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ABSTRACTS :
I N  T H I S  I S S U E

Clostridium  perfringens IN H IB IT IO N  B Y  SO D IU M  N IT R IT E  A S A 
FU N C TIO N  O F  pH , IN O CU LU M  S IZ E  AND H E A T . W .E. R IH A  J R .  & 
M. S O L B E R G . J. Food Sci. 4 0 ,  4 3 9 - 4 4 2  ( 1 9 7 5 ) - T h e  e ffe c t  o f  h e a t, pH 
inoculum  size and n itrite  co n cen tratio n  on the inh ib ition  o f  various C. 
perfringens strains was characterized . T h e  in h ib ition  o f  six strains in filter 
sterilized m edium  was correlated  to the am oun t o f  undissociated nitrous 
acid. T h e  sam e was n o t true in autoclaved m edium  where a m ore potent 
inh ib itor appeared to  ex ist. A 4-log  cycle  increase in inoculum  cell co n 
cen tration  increased n itrite  to leran ce five to tenfo ld  in filter sterilized 
medium and 10  to 10 0  fold  in autoclaved m edium . T he relationship  
betw een log inoculum  size and log n itrite  co n cen tratio n  necessary for 
inh ib ition  was linear fo r strain  8 7 9 7 . F o r  every 6 . 8  m in exposure o f  a 
nitrite contain ing cu lture m edium  to  heat at 1 2 1 °C , the inh ib itory  co n 
cen tration  o f  n itrite  fo r strain  8 7 9 7  was dim inished by 90% .

Clostridium  perfringens G RO W TH  IN A  N IT R IT E  C O N TA IN IN G  D E 
F IN E D  M ED IU M  S T E R IL IZ E D  B Y  H E A T  O R  F IL T R A T IO N . W .E. 
RIH A  J R . & M. S O L B E R G . J. Food Sci. 4 0 ,  4 4 3 - 4 4 5  ( 1 9 7 5 ) - T h e  
growth o f  Clostridium perfringens 8 7 9 7  in a n itrite  contain ing chem ically  
defined m edium  at pH 6 .3  was ch aracterized  w ith respect to the m ethod 
o f  m edium  sterilization  and n itrite  co n cen tra tio n . All cu ltures which 
grew in either autoclave or filter sterilized m edium  d em onstrated  equiva
lent generation tim es and reached equivalent m axim um  cell co n cen tra 
tions regardless o f  th e n itrite  co n cen tratio n . A significant d ifference in 
ad justm ent phase duration existed  betw een autoclaved and filter steri
lized m edium , although w ithin each type o f  m edium  the duration o f  the 
ad justm ent phase was hom ogeneous regardless o f  the n itrite  co n cen tra
tion . The e ffe c t  o f  n itrite  appeared to  be cellular and was perm anent.

P U R IF IC A T IO N  AND P R O P E R T IE S  O F  A N T IM IC R O B IA L  S U B 
STA N C ES P R O D U C E D  B Y  S tre p to co ccu s d iacetilactis AND L eucono- 
stoc citrovorum . A .L . B R A N E N , H.C. G O  & R .P . G E N S K E ../. Food Sci. 
4 0 , 4 4 6 - 4 5 0  ( 1 9 7 5 ) —This study was initiated  to  further elucidate the 
properties o f  the an tim icrob ial substances produced by  Leuconostoc 
citrovorum  and Streptococcus diacetilactis and to  d eterm ine th e feasibil
ity o f  isolating these substances. A m edium  consisting o f  5%  spray-dried 
whey plus 0 .5%  yeast e x tra c t was found to  be ex ce llen t for th e produc
tion and subsequent p u rification  o f  th e antim icrob ial substances. The 
antim icrobial activity  o f  S. diacetilactis and L. citrovorum  was similar in 
m any respects; how ever, ca tion  exchange and gel chrom atography indi
cated that d istinctly  d ifferen t substances accou n ted  fo r the activ ity  o f  
the tw o organisms. A low  m olecular w eight antim icrob ial preparation was 
obtained from  a S. diacetilactis ferm en tatio n  liquor using m eth anol e x 
traction  follow ed by cation  exchange and gel chrom atography. T h e  puri
fied m aterial showed an tim icrob ial activ ity  tow ards several Pseudomonas 
species and was peptidyl in nature.

SO M E A D D IT IO N A L  S T U D IE S  ON TH E  T H E R M A L  D E N A T U R A 
TIO N  O F  L IG H T  M E R O M Y O SIN  F R A C T IO N  1. K . SA M E JIM A  & T . 
Y A SU I. J. Food Sci. 4 0 , 4 5 1 - 4 5 5  ( 1 9 7 5 ) - W e  have studied the therm al 
dénaturation o f  LMM F r 1 in further detail under various cond itions. The 
results obtained  show : (1 )  Changes in so lubility  at 0 .1 m o f  therm ally 
treated LMM F r  1 in 0 .6M  KC1 as a fu n ctio n  o f  pH are substantially  in 
accordance w ith th e pH -dependence o f  try p tic  activ ity ; (2 )  W hen LMM 
Fr 1 in 0 .6M  KC1 is heated at 4 5 ° ,  5 0 °  or 6 0 °C  while m aintaining pH at
5 .4  (th e value at w hich th e protein  isoelectrically  precip itates), a drastic 
decrease in so lubility  occu rs at 6 0 °C  and the m ajority  o f  the protein  
remains insoluble even a fter shifting the pH to  the neutral region; (3 ) 
When LMM F r 1 was heated  at 4 0 °C  and betw een pH values o f  5 . 6 - 6 . 0 ,  
aggregation o f  the protein  too k  place. T he reaction  was found to  proceed 
according to  second order k in etics; (4 )  Therm odyn am ic data calculated 
from  the m elting curves o f  LMM F r 1 (w hich w ere drawn by  measuring 
viscosity, helical contents and d ifference spectrum  in the U V  region),

indicate th a t AH is 4 1 .5  kC al/m ole and A S is 12 5  e.u . at the transition 
tem peratu re; and (5 )  T he denatured p rodu ct obtain ed  at 6 0 °C  is d iffer
ent from  that at 7 0 °C .

F R E E  R A D IC A L S IN L Y S O Z Y M E  R E A C T E D  W ITH  P E R O X ID IZ IN G  
M E T H Y L  L IN O L E A T E . K .M . SCH AICH  & M . K A R E L . J. Food Sci. 4 0 ,  
4 5 6 - 4 5 9  (1 9 7 5 )-P r o d u c t io n  o f  free radicals in  lysozym e due to  reac
tions w ith peroxidizing m eth y l lin oleate  was studied as a fu n ctio n  o f  
w ater activ ity  in freeze-dried em ulsions. E lectro n  spin resonance (E S R ) 
was used to  m easure the free radicals, and th e e ffec ts  o f  reaction  w ith 
lin o leate  peroxides were com pared w ith e ffe c ts  o f  7 -irradiation o f  lyso
zym e. T h ere were sim ilarities as w ell as som e d ifferences betw een these 
two m echanism s for producing free radicals in  lysozym e. F ree  radical 
co n cen tratio n s in lysozym e decreased w ith increasing w ater activity  
probab ly  due to  radical recom bin ation  and crosslinking.

A N T IO X ID A N T  A C T IV IT Y  O F  A C E TO N E  E X T R A C T S  O B T A IN E D  
FR O M  A C A R A M E L IZ A T IO N -T Y P E  BRO W N IN G  R E A C T IO N . C.
R H E E  & D.H . K IM . J. Food Sci. 4 0 ,  4 6 0 - 4 6 2  (1 9 7 5 )-A n t io x id a n t  
activ ity  o f  the aceton e ex tracts  obtained  from  successive stages o f  a 
caram elization-type brow ning reaction  m ix tu re , a 2.0M  glucose solution 
heated at 1 0 0 °C  fo r 9 6  hr, was d eterm ined, using an edible soybean oil as 
substrate. R elationships betw een the co lo r in ten sity  (absorbance at 4 7 0  
nm ) o f  the brow ning reaction  m ixtu re and the length o f  reaction  tim e, 
and the an tiox id an t activ ity  and the length o f  reaction  tim e were studied. 
All the ex tracts  exerted  considerable an tiox id an t activ ity  on the autoxi- 
dation o f  th e substrate which was kept at 4 5  + 0 .7 °C  for 18 days. While 
the co lor in ten sity  appeared to increase in proportion to  the length o f 
reaction  tim e, the antioxid ant activ ity  did not follow  the same pattern. 
The an tiox id an t activ ity  o f  the ex tracts  ob tain ed  from  the reaction  m ix
ture which had been heated for 9 6  hr, was n o t m uch greater than that o f  
the ex tracts  obtained  from  the reaction  m ixtu re heated for 9 or even 3 
hr. These results seem to  suggest th at although the brow n-colored  pig
m ents produced in the later stages o f  the brow ning reaction  m ight have 
som e an tioxid ant activ ity , the m ajor an tioxid ant com pounds were proba
bly colorless or a lm ost co lorless interm ediates such as red uctones form ed 
in the fairly  earlier stages o f  the brow ning reaction .

F L U O R O M E T R IC  A S S A Y  F O R  T O T A L  V IT A M IN  C USIN G  CON
T IN U O U S FLO W  A N A L Y S IS . J .R .  K IR K  & N. T IN G . J. Food Sci. 4 0 ,
4 6 3 - 4 6 6  ( 1 9 7 5 ) - A  continuous flow  flu orom etric  procedure is described 
for the qu antitative d eterm ination  o f  d ehydroascorbic and to ta l ascorbic 
acid , w hich results in a significant reduction in analysis tim e. D ehydroas
co rb ic  acid  in sample ex tracts  w ere determ ined by  the A O A C o-phenyl- 
enediam ine m icroflu orom etric procedure adapted to  co n tin u o u s flow  
analysis. T ota l asco rb ic  acid levels w ere determ ined as d ehyd roascorb ic 
acid follow ing the ox id ation  o f  reduced ascorb ic acid w ith  2 ,6 -dichloro- 
phenolindophenol. A com parison o f  the autom ated  o-phenylenediam ine 
procedure w ith the AOAC m anual procedure fo r to ta l ascorb ic acid in 
orange ju ice , m ilk , dry breakfast cereal and canned tom ato es indicated 
good agreem ent betw een th e two m ethod s. Fu rth er studies w ith orange 
ju ice  indicated less than 1 % d ifferen ce betw een the autom ated  procedure 
and the m anual 2 ,6 -d ich lorophenolindophenol titra tion  fo r reduced as
co rb ic  acid.

E F F E C T  O F  C A LC IU M , M A G N ESIU M  AND W H E Y  P R O T E IN S  ON 
T H E  A C T IV IT Y  O F  (3-G A LA C TO SID A SE (A. niger) IM M O B IL IZ E D  ON 
C O L L A G E N . J .  JA K U B O W SK I, J .R .  G IA C IN , D.H. K L E Y N , S.G . G IL 
B E R T  & J .G . L E E D E R . J. Food Sci. 4 0 ,  4 6 7 - 4 6 9  ( 1 9 7 5 ) - T h e  specific 
activ ity  for collagen-bound /3-galactosidase (Aspergillus niger) was d eter
m ined in 5%  lactose, acid whey and ultrafiltered  acid w hey as substrates.
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The bound enzym e showed inhibited  activ ity  in the w hey substrates, as 
com pared to aqueous lactose . W hile the reactor constru cted  from  a glu- 
taraldehyde cross-linked film  exh ibited  a decrease in activ ity  upon con 
tacting w ith acid w hey, the inh ib ition  was reversible in nature. Mag
nesium  ion was found to inh ib it en zym atic activ ity  o f  an im m obilized 
enzym e reacto r con stru cted  from  an untanned m em brane. N either mag
nesium  or calcium  ion inh ib ition  was observed fo r reactors constru cted  
from  tanned film s. Whey proteins were show n to have an adverse e ffe c t  
on the activ ity  o f  the bound lactase , irrespective o f  the im m obilization 
procedure.

FU N G A L  F E R M E N T A T IO N  O F  PEA N U T F L O U R : E F F E C T S  ON 
CH EM IC A L CO M PO SITIO N  AND N U T R IT IV E  V A L U E . M R . QUINN ,
L .R . B E U C H A T, J .  M IL L E R , C .T . YO U N G  & R .E . W O R T H IN G T O N ./. 
Food Sci. 4 0 , 4 7 0 - 4 7 4  ( 1 9 7 5 ) -S o lv e n t  d efatted  peanut flour was fer
m ented w ith Rhizopus oligosponis, Aspergillus oryzae, Mucor hiemalis, 
Neurospora sitophila and Actinomucor elegans. Increased percentages o f  
crude p rotein  and ash in ferm ents were attribu ted  to  d isprop ortionately  
higher losses o f  nonnitrogenous volatiles during ferm en tatio n . Increases 
were greatest for N. sitophila ferm ents. A m ino acid analyses su bstanti
ated the increases in percent protein  in ferm ented as com pared to nonfer- 
m ented sam ples. A m ino acid com positions o f  ferm ents did not d iffer 
greatly from  each o th er or from  con tro l sam ples. F a tty  acids reflected  
changes from  norm al peanut oil fa tty  acid profiles tow ard profiles m ore 
representative o f  those expected  in fungal m ycelia. L in olen ic acid was 
detected  in A. oryzae and N. sitophila ferm ents. All o f  the fungi used in 
this study significantly  increased the levels o f  riboflavin and thiam in but 
not pan to th enate  over autoclaved nonferm ented  peanut flour. Significant 
increases in niacin w ere noted in N. sitophila ferm ents. F erm en tatio n  did 
not significantly  change the protein  effic ien cy  ratio  o f  peanut flour for 
rats and had no significant e ffe c t  on liver lipid con ten t.

FU N C T IO N A L  P R O P E R T Y  C H A N G ES R E S U L T IN G  FR O M  FU N G A L  
F E R M E N T A T IO N  O F  PEA N U T F L O U R . M .R . QUINN & L .R . B E U 
CH A T. J. Food Sci. 4 0 , 4 7 5 - 4 7 8  (1 9 7 5 ) -S o lv e n t  d efatted  peanut flour 
(S D P F ) was supplem ented w ith 0 .5%  tapioca, 0 .8%  NaCl and 2 .0%  citric  
acid, com bined w ith tap w ater, and sterilized. T h e  substrate was ferm en t
ed for 4 days w ith Rhizopus oligosponis, Aspergillus oryzae, Mucor 
hiemalis, Neurospora sitophila, and Actinomucor elegans, lyophilized and 
pulverized. F u n ctio n al property changes w ere characterized  by nitrogen 
so lubility , v iscosity , em ulsifying cap acity , w ater and o il reten tion  and 
equilibrium  m oisture adsorption isotherm s. SD P F  nitrogen so lubility  was 
increased m arkedly in the isoelectric pH range o f  4 . 0 - 5 . 0  as a result o f  
fungal ferm en tation . T h e  greatest change was noted  for M. hiemalis 
w hich increased the 5%  nitrogen solubility  o f  nonferm ented  SD P F to 
34% . H eating SD P F  adversely a ffected  em ulsion capacity  and protein 
so lubility  b u t these properties w ere som ew hat restored after ferm enta
tion. W ater adsorbing capacity  o f  test m aterials increased w ith increasing 
atm ospheric relative hum idities (R H ) and w ith elevated tem perature at 
sp ecific R H . M oisture ad sorption at the same tem perature-RH  conditions 
was greater in ferm ents than in controls.

CO M PO SITIO N A L D IF F E R E N C E S  IN W H E Y  S Y S T E M S . R .V . IO - 
SEPH SO N , S .S .H . R IZ V I & W .J. H A R P E R . J. Food Sci. 4 0 , 4 7 9 - 4 8 3  
(1 9 7 5 ) -F r e s h  cheese w hey system s and com m ercial U F-processed whey 
powders were evaluated fo r d ifferen ces in ph ysical/ch em ical com position 
and properties w hich may a ffe c t  the ultim ate stability  and nutritional 
value o f  whey. Cheddar, co ttag e  and co n tro l pH 4 .6  acidified w heys were 
prepared from  the sam e w hole m ilk or skim m ilk by standard procedures. 
Five lots o f  U F-processed  spray-dried sw eet w hey protein  concen trates 
were supplied by a com m ercial source. T ota l solids, pH, ash, lactose and 
tota l nitrogen data from  three trials were w ithin norm al ranges for all 
fresh wheys. B oth  Cheddar and cottage wheys were higher in 12%  TCA - 
soluble nitrogen than their com parable pH 4 .6  w heys. Cheddar w hey was 
highest in pH and solids, bu t low est in calcium , phosphorus and ash. 
C ottage w hey was low est in to ta l nitrogen, citrate  and lactose. Dialysis 
against w ater revealed higher nondialyzable calcium  for Cheddar and co t
tage w heys and d ifferen t ratios o f  nondialyzable com ponen ts among 
w hey system s. U F  w hey powders varied little  in com position exce p t for 
lactic  acid co n ten t and lactose which showed wide variations in analyses 
by polarim etry  and D ubois m ethods. U F  whey powders were considera
bly higher in p ro tein  bu t low er in m ost low  m olecular weight com p o
nents ex ce p t calcium  than Cheddar whey on an equivalent solids basis.

Alkaline gel e lectrop h oretic  and Sephadex G -1 0 0  patterns w ere norm al 
for fresh wheyr. b u t showed significant w hey p rotein  d enaturation/aggre- 
gation in U F powders. These observations revealed new evidence o f  
changes in whey com position  resulting from  cheese m aking and U F 
and/or spray drying processes.

F O R M A T IO N  O F  N -N IT R O S O P Y R R O L ID IN E  F R O M  P R O L IN E  AND 
C O L L A G E N . J . I .  G R A Y  & L .R . DUGAN  J R .  / .  Food Sci. 4 0 ,  4 8 4 - 4 8 7  
(1 9 7 5 ) -P r o lin e  and collagen as p oten tial N -nitrosopyrrolidine (N -Pyr) 
precursors w e r; investigated in m odel system  studies. P roline, in the pres
ence o f  sodium  n itrite  was d ecarboxylated  in low  m oisture carb oxym eth - 
y lcellu lose (CM C) system s at elevated tem peratures to  produce N -Pyr, 
m axim um  form ation  occurring at 1 8 0 °C . C ollagen when heated  w ith 
n itrite  in a CMC system  a t 2 0 0 °C  or in an oil-w ater system  sim ulating the 
frying o f  b acon  produced N-Pyr. C onfirm ation  was achieved by gas ch ro
m atography-m iss spectrom etry . C onnective tissue o f  a cured, sm oked 
ham  was also show n to be a precursor o f  N -Pyr, w ith and w ith ou t addi
tional n itrite.

E F F E C T  O F  SO D IU M  N IT R IT E  AND N IT R A T E  ON Clostridium  botu - 
linum  G RO W TH  IN A SU M M E R  S T Y L E  SA U S A G E . L .N . C H R IS T IA N 
SEN , R .B . TO M PK IN , A .B . SH A P A R IS, R.W . JO H N STO N  & D .A . 
K A U T T E R . J. Food Sci. 4 0 , 4 8 8 - 4 9 0  ( 1 9 7 5 ) - T w o  experim ents were 
conducted to determ ine the grow th p oten tial o f  Clostridium botulinum  
in ferm ented  sausage. T he first test dem onstrated  that grow th and to x in  
production die not occur during ferm en tatio n . Product stored at 2 7 ° C 
did n ot becom e to x ic . This may be explained by acid p rod u ction  w hich 
occurred w ith su fficien t rapidity to  negate any n itrate  or n itrite  e ffe c t. 
The relative e ffec ts  o f  n itrite , d extrose and starter cu lture on C. botu
linum  grow th in thuringer stored at 2 7 °C  w ere then evaluated. G row th o f  
C. botulinum  was prevented in sausage form ulated  w ith d extrose and 5 0  
M g  or m ore of n itrite  per g o f  m eat. T he average pH o f  these sam ples 
decreased from  an initial 5 .6 3  to 4 .6 8  w ithin 1 wk at 2 7 °C . O m itting 
d extrose from  the sausage form ulation resulted in sam ples in w hich the 
pH rem ained at the initial level throughout storage. In these sam ples, 
increased n itri:e  levels up to 150  Mg per g o f  m eat retarded but did n ot 
com pletely prevent to x in  production.

E F F E C T  O F  A D D ED  SO D IU M  N IT R IT E  AND SO D IU M  N IT R A T E  ON 
SE N S O R Y  Q U A L IT Y  AND N ITR O SA M IN E  F O R M A T IO N  IN T H U R 
IN G E R  SA U SA G E. A .E . D E T H M E R S. H. R O C K , T . F A Z IO  & R.W . 
JO H N STO N . /  Food Sci. 4 0 ,  4 9 1 - 4 9 5  ( 1 9 7 5 ) —Tire e ffe c ts  o f  added 
sodium  nitrite and sodium nitrate on sensory qu alities and nitrosam ine 
form ation  in ferm ented thuringer sausage w ere investigated. Thuringer 
was stored under select tem perature and tim e con d ition s and tested fresh , 
fried and baked. Trained sensory panels indicated  that flavor and appear
ance qualities were improved w ith 5 0  ppm added n itrite  and th at desira
ble flavor and appearance characteristics w ere obtain ed  w ith 10 0  ppm or 
m ore added n itrite . Added nitrate produced d etectab le  im provem ents 
only in the absence o f  n itrite . No nitrosam ines w ere d etected  in thuringer 
regardless o f  added n itrite , added nitrate, storage con d ition , or k itch en  
preparation m ethod.

P E R S IS T E N C E  O F  STA P H Y LO C O C C U S. Bruised Tissue M icroenviron
m ent A ffectin g  Persistence o f  S tap h y lococcu s aureus. C .T . R O S K E Y  &
M .K. H A M D Y . Food Sci. 4 0 , 4 9 6 - 4 9 9  ( 1 9 7 5 ) -T is s u e  ex tracts  o f  the 
pectoralis m ajor m uscle from  contused  ch icken s ( 8 - 1 0  w k old) w ere 
prepared and inoculated  w ith S. aureus. E x tra c ts  o f  norm al (nonbruised) 
ch icken m uscle were treated in sim ilar m anner and served as co n tro ls . 
Bacterial grow th, cell respiration and virulence facto rs w ere d eterm ined. 
Traum atized tissue ex tracts  (T T E ) supported active m icrobial grow th bu t 
coagulase, d-hem olysin, hyaluronida.se and en tero tox in  B w ere inh ib ited , 
particularly during the early stages o f  healing ( 1 - 4  days). These a fo re 
m entioned factors increased after 6 - 8  days to reach the level noted  in 
norm al tissue jx tra c t . Increased respiration o f bacteria l cells was noted  in 
T T E  whereas hem oglobin (0 .0 0 3 5  /rm oles/m l) inh ib ited  b o th  respiration 
and en tero to x in  B form ation . The accelerated  grow th o f  stap h ylo coccal 
cells in the bruised tissue creates a greater op p ortu n ity  fo r selection  o f  
those viable cells th at are resistant to natural tissue bactericid al sub
stances and may therefore accou n t fo r their prolonged persistence in 
bruised tissue.
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COMPARISON OF SARCOMERE LENGTH MEASUREMENT OF 
COOKED CHICKEN PECTORALIS MUSCLE BY LASER DIFFRAC
TION AND OIL IMMERSION MICROSCOPY. J .E .  R U D D IC K  & J .F .  
R IC H A R D S. J. Food Sci. 4 0 ,  5 0 0 - 5 0 1  (1 9 7 5 )-S a r c o m e r e  length m eas
urem ents w ere made on sam ples o f  cooked  ch icken  P ectoralis m uscle 
aged for 10  m in , 3 hr and 2 4  hr postm ortem  using laser d iffraction  and 
oil-im m ersion m icroscopy. A strong and significant correlation  was 
show n to  ex ist betw een the tw o m ethods o f  m easurem ent. Laser d iffrac
tio n  was found to  be a m ore rapid and accu rate m ethod for obtaining 
sarcom ere length m easurem ents on a large num ber o f  samples although it 
provides only  lim ited  in form ation  on the m orphology o f  th e m uscle 
fiber.

QUALITY CHARACTERISTICS OF SOY-SUBSTITUTED GROUND 
BEEF, PORK AND TURKEY MEAT LOAVES. C.W. W IL LIA M S & M .E. 
ZA BIK . J. Food Sci. 4 0 , 5 0 2 - 5 0 5  (1 9 7 5 )-G r o u n d  b e ef, pork ( 5 0 :5 0  
m ixture o f  ham and pork) and turkey m eat loaves contain ing 0 or 30%  
soy-substitution w ere evaluated for sensory characteristics o f  flavor, ju ic i
ness, m outhfeel and overall accep tab ility . In addition, cooking losses, 
m oisture co n ten t, to ta l lipid and T B A  values during short-term  storage at 
5 or - 1 1 ° C  were determ ined. 30%  soy-substitution did not adversely 
a ffect the quality  ch aracteristics o f  the ground b e ef and turkey system s. 
However, the soy-substitution did low er the flavor, ju iciness and overall 
acceptability  scores o f  the pork m eat loaves. T he use o f  30%  soy-substitu- 
tion decreased the to ta l and drip loss, w hereas it did not a ffe c t the 
volatile losses. A lthough 30%  soy-substituted  m eat system s appeared to 
have slightly low er T B A  values during refrigerated and frozen storage, soy 
does not appear to appreciably reduce the am ount o f  T B A  reactive com 
pounds developing in the m eat system s.

A COMPARISON OF HYDROGEN SULFIDE EVOLUTION FROM 
COOKED LAMB AND OTHER MEATS. J .E .  KUN SM AN  & M .L. 
R IL E Y . J. Food Sci. 4 0 , 5 0 6 - 5 0 8  (1 9 7 5 )-G r o u n d  lam b, b e e f, pork and 
game loaves were cooked  to well done and the hydrogen sulfide (H 2 S) 
evolution m easured. Under the cooking cond ition s used lam b gave o f f  
significantly m ore (P <  0 .0 5 )  H2 S than beef. This con d ition  also pre
vailed w hen lam b and b e e f adipose tissue and lean tissue were com pared. 
The adipose tissue con tribu ted  m ore H 2 S gas than the lean. No signifi
cant d ifferences were noted  betw een the am ounts o f  H2 S evolution from  
lamb and those from  elk and deer. The am oun t o f  H2S evolved from  
lam b was significantly  higher (P  <  0 .0 5 )  than m oose and significantly  
low er (P  <  0 .0 5 )  than antelope.

ULTRASTRUCTURE OF THAW RIGOR BOVINE MUSCLE. A.O. 
O K U BA N JO , J .R .  S T O U F F E R , A. B EN SA D O U N  & W.O. SA C K . J. 
Food Sci. 4 0 , 5 0 9 - 5 1 5  (1 9 7 5 ) -S tu d ie s  based on  light and electron  
m icroscopy showed that bo th  stretched  and co n tracted  bovine m uscle 
strips exhibited  similar extensive and drastic structural damage especially 
in thin fibers after thaw rigor. Sp ecifically  noted were the alternate band
ing pattern o f  zones o f  superstretched and su percontracted  sarcom eres, 
wavy and kinky fibers, lateral clum ping o f  actin  filam ents, extrem e dis
organization o f  the m yofibrillar stru cture, degradation o f  the sarcoplas
m ic reticulum  and the triad system , presence o f  dark granular precip itates 
o f  insoluble m aterials and conspicuous absence o f  glycogen granules. 
Myosin filam ents o f  su percontracted  sarcom eres were observed to  either 
penetrate the Z discs or crum ple on im pingem ent on the Z lines.

EFFECT OF STORAGE TIME AND TEMPERATURE ON HISTAMINE 
CONTENT AND HISTIDINE DECARBOXYLASE ACTIVITY OF 
AQUATIC SPECIES. W .J. ED M U N D S & R .R . E IT E N M IL L E R . J. Food 
Sci. 4 0 ,  5 1 6 - 5 1 9  ( 1 9 7 5 ) - S in c e  it  has been reported that form ation  o f  
histam ine and histam ine like substance in fish m uscle is responsible for 
scom broid poisoning, an investigation was undertaken to  determ ine the 
e ffec t o f  storage time and tem perature on  histam ine co n ten t and histi
dine d ecarboxylase activ ity  in Spanish m ackerel (Scomberomorus 
maculatus), com m on m ullet (Mugil cephalus) , speckled trou t (Cynoscion 
nebulosus), w hite shrimp (Penaeus setiferus) and channel catfish  (Id a - 
lurus punctatus). F illets o f  the four fish species and deheaded w hite 
shrimp were held at 4 °C  for 0 , 7 and 14 days and at am bient tem pera
tures (2 4  ± 2°C ) for 0 , 1 and 2 days. Muscle histam ine was determ ined 
fluorom etrically  after p erchloric acid ex tractio n  and ortho-phthaldialde-

hyde reaction . H istidine d ecarboxylase activ ities were determ ined by 
rad ioisotopic assay. A t 4 °C , speckled tro u t, m ullet, w hite shrimp and 
channel catfish  show ed slight b u t significant (P <  0 .0 5 )  increases in hista
mine co n ten t w ith tim e. T here was no significant change w ith tim e in 
enzym e activities in any o f  the species. C om parison o f  the species within 
a given storage tem perature showed there w ere slight b u t significant (P <  
0 .0 5 )  d ifferences in b o th  histam ine co n ten t and enzym e activ ities. The 
highest histam ine co n ten t observed was 3 .4 0  Mg/g m uscle in channel cat
fish, and the highest enzym e activ ity  was 1 9 .3 7  nm oles/m in/g  m uscle also 
in channel catfish . A t am bient tem peratu re Spanish m ackerel had signifi
cantly  (P  <  0 .0 5 )  higher histam ine co n ten t than all species excep t m ullet 
and significantly  (P <  0 .0 5 )  higher enzym e activ ity  than all o th er species. 
All species showed significant (P <  0 .0 5 )  increases in histam ine content 
with tim e. Channel catfish , speckled tro u t and m ackerel show ed signifi
cant (P <  0 .0 5 )  increases in enzym e activ ity  w ith tim e w hile com m on 
m ullet and w hite shrimp showed no significant (P <  0 .0 5 )  changes. The 
highest level o f  histam ine observed was 3 3 3  pg/g m uscle in Spanish m ack
erel and the highest enzym e activ ity , also in the Spanish m ackerel was
1 3 5 .6  nm oles/m in/g  m uscle. T he study shows th at even though m easura
ble enzym e activ ity  occurs in speckled trou t, com m on m ullet, white 
shrimp and channel catfish , there is little  ch ance that these species would 
develop su fficien t histam ine levels to  lead to  histam ine in tox ication . 
M ackerel could be capable o f  developing su ffic ien t histam ine to produce 
sym ptom s o f  in to x ica tio n  although advanced spoilage w ould probably be 
necessary to  reach this stage.

LIPID-PROTEIN INTERACTION DURING AQUEOUS EXTRACTION 
OF FISH PROTEIN: FISH ACTIN PREPARATION AND PURIFICA
TION. S .Y .K . SH EN O U D A  & G .M . P IG O T T . J. Food Sci. 40, 5 2 0 - 5 2 2  
(1975)-A m ethod was developed to  produce a pure actin  from  fish . The 
procedure consists o f  four steps: preparation o f  aceton e pow der; ex trac
tion  o f  G -actin  from  the aceton e pow der; p u rification  o f  G -actin  by 
repeated polym erization (to  F -actin ) and depolym erization to  G -actin ; 
and final pu rification  by using Sep h ad ex-G 200  colum n and lyophiliza- 
tion . T h e  purified G -actin  showed a single band on sodium  dodecylsul- 
phate polyacrylam ide gel electrop horesis. T he am ino acid analysis o f  fish 
actin  was reported and showed the absence o f  3-m ethylh istid in e.

L IP ID -P R O T E IN  IN TE R A C T IO N  D U R IN G  A Q U EO U S E X T R A C T IO N  
O F  F IS H  P R O T E IN : A C TIN -L IPID  IN T E R A C T IO N . S .Y .K . SH EN 
O U D A  & G .M . P IG O T T . J. Food Sci. 4 0 ,  5 2 3 - 5 3 2  (1 9 7 5 )- In te r a c t io n s  
betw een fish actin  and C -14 labeled polar and neutral fish lipid were 
investigated in aqueous m edia. T he results showed that actin  interacts 
with polar lipid (P L ) or neutral lipid (N L ) at room  tem perature or cold 
tem peratu re. A ctin  in teracts in m onom er form  (G -actin ) or polym er form  
(F -a ctin ). F -ac tin  interacts m ore strongly than G -actin  ( 2 - 3  tim es). Any 
treatm en t w hich induces the transform ation  o f  G -actin  in to  F -actin  (i.e ., 
Mg+ + , Ca+ + , tem peratu re, e tc .)  increases the lip id-actin com plex form a
tio n . A gitation and /or heating increased the hyd rophobic in teraction  be
tw een actin  and NL. The e ffe c t  o f  pH and ion ic strength indicates the 
participation o f  hyd rophobic and e lectro sta tic  in teraction  betw een actin 
and lipid. T he SD S and urea treatm en ts suggest eith er the existen ce o f 
covalent bonding or a strong e lectro sta tic  and/or h yd rop hobic bonding 
betw een actin  and lipid in the actin-lipid  com plexes.

REPRESSION OF V ibrio  p a ra h a em o ly ticu s  BY P seu d o m o n a s  SPECIES 
ISOLATED FROM PROCESSED OYSTERS. L .J . G O A T C H E R  & D.C. 
W E ST H O F F . J. Food Sci. 4 0 , 5 3 3 - 5 3 6  ( 1 9 7 5 ) —45 cu ltures isolated 
from  processed Maryland oysters stored at 5 °C  w ere exam ined for inhibi
tory activities against various strains o f  Vibrio parahaemolyticus by  a 
spot-plate m ethod. Nine oyster isolates w hich d em onstrated  inhibitory 
activity  were identified as Pseudomonas species. In hib ition  was m ore 
pronounced at 25° C than at 35° C and increased with decreasing levels o f
V. parahaemolyticus. Type and com p osition  o f  plating m edium , includ
ing pH, salt and peptone co n ten t were im p ortant facto rs. In hibition  was 
m axim al at 0 .5%  NaCl and decreased w ith increasing salt con cen tration s 
until little  or no inh ib ition  was observed at 2 .5%  NaCl. E ffe c t  o f  pH was 
variable according to  strain o f  V. parahaemolyticus used. Addition o f 
trypticase or phytone to tryptone-glucose-yeast ex tract agar decreased 
inhibition to  d ifferent degrees. Pigm entation o f  Pseudomonas cultures 
was strong w hen production o f  inh ib ition was m axim al. In general, 
pathogenic strains o f  V. parahaemolyticus tested w ere inhibited to a 
lesser degree than were nonpathogenic strains.
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FOOD USE OF SOYBEAN 7S AND 1 IS PROTEINS. Heat Denaturation 
of Soybean Proteins at High Temperature. K. SA IO , M. T E R A SH IM A  &
T . W A TA N A BE . J . F o o d  S c i. 40, 5 3 7 - 5 4 0  (1 9 7 5 )-Q u a lita t iv e  changes 
in 7S  and 1 1 S protein s during heat treatm en t a t 1 0 0 - 1 7 0 ° C  were stud
ied. P rotein  paste o f  25%  co n cen tratio n  was autoclaved and the resultant 
heat-induced gel was subm itted to  m easurem ent o f  its so lubility , u ltra
centrifugal ch aracteristics and disc polyacrylam ide gel electrophoresis 
after dissolving w ith sodium  dodecyl su lfate and 2-m ercap toeth an ol. The 
results show ed: (1 )  heating over 100°C  resulted in th e form atio n  o f  an 
insoluble gel; (2 )  during heating up to 14 0 °C  the gel gradually becam e 
soluble bu t th e gross-structure o f  subunits rem ained unchanged, l lS -g e l  
being m ore soluble than 7S-gel even at low er tem peratu re; and (3 ) during 
heating a t above 1 5 0 °C , the gel becam e highly so luble, showing degrada
tion o f  the gross-structure o f  subunits.

FOOD USE OF SOYBEAN 7S AND 1 IS PROTEINS. Changes in Basic 
Groups of Soybean Proteins by High Temperature Heating. K. SA IO , M. 
T E R A SH IM A  & T . W A TA N A BE. /  F o o d  S c i. 40, 5 4 1 - 5 4 4  (1 9 7 5 ) - P r o -  
te in  paste o f  25%  co n cen tra tio n  from  cold  insoluble fractio n  (C IF ) or 
crude 7 S  was autoclaved at 1 0 0 - 1 7 0 ° C  to prepare heat-induced gel. 
A fter so lubilization o f  gel, qu antitative changes in Amido B lack  10B  
bound to p ro tein , basic am ino acids and am ide groups during heating, 
were investigated. In these experim en tal con d ition s, no significant change 
in basic am ino acids w ere recognized but decreases o f  am ide groups and 
the am oun t o f  Amido B lack  1 0 B  bound were significant as tem perature 
o f  heating increased. The decrease began from  1 0 5 °C  in C IF-gel and from  
14 0 °C  in crude 7S-gel. From  the results on Amido B lack  10B  bound to 
p ro tein  and on  SD S-disc polyacrylam ide gel e lectrop horesis, the gross- 
stru cture o f  subunits derived from  gel was degraded into low er m olecular 
substances by heating a t above 1 5 0 °C . T he relationship  o f  these results 
w ith those o f  our previous reports on  gel p roperties, so lubility  and others 
are also discussed.

EFFECTS OF FEEDING OXIDIZED OR HEATED SOYBEAN OIL ON 
TISSUE COMPOSITION AND HEMATOLOGICAL STATUS OF RATS.
J .  M IL L E R  & D .R . L A N D E S. /  F o o d  S c i. 40, 5 4 5 - 5 4 8  ( 1 9 7 5 ) - R a t s  
were fed diets contain ing 40%  soybean oil that was either aerated at 
room  tem perature, heated in the presence o f  carbon d ioxide or air, or 
supplied as the fresh produ ct. W hen the protein  in the d iet was com prised 
o f  20%  casein , b o th  grow th and feed e ffic ien cy  w ere depressed by the 
damaged oils. Feeding the oil that was aerated during heating reduced the 
num ber o f  hep atic cells and increased th e qu an tity  o f  protein  per cell. 
Liver lip id , especially  triglyceride, was decreased by  the damaged oils. 
The num ber o f  red blood cells form ed and their hem oglobin co n ten t and 
absorption  o f  iron  w ere also curtailed by the heated oil. Studies indicated 
that the e ffec ts  w ere n o t due solely to  reduced food  intake. Increasing 
the protein  in the d iet contain ing heated oil reduced b u t did not elim i
nate the ex trah ep atic e ffec ts  while further increasing the protein  co n ten t 
o f  th e  liver cells. There is evidence that damaged o il could aggravate the 
n u trition al quality o f  d iets having marginal protein  su fficiency .

ULTRASONIC EXTRACTION OF PROTEINS FROM AUTOCLAVED 
SOYBEAN FLAKES. L .C . W ANG. J . F o o d  S c i .  40, 5 4 9 - 5 5 1  ( 1 9 7 5 ) — 
Am ounts o f  protein s ex tracted  from  soybean flakes by applying ultra
sonic waves and by conven tional stirring w ere com pared. Respective 
yields o f  the to ta l proteins from  unautoclaved and autoclaved flakes were 
60%  and 16%  by conven tional stirring and 88%  and 58%  by sonication  in 
a single 1 :1 0  m eal-to-w ater e x tra c tio n . F rom  autoclaved flakes sonication 
in a single ex traction  dispersed up to  78%  to ta l protein s in w ater with 
1 :4 0  m eal-to-w ater ra tio . S o n ication  recovered a p ortion  o f  protein s from  
autoclaved flakes ordinarily unattainable by conventional stirring ex trac
tio n . P roteins obtain ed  by  either m eth od  revealed no d ifferences in their 
u ltracentrifuge patterns.

SPROUTING OF SEEDS AND NUTRIENT COMPOSITION OF SEEDS 
AND SPROUTS. J .R .  FO R D H A M , C .E . W E LL S & L.H . CHEN. J. F o o d  
S c i. 40, 5 5 2 —5 5 6  ( 1 9 7 5 ) —A m ethod o f  using cellulose sponges as a m edi
um for sprouting o f  seeds is reviewed in this article . S ix  varieties o f  peas 
and 12 varieties o f  beans were used for sprouting, and graded as to their 
ability  to  produce sprouts. P roxim ate analysis, d eterm ination  o f  vitam ins 
(vitamin C, th iam in , niacin , riboflavin and tocop h erols), carotenes and 
m inerals (iron , calciu m , m agnesium , m anganese, potassium  and phos

phorus) were carried out with each variety o f  seed b e fo re  and after 
sprouting. Ash, protein  and lipid show ed a 1 .5 - to  threefo ld  variability  
betw een varieties in both  seeds and sprouts. T h e  dry seeds w ere relatively 
low in ascorb ic acid, b u t this was very varietal d epend ent as was the ratio 
o f  reduced to  oxidized ascorb ic acid. T o ta l asco rb ic  acid ranged from
1 3 - 5 0  mg/lOOg o f  sprouts. Sim ilar variability  betw een  varieties was ob
tained w ith tocop h erol ( 0 .0 2 4 - 2 .3  m g/lOOg sprou ts) and caro tene 
( 0 . 2 - 4  mcg/lOOg sprouts). Thiam in , riboflav in , niacin and m inerals 
varied to a m uch sm aller ex ten t betw een varieties.

SEVERAL FACTORS AFFECTING COLOR, TEXTURE AND DRAINED 
WEIGHT OF CANNED DRY LIMA BEANS. B .S . LU H , C. WANG 
& H.N. DAOUD. J . F o o d  S c i. 40, 5 5 7 - 5 6 1  ( 1 9 7 5 ) - T w o  varieties 
o f  dry large lim a beans (P h a s e o lu s  l u n a tu s  L .) B -5 1 -1 1 4  and W hite V en 
tura 65  w ere used for investigation o f  their canning qu ality . A ddition o f  
0 .2 5 %  citric  acid to the soaking so lution improved the co lo r o f  the 
canned produ ct. It  is postulated  th at the beans co n ta in  small am oun ts o f  
iron and copper ions which can com bin e w ith the sulfides derived from  
the su lfur-containing am ino acids during the heat sterilization  process. 
The m etal sulfides thus form ed may be related to the d iscoloration . The 
reaction  o f  polyphenols w ith iron and copper in the beans m ay also 
co n tribu te  to the d iscoloration  problem . A ddition o f  0 .2 5 %  citric  acid or 
30 0  ppm E D T A  • N a2 (e th ylen ed iam in etetraacetic acid disodium  salt) to 
the brin e improves the co lor o f  the canned prod u ct; and addition o f  small 
am ounts o f  calcium  ions to the brine im proves the firm ness o f  the canned 
produ ct. T he drained w eight o f  the canned beans was decreased by  acidi
fication  o f  the brine.

FOLIC ACID CONTENT OF CANNED GARBANZO BEANS. K .C . LIN , 
B.S. LUH & B.S. SC H W E IG E R T . / .  F o o d  S c i .  40, 5 6 2 - 5 6 5  ( 1 9 7 5 ) — 
T ota l and free fo lic  acid in dry and canned garbanzo beans w as d eter
m ined w ith S t r e p t o c o c c u s  fa e c a l is  (A TC C  8 0 4 3 )  as test organism . A 
m odified assay m edium  was developed w hich can support ex ce llen t 
grow th o f  S . fa e c a l is  by  incu bation  at 3 7 °C  for 2 4  h r. T h ere  was a 
correla tio n  betw een co n cen tratio n  o f  fo lic  acid and grow th o f  th e or
ganism (absorbance at 6 5 0 n m ). T he co e ffic ie n t o f  correla tio n  was 0 .9 8 0 . 
The recovery o f  added fo lic  acid to the test m edium  was 96% . T h e loss o f 
free fo lic acid in the beans during soaking was 4 .6 % . T he corresponding 
loss in to ta l fo lic  acid on a dry basis was 6 .1% . T o ta l fo lic  acid reten tion  
in garbanzo beans was 7 8 .1 %  w hen steam  blanched for 10 m in and 7 4 .9 %  
w hen w ater blanched for 10 m in. F o lic  acid in garbanzo beans was qu ite 
stable to  heat processing. There was no significant decrease in eith er free 
or to ta l fo lic acid activ ity  even though th e heat processing tim e a t 
1 1 8 .3 °C  was increased from  2 9 .8  min ( F 0 =  8 )  to  5 3 .4  m in ( F 0 =  2 0 ) . 
T he reten tion  o f  to tal and free fo lic  acid  in the canned beans was 7 0 .0 %  
and 7 3 .5 %  respectively, o f  th at present in the original dry bean.

RED LIGHT INTENSITY AND CAROTENOID BIOSYNTHESIS IN 
RIPENING TOMATOES. R .L . TH O M A S & J . J .  JE N . /  F o o d  S c i .  40, 
5 6 6 - 5 6 8  (1 9 7 5 )-C a ro te n o id  biosynthesis was higher in m atu re, d e
tached tom atoes illum inated w ith G ro-L ux flu orescen t lamps than w ith 
cool w hite flu orescen t lamps, even though the light in ten sity  o f  the G ro- 
Lux lamps was m uch low er. G ro-L u x flu orescen t lam ps em it light pre
d om inantly in the red region, whereas cool w hite lamps em it very little  
red light. T om ato es illum inated w ith varying in tensities o f  red ligh t, 
showed increased carotenoid  production as light in tensity  increased. 
T ota l carotenoid  biosynthesis was found to  be proportional to  th e  loga
rithm  o f  th e radiant energy received up to  a saturation p o in t. Red light 
increased and far-red light suppressed caro tenoid  biosynthesis when co m 
pared to  a dark co n tro l. These data suggest th e  involvem ent o f  p h y to 
chrom e in carotenoid  biosynthesis in ripening tom atoes.

FACTORS INFLUENCING BLOATER FORMATION IN BRINED 
CUCUMBERS DURING CONTROLLED FERMENTATION. J .L .  ETC H - 
E L L S , H.P. F L E M IN G , L .H . H O N TZ, T .A . B E L L  & R .J .  M O N R O E . J. 
F o o d  S c i. 40, 5 6 9 - 5 7 5  (1 9 7 5 )-C o n d it io n s  w ere provided w hereby the 
ferm entation  o f  brined cucum bers was d irected  to  on e o f  predom inant 
m icrobial grow th by L a c to b a c i l lu s  p la n ta r u m ,  th e added starter cu ltu re 
and a m icrobe that produces relatively little  C 0 2 . C om parisons were 
made betw een m icrobial activities using this procedure and natural fer
m entations as practiced  com m ercially . S ign ifican t d ifferen ces in the 
m icrobial flora were noted betw een the tw o ferm en ta tio n  types. A lso, 
d irected (con tro lled ) ferm entations resulted in less C 0 2 and a m ore rapid
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and com plete conversion o f  ferm en table  sugars to  acid ; these ferm enta
tions consisten tly  were com pleted  w ithin abo u t 10 days a t 27  or 3 2 °C . 
Natural ferm entations were m ore variable in rates o f  acid  p rodu ction ; 
and, o ften  ferm entable sugars rem ained after the prim ary ferm entation  
by la ctic  acid  bacteria. A lthough b loater damage was m uch less in the 
directed than in natural ferm en tation s, 2 4 - 4 8 %  o f  the cucum bers had 
some damage due to  the C 0 2 produced by L. plantarum and the cu
cum ber tissue. B lo ater damage was d irectly  related  to the depth at w hich 
cucum bers w ere brined  in 55-gal drum s, probably  because m ore dissolved 
C 0 2 was retained  at greater brine depths. B loater damage was greater at 
3 2 °C  than at 2 7 °C , and the depth e ffe c t on damage was enhanced at the 
higher tem perature. Dam age also was d irectly  related  to pack-out ratios 
o f  cu cum bers:brin e ( 6 5 :3 5  >  5 5 :4 5  >  4 5 :5 5 ) .  These studies served as a 
basis fo r the “ controlled  ferm en ta tio n ”  process w hich recently  was o u t
lined for com m ercial briners.

FRACTIONATION AND CHARACTERIZATION OF PEROXIDASE 
FROM RIPE BANANA FRUIT. N .E . N A G L E  & N .F . H A A R D . J. Food 
Sci. 4 0 ,  5 7 6 - 5 7 9  ( 1 9 7 5 ) —Isoperoxidases from  banana fru it w ere frac
tionated  into  anionic and ca tio n ic  form s. T he pH optim um  for the per- 
ox id atic reaction  was found to  be 4 . 5 - 6 . 0  for b o th  fraction s. T he pH 
optim a fo r the ox id ation  o f  IA A  was 4 . 5 - 5 . 0  for the anionic and
5 . 5 - 6 . 0  for the ca tio n ic  form . Gel electrop horesis has shown six anionic 
form s and one cation ic form . Isoelectric  focusing in gels revealed eight 
anionic and tw o cation ic  form s. C olum n isoelectric focusing elucidated 
eight zones o f  peroxidase activ ity  and nine o f  IA A oxidase activ ity . All 
zones had isoelectric poin ts betw een pH 3 . 5 - 5 . 0 .  All isoenzym e species 
exh ibited  low  IA A oxidase activity  as com pared to  the crude ex tra ct.

BREAD BAKING PROPERTIES OF AQUEOUS PROCESSED PEANUT 
PROTEIN CONCENTRATES. M.N. KH A N , K .C . R H E E , L.W . R O O N EY  
& C.M . C A T E R . J. Food Sci. 4 0 , 5 8 0 - 5 8 3  (1 9 7 5 ) - B r e a d  baking proper
ties o f  three experim en tal peanut protein  con cen trates (PPC) produced 
by an aqueous e x tractio n  process w ere com pared w ith a com m ercial 
defatted  peanut and a com m ercial full fa t soy flour. An experim ental 
defatted  peanut flour was also included for com parative purposes. P ro
tein (N x  6 .2 5 )  and fa t co n ten ts o f  PPC were 5 6  and 17% , respectively. 
Brabender Farinograph absorption increased w ith the addition o f  protein  
source com pared to 100%  w heat flour. Farinograph peak tim e was n ot 
affected  due to  the ad dition o f  th e protein  source. Bread lo a f  volum e 
containing PPC and baked w ith short-tim e dough system  was on an aver
age 10 , 11 and 13%  less than the com m ercial d efatted  peanut, exp eri
m ental d efatted  pean ut, and full fa t soy flours, respectively. Crum b co lor 
o f the bread contain ing com m ercial d efatted  peanut flour was darker 
than th e one containing PPC. C om m ercial full fa t soy flou r im parted an 
unacceptable yellow  co lor to th e bread crum b. Bread baked w ith full fat 
soy and com m ercial d efatted  peanut flours had a so fter crum b than that 
baked with PPC. On an average, bread baked w ith PPC, com m ercial de
fatted  peanut, experim en tal d efatted  peanut, and full fa t soy flours in
creased th e bread p rotein  by 3 2 , 3 8 , 36  and 21% , respectively. Taste 
panel studies indicated that bread w ith PPC had b e tter organoleptic qu ali
ties than th at baked w ith the com m ercial d efatted  peanut and full fa t soy 
flours. All three form s o f  PPC did n ot show any significant d ifference in 
their bread baking properties.

PROTEIN CONTENT AND AMINO ACID COMPOSITION OF DEVEL
OPING PEAS. E .T . G R IT T O N , Y . PO M ERA N Z & G .S . R O B B IN S . J.
Food Sci. 4 0 , 5 8 4 - 5 8 6  (1 9 7 5 )-O v u ie s  for three pea cultivars w ere har
vested at 1 2 - 4 8  days a fter p ollination . Physiological m atu rity  was a t
tained about 25  days after p o llin ation , when m oisture co n ten t averaged 
6 2 .7 % . During the period studied, ovule dry weight increased 6 .2 - 1 1 .6  
tim es. A ccom panying changes in protein  con cen tration  w ere small. The 
m ajor changes in co n cen tratio n s o f  am ino acids in pea proteins were 
increases in lysine, h istid in e, aspartic acid , serine, proline, g lycin e, iso
leucine, leucin e, tyrosin e and phenylalanine; and decreases in threonine, 
glutam ic acid , alanine, cy stin e and m ethionine. C oncen tration  o f  arginine 
increased at early stages o f  developm ent and then decreased. Cultivar 
d ifferences in patterns o f  protein  con cen tration  and am ino acid com p o
sition were small. Changes in concen trations o f  am ino acids in pea pro
teins are compared w ith the diam etrically  d ifferent changes in co n cen tra
tions o f  these amino acids in proteins o f  cereals.

INTERRELATIONSHIPS BETWEEN STORAGE, SOAKING TIME, 
COOKING TIME, NUTRITIVE VALUE AND OTHER CHARACTER
ISTICS OF THE BLACK BEAN (Phaseolus vulgaris). M .R . M O LIN A , G. 
DE LA F U E N T E  & R . B R E S S A N I. J. Food Sci. 4 0 , 5 8 7 - 5 9 1  
(1 9 7 5 ) - B la c k  beans (Phaseolus vulgaris) were stored under am bient co n 
ditions for a period o f  tim e up to 6 m onths. Although storage increased 
m ethionine and available lysine co n ten ts o f  the raw and processed beans, 
it had, in general, a d etrim ental e f fe c t  on protein  qu ality . Cooking tim e 
significantly  (P <  0 .0 5 )  decreased p rotein  quality  o f  bo th  the recently  
harvested and the beans stored for 3 m onths. T he sam e was true for the 
beans stored for 6 m onths when su bjected  to  a soaking treatm en t o f  16 
or 24  hr prior to cooking. Soaking decreased significantly  (P <  0 .0 5 )  
protein quality  in the case o f  the beans stored fo r 6 m onths. Storage had 
an opposite e ffe c t on the protein  d igestibility  and on the nitrogen so lubil
ity in IN  NaCl, 0 .0 5 N  NaOH and H2 0  o f  the processed beans. Pre
lim inary results ind icate th at the nitrogen fractio n  soluble in IN  NaCl is 
capable o f  low ering bean protein  d igestibility in vitro w hen using pepsin 
as the digestive enzym e.

FROZEN STORAGE KEEPING QUALITY OF MINCED BLACK 
ROCKFISH (Sebastes spp.) IMPROVED BY COLD-WATER WASHING 
AND USE OF FISH BINDER. D. M IY A U C H I, M. PA TA SH N IK  & G . 
K U D O . J. Food Sci. 4 0 ,  5 9 2 - 5 9 4  ( 1 9 7 5 ) - B la c k  rockfish  (Sebastes spp.) 
is n ot suitable for produ ction o f  conventional fillet b lo ck s owing to a 
sh elf life  at - 1 8 ° C  o f  less than 4 m onths. Use o f  m inced fish m uscle 
offers greater flex ib ility  o f  processing to  im prove flavor, textu re  and 
storage stability . M odified fish b locks prepared by  m ixing the m inced 
m uscle w ith a fish binder had a storage life  o f  8 - 1 2  m on th s. M odified 
b locks m ade w ith cold water-w ashed m inced  m uscle were significantly  
b e tter in co lo r and flavor than those m ade w ith unwashed m inced mus
cle. Use o f  0 .0 0 1 %  BHA and 0 .0 0 1 %  B H T did n o t significantly  improve 
the cold-storage life  o f  the m odified m inced  fish b locks.

FUNCTIONAL PROPERTIES OF ADDED PROTEINS CORRELATED 
WITH PROPERTIES OF MEAT SYSTEMS. Effect of Concentration and 
Temperature on Water-Binding Properties of Model Meat Systems. A.-M. 
H ERM A N SSO N  & C . A .K E SSO N ./. Food Sci. 4 0 ,  5 9 5 - 6 0 2  ( 1 9 7 5 ) - T h e  
e ffec ts  o f  som e fun ctional properties (e .g ., so lubility , v iscosity , swelling 
and gel strength) o f  added proteins on m oisture loss properties o f  m odel 
m eat system s were studied. Besides m oisture loss, som e additional studies 
were made on  p en etration  depth. T he protein  preparations soy protein 
isolate (Prom ine-D ), caseinate and w hey protein  con cen trate  w ere added 
to pork shoulder and b e ef brisket system s, and changes were observed 
with respect to tem perature and percent exchanged p rotein . Observed 
changes in m oisture loss properties were correlated  w ith the correspond
ing changes in fu n ctional properties by certain  regression procedures. The 
best statistical so lution from  changes on raw m eat system s had a correla
tion co effic ie n t o f  0 .9 9 , w ith so lubility  explaining 79% , swelling 10% and 
viscosity 10%  o f  the variance. T he best sta tistica l so lution for heat- 
treated system s had a correlation  co e ffic ie n t o f  0 .9 8 ,  w ith gel strength 
alone explaining 94%  o f  the variance.

FUNCTIONAL PROPERTIES OF ADDED PROTEINS CORRELATED 
WITH PROPERTIES OF MEAT SYSTEMS. Effect of Salt on Water- 
Binding Properties of Model Meat Systems. A.-M. H ER M A N SSO N  & C. 
A K ESSO N . J. Food Sci. 4 0 ,  6 0 3 - 6 1 0  ( 1 9 7 5 ) - T h e  e ffe c ts  o f  solubility , 
swelling, viscosity and gel strength properties o f  added proteins on m ois
ture loss properties o f  raw and heat-treated  m odel m eat system s w ith 
varying salt co n ten t were studied. P roteins added were soy protein isolate 
(Prom ine-D ), caseinate and whey protein  co n cen trate . Q uantitative in ter
relationships o f  fu n ctional properties were calculated  by a general m etric 
hierarchical clustering techn iqu e, and correlations betw een fun ctional 
properties and m oisture loss properties by m ultiple regression analysis. In 
addition, penetration studies were m ade. T h e  addition o f  salt decreased 
the m oisture loss o f  all the m eat system s tested . T he fu n ctional proper
ties o f  the added protein  were, how ever, very d ifferently  affected  by the 
addition o f  salt. A lthough com plex behavior occurred due to salt addi
tion , good statistical correlations were obtained betw een d ifferences in 
fu n ctional properties and d ifferences in m oisture loss properties. T h e  best 
statistical solutions on raw and heat-treated  m eat system s had correlation  
coeffic ien ts o f  0 .8 2  and 0 .9 8 , respectively.
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FUNCTIONAL PROPERTIES OF ADDED PROTEINS CORRELATED 
WITH PROPERTIES OF MEAT SYSTEMS. Effect on Texture of a Meat 
Product. A.-M. H ER M A N SSO N . / .  F o o d  S c i. 4 0 , 6 1 1 - 6 1 4  ( 1 9 7 5 ) - T e x -  
ture changes observed w hen 4%  protein s w ere added to a com m ercial 
m eatball recipe were correlated  w ith changes in the fun ctional properties 
o f the added proteins. P roteins added w ere untreated  soy protein  isolate, 
caseinate and w hey protein  co n cen trate , preheat-treated  soy protein  iso
late and w hey protein  con cen trate . G ood statistical correlations were 
found betw een textu re  changes o f  m eatballs and m oisture loss changes o f 
m odel m eat system s. When regression equations calculated from  m oisture 
loss studies w ere used on the textu re changes o f  m eatballs, correlation 
co effic ien ts as high as 0 .8 8  were obtained. O f the fu n ctional properties, 
swelling and gel strength were shown to be o f great im portance for the 
texture changes o f  m eatballs.

VITAMIN B6 CONTENT OF TURKEY COOKED FROM FROZEN, 
PARTIALLY FROZEN AND THAWED STATES. P.P. E N G L E R  & J.A. 
B O W E R S ./ . F o o d  S c i. 4 0 , 6 1 5 - 6 1 7  (1 9 7 5 )-V ita m in  B 6 co n ten t o f  mus
cles and drip and oth er selected  ob jective m easurem ents from  raw turkey 
and turkey roasted from  the frozen , partially frozen and thaw ed states 
were d eterm ined. V itam in  B 6 contents o f  breast and thigh muscles did not 
d iffer calculated  on a w et-w eight basis. When vitam in B 6 co n ten t was 
calculated on a m oisture- and fat-free basis, un cooked  breast m uscle and 
muscle cooked  from  the partially  frozen state  had significantly  (P < 
0 .0 5 )  m ore vitam in B 6 than m uscle cooked from  the thaw ed state. 
Muscle cooked  from  the frozen  state was interm ediate in vitam in B 6 
con ten t. U ncooked  thigh m uscles had significantly  (P <  0 .0 5 )  m ore vita
min B 6 than did m uscles su bjected  to  heat treatm en ts. M eat cooked  from  
frozen and partially frozen states had significantly  (P <  0 .0 1 )  longer 
cooking tim es than m eat roasted from  the thawed state . U ncooked  breast 
and thigh m uscles had significantly  (P <  0 .0 1 )  higher m oisture co n ten ts 
and uncooked thigh m uscles had low er (P <  0 .0 5 )  e th er e x tra c t than did 
muscles roasted from  frozen , partially  frozen or thaw ed states.

SURVIVAL OF SELECTED PATHOGENS DURING PROCESSING OF 
A FERMENTED TURKEY SAUSAGE. W .L. B A R A N  & K .E . S T E V E N 
SO N . / .  F o o d  S c i. 4 0 ,  6 1 8 - 6 2 0  ( 1 9 7 5 ) - T h e  purpose o f  this study was 
to d eterm ine the p oten tia l survival o f  selected pathogens during process
ing o f  dry ferm ented  turkey sausage. Bacterial cu ltures w ere inoculated  
in to  the sausage m ixtu re and m icrob io log ical analyses were conducted 
before and a fter processing. T he sausages were heated to  4 6 °C  and dried 
at 10°C  and 72%  relative hum idity fo r 8 days. T he num bers o f  Salm onel
lae, C. p e r f r in g e n s  and en teropathogenic E . c o l i  decreased as a result o f 
processing. T he degree o f  d estruction  varied according to  the strain and 
am ount o f  inoculum  used. W hen cells o f  S . a u r e u s  were inoculated  into 
the sausage m ixtu re, grow th occurred . The results indicated Salm onellae, 
C. p e r f r in g e n s .  S . a u r e u s  and en terop athogenic E . c o l i  may survive in 
ferm ented  dry turkey sausages w hich receive a “ low -heat” process.

GRILLED FREEZE-DRIED STEAKS. Effects of Mechanical Tenderiza- 
tion Plus Phosphate and Salt. L.C. H IN N E R G A R D T , S .R . D R A K E  & 
R .A . K L U T E R . / .  F o o d  S c i. 4 0 ,  6 2 1 - 6 2 3  ( 1 9 7 5 ) —T he excised  sem i
m em branosus m uscles from  U SD A  ch oice  top rounds w ere random ly 
allo tted  to the follow ing treatm en ts: (a) m echanical tend erization ; (b) 
in jection  w ith 3% Na tripolyph osph ate and 7 .5%  NaCl so lution  to  10%  o f  
the raw m eat w eight; (c )  m echanical tend erization  follow ed by in jection  
with 3% Na tripolyphosphate and 7 .5%  NaCl so lution  to  10%  o f  the raw 
roast w eight; and (d) no m echanical tend erization, nor phosphate and 
NaCl addition, prior to  slicing (1 .2 7  cm th ick ) and freeze-drying. B oth 
ob jective and subjective evaluations revealed the m ost desirable steak 
tenderness resulted from  roasts w hich w ere m echanically  tenderized and 
in jected  w ith a phosphate and salt so lution . M echanical tenderization 
w ithout the phosphate in jectio n  produced the n e x t m ost acceptab le 
tenderness. T extu re  was enhanced by  in jectio n  o f  the phosphate-salt solu
tion , bu t not enough to  be o f  practical consequence w ith out m echanical 
tenderization.

FRESHLY COOKED AND COOKED, FROZEN, REHEATED BEEF 
AND BEEF-SOY PATTIES. J .A . B O W ER S & P.P. E N G L E R . / .  F o o d  Sci. 
4 0 , 6 2 4 - 6 2 5  (1 9 7 5 )-G r o u n d  b e e f and beef-soy (15  and 30%  soy) pat
ties were prepared and frozen  raw or cooked  and then , a fter cooking or 
reheating were evaluated by a taste panel. Percentages o f  m oisture and fat

and T B A  values were determ ined. Adding soy decreased co ok in g  losses, 
and the reheating process increased cooking losses. B e e f  p atties con tain ed  
less m oisture t u t  m ore ether e x tra c t and had higher T B A  values than 
beef-soy blends. B e e f patties were less firm  and their m eaty  flavor and 
arom a w ere m ore intense than those o f  beef-soy  p atties bu t their cereal- 
like flavor and arom a were less intense. R eheated  beef-soy p atties had less 
stale flavor and arom a than reheated b e e f  patties.

INFLUENCE OF SODIUM NITRITE ON THE CHEMICAL AND OR
GANOLEPTIC PROPERTIES OF COMMINUTED PORK. J .P . H A D 
D EN , H.W. O C K ER M A N , V .R . C A H IL L , N.A. P A R R E T T  & R .J .  B O R T -
ON. J . F o o d  S c i. 4 0 , 6 2 6 - 6 3 0  ( 1 9 7 5 )-O b je c t iv e s  o f  a study undertaken 
to further develop present know ledge o f  the a ctio n  o f  sodium  n itrite  in 
m eat involved an exam in ation  o f  organoleptic and chem ical d ifferen ces 
occurring betw een co ok ed , canned pork em ulsions processed w ith or 
w ithout added sodium  n itrite  in sam ples with or w ith out added salt 
(N aCl). It  appears that sodium  n itrite  added to  co ok ed , canned co m 
m inuted pork plays a vital role in developing and m aintaining cured pork 
flavor. N itrite was found to  retard the rate o f  oxidative rancid ity  (T B A  
value) in this m odel system . However, it is im portant to  n o te  th a t in the 
m odel system  studied, spices, sw eeteners and exten d ers were excluded 
from  the form ulation  and th at the average fa t level o f  the finished prod
uct was approx 17%  which is leaner than th at used in m ost com m ercial 
form ulations.

EFFECTS OF FROZEN STORAGE, COOKING METHOD AND MUS
CLE QUALITY ON ATTRIBUTES OF PORK LOINS. A.W . F L Y N N  &
V .D . B R A M B L E T T . J. F o o d  S c i. 4 0 ,  6 3 1 - 6 3 3  ( 1 9 7 5 ) - P o r k  loins classi
fied as norm al; pale, so ft, exudative (P S E ); and dark , firm , dry (D F D ) 
were frozen for 9 m on th s. Chops cu t a fter frozen storage from  each type 
w ere deep-fat fried , oven-broiled , or le ft  raw , and evaluated for e x te n t o f  
ran cid ity , qu an tity  o f  lip ids, relative qu antities o f  m ajo r fa tty  acids, and 
p alatability . R esults indicated  that P S E  m uscles w ere the m ost rancid and 
D FD  the least. O ven-broiled samples w ere significantly  (p <  0 .0 1 )  m ore 
tender, flav orfal and accep tab le  than the d eep-fat fried  p o rk , and D F D  
pork was m ore ju icy  than norm al or P S E . N o significant d ifferen ce  in 
tenderness due to  m uscle type was observed.

EFFECTS OF CURING INGREDIENTS AND HOLDING TIMES AND 
TEMPERATURES ON ORGANOLEPTIC AND MICROBIOLOGICAL 
PROPERTIES OF DRY-CURED SLICED HAM. J .D . K EM P, B E . LAN- 
G L O IS , J .D . F O X  & W .Y . V A R N E Y . / .  F o o d  S c i .  4 0 ,  6 3 4 - 6 3 6  
(1 9 7 5 )-H a m s  were dry cured using salt and sugar on ly , and salt and 
sugar plus either n itrite , n itrate , n itrite  and nitrate or Prague Pow der. 
A fter aging, the hams were sliced and vacuum packed. Slices were evalu
ated 3 days alter packing and after a m o n th ’s storage a t eith er 1°C  or 
2 4°C . All groups treated with n itrite and /or n itrate  developed m ore desir
able co lo r than con tro ls and m aintained this co lor at 1°C  but n ot at 
2 4°C . O rganoleptic scores favored the treated  groups. All scores were 
low er after 2 4 ° C  storage. N itrite levels decreased with storage. M icrob io 
logical counts were affected  only slightly by cure treatm en t but increased 
greatly when slices were stored at 2 4°C .

FACTORS AFFECTING SHOWCASE COLOR STABILITY OF FRO
ZEN LAMB IN TRANSPARENT FILM. M.C. HUN T, R .A . SM ITH , D.H. 
K R O P F  & H .J. TU M A . / .  F o o d  S c i. 4 0 , 6 3 7 —6 4 0  ( 1 9 7 5 ) —Display co lo r 
stability  o f  frozen lam b chops o f  three m arbling levels was studied using 
all com bin ations o f  tw o freezing tem peratures ( - 4 0 ° C  and - 2 6 ° C ) ,  tw o 
display tem peratures ( - 2 9 ° C  and - 2 1 ° C ) ,  tw o packaging film s (oxygen 
perm eable L -3 0 0  and low  oxygen perm eable Saran) and tw o lighting 
system s (deluxe co o l w hite flu orescen t and incan d escent). Packaging in 
oxygen perm eable L -3 0 0  film  resulted in brighter visual scores for fresh 
packaged chops and frozen chops after display 1 or 4 2  days, b u t chops in 
Saran film  had m ore desirable co lo r after unpackaging and thaw . R e fle c 
tance data indicated less m etm yoglobin (M b+ ) in chops in Saran w hen 
displayed 7 or m ore days. Freezing a t - 4 0 ° C ,  com pared w ith - 2 6 ° C ,  
resulted in m ore desirable visual co lo r at all tim e periods post-freezing, 
confirm ed by higher 6 3 0  nm reflectan ce and resulting in no bleach . D is
play at - 2 9 ° C, com pared w ith - 2 1 ° C improved visual co lo r only after 
21 days display and after the thaw -bloom  period. R e fle c ta n ce  suggested 
m ore ox id ation  o f  m yoglobin occurred a t - 2 1 ° C .  C hops displayed and 
scored under incan descent lighting had m ore desirable visual co lor but 
lighting apparently masked color d eterioration  as re flectan ce  suggested 
less Mb+ in chops displayed under delu xe co o l w hite flu o rescen t lighting.
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Marbling level did not a ffe c t  w eight loss or co lo r stability . Drip losses 
were less in chops frozen a t - 4 0 ° C  than a t - 2 6 ° C .  W eight loss, from  
fresh packaged to  frozen displayed for 6 w k, averaged 0 .7 1 % .

IMMOBILIZED CATALASE REACTOR FOR USE IN PEROXIDE 
STERILIZATION OF DAIRY PRODUCTS. H.D. CH U, J .G . L E E D E R  & 
S.G . G IL B E R T . J. Food Sci. 40, 6 4 1 - 6 4 3  ( 1 9 7 5 ) - T h e  e ffe c t o f  H2 0 2 
treatm en t on  the bacterio log ical co n ten t o f  cheese m ilk was studied at 
various tem peratures. Using 0 .0 5 %  H2 0 2 at room  tem perature reduced 
the to ta l bacteria l cou nts by  97% . T he perform an ce o f  the catalase-col
lagen reactor was investigated. It  was found th at the mass transfer is the 
rate-controlling  m echanism  in the reactor. T he reactor may be scaled-up 
for industrial use by considering b o th  space tim e and flow  rate.

STORAGE STABILITY OF DRIED SWEET CHEESE WHEY. N .L . 
K E H R B E R G  & J.M . JO H N SO N . J. Food Sci. 40, 6 4 4 - 6 4 6  ( 1 9 7 5 ) -  
Dried whey was stored in sealed plastic bags, in glass ja rs  and op en, under 
room  co n d ition s and refrigeration for 3 0 , 6 0  and 9 0  days. Sam ples were 
analyzed for m oisture, pH, co lo r and protein  so lubility  (K jeldah l n itro 
gen). G reatest changes occurred  in open, room  tem perature stored  w hey. 
A fter 3 0  days the samples w ere visibly brow ned , and after 9 0  days m ois
ture co n ten t had increased and pH and so lubility  had decreased signifi
can tly . Less rapid and extensive changes in m oisture, pH, co lo r and solu
b ility  occurred  in whey stored under all o th er cond ition s. Changes in pH, 
co lo r and so lubility  w ere attribu ted  largely to nonenzym atic brow ning. 
Cakes were prepared from  all w hey stored under room  cond ition s, using 
100%  su bstitu tion  for n on fat dry m ilk (nd m ). In itia lly , a taste panel 
found no significant d ifferen ce betw een ndm cakes and w hey cakes. 
A fter 30  days ndm cakes were preferred to  cakes m ade from  open-stored 
w hey, and at 9 0  days panel m em bers preferred ndm cakes over all w hey 
cakes. Cake volum e decreased in cakes from  open-stored w hey after 30  
days, and in ja r -  and bag-stored w hey after 9 0  days. Open stored w hey 
cakes were less tender and had darker crum bs than oth er w hey cakes.

A REFLECTANCE METHOD FOR THE ENUMERATION OF SUR
FACE BACTERIA. G .J . JE D L IC K A , W.M. H IL L  & J .G . H E C K ./. Food 
Sci. 4 0 , 6 4 7 - 6 4 8  (1 9 7 5 )- In c r e a s e d  emphasis on sanitation and quality 
con tro l has caused concern  in m any food processing operations. Present

m ethodology for m aking bacteria l surface counts on equipm ent and car
casses is com plicated , tim e consum ing and requires considerable skill on 
the part o f  the person perform ing the test. There is need for a simple test 
which can be perform ed by relatively unskilled persons. A m ethod has 
been developed consisting o f  a co n ta c t plate filled with a reflectance 
medium and a reflectom eter. T o  perform  the test, the surface o f  the plate 
is pressed against the surface to be tested , transferring bacteria  from  the 
surface to the m edium . T he cu lture m edium  is then incubated. R eflec
tance o f  the m edium  is then measured in a reflectom eter. Change in 
reflectance is related to  the bacteria l cou n t. T he advantages o f  the m eth
od are: (1 )  D oes n o t require visual counting o f  bacteria  co lo n ies; (2 ) 
E stim ates viable bacteria on a per square inch basis; (3 )  R ep rod u cib le ; (4 ) 
Does not require skilled op erator; (5 )  Inexpensive; and (6 )  Com pares 
favorably w ith standard swab m ethods.

EFFECT OF PRECOOKING ON COPPER CONTENT, PHENOLIC 
CONTENT AND BLUEING OF CANNED DUNGENESS CRAB MEAT.
J .K . B A B B IT T , D .K . LAW  & D .L . C R A W F O R D . J. Food Sci. 4 0 , 
6 4 9 - 6 5 0  (1 9 7 5 )~ P re co o k in g  reduced the copper co n ten t and slightly 
reduced the phenolic co n ten t o f  canned crab m eat. No significant blueing 
was observed in the cooked  or p recoo k-co ok ed  canned crab m eat when 
the crab w ere processed im m ediately after harvesting. T h e  higher pH o f  
canned m eat from  crab held 2 or 4  days prior to  processing m ay prom ote 
the ox id atio n  and p olym erization o f  phenols to  co lored  m elanins particu
larly in the presence o f  copper. P recooking follow ed by th e addition o f 
c itric  acid to th e canned crab m eat will help prevent blueing w hen the 
crab are in good con d ition  and handled prom ptly  a fter harvesting.

A STUDY OF THE RATE-LIMITING FACTORS IN THE RESPIRA
TORY OXYGEN CONSUMPTION OF INTACT POST-RIGOR BOVINE 
MUSCLE. D.P. D eV O R E  & M. S O L B E R G . / .  Food Sci. 40, 6 5 1 - 6 5 2  
( 1 9 7 5 ) - T h e  relationship betw een the oxygen consu m p tion  rate , tissue 
NADH con cen tration  and cy toch rom e c reductase activ ity  was d eter
mined in in tact post-rigor bovine m uscle. O xygen u p take was measured 
m anom etrically  at 5 °C  under a co n stan t oxygen headspace pressure o f  
one atm osphere. The decay in oxygen consu m p tion rate was associated 
with a co in ciden t reduction in respiratory  enzym e activ ity  and tissue 
NADH con cen tration .
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Clostridium perfringens INHIBITION BY SODIUM NITRITE AS A 
FUNCTION OF pH, INOCULUM SIZE AND HEAT

INTRODUCTION

FOOD POISIONING cases attributed to
C . p e r f r i n g e n s  continue to occur in sig
nificant numbers. Numerous studies have 
been conducted to more completely 
understand C. p e r f r i n g e n s  and its relation 
to man and his food. Most C . p e r f r i n g e n s  
food poisoning outbreaks have been asso
ciated with meat, poultry, or meat prod
ucts as a vehicle. Cured meat products 
have only occasionally been implicated. 
The influence of the curing salts, especial
ly sodium nitrite, has been hypothesized 
as the factor providing a margin of safety.

The inhibitory effect of sodium nitrite 
upon members of the genus C l o s t r i d i u m  
was reported by several investigators 
(Perigo and Roberts, 1968; Gough and 
Alford, 1965; Perigo et al., 1967; Johns
ton et al., 1969; Pivnick et al., 1967, 
1969, 1970; Duncan and Foster, 1968; 
Wasserman and Huhtanen, 1972). Perigo 
and Roberts (1968), Gough and Alford 
(1965) and Riha and Solberg (1973) re
ported the inhibition of C . p e r f r i n g e n s  by 
sodium nitrite. Perigo and Roberts (1968) 
and Riha and Solberg (1973) demonstrat
ed a significant enhancement of the inhib
itory effect when NaN02 was autoclaved 
in microbiological media. This study was 
undertaken to characterize the effect of 
sodium nitrite as an inhibitor on several 
strains of C . p e r f r i n g e n s  as a function of 
pH, inoculum size, sterilization technique 
and nitrite concentration.

'P resen t address: Hunt-Wesson Foods, Full- 
erton, Calif.

1 Presently on Faculty Academic Study Pro
gram Leave.

Address: Visiting Professor, The Technion, 
Israel Institute of Technology, Haifa, Isreal

MATERIALS & METHODS

Media
All nitrite studies were cond ucted  in a ch em 

ically  defined m edium  (R  & S M edium ) de
scribed by R iha and Solberg (1 9 7 1 )  as capable 
o f  supporting growth o f  low  inocula levels o f  C. 
perfringens. A fter preparation, the m edium  was 
adjusted to pH 6 .3  or 7 .2  w ith NaOH. N a N 0 2 
was then added to the m edium from  a stock  
so lution . F ilte r sterilization was accom plished 
using a 0 .2 2 m pore size m icropore filter (Milli- 
pore F ilter C orp ., B edford , M ass.). G lucose was 
added to  the m edium prior to  filtra tio n . A fter 
filtra tio n , the sterile m edium  was asepticaliy  
dispensed into appropriate sterile contain ers. 
A utoclave sterilization was accom plished  by 
heating at 12 1 °C  for 15 min after w hich glu
cose was asepticaliy  added from  a stock  a u to 
clave sterilized so lution to the autoclave steri
lized m edium  to a co n cen tratio n  o f  1 .25%  glu
cose.

Cultures o f  C. perfringens were m aintained 
on C ooked  M eat M edium (D ifco ) and grown on 
Fluid T hioglycollate  Medium (F T M , D ifcc ) in 
preparation o f  an inoculum . P late counts were 
m ade on SPS Agar (D ifco ).

Inocula
Seven strains o f  C. perfringens were used 

throughout m ost o f  the study. S ix  strains 
(8 7 9 7 , 1 3 6 2 , 8 2 3 5 , 8 2 3 7 , S -8 0 , S -8 8 )  have 
been associated  with food s and the seventh 
strain, B P 6K , is a m edically significant strain. 
T o  prepare an inoculum , the organisms were 
grown tw ice for 24  hr in FTM  at 3 7°C . A lube 
containing 10 ml o f  FTM  was inoculated  with 
0.1 ml from  the second 24 hr cu lture and sub
sequently incubated  at 4 3 °C  for 6 hr, after 
which serial dilutions were prepared in sterile 
0 .1%  peptone w ater.

Incubation
Plate counts were made after 1 8 - 2 4  hr incu 

bation  at 4 3 °C  in an A naero-Jar (Case Labs 
In c., C hicago, 111.). A naerobiosis was attained 
by evacuating and flushing the ja r  three tim es 
w ith nitrogen. All tubes and cu lture flasks o f  R

& S M edium were incu bated  at 4 3 ° C  for at least 
72  hr unless otherw ise stated.

Effect of pH, inoculum size, heat 
and nitrite cone

Seven strains were visually observed for 
growth during a 72-hr incu bation  at 4 3 °C . An 
inoculum  consisting o f  0 .1  m l, containing 
approxim ately  1 0 3 cells, was delivered into  
1 0 .0  ml o f  R  & S M edium contain ing various 
levels o f  n itrite . This resulted  in a cell co n cen 
tration  o f  ap proxim ately  1 0 2 cells/m l. The 
m edium was at pH 6 .3  or 7 .2  and had been 
sterilized by eith er filtra tio n  or autoclaving. 
The highest N a N 0 2 co n cen tratio n  at which 
growth was observed and the low est N a N 0 2 
co n cen tratio n  at which no grow th occurred 
after 72  hr was record ed. Som e tubes which did 
not dem onstrate grow th were incubated  for
7 - 1 4  days prior to declaring them  negative. 
T he experim en t was cond ucted  in duplicate.

T h e e ffe c t o f  inoculum  level upon nitrite 
tolerance for six strains o f  C. perfringens was 
exam ined by inoculating 10  ml o f  both filter 
sterilized and autoclave sterilized R  & S M edi
um a t pH 6 .3  with either 0 .1  ml o f  a 6-hr 4 3 °C  
FTM  culture contain ing approxim ately  1 0 7 
cells or 0 .1  ml o f  a pepton e w ater d ilution of 
the same culture contain ing ap proxim ately  10 3 
cells. G row th was observed during a 72-hr incu
bation  at 4 3 °C  after which the highest level o f  
n itrite perm itting grow th and the low est level 
inhibiting grow th were recorded.

Fu rth er inocula studies were conducted  with 
C. perfringens 8 7 9 7  in pH 6 .3  R  & S Medium. 
T he m edium  was filter sterilized, 10 ml were 
dispensed in to  sterile test tubes, a fter which the 
tubes were heated at 12 1 °C  for 5 , 10 and 15 
min. Sterile  glucose was added after heating. 
From  a 6-hr 4 3 °C  FTM  culture o f  strain 8 7 9 7 , 
six serial d ilutions were made in 0 .1%  peptone 
water and 0 .1  ml from  each d ilution was in o cu 
lated into duplicate tubes contain ing various 
levels o f  n itrite . Plate counts o f  the inocula 
were made on SP S Agar. The tubes were incu
bated at 4 3 °C  for 7 2  hr and exam ined visually 
for grow th. T he m axim um  nitrite con cen tration  
at which grow th occurred was recorded.
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Table 1—The highest concentrations o f N aN 02 which allowed growth and the lowest con
centrations of N aN 02 which prevented growth in R & S Medium fo r seven strains of C. 
perfringens after incubation at 43°C fo r 72 hr as determined by visual observation. (The in itia l 
cell concentration was approximately 102 cell/m l.)

N aN 02 Concentration (ppm)

F ilter sterilized Autoclaved

Strain

pH 7.2 pH 6.3 pH 7.2 pH 6.3

Growth
No

Growth Growth
No

G rowth
No

G rowth Growth G rowth
No

Growth

8 7 9 7 6 0 0 8 0 0 16 0 18 0 25 50 10 20

1 3 6 2 1 0 0 0 1 5 0 0 2 0 0 2 5 0 25 50 8 10

BP6K 1 0 0 0 1 5 0 0 9 0 10 0 10 2 5 * *

8 2 3 5 1 0 0 0 1 5 0 0 2 0 0 2 5 0 50 75 10 20

8 2 3 7 1 0 0 0 1 5 0 0 2 0 0 2 5 0 50 7 5 8 10

S-80 1 0 0 0 1 5 0 0 2 5 0 4 0 0 50 75 10 2 0

S-88 6 0 0 8 0 0 6 0 8 0 25 50 0 2

* Not determined

RESULTS & DISCUSSION

TABLE 1 presents the levels of NaN02 
which inhibited the seven strains of C. 
perfringens in R & S Medium as a func
tion of pH and mode of sterilization. 
Each value in Table 1 is the average of at 
least two experiments. It is apparent that 
nitrite inhibition is more effective at a 
lower pH and in autoclaved medium. It 
required 3.8 — 15.0 times more nitrite to 
inhibit growth in pH 7.2 filter sterilized 
medium than in pH 6.3 filter sterilized 
medium.

The mean average ratio (R) of sodium 
nitrite concentration required for inhibi
tion at pH 7.2 as compared to pH 6.3 in 
filter sterilized medium was 6.8.

Comparison of pH effects and steriliza
tion method effects were accomplished 
using a mean average ratio (R)concept.

The computing formulae were as fol
lows:
(1) for pH comparison with the steriliza
tion method being constant

-  ( G , . 2/ G 6 .3) + ( l 7 .2/ l 6 .3)
R = 2h

(2) for sterilization method comparison 
with the pH being constant

-  (GF/GA) + (IF/IA)
R -  2n

where: n = number of strains; G = highest 
NaN02 cone permitting growth; I = low
est NaN02 cone inhibiting growth; F = 
filter sterilization; and A = autoclave ster
ilization. It therefore required an average 
of 6.8 times as much nitrite to inhibit 
growth at pH 7.2 as was required at pH

6.3 in filter sterilized medium. The R of 
five strains in autoclaved medium was 
4.4. Only five strains were used in this 
computation since strain BP6K was not 
evaluated at pH 6.3 and strain S-38 did 
not grow at any experimental nitrite level 
above 0.

There appears to be a relationship be
tween nitrite inhibition and the nitrous 
acid content of the medium. The amount 
of undissociated nitrous acid formed at 
the inhibitory sodium nitrite concentra

tion for both pH levels is approximately 
the same since there is an eightfold de
crease in hydrogen ion concentration 
from pH 6.3 to pH 7.2. This agrees with 
the report of Castellani and Niven (1955) 
who demonstrated that the amount of 
undissociated nitrous acid necessary to 
inhibit S. aureus in unheated medium 
remained constant over a wide pH range. 
Based on the assumption that nitrite 
behaves in equilibrium as follows:

[H+ ] [N 0 7 ]  -  [ H N O J  and  p k a 

= [H+ l IN O 7 ] / [ H N 0 2 ] ;

therefore ,  [ H N 0 2 ] = [H+ ] [ N 0 7 l / p k a

where pka is constant. As the pH changes 
from 7.2 to 6.3, an eightfold increase in 
[H+] and a 6.8-fold decrease in [NO7 ] 
will permit the concentration of undisso
ciated nitrous acid to remain nearly con
stant. The nitrous acid therefore seems to 
be an important factor in the inhibition 
of C. perfringens in unheated medium 
and contributes to a lesser extent by 
approximately 30% but nevertheless sig
nificantly to the pH related effect in the 
heated medium.

The mean average ratio (R) of NaN02 
required to inhibit C. perfringens in pH
7.2 filter sterilized medium was 30.7 
times that required in autoclaved medi
um. At pH 6.3, the NaN03 concentration 
required for inhibition was 20.3 times 
greater in filter sterilized medium than it 
was in heat sterilized medium. These re-

Table 2—G rowth supporting and growth inh ib iting concentrations 
of N aN 02 fo r six strains of C lostridium  perfringens in 10 ml of f ilte r  or 
autoclave sterilized R & S Medium at pH 6.3 as a function  o f inoculum 
size

Strain

Approx

Sodium n itrite  cone (ppm)

F ilter sterilized Autoclave sterilized

(Viable org/m l) G row thb No grow thb G rowth No growth

8 7 9 7 1 0 2 16 0 18 0 10 2 0
1 0 6 8 0 0 1 0 0 0 10 0 15 0

1 3 6 2 1 0 2 2 0 0 2 5 0 8 10
10 6 1 0 0 0 1 5 0 0 75 100

8 2 3 5 1 0 2 2 0 0 2 5 0 10 2 0
1 0 6 1 0 0 0 1 5 0 0 3 0 0 > 3 0 0

8 2 3 7 1 0 2 2 0 0 2 5 0 8 10
1 0 6 1000 1 5 0 0 3 0 0 > 3 0 0

S-80 1 0 2 2 5 0 4 0 0 10 20
1 0 6 1 0 0 0 15 0 0 3 0 0 > 3 0 0

S-88 1 0 2 6 0 80 0 2
1 0 6 6 0 0 8 0 0 25 50

a Inoculum was prepared from a 6-hr culture in Fluid Thioglycollate 
Medium incubated at43°C.

b Growth was evaluated visually after 3 days incubation at 43°C.



NITRITE INHIBITION OF C. perfringens—W \

Fig . 1— The e f fe c t  o f  h e a tin g  t im e  a t  1 2 1 °C  a n d  s o d iu m  n i t r i t e  

c o n c e n tra t io n  u p o n  th e  g ro w th  o f  v a rio u s  c e lt c o n c e n tra t io n s  o f  
C lo s tr id iu m  p e rfr in g e n s  8 7 9 7  in  B  & S M e d iu m  in c u b a te d  a t  4 3 ° C  
fo r  4 8  h r. Each p o in t  re p resen ts  th e  m a x im u m  s o d iu m  n i t r i t e  le ve l 

a t  w h ic h  g ro w th  o c c u r re d  fo r  th e  c e ll c o n c e n tra t io n  in d ic a te d .

suits confirm the report of Perigo et al.
(1967) who found that autoclaving nitrite 
in microbiological medium produced a 
potent inhibitor and demonstrate clearly 
that the effect is over and above that 
which is attributable to pH alone.

It is evident that nitrite inhibition of
C. perfringens in complex microbiological 
media (Perigo and Roberts, 1968; Gough 
and Alford, 1965) is comparable to ni
trite inhibition in the chemically defined 
R & S Medium. The inhibition levels of 
800—1500 ppm at pH 7.2 and 100-400 
ppm at pH 6.3 for filter sterilized media 
correspond to the levels reported by Peri
go and Roberts (1968) at pH 7.0 and pH
6.0. The pH 7.2 levels in this study are 
slightly lower than the pH 7.1 FTM stud
ies of Gough and Alford (1965). In auto
claved medium, a two—three times 
greater tolerance occurred in this study at 
pH 7.2 than that reported by Perigo and 
Roberts (1968) at pH 7.0. The same dif
ferential existed for strains 8797 and 
8237 which were common to both stud
ies. At pH 6.3, the inhibitory levels were 
similar to those of Perigo and Roberts
(1968) .

The effect of inoculum size on nitrite 
inhibition is illustrated in Table 2. The 
medium was sterilized by filtration or by

heat prior to inoculation. A 4-log cycle 
increase of inoculum size in filter steri
lized medium increased the nitrite con
centration required for inhibition at pH
6.3 to approximately that required for 
the smaller inoculum at pH 7.2. (Com
pare Table 2 with Table 1.) The five to 
tenfold increase of the inhibitory concen
tration of NaNOi in filter sterilized medi
um as a result of the higher inoculum 
level was not as great as the 10—100 fold 
increase in nitrite tolerance observed in 
autoclaved medium when the inoculum 
level was increased from 102 organisms 
per ml to 106 organisms per ml. At the 
106 cells per ml initial inoculum level, 
strains 8235 and S-80 tolerated auto
claved nitrite at a level equivalent to an 
initial inoculum of 102 cells per ml in 
filter sterilized medium. This demon
strated that previous work by Duncan
(1970) indicating that the level of spore 
concentration is an important factor in 
the spoilage of cured meats is also an 
important consideration when nitrite 
inhibition of vegetative cells is being stud
ied. The difference in inocula levels may 
explain many of the discrepancies in the 
literature concerning the nitrite tolerance 
of microorganisms under similar condi
tions (Gough and Alford, 1965; Perigo

and Roberts, 1968). Gough and Alford 
(1965) used inocula of approximately 
106 — 107 cells per ml whereas Perigo and 
Roberts (1968) used 104 —10s cells per 
ml.

To further illustrate the effect of inoc
ulum size as well as the effect of heat, 
one strain, 8797, was selected for inten
sive study. A series of six serial dilutions 
of a 6-hr, 43°C FTM culture of the organ
ism was inoculated into tubes of filter ster
ilized pH 6.3 R & S Medium which had 
received heat treatment at 121°C for 0, 5, 
10 or 15 min after which sterile glucose 
was added aseptically. The mean cell con
centrations at each dilution level (deter
mined by SPS Agar pour plate counts) 
and the mean maximum nitrite levels at 
which growth occurred after 72 hr at 
43°C are plotted in Figure 1.

Regression analysis applied to the 
three lines showed that the log of sodium 
nitrite concentration tolerance of C. per
fringens 8797 dropped 0.13-log cycles for 
every 90% reduction in inoculum size in 
the medium when no heat was applied. 
For medium which was heated at 121°C 
for 5 and 10 min this decrease was 0.10 
and 0.17-log cycles of nitrite respectively 
for each serial dilution. Analysis of covar
iance for homogeneity of the regression 
lines showed that the slopes are represent
ative of the same population. These re
sults further indicate the dependency of 
culture outgrowth on inoculum size when 
nitrite is present.

Figure 1 also illustrates that outgrowth 
in the presence of nitrite depends upon 
the amount of heat applied to the medi
um. Since all cell concentrations yield ni
trite tolerance curves of equivalent slopes 
the results can be averaged to obtain 
mean heating time response information. 
The log of nitrite tolerance drops from 
0.13 to 0.18-log cycles for every heating 
minute at 121°C. This gives a mean 
“Dr 2 1 ” value of 6.8 min. Therefore, as 
the heating time of the nitrite containing 
medium increases 6.8 min, the log of the 
sodium nitrite concentration required to 
inhibit a given number of cells decreases 
by 90%.

Perigo et al. (1967) showed that the 
addition of heat to a bacteriological medi
um yielded a first order response with 
respect to inhibitory nitrite levels for C. 
sporogenes at one inoculum level. The 
responses observed in these experiments 
were similar. However, no increases in ni
trite tolerance levels were found with pro
longed heating as were observed by Perigo 
et al. (1967). This is probably due to 
insufficient heating since Perigo et al. 
(1967) heated the medium up to 120— 
130°C for 20 min.

It is apparent that heating a microbial 
growth medium containing nitrite pro
duces a potent inhibitor. This observation 
may be significant in canned cured meat 
products that generally receive a very
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short, sublethal heat treatment (F0 = 
0.2). This treatment may be enough to 
reduce the nitrite tolerance of the indige
nous Clostridia to a level which is less 
than the federally permitted maximum 
amount of added sodium nitrite, 200 
ppm. Johnston et al. (1969) found that 
the water-soluble portion of meat ex
tracts interfere with the formation of the 
potent inhibitor during autoclaving of 
medium containing nitrite. Johnston et 
al. (1969) state that the inhibition is due 
in fact to the effect of residual nitrite and 
curing salts and not so much to the pres
ence of a Perigo inhibitor. The effect of 
residual nitrite is unlikely in these studies 
however since the amount of residual ni
trite needed to inhibit C. perfringens 
8797 is far greater than those levels 
needed for inhibition in autoclaved medi
um and far greater than those levels ex
pected to be recovered from R & S Medi
um after autoclaving (Riha and Solberg,
1973). The effect of heating in R & S 
Medium must therefore be attributed to 
the formation of some sort of inhibitor. 
Wasserman and Huhtanen (1972) have

shown similar inhibition of C. botulinum 
due to the formation of a Perigo inhibitor 
which was not a nitrosamine. The nature 
of the inhibitor remains unknown.
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C lostridium  perfringens GROWTH IN A N ITRITE 
D EFINED MEDIUM STE R IL IZ E D  BY HEAT OR

INTRODUCTION

C. perfringens continues to be responsible 
for a considerable number of food poi
soning outbreaks annually. Recent studies 
demonstrated that the illness response is 
the result of microbial growth in the vec
tor food product, consumption of the 
product containing vegetative cells of C. 
perfringens, growth and sporulation with
in the enteric system, followed by lysis of 
the vegetative cells releasing an enterotox- 
in (Hauschild, 1970; Duncan et al.,
1972). Cured meat products have only 
occasionally been involved in C. per
fringens food poisoning outbreaks. The 
presence of sodium nitrite in these prod
ucts may be responsible for their safety. 
Sodium nitrite is an inhibitor of spore 
outgrowth and cell division for Clostridia 
(Duncan and Foster, 1968). Sodium ni
trite, heated in microbiological media has 
a dramatically increased inhibitory action 
on Clostridia when compared to the un
heated form (Perigo and Roberts, 1968; 
Riha and Solberg, 1973).

These experiments were designed to 
characterize the growth of C. perfringens 
in a chemically defined nitrite containing 
microbiological medium at a pH approxi
mating that of cured meat products and 
to assist in the development of an hy
pothesis relating to the mode of action of 
sodium nitrite as a clostridial inhibitor.

MATERIALS & METHODS

CULTURES were maintained in Cooked Meat 
Medium (Difco). Inocula were prepared in 
Fluid Thioglycollate Medium (FTM) (Difco). C. 
p erfr in g en s  8797 was grown in FTM for two 
successive transfers a t 43°C for 24 hr after 
which 0.1 ml was inoculated in to  10 ml o f FTM 
which was incubated at 43°C for 4 hr. The 4-hr 
culture was centrifuged and the resultant pellet 
was resuspended in sterile peptone water (0.1%) 
to 16% transmission at 550 nm (Spectronic 20, 
Bausch and Lomb, Rochester, N.Y.). 1.0 ml of 
a 10'4 dilution served as the inoculum for 200 
ml o f pretem pered culture medium in a 300 ml
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2 Presently on Faculty Academic Study
Program Leave. Address: Visiting Professor,
The Technion, Israel Institute of Technology, 
Haifa, Israel

Nephelo flask, m odified with a side sampling 
septum (Buchanan and Solberg, 1972). Pour 
plate samples were drawn through the septum 
by syringe. Pour plates for colony counting 
were prepared using SPS Agar (Difco). Solidi
fied plates were over-laid with SPS Agar. 
Growth curves were carried ou t in R & S Medi
um (Riha and Solberg, 1971) at pH 6.3. Media 
were filter sterilized using a 0.22/r pore size 
micropore filter (Millipore Filter Corp., Bed
ford, Mass.) and heat sterilization was at 121°C 
for 15 min. Glucose was heat sterilized sepa
rately and added aseptically to the heated 
media. All incubations were at 43°C. Anaero- 
Jars, (Case Laboratories, Chicago, 111.) evacu
ated and flushed with nitrogen three times, 
were used for pour plate incubation.

RESULTS & DISCUSSION

VARIABILITY of growth response of C. 
perfringens 8797 to nitrite was observed 
during the growth curve studies. In filter 
sterilized media, growth occurred at 0, 
100, 150, 175 and 200 ppm in some ex
periments and not at 150 and 200 ppm 
during other experiments. All flasks con
taining 300 ppm failed to support 
growth; four of six flasks containing 200 
ppm did not support growth; and two of 
ten containing 150 ppm did not support 
growth. In autoclaved media growth was 
observed at 0, 2, 4, 5, 7.5, 10, 15 and 20 
ppm NaN02 and was not apparent in 
some experiments at 10 and 20 ppm. All 
flasks containing 30 ppm NaN02 were 
unable to support growth, in two of seven 
flasks, 20 ppm NaN02 prevented growth 
and in two of eight flasks, 10 ppm of 
NaN02 prevented growth.

This variability was probably the fac
tor which prompted Perigo et al. (1967) 
to express nitrite inhibition results in 
terms of EDS 0 values, which represented 
levels at which 50% of the inoculated cul
ture failed to grow.

The effect of both filter sterilized and 
autoclaved nitrite appeared to be perma
nent. No culture which failed to repro
duce during the growth curve studies 
demonstrated growth during prolonged 
incubation at 43°C. No viable colonies 
were ever recovered from the culture 
flasks in which growth was restricted, 
even after collection of all cells on a

CONTAINING
FILTRA TIO N

0.22p micropore filter after 72 hr incuba
tion, removal of inhibitory medium by 
washing with 50 ml of 0.1% peptone 
water and then reculturing on nitrite-free 
SPS Agar with an SPS Agar overlay and 
incubating anaerobically for 48 hr at 
43°C. This failure to reproduce on nitrite- 
free medium as well as the lack of evi
dence of a nitrite reaction with essential 
amino acids (Riha and Solberg, 1973), 
tends to rule out the interaction of nitrite 
with a nutrient which might render the 
medium nutritionally deficient. The inhi
bition of C. perfringens 8797 is therefore 
probably due to the reaction of some in
hibitory agent formed by nitrite, or the 
reaction of nitrite itself with the cell to 
render the cell incapable of growth.

The adjustment phase duration was 
defined as the time required for the origi
nal cell concentration in the culture flask 
to double. The mean adjustment phase 
durations for C. perfringens 8797 in all 
filter sterilized and autoclave sterilized 
media are presented in Table 1. Analysis 
of variance of the individual adjustment 
phases showed that all cultures which 
grew in filter sterilized medium had a 
mean adjustment phase duration of 9.1 hr 
and all those cultures which grew in auto
claved medium had an adjustment phase 
duration of 4.3 hr. The adjustment phase 
duration for each culture which grew was 
not significantly different than any other 
culture sterilized in a similar manner, 
regardless of nitrite content; therefore, 
the difference is not nitrite dependent. 
The absence of a progressive NaN02 con
centration effect upon the duration of 
the adjustment phase is contrary to the 
reports of Buchanan and Solberg (1972) 
and Nurmi and Turunen (1970) for 
Staphylococcus aureus. The difference in 
results may be attributed to altered me
tabolic pathways involved in the growth 
of organisms of different generic classifi
cation.

Analysis of variance of the adjustment 
phase durations for both modes of steri
liza tio n  demonstrated a significant 
(99.0%) difference between the two pop
ulations. The shorter adjustment phase in 
autoclaved medium may be the result of 
less dissolved 0 2 in the medium since pre-
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liminary studies conducted in our labora
tory have shown that heated or steamed 
R & S Medium contains lower amounts of 
dissolved 0 2 after cooling as compared to 
filter sterilized medium. Further investi
gation is required to substantiate this 
hypothesis.

The exponential phase of the individu
al growth curves were subjected to regres
sion analysis and are expressed as mean 
generation times in Table 2. Tests of 
homogeneity of each population of re
gression lines (filter sterilized, autoclaved) 
showed that the regression coefficients of 
each sterilization method were homoge
neous. The mean generation time for all 
cultures grown on filter sterilized medium 
was 23.0 min and for cultures grown on 
autoclaved medium was 20.2 min. When 
the regression coefficients of both pop
ulations were pooled, the overall mean re
gression time was 21.6 min and the 
pooled population was homogeneous. 
This value is somewhat greater than the
13.8 min generation time reported for C. 
perfringens 8797 in FTM at 43°C (Parekh 
and Solberg, 1970), but is in agreement 
with the mean generation times of 20.8 
and 21.2 min reported by Riha and Sol
berg (1971) for growth of C. perfringens 
in R & S Medium.

Although the mean generation time 
did not compare to generation times of C. 
perfringens 8797 in another medium, the 
significant fact remained that all regres
sion lines from both modes of steriliza
tion were representative of the same pop
ulation. Regardless of nitrite concentra
tion or mode of sterilization, if the organ
ism was capable of growth, it reproduced 
at a constant rate. C. perfringens 8797 
therefore, behaved much like the micro
cocci study by Nurmi and Turunen
(1970) in that the rate of growth was not 
suppressed by nitrite. This is in contrast 
to the concentration dependent response 
reported by Buchanan and Solberg
(1972) for S. aureus and Nurmi and Tur
unen (1970) for Lactobacillus sp.

There were no significant differences 
in the maximum cell concentration 
reached in all culture flasks which sup
ported growth in either filter sterilized or 
autoclaved nitrite containing media. The 
log mean maximum cell concentration for 
each nitrite level is presented in Table 3. 
Analysis of variance showed that no dif
ferences existed in either sterilization 
population and that the log mean maxi
mum concentration of cells found in all 
filter sterilized cultures was 8.11 and the 
log mean maximum cell concentration 
found in autoclave sterilized cultures was 
8.54. Analysis of variance of the maxi
mum cell concentration found during the 
stationary phase of each population (fil
ter sterilized and autoclaved) indicated 
that the populations were not signifi
cantly different. The log mean maximum

cell concentration for the combined pop
ulation was 8.31 organisms/ml.

A composite growth curve, male from

Table 1—The mean adjustment phase dura
tion  fo r C. perfringens 8797 in R & S Medium 
at pH 6.3 containing various concentrations of 
N aN 02 incubated at 43°C

N aN 02 A dj js tm ent
Mode o f cone No. of phase

sterilization (ppm) experiments duration (hr)

F ilter 0 10 7.8
100 8 0.2
150 4 9.5a
175 4 9.8
200 4 ab
300 4 a

Autoclave 0 8 4.3
2 2 3.9
4 2 4.0
5 6 5.9
7.5 2 3.0

10 6 3.0a
15 2 2.5
20 4 5.3e

a Adjustm ent phase was o f in fin ite  duration fo r
tw o experiments which are not included in
value presented.

k Adjustm ent phase was 60 hr fo r tw o experi-
ments which are not included in the value
presented.

c Adjustm ent phase was o f in fin ite  duration for 
fou r experiments which are not incljded  in 
the value presented.

Table 2—The generation times o f 2 .  per- 
fringens 8797 grown at 43°C in R & S Medium 
at pH 6.3 containing various amounts of 
N aN 02. Generation times were determined by 
regression analysis o f exponential segment of 
growth curves

N itr ite  Generation
Mode of 

sterilization
cone

(ppm)
No. of 

experiments
t  me 
(min)

F ilte r 0 9 23.9
100 7 25.4
150 8 23.2
175 4 30.3
200 1 13.2

A u to clave 0 7 20.0
2 2 21.1
4 2 20.3
5 4 18.7
7.5 2 22.4

10 6 20.2
15 2 20.0
20 4 22.6

adjustment phase, exponential phase, and 
stationary phase data for filter sterilized 
and autoclaved R & S Medium is shown 
in Figure 1. The curve illustrates the dif
ference in adjustment times for the two 
types of sterilization, previously shown to 
be significant. Those curves showing cul
tures which did not grow are approxima
tions of the loss of viability of the cul
ture. All autoclaved media which failed to 
support growth of C. perfringens 8797 
contained no viable organisms at a mean 
of 2.3 hr after inoculation. No organisms 
were found in filter sterilized medium 
after an average incubation time of 5.6 
hr. Differences in the death curves indi
cate the presence of a more potent inhibi
tory mechanism in media autoclaved with 
nitrite as compared to media containing 
cold sterilized or filtered nitrite.

There were differences in the pH pat
tern during culture development when 
heated medium was compared to filtered 
medium. The differences seemed related 
to the medium and independent of the 
nitrite since they were equivalent even in 
those samples which contained no nitrite. 
The pattern of events is illustrated in Fig
ure 2 which represents the average curves 
for all nitrite levels in heated or filtered 
medium adjusted to a mean zero time 
representing the time after the pH of the 
medium dropped to pH 6.1. This required 
7.2 hr in heated medium and 11.8 hr in 
filtered medium. The sodium nitrite dis
appeared from both autoclaved and filter 
sterilized medium during the exponential 
growth phase. The NaN02 was probably 
metabolized by the organisms.

Table 3—Log mean maximum cell concen
trations reached during the stationary phase o f 
growth o f C. perfringens 8797 in R 8< S M edi
um containing various concentrations o f so
dium n itrite  and incubated at 43°C at pH 6.3

Sodium Log mean max
Mode of n itrite No. o f cell cone

sterilization (ppm) samples (cell/m l)

F ilte r 0 14 8.23
100 10 8.35
150 8 7.78
175 3 7.50
200 2 8.20

A u to clave 0 7 8.48
2 2 8.73
4 2 8.58
5 6 8.65
7.5 2 8.42

10 6 8.48
15 2 8.72
20 4 8.49
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Fig. ! —C om posite g row th  curve m ade fro m  ad ju s tm en t phase, ex 
p o nen tia l phase a n d  s ta tio na ry  phase data o f  a ll g ro w th  curve ana ly
ses o f  C. pe rfringens 8 7 9 7  in  various concen tra tions o f  f i l te r  s te ri
lized  and  au toc laved sod ium  n it r ite  in  R &  S M ed ium  a t p H  6 .3  
incubated  a t 4 3 °C. S o lid  lines (-----) represent a ll flasks w hich sup
p o rte d  g row th  and  b roken  Unes (----- I  represent a ll flasks w hich d id
n o t sup po rt gro w th.

Fig. 2 —Average p H  changes in  heated o r  f ilte re d  Ft &  S M edium  
prepared  a t p H  6 .3  and  co n ta in ing  various levels o f  sod ium  n itr ite  
w hich p e rm itte d  the g row th  o f  C. pe rfringens 8 7 9 7  du ring  incuba
tio n  a t 43° C. Zero tim e  is ad justed to  the tim e  when the cu ltu re  
m edium  reached p H  6.1.

The inhibitory action of sodium nitrite 
on C. perfringens was apparently at the 
cellular level since all cultures which sup
ported growth demonstrated similar re
sponses and there were no nutritional dif
ferences between media which were capa
ble or incapable of supporting growth 
(Riha and Solberg, 1973). Recovery stud
ies of cells exposed to nitrite showed that 
these organisms were unable to initiate 
growth, even in nitrite-free medium. 
Microscopic examination of these organ
isms indicated no visible difference be
tween inhibited cells and normal cells, 
thus damage was probably at a sub-micro
scopic level. Previously published data 
(Riha and Solberg, 1973) as well as exper
iments conducted by Saville (1958) indi
cated that nitrite can react with sulfhy- 
dryl containing compounds. It is hypoth
esized that nitrite, in some form, may be 
reacting with enzymes containing func
tional sulfhydryl groups, thus resulting in

growth inhibition. Further work will have 
to be conducted to substantiate this 
hypothesis.
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PURIFICA TIO N  AND PRO PER TIES OF ANTIM ICROBIAL SUBSTANCES 
PRODUCED BY S trep tococcus d iacetilactis AND L euconostoc citrovorum

INTRODUCTION

NUMEROUS WORKERS have reported on the ability of 
Streptococcus diacetilactis and Leuconostoc citrovorum  to 
produce antimicrobial substances which are active against cer
tain pathogenic and spoilage organisms. Both S. diacetilactis 
and L. citrovorum  inhibit the growth of a wide range of organ
isms, but are particularly effective against Pseudomonas spe
cies (Genske and Branen, 1973; Marth and Hussong, 1963). 
Daly et al. (1972), Lundstedt and Fogg (1962), Mather and 
Babel (1959), Reddy et al. (1970), Radick et al. (1969) and 
Vedamuthu et al. (1966) have reported that cultures of L. 
citrovorum  or S. diacetilactis extend the shelf life of cottage 
cheese, meat and numerous other food products presumably 
by preventing the growth of Pseudomonas species. In growth 
association studies, S. diacetilactis has significantly reduced 
the growth of Pseudomonas species, Staphylococcus aureus, 
Escherichia coli, Clostridium perfringens and Alcaligenes spe
cies (Daly et al., 1970, 1972). Salmonella species have also 
been inhibited by both L. citrovorum  and S. diacetilactis (Daly 
et al., 1972; Park and Marth, 1972; Vedamuthu et al., 1966; 
Sorrells and Speck, 1970).

The mechanism by which L. citrovorum  and S. diacetilactis 
inhibit microbial growth is still not clear. Several workers have 
attributed the inhibitory activity to organic acids (Daly et al., 
1972; Pinheiro et al., 1968a, b; Sorrells and Speck, 1970) 
while others have pointed out the possibility that hydrogen 
peroxide contributes to the activity (Daly et al., 1972). Other 
workers have indicated that not all of the inhibitory activity 
can be accounted for by organic acids and hydrogen peroxide 
and have suggested that other antimicrobials are present (Col
lins, 1961; Daly et al., 1971, 1972; Mather and Babel, 1959; 
Pinheiro et al., 1968a; Reddy et al., 1970). Vedamuthu et al.
(1966) was unable to demonstrate inhibition in cell free ex
tracts of S. diacetilactis and reported that viable cells were 
necessary for activity.

It was the purpose of this study to further explore the 
properties of the antimicrobials produced by L. citrovorum  
and S. diacetilactis and to determine the feasibility of isolating 
these substances free from the cells.

MATERIALS & METHODS

Microorganisms
The single-strain cultures used in this study were obtained from the 

departm ental culture collection. Cultures o f S. d ia c e tila c tis  were main
tained in sterile, reconstituted 11% solids nonfat milk medium, while all 
other cultures were m aintained in trypticase soy broth  or nutrient 
broth (Difco). All cultures were transferred biweekly and chedked for 
purity m onthly by streaking on an appropriate agar medium.
Bioassay

A standard bioassay procedure was used for detecting antimicrobial 
activity. 15 ml o f  nutrient agar (Difco) were dispensed into screw cap 
tubes. These tubes o f agar were then autoclaved, equilibrated at 45°C, 
mixed with 0.2% by volume of a 24-hr b ro th  culture o f the test organ

' Present address: Dept, of Food Science & Technology, Washington 
State University, Pullman, WA 99163

2 Present address: Friday Canning Co., New Richm ond., Wise.

ism, and poured into petri plates. With the exception of the study on 
antim icrobial spectra, P. f lu o re sc en s  #23 was used as the test organism. 
After the agar solidified, the plates were immediately used or stored 
under refrigeration (5°C) and used within 2 days. For bioassay, a stand
ard paper assay disc (Schliecher and Schnell, 12.7 mm diam) was 
dipped into the sample to be tested, touched to the side o f the contain
er to remove excess liquid, and placed on the assay plate. The plates 
were then incubated at the optim um  growth tem perature for 20 hr. The 
diam eter o f the clear zones around each disc was measured after incuba
tion to determ ine the antim icrobial activity.

A m odification o f this assay was necessary when assaying purified 
extracts since the removal of protein and buffer salts decreased the 
sensitivity o f the standard bioassay. Although the seeded plates were 
prepared in the conventional way, it was necessary to  impregnate ap
proximately one-half o f  the paper disc with 0.1M potassium acid 
phthalate (pH 5.0) before dipping the disc in the sample to be tested. 
This adequately buffered the sample and did no t in itself lim it visible 
growth. Areas cut from the paper chromatograms were assayed by dip
ping them into the phthalate buffer and then placing them  on the 
seeded plate.

Media and ferm entation
Media. Elliker’s b ro th  (Difco) or trypticase soy b ro th  (Difco) was 

prepared by  conventional procedures, dispensed into Erlenm eyer flasks, 
and sterilized by autoclaving.

Media based on whey were prepared from fresh acid or rennet 
wheys or from spray-dried Cheddar cheese whey obtained from the 
University Dairy. The fresh acid or rennet whey was prepared from 
nonfat dried milk reconstituted to 11% in distilled water. Curd was 
developed in acid whey by acidification of the milk to  pH 4.6 with IN  
hydrochloric acid and in rennet whey by addition o f rennin. Curd was 
removed by filtration through cheesecloth and the resultant whey was 
adjusted to  the appropriate pH with 2M ammonium hydroxide. Where 
yeast ex tract was used, 0.5% was added to the milk prior to  preparation 
of the whey. The whey media were dispensed into Erlenmeyer flasks 
and sterilized by autoclaving.

Media were prepared from spray-dried whey by reconstitution o f 
the dried whey to 5% in distilled water and by addition of 0.5% yeast 
extract (Difco). Media were also prepared using 5 or 10% whey plus 
citrate, glucose, invert sugar and certain salts in a form ulation supplied 
to us by Lacto-Products, a division of Great Lakes Biochemical, Mil
waukee. All media were dispensed in Erlenmeyer flasks and sterilized 
by autoclaving.

Ferm entation. Cooled sterile media were inoculated with 1% by 
volume o f an actively growing culture o f  S. d ia c e ti la c tis  or L. c i t r o 
voru m  and subsequently, incubated for 5 - 1 0  days at 30°C. Samples 
were obtained at appropriate time intervals and the ferm entation 
liquors obtained by centrifuging the ferm entation media at 20,000 x  G 
for 15 min to remove the cells. The resultant supernatant fluid (fer
m entation liquor) was adjusted to  pH 5.0, autoclaved, and checked for 
inhibition by the bioassay procedure outlined above.

Properties o f ferm entation liquors
Location. S. d ia c e ti la c tis  DRC-1 or L. c itro v o ru m  A-3 was grown in 

the whey bro th  fortified with yeast extract and adjusted to pH 6.0. 
Following incubation the cells were removed by centrifugation (20,000 
x  G for 15 min), washed once with phosphate buffer (pH  7.15) and 
resuspended in phosphate buffer (pH 4.5). An aliquot o f the cell sus
pension was disintegrated in a Branson model B110 Sonicator for 15 
min. The cell suspension, the sonicated cells and the cell-free ferm enta
tion liquor were adjusted to pH 4.5 with 0.1N HC1 and assayed for 
antimicrobial activity.

Antimicrobial spectra. Three strains o f S. d ia c e ti la c tis  (26-2; DRC-1; 
and M21-35) and two strains o f L. c itro v o ru m  (A-3 and 3036) were
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grown in rennet-whey fortified with yeast extract and adjusted to pH 
6.0. The resultant ferm entation liquors were tested for activity against 
Pseudomonas fragi #24, Pseudomonas fluorescens #23 and Pseudomo
nas putrefaciens #11. The ferm entation liquors obtained from S. di- 
acetilactis DRC-1 and L. citrovorum A-3 were then tested for activity 
against numerous microorganisms.

pH and antimicrobial activity. The ferm entation liquors were adjust
ed to  pH values o f 3 .6—7.2 using 0.1N HC1 or 0.1N NaOH and bio
assayed.

Precipitation and solvent extraction of antimicrobials. A ttem pts 
were made to salt ou t the inhibitory substances by adding saturated 
sodium chloride or ammonium sulfate solutions to the ferm entation 
liquors. Also, attem pts were made to extract the antimicrobials with 
methanol, chloroform , acetone, or acid butanol. 10 ml o f the ferm enta
tion liquors were extracted twice w ith 100 ml o f each solvent.

Sephadex chrom atography. Aliquots o f the ferm entation liquors 
were applied to  a 2.3 x  55 cm column of Sephadex G-10-fine (Phama- 
cia Fine Chemicals, Inc.) and eluted with distilled water. 5 ml fractions 
were collected and elution followed by reading absorbance a t 210 nm. 
Fractions corresponding to each peak in absorbance were pooled, con
centrated in vacuo, and disc assayed.

To provide an estim ation o f m olecular weight, the Sephadex G-10 
column was calibrated w ith 2 ml samples o f  lactose (300 daltons), 
glucose (180 daltons) and lactic acid (90 daltons).

Cation exchange chrom atography. The cation exchange resin 
(CS-101, 2 0 -5 0  mesh, Duolite) was suspended in five volumes of dis
tilled water and the resultant slurry was poured into a 2.0 x  28 cm 
column. The column was precycled with, in sequence, 200 ml o f 0.5N 
sodium hydroxide, 400 ml distilled water, 200 ml 0.5N hydrochloric 
acid and 400 ml distilled water. A dilute sodium hydroxide solution 
was then washed over the colum n until the wash approached a neutral 
pH. The column was then backwashed with 500 ml distilled water. 
Further washing w ith dilute sodium hydroxide followed by a distilled 
water rinse was necessary to equilibrate the column to a pH of 6 .5 -7 .5 .

Preliminary experiments indicated that treatm ent o f the ferm enta
tion liquors w ith m ethanol enhanced the isolation of antimicrobials by 
cation exchange chromatography. Thus, one part o f the liquor was 
treated with two parts m ethanol and the precipitated proteins removed 
by centrifugation. The supernatant fluid was then dried in vacuo, re
hydrated, adjusted to pH 6.5 and an aliquot was applied to  the cation 
exchange column. Noncationic materials were washed from the column 
with 500 ml distilled w ater and absorbed materials were eluted with 
0.15N HC1. 10 ml fractions were collected and elution followed by 
measuring absorbance at 210 nm. Fractions corresponding to each peak 
in absorbance were pooled, adjusted to pH 5.0, concentrated in vacuo, 
and disc assayed. The column was regenerated using the acid, dilute 
base, backwash, and rinse procedure outlined above for precycling. 
Purification o f a cationic antim icrobial from S. diacetilactis

Based on the chromatography of the ferm entation liquor obtained 
from S. diacetilactis, further purification of these antimicrobials seemed 
feasible. Thus, a scheme for purification was designed based on solvent 
fractionation followed by cation exchange and sephadex chromatog
raphy.

Table 1—Inh ib ition  of Pseudomonas species by strains of S. d i
acetilactis and L. c itrovorum 3

Test organism

Strain

P. fragi 

#24

P. fluorescens 

#23

P. putrefaciens 

#11

S. d ia c e tila c t is

MC 21 _b - +
DRC-1 - ++ +++
26-2 - ++ +

L. c it ro v o ru m

A 3 + ++ +

3036 + ++ +

a CeU-free fermentation liquors were tested fo r antim icrobial activ
ity using the disc assay.

b ( _ )  = no inh ib ition; (+) = slight but significant inh ib ition ; ( + + ) = 
definite inh ib ition ; (+++) -  high inhibition.

Solvent fractionation. As noted above, a large portion o f the protein 
was precipitated from the ferm entation liquor by adding two parts of 
m ethanol to one part o f ferm entation liquor. The precipitated protein 
was removed by centrifugation, and the resultant supernatant was con
centrated to  dryness in vacuo. The dried supernatant was rehydrated to 
1/4 the original volume and adjusted to a pH of 6.5 to  precipitate 
phosphates. The precipitate was removed by centrifugation at 15,000 X 
G and the supernatant was dried in vacuo.

Cation exchange chrom atography. The CS-101 colum n was pre
pared, precycled, and regenerated as outlined above. 4 ml o f a 20% 
solution o f the dried m ethanol extracts was applied to the column, the 
noncationic materials were washed from the colum n with distilled 
water, and the absorbed compounds were eluted w ith 0.15N HC1. The 
absorbance peak containing the antim icrobial m aterial was adjusted to 
pH 5.0, concentrated in vacuo and rehydrated to  4 ml.

Sephadex chrom atography. An aliquot o f the antim icrobial m ateri
als obtained from the cation exchange chromatography was applied to a 
Sephadex G-10 column prepared as previously outlined. The sample 
was eluted with distilled water, 5 ml fractions were collected and elu
tion was followed by reading absorbance at 210 nm. Fractions corre
sponding to each peak in absorbance were pooled, adjusted to pH 5.0, 
concentrated in vacuo and disc assayed.

Properties o f purified antimicrobial
Paper chromatography. Two 5-jul aliquots o f the antim icrobial solu

tion obtained from Sephadex chromatography were spotted side by 
side on a 3 x  30 cm strip o f W hatman no. 3 MM filter paper. The 
spotted paper strips were then  subjected to ascending chromatography 
using 100 ml o f either n-butanol/acetic acid/water (4 /1 /5 , v/v) or iso- 
propanol/H 20  (70/30, v/v) as the developing solvent. Glass test tubes 
(50 x  400 mm), fitted w ith rubber stoppers through which a slide wire 
was inserted to suspend the chromatogram , served as chromatography 
jars. Following chromatography, chromatograms were dried in an oven 
at 100°C for 30 min. The chrom atogram  was then  cu t in half length
wise and one half was sprayed with 0.2% ninhydrin in n-butanol and 
heated at 100°C for 10 min to visualize spots. The o ther half o f  the 
chromatogram was cut into zones corresponding to  spots developed on 
the o ther half. Both ninhydrin positive and negative zones were cut 
from the chromatogram, dipped into potassium  phthalate buffer (pH
5.0) and bioassayed as described above.

Thin layer chromatography. One-dimensional ascending thin layer 
chromatography was also used to check for purity o f the antimicrobial 
material. Silica gel G (Merck) was used as the absorbant and isopropa- 
nol/H 20  (70/30, v/v) was used as the developing solvent. Following 
development, separated substances were visualized w ith UV light or by 
spraying with bromcresol green, diphenylamine or ninhydrin. Areas cor
responding to the Rf o f reactive materials were scraped from a dupli
cate unsprayed plate, and the materials were eluted from the silica gel 
with water and checked for inhibitory activity by the disc assay.

Influence o f pH on antim icrobial activity. 2 ml o f the eluant ob
tained from cation exchange chromatography were added to  culture 
tubes containing 50 ml o f nutrient broth. The tubes o f b ro th  were 
adjusted to the appropriate pH, autoclaved, and inoculated with 0.2% 
by volume o f a 48-hr culture o f P. fluorescens. Grow th was m onitored 
by reading absorbance at 420 nm. Absorbance readings were converted 
to dry cell weight using a standard curve of dry cell weight versus 
absorbance readings.

Molecular weight. The relative molecular weight o f the antimicrobial 
material was determined by elution from  a calibrated Sephadex G-10 
column.

Hydrolysis. An aliquot o f  the antimicrobial material was dissolved in 
6N HC1 and refluxed for 24 hr to achieve hydrolysis. Following reflux
ing, the HC1 was removed in vacuo, and the hydrolysate was adjusted to 
pH 5.0 and assayed for activity.

Visible and ultraviolet absorbance. The absorbance spectra were 
determined by scanning from 210—700 nm using an Acta III spectro
photom eter (Beckman Inst.).

RESULTS

S creen in g  o f  s tra in s  o f  S. diacetilactis and L. citrovorum 
fo r  a n tim ic ro b ia l a c tiv ity  ag a in st P se u d o m o n a s  sp ec ies.

A ll s tra in s  o f  S. diacetilactis a n d  L. citrovorum, w h ich  w ere  
te s te d  in h ib ite d  P. putrefaciens (T ab le  1). H ow ever, o n ly  tw o  
o u t  o f  th e  th re e  S. diacetilactis s tra in s  in h ib i te d  P. fragi 24. O f 
th e  Pseudomonas sp ec ies, P. fluorescens w as th e  m o s t sen sitiv e  
to  th e  a n tim ic ro b ia l m a te ria ls  p ro d u c e d  by  e ith e r  L. citro-
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vorum  or S. diacetilactis and was thus chosen as the test organ
ism for all other studies. S. diacetilactis DRC-1 and L. citro- 
vorum  A-3 were chosen as the source of antimicrobials for 
other studies because of the rapid production and high activity 
of antimicrobial materials.
Production of antimicrobials

S. diacetilactis DRC-1 grew well and produced high anti
microbial activity in Elliker’s broth; however, the uninoculated 
broth, also had antimicrobial activity thus complicating re
covery of the antimicrobials produced by S. diacetilactis. 
Uninoculated whey-based media had no antimicrobial activity 
and thus provided excellent media for study of antimicrobial 
production. S. diacetilactis produced antimicrobials in both 
rennet and acid whey; although production was slower in ren
net whey and activity never reached the levels produced in 
acid whey. Acid whey at a pH of 4.7 or readjusted to pH 6.0 
was suitable for antimicrobial production; however, produc
tion was initiated earlier at pH 6.0. The addition of 0.5% yeast 
extract to the whey substantially increased the total anti
microbial activity. The best overall production was in acid 
whey readjusted to pH 6.0 and supplemented with 0.5% yeast 
extract. Antimicrobial activity was present after 18 hr of incu
bation; but the greatest activity was present after 50—60 hr of 
incubation.

Media containing 5% of spray-dried Cheddar whey plus 
0.5% yeast extract were suitable for antimicrobial production 
by S. diacetilactis or L. citrovorum. These media had a natural

Table 2—Spectra o f inh ib ito ry  activ ity  o f Streptococcus d iacetil
actis and Leuconostoc citrovorum 3

Testing organism

Source o f inh ib ito r 

S. diacetilactis L. citrovorum

A erobacte r aerogenes +b +
Bacillus cereus + +
Brucella  abortus - -
C los trid ium  b o tu lin u m  Type A - -
Escherichia c o li + +
Enteropathogenic E. c o li + +
Lactobac illus  casei - -
M icrococcus flavus + +
Proteus vulgaris + +
Pseudomonas aeruginosa 10145 + +
Pseudomonas fluorescens 23 + +
Salm onella typ h im u riu m - -
Shigella fle xn e i + +
Staphlococcus aureus 100 - -
Streptococcus faecalis - -
Streptococcus pyogenes - -

a Cell-free ferm entation liquors from  S. diacetilactis and L. citro-
vorum were tested fo r antim icrobial activity by the disc assay, 

k  (+) = definite inh ib ition ; (—) = no inh ib ition  as shown by disc 
assay.

Table 3—Paper and thin-layer chromatography o f isolated anti
m icrobial materials obtained from  Streptococcus diacetilactis

R f3

Butanol/acetic acid/H 2 O Isopropanol/H,, O
Support (4/1/5) (70/30)

Paper 0.136 0.531
Silica Gel G - 0.770

a Rf was determined after detection w ith  ninhydrin.

pH of 6.0 and thus did not require pH adjustment. Highest 
antimicrobial activity was reached after 24 hr of incubation, 
and the level of activity did not increase on continued incuba
tion. Addition of numerous other additives or increasing to 
10% whey did not increase antimicrobial activity. Thus, the 
5% whey plus 0.5% yeast extract was chosen as the media for 
the remainder of the studies.
Properties of fermentation liquors

Location. The antimicrobial substances were entirely extra
cellular when S. diacetilactis or L. citrovorum  were grown in 
the whey medium. The cell-free fermentation liquor had high 
antimicrobial activity while neither the suspension of whole 
cells or the sonicated cells showed any antimicrobial activity.

Spectra of inhibition. The antimicrobial spectra of activity 
of the fermentation liquors were similar to that reported by 
Marth and Hussong (1963) (Table 2); however, there was only 
questionable activity against Staphylococcus aureus. Also, ac
tivity was found against Bacillus cereus, which was not found 
by Marth and Hussong. In general, Gram negative bacteria 
were the most sensitive to the antimicrobial materials, particu
larly Pseudomonas species.

Influence of pH on antimicrobial activity. The antimicrobi
al substances obtained from either S. diacetilactis or L. citro
vorum were most active at low pH values and were inactive 
above pH 7.0. The increased activity at low pH values was 
undoubtedly due’to an added effect of acid. These results are 
in agreement with those of Pinheiro et al. (1968a), Mather and 
Babel (1959) and Marth and Hussong (1963).

Precipitation and solvent extraction. The antimicrobial ac
tivity was not precipitated from the fermentation liquors by 
saturated salt solutions. The activity was soluble in 90% solu
tions of ethanol, methanol or acetone but was insoluble in 
chloroform. Small amounts in inhibitory activity were extract
ed with acidified n-butanol or ethyl ether.

Cation exchange. Major differences existed in the elution 
pattern of S. diacetilactis and L. citrovorum  fermentation 
liquors from cation exchange chromatography (Fig. 1). Al
though most of the inhibitory activity in S. diacetilactis liquor 
was eluted in one large UV absorption peak between pH 4.0 
and 1.0, the L. citrovorum  liquor gave many small peaks with 
little or no activity. Based on the disc assay, approximately 
20-30% of the total antimicrobial activity in the fermentation 
liquor from S. diacetilactis was absorbed and recovered from 
the cation exchange column; however, less than 5% of the 
activity was absorbed and recovered from the fermentation 
liquor from L. citrovorum.

Sephadex. The L. citrovorum  and S. diacetilactis  liquors 
also had differing elution patterns from Sephadex G-10 (Fig. 
2). The major inhibitory activity in the liquor of S. diacetilac
tis was eluted in fractions 28-33, while in the L. citrovorum  
liquor the activity was eluted in fractions 40-45. In both cases 
1 00% of the total activity was recovered from the column.

Thus it would appear that while 51. diacetilactis and L. citro
vorum liquors both contain low molecular weight antimicrobi
al compounds, these compounds are distinctly different. It is 
conceivable that lactic or acetic acid accounted for much of 
the activity of L. citrovorum  cultures since these two acids 
were eluted from the Sephadex G-10 column in fractions 
35-45.

Purification of antimicrobials from S. diacetilactis 
fermentation liquors

Methanol extraction. The supernatant fluid obtained from 
extraction with methanol contained 100% of the antimicrobial 
activity present in the original liquor. This extraction ac
complished the removal of large molecular weight proteins 
from the liquors.

Cation exch ange. A s sh ow n  above, ca tio n  exch a n g e  chrom a
tography o f  the m eth an o l ex tra ct o f  th e  S. d ia c e t i la c t i s
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F ig . 1—E lu t io n  p r o f i le  o f  th e  L e u c o n o s to c  c it ro -  

v o ru m  a n d  S tre p to c o c c u s  d la c e t ila t is  fe rm e n ta t io n  
l iq u o rs  f ro m  C S-101 c a tio n  exch a n g e  c o lu m n .

-  p H ;  ___ = a b so rba nce  a t  2 1 0  m n  o f  S. d ia c e tila c -

tis  l i q u o r ; ..... = a b so rb a n ce  a t  2 1 0  m n  o f  L . c i t r o -
v o ru m  l iq u o r ;  sam p le  e lu te d  w ith  0 .1 5 N  H C II.

fermentation liquor yielded one major absorbance peak which 
contained inhibitory activity. Bioassay indicated that these 
peaks contained 20—30% of the total antimicrobial activity 
contained in the original fermentation liquor.

Sephadex chromatography. The active material obtained 
from the cation exchange column gave four UV absorption 
peaks when eluted from Sephadex G-10 (Fig. 3). Both peaks 3 
and 4 contained antimicrobial activity; however, peak 4 con
tained slightly more activity than peak 3. Paper chroma
tography indicated that the same compound accounted for the 
activity in both peaks but that peak 4 was a purer preparation 
of the antimicrobial material.

Properties of the purified cationic antimicrobial
Purity. Only one antimicrobial spot was detected after 

paper or thin layer chromatography of the material obtained 
in peak 4 from Sephadex (Table 3). The material in this spot 
could be visualized with ninhydrin, bromcresol green or UV 
light but not with diphenylamine. No other spots were detect

ed on the chromatograms using these visualization techniques.
Visible and UV scan. Scanning absorbance from 210—700 

nm of the purified material obtained from Sephadex showed 
that maximum absorbance occurred at 210 nm with no other 
distinct peaks.

Antimicrobial spectrum. The isolated material was active 
against P. fluorescens, P. fragi, P. putrefaciens and entero- 
pathogenic E. coli.

Molecular weight. Based on the elution of the antimicrobial 
material from a calibrated Sephadex G-10 column, the materi
al had a molecular weight in the range of 100—300 daltons.

Hydrolysis. Acid hydrolysis of the purified material totally 
destroyed its inhibitory activity.

Influence of pH and heat on antimicrobial activity. As was 
indicated in earlier tests with the crude fermentation liquor, 
the purified antimicrobial material was most active at low pH 
values. Greatest activity occurred at pH 5.3, although the com
pound was still active at pH 6.0.

The antimicrobial material withstood autoclaving at a pH of
5.0 without appreciable loss of activity.

n o o iiu f i  n n H y iB iffirtfry

Fig . 2 —E lu t io n  p r o f i le  o f  S tre p to c o c c u s  d ia ce tila c -  
t is  a n d  L e u c o n o s to c  c i t ro v o ru m  fe rm e n ta t io n  l iq 
uo rs  f ro m  S ephadex G -10 . (___ = S. d ia c e tila c t is

l iq u o r ;  —  = L . c it r o v o ru m  l iq u o r ;  sa m p le  e lu te d  

w ith  d is t i l le d  H 2 O ).
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FRACTION NUMBER

Fig. 3 —E lu t io n  p r o f i le  o n  S ephadex G -1 0  o f  th e  a n t im ic ro b ia l  
m a te r ia l o b ta in e d  f ro m  c a tio n  exch ange  c h ro m a to g ra p h y  o f  S tre p to 

coccus d ia c e tila c t is  fe rm e n ta t io n  liq u o r .

DISCUSSION

A MEDIUM based on whey was found to be excellent for the 
production of antimicrobial activity by either L. citrovorum  or 
S. diacetilactis. The medium containing 5% spray-dried whey 
plus 0.5% yeast extract was inexpensive and easy to reproduce, 
had no inherent antimicrobial activity and allowed easy purifi
cation of the antimicrobial material. The production of anti
microbial materials in this whey medium followed the produc
tion of acid by the microorganisms, and although substantial 
antimicrobial activity was present after 18—24 hr of incuba
tion, maximal activity was present after 50—60 hr.

The antimicrobial materials produced by S. diacetilactis and 
L. citrovorum  were similar in many respects. The materials 
from both organisms were extracellular, water soluble, low 
molecular weight compounds with similar pH optimums and 
antimicrobial spectrum. However, the elution pattern of the 
fermentation liquors from cation exchange and Sephadex G-10 
chromatography columns indicated major differences in the 
types of antimicrobials produced by the two organisms. Based 
on these elution curves and the indicated presence of large 
amounts of low molecular weight noncationic materials, it ap
pears that as several workers have theorized, organic acids play 
a major role in the inhibitory effects of L. citrovorum  and S. 
diacetilactis. Apparently this role is greater in the L. citro
vorum  liquors than it is in the S. diacetilactis liquors.

The cationic, low molecular weight material isolated from 
the S. diacetilactis fermentation liquor would appear to have 
some potential for use in food products. The material, which 
appears to comprise 20-30% of the total activity of the crude 
fermentation liuqor, was purified by a relatively simple proce
dure. Based on paper and thin-layer chromatography, a pure 
preparation of the material, was obtained via methanol extrac
tion followed by cation exchange and Sephadex chromatog
raphy. It appears that this process could be scaled up to com
mercial size. Both the cation exchange and Sephadex columns 
were easily prepared and regenerated and the elution patterns 
were extremely repeatable.

The purified antimicrobial material was heat stable and ac
tive towards several Pseudomonas species at a pH of 6.0 or 
lower. Based on the reaction of this material with ninhydrin, 
its UV spectrum and its loss of activity upon hydrolysis, the 
material appeared to be a small molecular weight peptide. 
Numerous other antimicrobial peptides have been isolated 
from lactic acid bacteria, but this material differs from these 
peptides in its antimicrobial spectrum, molecular weight, and 
location within the fermented cultures. While nisin, diplo-

coccin and acidophilin are intracellular low molecular weight 
peptides which have antimicrobial activity versus Gram posi
tive bacteria (Baribo and Foster, 1951; Oxford, 1944; Vakil 
and Shahani, 1965) this material is an extremely low molecu
lar weight extracellular compound primarily active against 
Gram negative microorganisms.

Both the crude fermentation liquors and the purified anti
microbial material would appear to have potential for control
ling the growth of Pseudomonas species in food products. The 
use of cell-free material offers obvious advantages over the use 
of the whole cells as suggested by Daly et al. (1972) and 
Reddy et al. (1968). There is a high potential for production 
of off-flavors and texture changes due to the growth of these 
whole cells when they are added to food products. Preliminary 
work in our laboratory has shown that the crude fermentation 
liquors of either L. citrovorum  or S. diacetilactis contribute no 
off-flavors in themselves and can prevent the growth of P. 
fluorescens and the resulting putrefaction of ground beef at 
refrigerator temperatures. Undoubtedly, however, the use of 
these crude fermentation liquors is limited because of the wide 
variety compounds present in them. Therefore, the use of the 
purified antimicrobial material would appear to have greater 
potential. It is conceivable that this heat stable antimicrobial 
preparation could be added to milk, fish, and meat products, 
and even to pharmaceutical preparations to extend shelf life. 
Work is continuing to identify the purified cationic anti
microbial material.
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SOME ADD ITION AL STUDIES ON THE THERM AL-DENATURATION 
OF LIGHT MEROMYOSIN FRACTION 1

INTRODUCTION

IT HAS BEEN reported that light meromyosin fraction 1 
(LMM Fr 1), the tail portion of the myosin molecule prepared 
by its tryptic cleavage, is the most homogeneous and highly 
helical subfragment among LMM’s prepared by other en
zymatic or chemical means (Samejima et al., 1974). Yasui et 
al. (1971), while studying thermostability of LMM Fr 1 at 
65°C in 0.6M KC1 (pH 7.0), demonstrated that: (1) LMM Fr 1 
depolymerizes into relatively low molecular weight proteins 
and peptides; (2) A gradual decrease in helical content as well 
as intrinsic viscosity takes place; and (3) At low ionic strengths 
during the early stages of denaturation, a rapid loss in para- 
crystal forming ability occurs. These observations not only 
supplemented the previous findings of Woods (1969), but also 
extended them to the point that the heat-induced, subtle con
formational change in the protein causes the solubilization of 
the protein under physiological conditions.

In an earlier attempt to search for the protein which plays a 
role in determining the binding properties of sausages, Same
jima et al. (1969) investigated the heat-gelling properties of 
muscle contractile proteins and myosin subunits in a saline 
model system. The authors found that LMM Fr 1 had no 
effect on the heat-gelling properties of the tested systems, 
whereas the opposite was true for the parent molecule, myo
sin. It is, therefore, of interest to study the denaturation of 
LMM Fr 1 under the various conditions which are used to 
convert muscle proteins into meat products. From this view
point, we further studied the thermal denaturation of LMM Fr 
1 in detail and under a variety of conditions.

MATERIALS & METHODS

Preparation of LMM Fr 1
LMM was prepared by treatm ent o f  10 mg/ml solution of myosin in 

0.5M KC1 at pH 7.0 with trypsin (1:200 w t ratio) freshly dissolved in 
cold water. LMM was isolated from the resulting solution by the m eth
od of Szent-Gyorgyi et al. (1960) after 10 min o f digestion at 25°C. 
The reaction was stopped by the addition of a 1.5-fold weight excess of 
soybean trypsin inhibitor freshly dissolved in cold water. LMM Fr 1 was 
prepared from LMM according to the ethanol precipitation m ethod 
described by Szent-Gyorgyi et al. (1960).
Turbidity measurements

Samples (3 ml) o f  LMM Fr 1 solution (0.4 mg/ml) in M KC1-20 mM 
phosphate buffer at pH 7.0 were incubated at constant tem peratures of 
20°C, 45°C or 60°C for 30 min; turbidity measurements were made at 
610 nm.
Solubility studies

Samples o f  LMM Fr 1 solution (1 mg/ml) in 0.6M KC1 of different 
pH values were incubated at various tem peratures and the reaction was 
stopped by the addition of 5 vol of ice-cold buffer solutions containing 
20 mM acetate or phosphate. The solutions were left overnight at 0°C 
and then centrifuged at 10,000 rpm for 20 min. The A2^0 CI2J1 values of 
the supernatant liquids were determined and taken as the am ount of 
soluble protein unless otherwise noted.
Viscosity measurements

Viscosity measurements were made with Ostwald-type viscometers 
at 20°C. The flow-times for solvent ranged from 1 5 0 -1 8 0  sec.

Optical ro tation measurements
Optical ro tato ry  dispersion m easurements were carried ou t on a 

JASCO spectropolarim eter model ORD/UV-5 under the same condi
tions as reported previously by Samejima et al. (1972).
Difference spectrum

The ultraviolet difference spectrum  was measured with a Hitachi 
recording spectrophotom eter type ESP-3T as described in an earlier 
study (Samejima et al., 1972).
Electron microscopy

Aggregates o f LMM Fr 1 preparation at pH 5.4 were negatively 
stained with 1% uranyl acetate solution according to the m ethod of 
Huxley (1963). Electron microscopy was perform ed in a Hitachi 11-B 
electron microscope using an accelerating voltage of 75 kv and a 50m 
objective aperture.

RESULTS

Changes in solubility
An interesting finding, the loss of paracrystal forming abil

ity of LMM Fr 1 upon thermal treatment at low ionic strength, 
has already been reported (Yasui et al., 1971; Samejima et al.,
1973). Figure 1 shows that the changes in the turbidity of 
thermally treated LMM Fr 1 at variable low ionic strength (|U <  
0.2) correspond to the loss of its paracrystal formability, as 
described in our earlier studies (Yasui et al., 1971; Samejima et 
al., 1972, 1973). This finding coincides with the changes in 
solubility of tryptic LMM under the same conditions.

Changes in solubility of LMM Fr 1 in 0.1 M KC1 as a func
tion of pH are shown in Figure 2a. Protein solutions in 0.6M 
KC1 were heated at various temperatures and diluted to 0.1M 
after being kept under ice to stop heat-induced changes. The

(KCQ M

Fig. 1—Changes in  tu r b id i t y  o f  th e rm a lly  tre a te d  L M M  F r  1. P ro te in  
(0 .4  m g /m l)  d isso lve d  in  0 .6 M  K C I a n d  2 0  m M  p h o s p h a te  b u f fe r  
Ip H  7 .0 ) was tre a te d  fo r  3 0  m in  a t  2 0 °  C i r ) , 4 5  C fa )  a n d  60 ° C (o ), 

re sp e c tive ly .
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p l o t s  r e v e a l  t h a t  t h e  s o l u b i l i t y  o f  L M M  F r  1 i n c r e a s e s  a b o v e  

p H  6 . 0 ,  a n d  m o r e  r e m a r k a b l y  a t  h i g h e r  t e m p e r a t u r e s .  O t h e r  

p u b l i s h e d  w o r k  ( W o o d s ,  1 9 6 9 ;  B a l i n t  e t  a l . ,  1 9 7 0 )  i n c l u d i n g  
o u r  o w n  s t u d i e s  ( S a m e j i m a  e t  a h ,  1 9 7 2 )  h a v e  d e m o n s t r a t e d  
t h a t  t h e s e  s o l u b i l i t y  c h a n g e s  a r e  s o m e h o w  r e l a t e d  w i t h  t h e  

p r o t e o l y t i c  a c t i v i t y  o f  t r y p s i n .  A s  s h o w n  i n  F i g u r e  2 a ,  t h e  p H  
d e p e n d e n c e  o f  t h e  s o l u b i l i t y  o f  L M M  F r  1 h e a t e d  a t  6 0 ° C  f o r  
1 2 0  m i n ,  i s  r e m a r k a b l y  c o n s i s t e n t  w i t h  t h e  p r o t e o l y t i c  a c t i v i t y  
d a t a  o f  S i p o s  a n d  M e r k e l  ( 1 9 7 0 ) .

F i g u r e  2 b  i l l u s t r a t e s  t h e  c h a n g e s  i n  s o l u b i l i t y  o f  L M M  F r  1 

i n  0 . 6 M  K C 1  a s  a  f u n c t i o n  o f  p H ,  a f t e r  p e r f o r m i n g  t h e r m a l  
t r e a t m e n t s  a t  4 5 ° ,  5 0 °  o r  6 0 ° C  f o r  2  h r .  T h e  s o l v e n t  c o n t a i n e d  
2 0  m M  a c e t a t e  b u f f e r  o f  p H  5 . 4 ,  t h e  v a l u e  a t  w h i c h  L M M  F r  1 

p r e c i p i t a t e s  i s o e l e c t r i c a l l y .  A n  e l e c t r o n  m i c r o g r a p h  o f  t h e s e  
p r e c i p i t a t e s  ( F i g .  3 )  r e v e a l s  n o  s i m i l a r i t y  w i t h  t h e  p r e c i p i t a t e s  
f o r m e d  a t  l o w  i o n i c  s t r e n g t h  a n d  p H  7 . 0  ( Y a s u i  e t  a h ,  1 9 7 1 ) .  
T h e r e f o r e ,  i t  i s  f a i r  t o  a s s u m e  t h a t  t h e  r e s u l t s  p r e s e n t e d  i n  

F i g u r e  2 b  e x h i b i t  t h e  c h a n g e s  i n  s o l u b i l i t y  o f  L M M  F r  1 i t s e l f  
i n  0 . 6 M  K C 1  a s  a  c o n s e q u e n c e  o f  t h e r m a l  t r e a t m e n t  a l o n e ,  
b e c a u s e  t h e  p r o t e o l y t i c  a c t i v i t y  o f  t r y p s i n  i s  n e g l i g i b l e  a t  p H
5 . 4  ( S i p o s  a n d  M e r k e l ,  1 9 7 0 ) .

A t  p H  v a l u e s  a b o v e  5 . 4 ,  c h a n g e s  i n  s o l u b i l i t y  o f  t h e r m a l l y  
t r e a t e d  L M M  F r  1 i n  0 . 6 M  K C 1  a r e  m o r e  p r o n o u n c e d ,  a n d  t h e  

l o s s  o f  s o l u b i l i t y  i n c r e a s e s  w i t h  t h e  i n c r e a s e  i n  t h e  t e m p e r a t u r e  

( F i g .  2 b ) .  F o r  i n s t a n c e ,  b e t w e e n  p H  v a l u e s  o f  5 . 6 —7 . 6 ,  t h e r m a l  
t r e a t m e n t  o f  L M M  F r  1 a t  6 0 ° C  i s  f o l l o w e d  b y  m o s t  d r a s t i c  
c h a n g e s  i n  t h e  s o l u b i l i t y ;  v i z .  a  d e c r e a s e  o f  a b o u t  t w o - t h i r d s  o r  
m o r e  t h a n  t h e  o r i g i n a l  v a l u e .  T h e  h i g h e s t  c h a n g e s  i n  s o l u b i l i t y  

a r e  o b s e r v e d  b e t w e e n  p H  5 . 6  a n d  6 . 0 .

K i n e t i c s  o f  t h e r m a l  a g g r e g a t i o n

T h e  r a t e s  o f  a g g r e g a t i o n  d u r i n g  t h e r m a l  t r e a t m e n t  a t  4 0 ° C  
b e t w e e n  t h e  p H  r a n g e  o f  5 . 5 —6 . 0  w e r e  d e t e r m i n e d  ( F i g .  4 a )  
u s i n g  t h e  d a t a  p r e s e n t e d  i n  F i g u r e  2 b .  F o r  m e a s u r e m e n t  o f  t h e  

r a t e  o f  a g g r e g a t i o n ,  s a m p l e s  i n  0 . 6 M  K C 1  w e r e  s u b j e c t e d  t o  
c e n t r i f u g a t i o n .  T h e  p H  o f  s o l u t i o n s  w a s  v a r i e d  w i t h  t h e  a d d i 
t i o n  o f  2 0  m M  a c e t a t e  o r  p h o s p h a t e  b u f f e r s  o f  c o r r e s p o n d i n g  
p H  v a l u e s .  T h e  d a t a  a r e  g i v e n  i n  F i g u r e  4 b ,  w h i c h  i n d i c a t e s  
t h a t  t h e  r e a c t i o n  p r o c e e d s  a c c o r d i n g  t o  s e c o n d - o r d e r  k i n e t i c s .  
T h e  r a t e  c o n s t a n t s  c a l c u l a t e d  f r o m  t h e  s l o p e s  o f  t h e  s e c o n d -  
o r d e r  p l o t s  o f  F i g u r e  4 b ,  s h o w e d  t h e  d e p e n d e n c e  u p o n  t h e  p H ,  
b e i n g  0 . 8 5  m l / m g / m i n  a t  p H  5 . 6 ,  0 . 1 8  m l / m g / m i n  a t  p H  5 . 8  
a n d  0 . 1  m l / m g / m i n  a t  p H  5 . 8 7 ,  r e s p e c t i v e l y .

T h e r m o d y n a m i c s  o f  d e n a t u r a t i o n  i n  t h e  n e u t r a l  p H  r e g i o n

B y  m e a s u r e m e n t  o f  v i s c o s i t y ,  O R D  a n d  d i f f e r e n c e  s p e c t r u m  
i n  t h e  u l t r a v i o l e t  r e g i o n ,  i t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e  s t r u c 
t u r a l  c h a n g e s  d u r i n g  t h e  c o u r s e  o f  s t e p - b y - s t e p  h e a t i n g  o f

L M M  F r  1 ,  a r e  a  t y p i c a l  h e l i x - c o i l  t r a n s i t i o n  ( S a m e j i m a  e t  a h ,  
1 9 7 2 ,  1 9 7 3 ) .  A c c o r d i n g  t o  t h e  l a t e s t  i n v e s t i g a t i o n s  o f  B u r k  e t  
a l .  ( 1 9 7 3 ) ,  L M M  F r  1 ( a s  p r e p a r e d  i n  t h i s  s t u d y )  s h o u l d  h a v e  
o n l y  o n e  t r a n s i t i o n  t e m p e r a t u r e  ( T m )  w h i l e  s u b j e c t e d  t o  

t h e r m a l  t r e a t m e n t s .  A p p a r e n t l y ,  i t  s e e m s  t h a t  d e p e n d i n g  u p o n  
t h e  s p e c i f i c i t y  o f  t h e  t e c h n i q u e  t o w a r d s  t h e  c h a n g e s  i n c u r r e d  
i n  t h e  p r o t e i n  a s  a  r e s u l t  o f  v a r i a b l e  t h e r m a l  t r e a t m e n t ,  t h e r e  
a r e  d i f f e r e n c e s  i n  t h e  T m  v a l u e s  c a l c u l a t e d  f r o m  t h e  m e l t i n g  

p o i n t  c u r v e s  o b t a i n e d  b y  d i f f e r e n t  m e t h o d s  ( S a m e j i m a  e t  a l .
( 1 9 7 2 ) ) .  I n  f a c t ,  T m  v a l u e s  o b t a i n e d  b y  t h e  v i s c o s i t y  m e a s u r e 
m e n t s  w e r e  a l w a y s  l o w e r  t h a n  t h o s e  o b t a i n e d  b y  t h e  O R D  o r  

d i f f e r e n c e  s p e c t r u m  ( S a m e j i m a  e t  a h ,  1 9 7 2 ) .
A l t h o u g h  t h e  t h e r m a l  d e n a t u r a t i o n  p r o c e s s  o f  t r y p t i c  L M M  

F r  1 i s  n o t  r e v e r s i b l e  ( S a m e j i m a  e t  a l . ,  1 9 7 2 ) ,  i t  i s  a l m o s t  
c o m p l e t e l y  r e v e r s i b l e  i n  t h e  L M M ’s o b t a i n e d  b y  o t h e r  e n 

z y m a t i c  ( S a m e j i m a  e t  a h ,  1 9 7 4 )  o r  c h e m i c a l  c l e a v a g e s  o f  

m y o s i n  ( S a m e j i m a  e t  a l . ,  1 9 7 3 ) .  I f  m e a s u r e m e n t s  a r e  m a d e  
u s i n g  t h e  s a m e  t e c h n i q u e s ,  a  c o m p a r i s o n  o f  t h e  m e l t i n g  c u r v e s  

o f  e n z y m a t i c a l l y  o b t a i n e d  L M M ’s  w i t h  t h o s e  o f  c h e m i c a l  o n e s ,  
r e v e a l s  o n l y  i n s i g n i f i c a n t  d i f f e r e n c e s  i n  T m  v a l u e s .  I t  i s ,  t h e r e 
f o r e ,  j u s t i f i e d  t o  c a l c u l a t e  t h e r m o d y n a m i c  p a r a m e t e r s  b y  a s 
s u m i n g  a  t w o - s t a t e  p r o c e s s  i . e . ,  N  ^  D  e q u i l i b r i u m .

A c c o r d i n g  t o  c l a s s i c a l  e q u a t i o n s  o f  t h e r m o d y n a m i c s  t h e  
c h a n g e s  i n  f r e e  e n e r g y ,  w h e n  o n e  m o l e  o f  n a t i v e  p r o t e i n  i s  
t r a n s f o r m e d  i n t o  o n e  m o l e  o f  d e n a t u r e d  m o i e t y ,  i s  g i v e n  a s

A F  =  AH — T a S (1 )

w h e r e  A H  i s  t h e  c h a n g e  i n  e n t h a l p y  o f  t h e  r e a c t i o n  p e r  m o l e ,  
a n d  T  i s  t h e  a b s o l u t e  t e m p e r a t u r e .  I f  K  i s  t h e  e q u i l i b r i u m  
c o n s t a n t  o f  r e a c t i o n  N  D  d e f i n e d  b y

K =  [D ] /[N ]

t h e  f r e e  e n e r g y  o f  d e n a t u r a t i o n  w i l l  b e  g i v e n  b y

A F =  - R T  In  K (2 )

w h e r e  R  i s  t h e  g a s  c o n s t a n t .  T h i s  e q u a t i o n  c a n  a l s o  b e  w r i t t e n  
a s

- I n  K  =  A H /R T  -  A S /R  (3 )

w h i c h  i n  t u r n  l e a d s  t o  V a n ’t  H o f f ’s e q u a t i o n  i f  i t  i s  d i f f e r e n t i 
a t e d  w i t h  r e s p e c t  t o  1 / T ,

- d in  K /d  (1 /T )  = A H /R  (4 )

Fig. 2 —E ffe c ts  o f  te m p e ra tu re  o n  th e  s o lu 

b i l i t y  o f  th e rm a lly  tre a te d  L M M  F r  1. (a) 

Changes in  s o lu b i l i t y  o f  th e rm a lly  tre a te d  
L M M  F r  1 in  0 .1  M  K C I. The s to c k  s o lu t io n s  
w ere h e a te d  a t  4 5 °  C  (o ), 5 0 ° C ( N  a n d  6 0 ° C  

(X ) fo r  120 m in . A b s o rb a n c e  m e asu re m en ts  
w ere c a r r ie d  o u t  as d e sc rib e d  in  M e thod s . 
[ • :  c o n t ro l ;  o; t r y p t ic  a c t iv i ty  q u o te d  fro m  
da ta  o f  S ipos a n d  M e rk e l ( 1 9 7 0 ) . ]  (b ) 
Changes in  s o lu b i l i t y  o f  th e rm a lly  tre a te d  
L M M  F r  1 a t  p H  5 .4  in  0 .6 M  K C I. The  p H  

values o f  s to c k  s o lu t io n s  w e re  ch a n g e d  a f te r  
h e a t t re a tm e n t a t  4 5 °  C  ( o ) ,  5 0 °  C (& ) a n d  

60° C ( x )  fo r  120 m in . A b s o rb a n c e  m e asu re 

m ents  w ere  m ade  th e  sam e w a y  as in  F ig. 
2(a). [ • :  c o n t r o l ]
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a n d  i f  o n e  a s s u m e s  t h a t  A H  a n d  A S  a r e  i n d e p e n d e n t  o f  t e m 
p e r a t u r e .  B y  i n c o r p o r a t i n g  d a t a  f r o m  o n e  o f  o u r  e a r l i e r  s t u d i e s  

( S a m e j i m a  e t  a l . ,  1 9 7 2 ) ,  t h e  p l o t s  i l l u s t r a t e d  i n  F i g u r e  5  c o u l d  

b e  m a d e .  F r o m  t h e  s l o p e s  o f  t h e s e  p l o t s ,  A H  w a s  c a l c u l a t e d  a s
4 1 . 5  k C a l / m o l e .  S i n c e  A F  m u s t  b e  0  a t  T m  ( 4 7 ° C ) ,  s u b s t i t u 
t i o n  o f  t h e  v a l u e s  o f  A F  a n d  A H  i n t o  E q  ( 1 )  w i l l  l e a d  t o  t h e  
v a l u e  o f  A S  b e i n g  e q u a l  t o  1 2 5  e . u .

T w o  d e n a t u r a t i o n  p r o d u c t s  o f  L M M  F r  1

W o o d s  ( 1 9 6 9 )  a n d  t h e  p r e s e n t  a u t h o r s  ( S a m e j i m a  e t  a l . ,
1 9 7 2 )  h a v e  d e m o n s t r a t e d  t h a t  o n e  o f  t h e  m o s t  s t r i k i n g  f e a 
t u r e s  o f  t h e r m a l l y  d e n a t u r e d  L M M  F r  1 i s  t h e  h e a t  i n d u c e d  
d e p o l y m e r i z a t i o n  o f  t h e  m o l e c u l e ,  w h i c h  c a n  e a s i l y  b e  f o l 
l o w e d  b y  v i s c o m e t r y .  W e  m e a s u r e d  t h e  c h a n g e s  i n  v i s c o s i t y  
( r j r e d )  a f t e r  c o o l i n g  d o w n  t h e  s a m p l e  s o l u t i o n s ,  w h i c h  h a d  
b e e n  i n c u b a t e d  f o r  3 0 0  m i n  a t  v a r i o u s  t e m p e r a t u r e s  
( 2 0 — 7 0 ° C ) .  T h e s e  o b s e r v a t i o n s  a r e  s h o w n  i n  F i g u r e  6 , w h i c h  
r e v e a l  t h a t  t h e  e x t e n t  o f  d e n a t u r a t i o n  i n  t e r m s  o f  r ? r e d  r e a c h e s  

i t s  m a x i m u m  a t  6 0 ° C .  A t  7 0 ° C ,  r ? r e d  i s  0 . 7  c o m p a r e d  t o  0 . 1  a t  
6 0 °  C ,  t h u s  c l e a r l y  s h o w i n g  t h a t  t h e  m a x i m u m  d e c r e a s e  o c c u r s  
a t  6 0 ° C .  F r o m  t h e s e  r e s u l t s ,  i t  i s  a s s u m e d  t h a t  t w o  k i n d s  o f  
d e n a t u r a t i o n  p r o d u c t s  e x i s t :  t h e  o n e  o f  l o w  v i s c o s i t y  p r o d u c e d  

a t  6 0 ° C ,  a n d  t h e  o t h e r ,  w h i c h  h a s  a  h i g h e r  v i s c o s i t y ,  a t  7 0 ° C .
T o  c o n f i r m  t h i s  a s s u m p t i o n  f u r t h e r  s t u d i e s  w e r e  c a r r i e d  

o u t .  F i g u r e  7  i n d i c a t e s  t h a t  i n  p h o s p h a t e  b u f f e r  a t  p H  7 . 0  a n d  
K C 1  c o n c e n t r a t i o n  o f  0 . 6 M ,  p r e - h e a t i n g  o f  L M M  F r  1 a t  6 0 ° C  
f o r  v a r i o u s  t i m e s  a n d  s u b s e q u e n t  t r a n s f e r  t o  7 0 ° C  f o r  2 0  m i n  
t e n d s  t o  e n h a n c e  d e p o l y m e r i z a t i o n  d u r i n g  t h e  e a r l y  s t a g e s  o f  
p r e - t r e a t m e n t  ( t h e  e n h a n c i n g  e f f e c t  e v e n t u a l l y  d i s a p p e a r s  a f t e r  
p r o l o n g e d  t r e a t m e n t  a t  6 0 ° C ) .  O n  t h e  o t h e r  h a n d ,  p r e - h e a t i n g  
a t  7 0 ° C  f o r  v a r i o u s  t i m e s  a n d  s u b s e q u e n t  t r a n s f e r  t o  6 0 ° C  f o r

3 0 0  m i n  i n h i b i t s  t h e  d e p o l y m e r i z a t i o n  o v e r  t h e  w h o l e  p r e 

i n c u b a t i o n  p e r i o c  a s  i s  e v i d e n t  f r o m  t h e  s l i g h t  d e c l i n e  i n  v i s 
c o s i t y .  T h i s  d e c l i n e  i s  f a r  f r o m  t h e  m i n i m u m  v a l u e  r e c o r d e d  

u p o n  d e n a t u r a t i o n  a t  6 0 ° C  f o r  3 0 0  m i n .  S u c h  b e h a v i o r  s u g 
g e s t s  c o n v i n c i n g l y  t h a t  t w o  d i s t i n c t  k i n d s  o f  d e n a t u r a t i o n  

p r o d u c t s  e x i s t .

DISCUSSION
T H E  R E S U L T S  i n  F i g u r e s  1 a n d  2 a  f u r t h e r  s u p p o r t  t h e  s u g 

g e s t i o n  m a d e  i n  o u r  e a r l i e r  w o r k  ( S a m e j i m a  e t  a l . ,  1 9 7 2 )  t h a t  
t h e r m a l  t r e a t m e n t  o f  t r y p t i c  L M M  F r  1 r a p i d l y  d e s t r o y s  i t s  

p a r a c r y s t a l  f o r m i n g  a b i l i t y  a t  ¡J. =  0 . 1 .  I n  a d d i t i o n ,  t h e  d a t a  

g i v e n  i n  F i g u r e  2 a  l e a d  u s  t o  a n o t h e r  i m p o r t a n t  p o s s i b i l i t y  t h a t  
t r y p t i c  a c t i v i t y  m i g h t  b e  i n v o l v e d  i n  t h i s  p h e n o m e n o n ,  s i n c e  
t h e  c h a n g e s  i n  s o l u b i l i t y  a s  a  f u n c t i o n  o f  p H  a r e  i n  g o o d  a g r e e 

m e n t  w i t h  t h e  p H  d e p e n d e n c e  o f  t r y p t i c  a c t i v i t y .  F u r t h e r  
s t u d i e s  t o  d e t e r m i n e  t h e  v a l i d i t y  o f  t h i s  s u g g e s t i o n  a r e  a l r e a d y  
i n  p r o g r e s s  a n d  w i l l  b e  r e p o r t e d  e l s e w h e r e .

I n  t h e  i s o e l e c t r i c  p H  r a n g e ,  t h e  e f f e c t  o f  h e a t  t r e a t m e n t  o n  
L M M  F r  1 s h o u l d  b e  i n d e p e n d e n t  o f  t r y p t i c  e f f e c t  ( i f  a n y ) ,  
b e c a u s e  o f  i t s  n e g l i g i b l e  a c t i v i t y  w i t h i n  t h i s  p H  r a n g e  ( S i p o s  
a n d  M e r k e l ,  1 9 7 0 ) .  I t  i s ,  t h e r e f o r e ,  a p p r o p r i a t e  t o  c o n s i d e r  t h e  

c h a n g e s  i n  s o l u b i l i t y  i l l u s t r a t e d  i n  F i g u r e  2 b ,  a n  i n h e r e n t  
p r o p e r t y  o f  t h e  t a i l  p o r t i o n  o f  t h e  m y o s i n  m o l e c u l e  i t s e l f .

J o h n s o n  a n d  R o w e  ( 1 9 6 1 )  f o u n d  t h a t  m y s o i n  f o r m s  i n s o l u 
b l e  a g g r e g a t e s ,  s l o w l y  o b e y i n g  t h e  s e c o n d  o r d e r  l a w  e v e n  u n d e r  
c o n d i t i o n s  w i t h  n e u t r a l  p H  a t  2 0 ° C .  P e n n y  ( 1 9 6 7 )  d i s c o v e r e d  
t h a t  m y o s i n ,  w h e n  h e a t e d  a t  p H  5 . 3 — 6 . 2 ,  l o s t  i t s  a d e n o s i n e - t r i 
p h o s p h a t a s e  ( A T P a s e )  a c t i v i t y  b e f o r e  b e c o m i n g  i n s o l u b l e ,  a n d  
t h a t  b o t h  t h e  l o s s  o f  A T P a s e  a c t i v i t y  a n d  s o l u b i l i t y  w e r e  f i r s t -

Fig. 3 —E le c tro n  m ic ro g ra p h  o f  L M M  F r  1 a t p H  

5 .4  in  0 .6 M  K C i. M a g n if ic a t io n : 7 7 ,0 0 0 X .

(a)

. 3 ^ 0 - 0 - ° - a — a — D-

0.2

o
C D<N

"A— A-

0 -0 6 ^ 6 —
20 40 60

Incubation Time ( m i n u t e s )

Fig . 4 —The ra te  o f  a g g reg a tion  o f  th e rm a lly  tre a te d  L M M  F r  1 a t  4 0 °  C. la )  The e f fe c t  o f  p H  on  
the  ra te  o f  agg reg a tion  o f  L M M  F r  1. [ a :  p H  6 .0 4 ; a ;  p H  5 .8 7 ; : p H  5 .8 ; X : p H  5 .6 ; o : p H  
5 .4 ]  lb )  S e c o n d -o rd e r p lo ts  o f  th e  a g g reg a tion  o f  L M M  F r  1. [ x :  p H  5 .6 ; a ;  p H  5 .8 ; a ;  p H  
5 .8 7 ; x /a  Ia —x ), w he re  a a n d  x  re p re s e n t th e  c o n c e n tra t io n  (m g /m l)  o f  th e  s o lu b le  a n d  in s o lu b le  

L M M  F r  1, re s p e c tiv e ly .]
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Fig. 5 —A rrh e n iu s  p lo t  o f  the  e f fe c t  o f  te m p e ra tu re  o n  th e  d é n a tu ra 
t io n  o f  L M M  F r  1 fro m  th e  m e lt in g  curves, [ x :  v is c o s ity ; a ; O R D ;  

°- aA2SS]

Fig. 6 -C h a n g e s  in  th e  re d u c e d  v is c o s ity  o f  L M M  F r  1 a f te r  th e rm a l 
tre a tm e n t. P ro te in s  (2  m g /m l)  in  0 .6 M  K C I a n d  2 0  m M  p h o s p h a te  
b u f fe r  tp H  7 .0 ) w ere  tre a te d  fo r  3 0 0  m in  a t  va rio us  tem pera tu res . 
V is c o s ity  m e asu re m en ts  w e re  c a rr ie d  o u t  a t  2 0 °  C a f te r  each th e rm a l 
tre a tm e n t.

o r d e r  a n d  p H - d e p e n d e n t  r e a c t i o n s .  F o r  s i m i l a r  r e a s o n s ,  m y o s i n  
i n  s o l u t i o n  i s  g e n e r a l l y  r e g a r d e d  a s  a  v e r y  u n s t a b l e  m o l e c u l e .  I t  
i s  o f  i n t e r e s t  t h a t  k i n e t i c s  o f  i t s  a g g r e g a t i o n  s e e m  t o  d i f f e r  w i t h  
t h a t  o f  L M M  F r  1 .  K i n e t i c  d a t a  o b t a i n e d  b y  h e a t  t r e a t m e n t  o f  

L M M  F r  1 a t  4 0 ° C  a n d  p H  5 . 4 - 6 . 0  ( F i g .  4 )  c l e a r l y  d e m o n 
s t r a t e  t h a t  t h e  r e a c t i o n  p r o c e e d s  a c c o r d i n g  t o  t h e  s e c o n d - o r d e r  

l a w ,  w i t h  t h e  r a t e  c o n s t a n t s  d e p e n d i n g  u p o n  p H .
T h e  a s s u m p t i o n  o f  e q u i l i b r i u m  b e t w e e n  n a t i v e  a n d  d e n a 

t u r e d  L M M  F r  1 i n  a  n e u t r a l  s o l u t i o n ,  e n a b l e d  t h e  d e t e r m i n a 

t i o n  o f  h e a t  o f  t r a n s f o r m a t i o n  r e a c t i o n  f r o m  n a t i v e  t o  d e n a 
t u r e d  s t a t e ,  a s  w e l l  a s  t h e  c a l c u l a t i o n  o f  e n t h a l p y  v a l u e s  o f
4 1 . 5  k C a l / m o l e  f o r  A H  a n d ,  1 2 1  e . u .  f o r  A S  r e s p e c t i v e l y .  
T h e s e  v a l u e s  a r e  r e a s o n a b l e  e n o u g h  w h e n  c o m p a r e d  w i t h  t h o s e  

l i s t e d  i n  t h e  l i t e r a t u r e  ( H a u r o w i t z ,  1 9 6 3 ) .

I t  i s  e v i d e n t  f r o m  t h e  r e s u l t s  i n  F i g u r e s  6  a n d  7  t h a t  t h e r e  
a r e  t w o  t y p e s  o f  d e n a t u r e d  p r o d u c t s :  o n e  i s  d e p o l y m e r i z a b l e  

a n d  t h e  o t h e r  n o n d e p o l y m e r i z a b l e .  T a k i n g  i n t o  a c c o u n t  t h e  

p o s s i b l e  i n v o l v e m e n t  o f  t r y p s i n  i n  t h e  s o l u b i l i t y  c h a n g e s  ( s i n c e  
h i g h e s t  t r y p t i c  a c t i v i t y  i s  r e c o r d e d  w i t h i n  t h e  p H  r a n g e  w h e r e  

m a x i m u m  s o l u b i l i t y  c h a n g e s  o c c u r  i n  L M M  F r  1 ) ,  t h e r m a l  
f r a g m e n t a t i o n  o f  L M M  F r  1 c a n  b e  w e l l  e x p l a i n e d  o n  t h e  b a s i s  
o f  f o l l o w i n g  t w o  a l t e r n a t i v e s :  ( 1 )  s o m e  o f  t h e  p e p t i d e  b o n d s  i n  

t h e  h e l i c a l  r e g i o n s  a r e  r a p i d l y  s p l i t  w h e n  m y o s i n  i s  d i g e s t e d  b y  
t r y p s i n ;  o r  ( 2 )  t h e  r e a c t i o n  o c c u r s  d u e  t o  d i s s o c i a t i o n  o f  
t r y p s i n - i n h i b i t o r  c o m p l e x  u p o n  t h e r m a l  t r e a t m e n t .  W i t h s t a n d 

i n g  t h e  f i r s t  p o s s i b i l i t y ,  t h e  d e n a t u r a t i o n  p r o d u c t  o b t a i n e d  a t

Fig. 7 —The e f fe c t  o f  p re  h e a tin g  a t  6 0 °  C  a n d  70° C o n  th e  changes  
in  th e  re d u c e d  v is c o s ity  o f  L M M  F r  1, c o m b in e d  w ith  s u b s e q u e n t 
he a t t re a tm e n t a t  7 0 ° C a n d  6 0 ° C, re sp e c tive ly . The v is c o s ity  o f  
p r o te in  (2  m g /m l)  in  0 .6 M  K C I a n d  2 0  m M  p h o s p h a te  b u f fe r  (p H  
7 .0 ) was m e asure d  a t 2 0 °  C a f te r  th e rm a l t re a tm e n t a t  6 0 ° C  ( ' )  o r  
70° C  (n ) f o r  va rio us  tim es. C losed squares ( • )  s h o w  v is c o s ity  o f  th e  

L M M  F r  1 tre a te d  a t  6 0 ° C  fo r  3 0 0  m in , a f te r  p re  h e a tin g  a t  7 0 °  C  
f o r  va rio us  tim es. C losed tr ia n g le s  ( K) s h o w  the  v is c o s ity  o f  th e  
L M M  F r  1 tre a te d  a t  70 ° C  fo r  2 0  m in  a f te r  p re -h e a tin g  a t  6 0 °  C  fo r  
d if fe re n t  tim in g s .
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7 0 ° C  s h o u l d  n e v e r  b e  f o u n d .  I n  c a s e  t h e  c h a n g e s  a c c o r d  w i t h  
t h e  s e c o n d  p o s s i b i l i t y ,  a c t i v i t y  o f  r e a c t i v a t e d  t r y p s i n  s h o u l d  b e  

h i g h e s t  a t  6 0 ° C  a n d  l o w e s t  a t  7 0 ° C .  I f  t h e s e  t w o  p o s s i b i l i t i e s  
a r e  r u l e d  o u t ,  t h e  o n l y  e x p l a n a t i o n  c o v e r i n g  t w o  k i n d s  o f  r e a c 
t i o n  p r o d u c t s ,  s e e m s  t o  b e  t h e  s t a t e  o f  t r y p s i n  a b s o r b e d  t o  
L M M  F r  1 .  S u c h  a  v i e w  r e q u i r e s  t h e  e x i s t e n c e  o f  o n l y  o n e  t y p e  
o f  d é n a t u r a t i o n  p r o d u c t ,  i f  t h e  L M M ’s  p r e p a r e d  b y  m e a n s  
o t h e r  t h a n  t r y p s i n  a r e  h e a t  t r e a t e d ,  s u c h  a s  c h e m i c a l l y  c l e a v e d  

L M M ’s  o r  t h o s e  o b t a i n e d  b y  c l e a v i n g  t h e  m y o s i n  w i t h  o t h e r  
e n z y m e s .  U n f o r t u n a t e l y ,  n o  e x p e r i m e n t a l  d a t a  a r e  n o w  a v a i l a 

b l e  t o  f a v o r  t h i s  v i e w .
O u r  p r e s e n t  a t t e m p t ,  a n d  o t h e r s  t o  f o l l o w ,  a r e  a i m e d  a t  

r e s o l v i n g  t h e  c o n t r o v e r s y  o f  t r y p t i c  e f f e c t ,  s i n c e  t h e  b e h a v i o r  
o f  m y o s i n  a n d  i t s  s u b - f r a g m e n t s  u p o n  h e a t  d é n a t u r a t i o n  s t i l l  
r e q u i r e  c l a r i f i c a t i o n .  T h e r m a l  d é n a t u r a t i o n  o f  t h e  h e l i c a l  t a i l  
p o r t i o n  o f  t h e  m y o s i n  m o l e c u l e ,  i n  v i t r o ,  p r o c e e d s  a c c o r d i n g  
t o  s e c o n d - o r d e r  l a w  ( F i g .  4 )  a t  a  p H  o f  5 . 6 ,  w h i c h  i s  i n  f a c t  t h e  

v a l u e  o f  m e a t  e n v i r o n m e n t  i t s e l f .  T h i s  i s  s t i l l  c o n t r o v e r s i a l ,  i f  
t h e  p a r e n t  m o l e c u l e  a l s o  f o l l o w s  t h e  s a m e  o r d e r ,  u n d e r  t h e s e  

c o n d i t i o n s .  O u r  c h o i c e  o f  L M M  a s  t h e  p r i m e  t a r g e t  s t e m s  f r o m  

t h e  f a c t  t h a t  i t  i s  t h i s  p o r t i o n  w h i c h  a l s o  d e t e r m i n e s  t h e  s o l u 
b i l i t y  o f  t h e  m y o s i n  m o l e c u l e .
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FREE RADICALS IN LYSOZYME REACTED WITH 
PEROXIDIZING METHYL LINOLEATE

INTRODUCTION
I N T E R A C T I O N  o f  p e r o x i d i z e d  l i p i d s  w i t h  p r o t e i n s  m a y  l e a d  

t o  u n d e s i r a b l e  c h a n g e s  i n  n u t r i t i o n a l  a n d  f u n c t i o n a l  p r o p e r t i e s  
o f  t h e  l a t t e r  ( R o u b a l  a n d  T a p p e l ,  1 9 6 6 a ) .  T h e  p o s s i b i l i t i e s  f o r  
r e a c t i o n s  b e t w e e n  p e r o x i d i z i n g  l i p i d s  a n d  p r o t e i n s  o r  a m i n o  
a c i d s  a r e  e x t e n s i v e  ( K a r e l ,  1 9 7 3 ) .

P r o t e i n s  a r e  c a p a b l e  o f  r e a c t i n g  w i t h  p e r o x i d i z i n g  l i p i d s  o r  
w i t h  t h e i r  b r e a k d o w n  p r o d u c t s  i n  s o l u t i o n  o r  d i s p e r s i o n  

( R o u b a l  a n d  T a p p e l ,  1 9 6 6 a ) ,  i n  a n h y d r o u s  s y s t e m s  ( A n d r e w s  
e t  a l . ,  1 9 6 5 ;  Z i r l i n  a n d  K a r e l ,  1 9 6 9 ) ,  a n d  i n  t h e  f r o z e n  s t a t e  
( B u t t k u s ,  1 9 6 7 ) .  S i m i l a r  r e a c t i o n s  m a y  b e  p a r t i c u l a r l y  r a p i d  i n  
f o o d s  p r e s e r v e d  b y  l o w  w a t e r  a c t i v i t y ;  i n  f r o z e n  f o o d s ,  p a r t i c 

u l a r l y  f i s h ;  a n d  i n  l i p o p r o t e i n - c o n t a i n i n g  m a t e r i a l s .
W h i l e  t h e  b a s i c  c h a r a c t e r i s t i c s  o f  c h a n g e s  i n d u c e d  i n  p r o 

t e i n s  b y  p e r o x i d i z i n g  l i p i d s  a r e  f a i r l y  w e l l - k n o w n  ( D e s a i  a n d  
T a p p e l ,  1 9 6 3 ;  R o u b a l  a n d  T a p p e l ,  1 9 6 6 b ) ,  t h e  m e c h a n i s m s  o f  

t h e  r e a c t i o n s  i n v o l v e d  h a v e  n o t  b e e n  f u l l y  e l u c i d a t e d .  T h e r e  i s  
p o t e n t i a l  f o r  r e a c t i o n  b e t w e e n  p r o t e i n s  a n d  e i t h e r :  ( a )  f r e e  

r a d i c a l s ,  ( b )  h y d r o p e r o x i d e s ,  o r  ( c )  b r e a k d o w n  p r o d u c t s  o f  

h y d r o p e r o x i d e s .
R e a c t i o n s  b e t w e e n  t h e  b r e a k d o w n  p r o d u c t s  o f  p e r o x i d e s  

a n d  p r o t e i n s  h a v e  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n ,  e s p e c i a l l y  
t h e  r e a c t i o n s  o f  m a l o n a l d e h y d e ,  a  p e r o x i d a t i o n  p r o d u c t  o f  

s o m e  o f  t h e  f a t t y  a c i d s  p r e s e n t  i n  f o o d s .  R e c e n t l y ,  h o w e v e r ,  
s o m e  a t t e n t i o n  h a s  b e e n  g i v e n  t o  t r a n s i e n t  f r e e  r a d i c a l s  f r o m  
l i p i d  p e r o x i d a t i o n  a s  a  m a j o r  p r o t e i n - d a m a g i n g  s p e c i e s .  I n  
s t u d i e s  o n  a q u e o u s  s o l u t i o n s  o f  g a m m a  g l o b u l i n ,  c a t a l a s e ,  
s e r u m  a l b u m i n ,  h e m o g l o b i n  a n d  o v a l b u m i n ,  d a m a g e  d u e  t o  
l i p i d  o x i d a t i o n  w a s  q u a l i t a t i v e l y  s i m i l a r  t o  f r e e  r a d i c a l - m e d i 
a t e d  e f f e c t s  o f  i o n i z i n g  r a d i a t i o n  ( D e s a i  a n d  T a p p e l ,  1 9 6 3 ;  
R o u b a l  a n d  T a p p e l ,  1 9 6 6 a ,  b ) .  T h i s  l a b o r a t o r y  h a s  a l s o  n o t e d  
t h a t  i n  l y o p h i l i z e d  p r o t e i n - l i p i d  s y s t e m s ,  w a t e r  e x e r t s  e f f e c t s  
s i m i l a r  t o  t h o s e  o b s e r v e d  i n  i r r a d i a t e d  p r o t e i n s ,  w i t h  l o w  w a t e r  
a c t i v i t i e s  p r o m o t i n g  s c i s s i o n ,  a n d  h i g h  w a t e r  c o n t e n t s  p r o m o t 
i n g  c r o s s l i n k i n g  ( Z i r l i n  a n d  K a r e l ,  1 9 6 9 ;  T a k a h a s h i ,  1 9 7 0 ) .

