w a s  in  t h e  s o l u b l e  p h a s e .  W h e n  a l l  t h r e e  s t u d i e s  
a r e  c o m p a r e d ,  t h e  m o s t  i n t e r e s t i n g  r e s u l t  i s  t h e  s i m i l a r i t y  in  
t h e  p e r c e n t a g e  t o t a l  p r o t e i n  i n  t h e  s o l u b l e  p h a s e s  a t  t h e  1 :1  

r a t i o  o f  w a t e r  t o  m e a t .  T h e s e  d a t a  s u g g e s t  w h e n  f r o z e n  ( 8 ° C )  
a n d  u n f r o z e n  ( 4 ° C )  m e a t  i s  p r e b l e n d e d  w i t h  e q u a l  a m o u n t s  o f  
0 ° C  w a t e r ,  n e i t h e r  t h e  a d d i t i o n  o f  N a C l  n o r  t h e  t e m p e r a t u r e  

o f  t h e  p r e b l e n d  a t  t h e  t i m e  o f  e x t r a c t i o n  g r e a t l y  a l t e r  t h e  
a m o u n t  o f  t o t a l  p r o t e i n  t h a t  i s  s o l u b i l i z e d .  I s o l a t e d  p r o t e i n s  
( m y o s i n ,  a c t i n ,  t r o p o m y o s i n t r o p o n i n  a n d  s a r c o p l a s m i c  p r o 
t e i n )  h a v e  b e e n  s h o w n  t o  b e  e q u a l  t o  e a c h  o t h e r  in  e m u l s i f y i n g  
c a p a c i t y  a t  a  p r o t e i n  c o n c e n t r a t i o n  g r e a t e r  t h a n  1 2  m g / m l  
( T s a i  e t  a l . ,  1 9 7 2 ) .  T h e  1 :1  r a t i o  r e s u l t e d  in  s im i la r  p r o t e i n  
c o n c e n t r a t i o n s  in  t h e s e  s t u d i e s .  T h e r e f o r e ,  w h e n  f r o z e n  a n d  
u n f r o z e n  m e a t s  a r e  p r e b l e n d e d  w i t h  w a t e r  a t  a  1 :1  r a t i o ,  
d i f f e r e n c e s  in  e m u l s i f y i n g  c a p a c i t y  a r e  p r o b a b l y  s m a l l .  D e a r t h  
a n d  L in d l e  ( 1 9 7 2 )  u s e d  t h i s  c o n c e p t  i n  c o n v e r t i n g  m e a t  t o  
s e m i - l i q u i d s  d u r in g  b l e n d i n g  t o  a c h i e v e  f u l l  u t i l i z a t i o n  o f  m e a t  
p r o t e i n s  in  c o m m e r c i a l  e m u l s i f i c a t i o n  s y s t e m s .

I t  i s  o b v i o u s  f r o m  F i g u r e  4  t h a t  a  g r e a t e r  p r o p o r t i o n  o f  t h e  
t o t a l  p r o t e i n  i s  in  t h e  s o l u b l e  p h a s e  in  f r o z e n  p r e b l e n d s  a s  
c o m p a r e d  t o  u n f r o z e n  p r e b l e n d s  a t  t h e  5 : 1  a n d  1 0 : 1  w a t e r  t o  
m e a t  r a t i o s .  T h e s e  r e s u l t s  a n d  t h o s e  o f  B a r d  ( 1 9 6 5 )  s u g g e s t  
t h a t ,  in  t h e  p r e s e n c e  o f  la r g e  v o l u m e s  o f  w a t e r ,  t h e  t e m p e r a 
t u r e  o f  t h e  m e a t  i n f l u e n c e s  t o t a l  p r o t e i n  e x t r a c t a b i l i t y .  T h e  
p r o t e i n s  s o l u b l e  in  t h e  u n f r o z e n  p r e b l e n d  w i t h o u t  N a C l  a r e
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MEAT EMULSION STABILITY . . .

Table 9 - Analysis o f variance o f the data obtained fo r the in fluence o f preblending m eth od , tem perature  o f  m eat, level o f added water and te m 
perature o f added w ater

M ean squares

Source o f variation d f

Preblend
tem p
<°C)

Em ulsion
tem p
(°C )

Soluble
phasea

(%)

Soluble
protein
cone*3

(m g/m l)

To ta l
soluble

p ro te in 0
(%)

NaCI
concd

(%)

Cooked
em ulsion
s ta b ility 6

(%)

Penetrom eter
readingf

(m m )

Preblending m ethod (M ) 1 1 .8 6 0 8 .1 1 4 0 .051 1 6 2 6 .5 1 5 8 .9 5 3 0 .0 1 8 1 .9 7 8 0.141
Tem p o f m eat (T ) 2 2 5 7 8 .2 0 3 * * 2 1 0 6 .0 9 3 * * 1 0 6 2 .5 2 7 * * 2 1 3 1 1 .1 9 9 * * 1 1 3 1 .9 7 8 * * 0 .1 8 4 4 2 7 .9 1 6 * * 0.021
Level o f added w ater (L ) 3 1 2 2 .5 1 0 * * 1 6 .0 9 8 5 7 2 .5 8 2 * * 2 6 5 3 .2 4 2 * * 6 0 4 .1 7 3 * * 0 .1 3 0 8 5 .4 4 4 * * 7 .5 9 9 * *
Tem p o f added w ater (W) 3 1 6 4 .9 0 2 * * 1 4 0 .9 2 0 * * 4 .2 9 2 1 1 6 .1 4 6 6.886 0 .2 9 5 1 0 5 .4 0 4 * * 0 .9 4 5 * *
M X  T 2 1 .5 8 0 7 .6 2 0 4 .8 1 8 9 9 9 .2 3 3 2 7 .9 8 7 0 .6 3 4 * 3 .5 1 5 0 .2 5 5
M X L 3 2 .9 0 2 1 8 .5 8 3 7 .3 0 2 1 5 6 4 .8 2 1 * * 4 7 .3 6 2 * * 0 .2 2 8 8 .9 2 4 0.100
M X W 3 1 .9 9 9 5 .3 8 4 1 .8 2 2 195 .411 0 .4 8 8 0 .2 9 5 3 .2 3 8 0 .3 9 0
T  X  L 6 1 6 .1 3 8 * 1 9 .3 5 4 * 1 1 2 .3 9 5 * * 1 3 7 1 .5 2 8 * 1 2 8 .3 6 3 * * 0 .1 4 0 7 4 .8 6 0 * * 0 .9 0 5 * *
T  X  W 6 1 1 .4 7 4 1 9 .2 5 5 * 1 6 .8 3 6 * * 4 4 7 .9 0 9 2 9 .7 8 2 * * 0 .1 4 7 1 1 .9 1 7 0 .6 5 9 * *
L X W 9 1 1 .6 0 3 10.291 6 .3 8 6 6 .3 3 .9 7 6 1 2 .6 6 4 0 .0 7 2 2 3 .4 3 9 * * 0 .5 2 9 * *
M X  T  X  L 6 8 .4 6 8 9 .2 9 7 7 .8 6 6 2 9 4 .1 3 7 1 6 .2 4 8 0 .1 0 7 8 .1 6 2 0 .2 9
M X T X W 6 5 .3 0 0 7 .9 5 3 1 .096 1 8 3 .1 5 6 3 .7 7 9 0 .0 7 2 4 .6 8 4 0 .3 1 5
M X L X W 9 4 .9 5 9 5 .3 7 2 6 .0 0 4 6 2 8 .1 3 0 15.161 0 .1 1 5 4 .2 9 3 0.341
T  X  L X  W 18 7 .5 0 7 9 .5 1 8 11 .202 * * 7 4 0 .1 6 3 1 6 .0 1 6 0 .0 9 4 8 .9 8 3 0 .3 5 7 *
M X T X L X W 18 5.451 9 .1 2 0 5 .4 2 0 4 9 4 .5 6 9 1 0 .0 3 3 0 .0 8 9 6 .4 0 0 0 .2 8 8
Error 9 6 7 .1 3 6 7 .3 0 5 4 .6 3 4 6 2 8 .5 9 6 9 .6 2 9 0 .1 4 5 6 .4 2 2 0 .1 9 8

a % O f  to ta l sa m p le  w t  
b  Mg so lu b le  p ro te in /m l so lu b le  phase  
c  % S o lu b fe  p ro te in  o f to ta l p ro te in  
d %  N aC I in  in so lu b le  p h a se

e
f

% O f  o r ig in a l sa m p le  w t  
D e p th  of p e n e tra t io n  in m m  
P <  0 .0 5  
P <  0 .0 1

most likely the sarcoplasmic proteins that are available for 
extraction. Sonce sarcoplasmic proteins lack gelling ability 
(Trautman, l 966), they probably contribute little to emulsifi
cation. Although the total water-soluble proteins in this pre
blend are lower than those reported by Macfarlane (1974), 
they follow the same general trend (i.e. decreasing with 
decreasing water:meat ratios).
Influence of preblending method, temperature of meat, level of 
added water and temperature of added water

Table 9 shows the combined effects of preblending method, 
temperature of meat, level of added water and temperature of 
the added water for the variables measured. The experimental 
treatment levels, means and standard errors are shown in Table 
10.
Temperature of preblends

No significant differences were found in the preblending 
method (NaCI with added water during blending or NaCI after 
blending with added water) for temperature of the preblends. 
Salt and added water have been reported to increase the hydra
tion of muscle proteins (Hamm, 1960) and the increase is 
thought to be time dependent (Draudt, 1974). Since approx
imately 40 min elapsed from the time of preblending until 
emulsification, the NaCI and added water probably equili
brated with the meat in both preblending methods and is the 
likely explanation for the similarity in temperature of the pre
blends.

Temperature of the meat before preblending with added 
water and NaCI accounted for a large proportion of the varia
tion in temperatures of the preblends (Table 9). It is obvious 
that increasing the temperatures of the meat prior to preblend
ing resulted in warmer temperatures of the preblended meat 
mixes. The equilibration of preblends containing the -30°C  
meat to an average temperature of —4°C after preblending is 
facilitated by the effects of quantity and temperature of added 
water.

Fig. 4 - E f fe c t  o f  w ate r:m eat ra tio  on the to ta l so lub le p ro te in  o f  
blended meat.
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Table 10-Mean values3 and standard errors of the data obtained for the influence of preblending method, temperature of meat, level of added
water and temperature of added water

Treatment

Preblend
temp
<°C)

Emulsion
temp
P C )

Soluble
phaseb

(%)

Soluble
protein
concc

(mg/ml)

Total
soluble
protein^

(%)

NaCI
conce

(%)

Cooked 
emulsion 
stability f 

(%)

Penetrometer
reading^

(mm)

M ethod o f preblending:
NaCI In added w ater 0 .9a 6.7a 9 .92a 6 1 ,93a 7 .19a 3 .16a 7 1 .78a 58.5a

NaCI a fte r  added water 1. 1a 7.2a 9 .89a 5 6 .1 1a 6 .76a 3 .15a 7 1 .58a 58.6a

S.E. 0 .6 4 0 .5 9 0 .5 5 3 .0 2 0 .6 2 0 .03 0 .4 2 0 .6 5

Tem p o f m eat:
- 3 0 °  C - 4 .0 a 2 .0a 12.18a 6 4 .7 4 a 8 .52a 3 .14a 73.62a 5 8 .6a

- 1 0 ° C - 1.1b 5 .7b 12.33a 7 3 .7 2 b 1 0 .2 9b 3 .12a 6 8 .7 5 b 5 8 .6a

0°C 8 .1c 13.2c 5 .2 0 b 3 8 .6 0c 2 .12c 3 .20a 7 2 .6 8c 58.6a

S.E. 0 .6 7 0 .7 7 0.68 3 .7 0 0 .7 6 0 .0 4 0.51 0 .8 0

Level of added w ater:
10% - 1 .1a 6 .3a 5 .46a 5 0 .19a 2 .77a 3 .22a 7 3 .6 4a 58.1a

20% 0.7b 6 .9a 9 .1 5 b 5 7 .5 8 a ,b 5 .6 1 b 3 .12a 7 1 .0 8 b 5 8 .5 b

30% 1.9c 7.0a 1 1 ,50c 6 0 .10a,b 8.59c 3 .09a 7 1 .3 5 b 58.7c

40% 2 .2c 7.7a 13 .50d 68 .2 b 10.93d 3 .18a 7 0 .6 6 b 5 9 .0d

S.E. 0 .3 6 1.39 0 .7 8 4 .2 8 0.88 0 .0 4 0 .5 9 0 .9 3

T em p  o f added w ater:
0°C - 1 .2a 4.7a 9 .8 2 6 0 .4 0a 7 .21a 3 .15a 7 3 .2 9 a 58.4a

3 0° C 0 .5 b 6 .6b 9 .56a 6 0 .0 0a 6 .43a 3 .23a 7 2 .5 4a 58 .6 b

6 0° C 1.4b 7.9c 9 .95a 5 6 .95a 7.01a 3 .18a 7 0 .7 8b 58 .7 b

9 0 ° C 3.3c 8 .6c 10.28a 5 8 .72a 7 .2 5 3 .05a 7 0 .1 2c 58 .6b
S.E. 0 .3 6 1 .39 0 .7 8 4 .2 8 0.88 0 .0 4 0 .5 9 0 .9 3

a M e a n s  w i t h in  e ach  var iab le  be ar in g  a c o m m o n  letter  are  n o t  s i g n i f i c a n t ly  d i f f e r e n t  (P <  0 .0 5 ) .  
b % O f  tota l sa m p le  w t  
c Mg s o lu b le  p ro t e in / m l  so lu b le  phase  
d  % S o l u b l e  p ro te in  o f  tota l prote in  
e %  N a C I  in in s o lu b le  phase  
f  %  o f  or ig ina l  sa m p le  w t  
£ D e p t h  of p e n e t ra t io n  in m m

A linear relationship of increasing preblend tem perature 
with increasing added water (10, 20, 30 or 40%) was observed 
under these experimental conditions. Tem peratures of the pre
blends were significantly (P <  0.01) increased by the 10, 20, 
and 30% levels of added water. The 40% level of added water 
had little effect on the tem perature of preblends above that 
obtained w ith 30% added water. The significant (P <  0.05) 
interaction of meat tem perature with added water level re
sulted from the similar tem peratures of preblends at the 10% 
level of added water when —30 and —10°C meats were used. It 
is possible that the eutectic point was reached in the -3 0 °C  
m eat and no t in the — 10°C meat. Buttkus (1974) reported 
that the eutectic point of myosin is — 10°C and that maximum 
protein aggregation occurs during freezing at this tem perature 
when compared to  —30, —20 and 0°C freezing tem peratures. 
If proteins are more closely aggregated at — 10°C than at 
—30°C, it could be postulated that the —30°C meat would 
have a greater interstitial area with smaller ice crystals which 
could allow for rapid thawing. Consequently, the rapid thaw 
ing of —30°C meat in the presence of 10% added water prob
ably accounted for a faster rise in tem perature than did — 10°C 
meat with 10% added water. As the level of added water in
creased above 10%, the increases in the tem perature of the 
preblends were similar when - 3 0  and -1 0 °C  meats were used 
in formulation.

As expected, tem perature of the added water (0, 30, 60 or 
90°C) significantly (P <  0.01) affected the tem perature of the 
preblends. However, the differences caused by 60 and 90°C 
added water were not significant (Tables 9 and 10). The tem 

perature of the meat and the large surface area of the ground 
meat were most likely responsible for the rapid cooling of the 
added water and accounted for the similarity between 60° and 
90°C added water with respect to  tem peratures of the pre
blends.

Temperature of emulsions
Only the main effects of meat tem perature and added water 

tem perature were significant ( P <  0.01) for tem perature of the 
emulsified preblends (Tables 9 and 10). Meat tem perature 
accounted for the largest proportion of variation in emulsion 
tem perature. It is obvious that the use of meats with higher 
tem peratures resulted in emulsions with significantly higher (P 
<  0.01) temperatures.

Highly significant (P <  0.01) effects of the added water 
tem peratures were observed for emulsion tem peratures, except 
between the 60 and 90°C added water tem peratures. Thus, 
adding 90°C water had very little effect on emulsion tem pera
ture beyond that of 60°C water. The cold meat tem peratures 
may allow for rapid cooling of the added water at the warmer 
temperatures. The very slight over-all increase (1°C) in emul
sion tem perature due to  warmer water tem peratures for 0°C 
meat and the significant (P <  0.01) increase in emulsion tem 
perature for —30 and — 10°C m eat with 0, 30 and 60°C added 
water resulted in the significant (P <  0.05) meat tem perature 
vs added water tem perature interaction.

Tem perature of the meat and added water tem perature had 
more influence than preblending m ethod or added water level 
on emulsion tem perature, except for added water at 90°C.
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Table 11 —R2 for prediction variables of cooked emulsion sta
bility3

Variables in equation R 2

Total soluble p ro te in ^  0 .1 8 5
Emulsion te m p c, soluble phased 0 .3 8 5
Preblend te m p 0, em ulsion tem p , soluble phase 0 .4 0 5
Preblend tem p , em ulsion tem p , soluble phase, 

to ta l soluble pro te in  0 .4 1 7
Preblend tem p , em ulsion tem p , soluble phase, 

to ta l soluble p ro te in , conce 0 .4 2 7
Preblend tem p , em ulsion tem p , soluble phase, 

to ta l soluble p ro te in , soluble pro te in  cone, NaCI concf 0 .4 2 8

a % O f  or ig inal sa m p le  w t  
b  % S o lu b le  p ro te in  o f  tota l p ro te in
0 ° C
d % O f  tota l sa m p le  w t  
e Mg so lub le  p ro t e in / m l  s o lu b le  phase  
 ̂ %  N aC I  in in so lu b le  phase

More im portantly , using 0°C meat resulted in emulsion tem 
peratures nearly identical to  the ideal industrial conditions 
described Saffle (1968), but the tem perature and level of 
added water had little effect on tem perature of emulsions at 
this m eat tem perature. Therefore, the addition of large 
am ounts of warm water appears to be neither beneficial nor 
detrim ental to  tem peratures of emulsions when using 0°C 
meat in form ulations. Adding water at increasing levels and at 
warmer tem peratures did increase the emulsion tem peratures 
when frozen meats were used. This is often  the only means a 
processor has to  control temperatures of preblends and emul
sions.
Soluble phase

The soluble phase after emulsification and centrifugation 
was significantly reduced (P <  0.01) when 0°C meat was used 
in the form ulation as compared to  —30 and — 10°C meat. 
Emulsions prepared with frozen (—30 and — 10°C) meat did 
not differ significantly in the am ount of soluble phase. These 
results indicate tha t emulsions form ulated with frozen meat, 
regardless of the meat tem perature did have a larger propor
tion of to tal volume expressed as soluble phase. The results of

the first study on preblended and emulsified meat dem on
strated that the emulsion forming process renders a portion of 
the soluble proteins insoluble. It is likely tha t a greater propor
tion of the available salt-soluble proteins were used in the 
form ation of the continuous phase of emulsions prepared with 
0°C meat as compared to  those prepared with frozen (—30, 
— 10°C) meats. In frozen meats a large part of the water is 
most likely unavailable before emulsification due to the sub
freezing tem peratures of the preblends. These data suggest that 
during emulsification the tem perature of preblends made from 
frozen meats rises to a point where ice crystals are thawed and 
subsequently £ proportion of the available water and solutes 
are expressed during centrifugation. Lumry (1973) reported 
that there is a sizeable fraction (30% of the dry weight of 
protein) of water about proteins and polypeptides which does 
not freeze at tem peratures below — 50°C. It is probable that 
this unfrozen water along with the added water is involved in 
solubilization of protein. Therefore, the expressed water seen 
in the soluble phase is most likely thawed ice crystals released 
during and/or after emulsification.

The soluble phase volume was significantly (P <  0.01) dif
ferent at all four added water levels. It is obvious that in
creased added water resulted in increased soluble phase vol
ume. The main reason for adding w ater during the emulsion 
forming process, other than improving the yield, is to  aid in 
the solubilization and extraction of proteins to  form  the con
tinuous phase (Saffle, 1968). Thus, one would expect larger 
soluble phases to  contain more to tal protein before emulsifica
tion.

Cooked emulsion stability
Numerous investigators (Meyer et al., 1964; Rodney, 1965; 

Swift, 1965; Saffle et al., 1967; Ivey et al., 1970) have report
ed that the proportions of fat, water, protein and frozen meat 
can influence cooked emulsion stability. The emulsions pre
pared w ith —30°C meat had the highest cooked emulsion sta
bility while — 10°C meat resulted in emulsions with the lowest 
stability. All three meat tem peratures were significantly (P <  
0.01) different with respect to cooked emulsion stability. It is 
likely tha t the process of emulsification greatly reduced the 
particle size of the preblends containing —30°C meat thus 
allowing for larger surface areas for protein-water-lip interac
tions. Buttkus (1974) indicated that —30°C m eat is very close 
to 0 C meat in rate of protein aggregation, and that proteins 
are more tightly compressed in m eat at -1 0 °C . These results

Table 12—Correlation matrix® for preblend temperature,3 emulsion temperature,3 soluble phase,b soluble protein concentration,0 total soluble 
protein.d NaCI concentration,6 and cooked emulsion stabilityf

Preblend
temp

Emulsion
temp

Soluble
phase

Soluble
protein

cone

Total
soluble
protein

NaCI
cone

Cooked
emulsion
stability

Preblend tem p 1.00 0 .9 3 - 0 .3 6 - 0 .4 0 - 0 .3 2 0 .0 3 - 0 .1 8
Emulsion tem p 1.00 - 0 .4 1 - 0 .4 3 - 0 .3 8 0 .0 4 - 0 .2 3
Soluble phase 1.00 0 .6 2 0 .9 0 - 0.10 - 0 .4 2
Soluble protein cone 1.00 0 .7 8 - 0.00 0 .2 5
To ta l soluble protein 1.00 - 0 .0 6 - 0 .4 3

NaCI cone 1.00 0 .1 5
Cooked emulsion stab ility 1.00

3 ° C
b  % o f  to ta l  sa m p le  w t  
0 Mg s o lu b le  p r o t e in / m l  so lu b le  phase  
d % S o lu b le  p ro te in  o f  total  
e % N a C I  in in s o lu b le  phase  
f % of or ig inal sa m p le  w t
g F o r  s ig n i f i c a n ce  a t  th e  1% level a c o e f f i c i e n t  m u s t  e x c e e d  0 .1 8 .
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indicate that limited quantities of water and fat are bound and 
stabilized by meat emulsions made from — 10°C meat that 
hard frozen (-3 0 °C ) meat results in emulsions that are more 
heat-stable.

Adding water at the 10% level resulted in significantly 
greater (P < 0 .0 1 )  cooked emulsion stability than adding water 
at higher levels. None of the cooked emulsions approached 
acceptable cooked yields (i.e ., 90%; Morrison et ah, 1971) 
since extrem e conditions of meat tem perature were employed 
in the form ation of emulsions. This experim ent confirms the 
findings, of Morrison et al. (1971) that frozen and thawed meat 
near 0°C produces emulsions with poor stability.

The quantity  of fat emulsified to  give maximum cooked 
emulsion stability is dependent on the volume of water in an 
emulsion and the relationship of interfacial film thickness to 
fat droplet diam eter (Ivey et al., 1970). The higher cooked 
emulsion stability at 10% added water was probably due to 
smaller fat droplet form ation associated with the mechanical 
reduction of frozen fat during emulsification. It was noted, 
but not measured, that preblends containing —30°C meat took 
slightly more time to exit the em ulsitator. Thus, further par
ticle size reduction could have occurred due to extended time 
around the em ulsitator blades. Consequently, the significant 
interaction (P <  0.01) between m eat tem perature and level of 
added water probably resulted from  the reduced fat particle 
size and protein aggregation in -3 0 °C  m eat at 10% added 
water vs 0°C meat with 30 and 40% added water.