T h e  p r e s e n t  s t u d y  w a s  u n d e r t a k e n  t o  e s t a b l i s h  w h e t h e r  o r  
n o t  f r e e  r a d i c a l  f o r m a t i o n  i n  p r o t e i n s  r e s u l t s  f r o m  r e a c t i o n  
w i t h  p e r o x i d i z i n g  l i p i d s ,  a n d  t o  d e t e r m i n e  t h e  e f f e c t s  o f  o x i d a 
t i o n  c o n d i t i o n s  o n  t h e  f r e e  r a d i c a l  i n t e r a c t i o n s .  E l e c t r o n  s p i n  
r e s o n a n c e  ( E S R )  w a s  u s e d  t o  s t u d y  t h e  f r e e  r a d i c a l  f o r m a t i o n .  
A l t h o u g h  t h i s  m e t h o d  h a s  b e e n  u s e d  e x t e n s i v e l y  i n  s t u d i e s  o n  
i r r a d i a t i o n - i n d u c e d  f r e e  r a d i c a l s  i n  p r o t e i n s  ( S h i e l d s ,  1 9 7 3 ) ,  
f e w  r e p o r t s  d e a l i n g  w i t h  E S R  m e a s u r e m e n t s  i n  p r o t e i n s  e x 
p o s e d  t o  p e r o x i d i z i n g  l i p i d s  a r e  p r e s e n t l y  a v a i l a b l e .  R o u b a l  
( 1 9 7 0 ,  1 9 7 1 )  c o n c l u d e d  t h a t  i n  a d d i t i o n  t o  t h e  c e n t r a l  p r o t e i n  
r e s o n a n c e  ( g  =  2 )  p r e s e n t  i n  h i s  s y s t e m s ,  w e a k e r  d o w n f i e l d  
s h o u l d e r s  c o u l d  b e  a t t r i b u t e d  t o  l i p i d - f r e e  r a d i c a l s  s t a b i l i z e d  
b y  t h e  p r o t e i n  m a t r i x .  H e  l a t e r  p r o p o s e d  ( 1 9 7 1 )  t h a t  f r e e  

r a d i c a l s  a r e  t h e  m a j o r  s o u r c e  o f  d a m a g e  t o  p r o t e i n s  e x p o s e d  t o  
o x i d i z i n g  l i p i d s .  H o w e v e r ,  h i s  r e s u l t s  l e f t  s o m e  d o u b t  a b o u t  
t h e  s o u r c e  o f  r a d i c a l s  i n  t h e  s y s t e m .

T h i s  i n v e s t i g a t i o n  w a s  t h u s  d e s i g n e d  t o  d e t e r m i n e :  ( a )  
w h e t h e r  p r o t e i n  r a d i c a l s  r e s u l t i n g  f r o m  p r o t e i n - l i p i d  r e a c t i o n s

1 Present address: Medical Dept., Brookhaven National Laboratory,
Upton, Long Island, N.Y.

c a n  a c t u a l l y  b e  d e t e c t e d  w i t h  t h e  t e c h n i q u e  o f  e l e c t r o n  s p i n  
r e s o n a n c e  s p e c t r o s c o p y ;  ( b )  h o w  t h e s e  r a d i c a l s  c o m p a r e  w i t h  
t h o s e  p r o d u c e d  b y  7 - r a d i a t i o n ;  ( c )  w h a t  c o n d i t i o n s  a r e  

n e c e s s a r y  f o r  r a d i c a l  f o r m a t i o n  i n  l i p i d - p r o t e i n  s y s t e m s ;  a n d
( d )  w h a t  s p e c i f i c  e f f e c t s  w a t e r  h a s  o n  p r o t e i n  r a d i c a l  f o r m a 

t i o n .

MATERIALS & METHODS
M odel system  preparation

A m odel system  consisting o f  m ethyl lin oleate  (M L ) (H orm el In sti
tu te) and lysozym e (L Y S )  (N utritional B ioch em icals, 3 x  crystallized) in 
1 0 :1  m olar ratio  was em ulsified w ith distilled w ater by  m ixing fo r 5 
min in a Sorvall O m ni-M ixer, qu ick-frozen in liquid n itrogen, then 
lyophilized  fo r 24  hr in a V irtis laboratory  freeze drier. C ontro l system s 
o f  L Y S  and w ater, bu t no M L w ere prepared in the same m anner.

T reatm en t

A fter lyop h ilization , b o th  experim ental and co n tro l system s w ere 
either oxid ized  in air follow ing equ ilibration  a t  3 7 °C  over C a S 0 4 or 
over salt so lutions in d esiccators to  w ater activ ities o f  0 .0 0 , 0 .0 7 ,  0 .1 1 , 
0 .2 2 , 0 .3 2 , 0 .4 0  and 0 .7 5  (G al, 1 9 6 7 ) ;  or the system s w ere exp osed  to  
1 or 2 Mrads 7 -radiation.

Sam ples o f  about 3 0 0  mg were exposed  in am pules eith er evacuated 
and sealed, or le ft open to 7 -radiation in a G am m acell 6 0 , C obalt 6 0  
source (A to m ic Energy Com m ission o f  Canada, L td .) at a dose rate  o f
9 .5  x  1 0 3 rads/m in. T o  prevent radical decay a fter irrad iation , we held 
samples in liquid nitrogen until they could be transferred  to  tubes for 
E S R  m easurem ents.

E S R  studies w ere conducted  on incu bated  sam ples bo th  w ith and 
w ith out ex tractio n  o f  the lipid. Lipid was extracted  w ith a benzen e- 
eth an ol azeotrope ( 3 2 .4 :6 7 .6  v/v) solvent by  shaking 3 0  m in under 
nitrogen, and then filtering through a Buchner funnel.

T he course o f  lipid ox id ation  was follow ed by  iod om etric d eter
m ination o f  peroxide values (A m erican Oil C h em ists’ S o c ie ty , M ethod 
A O C S-C d -8 :53 ; in the extracted  lipid.

E S R  analyses

E S R  spectra were recorded fo r powder samples in 3 .5  m m  ID  qu artz 
tubes. T o  avoid in terferen ce from  the d ielectric absorption  o f  energy by 
w ater, we dried samples in vacuo over C a S 0 4 be fo re  analyses.

V arian 4 5 0 2  and E -9  spectrom eters operating in X-band w ith 10 0  
kHz field  m odulation w ere used. M icrowave pow er levels (8  and 10 
mW, respectively) w ere chosen for m axim um  sensitivity v/ith ou t pow er 
saturation . Sp ectra were recorded as first derivatives o f  the absorp tion  
curves, w ith identical instrum ental settings for all sam ples in each e x 
perim ent.

R elative spin co n cen tratio n s were calcu lated  w ith th e equ ation :

N a p p h p p 2 
P

w here A pp and Hpp are the peak-to-peak am plitudes and line-w idths, 
respectively , o f  the derivative spectra, and p is the unit sample d ensity  
in the tubes. Order o f  m agnitude spin populations w ere d eterm ined by  
com parison o f  spin con cen tration s o f  experim en tal sam ples w ith th a t o f  
a 2 ,2 -d ip h en y l-p x ry l hydrazyl free radical (D PPH ) standard, assum ed to  
con tain  1 .5 3  x  1 0 2 1  spins/g.

Sp ectral g-values were calculated according to th e resonance equ a
tion :

hv =  g3H

(h is Planck’s constant, v is the microwave frequency, (3 is the Bohr
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m agneton, and H is the reson ant m agnetic fie ld ). T he m icrow ave fre
quency and resonant m agnetic field  w ere m easured respectively w ith a 
frequency m eter and an N M R gaussm eter coupled  to  an electron ic  fre
quency counter.

RESULTS & DISCUSSION
A  S U M M A R Y  o f  q u a l i t a t i v e  r e s u l t s  i s  p r e s e n t e d  i n  T a b l e  1 .  N o  

s i g n a l s  w e r e  e v i d e n t  i n  e i t h e r  e x p e r i m e n t a l  o r  c o n t r o l  s y s t e m s  
i m m e d i a t e l y  a f t e r  l y o p h i l i z a t i o n .  F u r t h e r m o r e ,  n o  s i g n a l s  w e r e  
o b s e r v e d  i n  t h e  p r o t e i n  c o n t r o l s  ( n o  l i p i d )  e x p o s e d  t o  a i r  f o r  

u p  t o  4 0  d a y s .  E S R  s i g n a l s  d e v e l o p e d  o n l y  i n  i n c u b a t e d  s y s 
t e m s  w h i c h  c o n t a i n e d  l i p i d  o x i d i z e d  t o  s o m e  e x t e n t .

S e v e r a l  l i n e s  o f  e v i d e n c e  i n d i c a t e  t h a t  t h e  E S R  s i g n a l s  d i d  

a r i s e  f r o m  p r o t e i n  r a d i c a l s :
( 1 )  E S R  s i g n a l s  f r o m  n a t i v e  l y s o z y m e  e x p o s e d  t o  p e r o x i -  

d i z i n g  M L  w e r e  t h e  s a m e  a s  t h o s e  f r o m  l y s o z y m e  e x p o s e d  i n  

a i r  t o  7 - r a d i a t i o n  o r  h i g h  t e m p e r a t u r e s .  T h e  p r e s e n c e  o f  M L  
d u r i n g  i r r a d i a t i o n  d i d  n o t  q u a l i t a t i v e l y  c h a n g e  t h e  s i g n a l ,  a l 

t h o u g h  r a d i c a l  c o n c e n t r a t i o n s  w e r e  i n c r e a s e d .

Table 1—ESR signals 
systems

in irradiated and peroxidized reaction

Presence or absence
Presence or absence o f principal g-value of

System of ESR signal 2.0051 ± 0.0005

Lysozyme alone

lyophilized — —
lyophilized. — —

incubated
irradiated ++ +
heated in air or + +

vacuum, 160°C

Lipid alone

MLa irradiated — —

vegetable oils,b — -
irradiated

ML oxidized in bulk - -
ML oxidized on avicel - -

ML + LYS

lyophilized - -
lyophilized. + +

incubated
irradiated. ++ +

lyophilized or
direct-m ix

a Methyl linoleate
b Peanut oil, safflower oil and Wesson oil

Table 2—Radical quenching by various solvents during the ex-
traction procedure

% Reduction o f radical concentrations

Irradiated systems
Solvent L ipid systems (no lipid)

Chloroform-methanol 80 89

(3:1)
Ethanol 72 73
Benzene-ethanol 61 70

(32.4:67.6)
Hexane 58 52

Benzene 38 49

( 2 )  T h e  d o m i n a n t  f r e e  r a d i c a l  s p e c i e s  r e s u l t i n g  f r o m  l i p i d s  

a r e  p e r o x y  a n d  a l k o x y  r a d i c a l s ,  w h i c h  s h o u l d  g i v e  s i g n a l s  w i t h  

g - v a l u e s  o f  a b o u :  2 . 0 1 — 2 . 0 2  ( S w a r t z  e t  a l . ,  1 9 7 2 ) .  S u c h  s i g n a l s  

d i d  n o t  a p p e a r  u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  r e p o r t e d  
a b o v e .

T h e  E S R  s i g n a l s  o b t a i n e d  f o r  o x i d a t i v e  s y s t e m s  a n d  f o r  

s y s t e m s  i r r a d i a t e d  i n  a i r  w e r e  s i n g l e  l i n e s  w i t h  g - v a l u e s  o f
2 . 0 0 5 1  ±  0 . 0 0 0 5  a n d  l i n e - w i d t h s  o f  1 1  ±  3  G a u s s  ( F i g .  1 ) .  
U n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  d e s c r i b e d  a b o v e ,  n o  d o w n -  

f i e l d  “ s h o u l d e r "  s i g n a l s  s i m i l a r  t o  t h o s e  n o t e d  b y  R o u b a l
( 1 9 7 0 )  w e r e  o b s e r v e d .  E v i d e n c e  o b t a i n e d  s h o w e d  t h a t  s u c h  
s i g n a l s  a r i s e  f r o m  t h i y l  r a d i c a l s  o n  t h e  p r o t e i n  r a t h e r  t h a n  f r o m  
l i p i d  p e r o x y  r a d i c a l s ,  a n d  w i l l  b e  d i s c u s s e d  i n  a  s u b s e q u e n t  
p a p e r .

( 3 )  N o  s i g n a l s  c o u l d  b e  o b t a i n e d  f r o m  i r r a d i a t e d  l i q u i d  
M L ,  n o r  f r o m  h i g h l y  o x i d i z e d  M L ,  n o r  f r o m  M L  o x i d i z e d  o n  a  
m i c r o - c r y s t a l l i n e  c e l l u l o s e  m a t r i x .  L u c k  e t  a l .  ( 1 9 6 3 )  a l s o  r e 
p o r t e d  d i f f i c u l t y  o b t a i n i n g  E S R  s i g n a l s  f r o m  o x i d i z i n g  l i p i d s  
a n d  p o s t u l a t e d  t h a t  t h e  h a l f - l i v e s  o f  l i p i d  r a d i c a l s  w e r e  t o o  

s h o r t  f o r  t o t a l  i n s t a n t a n e o u s  c o n c e n t r a t i o n s  t o  r e a c h  d e t e c t a 
b l e  l e v e l s .  T h e o r e t i c a l  c o n s i d e r a t i o n s  o f  t h e  m o d e l  s y s t e m s  
u s e d  s u g g e s t  t h a t  f o r  a  p e r o x i d e  v a l u e  o f  1 0 0 0 , t h e  s t e a d y - s t a t e  

R O O  • c o n c e n : r a t i o n s  m a y  b e  e s t i m a t e d  t o  b e  i n  t h e  o r d e r  o f  
1CT13  m o l e s  o f  r a d i c a l s  i n  t h e  c a v i t y  s a m p l e  v o l u m e  ( 1 0 ' 11 
m o l e s  i s  t h e  m i n i m u m  d e t e c t a b l e  c o n c e n t r a t i o n ) ,  t h u s  s u p p o r t 

i n g  L u c k ’s  h y p o t h e s i s .  H o w e v e r ,  e v e n  i f  d e t e c t a b l e  l i p i d  r a d i c a l  
c o n c e n t r a t i o n s  w e r e  p r e s e n t ,  i t  i s  u n l i k e l y  t h a t  t h e  l i p i d  r a d i 

c a l s  c o u l d  b e  d e t e c t e d  a t  r o o m  t e m p e r a t u r e  d u e  t o  e x c e s s i v e  
l i n e  b r o a d e n i n g  f r o m  v e r y  s h o r t  s p i n  s t a t e  l i f e t i m e s  i n  o x y -  

t y p e  r a d i c a l s .
W e  h y p o t h e s i z e  t h a t  l i p i d  r a d i c a l s  a r i s i n g  d u r i n g  t h e  o x i d a 

t i o n  a r e  t r a n s f e r r e d  t o  t h e  p r o t e i n ,  t h u s  f o r m i n g  p r o t e i n  r a d i 
c a l s .  S u c h  a  m e c h a n i s m  c o u l d  e x p l a i n  t h e  r e d u c t i o n  i n  c e n t r a l  

s i g n a l  a m p l i t u d e  n o t e d  b y  R o u b a l  ( 1 9 7 0 )  i n  a n t i o x i d a n t - t r e a t 
e d  f i s h  s a m p l e s .  A n y  a n t i o x i d a n t ,  b y  d e c r e a s i n g  t h e  r a t e  a n d  
e x t e n t  o f  l i p i d  o x i d a t i o n ,  w o u l d  l i m i t  t h e  c o n c e n t r a t i o n s  o f  
r a d i c a l s  a v a i l a b l e  f o r  t r a n s f e r  t o  p r o t e i n  s i t e s ,  t h u s  r e d u c i n g  t h e  
n u m b e r s  o f  p r o t e i n  r a d i c a l s  f o r m e d  a s  w e l l  a s  q u e n c h i n g  p r o 

t e i n  r a d i c a l s  t h a t  d i d  f o r m .
E x t r a c t i o n  o f  t h e  l i p i d  p r i o r  t o  E S R  a n a l y s e s  r e s u l t s  i n  

g r e a t e r  t h a n  5 0 %  d e c r e a s e  i n  s i g n a l  i n t e n s i t y .  U p o n  f i r s t  c o n 
s i d e r a t i o n  t h e  l i p i d  c o m p o n e n t  s e e m i n g l y  w a s  r e s p o n s i b l e  f o r  a  
l a r g e  p a r t  o f  t h e  s i g n a l .  H o w e v e r ,  e t h a n o l  i s  k n o w n  t o  b e  a

Fig. 1—Typical ESR spectrum o f  lysozym e exposed to oxidizing
linoleate.
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Table 3 -L ip id  ox idation and free radical fo rm ation  in lyo- 
philized M L/LY S  emulsions (Experiment 4)

Water activ ity

Days of 0.00 0.07 0.40 0.75
incubation PVa RCb PV RC PV RC PV RC

0 126 6.43 15 4.32 50 2.80 75 2.14
1 737 7.87 725 8.23 1700 4.54 1906 2.53
2 1620 8.64 965 7.84 1984 6.71 2025 4.41
3 763 9.60 630 6.77 970 4.29 1647 1.77
5 365 7.63 305 6.70 742 4.11 1072 1.65
8 150 6.06 233 5.87 260 2.87 310 1.59

16 150 5.69 100 5.25 134 1.95 150 1.48

a PV = peroxide value of extracted lip id
b RC = radical concentration X 10 ‘ 5 mg protein

Table 4—Radical concentrations in lyophilized M L /LY S  emul
sions incubated at specified water activities

Radical concentrations X 101 5/mg protein 
at specified water activities

incubation 0.00 0.11 0.22 0.33

Run 6

0 0.20 0.11 0.10 0.06
1a 0.28 0.11 0.17 0.15
2 0.42 0.28 0.28 0.23
3 1.94 1.85 1.74 0.93
5 2.57 2.09 1.95 1.41

12a 2.24 1.58 1.74 1.08

Run 7

0 0.24 0.24 0.18 0.14
1a 0.49 0.64 0.48 0.47
3 1.55 1.31 1.08 0.54

8a 1.73 1.74 2.46 1.09
12a 2.53 3.37 2.76 1.36
20 2.51 2.14 1.92 1.54
21 2.26 1.89 1.60 1.02
25 3.93 2.63 1.70 1.61

a  D a y s  w h e n  E S R  m e a s u r e m e n t s  c o u l d  n o t  b e  c o n d u c t e d  i m m e d i -  
a t e l y  a f t e r  t h e  u s u a l  2 4 - h r  d r y i n g  p e r i o d .  S a m p l e s  w e r e  s t o r e d  
u n d e r  v a c u u m  p r i o r  t o  m e a s u r e m e n t .

Fig . 2 —R e la tiv e  ra d ic a l c o n c e n tra t io n  a n d  p e ro x id e  va lue  o f  l ip id  
e x tra c te d  f r o m  th e  in c u b a te d  fre e z e -d rie d  m o d e l sys te m  c o n ta in in g  
ly s o z y m e  a n d  m e th y l lin o le a te .

r a d i c a l  s c a v e n g e r ,  a s  a r e  m a n y  o r g a n i c  s o l v e n t s .  C o m p a r i s o n  o f  
q u e n c h i n g  e f f e c t s  o f  v a r i o u s  s o l v e n t s  o n  L Y S  i n c u b a t e d  w i t h  
o x i d i z i n g  l i p i d  o r  i r r a d i a t e d  i n  a i r  r e v e a l e d  c l o s e  s i m i l a r i t i e s ,  a s  
s h o w n  i n  T a b l e  2 .  T h u s ,  t h e  r e d u c t i o n  o f  r a d i c a l  c o n c e n t r a t i o n  

d u e  t o  e x t r a c t i o n  o f  t h e  l i p i d  i n  t h e  m o d e l  s y s t e m s  m a y  b e  
a t t r i b u t e d  t o  d i r e c t  q u e n c h i n g  e f f e c t s  o f  t h e  s o l v e n t  r a t h e r  

t h a n  t o  p h y s i c a l  r e m o v a l  o f  t h e  l i p i d .

Q u a n t i t a t i v e

B o t h  w a t e r  a c t i v i t y  o f  t h e  i n c u b a t e d  s y s t e m s  a n d  e x t e n t  o f  
o x i d a t i o n  o f  t h e  l i p i d  c o m p o n e n t  ( l i n o l e a t e )  a f f e c t e d  t h e  

f o r m a t i o n  o f  f r e e  r a d i c a l s  i n  l y s o z y m e .
T h e  c o u r s e  o f  l i p i d  o x i d a t i o n ,  a s  i n d i c a t e d  b y  p e r o x i d e  

v a l u e s ,  a n d  p r o t e i n  r a d i c a l  f o r m a t i o n  w e r e  m e a s u r e d  i n  s y s 

t e m s  i n c u b a t e d  a t  w a t e r  a c t i v i t i e s  o f  ' V ' 0 . 0 0 ,  0 . 0 7 ,  0 . 4 1  a n d  
0 . 7 5 .  A  g e n e r a l  r e l a t i o n s h i p  w a s  o b s e r v e d  b e t w e e n  e x t e n t  o f  
l i p i d  o x i d a t i o n  a n d  f o r m a t i o n  o f  p r o t e i n  r a d i c a l s .  R a d i c a l s  

b e g a n  t o  b u i l d  u p  a l o n g  w i t h  l i p i d  h y d r o p e r o x i d e s ,  b u t  t h e  
m o s t  s u b s t a n t i a l  f o r m a t i o n  o f  p r o t e i n - f r e e  r a d i c a l s  o c c u r r e d  
a f t e r  l i p i d  p e r o x i d e s  b e g a n  t o  b r e a k  d o w n .  T h i s  e f f e c t  i s  s h o w n  

i n  F i g u r e  2  f o r  s a m p l e s  i n c u b a t e d  d r y .

A l t h o u g h  i n i t i a l  f o r m a t i o n  o f  p r o t e i n  r a d i c a l s  f o l l o w s  t h e  
g e n e r a l  b u i l d - u p  o f  l i p i d  p e r o x i d e s ,  r a d i c a l  c o n c e n t r a t i o n s  d o  

n o t  f a l l  o f f  a s  r a p i d l y  a s  p e r o x i d e  v a l u e s  i n  l a t e r  s t a g e s  o f  
o x i d a t i o n .  T h i s  m a y  b e  d u e  t o  t h e  s i t u a t i o n  e x p e c t e d  f r o m  t h e  

n o r m a l  o x i d a t i o n  k i n e t i c s ,  n a m e l y  t h a t  t o t a l  l i p i d  r a d i c a l  c o n 

c e n t r a t i o n s  d o  n o t  n e c e s s a r i l y  f a l l  w h e n  t o t a l  p e r o x i d e  c o n 
c e n t r a t i o n s  d r o p .  A c c o r d i n g l y ,  t h e  l i p i d  r a d i c a l  c o n c e n t r a t i o n  

r e m a i n s  s u f f i c i e n t l y  h i g h  f o r  c o n t i n u e d  t r a n s f e r  o f  r a d i c a l s  t o  

p r o t e i n .  A l s o ,  o n c e  o n  t h e  p r o t e i n ,  t h e  r a d i c a l s  m a y  b e  s t a b i l 
i z e d  w i t h  a  c o r r e s p o n d i n g  i n c r e a s e  i n  h a l f - l i f e .

T h e  r o l e  o f  l i p i d  p e r o x i d e s  a s  i n d u c e r s  o f  p r o t e i n  r a d i c a l s  is  

f u r t h e r  s u b s t a n t i a t e d  b y  h i g h e r  r a d i c a l  c o n c e n t r a t i o n s  i n  e x 
p e r i m e n t s  w h e r e  l i p i d  o x i d a t i o n  w a s  h i g h e r .  S i n c e  e x p e r i m e n t 

a l  c o n d i t i o n s  w e r e  i d e n t i c a l  i n  a l l  c a s e s ,  a n d  t h e  e x t e n t  o f  l i p i d  

o x i d a t i o n  v a r i e d  i n  t h e  s a m e  o r d e r  a s  r a d i c a l  c o n c e n t r a t i o n s ,  
l i p i d - f r e e  r a d i c a l s  w o u l d  s e e m  t o  b e  d i r e c t l y  r e s p o n s i b l e  f o r  t h e  

p r o d u c t i o n  o f  f r e e  r a d i c a l s  i n  p r o t e i n .
Q u e n c h i n g  e f f e c t s  o f  w a t e r ,  h o w e v e r ,  a p p e a r  t o  b e  m o r e  

i m p o r t a n t  t h a n  e f f e c t s  o f  i n c r e a s e d  l i p i d  o x i d a t i o n .  W h e r e a s  
p e r o x i d e  v a l u e s  w e r e  g r e a t e r  a t  h i g h  w a t e r  a c t i v i t i e s  ( T a b l e  3 ) ,  
r a d i c a l  c o n c e n t r a t i o n s  d e c r e a s e d  w i t h  i n c r e a s i n g  w a t e r  a c t i v i t y .

F o l l o w i n g  t h e  s u g g e s t i o n  t h a t  t h e  B E T  m o n o l a y e r  v a l u e  
r e p r e s e n t s  a  c r i t i c a l  l e v e l  o f  w a t e r  c o n t e n t  w i t h  r e s p e c t  t o  l i p i d  
o x i d a t i o n  a r . d  r a d i a t i o n - i n d u c e d  r a d i c a l  f o r m a t i o n  ( L a b u z a ,  

1 9 6 8 ;  1 9 7 1 ) ,  w e  i n c u b a t e d  l y o p h i l i z e d  M L / L Y S  s y s t e m s  a t  
w a t e r  a c t i v i t i e s  b e t w e e n  0 . 0 0  a n d  0 . 3 0 ,  s l i g h t l y  a b o v e  t h e  
m o n o l a y e r  v a l u e  ( 0 . 2 0 ) .  R e s u l t s  a r e  r e p o r t e d  i n  T a b l e  4 .  I n  

o x i d i z i n g  l i p i i / p r o t e i n  s y s t e m s ,  u n l i k e  i n  s o m e  i r r a d i a t e d  s u b 
s t a n c e s ,  w e  f o u n d  r a d i c a l  c o n c e n t r a t i o n s  t o  d e c r e a s e  c o n t i n u 
o u s l y  w i t h  i n c r e a s i n g  w a t e r  c o n t e n t .

I n  a d d i t i o n  t o  d i r e c t  e f f e c t s  o f  w a t e r  a c t i v i t y  o n  t h e  r a t e  
a n d  e x t e n t  c f  l i p i d  o x i d a t i o n  ( s e e  L a b u z a ,  1 9 7 1  f o r  d i s c u s 
s i o n ) ,  w a t e r  m a y  a l s o  b e  e x p e c t e d  t o  i n f l u e n c e  f r e e  r a d i c a l  
i n t e r a c t i o n s  b e t w e e n  p r o t e i n s  a n d  o x i d i z i n g  l i p i d s  b y  i n f l u 
e n c i n g  t h e  c o n c e n t r a t i o n s  o f  i n i t i a t i n g  r a d i c a l s  p r e s e n t ,  t h e  
d e g r e e  o f  c o n t a c t  a n d  m o b i l i t y  o f  r e a c t a n t s ,  a n d  t h e  r e l a t i v e  
i m p o r t a n c e  o f  r a d i c a l  t r a n s f e r  v e r s u s  r e c o m b i n a t i o n  r e a c t i o n s .

E S R  c a n n o t  p r o v i d e  e v i d e n c e  f o r  l a r g e  c o n c e n t r a t i o n s  o f  
r a d i c a l s  w h i c h  r e c o m b i n e  s o  r a p i d l y  t h a t  t h e i r  s t e a d y - s t a t e  
c o n c e n t r a t i o n s  a r e  l o w e r  t h a n  t h e  s e n s i t i v i t y  o f  t h e  i n s t r u 
m e n t .  I t  m a y  t h e r e f o r e  b e  m o r e  a p p r o p r i a t e  t o  s t a t e  t h a t  t h e  
stability  o f  r a d i c a l s  t r a n s f e r r e d  t o  p r o t e i n s  e x p o s e d  t o  o x i d i z 
i n g  l i p i d s  r a t h e r  t h a n  t h e  c o n c e n t r a t i o n s  o f  r a d i c a l s  t r a n s 
f e r r e d ,  i n c r e a s e s  a s  t h e  w a t e r  a c t i v i t y  o f  t h e  s y s t e m  d e c r e a s e s .

T h e  p r e s e n c e  o f  w a t e r  m a y  “ q u e n c h ”  f r e e  r a d i c a l s  b y  e i t h e r  
o f  t w o  m e c h a n i s m s :  ( a )  p r o m o t i n g  r a d i c a l  r e c o m b i n a t i o n  a n d  
c r o s s l i n k i n g ;  o r  ( b )  t e r m i n a t i n g  t h e  r a d i c a l  b y  p r o t o n  d o n a 
t i o n .

Polyacrylam ide gel e lec trophoresis o f  lysozym e reac ted
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with oxidizing linoleate showed that extensive crosslinking 
occurred at the higher water activities, e.g., aw = 0.40 and 
0.75. Some crosslinking occurred also in low water activity 
systems (aw 'V 0.00 and 0.07), but not to the same extent.

Crosslinking is not in itself proof for the existence of radi
cal recombination processes, since crosslinking may also result 
from reaction of the protein with various lipid oxidation prod
ucts such as malonaldehyde. However, the parallel increases in 
the extent of crosslinking and peroxide values suggest that 
radical recombination is responsible for crosslinking. Crosslink
ing would not be expected to occur if quenching by hydrogen 
atoms predominated; if malonaldehyde-type crosslinking did 
occur in this case, it would not develop until later in the 
incubation period. Although proton quenching cannot entirely 
be ruled out, it appears that promotion of recombination is 
the dominant mechanism for direct effects of water on protein 
radicals.

Implicit in the promotion of radical recombination by 
water is mobilization of reaction species. Thus, part of the 
increased crosslinking at high water activities may have been 
due to increased radical densities, resulting from enhanced 
radical transfer with increasing degrees of contact between the 
lipid and protein. A review of literature pertaining to recom
bination of protein free radicals has been completed by 
Schaich (1974), and will be published as part of a separate 
review article.
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ANTIOXIDANT ACTIVITY OF ACETONE EXTRACTS OBTAINED FROM 
A CARAMELIZATION-TYPE BROWNING REACTION

INTRODUCTION
THERE HAVE BEEN numerous studies which show that anti
oxidants are formed in various heat-processed food products, 
through interaction of proteins and carbohydrates present 
(Griffith and Johnson, 1957; Anderson et al., 1963; Yama- 
guchi et al., 1964). Evans et al. (1958) isolated amino-hexose 
reductones from the reaction mixtures of aldohexoses and 
secondary amines, and demonstrated that these reductones 
acted as effective antioxidants in soybean, cotton seed and 
corn oils. Kirigaya et al. (1968) reported that browning reac
tion mixtures obtained from Maillard-type browning systems 
showed inhibitory effects on the autoxidation of linoleic acid. 
Hwang and Kim (1973) also reported that alcohol extracts of a 
Maillard-type browning reaction mixture exhibited significant 
antioxidant activity in an edible soybean oil. However, few 
research works seem to have dealt specifically with the possi
ble antioxidant activity of the products formed in a caramel- 
ization-type, or nonenzymatic nonamino sugar browning reac
tion.

Several research works (Griffith and Johnson, 1957; Yama- 
guchi et al., 1964; Yamaguchi and Okada, 1968) have been 
published, which suggest strongly that reductones formed in 
Maillard-type browning systems were effective in retarding the 
rancidity development of various substrates. It appears, how
ever, that the nature of the effective antioxidative compounds 
formed in Maillard-type browning systems have not been fully 
elucidated. Kirigaya et al. (1968) reported that the antioxidant 
activity increased in proportion to the color intensity of the 
reaction solution, and that reductones formed during the 
browning reaction contributed little to the antioxidant effects. 
Hwang and Kim (1973), however, reported that the antioxi
dant activity of the alcohol extracts from a Maillard-type 
browning reaction mixture did not seem to increase in propor
tion to the length of reaction time, and that effective antioxi
dant compounds were already formed in the earlier stages of 
the browning reaction.

The objective of the present study was firstly to determine 
whether the acetone extracts of a caramelization-type brown
ing reaction mixture, which did not contain any melan- 
oidin-type nitrogeneous pigments, would act as antioxidant or 
not. Secondly it was to investigate the relationships between 
the length of reaction time and the color intensity of the 
acetone extracts, and also the length of reaction time and the 
antioxidant activity. The relationships appear to be very 
important in elucidating the nature of the effective antioxi
dants formed in either Maillard-type or caramelization-type 
browning reactions.

MATERIALS & METHODS
S u b s t r a t e

A  r e f i n e d ,  d e o d o r i z e d  e d i b l e  s o y b e a n  o i l  w a s  u s e d  a s  s u b s t r a t e .  T h e  
p e r o x i d e  v a l u e ,  f r e e  f a t t y  a c i d  v a lu e  a n d  i o d i n e  v a lu e  o f  t h e  o i l  w e r e  
r e s p e c t i v e l y  1 . 0  ± 0 . 4  m e q / k g ,  0 . 2 1  ± 0 . 0 5 %  a n d  1 2 1  ± 2 . 0 .  T h e  p e r 
o x i d e  v a l u e  w a s  d e t e r m i n e d  b y  a  m o d i f i e d  m e t h o d  b a s e d  o n  W h e e l e r ’s 
( 1 9 3 2 ) .  T h e  f r e e  f a t t y  a c i d  v a lu e  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  d e 
s c r i b e d  b y  T r i b o l d  a n d  A u r a n d  ( 1 9 6 3 ) .  T h e  i o d i n e  v a l u e  w a s  d e t e r 
m i n e d  b y  t h e  A O  A C  m e t h o d  ( 1 9 6 0 ) .

B r o w n in g  r e a c t io n  m i x t u r e

1 8 0 g  o f  g l u c o s e  w a s  d i s s o l v e d  in  5 0 0  m l  d i s t i l l e d  w a t e r .  T h e  2 . 0 M  
g l u c o s e  s o l u t i o n  w a s  i n t r o d u c e d  i n t o  a  1 , 0 0 0  m l  f l a s k  f i t t e d  w i t h  a 
r e f l u x  c o n d e n s o r ,  a n d  h e a t e d  a t  1 0 0 ° C  f o r  a  p e r i o d  o f  9 6  h r .  1 0  m l  
a l i q u o t s  o f  t h e  r e a c t i o n  m i x t u r e  w e r e  w i t h d r a w n  a t  i n t e r v a l s  o f  3 ,  9 ,  2 4 ,  
4 8 ,  7 2  a n d  9 6  h r  a n d  k e p t  a t  4 ° C  b e f o r e  u s e .

D e t e r m in a t i o n  o f  b r o w n in g  r a t e

E a c h  a l i q u o t  w a s  f i l t e r e d  a n d  a b s o r b a n c e  a t  4 7 0  n m  o f  t h e  f i l t r a t e  
w a s  m e a s u r e d  w i t h  a  S h i m a d z u  Q V - 5 0  t y p e  p h o t o e l e c t r i c  s p e c t r o p h o 
t o m e t e r .  T h e  c o l o r  d e v e l o p m e n t  o f  t h e  b r o w n i n g  r e a c t i o n  m i x t u r e  w a s  
a l s o  f o l l o w e d  v i s u a l ly .

A c e t o n e  e x t r a c t s  f r o m

t h e  b r o w n in g  r e a c t io n  m i x t u r e

A c e t o n e  e x t r a c t s  w e r e  p r e p a r e d  b y  t h e  m e t h o d  d e s c r i b e d  b y  Y a m a 
g u c h i  a n d  K o y a m a  ( 1 9 6 7 ) .  1 0  m l  a l i q u o t s  o f  t h e  b r o w n i n g  r e a c t i o n  
m i x t u r e  w i t h d r a w n  a t  e a c h  i n t e r v a l  w e r e  c o n c e n t r a t e d  t o  a  v i s c o u s  
r e s i d u e  a t  4 0  ± 1 .0 °  C  w i t h  a  r o t a r y  v a c u u m  e v a p o r a t o r .  E a c h  r e s i d u e  
w a s  e x t r a c t e d  w i t h  1 0  m l  a c e t o n e  a n d  t h e  e x t r a c t s  d e h y d r a t e d  w i t h  
a n h y d r o u s  s o d i u m  s u l f a t e .  T h e  a c e t o n e  e x t r a c t s  w e r e  s t o r e d  i n  a  r e f r i g 
e r a t o r  m a i n t a i n e d  a t  4 ° C ,  a n d  t h e  p r e c i p i t a t e d  g l u c o s e  w a s  r e m o v e d  
f r o m  t h e  a c e t o n e  e x t r a c t s  b y  f i l t r a t i o n .

A n t i o x i d a n t  a c t i v i t y  d e t e r m i n a t io n

E a c h  a c e t o n e  e x t r a c t  o f  t h e  c a r a m e l i z a t i o n - t y p e  b r o w n i n g  r e a c t i o n  
m i x t u r e  w a s  c o d e d  in  n u m e r i c a l  o r d e r .  E x t r a c t  N o s .  1 ,  2 ,  3 ,  4 ,  5 a n d  6 
w e r e  r e s p e c t i v e l y  t h e  a c e t o n e  e x t r a c t s  w h i c h  h a d  b e e n  t a k e n  a t  i n t e r v a l s  
o f  3 ,  9 ,  2 4 ,  4 8 ,  7 2  a n d  9 6  h r .  E a c h  a c e t o n e  e x t r a c t  w a s  a d d e d  t o  7 0 g  o f  
t h e  s u b s t r a t e .  A f t e r  m i x i n g  t h e  e x t r a c t  w i t h  t h e  s u b s t r a t e ,  t h e  s o l v e n t  
w a s  r e m o v e d  t h o r o u g h l y  f r o m  t h e  s u b s t r a t e .  7 0 g  o f  s u b s t r a t e ,  t o  w h i c h  
10 m l  a c e t o n e  w a s  a d d e d  a n d  t h e n  r e m o v e d ,  w a s  u s e d  a s  t h e  c o n t r o l .  
T h e  s u b s t r a t e s ,  t o  w h i c h  e a c h  a c e t o n e  e x t r a c t  h a d  b e e n  a d d e d ,  w e r e  
a l s o  c o d e d  in  n u m e r i c a l  o r d e r .  N a m e l y ,  N o s .  1, 2 ,  3 ,  4 ,  5  a n d  6  w e r e ,  
r e s p e c t i v e l y ,  t h e  s u b s t r a t e s  w h i c h  c o n t a i n e d  E x t r a c t  N o s .  1 , 2 ,  3 ,  4 ,  5 
a n d  6 .  E a c h  s u b s t r a t e  w a s  d i v i d e d  i n t o  t h r e e  p o r t i o n s  b y  i n t r o d u c i n g  i t  
e v e n l y  i n t o  t h r e e  s h a l l o w  d i s h e s .  A l l  t h e  d i s h e s  w e r e  i n c u b a t e d  a t  4 5  ± 
0 . 7 ° C  f o r  a  p e r i o d  o f  1 8  d a y s .  P e r o x i d e  v a lu e s  o f  t h e  s u b s t r a t e s  w e r e  
d e t e r m i n e d  e v e r y  2  d a y s  b y  t h e  m e t h o d  m e n t i o n e d .  T h e  p e r o x i d e  v a l 
u e s  w e r e  e x p r e s s e d  a s  m i l l i e q u i v a l e n t s  o f  p e r o x i d e s  p e r  k g  o f  o i l .  T h e  
a n t i o x i d a n t  e f f e c t s  o f  t h e  a c e t o n e  e x t r a c t s  w e r e  c o m p a r e d  o n  t h e  b a s i s  
o f  p e r o x i d e  v a l u e  d e v e l o p m e n t  o f  t h e  s u b s t r a t e s .

RESULTS & DISCUSSION
Interrelationships among length 
of reaction time, color intensity, 
and antioxidant activity

The experimental results shown in Table 1 indicate that the 
color of the caramelization-type browning reaction mixture 
increased approximately in proportion to the length of reac
tion time. The linear relationship was similar to that found in 
the study previously carried out by Hwang and Kim (1973), 
although the type of browning reaction used was different. 
The absorbance at 470 nm of the reaction mixture 3 hr after 
the initiation of the reaction was 0.013 and it increased to 
0.029 after 9 hr. It continued to increase nearly in proportion 
to the length of reaction time, and finally reached a value of 
0.537 after 96 hr. The color development in the carameliza
tion-type browning reaction was significantly slower than that 
found in such a Maillard-type browning reaction as had previ
ously been reported (Hwang and Kim, 1973).

4 6 0 - JOURNAL OF FOOD SCIENCE-Volume 40 (1975)



ANTIOXIDANT ACTIVITY OF ACETONE EXTRACTS- 4 6 1

Table 2 summarizes the results of the peroxide value determination. All the substrates containing the acetone extracts were significantly more stable to the rancidity development than the control, indicating that the acetone extracts of the caramelization-type browning reaction mixture possessed significant antioxidant activity. The relative antioxidant effects of the acetone extracts were, in increasing order, Extract No. 1 < Extract No. 2 < Extract No. 3 < Extract No. 4 < Extract No. 5 < Extract No. 6. However, the antioxidant effects of Extract No. 4 and 5 were almost the same as that of Extract No. 6. It seemed very noteworthy that Extract No. 1, which had been obtained only 3 hr after the initiation of the browning reaction, showed considerable antioxidant activity. The control developed a peroxide value of about 25 at the end of 18 days whereas No. 1, 2 and 3 developed peroxide values of about 20, 18 and 17, respectively, at the end of the same period. On the other hand, No. 4, 5 and 6 developed approximately the same peroxide values of about 16 after the 18 days.These results indicate that the antioxidant activity of the acetone extracts from the browning reaction mixture increased very rapidly at the earlier stages of the browning reaction when the color development was not significant, and then the increase in the antioxidant activity slowed down as the color intensity increased (Fig. 1). It appears, therefore, that the effective antioxidant compounds were already formed at the earlier stages of the browning reaction as had been the case in Hwang and Kim’s study (1973).
Reductones vs high molecular weight 
brown-colored pigments 
as effective antioxidants
It is well-known that Maillard-type browning reaction systems produce compounds having considerable antioxidant activity. The present study has also shown definitely that a caramelization-type browning reaction system produced effective antioxidant compounds. However, the nature of antioxidants produced in both types of browning reaction systems does not seem to have been elucidated satisfactorily. It appears that the likely antioxidants produced in both types of browning reaction systems are either reductones or brown-colored pigment, or both. It has been assumed by many researchers that reductones probably play an important role in retarding the rancidity development of processed food products (Griffith and Johnson, 1957; Anderson et al., 1963; Yamaguchiet al., 1964; Yamaguchi and Okada, 1968). Evans et al. (1958) stated that the antioxygenic properties of browning reaction

Table 1—Variations of color and absorbance of the carameliza
tion-type browning reaction mixture with reaction time

Sample No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

Reaction
time (hr) 3 9 24 48 72 96

Color
very
pale
yellow

pale
yellow

very
light
yellow

light
yellow orange reddish

brown

Absorbance2 0.013 0.029 0.071 0.216 0.362 0.537

2 Absorbance at 470 nm was measured directly using a Shimadzu 
QV-50 type photoelectric spectrophotometer.

R E A C T I O N  T I M E  I N  H O U R S

Fig. 1—Relation between the color intensity of browning reaction 
mixture and reaction time and, also, the antioxidant activity of the 
acetone extracts and reaction time. [The color intensity, at 470 nm, 
of the reaction mixture was measured with a spectrophotometer 
(solid circles). The peroxide values of the acetone extracts were 
determined on the 18th day of the storage period (open circles). 
Smaller PVs indicate greater antioxidant activity of the extracts.]

Table 2—Variations of peroxide values2 of soybean oilb, containing ,the same amount of the acetone extracts obtained at successive stages of 
the caramelization-type browning reaction, with time

Time (in 
S am pi^daVs> 

no. \ 0 2 4 6 8 10 12 14 16 18

Control 1.0 ± 0.3 1.7 ± 0.7 2.0 ± 0.3 2.8 ± 0.4 3.1c 3.7 ± 0.7 5.6 ± 0.5 11.1 ± 0.8 14.0 ± 0.8 24.6 ± 0.9
No. 1 1.0 + 0.4 1.6 ± 0.5 2.0 ± 0.3 2.2 ± 0.5 3.0 ± 0.6 3.2 ± 0.8 5.4 ± 0.7 7.6C 13.0 ± 0.8 20.1 ± 1.0
No. 2 1.1 ± 0.3 1.6C 1.9 ± 0.4 2.1 ± 0.7 3.2 ± 0.7 3.9 ± 0.6 5.0 ± 0.8 7.4 ± 0.7 12.0 ± 1.0 18.5 ± 1.1
No. 3 0.9 ± 0.5 1.6 ± 0.3 1.6 ± 0.4 1.8 ± 0.5 2.9 ± 0.6 3.5 ± 0.5 5.3 ± 0.8 7.2 ± 0.8 11.3 ± 1.1 17.3 + 1.0
No. 4 1.0 ± 0.1 1.5 ± 0.2 1.5 ± 0.7 1.7 ± 0.4 2.9 ± 0.6 3.3C 5.5 ± 0.9 6.6 ± 0.9 10.2 ± 1.0 16.4 + 1.2
No. 5 1.0 ± 0.4 1.5 ± 0.5 1.7 ± 0.5 1.8 ± 0.3 2.8 ± 0.8 3.7 ± 0.7 4.9 ± 1.0 6.5 ± 1.0 9.2 ± 0.8 16.3 ± 1.5
No. 6 1.0 ± 0.3 1.5 ± 0.4 1.5 ± 0.4 1.7 ± 0.3 2.8 ± 0.5 3.3 ± 0.1 4.6 ± 0.7 6.3 ± 0.5 8.8 ± 0.6 16.2 + 1.0

a Peroxide values are expressed as mllliequivalents of peroxides per kg of oil. 
h Each sample was placed in an incubator kept at 45 ± 0.7°C. 
c Figures without SDs are mean values.
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mixtures might be mainly due to the formation of amino reductones in the browning mixtures.The conclusion drawn by Kirigaya et al. (1968) that the effective antioxidants in the Maillard-type browning reaction mixture were probably high molecular weight brown-colored pigments, i.e., melanoidins, and not reductones appears to be in disagreement with the generally held view. It is also in contradiction with the experimental results of the present study and Hwang and Kim’s study (1973). These results indicated clearly that the earlier extracts of the browning reaction mixtures which did not show any significant color development and, hence, were thought to contain little brown-colored pigments exhibited considerable antioxidant activity. Moreover, special emphasis should be put on the fact that the browning reaction used in the present study could not form any melanoidins or melanoidin-like nitrogeneous pigments.Although high molecular weight brown-colored pigments may play some role in retarding the rancidity development of lipid substrates, their action as antioxidants should be quite different from that of ordinary antioxidants which are usually soluble in fats and oils or at least in fat solvents, for high molecular weight brown-colored pigments do not dissolve in fat solvents, still less in fats and oils. With reference to this, Cooney et al. (1958) reported that the colored substances were bleached by the peroxides; hence the colored substances or their intermediates could exert direct antioxidant action on peroxides.The results of the present study, together with those of Hwang and Kim (1973), seem to suggest that although high molecular weight brown-colored pigments produced in the later stages of a browning reaction, either Maillard-type or caramelization-type, may have some antioxidant activity, the major antioxidant compounds are probably colorless or almost

colorless intermediates such as reductones and dehydro-reduc- tones produced in the fairly earlier stages of the browning reaction.
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FLUOROMETRIC ASSAY FOR TOTAL VITAMIN C 
USING CONTINUOUS FLOW ANALYSIS

INTRODUCTION
A RAPID and quantitative determination of vitamin C indigenous or supplemented in foods and the determination of the rate of destruction of ascorbic acid during processing and storage is of increasing importance to the food industry. Numerous manual procedures for the determination of vitamin C in foods are available (Freed et al., 1966; Wasa et al., 1961; Stroehecker and Henning, 1965; AO AC, 1970). Titration of acid extracts of food products with 2,6-dichloroindophenol (DCP) and the DCP photometric assay are the most common methods for the determination of reduced ascorbic acid (RAA) in foods. Recently, Egberg et al. (1973) reported a photometric DCP method for RAA in foods which was adapted for continuous flow analysis using Technicon Auto- Analyzer (Technicon Instruments Corp., Tarrytown, NY 10591) equipment. However, the presence of reducing substances, such as sulfhydryl compounds, reductones and reduced iron limit the use of the DCP techniques for RAA in foods and biological fluids.Of the direct methods for the determination of dehydro- ascorbic acid (DAA) and total ascorbic acid (TAA), treatment with 2,4-dinitrophenylhydrazine (DNPH) to form hydrazones or osazones have been preferred to those based on reduction of DAA to RAA and determination with DCP (AOAC, 1970; Roe, 1936; Roe and Kuether, 1943). An automated procedure based on the DNPH method has been reported by Pelletier and Brassard (1972). The DNPH reaction, however, has been shown to be affected by the presence of aldoses and glucuronic acid when the temperature of the coupling reaction was above 37°C (Roe, 1961).Another direct method for the determination of DAA and TAA is a fluorometric procedure based on a condensation reaction between DAA and o-phenylenediamine (PDA) (AOAC, 1970; Deutsch and Weeks, 1964).The present paper describes a simple, rapid, quantitative method for the continuous flow analysis of DAA and TAA using a modification of the PDA procedure.

EXPERIMENTAL
Reagents and materials

Extracting solutions. H P 0 3-H0A c (AOAC 39.052), 6% H P 0 3 and 
0.5% oxalic acid.

Sodium acetate. 50% NaOAc • 3H20 ,  dissolve 500g NaOAc • 3H20  
in distilled H20  and dilute to 1 liter.

Boric acid-sodium acetate. 3% H 3BO3-50% NaOAc, dissolve 30g 
H3 B 0 3 in 50% NaOAc solution and make up to 1 liter.

2,6-Dichloroindophenol. 0.2% DCP, follow procedure for indo- 
phenol standard solution AOAC 39.052.

Thiourea. 3% H2NCSNH2 , dissolve 3g of H2NCSNH2 in 50% etha
nol and make to 100 ml.

Ascorbic standards. Dissolve 10 mg ascorbic acid (preferably U.S.P. 
Reference Standard) in 6% m eta-phosphoric or 0.5% oxalic acid and 
make to 100 ml. This solution contains 100 Mg ascorbic acid per ml. 
Serial standards ranging from  0 -1 0 0  Mg ascorbic acid per ml were 
prepared by appropriate dilutions.

o-Phenylenediamine. Dissolve 20 mg o-phenylenediamine-2-HCl 
(Eastman Kodak Co. No. 678) in a 100 ml volumetric flask and dilute 
to volume with distilled water.

Analytical system
The following Technicon AutoAnalyzer modules were used to con

struct the analytical system shown in Figure 1: (1) Sampler II, 50 
samples/h; (2) Pump II; (3) Heating bath , 40°C with 15 min delay coil;
(4) Fluorom eter, 360 nm primary filter and 436 nm secondary filter; 
and (5) Recorder
Preparation of sample assay solution

Samples were prepared as described in AOAC 39.054 or a m odifica
tion of this procedure by substituting 6% m eta-phosphoric acid or 0.5% 
oxalic acid as the extracting medium. Sample size and final dilution 
volumes were adjusted to give a concentration of 2 0 -7 0  Mg TAA per ml 
o f assay solution.

Recovery samples were prepared by adding a known volume of 
RAA or DAA standard solution to the sample prior to acid extraction. 
Recovery samples contained 20 Mg of added RAA or DAA per ml of 
assay solution.
Manual procedure

Determ ination of DAA and TAA was carried out according to the 
PDA procedure, AOAC 39.061 (1) and a m odification of this proce
dure. The m odification involved the substitution of 50 m1 of 0.2% DCP 
for Norit (activated carbon) as the oxidizing agent (AOAC 39.055). 
Excess DCP was reduced by the addition of 30 m1 o f 3.0% thiourea. 
Following the oxidation of RAA to DAA using DCP or Norit, samples 
were assayed for DAA using the PDA procedure (AOAC 39.061).

Blanks were determined according to the procedure described in 
(AOAC 39.061).

Automated procedure
Principle. The continuous flow procedure for the determ ination of 

DAA and TAA is a m odification of the PDA m ethod (AOAC 39.061) as 
described above.

DAA. As shewn in Figure 1, the samples were diluted with 0.5% 
oxalic acid (6% m-phosphoric acid or m -phosphoric acid-acetic acid 
m ixture) to ensure proper range for vitamin assay. DCP and thiourea 
were not required for the determ ination of DAA. Therefore, delivery 
tubes for these reagents were kept in distilled water. Following addition 
and mixing of 50% NaOAc the assay m ixture was resampled to reduce 
the volume of PDA reagent required. 0.02% PDA was added to the 
sample m ixture and the assay m ixture passed through a 15 min delay 
coil at 40°C to develop the DAA-PDA fluorophor before entering the 
fluorometer.

DAA blanks for standards and samples were determ ined by substi
tuting 3% H3BO3-50% NaOAc for 50% NaOAc and passing assay mix
ture through an 8 min delay coil at 37°C. Boric acid prevented the 
condensation of PDA to DAA.

The use of elevated tem perature following the addition of PDA for 
ascorbic acid assay and H3B 0 3 -NaOAc for blank determ inations was a 
m odification of the AOAC procedure, which requires the samples and 
blanks be held a t room tem perature for 30 and 15 m in, respectively. 
However, significant reductions in these reaction times were accom
plished by using elevated tem peratures.

TAA. The presence of DCP in transmission tubing and mixing coils 
can result in erroneous DAA values. Therefore, the autoanalyzer system 
should be checked for excess DCP before DAA levels are determined. 
With manifold properly connected (Fig. 1) water was pum ped through 
all pum p tubes and the fluorom eter adjusted to give a recorder base line 
o f 5 with sample and reference aperture settings o f 2. All reagent de
livery tubes were then placed in the appropriate reagents and the system 
was purged for approxim ately 20 min before establishing a reagent base
line o f  5. Thiourea was introduced into the assay m ixture before DCP 
to prevent discoloration of transmission tubing.

The high RAA standard was then aspirated into the system and the
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maximum fluorom etric response was adjusted to 95. The sample probe 
was then placed in water and the system allowed to return  to baseline 
before serial standards and samples were assayed.

An ascorbic acid standard was placed in the sample tray after every 
1 0 -1 5  samples to m onitor any recorder drift.
Calculations

Fluorescence was proportional to  the concentration of the blue 
fluorophor, condensation product of DAA and PDA, from 0 -1 0 0  jug 
TAA/ml of sample assay solution. High concentrations of ascorbic acid 
in the assay solution were reduced to the range suggested in AOAC 
39.061 by dilution with reagents in the analyzing stream. The range of 
linear response for TAA concentration was established for the concen
tration  of reagents used in the autom ated procedure. Blank readings 
determ ined the concentration of interfering fluorescent compounds 
present in the assay m ixture. DAA and/or TAA concentrations were 
calculated from  a standard curve or from the following equation:

Fluorescence sample -  blank dilution factor ,
Fluorescence 1 jug vitamin C/ml wt. o f sample ^  ®

RAA values were calculated from determ inations o f TAA m inus DAA.

RESULTS & DISCUSSION
AUTOMATION of the PDA microfluorometric assay for DAA and TAA required a modification of the oxidation procedure

for the conversion of RAA to DAA because of the incompatibility of Norit with the continuous flow system. This required that the modified oxidation procedure be confirmed using the manual PDA technique before adapting the assay to the Auto- Analyzer system.Data plotted in Figure 2 show the linearity of fluorescent response with ascorbic acid standards from 0.0—0.71 jUg DAA/ ml in the final reaction mixture, using the modified manual PDA assay. Other parameters that were investigated in the modified oxidation procedure were the effect of DCP and thiourea on the linearity of the assay. As shown by data in Figure 3, reduction of excess DCP in the assay mixture following the oxidation of RAA was required. Loss of linear response was due to the interference of unreduced DCP, which was converted to its salt upon the addition of 50% NaOAc. The addition of 0.03 ml of 3.0% thiourea was sufficient to destroy the excess DCP. A comparison of the data for manual oxidation of RAA using Norit (AOAC 39.061) and the DCP-thiourea procedure showed that thiourea did not affect the linearity of the determination in the range of 0-10/rg RAA/ml of the final reaction mixture (Fig. 4).The equivalence of the DCP-thiourea oxidation to Norit enabled the PDA assay for DAA and TAA to be adapted to continuous flow analysis.

Sampler II 50 /Hr 2: 1
DEHYDR0ASC0RBIC ACID AND TOTAL VITAMIN C

PRIMARY 360 nm (Technlcon No. 518-7000) 
SECONDARY 436 nm (Technicon No. 518-7004) 
SAMPLE APERTURE 2 
REFERENCE APERTURE 2

Fig. 1-Continuous flow analytical system for determining dehydroascorbic acid and total ascorbic acid in foods.



FLUOROMETRIC ASSAY FOR TOTAL VITAMIN C —4 6 5

F i g .  2 — L i n e a r i t y  o f  f l u o r e s c e n t  r e s p o n s e  

u s i n g  m a n u a l  D C P - t h i o u r e a  o x i d a t i o n  o f  

R A A  o v e r  a  c o n c e n t r a t i o n  r a n g e  o f  0 — 0 . 7 1 4  

p g  F t A A / m / i n  t h e  f i n a l  r e a c t i o n  m i x t u r e .

F i g .  3 — L i n e a r i t y  o f  f l u o r e s c e n t  r e s p o n s e  

u s i n g  m a n u a l  D C P  o x i d a t i o n  w i t h o u t  t h i o 

u r e a  o v e r  a  c o n c e n t r a t i o n  r a n g e  o f  0 — 0 . 7 1 4  

p g  R A A / m l  i n  t h e  f i n a l  r e a c t i o n  m i x t u r e .

F i g .  4 — C o r r e l a t i o n  b e t w e e n  l i n e a r  f l u o r e s 

c e n t  r e s p o n s e  o x i d i z e d  t o  R A A  r e s u l t s  b y  

D A A  u s i n g  D C P - t h i o u r e a  o x i d a t i o n  a n d  b y  

N o r i t  ( A O A C  3 9 . 0 6 1 ) .

Dehydroascorbic acid—Automated
DAA levels in samples were normally determined prior to TAA. Thus, ascorbic acid standards were oxidized with DCP-thiourea manually and DAA determined as described in the experimental procedure.The manual PDA procedure required a reaction time of 30 min at room temperature for the condensation reaction following the addition of PDA to the reaction mixture (AOAC 39.061). This represented a significant time delay in developing a rapid, continuous flow analytical procedure. In an effort to minimize the time for PDA to condense with DAA the effect of temperature was studied. Experimental data shown in Table 1 indicate that analysis time could be decreased without affecting the sensitivity of the assay procedure by passing the assay mixture containing PDA through a 15 min time delay coil at 40°C. Fluorescence was then determined as previously described. Holding the reaction mixture containing PDA at temperatures above 40°C resulted in the discoloration of the assay mixture and loss of linearity of fluorescent response to increasing concentrations of DAA. However, no discoloration was apparent in the assay mixtures determined manually and treated at 40°C.

Table 1—Effect of temperature on fluorescence after addition of
o-PDA

Temp Time
(°C) (min) Fluorescence

Ambient 30 47.8
40 15 48.8
50 15 54.0 degradation
60 15 62.5 to yellow

>65 15 off scale _

An additional decrease in analysis time was accomplished during the determination of DAA blanks by substituting a time delay coil of approximately 8 min at 37°C for the 15 min at room temperature described in AOAC 39.061. Comparison of sample and standard blanks determined by the modified

Table 2—Comparison of automated PDA procedure with AOAC 
microfluorometric procedure for TAA

Autoanalyzer—PDA Manual3—PDA

Sample
TAA

(pg/ml)
TAA

(jug/ml)

Orange juice 394 404
Cereal (corn) 630 650
Cereal (corn) 3090 3416
Milk 53 52
Tomatoes (canned) 179 134

a AOAC 39.061

Table 3—Comparison of automated PDA procedure with AOAC 
DCP titration procedure for RAA in orange juice

Sample
TAA

i p g l m i )

Recovery
(%)

DAA
(Mg/ml)

RAA
(TAA-DAA)

Manual
RAA

(jug/ml)

1 457 102 82 374 382
2 446 102 87 358 359
3 459 98 77 382 379
4 437 100 93 344 347
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F i g .  5 — L i n e a r i t y  o f  

r e s p o n s e  u s i n g  

a u t o m a t e d  

f l u o r o m e t r i c  a s s a y  

f o r  t o t a l  a s c o r b i c  

a c i d  o v e r  a  

c o n c e n t r a t i o n  

r a n g e  o f  0 — 1 0 0  p g  

a s c o r b i c  a c i d  / m l  

o f  6 %  m e t a - p h o s p h o r i c  

a c i d  a s s a y  e x t r a c t .

procedure, and the standard AOAC procedure showed no difference in fluorometric response.
Total ascorbic acid
Following treatment with DCP-thiourea to oxidize RAA to DAA, TAA values and blanks were determined in standards and samples as described for DAA. The validity of this procedure was previously discussed (c.f. Fig. 4).The precision of the automated fluorometric assay for TAA is shown by a plot of mean fluorescent response for 13 separate sets of ascorbic acid standards selected at random (Fig. 5). The standard deviations for these mean values ranged from ± 0.685 to ± 1.01.

Ascorbic acid in foods
The accuracy of the automated PDA procedure for the determination of DAA and TAA in foods was determined by comparing the analytical results obtained by the continuous flow PDA procedure with the AOAC manual PDA technique. Mean TAA values determined for orange juice, milk, dry breakfast cereal and canned tomatoes during various experi

mental studies indicated good agreement between the two methods (Table 2). The reason for the higher TAA values for canned tomatoes using the continuous flow procedure is not known.Additional analyses for vitamin C content in orange juice indicated that the continuous flow fluorometric procedure could be used to obtain RAA values. Table 3 shows the mean RAA values for four different orange juice samples obtained by the DCP manual titration (AOAC 39.055) and the automated PDA procedure. Comparison of these two methods showed less than 1% difference in RAA values.The results of this study indicate that the continuous flow PDA procedure is a simple, rapid and quantitative method for the determination of TAA and DAA. The automated procedure allowed for the analysis of 60—80 samples (plus blanks) per day for TAA and DAA, which represents a substantial decrease in analytical time without affecting the accuracy and precision of the AOAC PDA assay.
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EFFECT OF CALCIUM, MAGNESIUM AND WHEY PROTEINS ON THE ACTIVITY 
OF 0-GALACTOSIDASE (A. niger) IMMOBILIZED ON COLLAGEN

INTRODUCTION
THE APPLICATION of an immobilized enzyme for the hydrolysis of lactose in various milk products has been the subject of several recent publications. Woychik and Wondolowski(1973) reported the hydrolysis of acid whey by a fungal lactase bound to glass beads. Okos and Harper (1974) reported on the activity of glass-bound lactase in acid whey, as did Wierzbicki et al. (1973, 1974). Olson and Stanley (1973) reported on the hydrolysis of reconstituted nonfat dry milk by lactase bound to a phenol-formaldehyde resin. Giacin et al.(1974) evaluated the hydrolysis of acid whey by collagen- bound lactase.A comparison of the performance of bound lactase preparations showed an inhibition in activity in acid whey as compared to aqueous lactose (Okos and Harper, 1974; Wierzbicki et al., 1974; Woychik and Wondolowski, 1973; Giacin et al.,1974). The cause of this inhibition is not fully understood, although several rationales have been proposed (Woychik and Wondolowski, 1973; Okos and Harper, 1974; Giacin et al.,1974).In an attempt to elucidate the mechanism of this inhibition, the effect of specific metal ions and whey protein on the activity of collagen-bound lactase has been investigated. The present paper describes the results of this study.

EXPERIMENTAL
Reagents

A sample o f the 0-galactosidase o f A .  n ig er  (Lactase LP) was do
nated by the Wallerstein Corp., M orton Grove, 111. and was used w ith
out further purification. The enzyme was bound to cattle-hide collagen 
obtained from the USDA Eastern Regional Research Center.

Analytical grade reagents and distilled water were used throughout 
this work. Other materials used in this work were glucose oxidase, 
peroxidase, and 3,3'-dim ethoxybenzidine, Sigma Chemical Company; 
all other chemicals, Fisher Scientific.

All lactose solutions (w/v) were prepared by dissolution of a-lactose 
powder in 0.1M sodium acetate buffer, pH 4.0.

Whey was obtained from the cottage cheese prpcessing p lant o f 
Lehigh Valley Dairy, Allentown, Pa. The whey was deproteinized by 
ultrafiltration using an Amicon Model 402 ultrafiltration apparatus. A 
pm-10 membrane (cu toff lim it, 10,000 molecular weight) was em
ployed.
Preparation of the active membrane

5g o f freeze-dried hide collagen was suspended in 480 ml o f distilled 
water, pH 3.5 (Hockstadt et al., 1960). The final solids content was 
between 0 .8-1 .0% . The pH was adjusted by the addition of 4N HC1.

The dispersion was homogenized with a blender until viscous. Lac
tase LP (lg ) was then added and the dispersion was again homogenized. 
Degassing was done under vacuo.

The dispersion was cast on a plastic sheet (Mylar®) and air dried at 
room tem perature for 48 hr. After drying, the m embrane was peeled 
from the Mylar, washed with 10 liters o f distilled water and dried at 
room tem perature. The mem brane thickness was 3.8 mil, measured 
with a microm eter (Testing Machines, Inc. Model 549).

In some experiments, the  dried film was tanned with glutaralde- 
hyde. The film was soaked for 3 min in 0.2% glutaraldehyde solution, 
pH 7.6. After tanning, the film was washed with 10 liters distilled water 
to remove residual glutaraldehyde.
Preparation of module

Dried film s were layered onto a supporting material o f  polyethylene
(Vexar®) and coiled about a central core elem ent to form a m odule.

This cartridge was then fitted  into a plastic cylinder to form a reactor. 

Analytical
Soluble and bound lactase activity was determ ined in 5% lactose 

(w/v) and acid whey as substrate.
Soluble lactase activity was determ ined by pipetting a 1.0 ml aliquot 

of enzyme solution (5 mg/ml, in 0.1M sodium acetate buffer, pH 4.0) 
into 200 ml o f substrate solution m aintained at 37°C, and removing 
aliquots for assay at different time intervals. The reaction was stopped 
by heating the aliquots at 100°C for 2 - 3  min, after which they were 
analyzed for glucose. Glucose concentration was determ ined by the 
glucose oxidase-chromogen procedure supplied by Sigma Chemical Co. 
A unit o f activity was defined as Mmole of glucose produced/m in/m g of 
enzyme.

Collagen-bound lactase activity was assessed by utilizing the com
plex in a convenient spiral reactor configuration (Giacin et al., 1974) as 
a batch recycle reactor. Prior to hydrolysis o f lactose in whey, the 
reactor was stabilized to steady limit activity with 5% lactose (w/v). 
The stable limit activity of the biocatalytic reactor was established by 
determining the activity as a function of repeat contacts (runs) until the 
activity o f the reactor remained constant over a num ber o f reactor 
volume replacements (Giacin et al., 1974). In a typical run, the sub
strate volume, containing 200 ml o f substrate solution, was m aintained 
at 37°C. The biocatalytic reactor was immersed in a 37°C constant- 
tem perature water batch and the substrate was recirculated through the 
reactor for 10 min, at a flow rate of 100 m l/m in by a peristaltic pump. 
The change in glucose concentration of the reservoir was followed by 
removing an aliquot (usually 0.2 ml) for assay as a function of time. 
This aliquot was diluted to 0.5 ml by the addition of 0.3 ml o f pH 4.0 
sodium acetate buffer before assay. To determ ine the concentration of 
glucose in the sample, 2 ml o f Sigma glucostat m ixture was added 
followed by 2.5 ml o f 6N HC1 after 15 min. Units of activity were 
defined as Mmole of glucose produced/m in/g of complex.

For both soluble and bound enzyme, initial rates were calculated 
from a minimum of six samples taken at different times, within the first 
10 min of reaction.

Analysis for magnesium and calcium ion concentration in acid whey 
was conducted using an atom ic absorption spectrophotom eter (Perkin 
Elmer Model No. 290). Protein determ ination was carried out by a 
modified biuret m ethod (Koch and Putnam , 1971).

RESULTS & DISCUSSION
A NUMBER of studies have been reported describing the effect of specific metal ions on the activity of soluble lactase preparations (Reithel and Kim, 1966; Hill and Huber, 1971; Strom et al., 1971) and on bound microbial (3-galactosidase (Hustad et al , 1973). Hustad et al. (1973) reported a 96% increase in activity for bound lactase ( E . c o l i  K-12) when magnesium ion (10"3M) was added to the substrate solution. The work of Hill and Huber (1971) showed the effect of metal ions (Na+, Mg++) on soluble enzyme activity to be a function of ion concentration.It has been reported (Wallerstein Co. Technical Bulletin,1970) that at a level of lO^M magnesium ion was without detectable effect on the activity of Lactase LP. Activity was determined using o-nitrophenyl-/3-D-galactopyranoside (ONPG) as substrate. Since the concentration of magnesium and calcium ions in acid whey is considerably higher (Table 1) the effect of these cations on the activity of the bound lactase was investigated. The effect of whey proteins was also considered.
Effect of magnesium ions on an untanned membrane
The effect of magnesium ions on the activity of an un-
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tanned collagen-lactase complex is shown in Figure 1. The activity of the immobilized enzyme is plotted as a function of repeat contacts (runs).As shown in Figure 1, the biocatalytic reactor attained steady-state activity after five runs. The reactor was subsequently contacted with 0.01M magnesium citrate solution under the standard experimental conditions and experienced a partial irreversible inhibition upon exposure to the magnesium ions. This is illustrated graphically in Figure 1. This inhibition is of the same order of magnitude as that recorded when an untanned film was contacted with ultrafiltered acid whey, being 41% and 33%, respectively (Giacin et al., 1974). When 5% lactose dissolved in buffered solutions containing 10'4M and 10'6M Mg++ ion, respectively, was contacted with the biocatalytic reactor, no further inhibitory effect was observed (Fig. 1). Thus, it can be concluded that magnesium ions, at levels of 0.01M and above, have a deleterious effect on the activity of untanned collagen-lactase complexes.
Effect o f magnesium and calcium ions 
on a tanned membrane
In the course of this study, it was determined that tanning the collagen-lactase membrane with glutaraldehyde afforded a tenfold increase in steady-state activity as compared to an

Table 1—Proximate analysis of acid whey

Constituent

Concentration

Jakubowski et al.a
Feeley et al. 

(1972)

pH 4.4 —

Titratable acidity 0.48 -
Total solids 7.06% 4.8%
Protein 0.90% 0.85%
Lactose 4.75% -
Ash 0.62% -
Magnesium 5.24 X 10'3M 3.7 X 10‘3M
Calcium 2.35 X 10"2M 2.44 X 10‘2M

a Proximate analysis of acid whey evaluated in these studies

untanned film. The steady-state activities in 5% lactose were 130 and 13 jumole glucose/min/g complex, respectively.The effect of magnesium and calcium ions on the activity of a tanned collagen-lactase complex was evaluated by contacting a reactor with 5% lactose solutions containing the same molar concentrations of Mg++ and Ca++ ions as found in acid whey. In these experiments, the reactors were brought to steady-state activity with 5% lactose as substrate, prior to contacting with Mg++ and Ca++ ions. The results (Table 2) show that magnesium and calcium ions had no effect on the activity of the biocatalytic reactors. A possible explanation for these results is that the tanning process alters the structure of the' complex, and therefore its diffusional properties (Lieber- man et al., 1972), to the extent that the cations (Mg++, Ca++) cannot participate in an inhibitory manner.Since inhibition in acid whey was observed for biocatalytic reactors constructed from both tanned and untanned collagen- lactase membranes (Table 3), it is apparent that other mechanisms of inhibition are operative in these systems, which do not involve the Mg++ and Ca++ ions.
Effect of whey proteins on bound lactase
The reuseability of a biocatalytic reactor constructed from a glutaraldehyde-tanned membrane over a number of reactor contracts (runs) with ultrafiltered (UF) acid whey is shown in Figure 2. The activity of the reactor is plotted as a function of repeat contacts (runs) with UF acid whey and lactose. The reactor was washed with two liters of water between runs.As shown in Figure 2, the glutaraldehyde tanned membrane experienced a 35% decrease in activity upon initial contacting with UF acid whey. Subsequent contacting with 5% lactose resulted in the partial recovery of activity. However, a gradual decline in activity (5% lactose as substrate) approaching the activity level in UF acid whey was observed upon prolonged contacting with the whey substrate. These results were in contrast to the activity profile of an untanned collagen-lactase membrane which showed a partial, irreversible inhibition upon exposure to UF acid whey (Giacin et al., 1974).The catalytic potency of the fungal lactase in the soluble and bound state was determined with UF acid whey and acid whey as substrate to evaluate the effect of whey proteins on enzyme act_vity (Table 3). The activity of the glutaraldehyde tanned membrane in UF acid whey was approximately 65% of

Fig. 1 — The effect of magnesium ion on the 
activity of a biocatalytic reactor fabricated 
from an untanned collagen-lactase mem
brane.
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Table 2—Influence of magnesium and calcium on the activities of 
glutaraldehyde-tanned catalytic modules

Run
no. Substrate Activitya

Relative
activity

(%)

1

Reactor A

5% Lactose (L) 131
2 L 131 100
3 L + 5.24 X 10'3M Mg 136 109
4 L + 5.24 X 10'3M Mg 125 92
5 L 125 92
6 L 112 82

1
Reactor B 

L 84
2 L 87
3 L 84 100
4 L + 2.36 X 10'3M Ca 82 97.5
5 L + 2.36 X 10"2M Ca — —

6 L 96 117
7 L 87 107

a Activity: Mmoles glucose X min"1 X grams complex"1

Table 3 - Effect of whey proteins on 0-galactosidase activity

Enzyme state
% Relative 

activity % Inhibition

Solublea 5% Lactose 100 —

Acid Whey 44.4 55.6
Ultrafiltered Acid Whey 43.8 56.2

Boundb 5% Lactose 100.0 -
Untanned Acid Whey 59.0 41.0
Membrane Ultrafiltered Acid Whey 69.7 30.3
Boundb 5% Lactose 100 -

Tanned Acid Whey 50.0 50.0
Membrane Ultrafiltered Acid Whey 65.0 35.0

a Assay conditions: 37°C, pH = 4.5, 200 ml substrate 
b Assay conditions: 37°C, pH -  4.5, 200 ml substrate, recycle at 

1 00 ml/mln

the activity in lactose, while only 50% of the initial activity (5% lactose) was found with acid whey as substrate. The catalytic potency of the untanned membrane showed similar responses.The results of these studies indicate that whey proteins of molecular weight above 10,000 are, in part, responsible for the observed inhibition of collagen-bound lactase activity for both tanned and untanned membranes. While these results represent preliminary findings, the data are suggestive of the general inhibitory action of whey proteins. The observed inhibition of the collagen-lactase preparations in UF acid whey (Table 3), may then be attributed, in part, to low molecular weight proteins (<10,000) not removed by ultrafiltration. The effect of whey proteins on the activity of bound lactase and a correlation with molecular weight warrant further investigation. It is interesting to note that when the enzyme is in the soluble state the extent of inhibition is not affected by removal of low molecular weight proteins (Table 3).While whey proteins appear to be responsible, in part, for the inhibitory action of acid whey on collagen-bound lactase, the mechanism of inhibition of the tanned lactase complex in UF acid whey (Fig. 2) is not fully understood. However, one possible explanation is the modification of the diffusional properties of the film resulting from cross-linking with glutaraldehyde (Lieberman et al., 1972).

\

Fig. 2—Reuseability of a biocatalytic reactor fabricated from a 
tanned collagen-lactase membrane utilizing lactose (5%) and ultra- 
filtered acid whey as substrate.

REFERENCES
Feeley, R.M., Crinen, P.E., Murphy, E.W. and Toepfer, E.W. 1972. 

Major mineral elements in dairy products. Research 61: 505.
Giacin, J.R ., Jakubowski, J., Gilbert, S.G., Leeder, J.G. and Kleyn, 

D.H. 1974. Characterization of lactase immobilized on collagen. 3. 
Conversion of whey lactose by soluble and immobilized lactase. J. 
Food Sci. 39: 751.

Hill, J.A. and Huber, R.E. 1971. Effects of various concentrations of 
Na+ and Mg++ on the activity of /3-galactosidase. Biochem. Biophys. 
Acta 250: 530.

Hockstadt, H.R. and Lieberman, E.R. 1960. U.S. Patent No. 2,920,000.
Hustad, G.O., Richardson, T. and Olson, N.F. 1973. Immobilization of 

/3-galactosidase on an insoluble carrier with a polyisocyanate Poly
mer. 2. Kinetics and stability. J. Dairy Sci. 56: 111.

Koch, A.L. and Putnam, S.L. 1971. Sensitive biuret m ethod for deter
mination of protein in an impure system such as whole bacteria. 
Anal. Biochem. 44: 239.

Lieberman, E.R., Gilbert, S.G. and Shrinivasa, V. 1972. The use of gas 
permeability as a molecular probe for the study of cross-linked 
collagen structures. New York Academy of Sciences Transactions, 
Series 11 34: 694.

Okos, E.S. and Harper, W.J. 1974. The activity and stability of /3-galac
tosidase immobilized on porous glass. J. Food Sci. 39: 88.

Olson, A.C. and Stanley, W.L. 1973. Lactase and other enzymes bound 
to a phenol-formaldehyde resin with glutaraldehyde. J. Agr. Food 
Chem. 21: 440.

Reithel, F.J. and Kim, J.L. 1966. Studies on the /3-galactosidase isolated 
from E. coli ML 308. 1. The effect of some ions on enzyme activity. 
Arch. Biochem. Biophys. 90: 271.

Strom, R., A tturdi, D.G., Forsen, S., Turini, P., Celada, F. and Anto- 
nini, E. 1971. The activation of /3-galactosidase by divalent and 
m onovalent cations. Eur. J. Biochm. 23: 118.

Wallerstein Company. 1970. Technical Bulletin, Wallerstein Company, 
M orton Grove, 111.

Wierzbicki, L.E., Edwards, V.H. and Kosikowski, F.V. 1973. Immobili
zation of microbial lactases by covalent attachm ent to porous glass. 
J. Food Sci. 38: 1070.

Wierzbicki, L.E.. Edwards, V.H. and Kosikowski, F.V. 1974. Hydrolysis 
of lactose in acid whey by lactase bound to porous glass particles in 
tubular reactors. J. Food Sci. 39: 374.

Woychik, J.H. and Wondolowski, M.V. 1973. Lactose hydrolysis in 
milk and milk products by bound fungal /3-galactosidase. J. Milk 
Food Technol. 36: 31.

Ms received 7 /1 /74 ; revised 10/23/74; accepted 10/27/74.
This is a paper of the Journal Series, N.J. Agricultural Experiment

Station, Cook College, Rutgers University—The State University of New
Jersey, Food Science Dept., New Brunswick, NJ 08903

This work was supported in part by the National Science Founda
tion, Grant No. G1-34287-1-B.



M. R. QUINN,' L. R. BEUCHAT.2 J. MILLER, C. T. YOUNG and R. E. WORTHINGTON
Dept, o f  Food Science, University o f  Georgia Agricultural Experiment Station, Experiment, GA 30212

FUNGAL FERMENTATION OF PEANUT FLOUR: EFFECTS ON 
CHEMICAL COMPOSITION AND N U TR ITIVE VALUE

INTRODUCTION

T H E  P R E P A R A T I O N  a n d  c o n s u m p tio n  o f  f e r m e n te d  fo o d s  
are  c o m m o n  p r a c t ic e s  in  O r ie n ta l  an d  In d o n e s ia n  la n d s . 
O n t jo m  is a f e r m e n te d  p e a n u t  p re ss  c a k e  v e ry  p o p u la r  in  W e s t
e rn  Ja v a  (v a n  V e e n  e t  a l . ,  1 9 6 8 ) .  In  t h e  p r e p a r a t io n  o f  o n t jo m , 
o il is  f ir s t  e x t r a c t e d  f r o m  p e a n u ts  a n d , a f t e r  s o a k in g  an d  
s te a m in g , th e  p re ss  c a k e  is  m ix e d  w ith  o n t jo m  f r o m  a p re v io u s  
b a t c h  an d  p a c k e d  in  b a n a n a  o r  o t h e r  s u i ta b le  le a v e s  t o  f a c i l i 
t a t e  o p e n in g  o f  th e  p a c k a g e s  f o r  a e r a t io n  an d  c o o l in g  i f  n e c e s 
sa ry . Neurospora s itoph ila  is  p r im a r ily  u sed  t o  p r o d u c e  a red  
o r  o r a n g e  o n t jo m  w h ile  Rhizopus oligosporus  is u se d  le ss  o f t e n  
to  p r o d u c e  a w h ite  o n t jo m  ( H e s s e lt in e , 1 9 6 5 ;  v a n  V e e n  e t  a l .,  
1 9 6 8 ;  v a n  V e e n  an d  S te in k r a u s , 1 9 7 0 ) .

F e r m e n t a t io n  o f  g ra in s  an d  o ils e e d s  is  d is p u ta b ly  sa id  t o  
r e s u lt  in  in c r e a s e d  n u t r i t io n a l  v a lu e  a n d  w h o le s o m e n e s s  o v e r 
th e  s ta r t in g  m a te r ia l  ( H a c k le r  e t  a l . ,  1 9 6 4 ;  S m ith  e t  a l . ,  1 9 6 4 ;  
R a ja la k s h m i an d  V a n a ja ,  1 9 6 7 ;  W an g  e t  a l . ,  1 9 6 8 ;  v a n  V e e n  
a n d  S te in k r a u s , 1 9 7 0 ;  R a o  an d  R a o , 1 9 7 2 ) .  F e r m e n t a t io n  a lso  
c o n t r ib u te s  t o  t h e  m a s k in g  o r  d e s t r o y in g  o f  u n d e s ir a b le  o d o r s  
an d  f la v o rs , w h ile  im p a r t in g  d e s ira b le  f la v o rs  t o  th e  f in ish e d  
p r o d u c t .  M o st im p o r t a n t ly ,  f e r m e n t a t io n  is  r e p o r te d  t o  e n 
h a n c e  th e  d ig e s t ib i l i ty  o f  s ta r t in g  m a te r ia ls  ( H e s s e lt in e  an d  
W an g , 1 9 7 0 )  b y  b r e a k in g  d o w n  c o m p le x  p r o te in  s t r u c tu r e s  to  
p e p t id e s  o f  v a ry in g  le n g th s  a n d  f r e e  a m in o  a c id s . C h a n g e s  in  
v ita m in  le v e ls  m a y  a lso  o c c u r  as a r e s u lt  o f  f e r m e n t a t io n  
( R o e lo f s e n  a n d  T a le n s , 1 9 6 4 ;  R a ja la k s h m i an d  V a n a ja ,  1 9 6 7 ;  
v an  V e e n  e t  a l . ,  1 9 6 8 ;  v an  V e e n  a n d  S te in k r a u s , 1 9 7 0 ) .  N u 
m e r o u s  s tu d ie s  in v o lv in g  th e  f e r m e n t a t io n  o f  s o y b e a n s  h a v e  
b e e n  r e p o r t e d ;  h o w e v e r , le ss  in f o r m a t io n  is  a v a ila b le  r e la t in g  
c h e m ic a l  an d  n u t r i t io n a l  p r o p e r ty  c h a n g e s  re s u lt in g  f r o m  p e a 
n u t  f e r m e n t a t io n .

T h e  p r im a ry  o b je c t iv e  o f  th is  s tu d y  w as t o  d e te r m in e  
c h a n g e s  ta k in g  p la c e  in  d e fa t te d  p e a n u t  f lo u r  as a r e s u lt  o f  
fu n g a l f e r m e n t a t io n .  T h e  m o ld s  c h o s e n  f o r  th e  s tu d y  a re  a l
re a d y  e m p lo y e d  in  t r a d it io n a l  an d  c o m m e r c ia l  o ilse e d  f e r m e n 
t a t io n s .  C h a n g e s  in  p r o x im a t e  c o m p o s i t io n  w e re  in v e s tig a te d  
t o  le n d  in s ig h t  in t o  c h e m ic a l  a l te r a t io n s  w h ic h  m a y  o c c u r  d u r
in g  th e  f e r m e n t a t io n  o f  a p e a n u t  f lo u r  s u b s tr a te . O th e r  p a 
r a m e te r s  e x a m in e d  in c lu d e d  a m in o  a c id  a n a ly s e s , f a t t y  a c id  
p r o f ile s  an d  v ita m in  le v e ls , n a m e ly , r ib o f la v in , th ia m in , n ia c in  
a n d  p a n to th e n a t e .  P r o te in  e f f i c i e n c y  r a t io s  ( P E R )  a n d  f a t t y  
liv e r  in f i l t r a t io n  w e re  d e te r m in e d  in  o r d e r  t o  a sse ss  e f f e c t s  o f  
f e r m e n t a t io n  o n  th e  n u t r i t io n a l  v a lu e  o f  p e a n u t  f lo u r .

EXPERIMENTAL

F u n g a l  f e r m e n t a t i o n

S u b s t r a t e .  4 0 g  o f  s o lv e n t - d e f a t t e d  p e a n u t  f l o u r  (S D P F ,  G o ld  K is t ,  
I n c . ,  G ra c e v il le ,  F la . )  w e re  s u p p le m e n te d  w i t h  t a p io c a  (0 .5 %  b y  
w e ig h t ) ,  N a C l (0 .8 % )  a n d  c i t r i c  a c id  (2 .0 % ) .  T h e  m i x t u r e  w a s  c o m b in e d  
w i th  1 6 0  m l t a p  w a t e r  in  a  c o t t o n - s t o p p e r e d  5 0 0 - m l  E r l e n m e y e r  f la s k  
a n d  s te r i l i z e d  a t  15 lb  p r e s s u r e  ( 1 2 1 ° C )  f o r  15 m in .  T h e  r e s u l t a n t  
s u b s t r a t e  a c q u i r e d  a  c o n s i s t e n c y  s im i la r  t o  a  t h i c k ,  lu m p y  p u d d in g .  1 2

1 P r e s e n t  a d d r e s s :  D e p t ,  o f  N u t r i t i o n ,  R u tg e r s  U n iv e r s i ty ,  N e w  
B r u n s w ic k ,  N J  0 8 9 0 3

2 T o  w h o m  r e p r i n t  r e q u e s t s  s h o u ld  b e  a d d re s s e d

C u l tu r e s .  T h e  fu n g a l  s t r a in s  u s e d  in  th i s  s t u d y  w e r e  o b t a i n e d  f r o m  
D r. C .W . H e s s e l t in e  (U S D A , A R S ,  P e o r ia ,  111.) a n d  w e r e  i d e n t i f i e d  a s  
A c t in o m u c o r  e le g a n s  N R R L  3 1 0 4 ,  A s p e r g i l lu s  o r y z a e  N R R L  1 9 8 8 ,  
M u c o r  h ie m a lis  N R R L  3 1 0 3 ,  N e u r o s p o r a  s it o p h ila  N R R L  2 8 8 4  a n d  
R h iz o p u s  o l ig o s p o r u s  N R R L  2 7 1 0 .

P o t a t o  d e x t r o s e  a g a r  (P D A )  s la n t s  w e r e  i n o c u l a t e d  w i t h  t h e  a p p r o 
p r i a t e  f u n g u s  a n d  in c u b a t e d  f o r  4 —6 d a y s  a t  3 1 ° C .  T h e  r e s u l t a n t  s p o r e s ,  
a lo n g  w i t h  s o m e  h y p h a e ,  w e re  h a r v e s t e d  b y  w a s h in g  t h e  P D A  s la n t s  
w i th  s te r i l e  0 .3 0 1 %  T w e e n -8 0  s o lu t io n .  2 0  m l  o f  d i l u t e d  s u s p e n s i o n s  o f  
e a c h  o f  t h e  f iv e  f u n g i  s e rv e d  as in o c u la .  4 8  s a m p le s  w e re  f e r m e n t e d  b y  
e a c h  fu n g u s .

F e r m e n t a t i o n .  T h e  in o c u la t e d  s u b s t r a t e s  w e r e  p la c e d  o n  a  g y r a t o r y  
s h a k e r  (N e w  B ru n s w ic k  S c ie n t i f i c  C o m p a n y ,  N e w  B r u n s w ic k ,  N .J . )  a n d  
f e r m e n te d  f o r  4  d a y s  a t  2 8 ° C  w h i le  r o t a t i n g  a t  a  m e d iu m  s p e e d .  T h e  4 8  
f e r m e n t e d  s a m p le s  f o r  e a c h  fu n g u s  w e r e  t h e n  c o m b in e d ,  l y o p h i l i z e d ,  
p u lv e r iz e d  t h r o u g h  a  W ile y  M ill ( 4 0  m e s h  s c r e e n ) ,  a n d  s t o r e d  in  s e a le d  
g la ss  c o n ta in e r s  a t  4 ° C  p r io r  t o  l a b o r a t o r y  e x a m in a t i o n .

T h e  e x p e r im e n ta l  d e s ig n  in c lu d e d  e ig h t  t e s t  m a te r ia l s :
C o n t r o l  1 S D P F  a s  r e c e iv e d  f r o m  G o ld  K is t ,  In c .
C o n t r o l  2  S D P F  s u p p le m e n te d  w i t h  t a p io c a ,  c i t r i c  a c id ,  N a C l, 

w a te r ;  a u to c la v e d ,  i m m e d ia t e ly  f r o z e n  w i t h o u t  i n c u b a 
t i o n ,  l y o p h i l i z e d  a n d  p u lv e r iz e d

C o n t r o l  3 S D P F  s u p p le m e n te d  w i t h  t a p io c a ,  c i t r i c  a c id ,  N a C l,  
w a te r ;  a u to c la v e d ,  i n c u b a t e d  a t  2 8 ° C  f o r  4  d a y s ,  f r o 
z e n ,  ly o p h i l i z e d  a n d  p u lv e r iz e d

F e r m e n t s  F iv e  ( o n e  c o m p o s i t e  s a m p le  o f  e a c h  o f  f iv e  fu n g a l  
s t r a in s ) ;  S D P F  s u p p le m e n te d  w i t h  t a p i o c a ,  c i t r i c  a c id ,  
N a C l,  w a te r ;  a u to c l a v e d ,  i n o c u l a t e d  a n d  f e r m e n t e d  a t  
2 8 °  C  f o r  4  d a y s ,  f r o z e n ,  ly o p h i l i z e d  a n d  p u lv e r iz e d

C h e m ic a l  a n a ly s e s

P r o x im a te  c o m p o s i t i o n .  M o is tu r e ,  a s h ,  p H  a n d  K je ld a h l  n i t r o g e n  
w e re  d e t e r m in e d  in  t r i p l i c a t e  (A O A C , 1 9 7 0 ) .  C r u d e  p r o t e i n  w a s  c a l c u 
la te d  u s in g  th e  a p p r o p r i a t e  c o n v e r s io n  f a c t o r  o f  5 .4 6  ( B re e s e ,  1 9 3 1 ) .  
C r u d e  f ib e r  c o n t e n t  w a s  d e t e r m in e d  in  d u p l i c a t e  b y  a  m o d i f i e d  m e t h o d  
f r o m  T r ie b o ld  a n d  A u r a n d  ( 1 9 6 3 ) .  H y d r o ly s a t e s  w e r e  f i l t e r e d  t h r o u g h  
W h a tm a n  f i l t e r  p a p e r  (N o .  5 4 1 )  w i th  t h e  a id  o f  a  s u c t i o n  f la s k  r a t h e r  
t h a n  t h r o u g h  t h e  r e c o m m e n d e d  f i l t e r in g  c lo th .  T o t a l  l ip id s  w e r e  d e t e r 
m in e d  in  t r i p l i c a t e  b y  a  1 2 -h r  d i e th y l  e t h e r  e x t r a c t i o n  p r o c e d u r e  u s in g  a  
G o ld f is c h  e x t r a c t o r .  C a r b o h y d r a t e s  w e r e  c a l c u la te d  b y  d i f f e r e n c e .

A m in o  a c id  a n a ly s is .  I n d iv id u a l  s a m p le s  w e re  p r e p a r e d  in  t r i p l i c a t e  
f o r  a m in o  a c id  a n a ly s is  b y  h y d r o ly z in g  in  6 N  HC1 (2  m g  c r u d e  p r o t e i n /  
m l a c id )  u n d e r  n i t r o g e n  f o r  2 4  h r  a t  1 1 0 ° C .  A lk a l in e  h y d r o l y s a t e s  w e r e  
p r e p a r e d  f o r  t r y p t o p h a n  d e t e r m i n a t i o n s  a c c o r d in g  t o  a  m e t h o d  d e 
s c r ib e d  b y  H u g li  a n d  M o o re  ( 1 9 7 2 ) .  4 0 - m l  s a m p le s  w e r e  h y d r o l y z e d  
u n d e r  n i t r o g e n  in  6  m l o f  4 .2 N  N a O H  a t  1 1 0 ° C  f o r  2 4  h r .  O n e  o r  tw o  
d r o p s  o f  0 .0 C 1 %  A n t i f o a m  B ( T e c h n ic o n  I n s t r u m e n t s  C o r p o r a t i o n ,  
T a r r y to w n ,  N .Y .)  w e re  a d d e d  to  e a c h  s o l u t i o n  t o  p r e v e n t  e x c e s s iv e  
f o a m in g  d u r in g  t h e  o x y g e n  e v a c u a t io n  s t e p .  A f t e r  h y d r o ly s i s ,  t h e  s o lu 
t io n s  w e re  a d ju s t e d  t o  p H  4 .2 5  w i t h  c o ld  6 N  H C 1, b r o u g h t  t o  v o lu m e  
w i th  d i s t i l l e d  w a te r ,  a n d  c e n t r i f u g e d .  A m in o  a c id s  w e re  d e t e r m i n e d  
a c c o r d in g  t o  t h e  m e t h o d  o f  S p a c k m a n  e t  a l .  ( 1 9 5 8 )  o n  a  D u r r u m  A u t o  
A n a ly z e r  M o d e l  D -5 0 0  e q u ip p e d  w i th  a  D ig i ta l  P D P  8  m  c o m p u t e r  
( D u r r u m  I n s t r u m e n t  C o .,  P a lo  A l to ,  C a l i f .)  a s  d e s c r ib e d  b y  M o o re
( 1 9 7 2 ) .

T h e  p e r c e n t  p r o t e i n  w a s  c a l c u la te d  a s  g  o f  t o t a l  a m in o  a c id s  p e r  
lO O g o f  d r y  m a t t e r  (C o le m a n ,  1 9 7 2 ) .

F a t t y  a c id  i d e n t i f i c a t i o n .  F a t t y  a c id  m e t h y l  e s te r s  w e r e  p r e p a r e d  i r  
t r i p l i c a t e  f r o m  e x t r a c t e d  l ip id s  w i t h  a  2 :1  (v /v )  m i x t u r e  o f  m e t h a n o l  
b e n z e n e  c o n ta in in g  3%  s u l f u r ic  a c id  a s  d e s c r ib e d  b y  W o r t h i n g t o n  e t  a l. 
( 1 9 7 2 ) .  E x t e n t  o f  e s t e r i f i c a t i o n  w a s  c h e c k e d  o n  0 .5  m m  s i l ic a  g e l G  
th in - la y e r  p la te s .  A f t e r  d e v e lo p in g  in  a  s o lv e n t  s y s t e m  o f  h e x a n e - d i e th y l  
e th e r - a c e t i c  a c id  9 0 : 1 0 : 1  (v /v /v ) ,  t h e  p l a t e s  w e r e  s p r a y e d  w i t h  a  d y e
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s o lu t io n  c o n ta in in g  r h o d a m in e  B a n d  2 ,7 - d ic h lo r o f lu r e s c e i n  ( J o n e s  e t  
a l . ,  1 9 6 6 )  a n d  o b s e r v e d  u n d e r  u l t r a v i o l e t  l ig h t .

F a t t y  a c id  m e t h y l  e s te r s  w e r e  a n a ly z e d  u s in g  a  M ic r o T e k  M o d e l  2 2 0  
gas l iq u id  c h r o m a to g r a p h  e q u i p p e d  w i th  a  d u a l  ñ a m e  io n i z a t io n  d e t e c 
t o r  a n d  a n  I n f o t r o n i c s  e l e c t r o n i c  i n t e g r a to r .  T w o  1 .8 5  m  x  4  m m  i.d .  
g la ss  c o lu m n s  p a c k e d  w i th  7 0 / 8 0  m e s h  c h r o m o s o r b  W  (A W )(D M C S ) 
a n d  c o a t e d  w i t h  e i t h e r  1 0 %  E C N S S -S  o r  3 %  O V -2 2 5  w e r e  u s e d .  T h e  
h e l iu m  f lo w  r a t e  w a s  1 0 0  m l /m i n  a n d  t h e  E C N S S -S  a n d  O V -2 2 5  c o l 
u m n s  w e r e  r u n  i s o th e r m a l ly  a t  1 9 5  a n d  2 0 0 ° C ,  r e s p e c t iv e ly .  P e a k  i d e n 
t i f i c a t i o n s  w e r e  m a d e  b y  c o m p a r i s o n  o f  r e t e n t i o n  t im e s  o n  e a c h  c o lu m n  
w i th  s t a n d a r d s  ( H o r m e l  I n s t . ,  A u s t in ,  M in n .)  r u n  u n d e r  id e n t i c a l  o p e r a t 
in g  c o n d i t i o n s .  R e s p e c t iv e  p e a k  a r e a s  w e r e  t h e n  c o n v e r t e d  t o  r e la t iv e  
p e r c e n ta g e s .

N u t r i t i o n a l  e v a l u a t io n

V i t a m in  d e t e r m i n a t i o n s .  P a n t o t h e n a t e  a n d  n ia c in  ( n i c o t i n i c  a c id  a n d  
n i c o t in a m id e )  w e re  d e t e r m i n e d  m ic r o b io lo g ic a l ly  a s  d e s c r ib e d  in  Difco 
Supplementary Literature ( A n o n y m o u s ,  1 9 7 2 )  u s in g  B a c to - p a n to th e n -  
a te  A O A C  m e d iu m  a n d  B a c to - n ia c in  a s s a y  m e d iu m ,  r e s p e c t iv e ly .  
T u r b id im e t r i c  m e a s u r e m e n t s  w e re  m a d e  i n  b o t h  v i t a m in  a s s a y  p r o c e 
d u r e s ,  u s in g  a  B a u s c h  a n d  L o m b  S p e c t r o n ic  2 0  s p e c t r o p h o t o m e t e r .

T h e  p r o c e d u r e  u s e d  f o r  t h i a m in  q u a n t i t a t i o n  w a s  a d a p t e d  f r o m  
C o n n e r  a n d  S t r a u b ’s t h i o c h r o m e  m e t h o d  ( 1 9 4 1 )  a n d  r ib o f la v in  w a s  
d e t e r m in e d  b y  a  m o d i f i c a t i o n  o f  t h e  m e t h o d  o f  P e te r s o n  e t  a l .  ( 1 9 4 3 ) .  
T h e s e  r e v is e d  m e t h o d s  a r e  d e s c r ib e d  in  “ S o u t h e r n  C o o p e r a t iv e  S e r ie s  
B u l le t in  N o . 1 0 ”  ( A n o n y m o u s ,  1 9 5 1 ) .

P r o t e i n  e f f i c ie n c y  r a t i o s .  W e a n lin g  S p r a g u e -D a w le y  m a le  r a t s  
(C h a r le s  R iv e r  B re e d in g  L a b o r a to r i e s ,  W ilm in g to n ,  M a s s .)  w e re  f e d  e ig h t  
d i f f e r e n t  d i e t s ,  e a c h  c o n ta in in g  1 5 .5 %  p r o t e i n  a s  c a l c u la te d  f r o m  p re v i
o u s  m o i s tu r e  a n d  p r o t e i n  c o n t e n t  ( a m in o  a c id  a n a ly s is )  d e t e r m in a t io n s .  
T e s t  m a te r ia l s  u s e d  t o  s u p p ly  p r o t e i n  w e re  v i t a m in - f r e e  c a s e in  ( N u t r i 
t io n a l  B io c h e m ic a l  C o r p . ,  C le v e la n d ,  O h io ) ,  S D P F  a s  r e c e iv e d  f r o m  
G o ld  K is t ,  I n c .  ( C o n t r o l  1 ) , a  m i x t u r e  o f  C o n t r o l s  2  a n d  3 ( 1 : 1 ,  w /w ) ,  
a n d  t h e  f iv e  f e r m e n t e d  s a m p le s .

I n  a d d i t i o n  to  t h e  1 5 .5  p r o t e i n  s u p p l ie d  b y  t h e  t e s t  m a te r ia l ,  e a c h  
d i e t  c o n t a i n e d ,  in  p e r c e n t :  s a l t  m i x t u r e  P -H , 4 .0 ;  v i t a m in  f o r t i f i c a t i o n  
m ix tu r e ,  2 . 2 ;  d e x t r i n ,  4 0 ;  a n d  c e l lu lo s e ,  1 .5  ( a l l  o b t a i n e d  f r o m  N u t r i 
t i o n a l  B io c h e m ic a ls  C o r p . ,  C le v e la n d ,  O h io ) ;  a n d  c o r n  o i l ,  5 .0 .  T h e  
c a s e in  d i e t  w a s  s u p p le m e n te d  w i t h  0 .2 %  1 -m e th io n in e  w h i le  t h e  r e 
m a in in g  d i e t s  w e r e  s u p p le m e n te d  w i t h  0 .2 5 %  1 -ly s in e , 0 .4 %  m e th io n in e ,  
a n d  0 .1 3 %  1 - t r y p to p h a n .  S u c ro s e  w a s  a d d e d  t o  1 0 0 % .

E a c h  t e s t  g r o u p  c o n s i s te d  o f  e ig h t  r a t s  f e d  f o r  t h r e e  c o n s e c u t iv e  
w e e k s  a f t e r  a  4 - d a y  a d j u s t m e n t  p e r io d  d u r in g  w h ic h  th e y  w e re  f e d  a  
c o m m e r c ia l  d i e t .  T h e  r a t s  w e re  h o u s e d  in d iv id u a l ly ,  r e c e iv in g  d i e t s  a n d  
d e io n iz e d  w a t e r  a d  l i b i t u m .

L iv e r  a n a ly s is .  U p o n  t e r m i n a t i o n  o f  P E R  s tu d ie s ,  t h e  a n im a ls  w e re  
a n e s th e t i z e d  w i t h  e t h e r  a n d  s a c r i f i c e d  b y  e x s a n g u in a t io n .

L iv e r  w a s  re m o v e d  a n d  f r e e z e - d r ie d .  T w o  c o m p o s i t e  l iv e r  s a m p le s  
f r o m  a n im a ls  o n  e a c h  d i e t  w e re  o b t a i n e d  b y  c o m b in in g  0 .5 g  o f  l iv e r  
f r o m  t h e  e v e n - n u m b e r e d  r a t s  a n d  0 .5 g  f r o m  o d d - n u m b e r e d  r a t s ,  r e s p e c 
t iv e ly .  L ip id  w a s  e x t r a c t e d  f r o m  t h e  s a m p le s  b y  t h e  B lig h  a n d  D y e r  
( 1 9 5 9 )  p r o c e d u r e ,  i n c lu d in g  a  s e c o n d  e x t r a c t i o n  w i t h  c h lo r o f o r m  f o r  
c o m p le te  r e m o v a l  o f  p h o s p h o l ip id s .  A f t e r  m ix in g ,  s a m p le s  w e re  c e n t r i 
f u g e d  f o r  15  m in  a t  1 3 ,2 0 0  x  G  a t  0  t o  5 ° C .  T h e  c h lo r o f o r m  e x t r a c t  
w a s  f i l t e r e d  t h r o u g h  a n h y d r o u s  s o d iu m  s u l f a te  w h ic h  h a d  p r e v io u s ly  
b e e n  w e t  w i t h  c h lo r o f o r m .  C h lo r o f o r m  w a s  e v a p o r a t e d  a n d  t h e  l ip id  
w a s  t a k e n  u p  in  h e x a n e .  A n  a l i q u o t  w a s  t r a n s f e r r e d  t o  a  t a r e d  v ia l  a n d  
th e  l ip id  c o n t e n t  w a s  m e a s u r e d  g r a v im e t r ic a l ly  a f t e r  t h e  s o lv e n t  w a s  
e v a p o r a t e d .

T o x ic o lo g ic a l  e v a l u a t io n .  C h lo r o f o r m - e th a n o l  e x t r a c t s  o f  f e r m e n t e d  
a n d  n o n f e r m e n t e d  s a m p le s  a n d  P D A  s la n t  c u l tu r e s  o f  t h e  f iv e  fu n g i  
i n c lu d e d  in  t h e  i n v e s t ig a t io n  w e r e  s e n t  t o  D r. N .D . D a v is  a t  A u b u r n  
U n iv e r s i ty  A g r ic u l tu r a l  E x p e r i m e n t  S t a t i o n ,  A u b u r n ,  A la .,  f o r  e x a m in a 
t i o n  o f  p o t e n t i a l  t o x i c  c h a r a c te r i s t i c s .  E v a lu a t io n s  w e re  m a d e  u s in g  
b r in e  s h r im p  a n d  c h ic k  e m b r y o  b io a s s a y s  a s  m o d i f i e d  f r o m  m e th o d s  
r e p o r t e d  b y  H a rw ig  a n d  S c o t t  ( 1 9 7 1 )  a n d  V e r r e t t  e t  a l .  ( 1 9 6 4 ) ,  r e s p e c 
tiv e ly .

S t a t i s t i c a l  a n a ly s e s .  S t a t i s t i c a l  a n a ly s e s  w e r e  b y  a n a ly s is  o f  v a r ia n c e  
a n d  s a m p le  m e a n s  w e r e  c o m p a r e d  u s in g  D u n c a n ’s ( 1 9 5 5 )  n e w  m u l t ip l e  
r a n g e  t e s t  a t  t h e  5 %  le v e l o f  s ig n i f ic a n c e  ( P  <  0 .0 5 ) .

RESULTS «fe DISCUSSION

F u n g a l  f e r m e n t a t i o n

A fte r au to c lav in g , th e  SD P F  su b s tra te  to o k  o n  th e  a p p e a r
an ce  o f  a th ic k  p o rr id g e . T h e  co n s is te n c y  o f  th e  su b s tra te  an d
th e  lo w  o x y g en  te n s io n  cau sed  b y  au to c la v in g  m ay  h av e  h in -

d e r e d  h y p h a l  p e n e t r a t i o n  a n d  d e v e l o p m e n t  a s  e v i d e n c e d  b y  

g r o w t h  o n  t h e  s u r f a c e  o f  t h e  m e d i u m  i n  t h e  e a r l y  s t a g e s  o f  
f e r m e n t a t i o n .  H o w e v e r ,  d u r i n g  t h e  l a t e r  s t a g e s  o f  f e r m e n t a 
t i o n ,  m y c e l i a l  d e v e l o p m e n t  w a s  a p p a r e n t  t h r o u g h o u t  t h e  
m e d i u m .  T h e  p e a n u t  f l o u r  s u b s t r a t e  e x h i b i t e d  s o m e  o f  t h e  

p r o b l e m s  a s s o c i a t e d  w i t h  s o l i d  s t a t e  f e r m e n t a t i o n s  a s  e n u m e r 
a t e d  b y  H e s s e l t i n e  ( 1 9 7 2 ) .  F e r m e n t a t i o n  v a r i a b l e s ,  s u c h  a s  t h e  
s p o r e  i n o c u l a ,  m o i s t u r e  l e v e l s ,  s u b s t r a t e  s i z e ,  v e s s e l  s h a p e ,  a e r a 
t i o n  a n d  t i m e  w e r e  n o t  e x t e n s i v e l y  i n v e s t i g a t e d .  T h e r e f o r e ,  i t  
c a n n o t  b e  s t a t e d  t h a t  o p t i m a l  c o n d i t i o n s  w e r e  p r o v i d e d  f o r  
s t u d y i n g  v a r i o u s  c h a n g e s  d u r i n g  f e r m e n t a t i o n  o f  S D P F .  I t  
s h o u l d  a l s o  b e  n o t e d  t h a t  t h e  f e r m e n t s  a n a l y z e d  i n  t h i s  s t u d y  
w e r e  s e m i - s o l i d  i n  c o n s i s t e n c y ,  u n l i k e  t h e  m o r e  s o l i d  t e x t u r e  
a s s o c i a t e d  w i t h  o n t j o m .

P r e l i m i n a r y  e x p e r i m e n t s  i n d i c a t e d  t h a t  c i t r i c  a c i d ,  w h i c h  
l o w e r e d  t h e  a c i d i t y  f r o m  p H  6 . 3  t o  5 . 0 ,  a n d  t a p i o c a  s t a r c h  
e n h a n c e d  t h e  g r o w t h  o f  f u n g i  s e l e c t e d  f o r  e x a m i n a t i o n  i n  t h i s  
s t u d y  ( B e u c h a t  a n d  W o r t h i n g t o n ,  1 9 7 4 ) .  A  c a r b o h y d r a t e  
s o u r c e  s u c h  a s  t a p i o c a ,  p o t a t o ,  o r  p o t a t o  p e e l s ,  m a y  b e  u s e d  i n  

t h e  p r e p a r a t i o n  o f  o n t j o m  a n d  i s  r e p o r t e d  t o  p r o m o t e  g r o w t h  
o f  N. sitophila o n  p e a n u t  p r e s s  c a k e  a c i d i f i e d  t o  a  p H  o f

4 . 5 — 5 . 5  ( v a n  V e e n  e t  a l . ,  1 9 6 8 ) .  H e s s e l t i n e  e t  a l .  ( 1 9 6 7 )  a l s o  
r e p o r t e d  t a p i c c a  t o  p r o m o t e  g o o d  g r o w t h  o f  Rhizopus  s p p .  o n  
p e a n u t s .  A d d e d  s o d i u m  c h l o r i d e  a p p a r e n t l y  e n h a n c e d  m a x i m a l  
g r o w t h  o f  t h e  f i v e  f u n g i .  A p p a r e n t l y  s o d i u m  c h l o r i d e ,  a s  w e l l  
a s  s o m e  o t h e r  i o n i z a b l e  s a l t s ,  p r o m o t e s  t h e  r e l e a s e  o f  m y c e 
l i u m - b o u n d  p r o t e i n a s e  ( W a n g ,  1 9 6 7 )  a n d  t h e r e f o r e  i n c r e a s e s  
p r o t e i n a s e  a c t i v i t y .  S a l t  m a y  e x e r t  a n  o s m o t i c  o r  i o n i c  e f f e c t  
o n  t h e  f u n g a l  m y c e l i a ,  w h e r e b y  e x t r a c e l l u l a r  e n z y m e s  a r e  

m o r e  r e a d i l y  f r e e d  t o  a c t  u p o n  s u b s t r a t e  c o n s t i t u e n t s  ( B e u c h a t  
a n d  W o r t h i n g t o n ,  1 9 7 4 ;  W a n g  a n d  H e s s e l t i n e ,  1 9 7 0 ) .

C h e m i c a l  a n a l y s e s

P r o x i m a t e  c o m p o s i t i o n .  T h e  r e s u l t s  o f  p r o x i m a t e  a n a l y s i s  

o f  c o n t r o l  a n d  f e r m e n t e d  S D P F  a r e  s h o w n  i n  T a b l e  1 . I t  

s h o u l d  b e  n o t e d  t h a t  r e p o r t e d  v a l u e s  a r e  a v e r a g e s  o f  a t  l e a s t  
d u p l i c a t e  a n a l y s e s  a n d  a r e  b a s e d  o n  t h e  d r y  w e i g h t  o f  t h e  
s a m p l e s .  T h e  p e r c e n t  l i p i d  i n  t h e  f e r m e n t s  w a s  r e l a t i v e l y  u n 
c h a n g e d  f r o m  t h a t  o f  t h e  a u t o c l a v e d  c o n t r o l s .  T h e  d i f f e r e n c e  

i n  p e r c e n t  l i p i d  b e t w e e n  C o n t r o l  1 a n d  C o n t r o l s  2  a n d  3  m a y  
b e  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  n o n l i p i d  d i e t h y l  e t h e r - e x t r a c t 
a b l e  m a t e r i a l  i n  C o n t r o l  1 , w h i c h  i s  a p p a r e n t l y  t i e d  u p ,  v o l a t i l 
i z e d ,  o r  p h y s i c a l l y  a l t e r e d  i n  s o m e  m a n n e r  d u r i n g  t h e  a u t o 

c l a v i n g  p r o c e s s  s o  t h a t  i t  i s  n o  l o n g e r  e x t r a c t a b l e .  C r u d e  f i b e r  
i n c r e a s e d  s l i g h t l y ,  e x c e p t  i n  t h e  c a s e  o f  N. sitophila. I n c r e a s e s  
i n  c r u d e  p r o t e i n ,  a s h  a n d  i n  s o m e  c a s e s  c r u d e  f i b e r  i n  f e r m e n t s  
m a y  b e  e x p l a i n e d  b y  l o s s e s  o f  v o l a t i l e s  d u r i n g  f e r m e n t a t i o n .

Table 1—Proximate composition o f nonfermented and fer-
mented peanut flou r

Sample

g per lOOg freeze-dried sample

Ash
Crude
fiber L ip id 3

Crude
prote inb Carbohydrate0

Control 1 4.3 3.8 1.2 55.6 35.1
Control 2 4.9 4.1 0.5 54.7 35.8
Control 3 5.0 4.1 0.4 54.8 35.7
A . elegans 5.7 4.9 0.3 57.4 31.7
A . o ryza e 5.8 5.0 0.6 59.3 29.3
M. hiem aHs 5.6 4.7 0.4 57.8 31.5
N. s ito p h ila 6.2 3.9 0.6 64.5 24.8
R. o lig o s p o ru s 5.7 4.3 0.4 56.4 33.2
a Diethyl ether-extractable material 
b Kjeldahl N X 5.46 
c By difference
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Table 2—Am ino acid composition o f nonfermented and fermented peanut flou r expressed as g per 100g protein

g per 100g prctein

Control Ferment

Am ino acid 1 2 3
Actinom ucor

elegans
Aspergillus

oryzae
Mucor

hiemalis
Neurospora

sitophila
Rhizopus

oligosporus

Aspartic acid 12.59 12.71 12.60 12.71 12.74 12.56 12.74 12.83
Threonine 2.80 2.84 2.81 2.83 2.85 2.90 2.99 2.99
Serine 5.25 5.18 5.09 5.11 4.95 4.97 5.17 5.27
Glutamic acid 21.69 21.73 21.68 21.59 21.68 21.48 21.71 21.19
Proline 4.35 3.75 3.86 3.56 3.43 3.48 2.96 2.97
Glycine 6.13 6.11 6.16 6.50 6.45 6.43 6.38 6.42
Alanine- 4.09 4.14 4.12 4.41 4.36 4.31 4.44 4.41
Cysteine 0.26 0.21 0.18 0.21 0.23 0.19 0.21 0.22
Valine 4.35 4.54 4.52 4.71 4.74 4.83 4.73 4.49
Methionine 1.06 1.06 1.05 1.17 1.12 1.24 1.17 1.12
Isoleucine 3.53 3.59 3.73 3.81 3.81 3.86 3.89 3.74
Leucine 6.60 6.81 6.92 6.86 6.73 7.15 7.13 6.92
Tyrosine 3.80 3.78 3.65 3.79 3.77 3.67 3.94 3.85
Phenylalanine 6.19 6.43 6.28 6.31 6.37 6.76 6.41 6.73
Histidine 2.35 2.27 2.38 2.45 2.41 2.51 2.39 2.43
Lysine 3.15 3.12 3.17 3.26 3.21 3.28 3.30 3.37
Arginine 11.77 11.73 11.81 10.83 11.09 10.43 10.49 10.85
Tryptophan 0.34 Trace Trace Trace Trace Trace Trace Trace
Protein3 51.C5 52.87 50.46 53.09 52.73 51.76 58.17 53.47

a g protein per 1 OOg freeze-dried sample as calIculated from amino acid analysis

T h e s e  v o l a t i l e s  a r e  p r o b a b l y  l o w  m o l e c u l a r  w e i g h t  a c i d s ,  c a r 
b o n  d i o x i d e ,  e s t e r s ,  a l d e h y d e s ,  k e t o n e s  a n d  o t h e r  a r o m a t i c s  
e v o l v e d  a s  b y - p r o d u c t s  o f  f u n g a l  m e t a b o l i s m  d u r i n g  t h e  4  d a y s  
o f  f e r m e n t a t i o n .  I t  w o u l d  b e  i n t e r e s t i n g  t o  a n a l y z e  t h e s e  v o l a 
t i l e s  i n  o r d e r  t o  b e t t e r  u n d e r s t a n d  t h e  o r i g i n s  o f  a r o m a  d e v e l 
o p m e n t  a n d  a p p a r e n t  d r y  w e i g h t  l o s s e s  d u r i n g  f e r m e n t a t i o n .  
O u r  f i n d i n g s  c o i n c i d e  w i t h  t h o s e  o f  M u r a t a  e t  a l .  ( 1 9 6 7 ) ,  
e x c e p t  t h e s e  a u t h o r s  f o u n d  a  d e c r e a s e  i n  c r u d e  f a t  a f t e r  7 2  h r  
t e m p e h  f e r m e n t a t i o n .  O u r  r e s u l t s  r e f l e c t  t h e  f i n d i n g s  o f  W a n g  
e t  a l .  ( 1 9 6 8 ) ,  w h o  s h o w e d  t h a t  a n  i n c r e a s e  i n  p e r c e n t  p r o t e i n  
i n  f e r m e n t e d  w h e a t  a n d  s o y b e a n s  w a s  d u e  t o  d e c r e a s e s  i n  
o t h e r  c o n s t i t u e n t s .  T h e  c h a n g e s  i n  p r o x i m a t e  c o m p o s i t i o n  
r e p o r t e d  i n  T a b l e  1 a l s o  a g r e e  c l o s e l y  w i t h  t h e  f i n d i n g s  o f  v a n  

V e e n  e t  a l .  ( 1 9 6 8 ) ,  w h o  f o u n d  i n c r e a s e s  i n  c r u d e  p r o t e i n  a n d  
a s h  a c c o m p a n i e d  b y  d e c r e a s e s  i n  c a r b o h y d r a t e  a n d  a n  e s s e n 
t i a l l y  u n c h a n g e d  l i p i d  c o n t e n t  i n  o n t j o m .  W o r t h i n g t o n  a n d  
B e u c h a t  ( 1 9 7 4 )  r e p o r t e d  t h a t  N. s itoph ila  e s s e n t i a l l y  m e t a b o 
l i z e d  s u c r o s e  a s  w e l l  a s  r a f f i n o s e  a n d  s t a c h y o s e ,  t h e  i n t e s t i n a l  
g a s - f o r m i n g  s u g a r s ,  d u r i n g  t h e  f i r s t  2 1  h r  o f  p e a n u t  f e r m e n t a 
t i o n .  T h e s e  a u t h o r s  a l s c  r e p o r t e d  A. oryzae  t o  b e  a c t i v e  i n  
h y d r o l y z i n g  a n d  u t i l i z i n g  t h e s e  s u g a r s ,  w h i l e  R. oligosporus  
u t i l i z e d  o n l y  s m a l l  a m o u n t s  o f  s t a c h y o s e  b u t  d i d  n o t  u t i l i z e  
r a f f i n o s e  o r  s u c r o s e .  M. hiem alis  w a s  r e p o r t e d  t o  u t i l i z e  s u 
c r o s e  e a r l y  i n  f e r m e n t a t i o n  b u t  f a i l e d  t o  u s e  s t a c h y o s e  a n d  
r a f f i n o s e ,  w h i l e  A. elegans s l o w l y  h y d r o l y z e d  s t a c h y o s e ,  w h i c h  
r e s u l t e d  i n  a n  a p p a r e n t  t e m p o r a r y  i n c r e a s e  i n  r a f f i n o s e  a n d  

s u c r o s e  l e v e l s .  T h e s e  f i n d i n g s  m a y  e x p l a i n ,  i n  p a r t ,  t h e  d e 
c r e a s e d  c a r b o h y d r a t e  l e v e l s  i n  f e r m e n t e d  S D P F .

Amino acid analysis. T a b l e  2  r e p o r t s  g  a m i n o  a c i d  p e r  lO O g  
p r o t e i n .  P r o t e i n  c o n t e n t s  w e r e  c a l c u l a t e d  a s  d e s c r i b e d  b y  
C o l e m a n  ( 1 9 7 2 )  a n d  a r e  m o r e  r e p r e s e n t a t i v e  o f  t h e  t r u e  p r o 

t e i n  c o n t e n t  t h a n  a r e  t h e  c r u d e  p r o t e i n  f i g u r e s  ( K j e l d a h l  N  X 

5 . 4 6 )  s h o w n  i n  T a b l e  1 . A s  s h o w n  i n  T a b l e  2 ,  t h e r e  a p p e a r s  t o  
b e  a  s l i g h t  d e c r e a s e  i n  a r g i n i n e  a n d  p r o l i n e  w h i l e  g l y c i n e  a n d  
a l a n i n e  s e e m  t o  b e  s l i g h t l y  i n c r e a s e d  d u e  t o  f u n g a l  f e r m e n t a 
t i o n .  C o n t r a r y  t o  r e p o r t s  o f  d e c r e a s e s  i n  l y s i n e  a n d  m e t h i o n i n e

d u r i n g  l o n g  o i l s e e d  f e r m e n t a t i o n s  ( H e s s e l t i n e ,  1 9 6 5 ) ,  s l i g h t  

i n c r e a s e s  i n  t h e s e  t w o  a m i n o  a c i d s  w e r e  n o t e d  i n  t h i s  s t u d y .  
S i n c e  s l i g h t  d i f f e r e n c e s  i n  a m i n o  a c i d  c o n t e n t  d o  n o t  a c c o u n t  
f o r  t h e  d i f f e r e n c e s  i n  p e r c e n t  p r o t e i n  b e t w e e n  t h e  c o n t r o l s  a n d  

t h e  f e r m e n t s ,  t h e  p r e v i o u s l y  c i t e d  e x p l a n a t i o n  o f  w e i g h t  l o s s e s  
i n  t h e  f o r m  o f  n o n n i t r o g e n o u s  v o l a t i l e s  d u r i n g  f e r m e n t a t i o n  
p r o b a b l y  a c c o u n t s  f o r  m o s t  i n c r e a s e s  i n  p e r c e n t  p r o t e i n  i n  
d r i e d  f e r m e n t s .

Fatty acid identification. T h e  r e s u l t s  o f  f a t t y  a c i d  a n a l y s i s  
e x p r e s s e d  a s  r e l a t i v e  p e r c e n t a g e s  o f  t o t a l  f a t t y  a c i d s  a r e  s h o w n  
i n  T a b l e  3 .  A. oryzae  a n d  N. s itoph ila  b e l o n g  t o  t h e  c l a s s  

A s c o m y c e t e s  w h i l e  R. oligosporus, M. hiem alis  a n d  A. elegans 
b e l o n g  t o  t h e  c l a s s  P h y c o m y c e t e s .  S h a w  ( 1 9 6 6 )  r e v i e w e d  t h e  
f a t t y  a c i d s  c o m m o n l y  f o u n d  i n  m y c e l i a l  l i p i d  o f  c l a s s e s  o f  
f u n g i  a s  w e l l  a s  i n  i n d i v i d u a l  g e n e r a  a n d  s p e c i e s .  A c c o r d i n g  t o  

S h a w  ( 1 9 6 6 ) ,  f u n g i  i n  t h e  c l a s s  A s c o m y c e t e s  a r e  g e n e r a l l y  l o w  

i n  p o l y u n s a t u r a t e s  e x c e p t  f o r  l i n o l e i c  a c i d  ( 1 8 : 2 ) ,  w h i c h  is  
u s u a l l y  a  m a j o r  c o m p o n e n t  a n d  m a y  b e  p r e s e n t  i n  q u a n t i t i e s  
u p  t o  5 0 %  o f  t h e  t o t a l  f a t t y  a c i d s .  T h i s  w o u l d  a c c o u n t  f o r  t h e  
s u b s t a n t i a l  i n c r e a s e  i n  l i n o l e i c  a c i d  i n  t h e  S D P F  f e r m e n t e d  b y  

A. oryzae  a n d  N. sitophila . S h a w  a l s o  r e p o r t e d  s o m e  A s c o m y 
c e t e s  t o  c o n t a i n  a - l i n o l e n i c  ( 1 8 : 3 )  a c i d ,  a n  a c i d  w h i c h  a p 
p e a r e d  i n  A. oryzae  a n d  N. s itoph ila  f e r m e n t s .  I n  t h i s  s t u d y ,  

t h e  A s c o m y c e t e s  f e r m e n t s  a l s o  y i e l d e d  s l i g h t  i n c r e a s e s  i n  
p a l m i t i c  ( 1 6 : 0 )  a n d  s t e a r i c  a c i d s  ( 1 8 : 0 )  a c c o m p a n i e d  b y  d e 

c r e a s e s  i n  o l e i c  ( 1 8 : 1 ) ,  e i c o s a n o i c  ( 2 0 : 0 ) ,  e i c o s e n o i c  ( 2 0 : 1 ) ,  
d o c o s a n o i c  ( 2 2 : 0 )  a n d  t e t r a c o s a n o i c  ( 2 4 : 0 )  a c i d s .  T h e s e  d a t a  

t e n d  t o  r e f l e c t  r e l a t i v e  p e r c e n t a g e s  o f  f a t t y  a c i d s  r e p o r t e d  t o  
b e  n o r m a l l y  p r e s e n t  i n  A s c o m y c e t e s  m y c e l i a  ( S h a w ,  1 9 6 6 ) .

I n  t h e  P h y c o m y c e t e s  f e r m e n t s ,  i n c r e a s e s  i n  p a l m i t i c ,  s t e 
a r i c ,  a n d  e i c o s a n o i c  a c i d s ,  a c c o m p a n i e d  b y  d e c r e a s e s  i n  o l e i c  

a n d  t e t r a c o s a n o i c  a c i d s ,  w e r e  o b s e r v e d .  T h e  r e m a i n i n g  f a t t y  
a c i d s  o f  S D P F  w e r e  r e l a t i v e l y  u n c h a n g e d  b y  f e r m e n t a t i o n  w i t h  
A. elegans, M. hiemalis, a n d  R. oligosporus.

S i n c e  t h e  i n i t i a l  f a t t y  a c i d  c o n t e n t  o f  t h e  n o n f e r m e n t e d  
S D P F  s u b s t r a t e  w a s  l o w ,  t h e  f a t t y  a c i d  p r o f i l e s  o f  b o t h  A s c o -
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Table 3—Fatty acid composition o f nonfermented and fermented peanut flou r

g per 100g tota l fa tty  acids

Sample 14:0 16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 24:0 Other

Control 1 0.90 11.09 2.74 50.59 24.93 NDa 1.01 0.98 2.65 1.50 3.21
Control 2 0.40 11.02 2.94 51.09 23.07 NDa 1.19 1.13 2.91 2.09 5.16
Control 3 0.20 10.39 3.44 51.59 22.29 NDa 1.30 1.44 2.96 2.10 4.29
A. elegans 0.45 12.76 4.72 46.46 24.61 NDa 3.98 0.80 2.15 1.50 2.57
A. oryzae 0.15 11.81 4.40 38.05 37.21 0.85 0.44 0.27 1.12 1.28 4.55
M. hiemalis 1.61 21.86 5.79 37.83 21.23 NDa 6.67 0.33 1.29 1.31 2.28
N. sitophila 0.27 14.24 3.60 47.97 27.09 0.72 0.47 0.41 1.11 1.11 3.01
R. oligosporus 0.33 14.96 5.11 45.13 24.47 NDa 2.88 1.89 2.00 1.59 1.64

a None detected

m y c e t e s  a n d  P h y c o m y c e t e s  f e r m e n t s  u n d o u b t e d l y  r e f l e c t  a n  
i n t e r m e d i a r y  e f f e c t  o f  t h e  f u n g a l  f a t t y  a c i d  c o m p o s i t i o n  o n  
t h e  s u b s t r a t e  f a t t y  a c i d  p r o f i l e .

N u t r i t i o n a l  e v a l u a t i o n

V i t a m i n  d e t e r m i n a t i o n s .  T a b l e  4  s h o w s  t h e  r e s u l t s  o f  v i t a 

m i n  a s s a y s .  S o m e  t h i a m i n  w a s  d e s t r o y e d  d u r i n g  a u t o c l a v i n g .  I n  
c o n t r a s t  t o  r e p o r t s  o f  t h i a m i n  l e v e l s  b e i n g  d e c r e a s e d  o r  u n 
c h a n g e d  ( R o e l o f s e n  a n d  T a l e n s ,  1 9 6 4 ;  v a n  V e e n  e t  a l . ,  1 9 6 8 ;  

v a n  V e e n  a n d  S t e i n k r a u s ,  1 9 7 0 )  d u r i n g  o i l s e e d  a n d  g r a i n  f e r 
m e n t a t i o n ,  t h i a m i n  i n c r e a s e d  s i g n i f i c a n t l y  i n  a l l  S D P F  f e r 
m e n t s  e x c e p t  M. hiemalis. R a j a l a k s h m i  a n d  V a n a j a  ( 1 9 6 7 )  

r e p o r t e d  i n c r e a s e d  t h i a m i n  i n  i d l i ,  a  f e r m e n t e d  p r o d u c t  p r e 
p a r e d  f r o m  m i l l e d  r i c e  a n d  d e h u s k e d  b l a c k  g r a m .  R i b o f l a v i n  
i n c r e a s e d  r e m a r k a b l y  d u r i n g  S D P F  f e r m e n t a t i o n ,  t r e b l i n g  i n  

t h e  c a s e  o f  M. hiemalis a n d  N. sitophila, t h u s  a g r e e i n g  w i t h  

p r e v i o u s  r e p o r t s  ( R o e l o f s e n  a n d  T a l e n s ,  1 9 6 4 ;  v a n  V e e n  e t  a l . ,  
1 9 6 8 ;  v a n  V e e n  a n d  S t e i n k r a u s ,  1 9 7 0 ;  R a j a l a k s h m i  a n d  

V a n a j a ,  1 9 6 7 ) .  N i a c i n  i n c r e a s e d  s i g n i f i c a n t l y  i n  t h e  N. sito
phila f e r m e n t  a s  c o m p a r e d  t o  t h e  c o n t r o l s  a n d  t o  t h e  A. 
oryzae  a n d  A. elegans f e r m e n t s ,  v a n  V e e n  a n d  S t e i n k r a u s  
( 1 9 7 0 )  a n d  R o e l o f s e n  a n d  T a l e n s  ( 1 9 6 4 )  s h o w e d  a n  i n c r e a s e  i n  

n i a c i n  d u r i n g  t e m p e h  f e r m e n t a t i o n .  P a n t o t h e n a t e  d i d  n o t  
c h a n g e  s i g n i f i c a n t l y  i n  S D P F  a s  a  r e s u l t  o f  f u n g a l  f e r m e n t a 

t i o n .

A s  c i t e d  b y  R o e l o f s e n  a n d  T a l e n s  ( 1 9 6 4 ) ,  t h e  r e a s o n  f o r  
i n c r e a s e s  i n  t h i a m i n ,  r i b o f l a v i n  a n d  n i a c i n  d u r i n g  f e r m e n t a t i o n  

i s  d u e  t o  t h e  a u t o t r o p h i c i t y  o f  t h e  m o l d s  w i t h  r e s p e c t  t o  t h e s e  
v i t a m i n s  ( R o b b i n s  a n d  K a v a n a g h ,  1 9 4 2 ;  P e l t i e r  a n d  B o r c h e r s ,  

1 9 4 7 ) .  I n c r e a s e s  i n  t h i a m i n  a n d  r i b o f l a v i n  a s  a  r e s u l t  o f  f u n g a l  
f e r m e n t a t i o n  h a v e  i m p o r t a n t  n u t r i t i o n a l  i m p l i c a t i o n s  i n  c u l 
t u r e s  w h e r e  f e r m e n t e d  f o o d s  a r e  p a r t  o f  a  p r e d o m i n a t e l y  r i c e  

d i e t .
P r o t e i n  e f f i c i e n c y  r a t i o s .  1 5 %  p r o t e i n  w a s  i n c o r p o r a t e d  

i n t o  t h e  r a t  d i e t s  b e c a u s e  o f  t h e  r a t h e r  l o w  b i o l o g i c a l  v a l u e  o f  
p e a n u t  p r o t e i n .  W i t h o u t  s u p p l e m e n t a t i o n ,  t h e  c a l c u l a t e d  
a m o u n t s  o f  l y s i n e ,  m e t h i o n i n e  a n d  t r y p t o p h a n  p r e s e n t  i n  t h e  
d i e t  w o u l d  h a r d l y  p r o v i d e  m a i n t e n a n c e  l e v e l s  f o r  t h e  r a t ,  e v e n  

a t  t h e  1 5 . 5 %  p r o t e i n  l e v e l  ( N a t i o n a l  A c a d e m y  o f  S c i e n c e s ,
1 9 7 2 ) .  T h e r e f o r e ,  m e t h i o n i n e ,  l y s i n e  a n d  t r y p t o p h a n  w e r e  
a d d e d  t o  p r o v i d e  a b o u t  7 5 %  o f  t h e  r e q u i r e d  l e v e l  f o r  g r o w t h  
( N a t i o n a l  A c a d e m y  o f  S c i e n c e s ,  1 9 7 2 ) .  T h i s  l e v e l  i n c l u d e s  
a m i n o  a c i d s  i n i t i a l l y  p r e s e n t  i n  t h e  s u b s t r a t e s  a s  d e t e r m i n e d  
f r o m  a m i n o  a c i d  a n a l y s i s .  I t  w a s  t h o u g h t  t h a t  i f  t h e  l i m i t i n g  
a m i n o  a c i d s  w e r e  m a d e  m o r e  a v a i l a b l e  t o  t h e  r a t  d u e  t o  f e r 
m e n t a t i o n ,  b e t t e r  g r o w t h  w o u l d  o c c u r .

A l l  e i g h t  d i e t s  w e r e  a c c e p t a b l e  t o  t h e  r a t s  a n d  p r o m o t e d  
r a p i d  g r o w t h  ( T a b l e  5 ) .  T h e  P E R  o f  t h e  c o n t r o l s  w e r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  o f  t h e  f e r m e n t s .  T h e  c a s e i n  
d i e t  r e s u l t e d  i n  a  P E R  s i g n i f i c a n t l y  h i g h e r  t h a n  C o n t r o l  2 + 3

( b l e n d )  a n d  t h e  f e r m e n t s ,  b u t  w a s  n o t  s i g n i f i c a n t l y  h i g h e r  t h a n  
C o n t r o l  1 . T h u s ,  t h e  n u t r i t i v e  v a l u e  o f  p e a n u t  f l o u r  a s  m e a s 

u r e d  b y  P E R  f o r  r a t s  d i d  n o t  c h a n g e  s i g n i f i c a n t l y  d u r i n g  f e r 
m e n t a t i o n  a n d  i s  c o n s i s t e n t  w i t h  f i n d i n g s  r e p o r t e d  b y  v a n  
V e e n  e t  a l .  ( 1 9 6 8 )  a n d  v a n  V e e n  a n d  S t e i n k r a u s  ( 1 9 7 0 ) .  H o w 
e v e r ,  i t  i s  p o s s i b l e  t h a t  s u p p l e m e n t a t i o n  o f  t h e  d i e t s  t o  r e l a -

Table 4—Thiam in, riboflavin, niacin and pantothenate levels in 
nonfermented and fermented peanut flou r

pg per g freeze-dried sample3

Sample Thiamin Riboflavin Niacin Pantothenate

Control 1 6.87b 4.16a 99ab 33a
Control 2 6.02a 3.98a 100ab 32a
Control 3 5.83a 3.93a 104ab 33a
A. elegans 7.54c 6.28b 95ab 35a
A. oryzae 10.63f 10.24c 62a 36a
M. hiemalis 7.05bc 18.32d 136bc 36a
N. sitophila 9.94e 1o.90d 174c 31a
R. oligosporus 8.63d 7.82b 144bc 37a

a Values in a column followed 
cantly d iffe rent at P <  0.05.

by the same letter are not sign if  i-

Table 5—N utritive value o f nonfermented and fermented peanut 
flou r

Samplea
Avg w t 

gain (g)b
Avg protein 
intake (g)b PERC

Avg liver 
fa t (%)

Casein 170.1 63.5 2.68a 3.7
Control 1 176.7 69.9 2.53ab 4.3
Control 2 + 3^ 164.6 65.9 2.50b 4.0
A. elegans 162.3 66.7 2.43b 4.3
A. oryzae 159.0 65.8 2.42b 4.1
M. hiemalis 150.6 63.4 2.37b 4.1
N. sitophila 163.6 67.5 2.42b 4.1
R. oligosporus 163.4 67.2 2.44b 4.1

a Sample provides 15.5% protein. Casein diet supplemented w ith 
0.2% methionine; remaining diets supplemented w ith 0.4% me
thionine, 0.25% lysine, 0.13% tryptophan 

b Average of eight rats fed over a 3-wk period
c Values followed by the same letter are not significantly d ifferent 

at P <  0.05.
d Blend o f Controls 2 and 3
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t i v e l y  h i g h  l e v e l s  o f  l y s i n e ,  m e t h i o n i n e  a n d  t r y p t o p h a n  m a y  
h a v e  m a s k e d  d i f f e r e n c e s  i n  n u t r i t i v e  v a l u e s  o f  t h e  S P D F  f e r 
m e n t s .  I n  a d d i t i o n  t o  P E R  s t u d i e s  a t  l o w e r  a m i n o  a c i d  s u p p l e 
m e n t a t i o n  l e v e l s ,  f u r t h e r  n u t r i t i o n a l  c h a r a c t e r i z a t i o n  o f  f e r 

m e n t e d  a n d  n o n f e r m e n t e d  S D P F  i n  t h e  f o r m  o f  n i t r o g e n  b a l 
a n c e  a n d  d i g e s t i b i l i t y  s t u d i e s  w o u l d  p r o v i d e  v a l u a b l e  i n f o r m a 

t i o n .
L i v e r  a n a l y s i s .  S i n c e  a n  i n c r e a s e  i n  l i v e r  f a t ,  m o s t l y  a s  n e u 

t r a l  l i p i d ,  i s  f r e q u e n t l y  n o t e d  i n  c a s e s  o f  p r o t e i n  d e f i c i e n c y  a n d  

a m i n o  a c i d  i m b a l a n c e ,  f a t  c o n t e n t  o f  t h e  r a t  l i v e r s  w a s  d e t e r 
m i n e d .  D a t a  i n  T a b l e  5  s h o w  l i t t l e  d i f f e r e n c e  a m o n g  t h e  d i e t s  

i n  l i v e r  l i p i d  c o n t e n t  o f  t h e  r a t s  u s e d  i n  t h i s  s t u d y ,  t h u s  i m p l y 
i n g  a n  a b s e n c e  o f  p r o t e i n  d e f i c i e n c y  o r  a m i n o  a c i d  i m b a l a n c e  
i n  t h e  d i e t s  a s  u s e d .  T h e r e  i s  n o t h i n g  i n  t h e  l i t e r a t u r e ,  t o  o u r  
k n o w l e d g e ,  c o n c e r n i n g  t h e  c a p a c i t y  o f  o n t j o m  o r  t e m p e h  t o  

p r e v e n t  f a t t y  i n f i l t r a t i o n  o f  t h e  l i v e r .
T o x i c o l o g i c a l  e v a l u a t i o n .  E x t r a c t s  o f  t h e  f e r m e n t e d  s a m 

p l e s  a n d  t h e  c o n t r o l s  w e r e  n o n t o x i c  t o  f e r t i l e  c h i c k e n  e g g  
e m b r y o s  ( D a v i s ,  p r i v a t e  c o m m u n i c a t i o n ,  1 9 7 4 ) .  S i n c e  t h e  e x 

t r a c t i o n  p r o c e d u r e  i n v o l v e s  r e l a t i v e l y  s m a l l  a m o u n t s  o f  s u b 
s t r a t e ,  s u b c u l t u r e s  o f  e a c h  f u n g u s  w e r e  a l s o  e v a l u a t e d  u s i n g  
b o t h  b r i n e  s h r i m p  a n d  c h i c k  e g g  e m b r y o  a s s a y s .  A. elegans, M. 
hiemalis a n d  N. sitophi'.a e a c h  g a v e  a n  o v e r a l l  r a t i n g  o f  z e r o  o n  

a  t o x i c i t y  s c a l e  o f  z e r o  t o  s i x  ( 0 —n o n t o x i c ;  6 - e x t r e m e l y  
t o x i c ) .  A. oryzae  a n d  R oligosporus g a v e  r e a d i n g s  o f  t h r e e  a n d  
t w o ,  r e s p e c t i v e l y ,  w h i c h  i s  g e n e r a l l y  i n t e r p r e t e d  a s  p o s s i b l y  
s l i g h t l y  t o x i c .  I n  s u m m a r y ,  n o n e  o f  t h e  c u l t u r e s  w a s  c l a s s i f i e d  

a s  t o x i n  p r o d u c e r s  a l t h o u g h  A. oryzae  a p p r o a c h e s  t h a t  d e n o t a 
t i o n .  A s  w a s  s h o w n  i n  t h e  r a t - f e e d i n g  s t u d i e s ,  t h e r e  w a s  n o  
a p p a r e n t  t o x i c i t y  o v e r  a  3 - w k  p e r i o d .
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FUNCTIONAL PROPERTY CHANGES RESULTING FROM 
FUNGAL FERMENTATION OF PEANUT FLOUR

INTRODUCTION

P R O T E I N S  are  s t r u c tu r a l  c o m p o n e n ts  w h ic h  p la y  a m a jo r  r o le  
in  th e  t e x t u r e  o f  fo o d s  th r o u g h  t h e i r  f u n c t io n a l  b e h a v io r  
(W u h rm a n n , 1 9 7 2 ) .  H o w e v e r , th e  s u i ta b il i t y  o f  p r o te in s  f o r  
s p e c if ic  u s e s , s u c h  as fo o d  in g r e d ie n ts  o r  a d d itiv e s , is  d if f ic u l t  
to  d e f in e  in  t e r m s  o f  s t r u c t u r e ,  c o m p o s i t io n  a n d  f u n c t io n a l  
p r o p e r t ie s  in  th e  s a m e  m a n n e r  t h a t  a m in o  a c id  c o n t e n t  is  r e la t 
ed t o  n u tr it iv e  v a lu e  ( S m it h  e t  a l . ,  1 9 5 9 ) .  D e s ir a b le  p h y s ic o 
c h e m ic a l  p r o p e r t ie s  a t t r ib u t e d  t o  p r o te in s  in  p r o d u c t  f o r m u la 
t io n  s y s te m s  w h ic h  c o n t a in  o t h e r  fo o d  c o m p o n e n ts ,  su c h  as 
fa ts  an d  c a r b o h y d r a te s , d e p e n d  in  p a r t  u p o n  th e  m o le c u la r  size  
an d  s t r u c tu r e  o f  t h e  p r o te in s . O rig in  a n d  p h y s ic a l  t r e a t m e n t  o f  
p r o te in s  a lso  g r e a t ly  e f f e c t  t h e i r  f u n c t io n a l i t y .

R e c e n t ly ,  a t r e m e n d o u s  a m o u n t  o f  r e s e a r c h  e f f o r t  h a s  b e e n  
m a d e  t o  d e v e lo p  n u t r i t io n a l ly  an d  f u n c t io n a l ly  a c c e p t a b le  p r o 
te in  s o u r c e s  f o r  u se  in  f o r t i f y in g  fo o d  p r o d u c ts . T h e  m o s t  
e x te n s iv e  e f f o r t s  h a v e  b e e n  m a d e  in  th e  a re a  o f  s o y b e a n -d e 
rived  p r o d u c ts .  T h e s e  p r o d u c ts  d o  n o t  a lw a y s  d is p la y  t h e  f u n c 
t io n a l i ty  re q u ir e d  b y  fo o d  an d  b e v e ra g e  m a n u fa c tu r e r s , s in c e  
f la v o r , v is c o s ity  a n d  s o lu b i l i ty  c h a r a c t e r i s t i c s  a re  r e s tr ic te d  to  
th o s e  in h e r e n t  in  th e  s o y b e a n  ( M a t t i l ,  1 9 7 3 ) .  O ilse e d  p r o d u c ts  
p r e s e n t ly  d e s c r ib e d  as h a v in g  th e  h ig h e s t  p o te n t ia l  as p o s s ib le  
a lte r n a t iv e  p r o te in  s o u r c e s  t o  s o y b e a n  p r o d u c ts  in c lu d e  p e a n u t  
f lo u r , d e g o s s y p o liz e d  c o t t o n s e e d  p r o t e in  c o n c e n t r a t e ,  g la n d 
less c o t t o n s e e d  f lo u r  an d  r a p e s e e d , s e s a m e  an d  s u n f lo w e r  
m e a ls  ( M a t t i l ,  1 9 7 3 ;  L in  e t  a l . ,  1 9 7 4 ) .

C o m m e r c ia l  u t i l iz a t io n  o f  fu n g a l e n z y m e s  f o r  te n d e r iz in g  
m e a t, p ro c e s s in g  f is h  an d  p r o d u c in g  b a k e r y  i te m s  su c h  as 
b re a d s , c r a c k e r s , su g a r w a fe r s , w a ff le s ,  p a n c a k e s  a n d  p iz z a  
d o u g h  is w e ll e s ta b lis h e d . I t  is  l ik e ly  t h a t  e n z y m e s  re le a s e d  b y  
fu n g i d u rin g  t h e ir  g ro w th  o n  a s u b s tr a te  su c h  as p e a n u t  f lo u r  
c o u ld  h a v e  p r o fo u n d  e f f e c t s  o n  th e  f u n c t io n a l  p r o p e r t ie s  o f  
t h a t  f lo u r . T o  te s t  th is  p o s s ib i l i ty ,  e a c h  o f  f iv e  fu n g i p r e s e n t ly  
u sed  in  t r a d it io n a l  o ils e e d  f e r m e n t a t io n  p r o c e s s e s  w e re  c u l
tu re d  o n  s o lv e n t  d e fa t te d  p e a n u t  f lo u r  ( S D P F )  f o r  4  d a y s . 
F u n c t io n a l  p r o p e r t ie s  o f  ly o p h il iz e d  fe r m e n ts  an d  n o n f e r m e n t-  
ed S D P F  ( c o n t r o l s )  w e re  c h a r a c te r iz e d  b y  n itr o g e n  s o lu b i l i ty , 
v is c o s ity , e m u ls ify in g  c a p a c i t y ,  w a te r  an d  o il  r e t e n t io n  an d  
e q u ilib r iu m  m o is tu r e  a d s o r p t io n  is o th e r m s .

EXPERIMENTAL

F e r m e n t a t i o n

S o lv e n t  d e f a t t e d  p e a n u t  f l o u r  ( G o ld  K is t ,  I n c . ,  G ra c e v il le ,  F la . )  w a s  
f e r m e n te d  w i th  A c t i n o m u c o r  e le g a n s  N R R L  3 1 0 4 ,  M u c o r  h ie m a lis  
N R R L  3 1 0 3 ,  R h iz o p u s  o lig o s p o r u s  N R R L  2 7 1 0 ,  A s p e r g i llu s  o r y z a e  
N R R L  1 9 8 8 ,  a n d  N e u r o s p o r a  s it o p h ila  N R R L  2 8 8 4  a c c o r d in g  to  t h e  
p ro c e d u r e s  d e s c r ib e d  in  a  r e l a t e d  r e p o r t  ( Q u in n  e t  a l . ,  1 9 7 5 ) .

T h e  e x p e r im e n ta l  d e s ig n  i n c lu d e d  s e v e n  s a m p le s .

C o n t r o l  1 S D P F  a s  i t  w a s  r e c e iv e d  f r o m  G o ld  K is t ,  In c .
C o n t r o l  2  S D P F  s u p p le m e n te d  w i th  0 .5 %  t a p io c a ,  2 .0 %  c i t r i c  a c id ,  

0 .8 %  N a C l a n d  w a te r ;  a u to c la v e d  15  m in  a t  1 2 1 ° C ,  im 
m e d ia t e l y  f r o z e n ,  l y o p h i l i z e d  a n d  p u lv e r iz e d .

F e r m e n t s  F iv e  ( o n e  e a c h  o f  f iv e  t e s t  c u l tu r e s ) ;  S D P F  s u p p le m e n te d  
w i t h  t a p io c a ,  c i t r i c  a c id ,  N a C l a n d  w a te r ;  a u to c l a v e d ,  in 
o c u la t e d  w i t h  t e s t  c u l tu r e  a n d  f e r m e n te d  a t  2 8 °  C  f o r  4  
d a y s ,  f r o z e n ,  l y o p h i l i z e d  a n d  p u lv e r iz e d .  E a c h  f e r m e n t  
c o n s i s te d  o f  a  c o m p o s i te  o f  4 8  s e p a r a te ly  f e r m e n te d  s a m 
p le s .

N i t r o g e n  s o lu b i l i t y  p ro f i le s

N i t r o g e n  s o lu b i l i t y  o f  c o n t r o l  a n d  f e r m e n te d  s a m p le s  w a s  d e t e r 
m in e d  o v e r  a  p H  r a n g e  o f  2 . 0 —1 1 .0  b y  a  m o d i f i c a t i o n  o f  a  p r o c e d u r e  
r e p o r t e d  b y  H a g e n m a ie r  ( 1 9 7 2 ) .  E a c h  s a m p le  w a s  a d d e d  t o  d i s t i l l e d  
w a te r  t o  m a k e  a  2 %  s u s p e n s io n  a n d  th e  d e s i r e d  p H  w a s  m a in t a in e d  b y  
th e  a d d i t i o n  o f  HC1 o r  N a O H  o v e r  a  4 5 - m in  p e r io d  o f  c o n s t a n t  a g i ta 
t io n .  T h e  s u s p e n s io n  w a s  t h e n  c e n t r i f u g e d  a t  1 0 ,0 0 0  x  G  f o r  1 0  m in  a t  
r o o m  t e m p e r a t u r e  a n d  s o lu b le  n i t r o g e n  in  t h e  s u p e r n a t e  w a s  d e t e r 
m in e d  u s in g  th e  K je ld a h l  p r o c e d u r e  (A O A C , 1 9 7 0 ) .  T h e  p e r c e n t a g e  o f  
s o lu b le  n i t r o g e n  in  e a c h  s a m p le  w a s  c a l c u l a t e d  a n d  p l o t t e d  a g a in s t  c o r 
r e s p o n d in g  p H  v a lu e s .

A p p a r e n t  v is c o s i t ie s

A  B r o o k f ie ld  (M o d e l  R V T )  v i s c o m e te r  e q u i p p e d  w i th  a  N o . 1 s p in 
d le  w a s  u s e d  to  m e a s u r e  t h e  a p p a r e n t  v is c o s i ty  o f  t h e  s o lu b le  f r a c t i o n  
o f  8 %  s a m p le  s u s p e n s io n s  ( w /v )  i n  w a t e r  a n d  in  4 %  N a C l a t  2 4 °  C . E a c h  
s u s p e n s io n  w a s  n i x e d  in  a  1 - l i te r  E r l e n m e y e r  f la s k  f o r  2  m in  a n d  th e  
p H  w a s  d e t e r m in e d .  T h e  s u s p e n s io n  w a s  b l e n d e d  in  a n  O m n i- m ix e r  a t  
s p e e d  e ig h t  f o r  2  m in  a n d  t h e n  a t  s p e e d  t e n  f o r  1 .5  m in  f o l lo w e d  b y  
c e n t r i f u g a t io n  a t  1 4 ,6 0 0  x  G  f o r  2 0  m in .  T h e  s u p e r n a t a n t  f lu id  w a s  
d e c a n te d  i n t o  a  5 0 0 - m l  b e a k e r  a n d  t h e  v i s c o s i ty  w a s  m e a s u r e d  a t  1 0 0  
r p m  a f t e r  3 0  s e c  r o t a t i o n .  A p p a r e n t  v i s c o s i ty  in  c e n t ip o i s e s  w a s  r e p o r t 
e d  a s  t h e  a v e ra g e  o f  f o u r  r e a d in g s .  A  s u b s a m p le  o f  t h e  s u p e r n a t a n t  f lu id  
w a s  a n a ly z e d  f o r  n i t r o g e n  b y  t h e  K je ld a h l  m e t h o d  a n d  s o lu b le  n i t r o g e n  
w a s  r e p o r t e d  a s  m g /m l .

E m u ls io n  c a p a c i t i e s

A  p r o c e d u r e  f o r  d e t e r m in in g  e m u ls io n  c a p a c i t i e s  w a s  a d a p t e d  f r o m  
th o s e  d e s c r ib e d  b y  C a r p e n t e r  a n d  S a f f le  ( 1 9 6 4 )  a n d  I n k la a r  a n d  F o r t u i n
( 1 9 6 9 ) .  E a c h  s a m p le  w a s  a d d e d  to  a  4 %  N a C l s o lu t io n  t o  a t t a i n  a n  8%  
s u s p e n s io n  a n d  b l e n d e d  in  a n  O s t e r iz e r  b l e n d e r  f o r  3 0  s e c  a t  lo w  s p e e d .  
(L o w  s p e e d  w a s  u s e d  t h r o u g h o u t  t h e  p r o c e d u r e . )  2 5  m l o f  G o ld  K is t  
R a v o  p e a n u t  o il  w e re  a d d e d  t o  t h e  s u s p e n s io n  a n d  t h e  m i x t u r e  w a s  
b l e n d e d  f o r  a n  a d d i t i o n a l  3 0  s e c .  A  p a r t i a l l y  c la m p e d  t u b in g  a l lo w e d  
r e s t r i c t e d  f lo w  o f  p e a n u t  o i l  f r o m  a  b u r e t  t o  a n  im p r o v is e d  g la ss  b l e n d e r  
j a r .  F lo w  o f  o il  w a s  s t o p p e d  w h e n  t h e  b r e a k p o i n t  ( e m u ls io n  c o a le s c e n c e  
b r e a k s  t o  l iq u id  s e p a r a t i o n  a n d  lo s e s  t h i c k  c o n s i s t e n c y )  o f  t h e  e m u ls io n  
w a s  s u b je c t iv e ly  v ie w e d  t h r o u g h  t h e  s id e  o f  t h e  j a r .  M il l i l i te r s  o f  o il  
e m u ls i f i e d  p e r  g  c r y  s a m p le  w e re  c a l c u la te d .

A f t e r  a n  id e n t i c a l  m ix in g  p r o c e d u r e  in v o lv in g  a n  8 %  s a m p le  s u s p e n 
s io n  in  4 %  N a C l,  t h e  s u s p e n s io n  w a s  c e n t r i f u g e d  a n d  t h e  s o lu b le  p r o t e in  
in  t h e  s u p e r n a t a n t  f lu id  w a s  m e a s u r e d  b y  t h e  L o w r y  e t  a l .  ( 1 9 5 1 )  
m e t h o d  p r io r  t o  t h e  a d d i t i o n  o f  o il.

M o is tu r e  a d s o r p t io n  i s o th e r m s

E q u i l i b r iu m  m o i s tu r e  c o n t e n t s  (E M C ) o f  c o n t r o l  a n d  f e r m e n te d  
s a m p le s  a t  v a r io u s  e q u i l i b r iu m  r e la t iv e  h u m id i t i e s  ( E R H )  w e re  d e t e r 
m in e d  a t  8 ,  2 1 ,  a n d  3 6 ° C  u s in g  a  m e t h o d  s im i la r  t o  t h a t  d e s c r ib e d  b y  
K i la r a  e t  a l .  ( 1 9 7 2 ) .  E R H  v a lu e s  o f  1 4 ,  3 3 ,  5 4 ,  7 5  a n d  9 7  ± 2 %  w e re  
m a in t a in e d  in  c lo s e d  d e s i c c a to r s  b y  u s in g  s a t u r a t e d  s o lu t io n s  o f  L iC l, 
M g C l2 , M g ( N 0 3 ) 2 , N a C l a n d  K 2 S 0 4 , r e s p e c t iv e ly ,  a s  d e s c r ib e d  b y  
R o c k l a n d  ( 1 9 6 0 ) .  2 g  o f  e a c h  s a m p le  w e r e  p la c e d  in  t a r e d  a lu m in u m  
c u p s ,  p la c e d  o n  a  s h e l f  a b o v e  th e  s a t u r a t e d  s a l t  s o lu t io n  in  t h e  d e s ic 
c a t o r ,  a n d  s to r e d  a t  a  c o n s t a n t  t e m p e r a t u r e .  S a m p le s  w e r e  w e ig h e d  
a f t e r  v a r io u s  e q u i l i b r a t i o n  t im e s  t o  d e t e r m i n e  t h e  l e n g th  o f  t i m e  n e c e s 
s a ry  t o  a t t a i n  e q u i l i b r iu m .  A  p e r io d  o f  11 d a y s  w a s  u s u a l ly  n e c e s s a ry  t o  
a c h ie v e  e q u i l i b r iu m .  T h e  p e r c e n t  E M C  [ (g  w a t e r  g a in e d /g  d r y  w t  s a m 
p le )  X  1 0 0 ]  w a s  p l o t t e d  a g a in s t  c o r r e s p o n d in g  E R H  t o  d e t e r m i n e  th e  
m o is tu r e  a d s o r p t i o n  i s o th e r m s .

W a te r  a n d  o i l  r e t e n t i o n

W a te r  a n d  o i l  r e t e n t i o n  w e r e  m e a s u r e d  b y  a  m o d i f i e d  m e th o d  o f  L in

1 P r e s e n t  a d d re s s :  D e p t ,  o f  N u t r i t i o n ,  R u tg e r s  U n iv e r s i ty ,  N e w  
B ru n s w ic k ,  N J  0 8 9 0 3

2 T o  w h o m  r e p r i n t  r e q u e s t s  s h o u ld  b e  a d d re s s e d
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e t  a l .  ( 1 9 7 4 ) .  A  1 0 %  s u s p e n s i o n  ( 2 - g  s a m p l e  i n  2 0  m l  d e i o n i z e d  w a t e r  o r  
2 0  m l  G o l d  K i s t  R a v o  p e a r . u t  o i l )  w a s  s t i r r e d  i n  a  c e n t r i f u g e  t u b e  u s in g  
a  g l a s s  r o d  f o r  2  m i n  a t  r o o m  t e m p e r a t u r e .  A f t e r  2 0  m i n  t h e  s u s p e n s i o n  
w a s  c e n t r i f u g e d  f o r  2 0  m i n  a t  4 3 4 0  X G  a t  r o o m  t e m p e r a t u r e .  T h e  
f r e e d  w a t e r  o r  o i l  w a s  d e c a n t e d  i n t o  a  g r a d u a t e d  c y l i n d e r  a n d  t h e  
v o l u m e  w a s  r e c o r d e d .  M i l l i l i t e r s  o f  w a t e r  o r  o i l  r e t a i n e d  p e r  g  s a m p l e  
w e r e  t h e n  c a l c u l a t e d .

S t a t i s t i c a l  a n a l y s e s

A l l  s t a t i s t i c a l  a n a l y s e s  o f  d a t a  i n  t h i s  p a p e r  a r e  a n a l y s i s  o f  v a r i a n c e .  
S i g n i f i c a n c e  i n  t h e  F - t e s t s  a r e  i n  t h e  9 5 %  c o n f i d e n c e  i n t e r v a l .  S a m p l e  
m e a n s  w e r e  c o m p a r e d  u s in g  D u n c a n ’s ( 1 9 5 5 )  n e w  m u l t i p l e  r a n g e  t e s t  a t  
t h e  5 %  l e v e l  o f  s i g n i f i c a n c e  (P  <  0 . 0 5 ) .

RESULTS & DISCUSSION

F e r m e n t a t i o n

T h e  c o n s i s t e n c y ,  h u e  a n d  a r o m a  o f  t h e  f e r m e n t e d  S D P F  

v a r i e d  a m o n g  t h e  f i v e  f u n g a l  s t r a i n s  e x a m i n e d .  M. hiem alis  
c h a n g e d  t h e  t h i c k ,  l u m p y  c h a r a c t e r i s t i c s  o f  t h e  s u b s t r a t e  t o  a  
t h i n ,  m o r e  u n i f o r m  c o n s i s t e n c y  w h i c h  r e n d e r e d  t h e  f e r m e n t  

e a s i l y  p o u r a b l e .  A  s w e e t ,  e t h a n o l - l i k e  a r o m a  w a s  n o t e d .  A. 
oryzae  f e r m e n t a t i o n  l e f t  t h e  s u b s t r a t e  a l m o s t  a s  l u m p y  a s  i t  

w a s  p r i o r  t o  i n o c u l a t i o n  a n d  a n  u n p l e a s a n t ,  s l i g h t l y  p u t r i d  
o d o r  w a s  d e t e c t e d .  N. s itoph ila  c h a n g e d  t h e  s u b s t r a t e  t o  a  
d a r k e r  s h a d e  o f  b r o w n  a s  c o m p a r e d  t o  t h e  c o n t r o l s  a n d  p r o 

d u c e d  a  f r a g r a n c e  r e m i n i s c e n t  o f  f r u i t y ,  s w e e t  e s t e r s  a n d  a c i d s .  
T h e  f e r m e n t e d  s u b s t r a t e  a l s o  a p p e a r e d  m o r e  h o m o g e n e o u s  a n d  
l i q u e f i e d  t h a n  t h e  c o n t r o l s .  A. elegans l i q u e f i e d  t h e  s u b s t r a t e  

a n d  p r o d u c e d  a n  e s t e r - l i k e  o d o r  s i m i l a r  t o  t h a t  o f  b a k e r ’s  
y e a s t ,  w h i l e  t h e  R. oligosporus  f e r m e n t  w a s  n o t  a s  l i q u e f i e d  a s  
A. elegans a n d  p r o d u c e d  a  p l e a s a n t  o d o r  s i m i l a r  t o  a p p l e  c i d e r  
o r  p i n e a p p l e  j u i c e .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  c o n s i s t e n c i e s  o f  
t h e s e  s e m i - s o l i d  f e r m e n t s  a r e  u n l i k e  t h a t  o f  o n t j o m ,  w h i c h  i s  a  

s o l i d - s t a t e  f e r m e n t a t i o n  p r o d u c t .

N i t r o g e n  s o l u b i l i t y

T h e  d a t a  o n  p e r c e n t  s o l u b l e  n i t r o g e n  i n  w a t e r  o v e r  a  r a n g e  
o f  p H  f o r  u n f e r m e n t e d  a n d  f e r m e n t e d  s a m p l e s  a r e  p r e s e n t e d  i n  
F i g u r e  1 . C o n t r o l  1 w a s  r e l a t i v e l y  i n s o l u b l e  . b e t w e e n  p H  3 . 5  
a n d  5 . 0 ,  w h i c h  e n c o m p a s s e s  t h e  i s o e l e c t r i c  p o i n t  o f  m o s t  p e a 
n u t  p r o t e i n s  a n d  c o i n c i d e s  w i t h  t h e  p r o t e i n  s o l u b i l i t y  c u r v e  
r e p o r t e d  b y  L a w h o n  e t  a l .  ( 1 9 7 2 )  a n d  A y r e s  e t  a l .  ( 1 9 7 4 ) .  
A p p a r e n t l y ,  a u t o c l a v i n g  h a d  a n  a d v e r s e  e f f e c t  o n  t h e  n i t r o g e n  
s o l u b i l i t y  o f  t h e  S D P F .  T h e  l o w  n i t r o g e n  s o l u b i l i t y  o f  C o n t r o l  
2  i s  u n d o u b t e d l y  d u e  t o  e x t r e m e  p r o t e i n  d e n a t u r a t i o n  a n d  

c o a g u l a t i o n  i n d u c e d  b y  t h e  h e a t  t r e a t m e n t .  E a c h  o f  t h e  f u n g i  
s t u d i e d  i n c r e a s e d  t h e  n i t r o g e n  s o l u b i l i t y  o f  t h e  s u b s t r a t e  o v e r  
n o n h e a t e d ,  n o n f e r m e n t e d  S D P F  ( C o n t r o l  1 )  i n  t h e  p H  r a n g e  

o f  a b o u t  3 . 0 —6 . 0 .  M. hiemalis, i n  p a r t i c u l a r ,  i n c r e a s e d  t h e  n i 
t r o g e n  s o l u b i l i t y  a t  p H  4 . 0 - 5 . 0  f r o m  l e s s  t h a n  5 %  i n  t h e  n o n 
h e a t e d  c o n t r o l  t o  a b o u t  3 4 %  i n  t h e  f e r m e n t .  T h e  i n c r e a s e d  
n i t r o g e n  s o l u b i l i t y  i n  t h i s  p H  r a n g e  is  d u e  t o  p r o t e i n  h y d r o l y s i s  

b y  f u n g a l  a c i d  p r o t e a s e s  t o  f o r m  p e p t i d e s  a n d  f r e e  a m i n o  
a c i d s .  I n  a  r e l a t e d  s t u d y  ( B e u c h a t  e t  a l . ,  1 9 7 5 )  i t  w a s  s h o w n  
t h a t  a s  h i g h  a s  1 2 . 7 %  o f  t h e  a m i n o  a c i d s  o f  p e a n u t s  f e r m e n t e d  
w i t h  A. elegans f o r  9 8  h r  w e r e  f r e e .  T h e  e x t e n t  o f  p r o t e i n  
s o l u b i l i t y ,  h o w e v e r ,  c o u l d  n o t  b e  d i r e c t l y  c o r r e l a t e d  t o  f r e e  
a m i n o  a c i d  l e v e l s .  D a t a  p r e s e n t e d  i n  t h i s  p a p e r  a n d  f r o m  p r e v i 
o u s  w o r k  s u g g e s t  t h e  p o s s i b i l i t y  o f  f o l l o w i n g  p e a n u t  p r o t e i n  

b r e a k d o w n  d u r i n g  f e r m e n t a t i o n  b y  u s i n g  c o l u m n  c h r o m a t o 
g r a p h i c  a n d  g e l  e l e c t r o p h o r e t i c  t e c h n i q u e s  t o  d e t e r m i n e  t h e  
r a t e s  a n d  e x t e n t s  o f  a r a c h i n  a n d  c o n a r a c h i n  h y d r o l y s i s .  F u r 
t h e r  s t u d i e s  c h a r a c t e r i z i n g  t h e  e f f e c t s  o f  e n z y m a t i c  h y d r o l y s i s  
o f  p e a n u t  p r o t e i n  o n  p r c t e i n  s o l u b i l i t y  a r e  w a r r a n t e d .

A p p a r e n t  v i s c o s i t i e s  a n d  e m u l s i o n  c a p a c i t i e s

D a t a  s h o w i n g  p r o t e i n  a n d  n i t r o g e n  s o l u b i l i t i e s ,  e m u l s i o n  
c a p a c i t i e s  a n d  a p p a r e n t  v i s c o s i t i e s  o f  c o n t r o l  a n d  f e r m e n t e d  
s a m p l e s  a r e  r e p o r t e d  i n  T a b l e  1 . I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  
t h e  L o w r y  m e t h o d  f o r  m e a s u r i n g  p r o t e i n  d e p e n d s  u p o n  t y r o 
s i n e  a n d  p h e n y l a l a n i n e  i n  a  d y e - b i n d i n g  r e a c t i o n .  I n  t h e s e  
s t u d i e s ,  t h e  p r o t e i n  s o l u b i l i t y  s h o u l d  b e  c a u t i o u s l y  e x a m i n e d

s i n c e  v a r y i n g  p e r c e n t a g e s  o f  t y r o s i n e  a n d  p h e n y l a l a n i n e  m a y  
b e  p r e s e n t  i n  t h e  s o l u b l e  p e p t i d e s  a n d  f r e e  a m i n o  a c i d s  o f  t h e  
f e r m e n t s .  T h e s e  p e r c e n t a g e s  m a y  b e  i n f l u e n c e d  b y  t h e  r a t i o  o f  
f u n g a l  v e r s u s  S D P F  p r o t e i n  p r e s e n t  i n  t h e  s o l u b l e  f r a c t i o n .  I t  

s h o u l d  a l s o  b e  n o t e d  t h a t  L o w r y  p r o t e i n  w a s  d e t e r m i n e d  f r o m  
a  s t a n d a r d  c u r v e  u s i n g  b o v i n e  s e r u m  a l b u m i n  a s  t h e  p r o t e i n  

s o u r c e .

Fig. 1-Nitrogen solubility of nonfermented and fermented peanut 
flour in water in the pH range 2.0—11.0.

Table 1—Protein and nitrogen so lub ility , emulsion capacity and 
apparent viscosity of nonfermented and fermented peanut flou r

Sample Solvent

Solub ility  (m g/m l)ADDarent

Kjeldahl Lowry viscosity 
pH nitrogen protein (cps)

Emulsion 
capacity 
(mg o il/g  
sample)

Control 1 h2o 6.28 1.64 12.8
NaCla 5.90 2.23 15.8 13.4 38.5

Control 2 H20 5.05 0.61 12.8
NaCI 5.00 1.02 6.3 13.6 0

A. elegans H20 5.50 2.38 12.6
NaCI 5.30 2.57 8.9 13.0 21.6

A. oryzae H20 5.30 1.62 12.4
NaCI 5.15 1.79 6.2 12.8 18.6

M. hiemalis H20 5.18 1.81 12.8
NaCI 5.01 2.00 15.3 13.3 26.7

N. sitophila h2o 5.70 2.02 13.0
NaCI 5.50 2.24 9.6 13.4 27.0

R. oligosporjs H20 5.30 1.58 12.0
NaCI 5.10 1.71 10.0 13.0 26.0

a 4% NaCI (w /’v)
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S i n c e  d i s p e r s i o n s  i n  4 %  N a C l  c o n s i s t e n t l y  e x h i b i t e d  h i g h e r  
a p p a r e n t  v i s c o s i t i e s ,  h i g h e r  n i t r o g e n  s o l u b i l i t i e s ,  a n d  m o r e  

a c i d i c  p H  t h a n  d i d  d i s p e r s i o n s  i n  w a t e r ,  i t  w a s  d e c i d e d  t o  
e x a m i n e  t h e  e m u l s i o n  c a p a c i t y  o f  e a c h  s a m p l e  u s i n g  4 %  N a C l  

a s  t h e  c o n t i n u o u s  p h a s e .  T h e  a u t o c l a v i n g  p r o c e d u r e  a d v e r s e l y  
a f f e c t e d  e m u l s i o n  c a p a c i t y ,  a s  w e l l  a s  p r o t e i n  a n d  n i t r o g e n  

s o l u b i l i t y .  T h i s  i s  p r o b a b l y  d u e  t o  h e a t  d e n a t u r a t i o n  o f  p r o t e i n  
a s  d e s c r i b e d  b y  W u  a n d  I n g l e t t  ( 1 9 7 4 ) .  M o i s t u r e  i n  p e a n u t s  

e x p o s e d  t o  t h e r m a l  t r e a t m e n t  a l s o  g r e a t l y  a f f e c t s  f u n c t i o n a l  
c h a r a c t e r i s t i c s  o f  p a s t e  p r e p a r e d  f r o m  t h e  p e a n u t s  ( M c W a t t e r s

EQUILIBRIUM RELATIVE HUMIDITY {%)

Fig. 2 —E q u il ib r iu m  m o is tu re  c o n te n t  o f  n o n fe rm e n te d  a n d  fe rm e n t

ed  p e a n u t f lo u r  o v e r a range o f  e q u il ib r iu m  re la tiv e  h u m id it ie s  o f  8, 

21 , a n d  3 6 °  C.

Table 2—Water and oil retention properties o f nonfermented and
fermented peanut flou r

Sample3

ml retained/g sample15

Water Peanut oil

Control 1 2.1a 1.5a
Control 2 3.5b 2.0b
A . elegans 3.1c 1.7c
A . o ryzae 3.4bc 2.2d
M. h ie m a lis 2.1a 1.8e
N. s ito p h ila 2.8d 1.9be
R. o lig o sp o ru s 2.2a 1.8e

a 10% dispersion
5 Values in a column followed by the same letter are not significant

ly d iffe rent at P ^  0.05.

a n d  H e a t o n ,  1 9 7 4 ) .  A c c o r d i n g  t o  C a r p e n t e r  a n d  S a f f l e  ( 1 9 6 4 ) ,  
t h e  s o l u b l e  p r o t e i n  f r a c t i o n  i s  t h e  f r a c t i o n  m o s t  r e s p o n s i b l e  f o r  

e m u l s i f y i n g  o i l ,  t h e  a m o u n t  a s  w e l l  a s  t h e  s o u r c e  o f  s o l u b l e  
p r o t e i n  h a v i n g  i m p o r t a n t  c o n s e q u e n c e s .  S i n c e  e m u l s i o n  s t u d i e s  
w e r e  p e r f o r m e d  u s i n g  p o r t i o n s  o f  t h e  e n t i r e  s u b s t r a t e  i n  s u s 
p e n s i o n  r a t h e r  t h a n  a  p r o t e i n  i s o l a t e ,  c a r b o h y d r a t e s  a n d  o t h e r  
s a m p l e  c o m p o n e n t s  u n d o u b t e d l y  a f f e c t e d  e m u l s i o n  c a p a c i t i e s .  

I n  g e n e r a l ,  f e r m e n t a t i o n  i n c r e a s e d  t h e  e m u l s i o n  c a p a c i t y ,  n i 
t r o g e n  s o l u b i l i t y  a n d  p r o t e i n  s o l u b i l i t y  o f  S D P F  o v e r  t h a t  o f  
C o n t r o l  2 .  H o w e v e r ,  t h e  e m u l s i o n  c a p a c i t y  o f  C o n t r o l  1 w a s  
n o t  c o m p l e t e l y  r e s t o r e d  d u r i n g  f e r m e n t a t i o n .

T h e  d e p e n d e n c e  o f  n i t r o g e n  s o l u b i l i t y  o n  p H  g e n e r a l l y  c o 
i n c i d e s  w i t h  t h e  n i t r o g e n  s o l u b i l i t y  p r o f i l e s  i n  w a t e r  a s  p r e v i 
o u s l y  d i s c u s s e d .

M o i s t u r e  a d s o r p t i o n  i s o t h e r m s

T h e  m o i s t u r e  a d s o r p t i o n  i s o t h e r m s  f o r  c o n t r o l  a n d  f e r m e n t 

e d  s a m p l e s  a t  8 ,  2 1 ,  a n d  3 6 ° C  a r e  p r e s e n t e d  i n  F i g u r e  2 .  S i n c e  
f u n g a l  g r o w t h  w a s  v i s u a l l y  a p p a r e n t  a t  3 6 ° C  a t  a n  E R H  o f  7 5 %  

o r  h i g h e r ,  s a m p l e s  m a y  n o t  h a v e  r e a c h e d  t r u e  e q u i l i b r i u m  
m o i s t u r e  c o n t e n t .  T h e  8  a n d  2 1 ° C  i s o t h e r m s  a r e  m o r e  r e p r e 
s e n t a t i v e  o f  m o i s t u r e  a d s o r p t i o n  c h a r a c t e r i s t i c s .  L i t t l e  d i f f e r 
e n c e  w a s  n o t e d  b e t w e e n  m o i s t u r e  c o n t e n t s  o f  s a m p l e s  e q u i l i 

b r a t e d  a t  r e l a t i v e  h u m i d i t i e s  r a n g i n g  f r o m  1 4 —7 5 % .  H o w e v e r ,  
m a r k e d  c h a n g e s  w e r e  n o t e d  a b o v e  7 5 %  E R H .  T h e  c o n t r o l  s a m 
p l e s  d i d  n o t  a b s o r b  a s  m u c h  m o i s t u r e  a t  h i g h  E R H  a s  d i d  t h e  

f e r m e n t s .  T h e s e  d i f f e r e n c e s  m a y  b e  d u e  t o  t h e  r a t i o  o f  e x 
p o s e d  h y d r o p h i l i c  t o  h y d r o p h o b i c  g r o u p s  r e s u l t i n g  f r o m  
f e r m e n t a t i o n .  A s  e x p e c t e d ,  t h e  e x t e n t  o f  m o i s t u r e  a d s o r p t i o n  
a p p e a r s  t o  b e  d i r e c t l y  r e l a t e d  t o  i n c r e a s e d  s a m p l e  t e m p e r a t u r e .  
A. oryzae  a n d  N. s itoph ila  f e r m e n t s  g e n e r a l l y  a d s o r b e d  m o r e  
m o i s t u r e ,  e s p e c i a l l y  a t  h i g h e r  E R H  a n d  t e m p e r a t u r e s .  T h i s  
m a y  r e f l e c t  m e r e  e x t e n s i v e  g r o w t h  o f  t h e  A s c o m y c e t e s .  H ig h  
m o i s t u r e  l e v e l s ,  a n d  c o r r e s p o n d i n g l y  h i g h  w a t e r  a c t i v i t i e s  ( a w ) ,  
a r e  k n o w n  t o  b e  r e q u i r e d  f o r  t h e  g r o w t h  o f  c e r t a i n  M u c o r a l e s  
( W a n g  e t  a l . ,  1 9 7 4 ) ,  i n c l u d i n g  A. elegarts, M. hiem alis  a n d  R. 
oligosporus.

W a t e r  a n d  o i l  r e t e n t i o n

D a t a  r e l a t i n g  c h a n g e s  i n  w a t e r  a n d  o i l  r e t e n t i o n  p r o p e r t i e s  
o f  S D P F  a s  a  r e s u l t  o f  f u n g a l  f e r m e n t a t i o n  a r e  s h o w n  i n  T a b l e

2 .  T h e  s a m p l e s  w e r e  c o n s i s t e n t l y  m o r e  h y d r o p h i l i c  t h a n  l i p o 
p h i l i c .  T h e  m e c h a n i s m  o f  w a t e r  a n d  o i l  r e t e n t i o n  m a y  b e  m o r e  
p h y s i c a l  t h a n  c h e m i c a l  a s  e v i d e n c e d  b y  t h e  a m o u n t s  o f  w a t e r  
a n d  o i l  r e t a i n e d  b y  t h e  a u t o c l a v e d  ( C o n t r o l  2 )  c o m p a r e d  t o  
t h e  n o n h e a t e d  S D P F  ( C o n t r o l  1 ) .  W u  a n d  I n g l e t t  ( 1 9 7 4 )  s u g 

g e s t e d  t h a t  a s  n i t r o g e n  s o l u b i l i t y  o f  s o y  f l o u r  d e c r e a s e s ,  w a t e r  
a b s o r p t i o n  f i r s t  i n c r e a s e s  a n d  t h e n  d e c r e a s e s  w i t h  f u r t h e r  d e 
c r e a s i n g  n i t r o g e n  s o l u b i l i t y .  A  s i m i l a r  r e l a t i o n s h i p  b e t w e e n  
n i t r o g e n  a n d  w a t e r  r e t e n t i o n  m a y  b e  e x e m p l i f i e d  i n  t h i s  s t u d y  

b y  t h e  l o w  n i t r o g e n  s o l u b i l i t y  o f  C o n t r o l  2  a n d  i t s  h i g h  w a t e r  

r e t e n t i o n  p r o p e r t y .
T h e o r e t i c a l l y ,  t h e  t e c h n i q u e  u s e d  t o  m e a s u r e  w a t e r  a n d  o i l  

r e t e n t i o n  i s  a  p h y s i c a l  m e t h o d ,  e m p l o y i n g  c e n t r i f u g a l  f o r c e  t o  
e x e r t  a  s q u e e z i n g  e f f e c t  o n  t h e  t e s t  s a m p l e .  H i g h l y  l i q u e f i e d  

f e r m e n t s  r e s u l t  f r o m  e n z y m a t i c  b r e a k d o w n  o f  p e a n u t  c e l l  
m e m b r a n e s ,  p r o t e i n s ,  c a r b o h y d r a t e s  a n d  l i p i d s ,  w h e r e a s  t h e  
s u b s t r a t e s  r e t a i n i n g  t h e i r  o r i g i n a l  c o n s i s t e n c y  m a y  a l s o  r e t a i n  
m o r e  o f  t h e i r  o r i g i n a l  s t r u c t u r a l  i n t e g r i t y .  F a i l u r e  o f  d e v e l o p 
i n g  h y p h a e  t o  f r a g m e n t  d u r i n g  f e r m e n t a t i o n  m i g h t  a l s o  c o n 
t r i b u t e  t o  l e s s  l i q u e f a c t i o n .  R e s u l t s  l i s t e d  i n  T a b l e  2  m a y  b e  
r e l a t e d  t o  o b s e r v a t i o n s  p e r t a i n i n g  t o  t h e  c o n s i s t e n c y  o f  s u b 
s t r a t e s  a f t e r  f e r m e n t a t i o n .  F o r  e x a m p l e ,  M. hiem alis  s t r o n g l y  
l i q u e f i e d  t h e  p e a n u t  s u b s t r a t e ,  w h i c h  r e s u l t e d  i n  v e r y  l o w  
w a t e r  a n d  o i l  r e t e n t i o n  v a l u e s ,  w h i l e  A. oryzae  f e r m e n t a t i o n  
l e f t  t h e  s u b s t r a t e  a s  t h i c k  a s  C o n t r o l  2 .  B o t h  t h e  A. oryzae  a n d  
C o n t r o l  2  s a m p l e s  h a v e  h i g h  w a t e r  a n d  o i l  r e t e n t i o n  v a l u e s .  
T h e  A. elegarts f e r m e n t ,  o n  t h e  o t h e r  h a n d ,  w a s  s o m e w h a t  
l i q u e f i e d  a n d  h a s  a  r e l a t i v e l y  h i g h  w a t e r  r e t e n t i o n  v a l u e  a c 
c o m p a n i e d  b y  a  r a t h e r  l o w  o i l  r e t e n t i o n  v a l u e .  T h e s e  o b s e r v a 
t i o n s  s u g g e s t  t h e  i m p l i c a t i o n  o f  p h y s i c a l  e n t r a p m e n t  o f  w a t e r
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a n d  o i l  i n  c o n t r i b u t i n g  t o  l i q u i d  r e t e n t i o n .  Q u a n t i t y  a n d  d i s 
t r i b u t i o n  o f  h y d r o p h i l i c  a n d  l i p o p h i l i c  g r o u p s  m a y  a l s o  b e  

r e f l e c t e d  i n  r e t e n t i o n  c h a r a c t e r i s t i c s .
W h e t h e r  t h e  d r i e d  f e r m e n t e d  p e a n u t  f l o u r  d e s c r i b e d  i n  t h i s  

s t u d y  h a s  p r a c t i c a l  a p p l i c a t i o n  i n  t h e  f o r m u l a t i o n  o f  p r o t e i n -  

f o r t i f i e d  f o o d s  a n d  b e v e r a g e s  r e m a i n s  t o  b e  d e m o n s t r a t e d .  A l 
t h o u g h  t h e  f e r m e n t s  w e r e  d e m o n s t r a t e d  t o  b e  n o n t o x i c  
( Q u i n n  e t  a h ,  1 9 7 5 ) ,  t h e r e  a r e  s p e c i a l  r e g u l a t o r y  p r o b l e m s  
a s s o c i a t e d  w i t h  t h e  i n c o r p o r a t i o n  o f  m i c r o b i a l l y - d e r i v e d  o r  

m o d i f i e d  i n g r e d i e n t s  i n t o  f o o d  p r o d u c t s .  F u r t h e r  s t u d i e s  a r e  
n e e d e d  t o  f u l l y  c h a r a c t e r i z e  a n d  d e s c r i b e  t h e  p o t e n t i a l l y  v a l u a 

b l e  f u n c t i o n a l  p r o p e r t i e s  a s s o c i a t e d  w i t h  f e r m e n t e d  p e a n u t  
f l o u r .
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COMPOSITIONAL DIFFERENCES IN WHEY SYSTEMS

INTRODUCTION

CONSIDERABLE ATTENTION is being paid to the utiliza
tion of cheese whey as a solution to the whey waste problem. 
Ultrafiltration and reverse osmosis membrane processing have 
been introduced to manufacture whey protein concentrates 
for use in food formulations but the processes have not yet 
achieved theoretical expectations. It appears that problems in 
stability of whey protein concentrates may, in part, be related 
to the distinctive but variable composition and properties of 
sweet and cottage cheese wheys. Results on the macro compo
sition of sweet and acid whey and whey products are available 
(Mavropoulou and Kosikowski, 1973a; Cerbulis et ah, 1972; 
Vaughn, 1970; Roeper, 1971; and Whey Products Institute, 
personal communication). However, a comprehensive compar
ative study of sweet and acid cheese wheys with control whey 
systems prepared from the same whole or skim milk has not 
been made. It is thought that minor changes in protein and 
nonprotein nitrogenous components (Mavropoulou and Kosi
kowski, 1973b) and multivalent minerals and citric acid of 
whey during cheese making might contribute to subsequent 
behavior during membrane processing and in final product 
stability.