Added water tem peratures >60°C  resulted in emulsions 
with significantly (P <  0.01) less cooked stability as compared 
to emulsions prepared with 0 and 30°C added water. Since the 
tem perature of the added water did not significantly affect 
(Table 9) the protein solubility or NaCl concentration in this 
experim ent, decreases in cooked emulsion stability with 
warmer water tem peratures are probably not related to protein 
denaturation but most likely due to changes in protein hydra
tion as suggested by Webb (1974). Tem perature of the fat 
prior to  emulsification could also have been raised to  the point 
of minimum binding when 60 and 90°C water was added. This 
theory is supported by the findings of Webb (1974) and Town
send et al. (1968) which showed that pork fat melts at tem per
atures greater than 8°C. The emulsion tem perature studies 
indicated that tem peratures after emulsification were 7.9 and 
8.6°C when added water tem peratures of 60 and 90°C respec
tively, were used (Table 10).

When the combined treatm ent effects were examined, the 
most striking finding was that preblending with NaCl and for
mulating —30°C meat with 0°C water at the 10% added water 
level resulted in the greatest cooked emulsion stability. This 
probably resulted from decreased protein hydration and reduc
tion in fat particle size to  assure maximum fat and water bind
ing.

Table  1 3 —Analysis o f variance fo r regression o f preblend te m p er
a tu re ,3 em ulsion tem p era tu re ,3 soluble phase,*5 soluble prote in  con
cen tra tio n ,0 to ta l soluble pro te in1* and NaCl concentra tion6 on 

cooked em ulsion s tab ility *

Source of
variation df Mean square R 2 F value

Regression 6 2 2 9 .9 0 2 0 .4 2 8 2 3 .0 5 5 * *
Residual 185 9 .9 7 2

3 ° C
13 % O f  total  sa m p le  w t  
c Mg so lu b le  p ro te ln / m l  s o lu b le  ph a se  
f* %  S o l u b l e  p ro te in  o f  to ta l  
e %  N a C l  In in so lu b le  phase  
* % O f  o r ig ina l sa m p le  w t
* *  S ig n i f i c a n t  a t  1 % level

Prediction of cooked emulsion stability was accom plished 
using the variables previously discussed. Table 11 shows the 
squares of regression coefficients for the “ best”  regression 
equations of all possible regression equations using the param 
eters in this study ~.o predict cooked emulsion stability. The 
single most im portant predictor was the percentage of total 
protein appearing in the soluble phase and it accounted for 
18.5% of the variation in cooked emulsion stability. Since sol
uble protein was negatively correlated (Table 12) with cooked 
emulsion stability, these data indicate that the reciprocal of 
soluble protein (i.e., protein in the insoluble phase of the 
emulsion) was the single most im portant variable measured in 
this experim ent for explaining the variation in cooked em ul
sion stability. The analyses shown in Table 11 indicate tha t the 
best com bination of two variables for predicting cooked em ul
sion stability was emulsion tem perature and the size of the 
soluble phase; the best com bination of three variables was tem 
perature of the preblends, emulsion tem perature and the size 
of the soluble phase. In fact, prediction equations using four, 
five, or six variables accounted for only an additional 2.3% of 
the variation in cooked emulsion stability over that equation 
including the three best variables. Since soluble protein, sol
uble protein concentration and NaCl concentration were di
rectly or indirectly related to  the volume of the soluble phase, 
this is understandable.

Table 13 indicates the param eters o f the regression equa
tion using all six variables to  predict cooked emulsion stability. 
Although the regression is significant (P <  0.01), a large pro
portion of the variation is still unexplained. Since this experi
ment used only frozen or near freezing meat tem peratures, it 
should be emphasized that the precition Eq (1) below applies 
only to the boundries of this experim ent.

- 81.97 + 0.135PT + 1.489 NaCl -  0.149 Pro m
y -  0.005C -  0.318SP -  0.339ET 1 '

where y = predicted value of cooked emulsion stability (%); PT 
= preblend tem perature ( C); NaCl = NaCl in insoluble phase 
(%); Pro = total soluble protein (%); C = soluble protein con
centration (mg/ml); SP = soluble phase (%); and ET = emulsion 
tem perature ( C).

These observations suggest that cooked emulsion stability 
could be predicted, under the treatm ent com binations of this 
experim ent, by measuring the six variables above. It might also 
be possible to improve cooked emulsion stability when using 
frozen meats at the added water levels investigated by increas
ing preblend tem perature, reducing the emulsicn tem perature, 
and by reducing the size of the soluble phase.
Penetrometer reading

Only quantity  and tem perature of added water significantly 
(P <  0.01) affected cooked emulsion firmness (Table 9). Al
though the differences in penetrom eter readings were small for 
the effects of level of added water, all means were significantly 
(P <  0.05) different. It is obvious that increased levels of 
added water resulted in cooked emulsions that were less firm 
These results compare favorably with those of Morrison et al. 
(1971) who used a trained panel for measuring physical prop
erties of cooked emulsions and reported that increased water 
levels resulted in samples which were less firm. These data 
suggest that the penetrom eter reading is a good indicator of 
the physical firmness of cooked meat emulsions, even if differ
ences are small.

SUMMARY & CONCLUSIONS
THE ADDITION of increasing quantities of water to  unfrozen 
(4°C) preblended meat resulted in emulsions with significantly 
larger soluble phase volumes. As the size of the soluble phase 
became larger in preblended and emulsified samples, the sol
uble protein concentration within the soluble phase decreased. 
The data indicate that the em ulsification process renders a
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portion of the to tal soluble protein insoluble and that in
creased volumes of water added to  meat results in increased 
solubilization of the to ta l protein. The increase in to tal protein 
solubility from the 0:1 to  1:1 ratio of water to meat was 
nearly threefold. These data imply that the salt-soluble pro
teins in unfrozen m eat are more readily available for the for
mation of the continuous phase of emulsions by the increased 
addition of water and 3% NaCl.

When large (> 5 :1 ) volumes of water and meat were pre
blended, the use of frozen m eat as compared to  unfrozen meat 
resulted in more to ta l protein being solubilized. At the 1:1 
ratio of water to  m eat, the data indicate that neither the addi
tion of NaCl nor the tem perature of the preblend as influenced 
by the use of frozen m eat greatly altered the solubilization of 
meat proteins, especially when formulating with frozen meats, 
by first preblending with large quantities of water. It is prob
able that em ulsion products such as im itation frankfurters and 
bologna (>30%  fat; water >10%  plus four times the total meat 
protein) utilize the larger am ounts of water to  increase protein 
solubilization thereby increasing the binding of large am ounts 
of fat and water which are stabilized during heat processing.

The tem perature of the meat before preblending and em ul
sification accounted for the largest proportion of the variation 
in tem perature of the preblends, emulsion tem perature, pro
tein solubility and cooked emulsion stability. Preblends and 
emulsions prepared with —30°C meat had the coldest tem pera
tures while those form ulated with 0°C had the warmest tem 
peratures. The most interesting observation for the effect of 
meat tem perature was tha t emulsions form ulated with — 10°C 
meat had large am ounts of soluble protein and poor cooked 
stability. Cooked emulsion stability was highest in emulsions 
prepared with —30°C meat. The results of this study indicate 
that when m eat processors formulate w ith frozen meats in 
emulsion preparation, the use of hard frozen rather than tem 
pered (— 10°C) meat would result in greater yeilds of cooked 
product.

Level o f added water significantly affected the tem perature 
of preblends, protein solubility, cooked emulsion stability and 
firmness of the cooked emulsions. As the quantity  of added 
water was increased, the tem perature of preblends and protein 
solubility also increased. However, the addition of 20, 30 and 
40% added water resulted in significantly poorer cooked em ul
sion stability as compared to  adding 10% water. Increased 
levels of added water resulted in emulsions tha t were less firm.

The tem perature of the added water significantly affected 
the tem perature of preblends and emulsions, cooked emulsion 
stability and firmness of the cooked emulsions. As the tem per
ature of the added w ater was increased from 0 to  90°C, the 
tem perature of the preblends and emulsions increased. How
ever, adding 90 vs 60°C water did not significantly increase the 
emulsion tem peratures. Emulsions prepared with 90°C added 
water and then cooked had the lowest emulsion stabilities. The 
use of 0 and 30°C added water in the preparation of preblends 
resulted in emulsions with the greatest cooked stability. There
fore, the practice on trie part of meat processors of using large 
am ounts of hot water in conjunction with frozen meats should 
be curtailed.

Of particular interest was the finding tha t the frozen meat 
tem perature most frequently utilized (— 10°C) in industry 
resulted in the poorest cooked emulsions. More soluble protein 
was removed from the continuous phase of the emulsions at 
this meat tem perature as compared to  colder or warmer raw 
materials. The poorest cooked emulsions were associated with 
high concentrations of protein in the soluble phase and large 
soluble phase volumes. The available literature and the results 
of the present study indicate that the soluble protein concen
tration in the soluble phase of emulsions form ulated with 
— 10°C meat adversely affect the binding of fat and water.

These data indicate that the continuous phase of meat 
emulsions was separated into two com ponents called soluble

and insoluble ;n this study. The soluble com ponent was pre
sent in very small am ounts in emulsions prepared with fresh 
(<0°C ) meats. However, this soluble com ponent was found in 
am ounts of as high as 20% of the to ta l weight in emulsions 
prepared with frozen meats and was associated with poor 
cooked emulsion stability. Most previous researchers have used 
unfrozen meats in their study of basic emulsion properties. 
The techniques developed in this investigation of frozen meats 
allowed the observation of the separation of the continuous 
phase of m eat emulsions into two parts. The data indicate that 
the insoluble com ponent of the continuous phase is particu
larly im portant in stabilizing m eat emulsions.
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A Research Note
PRODUCTION OF BEER FROM CASSAVA

--------- — ----------------  ABSTRACT --------------— - — --------
At present malt for beer production in Nigeria is imported. Substitution 
of malt with cassava, an indigenous crop, would conserve foreign ex
change and also create employment opportunities for many workers in 
cassava plantations. Preliminary results show a satisfactory product can 
be made with cassava, comparing favorably with beer manufactured 
from conventional malt. Among the cultivars used, Nwugo gave the best 
results.

INTRODUCTION
SOURCES of carbohydrate other than malt for the production 
of beer has been reported by many workers. Rothschild
(1972) used plain sorghum, sprouted sorghum and maize grits 
for the production of Bantu beer in South Africa. The process 
was autom ated and during the first m onth of operation over 
10 million liters of beer were produced. Pfeniger et al. (1971) 
have been able to substitute malt w ith up to 15% maize for the 
production of beer. Noort (1971) has reported the use of sor
ghum malt in place of brewers’ malt. Cassava is one of the 
richest ferm entable substances for the production of alcohol. 
The fresh roots contain about 30% starch and 5% sugars and 
the dried roots contain about 80% of fermentable substances. 
Nigeria is the third largest producer of cassava in the world 
with a production of 7.3 million tons annually (Grace, 1971). 
This cassava is readily available, easy to cultivate, particularly 
in the Southern parts of the country. At present, malt which is 
used as a source of carbohydrate for the production of beer in 
Nigeria, is imported. Substitution of indigenously available cas
sava in place of malt for the production of beer would iielp in 
having a source close at hand, conserve foreign exchange and 
also create em ploym ent opportunities for many workers in 
cassava plantations. This work was therefore undertaken to 
study how far cassava could be used in the production of beer.

MATERIALS & METHODS
Materials

The following varieties of cassava (Manihot utillisima) were col
lected from a farm at Umuahia: (a) cultivar “Nwugo;" (V) cultivar 
“Nwanyi Ofi;" (c) cultivar “60566;” and (d) cultivar “6044'7,” and 
used as a source of carbohydrate. The tubers of Discorea dumetorium

(called ‘onu’ locally) were collected from and around Umuahia. Dis
corea dumetorium is a variety of edible yam grown around Umuahia. It 
was used as a source of OL and (3 amylases because of its easy availability. 
Further, preliminary experiments had shown the tuber to be rich in OL 

and ¡3 amylases. Maize grit was obtained from the agricultural farm of 
the University of Nigeria. Caramelized maize was prepared by roasting 
the maize until it had a rich brown color. Natural hops and Saccharo- 
myces carlbergenesis were obtained from the Golden Guinea Breweries, 
Umuahia. Saccharomyces elliposideus, a yeast isolated from palm wine, 
was obtained from the culture collection of the University of Nigeria, 
Nsukka.

Extraction o f enzymes from Discorea dumetorium
Three-month old tubers of Discorea dumetorium were grated after 

removing the outer peels. The grated mass was then blended in a dilute 
solution of papain at a temperature of 57°C and a pH of 3.3. This 
treatment gave a mixture of a  and ¡3 amylases and was used as a source 
of enzymes for the saccharification of cassava.
Preparation of wort

The following procedure for the production of beer was employed 
for each of the cultivars. Each fermentation was carried out both sepa
rately by both S. carlsbergenesis and S. ellipsoideus.

The corky outer and inner cortical layers of the cassava were peeled 
off. The body of the root was pulverized using local graters; the quan
tity of grated cassava used was 4 kgs. The grated cassava was steeped in 
water in a stainless steel vessel containing 40 liters of water. About 400 
ml of a mixture of the amylase extract from Discorea dumetorium was 
added to the mash. 0.2 mg of iron filings and 5.0g of potash were added 
at this stage. After 4 days of steeping at room temperature it was found 
that most of the HCN had been removed. The mash was then mixed 
with a wooden stirrer and subjected to the following treatment: about 
one-third of the mash was withdrawn, boiled separately for about 2 min 
and returned to the main mash. This raised the temperature of the mash 
to 50°C. At this temperature the pH was adjusted to 5.0 and the mash 
held for 15 min. One-third of the mash was again removed, boiled 
separately for 2 min and returned to the main mash. The temperature 
of the total mash was about 65°C. The pH was again adjusted to 5.0 
and the mash allowed to stand for 15 min. Finally another one-third of 
the mash was withdrawn, boiled for 2 min and added to the main mash 
raising the temperature to about 70-75°C. The pH was found to still 
be 5.0 and the mash was allowed to stand at this temperature for 15 
min. The mash was then filtered first using a wire gauze netting and 
then a Buchner funnel under suction. The filtrate (wort) was boiled for 
1 Vi hr. After it had boiled 30 min, 45g of hops, 700g of granulated 
sugar, 80g of a mixture of roasted Discorea dumetorium and maize grits 
and 3 liters of a mixture of salts of the following concentration (NaCl

Table 1—Analysis o f beer from four varieties of cassava using S. carlsbergensis as fermenting organism

Cultivar
Alcohol content 

(% by wt)
C 02 content

(%) pH Color
Direct

microscopic count Flavor

"N w u g o ” 3 .5 5 0 .4 4 .5 V ery  bright am ber ye llow Nil Palatable beer like
"N w a n y i O ji" 3 .2 5 0 .4 5 .0 Dull ye llow Nil Palatable beer like
" 6 0 5 0 6 " 2 .8 0 0 .4 5 .5 Dull ye llow Nil Flat; N o beer flavor
" 6 0 4 4 7 " 2 .5 5 0 .4 6.0 Dull ye llow Nil F lat; N o beer flavor
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NO. OF DAYS

Fig. 1—Daily saccharometric readings of fermenting wort using Sac
charomyces carlsbergensis [x—x, cuitivar Nwugo; o— o, cultivar 
Nwanyi Oji; □— a, cultivar 60506; *—A, cultivar 60447. Degree 
Plato = standardized hydrometric reading at 15.56° C].

4.5 mg/liter; CaCl, 4.5 mg/liter; KC1 4.5 mg/liter; (NH4)2S04 1.17 
mg/litei; K lactate 1.5 mg/liter; FeS04 1.0 mg/liter; ZnS04 •ÏHjO 1.0 
mg/liter; and CuS04 1.0 mg/liter) were added. The pH was now ad
justed to 5.4 and the precipitated tannins removed as sludge. The boiled 
wort was then filtered and cooled. The resulting product had a sugary 
taste and gave a negative iodine test for starch indicating complete 
saccharification. Tests for sugars at this stage showed presence of dex- 
trins and small quantities of maltose and glucose. HCN was found to be 
completely removed. The original sp. gravity was found to be 11° Plato. 
The hot sweet wort was refrigerated for 2 hr to reduce the temperature 
to 8°C.

Fermentation
30g of a lyophilized culture of S. carlsbergenesis was grown in 400 

ml of glucose yeast extract broth and a 24-hr old vigorously growing 
culture used for pitching into the cold wort. The temperature of the 
wort was gradually raised to and maintained at 10°C for the fermenta
tion period which lasted for 10 days. The specific gravity of the wort 
was measured at daily intervals. A hydrometer marked in degrees Plato 
(standardized hydrometric reading at 15.56°C) was used for measuring 
specific gravity.

The pH of the wort was also measured daily. On the 10th day the 
wort was fined using isinglass which was prepared by dispensing 10g of 
isinglass in 200 ml of a mixture of IN tartaric acid and IN sulfurous

acid at a ratio of 1:1. This solution was added to the product which was 
chilled for 1 hr. The chilled product was centrifuged at 1000 rpm and 
the clear liquid separated out. The final product was transferred into 
bottles and carbonated by a direct introduction of carbon dioxide. The 
carbonation was stopped when about 2 volumes of the gas per volume 
of beer had been introduced. Clipper corks were then put on to main
tain the pressure and the bottles were pasteurized.

RESULTS & DISCUSSION
PRELIMINARY EXPERIMENTS had shown tha t addition of 
potash and iron filings (a common practice in Southern Nigeria 
for hastening the saccharification of “ stubborn” cassava) 
helped in reducing the time needed for the saccharification 
process. F urther detailed study would be needed to  find how 
the saccharification process is aided by the addition of these 
adjuncts.

S. ellipsoideus did not show any increase in the alcoholic 
content as needed for beer production w ith any of the vari
eties of cassava. This is in agreement with the findings of Stein- 
kraus and Robinson (1967) who showed th a t the enzymes of 
S. ellipsoideus strain 223 did not attack  higher polysaccharides 
present in corn syrups and were thus unable to  give theoretical 
yields of alcohol.

Figure 1 gives daily saccharometric readings during the fer
m entation by Saccharomyces carlsbergenesis of the four vari
eties of cassava. Among the cultivars used, the cultivar 
“N w ugo” gave the best results. Further tests confirmed that 
the beer obtained from this variety of cassava compared favor
ably with beer m anufactured from  conventional sources such 
as malt. The chemical and physical properties o f the beer ob
tained from the four varieties of cassava are shown in Table 1.

Over 200 tasters, among them  staff and students of the 
University of Nigeria, Nsukka and other institutions nearby 
have reacted favorably to  the product and expressed satisfac
tion. However, due to  the small quantity  of the final product 
and paucity of technical help it has not yet been possible to 
carry out a statistically designed taste trail.

It is evident from these results that it would be possible to 
use cassava as a source of carbohydrate for the production of 
beer. Further large scale experiments would have to  be carried 
out to  (1) see how far the process could be autom ated, (2) 
estimate the cost of each operation, and (3) to  carry out con
sumer taste-trials.
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A Research Note
ANALYSIS OF GERMAN WINES BY GAS CHROMATOGRAPHY 

AND ATOMIC ABSORPTION

— --------------------  ABSTRACT ------------------------------ --
An analytical profile of a total of 49 samples of 1970 and 1971 vintage 
Rhine and Moselle German white wine is presented. The data include 
atomic absorption analysis for the elements K, Na, Mg, Ca, Fe, Cu, and 
Zn; gas-liquid chromatographic analysis for methanol, ethyl acetate, 
n-propyl alcohol, iso-butyl alcohol, and iso-amyl alcohol; the traditional 
specific gravity determination for ethanol; and the determinations for

total acids, solids, and ash. For each of the parameters determined the 
range, mean and standard deviation is given. A comparison of the data 
for the 1970 and 1971 vintage years and the Rhine and Moselle wine 
regions is included. The conclusion is drawn that the data are insuffi
cient to determine distinguishing and identifying characteristics of 
either vintage year or wine region.

Table 1—Analyses of Moselle and Rhine wines, 1970

Sample
no.

g/100  ml

% v/v
E th y l

acetate

mg/100  ml 

n-Propvl i-B utv l i-A m yl
ppm

acids Solids Ash Ethanol M ethanol alcohol alcohol alcohol Na K Mg Ca Fe Cu Zn

Moselle wines

2 2  0 .7 3 3 .0 5 0 .2 4 9 9 .4 0 0 .0 0 7 2.68 5 .4 9 4 .2 0 1 5 .8 4 18.4 9 0 7 89 62 0 .2 7 0 .4 5
23 0 .7 3 2 .9 7 0 .2 2 9 9 .2 7 0 .0 0 6 4.91 7 .0 6 4 .5 4 1 7 .6 0 2 0 .7 868 84 50 0 .2 4 0 .3 4 1.08
24 0 .7 8 2 .7 3 0 .2 3 8 7 .7 4 0 .0 0 6 3 .0 8 1 2 .5 4 3 .8 0 1 4 .7 8 2 3 .0 8 8 0 88 54 0 .2 6 0 .0 8 0 .3 5
34 0 .5 6 3 .9 3 0 .2 0 5 6 .2 7 0 .0 0 3 1.72 1 .6 2 1.86 11.88 29 .9 813 58 61 0 .2 7 0 .1 3 0.10
35 0 .2 8 3 .63 0.211 6 .2 3 0 .0 0 4 1 .37 1.81 2 .3 5 11.88 4 6 .0 6 4 9 70 9 5 0 .3 2 0 .1 3 0 .0 9

37 0 .7 5 3 .0 9 0.211 9.31 0 .0 0 5 1.72 1.81 3 .3 5 1 4 .5 2 11.5 6 8 4 73 60 0 .3 4 0 .0 8 0 .0 8

38 0 .5 9 3 .2 6 0 .151 9 .8 9 0 .0 0 6 5 .4 9 3 .0 2 4 .6 9 1 3 .2 0 9 .2 547 8 4 53 0 .1 4 0 .2 3 0 .1 5
39 0 .3 7 3 .8 9 0.222 7 .8 4 0 .0 0 4 2 .4 0 2.41 3 .3 5 1 4 .5 2 20 .7 739 6 4 4 6 0 .2 6 0.00 0.81
42 0 .6 4 3 .3 2 0 .2 2 6 8 .5 7 0 .0 0 5 2 .4 0 1.81 3 .3 5 1 3 .2 0 2 0 .7 790 85 67 0 .4 7 0 .3 3 0 .5 0
43 0 .7 0 3 .02 0 .2 3 7 8 .5 6 0 .0 0 6 3 .4 3 1.81 4 .6 9 1 4 .5 2 16.1 813 88 60 0 .4 9 0 .3 5 0 .4 0

Avg 0.61 3 .29 0 .2 1 8 8.31 0 .0 0 5 2 .9 2 3 .9 4 3 .6 2 1 4 .1 9 21.6 769 78 61 0.31 0 .1 9 0 .4 0
High 0 .7 8 3 .93 0 .2 4 9 9 .8 9 0 .0 0 7 5 .4 9 1 2 .5 4 4 .6 9 1 7 .6 0 4 6 .0 9 0 7 8 9 9 5 0 .4 9 0 .3 5 1 .08
Low 0 .2 8 2 .73 0 .151 6 .23 0 .0 0 3 1 .37 1.62 1.86 11.88 9 .2 547 58 46 0 .1 4 0.00 0 .0 8
S.D. 0 .1 7 0 .4 0 0 .0 2 7 1 .28 0.001 1 .36 3 .5 4 0 .9 7 1 .75 10 .4 114 11 14 0.11 0 .1 3 0 .3 3