Therefore, a study was initiated to evaluate compositional 
and whey protein property differences resulting from cheese 
making practices. Cheddar and cottage wheys and pH 4.6 
acidified wheys were prepared in our laboratory from the same 
whole or skim milk and compared for differences in nitrogen 
distribution, lactose, total and nondialyzable multivalent com
ponents (citric acid, calcium, magnesium and phosphorus), and 
whey protein properties.

Concurrently, commercial ultrafiltration and spray-dried 
processed sweet cheese whey protein concentrates were simi
larly analyzed and the data compared to those for the labora
tory prepared fresh Cheddar whey.

EXPERIMENTAL
CHEDDAR CHEESE whey was prepared by the standard 4.5 hr cheese 
manufacturing procedure and cottage cheese whey by the short-set 
process from pooled Grade A whole milk and skim milk, respectively. 
Control wheys were prepared from  the same pasteurized milk by acidi
fication to pH 4.6 with IN  HC1. All wheys were centrifuged at 1000 X 
G for 30 min and sediments were discarded. Supernatant samples were 
stored at 0 —5°C or frozen for future analysis. U ltrafiltration (UF) 
spray-dried processed sweet cheese whey protein concentrates were ob
tained from  a commercial source.

Standard AOAC procedures (1970) were used for determ ination of 
Kjeldahl nitrogen, moisture, ash and lactose (polarim etry). Lactose was 
also determined by the phenol-sulfuric acid m ethod (Dubois et al.,
1956). Lactic acid was measured by a m odification of the Ling proce
dure (Harper and Randolph, 1960). 12% trichloroacetic acid soluble 
nitrogen values for the whey systems were obtained by the m ethod of 
Rowland (1938). Mineral analyses were run for calcium and magnesium 
(Ntaillianas and W hitney, 1964) and phosphorus (Fiske and Subbarow, 
1925). Citric acid was measured by the m ethod o f Marier and Boulet
(1958). The FDNB m ethod of Booth (1971) was used for determining 
available lysine in the spray-dried UF sweet whey powders.

Alkaline urea starch gel electrophoresis (SGE) (Morr, 1971), alkaline 
disc polyacrylamide gel electrophoresis (PAGE) (Davis, 1964), and 
Sephadex G-100 filtration chrom atography (Morr and Josephson, 
1968) were used to  evaluate the whey systems for process induced 
whey protein changes.

Table 1—Composition of whey systems3

Cheddar
whey

Cottage
whey

pH 4.6 Whole 
milk whey

pH 4.6 Skim 
milk whey

Total solids (%) 6.5 5.2 6.4 5.7
Nondialyzable 0.54 0.56 0.58 0.54

pH 6.3 4.6 4.6 4.6
Ash (%) 0.57 0.46 0.65 0.60
Lactose13 (%) 4.9 4.3 5.0 5.0
Total nitrogen (mg/100ml) 

Range 116-146 82-105 129-137 109-119
Mean 132 96 133 115

12% TCA soluble 
Nitrogen (mg/100 ml) 

Range 29-30 23-29 19.5-20 22-25
Mean 29.7 26.3 19.8 23.3

12% TCA soluble 
nitrogen (% of Total N) 22.0 27.3 15.0 20.3

a Mean of duplicate determinations for three trials 
b Determined by polarimetry.
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RESULTS & DISCUSSION
Composition and properties of fresh Cheddar 
and cottage wheys and pH 4.6 acidified wheys

Compositional data for the experimental Cheddar and cot
tage cheese wheys and pH 4 . 6  acidified wheys prepared from 
the same whole milk or skim milk are presented in Tables 1 
and 2. Total solids, pH, ash, lactose and total nitrogen showed 
some variation between trials but results were within normally 
expected ranges for the respective wheys. Cheddar whey had 
the highest pH and solids, but was lowest in calcium, mag
nesium, phosphorus and ash. Cottage whey was lowest in total 
nitrogen, citrate and lactose, the reduction of the latter two 
components apparently resulting from starter activity. Both 
Cheddar and cottage wheys were higher in 12% TCA-soluble 
nitrogen than their comparable pH 4 . 6  wheys which is most 
likely the result of secondary rennin and microbial proteolysis. 
Residual proteolytic activity as measured by an agar-casein 
diffusion method was, in fact, detected in a concurrent study 
in Cheddar whey samples and to a lesser extent in cottage 
wheys. These results concur with a recent report (Mavro- 
poulou and Kosikowski, 1973b) of large but different concen
trations of free amino acids and soluble peptides in com
mercial sweet and acid whey powders. Dialysis of the wheys 
(Table 2) revealed differences in nondialyzable multivalent 
components. Cheddar whey was highest in nondialyzable cal
cium and lowest in nondialyzable phosphorus and citrate, al
though the differences from cottage whey were small. As ex
pected, the differences in total and nondialyzable multivalent 
minerals and citrate between the pH 4 . 6  whole milk and skim 
milk wheys were slight.

The above results indicate that cheese making processes had 
a significant and varied effect on increasing the amount of 
nonprotein nitrogen and changing the composition and bal
ance of multivalent minerals and citric acid in the whey sys
tems. These differences in the composition and balance of low

molecular weight components of Cheddar and cottage cheese 
wheys must certainly be considered as potential factors affect
ing the ultimate functional properties and stability of cheese 
wheys in general.

------ E lu t io n  V o lu m e  (m l)—

Fig. 1 —Sephadex G -100 e lu tio n  pa tte rns  o f  fresh Cheddar whey and  
p H  4 .6  w ha le  m ilk  whey prepared fro m  the same w ho le  m ilk  and  
cottage cheese whey and p H  4 .6  sk im  m ilk  whey p repared  fro m  the 
same sk im  m ilk . Id e n tific a tio n  o f  p a tte rn  peak com ponents: Peak 
1 —im m unog lobu lins , bovine serum a lbu m in  and residua l casein; 
Peak 2 —li-lac to g lobu lin ; Peak 3 -a - la c ta lb u m in ; and  Peak 4 —lo w  
m olecu la r w e igh t n itrogenous com ponents, lactose and  minerals.

Table 2—Multivalent component analyses of whey systems3

Component (mg/100 ml)
Cheddar

whey
Cottage
whey

pH 4.6 Whole 
milk whey

pH 4.6 Skim 
milk whey

Citric acid
Total

Range 150-165 130-135 158-175 155-195
Mean 157 133 166 169

Nondialyzable
Mean 4.6 5.0 5.0 5.0

Calcium
Total

Range 30-41 77-110 118-119 111-121
Mean 36 92 118.5 115

Nondialyzable
Mean 3.4 2.7 1.5 1.0

Magnesium
Total

Range 7.6—9.5 7.3-10.8 11.4-11.8 10.2-12.5Mean 8.3 8.5 11.6 11.3Nondialyzable13 — _
Phosphorus

Total
Range 42-59 68-86 90-96 52-94Mean 49 75 93 70Nondialyzable 5.5 6.2 8.0 8.0

3 Results from duplicate determinations for three trials 
b None detected.
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All wheys exhibited typical Sephadex G-100 gel filtration 
(Fig. 1, only one pattern shown) and alkaline gel electro
phoresis (Fig. 2) patterns for undenatured whey proteins ex
cept that Cheddar wheys showed a slightly larger void volume 
peak (Fig. 1). Most likely, the larger peak size was the result of 
a larger amount of residual casein rather than denatured whey 
protein. It would appear that cheese making causes no gross 
changes in the native whey proteins.
Composition and properties of commercial UF spray-dried 
sweet whey protein concentrates

The composition of five lots of UF-processed spray-dried 
sweet whey powders are shown in Table 3. The results agree, 
generally, with those of Morr et al. (1973). With the exception 
of lactose and lactic content, the values for the other compo
nents were relatively similar for the five lots. The differences 
which did exist appeared to be within the limits which can be 
expected as a result of variations in milk composition, cheese 
making procedures, and whey processing treatment.

With respect to lactose content, this is frequently deter
mined for commercial whey powders by difference calcula
tions or analysis using the Dubois or polarimetry methods. The 
results in Table 3 show that lactose values differed considera
bly between lots of whey powders and methods of lactose 
estimation. In our study, the lactose contents as determined 
by the Dubois method ranged from 9.3—28.7% and by polar
imetry from 6.6—21.4%. Morr et al. (1973) using the Dubois 
method found lactose contents in three samples of UF-treated 
whey powders ranging from 15.5—40.2%.

One reason for the apparent discrepancy between methods 
of lactose estimation in the whey powders may have been the 
lactic acid content (Table 3). A wide range of lactic acid values 
was obtained, with lot A having the highest (8.1%) and lot B 
the lowest (0.8%). Lactic acid from lactose fermentation can 
be optically active or inactive depending upon the relative 
proportion of dextrarotatory and levarotatory forms produced 
by lactic acid bacteria (Foster et al., 1957). The identity of the 
starter culture used in the production of these UF-processed 
sweet whey systems is unknown, so it is not possible to predict 
the relative concentration of optical form(s) present. However, 
no matter which form of lactic acid was in the whey systems 
or the relative concentration of the two, unless equal, the 
presence of lactic acid would lower polarimetry readings as the 
respective specific optical rotations of the two forms are:

D(—) lactic acid = [a] = — 2.6° (H2 O)

and

U »  lactic acid = [a] = + 2.6° (H2 O)

as compared to [a] p* = + 52.3° (H2 O) for mutarotated a- and 
(3-D lactose. This could explain the low polarimetrie lactose 
values for lots A and C but not those values for lots D and E 
which were slightly higher than the calculated difference val
ues. Neither, would it explain the low polarimetrie lactose 
value for lot B which had the lowest lactic acid content among 
the lots tested.

origin-'

I g — ^

BSA-«m
a -L a -j

i»
I t
W
.

§
Fresh
Whey

A B C D
UF Samples

S G E

origin-
(- )

i g —
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/H_gr: K

a-La-

Fresh ^  B O-La BSA A B C  
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UF  Samples

Fig. 2—A lka line  disc p o lya cry lam id e  gel e lectrophoresis (PAGE) and a lka line  urea starch gel e lectrophoresis (SGE) pa tte rns  o f  fresh Cheddar whey 
selected whey p ro te in  standards (SGE pa tte rn  o n ly ) and selected lo ts  o f  U F  spray-dried sweet whey powders. Whey p ro te in  id e n tific a tio n : fi-Lg  
(p -lac tog lobu lin ) ; a-La (oc-lactalbumin); BSA (bovine serum a lb u m in ); and  Ig (im m unog lobu lins).
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Table 3—Composition of UF sweet whey powders3

Lot identification

Analyses A B C D E Mean

Moisture (%) 5.5 5.5 5.5 5.1 5.5 5.4
Crude protein (%)

(% total N X 6.38) 61.9 65.4 61.4 58.5 59.7 61.4
Lactose (%) 

(Polarimetry) 7.2 6.6 10.9 21.4 20.5 13.3
(Dubois) (9.3) (13.3) (18.0) (28.7) (23.3) (18.7)
(By difference)1* (10.6) (15.9) (14.7) (19.3) (19.2) (15.9)

Lactic acid (%) 8.1 0.8 3.9 3.0 1.9 3.5
Fat (%) 7.9 7.8 9.0 8.7 7.7 8.2
Ash (%) 4.7 3.3 3.6 3.4 4.5 3.9
Citric acid (%) 1.25 1.31 1.88 1.95 1.50 1.58
Calcium (%) 1.60 0.74 0.69 0.61 1.11 0.95
Magnesium (%) 0.08 0.08 0.08 0.09 0.08 0.08
Phosphorus (%) 0.44 0.42 0.25 0.44 0.41 0.39
Available lysine 

(g/10Og protein)0 7.1 8.0 8.1 7.5 7.7 7.7

3 Mean of duplicate determinations
b Computed by subtracting values for moisture, protein, fat, ash, lactic acid and citric acid from 100 
c Single determinations for F DNB method of Booth (1971) using 1.05asthe correction factor

Lactic acid would also be expected to increase lactose val
ues by Dubois, although its relative reactivity with phenol-sul
furic acid has not been reported (Dubois et al., 1956). The 
contribution of lactic acid, however, is hard to explain given, 
for example, the high lactic acid (8.1%) and low Dubois (9.3%) 
values for lot A and the lower lactic acid (3.0%) yet very high 
Dubois (28.7%) values for lot D. The fact that lactose values 
by Dubois were consistently higher than by polarimetry may 
be attributed to the reactivity of lactic acid with phenol-sulfur
ic acid and the negative effect of optically active lactic acid on 
polarimetry. Furthermore, the possibility of increased Dubois 
values as a result of the presence of glycoproteins in the whey 
powders should not be overlooked.

Another possible cause for differences in lactose values 
could have been from excessive heat treatment during process
ing of these lots and the occurrence of Maillard reactions. To 
establish this possibility the available lysine content of the five 
lots of whey powder was determined (Table 3). The range in 
lysine content was from 7.1 —8. lg/1 OOg protein with lot A 
having the lowest content and lots B and C the highest. This 
would indicate that the Maillard reaction may or may not have 
occurred to a varying degree in the whey powders and may or 
may not have had an effect on lactose determinations. Lysine 
values for whey prior to heat processing would need to be 
established to provide conclusive evidence. In either case, it 
would appear that the reasons for the low lactose values of lot 
B are still unknown. Other process induced physical/chemical 
alterations of lactose may occur during whey treatment which 
influence its analytical determination. The elucidation of this 
question would appear important for the determination of the 
true composition and functional properties of UF-processed 
whey powders.

A comparison was made of the average composition of the 
UF sweet whey powders to that of fresh Cheddar whey on an 
equivalent solids basis (Table 4). The results reveal important 
changes in whey as a result of membrane processing. The UF 
product is considerably higher in protein but lower in all low 
molecular weight components with the exception of calcium. 
The higher calcium content could be indicative of the calcium 
ion binding capacity of the higher protein levels in the UF 
product. These changes in composition of sweet cheese whey

as a result of ultrafiltration most likely contribute significantly 
to the stability and functional properties of the UF processed 
whey systems.

Alkaline polyacrylamide gel electrophoretic patterns (Fig. 
2) and Sephadex G-100 gel filtration patterns (Fig. 3) of the 
UF powders showed significant changes in whey proteins. 
(3-lactoglobulin and a-lactalbumin electrophoretic bands were 
diffuse and smeared and considerable protein remained in the 
sample gel (PAGE pattern, Fig. 2). These observations are evi
dence of protein dénaturation and aggregation. The electro
phoretic bands for UF samples in the presence of urea (SGE 
pattern, Fig. 2) were also smeared in comparison to the dis
tinct bands for whey protein standards, indicating that the 
protein changes observed are not similar to those caused by 
urea dénaturation of the whey proteins. The G-100 patterns 
(Fig. 3) showed larger void volume peaks (Peak 1), which are 
indicative of whey protein aggregation, and smaller nonprotein 
nitrogen peaks (Peak 4) as a result of removal by the UF

Table 4—Comparison of fresh Cheddar whey and UF whey 
powder compositions

Cheddar whey 
(Avg 3 trials)

UF whey powder3 
(Avg 5 lots)

Total solids (%) 6.5 6.5
Ash (%) 0.57 0.25
Calcium1* 35.9 44.4
Magnesium1* 8.3 5.2
Phosphorus1* 49.3 28.0
Citric acid1* 157.0 102.7
Lactose (%) 4.85 (0.43—1.4)
Total Nb 132.0 629.0
12% TCA soluble1* 29.7 41.5
12% TCA soluble (%) 22.0 6.8

3 Data on 6.5% solids basis tor comparison to Cheddar whey 
b Units are reported as mg/100 ml (Cheddar whey) or mg/6.5% solids 

(UF whey powder)
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— E l u t io n  V o l u m e  (m l)------
Fig. 3 —Sephadex G -100 e lu tio n  pa tte rns  o f  U F  spray-dried  sweet 
w hey pow ders (lo ts A , B, D  and E) and fresh C heddar whey.

process. Changes in Peak 4 could also reflect loss of small 
proteose peptone (Kolar and Brunner, 1970) components 5 
(molecular weight «  14,300) and 8 (molecular weights ^  
4,100 and 9,900) although this is yet to be proved. Reichert et 
al. (1974) have also observed a high degree of whey protein 
dénaturation (44.2% of total protein) in ultrafiltration whey 
protein concentrates on the basis of solubility differences at 
pH 4.6. Their urea SGE patterns were somewhat different than 
those for the UF products studied here (Fig. 2) in that two 
additional atypical unidentified protein zones were also found.

However, both studies confirm that there have been significant 
changes in the physical/chemical properties of native whey 
proteins as a result of UF and spray-drying processes.
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FORMATION OF N-NITROSOPYRROLIDINE FROM PROLINE AND COLLAGEN

INTRODUCTION
TRACE AMOUNTS of dimethylnitrosamine (DMN) have been 
demonstrated in certain types of cured meat products (Crosby 
et al., 1972; Fazio et al., 1971; and Panalaks et al., 1973). 
Recently, much attention has focused on the presence of N- 
nitrosopyrrolidine (N-Pyr) and its potential precursors in raw 
and cooked bacon. Fazio et al. (1973) found N-Pyr in pan 
fried bacon but not in raw bacon. They isolated 10—108 ppb 
of N-Pyr on cooking eight commercial brands of bacon and 
confirmed its presence by mass spectrometry. These results 
confirm the findings of Crosby et al. (1972) who showed that 
conventional cooking of Danish bacon produced levels of 
N-Pyr as high as 16—40 ppb.

Herring (1973) investigated the effects of level of sodium 
nitrite and cooking method on the formation of N-Pyr in 
bacon. The concentration of the N-nitrosamine increased with 
increasing nitrite levels. Pan-fried samples had the most and 
microwave-cooked samples the least N-Pyr. All uncooked sam
ples contained no N-Pyr. The variation in the amounts of 
N-Pyr formed in bacon by the different cooking procedures 
was also demonstrated by Pensabene et al. (1974). They con
cluded that N-Pyr formation in bacon is primarily dependent 
on frying temperature. A model system study of the decar
boxylation of N-nitrosoproline showed this precursor was 
maximally converted to N-Pyr at 185°C, near the recom
mended temperature for frying. Sen et al. (1973), using a 
specific thin-layer chromatographic technique, analyzed for 
N-nitrosamine content in 16 samples of bacon (fried and un
fried), five samples of baby foods containing bacon as one of 
the ingredients and six other meat products. Eight samples 
gave a positive test for either DMN or N-Pyr. Raw bacon did 
not contain N-Pyr.

At present there is considerable doubt as to the actual 
mode of N-pyr formation in cooked bacon. Lijinsky and 
Epstein (1970) have proposed that it may arise either through 
the formation of N-ni:rosoproline from proline and sodium 
nitrite with subsequent decarboxylation to N-Pyr or by direct 
interaction of pyrrolidine which arises from proline or putres- 
cine and nitrite. Using a heating system simulating the physical 
conditions present in a system such as bacon being fried at a 
pan temperature of 170°C, Bills et al. (1973) were able to 
produce N-Pyr from N-nitrosoproline, pyrrolidine, spermidine, 
proline and putrescine in yields of 2.6, 1.0, 1.0, 0.4 and 0.04% 
theoretical, respectively. The formation of N-Pyr from sper
midine and sodium nitrite was also demonstrated by Ferguson 
etal. (1973).

Ender and Ceh (1971) showed that N-Pyr could be pro
duced in a rice starch medium containing proline and sodium 
nitrite. Production increased from 3.47 mg at 130°C to 72.5 
mg N-Pyr/g proline at 170°C. Dry samples of L-glycyl L-pro- 
line, L-prolyglycine and pyrrolidine also produced N-Pyr when 
heated with sodium nitrite at 170°C for 2 hr (Huxel et al.,
1973). These authors also examined the formation of N-Pyr 
from collagen heated with sodium nitrite in buffered solution 
at pH 4.6, 6.2 and 9.0 and dried at temperatures ranging from 
120-195°C.

Proline is a natural component of many foods and is espe
cially abundant in connective tissue. This present study was

undertaken to ascertain whether N-Pyr could be produced 
from these precursors in the presence of nitrite and under 
simulated conditions of pan-frying bacon. Potential precursors 
investigated included proline, commercial collagen and connec
tive tissue isolated from cured, smoked ham.

EXPERIMENTAL
Production o f N-Pyr from proline and sodium nitrite 
in a low m oisture carboxym ethylcellulose (CMC) system

A system containing 8.7 mM proline, 26.1 mM N aN 0 2, lOg CMC 
7LF (Hercules, Inc.) and 250 ml biphthalate buffer (pH 4.0) was pre
pared as described previously (Gray and Dugan, 1974). The m ixture 
was freeze dried for 24 hr in a Virtis RePP Model No. 42 sublim ator at 
a pressure o f 5m  and a platen tem perature o f  24°C. Residual m oisture 
content was approxim ately 3%. The dried system was m acerated to a 
fine powder and doubly wrapped in aluminum foil before heating in an 
oven at the required tem perature for 2 hr. Tem peratures o f  80, 100, 
120, 140, 163, 180 and 200°C were investigated.
Production of N-Pyr from collagen

The production of N-Pyr from collagen (Nutritional Biochemical 
Corp.) was investigated in three systems:
(1) A dry system containing collagen (lg ), N aN 02 (2g), CMC 7LF 

(lOg) and biphthalate buffer (250 ml, pH 4.0) was treated in a 
manner similar to that described above for proline.

(2) Collagen (lg ) was hydrolyzed 24 hr at 105°C by refluxing with 6M 
HC1. On cooling, the pH was adjusted to 4.0 with NaOH so th a t 
the final volume was 250 ml. CMC 7LF (lOg) and N aN 0 2 (2g) 
were added to the hydrolysate which was then freeze dried as 
before. Only a tem perature o f 160°C was used in this study.

(3) A system, similar to  that o f Bills et al. (1973), was used to simulate 
the heating stresses undergone by bacon during pan-frying. Mazola 
corn oil (90g), collagen (0.3g), N aN 02 (0.3g), w ater (1 ml) and a 
boiling chip were introduced into a two-necked, 500 ml round- 
bo ttom  flask fitted with a reflux condenser and therm om eter. The 
flask was heated in a bath o f silicone oil on a h o t plate. The 
contents o f the flask were brought to the required tem perature in 
about 10 min and held at this tem perature for an additional 10 
min. Tem peratures o f 120, 140, 160 and 178°C were investigated. 
The effect o f adding 0, 5 and 10 ml o f water to  the oil was also 
investigated.

Production of N-Pyr from connective tissue 
of cured, smoked ham

The connective tissue used was from epimysium located on the 
biceps femoris. This was combined with the tendon from the femur- 
ischium jo in t. The wet tissue (6g), dissected free from adhering fat and 
muscle was frozen in liquid nitrogen and quickly ground to a fine 
powder. One 2-g sample was heated for 10 min at 175°C in the oil- 
water system, a warm-up time of 10 min being used. Another 2-g sam
ple was treated in a similar manner except th a t 0.5g N aN 02 was added. 
The last 2-g sample was added to 350 ml 3M NaOH and distilled under 
vacuum.
Distillation and extraction

At the completion of the reaction periods, the products were dis
tilled under reduced pressure (13 mm Hg, 35°C) after the addition of 
350 ml 3M NaOH. The receiver flask was cooled in a water-alcohol/dry 
ice mixture at -8 ° C  until 250 ml distillate was collected. This was 
extracted with 3 x  100 ml aliquots of redistilled dichlorom ethane after 
the addition of K2C 0 3 (lOg). The extract was dried over anhydrous 
Na2S 0 4 and concentrated to  a volume of 2.5 ml in a Kuderna-Danish 
apparatus equipped with a Snyder column. Hexane (1 ml) was added
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and the extract was further concentrated under a stream of nitrogen to 
a volume o f 1 ml (for the proline study) and 0.2 mi (for the collagen 
study).
Isolation of N-Pyr (collagen study)

The dichlorom ethane extract was streaked on a 20 x  20 cm silica 
gel G (Woelm) thin layer chromatographic plate ( 5 0 0 m  layer) and de
veloped in a solvent system containing hexane, diethyl ether and dichlo
rom ethane (4 :3:2). The band containing N-Pyr was m onitored by spot
ting 5 Mg of standard N-Pyr at the edge of the plate and developing 
simultaneously with the band. The band having the same Rp value as 
standard N-Pyr was removed from the plate. The N-nitrosamine was 
removed from the silica gel by steam distillation (Eisenbrand et al.,
1970) and extraction o f the distillate (75 ml) w ith 2 x  50 ml aliquots 
of dichlorom ethane.
Quantitation of N-Pyr produced from collagen

0.1, 0.5 and 1.0 mg aliquots o f N-Pyr were subjected to the same 
experimental procedures as the collagen extracts to determine the per
centage losses. Losses can occur during vacuum distillation, extraction, 
concentration and by incom plete removal from silica gel.
Gas chromatographic analysis

A Beckman GC-5 dual column gas chromatograph equipped with 
flame ionization detectors and a stainless steel column (6 ft x  1/8 in. 
o.d.) packed w ith 3% OV 210 on 1 0 0 -1 2 0  mesh Supeicoport was used 
for analysis. The chromatograph was operated isothermally at 110°C 
with gas flows of 25.6, 18.0 and 300 m l/m in for nitrogen, hydrogen 
and compressed air, respectively. Tem peratures o f the detector and 
injection port were 240 and 185°C respectively.
Gas chromatography-mass spectrometry

Mass spectra were obtained using a combined GLC-mass spectrom e
ter LKB 9000 equipped with a glass column (6 ft x  1/8 in. o.d.) o f 3% 
OV 210, with an ionizing electron energy of 70 eV; the flash heater was 
set 20° above the GLC column tem perature (110°C), molecular separa
tor a t 230°C and the ion source at 290°C. The spectra were reported as 
bar graphs by means of an on-line data acquisition and processing pro
gram (Sweeley et al., 1970).

RESULTS & DISCUSSION

RECENT REPORTS have implicated proline in the formation 
of N-Pyr in bacon and other fried foods (Bills et al., 1973; 
Huxel et al., 1973; and Pensabene et al., 1974). This may be a 
serious problem since proline is a natural component of many 
foods. Schweigert and Payne (1956) showed that proline con
stitutes 4.6% of the crude protein in pork. The amino acid 
composition of connective tissue protein is markedly different 
from that of muscle and organ meats in that it contains rela
tively large amounts of proline and hydroxyproline. Crevasse 
et al. (1969) reported values of 15.04 and 13.10% for proline 
and hydroxyproline in acid soluble collagen from the epimy- 
sium of normal pork muscle. Values of 12.55 and 14.3% for 
proline and hydroxyproline were recorded by Crevasse (1967) 
in acid soluble pig skin tropocollagen.

The formation of N-nitrosamines in low moisture CMC 
systems containing secondary amines and sodium nitrite has 
been recently demonstrated by Gray and Dugan (1974). Incor
poration of proline as the nitrosatable amino source into a 
similar system and heating at elevated temperatures for 2  hr in 
the presence of sodium nitrite yielded N-Pyr (Fig. 1). Little or 
no N-Pyr was formed at 80°C and maximum production 
occurred at 180°C. This is in agreement with the data of 
Pensabene et al. (1974) which showed that the decarboxyla
tion of N-nitrosoproline in silicone oil was maximal at 185°C. 
It is very probable, however, that the observed decrease in 
N-Pyr formation at temperatures above 185°C is due to its 
expulsion from the systems. Since the boiling point of N-Pyr is 
214°C, it would be expected that some volatilization of the 
N-Pyr produced would occur around 200°C. Because of the 
potentially hazardous nature of this compound, the heating 
oven was enclosed in a well ventilated fume cupboard and 
rubber gloves were worn at all times when working with these 
substances.

The percentage conversion of proline to N-Pyr in the low 
moisture CMC system at 180°C was 6.5% of the theoretical 
value. Incorporation of ascorbic acid, sodium bisulfite and 
tannic acid into the system prior to freeze drying almost com
pletely (99%) inhibited the formation of the N-nitrosamine 
(Gray and Dugan, unpublished data). When 4-hydroxy-L- 
proline was used in the system, no 4-hydroxy-N-nitrosopyrroli- 
dine was separated or detected under the gas chromatographic 
conditions employed.

A similar treatment of collagen in the low moisture CMC 
system failed to produce N-Pyr in the temperature range 
80-180°C. At 200°C, a yield of 0.009 mg N-Pyr/g collagen 
was recorded. This substantiates the findings of Huxel et al.
(1973) who showed that dry collagen samples produced N-Pyr 
at 195°C, but not at 120, 145 and 170°C although Huxel et al. 
did report that collagen heated with sodium nitrite in buffered 
solution at pH 6.2 produced N-Pyr at temperatures of 120°C 
and above.

Hydrolysis of collagen in 6 M HC1 for 24 hr at 105°C pro
duced sufficient proline to react with nitrite and produce 0.17 
mg N-Pyr at 160°C. Crevasse et al. (1969) showed that chymo- 
trypsin and elastase treatment caused significant changes in the 
protein subunits of calf skin tropocollagen, whereas, a pepsin- 
treated sample showed little or no change from the control 
sample. However, it is very unlikely that any substantial 
hydrolysis of collagen will occur in the mildly acidic condi-

F i g .  1 — P r o d u c t i o n  o f  N - n i t r o s o p y r r o l i d i n e  f r o m  p r o l i n e  a n d  N a N O 2 

i n  a  l o w  m o i s t u r e  C M C  s y s t e m .

Table 1-Production of N-nitrosopyrrolidine from collagen and
NaNQ2 in an oil-water system

Temp of 
frying system 

(CC)
mg N-Pyr produced 

/0.3g collagen3

120 0.010
140 0.020
160 0.040
178 0.068

a Average of th-ee determinations of three samples each
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tions of the stomach, even in the presence of pepsin. This 
indicates the improbability of N-Pyr formation in the stomach 
from ingested collagen.

Collagen when heated with nitrite in an oil-water system 
simulating conditions encountered in pan-frying bacon, pro-

m/e

F i g .  2 — M a s s  s p e c t r a  o f  N - n i t r o s o p y r r o l i d i n e :  ( A )  S t a n d a r d  N - P y r  

( A l d r i c h  C h e m i c a l  C o . ) ;  ( B )  N - P y r  i s o l a t e d  f r o m  c o l l a g e n  s a m p l e  

h e a t e d  i n  t h e  o i l - w a t e r  s y s t e m .

Table 2—Production of N-nitrosopyrrolidine from connective 
tissue of a cured ham and with/without added nitrite at 175°C

Sample no. Treatment
Nitrite added

(g> mg N-Pyra

1 175°C for 10 min 0 0.001b
2 1 75°C for 10 min 0.5 0.015C
3 none 0 N.D.d

a Average of three samples 
b Tentatively identified by GLC (2 columns) 
c Confirmed by mass spectrometry 
b N.D. —none detected

Table 3—Effect of water in the oil-water system on N-nitroso- 
pyrrolidine formation from collagen

ml H20
in system

Max. temp 
obtained °C mg N-Pyr /0.3g collagen“

0 2 0 0 0.021
5 1 2 2 0.030

1 0 116 0.033
a Average from three samples

duced varying amounts of N-Pyr. Table 1 shows that N-Pyr 
formation depends on the temperature of the heating system. 
This temperature dependence was also indicated by Pensabene 
et al. (1974) who found that frying bacon at 99°C for 105 min 
produced no N-Pyr, while 6  min at 176.7°C produced 10 ppb 
N-Pyr. The identity of the N-Pyr produced from collagen was 
confirmed by TLC analysis (Griess and ninhydrin tests, Sen et 
al., 1969), GLC retention time and by GLC-mass spectrome
try. The fragmentation patterns of the isolated N-Pyr and the 
authentic N-Pyr standard are very similar (Fig. 2) and both 
show very strong peaks at m/e 100 (M+).

Connective tissue from a smoked cured ham was also ana
lyzed as a potential precursor of N-Pyr. The pumping brine 
used in the curing process contained salt (6.67 lb), sugar (3.33 
lb), NaN02 (12.5g), sodium ascorbate (37g) and water (44.25 
lb). The ham was pumped to give a 10% increase in weight, 
then immersed in a cover brine of the same composition for 1 2  

days. The ham was soaked for 3 hr in cold tap water, held 
overnight, and smoked to an internal temperature of 61°C. 
The cured ham had a residual nitrite content of 190 ppm. The 
connective tissue, dissected free from adhering fat and muscle 
also gave a positive color reaction with Griess reagent, indi
cating the presence of nitrite. This tissue was treated at 175°C 
in a manner similar to that for the commercial collagen. As 
expected, treatment with added nitrite resulted in a substantial 
increase in N-Pyr produced (Table 2). The dichloromethane 
extract of the sample which was heated without added nitrite 
was analyzed only by GLC using two columns (OV-210 and 
Carbowax 20M). The suspected compound only can be called 
“apparent” N-Pyr since confirmation by mass spectrometry 
was not achieved. A similar sample of the connective tissue 
was not heated in the oil-water system and no trace of N-Pyr 
was observed under the GLC conditions employed in the 
study. This is in agreement with reports that N-Pyr has been 
found in cooked but not in raw bacon (Fazio et al., 1973).

The effect of water on N-Pyr formation from collagen and 
nitrite was not very conclusive. Table 3 indicates that the pres
ence of water in the system increased the amount of N-Pyr 
produced. The added water had a very noticeable effect on the 
final temperature reached in the system. Heating for 20 min in 
a silicone oil bath at 210°C produced temperatures of 124°C 
in the sample containing 5 ml of water and 115°C in the 
sample containing 10 ml of water. It appears that the presence 
of water in the system increases the degree of hydrolysis of 
collagen and consequently the amount of available proline in 
spite of the lowering of the temperature. It could be specu
lated that phosphate treated bacon (to hold more water in the 
system) might be a greater source of N-Pyr than bacon not so 
prepared.

To show that hydrolysis of collagen and nitrosation of the 
released proline did not occur during vacuum distillation from 
an alkaline medium, a sample of the commercial collagen and 
sodium nitrite was distilled. No N-Pyr was detected in the 
solvent extract of the distillate.

Two techniques were investigated for eluting the suspected 
N-Pyr from the silica gel scraped from the TLC plate. Using 
water-saturated diethyl ether (Sen et al., 1969) and stirring for 
6  hr gave only a 41% recovery. Steam distillation of the 
scraped-off sorbent resulted in a 85% recovery. Eisenbrand et 
al. (1970) using a similar technique obtained recoveries of
96.5, 98.0 and 98.0% for dimethyl-, diethyl- and di-n-amylni- 
trosamines, respectively, from Kieselgel PF2 5 4 .

Although most of the proline in meat is found within pro
tein molecules, this study has shown that hydrolysis or pyroly
sis of protein can occur as a result of heating stresses to pro
duce free proline. Collagen, on the basis of this study can be 
considered to be a potential precursor of N-Pyr. In the major
ity of samples, high levels of nitrite were used to study the 
formation cf N-Pyr. However, N-Pyr was tentatively identified 
as being present in a sample of connective tissue from a cured
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ham and where only the legal limit of nitrite was used in the 
curing process. This study also confirmed reports that heating 
(cooking) is required for N-Pyr formation in bacon.
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EFFECT OF SODIUM NITRITE AND NITRATE ON Clostridium botulinum GROWTH 
AND TOXIN PRODUCTION IN A SUMMER STYLE SAUSAGE

INTRODUCTION

T H IS  S T U D Y  o n  th e  e f fe c t  o f  n i tr i te  o n  C. b o t u l i n u m  g ro w th  
in fe rm e n te d  sausage  is o n e  p a r t  o f  a series u n d e r ta k e n  c o 
o p e ra tiv e ly  b y  th e  A m erican  M eat In s t i tu te ,  th e  F o o d  & D rug  
A d m in is tra tio n , a n d  th e  U n ited  S ta te s  D e p a r tm e n t o f  A g ricu l
tu re . T h e  series w as c o n d u c te d  to  d e te rm in e  m in im u m  levels 
o f  so d iu m  n i tr i te  re q u ire d  fo r  c o n su m e r a c c e p ta n c e  a n d  b o tu -  
linal p ro te c t io n  in  p e r ish ab le  c u red  m ea ts . B ecause  d iffe re n ce s  
in fo rm u la t io n  an d  p ro cess in g  te c h n iq u e s  m ig h t a f fe c t  th e  im 
p a c t o f  n i tr i te ,  a  v a r ie ty  o f  c u red  m e a ts  w e re  in c lu d e d  in  th e  
o verall s tu d y . P rev ious s tu d ie s  in  th is  series have  sh o w n  th a t  
in c reased  n i tr i te  levels d ec reased  th e  p ro b a b il i ty  o f  b o tu lin a l  
to x in  fo rm a tio n  in  a  c a n n e d  p e r ish ab le  c u red  m e a t (C h ris tia n 
sen  e t  ah , 1 9 7 3 ), w ie n ers  (H u s ta d  e t a l., 1 9 7 3 ) an d  in  b a co n  
(C h ris tia n se n  e t ah , 1 9 7 4 ).

T h e  fo rm u la t io n  a n d  p ro cess in g , p a r tic u la r ly  th e  fe rm e n ta 
tio n  p ro cess , u sed  in  th e  p ro d u c tio n  o f  fe rm e n te d  sausage 
m ak es th is  p ro d u c t  c o n s id e ra b ly  d if fe re n t  f ro m  th e  above  
th re e  p ro d u c ts . T h is p a p e r  is c o n c e rn e d  o n ly  w ith  th e  e f fe c t o f  
n i tr i te  o n  C. b o t u l i n u m .  g ro w th  in  th e  sausage. O th e r  p h ases o f  
th e  fe rm e n te d  sausage  s tu d y  d ea lin g  w ith  th e  e f fe c ts  o f  n i tr i te  
an d  n i tr a te  o n  o rg a n o le p tic  p ro p e rt ie s  o f  th e  sausage a n d  o n  
n itro sa m in e  fo rm a tio n  w ill b e  re p o r te d  se p a ra te ly .

MATERIALS & METHODS
E x p e r i m e n ta l  d e s ig n

T w o  e x p e r im e n t s  w e re  c o n d u c t e d .  T h e  v a r ia b le s  a n d  p ro c e s s in g  c o n 
d i t i o n s  u s e d  in  t h e  f i r s t  e x p e r i m e n t  a r e  g iv e n  in  T a b le  1 . T h e  e x p e r i 
m e n ta l  d e s ig n  w a s  a n  in c o m p le t e  f a c to r i a l  o f  t h e  g iv e n  t r e a t m e n t s .  T h e  
e x p e r im e n ta l  d e s ig n  f o r  E x p e r i m e n t  2  is  s h o w n  in  T a b le  2 .

I n o c u lu m

T h e  C. botulinum i n o c u lu m  f o r  b o t h  e x p e r im e n t s  c o n s i s te d  o f  a  
m i x t u r e  o f  f iv e  t y p e  A  a n d  f iv e  t y p e  B s t r a in s  p r e p a r e d  a s  p r e v io u s ly  
d e s c r ib e d  ( C h r i s t i a n s e n  e t  a l . ,  1 9 7 3 ) .  T h e  c o m p o s i t e  s p o r e  s u s p e n s io n  
w a s  h e a t - s h o c k e d  a t  8 0 ° C  f o r  I S  m in ,  a p p r o p r i a t e ly  d i l u t e d ,  a n d  a d d e d  
to  t h e  s a u s a g e  m ix  d u r in g  f o r m u la t io n .

In  b o t h  e x p e r im e n t s ,  a  c o m m e r c ia l  s t a r t e r  c u l t u r e  ( L a c ta c e l  M C , 
M e rc k  &  C o .,  I n c . ,  R a h w a y ,  N .J . ) ,  c o n ta in in g  Lactobacillus plantarum 
a n d  Pediococcus cerevisiae w a s  a d d e d  to  m o s t  v a r ia b le s  a t  f o r m u la t io n  
a t  a  le v e l  o f  0 .1 2 5 %  (T a b le s  1 a n d  2 ) .

P r e p a r a t i o n  o f  s a u s a g e

In  E x p e r i m e n t  1 , p r im a l  c u t s  o f  b e e f  w e r e  g r o u n d ,  t h e  g r o u n d  m e a t  
d iv id e d  i n t o  a p p r o p r i a t e  s iz e d  b a t c h e s ,  a n d  f r o z e n  u n t i l  n e e d e d .  In  
E x p e r i m e n t  2 , th e  b e e f  c u t s  w e r e  s u r f a c e  p a s t e u r i z e d  b y  d ip p in g  in  h o t  
w a te r  f o r  1 5  s e c  b e f o r e  b e in g  g r o u n d  a n d  f r o z e n .  P r io r  t o  f o r m u l a t i o n  
th e  m e a t  w a s  t h a w e d  o v e r n ig h t  a t  1 0 ° C .

T h e  s a u s a g e  g e n e r a l ly  w a s  f o r m u l a t e d  to  c o n ta in  2 .5 %  s o d iu m  c h lo 
r id e ,  2 .0 %  d e x t r o s e ,  a n d  0 .3 5 %  s p ic e s  ( c e r t a in  v a r ia b le s  in  E x p e r i m e n t  2  
w e re  f o r m u l a t e d  w i t h o u t  d e x t r o s e  a s  s h o w n  in  T a b le  2 ) .  T h e s e  in g r e d i
e n t s  w e re  a d d e d  d r y  a n d  m e c h a n ic a l ly  m ix e d  i n t o  t h e  m e a t .  S o lu t io n s  
o f  t h e  v a r io u s  c o n c e n t r a t i o n s  o f  n i t r i t e  a n d  n i t r a t e  a n d  s u s p e n s io n s  o f  
C. botulinum s p o r e s  a n d  s t a r t e r  c u l t u r e  w e r e  a d d e d  in  a  t o t a l  o f  3%  
a d d e d  w a te r .

T h e  f o r m u l a t e d  s a u s a g e  w a s  s tu f f e d  i n t o  6 0  m m  x  4 6 0  m m  B re c h -  
te e n  c o l la g e n  c a s in g s  (T h e  B r e c h t e e n  C o .,  M t. C le m e n s ,  M ic h .)  f o r  
f u r t h e r  p r o c e s s in g .  In  E x p e r i m e n t  1 , t h e  s a u s a g e  w a s  f e r m e n t e d  a s  o u t 
l in e d  in  T a b le  1 , t h e n  h e a t e d  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  5 8 .3 ° C .  I n  
E x p e r i m e n t  2 , t h e  f e r m e n t a t i o n  w a s  o m i t t e d  a n d  th e  s t u f f e d  s a u s a g e

Table 1— Formulation and processing variables for experiment 1

Nitrite levels: 0, 75, 150 and 300 M9 per g of meat
Nitrate levels: 0 and 1,500 pg per g of meat
C. botulinum levels: 100 and 10,000 spores per g of meat

Fermentation conditions
With starter culture
1. Stuffed raw mix held 2 days at 10°C, then held at 32.2°C for 4 

hr befo-e being heated to an internal temperature of 58.3° C.
2. Stuffed raw mix heated to 32.2°C and held for 4 hr, then heated 

to 58.3° C.
3. Stuffed raw mix held at 32.2°C until pH reached 5.3—5.4 

(18—24 hr). Product then heated to 58.3°C.

Without starter culture

1. Stuffed raw mix held at 32.2°C for 18 hr, then heated to 58.3°C

Table 2—Formulation variables for experiment 2

Nitrite level (ppm)
Variable Starter ------------------------------

No. culture Dextrose 0 50 100 150

1 X X X
2 X X X
3 X X X
4 X X
5 X X
6 X X
7 X X
8 X X
9 X X

10 X X
11 X X
12 X
13 X
14 X
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Table 3—Development of pH in sausage during processing and storage

Before After 1 wk 2 wk 16 wk
processing processing at27°C at 27° C at27°C

Formulated with dextrose
Range
Average

Formulated without dextrose
Range
Average

5.45-5.75
5.63

5.70-6.10
5.97

4.45-5.08
4.68

4.32-4.50
4.38

4.00-4.35
4.22

5.45-5.65
5.58

5.80-5.95
5.87

5.65-5.80
5.74

5.60-6.10
5.86

* N o  s a m p le s  r e m a in e d  in  i n c u b a t io n .

h e a t e d  im m e d ia t e ly  t o  5 8 .3 ° C .  T h is  in s u r e d  t h a t  a ll  v a r ia b le s  w o u ld  
h a v e  a p p r o x i m a t e l y  t h e  s a m e  p H  w h e n  p la c e d  in  i n c u b a t io n  a t  2 7 °  C . 
A ls o , t h e  p r o d u c t  f o r m e d  w i t h o u t  a  f e r m e n t a t i o n  s te p  w o u ld  b e  r e p r e 
s e n ta t iv e  o f  a  v a r ie ty  o f  s a u s a g e s  w h ic h  a re  n o t  f e r m e n t e d  o r  s a u s a g e  
w h ic h  h a s  u n d e r g o n e  a  p o o r  f e r m e n t a t i o n .  A f te r  t h e  f in a l  h e a t  p r o c e s s ,  
t h e  s a u s a g e  w a s  c o o le d  t o  1 0 ° C ,  t h e n  c u t  i n t o  lO O g p ie c e s ,  a n d  th e  
p ie c e s  v a c u u m  p a c k a g e d  in  C u r p o le n e  2 0 0  ( C u r w o o d ,  I n c . ,  N e w  L o n 
d o n ,  W ise .)  p o u c h e s .  P o u c h e s  w e r e  s to r e d  a t  2 7 °  C . N o n s w o l l e n  
p a c k a g e s  w e re  r a n d o m ly  s e le c te d  a t  p r e d e t e r m i n e d  in te r v a l s  f o r  a n a l 
y s is . S w o l le n  p a c k a g e s  w e re  a n a l y z e d  a t  t im e  o f  s w e ll .

A n a ly s is  o f  s a m p le s

S a m p le s  w e re  b l e n d e d  in  a  W a r in g  B le n d o r  w i th  a n  e q u a l  w e ig h t  o f  
g e la t in  p h o s p h a t e  b u f f e r  ( p H  6 .2 )  a n d  a n a ly z e d  f o r  b o t u l i n a l  t o x i n  a n d  
le v e ls  o f  C. botulinum a s  p r e v io u s ly  d e s c r ib e d  ( C h r i s t i a n s e n  e t  a l.,  
1 9 7 3 ) .

T o t a l  a e r o b ic  c o u n t s

T h e  b le n d e d  s a m p le  w a s  d i l u t e d  a n d  p l a t e d  in  A P T  a g a r  ( D if c o ) .  
P la te s  w e r e  c o u n t e d  a f t e r  2  d a y s  a t  3 2 ° C. 

p H  d e t e r m i n a t i o n s

M e a s u r e m e n t s  o f  p H  w e re  m a d e  o n  s a u s a g e  m in c e d  w i th  d is t i l l e d  
w a te r  a t  a  r a t i o  o f  a p p r o x i m a t e l y  1 :1 .

RESULTS & DISCUSSION
T H E  F E R M E N T A T IO N  c o n d it io n s  u sed  in  E x p e r im e n t 1 
(T ab le  1) p ro v id e d  p ro d u c t  a t tw o  p H  levels. F o llo w in g  h e a t  
p ro cess in g , sausage fo rm u la te d  w ith  s ta r te r  c u ltu re  a n d  fe r 
m e n te d  a c c o rd in g  to  c o n d it io n  3 h a d  a p H  o f  5 .2 . All o th e r

fe rm e n ta t io n  v a riab le s  h a d  a p H  o f  5 .8  a f te r  h e a t  p ro cess in g . 
T o x in  fo rm a t io n  d id  n o t  o c c u r  u n d e r  a n y  o f  th e  fe rm e n ta t io n  
c o n d itio n s . F ive sam p les o f  each  n i tr i te -n i t ra te  v a riab le  te s te d  
a f te r  th e  d if fe re n t  f e rm e n ta t io n  p ro c e d u re s  w e re  n o n to x ic .

A ll p ro d u c t  h e ld  a t 2 7 ° C  s u b s e q u e n t  to  f e rm e n ta t io n  h a d  
p H  v a lu es ran g in g  fro m  4 .6 —4 .9  w ith in  8 d a y s  in d e p e n d e n t  o f  
th e  fe rm e n ta t io n  c o n d it io n s  o r  n i tr i te -n i t ra te  levels. T o x in  w as 
n o t  p ro d u c e d  a t  th e se  lo w  p H  levels. F ive  sam p le s  o f  each  
v a riab le  te s te d  a f te r  14 a n d  28  d ay s  o f  s to ra g e  a t  2 7 °C  w ere  
n o n to x ic .

R esu lts  o f  th e  in it ia l  te s t  su g g ested  th a t  n i tr a te  w o u ld  have  
l i t t le  in h ib i to ry  e ffe c t  in  f e rm e n te d  sausage. A p re v io u s  s tu d y  
(C h ris tia n se n  e t  a l., 1 9 7 3 )  su g g ested  th a t  n i tr a te  m u s t b e  c o n 
v e rte d  to  n i tr i te  to  a ffe c t in h ib i t io n .  T h e  re lease  o f  n i tr i te  
f ro m  n i tra te  is to o  slow  to  b e  e ffe c tiv e  in  a  p ro d u c t  w h ich  
u n d e rg o es  a ra p id  in h ib i to ry  d ro p  in  pH . T h u s, a se c o n d  te s t  
w as desig n ed  to  in v es tig a te  th e  re la tiv e  e ffe c t  o f  n i tr i te ,  s ta r te r  
c u ltu re  an d  d e x tro s e  o n  C. b o t u l i n u m  g ro w th  in  th e  e v en t 
th e se  m a te ria ls  a re  a c c id e n ta lly  o m it te d  fro m  th e  sausage 
fo rm u la t io n  an d  a n o rm a l fe rm e n ta t io n  d o es  n o t  o ccu r.

T h e  f in a l p H  o f  p ro d u c t  in  E x p e r im e n t 2 w as c o n tro lle d  
e ffe c tiv e ly  b y  fo rm u la t in g  sam p le s w ith  a n d  w ith o u t  d e x tro se  
(T ab le  3 ). T h e  p H  w as d e te rm in e d  o n  sam p les o f  th e  d if fe re n t 
v a riab les  b e fo re  an d  a f te r  p ro c ess in g  a n d  a f te r  1 w k , 2 w k , and  
16 w k  o f  s to ra g e  a t  2 7 °C . D e te rm in a tio n s  a t th e se  in te rv a ls  
sh o w ed  n o  e ffe c t  o f  s ta r te r  c u ltu re  o r  n i tr i te  levels o n  pH  
d e v e lo p m e n t. A lth o u g h  th e  p H  w as e sse n tia lly  th e  sam e  in

Table 4—Botulinum toxin developed in sausage held at 27°C

Nitrite
level

(pg/g meat)
Starter
culture Dextrose

Number toxic/Number tested at: (Days!

7 14 21 28 49 56 112 Total

0 X X 0/3 0/3 0/3 0/5 1/5 1/6 2/25
50 X X 0/3 0/3 0/5 0/5 0/9 0/25

150 X X 0/3 0/3 0/5 0/5 0/7 0/23
0 X 1/3 0/3 2/3 3/5 0/5 2/6 8/25

50 X 0/3 0/3 0/5 0/5 0/9 0/25
100 X 0/3 0/3 0/5 0/5 0/9 0/25
150 X 0/3 0/3 0/5 0/5 0/8 0/24

0 X 0/3 22/22a 22/25
50 X 0/3 22/22a 22/25

100 X 0/3 0/3 0/4 2/5 2/10a 4/25
150 X 0/3 0/3 1/3 5/5 6/11a 15/25

0 0/3 1/3 19/19a 20/25
50 0/3 3/3 18/19a 21/25

150 0/3 0/3 2/2 3/5 9/12a 14/25

a  S w e lle d



MO-JOURNAL OF FOOD SCIENCE-Volume 40 (1975)

Table 5—C. botulinum counts (MPN) in sausage during processing and storage

After 112 days
Before processing After processing storage at 27°C

Nonheat Heat Nonheat Heat Nonheat Heat
shocked shocked shocked shocked shocked shocked

Range
4.3 X 102- 2.3 X 102- 2.3 X 102- 9.3 X 10' - 1.7 X 103- 2.3 X 10' -
1.1 X 104/g 1.1 X 104/g 1.1 X 104/g 2.4 X 103/g 2.4 X 104/g 2.4 X 104/g

Average 1.7 X 103/g 7.4 X 102/g 9.1 X 102/g 4.6 X 102/g 5.3 X 103/g 1.5 X 103/g

sam p les fo rm u la te d  w ith  an d  w ith o u t  d e x tro s e  b e fo re  and  
a f te r  p ro cess in g , th e  pH  in  th e  tw o  ty p e s  o f  sam p les a f te r  
s to rag e  a t 2 7 °C  d iffe re d  m ark e d ly . A f te r  1 w k  o f  s to rag e , 
sam p les w ith  d e x tro s e  h a d  an  average p H  o f  4 .6 8 , w h ic h  d e 
c reased  to  4 .3 8  a t 2 w k  a n d  4 .2 2  a t 16 w k . S am p les fo rm u la t
ed w ith o u t  d e x tro s e  h a d  a n  average p H  o f  5 .7 4  an d  5 .8 6  a f te r  
s to rag e  fo r  1 an d  2 w k , re sp ec tiv e ly . N o  sam p le s  fo rm u la te d  
w ith o u t  d e x tro s e  re m a in e d  in  s to ra g e  fo r  th e  16-w k p e rio d .

T h e  p H  d ro p  w h ic h  o c c u rre d  d u rin g  s to rag e  in  th e  d e x tro se  
c o n ta in in g  sam p les c lea rly  a f fe c te d , b u t  d id  n o t  c o m p le te ly  
p re v en t, g ro w th  an d  to x in  p ro d u c tio n  b y  C. b o t u l i n u m  (T ab le
4 ). O n ly  1 0 /5 0  sam p les fo rm u la te d  w ith  d e x tro s e  b u t  w i th o u t  
n i tr i te  b e ca m e  b o tu lin o g e n ic .

T h e  a d d it io n  o f  50  /Ug o r m o re  o f  n i tr i te /g  o f  m e a t to  
sam p les c o n ta in in g  d e x tro s e  p re v e n te d  to x in  p ro d u c tio n  
(0 /1 2 2  sa m p le s)  th ro u g h o u t  th e  112 d a y s  o f  s to ra g e  a t  2 7°C .

A m a jo r ity  ( 1 1 5 /1 7 5 )  o f  th e  sam p le s fo rm u la te d  w ith o u t  
d e x tro s e  b e c a m e  to x ic  (T ab le  4 ) . In c rea sin g  th e  n i tr i te  level in 
th ese  v a riab les  u p  to  150 /rg o f  n i tr i te /g  o f  m e a t te n d e d  to  
re d u ce  th e  ra te  o f  to x in  d e v e lo p m e n t b u t  d id  n o t  to ta l ly  p re 
v e n t it. M ost o f  th e se  to x ic  sam p les w ere  sw o llen  an d  all w ere  
p u tr id .

T h e  use  o f  c o m m e rc ia l  s ta r te r  c u ltu re  h a d  so m e  e f fe c t  on  
th e  g ro w th  o f  C. b o t u l i n u m  in  sam p le s fo rm u la te d  w ith  d e x 
tro se  b u t  w i th o u t  n i tr i te .  O n ly  2 /2 5  o f  th e se  sam p les w ith  
s ta r te r  c u ltu re  b e ca m e  to x ic ;  w h e reas , to x in  w as d e te c te d  in 
8 /2 5  o f  th e  sam e ty p e  sam p le s fo rm u la te d  w ith o u t  s ta r te r  c u l
tu re  (T ab le  4 ). In itia l to ta l  a e ro b ic  c o u n ts  in  sam p les w ith  an d  
w ith o u t  s ta r te r  c u ltu re  w ere  a p p ro x im a te ly  th e  sam e; th e  
log] o average  to ta l  c o u n t  in  th e  tw o  ty p e s  o f  sam p le s w as 7.5 
X 10 6 /g  an d  4 .9  X 10 6 /g, re sp ec tiv e ly . P ro cessin g  to  an  in 
te rn a l te m p e ra tu re  o f  5 8 .3 °C  a ffe c te d  th e  in d ig e n o u s  f lo ra  
m o re  th a n  th e  s ta r te r  c u ltu re . A f te r  p ro cess in g , c o u n ts  in  sa m 
ples w i th o u t  s ta r te r  c u ltu re  averaged  2 .3  X 102 /g ; w h ereas, 
c o u n ts  in  sam p le s w ith  a d d e d  s ta r te r  c u ltu re  averag ed  2 .7  X
10s /g.

C o u n ts  o f  C. b o t u l i n u m  in  n o n to x ic  sam p le s s to re d  a t 2 7 °C  
fo r  th e  112 -d ay  p e rio d  w ere  e ssen tia lly  th e  sam e  as in itia l 
levels (T ab le  5 ), su g g estin g  th a t  n e ith e r  g ro w th  n o r  d e a th  h a d

o c c u rre d  in  th e se  sam ples. T h e  g e o m e tric  m ea n s  in  sam p le s  
b e fo re  p ro c ess in g  w ere  1.7 X 1 0 3 an d  7 .4  X 10 2 /g  in  n o n h e a t-  
sh o c k e d  an d  h e a t-sh o c k e d  a liq u o ts , re sp ec tiv e ly . A f te r  p ro c e ss 
ing  th e  average c o u n t  in  n o n h e a t-sh o c k e d  sam p le s  w as 9.1 X 
lC r /g  a n d  in  h e a t-sh o c k e d  sam p le s th e  c o u n t  w as 4 .6  X 1 0 2 /g. 
T w o  sam p le s  o f  e ach  v a riab le  re m a in in g  in  s to ra g e  a f te r  112  
days w ere  se lec te d  a t  ra n d o m  fo r  d e te rm in a tio n  o f  C. b o t u 
l i n u m  levels. T h e  average c o u n t  w as 5 .3  X 1 0 3 /g  in  n o n h e a t-  
sh o c k e d  sam p le s  an d  1.5 X 1 0 3 /g  in  h e a t-sh o c k e d  sam p le s  
(T ab le  5).

T h e  ab o v e  re su lts  fo r  E x p e r im e n t 2 sh o w  th a t  th e  in h ib i
to ry  e f fe c t o f  n i tr i te  o n  C. b o t u l i n u m  g ro w th  in  sausage  w as 
m a rk e d ly  in f lu e n c e d  b y  pH . O n ly  50  jug o f  n i tr i te  p e r  g o f  
m ea t w as n ecessa ry  to  in h ib i t  b o tu lin a l  g ro w th  in  sam p les 
fo rm u la te d  w ith  d e x tro s e  in  w h ic h  th e  p H  d ro p p e d  d u rin g  
2 7 °C  sto rag e . F o r  sam p les ( fo rm u la te d  w ith o u t  d e x tro s e )  in  
w h ich  th e  p H  re m a in e d  a t th e  in it ia l  leve l, fo rm u la te d  n i tr i te  
levels u p  to  1 50 /ig  p e r  g o f  m e a t d id  n o t  p re v e n t to x in  p r o d u c 
tio n . T h e  e f fe c t o f  s ta r te r  c u ltu re  in  th e  sam p les fo rm u la te d  
w ith  d e x tro s e  b u t  w i th o u t  n i tr i te  gives f u r th e r  ev id e n ce  o f  th e  
im p o r ta n c e  o f  p H  o n  n i tr i te  in h ib i t io n  in  sausage. A lth o u g h  
th e  p H  in  sam p les w ith  an d  w ith o u t  s ta r te r  c u ltu re  w as th e  
sam e w h e n  f irs t  m ea su re d  a f te r  1 w k  o f  s to ra g e , fe w e r  o f  th e  
sam p les w h h  s ta r te r  c u ltu re  b e ca m e  b o tu lin o g e n ic . P re su m a b ly  
th e  s ta r te r  c u ltu re  lo w e red  th e  p H  fa s te r  th a n  d id  th e  in 
d ig en o u s  flo ra .
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EFFECT OF ADDED SODIUM NITRITE AND SODIUM NITRATE 
ON SENSORY QUALITY AND NITROSAMINE FORMATION IN THÜRINGER SAUSAGE

INTRODUCTION
N IT R IT E S  A N D  N IT R A T E S  hav e  lo n g  b e e n  u sed  in  th e  cu rin g  
o f  m ea t a n d  p o u l try ,  su c h  use  p re -d a tin g  th e  F o o d  A d d itiv e s  
A m e n d m e n t o f  19 5 8 . A t th e  p re se n t t im e , th e  use  o f  n i tr i te s  
an d  n i tra te s ,  in so fa r  as n i tra te s  a re  c o n v e rte d  to  n i tr i te s ,  is 
te c h n o lo g ic a lly  n ece ssa ry  in  m a in ta in in g  f lav o r, c o lo r  an d  t e x 
tu re  c h a ra c te ris tic s  a sso c ia ted  w ith  a n d  e x p e c te d  o f  c e r ta in  
s ta p le  fo o d  item s (F in e ,  1 9 7 2 ).

H a ld an e  (1 9 0 1 )  an d  B ro o k s  e t al. (1 9 4 0 )  re la te d  c u red  m e a t 
c o lo r  to  n itro s o h e m o g lo b in  fo rm a t io n , b ro u g h t a b o u t  b y  th e  
c o m b in a tio n  o f  n i tr i te  w ith  h e m o g lo b in  p re se n t  in  m e a t , b lo o d  
a n d  m u sc le  tis su e . T h e  re a c tio n  b e tw e e n  n i tr i te  an d  re d u c e d  
h e m o g lo b in  is ra p id  a t p H  a n d  sa lt c o n c e n tra t io n s  o b ta in e d  in  
m u sc le  d u rin g  cu rin g , th e  t im e  re q u ire d  fo r  c o lo r  f ix a t io n  p ro 
p o r t io n a te  to  th e  tim e  n ece ssa ry  fo r  a d e q u a te  n i tr i te  d iffu s io n . 
K err e t al. (1 9 2 6 )  a t t r ib u te d  in c o m p le te  c o lo r  f ix a t io n  to  
in su ff ic ie n t n i tr i te  p e n e tr a t io n  in to  th e  tis su e ; g iven  c o m p le te  
ch an g e  to  n i tro s o h e m o g lo b in , d e p th  o f  c o lo r  d e p e n d e d  o n  
tis su e  h e m o g lo b in  c o n c e n tra t io n . U n s a tis fa c to ry  c o lo r  w as 
tra c e d  to  a n  u n u su a lly  lo w  h e m o g lo b in  c o n te n t .  W asserm an  
an d  T a lley  (1 9 7 2 )  a sso c ia ted  an  u n p le a sa n t  g ray  c o lo r  w ith  
u n sm o k e d  f r a n k fu r te r s  p re p a re d  w ith o u t  so d iu m  n i tr i te  in  th e  
cu re . W hen n o n n i tr i te  f ra n k fu r te r s  w e re  sm o k e d  as w ell as 
c o o k e d , a b ro w n e d  su rfa ce  b u t  g ray  in te r io r  re su lte d . A red  
p ig m e n t, id e n tif ie d  as n i tro s o m y o g lo b in ,  o c c u rre d  a t th e  
sm o k ed  sk in  a n d  g ray  u n d e r ly in g  m e a t in te r fa c e .  N itro s o m y o 
g lo b in  fo rm a t io n  w as a t t r ib u te d  to  c e r ta in  o x id e s  o f  n itro g e n  
w ith in  th e  sm o k e  w h ic h  p e n e tr a te d  th e  sausage casing  an d  
re a c te d  w ith  th e  m y o g lo b in  o f  th e  m e a t.

T h e  d is tin c tiv e  f lav o r o f  c u red  m e a t is its  m o s t o u ts ta n d in g  
o rg a n o le p tic  fe a tu re . B ro o k s  e t  a l. (1 9 4 0 )  a sc rib ed  c h a ra c te r 
is tic  b a c o n  a n d  h a m  c u red  flav o r to  th e  re a c tio n  o f  n i tr i te  w ith  
c o n s t itu e n ts  o f  m u sc le  tis su e  d u rin g  cu rin g  o r  c o o k in g . A sa tis 
fa c to ry  b a c o n  w as m a d e  b y  u sin g  o n ly  so d iu m  n i tr i te  an d  
so d iu m  c h lo rid e . A lth o u g h  n o  ta s te  p a n e l d a ta  w e re  p re se n te d , 
th e se  a u th o rs  s ta te d  th a t  n i tr i te  c u red  h a m  a n d  b a c o n  w ere  
p re fe rre d  to  n o n -n itr i te  c u red . C h o  a n d  B ra tz le r ’s (1 9 7 0 )  
u n tra in e d  p a n e lis ts  fo u n d  a f lav o r d iffe re n c e  b e tw e e n  p o rk  
ro a s ts  cu red  in  n i tr i te  a n d  n o n n i tr i te  w a te r  so lu tio n s  a n d  m o re  
cu red  flav o r in  th e  n i tr i te  c u red  v a r ia tio n . F la v o r d is tin c tio n s  
w ere also m ad e  w h e n  sm o k e  w as in c lu d e d  in  th e  cu rin g  p ro c 
ess, m o re  c u re d  flav o r o c c u rr in g  in  n itr i te -c o n ta in in g  ro a s ts . 
W asserm an an d  T a lley  (1 9 7 2 ) ,  th ro u g h  tr ia n g le  flav o r d if fe r 
en ce  e v a lu a tio n s , te s te d  th e  e f fe c t o f  n i tr i te  c o n c e n tr a t io n  o n  
d e te c t io n  o f  f r a n k fu r te r  f lav o r d iffe re n c e s . F la v o r d iffe re n ce s  
w ere  e s tab lish e d  b e tw e e n  u n sm o k e d  f ra n k s  w ith  an d  w ith o u t  
so d iu m  n i tr i te  a d d e d  to  th e  cu re  a n d  b e tw e e n  sm o k e d  fran k s  
w ith  a n d  w ith o u t  n i tr i te .  N o d iffe re n ce  w as d e te rm in e d  b e 
tw e en  sm o k e d  f ra n k fu r te r s  c o n ta in in g  100%  an d  50%  n o r 
m ally  a d d e d  n i tr i te  a m o u n ts ,  h o w ev er. S im o n  e t al. (1 9 7 3 ) ,  
w ith  l im ite d  p a n e lis ts , c o rre la te d  p re fe re n c e  sco rin g  an d  n i tr i te  
level. P re fe re n c e  d iffe re n ce s  o c c u rre d  b e tw e e n  n o n n i tr i te  an d  
3 9 , 78  o r  156 p p m  n itr i te -c o n ta in in g  a ll-m ea t f r a n k fu r te r

fo rm u la t io n s ,  a n d  b e tw e e n  39  a n d  156 p p m  leve l e x tre m e s . 
B u ty la te d  h y d ro x y to lu e n e  (B H T ), b u ty la te d  h y d ro x y a n is o le  
(B H A ), n o r  sm o k e  c o u ld  c o m p e n sa te  fo r  th e  e lim in a tio n  o f  
n i tr i te .  A c ce p tab le  ta s tin g  f ra n k fu r te r s ,  d u rin g  a 3 -w k d isp lay  
case s to ra g e , w ere  o b ta in e d  o n ly  w h e n  fu ll cu re  w as in c lu d e d . 
P re fe re n c e  sco rin g  o f  a ll-m ea t a n d  a ll-b ee f  f ra n k  fo rm u la t io n s ,  
v a cu u m  a n d  b u lk  p a ck a g ed , d e c re a sed  w ith  s to ra g e  reg ard less  
o f  n i tr i te  a d d it io n , h o w e v e r. H u s ta d  e t al. (1 9 7 3 )  fo u n d , 
th ro u g h  e x p e r t  p a n e l e v a lu a tio n s , flav o r q u a li ty  o f  w e in ers  
c o n ta in in g  5 0 —3 0 0  o f  n i tr i te  p e r  g h ig h e r  th a n  w e in ers  
m ad e  w ith o u t  n i tr i te .

R e c e n t re sea rc h  re p o r te d  b y  S k je lk v a le  a n d  T ja b e rg  (1 9 7 4 )  
o n  r ip e n e d  sa lam i sausage w as n o t  in  a g re e m e n t w ith  p rev io u s 
f in d in g s . A series o f  tra in e d  p a n e l tr ia n g le  d if fe re n c e  te s ts  
rev ea led  n o  d e te c ta b le  f lav o r d if fe re n c e  a m o n g  n o n n i tr i te ,  82  
p p m  n i tr i te ,  an d  164 p p m  n i tr i te  leve ls, n o  d if fe re n c e  b e tw e e n  
5% g lu c o n o -d e lta - la c to n e  (G D L ) ± 164  p p m  n i tr i te  t r e a tm e n ts ,  
n o r  b e tw e e n  sa lam i c o n ta in in g  s ta r te r  c u ltu re  (D u p lo fe rm e n te )  
± 164  p p m  n itr i te .  A f te r  3 m o n th s  s to ra g e  a t 2 0 °C , flavor 
d is t in c t io n s  w e re  m ad e , b u t  b e tw e e n  th e  n o n n i tr i te  a n d  164 
p p m  a d d e d  n i tr i te  sa lam i t r e a tm e n ts  o n ly . H o w ev e r, if  o n e  
c o n s id e rs  th e  in d iv id u a l tr ia n g le  c o m p a riso n s  re p o r te d  as 
s im p le  in p u ts  to  an sw er th e  b ro a d  q u e s t io n  o f  w h e th e r  th e re  is 
a flav o r d iffe re n ce  b e tw e e n  sa lam i c o n ta in in g  n i tr i te  a n d  sa
lam i c o n ta in in g  no  n i tr i te ,  th e  re p o r te d  re su lts  d o , in d ee d , 
reveal a s ig n ific a n t d iffe re n c e  a t  a 0 .0 5  level. T h is  ap p lie s  b o th  
to  p ro d u c ts  a f te r  r ip en in g  a n d  a f te r  3 m o n th s  s to ra g e . In  a d d i
t io n ,  th e  a u th o rs  a llu d e d  to  th e  p o ss ib ility  o f  a h e av y  sm o k e  
an d  sp ice  f lav o r m ask in g  e f fe c t w h ic h  c o u ld , in  i ts e lf ,  r e s tr ic t  
sam p le  d if fe re n tia tio n .

T h is  p re se n t in v e s tig a tio n  w as c o n d u c te d  to  d e te rm in e  th e  
e f fe c t o f  n i tr i te ,  n i tr a te ,  c o m b in a tio n s  o f  n i tr i te  a n d  n i tra te ,  
f e rm e n ta t io n  te m p e ra tu re  a n d  s to ra g e  te m p e ra tu re - t im e  o n  
fe rm e n te d  th u r in g e r  sausage se n so ry  p ro p e rt ie s ,  n i tr i te  re s id 
u a ls , a n d  n itro s a m in e  fo rm a tio n . T h u rin g e rs  w e re  e v a lu a te d  in  
sliced  fresh , f r ie d , a n d  b a k e d  p izz a  to p p in g  fo rm s .

EXPERIMENTAL
Product formulation

T h u r in g e r  w a s  p r e p a r e d  f r o m  a n  a l l - b e e f  f o r m u l a t i o n .  L e a n  a n d  f a t  
c o m p o n e n t s  w e re  c o n t r o l l e d  t o  p r o d u c e  a  f in a l  t h u r i n g e r  p r o d u c t  c o n 
ta in in g  2 5 %  f a t .  M e a t  w a s  g r o u n d  t h r o u g h  a  1 /8  in .  p l a t e ,  b l e n d e d  to  
a s s u r e  u n i f o r m i t y , a n d  s u b -d iv id e d  i n t o  4 0 - lb  lo t s .

Formula base

Amount/100
Ingredient pounds meat

S a lt 2 .5 %
D e x t r o s e 2 .0 %
B le n d e d  S p ic e s
M e r c k  &  C o . ,  I n c .  L a c t a c e l  M C

0 .3 5 %

S t a r t e r  C u l t u r e 0 .1 2 5 %
W a te r 3 .0 %
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0 ,  5 0 ,  1 0 0  a n d  1 5 0  p p m  s o d iu m  n i t r i t e  a n d  0 ,  5 0 0  a n d  1 5 0 0  p p m  
s o d iu m  n i t r a t e  le v e ls  w e re  a d d e d .  R e b l e n d e d  in d iv id u a l  b a t c h e s  w e r e  
s tu f f e d  i n t o  4 5  m m  T e e -P a k  f ib r o u s  c a s in g s  t o  f o r m  a p p r o x i m a t e  2 - 
p o u n d  c h u b s .  S a u s a g e s  w e re  f e r m e n t e d  a t  b o t h  3 2 ° C  a n d  1 0 ° C  t o  a  5 .2  
p H  le v e l ,  t h e n  c o o k e d  w i th  h e a v y  s m o k e  u n d e r  c o n t r o l l e d  h u m i d i t y  a n d  
t e m p e r a t u r e  c o n d i t i o n s  t o  a  5 7 ° C  i n t e r n a l  t e m p e r a t u r e .  A p p r o x im a te ly  
3 h r  c o o k in g  a n d  s m o k in g  w e re  r e q u i r e d .  P r o c e s s e d  s a u s a g e s  w e r e  t h e n  
c h i l l e d  t o  a  1 0 ° C  i n t e r n a l  t e m p e r a t u r e .

H o ld in g  c o n d i t i o n s

T h ü r in g e r  f o r  f r e s h  a n d  f r i e d  p a n e l  e v a l u a t io n s  w a s  h e ld  1 w k  a t  
7 .5 ° C .  T h ü r in g e r  f o r  p iz z a  t o p p in g  w a s  s l ic e d  i n t o  3 /1 6 - i n .  p ie c e s  a n d  
1 / 2 - lb  a m o u n t s  p la c e d  o n  c o m m e r c ia l  1 0 - in .  d i a m e t e r  f r o z e n  c h e e s e  
p iz z a s .  P iz z a s  w e re  lo o s e ly  c o v e r e d  w i t h  a  p o l y e t h y l e n e  w r a p ,  r e p a c k 
a g e d  in  o r ig in a l  c o n ta in e r s ,  a n d  s u b je c t e d  to  1 w k ,  - 1 8 ° C  s to r a g e .

N i t r i t e  a n d  n i t r a t e  c o n c e n t r a t i o n s  w e re  e s ta b l i s h e d  im m e d ia te ly  
a f t e r  t h ü r i n g e r  f o r m u l a t i o n .  N i t r i t e ,  n i t r a t e ,  f a t ,  m o i s t u r e  a n d  p H  
m e a s u r e m e n t s  w e re  p e r f o r m e d  o n  th e  p r o d u c t  a f t e r  f e r m e n t a t i o n .  
T h ü r in g e r  f o r  r e s id u a l  n i t r i t e  a n d  n i t r a t e  c h e m ic a l  a n a ly s e s  w a s  s to r e d  
a t  7 .5 ° C  f o r  in te r v a l s  o f  1 a n d  4  w k ,  a n d  a t  2 7 ° C  f o r  in te r v a l s  o f  2  a n d  
8 w k .

T h ü r in g e r  s u b m i t t e d  f o r  f r e s h  a n d  f r i e d  p r o d u c t  n i t r o s a m in e  d e t e r 
m in a t io n s  w a s  s to r e d  a t  7 .5 ° C  f o r  2  a n d  4  w k  in te rv a ls .  A d d i t i o n a l  
t h ü r i n g e r  f o r  f r e s h  p r o d u c t  a n a ly s e s  w a s  h e ld  a t  7 .5 ° C  f o r  1 w k  p lu s  2  
d a y s  a t  2 7 ° C .  P iz z a ,  t o p p e d  w i t h  th ü r i n g e r  a n d  h e ld  f r o z e n  ( - 1 8 ° C ) ,  
w a s  b a k e d  a t  2 - a n d  4 -w k  s to r a g e  in te rv a ls .  T h e  c o o k e d  t h ü r i n g e r  t o p 
p in g  o n ly  w a s  s u p p l ie d  f o r  n i t r o s a m in e  a s s a y s .

Chemical analyses
N i t r i t e  a n d  n i t r a t e  c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  s p e c t r o p h o -  

t o m e t r i c a l l y  b y  u s in g  m o d i f i c a t i o n s  o f  m e t h o d s  2 4 .0 1 4  a n d  2 4 .0 1 1  o f  
t h e  A s s o c ia t io n  o f  O f f i c ia l  A n a ly t ic a l  C h e m is t s  ( 1 9 7 0 ) .  T h e  n i t r i t e  
p r o c e d u r e  in v o lv e d  t h e  s e p a r a te  a d d i t i o n s  o f  s u l f a n i l ic  a c id  a n d  a lp h a -  
n a p h t h y l a m i n e  t o  t h e  s a m p le .  F o r  n i t r a t e  a n a ly s is ,  t h e  s a m p le  w a s  
t r e a t e d  w i th  u r e a  in  a c id  s o lu t io n  t o  d e s t r o y  t h e  n i t r i t e .  T h e  n i t r a t e  w a s  
t h e n  r e a c t e d  w i th  m e ta x y le n o l ,  t h e  r e a c t i o n  p r o d u c t  w a s  d i s t i l l e d  o f f ,  
a n d  t h e  d i s t i l l a t e  w a s  d i lu t e d  f o r  a n a ly s is .  S a m p le s  w i t h  v a r io u s  c o m b i 
n a t io n s  o f  n i t r i t e  a n d  n i t r a t e  le v e ls  w e r e  q u a n t i t a t i v e l y  a n a l y z e d  f o r  14 
v o la t i l e  n i t r o s a m in e s  b y  u s in g  t h e  F o o d  a n d  D ru g  A d m i n i s t r a t i o n ’s 
m u l t i d e t e c t i o n  s y s te m  ( F a z io  e t  a l . ,  1 9 7 1 ) .

R e s id u a l  n i t r i t e  a n d  n i t r a t e  c h e m ic a l  a n a ly s e s  w e re  p e r f o r m e d  b y  
S w if t ’s A n a ly t i c a l  C h e m is t r y  S e c t io n ;  n i t r o s a m in e  a n a ly s e s  w e r e  p e r 
f o r m e d  b y  t h e  D iv is io n  o f  C h e m is t r y  &  P h y s ic s ,  F o o d  &  D ru g  A d m in is 
t r a t i o n ,  W a s h in g to n ,  D .C .

Sensory panel evaluations
A ll t h ü r i n g e r  v a r ia t io n s  w e re  p a n e l  t e s t e d  in  s l ic e d  f r e s h  f o r m .  N o n 

n i t r i t e  p lu s  0  a n d  5 0 0  p p m  n i t r a t e ,  5 0  p p m  n i t r i t e  p lu s  0  a n d  5 0 0  p p m  
n i t r a t e ,  1 0 0  p p m  n i t r i t e  p lu s  0  n i t r a t e ,  a n d  1 5 0  p p m  n i t r i t e  p lu s  0  a n d  
5 0 0  p p m  n i t r a t e  v a r ia t io n s  w e re  e v a l u a te d  f r i e d  a n d  a s  b a k e d  p iz z a  
t o p p in g  (T a b le  1 ). F r i e d  th ü r i n g e r  e v a lu a t io n s  in v o lv e d  c o o k in g  3 /1 6 - in .  
t h i c k  s a u s a g e  s lic e s  in  1 7 2 ° C  e l e c t r i c  s k i l le ts ,  2 - 3  m in  p e r  s id e .  P iz z a s ,  
f o r  b a k e d  th ü r i n g e r  e v a l u a t io n s ,  w e r e  b a k e d  a t  2 1 8 ° C  f o r  2 0  m in .  
C o o k e d  th ü r i n g e r  s lic e s  w e re  r e m o v e d  a n d  e v a lu a te d .

T o  f a c i l i t a t e  c o m p a r i s o n  o f  n u m e r o u s  th ü r i n g e r  t r e a t m e n t s  a n d  to  
in c r e a s e  p a n e l i s t s ’ s a m p le  d i s c r im in a t io n  a b i l i t y ,  B a la n c e d  I n c o m p le t e  
B lo c k  s a m p le  d i s t r i b u t i o n  m e th o d s  w e r e  a p p l ie d  w i th in  f la v o r  e v a lu a 
t i o n s ;  a  c o m p le t e l y  r a n d o m iz e d  d e s ig n  w a s  u s e d  w i th in  a p p e a r a n c e  e v a l
u a t io n s .  T h u s ,  t h e  c o m p a r i s o n  o f  15  s l ic e d  f r e s h  p r o d u c t  v a r ia t io n s  w a s  
p e r f o r m e d  b y  15  t r a in e d  p a n e l i s t s ,  w h i le  f r i e d  a n d  p iz z a  t o p p in g  c o m 
p a r i s o n s  o f  s e v e n  t h ü r i n g e r  v a r i a t i o n s  w e r e  e a c h  p e r f o r m e d  b y  12  
t r a i n e d  p a n e l i s t s .  A  p o o l  o f  3 0  t r a i n e d  p a n e l i s t s ,  p e r s o n s  s c r e e n e d  f o r  
s e n s i t iv i ty  t o  r a n c id  m e a t  o f f - f l a v o r s  a n d  h a v in g  p r e v io u s  p a n e l  e x p e r i 
e n c e  in  e v a lu a t in g  c u r e d  m e a t  p r o d u c t s ,  w a s  u s e d  w i t h i n  t h e  p a n e l  
s e r ie s .  F r e s h ,  f r i e d  a n d  b a k e d  t h ü r i n g e r  e v a l u a t io n  c r i t e r i a  in c lu d e d  
a p p e a r a n c e  q u a l i t y ,  r a n c id  o f f - f l a v o r  i n t e n s i t y  a n d  f la v o r  q u a l i t y .  R a n 
c id  o f f - f l a v o r  i n t e n s i t y  r a t in g s  w e re  g iv e n  r e la t iv e  t o  a  6 - p o in t  q u a n t i t a 
t iv e  s c a le .  A p p e a r a n c e  a n d  f la v o r  q u a l i t y  r e s p o n s e s  w e r e  b a s e d  o n  a  
1 0 - p o in t  r a t i n g  s c a le .  A p p e a r a n c e  q u a l i t y  e v a l u a t io n s  r e g a r d e d  p r e s e n c e ,  
u n i f o r m i t y ,  a n d  in t e n s i t y  o f  c u r e  c o lo r ;  f la v o r  q u a l i t y  p e r t a i n e d  t o  c u r e  
f l a v o r  c h a r a c t e r i s t i c s  a n d  d e t e c t a b l e  o f f - f l a v o r .  P r io r  t o  f r e s h ,  f r i e d ,  a n d  
b a k e d  p r o d u c t  e v a l u a t io n  s e r ie s ,  p a n e l i s t s  o p e n ly  d i s c u s s e d  a n d  r a t e d  a 
r e p r e s e n ta t i v e  t h ü r i n g e r  s a u s a g e ,  t h e  3 2 ° C  f e r m e n t e d ,  1 5 0  p p m  n i t r i t e  
p lu s  5 0 0  p p m  n i t r a t e  v a r i a t i o n ,  t o  e s ta b l i s h  b a s e l in e  r a t in g s  f o r  s u b s e 
q u e n t  s a m p le  e v a lu a t io n s .

F l a v o r  e v a l u a t io n s  w e r e  c o n d u c t e d  in  in d iv id u a l  p a n e l  b o o t h s  a n d ,  
t o  a s s u r e  a p p e a r a n c e  s im i la r i ty  a m o n g  th ü r i n g e r  s a m p le s  p r e s e n te d ,  
u n d e r  s u b d u e d  r e d  f l u o r e s c e n t  l ig h t in g .  A p p e a r a n c e  e v a l u a t io n s  s u c 
c e e d e d  f l a v o r  a n d  w e re  c o n d u c t e d  in  a  s e p a r a te  d a y l ig h t  l ig h t in g  a re a .

Statistical analysis and design
T h e  d a t a  f r o m  t h e  p a n e l s  w e r e  a n a l y z e d  s t a t i s t i c a l l y  v ia  a n a ly s i s  o f  

v a r ia n c e  a n d  re g re s s io n  a n a ly s is .  T h e  e x p e r im e n ta l  d e s ig n  ( T a b l e  1) 
a l lo w e d  a n a ly s is  o f  v a r ia n c e  o f  t h e  d a t a  in  f a c to r i a l  g r o u p in g s .  F o r  f r e s h  
th ü r i n g e r ,  t h e  d e s ig n s  w e re  a  4  x  3 ( n i t r i t e  X n i t r a t e )  f a c to r i a l  a t  3 2 ° C  
f e r m e n t a t i o n  a n d  a  2  x  3 ( f e r m e n t a t i o n  t e m p e r a t u r e  x  n i t r a t e )  f a c t o 
r ia l  a t  n o  n i t r i t e .  F o r  f r i e d  a n d  b a k e d  th ü r i n g e r  f e r m e n t e d  a t  3 2 ° C ,  t h e  
d e s ig n  w a s  a  3  x  2  ( n i t r i t e  x  n i t r a t e )  f a c to r i a l  w i t h  o n e  a d d e d  n i t r i t e  
p o i n t  a t  n o  a d d e d  n i t r a t e .

RESULTS
Sensory panel evaluation
Fresh thüringer. In T ab le  2 is sh o w n  th e  e f fe c t  o f  n i tr i te  

an d  n i tr a te  a d d it io n  o n  fresh  th ü r in g e r  o ff-f la v o r  d e v e lo p m e n t
a n d  r e s u l t i n g  f l a v o r  q u a l i t y .  T h e  a d d i t i o n  o f  n i t r i t e  i n  t h e  c u r e

Table 1—Experimental design, added nitrite and nitrate in thür
inger sausage

Treatment variation 
code no.

Nitrite added 
(ppm)

Nitrate added 
(ppm)

Fermentation 
Temp. (°C )

1 a 0 0 3 2

2 a 0 5 0 0 3 2

3 0 1 5 0 0 3 2

4 a 5 0 0 3 2

5 a 5 0 5 0 0 3 2

6 5 0 1 5 0 0 3 2

7 a 1 0 0 0 3 2

8 1 0 0 5 0 0 3 2

9 1 0 0 1 5 0 0 3 2

1 0 3 1 5 0 0 3 2
1 1 a 1 5 0 5 0 0 3 2
1 2 1 5 0 1 5 0 0 3 2

1 3 0 0 1 0

1 4 0 5 0 0 1 0

1 5 0 1 5 0 0 1 0

a  D e n o te s  t h ü r i n g e r t r e a t m e n t s  in v o lv e d  in  f r i e d  a n d  b a k e d  p iz z a
to p p i n g  c h e m ic a l a n d  s e n s o ry  e v a lu a t io n  series ;- a ll 1 5  t h u r i n g e r
v a r ia t io n s  w e re  e v a l u a te d  f r e s h .

Table 2- Trained sensory panel evaluation of fresh thuringer

32° C 10°C
Fermentation Fermentation

temp temp

Nitrate Nitrite level Nitrite level
level 0 ppm 50 ppm 100 ppm 150 ppm 0 ppm

Off-flavor/rancidity intensity mean scores3
0 ppm 3.25 1.56 1.50 1.44 5.00

500 ppm 1.88 1.38 1.50 1.19 3.88
1500 ppm 2.00 1.69 1.13 1.50 4.25

Flavor quality mean scores15
0 ppm 4.00 6.19 6.63 6.50 1.81

500 ppm 6.00 6.63 6.06 6.81 3.00
1 500 ppm 5.94 6.19 6.81 6.00 2.50

Appearance quality mean scores0
0 ppm 1.47 7.10 6.93 7.03 1.27

500 ppm 7.53 7.17 6.97 7.20 7.13
1 500 ppm 7.33 7.43 7.17 7.27 6.80
a  O f f - f l a v o r / r a n c id i ty  in te n s i ty  s c a le :  1 .0 0 I =  n o n e ;  2 . 0 0  = v e ry  l i t t l e ;

3 .0 0  = l i t t l e ;  4 .0 0 = m o d e r a t e ;  5 .0 0  =  m u c h ;  6 . 0 0  =  v e ry m u c h
D F la v o r  a n d  a p p e a r a n c e  q u a l i t y  r a t in g s c a le s :  1 .0 0  = re p u ls iv e ;

2 . 0 0 - 3 . 0 0 =  p o o r ;  4 . 0 0 - 5 . 0 0  =  f a i r ;  6 . 0 0 —7 .0 0 = g o o d ;
8 . 0 0 - 9 . 0 0 = v e ry  g o o d ,  1 0 .0 0  = e x c e l le n t .
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Table 3—Fermentation temperature effects on fresh thüringer
containing added nitrate3 only

Fermentation temp
Off-flavor/rancidity 

intensity mean scores'5
Flavor quality 
mean scores3

iœ c 4.38 2.23
32° C 2.38 5.31

3 O f f - f la v o r  a n d  f l a v o r  q u a l i t y  s c o r e s  r e p r e s e n t  f r e s h  t h ü r i n g e r  t r e a t 
m e n t s  c o n ta in in g  5 0 0  a n d  1 5 0 0  p p m  a d d e d  s o d iu m  n i t r a t e  a n d  n o  
a d d e d  s o d iu m  n i t r a t e .  

b S e e  f o o t n o t e  a . T a b le  2 
c S e e  f o o t n o t e  b , T a b le  2

re d u ce d  o ff-f la v o r d e v e lo p m e n t an d  im p ro v e d  flav o r q u a lity . 
N itr ite  a d d it io n  b e y o n d  th e  50  p p m  level y ie ld e d  h ig h es t q u a l
i ty  and  lo w e s t o ff-flav o r sco res . A lth o u g h  ra n c id ity  w as m o s t 
a p p a re n t in n o n n i tr i te  t r e a tm e n ts ,  reg ard less  o f  n i tra te  a d d i
tio n , th u rin g e rs  c o n ta in in g  n i tra te  o n ly  w ere  ju d g e d  less o ff- 
flav o red  an d  o f  b e t te r  flav o r q u a li ty  th a n  n o n n i tr a te .  T h u r-  
inger c o n ta in in g  n e ith e r  n i tr i te  n o r  n i tr a te  w as ju d g e d  m o st 
ran c id  o r  o ff-f la v o re d  and  p o o re s t  in  f lav o r q u a li ty  ( a  = 0 .0 5 ).

F e rm e n ta t io n  te m p e ra tu re  a f fe c te d  th e  f lav o r q u a li ty  o f  
th u r in g e r  t r e a tm e n ts  c o n ta in in g  ad d ed  n i tr a te  o n ly  (T ab le s  2

Table 4—Trained sensory panel evaluation of fried thuringer

Nitrate
level

Nitrite level
0 ppm 50 ppm 100 ppm 150 ppm

Off-flavor/rancidity intensity mean scores3
0 ppm 3.30 2.00 1.60 1.60

500 ppm 2.08 1.92 - 1.50
Flavor quality mean scoresb

0 ppm 3.58 4.75 5.30 5.58
500 ppm 4.83 4.83 - 5.16

Appearance quality mean scoresb
0 ppm 1.19 4.86 6.19 6.10

500 ppm 3.76 5.38 - 6.52

a  S e e  f o o t n o t e  a, T a b le  2  
b  S e e  f o o t n o t e  b . T a b le  2

an d  3). P o o re r  f .av o r q u a li ty ,  m o re  in te n se ly  o ff-f la v o re d  p ro d 
u c t  re su lte d  fro m  10°C  th a n  fro m  3 2 °C  fe rm e n ta t io n .

F re sh  th u r in g e r  a p p e a ra n c e  q u a li ty  was a f fe c te d  by  th e  
a d d it io n  o f  b o th  n i tr i te  an d  n i tra te  (T ab le  2). W h en ev er n i
t r i te ,  n i tra te ,  o r  a c o m b in a tio n  o f  n i tr i te  an d  n i tr a te  w ere  p re s
e n t in  th e  fo rm u la t io n , reg ard less  o f  d iffe re n c e  in  fe rm e n ta t io n  
te m p e ra tu re ,  a p p e a ra n c e  q u a li ty  w as im p ro v e d ; in  th e  absence  
o f  e ith e r  o r  b o th ,  a p p e a ra n c e  q u a li ty  w as p o o r . P a n e lis ts ’ d e 
sc r ip tio n s  o f  th e  n o n n i tr i te ,  n o n n i tr a te  th u r in g e r  in c lu d ed  
“ g ray , b ro w n , v e ry  p o o r , n o  cu re  c o lo r , e tc .”

I t  sh o u ld  be  n o te d  th a t  th e  n o n n i tr i te ,  n o n n i tr a te  th u rin g e r  
e v a lu a te d  was n o t  a ty p ic a l fe rm e n te d  p ro d u c t ,  th u s  i t  is n o t 
su rp ris in g  th a t  s ig n ifican t ( a  = 0 .0 5 )  f lav o r an d  a p p ea ran c e  
im p ro v e m e n t w o u ld  re su lt f ro m  th e  a d d it io n  o f  n i tr i te  o r  n i
t r a te  in  th e  cu rin g  p ro cess . W ith in  th is  s tu d y  it w as c o n sis
te n t ly  sh o w n  th a t  n i tr i te  a d d it io n  a t a m in im a l level o f  50  p p m  
d id  im p ro v e  n o n n i tr i te ,  n o n n i tr a te  sausage p ro d u c t  q u a lity ;  
h o w e v e r, a t e ith e r  100 o r  150 p p m  a d d it io n  levels, e ffe c ts  
w ere  m o re  a p p a re n t.

F r ie d  th u rin g e r . R e d u ce d  o ff-f la v o r an d  in c re a sed  flavor 
q u a li ty  o c c u rre d  w ith  n i tr i te  a d d it io n  (T ab le  4 ). T h e  a d d itio n  
o f  50  p p m  n i tr i te ,  h o w e v e r, d id  n o t  o p tim a lly  im p ro v e  th u r 
in g er flav o r q u a li ty ;  h ig h er flav o r q u a li ty  an d  lo w e r o ff-flav o r 
sco res  o c c u rre d  in 100 an d  150 p p m  n i tr i te  v a r ia tio n s  ( a  = 
0 .0 5 ). T h e  a d d it io n  o f  n i tr a te  u p  to  5 0 0  p p m  n e ith e r  re d u ce d  
o ff-f la v o r in te n s i ty  n o r  im p ro v e d  flav o r q u a li ty  ( a  = 0 .0 5 ).

Table 5—Trained sensory panel evaluation of baked pizza top-
ping thuringer

Nitrate
level 0 ppm

Nitrite level 
50 ppm 100 ppm 150 ppm

Off-flavor/rancidity intensity1 mean scores3
0 ppm 2.30 1.16 1.30 1.16

500 ppm 1.50 1.42 - 1.08
Flavor quality mean scores'5

0 ppm 4.00 5.83 6.08 6.25
500 ppm 5.42 5.60 - 5.92

Appearance quality mean scores'5
0 ppm 1.48 5.81 6.53 6.86

500 ppm 6.91 6.10 - 5.76

a  S e e  f o o t n o t e  a , T a b le  2  
b  S e e  f o o t n o t e  b , T a b le  2

Table 6—Residual levels of nitrite and nitrate in thuringer sausage at various stages of 7.5°C storage

Code
no.

Treatment identification Residual nitrite levels Residual nitrate levels

Added
nitrite
(ppm)

Added
nitrate
(ppm)

Fermentation
temp
(°C)

Raw
emulsion

(ppm)

0 wk 
storage 
(ppm)

1 wk 
storage 
(ppm)

4 wk
storage
(ppm)

Raw
emulsion

(ppm)

0 wk 
storage 
(ppm)

1 wk 
storage 
(ppm)

4 wk 
storage 
(ppm)

1 0 0 32 0 0 0 0 14 18 14 33
2 0 500 32 0 39 12 9 480 255 262 256
3 0 1500 32 0 62 17 U 536 1082 1092 1084
4 50 0 32 31 10 8 10 34 14 42 14
5 50 500 32 28 17 8 7 536 391 430 126
6 50 1500 32 28 18 9 8 1550 1276 1298 1304
7 100 0 32 66 12 7 10 44 20 37 90
8 100 500 32 57 18 8 10 520 412 413 373
9 100 1500 32 57 24 12 11 1496 1276 1298 1384

10 150 0 32 75 15 10 V 40 48 47 58
11 150 500 32 85 17 4 10 520 456 454 451
12 150 1500 32 84 36 12 12 1566 1210 1346 1554
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Table 7—Residual levels of nitrite and nitrate in thüringer sausage at various stages of 27°C storage

Code
(no.)

Treatment identification Residual nitrite levels Residual nitrate levels

Added
nitrite
(ppm)

Added
nitrate
(ppm)

Fermentation
temp

°C

Raw
emulsion

(ppm)

0 wk 
storage 
(ppm)

2 wk 
storage 
(ppm)

8 wk 
storage 
(ppm)

Raw
emulsion

(ppm)

0 wk 
storage 
(ppm)

2 wk 
storage 
(ppm)

8 wk 
storage 
(ppm)

1 0 0 32 0 0 1 1 14 18 30 7
2 0 500 32 0 39 4 18 480 255 250 134
3 0 1500 32 0 62 5 43 536 1082 1206 924
4 50 0 32 31 10 3 14 34 14 25 16
5 50 500 32 28 17 6 35 536 391 1200 731
6 50 1500 32 28 18 4 36 1550 1276 1306 974
7 100 0 32 66 12 4 16 44 20 21 62
8 100 500 32 57 18 5 23 520 412 411 67
9 100 1500 32 57 24 6 23 1496 1276 1346 264

10 150 0 32 75 15 5 13 40 48 40 18
11 150 500 32 85 17 2 20 520 456 458 27
12 150 1500 32 84 36 4 132 1566 1210 1420 174

D e p en d in g  o n  level a d d e d , a p p e a ra n c e  q u a li ty  im p ro v e m e n t 
o c c u rre d  w h e n  n i tr i te  was in c lu d e d  w ith in  th e  fo rm u la t io n  
(T ab le  4 ) .  A t lea s t 1 0 0  p p m  n i tr i te  w as n ecessa ry  to  d if fe re n ti
a te  n i tr i te  an d  n o n n i tr i te  t r e a tm e n t  sco res . B ased o n  a sign ifi
c a n t  ( a  =  0 . 0 5 )  n i tr i te  X n i tr a te  in te ra c t io n , th e  e ffe c tiv e n ess  
o f  a d d e d  n i tr a te  d e p e n d e d  o n  n i t r i t e ’s p re sen c e . A p p e a ra n c e  
q u a li ty  o f  th ü r in g e r  c o n ta in in g  5 0 0  p p m  n i tr a te  im p ro v e d  w ith  
in c reased  n i tr i te .  G ra y , g reen , d a rk , b ro w n , d a rk  c e n te r ,  o ff- 
co lo rs  c h a ra c te riz e d  n o n n i tr i te  th ü r in g e r  a p p ea ran c e .

B ak ed  p izza  to p p in g  th ü r in g e r . N itr i te ,  reg ard less  o f  level 
a d d e d  o r  p re sen c e  o f  n i tr a te ,  re d u c e d  ra n c id ity  in te n s i ty  and  
im p ro v e d  flav o r q u a li ty  o f  f ro z e n  a n d  b a k ed  p izza  to p p in g  
th ü r in g e r  (T ab le  5). A t 100 an d  150 p p m  ad d ed  n i tr i te  levels, 
f lav o r e f fe c ts  w ere  m o s t o b v io u s . In te n s ity  and  q u a li ty  e ffe c ts  
d u e  to  n i tr a te  d e p e n d e d  o n  th e  p re se n c e  o f  n i tr i te .  N itra te  
re d u c e d  o ff-f la v o r  d e v e lo p m e n t in  n o n n i tr i te  th ü r in g e r  b u t  d id  
n o t  a p p re c ia b ly  im p ro v e  flav o r q u a lity .

H ig h er a p p e a ra n c e  q u a li ty  sco res re su lte d  fro m  n i tr i te  a d d i
t io n ,  reg ard less  o f  level o r  p re sen c e  o f  n i tr a te  (T a b le  5 ). A 
sig n ific a n t n i tr i te  X n i tr a te  in te ra c t io n  w as o b se rv ed  ( a  = 
0 .0 5 ). T h ü r in g e r  t r e a tm e n ts  c o n ta in in g  n i tr i te ,  n i tr a te ,  o r  a 
c o m b in a tio n  o f  n i tr i te  an d  n i tra te  rece iv ed  h ig h e r a p p ea ran c e  
q u a lity  ra tin g s  th a n  n c n n i t r i te ,  n o n n i tr a te .  N i t r a te ’s e ffec tiv -  
n ess was m o s t a p p a re n t  in  n o n n i tr i te  p r o d u c t;  th e  in f lu e n c e  o f  
n i tra te  d ec reased  as n i tr i te  leve l in c re a sed . “ G ra y , b ro w n , 
sp o iled , g re e n ”  a p p e a ra n c e  d e sc rip tio n s  c h a ra c te riz e d  th e  n o n 
n i tr i te ,  n o n n i tr a te  th ü r in g e r  v a r ia tio n ; “ red  o r  d u ll r e d ”  a p 
p e a ra n ce s  w ere  a sso c ia ted  w ith  n i tr i te  o r  n i tra te -c o n ta in in g  
tre a tm e n ts .

R esid u a l n i tr i te  an d  n i tr a te  d e te rm in a tio n s
In  T ab les  6 an d  7 re s id u a l levels o f  n i tr i te  and  n i tr a te  are 

sh o w n  at v a rio u s  s tag es o f  p ro d u c t  s to ra g e , a t s to ra g e  te m p e ra 
tu re s  o f  7 .5 °C  a n d  2 7 °C . A d iffe re n c e  b e tw e e n  n i tr i te  an d  
n i tr a te  c o n c e n tr a t io n s  ad d ed  a n d  a m o u n ts  a n a ly tic a lly  d e te r 
m in e d  b e fo re  f e rm e n ta t io n , i.e ., w ith in  th e  raw  m e a t e m u ls io n , 
w as o b se rv ed . N itr ite  c o n c e n tra t io n s  w ere  less b u t  n i tr a te  lev
els w ere  re la tiv e ly  u n a f fe c te d .

R esid u a l n i tr i te  an d  n i tr a te  c o n c e n tra t io n s  d im in ish e d  d u r 
ing  p ro d u c t  s to ra g e , r e d u c t io n  ra te  d e p e n d in g  o n  s to rag e  te m 
p e ra tu re  a n d  le n g th  o f  s to rag e  tim e . N itra te  d e p le t io n  w as 
m o re  p ro n o u n c e d  a t 2 7 °C  th a n  a t  7 .5 °C ; n i tr i te  c o n c e n tr a t io n  
d e c re a sed  ra p id ly  reg ard less  o f  s to rag e  te m p e ra tu re .  N itr ite , 
d u e  to  th e  g e n e ra tio n  o f  n i tr i te  fro m  n i tra te  d u rin g  p ro d u c t  
f e rm e n ta t io n ,  c o o k in g , o r  s to ra g e , w as d e te c te d  in  th ü r in g e r  
c o n ta in in g  a d d e d  n i tr a te  o n ly  a n d  in  t r e a tm e n ts  c o n ta in in g  
n e ith e r  a d d e d  n i tr i te  n o r  n i tra te .  S m all a m o u n ts  o f  in h e re n t

n i tr a te  w ere  d e te c te d  in  th u r in g e r  to  w h ic h  n e ith e r  n i tr i te  n o r  
n i tr a te  was a d d e d . U n a c c o u n te d  fo r ,  a lth o u g h  n o t  u n c o m m o n , 
f lu c tu a tio n s  in  re s id u a l n i tr a te  c o n c e n tr a t io n  o c c u rre d  d u rin g  
p ro d u c t  s to ra g e . P re v io u sly , C h ris tia n se n  e : a l. (1 9 7 4 )  a n d  
H errin g  (1 9 7 3 )  n o te d  n i tra te  fo rm a t io n  in  c u re d  b a c o n  to  
w h ich  n i tr i te  o n ly  w as a d d e d . D a ta  r e p o r te d  rev ea led  n i tr a te  
fo rm a t io n  d u rin g  p u m p in g , p ro cess in g , an d  s to ra g e , th e  c o n 
c e n tr a t io n  o f  a c c u m u la te d  n i tra te  a fu n c tio n  o f  a d d e d  n i tr i te .  
H errin g  a sc rib ed  n i tra te  fo rm a t io n  d u rin g  s to ra g e  to  p o ss ib le  
d is p ro p o r t io n a t io n  o f  n i tro u s  acid  to  give n i tr ic  o x id e  a n d  n i
t r a te  a n d  fro m  th e  o x id a t io n  o f  n i tr ic  acid  b y  o x y g e n  to  give 
n i tr i te  w h ich  th e n  re a c te d  w ith  w a te r  to  give n i tr a te  a n d  
n i tr i te .

N itro sa m in e  d e te rm in a tio n s
In  T ab le  8 is sh o w n  th e  e ffe c t  o f  in it ia lly  a d d e d  n i t r i te  a n d  

n i tra te  o n  th e  d e te c t io n  o f  n i tro sa m in e s  u n d e r  n o rm a l an d  
ab u sed  s to rag e  c o n d it io n s . R eg ard less o f  n i t r i te  o r  n i tr a te  c o n 
c e n tr a t io n , s to rag e  t r e a tm e n t,  o r  serv ing  fo rm , n o  n itro s a m in e s  
w ere  d e te c te d .

Table 8—Effect of added nitrite and nitrate on detection of 14 
volatile nitrosamines in stored thuringer sausage3

Added
nitrite
level0

Nitrosamines detected1*
Added 
nitrate 
level 

0 ppm

Added
nitrate
level

500 ppm

Added
nitrate
level

1500 ppm
0 ppm negative negative negative

50 ppm negative negative negative
100 ppm negative negative negative
150 ppm negative negative negative

a  E a c h  s to r e d  t h u r i n g e r  s a u s a g e  t e s t e d  a s: (1 )  p r o d u c t  h e ld  2  a n d  4  
w k  a t  7 .5 ° C ;  (2 ) p r o d u c t  h e ld  1 w k  a t  7 .5 ° C  p lu s  2  d a y s  a t  2 7 ° C ;  
(3 )  p r o d u c t  h e ld  2  a n d  4  w k  a t  7 .5 ° C  b e f o r e  f r y in g ;  (4 )  p r o d u c t

“ T h e  a n a ly s e s ,  s e n s i t iv e  t o  1 0  n g , in c lu d e d  t h e  f o l l o w i n g  v o la t i l e  
N -n i t r o s a m in e s :  d im e th y la m in e ,  m e t h y l e t h y l a m i n e ,  d i e t h y l a m i n e ,  
m e th y l  p r o p y l  a m in e ,  e th y l p r o p y l a m i n e ,  d i p r o p y l a m i n e ,  e th y lb u -  
t y la m in e ,  p r o p y I b u ty l a m in e ,  m e th y la m y la m in e ,  d ib u t y l a m i n e ,  p i 
p e r id in e ,  p y r r o l id in e ,  m o r p h o l in e  a n d  d i a m y la m in e .  

c  T h e  0  p p m  n i t r i t e  s e r ie s  w a s  f e r m e n t e d  a t  1 0 ° C  a n d  3 2 ° C ;  t h e  5 0 ,  
1 0 0  a n d  1 5 0  p p m  s e r ie s  w e r e  f e r m e n t e d  a t  3 2 ° C  o n ly .
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CONCLUSION
IN  T H IS  IN V E S T IG A T IO N , th e  a d d it io n  o f  n i tr i te  a t a m in i
m u m  level o f  5 0  p p m  w as n ecessa ry  to  ach iev e  re a so n a b ly  
ty p ic a l th u r in g e r  flav o r an d  a p p e a ra n c e  c h a ra c te ris tic s  in  sliced  
fresh  a n d  b a k e d  p izza  to p p in g  p ro d u c ts . A t le a s t 100 p p m  
ad d ed  n i tr i te  w as n ecessa ry  to  p ro d u c e  th e se  e ffe c ts  in  fr ied  
th u rin g e r . I t  w as sh o w n  th a t  m o re  d e s irab le  p ro d u c t ,  i.e ., th u r 
in g er rece iv in g  h ig h e r a p p e a ra n c e  an d  f lav o r q u a li ty  sco res , 
re su lte d  fro m  th e  a d d it io n  o f  100 p p m  o r  m o re  so d iu m  n i tr i te  
in  th e  c u re . T h e  e f fe c t  o f  a d d e d  n i tr a te  w as n eg lig ib le . F re sh , 
fr ied , o r  b a k ed  th u r in g e r  c o n ta in in g  n e ith e r  n i tr i te  n o r  n i tra te  
w as ju d g ed  m o s t ra n c id  a n d  o f  p o o re s t  f lav o r a n d  a p p e a ra n c e  
q u a lity .

N itr ite  a n d  n i tra te  c o n c e n tra t io n s  d ec reased  w ith  p ro d u c t  
s to rag e . R ap id  n i tr a te  d e p le t io n  o c c u rre d  a t 2 7 °C . N itra te  w as 
a p p a re n tly  c o n v e rte d  to  n i tr i te ,  p o ss ib ly  d u rin g  p ro d u c t  fe r
m e n ta tio n , c o o k in g , o r s to ra g e . R esid u a l n i tr i te  d im in ish ed  
ra p id ly  a t b o th  7 .5 °C  an d  2 7 °C .

N o  n itro sa m in e s  w ere  d e te c te d  in  th u r in g e r  reg ard less  o f  
in itia l n i tr i te  o r n i tra te  c o n c e n tra t io n , s to ra g e  c o n d it io n , o r 
k i tc h e n  p re p a ra tio n  m e th o d .
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PERSISTENCE OF STAPHYLOCOCCUS. Bruised Tissue Microenvironment 
Affecting Persistence of Staphylococcus aureus

INTRODUCTION
P O U L T R Y  B R U IS E S  h a rb o r  large  n u m b e rs  an d  v a rio u s  k in d s  
o f  b a c te r ia  o f  w h ich  S t a p h y l o c o c c u s  a u r e u s  is p re d o m in a n t  
(M c C a rth y  e t  a l., 1 9 6 3 ). T h ese  s ta p h y lo c o c c i a re  ab le  to  c o m 
b a t h o s t  d e fen se  m ec h an ism s  an d  p e rs is t in  th e  b ru ised  tissu e  
fo r  m o re  th a n  18 d ay s (H a m d y  a n d  B a rto n , 1 9 6 5 ). P o u ltry  
b ru ises  w ere  im p lic a te d  as a so u rce  o f  th e  s ta p h y lo c o c c a l in 
fe c tio n s  th a t  c o m m o n ly  o c c u r  on  th e  h a n d s , a rm s, c h es t and  
a b d o m e n  o f  p o u l try  p ro cess in g -lin e  w o rk e rs  (R o sk e y  an d  
H am d y . 1 9 7 2 ). A gain H am d y  an d  h is c o -w o rk e rs  (H a m d y  et 
ah , 1 9 5 7 ; M cC arth y  e t ah , 1 9 6 3 ; B ro w n  and  H a m d y , 1 9 6 5 a , b ; 
H am d y , 1 9 6 9 ) d e sc rib e d  m an y  o f  th e  p h y sica l and  b io c h e m i
cal ch an g es o c cu rr in g  in  th e  m ic ro e n v iro n m e n t o f  th e  b ru ise  
and  re la te d  th e se  ch an g es to  th e  g ro w th  an d  th e  p e rs is ten c e  o f 
S. a u r e u s  in  th ese  tissues. M cC arth y  e t al. (1 9 6 3 )  sh o w ed  th a t  
b ru is in g  in c reased  tissu e  p e rm e a b ility  th e re b y  fa c ili ta tin g  m i
c ro b ia l in v asio n . H am d y  e t al. (1 9 5 7 )  d e m o n s tra te d  th a t  th e  
c o n c e n tra t io n  o f  e x tra s tro m a l h e m o g lo b in  in c reased  fo llo w in g  
tra u m a . B ro w n  an d  H am d y  (1 9 6 5 b )  re p o rte d  th a t  b ru is in g  
e lic ited  th e  re lease  o f  m a n y  h y d ro ly tic  e n zy m es su ch  as /3-ga- 
lac to s id ase . )3-g lucuronidase, acid  p h o sp h a ta se , d e o x y r ib o n u 
clease, r ib o n u c lea se  as w ell as o th e r  e n zy m es in  tissues. M cKee 
and  B rau n  (1 9 6 2 )  an d  B rau n  a n d  F irsh e in  (1 9 6 7 )  re p o rte d  
th a t  th e  d e g ra d a tio n  p ro d u c ts  re su ltin g  fro m  th e  a c t io n  o f 
d e o x y r ib o n u c le a se  o n  d e o x y r ib o n u c le ic  acid  s tim u la te d  th e  
g ro w th  o f  co ag u lase  p o sitiv e  s ta p h y lo c o c c i.

H am d y  an d  C a rp e n te r  (1 9 7 4 )  sh o w ed  th a t  th e  p e rs is ten c e  
o f  S a lm o n e lla  a f te r  in v as io n  o f  an im a l tis su e  a p p e a re d  to  be 
re la te d  to  th e  p h ase  o f  g ro w th , v iru len ce  o f  c u ltu re  used  and  
th e  n u m b e r  o f  o rg an ism s in g ested . A lso , th e  a c t o f  b ru is in g  
an d  th e  a c c u m u la tio n  o f  b lo o d  an d  flu id  w ith in  th e  ch ic k en  
m uscles, p lay ed  an  im p o r ta n t  ro le  in  th e  ra te  o f  g ro w th  and  
p ro life ra t io n  o f  S. a u r e u s  and  S. e p i d e r m i d i s .  T h e re fo re , th e  
p re se n t in v es tig a tio n  w as d ire c te d  to w a rd  ex am in in g  th e  ef
fec ts  o f  p o u ltry  b ru ise s , a t d if fe re n t  stages d u rin g  healin g , on  
g ro w th , re sp ira tio n  and  v iru le n ce  fa c to rs  p ro d u c e d  by  S. 
a u r e u s  in v itro . T h e  e ffe c t  o f  h e m o g lo b in  on  th e  p ro d u c tio n  o f 
e n te ro to x in  B as w ell as on  th e  re sp ira tio n  o f  th is  p a th o g e n ic  
b a c te r ia  w as a lso  s tu d ied .

MATERIALS & METHODS
Cultures

T h r e e  s t r a in s  o f  S. aureus w e r e  u s e d .  T h e  f i r s t ,  d e s ig n a te d  as 
“ A - 1 0 ,”  w a s  o r ig in a l ly  i s o la te d  f r o m  in f e c t e d  l a c e r a t i o n s  o f  p o u l t r y  
w o r k e r s  ( R o s k e y  a n d  H a m d y ,  1 9 7 2 )  a n d  e x h ib i t e d  t h e  fo l l o w in g  c h a r 
a c t e r i s t i c s :  F o r m e d  g o ld e n  p ig m e n te d  c o lo n ie s  o n  S t a p h y lo c o c c u s  m e 
d iu m  1 1 0  ( D i f c o ) ,  a c t iv e ly  p r o d u c e d  c o a g u la s e ,  d e o x y r ib o n u c le a s e ,  
g e la t in a s e  a n d  ly s o z y m e  e n z y m e s ,  f e r m e n te d  m a n n i t o l  a n d  e x h ib i t e d  
th e  p h a g e  ty p e  8 3 A /8 5 .  T h e  s e c o n d  s t r a in ,  “ A -3 ,”  w a s  a ls o  i s o la te d  
f r o m  a n  in f e c t e d  c u t  o n  a  p o u l t r y  w o r k e r ,  h a d  th e  s a m e  m o r p h o l o g ic a l  
a n d  b io c h e m ic a l  p r o p e r t i e s  as “ A - 1 0 ”  s t r a in  b u t  h a d  t h e  p h a g e  ty p e  
2 9 / 5 2 / 5 2 A / 7 9 / 8 0 / 6 / 4 2 E / 4 7 / 5 3 / 5 4 / 7 5 / 7 7 / 8 1  a n d  a c t iv e ly  f o r m e d  h y a l-  
u r o n id a s e .  T h e  t h i r d  S. aureus, “ S -6 ,”  o b t a in e d  f r o m  N a t ic k  L a b s ,  
w a s  e m p lo y e d  a s  a  s t a n d a r d  e n t e r o t o x i n  B p r o d u c e r .  A ll  t h r e e  s t r a in s  
w e re  m a in t a in e d  o n  n u t r i e n t  a g a r  s la n t s  a n d  s to r e d  a t  4 ° C .  P r io r  to  u se  
th e y  w e re  a c t i v a t e d  b y  th r e e  s u c c e s s iv e  in o c u la t i o n s  in  (D i f c o )  b r a in  
h e a r t  in f u s io n  (B H I )  a n d  in c u b a t e d  a t  3 7 ° C  f o r  2 4  h r .  F la s k s  o f  B H I

w e re  i n o c u la t e d  w i t h  t h e  a c t iv e  t e s t  s t r a in  a n d  in c u b a t e d  f o r  2 4  h r  a t  
3 7 ° C . C e lls  w e re  t h e n  h a r v e s te d  b y  c e n t r i f u g a t i o n ,  w a s h e d  tw ic e  w i t h  
s te r i le  s a l in e  t h e n  r e s u s p e n d e d  in  s a l in e  t o  t h e  d e s i r e d  c o n c e n t r a t i o n .  
T h e  l a t t e r  w a s  c h e c k e d  b y  p la t in g  a p p r o p r i a t e  d i l u t i o n s  o n  (D i f c o )  
m a n n i to l - s a . t - a g a r  (M S A ) ( H a m d y  a n d  B a r to n ,  1 9 6 5 ) .

Experimental animals
A p p a r e n t ly  h e a l t h y ,  n o r m a l  w h i t e  L e g h o r n  c h ic k e n s  ( m ix e d  s e x ) ,

8 - 1 0  w k  o ld ,  w e ig h in g  3 - 4  lb  a n d  k e p t  in  a  c o n s t a n t  t e m p e r a t u r e  
r o o m  ( 2 2 ° C )  w e re  u s e d .  T h e  b i r d s  w e r e  m a in t a in e d  in  b a t t e r i e s  a n d  
w e re  o f f e r e d  n o n m e d ic a t e d  r a t i o n s  a n d  w a t e r  a d  l ib i tu m .

Trauma and sampling
T h e  f e a th e r s  o v e r  t h e  b r e a s t  m u s c l e  o f  e a c h  liv e  b i r d  w e r e  c l ip p e d  

a n d  th e  p e c t o r a l i s  m a jo r  m u s c le  w a s  c o n tu s e d  u s in g  t h e  s t a n d a r d  t e c h 
n iq u e  p r e v io u s ly  d e s c r ib e d  b y  H a m d y  e t  a l. ( 1 9 6 1 a ) .  S l ig h t  t r a u m a  w a s  
e l ic i te d  b y  tw o  b lo w s  a n d  s e v e re  t r a u m a  b y  f iv e  b lo w s .  S y m m e t r i c a l l y  
lo c a te d  a r e a s  o n  th e  s a m e  a n d / o r  d i f f e r e n t  n o r m a l  b i r d s  s e r v e d  a s  c o n 
t ro l s  ( n o n b r u i s e d ) .  A t  d a i ly  in te rv a ls  p o s t - t r a u m a  th e  b i r d s  w e re  s a c r i 
f ic e d  b y  c e rv ic a l  s e p a r a t i o n ,  t h e  t i s s u e  ( 3 —6 g ) i m m e d ia t e ly  e x c i s e d  
a s e p t ic a l ly ,  a n d  p la c e d  in  s te r i l e  p r e - c o o le d  p e t r i  d is h e s  k e p t  a t  4 ° C .  
T h e  t i s s u e s  w e re  m in c e d  a n d  3 -g  s a m p le s  w e re  h o m o g e n iz e d  a t  4 ° C  in  
2 7  m l  c o ld  3 .0 6 6 M  p h o s p h a t e  b u f f e r  ( p H  7 .4 )  f o r  2  m in  u s in g  a  S o rv a l l  
O m n im ix e r  ( 1 6 .0 0 0  r e v /m in ) .  E a c h  h o m o g e n a te  w a s  c e n t r i f u g e d  a t  
1 0 ,5 0 0  X  G  f o r  2 0  m in  a t  4 ° C  a n d  th e  s u p e r n a t e  ( t i s s u e  e x t r a c t )  s t e r i 
l iz e d  b y  f i l t r a t i o n  (0 .2 2 /u ) .  A n  a l i q u o t  o f  e a c h  e x t r a c t  w a s  ly o p h i l i z e d ,  
s to r e d  a t  - 4 0 ° C  a n d  r e h y d r a t e d  to  o r ig in a l  v o lu m e  w h e n  u s e d .

Measurement of growth and virulence factors
F la s k s  c o n ta in in g  15 m l o f  s t e r i l e  r e h y d r a t e d  b r u i s e d  o r  n o r m a l  

t i s s u e  e x t r a c t s  w e re  in o c u la t e d  w i th  0 .2  m l (3  X  1 0 6 c e l ls )  s a l in e - s u s 
p e n s io n  o f  S. aureus “ A -1 0 ,”  i n c u b a te d  f o r  1 8  h r  a t  3 7 ° C  a n d  th e  
n u m b e r  o f  c e l l s /m l  e x t r a c t  w a s  d e t e r m in e d  b y  p la t in g  a p p r o p r i a t e  d i l u 
t io n s  o n  M S A . T h e  c e l ls  in  t h e  t i s s u e  e x t r a c t  w e re  r e m o v e d  b y  c e n t r i f u 
g a t io n  ( 1 0 ,5 0 0  x  G , 3 0  m in ,  4 ° C )  a n d  t h e  s u p e r n a t e s  a s s a y e d  f o r  b o t h  
f r e e  c o a g u la s e  a n d  b e t a  h e m o ly s in  a c t iv i t ie s .  T h e  t i t e r  o f  c o a g u la s e  w a s  
d e t e r m in e d  u s in g  th e  t e c h n iq u e  o f  Y o t i s  a n d  E k s t e d  ( 1 9 5 9 )  a n d  th e  
b e t a  h e m o ly s in  w a s  e s t i m a te d  b y  th e  p r o c e d u r e  o f  C h e s b o r o  e t  a l.
( 1 9 6 9 ) .  H y a lu r o n id a s e  w a s  a s s a y e d  u s in g  th e  t u r b i d i m e t r i c  p r o c e d u r e  o f  
T o l k s d o r f  e t  a l. ( 1 9 4 9 ) .  F la s k s  c o n ta in in g  3 m l o f  s t e r i l e  t i s s u e  e x t r a c t s  
w e re  i n o c u la t e d  w i th  0 .2  m l ( 1 0 3 c e l ls )  o f  s a l in e  s u s p e n s io n  o f  S. aureus 
“ A -3 ”  a n d  i n c u b a te d  w i th  s h a k in g  a t  3 7 ° C  f o r  1 2  h r .  T h e  c e l ls  w e re  
t h e n  h a r v e s te d  b y  c e n t r i f u g a t io n ,  w a s h e d  tw ic e  a n d  r e s u s p e n d e d  in  s a 
lin e . O n e - t e r t h  m l a l i q u o t s  o f  s a l in e - c e l l  s u s p e n s io n s  w e r e  t h e n  u s e d  to  
i n o c u la t e  10  m l  n u t r i e n t  b r o t h  (D i f c o )  c o n ta in in g  1%  g lu c o s e  a n d  th e  
f la s k s  w e r e  ;h e n  i n c u b a te d  w i t h  s h a k in g  f o r  15  h r  a t  3 7 ° C .  A s s a y  f o r  
h y a lu r o n id a s e  w a s  a lw a y s  p e r f o r m e d  o n  th e  c u l tu r e  s u p e r n a t e .

Assay of enterotoxin B
L y o p h i l i z e d ,  p o o le d ,  e x t r a c t s  o f  n o r m a l  a n d  o f  s e v e re ly  b r u i s e d  t i s 

s u e  o f  v a r io u s  a g e s  p o s t - b r u i s in g ,  w e re  r e h y d r a t e d  in  0 .0 2 M  p h o s p h a t e  
b u f f e r  ( p H  7 .4 ) ,  a n d  s te r i l iz e d  b y  f i l t r a t i o n  t h r o u g h  a  0 .2 2 /u  f i l t e r .  
F la s k s  c o n ta in in g  8 m l s te r i l e  f i l t r a t e s  w e r e  i n o c u l a t e d  w i t h  1 .0  m l 
c o n ta in in g  1 0 6 c e l ls  o f  s a l in e  s u s p e n s io n  o f  S. aureus “ S -6 ”  a n d  i n c u 
b a t e d  w i t h  S l a k in g  a t  1 0 0  c y c l e s /m in  f o r  2 4  h r  a t  2 5 °  C . E n t e r o t o x i n  B 
w a s  a s s a y e d  in  t h e  c u l tu r e  s u p e r n a t e  b y  t h e  s in g le  g e l - d i f f u s io n  t e c h 
n iq u e  d e s c r ib e d  b y  W e i r e th e r  e t  a l.  ( 1 9 6 6 ) .  T h e  e f f e c t  o f  h e m o g lo b in  
o n  e n t e r o t o x i n  B p r o d u c t i o n  w a s  a s c e r ta in e d  b y  g ro w in g  S. aureus 
“ S -6 ”  in  s a l i n e - b u f f e r e d  B H I ( p H  7 .4 )  c o n ta in in g  0 , 0 . 0 0 0 4 ,  0 . 0 0 1 7  a n d  
0 .0 0 3 5  /JM  h e m o g lo b in /m l  o f  m e d ia .

Respiration
O x y g e n  c o n s u m p t io n  w a s  m e a s u r e d  b y  s t a n d a r d  W a r b u rg  t e c h n iq u e s  

u s in g  a  G i ls o n  d i f f e r e n t i a l  r e s p i r o m e te r .  R e a c t io n  v e s s e ls  c o n t a i n e d :  1 .5  
m l o f  a  0 .0 6 6 M  p h o s p h a te  b u f f e r  (p H  7 .4 ) ,  w h ic h  h a d  2 X  1 0 s c e l ls  o f  
S. aureus “ A - 1 0 ”  in  t h e  f la s k ;  1 .5  m l o f  s t e r i l e  b r u i s e d  o r  n o r m a l  t is s u e

4 9 6 - J O U R N A L  O F  F O O D  S C I E N C E - V o l u m e  4 0  ( 1 9 7 5 )



PERSISTENCE OF STA PH YLO C O C C U S - 4 9 7

ex trac t in the  side arm ; and 0.1 m l o f  40% KOH and a fo lded filter 
paper w ick in the  cen te r well. T he reaction  vessels w ere allow ed to  
equilibra te  for 15 m in at 37°C  and th en  resp irom eter m easurem ents 
w ere obtained  a t intervals over a 60 m in in cu b a tio n  period . T he effec t 
o f  hem oglobin on glucose o x id a tio n  was d e term ined  by  p reparing  reac
tion  vessels to  con ta in : 0.1 m l o f  0.1M  glucose, 0 .3  m l o f  0 .066M  
phospha te  b u ffe r (pH  7 .4 ); 2.6 m l o f  saline-cell suspension, w hich  had 2 
x  10s cells; 0.3 m l o f  hem oglob in  so lu tion  (0 .0035  juM/ml) in side arm ; 
and 0.1 ml o f  40%  KOH in the  cen ter well.

RESULTS & DISCUSSION
T H E  D A T A  c o m p a r i n g  t h e  g r o w t h  o f  s t a p h y l o c o c c i  i n  n o r m a l  
t i s s u e  e x t r a c t  a n d  i n  e x t r a c t s  p r e p a r e d  f r o m  s l i g h t  a n d  s e v e r e  
b r u i s e s  o f  v a r i o u s  a g e s  p o s t - b r u i s e  a r e  s h o w n  i n  T a b l e  1. I t  c a n  
b e  s e e n  t h a t  g r o w t h  o f  s t a p h y l o c o c c i  i n  e x t r a c t s  o f  s l i g h t  
b r u i s e s  o b t a i n e d  a t  a n y  t i m e ,  1 s t  t o  9 t h  d a y ,  p o s t - t r a u m a  w a s  
m u c h  m o r e  t h a n  t h a t  n o t e d  i n  n o r m a l  t i s s u e  e x t r a c t .  I n  e x 
t r a c t s  p r e p a r e d  f r o m  1 —4  d a y  o l d  s l i g h t  b r u i s e s ,  t h e  a v e r a g e  
i n c r e a s e  a b o v e  t h e  g r o w t h  l e v e l  i n  t h e  n o r m a l  ( c o n t r o l )  t i s s u e  
e x t r a c t  w a s  1 9 2 % .  T h e  a v e r a g e  g r o w t h  i n  t h e  t i s s u e  e x t r a c t  

p r e p a r e d  f r o m  t h e  5 - d a y  o l d  b r u i s e  w a s  o n l y  2 0 %  h i g h e r  t h a n  
t h a t  n o t e d  i n  n o r m a l  t i s s u e  e x t r a c t .  I n  t i s s u e  e x t r a c t s  o f  6 ,  7 ,  8 

a n d  9 - d a y  o l d  b r u i s e s ,  s t a p h y l o c o c c a l  g r o w t h  w a s  a l s o  g r e a t e r  
t h a n  t h a t  o b s e r v e d  i n  t h e  n o r m a l  t i s s u e  e x t r a c t .  H o w e v e r ,  i n  
t h e s e  e x t r a c t s  t h e  a v e r a g e  p e r c e n t  i n c r e a s e  a b o v e  t h e  l e v e l  a t 
t a i n e d  i n  t h e  c o n t r o l  w a s  o n l y  7 0 % .  M a x i m a l  g r o w t h  o f  S. 
aureus c e l l s  o c c u r r e d  i n  t i s s u e  e x t r a c t  p r e p a r e d  f r o m  t h e  3 - d a y  
p o s t - b r u i s e .

G r o w t h  o f  s t a p h y l o c o c c i  i n  e x t r a c t s  o f  s e v e r e  b r u i s e s  p r e 
p a r e d  f r o m  t i s s u e s  s e c u r e d  d u r i n g  t h e  1 s t  t o  t h e  8 t h  d a y  p o s t 
t r a u m a  w a s  a l s o  s u p e r i o r  t o  t h a t  n o t e d  i n  n o r m a l  t i s s u e  e x 

t r a c t .  O n  t h e  o t h e r  h a n d ,  g r o w t h  i n  t h e  e x t r a c t  o f  t h e  9 - d a y  
o l d  s e v e r e  b r u i s e  w a s  s l i g h t l y  l e s s  t h a n  c o n t r o l .  M i c r o b i a l  
g r o w t h  i n  t h e  1 —3  d a y  p o s t - b r u i s e  e x t r a c t s  a v e r a g e d  1 2 4 %  

a b o v e  c o n t r o l  w h i l e  g r o w t h  i n  6 —8  d a y  p o s t - b r u i s e  e x t r a c t s  
a v e r a g e d  1 8 4 %  a b o v e  c o n t r o l  l e v e l .  G r o w t h  o f  s t a p h y l o c o c c i  i n  
e x t r a c t s  p r e p a r e d  f r o m  4  a n d  5 - d a y  o l d  b r u i s e s  e x c e e d e d  t h e  
c o n t r o l  l e v e l  b y  1 5 %  a n d  2 7 % ,  r e s p e c t i v e l y .  I t  s h o u l d  b e  p o i n t 
e d  o u t  t h a t  S. aureus c e l l s  g r e w  b e s t  i n  t h e  6 - d a y  p o s t - b r u i s e  
e x t r a c t s  o f  s e v e r e l y  d a m a g e d  t i s s u e  w h e r e  t h e y  e x c e e d e d  t h e  
c o n t r o l  l e v e l  b y  2 2 2 % .  T h e  i n c r e a s e  i n  m i c r o b i a l  g r o w t h  i n  

b r u i s e d  t i s s u e  e x t r a c t s  m a y  b e  d u e  t o  e i t h e r  t h e  p r e s e n c e  o f  a  
g r o w t h  s t i m u l a t i n g  s u b s t a n c e ( s )  o r  t h e  i n a c t i v a t i o n  o f  b a c t e r i o 
s t a t i c  a n d / o r  b a c t e r i c i d a l  c o m p o n e n t s  p r e s e n t  i n  n o r m a l  t i s s u e  
o f  t h e  b i r d s .  I n c r e a s e d  g r o w t h  r a t e s  i n  b r u i s e d  t i s s u e  e x t r a c t s  
c o m p a r e d  t o  t h a t  i n  n o r m a l  t i s s u e  e x t r a c t s  m a y  b e  a t t r i b u t e d  
t o  t h e  i n c r e a s e  i n  c o n c e n t r a t i o n  o f  n u c l e i c  a c i d  f r a g m e n t s  r e 
s u l t i n g  f r o m  t h e  r e l e a s e  o f  l y s o s o m a l  n u c l e a s e s  a t  t h e  s i t e  o f  

t r a u m a .  T h e  c o n c e n t r a t i o n  o f  l y s o s o m a l  n u c l e a s e s  i n  t i s s u e s  i n 
c r e a s e d  i n  c o n c e n t r a t i o n  i n  b r u i s e d  t i s s u e s  r e a c h i n g  a  m a x i m a l  
b e t w e e n  t h e  3 r d  a n d  5 t h  d a y  p o s t - b r u i s e  a n d  t h e n  d e c l i n e d  
t o w a r d  n o r m a l  l e v e l s  a s  h e a l i n g  p r o g r e s s e d  ( B r o w n  a n d  H a m -  
d y ,  1 9 6 5 b ) .  T h e  e n h a n c e d  g r o w t h  r a t e  o b s e r v e d  i n  b r u i s e d  
t i s s u e  e x t r a c t s  a b o v e  c o n t r o l ,  p a r t i c u l a r l y  d u r i n g  1 —4  d a y s  

p o s t - t r a u m a ,  m a y  a l s o  b e  d u e  t o  t h e  i n c r e a s e  o f  t h e  e x t r a s t r o -  
m a l  h e m o g l o b i n  c o n c e n t r a t i o n  i n  t h e s e  t i s s u e s .  M c C a r t h y  e t  a l .  
( 1 9 6 3 )  s h o w e d  t h a t  h e m o g l o b i n  s t i m u l a t e d  t h e  g r o w t h  o f  S. 
aureus w h i l e  a c i d  a n d  a l k a l i n e  h e m a t i n  a s  w e l l  a s  b i l i v e r d i n  
i n h i b i t e d  t h e  g r o w t h  o f  t h i s  o r g a n i s m  i n  v i t r o .  T h e  g r o w t h  o f  

s t a p h y l o c o c c i  i n  b r u i s e  t i s s u e  e x t r a c t s  m a y  a l s o  b e  g o v e r n e d  b y  
a  w i d e  v a r i e t y  o f  o t h e r  m e t a b o l i t e s .  I n  f a c t ,  t h e  b i p h a s i c  p a t 
t e r n  o f  g r o w t h  s t i m u l a t o r y  a c t i v i t y ,  i n  e x t r a c t s  o f  b o t h  s e v e r e  

a n d  s l i g h t  b r u i s e  t i s s u e s ,  s u g g e s t s  t h a t  t h e  r a t e  o f  g r o w t h  i n  
t h e s e  e x t r a c t s  i s  g o v e r n e d  b y  a  c o m p l e x  s e r i e s  o f  b i o c h e m i c a l  
e v e n t s  t h a t  v a r y  a s  h e a l i n g  p r o g r e s s e s .  H o w e v e r ,  t h e  r e s u l t s  o f  
t h i s  s t u d y  p o i n t  o u t  t h a t  t h e  e f f e c t  o f  t h e s e  b i o c h e m i c a l  a l t e r a 
t i o n s  a p p a r e n t l y  s t i m u l a t e s  t h e  g r o w t h  o f  S. aureus t h r o u g h o u t  
t h e  h e a l i n g  p r o c e s s .  A n  a c c e l e r a t e d  g r o w t h  r a t e  i n  t h e  b r u i s e d  
t i s s u e  c r e a t e s  a  g r e a t e r  o p p o r t u n i t y  f o r  s e l e c t i o n  o f  t h o s e  

s t a p h y l o c o c c a l  c e l l s  t h a t  a r e  m o s t  r e s i s t a n t  t o  n a t u r a l  t i s s u e

Table 1—Comparative growth of S. aureus "A -10" in trauma
tized tissues during healing3

Time
post-trauma

(days)

Percent increase above control

Slight trauma Severe trauma

1 151b 150
2 193 163
3 218 60
4 205 15
5 20 27
6 57 222
7 70 189
8 111 140
9 42 - 7

a 15 ml of sterile bruised or normal tissue extract In 125 ml flasks 
were Inoculated with 0.2 ml (3 X 1 06 cells) saline suspension of S. 
aureus ''A-10'' at time zero. 

b Each data represent the average of six birds.

b a c t e r i o s t a t i c  a n d  b a c t e r i c i d a l  s u b s t a n c e s  a n d  m a y  t h e r e f o r e  
a c c o u n t  f o r  t h e  p r o l o n g e d  p e r s i s t e n c e  o f  v i a b l e  s t a p h y l o c o c c i  
i n  b r u i s e d  t i s s u e .

Respiration
R e s p i r a t o r y  a c t i v i t y  o f  s t a p h y l o c o c c a l  c e l l s  i n  b r u i s e d  t i s s u e  

e x t r a c t s  w a s  f o u n d  t o  b e  c o r r e l a t e d  t o  b o t h  s e v e r i t y  a n d  t i m e  
p o s t - t r a u m a .  F o r  e x a m p l e ,  o x y g e n  u p t a k e  o f  c e l l s  i n c u b a t e d  i n  
s e v e r e  b r u i s e s  p r e p a r e d  i m m e d i a t e l y  f o l l o w i n g  t r a u m a  ( 0  d a y )  
w a s  m u c h  l o w e r  t h a n  t h o s e  k e p t  i n  n o r m a l  t i s s u e  e x t r a c t  ( F i g .
I A )  . I n  e x t r a c t s  p r e p a r e d  f r o m  b r u i s e d  t i s s u e  a f t e r  1 a n d  4  
d a y s  p o s t - t r a u m a ,  t h e  o x y g e n  u p t a k e  ( c o m p a r e d  t o  n o r m a l )  

w a s  m u c h  h i g h e r ,  p a r t i c u l a r l y  a f t e r  3 0  m i n  i n c u b a t i o n .  S l i g h t l y  
h i g h e r  o x y g e n  u p t a k e  w a s  a l s o  n o t e d  i n  t i s s u e  e x t r a c t  o f  4 - d a y  
o l d  b r u i s e s  c o m p a r e d  t o  1 - d a y  o l d  b r u i s e s ,  e s p e c i a l l y  d u r i n g  

e a r l y  i n c u b a t i o n  ( < 3 0  m i n ) .  A f t e r w a r d s ,  n o  s i g n i f i c a n t  d i f f e r 
e n c e s  i n  o x y g e n  u p t a k e  ( P  <  0 . 0 5 )  w a s  o b s e r v e d  b e t w e e n  1 

a n d  4 - d a y  o l d  b r u i s e d  t i s s u e  e x t r a c t s .  S l i g h t  d i f f e r e n c e s  i n  o x y 
g e n  u p t a k e  w e r e  n o t e d  b e t w e e n  s t a p h y l o c o c c a l  c e l l s  i n c u b a t e d  
i n  e x t r a c t s  o f  5 ,  7  o r  9  d a y  p o s t - b r u i s e  a n d  i n  n o r m a l  t i s s u e  
e x t r a c t s .  T h e  p a t t e r n s  o f  o x y g e n  u p t a k e  i n  s l i g h t  b r u i s e s  ( F i g .
I B )  w e r e  s i m i l a r  t o  t h o s e  o f  s e v e r e  b r u i s e s ,  b u t  o f  l e s s e r  m a g 

n i t u d e .  I t  w a s  n o t e d  t h a t  t h e  o x y g e n  u p t a k e  o f  s t a p h y l o c o c c a l  
c e l l s  i n c u b a t e d  i n  0 ,  1 a n d  4 - d a y  o l d  b r u i s e d  t i s s u e  e x t r a c t s  
w a s  m u c h  l o w e r  c o m p a r e d  t o  t h o s e  o f  s e v e r e  b r u i s e s .

S t u d i e s  w e r e  a l s o  p e r f o r m e d  t o  a s c e r t a i n  t h e  e f f e c t  o f  h e 
m o g l o b i n  o n  t h e  o x i d a t i o n  o f  e n d o g e n o u s  s u b s t r a t e s  a n d  t h e  
r e s u l t s  r e v e a l e d  t h a t  t h e  a d d i t i o n  o f  h e m o g l o b i n  ( 0 . 0 0 3 5  

/ r M / m l  o f  r e a c t i o n  m i x t u r e )  i n h i b i t e d  t h e  b a c t e r i a l  o x i d a t i o n  
o f  e n d o g e n o u s  s u b s t r a t e s .  I n  t h e  p r e s e n c e  o f  h e m o g l o b i n ,  o x y 
g e n  c o n s u m p t i o n  b y  e n d o g e n o u s l y  r e s p i r i n g  c e l l s  w a s  n e a r l y  
3 0 %  l e s s  t h a n  c o n t r o l  a f t e r  6 0  m i n  i n c u b a t i o n  p e r i o d .  I t  w a s  

a l s o  n o t e d  t h a t  t h e  p a t t e r n  o f  e n d o g e n o u s  o x y g e n  c o n s u m p 
t i o n  w a s  n o t  a f f e c t e d  b y  t h e  p r e s e n c e  o f  3 . 3  m M  g l u c o s e  p e r  
m l  r e a c t i o n  m i x t u r e .

T h e  d a t a  f r o m  t h e s e  e x p e r i m e n t s  i n d i c a t e d  t h a t  d u r i n g  t h e  
e a r l y  s t a g e s  o f  h e a l i n g  ( 1  - 4  d a y s  p o s t - b r u i s e )  t h e  a b i l i t y  o f  t h e  
s t a p h y l o c o c c i  t o  o x i d i z e  m i x e d  s u b s t r a t e s  i s  g r e a t e r  i n  t h e  
t r a u m a t i z e d  t h a n  i n  t h e  n o r m a l  t i s s u e  e x t r a c t s .  S t i m u l a t i o n  o f  
r e s p i r a t o r y  a c t i v i t y  m a y  b e  a n  i m p o r t a n t  f a c t o r  i n  t h e  e s t a b 
l i s h m e n t  o f  s t a p h y l o c o c c a l  i n f e c t i o n  i n  t h e  t r a u m a t i z e d  t i s s u e .  
I v l e r  ( 1 9 6 5 )  r e p o r t e d  t h a t  v i r u l e n t  s t a p h y l o c o c c i  c o n s u m e d  
o x y g e n  a t  a  m o r e  r a p i d  r a t e  t h a n  d i d  a v i r u l e n t  s t a p h y l o c o c c i .  
S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  b y  B e i n i n g  a n d  K e n n e d y  ( 1  9 6 3 )  
w h o  d e m o n s t r a t e d  t h a t  w h e n  v i r u l e n c e  w a s  i n c r e a s e d  b y  a n i 

m a l  p a s s a g e  t h e  r e s p i r a t o r y  a c t i v i t y  o f  t h e  s t a p h y l o c o c c a l  c e l l s  
i n c r e a s e d .  T h e  m e t a b o l i c  e n e r g y  o b t a i n e d  t h r o u g h  i n c r e a s e d  

r e s p i r a t o r y  a c t i v i t y  m a y  b e  u t i l i z e d  f o r  t h e  s y n t h e s i s ,  r e p a i r  o f
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Fig. 1—O xyg e n  u p ta k e  b y  s ta p h y lo c o c c a l c e ll 
suspens ion  in  tissue e x tra c ts  o f  n o rm a l a n d  

o f  0 , 1 a n d  4  days severe bru ises  (A )  a n d  
s lig h t b ru ises  (B ). R e s p iro m e te r vessels c o n 

ta in e d  1 .5 m l o f  n o rm a l o r  b ru is e d  tissue  
e x tra c t  a n d  1 .5  m l o f  a 0 .0 6 6 M  p H  7 .4  
p h o s p h a te  b u f fe r  suspens ion  o f  S. au reus  

" A - 1 0 "  (2  X 106 ce lls ). Values p lo t te d  re p 

re s e n t th e  m ean o f  f iv e  re p lica tes .

c e l l u l a r  c o m p o u n d s  o r  s t r u c t u r e s  t h a t  e n a b l e  t h e  s t a p h y l o c o c c i  
t o  w i t h s t a n d  t h e  o n s l a u g h t  o f  h o s t  d e f e n s e  m e c h a n i s m s  a n d  

t h u s  p e r s i s t  i n  t h e  b r u i s e d  t i s s u e .

C o a g u l a s e
G r o w t h  o f  S. aureus i n  b r u i s e d  t i s s u e  e x t r a c t s  f o r  1 8  h r  a t  

3 7 ° C  e f f e c t u a t e d  a n  i n h i b i t i o n  o f  c o a g u l a s e  p r o d u c t i o n .  T h e  
c o a g u l a s e  t i t e r  o f  t h e  s u p e r n a t e  o b t a i n e d  f r o m  t h e  s t a p h y l o 
c o c c a l  c u l t u r e  g r o w n  i n  t h e  n o r m a l  t i s s u e  e x t r a c t  w a s  1 : 1 6 .  

W h e n  S. aureus c e l l s  w e r e  g r o w n  i n  t i s s u e  e x t r a c t s  o f  s l i g h t  o r  
o f  s e v e r e  b r u i s e s ,  t h e  c o a g u l a s e  t i t e r  w a s  o n l y  1 : 2  e x c e p t  i n  
t i s s u e  e x t r a c t  p r e p a r e d  f r o m  t h e  9 - d a y  o l d  s l i g h t  b r u i s e  w h e r e  
t h e  t i t e r  s l i g h t l y  i n c r e a s e d  t o  1 : 4 .  T h e  r e d u c t i o n  i n  c o a g u l a s e  
a c t i v i t y  o c c u r r e d  i n  s p i t e  o f  t h e  e n h a n c e d  g r o w t h  r a t e  o b 
s e r v e d  i n  t h e  b r u i s e d  : i s s u e  e x t r a c t s  a s  i n d i c a t e d  f r o m  d a t a  
p r e s e n t e d  i n  T a b l e  1.

Beta hemolysin
T h e  e l a b o r a t i o n  o f  b e t a  h e m o l y s i n  w a s  a l s o  i n h i b i t e d  b y  

g r o w t h  i n  e x t r a c t s  o f  b r u i s e d  t i s s u e .  T h e  b e t a  h e m o l y s i n  t i t e r  
o f  t h e  s u p e r n a t e  o b t a i n e d  f r o m  t h e  s t a p h y l o c o c c a l  c u l t u r e  
g r o w n  i n  t h e  n o r m a l  t i s s u e  e x t r a c t  w a s  1 : 8 .  W h e n  S. aureus 
c e l l s  w e r e  a l l o w e d  t o  g r o w  i n  b r u i s e d  t i s s u e  e x t r a c t s  t h e  t i t e r  o f  
b e t a  h e m o l y s i n  i n  t h e  c u l t u r e  s u p e r n a t e  w a s  o n l y  1 : 2 .  T h e  

p r o d u c t i o n  o f  b e t a  h e m o l y s i n  w a s  i n h i b i t e d  e v e n  f u r t h e r  w h e n  
c e l l s  o f  t h e  t e s t  c u l t u r e  w e r e  g r o w n  i n  e x t r a c t s  p r e p a r e d  f r o m  
b r u i s e d  t i s s u e  o b t a i n e d  a f t e r  5  d a y s  p o s t - t r a u m a  o f  s l i g h t  o r  

s e v e r e  b r u i s e s .

Hyaluronidase
T h e  r e l a t i o n s h i p  b e t w e e n  s t a p h y l o c o c c a l  h y a l u r o n i d a s e  a c 

t i v i t i e s  a n d  t i m e  p o s t - t r a u m a  o f  s l i g h t  a n d  o f  s e v e r e  b r u i s e s  i s  
s h o w n  i n  T a b l e  2 .  G r o w t h  i n  b r u i s e d  t i s s u e  e x t r a c t s  i n h i b i t e d

Table 2—Effect of severity and time post-trauma on hyaluronidase (expressed as turbidity reducing units—TRU /m l extract) and on enterotoxin 
B production (pg/ml) in tissues (average of six tissues are reported)

Time
post-trauma

(days)

Hyaluronidase (TR U /m l)a Enterotoxin B (jug/ml)b

Slight trauma Severe trauma Slight trauma Severe trauma

1 1.25 0.84 13.5 11.0
2 1.20 0.84 14.0 11.0
3 1.25 1.02 14.0 12.0
4 1.20 1.02 15.5 11.0
5 1.37 1.43 18.5 18.5
6 1.52 1.39 18.0 18.0
7 1.37 1.52 20.0 18.0
8 - - 18.5 18.5

Normal (nonbruised) 1.48 20..0
a The extracts of each traumatized and control (normal) tissue were Inoculated with 1 03 S. aureus ''A-3" cells and Incubated for 12 hr at 37°C. Af 

ter incubation cells were harvested, washed and inoculated Into glucose-nutrient broth. After Incubation (15 hr 37°C) cells were removed by cen
trifugation and the supernates examined for hyaluronidase activity.

b Sterile tissue extracts we*e inoculated with 1 06 cells of S. aureus "S-6" and incubated for 24 hr at25°C. Cells were removed by centrifugation 
and the supernates assayed for enterotoxin B.
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Table 3 —Effect of the presence of hemoglobin in media on pro
duction of enterotoxin B. Results are reported as average of three 
experimentsa

Hemoglobin Enterotoxin B
(10-3 MM/ml) (/xg/ml)

0 37
0.4 35
1.7 20
3.5 13

a Hemoglobin was added to brain heart infusion and the media inoc
ulated with 2.5 X 1 03 cells of S. aureus "S-6." After incubation at 
25°C for 24 hr, the cells were removed by centrifugation and the 
supernates assayed for enterotoxin B.

t h e  p r o d u c t i o n  o f  s t a p h y l o c o c c a l  h y a l u r o n i d a s e .  H o w e v e r ,  i n 
h i b i t i o n  r e s u l t e d  o n l y  a f t e r  t h e  r a p i d  g r o w t h  n o t e d  i n  t i s s u e  

e x t r a c t s  p r e p a r e d  f r o m  b r u i s e s  o b t a i n e d  d u r i n g  t h e  e a r l y  s t a g e s  

o f  h e a l i n g  ( 1 —4  d a y s )  b u t  n o t  d u r i n g  t h e  l a t t e r  s t a g e s  ( 4 —8  
d a y s ) .  I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  t h e  p a t t e r n  o f  g r o w t h  o f  

S. aureus “ S - 6 ”  i n  s l i g h t  a n d  s e v e r e  t r a u m a t i z e d  t i s s u e  e x t r a c t s  
f o l l o w e d  t h e  s a m e  g e n e r a l  b e h a v i o r  o f  s t r a i n  “ A - 1 0 ”  i n  t h e s e  
e x t r a c t s .  W h e n  s t a p h y l o c o c c u s  c e l l s  w e r e  g r o w n  i n  1 —4  d a y  
o l d  s l i g h t  b r u i s e d  t i s s u e  e x t r a c t s  t h e  s u b s e q u e n t  e l a b o r a t i o n  o f  
h y a l u r o n i d a s e  w a s  i n h i b i t e d  b y  n e a r l y  2 0 % .  I n c r e a s i n g  t h e  
s e v e r i t y  o f  t r a u m a  c a u s e d  f u r t h e r  i n h i b i t i o n  d u r i n g  t h a t  t i m e .  
W h e n  s t a p h y l o c o c c u s  c e l l s  w e r e  g r o w n  i n  1 —4  d a y  o l d  s e v e r e  
b r u i s e  t i s s u e  e x t r a c t s  t h e  s u b s e q u e n t  e l a b o r a t i o n  o f  h y a l u r o n i 
d a s e  w a s  i n h i b i t e d  b y  n e a r l y  4 0 % .  T h i s  i n h i b i t i o n  d e c r e a s e d  a s  
h e a l i n g  p r o g r e s s e d  a n d  t h e  h y a l u r o n i d a s e  a c t i v i t i e s  i n  s l i g h t  
a n d  i n  s e v e r e  t r a u m a  a p p r o a c h e d  t h e  l e v e l  n o t e d  i n  n o r m a l  
t i s s u e  e x t r a c t .

E n t e r o t o x i n  B

T h e  d a t a  d e p i c t i n g  t h e  r e l a t i o n s h i p  b e t w e e n  e n t e r o t o x i n  B  
p r o d u c t i o n  i n  e x t r a c t s  o f  s l i g h t  a n d  o f  s e v e r e  t r a u m a  a s  a  
f u n c t i o n  o f  t i m e  d u r i n g  h e a l i n g  a r e  a l s o  s h o w n  i n  T a b l e  2 .  T h e  
g r o w t h  o f  S. aureus “ S - 6 ”  c e l l s  i n  e x t r a c t s  o f  b r u i s e d  t i s s u e  
p r e p a r e d  f r o m  b r u i s e d  b i r d s  o n  t h e  1 s t ,  2 n d ,  3 r d  a n d  4 t h  d a y  

p o s t - b r u i s e  r e s u l t e d  i n  d e c r e a s e d  e n t e r o t o x i n  p r o d u c t i o n .  
W h e n  t h e s e  s t a p h y l o c o c c i  w e r e  g r o w n  i n  e x t r a c t s  o f  s l i g h t  

b r u i s e s ,  t o x i n  p r o d u c t i o n  w a s  a p p r o x i m a t e l y  3 0 %  l e s s  t h a n  
t h a t  n o t e d  i n  n o r m a l  t i s s u e  e x t r a c t s ;  w h e r e a s ,  w h e n  t h e y  w e r e  

g r o w n  i n  e x t r a c t s  o f  s e v e r e  b r u i s e s  t h e i r  p r o d u c t i o n  o f  e n t e r o 
t o x i n  w a s  d i m i n i s h e d  t o  n e a r l y  5 0 %  o f  t h a t  p r o d u c e d  i n  n o r 
m a l  t i s s u e  e x t r a c t s .  A g a i n ,  t h e  l e v e l  o f  e n t e r o t o x i n  B  i n c r e a s e d  

t o w a r d  n o r m a l c y  a s  h e a l i n g  p r o g r e s s e d .

T h e  d a t a  o n  t h e  e f f e c t  o f  h e m o g l o b i n  o n  e n t e r o t o x i n  p r o 

d u c t i o n  o f  S. aureus “ S - 6 ”  c e l l s  i n  b r a i n  h e a r t  i n f u s i o n  m e d i a  
i s  s h o w n  i n  T a b l e  3 .  T h e  p r e s e n c e  o f  h e m o g l o b i n  i n  t h e  m e d i a  
i n h i b i t e d  e n t e r o t o x i n  B  p r o d u c t i o n .  I n c r e a s i n g  t h e  c o n c e n t r a 

t i o n  o f  h e m o g l o b i n  f r o m  0 . 0 0 0 4  j u M / m l ,  t h e  l e v e l  i n  n o r m a l  
t i s s u e ,  t o  0 . 0 0 3 5  j u M / m l ,  t h e  l e v e l  i n  2 - d a y  o l d  b r u i s e s  ( H a m d y  

e t  a l . ,  1 9 6 1 b ) ,  c a u s e d  a  d e c r e a s e  i n  t h e  p r o d u c t i o n  o f  e n t e r o -

t o x i n .  A g a i n ,  t h i s  h e m o g l o b i n  l e v e l  w a s  n o t e d  b y  M c C a r t h y  e t  

a l .  ( 1 9 6 3 )  t o  s t i m u l a t e  t h e  g r o w t h  o f  S. aureus.
T h e  d a t a  o b t a i n e d  i n  t h i s  i n v e s t i g a t i o n  s u g g e s t  t h a t  t h e  p e r 

s i s t e n c e  o f  S. aureus i n  b r u i s e d  p o u l t r y  t i s s u e  i s  p r i m a r i l y  d u e  
t o  b i o c h e m i c a l  a l t e r a t i o n s  i n  t h e  b r u i s e d  t i s s u e  m i c r o e n v i r o n 
m e n t  w h i c h  f a v o r s  i n c r e a s e d  g r o w t h  a n d  r e s p i r a t i o n  o f  t h e  
s t a p h y l o c o c c i  a t  t h e  e x p e n s e  o f  t h e  p r o d u c t i o n  o f  e x t r a c e l l u l a r  
p r o t e i n s  s u c h  a s  c o a g u l a s e ,  b e t a  h e m o l y s i n ,  h y a l u r o n i d a s e  a n d  
e n t e r o t o x i n ,  p a r t i c u l a r l y  d u r i n g  t h e  e a r l y  s t a g e s  o f  h e a l i n g .  
E n h a n c e d  m i c r o b i a l  g r o w t h  l e a d i n g  t o  t h e  r a p i d  e s t a b l i s h m e n t  
o f  a  l a r g e  p o p u l a t i o n  o f  c e l l s ,  e a c h  w i t h  i n h e r e n t ,  s u b t l e  v a r i a 
t i o n s ,  i n c r e a s e s  t h e  p r o b a b i l i t y  t h a t  s o m e  c e l l s  w i l l  b e  p r e s e n t  
i n  t h e  t i s s u e  t c  w i t h s t a n d  t h e  n a t u r a l  d e f e n s e  m e c h a n i s m  a n d  

p e r s i s t  i n  t r a u m a t i z e d  t i s s u e  f o r  a  l o n g e r  t i m e .  T h e  d a t a  o b 
t a i n e d  a l s o  i n d i c a t e d  t h a t  t h e s e  o r g a n i s m s  r e g a i n  s o m e  o f  t h e i r  
v i r u l e n c e  f a c t o r s  a f t e r  6 — 8  d a y s  p o s t - t r a u m a .
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COMPARISON OF SARCOMERE LENGTH MEASUREMENT 
OF COOKED CHICKEN PECTORALIS MUSCLE 

BY LASER DIFFRACTION AND OIL IMMERSION MICROSCOPY

INTRODUCTION
S I N C E  T H E  R E P O R T  b y  L o c k e r  ( 1 9 6 0 )  t h a t  t e n d e r n e s s  i n  
b e e f  i s  i n f l u e n c e d  b y  t h e  d e g r e e  o f  m u s c u l a r  c o n t r a c t i o n  i n  t h e  
p o s t m o r t e m  m u s c l e ,  a  n u m b e r  o f  w o r k e r s  h a v e  i n v e s t i g a t e d  
t h e  c o r r e l a t i o n  b e t w e e n  s a r c o m e r e  l e n g t h ,  a s  a  m e a s u r e  o f  t h e  

c o n t r a c t i l e  s t a t e  a n d  t e n d e r n e s s .  T h e  i n f l u e n c e  o f  c o n t r a c t i l e  
s t a t e  o n  t e x t u r e  i s  d e m o n s t r a t e d  i n  t h e  p h e n o m e n o n  o f  ‘c o l d  
s h o r t e n i n g '  ( L o c k e r  a n d  H a g y a r d ,  1 9 6 3 ;  M a r s h  a n d  L e e t ,

1 9 6 6 )  a n d  i n  t h e  e f f e c t  o f  t h e  c o n f i g u r a t i o n  o f  t h e  c a r c a s s  
d u r i n g  r i g o r  m o r t i s  o n  a  n u m b e r  o f  m u s c l e s  ( H e r r i n g  e t  a l . ,  

1 9 6 5 ;  H o s t e t l e r  e t  a l . ,  1 9 7 0 ) .
S i n c e  a  d i r e c t  c o r r e l a t i o n  e x i s t s  b e t w e e n  t h e  c o n t r a c t i l e  

s t a t e  o f  t h e  m u s c l e  a n d  i t s  q u a l i t y  a s  m e a t ,  i t  i s  c l e a r l y  d e s i r a 
b l e  t o  d e v e l o p  a  s i m p l e  a n d  r e l i a b l e  m e t h o d  f o r  m e a s u r i n g  

s a r c o m e r e  l e n g t h .  M a n y  m e t h o d s  h a v e  b e e n  d e v e l o p e d  s u c h  a s  
t h e  m i c r o s c o p i c  e x a m i n a t i o n  o f  t h i n  s t a i n e d  s e c t i o n s  o f  e m 
b e d d e d  t i s s u e .  T h e  s p a c e  b e t w e e n  a d j a c e n t  Z - d i s c s  i s  t h e n  
m e a s u r e d  a g a i n s t  a  c a l i b r a t e d  e y e - p i e c e  g r a t i c u l e .  O i l - i m m e r 
s i o n  a n d  p h a s e - c o n t r a s t  m i c r o s c o p y  o f  u n s t a i n e d  s e c t i o n s  a l s o  
r e v e a l  t h e  d e t a i l e d  s t r i a t i o n  p a t t e r n  o f  t h e  m u s c l e  f i b e r .  T h e s e  

m e t h o d s  a r e  a c c u r a t e  b u t  s l o w .
A  m o r e  c o n v e n i e n t  m e t h o d  i s  t o  p r e p a r e  a  s u s p e n s i o n  o f  

m y o f i b r i l s  a n d  t o  e x a m i n e  i t  b y  p h a s e - c o n t r a s t  m i c r o s c o p y  b u t  

m e c h a n i c a l  d i s r u p t i o n  o f  t h e  f i b e r s  t e n d s  t o  p r o d u c e  a  s h o r t e n 
i n g  o f  t h e  s a r c o m e r e ,  p r o b a b l y  i n  t h e  I - b a n d  r e g i o n  ( R o m e ,
1 9 6 7 )  .

A  m e t h o d  i n  u s e  a t  t h e  M e a t  R e s e a r c h  I n s t i t u t e ,  E n g l a n d ,  

( V o y l e ,  1 9 7 1 )  d e r i v e s  i n i t i a l l y  f r o m  e a r l y  o b s e r v a t i o n s  t h a t  a  
s t r i a t e d  m u s c l e  a c t s  a s  a  t r a n s m i s s i o n  g r a t i n g  w h e n  p l a c e d  i n  a  
b e a m  o f  l i g h t .  D i f f r a c t i o n  p a t t e r n s  a r e  f o r m e d  o n  a  s c r e e n ,  t h e  
s e p a r a t i o n  o f  t h e  l a t e r a l  o r d e r s  b e i n g  d e t e r m i n e d  b y  t h e  c o n 
t r a c t i l e  s t a t e  o f  t h e  m u s c l e .  A  r e c e n t  d e v e l o p m e n t  i n  t h i s  t e c h 
n i q u e  is  t h e  u s e  o f  a  g a s  l a s e r  a s  a  s o u r c e  o f  c o h e r e n t  m o n o 
c h r o m a t i c  l i g h t .  T h i s  h a s  b e e n  d e s c r i b e d  b y  R o m e  ( 1 9 6 7 )  a n d  
C l e w o r t h  a n d  E d m a n  ( 1 9 6 9 ) .

I t  w a s  t h e  p u r p o s e  o f  t h e  w o r k  r e p o r t e d  h e r e i n  t o  c o m p a r e  
t h e  l a s e r  d i f f r a c t i o n  m e t h o d  o f  s a r c o m e r e  l e n g t h  d e t e r m i n a 
t i o n  w i t h  c o n v e n t i o n a l  m i c r o s c o p i c  m e a s u r e m e n t s  o n  s a m p l e s  
o f  c h i c k e n  b r o i l e r  m u s c l e  c o o k e d  a t  v a r i o u s  p o s t m o r t e m  a g i n g  
t i m e s .

MATERIALS & METHODS
M u s c l e  p r e p a r a t i o n

O n e  P e c t o r a l i s  m a j o r  m u s c l e  w a s  e x c i s e d  f r o m  e a c h  o f  t h r e e  r a n 
d o m l y  s e l e c t e d  6 w k - o l d  b r o i l e r  c h i c k e n s  a t  a p p r o x i m a t e l y  1 0  m i n ,  3 h r  
a n d  2 4  h r  p o s t m o r t e m ,  r e s p e c t i v e l y .  T h e  e x c i s e d  m u s c l e  w a s  c l a m p e d  
b e t w e e n  t w o  a l u m i n u m  p l a t e s  s p a c e d  0 . 7  c m  a p a r t  a n d  c o o k e d  f o r  1 0  
m i n  in  b o i l i n g  w a t e r  ( d e F r e m e r y  a n d  P o o l ,  1 9 6 0 ) .  W h e n  c o o k i n g  w a s  
c o m p l e t e d ,  s a m p l e s  w e r e  c o o l e d  i n  r u n n i n g  t a p  w a t e r  f o r  5 m i n .  A f t e r  
r e m o v a l  f r o m  t h e  p l a t e s ,  s a m p l e s  w e r e  i n d i v i d u a l l y  w r a p p e d  in  S a r a n  
w r a p  u n t i l  n e e d e d .

O i l  i m m e r s i o n  m i c r o s c o p y

S m a l l  b u n d l e s  o f  f i b e r s  w e r e  d i s s e c t e d  o u t  f r o m  e i g h t  a r e a s  o f  t h e  
c o o k e d  m u s c l e ,  l a i d  o u t  o n  a  g la s s  s l i d e  a n d  c o v e r e d  w i t h  p a r a f f i n  o il .  
S in g l e  f i b e r s  o r  s m a l l  f i b e r  b u n d l e s  w e r e  t e a s e d  o u t  a n d  m e a s u r e m e n t s  
o f  s a r c o m e r e  l e n g t h s  w e r e  m a d e  u s i n g  a  c o n v e n t i o n a l  m i c r o s c o p e  w i t h  
a n  o il  i m m e r s i o n  o b j e c t i v e  ("Wild, n . a .  =  1 . 2 5  m m ,  M a g n i f i c a t i o n  1 2 5 0 ) .  
S a r c o m e r e  l e n g t h  w a s  c a l c u l a t e d  u s i n g  a  c a l i b r a t e d  e y e p i e c e  m i c r o m 

e t e r .  T e n  m e a s u r e m e n t s  p e r  a r e a  w e r e  m a d e  a n d  t h e  r e s u l t s  w e r e  a v e r 
a g e d .

L a s e r  d i f f r a c t i o n  s t u d i e s

T h e  a p p a r a t u s  c o n s i s t e d  o f  a  1 - m W  h e l i u m - n e o n  l a s e r  w i t h  a  w a v e 
l e n g t h  o f  6 3 2 . 8  n m ,  m o u n t e d  o n  a n  o p t i c s  b e n c h  w i t h  a  s p e c i m e n - h o l d 
in g  d e v i c e  a n d  a  s c r e e n .  T h e  s c r e e n  c o n s i s t e d  o f  a  v e r t i c a l l y  m o u n t e d  
w h i t e  c a r d  b e a r i n g  a  c e n t r a l  m i l l i m e t e r  s ca le .

A  s m a l l  p i e c e  o f  t i s s u e  f r o m  t h e  P e c t o r a l i s  m a j o r  m u s c l e  w a s  c u t  
w i t h  k n o w n  o r i e n t a t i o n  o f  t h e  f i b e r s .  S in g l e  f i b e r s  o r  s m a l l  f i b e r  
b u n d l e s  w e r e  t e a s e d  o u t  a n d  m o u n t e d  b e t w e e n  t w o  g la s s  c o v e r  s l ip s  
u s i n g  a  d r o p  o f  b u f f e r e d  s u c r o s e  s o l u t i o n .  T h e  s a m p l e  w a s  t h e n  p l a c e d  
v e r t i c a l l y  i n  r e l a t i o n  t o  t h e  l a s e r  b e a m  t o  g iv e  a  h o r i z o n t a l  a r r a y  o f  
d i f f r a c t i o n  b a n d s  o n  t h e  s c r e e n .  A n  e x a m p l e  o f  t h i s  is s h o w n  i n  F i g u r e
1. S a r c o m e r e  l e n g t h s  w e r e  c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  f o r m u l a :

, ( 6 3 2 . 8  x  1 O '3 ) D
d  = A----------- j ---------------Mm

w h e r e  d  is e c u a l  t o  t h e  s a r c o m e r e  l e n g t h ;  ( 6 3 2 . 8  x  10~3 )  is t h e  w a v e 
l e n g t h  o f  r a d i a t i o n  i n  m i c r o n s ;  D  is t h e  d i s t a n c e  i n  m i l l i m e t e r s  b e t w e e n  
t h e  s p e c i m e n - h o l d i n g  d e v i c e  a n d  t h e  s c r e e n ;  S is t h e  s e p a r a t i o n  b e t w e e n

Fig. 1—D iffra c tio n  p a tte rn  ob ta ined  from  m uscle f ib e r sarcomere
length = 1.68 pm.
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the 0 th  and th e  n th  o rd er d iffrac tio n  ban d . (T h ro u g h o u t th is experi
m en t D h ad  a co n stan t value o f  84 m m ). T en m easu rem en ts w ere m ade 
in each o f the  eight areas o f  th e  m uscle and th e  resu lts averaged.

RESULTS
T H E  M E A N  S A R C O M E R E  l e n g t h s  o b t a i n e d  u s i n g  t h e  t w o  
m e t h o d s  o f  m e a s u r e m e n t  w e r e  p a i r e d  a c c o r d i n g  t o  t h e  a r e a  
a n d  t h e  p o s t m o r t e m  a g i n g  t i m e  o f  t h e  m u s c l e .

T h e  r e s u l t s  o f  s i m p l e  r e g r e s s i o n  a n a l y s i s  p e r f o r m e d  o n  t h e  
d a t a  o b t a i n e d  u s i n g  t h e  t w o  m e t h o d s  o f  m e a s u r e m e n t  f o r  e a c h  
o f  t h e  t h r e e  a g e d  m u s c l e s  a n d  f o r  t h e  c o m b i n e d  d a t a  a r e  p r e 

s e n t e d  i n  T a b l e  1 a n d  F i g u r e  2 .  L i n e s  C C  a n d  D D  r e p r e s e n t  
t h e  e x t r e m e s  o f  t h e  s l o p e  f o u n d  a m o n g  t h e  t h r e e  m u s c l e s  
s t u d i e d .

S a r c o m e r e  l e n g t h  i s  s h o w n  t o  d e c r e a s e  a s  t h e  m u s c l e  p a s s e s  
f r o m  t h e  p r e - r i g o r  s t a t e  ( a g e d  1 0  m i n )  t o  t h e  i n - r i g o r  s t a t e  

( a g e d  3  h r ) .  T h i s  is  f o l l o w e d  b y  a n  i n c r e a s e  t o  m a x i m u m  
l e n g t h  i n  p o s t - r i g o r  m u s c l e  ( a g e d  f o r  2 4  h r ) .  S o m e  d i f f e r e n c e s  
i n  s a r c o m e r e  l e n g t h  w e r e  f o u n d  w i t h i n  t h e  m u s c l e  t i s s u e s  b u t  

b o t h  m e t h o d s  o f  m e a s u r e m e n t  a r e  s h o w n  i n  T a b l e  1 t o  b e  w e l l  
c o r r e l a t e d  e s p e c i a l l y  i n  t h e  p r e - r i g o r  a n d  i n - r i g o r  m u s c l e s  ( r  =

Table 1 —Results of simple regression analysis of laser diffraction  
versus a microscopic method of measuring sarcomere length

A ll Pre-rigor In-rigor Post-rigor

Mean sarcomere
length form) - 1.86 1.54 2.29

Standard error
of estimate 0.09 0.03 0.04 0.06

Slope 1.08 0.69 2.15 0.58
Y-Intercept -0 .2 7 0.41 -1 .9 4 0.95
Correlation

coefficient (r) 0.96*** 0.85*** 0.82** 0.68*
n 24 8 8 8

* P <  0.1 
**  P <  0.02 

* * *  P <  0.01

F ig . 2 —S im p le  regression an a lys is  o f  lase r d i f f r a c t io n  o n  a m ic r o 
sco p ic  m e th o d  o f  m e a su rin g  sa rcom ere  le n g th .

0 . 8 5  a n d  0 . 8 2 ,  r e s p e c t i v e l y ) .  G r e a t e r  d i f f e r e n c e s  w e r e  f o u n d  

w i t h i n  t h e  p o s t r i g o r  m u s c l e  t h a n  i n  t h e  o t h e r  t w o  s a m p l e s .  I n  

t h i s  c a s e ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h e  t w o  m e t h o d s  w a s  
l o w e r  ( r  =  0 . 6 8 ) .  A n a l y s i s  o f  t h e  c o m b i n e d  d a t a  r e v e a l e d  a  

s t r o n g  a n d  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  t h e  t w o  m e t h o d s  o f  
m e a s u r e m e n t  u s e d  o n  c o o k e d  m u s c l e  a g e d  b e t w e e n  1 0  m i n  
a n d  2 4  h r  p o s t m o r t e m  ( T a b l e  1 ) .

DISCUSSION
F R O M  R E S U L T S  o b t a i n e d ,  i t  i s  a p p a r e n t  t h a t  b o t h  m e t h o d s  
o f  m e a s u r i n g  s a r c o m e r e  l e n g t h  g i v e  s i m i l a r  v a l u e s .  S o u r c e s  o f  
e r r o r ,  h o w e v e r ,  e x i s t  f o r  b o t h  m e t h o d s .

W h e n  t h e  b u n d l e  o f  f i b e r s  w a s  p l a c e d  v e r t i c a l l y  i n  r e l a t i o n  
t o  t h e  l a s e r  b e a m ,  t h e  h o r i z o n t a l  a r r a y  o f  d i f f r a c t i o n  b a n d s  
w h i c h  a p p e a r e d  o n  t h e  s c r e e n  g a v e  a n  a v e r a g e  o f  a l l  t h e  u n i t  
s p a c i n g s  i l l u m i n a t e d  b y  t h e  b e a m .  T h e  d i a m e t e r  o f  t h e  b e a m  
w a s  a b o u t  2  m m .  I n  s o m e  i n s t a n c e s ,  t h e  b a n d s  w e r e  d i f f u s e  
s h o w i n g  t h a t  a  l a r g e  r a n g e  o f  u n i t  s p a c i n g s  e x i s t e d  w i t h i n  t h e  
f i b e r .  B e c a u s e  s u c h  w i d e ,  d i f f u s e  d i f f r a c t i o n  b a n d s  o c c u r r e d  i n  
s o m e  c a s e s ,  i t  w a s  n e c e s s a r y  t o  s e t  a  s t a n d a r d  f o r  t a k i n g  m e a s 
u r e m e n t s  s u c h  t h a t  t h e  c e n t e r  o f  t h e  0 t h  a n d  t h e  n t h  o r d e r  
d i f f r a c t i o n  b a n d s  w e r e  u s e d  a s  t h e  u p p e r  a n d  l o w e r  l i m i t s  o f  
t h e  m e a s u r e m e n t .  S o m e  e r r o r  m a y  h a v e  r e s u l t e d  f r o m  i n a c 

c u r a t e  m e a s u r e m e n t s  i n  s u c h  i n s t a n c e s .  A n o t h e r  p o t e n t i a l  
s o u r c e  o f  e r r o r  m a y  h a v e  b e e n  i n a d e q u a t e  s a m p l e  p r e p a r a t i o n .  
O r d e r e d  d i f f r a c t i o n  p a t t e r n s  w e r e  n o t  o b t a i n e d  i f  t h e  f i b e r s  i n  
t h e  t e a s e d  b u n d l e  w e r e  i n  d i s a r r a y .  I n  t h i s  e x p e r i m e n t ,  e v e r y  
c a r e  w a s  t a k e n  t o  e n s u r e  t h a t  s i n g l e  f i b e r s  w e r e  t e a s e d  o u t  a n d  
m o u n t e d  i n  t h e  p a t h  o f  t h e  l a s e r  b e a m .

P r e p a r a t i o n  o f  t h e  m u s c l e  f i b e r s  f o r  m e a s u r e m e n t  u s i n g  t h e  
m i c r o s c o p e  w a s  u n d e r t a k e n  i n  a  s i m i l a r  m a n n e r  t o  t h a t  u s e d  

f o r  l a s e r  d i f f r a c t i o n  s a m p l e s  w i t h  e v e r y  a t t e m p t  m a d e  t o  e n 
s u r e  t h a t  s i n g l e  f i b e r s  w e r e  t e a s e d  o u t .  M i c r o m e t e r  m e a s u r e 

m e n t s  w e r e  a  d e f i n i t e  s o u r c e  o f  e r r o r  u s i n g  t h i s  m e t h o d  a s  w a s  
t h e  e s t a b l i s h m e n t  o f  t h e  t r u e  l i m i t s  o f  t h e  s a r c o m e r e .  W h i l e  
t h e  l a s e r  d i f f r a c t i o n  m e t h o d  g a v e  a n  a v e r a g e  o f  a l l  t h e  u n i t  
s p a c i n g s  i l l u m i n a t e d  b y  t h e  b e a m ,  m e a s u r e m e n t  u s i n g  t h e  
m i c r o s c o p e  g a v e  t h e  l e n g t h  o f  o n e  s a r c o m e r e  o n l y  m a k i n g  t h i s  
m e t h o d  m u c h  s l o w e r  a n d  m u c h  m o r e  p r o n e  t o  e r r o r s  t h a n  t h e  
l a s e r  d i f f r a c t i o n  m e t h o d .

CONCLUSION
T H E  L A S E R  d i f f r a c t i o n  m e t h o d  a p p e a r s  t o  b e  o f  p a r t i c u l a r  
v a l u e  w h e n  t h e  m e a n  s a r c o m e r e  l e n g t h  i s  r e q u i r e d  o n  a  l a r g e  

n u m b e r  o f  s a m p l e s .  T h e  a p p a r a t u s  i s  s i m p l e  t o  o p e r a t e  a n d  
g r e a t e r  a c c u r a c y  c a n  b e  o b t a i n e d  w h e n  m a k i n g  m e a s u r e m e n t s  
u s i n g  t h i s  m e t h o d  c o m p a r e d  t o  m i c r o s c o p i c  m e t h o d s .  I t  p r o 
v i d e s  o n l y  l i m i t e d  i n f o r m a t i o n ,  h o w e v e r ,  a b o u t  t h e  m o r p h o l 
o g y  o f  t h e  f i b e r s .  F o r  t h i s ,  a n  e x a m i n a t i o n  o f  s e c t i o n s  b y  
c o n v e n t i o n a l  m e t h o d s  o f  m i c r o s c o p y  i s  n e c e s s a r y .
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QUALITY CHARACTERISTICS OF SOY-SUBSTITUTED 
GROUND BEEF, PORK AND TURKEY MEAT LOAVES

INTRODUCTION
T H E  U T I L I Z A T I O N  o f  s o y  p r o d u c t s  h a s  i n c r e a s e d  s i g n i f i c a n t 
l y  i n  r e c e n t  y e a r s .  O n  F e b r u a r y  2 2 ,  1 9 7 1 ,  t h e  U S D A ’s  F o o d  &  
N u t r i t i o n  S e r v i c e  i s s u e d  N o t i c e  2 1 9 ,  w h i c h  p e r m i t t e d  t h e  u s e  
o f  u p  t o  3 0 %  r e h y d r a t e d  t e x t u r e d  v e g e t a b l e  p r o d u c t s  t o  r e 
p l a c e  u p  t o  3 0 %  o f  t h e  m e a t  o r  m e a t  a l t e r n a t e  p o r t i o n  i n  t h e  
C l a s s  A  s c h o o l  l u n c h  m e n u .  A p p r o x i m a t e l y  2 3  m i l l i o n  p o u n d s  

o f  t e x t u r e d  v e g e t a b l e  p r o t e i n  ( h y d r a t e d  w e i g h t )  w e r e  u s e d  i n  
t h e  s c h o o l  l u n c h  p r o g r a m  d u r i n g  t h e  1 9 7 1  — 1 9 7 2  s c h o o l  y e a r ;  

t h i s  f i g u r e  d o u b l e d  t h e  f o l l o w i n g  y e a r  ( B u t z ,  1 9 7 4 ) .  S i n c e  t h i s  
a p p r o v a l  o f  t h e  u s e  o f  t e x t u r e d  v e g e t a b l e  p r o d u c t s ,  t h e r e  h a s  
a l s o  b e e n  a  t r e m e n d o u s  i n c r e a s e  i n  u s e  i n  h o s p i t a l s  a n d  o t h e r  

i n s t i t u t i o n a l  f o o d  s e r v i c e s  a n d  m o r e  r e c e n t l y  h a m b u r g e r - s o y  
m i x t u r e s  h a v e  b e c o m e  a v a i l a b l e  i n  t h e  r e t a i l  m a r k e t .

A  m a j o r  d r a w b a c k  w i t h  t h e  u s e  o f  s o y  i n  m e a t  s y s t e m s  i s  
t h e  c o n s u m e r  a c c e p t a n c e  o f  t h e  f i n i s h e d  p r o d u c t .  S o y  c o m 

p a n i e s  a d v e r t i s e  t h a t  t h e  u s e  o f  s o y  i n  a  m e a t  s y s t e m  w i l l  c a u s e  
a n  i n c r e a s e  i n  j u i c i n e s s  a n d  f l a v o r  a n d  b e t t e r  s h a p e  r e t e n t i o n  
( R a k o s k y ,  1 9 7 4 ) .  S o y  p r o d u c t s ,  h o w e v e r ,  o f t e n  h a v e  a  c h a r a c 

t e r i s t i c  o f f - f l a v o r ,  w h i c h  h a s  b e e n  d e s c r i b e d  a s  “ b e a n y ”  o r  
“ c e r e a l - l i k e . ”  W h e n  t h e  m e a t  f o r m u l a t i o n  i s  p r e p a r e d  w i t h  i n 
s u f f i c i e n t  s e a s o n i n g s  t o  m a s k  t h e  o f f - f l a v o r s ,  c o n s u m e r s  o f t e n  

f i n d  t h e s e  f o o d s  o b j e c t i o n a b l e .
T e x t u r e d  s o y  p r o d u c t s  a r e  e n g i n e e r e d  t o  l o o k ,  f e e l  a n d  

t a s t e  l i k e  g r o u n d  m e a t  a n d  i t s  u s e  i n  b e e f  s y s t e m s  i s  w i d e l y  
a c c e p t e d .  H o w e v e r ,  i t s  u s e  i n  o t h e r  s y s t e m s  s u c h  a s  g r o u n d  
p o r k  o r  g r o u n d  t u r k e y ,  s h o u l d  b e  i n v e s t i g a t e d  m o r e  t h o r o u g h 

l y .
M a n y  h o s p i t a l s  u s e  t e x t u r e d  s o y  i n  t h e i r  g r o u n d  m e a t  s y s 

t e m s .  W i t h  t h e  u s e  o f  3 0 %  r e h y d r a t e d  s o y  i n  a  g r o u n d  b e e f  
p r o d u c t  t h e r e  i s  a l m o s t  a  3 0 %  r e d u c t i o n  i n  t h e  a m o u n t  o f  f a t  
p r e s e n t  i n  t h e  r a w  p r o d u c t .  O n e  m i g h t  e x p e c t  a  s i m i l a r  d e 
c r e a s e  i n  t h e  a m o u n t  o f  f a t  i n  t h e  c o o k e d  p r o d u c t ,  t h e r e b y  
r e d u c i n g  b o t h  t h e  a m o u n t  o f  f a t  a n d  t h e  n u m b e r  o f  c a l o r i e s .  
H o w e v e r ,  t w o  m a j o r  f u n c t i o n a l  p r o p e r t i e s  o f  s o y  p r o t e i n s  a r e  

t h e i r  a b i l i t y  t o  r e t a i n  f a t  a n d  m o i s t u r e ,  a n d  t h e s e  f u n c t i o n 
a l i t i e s  m o d e r a t e  t h e  a m o u n t  o f  f a t  a n d  m o i s t u r e  l o s t  f r o m  
s o y - s u b s t i t u t e d  m e a t  s y s t e m s .  D a t a  a r e  n e e d e d  t o  s e e  w h a t  
e f f e c t s  t h e  i n c o r p o r a t i o n  o f  t e x t u r e d  s o y  p r o t e i n  i n  g r o u n d  
m e a t  s y s t e m s  w o u l d  h a v e  o n  t h e  r e t e n t i o n  o f  l i p i d s  a n d  m o i s 
t u r e  a f t e r  c o o k i n g .