R hine wines  

1 0 .8 0 3 .9 0 0 .2 6 6 9 .7 2 0 .0 0 8 2 .9 7 2 .1 8 4 .6 4 11.71 11.5 9 8 9 8 2 55 0.20 0 .4 3 0 .4 5
4 0 .7 4 3 .4 9 0 .231 9 .7 2 0 .0 0 7 2 .7 9 3 .4 8 5 .2 6 1 3 .78 9 .2 8 8 0 73 49 0 .3 0 0.20 0 .0 5
7 0.66 2 .7 9 0 .2 0 4 9 .7 0 0 .0 0 5 , 4 .0 9 3 .0 5 5 .2 6 1 3 .77 0 .5 8 9 2 59 50 0 .1 6 0 .3 8 0.11

11 0 .7 3 2 .93 0.211 9 .5 3 0.011 8 .1 6 6 .1 4 1 0 .8 4 2 9 .4 2 9 .2 8 9 5 81 46 0 .4 6 0 .4 0 0.11
12 0 .6 5 2.68 0 .241 Insu ffic ien t am o u n t of sample fo r d istilla tion 11.5 981 76 67 — 0 .7 8 0.12
15 0 .4 6 3 .16 0 .2 2 4 9 .4 0 0 .0 0 5 3 .23 3 .0 7 5 .2 3 1 4 .33 2 7 .6 8 7 6 142 59 0 .3 2 0.12 0 .7 8
16 0 .5 8 3 .0 6 0 .3 0 6 9 .3 0 0 .0 0 7 5 .6 5 4 .0 6 5 .9 0 1 5 .73 2 3 .0 9 1 5 9 8 49 0 .3 0 0 .3 5 0 .3 8
17 0.61 2 .99 0 .1 9 0 9 .1 8 0 .0 0 5 8 .9 2 2 .8 5 3 .0 7 1 5 .84 2 9 .9 8 9 5 90 52 0 .3 3 0 .0 8 0 .2 3
18 0 .4 0 3 .8 3 0 .1 5 4 6 .5 9 0 .0 0 6 5 .1 0 2 .8 5 6 .7 5 16.53 0.0 669 60 6 0 0 .3 3 0 .4 0 0 .8 9
19 0 .6 4 3 .2 5 0 .2 0 5 9 .5 6 0 .0 0 4 2 .5 5 2 .1 4 3 .2 2 11.71 39.1 907 79 43 0 .3 0 0 .0 8 0 .1 5
20 0.61 3 .3 6 0 .2 6 3 9 .1 7 0 .0 0 6 3 .79 7 .0 6 6 .0 3 1 5 .84 13.8 9 2 3 85 48 0 .4 2 0 .1 3 0.20
56 0 .7 3 2 .7 7 0 .2 5 2 1 0 .3 0 0 .0 0 5 3 .4 4 2 .1 6 2 .4 7 1 3 .86 16.1 9 8 5 78 55 0 .3 5 0 .4 5 0 .3 7
58 0 .5 9 3 .4 4 0 .2 7 9 9 .2 2 0 .0 0 6 4 .39 3 .0 9 7.31 15.27 16.1 1 056 93 81 0.20 0 .3 9 1.31
61 0 .3 8 3 .8 0 0 .2 0 7 7 .80 0 .0 0 4 1.98 1 .90 3 .1 7 14.71 2 3 .0 751 64 45 0 .3 7 0 .1 8 0 .0 4

Avg 0.61 3 .2 5 0.231 9 .1 7 0 .0 0 6 4 .3 9 3 .3 9 5 .3 2 1 5 .58 16.5 901 83 56 0.31 0.31 0 .3 7
High 0 .8 0 3 .90 0 .3 0 6 10.30 0.011 8 .9 2 7 .0 6 1 0 .84 2 9 .4 2 39.1 1 056 142 9 0 0 .4 2 0 .78 1.31
Low 0 .3 8 2,68 0 .1 5 4 6 .5 9 0 .0 0 4 1 .98 1 .90 2 .4 7 11.71 0.0 6 6 9 59 43 0 .1 6 0 .0 8 0 .0 4
S.D. 0 .1 3 0.41 0 .0 4 0 0 .9 6 0.002 2.11 1 .56 2 .2 4 4 .4 2 11.1 9 8 21 14 0 .0 8 0 .1 9 0 .3 8
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ANALYSIS OF GERMAN WINE . . .

INTRODUCTION
GERMAN white wines are ranked among the finest quality 
wines in the world, and this is especially surprising considering 
the geographical handicaps of Germany’s vineyards. Geograph
ically, Germany’s vineyards are situated the farthest north  of 
any major wine growing nation, and Germany has the smallest 
land area under cultivation for vineyards. However, the soil 
and climatic conditions are favorable for the wine production 
and the application of German wine laws regulate wine pro
duction. The German wine regions are divided into the four 
areas of the German rivers: The Rhine, the Moselle, the Main, 
and the Neckar (Simon and Hallgarten, 1963). German white 
wine is generally acknowledged to  be a dry, light, delicate and 
mature wine w ith distinctive flavor.

The purpose of this work was to  develop an analytical p ro
file of German white wine from the 1970 and 1971 vintages of 
the Rhine and Moselle regions to determ ine if vintage year and

wine regions could be distinguished by a chemical and spectro- 
graphic analysis.

EXPERIMENTAL
THE TOTAL ACIDITY, solids, ash, ethanol, ethyl acetate, methanol, 
n-propyl alcohol, iso-butyl alcohol, and iso-amyl alcohol were deter
mined by the methods in the AOAC, 1975.

The metallic ion components were determined by atomic absorption 
spectrophotometry with a Jarrell-Ash 82-500 MVAA instrument. Metal
lic ion standards were prepared by diluting commercially manufactured 
(Fisher Scientific Co., Pittsburg, PA) reference solutions with 10% 
ethanol-water diluent. There was no sample treatment except for dilu
tions where necessary. The single optical pass system through a laminar 
flow burner flame with a 10 cm slot was utilized. Air was used as the 
support gas and acetylene as the fuel for all determinations. The en
trance slit was 100 pm and the exit slit was 150 urn. Parameters such as 
burner height, gas flow rates, and hollow cathode lamp current were 
optimized for each element. For all spectrographic determinations the

Table 2 —Analyses o f Moselle and Rhine wines, 1971

g/100  ml mg/100  ml

Sam ple To ta l
% v/v

E th y l n-Propyl i-B uty l i-A m yl
ppm

no. acids Solids Ash Ethanol M ethano l acetate alcohol alcohol alcohol Na K Mg Ca Fe Cu Zn

Moselle wines 

5 0 .7 5 3 .5 0 0 .181 9 .4 8 0 .0 0 7 3 .1 6 3 .0 5 4 .6 4 1 3 .09 2.3 6 2 2 8 2 4 8 0 .1 5 0 .2 8 0 .1 8

6 0 .7 0 3 .4 6 0 .1 6 0 9 .4 6 0 .0 0 7 3 .1 6 3 .9 2 5 .2 6 1 5 .8 4 2 .3 6 2 2 86 47 0 .1 5 0 .2 8 0.20
8 0 .6 3 3 .6 6 0 .1 8 8 7 .0 6 0 .0 0 9 2 .6 0 3 .0 5 5 .5 7 1 5 .1 5 0.0 7 4 0 78 53 0.10 0.20 0.12
9 0 .7 8 3 .7 7 0 .2 0 8 8 .2 8 0.010 4 .8 0 3 .4 8 5 .2 6 1 3 .4 0 2 .3 8 4 9 81 63 0 .1 4 0 .2 8 0 .1 6

21 0 .8 3 5 .0 2 0 .2 6 6 7 .8 3 0 .0 0 6 3 .3 5 4 .7 0 4 .5 4 1 9 .3 6 1 1 .5 9 1 5 8 4 6 4 0 .2 9 0 .1 3 0.2
25 0 .6 0 3 .6 8 0 .2 1 3 8 .7 0 0 .0 0 5 2 .8 5 3 .87 3 .4 5 1 4 .76 32 .2 841 82 58 0 .3 6 0 .0 8 0 .2 7

26 0 .6 4 2 .4 2 0 .2 3 0 9 .7 2 0 .0 0 5 3 .3 5 5 .49 3 .8 5 1 5 .8 4 18.4 8 1 7 9 6 57 0 .5 4 0 .4 0 0.21
27 0 .7 5 4 .4 3 0 .3 6 4 8 .0 5 0 .0 0 6 2.68 4 .7 0 4 .2 0 14.96 20 .7 1 01 3 9 7 56 0 .2 9 0.00 0 .4 5

28 0 .6 4 3 .2 2 0.251 8 .7 2 0 .0 0 6 3 .5 0 3 .8 4 3 .7 6 15.51 13.8 1017 9 0 52 0 .5 6 0.20 0.71

29 0 .6 5 3 .9 5 0 .3 1 0 8 .3 9 0 .0 0 7 1 .78 3 .9 2 3 .5 0 1 4 .08 0.0 1021 9 5 50 0 .1 9 0 .0 8 0.00
3 0 0 .6 4 2 .5 9 0 .251 9 .4 9 0 .0 0 5 3 .1 2 4 .7 0 4 .2 0 1 7 .60 25 .3 7 60 144 52 0.10 0.68 0 .5 0

31 0 .6 4 4 .7 8 0 .1 9 9 8 .0 9 0 .0 0 4 2 .3 9 1 .87 4 .2 3 7 .6 5 18.4 7 59 86 59 0.51 0 .1 8 0.51

32 0.88 5 .2 6 0 .3 5 6 7 .9 4 0 .0 0 9 1.53 1 .87 4 .6 5 8 .1 9 16.1 1181 9 9 61 0.20 0 .1 3 0.20
33 0 .6 2 2 .4 9 0 .2 2 8 9 .8 7 0 .0 0 5 2 .3 5 1 .62 1.86 11.88 16.1 1193 9 0 5 5 0 .4 2 0 .3 3 0 .1 9

40 0 .7 4 3 .5 6 0 .2 4 6 8 .9 7 0 .0 0 6 2 .7 4 2.41 4 .0 2 1 3 .2 0 18.4 8 6 0 74 6 5 0 .1 9 0 .2 3 0 .0 7

41 0.66 3 .9 7 0.210 9.01 0 .0 0 5 1 .89 1.81 2.68 11.88 13.8 751 61 5 5 0 .0 7 0 .1 3 0.00

Avg 0 .7 0 3 .7 4 0 .241 8 .6 9 0 .0 0 6 2 .8 3 3 .39 4 .1 0 1 3 .9 0 13.2 8 7 3 89 56 0 .2 7 0 .2 3 0 .2 5

High 0.88 5 .2 6 0 .3 6 4 9 .8 7 0.010 4 .8 0 5 .49 5 .5 7 1 9 .36 32 .2 1193 144 65 0 .5 6 0.68 0.71

Low 0 .6 0 2 .2 4 0 .1 6 0 7 .0 6 0 .0 0 4 1 .53 1 .6 2 1.86 7 .6 5 0.0 6 2 2 61 47 0 .0 7 0.00 0.00
S.D. 0 .0 8 0 .8 4 0 .0 5 9 0 .7 9 0.002 0 .7 9 1.21 0 .9 5 3 .0 4 9 .6 173 18 5 0 .1 6 0 .1 6 0.20

R hine wines
2 0 .8 0 4 .2 9 0 .2 1 9 8 .7 9 0 .0 1 3 4 .9 2 2 .5 6 5 .1 5 1 8 .9 0 6 .9 751 8 5 47 0 .1 5 0 .2 8 0 .4 4

13 0.51 2 .8 9 0 .2 6 2 1 0 .87 0.001 1 1 .58 5.11 1 0 .84 36.21 18.4 1013 87 4 5 0 .3 3 0 .1 8 0 .2 4

14 0 .52 3 .3 5 0 .2 0 3 9 .6 7 0 .0 0 6 4 .9 3 3.41 6 .2 9 16.59 25.3 9 2 3 9 0 57 0 .3 2 0 .0 8 0.22
4 4 0.61 5 .9 0 0 .2 1 5 8 .4 7 0 .0 0 7 3 .4 3 1.81 5 .3 5 1 4 .5 2 4 .6 6 7 3 73 6 0 0 .3 3 0 .2 8 0 .0 4

45 0 .8 2 2 .9 8 0 .2 4 7 1 0 .99 0 .0 0 8 3 .6 0 1 .3 5 1 .55 9 .9 0 6 .9 9 9 7 8 9 69 0.12 0 .2 3 0 .1 4

47 0.71 4 .8 2 0 .3 4 5 9 .7 6 0 .0 0 9 1.88 2 .1 6 3.71 1 3 .8 6 9 .2 1 37 2 86 65 0 .0 8 0 .6 0 0 .0 9

49 0 .6 5 2 .5 8 0.210 8 .9 4 0 .0 0 7 1 .2 5 2 .7 0 5 .5 7 1 2 .5 4 0.2 6 9 2 80 61 0.21 0 .6 3 0.61

50 0.57 2.88 0 .2 4 9 9 .9 7 0 .0 0 7 4 .0 7 3 .2 4 6 .4 9 1 6 .5 0 11.5 6 5 7 75 60 0 .4 6 0 .2 3 0 .7 0

62 0 .6 4 4 .5 9 0 .1 8 2 8.31 0 .0 0 8 1 .27 2.61 5 .6 0 1 2 .4 5 9 .2 716 76 59 0 .2 9 0 .3 3 0 .4 7

Avg 0 .6 5 3.81 0 .2 3 7 9 .5 3 0 .0 0 7 4 .1 0 2 .77 5 .6 2 1 6 .83 10.2 866 82 58 0 .2 5 0 .3 2 0 .3 3

High 0 .82 5 .9 0 0 .3 4 5 1 0 .9 9 0 .0 1 3 1 1 .5 8 5.11 1 0 .8 4 36.21 25.3 1372 9 0 6 9 0 .4 6 0 .6 3 0 .7 0

Low 0.51 2 .5 8 0 .1 8 2 8.31 0.001 1 .25 1 .3 5 1 .55 9 .9 0 0.2 6 7 3 73 4 5 0 .0 8 0 .0 8 0 .0 4

S.D. 0.11 1 .1 4 0 .0 4 8 0 .9 8 0 .0 0 3 3 .1 4 1 .09 2 .4 7 7 .7 4 7 .5 2 3 6 6 8 >0.12 0 .1 8 0 .2 4
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elements were analyzed at the following analytical lines: Na-5890; 
K-7665; Ca-4227; Mg-2852; Cu-3247; Zn-2139; Fe-2483 (Angstrom 
units). The metallic ion components are expressed in parts per million 
(ppm).

RESULTS & DISCUSSION
THESE SAMPLES were received directly from the U.S. Cus
tom s Service in the original sealed bottle w ith cork closure and 
protective wrap. As traditionally bo ttled  the Moselle wines 
were packaged in green glass bottles and the Rhine wines were 
packaged in brown glass bottles.

Tables 1 and 2 give the results of the analyses of samples of 
Moselle wine and Rhine wine for vintage years 1970 and 1971. 
In the first column, each sample is identified by a number.

The wines were analyzed for these particular 16 parameters 
since they represent some of the major com ponents in wine. In 
general, the concentration levels of these com ponents agree 
with the data given by Amerine, 1974.

Due to  the lack of a sufficiently large sample population, it 
is unlikely that an extensive statistical evaluation will uncover 
any relationship which would classify a particular wine sample 
according to vintage year or wine region; consequently, no 
elaborate statistical calculation was carried out.

As can be seen from  the tables, there is little difference for

the averages of the param eters determ ined for either vintage 
year or wine region, and there is considerable overlap of the 
values. There appears to  be no definite pattern of distribution 
for any of the parameters. These samples were evaluated 
organoleptically and considerable differences were observed; 
however, the authors do not consider themselves “ experts” to 
the degree to enable them  to identify the wines according to  
vintage year or wine region.

CONCLUSION
IT IS READILY APPARENT from  the data presented that 
there is no com ponent quantitated  which would characterize 
or distinguish the vintage year 1970 or 1971 of the Moselle or 
Rhine wine region from which the wine originated. After a 
thorough examination of the collected data, the conclusion is 
drawn that the data are insufficient to  determine vintage year 
(1970 or 1971) or wine region (Moselle or Rhine).
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A Research Note
AN IMPROVED METHOD FOR THE DETERMINATION OF 

RESIDUAL HYDROGEN PEROXIDE IN M ILK

— — — — —  ABSTRACT — - — — — -  ■ ------
The method of hydrogen peroxide determination in milk described by 
Ferrier et al. (J. Dairy Sci. 53: 598, 1970) was modified. This modifica
tion increased the sensitivity threefold and permitted the detection of 
less than 1 ppm hydrogen peroxide in milk.

INTRODUCTION

GILLIAND (1969) developed an enzymatic m ethod for deter
mining low levels o f hydrogen peroxide in milk. In the follow
ing year, Ferrier et al. (1970) described a relatively simple 
colorimetric method, using titanium  tetrachloride for detect
ing residual hydrogen peroxide in milk. The m ethod was based 
on the form ation of a colored complex between titanium  and 
hydrogen peroxide and could detect levels o f 2 - 3  /Ug/ml in 
milk. This paper reports a m odification of this m ethod, involv
ing precipitation of the titanium -hydrogen peroxide complex.

EXPERIMENTAL
Materials

All reagents were of analytical grade. Titanium tetrachloride was 
obtained from British Drug houses. Hydrogen peroxide was standard
ized against sodium thiosulfate. Homogenized, pasteurized whole milk 
was obtained from the Modern Dairies, Winnipeg. In order to destroy 
possible residual enzyme activity, the milk prior to use was heated to 
80°C for 5 min and subsequently cooled to room temperature (23°C). 
Method

Five milliliters of aqueous solution of hydrogen peroxide (0-240 
ppm) were added to 45 ml of the heated milk. The resulting concentra
tion of hydrogen peroxide in milk ranged between 0-24 ppm. An equal 
volume of 1% trichloroacetic acid was immediately added to the 50 ml 
milk sample containing hydrogen peroxide. The mixture was then 
shaken and filtered through a Whatman No. 50 filter paper. Aliquots of 
filtrate were then used for hydrogen peroxide determination using the 
original and modified procedures.

Procedure of Ferrier et al. (1970). Six milliliters of filtrate were 
transferred to 12 ml centrifuge tubes. To each tube was added 1 ml of 
titanium reagent (20% TiCl„ in cone HC1) and the solutions allowed to 
stand for 10 minutes to permit full color development. The tubes were 
centrifuged at 2000 x G for 10 min to remove possible influence from 
residual turbidity in the colored solutions. The clear solutions were 
then measured for absorbance at 415 nm against an equivalent blank.

Modified Method. Twenty-seven ml of filtrate were transferred to a 
50 ml centrifuge tube. To each tube was added 1.0 ml of titanium

reagent (20% TiCl4 in cone HC1) and the contents mixed thoroughly. 
The tubes were allowed to stand for 10 min for color development. The 
titanium-hydrogen peroxide complex was then precipitated by the addi
tion of 3.0 ml cone NH4 OH to each tube. The tubes were then mixed 
and centrifuged at 3000 x G for 10 min. The supernatant was discarded 
and the precipitate dissolved in 8N H2 S04 to a final volume of 9 ml. 
The colored solutions were then centrifuged and the absorbance read at 
415 nm against an equivalent blank.

Fig. 1—Standard curves for hydrogen peroxide in milk as determined by 
the method of Ferrier et al. (1970) •; modified procedure o.
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RESULTS & DISCUSSION
THE STANDARD CURVES for hydrogen peroxide levels in 
milk using the “original” and “m odified” titanium  m ethods 
are shown in Figure 1. A linear relationship was evident for 
bo th  m ethods over an H2C>2 concentration range 2 -2 4  ppm. 
The sensitivity of the modified titanium  m ethod was approxi
mately three times tha t of the original m ethod of Ferrier et al.
(1970). This perm itted levels as low as 0.4 ppm to be detected 
in milk com pared to  1.6 ppm using the original m ethod. The

increased sensitivity and low detection limit using the m odi
fied m ethod described should provide a more effective proce
dure for determining residual hydrogen peroxide in milk.
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A Research Note
ABSORPTION OF A TA IN T AROMA BY EGGS

--------- ----------------—  ABSTRACT - — — — ----------------
The extent of absorption of ethyl propyl sulphide into whole shell eggs 
was examined both for eggs of different ages and for eggs stored in the 
tainting atmosphere for different lengths of time. The latter proved the 
more important factor but an absorption plateau is approached with 
time. Significant amounts of the taint aroma were absorbed in all in
stances.

INTRODUCTION
SINCE the normal flavor of the hen’s egg is so bland, any 
slight off-flavor or tain t is immediately noticeable. Such a 
problem therefore can be a severe one in tha t only a minute 
am ount of a tainting agent might be involved. In recent years 
there has been a num ber of reports of work on tainted eggs, 
the causative factors having a variety of origins, mainly the hen 
itself, its environm ent or its feed.

Off-flavors in eggs due to  factors other than these have been 
investigated less frequently, even though it is well known by 
experience that eggs can become contam inated by absorption 
of taint aromas through the shell. The main study in this field 
to date has been by Kato et al. (1971) who used gas chrom a
tography to  study the absorption of various single compounds 
by eggs. It was found that in some homologous series, rates of 
absorption and dispersion were inversely proportional to  the 
num ber of carbon atoms and were independent o f the molec
ular weights or boiling points of the com pounds. Aldehydes 
were absorbed into shell eggs more easily than other com 
pounds studied, namely ketones, esters and alcohols, with the 
latter showing only slight absorption. In this project reported 
here, only one com pound was studied, but this is a highly 
odorous sulphide, and in addition its absorption into eggs of 
different ages was considered. This work formed a logical pro
gression from our previously reported detailed systematic anal
ysis o f the natural flavor com ponents of the egg (Mac Leod 
and Cave, 1975), and comparative survey of the effects on 
these volatile com ponents of variations in the nature and his
tory of the egg (including consideration of eggs of different 
ages) (Mac Leod and Cave, 1976).

EXPERIMENTAL
THE EGGS employed in this project were brown and were from hens 
of the Warren breed kept under battery conditions. All eggs were from 
birds of the same age, although for the experiments studying the effect 
of the age of the egg on the absorption of a taint aroma, eggs were used 
1 day after laying, 2 wk after laying and 4 wk after laying. The taint 
aroma selected for this work was ethyl propyl sulphide. This had a

1 Present address: D ep t, o f C hem istry , M c G ill U n iv .,P .O . B ox 6 07 0  
Station A , M on trea l, Quebec, Canada H 3C  3G1

2 Present address: W ellcom e Research Laboratories, Berkham sted  
H ill, B erkham sted, Herts H P4 2Q E

number of advantages including the fact that it is a highly odorous 
compound and its presence in a sample egg could be detected (but not 
measured) by the nose as well as by the gas chromatograph. In addition, 
under the conditions of analysis normally employed with egg aroma 
samples, (Mac Leod and Cave, 1975; 1976) this compound was eluted 
from the gas chromatography column separated from all natural egg 
volatiles and thus could be recognized easily and could be measured 
quantitatively very accurately. Due to the complexity of the gas chro
matogram of egg aroma volatiles it was not in fact easy to locate a 
reasonable gap for resolved elution of a suitable tainting compound.

For exposure to the taint six whole eggs, accurately weighed, were 
placed in an air-tight tank (capacity 13.8 liters) in the presence of 0.1 
ml of ethyl propyl sulphide at a temperature of 4°C (i.e,, general refrig
erator temperature) for a period of 18 hr. To study the effect of time 
of exposure on absorption of taint, eggs were also exposed to the 
sulphide for 48 hr and 168 hr. All experiments were done at least in 
duplicate and results were consistent within experimental error.