A  m a j o r  p r o b l e m  i n  u s i n g  c o o k e d  m e a t  w h i c h  h a s  b e e n  

s t o r e d  a t  e i t h e r  r e f r i g e r a t i o n  o r  f r e e z i n g  t e m p e r a t u r e s  i s  t h e  
d e v e l o p m e n t  o f  o f f - f l a v o r s  a n d  o f f - o d o r s  w h i c h  h a v e  b e e n  a t 
t r i b u t e d  t o  l i p i d  a u t o x i d a t i o n .  N u m e r o u s  s t u d i e s  o n  l i p i d  
a u t o x i d a t i o n  h a v e  b e e n  i n t e n s i v e l y  r e v i e w e d  b y  L o v e  a n d  P e a r 
s o n  ( 1 9 7 1 )  a n d  S a t o  a n d  H e r r i n g  ( 1 9 7 3 ) .  V a r i o u s  m e a t  s y s 
t e m s ,  s u c h  a s  b e e f ,  p o r k  a n d  t u r k e y ,  u n d e r g o  l i p i d  o x i d a t i o n  a t  
d i f f e r e n t  r a t e s  w h e n  s t o r e d  u n d e r  t h e  s a m e  c o n d i t i o n s .

T h e  a d d i t i o n  o f  s o y  t o  m e a t  s y s t e m s  h a s  b e e n  s h o w n  t o  
e x h i b i t  v a r y i n g  d e g r e e s  o f  a n t i o x i d a n t  a b i l i t y .  P r a t t  ( 1 9 7 2 )  
n o t e d  p o t e n t  a n t i o x i d a n :  a c t i v i t y  i n  l i p i d - a q u e o u s  s y s t e m s  a n d  
p o s t u l a t e d  t h a t  t h i s  a b i l i t y  w a s  d u e  t o  f l a v o n o i d  c o m p o n e n t s

'Present address: Carnation Research Laboratories, 8015 Van Nuys 
Boulevard, Van Nuys, CA 91412

t h a t  o c c u r  n a t u r a l l y  i n  s o y b e a n s .  S a t o  e t  a l .  ( 1 9 7 3 )  n o t e d  t h a t  
v a r i o u s  v e g e t a b l e  p r o t e i n  p r o d u c t s  d e c r e a s e d  t h e  d e v e l o p m e n t  
o f  w a r m e d - o v e r - f l a v o r  ( W O F )  i n  c o o k e d  g r o u n d  m e a t  a n d  
a t t r i b u t e d  t h i s  d e c r e a s e  t o  t h e  p r o d u c t i o n  o f  v a r i o u s  b r o w n i n g  
r e a c t i o n  p r o d u c t s  w h i c h  e x h i b i t  a n t i o x i d a n t  a c t i v i t y .

T h e  o b j e c t i v e s  o f  t h i s  s t u d y  w e r e  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  
i n c l u s i o n  o f  r e h y d r a t e d  t e x t u r e d  s o y  o n  t h e  q u a l i t y  c h a r a c t e r 
i s t i c s  o f  g r o u n d  b e e f ,  p o r k  a n d  t u r k e y  l o a v e s .  T h e s e  c h a r a c t e r 
i s t i c s  i n c l u d e d  s e n s o r y  e v a l u a t i o n s ;  t h e  e f f e c t  o f  s o y  a d d i t i o n  
o n  c o o k i n g  l o s s e s ;  a n d  t h e  p e r c e n t a g e s  o f  l i p i d  a n d  m o i s t u r e .  
T h e  r a t e  o f  m a l o n a l d e h y d e  a c c u m u l a t i o n  w h i c h  o c c u r r e d  i n  
t h e s e  s o y - s u b s t i t u t e d  m e a t  s y s t e m s  s t o r e d  u n d e r  r e f r i g e r a t i o n  
a n d  f r e e z i n g  t e m p e r a t u r e s  f o r  s h o r t  p e r i o d s  o f  t i m e  a s  w o u l d  
b e  u s e d  i n  s c h o o l  l u n c h  o r  h o s p i t a l  c y c l e  m e n u s  w a s  a l s o  d e t e r 
m i n e d .

EXPERIMENTAL
Preparation

T hree g round  m eat system s using 0% or 30% so y -substitu tions w ere 
investigated in th is s tudy . T he basic fo rm ulas are adap ted  from  various 
recipes w hich w ere investigated during  prelim inary  research  and  are 
p resen ted  in Table 1.

M eat loaves fo r five rep lications o f  each variable w ere p repared  a t 
one tim e. T he ham  and tu rk ey  th ighs w ere g round  separa te ly  th rough  a 
H obart F oo d  C u tte r, M odel 84181D , using a 4 .7  cm p la te . The te x tu re d  
soy w hich  had been reh y d ra ted  in cold w ater fo r 5 m in  and  g round  
m eat w ere m ixed fo r app ro x im ate ly  1 m in  in a H obart M ixer, Model 
K -200, in o rd er to tho rough ly  m ix the  tw o  ingredients. T he rem aining 
ingredients w ere divided in to  th irds , each p o rtio n  w as then  ad ded  sepa
rately  and m ixed in to  the  m ea t fo r app rox im ate ly  30 sec. F inally , b o th  
the 0% and 30% soy-substitu ted  m ea tlo af m ix tu res w ere th en  reground  
th rough  the  H obart F oo d  C u tte r to  insure u n ifo rm ity .

A pprox im ate ly  1500g o f  m ea tlo af m ix tu re  w ere p laced  in a 10 X 4 
x  3-1/2-in . ham  lo af press and held under pressure fo r 5 m in  in o rd e r  to  
o b ta in  loaves o f  the sam e degree o f  com pactness. Each lo a f  was th en  
w rapped firs t in R eynolon®  F oo d  Service Film , rew rap p ed  in alum i-

Table 1—Amount of ingredients (grams) used in the preparation 
of 0% and 30% soy-substituted ground meat systems

Ingredient

Meat system

Beefa Turkeyb Porkc

Ground meatd 1703 1703 1703
Bread crumbs 207 207 207
Dried onions 38 38 38
Salt 10 10 10
Poultry seasoning 10
Bar-B-Q sauce 75
Catsup 187

a Ground beef (20% fat)
b Ground from thighs containing a natural portion of skin 
c 50:50 mixture of ground Pullman ham and pork was used. 
d For the 30% soy-substituted loaves, 1192g of ground meat was 

used with 170g of texturized soy protein (Temptein, Miles Labora
tories, Elkhart, Ind.) and 340g of cold water.
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Table 2—Means and standard deviations3 of total cooking loss, 
drip loss and volatile loss of soy-substituted meat systems

Cooking losses

Total Drip Volatile
Meat system % Soy (%) (%) (%)

Beef 0 13.3 ± 1.4 2.9 ± 0.3 10.4 ± 1.2
30 9.8 ± 1.8* 0.4 ± 0.1*** 9.4 ± 1.7

Pork 0 15.8 ± 1.4 5.9 ± 1.4 10.0 ± 0.2
30 12.2 ± 2.3** 0.4 ± 0.1*** 11.8 ± 2.1

Turkey
0 16.6 ± 0.7 0.5 ± 0.1 16.0 ± 0.7

30 15.6 ± 1.5 0.1 ± 0.1* 15.5 ± 1.5
a Based on five replications

* 0 and 30% soy-substituted meat loaf means differ significantly 
at the 5% level of probability.

** 0 and 30% soy-substituted meat loaf means differ significantly 
at the 1% level of probability.

*** 0 and 30% soy-substituted meat loaf means differ significantly 
at the 0.1 % level of probability.

num  foil and sto red  at - 1 1 ° C  for a period  o f 5 wk or less. T he loaves 
were rem oved from  the  freezer and thaw ed  a t 5°C  for 14 h r p rior to 
baking.

Since ham  is susceptib le  to increased rancid ity  upo n  freezing, the 
pork loaves w ere p repared  on  the  day o f  baking from  g round  pork  
purchased in a com m on lo t and  frozen a t - 1 1 ° C  and ham  w hich  was 
held a t 5°C. T he p rocedure  w as th e  sam e as th a t  used fo r the beef and 
tu rk ey , ex cep t th a t a K itchen  Aid M ixer, M odel K-5A was used to  m ix 
the  ingredients.

The 0% and 30% soy-substitu ted  loaves w ere random ly  assigned as 
tw o p repara tio n s for any one “ b ak ing” day. The loaves, w hich were 
supported  on racks in 9 X 12-in. baking pans lined w ith  alum inum  foil, 
were baked  in a G eneral E lectric, 30-in. C om pact oven, Model CN 16, 
w ith the  dam per h a lf  closed and the  grid set a t m edium . The oven 
tem pera tu re  w as m ain ta ined  a t 177 ± 1°C by a V ersatron ik  co n tro lle r. 
Loaves w ere baked  to an in ternal tem p era tu re  o f  77°C , w hich was 
determ ined  by an iron  co n stan tan  therm ocoup le  lead inserted  in the 
cen ter o f  the  loaf. U pon rem oval from  the  ovens the loaves were 
allow ed to  stand fo r 5 m in  before  to ta l, volatile and drip  losses w ere 
determ ined  according to  the  m eth o d  ou tlined  by Funk et al. (1966).

T he m iddle th ird  o f  each lo af w as used for sensory evaluation . The 
end slices w ere rem oved and d iscarded. Three consecutive 1 /2-in. slices 
were taken from  each end p o rtio n  for th e  2 -th io b a rb itu ric  acid tests. 
These slices w ere then  w rapped  in alum inum  foil and sto red  a t e ither 
5°C  for 0, 2, or 4 days o r —11°C for 1, 2 or 3 w k. A ssignm ent o f  slices 
was ro ta ted  so th a t each slice was used the  sam e num ber o f  tim es for 
the TBA determ in a tio n s a t any one tem p era tu re  and storage tim e. The 
rem aining lo a f  was g round , m ixed tho ro u g h ly  and used fo r m oisture 
and lipid analyses.

Analyses
Sam ples w ere assigned random  num bers and served w arm  to  an 

11-m em ber tra ined taste  panel. F lavor, ju iciness, m ou th fee l and  overall 
accep tab ility  w ere evaluated  using a descrip tive score card , w ith  scores 
o f  7 being o p tim um .

D uplicate  d e te rm in a tio n s w ere m ade fo r each chem ical analysis. 
Raw and cooked  ground  m eatlo af m ix tu res w ere used fo r all analyses 
excep t fo r the TBA d e te rm in a tio n s, w hich  w ere carried o u t on cooked  
sam ples only. M oisture in the  raw  and cooked  m eatlo af m ix tu res was 
d eterm ined  by drying 2-g sam ples, w eighed to the  nearest O.OOlg, fo r 6 
h r at 9 0 ° C u nder vacuum .

A ch lo ro fo rm -m ethano l e x trac tio n  was used to determ ine  p ercen t
age to ta l lipid (Y adrick e t al., 1971). Percentage to ta l lipid was calcu
lated  on a dry  w eight basis in o rder to  com pare  raw  and cooked  lipid 
values.

T he 2 -th iobarb itu ric  acid tes t was used to  dete rm in e  the develop
m en t o f  oxidative rancid ity  during  sh o rt-term  storage a t refrigeration  
(5°C ) o r freezing ( -1 1 ° C )  tem p era tu res . TBA values fo r beef and tu r 
key sam ples w ere d eterm ined  using slight m o d ifica tions o f  Tarladgis 
and W atts (1960) d istilla tion  m eth o d  (W iip p le , 1974). A cetic acid was 
refluxed  w ith  2g T B A /100  m l acetic  acid for 3 hr and th en  d istilled  to 
rem ove any in terfering  carbony l com pounds. T he TBA m eth o d  as o u t
lined by Zipser and W atts (1962) was used to  analyze the  ham  sam ples, 
since n itrite  was found  to  reduce TBA “ num b ers.”  TBA values are 
rep o rted  as mg c f  m alonaldehyde/lO O O g o f  m eat sam ple based on the 
d istilla tion  co n stan t (K = 14.09) as de te rm in ed  by W itte e t al. (1970).

D ata were analyzed for variance and D u ncan’s M ultiple Range Test
(1957) was used to  p in p o in t significant d ifferences revealed by these 
analyses.

RESULTS & DISCUSSION
T O T A L ,  d r i p  a n d  v o l a t i l e  c o o k i n g  l o s s  d a t a  a r e  p r e s e n t e d  i n  
T a b l e  2 .  T h e  3 3 %  s o y - s u b s t i t u t i o n  s i g n i f i c a n t l y  d e c r e a s e d  t o t a l  
c o o k i n g  l o s s e s  i n  b o t h  t h e  b e e f  ( P  <  0 . 0 5 )  a n d  p o r k  ( P  <  0 . 0 1 )  
s y s t e m s .  S o y - s u b s t i t u t i o n  d e c r e a s e d  d r i p  l o s s  s i g n i f i c a n t l y  i n  
a l l  t h r e e  s y s t e m s ;  n e v e r t h e l e s s ,  n o  d i f f e r e n c e s  w e r e  f o u n d  i n  
v o l a t i l e  l o s s e s  b e t w e e n  t h e  0 %  a n d  3 0 %  s o y - s u b s t i t u t i o n  i n  a n y  
o f  t h e  t h r e e  s y s t e m s .

D r i p  l o s s e s  c o n s i s t  o f  f a t  t h a t  h a s  m e l t e d  o u t  d u r i n g  t h e  
c o o k i n g  p r o c e s s  w h e r e a s  v o l a t i l e  l o s s e s  a r e  a  r e s u l t  o f  t h e  e v a p 

o r a t i o n  o f  w a t e r  a n d  o t h e r  v o l a t i l e  c o m p o u n d s  ( P a u l  a n d  P a l 
m e r ,  1 9 7 2 ) .  S i n c e  t w o  o f  t h e  i m p o r t a n t  f u n c t i o n a l  p r o p e r t i e s  
o f  s o y  p r o t e i n s  a r e  t h e i r  a b i l i t y  t o  b i n d  f a t  a n d  t o  r e t a i n  m o i s 
t u r e  ( W o l f ,  1 9 7 0 )  i t  h a d  b e e n  e x p e c t e d  t h a t  t h e  i n c o r p o r a t i o n  

o f  t e x t u r i z e d  s o y  p r o t e i n  w o u l d  r e s u l t  i n  a  d e c r e a s e  i n  t o t a l  
c o o k i n g  l o s s e s ,  a  s u b s e q u e n t  d e c r e a s e  i n  c o o k i n g  d r i p  a n d  a  
p o s s i b l e  d e c r e a s e  i n  v o l a t i l e  l o s s e s .

T h e  s e n s o r y  p a n e l  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  3 .  T h e  
t a s t e  p a n e l i s t s  s c o r e d  t h e  3 0 %  s o y - s u b s t i t u t e d  b e e f  a n d  t u r k e y  
s y s t e m s  s l i g h t l y  l o w e r  t h a n  t h e  c o r r e s p o n d i n g  n o n s o y - s u b s t i 

t u t e d  s y s t e m s ,  b u t  a l l  s c o r e s  w e r e  a b o v e  4 . 6  o n  a  7 - p o i n t  s c a l e  
a n d  n o n e  o f  t h e s e  d i f f e r e n c e s  w a s  s i g n i f i c a n t .  H o w e v e r ,  t a s t e

Table 3 —Means and standard deviations3 of sensory scores'3 of soy-substituted meat systems

Meat system % Soy

Sensory evaluation

Flavor Juiciness Mouthfeel Overall

Beef
0 5.7 ± 0.2 5.6 ± 0.3 5.6 ± 0.3 5.6 ± 0.3

30 5.3 ± 0.8 5.2 ± 0.2 5.1 ± 0.5 4.6 ± 0.7

0 6.4 + 0.2 5.9 + 0A 6.0 ± 0.2 5.8 + 0.3
Pork 30 4.6 ±1.1* *

LOÒ+l00 ** 5.2 ± 0 .9 4.1 ± 1.0**

0 6.0 ± 0.4 5.6 + 0.2 5.7 ± 0.2 5.3 ± 0.5
Turkey 30 5.3 ± 0.6 5.5 ± 0.3 5.8 ± 0.5 4.7 ± 0.5

3 Based on five replications 
b Scale o f 1—7, w ith 7 being optimum
* *  0 and 30% soy-substituted m eatloaf means d iffe r significantly at the 1% level o f probability.
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p a n e l i s t s  s c o r e d  t h e  3 C %  s o y - s u b s t i t u t e d  p o r k  s y s t e m  s i g n i f i 
c a n t l y  l o w e r  ( P  <  0 . 0 1 )  t h a n  t h e  n o n s o y - s u b s t i t u t e d  p o r k  
s y s t e m  f o r  a l l  q u a l i t y  c h a r a c t e r i s t i c s  e x c e p t  m o u t h f e e l .  S i n c e  
t h e  t e x t u r e d  s o y  p r o t e i n  u s e d  i n  t h i s  s t u d y  w a s  f o r m u l a t e d  f o r  

u s e  w i t h  b e e f ,  i t  w a s  e x p e c t e d  t o  b l e n d  w e l l  i n  t h i s  s y s t e m .  
T h e  c a r a m e l - c o l o r e d  p r o d u c t  a l s o  b l e n d e d  w e l l  w i t h  t h e  t u r 

k e y ;  h o w e v e r ,  c o l o r  d i f f e r e n c e s  w e r e  o b v i o u s  b e t w e e n  t h e  0 %  
a n d  3 0 %  s o y - s u b s t i t u t e d  h a m  l o a f  a n d  m a y  h a v e  c o n t r i b u t e d  

t o  t h e  l o w e r  s c o r e s .
T h e  m o i s t u r e  c o n t e n t s  o f  t h e  t h r e e  m e a t  s y s t e m s  a r e  p r e 

s e n t e d  i n  T a b l e  4 .  T h e  p e r c e n t a g e  m o i s t u r e  o f  t h e  c o o k e d  0 %  
s o y - s u b s t i t u t e d  b e e f  a n d  t u r k e y  s y s t e m  a n d  f o r  a l l  t h r e e  

c o o k e d  3 0 %  s o y - s u b s t i t u t e d  s y s t e m s  w a s  s i g n i f i c a n t l y  l e s s  ( P  <  
0 . 0 0 1 )  t h a n  t h a t  o f  t h e  r e s p e c t i v e  r a w  m e a t  l o a v e s .  S o y  p r o 
t e i n s  a r e  h y d r o p h i l i c  a n d  w o u l d  t h e r e f o r e  b e  e x p e c t e d  t o  a b 

s o r b  a n d  r e t a i n  w a t e r  ( W o l f ,  1 9 7 0 ) .  N e v e r t h e l e s s ,  m o i s t u r e  
c o n t e n t s  w e r e  q u i t e  s i m i l a r  f o r  t h e  n o n s o y - s u b s t i t u t e d  a n d  

3 0 %  s o y - s u b s t i t u t e d  m e a t  s y s t e m s .

T h e  v a l u e s  f o r  t o t a l  l i p i d  i n  t h e  r a w  a n d  c o o k e d  0  a n d  3 0 %  
s o y - s u b s t i t u t e d  m e a t  l o a v e s  a r e  p r e s e n t e d  i n  T a b l e  4 .  D u e  t o  
d i l u t i o n  b y  t h e  a d d i t i o n  o f  a  l o w  f a t  p r o d u c t ,  t h e  r a w  3 0 %  
s o y - s u b s t i t u t e d  b e e f ,  t u r k e y  a n d  p o r k  s y s t e m s  h a d  s i g n i f i 

c a n t l y  l e s s  ( P  <  0 . 0 0 1  • f a t  t h a n  d i d  c o r r e s p o n d i n g  0 %  s o y -  
s u b s t i t u t e d  m e a t  s y s t e m s .  T h e  3 0 %  s o y - s u b s t i t u t e d  s y s t e m s ,  
h o w e v e r ,  r e t a i n e d  m o r e  o f  t h e  l i p i d s  p r e s e n t  d u r i n g  c o o k i n g  
t h a n  d i d  t h e  0 %  s o y - s u  a s t i t u t e d  s y s t e m s ,  t h e r e f o r e  t h e r e  w a s  
n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  t o t a l  l i p i d  c o n t e n t s  o f  
t h e  c o o k e d  0 %  a n d  3 0 %  s o y - s u b s t i t u t e d  b e e f  a n d  p o r k  s y s 
t e m s .  T h u s ,  c o n s u m i n g  3 0 %  s o y - s u b s t i t u t e d  b e e f  o r  p o r k  

l o a v e s  w o u l d  n o t  a p p r e c i a b l y  d e c r e a s e  t o t a l  n u m b e r  o f  c a l o r i e s  
o r  t h e  a m o u n t  o f  f a t  i n  o n e ’s  d i e t .  T h e  3 0 %  s o y - s u b s t i t u t e d  
c o o k e d  t u r k e y  l o a v e s  d i i  p o s s e s s  l e s s  t o t a l  l i p i d s  t h a n  t h e  n o n -  

s o y - s u b s t i t u t e d  c o o k e d  t u r k e y  l o a v e s .
T h e  T B A  v a l u e s  f o r  t h e  t h r e e  m e a t  s y s t e m s  a r e  s h o w n  i n  

F i g u r e s  1 ,  2  a n d  3 .  T h i c b a r b i t u r i c  a c i d  h a s  b e e n  u s e d  t o  q u a n 
t i t a t i v e l y  d e t e r m i n e  t h e  m a l o n a l d e h y d e  c o n c e n t r a t i o n  a s  a  
m e a n s  o f  m e a s u r i n g  t h e  d e g r e e  o f  o x i d a t i o n  i n  t h e  m e a t  s y s 

t e m .  T h e  T B A  v a l u e s  i n d i c a t e d  t h a t  t h e  3 0 %  s o y - s u b s t i t u t e d  

s y s t e m s  w e r e  i n i t i a l l y  s l i g h t l y  m o r e  r a n c i d ,  b u t  a t  s o m e  p o i n t  
d u r i n g  e i t h e r  r e f r i g e r a t e d  o r  f r e e z e r  s t o r a g e  t h e  r a t e  o f  o x i d a 
t i o n  f o r  t h e  0 %  s o y - s u a s t i t u t e d  p o r k  a n d  t u r k e y  i n c r e a s e d  
m o r e  r a p i d l y  s o  t h a t  t h e i r  T B A  v a l u e s  w e r e  h i g h e r  t h a n  t h o s e  

o f  t h e  3 0 %  s o y - s u b s t i t u t e d  m e a t  s y s t e m s  a t  t h e  c l o s e  o f  t h e  
s t o r a g e  p e r i o d .

T h e  s l o w  i n c r e a s e  i n  o x i d a t i o n  o f  g r o u n d  b e e f  u n d e r  b o t h  
r e f r i g e r a t e d  a n d  f r o z e n  s t o r a g e  c a n  b e  s e e n  i n  F i g u r e  1. T h e  

o n l y  s i g n i f i c a n t  d i f f e r e n c e  t h a t  o c c u r r e d  b e t w e e n  t h e  T B A  v a l 
u e s  o f  0 %  a n d  3 0 %  s o y - s u b s t i t u t e d  b e e f  w a s  f o r  d a y  2 .  T h e r e  
w a s  n o  s i g n i f i c a n t  i n c r e a s e  i n  T B A  r e a c t i v e  c o m p o u n d  f o r  
e i t h e r  t h e  0 %  o r  3 0 %  s o y - s u b s t i t u t e d  b e e f  s t o r e d  u n d e r  r e f r i g 
e r a t e d  o r  f r o z e n  s t o r a g e .  C o o k e d  b e e f  s t o r e d  i n  t h e  r e f r i g e r a t o r  
w o u l d  b e  e x p e c t e d  t o  o x i d i z e  m o r e  r a p i d l y  t h a n  f r o z e n

c o o k e d  b e e f  ( C h a n g  e t  a l . ,  1 9 6 1 ) .  T h e  r e s u l t s  f r o m  t h i s  s t u d y  

i n d i c a t e  t h a t  t h e r e  w a s  n o t  a  s i g n i f i c a n t  i n c r e a s e  i n  T B A  r e a c 
t i v e  c o m p o u n d s ,  i n  e i t h e r  t h e  0 %  o r  3 0 %  s o y - s u b s t i t u t e d  b e e f  

l o a v e s  d u r i n g  4  d a y s  o f  s t o r a g e  a t  5 ° C .  M a l o n a l d e h y d e  c o n c e n 
t r a t i o n  i n c r e a s e d  a t  a  m u c h  s l o w e r  r a t e  i n  f r o z e n  b e e f  a s  e x -
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Fig. 1—T B A  n u m b e rs  fo r  0% a n d  30%  s o y -s u b s titu te d  g r o u n d  b e e f  

s to re d  a t  5° C  a n d  —11°C.

TIME OF STORAGE

Fig. 2 —T B A  n u m b e rs  fo r  0%  a n d  30%  s o y -s u b s titu te d  g ro u n d  p o rk  
s to re d  a t  5 ° C a n d  —11°C.

Table 4—Mean values and standard deviations of percentage moisture and percentage tota l lip id  o f raw and cooked soy-substituted meat 
systems

Moisture Total lip id

Meat system State 0% 30% 0% 30%

Beef
Raw
Cooked

58.4 ± 1.0a
54.4 ± 1.6

58.7 ± 0.6 
53.1 ± 1.5

25.5 ± 1.8
17.5 ± 2.3

17.8 ± 0.5 
15.7 ± 1.6

Pork Raw 54.9 ± 1.4 57.3 ± 1.0 30.7 ± 2.4 22.2 ± 4.4
Cooked 53.6 ± 1.8 52.1 ± 1.5 21.8 ± 1.7 19.7 ± 1.0

Turkey
Raw 62.9 ± 0.9 61.8 ± 0.6 20.3 ± 0.9 13.1 ± 0.5
Cooked 57.4 ± 0.8 55.7 ± 0.4 17.9 ± 3.2 12.8 ± 1.4

a B a s e d  o n  f i v e  r e p l i c a t i o n s
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TIME OF STORAGE

Fig. 3 —T B A  n u m b e rs  fo r  0% a n d  30%  s o y -s u b s titu te d  g ro u n d  tu r 

k e y  s to re d  a t  5° C  a n d  —11° C.

p e c t e d .  S o y ,  h o w e v e r ,  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  l e v e l  o f  
T B A  v a l u e s  i n  t h e  f r o z e n  b e e f .  T o  s h o w  t h e  e f f e c t s  o f  s o y  o n  
t h e  r a t p  o f  o x i d a t i o n  i n  a  f r o z e n  b e e f  s y s t e m ,  a  l o n g e r  s t o r a g e  

p e r i o d  w o u l d  b e  r e q u i r e d .
T h e r e  a p p e a r e d  t o  b e  a  s u b s t a n t i a l  i n c r e a s e ,  f o l l o w e d  b y  a  

l e v e l i n g  o f f  o f  T B A  v a l u e s  f o r  t h e  r e f r i g e r a t e d  p o r k  l o a v e s  ( F i g .  

2 ) .  T h i s  i n c r e a s e  i n  T B A  v a l u e s  w a s  v e r y  h i g h l y  s i g n i f i c a n t  ( P  <  

0 . 0 0 1 ) ;  h o w e v e r ,  s o y  s u b s t i t u t i o n  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  
t h e  T B A  v a l u e s .

T h e  f r o z e n  p o r k  s y s t e m s  c o n t a i n e d  h i g h e r  m a l o n a l d e h y d e  
c o n c e n t r a t i o n s  ( F i g .  2 )  t h a n  d i d  t h e  b e e f  s y s t e m s  f r o z e n  f o r  
t h e  s a m e  p e r i o d  o f  t i m e .  T B A  v a l u e s  f o r  t h e  n o n s o y - s u b s t i -  
t u t e d  f r o z e n  p o r k  l o a v e s  s t o r e d  f o r  1 ,  2 ,  o r  3  w k  w e r e  s i g n i f i 

c a n t l y  h i g h e r  ( P  <  0 . 0 5 )  t h a n  t h e  v a l u e s  f o r  d a y  0 .  C u r e d  
m e a t s  c a n  b e  h e l d  l o n g e r  a t  r e f r i g e r a t e d  t e m p e r a t u r e s  t h a n  i f  
h e l d  a t  f r e e z e r  t e m p e r a t u r e s  ( Y o u n a t h a n  a n d  W a t t s ,  1 9 5 9 ) .  
T h e  s t a b i l i t y  o f  t h e  r e f r i g e r a t e d  c u r e d  m e a t s  t o w a r d s  l i p i d  o x i 
d a t i o n  i s  a l s o  h i g h  c o m p a r e d  t o  t h e  s t a b i l i t y  o f  u n c u r e d  m e a t s  
h e l d  u n d e r  t h e  s a m e  c o n d i t i o n s  ( Z i p s e r  e t  a l . ,  1 9 6 4 ) .

I n  F i g u r e  3 ,  t h e  T B A  v a l u e s  o f  0 %  s o y - s u b s t i t u t e d  t u r k e y  
s y s t e m  s h o w s  a  s t e a d y  i n c r e a s e  d u r i n g  t h e  r e f r i g e r a t e d  s t o r a g e ,  
w h e r e a s  t h e  T B A  v a l u e s  o f  3 0 %  s o y - s u b s t i t u t e d  t u r k e y  l o a v e s  
s h o w s  a  m u c h  s l o w e r  r a t e  o f  i n c r e a s e .  T h e  T B A  v a l u e s  f o r  t h e  

0 %  s o y - s u b s t i t u t e d  t u r k e y  a t  d a y  4  w e r e  s i g n i f i c a n t l y  h i g h e r  ( P
<  0 . 0 0 1 )  t h a n  t h e  v a l u e s  f o r  d a y  0 .  T h e r e  w a s  a  s i g n i f i c a n t  ( P
<  0 . 0 5 )  d e c r e a s e  i n  T B A  v a l u e s  b e t w e e n  t h e  0 %  a n d  3 0 %  
s o y - s u b s t i t u t e d  t u r k e y  f o r  d a y  4 ,  w i t h  t h e  3 0 %  s o y - s u b s t i t u t e d  

t u r k e y  l o a v e s  p o s s e s s i n g  l o w e r  T B A  v a l u e s .  N e i t h e r  s o y - s u b s t i 
t u t i o n  n o r  l e n g t h  o f  s t o r a g e  s i g n i f i c a n t l y  a f f e c t e d  t h e  T B A  
v a l u e s  o f  t h e  f r o z e n  t u r k e y  l o a v e s .  P o u l t r y  m e a t  i s  m u c h  m o r e  

h i g h l y  u n s a t u r a t e d  t h a n  b e e f  o r  p o r k  ( H i l d i t c h  e t  a l . .  1 9 3 4 ;

C h a n g  a n d  W a t : s ,  1 9 5 2 )  a n d  w o u l d  b e  e x p e c t e d  t o  s h o w  a  
m a r k e d  i n c r e a s e  i n  l i p i d  o x i d a t i o n  u n d e r  r e f r i g e r a t e d  s t o r a g e ,  

a s  w a s  s h o w n  b y  t h e  i n c r e a s e  i n  T B A  v a l u e s  i n  t h i s  s t u d y  ( F i g .

3 ) .
I n  c o n c l u s i o n ,  t h e  u s e  o f  3 0 %  s o y - s u b s t i t u t i o n  d i d  n o t  s e e m  

t o  a d v e r s e l y  a f f e c t  t h e  q u a l i t y  c h a r a c t e r i s t i c s  o f  g r o u n d  b e e f  

a n d  t u r k e y  s y s t e m s .  T h e r e  w e r e  n o  d i f f e r e n c e s  f o u n d  i n  t h e  
t o t a l  l i p i d  c o n t e n t  o f  t h e  c o o k e d  0 %  a n d  3 0 %  s o y - s u b s t i t u t e d  
m e a t  s y s t e m s .  A l t h o u g h  3 0 %  s o y - s u b s t i t u t e d  m e a t  a p p e a r e d  t o  

h a v e  a  s l i g h t l y  l o w e r  T B A  v a l u e  d u r i n g  r e f r i g e r a t e d  a n d  f r o z e n  
s t o r a g e ,  s o y  d o e s  n o t  a p p e a r  t o  p r e v e n t  t h e  a c c u m u l a t i o n  o f  
T B A  r e a c t i v e  c o m p o u n d s  i n  c o o k e d  m e a t s ;  h o w e v e r ,  a  g r e a t  

d e a l  m o r e  w o r k  w i t h  s o y - l i p i d  m o d e l  s y s t e m s  a n d  w o r k  o n  
m e t h o d s  o f  d e t e r m i n i n g  o x i d a t i o n  i n  s o y - m e a t  s y s t e m s  n e e d s  

t o  b e  c o n d u c t e d .
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INTRODUCTION

CURRENT RESEARCH on meat flavor has substantially in
creased our knowledge of the meaty flavor and aroma but has 
done little to elucidate our understanding of the species flavor 
and aroma. In the case of lamb, it appears that the meaty 
aroma comes from the lean portion while the species specific 
notes originate in or are deposited in the fat portion (Batcher 
et al., 1969; Pearson et al., 1973; Wasserman and Talley, 1968; 
Wasserman and Spinelli, 1972).

In our laboratory we have been primarily concerned with 
analysis of the lamb or mutton flavor. This has become an 
increasingly important problem with the possible use of 
mechanical deboning equipment for red meat and the subse
quent increased utilization of this meat in processed products.

Preliminary odor panel studies on the volatile compounds 
evolving from lamb and beef roasts suggested differences in 
these volatiles. Unpublished results from our laboratory 
showed panel members had no difficulty identifying the beef 
and lamb volatiles when given known standards for compari
son. Informal discussion of the results of this study attributed 
part of the odor of the volatiles escaping from the roasts as 
that of hydrogen sulfide (H2 S). Hydrogen sulfide is not un
known as a flavor precursor in meats (Bouthilet, 1951; Klose 
et al., 1966; Minor et al., 1965; Pippen and Eyring, 1957). 
Mecchi et al. (1964) observed that glutathione gives off H2S 
about 180 times as fast as does muscle protein. These workers 
also felt that the rate of H2 S evolution from heated muscle 
could be approximately predicted from its cystine content. 
Macy et al. (1964a) found glutathione in the water extract of 
lamb but not in beef or pork. In a second report, Macy et al. 
(1964b) found higher concentrations of cystine in water ex
tracts of lamb than in beef or pork. By refluxing beef adipose 
tissue in water, Pepper and Pearson (1969) demonstrated the 
evolution of significant quantities of H2 S. Thus, with H2 S 
already implicated in meat flavors and its evolution from beef 
fat demonstrated, the first objective of the present study in 
lamb flavor and aroma analysis was to determine the amount 
of H2 S evolved from the cooked meat. Since the major precur
sors of H2S, glutathione and cystine, were demonstrated to be 
present in lamb tissue and since subjective observation indi
cated adequate quantities of this gas evolving from cooked 
loaves, it was felt quantitative differences could be observed in 
various cooked meats. Rather than subject the meats to rigor
ous cooking conditions to maximize H2 S evolution, cooking 
time and temperature as close to those used for preparation of 
the meats for home consumption were chosen.

MATERIALS & METHODS
Sample preparation

O n e  2 - y r -o ld  H e r e f o r d  s te e r ,  o n e  1 -y r -o ld  w h i te  f a c e d  l a m b ,  o n e  7 - 
m o n t h - o l d  b a r r o w  a n d  o n e  7 - m o n t h - o ld  g i l t  c a r c a s s e s  f r o m  th e  U n iv e r s i
t y  o f  W y o m in g  m e a t  l a b o r a t o r y  p r o v id e d  t h e  b e e f ,  l a m b  a n d  p o r k  
s a m p le s  f o r  t h i s  s t u d y .  T h e  g a m e  m e a ts  w e re  p r o c u r e d  f r o m  t h e  W y o m 
in g  G a m e  a n d  F is h  L a b o r a t o r y .  S a m p le s  w e re  p r e p a r e d  f o r  e a c h  s p e c ie s  
a n d  t h e  m e a ts  g r o u n d  t h r o u g h  a  1 /2 - in c h  p l a t e  a n d  r e g r o u n d  t h r o u g h  a  
1 /8 - in c h  p la te .  T h e  g r o u n d  m e a t  w a s  d iv id e d  i n t o  4 0 0 g  lo a v e s  f o r  s u b s e 

q u e n t  c o o k in g  a n d  a n a ly s is .  F a t  a n d  le a n  s a m p le s  w e re  p r e p a r e d  b y  
p h y s ic a l ly  s e p a r a t i n g  t h e  tw o  c o m p o n e n t s  a n d  g r in d in g  a s  n o t e d  f o r  t h e  
m e a t  s a m p le s .  S m a ll  s u b s a m p le s  w e r e  h o m o g e n iz e d  in  a  V i r tu s  l a b o r a 
t o r y  h o m o g e n iz e r  f o r  e t h e r  e x t r a c t i o n ,  K je ld a h l  a n d  d r y  m a t t e r  a n a ly s i s  
b y  s t a n d a r d  A O A C  m e t h o d s  ( 1 9 7 0 ) .

Hydrogen sulfide determinations
T h e  w a s h in g  p r o c e d u r e  w a s  a  m o d i f i c a t i o n  o f  t h e  e x te n s iv e  m e t h o d  

o f  P e p p e r  a n d  P e a r s o n  ( 1 9 6 9 ) .  E s s e n t i a l ly  t h e  p r o c e d u r e  w a s  d o u b l e d ,  
r e s u l t in g  in  t h e  fo l l o w in g  w a s h e s  f o r  a ll  g la s s w a re :  c h l o r o f o r m ,  a c e t o n e ,  
c h lo r o f o r m ,  a c e t o n e ,  t a p  w a te r ,  6 N  H C1, t a p  w a te r ,  6 N  H C 1, h o t  a lc o -  
n o x  d e t e r g e n t ,  t a p  w a te r ,  h o t  a lc o n o x  d e t e r g e n t ,  t a p  w a te r ,  d e io n iz e d  
w a te r  a n d  2 X  w ith  t r i p ly  g la ss  d is t i l l e d  w a t e r  a s  p r e p a r e d  b y  M e c c h i  e t  
a l. ( 1 9 6 4 ) .  T h e  m e th y le n e  b lu e  m e t h o d  o f  S a n d s  e t  a l .  ( 1 9 4 9 )  a s  m o d i 
f ie d  b y  P r in c e  ( 1 9 5 5 )  w a s  u s e d  f o r  a c t u a l  H 2 S  a n a ly s is .  H y d r o g e n  s u l
f id e  s t a n d a r d s  w e re  p r e p a r e d  w e e k ly  a n d  a  s t a n d a r d  c u rv e  r u n  w i t h  e a c h  
m e a t  a n a ly s is .  T h e  c o o k in g  a p p a r a t u s  w a s  e s s e n t ia l ly  t h e  s a m e  a s  t h a t  
d e s c r ib e d  b y  M e c c h i  e t  a l .  ( 1 9 6 4 )  e x c e p t  a  5 0 0  m l r e s in  r e a c t i o n  f la s k  
e q u ip p e d  w i th  h e a t in g  m a n t l e  w a s  u s e d .  T h e  4 0 0 g  g r o u n d  m e a t  s a m p le s  
w e re  a l lo w e d  t o  w a rm  t o  r o o m  t e m p e r a t u r e ,  p la c e d  in  t h e  5 0 0  m l  r e s in  
r e a c t io n  f la s k  a n d  s h a p e d  t o  t h e  c o n t o u r  o f  t h e  b o t t o m  o f  t h e  f la s k .  
T h is  h e lp e d  to  i n s u r e  e q u a l  h e a t  p e n e t r a t i o n  i n t o  a l l  lo a v e s .  T h e  f la s k  
w a s  p la c e d  i n t o  t h e  m a n t l e ,  t h e  c o n d e n s e r  a n d  m a n t l e  w e re  t u r n e d  o n  
( 0  m in )  a n d  n i t r o g e n ,  p re v io u s ly  w a s h e d  t h r o u g h  2 %  K M n O „  a n d  3%  
H g C l2 s o lu t io n s  ( P e p p e r  a n d  P e a r s o n ,  1 9 6 9 )  w a s  b u b b le d  i n t o  t h e  f la s k  
a n d  th r o u g h  th e  t r a p  a t  a  p r e s s u r e  d i f f e r e n t i a l  o f  7 0  m m  o f  w a te r .  T h e  
t r a p s  c o n ta in in g  5 m l  o f  2 0 %  z in c  a c e t a t e  a n d  4 5  m l  o f  w a t e r  w e re  
c h a n g e d  e v e r y  1 5  m in  f o r  1 h r .  I n  t h e  lo n g e r  t e r m  s tu d i e s  ( 2  1 /3  h r )  t h e  
t r a p s  w e re  c h a n g e d  e v e r y  2 0  m in .  T h e  b u b b l e r  w a s  w i t h d r a w n  f r o m  t h e  
c y l in d e r  a n d  5 0  m l o f  d i s t i l l e d  w a t e r  r in s e d  t h r o u g h  th e  b u b b l e r  a n d  
in to  t h e  c y l in d e r .  T h e  c o n t e n t s  o f  t h e  c y l in d e r  w e re  m ix e d  a n d  a n  
a p p r o p r i a t e  a l i q u o t  r e m o v e d  f o r  a n a ly s is .  U p o n  c o m p l e t i o n  o f  t h e  h o u r  
lo n g  c o o k in g  p r o c e d u r e ,  t h e  i n t e r n a l  t e m p e r a t u r e  w a s  7 8 ° C  a n d  th e  
r e s u l t in g  lo a v e s  w e re  r a t e d  m e d iu m  w e ll  d o n e ,  j u i c y  a n d  e x h i b i t e d  
ty p ic a l  m e a t  l o a f  c h a r a c te r i s t i c s .

RESULTS & DISCUSSION

WHEN COMPARED on the basis of lOg of meat, the ground 
beef and lamb samples containing 19% fat produced signifi
cantly (P <  0.05) different amounts of H2S when cooked for 
1 hr (Table 1). A comparison of leaner ground samples in the 
same manner showed more H2 S produced by the lamb as com
pared to beef but this difference was not significant. When 
H2 S evolution was calculated on the basis of 1 Og of fat, pro
tein and dry matter, very little difference was noted. No sig
nificant differences were noted in H2 S evolution between pork 
and the other two meats. However, further analysis of the data 
pointed to an interesting aspect of the H2 S evolution. The 
leaner samples, although producing less total H2 S, yielded the 
gas sooner than the higher fat samples. The 19% fat ground 
beef and lamb samples gave off 11 and 15%, respectively, of 
the total amount of H2 S evolved in the first half hour. How
ever, the leaner beef and lamb samples gave off 17% and 22%, 
respectively, of the total H2S evolved in the first half hour. 
Pepper and Pearson (1969) found adequate quantities of H2S 
given off by various fractions of beef adipose tissue. Therefore, 
an attempt was made to look at the role fat and lean play in 
H2S evolution under our cooking conditions. Although the 
beef and lamb adipose tissue were of similar composition
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(Table 2) the amount of H2 S evolved over 2 1/3 hr was signifi
cantly different (P <  0.05) when viewed on a lOg meat basis. 
When the H2 S evolution was placed on a fat, protein or dry 
matter basis, the lamb always evolved more H2S; however, 
these differences were not significant. The same situation 
existed when beef and lamb lean were compared. Large differ
ences were noted in the amount of H2 S produced between

Table 1 —Least-squares means of H2S evolution from cooked 
beef, lamb and pork®

Meat
M9 H2S/ 
10g meat

M9 H2S/ 
10g fat

MgH 2S/ pg H2S/
10g protein 10g dry matter

Ground beef 
(19.0% fat)
(17.7% protein) 
(37.3% dry matter) 

Ground lamb 
(19.0% fat)

2.76 a 14.55 15.61 7.41 a

(20.6% protein) 
(39.4% dry matter) 

Ground beef 
(8.2% fat)

3.94 b 20.76 19.14 10.00 b

(20.3% protein) 
(31.1% dry matter) 

Ground lamb 
(14.3% fat)

3.46 ab 42.21 17.05 11.13 b

(22.3% protein) 
(36.4% dry matter) 

Ground pork 
(11.0% fat)

3.63 b 25.42 16.30 9.99 b

(22.1% protein) 
(33.5% dry matter)

3.29 ab 29.88 14.87 9.81 b

a Beef and lamb sample means of seven determinations; composite 
pork sample means of five determinations. Means with differing 
letters within columns are different (P < 0.05).

Table 2—Least-squares means of H2S evolution from fat and 
lean®

M9H2S/ 
Sample 10g tissue

M9 H2S/ 
10g fat

M9 H2S/ 
10g protein

M9 H2S/
10g dry matter

Beef adipose tissue 
(78.0% fat)
(3.7% protein) 6.35 c 
(81.9% dry matter)

Lamb adipose tissue 
(76.2% fat)

8.14 a 171.51 b 7.75 a

(4.2% protein) 7.47 d 
(82.0% dry matter)

Beef lean tissue 
(2.0% fat)

9.81 a 177.92 b 9.11 a

(22.8% protein) 1.76 a 
(25.9% dry matter)

Lamb lean tissue 
(3.0% fat)

87.90 ab 7.71 a 6.79 a

(22.3% protein) 4.36 b 
(25.7% dry matter)

145.29 b 19.55 a 16.96 b

® Adipose tissue means of five determinations; lean tissue means of 
two determinations. Means with differing letters within columns 
are different (P < 0.05).

adipose and lean and in the pattern of gas evolution (Fig. 1). 
Both lean samples gave off H2 S after only 20 min of cooking, 
peaked after 1 hr and remained constant or declined there
after. The adipose samples issued no H2 S during the first 20 
min period but then dramatically increased their H2 S evolu
tion. After 1 hr the beef adipose declined in rate of H2S 
evolution but the lamb adipose continued to increase its rate 
of H2 S evolution. These factors could be important in the 
cooking of lamb. As noted in the Materials & Methods section, 
under the conditions described, the ground roasts were con
sidered done after 1 hr. Further cooking of beef past the point 
would result in less H2 S being given off and subsequently this 
gas would play a lesser role in the aroma of the cooked meat. 
However, in the case of lamb, the continued increase in rate of 
H2 S evolution from the adipose tissue would suggest that lamb 
loaves which are overcooked would give off even larger 
amounts of H2 S. This evolved gas could play an important role 
in the aroma of the meat as well as the aroma permeating the 
cooking and serving area. The problem would be accentuated 
in fatty lamb loaves.

Beef is an excellent standard to judge lamb by since beef is 
so widely accepted as a delightfully flavored food. However, it 
was also of interest to compare lamb with some less desirable 
meats. Table 3 compares the evolution of H2 S from ground 
game meats. Since these meats are naturally very low in fat the 
lamb lean (3% fat) was used for comparison. The amount of 
H2 S evolved from lamb was not significantly different from 
the amount of H2 S given off from elk. The amount of H2 S

T i m e  ( M i n . )

Fig. 1—H 2 O p roduce d  b y  adipose and lean tissue o f  beef and lam b
cooked fo r  2  1 /3  h r  as n o te d  in text.
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Table 3—Least-squares means of H2S evolution from lamb and 
game meata

Meat
pg h 2s

10g tissue

Lamb lean tissue 
(3.0% fat)
(22.3% protein) 
(25.7% dry matter) 

Moose tissue 
(0.7% fat)

4.36 b

(24.1% protein) 
(26.8% dry matter) 

Elk tissue 
(1.8% fat)

2.90 a

(22.7% protein) 
(26.4% dry matter) 

Deer tissue 
(1.2% fat)

4.65 be

(23.9% protein) 
(26.9% dry matter) 

Antelope tissue 
(2.2% fat)

5.17 be

(22.8% protein) 
(26.6% dry matter)

5.42 c

a Lamb sample means of two determinations; elk and deer sample 
means of three determinations; moose and antelope sample means 
of four determinations. Means with differing letters within 
columns are different (P < 0.05).

evolved from antelope v/as significantly higher (P <  0.05) than 
for lamb and the amount of H2 S from moose was significantly 
lower (P <  0.05) than lamb. It is interesting to note that taste 
panel analysis of game meats placed antelope at the very bot
tom while moose was near the top and is usually described as 
being “beef like” (Field, personal communication).

In conclusion, several factors seem apparent. Under our 
cooking conditions lamb gave off more H2 S than beef. This 
situation seems to be the case for both the adipose tissue and 
lean tissue. However, the adipose tissue portion contributes 
more H2 S than the lean tissue. The smaller contribution of the 
lean to the H2 S evolved comes earlier in the cooking process, 
whereas, the larger percentage of H2 S which comes from the 
adipose tissue is evolved later in the cooking period. In fact 
excessive cooking of lamb results in copious quantities of H2 S 
being released.

Finally, at present it is difficult to ascertain the extent of 
the role H2 S plays in lamb flavor and aroma. However, the 
fact that the lamb gives off more of this odoriferous, volatile 
gas than beef and since H2 S in combination with other com
pounds has been implicated in meat flavor (Pippen and Mec- 
chi, 1969) further study of H2 S evolution from lamb and 
mutton seem warranted. Presently an analysis of other com
pounds isolated from the volatiles trapped from beef and lamb 
loaves is being undertaken. Thus, the various ways in which 
H2S can contribute to lamb flavor and aroma directly, or in 
combination with other compounds can be ascertained.
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INTRODUCTION

VERY LITTLE investigation has been made on the ultrastruc- 
tural changes occurring in striated muscle fibers during the 
phenomenon of thaw rigor. In their studies on thaw rigor in 
lamb, Marsh and Thompson (1958) observed no structural dif
ferences between pre-rigor frozen muscle prevented from thaw 
shortening and muscle which was frozen after rigor-onset, then 
thawed with or without restraint. They, however, noted ex
tensive structural disturbances resulting in complete loss of 
striation in muscle strips which freely shortened during freez
ing or during subsequent thawing. Cassens et al. (1963) in their 
studies on porcine longissimus muscle suggested that the form
ation of irregular banding pattern characteristic of thaw rigor 
and other violent treatments are of myofibrillar origin. Menz 
and Luyet (1965), further showed that in the formation of 
these bands, a number of adjacent sarcomeres converge form
ing a width of about 1 micron. Herring et al. (1964) were 
apparently unable to observe similar extreme structural dis
organizations in bovine psoas and semitendinosus after thaw 
rigor.

The present studies were carried out to study further the 
ultrastructural changes which accompany the incidence of 
thaw rigor in bovine striated muscle. Lurthermore, an attempt 
has been made to simulate several levels of contraction and 
stretching to which individual muscles are likely to be subject
ed during conventional processing with a view to understand
ing the effect of thaw rigor on intact bovine carcasses.

EXPERIMENTAL

A L L  S A M P L E S  u s e d  in  t h e s e  s tu d ie s  w e re  o b t a i n e d  f r o m  b e e f  s te r n o -  
m a n d ib u la r i s  m u s c le s .  A ll a n im a ls  s u p p ly in g  t h e  e x p e r im e n ta l  m u s c le s  
w e re  s la u g h te r e d  a t  t h e  M e a t  D iv is io n  a b b a t o i r ,  C o r n e l l  U n iv e r s i ty .

D i r e c t ly  a f t e r  e x s a n g u in a t io n ,  t h e  n e c k  m u s c l e s  w e re  r a p id ly  e x 
c is e d .  A  s u b je c t iv e  r e s t  l e n g th  w a s  r a p id ly  e s ta b l i s h e d  f o r  e a c h  m u s c le  
b y  a t t a c h in g  a  5 5 g  w e ig h te d  c la m p  t o  o n e  e n d  a n d  a l lo w in g  i t  t o  h a n g  
f r e e ly  w h i le  t h e  l e n g th  o f  t h e  m u s c le  w a s  m e a s u r e d .  T h i s  w a s  t a k e n  as 
th e  r e f e r e n c e  l e n g th .  A  s e c o n d  c la m p  w a s  a t t a c h e d  to  th e  o t h e r  e n d  a n d  
b o t h  c la m p s  w e re  f a s te n e d  to  a  s te e l  f r a m e .  T h e  in v e s t in g  f a t ,  c o n n e c 
tiv e  t i s s u e  a n d  n e rv e s  w e re  c a r e f u l ly  r e m o v e d  w i th  m in im u m  d a m a g e  to  
in d iv id u a l  f ib e r s .  E a c h  m u s c le  w a s  d i s s e c te d  i n t o  f iv e  a p p r o x im a te ly  
e q u a l  s t r ip s  a lo n g  t h e  lo n g  a x is .  T w o  o f  th e s e  s t r ip s  w e re  s t r e t c h e d  to  
1 5 0 %  o f  t h e  r e s t  le n g th  a n d  t i e d  t o  th e  s te e l  f r a m e .  T h e  re m a in in g  s t r ip s  
w e re  s im ila r ly  r e s t r a in e d  a t  t h e  r e s t  l e n g th .  A ll s a m p le s  w e re  t r a n s f e r r e d  
in to  a - 2 9 ° C  g ra v i ty  a ir  f lo w  s h a r p  f r e e z e r  w i th in  3 0  m in  o f  e x s a n g u in 
a t io n .  A f te r  c o m p le t e  f r e e z in g ,  t h e  s t r ip s  w e re  w r a p p e d  in d iv id u a l ly  in  
a lu m in u m  fo i l  t o  p r e v e n t  f r e e z e r  b u r n  o n  th e  s u r f a c e  a n d  s to r e d  a t  th e  
f r e e z in g  t e m p e r a t u r e  u n t i l  s u b s e q u e n t ly  u s e d .

A f te r  a t  l e a s t  1 d a y  b u t  u s u a l ly  n o t  m o r e  t h a n  3 d a y s ,  t h e  f iv e  s t r ip s  
f r o m  e a c h  m u s c le  w e r e  t h a w e d  a t  r o o m  t e m p e r a t u r e  f o r  2  h r  d u r in g  
w h ic h  in d iv id u a l  s t r ip s  w e re  a l lo w e d  t o  r e m a in  a t  o r  c o n t r a c t  t o  e i th e r  
1 5 0 , 1 2 5 ,  1 0 0 ,  7 5  o r  5 0 %  o f  t h e  r e s t  l e n g th .  T h e y  w e re  a g a in  r e s t r a in e d  
a n d  f u r t h e r  s to r e d  a t  3 ° C  f o r  a n o t h e r  1 8 - 2 2  h r .

' P resent address: D ept, o f A nim al Science, U niversity o f  Ibadan ,
Ibadan , Nigeria

Ligltt microscopy
S m a l l  s e c t io n s  a p p r o x im a te ly  1 c m  x  0 .5  c m 2 w e re  o b t a in e d  f ro m  

th e  t h a w  r ig o r  s a m p le s  a n d  f ix e d  in  1 0 %  f o r m a l in  in  0 .2 m  p h o s p h a t e  
b u f f e r  (p H  7 .2 )  f o r  a t  l e a s t  1 w k  a t  3 ° C . S m a l le r  s e c t io n s  f r o m  th e  f ix e d  
t i s s u e  s a m p le s  w e re  h o m o g e n iz e d  a t  3 ° C  b r ie f l y  w i th  w a t e r  t o  s e p a r a te  
i n t a c t  m u s c l e  f ib e r s  u s in g  a  S o rv a l  o m n i - m ix e r  w i th  in v e r te d  c u p  a n d  
re v e r s e d  b la d e s .  S a r c o m e r e  le n g th s  a n d  f ib e r  d i a m e te r s  w e r e  d e t e r m in e d  
o n  2 0  r a n d o m ly  s e le c te d  f ib e r s  f r o m  e a c h  s a m p le  u s in g  a  N ik o n  P h a s e  
C o n t r a s t  m ic r o s c o p e  (M o d e l  S U R -K e )  e q u ip p e d  w i th  a n  e y e  p ie c e  
m ic r o m e te r .

S im u l t a n e o u s  s tu d ie s  w e r e  a ls o  c a r r ie d  o u t  o n  s t a i n e d  m u s c l e  s e c 
t io n s .  F ix e d  t i s s u e s  w e re  d e h y d r a t e d  in  g r a d e d  a l c o h o l  t o  a b s o lu t e  a l 
c o h o l ,  c le a r e d  w i th  x y le n e  i n f i l t r a t e d  w i t h  p a r a f f in  a n d  s e c t io n e d  1 0 m 
in  t h ic k n e s s .  M o u n te d  s e c t io n s  w e re  d e p a r a f f in i z e d ,  t a k e n  d o w n  
th r o u g h  t h e  a lc o h o l  s e r ie s  t o  w a te r  a n d  s t a i n e d  w i t h  H a rr is  h e m a to x y l in  
f o r  5 m in .  T h e y  w e re  r in s e d  r e p e a t e d ly  in  t a p  w a te r  f o r  3 - 4  m in ,  t h e n  
d i f f e r e n t i a t e d  in  a c id  a lc o h o l  u n t i l  a p p r o p r i a t e  c o lo r  d e v e l o p m e n t .  
T h e y  w e r e  a g a in  r in s e d  in  t a p  w a t e r  b e f o r e  s ta in in g  f o r  15 s e c  w i th  
e o s in  B . T h e  s e c t io n s  w e r e  r in s e d  in  t h r e e  c h a n g e s  o f  6 5 %  a b s o lu t e  
a lc o h o l  e a c h  l a s t in g  f o r  3 m in ,  c le a r e d  w i t h  x y le n e  a n d  m o u n t e d  w i th  
“ p e r m o u n t . ”  M ic r o g ra p h s  w e re  t a k e n  w i t h  t h e  a b o v e  m ic r o s c o p e  a n d  a  
P o la ro id  M P -3  la n d  c a m e r a .

Electron microscopy
T h r e e  t i s s u e  s a m p le s  ( 1 .0  m m 2 x  3 .5  c m )  w e re  o b t a i n e d  f r o m  e a c h  

m u s c le  a s  fo l lo w s :  ( 1 )  d i r e c t ly  a f t e r  t h e  d e a t h  o f  t h e  a n im a l  w h i le  s t i l l  
in  t h e  r e la x e d  s t a t e ;  ( 2 )  in  t h e  f r o z e n  s t a t e  f r o m  th e  s t r i p  a t  r e s t  le n g th ;  
a n d  ( 3 )  a t  2 4  h r  p o s t - t h a w in g  f r o m  t h e  f iv e  s t r ip s  in  t h e  v a r io u s  c o n 
t r a c t i l e  o r  s t r e t c h e d  s ta t e s .  A ll s a m p le s  w e re  f ix e d  in  6 %  g l u t e r a ld e h y d e  
in  0 .1 M  p h o s p h a t e  b u f f e r  ( p H  7 .3 )  o v e r n ig h t  a t  2 ° C .  B o th  p r e - r ig o r  a n d  
f r o z e n  s t r ip s  w e re  t i e d  t <S g la ss  r o d s  p r i o r  t o  im m e r s io n  in  g lu t e r a ld e 
h y d e  to  p r e v e n t  s u b s e q u e n t  c o n t r a c t i o n .  S in c e  th a w  r ig o r  r e a d i ly  o c 
c u r r e d  in  t h e  f r o z e n  s t r ip s  e v e n  w i th in  t h e  s h o r t  p e r io d  n e c e s s a ry  fo r  
th e  f ix a t iv e  t o  p e n e t r a t e  t h e  t i s s u e ,  t h e  f ix a t iv e  w a s  s to r e d  a t  - 2 9 ° C  till 
i t  w a s  a lm o s t  f r o z e n .  T h e  g la ss  r o d s  t o  w h ic h  t h e  f r o z e n  m u s c le  s t r ip s  
w e re  t i e d  w e re  t h e n  in t r o d u c e d  i n t o  t h e  f ix a t iv e  w h ic h  w a s  s u b s e 
q u e n t ly  f r o z e n  c o m p le t e l y .  U n d e r  th i s  c o n d i t i o n ,  i n f i l t r a t i o n  a n d  f ix a 
t i o n  d u r in g  s u b s e q u e n t  s lo w  th a w in g  a t  2 ° C  o c c u r r e d  c o n t in u o u s ly  as 
t h e  s o l id  ic e  p h a s e  r e c e d e d  f r o m  t h e  s u r f a c e  o f  t h e  m u s c le  s t r ip s  t o  th e  
c e n t e r .

T h e  f ix e d  s a m p le s  w e r e  c u r e d  in  0 .1 m  p h o s p h a t e  b u f f e r  (p H  7 .3 )  fo r  
a b o u t  a  m o n th  a t  3 ° C ,  p o s t  f ix e d  in  c o ld  1%  o s m iu m  t e t r o x i d e  f o r  1 h r ,  
th e n  d e h y d r a t e d  w i th  g r a d e d  a lc o h o l  t o  a b s o lu t e  a l c o h o l .  T h e y  w e re  
w a s h e d  tw ic e  in  p r o p y le n e  o x id e ,  e a c h  f o r  3 0  m in .  E m b e d d in g  w a s  
c a r r ie d  o u t  in  a n  e p o n - a r a ld i t e  m ix tu r e .

S e c t io n s  w e r e  c u t  a n d  m o u n t e d  o n  c a r b o n  c o a t e d  f o r m v a r  c o p p e r  
g r id s .  T h e y  w e re  s ta in e d  s u c c e s s iv e ly  w i th  u r a n y l  a c e t a t e  a n d  le a d  
c i t r a t e .  E l e c t r o n  m ic r o g r a p h s  o n  th e s e  s e c t io n s  w e re  t a k e n  o n  a n  R C A  
E M U -3 G  e l e c t r o n  m ic r o s c o p e  o p e r a t e d  a t  5 0  o r  1 0 0  k V .

RESULTS

Light microscopic observations
Phase contrast microscopic observations indicate that mus

cle strips which were maintained in the stretched or contracted 
state within 50% of the rest length suffered extensive structur
al damage in most of the fibers following thaw rigor. The 
alternate bands of supercontraction and superstretching similar 
to the irregular transverse bands observed in porcine longissi
mus muscle which were permitted to go into thaw rigor by
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Cassens et al. (1963) are evident. The contracture bands shown 
in Figure 1 may or may not extend across the width of the 
fibers. Although there was no consistent patterns, the con
tracted muscle strips appeared to exhibit longer and thicker 
transverse bands than the stretched muscle strips.

Other sections of the fibers show I bands which are charac
teristic of relaxed or superstretched sarcomeres. The A bands 
and Z lines while apparently maintaining their integrity suf
fered longitudinal displacements which placed the parallel ar
ray of cross striations out of register. Those fibers exhibiting 
the alternate banding pattern also showed some peculiar floc
culations which were dispersed throughout the stretched 
zones, and probably arose from the dénaturation of sarco
plasmic proteins by the drastic change in pH during thaw rigor.

Histograms of sarcomere lengths based on phase microscope 
measurements of fixed fibers are shown in Figure 2. Since the 
individual fibers exhibited varying degrees of contraction and 
stretching, the histograms are representative of distributions of 
sarcomeres not exhib.ting extreme contraction. As evident 
from Table 1, the mean sarcomere lengths differ significantly 
(P <  0.005) with the different degrees of gross muscle con
traction or stretching during thaw rigor. Studies on whole sec-

Table 1—The effect o" contractile state during thaw rigor on the 
sarcomere length and fibe' diameter of bovine sternomandibularis

Muscle length at percent of rest length

50 75 100 125 150
Sarcomere 1.13 1.13 1.09 1.10 1.11

Length3 (0.21 c (0.19) (0.09) (0.11) (0.13)
Sarcomere 1.18 1.56 2.26 3.28 3.97

Lengthb (0.14 (0.22) (0.47) (0.53) (0.30)
Fiber 59.32 49.05 40.71 28.24 25.78

Diameterb (1 1 .7 2 : (10.55) (7.49) (7.25) (6.58)
a Measurements in microns made on zones of supercontraction on

intact fibers
b Measurements in microns made on zones other than those con-

tracting maximally
c Standard deviations from the means

Fig. 1- B o v in e  s te rn o m a n  i ib u ia r is  h e ld  is o m e tr ic a lly  d u r in g  th a w  
r ig o r  1100X ).

tions stained with Harris hematoxylin and electron micro
graphs of thaw rigor muscle strips which contracted to 50 or 
75% of the rest length suggested that certain sarcomeres in 
these sections had longer sarcomere lengths.

The fiber diameter also varied significantly (P <  0.005) 
with the degree of stretch or contraction and appeared to be 
related to the tendency of muscle fibers to suffer from the 
compressional effects of thaw shortening. In contrast to 
normal rigor shortening, the severe rupturing of the fiber con
tents may itself cause a differential decrease or increase in 
fiber diameter. The sarcomere lengths in the transverse super- 
contracted bands varied between 1.09 ± 0.09/u and 1.13 -  
0.21 ju irrespective of the gross muscle length during thaw rigor.
Electronmicroscopic observations

Figure 3 shows a micrograph of bovine muscle fixed very 
shortly after death. The ultrastructural features are typical of 
relaxed striated muscle. The characteristic banding patterns of 
the A, I and Z bands are evident. The A bands are flanked by 
moderately wide I bands which are bisected by the sharp, well 
defined Z lines. Both the thick and thin filaments maintained 
their structural integrity. The H zones remained broad and the 
M lines car. be seen as narrow dense stripes down the middle of 
each H zone. Elements of the sarcoplasmic reticulum are ob
servable; however, their distribution is not extensive. Although 
variable in different fibers, fairly abundant granules of glyco
gen are distributed between the myofilaments in the region of 
the I band and more sparsely within the A band. Mitochon-
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dria are localized within the I bands and between the myo
fibrils.

Electron micrograph (Fig. 4) of pre-rigor frozen muscle 
fixed from the frozen state shows features similar to those of 
the fresh muscle. Apart from the presence of ice crystal pock
ets between individual myofibrils, the myofibrillar contents 
exhibited no structural damage. From this observation it ap
pears that freezing per se was not the direct cause of structural 
disintegration although it served as an efficient potentiator of

Fig . 3 —E le c tro n  m ic ro g ra m s  o f  m y o f ib r i ls  f ro m  b o v in e  s te rn o m a n -  
d ib u la r is  s a m p le d  a t  d e a th  (2 3 ,2 0 0 X 1 : A  — A  b a n d ; I  — I  b a n d ; 
H  — H  zon e ;  m  — m  lin e ; Z  — Z  l in e ; M i — M ito c h o n d r ia .

the ensuing biochemical and physical activity in the thaw rigor 
muscle fibers.

Since thaw rigor muscles exhibited the same ultrastructural 
features irrespective of their final length, the same description 
is applicable to all. Figure 5 shows the ultrastructure of a 
pre-rigor frozen muscle strip which was permitted to contract 
to 75% of its rest length. Morphologically, two types of fibers 
can be identified. Active fibers, typified by the two fibers in 
the upper part of the micrograph, are characterized by sarco
meres of various lengths. The zones of supercontraction failed 
to exhibit the extreme convergence of sarcomeres observed in 
frog sartorius muscle by Menz and Luyet (1965). The zones of 
extreme contraction alternated with zones of superstretching.

Fig. 5 —E le c tro n  m ic ro g ra p h  o f  b o v in e  s te rn o m a n d ib u la r is  a f te r  
th a w  r ig o r  c o n tra c tu re . The a lte rn a t in g  p a t te rn  o f  transverse  zones  
o f  s u p e rc o n tra c te d  a n d  s u p e rs tre tc h e d  sarcom eres is e v id e n t in  the  
c e n tra l f ib e r, th e  lo w e r  a d ja c e n t f ib e r  re m a in e d  in ta c t  a n d  re la x e d  

(4 ,500 X 1 .

Fig. 4 - E le c t r o n  m ic ro g ra p h  o f  b o v in e  s te rn o m a n d ib u la r is  fro ze n  
p re -r ig o r  a n d  f ix e d  in  th e  fro z e n  s ta te  w ith o u t  u n d e rg o in g  th a w  

r ig o r  (1 7 ,0 0 0 X ).

Fig. 6 —E lectron  m icrograph o f  bovine sternom andibu laris a fte r
thaw  rig o r a t 125% o f  rest length (1 7 ,00 0X).
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On an intact muscle, :hese zones may be visible as microswell
ing alternating with zones of small depressions at points of 
myofibrillar rupturing. The endomysial sheath remained intact 
although there was a likely presence of micropunctures arising 
from mechanical damage by ice crystals. The lower fiber 
shown in the same figure typified the passive fibers which 
remained virtually in an intact state. The paucity of mitochon
dria in this fiber is evident. Both the actin and myosin fila
ments exhibit uniform overlap and contraction bands are 
conspicuously absent. Thick fibers appeared to survive struc
tural disintegration more frequently than fibers with small 
diameters. This might suggest differences in the susceptibility 
of the fibers to the trauma of thaw rigor.

A stretched fiber which was later passively shortened by an 
adjacent actively contacting fiber is shown in the electron 
micrograph (Fig. 6) from a muscle strip maintained at 125% of 
the rest length during thaw rigor. The waviness of the fibers 
resulted in a steplike orientation of the Z lines and reflects the 
ease with which some adjacent myofibrils slide relative to one 
another. In contrast, :he electron micrograph from a muscle 
strip after thaw rigor contracted to 75% of the rest length 
(Fig. 7) shows a section of a kinky fiber in which the filaments 
of the sarcomeres have been locked in rigor bonds before the 
affected myofibrils suffered a compressional effect. Sarco
meres in the irregular transverse bands appeared similar to 
those reported in barnacle muscle by Hoyle et al. (1965). 
Figure 8 shows the ultrastructure of sections of supercontract- 
ed myofibrils. The M lines, H zones and I bands have com
pletely disappeared and the Z lines have assumed a rather dif
fuse profile. The myosin filaments appeared to be grossly 
compressed between the Z discs. The estimate of sarcomere 
length showed that the sarcomeres have contracted terminally 
to a width of 1.1 ± 0.2/u. Since the normal A band width in 
mammalian striated muscle is 1.5/u (Huxley, 1953), it is not 
clear whether the reduced sarcomere length was due to the 
compression alone or whether the myosin filaments actually 
penetrated the Z disc. Possibly the two mechanisms may have 
occurred. Thus the myosin filaments remained fairly well 
aligned longitudinally, the doubling back of the myofilament 
on itself occurred only at points of impingement of the Z disc.

On the other hand, some light areas of the diffuse Z lines 
do not indicate any crumpling of the thick filaments. Rather,

they appeared to have passed straight through the Z disc. 
Voyle (1969) made similar observations on cold shortened 
bovine neck muscle. Stromer and Goll (1967) observed what 
appeared to be gaps in the Z line of at-death KC1 extracted 
myofibrils through which thick filaments appeared to have 
penetrated. More recently, Hagopian (1970) also demonstrated 
that in glycerol extracted chicken pectoral muscle, penetration 
of the Z line by myosin filaments from adjacent sarcomeres 
occur at sarcomere lengths between 1.3 and 1.5/u. In extreme 
contraction, the myofilaments suffer severe contortional dis
orientation (Fig. 9) resulting in violent distortion at the level 
of the Z line.

Figure 10 shows the electron micrograph of myofibrils with 
moderately contracted sarcomeres [ A ]. The I band is greatly 
reduced in width. The M as well as the Z lines are very evident. 
However, there is a broad dark band at the center of the A 
band which appeared to coincide with the area of overlap 
between actin filaments from opposite ends of the sarcomeres. 
Tire adjacent sarcomere [ B ] demonstrates clearly that both 
supercontraction and superstretching occur in individual sarco
meres and contradicts the suggestion (Hoyle et al., 1965) that 
the sarcomere contracts as a unit. The present observation may 
be attribu:ed to differential release of calcium from the sarco
plasmic reticulum at the two A-l junctions of each sarcomere 
resulting in the contraction of one end of the sarcomere while 
permitting the other end to be stretched.

The ultrastructure of myofibrils which were stretched dur
ing thaw rigor is presented in the electron micrograph (Fig. 11) 
taken from a muscle strip maintained at rest length during 
thaw rigor. The large clear spaces are ice pockets. All the 
characteristic features of the sarcomeres are evident. However, 
the H zones are obliterated. The thin filaments appear to be 
clumped together like a wet feather while maintaining their 
parallel orientation relative to the thick filaments. This charac
teristic is demonstrated in cross section in Figure 12 from a 
thaw rigor muscle. It contrasts with a similar cross section 
(Fig. 13) from an at-death muscle strip. Although the same 
orientation is maintained in most extremely superstretched 
sarcomeres, infrequently, some sarcomeres exhibit the drastic 
disorganization shown in Figure 14 in which the Z lines suffer 
frequent breakages and the myofilaments lose their parallel 
array characteristics.

Fig. 7 -E le c tro n  m icrograph o f  bovine  ste rnom and ibu la ris  a fte r
thaw rig o r co n tra c tu re  to  75% o f  rest length (11,500X1.

Fig. 8 -E le c t ro n  m icrograph o f  bovine  s te rnom andibu laris  m a in 
tained a t 125% o f  rest leng th  a fte r thaw  rigo r (4 5 ,00 0X).
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Estimates of sarcomere lengths, A band width and Z line 
width determined on randomly selected micrographs are pre
sented in Table 2 and show the upper and lower limits of the 
measured dimensions only. Considerable variations were noted 
in these estimates. There appears to be some disagreement 
between the two estimates determined by electron and phase 
contrast microscopy. These differences may be due in part to 
the fact that only small areas are observable with electron 
microscopy as suggested by Hegarty et al. (1973). Further
more, the homogenization procedure used in the phase con
trast observations may have disrupted atypical sarcomeres in 
each fiber section leaving only zones with fairly uniform sarco
meres.

Elements of the sarcoplasmic reticulum were not readily 
identifiable in the 24 hr post thaw rigor micrographs. This 
contrasts with previous observations by Stromer and Goll
(1967) who observed these membranous structures in bovine

Table 2—Sarcorrere dimensions of myofibrils fixed in the fresh, 
pre-rigor frozen or Fost thaw rigor state3

Treatments^

Band Fresh Frozen 50 75 100 125 150
Minimum values

Sarcomere 2.97 2.78 0.76 1.26 1.48 1.00 2.70
A band 1.47 1.47 0.76 1.18 1.19 1.00 0.70
Z line 0.09 0.09 0.10 0.12 0.10 0.19 0.16

Maximum values
Sarcomere 3.19 3.01 4.29 4.47 4.53 4.47 4.35
A band 1.61 1.60 1.59 1.59 1.67 1.62 1.77
Z line 0.12 0.12 0.24 0.30 0.29 0.24 0.27

a Dimensions in microns were obtained from randomly selected 
electron micrographs.

b Muscle length after thaw rigor as percent of rest length.

Fig. 9 —E le c tro n  m ic ro g ra p h  o f  b o v in e  s te rn o m a n d ib u la r is  a f te r  

th a w  r ig o r  c o n tra c tu re . N o te  Z  lin e  d is to r t io n  (->) w h ic h  was seen 
in fre q u e n t ly  in  th e  e le c tro n  m ic ro g ra p h s  131,000X 1.

Fig. 1 1 —E le c tro n  m ic ro g ra p h  o f  b o v in e  s te rn o m a n d ib u la r is  m a in 

ta in e d  a t  re s t le n g th  a f te r  th a w  r ig o r  (1 7 ,0 0 0 X 1 .

Fig. 10—E le c tro n  m ic ro g ra p h  o f  m y o f ib r i ls  i l lu s t ra t in g  th a t super- 
c o n tra c tio n  ( A l a n d  s u p e rs tre tc h in g  (B ) o c c u r  in  a d ja c e n t sa rco 

m eres (1 7 ,00 0X 1 .

F ig . 1 2 —E le c tro n  m ic ro g ra p h  o f  cross s e c tio n a l v ie w  o f  b o v in e  s te r

n o m a n d ib u la r is  s a m p le d  a f te r  th a w  r ig o r  (1 7 ,00 0X 1 .
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s e m ite n d in o s u s  a f te r  s to r a g e  f o r  3 1 2  h r  a t  1 6 ° C . T h e  d e g ra d a 
t io n  o f  t h e  s a r c o p la s m ic  r e t ic u lu m  a n d  th e  t r ia d  s y s te m  m a y  in  
p a r t  e x p la in  t h e  e a se  w ith  w h ic h  e a c h  m y o f ib r i l  s e p a r a te s  f r o m  
a d ja c e n t  m y o f ib r i ls ,  rh u s  e n a b lin g  e a c h  o f  th e m  t o  c o n t r a c t  o r  
s t r e t c h  in d e p e n d e n t ly .

S o m e  d a rk  g ra n u la r  p r e c ip ita te s  a re  d is tr ib u te d  in  r e la x e d  
o r  s t r e t c h e d  m y o f ib r i ls  f r o m  th a w  r ig o r  m u sc le s  a t  th e  le v e l o f  
th e  A -I ju n c t i o n  ( F ig .  6  an d  1 1 ) .  In  t h e  s u p e r c o n t r a c t e d  z o n e s  
( F ig .  7  an d  1 0 )  th e  g ra n u la r  p r e c ip ita te s  a re  lo c a t e d  b e tw e e n  
t h e  m y o f ib r i ls .  S u c h  p r e c ip ita te s  w e re  n o t  o b s e r v a b le  in  th e  
p re -r ig o r  m u s c le s . A  c o m p a r is o n  o f  e le c t r o n  m ic r o g r a p h s  f r o m  
a t d e a th  m u s c le  ( F ig .  3 an d  1 3 )  w ith  th a w  r ig o r  m u s c le  ( F ig . 
11 an d  1 2 )  d e m o n s tr a te s  a c o m p le t e  a b s e n c e  o f  g ly c o g e n  
g ra n u le s  in  th e  b o v ir .e  m u s c le  a f te r  th a w  r ig o r . T h is  s u p p o r ts

Fig. 1 3 —E le c t r o n  m ic r o g r a p h  o f  a  c r o s s  s e c t io n a l  v ie w  o f  b o v in e  

s te r n o m a n d ib u la r i s  s a m p l e d  a t  d e a th  ( 2 3 ,2 0 0 X 1 .

Fig. 14 -E le c tro n  m icrograph o f  bovine s te rnom and ibu la ris  a fte r
thaw  r ig o r show ing  sarcomeres in  superstretched d iso rien ted  state
(31,000X1.

e a r l ie r  o b s e r v a t io n  t h a t  d u rin g  th a w  r ig o r , m e t a b o l ic  c h a n g e s  
a re  g r e a t ly  a c c e le r a te d  ( B e n d a l l ,  1 9 6 0 ) .

DISCUSSION
T H E  P R E C E D I N G  O B S E R V A T I O N S  c le a r ly  s h o w  t h a t  e x 
te n s iv e  d is o r g a n iz a t io n  o f  th e  m y o f ib r i l la r  c o n t e n t  o f  b o v in e  
m u sc le  f ib e r s  a re  ca u se d  w h e n  p re -r ig o r  f r o z e n  m u s c le  s tr ip s  in  
v a r io u s  s ta te s  o f  s t r e t c h  o r  c o n t r a c t io n  a re  th a w e d  a t  e le v a te d  
t e m p e r a tu r e s . T h is  p o se s  s o m e  g ra v e  im p lic a t io n s  o n  m u s c le  
te n d e r n e s s  s in c e  in  t h e  s u p e r s tr e tc h e d  s e c t io n s  o f  th e  m u sc le  
f ib e r s , th e  m y o f ib r i l la r  d e n s ity  w as g r e a t ly  re d u c e d  p e r  u n it  
c ro s s  s e c t io n a l  a re a  o f  t h e  m u s c le  t is s u e . T h e  c o n n e c t iv e  tis su e  
c a n  t h e n  a ss u m e  a g r e a te r  p r o p o r t io n  p e r  u n it  c r o s s  s e c t io n a l  
a re a  a n d  th e r e b y  a f fo r d  a g r e a te r  r e s is ta n c e  t o  s h e a r  a c r o s s  th e  
f ib e r  d ir e c t io n .  U n d e r  th is  c o n d it io n ,  t h e  b a c k g r o u n d  te n d e r 
n e ss  m a y  t h e r e f o r e  b e c o m e  a v e ry  im p o r t a n t  f a c t o r  in  d e te r 
m in in g  t h e  u l t im a t e  m e a t  te n d e r n e s s  o f  t h e  th a w  r ig o r  m e a t . 
T h is  is  p a r t ic u la r ly  so  in  t h e  l im ite d  d e p th  o f  m u s c le  w h ic h  
H o w a rd  an d  L a w r ie  ( 1 9 5 6 )  su g g e ste d  c o u ld  b e  f r o z e n  in  th e  
p re -r ig o r  s ta te  in  f r e s h ly  s la u g h te re d  b o v in e  c a r c a s s e s  s u b je c t e d  
t o  v a r io u s  fo r m s  o f  c o n v e n t io n a l  fr e e z in g  te c h n iq u e s .

F u r th e r m o r e ,  t h e  d if f e r e n t ia l  s u p e r s tr e tc h in g  an d  s u p e r 
c o n t r a c t io n  o f  s a r c o m e r e s  f r o m  is o m e t r ic a l ly  s t r e t c h e d  m u s
c le  d u rin g  th a w  r ig o r  d o e s  g iv e a s tr o n g  c r e d e n c e  f o r  th e  
p a r t ia l  e x t e n s ib i l i t y  o f  m u s c le  in  r ig o r . E v id e n c e  f o r  th is  is 
b a se d  o n  th e  f a c t  t h a t  in  s u p e r s tr e tc h e d  s a r c o m e r e s , th e  a c t in  
f i la m e n ts  w e re  c o m p le t e ly  p u lle d  o u t  o f  t h e  a d ja c e n t  m y o s in  
f i la m e n ts  d u rin g  th a w  r ig o r  r e s u lt in g  in  la rg e  in c r e a s e s  in  s a r c o 
m e re  le n g th s . T h e  o c c u r r e n c e  w as o s te n s ib ly  d u e  t o  th e  
tr e m e n d o u s  s tr a in  p la c e d  u p o n  t h e  s t r e t c h e d  s a r c o m e r e s  b y  
th e  a d ja c e n t  c o n t r a c t in g  s a r c o m e r e s  in  m u c h  th e  s a m e  w a y  as 
o c c u r s  d u rin g  n o r m a l r ig o r  i f  t h e  m u s c le  s tr ip s  w e re  s u b je c t e d  
t o  a s u f f i c ie n t  e x t e r n a l  lo a d . I f  th a w  r ig o r  m u s c le  w e re  in - 
e x t e n s ib le ,  m y o f ib r i l la r  ru p tu r in g  s h o u ld  o c c u r  b y  b r e a k a g e  a t  
th e  le v e l o f  th e  Z l in e  o r  a t  t h e  le v e l o f  t h e  I b a n d , t h e  b u lk  o f  
th e  a c t in  f i la m e n ts  s h o u ld  r e m a in  a t ta c h e d  r ig id ly  t o  t h e  m y o 
sin  c r o s s  b r id g e s . O n ly  s tu m p s  o f  t h e  t h in  f i la m e n ts  s h o u ld  
r e m a in  a tr a c h e d  t o  t h e  Z l in e , b u t  s u c h  o b s e r v a t io n  w a s n o t  
fo u n d  in  th is  s tu d y .

I t  m a y  b e  h y p o th e s iz e d  t h e r e f o r e ,  t h a t  th e  s u p e r s tr e tc h in g  
o f  s a r c o m e r e s  d u rin g  th a w  r ig o r  in v o lv e s  th e  b r e a k a g e  o f  s ta b le  
c r o s s lin k s  in i t ia l ly  fo r m e d  b e tw e e n  a c t in  a n d  m y o s in  c r o s s  
b r id g e s . T h is  a llo w s  th e  a c t in  f i la m e n ts  s o m e  d e g re e  o f  s lip p a g e  
t h a t  is c o n s is t e n t  w ith  m a c r o s c o p ic  a n d  m o le c u la r  e x t e n s ib i l 
i ty . A t th e  sa m e  t im e , m o r e  p e r m a n e n t  c r o s s  b r id g e  l in k a g e s  
are  fo r m e d  in  th e  a d ja c e n t  s u p e r c o n tr a c te d  s a r c o m e r e s . T h is  
t h e o r y  is  c o n s is t e n t  w ith  th e  s lid in g  f i la m e n t  t h e o r y  o f  H u x le y  
an d  N ie d e rg e rk e  ( 1 9 5 4 ) .  A n  a p r io r i  c o n c lu s io n  f r o m  th e  
e x t e n s ib i l i t y  t h e o r y  is  t h a t  th a w  r ig o r  m u s c le  s tr ip s  w ill f ir s t  
d e v e lo p  te n s io n  an d  as a r e s u lt  o f  th e  d r a s t ic  e x t e n s ib i l i t y ,  w ill 
a lso  s u f f e r  a n  a c c e le r a te d  d e c lin e  in  th a w  te n s io n .

A s t o  th e  a c tu a l  m e c h a n is m  o f  e v e n ts  le a d in g  t o  th a w  r ig o r , 
i t  h a s  b e e n  su g g e ste d  t h a t  th e  ‘M arsh  f a c t o r ’ r e s p o n s ib le  fo r  
m a in ta in in g  th e  r e la x a t io n  o f  m u s c le  f ib e r s  is  t e m p o r a r i ly  in 
h ib ite d  as a r e s u lt  o f  f r e e z in g  an d  th a w in g  ( B e n d a l l ,  1 9 6 0 ) .  
P h o s p h o lip a s e  C , p r e s e n t  in  m u s c le  is  k n o w n  t o  in h ib i t  th e  
a b i l i ty  o f  th e  r e la x in g  f a c t o r  t o  in d u c e  m u s c le  r e la x a t io n ,  an d  
in d e e d , o f  th e  s a r c o p la s m ic  r e t ic u lu m  i t s e l f  t o  a c c u m u la t e  c a l 
c iu m  io n s . C o n s e q u e n t ly , c a lc iu m  io n s  a re  r e le a s e d  r e p e a te d ly  
f ro m  th e  s a r c o p la s m ic  r e t ic u lu m , t h e  f r e e  c a lc iu m  io n s  t h e m 
selv es  p r o b a b ly  in d u c in g  th e  r e le a s e  o f  m o r e  c a lc iu m  io n s  as 
su g g e ste d  f o r  sk in n e d  s k e le ta l  m u s c le  f ib e r s  ( E n d o  e t  a l . ,
1 9 7 0 ) .  A t c a lc iu m  c o n c e n tr a t io n s  a b o v e  1 0 “7 M  m y o f ib r i l la r  
A T P a s e  b e c a m e  g re a t ly  a c t iv a te d  r e s u lt in g  in  th e  se v e re  c o n 
t r a c t io n  a n d  sy n e re s is  w h ic h  a re  n o r m a lly  a s s o c ia te d  w ith  th a w  
r ig o r . D if fe r e n t ia l  re le a s e  o f  c a lc iu m  io n s  a t  lo c a t io n s  a lo n g  th e  
e n tir e  le n g th  o f  th e  f ib e r  m a y  a lso  a c c o u n t  f o r  th e  f a c t  t h a t  
b o t h  s u p e r s tr e tc h e d  an d  s u p e r c o n tr a c te d  z o n e s  a re  fo u n d  
w ith in  th e  sa m e  f ib e r s  a f te r  th a w  rig o r .
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It was earlier observed that in thaw rigor muscle some dark 
granular precipitates were located at the level of the A-I junc
tions of superstretched sarcomeres and between the myofibrils 
in the supercontracted zones probably within remnants of the 
sarcoplasmic reticulum. Similar granulations were not seen in 
the fresh muscle sections and may well be a feature of muscle 
in rigor generally since they are also observable in electron 
micrographs of pig biceps femoris after normal rigor (Hegarty 
et al., 1973). Further complications arose from the observa
tion that similar precipitates were found in many of the de
generated and necrotic mitochondria and were probably 
accumulated during the early phase of thaw rigor. As shown 
by Trump (1971), degenerating mitochondria do accumulate 
abnormal amounts of insoluble inorganic compounds (e.g., cal
cium oxalate or calcium phosphate) in the presence of rapidly 
accumulating inorganic phosphate and a fastly decreasing 
ATP/ADP ratio. Both of these conditions occur simultaneous
ly during the development of thaw rigor. Many of the de
generated mitochondria were in various stages of contraction 
or swelling. However, other healthy intact mitochondria were 
observable with the integrity of their cristae unimpaired.

The conspicuous absence of glycogen granules in the 24-hr 
post-thaw samples, irrespective of the stretched or contractile 
states of the muscle, contrasts sharply with a previous observa
tion by Stromer et al. (1967) of large amounts of glycogen 
granules in bovine semitendinosus muscle stored for a period 
of 312 hr at 16°C. This may therefore give further proof of 
accelerated glycolysis during this phenomenon suggested by 
Bendall (1960) and Scopes and Newbold (1968) probably 
through increased activities of phosphorylase and phospho- 
fructokinase.
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m e n t s  o f  m u s c le .  B i o d y n a m i c a  9 ( 1 8 2 ) :  1 6 7 .

E n d o ,  M . ,  T a n a k a ,  M .  a n d  O g a w a ,  Y .  1 9 7 0 .  C a l c i u m  i n d u c e d  r e le a s e  o f  

c a l c i u m  f r o m  t h e  s a r c o p la s m i c  r e t i c u l u m  o f  s k in n e d  s k e le t a l  m u s c le  

f ib e r s .  N a t u r e  2 2 8 :  3 4 .

H a g o p i a n ,  M .  1 9 7 0 .  C o n t r a c t i o n  b a n d s  a t  s h o r t  s a r c o m e r e  le n g t h  in  

c h i c k  m u s c le .  J .  C e l l  B i o l .  4 7 :  7 9 0 .

H e g a r t y ,  P . V . J . ,  D a h l i n ,  K . J . ,  B e n s o n ,  E . S .  a n d  A l l e n ,  C . E .  1 9 7 3 .  U l t r a -  

s t r u c t u r a l  a n d  l i g h t  m ic r o s c o p e  s t u d ie s  o n  r i g o r - e x t e n d e d  s a r c o m e r e s  

o f  a v ia n  a n d  p o r c in e  s k e le t a l  m u s c l e .  J .  A n a t .  1 1 5 :  2 0 3 .

H e r r in g ,  H . K . ,  C a s s e n s ,  R . G .  a n d  B r i s k e y ,  E . J .  1 9 6 4 .  S a r c o m e r e  le n g t h  

o f  f r e e  a n d  r e s t r a in e d  b o v in e  m u s c le s  a f t e r  t h a w  r ig o r  c o n t r a c t u r e .  

B i o d y n a m i c a  9 ( 1 9 0 ) :  2 5 7 .

H o w a r d ,  A .  a n d  L a w r ie ,  R . A .  1 9 5 6 .  S t u d i e s  o n  b e e f  q u a l i t y .  T h e  e f f e c t s  

o f  b la s t  f r e e z in g  h o t  b e e f  q u a r t e r s .  2 .  P h y s i o l o g i c a l  a n d  b i o l o g i c a l  

e f f e c t s  o f  v a r i o u s  p r e - s la u g h t e r  t r e a t m e n t s ;  3 .  I n f l u e n c e  o f  v a r i o u s  

p r e - s la u g h t e r  t r e a t m e n t s  o n  w e i g h t  lo s s e s  a n d  e a t in g  q u a l i t y  o f  b e e f  

c a r c a s s e s .  G t .  B r i t .  D e p t .  S c i .  a n d  R e s .  S p e c .  R e p t .  N o .  6 3 ,  L o n d o n .

H o y l e ,  G . ,  M c A l e a r ,  J . M .  a n d  S e lv e r s t o n ,  A .  1 9 6 5 .  M e c h a n i s m  o f  s u p e r 

c o n t r a c t i o n  i n  a  s t r ia t e d  m u s c l e .  J .  C e l l  B i o l .  2 6 :  6 2 1 .
H u x l e y ,  A . F .  a n d  N ie d e r g e r k e ,  R .  1 9 5 4 .  S t r u c t u r a l  c h a n g e s  i n  m u s c l e  

d u r i n g  c o n t r a c t i o n .  N a t u r e  1 7 3 :  9 7 1 .
H u x l e y ,  H . E .  1 9 5 3 .  E l e c t r o n  m i c r o s c o p e  s t u d ie s  o f  t h e  o r g a n i z a t i o n  o f  

t h e  f i l a m e n t s  i n  s t r ia t e d  m u s c l e .  B i o c h i m .  B i o p h y s .  A c t a  1 2 :  3 8 7 .

M a r s h ,  B . B .  a n d  T h o m p s o n ,  J . F .  1 9 5 8 .  R i g o r  m o r t i s  a n d  t h a w  r i g o r  in  

l a m b .  J .  S c i .  F o o d  A g r i c .  9 :  4 1 7 .

M e n z ,  L . J .  a n d  L u y e t ,  B . J .  1 9 6 5 .  E l e c t r o n  m i c r o s c o p e  s t u d y  o f  t h e  

m e c h a n i s m  o f  f o r m a t i o n  o f  “ i r r e g u la r  b a n d s ”  in  m u s c l e  u n d e r g o in g  

t h a w  r ig o r .  B i o d y n a m i c a  9 ( 1 9 5 ) :  3 0 5 .

S c o p e s ,  R . K .  a n d  N e w b o l d ,  R . P .  1 9 6 8 .  P o s t m o r t e m  g ly c o l y s i s  in  o x  

s k e le t a l  m u s c l e .  E f f e c t  o f  p r e - r ig o r  f r e e z in g  a n d  t h a w i n g  o n  t h e  

i n t e r m e d i a r y  m e t a b o l i s m .  B i o c h e m .  J .  1 0 9 :  1 9 7 .

S t r o m e r ,  M . H . ,  G o l l ,  D . E .  a n d  R o t h ,  L . E .  1 9 6 7 .  M o r p h o l o g y  o f  r ig o r -  

s h o r t e n e d  b o v in e  m u s c l e  a n d  t h e  e f f e c t  o f  t r y p s i n  o n  p r e -  a n d  p o s t 

r i g o r  m y o f i b r i l s .  J .  C e l l  B i o l .  3 4 :  4 3 1 .

S t r o m e r ,  M . H .  a n d  G o l l ,  D . E .  1 9 6 7 .  M o l e c u l a r  p r o p e r t i e s  o f  p o s t 

m o r t e m  m u s c le .  3 .  E l e c t r o n  m i c r o s c o p y  o f  m y o f i b r i l s .  J .  F o o d  S c i .  

3 2 :  3 8 6 .
T r u m p ,  B . F .  1 9 7 1 .  C e l l  i n j u r y  a n d  c e l l  d e a t h .  I n  “ P r i n c ip l e s  o f  P a t h o -  

b i o l o g y , ”  E d .  M a r i a n o ,  F . L .  a n d  H i l l ,  R . B .  p .  4 1 .  O x f o r d  U n iv e r s i t y  

P r e s s ,  L o n d o n .
V o y l e ,  C . A .  1 9 6 9 .  S o m e  o b s e r v a t io n s  o n  t h e  h i s t o l o g y  o f  c o ld -  

s h o r t e n e d  m u s c l e .  J .  F o o d  T e c h .  4 : 2 7 5 .

M s  r e c e iv e d  2 / 2 1 / 7 4 ;  r e v is e d  1 1 / 4 / 7 4 ;  a c c e p t e d  1 1 / 1 2 / 7 4 .

T h e  a u t h o r s  a c k n o w l e d g e  t h e  im m e n s e  a s s is t a n c e  o f  P r o f e s s o r  J . N .  

S h iv e l y  o f  t h e  N e w  Y o r k  S t a t e  C o l l e g e  o f  V e t e r i n a r y  M e d i c i n e  i n  t h e  

p r e p a r a t i o n  a n d  i n t e r p r e t a t i o n  o f  t h e  e l e c t r o n  m ic r o g r a p h s  o f  f r e s h  a n d  

t h a w  r ig o r  m u s c le s .
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EFFECT OF STORAGE TIME AND TEM PERATURE ON 
HISTAMINE CONTENT AND HISTIDINE 

DECARBOXYLASE ACTIVITY OF AQUATIC SPECIES

INTRODUCTION
HISTAMINE has been reported to be one of the principle 
compounds leading to scombroid poisoning. The syndrome is 
classically characterized by nausea, vomiting, facial flushing, 
intense headache, epigastric pain, burning sensation in the 
throat, dysphagia, thirst, swelling of the lips and urticaria. Re
cently, attention has been focused on histamine formation in 
food due to the February 1973 outbreak of scombroid poison
ing involving 254 cases and associated with consumption of 
canned tuna fish (CDC, 1973b). Preliminary reports from the 
FDA indicated histamine concentrations ranging from 76—280 
mg histamine per lOOg of fish muscle (CDC, 1973a). Concen
trations of histamine exceeding 100 mg/lOOg fish muscle are 
usually thought to result in clinical illness (Halstead and Cour- 
ville, 1967).

Scombroid poisoning is generally associated with consump
tion of spiney finned fish of the suborder Scombroidei which 
includes tuna, bonito, skipjack, mackerel and albacore. Hista
mine build-up is the result of growth of histidine decarboxyl
ase positive bacteria under conditions favorable for enzyme 
synthesis and activity. Bacteria known to produce histidine 
decarboxylase include species of Proteus, Salmonella, Shigella, 
Clostr id ium  and Escherichia  (Kimata, 1961).

Several aquatic species have been examined for their ability 
to support histamine formation. Dabrowski et al. (1968) 
found no histamine in sterile Baltic herring muscle, but hista
mine was formed in muscle samples containing the normal 
microflora when stored at temperatures between 0-2°C. 
Takagi et al. (1971) reported that histamine was not formed in 
muscle of squid or octopus. In an examination of ocean 
mackerel, Gheorghe et al. (1970a) found that histamine con
centration remained below toxic levels when the fish were 
stored at 8°C for 11 days or for 8 months at —8°C. Gheorghe 
et al. (1970b) also reported that histamine never exceeded 6 
mg/lOOg when the fish were stored at — 10°C for 8 months. 
Schmidtsdorf (1970) found approximately 800 ppm histamine 
in herring being processed to fish protein concentrate after it 
was held 2 days at 20°C. When formic acid was added as a 
preservative, 500 ppm histamine was found after 2 days of 
hydrolysis.

Takagi et al. (1969) investigated histamine formation in 21 
aquatic species. After 24 and 48 hr of storage at 25°C highest 
histamine concentrations were found in Pacific Saury (263 
mg/lOOg after 48 hr). Pacific mackerel reached a level of 246 
mg/lOOg after the same storage period, and three other species 
reached concentrations exceeding 700 ppm. The remaining 
species never exceeded 10 mg/lOOg and seven species were 
reported to remain histamine free. These researchers con
cluded that the degree of histamine formation in marine prod
ucts tended to be goveined by the muscle histidine content 
but was not proportional to the loss of histidine.

Hughes (1959) found that the free histidine content of her
ring varied with the season with highest levels occurring in the 
summer months. He reported that upon storage at ambient 
temperature the free histidine content dropped to zero after

an initial slight increase. Histamine concentrations greater than 
3 mg/lOOg muscle developed 40-50 hr after death and ulti
mately reached 30—40 mg/100g.

Many species have not been investigated for their potential 
to support histamine formation and little information is availa
ble concerning the relationship of histidine decarboxylase 
formation during storage to histamine build-up. The purpose 
of this study was to determine the effect of storage time and 
temperature of histamine content and histidine decarboxylase 
activity ir. several species commercially important in Georgia. 
The species examined were Spanish mackerel (Scomberomorus  
maculatus),  common mullet (Mugil  cephalus),  speckled trout 
(Cynoscion nebulosus),  white shrimp (Penaeus setiferus) and 
channel catfish (Ic ta lurus punctatus).

EXPERIMENTAL 

Sample preparation and storage
S p a n is h  m a c k e r e l ,  s p e c k le d  t r o u t ,  w h i t e  s h r im p ,  c o m m o n  m u l le t  

a n d  c h a n n e l  c a t f i s h  w e re  p u r c h a s e d  f r o m  a  lo c a l  w h o le s a le  f is h  d i s t r i b u 
t o r  o n  d a y s  f r e s h  s h ip m e n ts  w e r e  r e c e iv e d .  N o  i n f o r m a t i o n  w a s  a v a i l
a b le  a s  t o  h o w  lo n g  th e  v a r io u s  s p e c ie s  w e re  o u t  o f  t h e  w a te r ,  b u t  a ll  
w e re  j u d g e d  to  b e  o f  h ig h  o r g a n o le p t i c  q u a l i t y .  A ll  f i s h  w e re  e v i s c e r a te d  
b y  t h e  d i s t r i b u t o r  a t  t h e  t im e  o f  p u r c h a s e .  S h r im p  w e re  d e v e in e d  p r i o r  
t o  a n a ly s is .  In  a ll  in s ta n c e s ,  i n i t i a l  h i s t a m in e  c o n c e n t r a t i o n s  w e r e  lo w  
( <  2  M g/g m u s c le ) .

F i l l e t e d  s e c t io n s  o f  f r o m  3 - 4  f is h  w e r e  s to r e d  in  p la s t i c  b a g s  a t  4 ° C  
a n d  a t  a m b ie n t  t e m p e r a t u r e  ( 2 4  ± 2 ° C )  f o r  v a ry in g  t im e s  d e p e n d i n g  o n  
t e m p e r a t u r e  

Histamine analysis
H is ta m in e  w a s  d e t e r m in e d  b y  t h e  m e t h o d  o f  S h o r e  ( 1 9 7 1 ) .  5 g  o f  

f is h  m u s c le  w e re  h o m o g e n iz e d  in  4 5  m l o f  0 .4 N  p e r c h l o r i c  a c id  u s in g  a  
S o rv a ll  h o m o g e n iz e r .  T h e  h o m o g e n a te  w a s  a l lo w e d  t o  s t a n d  a t  r o o m  
t e m p e r a t u r e  f o r  s e v e ra l  m in u te s  a n d  w a s  t h e n  c e n t r i f u g e d .  A  4 -m l  a l i 
q u o t  o f  t h e  p r o t e in - f r e e  s u p e r n a t a n t  f lu id  w a s  t r a n s f e r r e d  t o  a  c e n t r i 
fu g e  t u b e  c o n ta in in g  1 0  m l o f  n - b u ta n o l ,  0 .5  m l  5 N  N a O H , a n d  2 .0 g  f o r  
N a C l.  T h e  tu b e  w a s  s h a k e n  f o r  5 m in  a n d  c e n t r i f u g e d .  T o  r e m o v e  a n y  
f r e e  h i s t i d in e ,  t h e  b u t a n o l  la y e r  w a s  t r a n s f e r r e d  t o  a  s e c o n d  t u b e  c o n 
ta in in g  5 m l o f  N a C l - s a tu r a te d  0 .1 N  N a O H , s h a k e n  f o r  1 m in  a n d  
c e n t r i f u g e d .  A  8 -m l a l i q u o t  o f  t h e  w a s h e d  b u t a n o l  e x t r a c t  w a s  t r a n s 
f e r r e d  to  a  t h i r d  t u b e  c o n ta in in g  4  m l o f  0 .1 N  H C1 a n d  1 5  m l  o f  
n - h e p ta n e .  T h e  tu b e  w a s  s h a k e n  f o r  1 m in ,  c e n t r i f u g e d  a n d  t h e  o r g a n ic  
p h a s e  r e m o v e d  b y  a s p i r a t io n .

T o  2 m l o f  t h e  a c id  p h a s e  c o n ta in in g  h i s t a m in e  w a s  a d d e d  0 .4  m l o f  
I N  N a O H  f o l l o w e d  b y  0 .1  m l o f  O - p h th a l a ld e h y d e  (O P T )  ( 1 0  m g /m l  in  
m e t h a n o l ) .  A f te r  4  m in  a t  r o o m  t e m p e r a t u r e ,  0 .2  m l o f  3 N  H Q  w a s  
a d d e d .  T h e  c o n te n t s  o f  t h e  r e a c t i o n  t u b e  w a s  m ix e d  u s in g  a  G e n ie  
V o r t e x  m ix e r  fo l l o w in g  e a c h  a d d i t i o n .

T h e  f l u o r e s c e n c e  a t  4 5 0  n m  r e s u l t in g  f r o m  a c t iv a t i o n  a t  3 6 0  n m  w a s  
m e a s u r e d  o n  a  T u r n e r  M o d e l  4 3 0  S p e c t r o f l u o r o m e t e r .  H i s t a m in e  c o n 
c e n t r a t i o n  w a s  d e t e r m in e d  f r o m  a  s t a n d a r d  c u rv e  b a s e d  o n  v a ry in g  
c o n c e n t r a t i o n s  o f  f r e e  h i s ta m in e  w h ic h  w e re  c a r r ie d  t h r o u g h  t h e  e x t r a c 
t i o n  p r o c e d u r e  a n d  O P T  r e a c t io n .  R e a g e n t  b la n k s  w e r e  r u n  t o  c o r r e c t  
a n y  n a t iv e  f lu o r e s c e n c e .

Histidine decarboxylase assay
H is t id in e  d e c a r b o x y l a s e  a c t iv i ty  in  t h e  m u s c le  w a s  d e t e r m i n e d  b y  a n  

i s o to p ic  d e c a r b o x y l a s e  a s s a y  m e t h o d  a d o p te d  f r o m  t h e  p r o c e d u r e  o f  
L e v in e  a n d  W a t ts  ( 1 9 6 6 ) .  T o  0 .5  m l o f  a  10%  m u s c le  h o m o g e n a te
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p r e p a r e d  b y  h o m o g e n iz in g  l g  o f  m u s c l e  in  9  m l o f  ic e  c o ld  d e io n iz e d  
w a te r  in  a  g la s s  t i s s u e  g r in d e r ,  w a s  a d d e d  2 .4  m l  o f  1 .0 M  s o d iu m  a c e t a t e  
b u f f e r ,  p H  5 .5 ,  a n d  1 0 0  q l  o f  a  5  x 1 0 '3 M  s o l u t i o n  o f  L - h i s t id in e  in  
1 0 ‘4 N  HC1 c o n ta in in g  a p p r o x i m a t e l y  0 .1 2 5  q C i  o f  , 4 C - c a r b o x y l  la 
b e le d  L - h is t id in e  (C a l - A to m ic ,  L o s  A n g e le s ,  C a l i f .) .  A f t e r  i n c u b a t io n  a t  
2 5 ° C  f o r  1 h r  in  a n  a i r  t i g h t  r e a c t i o n  f l a s k ,  2  m l o f  1 .2 N  p e r c h lo r i c  a c id  
w a s  in j e c t e d  in t o  t h e  f l a s k  t o  s to p  t h e  r e a c t i o n  a n d  f o r c e  t h e  l i b e r a t i o n  
o f  d is s o lv e d  14 (  ( ) 2 . T h e  l i b e r a t e d  1 4 C 0 2 w a s  t r a p p e d  o n  f i l t e r  p a p e r  
(3  M M  W h a tm a n ,  1 x 3 c m  r o l l e d  c y l in d e r s )  s a t u r a t e d  w i t h  P h e n e th y l -  
a m in e  ( P a c k a r d ,  D o w n e r s  G r o v e ,  111.) t h a t  w a s  s u s p e n d e d  o v e r  t h e  r e a c 
t i o n  s o lu t io n  b y  a  p a p e r  c l ip  i n s e r t e d  i n t o  a  N o .  2  r u b b e r  s to p p e r .  A f te r  
s h a k in g  f o r  3 0  m in  a t  2 5 ° C  in  a  D u b n o f f  M e ta b o l ic  S h a k e r  t o  in s u re  
c o m p le t e  l i b e r a t i o n  a n d  e n t r a p m e n t  o f  d is s o lv e d  1 4 C 0 2 , t h e  f i l t e r  
p a p e r  w a s  t r a n s f e r r e d  t o  a  p o l y e t h y l e n e  s c in t i l l a t i o n  v ia l c o n ta in in g  1 0  
m l o f  a  t o lu e n e  s c in t i l l a t i o n  f l u o r  a n d  c o u n t e d  in  a  B e c k m a n  M o d e l  
L D  — 1 0 0 C  L iq u id  S c in t i l l a t i o n  C o u n t e r .  C o n t r o l s  c o n s i s te d  o f  r e a c t io n  
m ix tu r e s  c o n ta in in g  m u s c l e  h o m o g e n a te  a d d e d  a f t e r  a d d i t i o n  o f  t h e  
p e r c h lo r ic  a c id .  A c t iv i ty  w a s  e x p r e s s e d  a s  n m o le s  h i s t a m in e / m in /g  m u s 
c le .

Statistical analysis
T h e  d a t a  w e re  a n a ly z e d  u s in g  a n a ly s is  o f  v a r ia n c e : .  T h e  d a t a  w e re  

n o r m a l iz e d  b y  ( I n  x  +  1 ) . C o m p a r i s o n s  w e r e  m a d e  b e tw e e n  s p e c ie s  
w i th in  t e m p e r a t u r e ,  t e m p e r a t u r e  w i th in  s p e c ie s  a n d  t im e  w i th in  s p e c ie s .  
S ig n i f ic a n t  (P  <  0 .0 5 )  d i f f e r e n c e s  b e tw e e n  m e a n s  w e re  d e t e r m i n e d  b y  
L e a s t  S ig n i f ic a n t  D i f f e r e n c e .

RESULTS & DISCUSSION
HISTAMINE FORMATION in the five species stored at 4°C is 
shown in Figure 1. The plotted values are the average of three 
storage trials and represent samples purchased over a 6-month 
period. The histamine content after 14 days storage did not 
increase “appreciably” in any of the species although psychro- 
philic spoilage had occurred extensively as judged by appear
ance and off-odor development. Statistical comparison of the 
mean histamine concentration at the different storage times 
showed that while the increased histamine levels were small 
they were significant at the 0.05 level in trout, mullet and 
catfish muscle between 1 and 2 wk of storage (Table 1). The 
highest level observed was 3.40 jfg/g muscle in channel catfish. 
Histamine content of mackerel did not increase significantly (P 
<  0.05). Comparison of the overall species means (0, 7 and 14 
day observations)/(no. of observations) within the 4°C temper
ature indicated significant difference between species. Hista
mine levels in mackerel, shrimp and catfish were statistically 
higher than those in the trout. Mullet levels did not differ 
significantly from those of the trout or the other three species.

Figure 2 shows histamine development in the five species 
stored at ambient temperature (24 ± 2°C). The histamine 
levels were significantly ( P  <  0.05) higher in mackerel and mul
let muscle than in channel catfish, speckled trout and white 
shrimp. The mean histamine level for mackerel muscle after 24 
hr storage was 17.8 jug/g and 238 jig/g after 48 hr. For mullet, 
average histamine concentrations were 24.7 yug/g and 27.1 jig/g 
after the 24 and 48 hr storage periods, respectively. Significant 
increases at the 0.05 level were noted in mackerel between the 
0 and 24, and the 24 and 48 hr storage periods and in mullet, 
trout and catfish between the initial and 24 hr storage period. 
Histamine concentrations in white shrimp muscle remained 
constant at initial levels over the 48 hr storage period. Statisti
cally higher histamine levels occurred at ambient storage than 
at 4°C for mackerel, trout and mullet. There was no difference 
in histamine levels for shrimp and catfish between the two 
temperatures.

It was noted that the histamine levels observed in the 
mackerel stored at ambient temperature varied greatly be
tween storage trials. The histamine concentrations found in 
mackerel muscle for the 3 trials ranged from 69 jug/g to 333 
jug/g alter 48 hr storage. It is evident from the literature 
(Ienistea, 1971) that histamine formation is the result of bac
terial histidine decarboxylation. Ienistea (1971) also reported 
that histamine formation is not directly related to the total

number of bacteria present but that it is somewhat influenced 
by the number of bacteria within a given microflora that are 
capable of synthesizing histidine decarboxylase. Ferencik

Fig. 2—Histamine formation at ambient temperature (24 ± 2°Cl.
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Table 1—Mean value histamine levels (jug/g) for the examined 
species®

Species
Storage time at 4°C 
0 7 days 14 days

Storage time 
at ambient temp 

0 1 day 2 days

Spanish mackerel 0.32c 0.65c 0.60c 0.73c 17.77b 237.97a
Speckled trout 0.08f 0.19f 0.90e 0.17f 2.13d 1.67d
Common mullet 0.19i 0.26i 0.67h 0.23i 24.70g 27.13g
White shrimp 0.22k 0.52jk 0.96j 0.40jk 0.63j 0.37jk
Channel catfish 0.1 5m 0.46m 1.741 0.10m 3.23I 1.801

a  M e a n s  in  s a m e  r o w  b e a r in g  d i f f e r e n t  le t t e r s  a r e  s i g n i f i c a n t l y  (P  <  

0 .0 5 )  d i f f e r e n t .

Table 2-Mean value histidine decarboxylase activities (nmoles/ 
min/g muscle) for the examined species® _____________

Storage time
Storage time at 4°C at ambient temp

Species 0 7 days 14 days 0 1 day 2 days

Spanish mackerel 2.63c 2.35c 0.96c 6.73b 135.60 79.73a
Speckled trout 0.63f O.OOf O.OOf 5.47e 8.23de 21.1 Od
Common mullet 6.91g 3.28g 1.41g 3.30g 4.70g 10.83g
White shrimp O.OOh 0.42h 0.1 Oh 1.06h 1.13h 2.13h
Channel catfish 7.05) 1.92j 0.48j 0.90j 40.43i 61.83i

® M e a n s  in  s a m e  r o w  b e a r in g  d i f f e r e n t  le t t e r s  a r e  s i g n i f i c a n t l y  (P  <  

0 .0 5 )  d i f f e r e n t .

(1970) concluded from a study of histamine formation in 
several marine fish species that histamine build-up depends 
primarily on the histidine decarboxylase activity of the con
taminant microorganisms and on the free histidine content of 
the muscle.

In order to determine if the presence of histidine de
carboxylase in muscle during storage was a limiting factor in 
the formation of histamine in the various species, histidine 
decarboxylase activities were determined after storage at 4°C 
and ambient temperature. Figure 3 shows the histamine levels

Fig . 3 —C o m p a ris o n  o f  h is ta m in e  c o n te n t  a n d  h is t id in e  d e c a rb o x y l
ase a c t iv i t y  o f  m a c k e re l m u s c le  d u r in g  th re e  s to rage  tr ia ls  a t  a m b ie n t  
te m p e ra tu re .

and histidine decarboxylase activities present in the mackerel 
muscle during the three storage trials at ambient temperature. 
In each of the trials, initial histamine content was low ( <  2.0 
Mg/g) and histidine decarboxylase activity ranged from
3.5 — 12.2 nmoles histamine/min/g muscle. After 24 hr storage, 
the enzyme activity in the muscle increased (significant at 0.05 
level) to 47, 253 and 107 nmoles/min/g in Trial 1, 2 and 3, 
respectively. Histamine content rose slightly (significant at 
0.05 level) during this time interval to 9, 12 and 33 /ig/g in 
Trials 1, 2 and 3, respectively. After 48 hr storage, a decrease 
(not significant at 0.05 level) occurred in decarboxylase activ
ity while histamine increased (significant at 0.05 level) in each 
of the trials. The^largest histamine concentration noted in the 
study was 333 ;Ug/g after 48 hr in the mackerel in the second 
storage trial. The mackerel in this trial also developed the 
greatest decarboxylase activity. Mackerel muscle in Trial 1 
possessed the lowest decarboxylase activity after both 24 and 
48 hr and reached only 69 jug histamine/g.

Table 2 gives the average histidine decarboxylase activities 
present in the species after the 4°C and ambient temperature 
storage trials. Each value was calculated from three trials. A 
trend of decreasing decarboxylase activity with storage time 
was observed in all species except shrimp during the 4°C stor
age, but no significant change was noted for any of the species. 
The highest decarboxylase activity observed in any of the 4°C 
storage trials was 19.37 nmoles/min/g muscle in channel cat
fish. Mullet enzyme activity was statistically (P <  0.05) higher 
than that observed in trout muscle while the activities found in 
the other species were statistically the same as those in mullet 
and trout muscle.

Examination of the histidine decarboxylase activities found 
in the muscle of the five species held at ambient temperature 
(Table 2) indicated that enzyme activity in the mackerel mus
cle was higher (P <  0.05) than that observed in the other 
species. Likewise, decarboxylase activity in catfish muscle was 
higher at the 0.05 level than that observed in the remaining 
species except trout. Trout muscle decarboxylase activity was 
higher than that found in the shrimp but the same as that 
found in mullet. Mullet and shrimp activities were statistically 
the same. Mackerel showed a significant increase in activity 
between 0 and 24 hr. The decrease in histidine decarboxylase 
activity was observed between 24 and 48 hr in each of the 
mackerel storage trials (Fig. 3) and although the decrease was 
not significant (P <  0.05), this may indicate a change in the 
microflora and/or build-up of inhibitors in the muscle. Mullet 
and shrimp showed no significant changes in enzyme activity, 
and catfish showed significantly (P <0 .05) different activities 
between 0 and 24 hr with no significant difference occurring 
between 24 and 48 hr storage. Trout did not show a significant 
increase between 0 and 24 hr or between 24 hr and 48 hr 
storage, but the 48 hr activity was significantly higher than the 
initial activity.
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Mackerel, trout and catfish showed statistically higher en
zyme activities at ambient storage than at 4°C; whereas mullet 
and trout showed no significant differences with temperature. 
Although there were significant increases in decarboxylase 
activity for the catfish and trout when stored for 2 days at 
ambient temperature, the increase in histamine contents were 
slight and occurred between 0 and 24 hr storage. The initial 
increases were followed by decreases (although not significant) 
in the histamine content, indicating that increasing levels of 
enzyme activity do not necessarily lead to increasing histamine 
build-up. This is further supported by the fact that although 
mullet showed no significant change in enzyme activity with 
storage temperature, histamine levels were significantly higher 
in samples stored at ambient temperatures. While there were 
significantly higher enzyme activities in catfish stored at ambi
ent temperature, histamine levels showed no significant differ
ence between the two storage temperatures. It is also apparent 
from the literature (Ienistea, 1971) that diamine oxidase 
formation by histaminolytic bacteria can influence final hista
mine levels.

It is evident from this study that microflora developing on 
species such as the catfish and trout under ambient tempera
ture conditions will synthesize histidine decarboxylase even 
though the free histidine content of the muscle is low as is the 
case in fresh water fish, crustaceans and most marine fish 
(Lukton and Olcott, 1958). In mackerel muscle, the higher 
enzymatic activities observed at ambient temperature storage 
are probably the result of enzyme induction resulting from the 
relatively large amounts of free histidine characteristically 
present in scombroid species. The results of the study support 
conclusions of other investigators that the potential for devel
opment of high levels of histamine in a specific species rests 
primarily with the free histidine level of the muscle (Takagi et 
al., 1969; Fçrencik, 1970; Ienistea, 1971). The low levels of 
histidine decarboxylase noted during the 4°C storage trials 
shows that the psychrophilic microflora developing on the 
species included in this study would not readily decarboxylate 
free histidine.

There is little chance that speckled trout, common mullet, 
white shrimp, or channel catfish would develop sufficient 
histamine levels during spoilage to lead to histamine intoxica
tion. Even though the highest histamine level observed in this 
study for mackerel muscle (333 /rg/g) was far from the recog
nized toxic level (1000 £ig/g), mackerel would have to be con
sidered as potentially capable of developing sufficient hista

mine to produce intoxication symptoms. The data do seem to 
indicate that mackerel muscle would have to reach an ad
vanced stage of decomposition before histamine concentra
tions would reach toxic levels.
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LIPID-PROTEIN INTERACTION DURING AQUEOUS EXTRACTION OF FISH PRO TEIN : 
FISH ACTIN PREPARATION AND PURIFICATION

INTRODUCTION
FISH ACTIN was reported as more stable than myosin during 
aging (Connell, 1960) and freezing (Connell, 1968). Molecular 
weight studies by Rees and Young (1967) indicated that rabbit 
globular-actin (G-actin) is close to 46,000g per mole and is 
constructed from a single covalently linked polypeptide chain. 
Adelstein and Kuehl (1970) stated that rabbit G-actin is a 
single polypeptide with molecular weight of 45,000 dalton. 
Elzinga (1970, 1971) reported that there is a single 3-methyl- 
histidine among the 420 amino acids forming the polypeptide 
of the G-actin. Lusty and Fasold (1969) indicated that actin 
contains five cysteine residues, but only two are involved in 
the polymerization reaction. Drabikowski et al. (1968) showed 
that part of tropomyosin is very tightly bound to actin, and 
the other loosely bound part becomes tightly bound with actin 
in the presence of troponines. Ebashi and Maruyama (1965) 
reported a procedure for eliminating |3-actinine from the actin 
preparation by repeated polymerization-depolymerization, 
combined with sedimentation at high-speed centrifugation. 
This paper describes the method of preparation and amino 
acid analysis of pure actin from fish, while the following paper 
will describe the properties of fish actin and its interactions 
with lipids.

MATERIAL & METHODS
Actin preparation and purification

T h e  p r o c e d u r e  c o n s i s t s  o f  f o u r  s te p s :
Preparation of acetone powder. A c e to n e  p o w d e r  f r o m  r o c k f i s h  m u s 

c le  (Sebastes auriculatus) w a s  p r e p a r e d  e s s e n t ia l ly  a s  d e s c r ib e d  b y  C a r -  
s t e n s  a n d  M o m m a e r t s  ( 1 9 6 3 ) .  3 0 0 g  g r o u n d  m u s c le  w a s  e x t r a c t e d  in  t h e  
c o ld  r o o m ,  f i r s t  w i t h  3 v o lu m e s  o f  0 .1 M  KC1 a n d  t h e n  w i t h  3 v o lu m e s  
o f  0 .0 5 M  N a H C 0 3 . E a c h  e x t r a c t i o n ,  w i t h  c o n t i n u o u s  s t i r r i n g ,  l a s t e d  f o r  
3 0  m in .  T h e  m in c e  w a s  t h e n  w a s h e d  w i t h  1 0  v o lu m e s  o f  w a t e r .  A ll  
e x t r a c t i o n s  o r  w a s h in g s  w e re  f o l l o w e d  b y  f i l t r a t i o n  th r o u g h  s e v e ra l  
l a y e r s  o f  g u a z e .  T h e  r e s id u e  w a s  t h e n  e x t r a c t e d  tw ic e  w i t h  2 v o lu m e s  o f  
p r e c o o le d  a c e to n e  ( - 2 0 ° C )  f o r  a  f e w  s e c o n d s  in  a  W a r in g  B le n d o r .  T h e  
f i b r o u s  m a s s  w a s  f i l t e r e d  t h r o u g h  a  B u c h n e r  f u n n e l  a n d  a i r - d r ie d  o v e r 
n ig h t  a t  r o o m  t e m p e r a tu r e .

Preparation of G-actin. A  m o d i f i c a t i o n  o f  A d e ls te in  a n d  K u e h l ’s
( 1 9 7 0 )  m e t h o d  w a s  u s e d .  T h e  d r ie d  a c e t o n e  p o w d e r  w a s  t r e a t e d  th r e e  
t im e s  w i th  5 v o lu m e s  o f  c h lo r o f o r m  p r e c o o le d  to  - 2 0 ° C  a n d  a i r - d r ie d .  
G - a c t in  w a s  e x t r a c t e d  f r o m  th e  p o w d e r  b y  s t i r r i n g  f o r  3 0  m in  a t  5 ° C ,  
u s in g  5 0 0  rr.l b u f f e r  s o lu t io n  c o n s i s t in g  o f  0 .5  m M  A T P ,  0 .1  m M  C a C l2 , 
a n d  0 .7 5  m M  2 - m e r c a p to e th a n o l ,  p H  7 .5  (A T P -M E -C a C l2 b u f f e r ) .  T h e  
m u s c le  r e s id u e  w a s  s e p a r a te d  b y  c e n t r i f u g a t io n  a t  1 0 ,0 0 0  x  G  f o r  1 /2  
h r ,  a n d  t h e  s u p e r n a t a n t  w a s  c la r i f ie d  b y  p o s i t iv e  p r e s s u r e  f i l t r a t i o n  
( n i t r o g e n  2 0  p s i)  t h r o u g h  a  0 .4 5 /r  M il l ip o re ®  f i l t e r ,  a s  s t a t e d  b y  R e e s  
a n d  Y o u n g  ( 1 9 6 7 ) .

Purification by polymerization. T h e  c r u d e  p r e p a r a t i o n  o f  G - a c t in  
w a s  t r a n s f o r m e d  i n t o  f ib r o u s - a c t in  ( F - a c t i n )  b y  a d d i t i o n  o f  K C i a n d  
M g C l2 to  0 .1 M  a n d  1 m M  c o n c e n t r a t i o n s ,  r e s p e c t iv e ly .  T h e  s o lu t io n  
w a s  p la c e d  a t  r o o m  t e m p e r a t u r e  f o r  2  h r ,  t h e n  p la c e d  in  a  c o ld  r o o m  a t  
4 ° C  f o r  s e v e ra l  h r .  C e n t r i f u g a t io n  w a s  d o n e  a t  2 0 ,0 0 0  r p m  o v e r n ig h t  
(S p in c o  R o t o r  N o . 2 1 ) .  T h e  s u p e r n a t a n t  w a s  d e c a n te d  a n d  t h e  p e l le t s  
s u s p e n d e d  in  1 0 0  m l c o ld  A T P -M E -C a C l2 b u f f e r  s o lu t io n s .  T h i s  g a v e  a 
s o lu t io n  o f  G - a c t in  w h ic h  w a s  c la r i f ie d  b y  c e n t r i f u g a t io n  a t  4 0 ,0 0 0  r p m  
f o r  2  h r  (S p in c o  R o t o r  N o . 4 0 ) .  K C I a n d  M g C l2 w e r e  a d d e d  to  0 .1 M  
a n d  1 m M  re s p e c t iv e ly ,  a n d  t h e  r e p o ly m e r i z a t io n  c y c le  w a s  r e p e a t e d .  
T h e  p e l le t s  f r o m  th e  s e c o n d  p o ly m e r i z a t i o n  w e re  h o m o g e n iz e d  in  4 0  m l 
o f  T r is - A T P - A s c o rb a te  b u f f e r  (2  m M  T r is -H C l,  0 .2  m M  A T P ,  0 .2  m M

Effluent, ml
Fig . 7 —E lu t io n  p r o f i le  o f  f is h  a c t in  p re p .- I  o n  S ephadex G -2 0 0  c o lu m n . 3 0  m l a c t in  s o lu t io n  (1 5  m g /m l)  w ere  a p p lie d  to  a c o lu m n  5  X 100 cm , 
p a c k e d  w ith  S ephadex G -2 0 0 , w ith  th e  lo w e s t 10 cm  o f  th e  c o lu m n  p a c k e d  w ith  glass heads 6  m m  in  d ia m e te r. The c o lu m n  v/as e q u il ib ra te d  a t  
4° C w ith  T ris -A  T P -A sco rb a te  b u f fe r ,  p H  7 .5 . U p w a rd  f lo w  ra te  was 2 0  m l/h r .  (B ) is th e  p u re  a c tin  fra c tio n .

520- J O U R N A L  O F  F O O D  S C I E N C E - V o l u m e  4 0  ( 1 9 7 5 )
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A s c o r b a te ,  p H  7 .5 )  a n d  d ia ly z e d  o v e r n ig h t  a g a in s t  t h e  s a m e  b u f f e r  a t  
4 ° C ,  f o l l o w e d  b y  c e n t r i f u g a t io n  a t  4 0 ,0 0 0  r p m  f o r  2  h r .  T h e  s u p e r 
n a t a n t  w a s  ly o p h i l i z e d  t o  y ie ld  a c t i n  p r e p a r a t i o n - I  u s e d  in  s o m e  e x p e r i 
m e n ta l  w o r k .

P u r i f i e d  G - a c t in .  T h e  a c t i n  p r e p a r a t i o n  I w a s  f u r t h e r  p u r i f i e d  b y  
p a s s in g  t h r o u g h  S e p h a d e x  G -2 0 0  c o lu m n  a s  d e s c r ib e d  b y  A d e ls te in  e t  
a l. ( 1 9 6 3 ) .  1 0  c m  o f  t h e  1 0 0  X 5 c m  c o lu m n  w a s  p a c k e d  w i t h  g la s s  
b e a d s  6 m m  in  d i a m e te r  t o  a c h ie v e  a  h ig h e r  f lo w  r a t e .  T h e  c o lu m n  w a s  
e q u i l i b r a t e d  w i th  T r i s - A T P - A s c o rb a te  b u f f e r ,  a n d  t h e  u p w a r d  f lo w  w a s  
m a in t a in e d  a t  2 0  m l /h r .  T h e  e l u t i o n  p r o f i l e  w a s  m o n i t o r e d  s p e c t r o -

a b e

Fig. 2 — E le c tro p h o ro g ra m  s h o w in g  th e  m a in  bands o n  s o d iu m  d o de - 

c y l s u lfa te  p o ly a c ry la m id e  ge i e le c tro p h o re s is  o f  fish  a c tin . M e th o d  
d e s c rib e d  in  te x t. Ia I a c t in  p re p .- I  ( p u r if ie d  a c t in  b y  p o ly m e r iz a t io n -  
d e p o ly m e r iz a tio n -b e fo re  S ephadex tre a tm e n t) . The p r o te in  bands  
l is te d  f ro m  to p  to  b o t to m  are  a c t in  ins, G -a c tin , a n d  t ro p o m y o s in .

(b ) is th e  f i r s t  e lu t io n  p e a k  o n  S ephadex G -2 0 0  c o lu m n  (peak A  in  
Fig . 1 ). The to p  b a n d  is a c t in  a n d  th e  b o t to m  b a n d  is tro p o m y o s in .

(c) is  th e  se co nd  e lu t io n  p e a k  o n  S ephadex (peak B  in  F ig . 1) w h ic h  

is p u re  a c tin .

Table 1—Amino acid composition of actin (as residues/46,000 
gm protein)

Residues Rockfish Ab
Rabbit

Bb

Lys 22 19 24
His 10 9 9
Arg 21 18 21
Asp 39 34 40
Thr 30 28 30
Ser 27 22 25
Glu 47 39 46
Pro 21 19 21
Gly 39 28 32
Ala 36 29 34
Val 24 21 20
Met 15 16 16-17
llu 31 29 29
Leu 31 26 31
Tyr 19 16 17
Phe 14 12 13
Trp - 4 5
Cys - 5 5
3-Me-His 0 1 1

a  C i t e d  f r o m  D a y h o f f  ( 1 9 7 3 )  

b  C i t e d  f r o m  E lz in g a  ( 1 9 7 0 )

p h o t o m e t r i c a l l y  a t  2 8 0  n m ,  a n d  t h e  a c t i n  p e a k  ( f r a c t i o n  # 2 )  w a s  t h e n  
ly o p h i l i z e d  to  y ie ld  p u r e  G -a c t in .

S D S - p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s

S a m p le  p r e p a r a t i o n .  T h e  m e t h o d  d e s c r ib e d  b y  W e b e r  a n d  O s b o r n
( 1 9 6 9 )  w a s  e m p lo y e d .  T h e  p ro 'te in  w a s  i n c u b a t e d  a t  3 7 ° C  f o r  2  h r  in  a  
s o lu b i l iz in g  s o lu t io n  c o n s i s t in g  o f  0 .0 1 M  s o d iu m  p h o s p h a t e  b u f f e r ,  1% 
s o d iu m  d o d e c y l  s u l f a te  (S D S ) ,  1%  ( 3 - m e r c a p to e th a n o l  (M .E .)  a n d  8M  
u r e a ,  p H  7 .0 .  T h e  s o lu b i l i z e d  p r o t e i n  w a s  n e x t  d ia ly z e d  o v e r n ig h t  a t  
r o o m  t e m p e r a t u r e  a g a in s t  0 .0 1 M  s o d iu m  p h o s p h a t e  b u f f e r  c o n ta in in g  
0 .1 %  S D S , 0 .1 %  M .E .,  p H  7 .0 .  F o r  e a c h  1 .5  m l d ia ly z e d  p r o t e i n  s a m p le ,  
a n  e q u a l  v o lu m e  o f  t h e  d ia ly z in g  b u f f e r ,  0 .0 6  m l b r o m o - p h e n o l - b lu e  
( 0 .0 5 % ) ,  0 .1  m l M .E . a n d  1 0  d r o p s  g ly c e r o l  w e r e  a d d e d  a n d  m ix e d  
th o r o u g h l y .  0 .2 0  m l o f  t h i s  m i x t u r e  w a s  u s e d  p e r  g e l  f o r  e l e c t r o p h o r e 
sis.

T h e  p o ly a c r y l a m id e  g e l  w a s  p r e p a r e d  b a s ic a l ly  a s  d e s c r ib e d  b y  
W e b e r  a n d  O s b o r n  ( 1 9 6 9 ) ,  e x c e p t  f o r  a l t e r in g  t h e  a c r y la m id e  p e r c e n t 
ag e  t o  5% .

A f te r  t h e  e l e c t r o p h o r e t i c  r u n ,  t h e  g e ls  w e r e  f i r s t  f ix e d  in  2 5 %  t r i 
c h lo r o a c e t i c  a c id ,  a s r e c o m m e n d e d  b y  C h r a m b a c h  e t  a l .  ( 1 9 6 7 )  f o r  1 /2  
h r .  S ta in in g  w i th  0 .1 %  C o o m a s s ie  b lu e  in  2 5 %  T C A  f o r  6  h r  a n d  d e 
s t a g i n g  w i th  7 %  a c e t ic  a c id  w a s  e m p lo y e d .

A m in o  a c id  a n a ly s is

A m in o  a c id  a n a ly s is  w a s  c a r r ie d  o u t  a c c o r d in g  t o  M o o re  a n d  S te in
( 1 9 6 3 )  . A n a ly s is  w a s  d o n e  o n  a  B e c k m a n  1 2 0 -B  a m in o  a c id  a n a ly z e r .  
T h e  p u r e  a c t i n  s a m p le s  w e r e  d ia ly z e d  e x te n s iv e ly  b e f o r e  a n a ly s is  t o  a  
r e la t iv e ly  s a l t - f r e e  s o lu t io n ,  a s  r e c o m m e n d e d  b y  S m y t h  a n d  E l l i o t t
( 1 9 6 4 )  . S e v e ra l  t im e s  o f  h y d r o ly s i s  ( 2 4 ,  4 8  a n d  7 2  h r )  w e re  u s e d  to  
p e r m i t  a c c u r a t e  c o r r e c t i o n  f o r  th o s e  r e s id u e s  w h ic h  w e r e  p a r t i a l l y  d e 
s t r o y e d  o r  i n c o m p le t e ly  r e le a s e d  d u r in g  t h e  a c id  h y d r o ly s i s .  T h e  r e s u l t s  
w e re  c a l c u la te d  b y  c a l ib r a t i o n  a g a in s t  i n t e r n a l  s t a n d a r d s .

RESULTS & DISCUSSION
THE ELUTION profile for the actin preparation (Actin-I) on a 
Sephadex G-200 column is shown in Figure 1. Each peak, as 
well as the applied actin (Actin-I), was identified on SDS-poly
acrylamide gel electrophoresis (SDS-PAGE). The actin prepara
tion (Actin-I) showed a major actin band (the top major band 
on Figure 2-a) and a tropomyosin band below the G-actin. 
Traces of actins as faint bands at the top of the gel were also 
detected. Scanning the gel in a densitometer at wavelength 550 
nm indicated that the tropomyosin impurities amounted to 
12% in the actin preparation (Actin-I).

The major peak (B) from the sephadex column was pure 
G-actin, as demonstrated by a single band on the SDS-PAGE. 
The first peak (peak A) was identified on the gel as a mixture 
of G-actin and tropomyosin in a ratio of 2:1. Actinin traces in 
Actin-I were lost on the column. The last elution peak (peak 
C) was a protein-free fraction as tested by the Lowry method 
and by SDS-PAGE. Spectrophotometric scanning of this peak 
over the range 240-300 nm indicated that it consisted of 
nucleotides derived mainly from the effluent buffer used.

The amino acid analysis of the purified G-actin is presented 
in Table 1. The data show a close similarity in amino acid 
composition between rabbit and fish actin. Table 1 also shows 
high amounts of the basic and acidic amino acids (Glu, Asp, 
Lys, and Arg) which mounts up to about 30% of the residues. 
The amino acid analysis shows the absence of 3-methylhisti- 
dine in fish actin. 3-methylhistidine has been detected in both 
rabbit myosin and actin by several workers (Huszar and El
zinga, 1971; Trayer et al., 1968; Johnson and Perry, 1970). 
Johnson et al. (1967) cited that the 3-methylhistidine in rabbit 
myosin was localized in subfragment-1, which represents the 
globular part of the myosin molecules and contains both the 
ATP-ase and actin combining site of myosin. Thus, there was a 
belief that the 3-methylhistidine was the site of recognition or 
interaction during cross-bridge formation between actin and 
myosin, although there was no evidence that this methylated 
amino acid was directly involved in this interaction. However, 
Kuehl and Adelstein (1970) reported the absence of the 
3-methylhistidine in red cardiac and fetal myosin. Again, our 
results report the absence of this amino acid in fish actin.
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LIPID-PROTEIN INTERACTION DURING AQUEOUS EXTRACTION 
OF FISH PRO TEIN: ACTIN-LIPID INTERACTION

INTRODUCTION
IN 1961, the term fish protein concentrate (FPC) was adopted 
by the FAO to replace the earlier name of “fish flour.” In 
1972, Bon proposed a classification of concentrated fish pro
tein based on the proximate analysis. However, the various 
methods and techniques applied in producing a concentrated 
protein from fish can be roughly classified as illustrated in 
Figure 1.

Each technique still faces major technological problems. 
For example, the enzymatic techniques suffer mainly from the 
cost of enzymes and/or the bitter taste in the product, which 
is probably due to the presence of low molecular weight pep
tides (Minamiura et al., 1972; Yamashita et al., 1969; Solms,
1969). The highly desired functional properties of the chem
ically modified protein isolated by acylation, i.e., succinyla- 
tion, as reported by Oppenheimer et al. (1967) and Groninger
(1973), do not overcome the loss in the nutritional value of 
the product. The loss of functional properties in the organic 
solvent extraction procedures, the fire hazard involved and the 
need for expensive equipment (Moorjani and Vasantha, 1973; 
Smith et al., 1973; Spinelli et al., 1972; Bass and Caul, 1972; 
Ernst, 1971) are still considered as the major problems in this 
technique. And, finally, the major obstacle with the aqueous 
extraction procedures is the high lipid content (Meinke et al., 
1972; Chu and Pigott, 1973), which leads to instability and 
deterioration in functional properties and loss in nutritional 
value (Varma, 1967; Gamage and Matsushita, 1973).

Since all the research work published concerning reduced 
lipid content in the aqueously extracted FPC was empirically 
done, there is a need for research which will furnish the basic 
information regarding the high residual lipid. Information is 
needed about the nature of the residual lipids; whether they 
exist in bound and/or free state(s); the factors which affect the 
transformation from one state to another and, consequently, 
increase or decrease the lipid complex formation; the type of 
components that are tied to the lipids; the type and degree of 
binding between the lipid and other components in these lipid 
complexes. Also, the feasibility, technologic and economic, of 
breaking down these lipid complexes and freeing the product 
from such lipids without a deleterious effect on protein func
tionality and without the use of other techniques, such as 
organic solvents or enzyme hydrolysis, needs investigating. 
This type of information should prove or disprove the aqueous 
techniques as useful methods in FPC production.

As depicted in Figure 2, the general scheme for aqueous 
techniques starts by washing the ground fish with water and 
thereby eliminating the majority of the sarcoplasmic proteins. 
Thus it is logical to assume the involvement of the myofibrillar 
proteins in lipid complex formation. Actin, which is the sec
ond major component of the myofibrillar proteins (Lowey,
1972) was used in this study.

From our previous work on myosin-lipid interaction (Shen- 
ouda and Pigott, 1974), the aqueous extraction of FPC does 
not significantly alter the type or proportion of the residual 
lipids from the original fish lipids. The main changes observed 
were a decrease in the monoglycerides, hydrocarbons and

phosphatidylethanolamine. The residual fish lipids in aqueous
ly extracted FPC, as well as the original fish lipid from yellow 
perch, consist of monoglycerides, diglycerides, triglycerides, 
hydrocarbons, two other unidentified neutral lipids, phos
phatidyl choline, phosphatidyl ethanolamine, lysophosphati-

Fish  Prote in  C o n ce n tra te  (F . P. C. )

Enzymatic Systems Physico-Chemical Chemical Modification
i.e. Proteolytic Separation /Extraction i.e. Succinylation

lipolytic “

I 1
Organic Solvent Extraction Aqueous Methods
i.e. IPA, EDC, EtOH '

I I
Protein Separation Protein Extraction

i.e. F.PC. aqueous extraction i.e. Protein isolates 
F PC. detergent treated.

Fig . 1—C la s s ific a tio n  o f  fish  p r o te in  c o n c e n tra te  (FP C ) a c c o rd in g  to  
th e  m e th o d  o f  p re p a ra tio n .

Centrifuge

Supernatant Residue

Brines

Acids or Alkali...etc.

Heat

Wash

Dry

F. P. C.

F ig . 2 — G en e ra l schem e fo r  FP C  p r o d u c t io n  w ith  aqueous m e th o d s .
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dyl choline, lysophosphatidyl ethanolamine, sphingolipids, 
glycolipid and two other unidentified polar lipids.

This paper presents the results of actin-lipid interaction in 
aqueous medium, studied by sucrose gradient centrifugation 
and polyacrylamide gel electrophoresis techniques. Results of 
the effect of transforming G-actin into F-actin, effect of room 
temperature, cold, heating, pH, and ionic strength on actin- 
polar lipid and actin-neutral lipid complex formation are pre
sented.

MATERIAL & METHODS

Actin
A ctin was ex trac ted  and purified  as previously  described (Shenouda 

and P igo tt, 1975). T he lyophilized  ac tin  was dissolved in H 20  a t 4°C , 
cen trifuged  a t 4 0 ,0 0 0  rp m /3  hr, befo re  use. A ctin  co n cen tra tio n  was 
m easured  by  abso rbancy  at 280 nm , using an ex tin c tio n  co effic ien t o f
1.09 ml per mg-cm, as recom m ended  b y  Rees and Y oung (1967).

Y ellow  perch (P e r e a  f l a v e n s c e n s ) w ere used th ro u g h o u t th is w ork , 
owing to  th e ir availability  in a fresh sta te  all year. H ow ever, since it was 
d ifficu lt to  keep yellow  perch  alive after ca tch , rockfish  (S e b a s te s  a u r i-  
c u la tu s ) w ere used for preparing  the  14-C fish lipids.

Labeling the fish lipids with carbon-14
The m eth o d  described by  Shenouda and P igo tt (1 9 7 4 ) was fo l

low ed. The dose o f  iso topes, consisting o f  50 n C i  trio le in , 50 /aCi tri- 
pa lm itin , 50 |uCi g lycerol and 250  /aCi sodium  ace ta te , was in jected  in to  
a 2 3 3g rockfish . The fish was kep t in a salt w ater tan k  a t 10°C, and the  
lipid was ex trac ted  from  the  w hole fish by  the  Bligh and D yer m eth o d
(1959) afte r 4 days. The lip id  was fu rth er frac tio n a ted  by  p artitio n  
b etw een  p e tro leu m  eth er and 87% ethano l, as described by G alanos and 
K apoulas (1962) to yield 13.92g n eu tra l lipids (8 .95 x  10s co u n ts / 
m in/g) and 1.96g polar lipid (9 .06  x  106 co u n ts /m in /g ). T he p u rity  o f  
separa tion  in to  polar and neu tra l lipids was checked by TLC.

Sucrose gradient
Preparing the gradient. The sucrose so lu tion  was purified  to  m ini

m ize the UV background  absorbance by boiling th e  sucrose in a ratio  o f 
lOg activated  charcoal to  100 ml so lu tion  fo r ab o u t 5 m in and filtering 
through  a charcoal pad on  a B uchner funnel. A re frac to m ete r  was used 
in p reparing  5% and 20% sucrose stock  solu tions. 5 m l from  each o f  the 
20% and the  5% sucrose so lu tions w ere used in form ing the g rad ien t in 
po lyallom ei tubes (B eckm an No. 331372  9 /1 6 "  x  3 -1 /2 " )  using the 
g rad ien t form ing apparatus.

Procedure
T he 14-C lipids w ere dispersed by u ltra son ica tion  in d istilled  w ater, 

m ixed w ith the  ac tin  so lu tion , and  the  m ix tu re  was sub jected  to  the  
desired trea tm en t. The trea ted  m ix tu re  was th en  layered  over th e  fresh 
ly p repared  sucrose g rad ien t. C en trifugation  w as p erfo rm ed  at 4 0 ,0 0 0  
rpm  for 48 hr in a Beckm an centrifuge M odel L2 w ith  ro to r  No. SW 41 
at 4°C . F ra c tio n a tio n  o f  the  g rad ien t fo llow ed , using the  density  gradi
en t frac tio n a to r  M odel 183 (ISCO , N eb.) at upw ard  flow ra te  o f 0.75 
m l/m in . The frac tions w ere con tinuously  m o n ito red  at 280 nm  in a UV 
analyzer M odel UA-2 (ISCO , N eb.) and 1 ml frac tions w ere collected  in 
sc in tilla tion  vials fo r carbon-14 counting . F o r coun ting  th e  ac tin  pellets, 
NCS tissue solubilizer (A m ersham -Searle, 111.) was used for digestion. 
Benzoyl perox ide was added  to  decolorize the  digest before  counting . 
Samples and treatments

Control. C o n tro l runs o f  son icated  lipids, as well as ac tin  alone, w ere 
do n e  to show  th e  specific profile  o f  each. The actin  ru n  show ed three 
m ajor peaks. These peaks w ere fu rth e r  analyzed e lec trophore tica lly  on 
SDS polyacry lam ide gels. Also, the  sp e c tro p h o to m etric  absorbancy  o f  
the to p  peak was scanned ever th e  w avelength range 2 4 0 - 3 0 0  nm .

Actin + lipids at room temperature and at 4°C. 11.83 mg polar lipid 
or 13 .86  mg neu tra l lipid w ere son icated  in 2 m l H 20 .  0.1 ml o f  the  
son ica ted  lipid was added to  1 ml o f  the  ac tin  p rep ara tio n  (10 mg 
actin /1  ml H ,0 )  and the m ix tu re  (m ix tu re  I) was e ither incubated  a t 
room  tem p era tu re  o r a t 4°C  overnight b efo re  layering it over the 
sucrose g rad ien t fo r frac tio n a tio n .

Actin + lipids in the presence of CaCl2 or MgCl2. To the  actin-lipid 
m ix tu re  (1) 0.1 ml o f  C aC l2 or MgCl2 (1.3 x  10"' and 9 x  10"2 Mol 
respectively) was added . T .ie final m ix tu re  was incu b a ted  overnight at 
4°C  b efo re  frac tio n a tio n .

Effect o f agitation and foam formation. A so lu tion  o f  actin-lip id  
m ix tu re  (I) w as shaken vigorously on a tes t tu b e  shaker fo r 3 m in . T he 
shaken m ix tu re  w as placed on sucrose g rad ien t fo r frac tio n a tio n .

Actin + lipid; effect o f  heating. The actin-lip id  m ix tu re  (I) w as 
placed in a w ate r b a th  at 75°C  for 3 m in . T he h ea ted  m ix tu re  was 
layered  over the sucrose g rad ien t fo r frac tio n a tio n . F ra c tio n  #5 from  
the  polar lip id-actin  and  frac tion  #3  from  th e  n eu tra l lip id -ac tin  were 
fu rth e r  checked  by SD S-polyacrylam ide gel e lec trophoresis fo r p ro te in  
d e tec tio n  confirm atio n .

Actin + lipid; effect o f ionic strength. 15.5 mg o f  po la r lip id  o r 14.8 
mg neu tra l lipid w ere son icated  in 2 ml H 20 .  1.1 m l o f  the  ac tin  
p rep ara tio n  (12  mg actin /1  m l H 20 )  was m ixed w ith  0 .1 2  m l o f  the  
son icated  lip id  (m ix tu re  II). Solid KC1 was add ed  to  th e  m ix tu re  to  give 
th e  follow ing ionic streng th : 0 .1 , 0 .3 , 0 .5 , 1.0, 2 .0  and 3 .0 . T he m ix 
tu re  was le ft a t room  tem p era tu re  fo r 3 h r. T he last th ree  tre a tm e n ts  
(ionic streng th  1.0, 2.0 and 3.0) w ere heavier th an  th e  g rad ien t and 
th ey  w ere layered  a t th e  b o tto m  o f th e  g rad ien t. C en trifu g a tio n  and  
frac tio n a tio n  w ere carried o u t as usual.

Actin + lipid; effect o f pH. To actin-lip id  m ix tu re  II, HC1 or NaOH 
was added  to ad just the pH  to  1.0. 3 .0 , 4 .5 , 6 .0 , 7.5 and  11.0 . The 
m ix tu re  was incubated  a t room  tem p era tu re  fo r 3 hr b e fo re  layering 
over the  g rad ien t and being frac tio n a ted  by  cen trifu g a tio n .

Actin-lipid interaction on SDS electrophoresis
109 mg 14-C po lar lip id  or 162.5 mg 14-C n eu tra l lip id  w ere soni

ca ted  in 2 ml H 2 O. 0.5 ml o f  th e  son icated  lipid w ere m ixed w ith  1 m l 
actin  p rep ara tio n  (30 mg actin /1  m l H 20 ) .  T he m ix tu re  w as h ea ted  in  a 
steam  cham ber a t 100°C for 20 m in . A fter cooling th e  m ix tu re  was 
trea ted  as m en tio n ed  earlier fo r SD S-polyacrylam ide gel e lec tro p h o resis  
runs. T he sta ined bands or th e  corresponding  p a rts  on  th e  gel w ere cu t 
o ff and transferred  in to  sc in tilla tion  vials. T hese gel slices w ere so lu 
bilized as described by  K aplan and C riddle (1 9 7 0 ) by  h eating  th e m  w ith  
0.5 ml H 2 0 2 (30%) un til the gels w ere co m plete ly  dissolved. A fter 
cooling , 1 ml NCS tissue solubilizing flu id  was ad ded , fo llow ed  by  10 
ml o f  the  sc in tilla tion  fluid and the  sam ples w ere co u n ted .

Sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE)

The m e th o d  em ployed  w as as described  befo re  (S henouda and 
P igo tt, 1975).

RESULTS

Actin + fish lipid interaction
The sucrose gradient centrifugation profile for actin alone, 

C-14 fish lipids alone, and the mixture of fish lipid and actin 
previously incubated at either room temperature or at 4°C 
overnight are presented in Figures 3 and 4.

The actin preparation gave three peaks fractionated on the 
sucrose gradient (Fig. 3a and ¿a). The top peak (A) was a 
protein-free fraction as tested by the Lowey method and by 
SDS-PAGE. Spectrophotometric scanning of this peak over the 
range 240-300 nm indicated that it consisted of nucleotides 
(ratio of O.D. 260/280 was 0.65/0.15). These nucleotides were 
derived from the ATP-Tris-Ascorbate buffer used in the prepa
ration and purification of actin.

The SDS-PAGE analysis of the middle peak of the actin 
preparation, as well as the bottom peak (B and C, Fig. 3 and 4) 
indicated that both peaks were pure G-actin. Thus, the G-actin 
monomers (peak B) tend to form polymers of higher molec
ular weights which are easily dissociated into monomers on 
treatment with SDS and urea during the SDS-PAGE analysis.

Figure 3b shows that neutral lipids floated on the top of 
the gradient. Figures 3c and 3d indicate the formation of a 
neutral lipid-actin complex either with the monomer or poly
mer forms of actin. The polymerization of actin definitely 
increased the amount of binding to neutral lipids.

The amount of bound lipids in each fraction of actin on the 
sucrose gradient was calculated from the corresponding cpm 
under each peak. Table 1 presents this data as a percentage of 
bound lipid to total added lipids. The data show that the total 
bound neutral lipids amount to 33% of the added lipids (400 
gig neutral lipids were added to 7 mg actin in these runs). The 
polymer form of actin binds 2 to 3 times more neutral lipids 
than the monomer form.

Raising the temperature from 4°C to room temperature 
enhanced the transformation of G-actin to the polymer form 
(the area of the monomer form. Peak B, scanned at 280 nm
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Act in N eutral lip ids A + N a t 4 ° C
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Fig . 3 —F ra c t io n a t io n  o v e r sucrose g ra d ie n t. C o n d it io n s  are  g ive n  u n d e r  "M a te r ia ls  a n d  M e th o d s ."  M o b i l i t y  f ro m  le f t  to  r ig h t,  (a) A c t in  a lo n e  as 

m o n ito re d  b y  a b s o rb a n c y  a t  2 8 0  n m , s h o w in g  th ree  peaks. The to p  p e a k  (A )  is n u c le o tid e s  d e riv e d  f ro m  the  b u f fe r ;  th e  m id d le  p e ak  (B ) is  a c tin  
m o n o m e rs ; a n d  th e  b o t to m  p e a k  IC ) is s o lu b le  p o ly m e rs  o f  a c t in ;  (b ) 14-C  n e u tra l l ip id s  as m o n ito re d  a t  2 8 0  n m  a n d  th e  c o rre s p o n d in g  c o u n t in g  
a c t iv i t y ;  (c ) a c t in  in c u b a te d  w ith  n e u tra l l ip id s  o v e rn ig h t a t  4 ° C ; Id l  a c t in  in c u b a te d  w ith  n e u tra l l ip id s  o v e rn ig h t a t  ro o m  te m p e ra tu re .

A ctin Polar lipids A + P a t  4°C
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F ig . 4 —F ra c tio n a tio n  p r o f i le  o v e r sucrose g ra d ie n t. The sys tem  is th e  sam e as m e n t io n e d  in  F ig . 3 . (a) A c t in  a lo n e ;  (b ) 14-C  p o la r  l ip id s ;  (c) a c tin  

in c u b a te d  w ith  p o la r  l ip id s  o v e rn ig h t a t  4 ° C ; (d ) a c t in  in c u b a te d  w ith  p o la r  l ip id s  o v e rn ig h t a t  ro o m  tem p.
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decreased as temperature of incubation increased) and, conse
quently, increased the amount of bound lipids from 33% to 
46% of the neutral lipids added.

Figure 4 (a -d ) shows the fractionation profile in the case 
of polar lipids. Figure 4b shows that the polar lipids migrate 
deeper into the gradient after the centrifugation period. Pitlick 
and Nemerson (1970) recorded a similar observation with 
phospholipids. Various ranges of sucrose gradients and dif
ferent centrifugation times were tried in an attempt to increase 
the resolution between the free polar lipids and the actin 
monomers on the gradient. The system used in this work (5 to 
20% sucrose concentration, centrifugation at 40,000/48 hr) 
gave the most satisfactory results. In spite of the fact that 
there is unavoidable overlap, the binding between the mono
mer actin and polar lipids was revealed by raising the ionic 
strength Qu) to 0.3 (Fig. 11). The data show that about 10% of 
the added polar lipids were bound to the monomer form at 0.3 
(ju) ionic strength. Moreover, the polar lipid-actin monomer 
interaction was confirmed by using electron spin resonance 
technique (under publication). Figure 4 shows the formation 
of a polar lipid-actin (polymer form) complex. Similarly, as in 
the case of neutral lipids, raising the incubation temperature of 
the polar lipid-actin mixture increased the bound polar lipids 
(from 48% to 57%) in conjunction with increasing the trans
formation of monomer actin to polymer form.
Effect o f agitation and heating on actin

A solution of actin preparation (Actin I) [Actin I is actin 
preparation before the final purification on Sephadex column 
(Shenouda and Pigott, 1975).] was severely agitated on a test 
tube shaker for 3 min. The foamy preparation was centrifuged 
and the pellets were collected and subjected to SDS-PAGE. A 
similar solution of Ac:in I preparation was subjected to heat
ing at 100°C for 3 min and the pellets, collected after centrifu
gation, were also tested on SDS-PAGE. The results in Figure 5 
show that the coagulated pellets obtained by agitation are 
more easily dissociated into monomers on the gels than the 
heated pellets.

The presence of fish lipids has a noticeable increase on the 
heat dénaturation of fish actin. Figure 6 shows that the polar

lipids have a distinctive effect on the aggregation of actin dur
ing heating at higher temperatures (100°C for 3 min). Neutral 
lipids shewed a lesser effect than polar lipids in this respect. 
The figure also shows that the contaminating tropomyosin is 
the least affected by heating.
Effect o f  agitation on lipid-actin interaction

The results of agitating the actin-lipid mixture on the lipo
protein formation are presented in Figure 7. Actin pellets were 
detected after the centrifugation period on the bottom of the 
gradient rubes. These pellets possess a high counting activity, 
as depicted in the figure. Table 1 shows that approximately 
one-third of the total bound lipids was detected in the pellets.

m  *

a.  b.  c .

Fig . 5 —S ta in e d  S D S  d isc gels p re p a re d  e le c tro p h o re s e d  as d e sc rib e d  
in  th e  te x t ,  (a) A c t in  p re p .- I,  th e  to p  b a n d  is  a c t in  a n d  th e  b o t to m  

b a n d  is t ro p o m y o s in ;  (b ) a c t in  p re p .- l  a f te r  h e a tin g  a t  1 0 0 °C  fo r  3  
m in ;  (c ) a c t in  p r e p .- l  a f te r  v ig o ro u s  a g ita t io n  fo r  3  m in .

Table 1—Effect of various treatments on the percentage of lipids 
bound to actin3

0//o
bound

0//o
bound

%
bound %

to to soluble to total
Treatment monomer polymers pellets bound

I — Neutral lipids

Incubated at 4°C 10 23 0 33
Incubated at room temp. 13 33 0 46
Presence of Ca++ 3 0 90 93
Presence o f Mg++ 21 6 62 89
Effect of heating 16 25 8 49
Effect of agitation 12 31 20 63

II — Polar lipids

Incubation at 4°C - 48 0 48
Incubation at room temp. - 57 0 57
Presence o f Ca++ - 8 31 39
Presence o f Mg++ - 12 21 33
Effect o f heating - 13 13 26
Effect o f agitation - 20 12 32

3 4 0 0  M 9  o f  l i p i d s  w e r e  a d d e d  t o  7  m g  a c t i n .

M g  b o u n d  l i p i d
P e r c e n t  b o u n d  l i p i d  =  ---------------------------------------——  X  1 0 0

M g  t o t a l  a d d e d  l i p i d s

m

a .  b .

Fig . 6 —The e f fe c t  o f  h e a tin g  in  th e  presence  o f  f is h  l ip id s  o n  the  
degree o f  ag g re g a tio n  o f  fish  a c tin . C o n d it io n s  f o r  p re p a r in g , 
ru n n in g  a n d  s ta in in g  the  gels a re  d e s c rib e d  in  th e  te x t ,  (a ) A c t in  
p re p .- l  hea~ed a t  10CTC fo r  3  m in  in  th e  p re sence  o f  fish  p o la r  
l ip id s ;  (b ) a c t in  p re p .- l,  sam e h e a t tre a tm e n t, in  th e  p resence  o f  fish  
n e u tra l l ip id s .
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Effect of agitation on actin-lipid interaction

nü

I

Effect of heating on actin-l ipid interaction

ml
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ml

b.
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F ig . 7—S ucrose g ra d ie n t f ra c t io n a t io n  p r o f i le  s h o w in g  th e  e f fe c t  o f  
a g ita t io n  o n  a c t in - l ip id  m ix tu re s . C o n d it io n s  o f  f ra c t io n a t io n  as 
d e s c rib e d  in  th e  te x t , (a) A c t in  a g ita te d  in  th e  presence  o f  p o la r  
l ip id s ;  (b ) a c t in  a g ita te d  in  th e  p resence  o f  n e u tra l l ip id s . P  =  
c o lle c te d  p e lle ts  in  th e  b o t to m  o f  th e  g ra d ie n t tu b e .

F ig . 8 —S ucrose g ra d ie n t f ra c t io n a t io n  p r o f i le ,  s h o w in g  th e  e f fe c t  o f  
h e a tin g  (7 0 ° C fo r  3  m in )  o n  a c t in - l ip id  m ix tu re s . C o n d it io n s  o f  
f ra c t io n a t io n  as d e s c rib e d  in  te x t ,  (a) A c t in  h e a te d  in  th e  presence  
o f  p o la r  l ip id s ;  (b ) a c t in  h e a te d  in  th e  p resence  o f  n e u tra l l ip id s . P  =  
c o lle c te d  p e lle ts  in  th e  b o t to m  o f  th e  g ra d ie n t tu b e .

Agitation of the actin-lipid mixture causes binding of 63% and 
32% of the added neutral and polar lipids respectively. Agita
tion and foam formation probably cause exposure of hydro- 
phobic regions on the actin molecules, which leads to an in
crease in the bound neutral lipids and a decrease in the bound 
polar lipids.
Effect of heating on actin-lipid complex formation

Heating the actin-lipid mixture at 75°C for 3 min produced 
a different pattern on the sucrose gradient (Fig. 8). The major
ity of the actin monomers disappeared and, instead, either 
soluble or insoluble polymers were formed. Fraction #5 from 
actin-polar (Fig. 8a) and fraction #3 from actin-neutral (Fig.

8b) were protein-free, as tested by SDS-PAGE. The actin pel
lets under such heat treatments were dissociated into mono
mers by SDS and urea. The data (Table 1) show that such heat 
treatment causes a small increase in the total amount of bound 
neutral lipids to actin (49% of the added lipids); however, a 
reverse effect was observed in the case of polar lipids, where 
about half of the bound polar lipids were released (from 50% 
to 25%).
Effect of calcium and magnesium cations

The effect of addition of divalent cations such as Ca++ or 
Mg++ on actin behavior is presented in Figure 9. The figure 
shows precipitation of the soluble actin polymers from the

Actin and polar lipids
+ MgCI2

Actin and neutral l i p ids  
+ CaCl2  + MgClj+  CaCI2

I 3 5 7 9 11 P
ml
a.

I 3 5 7 911 P
ml
b.

^-R-N-HTTTTI—I I---1
I 3 5 7 911 P 

ml
c.

I 3 5 7 9 II P
ml
d.

Fig . 9 —S ucrose g ra d ie n t f ra c t io n a t io n  p r o f i le  o f  a c t in - l ip id  m ix tu re s  in  th e  p resence o f  d iv a le n t c a tio n s . C o n d it io n s  o f  f ra c t io n a t io n  are d e scribed  
in  th e  te x t ,  (a) A c t in  a n d  p o la r  l ip id  m ix tu re  c o n ta in in g  1 X 1 0 '2M  C aC I2;  lb )  a c t in -p o la r  l ip id  m ix tu re  c o n ta in in g  7  X JO '3M  M g C I2;  (c) 
a c tin -n e u tra l l i p id  m ix tu re  c o n ta in in g  1 X JO"3M  C aC !2;  Id )  a c t in -n e u tra l l ip id  m ix tu re  c o n ta in in g  7  X JO '3M  M g C !2.
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gradient, which indicates an increase in the molecular weight 
of the polymers. Briskey and Fukazawa (1971) cited that 
transformation of G-actin to F-actin appears to take place by 
the polymerization of globular molecules into linear aggre
gates, which may have a weight of many millions. They also 
reported that Mg++ cations in concentrations of 7 X lO^M 
and Ca++ cations at 1 X 10"3M cause 50% polymerization.

The results (Fig. 9) indicate that the divalently polymerized 
actin shows specificity in binding to the lipids; i.e., it increases 
bound neutral lipids (up to 93% of the added lipids) and de
creases bound polar lipids (33—39% of the added polar lipids). 
The results also show that calcium polymers bind more polar 
lipids than the magnes.um polymers.
Effect of ionic strength (p)

Briskey and Fukazawa (1971) reported that the maximum 
polymerization of actin was at 0.1 —0.15/a KC1, and that 
further increases in salt concentration cause a decrease in the 
extent of polymeriza:ion and eventually abolished it. How
ever, Figures 10 and 11 show that in the presence of lipids 
there is a gradual increase in the formation of higher molecular 
weight actin polymers with increasing ionic strength. The actin 
monomers disappeared completely from the gradient at ionic 
strengths higher than 1.0. It is also noticed that the actin 
behavior was the same in the presence of either polar or neu
tral lipids. Figure 10 shows that at ionic strength 0.3 and 0.5, a 
nonsoluble lipoprotein complex of actin and neutral lipids was 
detected near the top of the gradient tube (fractions 2 and 3).

Figure 12 shows a linear increase in the bound lipid, polar 
or neutra:, with increasing ionic strength. Increasing the ionic 
strength over 1.0 gave a steeper increase in the bound neutral 
lipid and depressed, to some extent, the increase of bound 
polar lipids. This indicates the existence of electrostatic forces 
between the polar lipids and actin in the lipoprotein com
plexes.
Effect of pH

The actin patterns on the sucrose gradient as a function of 
pH are presented in Figures 13 and 14. S.milar behavior of 
actin was observed in the presence of either polar or neutral 
lipids. At pH lower than 6.0, no monomers were detected and 
all the actin accumulated in the pellets. Increasing the pH 
increased the dissociation into the monomer form. At higher 
pH (pH 11.0), the monomers were less dense and floated near 
the top of the gradient tube.

Figure 1 5 presents the interaction pattern of lipid-actin as a 
function of pH. The neutral lipids exhibit £ biphasic pattern, 
where the lowest binding of the lipids was at pH 3.0. Shifting 
the pH on either side increased the binding; however, there 
was another decline at neutral pH or higher.

All the polar lipids were tightly bound to actin at pH 4.5 or 
lower. Raising the pH towards the alkaline side was ac
companied bv a gradual decrease in the bound Dolar lipids.

The results of the SDS-PAGE experiments are presented in 
Figures 16 and 17. The actin used in these rrns (actin Prep. I) 
\vas taken before the Sephadex purification step and, there-

Fig. 10—E ffe c t o f  io n ic  s trength on the fra c tio n a tio n  p ro f ile  o f  
a c tin -neu tra l l ip id  m ix tu res . C ond itions as described before. The 
io n ic  s trength o f  the m ix tu re s  was ad justed b y  KC I to  the designated 
M as shown in  the figure. The m ix tu re s  were incuba ted  a t ro om  tem p  
fo r 3  h r be fore fra c tio n a tio n  on the gradient.

Fig. 11- E f fe c t  o f  io n ic  s trength on the fra c tio n a tio n  p ro f ile  o f  
ac tin -po la r l ip id  m ixtu res. C ond itions  as described before. The io n ic  
strength o f  the m ix tu res  was ad justed  b y  KC I to  the designated p as 
shown in  the figure. The m ix tu re s  were incubated  a t ro om  tem p fo r  
3  h r  be fore fra c tio n a tio n  on the gradient.
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fore, the preparation contains about 12% tropomyosin as 
impurity. The control run with polar lipids alone or neutral 
lipids alone shows that all the polar lipids and the majority of

Ionic strength
Fig. 12—Percent o f  b o u n d  lip id s  as a fu n c tio n  o f  increasing ion ic  
strength. 600  pg 14-C p o la r lip id s  o r 14-C ne u tra l lip id s  were 
incubated  w ith  12 mg ac tin  a t d iffe re n t io n ic  strengths. Incuba tion  
was a t room  tem p fo r  3  hr. The m ix tu res  were fra c tio n a te d  b y  
density  g rad ien t ce n tr ifu g a tio n  (details in  te x t) , and  the bo und  
lip id s  were calcula ted. The pe rcen t o f  b o u n d  lip id s  =  (mg bound  
lip ids /m g  added lip id s ) X 100.

Actin - neutral lipids: Effect of pH

pH 1.0

pH 60

nI III

the neutral lipids migrate through the gel and are located as a 
large band ahead of the actin band. The rest of the neutral 
lipids remained at the top of the gels.

Incubating actin and polar lipids at room temperature re
sulted in monomers and aggregates which bound to the lipids. 
The binding was strong enough to resist the effect of SDS and 
urea, and the actm-lipid complex migrated as a unit under the 
influence of the electrical current.

Heating the actin-polar lipid mixture at 100°C for 15 min 
resulted in the formation of a high molecular weight aggregate 
which did not dissociate with the detergent and stayed at the 
top of the gels. Heating also caused dissociation of part of the 
lipoprotein complex, as indicated by a decrease in the counts 
accompanying the actin bands.

Neutral lipids showed less effect on actin aggregation than 
polar lipids, and the lipoprotein complexes formed also 
showed resistance to dissociation when treated with SDS and 
urea. Similarly, heating released part of the bound lipids, as 
was the case with polar lipids.

DISCUSSION
THE INTERACTION between lipids and proteins is dependent 
on different types of forces, namely electrostatic forces be-

Actin— Polar lipids : Effect of pH

pH 6.0

pH 3.0

rr

I 3 5 7 9 II P

pH 7.5

ml
I 3 5 7 9 II P 

ml

Fig. 1 3 -E ffe c t  o f  p H  on the fra c tio n a tio n  p ro f ile  o f  ac tin -neu tra l 
l ip id  m ixtu res. C on d itio n  o f  fra c tio n a tio n  as described in text. The 
pH 's  o f the m ix tu res  were ad justed to  the designated p H , as shown  
in  the  figure. The m ix tu res  were incubated  a t room  tem p fo r  3  h r  
be fo re  fra c tiona tion  on the gradient.

Fig. 14—E ffe c t o f  p H  on the fra c tio n a tio n  p ro f ile  o f  ac tin -po la r 
l ip id  m ix tu res . C ond itions o f  fra c tio n a tio n  as described in  text. The 
p H ’s o f  the m ix tu res  were ad justed to  the designated p H  as shown in  
the figure. The m ix tu res  were incubated a t room  tem p fo r  3  h r  
before fra c tio n a tio n  on the gradient.
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tween charged groups, Van der Waals forces between the 
hydrocarbon chains, hydrogen bonding and hydrophobic 
forces. Covalent bonding between lipids and proteins has been 
reported to a lesser extent. The specificity of interaction may 
be mutually dependent on the overall size, shape and charge of 
both the protein and the complex lipid micella. However, each 
type of interaction is predicted to exist when the proteins and

lipids are known to possess certain groups or residues. For 
example, it can be expected that the phosphate groups on the 
phospholipids play a role in the binding through electrostatic 
forces with charged lysine or arginine residues of the protein.

Besides the sophisticated methods used in detecting and 
measuring these different types of forces, simple techniques 
were used also for testing the participation of such forces. For

Fig. 15—Percent o f  b o u n d  lip ids  as a fu n c tio n  o f  
pH . 600  ggm 14-C p o la r lip ids  o r 14-C neu tra l 
lip ids  were incubated  w ith  12 mg actin  a t d iffe re n t 
pH 's. Incu ba tio n  was a t room  tem p fo r 3  h r. The 
m ix tu re s  were fra c tiona ted  b y  density  g rad ien t 
ce n trifu g a tio n  (details in  te x t)  and the bo und  lip ids  
were calculated. The pe rcen t o f  b o u n d  lip ids  = (mg 
b o u n d  lip id s /m g  added lip id s ) x 100.

Fig. 16—Typ ica l e lectrophorogram s o f  fish ac tin  (p rep.-I) sub jected to  d iffe re n t  
treatm ents. A c tin  1 m g/gel, 14-C ne u tra l lip ids  1.3 m g /ge l and  14-C p o la r lip id s  0 .9  
m g /gel. A  = ac tin  p re p .- l as a c o n tro l;  P  = p o la r lip id s  a ione; N  =  ne u tra l lip id s  a lone ; A  + 
P = ac tin  + 14-C p o la r lip id s  incubated  a t room  tem p fo r  several hou rs ; A  + P (h ) =  A  + P 
heated a t 10CPC fo r  15 m in ; A + N  = a c tin  + 14-C ne u tra l lip ids  incuba ted  a t ro om  tem p  
fo r  several hours ; and  A  + N (h ) =  A  + N  heated a t 100°C  fo r 15 m in .

ß o tto m  A ctin  

P o la r lipids

(H e a te d )

Polar

lip id s

Actin
+

Polar lipids 

( Room  temp.)

A ctin  A ctin

p rep ora 'ion

(R o o m  te m p .)

N eu tra l

lip ids

A ctin  B ottom
+

N eutra l lipids  

(H e a te d )

«...MM,., 0  PM S.D.S. P o l y a c r y l a m i d e  Gel  E l e c t r o p h o r e s i s

Fig. 17 -S ch e m a tic  p resen ta tion  o f  the m a in  bands seen on sod ium  dodecy l su lfa te  ge l e lectrophoresis, as shown in  Fig. 16, w ith  the corresponding  
cou n ts /m in  o f  ca rbon-14 a c tiv ity . M e thod  described in text.
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example, the competitive effect of increasing the concentra
tion of ions on the electrostatic interaction was used in detect
ing such binding. Also, measuring the change in the free SH or 
e-NH2 groups was used as indication of the covalent bonding 
and so on.

From the amino acid analysis of fish actin (Shenouda and 
Pigott, 1975) one may expect the participation of a variety of 
forces in actin-lipid lipoprotein complexes. Marinetti and Pet
tit (1968) reported that Lys., His., Tyr., Met. and Cys. are 
amino acids which play a role in the binding between cardio- 
lipin and 7 -globulin. The neutral lipid-actin complex formation 
on the sucrose gradient experiments suggests the presence of 
hydrophobic forces as well as H-bonding. The existence of 
lipid protein complexes after the urea and SDS treatment (Fig. 
16 and 17) indicates that hydrogen bonding is not primarily 
responsible for the binding of lipids to actin in the lipoprotein. 
Evans et al. (1968a) stated that hydrophobic bonding ap
peared to be involved either in the binding of part of the lipid 
to the protein or in holding the protein molecules in shapes so 
that the lipids are enclosed. Chiu and Pomeranz (1966) 
noticed that much more polar wheat flour lipids than nonpolar 
components were bound during dough mixing. Actin binds 
more polar lipids than neutral lipids (Table 1). Participation of 
ionic interaction between the charged groups on the polar 
lipids and the charged residues on the actin is expected. More
over, due to the fact that fish polar lipid is more highly un
saturated than the neutral lipids (Roubal, 1967), a stronger 
hydrophobic interaction may take place. Ionic interaction was 
reported to be the sole binding force in some lipid-protein 
systems (Palmer and Dawson, 1969). Camejo et al. (1968), 
using the monolayer technique, reported that the charged 
lipids vary in their degree of interaction with proteins, and 
Pitlick and Nemerson (1970) attributed these differences to 
the different micellar properties of each phospholipid.

The increase in bound lipids (polar or neutral) to the poly
merized form of actin suggests that polymerization of actin is 
associated with conformational changes which cause a con
siderable increase in the interacting sites on the actin mole
cules. This conformational change is accelerated by raising the 
incubation temperature (Fig. 3 and 4). The results also show 
that polymerization of actin in the absence of divalent cations 
gives a different binding pattern than that given by lipids in 
the presence of such cations (Fig. 9 and Table 1). These differ
ences in binding should be attributed to differences in the 
polymerization mechanism of the actin itself. Apparently 
polymerization of actin in the presence of Ca++ or Mg++ 
causes exposure of more hydrophobic regions on the actin 
molecules, which stimulates the binding to neutral lipids and 
depresses the ionic interaction forces between the lipids and 
actin. Hendrickson and Fullington (1965) attributed the stabil
ity of some lipid-metal-protein complexes to the fact that 
three of the six metal coordination bonds of metals such as 
Ca++, Mg++, or Ni++, are free to accept additional donor 
groups and consequently stable mixed complexes could be 
formed. Their data showed that the equilibrium stability con
stant values are the same for calcium and magnesium. Braun 
and Radin (1969) suggested that the divalent cations stabilized 
the lipid-protein complexes by inter- or intra-chain crosslink
ing through protein carboxyl or lipid phosphate groups. They 
also reported that insoluble lipid-protein complexes were re
sistant to resolubilization when calcium was present. Fulling
ton (1969) reported that interaction of phospholipid and 
wheat proteins can take the form of mixed chelation on di
valent cations. Joos and Carr (1969) indicated that the binding 
of calcium to phospholipid-protein complexes is pH depend
ent. The results (Table 1) showed that the presence of Ca++ or 
Mg++ does not increase the binding of polar lipids and, on the 
contrary, a significant decrease was recorded. This indicates 
that the major role of the divalent cations in the lipid-actin 
interaction is not formation of metal bridges between lipids

and proteins, but is the transformation of the monomer actin 
into the fibrillar high molecular weight actin polymers.

Heating and foam formation of actin have a similar effect 
on lipid binding (Fig. 7 and 8 ; Table 1). The increase of bound 
neutral lipids and the decrease in polar lipid binding could be 
due to exposure of more hydrophobic regions, presumably 
from the interior of the molecule. Therefore, foam formation 
could cause a random unfolding of actin molecules as the 
general effect of heating on proteins.

Proteins vary considerably in their stability to heating, a 
phenomenon wh:ch is related to their structure. For example, 
small-size proteins in which disulfide bridges stabilize their 
structure, are more resistant to heat than large polysubunit 
proteins in which their cysteine residues are in sulfhydryl 
form. Camejo et al. (1968) reported that the absence of di
sulfide bridges appears to be a feature of proteins associated 
with lipids, either in soluble lipoproteins or in cell membranes. 
It was reported recently that the presence of lipids stabilizes 
the structure of some proteins. Taguchi and Ikeda (1968) re
ported that lecithin plays an important role in activating the 
fish actomyosin ATP-ase. Lux et al. (1972) cited that delipida- 
tion of human plasma decreases the helical content about 2 0 %, 
with a corresponding increase in disordered structure. Heating 
the actin in the presence and absence of lipids (Fig. 5 and 6 ) 
showed the positive role of lipids, especially the polar lipids, 
on the degree of actin aggregation and provides the effect of 
the lipids in disrupting the actin structure during heating.

The effect of pH on lipid-actin interaction is the result of 
the effect of pH on the charges on the actin and lipids and the 
effect of pH on the shape of the actin molecules. Colacicco
(1969), using the monolayer technique, found that lipid pro
tein interaction is affected by the degree of surface denatura- 
tion and protein conformation which is dependent, in most 
proteins, on pH. He also reported that some proteins expand 
at low pH and therefore facilitate lipid penetration. This is 
probably the case with actin at low pH, where the majority of 
the lipids were complexed at this pH range (Fig. 15). Raising 
the pH value over the isoelectric precipitation of actin should 
create a negative charge on the actin, which should cause re
pulsion with the phosphate moiety of the phospholipids and a 
decline in the polar lipid-actin complex formation, as was ob
served. On the other hand, the effect of pH on the neutral 
lipid-actin binding seems to be a composite of different ef
fects. The neutral lipids showed two distinct subgroups on 
SDS-PAGE (Fig. 16 and 17). The major component exhibits 
some degree of polarity and migrates toward the anode, while 
the other subgroups did not move under the influence of the 
electrical current. The last group is expected to show mini
mum interaction with actin near its isoelectric point, where 
the actin will be covered with the maximum charge load, and 
the binding increases with increasing or decreasing pH. The 
other subgroup probably will show more attraction to the 
positive parts of the actin and a relative decrease in the binding 
will be observed at higher pH’s. The sum of the behavior of 
these two subgroups could probably produce the biphasic 
curve observed with neutral lipids (Fig. 15).

The sudden shift of the actin peak at pH 11.0 in the sucrose 
gradient to a region of lower density (Fig. 13 and 14) indicates 
structural rearrangement of the actin molecules to less dense, 
less reactive monomers, with the binding sites for lipids either 
hidden or destroyed.

The characteristics of interaction between lipids and actin 
with increasing ionic strength demonstrates the direct effect of 
salt concentration on the actin. The logical deduction made 
from these experiments is that the actin molecules unfold 
greatly and vast numbers of residues are exposed and become 
available to bind with lipids, ionically and hydrophobically. 
Lenaz et al. (1970) found an opposite observation in mito
chondrial membranes, where the binding for phospholipids de
creased randomly at higher salt concentrations. Braun and
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Radin (1969) reported that increasing the monovalent cations 
reduced the hydrophilicity of the protein-lipid complex. 
Pomeranz et al. (1968) demonstrated that sodium chloride 
affected the gluten and reduced the nonpolar-gluten interac
tion.

The relative inhibition (Fig. 12), by high ionic strengths of 
the media, on the interaction between polar lipids and actin 
clearly indicates the existence of electrostatic forces in these 
lipoproteins.

Evans et al. (1968b) in their studies on the effect of various 
detergents on lipoprotein dissociation stated that anionic 
detergents such as SDS increased the extraction of lipids from 
lipovitellin, primarily by breaking down the hydrophobic 
bonds which presumably hold the protein molecules in shape. 
Helenius and Simons (1972) stated that lipid removal by deter
gents from lipoprotein complexes could be an exchange of 
bound lipid for bound detergents. The treatment of lipid-actin 
complexes with urea and SDS for SDS-PAGE (Fig. 16 and 17) 
revealed that the lipids still remain firmly bound under these 
conditions, and this suggests that either covalent bonding or an 
unusually strong electrostatic bonding and/or hydrophobic 
bonding exists between lipids and actin.