The concentration of contaminant in the tank atmosphere was 
estimated by headspace analysis and gas chromatography using the 
same chromatographic conditions as for the analysis of the egg itself. 
After exposure to the taint, eggs were analyzed for their volatile flavor 
composition exactly as already described for the analysis of untainted 
eggs (Mac Leod and Cave, 1975; 1976). Blank determinations were 
carried out in the absence of the tainting compound. It was also neces
sary to allow for the efficiency of the analytical procedure and this was 
assessed by adding 5 ql of ethyl propyl sulphide to a sample of uncon
taminated eggs in the Likens and Nickerson extractor apparatus imme
diately before sample preparation.

RESULTS & DISCUSSION
TABLE 1 summarizes the results obtained for the absorption 
o f tain t aroma both  by eggs of different ages and by eggs 
exposed to  the taint for different lengths of time. It can be 
seen from the fourth column that the absorbed taint can con
tribute a significant proportion of the natural aroma volatiles. 
In the blank determ ination when 5 n\ of the sulphide were 
added directly to  the eggs immediately prior to extraction it 
provided only 2.2% of the resultant total volatiles. So the 
figure quoted of 29.2% sulphide in one tainted sample repre
sents an am ount of about 76 fji (or 63 mg) absorbed into the 
eggs. This calculation allows for determined recovery of the 
analytical procedure for ethyl propyl sulphide, namely 87%. 
The figure of 76 (i\ absorbed in this particular instance is near
ing the to tal am ount of sulphide available for absorption in the 
contam inant atmosphere (100 /rl) and it is possible that the 
result for this one experiment might be slightly low due to the 
excessive depletion of taint molecules from the atmosphere.

The results given in columns five and six of Table 1 are all 
corrected for the 87% recovery of the analysis. The figures in 
column five quote the determined volume of ethyl propyl sul
phide per ml of tainted egg divided by the original volume of 
ethyl propyl sulphide per ml of the tainting atmosphere. In 
other words this is a concentration factor expressing the rela
tive intensity of taint absorption by the egg under the partic
ular conditions.
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Table 1—Contamination of eggs by ethyl propyl sulphide

T im e  a fte r  
eggs laid 

(days)

T im e  o f storage in 
presence o f sulphide  

(hours)

Sulphide content o f 
ta in ting  atm osphere

(mI/D

Sulphide in to ta l 
analyzed volatiles  

(%)

C oncentration
fa c to r3

W eight o f su lphide  
absorbed by  egg

(pg/g)

1 18 7 .2 5 11.3 11 5 6

14 18 8 .3 9 12.3 10 59

28 18 7 .5 9 10.0 9 4 8

28 48 7 .3 4 18.8 19 9 8

2 8 168 7 .2 5 2 9 .2 4 2 2 1 4

a S e e  t e x t  f o r  d e f in i t io n

The tim e elapsed after the egg is laid has little influence, if 
any, upon the am ount of contam inant absorbed, all other fac
tors remaining constant. However, perhaps predictably the 
variation in the am ount absorbed with time of storage in the 
presence of the contam inant is appreciable. A plot of concen
tra tion  factor against storage tim e indicates that an absorption 
plateau is being approached with tim e (the log/log plot is per
fectly linear). Whether this is indicative of the attainm ent of a 
saturation level for the egg or whether it is simply due to 
relative lack of tainting medium after a certain time, as m en
tioned earlier, is debatable, although the former is the more 
likely explanation. Kato et al. (1971) observed a linear varia
tion  between the am ount of contam inant absorbed per egg and 
the number of hours of storage bo th  for the yolk and for the 
white, but generally the exposure times employed were far less 
than those used in this work (usually only a few hours). 
In such a short tim e an absorption lim itation need not be 
attained. Interestingly, the previous workers also report far 
greater absorption than observed in this investigation; buta- 
none was absorbed by egg white to the extent of 400 jUg/g 
after only 7 hr. However, the concentration of butanone in the 
contam inant atmosphere was very high at more than fifteen 
tim es that o f the ethyl propyl sulphide. In addition, Kato et al.
(1971) generally conducted their experim ents at the relatively

high tem perature of 27°C although they showed that less con
tam ination was effected at lower tem peratures, and this could 
also partly explain the generally lower absorption figures re
ported here (experim ents conducted at 4°C).

In summary, it would appear that in the absorption o f  taint 
aromas by whole eggs the length of tim e of exposure is the 
critical factor and the age of the egg seems to  m atter little. It is 
significant how readily quite a large am ount of a foreign aroma 
is absorbed through the egg shell, and all the eggs tainted in 
this project had very noticeable off-aromas. It is clear there
fore that eggs are very susceptible to this type of tainting at 
refrigerator temperature.
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SENSORY COMPARISON OF FOUR POTATO VARIETIES 
BAKED CONVENTIONALLY AND BY MICROWAVES

A  Research  Note

------- ------------------------  ABSTRACT --------------------------------
A trained 20-member panel was asked to rank the eight potatoes (one 
of each variety baked conventionally and one of each baked by micro- 
wave) from best to worst on the basis of external appearance, internal 
appearance, aroma and flavor. Different potatoes were randomly pre
sented for each sensory property evaluated with each evaluation being 
repeated three times. Statistical evaluation of the pooled data revealed 
that an experimental variety (WC-230-14) was significantly superior in 
external appearance, odor and flavor for both baking procedures. 
Among the other varieties, conventionally baked potatoes ranked ahead 
of the corresponding microwaved potato.

INTRODUCTION
THE SENSORY PROPERTIES of a baked potato  are quite 
unique and as dem onstrated in a recent study by Twomey and 
Maga (1974) a wide range in overall sensory acceptability 
among potato  varieties can exist. In the case of potatoes, few 
reports exist discussing the influence of po ta to  variety on qual
ity (Heinze, 1955).

Thus this study was designed 'With a twofold purpose. The 
first dealt with attem pting to ascertain if a trained sensory 
panel could dem onstrate a preference based on various specific 
sensory properties such as external appearance, internal 
appearance, aroma, and flavor of baked potatoes as influenced 
by potato  variety. The second phase was an effort to deter
mine if this same panel could distinguish between convention
ally baked and microwave baked potatoes again as influenced 
by po ta to  variety.

EXPERIMENTAL
Potatoes

Three experimental potato varieties (WC 284-146, WC 285-18, WC 
230-14) that had previously demonstrated good potato qualities (Two- 
mey and Maga, 1974) along with Russet Burbank were grown at the 
San Luis Valley-Colorado State University Experiment Station using 
the same horticultural practices. After harvest, potatoes within each 
variety were grouped for similar weights (200—2lOg) and specific grav
ity. Specific gravity was found to range from 1.080-1.090 among vari
eties and thus tubers from each variety with a specific gravity of 1.085 
were choosen. All evaluations were performed after 1 month of storage 
in the dark at 22°C and 30% relative humidity to more closely simulate 
supermarket-consumer storage conditions.
Baking conditions

Whole potatoes of each variety were baked plain in either a conven
tional oven operating at 205°C for 60 min or in a consumer model 
microwave oven for 5 min. Preliminary baking trials had demonstrated 
that the four varieties did not vary significantly in degree of doneness 
under the baking conditions employed. At the end of each respective

time period, one potato from each variety and baking method was 
randomly arranged for presentation to the sensory panel.

A 20-member sensory panel composed of 14 women and 6 men ages 
20-35 who had previously taken a 16-wk college-level course in the 
sensory evaluation of food was used. For each sensory property evalu
ated, 8 potatoes, coded with 3-number random digets, which repre
sented each of the 4 potato varieties baked by the 2 methods were 
randomly presented and the panel asked to rank the 8 potatoes from 
the most acceptable to the least acceptable. All evaluations were done 5 
min after their respective baking times,which were arranged to be com
pleted at the same time. Each sensory property was judged separately, 
used a new set of potatoes, and was repeated 3 times.

External appearance was on whole potatoes while internal appear
ance was judged by making a longitudinal slit through each potato. 
Aroma was judged by sniffing but not consuming samples of slit pota
toes. Flavor was evaluated by permitting the panel to freely ingest 
samples of each as required.

Textural properties were not evaluated due to the difficulty of em
ploying a sensory panel to evaluate texture, especially in ranking 8 
samples.
Statistical evaluation

Ranking data obtained for each of the 3 replicates were pooled for 
each sensory property evaluated and subjected to analysis of variance.

RESULTS & DISCUSSION
A STATISTICAL SUMMARY of the sensory data obtained is 
shown in Table 1. As seen, significant differences were appar
ent as influenced by variety for all sensory properties evalu
ated except internal appearance. Also, relative to baking 
m ethod, all sensory properties were found to  be significantly 
different. All other variables and their interactions were found 
not to be significantly different.

When the data for specific potato  varieties were compared

Table 1—Factorial analysis o f variance of pooled data

Critical Appearance F-value ___________
Variable (a  = 0.05) Ext Int Aroma Flavor

V arie ty 2 .6 4 4 8 .6 3 0 .0 6 194.21 2 6 7 .5 6

Baking m ethod 3 .8 8 9 .2 2 9 .0 5 2 0 .2 8 1 7 .17

V ar. X  Bkg. M eth . 2 .6 4 0 .4 3 0 .29 1 .77 1.31

Judge 2 .8 0 0.00 0.00 0.00 0.00
V a r. X  Judge 2.10 1 .28 1.08 0.61 1.68
Bkg. M eth . X  Judge 
V ar X  Bkg. M eth .

2 .8 0 1 .4 5 0 .7 9 1 .60 0 ,7 2

X Judge 2.10 0.81 1.03 0 .7 6 1 .74
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(Table 2), it was found that in all cases microwave baking 
resulted in significantly inferior products for all sensory prop
erties evaluated as compared to the corresponding conven
tional baking treatm ent.

Table 2 —Statistical evaluation of variety and baking method on sen
sory properties

Method of baking

Sensory property Pototo variety Conventional Microwave

E xt appearance WC 2 8 5 -1 4 6 6 .87a 7 .17a
Russett Burbank 4 .5 0 b 5 .00b
WC 2 3 0 -1 4 1.87c 2 .23c
WC 2 8 5 -1 8 3 .7 3 b 4 .6 7 b

In t appearance W C 2 8 5 -1 4 6 4 .22a 4 .92a
Russett Burbank 4 .28a 4 .60a
WC 2 3 0 -1 4 4 .15a 4 .85a
W C 2 8 5 -1 8 4 .06a 4 .92a

A rom a W C 2 8 5 -1 4 6 6 .60a 6 .98a
Russett Burbank 4 .5 3 b 5 .5 0 b
W C 2 3 0 -1 4 1.88c 2 .13c
W C 2 85 -1 8 3 .7 0 b 4 .6 7 b

Flavor W C 2 8 5 -1 4 6 5 .10a 5 .87a
Russett Burbank 5 .37a 5 68a
W C 2 30 -14 2 .63c 3 .02c
W C 2 85 -1 8 3 .7 8 b 4 .5 5 b

a M i c r o w a v e  s ig n i f i c a n t ly  in fe r io r  (a  = D .05)  to c o m p a r a b l e  c c n v e n -  
t io n a l .  C o l u m n  data  w i th  th e  sa m e  le t te r  w i t h in  each  se n s o ry  p r o p 
e r t y  g ro u p in g  are n o t  s ig n i f i c a n t ly  d i f f e r e n t  (a  = 0 .0 5 ) .

From an external appearance standpoint, bo th  baking 
m ethods resulted in variety WC 230-14 being found signifi
cantly superior to  the other 3 varieties and variety WC 
285-146 being significantly inferior. Variety WC 230-14 was 
said to  be more symmetrical, have fewer eyes, and undergo 
little if any skin shrinkage after baking as compared to  the 
other 3 varieties. The same statistical differences were noted  
for aroma properties.

Interestingly no significant differences were found among 
varieties with regard to  internal appearance. However, several 
significant differences were noted for flavor properties. Vari
ety WC 230-14 was found to  be significantly superior to  the 
o ther varieties by both baking m ethods whereas the Russett 
Burbank and variety WC 285-146 were found to  be signifi
cantly inferior. An earlier study by Eheart and G ott (1964) 
had concluded that no significant difference existed between 
the flavor properties of conventional and microwave cooked 
potatoes. However, their study utilized boiled potatoes while 
the current one em ployed baked.

Thus it would appear that a sensory panel can distinguish 
sensory differences among baked potatoes as influenced by 
variety and m ethod of baking.
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CHANGES IN NO NVAO LATILE ACIDS OF 
CONCORD GRAPES DURING MATURATION

A  Research N ote

— — ............................. ABSTRACT  ------- — — ------- --
Separation by GLC indicated the major nonvolatile acids in Concord 
grapes to be tartaric and malic with lesser quantities of succinic, citric, 
quinic and ascorbic acids present. In the less mature fruit, malic acid 
was present in greater quantities than tartaric acid; however, as the grape 
berries ripened malic acid was apparently metabolized more rapidly 
than was tartaric acid so that tartaric became the dominant acid present 
in the fully ripe fruit.

INTRODUCTION

THE RIPENING PROCESS in Concord grapes, as in all fruits, 
is accom panied by a num ber of changes in form and structure 
as well as significant changes in chemical com position. The 
changes in organic acids and the resulting effect on the pH of 
the grape berries may influence several factors such as flavor, 
anthocyanin (ACY) extraction during processing, and color 
stability o f grape products.

Numerous studies have shown that tartaric and malic acids 
are the principal organic acids in several different grape cul- 
tivars (Carroll et al., 1971; Sistrunk et al., 1974; Amerine and 
Winkler, 1942; Johnson and Carroll, 1973; Amon and Mar- 
kakis, 1968). Amerine (1951) and Kliewer (1964, 1965) have 
shown that concentrations of both  tartaric and malic acids in 
Vit is vinifera cultivars decrease rapidly during ripening. Sis
trunk et al. (1974) found this to  be the case in Concord grapes 
and showed that malic acid exhibited the greatest change dur
ing m aturation. In the mature green fruit, malic was the pre
dom inant acid, w ith tartaric representing a much smaller per
centage of the to ta l acids present. As the grapes ripened, malic 
acid decreased appreciably, so that, in the fully ripe fruit tar
taric represented the major percentage of the total acids. John
son and Carroll (1973) observed the opposite situation in 
Scuppernong grapes (Vitis rotundifolia). In this cultivar, tartar
ic acid decreased continually from a maximum observed on 
the first sampling date, while malic acid content rose to a peak 
just prior to verasion and then decreased.

The present study was initiated to  determine the com po
sition of nonvolatile acids in different maturities of Arkansas 
grown Concord grapes.

MATERIALS & METHODS
CONCORD GRAPES (Vitis labrusca) were hand harvested from mature 
plants in a vineyard on the University of Arkansas Main Experiment 
Station at Fayetteville, Ark. Harvest began when grape berries were at 
the hard green stage and continued at 5-day intervals until berries were 
obviously over-mature. Clusters were stripped and the grape berries 
were frozen in enamel-lined cans at -20° C until all harvesting was 
completed. Triplicate samples from each harvest date were drawn for 
analysis and data were reported as averages of the three replications.

‘ Present address: D ep t, o f Food Science & H um an  N u tr it io n , M ich 
igan State U n ivers ity , East Lansing, M I 4 8 8 4

Organic acids were extracted from the grape berries according to the 
method of Sistrunk and Cash (1973) with the following modifications. 
Elution of the sample from the anion exchange column was accom
plished by passing 6N formic acid through the column until 30 ml of 
eluate were collected. This eluate was then evaporated to dryness at 
room temperature under a fume hood and the residue was taken up in 
10 ml of 95% ethanol (EtOH). One ml of EtOH sample solution and 1 
ml of 95% EtOH containing 100 pm fumaric acid as an internal stand
ard were pipetted into a glass vial and evaporated to dryness in prepara
tion for silylation. The dried acids were silylated by adding 1 ml of 
“Tri-Sil” (hexamethyldisilasane, trimethylchlorosilane and pyridine: 
Pierce Chemical Company, Rockford, 111.) to each vial, which was then 
shaken until the sample residue was completely dissolved. Ethanol solu
tions containing 100 pm per ml of known organic acids were prepared 
and silylated in a similar manner. After silylation was complete (1 hr at 
room temperature), 5 /id of each sample were injected into a Varian 
Aerograph Series 1800 gas chromatograph which had the following 
operating conditions:

Detector
Columns

Stationary phase

Liquid phase 
Carrier gas (He) 
Injector temperature 
Detector temperature 
Column temperature 
Program rate 
Recorder speed

Thermal conductivity 
Dual stainless steel 
10 ft x Vi in.
Chromosorb W, 10-100 mesh 
DMCS treated 
SE-52 (3%)
35 ml/min 
220° C 
250°C 
80-25 0°C 
8°C/min
0.5 in/min

Acid concentration was calculated using the equation of Philip and 
Nelson (1973).

RESULTS & DISCUSSION
GLC SEPARATION of organic acids of Concord grapes re
vealed that malic and tartaric acids were the principal acid 
com ponents of this cultivar (Fig. 1), which agrees with results 
obtained using other m ethods of separation (Amon and Mar- 
kakis, 1968; Sistrunk et al., 1974). Other im portant acids iden
tified by GLC were succinic, citric, quinic and ascorbic. Malic 
acid was found to be the dom inant acid in less mature fruit 
but as ripening proceeded, the concentration of malic de
creased more rapidly than the concentration of tartaric, so in 
full-ripe and cver-ripe fruit, tartaric was the most abundant 
acid (Fig 1 and 2). In the full sized green grape, malic acid 
represented 55% of the total acids, while tartaric represented 
40% of the total. In the fully-ripe fruit, the concentration of 
malic acid had changed to  28% of the to tal acids, while tartaric 
acid had changed to 62% of the to tal acids present (Fig. 1).

The changes in malic and tartaric acid may be due to  the 
fact that malic acid is localized within the imm ature fruit in
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Fig. 1—Changes in organic acids of Concord grapes during ripening.

such a way that it is inaccessible to  malic enzymes. As the 
ripening process causes cell membrane permeability to  in
crease, then the malic acid may be made available for decar
boxylation by the malic enzymes. Hawker (1969) has docu
m ented the changes in activity of several enzymes during grape 
ripening, and he noted that at the time of veraison, malic acid 
concentrations decrease, while malic dehydrogenase and malic 
enzyme increase to their highest levels in the grape berries.

Tartaric acid synthesis is very active in the imm ature grape 
berry, but as ripening continues, it decreases rapidly and has 
practically ceased by veraison. At this point, however, tartaric 
acid metabolism is much slower than that of malic acid 
(Peynaud and Riberau-Gayon, 1971). Therefore, once it is 
form ed, tartaric acid does not undergo rapid losses or changes. 
The synthesis and metabolism of these acids in Concord grapes 
has been docum ented by Mattick and Moyer (1973).

Amon and Markakis (1968) have found malic to  be the 
dom inant acid in Concord juice and concentrate, w ith tartaric 
acid present in slightly lower concentrations but this may have 
been due to  the m aturity of the grapes from which the prod
ucts were manufactured or to climatic conditions during the 
growing season (Kliewer, 1964). In a 4-yr study of New York 
State Concord juice, Rice (1974) showed that tartaric acid is 
the dom inant acid in juice from m ature, New York Concord 
grapes. It would appear that the nonvolatile acid constituents 
o f Concord grapes and juice are similar in fruit from different 
growing regions of the country.

Fig. 2—Changes in malic and Tartaric acid of Concord grapes during 
ripening.
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A Research Note
LETHAL EFFECT OF FOOD TEMPERATURE ON LINEAR PORTION 

OF A HEATING OR COOLING CURVE

------------------------------- ABSTRACT ----------------------------—
The purpose of this note is to clarify the ambiguity in the presentation 
in a heat processing text re using an exponential integral function to 
estimate analytically a sterilizing value of a linear portion of a heating 
or cooling curve.

THE MATHEMATICAL estimation of therm al processes is 
based on the use of sterilizing value, which may be estimated 
through the integration of lethal rate values, L, with respect to 
processing time. A sterilizing value of a linear portion on a 
heating curve (Ball and Olson, 1957; Klostergaard, 1965; 
Dickerson, 1969, 1970, 1971) may be estim ated analytically 
by using an exponential integral function of one type, and that 
on a cooling curve by using an exponential integral function of 
a different type. However, the use of these exponential in
tegrals is not clearly presented in one of the most standard 
textbooks on heat processing (Ball and Olson, 1957). The pres
ent note was prepared to  clarify this ambiguity.

Any linear line segment of a heating or cooling curve may 
be represented with a formula, which contains two experi
mental parameters as shown below:

Heating curve

‘ h = f h log, „ ( i h ^  "  x ° )  (1 )

Cooling curve

The lethality of these thermal processes is given by:

tive. From (3) and (4) we have as follows:

For a linear line segment of a heating curve

Fh = fh
2.303

exp Vg exp(—X) 

Xo X
dX (5)

where X = (T, -  T )/z'. The integral in (5) can easily be ex
pressed by means of an exponential integral defined by (Gaut- 
schi and Cahill, 1964):

r. , , f  exp(-M) ,Ei(.v) = I ----------du
J x  M

(6)

where 0 <  x <  “ . The lethality of a logarithmic heating phase 
considered between the tem peratures T0 and Tg will thus be 
written:

This expression is identical to  Ball and Olson’s formula (p 
315, Eq 12.18).

For a linear line segment of a cooling curve

F„ = —- f„
2.303 exp

exp(Y)
d Y (8)

where Y = (T -  Tc)/z '. This integral can also be expressed by 
means of an exponential integral defined by (Gautschi and 
Cahill, 1964):

Where dt is determ inated from either (1) or (2),

dth = :
dT

and dt. = -
dT

(4)
2.303 T, - T "" 'c 2.303 T -  Tc 

It is im portant to note that dth is positive while d tc is nega-

i:£,(*)= |  ^ d u (9)

where 0 <  x <  °°. After interchanging the limits of integration 
in (8) to  eliminate the minus sign, the lethality of a logarith-
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NOMENCLATUREm i c  c o o l i n g  p h a s e  c o n s i d e r e d  b e t w e e n  t h e  t e m p e r a t u r e  T a a n d
T v c a n  t h u s  b e  w r i t t e n :

F„ = -2.303
(10)

It is quite unfortunate that Ball and Olson (1957) used Ei (jc) 
in (10) instead of the correct integral Ei(x). The error e, owing 
to  the incorrect use of the exponential integral, is:

6 = exp(M) -  exp(-m)
M

du = 2[Shi(Ya) Shi(Yv)]

where Shi(Y) is the integral hyperbolic sinus (Gautschi and 
Cahill, 1964; page 231, formula 5.2.3). When the arguments of 
Ei in (10) are greater than unity, which is generally the case, 
the relative value of e is 100%, since Ei (x) sa 0 and since Ei (x) 
<i Ei(x).

Ball’s value of F c is thus underestim ated. Consequently, a 
safety factor is incorporated into estim ated lethal effect 
through the incorrect use of the exponential integral. For aver
age processes, the lethality of the cooling phase is about 25% 
of the to tal process (Hayakawa, 1974). The relative im por
tance of this safety factor will depend on the value of Ta and 
Tv. For product heating by pure conduction this factor is low, 
a few per cent (Flam bert, 1973). When convection occurs the 
safety factor may increase up to about 25% or more.

For a broken heating curve
Frequently, there is more than one linear line segment on a 

heating curve. The sterilizing value for each line segment may 
be easily estimated by using Eq (7).
F or a curv ilinear cooling

There is also more than one linear line segment on some 
cooling curves. However, the estimation of a sterilizing value 
from an initial curvilinear portion and only one subsequent 
linear portion produces a sufficiently accurate result since the 
lethal rate values of food tem peratures on the latter portion of 
the curve are negligibly small, especially for microbiological z 
values.

Ei(x), Ei(x)
fh.fc

F, Fh, Fc
jJ h . jc
L
t, th , tc

to. tg 

ta. ty

T ,T 0,T g, Ta, Tv
T,
Tc
Tr
X
Y
z
z'

Exponential integrals defined in Eq (6) and (9)
Slope of a logarithmic temperature curve for heating 
or cooling; letters h and c refer to heating and cool
ing phase
Lethality of a thermal process 
Lag factor
Lethal rate value L = 10(T " Tr)/z
Elapsed time of thermal process: in general, in a 
heating phase, in a cooling phase.
Initial and final time of the logarithmic heating 
phase
Initial and final time of the logarithmic cooling 
phase
Temperature at time t, tQ, tg, ta and tv 
Retort temperature 
Temperature of the cooling medium 
Reference temperature 
(T, -  T)/z'
(T -  Tc)/z'
Slope of thermal death time curve 
z/2.303
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STORAGE STABILITY OF RAISINS DRIED BY DIFFERENT PROCEDURES

— ------— -------- ------ —  ABSTRACT — --------— ----------
The storage stability of on-the-vine dried and tunnel dehydrated raisins 
treated with a spray or dip of a water emulsion of fatty acid esters prior 
to drying were compared to the traditional sun-dried raisin at 70 and 
90°F. The flavor and color stability of samples held at 90°F was rela
tively short, varying from 8.8-14 wk. At 70° F, storage stability varied 
from 31-43 wk. This study showed that the color and flavor stability 
of on-the-vine dried and tunnel dehydrated raisins should be equal or 
superior to that of the traditional sun-dried raisins. It was also shown 
that 90° F storage causes rapid flavor and color loss regardless of drying 
method.

INTRODUCTION

CALIFORNIA produces over 250,000 tons of raisins annually. 
Currently, 90% of these raisins are sun dried in the vineyards 
on paper trays, and the remainder is tunnel dehydrated. The 
traditional sun-drying procedure is tim e consuming and labor 
intensive, and the raisins are susceptible, during drying, to rain 
and other damage. The disadvantages of the presently used 
tunnel dehydration procedures are that they often produce 
raisins with sticky surfaces, and consume considerable energy. 
The use of fatty  acid ester mixtures to accelerate the sun and 
tunnel dehydration of Thompson Seedless grapes has been 
studied at this laboratory by Ponting and McBean (1970) and 
at California State University, Fresno (Petrucci et al., 1974).

Even though dried fruits store well for extended periods, all 
dried fruits have definite storage lives in which they retain 
acceptable flavor, color, nutrients and overall appearance. The 
traditional sun-dried raisins maintain these qualities for a year 
or more at storage tem peratures of 50°F or less (Nury et al.,
1960). Studies by Barger et al. (1948) showed that 32°F  was 
the preferred storage tem perature, yet most dried fruit is 
stored at much higher tem peratures in distribution channels, 
and at the consumer’s storage location. This study was under
taken to determine if the storage stabilities o f on-the-vine 
dried and tunnel dehydrated raisins treated respectively with a 
spray or dip of fatty  acid esters prior to drying are comparable 
to the traditional sun-dried raisins.

MATERIALS & METHODS

THE RAISINS used in this study were from the 1973 Thompson Seed
less grape crop. The on-the-vine dried raisins were obtained from a 
grower near Fresno, Calif. Grapes from vineyard plots at California 
State University, Fresno, were brought to this laboratory for tunnel 
dehydration. High oleic safflower oil was used as the starting material 
for the production of ethyl esters. One lot of sun-dried raisins (A) was 
obtained from the same vineyard as the on-the-vine dried raisins. 
Another lot (C) was obtained from a processor near Fresno. The mois
ture level of the raisin lots, as determined by the AOAC (1970) proce
dure, ranged from 16.1 — 16.5%. The color changes were checked visu
ally and measured by the method described by Nury et al. (1960). The 
concentrations of esters in the processed vine dried and tunnel dehy
drated raisins were 31 and 74 ppm, respectively, as determined by the 
method of Stafford et al. (1974).

Processed raisins were stored at 32°, 70° and 90°F, with the 32°F

stored raisins serving as controls. The 90° and 70° F samples were with
drawn from storage at 3- and 6-wk intervals, respectively, for flavor and 
color analysis. For the flavor evaluation the raisins stored at 70 and 
90° F were presented to 20 trained judges as a duo-trio in which the 
sample stored at 32°F was labeled control and one of the two coded 
samples was held at a higher storage temperature. One duo-trio was 
presented at each session with control and stored samples first in each 
pair an equal number of times. The duo-trio data were handled exactly 
as described by Guadagni et al. (1975), to give storage stability and 95% 
confidence intervals for the samples held at 70° and 90°F.

RESULTS & DISCUSSION

CORRECTING the duo-trio data for chance by the relation Pc 
= (Po — 50) X 2 and plotting Pc values against storage tim e on 
log-probability paper gave reasonably good straight lines for 
the stimulus-response relationship (Fig. 1). At Pc = 50, one- 
half of the responses actually detected flavor differences be
tween control samples and those stored at 70° and 90°F. This 
value corresponds to  the familiar LDS 0 in dose-response exper
iments, o r to 75% correct responses in the uncorrected duo- 
trio data. Flavor stability values in weeks were determined 
graphically at the point Pc = 50. The slopes of the stimulus 
response lines were fairly similar for 70° and 90°F storage, 
indicating that the flavor changes occurring at these tempera
tures were not grossly different in nature. Therefore, Pc 50 
values for 70° and 90°F represent storage times required to 
produce essentially the same degree of flavor change. Table 1 
shows the Pc 50 values for the different raisin samples held at 
70° and 90°F, along with their 95% confidence intervals. The 
stability of samples held at 90°F  was relatively short, varying 
from 8.8—14.0 wk. The on-the-vine dried and tunnel dehy
drated samples were the most and least stable respectively. 
Statistical analysis of the data indicated that the vine-dried 
samples were significantly more stable than the tunnel-dried 
sample. At 70°F, storage stability varied from 31—43 wk with 
the on-the-vine dried sample again among the more stable sam
ples. At this tem perature, both on-the-vine dried and sun-dried
(A) were significantly more stable than tunnel dehydrated and 
sun dried (C). Therefore, it would appear that the flavor stabil-

Table 1—E ffe c t  o f  d ry in g  p ro c e d u re  a n d  sto ra g e  te m p e r a tu re  on  
f la v o r  s ta b i l i ty

S ta b ility  (Pc 5 0 ) (w k ) 95%  C onfidence interval

Sample 9 0° F 7 0 ° F 9 0 ° F 7 0 ° F

Tunnel dehydrated 8.8 34 7 .6 —9 .7 3 2 - 3 7
O n-the-vine dried 14.0 41 1 1 .5 -1 7 .1 3 8 - 4 4
Sun-dried A 1 1 .5 4 3 1 0 .1 -1 3 .1 3 8 - 4 9
Sun-dried C 11.0 31 9 .2 - 1 3 .2 2 9 - 3 4
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WEEKS

Fig. 1—Effect o f  storage on detection o f off-flavor in raisins at (&) 
70 and (•) 90P F. Pc = (Po — 50) X  2  where Po = percentage correct 
responses in duo-trio test, and 50 is the percentage correct responses 
b y  chance and Pc can be regarded as the percentage o f responses 
actually detecting the difference in stimulus between control and 
experimental samples, (A) sun dried A ; (B) tunnel dehydratea;  (C) 
sun dried C ; (D) on-the-vine dried.

Fig. 2—A lcohol extractable color changes o f raisin samples during 
storage, (+) on-the-vine dried, N )  tunnel dehydrated, (o) sun dried  
A , (rs) sun dried C.

ity  of on-the-vine dried raisins would be equal or superior in 
flavor retention to  tunnel dehydrated or sun-dried raisins.

Color stability of the stored raisins, when visually compared 
to  their respective 32°F controls, followed a pattern similar to 
that found in the flavor stability part of this study. Samples 
stored 6—9 wk at 90°F showed minor color darkening when 
compared to  their respective controls. These color changes 
were noticeably different at 12 wk; at 15 wk all samples 
appeared significantly darker and of poorer color quality, than 
their respective controls. The rates of color change of the sun- 
dried and tunnel dehydrated raisins during storage were similar 
as may be seen in Figure 2. The on-the-vine dried samples had 
the lowest initial and final color values, as well as a lesser rate 
o f color change.

All raisin samples stored at 70°F showed much lower rates 
of color change (Fig. 2), and color differences were not visu
ally detected between the 70°F stored samples and their re
spective controls until 36 weeks. All samples were darker than 
their respective controls at 48 wk and of fair to poor color 
quality. The rates of change of extractable color for the sam
ples stored at 70°F  were greatly reduced over those samples 
stored at 90°F for comparable time periods.

The results of this storage stability study indicate that the 
color and flavor stability of on-the-vine dried and tunnel dehy
drated raisins should be equal or superior to that of the tradi
tional sun-dried raisins. However, this storage study does indi
cate that 90°F  storage causes rapid flavor and color loss 
regardless of drying m ethod and should be avoided.
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NITRITES IN INOCULATED CARROT JUICE AS A FUNCTION 
OF NITRATE CONTENT AND TEMPERATURE

A  Research Note

--------------------------------  ABSTRACT --------------------------------
High levels of nitrite accumulated in fresh carrot juice inoculated with a 
nitrite-producing bacterium isolated from carrots when the nitrate 
levels were over 500 ppm. The rate of accumulation increased with 
temperature (20-35°C) over a 6-hr period. Nitrite continued to in
crease in carrot juice at 4.5°C following incubation fbr 1-4 hr at 30°C.

INTRODUCTION

FRESH CARROT JUICE was considered by Keating et al.
(1973) to  be the cause of a case of infantile methem oglo
binemia because the juice was found to  contain 775 ppm of 
nitrite. The carrots, from  which the juice was made in the 
home, were produced on organic soil in Florida.

Research was initiated to  determine the probable cause of 
the high nitrite content. Burdine and Hall (1973) found less 
than 1 ppm of nitrite in carrots from five harvests during the 
1972—73 growing season although the nitrate levels ranged 
from 650—1350 ppm. Only slight changes in nitrite were 
found when samples from the five harvests were stored at 5°C 
for up to 38 days. Hicks et al. (1975) found an association 
between bacteria and nitrite content in fresh carrot juice. The 
bacterial population of freshly made juice was in the range 
10s —106 cells per ml. N itrite did not accumulate in the juice 
if the bacterial population was held in the above range by 
refrigeration or by addition of dehydroacetic acid. The nitrite 
content of juice held at 20°C increased rapidly when the bac
terial population exceeded 106 cells per ml.

Results are presented in this papaer on the effect of nitrate 
level, tem perature and storage period on nitrite accum ulation 
in fresh carrot juice.

MATERIALS & METHODS
CARROTS produced in California and purchased from a local whole
saler were made into juice with an automatic juice extractor (Oster). 
The carrots contained 106 ppm of nitrates (fresh wt). Samples con
sisted of 25 ml of unfiltered juice in a stoppered 50-ml flask. Each 
treatment was replicated three times in all experiments with separate 
lots of juice for each replication. Time sequence samples were indi
vidual samples and not aliquots from a single flask.

All juice samples were inoculated with a nitrite-producing bacterium 
isolated from carrot juice to give a population of 10’ cells per ml of 
juice. The type of bacteria, conditions of bacterial growth and nitrite 
determinations were as reported by Hicks et al. (1975).
Nitrate level

Potassium nitrate was added to fresh juice to give levels of 0, 443,

1 Present address: Vegetable Crops D ep t., C ornell U nivers ity , Ith aca, 
N Y  1 4 8 5 0

886 and 1329 ppm of nitrate (in addition to the 106 ppm in the 
carrots). Bacteria were added and the nitrite determined after incuba
tion at 30°C for 2, 4 and 6 hr. The fresh juice contained 0.56 ppm of 
nitrite.
Temperature

Inoculated juice samples were incubated at 20, 25, 30 or 35°C for 2, 
4 or 6 hr without added nitrate and with 886 ppm nitrate added.
Incubation at 30°C  followed by storage at 4 .5 °C

Inoculated juice samples (886 ppm nitrate added) were incubated at 
30°C for 0, 1, 2. 3 and 4 hr followed by 1 and 2 days at 4.5°C. This 
experiment was designed to determine the stability of the various levels 
of nitrite produced at 30°C during subsequent storage at 4.5°C.

RESULTS
Nitrate level

The nitrate level by hours o f incubation interaction was 
highly significant due to  no difference between levels at 2 hr 
(mean of 6 ppm ) and no increase with hr at the zero level 
(mean of 5 ppm). The nitrite content at 4 hr was 111, 143 and 
135 and at 6 hr was 518, 574 and 525 ppm , respectively, for 
the added nitrate levels of 443, 886 and 1329 ppm. Thus the 
rate of nitrite accumulation was not substrate dependent at 
nitrate levels of 549 ppm (443 plus 106 of endogenous) or 
above during a 6-hr incubation period.
Temperature without added nitrate

Nitrite increased through the 6-hr period at 20°C, whereas 
at 25 and 30° the highest nitrite level was at 4 hr with a 
subsequent decrease at 6 hr (Table 1). A t 35°C, nitrite was 
highest at 2 hr with very low values at 4 and 6 hr. None of the 
nitrite levels approached the level of nitrate (106 ppm) in the 
carrots. Loss of nitrites after an initial increase was reported 
by Hicks et al. (1975). The tem perature by hr interaction was 
highly significant.
Temperature with added nitrate (886 ppm)

Nitrite production increased with tim e and tem perature 
(Table 1) but not to  the same degree. There was only a small 
difference in nitrite content of samples at different tempera
tures after 2 hr. During the 2- to  4-hr period, nitrite increased 
greatly at 30 and 35°C with only small increases at 20 and 
25°. After 6-hr incubation, high nitrite levels were found at 
25, 30 and 35° but not at 20°C. The percent conversion of 
nitrate to nitrite was 2, 35, 49 and 60, respectively, for 20, 25, 
30 and 35°C samples. The tem perature—hours interaction was 
highly significant.

Nitrite production was similar with both  nitrate levels for 
each tem perature after 2 hr and over the 6-hr period at 20°C.
Incubation at 30°C followed by storage at 4.5°C

As in the previous experim ent, nitrite increased by the end
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Table 1—The interaction o f temperature X  hours on the nitrite con
tent (ppm fresh wt) o f inoculated carrot juice*

Hours of 
incubation

Incubation tem perature “ c

Mean

2 0 2 5 3 0 3 5

(ppm  n itrite )

W ithou t added
nitrate

2 4 .3 5 .3 7 .6 1 4 .4 7 .9

4 8 .6 2 9 .2 2 6 .9 2 .1 1 6 .7

6 2 4 .0 7 .2 1 .2 1 .0 8 .4

T em p, mean 1 2 .3 1 3 .9 1 1 .9 5 .8

W ith added
nitra te  (886 ppm )

2 2 .8 4 .4 5 .8 1 1 .1 6 .0

4 7 .4 2 3 .4 1 2 4 .1 4 0 1 .1 1 3 9 .0

6 2 0 .9 3 5 0 .3 4 8 1 .7 5 9 8 .6 3 6 2 .9

T em p, mean 1 0 .4 1 2 6 .0 2 0 3 .9 3 3 6 .9

a T h e  ju i c e  had  an e n d o g e n o u s  n i t ra te  level of 1 0 6  p p m .

Table 2— The interaction o f days at 4 .5 °C  X  hours at 30° C  on nitrite 
content (ppm fresh wt) in inoculated carrot ju ice*

Hours at 3 0 °C

Days at 
4 .5 °C

0 1 2 3 4

Mean(ppm  n itrite )

0 0.6 — 3.9 — 1 20 .4 4 1 .6
1 3 .4 6.2 18.1 1 37 .9 3 7 9 .6 109.1
2 6 .9 11.6 52 .5 1 99 .9 4 3 7 .2 1 41 .6

Mean 3 .6 8 .9 24 .9 1 68 .9 3 1 2 .4

a In o cu la te d  w ith  8 8 6  p p m  n it ra te  ( K )  and bac te r ia

of 4 hr (Table 2). Nitrites continued to  increase during each 
day at 4.5°C. The nitrite levels attained during storage at 4.5° 
were much greater following incubation for 3 or 4 hr than 
following incubation for 1 or 2 hr at 30°C.

DISCUSSION
FRESH CARROT JUICE held at tem peratures above 20°C for 
more than 2 hr can accumulate high nitrite levels if nitrite- 
producing bacteria and as much as 500 ppm nitrate are pres
ent. Carrots containing a low level of nitrate (106 ppm) pro
duced only a small am ount of n itrite at any temperature. The 
range of tem peratures used, especially 25 and 30°C, could be 
found in homes in the summer. The unexpected continued 
increase in nitrite during storage at 4.5°C is especially signifi
cant and points out the need of prom pt refrigeration. A large 
volume of juice placed in a hom e refrigerator would cool at a 
much slower rate than the juice under the conditions used in 
this research. Storage of fresh carrot juice does not seem advis
able unless rapidly cooled or made from  cooled carrots and 
prom ptly refrigerated.

According to  com putations made by Phillips (1968), 1-oz 
of juice (30 ml) containing 400 ppm n itrite  could result in 
cyanosis in a 1-yr-old child. Nitrite levels in carrot juice 
reached or exceeded 400 ppm in several o f the treatm ents 
reported here.

None of the juice in these experim ents developed off-odors. 
The juice held at 35°C for 6 hr separated and had some foam. 
An occasional sample at 30°C for 6 hr showed slight separa
tion, but most appeared normal. Thus, there was no indication 
in most cases of any change in the juice.
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FERULIC ACID AND OTHER PHENOLICS IN OAT SEEDS 

(Avena sativa L. Var Hinoat)

---------------------------- ----------A B S T R A C T  .............................  — — —
This note presents results of a survey of the free and bound phenolic 
acids and some other polyphenols in the seed meat from the oat (Avena 
sativa L. Var Hinoat) which is of some interest as a potential high 
protein cereal food.

IN T R O D U C T IO N

THE RECENT WORK of Maga and Lorenz (1973) has shown 
that phenolic acids, widely distributed in plants, can contrib
ute significantly to objectionable flavor in foods. The taste 
sensation described, is one of astringency. These authors also 
found that free phenolic acids occur in various cereals and 
oilseeds in quantities well within their taste threshold values 
(Maga and Lorenz, 1974a). Combinations of different acids 
lower the threshold value considerably.

Caffeic and ferulic acids were reported in oats as ether- 
soluble fatty  acid esters (Daniels et al., 1963). However, no 
other phenolic acids were reported.

This com m unication presents the result of a survey of the 
free and bound phenolic acids and some other polyphenols in 
the seed meal from the oat (Avena sativa L. Var Hinoat) which 
is of some interest as a potential high protein cereal food.

M A T E R IA L S  & M E T H O D S

Materials
The oat seed meal was provided by Dr. D. Paton of the Food Re

search Institute and contained most of the bran. The phenolic markers 
for chromatography were obtained from commercial sources and used 
without further purification. /3-glucosidase was obtained from the Sigma 
Chemical Company.
Methods

Phenolic acids. The oat seed meal was extracted with 70% ethanol at 
room temperature. The phenolic acids derived from the acidified aque
ous residue, alkaline hydrolysates of this residue and the alcohol-insol
uble material, were extracted with ethyl acetate and separated on paper 
chromatograms and identified by methods previously described 
(Durkee and Thivierge, 1975).

Estimation of ferulic acid. The total alkali-labile ferulic acid (free 
and soluble-insoluble ester ferulic acid) was obtained as the diazonium 
dye derivative, by spraying the paper chromatogram with diazotized. 
sulfanilic acid, followed by sodium carbonate (Block et al., 1958). The 
purple spot obtained was cut from the paper and placed in a syringe 
filter holder (Canlab). Methanol (70%) was flushed through the paper 
several times until the color was removed, and the final eluate made up 
to a specified volume. The optical densities of the standards and the 
unknowns were read in a spectrophotometer at 490 nm, using a reagent 
blank removed from the paper in the same manner. Ferulic acid gave a 
linear response at low concentrations (0-50 ppm).

Proanthocyanidins. The presence or absence of proanthocyanidins 
was determined by spraying with vanillin-HCl (Ribereau-Gayon, 1972), 
the chromatograms were developed in butanol-acetic acid-water (4:1:5) 
(BAW). The proanthocyanidins were also detected by digesting the seed 
meal with butanol-HCl (5:1) at 100° in order to transform to the 
corresponding anthocyanidins, which were identified, as necessary, by 
chromatography and spectrophotometric data.

R E S U L T S  & D IS C U S S IO N

THE PHENOLIC ACIDS found in oatseed meal are given in 
Table 1. Their identity  was confirmed by specific color reac
tion, Rf values and comparison with authentic compounds 
(Durkee and Thivierge, 1975). Ferulic acid was the major acid, 
although traces were found in the free form , the bulk of the 
ferulic acid was derived from soluble or insoluble bound 
forms, after alkaline hydrolysis. Incubation of the soluble frac
tion with )3-glucosidase yielded ferulic acid also, which suggests 
the presence of soluble glucose ester. The largest amounts of 
ferulic acid were liberated by alkaline hydrolysis o f the insol
uble residue. This was essentially true of the other acids found 
in a bound form: vanillic, p-coumaric, sinapic and p-hydroxy- 
benzoic acids. Traces of free p-coumaric acid were found in 
the 70% ethanol extract.

The results are indicative of the presence of simple soluble 
esters and to  a greater extent of more complex insoluble sub
stances where these acids are found in ester linkage, probably 
bound to  polysaccharides, protein or certain cell wall material.

Daniels et al. (1963) found both  ferulic and caffeic acids in 
defatted oat seeds after hydrolysis o f a direct ether extract. 
Our ether extraction, following a prior defatting with hexane, 
only revealed a small am ount of ferulic acid after alkaline 
hydrolysis. This supports their evidence that ferulic acid may 
be bound as a fatty  acid ester (e.g., glyceride).

The values for the total alkali-labile ferulic acid are shown 
in Table 2. These values were obtained from two different

Table 1—Major phenolic acids in oats (Hinoat)

Esters (alkali and j3-glucosidase labile)

Substance Free Sol. bound Insol. bound E ther ext.

Ferulic acid trace ++a + + +  +

V an illic  acid trace +

Sinapic acid + ++

p-C oum aric  acid trace + +

p -H y d ro x y  benzoic  

acid

+ +

a plus marks (+) indicate the relative in tensity o f the  spots.

Table 2—Total alkali-labile ferulic acid (Hinoat)

Optical
Extract density ppm

10 grams (final vol 5 ml) 0.45 300 ppm
5 grams (final vol 2.5 ml) 0.40 290 ppm
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samples of seed meal extracted with 2N NaOH for 4 hr at 
room tem perature and are in good agreement. As can be noted 
from the Table the concentration of 300 ppm ferulic acid is a 
high value. The total soluble bound ferulic acid in wheat and 
triticale flour is in the range, 20—30 ppm (Maga and Lorenz, 
1974b). This suggests that most of the ferulic acid of oats is in 
an insoluble bound form.

Proanthocyanidins were not detected in the oat grain ex
tract by either vanillin-HCl test on paper chrom atogram s or by 
the digestion m ethod. Only brownish-yellow colors were ob
tained at 100°C (water-bath). This result is not entirely unex
pected since only a few cereals contain condensed tannins. 
Sorghum Vulgare (Strum eyer and Malin, 1975) and Hordeum  
Vulgare (Bate-Sm ith and Rasper, 1969) and the nature of 
these tannins have no t as yet been fully clarified.

There were no indications of flavone glycosides on two- 
dimensional chrom atogram s developed in one direction with 
BAW and in the o ther w ith 5% acetic acid. However, since 
some C-glycosylfavones were reported in leaves of Avena sativa 
(Harborne, 1967), further work is necessary to prove the pres
ence or absence of these unhydrolyzable flavones in the oat 
seed.