SUMMARY & CONCLUSIONS

FISH ACTIN interacts with polar or neutral fish lipids at room 
temperature or cold temperature. Actin interacts either in 
monomer form (G-ac:in) or polymer forms (F-actin). F-actin 
interacts more strongly (2—3 times) than G-actin. Any treat
ment which induces the transformation of G-actin into F- 
actin, such as Mg++, Ca++, or raising the temperature, in
creases the lipid-actin complex formation. Hence, the use of 
sea water may not be recommended in producing FPC. Agita
tion and/or heating probably cause exposure of hydrophobic 
regions in the actin molecules, which consequently increases 
the neutral lipid binding and depresses, to some extent, the 
polar lipid binding. pH affects primarily the state of charges on 
actin molecules, as well as the conformations of the proteins, 
which in turn affects the degree and type of binding with 
lipids. Actin-lipid interaction is not inhibited completely by 
increasing the ionic strength Qti), which indicates the participa
tion of the hydrophobic interaction. However, ¡jl has a notice
able effect on actin-pclar lipid interaction, which indicates the 
involvement of the electrostatic interaction and, finally, the 
SDS and urea treatments during the sodium dodecylsulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) suggest either 
the existence of covalent bonding or an unusually strong elec
trostatic and/or hydrophobic bonding between fish lipids and 
actin in the actin-lipid complexes.
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REPRESSION OF Vibrio parahaemolyticus BY Pseudomonas SPECIES 
ISOLATED FROM PROCESSED OYSTERS

INTRODUCTION
M IC R O O R G A N ISM S are in  c o n s ta n t  in te ra c t io n  w ith  o n e  
a n o th e r  in n u m e ro u s  e n v iro n m e n ts  in c lu d in g  th e  fo o d  w e ea t. 
T he q u a lity  a n d  sh e lf  life  o f  a re fr ig e ra te d  fo o d  p ro d u c t  can  be 
g rea tly  a f fe c te d  b y  th e  n u m b e rs  a n d  ty p e s  o f  m ic ro o rg an ism s  
p re sen t. C u ltu re d  fo o d s  have  rece iv ed  a g re a t d ea l o f  a t te n tio n  
in  th is  reg ard ; m a n y  s tu d ie s  h av in g  b e en  c o n d u c te d  o n  th e  
re p re ss io n  o f  m ic ro o rg an ism s  d u e  to  th e  p ro d u c tio n  o f  acids, 
p e ro x id es , a n tib io tic s  an d  o th e r  su b s ta n c es  b y  lac tic  acid  
b a c te r ia  (H u rs t, 1 9 7 2 ).

L ittle  in fo rm a tio n  is availab le  o n  th e  in te ra c t io n s  o f  m ic ro 
o rg an ism s fo u n d  in p ro cessed  o y s te rs . O y s te rs  c o m m e rc ia lly  
d is tr ib u te d  as fresh ly  sh u c k e d  sh e llfish  m u s t b e  re fr ig e ra te d  
u n til  c o n su m ed . A m o n g  th e  m ic ro b ia l sp ec ies  w h ic h  p re d o m i
n a te  in Pacific  a n d  e a s te rn  o y s te rs  a re  Pseudom onas, F lavo -  
b a c te riu m , A c h ro m o b a c te r, A lca ligenes  an d  V ib r io  (C o lw ell 
and  L is to n , 1 9 6 0 ; L ovelace  e t  a l., 1 9 6 8 ; M u rch e lan o  a n d  
B row n , 1 9 6 8 ). In  a re c e n t re p o r t  b y  V a n d e rz a n t e t al. (1 9 7 3 ) ,  
a  range  o f  0 —7 9 .3 %  (av erag e , 14 .9% ) w as g iven  fo r  Pseudo
m onas o f  th e  to ta l  m ic ro b ia l f lo ra  o f  31 p ro cessed  o y s te r  
sam p les o b ta in e d  fro m  th e  T ex as G u lf  C o ast area . P rice  and  
Lee (1 9 7 0 )  iso la te d  fro m  P acific  o y s te rs  sp ec ies  o f  L a c to 
b a c illu s  w h ic h  w ere  cap a b le  o f  in h ib itin g  Pseudom onas, B a c il
lus  an d  P ro teus  th ro u g h  th e  p ro d u c tio n  o f  h y d ro g e n  p e ro x id e . 
V a n d e rz a n t an d  C u s te r  (1 9 6 8 )  in  a s tu d y  o f  in te ra c tiv e  in h ib i
to ry  ac tiv itie s  a m o n g  c e r ta in  p s y c h ro tro p h ic  b a c te r ia  iso la ted  
fro m  re fr ig e ra ted  fo o d s  n o te d  th a t  c e r ta in  Pseudom onas  
species d e m o n s tra te d  in h ib i to ry  a c tiv itie s  ag a in st sp ec ies  o f  
A c h ro m o b a c te r  an d  o th e r  P seudom onas  sp ec ies. In h ib it io n  
against A c h ro m o b a c te r  w as v a riab le  a cc o rd in g  to  p la tin g  
m ed iu m , te m p e ra tu re  o f  in c u b a tio n  a n d  ra tio  o f  e f fe c to r  to  
te s t  species. In  a n o th e r  r e p o r t  (S c a n n e ll e t  a l., 1 9 7 1 ), a n  u n 
id en tif ie d  Pseudom onas  sp. w as sh o w n  to  p ro d u c e  an  a n ti 
m e ta b o lite , th io g u a n in e , d u rin g  a f e rm e n ta t io n  p ro cess  w h ich  
was e ffe c tiv e  in  th e  in h ib i t io n  o f  a s tra in  o f  E . c o li. T h e  p u r 
pose  o f  th e  p re se n t in v es tig a tio n  w as to  d e sc rib e  th e  a b ility  o f  
Pseudom onas  sp . iso la te d  fro m  p ro cessed  M ary lan d  o y s te rs  to  
in h ib it  V. p a ra h a e m o ly ticu s . In  a d d it io n , th e  in f lu e n c e  o f  
se lec ted  e n v iro n m e n ta l fa c to rs  o n  th is  in h ib i to ry  a c tiv ity  w as 
s tu d ied .

MATERIALS & METHODS
Cultures

Bacterial isolates were obtained from processed Maryland oysters 
(Crassostrea virginica) which has been stored at 5° C for 10 or 13 days 
from date of processing by direct plating of dilutions on Standard 
Methods Agar (SMA) (BBL, BioQuest), containing 1% NaCl. Isolates 
were maintained on slants o f SMA 1% NaCl and stored at 5°C. For 
testing purposes, cultures were streaked on SMA 1% NaCl and incu
bated 24 hr at 25° C. Single colonies were then used to inoculate tubes 
of trypticase soy broth  (TSB) (BBL, BioQuest) containing 1% NaCl and 
incubated at 25°C for 24 hr.

Five V. parahaemolyticus strains, obtained through the courtesy of 
Dr. M. Fishbein, Div. o f Microbiology, Food & Drug Adm inistration, 
Washington, D.C. were tested: strains 8700, 33C10, IDI (Kanagawa 
positive); strains 3525, 33C9 (Kanagawa negative). All stock cultures 
were maintained at 25°C on trypticase soy agar (TSA) (BBL, BioQuest) 
slants containing 2.5% NaCl and a long-term-preservation-medium 
(B.A.M., May 5, 1972). For testing purposes, cultures were streaked on 
thiosulfate-citrate-bile salts-sucrose (TCBS) (BBL. BioQuest) agar and

incubated 24 hr at 32°C. Single colonies were used to inoculate tubes 
o f TSB 1% NaCl and incubated at 32° C for 1 4 -1 6  hr. Cell numbers of
V. parahaemolyticus cultures in TSB 1% NaCl were standardized by 
adjusting the optical density to  0.100 (620 nm, Spectronic 20, Bausch 
& Lomb). Dilution blanks used contained 0.5% peptone, 1.0% NaCl and 
were tempered to  room tem perature before use.
Screening for inhibitory activity

A spot-plate m ethod was used in which 0.1 ml of appropriate dilu
tions of V. parahaemolyticus were spread on SMA 1% NaCl plates 
(previously dried for 24 hr at 32°C) yielding approxim ately 105 and 
104 cells per plate. After drying, six oyster isolates were spotted on 
duplicate plates o f each dilution using an Accu-drop apparatus (The 
Sylvania Co., Milburn, N.J.). Following incubation at 25°C for 2 4 -4 8  
hr, inhibitory action was graded in the following manner: absent ( - ) ,  
weak or slight (+), moderate (++) and strong (+++). Isolates showing 
inhibitory activity were identified according to the criteria o f  Vander
zant and Nickelson (1969) and Vanderzant and Patel (1967).
Effect o f various factors on inhibition

The spot-plate m ethod was used and degree o f inhibition expressed 
in mm by measuring the zone of clearing between the edge o f the drop 
and growth of test species on the plate. Effect o f incubation at 25°C 
versus 35°C was studied using SMA 0.5% NaCl plates (pH 7.5). Effect 
of media pH and NaCl content was studied at 25°C. Plating media 
consisted of several NaCl concentrations (0.5, 1.0, 1.5, 2.0, 2.5% w/v) 
at each pH value (6.2, 7.5, 8.8). Media were brought to desired pH with 
IN HC1 or 5N NaOH before autoclaving. Since inhibition was detected 
on SMA 0.5% NaCl plates bu t no t on TSA plates the following combi
nations o f ingredients were tested as plating media: SMA 0.5% NaCl 
(control), SMA 0.5% NaCl and 0.5% phytone, SMA 0.5% NaCl and 
1.0% trypticase, TSA (control), TSA and 0.25% yeast extract (BBL, 
BioQuest), TSA 0.1% glucose.

Inhibitory activity of culture filtrate
Pseudomonas X3-7 was inoculated into 1 liter o f bro th  consisting of 

0.1% glucose, 0.25% yeast extract, 0.5% NaCl, and distilled water fol
lowed by incubation at 25°C for 5 - 7  days until strong pigment forma
tion and fluorescence was evident. Fluorescence was viewed using a 
portable ultraviolet lamp (Mineralight UVS-11, Ultra-Violet Products, 
Inc., San Gabriel, Calif.). Ceils were removed by centrifugation at 
5,860g for 30 min and the supernatant filter-sterilized through a 0.20 
pm pore size filter (Metricel, T.M.G. Gelmcn). To determine whether 
the inhibitory substance was heat stable, the filtrate was autoclaved for 
15 min at 121°C. In addition, a dialysate o f the filtrate was prepared 
against water at 5°C for 1 -3  days using cellophane dialysis tubing 
(Union Carbide Corp., Food Products Div., Chicago, 111.). All samples 
were tested for the presence o f inhibitory activity using a tube-assay 
m ethod in which V. parahaemolyticus strain 8700 cultures were serially 
diluted in a constant am ount o f sample. Each assay tube (10 x  75 mm) 
contained 0.1 ml o f sterile 10% NaCl and 0.1 ml o f autoclaved 5X TSB 
plus 0.8 ml o f sample or water (control). To the first tube of each 
sample series, 0.1 ml o f an appropriate dilution of V. parahaemolyticus 
strain 8700 was added to yield approxim ately 10s cells/tube. This tube 
was serially dilutee in subsequent sample tubes to a concentration of 
102 cells/tube. Total volume of each tube was 1.0 ml. Uninoculated 
controls of each sample were included. Observations for turbidity were 
made after incubation at 25°C for 24 and 48 hr. Confirmation of 
positive tubes was accomplished by streaking on sections of TCBS 
plates followed by incubation at 32°C for 24 hr.

RESULTS
Isolation and identification of inhibiting colonies

4 5  c u ltu re s  w e re  iso la te d  fro m  p ro cessed  M ary land  o y s te rs  
w h ich  h ad  b een  s to re d  fo r  10 an d  13 d ay s a t 5°C . N ine o y s te r
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Table 1 —D etection o f  inhibition of V. parahaemolyticus by Pseudomonas isolates using a spot-plate m ethod on Standard M ethods Agar con 
taining 1% NaCI

V. parahaemolyticus 
strain X1-10 X1-13 X1-16A X1-26 X3-2 X3-3 X3-4 X3-7 X3-8

Kanagawa negative
3525 +a + + +++ ++ + + ++ +
33C9 ++ ++ + +++ ++ + + ++ + +

Kanagawa positive
8700 ++ +++ + +++ ++ + + ++ +
33C10 - - + ++ + - - + -
IDI - - + ++ + - - + -

a  + + +  =  s t r o n g  i n h i b i t i o n ,  + +  =  m o d e r a t e  i n h i b i t i o n ,  +  =  s l i g h t  i n h i b i t i o n ,  — =  n o  i n h i a i t i o n .

iso la te s  d e m o n s tra t in g  in h ib i to ry  a c tiv ity  w e re  id e n tif ie d  as 
b e lo n g in g  to  th e  gen u s Pseudom onas, G ro u p  I (V a n d e rz a n t  
an d  N ic k e lso n , 1 9 6 9 ; V a n d e rz a n t a n d  P a te l, 1 9 6 7 ). T h ese  
sp ec ies  d e m o n s tra te d  v a rio u s  deg rees o f  in h ib i to ry  a c tiv ity  
d e p e n d in g  u p o n  s tra in  o f  V. p a ra h a e m o ly tic u s  te s te d  (T ab le  
1). P seudom onas  sp p . X I -26 an d  X 3-7 d e m o n s tra te d  th e  
s tro n g e s t in h ib i to ry  a c tiv ity  ag a in st m o s t o f  th e  V. parahae
m o ly tic u s  te s t  s tra in s . C o n se q u e n tly , th e se  P seudom onas  spp . 
w ere  c h o se n  fo r  f u r th e r  s tu d y  o n  th e  e f fe c ts  o f  m ed ia  p H , sa lt 
an d  te m p e ra tu re  o f  in c u b a t io n  o n  th e  re p re ss io n  o f  V. pa ra 
h a e m o ly ticu s . All P seudom onas  sp p . te s te d  sh o w ed  so m e  
deg ree  o f  re p re ss io n  o f  th e  K an ag aw a  n e g a tiv e  s tra in s  3 5 2 5  
an d  3 3 C 9  and  th e  K an ag aw a  p o sitiv e  s tra in  8 7 0 0 . In  g en era l, a 
lesser deg ree  o f  in h ib i t io n  o f  th e  K an ag aw a  p o sitiv e  s tra in s  
3 3 C 1 0  an d  ID I o c c u rre d , w ith  so m e  P seudom onas  sp p . 
sh o w in g  n o  o r  o n ly  w eak  in h ib it io n  o f  th e se  s tra in s  (T a b le  1).

Table 2—Effect of temperature of Incubation on inhibition of V. 
parahaemolyticus by Pseudomonas isolates on Standard Methods 
Agar (pH 7.5) containing 0.5% NaCI

Inhibition Pseudomonas isolate

X1-26 X3-7
V. parahaemolyticus ---------------------- --------------

strain 25° C 35° C 25° C 35° C

8700 2.0a 1.6 2.1b 0
3525 4.1b 2.3 3.6b 0.9

a  A v e r a g e  o f  t w o  s a m p le s  o f  t w o  r e p l i c a t e s  e x p r e s s e d  In  m m  

b  I n d i c a t e s  s i g n i f i c a n t l y  P  <  0 . 0 5 )  g r e a t e r  i n h i b i t i o n  a s  c o m p a r e d  t o  

m e a n s  a t  3 5 ° C  w i t h i n  e a c h  P s e u d o m o n a s  s p e c ie s  b y  v a r i a n c e  

a n a l y s i s

Effect of temperature of incubation
In g e n e ra l, th e  d eg ree  o f  in h ib i t io n  o b se rv ed  w as g re a te r  a t 

2 5 °C  as c o m p a re d  to  3 5 °C  (T a b le  2 ). P seudom onas  sp . X 3-7 
d e m o n s tra te d  n o  in h ib it io n  o f  V. p a ra h a e m o ly tic u s  s tra in  
8 7 0 0  an d  o n ly  w eak  in h ib it io n  o f  s tra in  3 5 2 5  a t  3 5 °C . F u r th e r  
s tu d ie s  or' th e  in f lu e n c e  o f  o th e r  fa c to rs  c n  in h ib i t io n  w ere  
th e re fo re  c a rried  o u t  a t 2 5 ° C.

Effect of media pH and NaCI content
O p tim a l in h ib i t io n  o f  V. p a ra h a e m o ly tic u s  s tra in  3 5 2 5  b y  

b o th  Pseudom onas  sp p . a p p ea red  to  o c c u r  a t p H  7 .5  a n d  0 .5%  
NaCI (T ab le  3 ). S o m e  in h ib it io n  b y  P seudom onas  sp . X l-2 6  
was o b se rv ed  a t th e  h ig h es t c o n c e n tr a t io n  o f  NaCI te s te d  
(2 .5 % ); h o w e v e r, l i t t le  o r  n o  in h ib i t io n  b y  Pseudom onas  sp. 
X 3-7 w as e v id e n t a t  e ith e r  2 .0  o r  2 .5%  NaCI. A lth o u g h  in su f
f ic ie n t g ro w th  o f  V. p a ra h a e m o ly tic u s  s tra in  8 7 0 0  w as o b 
ta in e d  on p la tin g  m ed iu m  p H  6 .2  a n d  0  5% N aC I, i t  w as 
e v id e n t th a t  in h ib i t io n  b y  b o th  Pseudom onas  sp p . w as m ax i
m al a t p H  8 .8  an d  0 .5%  NaCI (T ab le  4 ). Pseudom onas  sp . X 3-7 
a p p e a re d  ro  b e  less e ffe c tiv e  in  g en era l th a n  P seudom onas  sp. 
X l-2 6  in  rh e  re p re ss io n  o f  s tra in  8 7 0 0  a t  N aC I c o n c e n tr a t io n s  
above  0 .5%  an d  h ad  n o  in h ib ito ry  e f fe c t  a t  2 .5%  NaCI. A n a ly 
sis o f  v a rian ce  rev ea led  a s ig n ific a n t (P  <  0 .0 1 )  in te ra c t io n  
b e tw e e n  m ed ia  p H  an d  NaCI c o n c e n tr a t io n  in d ic a tin g  th a t  
changes i r  th e  level o f  o n e  fa c to r  m o d if ie d  th e  e f fe c t  o f  th e  
o th e r  fa c to r  on  th e  d eg ree  o f  in h ib i t io n  p ro d u c e d . C o n c e n tra 
t io n  o f  V. p a ra h a e m o ly ticu s  s tra in  3 5 2 5  cells h a d  a s ig n if ic a n t 
(P  <  0 .0 5 )  e f fe c t o n  th e  a m o u n t  o f  in h ib i t io n  o b se rv ed . A 
g re a te r  in h ib i to ry  e f fe c t w as o b se rv ed  a t  lo w e r p o p u la t io n s  
irre sp ec tiv e  o f  ty p e  o f  p la tin g  m ed ia .

Effect of peptone media ingredients
D u rin g  p re lim in a ry  tria ls  in  w h ic h  T S A  w as u se d  as a p la t 

ing m ed iu m , l i t t le  o r n o  in h ib it io n  w as o b se rv ed  ( d a ta  n o t

Table 3-Effect of pH and NaCI content of Standard Methods Agar on inhibition of V. parahaemolyticus strain 3525 by Pseudomonas isolates 
X1-26 and X3-7

Pseudomonas isolate Pseudomonas isolate
X1-26 X3-7
% NaCI % NaCI

pH CFU/platea 0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2 5

6.2 6.2 X 10s 4.8b 2.7 1.8 0.5 0.5C 4.4 1.0 0 0 0
6.2 X 104 5.3 3.7 2.7 1.5 0.5 4.7 1.0 0.5 0 0

7.5 6.2 X 10s 7.5 5.5 4.0 3.5 1.2 6.9 3.4 2.3 0.5 0 5
6.2 X 104 8.3 6.4 4.9 4.6 3.7 8.3 4.7 2.8 0.5 0.5

8.8 6.2 X 10s 6.6 4.2 3.0 2.4 1.0 1.8 1.7 2.2 0 0
6.2 X 104 7.0 5.0 5.8 2.8 1.3 5.5 3.1 2.3 0 0

a  C o l o n y  f o r m i n g  u n i t s  o f  V .  p a r a h a e m o l y t i c u s  p e r  p l a t e  

b  A v e r a g e  o f  t w o  s a m p le s  o f  t w o  r e p l i c a t e s  e x p r e s s e d  In  m m

c  M e a s u r e m e n t s  le s s  t h e n  1 m m  b u t  g r e a t e r  t h a n  z e r o  w e r e  l i s t e d  a s  0 . 5  m m  f o r  p u r p o s e s  o f  s t a t i s t i c a l  e v a l u a t i o n
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Table 4 —Effect of pH and NaCI content o f Standard M ethods Agar on inhibition of V. para laem olyticus strain 8 7 0 0  by Pseudomonas isolates
X1-26 and X3-7

Pseudomonas isolate Pseudomonas isolate
X1-26 X3-7
% NaCI % NaCI

pH CFU/plate» 0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5

6.2 3.1 X 105 _b 2.0C 1.5 0.5 0.5^ — 1.4 0.5 0 0
3.1 X 104 - 2.9 2.3 0 0.5 - 1.3 0.5 0 0

7.5 3.1 X 10s 4.0 2.5 2.0 1.3 0.5 3.9 1.0 0.5 0 0
3.1 X 104 4.2 2.5 2.7 2.2 1.3 4.5 1.8 0.5 0 0

8.8 3.1 X 10s 5.1 3.3 2.9 1.8 1.0 5.9 1.8 0.5 0 0
3.1 X 104 5.8 4.5 3.8 2.8 1.0 7.3 3.4 1.0 0.5 0

a  C o l o n y - f o r m i n g  u n i t s  o f  V .  p a r a h a e m o l y t i c u s  p e r  p l a t e  

b  N o  g r o w t h  o f  V .  p a r a h a e m o l y t i c u s  S t r a i n  8 7 0 0  o n  t h e s e  p la t e s  

c  A v e r a g e  o f  t w o  s a m p le s  o f  t w o  r e p l i c a t e s ,  e x p r e s s e d  i n  m m

d  M e a s u r e m e n t s  le s s  t h a n  1 m m  b u t  g r e a t e r  t h a n  z e r o  w e r e  l i s t e d  a s  0 . 5  m m  f o r  p u r p o s e s  o f  s t a t i s t i c a l  e v a l u a t i o n .

sh o w n ). V a rio u s p la tin g  m ed ia  c o n s is tin g  o f  c o m b in a tio n s  o f  
SM A and  T SA  in g re d ie n ts  w e re  th e re fo re  te s te d . L ittle  o r  n o  
in h ib itio n  w as e v id e n t o n  T S A  (c o n tro l)  p la te s  w h ereas s tro n g  
in h ib it io n  w as o b ta in e d  on  SM A 0.5%  N aCI ( c o n tro l)  p la te s  
(T ab le  5). A d d it io n  o f  e ith e r  g lu co se  (0 .1 % ) o r  y e a s t e x tr a c t  
(0 .2 5 % ) to  T S A  d id  n o t  in c rease  in h ib i t io n .  A d d it io n  o f  p e p 
to n e  to  SM A 0.5%  N aCI p la te s , h o w e v e r, re su lte d  in  a sign ifi
c a n t (P  <  0 .0 5 )  “ q u e n c h in g ”  o f  in h ib i t io n .  P h y to n e  a p p e a re d  
to  be  m o re  e ffe c tiv e  th a n  try p tic a s e  p e r  u n i t  w e ig h t. W here 
in h ib i t io n  w as s tro n g e s t,  p ro d u c tio n  o f  a w a te r  so lu b le  p ig
m e n t b y  b o th  P seudom onas  sp p . w as o b se rv ed .

In h ib itio n  o f  V. p a ra h a e m o ly tic u s  by  P seudom onas  sp.
X3-7 culture filtrates

Since th e  p o ss ib ility  e x is te d  th a t  c o m p e t it io n  fo r  an  essen 
tia l n u t r ie n t  in  a “ lo w -p e p to n e ” m ed iu m  c o u ld  a c c o u n t fo r  th e  
re p re ss io n  o f  V. p a ra h a e m o ly ticu s , a c u ltu re  f i l t r a te  (p H  6 .9 )  
o f  Pseudom onas  sp. X 3-7 w as te s te d  to  d e te rm in e  w h e th e r  an  
“ in h ib ito ry  f a c to r ”  w as b e in g  e la b o ra te d  in to  th e  g ro w th  
m ed iu m . In  a d d it io n  a d ia ly sa te  o f  th e  f i l t r a te  an d  an  a u to 
claved sam p le  o f  th e  f i l t r a te  w ere  te s te d . F o llo w in g  in c u b a tio n  
a t 2 5 °C  fo r  48  h r , g ro w th  o f  V. p a ra h a e m o ly tic u s  w as o b 
served a t all d i lu t io n s  in th e  c o n tro l  tu b e s  (T ab le  6 ). In  th e  te s t  
sam p le  tu b e s , g ro w th  w as o b se rv ed  a t  o n ly  th e  h ig h es t c o n c e n 
t r a t io n  o f  V. p a ra h a e m o ly ticu s . A p p ro x im a te ly  104 c e lls /m l 
w ere in h ib ite d  b y  th e  f i l t r a te ,  a u to c lav e d  f i l t r a te  an d  d ia ly sa te . 
It th u s  a p p ea red  th a t  an  in h ib i to ry  su b s ta n c e  w h ic h  is d ialyz- 
ab le  an d  s ta b le  to  au to c lav in g  a t p H  6 .9  is e la b o ra te d  by  
Pseudom onas  sp. X 3-7 in to  th e  g ro w th  m ed iu m .

DISCUSSION
C E R T A IN  P seudom onas  sp p . sh o w ed  in h ib it io n  o f  so m e  b u t  
n o t  all o f  th e  V. p a ra h a e m o ly tic u s  s tra in s  te s te d . T h e  d eg ree  o f  
in h ib itio n  v a ried  w ith  e f fe c to r  sp ec ies  an d  te s t  s tra in . T h e  v a ri
a tio n  in  g ro w th  ra te s  o f  th e  V. p a ra h a e m o ly ticu s  s tra in s  u n d e r  
these  e n v iro n m e n ta l c o n d it io n s  c o u ld  b e  an  im p o r ta n t  in f lu 
ence o n  th e  deg ree  o f  in h ib i t io n  n o te d . It is also  p o ss ib le  th a t  
m ore  th a n  o n e  ty p e  o f  in h ib i to ry  su b s ta n c e  is in vo lved  o r  th a t  
th e  Pseudom onas  sp p . d if fe r  in  th e  ra te  o f  p ro d u c tio n  o f  o n e  
o r m o re  in h ib i to ry  su b s ta n c es .

E n v iro n m e n ta l c o n d it io n s  su c h  as p H , NaCI c o n te n t  an d  
te m p e ra tu re  o f  in c u b a tio n  w ere  sh o w n  to  in f lu e n ce  th e  in h ib i
tio n  o f  V. p a ra h a e m o ly tic u s  s tra in s  3 5 2 5  an d  8 7 0 0  by  Pseudo
monas sp p . X 3-7 a n d  X I -26 . O p tim a l p H  fo r  in h ib i t io n  by  
b o th  Pseudom onas  sp p . w as d if fe re n t fo r  s tra in  8 7 0 0  th a n  fo r  
stra in  3 5 2 5 . T h e  e f fe c t  o f  p H  m ay  b e  re la te d  to  th e  e f fe c t  o f  
d iffe re n t in h ib i to ry  p r in c ip le s  o r  to  th e  ra te  o f  g ro w th  o f  V. 
p a ra h a e m o ly ticu s  s tra in s  as c o m p a red  to  ra te  o f  p ro d u c tio n  o f  
th e  in h ib ito ry  su b s ta n c e  u n d e r  th ese  c o n d itio n s . G ro w th  o f

s tra in  8 7 0 0  a t p H  6 .2  and  0 .5%  NaCI w as s c a n t;  h o w e v e r, a t 
p H  6 .2  an d  1.0%  NaCI g ro w th  w as a d e q u a te . B e u c h a t (1 9 7 3 )  
re p o r te d  th a t  m in im u m  p H  values fo r  g ro w th  o f  s tra in  8 7 0 0

Table 5—Effect of plating medium on inhibition of V. parahae
molyticus by Pseudomonas isolates

Inhibition by Pseudomonas isolate

X3-7 X1-26

V. parahaemolyticus V. parahaemolyticus

Plating medium
Strain
8700

Strain
3525

Strain
8700

Strain
3525

Trypticase soy agar:
control 0.5a 0 1.0 0.5
0.25% yeast extract 0.5 0 1.0 1.0
0 .1% glucose 0.5 0 1.3 0.3

Standard methods agar 
0.5% NaCI:

control 3.3 7.4 4.2 6.7
0.5% phytone 0.8b 0.5b 1.2b 1.0b
1 % trypticase 1.7b 2.6b 3.0b 2.6b

a  A v e r a g e  o f  t w c  s a m p le s  o f  t w o  r e p l i c a t e s  e x p r e s s e d  i n  m m  

b  I n d i c a t e s  s i g n i f i c a n t  ( P  <  0 . 0 5 )  q u e n c h i n g  o f  i n h i b i t i o n  a s  c o m 

p a r e d  t o  t h e  s t a n d a r d  m e t h o d s  a g a r  0 . 5 %  N a C I  c o n t r o l  b y  v a r i a n c e  

a n a l y s i s  a n d  le a s t  s i g n i f i c a n c e  d i f f e r e n c e  t e s t

Table 6—Inhibition of V. parahaemolyticus strain 8700 by cul
ture filtrates of Pseudomonas isolate X3-7 replenished with tryp
ticase soy broth nutrients

V. parahaemolyticus CFU/ml

unin
Sample 2.3 X 10s 2.3 X 104 2.3 X 103 2.3 X 102 oculated

Control ++a ++ ++ ++ —
0.20 |im

filtrate ++ - - - -

Dialysate of 
0.20 pm 
filtrate +

Autoclaved 
0.20 pm 
filtrate ++

a  + +  =  h e a v y  g r o w t h ,  +  =  l i g h t  t o  m o d e r a t e  g r o w t h ,  —  =  n o  g r o w t h .
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and  o th e r  s tra in s  o f  V. p a ra h a e m o ly ticu s  w ere  in f lu e n c e d  by  
m ed ia  sa lt c o n te n t  as w ell as te m p e ra tu re  o f  in c u b a tio n . L ittle  
o r n o  in h ib it io n  o f  V. p a ra h a e m o ly ticu s  b y  e ith e r  o f  th e  tw o  
P seudom onas  sp p . o c c u rre d  a t  N aC l c o n c e n tra t io n s  o f  2 .0  o r 
2 .5% . In a s tu d y  o f  S ta p h y lo c o c c i in  c o m p e tit io n ,  P e te rso n  e t 
al. (1 9 6 4 )  n o te d  th a t  in h ib i t io n  b y  s a p h ro p h y te s  a t h ig h e r  sa lt 
c o n c e n tra t io n s  (a b o v e  3 .5% ) w as lessen ed . A p p a re n tly  th e  in 
crease  in sa lt c o n c e n tra t io n  a f fe c te d  th e  sa p h ro p h y te s  by  
m a te ria lly  len g th e n in g  th e ir  lag  phase .

T h e  ty p e  o f  p la t in g  m e d iu m , in  p a r tic u la r  th e  c o n c e n tr a t io n  
an d  ty p e  o f  p e p to n e  in g re d ie n ts , in f lu e n c e d  th e  in h ib i t io n  o f 
b o th  V. p a ra h a e m o ly tic u s  s tra in s  8 7 0 0  an d  3 5 2 5  b y  Pseudo
m onas  sp p . X l-2 6  a n d  X 3-7. P ig m en t p ro d u c tio n  w as likew ise  
a f fe c te d  an d  w as m ax im a l w h e re  th e  s tro n g e s t in h ib i t io n  w as 
o b se rv ed . P seudom onas  sp. X 3-7 c o n s is te n tly  p ro d u c e d  a 
y e llo w -g reen  f lu o re s c e n t p ig m e n t w h ile  Pseudom onas  sp. 
X l-2 6  p ro d u c e d  lesse r a m o u n ts  o f  y e llo w -g reen  p ig m e n t and  
v a ry in g  a m o u n ts  o f  a g reen ish -b lu e-g ray  p ig m e n t. T h e  o b se rv a 
t io n  th a t  b o th  in h ib i to ry  a c tiv ity  an d  p ig m e n t p r o d u c tio n  are  
v a riab le  suggests th a t  u n d e r  th e se  d if fe re n t  e n v iro n m e n ta l 
c o n d itio n s  P seudom onas  sp p . a re  b e in g  in f lu e n c e d  to  m ak e  use  
o f  a lte rn a tiv e  e n zy m es  a n d  b io ch e m ic a l p a th w a y s . In  e ffe c t,  
th is  c o u ld  m ean  th a t  d if fe re n t  ty p e s  a n d  a m o u n ts  o f  in h ib i to ry  
su b s ta n c e s  a re  b e in g  e la b o ra te d . K ing  e t  al. (1 9 5 4 )  s tu d ie d  th e  
e ffe c t o f  five p e p to n e  in g re d ie n ts  o n  p ig m e n t p ro d u c tio n  b y  
w eak  p ig m e n t p ro d u c in g  s tra in s  o f  Pseudom onas. T h e  re su lts  
sh o w ed  th a t  th e  k in d  o f  p e p to n e  in g re d ie n t u sed  in f lu e n c e d  
n o t  o n ly  th e  a m o u n t  b u t  a lso  th e  ty p e  o f  p ig m e n t p ro d u c e d . 
O th e rs  have n o te d  th a t  th e  n itro g e n  so u rc e  (o rg an ic  an d  in 
o rg an ic ) in a g ro w th  m ed iu m  w ill a lso  in f lu e n c e  p ig m e n t 
p ro d u c tio n  (B u r to n  e t  a l., 1 9 4 7 ; K ing  e t  a l., 1 9 4 8 ). M artin eau  
and  F o rg e t (1 9 5 8 )  fo u n d  th a t  o f  th e  p e p to n e s  (D ifco )  in v es ti
g a ted , o n ly  “ p ro te o s e p e p to n e ” o r  “ n e o p e p to n e ” a llo w ed  p ig 
m e n t fo rm a tio n  o n  S a b o u ra u d  m alto se  agar. In  th e  sam e  s tu d y  
th e  c a rb o h y d ra te  so u rc e  w as a lso  o b se rv ed  to  have  an  e ffe c t 
and  a lm o s t an y  su g ar e x c e p t  g lu co se , g a la c to se  and  a rab in o se  
w h en  a d d e d  to  a m e d iu m  c o n ta in in g  n e o p e p to n e  p e rm it te d  
th e  o c c u rre n c e  o f  s tro n g  p ig m e n ta t io n . T h e  p re sen c e  o r  a b 
sence  as w ell as th e  re la tiv e  p ro p o r t io n s  o f  in o rg an ic  io n s have 
b e en  sh o w n  to  e x e r t  a d e f in i te  in f lu e n c e  o n  ty p e  a n d  a m o u n t 
o f  p ig m e n t fo rm a t io n  (K in g  e t  a l., 1 9 4 8 ; B u r to n  e t  a l., 1 9 4 8 ; 
K ing e t  a l., 1 9 5 4 ). K ing  e t  al. (1 9 4 8 )  re p o r te d  th a t  th e  re la tiv e  
p ro p o r t io n s  o f  M gCl2 a n d  K 2 S 0 4 , an d  th e  level o f  P 0 4 and  
Na io n s  in f lu e n c e d  ty p e  an d  a m o u n t  o f  p ig m e n t fo rm a tio n . 
S o d iu m  sa lts  w ere  fo u n d  to  be  s lig h tly  in h ib i to ry .  P e p to n e  
so u rces  c o m m e rc ia lly  availab le  d if fe r  c o n s id e ra b ly  in  c o m p o 
s itio n  in th e  a fo re m e n tio n e d  c o n s t itu e n ts  (D ifco  M anual, 
1 9 5 3 ; BB1 M anual, 1 9 7 3 ). S ince th e se  c o n s t i tu e n ts  have  b een  
sh o w n  to  a f fe c t p ig m e n t p ro d u c tio n  it  is p e rh a p s  n o t  su rp r is 
ing to  f in d  th a t  th e  p ro d u c tio n  o f  in h ib i to ry  su b s ta n c e s  b y  
Pseudom onas  sp p . is lik ew ise  a ffe c te d .

R esu lts  in d ic a te  th a t  a n  in h ib ito ry  su b s ta n c e  is e la b o ra te d  
in to  th e  g ro w th  m e d ia m  b y  P seudom onas  sp . X 3-7 w h ich  is 
low  m o le c u la r  w e ig h t, n o t  p ro te in  in  n a tu re  (d ia ly z a b le )  and  
s ta b le  to  a u to c lav in g  a t p H  6 .9 . In  a d d it io n , i t  is a p p a re n t  th a t  
e n v iro n m e n ta l fa c to rs  e x e r t  a s ig n ific a n t in f lu e n ce  o n  th e  
degree  o f  re p re ss io n  o f  V. p a ra h a e m o ly ticu s  b y  th e  Pseudo
m onas  iso la te s . F u r th e r  s tu d ie s  a re  d e s irab le  to  d e te rm in e  
w h e th e r  p ro d u c tio n  o f  in h ib i to ry  su b s ta n c e s  b y  Pseudom onas  
sp p . is o f  c o n se q u e n c e  in  o y s te rs  w ith  re sp e c t to  th e  in h ib i t io n  
o f  V. p a ra h a e m o ly tic u s , p a r tic u la r ly  u n d e r  p ro p e r  c o n d itio n s  
o f  s to ra g e  (5 °C ). Salt c o n te n t  a n d  th e  p H  o f  o y s te rs  w o u ld  
a p p e a r  to  b e  im p o r ta n t  in f lu e n ce s . D u rin g  p ro cess in g , o y s te rs  
a re  su b je c te d  to  a w ash in g  p ro c ess  ( “ b lo w in g ” ) w h ich  m ay  
re d u c e  sa lin ity  o f  th e  su rfa ce  a rea  o f  th e  o y s te rs  (V a n d e rz a n t 
e t a l., 1 9 7 3 ). S e n s itiv ity  o f  V. p a ra h a e m o ly tic u s  to  e f fe c to r  
sp ec ie s  m ay  be in c re a se d  u n d e r  ad v erse  c o n d it io n s ,  su c h  as low  
salt c o n te n t  a n d  lo w  te m p e ra tu re s .  Survival o f  V. parahae
m o ly tic u s  in  fish  h o m o g e n a te  h a s  b e en  sh o w n  to  be  a ffe c te d

b y  sa lt c o n te n t  (C o v e rt an d  W o o d b u rn , 1 9 7 2 ). T e m p e ra tu re  
also in f lu e n ce s  th e  v iab ility  o f  V. p a ra h a e m o ly tic u s  (G o a tc h e r  
e t a l., 1 5 7 4 ; J o h n s o n  an d  L is to n , 1 9 7 3 ). T he p r o d u c tio n  o f  
in h ib i to ry  su b s ta n c e s  m ay  b e  d ire c tly  a f fe c te d  b y  te m p e ra tu re  
s ince  P seudom onas  sp p . a re  k n o w n  to  u t il iz e  d i f f e re n t  e n z y m e  
sy s te m s a t  d if fe re n t te m p e ra tu re s  (F a rre l l  a n d  R o se , 1 9 6 5 ). 
L o w er levels o f  V. p a ra h a e m o ly tic u s  w ere  sh o w n  to  b e  m o re  
re ad ily  in h ib ite d . T h e  ra tio  o f  e f fe c to r  sp ec ies  to  V. pa rahae
m o ly tic u s  w o u ld  th e re fo re  be  a s ig n if ic a n t fa c to r  in  th e  r e su lt
a n t  re p re ss io n  o f  V. p a ra h a e m o ly tic u s  in  p ro c essed  o y s te r s  in  
th e  ev en t o f  m ish an d lin g  b y  e x p o su re  to  te m p e ra tu re s  a b o v e  
re fr ig e ra tio n .
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FOOD USE OF SOYBEAN 7S AND IIS  PROTEINS 
Heat Denaturation of Soybean Proteins at High Temperature

INTRODUCTION
H E A T  T R E A T M E N T  a t h ig h  te m p e ra tu re  is o n e  o f  th e  no v e l 
p rocessing  te c h n iq u e s  o f  so y b e a n  as i llu s tra te d  in  A b u rag e  
'f r ie d  to fu )  m a n u fa c tu re  f ro m  a n c ie n t t im e s  an d  a lso  d u rin g  
p ro cess in g  o f  te x tu re d  p ro te in  p ro d u c ts .  In  sp ite  o f  th e se  e x 
tensive  a p p lic a tio n s  an d  th e ir  in creased  a c c e p ta n c e  in fo o d  
in d u s tr ie s , l i t t le  has d e a lt  w ith  p ro te in  d e n a tu ra t io n  in  th ese  
te m p e ra tu re  ran g es, p ro b a b ly  b e ca u se  p ro te in  b e c o m e s  ex 
tre m e ly  in so lu b le  an d  d if f ic u lt  to  su b m it to  ex is tin g  a n a ly tic a l 
m e th o d s . F o r  in s ta n c e , th e  s tu d y  b y  C u m m in g s e t al. (1 9 7 3 )  
w as lim ite d  to  th e  fa te  o f  w a te r-so lu b le  so y b e a n  p ro te in  d u rin g  
th e rm o p la s tic  e x tru s io n . In  a p rev io u s  p a p e r , h ig h  te m p e ra tu re  
ex p an s io n  c h a ra c te ris tic s  o f  so y b e a n  7S  an d  1 IS  p ro te in s  w ere  
s tu d ie d  an d  d iscussed  (S a io  e t a l., 1 9 7 4 ). O n  th e  basis o f  th e  
p rev io u s d a ta , an  in v es tig a tio n  w as u n d e r ta k e n  in  o rd e r  to  
c la rify  th e  q u a lita tiv e  ch an g es in  so y b e a n  7S a n d  1 IS  p ro te in s  
d u rin g  h e a t t r e a tm e n t  a t 1 0 0 — 170°C .

In  th e  p re se n t p a p e r , q u a lita tiv e  ch an g es in  p ro te in s  o f  h e a t-  
in d u c e d  gels so lu b iliz ed  w ith  v a rio u s so lv e n ts , a re  re p o r te d .

MATERIALS & METHODS
Sample

Partially purified soybean 11S and 7S globulins. From defatted soy
bean meal, cold insoluble fraction (C1F) was prepared by the m ethod of 
Briggs and Wolf (1957) and crude 7S by the m ethod of Koshiyama
(1965). Each protein was spray dried at 1 5 0-160°C  inlet and 80 -9 0 °C  
outlet tem perature. The crude 7S obtained was again dissolved with 
water, repeatedly precipitated by acid at pH 4.8 to remove 2S com po
nents, and lyophilized after neutralization.
Experimental m ethods

The flow sheet of the experimental m ethods is shown in Figure 1. 
Each procedure is detailed below.

Measurement o f solubility. 125 mg of protein sample were suspend
ed into 25% paste with 0.375 ml of phosphate buffer (p  = 0.1, pH 7.6), 
phosphate buffer (m = 0.5, pH 7.6) or HCl-NH4OH buffer (m = 0.1, pH 
8.5). The paste was placed in a conical flask and autoclaved at 
100-170°C  under appropriate pressure for 5 min. After cooling to 
room tem perature, 10 ml o f the solution containing different concen
trations of sodium dodecyl sulfate (SDS), 2-m ercaptoethanol (ME) and 
urea were added to the heat-induced gel and the gel was ground with a 
spatula to make it easy to dissolve. The m ixture was kept in a shaking 
bath (6 cm shaking width and 60 rpm ) at 40°C for 15 hr and centri
fuged at 3,000 rpm (1,207 x  G) for 15 min. Absorbance of the protein 
in the supernatant from the centrifugation was measured at 280 nm or 
by the m ethod of Lowry et al. (1951). Solubility was expressed as 
percentage of dissolved protein to total protein in the original sample.

Ultracentrifugal analysis. Heat-induced gel, which was prepared 
from protein paste suspended with phosphate buffer (m = 0.1, pH 7.6), 
was solubilized with 10 ml solution containing 0.075M SDS and 0.025 
ME following the procedure described above. The solubilized solution 
was subm itted to ultracentrifugal analysis (Hitachi UCA-1), immediate
ly after dialysis at 25°C for 46 hr against water containing a drop of 
toluene. The centrifugation was carried ou t a t 51,200 rpm  (190,500 X 
G) at 20° C.
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Disc polyacrylamide gel electrophoresis (DPE) and SDS-disc poly
acrylamide gel electrophoresis (SDS-DPE). Heat induced gel, which was 
prepared from  500 mg of protein paste suspended with phosphate buf
fer (m = 0.1, pH 7.6) was completely solubilized with 6 ml o f solution 
containing 0.075M SDS and 0.025M ME, was subm itted to DPE analy
sis after dialysis for 24 hr against water. Disc polyacrylamide gel elec
trophoresis was carried out according to the m ethod o f Davis (1964), 
and 0.05 ml of 0.5% protein solution was applied to each gel after 
dilution with the same volume of 0.8% sample gel. Electrophoresis was 
perform ed in 7% polyacrylamide gel and carried ou t at 2.5 mA per gel.

The m ethod of Shapiro et al. (1967) was used for SDS-DPE. To the 
m ixture of 0.5% protein sample, 2% SDS (in 50% glycerin) and ME 
(1:1 :0 .02  in column), 1/5 volume of 0.05% Bromo Phenol Blue was 
added as a tracker dye. On each gel, 0.05 ml o f the solution was applied 
after incubation at 25°C overnight. Electrophoresis was perform ed in 
10% polyacrylamide gel and carried out at 8 mA per gel. Gel after 
electrophoresis was stained with Amido Black 10B and decolored with 
7% acetic acid solution with stirring.

RESULTS & DISCUSSION
F IG U R E  2 show s th e  so lu b ili ty  ch an g es o f  h e a t- in d u c e d  gels 
f ro m  C IF  an d  c ru d e  7S  in  p h o sp h a te  b u f fe r  c o n ta in in g  0 .05M  
SD S an d  0 .0 2 5 M  ME. T h e  so lu b ili ty  o f  C IF -gels w as h ig h er 
th a n  th a t  o f  c ru d e  7S-gels a t  all te m p e ra tu re  ran g es. In  b o th  
gels th e  in crease  o f  io n ic  s tre n g th  w ith  N aC l in c reased  th e  
so lu b ilitie s  an d  th e  so lu b ili ty  a t pH  8.5 w as h ig h er th a n  th a t  a t 
pH  7 .6 , a lth o u g h  th e  d iffe re n c e  b e tw e e n  b o th  gels is fa irly  
d is tin c t.

T h e  re su lts  d e sc rib e d  ab o v e  w ere  in  g o o d  a g re e m e n t w ith  
th e  p rev io u s  re su lts  (S a io  e t a l., 1 9 7 4 ) using  ca lc iu m  gels pre-

CRUDE 7S o r  CIF
(125 »«)

suspended w ith  b u f f e r  (0 .3 7 5  n l )

25* PROTEIN PASTE

h ea ted  In  an a u to c la v e  (100-170°C ) 

HEAT-INDUCED GEL______I___ I__________
suspended w ith  0.075M suspended w ith
SDS and 0.025M ME (6  n l )  SDS and ME (10 a l )

SUSPENSION SUSPENSION

Fig. 1—F lo w  s h e e t o f  ex p e r im e n ta l m e th o d s .
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p a re d  f ro m  C IF  a n d  c ru d e  7S , w h ic h  sh o w ed  th a t  gels f ro m  
C IF  h e a te d  a t  1 3 2 °C  w ere  m o re  so lu b le  in  SD S c o n ta in in g  M E 
th a n  th o se  fro m  c ru d e  7S.

I t  w as a lso  n o te d  th a t  c ru d e  7S-gels sh o w ed  th e  lo w e s t 
so lu b ili ty  a t 1 0 5 - 1 3 0 ° C  an d  th a t  th e  s o lu b ili ty  in c reased  a t  
te m p e ra tu re s  h ig h er th a n  1 4 0 °C , w h ile  th e  so lu b ili ty  o f  C IF - 
gels in c re a sed  m a rk e d ly  a t te m p e ra tu re s  above  1 1 0 °C , as 
sh o w n  in  F ig u re  2.

F ig u re  3 sh o w s th e  s o lu b ili ty  ch an g es o f  C IF -gels an d  c ru d e  
7S-gels in  p h o sp h a te  b u ffe r  c o n ta in in g  u re a  an d  M E. T h e  d if
fe re n c e  b e tw e e n  b o th  gels w as n o t  m a rk e d , w h e n  c o m p a re d  
w ith  th e  d iffe re n c e  o f  so lu b ili ty  ch an g es in  SD S an d  M E, b u t  
w ith  an  in c rease  o f  M E c o n ta in in g  u re a , s o lu b ili ty  o f  C IF-gels 
in c re a sed  m o re  d is t in c t ly , w h ile  in  c ru d e  7S-gels th e  te m p e ra 
tu re  sh o w in g  th e  lo w e s t so lu b ili ty  t ra n s fe r re d  to  a h ig h er 
ran g e . O n  th e  basis o f  re su lts  w ith  SD S o r  u re a , it m ay  be 
su m m ariz ed  th a t  th e  so lu b ili ty  o f  b o th  gels d e c re a sed  d is t in c t
ly  a f te r  h e a tin g  a t 1 1 0 °C ; h o w ev er, th e  so lu b ili ty  o f  C IF -gel 
m a rk e d ly  in c reased  a t te m p e ra tu re s  ab o v e  1 1 0 °C , w h ile  th a t  
o f  c ru d e  7S-gel d id  n o t in c rease  even a t 1 1 0 —1 3 0 °C , b u t  a t 
te m p e ra tu re s  h ig h er th a n  1 5 0 °C  b o th  gels sh o w ed  h ig h er so lu 
b ili ty .

T h e  q u a lita tiv e  ch an g es in  h e a t- in d u c e d  gels d isso lved  w ith  
SD S a n d  M E, w ere e x a m in e d  b y  u l tra c e n tr ifu g a l  ana ly sis . F ig 
u re  4  sh o w s th e  u l tra c e n tr ifu g a l  p a t te rn  o f  h e a t- in d u c e d  gels o f  
b o th  p ro te in s , a f te r  so lu b iliz in g  w ith  SD S an d  M E. W hen th e  
p ro te in  sam p le  d isso lved  w ith  SD S and  M E w as su b m itte d  
d ire c tly  to  u l tra c e n tr ifu g a l  ana ly sis , every  p a tte rn  sh o w ed  o n ly  
o n e  p e ak  w h ich  se d im e n te d  slo w ly . T h e  u l tra c e n tr ifu g a t io n

was u n d e r ta k e n  im m e d ia te ly  a f te r  d ia ly s is  fo r  4 6  h r . A f te r  
d ia ly sis  a n d  s to ra g e  in  a re fr ig e ra to r  fo r  severa l h o u rs ,  sa m p le s  
h e a te d  a t 1 1 0 - 1 3 0 ° C  sh o w ed  a fa s t s e d im e n te d  c o m p o n e n t ,  
b e ca u se  o f  th e  fo rm a t io n  o f  ag gregates. A s sh o w n  in  F ig u re  4 , 
th e  ag g reg a ted  p eak  w h ich  se d im e n te d  ra p id ly , w as sh o w n  a t 
1 3 0 °C  in  c ru d e  7S and  a t  1 0 0 °C  in  C IF  an d  in  b o th  p ro te in s  a t 
ab ove  150 °C  o n ly  o n e  p e ak  m ig ra ted  slo w ly  w as sh o w n . T h e  
d if fe re n c e  o f  u l tra c e n tr ifu g a l  p a t te rn s  b e tw e e n  b o th  sa m p le s  
seem s to  be  s im ilar to  th a t  o f  th e ir  so lu b ilitie s . T h e  re su lts  
f ro m  m e a su re m e n ts  o f  so lu b ili ty  a n d  u l tra c e n tr ifu g a l  a n a ly s is  
m ay  suggest th a t  in  h e a t- in d u c e d  gel o f  7S p ro te in ,  c ross- 
lin k ag es  are  fo rm e d  a t 105 — 1 30 °C  b y  th e  o in d in g  fo rc e s  su c h  
as h y d ro p h o b ic  b o n d , h y d ro g e n  b o n d  a n d  e le c tro s ta tic  b o n d , 
w h ile  in  C IF  p ro te in -g e l th e  b in d in g  fo rce s  a re  w e a k e r  th a n  
th o se  o f  7S p ro te in -g e l.

Q u a lita tiv e  ch an g es in  gels so lu b iliz ed  w ith  SD S an d  M E 
w ere  a n a ly z e d  b y  d isc  p o ly a c ry la m id e  gel e le c tro p h o re s is  
(D P E ) an d  a SD S-disc  p o ly a c ry la m id e  gel e le c tro p h o re s is  
(S D S -D P E ). Som e o f  th e m  are  so m e w h a t d if f ic u lt  to  in te r p r e t  
fo r  th e ir  d iffu s io n  p a tte rn  cau sed  b y  a larg e  n u m b e r  o f  m in o r  
c o m p o n e n ts . F ig u re s  5 an d  6 sh o w  e le c tro p h o re tic a l  p a t te rn s  
o f  D P E  an d  SD S-D PE  o f  C IF -gels, re sp ec tiv e ly . T h e  u p p e rm o s t  
p h o to  show s th e  p a t te rn  o f  u n h e a te d  C IF  a n d  th e  lo w e r p h o to  
show s th e  p a t te rn  o f  u n h e a te d  C IF  w h ic h  w as so lu b iliz e d  w ith  
th e  sam e c o n c e n tra t io n  o f  SD S an d  M E as sam p le s  h e a te d  a t 
1 0 0 —170°C .

In  F ig u re  5 th e  p a tte rn s  w ere  a lm o s t s im ila r f ro m  “ u n h e a t 
e d ”  to  11 0 °C , e ac h  b an d  g ra d u a lly  b e ca m e  o b sc u re  a t 
1 2 0 —1 3 0 °C  and  a t te m p e ra tu re s  h ig h er t h i n  1 4 0 °C , th e  tw o

Fig. 2 - S o lu b i l i ty  o f  gels induced  a t  d iffe re n t tem peratures in  b u ffe r
con ta in ing  SDS (0 .05M ) and M E  (0 .025M ).

TE M P E R A TU R E  OF H E A T IN G  ( * Q

Fig. 3 - S o lu b i l i ty  o f  gels induced a t d iffe re n t tem pera tures in  b u ffe r
con ta in ing  urea (0 and 6M ) and M E  (0 .025M  and  0.05M ).
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o rig in a l m ain  b a n d s  c o u ld  n o t  be  re co g n ize d  c lea rly  an d  an  
in crease  in  th e  p ro m in e n c e  o f  th e  f ro n t  w as o b se rv ed . T h e  
p a tte rn s  o f  D PE  u p  to  110°C  w ere  in  g o o d  a g re e m e n t w ith  
p rev io u s re su lts  o f  p ro te in  so lu tio n s  h e a te d  a t 100 °C  (S a io  e t 
al., 197 1 ).

SD S-D PE  is an  e x c e lle n t a n a ly tic a l m e th o d  to  m easu re

MOLECULE
SIZE

MOLECULE
SIZE

130 “C

litre

10CPC

UNHEATED

170 °C

150 °C

Fig. 4 —U ltra cen tr ifu g a l p a tte r n  o f  h ea t- in d u ced  gels so lu b il iz e d  w ith  
S D S  a n d  M E. IP h otograph s w ere ta k en  a t  3 6  m in  a f te r  reach ing  
m a x im u m  sp e e d , a t  2 0 °C . P ro te in  c o n c e n tra tio n  is 1 .25%  a n d  bar  
an gle  was 6 0 ° .I

m o le c u la r  w eigh t. C a ts im p o o la s  e t  al. (1 9 7 1 )  re p o r te d  th a t  
11 S g lo b u lin  is c o m p o se d  o f  su b u n its  hav in g  m o le c u la r  w e ig h ts 
o f  a b o u t  2 2 ,3 0 0  an d  3 7 ,2 0 0 , th e  la rg e r va lue  c o rre sp o n d in g  to  
a c id ic  su b u n its  an d  th e  sm alle r to  b asic  o n e . Y anag i-O ch ia i et 
al. (1 9 7 3 )  d iscu ssed  th e  e x a c t m o le c u la r  w e ig h ts  o f  b o th  su b 
u n its  a n d  a m in o r  s u b u n it  b y  use  o f  SD S-D PE  an d  o th e r  an a 
ly tic a l m e th o d s . T h e  p a tte rn  o f  1 1 S g lo b u lin  re p o rte d  by  
C u m m in g s e t al. (1 9 7 3 )  sh o w ed  a v a r ie ty  o f  b a n d s  b u t  th e  
m u ltip le  a p p e a ra n c e  o f  th e  p a t te rn  seem s to  be a tt r ib u te d  to  
in su ff ic ie n t d isso c ia tio n  o f  p ro te in  to  su b u n its .

In  F ig u re  6 u n h e a te d  C IF  sh o w ed  tw o  p r in c ip a l b a n d s  and  a 
m in o r  o n e , w h ich  w ere  deriv ed  fro m  11 S g lo b u lin  an d  a few  
m in o r  b a n d s , d e riv ed  fro m  7S g lo b u lin . S im ila r c lear p a tte rn s  
as u n h e a te d  w ere o b ta in e d  u p  to  1 3 0 °C , b u t  th e y  b e ca m e  
g ra d u a lly  o b sc u re  a t 1 3 0 - 1 4 0 ° C  an d  f in a lly  n o  b a n d s  w ere  
o b se rv ed  o n  gel a : h e a tin g  ab o v e  15 0 °C . F ig u res 7 an d  8 show  
e le c tro p h o re tic  p a tte rn s  o f  D P E  an d  SD S-D PE  o f  c ru d e  7S-gel, 
re sp ec tiv e ly . In  F ig u re  7 th e  m ain  b a n d  o n  p o ly a c ry la m id e  gel 
w as a lm o s t u n c h an g e d  u p  to  1 2 0 °C , b e c a m e  o b sc u re  a t 
1 3 0 - 1 5 0 ° C  and  b ro a d e r  a t above  1 5 0 °C  w ith  re m a rk a b le  in 
c rease  o f  a b a n d  o n  th e  f ro n t  lin e  as in  th e  case o f  C IF .

In  F ig u re  8 u n h e a te d  c ru d e  7S  sh o w ed  o n e  m ain  b an d  and  
tw o  m in o r  b an d s  d e riv ed  fro m  7S g lo b u lin  a n d  tw o  m in o r  
b a n d s , f ro m  1 IS  g lo b u lin . T h e  b a n d s  d e riv ed  fro m  7S g lo b u lin  
m ig ra ted  s lo w er th a n  th o se  fro m  1 1 S g lo b u lin . T h e  p a tte rn s  
w ere  n o t  so ch an g ed  u p  to  a te m p e ra tu re  o f  140 °C  b u t 
ch an g ed  ab o v e  1 5 0 °C  w ith  d isa p p e a ra n c e  o f  b a n d s . T h e  e ffe c ts  
o f  h e a tin g  te m p e ra tu re  o n  ch an g es o f  e le c t ro p h o re tic a l  p a t 
te rn s  w ere  ro u g h ly  s im ilar in  b o th  c ru d e  7S a n d  C IF  p ro te in s . 
A nd  it m ay  suggest th a t  su b u n its  o f  b o th  p ro te in s  in  h e a t-  
in d u c e d  gels w ere  u n c h an g e d  u p  to  1 2 0 —1 3 0 °C  an d  d eg rad ed  
to  lo w e r m o le c u la r  su b s ta n c es  a t  1 5 0 °C . P a r tia lly  d isso lved  
p ro te in  gel, w h ic h  w as used  fo r  th e  m e a su re m e n t o f  so lu b ili ty , 
w as also  su b m itte d  to  D PE  an d  SD S-D PE. T h e  gel w as d is
so lved  w ith  SD S an d  M E an d  c e n tr ifu g e d . T h e  su p e rn a ta n t  was 
ap p lie d  o n  ac ry lam id e  gels. T h e  p a tte rn  w as id e n tic a l to  th o se  
o f  to ta l  p ro te in  sam p le  w ith  an  e x c e p tio n , n a m e ly , th a t  th e

HEATINO
TEMPPC)

Fig. 5 -D is c  p o lya cry lam id e  ge l electrophoresis o f  C IF-gel s o lu b il

ized w ith  SDS and ME.

Fig. 6 -S D S -d isc  po lya cry lam id e  ge l electrophoresis o f  C IF-gel so lu
b ilize d  w ith  SDS and ME. ( *  Bands derived fro m  11S g lo b u lin ; *
Bands derived fro m  7S g lo b u lin .)
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Fig. 7 -D is c  p o lya cry lam id e  ge l e lectrophoresis o f  c rude 7S-gel so lu 

b ilize d  w ith  SDS and ME.

Fig. 8 -S D S -d isc  po lya cry lam id e  gel e lectrophoresis o f  c rude 7S-gel 
so lub ilize d  w ith  SDS and ME. (0 Band derived from  7S g lo b u lin ;  ♦ 
Bands derived fro m  1 1S g lo b u lin .)

SDS ¿M) ME(M) 

0 0,025

0.025 0.025 

0.075 0.025 

0.095 0.025

Fig. 9 —Disc acry lam ide  gel e lectrophoresis o f  superna tan t from  
heated CIF-gel, so lu b ilize d  w ith  d iffe re n t concentra tions o f  SDS.

supernatant of CIF-gel dissolved with ME and without SDS contained only a high molecular subunit. The pattern is shown in Figure 9. Hashizume et al. (1974) reported that smaller subunits were more easily precipitated than larger subunits by heating at 60— 100°C. This agrees with the above result of heating at above 1 00°C and appears to be of interest to investigate further the differences between the two cases.In a previous paper (Saio et al., 1974), soybean protein gel coagulated with calcium showed the maximum expansion property by heating at around 1 30°C and this property was more dominant in CIF-gel than in 7S-gel. The authors pre

sume, on the basis of available data, that soybean protein may show expansion properties as porous materials, when cross- linkage in insoluble gel becomes weaker by heating above 110°C, but the gross structure of its subunits are unchanged by heating below 140°C. Discussion of the changes of the protein molecule during heating will be done in a successive report.
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FOOD USE OF SOYBEAN 7S AND I IS  PROTEINS 
Changes in Basic Groups of Soybean Proteins by High Temperature Heating

INTRODUCTION
IN PREVIOUS papers, high temperature expansion characteristics of soybean 7S and 1 IS proteins (Saio et al., 1974) and the qualitative changes in proteins during heating at 100-170°C were investigated (Saio et ah, 1975). In the course of the investigation using SDS-disc polyacrylamide gel electrophoresis, no bands were found on electrophoretical gel when heated over 150°C, in spite of application of a large amount of protein sample on gel.The results by ultracentrifugal analysis and measurement of solubility suggested the degradation of protein molecules to lower molecular weight substances. The authors then did not discuss the reason why protein heated over 150°C was not stained with Amido Black 10B. Amido Black 10B reacts with basic groups of protein by the sulfonic radical which is highly negatively charged. It was reported that soybean protein lost the ability to form gel by heating in excess (meta-sol) and that the formation of cross-linkage which may be accompanied by gel formation was significantly prevented by deamidation during excess heating (Catsimpoolas et al., 1971). With reference to this information, the present investigation was initiated to investigate the disappearance of disc electrophoretic bands of soybean protein by excess heating. It was undertaken to clarify the changes in basic groups of soybean 7S and 1 IS proteins during heating at 100—170°C by measurement of amount of Amido Black 10B bound to proteins in the presence of SDS, analysis of basic amino acids and determination of amide groups and also to follow the changes of disc electrophoretic bands of protein during heating by staining with o-phthalalde- hyde instead of Amido Black 10B.

MATERIALS & METHODS
Samples

Partially purified soybean globulins. Cold insoluble fraction (CIF) 
and crude 7S were used. The m ethod of preparation was described in a 
previous paper (Saio et al., 1975).
Experimental m ethods

The m ethod of preparation of heat-induced gels was the same as 
described previously (Saio et al., 1975). Namely, the protein paste 
(25%) was autoclaved at 1 0 0-170°C  for 5 m in and then cooled to 
room tem perature. The resultant heat-induced gel was solubilized with 
0.075M SDS (sodium dodecylsulfate) and 0.025M ME(2-mercapto- 
ethanol) by grinding to fine pieces with a spatula and keeping in a 
shaking bath at 40°C overnight. The protein solution was subm itted to 
the following analyses.

Measurement o f Amido Black 10B bound to proteins. To 2 ml of
2% protein solution derived from  heat-induced gel, 25 ml o f the reagent 
o f Amido Black 10B were added. To prepare the reagent, 0.616g of 
Amido Black 10B was dissolved with 1 liter o f HCl-sodium citrate 
buffer, pH 2.8. The m ixture was shaken by hand for 15 sec, kept for 5 
min and centrifuged at 2,000 rpm (536 x  G) for 5 min. The absorbance

1 National Food Research Institute, Ministry of Agriculture &  For
estry, Shiohama. Koto-ku, Tokyo, Japan

2 Research Laboratory, Fuji Oil Co. Ltd., 1, Sumiyoshi-cho, Izumi- 
sano-shi, Osaka-fu, Japan

of the supernatant at 610 nm was measured after dilution to 50 times 
volume. The blank, using water for the protein  sample, was measured as 
described above. The am ount o f Amido Black 10B bound to proteins 
was shown as the difference betw een absorbances o f blank and sample. 
Measurement was made following the m ethod of Shiga et al. (1959).

Determ ination of amide groups. To 120 mg of heat-induced gel in a 
50-ml flask, 4 ml o f 2N HC1 were added with a few drops o f octyl 
alcohol. The m ixture was refluxed for 3 hr. After cooling in an ice bath, 
the m ixture was neutralized with NaOH up to the point just before 
changing color of Methyl Red. The neutralized solution was transferred 
completely into a flask and 5 ml o f borate (pH 8.6) buffer added. To 
prepare the buffer, 12.4g of boric acid and 14.9g o f potassium chloride 
were dissolved in 1 liter o f water and 240 ml of 0.2N NaOH was added 
to this solution. Similarly to the nitrogen determ ination by Kjeldahl 
m ethod, the liberated NH3 was absorbed in H2S 0 4 solution by steam- 
distillation for 3.5 min and back-titrated with 1/20N NaOH. The 
am ount o f free NH3 in the heat-induced gel before HC1 hydrolysis was 
determined after adding 5 ml of w ater to  the gel, neutralizing with HC1 
just before changing color o f Methyl Red and holding at room  tem pera
ture for 1 hr. The m ethod of Bailey (1937) was modified for soybean 
gel.

Analysis o f basic amino acids. 1 ml o f  protein solution derived from 
heat-induced gel was hydrolyzed with 6N HC1 for 24 hr a t 110°C. The 
hydrolyzed protein solution was subm itted to an Amino Acid Analyzer 
(Hitachi KCA-1) after elim ination of HC1. Tire analysis was conducted 
using a short column.

OPT system and SDS-disc polyacrylam ide gel electrophoresis.
SDS-disc polyacrylamide gel electrophoresis (SDS-DPE) was carried ou t 
according to the m ethod o f Shapiro et al. (1967) and the OPT (o- 
phthalaldehyde) system followed the m ethod of Weidekamm et al.
(1973). After overnight incubation at 25°C of the m ixture o f 0.5% 
protein solution, 2% SDS (in 50% glycerin solution) and ME (1:1:0.02 
in volume), 5jig o-phthalaldehyde dissolved in m ethanol in 1% was 
added. The solution was kept for 2 hr in the dark at room  tem perature. 
Electrophoresis was perform ed in 10% polyacrylamide gel and carried 
out at 8 mA per gel. Weidekamm m onitored the m igration of OPT- 
marked protein by taking X-ray photographs of fluorescence from the 
excited OPT-protein with a hydrogen lamp at 360 nm. However, as the 
am ount of fluorescence was too low to measure by densitom eter, pur
ple color o f OPT was photom etrically measured by means of a densi
tom eter (Atago 801) with No. 57 filter (at 570 nm). After this measure
m ent, to compare patterns, the gel was successively stained with Amido 
Black 10B, decolored with 7% acetic acid and then measured with No. 
61 filter (at 610 nm) as described in another report (Saio et al., 1975).

RESULTS & DISCUSSION
IN A PREVIOUS PAPER (Saio et al., 1975), it was reported that protein heated over 150°C was not entirely stained with Amido Black 10B on electrophoretical gels for SDS-DPE.The major factors responsible for the amounts of SDS bound to proteins are presumed to be molecular weight, electro-charge and strength of intra-molecular bonding. In the SDS-DPE system, the proteins or their subunits migrate to the cathode as highly negatively charged species, protein-SDS complex, It was reported that the amount of SDS bound to protein at saturation is 1-1.4 (Pitt-Rivers and Impiombato, 1968) or 1.2-2.2 (Nelson, 1971), as far as proteins exist at least as subunits.
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Table 1—Changes in basic amino acids of heat-induced gels during heating at 100—170°C

Temperature o f heating gels PC)

Sa mp le Am ino acid Unheated 100 105 110 120 130 140 150 160 170

Lys 7.10 6.80 6.66 7.18 7.09 7.21 7.26 6.63 6.61 6.92
His 2.52 2.48 2.91 2.36 2.38 2.38 2.09 2.92 3.08 2.31

7S-gel Arg 7.35 7.70 7.42 7.45 7.52 7.39 7.63 7.42 7.29 7.75.
Total 16.97 16.98 16.92 16.99 16.99 16.98 16.98 16.97 16.98 16.98
Lys 5.25 5.39 5.56 5.60 5.22 5.47 5.29 5.41 4.99 5.01
His 2.65 2.99 2.35 2.65 2.02 2.61 2.45 2.70 2.85 2.75

11 S-gel Arg 8.10 7.60 8.06 7.75 8.78 7.91 8.25 7.87 8.16 8.22
Total 16.00 15.98 15.97 16.00 16.02 15.99 15.99 15.98 16.00 15.98

% of each amino acid to  total protein

A s A m id o  B lack  10B b in d s  w ith  b asic  g ro u p s  o f  p ro te in  by  
its  n e g a tiv e ly  ch arg ed  su lfo n ic  ra d ic a l, it is re a so n a b le  th a t  th e  
n eg a tiv e ly  ch arg ed  S D S -p ro te in  c o m p le x  in h ib its  th e  b in d in g  
o f  A m id o  B lack  10B.

F ig u re  1 sh o w s th e  ch an g es in  th e  a m o u n t o f  A m id o  B lack  
10B b o u n d  to  p ro te in s  deriv ed  fro m  gels u n h e a te d  a n d  h e a te d  
a t 1 7 0 °C , in  th e  p re sen c e  o f  d if fe re n t  c o n c e n tr a t io n  o f  SD S. 
B o th  gels w ere  se lec te d  fo r  th is  e x p e r im e n t b ecau se  th e y  m ay  
b e  a lm o s t so lu b le  w ith  an  SD S so lu t io n  o f  lo w e r c o n c e n tra t io n  
c o n ta in in g  0 .0 2 5 M  M 3 . T h e  a m o u n t o f  b in d in g  ra p id ly  d e 
c reased  in  th e  ran g e  o f  0 —0 .03M  SD S, a n d  in  th e  ra n g e  o ver 
0 .0 6 M  l it t le  w as b o u n d  to  p ro te in s . T h e  r a te  o f  d ec rease  o f

b in d in g  w as s lig h tly  h ig h er in  gels h e a te d  a t  1 7 0 °C  th a n  in  
u n h e a te d  gels an d  in  C IF -gel th a n  c ru d e  7S-gel.

T h e  d iffe re n c e  in  a m o u n t o f  A m id o  B lack  10B b o u n d  b e 
tw e e n  C IF -gel a n d  c ru d e  7S-gel a t  d if fe re n t  te m p e ra tu re s  o f  
h e a tin g  is sh o w n  in  F ig u re  2. G els sh o w n  :n  F ig u re  2 w ere  
so lu b iliz ed  w ith  0 .0 2 5 M  SD S c o n ta in in g  0 .0 2 5M M E . T h e  c o n 
c e n tra t io n s  o f  SDS in  th e  SD S-D P E  sy s te m  w ere  0 .0 3 9 M  in  th e  
in c u b a te d  so lu t io n  a n d  0 .0 0 7 M  in  e le c tro p h o re tic a l  b u f fe r ,  
re sp e c tiv e ly . C o n sid e rin g  th e  SD S c o n c e n tr a t io n s  d e sc rib e d  
ab o v e , th e  d iffe re n c e  o f  a m o u n ts  b o u n d  b e tw e e n  u n h e a te d  
an d  h e a ted  a t  1 7 0 °C  m ay  n o t  be  e n o u g h  to  u n d e rs ta n d  th e  
d iffe re n c e  re tw e e n  SD S-D PE  gels u n h e a te d  a r d  h e a te d .

- ¿E

Fig. 1—Binding amount or Amido Black 10B 
with protein of heat-induced gels in different
concentrations of SDS. [m___ ■ CIF-gel heated
at 170°C; □..... o 7S-gel heated at 170°C;
4-----4 CIF-gel unheated; a------a 7S-gel un
heated; —AE: Absorbance of blank — Absorb
ance of sample (610 nm)]

TEMPERATURE OF HEATING ("C)
2ml/125mg protein soln. in 6ml—►added 25ml of Amido-  

Black loB :15.Amg)
.SHARED----.CENTRIFUGED--- .DILUTED 50 TIMES—.610jjM OD

Fig. 2-Binding amount of Amido Black 10B 
with protein of heat-induced gels solubilized 
with SDS and ME. [—AE: Absorbance of 
blank — Absorbance of sample (610 nm)]

TEMPERATURE OF HEATING (fC)

Fig. 3-Decrease of amide in heat-induced gets
during heating, [a___ ■ amide in CIF-gel;
4-----4 Amide in 7S gel; □___ □ Free ammoni
um in CIF-gel; a ----------- a  Free ammonium in
7S-gel]
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Table 2—Changes in characteristics o f soybean p ro te in  at high tem perature heating

Tem perature o f  heating (°C) 100 105 110 120 130 140 150 160 170

gross-structure of subunits----------------------------in ta c t------------------------------

so lub ility--------------------------------rapid decrease--------»L  slow increase -

binding force 
(degree of aggregatel- rapid increase -

expansion property -

-slow decrease -

- little degraded- -degraded

rapid increase -

- rapid decrease

- rapid decrease

- hard fragile- -soft elastic- -like  sol-

F ro m  F ig u re  2 , th e  a m o u n t o f  b in d in g  by  A m id o  B lack  10B 
p e r o n e  p ro te in  m o le c u le  w as c a lcu la te d  as 184 in  c ru d e  7S 
and  109 in  C IF , re sp e c tiv e ly , o n  th e  basis o f  m o le c u la r  e ffi
c ien cy  o f  A m id o  B lack  10B (4 3 ,2 5 0 )  a n d  m o le c u la r  w e ig h ts  o f  
p ro te in s  7S (1 8 0 ,0 0 0 )  a n d  11 S ( 3 5 0 ,0 0 0 ) .  A f te r  h e a tin g  a t 
17 0 °C , th e  a m o u n t o f  A m id o  B lack  10B b o u n d  d ecreased  to  
as lo w  as 7 —8 in  c ru d e  7S-gel a n d  2 2 —23 in  C lF -ge l.

In  o rd e r  to  see th e  chan g es in  b asic  a m in o  acid s o f  b o th  
p ro te in s  (p a s te )  b y  h e a tin g  a t  1 0 0 - 1 7 0 ° C ,  ly s in e , h is tid in e  
and  a rg in in e  w ere  a n a ly z e d . T h e  re su lts  w e re  sh o w n  in  T ab le  1. 
As fa r  as th e se  e x p e r im e n ta l  c o n d it io n s  w ere  c o n c e rn e d , no  
s ig n ifican t ch an g es w ere  re co g n ize d . B u t as in  a p re lim in a ry  
e x p e r im e n t in  2% p ro te in  s o lu t io n , a d ec rease  o f  a rg in in e  w as 
reco g n ized  b y  h e a tin g  a t  1 7 0 °C ; th e  h igh  c o n c e n tr a t io n  o f  
p ro te in  an d  io n ic  s tre n g th  w ith  p h o sp h a te  b u f fe r  in th is  e x 
p e r im e n t m ay  p re v e n t th e  d e g ra d a tio n  o f  b asic  a m in o  acids.

N e x t, ch an g es in  am id e  g ro u p s  b y  h e a tin g  w ere  in v es tig a te d . 
T h e  w eak ly  p o sitiv e ly  ch arg ed  a m id e  g ro u p s  m ay  b in d  w ith  
A m id o  B lack  10B b y  th e ir  re so n a n c e  s tru c tu re ,  e sp ec ia lly  a t 
pH  2 .8 . T h e  ch an g es in  a m id e  g ro u p s  b y  h e a tin g  are  sh o w n  in  
F ig u re  3. T h e re  w as g o o d  a g re e m e n t w ith  th e  ch an g es in  th e  
a m o u n t o f  A m id o  B lack  10B b o u n d  as sh o w n  in  F ig u re  2, 
n a m e ly , th e  a m id e  g ro u p s  o f  C IF -gel b egan  to  d ec rease  fro m  
105°C  an d  d ecreased  ra p id ly  as th e  te m p e ra tu re  o f  h e a tin g  
in c re a sed , w h ile  th o se  o f  c ru d e  7S-gel b egan  to  d ec rease  fro m  
a ro u n d  14 0 °C . L ib e ra te d  N H 3 in c reased  fro m  1 0 5 - 1 10°C  and  
th e  a m o u n t l ib e ra te d  w as h ig h er in C IF -gel th a n  in  c ru d e  
7S-gel. T h e  su m  o f  a m id e  g ro u p s  a n d  N H 3 w as a p p ro x im a te ly  
eq u iv a len t in th e  ran g e  1 4 0 - 1 5 0 ° C  b u t  d e c re a sed  a t ab ove  
150°C , p ro b a b ly  b e ca u se  N H 3 lib e ra te d  escap ed  fro m  th e  gel 
as th e  a m o u n t o f  l ib e ra t io n  in c re ased .

T he a m o u n ts  o f  am id e  g ro u p s  p e r o n e  p ro te in  m o le c u le  
w ere  186 in c ru d e  7S a n d  4 7 5  in  C IF  b e fo re  h e a tin g  and  
d ecreased  a f te r  h e a tin g  a t 1 7 0 °C  to  4 9  in  c ru d e  7S an d  155 in  
C IF  (26%  in  c ru d e  I S  an d  33%  in  C IF ) . T h e  f ig u res  w ere  larger 
w h en  c o m p a red  to  th e  a m o u n t o f  A m id o  B lack  10B b o u n d , 
b u t  m ay  be re a so n a b le  b e ca u se  am id e  g ro u p s  fo rm  h y d ro g e n -  
b o n d s  w ith  o th e r  am id e  g ro u p s  o r  w ith  c a rb o x y l g ro u p s  in  th e  
p ro te in  m o lecu le  an d  th e y  d o  n o t  a lw ay s b in d  w ith  A m id o  
B lack  10B by  th e ir  re so n a n c e  s tru c tu re .  O n  th e  basis o f  d a ta  
d e sc rib ed  a b o v e , th e  a u th o rs  u n d e rs ta n d  th a t  th e  d ec rease  o f  
am id e  g ro u p s  is re la te d  to  th e  d ec rease  o f  A m id o  B lack  10B 
b o u n d  to  p ro te in s .

N ow , in  o rd e r  to  d iscuss m o re  in  d e ta il th e  d isa p p ea ran c e  o f  
e le c tro p h o re tic  b a n d s  o f  p ro te in  gels h e a te d  a t  ab o v e  150°C , 
o -p h th a la ld e h y d e  (O P T ), w h ic h  w as re p o r te d  to  b in d  w ith  p ro 
te in  b y  fo rm a tio n  o f  a co v a len t b o n d , w as u sed  as a sta in in g  
d y e  in s te a d  o f  A m id o  B lack  10B. F ig u re  4  sh o w s th e  c o m p a ra 
tiv e  re su lts  o f  s ta in in g  b y  O PT  an d  successive  s ta in in g  by 
A m id o  B lack  10B. O PT  a p p e a re d  as a big b a n d  n e a r th e  f ro n t

w h ic h  seem ed  to  in te r fe re  w ith  th e  a p p e a ra n c e  o f  c lea r  b an d s 
o f  fa s t-m ig ra tin g  su b u n its . B u t e le c t ro p h o re tic  p a t te rn s  o f  th e  
O PT  sy s te m  sh o w ed  c learly  th e  g ra d u a l d im in ish in g  o f  su b u n it  
b a n d s  a t  1 3 0 — 1 40 °C  and  th e ir  d isa p p e a ra n c e  a t a b o v e  150°C , 
s im ilar to  th e  case b y  A m id o  B lack  10B. T h e  O P T  b a n d  n ear 
th e  f r o n t  in creased  in  a m o u n t w ith  an  in c rease  in  te m p e ra tu re  
o f  h e a tin g , e sp ec ia lly  ab o v e  150 °C  an d  a lso  seem ed  to  m ig ra te  
s lig h tly  fa s te r  w i:h  an  in c rease  o f  te m p e ra tu re .

F ro m  th e  re su lts  it m ay  be c o n c lu d e d  th a t  th e  g ro ss -s tru c 
tu re  o f  su b u n its  d eg rad ed  to  fo rm  lo w e r m o le c u la r  w e ig h t su b 
s ta n ce s  b y  h e a tin g  a t ab o v e  1 5 0 °C  an d  th a t  a sh a rp  in c rease  o f

OPT Amido Black 10B

Fig. 4 -SDS-disc polyacrylamide gel electrophoresis of CIF-gels 
stained with OPT or Amido Black WB.
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b o u n d  SD S re su lte d  fro m  th e  in c re ase  o f  su rfa ce  a rea  o f  th e  
p ro te in  m o le c u le  b y  d is so c ia tio n  d e f in ite ly  p re v e n tin g  th e  
b in d in g  o f  A m id o  B lack  10B.

O n  th e  basis o f  availab le  d a ta ,  in c lu d in g  p re v io u s  p ap ers  
(S a io  e t a l., 1 9 7 4 ; 1 S 7 5 ), th e  co n clu siv e  sc h e m e  o f  ch em ica l 
an d  p h y s ic a l chan g es o f  so y b e a n  p ro te in  gels d u rin g  h e a tin g  is 
sh o w n  in  T ab le  2.
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EFFECTS OF FEEDING OXIDIZED OR HEATED SOYBEAN OIL ON 
TISSUE COMPOSITION AND HEMATOLOGICAL STATUS OF RATS

INTRODUCTION
V A R IO U S  m e ta b o lic  e f fe c ts  o f  fa ts  su b je c te d  to  p ro lo n g ed  
h e a tin g  o r o x id a tio n  hav e  b e e n  re p o r te d  [see  rev iew s b y  
Q u a ck e n b u sh  (1 9 4 5 )  an d  A rtm a n  (1 9 6 9 )  fo r  e x a m p le ] ,  
C ra m p to n  e t al. (1 9 5 3 )  o b se rv ed  th a t  p o r t io n s  o f  dam ag ed  oils 
th a t  w ill n o t  fo rm  a d d u c ts  w ith  u re a  a re  to x ic  if  iso la te d  a n d  
fed  to  an im als . M ore re c e n tly , th e re  has b e en  w id e sp rea d  in te r 
est in a sc e rta in in g  th e  w h o le so m en e ss  fo r  h u m a n  c o n su m p tio n  
o f  o ils  th a t  m ay  b e  su b je c te d  to  h e a t  a n d  a e ra tio n  d am ag e  b y  
p ro lo n g ed  u se  to  fry  v a rio u s  fo o d s . F o r  e x a m p le , K a u n itz  e t al. 
(1 9 6 5 ;  1 9 6 6 ) s tu d ie d  th e  e f fe c ts  o f  m ild ly  o x id iz e d  o ils an d  
o bserved  d iffe re n c e s  in  th e  lo n g ev ity  o f  ra ts  d e p e n d in g  u p o n  
th e  so u rce  o f  th e  o il. T h e  re d u c e d  ra te  o f  g ro w th  o f  ra ts  
(N o le n  e t a l., 1 9 6 7 ) and  dogs (N o le n , 1 9 7 3 )  fed  h e a te d  h y d r o 
g e n a ted  so y b e a n  o il w as a t t r ib u te d  to  a d ec rease  in  a b so rb a 
b ility  o f  th e  d am ag ed  fa t. U sed h y d ro g e n a te d  so y b e a n  oil h a d  
n o  e f fe c t o n  re p ro d u c t io n  o r  te ra to lo g y  in  ra ts  (N o le n , 1 9 7 2 ) 
a lth o u g h  an  iso la te d  d is tillab le  n o n u re a -a d d u c tin g  f ra c t io n  o f  
th e  oil e lic ited  m a n ife s ta t io n s  o f  a c u te  to x ic i ty  (N o le n  e t a l., 
196 7 ). N a k am u ra  e t  al. (1 9 7 3 )  fo u n d  th a t  th e  liver o f  ra ts  fed  
a u to x id iz e d  sa ff lo w e r o il w as in c reased  in  size b u t  th a t  th e  
tr ig ly c e r id e  c o n te n t  w as m a rk e d ly  d ec reased . E n la rg ed  liver is 
o f te n  re p o r te d  as o n e  o f  th e  p h y sio lo g ic a l e f fe c ts  o f  d am ag ed  
lip ids in  th e  d ie t. S o m e tim es  th is  is a sso c ia ted  w ith  an  in crease  
in  h e p a tic  lip id , b u t  th e  o p p o s ite  m ay  o c c u r  a lso . In an  ea rlie r 
s tu d y  by  th e  a u th o rs ,  re d u c e d  liver lip id  c o n te n t  w as o b se rv ed  
in  ra ts  t h a t  w e re  fed  h e a te d  so y b e a n  o il (u n p u b lis h e d  d a ta ) . 
T h e  d am ag ed  o il a lso  a p p e a re d  to  have  an  e f fe c t o n  th e  h e m a 
to lo g ica l s ta tu s  o f  th e se  an im a ls . No e x p la n a tio n  has been  
n o te d  in  th e  l i te ra tu re  fo r  th e  en la rg ed  livers an d  o n ly  passing  
re fe re n ce  has b e e n  m ad e  to  th e  o c c u rre n c e  o f  a n em ia  in  a n i
m als fed  h e a t-d am a g ed  fa ts . In  o rd e r  to  e v a lu a te  th e  e f fe c ts  o f  
dam ag ed  o ils o n  tis su e  c o m p o s it io n  an d  h e m a to lo g ic a l s ta tu s , 
ra ts  w ere  fed , ad  l ib i tu m , d ie ts  c o n ta in in g  fresh , a e ra te d  and  
h e a te d  oil an d  several b lo o d  p a ra m e te rs  w ere  m ea su re d . T he 
in a n itio n  cau sed  b y  th e  a d d it io n  o f  d am ag ed  fa ts  to  th e se  d ie ts  
m ade  it d if f ic u lt  to  a sc rib e  th e  e f fe c ts  to  e ith e r  th e  d am ag ed  
fa ts p e r  se o r  th e  re d u c e d  in ta k e  o f  fo o d  o r  p ro te in . T h e re fo re  
a se c o n d  e x p e r im e n t w as c o n d u c te d  in  w h ic h  feed  in ta k e  o f  
so m e  an im als  g iven th e  fresh  o il d ie t  w as lim ite d  to  th a t  o f  th e  
an im als given th e  h e a te d  oil d ie t  ad l ib itu m . In  a d d it io n  a 
g ro u p  o f  ra ts  w as fed  a d ie t  c o n ta in in g  th e  h e a te d  oil w ith  an  
in creased  p ro te in  c o n c e n tr a t io n  so th a t  th e  p ro te in  in ta k e  o f  
th is lo t  o f  a n im a ls  w as e q u a l to  th a t  o f  th e  ra ts  fed  th e  fresh  
oil d ie t  ad lib itu m .

T h is is a r e p o r t  o f  th e  e f fe c ts  o f  th e se  d ie ts  o n  th e  h e m a to 
logical p ro f ile  o f  th e  an im a ls  a n d  th e  re la tio n s h ip  o f  th e se  to  
a lte ra tio n s  in  th e  c o m p o s it io n  o f  th e  liver, sp le en , and  carcass 
a sso c ia ted  w ith  d ie ta ry  t r e a tm e n t.

EXPERIMENTAL

Diets and feeding protocol
The oil used in the first experim ent was refined, deodorized soybean 

oil. No antioxidants had been added and the oil was not hydrogenated. 
The linolenic acid content o f this oil was determined to be 7.1% using

the procedure o f  W orthington et al. (1972) and it had a peroxide value 
of 2.0 determined by the official m ethod of the AOCS (1970). One 
batch o f this oil was aerated by a stream of compressed air for several 
m onths. This treatm ent resulted in an oil having a linolenic acid content 
o f 6.7% and a peroxide value o f 217. The oil had some rancid odor and 
off-flavor; however, no change in color o f the oil was observed. A 
second portion  of the oil was flushed interm ittently  with carbon diox
ide for several days while being heated at 195°C. The linolenic acid 
content o f this lo t o f  oil was reduced to 5.4% and it had a peroxide 
value o f 70. This oil was darkened somewhat and had a strong rancid 
odor and flavor.

For the second experim ent table grade soybean oil was purchased 
from a local super-market. This was refined and partially hydrogenated 
oil with BHA and BHT added as antioxidants. It has a linolenic acid 
content o f  3.1% and a peroxide value of 1.2. A portion  of this oil was 
heated at 195°C while compressed air was bubbled through it for about 
100 hr. This lot o f oil had a linolenic acid content o f 2.1%, a peroxide 
value of 5.4 and a strong rancid odor and flavor with some darkening in 
color.

Each diet contained 40% of fresh or treated oil, 0.0175% d.l-a- 
tocopherol, 10% cellulose, 4% mineral m ixture, 2.2% vitamin mixture 
(P-H salt and vitamin diet fortification m ixture, Nutritional Biochemi
cal Corp. Cleveland, Ohio). All diets bu t one contained 20% casein. The 
casein content o f  one o f the diets used in the second experim ent was 
adjusted so that the average protein intake of the animals consuming it 
would equal that o f the group fed the fresh oil diet ad libitum. This diet 
was mixed daily. The am ount o f casein to be added was based on feed 
and protein intake o f the two groups o f animals for the previous 24 hr. 
Equal quantities o f sucrose and corn dextrin were added to  the diets to 
make up 100%.

The salt m ixture used in the first experim ent provided about 170 
mg o f iron per kg o f diet, which is four to  five times the requirem ent of 
the rat. In order to avoid the excessive dietary iron content in the 
second study, a salt m ixture w ithout ferric citrate was obtained and 
iron was added tc the diets at the rate o f 35 mg per kg.

Male Sprague-Dawley rats were divided by weight into groups of 15 
animals per diet in each of the two experiments. The rats were 4 wk old 
at the beginning o f each study and were fed the test diets for 8 wk. The 
animals were housed individually in stainless steel cages and had free 
access to  deionized water. In the first experim ent, all diets were fed ad 
libitum and food intake was measured every second day. In the second 
study, animals were fed daily. One group of rats was given the fresh oil 
diet and a second group was fed the heated oil diet ad libitum . Each 
animal o f a third group was given an am ount o f the fresh oil diet equal 
to the average am ount o f the heated oil diet consumed by the animals 
of the second group for the previous 24 hr. The fourth group of rats 
was given ad libitum  a diet prepared each day with the heated oil and 
added casein as described above. These last two dietary groups are listed 
in the tables as fresh oil, rst’d (restricted) and heated oil, hipro (high 
protein), respectively.
Tissue preparation and analysis

The animals were exsanguinated under ether anesthesia. Total hemo
globin was determined by the m ethod o f  Evelyn and Malloy (1938). 
Hematocrits were measured in heparinized capillary tubes and red 
blood cells were counted in a hem acytom eter. Transferrin was saturated 
with iron as described by Goodwin et al. (1966) and appropriate ali- 
quants o f serum or iron-saturated serum were wet ashed with sulfuric, 
nitric and perchloric acids for mineral analysis. Serum iron and total 
iron binding capacity (Stookey, 1970) and copper (Carter, 1972) were 
determined colorimetrically. Ceruloplasmin was measured by its p- 
phenylenediamir.e oxidase activity as described by Sunderman and 
Nomoto (1970).
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The liver, spleen anc epididym al fat pads were removed and 
weighed. In the second experim ent the remainder o f the carcass was 
prepared for mineral analysis by excising the remaining viscera, washing 
them  free o f  adhering blood and removing the contents o f the gastro
intestinal tract. The carcass and remaining viscera (including the epi
didymal fat pads) were disintegrated in nitric acid and made to  volume 
after removing the separated fat. The spleens, liver samples and ali- 
quants o f  the carcass digest were wet ashed in sulfuric, nitric and per
chloric acids and iron consent was determ ined with ortho-phenanthro- 
line (Saywell and Cunningham, 1937). Copper was measured in ashed 
samples o f liver and carcass, as noted above for serum.

Liver protein content was measured by the m ethod o f Lowry et al. 
(1951). Nucleic acids were extracted as described by Munro and Fleck
(1966); ribonucleic acid (RNA) was measured by ultraviolet spectros
copy and deoxyribonucleic acid (DNA) was determ ined by the m ethod 
of Ceriotti (1952). Liver lipids were determined as described previously 
(Miller, 1974).

During the eighth week o f the second study, feces excreted during a
24-hr period were collected from each animal and oven-dried. The dried

Table 1 —Effects o f aerated and heated soybean oil on feed in
take and growth o f ratsa

Dietary
treatment

Protein
intake

!g)

Feed
intake

(g)

Feedb
eff.
(g)

Final
w t
(g)

Epididymal 
fa t wt

(g)
Experiment 1

Fresh, ad lib 160.0 800a 0.401a 391a 6.83a
Aerated, ad lib 133.0 665b 0.365b 314b 4.69b
Heated, ad lib 111.6 558c 0.320c 251c 2.75c

Experiment 2

Fresh, ad lib 158.0 790a 0.436b 418a 6.15a
Fresh, rst'dc 103.2 516c 0.466a 313b 3.72b
Heated, ad lib 104.6 523c 0.327c 249c 2.48b
Heated, hiprod 161.9 632b 0.416b 336b 3.56b

a In each experiment, values within a column no t having the same 
letter are significantly different at P <  0.01. 

b Feed efficiency, grams of weight gained per gram of feed con
sumed

c Feed intake of each animal was restricted to the average intake for 
the previous 24 hr of the animals fed the heated oil d iet with 20% 
casein.

d Casein concentration o- the diet was increased so th a t protein 
intake of these animals matched th a t of animals fed the fresh oil 
diet, ad lib.

feces were ground in a m ixture o f water, ethanol and hexane and lipids 
were extracted with hexane and measured gravimetrically.

The date were subjected to analysis o f variance and differences 
associated V'ith dietary treatm ent were determ ined according to the 
multiple range tests o f  Duncan (1955).

RESULTS & DISCUSSION
G ro w th  a n d  fe ed  e ffic ie n c y

F e e d  in ta k e  an d  g ro w th  o f  th e  a n im a ls  w e re  d e p re ssed  b y  
th e  t r e a tm e n ts  im p o sed  o n  th e  d ie ta ry  o ils a n d  th e  e x te n t  o f  
th e  d e p re ss io n  in c re ased  w ith  th e  sev e rity  o f  th e  o il t r e a tm e n t  
(T ab le  1).

In  th e  se c o n d  e x p e r im e n t,  th e  an im a ls  given th e  fre sh  oil 
d ie t  in  an  a m o u n t  l im ite d  to  th a t  o f  ra ts  fed  th e  h e a te d  o il d ie t  
c o n su m ed  th e ir  e n tire  a llo tm e n t  o f  fo o d  w ith in  a s h o r t  p e r io d  
o f  tim e . T h e  in c re ase  in  feed  e ffic ie n c y  o b se rv ed  fo r  th e s e  
an im a ls  is in  a c c o rd  w ith  o th e r  o b se rv a tio n s  (M u iru r i  an d  
L eveille, 1 9 7 2 ) o n  th e  e f fe c ts  o f  “ m ea l e a t in g ” ve rsu s “ n ib 
b lin g ” o n  g ro w th  o f  ra ts . T h e  in c re a sed  ra te  o f  g ro w th  in  th e  
an im als  fe e  a  l im ite d  q u a n ti ty  o f  th e  fre sh  oil d ie t  in  c o m p a r i
so n  to  th o se  th a t  c o n su m ed  an  e q u a l q u a n ti ty  o f  th e  h e a te d  oil 
d ie t  is e v id en ce  th a t  p o o r  p e rfo rm a n c e  o f  a n im a ls  fed  th e  
d am ag ed  oil c a n n o t  b e  a tt r ib u te d  so le ly  to  d e c re a sed  p a la ta -  
b ili ty  o f  th e  d ie t. W hen  th e  p ro te in  c o n te n t  o f  th e  h e a te d  oil 
d ie t  w as in c reased  so th a t  an im a ls  c o n su m e d  th e  sam e  a m o u n t  
o f  p ro te in  as th o se  fed  th e  fresh  o il d ie t  ad  l ib i tu m , feed  
e ffic ie n c y  w as in c reased  to  th a t  o f  th e  fresh  oil d ie t. F eed  
in ta k e  a n d  g ro w th  w ere  a lso  im p ro v e d  b u t  d id  n o t  re a c h  levels 
o b ta in e d  w ith  th e  d ie t  c o n ta in in g  fre sh  o il. T h e  a d d it io n a l  
p ro te in  in  th e  d ie t  e ith e r  im p ro v e d  its  p a la ta b ili ty ,  o r  th e  in 
creased  ra~io o f  p ro te in  to  ca lo ries  cau sed  an  in c re a se  in  
g ro w th  ra te  w h ic h  trig g ered  an  e n h a n c e m e n t in  a p p e ti te .

T h e  average lip id  c o n te n t  o f  th e  2 4 -h r  feca l c o lle c t io n  w as 
100  m g  fo r  th e  an im a ls  fed  th e  fresh  o il ad  l ib i tu m  an d  93  m g 
fo r  th o se  w ith  re s tr ic te d  in ta k e  o f  th is  d ie t. O f th e  tw o  g ro u p s  
o f  an im a ls  g iven th e  h e a te d  o il th e  lip id  lo ss p e r  d a y  w as 2 5 3  
m g in  th o se  fed  20%  case in  an d  2 7 9  in  th e  ra ts  given th e  e x tra  
p ro te in . T h is d if fe re n c e  in  feca l lip id  lo ss is n o t  su f f ic ie n t  to  
a c c o u n t fo r  th e  re d u c e d  feed  e ffic ie n c y  o f  a n im a ls  fed  th e  
h e a te d  oil.

T issue c o m p o s itio n

T h e  h e p a to m e g a ly  o b se rv ed  in  an im a ls  fed  h e a te d  o ils w as 
fu r th e r  d e f in e d  in  th e  se c o n d  e x p e r im e n t b y  e x a m in in g  th e  
n u c le ic  acid  an d  p ro te in  c o n te n t  o f  th e  liver tis su e  (T a b le  2 ). 
T h e  re d u c e d  n u m b e r  o f  liver cells, as in d ic a te d  b y  D N A  c o n 
te n t ,  a sso c ia ted  w ith  re s tr ic te d  in ta k e  o f  th e  fresh  oil d ie t  is in

Table 2 —Effects of aerated and heated soybean oil on liver composition of rats3

Dietary
treatment

wt
(3)

% of 
body w t

H 20
(%)

Lipid (%)b
Protein

(%)
No. of celisc 

(millions)
R NA/cell

(pg)
Prot/cell

(pg)Total TG CE

Experiment 1

Fresh, ad lib 14.1a 3.6b 69.0b 7.75a 3.25a 0.41a
Aerated, ad lib 11.5b 3.7b 71.3a 5.62b 1.24b 0.30b
Heated, ad lib 12.6ab 5.0a 71.6a 4.64c 0.35c 0.11c

Experiment 2

Fresh, ad lib 14.9b 3.6c 68 .8c 7.83a 3.44a 0.36a 16.4b 3400a 39.8ab 765bc
Fresh, rst'dd 11.1c 3.5c 69.8b 6.42ab 2 .12b 0.23b 16.4b 2800b 34.8b 662c
Heated, ad lib 13.7b 5.6a 71.1a 4.87b 0.62c 0 .10c 18.2a 2800b 38.9ab 895b
Heated, hiproe 17.1a 5.1b 70.4ab 5.12b 0.87c 0.11c 18.8a 3080ab 43.7a 1074a

a
b
c
d
e

In each experim ent, values within a column not having the same letter are significantly different a t P <  0.01.
Abbreviations: TG, triglycerides, CE, cholesterol esters 
Number of cells based on DNA content
Feed intake of each animal was restricted to the average intake for the previous 24 hr of the animals fed the heated oil diet w ith 20% casein. 
Casein concentration of the d iet was increased so th a t protein intake of these animals metched that of animals fed the fresh oil diet, ad lib.
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ag reem en t w ith  re su lts  o b ta in e d  in  an im a ls  su b je c te d  to  p ro 
te in -ca lo rie  m a ln u tr it io n  (D a llm a n  a n d  M anies, 1 9 7 3 ). T h e  
d ie ta ry  re s tr ic tio n  in  th e  s tu d y  re p o r te d  h e re  w as less severe  
th a n  in  th e  w o rk  c ite d  an d  cau sed  n o  s ig n ific a n t r e d u c t io n  o f  
R N A  o r  p ro te in  c o n te n t  o f  th e  liver cells.

L ivers o f  ra ts  fed  th e  h e a te d  o il h a d  th e  sam e n u m b e r  o f  
cells as th e ir  p a ir-fed  c o n tro ls  b u t  th e  p ro te in  c o n te n t  p e r  cell 
w as s ig n ific a n tly  in c re ased . T h u s  a t e q u a l levels o f  p ro te in  in 
tak e , less p ro te in  w as u se d  fo r  so m a tic  g ro w th  an d  m o re  w as 
re ta in e d  in  th e  liv e r o f  a n im a ls  fed  th e  h e a te d  o il in  c o m p a r i
son  to  ra ts  given th e  fresh  oil. W hen  th e  p ro te in  c o n c e n tra t io n  
o f  th e  d ie ts  c o n ta in in g  h e a te d  o il w as in c re a sed , b o d ily  g ro w th  
in creased  b u t  th e re  w as a lso  a n  even  f u r th e r  in c rease  in  p ro te in  
c o n te n t  o f  th e  liv e r cells. T h e  a m o u n t  o f  lip id  s to re d  in  th e  
liver as tr ig ly c e rid e s  w as g re a tly  re d u c e d  in  ra ts  fed  d ie ts  c o n 
ta in in g  th e  h e a te d  oil.

Table 3 —Effects of aerated and heated soybean oil on total iron 
and copper content of carcass, liver and spleen of ratsa

Iron Copper

Dietary
treatment

Carcass
(mg)

Liver
(mg)

Spleen
(mg)

Total
(mg)

Carcass
(pg)

Liver
(m g)

Experiment 1

Fresh, ad lib 1.95a 0.24a 78.4a
Aerated, ad lib 1.30b 0.18b 74.1ab
Heated, ad lib 1.41b 0.16b 67.0b

Experiment 2

Fresh, ad lib 4.63a 0.91ab 0.14 5.68a 389a 72.2a
Fresh, rst'db 3.70b 0.83b 0.13 4.66bc 314b 52.4c
Heated, ad lib 3.01c 1.07a 0.12 4.22c 216c 61.4b
Heated, hiproc 3.95b 0.96ab 0.11 5.02b 360a b 72.9a

a In each experiment, values within a column not having the same 
letter are significantly different at P <  0.01. 

b Feed intake of each animal restricted to  the average intake for the 
previous 24 hr of the animals fed the heated oil diet with 20% 
casein.

c Casein concentration of the diet was increased so th a t protein 
intake of these animals matched that of animals fed the fresh oil 
diet, ad lib.

In  th e  f irs t  e x p e r im e n t, in  w h ic h  th e  d ie ts  c o n ta in e d  a 
p le th o ra  o f  iro n , th e  c o n te n t  o f  th is  m in e ra l in  th e  liver w as 
d ec reased  b y  a e ra tin g  o r  h e a tin g  th e  o il u se d  in  th e  d ie ts . T he 
iro n  c o n te n t  o f  th e  d ie ts  u sed  in  th e  seco n d  s tu d y  w as ad e 
q u a te  fo r  th e  a n im a l’s n e ed  b u t  c o n s id e ra b ly  lo w e r th a n  th a t  
o f  th e  d ie ts  in  th e  p re v io u s  e x p e r im e n t.  O f th e  tw o  g ro u p s  o f  
an im als  fed  e q u a l q u a n ti t ie s  o f  th e  d ie ts  c o n ta in in g  fresh  or 
h e a te d  o il in  th e  se c o n d  s tu d y , th o se  g iven th e  h e a te d  oil h a d  
m o re  iro n  in  th e  liver a n d  less in  th e  carcass th a n  th o se  fed  th e  
fresh  o il. T h u s  in  th e  an im a ls  fed  th e  d am ag ed  o il, m o re  o f  th e  
iro n  th a t  w as a b so rb e d  w as s to re d  in  th e  liver r a th e r  th a n  be ing  
used  fo r  h e m o g lo b in  sy n th e s is . S ince h e m o g lo b in  sy n th es is  
w as d ec reased  an d  th e re  w as n o  in c re ase  in  to ta l  i ro n  c o n te n t  
o f  th e  so lid  tissu es, th e  to ta l  a m o u n t  o f  i ro n  a b so rb e d  m u st 
have  b e en  re d u c e d  in  a n im a ls  fed  th e  h e a te d  oil. T h e  e f fe c ts  o f  
th e  d ie ta ry  tre a tm e n ts  o n  c o p p e r  c o n te n t  o f  liver an d  carcass 
w ere  s im ila r to  th o se  o n  iro n  c o n te n t  o f  th e se  tissu es (T ab le
3) .
H e m ato lg o ic a l p a ra m e te rs

B o th  th e  n u m b e r  o f  red  b lo o d  cells (R B C s) p ro d u c e d  and  
th e  m ean  cell h e m o g lo b in  c o n c e n tr a t io n  (M C H C ) w ere  d e 
p ressed  in  an im a ls  given d ie ts  c o n ta in in g  th e  h e a te d  fa ts  (T ab le
4 )  . C o n se q u e n tly  th e  h e m o g lo b in  c o n te n t  an d  v o lu m e  o f  cells 
in  th e  w h o le  b lo o d  w ere  s ig n if ic a n tly  re d u c e d  in  th e se  an im als 
in c o m p a riso n  to  th e  an im a ls  fed  th e  fresh  oil d ie ts . In  th e  
se c o n d  e x p e r im e n t, r e s tr ic tio n  o f  fo o d  in ta k e  o f  th e  fresh  oil 
d ie t led  to  a r e d u c t io n  in  n u m b e r  an d  v o lu m e  o f  cells in  th e  
b lo o d  w ith  re la tiv e ly  l i t t le  d ec rease  in  h e m o g lo b in  c o n c e n tra 
tio n  in  c o m p a riso n  to  th a t  o f  a n im a ls  p ro v id e d  w ith  u n lim ite d  
q u a n ti t ie s  o f  th e  sam e  d ie t. Use o f  h e a te d  oil in  th e  d ie t  cau sed  
a s ig n ific a n t d ecrease  in  h e m o g lo b in  a n d  h e m a to c r i t  w ith  n o  
change  in  n u m b e r  o f  cells in  c o m p a r iso n  to  th e  a n im a ls  pa ir- 
fed  th e  fresh  oil d ie t. A d d it io n  o f  e x tr a  p ro te in  to  th e  h e a te d  
oil d ie t  b ro u g h t  a b o u t  v e ry  l i t t le  im p ro v e m e n t o f  th e  h e m a to 
log ica l s ta tu s  o f  th e  ra ts . I to  a n d  R e issm an n  (1 9 6 6 )  have 
sh o w n  th a t  d ie ta ry  p ro te in  re s tr ic tio n  cau ses a d e p re ss io n  o f  
cell d iv is io n  in  th e  b o n e  m a rro w  a n d  R e issm an n  (1 9 6 4 a , b )  
p re sen te d  ev id en ce  th a t  th e  e f fe c t  is d u e  to  d im in ish e d  e r y th 
ro p o ie t in  fo rm a t io n  ra th e r  th a n  to  a n y  ra te - lim itin g  e f fe c t o n  
red  b lo o d  cell fo rm a tio n  p e r  se.

In  th e  se c o n d  e x p e r im e n t, se ru m  levels o f  i ro n  a n d  c o p p e r  
and  o f  th e ir  re sp ec tiv e  b in d in g  p ro te in s , t r a n s fe r r in  (T IB C ) an d  
c e ru lo p la sm in  (C p ) w ere  re d u c e d  b y  u se  o f  h e a te d  fa ts  in  th e  
d ie ts . T o ta l i ro n -b in d in g  c a p a c ity  w as also  d e c re a sed  in  an im als

Table 4 —Effects of aerated and heated soybean oil on hematogoical status of rats3

Serum

Dietary RBCb 
(X  10 '6 )

Hbb
<%)

H tb
(%)

M C V b 

(m3 )
M CHb
(pg)

M CHCb
(%)

Iron T IB C b
inn/m O m l)

Copper Cpb
(m g/100 ml)treatment

Experiment 1

Fresh, ad lib 8.72a 15.8a 53.0a 61.1b 17.5 29.7ab 313 776a 124 53
Aerated, ad lib 8.31a 15.2b 50.2b 60.5b 18.3 30.1a 302 700a 129 62
Heated, ad lib 7.45b 14.0c 49.2b 66.4a 18.9 28.5b 299 531b 140 59

Experiment 2

Fresh, ad lib 9.02a 15.7a 52.1a 57.9b 17.5ab 30.2a 361a 762a 136a 60a
Fresh, rst'd0 8.34b 15.1a 50.0b 60.1 ab 18.2a 30.2a 327ab 698a 131 ab 56a
Heated, ad lib 8.24bc 13.7b 47.6c 58.0b 16.7b 28.7b 280b 575b 113c 47b
Heated, hipro^ 7.78c 14.2b 48.8bc 62.8a 18.3a 29.2b 270b 579b 119bc 48b

3 In each experiment, values within a column not having the same letter are significantly different at P <  0.01.
b Abbreviations used: RBC, red blood cell count; Hb, hemoglobin; Ht, hematocrit; MCV, mean cell volume, MCH, mean cellular hemoglobin;

MCHC, mean cellular hemoglobin concentration; TIBC, total iron binding capacity; Cp, ceruloplasmin. 
c Feed intake of each animal was restricted to the average intake for the previous 24 hr of the animals fed the heated oil diet with 20% casein, 
d Casein concentration of the diet was increased so that protein intake of these animals matched that of animals fed the fresh oil diet, ad lib.
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fed th e  h e a te d  oil in th e  f irs t s tu d y  b u t  se ru m  levels o f  iro n  
and  c o p p e r  w e re  n o t  a lte re d  by  d ie ta ry  tre a tm e n ts  in  th is  
s tu d y .

SUMMARY

IN T H E S E  E X P E R IM E N T S , th e  e x tra -h e p a tic  tissu es o f  th e  
a n im a ls  re sp o n d e d  to  th e  use  o f  h e a te d  fa ts  in  th e  d ie ts  as 
th o u g h  th e re  h a d  b e en  a re s tr ic tio n  o f  d ie ta ry  p ro te in -ca lo rie s . 
T he re d u c e d  feed  e ffic ie n c y  a sso c ia ted  w ith  use  o f  th e  h e a te d  
fa ts  su p p o r ts  th e  c o n c e p t  o f  d ec reased  a v a ilab ility  o f  calo ries. 
T h e  re d u ce d  p ro d u c tio n  o f  h e m o g lo b in  a n d  th e  se ru m  p ro 
te in s . t ra n s fe r r in  an d  c e ru lo p la sm in , an d  th e  in c rease  o f  ce llu 
lar p ro te in  in  th e  liver o f  ra ts  fed  th e  h e a te d  oil d ie t  suggest 
th a t  an  a b n o rm a l p o r t io n  o f  th e  d ie ta ry  p ro te in  w as be ing  
re ta in e d  in  th e  liver to  co p e  w ith  th e  m e ta b o lic  e f fe c ts  o f  th e  
d am ag ed  fa t. P o ssib ly  th e  p ro te in  is used  to  sy n th e s iz e  h e p a tic  
e n zy m es  w h ich  m e ta b o liz e  th e  n o n p h y s io lo g ic a l p o r t io n  o f  th e  
d ie ta ry  lip id  to  a fo rm , o r  fo rm s , w h ich  can  be  e x p e lled  e ith e r  
th ro u g h  th e  lu n g s o r  th e  k id n ey s .

T h e  a d d it io n  o f  e x tra  p ro te in  to  th e  d ie t  c o n ta in in g  h e a te d  
oil p a r tia lly  a llev ia ted  th e  e f fe c ts  seen  w h e n  th e  d ie t  w as fed  
w ith  20%  p ro te in . T his w as a cc o m p lish e d  w ith  an  in c rease  in 
q u a n ti ty  o f  p ro te in  p e r h e p a tic  cell in d ic a tin g  th a t ,  a t th e  level 
o f  th e  h e p a tic  cell, p ro te in  w as o n e  o f  th e  fa c to rs  l im itin g  
m e ta b o lic  fu n c tio n s .

T h e  a e ra te d  and  h e a te d  fa ts  u sed  in  th ese  s tu d ie s  w ere  c o n 
sid e red  to  be  u n a c c e p ta b le  fo r  h u m a n  c o n s u m p tio n  an d  th e  
level o f  fa t in  th e  d ie ts  w as c o n s id e ra b ly  h ig h er th a n  is re c o m 
m en d e d  fo r  h u m a n  d ie ts . H ow ever, as N o len  e t al. (1 9 6 7 )  have 
p o in te d  o u t  “ so m e  fa c to r  o f  e x ag g e ra tio n  is n ecessa ry  and  
a p p ro p ria te  in  fe ed in g  s tu d ie s  fo r  d e te c t in g  m ild  to x ic i ty . . .”  It 
is n o t  a n tic ip a te d  th a t  fa ts  c o n su m ed  in c o m m e rc ia lly  fried  
fo o d s  w o u ld  ev er c re a te  th e  m e ta b o lic  d is tu rb a n c e s  o b se rv ed  
in th is  s tu d y , in d ie ts  th a t  a re  n u tr i t io n a l ly  a d e q u a te . H ow ever, 
if  th e  q u a n ti ty  o r  q u a li ty  o f  d ie ta ry  p ro te in  w as m arg in a l, th e  
m e ta b o lic  b a la n ce  m ig h t a lread y  b e  p re ca rio u s . If  so , in c lu s io n  
o f  d am ag ed  fa ts  in  th e  reg im e m ig h t t ip  th e  b a la n c e  o f  o n e  o r 
m o re  o f  th e  ab o v e  m e n tio n e d  fu n c tio n s , e .g ., a b so rp tio n  o f  
iro n , to  an  in au sp ic io u s  level an d  th u s  have  an  u n w h o le so m e  
e ffe c t.
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ULTRASONIC EXTRACTION OF PROTEINS FROM 
AUTOCLAVED SOYBEAN FLAKES

INTRODUCTION

W ITH  M O R E  an d  m o re  so y b e a n  p ro te in  go ing  in to  h u m a n  
fo o d , e ff ic ie n t e x tr a c t io n  fro m  so y b e a n  f lak es assu m es m o re  
and  m o re  im p o r ta n c e . C o m m e rc ia l e x tr a c t io n  y ie ld s  30%  o r 
less o f  th e  w e igh t o f  flak es, an d  idea l la b o ra to ry  e x tr a c t io n  
y ie ld s 42%  o f  d e fa t te d  f lak es (S m ith , 1 9 5 8 ). F o r  m a x im u m  
y ie ld  o f  p ro te in s , th e  f lak es a re  u n h e a te d ;  b u t  fo r  m a x im u m  
n u tr it iv e  q u a li ty ,  th e  f lak es  re q u ire  a m o is t h e a t  t r e a tm e n t  
(C ircle  an d  S m ith , 1 9 7 2 ). T o a s tin g  cau ses p ro te in  d e n a tu ra t io n  
w h ich  m ean s lo w  y ie ld s , d im in ish e d  fu n c tio n a li tie s  and  lim ite d  
a p p lic a tio n s .

F a c to rs  th a t  a f fe c t th e  d isp e rs io n  o f  so y b e a n  p ro te in s  in 
w a te r  in c lu d e  te m p e ra tu re  an d  tim e  o f  e x tra c t io n , m ea l age, 
p a r tic le  size, so lv e n t-to -m ea l r a tio ,  p H , sa lt ty p e  an d  c o n c e n 
tr a t io n  an d  ra te  o f  s tirr in g  (C irc le , 1 9 5 0 ). H igh-speed  s tirr in g  
h as b e en  r e p o rte d  to  g rin d  th e  sam p le  d u rin g  e x tr a c t io n  (P a u l
sen  e t a l., 1 9 6 0 ). O th e r  fa c to rs  a ffe c tin g  p ro te in  so lu b ili ty  
have b een  rev iew ed  (C irc le , 1 9 5 0 ; W olf, 1 9 7 2 ).

A lth o u g h  so n ic a t io n  has b een  a p p lied  in  th e  p a s t to  d is in te 
g ra te  an d  so lu b iliz e  an im a l a n d  p la n t tis su e  c o m p o n e n ts  
(E l’P in e r, 1 9 6 4 ; E n sm in g e r, 1 9 7 3 ), a sea rc h  o f  l i te r a tu re  in d i
ca tes  th a t  it has  n o t  b e en  a p p lied  to  im p ro v e  th e  e x tr a c t io n  o f  
p ro te in s  in  so y b e a n  flak es. T h is  p a p e r  r e p o r ts  th e  c o m p a riso n  
b e tw e e n  u ltra so n ic  e x tr a c t io n  o n  a la b o ra to ry  scale  w ith  c o n 
v e n tio n a l-s tir  e x tra c t io n  u p o n  h e a te d  a n d  u n h e a te d  so y b e a n  
flakes.

MATERIALS & METHODS

Preparation o f flakes
Whole soybeans from a 1971 crop of Kanrich variety were cracked, 

dehulled and flaked. The flakes were defatted by extraction with a 
hexane-pentane m ixture on a laboratory scale. The defatted  flakes, 
which contained 46.4% protein based on 7.41% total nitrogen (air-dry 
basis, m oisture content 10.7%) were stored in a refrigerator at 4°C 
before use. A portion  of flakes was autoclaved a t 120°C for 20 min and 
stored at room tem perature. The respective nitrogen solubility indexes 
(NSI) were 25 and 91 for autoclaved and unautoclaved flakes (AOCS,
1970).
Extraction o f proteins

Sonication. To 5g o f flakes in a 2-oz glass jar were added 50 ml 
distilled water. The jar was chilled in an ice slurry, and the m ixture was 
sonicated usually for 8 min (except in one experiment for a varied 
length of time) with a Sonifier Model S125 m anufactured by Heat 
Systems-Ultrasonics, Inc., Plainview, N.Y. The sonifier contains a stand
ard mechanical transform er w ith a step horn and a power unit w ith a 
meter measuring input power. The step horn was dipped about 1 in. 
deep into solution, and the sonication was tuned to a maximum input 
power at which point the instrum ent operates at a frequency of 20 kHz 
and delivers an ou tpu t power o f 125 w atts. After sonication, the mix
ture was centrifuged at 10,000 X  G for 15 min, and the supernatant 
was poured through a thin layer o f glass wool into a cylinder. The 
volume of the supernatant was recorded, and a portion was taken to 
measure the am ount o f proteins by the biuret m ethod (Layne, 1957). 
The am ount of soluble protein was calculated on the basis o f 50 ml 
solvent used. Averages o f duplicated protein determ inations are re
ported.

Conventional stir. In 50 ml o f distilled water, 5g of sample were 
stirred mechanically at 1200 rpm (three 1/2-in. bladed type) at room

tem perature for 1 hr. The sample was treated the same way as in the 
sonication-extraction regarding centrifugation, filtration and measure
m ent o f protein. This treatm ent was used because of its convenience. In 
one experim ent the am ount o f protein extracted in three consecutive 
stirrings was compared with sonication-extractions.
Protein fractions

Cold-insoluble fraction (CIF). A portion  o f water extract from 5g of 
flakes was chilled overnight in a refrigerator (4°C) and then centrifuged 
at 10,000 x  G at 4°C to collect the proteins (Wolf and Sly, 1967). The 
proteins were dissolved in 0.03M phosphate buffer —0.04M NaCl (pH
7.6, m = 0.5) for further analyses.

Acid-precipitated fraction (APF). A portion  of water extract was 
titrated  with IN  HC1 to pH 4.2 and then centrifuged at 34,000 x  G for 
10 min to collect the proteins. The proteins were treated the same way 
as described for CIF.
U ltracentrifugation

Proteins in CIF, APF and water extracts were dialyzed with two 
successive 3-liter batches o f  distilled water at 4°C for 48 hr. After 
dialysis the proteins were equilibrated with the same phosphate buffer 
as described above for 4 hr before adjusting the protein concentration 
to 7 mg per ml. The protein samples were centrifuged at room  tem pera
ture with a Spinco Model E centrifuge at 47,600 rpm and their schlie- 
ren patterns were examined qualitatively for their protein components.

RESULTS & DISCUSSION 

Extraction with sonication and conventional-stir
E x p e r im e n ts  to  c o m p a re  so n ic a tio n  an d  th e  c o n v e n tio n a l-

Number of Consecutive Extractions

Fig. 1—Percentages of total soybean proteins in consecutive extrac
tions with 50 mi water from Kanrich defatted flakes (5g). Treat
ments of the flakes include (A) unautoclaved, sonicated-extraction; 
IB) unautoclaved, conventional-stir extraction; IC) autoclaved, 
sonicated-extraction; and ID) autoclaved, conventional-stir extrac
tion.
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s tir  m e th o d  in c lu d e d  th o se  w ith  (a ) th re e  c o n se cu tiv e  e x tr a c 
t io n s  o f  p ro te in s  w ith  w a te r  an d  (b )  single e x tr a c t io n  w ith  
w a te r  o r  IN  N aO H  as so lv en ts .

(a ) In  th re e  c o n se cu tiv e  e x tra c t io n s  70%  to ta l  p ro te in  in 
u n a u to c la v e d  f lak e s  w as so lu b iliz ed  in w a te r  by  th e  c o n v en 
t io n a l-s t ir  m e th o d ,  an d  90%  b y  s o n ic a t io n -e x tra c t io n  (F ig . 1).

W hen  a u to c lav e d  flak es w ere  u sed , o n  th e  o n e  h a n d , c o n 
v e n tio n a l-s tir  e x tra c te d  o n ly  32%  p ro te in .  S o n ic a tio n , o n  th e

Table 1—Comparison of soy protein extracted by sonication and 
conventional-stir with water and w ith 1N NaOH as solvents

Soybean protein (mg) extracted by

Defatted
flakes Sonication Conventional-stir

(5g) Water 1N NaOH Water 1N NaOH

Autoclaved
Unautoclaved

1350 (58%) 2290 (99%) 
2050 (88%) 2200 (95%)

375 (16%) 
1400 (60%)

1700 (73%) 
2100 (91%)

Table 2—Yield of soybean protein in cold-insoluble fractions, 
acid-precipitated fractiors and water extracts

Defatted Y ield of protein (mg)
flakes -------------------------------------------------------------------------------------

(5g) Cold insoluble Acid precipitated Water extract

Unautoclaved,
conventional-stir 155 592 862

Autoclaved,
conventional-stir 92 245 547

Unautoclaved,
sonication 259 632 1296

Autoclaved,
sonication 179 610 1172

Length of Son ica tion, min

Fig. 2—Percentages of total soybean proteins from 5g autoclaved 
Kanrich defatted flakes in a single extraction with water at varied 
time and meal-to-solvent ratios.

o th e r  h a n d , so lu b iliz ed  69%  o f  th e  to ta l  p ro te in .  P ro te in s  in  
th e  a u to c lav e d  flak es w ere  d e n a tu re d , and  o b v io u s ly  c o n v e n 
tio n a l-s tir  e x tr a c t io n  w as in e ffe c tiv e  in  d isp e rs in g  th e  p ro te in s  
in  w a te r . By c o m p a riso n , so n ic a tio n  e ffe c tiv e ly  d isp e rse d  m o re  
o f  th e  d e n a tu re d  p ro te in s  in  a u to c lav e d  f lak es in  w a te r .

(b )  In  a  single e x tr a c t io n , re su lts  w ith  w a te r  w e re  c o m 
p a re d  to  th a t  w ith  IN  N aO H  (T ab le  1). W hen  w a te r  w as u sed  
in  a single  e x tr a c t io n , so n ic a t io n  d isp e rse d  58%  o f  th e  p ro te in s  
in  a u to c la v e d  flak es, w h e reas  c o n v e n tio n a l s tirr in g  e x tr a c te d  
o n ly  16%  o f  th e  p ro te in s .

T h e  N aO H  so lv e n t e x tra c te d  73%  an d  91%  p ro te in s ,  re sp e c 
tiv e ly , f ro m  a u to c lav e d  an d  u n a u to c la v e d  f lak es  w ith  c o n v e n 
tio n a l-s tir , w h e reas  so n ic a tio n  w ith  N aO H  so lv e n t re c o v e re d  
99%  a n d  95% , re sp ec tiv e ly . A lth o u g h  w a te r  w as less e f f ic ie n t  
in  p ro te in  e x tr a c t io n  th a n  th e  N aO H  so lv e n t, s o n ic a t io n  e x 
tra c te d  m o re  p ro te in s  in  e ith e r  so lv e n t w h e th e r  a single  e x tr a c 
tio n  o r  th re e  c o n se cu tiv e  e x tra c t io n s .

Dispersion of denatured proteins
T h e  a m o u n ts  o f  p ro te in  in  a u to c lav e d  H akes d isp e rse d  in  

w a te r  b y  so n ic a t io n  are  a f fe c te d  b y  e x tr a c t io n  t im e  a n d  m eal- 
to -so lv e n t ra tio s  (F ig . 2 ). W ith  a m ea l-to -so lv e n t ra tio  o f  1 :1 0  
th e  a m o u n t o f  p ro te in  e x tra c te d  w ith  so n ic a t io n  re a c h e d  a 
m a x im u m  o f  48%  at 6 m in  an d  th e n  lev e led  o ff .  W h en  th e  
ra tio  w as v a ried  to  1 :4 0 , a new  m a x im u m  o f  78%  w as re a c h e d  
a t 10 m in . F u r th e r  in c rease  o f  th e  so lv e n t o r  le n g th  o f  t im e  d id  
n o t  im p ro v e  th e  p e rce n ta g e  s ig n if ic a n tly . O th e r  fa c to rs ,  su c h  
as p H  o f  so lv en t, sa lt ty p e  an d  c o n c e n tr a t io n  a n d  e x tr a c t io n  
te m p e ra tu re ,  w ere  n o t  te s te d  e x te n s iv e ly ; n e v e rth e le ss , d a ta  
in d ic a te  th a t  an  irrev e rsib le  lo ss  o f  p ro te in  in  a u to c la v e d  f lak es  
is a b o u t  20%  o f  th e  to ta l  a n d  th a t  so n ic a t io n  e x tr a c te d  n e a rly  
80%  o f  th e  to ta l  p ro te in s  in  a u to c lav e d  flak es.

Yield of protein fractions
T o  c o m p a re  th e  q u a lita tiv e  d iffe re n c e s  in  p ro te in s  d isp e rse d  

b y  so n ic a tio n  an d  c o n v e n tio n a l-s tir ,  th e  y ie ld s  o f  p ro te in  fra c 
tio n s  in  C IF , A P F  an d  w a te r  e x tr a c t  w ere  m ea su re d  (T a b le  2). 
S o n ic a tio n  im p ro v e d  th e  y ie ld s o f  p ro te in  in  C IF , A P F  a n d  
w a te r  e x tr a c t  f ro m  a u to c lav e d  o r  u n a u to c la v e d  f lak e s , c o m 
p a red  to  th e  re sp ec tiv e  c a teg o rie s  b y  c o n v e n tio n a l-s tir .  W ith  
so n ic a t io n  th e  y ie ld  (1 7 9  m g) o f  C IF  fro m  a u to c la v e d  f lak es  
was s ig n if ic a n tly  lo w e r th a n  th a t  f ro m  u n a u to c la v e d  (2 5 9  m g). 
T h e  d iffe re n c e s  in  A P F  an d  w a te r  e x tr a c t  w e re  n o t ' so  g re a t as 
in  C IF . By c o n v e n tio n a l-s tir  e x tra c t io n , ah  th re e  c a teg o rie s  
w ere  lo w e r f ro m  a u to c la v e d  flak es. R eg ard less  o f  w h ic h  
m e th o d  o f  e x tr a c t io n  w as u se d , th e  lo ss  o f  C IF  in  a u to c la v e d  
f lak es was m o re  th a n  60%  (6 1 %  b y  c o n v e n tio n a l-s tir ,  69%  b y  
so n ic a tio n ) .

T h e  s im ila ritie s  o f  c o m p o n e n ts  in th e se  th re e  c a te g o rie s  o f  
p ro te in s  (C IF , A P F  a n d  w a te r  e x tr a c t)  a re  seen  in  F ig u re  3. 
T h e re  a re  n o  q u a lita tiv e  d iffe re n c e s  in  th e ir  c o m p o n e n ts  b e 
tw e e n  th e  m e th o d s  u sed . T h e  q u a n ti ta t iv e  y ie ld s  o f  in d iv id u a l 
c o m p o n e n ts  in  th e se  p a t te rn s  w ere  n o t  d e te rm in e d .

S o n ic a tio n  re p re se n ts  a n ew  w ay  to  iso la te  so y b e a n  p ro 
te in s . I t  n o t  o n ly  e x tra c ts  m o re  p ro te in s  f ro m  flak e s , b u t  m o re  
s ig n if ic a n tly , i t  d o es  so fro m  a u to c lav e d  f lak es  a n a lo g o u s  to  
o n es p ro d u c e d  c o m m e rc ia lly  (F ig . 1). U p  to  n o w , e x tr a c t io n  
o f  so y b e a n  p ro te in s  h a s  b e en  m o s tly  d o n e  b y  c o n v e n tio n a l-s t ir  
(C irc le  a n d  S m ith , 1 9 7 2 ). R esu lts  f ro m  th a t  m e th o d  a re  g o o d  
o n  u n a u to c la v e d  flak es, b u t  p o o r  o n  a u to c la v e d  f lak e s . I f  so n i
c a tio n  is a p p lie d  o n  a u to c lav e d  f lak es , th e  e ff ic ie n c y  o f  p ro te in  
e x tr a c t io n  c an  b e  im p ro v e d .

S o y b e a n s  u sed  in  th is  s tu d y  a re  o f  K a n ric h  “ v e g e ta b le ”  
v a r ie ty  w h ic h  are  la rg e r in  size th a n  fie ld  v a r ie tie s . S o y b e a n s  
fo r  in d u s tr ia l  use  a re  o f  fie ld  v a rie tie s . A lth o u g h  th e  v a r ie ta l 
d iffe re n c e  has n o t  b een  s tu d ie d , th e  e ff ic ie n c y  o f  p r o te in  ex 
t r a c t io n  b y  so n ic a t io n  as a ffe c te d  by  o th e r  f a c to r s - v a r ie ty  o f  
b ean s , size o f  flak es, e x tr a c t io n  t im e , te m p e ra tu r e ,  sa lt,  pH , 
e tc . - w i l l  b e  in v es tig a te d  la te r .

S o n ic a tio n  m ay  a lso  p ro v id e  a p a r tia l so lu t io n  to  th e  flavor
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Defatted Flakes

Schlieren Patterns of Soybean Protein Fractions

Cold Insoluble Acid Precipitated Water Extract

Unautoclaved, 
conventional stir

Autoclaved,
sonicated

Unautoclaved,
sonicated

Fig. 3 —U ltrace n trifu ge  pa tte rns  (48 m in  a fte r s ta rting  ce n tr ifu g a tio n ) o f  soybean p ro te in  in  co ld -inso lub le  frac tions, ac id -p re c ip ita te d  fra c tions  and  
water extracts  fro m  au toclaved and unautoc laved K anrich  de fa tte d  flakes ex trac ted  b y  son ica tion  and conventiona l-s tir.

p r o b l e m  o f  s o y b e a n  p r o t e i n s .  S i n c e  a u t o c l a v i n g  i n c r e a s e s  t h e  
n u t r i t i o n a l  v a l u e  o f  p r o t e i n s  a n d  a l s o  r e m o v e s  u n d e s i r a b l e  
f l a v o r s  i n  s o y b e a n s ,  p r o t e i n s  s o l u b i l i z e d  b y  s o n i c a t i o n  s h o u l d  
h a v e  i m p r o v e d  f l a v o r  a n d  g o o d  f u n c t i o n a l i t y .  T h e s e  p r o t e i n s  
a r e  s i m i l a r  t o  t h o s e  e x t r a c t e d  b y  c o n v e n t i o n a l - s t i r  i n  s o m e  o f  

t h e i r  c h e m i c a l  a n d  p h y s i c a l  p r o p e r t i e s .
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t h e y  a r e  e n d o r s e d  o r  r e c o m m e n d e d  b y  t h e  U . S .  D e p t ,  o f  A g r i c u l t u r e  

o v e r  o t h e r  f i r m s  c r  s im i la r  p r o d u c t s  n o t  m e n t i o n e d .

P r e s e n t e d  a t  t h e  3 4 t h  A n n u a l  M e e t i n 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 ,  N e w  O r le a n s ,  L a . ,  M a y  1 2 — 1 5 ,  1 9 7 4 .
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SPROUTING OF SEEDS AND NUTRIENT 
COMPOSITION OF SEEDS AND SPROUTS

INTRODUCTION
T H E  S P R O U T I N G  o f  s o y b e a n  (Glycine max) a n d  m u n g  b e a n  

(Phaseolus mungo)  w a s  d e v e l o p e d  b y  t h e  C h i n e s e  c e n t u r i e s  
a g o .  H o w e v e r ,  l i m i t e d  d a t a  h a v e  b e e n  p u b l i s h e d  r e l a t i n g  t o  

s p r o u t i n g  o f  s e e d s  a n d  t h e i r  n u t r i t i v e  c o m p o s i t i o n .
Y o u n g ,  i n  1 7 8 2 ,  f i r s t  o b s e r v e d  t h a t  g e r m i n a t i n g  s e e d s  a c 

q u i r e d  a n t i s c o r b u t i c  p r o p e r t i e s  ( C h a y e n ,  1 9 5 3 ) .  S e v e r a l  s t u d i e s  
h a v e  s h o w n  t h a t  d r y  s e e d s  h a v e  m e a s u r a b l e  a m o u n t s  o f  a s c o r 

b i c  a c i d  ( A h l b e r g ,  1 9 3 5 ;  B h a g v a t  a n d  R a o ,  1 9 4 2 a ,  b ;  C r a v i o t o  
e t  a E ,  1 9 4 5 ) ,  b u t  t h e  a m o u n t  i s  i n c r e a s e d  b y  g e r m i n a t i o n  ( A h l 
b e r g ,  1 9 3 5 ) .  V a r i e t i e s  o f  b e a n s  a n d  p e a s  c a n  b e  g r o w n  e x t e n 
s i v e l y  i n  d i f f e r e n t  r e g i o n s .  D r i e d  s h e l l e d  b e a n  o r  p e a  s e e d s  c a n  

b e  s t o r e d  f o r  a n  e x t e n d e d  p e r i o d .  T h e  s p r o u t i n g  o f  b e a n  o r  p e a  

s e e d s  d o e s  n o t  r e q u i r e  s u n s h i n e  o r  s o i l  a n d  is  n o t  l i m i t e d  t o  

s e a s o n a l  g r o w t h .  T h e  t i m e  o f  s p r o u t i n g ,  a s  f o u n d  i n  t h i s  

l a b o r a t o r y  w a s  s h o r t  ( a v e r a g e  o f  4 - 5  d a y s ) ,  a n d  t h e  y i e l d  o f  

s p r o u t i n g  is  h i g h .
O n e  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  d e v e l o p  a  r a p i d  a n d  s i m 

p l e  m e t h o d  t h a t  c o u l d  b e  u s e d  i n  h o m e s ,  o r  d e v e l o p e d  f o r  
c o m m e r c i a l  p r o d u c t i o n  o f  s p r o u t s .  W i t h  i n c r e a s e d  e m p h a s i s  o n  
t h e  n u t r i t i v e  v a l u e  o f  f o o d s  a n d  e s p e c i a l l y  t h e  s o - c a l l e d  n a t u r a l  
f o o d s ,  t h i s  s t u d y  w a s  a l s o  d e s i g n e d  t o  d e t e r m i n e  t h e  n u t r i t i v e  

v a l u e  o f  s e v e r a l  v a r i e t i e s  o f  b e a n  a n d  p e a  s e e d s  b e f o r e  a n d  a f t e r  
s p r o u t i n g .  S p r o u t s  c o u l d  b e  o f  v a l u e  a s  a  f r e s h ,  l o w - c o s t  v e g e 

t a b l e ,  g r o w n  i n d o o r s  i n  a n y  s e a s o n ,  a n d  c o u l d  c o n t r i b u t e  v i t a 
m i n  C  a n d  o t h e r  n u t r i e n t s  t o  t h e  d i e t .

MATERIALS & METHODS
Sprouting of seeds

U ntreated cellulose sponge was used for the sprouting of seeds. Six 
varieties of pea seeds and 12 varieties o f bean seeds were obtained 
locally. Mature, unbroken seeds were washed and soaked in five times 
volume of water. For those seeds which developed m old growth during 
sprouting, chlorinated lime (Merck & Co., 1960) solution was used 
instead of water to  inhibit the growth of molds. A 0.05% aqueous 
solution was used unless sprouting was inhibited, in which case 0.02% 
solution was used. Seeds were soaked overnight or for 6 hr if soft or 
broken testa developed.

Plain cellulose sponges, boiled in water for 10 min, were placed in 
sterilized, opaque plastic pans and allowed to cool to room  tem pera
ture. The soaked seeds were washed thoroughly and then placed in a 
layer on the sponges. Fresh soaking medium (water or chlorinated lime 
solution) was poured to one-half height o f the sponge to provide mois
ture during sprouting. The pan was then covered with aluminum foil to 
exclude light and held at room tem perature (2 3 -25°C ).

The germinating seeds were washed once a day with the soaking 
medium if mold appeared; otherwise, the sponge was kept moist only 
with the soaking medium. Sprouts o f 1 - 2  inches were collected before 
the developm ent o f rootlets. Sprouting time was 4 - 6  days.
Analytical methods

Proxim ate analysis, determ ination o f five vitamins (vitamin C, thia
min, riboflavin, niacin and tocopherol), carotenes and six minerals 
(iron, calcium, magnesium, manganese, potassium and phosphorus) 
were carried ou t with each variety o f seed before and after sprouting in 
duplicate. Only the sprout (hypocotyl) was analyzed since in practice 
the remainder o f the sprouted bean is usually discarded.
Proximate analysis

Water content o f seeds and sprouts was determined by drying the

ground sample in a convection oven at 105°C for 5 hr (to constant 
weight). For the determ ination of ash, samples were heated at 600°C 
overnight. Total protein content was determ ined by the rapid micro- 
Kjeldahl m ethod o f Concon and Soltess (1973). Total lipid was ex tract
ed by a modified m ethod of Bleigh and Dyer (1959), using a chloro
form and absolute methanol mixture (2:1).

Determination of vitamins
All samples were analyzed for ascorbic acid by a m odification of the

2,4-dinitropf enylhydrazine procedure o f Roe et al. (1948).
Roe (1 9 f l )  showed this procedure to  be specific for ascorbic acid 

with no interference from sugars or o ther chromagens when the cou
pling reaction is run at 37°C. In confirm ation of this, bo th  Roe (1961) 
and our laboratory observed no increase in optical density when 
amounts o f glucose up to 5 mg/ml were added to  a 10 meg ascorbic 
acid standard.

The m ethod was modified by using an aliquot of the oxalic acid 
extract directly for determ ination of oxidized ascorbic acid. Another 
aliquot was used for determ ination of total ascorbic acid after oxida
tion with bromine. Reduced ascorbic acid was obtained by difference.

Total tocopherol was determined by the Emmerie-Engel reaction on 
the nonsaponifiable fraction of diethyl ether extract (Strohecker and 
Henning, 1965).

Riboflavin and thiamin were bo th  extracted from the same sample 
by using a com bination o f Pearson’s (Gyorgy and Pearson, 1967) acid 
and enzymic extraction procedure to ensure complete extraction. The 
validity of the results was tested by recovery o f the vitamins added as 
internal or external controls. The entire analysis was carried ou t under 
controlled illumination.

lOg of sprouts (or 5g of pulverized seeds) were blended with 75 ml 
of water and transferred into a 500 ml amber pyrex flask in which all 
subsequent beating and incubation steps were carried out. The volume 
was adjusted to 150 ml and the pH to 2 - 3  with 0.1N HC1. l/2 g  of 
pepsin was added and the sample was incubated at 3 7 -4 0 °C  for 4 hr. 
The sample was then heated just below the boiling point on a hotp late 
for 1/2 hr before and after addition of 25 mg of cystine hydrochloride. 
After cooling to room tem perature, the pH was adjusted to 4 —4.5 with 
sodium acétate. After addition of 0.5g of diastase and 0.5g of Klerzyme 
(Baxter Laboratories, Staten Island, N.Y.) the sample was incubated 
overnight at 3 7 -  40°C.

The sample was filtered and the volume adjusted quantitatively to 
500 mb Aliquots were used for riboflavin and thiamin analysis.

Riboflavin was determined by using an irradiation blank. In the 
procedure, the riboflavin was extracted into a butanol-pyridine m ixture 
after the permanganate oxidation, and the blank was prepared by de
struction of the riboflavin by irradiation with ultraviolet light (Blak- 
Ray, Ultra-violet Products Inc., San Gabriel, Calif.).

Thiamin was determined by the chemical assay m ethod involving 
alkaline oxidation of thiamin to thiochrom e. The sample ex tract was 
purified by using a synthetic Zeolite Decalso colum n, and the eluate 
containing thiam in was treated with an alkaline ferricyanide solution 
for the production of thiochrom e. The thiochrom e was extracted with 
isobutanol for fluorometric measurements. A blank and thiam in stand
ard was run for each series o f determinations.

The carotenoids were determined by an adaption (Tichenor e t al.,
1965) o f the chromatographic m ethod described by the Association of 
Vitamin Chemists (1951). An aliquot o f the sample was blended with a 
12% ethanolic potassium hydroxide solution. The carotenoids were ex
tracted with petroleum  ether and read at 440 nm for an index of total 
carotenoids.

For niacin determ ination, 30g of ground seeds or fresh sprouts was 
mixed with 200 ml o f IN sulfuric acid solution in a blender. This 
m ixture was then analyzed for niacin by the AOAC m ethod (1970).
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Determination of minerals
Iron, magnesium, calcium, phosphorus, potassium and manganese 

were analyzed by atom ic absorption spectrophotom etry using a Perkin- 
Elmer Model 303 instrum ent. Each sample was prepared by dissolving a 
weighed portion of seed ash (approxim ately 50 mg) or sprout ash (ap
proximately 25 mg) in 1 or 2 ml o f 2N hydrochloric acid solution. The 
sample was made up to a final volume of 5 or 10 ml with distilled 
water.

RESULTS & DISCUSSION 
Sprouting of seeds

M e t h o d s  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  s p r o u t i n g  o f  s e e d s  

h a v e  u s e d  c h i e f l y  p a p e r  t o w e l s  a s  a  m e d i u m  ( C o u r t e r ,  1 9 7 2 ) ,  
a n d  c o n t r o l l e d  c o n d i t i o n s  f o r  g r o w t h  o f  m i c r o o r g a n i s m s  w e r e  
n o t  s t a t e d .  A  p i e c e  o f  c h e e s e c l o t h  a s  a  m e d i u m  w a s  u s e d  b y  

C h e n  ( 1 9 7 0 ) .  H o w e v e r ,  w i t h  t h e s e  m e t h o d s ,  t h e  s e e d s  n e e d e d  

t o  b e  w a s h e d  e v e r y  4  h r  t o  p r e v e n t  t h e  g r o w t h  o f  m o l d .  W i t h  
t h e  u s e  o f  s p o n g e s  t h e  m o i s t u r e  c o n t e n t  c o u l d  b e  r e g u l a t e d ,  
l e s s  w a s h i n g  w a s  r e q u i r e d ,  a n d  n o  w a s h i n g  d u r i n g  t h e  e n t i r e  

p r o c e s s  w a s  r e q u i r e d  f o r  T h o m a s  L a x t o n  p e a s ,  W a n d o  p e a s  a n d  
m u n g  b e a n s .  T a b l e  1 g iv e s  t h e  s p r o u t i n g  c o n d i t i o n s  o f  t h e  

s e e d s .  G r a d e s  w e r e  g i v e n  t o  e a c h  v a r i e t y  o f  s e e d  t o  s h o w  t h e  
r e l a t i v e  s u i t a b i l i t y  f o r  s p r o u t i n g .

Proximate analyses of seeds and sprouts
T h e  r e s u l t s  o f  t h e  p r o x i m a t e  a n a l y s e s  a r e  s u m m a r i z e d  i n  

T a b l e  2 .  W i t h  t h e  e x c e p t i o n  o f  s o y b e a n s ,  t h e  p r o t e i n  c o m p o s i 

t i o n  o f  a l l  s e e d s  a n a l y z e d  f e l l  w i t h i n  a  r e l a t i v e l y  n a r r o w  r a n g e  
( 1 8 — 2 6 % ) .  P a t w a r d h a n  ( 1 9 6 2 )  r e p o r t e d  a  r a n g e  o f  2 2 - 2 8 %  
f o r  1 1  v a r i e t i e s  o f  l e g u m e s .  S o y b e a n s  c o n t a i n e d  4 2 . 7 %  p r o t e i n  
a s  o p p o s e d  t o  t h e  v a l u e  o f  3 4 . 1 %  f o r  m a t u r e ,  d r y ,  r a w  s e e d s  
r e p o r t e d  b y  U S D A  H a n d b o o k  N o .  8  ( W a t t  a n d  M e r r i l l ,  1 9 6 3 ) .

T h e  p r o t e i n  c o n t e n t  o f  t h e  s p r o u t s  ( r e m o v e d  f r o m  t h e  s e e d  
c o a t )  w a s  r e l a t i v e l y  l o w  ( 2 . 7 — 5 . 0 % ) .  T h i s  c o m p a r e s  w i t h  
U S D A  H a n d b o o k  N o .  8  d a t a  o f  3 . 8 %  f o r  r a w  s p r o u t e d  m u n g  
b e a n s  a n d  6 . 2 %  f o r  s p r o u t e d  S o y b e a n s  ( W a t t  a n d  M e r r i l l ,  
1 9 6 3 ) .  T h e  l o w e r e d  v a l u e s  f o r  p r o t e i n  i n  t h e  s p r o u t s  a r e ,  o f

c o u r s e ,  p r i m a r i l y  a  r e s u l t  o f  t h e  l a r g e  i n c r e a s e  i n  w a t e r  c o n t e n t  

u p o n  s p r o u t i n g .  H a n d b o o k  N o .  8  l i s t s  a  v a l u e  o f  3 5  k c a l  o f  

e n e r g y  f o r  lO O g  o f  s p r o u t e d  m u n g  b e a n s  c o n t a i n i n g  3 . 8 g  o f  
p r o t e i n .  A s s u m i n g  a  v a l u e  o f  4  k c a l / g  p r o t e i n  a n d  a  d i g e s t i b i l 

i t y  o f  8 0 %  ( F A O ,  1 9 7 0 ) ,  t h i s  w o u l d  m e a n  t h a t  a p p r o x i m a t e l y  
3 5 %  o f  t h e  a v a i l a b l e  e n e r g y  i n  t h e  s p r o u t  c o m e s  f r o m  p r o t e i n .

T h e  l i p i d  c o n t e n t  o f  t h e  s e e d s  w a s  r e l a t i v e l y  l o w  
( 2 . 1 - 4 . 0 % ) ,  w i t h  t h e  e x c e p t i o n  o f  t h e  s o y b e a n s  ( 2 1 % ) .  T h e  
s p r o u t s  r a n g e d  f r o m  0 . 1 —0 . 8 %  i n  l i p i d .  V a l u e s  i n  H a n d b o o k  

N o .  8  a r e  f o r  s p r o u t e d  s e e d s  r a t h e r  t h a n  t h e  s e p a r a t e  s p r o u t s  
a n d  a r e  l i s t e d  a s  1 .4 %  f o r  s p r o u t e d  s o y b e a n s  a n d  0 . 2 %  f o r  

s p r o u t e d  m u n g  b e a n s  ( W a t t  a n d  M e r r i l l ,  1 9 6 3 ) .  V a l u e s  f o r  
t o t a l  a s h  a r e  a l s o  s h o w n  i n  T a b l e  2 .

Vitamin concentrations of seeds and sprouts
A s  s h o w n  i n  T a b l e  3 ,  d r y  s e e d s  c o n t a i n e d  f r o m  2 . 2 —9 . 0  

m g / l O O g  o f  t o t a l  a s c o r b i c  a c i d .  C r a v i o t o  e t  a l .  ( 1 9 4 5 )  a n d  
C r a v i o t o  ( 1 9 5 1 )  r e p o r t e d  c o m p a r a b l e  v a l u e s  i n  Phaseolus vul
garis ( u p  t o  3 . 4  m g / l O O g ) ,  Cicer arietinum  ( 1 . 3  m g / l O O g ) ,  

Vicia faba  ( 5 . 4  m g / l O O g )  a n d  Lens esculata ( 7 . 5  m g / l O O g ) .  

A h l b e r g  ( 1 9 3 5 )  a l s o  s h o w e d  m i n i m a l  a m o u n t s  o f  t o t a l  a s c o r b i c  

a c i d  i n  d r y  s e e d s .

T h e  t o t a l  a s c o r b i c  a c i d  c o n t e n t  o f  t h e  p e a  s e e d  s p r o u t s  
r a n g e d  f r o m  1 8 . 8 — 5 0 . 0  m g / l O O g .  T h e  b e a n  s p r o u t s  r a n g e d  
f r o m  1 2 . 6 - 4 2 . 2  m g / l O O g .  A  lO O g  s e r v i n g  o f  s e v e r a l  v a r i e t i e s  
o f  t h e s e  s p r o u t s  c o u l d  e x c e e d  o r  c o m e  c l o s e  t o  s u p p l y i n g  
1 0 0 %  o f  t h e  1 9 7 3  R e c o m m e n d e d  D i e t a r y  A l l o w a n c e  ( N a t i o n a l  

A c a d e m y  o f  S c i e n c e s ,  1 9 7 3 )  f o r  a s c o r b i c  a c i d  ( 4 5  m g ) .  W e l l s  
e t  a l .  ( 1 9 6 3 )  s h o w e d  v a r i e t i e s  o f  g r e e n  b e a n s  t o  d i f f e r  i n  a s c o r 
b i c  a c i d  c o n t e n t .  T h e y  f o u n d  T e n d e r l o n g  1 5  v a r i e t y  t o  c o n t a i n  
t h e  h i g h e s t  a m o u n t  o f  a s c o r b i c  a c i d  ( 1 9 . 8  m g / l O O g )  i n  w h o l e ,  
f r e s h ,  u n c o o k e d  b e a n s .  T h i s  i s  l e s s  t h a n  h a l f  t h e  a m o u n t  f o u n d  
i n  t h e  B u n c h ,  E x e c u t i v e  b e a n  s p r o u t s  ( 4 2 . 2  m g / l O O g ) .

R e d u c e d  a s c o r b i c  c o n t e n t  w a s  r e l a t i v e l y  l o w  i n  s o m e  v a r i 
e t i e s  ( T a b l e  3 ) .  I n  o t h e r s  i t  c o m p r i s e d  t h e  m a j o r  p a r t  o f  t h e  

t o t a l  a s c o r b i c  a c i d .
T a b l e  3  a l s o  s h o w s  t h e  a m o u n t  o f  t o c o p h e r o l  a n d  c a r o t e n e  

i n  v a r i o u s  v a r i e t i e s  o f  s e e d s  a n d  s p r o u t s .  T h e  c o n t e n t  o f  t h e s e

Table 1—Sprouting conditions of seeds

Varieties
Soaking

time
Soaking
medium

Sprouting
time

(days)
Washing

frequency
Yield
(%) Grade3

Peas
Dwarf Gray overnight water 4 -5 once/2 days 60 A
Early Alaska overnight water 5 -6 once/2 days 60 A
Laxton Progress overnight 0.05% cb 5 none 65 B
Mammoth Melting overnight 0.05% c 5 dally 53 B
Thomas Laxton 6 hr 0.05% c 5 none 20 C
Wando overnight 0.05% c 4 none 80 A

Beans
Bunch, Executive 6 hr 0.02% c 5 -6 daily 32 D
Bunch, Top Crop 6 hr 0.02% c 5 -6 daily 65 D
Burpee, Stringless 6 hr 0.02% c 4 -5 daily 48 C
Great Northern overnight 0.05% c 4 -5 daily 41 D
Tenn. Green Pod 6 hr 0.02% c 4 -5 daily 60 C
Pinto overnight 0.05% c 4 -5 daily 50 B
Red Kidney 6 hr 0.05% c 5 daily 43 D
Red Valentine 6 hr 0.02% c 4 -5 daily 55 C
Sulfur 6 hr 0.02% c 4 -5 daily 40 C
White Navy 6 hr 0.02% c 4 -5 daily 40 B
Soybean 6 hr 0.02% c 4 -5 daily 60 B
Mung bean 6 hr water 3 -4 none 80 A

a A, excellent for sprouting; B, good for sprouting; C, poor for sprouting; D, not suitable for sprouting 
b Chlorinated lime solution



5'04-JOURNAL OF FOOD SCIENCE-Volume 40 (1975)

t w o  n u t r i e n t s  i s  l o w  i n  b o t h  s e e d s  a n d  s p r o u t s ;  h o w e v e r ,  t h e r e  

i s  c o n s i d e r a b l e  v a r i a t i o n  a m o n g  v a r i e t i e s .  T h e  a m o u n t  o f  t o c o 
p h e r o l  i n  s o m e  v a r i e t i e s  o f  d r y  s e e d s  i s  s i g n i f i c a n t  i n  v i e w  o f  
t h e  1 9 7 3  R e c o m m e n d e d  D a i l y  D i e t a r y  A l l o w a n c e  o f  1 2 — 1 5  

m g  f o r  a d u l t s  ( N a t i o n a l  A c a d e m y  o f  S c i e n c e s ,  1 9 7 3 ) .

T h e  t h i a m i n ,  r i b o f l a v i n  a n d  n i a c i n  c o n t e n t  o f  s e e d s  a n d  

s p r o u t s  i s  s h o w n  i n  T a b l e  4 .  A  lO O g  s e r v i n g  o f  s o m e  v a r i e t i e s  
o f  p e a  a n d  b e a n  s p r o u t s  i s  c a p a b l e  o f  s u p p l y i n g  c l o s e  t o  1 / 3  o f  

t h e  1 9 7 3  R D A  o f  t h i a m i n  a n d  r i b o f l a v i n  ( 1 . 0  a n d  1 .2  m g / d a y ,  
r e s p e c t i v e l y )  f o r  t h e  a d u l t  f e m a l e  ( N a t i o n a l  A c a d e m y  o f  S c i -

Table 2—Proximate analysis of seeds and sprouts*

Varieties

Water (%) Ash (%) Protein (%) Lipids (%)

Seeds Sprouts Seeds Sprouts Seeds Sprouts Seeds Sprouts

Peas
Dwarf Gray 6.5 92.9 2.6 0.4 18.7 3.9 3.2 0.5
Early Alaska 6.2 93.1 2.6 0.4 21.9 3.9 2.6 0.5
Laxton Progress 5.3 93.9 3.2 0.3 26.9 4.2 4.0 0.4
Mammoth Melting 6.6 93.0 2.9 0.5 22.7 4.0 2.7 0.6
Thomas Laxton 5.5 92.6 2.7 0.4 23.9 3.1 3.5 0.6
Wando 10.9 90.4 3.9 0.6 26.3 4.5 4.0 0.5

Beans
Bunch, Executive 7.3 92.7 2.9 0.7 22.0 4.2 2.4 0.3
Bunch, Top Crop 9.0 93.0 3.6 0.7 19.2 3.4 2.2 0.4
Burpee, Stringless 7.9 92.8 3.4 0.3 24.4 4.3 2.5 0.4
Great Northern 10.8 93.7 3.7 0.4 21.7 3.2 2.0 0.3
Tenn. Green Pod 8.8 93.4 3.8 0.5 26.3 3.4 2.5 0.4
Pinto 10.8 92.8 4.1 0.5 21.0 3.3 2.1 0.3
Red Kidney 9.3 90.7 3.8 0.5 25.5 4.2 2.4 0.5
Red Valentine 9.1 89.1 3.5 0.8 18.6 5.0 2.6 0.6
Sulfur 11.1 92.3 3.6 0.7 22.0 4.2 2.6 0.8
White Navy 16.3 92.6 3.5 0.6 22.4 3.6 2.2 0.4
Soybean 5.7 92.3 4.4 0.4 42.7 3.8 21.0 0.5
Mung bean 10.6 91.5 3.1 0.8 24.1 2.7 2.4 0.1

a Analyses were made in duplicate

Table 3—Ascorbic acid, tocopherol and carotene contents of seeds and sprouts*

Ascorbic acid 
(mg/100g)

Tocopherol
(mg/100g)

Carotene
(mcg/100g)

Varieties Seedb Sprout15 Seedc Sproutc Seed Sprout Seed Sprout

Peas
Dwarf Gray 2.9 32.3 6.4 50.0 0.314 0.055 10.13 0.29
Early Alaska 4.9 24.8 9.0 44.5 0.715 0.148 37.35 0.30
Laxton Progress 1.8 26.4 3.9 46.3 0.889 0.123 16.59 2.51
Mammoth Melting 3.3 4.2 4.9 18.8 1.240 0.212 3.16 0.17
Thomas Laxton 4.7 5.3 8.9 26.9 0.024 0.198 13.00 3.63
Wando 4.9 12.1 8.1 41.2 0.037 0.124 22.50 1.55

Beans
Bunch, Executive 1.3 24.2 2.4 42.2 0.805 0.050 2.15 0.23
Bunch, Top Crop 1.0 20.0 2.2 33.4 0.208 0.019 1.87 2.30
Burpee, Stringless 3.7 13.0 5.6 26.0 1.830 0.130 0.23 1.04
Great Northern 4.3 6.1 5.3 21.4 2.300 0.063 1.91 1.37
Tenn. Green Pod 5.1 6.0 6.4 18.6 1.610 0.195 3.10 0.24
Pinto 4.3 15.5 7.3 28.6 1.400 0.210 3.22 0.59
Red Kidney 3.8 28.8 4.5 38.7 0.718 0.048 3.04 1.79
Red Valentine 5.2 6.4 8.3 12.6 1.210 0.019 1.79 0.59
Sulfur 4.3 17.1 6.3 39.8 0.782 0.069 3.34 0.30
White Navy 2.0 10.9 3.0 22.3 1.510 0.064 2.68 4.05
Soybean 5.5 3.6 7.5 21.1 1.87 0.085 16.34 3.28
Mung bean 3.0 7.3 5.4 38.3 1.97 0.200 4.05 0.84

a Analyses were made in 
b Reduced form 
c Total

duplicate
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e n c e s ,  1 9 7 3 ) .  T h e  n u t r i e n t / e n e r g y  r a t i o  o f  t h e s e  v i t a m i n s  i n  

s p r o u t s  i s  q u i t e  h i g h  c o n s i d e r i n g  t h a t  1 O O g o f  r a w  b e a n  s p r o u t s  

c o n t a i n s  o n l y  3 5  k c a l  o f  e n e r g y  a s  o p p o s e d  t o  3 4 0  k c a l  i n  
lO O g  o f  d r y  b e a n s  ( W a t t  a n d  M e r r i l l ,  1 9 6 3 ) .  T h e  n i a c i n  c o n 
t e n t  o f  t h e  s p r o u t s  w a s  r e l a t i v e l y  l o w  ( T a b l e  4 ) .  B a n e r j e e  e t  a l .

( 1 9 5 5 )  r e p o r t e d  t h a t  t h e  c o n c e n t r a t i o n  o f  n i a c i n ,  p y r i d o x i n e ,

p a n t o t h e n i c  a c i d ,  i n o s i t o l ,  b i o t i n ,  t o c o p h e r o l  a n d  v i t a m i n  K  

i n c r e a s e s  i n  c e r t a i n  l e g u m e s  a f t e r  g e r m i n a t i o n .
M i n e r a l  c o n c e n t r a t i o n  i n  s e e d s  a n d  s p r o u t s

T h e  c o n c e n t r a t i o n  o f  F e ,  M g , C a ,  P ,  K  a n d  M n  i n  b o t h  s e e d s  
a n d  s p r o u t s  i s  s h o w n  i n  T a b l e  5 .  T h e  d r y  s e e d s  g e n e r a l l y  w e r e  
a  g o o d  s o u r c e  o f  i r o n ,  a n d  a p p r e c i a b l e  a m o u n t s  w e r e  a l s o

Table 4—Thiamin, riboflavin and niacin content of seeds and sprouts3

Varieties

Thiamin
(mg/IOOg)

Riboflavin
(mg/100g)

Niacin
(mg/100g)

Seed Sprout Seed Sprout Seed Sprout

Peas
Dwarf Gray 0.80 0.19 0.16 0.11 3.97 0.90
Early Alaska 0.89 0.30 0.24 0.24 2.18 1.22
Laxton Progress 0.68 0.26 0.35 0.38 1.99 0.63
Mammoth Melting 1.07 0.29 0.23 0.30 2.71 0.96
Thomas Laxton 0.89 0.25 0.19 0.25 2.12 1.56
Wando 1.27 0.25 0.36 0.24 3.56 3.48

Beans
Bunch, Executive 0.49 0.33 0.28 0.28 1.74 2.31
Bunch, Top Crop 0.37 0.17 0.15 0.19 2.71 2.64
Burpee, Stringless 0.44 0.22 0.32 0.19 2.00 2.01
Great Northern 0.94 0.20 0.21 0.11 1.05 2.51
Mung bean 0.43 0.12 0.22 0.21 2.30 4.12
Pinto 0.88 0.24 0.14 0.18 2.20 2.30
Red Kidney 1.39 0.37 0.17 0.25 3.14 2.92
Red Valentine 0.73 0.16 0.24 0.10 1.27 1.96
Soybean 1.03 0.18 0.32 0.15 2.20 2.72
Sulfur 0.69 0.16 0.33 0.29 2.43 2.04
Tenn. Green Pod 0.86 0.26 0.21 0.27 3.26 1.77
White Navy 1.08 0.46 0.25 0.20 2.01 0.62

a Analyses were made in duplicate; values are expressed on a wet weight basis.

Table 5—Mineral composition of seed and sprouts3

Varieties

Fe
(mg/100g)

Mg
(mg/100g)

Ca
(mg/100g)

P
(mg/IOOg)

K
(mg/100g)

Mn
(mg/100g)

Seed Sprout Seed Sprout Seed Sprout Seed Sprout Seed Sprout Seed Sprout

Peas
Dwarf Gray 6.52 0.55 140 17 94 13 307 20 736 94 16.1 0.9
Early Alaska 5.65 1.24 141 22 94 20 311 36 708 145 19.5 12.9
Laxton Progress 4.39 0.53 118 13 68 29 371 44 923 112 7.0 1.2
Mammoth Melting 5.54 0.84 135 15 97 13 354 40 763 157 20.8 6.8
Thomas Laxton 5.88 0.82 146 15 89 13 383 75 737 133 11.2 1.0
Wando 8.32 1.14 171 17 118 19 471 52 1299 215 18.7 4.2

Beans
Bunch, Executive 5.18 0.70 154 26 88 15 353 70 849 187 18.3 2.1
Bunch, Top Crop 6.94 0.59 164 23 107 15 450 29 1068 100 22.9 9.1
Burpee, Stringless 6.92 0.47 222 21 135 18 357 57 1198 253 15.5 10.2
Great Northern 1.29 0.48 222 24 157 18 379 46 1234 153 17.3 13.0
Tenn. Green Pod 7.31 0.49 224 21 175 13 441 53 1270 173 12.5 10.7
Pinto 7.51 0.54 162 20 103 16 509 50 1526 187 18.9 11.0
Red Kidney 2.20 0.81 194 21 125 17 428 37 1274 187 21.9 9.0
Red Valentine 7.13 0.59 171 29 148 22 314 85 1237 285 20.6 13.8
Sulfur 7.01 0.90 222 22 166 42 488 76 1042 256 34.3 1.8
White Navy 8.30 1.06 183 19 166 15 365 62 1085 205 23.2 9.1
Soybean 9.53 0.60 200 15 318 32 427 12 1362 157 18.2 10.2
Mung bean 6.18 1.89 221 36 307 43 327 28 961 276 29.8 3.8

a Values are expressed on a wet weight basis.
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Table 6—Effect of sprouting medium on calcium composition of sprouted seeds and sprouts (mg/100g)a

Sprouting medium (% chlorinated lime)

0% 0.02% 0.05%

Sprouted Sprouted Sprouted
Varieties Sprouts seeds Sprouts seeds Sprouts seeds

Soybean 27.9 45.6 31.6 49.4 34.1 56.2
Wando pea 38.0 16.1 47.1 21.0 51.6 27.9

a Values are expressed or a wet weight basis.

f o u n d  i n  t h e  s p r o u t s  c o n s i d e r i n g  t h e i r  l o w e r  e n e r g y  c o n t e n t .  
T h e  m u n g  b e a n  s p r o u t s  w e r e  t h e  h i g h e s t  i n  b o t h  m a g n e s i u m  
a n d  c a l c i u m .  P a t w a r d h m  ( 1 9 6 2 )  a l s o  r e p o r t e d  a  r e l a t i v e l y  h i g h  
c o n c e n t r a t i o n  o f  c a l c i u m  i n  m u n g  b e a n s  a s  o p p o s e d  t o  m o s t  

o t h e r  l e g u m e  s e e d s .
T h e  g r e a t e s t  v a r i a b i l i t y  w a s  f o u n d  i n  t h e  m a n g a n e s e  c o n c e n 

t r a t i o n  o f  t h e  s p r o u t s .  W h e r e a s ,  t h e r e  w a s  a  f i v e f o l d  v a r i a b i l i t y  
a m o n g  t h e  m a n g a n e s e  c o n c e n t r a t i o n  o f  t h e  d r y  s e e d s  t h e r e  w a s  

a  1 4 - f o l d  v a r i a b i l i t y  a m o n g  t h e  s p r o u t s .  T h i s  i s  s i g n i f i c a n t  i n  
v i e w  o f  t h e  r e c e n t  r e p o r t  o f  L e v e i l l e  ( 1 9 7 4 ) ,  t h a t  m a n g a n e s e  
c o n c e n t r a t i o n  o f  s o m e  v a r i e t i e s  o f  v e g e t a b l e s  c a n  v a r y  a s  m u c h  
a s  1 4 - f o l d  d e p e n d i n g  o n  t h e  l o c a t i o n  i n  w h i c h  t h e y  a r e  g r o w n .  
V a r i e t y  a n d  s e a s o n a l  d i f f e r e n c e s  w e r e  a l s o  s h o w n  t o  a f f e c t  t h e  
m a n g a n e s e  c o n c e n t r a t i o n  ( L e v e i l l e ,  1 9 7 4 ) .

A v a i l a b i l i t y  o f  t h e  m i n e r a l  n u t r i e n t s  i n  s e e d  s p r o u t s  h a s  n o t  
b e e n  s t u d i e d  t o  a n y  e x t e n t .  S i n g h  a n d  B a n e r j e e  ( 1 9 5 3 )  r e p o r t 
e d  a  g r e a t e r  a v a i l a b i l i t y  o f  i r o n  a f t e r  g e r m i n a t i o n .  B e l a v a d y  
a n d  B a n e r j e e  ( 1 9 5 3 )  r e p o r t e d  a  d e c r e a s e  i n  p h y t a t e  p h o s 
p h o r u s  u p o n  g e r m i n a t i o n  o f  l e g u m e s .

E f f e c t  o f  s p r o u t i n g  m e d i u m  o n  c a l c i u m  c o m p o s i t i o n

T h e  c o n c e n t r a t i o n  o f  c a l c i u m  i n  t h e  s p r o u t s  a n d  s p r o u t e d  
s e e d s  o f  t w o  v a r i e t i e s  i s  s h o w n  t o  b e  d i r e c t l y  r e l a t e d  t o  t h e  
c o n c e n t r a t i o n  o f  c h l o r i n a t e d  l i m e  i n  t h e  s p r o u t i n g  m e d i u m  

( T a b l e  6 ) .  C h l o r i n a t e d  l i m e  c o n s i s t s  o f  v a r y i n g  p r o p o r t i o n s  o f  
C a ( O C l ) 2 , C a C l 2 , C a ( O H ) 2 a n d  H 2 0  ( M e r c k  a n d  C o . ,  1 9 6 0 ) .

T h i s  s t u d y  s h o w s  t h a t  s e l e c t e d  v a r i e t i e s  o f  s p r o u t e d  s e e d s  
m a y  b e  a  s i g n i f i c a n t  s o u r c e  o f  n u t r i e n t s .  T h e  l e v e l  o f  a s c o r b i c  
a c i d  i s  d r a m a t i c a l l y  i n c r e a s e d  d u r i n g  g e r m i n a t i o n  o f  t h e  s e e d s .  

I n  a d d i t i o n ,  t h e  c o n c e n t r a t i o n  o f  p r o t e i n ,  s o m e  B - v i t a m i n s  a n d  
m i n e r a l s  m a y  m a k e  a  c o n s i d e r a b l e  c o n t r i b u t i o n  t o  h u m a n  d i e 
t a r i e s  w h e n  c o n s i d e r e d  i n  l i g h t  o f  t h e  h i g h  n u t r i e n t / e n e r g y  
r a t i o  i n  s p r o u t e d  s e e d s .
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e n t  t e m p e r a t u r e s :  A  p r o c e d u r e  f o r  d e t e r m in i n g  s p e c i f i c i t y .  J .  B i o l .  

C h e m .  2 3 6 :  1 6 1 1 .

R o e ,  J . H . ,  M i l l s ,  M . B . ,  O e s t e r l i n g ,  M . J .  a n d  D a m r c  n ,  C . M .  1 9 4 8 .  T h e  

d e t e r m i n a t i o n  o f  d i k e t o - L - g u l o n i c  a c id ,  d e h y d r o - L - a s c o r b i c  a c id ,  

a n d  L - a s c o r b i c  a c id  i n  t h e  s a m e  t i s s u e  e x t r a c t  b y  t h e  2 , 4 - d in i t r o -  

p h e n y l - h y d r a z i n e  m e t h o d .  J .  B i o l .  C h e m .  1 7 4 :  2 0 1 .

S in g h ,  H . D .  a n d  B a n e r j e e ,  S .  1 9 5 3 .  E f f e c t  o f  g e r m i n a t i o n  o n  t h e  a v a i l a 

b i l i t y  o f  i r o n  i n  I n d ia n  p u ls e s .  I n d ia n  J .  M e d .  R e s  4 1 :  1 8 5 .

S t r o h e c k e r ,  R .  a n d  H e n n in g ,  H . M .  1 9 6 5 .  “ V i t a m i n  A s s a y :  T e s t e d  M e t h 

o d s , ”  p .  2 8 9 .  T r a n s l a t e d  b y  D .  L i b m a n ,  C h e m i c a l  R u b b e r  C o .  P r e s s ,  
C le v e l a n d ,  O h i o .

T i c h e n o r ,  D . A . ,  M a r t i n ,  D . C . ,  a n d  W e l ls ,  C . E .  1 9 6 5 .  C a r o t e n o id  c o n t e n t  

o f  f r o z e n  a n d  i r r a d i a t e d  s w e e t  c o r n .  F o o d  T e c h n o l .  1 9 :  1 0 6 .

W a t t ,  B . K .  a n d  M e r r i l l ,  A . L .  1 9 6 3 .  “ C o m p o s i t i o n  o f  F o o d s , ”  A g r i c u l 

t u r a l  H a n d b o o k  N o .  8 .  U . S .  D e p t ,  o f  A g r i c u l t u r e ,  W a s h i n g t o n ,  D . C .

W e l ls ,  C . E . ,  T i c h e n o r ,  D . A .  a n d  M a r t i n ,  D . C .  1 9 6 3 .  A s c o r b i c  a c i d  i n  

u n c o o k e d  f r o z e n  g r e e n  b e a n s .  J .  A m e r .  D i e t e t i c  A s s o c .  4 3 :  5 5 9 .

M s  r e c e iv e d  5 / 3 1 / 7 4 ;  r e v is e d  1 0 / 4 / 7 4 ;  a c c e p t e d  1 0 / 6 / 7 4 .

P a p e r  N o .  7 4 - 9 - 7 5 ,  s u p p o r t e d  b y  t h e  K e n t u c k y  A g r i c u l t u r a l  E x p e r i 
m e n t  S t a t i o n .

S in c e r e  a p p r e c i a t i o n  is  e x t e n d e d  t o  M s .  M a r y  J o a n  O e x m a n n  a n d

R i c h a r d  T h a c k e r  f o r  t h e i r  e x p e r t  t e c h n i c a l  a s s is t a n c e  a n d  t o  M r .  J a c k

T o d d ,  o f  t h e  U n i v e r s i t y  o f  K e n t u c k y  A g r o n o m y  E  e p t .  f o r  t h e  u s e  o f

t h e  d e p a r t m e n t ’s a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r .
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SEVERAL FACTORS AFFECTING COLOR, TEXTURE AND 
DRAINED WEIGHT OF CANNED DRY LIMA BEANS

INTRODUCTION
T H E  L E G U M E S  a r e  a n  i m p o r t a n t  s o u r c e  o f  v e g e t a b l e  p r o t e i n s  
i n  m a n y  p a r t s  o f  t h e  w o r l d .  W h i t e  ( 1 9 7 0 )  m a d e  a  s u r v e y  o n  

c o n s u m e r  u s e  o f  d r y  b e a n s ,  p e a s  a n d  l e n t i l s .  S h e  c o n c l u d e d  
t h a t  b e a n  c o n s u m p t i o n  m i g h t  b e  i n c r e a s e d  t h r o u g h  d e v e l o p 

m e n t  o f  s p i c y ,  q u i c k - c o o k i n g  o r  r e a d y - p r e p a r e d  b e a n  d i s h e s  
w i t h  b u i l t - i n  a p p e a l .

O c c a s i o n a l l y ,  c a n n e d  l i m a  b e a n s  s h o w  a  g r a y  d i s c o l o r a t i o n  
w h i c h  i n f l u e n c e s  t h e  m a r k e t a b i l i t y  o f  t h e  p r o d u c t .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  W h i t e  V e n t u r a  6 5  a n d  
B - 5 1 - 1 1 4  d r y  l i m a  b e a n s  w e r e  c o m p a r e d  f o r  t h e i r  p r o p e r t i e s  

a f t e r  c a n n i n g .  T h e  e f f e c t s  o f  s o a k i n g  m e t h o d s ,  c h e l a t i n g  a g e n t s  
a n d  c a l c i u m  i o n s  o n  q u a l i t y  o f  t h e  c a n n e d  p r o d u c t  a r e  r e p o r t 
e d .

MATERIALS & METHODS
Dry lima beans

100 lb each of White Ventura 65 and B-51-114 dry large lima beans 
(P haseo lu s lu n a tu s  L.) grown at Westley, King City and Santa Maria 
areas o f California were supplied by Professor Carl L. Tucker of the 
Dept, o f Agronomy, University o f California, Davis. The dry beans were 
kept at room tem perature in tightly covered 5-gal cans for 1 m onth 
prior to  canning. The m oisture content o f the dry beans was between 
11-12% . White Ventura 65 dry large limas grown on the University 
Farm at Davis were also used for some of the experiments.
Canning procedures

Rehydration. In the rehydration experim ent, 2.2-kg batches of dry 
beans were soaked in solutions containing 0, 0.25 and 0.50% citric acid 
in distilled water. One part o f dry beans was immersed in four parts of 
soaking medium at room tem perature (2 0 -2 2 ° C) for 12 hr.

In the EDTA experiments, 2.2 kg o f dry beans were soaked in four 
parts water containing 0.5% EDTA ■ Na2 (ethylenediam inetetraacetic 
acid disodium salt) for 12 hr.

In the calcium chloride study, 2.2-kg batches o f dry beans were 
soaked at room tem perature for 12 hr in 8.8 liters o f distilled water 
containing 0, 0.10 and 0.30% CaCl2 • 2H2 O.

Blanching. The soaked beans were drained on a stainless-steel screen, 
rinsed with tap water and then blanched in water or steam at 100°C for 
10 min or a specified time, allowing 5 min for preheating. The blanched 
beans were drained, rinsed with tap water, poured into a stainless-steel 
tub containing 3 volumes o f ice water, kept there for 5 -1 5  min, and 
then drained.

Canning. The blanched beans were sorted to remove defective ones. 
250g of sorted beans and 230 ml o f brine were added to each 303 X  

406 enameled cans (National Can Company, #130). The standard brine 
contained 1.5% salt, 3% sugar and 0.1% monosodium glutamate in 
distilled water (Raab et al., 1973).

Effect of calcium chloride on textures. CaCl2 • 2H20  (C.P. grade) 
was added to the standard brine in the am ounts o f 0, 0 .1 ,0 .2 , and 0.3% 
(w/v).

Effect of EDTA • Na2. Ethylenediam inetetraacetic acid disodium 
salt was added to the standard brine in the am ounts o f 0, 100, 300, and 
500 ppm.

The cans were sealed at room tem perature under a vacuum of 22 in. 
Hg in a Rooney semi-automatic vacuum sealer and heat processed in a 
retort at 118.3°C for 30 min, with a come-up time of 5 min. After

1 P r e s e n t  a d d r e s s :  C o r n e l l  U n iv e r s i t y ,  I t h a c a ,  N . Y .

2 P r e s e n t  a d d r e s s :  D e p t ,  o f  F o o d  &  A g r i c u l t u r e ,  S t a t e  o f  C a l i f o r n i a ,  

S a c r a m e n t o ,  C a l i f .

retorting, the canned beans were cooled in tap water for 10 min, using 
compressed air to replace steam during the cooling periods. The canned 
products were stored at 7.2°C prior to  chemical analysis and quality 
evaluation.
Analytical procedures

Drained weight. The contents o f each can were drained for 5 min on 
an 8-in. screen to remove the brine. The weight o f the drained beans 
was determined. The average of four determ inations for each sample 
was recorded.

pH. The pH of brine was determ ined with a Beckman Zeromatic 
SS-3 pH meter.

Titratable acidity. lOOg of drained beans were macerated with 100 
ml o f distilled water in a Waring Blendor for 2 min. 20g of the resulting 
puree was diluted with 100 ml o f distilled water and titrated  to pH 8.0 
with 0.1N sodium hydroxide. The average o f four determ inations was 
reported as percent citric acid in the drained beans.

Total phenols. Total phenols were determined by the Folin-Denis 
phosphom olybdate colorim etric m ethod (Syn and Luh, 1965).

Total solids. 2g of diatom aceous earth were placed into each alumi
num dish and dried at 100-110°C  for 1 hr. The dishes were cooled in a 
desiccator for 30 min and weighed with a Mettler analytical balance. 
Approximately lOg of sample were placed into the aluminum dish and 
weighed. The sample was then mixed thoroughly with the diato
maceous earth, and placed on a steam bath until reaching apparent 
dryness. The dish was dried in a vacuum oven for 3 hr at 70°C under a 
vacuum of 29 in. Hg. After drying, the dishes were cooled in a desic
cator for 30 min and weighed again. The percent total solids in the 
sample was then calculated.

Color. A Gardner model AC-1 autom atic color difference m eter was 
used to measure the color of the drained beans. A light yellow porcelain 
plate with R d  = 60.7, a = - 2 .1 ,  b  = +22.3 was used as a reference plate. 
The results are reported as R d  (brightness), a and b values.

Texture. A Lee-Kramer Shear Press equipped with an electronic 
recording attachm ent was used for tex ture evaluation (Mohammad- 
zadeh-Khayat and Luh, 1968). The average o f three determ inations was 
reported. 55g of canned beans were placed in a cylindrical cell (5.25 cm 
i.d. x  4.3 cm inside h t) in each determ ination. The plunger descended 
at a speed of 50 + 2 sec/stroke. A 500-lb gauge ring was used. The area 
under the curve was measured with a planim eter. The results are ex
pressed as the area under the curve in sq in. (Binder and Rockland, 
1964).

Metal ions. Copper, iron and calcium ions were determined with a 
Perkin-Elmer model 303 atom ic absorption spectrophotom eter (AOAC, 
1970).

5g of drained beans were accurately weighed into a 800-ml Kjeldahl 
flask and mixed with 10 ml o f 7:1 (v/v) perchloric-sulfuric acid mix
ture. The solution was kept at room tem perature overnight. It was then 
treated with 45 ml o f cone nitric acid, and digested on an electric 
heater until m ost o f the nitric oxide fumes were expelled. After cool
ing, 15 ml o f distilled water was added. The solution was mixed thor
oughly. The Kjeldahl flask was washed three times with 5-ml portions 
of water. The filtrate and washings were combined and diluted to 50 ml 
in a volumetric flask. A 10-ml aliquot o f  digested sample solution was 
pipetted into a 25-ml volumetric flask and diluted to volume for anal
ysis o f  calcium and copper ions.

Calcium. Calcium standard in lanthanum  and sulfuric acid was pre
pared from dried C.P. grade C aC 03 in 25-ml quantities o f 2, 5, 10, 20, 
40 and 60 Mg/ml calcium. Enough sulfuric acid was added to provide 
1% in diluted solution. Total volume was increased to about 12 ml with 
distilled water. 5 ml o f the stock lanthanum  solution was added to 
avoid interference caused by phosphorous. The flask was filled to 25 ml 
with distilled water. The samples were analyzed for calcium at a wave
length of 422.7 nm.
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Table 1—Effect cf soaking in acidified water on color of canned large lima beans. White Ventura 65 variety, 6 months after canning

Code Soaking medium pH of brine
Total acidity 
in beans %

Gardner colorimeter readings 
Rd a b

Avg visual 
color scorea

A Distillée water 6.16 0.19 25.1 +0.4 +15.5 5.2
B Distillée water 5.85 0.19 27.8 +0.3 +16.2 6.5

+ 0.25% citric acid
C Distillée water 5.65 0.22 27.8 +0.5 +17.3 6.8

+ 0.50% citric acid
LSD (P = 0.05) 0.09 1.2
a Based on a 1—10 scale: Excellent, 9—10; good, 7—8; fair, 5--6; poor, 3—4; very poor, 1-2.

Copper. For copper analyses, the wavelength was set at 324.7 nm.
Iron. For iron analyses, the wavelength was set at 248.3 nm.
Total nitrogen and crude protein. The Kjeldahl m ethod described in 

AOAC (1970) for determ ination o f total nitrogen and crude protein 
was used.

Pectin. For total pectin the versene-pectinase carbazole m ethod 
described by McCready and McComb (1952) was utilized.

Sensory evaluation. A panel o f 15 judges evaluated the color, tex
ture and flavor o f the canned samples. Two cans o f each sample were 
used for each evaluation. Separate sets o f samples were placed a t ran
dom in small paper cups under dim light in separate booths. The judges 
were asked to evaluate texture and flavor on a 1 -1 0  scale: excellent,
9 —10; good, 7 - 8 ;  fair, 5 - 6 ;  poor, 3 - 4 ;  and very poor, 1 -2 .

For color evaluation, the judges were asked to proceed to  another 
booth under a standard light source approaching daylight. The m ethod 
of score was the same as that for texture and flavor on a 1 -1 0  scale.

The results o f sensory evaluations were subjected to  analysis o f 
variance. The least significant difference (LSD) at the 95% probability 
level (P = 0.05) was calculated.