The results obtained here so far show that free phenolic 
acids can occur in oat flours. These could be liberated during 
processing procedures or cooking and baking under either acid 
or alkaline conditions. Ferulic acid, however, is readily 
destroyed at higher tem peratures under acid conditions and 
caffeic acid under even mild alkaline conditions (Van Sumere 
et al., 1172). The o ther acids are much more stable (e.g., vanil
lic and p-hydroxybenzoic acids). These stable acids, if pro
duced by hydrolysis during extraction or by processing and 
cooking might contribute to taste. The taste threshold for a 
1:1 mixture of vanillic and p-hydroxybenzoic acids is 10 ppm 
(Maga and Lorenz, 1973).

From the results obtained it appears that objectionable 
taste due to  phenolic acids in protein meal is possible. Discol
oration, due to  phenols may be minimal because of the ab
sence of tannins and other easily oxidizable phenols in the 
grain. Further work is in progress to  understand the com plex 
nature of the bound insoluble polyphenols and to  explain the 
binding or association between phenols and proteins.
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PROTEIN Q UALITY  EVALUATION OF AN INSTANT BEAN POWDER 
PRODUCED BY DRY HEAT PROCESSING

--------------------------------- ABSTRACT ----------------------- --------
Instant bean powders were prepared by roasting navy beans in a bed of 
salt at 190°C for 20 sec or 220°C for 10 sec followed by grinding in a 
Wiley Mill. The powders were evaluated for antitrypsin activity and for 
relative protein value (RPV). The RPV’s of methionine-supplemented 
and unsupplemented samples were superior to casein and equal to 110% 
and 60% of the RPV of casein, respectively. Tl^e heat treatment 
destroyed 70-80% of the antitrypsin activity originally present. Poten
tial applications of the dry heat process are discussed.

INTRODUCTION
A MACHINE for puffing pieces of food product with a heated 
granular material was developed by Bateson and Harper 
(1970). It is a m odification of Benson’s equipm ent used to 
puff cook cereal pieces very rapidly (Benson, 1966). It has 
been further developed in the D epartm ent o f Agricultural 
Engineering at Colorado State University for use in dry roast
ing beans and other crops (Raghavan and Harper, 1974). The 
process consists of roasting the beans in a heated bed of salt 
(NaCl) and then cooling and grinding. It presents obvious eco
nomic and ecological advantages. The unique feature of the 
dry heating m ethod is that it eliminates contam ination and 
spoilage as well as waste water associated with other bean 
processing methods.

Feeding trials carried out w ith large turkeys showed no 
difference in weight gain or gain/feed between birds fed a 
commercial diet containing soybean meal or a m odification of 
such diet in which the meal was replaced by either the CSU 
salt-bed roasted whole soybean or by a Roastatron roasted

1 Present address: Federal Univ. o f Bahia, Salvador, B razil

whole soybean (Turner et al., 1973). The salt-bed roasted full- 
fat soy flour was evaluated as a potential protein supplement 
for white bread and no differences in bread perform ance were 
noted when compared to a commercial full-fat soy flour 
(Harper and Lorenz, 1974). In this com m unication protein 
quality evaluation of navy bean powders made using this pro
cess is described and possible product uses suggested.

EXPERIMENTAL
NAVY BEANS, purchased from Lakeland Bean Company, Olivia, 
Minn., were roasted in a bed of heated salt under conditions of time 
and temperature to be specified by the method previously described 
(Harper and Lorenz, 1974).

Samples used in this study were raw, autoclaved (120°C for 8 min) 
and roasted (at 190°C and 220°C for 30 sec and 10 sec, respectively) 
navy beans. The roasting in either case resulted in a maximum average 
bean temperature of 110°C when the beans were removed from the hot 
salt. The samples were cooled in air and were at 65°C after 2 min of 
cooling. Raw and processed bean samples were ground in a laboratory 
Wiley Mill to piss through a 0.5 mm sieve. Trypsin inhibitor activity 
was measured by a modification (Kakade et al., 1974) of the original 
procedure of Kakade et al. (1969).

The method utilized for estimating the nutritive value of the pro
teins was the Relative Protein Value (RPV) method as described in PAG 
Guideline 16 (PAG, 1975). The diets were prepared by incorporating 
the protein sources at the expense of corn starch into a protein-free 
basal diet to furnish either 2%, 5% or 8% protein (N x 6.25). All bean 
samples were evaluated unfortified or when fortified with 0.6% DL- 
methionine. The nitrogen content of the dietary protein sources was 
determined by the macro-Kjeldahl method (AACC, 1962). The basal 
diet contained (grams/100 grams diet) corn starch 85, corn oil 10, salt 
mixture USP XVII 3 and vitamin mix (Nutr-Biochem) 2. The reference 
protein was ANRC reference casein (Sheffield Chemical Co.).

The diets were fed to young male rats (Carworth CFE) weighing 
70-83g (mean 76g) for 14 days. A total of 15 rats were fed each

Table 1—Relative protein value o f heat-processed bean powders

Casein Aut + Met. 190°C + Met 220° C + Met Aut. 190° 220° C

Slope 2 9 .4 26 .9 3 1 .6 33 .9 16.8 1 7 .6 17 .6

Intercept - 12.1 - 1 2 .3 - 1 7 .0 -1 6 .1 - 1 5 .4 - 1 6 .7 - 1 4 .6
Correlation coef. (%) 9 9 .2 97.1 9 7 .5 9 7 .3 9 5 .9 9 1 .2 8 6 .5

95%  C onf. lim it (slope)
Lower 2 7 .2 2 2 .9 2 7 .3 29.1 13.8 12.9 1 1 .5

Upper 3 1 .7 30.9 3 5 .9 3 8 .7 19.8 2 2 .4 2 3 .6

95%  C onf. lim it (in tercept)
Lower - 1 4 .8 - 1 6 .9 -2 1 .2 - 2 1 .5 -1 8 .1 - 2 0 .3 - 1 9 .0

Upper -  9 .5 -  7 .7 - 1 2 .7 - 1 0 .7 -1 2 .8 -1 3 .0 - 1 0 .3

Relat. P rot. Value 100.0 9 1 .4 1 07 .3
_______________

115.1 5 7 .2 5 9 .9 59 .6
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protein source. The slopes of the regression lines relating body weight 
gain to nitrogen intake were calculated for the test samples and ex
pressed as a percentage of the slope for casein. 95% confidence intervals 
based on the t-distribution were set on each slope and intercept.

RESULTS & DISCUSSION
THE RESULTS of the rat feeding study are shown in Table 1. 
The relative protein values of the bean samples roasted at 
190°C and 220°C were 59.9 and 59.6 respectively compared 
to  a value of 57.2 for autoclaved beans. In the presence of 
added m ethionine, relative protein values were 107.3 and
115.1 for beans roasted at 190°C and 220°C respectively com
pared to 91.4 for methionine fortified autoclaved beans. 
Trypsin inhibitor activities (TIU) expressed in term s of TIU/ 
mg of dry sample were as follows: raw beans 17.3, autoclaved 
beans 2.4, 190°C roasted beans 4.9, and 220°C roasted beans 
3.1. The percentages of inhibitor destroyed were 86%, 72% 
and 82% respectively for autoclaved, 190°C roasted and 220°C 
roasted beans. The results of the biological evaluation and 
determ ination of trypsin inhibition activity strongly suggest 
tha t the dry heat processing was equivalent to  autoclaving in 
the inactivation of anti-growth substances. From  the stand
point o f protein quality and digestability, the instant bean 
powders prepared from the roasted beans are likely to be fully 
satisfactory for hum an use. Another possible application of 
the dry heat process could be in reducing the m oisture content 
of whole beans for storage. It has been reported tha t low 
moisture conten t is a very im portant factor in maintaining 
good quality in stored beans (Morris and Wood, 1956; Burr 
and Kon, 1967). The optim um conditions of dry heat process
ing for this process were not determ ined in the present study. 
It seems likely that a much lower tem perature, perhaps around 
90—120°C would be desirable to  reduce splitting and cracking.

The present report suggests several potential applications of 
a dry heat process for making an “ instan t” powder from navy 
beans. Potential applications could include m eatloaf extender,

refried beans and bean dips and soups. It is also suggested that 
the process may have value in pre-treating beans prior to  sto r
age, particularly in less developed tropical countries where 
storage facilities are inadequate. Experiments in this labora
tory are currently in progress to  define further the practical 
applications of the process.
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A Research Note 
Bdellovibrio IN FOODS

--------------------------------  ABSTRACT ------— ----- ------------—
Bdellovibrio bacteriovorus is a unique parasitic microorganism that is 
capable of inhabiting and growing in the intraperiplasmic space of other 
bacteria. The ecological role of this organism has been reported in soil, 
sewage and polluted rivers. The analysis of various foods revealed para
sitic organisms, but no Bdellovibrio. The inoculation of Bdellovibrio 
into foods resulted in a slight increase or decrease of the parasite and no 
apparent effect on the host cell population.

INTRODUCTION
AN UNUSUAL PARASITIC, gram-negative bacterium , Bdel
lovibrio bacteriovorus was discovered in 1962. This organism is 
capable of attaching to , penetrating, and growing in the in tra
periplasmic space of other bacteria (Stolp and Starr, 1963; 
Starr and Siedler, 1971). Although m utant strains of Bdello
vibrio have been isolated tha t grow on artificial media, in gen
eral, the parasite needs a host population in which to  grow. 
The life cycle of Bdellovibrio is similar to phage development 
and consists of attachm ent of the organism to  a host bac
terium , followed by penetration of the parasite through the 
host cell wall. The next step involves growth of the Bdello
vibrio at the expense of host cell cytoplasm , until fragmenta
tion in to  daughter cells occurs.

Bdellovibrio occurs widely in nature. The interaction of this 
parasite with normal flora in a particular ecosystem was postu
lated as being a significant factor in controlling the bacterial 
populations that were present. Research has centered around 
the relationships of Bdellovibrio and potential host popula
tions in soil, sewage, and polluted rivers (Dias and Bhat, 1965; 
Klein and Casida, 1967; Fry and Staples, 1974; Hendricks,
1974). However, no research has been reported on the role of 
Bdellovibrio in foods. The purpose of this study was to  deter
mine if Bdellovibrio are present in food products and what 
effect the organism might have on bacterial populations that 
are present.

MATERIALS & METHODS
Bdellovibrio bacteriovorus 109J and Escherichia coli ML35, the host 
organism, were kindly furnished by Dr. Sydney C. Rittenberg, Univer
sity of California, Los Angeles, Calif. Dilute nutrient broth (DNB) 
medium, described by Rittenberg and Shilo (1970), was used for 
growth of Bdellovibrio. Host and parasite populations were inoculated 
simultaneously into 30 ml of DNB medium in a 125 ml Erlenmeyer 
flask and incubated on a shaker at room temperature. After 24 hr 
incubation, a microscopic examination revealed few E. coli host cells 
and by means of the double-layer agar technique (Stolp and Starr, 
1963) the yield of Bdellovibrio was determined to be 109 plaque
forming units (PFU) per ml. Stock cultures of Bdellovibrio were main
tained in sterile, screw-cap test tubes at 4°C.

The foods analyzed in this study were obtained from stores or a 
home garden in the Columbus, Ohio, area. The foods were prepared for 
analysis by the rinse technique, using a plastic bag, or by blending in a 
Waring Blendor jar. The liquid for rinsing, blending, or making further

dilutions was sterile 0.1% peptone water. A double-layer agar technique 
was used to determine if Bdellovibrio were present. The blended sample 
or rinse water was also filtered through a 1.2 /xM Millipore filter and 
then the filtrate was analyzed for the possible presence of Bdellovibrio. 
Filtering removed part of the normal flora from the sample, but 
allowed the smaller bdellovibrios to pass through. This procedure facili
tated the identification of plaques which were characteristic of Bdello
vibrio, when using the double-layer agar technique, by preventing inter
ference from the normal flora. Plates were incubated at 32°C and 
checked daily for the presence of plaques. Plaque morphology was 
observed with a stereo microscope. In addition, material was removed 
from within the plaques for examination under a phase-contrast micro
scope.

Ground beef and milk samples were inoculated with Bdellovibrio to 
determine the effect of the organism on the normal flora of the prod
uct. Bdellovibrio cultures were filtered through a 1.2 pM Millipore 
filter, prior to inoculation of a food sample, to remove any E. coli host 
cells that remained. The double-layer agar technique was employed for 
enumeration of Bdellovibrio. Plates were incubated at 32°C and plaques 
were counted after 4 days incubation. Plate count agar (Difco) and 
violet red bile agar (Difco) were used for determining total and coliform 
counts, respectively, using duplicate plates with the pour plate method. 
The plates were incubated at 32°C for 24 hr and colonies were counted 
with the aid of a Quebec colony counter. Control samples were left 
uninoculated and examined as described above.

RESULTS & DISCUSSION

THE GROWTH REQUIREMENTS of Bdellovibrio limited the 
types of foods that were analyzed. The organism has an opti
mum pH of 7.5, a host population of 107 cells/ml, and re
quires aerobic conditions in order to sustain its growth. Many 
food products do no t satisfy the conditions necessary to sup
port growth of the parasite. However, Bdellovibrio is a com 
mon soil inhabitant and is associated with sewage and polluted 
rivers. Therefore, fresh fruits and vegetables, which might have 
the parasite present on their surfaces if the product had not 
been washed properly, were analyzed for the presence of Bdel
lovibrio.

Sixty-eight food samples were examined, and plaques were 
observed on the plates o f 19 of these foods. Observation of 
these plaques with a phase microscope revealed that 12 sam
ples contained myxobacteria, six contained amoebic proto- 
zooans and one sample contained both types of m icroor
ganisms. Plaques characteristic of Bdellovibrio are much 
smaller than plaques formed by myxobacteria and amoeba, 
and also take more tim e to  develop. Because of their small 
size, Bdellovibrio plaques could be overgrown by the nonhost 
bacteria in the sample. The rinse water was filtered through
1.2 ;uM Millipore filters to  aid in the removal of the normal 
flora and alleviate this problem ; however, no plaques charac
teristic of Bdellovibrio were found.

Bdellovibrio was added to ground beef and pasteurized milk 
to determine if this parasite would influence the host popu
lation in food products. After storage of the ground beef sam-
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pies for 1 day at room  tem perature, the m eat was spoiled; 
however, the samples were analyzed to  determine if the high 
bacterial population would stim ulate Bdellovibrio growth. The 
cohform  count reached 1.0 X 108 cells/g after 1 day and 
continued to  increase during the 4-day incubation period, pro
viding a host population capable of supporting the growth of 
Bdellovibrio. However, the Bdellovibrio count decreased from
2.0 X 106 PFU/g to  3.1 X 104 PFU/g during the storage 
period, a survival o f only 1.5%. At 4°C, the low coliform 
population and lower tem perature were not suitable for growth 
of the parasite. However, the lower tem perature did enhance 
the survival of the organism, since 65.4% of the original Bdel
lovibrio inoculum  remained after 4 days incubation.

Pasteurized milk was inoculated w ith Bdellovibrio to  deter
mine if the organism could grow in a liquid food product. 
Because pasteurized milk has a low coliform population, E. 
coli was added to  provide a host concentration suitable for 
Bdellovibrio growth. In the milk seeded w ith E. coli, Bdello
vibrio was capable of reproduction, although at a very slow 
rate. Within 48 hr, the parasite population  reached its highest 
concentration; however, the increase was slight, and after 48  
hr the parasite population began to  decrease.

It also was apparent that the presence of Bdellovibrio in 
ground beef or milk had no effect in reducing the bacterial 
populations in these products. The coliform counts of Bdello- 
W6no-seeded and unseeded samples showed similar results.

In both ground beef and pasteurized milk, the results 
showed tw o im portant points: (1) that Bdellivibrio could not 
grow in these food products; and, (2) that the presence of 
Bdellovibrio had no effect on reducing the bacterial popula
tions inherent in the food products.

The growth of Bdellovibrio is best when a growth-limiting 
medium for the host organism is used. In this type of medium, 
the slower growing Bdellovibrio can com pete with the host

organism and eventually result in its elim ination. G round beef 
and pasteurized milk are not growth-limiting media for if. coli. 
Even if the bdellovibrios had been able to  grow, their presence 
would no t play an im portant role in reducing the bacterial 
populations that were present.

The results from the addition of Bdellovibrio in to  food 
products agree with other studies on the ecological significance 
of bdellovibrios in soil, sewage and polluted rivers, by having 
no effect on reducing the indigenous bacterial populations 
(Dias and Bhat, 1965; Hendricks, 1974; Keya and Alexander,
1975).

Bdellovibrio could not be detected on any of the food sam 
ples analyzed, and when the parasite was added to  a food 
product, it could no t m ultiply. Thus, it is doubtful that Bdel
lovibrio has any significant role in food products.
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A Research Note
EFFECT OF HANDLING AND PROCESSING ON 

DISCOLORATION OF ALBACORE TUNA

---------------------------------ABSTRACT----------------------------------
Occasionally, in the canning of tuna, normal appearing tuna flesh will 
turn from a desirable white color to an undesirable green color after 
precooking and prior to retorting. Results demonstrated that the differ
ent systems used by the fishermen to hold local albacore tuna prior to 
delivery to the processor had little influence on the incidence of green 
discoloration of precooked tuna. Furthermore, frozen storage of local 
tuna, up to 3 months, did not increase the incidence of green discolora
tion of precooked tuna.

INTRODUCTION

THE OCCURRENCE in canned tuna of an off-color known as 
“ greening” is a m atter of concern and of financial loss to  the 
processing industry. The discoloration of the m eat generally 
takes place during the precooking of the tuna prior to  canning.

Nagaoka and Suzuki (1964) have proposed that the heme 
pigments and TMAO (trim ethylam ine oxide) content of tuna 
flesh were involved and that they may be used in predicting 
the discoloration after the flesh is cooked. Further work 
showed tha t reducing agents were involved and cysteine in the 
presence of m etmyoglobin and TMAO produced a green pig
ment after heating (Koizumi and Matsuura, 1967; Ok-Koo et 
al., 1969). Since then, a num ber of investigators have reported 
the distribution of TMAO in tuna flesh and the use of TMAO 
as a tool for predicting the color to  be expected when the flesh 
is cooked (Yamagata et al., 1971; Chung et al., 1973).

Recently, there was an outbreak of greening in our local 
albacore tuna industry. Local processors, sharing the concern 
of distant skipjack tuna processors (Nonaka and Koizumi,
1973), felt that the outbreak may have been the result of the 
rapid growth of brine freezing systems being used by the fish
ing industry. This study was undertaken to  determine the ef
fect of current handling and processing procedures on discolor
ation of albacore tuna. The relationship of TMAO to the han
dling and processing procedures was also investigated.

EXPERIMENTAL
Materials

Local albacore tuna (Thunnus alalunga) were randomly selected 
from seven vessels fishing off the coast of North America, North of the 
Columbia River to Vancouver Island. The fishing vessels were making
14- to 20-day trips. Upon delivery, the temperature of the loin muscle 
of eight tuna from each vessel was immediately measured using an 
Esterline Angus multipoint recorder. The tuna were tagged and, after 
thawing in cold water, were processed and evaluated by a local proces
sor. A sample of muscle, free of connective tissue and skin, was re
moved from between the tail and anal opening for chemical analyses. 
After visually inspecting the subsequently precooked and cleaned tuna 
by a local processor, samples were taken for evaluating the color using a 
Hunter Color and Color Difference Meter.

For the 3-month storage trial, 20 tuna from each of the fishing 
vessels were randomly selected during unloading. A sample of muscle, 
free of connective tissue and skin, was removed from the area between 
the tail and anal opening of each of the 20 tuna. The exposed flesh of 
the tuna was sealed by wrapping the tuna several times with plastic PVC 
wrapping film to prevent desiccation during subsequent frozen storage. 
Five tuna were immediately processed and evaluated by a local proces
sor. The remaining 15 tuna were held at —18°C until processed. At 
monthly intervals, five tuna from each lot were removed from frozen 
storage and sampled. The sample of flesh for the chemical analyses was 
removed directly opposite the backbone of the initial sampling. The 
tuna were then thawed in cold running water (14 hr), processed and 
evaluated by a local processor.
Chemical analyses

Tire method of Yamagata et al. (1969) for the reduction of TMAO 
(trimethylamine oxide) to TMA (trimethylamine), was used to deter
mine TMAO. TMA was determined using the picric acid procedure of 
Dyer (1959) as modified by Murray and Gibson (1972), where 45% 
potassium hydroxide (KOH) was substituted for saturated potassium 
carbonate (K2 C03). The absorbance was read at 410 nm and the differ
ence between total TMA (TMAO + TMA) and TMA values represents 
the amount of TMAO.

The pH of a blend of tuna flesh (lOg flesh to 40g distilled water) 
was determined using an Orion digital pH meter.

The color of the precooked tuna flesh was determined visually and 
by the use of Hunter Color and Color Difference Meter. The meter was 
standardized against a Standard Panel 31, Ivory, having an “L” value of 
75.1, “a” value of -1 .3 , “b” value of 23.1.

The method of Vander Werf and Free (1971) was used to determine 
the salt content.

RESULTS & DISCUSSION

Effect of handling
Coil systems were introduced several years ago and instead 

of holding the tuna in ice, the tuna are frozen on coils. Recent
ly, brine tanks have been installed on some of the vessels. 
During good fishing periods, the tuna are partially frozen in 
the brine tank (held up to 4 hr) and then placed on the coils. 
At the same time, spray brine systems were being introduced. 
In this system the tuna are frozen and held with a cold brine 
being sprayed over them.

The tuna examined off the various vessels using these differ
ent systems were in very good condition. The internal tem 
peratures o f the tuna loin muscle from the iced, coil and spray- 
brine vessels were found to average 4.1°C, —4.9°C, and 
-3 .1 °C , respectively. The salt content o f tuna held with ice or 
coil systems was less than 0.1%, but varied from 0.2 —1.2% 
(0.7 ± 0.3) in tuna held with the spray-brine system. The pH 
of the tuna flesh was 5.9 ± .08 and did not vary between the 
vessels.

The results in Table 1 indicate tha t the presence of greening 
can be observed in tuna from each of the various systems being 
used on the vessels. All the tuna examined were in very good 
condition and none of them would have been rejected because
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Table 1 —Relationship o f systems used in vessels to greening o f alba- Table 2—Relationship o f handling and storage at 2CT C to greening o f
core tunaa albacore tunaa

Precooked m eat

N o . o f tu n a  w ith

Boat system
Raw  m eat 

T M A O  (jug/g)

H unter “ a”  
value

visual traces 
o f greening

Ice
Vessel A 6 4 4 .8  ± 2 1 0 .2 1 .9 6  ± 1 .12 1
Vessel B 7 8 4 .5  + 3 1 5 .0 2 .6 0  ± 0 .6 0 3

Coil
Vessel C 6 9 6 .4  ± 1 29 .0 0 .9 7  ± 0 .8 7 1

Brine-coil
Vessel D 5 5 4 .4  ± 2 7 7 .9 2 .6 2  ± 0 .7 0 4

Vessel E 6 2 5 .7  ± 72 .2 1 .5 0  ± 0 .5 0 1
Spray brine

Vessel F 4 4 8 .4  ± 1 54 .5 3 .0 0  ± 0 .9 0 0
Vessel G 613.1 ± 84.1 2 .0 0  ± 0 .5 0 3

a M ean values 
vessel during

± std dev fo r e ight tun a  random ly  
unloading.

selected fro m  each

of the discoloration. The plant personnel examining the tuna 
were especially critical for any sign of greening which included 
odor ( “grassy” arom a) and texture ( “stringy” ), as well as 
color. The TMAO content between the individual tuna varied 
greatly. The various systems of cooling and freezing used on 
the vessels did no t affect the level of TMAO in the tuna.

Handling and storage of the tuna at —20°C did not affect 
the incidence of greening (Table 2). Even the tuna with traces 
of greening were still in very good condition and would not 
have been rejected because of the discoloration.

However, a more pronounced greening was predicted to 
have occurred. Yamagata et al. (1971) reported that yellowfin 
tuna containing 9 mg % TMAO-N would most probably turn 
green after precooking. This level corresponds to 481 /rg 
TMAO/g tissue. The low incidence of greening may be related 
to  the myoglobin content o f the tuna (Yamagata et al., 1970) 
or differences between the two species.
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U TILIZATIO N  OF A FISH PROTEIN ISOLATE IN 
WHIPPED GELATIN DESSERTS

A  Research Note

--------  -------------------- ABSTRACT — ----------— ----- —
A fish protein isolate developed for its whippability was evaluated in a 
whipped gelatin dessert. The isolate was substituted for 30, 60 or 100% 
of egg albumin. No significant differences in the desserts were found for 
appearance, texture, tenderness, mouthfeel, and flavor. Increased speci
fic gravity and rigidity, decreased index of volume and pH accompanied 
increased levels of the isolate. However, these differences are of rela
tively little importance in terms of an acceptable product. Panel mem
bers indicated a preference for the product with higher levels of the 
isolate which had a more intense fruit flavor. The isolate can be used as 
a substitute for egg albumin in production of foams.

INTRODUCTION

IN RECENT YEARS, much attention has been given to the 
development of various protein products from fish, including 
fish protein isolates (FPI). Many forms of the isolate have been 
developed. Each form  was an attem pt to improve the isolation 
procedure, functional characteristics or other aspects of the 
isolates (Spinelli e t al., 1972b). Enzymatically modified suc- 
cinylated myofibrillar protein (EMSMP) is a fish protein iso
late that was developed to have excellent whipping properties 
(Groninger and Miller, 1975). Although some laboratory 
experiments have been conducted, little research has been pub
lished concerning the whipping properties of EMSMP in an 
actual food product. It is widely recognized that the perform 
ance of a protein product in a laboratory situation is not nec
essarily an indication of its potential in food system (Wolf,
1970). This study evaluated substituting EMSMP for egg 
albumin as a whipping agent in a whipped gelatin dessert. The 
EMSMP was prepared as outlined by Spinelli e t al. (1972a).

EXPERIMENTAL
Preliminary tests

Preliminary tests were conducted to study the whippability of, 
EMSMP and water. Since the EMSMP foam was to replace a foam of 
dried egg albumin and water, the EMSMP was substituted directly for 
the egg albumin on an equal protein basis. However, the consistency of 
the EMSMP and water mixture using these proportions was extremely 
viscous and would not whip. A lower ratio of EMSMP to water was 
necessary to allow for hydration and extension during whipping. Sev
eral levels of EMSMP to water were tested. Percentage drip loss and 
specific gravity were used to determine the desired ratio of EMSMP to 
water for use in a foam. The foam with the lowest ratio of EMSMP to 
water that remained stable for 1 hr was used. Therefore, total weight of 
the foams was the basis for substitutions. Eight grams of egg albumin 
were needed to make 60g of foam; whereas, only 1.8g of EMSMP were 
needed to make the same weight of foam. The EMSMP foam thus 
contained more water by weight and less solids by weight than the egg 
albumin foam.

Preparation of foams and desserts
Egg albumin foams were' substituted with EMSMP foams at 0, 30, 

60 and 100% levels in a whipped gelatin dessert. Treatment group A 
incorporated 100% dried egg albumin as a protein source and treatment 
group D incorporated 100% EMSMP as a protein source. Treatment 
group E evaluated the contribution of EMSMP (0%) to a foam when a 
low level (40%) of egg albumin was used.

To prepare the dessert, 250g of a gelatin dessert mix (Strawberry 
Jello) were dissolved in 700 ml of boiling water. Cold water (530 ml) 
was added, and the mixture chilled at -20°C for 70 min. The chilled 
mixture was whipped for 4 min at high speed then divided into five 
240-g portions. Egg albumin and/or EMSMP and water foam was pre
pared by whipping the protein substances and water for 4 min at high 
speed. The foam (60g) was added to a 240-g portion of whipped gelatin 
mixture and whipped at high speed for 30 sec. The product was placed 
in a 1000-ml beaker and chilled for 18 hr at 4°C. Aliquots were then 
taken for sensory and objective tests.
Subjective evaluation

A sensory panel of seven food and nutrition majors was trained to 
evaluate the quality factors of whipped gelatin desserts. The factors 
were defined and discussed until uniform scoring of a standard was 
obtained. Six replications were judged. Fifteen minutes before evalua
tion, 15-g portions were taken with a melon ball scoop and put on 
coded dishes. All samples were presented randomly to each judge in 
individual booths illuminated with incandescent light.

Sensory panel members judged the desserts for appearance, texture, 
tenderness, mourhfeel, and flavor using a descriptive scoreing scale of 
seven points (See Table 1). Subjective test scores were evaluated statis
tically using ANOVA and Duncan’s multiple range test (Duncan, 1955).
Objective evaluation

Specific gravity and stability measurements of the desserts were 
conducted using the methods of Funk et al. (1971). The index to 
volume was estimated using the method of Finklin and Vail (1946). 
Rigidity of the dessert was determined with a precision penetrometer 
equipped with a cone weighing 10.2g and released for 3 sec. The pH of 
the dessert was measured with a Beckman pH meter (Miller et al.,
1959). Objective tests were evaluated statistically by using ANOVA and 
Duncan’s multiple range test (Duncan, 1955).

RESULTS & DISCUSSION
PROPERTIES that a protein product must display in order to 
be used as a whipping agent in an unbaked food product in
clude dispersability, foam form ation, and foam stability (Ham
monds and Call, 1970). Subjective and objective tests were 
conducted to  test the EMSMP for these characteristics.

The results of the subjective tests are given in Table 1. No 
significant differences were found. However, the general trend 
of the scores reflected an improved product as the am ount of 
EMSMP level increased. This is illustrated consistently for ten
derness, m outhfeel anf flavor values. The appearance or air cell 
size increased as the level of EMSMP increased. A comparison
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Treatment group

Table 1-M eans, standard deviations and significant differences of subjective quality factors for whipped gelatin desserts

%  Total egg albumin foam /% total EMSMP foam

A B C D E
100/0 70/30 40/60 0/100 4 0 /0

A ppearance3 0 .5 0  ± 0 .7 4 0 .4 5  ± 0 .7 7 0.91 ± 0 .7 6 1 .1 4  + 1.07 0 .9 8  ± 1 .0 2

T e x tu re 13 0 .1 7  ± 0 .7 0 0 .2 6  ± 0 .6 7 - 0 . 0 5  ± 0 .6 2 0 .1 2  ± 0 .5 9 0.21 ± 0.68

Tenderness0 - 0 .8 1  ± 0 .7 4 - 0 .6 7  ± 0 .6 5 - 0 . 2 4  ± 0 .6 6 0 .1 7  + 0 .7 0 - 0 .3 1  ± 0 .5 6

M ou th fee ld - 0 .9 3  ± 1 .05 - 0 .7 1  ± 0 .8 6 - 0 . 2 6  ± 0 .7 3 0 .0 5  ± 0 .7 3 - 0 .3 6  ± 0 .7 3

Flavore - 0 .6 7  ± 1 .0 0 - 0 .6 7  ± 0 .7 2 - 0 . 1 7  ± 0 .5 8 0 .0 7  ± 0 .4 6 - 0 .1 2  ± 0 .6 7

a Increasing score indicates an increasing air hole size
b Increasing positive score indicates increasing gumminess and a negative score indicates increasing graininess 
c Increasing positive score indicates increasing rubberiness and a negative score indicates increasing tendency to fall apart 
d Increasing positive score indicates increasing dryness and a negative score indicates increasing slimness or wateryness 
e Increasing positive score indicates increasing off-flavor and a negative score indicates decreasing fru ity flavor

Table 2—Means, standard deviations and significant differences of objective quality factors for whipped gelatin desserts

Treatment group Significant differences3

%  Total egg albumin fo am /% Total EMSMP foam

Objective
tests

A
100/0

B
70/30

C
4 0 /6 0

D
0/100

E
4 0 /0 at 1.0%

Additional
at 5 .0%

Specific gravity 0 .3 9 5  ± 0 .0 1 9 0 .4 2 7  ± 0 .0 2 4 0 .481  ± 0 .0 2 5 0 .6 0 5  ± 0 .0 2 3 0 .4 1 7  ± 0 .0 2 0 A E B C D C < D
Index to  voi. 7 .8 7  ± 0 .4 2 7.31 ± 0 .3 0 6 .6 2  ± 0 .3 4 5 .1 6  ± 0 .2 3 7 .6 8  ± 0 .3 5 A E B C D B < A

cm
R ig id ity , 1.41 ± 0 .0 8 1.41 ± 0 .0 8 1 .3 0  ± 0 .0 7 1 .2 9  ± 0 .0 3 1.40 ± 0 .0 6 B A E C D None

cm
pH 4 .4 8  ± 0 .1 3 4 .41 ± 0 .1 0 4 .2 8  ± 0 .0 7 4 .1 7  ± 0 .0 5 4 .1 8  ± 0 .0 7 AB C E P None

a AH items underscored by one consecutive line are not significantly different (Duncan, 1955).

of treatment groups C and E resulted in a definite indication 
of the functional role of the EMSMP in the quality of the 
foam.

The objective test results of the whipped gelatin desserts are 
summarized in Table 2. Specific gravity and rigidity of the 
products increased, while volume and pH decreased as the level 
of EMSMP increased. The specific gravity of treatment D was 
significantly (P <  0.05) greater than that of all other treatment 
groups. Volume of the products as determined by the index of 
volume decreased significantly as the percentage of EMSMP 
was increased above 60%. The significant difference in volume 
of treatments E and C indicates that the EMSMP has a suppres
sion effect on the volume of these products.

The specific gravity and subjective data of air cell size of 
the foams indicate no difference in treatment C and E. How
ever, the increase in specific gravity and decrease in volume in 
a foam-type product yields a more compact texture. This was 
also paralleled by an increase in the intensity of the fruit fla
vor, which the judges liked. Differences among groups in rigid
ity were not significant. The pH of groups A and B was signifi
cantly (P <  0.01) different from the pH of groups C, D and E. 
All whipped gelatin desserts remained stable for the test period, 
as indicated by a lack of drip loss.

EMSMP can be used as a whipping agent to replace egg 
albumin. The foam formed is stable with a smooth texture. It 
can be manipulated as an egg albumin foam. The flavor and 
mouthfeel are acceptable in a delicately flavored product. 
EMSMP is of high nutritional quality making it possible to 
substitute it for egg albumin or soy protein isolates.
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MIGRATION OF PLASTICIZERS FROM POLYVINYLCHLORIDE  
PACKAGING FILMS TO MEAT

A Research Note

-------------------------------- ABSTRACT --------— ------- — -------
The migration o f plasticizers used in polyvinylchloride films was investi
gated. Meat and meat/fat mixtures were covered w ith film  placed be
tween glass plates and stored at 4 ± 0.5° C. A t predetermined storage 
times, samples were extracted, extracts saponified, and alcoholic con
stituent o f plasticizer determined by gas chromatography. In-the case 
of di (2-ethylhexyl) adipate, up to 23.5 mg/dm2 migrated to the high 
fat meat. The migration to lower fat contents meat was proportionally 
lower.

INTRODUCTION
POLYMERIC MATERIALS (plastics) are used in a wide array 
of products directly in contact with food and biological mate
rials. The commercial versions of these plastics contain various 
additives used for heat and light stabilization, process facilita
tion, surface properties and many other special purposes.

Among these additives often the largest component is the 
plasticizer used to modify mechanical properties. At various 
times, questions have been raised concerning the safety of such 
additives in view of their tendency to migrate. Such questions 
of safety involve both the immediate hazards posed, for ex
ample, by polymeric devices used in human therapy and the 
chronic case as from continued ingestion of foods packaged in 
various types of polymeric containers. Phthalates and adipates 
often used as plasticizers in films for fresh meat packaging 
seem to have a low order of toxicity; however, their effect on 
health is still not fully known.

In addition to the toxicological considerations, there is 
great need for accurate and reproducible methods for the 
determination of such migrants in biological materials to en
able proper evaluation of risk factors involved.

There are a number of methods for determination of kind 
and amount of plasticizers in polymers, but there are no 
accepted methods for determination of such substances in bio
logical materials. The degree of difficulty between these two 
cases is quite extreme since smaller amounts must be deter
mined as migrants in a much more complex medium.

There are excellent publications dealing with the migration 
of additives from plastics into foods applying radiotracer tech
niques. A review of this work may be found in a paper by 
Figge (1972). Elowever, phthalates and adipates were not in
vestigated in these studies. Phthalates were detected in differ
ent foods including butter (Morita et al., 1973), cheese and 
lard (Pfab, 1967) and milk (Wildbrett, 1973):

Less information is found in the available literature con
cerning adipates. They were detected in blood as a result of its 
contact with plastic biomedical devices (Rubin, 1973). A 
method for the determination of dioctylphthalate and dioctyl- 
adipate in meat has been published by Van Battum and 
Wouters (1969). These authors did not give, however, any 
numerical values of plasticizers detected in meat. No data were

found in the available literature on the amount of di (2-ethyl
hexyl) adipate (DEHA) migrating from film into meat.

Our study was undertaken to prepare a relatively simple 
analytical method for the determination of DEHA present in 
meat as a result of a contact with plasticized film

Another objective was to investigate the influence of fat 
content and time on the amount of plasticizers migrating from 
packaging films into meat.

EXPERIMENTAL
Sample preparation and storage

Meat and meat/fat mixtures (lOOg) were ground, thoroughly mixed 
and placed between sheets of commercially available highly plasticized 
polyvinylchloride film  (film thickness approx 0.5 mil, plasticizer con
tent approx 30%). The samples were pressed between two glass plates 
using 500g weight. An approximately 2.5 mm thick layer o f the mate
rial was formed with two sides 3.87 dm2 each exposed to the film. 
Samples were stored at 4°C and at various intervals analyzed for plasti
cizer content.
Extraction and saponification

Samples were carefully removed from the plates, mixed w ith equal 
amounts o f anhydrous sodium sulfate and extracted for 6 hr with hex
ane in a Soxhlet apparatus. The extract was quantitatively transferred to 
a distillation flask and the solvent removed by evaporation. Potassium 
hydroxide (2N solution in methanol) was added at the rate of 0.8g per 
lg  of fat and saponification was conducted for 4 hr under reflux. 
Separation o f alcoholic constituent of plasticizer

After saponification, methanol was removed by evaporation. Then 
residue was subjected to steam distillation until about 200 ml of distil
late was collected. The distillate was shaken with 50 ml portions of 
ethyl ether for 10 min. The extraction was repeated four times. A ll 
portions of ethyl ether were combined and left overnight with 25g of 
anhydrous sodium slufate. Ethyl ether was separated from Na2 S04 and 
evaporated to an approximate volume o f 50 ml. This solution was then 
used for gas chromatographic examination.

Gas chromatographic (GC) analysis
GC determination of the alcoholic constituent o f the plasticizer was 

conducted under the following conditions:
Gas chromatograph: Hewlett Packard Model 5750 with 

flame ionization detector 
Column: Aluminum 10-ft long, 1/4-in. i. d.
Stationary phase: SE 30 10% on Anachrom ABS
Temperatures:

Column 150°C
Injection port 180°C
Dectector 220° C

Quantitation was made on the basis o f standard curve prepared with 
known amounts of 2 ethyl hexanol.

To obtain recovery factor, meat samples were prepared with known 
amounts o f DEHA. Extraction of plasticizer, saponification, separation 
of alcoholic constituent of plasticizer, and GC analysis were conducted 
using the same procedure as for experimental samples.
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Table 1-Di (2-ethylhexyl) adipate migration into ground meat and
fat (stored at 4°C for 72 hr)

Sam ple

A p p ro x  
fa t content 

(w /w )

Di (2 -e th y lh e x y l) 
adipate  

m g /d m 2 a

Beef 20% 15.5

Beef 20% 14.5

Beef 50%
Pork 50% 25% 17.0

Beef 50%
Pork 50% 25% 19.0

Beef
Fat 90% 21.0

Beef
Fat 90% 2 3 .5

a Values ine lude correction fo r recovery

RESULTS & DISCUSSION
THE VALUES for DEHA adipate migration into ground meat 
and fat, as well as the dynamics data on migration, are shown 
in Tables 1 and 2. Recovery factor of 69.4% was obtained in 
the experiments with known amounts of DEHA added to the 
meat.

DEHA migrated to meat from plasticized PVC film in the 
range of 20 mg/dm2 under conditions of high ratio of film 
area to meat weight.

The rate of migration is increased in the samples with 
higher fat content. After 48 hr, the migration is almost com
plete.

Table 2-Dynamics of di (2-ethylhexyl) adipate migration into meat 
containing various amounts of fat (mg/dm7 )a

Time (hr)

24 4 8 72 9 6

Beef
(14 .4%  fa t) 2.0 5.5 6.0

Beef
(21 .1% fa t) 4 .5 13.5 14 .0

a Values include correction fo r  recovery
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EFFECT OF LIGHT ON THE COLOR STABILITY OF 
STERILE AQUEOUS BEEF EXTRACT

A Research Note

------ — -------------------  ABSTRACT ----------------------------- --
Warm white fluorescent light (120 ft-c) had a significant (P <  0.01) 
effect on the color stability o f sterile aqueous beef extract free o f fat. 
A t the end of 26 days there was a complete loss of oxymyoglobin in 
samples stored in a 1°C walk-in cooler and exposed to light for 12 hr 
each day. There was a 60%loss o f oxymyoglobin in the control samples 
stored in dark for the same period. A possible mechanism for the 
photochemistry o f the conversion of oxymyoglobin into metmyoglobin 
is suggested.

INTRODUCTION

IN THE SELF-SERVICE merchandising of prepackaged meats, 
lighting is recognized as one of the most powerful of merchan
dising tools. The adverse effect of light on fresh meat color has 
been established by Marriott et al. (1967), Wiles (1971), Sol- 
berg and Franke (1971) and Satterlee and Hansmeyer (1974). 
The photochemistry of this reaction is not fully understood. 
In intact meat samples it is also possible that photo-oxidation 
products of lipids could trigger the oxidation of myoglobin.

An effort was made to determine the color stability of 
myoglobin present in sterile aqueous beef extract, by exposing 
it to warm white fluorescent light; the influence, if any, of the 
photo-oxidation products of lipids was avoided thereby.

MATERIALS & METHODS
Preparation o f sterile aqueous beef extract

The sterile aqueous extract was prepared using the semitendinosus 
muscle of USDA Good beef. After the removal o f external fat, the 
muscle was cut into 2.5 cm squares and ground thoroughly. One hun
dred grams of ground meat was mixed w ith 250 ml o f cold sterile 
deionized water and 12g of Hyflo Super-Cell. These were blended for 6 
sec at low speed in a chilled stainless steel blender jar. The meat slurry 
was filtered under vacuum using Whatman No. 1 filter paper. The clear 
filtrate was cold sterilized by membrane filtration. The sterile aqueous 
beef extract was aseptically transferred into sterile test tubes (10 ml 
each) in a transfer room under UV lights. During transfer, the aqueous 
beef extract was covered with aluminum fo il to prevent the influence of 
UV light on color.
Storage

The test tubes with sterile aqueous beef extract were stored in a 1°C 
walk-in cooler. The solution temperature was measured by thermo
couples placed in the center of the test tubes containing the sterile 
aqueous beef extract. The solutions were oxygenated by frequent shak
ing. Aqueous beef extract samples stored under light were illuminated 
with 120 ft-c of warm white fluroescent light for 12 hr each day. Tests 
for bacterial contamination were made by the standard plate count 
method.
Spectrophotometric analysis o f aqueous beef extract

The absorbancy of the extract at 473, 507, 573, and 597 nm was 
determined at 48-hr intervals using a Model 24 Beckman Spectrophoto
meter. The relative concentration of myoglobin (MB), oxymyoglobin

(OjMb) and metmyoglobin (MMb) was determined by the absorbancy 
ratio method devised by Broumand et al. (1958). Data were subjected 
to analysis of covariance (Snedecor and Cochran, 1971).

RESULTS & DISCUSSION
AS ILLUSTRATED in Figure 1, light had a significant (P <  
0.01) effect on color of the sterile aqueous beef extract. In our 
studies, 50% of the oxymyoglobin was lost in 13 days from 
light exposed samples and in 21 days from dark storage sam 
pies. There was complete loss of oxymyoglobin in light ex
posed samples in 26 days; 60% of oxymyoglobin was lost dur
ing the same period from dark storage samples. Myoglobin and 
oxymyoglobin absorb light, with attendant radiation and 
energy, and undergo a photo-oxidation reaction in which oxy
myoglobin and myoglobin are converted into metmyoglobin. 
Fe2+ in the heme part of myoglobin loses electrons and is 
oxidized to Fe3+. Histidine in the globin part of myoglobin is 
susceptible to photo-oxidation. Histidyl residues in proteins 
such as )3-lactoglobin can undergo photo-chemical oxidation 
without causing any proteolytic change (Weil and Buchart,
1951). Studies on photo-oxidation of horse myoglobin showed 
that photo-oxidation stopped after the consumption of 2 
moles of oxygen per mole of metmyoglobin and concomitant 
disappearance of two moles of histidine but there was no dif
ference in the oxygen binding capacities of native and photo-

Fig. 1—Effect of light on color stability o f sterile aqueous beef 
extract.
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oxidized myoglobins (Sajgo, 1961, 1963). Histidine, in the 
oxidized state, cannot accept more electrons from Fe2 + ; but 
the transfer of electrons is more likely from Fe2+ to oxygen 
than to nitrogen, since oxygen is more electronegative than 
nitrogen. It is postulated that light catalyzes the transfer of 
electrons from Fe2 + to oxygen of oxymyoglobin after the 
initial oxidation of histidine; Fe2+ is oxidized to Fe3+ and 
oxygen to Oj. Light breaks the bond between Fe3+ and neg
atively charged oxygen to produce the free radical O5 • This 
free radical O2 catalyzes further the chain oxidation of myo
globin and oxymyoglobin to metmyoglobin.
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A Research Note

FATE OF Staphylococcus aureus IN BEEF-SOY LOAVES SUBJECTED 
TO PROCEDURES USED IN HOSPITAL CHILL FOODSERVICE SYSTEMS

— ----- ------------- --------  ABSTRACT --------------------------------
Staphylococcus aureus was inoculated into uncooked mixtures of 
ground beef and soy protein and survival o f the organism was deter
mined during the stages of food handling that would occur in a hospital 
with a chill foodservice system. Although the initial inoculum was only 
approximately 5000/g, heating the mixture as loaves in a convection 
oven at 121°C to an internal temperature of 60°C was not lethal to S. 
aureus. Numbers o f S. aureus in loaves decreased during holding at 5°C 
for 24, 48 and 72 hr. Numbers o f S', aureus in the center o f the final 
product were less than 3/g after loaves were portioned, held chilled at 
5°C for 2 hr, and portions heated to 80°C in a microwave oven.

INTRODUCTION

EXTENDING the storage of partially cooked food beyond 24 
hr by refrigeration is becoming common in hospital and school 
foodservice systems. Such storage periods of 24, 48, or 72 hr, 
in combination with the quantity of food and the temperature 
at which the food is held, could afford an opportunity for 
bacterial growth (Bunch et al., 1976).

Meats are frequently reported as the vehicle of transmission 
in outbreaks of staphylococcal food poisoning (CDC, 1976). 
After reviewing the literature on outbreaks of staphylococcal 
food poisoning traced to meat and bakery products, Minor and 
Marth (1972) suggested that critical products were nonsterile 
foods, frequently of animal origin, which are subjected to sub
stantial handling by people. Problems with staphylococcal 
food poisoning are frequently associated with mishandling of 
food in foodservice establishments and in the home. A major 
fvctor responsible for all outbreaks of staphylococcal intoxica
tion in 1974 was improper storage or holding temperatures of 
food (CDC, 1976).