RESULTS & DISCUSSION
R e h y d r a t i o n  i n  a c i d i f i e d  w a t e r

E x p e r i m e n t s  w e r e  c a r r i e d  o u t  t o  s t u d y  t h e  e f f e c t  o f  r e h y 

d r a t i o n  i n  a c i d i f i e d  w a t e r  c o n t a i n i n g  0 . 2 5  a n d  0 . 5 0 %  c i t r i c  
a c i d  o n  t h e  c o l o r  o f  t h e  c a n n e d  p r o d u c t .  T h e  r e s u l t s  a r e  p r e 
s e n t e d  i n  T a b l e  1 .

I t  w a s  o b s e r v e d  t h a t  t h e  c o l o r  o f  t h e  c a n n e d  b e a n s  w a s  
i m p r o v e d  b y  s o a k i n g  t h e  d r y  b e a n s  i n  a c i d i f i e d  w a t e r  f o r  1 2  h r  
p r i o r  t o  p r o c e s s i n g .  T h i s  w a s  e v i d e n c e d  b y  t h e  i n c r e a s e  i n  
G a r d n e r  Rd  v a l u e  f r o m  2 5 . 1  i n  t h e  c o n t r o l  t o  2 7 . 8  i n  t h e  
a c i d - s o a k e d  s a m p l e s .  T h e  p a n e l  g a v e  a  h i g h e r  v i s u a l  c o l o r  s c o r e  
t o  t h e  a c i d - s o a k e d  s a m p l e s  t h a n  t o  t h e  c o n t r o l .  T h e  r e s u l t s  a r e  
s i g n i f i c a n t  a t  t h e  9 5 %  p r o b a b i l i t y  l e v e l .  T h e r e  w a s  n o  s i g n i f i 

c a n t  d i f f e r e n c e  i n  c o l o r  s c o r e  b e t w e e n  t h e  a c i d i f i e d  s a m p l e s .
T h e  i m p r o v e m e n t  i n  c o l o r  o f  t h e  c a n n e d  b e a n s  t h r o u g h

s o a k i n g  i n  a c i d i f i e d  w a t e r  m a y  b e  r e l a t e d  t o  t h e  l o w e r i n g  i n  p H  

v a l u e  o f  t h e  c a n n e d  b e a n s  f r o m  6 . 1 6  t o  5 . 8 5  a n d  5 . 6 5 ,  r e s p e c 
t i v e l y ,  i n  t h e  a c i d - s o a k e d  s a m p l e s .

I t  i s  l i k e l y  t h a t  c i t r a t e  i o n  c a n  f o r m  c o m p l e x  i o n s  w i t h  t h e  

t r a c e  e l e m e n t s  s u c h  a s  c o p p e r  o r  i r o n ,  m a k i n g  t h e m  u n a v a i l a 
b l e  f o r  r e a c t i o n s  w i t h  t h e  p h e n o l i c  c o m p o u n d s  a n d  s u l f i d e s  
w h i c h  t e n d  t o  c a u s e  d i s c o l o r a t i o n  i n  t h e  c a n n e d  b e a n s .

E f f e c t  o f  a e i d i f i e d  b r i n e

C o l o r .  T h e  e f f e c t  o f  a c i d i f i e d  b r i n e  o n  t h e  c o l o r  o f  t h e  

c a n n e d  b e a n s  i s  p r e s e n t e d  i n  T a b l e  2 .  A c i d i f i c a t i o n  o f  t h e  

b r i n e  w i t h  c i t r i c  a c i d  a t  0 . 2 5 %  a n d  0 . 5 0 %  l e v e l s  i m p r o v e d  t h e  
c o l o r  o f  t h e  c a n n e d  p r o d u c t .  I t  i s  p o s t u l a t e d  t h a t  t h e  b e a n s  

c o n t a i n  s u l f u r - c o n t a i n i n g  a m i n o  a c i d s  a n d  p r o t e i n s  w h i c h  c a n  
y i e l d  h y d r o g e n  s u l f i d e s  d u r i n g  t h e  h e a t  s t e r i l i z a t i o n  p r o c e s s .  

T h e  s u l f i d e s  t h u s  f o r m e d  w i l l  r e a c t  w i t h  c o p p e r  i o n s  r e s u l t i n g  
i n  a  g r a y i s h  c o l o r .  W h e n  c i t r i c  a c i d  w a s  a d d e d ,  t h e  f o r m a t i o n  

o f  g r a y  c o . o r e d  c o m p o u n d s  d e c r e a s e d  w h i c h  m a y  b e  d u e  t o :  
( a )  l o w e r i n g  o f  t h e  p H  o f  t h e  m e d i u m  c a u s i n g  d i s s o c i a t i o n  o f  
m e t a l  c o p p e r  s u l f i d e  c o m p l e x e s ;  a n d  ( b )  f o r m a t i o n  o f  c o m p l e x  
i o n s  b e t w e e n  c i t r a t e  a n d  c o p p e r ,  m a k i n g  i t  u n a v a i l a b l e  t o  t h e  
s u l f i d e .

T e x t u r e  A d d i t i o n  o f  c i t r i c  a c i d  t o  t h e  b r i n e  i n c r e a s e s  t h e  
f i r m n e s s  o f  t h e  c a n n e d  b e a n s  ( T a b l e  3 ) .  T h e  p h e n o m e n o n  m a y  
b e  e x p l a i n e d  b y  t h e  d é n a t u r a t i o n  o f  s o m e  p r o t e i n s  a n d  s u p 
p r e s s i o n  o f  h y d r a t i o n  o f  t h e  p r o t e i n s  a n d  s t a r c h  i n  t h e  b e a n s  
b y  t h e  a c i d .

pH a n d  d r a i n e d  w e i g h t .  T h e  p H  a n d  d r a i n e d  w e i g h t  o f  t h e  
c a n n e d  b e a n s  ( B - 5 1 - 1 1 4  v a r i e t y )  a s  i n f l u e n c e d  b y  t h e  a c i d i f i e d  
b r i n e  a r e  p r e s e n t e d  i n  T a b l e  4 .  T h e  p H  o f  t h e  b r i n e  d e c r e a s e d  
a s  t h e  l e v e l  o f  c i t r i c  a c i d  i n  t h e  b r i n e  i n c r e a s e d .  A c i d i f i c a t i o n  
o f  t h e  b r i n e  w i t h  c i t r i c  a c i d  r e s u l t s  i n  a  l o w e r  d r a i n e d  w e i g h t .

T h e  d e c r e a s e  i n  d r a i n e d  w e i g h t  m a y  b e  e x p l a i n e d  b y  t h e  

d e c r e a s e  i n  h y d r a t i o n  o f  p r o t e i n s  a n d  s t a r c h  r e s u l t i n g  i n  s o m e  
s h r i n k a g e  i n  v o l u m e  o f  t h e  c a n n e d  b e a n s .

Table 2—Effect of acidified brine on visual color of canned large lima beans, 4 months after canning

Average visual color score3

B-51-114 White Ventura 35

Treatment Brine Westley King City Santa Maria Westley King City Santa Maria

A Control*3 4.7 4.5 4.6 5.7 4.5 5.0
B Control + 0.25% 

citric acid
6.7 7.8 7.6 6.7 8.0 6.8

C Control + 0.50% 
citric acid

8.0 8.7 7.8 8.2 8.8 7.2

LSD (P = 0.05) 0.7 0.9 0.7 1.1 1.1 0.9
a Panel of 15 judges scored the color of each variety from the three growing areas on a hedonic scale of 1 — 10: Excellent, 9 — 10: good, 7—8; fair, 5 - 

6; poor, 3—4; very poor, 1—2.
b The control brine contained 1.5% salt, 3% cane sugar and 0.1% monosodium glutamate in water.
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Table 3—Texture of canned large lima beans as affected by adding citric acid to the brine

Lee-Kramer shear press readings, (sq in. X 6.25)

B-51-114 variety White Ventura 65 variety

Westley Santa Maria Westley Santa Maria
(inland) King City (coast) (inland) King City (coast)

Treatments Brine 2 mo 4 mo 2 mo 4 mo 2 mo 4 mo 2 mo 4 mo 2 mo 4 mo 2 mo 4 mo

A Control3 6.38 7.81 6.63 7.81 7.63 7.88 7.38 8.00 7.37 8.00 10.13 7.81
B Control + 0.25% 

citric acid
8.38 8.63 8.50 11.44 7.88 8.31 10.00 11.75 11.50 12.50 17.25 13.88

C Control + 0.50% 
citric acid

8.75 9.63 10.75 13.13 7.55 11.25 12.38 12.94 13.50 13.50 18.00 17.06

a The control contains 1.5% salt, 3% cane sugar and 0.1% monosodium glutamate in water.

P o l y p h e n o l s  and metal i o n s .  P o l y p h e n o l i c  c o m p o u n d s  a r e  

k n o w n  t o  b e  c a p a b l e  o f  f o r m i n g  c o l o r e d  c o m p l e x e s  w i t h  c o p 
p e r  i o n s .  T h e  t a n n i n - l i k e  s u b s t a n c e s  i n  t h e  c a n n e d  b e a n s  w e r e  

d e t e r m i n e d  a s  t o t a l  p h e n o l s  b y  t h e  F o l i n - D e n i s  r e a g e n t .  T h e  
r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  5 .  T h e r e  w a s  n o  s i g n i f i c a n t  d i f 

f e r e n c e  i n  l e v e l  o f  t o t a l  p h e n o l s  b e t w e e n  t h e  B - 5 1 - 1 1 4  a n d  
W h i t e  V e n t u r a  6 5  v a r i e t i e s .  T h e  F o l i n - D e n i s  r e a g e n t  r e a c t s

w i t h  t h e  a r o m a t i c  h y d r o x y l  g r o u p s  o f  p h e n o l i c  c o m p o u n d s  t o  
f o r m  a  d e e p  b l u e  c o l o r  d u e  t o  t h e  r e d u c t i o n  o f  t h e  p h o s p h o -  

m o l y b d a t e  r e a g e n t .  U n d e r  t h e  c o n d i t i o n s  o f  t h i s  i n v e s t i g a t i o n ,  
t h e  l e v e l s  o f  t o t a l  p h e n o l s  i n  t h e  b e a n s  f r o m  t h r e e  g r o w i n g  
a r e a s  w e r e  a p p r o x i m a t e l y  e q u a l .Copper and iron. T h e  c o p p e r  a n d  i r o n  c o n t e n t s  o f  t h e  

d r a i n e d  b e a n s  a r e  s h o w n  i n  T a b l e  5 .  T h e  l e v e l  o f  c o p p e r  i n  t h e

Table 4—Effect of acidified brine on pH and drained weight of canned dry large lima beans, 4 months after canning

Westley (inland) King City Santa Maria (coast)

Treat
ments

Brine
store

pH of 
brine

Drained
wt
(9)

pH of 
brine

Drained
wt
(g)

pH of
brine

Drained
wt
(9)

B-51-114
A

Variety
Control3 6.14 317.3 6.15 307.2 6.15 319.3

B Control + 0.25% 5.58 298.6 5.58 277.7 5.52 301.8

C
citric acid 

Control + 0.50% 5.21 292.4 5.20 274.6 5.20 297.0
citric acid

White Ventura 65 Variety
A Control3 6.09 314.9 6.10 313.5 6.12 312.8
B Control + 0.25% 5.54 308.3 5.53 299.4 5.55 311.6

C
citric acid 

Control + 0.50% 5.15 302.9 5.13 291.5 5.17 304.8

LSD
citric acid 

(P = 0.05) 0.10 4.5 0.09 3.8 0.11 4.3

a The control brine contained 1.5% salt, 3% sugar and 0.1% monosodium glutamate.

Table 5—Total phenols and metal ions in canned large lima beans3

Variety Growing area
Total phenols 

(mg/100g)
Copper

(mg/100g)
Iron

(-ng/IOOg)
Calcium 

(mg/100g ) Total solids

B-51-114 Westley 31.6 0.223 2.52 11.68 29.41
White Ventura 65 Westley 30.3 0.178 2.11 5.94 29.39
B-51-114 King City 30.1 0.231 1.88 9.38 29.01
White Ventura 65 King City 30.1 0.156 1.73 7.99 28.21
B-51-114 Santa Maria 31.5 0.163 2.77 8.30 29.45
White Ventura 65 Santa Maria 30.6 0.126 2.36 6.85 29.36
LSD (P = 0.05) 1.5 0.028 0.16 0.70 1.52

a The beans were drained prior to analysis.
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Table 6—Effect of adding calcium chloride to the brine or the soaking water on colo' and texture of canned large lima beans. White Ventura 65
variety, Davis, Calif.

Code

CaCI2 • 2 H 2 O 
added to brine 

Soaking medium %
pH of 
brine

Rd

Gardner color readings 

a b
Texture3 

sq in. X 6.25

2 mo 6 mo 2 mo 6 mo 2 mo 6 mo 2 mo 6 mo

A0 Distilled water none 6.10 25.5 23.7 1.4 1.2 9.5 9.2 7.1 8.4
A1 Distilled water 0.1 6.00 26.3 27.4 1.2 0.4 9.6 9.2 7.0 9.0
A2 Distilled water 0.2 6.00 26.6 28.1 0.9 0.5 9.7 9.1 11.0 12.5
A3 Distilled water 0.3 6.00 29.7 28.9 0.7 0.7 9.3 9.3 13.1 15.9
B CaCI2 • 2H 2 O (0.1%) none 6.10 24.6 23.1 1.0 1.1 9.3 10.5 7.6 8.1
C CaCI2 • 2H 20  (0.3%) none 6.10 25.6 23.9 1.4 1.0 9.1 8.7 9.8 11.1
LSD (P = 0.05) 0.09 0.7 0.6

a Texture was measured w ith a Lee-Kramer shear press.

Table 7 —Effect of calcium chloride 
variety, 6 months after canning

treatments on the sensory quality and calcium content of canned large lima beans, White Ventura 65

Code Soaking medium

CaCI2 • 2 H 2 O 
added to brine 

<%)

Average sensory score

Color Texture Flavor

Calcium content drained beans 
(mg/IOOg 
dry basis)

AO Distilled Wcter none 5.6 6.0 6.7 20.3
A1 Distilled water 0.1 6.3 6.4 6.5 50.9
A2 Distilled water 0.2 6.9 7.2 6.4 88.6
A3 Distilled water 0.3 7.9 7.3 6.9 132.4
B Distilled water + 0.1% none 7.2 7.2 7.6 47.4

C
CaCI2 • 2 H 2 O 
Distilled water + 0.3% none 7.8 8.9 7.3 78.4

LSD
CaCI2 • 2 H 2 O 
(P = 0.05) 0.8 1.2 1.0 1.2

p r o d u c t  m a y  h a v e  s o m e  b e a r in g  o n  t h e  d is c o lo r a t io n  o f  th e  
c a n n e d  p r o d u c ts . I t  is  im p o r t a n t  to  a v o id  c o n t a m in a t io n  o f  th e  
b e a n s  w ith  c o p p e r  d u rin g  h a r v e s t in g , h a n d lin g  a n d  c a n n in g . 
T h e  d if f e r e n c e  in  so il p r o p e r t ie s  m a y  a lso  c o n t r ib u t e  t o  th e  
d if f e r e n c e  in  le v e ls  o f  c o p p e r  io n s  in  th e  b e a n s .

C a lc iu m . T h e  c a lc iu m  c o n t e n t  o f  th e  c a n n e d  b e a n s  a re  p r e 
se n te d  in  T a b le  5 . I t  a p p e a rs  t h a t  th e  B - 5 1 - 1 1 4  v a r ie ty  c o n 
ta in e d  m o re  c a lc iu m  th a n  th e  W h ite  V e n tu r a  v a r ie ty . S im ila r  
tre n d s  w e re  fo u n d  in  th e  b e a n s  f r o m  th e  th r e e  g ro w in g  a re a s . 

E f f e c t  o f  c a lc iu m  c h lo r id e

It is g e n e r a lly  k n o w n  t h a t  a d d it io n  o f  sm a ll a m o u n ts  o f  
c a lc iu m  io n s  c a n  im p r o v e  th e  t e x t u r e  o f  c e r ta in  c a n n e d  fo o d s  
( M o h a m m a d z a d e h -K h a y a t  a n d  L u h , 1 9 6 8 ) .

C a lc iu m  c h lo r id e  w as a d d ed  e i th e r  t o  th e  b r in e  d u rin g  c a n 
n in g , o r  to  th e  s o a k in g  m e d iu m  p r io r  t o  b la n c h in g . T h e  c o lo r  
an d  t e x t u r e  o f  th e  c a n n e d  b e a n s  a f te r  s to r a g e  f o r  2 an d  6  
m o n th s  w e re  e v a lu a te d . T h e  d ra in e d  b e a n s  c o n ta in e d  2 0 .8 6 %  
p r o te in  o n  t h e  d ry  b a s is  (N  X  6 . 2 5 ) ,  a n d  2 9 .6 %  t o t a l  so lid s .

C o lo r  o f  t h e  c a n n e d  b e a n s  w a s im p ro v e d  b y  a d d in g  c a lc iu m  
c h lo r id e  t o  th e  b r in e  d u rin g  c a n n in g . T h e  R d  v a lu e s  o f  th e  
t r e a te d  sa m p le s  w e re  h ig h e r  th a n  th o s e  o f  th e  c o n t r o l  ( T a b le
6 ). V isu a l c o lo r  s c o r e s  m a d e  b y  th e  p a n e l a lso  in d ic a te  an  
im p r o v e m e n t  in  c o lo r  o f  th e  c a n n e d  p r o d u c t  r e s u lt in g  f r o m  
C a C l2 t r e a t m e n t  ( T a b le  7 ) .

T h e  e f f e c t  o f  a d d in g  c a lc iu m  c h lo r id e  to  th e  b r in e  o n  t e x 
tu re  o f  th e  c a n n e d  p r o d u c ts  w as m e a su re d  w ith  a L e e -K r a m e r  
s h e a r  p re ss  r e c o r d e r .  T h e  r e s u lts  a re  p re s e n te d  in  T a b le  6 .  I t  is 
a p p a r e n t  t h a t  a d d it io n  o f  C a C l2 t o  th e  b r in e  re s u lte d  in  a 
f ir m e r  t e x t u r e  in  th e  c a n n e d  p r o d u c t .  S o a k in g  th e  d ry  b e a n s  in  
w a te r  c o n ta in in g  0 .1  an d  0 .3 %  C a C l2 (S a m p le s  B  a n d  C ) a lso

in c r e a s e d  t i e  f ir m n e s s  o f  th e  b e a n s . T h e  t e x t u r e  o f  th e  b e a n s  
w as f ir m e r  in  th e  sa m p le s  s to r e d  f o r  6  m o n th s  a f t e r  c a n n in g  
th a n  in  th o s e  s to r e d  f o r  2 m o n th s  o n ly . T h is  p h e n o m e n o n  m a y  
b e  e x p la in e d  b y  th e  d if fu s io n  o f  c a lc iu m  io n s  in t o  th e  b e a n s  
a f t e r  c a n n in g . T h e  c a lc iu m  io n s  c a n  c o m b in e  w ith  th e  p e c t in  in  
th e  ce ll  w a lls  t o  s tr e n g th e n  th e  b in d in g  b e tw e e n  t h e  c e lls  
(M o h a m m a d z a d e h  an d  L u h , 1 9 6 8 ) .

O r g a n o le p t ic  d a ta  o f  th e  c a n n e d  b e a n s  6  m o n th s  a f t e r  c a n 
n in g  a re  p re s e n te d  in  T a b le  7 . T h e  p a n e l d e te c te d  d if f e r e n c e s  
in  f ir m n e s s  b e tw e e n  th e  sa m p le s  w ith  an d  w ith o u t  0 .2 %  C a C l2 
• 2 H 2 0  a d d e d  to  th e  b r in e . S o a k in g  th e  d ry  b e a n s  in  w a te r

Table 8 -P e c tin  in canned lima beans with calcium chloride treat
ment

Code Scaking medium

CaCI2 • 2 H 2 O 
added to brine 

(%)

Total pectin in 
drained bean 
on dry basis 

(%)

A0 Distilled water none 6.6
A1 Distilled water 0.1 7.4
A2 Distilled water 0.2 7.5
A3 Distilled water 0.3 8.4
B Distilled water none 7.2

+ 0.1% CaCI2 • 2H 2 O
C Distilled water none 7.5

+ 0.3% CaCI2 • 2H 2 O



F A C T O R S  A F F E C T IN G  C A N N E D  LIMA B E A N S - 5 6 1

Table 9 —Effect o f E D TA  • N a2 on color and texture of canned large lima beans. W hite Ventura 65 variety grown in Davis, Calif., 6  months 
after canning

Gardner
colorimeter readings Texture Lee-Kramer

Code Soaking medium
E D TA  • N a2 

added to brine ppm Rd a b
Average visual 

color score
shear press 

sq in. X  6 .25 Textural score

A1 Distilled water none 23.6 1.8 9.7 4.1 7.8 6.7
A2 Distilled water 100 23.1 1.7 10.7 5.2 9.4 6.6
A3 Distilled water 300 28.9 1.3 15.1 6.4 8.9 6.9
A4 Distilled water 500 28.7 1.1 15.2 7.1 7.9 7.3
B 0.5% EDTA • Na2 none 29.8 1.7 16.0 8.8 10.1 7.3
LSD (P = 0.05) 0.6 0.3 1.0

a On a 1 — 10 scale: Excellent, 9 — 10; good, 7—8; fa ir , 5—6; poor, 3 - 4; very poor, 1 -2 .

Lee Kramer shear press readings (ft-lbs)

Fig. 1 —R elationsh ip  between ca lc ium  c o n te n t and Lee-Kram er shear 
press readings o f  canned d ry  large lim a  beans.

c o n ta in in g  0 .1  an d  0 .3 %  C a C l2 • 2 H 2 0  a lso  r e s u lte d  in  a 
f ir m e r  t e x t u r e .  T h e r e  w as n o  s ig n if ic a n t  d if f e r e n c e  in  f la v o r  
s c o re  o f  th e  b e a n s  a t  th e  9 5 %  p r o b a b i l i ty  le v e l.

Calcium content. T h e  d is tr ib u t io n  o f  c a lc iu m  io n  b e tw e e n  
th e  d ra in e d  b e a n s  an d  th e  b r in e  a re  p r e s e n te d  in  T a b le  7 . 
A b o u t  8 0 %  o f  t h e  c a lc iu m  w a s in  th e  b e a n s , an d  th e  re m a in d e r  
in  th e  b r in e . A d d it io n  o f  c a lc iu m  c h lo r id e  t o  th e  b r in e  re s u lte d  
in  a n  in c r e a s e  in  c a lc iu m  c o n t e n t  b o t h  in  th e  b e a n s  an d  in  th e  
b r in e .

T h e  re la t io n s h ip  b e tw e e n  c a lc iu m  c o n t e n t  o f  th e  b e a n s  an d  
th e  t e x t u r e  ( L e e - K r a m e r  S h e a r  P ress  re a d in g s )  is s h o w n  in  
F ig u r e  1. In  th e  c o n c e n t r a t io n  ra n g e  o f  th is  e x p e r im e n t ,  a 
l in e a r  re la t io n s h ip  e x is t s  b e tw e e n  c a lc iu m  c o n t e n t s  a n d  th e

sh e a r  p re ss  re a d in g s . B e a n s  o f  f ir m e r  t e x t u r e  w e re  h ig h e r  in  
c a lc iu m  c o n t e n t .

Pectin. T h e  t o t a l  p e c t in  c o n t e n t s  o f  th e  c a n n e d  b e a n s  as 
r e la te d  t o  C a C l2 in  th e  b r in e  a re  p r e s e n te d  in  T a b le  8 . W h e n  
c a lc iu m  c h lo r id e  c o n t e n t  w as in c r e a s e d  in  t h e  b r in e ,  th e  t o t a l  
p e c t in  c o n t e n t  in  t h e  d ra in e d  b e a n s  w as in c r e a s e d . T h e  c a lc iu m  
io n s  c a n  c o m b in e  w ith  t h e  p e c t in  in  t h e  c e l l  w a lls  t o  fo r m  a 
b r id g e , c a u s in g  a f ir m e r  t e x t u r e  in  th e  c a n n e d  p r o d u c t .

Effect of treatm ent with EDTA disodium salt
T h e  c o m p o u n d  E D T A  d is o d iu m  s a lt  c a n  p r e v e n t  d is c o lo r a 

t io n  in  fo o d s  b e c a u s e  o f  i t s  a b i l i ty  t o  im m o b il iz e  m e ta l  io n s  
th r o u g h  c h e la t io n  (M a r te l l  e t  a h , 1 9 5 2 )  in c o r p o r a t in g  i t  in t o  a 
r in g -lik e  t e x t u r e .  M e ta l io n s , p a r t ic u la r ly  i r o n  a n d  c o p p e r ,  ca n  
c a ta ly z e  th e  o x id a t io n  o f  o r th o - d ih y d r ic  p h e n o ls  t o  fo r m  q u i-  
n o n e s  w h ic h  th e n  p o ly m e r iz e  t o  fo r m  b r o w n  o r  g ra y ish  
c o lo r e d  p o ly m e r s  (S w a in , 1 9 6 2 ) .  P o ly p h e n o l ic  c o m p o u n d s  
su c h  as c a t e c h in  a n d  c ’n lo r o g e n ic  a c id , a s id e  f r o m  b e in g  p r o n e  
to  o x id a t io n ,  a lso  p o sse s s  th e  a b i l i ty  t o  b in d  ir o n  o r  c o p p e r  
io n s  t o  fo r m  c o lo r e d  c o m p le x e s .

Color. T h e  G a r d n e r  d if f e r e n c e  m e te r  re a d in g s  o f  th e  c a n n e d  
b e a n s  a re  p r e s e n te d  in  T a b le  9 .  T h e  c o lo r  o f  b e a n s  w as im 
p ro v e d  w h e n  t h e  E D T A  • N a2 c o n c e n t r a t io n  in  th e  b r in e  w as 
in c r e a s e d . E i t h e r  s o a k in g  th e  d ry  b e a n s  in  E D T A  • N a 2 s o lu 
t io n  o r  a d d in g  E D T A  * N a2 t o  th e  b r in e  w as e f f e c t iv e  in  
im p r o v in g  t h e  c o lo r  o f  th e  c a n n e d  p r o d u c ts .  T h e  im p r o v e m e n t  
in  c o lo r  o f  th e  c a n n e d  b e a n s  m a y  b e  a t t r ib u t e d  t o  th e  b in d in g  
o f  ir o n  o r  c o p p e r  io n s  w ith  E D T A  • N a2 .
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FOLIC ACID CONTENT OF CANNED GARBANZO BEANS

INTRODUCTION
ONE OF THE important factors to be considered in food 
processing is retention of nutrients. Information concerning 
the nutritional effects during cooking, processing and storage 
of food stuffs has been published by Bender (1966), Schwei- 
gert (1966), Hurdle et al. (1968), Sukewer et al. (1970), Mit- 
suda (1971) and Schroder (1971).

The principal biochemical reactions in which folate takes 
part in man are: (a) protein synthesis—interconversion of 
serine and glycine; interconversion of histidine and glutamic 
acid; and methionine biosynthesis; and (b) nucleic acid syn
thesis-synthesis and catabolism of purines and pyrimidines; 
and DNA synthesis (Rothman, 1970). The biochemistry of 
folic acid and related pteridines has been reviewed by Blakely
(1969) and Robinson (1966).

Folic acid is a vitamin required for growth, reproduction 
and prevention of anemia in animals and for treatment of 
several types of anemia in human beings. Beans are considered 
a good source of folic acid. Although there are a number of 
studies concerning folic acid content of beans (Ives et al., 
1946; Toepfer et al., 1951; Chung et al., 1961), information 
concerning that of garbanzo beans (Cicer arietimum) is lack
ing.

In the present study, the folic acid content of canned gar
banzo beans was determined by the microbiological assay 
method, using Streptococcus faecalis (ATCC 8043) as test 
organism. Chicken pancrease enzyme treatment of the samples 
was applied to obtain extracts containing all the folic acid in 
forms utilized by the microorganism, measurable as total folic 
acid content. The effects of soaking, blanching and thermal 
processing on folic acid retention in canned garbanzo beans 
were also studied.

MATERIALS & METHODS
Garbanzo beans

1 0 0  lb o f  dry garbanzo beans (Cicer arietinum) w ere supplied by  the 
C aliforn ia Dry B ean Advisory B oard , D inuba, Calif.

Canning
U nless otherw ise stated , one part o f  dried beans was soaked in three 

parts o f  w ater for 12  hr at room  tem perature ( 2 2 - 2 5 ° C ) .  T h e  soaked 
beans were drained, rinsed tw ice, covered w ith w ater in an enam elled 
pan, and blanched  in a steam  cham ber fo r 10 m in at 1 0 0 °C , allowing 5 
m in o f  com e-up tim e. T he blanched beans were drained on a stainless 
steel screen, cooled  in an ice  w ater bath  for 3 m in , drained again and 
sorted  to  rem ove m oldy and defective ones. 2 5 0 g  o f  blanched  beans 
were added to  each  3 0 3  x  4 0 6  enam elled can (N ational Can C o ., # 1 3 0 )  
together w ith 2 3 0  ml o f  brine containing 3 .0%  sucrose, 1 .5%  NaCl and 
0 .1%  M SG  (m onosodium  glutam ate). The cans w ere sealed under a 
vacuum  o f  22  in. Hg, and retorted  in a stationary  reto rt at 1 1 8 .3 °C  for 
3 0  m in w ith 5 m in com e-up tim e (R aab  et al., 1 9 7 3 ) . T he h eat p ro c
essed cans were cooled  in w ater, dried, k ep t at room  tem perature fo r 1 
w k, and then stored at 7 .2 °C .

Effect of soaking, blanching and heat processing
Soaking. 5 kg o f  dry garbanzo beans were soaked in 15 liters o f  

d istilled w ater at room  tem perature fo r 12  hr. T he excess w ater was 
discarded. A 200-g  sam ple o f  soaked beans was frozen  in covered glass

1 Present address: Food Industry Research & Development Institute, 
P.O. Box 246, Hsinchu, Taiwan

ja rs  a t — 18°C  for fo lic  acid d eterm ination . T h e  rem ainder was used fo r 
th e blanching study.

W ater blanching. 20 0 g  portions o f  soaked beans w ere b lan ched  in 
2 0 0  ml o f  distilled w ater at 10 0 °C  for 0 , 5 , 10 and 2 0  m in.

Steam  blanching. 2 0 0 g  portions o f  soaked beans w ere b lan ched  w ith 
steam  a t 1 0 0 °C  fo r 0 , 5 , 10 and 2 0  m in.

Cooling. A fter bo th  steam  and w ater blan chin g, th e beans w ere 
im m ediately dipped in to  ice w ater. T he beans w ere drained and sorted  
to  rem ove defective ones. R epresentative sam ples w ere frozen  in  tightly  
covered b o ttles  and kept at - 1 8 ° C  in the dark un til needed for fo lic  
acid analysis. T he rem aining soaked beans w ere blan ched  w ith either 
steam  or w ater at 1 0 0 °C  for 10  m in. T h e  blanched beans w ere used for 
heat processing studies.

H eat processing. E ach  No. 3 0 3  enam elled bean  can was filled  w ith 
25 0 g  o f  b lan ched  beans and 2 3 0  m l o f  brin e. Tw o d ifferen t brin e 
com positions were used:

Standard brine. T he standard brine contain ed  3 .0%  sugar, 1 .5%  NaCl 
and 0 .1%  m onosodium  glutam ate in distilled w ater.

Brine w ith 0.2% ascorbic acid. T he standard brin e was treated  w ith 
0 .2%  ascorbic acid to  prevent p h oto  ox id ation  (Toenn ies et a l., 1 9 5 6 ) .

T h e  filled cans were sealed under a vacuum  o f  22  in. Hg in a R oon ey  
sem i-autom atic double seam er. T he beans w ere heat processed in a 
vertical stationary re to rt at 1 1 8 .3 °C  for 2 9 .8 , 3 8 .5 , 4 6 .5  and 5 3 .4  m in 
corresponding to  leth al values ( F 0 ) o f  8 , 1 3 , 16  and 2 0  respectively. 
T he tim e necessary to  achieve th e F 0 values was calcu lated  on the basis 
o f  an initial tem perature o f  2 7 °C . T he com e-up tim e was 5 m in to  
preheat the cans in the retort b e fo re  tim ing. T h e  cans w ere cooled  
im m ediately after heat processing in th e re to rt w ith  cold  w ater w hile 
com pressed air was used to  replace steam  pressure.

Preparation of bean samples for folic acid assay
T he dry beans were first ground in an Enterprise m eat grinder, using 

a plate w ith 5 mm holes. A p o rtio n  o f  these partially  ground samples 
was reground in a Wiley grinder w ith a 20-m esh screen. T h e  ground 
sam ples were stored  in th e dark in closed glass b o ttle s  at - 1 8 ° C .

Soaked beans and blanched beans
200g o f  soaked or blanched beans w ere hom ogenized w ith 2 0 0  m l 

o f  distilled w ater fo r 30  sec in a Waring B len dor. P ortion s o f  this 
hom ogenate w ere frozen in closed glass b o ttles  a t — 1 8°C .

Canned beans
F ou r cans from  each processing treatm en t w ere taken  random ly as a 

representative sam ple.
T o  determ ine the free and to ta l fo lic  acid in the w hole can th e  beans 

and brin e were hom ogenized fo r 6 0  sec in a Waring B len dor. P ortion s o f  
the sample were frozen in sealed ja rs  at - 1 8 °  C.

Extraction of folic acid
T he ex tractio n  procedure described by  T oep fer e t  al., ( 1 9 5 1 )  and 

H oppner (1 9 7 1 )  was adapted, lg  o f  ground dry beans or lOg o f  
hom ogenized beans was transferred to  an E rlenm eyer flask  contain ing 
4 0  ml o f  0 .2M  phosphate-ascorbate b u ffer, pH 7 .2  (2 .7 2 3 g  K H 2P 0 4 , 
0 .5 6 0 g  NaOH and 0 .2g  ascorb ic acid  diluted to  1 0 0  m l w ith distilled 
w ater) and 5 0  ml w ater. Three drops o f  1-octanol w ere added to  pre
vent foam ing. T he m ixtu re was heated  in an autoclave fo r  15 m in at 
1 2 1 °C . W hen the m ixtu re was co o l, 20  mg o f  B acto -ch ick en  pancreas 
enzym e preparation , first w et w ith  a drop o f  g lycerol and suspended in 
5 ml o f  w ater, was added. T he enzym e was om itted  at this p o in t if  free 
fo lic acid  was being assayed. A fter adding 2 - 3  m l to lu en e, th e  m ix tu re 
was incu bated  at 3 7 °C  for 24  hr. T he flasks and co n te n ts  w ere au to
claved for 3 m in at 1 2 1 °C . A fter coolin g, th e m ix tu re  was filtered  
through a W hatm an No. 1 filter paper. A liquots o f  th e filtra te  were 
diluted w ith ascorbate bu ffer (pH 6 .1 )  to  the desired co n cen tra tio n  o f 
0 . 5 - 2 . 0  ng o f  fo lic  acid per m l. T o  prepare the asco rb ic  b u ffe r , 2 7 .8g 
NaH2 P 0 4 • [1., O was dissolved in 1 0 0 0  ml d istilled w ater (so lu tion  A) 
and 7 1 .7 g  N a2 H P 0 4 • 12H 2 0  in 1 0 0 0  ml (so lu tion  B ). T h en  2 1 2 .5  ml
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o f  solution A and 3 7 .5  ml o f  so lution  B w ere diluted to 1 0 0 0  m l w ith 
distilled w ater. T h e  pH should be 6 .1 . B efo re  using, th e bu ffer was 
treated  w ith ascorbic acid  (2  m g/m l) as described by  B aker and Fran k
(1 9 6 7 ).

Microbiological assay procedure
F o lic  acid in  th e samples was assayed m icrobio logically  w ith Strep

tococcus faecalis (A TC C  8 0 4 3 )  by  the m eth od  recom m ended by  H er
b ert and B ertin o  ( 1 9 6 7 ) ,  B aker and Fran k  ( 1 9 6 7 )  and H oppner ( 1 9 7 1 ) ,  
bu t w ith certain  m od ification s. S. faecalis was m aintained  in a m edium  
contain ing 0 .3%  b e e f  e x tra c t , 0 .5 %  try p ton e, 0 .1%  d extrose, 0 .2%  
K H 2P 0 4 , 0 .1%  L -cysteine HC1, 1 .5%  agar (w /v). T he pH was adjusted 
to 6 . 8 - 7 . 0  w ith K O H . 10  ml o f  the m edium  was dispensed in to  screw 
capped test tubes and autoclaved fo r 30  m in. T h e  stab cu lture was 
incubated  at 3 7 °C  for 24  hr and stored at 4 °C . I t  was subcultured  once 
every 2 wk.

Inocula preparation
The organism was inoculated  from  th e stock  cultures in to  w orking- 

strength sterilized assay m edium  to  w hich 0 .5  ng/m l (fo r  S. faecalis) o f  
pure fo lic  acid (crystallin e p teroyl-glutam ic acid ) w ere added. A fter 
incu bation  at 3 7 °C  fo r 2 0  hr, the well-grown cu lture was transferred  
into  new w orking-strength sterilized assay m edium  contain ing 0 .1  mg 
fo lic  acid per m l.

Assay medium
A single turbid im etric assay m edium  (F ly n n  et a l., 1 9 5 1 ;T o e p fe r  et 

a l., 1 9 5 1 ; B aker et a l., 1 9 5 9 ; E igen and Sh ockm an , 1 9 6 3 ; B aker and 
F ran k , 1 9 6 7 )  was m od ified . I t  is presented in T able 1. T h e  d ouble
strength liquid basal m edium  was frozen in an am ber-colored  b o ttle

Table 1—Composition of assay medium (double strength)3

Component
mg per 100 ml of assay 

medium

Acid-hydrolyzed casein (Darco treated)15 1000
Na acetate (anhydrous) 1000
Na citrate • 2H2 O 1000
KH2PO 500
k 2h p o 4 500
Ascorbate 200
L-tryptophan 20
Adenine sulfate 1.0
DL-a-alanine 4.0
Guanine HCI 1.0
Uracil 1.0
Xanthine 2.0
L-asparagine H2 O 60
L-cysteine (free base) 50
Riboflavin 0.1
para-Aminobenzoic acid 0.2
Pyridoxine HCI 0.4
Thiamine HCI 0.04
Ca pantothenate 0.08
N icotin ic acid 0.08
Biotin 0.002
Glucose 5000
Tween 80c 0.01 ml
Glutathione (reduced) 0.5
Salt m ixd 1.0 ml
MnSO„ • H2 Oe 20

a Boiled to  dissolve the constituents and drive o ff C 0 2 . A fte r cool
ing, adjust pH to  6 .6 -6 .8  w ith  H2S 0 4 or KOH and bring to final 
volume.

b V itam in free casein hydrolysate (acid), salt free (N utritional Bio
chemicals Co., Cleveland, Ohio) had been acid hydrolyzed by the 
methods of Toepfer et al. (1951) and Kavanagh (1963). 

c Atlas Powder Co., W ilm ington, Del. The commercial preparation is 
diluted w ith ethanol to  appropriate concentrations. 

d 1.0 ml contains: 40 mg MgS04 ■ 7H20 , 2 mg NaCI, 2 mg M nS04 
■ 4 H ,0 ,2 m g  FeSO, ' 7H 20 . 

e Added after pH adjustment.

w ith a glass stopper. T he m edium  was thaw ed and filtered  through a 
m edium  porosity  sintered glass filter ju s t  be fo re  use.

Folic acid standards
A stock  so lution o f  fo lic  acid (1 m g/m l) was prepared by dissolving 

crystalline p teroyl-glutam ic acid (PG A ) in 20%  ethan ol in w ater (v/v). 
T he pH was adjusted w ith 0 .1 N  NaOH to 1 0 - 1 1  to dissolve the PGA . 
T hen 0 .0 6 N  H 2 S 0 4 was used to  read just the pH to  7 .0 .  T he solutions 
w ere k ep t deep frozen  at - 1 8 ° C ,  and used w hen needed. T en fold  dilu
tions o f  this stock  solution w ere m ade serially in phosphate-ascorbate 
bu ffer to  ob ta in  w orking standards o f  2 , 1 and 0 .2  ng/m l. T h e  standard 
curve was prepared by m aking various additions to  2 .5  m l assay m edi
um in individual 16 x  1 5 0  m m  cu lture tubes covered w ith K ap-uts caps. 
C o tto n  w ool should not be used fo r plugging the tubes as it m ay con 
tain  fo lic  acid w hich is leached ou t in the sterilizing process.

A co n tro l tube consisting o f  the assay m edium  and w ater, w ith out 
addition o f  fo lic  acid , was included in  th e standard curve to ch eck  the 
carryover from  th e inoculum .

Sterilization, inoculation and incubation
T h e addition o f  the assay m edium  to individual cu lture tubes was 

com pleted  first. T he capped tubes w ere autoclaved at 1 2 1 °C  for 15 m in 
and then placed in to  a cold  water b a th  fo r rapid coolin g . One drop o f  
inoculum  was added aseptically  to  each tu b e . T he details o f  aseptic 
techn ique have been discussed by  H unter et al. ( 1 9 5 8 ) .  T h e  assay tubes 
were incubated  in the dark at 3 7 °C  for 24  hr. All the assay procedures 
should be carried ou t away from  d irect ligh t, because fo lic  acid is 
rapidly inactivated  by light w ith form atio n  o f  p -am inobenzoylglutam ic 
acid and 2-am ino-4-h yd roxy-6-form ylpterid ine (Low ry et al., 1 9 4 9 ) . 
T he la tter was converted first in to  the corresponding acid and then into  
2-am ino-4-h yd roxypterid ine.

Turbidimetry
A fter in cu b aticn , the assay tubes w ere heated  at 1 0 0 °C  fo r 2 m in to 

stop the grow th and then cooled . M icrobial grow th was m easured at 
6 5 0  nm  in a B ausch-Lom b sp ectrop h otom eter. I t  was necessary to 
shake the tubes well to  suspend the organism s u n iform ly . I f  air bubbles 
w ere present in the so lution the tubes w ere allow ed to  stand fo r ap
proxim ately  30  m in (F reed , 1 9 6 6 ) . A fter th a t, the co n ten ts w ere again 
suspended un iform ly . I f  the op tical density  (O D ) was greater than  1 .0 , 
the cultures were diluted w ith w ater to  read below  O D 1 .0 . T he reading 
was then m ultiplied by the appropriate d ilu tion  fa cto r. T h e  am ount o f  
fo lic acid in th e sample was calculated  from  readings obtain ed  from  the 
standard curve.

Recovery studies
Recoveries from  samples w ith know n am ounts o f  added fo lic  acid 

were determ ined to  show the rep rod ucib ility  o f  th e assay procedures. 0 , 
5 , 1 0 , 15 and 2 0  ng o f  fo lic  acid w ere added to  lg  sam ples o f  ground 
beans be fo re  ex tractio n . T he percent recovery was determ ined. T he 
average value o f  four determ inations is rep orted .

Proximate analysis
Total solids. 2g o f  dry, ground sam ple or 5g o f  hom ogenized sample 

were weighed in fared alum inum  dishes. 3 - 4 g  dried d iatom aceous earth 
was added to  the alum inum  dishes o f  hom ogenized sam ples to  facilita te  
drying. T he dishes w ere put on a steam  b ath  for 3 0  m in fo r prelim inary 
drying; they were then placed in a Heraeus vacuum  oven for 6 hr at 
7 0 °C  at 1 0 0  m m  Hg. A fter rem oval from  th e oven, they w ere covered, 
cooled  in a d esiccator and weighed.

RESULTS & DISCUSSION
Standard curve

The standard curve for microbiological assay of folic acid 
by S. faecalis was obtained by plotting concentration of folic 
acid versus optical density (OD) at 650 nm on a linear scale. A 
linear relationship existed between the concentration of folic 
acid and the optical density. The coefficient of correlation 
between folic acid concentration and growth (OD at 650 nm) 
was 0.980.

The term folic acid generically refers to all the pteroylglu- 
tamic acids. Through long usage it has come also to be a 
synonym for pteroylmonoglutamic acid. One may use folate as 
the generic term and pteroylmonoglutamic acid for the pure 
substance. The uses of folate assays are to define the pteroyl
monoglutamic acid or folinic acid (Ns-formyltetrahydrofolic
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Table 2 —Effects of washing, soaking and blanching on fo lic  acid 
retention in garbanzo beans, assayed w ith S. faecalis (ATCC 8043)

Free fo lic acid3 Total fo lic acid3

Garbanzo
beans

Mean3 
(Mg/g dry wt)

Retention
<%)

Mean
(jug/g dry wt)

Retention
<%)

Raw and dry 0.328 ± 0.010 100 3.47 ± 0.11 100
Washed, soaked 0.313 ± 0.015 95 3.26 ± 0.21 94
Steam blanched

5 min 0.252 ± 0.011 77 3.06 ± 0.07 88
10 min 0.219 ± 0.008 67 2.71 ± 0.09 78
20 min 0.208 ± 0.006 63 2.64 ± 0.09 76

Water blanched
5 min 0.239 ± 0.007 73 2.69 ± 0.06 78

10 min 0.225 ± 0.016 69 2.60 ± 0.05 75
20 min 0.177 ± 0.023 54 1.88 ± 0.14 54

3 Average of four determinations

a c id )  c o n t e n t  o f  p h a r m a c e u t ic a l  p r e p a r a t io n s , to  d e f in e  th e  
f o la te  c o n t e n t  o f  fo o d s  a n d  to  d e te r m in e  th e  s t a t e  o f  f o la t e  
n u t r i t io n  o f  m a n  ( F r e e d ,  1 9 6 6 ;  H e r b e r t  an d  B e r t in o ,  1 9 6 7 ) .

T h e  n a tu r a lly  o c c u r r in g  f o la te s  a re  th e  v a r io u s  c o e n z y m a t-  
ic a lly  a c t iv e  fo r m s  o f  th e  v ita m in , w h ic h  a re  t e t r a h y d r o f o la t e s  
an d  u s u a lly  e x is t  as c o n ju g a te s  w ith  m o r e  th a n  o n e  m o le c u le  
o f  g lu ta m ic  a c id  in c o r p o r a te d  in t o  th e  s t r u c t u r e .  M o st  o f  th e  
n a tu r a lly  o c c u r r in g  f o la te s  c a r r y  a o n e - c a r b o n  u n it  a t ta c h e d  to  
th e  N 5 o r  N 1 0 p o s i t io n ,  o r  a t ta c h e d  to  b o t h  n i tr o g e n s . O f  
th e s e  v a r io u s  o n e -c a r b o n  a d d u c ts  o f  t e t r a h y d r o f o la t e ,  th e  
N s - fo r m y l  a d d u c t  an d  p e r h a p s  N s - m e t h y l t e t r a -h y d r o f o la te  
a p p e a r  t o  b e  s ta b le  e n o u g h  to  re s is t  m o s t  i s o la t io n  p ro c e d u r e s  
(H e r b e r t  an d  B e r t in o ,  1 9 6 7 ) .

T h e  f in d in g  t h a t  p o ly g lu ta m a te  c o n ju g a te s  o f  f o la te  c o m 
p o u n d s  o c c u r  n a tu r a l ly  fu r th e r  c o m p lic a t e s  a t te m p t s  to  id e n t i 
fy  th e  f o la te s  in  fo o d s . T h e s e  p o ly g lu ta m a te  c o n ju g a te s  c o n 
ta in in g  m o r e  th a n  th r e e  g lu ta m a te  r e s id u e s  d o  n o t  serv e  as 
g ro w th  f a c t o r s  f o r  th e  u s u a l a ssa y  o r g a n is m s . F o r  t o t a l  f o la te  
a ss a y , th e  e x t r a c t s  w e re  h y d r o ly z e d  e n z y m a t ic a l ly  to  th e  
m o n o g lu ta m a te  le v e l w ith  B a c t o - c h ic k e n  p a n c r e a s . T h e  c o n 
c e n tr a t io n  o f  f o l i c  a c id , e s ta b lis h e d  in  e a c h  a s s a y , w as re a d  
fr o m  th e  s ta n d a rd  cu rv e  w h ic h  w as p re p a re d  in  e a c h  e x p e r i 
m e n t .

R e c o v e r y  s tu d ie s

T o  c h e c k  th e  r e p r o d u c ib il i ty  o f  t h e  a ss a y  p r o c e d u r e s , r e 
c o v e r y  s tu d ie s  w e re  p e r fo r m e d . V a r io u s  a m o u n ts  o f  s ta n d a r d  
f o l i c  a c id  ( 0 - 2 0  n g ) w e re  ad d ed  d ir e c t ly  t o  l g  s a m p le s  o f  d ry  
g a r b a n z o  b e a n s  b e fo r e  e x t r a c t io n .  T h e  r e s u lts  r e p r e s e n t  th e  
e f f e c t  o f  e x p e r im e n ta l  p r o c e d u r e  o n  th e  r e c o v e r y  o f  f o l i c  a c id  
b y  th e  o r g a n is m s . T h e  av era g e  r e c o v e r y  w as 9 6 %  (r a n g e  =  
9 3 —9 8 )  f o r  S. faecalis.

T h e  n u tr it iv e  b a la n c e  o f  t h e  a ssa y  m e d iu m  is im p o r t a n t  in  
m ic r o b io lo g ic a l  a ss a y s . T h e  m o d if ie d  a ssa y  m e d iu m  u se d  in  t h e  
p re s e n t  in v e s t ig a t io n  s u p p o r ts  e x c e l le n t  g r o w th  o f  S. faecalis. 
T h e  g r o w th  r e s p o n s e  c a n  b e  m e a s u r e d  b y  t h e  tu r b id im e t r ic a l  
m e th o d  in  p r e fe r e n c e  t o  th e  a c id im e tr y  m e th o d .

P r e s e n c e  o f  h e a v y  m e ta l  c o n t a m in a n t s  in  w a te r  m a y  in h ib i t  
th e  g ro w th  o f  th e  t e s t  o r g a n is m s . T h e r e f o r e ,  d is ti l le d  a n d  d e 
io n iz e d  w a te r  s h o u ld  b e  u sed  in  th e  in v e s t ig a t io n .

T h e  p re p a re d  a ssa y  m e d iu m  an d  f o l i c  a c id  s ta n d a r d  s o lu 
t io n s  s h o u ld  b e  s to r e d  in  a m b e r-g la s s  c o n t a in e r s  u n d e r  d e e p  
f r e e z in g  t o  m a k e  su re  t h a t  m ic r o b ia l  a c t io n  o r  c h e m ic a l  d e g ra 
d a tio n  w ill n o t  o c c u r .

A ll b u f f e r  s o lu t io n s  u sed  f o r  d ilu t io n  a n d  e x t r a c t i o n  s h o u ld  
c o n t a in  0 .2 %  a s c o r b ic  a c id  t o  p r o t e c t  a g a in s t  p h o t o o x id a t io n .  
T h e  p r o t e c t iv e  e f f e c t  o f  a s c o r b ic  a c id  h a s  b e e n  r e p o r t e d  b y  
T o e n n ie s  e t  a l. ( 1 9 5 6 ) .  In  a d d it io n , th e  p H  v a lu e s  o f  th e  m e d i
u m  a n d  b u f f e r  s h o u ld  b e  c a r e fu lly  c o n t r o l le d  b e fo r e  in o c u la 
t io n  w ith  th e  o r g a n ism s .

S o m e  c o m m e r c ia l  b ra n d s  o f  “ v i ta m in - f r e e ”  c a s e in  h y d r o l
y s a te  c o n t a in  s o m e  f o l i c  a c id  to  c a u s e  a p p r e c ia b le  g r o w th  in  
t h e  b la n k s . T h e r e f o r e ,  i t  w as n e c e s s a r y  t o  re m o v e  re s id u a l f o l i c  
a c id  a n d  e t h e r  in te r f e r in g  e le m e n ts  f r o m  c a s e in  in  th e  la b o r a 
t o r y  b y  t r e a t m e n t  w ith  5 N  HC1 an d  d e c o lo r iz a t io n  w ith  a c 
tiv a te d  c h a r c o a l  (K a v a n a u g h , 1 9 6 3 ) .

E f f e c t s  o f  s o a k in g  an d  b la n c h in g

In  t h e  w ash in g  a n d  s o a k in g  p r o c e s s e s  th e  r e t e n t io n  o f  f r e e  
f o l ic  a c id  was 9 5 .4 %  an d  th e  c o r r e s p o n d in g  r e t e n t io n  in  t o t a l  
f o l i c  a c id  w as 9 3 .9 %  ( T a b le  2 ) .

T o  c o n p u t e  p e r c e n t  r e t e n t io n ,  th e  f o l i c  a c id  c o n t e n t  o f  th e  
d ry  g a r b a n z o  b e a n s  w as c o n s id e r e d  as 1 0 0 .  In  th e  w a te r  
b la n c h e d  b e a n s , f r e e  f o l i c  a c id  r e t e n t io n  d e c re a s e d  f r o m  7 2 .9 %  
t o  4 5 .0 %  as t h e  b la n c h in g  t im e  le n g th e n e d  f r o m  5 m in  t o  2 0  
m in ; t o t a l  f o l i c  a c id  d e c re a se d  f r o m  7 7 .5  to  5 4 .2 %  u n d e r  th e  
sa m e  c o n c i t io n s .  S te a m  b la n c h in g  s o m e w h a t  im p r o v e d  f o l i c  
a c id  r e t e n t io n .  B la n c h in g  lo s s e s  m a y  o c c u r  as a r e s u lt  o f  l e a c h 
in g  o f  th e  w a te r -s o lu b le  v ita m in  w h e n  th e  ce lls  a re  k i l le d  b y

Table 3 —Effect of heat processing on free and total folic acid retention in canned garoanzo beans (beans and brine combined), using S. faecalis 
(ATCC 8043) as test organism

Free fo lic  acid Tota l fo lic  acid

Retention (%) Retention (%)
Retorting ------------------------------------------------------- ----------------------------------------

Brine type

time at 
118.3°C  

(min)
Mean (pg/g 

dry wt)

Based on 
original 

dry beans3

Based on 
steam blanched 

beansb
Mean (pg/g 

dry wt.)

Based on 
original 

dry beans3

Based on 
steam blanched 

beansb

Standard 29.8 0.199 ± 0.003 60.7 90.9 2.43 ± 0.06 70.0 89.7
brine 38.5 0.213 ± 0.006 64.9 97.3 2.52 ± 0.10 72.6 93.0

46.5 0.192 ± 0.009 58.5 87.7 2.49 ± 0.16 71.8 91.9
53.4 0.291 ± 0.007 61.3 91.8 2.42 ± 0.05 69.7 89.3

Standard 29.8 0.209 ± 0.006 63.7 95.4 2.55 ± 0.10 73.5 94.1
brine w ith 38.5 0.212 ± 0.002 64.6 96.8 2.50 ± 0.10 72.0 92.3
0.2% ascorbic 46.5 0.210 ± 0.005 64.0 95.9 2.67 ± 0.10 76.9 98.5
acid 53.4 0.202 ± 0.003 61.6 92.2 2.42 + 0.09 69.7 89.3

3 The raw dry garbanzo beans contained 0.33 pg free fo lic  acid/g dry w t and 3.47 jug total fo lic  acid/g dry wt. 
b The steam blanched beans contained 0.22 M9 free fo lic  acid/g dry w t and 2.71 f ig  total fo lic  acid/g dry wt.
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th e  b la n c h in g  p r o c e s s . A  r e d u c t io n  in  b la n c h in g  t im e  se e m s  to  
b e  d e s ira b le  f o r  b e t t e r  f o l i c  a c id  r e t e n t io n .  T o t a l  f o l i c  a c id  
r e t e n t io n  in  g a rb a n z o  b e a n s  w as 78.1% w h e n  s te a m  b la n c h e d  
f o r  10 m in ; 74.9% w h e n  w a te r  b la n c h e d  f o r  10 m in .

F o l i c  a c id  w as r e ta in e d  m o r e  in  th e  s te a m  b la n c h e d  b e a n s  
th a n  in  th e  w a te r  b la n c h e d  o n e s . T h is  is  lo g ic a l  s in c e  le a c h in g  
w ill b e  g r e a te r  in  w a te r  th a n  in  s te a m . A f te r  w a te r -b la n c h in g  a t  
100°C f o r  20 m in , f r e e  an d  t o t a l  f o l i c  a c id  r e t e n t io n s  w e re  
a p p r o x im a te ly  54%. W h e n  s te a m  b la n c h in g  w as a p p lie d , f r e e  
f o la t e  r e t e n t io n  w as 63.4%.
Effect of heat processing

T h e  e f f e c t  o f  h e a t  p r o c e s s in g  o n  f o l i c  a c id  r e t e n t io n  in  
c a n n e d  g a r b a n z o  b e a n s  is p r e s e n te d  in  T a b le  3. T h e r e  w as n o  
s ig n if ic a n t  d e c re a s e  in  e i th e r  fre e  o r  t o t a l  f o l i c  a c id  c o n t e n t  
ev e n  w h e n  th e  p r o c e s s in g  t im e  a t  118.3°C w a s le n g th e n e d  
fr o m  29.8 ( F 0  =  8) t o  53.4 m in  ( F 0  =  20). T h e  p h e n o m e n o n  
m a y  b e  e x p la in e d  b y  th e  f a c t  t h a t  th e  p H  o f  c a n n e d  g a rb a n z o  
b e a n s  is b e tw e e n  5.8 a n d  6.2, a ra n g e  a t  w h ic h  f o l i c  a c id  is 
q u ite  s ta b le  to w a rd  h e a t  u n d e r  th e  c o n d it io n s  o f  th e  e x p e r i 
m e n t .

F o l i c  a c id  in  g a r b a n z o  b e a n s  w as q u ite  s ta b le  to w a rd  h e a t  
p ro c e s s in g  u n d e r  th e  c o n d it io n s  o f  th is  in v e s t ig a t io n . T h e  re 
te n t io n  o f  t o t a l  an d  f r e e  f o l i c  a c id  in  th e  c a n n e d  b e a n s  w as 
70.0% an d  73.5%, r e s p e c t iv e ly ,  o f  t h a t  p r e s e n t  in  th e  o r ig in a l 
d ry  b e a n .
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RED LIGHT INTENSITY AND CAROTENOID BIOSYNTHESIS 
IN RIPENING TOMATOES

INTRODUCTION
L IG H T  in  t h e  v is ib le  re g io n  c a u se s  a n  in c r e a s e d  s y n th e s is  o f  
c a r o te n o id s  in  r ip e n in g  to m a to e s .  M c C o llu m  ( 1 9 5 4 )  fo u n d  
h ig h e r  c a r o te n o id  le v e ls  in  t o m a to e s  r ip e n e d  in  th e  l ig h t w h e n  
c o m p a r e d  to  t o m a to e s  r ip e n e d  in  th e  d a r k . S h e w fe l t  an d  H al- 
p in  ( 1 9 6 7 )  fo u n d  t h a t  S ta n d a r d  G r o -L u x  f lu o r e s c e n t  la m p s 
w e re  m o re  e f fe c t iv e  t h a n  c o o l  w h ite  o r  w id e  s p e c tr u m  f lu o r e s 
c e n t  la m p s  f o r  c o lo r  d e v e lo p m e n t  in  d e ta c h e d  g re e n  to m a to e s .  
W o r th in g to n  e t  a l. ( 1 9 6 9 )  sh o w e d  t h a t  G r o -L u x  la m p s  in 
c re a s e d  th e  t e m p e r a tu r e  in s id e  t h e  t o m a t o e s  m o r e  th a n  d id  th e  
in c a n d e s c e n t  o r  c o o l  w h ite  f lu o r e s c e n t  la m p s , an d  th u s  a t 
t r ib u te d  th e  in c r e a s e  in  c o lo r  d e v e lo p m e n t  o f  r ip e n in g  t o m a 
to e s  t o  a te m p e r a tu r e  e f f e c t .  S h e w fe l t  ( 1 9 7 0 )  m e a su re d  th e  
ra d ia n t  o u tp u t  o f  G r o -L u x  la m p s  an d  fo u n d  p r e d o m in a n tly  
red  lig h t. J e n  ( 1 9 7 4 b )  o b se r v e d  t h a t  re d  m o n o c h r o m a t ic  lig h t 
e n h a n c e d  th e  c o lo r  d e v e lo p m e n t  o f  r ip e n in g  g re e n  to m a to e s  
m o re  th a n  d id  g re e n  o r  w h ite  l ig h t .  A ls o , J e n  ( 1 9 7 4 a )  d e m o n 
s tr a te d  t h a t  b lu e  l ig h t w as m o s t  e f fe c t iv e  in  in c r e a s in g  c a r o t e 
n o id  s y n th e s is  as th e  a b s o r p t io n  m a x im a  o f  th e  c a r o te n o id s  
w as in  th e  b lu e  r e g io n . K h u d a ir i  an d  A b o le d a  ( 1 9 7 1 )  sh o w e d  
t h a t  red  lig h t s t im u la te d  c a r o te n o id  b io s y n th e s is  in  to m a to e s  
an d  t h a t  th e  le v e l o f  c a r o te n o id  s y n th e s is  w as re g u la te d  b y  
p la n t  h o r m o n e s .

In  th is  r e p o r t  th e  e f f e c t  o f  l ig h t in te n s i ty  as w e ll as lig h t 
q u a l i ty  o n  th e  b io s y n th e s is  o f  c a r o te n o id s  in  r ip e n in g  t o m a 
t o e s  w as e x a m in e d . T h e  p o s s ib le  in v o lv e m e n t o f  p h y to c h r o m e  
in  c a r o te n o id  b io s y n th e s is  w as a lso  in v e s tig a te d .

EXPERIMENTAL
Tomatoes

M ature green to m ato es o f  the  H om estead cultivar w ere ob ta ined  
from  th e  local m arket and  sorted  for un ifo rm  size, m a tu rity  and spe
cific gravity  in aqueous e thano l (Jen , 1974a). Light trea tm en ts  o f  to m a
toes w ere sta rted  a t th e  b reaker stage o f  m atu ra tio n .

Light treatments
F o r each light tre a tm e n t, 30 tom atoes w ere p laced , sty ler end up , in 

one o f  four iden tica l bench-sty le  env ironators as described previously 
by  Jen  (1974a). T he to m ato es w ere placed 20 cm from  th e  light source, 
and lighting periods w ere set fo r 14 hr per day . T herm al barriers were 
used to  m inim ize tem p era tu re  variations. T herm ocoup les w ere placed 
ju s t u n d ern ea th  th e  skin o f  one to m ato  in each env iro n a to r, and the 
tem p era tu res w ere m on ito red  w ith  a 24 -po in t p o ten tio m e te r  to  m ain 
ta in  a tem p era tu re  o f  26 ± 0.5°C  in all to m ato es by adjusting environ
a to r tem pera tu res . This was to  elim inate the  possib ility  o f  a tem p era
tu re  effec t w hich W orth ing ton  et al. (1969) suggested as the  real cause 
o f increased color developm ent in illum inated  tom ato es. H um id ity  was 
kep t a t a high level by  placing pans o f  w ater a t th e  b o tto m  o f  each 
en v ironato r. The follow ing th ree light trea tm en t experim ents w ere con 
d u c ted :

Experiment 1

Light T rea tm en t In tensity

Dark c o n t r o l .............................................................................. 0 m W /cm 2
4 G ro-L ux la m p s ...................................................................... 159 m W /cm 2
8 cool w h ite  lam ps ............................................  536 m W /cm 2

Experiment 2
Dark c o n t r o l .........................................................  0 .0  m W /cm 2
1 G ro-L ux lam p .................................................  1.2 m W /cm 2
2 G ro-Lux la m p s .......................................................................84 .0  m W /cm 2
6 G ro-L ux la m p s .................................................................. 243 .0  m W /cm 2

A lso, during  E x p erim en t 2, 30 to m ato es w ere exposed  to  far-red  light 
fo r 30 m in  and th en  kep t in darkness fo r th e  rem ainder o f  th e  ripening 
period . T he light in ten sity  o f  the  far-red  light in the  region o f  7 0 0 - 8 0 0  
nm  was 488 m W /cm 2 . A fter 7 days, sam ples from  these to m a to e s  w ere 
rem oved and analyzed fo r ca ro teno ids, along w ith  similar sam ples from  
dark  con tro l and  th e  6 G ro-L ux lam ps (red light) tre a tm e n t.

Experiment 3
Light T rea tm en t In ten sity

2 G ro-Lux la m p s ....................................................................... 84 m W /cm 2
4 G ro-Lux la m p s ...................................................................... 159 m W /cm 2
6 G ro-L ux la m p s ....................................................................  243 m W /cm 2
8 G ro-L ux la m p s ..................................................................... 4 1 6  m W /cm 2

R adian t energy o u tp u t was m easured  w ith  an ISCG m odel SR spectro - 
rad iom eter w ith  a rem o te  p robe  a t a p h o to d istan ce  o f  20 cm . The 
spectral in te is i ty  curves w ere recorded  on  an  ISCO m odel SSR reco rd 
er. R ad ian t energies w ere calculated  from  the  area under th e  spectral 
in ten sity  curve as described previously (Jen , 1974a).

Pigment analysis
T o m atoes w ere held  from  7 - 9  days since th e  initial m a tu rity  varied 

w ith  each lo t. T hree fru its  w ere rem oved a t random  at 2-day in tervals a t 
the  beginning and th en  a t 1-day intervals near the  end o f  th e  ripening 
period . C aro teno ids w ere ex trac ted  and q u a n tita te d  as described previ
ously  (Jen , 1974a).

RESULTS & DISCUSSION
In Experiment 1 , t o t a l  c a r o te n o id  p r o d u c t io n  a f t e r  8  d a y s  o f  
lig h t t r e a t m e n t  w as h ig h e s t  in  t o m a to e s  i l lu m in a te d  w ith  f o u r  
G r o -L u x  f lu o r e s c e n t  la m p s  ( F ig .  1 ) . I t  is im p o r t a n t  t o  n o t e  
t h a t  t o m a to e s  t r e a te d  w ith  f o u r  G r o -L u x  la m p s  re c e iv e d  1 5 9  
m W /c m 2 o f  ra d ia n t  e n e r g y , an d  t h a t  t o m a t o e s  t r e a t e d  w ith  
e ig h t  c o o l  w h ite  f lu o r e s c e n t  la m p s  re c e iv e d  5 3 6  m W /c m 2 o f  
ra d ia n t  e n e r g y . B o t h  lig h t t r e a t m e n ts  re s u lte d  in  g r e a te r  
c a r o te n o id  p r o d u c t io n  th a n  th e  d a rk  c o n t r o l .  T h e  r e s u lts  o f  
E x p e r im e n t  1 in d ic a te  t h a t  lig h t q u a l i ty  is  a f a c t o r  in  c a r o t e 
n o id  p r o d u c t io n . L ig h t e m it te d  b y  G r o -L u x  la m p s  w as p re 
d o m in a te ly  in  th e  red  r e g io n  an d  w as m o r e  e f f e c t iv e  in  s t im u 
la tin g  c a r o te n o id  p r o d u c t io n  th a n  th a t  e m it te d  b y  t h e  c o o l  
w h ite  la m p s , w h ic h  hav e v e ry  l i t t l e  l ig h t  in  th e  red  r e g io n  ( F ig .  
2 ) .  S h e w fe lr  a n d  H a lp in  ( 1 9 6 7 )  r e a c h e d  th e  sa m e  c o n c lu s io n  in  
c o lo r  d e v e lo p m e n t  o f  to m a to e s  u s in g  th e  sa m e  n u m b e r  o f  G r o -  
L u x  an d  c o o l  w h ite  f lu o r e s c e n t  la m p s .

E x p e r im e n t s  2 a n d  3 w e re  d e sig n e d  t o  d e te r m in e  t h e  e f f e c t  
o f  v a r io u s  m te n s i t ie s  o f  re d  lig h t  o n  c a r o t e n o id  p r o d u c t io n .  
F ig u re  3 sh o w s t h a t  c a r o te n o id  p r o d u c t io n  in c r e a s e d  as red  
lig h t in t e n s i ty  in c r e a s e d . ( G r o - L u x  la m p s  w e re  u se d  as s o u rc e  
o f  red  l ig h t .)  I t  w as in te r e s t in g  t o  n o t e  t h a t  c a r o t e n o id  c o n t e n t  
c o n t in u e d  t o  in c r e a s e  in  t o m a t o e s  t r e a te d  w ith  re d  l ig h t  u p  to  
1 3 d a y s  o f  lig h t t r e a t m e n t  w h e r e a s  c a r o t e n o id  p r o d u c t io n  in

5 6 6 - J O U R N A L  O F  F O O D  S C I E N C E - V o lu m e  4 0  (1 9 7 5 )
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D A Y S  O F  IL L U M IN A T IO N

Fig. 1—C aro teno id  b iosyn thesis in  tom atoes 
i l lu m in a te d  w ith  G ro -Lux and  Cool-W hite  
fluo rescen t lamps.

WAVELENGTH (nm )
Fig. 2 —R adiant energy d is tr ib u tio n  curves o f  G ro -Lux and  C ool-W hite fluo rescen t lamps fo r  
Figure 1.

t o m a t o e s  h e ld  in  d a rk n e s s  le v e le d  o f f  as t h e  f r u i t s  c o n t in u e d  
in t o  s e n e s c e n c e , as sh o w n  b y  t h e  d o t te d  l in e s  in  F ig u r e  3 . T h is  
is o f  p a r t ic u la r  in t e r e s t  t o  t h e  f o o d  in d u s tr y  in te r e s te d  in  c o lo r  
d e v e lo p m e n t  o f  d e ta c h e d  g re e n  t o m a to e s .  I f  th e  o v e ra ll e f f e c t ,  
r e p r e s e n te d  b y  th e  s lo p e  as d e te r m in e d  b y  th e  l in e a r  le a s t  s q u a re  
m e th o d , is  p lo t te d  v e rsu s  t h e  lo g  o f  t h e  in c id e n t  e n e r g y , a 
l in e a r  p ro g re ss io n  is o b se r v e d  as s h o w n  in  th e  lo w e r  h a l f  o f  
F ig u re  4 .  R e s u lts  f r o m  E x p e r im e n t  3 ( F ig .  5 )  a g a in  sh o w e d  
t h a t  c a r o te n o id  p r o d u c t io n  in c r e a s e d  as red  l ig h t  in t e n s i ty  in 
c re a se d  u p  to  s ix  G r o -L u x  la m p s . T h e  s ix  G r o - L u x  la m p s  an d  
e ig h t  G r o -L u x  la m p s  w e re  e q u a lly  e f fe c t iv e  in  e n h a n c in g

c a r o te n o id  b io s y n th e s is ,  in d ic a t in g  a s a tu r a t io n  o f  l ig h t  in 
t e n s it y  b e lo w  2 4 3  m W /c m 2 . T h e  u p p e r  p a rt  o f  F ig u r e  4  sh o w s 
th a t  th e  re d  lig h t e f f e c t ,  w h e n  p lo t te d  v e rsu s t h e  lo g  o f  th e  
e n e r g y , w as l in e a r  u p  to  s ix  G r o -L u x  la m p s . T h e s e  r e s u lts  
e s ta b lis h  t h a t  th e  in t e n s i ty  o f  red  l ig h t  d o e s  h av e  an  e f f e c t  o n  
c a r o te n o id  s y n th e s is , an d  t h a t  th is  e f f e c t  is n o t  a t e m p e r a tu r e  
e f f e c t  s in c e  th e  t e m p e r a tu r e  in s id e  t h e  t o m a to e s  u n d e r  a ll 
l ig h tin g  c o n d it io n s  w as h e ld  a t  2 6 ° C .  A c c o r d in g  to  K r o g m a n
( 1 9 7 3 ) ,  b e lo w  s a tu r a t io n  b u t  a b o v e  a c r i t ic a l  m in im u m , th e  
p h y to c h r o m e -r r .e d ia te d  r e s p o n s e  to  re d  l ig h t  d e p e n d s  l in e a r ly  
o n  th e  lo g  o f  t h e  in c id e n t  e n e r g y . T o m a t o e s  e x h ib i t  th is  p h e -

Oa:<o

• -----•  Dark Control
A---- A I Gro- Lu* \
□-----O 2 Gro-Lu* /
x----x 6 Gro-Lux j

X
' - o

0 2 4 6 8 10 12 14

Fig. 3  ( le f t)—C aro teno id  b iosyn 
thesis in  tom atoes i llu m in a te d  w ith  
one, tw o  o r s ix G ro -Lux fluo res
cen t lamps and  dark con tro l.

Fig. 4 —R ela tionsh ip  between ca ro ten o id  b io 
synthesis and  the  energy received in ripen ing  
tom atoes. Lo w e r curve represents data fro m  
Figure 3 ; upper curve represents data fro m  F ig
ure 5. The rate o f  ca ro ten o id  biosynthesis was 
ca lcu la ted fro m  the slope o f  data in  Figures 3  
and 5  b y  linea r least square m ethod.
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Table 1—The effects of red and far-red light on carotenoid bio
synthesis in ripening tomatoes

Carotenoid levels (pg/g)
Light treatment after 7 days

Red (14 hr per d a y )a 6 0 .0 4
D ark  co n tro l 30.4 4
Far-R ed  (30 m in + d a rk )b 14.24

a Gro-Lux fluorescent lamps were used as source of red light, 
b Only one application of far-red light was used since Pr is stable in 

the dark and does not revert back to Pfr (Butler et al., 1963).

n o m e n a  ( F ig .  4 ) ,  su g g e stin g  th e  in v o lv e m e n t  o f  p h y t o c h r o m e  
in  c a r o te n o id  b io s y n th e s is .

T h e  r e s u lts  in  T a b le  1 sh o w e d  t h a t  red  lig h t  s t im u la te d  an d  
fa r -re d  lig h t su p p re sse d  c a r o te n o id  p r o d u c t io n ,  as c o m p a r e d  to  
th e  d a rk  c o n t r o l .  C o h e n  an d  G o o d w in  ( 1 9 6 2 )  s u b je c te d  e t io 
la te d  m a iz e  se e d lin g s  t o  red  a n d  fa r-re d  lig h t  t r e a t m e n ts  an d  
fo u n d  t h a t  re d  lig h t e n h a n c e d  c a r o te n o id  s y n th e s is .  T h e y  a lso  
o b se rv e d  t h a t  th e  e f f e c t  o f  th e  red  lig h t ca n  b e  re v e rse d  b y  
fa r -re d  l ig h t  t r e a t m e n t .  S c h n a r r e n b e r g e r  an d  M o h r  ( 1 9 7 0 )  
d e m o n s tr a te d  a s im ila r  r e s p o n s e  in  m u sta rd  se e d lin g s . T h is  
ty p e  o f  e f f e c t  w ith  red  a n d  fa r -re d  lig h t is u s u a lly  a c c e p te d  as 
p r o o f  o f  a p h y to c h r o m e -m e d ia te d  r e s p o n s e . T a b le  1 sh o w s 
th a t  th e  p h y t o c h r o m e  r e s p o n s e  ca n  b e  d e m o n s tr a te d  in  th e  
to m a to  f r u i t .  K h u d a ir i  an d  A b o le d a  ( 1 9 7 1 )  r e a c h e d  th e  sam e 
c o n c lu s io n  e x c e p t  t h a t  in  t h e ir  e x p e r im e n t ,  th e  fa r -re d  lig h t 
d id  n o t  su p p re s s  c a r o te n o id  b io s y n th e s is  in  c o m p a r is o n  to  th e  
d a rk  c o n t r o l .

I t  is  c o n c lu d e d  f r o m  th e s e  d a ta  t h a t  l ig h t q u a l ity  an d  lig h t 
in t e n s i ty  b o t h  are  im p o r t a n t  in  d e te r m in in g  t h e  a m o u n t  o f  
c a r o te n o id s  s y n th e s iz e d  b y  th e  t o m a t o .  E v id e n c e  a lso  in d ic a te s  
t h a t  c a r o te n o id  b io s y n th e s is  in  t o m a to e s  is u n d e r  th e  c o n t r o l  
o f  p h y t o c h r o m e .

REFERENCES
Butler, W.L., Lane, H.C. and Siegelman, H.W. 1963. Nonphotochem ical 

transform ations of phytochrom e in vivo. Plant Phys. 38: 514.
Cohen, R.Z. and Goodwin, T.W. 1962. The effect of red and far-red 

light on carotenoid synthesis by etiolated maize seedlings. Phyto- 
chem. 1: 67.

Jen, J.J. 1974a. Influence of spectral quality of light on pigment sys
tems of ripening tomatoes. J. Food Sci. 39: 907.

Fig. 5 —Carotenoid biosynthesis in tomatoes 
¡rum inated with two, four, six and eight Gro- 
Lux fluorescent lamps.

Jen, J.J. 1974b. Spectral quality of light and the ripening characteristics 
of tom ato fruit. HortScience 9: 548 .

Khudairi, A.K. and Aboleda, O.P. 1971. Phytochrom e-m ediated carote
noid biosynthesis and its influence by plant hormones. Physiol. 
Plant. 24: 18.

Krogman, D.W. 1973. “ The Biochemistry of Green Plants,” p. 186.
PrenticeHall, Inc., Englewood Cliffs, N.J.

McCollum, J.P. 1954. Effects of light on the form ation of carotenoids 
in tom ato fruits. Food Res. 19: 182.

Schnarrenberger, C. and Mohr, H. 1970. Carotenoid synthesis in 
mustard seedlings as controlled by phytochrom e and inhibitors. 
Planta 9%: 296.

Shewfelt, A.L. 1970. Effect of a light treatm ent on the ripening of 
detached tom ato fruits. Food Technol. 24: 101.

Shewfelt, A L. and Halpin, J.E. 1967. The effect of light quality on the 
rate of tom ato color development. Proc. Amer. Soc. Hort. Sci. 91: 
561.

W orthington, J.T., Penny, R.W. and Yeatman, J.N. 1969. Evaluation of 
light source and tem perature on tom ato color developm ent during 
ripening. HortScience 4: 64.

Ms received 9/13/74; revised 11 /2/74; accepted 11/6/74.
Technical contribution no. 1216 from the South Carolina Agricul

tural Experim ent Station, Clemson, SC 29631. The authors thank Dr. 
C.E. Hood for the use of ISCO spectroradiom eter.



J. L . E T C H E L L S , ' H . P. F L E M I N G L .  H. H O N T Z , 3 T. A . B E L L 1 a n d  R. S. M O N R O E 4
N o r th  C a ro lin a  S ta te  U n iv e rs ity . U S D A  S o u th e rn  R e g io n  a n d  M o u n t  O live  P ic k le  Co.

FACTORS INFLUENCING BLOATER FORMATION IN BRINED 
CUCUMBERS DURING CONTROLLED FERMENTATION

INTRODUCTION

BLOATER DAMAGE in commercially brined cucumbers, 
particularly the larger sizes, is a source of serious economic 
loss to the pickle industry. The recent advent of mechanical 
harvesting, which favors harvest of larger sizes, combined with 
the increased demand for larger-sized brine-stock for making 
hamburger dill chips, dill spears, relishes, etc., has increased 
the need for reduction of bloater development.

The successful pure culture fermentation of cucumbers, 
which had been heat-shocked (77°C, 5 min) and brined in 
containers ranging from 1 qt to 5 gal, by certain lactic acid 
bacteria (Etchells et ah, 1964, 1968a), encouraged us to con
sider adapting the process for commercial brining in bulk con
tainers. Heating to rid green-stock of contaminating microbes 
was considered impractical for bulk-brining in commercial 
tanks. Alternatively, a procedure not requiring use of heat was 
used which afforded a means of obtaining a desired fermenta
tion, predominated by L a c t o b a c i l l u s  p l a n t a r u m .  This proce
dure, developed over several years, included thorough washing 
of the green-stock; chlorination of the cover brine; acidifica
tion; buffering; and inoculation with L .  p l a n t a r u m .  The equili
brated brine strength and temperature were carefully con
trolled according to Etchells and Hontz (1972).

Serious bloater damage resulted, however, when the above 
procedure was used, due to the small amounts of C02 pro
duced by L .  p l a n t a r u m  and the respiring cucumbers (Fleming 
et ah, 1973a, b). This illustrated that bloater formation can 
occur under certain conditions even with a homofermentative 
lactic acid bacterium; gas-forming microbes such as yeasts, 
coliforms and heterofermentative lactics do not necessarily 
have to be present for bloater damage to occur as was pre
viously thought. Purging of dissolved C02 from the brine with 
nitrogen resulted in essentially bloater-free brine-stock cucum
bers (Fleming et ah, 1973a).

Based on these findings, a “controlled fermentation” proc
ess was outlined for use by commercial briners (Etchells et ah,
1973). A fermentation predominated by L .  p l a n t a r u m ,  and 
purging of C02 from the brine with nitrogen are two primary 
features in the process.

The present study preceded the outlined process of Etchells 
et al. (1973), and served as a basis on which the process was 
founded. C02 was not purged from the brines in the present 
work. Rather, our objective was to study environmental fac
tors which influence bloater formation in nonpurged fermenta
tions predominated by L .  p l a n t a r u m ,  including brining depths, 
pack-out ratio and temperature. Also, comparisons of chemical 
and microbiological changes in natural and controlled (i.e., 
predominated by L .  p l a n t a r u m )  fermentations illustrate basic 
problems encountered in the development of the controlled
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fermentation process, particularly in relation to directing the 
fermentation.

MATERIALS & METHODS
S IZ E  NO. 3, pickling cucum bers ( 1 - 1 / 2 - 2  in. d iam ), hand-harvested, 
were brined in ep oxy-coated , 55-gal, steel drums using essentially  the 
same basic brining procedure described earlier for con tro lled  ferm enta
tion o f  cucum bers brined in bulk  (E tch ells  and H ontz, 1 9 7 2 ; E tch ells et 
al., 1 9 7 3 ) . B riefly , this procedure, w ith som e m od ification s necessary 
for present ob jectiv es, was as follow s: cucum bers w ere thoroughly 
washed, preshrunk in 25° salom eter brin e contain ing 8 0  ppm available 
chlorine for 2 —3 hr, or until the cucum bers w ere su fficien tly  flaccid  to 
obtain  a pack-out ratio  o f  cu cu m bers:brin e on a percentage by w t basis 
o f  6 5 :3 5 ,  or 2 7 0  lb cucum bers and 17 .5  gal brine fo r a “ fu ll” drum (5 0  
gal). This brin e was drained o f f  and replaced w ith fresh 25° salom eter, 
ch lorinated  brin e, to w hich was added 6 m l o f  glacial ace tic  acid per 
gallon o f  brined cucum bers. The cucum bers w ere k ep t imm ersed in the 
brine by  m eans o f  a perforated , 1/4 -in . th ick , fla t, p lastic “ false head ” 
m ounted inside the top o f  the drum s, at the 5 0  gal m ark, and about 
1 - 2  in. below  the brine surface. C hlorinated  nylon clo th  or a large, 
circular piece o f  filter paper was placed on the “ false h ead ;” then , the 
desired am ount o f dry salt was carefu lly  added to  m aintain the brine 
strength at 25° salom eter. T he salt was added on the head at the rate o f 
6 lb per 1 0 0  lb cu cum bers; 1 / 2 - 2 / 3  was added im m ediately a fter head
ing (and brining) and the rem ainder abo u t 24  hr later. Sodium  acetate  
(3 H 2 O ), su fficien t to equilibrate at 0 .5 % , was added to  the head about 
18 hr after brining.

The initial pH o f  the acidified cover brin e was abo u t 2 .8 . T he pH 
rose during the 24-h r equ ilibration  as acetic  acid diffused from  the 
cover brine in to  the cucum bers. W ith the addition o f  sodium  acetate , 
several hours prior to  inoculation , the brin e was bu ffered  at pH 4 .7  (± 
0 .2 ) , w hich is suitable for growth o f  L. plantarum. The brine has co n 
sistently shown no visual turbidity a fter 1 - 2  days’ equ ilibration  w ith 
the cucum bers prior to  inoculation.

T h e brine-cucum ber-m ass was n ext inoculated  w ith a frozen (liquid 
nitrogen) cu lture co n cen trate  o f  L. plantarum  (Chr. H ansen’s L ab ., In c ., 
M ilwaukee, W ise.) at a co n cen tratio n  o f  abo u t 4  b illion  cells/gal o f  
brined m aterial abo u t 24  hr after brining. In som e instan ces, we have 
used inocu la  prepared by growing the cu ltures in cu cum ber ju ice  broth  
(C JB ; Flem ing and E tch ells , 1 9 6 7 ) .

T h e  tim es for salt and acetate  additions, and in ocu lation  were e x 
tended up to 12  hr longer in som e instances, depending on ch aracter
istics o f  the cucum bers, so th at the brin e strength w ould be below  28° 
(7 .4 % /w t) salom eter be fo re  addition o f  the second salt and before 
inoculation. In all instances, how ever, the sequence o f  additions was the 
same.

T he 55-gal drums were incubated  in “ w alk-in,”  controlled-tem pera- 
ture room s, located  at a cooperating pickling plant, or in the Food  
Scien ce building at N orth Carolina S ta te  University. Low -ozone ultra
violet (2 5 3 7  A ngstrom s) germ icidal lamps (A tlan tic  U ltraviolet C orp., 
Long Island C ity, N .Y .) were placed 2 0  in. d irectly  above the uncovered 
brine surface to  prevent grow th o f  film  yeasts. A lternatively, in some 
drum s, film  yeasts w ere inhibited  by placing about 1-in. diam , plastic 
bubbles (cu t from  packing m aterial), contain ing m ustard oil, on the 
brine surface. V apor from  the m ustard oil escaped gradually through 
the needle puncture m ade w hen the o il was in jected  by syringe in to  the 
bubbles. P lastic sheeting was loosely draped over each drum to retard 
loss o f  m ustard o il vapor, bu t allow  th e m ore volatile C 0 2 to  escape 
and thereby prevent a build-up o f  pressure.

Evaluation o f  the brin e-stock  fo r bloater damage, determ ined 2 - 3  
wk after brining, and m ethods for titratable acidity (calculated  as lactic  
acid), pH, NaCl and reducing sugars were those described or referred  to
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Table 1—Populations and isolation o f lactic acid bacteria in controlled and natural fermentations of brined cucumbers3

Days after 
brining

Controlled Natural

Lactic acid 
bacteria 

(M illions/m l)

Isolates

Lactic acid 
bacteria 

(M illions/m l)

Isolates

No.
picked

No. gas 
formers’5

No.
picked

No. gas 
formers15

1 0.03c 15c 14C 1.08 — —

2 8.5 12 0 12.5 - -
3 265.0 12 0 13.5 12 4
4 185.0 9 0 40.5 9 0
5 93.0 9 0 12.0 11 1
7 17.6 9 0 1.6 12 0
9 2.2 9 0 0.5 12 1

12 0.4 9 0 0.06 12 1
14 5.8 9 0 4.4 12 2
20 0.03 9 0 2.4 9 1

3 See Materials & Methods fo r brining procedures. Lactic counts fo r controlled and natural fermentations were from  single, 55-gal drums 
of each. The controlled fermentation was inoculated 1 day after brining. Incubation, 27°C.

13 Number of gas-formers out of the total number of Isolates picked from  LBS agar plates 
c This sample was taken Immediately p rior to  inoculation.

previously (Flem ing  et a l., 1 9 7 3 a ). Dissolved C 0 2 was determ ined by 
the m ethod o f  Flem ing et al. ( 1 9 7 4 ) .  Sam ples w ere taken w ith sterile
12-m l disposable syringes through rubber serum stoppers, positioned at 
appropriate location s in the side o f  the drum . All values reported are 
averages o f  duplicate ferm entations unless otherw ise indicated .

Media used fo r p late cou nts o f  the various m icrobial groups w ere: 
L B S m edium  (B B L ), fo r la ctic  acid bacteria  (R ogosa et al., 1 9 5 1 , as 
m odified by C ostilow  et al., 1 9 6 4 ) ;  d extrose agar (B B L ), acidified  w ith 
5 ml o f  5 %  tartaric a c id /1 0 0  m l medium im m ediately before  pouring, 
for yeasts; and violet red bile agar (B B L ), fo r co liform  b acteria . In cuba
tion was at 3 0 °C  for lactics and yeasts, and 3 7 °C  for co liform s.

F o r iso lation o f  lactic acid bacteria , co lonies w ere picked from  L B S 
plates, transferred to C JB  tubes and incubated  at 3 0 °C . Cell m orphol
ogy was determ ined m icroscopically  at 1 3 5 0 X  m agnification under an 
oil im m ersion ob jective. Final pH, acidity  and residual reducing sugars 
were determ ined a fter 2 wk incu bation  o f  the isolates. These data were 
used as supporting evidence in classifying the isolates.

H eteroferm entative (gas-form ing) lactic  acid b acteria  w ere determ ined 
by a m od ification  o f  th e general procedure o f  G ibson and Abdel-M alek
( 1 9 4 5 ) .  A drop o f  an active b ro th  cu lture o f  each iso late  was trans
ferred to  5 m l o f  C JB  w ith 2%  NaCl in 19 x  1 0 0  mm tubes. 2 m l o f  
sterile petro latum  w ere added to each tube, w hich was then loosely 
capped w ith a B acti-capall (Preiser Sc ien tific ). H eteroferm entative lactic  
acid bacteria , L a c t o b a c il lu s  b r e v is  and L e u c o n o s t o c  m e s e n t e r o id e s , pro
duced su ffic ien t C 0 2 a fter 3 days at 3 0 ° C to  force  the petrolatum  
upwards, leaving a gas p o ck et. H om oferm entative bacteria , L . p la n ta r-  
u m  and P e d io c o c c u s  c e re v is ia e , did n o t produce enough C O , to  form  a 
gas p o ck et. This test for gas form ation  was verified by using pure cul
tures o f  the above-nam ed species.

RESULTS
Comparison of controlled and natural fermentations

In the controlled fermentation process (Etchells et al.,
1973) applied in the present experiments, except without 
purging, fermentation by the added starter culture, L. plantar- 
um, predominated. Brines from cucumbers which had been 
chlorinated and acidified according to this process contained 
only 350 coliform bacteria per ml 1 day after brining and just 
before inoculation with L. plantarum; none was detected 1 
day after inoculation and thereafter. In contrast, a natural 
fermentation contained 15,000 coliform bacteria per ml 1 day 
after brining, but the count dropped to about 100/ml after 3 
days, and none was detected thereafter. Yeast counts were 
50—100/ml in both fermentations during the first 3 days, and 
were less than 100/ml thereafter until 7 days when a slight

growth of film yeast began in a small area of the brine surface 
shaded from UV light. Coliform and yeast counts in brines of 
natural fermentations are variable, and should be expected to 
deviate widely from the examples above.

One day after brining, populations of lactic acid bacteria in 
the brines cf unwashed cucumbers (natural fermentation) were 
36X those of brines from washed-chlorinated-acidified (con
trolled fermentation) cucumbers before inoculation (Table 
1). The lactic count reached a maximum of 265 X 10ft cells/ml 
2 days after inoculation of the controlled fermentation and 
then declined. Maximum lactic count in the natural fermenta
tion, 40.5 X 106 cells/ml, was reached 4 days after brining.

Prior to inoculation, lactic isolates from the brines of con
trolled fermentations were practically all gas-formers, cocci or 
short rods, single and in chains, and similar to species in the 
genus Leuconostoc. After inoculation, isolates were all nongas- 
formers (Table 2) and short rods typical of the L. plantarum 
starter culture. Isolates from the natural fermentation over a 
20-day period were about 86% nongas-forming lactobacilli, 9% 
gas-forming lactobacilli, 2% leuconostocs and 2% pediococci

Table 2—Isolation o f lactic acid bacteria from  controlled and 
natural fermentations o f brined cucumbers3

Controlled Natural

Isolate type No. o f isolates*5
No. of 
isolates

Time of 
iso lation0

Total 87 89 3—20 days
L e u c o n o s to c  sp. 
L a c to b a c illu s  sp.

0 2 3rd day

Non-gas-formers 87 77 3—20 days
Gas-formers 0 8 3—20 days

P ed ioco ccus  sp. 0 2 3rd & 5th days
a Isolates were picked from  colon ies of LBS agar platings of brine

samples ta*<en from  the controlled and natural fermentations 
represented in Table 1.

b Refers to number of isolates taken after inoculation and 2—20 
days after brining.

c Refers to  time after brining the cucumbers
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Fig . 1 —A c id  p ro d u c t io n  in  c o n tro l le d  a n d  n a tu ra l fe rm e n ta tio n s  o f  
b r in e d  cucum bers . I n i t ia l  values o b ta in e d  1 d a y  a f te r  b r in in g  a n d  
ju s t  p r io r  to  in o c u la tio n .

D A Y S  F E R M E N T A T I O N

Fig . 2 —Sugar u t i l iz a t io n  a n d  C 0 2 p r o d u c t io n  in  c o n tro l le d  a n d  

n a tu ra l fe rm e n ta tio n s  o f  b r in e d  cucu m bers . In i t ia l  values o b ta in e d  1 
d a y  a f te r  b r in in g  a n d  ju s t  p r io r  to  in o c u la t io n .

(Table 2); gas-forming lactobacilli were isolated throughout 
the 20-day period.

In controlled fermentations of brined cucumbers incubated 
at 32°C and 25° salometer, fermentable sugars were rapidly 
and completely converted to acid, usually within 7 — 10 days 
(Fig. 1 and 2). The amount of sodium acetate added provided 
sufficient buffering action to permit L. plantarum to ferment 
all of the brine sugars which diffused from the cucumbers. 
After completion of fermentation, the pH was 3.3—3.4, which 
is above the range that inhibits the L. plantarum culture used. 
Criteria used to determine completion of fermentation were: 
absence of reducing sugars and of changes in titratable acidity 
and pH over a 2-day interval between analyses.

In natural fermentations, times required for conversion of 
sugars to acid were longer and unpredictable in comparison

with controlled fermentations. About 0.25% sugar remained 
after the production of lactic acid had ceased (Fig. 1 and 2). In 
this particular case, the pH had dropped to 3.2 and further 
activity by the natural lactic acid bacteria was inhibited. 
Residual sugars in such instances usually are fermented by 
subsurface yeasts with resulting bloater formation (Etchells 
and Bell, 1950; Etchells et ah, 1952, 1953). We have observed 
some natural fermentations in which all sugars were metabo
lized as rapidly as in controlled fermentations, and others in 
which fermentation ceased when up to 0.5% sugar, still re
mained. We attribute such variation in natural fermentations 
to the variability in populations of natural microflora that 
convert sugar to carbon dioxide, acetic acid, various alcohols, 
etc., in addition to lactic acid. Coliform bacteria, hetero- 
fermentative lactic acid bacteria and yeasts contribute to this

Table 3 —Bloater form ation and brine analyses of controlled and natural fermentations of brined cucumbers

Bloater damage3 Brine analysesb

Balloon Lens Honeycomb Total Acid Sugar Maxim um  C 0 2
Treatment % D % D O//o D % pH % % mg/100 ml

Controlled

32° C 22.0 (A-M) 9.5 (M) 16.5 (M-S) 48.0 3.34 1.32 0.02 68.5
27° C 10.0 (S) 8.0 (S) 6.5 (S) 24.5 3.38 1.30 0.00 66.5

Natu ral

32° C 59.0 (A) 24.0 (A) 10.5 (M) 93.5 3.26 0.65 0.26 79.5
27° C 50.0 (A) 27.5 (A) 12.5 (M-S) 90.0 3.28 0.62 0.08 91.5

a Capital letters in parentheses under " D "  In Table refer to  severity of bloating: S = Slight, M = Moderate and A = Advanced condition. When two 
letters appear, the firs t Indicates the category In which most of the damage was placed. Values are averages of duplicate fermentations, 

b Analyses after 1 0 days' fermentation, except fo r maximum C 0 2 values which usually occurred 4 - 6  days after inoculation. Values are averages of 
duplicate fermentations.
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Fig. 3 —C o n c e n tra tio n s  o f  d isso lve d  C 0 1 a t  va rio us  d e p th s  in  f u l l  
d ru m s  o f  b r in e d  cu c u m b e rs  u n d e rg o in g  c o n tro l le d  fe rm e n ta t io n  a t  
3 2 ° C. In i t ia l  values o b ta in e d  1 d a y  a f te r  b r in in g  a n d  ju s t  p r io r  to  

in o c u la t io n .

variability. Also, cucumbers vary in their contents of fermenta
ble sugars; those with high amounts (particularly large sizes), 
usually are not fully fermented by the lactic acid bacteria in an 
unbuffered brine (Etchells and Moore, 1971).

Bloater damage occurred in the controlled fermentations 
(Table 3), although it was much less than in natural fermenta
tions (Table 3). Furthermore, bloater damage was less at 27°C 
than at 32°C for both controlled and natural fermentations. 
Carbon dioxide content of the brine reached and maintained 
higher levels in natural than in controlled fermentations (Fig. 
2). This probably accounts for the higher incidence and sever
ity of bloater damage in the natural fermentations.
Brining to various depths

Cucumbers were brined in 55-gal drums at three levels of 
fill, with the pack-out ratio (i.e., cucumbers:brine) remaining 
constant at 65:35% by wt. Thus, only the depth of the cucum
ber-brine-mass varied.

Bloater damage when cucumbers were brined to a depth of 
27 in. (full drum; 50 gal at head level), 18 in. (2/3 full), and 9 
in. (1/3 full) is given in Table 4. Statistical evaluations of these

Fig. 4 —C o n c e n tra tio n s  o f  d isso lve d  C 0 2 a t  va rio us  d e p th s  in  f u l l  
d ru m s  o f  b r in e d  cu c u m b e rs  u n d e rg o in g  c o n t ro l le d  fe rm e n ta t io n  a t  
2 7 ° C. I n i t ia l  values o b ta in e d  1 d a y  a f te r  b r in in g  a n d  ju s t  p r io r  to  

in o c u la t io n .

data are summarized in Table 5. Examination of Table 5 shows 
that differences in percent bloaters due to “type” are signifi
cant, but none of the interactions with “type” are. The means 
in Table 4 show that “type” differences arise from the much 
higher incidence of balloon than either lens or honeycomb 
type. The lack of interactions with “type” suggests that the 
effects of temperature and depth of brining are essentially 
consistent for all bloater types. Hence, effects of temperature 
and depth of brining may be inferred from the means of per
cent total bloaters.

Bloater damage, whether expressed as percent affected or 
severity of those affected, was greater when cucumbers were 
brined at 32°C than at 27°C; and there was more damage in 
cucumbers brined at greater depths within each temperature 
(Table 4). The significant interaction of the linear effect of 
depth with temperature (Table 5) arises from the fact that the 
increase in bloaters at 32°C is much sharper than at 27°C. At 
27°C the average increase in percent total bloaters is 5% for 
each 9-in. increase in depth; at 32°C this increase averages 18% 
(Table 4).

Table 4 —Influence of brine depth and temperature on bloater form ation in controlled fermentations of brined cucumbers3

Brine-cucumber- 
mass depth 

Inches

Bloaters’3
Bloaters induced by 
mechanical damage0

Brine
analyses^

Balloon 
% D %

Lens
D

Honeycomb 
% D

Total
%

Balloon 
% D %

Lens
D

Total
%

Acid
% PH

32°C Incubation

27 22.0 (A-M) 9.5 (M) 16.5 (M-S) 48.0 3.5 (S) 0 3.5 1.32 3.34
18 10.5 (M-A) 7.0 (M) 3.5 (M) 21.0 3.0 (S) 3.0 (S) 6.0 1.25 3.35
9 7.0 (M-S) 3.5 (S) 1.5 (S) 12.0 3.0 (S) 1.5 (S) 4.5 1.18 3.36

Average 13.2 6.7 7.1 27.0 3.2 1.5 4.7 1.25 3.35

27°C Incubation

27 10.0 (S) 8.0 (S) 6.5 (S) 24.5 5.0 (S) 4.0 (S) 9.0 1.30 3.38
18 7.5 (M-S) 4.5 (S) 5.0 (M) 17.0 3.0 (M) 2.0 (M) 5.0 1.22 3.35
9 8.5 (S) 3.5 (S) 2.5 (S) 14.5 5.5 (S) 0 5.5 1.14 3.35

Average 8.7 5.3 4.7 18.7 4.5 2.0 6.5 1.22 3.36

a The pack-out ratio was constant fo r all treatments; 65% cucumbers, 35% brine, by weight. A ll values are averages of duplicate fermentations, ex- 
cept fo r the 9-in. depth which are averages of triplicates. 

b Letters in parentheses indicate the severity of bloating; see footnote  a, Table 3 fo r description.
c Bloaters induced by mechanical damage are also included w ith the normal bloaters which are given in the preceding columns. 
d Values after 12 days' fermentation. Reducing sugars were less than 0.1% in all cases.
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Fig. 5 —C o n c e n tra tio n s  o f  d isso lve d  C 0 2 in  b r in e s  o f  c u cu m b e rs  
u n d e rg o in g  c o n tro l le d  fe rm e n ta t io n  a t  va rio us  leve ls  o f  c o n ta in e r  f i l l  

a t 3 2 °  C. Sam ples w e re  ta ke n  fro m  m id -d e p th  fo r  each le ve l o f  f i l l .  
I n i t ia l  values o b ta in e d  1 d a y  a f te r  b r in in g  a n d  ju s t  p r io r  to  in o c u la 

tio n .

Concentrations of dissolved C02 at 3 depths in the full 
drums were monitored (Fig. 3 and 4). At both 32 and 27°C, 
concentration and retention of C02 were directly related to 
the depths from which samples were taken. At both tempera
tures, concentration of C02 reached a maximum at the great
est brine depths after about 6 days, and the values were simi
lar, about 66 mg/100 ml brine. Over the next 6 days, however, 
the C02 concentration remained higher at 27°C than at 32°C.

C02 was also monitored at mid-depth of the three basic 
levels of container fill (Fig. 5 and 6). Concentrations of C02 
were correspondingly lower in the brines of cucumbers packed 
at correspondingly more shallow depths.
Mechanical injury

For several years we have observed that brine-stock pickles 
of all sizes, showing clear-cut evidence of bruises from han
dling of the green-stock, are practically always bloated in and 
around the bruises. Bruises usually can be detected by cutting

Table 5 —Analysis of variance for the effects of brine depth and 
temperature on bloater form ation in cucumbers®

Source o f variation d.f. Mean square

Bloater type 2 98 .36**
Temperature 1 69 .44**
Type X temperature 2 7.69
Depth (linear) 1 352.67**
Depth (deviation from  linear) 1 29.39
Type X depth (linear) 2 9.54
Type X depth

(deviation from  linear) 2 4.85
Temp X depth (linear) 1 112.67**
Temp X depth

(deviation from  linear) 1 9.39
Type X temp X depth (linear) 2 20.04
Type X temp X depth

(deviation from  linear) 2 10.02
Pooled error 18 12.33

a Combined analysis made from  orthogonal comparisons of replicate 
totals. See Table 4 fo r details of the experiment.

* *  Significant at the 0.01 level o f probability.

Fig. 6 —C o n c e n tra tio n s  o f  d is s o lv e d  C 0 2 in  b r in e s  o f  cu c u m b e rs  
u n d e rg o in g  c o n tro l le d  fe rm e n ta t io n  a t  va rio us  leve ls o f  c o n ta in e r  f i l l  

a t  2 7 °  C. S am ples w ere  ta ke n  f ro m  m id -d e p th  fo r  each le ve l o f  f i l l .  

In i t ia l  values o b ta in e d  1 d a y  a f te r  b r in in g  a n d  ju s t  p r io r  to  in o c u la 

tio n .

the raw cucumbers or partially-cured brine-stock at an injured 
area of the flesh. Here, the usual white, opaque, uncured stock 
is translucent around the bruise. Heretofore, we have not dif
ferentiated between bloaters that were associated with 
mechanical damage and those that were not. Table 4 indicates 
that bloaters associated with mechanical damage occurred with 
about the same relative frequency at all brining depths, at 32 
and 27°C, whereas, the total percentage of cucumbers bloated 
was decidedly higher at 32°C. Mechanical harvesting causes 
more damage to cucumbers than hand harvesting (Marshall et 
ah, 1972), and therefore may result in a higher incidence of 
bloater formation.
Brine circulation

Since C02 concentrations were lower near the brine surface 
exposed to the atmosphere (Fig. 3 to 6), we thought that 
circulation might help reduce the C02 concentration through
out the brine. Brine circulation did reduce C02 accumulation

Fig. 7 —E ffe c t  o f  b r in e  c irc u la t io n  o n  C 0 2 re te n t io n  in  b r in e s  co ve r

in g  cu c u m b e rs  u n d e rg o in g  c o n tro l le d  fe rm e n ta tio n  a t  2 7 ° C. (See 
fo o tn o te  a. Tab le  6, fo r  c irc u la t io n  tre a tm e n t. !  Values re p re se n t 
s ing le  d rum s. In i t ia l  values o b ta in e d  1 d a y  a f te r  b r in in g  a n d  ju s t  

p r io r  to  in o c u la tio n .
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Table 6—Influence of brine circulation on bloater form ation 

Bloater damage1*

Time circulation Balloon Lens Honeycomb Total Maximum C 0 3
started a % D 0//o D 0//o D % mg/100 ml

32°C Incubation

Uncirculated 36 (A) 27 (M) 15 (M) 78 56

1 Day 17 (A) 41 (M) 9 (M-S) 67 54
2 Day 20 (S-M) 24 (S-M) 12 (S) 56 59
3 Day 29 (A) 36 (M) 13 (S) 78 60

27°C Incubation

Uncirculated 7 (S) 20 (S) 0 - 27 65
1 Day 7 (S) 20 (S) 0 - 27 50
2 Day 7 (S) 10 (S) 0 - 17 50
3 Day 17 (S) 11 (S) 1 (S) 29 65

aThe brine was circulated. beginning on the day indicated. after inoculation,, fo r 30 min tw ice a day at two, 12-hr intervals. A submerged pump
circulated the brine up through a rubber tubing located inside a 3-in. diam. plastic pipe nto a perforated, 12- in. diam. plastic bowl located above
the brine surface, from  which the brine trickled back in to the drum. Circulation was at the rate of 3 gal/min.

^Values are from  single drums from  each treatment. Letters in parentheses indicate the severity of bloating; see foo tno te  a, Table 3.

(Fig. 7), but not bloater damage (Table 6). A more efficient 
circulation system, particularly if started sooner, might reduce 
C02 in the brine enough to reduce bloater development.
Effect of pack-out

Cucumbers were brined at pack-out ratios (cucumbers: 
brine) of 65:35, 55:45 and 45:55% by wt. Bloater damage 
decreased at lower pack-out ratios (Table 7). Percents of total 
bloaters and balloon bloaters (P <  0.01) and honeycomb 
bloaters (P <  0.05) were significantly higher at 65:35 than at 
45:55. Although C02 concentrations were not determined, 
the smaller proportion of cucumbers would be expected to 
give off less C02, which would be dissolved in greater amounts 
of brine. Furthermore, less brine sugars would be available for 
C02 production by microbial metabolism.

DISCUSSION

A BRINE FERMENTATION of cucumbers predominated by 
L. plantarum will not necessarily insure bloater-free brine- 
stock. Bloater damage is influenced by factors which favor 
retention in the brine-mass of the relatively small amounts of 
C02 produced in such fermentations.

The uncovered containers we used simulated commercial 
brining conditions. The maximal amount of C02 accumulated 
at any given time during fermentation in such containers de
pends on two opposing factors, namely, the rate at which C02 
is formed, and the rate at which it diffuses into the atmos
phere from the brine surface.

In a rapid fermentation during the first few days after the 
initial brining, microbial activity causes a rapid accumulation 
of C02, which, combined with C02 from the respiring cucum
bers, may readily favor bloater formation. Thus, inoculation 
with a vigorous strain of a lactic acid species, even a homo- 
fermentative such as L. plantarum, may actually promote 
bloater development unless C02 is removed during this period 
by some means such as purging with nitrogen (Fleming et al., 
1973a). Optimum temperature for growth of the culture might 
contribute to bloater formation. Also, higher temperatures re
duce the solubility of C02 (Quinn and Jones, 1936); and, 
according to Boyle’s gas law, gaseous C02 would either oc
cupy more space and/or create a greater pressure at higher 
temperatures. Thus, C02 present inside the cucumber, might 
be forced from solution, increase gas pressure and cause a 
bloated area.

The depth of the cucumber-brine-mass influences the re-

Table 7 —Influence o f pack-out ratio on bloater fo rm ation in 
controlled fermentation o f brined cucumbers3

Pack-out ratio, 
by w t Bloater damage1*

Cucumbers Brine Balloon Lens Honeycomb Total
% % % D % D % D %

65 35 20 (M) 2 (S) 32 (S-M) 54
55 45 17 (M-A) 0 18 (S-M) 35
45 55 10 (S-M) 0 9 (S) 19

3 Incubation temperature. 30°C
b Letters in parentheses indicate the severity of bloating; see fo o t

note a. Table 3, fo r description.

tention of dissolved C02, in uncovered containers. An increase 
in the ratio of exposed brine surface area to total volume of 
brine-cucumber-mass would be expected to decrease accumula
tion of C02. In cylindrical, uncovered brining tanks, depth is 
the primary geometrical dimension which influences C02 re
tention in the brine. Commercial cucumber brining tanks are 
essentially cylindrical, about 8—16 ft in diameter and 7 -8  ft 
deep. Deep tanks would be expected to retain high concentra
tions of CO 2 for longer times than shallow tanks, especially 
near the bo:tom, and bloater damage may be greatest at the 
bottom. The manner in which head boards are placed on the 
top of the cucumbers could also be important. Tightly fitting 
head boards would restrict diffusion of C02 from the brine 
into the atmosphere. A more desirable procedure would proba
bly be to allow spacing between or, better, to perforate the 
head boards (Etchells et al., 1973).
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FRACTIONATION AND CHARACTERIZATION  
OF PEROXIDASE FROM RIPE BANANA FRUIT

INTRODUCTION
THE APPARENT ubiquity of peroxidase in plant tissues has 
prompted research into its function in key processes of devel
opment and senescence of plant tissues. Peroxidase has been 
implicated in ethylene biogenesis (Yang, 1967), which is be
lieved to be an important regulator of ripening and senescence 
of fruit tissue. Peroxidase has also been shown to catalyze the 
oxidation of indole-3-acetic acid (IAA) (Hinman and Lang,
1965). It has been proposed that peroxidase functions in the 
degradation of chlorophyll (Walker, 1964), a characteristic 
reaction during ripening of most fruit.

A multiplicity of isoenzyme forms has been demonstrated 
for peroxidase. Shannon et al. (1966) identified seven iso
enzymes in peroxidase isolated from horseradish root (HRP). 
These isoenzymes were fractionated and classified as anionic 
or cationic on the basis of ion exchange chromatography. Kay 
et al. (1967) demonstrated that the properties of cationic and 
anionic isoenzymes differed in pH optima, substrate specifici
ties, specific activities, apparent Km’s and affinities for in
hibitors.

Novacky and Hampton (1968) showed that the spectrum of 
isoperoxidases revealed on starch gel and acrylamide gel elec
trophoresis was constant for a given species or tissue under 
specific conditions and is apparently related to age, species or 
variety, growth regulating substances and disease.

We have examined the electrophoretic patterns and the 
ionic and catalytic characteristics of peroxidase extracted from 
ripe banana fruit. The electrophoretic and catalytic properties 
of the anionic and cationic forms of peroxidase were observed 
to differ.

MATERIALS & METHODS
Materials

T he bananas w ere generously donated by the U nited F ru it Com pany 
and w ere o f  the V alery variety grown in Honduras and C osta R ica . The 
fruit was received green w ithin 8 —10 days o f  harvest. During transport 
the fru it was m aintained at 1 3 - 1 5 ° C  in ventilated cham bers w ith 
8 5 —95%  relative hu m id ity . T h e  fruit was ripened a t 18°C  and 8 0 - 9 5 %  
relative hum idity a fter gassing w ith 1 0 0 - 1 5 0  ppm ethylene fo r 2 4  hr. 
Tissue was extracted  from  fruits w hich had reached full yellow  peel 
co lor ( # 6  as described by L oesecke , 1 9 5 0 ) .

Preparation of cell free extracts
F ru it was peeled and slices from  the m iddle tw o-thirds o f  the fru it 

were frozen in liquid nitrogen. T he frozen slices w ere ground in a 
Sorvall om n im ixer for 3 —5 m in to  a fine pow der. T he pow ders were 
com bin ed: 1 :1  (w /v) w ith an ex tractio n  m edium  contain ing 0 .1M  T ris, 
17% sucrose, 0 .1%  cysteine-H C l, 1% ascorbic acid and 0 .8M  C aC l2 , pH
8 .5 . T h e  slurry was centrifuged at 7 5 ,0 0 0  x  G  for 30  m in a t 4 ° C . The 
resulting supernatant was treated w ith 1% M acerozym e (C albiochem  
C o .) fo r 4 hr at 2 0 °C . T he resulting digest had m arkedly reduced vis
co sity  and was used fo r fractio n ation .

Fractionation
T h e digested ex tra cts  w ere chrom atographed on a Sephad ex G -25C  

colu m n equ ilibrated  w ith 0 .0 0 5 M  trish yd roxym eth ylam in o m ethane- 
hyd rochlorid e (Tris-H C l), pH 8 .5 . Fraction s exh ibitin g peroxidase ac
tivity w ith P eroxtesm o K O  test paper (G alliard-Schlesinger) w ere co l
lected  and p ooled . T h e  pooled eluen t (S ) was incubated  fo r  1 hr at 4 °C

and centrifuged for 10  m in at 7 5 ,0 0 0  x  G . This step resulted  in  the 
coagulation o f  m ucilaginous m aterials w hich w ould otherw ise clog  the 
ion exchange colum ns in succeeding steps. T h e  resulting su pernatant 
(C S) was applied to  a d iethylam in oeth yl (D E A E ) cellu lose co lu m n 
equilibrated  w ith 0 .0 0 5 M  Tris-H Cl, pH 8 .5 . T h e  p ro tein  fractio n  not 
adsorbed to  th e colum n was co llected  and pooled  (ca tio n ic  fra c tio n , C ). 
T he colum n was eluted eith er by a linear gradient or batch w ise elu t .on 
using 0 .0 2 5 M  Tris-H Cl, pH 8 .5  contain ing 0 .25M  NaCl as th e final 
bu ffer. The resulting eluent from  the D E A E  colu m n was d esignatec as 
anionic (A ). T he C S , C and A fractio n s were used for pH op tim u m , 
determ inations for peroxidase and IA A oxid ase activ ities, p o ly acry la
m ide gel electrop horesis, and isoelectric focusing in bo th  colum ns and 
gels.

Peroxidase assay
T he assay m edium  consisted o f  0 .0 1 M  sodium  phosp hate b u ffe r  (pH

6 .0 ) ,  0 .0 0 8 %  o-dianisidine and 0 .0 0 3 %  H . 0 2 . I t  was d em onstrated  t rat 
these su bstrate co n cen tratio n s saturated the enzym e preparation frrm  
banana fru it. E nzym e activ ity  was determ ined using 2 ml o f  th e above 
m edium , 0 .9  ml distilled w ater, and 0 .1 m l  sam ple. A ( 4 6 0 ) w as d eter
m ined with a recording sp ectrop h otom eter.

The pH optim a o f  C S , C and A fraction s w ere determ ined us.ng 
Tris-citrate bu ffer 0 .01M  instead o f  phosphate at pH values ranging 
from  3 .0 - 9 .C  (0 .5  pH unit intervals) ar.d assayed as above.

IAAoxidase assay
F raction s were assayed by the m ethod o f  M eudt and G aines (1 9 6 7 )  

using 1 .0  m M -IA A , 0 .5  mM M nC l2 , 0 .5  mM d ich lorophen ol in 0 .0L M  
sodium  phosphate b u ffer, pH 6 .1 . pH op tim a w ere d eterm ined using 
the above in cu bation  m ixtu re by adjusting to  pH values betw een 
4 . 0 - 7 . 0  (0 .5  pH unit intervals) w ith NaOH or HC1.

Polyacrylamide gel electrophoresis
Polyacrylam ide gel electrop horesis was perform ed  accord in g to 

Ioannou e t  al. ( 1 9 7 3 )  using gels contain ing 0 .2%  am ylop ectin . Sam p.es 
o f  1 0 0  iul were applied to  the origin o : the gel. Peroxidase bands were 
stained by incu bation  in the follow ing so lution : 10 0  ml distilled w ater, 
0 .5g  benzidine-H Cl, 10  ml glacial acetic  acid. A fter 5 m in , 3 m lH 2 0 2 
was added and zones o f activ ity  stained blu e. A sim ilar, although m ere 
d iffuse pattern o f  staining was observed w hen o-dianisidine was em 
ployed as substrate.

Isoelectric focusing in gels
Sam ples were focused in polyacrylam ide gels w ith  a pH gradient 

according to  the m ethod o f  Haglund (1 9 7 1 ) .  10 0  gl sam ples w ere in
corporated  into  the gels be fo re  polym erization. V isualization o f  zones 
o f  activity  was accom plished using rhe peroxidase assay described 
above.

Column isoelectric focusing
Colum n isoelectric focusing was perform ed by the tech n iqu es de

scribed in the L K B  8 1 0 0  A m pholine In stru ction  M anual. Sam ples were 
dialyzed fo r 1 8 - 2 4  hr at 4 °C  against distilled H2 0  w ith fou r changes of 
w ater to  achieve a salt level o f  less than 5 /¿moles in the to ta l sam ple. 
T he sample (1 0 0  m l) was used in the preparation o f  the sucrose density  
gradient.

RESULTS & DISCUSSION
Fractionation

The peroxidase extract was fractionated into anionic and 
cationic forms upon ion exchange chromatography. Elution of 
the DEAE cellulose column using a linear gradient resulted in

5 7 6 -JOURNAL OF FOOD SCIENCE-Volume 40 (1975)



BANANA PEROXIDASE-577

one broad peak with several shoulders as shown in Figure 1. 
Electrophoresis of samples taken from various fractions 
throughout the peak revealed some differences in isoenzyme 
distribution (Fig. 2). This lack of more complete separation by 
DEAE chromatography may be the result of very small differ
ences in net charge of the isoenzymes. This property would 
result in only very small differences in binding capacity of the 
isoenzymes for the ion exchange resin.

Batchwise elution resulted in one sharp peak with per
oxidase activity, and this method was used to obtain anionic 
peroxidase for further study. This fraction contained 22.4% of 
the peroxidase activity at assay pH 4.9 and 19.7% of the ac
tivity at assay pH 6.0 that was found in the CS fraction. The 
cationic fraction obtained showed a very strong positive reac
tion with Peroxtesmo KO test paper; however, when assayed 
with o-dianisidine the activity recovered was only 14.0 and 
7.8% for assay pH 4.9 and 6.0, respectively. This is a recovery

0 .0 0 5 M ^  0 .0 2 5 M
T r i s  T r i s

F r a c t i o n  #

Fig . 1—E lu t io n  p r o f i le  o f  p e ro x id a s e  o b ta in e d  w ith  a l in e a r  g ra d ie n t  
e lu t io n  o f  D E A E  ce llu lo se . R esu lts  a re  fo r  on e  e x p e r im e n t a n d  

re p re se n ta tive  o f  tw o  o th e r  tr ia ls .

of only 36.4% (pH 4.9) and 25.7% (pH 6.0) of the activity 
found in the CS fraction; however, protein recovery was 
100.8%. Thus, there is an indication that some form of de- 
naturation of the enzyme occurred during fractionation. One 
explanation is suggested by the fact that electrophoresis of the 
CS fraction shows a fast-moving doublet (bands 8 and 9) 
which was not found in the A fraction (Fig. 3). There is a 
possibility of polymerization of the enzyme with the resulting 
polymer exhibiting lower activity.
pH optima

As seen in Figure 4 the activity of peroxidase in the CS 
fraction was significant from pH 4.0—8.0 with a plateau of 
maximal activity between pH 5.0—6.0. The anionic fraction 
exhibited a plateau of maximal activity between pH 4.5—5.0, 
while the cationic fraction showed an optimum at pH 4.5. 
However, it is evident from the figure that all three fractions 
of peroxidase exhibit activity over a wide range of pH. The 
slight difference in optima observed between the anionic and 
cationic fractions is similar to results obtained by Kay et al. 
(1967) with HRP fractions.

It can also be seen that the activity in the high pH range 
appears to be lost during ion exchange chromatography. It is a 
possibility that it was retained on the ion exchange column 
due to exceptionally strong binding of specific isoenzymes.
IAA pH optima

The pH optimum for IAAoxidase activity of each fraction 
was determined. The CS fraction showed a pH optimum of pH
6.5, the anionic at 4.5—5.0 and the cationic at pH 5.5 as seen 
in Figure 5. The shoulder seen in the CS fraction at pH 4.5 
appears to be entirely due to the anionic fraction. It also ap
pears that there is a loss of the high pH activity of the more 
purified fractions. This could be due to selective denaturation 
of isoenzymes with alkaline pH optimum.
Gel electrophoresis

Polyacrylamide gel electrophoresis of the S fraction result
ed in six bands with similar mobility, a fast moving doublet 
and one zone near the origin. A densitometric scan of this gel 
is presented in Figure 3. The staining near the origin (band #1) 
was possibly due to enzyme bound to the precipitate which 
forms upon standing of this fraction.

The anionic fraction exhibits the same pattern with the 
exception of the loss of the fast moving bands as seen in 
Figure 6. No discernable bands were found with the cationic 
fraction on the basic gel system; however, upon acid electro
phoresis one zone was detected in the cationic fraction.

17

Fig. 2 —P a tte rns  o b se rve d  u p o n  p o ly a c ry la m id e  ge l e le c tro p h o re s is  
o f  sam ples fro m  d if fe r in g  e lu t io n  vo lum es  o f  a l in e a r  g ra d ie n t e lu te d  
D E A E  c o lu m n . R esu lts  a re  fo r  on e  e x p e r im e n t a n d  re p re se n ta tive  o f  

tw o  o th e r  tria ls .

F ig . 3 —D e n s ito m e tr ic  scan ( A , 6 0 )  a t  5 0  m m /m in  o f  p o ly a c ry la m id e  

ge l e le c tro p h o re t ic  se p a ra tio n  o f  th e  S fra c tio n .
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F i g .  4 — T h e  p H  o p t i m a  o f  

t h e  C S ,  C  a n d  A  f r a c t i o n s  

o f  p e r o x i d a s e  a c t i v i t y  t o 

w a r d  O - d i a n i s i d i n e .  A l l  a c 

t i v i t i e s  a r e  e x p r e s s e d  a s  %  

a c t i v i t y  f o u n d  a t  p H  5 . 0 .  

R e s u l t s  a r e  o f  o n e  e x p e r i 

m e n t  a n d  a r e  r e p r e s e n t a 

t i v e  o f  o n e  o t h e r  t r i a l -

F i g .  5 — T h e  p H  o p t i m a  o f  t n e  C S ,  C  

a n d  A  f r a c t i o n s  o f  p e r o x i d a s e  a c t i v i t y  

t o w a r d  I A A .  A l l  a c t i v i t i e s  a r e  e x 

p r e s s e d  a s  %  a c t i v i t y  f o u n d  a t  p H  5 . 0 .  

R e s u l t s  a r e  o f  o n e  e x p e r i m e n  t  a n d  a r e  

r e p r e s e n t a t i v e  o f  o n e  o t h e r  t r i a l . IAA O xidase A ctiv ity

Iso e le c tr ic  fo cu sin g  in  gels
S am p le s o f  th e  S, C and  A f ra c t io n s  w ere  fo c u sed  in  a pH

3 .0 - 1 0 .0  g ra d ie n t in  p o ly a c ry la m id e  gels an d  th e  re su ltin g  p a t 
te rn s  are sh o w n  in F ig u re  7 . T h e  S sam p le  e x h ib ite d  s ta in in g  
th ro u g h o u t  th e  gel in d ic a tin g  so m e  fo rm  o f  in te r fe re n c e  w ith  
fo cu sin g . T h e  tw o  a n io n ic  f ra c tio n s  sh o w ed  d iffe re n c e s  in  p a t 
te rn  as e x p e c te d  fro m  th e  re su lts  o f  e le c tro p h o re s is  o f  th e se  
sam p le s. T h e  c a tio n ic  f ra c tio n  sh o w ed  n o  a c tiv ity  in th e  low  
p H  z o n e  as w as p re d ic te d .

C o lu m n  iso e le c tr ic  fo cu sin g
A n  a n io n ic  f ra c t io n  o b ta in e d  fro m  b a tc h w ise  e lu t io n  o f  a 

D E A E  ce llu lo se  c o lu m n  was fo c u se d  in  a p H  3 .0 —6 .0  g ra d ie n t. 
As seen  in  F ig u re  8 th e  g ra d ie n t w as l in e a r  f ro m  p H  3 .5 —5.0 . 
F o r  e ach  2-m l f ra c t io n  c o lle c te d  fro m  th e  110 m l c o lu m n  th e  
pH  was m ea su re d  an d  p e ro x id a se  a n d  IA A o x id a se  a c tiv itie s  
w ere  d e te rm in e d . T h e re  w ere  e ig h t z o n es  o f  p e ro x id a se  ac tiv 
ity  an d  n in e  z o n es  e x h ib itin g  IA A o x id a se  a c tiv ity , th e  la t te r  
b e in g  lo w  in all sam p les. A ll o f  th e  iso e le c tr ic  p o in ts  w ere

F i g .  6 — D e n s i t o m e t r i c  s c a n  ( A i 6 0 l  a t  5 0  m m /  

m i n  o f  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e t i c  

s e p a r a t i o n  o f  t h e  A  f r a c t i o n .

S ft, A, C
F i g .  7 — R e s u l t s  o f  i s o e l e c t r i c  f o c u s i n g  i n  p o l y a c r y l a m i d e  g e l s  

o n  3  p H  3 . 0 - 1 0  g r a d i e n t  o f  t h e  S ,  A  a n d  C  f r a c t i o n s .  T h e  

t w o  A  f r a c t i o n s  w e r e  f r o m  d i f f e r e n t  p o r t i o n s  o f  t h e  e l u t i o n  

p r o f i l e  i n  F i g u r e  1 .
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F i g .  8 — R e s u l t s  o f  c o l u m n  I s o e l e c 

t r i c  f o c u s i n g  I n  a  p H  3 . 0 —6 . 0 g r a 

d i e n t  o n  a n  a n i o n i c  f r a c t i o n  o b 

t a i n e d  f r o m  a  b a t c h  w i s e  e l u t i o n  

o f  a  D E A E  c e l l u l o s e  c o l u m n .  L e g 

e n d :  p H  ( ----- ) ,  p e r o x i d a s e  a c t i v 

i t y  ( — ) ,  l A A o x i d a s e  a c t i v i t y  

( - ..... ) .

!

COLUMN ISO ELECTRIC  FOCUSING

b e tw e e n  pH  3 .7 2 —4 .9 2 . T h e  iso e le c tr ic  p o in ts  w ere  very  c lo se , 
a c c o u n tin g  fo r th e  d if f ic u lty  in  s e p a ra t io n  o b ta in e d  by  o th e r  
m e th o d s .

F u r th e r  s tu d ie s  w ill c o n c e n tra te  u p o n  th e  lA A o x id a se  fu n c 
t io n  o f  p e ro x id a se  as a p o ss ib le  re g u la to r  o f  rip en in g .
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BREAD BAKING PROPERTIES OF 
AQUEOUS PROCESSED PEANUT PROTEIN CONCENTRATES

INTRODUCTION

B R E A D  av ailab le  c o m m e rc ia lly  c arries  o n ly  8% p ro te in .  F o o d  
sc ien tis ts  a re  in v es tig a tin g  m ean s to  in c rease  b re ad  p ro te in  by  
u tiliz in g  o ilseed  p ro te in  p ro d u c ts .  C o m m e rc ia lly  av a ilab le  soy  
p ro te in  p ro d u c ts  hav e  b e en  su c c ess fu lly  in c o rp o ra te d  in  b re ad . 
A lte rn a tiv e  so u rc es  o f  h igh  p ro te in  p ro d u c ts  a re  b e in g  in v es ti
g a ted  fo r  b re ad  fo r t if ic a t io n . R o o n e y  e t  al. (1 9 7 2 )  c o m p a red  
th e  b a k in g  p ro p e rt ie s  o f  severa l o ilseed  f lo u rs  a n d  c o n c lu d ed  
th a t  d e fa t te d  p e a n u t  f lo u r  h a d  e x c e lle n t b a k in g  p ro p e rt ie s  a n d  
p ro d u c e d  b re a d  w ith  g o o d  ta s te , t e x tu re ,  c ru m b  g ra in  an d  lo a f  
v o lu m e. R h ee  e t  al. (1 9 7 3 )  r e p o rte d  th e  u se  o f  a q u e o u s  p ro c 
essed p e a n u t  p ro te in  c o n c e n tra te s  (PPC ) in  b re a d  b ak in g . A 
10% level o f  s u b s t i tu t io n  o f  w h e a t f lo u r  w ith  PPC, in c reases  
th e  c o s t o f  b re a d  $ 0 .0 1 —0 .0 2 , c o m p a re d  to  th e  co m m e rc ia l 
b re ad . H ow ever, th e  e x tra  p ro te in  su p p lied  b y  PPC  fo r tif ie d  
b re ad , c o m p e n sa te s  fo r  th e  h igh  co st.

O b jec tiv es o f  th e  w o rk  r e p o rte d  h e re  w ere:
(1 )  T o  c o m p a re  th e  b a k in g  p ro p e rt ie s  o f  PPC w ith  an  e x p e r i

m e n ta l d e fa t te d  p e a n u t  f lo u r , c o m m e rc ia l d e fa t te d  p e a 
n u t ,  a n d  fu ll fa t  so y  f lo u rs .

(2 )  T o  ev a lu a te  th e  p e rfo rm a n c e  o f  th re e  d if fe re n t  fo rm s  o f 
PPC  in  b re ad  b ak in g .

MATERIALS & METHODS
Production of experimental peanut protein 
concentrates and defatted peanut flour

Experim ental peanut protein concentrates were produced according 
to the pilot plant scale procedure described by Rhee et al. (1973). Prior 
to spray drying, the wet peanut protein concentrate (PPC) was divided 
into three sub-lots. Each sub-lot was adjusted to a different pH prior to 
spray drying. The first sub-lot was adjusted to pH 4.0 with IN HC1, the 
second sub-lot was left “ as is” (pH 5.5) and the third sub-lot was 
adjusted to pH 7.0 with IN  NaOH. These three sub-lots will be referred 
to as PPC 4.0, PPC 5.5 and PPC 7.0. The PPC 4.0 and PPC 5.5 represent 
isoelectric forms of peanut proteins and the PPC 7.0 is the sodium salt 
form. Production of the experimental defatted peanut flour was de
scribed by Rooney et al. (1972).
Analytical data

The oilseed protein products and the bread baked with them were 
analyzed for protein, ash, fat, m oisture and crude fiber with standard 
AOCS (1971) procedures. Amino acid analysis (except tryptophan and 
cystine) was carried ou t by the procedure o f Spackman et al. (1958). 
Tryptophan was determined by the m ethod of Kohler and Palter 
(1967). Color readings o f  the protein sources were made with the Hunt

er Colormeter. “ L” values were used as an index of the color o f  the 
protein sources.
Physical dough and baking properties

Preparation of flour blends. Each of the oilseed protein products 
was substituted for 10, 15 and 20% o f the wheat flour in the  baking 
formula. A total o f 22 blends were studied in a randomized complete 
block design.

Physical dough properties. Strength and stability o f  the dough 
mixed with 50g of the flour blend at optim um  water absorption were 
studied with a Brabender Farinograph according to the standard AACC
(1970) procedure.

Baking properties. Pound loaves were baked using each flour blend 
with a short-tim e dough system with the following form ula and proce
dure. Tire formula based on lOOg flour blend was: sugar 5g; yeast 3g; 
salt 2g; shortening 3g; and sodium stearoyl-2-lactylate (SSL) 0.5g. Each 
flour blend was mixed in a H o b a r t-120 mixer equipped with McDuffy 
bowl under optim um  absorption, oxidation (ppm of potassium  brom - 
ate) and mixing time which were pre-determined by running a series of 
preliminary experiments. Dough was scaled to  540g. The residual dough 
was frozen for analysis later. Dough was ferm ented for 40 min at 32°C 
and 95% R.H. It was sheeted through a National Sheeter a t 9 /32  in. and 
7/32 in. settings. It was m oulded using a “ Roller Up” Moulder from 
National Manufacturing Company (Lincoln, Nebr.). The dough was 
proofed to constant height at 32°C and 95% R.H. and baked at 218°C 
for 25 min.

Loaf volume was measured immediately after baking by rapeseed 
displacement. The bread was weighed and stored overnight. The crumb 
grain score, crumb color, pH of the crumb and dough were measured 18 
hr later. pH was measured according to an AACC procedure (1970).

All the flour blends were baked on the same day and the whole bake 
was replicated on each o f three different days.
Organoleptic studies

A six-member taste panel scored texture, crumb color, taste and 
flavor o f  bread baked with 100% wheat flour and th a t prepared by 
substituting 20% of the oilseed products for the wheat flour except 
experimental defatted peanut flour. The taste and flavor detections 
were made before and after toasting. A hedonic scale o f 1 to 5 was 
used; 1 = poor and 5 = excellent.
Softness measurements

A control containing 100% wheat flour and blends with 15% each of 
PPC, commercial defatted peanut and full fat soy flours were baked, on 
each of the tw'o different days. The baking procedure and form ulation 
were the same except 0.1% calcium propionate was added as the pre
servative. Crumb softness was measured over a 5-day period using a 
Precision Penetrom eter. The combined weight o f  the cone and the rod 
of the penetrom eter was 150g (Precision Scientific Co., 1967). Crumb 
softness was measured on three 1-in. slices, from each loaf. Three pene
trom eter readings were taken on each slice. Crumb softness was meas
ured after 24, 72 and 120 hr storage a t 25°C.
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Statistical analysis
Analyses o f variance were calculated for loaf volume, crumb grain 

score, crumb color and softness data.

RESULTS & DISCUSSION
Composition and physical properties of protein sources

P ro te in  c o n te n t  o f  th e  PPC  u sed  in  th e se  e x p e r im e n ts  
ran g ed  fro m  5 4 —56%  a n d  f a t  c o n te n t  w as 1 7 —19% (T a b le  1). 
E x p e rim e n ta l a n d  c o m m e rc ia l d e fa t te d  p e a n u t  a n d  fu ll f a t  so y  
flo u rs  c o n ta in e d  6 3 .5 , 6 1 .5  a n d  4 4 .5 %  p ro te in ,  re sp ec tiv e ly . 
T h e  fu ll f a t  soy  f lo u r  w as c h o se n  fo r  th is  s tu d y  b e ca u se  o f  its

h igh  fa t  c o n te n t  w h ic h  is c o m p a ra b le  to  th a t  o f  PPC. T h e  ash 
c o n te n t  o f  th e  e x p e r im e n ta l  a n d  c o m m e rc ia l d e fa t te d  p e a n u t  
flo u rs  w as tw o  to  th re e  tim e s  h ig h e r  th a n  th a t  o f  PPC. T h e  
d a rk  c o lo r  o f  th e  c o m m e rc ia l p e a n u t  f lo u r  w as a t t r ib u te d  to  
th e  use  o f  u n b la n c h e d  p e a n u ts  as s ta r tin g  m a te ria ls  an d  p a r tly  
to  th e  h e a t  g e n e ra te d  d u rin g  th e  p re -p re ss  o p e ra tio n .

E ssen tia l a m in o  acid  p ro file s  o f  th e  d if fe re n t  p ro te in  
so u rces  a re  c o m p a re d  in  T ab le  2. L y sin e  c o n te n t  o f  PPC and 
c o m m e rc ia l p e a n u t  f lo u r  w as lo w e r th a n  th e  fu ll fa t  so y  flo u r. 
T h e  p ro f ile  o f  PPC  an d  c o m m e rc ia l d e fa t te d  p e a n u t  f lo u r  was 
a lm o st s im ila r e x c e p t  PPC  c o n ta in e d  s lig h tly  la rg e r a m o u n ts  o f  
c y s tin e , v a line , p h e n y la la n in e  a n d  ty ro s in e .

F i g .  1 — P o u n d  l o a v e s  o f  b r e a d  b a k e d  b y  s h o r t - t i m e  d o u g h  p r o c e d u r e  

w i t h  p e a n u t  p r o t e i n  c o n c e n t r a t e  s p r a y  d r i e d  a t  p H  5 . 5 ,  c o m m e r c i a l  

d e f a t t e d  p e a n u t  f l o u r ,  a n d  c o m m e r c i a l  f u l l  f a t  s o y  f l o u r  s u b s t i t u t i n g  

1 0 ,  1 5  a n d  2 0 %  w h e a t  f l o u r .  C o n t r o l  i s  1 0 0 %  w h e a t  f l o u r .

Table 2 —Essential amino acid composition of PPC, commercial 
defatted peanut and full fa t soy flours

Am ino acid

Grams of amino acid/100g protein

PPCa
Commercial defatted 

Peanut flourb
Full fat 

soy flo u rc

Lysine 2.9 3.0 6.7
Cystine 1.4 1.0 1.0
Methionine 1.1 0.9 1.4
Valine 4.7 3.8 5.3
Leucine 6.8 6.4 7.9
Isoleucine 3.5 3.2 5.3
Tryptophan 0.9 1.0 1.5
Threonine 2.5 2.6 3.9
Phenylalanine 5.5 4.7 5.1
Tyrosine 4.1 3.7 4.3
a Spray dried at pH of 5.5; average of four observations 
b Data for the sample supplied by Gold Kist Inc. 
c Data for the sample supplied by ADM Co.

Table 3 —Farinograph and baking properties of PPC, experi
mental defatted peanut, commercial defatted peanut and full fa t soy 
flours

Farinograph Baking
properties properties

Table 1—Proximate analysis of the oilseed protein sources and 
wheat flour

Protein
Source

Protein3
(%)b

Fat
(%)b

Ash
(%)b Color0

PPC 4.0 55.5 19.3 1.4 81
PPC 5.5 56.1 17.0 1.7 74
PPC 7.0 54.3 17.9 2.1 75
Experimental defatted 63.5 1.0 4.9 84

peanut flour
Commercial defatted 61.3 0.7 5.0 77

peanut flour
Commercial full 44.8 22.9 - 80

fat soy flour 
Wheat flour 15.8 — — 91
a Protein = N X 6.25 for oilseed products; N X 5.7 for wheat flour 
b % dry weight basis 
c "L" Value of Hunter colormeter

Protein
Source

Substi
tution
level
(%)

Absorp
tion
(%)a

Peak
time
(M in)

Crumb 
Loaf grain 
vol score Crumb 
(cc) (%) colorb

Control — 66.0 10.5 3258 80 80
PPCC 10 65.6 7.5 2817 71 73

15 67.1 8.0 2675 65 72
20 68.7 9.0 2285 55 68

Experimental 10 68.5 6.5 2938 80 71
defatted 15 70.6 6.5 2875 70 70
peanut flour 20 72.4 6.5 2613 40 65

Commercial 10 65.9 8.0 3050 70 69
defatted 15 67.3 7.0 2825 60 67
peanut flour 20 69.2 8.0 2550 40 62

Commercial 10 63.1 7.0 3075 76 76
full fat 15 66.0 7.5 2917 73 71
soy flour 20 63.7 7.0 2567 53 69

LSD 0.05 136 9 2

a Expressed on 14% moisture basis 
b "L" value of Hunter colormeter 
c Spray dried at pH of 5.5
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F a r in o g ra p h  p ro p e rt ie s . F a r in o g ra p h  a b so rp tio n  o f  th e  
d o u g h  in c re a sed  w ith  th e  a d d it io n  o f  th e  o ilseed  p ro te in s  
(T ab le  3 ). T h e  h ig h  fa t  c o n te n t  o f  PPC  d id  n o t  a f fe c t  fa r in o 
g ra p h  a b s o rp tio n . T h ere  w as n o  d iffe re n c e  in  m ix in g  p ro p e r 
ties.

B ak ing  p ro p e r t ie s
L o a f  v o lu m e , c ru m b  g ra in  a n d  c o lo r  sco res  o f  th e  b re a d  

b a k e d  w ith  th e  d if fe re n t  p ro te in  so u rc es  a re  p re se n te d  in  T ab le  
3; p h o to g ra p h s  o f  th e  b re a d  are  p re se n te d  in  F ig u re  1.

L o a f  v o lu m e  o f  th e  b re a d  b a k e d  w ith  1 5% a n d  20%  PPC  
w as s ig n if ic a n tly  re d u c e d  c o m p a re d  to  t h a t  b a k e d  w ith  th e  
sam e  c o n c e n tra t io n s  o f  e x p e r im e n ta l d e fa t te d  p e a n u t ,  c o m 
m erc ia l d e fa t te d  p e a n u t ,  an d  fu ll f a t  so y  f lo u rs . T h is m ay  be 
d u e  to  th e  h ig h  f a t  c o n te n t  o f  PPC ; b u t ,  p re lim in a ry  e x p e r i
m e n ts  in  o u r  la b o ra to ry  in d ic a te  th a t  b re ad  b a k e d  w ith  PPC 
c o n ta in g  11%  fa t  h a d  th e  sam e  lo a f  v o lu m e  as t h a t  b a k e d  w ith  
PPC c o n ta in in g  18% fa t.

D iffe re n t v eg e tab le  p ro te in s  su c h  as soy  a n d  p e a n u t  b eh av e  
d if fe re n tly  in  th e  b re a d  sy s te m . T sen  a n d  H o o v e r (1 9 7 3 )  re 
p o r te d  th a t  fu ll f a t  so y  f lo u r  gave a  b e t te r  b a k in g  p e rfo rm a n c e  
th a n  d e fa t te d  so y  f lo u r . D iffe re n c es  in  p e rfo rm a n c e  o f  PPC 
and  d e fa t te d  p e a n u t  f lo u r  c o u ld  b e  a t t r ib u te d  to  th e  se lec tiv e  
e x tr a c t io n  o f  c e r ta in  p ro te in s  o f  PPC. T h e  c ru m b  c o lo r  o f  th e  
b re ad s  b a k ed  w ith  b o th  PPC  a n d  th e  e x p e r im e n ta l  d e fa t te d  
p e a n u t  f lo u r  w e re  l ig h te r  th a n  th a t  b a k e d  w ith  c o m m e rc ia l 
p e a n u t  f lo u r. B read  b a k e d  w ith  fu ll f a t  so y  f lo u r  h a d  a n  u n 
a c c e p ta b le  y e llo w  c ru m b  co lo r.

T h e  c ru m b  g ra in  sco re  d e te r io ra te d  w ith  in c re a s in g  levels o f  
th e  v a rio u s  o ilseed  p ro te in  p ro d u c ts .  C ru m b  g ra in  sco re  o f  
b re a d  c o n ta in in g  15% PPC  an d  e x p e r im e n ta l  d e fa t te d  p e a n u t  
f lo u r  w as su p e r io r  to  th a t  b a k ed  w ith  th e  sam e  c o n c e n tr a t io n  
o f  c o m m e rc ia l d e fa t te d  p e a n u t  f lo u r . B read  b a k e d  w ith  15% 
fu ll fa t  so y  f lo u r  h a d  su p e r io r  g ra in  to  th e  o n e  th a t  h a d  15%  
PPC.

F i g .  2 — P o u n d  l o a v e s  o f  b r e a d  b a k e d  b y  s h o r t - t i m e  d o u g h  p r o c e d u r e  

w i t h  p e a n u t  p r o t e i n  c o n c e n t r a t e  s p r a y  d r i e d  a t  p H  o f  4 . 0 ,  5 . 5  a n d  

7 . 0  s u b s t i t u t i n g  1 0 ,  1 5  a n d  2 0 %  w h e a t  f l o u r .  C o n t r o l  i s  1 0 0 %  w h e a t  

f l o u r .

O n  a n  average, b re a d  p ro te in  d u e  to  PPC , e x p e r im e n ta l  d e 
f a t te d  p e a n u t  f lo u r , c o m m e rc ia l d e fa t te d  p e a n u t ,  a n d  fu ll fa t  
soy  f lo u rs  in c re a sed  b y  3 2 , 3 6 , 3 8  a n d  21% , re sp e c tiv e ly  (T a 
b le  4 ) . F a t  c o n te n t  o f  th e  b re a d  c o n ta in in g  fu ll f a t  so y  f lo u r  
and  PPC  w as h ig h e r  th a n  th e  b re a d  t h a t  h a d  100%  w h e a t  f lo u r  
o r  v a rio u s  c o n c e n tra t io n s  o f  e x p e r im e n ta l  a n d  c o m m e rc ia l  de 
f a tte d  p e a n u t  flo u rs .

O v er a  5-day  p e r io d , b re a d  w ith  15%  fu ll fa t  so y  a n d  c o m 
m erc ia l d e fa t te d  p e a n u t  f lo u rs  w as s o f te r  th a n  th a t  b a k e d  w ith  
15% PPC  (T ab le  5). T h is m ay  be  d u e  to  h ig h e r  sp e c if ic  lo a f  
v o lu m e  o f  b re a d  w ith  fu ll f a t  so y  a n d  c o m m e rc ia l  d e fa t te d  
p e a n u t  f lo u rs , th a n  th e  o n e  b a k e d  w ith  1 5% PPC.

Table 4—Average proximate analysis of bread baked with PPC,a 
experimental defatted peanut, commercial defatted peanut, and full 
fat soy flours

Protein
source

Moisture
(%)

Protein 
(%)b 

N X 6.25
% over 
control

Fat
<%ib

Ash
<%>b

Crude
fiber
(%)b

Control 35.4 16.5 — 1.8 2.7 0.2
PPCa 39.3 21.8 32 3.2 2.8 0.9
Experimental 

defatted 
peanut flour 37.2 22.4 36 1.4 0.8

Commercial 
defatted 
peanut flour 37.9 22.7 38 1.6 3.2 0.7

Commercia 
full fat 
soy flour 38.4 19.9 21 5.2 3.2 0.4

a Spray dried at pH of 5.5 
Dry weight basis

Table 5—Penetrometer readings of bread crumb with 100% 
wheat flour, 15% each of PPC,a commercial defatted peanut, and 
full fat soy flours

Protein
Source

Hours after baking

24 72 120

Control 158 160 139
PPCa
Commercial defatted

149 133 120

peanut fleur 
Commercial full

162 142 129

fat soy flour 
LSD 0.05

165
9

149 132

a Spray dried at pH 5.5

Table 6—Taste panel data of the bread baked with 20% level of 
PPC, commercial defatted peanut, and full fat soy flours®

Crumb
Protein source color Taste Flavor Texture
Control 4.7 4.1 4.2 4.7
PPCb 3.8 3.8 3.8 3.4
Commercial oeanut flour 2.8 3.2 3.1 3.3
Full fat soy flour 3.1 3.3 2.3 3.1

a Scale: 1 = poor; 5 = excellent 
b Spray dried at pH 5.5
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Table 7—Effect of pH level prior to spray drying on the physical 
dough and baking properties of PPC substituted for part of the 
wheat flour

Farinograph Baking properties
properties

pH level --------------------  Crumb
prior to 
spray 
drying

PPC
Cone
(%)

Absorp
tion3

(%)

Peak
time
(Min)

Loaf
vol

(cc)

grain
score
(%)

Crumb
color1’

Crumb
pH

Control 66.0 10.5 3258 80 80 5.5
4.0 10 65.5 7.0 2900 72 77 4.9

15 67.1 6.5 2583 66 74 4.9
20 68.6 7.5 2220 50 72 4.8

5.5 10 65.6 7.5 2817 71 73 5.2
15 67.1 8.0 2675 65 72 5.2
20 68.7 9.0 2285 55 68 5.2

7.0 10 65.4 8.5 2791 70 75 5.4
15 67.1 10.0 2583 63 72 5.5
20 71.6 10.0 2283 50 67 5.5

LSD 0.05 111 9 2
a Expressed on 14% moisture basis 
b"L" value of Hunter colorimeter

T h e  ta s te  p a n e l te s tin g  in d ic a te d  th a t  b re a d  b a k e d  w ith  PPC 
h ad  b e tte r  o rg a n o le p tic  q u a lit ie s  th a n  th a t  o f  c o m m e rc ia l d e 
fa tte d  p e a n u t  a n d  fu ll f a t  so y  f lo u rs  (T a b le  6 ). T h e  flav o r o f  
th e  b re ad  c o n ta in in g  fu ll fa t  so y  f lo u r  w as u n a c c e p ta b le  to  all 
th e  p a n e l m em b e rs . A s tro n g  p e a n u t  o d o r  w as d e te c te d  d u rin g  
th e  d o u g h  m ix in g  s tage  w ith  c o m m e rc ia l d e fa t te d  p e a n u t  
flo u r, b u t ,  n o n e  o f  th e  p a n e l m em b e rs  d e te c te d  a p e a n u t  f lav o r 
in  e ith e r  th e  ra w  o r  to a s te d  b re a d  b a k e d  w ith  th e  p e a n u t  p ro 
te in  p ro d u c ts .

E ffec t o f  pH  p r io r  to  sp ra y  d ry in g  o f  PPC 
o n  th e  b re a d  b a k in g  p ro p e rt ie s

F a r in o g ra p h  p ro p e r t ie s  o f  th e  d o u g h  c o n ta in in g  10, 15 and  
20%  levels o f  PPC  4 .0  w as a lm o s t th e  sam e  c o m p a re d  to  th e  
d o u g h  th a t  h a d  th e  sam e  c o n c e n tra t io n s  o f  PPC  5.5 a n d  PPC
7 .0  (T ab le  7). L o a f  v o lu m e  a n d  c ru m b  g ra in  sco re  o f  th e  
b re a d  b a k ed  w ith  10, 15 a n d  20%  levels o f  PPC 4 .0  w as n o t  
s ig n ific a n tly  d if fe re n t  f ro m  th e  o n e s  c o n ta in in g  th e  sam e levels 
o f  PPC  5 .5  a n d  7 .0  (F ig u re  2 ). T h ese  re su lts  in d ic a te d  th a t  
th e re  w as n o  s ig n ific a n t in f lu e n c e  o f  p H  leve l p r io r  to  sp ray  
d ry in g  o n  fa rin o g ra p h  p ro p e rt ie s  a n d  b a k in g  p ro p e rt ie s  o f  PPC ; 
e x c e p t t h a t  c ru m b  c o lo r  b e ca m e  s lig h tly  d a rk e r  w ith  an  in 
crease in  p H  level w h e n  c o m p a re d  a t  th e  sam e  c o n c e n tra t io n .

T his is in  c o n tra s t  to  th e  ad v erse  e f fe c t  o f  a c id ic  p H  p r io r  to  
sp ray  d ry in g  o f  th e  w a te r -e x tra c te d  c o tto n s e e d  p ro te in  c o n 
c e n tra te s  o n  lo a f  v o lu m e  a n d  c ru m b  g ra in  sco res o b se rv ed  b y  
L aw h o n  e t al. (1 9 7 2 ) .

T h e  f in d in g s  re p o r te d  a b o v e  in  th is  p a p e r  in d ic a te  th a t  d if
fe re n c es  in  p ro te in  sy s te m s  o f  v a rio u s  o ilseed  m a te ria ls  an d  
c o n d itio n s  u sed  in  p ro c ess in g  th e m  s ig n if ic a n tly  a f fe c t th e  
c o m p a ta b ili ty  o f  o ilseed  p ro te in  w ith  w h e a t  g lu te n  d u rin g  
b re a d  b ak in g .

SUMMARY

B A K IN G  P R O P E R T IE S  o f  th re e  e x p e r im e n ta l  p e a n u t  p ro te in  
c o n c e n tra te s  (PPC ) p ro d u c e d  b y  an  a q u e o u s  e x tr a c t io n  p ro cess  
w ere  c o m p a re d  w ith  a c o m m e rc ia l  a n d  an  e x p e r im e n ta l  d e 
f a tte d  p e a n u t  f lo u r , a n d  a  c o m m e rc ia l fu ll fa t  so y  f lo u r . PPC  
c o n c e n tra t io n s  h ig h e r  th a n  10%  re d u c e d  lo a f  v o lu m e  sign ifi
c a n tly  c o m p a re d  to  th a t  o f  b re a d  b a k e d  w ith  th e  o th e r  p ro te in  
so u rces . H ow ever, b re ad  w ith  PPC  w as su p e r io r  in  flav o r, ta s te  
and  c ru m b  c o lo r  to  th e  b re a d  b a k e d  w ith  th e  c o m m e rc ia l d e 
f a tte d  p e a n u t  an d  fu ll fa t  so y  f lo u rs .

A ll th re e  fo rm s  in to  w h ic h  PPC  w ere  sp ra y  d ried  d id  n o t  
sh o w  a n y  s ig n ific a n t d iffe re n c e  in  b re a d  b a k in g  p ro p e rtie s .

P e a n u t p ro te in  p ro d u c ts  hav e  e x c e lle n t p o te n t ia l  fo r  use  in  
b ak in g . PPC has m a n y  a t t r ib u te s  ( i.e ., c o lo r, b la n d  f lav o r)  th a t  
are  d e s irab le  fo r  b a k in g  a p p lic a tio n s . I t  is p o ss ib le  th a t  b y  
f u r th e r  p ro c ess  m o d if ic a t io n  a PPC  c an  be  o b ta in e d  th a t  has 
even b e t te r  p ro p e rt ie s  fo r  u se  in  b re a d  b ak in g .
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PROTEIN CONTENT AND AMINO ACID COMPOSITION 
OF DEVELOPING PEAS

INTRODUCTION
T H E  M A JO R  leg u m e c ro p s , o th e r  th a n  so y b e a n s  a n d  p e a n u ts , 
b e lo n g  to  five g ro u p s: ch ick -p eas, p eas, b ro a d  b e an s , le n tils  
an d  c o m m o n  b e a n s  (B ressan i an d  E lias, 1 9 6 8 ). L eg u m e seeds 
a re  c h a ra c te riz e d  by  a re la tiv e ly  h igh  c o n te n t  ( 2 0 - 3 0 % )  o f  
p ro te in  th a t  is, in g en era l, su p e rio r  in q u a li ty  to  th a t  o f  cereal 
g ra ins. H ow ev er, th e  d ig e s tib ili ty  o f  leg u m e p ro te in s  m ay  vary  
w id e ly  ( f ro m  5 1 —92% ). C erea l an d  leg u m e p ro te in s  e x e r t  c o n 
s id e rab le  s u p p le m e n ta ry  e f fe c t;  th e  p ro te in  va lue  o f  m ix tu re s  
ex ceed s  th o se  o f  th e  c o m p o n e n ts  fed  se p a ra te ly . T h e  S-con- 
ta in in g  a m in o  ac id s a re  u su a lly  th e  f irs t lim itin g  a m in o  acid s in 
legum e p ro te in s ;  c y s tin e  has a sp a rin g  e ffe c t o n  m e th io n in e . 
L egum es are  g o o d  so u rc es  o f  ly s in e  a n d  m ay  be  p r im a ry  
so u rces  in  cereal-based  d ie ts .

T h e  m ain  reserve p ro te in s  o f  pea seeds a re  a lb u m in s  and  
g lo b u lin s  in  th e  ra tio  o f  1 :1 .4  (B eevers an d  P o u lso n , 1 9 7 2 ). 
S to rag e  g lo b u lin s  c o n tr ib u te  8 0 - 9 0 %  o f  th e  seed  p ro te in s  in 
m an y  leg u m es a n d  in  p eas a re  p rin c ip a lly  v ic ilin  an d  leg u m in  
(B o u lte r  e t a l., 1 9 7 3 ). B eevers an d  P o u lso n  (1 9 7 2 ) ,  w h o  fo l
lo w ed  ch an g es in  p ro te in  c o n te n t  o f  p ea  c o ty le d o n s  fro m
9 - 3 3  d ay s  a f te r  flo w erin g , re p o rte d  th a t  a lb u m in s  w ere 
sy n th e s iz e d  early  in c o ty le d o n  d e v e lo p m e n t w h e reas  g lo b u lin  
sy n th e s is  p re d o m in a te d  w ith  in c reas in g  m a tu r i ty .  P ro te in  in 
c reased  g ra d u a lly  w ith  ra p id  d e p o s itio n  b e tw e e n  21 an d  27 
d a y s  a f te r  flo w erin g , an d  th e n  th e  ra te  o f  a c c u m u la tio n  d e 
c lined  as seed d e h y d ra te d  an d  m a tu re d . D an ie lsso n  and  Lis
(1 9 5 2 )  sh o w ed  th a t  a m in o  acid  c o m p o s it io n  d iffe rs  b e tw e e n  
a lb u m in  a n d  g lo b u lin  an d  also  b e tw e e n  th e  v ic ilin  an d  leg u m in  
f ra c t io n s  o f  g lo b u lin . A lb u m in  w as h ig h  in  t ry p to p h a n  and  
ly s in e , an d  low  in  a rg in in e .

D iffe re n c es  in  p ro te in  c o n te n ts  a m o n g  pea  cu ltiv a rs  have 
b e en  n o te d  b y  several a u th o rs ,  in c lu d in g  E sh  e t al. (1 9 5 9 ) ,  
A li-K han  an d  Y o u n g s (1 9 7 3 )  an d  F u re d i (1 9 7 0 ) .  Bajaj e t al.
(1 9 7 1 )  fo u n d  no  c o rre la t io n  b e tw e e n  p ro te in  level an d  p ro te in  
q u a li ty  in  d if fe re n t  pea  lin es, b u t  n o te d  d iffe re n c e s  in  p ro te in  
q u a li ty  a m o n g  lines. F u re d i  (1 9 7 0 )  re p o r te d  th a t  th e  ra tio  o f  
c ru d e  p ro te in  to  to ta l  d ry  m a t te r  d ec reased  in  th e  d ev e lo p in g  
pea seed , and  a tt r ib u te d  th is  to  th e  a c c u m u la tio n  o f  s ta rc h  in 
th e  seed . A c co rd in g  to  S m ith  (1 9 7 3 ) ,  R N A  a n d  s ta rc h  sy n 
th ese s  in  P i s u m  a r v e n s e  cease  b e fo re  m a tu ra t io n  b u t  p ro te in  
sy n th e s is  c o n tin u e d  u n t il  th e  seeds a re  r ip e . C h itre  e t al.
(1 9 5 0 )  fo u n d  th a t  p ro te in  c o n te n t  o f  p eas in creased  w ith  
m a tu r i ty ,  b u t  p e rc e n t p ro te in  (d ry  w e igh t basis) d ec reased . 
W eckel e t al. (1 9 6 3 )  fo u n d  th a t  p ro te in  o n  a f re sh  w e ig h t basis 
in c reased  w ith  size an d  m a tu r i ty ,  b u t  d ec reased  o n  a d ry  
w e ig h t basis. P ro te in  c o n te n t  w as g re a te r  in  A lask a  ( sm o o th  
se e d e d )  th a n  in  P e rfe c tio n  (w rin k le  se e d ed ) p eas , e ith e r  o n  th e  
basis o f  size o r  stage o f  m a tu r i ty .  C h anges in  p ro te in  c o n te n t  
an d  a m in o  acid  c o m p o s itio n  o f  m a tu r in g  cereals have b een  
e x te n s iv e ly  in v es tig a te d  (P o m e ra n z , 197 3 ).

T h e  P ro te in  A d v iso ry  G ro u p  (P A G ) o f  F A O /W H O /U N IC E F  
(A n o n ., 1 9 7 3 ) s ta te d  th a t  th e  fo o d  leg u m es, m a jo r  so u rces  o f  
p ro te in  a n d  o th e r  im p o r ta n t  n u tr ie n ts  in m a n y  d ev e lo p in g  
c o u n tr ie s , have b e en  n eg le c te d  w ith  regard  to  re sea rc h  n eces

sa ry  to  im p ro v e  th e ir  low  p ro d u c tiv i ty  an d  c o n su m e r  a c c e p t
ance  a n d  to  c o rre c t n u tr i t io n a l  l im ita tio n s . T h e  P A G  s ta te m e n t  
em p h a size d  th a t  su p p o rtiv e  in v e s tig a tio n s  o n  g ro w th  and  
d e v e lo p m e n t p ro cesses in  fo o d  leg u m es a re  e sse n tia l to  leg u m e  
im p ro v e m e n t.

T h is  in v es tig a tio n  w as s tim u la te d  b y  th e  o b se rv a tio n  in 
a n o th e r  s tu d y  th a t  th e  re la tio n s h ip  b e tw e e n  K je ld ah l n i tro g e n  
and  d y e -b in d in g  c a p a c ity  v aried  a c c o rd in g  to  m a tu r i ty  o f  pea  
seeds a t  h a rv es t (U n p u b lish e d  d a ta ,  Shivaji ? a n d e y  a n d  E .T . 
G r i t to n ) .  S ince K je ld ah l gives a m easu re  o f  p ro te in  th ro u g h  
e s t im a tio n  o f  n itro g e n , a n d  d y e -b in d in g  is a sso c ia ted  p r im a rily  
w ith  b asic  a m in o  acid s, it w as su g g ested  th a :  a m in o  acid  b a l
an ce  m ig h t change  w ith  m a tu r i ty  o f  th e  peas. W e have  in 
v e s tig a ted  th e  ch an g es d u rin g  m a tu ra t io n  in  a m in o  a c id  co m 
p o s itio n  o f  th e  th re e  seed  ty p e s  o f  c o m m e rc ia lly  g ro w n  
can n in g  pea cu ltiv ars , an d  c o m p a red  th e se  ch an g es w ith  th o se  
tak in g  p lace  in  m a tu r in g  cerea l gra ins.

MATERIALS & METHODS
MANY PREVIOUS investigations either have not specified the pea cul- 
tivar used, cr have used only one. Since it is im portant to know if 
differences exist among cultivars, the three seed types o f the following 
canning pea cultivars were selected: ‘Alaska’ (smooth seeded), ‘Alsweet’ 
(wrinkle seeded due to  rj, gene), and ‘New Line Early Perfection’ 
(wrinkle seeded due to the gene ra). These plants were grown in the 
field during the summer of 1973. Enough flowers of each cultivar were 
tagged on the day of pollen shedding (June 13 for Alaska and Alsweet 
and June 19 for NLEP) to perm it successive harvests. Thirty pods with 
developing seeds were harvested from each cultivar at 12 days after 
tagging, 20 at 18 days, and 10 each at 24, 36 and ¿8 days. Pods were 
placed in small glass jars or plastic bags and immediately taken to the 
laboratory where the ovules were removed, counted, weighed and then 
placed in a freeze dryer where moisture was reduced to about 0.5% 
(determined by oven-drying a portion of the sample at 100°C for 24 
hr). Freeze-dried samples were ground in a micro-Wiley mill to  pass a 
20-mesh sieve. Nitrogen was determined by the K eldahl m ethod on 
0.5-g samples; crude protein was estim ated by m ultiplying the nitrogen 
concentration by 6.25 and is reported on an as-is basis (freeze-dried 
samples). Arrino acids were determined on hydrolysates with a Beck
man 121 autom atic amino acid analyzer by the m ethod of Robbins et 
al., 1971. Values are expressed in grams of amino acid per lOOg of 
amino acid recovered. Recoveries averaged 74.8%. The relatively low 
recovery can be explained by the fact that a fair proportion  o f the total 
N in legumes _s nonprotein N (Bressani and Elias, 1968).

Samples o f NLEP for preliminary analyses were grown in 1972 at 
the Arlington Agronomy Research Farm during the summer and in the 
greenhouse at Madison, Wisconsin, in the fall.

RESULTS & DISCUSSION
R E S U L T S  o f  th e  p re lim in a ry  an a ly se s w ere  fu lly  c o n f irm e d  by  
th e  m ore  e x ten siv e  s tu d ie s  in  1 9 7 3 , so o n ly  d a ta  f ro m  th e  
1973  sam p les a re  p re sen te d  h e re . B ecause  d if fe re n c e s  a m o n g  
cu ltiv a rs  w ere  sm all, and  to  s im p lify  p re s e n ta tio n  o f  a m in o  
acid  an a ly se s , re su lts  fo r  th e  th re e  cu ltiv ars  c o m b in e d  are 
given.
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M o istu re  c o n te n ts  an d  o v u le  w e ig h ts  (d ry  m a t te r  basis) o f  
th e  d ev elo p in g  p eas a re  g iven  in  F ig u re  1. F o r  c an n in g , p eas 
w o u ld  n o rm a lly  be  h a rv es te d  a t  a b o u t  1 8 - 2 1  d ay s  a f te r  p o l
lin a tio n . P h y s io lo g ica l m a tu r i ty  (m a x im u m  d ry  w e ig h t)  w as 
a tta in e d  a t a b o u t  25 d ay s a f te r  p o llin a tio n  w h e n  m o is tu re  c o n 
te n t  ran g ed  fro m  5 7 .1 —6 6 .4 %  (average  6 2 .7 % ). T h is  m o is tu re  
c o n te n t  is su b s ta n tia lly  h ig h er th a n  th e  m o is tu re  c o n te n t  o f  
p h y sio lo g ica lly  m a tu re  b a r le y  ( 4 1 .1 —4 4 .2 % ) (P o m e ra n z  e t  a l.,
1 9 7 1 ).

P ro te in  c o n te n t  an d  a m in o  acid  c o m p o s itio n  o f  p ro te in s  in 
d ev elo p in g  p eas are given in  T ab le  1. In  all th re e  c u ltiv a rs , 
p e rc e n t p ro te in  (d ry  w e ig h t b asis) w as h ig h es t a t th e  earlie st 
stage o f  m a tu r i ty  (1 2  d a y s  a f te r  p o llin a tio n ) ,  d e c re a sed  so m e 
w h a t d u rin g  th e  n e x t 6 d a y s , th e n  in c reased  b u t  d id  n o t  e q u a l 
levels a t 12 d ay s. T h e  d ec re a se  in  p ro te in  u p  to  a b o u t  th e  1 8 th  
d ay  is in  a g ree m e n t w ith  th e  o b se rv a tio n s  o f  F u re d i  (1 9 7 0 ) ,  
an d  W eckel e t al. (1 9 6 3 )  w h o  fo u n d  p ro te in ,  o n  a d ry  w e ig h t 
basis, d ec reased  as seed m a tu re d . P ro te in  c o n c e n tra t io n  o f  th e  
s m o o th  seeded  c u ltiv a r, A la sk a , w as s lig h tly  lo w e r e x c e p t a t  36  
d ay s, th a n  th a t  o f  e ith e r  o f  th e  o th e r  c u ltiv a rs  (d a ta  n o t  
sh o w n ). W eckel e t al. (1 9 6 3 )  re p o r te d  th e  A laska  p eas th e y  
an a ly zed  w ere  h ig h er in  p ro te in  th a n  th e  P e rfe c t io n  ty p e . 
B ecause  d ry  w e ig h t o f  th e  o v u le  in c reased  6 .2  to  1 1 .6 -fo ld  
d u rin g  d e v e lo p m e n t, th e  re la tiv e ly  u n ifo rm  p e rc e n t p ro te in  
in d ic a te d  th a t  a d d it io n a l  p r o te in  w as d e p o s ite d  a t  a ra te  ro u g h 
ly  eq u iv a len t to  th e  ra te  o f  in c re ase  in  o v u le  d ry  w e ig h t.

C u ltiv a r d iffe re n ce s  w ere  sm all in  th e  p a t te rn  o f  a m in o  acid  
c o m p o s itio n  in  th e  d e v e lo p in g  peas. A verage in c re ases  d u rin g  
d e v e lo p m e n t in  c o n c e n tra t io n s  o f  a m in o  acid s w ere: ly s in e ,
1 .8 -fo ld ; h is tid in e , 1 .5 -fo ld ; a sp a rtic  ac id , 1 .7 -fo ld ; se rin e ,
1 .3 -fo ld ; p ro lin e , 1 .8 -fo ld ; g ly c in e , 1 .9 -fo ld ; iso leu c in e , 1 .4- 
fo ld ; leu c in e , 1 .9 -fo ld ; ty ro s in e ,  1 .8 -fo ld ; a n d  p h e n y la la n in e ,
2 .1 -fo ld . A verage d ec reases  w ere : a m m o n ia , 1 .8 -fo ld ; th r e 
o n in e , 2 .2 -fo ld ; g lu ta m ic  a c id , 1 .6 -fo ld ; c y s tin e , 1.9 -fo ld ; a la 
n in e , 2 .2 -fo ld ; an d  m e th io n in e ,  1 .1 -fo ld . C o n c e n tra t io n  o f  va
lin e  was p ra c tic a lly  u n c h a n g e d . B e tw ee n  th e  1 2 th  a n d  1 8 th  
d ay  a f te r  p o llin a tio n , c o n c e n tr a t io n  o f  a rg in in e  in c reased
1 .6 -fo ld , d ec reased  th e re a f te r ,  a n d  a t m a tu r i ty  w as a b o u t  1.1

tim e s  th e  c o n c e n tra t io n  in  p ro te in s  in  th e  ov u les  h a rv es te d  12 
d a y s  a f te r  p o llin a tio n . A rg in in e  fo llo w ed  th e  sam e p a tte rn  in 
th e  p re lim in a ry  an a ly se s  o f  th e  N L E P  sam p les in 19 7 2 .

C o m p a riso n  o f  a m in o  acid  c o n c e n tra t io n s  in  p ro te in s  o f  
d ev e lo p in g  seeds o f  cerea ls  (P o m e ra n z  a n d  R o b b in s , 1 9 7 2 ) an d  
p eas sh o w s few  sim ila ritie s  a n d  m a n y  m a jo r d issim ila rities . In 
b o th ,  g lu ta m ic  acid  is th e  m a in  a m in o  a c id ; changes in  am in o  
acid  c o m p o s it io n  w ere  g e n e ra lly  g re a te s t  b e tw e e n  th e  f irs t tw o  
sam p lin g  p e rio d s  an d  sm a lle s t a f te r  p h y sio lo g ica l m a tu r i ty ;  
c o n c e n tra t io n s  o f  th e ro n in e  an d  a la n in e  d ec reased  an d  o f

Days a f te r  Pollination

F i g .  1—O v u l e  w e i g h t  ( m g I  a n d  m o i s t u r e  c o n t e n t  ! % )  o f  t h r e e  p e a  

c u l t i v a r s  h a r v e s t e d  a t  v a r i o u s  s t a g e s  o f  d e v e l o p m e n t ;  S  =  A i s w e e t ,  A  

=  A l a s k a ,  N  =  N L E P .  C i r c l e d  v a l u e s  a n d  d a s h e d  l i n e — o v u l e  w e i g h t ;  

o t h e r s — m o i s t u r e  c o n t e n t .

Table 1—Protein content® and amino acid composition15 of three pea cultivars harvested at various stages of development in 1973

Days after pollination
Protein or ---------------------------------------------------------------------------------------------------------------------------
amino acid 12 18 24 36 48

Percent
Protein 29.2-31.9 24.7-27.4 26.0-29.2 27.7-30.4 26.2-29.9
Lysine

05I 6.4—7.0 7.4—7.8 7.4—8.5 7.8—8.2
Histidine 1.6-1.7 2.0-2.1 2.3—2.5 2.3—2.6 2.4—2.4
Ammonia 2.2—3.4 1.5-1.7 1.4-1.6 1.4-1.7 1.5-1.6
Arginine 6.1-9.6 10.4-15.2 7.4-10.6 6.7-10.5

COodI(7)CD

Aspartic acid 7.4—7.8 11.0-11.6 12.2-13.2 12.4-12.6 12.7-13.0
Threonine 7.9—8.6 4.7—6.9 3.5-4.1 3.5—3.9 3.6-3.9
Serine 3.0—3.6 3.5-4.0 3.9—4.5 4.0—4.3 4.1 —4.2
Glutamic acid 25.0-28.7 16.2-18.5 16.6-17.4 16.9-18.2 17.2-18.9
Proline 1.4-4.8 3.2—4.2 3.4—5.2 4.1-5.4 4.2—4.4
Cystine 1.1-1.6 0.7—0.7 0.6-1.1 0.6—0.9 0.6-1.0
Glycine 2.5—2.8 3.5—3.9 4 4 -4 .7 4.6—4.9 4.8—4.9
Alanine 9.9-11.9 5.2—5.8 4.6—5.0 4.5—5.0 4.7—5.0
Valine 4.9—5.5 5.2—5.5 5.2—5.6 5.2—5.5 5.3—5.6
Methionine 2.1-2.5 2.3—2.5 2.0—2.3 2.0—2.2 1.9-2.3
Isoleucine 3.1-3.3 4.0—4.4 4.4—4.8 4.4—4.8 4.5—4.8
Leucine 4.0—4.4 6.4—7.4 7.4—8.0 7.5-7.8 7.7—7.9
Tyrosine 1.2-1.7 2.1-2.3 2.7—3.3 2.3—2.5 1.6-2.5
Phenylalanine 2.2—2.4 3.6—4.2 4.6—5.2 4.6—5.1 4.7-5.0

a Kjeldahl N X 6.25, %
15 Grams amino acid per 100g amino acid recovered
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p h e n y la la n in e  in c re a sed . T h e  im p o r ta n t  d if fe re n c e s  w ere  th a t  
c o n c e n tr a t io n s  o f  g lu ta m ic  a c id , th e  m ain  a m in o  ac id  o f  s to r 
age p ro te in s  in  cereals, in c re a sed  in  cerea ls  an d  d e c re a sed  in 
p eas; c o n c e n tr a t io n s  o f  ly s in e  an d  a sp a rt ic  acid  in c re a sed  in 
m a tu r in g  p eas and  d ecreased  in  m a tu r in g  cereals; c o n c e n tra 
t io n s  o f  S -c o n ta in in g  a m in o  ac id s in c re a sed  in  cerea ls  an d  d e 
c reased  in  peas.

T h e  large  in c re ase  in  c o n c e n tr a t io n  o f  a sp a r tic  acid  in  pea 
p ro te in s  is o f  in te re s t  b ecau se  a sp a rtic  acid  is a  k ey  in te rm e d i
a te  in th e  b io sy n th e s is  o f  ly sin e  in  b a c te r ia , algae a n d  h ig h er 
p la n ts  (V o g e l, 1 9 6 5 ). T h e  d ec rease  o f  S -c o n ta in in g  a m in o  acid s 
in  p ea  p ro te in s  is s ig n ific a n t b e ca u se  th e y  are  th e  f irs t  lim itin g  
a m in o  ac id s in  leg u m es. T h e  u n iq u e  p a tte rn  o f  a rg in in e  c o n 
c e n tr a t io n  in  pea  p ro te in s  suggests th a t  a rg in in e  m ig h t be im 
p o r ta n t  in  th e  b io sy n th e s is  o f  p ro te in s , a n d  m ay  h e lp  to  e x 
p la in  th e  d isp a r ity , m e n tio n e d  ea rlie r , b e tw e e n  p ro te in  as 
e s tim a te d  b y  K je ld a h l n itro g e n  and  d y e -b in d in g . W hereas th e  
c o n c e n tr a t io n s  o f  ly s in e  an d  h is tid in e  in c re a sed  w ith  m a tu r i ty ,  
w h ic h  w o u ld  give a h ig h er e s tim a te  o f  p ro te in  th ro u g h  d y e 
b in d in g , th e  a rg in in e  c o n c e n tra t io n  re a c h e d  a p e ak  so m e w h e re  
b e tw e e n  12 an d  2 4  d ay s a f te r  p o llin a tio n , an d  th e n  d ec reased . 
D e p e n d in g  u p o n  ju s t  w h e n  th is  p e ak  is re a c h e d , d y e -b in d in g  
c a p a c ity  c o u ld  in c rease  o r  d ecrease  as p eas pass th ro u g h  th e  
n o rm a l ran g e  o f  can n in g  m a tu r i ty .

As m e n tio n e d  b e fo re , cu ltiv a r d iffe re n c e s  w ere  sm all in  p a t
te rn s  o f  a m in o  acid s in th e  th re e  cu ltiv a rs  s tu d ie d . W hile th o se  
cu ltiv a rs  re p re se n t  a re la tiv e ly  w id e  ran g e  o f  g e rm  p lasm  in 
c u ltiv a te d  peas, a p p a re n tly  th e  ran g e  d o e s  n o t  a f fe c t a m in o  
acid  c o m p o s itio n . In  g u id e lin es  fo r  p la n t  b re ed e rs  w h o  w a n t to  
im p ro v e  th e  n u tr i t io n a l  va lue  o f  th e ir  leg u m es, th e  P A G  o f  th e  
U n ited  N a tio n s  (A n o n ., 1 9 7 3 ) em p h a size d  th e  n eed  to  b ro a d 
en  th e  g e n e tic  base  b y  w id e  crossing  a t  th e  in te rsp e c if ic  level, 
in d u c tio n  o f  m u ta t io n s ,  and  c h ro m o so m a l en g in eerin g . T h e  
p o te n t ia l  o f  th o se  a p p ro a c h e s  to  in c rease  c o n te n t  an d  im p ro v e  
q u a li ty  o f  p ro te in  in  p eas w as re p o r te d  (A m irsh a h i an d  T ava- 
k o li, 1 9 7 0 ; G o tts c h a lk  an d  M uller, 1 9 7 0 ; M icke, 1 9 7 0 ; Zo- 
k h ra b ia n  an d  S id o ro v a , 1 9 7 0 ).
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INTERRELATIONSHIPS BETWEEN STORAGE, SOAKING TIME, COOKING TIME, 
NUTRITIVE VALUE AND OTHER CHARACTERISTICS OF 

THE BLACK BEAN (Phaseolus vulgaris)

INTRODUCTION
B E A N S  a s  w e l l  a s  o t h e r  l e g u m e  f o o d s ,  c o n s t i t u t e  t r a d i t i o n a l  

f o o d s  i n  t h e  d i e t  o f  p o p u l a t i o n s  o f  s u b t r o p i c a l  a n d  t r o p i c a l  
a r e a s .  T h e y  p r o v i d e  s i g n i f i c a n t  a m o u n t s  o f  p r o t e i n  a n d  c a l o r i e s  
f o r  b o t h  r u r a l  a n d  u r b a n  p o p u l a t i o n s  ( I N C A P ,  1 9 6 9 ) .

P r e v i o u s  s t u d i e s  h a v e  s h o w n  t h a t  w h e n  b l a c k  b e a n s  ( Phase
olus vulgaris) a r e  c o o k e d  u n d e r  p r e s s u r e ,  t h e i r  p r o t e i n  q u a l i t y  
is  c o m p r o m i s e d  w i t h  c o o k i n g  t i m e s  o f  l e s s  t h a n  1 0  o r  m o r e  
t h a n  3 0  m i n  ( B r e s s a n i  e t  a l . ,  1 9 6 3 ) .  T h e  s a m e  a u t h o r s  ( B r e s -  
s a n i  e t  a l . ,  1 9 6 3 )  d e m o n s t r a t e d  t h a t  a  l o s s  o f  a v a i l a b l e  l y s i n e  
o c c u r r e d  w h e n  t h e  c o o k i n g  p e r i o d s  u s e d  e x c e e d e d  3 0  m i n .  
S u c h  o b s e r v a t i o n  is  o f  i m p o r t a n c e  s i n c e  b e a n s  h a v e  b e e n  a c 

c e p t e d  a s  a  n a t u r a l  p r o t e i n  c o m p l e m e n t  o f  c e r e a l  g r a i n s  t h a t  
p r o v i d e  t o  t h i s  g r o u p  o f  s t a p l e  f o o d s  t h e  l y s i n e  i n  w h i c h  t h e y  
a r e  d e f i c i e n t  ( B r e s s a n i  e t  a l . ,  1 9 6 2 ) .  T h e r e f o r e ,  a n y  l o w e r i n g  i n  
t h e  l y s i n e  a v a i l a b i l i t y  i n  b e a n s  w o u l d  c o m p r o m i s e  t h e i r  q u a l i t y  
a s  a  p r o t e i n  c o m p l e m e n t  o f  c e r e a l  g r a i n s .

I t  h a s  b e e n  s h o w n  t h a t  f o r  b e a n s  a  s o a k i n g  o p e r a t i o n  p r i o r  
t o  c o o k i n g  i s  n e c e s s a r y  t o  e l i m i n a t e  c o m p l e t e l y  t h e  t o x i c  f a c 

t o r s  c o n t a i n e d  i n  t h e  r a w  s e e d  ( K a k a d e  a n d  E v a n s ,  1 9 6 6 ;  L i e n -  
e r ,  1 9 6 2 ) .  M o l i n a  e t  a l .  ( 1 9 7 2 ,  1 9 7 4 )  f o u n d  t h a t  i n  o r d e r  t o  
o b t a i n  t h e  m a x i m u m  p r o t e i n  q u a l i t y  o f  b l a c k  b e a n s ,  a  m u c h  

s h o r t e r  c o o k i n g  t i m e  w a s  n e e d e d  f o r  t h e  s o a k e d  s a m p l e s  t h a n  
f o r  t h e  u n s o a k e d  o n e s .  F u r t h e r m o r e ,  t h e  s a m e  a u t h o r s  ( M o l i n a  
e t  a l . ,  1 9 7 2 ,  1 9 7 4 )  p o i n t  o u t  t h a t  s t o r a g e  a p p e a r s  t o  h a v e  a  

s t r o n g  i n f l u e n c e  o n  t h e  o p t i m u m  p r o c e s s i n g  c o n d i t i o n s  t o  b e  
c h o s e n  b a s e d  o n  p r o t e i n  q u a l i t y .

T h e  p r e s e n t  w o r k  w a s  u n d e r t a k e n  t o  s t u d y  t h e  e f f e c t  t h a t  

s t o r a g e  c o u l d  h a v e  o n  t h e  p r o t e i n  q u a l i t y  o f  b l a c k  b e a n s  w h e n  
s u b j e c t e d  t o  d i f f e r e n t  s o a k i n g  a n d  c o o k i n g  t i m e s .

MATERIALS & METHODS
TH E BLA C K  B EA N  (P. vulgaris), variety S-19-N , used in this study was 
grown at IN CA P’s experim ental farm  “ San A nton io  P ach ali,” G uate
m ala, at an altitude o f  5 ,1 5 1  f t  above sea level, and corresponded to the 
1 9 7 2  crop.

F o r the storage trials the beans were separated into  100-lb  lots 
which were placed in clo th  bags and kept under am bient cond ition s in 
the storage room s o f  the experim en tal farm . T he tem perature and rela
tive hum idity o f  the room s were recorded during this period; the aver
age tem perature and relative hu m id ity , according to  records, were 21 ± 
2 °C  and 77  ± 4% , respectively.

T he storage tim es evaluated were 0 , 3 and 6 m onths. A t each tim e, 
four samples (3 kg each ) were subjected  in trip licate to a soaking treat
m ent at room  tem perature (25° C) in tap w ater (approxim ately  6 liters 
o f  w ater/sam ple) for 0 , 8 , 16 and 24  hr, respectively. Each o f  the three 
samples from  each o f  the soaking tim es studied was then cooked  in its 
soaking w ater in an autoclave (15  psi, 1 2 1 °C ) fo r 10 , 2 0  and 30  m in. 
The cooked  beans were separated from  the bro th  by filtra tio n , dried in 
an air oven (7 0 ° C for 24  hr) and m illed in a ham m er m ill equipped w ith 
a 40-m esh screen, to  ob tain  the precooked bean flour.