Since outbreaks of staphylococcal food poisoning are often 
associated with the foodservice industry and since the micro
biological aspects of chill foodservice systems have received 
only limited attention, we believed it necessary to determine 
the fate of Staphylococcus aureus in a food handled according 
to procedures employed in hospital chill foodservice systems. 
Observations on the fate of S. aureus in beef-soy loaves 
handled according to these procedures are described in this 
paper.

EXPERIMENTAL
BEEF-SOY LOAVES were selected for these experiments because they 
are currently used in chill foodservice systems and because ground beef 
has a relatively high initial bacterial count (Duitschaever et al., 1973) 
and when it is combined with such ingredients as milk and eggs, the 
resulting mixture offers a suitable substrate for formation o f entero- 
toxin if  toxigenic bacteria are present and can grow. Ingredients, equip
ment and detailed procedures used to prepare, partially cook, store 
chilled, portion onto plates, hold chilled, and reheat beef-soy loaves 
were reported previously (Bunch et al., 1976).
Procedure

On the first day of the experiment three lots o f beef-soy loaves were

1 Present address: D ep t, o f D ietetics, Georgia Baptist H osp ita l, A t
lan ta , G A .

prepared in sequence. Twenty pounds o f fresh gound beef were pur
chased from a local retail outlet. Sufficient o f a 24-hr-old broth culture 
o f S. aureus (strain 100, produces enterotoxin A, from the Food Re
search Institute, University o f Wisconsin, Madison) was added to the 
beef-soy mixture to provide approx 5,000 staphylococci per gram of 
finished product. To facilitate distribution o f staphylococci in the beef- 
soy mixture, the broth culture was diluted w ith 0.1% phosphate buffer 
solution and the diluted culture was mixed w ith m ilk that was an 
ingredient o f the beef-soy mixture. This resulted in 4,500-5,500 staph
ylococci per gram of the unheated mixture. Material for the three lots 
o f loaves was inoculated, mixed, and packed into 30.5 X 50.8 X 6.4 cm 
(12 x  20 X 2-1/2 inch) pans. Product in each pan was divided into four 
equal loaves and loaves were coded 1 to 4. Loaves were baked to 60°C 
in a convection oven at 121 ± 8°C and then were stored at 5 ± 3°C for 
72 hr. A t the end o f 24, 48, or 72 hr, portions approx 1.6 cm (5/8 inch) 
thick were cut from the middle sections o f a loaf toward the center of 
each o f the three pans. One sample from this loaf in each o f the three 
pans was placed on a paper plate and the plate was covered with plastic 
film. Each plate o f three samples was held in a pass-through refrigerator 
at 5 ± 1°C for 2 hr and then it was covered w ith a fiberglass dome cover 
and heated for 55 sec in a microwave oven to an internal temperature 
o f approximately 80°C.

The internal temperature o f loaves in pans was measured continu
ously as described previously (Bunch et al., 1976). Temperatures of 
refrigerators were indicated by recording thermometers. A pyrometer 
was used to measure the temperature in the loaves before heating in the 
convection oven and after heating in the microwave oven.
Sampling and bacteriological analyses

Samples from each pan o f loaves were collected for analysis as 
follows: (1) immediately after inoculation, center o f the mixture; (2) 
after cooking, corner of loaf 1; (3) after cooking, center section o f loaf 
3; (4) after 24, 48, or 72 hr of chilled storage, center section o f loaf 3; 
and (5) after heating in a microwave oven, center section o f loaf 3.

The knife used to take samples was sanitized by dipping it in a 
solution containing 200 ppm o f chlorine. Samples were placed in steri
lized jars w ith screw caps and then held in ice until taken to the Food 
Microbiology Laboratory for the analysis. Samples were never held 
longer than 30 min before they were tested. From each o f the five 
samples 11 g o f beef-soy mixture were homogenized with 99 ml of 
sterile 0.1% peptone water, and blended in a Waring Blendor for 2 min. 
Appropriate decimal dilutions o f the samples were made in tubes of 
nutrient broth. Diluted samples in broth were incubated at 37°C for 16 
hr. A loopful o f broth was taken from each tube and was streaked on 
Vogel-Johnson agar. These plates were incubated at 37°C for 36 hr. 
Colonies typical o f coagulase-positive staphylococci were picked and 
tested for the coagulase reaction w ith coagulase plasma (Difco) using 
the tube method (Thatcher and Clark, 1968).

RESULTS & DISCUSSION
TIME AND TEMPERATURE histories recorded during cook
ing and chilling of beef-soy loaves are shown in Table 1. An 
average cooking time of 43 min was required to raise the inter
nal temperature of 5.2 kg of loaves from a mean of 11 to 
60°C. Internal temperatures in the loaves, recorded just before 
chilled storage, averaged 61°C for the three lots. During the 
first 7 hr of chilled storage and for some of the cooking time 
in the oven, the internal temperatures in the loaves were in the 
range (6.5-45.5°C) that permits growth of S. aureus (Ange- 
lotti et al., 1961a). Loaves were at or near the optimum tem
perature (37°C) for growth of S. aureus within the first 20 min
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Table 1—Time in convection oven at 121° C required to raise the temperature of 5.2 kg of beef-soy loaves from a mean of 11—6(f C and time at
5°C required to lower the internal temperature of the loaves from a mean of 61°C to a mean of 6°C

In itia l
In itia l tem p Tem peratu re  in loaves in oven °C  tem p  in Hours

Lo t
(no .)

in loaves 
before cooking  

(°C )

32 4 3 49 5 4 6 0

loaves before  

chilled storage
r c i

1 2 3 4 5

(°C )

6 7 8

1 11 11 21 29 33 4 2 61 4 5 32 2 6 19 16 10 7 6
2 12 11 19 28 35 4 4 6 0 43 31 26 19 16 9 7 6
3 11 11 2 0 2 6 34 43 61 4 6 32 26 20 17 9 7 6

Mean 11 11 20 2 8 34 43 61 4 5 32 26 19 16 9 7 6

of cooking in the oven and during the first 2 hr of chilled 
storage.

Samples from the uncooked beef-soy mixture contained be
tween 4,500 and 5,500 S. a u re u s /g  (Table 2). Although 2 ml 
of the diluted culture of S. a u re u s  were added to each lot, the 
slight variance in the numbers of the organism may have re
sulted, in part, from an initial difference in population of S. 
a u re u s  in the raw ground beef. The inoculum used was thought 
to be reasonable since Duitschaever et al. (1973) found up to
440,000 S. a u re u s  per gram of hamburger.

Data in Table 2 show that the numbers of S. a u re u s  in 
samples from the corner and center of loaves after cooking 
ranged from 3 -4 /g  and 23-430/g , respectively. Loaves in the 
second trial were at the higher temperatures (54 and 60°C) 
during cooking slightly longer than were loaves in the other 
trials (Table 1). This may account for the small number of 
surviving staphylococci that were observed in this trial. Since 
S. a u re u s  did survive cooking to 60UC in each of the three 
trials, the possibility of foodborne disease exists if partially 
cooked beef-soy loaves are handled improperly. Angelotti et 
al. (1961b) concluded that foods heated to 65.5°C, and every 
particle of food held at this temperature for at least 12 min, 
were essentially free of S. a u re u s  even though the initial count 
was 1 X 107/g. These authors concluded that food must be 
held 7 8 -8 3  min at 60°C before the same degree of destruction 
is achieved in similarily contaminated foods. In our study heat
ing to 60°C was not lethal to all cells of S. a u re u s  (Table 2).

Although beef-soy loaves remained at temperatures in the 
range for growth of S. a u re u s  (6.5—4.5°C) for over 7 hr (Table
1) , no increase in numbers occurrred during that time (Table
2) . In the first and third trials there was a further reduction in 
numbers of S. a u re u s  after chilled storage for 24 hr (Table 2). 
However in the second trial the numbers remained the same. 
In each trial the numbers of S. a u re u s  in the loaves decreased 
between 24 and 72 hr of chilled storage at 5°C. This may have 
happened because heat-injured cells were damaged further by 
the extended refrigerated storage and thus were unable to ini
tiate growth.

Angelotti et al. (1961a) found no growth of S. a u re u s  in 
chicken a la king incubated at 5.5°C for 5 days. Growth of S. 
a u re u s  is related to the number of cells present, the substrate, 
temperature, and the degree of injury suffered as a conse
quence of heat treatment.

After storing partially cooked beef-soy loaves chilled at 5 ± 
3°C for 24, 48, or 72 hr followed by heating in a microwave 
oven, S. a u re u s  was undetectable in any samples? Although 
there were few, if any, S. a u re u s  present after heating in a 
microwave oven, preformed toxin, if present, would not be 
inactivated by the short exposure to 80°C. Hence products in 
a chill foodservice operation must be handled with care during 
all phases of the operation to prevent excessive microbial con
tamination and to minimize growth of contaminants that 
might be in the food.

Table 2—Numbers of Staphylococcus aureus in inoculated beef-soy 
loaves

T ria l

Sam pling stage and location

1 2 3 Mean

A fte r  inocu la tion , center of
m ix tu re 4 9 0 0 4 5 0 0  5 5 0 0 5 0 0 0

A fte r  cooking3
corner o f loaf 1b 4 3 3 3
center of loaf 3 C 4 3 0 23 230 2 30

A fte r  chilled storage^ 
center of loaf 3

2 4  hr 150 23 93 9 0
4 8  hr 93 21 23 4 6
7 2  hr 19 9 3 10

A fte r  reheatinge 

center o f loaf 3
2 4  hr < 3 < 3 < 3 < 3
4 8  hr < 3 < 3 < 3 < 3
7 2  hr < 3 < 3 < 3 < 3

a Convection oven at 121 ± 8°C to 60°C 
b Loaf 1 (side of pan) 
c Loaf 3 (center of pan) 
d 5 ± 3° C
e Microwave oven for 55 sec to 80°C
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NUTRITIONAL EVALUATION OF ALL-MEAT AND MEAT-SOY WIENERS

— ----------- ---------------- ABSTRACT --------------------------------
Nutritive values o f all-meat and soy-containing wieners were evaluated 
by protein efficiency ratio (PER), amino acid composition and sodium 
analyses. The effect o f beef muscle reported to have high (shank) and 
low (skeletal muscles) levels o f connective tissue was also evaluated. 
Replacement o f 25% beef skeletal muscle by hydrated soy protein 
(BSMSP) gave a lower (P < 0.05) PER (2.67) than the PER (3.11) for 
all-beef skeletal muscle weiners (BSM). However, the PER for the 
BSMSP wieners was not significantly different from the PER (2.54) for 
the casein control. Beef shank, all-meat wieners (BS) and wieners where 
25% of the beef shank (BSSP) was replaced by hydrated soy protein 
had similar PER values of 2.18 and 2.02, respectively. Both BS and 
BSSP wieners had lower (P <  0.05) PER values than the BSM and 
BSMSP wieners. BSM wieners contained 1.95-4.17 mg/lOOg protein 
more total essential amino acids (minus tryptophan) than the beef 
shank and soy-containing formulations. Soy incorporation caused a 
10-22% decrease in the methionine content compared to the all-meat 
formulations. Sodium levels ranged from approximately 990-1070 
mg/lOOg in the four wiener formulations. The high sodium levels in 
these formulations were derived primarily from the 2% salt which was 
necessary to form the emulsions. Incorporation o f the soy protein re
sulted in less than an 8% increase in the sodium content o f the wieners.

INTRODUCTION
EMULSION TYPE SAUSAGES, such as wieners and bologna 
are two of the most popular processed meat products in the 
United States. Incorporation of plant proteins into commi
nuted meat products may be advantageous relative to econom
ics and product composition. Presently, according to the 
USDA regulations (Mussman, 1974), 3.5% soy protein concen
trate, flour or grits, and 2% isolated soy protein can be incor
porated in regular-labeled cooked sausages. In addition, non- 
specified sausage-type products containing much higher levels 
of nonmeat proteins, such as soy, are commercially available 
and the market for such products is expected to increase 
(Ziemba, 1974). The texture, composition, sensory evaluation 
and other characteristics of wiener-type products containing 
20% or more soy protein have been studied (Sofos et al., 1977; 
Sofos and Allen, 1977).

Nutritive evaluation of meat products blended with plant 
proteins is an essential consideration, since these proteins are 
limiting in one or more amino acids (Kakade, 1974). Several 
workers showed that soy-blended meat products containing up 
to 30% soy did not have significantly lower protein efficiency 
ratios (PER) than all-meat products (Kies and Fox, 1971; 
Wilding, 1974). In wiener-type products, Terrell and Staniec
(1974) showed that incorporation of hydrated soy protein 
(25%) resulted in a PER not less than 1 5% lower than that of 
all-meat products.

High levels of connective tissue in meat products may also 
lower protein quality. Elastin and collagen are lower in essen
tial amino acids (Bodwell and McClain, 1971) and, conse
quently, are lower in biological protein quality. Since all meat 
wieners do not specify the type of meat, the protein quality of 
such wieners may vary depending upon the relative proportion

of connective tissue and contractile proteins. It should also be 
noted that protein quality varies among different soy protein 
products (Horan, 1974).

In this study, nutritive values from four different wiener 
formulations were obtained, and the effect of soy protein re
placement as well as the use of low quality lean meat was 
evaluated. The objective of this study was to determine the 
effect of two types of meat and the replacement of these with 
25% soy protein on PER, amino acid composition and sodium 
content in an emulsion-type product.

MATERIALS & METHODS

WIENERS used for this study were produced at the Meat Science Lab
oratory of the University of Minnesota (Sofos et al., 1977). Four differ
ent formulations were prepared as shown in Table 1. The textured soy 
protein (Textratein No. 18 plain, manufactured by Cargill, Inc., Minne
apolis, MN), was hydrated with two parts by weight of cold tap water. 
The isolated soy protein (Pro-Fam 90/HS, Grain Processing Corp., Mus
catine, Iowa) was hydrated with four parts by weight of cold tap water. 
Fat level was adjusted to 19.3% by addition o f pork fat in each treat
ment. AU wieners were cooked to an internal temperature of 68°C, 
cooled and then peeled. Proximate compositions were determined by 
AOAC methods (1970). Protein content was obtained from Kjeldahl 
nitrogen x  6.25.

Protein quality was determined by PER (AOAC, 1970) and amino 
acid analyses. After manufacture, all wieners were frozen, ground, 
freeze dried and powdered for preparation o f the diets. A ll diets were 
standardized to 10% protein and 12% fat with cottonseed oil when 
necessary. Sprague-Dawley (Holtzman, Madison, Wise.) rats o f 51-75g 
body weight and 24 days o f age were used in the PER trial. The 12 rats 
in each group were fed the respective diets for a 4-wk period. A control 
casein diet, (10% protein, 12% cottonseed oil) was included.

Amino acid composition was obtained by the chromatographic 
method of Spackman et al.( 1958). Sodium levels were determined by 
the AOAC (1970) method using a Perkin Elmer 303 Atomic Absorp
tion Spectrophotometer. Duncan’s multiple range test was used for 
statistical analyses.

RESULTS & DISCUSSION
THERE WAS little variation in moisture and protein content 
of the four formulations (Table 1). Approximately one-fourth 
of the protein originated from soy protein in beef skeletal 
muscle plus soy protein (BSMSP) and beef shank plus soy 
protein (BSSP) wieners. The lower content of fat in the beef 
shank (BS) and BSSP formulations was the result of losses 
during cooking caused by a less stable emulsion in these two 
formulations. Beef shank is known to be high in connective 
tissue due to anatomical characteristics of these muscles (Bris- 
key and Kauffman, 1971). Connective tissue proteins have a 
low emulsifying capacity (Kramlich et al., 1973) and become 
self-limiting in the formulation.

Results obtained from PER analyses are also shown in 
Table 1. Beef skeletal muscle wieners (BSM) gave a higher (P <  
0.05) PER than the PER for BSMSP (2.67), BS (2.18) and 
BSSP (2.02) wieners. The PER for BSM wieners was 122% of 
the PER (2.54) for the casein control. Replacement of 25% of
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Table 1 - Formulation, proximate composition, sodium content and PER, for all-meat and meat-soy wieners

Beef
skeletal
muscle
(BSM)

BSM and soy 
protein 

(BSMSP)

Beef
shanks

(BS)

BS and soy 
protein 
(BSSP)

Casein
control

Ingredients
Lean beef (%) 77 .3 5 3 .2 77 .3 5 3 .2

Fata (%) 19.3 19.3 19.3 19.3

H yd ra te d , tex tu red  soy pro te inb (%) 0 19.3 0 19.3

H yd ra te d , isolated soy p ro te in0 (%) 0 4 .8 0 4 .8

Salt (%) 2.0 2.0 2.0 2.0
Ascorbate-spice (%) 1.4 1.4 1.4 1.4

Sodium  n itr ite  (m g/kg) 156 156 1 56 156

Composition and PER of wieners

M oisture (%) 5 5 .0 5 4 .5 58 .7 5 6 .6

P rote in  (%) 17.4 1 7 .2 18.7 17.8

Fat (% ) 2 1 .3 2 0 .7 16.5 17.3

S od ium  con ten t (m g /1 0 0 g )d 9 9 0 .4  + 5 .44a 1 0 2 1 .5  ± 3 .34a 1 0 0 9 .5  ± 7 .74a 1 0 6 9 .7  ± 8 .8 3 b

P rotein effic iency ratio  (P E R )d 3.11 ± 0 .1 1 a 2 .6 7  ± 0 .0 9 b 2 .1 8  ± 0 .1 3cd 2.02 ± 0 .1 3 c 2 .5 4  ± 0 .1 9 b d

PER  relative to  casein (%) 1 22 .4 105.1 8 5 .8 79 .5 100.0

a P o rk  fa t  w as ad d e d  to  a c h ie v e -1 9 .3 % .
13 T e x tu r e d  so y  p ro te in  w a s h y d ra te d  w ith  tw o  p a rts  w a te r . T e x t ra t e in  N o . 18 p la in , C a rg ill ,  In c . ,  (M in n e a p o lis ,  M in n .) . 
c Iso la te d  so y  p ro te in  w a s  h y d ra te d  w ith  f o u r  p a rts  w a te r . P ro -F a m  9 0 / H S ,  G ra in  P ro ce ss in g  C o r p .,  (M u s c a t in e , Io w a ) . 
d M ean s on  a lin e  w ith  d if fe re n t  le tte rs  d if fe r  s ig n if ic a n tly  (P <  0 .0 5 ) .  M e an s w it h o u t  le tte rs  w e re  n o t s t a t is t ic a lly  a n a ly z e d .

the beef skeletal muscle in wieners with hydrated soy protein 
reduced (P <  0.05) the PER from 3.11 (BSM) to 2.67 
(BSMSP). However, 25% replacement of beef shank in wieners 
with hydrated soy protein did not change (P >  0.05) the PER. 
PER for BS wieners (2.18) was similar (P >  0.05) to the casein 
control (2.54), but the PER for the BSSP wieners (2.02) was 
lower (P <  0.05) or about 80% of the PER for the casein 
control. Horan (1974) reported that textured soy protein pro
ducts had a PER which was 80% of that for casein. Kies and 
Fox (1971) determined that beef-flavored, textured soy pro
tein had 85% of the casein PER. Fortification with 1% DL- 
methionine in these products raised the PER to 113% of ca
sein.

The PER values for BSM (3.11) and BSMSP (2.67) were 
higher (P <  0.05) than the values of BS (2.18) and BSSP 
(2.02). This can be explained by the high content of connec
tive tissue present in shank meat which is low in essential 
amino acids. Other work (Anon., 1974) demonstrated that 
10% collagen replacement in lean beef lowered the PER by 0.3 
unit. From these PER results, it can be concluded that 25% 
substitution of shank meat by hydrated soy protein products 
used in these studies does not significantly lower the PER. In 
addition, the use of beef shank caused a greater reduction in 
the PER of wieners than the replacement of beef skeletal mus
cle with 25% hydrated soy protein (Table 1). The report of 
Kies and Fox (1971) suggests that the PER of wieners contain
ing 25% hydrated soy protein might be increased by addition 
of 1% DL-methionine.

Amino acid analyses (Table 2) showed a relatively lower 
level of lysine and methionine in soy-blended wieners (BSMSP 
and BSSP). Although not demonstrated in this study, Terrell 
and Staniec (1974) reported that addition of other protein 
sources such as egg albumin may improve the nutritive value, 
when beef skeletal muscle is only partially replaced with soy 
protein. Happich et al. (1975) found a high correlation be
tween essential amino acid content and PER of protein from 
different sources. Total essential amino acid (minus trypto
phan) content in shank products, BS and BSSP was 5.17

g/lOOg protein and 2.14 g/lOOg protein lower than that in 
skeletal meat products, BSM and BSMSP, respectively (Table 2). 
Even larger differences in total essential amino acid content 
would be expected if values for tryptophan had been deter
mined.

Sodium level is often a major concern to consumers, since 
the relationship between hypertension and salt intake has been 
demonstrated (Dahl and Love, 1956). Hegarty and Ahn (1976) 
found high sodium levels in some meat analogs manufactured

Table 2—Amino acid composition of all-meat and soy-containing 
wienersa

Essential 
amino acidsb

Beef skeletal 
muscle 
(BSM)

BSM and soy 
protein 

(BSMSP)
Beef shank 

(BS)

BS and soy 
protein 

(BSSP)

A rg in ine0 5 .92 6 .5 3 5 .97 6.12
H istidine^ 3 .2 8 3.01 2 .6 4 2 .6 2
Isoleucine 4 .0 5 3 .7 9 3 .3 3 3 .5 9
Leucine 7 .1 5 6 .8 3 6 .1 5 6 .5 4
Lysine 7 .79 6 .8 0 6 .7 3 6.51
M ethionine 1 .89 1.49 1 .63 1 .46
Phenylalanine 3 .7 3 3 .9 7 3 .1 5 3 .5 6
Th reonine 3 .8 4 3 .6 0 3 .4 9 3 .5 9
Valine 4 .3 7 4 .0 5 3 .7 6 3 .9 4
To tal 4 2 .0 2 4 0 .0 7 3 6 .8 5 3 7 .9 3

a G ra m s  o f a m in o  acid  p e r 1 6  g ram s to ta l n itro g e n . B ase d  on a sing le  
a n a ly s is  o f  e ach  fo rm u la t io n  an d  th e re fo re  no  s ta t is t ic a l c o m p a r 
iso n s w ere  p o ss ib le . 

b T r y p to p h a n  n o t d e te rm in e d  
c E sse n t ia l fo r  g ro w in g  m a m m a ls  
d E sse n t ia l fo r  th e  h u m a n  in fa n t
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from soy protein products. However, most of the sodium was 
derived from flavor compounds, such as monosodium gluta
mate (MSG). The results of sodium analyses on these wiener 
formulations showed some variation among treatments (Table 
1). However, these differences are probably not biologically 
significant, since wieners are a very high sodium-containing 
food. Two percent salt was added to each treatment for emul
sification purposes; this was the major sodium source in all 
products. Sodium derived from other ingredients was negligi
ble. As reported by the manufacturer, the textured soy protein 
used was low in sodium (25.4 mg/lOOg) and no MSG was 
added to the spice mixture. The average sodium level for beef 
is 65 mg/lOOg (Watt and Merrill, 1963). The increased sodium 
levels of the soy-containing treatments could be due to the 
high sodium content of this isolated soy protein (1200 
mg/lOOg, as reported by the manufacturer). However, the level 
of incorporation of the isolated soy protein was not high 
enough (5% hydrated) to cause a marked effect on sodium 
levels of the soy-containing formulations. Therefore, it can be 
concluded that unflavored textured soy protein does not in
crease the sodium level in wieners to a degree that is of major 
biological importance.
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