T he nitrogen so lubility  o f  the precooked bean flours was evaluated 
in H jO , IN  NaCl and 0 .0 5 N  NaOH using a 1 :6  m eahsolvent ratio  at 
4 0 °  C for 2 hr with co n stan t agitation. T he suspension was then cen tri
fuged at 4 ,0 0 0  rpm for 2 0  min and nitrogen d eterm inations carried out 
in the supernatant. Nitrogen was determ ined in duplicate according to

AOAC ( 1 9 7 0 ) .  P rctein  was calcu lated  using the custom ary conversion 
facto r 6 .2 5 .

Available lysine was determ ined according to the m ethod o f  Conker- 
ton and Fram ptor. (1 9 5 9 ) . M ethionine and cystine were determ ined 
m icrobio logically  as per the m ethod described by E lias et al. (1 9 6 4 ).

The protein  effic ien cy  ratio  (P E R ) was evaluated essentially by the 
AOAC m ethod ( 1 9 7 0 ) .  W eanling rats o f  the Wistar strain from  the 
INCAP animal eo len y  were d istributed  in groups o f  four m ales and four 
fem ales each. All diets were supplem ented with a 4%  salt m ixtu re (Heg- 
sted et al., 1 9 4 1 ) , 5% co tton seed  oil, 1% cod liver oil and enough corn 
starch to  ad just to lOOg, to  which 5 ml o f  a vitam in B solution (Manna 
and Hauge, 1 9 5 3 ) were added.

Tru e protein  d igestibility was determ ined applying the m ethod de
scribed by Bressani et al. ( 1 9 6 3 ) .  T he rats and bean diets were the same 
used for the P E R  estim ation . The exp erim en tal period com prised 4 
days, starting 4  days a fter the 28  days required for the P E R  estim ation . 
The rats on the nitrogen-free d iet were those from  the casein standard 
protein  group used fo r the P E R  estim ation , w hich were fed the n itro 
gen-free diet fo r an adaptation period o f  4  days prior to the 4-day 
experim ental period.

RESULTS & DISCUSSION
T H E  M E T H I O N I N E  a n d  a v a i l a b l e  l y s i n e  c o n t e n t  o f  t h e  r a w

Storage time (months)
Fig. 1—E ffe c t  o f  s to rage  o n  th e  m e th io n in e  a n d  ava ila b le  ly s in e  

c o n te n t o f  ra w  beans.
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b e a n s  a t  t h e  d i f f e r e n t  s t o r a g e  t i m e s  s t u d i e d ,  a r e  s h o w n  i n  F i g 
u r e  1 . I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  t h e r e  d i d  o c c u r  a n  i n c r e 
m e n t  i n  t h e  c o n t e n t  o f  b o t h  a m i n o  a c i d s  d u r i n g  t h e  s t o r a g e  
p e r i o d .  A n  i n c r e a s e  i n  a v a i l a b l e  l y s i n e  i n  r a w  b l a c k  b e a n s  h a s  

a l s o  b e e n  r e p o r t e d  b y  o t h e r  a u t h o r s  ( R u i l o b a ,  1 9 7 3 ) .  H o w 
e v e r ,  i n  t h e  l a t t e r  s t u d y  m e t h i o n i n e  w a s  n o t  d e t e r m i n e d .  B e 

c a u s e  o f  t h e  i n c r e m e n t  i n  m e t h i o n i n e  c o n t e n t ,  a n  i m p r o v e 
m e n t  i n  t h e  p r o t e i n  q u a l i t y  o f  t h e  b e a n s  d u r i n g  s t o r a g e  c o u l d  
b e  e x p e c t e d ,  s i n c e  t h i s  a m i n o  a c i d  h a s  b e e n  r e p o r t e d  a s  t h e  

m o s t  l i m i t i n g  e s s e n t i a l  a m i n o  a c i d  i n  b e a n  p r o t e i n  ( B r e s s a n i  e t  

a l . ,  1 9 6 1 ) .

T h e  P E R  v a l u e s  o b t a i n e d  f o r  t h e  b e a n s  a t  t h e  d i f f e r e n t  

s t o r a g e  p e r i o d s  s t u d i e d ,  a f t e r  b e i n g  s u b j e c t e d  t o  t h e  p r o c e s s i n g  
c o n d i t i o n s  e v a l u a t e d ,  a r e  s h o w n  i n  F i g u r e  2 .  A l l  P E R  v a l u e s ,  
i n c l u d i n g  t h o s e  f o r  t h e  c o n t r o l  c a s e i n  g r o u p ,  w e r e  a d j u s t e d  t o  
a  s t a n d a r d  h y p o t h e t i c a l  v a l u e  o f  2 . 5  f o r  c a s e i n .  T h i s  c o r r e c t i o n  

w a s  m a d e  t o  e l i m i n a t e  a n y  v a r i a t i o n  d u e  t o  t h e  d i f f e r e n t  r a t  
g r o u p s  u s e d  t o  t e s t  t h e  s t o r a g e  t i m e s  s t u d i e d .  A s  m a y  b e  a p 

p r e c i a t e d ,  s t o r a g e  h a d  a  d e t r i m e n t a l  e f f e c t  o n  t h e  p r o t e i n  q u a l 
i t y  o f  t h e  b e a n s  s u b j e c t e d  t o  a n y  o f  t h e  p r o c e s s e s  s t u d i e d ;  t h e  

o n l y  e x c e p t i o n  w a s  t h e  u n s o a k e d  b e a n s  p r o c e s s e d  a f t e r  6  
m o n t h s  o f  s t o r a g e .  T h e s e  r e s u l t s  a r e  o f  i n t e r e s t  s i n c e  t h e y  a r e  
a t  v a r i a n c e  w i t h  w h a t  w o u l d  b e  e x p e c t e d  f r o m  t h e  i n c r e m e n t

i n  m e t h i o n i n e  c o n t e n t  o f  t h e  r a w  b e a n  d u r i n g  s t o r a g e  ( F i g .  1 ) .
T h e  n u t r i t i o n a l  s i g n i f i c a n c e  o f  c o o k i n g  w a t e r  t o  t h e  p r o t e i n  

q u a l i t y  o f  t h e  p r o d u c t  a s  a  w h o l e  h a s  n o t  b e e n  a s s e s s e d ,  e v e n  
t h o u g h  i t  h a s  b e e n  r e c o g n i z e d  t h a t  i t  m a y  c o n t r i b u t e  t o  i n 
c r e a s e d  n u t r i t i o n a l  v a l u e  i n  v i e w  o f  p r e v i o u s  a n a l y t i c a l  v a l u e s  

o b t a i n e d  f o r  t h i s  f r a c t i o n  ( B r e s s a n i ,  1 9 7 3 ) .

A n a l y s i s  o f  t h e  b i o l o g i c a l  d a t a  i n  F i g u r e  2 ,  i n d i c a t e s  t h a t  
c o o k i n g  t i m e  h a d  a  s t a t i s t i c a l l y  s i g n i f i c a n t  ( P  <  0 . 0 5 )  e f f e c t  i n  
l o w e r i n g  t h e  p r o t e i n  q u a l i t y  o f  t h e  b e a n s  p r o c e s s e d  e i t h e r  i m 

m e d i a t e l y  a f t e r  h a r v e s t i n g  o r  a f t e r  3  m o n t h s  o f  s t o r a g e .  T h e  

s a m e  is  t r u e  f o r  b e a n s  s t o r e d  d u r i n g  6  m o n t h s  w h e n  s u b j e c t e d  
t o  a  1 6 -  o r  2 4 - h r  s o a k i n g  p e r i o d  p r i o r  t o  c o o k i n g .  T h e s e  r e s u l t s  
i n d i c a t e  t h a t  b e a n  p r o t e i n  t e n d s  t o  b e c o m e  m o r e  s u s c e p t i b l e  

t o  h e a t  d a m a g e  a f t e r  6  m o n t h s  o f  s t o r a g e  u n d e r  t h e  c o n d i t i o n s  
e v a l u a t e d ,  a n d  t h a t  s u c h  s u s c e p t i b i l i t y  i s  d e c r e a s e d  b y  a  s o a k 
i n g  t r e a t m e n t  ( 1 6  o r  2 4  h r )  p r i o r  t o  c o o k i n g .  T h i s  n e g a t i v e  
e f f e c t  o f  s o a k i n g  o n  t h e  p r o t e i n  s u s c e p t i b i l i t y  t o  h e a t  d a m a g e  
c o u l d  p r o b a b l y  b e  a t t r i b u t e d  t o  a  h y d r a t i o n  o f  t h e  p r o t e i n  
i t s e l f  t h r o u g h  t h e  s o a k i n g  o p e r a t i o n ,  t h u s  m a k i n g  i t  m o r e  s u s 
c e p t i b l e  t o  h e a t  d a m a g e .  T h e  e f f e c t  o f  s o a k i n g  o n  t h e  p r o t e i n  
q u a l i t y  o f  t h e  b e a n s  w a s  f o u n d  t o  b e  s t a t i s t i c a l l y  s i g n i f i c a n t  ( P  
<  0 . 0 5 )  o n l y  i n  t h e  c a s e  o f  t h e  b e a n s  s t o r e d  f o r  6  m o n t h s .

T h e  e f f e c t  o f  s t o r a g e  o n  b e a n  p r o t e i n  q u a l i t y  w a s  f o u n d  t o
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b e  s t a t i s t i c a l l y  s i g n i f i c a n t  ( P  <  0 . 0 5 ) ,  a s  s h o w n  i n  F i g u r e  3 ,  

w h e r e  t h e  e f f e c t  d u e  t o  c o o k i n g  t i m e  h a s  b e e n  e l i m i n a t e d .  T h e  

s i g n i f i c a n t  e f f e c t  o f  s o a k i n g  o n  t h e  p r o t e i n  q u a l i t y  o f  b e a n s  
s t o r e d  f o r  6  m o n t h s  i s  a l s o  c l e a r l y  a p p r e c i a t e d .

I n  g e n e r a l ,  t h e  b i o l o g i c a l  b e h a v i o r  o f  t h e  b e a n  s a m p l e s  s u b 

j e c t e d  t o  t h e  d i f f e r e n t  p r o c e s s e s  s t u d i e d ,  f o l l o w e d  t h e  p a t t e r n
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F ig . 3 —E ffe c t  o f  s to rage  o n  th e  p r o te in  e f f ic ie n c y  ra t io  o f  beans  

s u b je c te d  to  d i f fe r e n t  processes (e lim in a t in g  th e  c o o k in g  e ffe c t) .

t h a t  w a s  t o  b e  e x p e c t e d  a c c o r d i n g  t o  p r e l i m i n a r y  o b s e r v a t i o n s  

o f  s t o r a g e  i n f l u e n c e  o n  t h e  p r o t e i n  q u a l i t y  o f  b e a n s  r e p o r t e d  

b y  M o l i n a  e t  a l .  ( 1 9 7 2 ,  1 9 7 4 ) .  H o w e v e r ,  s i n c e  s u c h  c h a n g e s  i n  

p r o t e i n  q u a l i t y  d i d  n o t  c o r r e l a t e  w i t h  t h o s e  o b s e r v e d  i n  t h e  
m e t h i o n i n e  c o n t e n t  o f  r a w  b e a n s  ( F i g .  1 ) ,  i t  w a s  t h o u g h t  o f  
i n t e r e s t  t o  e x a m i n e  o t h e r  p a r a m e t e r s  w h i c h  c o u l d  e x p l a i n ,  
p a r t l y  a t  l e a s t ,  t h e  b i o l o g i c a l  b e h a v i o r  o f  t h e  p r o c e s s e d  s a m 
p l e s .

T h e  c y s t i n e ,  m e t h i o n i n e  a n d  a v a i l a b l e  l y s i n e  c o n t e n t s  o f  t h e  
s a m p l e s  e v a l u a t e d  i n  t h i s  s t u d y  a r e  s h o w n  i n  T a b l e  1 . A s  t h e  

d a t a  r e v e a l ,  t h e  m e t h i o n i n e  a n d  a v a i l a b l e  l y s i n e  c o n t e n t  o f  t h e  
p r o c e s s e d  s a m p l e s  t e n d e d  t o  i n c r e a s e  w i t h  s t o r a g e ,  i n d e 
p e n d e n t  o f  t h e  p r o c e s s  t o  w h i c h  t h e y  w e r e  s u b j e c t e d .  T h e s e  

r e s u l t s  r e f l e c t  t h e  i n c r e a s e  i n  t h e  c o n t e n t  o f  b o t h  a m i n o  a c i d s  
o b s e r v e d  i n  t h e  c a s e  o f  r a w  b e a n s  ( F i g .  1 ) .  W e  c a n n o t  o f f e r  a n  

e x p l a n a t i o n  f o r  t h e s e  f i n d i n g s ,  b u t  w e  c a n  s t a t e  t h a t  t h e y  
c o u l d  n o t  b e  a t t r i b u t e d  t o  a n a l y t i c a l  e r r o r s ,  s i n c e  a l l  s a m p l e s  
i n c r e a s e d  t h e i r  a v a i l a b l e  l y s i n e  a n d  m e t h i o n i n e  c o n t e n t .  O n  t h e  
o t h e r  h a n d ,  t h e  c y s t i n e  c o n t e n t  d i d  n o t  s h o w  a  d e f i n i t i v e  p a t 
t e r n  o f  c h a n g e  d u r i n g  s t o r a g e .  I n  t h i s  r e s p e c t ,  i t  i s  o f  i n t e r e s t  
t o  n o t e  t h a t  t h e  a v a i l a b i l i t y  o f  b e a n  m e t h i o n i n e  a n d  c y s t i n e  
f o r  t h e  r a t  h a s  b e e n  s h o w n  t o  b e  v e r y  p o o r  w h e n  c o m p a r e d  t o  
t h a t  f o u n d  f o r  t h e  s a m e  a m i n o  a c i d s  i n  t h e  c a s e  o f  s o y b e a n s  
( E v a n s  e t  a l . ,  1 9 7 4 ) .  F u r t h e r m o r e ,  t h e  s a m e  a u t h o r s  ( E v a n s  e t  
a l . ,  1 9 7 4 )  i n d i c a t e  t h a t  t h e  d e g r e e  o f  a v a i l a b i l i t y  o f  t h e s e  

a m i n o  a c i d s  c o r r e l a t e d  w i t h  t h e  P E R  v a l u e s  o b t a i n e d  f o r  e i t h e r  
b e a n s  o r  s o y b e a n s .  S i n c e  i n  t h e  p r e s e n t  c a s e  t h e  P E R  v a l u e s  
( F i g .  2 )  d i d  n o t  c o r r e l a t e  w i t h  t h e  c h a n g e s  i n  t h e  t o t a l  m e t h i 

o n i n e  a n d / o r  c y s t i n e  c o n t e n t  o f  t h e  p r o c e s s e d  s a m p l e s  ( T a b l e  
1 ) ,  t h e  p o s s i b i l i t y  e x i s t s  t h a t  s t o r a g e  a n d  p r o c e s s i n g  m a y  
s t r o n g l y  a f f e c t  t h e  a v a i l a b i l i t y  o f  s u l f u r - c o n t a i n i n g  a m i n o  
a c i d s .  T h i s  p o s s i b i l i t y  i s  n o w  b e i n g  i n v e s t i g a t e d  i n  o u r  l a b o r a 

t o r i e s .

T h e  p r o t e i n  c o n t e n t  a n d  t r u e  p r o t e i n  d i g e s t i b i l i t y  o f  a l l  
s a m p l e s  s t u d i e d  a r e  p r e s e n t e d  i n  T a b l e  2 .  A s  t h e  d a t a  s h o w ,  

t h e  t o t a l  p r o t e i n  c o n t e n t  w a s  u n a f f e c t e d  e i t h e r  b y  s t o r a g e  o r

75 -

70 -

f 1-----------------------1----------------------- 1-----
0 3 6

Storage time (months)
Fig. 4 —E ffe c t o f  storage on the p ro te in  d ig e s tib ility  o f  beans sub
je c te d  to d iffe re n t processes (e lim ina ting  the cook ing  e ffect).

15 -

0 -I

CD
A

16 hr soaking 
24 hr soaking

Storage time (months)
Fig. 5 —E ffe c t o f  storage on the n itrogen s o lu b ility  in  1N N a d  o f
beans sub jected to  d iffe re n t processes (e lim ina ting  the cooking

e ffec t).
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Table 1—M eth ion ine , cys tine  and available lysine c o n te n t o f beans s to red  fo r  d iffe ren t periods of tim e and sub jec ted  to  d iffe ren t processes
(g/16g N)

Storage time (months)

0 3 6

Available Available Available
Process3 lysine Methionine Cystine lysine Methionine Cystine lysine Methionine Cystine

0 -1 0 4.97 0.60 0.61 5.25 0.81 0.50 5.75 1.58 0.55
0 -2 0 4.38 0.59 0.76 5.05 0.75 0.67 5.73 1.36 0.68
0 -3 0 4A 2 0.68 0.67 4.95 0.92 0.70 5.20 1.18 0.62

8 -1 0 5.23 0.70 0.64 5.04 1.12 0.59 5.59 1.29 0.60
8 -2 0 5.08 0.85 0.66 5.09 1.06 0.65 5.69 1.14 0.63
8 -3 0 4.31 0.78 0.74 5.10 1.11 0.67 5.39 1.26 0.70

1 6 -1 0 5.00 0.77 0.51 5.34 1.01 0.69 5.67 1.11 0.69
1 6 -2 0 4.51 0.71 0.71 5.07 1.04 0.65 5.77 1.11 0.68
1 6 -3 0 4.81 0.67 0.69 5.12 0.98 0.77 6.48 1.44 0.59

2 4 -1 0 4.'72 0.62 0.57 5.08 1.10 0.61 6.67 1.04 0.63
2 4 -2 0 4.98 0.67 0.67 5.31 1.24 0.69 5.78 1.22 0.67
2 4 -3 0 4.36- 0.74 0.68 4.99 1.12 0.58 6.10 1.20 0.71

3 Soaking hours—minutes cooking

b y  a n y  o f  t h e  p r o c e s s e s  e v a l u a t e d .  T h e  p r o t e i n  d i g e s t i b i l i t y  o f  
t h e  s a m p l e s  s u b j e c t e d  t o  a n y  o f  t h e  s o a k i n g  p e r i o d s  s t u d i e d ,  

p r o v e d  t o  b e  a f f e c t e d  b y  c o o k i n g  t i m e ,  a s  h a p p e n e d  i n  t h e  c a s e  
o f  t h e  P E R  ( F i g .  2 ) .  T h e  e f f e c t  o f  c o o k i n g  t i m e  o n  t h e  p r o t e i n  

d i g e s t i b i l i t y  o f  t h e  b ; a n s  w a s  n o t  s i g n i f i c a n t .  A n a l y s i s  o f  t h e  
d a t a  i n d i c a t e d  t h a t  s t o r a g e  h a d  a  s t a t i s t i c a l l y  s i g n i f i c a n t  ( P  <  

0 . 0 5 )  e f f e c t  o n  t h e  d i g e s t i b i l i t y  o f  t h e  b e a n  p r o t e i n .  S o a k i n g ,  
h o w e v e r ,  h a d  n o  s i g n i f i c a n t  e f f e c t  o n  t h i s  p a r a m e t e r  a t  a n y  
s t o r a g e  p e r i o d  e v a l u a t e d .

T h e  e f f e c t  o f  s t o r a g e  o n  t h e  d i g e s t i b i l i t y  o f  t h e  b e a n  p r o 
t e i n  i s  p r e s e n t e d  i n  F i g u r e  4 ,  w h e r e  t h e  e f f e c t  o f  c o o k i n g  t i m e  
h a s  b e e n  e l i m i n a t e d .

T h e  n i t r o g e n  s o l u b i l i t y  o f  t h e  p r o c e s s e d  s a m p l e s  i n  H 2 0 ,  
I N  N a C l  a n d  0 . 0 5 N  N a O H  c a n  b e  a p p r e c i a t e d  i n  T a b l e  3 .  I t  i s  

o f  i n t e r e s t  t o  n o t e  t h a t  i n  t h e  c a s e  o f  t h e  s a m p l e s  s u b j e c t e d  t o

a n y  g i v e n  s o a k i n g  p e r i o d ,  c o o k i n g  t i m e  h a d  a n  o p p o s i t e  e f f e c t  

o n  t h e  n i t r o g e n  s o l u b i l i t y  i n  I N  N a C l  a n d  o n  t h e  p r o t e i n  d i 
g e s t i b i l i t y  ( T a b l e  2 ) .  A l s o  i t  i s  w o r t h w h i l e  n o t i n g  t h a t  t h e  
s a m p l e s  s t o r e d  f o r  3  m o n t h s  s h o w e d  t h e  h i g h e s t  n i t r o g e n  s o l u 

b i l i t y  i n  a n y  o f  t h e  s o l v e n t s  t e s t e d  a s  w e l l  a s  t h e  l o w e s t  p r o t e i n  
d i g e s t i b i l i t y  w h e n  s u b j e c t e d  t o  a n y  p a r t i c u l a r  p r o c e s s  ( T a b l e  2 ,  
F ig .  4 ) .  S t o r a g e  w a s  f o u n d  t o  h a v e  a  s t a t i s t i c a l l y  s i g n i f i c a n t  ( P  
<  0 . 0 5 )  e f f e c t  o n  t h e  n i t r o g e n  s o l u b i l i t y  o f  t h e  s a m p l e s  i n  a n y  
o f  t h e  s o l v e n t s  e v a l u a t e d .

T h e  s i g n i f i c a n t  e f f e c t  o f  s t o r a g e  o n  n i t r o g e n  s o l u b i l i t y  i n  
I N  N a C l  i s  s h o w n  i n  F i g u r e  5 ,  w h e r e  t h e  e f f e c t  o f  c o o k i n g  

t i m e  h a s  b e e n  e l i m i n a t e d .  I n  t h i s  c a s e  o n e  c a n  o b s e r v e  t h a t  t h e  
t e n d e n c y  i s  o p p o s i t e  t o  t h a t  f o u n d  i n  r e g a r d  t o  p r o t e i n  d i 

g e s t i b i l i t y .
P r e l i m i n a r y  r e s u l t s  s h o w  t h a t  t h e  n i t r o g e n  f r a c t i o n  s o l u b l e

Table 2—Protein content and true d igestib ility o f beans stored fo r d ifferent periods of time and subjected to d iffe rent processes

Process3

Storage tim e (months)

0 3 6

Protein 
(N X 6.25)b 

(g/IOOg)

True protein 
digestib ility

<%)

Protein 
(N X 6.25>b 

(g/100g)

True protein 
d igestib ility 

(%)

Protein 
(N X 6.25)b 

<g/100g)

True protein 
d igestib ility  

(%)

0 -1 0 25.5 80.2 23.9 73.5 24.9 77.1
0 -2 0 25.7 78.5 24.7 71.9 24.4 77.1
0 -3 0 25.6 75.5 24.6 70.2 24.6 80.2
8 -1 0 25.6 79.9 25.1 72.9 24.4 77.2
8 -2 0 25.0 78.9 25.7 68.2 24.6 75.1
8 -3 0 26.0 77.1 26.2 67.5 24.3 70.5

1 6 -1 0 26.2 80.8 25.2 74.7 24.7 77.5
1 6 -2 0 24.4 79.1 26.0 71.4 25.4 73.8
1 6 -3 0 26.0 76.6 25.8 70.7 25.1 73.0
2 4 -1 0 25.8 77.8 24.9 69.7 25.2 75.3
2 4 -2 0 24.7 77.6 25.7 69.4 24.9 72.8
2 4 -3 0 25.7 76.6 25.3 67.3 25.4 72.1

a Soaking hours—minutes cooking 
b On a 9%  moisture basis
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Table 3 —N itrogen so lub ility  in 1N NaCI, 0 .05N  NaOH and H20  of beans s to red  fo r  d iffe ren t periods o f tim e and sub jected  to  d ifferen t
processes

Storage tim e (months)

0 3 6

Nitrogen so lub ility  (%) Nitrogen so lub ility  (%) Nitrogen solubility  (%)

Processa 1N NaCI 0.05N NaOH H ,0 1N NaCI 0.05N NaOH h 2o 1N NaCI 0.05N NaOH h 2o

0 -1 0 9.4 14.1 11.4 11.0 14.1 11.1 12.0 17.6 9.3
0 -2 0 11.3 13.2 12.1 13.0 14.9 12.2 10.6 17.9 8.8
0 -3 0 12.1 14.8 13.7 13.6 14.8 14.3 9.8 14.0 8.9
8 -1 0 9.8 14.1 11.2 11.2 18.2 17.2 7.0 16.8 8.2
8 -2 0 11.2 14.8 10.8 12.1 19.0 16.6 8.5 14.2 8.5
8 -3 0 11.9 14.2 12.7 12.4 18.2 17.7 9.4 14.0 10.8

1 6 -1 0 10.7 14.5 13.0 11.8 18.2 17.0 9.3 12.4 9.7
1 6 -2 0 12.7 14.8 12.7 13.7 22.5 21.3 9.8 15.0 10.4
1 6 -3 0 12.7 15.4 12.5 20.6 28.3 23.5 10.5 13.0 8.5
2 4 -1 0 10.1 15.2 10.5 10.2 17.2 14.0 9.5 15.1 8.7
2 4 -2 0 10.5 14.2 11.7 12.4 17.9 16.3 10.4 12.9 10.5
2 4 -3 0 12.1 14.8 11.7 12.9 16.8 12.4 11.9 16.1 11.3

a Soaking hours—minutes cooking

i n  I N  N a C I  f r o m  b e a n s  s u b j e c t e d  t o  a n y  o f  t h e  s t o r a g e  t i m e s  
o r  p r o c e s s e s  e v a l u a t e d ,  i s  c a p a b l e  o f  l o w e r i n g  t h e  p r o t e i n  i n  
v i t r o  d i g e s t i b i l i t y  o f  e i t h e r  b e a n s  o r  s t a n d a r d  p r o t e i n s  ( l i k e  
z e i n )  b y  1 5 —3 0 %  w h e n  u s i n g  p e p s i n  a s  t h e  d i g e s t i v e  e n z y m e .  

F u r t h e r m o r e ,  o n e  o f  t h e  a u t h o r s  ( B r e s s a n i ,  u n p u b l i s h e d  d a t a )  
h a s  f o u n d  t h a t ,  i n  d o g s ,  t h e  b l a c k  b e a n  w a t e r - s o l u b l e  n i t r o g e n  
f r a c t i o n  s h o w s  a  m u c h  l o w e r  d i g e s t i b i l i t y  ( a r o u n d  4 0 % )  t h a n  
t h e  w a t e r - i n s o l u b l e  n i t r o g e n  f r a c t i o n  ( b e t w e e n  7 0 —8 0 % ) .  
T h e s e  f i n d i n g s  a r e  n o t  s u r p r i s i n g  i f  w e  c o n s i d e r  t h a t  b e a n s  h a v e  

b e e n  r e p o r t e d  t o  h a v e  r e s i d u a l  h e m a g g l u t i n a t i n g  a c t i v i t y  a f t e r  
“ p r o p e r ”  c o o k i n g  ( K o r t e ,  1 9 7 2 )  a n d  t o  h a v e  s p e c i f i c  g l o b u l i n  
f r a c t i o n s  w h i c h  e x h i b i t  p r o t e i n a s e  i n h i b i t o r y  a c t i o n  e v e n  a f t e r  

d e n a t u r a t i o n  b y  h e a t  o r  u r e a  ( S e i d l  e t  a l . ,  1 9 6 9 ) .

A t  p r e s e n t ,  w e  a r e  t r y i n g  t o  e s t a b l i s h  w h e t h e r  t h e  c h a n g e s  

i n  n i t r o g e n  s o l u b i l i t y  i n  N a C I  s o l u t i o n s —o r  o t h e r  s o l v e n t — 
o b s e r v e d  d u r i n g  s t o r a g e  o r  p r o c e s s i n g ,  r e p r e s e n t  a l s o  a  c h a n g e  
i n  t h e  d e g r e e  o f  i n h i b i t i o n  o f  p r o t e i n  d i g e s t i b i l i t y  i n  v i t r o ,  a n d  
w h e t h e r  t h e s e  n i t r o g e n  f r a c t i o n s  a f f e c t  i n  s o m e  w a y  t h e  a v a i l a 

b i l i t y  o f  t h e  m o s t  l i m i t i n g  e s s e n t i a l  a m i n o  a c i d s  i n  t h e  b e a n  
p r o t e i n .  L i k e w i s e ,  t h e  c h e m i c a l  a n d  p h y s i c a l  c h a r a c t e r i s t i c s  o f  
s u c h  f r a c t i o n s  a n d  t h e  c h a n g e s  o c c u r r i n g  i n  t h e  w h o l e  a m i n o  
a c i d  p a t t e r n  o f  t h e  b e a n  p r o t e i n  d u r i n g  s t o r a g e  a r e  b e i n g  i n 
v e s t i g a t e d .

E v i d e n t l y ,  m o r e  r e s e a r c h  is  n e c e s s a r y  t o  e x p l a i n  t h e  c h a n g e s  

i n  b i o l o g i c a l  b e h a v i o r  d u e  t o  s t o r a g e  a n d  p r o c e s s i n g  h e r e i n  

p r e s e n t e d .
S i n c e  l e g u m e  f o o d s  i n  g e n e r a l  a r e  v e r y  s u s c e p t i b l e  t o  

h a r d e n i n g  d u r i n g  s t o r a g e ,  t h u s  c a u s i n g  l a r g e  e c o n o m i c  l o s s e s ,  
m o r e  r e s e a r c h  i s  d e s i r a b l e  t o  d e t e r m i n e  i f  t h e r e  e x i s t s  a  c o r r e l a 
t i o n  b e t w e e n  t h e  p h y s i c a l  a n d  b i o l o g i c a l  c h a n g e s  i n  b e a n s  d u r 
i n g  s t o r a g e .  W e  b e l i e v e  t h a t  s u c h  a  r e s e a r c h  w o u l d  b e  o f  g r e a t  
v a l u e  f o r  m o s t  L a t i n  A m e r i c a n  c o u n t r i e s  w h e r e  b e a n s  s u p p l y  
l a r g e  a m o u n t s  o f  p r o t e i n  t o  t h e  h a b i t u a l  d i e t  a n d  a r e  b e c o m i n g  
i n c r e a s i n g l y  i m p o r t a n t  d u r i n g  t h e  p e r i o d  o f  p r o t e i n  s h o r t a g e  
w e  a r e  n o w  f a c i n g .
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FROZEN STORAGE KEEPING QUALITY OF MINCED BLACK ROCKFISH (Sebastes spp.) 
IMPROVED BY COLD-WATER WASHING AND USE OF FISH BINDER

INTRODUCTION
M A C H I N E S  F O R  e f f i c i e n t l y  s e p a r a t i n g  t h e  e d i b l e  f l e s h  f r o m  

s k i n  a n d  b o n e s  o f  h e a d e d - a n d - g u t t e d  f i s h  h a v e  b e e n  u s e d  i n  
J a p a n  f o r  s e v e r a l  d e c a d e s  t o  p r o d u c e  m i n c e d  f i s h  m u s c l e .  T h i s  
m a c h i n e - s e p a r a t e d  m i n c e d  m u s c l e  h a s  b e e n  u s e d  i n  f o o d  p r o d 

u c t s  t h a t  r a n g e  f r o m  t h e  t r a d i t i o n a l  k a m a b o k o  f i s h  c a k e  t o  t h e  
n e w e r  f i s h  s a u s a g e s  a n d  h a m s .  I n  1 9 7 0 ,  o v e r  1 m i l l i o n  m e t r i c  
t o n s  o f  k a m a b o k o  a n d  f i s h  s a u s a g e s  w e r e  p r o d u c e d  i n  J a p a n  
( O k a d a  e t  a l . ,  1 9 7 3 ) .  O n  t h e  o t h e r  h a n d ,  i t  i s  o n l y  r e c e n t l y  
t h a t  m a j o r  f i s h  p r o c e s s o r s  i n  o t h e r  c o u n t r i e s  h a v e  s h o w n  i n t e r 
e s t  i n  d e v e l o p i n g  n e w  f o o d  p r o d u c t s  f r o m  m e c h a n i c a l l y -  

s e p a r a t e d  f i s h  m u s c l e .  T h e  s c a r c i t y  o f  f r o z e n  c o d  a n d  h a d d o c k  
f i l l e t  b l o c k s  a n d  t h e  i n c r e a s i n g  d e m a n d  f o r  t h i s  c o m m o d i t y  t o  
m a k e  b r e a d e d  f i s h  s t i c k s  a n d  p o r t i o n s  h a v e  r e s u l t e d  i n  t h e  

p r o d u c t i o n  o f  m i n c e d  f i s h  b l o c k s  b y  a  n u m b e r  o f  c o u n t r i e s  f o r  
m a r k e t i n g  i n  t h e  U n i t e d  S t a t e s  ( T e e n y  a n d  M i y a u c h i ,  1 9 7 2 ;  

W h i t a k e r ,  1 9 7 2 ) .
D u r i n g  1 9 6 9 ,  i n v e s t i g a t i o n s  w e r e  s t a r t e d  a t  t h e  P a c i f i c  U t i l i 

z a t i o n  R e s e a r c h  C e n t e r  t o  t e s t  t h e  u s e  o f  m e c h a n i c a l l y - s e p a 
r a t e d  m i n c e d  m u s c l e  f r o m  u n d e r - u t i l i z e d  s p e c i e s  i n  f r o z e n  f i s h  
b l o c k s .  M i n c e d  f i s h  m u s c l e  o f f e r s  g r e a t  f l e x i b i l i t y  o f  p r o c e s s i n g  
t o  i m p r o v e  f l a v o r ,  t e x t u r e  a n d  s t o r a g e  s t a b i l i t y  a n d  t o  e n a b l e  
t h e  p r o d u c t i o n  o f  b l o c k s  f r o m  s p e c i e s  n o t  s u i t a b l e  f o r  t h e  
p r o d u c t i o n  o f  c o n v e n t i o n a l  f i s h  f i l l e t  b l o c k s  ( S t e i n b e r g ,  1 9 7 2 ) .  

F i s h  s o r t e d  c o m m e r c i a l l y  a s  b l a c k  r o c k f i s h  (Sebastes mel- 
anops, S. brevispinis a n d  S. flavidus),  w h o s e  d a r k  m u s c l e  
b e c o m e s  r a n c i d  q u i c k l y  d u r i n g  f r o z e n  s t o r a g e  ( T e e n y  a n d  
M i y a u c h i ,  1 9 7 2 ;  S t a n s b y  a n d  D a s s o w ,  1 9 4 9 ) ,  w e r e  s e l e c t e d  f o r  
s t u d y  b e c a u s e  t h e  s u c c e s s f u l  s t a b i l i z a t i o n  o f  m i n c e d  m u s c l e  o f  
t h i s  s p e c i e s  a g a i n s t  o x i d a t i v e  r a n c i d i t y  w o u l d  a s s u r e  t h a t  m a n y  
o t h e r  s p e c i e s  w i t h  s i m i l a r l y  u n s t a b l e  l i p i d s  c o u l d  a l s o  b e  u s e d  
t o  p r o d u c e  m i n c e d  f i s h  b l o c k s .

I n  t h e  f i r s t  p h a s e  o f  o u r  s t u d y  t o  d e v e l o p  a  m a r k e t a b l e  
m i n c e d  b l a c k  r o c k f i s h  b l o c k ,  t h e  b e s t  r e s u l t s  w e r e  o b t a i n e d  b y  
u s i n g  s o d i u m  c h l o r i d e  a n d  s o d i u m  t r i p o l y p h o s p h a t e  t o  p a r 
t i a l l y  s o l u b i l i z e  t h e  m u s c l e  p r o t e i n  t o  b i n d  t h e  p a r t i c l e s  o f  
c o a r s e - m i n c e d  m u s c l e  i n t o  a  c o h e s i v e  b l o c k .  W e  c a l l e d  t h i s  a  
modified  m i n c e d  f i s h  b l o c k  ( T e e n y  a n d  M i y a u c h i ,  1 9 7 2 ) .  T h e  
u s e  o f  b u t y l a t e d  h y d r o x y t o l u e n e  ( B H T )  a n d  b u t y l a t e d  h y -  
d r o x y a n i s o l e  ( B H A )  a t  l e v e l s  r a n g i n g  u p  t o  0 . 0 0 6 %  i n c r e a s e d  
t h e  s t o r a g e  l i f e  a t  — 1 8 ° C  o f  t h e  m o d i f i e d  b l o c k s  t o  9 - 1 2  
m o n t h s  f r o m  o n l y  a b o u t  3  m o n t h s  f o r  t h o s e  c o n t a i n i n g  n o  
a n t i o x i d a n t s .

I n  t h i s ,  t h e  s e c o n d  p h a s e  o f  t h e  s t u d y ,  a d d i t i o n a l  p r o c e s s i n g  
p r o c e d u r e s  w e r e  t r i e d  t o  i m p r o v e  t h e  q u a l i t y  a n d  t h e  s t o r a g e  
l i f e  o f  t h e  m o d i f i e d  b l a c k  r o c k f i s h  b l o c k s .  M e a t - b o n e  s e p a 
r a t i n g  m a c h i n e s  o f  t h e  t y p e  i n  w h i c h  t h e  p r e s s u r e  a p p l i e d  t o  

t h e  f i s h  m a t e r i a l  c a n  b e  r e g u l a t e d  a s  i t  p a s s e s  t h r o u g h  t h e  
m a c h i n e  p e r m i t  t h e  r e m o v a l  o f  p r i m a r i l y  t h e  l i g h t  m e a t  o n l y .  
S t a n s b y  a n d  D a s s o w  ( 1 9 4 9 )  d e m o n s t r a t e d  t h a t  r e m o v a l  o f  a  
s m a l l  p o r t i o n  o f  t h e  c a r k  f a t t y  f l e s h  j u s t  b e n e a t h  t h e  s k i n  o f  
t h e  f i l l e t  i n c r e a s e d  t h e  c o l d - s t o r a g e  l i f e  o f  t h e  f r o z e n  f i l l e t  

f r o m  t w o  t o  f o u r  t i m e s .  S i m i l a r l y ,  u s i n g  p r e d o m i n a n t l y  t h e  
l i g h t  m e a t  i n  t h e  m i n c e d  b l o c k s  o f f e r s  t h e  p o s s i b i l i t y  o f  i n 
c r e a s i n g  i t s  c o l d  s t o r a g e  l i f e .  F u r t h e r m o r e ,  i n  d e v e l o p i n g  t h e  
p r o c e s s  f o r  m a k i n g  s u r i m i ,  a  s e m i - p r o c e s s e d  i n t e r m e d i a t e  r a w

m a t e r i a l  f o r  m a k i n g  k a m a b o k o  a n d  f i s h  s a u s a g e s  ( M i y a u c h i  e t  

a l . ,  1 9 7 3 ) ,  t h e  J a p a n e s e  f o u n d  t h a t  w a s h i n g  t h e  m i n c e d  f i s h  
m u s c l e  w e l l  w i t h  c h i l l e d  w a t e r  t o  r e m o v e  b l o o d ,  f l e s h  p i g 
m e n t s ,  f a t  a n d  o t h e r  w a t e r - e x t r a c t a b l e  c o n s t i t u e n t s  i m p r o v e d  
t h e  c o l o r  a n d  o d o r  a n d  h e l p e d  s t a b i l i z e  t h e  f u n c t i o n a l  p r o p e r 
t i e s  o f  t h e  w e t  f i s h  p r o t e i n  d u r i n g  f r o z e n  s t o r a g e .  A c c o r d i n g l y ,  
t h e  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  d e t e r m i n e  w h e t h e r  t h e  c o l d -  

s t o r a g e  c h a r a c t e r i s t i c s  o f  m i n c e d  b l a c k  r o c k f i s h  b l o c k s  c o u l d  
b e  i m p r o v e d  b y  ( 1 )  s e l e c t i v e l y  s e p a r a t i n g  a n d  u t i l i z i n g  t h e  l i g h t  
m i n c e d  m u s c l e  o f  b l a c k  r o c k f i s h ;  ( 2 )  w a s h i n g  t h e  m i n c e d  
m u s c l e  t o  r e m o v e  t h e  w a t e r - e x t r a c t a b l e  c o n s t i t u e n t s ;  ( 3 )  t h e  
u s e  o f  l o w - l e v e l  a n t i o x i d a n t s ;  a n d  ( 4 )  t h e  u s e  o f  a  f i s h  b i n d e r .

EXPERIMENTAL
Sam ple preparation

In two replicate experim en ts in Novem ber and M arch, w e used black  
rockfish ir. th e round. T hey  had been held in ice  aboard com m ercial 
traw lers for about 5 days. On the basis o f  appearance and od or, th e fish 
w ere judged to be average to  better-than-average quality  com m ercial 
fish. A t our lab o ra to ry , som e o f  the fish w ere used to prepare fillets and 
the rem ainder were used to prepare m inced fish b lo ck s. T he fish to  be 
m echanically  deboned w ere headed, gutted and tnoroughly washed to 
rem ove the various organs and extran eou s so ft m aterials from  th e gut 
cav ity . T he headed-and-gutted fish were n e x t passed through a m eat- 
bone separator (B ibu n  M odel 15 w ith a drum perforated  w ith 7-mm  
diam eter holes) to  separate the fish m uscle from  skin and bon es. The 
be lt tension on th e m eat-bone separator was set either at norm al pres
sure to. separate as m uch m uscle as possible or at light pressure to 
separate prim arily the light m eat. The six types o f  m inced  m uscle 
b locks listed in T able 1 were prepared as described below .

P reparation o f  unm odified m inced m uscle b locks. 50 0 g  qu an tities o f  
the m ixtu re o f  light and dark m inced m uscle w ere packed in to  w axed 
frozen food  cartons (1 -1 /8  in. X 8 -1 /2  in. X 3 in .) and frozen under 
pressure in a vertical plate freezer (abou t 2 hr at - 4 0 ° C) to  form  our 
m ini-block co n tro l samples (T ab le  1, type 1). The m ini-b locks were 
overwrapped with 2-m il p olyethylen e, sealed and stored at —1 8 °C . S im 
ilarly, m ini-blocks were prepared using the light m inced m uscle (T ab le  
1, type 2).

Preparation o f  m odified, unwashed m inced m uscle b lo ck s. The
m odified m inced m uscle b locks were prepared as fe llow s:

1. T o  prepare the fish binder to  be used w ith each 10 0  lb o f  
m inced m uscle, the ingredients listed  below  w ere hom ogenized  in a

Table 1—Types of minced black rockfish blocks prepared

Type
of

blocks
Description of 
minced muscle

Processing va'iables

Washing A ntiox icants M odified

1 M ixture o f light Not washed None No binder
& dark

2 Mostly light Not washed None No binder
3 Mostly light Not washed None Binder
4 Mostly light Not washed Antioxicants Binder
5 Mostly light Washed None Binder
6 Mostly light Washed A ntiox icants Binder

592-JOURNAL OF FOOD SCIENCE-Volume 40 (1975)



Q U A L IT Y  OF FR O ZE N  MINCED B L A C K  R O C K F IS H -5 9 3

1-gal W a r in g  B le n d o r  f o r  a b o u t  2  m in  u n t i l  t h e  m i x t u r e  b e c a m e  
"‘s t i c k y ”  o r  “ t a c k y . ”  T h e  t e m p e r a t u r e  o f  t h e  b in d e r  w a s  k e p t  b e lo w  
4 .4 ° C  b y  u s in g  ic e  w a te r .

I n g r e d ie n t s

u s e d

W t

lb / e a c h  1 0 0  lb  

o f  m in c e d  m u s c le F u n c t i o n

F is h  m u s c le 2 .5 Im p r o v e s  t e x t u r a l  p r o p e r t i e s
S o d iu m  c h lo r id e 1.0 S o lu b i l iz e s  p r o t e i n  f o r  t e x t u r a l  

p r o p e r t i e s ;  f la v o r
S o d iu m  t r i p o ly - 0 .1 5 S o lu b i l iz e s  p r o t e i n ;  im p r o v e s

p h o s p h a te w a te r - h o ld in g  c a p a c i ty
S u g a r 1.0 T a s te
M o n o s o d iu m

g lu ta m a te
0 .3 F la v o r  i n te n s i f i e r

C o r n  o il 1.0 C a r r ie r  f o r  o i l - s o lu b le  
a n t i o x i d a n t s

Ic e  w a te r 5 .0 C a r r ie r  f o r  w a te r - s o lu b le  
in g r e d ie n t s

2 . O n e - f o u r t h  o f  t h e  b in d e r - h o m o g e n a te  w a s  a d d e d  t o  2 5 - lb  
b a t c h e s  o f  l ig h t  m in c e d  f is h  m u s c l e  a n d  m ix e d  f o r  2  m in  in  a  H o b a r t  
A -2 0 0  D T  F o o d  M ix e r  e q u ip p e d  w i th  a  d o u g h  a r m  a g i t a to r  ( P a r t  E ,
S - 6 2 8 8 6 )  a t  lo w  s p e e d  ( a b o u t  5 0  r p m ) .  5 0 0 g  q u a n t i t i e s  o f  th i s  m i x t u r e  
w e re  p a c k e d  (T a b le  1 , t y p e  3 ) ,  f r o z e n  a n d  s to r e d  as d e s c r ib e d  in  th e  
p r e c e d in g  s u b s e c t io n .

3 . T h e  m o d i f i e d ,  u n w a s h e d  m in c e d  m u s c le  b lo c k s  c o n ta in in g  a n t i 
o x id a n t s  w e re  p r e p a r e d  s im i la r ly  e x c e p t  0 .0 0 1 %  b y  w e ig h t  o f  B H A  a n d  
0 .0 0 1 %  B H T  w e re  d is s o lv e d  in  t h e  c o r n  o il  a n d  u s e d  in  t h e  f is h  b in d e r  
( T a b le  1 , t y p e  4 ) .

P r e p a r a t io n  o f  m o d i f i e d ,  w a s h e d  m in c e d  m u s c le  b l o c k s .  A  p o r t i o n  
o f  t h e  l ig h t  m in c e d  m u s c le  t a k e n  f r o m  t h e  m e a t - b o n e  s e p a r a to r  w a s  
w e ig h e d  in  a  c lo s e - k n i t  n y lo n  m e s h  b a g  a n d  g e n t ly  a g i t a t e d  f o r  1 0  m in  
in  ic e  w a te r  ( r a t i o  o f  5  p a r t s  b y  w e ig h t  o f  w a te r  t o  1 p a r t  b y  w e ig h t  o f  
m in c e d  m u s c le ) .  T h e  b a g  c o n ta in in g  t h e  f i s h - w a te r  s lu r ry  w a s  s u s p e n d e d

Table 2—Yields o f minced muscle and skin-and-bone waste from  
headed-and-gutted black rockfish passed through the Bibun3 meat- 
bone separator

Yields13 o f various components

Exp 1 Exp 2
Components <%) (%)

(1) Normal belt pressure; 
Minced muscle 47.4 46.4
Skin-and-bone waste 8.8 9.2
Losses (by difference) 1.7 1.9

(2) Light belt pressure: 
Minced muscle 32.5 34.1

3 Bibun Model 15 w ith drum perforated w ith 7-mm diameter holes 
b Yields based on weight of whole fish used: 440 lb in Exp 1 and 

395 lb in Exp 2

Table 3—Changes in flavor (rancidity) and texture o f unmodified 
and modified minced black rockfish blocks during storage at —18°C

Storage Mean flavor score Mean texture score

time (5-pt scale)3 (5-pt scale)b

(Months) Unm odified M odified Unm odified M odified

0 4.0 3.9 3.9 4.0
4 2.9 3.5 3.4 3.7
8 2.6 3.4 2.9 3.8

a Five-point rating scale fo r rancidity, w ith  mean score below 3
considered as "unm arketable” : 5—None; 4 —Trace; 3—Slight;
2—Moderate; 1—Excessive

k Five-point rating scale fo r texture: 5—Very good; 4—Good;
3—Fair; 2—Borderline; 1—Poor

so  a s  t o  p e r m i t  t h e  e x c e s s  w a te r  t o  d r a in  t h r o u g h  th e  b a g .  D ra in in g  w a s  
c o n t i n u e d  u n t i l  t h e  w e ig h t  o f  t h e  w a s h e d  m u s c le  w a s  a p p r o x im a te ly  3%  
le s s  t h a n  t h a t  o f  t h e  m u s c le  b e f o r e  w a s h in g .  T h is  d r a in in g  r e q u i r e d  
s e v e ra l  h o u r s .

T h e  w a s h e d  m in c e d  m u s c le  w a s  u s e d  to  p r e p a r e  o n e  l o t  o f  m o d if ie d  
b lo c k s  c o n ta in in g  n o  a n t i o x i d a n t  ( T a b le  1 , t y p e  5 )  a n d  o n e  l o t  c o n 
ta in in g  a n t i o x i d a n t  ( t y p e  6 )  as d e s c r ib e d  in  t h e  p r e c e d in g  s u b s e c t io n .

P r e p a r a t io n  o f  f i l l e t  b lo c k s .  S o m e  o f  t h e  w h o le  r o c k f i s h  w e re  c u t  
i n t o  s k in le s s  f i l le ts .  T h e s e  f i l l e t s  w e re  w a s h e d ,  d r a in e d ,  p a c k e d  i n t o  5 -lb  
f r o z e n - f o o d  c a r to n s ,  a n d  p la te  f r o z e n .  T h e s e  c a r t o n s  o f  f i l l e t  b lo c k s  
w e r e  o v e r w r a p p e d  w i th  2 -m il p o l y e t h y l e n e ,  h e a t - s e a le d  a n d  s to r e d  a t  
- 1 8 ° C .

P r e p a r a t io n  o f  r e f e r e n c e  s a m p le s .  A t  e a c h  4 - m o n t h  e x a m in a t i o n ,  
m o d i f i e d ,  u n w a s h e d  m in c e d  r o c k f i s h  b lo c k s  w e re  p r e p a r e d  f r o m  
c o m m e r c ia l ly  c a u g h t ,  ic e d  r o c k f i s h  f o r  u s e  a s  f r e s h ly  p r e p a r e d  r e f e r e n c e  
s a m p le s .

S e n s o r y  e v a lu a t io n

T h e  v a r io u s  f i l l e t  a n d  m in c e d  r o c k f i s h  b lo c k s  w e re  e v a l u a te d  in i 
t i a l ly  a n d  a f t e r  4 ,  8  a n d  1 2  m o n t h s  o f  s to r a g e  a t  - 1 8 ° C .  T h e  v a r io u s  
b lo c k s  w e re  j u d g e d  f o r  o d o r  a n d  a p p e a r a n c e  ( c h a n g e  in  c o lo r ) .  T h e  
b lo c k s  w e re  t h e n  c u t  i n t o  5 /8 - i n .  s l ic e s  a n d  e x a m in e d  o r g a n o le p t ic a l ly  
f o r  d e v e l o p m e n t  o f  r a n c id i ty  a n d  f o r  c h a n g e s  in  t e x t u r e .  S lic e s  w e re  
p r e p a r e d  f o r  t h e  p a n e l  b y  s te a m in g  in  c o v e r e d  a lu m in u m  c o n ta in e r s  f o r  
15  m in .  T h e y  w e re  p r e s e n te d  a s  c o d e d  s a m p le s  t o  a  p a n e l  o f  6  t o  12  
e x p e r i e n c e d  ju d g e s .  S a m p le s  w e r e  r a t e d  o n  a  5 - p o in t  s c a le  in  c o m p a r i 
s o n  to  t h e  i d e n t i f i e d ,  f r e s h ly  p r e p a r e d  r e f e r e n c e  s a m p le ,  w h ic h  w a s  
a s s ig n e d  t h e  s c o r e  o f  5 .  T h e  d i f f e r e n c e s  in  t h e  m e a n  f l a v o r  a n d  t e x t u r e  
s c o re s  a m o n g  th e  v a r io u s  s a m p le s  w e re  a n a l y z e d  b y  a n a ly s is  o f  v a r ia n c e  
( S n e d e c o r  a n d  C o c h r a n ,  1 9 5 6 ) .

M o is t u r e  c o n t e n t  d e t e r m i n a t io n

T h e  m o i s tu r e  c o n t e n t  w a s  d e t e r m in e d  a s  f o l l o w s :  ( 1 )  W e ig h  1 0 —15g  
o f  f i s h  s a m p le  i n t o  a lu m in u m  d is h e s  c o n ta in in g  a b o u t  2 0 g  o f  d r ie d  
s a n d .  ( 2 )  U s in g  a  s p a tu l a ,  m ix  t h e  f l e s h  t h o r o u g h l y  w i th  t h e  s a n d  b e in g  
c a r e f u l  t o  a v o id  lo s s  o f  s a n d  g r a n u le s .  ( 3 )  H e a t  o v e r n ig h t  ( 1 2  h r )  in  a ir  
o v e n  a t  4 1 ° C .  ( 4 )  C o o l  in  d e s i c c a to r  f o r  a b o u t  15 m in .  ( 5 )  W e ig h . (6 )  
H e a t  f o r  a n o t h e r  2 - 4  h r ,  c o o l  a n d  w e ig h ;  r e p e a t  u n t i l  c o n s t a n t  w e ig h t  
is  o b t a i n e d .  ( 7 )  C a lc u la te  m o i s t u r e  c o n t e n t .

RESULTS & DISCUSSION 

Minced muscle yield
The yields of minced muscle, based on the weight of the 

round fish, obtained in the two experiments are given in Table
2. When the belt tension on the machines was set at normal 
pressure to recover the maximum amount of minced muscle, 
yields of 47.4% and 46.4% were obtained. When the belt ten
sion was set at light pressure to recover primarily the light 
muscle, yields o: 32.5% and 34.1% were obtained.
Fillet blocks

The black rockfish fillet blocks were moderately discolored 
and rancid in flavor when examined after 4 months of storage. 
This is in agreement with the 14—22-wk shelf life reported by 
Stansby and Dassow (1949) for fillets of the black rockfish, 
Sebastes flavidus.
Unmodified minced light-and-dark muscle blocks

The unmodified block made of unwashed, minced light- 
and-dark muscle was moderately rancid and judged unmarket
able within 3 months of storage at —18°C.
Unmodified and modified minced light muscle blocks

The unmodified blocks made of unwashed, minced light 
muscle were moderately rancid and judged unmarketable after 
4 months at -18°C (Table 3). Thus, the minced fish blocks 
made from primarily the light muscle had a shelf life about 1 
month longer than those made from the mixture of light and 
dark muscle.

The modified blocks made of unwashed, minced light mus
cle, which was mixed with the fish binder, showed only slight- 
to-trace rancidity during 8 months of storage at — 18°C. The 
texture of the modified blocks changed only slightly during 
the 8 months of storage. These results showed that the use of 
fish binder to prepare the modified minced fish block im
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proved its cohesiveness, water-holding capacity and succu
lence, and thereby significantly improved the cold-storage 
characteristics of minced black rockfish muscle.
Effect of washing

After washing the minced muscle with chilled water, the 
fish-water slurry was dewatered until the weight of the washed 
minced muscle reached a weight about 3% less than the start
ing weight of the minced muscle before washing. Although the 
optimum degree of dewatering was not determined, we did 
establish experimentally that this degree of dewatering enabled 
us to prepare modified blocks with good cold-storage and 
processing characteristics. The moisture contents of the modi
fied blocks prepared from washed minced muscle were up to 
4% higher than those made from unwashed minced muscle 
(Table 4).

In experiments to determine the effect of washing the 
minced muscle to remove some of the water-extractable con
stituents on flavor stability during frozen storage, the flavor

Table 4—Moisture content of m odified minced black rockfish 
blocks made from  unwashed and washed minced muscle

Moisture content

Exp 1 Exp 2
Type of modified block (%) (%)

Unwashed, minced 78.2 77.4
Washed, minced 80.9 81.3

Table 5—Effect o f washing minced flesh on flavor (rancidity) o f 
modified black rockfish blocks w ith  and w ithou t antioxidants du r
ing 12 months of storage at —18°C

Mean flavor score®

Unwashed flesh Washed flesh

Replicate Storage W ithout W ithout
experiment time anti- A n ti- anti- A n ti-

(No.) (Months) oxidant oxidant oxidant oxidant

1 0 4.7 4.7 4.8 4.7
4 3.5 3.5 4.3 4.3
8 3.3 3.5 4.0 4.0

12 2.9 3.2 3.7 3.8
2 0 4.7 4.6 4.7 4.5

4 4.7 4.2 4.5 3.7
8 3.0 2.8 4.1 4.0

12 2.8 3.0 4.1 4.0
a Five-point rating scale for rancidity, with mean score below 3

considered as “unmarketable'': 5—None; 4—T race; 3-Slight;
2 —Moderate; 1 —Excessive

scores (Table 5) of the modified, washed blocks (without anti
oxidants) were significantly higher at the 5% level than those 
of the modified, unwashed blocks (without antioxidants) at 
each examination during the 1-yr storage test at — 18°C, 
except the 4-month examination in experiment 2. In addition, 
the modified, washed blocks were appreciably “whiter” in 
color than the modified, unwashed blocks. The storage life of 
the modified, unwashed blocks was between 8 — 12 months, 
whereas that of the modified, washed blocks was greater than 
12 months. Thus, washing the minced muscle with chilled 
water to reduce the amount of blood, flesh pigments, fat and 
water-soluble proteins did improve the color, flavor and odor, 
and increased the storage life of the minced fish blocks.
Effect of adding antioxidants

The antioxidant mixture (0.001% by weight of BHA and 
0.001% BHT) in the fish binder had no beneficial effect on the 
cold-storage characteristics of either the modified, unwashed 
or modified, washed minced rockfish blocks (Table 5). Blocks 
made with washed, minced muscle had good flavor in the pres
ence and absence of antioxidants throughout the 12-month 
storage period. Blocks made with unwashed, minced muscle, 
however, showed product deterioration of flavor both with 
and without antioxidants and were slightly rancid by around 8 
months; at any storage period, differences in flavor between 
samples with and without antioxidants were small and incon
sistent.

SUMMARY

BOTH THE fillet and minced muscle blocks of black rockfish 
(Sebastes spp.) had storage lives at — 18°C of less than 4 
months owing to the development of rancid flavors and dis
coloration. Modified fish blocks prepared by mixing the 
minced muscle with a fish binder had a longer storage life of 
8 — 12 months. Modified blocks made with washed minced 
muscle were significantly better in color and flavor than those 
made with unwashed minced muscle during the 12-month 
storage test.
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F U N C T IO N A L  P R O P E R T IE S  O F  A D D E D  P R O T E IN S  C O R R E L A T E D  W IT H  

P R O P E R T IE S  O F  M E A T  S Y S T E M S . E f fe c t  o f  C o n c e n tra tio n  and  

T e m p e ra tu re  o n  W a te r-B in d in g  P ro p e rties  o f  M o d e l M e a t S ystem s

INTRODUCTION
FUNCTIONAL PROPERTIES of proteins for foods can be 
defined as physico-chemical properties, providing a certain 
amount of information about how a protein will act in a food 
system. However, few systematic investigations have been 
made on how these properties can be correlated with proper
ties of complex food systems (Yasumatsu et ah, 1972a, b). Of 
great interest are properties depending upon such water-pro
tein relationships as solubility, viscosity, swelling and gel prop
erties. The importance of solubility for beverages is obvious. 
The effects of these properties on semi-solid products such as 
meat systems are of a more complicated nature.

Water-binding properties of pure meat systems were careful
ly reviewed by Hamm (1972), who discussed the influence of 
various factors such as pH, presence of salts, temperature, time 
after slaughter, etc. Lack of water-holding capacity (WHC) will 
result not only in weight losses, but will also influence the 
texture (Hamm, 1972; Galloway et al., 1973). Recent publica
tions have shown that the protein network responsible for the 
WHC can also enclose fat cells and is important for the fat
binding properties of the so-called meat emulsions as well 
(Hamm, 1973; van den Oord, 1973). The effect of various 
proteins added to meat on water binding properties have hith
erto been very little studied.

The aim of this study was to investigate the effects of some 
functional properties of added proteins on the water-binding 
properties of meat systems. In order to focus all attention on 
the water-protein relationships, model systems were used, with 
all visible fat removed from the meat and nothing but protein 
and water added. Meat qualities common in minced meat 
products and the commercially available proteins soy protein 
isolate, sodium caseinate and whey protein concentrate were 
investigated.

Due to the complex nature of the meat systems, where 
interactions between the meat proteins and added proteins, 
and negative as well as positive effects of functional properties 
might have to be considered, proper analysis and interpreta
tion of data in most cases necessitate the use of statistical 
methods of inference. In practical applications, the conven
tional procedures for analyzing structures of multivariate sys
tems may be characterized either as (1) regression methods or 
as (2) factor analysis methods. From a statistical point of view, 
the fundamental problem of the present study consisted in 
mapping several independent variables (functional properties) 
into a set of statistically well-defined dependent variables 
(water-binding properties). Hence, the approach of trying 
some appropriate multiple regression procedure seemed nat
ural.

MATERIALS
Soy protein isolate

Prom ine-D  (C entral Soya), a com m ercially  available sodium  soybean  
p ro te in a te . Analysis (dry  w t): p ro te in  (N x  5 .6 9 ) 86.8% , ash (550°C ) 
4.7% , pH in 1% p ro te in  d ispersion  7.4.

Caseinate
S odinol V (A /S L idano), a com m ercially  available sodium  caseinate. 

Analysis (dry  w t): p ro te in  (N x  6 .3 8 ) 91.5% , ash (550°C ) 4.6% , fat 
(R ose-G ottlieb) 1.1% and  pH  in 1% d ispersion  7.4.

Whey protein concentrate (WPC)
WPC co n cen tra ted  by  gel filtra tio n  was used. Analysis (dry  w t): 

p ro te in  (N  x  6.38] 76.8% , ash (550°C ) 5.4% , fa t (R ose-G ottlieb) 5.2% , 
lactose (po larim etr.c  m ethod) 8.3%  and pH  in 1% d ispersion  7.2.

Meats employed
Parallel runs w ere m ade w ith  m eat from  b ee f b risket and  m eat from  

p ork  shou lder, m aterials freq u en tly  used in m inced m eat. Tw o m eat 
system s w ere used in o rd er n o t to  draw  conclusions from  one special 
case. A fte r rem oval o f  all visible fa t, th e  m ea t was g round  tw ice th rough  
a  5 m m  grinding p la te  and m ixed  th o ro u g h ly . P o rtions o f  ca lOOg w ere 
packed  in sausage casings o f  PVDC film , qu ick ly  frozen  and sto red  at 
—30°C. Thaw ing was carried  o u t  in a w ater-bath  a t 20°C . A nalysis o f  
b ee f  b risket: p ro te in  (N  X 6 .2 5 ) 20.1% , w ate r (d ry ing  a t  130°C ) 74.7%  
and fa t (NM R) 3.3%. Analysis o f  p o rk  shoulder: p ro te in  (N  X 6 .25) 
19.5%, w ate r (drying a t 130°C ) 76.6%  and  fa t (N M R ) 2.8%. D uring the  
experim ents the  w ater-b inding p ro p erties  o f  th e  frozen  sto red  m eat 
sam ples w ere con tinuously  checked , and no  significant changes were 
found .

METHODS
Functional properties

Solubility tests w ere m ade on  1% d ispersions a t 25°C . I f  h ea t tre a t
ed th e  d ispersions w ere m ain ta ined  at 70, 80, 90  and  100°C  for 30 m in 
and th en  coo led  :o  25° C. The m e th o d  used has previously  b een  de
scribed (H erm ansson, 1973). For sw elling and B rookfield  m easure
m en ts, see H erm ansson (1972). V iscosity  m easurem ents w ere m ade in a 
H aake R otovisco RV I, th e rm o sta ted  to  25°C  a t 4 2  s '1 , 1142 s"1 o f  
u n trea ted  d ispersions and a t  15 s"1 o f  h ea t-trea te d  d ispersions. W hen 
the  e ffe c t o f  h ea t tre a tm e n t was s tu d ied , th e  dispersion  was h ea t tre a t
ed in th e  m easuring  system  for 30 m in  and rap id ly  cooled  to  25° C. 
R eadings w ere alw ays taken  afte r 5 m in.

Penetrometer. A S U R -penetrom eter equ ipped  w ith  a 25g p lunger, 
d iam eter 20 m m , was used. R eadings w ere taken  after 5 sec.

Properties of meat systems
Calculations on the composition. A co n s tan t p ro te in /w a te r  q u o tien t 

o f  0 .2  was p refe rred  to  calcu lations o n  ad ded  p ro te in  and  ad ded  w ater. 
The advantages o f  a co n s tan t q u o tie n t have previously b een  discussed 
fo r m odel calcu lations on  sausages b y  H ennig (1 9 7 1 ) and L indner and 
S tadelm ann  (1 9 6 1 ). W hen p ro te in s w ere ad ded  the  calcu lation  was 
based o n  p ercen t add ed  p ro te in  o u t  o f  th e  to ta l p ro te in  c o n te n t i.e., as 
if  p a r t o f  the  m ea t p ro te in s h ad  been  exchanged. Table 1 show s the  
re la tionsh ip  o f  percen tage exchanged m eat p ro te in  and o th e r  w ays o f  
represen ting  the  am o u n t o f  in co rp o ra ted  p ro te in .

Mixing technique
A basic Sorvall O m nim ixer w ith  baffled  stainless steel cham bers was 

used a t 28 0 0  rpm . Mixing tim e w as in 3 - 3 0  sec intervals. A fter each 30 
sec in terval th e  system  was gently  stirred  w ith  a glass rod . W hen p ro te in  
was to  be exchanged , m ea t, p ro te in  and w ater w ere m ixed fo r 2 - 3 0  sec 
intervals. T he p ro te in  w as allow ed to  swell fo r 20 m in and th e  system  
was th en  rem ixed for 30 sec. The sam ple size was ab o u t 200g.

Determinations of moisture loss (ML)
Fresh meat systems. V arious techn iques rep o rted  in the  lite ra tu re  

w ere tried . T he pressure tech n iq u e  recom m ended  by Grau and  Ham m
(1957) fo r raw  m eat was found  unsu itab le  w hen caseinate or WPC was
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incorporated . Instead, a cen trifugation  techn ique was developed, in 
which a 20g  sample was centrifuged at 1 8 ,0 0 0  rpm (4 0 ,0 0 0  x  G) for 30 
m in. T h e  volum e o f  released ju ice  was m easured, and m oisture loss 
calculated as (m l o f  ju ice  re leased /20) X 1 0 0 . Three rep licate runs were 
m ade, and the analysis had a standard deviation o f  0 .3 . The effec ts  o f 
experim ental cond ition s are shown in T able 2. When one param eter was 
varied, the o th er two were k ep t constan t at the values referred to 
above. T he m ethod will be  referred to as M LC (c  = cen trifugated ).

Heated meat systems. A m odified  version o f  the heated  tube tech 
nique described by W ierbicki et al. ( 1 9 5 7 ) , and a drip m ethod similar to 
that o f  M iller et al. ( 1 9 6 8 )  w ere used. T he form er was found to  be the 
b e tter o f  th e tw o, and M Lht (h t = heated  tu be) will be reported in this 
and follow ing p u blication s. 2g o f  m eat m ixtu re were filled in open-end 
glass tubes (6 cm X 1 cm ) and closed w ith rubber stoppers. The upper 
rubber stopper had a small hole to  equalize pressure. T he tubes were 
heated at 8 0 ° C for 15 m in. A fter cooling, the stoppers were removed 
and the m eat plug carefu lly  transferred to  a net o f  stainless steel fas
tened in a steel ring, and weighed. The net assem bly was then placed on 
a hollow  PV C cylinder ca 1.5 cm above the b o tto m  o f  a centrifuge tube 
and centrifuged at 2 ,0 0 0  rpm for 5 min. The steel ring had grips and 
could easily be lifted  out o f  the tubes. M Lkt was calculated  as (weight 
d ifference/w eight be fo re  cen trifugation ) x  1 0 0 . Four rep licate runs 
were made and the m ethod showed a standard deviation o f  0 .5 . A t high 
levels o f  p ro tein  incorp oration , d ifferences in flow  properties m ight 
have an e ffe c t on the dependence o f  the cen trifugation  speed, and thus 
influence the result. M Lkt as a fu n ctio n  o f  cen trifugation  speed for 
system s w ith 50%  exchanged protien is show n in Figure 1. The curves 
do n o t in tersect in the range studied.

Statistical models
Regression models. T he observed changes in m oisture loss properties 

were related to corresponding changes in fu n ctional properties by 
means o f  certain regression procedures. Among oth ers, the follow ing 
types o f  regression m odels w ere used:

Linear additive model

M Ld = /30 +  pt U +  (32 U 2 +  ... +  (3pUp +  e; e 'v  N (0 ,ct2 ) (1 )

MLd denotes the observed changes in m oisture loss; P0, P,, ..., Pp are 
the unknow n regression param eters to  be estim ated ; e is a norm ally dis
tributed  random  error w ith the m ean value 0 and the variance a2. For 
each i, i =  1, ..., p, U; d enotes som e p rodu ct o f  th e observed changes in 
the k d ifferen t fu n ction al properties. In the sim plest possible case, each 
Ui involves only one variable. M odel (1 )  may then  be w ritten as:

T he follow ing nonlinear form ulation  o f  the m ultiplicative m odel 
was also tried:

Pi P k
M Ld = P0 X t(J ... X k ( J + e  (2 .1 )

It should be observed that (2 .1 )  can not be transform ed to  the linear 
m odel above, i.e ., (2 .1 )  is intrinsically  nonlinear.

"M etric”  model

M L d = [ v ,  I X , / >  +  ... + vk  |Xk d , P ]  1/P + e (3)

V; >  0 ; p >  1. v , , ..., vk , p are the unknow n param eters to  be estim ated . 
In m odel (3 ) , m oisture loss changes are described as linear fu n ctio n s o f 
distances in som e m etric space o f  unknow n geom etry . T he space is 
com posed o f  the k d ifferen t fu n ction al properties (or som e subset 
th ereo f). In the form ulation above, the m etric  m odel is intrinsically  
nonlinear and requires the application  o f  iteratio n  techn iques for pa
ram eter estim ation .

T o  acco u n t for p oten tia l in teraction s betw een  ‘ 'd im en sion s,” a num 
ber o f  generalizations o f  the “ m etric” m odel was also tried. S in ce no 
significant im provem ent in goodness o f  f it  could be ob ta in ed , further 
elaborations o f  this m odel are om itted  here.

Goodness of fit measure and test statistic. L et D est d en ote  the 
estim ated (p red icted ) change in m oisture loss properties ob ta in ed  by 
the regression m odel under consid eration , and D the corresponding 
experim entally  observed change. A conven ien t test s ta tis tic  m ay be 
calculated from  the residuals (D j -  D jest) '  = .... N fo r the N ob
served d ifferences according to  the follow ing:

Z =  (D i -  Diest)T  [v a r (D i -  Diest) ]  -> (D , -  Diest)

V ar( ) denotes the variance, and { )T the transpose o f  the (D , -

Diest) -  vector-
A ccording to  th e d istribution assum ptions o f  the above m odels, and 

the additional assum ption that the covariance, C ov(D j -  Die st) (D j -  
Dj ) =  0 ; i j  =  1, ..., N; i =  j ;  the d istribu tion  o f  Z is asy m p totica lly  a 
noncentral chi-square d istribution . T he degrees o f  freedom  are given as 
r =  N -  p , w here p is the num ber o f  estim ated  param eters o f  the applied 
regression m odel.

T he d ecentralization  param eter k may be w ritten  as:

k =  [ e (D j -  D i e * ) ]  T  [y a r (D i -  Diest) ]  E (D t -  Dlest)

M Ld = p + p X  +  a X  +  +  <3k X k + e  (1 -1 )  ) denotes the exp ected  value o f  the residual vector. E (Z ) =  r +  k and
0 ‘ 1 d 2 J d d V ar(Z ) =  2 (r +  2 k ). S in ce k =  0 for a “ true” unbiased m od el, a reason

able goodness o f  f it  m easure is given by:

where X .  ..., X u , are the observed changes in the fu n ction al proper
ties. d d A = Z -  r

Multiplicative model
P\ Pk.

M Ld =  jJ0X Id  . . . X k d e (2 )

Taking logarithm s converts this m odel in to  the linear form , equivalent 
to m odel (1 ).

In the subsequent calculations the test sta tis tic  Z and th e goodness o f 
fit m easure A were used fo r tw o purposes:

(1 ) to com pare d ifferen t regression m odels w ith respect to goodness 
o f  f it  when tested  for all possible co m bin ation s o f  regression vari
ables (fu nction al properties) in order to se lect the m ost e ffic ie n t 
regression m od el; and

Tab le  1—C a lcu la tio n s on percentages o f protein incorporated in 
meat sy ste m s.

Exchanged  meat 
p ro te in 3 

(%)

Prote in  added 
to  the meat 

(% )

Protein added 
to the meat m ixtu re  

(%)

10 2.2 1.7
20 5.0 3.3
30 8.5 5.0
4 0 13.2 6.7
50 19.8 8.3

a Added protein  based on the protein  content

Tab le  2 —E ffe c t  o f experim ental co n d itio n s on m oisture loss o f 
raw meat system s (M L c )a

Wt
(g)

M L C

A

(%»
B

C en trifu gatio n
speed
( X G )

M L C

A

<%)

B
T im e
(m in)

M L C

A
(%»

B

15 4 1 .0 37.3 12 5 00 34 .0 30 .5 10 3 9 .0 3 5 .0
20 4 0.8 3 7.0 27  500 37 .5 34 .5 15 3 9 .8 3 6 .0
25 4 0.8 37.2 4 0  0 00 40 .0 36 .5 30 4 1 .5 3 7.0

59 0 0 0 4 2 .0 4 0 .0 4 5 4 2 .0 3 7.8

a The meats used in this stud y were from  a sam plin g other than
those used in the fo llo w in g  experim ents; A  = beef b risket; B = 
pork shoulder.
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(2 )  to com pare d ifferen t co m bin ation s o f  regression variables, for a 
specific regression m odel, w ith respect to goodness o f  fit , in order 
to  select the m ost e ffic ie n t co m b in atio n (s).

Selection of regression variables (functional properties)
The selection  o f  regression variables (fu n ction al properties) to  be 

included in the above m odels was carried o u t by m eans o f  a com p u ta
tional procedure involving the calcu lation  o f  all possible com bin ations 
of variables (S ch a tz o ff  e t al., 1 9 6 8 ; D raper and Sm ith , 1 9 6 6 ) . T he main 
reasons for using such a “ com p lete enum eration tech n iqu e” rather than 
a conventional stepw ise procedure w ere the follow ing: (a) A t least som e 
o f  the p oten tial variables w ere interacting in com plicated  ways and, as a 
result o f  this, confusing and contrad icto ry  ou tcom es w ere obtained  
w hen stepwise elim ination  proced ures w ere tried (E froy m so n , 1 9 6 2 ) ; 
and (b ) It could safely be assumed that there existed  a num ber o f  
equivalent, or a lm ost equivalent, so lutions for the d ifferent cases under 
consideration. Only by investigating all possible com bin ations could 
such sets o f  solutions be delim ited .

The com p u tation al process included the follow ing steps:
(1 )  Sp ecificatio n  o f  the regression m odel to be used and calcu lation  o f  

m axim um  likelihood  estim ators o f  the param eters. (F o r  the in trin
sically nonlinear cases only app roxim ate m axim um  likelihood es
tim ators could be obta in ed .)

(2 )  E stim ation  o f  goodness o f  fit  in term s o f  the m easure defined 
above (th e A-m easure).

(3 )  Ordering o f  all possible ou tcom es w ith respect to goodness o f  fit. 
(With k d ifferen t variables there are 2 k possible ou tcom es to be 
ordered.)

(4 )  Listing o f  the ou tcom es satisfying som e preset criterion  o f  good
ness o f  fit (th e  oth ers w ere d eleted ).

F o r each case under consid eration , the set o f  m oisture loss data was 
partitioned into tw o equivalent and statistically  independent subsets 
(“ split-half”  m eth od ). Step  (1 ) was carried ou t on subset I and steps 
( 2 ) —(4 ) on the independent subset II , using the param eter estim ators 
calculated from  subset I as fixed  param eter values. In  this w ay, the 
m axim um  likelihood  estim ators for the d ifferen t cases were calculated 
on one subset and th e resulting goodness o f  fit  was estim ated  and tested 
on another subset. Thus, the risk o f  overfittin g  the m odels could be 
reduced and the capacity  for screening variable com bin ations having 
only “ ad hoc validity” improved.

Experimental design
On each level (% exchanged p rotein  or tem p eratu re), the three pos

sible d ifferences in m oisture loss w ith respect to the three proteins w ere

Fig. 1 —M L fr i  as a  f u n c t i o n  o f  c e n t r i f u g a t i o n  s p e e d  f o r  b e e f  b r i s k e t  

s y s t e m s  w i th  5 0 %  e x c h a n g e d  p r o te i n .

form ed and correlated  w ith the corresponding d ifferences in functional 
properties. In order to  identify  possible deviations from  one o f  the 
proteins, the follow ing subsets were studied as w ell: Diffp_w  +  D iffp .^ , 
D iffp .w  +  D iffc _w  and D iffp .c  +  D iffc -w - (P = Prom ine-D ; C =  ca
seinate; W =  WPC.) As th e tw o m eat system s gave similar results they 
were pooled in the statistical analysis. T he fun ctional properties were 
classified in to  the follow ing groups: so lubility , swelling, viscosity and 
gel strength properties.

T he ou tcom es o f  the regression analysis, satisfying the preset good
ness o f  fit cond ition s, were evaluated according to  the follow ing:
(A ) The m ost e ffic ien t regression variable (fu n ction al p roperty) o f  

each group was identified.
(B ) The op tim al so lution , using all fu n ctional properties as potential 

variables, was identified.
(C ) The solutions obtained  when the variables o f  (A ) were constrained 

as first variables in the d ifferen t equ ations w ere identified.
In the follow ing, the solutions o f  (B )  are referred to  as free ch oice  
solutions since no constrained cond ition s are im posed. A nalogously, the 
solutions o f  (C) are called constrained ch oice  solutions.

RESULTS & DISCUSSION 
Functional properties

The parameters used for correlation with moisture loss 
properties can be divided into solubility (group I), swelling 
(group II), viscosity (group III) and gel strength parameters 
(group IV) (Table 3). These groups are not independent, and 
the expected relationships are qualitatively illustrated by the 
Venn diagram shown in Figure 2. Swelling, when defined as

Tab le  3 —Fu n c t onal properties o f Pro m ine-D , caseinate and W PC

G roup
Te m p a

Property ° C Prom ine-D Caseinate W PC

I S o lu b ility  of 25 52.9 8 0 .8 78.3
1% dispersions 70 6 7 .0 78 .5 83.5

(% extractab le 80 6 7 .6 77.7 8 5 .0
nitrogen) 90 70 .9 78 .0 83.3

100 80 .7 76.4 8 3.5

II Sw elling 25 9.6 7.5 1.8
(pl/m g) 70 16.7 6.4 2.9

80 2 0.0 6.0 4.1
90 17.2 6.8 4.3

100 14.2 7.1 4.4

III V isc o s ity  (cp)
10%  4 2  s"' 25 2 90 21 5

10%  1142 s"1 25 67 19 4

12%  42  s"1 25 1045 75 7

12% 1142 s"1 25 125 58 6

IV V isco sity  (cp) 70 3 6 2 0 23 8
10%  15 s"1 80 7 4 9 0 23 4 40

90 528 0 21 860
100 1410 21 730

IV B ro o kfie ld  (p) 70 2 3 2 0 0 0

10% 80 368 0 0 150
90 2 7 7 0 0 1050

100 2 1 3 0 0 1520

IV B ro o kfie ld  (p) 70 4 9 5 0 0 3

12% 80 7 6 1 0 0 3 700

90 8 6 8 0 0 6 4 6 0
100 7 690 0 863 0

a M easurements were made at 2 5 °C  after heat treatm ent except 
sw elling m easurem ents w hich  were made at 20° C.
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the spontaneous uptake of water, is the first step in the solva
tion process. If swelling is unlim ited, the proteins will solvate; 
if not, swelling will proceed until it is limited by various inter- 
molecular forces in the swollen sample. At 25°C the swelling

• / .EXCHANGED PROTEIN
Fig. 3 - M L c o f  b e e f  b r i s k e t  s y s t e m s  a s  a  f u n c t i o n  o f  % e x c h a n g e d  
p r o te in .

of Promine-D is regarded as limited and the swelling of ca
seinate and WPC as unlim ited (see Hermansson, 1972). Heat 
treatm ent might cause gelation of concentrated dispersions 
(10%), which was the case for Promine-D and WPC, but not 
for caseinate. When the gels were freeze dried and ground, the 
protein network formed by heat treatm ent resulted in in
creased swelling ability and reduced solubility. As seen from 
Table 3, the swelling ability of heat-treated Promine-D samples 
was very high. The effect of heat treatm ent was not reflected 
by the solubility data listed in Table 3, since they were meas
ured on 1% dispersions, where possibilities for interm olecular 
interactions were not sufficient to reduce the solubility.

The viscosity properties are influenced both  by solubility 
and swelling. Highly soluble nonswelling proteins have low vis
cosity, which is the case for many globular proteins, such as 
those in WPC. Soluble proteins with high initial swelling, such 
as caseinate, show a highly concentration dependent viscosity, 
probably due to the am ount of swelled, not fully solvated 
particles. In this case swelling and viscosity are highly inter- 
correlated (Hermansson, 1972; Hermansson, 1974). Promine- 
D, with its high limited swelling, shows a relatively high viscos
ity also at lower concentrations (4 —8%) in distilled water.

The abdity of proteins to form gels by heat treatm ent can
not be predicted from swelling, viscosity or solubility data

Fig. 4 —M L c f o r  p o r k  s h o u ld e r  s y s t e m s  a s  a  f u n c t i o n  o f  % e x c h a n g e d  
p r o te in .
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Tab le  4 - 
system s®

-Penetrom eter depth (m m ) after 5 sec on beef brisket

Exchanged
protein

% Pro m ine-D Caseinate W PC

10 3.8 3.8 5.5
20 4.6 5.2 7.6
30 6.5 7.0 9.8

a With no exchanged protein the penetration depth was 3.2  mm.

given at 25°C. As discussed above, gel strength and swelling 
measured after heat treatm ent are intercorrelated. Both the 
Brookfield data and the viscosity at 15 s'1 are qualitative 
measures of gel strength. In the Brookfield m ethod, the struc
ture of an undisturbed gel is determ ined, and in the viscometer 
a partially broken-down structure is measured. From Table 3 it 
can be seen that Promine-D formed a stronger gel in distilled 
water than WPC, with a maximum in gel strength (Hermans- 
son, 1972). The effect of salt is discussed in the following 
paper (Hermansson and Akesson, 1975).
Properties of meat systems

Raw meat systems. Figures 3 and 4 show the effects on

MLC of the incorporation of the three proteins in the two 
meat systems. The effects are evident, and the changes were 
similar in the two meat systems at levels >  30% (5.0% of the 
total m ixture). Exchange of Promine-D resulted in the lowest 
moisture loss which did not differ much from tha t of pure 
meat. Increasing levels of caseinate and WPC caused a pro
nounced increase in MLC, and was somewhat greater for WPC. 
Of the three proteins, Promine-D had the lowest solubility, 
highest viscosity and swelling ability. Both caseinate and WPC 
were highly soluble, but caseinate showed a higher swelling 
ability and viscosity than did WPC. These properties seem to 
be of great im portance for the water-binding properties of 
meat systems, and the statistical correlations will be discussed 
later.

As much interest has been focused on the correlation be
tween water-binding properties and texture, it was of interest 
to determ ine whether the differences in MLC caused by incor
poration of proteins could also be reflected in texture meas
urements. As seen from Table 4, WPC >  caseinate >  Promine- 
D with respect to  penetration depth in meat systems, which is 
in accordance with the observed MLC differences. The penetra
tion data were too few for statistical evaluation and will not be 
further interpreted.

Heat treated meat systems. E f f e c t  o f  t e m p e r a t u r e .  When 
pure meat is heated, moisture loss has been shown to increase 
to about 90°C. At 1 0 0 -110°C  there is usually a decrease in 
moisture loss, probably due to changes in collagen (Hamm,
1972). In order to  prevent weight losses, processes are there-

55 - o PROMINE-D  
»CASEINATE  
•WPC
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Fig. 5 - M L h t  a s  a  f u n c t i o n  o f  t e m p e r a tu r e :  la )  b e e f  b r i s k e t  a n d  (b )  F ig. 6 - M L h t  o f  b e e f  b r i s k e t  s y s t e m s  a s  a  f u n c t i o n  o f  % e x c h a n g e d

p o r k  s h o u ld e r  s y s t e m s  w i t h o u t  e x c h a n g e d  p r o t e i n  a n d  w i th  5 0 %  p r o t e i n  ( h e a te d  to  8 0 P C).

e x c h a n g e d  p r o t e i n ,  r e s p e c t i v e ly ;  (c ) b e e f  b r i s k e t  a n d  (d )  p o r k  
s h o u ld e r  s y s t e m s  r e s p e c t i v e l y  w h e r e  t h e  e f f e c t  o f  5 0 %  p r o t e i n  e x 

c h a n g e  is  p l o t t e d  r e la t iv e  t o  t h e  p u r e  m e a t  s y s t e m s .
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fore often carried out at the lowest microbiologically accept
able temperature, i.e., 70°C.

The temperature dependence of moisture loss when 30% 
and 50% of the meat proteins were exchanged was studied. 
The results on the 50% level are depicted in Figure 5, which 
shows that 70°C is not the optimal temperature when proteins 
are added. Both WPC and Promine-D formed gels when heated. 
From Table 3 it can be seen that treatment at 70°C is not 
sufficient for WPC to gel, and that there is a maximum in gel 
strength for Promine-D at 80°C. When proteins like Promine-D 
and WPC are to be added to meat systems, 80°C is preferable 
to 70°C with respect to moisture loss, because gelation proper
ties can be used to reduce moisture loss. The added proteins 
can then form gel structures within themselves or interact with 
the meat protein network (Hermansson, 1975). The differ
ences found on the 30% level were of the same kind but small
er than on the 50% level, with the exception that caseinate 
showed a pronounced minimum at 80°C. The results on the 
30% level will be discussed later.

Effect of levels of incorporation. Figures 6 and 7 show the 
effect on ML^t when the meat systems were heated to 80°C. 
The changes in the two meat systems were similar in character, 
and at levels > 3 0 %  meaningful correlations with functional 
properties seemed possible. If the results on heat-treated meat 
systems are compared with the corresponding measurements 
on raw meat at levels >  40% (Fig. 3 and 4), there is one 
fundamental difference in that caseinate shows a higher mois
ture loss than WPC after heat treatment. This is probably due 
to the gelation of WPC, as discussed above. When heated, the

lowest moisture loss was still obtained by the addition of Pro
mine-D, and in the pork shoulder system there was even a 
decrease in ML^t relative to the pure meat system when Pro
mine-D was added.
Statistical correlation between functional 
and moisture loss properties

Results from Figures 3 -7  show that the incorporation of 
proteins into meat systems has an impact on moisture loss 
properties that seems to be dependent upon the functional 
properties of the added protein. When the goodness of fit for 
the different types of regression models used was estimated, 
the results obtained by the linear additive model turned out to 
satisfy the preset conditions (defined in terms of significant 
levels of the test statistic) for most cases. In view of the limit
ed amount of data and the large number of regression equa
tions involved, this type of model was considered to be an 
acceptable compromise between parametric simplicity and de
scriptive power. The results presented in Tables 5—7 are those 
obtained by linear additive models.
Effect of exchanged proteins

MLC. Levels of 30, 40 and 50% exchanged protein were 
used in the analysis. The total outcomes from the experi
mental design are shown in Table 5. As is usually the case 
when multiple regression procedures are applied to multivari
ate systems, there is no unique solution, but rather a set of 
almost equivalent ones. The solutions must then be judged on 
the basis of factual meaningfulness and interpretability.

The first point of interest in Table 5 is the sign of the

Tab le  5 —Corre latio n  o f changes in fu n ctio n a l properties w ith 
changes in m oisture loss o f raw m eat system s as a fu n ctio n  o f per
cent exchanged protein

40

o PROMINE-D
Test C orr Exp la in e d

55 - G ro u p material Variab les® co e ff variance
»CASEINATE

_ •WPC S o lu b ility P-W /P-C 1 + 0.9 0 0.81
P-W/C-W 1 + 0.91 0.83

- P-C/C-W 1 + 0.9 2 0 .8 5
Total 1 + 0 .8 9 0 .7 9

o Sw elling P-W /P-C 3 - 0.53 0 .2 8 c
JD P-W/C-W 3 - 0.55 0 .3 1 °

50 p P-C/C-W 3 - 0.38 0 .1 4 C
TJ / Total 3 - 0 .25 0 .0 7 c
Q) /
a / V isco sity P-W /P-C 7 - 0.97 0.9 4
Ol _ < / 8 - 0 .9 7 3 0 .0 0 5 b

_ j / P-W/C-W 7 - 0.96 0.9 2
L A  / P-C/C-W 7 - 0.95 0.91

.0
o* -

'O 'g U -  — -O rZ  / x Total
8 -
7 -

0 .96
0.9 5

0 .0 2 b
0.91

45 \  \  ,  V  J  \  *
X
O'C V

Free cho ice Total 1 +
3 -

0 .89
0.94

0.7 9
0 .1 0

\ 7 - 0 .99 0 .1 0
\ 7 constrained as Total 7 - 0 .95 0.91

\ first variab le 3 - 0.97 0 .0 3 b
\ 8 constrained as Total 1 + 0 .8 9 0 .79

\
\

first variable 8 - 0 .9 5 0.11

0 10 20 30 40
% EXCHANGED PROTEIN

50

Fig. 7 —M L fr l t  o f  p o r k  s h o u ld e r  s y s t e m s  a s  a  f u n c t i o n  o f  % e x c h a n g e d  
p r o te i n  ( h e a te d  to  8 0 °  C l.

® Fu n ctio n a l param eters measured w ith o u t preheat treatm ent were 
tested. T h e y  were: 1 = so lu b ility , 3 — sw elling, 5 and 6 = v isco sity  
of 10% dispersions at 42 s '1 and 1142 s ' , 7 and 8 = v isco s ity  of 
12% dispersions measured at 42 s"‘ and 1142 s '1 . U nits are given 
in Tab le  3.

b No s ign ifica n t co n trib u tio n  (95%  sign ificance  level! 
c N ot s ig n ifica n tly  correlated (9 5 %  sign ificance levell
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parameters, i.e., positive for solubility and negative for the 
other parameters. This means that solubility has a negative 
influence on the water-binding properties, in contrast with the 
other parameters.

When tested individually, solubility and viscosity were high
ly correlated, but not swelling. Of the four viscosity param
eters, No. 7 was responsible for 91—94% of the variance. The 
second best parameter (No. 8) gave a small nonsignificant con
tribution. This kind of outcome can either be due to the fact 
that the second variable is of no importance for the dependent 
variable (moisture loss), or that the two variables are highly 
intercorrelated. In the latter case, when the statistically best 
parameter has been chosen, the second best can give no addi
tional contribution.

In the statistically best solution by free choice, solubility 
together with swelling and viscosity gave the very high correla
tion coefficient of 0.99. As discussed above, Promine-D had 
the lowest solubility and gave the lowest MLC when added to 
meat. Solubility, as well as MLC, was high both for caseinate 
and WPC. The differences in MLC between caseinate and WPC 
may be explained by the differences in swelling and viscosity.

The reason for the nonsignificant contribution of the swell
ing parameter when individually tested can be found in the 
great differences in MLC between Promine-D and caseinate, 
both of which showed high swelling ability. The results can, 
however, be somewhat misleading as the swellings of caseinate 
and Promine-D were of quite different characters. Perhaps 
limited and unlimited swelling should be tested separately.

The second best solution was given by viscosity parameter 
No. 7 alone, and the differences within this parameter were in 
accordance with differences in MLC. When viscosity parameter 
No. 8 was constrained as the first variable, however, a solution 
was obtained with solubility in the first and parameter No. 8 
only in the second place, giving a rather small contribution. 
Although variables No. 7 and No. 8 were measurements from 
the same dispersions, they correlate very differently with MLC 
differences. The reason is the deviation from Newtonian flow 
for Promine-D (Hermansson, 1974), which at low shear rates 
(variable No. 7) results in a high apparent viscosity better cor
related with the moisture loss differences.

MLht. Table 6 shows the free and constrained choice solu
tions of meat systems heated to 80°C with 30, 40 and 50%

Tab le  6 —C orre latio n  o f fu n ctio n a l properties w ith  changes in 
m oisture loss o f heated m eat system s as a fu n ctio n  o f %  exchanged 
protein

G roup
Test

material V a ria b le s3
C orr
coeff

Exp la in e d
variance

Free cho ice To tal 4 - 0.82 0.67
2± 0.84 0.07
9 - 0 .85 0 .0 0 2 b

2 constrained as To ta l 2+ 0 .79 0 .64
first variable 4 - 0.83 0 .05

5 constrained as To ta l 5 - 0 .77 0 .60
first variable 4 - 0 .8 0 0 .0 4 b

9  constrained as To ta l 9 - 0 .7 6 0 .58
first variable 4 - 0 .8 0 0 .06

1 + 0.81 0 .0 1 b

a Functional properties m easured w ith o u t heat treatm ent and after 
heat treatm ent to 8 0 ° C were tested. 2 = so lu b ility  after heat treat
ment, 4 = sw elling after heat treatm ent, 5 = v isco sity  of 10% 
dispersions at 42 s"1 , 9 = v isco sity  at 1 5 s"1 after heat treatm ent. 

• b No s ign ificant co n trib u tio n  (9 5 %  sign ificance  level)

exchanged protein. The correlation coefficients were high but 
not as high as those of MLC. The reason for the relatively low 
correlation coefficients is probably to be found in the change 
of position for caseinate between 30% and 40% exchanged 
protein (See Fig. 5 and 6). The solutions obtained were very 
similar with respect to correlation coefficients. Two of them 
contained swelling and solubility after heat treatment, the 
third gelation and viscosity, and the fourth viscosity alone. 
Effect of temperature

Table 7 shows the free and constrained choice solutions of 
meat system on the 50% and 30% level as a function of tem
perature. As data from several temperatures were involved, the 
results in Table 7 probably give a better picture of the temper
ature dependence than those in Table 6. The correlation coef
ficients of three out of five solutions were as high as 
0.97-0.98. As expected, the gelation ability was shown to be 
of importance for heat-treated meat systems. The best solution 
by free choice was given by parameter C (viscosity at 1 5 s' ) 
alone. When solubility (A) was constrained as first variable, the 
same solution resulted with parameter C in the first place, and 
solubility not even giving a significant contribution. The sec
ond best had parameter E (Brookfield) in the first place and 
swelling in the second. The Brookfield parameter D, when 
constrained as first variable, gave a similar solution. Parameters 
C, D and E are all measures of gel strength. As discussed above, 
swelling measured after heat treatment is intercorrelated with 
gel strength properties, and swelling gave together with param
eters C and E a rather good correlation.

Table 7 also includes solutions calculated from differences 
on the 30% level (5.0% of the total mixture). The variables

Tab le  7 —C orre latio n  o f fu n ctio n a l properties w ith  changes in 
m oisture loss o f heated m eat system s as a fu n ctio n  o f tem perature

G roup
Level

%
Test

m aterial V a ria b le s3
C o rr
co eff

Exp la in e d
variance

Free cho ice 50 To tal c - 0 .97 0.9 4
B - 0 .98 0 .0 1 b
A ± 0 .9 8 2 0 .0 0 3 b

A  constrained as 50 To tal C- 0.96 0.93
first variable A± 0.9 8 0 .0 4 b

B constrained as 50 Total B- 0.73 0.5 4
first variab le C- 0.81 0.1 2

E - 0 .84 0.0 5

D constrained as 50 Total D - 0 .77 0 .6 0
first variab le B - 0 .8 5 0.13

E constrained  as 50 To tal E - 0 .90 0.81
first variable B - 0 .9 7 0.1 4

Free cho ice 30 To tal C- 0.71 0.49
B - 0 .7 9 0.13
A ± 0.83 0 .0 2 b

B constrained  as 30 To tal B - 0 .47 0 .22
first variable C- 0.53 0 .06

E - 0 .5 7 0 .04

E constrained as 30 To ta l E - 0 .5 4 0 .3 0
first variab le C- 0 .6 0 0.07

B - 0 .6 4 0.05

a Fu n ctio n a l param eters measured after heat treatm ent to 70, 80, 
90  and 1 0 0 °C  were tested: A  = so lu b ility , B = sw elling, C  = vis
co sity  at 1 5 s 1, D = B ro o kfie ld  values of 10% dispersions, E = 
B ro o kfie ld  values of 12%  dispersions, 

b No sign ifica n t co n trib u tion  (9 5 %  sign ificance level)
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involved were the same as on the 50% level, and the best 
solution by free choice on the lower level gave a correlation 
coefficient of 0.83. Parameter C contributed to the variance 
with 49% and swelling with 13%. The other two solutions were 
poorly correlated, as less than 50% of the variance could be 
explained. The fact that the same solution patterns as on the 
50% level could be found in three out of five solutions on the 
30% level is, however, further positive evidence for the validity 
of the solutions.

CONCLUSIONS

THE RESULTS of this study have shown that very good cor
relations can be obtained between differences in functional 
properties and moisture loss differences of model meat sys
tems. Without heat treatment the best correlation was ob
tained from a combination of solubility, swelling and viscosity, 
where solubility explained the greatest part of the variance. 
Solubility was found to be positively correlated with moisture 
loss, whereas the other parameters were negatively correlated. 
In the studies of heat treated systems, properties measuring 
gelation were shown to be highly negatively correlated with 
moisture loss.

The present study can be characterized as explorative in 
nature, and the main purpose of using regression models was 
to obtain some general description of the main patterns of 
correlations between functional properties of proteins and 
moisture loss properties of model meat systems, rather than to 
test specific hypotheses about such correlations. The good cor
relations obtained by simple linear models strongly indicate 
that functional properties can be used as reliable predictors of 
changes in real food systems. In industrial applications for the 
control and optimization of real food systems, however, it 
seems obvious that far more complicated statistical models 
might have to be used.
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F U N C T I O N A L  P R O P E R T I E S  O F  A D D E D  P R O T E I N S  C O R R E L A T E D  W I T H  

P R O P E R T I E S  O F  M E A T  S Y S T E M S .  E f fe c t  o f  S a lt  on  

W a te r -B in d in g  P ropert ies  o f  M o d e l  M e a t  System s

INTRODUCTION

IN THE PREVIOUS paper (Hermansson and Akesson, 1975), 
it was shown that good statistical correlations could be ob
tained between functional properties of added proteins and 
water binding properties of meat systems consisting of meat, 
water and added protein. However, a meat product often con
tains other components, such as salts, spices and carbohydrates 
as well. Of the components mentioned, salt is known to influ
ence not only the meat itself, but also the functional proper
ties of the proteins added (Hermansson, 1972; 1973a; 1974). 
Studies made on the effect of salt on meat systems have been 
reviewed by Hamm (1972) and later discussed by Shults et al.
(1972) and Hamm (1973). The increase in water-binding prop
erties on the addition of salt is regarded as an effect of the 
binding of chloride ions to the structure-forming meat pro
teins. When chloride ions are bound to proteins at pH’s above 
the isoelectric point, the net negative charge is increased, and 
thereby the repulsive forces, meaning that more water can be 
imbibed in the protein network. The effect on raw meat sys
tems is generally very large up to about 4% NaCl, where a 
maximum in water-binding ability is reached.

Properties of protein systems such as Promine-D (a soy pro
tein isolate), caseinate and whey protein concentrate (WPC) 
are affected very differently by the addition of salt. A meat 
system in which part of the meat protein is exchanged by one 
of these protein systems can therefore be expected to show 
complex behavior with respect to water-binding properties. 
The aim of this study was to determine if meaningful correla
tions could be obtained between functional properties and 
water-binding properties, when increasing amounts of salt were 
added.

In this study more data on functional properties than cited 
in the previous research (Hermansson and Akesson, 1975) 
were used, which made possible a quantitative analysis of 
existing interrelations between functional properties previ
ously illustrated by the Venn diagram. A hierarchical cluster 
analysis, briefly described in this paper, was used for the quan
titative calculations.

MATERIALS & METHODS

TH E  M ETH O D S used fo r characterizing fu n ction al properties and m ois
ture loss (M L) properties, as well as analysis data on the protein  system s 
Prom ine-D , caseinate and WPC, have previously been given (H erm an
sson and A kesson, 1 9 7 5 ) .

Statistical methods
Hierarchical clustering method. Sin ce no specific assum ption about 

the exact nature o f  the possible interrelation s could be m ade, a general 
m etric hierarchical clustering technique (So kal and Sn eath , 1 9 6 3 ; Ward,
1 9 6 3 )  was tried. T o  carry ou t the analysis, a m odified  version o f  the 
BM DP 1 M clustering program  was used. A full description o f  the 
algorithm s used is found in the program  m anual. Standardized d iffer
ences o f  fun ctional properties were used as input data ( D if fp .^ ,

D iffp .c , Diffc_\y, where P = Prom ine-D , C = caseinate and W = WPC). 
Sim ilarity  betw een variables (fu n ction al properties) was defined in 
term s o f  the Euclidean d istance. T he grouping principle was the fo l
low ing: T h e  two variables with the closest d istance to each oth er were 
am algam ated into one cluster. This cluster was regarded as a new varia
ble and the distances to  oth er variables were calcu lated . T he tw o closest 
variables were then again clustered and so on . T h e  procedure contin ued , 
reducing one variable a t a tim e, until all variables were clustered and 
ordered in a tree-like m anner. T h e  to ta l data set, as well as subsets o f  
d ifferen ces, were analyzed.

Multiple regression analysis. Regression m odels, goodness o f  fit 
measure and test sta tis tic , selection  o f  regression variables, and exp eri
m ental design were described in the previous paper (H erm ansson and 
A kesson, 1 9 7 5 ) .

Selection of measurements of regression variables with respect to 
salt concentration. As shown in T able 1, the m easurem ents o f  the fu n c
tional properties are highly influenced  by variations in salt co n cen tra 
tion . Since it was n ot possible to determ ine, in an unam biguous way, 
the correspondence in ion ic strength betw een the protein  system s and 
the m eat system s (b eef brisket and pork shoulder system s) for d ifferent 
salt con cen tratio n s, the problem  o f  selecting the m ost e ffic ien t set o f  
m easurem ents o f  fu n ctional properties to predict the changes in m ois
ture loss turned o u : to be a d ifficu lt on e. T he problem  was approached 
by a system atic trial and error procedure according to the follow ing. 
The relation  betw een salt co n cen tratio n  o f  the m eat system s and the 
ion ic strength (M NaCl) o f  the protein  system s was assum ed to be 
approxim ated  by at least one o f  the co m bin ation  rules F ,  — F„ shown 
in Table 1.

F u n ctio n al properties to  be included in the regression equations 
were selected according to each o f  the com b in atio n  rules F ,  — F 4 . 
When the ou tcom es were com pared, the d ifferences obtain ed  in terms 
o f  goodness o f  fit turned out to be qu ite sm all, indicating th at the 
d ifferent com bin ation  rules were alm ost equally e ffic ien t w ith respect 
to predictive power. However, when the overall goodness o f  fit was 
com pared, the com bin ation  rule F 2 was som ew hat m ore e ffic ien t than 
the others for the pork shoulder system . F o r the beef brisket system , 
com bin ation  rule F„ gave slightly b e tter results.

Ta b le  1—Tested co m b in atio n  rules between percent added salt to 
m eat system s and ion ic strength fo r m easurem ents of fu n ctio n a l 
properties

A d ded  salt 
(%  N a C l)

C o m b in a tio n s  o f io n ic strengths (M N aC l)

F, f 2 F3 F4

0 0.0 0.0 0.0 0.0
1 0.2 0.2 0.5 0.2
2 0.5 0.5 0.5 0.2
3 0.5 1.0 1.0 0.5
4 1.0 1.0 1.0 1.0
5 1.0 1.0 1.0 1.0

Volume 4 0  (1 9 7 5 )-J O U R N A L  OF FOOD S C IE N C E -6 0 3
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RESULTS & DISCUSSION

Functional properties
Effect of salt. The addition of salt may influence properties 

of solvated proteins in different ways: by specific ion binding, 
by influencing the ionic strength and by changing the proper
ties of the solvent. From Table 2 it can be seen that the three 
proteins react quite differently to the addition of salt with 
respect to the properties tested. For Promine-D there was a 
marked decrease in all the tested properties on the addition of 
salt. This decrease can probably be ascribed to changes in the 
quaternary structure. The majority of the soy proteins have 
complex quaternary structures that easily undergo association- 
dissociation reactions. At very low ionic strengths and pH’s 
outside of the isoelectric region, the quaternary structure is

unstable and dissociates, probably due to prevailing intramo
lecular repulsion forces (Wolf, 1970; Kosh.yama, 1968; Her- 
mansson, 1972; 1973a, b; 1974). Caseinate reacted quite dif
ferently toward the presence of salt than Promine-D. Solubil
ity, swelling and the absence of gelation were not influenced 
by the addition of NaCl. Viscosity, on the other hand, showed 
a marked increase with NaCl concentration, especially at the 
higher caseinate concentrations. The rheological properties of 
concentrated caseinate dispersions were studied, and it was 
found that very weak cooperative rather than strong interac
tion forces were responsible for the increase in viscosity (Her- 
mansson, 1974).

The nonheat-treated WPC dispersions were little affected 
by the addition of salt. However, when heated to 80°C, solu
bility decreased and gel strength increased rapidly with NaCl

Ta b le  2—Fu n ctio n a l properties as a fu n ctio n  o f N a C l con cen tratio n  fo r P ro m ine -D , caseinate and W P C a

M N aC l
Prote in Sy m b o ls
system s Fu n ctio n a l properties used 0 0.2 0.5 1.0

G roup
Prom ine-D So lu b ility 25° C r , 52.9 24.3 24.1 2 3.5

80° C (h t)b 2_ ‘  ' 6 7 .6 30 .2 3 4 .9 37.1
Sw e llin g0 25° C 3 ' I- I, 9 6

20 .0
3.9 3.5 3.5

8 0° C (ht) 4_ 5.9 5.4 5.2
V isco s ity 25° C 10% 4 2  s '1 5 290 34 22 34

10% 1142 s '1 6
-  M

19 15 18
12% 4 2  s '1 7 98 75 134
12% 1142 s '1 8_ 125 36 35 43

V isco s ity 8 0° C (ht)
10% 15 s '1 9 7490 4 2 0 3 30 100

B ro o kfie ld  data 10% 10 - ,v 3680 80 100 20
8 0° C (ht)

12% 11_ 7610 1500 4 4 0 90

Caseinate S o lu b ility 25° C 1 80 .8 84.3 83 .8 84.3
8 0° C (ht) 2 77.7 84.4 84.3 8 2.9

Sw elling 2 5° C 3 7.5 5.0 5.6 5.4
8 0° C (ht) 4 6.0 5.2 6.4 6.6

V isco s ity 25° C 10% 4 2  sM 5 21 33 34 53
10% 1142 s '1 6 19 27 34 49
12% 4 2  s '1 7 75 143 254 6 8 0
12% 1142 s '1 8 58 93 152 4 0 5

V isco s ity 8 0° C (ht)
10% 15 s“1 9 23 35 47 61

B ro o kfie ld  data 10% 10 0 0 0 0
8 0° C (ht)

12% 11 0 0 6 20
W PC S o lu b ility 2 5 ° C 1 78 3 75.8 73.9 72.9

80° C (ht) 2 83 .5 66 .6 66 .7 6 6 .7
Sw elling 25° C 3 1.9 1.9 1.8 1.5

8 0° C (ht) 4 4.1 3.4 3.4 3.7
V isco s ity 25° C 10% 4 2  s '1 5 5 5 5 5

10% 1142 s '1 6 4 4 5 5
12% 4 2  s’ 1 7 7 8 6 6
12% 1142 s’ 1 8 6 7 6 6

V isco s ity 8 0° C (ht)
10% 15 s’ 1 9 4 4 0 8 90 8 00 6 8 0

B ro o kfie ld  data 10% 10 150 2 200 4 3 9 0 3 3 5 0
80° C (ht)

12% 11 3 7 0 0 6 6 0 0 729 0 4 9 9 0

F o r m easurem ents of fun ctio na l param eters studied, see Herm ansson and A kesson (1 9 7 5 ). 
(ht) = heat treated before m easurem ents were m ade at 2 5 °C  (or 2 0 °C ). 

c A ll sw elling m easurem ents were m ade at 2 0 °C .
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c o n c e n tra t io n . T h e  p re sen c e  o f  sa lt th u s  seem s to  favor p ro 
te in -p ro te in  in te ra c t io n s ,  re su ltin g  in  a d ec reased  s o lu b ili ty  fo r 
1% d isp e rs io n s  an d  an  in c re a sed  gel s tre n g th  fo r  h e a t- tre a te d  
10% d isp ersio n s.

Relationships between functional properties. In  th e  p rev i
o us p a p e r  th e  e x p e c te d  re la tio n s h ip s  b e tw e e n  so lu b ili ty , sw ell
ing, v isco sity  a n d  g e la tio n  p ro p e rt ie s  w ere  i l lu s tra te d  b y  a 
V en n  d iag ram  (H e rm a n sso n  an d  A k esso n , 1 9 7 5 ). F ig u re  1 
show s th e  re la tio n sh ip s  b e tw e e n  fu n c tio n a l  p ro p e rt ie s  w h en  
c a lcu la te d  fro m  h ie ra rc h ic a l c lu s te r  a n a ly s is  o n  th e  g re a te r  
a m o u n t o f  d a ta  o b ta in e d  w h e n  a m o u n t  o f  sa lt w as u sed  as a 
va riab le . R esu lts  f ro m  th e  to ta l  d a ta  se t an d  th e  th re e  su b se ts  
u sed  in  th e  reg re ss io n  a n a ly s is  a re  sh o w n . S y m b o ls  a re  e x 
p la in ed  in  T ab le  2.

T h e  p a ra m e te rs  a re  o rd e re d  w ith  re sp ec t to  d eg ree  o f  sim i
la r i ty , e .g ., p a ra m e te r  1 is m o s t s im ila r to  2 a n d  lea s t to  11. 
T he b ra n c h in g  p o in ts  i llu s tra te  s ta tis t ic a l  su b g ro u p s , an d  th e

sm alle r th e  d is ta n c e  th e  m o re  c lo se ly  re la te d  are  th e  p ro p e r 
ties. A ll c lu s te rs  c a lc u la te d  fro m  th e  su b se ts  sh o w  g re a t re sem 
b lan c e  to  th a t  f ro m  th e  to ta l  d a ta  se t, w h ic h  is a s tro n g  in d ic a 
t io n  o f  th e  re lia b ility  o f  th e  re su lts .

T h e  so lu b ili ty  p a ra m e te rs  1 a n d  2 and  th e  sw elling  p a ram e 
te rs  3 an d  4  a re  p lac ed  n e x t to  e ach  o th e r  w ith  a lo w  d is tan ce  
v a lu e  o f  th e  b ra n ch in g  p o in t.  T h e  sam e  is tru e  in  3 o u t  o f  4 
c lu s te rin g  tre e s  fo r  th e  v isc o sity  p a ra m e te rs  5 an d  6. In  su b se t 
2 th e  p a ra m e te rs  5 an d  6 a re  n o t  n e x t to  e ach  o th e r ,  b u t  th e ir  
b ra n c h in g  p o in t  d is ta n c e  v a lu e  is lo w e r th a n  in th e  o th e r  th re e  
c lu s te rin g  tree s . T h e  b ra n c h in g  p o in t  d is tan c es  o f  th e  p a ram e 
te rs  m e n tio n e d  are in  n o  cases > 0 . 5 ,  a n d  s o lu b ili ty , sw elling  
an d  v isc o sity  (5 a n d  6) seem  to  b eh av e  in a s im ila r  w a y , w ith  
v isc o sity  an d  sw elling  c lo se ly  re la te d . T h is  is in  a cc o rd an c e  
w ith  th e  c o n c lu s io n  re a c h e d  fro m  a p re v io u s  s tu d y  o n  flow  
p ro p e rt ie s  (H e rm a n sso n , 1 9 7 4 ).

T h e  e ffe c t o f  sa lt o n  th e  v isc o sity  o f  case in a te  is c o n c e n tra -

a  n
0 1 1

AMALG. 1 2 5 6 4 3 8 7 9 0 1
01 STANCE

* * $ if. $ * * # * * $
I I I 1 I I I I 1 I I

0 . 0 1 2 I 1 I I I I 1 I I
I I I I  I I I I I I

0 . 1 4 2 t  I I I I I I 1
I I I  I I I I I I
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t io n  d e p e n d e n t ,  a n d  th e  in c re ase  in  v isco sity  w as m a rk e d  a t 
12%. F o r  P ro m in e-D  th e  a d d it io n  o f  sa lt h a d  a v isco sity - 
d ec re a s in g  e ffe c t  a n d  fo r  p a ra m e te r  7, th e  e f fe c t w as e n o r
m o u s. T h e  h ig h  v a r ia b ili ty  o f  p a ra m e te rs  7 an d  8 m ay  e x p la in  
th e  p o s it io n s  o f  th e se  p a ra m e te rs  in  th e  c lu s te rin g  tre e s . A l
th o u g h  th e  p a ra m e te rs  w ere  t ra n s fo rm e d  in to  a  s ta n d a rd iz e d  
fo rm , th e  v a r ia b ili ty  o f  o n e  p a ra m e te r  m ay  in f lu e n c e  i ts  posi-
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F ig . 2 — C l u s t e r i n g  t r e e  o b t a i n e d  f r o m  t h e  s u b s e t  D i f f p _w-

t io n . T h is  e f fe c t is fu r th e r  i llu s tra te d  b y  th e  c lu s te r in g  tre e  
f ro m  th e  su b se t Diffp_\y sh o w n  :n  F ig u re  2. As c a se in a te  w as 
n o t  in c lu d e d , a n d  th e  v isco sity  o f  W PC w as n o t  a f fe c te d  b y  
N aC l, th e  v a r ia b ility  o f  th e  v isc o sity  p a ra m e te rs  fo r  P ro m in e-D  
d e te rm in e s  th e  p o s it io n  o f  th e  v isc o sity  p a ra m e te rs . T h e  flo w  
o f  P ro m in e-D  d ev ia ted  fro m  N e w to n ia n  f lo w , an d  th e  re la tiv e  
d iffe re n c e s  in  v isco sitie s  a re  g re a te r  w h e n  m ea su re d  a t lo w  
sh ea r ra te s  (see  H e rm an sso n , 1 9 7 4 ). C o n se q u e n tly ,  p a ra m e te rs  
5 a n d  7 , m ea su re d  a t th e  lo w e r  sh e a r r a te ,  a re  p lac ed  to  th e  
r ig h t o f  th e  sw elling  d a ta  in  th is  su b se t.  T h e  b ra n c h in g  p o in t  
d is ta n c e  fo r  so lu b ili ty , sw elling  a n d  all v isc o s ity  p a ra m e te rs  is 
also  in  th is  su b se t < 0 . 5 .

T h e  gel s tre n g th  p ro p e rt ie s  (9 , 10, 11) a re  p lac ed  to  th e  
r ig h t in  a ll th e  c lu s te rin g  tree s  w ith  th e  h ig h es t a m a lg a m a tio n  
d is tan ces . I t  has  p re v io u s ly  b e e n  s ta te d  th a t  g e la t io n  p ro p e r t ie s  
c a n n o t be  p re d ic te d  fro m  ch an g es in  th e  so lu b ili ty , sw ellin g  o r  
v isc o sity  d a ta  m ea su re d  a t ro o m  te m p e ra tu re  (H e rm a n sso n  an d  
A k esso n , 1 9 7 5 ). T h e  gel p ro p e rt ie s  fo rm  a sp ec ia l g ro u p  b o th  
w ith  re sp e c t to  th e ir  sp ec ific  c h a ra c te r  a n d  to  th e  larg e  v a ria 
b i li ty  o f  th ese  p a ra m e te rs .

T h e  c a lcu la te d  re la tio n s h ip s  i llu s tra te d  b y  th e  c lu s te rin g  
tree s  c o rre sp o n d e d  very  w ell to  th e  e x p e c te d  re la tio n s h ip s  p re 
v io u sly  d iscu ssed , an d  th e  fu n c tio n a l  p a ra m e te rs  w ill a lso  in 
th is  s tu d y  be d iv id ed  in to  so lu b ili ty , v isc o s ity , sw ellin g  a n d  gel 
s tre n g th  p ro p e rtie s .

Properties o f m eat systems
Raw m eat systems. M L C as a f u n c tio n  o f  sa lt c o n c e n tr a t io n  

fo r p o rk  a n d  b e e f  m e a t sy s tem s w ith o u t  an d  w ith  50%  e x 
ch an g ed  p ro te in  a re  sh o w n  in  F ig u re s  3 an d  4 , re sp e c tiv e ly . 
Salt h a d  an  e n o rm o u s  M L -d ecreas in g  e f fe c t  o n  all th e  m e a t 
sy s tem s. F o r  th e  p u re  p o rk  sh o u ld e r  sy s te m  n o  M L c o u ld  be  
m ea su re d  a t 2% N aC l. T h e  d e c re a se  in  M L w as ra p id  b e lo w  3% 
N aC l in  th e  b e e f  b r isk e t sy s te m , w h e re u p o n  it d e c lin e d . T h e

Fig. 3 —M L c o f  p o rk  shou lder systems w ith o u t and w ith  50% ex
changed p ro te in  as a fu n c tio n  o f  NaCl concentra tion .

Fig. 4 —M L c o f  b e e f b r iske t systems w ith o u t and  w ith  50% ex
changed p ro te in  as a fu n c tio n  o f  NaC l concentra tion .
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Table 3—Penetration depth (mm) after 5 sec on beef brisket sys
tems

% NaCI
Protein % exchanged

incorporated protein 0 2 3 4

_ 0 3.2 1.2 0.8 0.8
Promine-D 30 6.5 1.9 1.6 0.8
Caseinate 30 7.0 3.9 3.0 2.3
WPC 30 9.8 4.5 2.4 1.9

m in im um  reported by Ham m  (19 73 ) at I = 0.8 (3 —4% NaCI in  
our systems) were n o t observed in  raw meat. F rom  the figures 
i t  is seen tha t the exchanged pro te ins in fluence  the M L  d iffe r 
en tly , in  spite o f the dom inan t salt e ffec t. M ost s tr ik in g  is the 
m arked decrease in  M L  w ith  increasing salt concen tra tion  fo r 
the caseinate-meat systems. Exchange o f Prom ine-D in  beef 
did no t change the M L  properties, as shown in  F igure 4. In  the 
po rk  shoulder system, exchange o f meat pro te ins by Prom ine- 
D increased the M L C and the m eat-Prom ine-D system showed a 
m in im um  at 4% NaCI. The M L C values fo r  meat-WPC systems 
are high relative to  those o f the pure meat systems, bu t de
creased w ith  salt concen tra tion , and was lo w er than tha t o f the 
beef brisket system at 5% NaCI.

As in  the previous study, M L C data were com pared to  tex 
ture data measured by the pene trom eter m ethod. F rom  Table 
3 i t  can be seen tha t pene tra tion  depth decreased on the addi
t io n  o f  salt in  all the systems. Exchange o f Prom ine-D resulted

in  the low est pene tra tion  depth. The drastic change in  the 
w ate r-b ind ing properties on the ad d ition  o f  salt fo r  caseinate 
was no t observed in  the pene trom eter study.

Heated meat systems. M L h t fo r  po rk  and beef meat sys
tems w ith  50% exchanged p ro te in  is shown in  Figures 5 and 6, 
respectively. In the pure beef brisket system a small m in im um  
in  M L h t was observed at 4%, w h ich  is in  accordance w ith  the 
results o f Hamm (1972 ) and Shults et al. (1972). In  the pure 
po rk  shoulder system, however, M L h t decreased rap id ly  below 
2% NaCI, whereupon no changes were observed. The in fluence 
o f exchanged pro te ins on heat-treated meat systems d iffe red  
fro m  th e ir in fluence on raw meat systems. The drastic in flu 
ence o f  caseina:e disappeared on heat trea tm ent, and the ca
seinate-meat systems showed the highest M L ht- A  reason fo r 
the d iffe rence in  the caseinate-meat behavior can be tha t the 
ad d ition  o f  salt to  the raw meat system caused increased swell
ing o f the meat partic les and increased the viscosity o f casein
ate. The h igh ly  viscous caseinate cou ld then act as a paste 
between the meat particles. When heated the meat shrinks, 
water is pressed ou t, and the fu n c tio n  o f  caseinate as a paste is 
p a rtly  lost. In  contrast to  the o th e r tw o  p ro te ins, caseinate 
lacks the a b ility  to  fo rm  a p ro te in  ne tw o rk  w h ich  can im bibe 
water and reduce m oistu re loss. The Prom ine-D  and the WPC 
p o rk  shoulder systems showed m in im a  in  M L h t at  2% and 3% 
NaCI, respectively. In  the beef briske t system, the relative 
order o f  the exchanged pro te ins w ith  respect to  M L h t was the 
same as in  the p o rk  shoulder system, bu t the changes w ith in  
the fo rm er system were m uch smaller.

Tests were also made on p o rk  shoulder w ith  o n ly  30% 
p ro te in  exchanged (5.0% o f the to ta l m ix tu re ). As seen in  
F igure 7, the curves o f the d iffe re n t meat systems are s im ilar 
in  shape, b u t the re lative changes are m uch sm aller than on the 
50% level. Exchange o f 30% meat pro te ins o f  P rom ine-D , WPC

6 0

n
o

T3Ol
001 
-C

o PROMI NE - D 
»CASE INATE  
• WPC

20

10 -

2 3
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Fig. 5 —M L fit o f  p o rk  shou lde r systems w ith o u t and  w ith  50% ex 
changed p ro te in  as a fu n c tio n  o f  N a d  concen tra tion  (heated to

80PC).

Fig. 6 —M L m  o f  b e e f b r iske t systems w ith o u t and w ith  50% ex
changed p ro te in  as a fu n c tio n  o f  N a d  concen tra tion  (heated to

8o° a .
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or caseinate did not increase the MLht on the 3, 4 and 5% level of NaCl, and in some cases the MLht was even decreased. The statistical analysis will show whether significant correlations of the relative changes can be made with the functional properties listed in Table 2.
Statistical correlations between functional properties and moisture loss properties

In the previous study, very good correlations were obtained between changes in moisture loss and functional properties. In this study, somewhat different regression equations were expected, since salt had an influence both on the meat itself and on the functional properties.Raw meat systems. Table 4 shows the results of the statistical analysis for the raw beef and pork systems. The solutions obtained from the two meat systems were similar in character. Rather high correlations were obtained, but as expected they were not as high as without salt, in which case the free choice model gave the very good correlation coefficient of 0.99, with solubility in the first place and significant contributions from swelling and viscosity. With salt the best solutions by free choice have a viscosity parameter in the first place and significant contributions from solubility and swelling in beef, and from swelling alone in pork systems. Also in all the constrained choice solutions, one of the viscosity parameters accounts for the largest part of the variance. The increase in viscosity for caseinate and the corresponding drastic decrease in moisture loss is probably responsible for the high correlation with viscosity.In contrast to the systems without salt, neither solubility nor swelling gave high correlations in any of the studies. This was due to the fact that for caseinate none of these properties was affected by salt.

.aD
"O«
o<D
-C

2 3
7. NaCl

Fig. 7—MLht of pork shoulder systems without and with 30% ex
changed protein as a function of NaCl concentration (heated to 
80PC).

In the analysis made on the 30% level in pork systems (5.0% of the total mixture), the same variables were included as in the best solution on the 50% level, but with somewhat lower correlation coefficients.Heated meat systems. Tables 5 and 6 show the statistical solutions for heat-treated beef and pork systems, respectively. The two meat systems were similarly correlated with functional properties.The best solutions after heat treatment showed very high correlation coefficients. In the statistically best solutions, solubility was responsible for most of the variance. Significant contributions were also given by viscosity and gel strength properties. The contributions of swelling properties were small in the free choice as well as in the other models. With the solubility parameters 1 and 2 as first variables, very similar solutions were obtained. The similarity betv/een the two parameters is in accordance with the results shown in the clustering trees. Also when other parameters were constrained as first variables, solubility explained much of the variance, and solubility seems to be an important property for heat-treated meat systems including salt. As seen from Table 2 and Figures 3 and 4, Promine-D showed the lowest solubility and caused

Table 4—Statistical solutions from moisture loss differences of raw 
meat systems

Test conditions
% exchanged 

Meat protein
Corr

Variables coeff
Explained
variance

Free choice beef 50 7- 0.62 0.38
1 + 0.73 0.15
3 - 0.79 0.09
6 - 0.80 0.02a

1 constrained as beef 50 1 + 0.39 0.15
first variaale 7- 0.70 0.34

3 - 0.72 0.03a

3 constrained as beef 50 3 - 0.35 0.12
first variable 7- 0.72 0.40

6 - 0.74 0.03a

Free choice pork 50 5- 0.74 0.55
3- 0.78 0.06
6- 0.81 0.05
1 + 0.82 0.01a

1 constrained as pork 50 1 + 0.29 0.08
first variable 7- 0.64 0.33

3 - 0.69 0.07
8+ 0.72 0.04

3 constrained as pork 50 3 - 0.41 0.17
first variable 7- 0.66 0.27

1 + 0.70 0.05
6 - 0.72 0.03a

7 constrained as pork 50 7- 0.70 0.49
first variable 3- 0.77 0.10

6 - 0.79 0.03
1 + 0.80 0.02a

Free choice pork 30 5- 0.64 0.41
3 - 0.67 0.04
1± 0.68 0.01a

7 constrained as pork 30 7- 0.59 0.35
first variable 3 - 0.64 0.06

1± 0.67 0.04

N o s ign ifica n t co n tr ib u t io n  (95% significance level)
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the lowest moisture loss properties when incorporated into meat, followed by WPC and finally by caseinate. The statistical solution cannot, however, be explained on a physico-chemical basis without some objections. When no salt was added the relatively low solubility, caused by aggregation during processing, is a plausible cause for the better water-binding properties of Promine-D-meat systems. The solubility in the absence of salt is correlated with high swelling, viscosity and gel strength data, as shown in Table 2. The decrease in solubility on the addition of salt is caused by protein association and correlated with reduced swelling and gel strength properties.

Table 5 —S tatistica l so lu tions fro m  m o isture loss differences o f 
heated beef briske t systems

% exchanged
Test cond itions p ro te in Variables

Corr
coe ff

Explained
variance

Free choice 50 2+ 0.91 0.82
6- 0.95 0.08

11- 0.97 0.04
3 - 0.98 0 .01a

1 constrained as 50 1 + 0.86 0.74
firs t variable 6- 0.91 0.08

3 - 0.92 0 .02a

3 constrained as 50 3 - 0.39 0.15
firs t variable 2+ 0.67 0.30

6- 0.79 0.17
9 - 0.87 0.13

4  constrained as 50 4 - 0.21 0.04
firs t variable 2+ 0.63 0.36

6- 0 .75 0.16
9 - 0.83 0.13

5 constrained as 50 5+ 0.31 0.10
f irs t variable 2+ 0.73 0.43

6- 0.77 0.06
3 - 0.79 0 .0 3a

6 constrained as 50 6- 0.61 0.37
firs t variable 2+ 0.83 0.32

11- 0.86 0.05

7 constrained as 50 7 - 0.53 0.28
firs t variable 2+ 0.77 0.31

9 - 0.81 0.07

8 constrained as 50 8- 0.31 0.09
firs t variable 2+ 0.66 0.34

6- 0.79 0.19
3 - 0.83 0.07

9 constrained as 50 9 - 0.57 0.32
firs t variable 2+ 0.79 0.30

6- 0.83 0.08
3 - 0.86 0.06

11 constra ined as 50 11- 0.52 0.27
firs t variable 2+ 0.69 0.20

6- 0.77 0.12
3 - 0.83 0.09

No significant contribution (95% significance level)

The salt-induced decrease in solubility can therefore not be expected to give better water-binding properties of meat systems. In Figures 5 and 6 it is also shown that MLht values of the Promine-D meat systems relative to the pure meat systems were lower in the absence and with 1% salt and higher at salt concentrations above 2% . Even if salt has been shown to be a negative factor for the water binding of Promine-D meat systems, they showed still better water-binding properties than the other protein systems after the addition of salt.
The poor significance of the swelling properties was probably due to the decrease in swelling on the addition of salt for

Table 6 —S tatistica l so lu tions fro m  m oisture loss d iffe rences o f 
heated po rk  shoulder systems

Test cond itions
% exchanged 

p ro te in Variables
Corr
coeff

Explained
variance

Free choice A 50 2+ 0.90 0.81
6- 0.94 0.07
9 - 0.96 0.04
3 - 0.97 0 .02a

Free choice B 50 1 + 0.89 0.79
6- 0.93 0.07
9 - 0.96 0.06
3 - 0.97 0 .02a

3 constra ined as 50 3 - 0.37 0.14
firs t variable 2+ 0.74 0.40

6- 0.79 0.08
11- 0.81 0 .0 3a

4 constrained as 50 4 - 0.19 0.04
firs t variable 2+ 0.82 0.63

6- 0.84 0.03

6 constra ined as 50 6 - 0.63 0.40
firs t variable 2+ 0.77 0.19

3 - 0.81 0.07
11- 0.83 0.03

7 constrained as 50 7 - 0.56 0.31
f irs t  variable 2+ 0.74 0.24

9 - 0.79 0.07
3 - 0.80 0 .02a

8 constra ined as 50 8- 0.31 0.10
f irs t variable 2+ 0.81 0.56

6- 0 .84 0.04
3 - 0.85 0 .01a

9 constra ined as 50 9 - 0.36 0.13
firs t variable 2+ 0.81 0.53

6- 0 .84 0.04

11 constrained as 50 11- 0.45 0.20
f irs t variable 2+ 0.76 0.38

6- 0.79 0.04
3 - 0.80 0 .02a

Free choice 30 2+ 0.77 0.59
6- 0.83 0.10
9 - 0.86 0.05
3 - 0.87 0 .01a

1 constrained as 30 1 + 0.75 0.56
firs t variable 6- 0.81 0.09

9 - 0.84 0.06
3 - 0.85 0 .01a

a No s ign ifican t c o n tr ib u t io n  (95% significance level)
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Promine-D and the higher swelling of caseinate relative to the other two protein systems in salt solutions. As previously shown, the swelling of caseinate was of another character than that of Promine-D anc heat treated WPC (Hermansson, 1972). The viscosity parameters cannot explain 50% of the variance in any of the statistical models, but are responsible for more of the variance than solubility in some of the solutions (parameters 6 and 7). As caseinate showed a relatively high viscosity on the addition of salt but resulted in the highest moisture loss, a very low correlation was expected. The reason that this parameter still worked can be found in the very high viscosity data of Promine-D at I = 0 relative to the other two protein systems.Gel strength properties when constrained as first variables contributed about 30% of the variance in the beef brisket system and only about 10% in the pork shoulder system. These low correlations were probably due to the enormous increase in gel strength with NaCl concentration for WPC, which was not reflected in the moisture loss properties.The gels of WPC were, however, of another character than those of Promine-D. They were short and water could easily be pressed out. The gelation of whey proteins involves a very delicate equilibrium and heat treatment could sometimes result in a curd instead of a gel. The Promine-D gels, on the other hand, were smooth and it was impossible to press out water even under very high centrifugation forces. The gel strength methods used do not reflect these differences, and another way of characterizing the gels would probably give a higher correlation. The fact that WPC meat systems showed lower moisture losses than caseinate only after heat treatment is, however, a strong indication of the importance of the gelation ability. These results stress the importance of finding relevant parameters when studying model systems.When correlations were made between functional properties and moisture loss data on the 30% level, solutions were obtained for the pork shoulder systems with exactly the same parameters as obtained in the best solutions on the 50% level.
CONCLUSIONS

SALT was shown to have a great influence both on meat systems and on the functional properties of the proteins added. The quantitative analysis of the relations between functional properties by hierarchical cluster analysis showed good resem

blance to expected relationships. This method seems to be a useful tool for the structurizing of parameters for optimal processing. Valuable indications can also be obtained when attempts are made to explain the parameters on a physicochemical basis.Good s:atistical correlations were obtained between functional properties and moisture loss properties, even if the addition of salt resulted in complex behavior, a s  salt influenced the functional properties very differently for the three protein systems, the statistical solutions were more difficult to interpret than in the absence of salt, and the very specific salt- induced changes of viscosity for caseinate ar d of gel strength for WPC influenced the general structure of the correlations.
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FUNCTIONAL PROPERTIES OF ADDED PROTEINS CORRELATED WITH 
PROPERTIES OF MEAT SYSTEMS. Effect on Texture of a Meat Product

INTRODUCTION
TEXTURE is regarded as one of the most important properties of meat products. Several studies have been made on the relationships between texture and water-binding properties (Galloway et al., 1973; Hamm, 1972; Bouton et al., 19731. In the previous two papers of this series (Hermansson and Akesson, 1975a, b), it was shown that incorporation of the protein systems Promine-D, caseinate and whey protein concentrate (WPC) into model meat systems caused similar changes in both penetration data and in moisture loss data. Good correlations were shown between differences in functional properties of the added proteins and differences in moisture loss properties, and it was believed that the functional properties were also responsible for the differences in penetration data.The model meat systems used contained meat, water, added proteins and in some cases salt, and were treated under controlled conditions. Apart from the components mentioned, a real meat product contains other components such as lipids, carbohydrates and spices, which might interact with the proteins and contribute to the final properties. Furthermore, a real meat product is processed quite differently than in the experimental design of the model systems.The aim of this study was to determine whether texture changes in meat products with 4% external proteins added were of the same character as the moisture loss changes observed in the model meat systems, and to determine if functional properties of added proteins could be used as predictors of the observed changes. It was also of interest to know whether changes could be induced by pretreatment of the proteins to be added.

EXPERIMENTAL
PRETREATMENT of proteins was carried out by heating 10% disper
sions of Promine-D, caseinate and WPC at 65°C, 80°C and 100°C for 30 
min, whereupon the samples were freeze dried and ground (See also 
Hermansson, 1972). Analysis data on the untreated protein systems, as 
well as methods used for functional moisture loss and penetration 
properties have previously been given (Hermansson and Akesson, 
1975a).

A commercial meatball recipe was used including 50% meat (pork 
and beef), ca 20% potatoes and golden bread crumbs, 2.3% dried milk, 
ca 8% onions and spices and ca 10% water with 10% of the total 
mixture replaced by 4% protein and 6% water. Minced meat, potatoes 
and onions were mixed. A mixture of golden bread crumbs and proteins 
was added to the meat system alternately with water and spices. A total 
mixing time of 5 min was used. Meatballs of ca 20g were formed, fried 
in oil at 160°C for 1 min 45 sec, and then in a frying pan at ca 160°C 
for 1 min 15 sec. After cooling, the meatballs were frozen. Before tests 
were made they were fried in a frying pan for 10 min. They were served 
warm (at ca 55°C) to a panel consisting of 10 experimental judges for 
sensory evaluation of firmness and cooled to ca 22° C before instru
mental tests were made. The texture measurements with five replicate 
runs were made in an Instron Universal Testing Machine.
Statistical design

The linear additive regression model described in the previous study 
(Hermansson and Akesson, 1975a) was used to predict changes in tex
ture properties, with functional properties as predictor variables. Be

cause of the limited amount of data in the present study, the same 
regression equations as those obtained from the moisture loss studies 
were used in order to avoid overfitting of the models. The statistical 
analysis included the following steps:
(1) Application of all regression equations satisfying the goodness of 

fit conditions in the moisture loss studies to predict texture 
changes relative to the control samples. Before calculating regres
sion coefficients the variables were normalized.

(2) Estimation of goodness of fit using the same chhsquare measures 
as in the previous study.

(3) Listing the regression equations giving satisfactory outcomes.

Functional parameters measured in distilled water or in 0.5M NaCl were 
used as independent variables. The best fitting was obtained by func
tional parameters measured in distilled water and Table 4 contains a 
sample of the most efficient variable combinations. As in the previous 
work the results are given in terms of multiple regression correlation 
coefficients.

RESULTS & DISCUSSION 
Functional properties
Table 1 shows the effect of preheat treatment on some functional properties. Both Promine-D and WPC formed gels

Table 1—Some functional properties of protein systems meas
ured in distilled water

Protein systems
Functional
propertiesa

Pretreated at

65° C 80° C 100°C

Promine-D 1 22.6 15.4 23.7
4 14.0 20.0 14.2
9 1920 7490 1410

10 400 3680 2130
11 2010 7610 7690

Caseinate 1 83.5 80.6 81.0
4 7.4 6.0 7.1
9 23 23 21

10 0 0 0
11 0 0 0

WPC 1 67.4 28.7 27.8
4 2.1 4.1 4.4
9 5 440 730

10 0 150 1520
11 0 3700 8630

a Same symbols as previously used: 1 = solubility of 1% dispersions 
after heat treatment of 10% dispersions at 25°C (% extractable 
nitrogen); 4 = swelling at 20°C after heat treatment (jul/mg); 9 = 
viscosity at 1 5 s'1 of heated 10% dispersions after cooling (cp); 10, 
11 = Brookfield data at 25°C on gels at 10% and 12%, respectively 
(Brookfield "poise").
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Table 2—The effect of pretreatment on moisture loss of heated 
meat systems

Protein
system

0//o

Exchanged % 
Meat protein Salt Untreated 65° C 80° C 100°C

Promine-D pork 30 0 46.2 47.0 44.2 44.6
pork 50 0 40.2 42.7 38.1 37.7
pork 30 3 21.8 20.3 18.7 19.2
pork 50 3 26.6 24.8 19.8 21.0
beef 50 0 48.6 46.5 45.1 44.9

WPC pork 30 0 47.2 44.8 47.9 47.9
pork 50 0 46.0 44.1 49.8 50.7
pork 30 3 23.2 23.4 26.9 26.8
pork 50 3 32.6 28.7 32.5 32.8
beef 50 0 53.1 50.8 53.7 55.0

by heat treatment, whereas the properties of caseinate were unaffected. No changes in functional properties could thus be induced by preheat treatment of caseinate dispersions.Promine-D formed strong gels in distilled water, and the formation of the network induced high swelling and reduced solubility properties in the dried product. WPC formed a weaker gel than Promine-D in distilled water. The solubility of the dried product was reduced, but the network formed by WPC had a much lower swelling ability than that of Promine-D.The relative changes in gel strength parameters 10 and 11 are somewhat different from those of parameter 9 for Pro- mine-D with respect to treatment at 100°C. At this high temperature, the gel structure of Promine-D is chemically broken

down and there is a characteristic change in the rheological properties of the gel, which is not well reflected by gel strength parameters 10 and 11. These parameters measure the resistance to penetration of an undisturbed gel structure by a T-shaped spindle, whereas parameter 9 measures the apparent viscosity after S min of shearing and is thus a parameter for a partly broken down structure (Hermansson, 1972; Catsim- poolas and Meyer, 1970).
F unctiona l properties used fo r  un treated p ro te in  systems 

have previously been discussed (Hermansson and Xkesson, 
1975a, b).
Properties of meat systems
Moisture loss properties. Table 2 shows the effect of preheat treatment on ML̂ t under various conditions. As before, 30% exchanged protein corresponds to 5.0% and 50% to 8.3% of the total mixture. For Promine-D, the greatest difference, and a decrease in ML̂ t, was found between 65°C and 80°C preheat treatment.The moisture loss for WPC increased with penetration temperature. This result was not in accordance with the expected effect of gelation and swelling properties.Texture properties. Table 3 shows the effect of protein incorporation on the texture of meatballs. Although only 4% proteins were added, significant changes were obtained both by instrumental and sensory evaluation. The relative differences betv/een the controls and products containing untreated proteins were in accordance with the previously observed differences in MLht with Promine-D having the highest and caseinate the lowest values both in the extrusion test and the sensory evaluation (ranking) (See Hermansson and Xkesson, 1975a).The effect of pretreatment differed between Promine-D and WPC. For Promine-D the changes in texture data were in accordance with the differences in functional properties shown in Table 1, and the increase in firmness between 65°C and

Table 3—Texture measurements on meatballs with 4% added proteins 

Instrumental measurements

Extrusion Sensory measurements
force (kp) Compression work (g cm) on firmness

1st cycle 2nd cycle
Meat system MV MV MV Scoringa Ranking3

Control I
Without acded proteins 34.9 3.4 420 36 305 33 4.8 3.3
With untreated Promine-D 38.1 3.0 319 16 237 13 3.7 2.4
With Prom ne-D 

Heat treated at 65° C 38.5 1.3 384 25 283 17 5.2 3.7
With Prom;ne-D 

Heat treated at 80° C 48.4 2.8 427 35 305 20 5.3 3.9
With Promine-D 

Heat treated at 100° C 39.2 2.2 342 30 228 19 3.2 1.7
Control II

Without added proteins 38.6 2.2 430 16 277 30 5.3 4.8
With untreated WPC 37.5 1.0 291 32 196 12 4.3 3.4
With WPC

Heat treated at 100° C 31.6 1.1 349 39 218 19 3.5 2.6
With untreated caseinate 29.1 1.6 325 46 201 14 2.5 1.1

a Least s ign ifica n t d iffe rence 1.2 (95% significance level)
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30°C was also in accordance with the corresponding decrease in moisture loss shown in Table 2. For WPC, on the other hand, preheat treatment had a negative effect on the extrusion, and no significant changes were obtained in compression work or sensory evaluation. The WPC pretreated to 100°C did, however, cause significantly lower values than the control sample in the sensory evaluation, which was not the case for the untreated WPC. This negative effect is in accordance with the observed increase in ML̂ t between incorporation of untreated and samples pretreated to 100°C (See Table 2). A reason for the negative effect of pretreatment on WPC might be that the soluble untreated WPC interacts with the meat proteins when heated and thus improves the water-binding properties of the meat system. The interaction possibilities of WPC are partly lost by preheat treatment to 100°C because of denaturation and thereby reduced solubility. In contrast to Promine-D, the induced protein network of WPC has a poor swelling ability

and cannot mal<e any contribution to the water-binding properties of meat systems. Relative to caseinate, which did not undergo changes on heat treatment, both water-binding properties as well as extrusion force and scoring in sensory evaluation were higher for the untreated WPC systems.
S ta tis tic a l c o rre la tio n s

A number of regression equations was previously calculated from differences in moisture loss and functional properties (Hermansson and Akesson, 1975a, b). As moisture loss and texture changes were highly correlated, it was of interest to see whether any of the regression equations estimated on moisture loss of model systems had any validity for the texture differences of meatballs to which 4% proteins had been added. The sign of the differences calculated on extrusion and compression work had to be changed as comparisons were to be made with moisture loss differences.

Table 4—Correlations between predicted texture differences calculated from the previously estimated regression equations and observed texture 
differences

Extrusion Computer work

Variables3 Proteins incorporated13 R m < n R EVC Origin of the regression equations

4- A 0.69 0.48 0.47 0.22 MLht 50% (Hermansson and
2± 0.73 0.05 0.52 0.05 Akesson, 1975a, Table 6)
9- 0.74 0.01* 0.54 0.02*

4 - A + B + C 0.71 0.50 0.57 0.32
2 + 0.72 0.02* 0.59 0.03*
9- 0.72 0.00 0.59 0.00

4- A + B 0.77 0.59 0.64 0.41
2± 0.79 0.03* 0.68 0.05
9- 0.79 0.00 0.68 0.00

9~ A 0.61 0.37 0.40 0.16 MLht 30% (Hermansson and
4- 0.66 0.07 0.46 0.05 Akesson, 1975a, Table 7)
2± 0.67 0.01* 0.48 0.02*

9- A + B + C 0.83 0.69 0.69 0.48
4- 0.83 0.00 0.69 0.00
2± 0.83 0.00 0.69 0.00

9- A + B 0.87 0.76 0.72 0.52
4 - 0.87 0.00 0.72 0.00
2 ± 0.87 0.00 0.72 0.00

9- A + B + C 0.85 0.72 0.67 0.48 MLht 50% (Hermansson and
4- 0.86 0.02* 0.70 0.01* Akesson, 1975a, Table 7)
2± 0.86 0.00 0.70 0.00

9- A + B 0.87 0.76 0.73 0.53
4 - 0.88 0.01 * 0.73 0.00
2± 0.88 0.00 0.73 0.00

2+ A 0.67 0.45 0.43 0.18 MLht 30% (Hermansson and
6- 0.70 0.04 0.47 0.04 Akesson, 1975b, Table 5)
9- 0.73 0.04 0.49 0.02*

2+ A 0.80 0.64 0.62 0.38 MLht 50% (Hermansson and
6- 0.81 0.01* 0.66 0.06 Akesson, 1975b, Table 5)
9- 0.81 0.00 0.66 0.00

11- A 0.39 0.15 0.22 0.05 MLht 50% (Hermansson and
2+ 0.63 0.25 0.39 0.10 Akesson, 1975b, Table 5)
6- 0.67 0.05 0.43 0.03*

a Symbols used: 2 = solubility after heat treatment, (2 = 1  for pretreated protein samples); 4 = swelling after heat treatment; 6 = viscosity
at 1142 s'1 of 10% dispersions at 25°C; 19 = viscosity at 1 5 s'1 after heat treatment of 10% dispersions; 1 1 = gel strength (Brookfield) of 12%
dispersions after heat treatment.

b A = untreated Promine-D, caseinate or WPC; B = pretreated Promine-D; C = pretreated WPC. 
c R = correlation coefficient; EV = explained variance.
* No significant contribution (95% significance level).
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Several f ix ed  reg re ss io n  e q u a tio n s  w e re  ch o sen . T ab le  4 
show s th e  c o r re la t io n s  b e tw e e n  p re d ic te d  te x tu re  d iffe re n ce s  
c a lcu la te d  fro m  th e  reg re ss io n  e q u a tio n s  an d  o b se rv ed  te x tu re  
d iffe re n ce s . A lth o u g h  th e  c o rre la t io n  c o e ff ic ie n ts  m ay  be 
so m e w h a t o v e re s tim a te d  d u e  to  th e  l im ite d  a m o u n t  o f  d a ta , 
so m e  v ery  h ig h  c o rre la t io n s  w ere  o b ta in e d , e sp ec ia lly  fo r  e x 
tru s io n  d a ta . T h e  b e s t m o d e l gave a c o rre la t io n  c o e ff ic ie n t o f  
0 .8 8 . D ue to  re a so n s  d iscussed  ab o v e , o n ly  p re tr e a tm e n t  o f  
P ro m in e-D  gave p o sitiv e  c o n tr ib u t io n s  to  th e  c o rre la t io n  c o 
e ffic ie n ts . As e x p e c te d , sw elling  an d  gel s tre n g th  w ere  tw o  
very  im p o r ta n t  p a ra m e te rs  an d  e x p la in e d  59 a n d  76%  o f  th e  
v a rian ce , re sp ec tiv e ly , w h e n  th e y  w ere  c o n s tra in e d  as f irs t v a ri
ables. S o lu b ility  a lso  e x p la in ed  a h igh  p e rce n ta g e  o f  th e  v a ri
an ce  w h en  it  w as c o n s tra in e d  as f irs t v a riab le  o n  th e  50%  level. 
As a lre a d y  d iscu ssed , h o w e v e r, a low  so lu b ili ty  a lo n e  is n o t  a 
safe p re d ic to r  fo r  h ig h  w a te r  b in d in g  o r  te x tu re  p ro p e rtie s . 
(H e rm a n sso n , 19 7 2 ; 1 9 7 3 a , b ;  H e rm an sso n  a n d  X k esso n , 
1 9 75a , b ). T h e  p re d ic tio n  o f  c o m p re ss io n  w o rk  d a ta  w as n o t  
as g o o d  as e x tru s io n  d a ta , a n d  gel s tre n g th  p a ra m e te r  no . 9 
a lo n e  a c c o u n te d  fo r  m o re  th a n  50%  o f  th e  v a rian ce .

CONCLUSIONS
T H E  R E S U L T S  have  sh o w n  th a t  i t  w as p o ss ib le  to  p re d ic t  
ch an g es in  te x tu r e  p ro p e rt ie s  o f  a m ea t p ro d u c t  f ro m  s ta tis t i 
cal m o d e ls  w ith  fu n c tio n a l  p ro p e rt ie s  as in d e p e n d e n t  v a riab les. 
As th e  reg re ss io n  e q u a tio n s  used  w ere  e s tim a te d  fro m  changes 
in  m o is tu re  loss, th e se  chan g es an d  th o se  o f  te x tu re  m u s t b e  
sim ila r in  c h a ra c te r . P ro p e r tie s  o f  g re a t im p o r ta n c e  w ere  sw ell
ing a n d  gel s tre n g th . T h e  e f fe c t  o f  p re tr e a tm e n t  w as d iffe re n t 
fo r  th e  v a rio u s  p ro te in  sy s te m s, p ro b a b ly  d u e  to  in te ra c t io n  
e ffe c ts  in  th e  m e a t sy s tem s.

T h is  is th e  la s t o f  th re e  p a p ers  o n  c o rre la t io n  b e tw e e n  fu n c 
tio n a l p ro p e rt ie s  a n d  p ro p e rt ie s  o f  m e a t sy s tem s. T h e  fo llo w 
ing g en era l co n c lu s io n s  can  be  m ade:
(a ) M odel sy s te m s w h e re  c o n d itio n s  a re  c o n tro l le d  are  u se fu l 

a n d  im p o r ta n t  fo r  th e  id e n tif ic a t io n  an d  e s t im a tio n  o f  
re la tio n sh ip s .

(b )  F u n c tio n a l  p ro p e rt ie s  a re  h ig h ly  c o rre la te d  to  c h an g es  in 
m o is tu re  loss p ro p e rtie s .

(c )  E ven  if  o n ly  a p p ro x im a te  m o d e ls  w e re  u se d , th e  p o ss ib ili
ties o f  u sing  fu n c tio n a l  p ro p e rt ie s  as p re d ic to rs  f o r  th e  
ch an g es in  p ro p e rt ie s  o f  an  in d u s tr ia lly  p ro c essed  p ro d u c t  
c o n ta in in g  as l i t t le  as 4%  ad d ed  p ro te in s  a re  s tro n g ly  in 
d ica ted .
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VITAMIN B6 CONTENT OF TURKEY COOKED FROM 
FROZEN, PARTIALLY FROZEN AND THAWED STATES

INTRODUCTION
V IT A M IN  B 6 is e ssen tia l fo r  m e ta b o lism  o f  p ro te in s , fa ts  and  
c a rb o h y d ra te s . S ince m u sc le  m ea ts  a re  o n e  o f  th e  b e s t so u rces  
o f  v ita m in  B 6 , losses sh o u ld  b e  m in im iz e d  d u rin g  p re p a ra tio n  
and  co o k in g .

N o in fo rm a tio n  w as fo u n d  in  th e  l i te r a tu re  c o n c e rn in g  v i ta 
m in  B 6 r e te n tio n  in  tu rk e y  m u sc le  d u rin g  d e fro s tin g  an d  su b 
se q u e n t co o k in g . H o w ev er, L arso n  (1 9 5 6 )  n o te d  d e fro s tin g  
losses o f  u p  to  50%  o f  th e  th ia m in e , r ib o fla v in  an d  n iac in  
c o n te n t  o f  f ro z e n  p o u ltry .  She su g g ested  c o o k in g  p o u l try  fro m  
th e  fro ze n  s ta te  to  m in im iz e  th e  d e fro s tin g  lo ss o f  B v itam in s . 
S p a tte rin g , s tic k in g  and  u n e v e n  d is t r ib u t io n  o f  h e a t  a re  e n 
c o u n te re d  w ith  c h ic k e n  fr ied  fro m  th e  fro z e n  s ta te . A lso m o re  
fuel an d  tim e  are  re q u ire d  w h e n  m ea ts  a re  c o o k e d  fro m  th e  
fro ze n  s ta te .

K o tsc h e v ar (1 9 5 5 )  su g g ested  th a t  c o o k in g  p a r tia lly  th a w e d  
m ea t m ig h t c irc u m v e n t so m e  d isad v an tag es  o f  c o o k in g  fro z e n  
p o u ltry ,  and  s till  p re v e n t d e f ro s tin g  losses o f  B v ita m in s . He 
obse rv ed  th a t  d u rin g  th e  th a w in g  p ro c ess  th e  rise  in  te m p e ra 
tu re  to  — 1 .7 °C  w as fa ir ly  ra p id , th e n  a larg e  a m o u n t  o f  h e a t  
was n eed ed  to  m e lt th e  ice  c ry sta ls . T h en  th e  te m p e ra tu re  
b eg an  to  rise  again  an d  d rip  w as fo rm ed . H e h y p o th e s iz e d  th a t  
c o o k in g  m e a t w h e n  its  in te rn a l  te m p e ra tu re  re a c h e d  — 1 .7°C  
w o u ld  re su lt in  a m o re  n u tr i t io u s  p ro d u c t.

T h is s tu d y  w as d esig n ed  to  d e te rm in e  e f fe c ts  o f  ro a s tin g  
fro m  fro z e n , p a r tia lly  f ro z e n  a n d  th a w e d  s ta te s  o n  v ita m in  B 6 
re te n tio n  in  tu rk e y  m u sc le  a n d  o th e r  se lec te d  m e a su re m e n ts  o f  
tu rk e y  m uscle .

EXPERIMENTAL
3 6  F R O Z E N  p a i r e d  h a l v e s  o f  1 8  t u r k e y  h e n s  o f  s i m i l a r  w e i g h t  ( 1 2 - 1 4  
l b )  w e r e  o b t a i n e d  l o c a l l y .  A t  e a c h  o f  n i n e  e v a l u a t i o n  p e r i o d s  ( o v e r  a  
2 - m o  p e r i o d )  f o u r  t u r k e y  h a l v e s  f r o m  t w o  t u r k e y s  w e r e  s u b j e c t e d  t o  
f o u r  t r e a t m e n t s :  ( 1 )  t h a w e d ,  u n c o o k e d ;  ( 2 )  r o a s t e d  f r o m  t h e  f r o z e n  
s t a t e ;  ( 3 )  r o a s t e d  f r o m  t h e  p a r t i a l l y  f r o z e n  s t a t e ;  a n d  ( 4 )  r o a s t e d  f r o m  
t h e  t h a w e d  s t a t e .

T u r k e y  h a l v e s  t o  b e  c o o k e d  f r o m  t h e  p a r t i a l l y  f r o z e n  s t a t e  w e r e  
t h a w e d  ( c o v e r e d  l o o s e l y  w i t h  f o i l )  a t  2 5 °  C  t o  - 2 ° C  b e f o r e  r o a s t i n g .  
H a lv e s  t o  b e  c o o k e d  f r o m  t h e  d e f r o s t e d  s t a t e  w e r e  t h a w e d  a t  r o o m  
t e m p e r a t u r e  ( 2 5 °  C )  f o r  1 6  h r  t o  a n  a p p r o x i m a t e  i n t e r n a l  t e m p e r a t u r e  
o f  0 ° C .  M e r c u r y  f i l l e d  t h e r m o m e t e r s  ( - 1 0  t o  1 1 0 ° C )  w e r e  i n s e r t e d  i n t o  

t h e  b r e a s t  m u s c l e  f o r  r e c o r d i n g  t e m p e r a t u r e s .  H o l e s  w e r e  d r i l l e d  i n  
f r o z e n  s a m p l e s  f o r  t h e r m o m e t e r  i n s e r t i o n .

H a lv e s  w e r e  p l a c e d  o n  r a c k s  i n  a l u m i n u m  p a n s  a n d  r o a s t e d  i n  a  
p r e h e a t e d  r o t a r y  h e a r t h ,  e l e c t r i c  o v e n  m a i n t a i n e d  a t  1 7 7 ° C  t o  i n t e r n a l  
t e m p e r a t u r e s  o f  8 0 ° C  i n  t h e  p e c t o r a l i s  m a j o r  ( P M )  m u s c l e .  T h e  P M  
m u s c l e  a n d  a  c o m p o s i t e  o f  t h i g h  m u s c l e s  w e r e  r e m o v e d  a n d  g r o u n d  i n  a  
K e n m o r e  E l e c t r i c  F o o d  G r i n d e r  ( 1 / 8 - i n .  p l a t e )  f o r  o b j e c t i v e  m e a s u r e 
m e n t s .  S a m p l e s  t o  b e  a n a l y z e d  f o r  v i t a m i n  B 6 c o n t e n t  w e r e  f r e e z e  d r i e d  
( V i r t i s  U n i t r a p  1 0 - 1 0 2 ) .  D r i p  f r o m  t h a w i n g  a n d  r o a s t i n g  w a s  c o l l e c t e d ,  
w e i g h e d  a n d  t h e  v o l u m e  d e t e r m i n e d  b y  t r a n s f e r r i n g  t o  a  g r a d u a t e d  

c y l i n d e r .  T h e  d r i p  w a s  h e l d  f r o z e n  u n t i l  a n a l y z e d .
T o t a l  c o o k i n g  t i m e  in  m i n u t e s  w a s  r e c o r d e d ,  a n d  c o o k i n g  t i m e  in  

m i n / k g  w a s  c a l c u l a t e d  b a s e d  o n  w e i g h t  o f  t h e  u n c o o k e d  h a l f  b i r d .  
P e r c e n t a g e  t o t a l ,  d r i p  a n d  v o l a t i l e  lo s s e s ,  b a s e d  o n  t h e  w e i g h t  o f  t h e  
u n c o o k e d  h a l f  b i r d  a n d  o f  t h e  c o o k e d  b i r d  a n d  d r i p ,  w e r e  c a l c u l a t e d .  
P e r c e n t a g e s  o f  t o t a l  m o i s t u r e  a n d  e t h e r  e x t r a c t  w e r e  d e t e r m i n e d  b y  

A O  A C  ( 1 9 7 0 )  m e t h o d s .

P e r c e n t a g e  e t h e r  e x t r a c t  o f  d r i p  w a s  d e t e r m i n e d  b y  a  c o m b i n a t i o n  

o f  p h y s i c a l  a n d  c h e m i c a l  s e p a r a t i o n s .  T h e  l a y e r  o f  l i p i d  t h a t  c o l l e c t e d  a t  
t h e  t o p  o f  t h e  d r i p p i n g s  o n  c o o l i n g  w a s  l i q u e f i e d  i n  a  b o i l i n g  w a t e r  b a t h  
a n d  r e m o v e d .  C o l l e c t e d  l i p i d  m a t e r i a l  w a s  d r i e d  i n  a  d e s i c c a t o r  f o r  a  
m i n i m u m  o f  1 6  h r  b e f o r e  b e i n g  w e i g h e d .

T h e  r e m a i n d e r  o f  t h e  d r i p  w a s  e x t r a c t e d  w i t h  p e t r o l e u m  e t h e r  ( b p  
3 0 - 6 0 ° C )  t o  p r o v i d e  s e p a r a t e  e t h e r  a n d  w a t e r  s o l u b l e  f r a c t i o n s .  T h e  
v o l u m e  o f  p e t r o l e u m  e t h e r  u s e d  d e p e n d e d  o n  t h e  a m o u n t  o f  l i p i d  i n  t h e  

s a m p l e .  E t h e r  w a s  d i s t i l l e d  f r o m  t h e  s a m p l e ,  u s i n g  a  G o l d f i s c h  e x t r a c 
t i o n  a p p a r a t u s .  A f t e r  t h e  e t h e r  w a s  d i s t i l l e d ,  t h e  r e s i d u e  w a s  d r i e d  a  
m i n i m u m  o f  1 6  h r  i n  a  d e s i c c a t o r  a n d  w e i g h e d  t o  d e t e r m i n e  l i p i d  
c o n t e n t  o f  t h e  e x t r a c t .

T o t a l  e t h e r  e x t r a c t  w a s  o b t a i n e d  b y  c o m b i n i n g  w e i g h t s  o f  l i p i d  
d e t e r m i n e d  b y  b o t h  t h e  p h y s i c a l  a n d  c h e m i c a l  s e p a r a t i o n s .  P e r c e n t a g e  
t o t a l  m o i s t u r e  o f  t h e  d r i p  w a s  d e t e r m i n e d  b y  d r y i n g  t h e  w a t e r  s o l u b l e  
f r a c t i o n  in  a  B r a b e n d e r  M o i s t u r e  T e s t e r  a t  1 2 1 ° C  f o r  1 2 0  m i n .

T o t a l  v i t a m i n  B 6 c o n t e n t  o f  m u s c l e  a n d  d r i p  w a s  d e t e r m i n e d  b y  t h e  
m e t h o d  o f  T o e p f e r  a n d  P o l a n s k y  ( 1 9 7 0 )  b a s e d  o n  t h e  g r o w t h  r e s p o n s e  
o f  t h e  y e a s t  S a c c h a r o m y c e s  u v a r u m .  N o  a t t e m p t  w a s  m a d e  t o  s e p a r a t e  
t h e  t h r e e  f o r m s  o f  v i t a m i n  B 6 d u r i n g  t h o s e  d e t e r m i n a t i o n s .  B r e a s t  a n d  
t h i g h  m u s c l e s  a n d  r a w  a n d  c o o k e d  d r i p  w e r e  s a m p l e d  i n  d u p l i c a t e ,  f iv e  
d i l u t i o n s  o f  e a c h  s a m p l e  w e r e  p r e p a r e d ,  a n d  v i t a m i n  B 6 i n  e a c h  d i l u t i o n  
w a s  d e t e r m i n e d  in  t r i p l i c a t e .

T h e  e x p e r i m e n t a l  d e s i g n  w a s  a  b a l a n c e d ,  i n c o m p l e t e  b l o c k  d e s i g n  
w i t h  n i n e  r e p l i c a t i o n s  o f  e a c h  t r e a t m e n t .  O n e  t u r k e y  r e p r e s e n t e d  a  
b l o c k  a n d  e a c h  t r e a t m e n t  a p p e a r e d  w i t h  e v e r y  o t h e r  t r e a t m e n t  t h r e e  
t i m e s  ( C o c h r a n  a n d  C o x ,  1 9 6 8 ) .

V i t a m i n  B 6 c o n t e n t  o f  m u s c l e s  w a s  a n a l y z e d  b y  a n a l y s i s  o f  v a r i 
a n c e :

S o u r c e  o f  v a r i a t i o n  D F

B lo c <  ( u n a d j u s t e d )  1 7
T r e a t m e n t  ( a d j u s t e d )  3
I n t r a b l o c k  e r r o r  1 5

T o t a l  3 5
A d j u s t e d  t r e a t m e n t  m e a n s  w e r e  c a l c u l a t e d .

C o o k i n g  lo s s e s  a n d  t i m e  a n d  t h e  v i t a m i n  B 6 c o n t e n t  o f  t h e  c o o k e d  
d r i p  w e r e  a n a l y z e d  b y  a n a l y s i s  o f  v a r i a n c e :

S o u r c e  o f  v a r i a t i o n  D F
T r e a t m e n t  2

E r r o r  2 4

T o t a l  2 6

RESULTS & DISCUSSION
A V E R A G E S  o f  th a w in g  a n d  c o o k in g  lo sses, c o o k in g  tim e  and  
p e rce n ta g e  to ta l  m o is tu re  a n d  e th e r  e x tr a c t  o f  b re a s t  a n d  th ig h  
m u sc les  an d  d rip  c o lle c ted  d u rin g  th a w in g  an d  ro a s tin g  are 
p re se n te d  in  T ab le  1.

T h aw in g  an d  c o o k in g  losses w ere  c a lc u la te d  o n  th e  w e ig h t 
o f  th e  u n c o o k e d  h a lf  b ird . D iffe re n c es  in  th a w in g  losses w ere  
n o t  e x p e c te d  s ince  b o th  th e  u n c o o k e d  h a lf  b ird  a n d  th e  h a lf  
b ird  c o o k e d  fro m  th e  th a w e d  s ta te  w ere  su b je c te d  to  id e n tic a l 
th a w in g  p ro c e d u re s . C o o k in g  losses ( to ta l ,  d rip  a n d  v o la tile )  
and  th a w in g  losses p lu s  c o o k in g  losses w e re  s im ila r  fo r  th e  
th re e  tre a tm e n ts .

M eat c o o k e d  to  8 0 °C  fro m  fro z e n  an d  p a r tia lly  f ro ze n  
s ta te s  re q u ire d  a b o u t  20%  lo n g e r  (P  <  0 .0 1 )  c o o k in g  tim e  th a n  
m ea t ro a s te d  fro m  th e  th a w e d  s ta te . F u l to n  e t  al. (1 9 6 7 )  re 
p o r te d  a sim ila r in c re a se  in  ro a s tin g  tim e  (17% ) fo r  tu rk e y s  
ro a s te d  fro m  th e  fro z e n  s ta te  to  a n  in te rn a l te m p e ra tu re  o f  
8 5 °C .
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As e x p e c te d , u n c o o k e d  b re a s t a n d  th ig h  m u sc le  h ad  m o re  
m o is tu re  (P  <  0 .0 1 )  th a n  d id  c o o k e d  b re a s t a n d  th ig h  m uscle . 
M uscles c o o k e d  fro m  th e  f ro z e n , p a r tia lly  f ro z e n , o r th aw ed  
s ta te  h a d  s im ilar a m o u n ts  o f  m o is tu re , b u t  m o is tu re  c o n te n ts  
v aried  (P  <  0 .0 1 )  a m o n g  b irds.

P e rc en tag e  e th e r  e x tr a c t  in  th ig h  m u sc les  w as h ig h e r th a n  in 
b re a s t m uscle . P e rc en tag e  e th e r  e x tr a c t  in  b re a s t  m u sc le  w as 
n o t  a f fe c te d  s ig n ific a n tly  b y  tr e a tm e n t,  p e rh ap s  b ecau se  v a ria 
tio n  in p e rce n ta g e s  o f  e th e r  e x tr a c t  w as sm all.

R aw  th ig h  m uscles h ad  a lo w e r (P  <  0 .0 5 )  p e rc e n ta g e  o f  
e th e r  e x tr a c t  th a n  th a t  c o o k e d  fro m  th e  fro z e n , p a r tia lly  f ro 
zen , o r  th aw ed  s ta te s , p ro b a b ly  b ecau se  m o is tu re  lo s t  d u rin g  
c o o k in g  m ad e  th e  p e rc e n ta g e  o f  e th e r  e x tr a c t  o f  c o o k e d  m ea t 
h igher.

Large d iffe re n c e s  in  c o m p o s itio n  b e tw e e n  d rip  o b ta in e d  on  
th aw in g  an d  c o o k in g  w ere  o b se rv ed . T h aw in g  d rip  w as p r i
m arily  w a te r ;  c o o k in g  d rip  p rim a rily  lip id s. L arso n  (1 9 5 6 )  
re p o rte d  a m ean  o f  6%  so lid s  f ro m  d rip  o b ta in e d  fro m  tu rk e y s  
on  th aw in g . In th is  s tu d y  va lues w ere  s lig h tly  lo w e r (4 .5 %  and 
3.8%  so lid s). W ide v a r ia tio n  in  in d iv id u a l va lues w ith in  a t r e a t 
m en t m ay  be a t t r ib u ta b le  to  tu rk e y  v a r ia tio n  o r  to  th e  m e th o d  
u tilize d  fo r  m o is tu re  an d  lip id  analysis.

A d ju s te d  m ean s o f  v ita m in  B 6 c o n te n ts  o f  tu rk e y  m uscles 
an d  d rip  o n  b o th  w e t-w e ig h t and  m o is tu re -  a n d  fa t-fre e  bases 
are p re se n te d  in T ab le  2. V itam in  B 6 , like  n iac in , b u t  u n lik e  
th ia m in e  an d  r ib o flav in  (C o o k  e t ah . 1 9 4 9 ), w as c o n c e n tra te d  
m o re  in th e  lig h t th a n  in th e  d a rk  m ea t o f  tu rk e y . M eans 
o b ta in e d  fo r v ita m in  B 6 ran g ed  fro m  5 .5 0 —7 .1 8  /ig /g  in th e  
b re a s t  an d  fro m  2 .9 7 - 3 .5 1  jUg/g in  th ighs. B ow ers e t al. (1 9 7 4 )  
fo u n d  s im ila r va lues ( 5 —6 jug/g) fo r  tu rk e y  b re a s t m uscle  
c o o k e d  in m ic ro w av e  o r  c o n v e n tio n a l ovens. N o v ita m in  B 6 
va lues fo r  th ig h  m uscles w ere  fo u n d  in th e  l ite ra tu re .

V ita m in  B 6 c o n t e n t  o f  b re a s t  an d  th ig h  m u sc les  w ere  s im i
lar fo r  all fo u r  t re a tm e n ts  w h en  c a lcu la te d  on  a w e t-w e ig h t

basis. W hen  c a lcu la te d  o n  a m o is tu re -  an d  fa t-fre e  basis, u n 
c o o k ed  m u sc le  u su a lly  h a d  m o re  v ita m in  B6 th a n  c o o k e d  
m uscle . H igher m o is tu re  c o n te n t  (T a b le  1) o f  raw  m uscle  
w o u ld  e x p la in  th e  lack  o f  d iffe re n c e  in v ita m in  B 6 b e tw e e n  
c o o k ed  an d  raw  m u sc les  w h e n  c a lcu la te d  o n  a w e t-w e ig h t 
basis.

B reas t m u sc le  c o o k e d  fro m  th e  p a rtia lly  f ro z e n  s ta te  c o n 
ta in e d  m o re  (P  <  0 .0 5 )  v ita m in  B 6 (m o is tu re -  a n d  fa t-fre e  
basis) th a n  d id  m u sc le  c o o k e d  fro m  th e  th a w e d  s ta te .  M uscle 
c o o k ed  fro m  th e  fro ze n  s ta te  w as in te rm e d ia te  in  B 6 c o n te n t .  
V itam in  B 6 c o n te n t  o f  raw  th ig h  m u sc le s  (m o is tu re -  a n d  fa t- 
free  basis) w as h ig h e r (P  <  0 .0 1 )  th a n  fo r  m rs c le  c o o k e d  fro m  
fro ze n , p a r tia lly  f ro z e n  o r  th a w e d  s ta te s . V ita m in  B 6 c o n te n t  
varied  m e re  (o n  b o th  w e t an d  m o is tu re -  a n d  fa t-fre e  bases) 
a m o n g  b ird s  th a n  a m o n g  tre a tm e n ts .

N o c lea r  t re n d  is e v id e n t fro m  th o se  d a ta . M ore v ita m in  B 6 
in b re a s t  m uscle  c o o k e d  fro m  th e  p a r tia lly  f ro z e n  s ta te  th a n  
fro m  th e  th a w e d  s ta te  w as e x p e c te d  b ecau se  th e re  w as n o  d rip  
f ro m  th e  p a r tia lly  fro ze n  m e a t b e fo re  i t  w as c o o k e d . F o r  th e  
sam e re aso n  v ita m in  B 6 c o n te n t  o f  m e a t c o o k e d  f ro m  th e  
fro ze n  s ta te  w as e x p e c te d  to  b e  h ig h e r  th a n  fro m  m e a t c o o k e d  
fro m  th e  th aw ed  s ta te . We h a d  p o s tu la te d  th a t  v ita m in  B 6 
w o u ld  be  tra n s fe rre d  to  th e  d rip  d u rin g  th a w in g , so  i t  w o u ld  
be  lo w e r in  m u sc le  th a t  w as c o o k e d  a f te r  th aw in g . T h a t  w as 
n o t  th e  case in  b re a s t  o r  th ig h  m u sc le  e x c e p t  fo r  h ig h e r 
a m o u n ts  c f  v ita m in  B 6 in b re a s t  m u sc le  c o o k e d  fro m  th e  p a r
tia lly  fro ze n  ra th e r  th a n  th e  th a w e d  s ta te .

D iffe re n c es  in  v ita m in  c o n te n t  b e tw e e n  th e  raw  and  
c o o k ed  t re a tm e n ts ,  in b o th  b re a s t  and  th ig h  m u sc le , in d ic a te  
e ith e r  th a t  v ita m in  B 6 w as tra n s fe rre d  to  th e  d rip  o r  w as u n 
s tab le  d u rin g  c o o k in g . H o d so n  (1 9 5 6 )  fo u n c  th a t  a f te r  e x te n 
sive h e a t  t r e a tm e n t,  su ch  as s te r il iz a tio n , so m e  o f  th e  pyri- 
d o x a l in  m ilk  w as c o n v e rted  to  p y r id o x a m ire .  S ince  th e  y e as t 
used  in th e  assay  has a lesser g ro w th  re sp o n se  to  p y r id o x a m in e

Table 1—Cooking time and losses, moisture and ether extract of turkey muscle and drip

Cooked from 
frozen state

Cooked from 
partially 

frozen state
Cooked from 
thawed state

Significance
of

F-valuea
LSDb

for
treatment

differencesFactor Raw Treatments Birds

Thawing loss, % 1.07 _ _ 0.83 _ _ _
Total cooking loss, % - 26.29 27.38 25.09 ns — —
Drip loss, % - 5.05 5.71 4.47 ns - —
Volatile loss, % - 21.19 21.67 20.62 ns - —
Cooking time, min/kg - 65.38 63.03 53.09 * * — 6.34
Moisture, %  

Muscle
Pectoralis major 74.05 68.65 68.93 68.49 * * * * 1.61
Thigh 76.02 65.75 65.26 65.81 * * * * 2.15

Ether extract, %  

Muscle
Pectoralis major 1.59 1.74 1.83 1.51 ns ns —
Thigh 3.76 6.52 7.91 6.60 * ns 2.32

Moisture, % 
Drip

From thawing 94.5 - - 96.2 ns — _
From cooking ~ 8.21 19.95 15.15 ns — _

Ether extract, % 
Drip

From thawing 0.17 - - 0.06 ns _ _
From cooking — 80.1 64.9 71.0 ns - -

a  *  ‘ S i g n i f i c a n t  a t  0 . 0 1 ,  ‘ s i g n i f i c a n t  a t  0 . 0 5 ;  n s ,  n o n s i g n i f i c a n t  

b  L S D ,  l e a s t  s i g n i f i c a n t  d i f f e r e n c e  a t  0 . 0 5
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Table 2—Adjusted means of vitamin B6 content (pg/g) of turkey muscle and drip

Factor Raw
Cooked from 
frozen state

Cooked from 
partially 

frozen state
Cooked from 
thawed state

Significance
of

F-valuea
LSDb
for

treatment
differencesTreatments Birds

Muscle
Wet-weight basis

Pectoralis major 5.96 6.35 7.18 5.50 ns * * -
Thigh composite 3.51 3.27 2.97 3.14 ns * * -

Moisture- and fat-free basis
Pectoralis major 24.39 21.37 25.02 18.30 * * * 5.18
Thigh composite 17.31 11.87 10.97 11.73 * * * 4.23

Drip
Wet-weight basis

From thawing 2.09 - - 1.59 ns - -
From cooking - 1.99 3.03 2.88 ns - -

Moisture- and fat-free basis
From thawing 3.70 - - 43.7 ns - -
From cooking - 23.0 34.6 26.6 ns - -

a  * ' S i g n i f i c a n t  at 0.01 ; ' s i g n i f i c a n t  a t  0.05 
b LSD, l e a s t  s i g n i f i c a n t  d i f f e r e n c e  at 0.05

Table 3—Mean values of vitamin B6 content (,ug/100g of un
cooked bird) of drip obtained from thawing and cooking

Treatments

Factor Raw

Cooked
from

frozen
state

Cooked
from

partially
frozen
state

Cooked
from

thawed
state

Drip from thawing 2.54 - - 1.37
Drip from cooking - 6.75 10.59 8.92
Drip from thawing and cooking 2.54 6.75 10.59 10.29

th a n  p y r id o x a l, lo w e r  to ta l  B 6 va lues in  c o o k e d  m ea t m ay  be 
caused  p a r tly  b y  th e  c o n v e rs io n  o f  p y r id o x a l to  p y r id o x a m in e  
d u rin g  h ea tin g .

D iffe ren ces  in  v ita m in  B 6 c o n te n t  o f  th a w e d  o r  c o o k e d  d rip  
w ere n o t  s ig n ific a n t c a lc u la te d  o n  e ith e r  w e t o r  m o is tu re -  an d  
fa t-free  bases. W hen  v ita m in  B 6 va lues o f  to ta l  d rip  loss w ere  
ex p ressed  as jUg/TOOg o f  u n c o o k e d  b ird  ( to  e lim in a te  d if fe r 
ences in  b ird  w e ig h t)  v ita m in  B 6 d id  n o t  d if fe r  s ig n ific a n tly  
a m o n g  u n c o o k e d  m e a t a n d  m e a t c o o k e d  fro m  each  o f  th e

th re e  s ta te s  (T ab le  3 ). If  v ita m in  B 6 w e re  s ta b le  to  th e  c o o k in g  
p ro cess , m o re  o f  i t  sh o u ld  have  b e e n  in  d rip  f ro m  a c o o k ed  
b ird  b ecau se  less w as fo u n d  in  th e  c o o k e d  m uscle . H ow ever 
th a t  w as n o t  o b se rv ed , so  fro m  th o se  re su lts  it w as assum ed  
th a t  v ita m in  B 6 m ay  b e  u n s ta b le  d u r in g  ro a s tin g  to  th e  in 
te rn a l te m p e ra tu re  u sed . T h e  o n ly  e x c e p tio n  w as in  b re a s t 
m uscle  c o o k e d  fro m  th e  p a r tia lly  f ro z e n  s ta te .
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SURVIVAL OF SELECTED PATHOGENS DURING PROCESSING 
OF A FERMENTED TURKEY SAUSAGE

INTRODUCTION
W H O L E  C A R C A S S E S  an d  p ieces have tra d it io n a lly  b e en  th e  
p r im a ry  m o d e  o f  m a rk e tin g  p o u l try  m ea t. D u e  to  th e  in c re a s
ing p rices o f  red  m e a t an d  in  an  a t te m p t  to  e x p a n d  th e  
m a rk e tin g  o f  p o u l try  m e a t, new  p ro d u c ts  su ch  as p o u ltry  
b u rg e rs , p o u l try  b o lo g n a  a n d  fre sh  an d  fe rm e n te d  p o u ltry  
sausages have b e en  d ev e lo p ed  (B ak er e t a l., 1 9 6 6 ; D aw so n ,
1 9 7 0 ). A few  in v es tig a to rs  have r e p o rte d  o n  th e  m ic ro b io lo g y  
o f  th e se  p ro d u c ts  (B a ran  e t a l., 1 9 7 3 ; K e lle r a n d  A c to n , 1 9 7 4 ).

T u rk e y  m ea t has c o m m o n ly  b e en  im p lic a te d  as a veh ic le  o f  
fo o d b o rn e  d isease. F o r  e x am p le , 8.1 an d  4 .3%  o f  th e  fo o d -  
b o rn e  d isease  o u tb re a k s  r e p o rte d  in  th e  U n ite d  S ta te s  in  1971 
and  1 9 7 2 , re sp ec tiv e ly , w ere  a sso c ia ted  w ith  tu rk e y  m ea t 
(C D C , 1 9 7 2 ; 1 9 7 3 ). W hole  tu rk e y  carcasses have b e en  r e p o r t 
ed  to  h a rb o r  v a rio u s p a th o g e n ic  m ic ro o rg an ism s in c lu d in g  
sa lm o n e lla e , S t a p h y l o c o c c u s  a u r e u s  an d  C l o s t r i d i u m  p e r -  
f r i n g e n s  (W alker and A y ers , 1 9 5 9 ; B ry an  e t a l., 1 9 6 8 ). In 
a d d it io n , som e p a th o g e n ic  m ic ro o rg an ism s have b e en  d e te c te d  
in  d e b o n e d  tu rk e y  m ea t an d  p ro d u c ts  c o n ta in in g  d e b o n ed  
tu rk e y  m e a t (M ercu ri e t a l., 1 9 7 0 ; O s to v a r e t  a l., 1 9 7 1 ; F ro n - 
ing e t a l., 1 9 7 1 ; Z o tto la  an d  B u sta , 1 9 7 1 ). T h is  re p o r t  d e 
sc rib es  th e  survival o : se lec ted  p a th o g e n ic  b a c te r ia  d u rin g  
p ro cess in g  o f  a d ry  fe rm e n te d  tu rk e y  sausage.

MATERIALS & METHODS
S P I C E S  a n d  o t h e r  t y p i c a l  s a u s a g e  i n g r e d i e n t s  w e r e  a d d e d  t o  a  r a w  
s a u s a g e  m i x t u r e  c o n t a i n i n g  t u r k e y  m e a t  a n d  s k i n  a n d  f a t .  T h e  e n t i r e  
p r o c e s s  u s e d  f o r  t h e  p r o d u c t i o n  o f  t h e  d r y  f e r m e n t e d  t u r k e y  s a u s a g e  
w a s  p r e s e n t e d  e l s e w h e r e  ( B a r a n  a n d  S t e v e n s o n ,  1 9 7 3 ;  B a r a n  e t  a l . ,
1 9 7 3 ) .  T h e  p a t h o g e n i c  c u l t u r e s  w e r e  e a c h  i n o c u l a t e d  i n t o  s e p a r a t e  
b a t c h e s  o f  t h e  s a u s a g e  f o r m u l a t i o n  a n d  h e l d  u n d e r  g r e e n  r o o m  c o n d i 
t i o n s  f o r  2 4  h r  a t  1 0 ° C .  T h e  s a m p l e s  l a b e l e d  “ b e f o r e  p r o c e s s i n g ”  w e r e  
t a k e n  j u s t  p r i o r  t o  i n o c u l a t i o n  w i t h  a  P e d io c o c c u s  cerev isiae  s t a r t e r  

c u l t u r e  ( 0 . 6 2  g / k g ) .  T h e  e a u s a g e  f o r m u l a t i o n  w a s  s t u f f e d  i n t o  1 4 - m m  
a r t i f i c i a l  c o l l a g e n  c a s i n g  ( B r e c h t e e n  C o . ,  M t .  C l e m e n t s ,  M i c h . )  a n d  t h e  
e n c a s e d  s a u s a g e  w a s  h e a t e d  i n  a  s t e p - w i s e  m a n n e r  a t  2 7 ° C  f o r  3  h r ,  
3 2 ° C  f o r  4  h r ,  a n d  4 6 ° C  f o r  5 h r .  T h e  s a u s a g e  w a s  c o o l e d  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  1 6 - 1 8 ° C  b y  s p r a y i n g  w i t h  c o l d  w a t e r .  T h e  s a u s a g e  w a s  
d r i e d  a t  1 0 ° C  a n d  7 2 %  r e l a t i v e  h u m i d i t y  ( R H )  f o r  8  d a y s .  F o r  e a c h  
s a m p l e ,  f i v e  s e p a r a t e  1 0 0 - g  s u b - s a m p l e s  o f  m e a t  w e r e  p l a c e d  i n t o  9 0 0  
m l  o f  0 .1 %  p e p t o n e  d i l u e n t  a n d  b l e n d e d  f o r  2  m i n  in  W a r i n g  B l e n d o r s .  
D u p l i c a t e  d e t e r m i n a t i o n s  w e r e  m a d e  o n  e a c h  s u b - s a m p l e  i n  t h e  a p p r o 
p r i a t e  b r o t h  a n d  a g a r  m e d i a  f o r  t h e  e n u m e r a t i o n  o f  t h e  s e l e c t e d  
m i c r o o r g a n i s m s .  T h e  b a c t e r i a l  s t r a i n s  u s e d  a s  i n o c u l a  i n  t h i s  i n v e s t i g a 
t i o n  a n d  t h e i r  s o u r c e s  a r e  l i s t e d  i n  T a b l e  1 . T h e  c u l t u r e s  w e r e  m a i n 
t a i n e d  o n  n u t r i e n t  a g a r  ( D i f c o )  s l a n t s ,  e x c e p t  f o r  C . p e r fr in g e n s  w h i c h  
w a s  m a i n t a i n e d  i n  c o o k e d  m e a t  m e d i u m  ( D i f c o ) ,  a n d  t r a n s f e r r e d  t o  
n e w  m e d i a  p r i o r  t o  u s e .  S t r a i n s  o f  s a l m o n e l l a e  a n d  e n t e r o p a t h o g e n i c  E . 
c o li ( E E C )  w e r e  t r a n s f e r r e d  t o  2 5 0 - m l  E r l e n m e y e r  f l a s k s  c o n t a i n i n g  1 0 0  
m l  o f  l a c t o s e  b r o t h  a n d  i n c u b a t e d  o n  a  g y r o t a r y  s h a k e r  ( N e w  B r u n s 
w i c k  S c i e n t i f i c ;  N e w  B r u n s w i c k ,  N . J . )  a t  3 7  a n d  4 5 . 5 ° C ,  r e s p e c t i v e l y ,  
f o r  4 8  h r .  S a l m o n e l l a e  w e r e  e n u m e r a t e d  u s i n g  a  3 - t u b e  M P N  p r o c e d u r e  

w h i c h  c o n s i s t e d  o f  a n  e n r i c h m e n t  s t e p  i n  s e l e n i t e - c r y s t i n e  b r o t h  ( D i f c o ) ,  
s t r e a k i n g  p l a t e s  o f  b r i l l i a n t  g r e e n  s u l f a d i a z i n e  ( B G S )  a g a r  ( D i f c o )  a n d  
p r e s u m p t i v e  i d e n t i f i c a t i o n  o n  t r i p l e  s u g a r  i r o n  a g a r  ( D i f c o )  s l a n t s  ( G a l -  
t o n  e t  a l . ,  1 9 6 8 ) .  I n  a d d i t i o n ,  a  n o n s e l e c t i v e  e n r i c h m e n t  s t e p ,  i n c u b a 
t i o n  in  l a c t o s e  b r o t h  ( D i f c o )  f o r  3 6  h r  a t  3 7 ° C ,  w a s  u s e d  p r i o r  t o

‘ Present address: Quaker Oats Co., Pet Foods Div., 617 Main St., 
Barrington, IL 60010

i n o c u l a t i o n  i n t o  s e l e n i t e - c r y s t i n e  b r o t h  f o r  s a m p l e s  t a k e n  a f t e r  p r o c e s s 

i n g .  C o n f i r m a t i o n  o f  t h e  r e s u l t s  w a s  a c c o m p l i s h e d  w i t h  a  m i c r o - c o l o n y  
i n d i r e c t  f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e  ( T h o m a s o n ,  1 9 7 1 )  u s i n g  S a l 
m o n e l l a  0  g r o u p  D , f a c t o r  9 ,  a n d  S a l m o n e l l a  0  g r o u p  E 4 ,  f a c t o r  1 9  
a n t i s e r a  ( D i f c o )  f o r  S. p u l lo r u m  a n d  S. s e n f te n b e r g , r e s p e c t i v e l y ,  a n d  
a n t i - r a b b i t  g l o b u l i n  l a b e l e d  w i t h  f l u o r e s c i n e  i s o t h i o c y a n a t e  ( D i f c o ) .  
F l u o r e s c e n c e  w a s  d e t e c t e d  u s in g  a  L e i t z - O r t h o l u x  f l u o r e s c e n c e  m i c r o 
s c o p e  s y s t e m .  E n t e r o p a t h o g e n i c  E. c o li s t r a i n  0 1 2 5  : B 1 2  w a s  e n u m e r a t 
e d  u s i n g  a  3 - t u b e  M P N  p r o c e d u r e  w h i c h  c o n s i s t e d  o f  i n c u b a t i o n  in  

t u b e s  o f  l a u r y l  s u l f a t e  t r y p t o s e  b r o t h  ( D i f c o )  a t  3 5 ° C  f o r  2 4 - 4 8  h r  
f o l l o w e d  b y  s t r e a k i n g  o n  E M B  a g a r  ( D i f c o )  w h i c h  w a s  t h e n  i n c u b a t e d  
a t  3 5 ° C  f o r  2 4  h r .  T y p i c a l  E. c o li c o l o n i e s  w e r e  p i c k e d  f r o m  E M B  a g a r  
a n d  i n o c u l a t e d  i n t o  t u b e s  o f  E C  m e d i u m  ( D i f c o )  w h i c h  w e r e  i n c u b a t e d  
i n  a  w a t e r  b a t h  a t  4 5 . 5 ° C  f o r  4 8  h r .  T u b e s  e x h i b i t i n g  g a s  p r o d u c t i o n  
w e r e  s a m p l e d  a n d  s l id e  a g g l u t i n a t i o n  t e s t s  u s in g  D i f c o  O B  p o l y  A  a n d  
O B  p o l y  B  a n t i s e r a  w e r e  u s e d  f o r  s e r o l o g i c a l  c o n f i r m a t i o n  o f  a  p o s i t i v e  
t e s t  f o r  t h e  i n o c u l a t e d  s t r a i n .  S t r a i n s  o f  C . p e r fr in g e n s  w e r e  e n u m e r a t e d  
u s in g  a n  a n a e r o b i c  p o u c h  s y s t e m  ( B l a d e l  a n d  G r e e n b e r g ,  1 9 6 5 )  w i t h  
b a s a l  S P S  a g a r  ( D i f c o )  c o n t a i n i n g  D - c y c l o s e r i n e  ( E h  L i ly  a n d  C o . ,  
I n d i a n a p o l i s .  I n d . )  w h i c h  w a s  a d d e d  a f t e r  a u t o c l a v i n g  ( 0 . 4  m g / g ) .  A f t e r  
i n o c u l a t i o n  t h e  p o u c h e s  w e r e  i n c u b a t e d  f o r  4 8  h r  a t  3 7 ° C  a n d  t y p i c a l  
b l a c k  c o l o n i e s  w e r e  c o u n t e d .  R e p r e s e n t a t i v e  c o l o n i e s  w e r e  t r a n s f e r r e d  
t o  m o t i l i t y - n i t r a t e  m e d i u m  a n d  i r o n  m i l k  f o r  p r e s u m p t i v e  i d e n t i f i c a 
t i o n .  T h e  c o l o n i e s  w e r e  p r e s u m e d  t o  c o n t a i n  s t r a i n s  o f  C. p e r fr in g e n s  i f  
t h e y  c o n t a i n e d  n o n m o t i l e ,  n i t r a t e - r e d u c i n g  b a c t e r i a  w h i c h  p r o d u c e d  
a  s t o r m y  f e r m e n t a t i o n  in  i r o n  m i l k .  F o r  e n u m e r a t i o n  o f  S . a u r e u s , 
0 .1 - m l  a l i q u o t s  o f  t h e  d i l u t i o n s  w e r e  s p r e a d  o n t o  s u r f a c e s  o f  V o g e l -  
J o h n s o n  a g a r  ( B B L )  p l a t e s .  T h e  p l a t e s  w e r e  i n c u b a t e d  f o r  4 8  h r  a t  3 7 ° C  
a n d  b l a c k  c o l o n i e s  g r e a t e r  t h a n  1 m m  i n  d i a m e t e r  w e r e  t r a n s f e r r e d  t o  
B H I  b r o t h  a n d  a  c o a g u l a s e  t e s t  w a s  p e r f o r m e d  u s i n g  c o a g u l a s e  p l a s m a  
E D T A  ( D i f c o ) .  A  c o a g u l a s e - p o s i t i v e  t e s t  w a s  c o n s i d e r e d  t o  b e  p r e s u m p 

t iv e  i d e n t i f i c a t i o n  o f  t h e  c u l t u r e .  T h e  m i c r o s l i d e  g e l  d o u b l e  d i f f u s i o n  
a s s a y  f o r  e n t e r o t o x i n  d e v e l o p e d  b y  C a s m a n  a n d  B e n n e t t  ( 1 9 6 5 )  w a s  
u s e d  w i t h  m i n o r  m o d i f i c a t i o n  ( B a r b e r  a n d  D e i b e l ,  1 9 7 2 )  t o  d e t e r m i n e  

i f  d e t e c t a b l e  a m o u n t s  o f  s t a p h y l o c o c c a l  e n t e r o t o x i n  t y p e  B  ( S E B )  w e r e  
p r o d u c e d  d u r i n g  p r o c e s s i n g  o f  t h e  s a u s a g e .  T h e  a n t i - S E B  w a s  o b t a i n e d  
f r o m  M a k o r  C h e m i c a l s  L t d .  ( J e r u s a l e m ,  I s r a e l ) .

T o t a l  a e r o b i c  p l a t e  c o u n t s  ( A P C )  a n d  c o u n t s  o f  l a c t i c  a c i d  b a c t e r i a  
w e r e  d e t e r m i n e d  b y  p o u r  p l a t e  p r o c e d u r e s  u s i n g  P l a t e  C o u n t  A g a r  
( D i f c o )  a n d  L B S  a g a r  ( D i f c o ) ,  r e s p e c t i v e l y ,  f o l l o w e d  b y  i n c u b a t i o n  f o r  
7 2  h r  a t  3 0 °  C .  C o l i f o r m s  w e r e  e n u m e r a t e d  b y  s p r e a d i n g  0 .1  m l  a l i q u o t s  
o f  a p p r o p r i a t e  d i l u t i o n s  o v e r  t h e  s u r f a c e s  o f  V i o l e t  R e d  B i le  ( V R B )  a g a r  
p l a t e s  a n d  a d d i n g  a  t h i n  o v e r l a y  o f  V R B  a g a r  ( A P H A ,  1 9 6 6 ) ;  t h e  p l a t e s  
w e r e  i n c u b a t e d  f o r  4 8  h r  a t  3 5 ° C .

Table 1—Organisms inoculated into the turkey sausage mixture

Organism Strain Source

S a lm o n e lla  p u llo ru m MSUa
S a lm o n e lla  se n fte n b e rg 775W MSU
E sche rich ia  c o l i 0128:B12 FR|b
E sche rich ia  c o l i 0125:B12-HIC FRI
E sche rich ia  c o l i 026:B6 CDCC
S ta p h y lo c o c c u s  aureus 243 MSU
C lo s tr id iu m  p e rfr in g e n s ATCC3624 MSU
C lo s tr id iu m  p e rfr in g e n s NCTC 8238 MSU
a  D e p t ,  o f  - o o d  S c i e n c e  &  H u m a n  N u t r i t i o n ,  M i c h i g a n  S t a t e  U n i 

v e r s i t y

h  F o o d  R e s e a r c h  I n s t i t u t e ,  U n i v e r s i t y  o f  W i s c o n s i n  

c  C e n t e r  f o r  D i s e a s e  C o n t r o l ,  A t l a n t a ,  G a .
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RESULTS & DISCUSSION
M IC R O B IA L  C O U N T S are e x p re ssed  o n  a d ry  w e ig h t basis 
(u n less  o th e rw ise  s ta te d )  in  o rd e r  to  fa c ili ta te  c o m p a riso n s  
b e tw e e n  th e  c o u n ts  o b ta in e d  p r io r  to ,  a n d  a f te r  p ro cess in g . 
D a ta  f ro m  c o n tro l  sausages, w h ic h  w ere  n o t  in o c u la te d  w ith  
p a th o g e n ic  b a c te r ia , a re  p re se n te d  in  T ab le  2. T h e  c o n tro l  
sausages h ad  a f in a l p H  o f  5 .3 , to ta l  a c id i ty  ex p ressed  as la c tic  
acid  o f  ca 0 .3 0 % , an d  a m o is tu re  loss (w e ig h t lo ss d u rin g  
p ro cess in g ) o f  ca 35% . A 10- to  5 0 -fo ld  in c re ase  in  la c tic  acid  
b a c te r ia  and  a e ro b ic  p la te  c o u n ts  o c c u rre d  in  th e  c o n tro l  
sausages a f te r  a d d it io n  o f  th e  s ta r te r  c u ltu re .  C o lifo rm s , an d  
y eas ts  and  m o ld s  w ere  p re se n t a t lo w  levels ( 10 2 — 10 3 cells/g  
an d  10 3 — 10 4 cells/g , re sp e c tiv e ly )  p r io r  t o  p ro c ess in g , an d  
th e y  w ere  n o t  d e te c te d  a f te r  p ro cess in g .

In  sausages in o c u la te d  w ith  sa lm o n e lla e , th e  c o n c e n tra t io n s  
o f  S. pullorum w ere  re d u c e d  b y  >  4 .5  to  >  5 .3  log cy cles 
w h e n  th e  in it ia l  c o n c e n tra t io n s  w e re  >  3.1 X 1 0 s to  1.1 X 10 6 
cells/g  (F ig . 1A ). T h u s , S. pullorum, a c o n ta m in a n t  o f  raw  
p o u l try  p ro d u c ts ,  w as su b s ta n tia l ly  re d u c e d  in  n u m b e rs  d u rin g  
p ro cess in g . In  c o n tra s t ,  th e  c o n c e n tr a t io n s  o f  S. senftenberg 
w ere  re d u ce d  b y  o n ly  1.5 to  <  2 .0  log cy c les  w h e n  th e  in it ia l  
c o n c e n tra t io n s  w ere  >  6 .3  X 1 0 3 to  1.7 X 1 0 s cells/g  (F ig . 
IB ). T h e  g re a te r  to le ra n c e  o f  S. senftenberg to  h e a t  w o u ld  n o t  
be e x p e c te d  to  fu lly  a c c o u n t fo r  th e  d if fe re n c e  in  surv ival 
sh o w n  b e tw e e n  S. senftenberg and  S. pullorum in  th is  in v es ti
g a tio n  since  th e  h e a tin g  p ro c ess  w as v e ry  m ild . T h e  a p p a re n t  
survival o f  th e  S. pullorum m ig h t have b e en  in c re a sed , d u e  to  
g re a te r  cell re c o v e ry , b y  using  a se lec tiv e  m e d iu m  w h ic h  is less 
in h ib i to ry  th a n  B G S agar. T h e  surv iva l o f  sa lm o n e lla e  d u rin g  
p ro cess in g  is n o t  su rp ris in g  since  T ak a cs  a n d  S im o n ffy  (1 9 7 0 )  
have re p o r te d  th a t  d ry  sausages c o n ta in e d  v iab le  sa lm o n e llae  
u p  to  th e  tim e  o f  c o n s u m p tio n  if  th e  in it ia l  c o n c e n tr a t io n  w as 
>  2 .0  X 104 cells /g  (w e t w e ig h t) .

T h e  c o n c e n tra t io n s  o f  C. perfringens w ere  re d u c e d  by
1 .2 —3 .6  log cy c les  w h e n  th e  in it ia l  c o n c e n tra t io n s  w e re  4 .0  X 
1 0 1 to  6 .3  X 1 0 s cells/g  (F ig . 1C an d  ID ) .  T h e  ra te  o f  surv ival 
a p p e a re d  to  be  g re a te r  a t th e  lo w e r c o n c e n tr a t io n ;  h o w e v e r, 
th e  p la te  c o u n t  te c h n iq u e  has a re la tiv e ly  h igh  d eg ree  o f  e r ro r  
a t th e  lo w e r c o n c e n tra t io n s  m ea su re d  in  th is  in v es tig a tio n . 
S ince we d id  n o t  d is tin g u ish  b e tw e e n  sp o re s a n d  v eg eta tiv e  
cells, th e re  is a p o ss ib il ity  th a t  th e  survival sh o w n  m ay  have 
b e e n  in f lu e n c e d  by  sp o ru la tio n  d u rin g  th e  in it ia l  s tages o f  
p ro cess in g . N o n e th e le s s , th e  re su lts  in d ic a te d  th a t  C. perfrin
gens can  survive th e  p ro c ess , even w h e n  v eg e ta tiv e  cells are 
p re se n t a t  lo w  c o n c e n tr a t io n s  in  th e  sausage m ix tu re .

T h e  in it ia l  c o n c e n tr a t io n s  o f  E. coli 0 1 2 8 :B 12 ran g ed  fro m
2 .8  X 104 to  3 .6  X 1 0 s cells /g , an d  a f te r  p ro cess in g  th e  
n u m b e rs  w ere  re d u c e d  b y  <  1.4 to  2.1 log  cy c les  (F ig . IE ) .  In 
p re lim in a ry  e x p e r im e n ts , re su lts  o b ta in e d  fro m  sausages in 
o c u la te d  w ith  e n te ro p a th o g e n ic  E. coli s tra in s  0 2 6 :B 6 and  
0 1 2 5 :B 12 in d ic a te d  th e se  s tra in s  w ere  m o re  re a d ily  d e s tro y e d  
d u rin g  p ro cess in g  th a n  s tra in  0 1 2 8 :B 1 2 . H o w ev er, in  fu r th e r

Table 2—Microbial counts during production of dry fermented 
turkey sausage controls

Aerobic Lactic acid
plate count bacteria

Sample (cells/g)a (cells/g)a

Turkey meat and fat mixture 3.7 X 104 <  102
Sausage mixture 7.7 X 104 < 102
Sausage after greenroom incubation 3.7 X 10’ 2.4 X 10’
Sausage after addition of 1.4 X 109 1.0X10’

P. cerevis iae  and processing

a  D r y  w t  b a s i s

in v es tig a tio n s  w e fo u n d  th e  feca l c o lifo rm  in c u b a t io n  c o n d i
t io n s  su ita b le  fo r  s tra in  0 1 2 8 :B 1 2 , b u t  4 5 .5 °C  in  EC b ro th ,  
d id  n o t  y ie ld  c o n s is te n t re su lts  fo r  q u a n ti ta t iv e  re co v e ry  o f  
s tra in s  0 2 6 :B 6  an d  0 1 2 5 :B 12. T h u s  w e , a lo n g  w ith  o th e r  
in v es tig a to rs , have c ite d  th e  p ro b le m s  a sso c ia ted  w ith  u tiliz in g  
an  in c u b a t io n  te m p e ra tu re  o f  4 5 .5 ° C  fo r  ro u t in e  an a ly sis  o f  
e n te ro p a th o g e n ic  s tra in s  o f  E. coli (B a ran  an d  S tev en so n , 
1 9 7 3 ; M eh lm an  e t a l., 1 9 7 4 ).

□  Before processing 
BB After processing

Fig. 1—Effect of processing on the survival of selected pathogens in
separate batches of a dry fermented turkey sausage. (Numbers
indicate batches for each organism.)
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W h en  cells o f  S . a u r e u s  w ere  in o c u la te d  in to  th e  sausage 
m ix tu re ,  g ro w th  o c c u rre d  (F ig . I F ) .  T h e  g ro w th  o f  S . a u r e u s  
in  th e  sausage, in  c o n tr a s t  to  th e  o th e r  p a th o g e n s , m ay  be d u e  
to  i ts  a b ili ty  to  g ro w  a t a lo w er w a te r  a c tiv ity  th a n  th e  o th e r  
o rg an ism s. F in a l p o p u la t io n s  o f  2 .8  X 1 0 6 to  3 .6  X IO 7 S.  
a u r e u s  cells/g  w ere  f o u n d , an d  SEB w as n o t  d e te c te d  in  a n y  o f  
th e  sam ples. B a rb e r and  D e ib e l (1 9 7 2 )  s im ila rly  w e re  u n a b le  to  
d e te c t  SEB in  sausage m ix tu re s  u n less  S', a u r e u s  p o p u la t io n s  o f 
ca  1 0 9 cells/g  w ere  p re se n t.

N o n e  o f  th e  p a th o g e n s  u tilize d  in  th is  in v es tig a tio n  w ere  
d e te c te d  in  an a ly se s c o n d u c te d  o n  c o n tro l  sausages. T h e  tu r 
k e y  m e a t u sed  fo r  th e  sausages w as c a re fu lly  p ro cessed  in  o u r  
o w n  fa c ilitie s  u n d e r  s tr ic te r  c o n d it io n s  th a n  th o se  w h ich  
g e n e ra lly  p rev ail d u rin g  c o n tin u o u s  c o m m e rc ia l p ro cess in g . 
T h e  h ig h es t p o p u la t io n s  w ere  used  in  th is  in v e s tig a tio n  to  
d e te rm in e  th e  re su lts  fo r g rossly  c o n ta m in a te d  p ro d u c ts  an d  
e x c e p t fo r  S. p u l l o r u m ,  a t te m p ts  w ere m ad e  to  v a ry  th e  th e  
levels o f  in o cu la . T h e  p o p u la t io n s  o f  p a th o g e n s  u sed  fo r  in o c u 
la tio n  o f  th e  e x p e r im e n ta l  sausages a re  o b v io u s ly  g re a te r  th a n  
th o se  w h ich  w o u ld  be  e x p e c te d  in  c o m m e rc ia l p ro d u c ts ,  b u t ,  
th e y  are  w ith in  th e  ran g e  o f  p o p u la t io n s  w h ic h  c o u ld  be  fo u n d  
u n d e r  p o o r  p ro cess in g  c o n d itio n s . T h e  re su lts  p re se n te d  h e re in  
in d ic a te  th a t  c e r ta in  p a th o g e n ic  b a c te r ia , w h ic h  m ig h t be  p re s
e n t  in  tu rk e y  m e a t, m ay  survive in  fe rm e n te d  d ry  tu rk e y  
sausages w h ic h  rece ive  a “ lo w  h e a t”  p ro cess . S ince  th is  in v es ti
g a tio n  d eals w ith  an  e x p e r im e n ta l p ro d u c t  w h ic h  is n o t  m a r
k e te d  c o m m e rc ia lly , no  s ta n d a rd  p ro c e d u re s  fo r  th e rm a l t r e a t 
m e n t an d  r ip e n in g  have b e e n  a d o p te d . L ow  h e a t  p ro cesses , 
su c h  as th e  o n e  used  in  th is  in v es tig a tio n , m a y  be a d o p te d  by  
m a n u fa c tu re rs  since p ro cess in g  fe rm e n te d  tu rk e y  sausages a t 
ca  7 1 °C  y ie ld s u n d e s irab le  p ro d u c t  c h a ra c te ris tic s  (B a ran  e t 
a l., 1 9 7 3 ; K elle r a n d  A c to n , 1 9 7 4 ). T h u s , m a n u fa c tu re rs  
sh o u ld  b e  co g n iz an t o f  th e  p o te n tia l  h e a l th  h a za rd s  a sso c ia ted  
w ith  th e  p ro d u c tio n  o f  su ch  p ro d u c ts .
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GRILLED FREEZE-DRIED STEAKS. Effects of Mechanical 
Tenderization Plus Phosphate and Salt

INTRODUCTION
A T O U G H  W O O D Y  T E X T U R E  h as  lo n g  b e e n  a sso c ia ted  w ith  
freeze -d ried  b e e f  s te ak s  an d  p o rk  c h o p s  (B ird , 1 9 6 5 ; P e n n y  e t 
al., 1 9 6 3 ). V a rio u s  a t te m p ts  hav e  b e en  m ad e  to  in c re ase  th e  
te n d e rn e s s  o f  raw  an d  p re c o o k e d  free z e -d ried  b e e f  an d  p o rk  
slices. T u o m y  e t al. (1 9 6 3 )  in d ic a te d  th a t  p ro lo n g e d  a n d /o r  
h ig h er in te rn a l c o o k in g  te m p e ra tu re s  w o u ld  re su lt  in  a m o re  
te n d e r  freeze -d ried  b e e f  s te ak . H in n e rg a rd t a n d  B u rg er (1 9 7 5 )  
in v estig a ted  th is  th e o ry  an d  fo u n d  th a t  th is  w as in  fa c t,  th e  
case. H ow ever, th e  e x tr a  c o o k in g  n e ce ssa ry  to  p ro d u c e  an  o b 
servab le  in crease  in  te n d e rn e s s  a lso  im p a r te d  an  u n d e s ira b le  
d ry -m o u th  feel to  th e  p re c o o k e d  free z e -d ried  s te ak . H in n e r
g a rd t an d  B u rger (1 9 7 5 )  d id  f in d  g re a tly  im p ro v e d  re h y d ra t io n  
an d  re h y d ra te d  m e a t te x tu re  w h e n  ro a s t b e e f  w as sliced  1.6 
m m  th ic k . P e n n y  e t  al. (1 9 6 3 )  r e p o r te d  an  im p ro v e m e n t in 
b e e f  te x tu re  w h e n  th e  b e e f  h a d  b e en  t r e a te d  w ith  a p re 
s la u g h te r  in je c tio n  o f  a d ren a lin e . T h e  a d re n a lin e - tre a te d  sam 
ples h a d  a h ig h  u l t im a te  p H  o f  6 .7  an d  w ere  m o re  ju ic y  and  
less w o o d y  th a n  th e  c o n tro l  sam p le s  w ith  an  u l t im a te  p H  o f
5 .6 . T h ey  also  o b se rv ed  th a t  th e  d e h y d ra te d  b e e f  w ith  a h igh  
u l tim a te  p H  sh o w ed  less d e te r io ra t io n  o f  te x tu r e ,  f lav o r an d  
c o lo r  d u rin g  s to ra g e  a t  3 7 °C . Im p ro v ed  h y d ra t io n  o f  m e a t w as 
also  fo u n d  b y  W ism er-P ed ersen  (1 9 6 5 ) ,  to  b e  a sso c ia ted  w ith  
h igh  p H  values. B o u to n  e t  al. (1 9 7 3 )  s ta te d  th a t  b e e f  te n d e r 
ness in c re a sed  lin e a rly  w ith  in c re as in g  pH , p a r tic u la r ly , w h en  
th e  u l t im a te  p H  is o v er 6 .0 . W ith  p H  v a lu es less th a n  6 .0 , th e y  
fe lt th e re  w e re  to o  m an y  fa c to rs  a f fe c tin g  te n d e rn e s s  to  a lw ays 
f in d  a fix ed  re la tio n s h ip  b e tw e e n  te n d e rn e s s  a n d  p H  values.

S ince p re -s la u g h te r  t r e a tm e n t  o f  b e e f  to  a tta in  a h igh  u l t i 
m a te  p H  is f r e q u e n t ly  d if f ic u lt  o r  im p o ssib le , so m e  w o rk e rs  
have a t te m p te d  to  ra ise  th e  u l t im a te  p H  o f  p o s t-s la u g h te r  m u s

cle to  in c re ase  b o th  te n d e rn e s s  a n d  w a te r-h o ld in g  c ap a c ity . 
S h u lts  e t  al. (1 9 7 2 )  su m m ariz e s  so m e  o f  th e  w o rk  d o n e  using  
co n d en sed  p h o sp h a te s  o n  p H  a d ju s tm e n t o f  fresh  b e e f. T h is 
su m m a ry  in d ic a te d  a c o m b in a tio n  o f  sa lt a n d  p h o s p h a te  p ro 
d u ced  th e  m o s t w a te r  re te n tio n . T h e ir  s tu d y  n o t  o n ly  c o n 
firm ed  th is  fa c t,  b u t  in d ic a te d  N a tr ip o ly p h o s p h a te  an d  te t ra  
so d iu m  p y ro p h o s p h a te  h a d  th e  m o s t e f fe c t  o n  w a te r  r e te n tio n  
an d  p H  a d ju s tm e n t. H o w ev er, a c o m b in a tio n  o f  N aC l a n d  0 .5%  
T PP  re su lte d  in  th e  lea s t a m o u n t o f  sh r in k  d u rin g  180  m in  o f  
h e a tin g  a t  6 0 °C . T h ey  c o n c lu d e d  th a t  th e  sy n e rg is tic  e f fe c ts  o f  
T PP w ith  sm all a m o u n ts  o f  N aC l (0 .5  —1.5% ) p re se n te d  th e  
p o ss ib ility  o f  o b ta in in g  p re c o o k e d  b e e f  i te m s  w ith  a lo w  
sh rin k  an d  n o , o r  o n ly  a  s lig h t, sa lty  ta s te . T h is  c o u ld  b e  an 
im p o r ta n t  o b se rv a tio n  fo r  p re p a ra tio n  o f  c o o k e d  b e e f  fo r  
f re e z e -d e h y d ra t io n  b ecau se  m o re  ju ic e  c o u ld  b e  re ta in e d  d u r 
ing c o o k in g  to  p re v e n t th e  d ry n e ss  o f te n  o b se rv ed  w ith  m ea t 
c o o k e d  fo r  freeze  d e h y d ra t io n . W ism er-P ed ersen  (1 9 6 5 )  in 
je c te d  p o rk  lo in s  w ith  e th y le n e d ia m in e te tr a a c e ta te  (E D T A ) 
an d  p y ro p h o s p h a te .  He fo u n d  th e  E D T A  fa c ili ta te d  w a te r  
p e n e tr a t io n  w h ile  th e  p y ro p h o s p h a te  im p ro v e d  th e  w a te r -b in d 
ing  c a p a c ity  o f  :h e  m ea t. W arn e r-B ra tz le r  sh e a r  v a lu es sh o w ed  
an  im p ro v e d  te x tu re  o f  th e  t r e a te d  sam ples.

H am d y  e t al. (1 9 5 9 )  tr ie d  to  im p ro v e  r e h y d ra t io n  o f  freeze- 
d ried  m ea ts  b y  re h y d ra t in g  th e m  in  so lu t io n s  o f  0 .2 M  NaCl, 
0 .0 1 M  KC1 an d  0 .0 5 M  so d iu m  a sc o rb a te . T h ese  t re a tm e n ts  
seem ed  to  im p ro v e  th e  te x tu re  an d  w a te r-h o ld in g  c a p a c ity

(W H C ) o f  th e  free z e -d ried  m ea ts . C a lc iu m  a n d  m ag n esiu m  
c h lo rid e s  a d d e d  to  th e  r e c o n s t i tu t io n  w a te r  in c re a se d  th e  W HC 
b u t  ad d ed  an  o b je c t io n a b le  ta s te  to  th e  m ea t. T h e  e f fe c t  o f  th e  
in fu se d  m o d if ie r  so lu t io n  ad d ed  to  th e  m e a t p r io r  to  freeze  
d ry in g  w as a lso  c a rried  o v er to  th e  r e h y d ra te d  m e a t sam ples.

Table 1—Technological panel and penetrometer results of grilled, freeze-dried steaks treated with and w/o mechanical tenderization, and with 
and w/o a solution of P04 and NaCl

No mechanical 
tenderization 

or P04 a
With

P04/NaCI
With mechanical 

tenderization

With mechanical 
tenderization 
and P04/NaCI

Tenderness0 2.87d 4.22c 5.05b 5.95a
Penetrometer15 10.86 ± 2.06 9.02 ± 2.06 6.36 ± 1.20 5.15d ± 0.95
Cutabilityd 2.67c 4.55b 5.97a 6.55a
Residuee 5.57a 4.60ab 4.22b 3.87b
Juiciness1 3.20c 4.80a 3.97bc 4.40ab
Percent
rehydrationS 50.00c ± 5.36 56.61a ± 5.07 53.61b ± 3.68 55.96ab ± 3.46

a  M e a n s  i n  a  r o w  n o t  f o l l o w e d  b y  a c o m m o n  l e t t e r  d i f f e r  s i g n i f i c a n t l y  a t  t h e  1 %  l e v e l  o f  p r o b a b i l i t y  a s  d e t e r m i n e d  b y  t h e  N e u m a n - K e u l s  t e s t ,  

k  P e n e t r a t i o n  w a s  a c c o m p l i s h e d  a c c o r d i n g  t o  t h e  m e t h o d  o f  H i n n e r g a r d t  a n d  T u o m y  ( 1 9 7 0 ) .  S h e a r  f o r c e  v a l u e s  =  l b  f o r c e  r e q u i r e d  t o  p e n e t r a t e  a 

1 . 2 7  c m  t h i c k  b e e f  s t e a k .

c  T e n d e r n e s s  i s  t h e  o v e r a l l  e f f o r t  r e q u i r e d  t o  c h e w  a  s a m p l e  o n  t h e  f i r s t  a n d  s u b s e q u e n t  c h e w s .  ( 1  =  e x t r e m e l y  t o u g h ;  9  =  e x t r e m e l y  t e n d e r ) ,  

d  C u t a b i l i t y  i s  t h e  d e g r e e  o f  d i f f i c u l t y  o r  e a s e  o n e  e x p e r i e n c e s  i n  b i t i n g  t h r o u g h  a s a m p l e  o n  o n e  o r  m o r e  t r i e s  w h e n  t h e  s a m p l e  i s  i n i t i a l l y  p u t  i n  t h e  

m o u t h .  ( 1  =  e x t r e m e l y  d i f f i c u l t ;  9  =  e x t r e m e l y  e a s y ) .

e  R e s i d u e  i s  t h e  a m o u n t  o f  m a t e r i a l  r e m a i n i n g  i n  t h e  m o u t h  j u s t  b e f o r e  s w a l l o w i n g  t h e  s a m p l e .  ( 1  =  n o n e ;  9  =  g r e a t e s t  a m o u n t ) .

*  J u i c i n e s s  i s  t h e  d e g r e e  t o  w h i c h  o n e  c a n  f e e l  f r e e  l i q u i d  i n  t h e  m o u t h .  ( 1  =  e x t r e m e l y  d r y ;  9  =  e x t r e m e l y  j u i c y ) .

£  R e h y d r a t e d  w t  — d r y  w t  
----------- r f l h u H r a t a H  4A/t--------------  X  1 0 0  =  %  m o i s t u r e .
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Even though the treatments described resulted in improved 
texture of freeze-dried meat, apparently a great deal of varia
tion was still observed in the rehydration and texture of treat
ed freeze-dried meat. It appeared to the authors of this paper 
that use of a Bettcher needle tenderizer might reduce the varia
tion in texture and rehydration of cooked freeze-dried meats 
without altering the rehydrated cooked meat appearance. The 
authors have been unable to find literature regarding the use of 
the Bettcher mechanical tenderizer. However, its use to 
mechanically tenderize wholesale cuts of beef is known.

The following study was undertaken to determine the ef
fect of a phosphate and salt solution in combination with 
mechanical tenderization of meat prior to cooking and freeze- 
dehydration on the juiciness and tenderness of precooked 
freeze-dried beef.

MATERIALS & METHODS
Thirty-two USD A Choice top rounds, 7 to 10 days postm ortem  were 
obtained from a commercial source. The rounds were individually 
wrapped in freezer paper, and stored at -2 3 °C  for 1 wk. The rounds 
were then randomly divided into four lots, by random  selection equili
brated to a tem perature of 4.4°C, and the semimembranosus muscle 
was excised.

One lot was mechanically tenderized by passing the muscle three 
times through a Bettcher Industries Tend-R-Rite Model TR-2, at the

Table 2—Variance of the Allo-Kramer penetrometer data for 
grilled, freeze-dried steaks with and w/o mechanical tenderization, 
and with and w/o a solution of P04 and NaCI

Treatments3 Variance

Control (no mechanical tenderization or 4.24
P04 and NaCI

P04 and NaCI solution only 4.24
Mechanical tenderization only 1.44
Mechanical tenderization plus P04 and 0.90

NaCI
3  N  =  4 0  o b s e r v a t i o n s / t r e a t m e n t .  F i v e  s l i c e s  w e r e  s e l e c t e d  f r o m  t h e  

c e n t e r  p o r t i o n  o f  e a c h  r o a s t  a n d  t h e r e  w e r e  e i g h t  r o a s t s  p e r  t r e a t 

m e n t .

Table 3—Chemical analysis of raw steaks treated with and w/o 
mechanical tenderization and with and w/o a solution containing P 
and NaCla

P
Treatments H20  Fat NaCI (mg/100g) Ash pH Protein

No mechanical 70.77
tenderization
or P04 and
NaCI solution
P04 and NaCI 73.56
solution
only
Mechanical 71.69
tenderiza
tion only
Mechanical 73.45
tenderiza
tion and P04 
and NaCI 
solution

5.44 0.19 210

2.28 0.84 248

3.98 0.23 217

4.72 1.14 275

1.06 5.4 21.97

2.06 5.5 20.74

1.11 5.3 23.46

2.28 5.7 19.62

a  S o l u t i o n  c o n c e n t r a t i o n s  w e r e  c a l c u l a t e d  o n  a w e i g h t / w e i g h t  b a s i s  

o f  t r i p o l y p h o s p h a t e ,  N a C I  a n d  H 2 0 .  T h e  a n a l y s i s  r e p o r t s  e l e m e n 

t a l  p h o s p h o r u s  a n d  %  N a C I  f o u n d  i n  t h e  s a m p l e s .

slowest speed. Another lot was mechanically tenderized in like manner, 
and a solution consisting of 3.0% sodium tripolyphosphate (TPP) and 
7.5% NaCI was pumped into the muscles to 10% of their weight. Pum p
ing was done using a Koch Tenderizer Injecter (8127) equipped with 
four stainless steel needles 2.2 cm apart. A constant pum p gauge pres
sure o f 13.6 kg was maintained during pumping. The third lo t received 
no mechanical tenderization, b u t was pumped w ith the TPP-NaCl to 
10% of their raw weight. The fourth lot received no mechanical 
tenderization and no phosphate or salt solution. The treated roasts 
(semimembranosus muscles) were frozen to  a tem perature o f -2 3 °  C 
and 5 slices 1.27 cm thick were obtained from the  center portion  of 
each roast by cutting across the grain with a meat saw. A 6.35 cm 
diam eter die was used to cut individual steaks from the slices in each 
treatm ent. A l l  steaks were grilled a t a tem perature o f 176°C for 3 min 
per side. The grilled steaks were frozen at - 2 3 ° C prior to  dehydration 
in a Stokes freeze dehydrator at a plate tem perature o f 51.6°C  and a 
chamber pressure o f 0 .3 -0 .5  mm Hg (0 .0 4 7 -0 .0 6 7  k Pa). All trea t
ments were sealed w ith a nitrogen flush in No. 2-1/2 cans and stored for 
one m onth.

After storage, the steaks were rehydrated in 48.9°C  water for 10 
minutes and rehydration percentages were determ ined by weight differ
ence. Penetration measurement o f tenderness was accomplished accord
ing to the m ethod of Hinnergardt and Tuomy (1970) using an Allo- 
Kramer shear press modified with a five-needle penetrom eter head. The 
trim from  each raw steak was composited for each treatm ent and ana
lyzed for % moisture, % fat, % NaCI, P mg/lOOg, % Ash, pH and % 
protein by Official AOAC (1970) methods.

Im mediately following the needle penetrom eter m easurem ent, each 
steak was subm itted to  subjective evaluations. The subjective attributes 
evaluated were cutability, tenderness, juiciness and residue. A nine- 
category bipolar type scale was used to estim ate the magnitude o f each 
attribute. Judges were 20 food technologists and food chemists selected 
on the basis o f previous experience in the sensory assessment o f food 
texture, including meats. Two replications o f  the experim ent were con
ducted: one in the morning and the o ther the afternoon o f the same 
day. Samples were presented in a balanced random  order. Judges were 
given an instruction sheet containing definitions o f each a ttribu te  and 
criteria for making judgments.

RESULTS & DISCUSSION
MECHANICAL tenderization of USDA Choice top rounds 
prior to cutting into 1.27 cm thick steaks resulted in grilled, 
freeze-dried steaks that were significantly more tender than 
the control as well as those samples that were injected with 
TPP-NAC1 solution. When considering those steaks that were 
mechanically tenderized, it should be noted in Table 1 that 
their tenderness was significantly superior to the treatments 
that were not mechanically tenderized. The penetrometer re
sults in Table 1 also reflected the differences in tenderness 
found by the sensory panel, and these results agree with one 
another. It is also interesting to note that the steaks which 
were mechanically tenderized had less residue than the steaks 
that were not mechanically tenderized. Mechanical tenderiza
tion in the authors’ opinion produced a freeze-dried steak 
which resembled a normal steak in appearance and texture.

Another effect of mechanical tenderization can be noted in 
Table 2. Comparison of the variances by means of an “F” test 
reveals that mechanical tenderization resulted in highly signifi
cant (P <  0.01) reduction in the variation of the tenderness of 
rehydrated, grilled, freeze-dried beef steaks. This resulting in
crease in uniformity of tenderness of the freeze-dried steaks 
should add greatly to their acceptability. Mechanical tenderiza
tion accounted for 69% of the variance components when 
tenderness was measured by the penetrometer and 40% as 
measured by the sensory tenderness panel. The TPP-NaCl solu
tion had a small but significant effect on the tenderness of the 
freeze-dried steaks. The solution accounted for 8.9 and 12.2% 
of the variability components of tenderness for the penetrom
eter and taste panel evaluation respectively, as calculated by 
the method of Hicks (1956). The sensory attribute of cutabil
ity did not reflect the difference between addition or nonad
dition of the TPP-NaCl solution to the mechanically tender
ized samples.



GRILLED FREEZE-DRIED S T E A K S - 6 2 3

The TPP-NaCl solution treatment had the most notable 
effect on sensory juiciness and percent rehydration of the 
grilled freeze-dried steaks (Table 1). A two-way analysis of 
variance showed the injected solution and not mechanical 
tenderization alone to be the responsible factor for the differ
ence in juiciness. Table 1 does not indicate a clear difference 
between the treatment of mechanical tenderization and the 
treatment of mechanical tenderization with the injected phos
phate solution due to the one-way analysis of variance and the 
multiple range test used to separate the means. Even though 
this difference failed to be statistically significant, the panelists 
rated the solution-injected samples higher in juiciness than the 
noninjected samples. The higher tenderness ratings for the 
TPP-NaCl injected samples over the control samples probably 
resulted from the improved rehydration and juiciness observed 
for the phosphate-salt treated samples.

The phosphate-salt solution contributed a significant (16%) 
of the variance component of rehydration. Mechanical tenderi
zation also significantly effected rehydration, but contributed 
only 4.4% to the variance components of rehydration. 
Another 7% of the variance was attributable to the interaction 
between the injected solution and the mechanical tenderiza
tion treatment.

The chemical analysis reported in Table 3, reflected the 
changes in moisture, NaCl, P, ash, pH, fat and protein caused 
by the injected solution. Injection of the solution increased 
moisture content, NaCl, P, ash and pH. Undoubtedly, most of 
the difference in NaCl, P and pH between the steaks with 
TPP-NaCl solution only and those with mechanical tenderiza
tion plus the solution was due to the problem of achieving a 
uniform injection, even though the raw roasts were allowed to 
equilibrate at 4.4°C for 2 hr before freezing, slicing, cooking 
and dehydration.

It was concluded that while addition of TPP-NaCl solutions 
improved the texture of freeze-dried steaks, the most satisfac
tory textural quality resulted from mechanically tenderizing 
the roast and then injecting with TPP-NaCl solution.
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FRESHLY COOKED AND COOKED, FROZEN 
REHEATED BEEF AND BEEF-SOY PATTIES

INTRODUCTION

VEGETABLE PROTEINS are being used increasingly as fresh 
meat extenders. Gallimore (1974) reported that soy-ground- 
beef blends accounted for 26% of the ground beef sales of 
three grocery chains during 30 wk in 1973. The Food and 
Nutrition Service (FNS, 1971) allows a meat and textured 
vegetable protein combination (a maximum of 30% hydrated 
textured vegetable protein with 70% ground meat) as an ac
ceptable meat alternative for the National School Lunch Pro
gram.

Little information concerning eating quality and other 
characteristics of mea: with allowable (30% rehydrated tex
tured soy) vegetable protein is available. However, some 
characteristics of meat blends with less than 30% soy protein 
added have been studied. Judge et al. (1974) found that soya 
flour and soya protein concentrate in ground beef patties de
creased cooking shrinkage with no effect on bacterial number 
after 7 days storage. Huffman and Powell (1970) added 2% 
soya bits to ground beef patties and found that they received 
higher tenderness scores than those with no soya.

Adding soy to meat may reduce the stale or warmed-over 
flavor in cooked, reheated meat because certain vegetable ex
tracts are effective antioxidants. Sato et al. (1973) found that 
adding one of several cereal protein products to ground meat 
loaves reduced rancidity (warmed-over flavor). Pratt (1972) 
and Sangor and Pratt (1974) reported lower TBA values for 
beef slices covered with soy extract solutions than for con
trols.

This study evaluated effects of pre-cooking, frozen storage 
and reheating on eating quality, cooking losses, percentages of 
moisture and fat, and TBA values of ground beef and beef-soy 
blends (15 and 30% soy).

EXPERIMENTAL

Materials
G r o u n d  b e e f  ( a p p r o x im a te ly  2 5 %  f a t )  w a s  o b t a in e d  f r o m  th e  m e a t  

l a b o r a to r y  o f  t h e  A n im a l  S c ie n c e  &  I n d u s t r y  D e p t . ,  K a n s a s  S t a t e  U n i
v e r s i ty .  T e x t u r e d  s o y  p r o t e i n  (U l t r a  S o y ,  F a r -M a r-C o , H u tc h in s o n ,  K a n 
sa s ) w a s  r e h y d r a t e d  w i t h  w a te r  a n d  a d d e d  to  t h e  g r o u n d  b e e f  a s  f o l 
lo w s :

Percentage 
rehydrated soy

0%
1 5 %
3 0 %

Ground beef Water Ultra soy
4 0 0 0  g  0  0
3 4 0 0  g 4 0 0  g  2 0 0  g
2 8 0 0  g 8 0 0  g  4 0 0  g

B le n d s  w e re  m ix e d  w i th  a  H o b a r t  m ix e r  (M o d e l  A -2 0 0 )  f o r  2  m in  a t  # 2  
s p e e d  ( 1 1 3  rp m ) .

Preparation
2 0  p a t t i e s  ( 1 8 0 g ,  9 .5  c m  in  d ia m )  o f  e a c h  m i x t u r e  w e re  m o ld e d  a n d  

th e r m o m e te r s  i n s e r t e d .  1 0  p a t t i e s  o f  e a c h  m ix tu r e  w e re  p la c e d  o n  w ire  
r a c k s  7 c m  h ig h  in  a  s h a l lo w  p a n  in  a  r o t a r y - h e a r t h  e l e c t r i c  o v e n  a t  
1 7 7 ° C  a n d  h e a t e d  t o  7 5 °C i n t e r n a l  t e m p e r a t u r e .  T o t a l  c o o k in g  lo s s e s  
w e re  c a l c u l a t e d .  P a t t i e s  w e re  c o o le d  a t  r o o m  t e m p e r a t u r e  15 m in ,  t h e n  
p a c k a g e d  in  f o i l  a n d  f r o z e n  ( - 1 7 ° C ) .  T e n  a d d i t io n a l  p a t t i e s  o f  e a c h  
m ix tu r e  w e r e  f r o z e n  ra w .  A f t e r  8 - 9  w k  f r o z e n  s to r a g e ,  ra w  a n d  c o o k e d  
p a t t i e s  w e re  t h a w e d  15  h r  a t  6°  C  a n d  2  h r  a t  2 5 °  C . R a w  p a t t i e s  w e re

p la c e d  o n  r a c k s  in  s h a l lo w  p a n s  a n d  h e a t e d  t o  7 5 ° C . P r e v io u s ly  c o o k e d  
p a t t i e s  w e re  p la c e d  ( tw o  a t  a  t im e )  in  a n  A m a n a  R a d a r a n g e  (M o d e l  
R R 2 )  a n d  h e a t e d  3 m in  ( t o  a p p r o x im a te ly  5 5 ° C ) .  T w o  p a t t i e s  c o m 
p r is e d  a n  e x p e r i m e n t a l  u n i t - o n e  w a s  c u t  d ia g o n a l ly  t o  s ix  w e d g e s  f o r  
s e n s o ry  e v a l u a t io n ;  t h e  o t h e r  w a s  u s e d  f o r  p a n e l  e v a l u a t io n  o f  a p p e a r 
a n c e ,  t h e n  g r o u n d  f o r  m o i s tu r e ,  f a t  a n d  T B A  d e t e r m i n a t i o n s .  T h e  
b o r d e r  o u t l i n e s  o f  t h e  c o o k e d  p a t t i e s  w e re  t r a c e d  a n d  th e i r  d i a m e t e r s  
m e a s u r e d  t o  d e t e r m in e  s h r in k a g e  d u r in g  c o o k in g .

Sensory evaluation
C o o k e d  o r  r e h e a t e d  s a m p le s  w e re  t r a n s f e r r e d  t o  w a r m ,  c o d e d  g la ss  

s n i f t e r s ,  c o v e r e d  w i th  w a tc h  g la s s e s , a n d  p r e s e n t e d  t o  t h e  s ix  p a n e l  
m e m b e r s  f o r  s e n s o r y  e v a l u a t io n  in  in d iv id u a l  b o o t h s .  B e f o re  t h e  e v a lu a 
t i o n ,  p a n e l i s t s  h a d  b e e n  t r a in e d  t o  i d e n t i f y  s e le c te d  f la v o rs  a n d  a r o m a s .  
I n t e n s i t i e s  o f  f la v o rs  a n d  a r o m a  c o m p o n e n t s  w e re  s c o r e d  (1 ,  a b s e n t ,  t o  
7 , v e ry  i n t e n s e ) ;  ju ic in e s s  (1 ,  v e ry  d r y ,  t o  7 , v e ry  j u i c y ) ;  t e x t u r e  (1 ,  
c r u m b ly ,  t o  7 , f i r m ) ;  a c c e p ta b i l i t y  a ls o  w a s  s c o r e d .

Chemical measurements
D u p l ic a te  m e a s u r e m e n ts  f o r  m o i s tu r e ,  f a t  a n d  T B A  v a lu e s  w e re  

m a d e  o n  g r o u n d  m e a t  s a m p le s .
G r o u n d  1 0 -g  s a m p le s  w e r e  d r ie d  a t  1 2 1 ° C  f o r  6 0  m in  in  a  C .W . 

B r a b e n d e r  s e m i - a u to m a t i c  m o i s tu r e  t e s t e r .  E t h e r  e x t r a c t s  w e r e  d e t e r 
m in e d  b y  t h e  A O A C  m e t h o d  ( 1 9 7 0 ) .  T h e  2 - t h i o b a r b i t u r i c  a c id  v a lu e s  
w e re  d e t e r m in e d  b y  t h e  m e t h o d  o f  T a r la d g is  e t  a l.  ( 1 9 6 0 ) .  S lu r r ie s  w e re  
p r e p a r e d  f r o m  a p p r o x i m a t e l y  1 0 -g  s a m p le s ;  o p t i c a l  d e n s i t y  w a s  r e a d  
(B e c k m a n  D 'J  S p e c t r o p h o t o m e t e r ) ,  t h e n  v a lu e s  w e re  a d ju s t e d  f o r  s a m 
p le  s iz e  t o  c o n v e r t  t o  m g  o f  m a l o n a ld e h y d e  p e r  lOOOg t is s u e .

Analysis of data
D a ta  w e re  s u b je c t e d  t o  a n a ly s is  o f  v a r ia n c e  a s  fo l lo w s :

Source of variation DF
M e a t b le n d  (M ) 2
H e a t in g  t r e a t m e n t  (H )  1
M X H 2
E r r o r  2 4

T o t a l  2 9

W h e n  F -v a lu e s  w e re  s ig n i f i c a n t  f o r  “ m e a t  b l e n d ’" o r  “ M X H ”  i n t e r 
a c t io n ,  L S D ’s w e re  c a l c u la te d .

RESULTS & DISCUSSION

MEAN VALUES of five replications for the six treatment 
combinations, along with significance of F-values and LSD’s, 
are presented in Table 1.
Cooking losses and chemical measurements

Cooking losses (including initial cooking and reheating) 
were affected (P <  0.01) by both percentage of textured soy 
added and heating treatment. Adding textured soy decreased 
cooking losses—30% additions more than 15% additions. Re
heating increased cooking losses of all beef and beef-soy com
binations; however, the difference was greater between the 
cooked-reheated beef and freshly cooked beef (approximately 
10%) than between the cooked-reheated 30% soy-beef blend 
and the freshly cooked 30% soy-beef blend (approximately 
5%). It generally is thought that soy additives bind some of the 
moisture during the heating so cooking losses are reduced.

Diameters of the cooked patties did not differ significantly. 
Other workers have reported that soy added to meat decreased 
shrinkage (Judge et al., 1974).
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Table 1—Means o f cooking loss, chemical measurements and sensory evaluations o f freshly cooked and cooked-reheated beef and beef-soy patties

Significance o f F-value
Freshly cooked Cooked-reheated ---------------------------------------------------

-------------------------------------------------  Meat Heat
Factor 0% Soy 15% Soy 30% Soy 0% Soy 15% Soy 30% Soy blend (M) treatment (H) M X H LSD* * **

Total cooking loss 
(Cooking + reheating), % 33.95 29.94 26.05 43.06 37.56 31.33 * * * * * * 1.42
Total moisture, % 52.23 54.93 55.53 50.50 54.02 55.81 * * ns ns 1.58
Ether extract, % 20.58 16.12 14.14 20.67 15.07 13.48 ** ns ns 0.78
TBA value 
Sensory evaluation8

0.371 0.171 0.141 0.346 0.119 0.110 *  * ns ns 0.05

Meaty:
aroma 4.0 2.0 1.5 2.8 2.8 1.4 * * ns * 1.0
flavor 5.0 2.4 1.4 3.5 2.4 1.6 * * * * * 0.7

Stale:
aroma 2.2 1.6 1.6 3.6 1.7 1.9 * * * * * 0.7
flavor

Cereal-like:
1.6 1.6 1.6 4.0 1.7 1.6 * * * * * * 0.6

aroma 1.4 4.4 4.9 1.0 4.5 5.4 * * ns ns 0.6
flavor 1.3 4.1 5.3 1.1 4.0 5.2 * * ns ns 0.5

Juiciness 4.8 4.2 4.1 3.4 3.8 3.4 ns * * ns -

Texture 3.5 4.5 4.8 4.0 4.0 4.6 * * ns ns 0.5
Overall Acceptability 5.1 3.4 2.9 3.6 3.6 2.6 * * * * 0.8

a  I n t e n s i t y  s c a le  o f  1 — 7

*  P  <  0 . 0 5

* *  P  <  0 .0 1  

118 N o n s i g n i f i c a n c e

Percentage moisture was less (P <  0.01) in beef patties than 
in beef-soy blend patties. Neither the amount of rehydrated 
soy added (15 or 30%) nor the reheating process affected 
moisture content. Percentage ether extract was greater (P <  
0.01) in beef than soy-beef blend patties and the patties with 
15% soy contained more ether extract than those with 30% 
soy. The textured soy that was used contained only approxi
mately 1% ether extract and was rehydrated with 2 times its 
weight of water, so we expected the beef-soy blend to contain 
less ether extract and more water than the beef patties.

TBA values were determined, as an indication of oxidative 
rancidity. Heating treatment had no effect on TBA values; 
however, beef-soy blends (15 or 30%) had lower (P <  0.01) 
TBA values than beef. The difference may result from the 
reported antioxidant effects of soy (Pratt, 1972; Sangor and 
Pratt, 1974; Sato et al., 1973), or from less fat in the soy beef 
blend.
Sensory evaluation

Meaty aroma (P <  0.05) and flavor (P <  0.01) of freshly 
cooked beef patties were scored higher than when beef patties 
were reheated. However, meaty aroma and flavor of reheated 
and freshly cooked beef-soy patties did not differ. Generally, 
meaty flavor and aroma decreased with increased soy. After 
frozen storage and reheating, beef and beef-soy blends differed 
less in meaty flavor and aroma than when patties were freshly 
cooked.

Stale flavor (P <  0.01) and aroma (P <  0.05) of reheated 
beef were greater than for the other samples. Other samples 
received scores indicating stale flavor and aroma were nearly 
absent. Apparently, if a stale aroma or flavor developed during 
storage and reheating of the beef-soy blend, other flavor or 
aroma components masked the staleness.

Cereal-like flavor and aroma, as expected, increased (P <  
0.01) as amount of soy increased. Heating had no effect on 
cereal-like flavor or aroma. Although the panel did not score

sweetness, several commented that the beef-soy blends were 
sweet—particularly their browned surfaces.

Even though soy-beef blends contained more moisture than 
beef, adding soy did not affect juiciness. However, reheated 
patties were less (P <  0.01) juicy than freshly cooked patties. 
Increased soy added to ground beef increased (P <  0.01) pattie 
firmness (texture). Based on overall acceptability scores, fresh
ly cooked beef was more ac ceptable than any other sample. 
The more soy added, the less acceptable were freshly cooked 
patties. However, the difference was significant (P <  0.05) for 
reheated patties only when 30% soy was added. There was no 
significant difference in acceptability between reheated beef 
and freshly cooked 15 and 30% beef-soy patties. Panel mem
bers agreed that shape uniformity of patties was not affected 
by adding soy.

REFERENCES
AOAC. 1970. “ Official Methods of Analysis,” 11th ed. Association of 

Official Analytical Chemists, Washington, D.C.
FNS. 1971. Textured vegetable protein product. FNS Notice 219. Food 

and N utrition Service, USDA, Washington, D.C. Feb. 22.
Gallimore, W.W. 1974. Sales of soy-ground beef blends in selected 

stores. National Food Situation—147. Economic Research Service, 
USDA, p. 26.

Huffman, D.L. and Powell, W.E. 1970. Fat content and soya level 
effect on tenderness of ground beef patties. Food Technol. 24: 
1418.

Judge, M.D., Haugh, C.G., Zachariah, G.L., Parmelle, C.E. and Pyle, 
R.L. 1974. Soya additives in beef patties. J. Food Sci. 39: 137.

Pratt, D.E. 1972. Water soluble antioxidant activity in soybeans. J. 
Food Sci. 37: 322.

Sangor, M.R. and Pratt, D.E. 1974. Lipid oxidation and fa tty  acid 
changes in beef combined with vegetables and textured vegetable 
protein. J. Amer. Dietet. Assoc. 64: 268.

Sato, K., Hegarty, G.R. and Herring, H.K. 1973. The inhibition of 
warmed-over flavor in cooked meats. J. Food Sci. 38: 398.

Tarladgis, B.G., Watts, B.M., Younathan, M.T. and Dugan, L. 1960. A 
distillation m ethod for the quantitative determ ination of malonalde- 
hyde in rancid foods. J. Am. Oil Chem. Soc. 37: 44.

Ms received 8 /17/74; revised 10/25/74; accepted 10/27/74.
C ontribution No. 309, Departm ent of Foods and N utrition, Kansas 

Agricultural Experim ent Station, Manhattan, Kansas 66506



J. P. H A D D E N , ' H . W. O C K E R IA A N , V. R. C A H IL L ,  N. A . P A R  R E T T  a n d  R. J. B O R T O N  

D e p t, o f  A n im a l Science, The O h io  S ta te  U n iv e rs ity , C o lu m b u s , O H  4 3 2 1 0  

a n d  The O h io  A g r ic u l tu ra l  Research &  D e v e lo p m e n t C en te r, W ooste r, O H  4 4 6 9 1

INFLUENCE OF SODIUM NITRITE ON THE CHEMICAL AND 
ORGANOLEPTIC PROPERTIES OF COMMINUTED PORK

INTRODUCTION

THE EFFECTS of sodium nitrite on the organoleptic and 
chemical properties of meat products have been studied in 
several investigations. Brooks and co-workers (1940) reported 
that the characteristic cured flavor of bacon is a result of the 
action of nitrite on the meat. More recent work has been done 
to establish the difference in flavor between meat products 
processed with or wit.iout sodium nitrite. Cho and Bratzler
(1970) found that pork loins cured with sodium nitrite were 
correctly differentiated by a taste panel from pork loins proc
essed without sodium nitrite. In an investigation by Wasserman 
and,Talley (1972), it was reported that a significant number of 
panel members could distinguish between the flavor of frank
furters processed either with, or without sodium nitrite. Simon 
et al. (1973) observed that higher taste panel acceptance was 
experienced for all meat frankfurters as the amount of nitrite 
initially added to the formula was increased from 0 to 156 
ppm.

Watts (1954) stated that lipid oxidation (TBA value) is con
siderably delayed in cured meats. Cross and Ziegler (1965) 
concluded from their comparison of the volatile fractions of 
cured and uncured hams that nitrite interferes with the oxida
tion of unsaturated lipids.

This study was undertaken to further develop the present 
knowledge of the action of sodium nitrite in meat. The ob
jectives involved an examination of organoleptic and chemical 
differences occurring between cooked, canned pork emulsions 
processed with or without added sodium nitrite. This examina
tion was performed ir. samples with or without added salt 
(NaCl).

EXPERIMENTAL

T H E  S T U D Y  w a s  u n d e r t a k e n  in  tw o  p h a s e s .  T h e  f i r s t  p h a s e  in v o lv e d  
o r g a n o le p t i c  a n a ly s e s ,  i n c lu d in g  a  t r i a n g le  t a s t e  t e s t  f o r  d i f f e r e n c e s  in  
f la v o r  b e tw e e n  c o m m in u te d  p o r k  p r o c e s s e d  w i th  o r  w i t h o u t  s o d iu m  
n i t r i t e .  A d d i t i o n a l  s e n s o r y  p a n e l  e v a l u a t io n s  in c lu d e d  p r e f e r e n c e  t e s t s  
a s  w e ll  a s  e x a m in a t i o n  o f  t h e  d e g re e  o f  c u r e d  p o r k  f la v o r .  A  g a s  c h r o 
m a to g r a p h ic  s e p a r a t i o n  o f  t h e  h e a d s p a c e  v a p o r  a b o v e  e a c h  p r o d u c t  w a s  
p e r f o r m e d  to  d e t e r m i n e  i f  d i f f e r e n c e s  in  t h e  v o la t i l e  c o m p o u n d s  o c 
c u r r e d  b e tw e e n  t r e a t m e n t s .  D a ta  f r o m  p r o x i m a t e  a n a ly s e s  a n d  re s id u a l  
n i t r i t e  a n a ly s e s  w e re  c o l l e c t e d  f r o m  c o m p a r a b le  s a m p le s  a t  a  l a t e r  d a te .

T h e  s e c o n d  p h a s e  o f  th i s  e x p e r i m e n t  in v o lv e d  a r o m a  e v a l u a t io n  a n d  
th i o b a r b i t u r i c  a c id  (T B A  m e a s u re s  t h e  q u a n t i t y  o f  a n  i n t e r m e d ia t e  in  
f a t  o x i d a t i o n )  e v a l u a t io n  o f  t h e  p r o d u c t s  s to r e d  u n d e r  r e f r i g e r a t e d  a n d  
f r o z e n  c o n d i t io n s .

Product production
M e a t e m u ls io n s  w e re  p r e p a r e d  f r o m  b o n e le s s  p o r k  s h o u ld e r s  ( a p 

p r o x im a te ly  1 6 %  f a t )  u s in g  n o r m a l  i n d u s t r y  p r a c t i c e s .  A p p r o x im a te ly  
4 7 0 g  o f  t h e  p r e p a r e d  e m u ls io n s  w e re  s tu f f e d  in t o  N o . 2  c a n s  ( 4 0 9  x  
3 0 7 ) .  T h e  c a n s  w e r e  s e a le d  i n d  t h e  p r o d u c t  w a s  c o o k e d  in  a  7 4 ° C  w a te r  
b a t h  u n t i l  i n t e r n a l  p r o d u c t  t e m p e r a t u r e  r e a c h e d  7 1 ° C .  F o u r  d i f f e r e n t  
t r e a t m e n t s  w e r e  p r e p a r e d  u s in g  t h e  b a s ic  f o r m u la t io n s  s h o w n  in  T a b le  
1 . S o d iu m  n i t r i t e  w a s  a d d e d  a t  2 0 ,  1 5 6  a n d  2 0 0  p p m  in  P h a s e  I a n d  a t  
1 5 6  p p m  in  P h a s e  I I  o f  t h i s  e x p e r im e n t .  W ith in  e a c h  t r e a t m e n t  (e .g . ,  2 0  
p p m  n i t r i t e  w i th  0 %  s a l t )  s a m p le s  f r o m  th e  s a m e  e m u ls io n  w e re  u s e d

1 Present address: Peter Eckrich & Sons, Kalamazoo, MI 49003

f o r  a ll  p a n e l  e v a l u a t io n s  in v o lv in g  t h a t  s p e c i f i c  t r e a t m e n t .  N o  s p ic e s ,  
s w e e te n e r s ,  o r  e x t e n d e r s  w e re  u s e d  in  a n y  o f  t h e  f o r m u l a t i o n s .

F la v o r  p a n e l  e v a l u a t io n

I n  P h a s e  I ,  t e s t in g  f o r  d i f f e r e n c e s  in  f la v o r  b e tw e e n  p r o d u c t s  p r o c 
e ss e d  w i t h  o :  w i t h o u t  n i t r i t e  w a s  p e r f o r m e d  b y  u s in g  a  t r i a n g le  t a s t e  
t e s t  w i th  a  b l i n d f o ld e d ,  u n t r a in e d  l a b o r a t o r y  p a n e l .  T h e  t a s t e  p a n e l s  
c o n s i s te d  o f  7 —9  p e o p le  s e le c te d  f r o m  a  g r o u p  o f  1 6  m e m b e r s .  
T h r o u g h o u t  t h e  e n t i r e  s t u d y ,  t h e  p o s i t i o n  o f  t h e  o d d  s a m p le  in  t h e  
t r i a n g le  t e s t  w a s  a s s ig n e d  o n  a  r a n d o m  b a s is  t o  e a c h  o f  t h e  t h r e e  s a m p le  
p o s i t io n s .  F o l lo w in g  t h e  t r i a n g le  t e s t  t h e  p a n e l  m e m b e r s  w e re  a s k e d  to  
i n d ic a te  w h ic h  s a m p le  t h e y  p r e f e r r e d .  T h is  e v a lu a t ic  n  w a s  f o l l o w e d  b y  
a  p a i r e d  c o m p a r i s o n  t e s t  t o  d e t e r m in e  w h ic h  s a m p le  h a d  m o r e  c u r e d  
p o r k  f la v o r .  T h e  a b o v e  te s t s  w e r e  p e r f o r m e d  a n d  c o m p a r i s o n s  w e re  
m a d e  b e tw e e n  t r e a t m e n t s  1 a n d  2  (0 %  s a l t )  a n d  b e t w e e n  t r e a t m e n t s  3 
a n d  4  (2 %  s a l t )  a s  d e s c r ib e d  in  T a b le  1.

T h e  a r o m a  e v a l u a t io n  ( r a n c id  o d o r )  in  P h a s e  II w a s  p e r f o r m e d  b y  a  
b l i n d f o ld e d  p a n e l  o n  p r o d u c t s  s to r e d  0 ,  1 , 3 a n d  5 w <  a t  r e f r i g e r a t e d  (3  
± 2 ° C )  t e m p e r a tu r e s  a n d  o n  p r o d u c t s  s to r e d  0 ,  1 , 4 ,  8  a n d  14  w k  a t  
f r o z e n  ( - 2 9  ± 2 ° C )  t e m p e r a tu r e s .  A n in e - p o in t  s c a le  w a s  u s e d  to  s c o re  
th e  o d o r  o f  e a c h  s a m p le  ( lo w  in te n s i ty  r a n c id  o d o r  = 1 ) .  S a m p le s  p r o c 
e s s e d  w i t h  n i t r i t e  w e re  f o r m u l a t e d  a t  t h e  1 5 6  p p m  le v e l in  t h i s  p h a s e .  

H e a d s p a c e  a n a ly s is

In  P h a s e  I d u p l i c a t e  h e a d s p a c e  s a m p le s  o f  t h e  v a p o r  g e n e r a t e d  b y  
e a c h  p r o d u c t  s u b m i t t e d  t o  t h e  t a s t e  p a n e l  w e re  e v a l u a t e d .  C o o k e d  
p r o d u c t  s a m p le s  o f  6 .0 g  w e re  p la c e d  in t o  1 0  m l  f r e e z e - d r y in g  v ia ls  a n d  
a  s p l i t  r u b b e r  s e p tu m  w a s  p la c e d  in t o  t h e  v ia l o p e n in g .  T h e  c a p  ( w i th  
s a m p l in g  p o r t )  w a s  t h e n  s c r e w e d  o n  t i g h t ly  a n d  th e  s a m p le s  w e re  h e a t 
e d  f o r  1 0  m in  in  a  6 0  ± 2 ° C  w a te r  b a t h .  T h e  n e e d le  o f  a  1 0 .0  c c  
g a s - t ig h t  s y r in g e  f i l le d  w i th  4 .0  c c  o f  n i t r o g e n  w a s  t h e n  in s e r te d  th r o u g h  
th e  s a m p l in g  p o r t  in  t h e  c a p  a n d  i n t o  t h e  v ia l h e a d s p a c e .  T h e  4 .0  c c  o f  
n i t r o g e n  w a s  e x h a u s t e d  f r o m  th e  s y r in g e  a n d  a  4 . 0  c c  s a m p le  o f  t h e  
h e a d s p a c e  gas w a s  d r a w n  u p  in t o  t h e  s y r in g e .  T h e  4 .0  c c  s a m p le  w a s  
th e n  in j e c t e d  i n t o  a  1 5 0  c m  g la s s  U - tu b e  c o lu m n  (6  m m  o .d . )  p a c k e d  
w i th  1 0 %  C a r b o w a x  2 0 M  o n  D ia p o r t  S ( 6 0 - 8 0  m e s h ) .  T h e  c o l u m n  w a s  
m a in ta in e d  a t  8 0 ° C  in  a  H e w le t t - P a c k a r d  m o d e l  4 0 2  g a s  c h r o m a t o g r a p h  
w i th  h y d r o g e n  f la m e  io n i z a t i o n  d e t e c t o r .  F lo w  r a te s  o f  t h e  g a s e s  w e r e  
3 0 0  m l /m i n  f o r  a i r ,  3 5  m l /m i n  f o r  h y d r o g e n  a n d  30C m l /m i n  f o r  n i t r o 
g e n . T h e  v o la t i l e  c o m p o u n d s  in  t h e  h e a t e d  m e a t  s a m p le s  w e re  f o u n d  to  
b e  e lu t e d  w i th in  7 5  sec  a f t e r  i n j e c t i o n .  E x p l o r a t o r y  e x p e r i m e n t a t i o n  
re v e a le d  t h a t  n o  a d d i t i o n a l  c o m p o u n d s  w e re  e l u t e d  w / ie n  t h e  c h r o m a t o 
g r a p h  w a s  a l lo w e d  t o  r u n  f o r  a n  a d d i t i o n a l  h o u r .  R e p r e s e n ta t i v e  p e a k s  
w e re  r e c o r d e d  o n  th e  r e c o r d e r  c h a r t  o f  t h e  u n i t  f o r  l a t e r  c o m p a r i s o n  b y  
th e  p e a k  a r e a  m e th o d .

C h e m ic a l  a n a ly s is

P r o x im a te  c o m p o s i t i o n  ( f a t ,  p r o t e i n ,  m o i s t u r e  a n d  a s h )  a n d  r e s id u a l  
n i t r i t e  le v e l w y re  d e t e r m in e d  f o r  e a c h  p r o d u c t  s u b m i t t e d  f o r  t a s t e  p a n e l

Table 1—Product treatments 

Treatment Ingredients

1 Boneless pork, 5% added moisture (control product)
2 Boneless pork, sodium n itrite  (20, 156, or 200 ppm),

5% added moisture
3 Boneless pork, salt (2%), 5% added moisture
4 Boneless pork, salt (2%), sodium n itrite ,

(20, 156, or 200 ppm), 5% added moisture
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e v a lu a t io n  t o  a s s u r e  p r o d u c t  u n i f o r m i t y .  M o d if ie d  A O A C  ( 1 9 7 0 )  m e t h 
o d s  w e re  u s e d  f o r  t h e  a b o v e  a n a ly s e s .

I n  P h a s e  II  t h e  2 - t h i o b a r b i t u r i c  a c id  (T B A )  m e t h o d  o f  T a r la d g is  e t  
a l. ( 1 9 6 0 )  w a s  u s e d  to  d e t e r m i n e  th e  e x t e n t  o f  l ip id  o x i d a t i o n  in  th e  
f o u r  d i f f e r e n t  p r o d u c t s .

Statistical analysis
S ta t i s t i c a l  s ig n i f ic a n c e  in  t h e  f la v o r  t e s t s  p e r f o r m e d  in  P h a s e  I w a s  

d e t e r m in e d  b y  r e f e r e n c e  t o  t h e  p u b l i s h e d  ta b le s  o f  A m e r in e  e t  a l. 
( 1 9 6 5 ) .  S t a t i s t i c a l  a n a ly s is  o f  t h e  r e m a in in g  d a t a  w a s  c o m p le t e d  u s in g  
th e  L e a s t  S q u a re s  M a x im u m  L i k e l ih o o d  G e n e r a l  P u r p o s e  p r o g r a m  o f  
H a rv e y  ( 1 9 6 8 ) .  S ig n i f ic a n c e  o f  t r e a t m e n t  e f f e c t s  o n  a r o m a  p a n e l  s c o r e s  
a n d  T B A  v a lu e s  in  P h a s e  I I  w a s  b a s e d  o n  in d iv id u a l  F - t e s t  ( a n a ly s i s  o f  
v a r ia n c e )  m a d e  o n  e a c h  o f  t h e  c o m p a r i s o n s .

RESULTS & DISCUSSION

Phase I
Sensory panel. Table 2 shows the results of each triangle 

test conducted at the various nitrite levels. Panel results are 
grouped at each nitrite level on the basis of whether or not salt 
(NaCl) was present in the samples being prepared. Each tri
angle test performed by the total panel is referred to as one 
attempt at differentiation. A statistically significant differenti
ation occurred when a significant number of panelists (Amer
ine et al., 1965) correctly identified the odd sample in the 
triangle test.

Panel members were able to distinguish samples with nitrite 
from samples without nitrite at the levels of nitrite examined 
(20, 156, 200 ppm). There was a greater incidence of signifi
cant differentiation at the higher levels of nitrite (156 and 200 
ppm) than at the lowest level of nitrite (20 ppm). At 20 ppm 
nitrite there was a greater tendency to correctly identify the 
odd sample when salt was present in the samples being com
pared.

The summarized results for all preference tests are present
ed in Table 3. Due to the design of the panel test only the

Table 2—Taste panel results fo r the triangle test

Total added Salt in No. o f significant
n itrite samples panels/total no. of
(ppm) (%> Panel results®>b panels conducted0

5/8 NS, 2/9 NS, 5/8 NS,

20

0 3/8  NS, 4 /9  NS, 3/8 NS, 
6 /9 *, 3 /8  NS, 5/8 NS, 7 /9 *

2/10

2
5/8  NS, 5/9 NS, 6 /8 *, 
5 /8  NS, 6 /9 *, 4 /8  NS, 
6 /9 *, 7 /8 * * ,  6 /8 *, 7 /9 **

6/10

To ta l 8/20

156

0 4/7  NS, 5 /7 *, 5 /7 *, 
2 /7 NS, 6 /7 * * , 5 /7 *

4/6

2 6 /7 * * , 5 /7 ** , 6 /7 * * ,  
4 /7  NS, 4/7 NS, 4/7 NS

3/6

To tal 7/12

200

0 6 /8 *, 7 /9 * * ,  5/8 NS, 
5/8 NS, 5/9 NS, 4 /8  NS

2/6

2 7 /9 ** , 9 /9 * * * ,  5/8 NS, 
6 /9 *, 6 /9 *, 7 /8 **

5/6

To ta l 7/12

a  T a b u l a r  v a lu e s  i n  t h i s  c o l u m n  a r e  t h e  n u m b e r  o f  c o r r e c t  s e le c -  

t i o n s / n u m b e r  o f  p a n e l i s t s

b  N S — n o t  s i g n i f i c a n t  ( P  =  0 . 0 5 ) ;  ^ s i g n i f i c a n t  a t  P  =  0 . 0 5 ,  ' " s i g n i f i 

c a n t  a t  P  =  0 . 0 1 ,  *  *  * s i g n i f i c a n t  a t  P  =  0 . 0 0 1 .  ( A m e r i n e  e t  a l . ,  

1 9 6 5 )
c  N u m b e r  o f  t i m e s  t h a t  p a n e l  d i f f e r e n t i a t i o n s  w e r e  s i g n i f i c a n t / t o t a l  

n u m b e r  o f  p a n e l s  c o n d u c t e d .  S i g n i f i c a n c e  w a s  a t  t h e  P  =  0 . 0 5  le v e l  

o r  h i g h e r .

responses of those panel members correctly identifying the 
odd sample in the triangle test are recorded. A few panel mem
bers indicated no preference and their responses were thus 
excluded from the tabulation. The tabular values show the 
number of individual panel members preferring the samples 
with nitrite per total number of panelists who participated in 
the preference rests. At every level of nitrite the pooled re
sponses show that the panel members indicated a significant 
preference for the sample containing nitrite. Simon et al.
(1973) reported that panel members assigned higher ac
ceptance scores to samples of all meat frankfurters processed 
with nitrite than to samples processed without nitrite.

Results of the two sample tests for cured pork flavor are 
summarized in Table 4. At all levels of nitrite, panel members 
indicated the samples with nitrite had more cured pork flavor 
(P <  0.001). This is in agreement with the findings of Cho and 
Bratzler (1970) in their study with pork loins.

When evaluating individual panel members responses, it was 
found that there was wide variation in the ability of individu
als to differentiate flavor of samples processed with nitrite 
from samples processed without nitrite. Most panel members 
were usually successful at distinguishing the odd sample in the 
triangle test; however, a few panel members had practically no 
success at differentiation.

It should be noted at this point that the fat percentage of 
the products in this study was approximately 17%, a level 
which is somewhat below the 30% level used in other studies 
(Simon et al., 1973).

Table 3—Summarized results o f preference tests

Total added
n itrite  Salt level 
(ppm) :%)

No. o f panel members 
preferring sample w ith  n itrite

Total no. 
o f panelists®

0 31 * 43
20

2 34 NS 57

T o t a l 6 5 * * 100
0 18 ** 25

156
2 24 * * 28

T o t a l 42 * * * 53

0 21 NS 32
200

2 26 NS 40

T o t a l 47 * 72

a  N S - n o t s i g n i f i c a n t  (P >  0 . 0 5 ) ;  * P  <  0 . 0 5 ;  » * P  <

V0-od

0.001

Table 4 -
vor

Results fo r a two-sample test fo r more cured pork fla-

Total added 
n itrite Salt

The no. o f n itrite  samples 
which were selected as having Total no.

(ppm) (%) more cured pork flavor o f responses®

0 3 2 * * 41
20

2 2 9 * 42

To ta l 61 * * * 83

0 18 * * * 21
156

2 19 * * * 21

Total 37 * * * 42

0 12 NS 17
200

2 15 * * 17

To tal 2 -j * * * 34

a  N S - P  >  0 . 0 5 ;  * P  <  0 . 0 5 ;  * * P  <  0 . 0 1 ;  * * * P  <  0 . 0 0 1
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Fig. 1 —C h ro m a to g ra m s  o f  headspace vapors fro m  sam ples w ith  a n d  w i th o u t  s o d iu m  n it r ite .

Headspace analysis
Several taste panel members commented that there was a 

noticeable difference in the aroma between the samples proc
essed with nitrite and those processed without nitrite. An ob
jective evaluation of these products was needed to determine 
the nature of the aroma differences. Gas chromatography anal
ysis of the headspace vapors above these products revealed 
that four major compounds were separated. Figure 1 shows 
sample chromatograms for the products evaluated in this 
study. All four peaks were found in each of the four treat
ments examined in this experiment. Peaks 3 and 4 were much 
less predominant in the samples containing nitrite than in sam
ples without nitrite and this suggests that nitrite is reducing 
the quantity of some of the major volatile compounds. The 
presence of nitrite had a significant (P <  0.01) effect on the 
amounts of each compound existing in the headspace vapors 
above the meat. Salt significantly increased the quantity of 
compound 1 and significantly decreased the quantity of com
pound 4 but this influence was not as consistent as the nitrite 
effect. Cross and Ziegler (1965) reported that chromatograms 
of volatile carbonyl compounds from cured hams were ob
served to have lower quantities of valeraldehyde and hexanal 
than chromatograms from uncured hams.
Phase II

Products stored under refrigerated and frozen conditions 
were evaluated periodically for aroma (panel) and the extent 
of lipid oxidation (TBA method).

Refrigerated storage. Storage time at 3 ± 2°C significantly 
(P <  0.01) increased both aroma scores (more rancid odor) 
and TBA values. Figure 2 shows the change in aroma scores 
with storage time. Both the rate and final extent of develop
ment of rancid odor were observed to be the greatest in prod
ucts processed without nitrite. In addition, the nonnitrited 
product containing salt exhibited the most pronounced rancid 
odor. No apparent difference in rancid odor was noted be
tween the product containing only nitrite and the product 
containing nitrite and salt.

TBA values for the various products stored at 3 ± 2°C for 
different intervals are shown in Figure 3. The presence of ni
trite in a product significantly (P <0.01) reduced TBA values.

At all storage intervals, products containing nitrite had much 
lower TBA values than products not containing nitrite. Even 
after only 1 wk of storage there was a very noticeable differ
ence in TBA value between products with nitrite and those 
without nitrite. These data support Cross and Ziegler (1965) 
who concluded that nitrite interferes with the oxidation of 
unsaturated lipids. A possible explanation for this occurrence

-----------------  CONTROL
-----------------NITRITE (0.0156%)

— SALT (2%)
-----------------  SALT (2%) AND NITRITE (0.0156%)

Fig . 2 —A verage  a ro m a  scores a t  va rio us  in te rv a ls  o f  re fr ig e ra te d  storage.
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has been offered by Tarladgis (1961) who stated that ferric 
heme compounds (Fe 3) are active as catalysts in lipid oxida
tion. Cooked cured meat pigment is in the ferrous (Fe+2) form 
which is inactive as a catalyst of lipid oxidation, whereas pig
ment of cooked meat without added nitrite is in the ferric 
(Fe+3), catalytically active state.

The effect of salt in the product without nitrite can be seen 
after the first week of refrigerated storage. At 3 and 5 wk this 
product had considerably higher TBA values than all other 
treatments including the control.
Frozen storage

The aroma of products stored at —29 ± 2°C was not signifi
cantly affected by nitrite, salt or storage time. Figure 4 shows 
the aroma scores of products at various intervals of frozen 
storage. Samples containing nitrite had less rancid aroma than 
samples without nitrite at all storage intervals except at 8 wk.

The TBA values of products stored under frozen conditions 
were significantly (P <  0.01) reduced by nitrite and signifi
cantly (P <  0.01) increased by time. Salt, however, had no 
significant influence. Figure 5 displays the average TBA values 
at various intervals of frozen storage. The effect of nitrite on 
TBA values can be seen very dramatically in Figure 5 where 
the TBA values of the products processed with sodium nitrite 
have not risen above 1.0, whereas products without nitrite 
have considerably higher TBA values. In samples without add
ed nitrite the TBA values increased with time to a certain 
point and then began to decline with time. The TBA test 
analyzes for malonaldehyde, an unstable product of lipid oxi
dation. Tarladgis and Watts (1960) found that malonaldehyde 
does not accumulate as a stable end product of fat oxidation 
but reaches a peak at the same time that oxygen uptake begins 
declining. This may account for the observed increase and sub
sequent decrease in TBA values for products without added 
sodium nitrite.

The sample containing salt but no added nitrite had the 
highest TBA value at all frozen storage invervals except at 8
wk. Moskovits and Kielsmeier (1960) stated that salt has pro
oxidant effects in sausage stored at 0°C.

-----------------  CONTROL
-----------------NITRITE 10.0156%)

-■—  SALT (2%)
-----------------  SALT (2%) AND NITRITE (0.0156%)

Fig. 4 —A verage  a ro m a  scores a t  va rio us  in te rv a ls  o f  fro z e n  storage.

-----------------  CONTROL
----------------- NITRITE 10.0156%)
= _ = =  SALT |2%)
-----------------  SALT 12%) AND NITRITE (0.0156%)

-----------------  CONTROL
----------------- NITRITE (0.0156%)
— = —  SALT (2%)
-----------------  SALT (2%) AND NITRITE (0.0156%)

F ig . 3 -  Average T B A  values a t  va rio us  in te rv a ls  o f  re fr ig e ra te d  s to rage . Fig. 5 -A v e ra g e  T B A  values a t  va rio us  in te rv a l o f  fro z e n  storage.
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CONCLUSION

FROM THE DATA collected in this study it appears that 
sodium nitrite added to cooked, canned comminuted pork 
plays a vital role in developing and maintaining cured pork 
flavor. Nitrite was found to retard the rate of oxidative rancid
ity (TBA value) in this model system. It is important to note 
that in the model system studied in this experiment, spices, 
sweeteners and extenders were excluded from the formulation. 
In addition the average fat level of the finished product was 
approximately 17% which is leaner than that used in most 
commercial formulations.
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A N N  W. F LY N N  and V I A N N  A D. BR A M B LETT
Dept, o f  Foods & N u trition , Purdue University, West Lafayette, IN  47907

EFFECTS OF FROZEN STORAGE, COOKING METHOD AND 
MUSCLE QUALITY ON ATTRIBUTES OF PORK LOINS

INTRODUCTION

MUCH WORK has been devoted to the determination of sub
jective and objective differences between three distinct types 
of pork muscle. Pale, soft, exudative (PSE) muscle tissue has 
been reported to exhibit a lower pH and a greater percentage 
of loosely bound water than either normal, or dark, firm, dry 
(DFD) muscle (Briskey, 1963; Wismer-Pedersen, 1959; Judge 
et al., 1960; Wismer-Pedersen and Briskey, 1961a, b; Bennett 
et al., 1973). Although Kauffman et al. (1964) reported that 
PSE musculature has less visual marbling than DFD or normal 
meat, this subjective finding has not always been upheld by 
tests for total lipid content of the muscles of the various pork 
types (Briskey, 1964; Sink et al., 1967; Sayre et al., 1964).

Taste panel comparisons of the cooked meats have general
ly shown PSE muscles to be more tender, but less juicy, than 
DFD meat (Sayre et al., 1964; Bennett et al., 1973). However, 
these differences were greatly affected by the cooking method.

Hardinge and Crooks (1958) reported the lipids of pork 
muscle to contain 40% saturated and 60% unsaturated fatty 
acids. It is generally assumed that this fairly unsaturated na
ture of pork fat contributes to the rapidity with which it 
develops a rancid taste in frozen storage. Hornstein and Crowe
(1960) postulated that the most important flavor precursors in 
beef and pork are the fat soluble constituents. Because of the 
apparent importance of the lipid quality of meats, a compari
son of the fatty constituents of three types of pork muscle 
might yield information which would correlate with taste 
panel results for those meats.

In this study, three types of pork muscle (PSE, normal, 
DFD) were evaluated after 9 months’ frozen storage. Relative 
rates of rancidity development, palatability of pork cooked by 
two methods (oven-broiling, deep-fat frying), and quantity of 
lipid and major fatty acids of both raw and cooked meats are 
reported.

EXPERIMENTAL

1 0  U N B O N E D  P O R K  L O I N  e n d s  e a c h  o f  P S E ,  n o r m a l ,  a n d  D F D  m u s 
c u la tu r e  w e re  s e le c te d  2 4  h r  p o s t m o r t e m  f r o m  t h e  l in e s  o f  tw o  c o m 
m e rc ia l  p a c k in g  p l a n t s .  S e le c t io n s  w e re  m a d e  b y  v is u a l  j u d g e m e n t  a t  th e  
1 0 th  r ib  b y  p r o f e s s o r s  o f  A n im a l  S c ie n c e s  ( P u r d u e  U n iv e r s i ty )  e x p e r i 
e n c e d  in  d is t in g u is h in g  t y p e s  o f  m u s c u l a tu r e ,  a n d  w e re  a s s ig n e d  a  c o lo r  
s c o re  o n  th e  b a s is  o f  W is c o n s in  s t a n d a r d s  ( F o r r e s t  e t  a l . ,  1 9 6 3 ) .  T h e  
s e c t io n s  f o r  th i s  s tu d y  w e r e  c u t  f r o m  a n  a r e a  p o s t e r i o r  t o  t h e  3 rd  
l u m b a r  v e r te b r a ,  a n d  w e r e  c h i l l e d  in  a  w a lk - in  c o o le r  a t  0 —4 ° C  f o r  a n  
a d d i t i o n a l  2 4  h r  ( 4 8  h r  t o t a l  p o s t m o r t e m  a g in g ) ;  t h e  m e a t  w a s  t h e n  
f r o z e n  a n d  s to r e d  in  a  w a lk - in  f r e e z e r  a t  - 3 0  ± 4 ° C  f o r  9  m o n t h s .  A t  
t h e  e n d  o f  t h e  s to r a g e  t im e ,  e a c h  f r o z e n  lo in  w a s  c u t  i n t o  f iv e  c h o p s  3 .2  
c m  t h i c k ,  w r a p p e d  in  f r e e z e r  p a p e r  a n d  h e ld  a t  — 1 8 ° C  in  a  h o u s e h o ld  
t y p e  f r e e z e r .  O n e  p a c k a g e  ( f iv e  c h o p s )  o f  e a c h  ty p e  o f  p o r k  w a s  th a w e d  
in  a  h o u s e h o ld  t y p e  r e f r i g e r a t o r  a t  4 ° C  f o r  4 0 - 4 2  h r  b e f o r e  te s t in g .  
O n ly  t h e  lo n g is s im u s  m u s c l e ,  t r i m m e d  o f  a l l  e x t e r n a l  f a t ,  w a s  u s e d  fo r  
o b je c t iv e  a n d  s u b je c t iv e  e v a lu a t io n s .

T h e  m e t h o d  f o r  o v e n -b ro i l in g  w a s  a  m o d i f i c a t i o n  o f  t h a t  u s e d  b y  
C o v e r  a n d  H o s t e t l e r  ( 1 9 6 0 ) .  C h o p s  w e re  c o o k e d  a t  1 7 7 ° C  to  a n  e n d 
p o i n t  t e m p e r a t u r e  o f  7 7 ° C .  T h e  e n d p o i n t  t e m p e r a t u r e  ( 7 7 ° C )  o f  th e  
d e e p - f a t  f r i e d  c h o p s  w a s  d e t e r m i n e d  b y  a  1 5 .2  c m  s t a n d a r d i z e d  g la ss  
t h e r m o m e t e r  ( m a d e  e s p e c ia l ly  f o r  m e a t  r e s e a r c h )  i n s e r t e d  i n t o  t h e  
t h i c k e s t  p a r t  o f  t h e  lo n g is s im u s  m u s c l e ;  t h e  c h o p s  w e re  f r i e d  in  c o r n  o il  
p r e h e a t e d  t o  1 1 0 ° C .

A  s a m p le  o f  r a w ,  o v e n - b r o i l e d  a n d  d e e p - f a t  f r i e d  p o r k  w a s  f in e ly  
g r o u n d  a n d  u s e d  f o r  d e t e r m i n a t i o n  o f  r a n c id i ty  a c c o r d in g  t o  t h e  2 - th io -  
b a r b i t u r i c  a c id  t e s t  (T B A )  a s  m o d i f i e d  b y  T a r la d g is  e t  a l .  ( 1 9 6 0 ) .  U n 
f r o z e n  ( f r e s h )  p o r k  o f  e a c h  ty p e  o f  m u s c u l a t u r e  w a s  a ls o  t e s t e d  in  o r d e r  
t o  e s ta b l i s h  a  T B A  n u m b e r  ( m i l l ig r a m s  m a lo n a l d e h y d e  p e r  lO O O g o f  
s a m p le )  f o r  t h e  m e a t  a t  z e r o  s to r a g e  t im e .

T o t a l  l i p id  o f  e a c h  r a w  a n d  c o o k e d  s a m p le  w a s  d e t e r m i n e d  b y  a  
m o d i f i c a t i o n  o f  t h e  m e th o d  o f  F o lc h  e t  a l. ( 1 9 5 7 ) .  T h e  l ip id  e x t r a c t e d  
w i th  2 :1  c h lo r o f o r m - m e th a n o l  (v /v )  w a s  w a s h e d  o n c e  w i t h  a  q u a n t i t y  
o f  a n  0 .8 8 %  KC1 s o lu t io n  in  d i s t i l l e d  w a t e r  ( w /w )  e q u a l  t o  0 .2  o f  t h e  
e x t r a c t e d  v o lu m e .  A n  a l i q u o t  o f  t h e  l o w e r  c h lo r o f o r m  l a y e r  w a s  c a r e 
fu l ly  e v a p o r a t e d ,  a n d  s to r e d  in  a  d e s i c c a to r  u n t i l  a  c o n s t a n t  w e ig h t  w a s  
o b t a in e d .

P e r c e n ta g e s  o f  m a jo r  f a t t y  a c id s  in  e a c h  r a w  a n d  c o o k e d  s a m p le  
w e re  d e t e r m i n e d  u s in g  th e  r e m a in in g  c h l o r o f o r m  l a y e r  f r o m  t h e  t o t a l  
l ip id  m e a s u r e m e n t .  E a c h  s a m p le  w a s  c o n c e n t r a t e d  u n d e r  n i t r o g e n ,  a n d  
s p o t t e d  o n  a c t iv a t e d  t h i n  l a y e r  c h r o m a t o g r a p h y  (T L C )  p l a t e s ,  a c c o r d in g  
to  t h e  m e t h o d  o f  S t a h l  ( 1 9 6 5 ) .  A  s t a n d a r d  r e f e r e n c e  l i p id ,  T L C  
S t a n d a r d  N e u t r a l  L ip id  N L 1 ,  w a s  o b t a i n e d  f r o m  T h e  H o r m e l  I n s t i t u t e ,  
A u s t in ,  M in n .  T h e  d e v e lo p in g  s o l u t i o n  c o n t a i n e d  t h e  fo l l o w in g  m i x t u r e  
f o r  s e p a r a t i o n  o n  tw o  p la te s :  8 7  m l h e x a n e ,  1 3  m l  e t h y l  e t h e r ,  1 m l 
a c e t i c  a c id .  T h e  p l a t e s  w e r e  s p r a y e d  w i th  2 ,7 - d i c h lo r o f lu o r e s c e i n  (0 .2 %  
in  m e t h a n o l )  f o r  u l t r a v io l e t  d e t e c t i o n  o f  t h e  f r a c t i o n s  o b t a i n e d .  T h e  
f a t t y  a c id s  o f  t h e  p h o s p h o l ip id ,  f r e e  f a t t y  a c id ,  a n d  t r i g ly c e r id e  f r a c 
t i o n s  w e r e  m e t h y l a t e d  a n d  u s e d  f o r  q u a n t i f i c a t i o n  b y  g a s  l i q u id  
c h r o m a to g r a p h y  (G L C ) .  T h e  in s t r u m e n t  u s e d  in  th i s  s t u d y  w a s  a  V a r ia n  
A e r o g r a p h  m o d e l  1 2 0 0  g as  c h r o m a to g r a p h  w i t h  a  f l a m e  io n i z a t io n  
d e t e c t o r .  T h e  3 0 4 .8  c m  s ta in le s s  s te e l  c o lu m n  h a d  a n  O .D .  o f  3  m m ,  
a n d  w a s  p a c k e d  w i th  1 0 %  b y  w e ig h t  D E G S  o n  8 0 - 1 0 0  m e s h  C h r o m o -  
s o rb  A W . C o lu m n  t e m p e r a t u r e  w a s  1 7 5 ° C ;  n i t r o g e n  f lo w  r a t e  w a s  a d 
j u s t e d  t o  4 0  m l  p e r  m in .

C o o k e d  s a m p le s  w e r e  j u d g e d  b y  a  f iv e -m e m b e r  e x p e r i e n c e d  p a n e l  
u s in g  a  5 - p o in t  h e d o n ic  s c a le  (5  =  m o s t  d e s i r a b l e ) .  1 0  t a s t i n g  s e s s io n s  
w e re  c o n d u c t e d .  O n e  lo in  o f  e a c h  t y p e  w a s  u s e d  p e r  s e s s io n ;  th e r e f o r e ,  
p a n e l  m e m b e r s  j u d g e d  s ix  s a m p le s  ( o v e n - b r o i le d  n o r m a l ,  P S E ,  D F D ; 
d e e p - f a t  f r i e d  n o r m a l ,  P S E ,  D F D )  f o r  a  t o t a l  o f  1 0  r e p l i c a t i o n s .  A n  
a n a ly s is  o f  v a r ia n c e  w a s  c o n d u c t e d  o n  a ll d a t a ;  t h e  N e w m a n - K e u ls  se 
q u e n t i a l  r a n g e  t e s t  w a s  u s e d  t o  s e p a r a t e  s ig n i f i c a n t  m e a n s  ( S te e le  a n d  
T o r r i e ,  1 9 6 0 ) .

RESULTS

THE CONCENTRATION of malonaldehyde was found to be 
significantly (p <  0.01) different among types for the raw 
meat, with PSE musculature exhibiting the highest TBA num
bers and DFD the lowest (Table 1). There was no significant 
difference for TBA numbers among types for the cooked 
meats, but all cooked pork contained significantly (p <0.01) 
more malonaldehyde than the raw meats, and oven-broiled 
samples had higher numbers than the deep-fat fried muscles 
(Tables 2, 3). TBA numbers for unfrozen (fresh) meat are 
included in Table 1.

The taste panel detected differences due to cooking method 
and meat type (Tables 2, 3). Oven-broiled samples were judged 
significantly (p <  0.01) more tender, flavorful and acceptable 
than the fried meat. Significant (p <  0.05) differences in juici
ness among types were also found, DFD being the most juicy 
and PSE the least. No significant differences were found 
among types for flavor, tenderness, or acceptability; further
more, the method of cooking apparently had no significant 
effect on the juiciness of the meats.

The raw meats had significantly (p <  0.01) less extractable
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Table 1—Mean TBA numbers3 o f three types of raw, oven-broiled and deep-fat fried pork 

Muscle type

T reatment Normal (10 samples) DFD (10 samples) PSE (10 samples) Std errorb F value

Frozen
Raw 1.2C 0 .6d 3.0e 0.2 10.2**
Deep-fat fried 7.6 7.1 7.6 0.5 0.1
Oven-broiled 10.9 8.5 9.1 0.5 2.3

Unfrozen
Raw 0.05 0.03 0.12 0.07 2.7
Deep-fat fried 0.7 0.5 0.6 0.2 0.7
Oven-broiled 0.7 0.6 0.7 0.2 0.2
a  M i l l i g r a m s  m a l o n a l d e h y d e  p e r  1 0 0 0 g  o f  s a m p le  

b  B a s e d  o n  e r r o r  m e a n  s q u a r e  f r o m  a n a l y s i s  o f  v a r i a n c e
c , d , e  M e a n s  ¡ n  s a m e  I n e  b e a r i n g  d i f f e r e n t  s u p e r s c r i p t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p  <  0 . 0 1 ) 

* *  F  v a l u e  s i g n i f i c a n t  a t  1 %  le v e l

l i p i d  t h a n  m e a t  c o o k e d  b y  e i t h e r  o v e n - b r o i l i n g  o r  d e e p - f a t  

f r y i n g  ( T a b l e  2 ) .  N o  s i g n i f i c a n t  d i f f e r e n c e s  i n  p e r c e n t  l i p i d  d u e  
t o  c o o k i n g  m e t h o d ,  m e a t  t y p e ,  o r  c o o k i n g  m e t h o d - t y p e  i n t e r 

a c t i o n s  w e r e  f o u n d ;  a  s i m i l a r  l a c k  o f  s i g n i f i c a n t  d i f f e r e n c e s  i n  
f a t t y  a c i d  c o m p o s i t i o n  w a s  n o t e d  f o r  t h e  v a r i a t i o n s  ( o v e n -  

b r o i l e d  n o r m a l ,  P S E ,  D F D ;  d e e p - f a t  f r i e d  n o r m a l ,  P S E ,  D F D ;  

r a w  n o r m a l ,  P S E ,  D F D ) .

DISCUSSION

T H E  T B A  N U M B E R S  f o r  t h e  t y p e s  o f  f r o z e n - t h a w e d  r a w  
m e a t  i n d i c a t e  t h a t  t h e  P S E  p o r k  c o n t a i n e d  t h e  m o s t  m a l o n 

a l d e h y d e  a n d  D F D  t h e  l e a s t  ( T a b l e  1 ) .  T h e  l o w e r  p H  w h i c h  
h a s  b e e n  r e p o r t e d  f o r  t h i s  m e a t ,  c o m b i n e d  w i t h  a  l a r g e r  
a m o u n t  o f  l o o s e l y  b o u n d  w a t e r  r e l a t i v e  t o  D F D  m u s c l e s ,  o f f e r  

p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  m a r k e d  d i f f e r e n c e  ( B r i s k e y ,  
1 9 6 3 ,  1 9 6 4 ;  S a y r e  e t  a l . ,  1 9 6 1 ,  1 9 6 4 ) .  W h i l e  t h e  T B A  n u m b e r s  

f o r  t h e  u n f r o z e n  m e a t s  a r e  b e l o w  e s t i m a t e c  t h r e s h o l d  l e v e l s  
f o r  s u b j e c t i v e  d e t e c t i o n  o f  r a n c i d i t y  ( W a t t s ,  1 9 6 1 )  t h e y  s h o w  a  
s i m i l a r  t r e n d  t o  t h a t  o f  t h e  s t o r e d  m u s c l e s .  T h i s  t r e n d  s u p p o r t s  

t h e  e v i d e n c e  t h a t  P S E  p o r k  i s  b a s i c a l l y  m o r e  s u s c e p t i b l e  t o  t h e  
d e v e l o p m e n t  o f  m a l o n a l d e h y d e  t h a n  a r e  t h e  o t h e r  m u s c l e  

t y p e s .
C o o k i n g  t e n d e d  t o  e l e v a t e  a n d  e v e n  o u t  t h e  d i f f e r e n c e s  i n

Table 2 - -Data fo r cooking methods only

Cooking method

Measurement Raw (30 samples) Oven-broiled (30 samples) Deep-fat fried  (30 samples) Std error3 F value

T B A  num ber13 1 .6 ° 9 .5 d 7.4 e 0.4 9 7 .0 * *
To ta l lip id  (%) 4 .0 C 7 .7 d 7 .5 d 0.0 0 4 13 5 .7 * *
Tenderness* 3 .4 C 2 .8 d 0.1 4 1 .9 * *
Juiciness* 3.0 2.9 0.1 0.0
Flavor* 3 .3 C 3 .0 d 0.1 10.0**
A cce p tab ility* 3 .2 C 2.9 d 0.1 12.0**

a Based on error mean square from  analysis of variance
b M illigram s m alonaldehyde per 1 OOOg of sample
c,a,e Means in same line bearing d ifferen t superscripts are sig n ifica n tly  d ifferen t (p <  0.01)
1 5-po int hedonic scale: 5 = m ost desirable, 1 = least desirable '
* * F value sig n ifica n t at 1% level

Table 3—Combined data fo r cooked meats by muscle type

Measurement

Muscle type

Std error3 F valueNormal (20 samples) DFD (20 samples) PSE (20 samples)

TBA number*3 6.6 5.4 6.5 0.4 2.6
Total lipid (%) 6.9 6.5 5.8 0.01 1.1
Tenderness0 2.9 3.2 3.1 0.2 0.7
Juiciness0 2.9d 3.3e 2 .6* 0.1 4.7*
Flavor0 3.1 3.3 3.0 0.1 1.3
Acceptability0 3.0 3.3 2.8 0.1 1.8

a  B a s e d  o n  e r r o r  m e a n  s q u a r e  f r o m  a n a l y s i s  o f  v a r i a n c e  

b  M i l l i g r a m s  m a l o n a l d e h y d e  p e r  1 0 0 0 g  o f  s a m p le  

c  5 - p o i n t  h e d o n i c  s c a le :  5  =  m o s t  d e s i r a b l e ,  1 =  l e a s t  d e s i r a b le

d , e , f  M e a n s  i n  s a m e  l i n e  b e a r i n g  d i f f e r e n t  s u p e r s c r i p t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p  <  0 . 0 1 )  
* F  v a l u e  s i g n i f i c a n t  a t  5 %  le v e l
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T B A  n u m b e r s  a m o n g  m u s c l e  t y p e s ;  o t h e r  w o r k e r s  ( Y o u n a t h a n  
a n d  W a t t s ,  1 9 5 9 ;  L u n d b e r g ,  1 9 6 2 )  h a v e  n o t e d  a n  i n c r e a s e  i n  

r a n c i d i t y  o f  m e a t  f o l l o w i n g  c o o k i n g .  T h e  T B A  n u m b e r  h a s  
b e e n  u s e d  w i t h  t a s t e  p a n e l  e v a l u a t i o n s  t o  d e t e r m i n e  t h e  e x t e n t  
o f  r a n c i d i t y  i n  f o o d s  ( T a r l a d g i s  e t  a l . ,  1 9 6 0 ) .  T a s t e  p a n e l  d a t a  
o b t a i n e d  i n  t h i s  s t u d y  s u p p o r t  t h e  p a t t e r n  o f  t h e  r a w  m e a t  

T B A  n u m b e r s  b y  t r e n d s  i n  t h e  s c o r e s  f o r  f l a v o r  a n d  o v e r a l l  
a c c e p t a b i l i t y ;  t h e s e  t r e n d s  i n d i c a t e  D F D  m e a t  t o  b e  t h e  m o s t  
p a l a t a b l e  o f  t h e  t h r e e  t y p e s ,  a n d  P S E  t h e  l e a s t  ( T a b l e  3 ) .  T h e  

p a n e l  m e m b e r s  w e r e  n o t  a w a r e  t h a t  t h e y  w e r e  j u d g i n g  p o r k  
b e l i e v e d  t o  b e  r a n c i d ,  a n d  t h e r e f o r e  t h e  l a c k  o f  s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  t a s t e  p a n e l  s c o r e s  f o r  t h e  m u s c l e  t y p e s  m a y  
r e f l e c t  e v a l u a t i o n s  o t h e r  t h a n  t h a t  o f  r a n c i d i t y  i n  t h e  m e a t .

T h e  r e s u l t s  r e p o r t e d  i n  t h i s  s t u d y  s u p p o r t  e v i d e n c e  o f f e r e d  

b y  B e n n e t t  e t  a l .  ( 1 9 7 3 )  t h a t  o v e n - b r o i l e d  p o r k  t e n d s  t o  b e  
r a t e d  m o r e  t e n d e r ,  f l a v o r f u l  a n d  a c c e p t a b l e  t h a n  f r i e d  m u s c l e .  

S i n c e  n o n e  o f  t h e  t o t a l  l i p i d  v a l u e s  o r  f a t t y  a c i d  p e r c e n t a g e s  

w e r e  f o u n d  t o  b e  s i g n i f i c a n t l y  d i f f e r e n t ,  i t  i s  a s s u m e d  t h a t  
f a c t o r s  o t h e r  t h a n  a m o u n t  o f  f a t  o r  i t s  c o m p o s i t i o n  m a y  c o n 
t r i b u t e  t o  t h e  d i f f e r e n c e s  i n  p a l a t a b i l i t y  d a t a  f o r  c o o k i n g  

m e t h o d  a s  w e l l  a s  f o r  m e a t  t y p e .
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EFFECTS OF CURING INGREDIENTS AND HOLDING TIMES 
AND TEMPERATURES ON ORGANOLEPTIC AND MICROBIOLOGICAL 

PROPERTIES OF DRY-CURED SLICED HAM

INTRODUCTION

T H E  P R O D U C T I O N  o f  d r y - c u r e d  h a m s  h a s  i n c r e a s e d  r a p i d l y  
i n  t h e  S o u t h e a s t e r n  U n i t e d  S t a t e s  d u r i n g  t h e  l a s t  f e w  y e a r s .  A n  

i n c r e a s i n g  p e r c e n t a g e  o f  t h e  t o t a l  h a m s  b e i n g  p r o d u c e d  is  
b e i n g  s l i c e d  a n d  s o l d  i n  v a c u u m  p a c k a g e s  r a t h e r  t h a n  a s  w h o l e  
h a m s  ( V a r n e y ,  p e r s o n a l  c o m m u n i c a t i o n ) .  T h e  h a m  s l i c e s  u s u 
a l l y  a r e  k e p t  u n d e r  r e f r i g e r a t i o n ;  h o w e v e r ,  s e v e r a l  r e t a i l  o u t l e t s  
o f t e n  d i s p l a y  t h e  p a c k a g e d  s l i c e s  i n  n o n r e f r i g e r a t e d  a r e a s  t o  

a t t r a c t  a t t e n t i o n  o f  t h e  c o n s u m e r .
T h e  u s e  o f  n i t r a t e  o r  n i t r i t e  a s  a  c u r i n g  a g e n t  w a s  r e p o r t e d  

b y  H a l d a n e  ( 1 9 0 1 ) .  A s a  r e s u l t  o f  w o r k  r e p o r t e d  b y  K e r r  e t  a l .  
( 1 9 2 6 )  t h e  U S D A  a p p r o v e d  i t s  u s e  a s  a  c u r i n g  i n g r e d i e n t  f o r  
p o r k  p r o d u c t s .  T h e  m o s t  n o t i c e a b l e  e f f e c t  o f  n i t r a t e  o r  n i t r i t e  

h a s  b e e n  i t s  r o l e  i n  c o l o r  d e v e l o p m e n t .  W o r k e r s  i n c l u d i n g  C h o  
a n d  B r a t z l e r  ( 1 9 7 0 )  h a v e  s h o w n  t h a t  n i t r i t e  i m p r o v e d  f l a v o r  o f  
c e r t a i n  t y p e s  o f  c u r e d  p o r k .  O t h e r  w o r k e r s ,  i n c l u d i n g  G r e e n 
b e r g  ( 1 9 7 2 ) ,  h a v e  p o i n t e d  o u t  t h e  u s e f u l n e s s  o f  n i t r i t e  a s  a  

b a c t e r i o s t a t i c  a g e n t  e s p e c i a l l y  f o r  t h e  c o n t r o l  o f  Clostridium 
botulinum.  D r y - c u r i n g  a n d  a g i n g  w e r e  f o r m e r l y  d o n e  u s i n g  
a m b i e n t  t e m p e r a t u r e s  I n  r e c e n t  y e a r s ,  h o w e v e r ,  m o s t  c o m 
m e r c i a l  d r y - c u r e d  h a m s  h a v e  b e e n  c u r e d  a n d  a g e d  u n d e r  c o n d i 
t i o n s  o f  c o n t r o l l e d  t e m p e r a t u r e  a n d  r e l a t i v e  h u m i d i t y  a n d  w i t h  
a  d e c r e a s e d  a g i n g  t i m e  ( C e c i l  a n d  W o o d r o o f ,  1 9 5 4 ;  C h r i s t i a n ,  
1 9 6 0 ; S k e l l e y  e t  a l . ,  1 9 6 4 ;  V a r n e y ,  1 9 6 7 ) .  V a r y i n g  i n g r e d i e n t s ,  
h o l d i n g  t i m e s  a n d  h o l d i n g  t e m p e r a t u r e s  m a y  a f f e c t  c o l o r ,  
m i c r o b i a l  p o p u l a t i o n  a n d  o r g a n o l e p t i c  p r o p e r t i e s .  T h i s  p r o j e c t  
w a s  d e s i g n e d ,  t h e r e f o r e ,  t o  t e s t  t h e  e f f e c t  o f  f i v e  c u r i n g  m i x 
t u r e s  a n d  t w o  h o l d i n g  t e m p e r a t u r e s  o n  t h e  c o l o r ,  g e n e r a l  
a p p e a r a n c e ,  o r g a n o l e p t i c  p r o p e r t i e s  a n d  m i c r o b i a l  p o p u l a t i o n  
o f  s l i c e d  v a c u u m - p a c k e d  c o u n t r y - s t y l e  h a m .

EXPERIMENTAL

F I V E  C U R IN G  M IX T U R E S  w e re  u s e d  b y  a c o m m e r c ia l  h a m  c u r e r  
( H a r p e r  H a m s , C l in to n ,  K y .)  in  a  r a t i o  a s  f o l l o w s  (T a b le  1 ):

C u r e  1: 1 0 0  lb  s a l t ,  1 0  lb  s u g a r  a n d  5 o z  s o d iu m  n i t r i t e ;
C u re  2 : 1 0 0  lb  s a l t ,  1 0  lb  s u g a r  a n d  4 4  o z  p o ta s s iu m  n i t r a t e ;

C u re  3 : 1 0 0  lb  s a l t ,  1 0  lb  s u g a r ,  5  o z  s o d iu m  n i t r i t e  a n d  3 2  o z  p o t a s 
s iu m  n i t r a t e ;

C u r e  4 :  1 0 0  lb  s a l t ,  1 0  lb  s u g a r  a n d  2 0  lb  P r a g u e  P o w d e r  (A  c o m m e r 
c ia l  m ix tu r e  c o n ta in in g  6 .2 5 %  s o d iu m  n i ' r i t e ,  4 .2 5 %  s o d iu m  
n i t r a t e  a n d  8 9 .5 %  s a l t ) ;

C u re  5 :  1 0 0  lb  s a l t  a n d  10  lb  s u g a r .
8 -  9  lb  o f  m ix tu r e  w e re  u s e d  f o r  e a c h  1 0 0  lb  h a m .  T h e  c u r in g  m i x t u r e s  
w e re  a p p l i e c  in  tw o  e q u a l  a p p l i c a t i o n s  a t  7 -d a y  in te r v a l s  a n d  h a m s  w e re  
h e ld  in  c u r e  3 5  d a y s  a t  3 ° C . T h e y  w e re  t h e n  h e ld  1 4  d a y s  a t  1 6 ° C  f o r  
s a l t  e q u a l i z a t i o n  a n d  a g e d  3 0  d a y s  a t  2 6 ° C  w i th  a  r e la t iv e  h u m i d i t y  o f  
6 5 - 6 8 % .  T h e y  w e re  n o t  s m o k e d .  H a m s  w e re  s l ic e d  a n d  v a c u u m  p a c k e d  
w i th  tw o  c e n t e r  s l ic e s  p e r  p a c k a g e .  F i f t e e n  p a c k a g e s  o f  e a c h  t r e a t m e n t  
w e re  s h ip p e d  to  t h e  U n iv e r s i ty  o f  K e n tu c k y  A n im a l  S c ie n c e s  D e p t ,  a n d  
a r r iv e d  1 d a y  a f t e r  s h ip m e n t .  T h e  p a c k a g e s  w e re  d iv id e d  i n t o  t h r e e  
g r o u p s  o f  f iv e  p a c k a g e s  p e r  g r o u p .  O n e  g r o u p  w a s  s a m p le d  s o o n  a f t e r  
a r r iv a l .  T h e  s e c o n d  g r o u p  w a s  h e ld  a s  d e s c r ib e d  b e lo w  a t  1 ° C  f o t  1 
m o n t h .  T h e  t h i r d  g r o u p  w a s  h e ld  a t  2 4 ° C  ( r o o m  t e m p e r a t u r e )  f o r  1 
m o n th .

T h e  s lic e s  w e re  s u b je c t iv e ly  e v a l u a te d  o n  a r r iv a l  f o r  c o lo r .  S c o re s  
u s e d  w e re  3 , d a r k  r e d ;  2 ,  r e d ;  a n d  1 , l ig h t  r e d .  F iv e  s l ic e s  o f  e a c h  g r o u p  
w e re  b r o i l e d  a n d  e v a l u a te d  o r g a n o le p t ic a l ly  b y  a  t r a in e d  p a n e l  u s in g  a
9 -  p o in t  h e d o n i c  s c a le  f o r  f la v o r ,  t e n d e r n e s s ,  j u ic in e s s  a n d  o v e r -a l l  s a t i s 
f a c t i o n .  T h e  s a m p le s  w e re  s e r v e d  s ix  a t  a  t im e  w i th  r a n d o m  d i s t r i b u t i o n  
a m o n g  t r e a t m e n t s  b u t  w i th  t h r e e  o f  e a c h  t e m p e r a t u r e  g r o u p  s e rv e d  a t  
e a c h  s i t t in g .  O n e  s lic e  o f  e a c h  p a i r  w a s  t r i m m e d  o f  f a t ,  a n d  t h e  le a n  
s e p a r a t e d  i n t o  t h r e e  p o r t i o n s :  (a )  a  2 .5 -c m  s t r i p  o n  t h e  o u t s id e  p o r t i o n  
o f  t h e  s e m im e m b r a n o s u s ;  (b )  a  2 .5 -c m  p o r t i o n  f r o m  t h e  c e n t e r  o f  t h e  
s l ic e ;  a n d  ( c > a  2 .5 -c m  p o r t i o n  a d j a c e n t  to  t h e  o u t s id e  f a t .  E a c h  s e c t io n  
w a s  a n a l y z e d  f o r  n i t r i t e  a n d  N a C l (A O A C , 1 9 7 0 ) .  A  r a n d o m  s lic e  f r o m  
e a c h  t r e a t m e n t  g r o u p  w a s  u s e d  to  e n u m e r a t e  a n d  e s ta b l i s h  b a s e  v a lu e s  
f o r  t h e  v a r io u s  m ic ro o r g a n is m s  n o t e d  b e lo w .

F iv e  p a c k a g e s  f r o m  e a c h  t r e a t m e n t  g r o u p  w e re  h e ld  a t  r o o m  t e m p e r 
a t u r e  ( 2 4 ° C )  u n d e r  n o r m a l  f l u o r e s c e n t  l ig h t  f o r  1 m o n t h .  A n  a d d i t i o n a l  
fiv e  p a c k a g e s  f r o m  e a c h  t r e a t m e n t  g r o u p  w e re  h e ld  a t  a p p r o x i m a t e l y  
1 °C  u n d e r  s o f t  w h i te  l ig h ts  ( t o  s im u la te  s to r e  c o n d i t i o n s )  f o r  1 m o n t h .

A f te r  s to r a g e ,  b o t h  t e m p e r a t u r e  g r o u p s  w e re  e v a lu a te d  v is u a l ly  a n d  
o r g a n o le p t i c a l l y ,  a n d  a n a ly z e d  f o r  s a l t  a n d  n i t r i t e  a s  n o t e d  a b o v e .  O n e  
s lic e  f r o m  e a c h  p a c k a g e  w a s  e x a m in e d  fo r  t o t a l ,  a n a e r o b i c ,  s t r e p t o 
c o c c i ,  e n t e r o c o c c i ,  l a c to b a c i l l i  a n d  s t a p h y l o c o c c i  c o u n t s .  C o u n t s  w e re  
d e t e r m in e d  u s in g  th e  p r o c e d u r e s  d e s c r ib e d  b y  L a n g lo is  a n d  K e m p t
( 1 9 7 4 ) .

Table 1 —Experimental design

Curing treatm ent3
Holding time and temp 

after slicing

Nitrite,13 salt, sugar 1 day. 1°C
Nitrate,0 salt, sugar 1 mo. 1°C
Nitrited + nitrate, salt, sugar 1 mo. 24° C
Prague Powder,e salt, sugar
Salt-sugar only (control)

a
b
c

d
e

8 — 9  l b  m i x t u r e  p e r  1 0 0  l b  m e a t  

A p p r o x  1 o z  p e r  1 0 0  l b  m e a t  

A p p r o x  4  o z  p e r  1 0 0  l b  m e a t

A p p r o x  4  o z  n i t r a t e  a n d  1 / 2  o z  n i t r i t e  p e r  1 0 0  l b  m e a t  

A p p r o x  1 . 3  l b  p e r  1 0 0  l b  m e a t

6 3 4 -J O U R N A L  OF FOOD S C IE N C E -V olu m e 4 0  (1975)

Table 2—Effect of cure ingredients and tim e and temperature o f 
storage3 on color of dry-cured hams

Treatment

Period

Fresh 1 mo, 1°C 1 mo, 24°C

Nitrite 2.0 a,x 2.0 a,x 2.0 a,x
Nitrate 2.2 a,x 2.0 a,x 1.2 b,y
Nitrite + Nitrate 2.0 a,x 2.0 a,x 1.6 a,y
Prague Powder 2.0 a,x 2.0 a,x 1.2 b,y
Control 1.6 b,x 1.4 b,> 1.0 c,y

a  D a t a  w i t h i n  v e r t i c a l  c o l u m n s  w i t h  d i f f e r e n t  l e t t e r s  ( a ,  b ,  c )  a r e  

s i g n i f i c a n t l y  d i f f e r e n t  (P  <  0 . 0 5 ) ;  D a t a  w i t h i n  h o r i z o n t a l  r o w s  

w i t h  d i f f e r e n t  l e t t e r s  ( x ,  y )  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( P  <  0 . 0 1 ) .
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Table 3 -E f fe c t  of curing ingredients and time and temperature of storage3 on organolepticb properties of dry-cured hams

Holding time 
Holding temp

Flavor Tenderness Juiciness Over-all satisfaction

0 1 mo 
1°C

1 mo 
24° C

0 1 mo 
1°C

1 mo 
24° C

0 1 mo 
1°C

1 mo 
24° C

0 1 mo. 
1°C

1 mo
2 4 °

Cure treatment

N itrite 7.05 a,x 6.52 a,y 5.28 z 6.48 a,x 5.66 a,y 4.51 z 6.57 a,x 5.86 a,y 4.84 z 6.83 a,x 6.24 a,y 4.77 z
Nitrate 6.71 a,x 6.14 a,y 4.61 z 6.45 a,x 5.80 a,y 4.51 z 6.57 afx 5.75 a,y 4.62 z 6.68 a,x 5.82 a,y 4.42 z
N itrite  + Nitrate 7.14 a,x 6.16 a,y 5.01 z 6.80 a,x 6.52 a,y 5.17 z 6.74 a,x 5.87 a,y 4.85 z 7.02 a,x 6.28 a,y 4.55 z
Prague Powder 6.96 a,x 6.36 a,y 4.73 z 6.60 a,x 5.79 a,y 4.58 z 6.82 a,x 5.79 a,y 4.83 z 6.60 a,x 5.98 a,y 4.60 z
Control 6.14 b,x 5.86 b,y 5.03 z 5.43 b,x 5.40 b,x 4.95 z 6.22 a,x 5.52 a,y 5.03 z 5.57 b,x 5.50 b,x 4.88 z

a  D a t a  w i t h i n  v e r t i c a l  c o l u m n s  w i t h d i f f e r e n t  l e t t e r s  ( a , b )  a r e  s i g n i f i c a n t l y  d i f f e r e n t  (P  <  0 . 0 5 ) ;  D a t a  w i t h i n  h o r i z o n t a l  r o w s  w i t h  d i f f e r e n t  l e t t e r s
( x ,  y ,  z )  a r e  s i g n i f i c a n t l y  d i f f e r e n t  (P  <  0 . 0 1 ) .  

b  B a s e d  o n  9 - p o i n t  h e d o n i c  s c a le  w i t h  1 b e in g  d i s l i k e  e x t r e m e l y  a n d  9  l i k e  e x t r e m e l y .

D a ta  w e re  a n a ly z e d  u s in g  th e  S t a t i s t i c a l  A n a ly s is  S y s te m  (S A S )  p r o 
g ra m  o f  B a rr  a n d  G o o d n ig h t  ( 1 9 7 2 ) .

RESULTS & DISCUSSION

Color
C o l o r  w a s  e v a l u a t e d  s u b j e c t i v e l y  a s  n o t e d  i n  T a b l e  2 .  I n  t h e  

f r e s h  g r o u p  a n y  c u r i n g  t r e a t m e n t  c o n t a i n i n g  n i t r i t e  o r  n i t r a t e  
b r o u g h t  a b o u t  i m p r o v e d  c o l o r  ( P  <  0 . 0 5 ) .  T h i s  c o l o r  g e n e r a l l y  

w a s  m a i n t a i n e d  w h e n  t h e  s l i c e s  w e r e  s t o r e d  a t  1 ° C .  H o w e v e r ,  
w h e n  s l i c e s  w e r e  s t o r e d  a t  r o o m  t e m p e r a t u r e  ( 2 4 ° C )  t h e r e  w a s  

a  s i g n i f i c a n t  d e c r e a s e  ( P  <  0 . 0 1 )  i n  c o l o r  s c o r e s  i n  a l l  c u r e  
t r e a t m e n t  g r o u p s  e x c e p t  t h e  n i t r i t e  g r o u p .  T h e  c o n t r o l  g r o u p ,  
c u r e d  w i t h  s a l t - s u g a r  o n l y  a n d  h e l d  a t  r o o m  t e m p e r a t u r e  f o r  a  

m o n t h ,  w a s  e s p e c i a l l y  o f f - c o l o r .  T h e  a v e r a g e  s c o r e  ( 1 )  w a s  
l i g h t  r e d .  H o w e v e r ,  i n  m a n y  i n s t a n c e s  s l i c e s  a l s o  s h o w e d  g r e y  
a r e a s .

Flavor
F l a v o r  w a s  a f f e c t e d  b y  b o t h  c u r i n g  t r e a t m e n t  a n d  s t o r a g e  

c o n d i t i o n s  ( T a b l e  3 ) .  A m o n g  t h e  f r e s h  s a m p l e s ,  f l a v o r  w a s  
m o r e  d e s i r a b l e  ( P  <  0 . 0 5 )  i n  a n y  g r o u p  w h e r e  n i t r i t e  o r  n i t r a t e  

w a s  u s e d  t h a n  i n  t h e  c o n t r o l s .  T h e  s a m e  t r e n d  c o n t i n u e d  a f t e r  

h o l d i n g  s l i c e s  a  m o n t h  a t  1 ° C .  F l a v o r  d e c r e a s e d  ( P  <  0 . 0 1 )  
d u r i n g  1 m o n t h  a t  1 ° C .  S c o r e s  w e r e  s t i l l  a b o v e  t h e  h e d o n i c  

s c a l e  o f  6  ( l i k e  s l i g h t l y ) ,  h o w e v e r ,  a n d  w e r e  v e r y  a c c e p t a b l e .  
T h e  s c o r e s  w e r e  m u c h  b e t t e r  ( P  <  0 . 0 1 )  w h e n  t h e  s l i c e s  w e r e  
h e l d  a t  1 ° C  t h a n  a t  2 4 ° C .  A t  t h e  l a t t e r  t e m p e r a t u r e  a l l  h a d  

d e c r e a s e d  a n d  a v e r a g e d  b e l o w  t h e  “ l i k e  s l i g h t l y ”  ( 6 )  c a t e g o r y  
w i t h  n o  s i g n i f i c a n t  d i f f e r e n c e  a m o n g  c u r e  t r e a t m e n t s .

Tenderness
T e n d e r n e s s  s c o r e s  a l s o  a r e  n o t e d  i n  T a b l e  3 .  I n  t h e  f r e s h

Table 4 —Effect of curing ingredients and tim e and temperature 
of storage on percent salt in dry-cured hams

Portion3
Time Temp 

0 1°C
Time Temp 
1 mo 1°C

Time Temp 
1 mo 24° C

Treatment6 a b c a b c a b c

N itrite 6.1 7.0 6.6 5.5 6.1 5.8 6.4 6.6 7.2
Nitrate 5.2 6.5 5.9 5.9 6.1 5.9 6.6 6.8 6.6
N itrite  + Nitrate 5.8 6.3 5.2 6.1 6.4 6.2 6.2 6.6 6.3
Prague Powder 7.0 6.8 6.1 7.0 7.5 5.7 6.2 7.1 7.1
Control 6.9 7.5 6.6 6.5 6.9 6.3 6.8 7.0 6.9

a  P o r t i o n :  "a" S u r f a c e  s a m p l e ;  " b "  I n t e r m e d i a t e  s a m p l e ;  " c "  D e e p  

s a m p le .

b  A v g  a l l  " a ”  =  6 . 2 8 ;  a l l  " b "  =  6 . 7 4 ;  a l l  " c "  =  6 . 2 9 .

g r o u p ,  a l l  t r e a t e d  s a m p l e s  h a d  h i g h e r  a v e r a g e  s c o r e s  ( P  <  0 . 0 5 )  
t h a n  t h e  c o n t r o l  g r o u p .  T h i s  a l s o  w a s  t r u e  a f t e r  a  m o n t h  a t  
1 ° C .  T h e r e  w a s  a  s i g n i f i c a n t  d e c r e a s e  i n  t e n d e r n e s s  a s  s t o r a g e  
p r o g r e s s e d .  T h e  d i f f e r e n c e  w a s  h i g h l y  s i g n i f i c a n t  ( P  <  0 . 0 1 )  
w h e n  t h e  f r e s h  o r  1 ° C  s t o r a g e  g r o u p s  w e r e  c o m p a r e d  w i t h  t h e  
2 4 ° C  g r o u p .  S i n c e  s o m e  p a n e l i s t s  t e n d e d  t o  r e l a t e  o n e  o r g a n o 
l e p t i c  p r o p e r t y  t o  a n o t h e r  t h e  d i f f e r e n c e  m a y  b e  s o m e w h a t  
b i a s e d .

Juiciness
J u i c i n e s s  s c o r e s  a v e r a g e d  h i g h e r  f o r  t h e  t r e a t e d  g r o u p s ,  a l 

t h o u g h  t h e  d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t .  T h e r e  w a s  a  s ig 
n i f i c a n t  ( P  <  0 . 0 1 )  d e c r e a s e  i n  j u i c i n e s s ,  h o w e v e r ,  w h e n  t h e  
f r e s h  g r o u p  w a s  c o m p a r e d  w i t h  t h e  1 ° C  g r o u p  o r  t h e  2 4 ° C  
g r o u p  o r  w h e n  t h e  1 ° C  g r o u p  w a s  c o m p a r e d  w i t h  t h e  2 4 ° C  
g r o u p .

Over-all satisfaction
O v e r - a l l  s a t i s f a c t i o n  s c o r e s  f o l l o w e d  t h e  s a m e  t r e n d  a s  f l a 

v o r  a n d  t e n d e r n e s s  s c o r e s .  T r e a t e d  g r o u p s  w e r e  m o r e  d e s i r a b l e  
t h a n  t h e  c o n t r o l  g r o u p  e x c e p t  a t  t h e  2 4 ° C  s t o r a g e  t e m p e r a 

t u r e .  A g a i n ,  t h e r e  w a s  a  d e c r e a s e  i n  o v e r - a l l  s a t i s f a c t i o n  s c o r e s  
w i t h  1 m o n t h  s t o r a g e  a t  1 ° C ,  b u t  t h e  b i g  d e c r e a s e  ( P < 0 . 0 1 )  
w a s  d u e  t o  t e m p e r a t u r e .  T h i s  i n d i c a t e s  t h a t  h a m s  c u r e d  w i t h  

s o m e  f o r m  o f  n i t r a t e  o r  n i t r i t e  w e r e  m o r e  d e s i r a b l e  t h a n  u n 

t r e a t e d  h a m s  w h e n  s a m p l e d  e i t h e r  s h o r t l y  a f t e r  c u t t i n g  o r  a f t e r  
a  m o n t h ’s  s t o r a g e  a t  1 ° C .  I t  a l s o  s h o w s  t h a t  h a m  s l i c e s  b e c a m e  
u n d e s i r a b l e  a f t e r  a  m o n t h ’s s t o r a g e  a t  r o o m  t e m p e r a t u r e  r e 
g a r d l e s s  o f  c u r e  t r e a t m e n t .

Effect of curing ingredients
P e r c e n t  s a l t  b y  t r e a t m e n t  g r o u p s  ( T a b l e  4 )  r a n g e d  f r o m  5 . 2

Table 5—Effect of curing ingredients and time and temperature 
of storage on residual nitrite in dry-cured hams

Time Temp Tim e Temp Tim e Temp
Portion3 0 1°C 1 mo 1°C 1 mo 24° C

T reatment a b c a b c a b c

Residual nitrite, ppm

N itrite 62.2 7.1 14.0 40.0 18.6 16.9 12.5 8.3 7.2
Nitrate 10.2 43.3 25.4 13.5 30.0 23.6 9.0 11.2 9.3
N itrite  + Nitrate 42.6 72.2 46.4 21.1 18.9 18.6 12.5 14.0 14.4
Prague Powder 142.6 8.0 7.9 76.8 11.1 12.1 44.5 13.5 11.0
Control 6.1 3.9 6.4 6.0 5.2 5.4 7.1 8.4 7.4

a  P o r t i o n :  " a "  S u r f a c e  s a m p le ;  " b "  I n t e r m e d i a t e  s a m p l e ;  " c "  D e e p  

s a m p le .
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Table 6 —Effect of curing ingredients and tim e and temperature3 of storage on microbial counts (log 10) of dry-cured hams

Total Anaerobic Streptococci Lactobacilli Staphylococci Enterococci

Holding time 
Holding temp

0b 1 mo 1 mo 
-  r c  24° C

0b 1 mo 1 mo 
-  1°C 24° C

0b 1 mo 1 mo 
-  1°C 24° C

Gb 1 mo 1 mo 
-  1°C 24° C

0b 1 mo 1 mo 
-  1°C 24° C

0b 1 mo 1 mo 
-  1°C 24° C

Cure treatment

N itrite 5.2 4.4 x 8.0 y 3.1 2.6 c,x 7.5 y 3.1 3.6 x 7.5 y 2.3 1.9 c,x 3.4 c,y 2.4 2.0 x 2.9 y 2.1 1.4 c 1.2 c
Nitrate 4.1 5.4 x 7.8 y 3.3 3.8 d,x 7.8 y 3.4 3.5 x 7.6 y 2.2 2.3 d,x 5.1 d,y 2.0 1.4 x 2.7 y 2.1 1.0 d 1.0 d
N itrite  + Nitrate 5.9 4.8 x 7.7 y 4.0 3.6 d,x 7.9 y 3.4 3.5 x 7.7 y 2.3 2.2 d,x 4.3 d,y 2.4 1.4 x 2.2 y 1.8 1.3 c 1.8 c
Prague Powder 5.6 4.6 x 8.2 y 3.6 3.1 d,x 7.6 y 3.0 3.2 x 7.6 y 2.2 1.6 c,x 3.5 c,y 2.4 1.1 x 2.4 y 1.0 1.0 d 1.0 d
Control 4.8 4.5 x 7.8 y 3.7 3.0 d,x 7.6 y 3.4 3.5 x 7.5 y 2.3 1.8 d,x 2.4 d,y 1.3 3.9 x 2.8 y 1.0 1.0 d 1.0 d

3  D a t a  w i t h i n  v e r t i c a l  c o l u m n s  w i t h  d i f f e r e n t  l e t t e r s  ( c ,  d )  a r e  s i g n i f i c a n t l y  d i f f e r e n t  (P  <  0 . 0 1 ) ;  D a t a  w i t h i n  h o r i z o n t a l  r o w s  w i t h  d i f f e r e n t  l e t t e r s  

( x ,  y )  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( P  <  0 . 0 1 ) .  

b  O n e  s a m p le  o n l y

i n  t h e  0  t i m e  n i t r a t e  “ a ”  p o r t i o n  t o  7 . 5  i n  t h e  f r e s h  c o n t r o l  
“ b ”  p o r t i o n  a n d  1 ° C  P r a g u e  P o w d e r  “ b ”  p o r t i o n .  A v e r a g e s  o f  
a l l  a ,  b  a n d  c  p o r t i o n s ,  r e s p e c t i v e l y ,  w e r e  6 . 2 8 ,  6 . 7 4  a n d  
6 . 2 9 % ,  s h o w i n g  t h a t  s a l t  h a d  e q u a l i z e d .  A l t h o u g h  t h e r e  w e r e  a  

f e w  s i g n i f i c a n t  d i f f e r e n c e s  a m o n g  g r o u p s  t h e i r  v a l i d i t y  i s  q u e s 
t i o n e d  o r  n o t  e x p l a i n a b l e .

T h e r e  w a s  c o n s i d e r a b l e  v a r i a t i o n  i n  n i t r i t e  l e t t e l s  d u e  t o  
t r e a t m e n t  a n d  s t o r a g e  ( T a b l e  5 ) .  A s  e x p e c t e d ,  t h e  h i g h e s t  l e v 

e l s  o c c u r r e d  i n  t h e  “ a ”  p o r t i o n  o f  t h e  0  t i m e  s a m p l e .  T h e  
P r a g u e  P o w d e r  g r o u p  w a s  c o n s i d e r a b l y  h i g h e r ,  f o l l o w e d  b y  t h e  
n i t r i t e  g r o u p ,  n i t r i t e  +  n i t r a t e  g r o u p  a n d  t h e n  t h e  n i t r a t e  
g r o u p .  E v e n  t h e  c o n t r o l  g r o u p  h a d  a  s m a l l  a m o u n t  o f  n i t r i t e .  
T h i s  c o u l d  b e  d u e  t o  c r o s s  c o n t a m i n a t i o n  a s  a l l  h a m s  w e r e  
c u r e d  i n  t h e  s a m e  c o o l e r  b y  t h e  s a m e  w o r k e r s ,  i t  c o u l d  b e  d u e  

t o  e x p e r i m e n t a l  e r r o r ,  o r  i t  c o u l d  b e  a  n a t u r a l  o c c u r r e n c e  a s  
K e m p  e t  a l .  ( 1 9 7 4 )  o b t a i n e d  s i m i l a r  r e s u l t s .  I n  t h e  t r e a t e d  
g r o u p s  a t  t h e  f r e s h  p e r i o d ,  w i t h  t h e  e x c e p t i o n  o f  t h e  n i t r i t e  
g r o u p ,  t h e  “ b ”  p o r t i o n  c o n t a i n e d  m o r e  n i t r i t e  t h a n  t h e  “ c ”  

p o r t i o n ,  s h o w i n g  a  g r a d a t i o n  a s  a b s o r p t i o n  is  a c h i e v e d .  A f t e r  a  
m o n t h ’s  e x p o s u r e  t o  l i g h t  a t  2 4 ° C ,  t h e  “ a , ”  “ b ”  a n d  “ c ”  p o r 
t i o n s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  P r a g u e  P o w d e r  g r o u p ,  w e r e  
m o r e  n e a r l y  e q u a l .  T h e  a v e r a g e  w a s  m u c h  l o w e r ,  a l s o  t h a n  in  

t h e  0  t i m e  g r o u p  o r  s a m p l e s  s t o r e d  a t  1 ° C ,  i n d i c a t i n g  t h a t  
n i t r i t e  h a d  b e e n  a b s o r b e d  o r  b r o k e n  d o w n .  T h i s  a g r e e s  w i t h  
t h e  w o r k  o f  H i l l  e t  a l .  ( 1 9 7 3 )  w h o  f o u n d  d e c r e a s e d  l e v e l s  o f  
n i t r i t e  i n  p r e p a c k a g e d  p r o c e s s e d  m e a t  w i t h  i n c r e a s e d  s t o r a g e  
t i m e .

M i c r o b i o l o g i c a l  c o u n t s

M i c r o b i o l o g i c a l  c o u n t s  a r e  n o t e d  i n  T a b l e  6 .  T e m p e r a t u r e  
o f  s t o r a g e  h a d  a  g r e a r e r  e f f e c t  o n  m i c r o b i a l  c o u n t s  t h a n  d i d  
c u r i n g  t r e a t m e n t  o r  s t o r a g e  t i m e .  T h e r e  w e r e  n o  s i g n i f i c a n t  
d i f f e r e n c e s  i n  t o t a l  c o u n t  d u e  t o  c u r e  t r e a t m e n t .  H o l d i n g  t e m 
p e r a t u r e  e f f e c t s  w e r e  s i g n i f i c a n t  ( P  <  0 . 0 1 ) ,  h o w e v e r ,  a s  
c o u n t s  f o r  t h e  2 4 ° C  g r o u p  w e r e  m u c h  h i g h e r ,  i n d i c a t i n g  t h e  
i m p o r t a n c e  o f  r e f r i g e r a t i o n  f o r  t h i s  t y p e  p r o d u c t .

S a l t  t r e a t m e n t  r e s u l t e d  i n  s o m e  o f  t h e  c o u n t s  ( a n a e r o b i c  
l a c t o b a c i l l i )  b e i n g  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  o t h e r  c o u n t s .  
H o w e v e r ,  w h i l e  d i f f e r e n c e s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e  d i f 
f e r e n c e s  a p p e a r  t o  b e  t o o  s m a l l  t o  h a v e  a n y  r e a l  i m p o r t a n c e .  
N o  s i g n i f i c a n t  e f f e c t  w a s  n o t e d  d u e  t o  h o l d i n g  t e m p e r a t u r e  f o r  
e n t e r o c o c c i  c o u n t s ,  w h i c h  is  d i f f e r e n t  f r o m  a l l  o t h e r  m i c r o 
b i o l o g i c a l  r e s u l t s  o b t a i n e d .

SUMMARY & CONCLUSIONS

H A M S  w e r e  c u r e d  u s i n g  s a l t  a n d  s u g a r  o n l y  ( c o n t r o l )  o r  s a l t  
a n d  s u g a r  p l u s  ( a )  n i t r i t e ,  ( b )  n i t r a t e ,  ( c )  n i t r i t e  +  n i t r a t e  o r  ( d )  
P r a g u e  P o w d e r .  A f t e r  c u r i n g  a n d  a g i n g ,  t h e  h a m s  w e r e  s l i c e d  
a n d  v a c u u m  p a c k a g e d .  F i v e  p a c k a g e s  o f  e a c h  c u r e  g r o u p  w e r e

e v a l u a t e d  w i t h o u t  h o l d i n g  w h i l e  f i v e  f r o m  e a c h  t r e a t m e n t  w e r e  
h e l d  1 m e  n t h  a t  1 ° C  a n d  a n o t h e r  5 w e r e  h e l d  o n e  m o n t h  a t  

2 4 ° C .
C o l o r  s c o r e s  w e r e  m o r e  d e s i r a b l e  f o r  a n y  t r e a t e d  g r o u p  t h a n  

f o r  t h e  c o n t r o l s  w h e n  e v a l u a t e d  a t  0  t i m e .  A f t e r  1 m o n t h  a t  
1 ° C  a l l  t r e a t e d  g r o u p s  r e t a i n e d  t h e i r  c o l o r  w h i l e  c o l o r  o f  t h e  

c o n t r o l  g r o u p  h a d  d e t e r i o r a t e d .  A f t e r  1 m o n t h  a t  2 4 ° C  a l l  
g r o u p s  e x c e p t  t h o s e  t r e a t e d  w i t h  n i t r i t e  h a d  p o o r  c o l o r .

O r g a n o l e p t i c  s c o r e s  ( f l a v o r ,  t e n d e r n e s s ,  j u i c i n e s s  a n d  o v e r 

a l l  s a t i s f a c t i o n )  f a v o r e d  t h e  t r e a t e d  g r o u p s  a t  t h e  0  t i m e  s t a t e  
a n d  a  m o n t h  a t  1 ° C .  A f t e r  a  m o n t h  a t  2 4 ° C ,  a v e r a g e  s c o r e s  o f  
a l l  g r o u p s  h a d  d e c r e a s e d .

S a l t  l e v e l s  w e r e  a f f e c t e d  v e r y  l i t t l e  b y  c u r e  t r e a t m e n t  o r  

t i m e .  N i t r i t e  l e v e l s  w e r e  v a r i a b l e  e s p e c i a l l y  i n  t h e  o u t s i d e  l e a n  
p o r t i o n  b u t  t e n d e d  t o  d e c r e a s e  d u r i n g  s t o r a g e .  A f t e r  a  m o n t h  

a t  2 4 ° C ,  t h e  l e v e l s  w e r e  l o w  e x c e p t  i n  t h e  P r a g u e  P o w d e r  
s u r f a c e  s a m p l e .

M i c r o b i o l o g i c a l  c o u n t s  w e r e  a f f e c t e d  s i g n i f i c a n t l y  b y  s t o r 
a g e  t e m p e r a t u r e .  O f  t h e  c o u n t s  m a d e  ( t o t a l ,  a n a e r o b i c ,  s t r e p 
t o c o c c i ,  l a c t o b a c i l l i ,  s t a p h y l o c o c c i  a n d  e n t e r o c o c c i )  o n l y  l a c 
t o b a c i l l i  w a s  a p p r e c i a b l y  a f f e c t e d  b y  c u r e  t r e a t m e n t  a s  n i t r a t e  
a p p e a r e d  t o  e n h a n c e  g r o w t h .  H i g h  s t o r a g e  t e m p e r a t u r e  a c c e l e r 

a t e d  g r o w t h  i n  a l l  c u r e  g r o u p s .
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FACTORS AFFECTING SHOWCASE COLOR STABILITY OF 
FROZEN LAMB IN TRANSPARENT FILM

INTRODUCTION

F O R  E C O N O M I C  R E A S O N S ,  t h e  m e a t  i n d u s t r y  l i k e l y  w i l l  
m o v e  t o w a r d  c e n t r a l i z e d  c u t t i n g .  F r o z e n ,  r a t h e r  t h a n  f r e s h ,  
r e t a i l  c u t s  m a y  f i t  m o r e  l o g i c a l l y  i n t o  a  c e n t r a l  c u t t i n g  s y s t e m .  
R e t a i l  m a r k e t s ,  e s p e c i a l l y  t h o s e  i n  l e s s - p o p u l a t e d  a r e a s ,  c o u l d  
s t o c k  f r o z e n  l a m b  c u t s  i n  d e m a n d  i n  t h a t  a r e a .  C o n s i s t e n t  a n d  
a c c e p t a b l e  m e a t  q u a l i t y ,  e s p e c i a l l y  a s  m a n i f e s t e d  b y  a c c e p t 

a b l e  c o l o r  i s  a  p r i m a r y  d e t e r m i n a n t  o f  p r o d u c t  s a l a b i l i t y  
( N a u m a n n  e t  a l . ,  1 9 5 7 ) .  A t t r a c t i v e  f r o z e n  m e a t  c o l o r  a n d  a n  

a b s e n c e  o f  f r o s t  a n d  b l o o d  i n  p a c k a g e s  a r e  i m p o r t a n t  s i n c e  
f i r s t  i m p r e s s i o n s  o f  m e a t  a r e  u s u a l l y  v i s u a l  ( K r o p f ,  1 9 7 1 ) .  

C o n s u m e r s  p r e f e r  b r i g h t  r e d  f r e s h  m e a t  c o l o r  w h i c h  r e s u l t s  
f r o m  t h e  m u s c l e  p i g m e n t ,  o x y m y o g l o b i n .  P r o d u c t i o n  o f  t h e  

s a m e  b r i g h t  r e d  c o l o r  i n  f r o z e n  m e a t s  s e e m s  f e a s i b l e ,  a l t h o u g h  
r e c o m m e n d e d  w a y s  t o  i n c r e a s e  s h e l f  l i f e  o f  f r e s h  p r o d u c t s  

m i g h t  n o t  a p p l y  t o  f r o z e n  m e a t .
T h e  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  

f r e e z i n g  t e m p e r a t u r e ,  d i s p l a y  t e m p e r a t u r e  a n d  l i g h t i n g ,  p a c k 
a g i n g  f i l m  a n d  m a r b l i n g  l e v e l  o n  c o l o r  s t a b i l i t y ,  w e i g h t  l o s s e s  

a n d  t h a w  d r i p  o f  f r o z e n  l a m b  c h o p s  d i s p l a y e d  i n  t r a n s p a r e n t  

f i l m .

MATERIALS & METHODS

L A M B  C A R C A S S E S  w e re  p u r c h a s e d  f r 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 .  E a c h  o f  t h r e e  r e p l i c a t i o n s  c o n s i s te d  o f  t h r e e  c a r c a s s e s  w i th  
id e n t i c a l  s l a u g h t e r  d a te s ,  r e p r e s e n t i n g  th r e e  q u a l i t y  le v e ls  b a s e d  o n  
v is u a l lo n g is s im u s  m u s c l e  m a r b l in g  s c o r e  a t  t h e  1 2 th  r ib :  n a m e ly ,  
m o d e r a t e  o r  s l ig h t ly  a b u n d a n t ,  s l ig h t  o r  s m a l l  a n d  p r a c t i c a l l y  d e v o id  o r  
d e v o id .  B e e f  m a r b l in g  s t a n d a r d s  a s  d e s c r ib e d  b y  W a l te r s  ( 1 9 6 9 )  w e re  
u s e d  a s  a  g u id e .

S ix t e e n  lo in  a n d  r ib  c h o p s  f r o m  e a c h  c a r c a s s ,  e a c h  2 .5 4  c m  th i c k ,  
w e re  c u t  a n d  r a n d o m ly  a s s ig n e d  t o  o n e  o f  1 6  t r e a t m e n t s ,  w h ic h  c o n 
s is te d  o f  a ll  p o s s ib le  c o m b i n a t i o n s  o f  tw o  f r e e z in g  t e m p e r a t u r e s  ( - 4 0 °  C  
l iq u id  n i t r o g e n  v a p o r  v e r s u s  - 2 6 °  C  c i r c u la t in g  a ir  b l a s t ) ,  tw o  d is p la y  
t e m p e r a tu r e s  ( - 2 9 ° C  v e rs u s  - 2 1 ° C ) ,  tw o  p a c k a g in g  f i lm s  (S a r a n ,  
o x y g e n  p e r m e a b i l i t y  a b o u t  1 5 0 - 2 0 0  c c / m 1 2 / 2 4  h r ,  0 .0 3 3  m m  th i c k  
v e rs u s  C ry o v a c  L - 3 0 0 ,  o x y g e n  p e r m e a b i l i t y  a b o u t  4 , 0 0 0 - 5 , 0 0 0  
c c / m 2 / 2 4  h r  a t  1 a t m  a n d  2 3 °  C , 0 .0 5 1  m m  th i c k )  a n d  tw o  l ig h t in g  
s y s te m s  (d e lu x e  c o o l  w h i t e  f l u o r e s c e n t  v e r s u s  i n c a n d e s c e n t  w i th  a  H o lo -  
p h a n e  P r is m a t ic  R e f l e c t a n c e  l e n s  ( H o lo p h a n e  C o .,  I n c . ,  N e w  Y o r k ,
N .Y .) .  R e la t iv e  s p e c t r a l  e n e r g y  d i s t r i b u t i o n  o f  l ig h t  s o u r c e s  a n d  t r a n s 
m is s io n  o f  t h e  H o lo p h a n e  le n s  is  p r e s e n t e d  in  F ig u r e  1.

C h o p s  w e re  b l o o m e d  a t  a b o u t  2 1 ° C  a t  l e a s t  3 0  m in ,  in d iv id u a l ly  
v a c u u m  p a c k a g e d ,  c l ip  s e a le d  a n d  h e a t  s h r u n k  b y  d ip p in g  f o r  2  o r  3 sec  
in  8 8 °  C  w a te r .  C h o p s  f r o z e n  a t  - 4 0 °  C  w e re  p la c e d  in  a  N C G  l iq u id  
n i t r o g e n  s im u la to r  f r e e z e r  in  a n  u p r i g h t  p o s i t i o n  f o r  m a x im u m  e x p o 
s u re  t o  t h e  n i t r o g e n  v a p o r .  T h e  f r e e z in g  c h a m b e r  h a d  b e e n  c h i l le d  a n d  
w a s  p r o g r a m m e d  t o  h o l d  0 ° C  f o r  1 0  m in  a n d  —4 0 ° C  f o r  2 5  m in .  
E n d - p o in t  i n t e r n a l  t e m p e r a t u r e  o f  — 2 9 ° C  w a s  r e a c h e d  in  3 5  m in .  C h o p s  
f r o z e n  a t  - 2 6 ° C  w e re  p la c e d  u p r i g h t  in  a  b l a s t  f r e e z e r  1 0  h r .

A ll c h o p s  r e m a in e d  in  t h e  d a r k  a t  e i t h e r  - 2 9 ° C  o r  - 2 6 ° C  u n t i l  
d is p la y e d  u n d e r  p r e d e t e r m i n e d  c o n d i t i o n s .  A ir  t e m p e r a t u r e s  o f  — 2 9 °  C 
a n d  - 2 1 ° C  a t  t o p  s u r f a c e  o f  c h o p s  w e re  m a in t a in e d  in  o p e n - to p p e d  
d is p la y  c a s e s , e x c e p t  f o r  d e f r o s t  c y c le s  tw ic e  d a i ly .  P r o d u c t  t e m p e r a 
tu r e  n e v e r  ro s e  a b o v e  - 1 1 ° C  d u r in g  t h e  d e f r o s t  c y c le ,  a n d  p r i o r  t e m p e r 
a tu r e  w a s  r e s to r e d  in  1 .5  h r .  C a s e s  w e re  in  a n  a i r - c o n d i t i o n e d  r o o m

1 Present address: Tennessee Eastman Co., Kingsport, Tennessee.
2 Present address: Animal Science Dept., South Dakota State Uni

versity, Brookings, S.D.

( 2 2 ° C ) ,  w h e r e  h u m i d i t y  e x t r e m e s  w e r e  a v o id e d .  A  l ig h t  i n t e n s i t y  o f  
1 .0 7 6  l u m e n s / m 2 ( 1 0 0  f t - c )  a t  p r o d u c t  le v e l w a s  m a in t a in e d  2 4  h r / d a y  
f o r  e a c h  l ig h t in g  s y s te m ;  e x t r a n e o u s  l ig h t in g  w a s  h e ld  a t  a  m in im u m .  
E x t r e m e  c a r e  w a s  t a k e n  so  t h e  s a m e  m e a t  s u r f a c e  w a s  e v a l u a t e d  a n d  
e x p o s e d  t o  l ig h t  t h r o u g h o u t  t h e  s tu d y .

S u b je c t iv e  c o lo r  s c o r e s ,  o b je c t iv e  c o lo r  m e a s u r e m e n t s  a n d  w e ig h t  
lo s s e s  w e re  r e c o r d e d  a t  n in e  t im e s :  f r e s h  u n p a c k a g e d  ( b lo o m e d ) ,  f r e s h  
p a c k a g e d ,  im m e d ia t e ly  p o s t - f r e e z in g  ( d a y  0 ) ,  a n d  a f t e r  f r o z e n  d is p la y  
f o r  1 , 7 ,  2 1  a n d  4 2  d a y s .  D a y  4 3  e v a l u a t io n s  w e re  m a d e  im m e d ia t e ly  
a f t e r  u n w r a p p in g  t h e  f r o z e n  c h o p s  a n d  d a y  4 4  o b s e r v a t i o n s  w e r e  a f t e r  
th a w in g  2 4  h r  a t  1 4 ° C  w i th  r e la t iv e  h u m i d i t y  a b o u t  9 0 % . V is u a l  c o lo r  
w a s  e v a l u a te d  b y  tw o  p a n e l i s t s  u n d e r  t h e  a s s ig n e d  d i s p la y  l ig h t in g  s y s 
t e m  t o  t h e  n e a r e s t  0 .5  p o i n t  o n  th i s  s c a le :  1 =  v e ry  b r ig h t ,  2  =  b r ig h t ,  3 
=  s l ig h t ly  d a r k ,  4  = d a r k  a n d  5 =  e x t r e m e ly  d a r k .  A  B a u s c h  &  L o m b  
6 0 0  S p e c t r o p h o t o m e t e r  w i th  r e f l e c t a n c e  a t t a c h m e n t ,  c a l i b r a t e d  f o r  
1 0 0 %  r e f l e c t a n c e  w i th  a  M g C 0 3 b lo c k  w a s  u s e d  to  o b t a i n  r e f l e c t a n c e  
s p e c t r a  f r o m  4 0 0 - 7 0 0  n m  a t  a  r e c o r d in g  s p e e d  o f  2 5 0  n m / m i n .  A  b la c k  
r u b b e r  g a s k e t  ( s l ig h t ly  la rg e r  t h a n  t h e  r e f l e c t a n c e  a p e r t u r e )  w a s  p la c e d  
b e tw e e n  t h e  p a c k a g e  a n d  th e  s p h e r e  t o  m in im iz e  e f f e c t  f r o m  th a w in g  
d u r in g  t h e  c o lo r  s c a n .  R e f le c ta n c e  re a d in g s  t o  t h e  n e a r e s t  0 .1 %  w e re  
d e t e r m in e d  a t  4 7 4 ,  5 2 5 ,  5 7 2  a n d  6 3 0  n m .  R a t io s  o f  r e f l e c t a n c e  r e a d 
in g s  ( 4 7 4 / 5 2 5  a n d  5 7 2 / 5 2 5 )  w e re  c a l c u l a t e d  a s  s u g g e s te d  b y  S n y d e r  
a n d  A r m s t r o n g  ( 1 9 6 7 ) .  W e ig h ts  w e re  d e t e r m i n e d  t o  t h e  n e a r e s t  O .O lg ; 
w e ig h t  lo s s  w a s  e x p r e s s e d  as % o f  f r e s h  p a c k a g e d  w e ig h t  a n d  d r ip  lo s s  as 
%  o f  f r o z e n  u n p a c k a g e d  w e ig h t  a t  d a y  4 3 .

E i th e r  a  s p l i t - p lo t  o r  s p l i t - s p l i t - p l o t  d e s ig n ,  w i t h  c a r c a s s  a s  t h e  w h o le  
p l o t  a n d  t r e a t m e n t  c o m b in a t io n s  a s  s u b p lo t s ,  w a s  u s e d  a c c o r d in g  to  
C o c h r a n  a n d  C o x  ( 1 9 5 7 ) .  A n a ly s is  o f  v a r ia n c e  a n d  le a s t  s ig n i f i c a n t  
d i f f e r e n c e s  w e r e  u s e d  t o  t e s t  t r e a t m e n t  m e a n s .

RESULTS & DISCUSSION

P a c k a g i n g  f i l m

M e a n  v i s u a l  s c o r e  a n d  %  r e f l e c t a n c e  a t  6 3 0  n m  f o r  a l l  f r e s h ,  
u n p a c k a g e d  c h o p s  w e r e  1 .8 1  a n d  2 8 . 8 % ,  r e s p e c t i v e l y .  S k i n  

t i g h t  p a c k a g i n g  i n  e i t h e r  o x y g e n  p e r m e a b l e  L - 3 0 0  f i l m  o r  l e s s  
p e r m e a b l e  S a r a n  f i l m  r e s u l t e d  i n  d a r k e n i n g  o f  b l o o m e d  c o l o r  
( T a b l e  1 ) ;  h o w e v e r ,  t h e  L - 3 0 0  p a c k a g e d  c h o p s  p o s s e s s e d  m o r e  

d e s i r a b l e  v i s u a l  s c o r e s  a n d  r e f l e c t a n c e  v a l u e s  p o s t - p a c k a g i n g  
f o r  f r e s h  c h o p s  t h a n  d i d  S a r a n - p a c k a g e d  c h o p s .  V a c u u m  p a c k 
a g i n g  h a s  b e e n  r e p o r t e d  t o  c a u s e  d a r k e n i n g  o f  f r e s h  m e a t  

( L a n d r o c k  a n d  W a l l a c e ,  1 9 5 5 ;  R i k e r t  e t  a l . ,  1 9 5 7 a ,  b ;  D e a n  
a n d  B a l l ,  1 9 6 0 )  w i t h  r e g e n e r a t i o n  o f  r e d n e s s  a f t e r  2 —4  d a y s ’ 
s t o r a g e .  F r o z e n  l a m b  c h o p s  d i d  n o t  f o l l o w  s u c h  a  c o l o r  r e g e n 
e r a t i o n  p a t t e r n  u n d e r  f r o z e n  d i s p l a y  c o n d i t i o n s .

C h o p s  p a c k a g e d  i n  L - 3 0 0  f i l m  w e r e  m o r e  d e s i r a b l e  i n  v i s u a l  
c o l o r  a f t e r  1 a n d  4 2  d a y s  o f  f r o z e n  d i s p l a y  t h a n  c h o p s  p a c k 
a g e d  i n  S a r a n .  L o w e r  v a l u e s  ( P  <  0 . 0 1 )  f o r  r e f l e c t a n c e  r a t i o  
4 7 4 / 5 2 5  w e r e  r e c o r d e d  f o r  t h e  L - 3 0 0  f i l m  c o m p a r e d  w i t h  
S a r a n  w h i c h  i n d i c a t e s  m o r e  r e d u c e d  m y o g l o b i n  ( M b )  w i t h  
S a r a n - p a c k a g e d  m u s c l e s .  D a t a  b y  S n y d e r  ( 1 9 6 5 ) ,  t r a n s f o r m e d  
f r o m  a b s o r b a n c e  t o  r e f l e c t a n c e ,  i n d i c a t e  t h a t  M b 0 2 ( o x y 
m y o g l o b i n )  a n d  M b + ( m e t m y o g l o b i n )  p r e d o m i n a t e  w h e n  t h e  

r a t i o  4 7 4 / 5 2 5  w a s  a b o u t  1 . 0 3 ;  a n d  t h a t  M b  p r e d o m i n a t e d  
w h e n  t h e  v a l u e  w a s  a b o u t  1 . 6 .  B e c a u s e  M b + r e f l e c t s  l e s s  l i g h t  
a t  6 3 0  n m  ( H a n s e n  a n d  S e r e i k a ,  1 9 6 9 )  t h a n  e i t h e r  M b 0 2 o r  
M b ,  t h e  l o w e r  r e f l e c t a n c e  f o r  t h e  L - 3 0 0  f i l m  ( T a b l e  1 )  a t  d a y s  
7 ,  2 1 ,  4 2  a n d  4 3  s u g g e s t e d  t h e  p r e s e n c e  o f  m o r e  M b + i n  t h e  
L - 3 0 0  p a c k a g e s .  A d d i t i o n a l  e v i d e n c e  f o r  m o r e  M b + i n  t h e  
L - 3 0 0 - p a c k a g e d  c h o p s  w a s  f o u n d  i n  s i g n i f i c a n t l y  ( P  <  0 . 0 1 )  
l a r g e r  v a l u e s  o f  r e f l e c t a n c e  r a t i o  5 7 2 / 5 2 5  a t  d a y s  7 ,  2 1 ,  4 2
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a n d  4 3  a s  l a r g e r  v a l u e s  f o r  5 7 2 / 5 2 5  r a t i o  i n d i c a t e  s a m p l e s  
c o n t a i n  p r o p o r t i o n a t e l y  m o r e  M b + ( S n y d e r ,  1 9 6 5 ) .

S a r a n - p a c k a g e d  c h o p s  p o s s e s s e d  m o r e  d e s i r a b l e  v i s u a l  a n d  
r e f l e c t a n c e  v a l u e s  a f t e r  t h e  t h a w - b l o o m  p e r i o d  t h a n  c h o p s  i n  
L - 3 0 0  f i l m .  S i m i l a r  r e o x y g e n a t i o n  o f  m y o g l o b i n  w a s  o b s e r v e d  

b y  P i r k o  a n d  A y r e s  ( 1 9 5 7 ) .
S p e c t r a l  t r a n s m i s s i o n  c h a r a c t e r i s t i c s  o f  b o t h  f i l m s  w e r e  

n e a r l y  i d e n t i c a l .  T h e r e f o r e ,  f i l m s  u s e d  i n  t h i s  s t u d y  p r o b a b l y  
d i d  n o t  d e c r e a s e  m e a t  d i s c o l o r a t i o n  b y  a b s o r b i n g  v a r i o u s  l i g h t  

w a v e l e n g t h s  a s  s o m e  f i l m s  a p p a r e n t l y  d o  ( K r a f t  a n d  A y r e s ,

1 9 5 4 ) .
S u r f a c e  d e s i c c a t i o n  c o u l d  e x p l a i n  t h e  m a r k e d  d e c r e a s e  i n  %  

R  a t  6 3 0  n m  r e f l e c t a n c e  o f  t h a w e d  c h o p s  ( d a y  4 4 ) .

F r e e z i n g  t e m p e r a t u r e

E f f e c t  o f  f r e e z i n g  t e m p e r a t u r e  o n  v i s u a l  s c o r e s  a n d  r e f l e c 
t a n c e  i s  g i v e n  i n  T a b l e  2 .  B r i g h t e r  v i s u a l  a p p e a r a n c e  r e s u l t i n g  
f r o m  f r e e z i n g  a t  t h e  l o w e r  t e m p e r a t u r e  o f  —4 0 ° C  a g r e e d  w i t h  
d a t a  o f  R a m s b o t t o m  a n d  K o o n z  ( 1 9 3 9 ,  1 9 4 1 ) ;  P e a r s o n  a n d  

M i l l e r  ( 1 9 5 0 )  a n d  B r i s s e y  ( 1 9 6 3 ) .  S e v e r e  “ b l e a c h i n g ”  n o t e d  
w i t h  —4 6 ° C  p l a t e  f r e e z i n g  b y  R o b e r t s o n  ( 1 9 5 0 )  w a s  n o t  o b 

s e r v e d  i n  t h i s  s t u d y .
I m p r o v e d  v i s u a l  s c o r e s  f o r  s a m p l e s  f r o z e n  a t  —4 0 ° C  w e r e  

c o n f i r m e d  b y  h i g h e r  r e f l e c t a n c e  r e a d i n g s  ( m o r e  r e d  r e f l e c 

t a n c e )  a t  6 3 0  n m  b u t  n o t  b y  t h e  r e f l e c t a n c e  r a t i o s .
V i s u a l  s c o r e s  f o r  t h a w e d ,  d a y  4 4  s a m p l e s  i n d i c a t e d  a  s l i g h t  

b e n e f i c i a l  v i s u a l  c o l o r  a d v a n t a g e  f p r  —4 0 ° C  f r o z e n  c h o p s ;  
h o w e v e r ,  r e f l e c t a n c e  a t  6 3 0  n m  i n d i c a t e d  n o  s i g n i f i c a n t  c o l o r  

d i f f e r e n c e ,  a n d  t e n d e d  t o  s u p p o r t  C o s t e l l o  ( 1 9 6 4 ) ,  w h o  f o u n d  
n o  c o l o r  d i f f e r e n c e s  i n  t h a w e d  b e e f  s t e a k s  t h a t  h a d  b e e n  f r o 
z e n  a t  “ c o n v e n t i o n a l ”  v s  “ r a p i d ”  f r e e z i n g  r a t e s .

D i s p l a y  t e m p e r a t u r e

D i s p l a y i n g  c h o p s  a t  —2 1 ° C  ( a i r  a t  m e a t  s u r f a c e  l e v e l )  r e 
s u l t e d  i n  m o r e  d e s i r a b l e  v i s u a l  s c o r e s  ( P  <  0 . 0 5 )  a t  d a y  1 
( T a b l e  3 ) ,  c o m p a r e d  w i t h  d i s p l a y  a t  —2 9 ° C  b u t  r e f l e c t a n c e  a t  
6 3 0  n m  i n d i c a t e d  a  c o l o r  a d v a n t a g e  f o r  d i s p l a y  a t  —2 9 ° C .

V i s u a l  c o l o r  s t a b i l i t y  o f  l a m b  c h o p s  d i s p l a y e d  2 1  d a y s  w a s  
n o t  d i f f e r e n t  f o r  d i s p l a y  t e m p e r a t u r e s  o f  —2 9  o r  —2 1 ° C .  H o w 
e v e r ,  a  c o l o r  a d v a n t a g e  f o r  —2 9 ° C  d i s p l a y  w a s  a p p a r e n t  a t  d a y  
4 2 .  T h e  m o r e  d e s i r a b l e  v i s u a l  s c o r e  a t  d a y  4 4  f o r  —2 9 ° C  d i s 
p l a y  s u g g e s t e d  t h a t  a  l e s s  o x i d i z e d  s t a t e  o f  m y o g l o b i n  w a s  
m a i n t a i n e d  a t  t h e  c o l d e r  t e m p e r a t u r e .

R e f l e c t a n c e  d a t a  a t  6 3 0  n m  f o r  d i s p l a y  t e m p e r a t u r e  ( T a b l e
3 )  s u p p o r t e d  r e s e a r c h  b y  R a m s b o t t o m  a n d  K o o n z  ( 1 9 4 1 ) ;  

R a m s b o t t o m  ( 1 9 5 7 ) ;  S n y d e r  a n d  A y r e s  ( 1 9 6 1 ) ;  B r o w n  a n d  
D o l e v  ( 1 9 6 3 ) ;  S n y d e r  ( 1 9 6 4 )  a n d  C u t a i a  a n d  O r d a l  ( 1 9 6 4 )  

t h a t  l o w e r  s t o r a g e  t e m p e r a t u r e s  d e c r e a s e d  o x i d a t i o n  o f  m y o -

WAVELENGTH n m

Fig. 1 —A p p ro x im a te  en e rg y  d is t r ib u t io n  o f  d e lu x e  c o o l w h ite  f lu o 

re scen t a n d  in c a n d e s c e n t lam p s  a n d  p e rc e n t tra n s m is s io n  o f  l ig h t  b y  
H o lo p h a n e  P ris m a tic  R e fle c ta n ce  F ix tu re  (used  w ith  in c a n d e s c e n t)  
(G e ne ra l E le c tr ic , 19 68 ).

g l o b i n  i n  f r e s h  a n d  f r o z e n  m e a t .  L o w e r  r e f l e c t a n c e  v a l u e s  a t  
6 3 0  n m  p l u s  l o w e r  v a l u e s  f o r  r a t i o  4 7 4 / 5 2 5  a t  d a y  7 ,  4 3  a n d  

4 4  ( P  a l l  <  0 . 0 1 )  s u g g e s t  m o r e  M b +  i n  c h o p s  d i s p l a y e d  a t  
—2 1 ° C  a  t r e n d  a p p a r e n t  a t  a l l  f r o z e n  t i m e  p e r i o d s  a n d  a f t e r  
t h a w i n g ,  b u t  n o t  c o n f i r m e d  b y  r e f l e c t a n c e  r a t i o s  m e a s u r e d  a t  
5 7 2 / 5 2 5  n m .

P r o d u c t - s u r f a c e  t e m p e r a t u r e  f o r  c h o p s  d i s p l a y e d  a t  —2 9 ° C  

r a n g e d  f r o m  —2 6  t o  — 1 5 ° C  a n d  f o r  c h o p s  a t  —2 1 ° C ,  f r o m  - 1 8  
t o  — 1 1 ° C .  D i s p l a y - t e m p e r a t u r e  f l u c t u a t i o n s ,  e s p e c i a l l y  i f  
t h a w i n g  t e m p e r a t u r e  w a s  r e a c h e d ,  h a v e  b e e n  f o u n d  t o  a f f e c t  

f r o z e n - m e a t  c o l o r  c r i t i c a l l y  ( T o w n s e n d  a n d  B r a t z l e r ,  1 9 5 8 ) ,  
a l t h o u g h  t h i s  w a s  r e p o r t e d l y  n o t  t r u e  f o r  t e m p e r a t u r e  f l u c t u a 
t i o n s  b e l o w  — 1 8 ° C  ( H u s t r u l d  e t  a l . ,  1 9 4 9 )  a n d  f r o m  — 1 8  t o  
— 1 0 ° C  ( W i n t e r  e t  a h ,  1 9 5 2 ) .

L i g h t i n g

C h o p s  d i s p l a y e d  u n d e r  i n c a n d e s c e n t  l i g h t i n g  h a d  l o w e r ,  
m o r e  d e s i r a b l e ,  v i s u a l  s c o r e s  a t  a l l  f r o z e n - d i s p l a y  p e r i o d s  
e x c e p t  d a y  1 ( T a b l e  4 ) .  H o w e v e r ,  b e c a u s e  a p p r a i s a l  w a s  o n l y

Table 1 -E ffe c t o f packaging film® on mean visual score and reflectance (% R) o f frozen lamb chops at several tim e periods

Time

Visual Scoreb 630 nm % R % R 474/525 nm % R 572/525 nm

L 300 Saran L-300 Saran L-300 Saran L-300 Saran
Fresh
packaged 2.40 2.61 26.1 * * 24.2 1.21 * * 1.31 0.81 * * 0.83
Frozen, day

0 2.42 2.52 25.9 25.3 1.12 1.12 0.92 0 9 2
1 2.42 2.63 24.8 24.4 1.06 * * 1.22 0.93 0 92
7 2.62 2.68 23.2 * 24.5 1.08 * * 1.21 0.98 * * 0.94

21 2.70 2.79 22.0 * * 24.0 1.10 * * 1.17 1.01 * * 0.96
42 2.81 2.97 22.4 * # 23.8 1.09 ** 1.14 1.00 * * 0.98
43c 2.98 2.88 24.0 * * 25.7 1.12 * * 1.19 1.01 * * 0.97

Thawed-44° 3.32 3.19 15.6 * * 16.6 1.10 1.10 1.00 * * 0.94
a  L - 3 0 0  =  o x y g e n  p e r m e a b l e ;  S a r a n  =  o x y g e n  im p e r m e a b l e  
b  1 =  v e r y  b r i g h t ,  5  =  E x t r e m e l y  d a r k  
c  U n p a c k a g e d  

*  ( P  <  0 . 0 5 )

* *  ( P <  0 . 0 1 )
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Table 2 - Effect o f freezing temperature on mean visual score and reflectance (% R) o f frozen lamb chops at several tim e periods

Visual scorea 630 nm % R % R 474/525 nm % R 572/525 nm

Time -  40° C -2 6 °  C -4 0 °  C -2 6 °  C -4 0 °  C -2 6 °  C -4 0 °  C -26 ° C

Frozen, day
0 2.29 2.66 29.0 * * 22.6 1.12 1.13 0.91 0.92
1 2.31 2.74 27.6 * * 21.6 1.13 1.14 0.92 0.93
7 2.37 2.93 26.8 * * 21.0 1.13 * *  1.16 0.95 0 95

21 2.48 3.01 24.7 * * 21.3 1.13 * 1.15 0.99 0.98
42 2.65 * * 3.13 24.0 * * 22.2 1.11 1.13 1.00 * * 0.98
43b 2.67 3.13 26.8 23.0 1.13 * *  1.18 1.00 * * 0.98

Thawed-44b 3.18 3.34 16.2 16.0 1.10 1.10 0.98 0.96

a 1 = V e r y  b r i g h t ;  5  = E x t r e m e l y  d a r k  

k U n p a c k a g e d  

* ( P  <  0 . 0 5 )

**  ( P  <  0 . 0 1 )

u n d e r  d i s p l a y  l i g h t i n g  t y p e ,  v i s u a l  s c o r e s  p o s s i b l y  d i d  n o t  r e -  c e n t  l i g h t i n g  i n d i c a t e d  p r o p o r t i o n a t e l y  m o r e  M b + . S i g n i f i -  

f l e c t  t r u e  c o l o r  d e t e r i o r a t i o n  o r  c h a n g e  i n  p i g m e n t  s t a t e .  M o r e  c a n t l y  h i g h e r  v a l u e s  f o r  r a t i o  5 7 2 / 5 2 5  r e c o r d e d  f o r  i n c a n d e s -  
d e s i r a b l e  v i s u a l  s c o r e s  r e c o r d e d  f o r  c h o p s  u n d e r  i n c a n d e s c e n t  c e n t  l i g h t i n g  a t  d a y s  4 2 ,  4 3  ( P  <  0 . 0 1 )  a n d  4 4  ( P  <  0 . 0 5 ) ,  a l s o  
l i g h t  c o m p a r e d  w i t h  f l u o r e s c e n t  l i g h t  c o u l d  h a v e  r e s u l t e d  f r o m  s u g g e s t  t h a t  i n c a n d e s c e n t  l i g h t i n g  c a u s e d  m o r e  M b +  t o  f o r m  in  
t h e  l a r g e r  p r o p o r t i o n  o f  w a v e l e n g t h s  g r e a t e r  t h a n  6 0 0  n m  ( F i g .  f r o z e n  l a m b  c h o p s  t h a n  d i d  d e l u x e  c o o l  w h i t e  f l u o r e s c e n t  

1 ) .  l i g h t i n g .  D e t e r m i n i n g  v i s u a l  s c o r e  u n d e r  t h e  i n c a n d e s c e n t  l i g h t  

L o w e r  v a l u e s  f o r  r a t i o  4 7 4 / 5 2 5  w e r e  r e c o r d e d  f o r  i n c a n d e s -  m a y  h a v e  m a s k e d  c o l o r  d e t e r i o r a t i o n  r e s u l t i n g  f r o m  i n c r e a s i n g  

c e n t  l i g h t i n g  a t  d a y s  7  ( P  <  0 . 0 5 ) ,  2 1 ,  4 2  a n d  4 3  ( P  < 0 . 0 1 ) ;  M b + .
i n d i c a t i n g  t h e  p r e s e n c e  o f  m o r e  M b 0 2 a n d  M b + c o m b i n e d ,  b u t  R a n d o m  i n s p e c t i o n  o f  t h e  b o t t o m  s i d e  o f  c h o p s  n o t  e x -  

l o w e r  r e f l e c t a n c e  v a l u e s  a t  6 3 0  n m  f o r  c h o p s  u n d e r  i n c a n d e s -  p o s e d  t o  l i g h t  r e v e a l e d  c o n s i s t e n t l y  b r i g h t e r  v i s u a l  c o l o r  t h a n

Table 3—Effect o f display temperature on mean visual score and reflectance (%  R) of frozen lamb chops at several tim e periods

Visual Score3 630 nm % R °/c R 474/525 nm % R 572/525 nm

Time -2 9 °  C -2 1 °  C -2 9 °  C —21°C —29°C —21°C -2 9 °  C —21°C

Frozen, day
1 2.58 * 2.47 25.4 23.8 1.14 1.13 0.93 0 92
7 2.67 2.62 24.5 23.3 1.16 **  1.13 0.97 0 96

21 2.71 2.78 23.9 22.1 1.15 1.13 0.99 0 98
42 2.80 * *  2.98 24.8 21.4 1.12 1.11 0.99 0.99
43b 2.80 **  3.01 26.2 23.6 1.17 * *  1.14 0.98 1.00

Thawed-44b 3.19 * 3.32 16.3 15.9 1.11 **  1.09 0.97 0 96

a  1 = V e r y  b r i g h t ;  5  = E x t r e m e l y  d a r k

b  U n p a c k a g e d

* ( P  <  0 . 0 5 )

** ( P  <  0 . 0 1 )

Table 4 -E ffe c t o f display lighting3 on mean visual score and reflectance (%  R) of frozen lamb chops at several time periods

Visual Scoreb 630 nm % R % R 474/525 nm % R 572/525 nm

Time 1 F i F I F I F

Frozen, day
1 2.40 2.65 24.5 24.7 1.13 1.14 0.92 0 93

7 2.52 * *  2.77 23.6 24.2 1.14 **  1.15 0,96 0 97

21 2.65 * *  2.84 22.8 23.2 1.12 1.16 0.98 0.99

42 2.82 * 2.96 22.4 23.8 1.10 * *  1.14 1.00 0.98

43c 2.82 * 2.99 24.3 25.5 1.13 * *  1.19 1.00 0.97

Thawed-44c 3.16 * *  3.35 15.5 16.8 1.09 1.11 0.98 0.95

a  I =  I n c a n d e s c e n t ;  F  =  F l u o r e s c e n t  ( d e l u x e  c o o l  w h i t e )  

b  1 =  V e r y  b r i g h t ;  5  =  E x t r e m e l y  d a r k  

c  U n p a c k a g e d  

* (P  <  0 . 0 5 )

* *  (P  <  0 . 0 1 )
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TIME, DAYS

Fig. 2 —P e rce n t w e ig h t toss o f  fresh pa cka g e d  a n d  fro z e n  la m b  cho ps  

a t va rio us  t im e  pe rio d s .

d i d  t h e  s i d e  e x p o s e d  : o  l i g h t ,  w h i c h  a g r e e d  w i t h  f i n d i n g s  o f  
T o w n s e n d  a n d  B r a t z l e r  ( 1 9 5 8 )  a n d  M a r r i o t t  e t  a l .  ( 1 9 6 7 ) .

M a r b l i n g

D e g r e e  o f  m a r b l i n g  i n  t h e  l o n g i s s i m u s  m u s c l e  d i d  n o t  s i g 
n i f i c a n t l y  a f f e c t  a n y  s u b j e c t i v e  o r  o b j e c t i v e  m e a s u r e m e n t s  o f  

c o l o r ,  w e i g h t  o r  d r i p  l o s s .

W e i g h t  l o s s

D a t a  i n  F i g u r e  2  r e v e a l  w e i g h t  l o s s e s  o f  0 . 2 9 %  d u e  t o  f r e e z 
i n g  a n d  0 . 4 2 %  d u e  t o  f r o z e n  d i s p l a y  ( d a y s  0 —4 2 ) ,  t o t a l i n g

0 . 7 1 %  a f t e r  f r o z e n  d i s p l a y  o f  6  w k .  T o t a l  w e i g h t  l o s s  f r o m  
f r e s h  u n p a c k a g e d  t o  f r o z e n  u n p a c k a g e d  ( d a y  4 3 )  w a s  0 . 9 0 % .  

T h e  a v e r a g e  w e i g h t  l o s s ,  f r o m  d a y  1 t o  d a y  4 2 ,  o f  t h e  f r o z e n  
c h o p s  p a c k a g e d  i n  t h e  L - 3 0 0  f i l m  w a s  0 . 2 3 %  c o m p a r e d  w i t h  
0 . 4 4 %  f o r  c h o p s  p a c k a g e d  i n  S a r a n ;  h o w e v e r ,  w e i g h t  l o s s  o b 

s e r v e d  f r o m  o n e  p e r i o d  t o  t h e  n e x t  w a s  n o t  s i g n i f i c a n t l y  a f 
f e c t e d  b y  a n y  o f  t h e  1 6  t r e a t m e n t  c o m b i n a t i o n s .  H i g h  o x y g e n  
p e r m e a b i l i t y  a n d  h i g h  w a t e r - v a p o r  t r a n s m i s s i o n  p r o p e r t i e s  o f  
p a c k a g i n g  f i l m s  d o  n o t  n e c e s s a r i l y  c o i n c i d e .  H o w e v e r ,  m o r e  
f r o s t  a c c u m u l a t e d  i n  t h e  L - 3 0 0  p a c k a g e s ;  h e n c e ,  m o r e  w a t e r  
v a p o r  m a y  h a v e  p a s s e d  i n t o  t h e s e  p a c k a g e s ,  c o n d e n s e d  a s  f r o s t  
a n d  “ c o u l d  h a v e  b e e n  m a n i f e s t e d ”  a s  l e s s  w e i g h t  l o s s  f o r  c h o p s  
p a c k a g e d  i n  t h e  L - 3 0 0  f i l m .  C e r t a i n  p a c k a g i n g  f i l m s  h a v e  b e e n  
o b s e r v e d  t o  c a u s e  p r o d u c t  w e i g h t  g a i n  ( H u s t r u l d  e t  a l . ,  1 9 4 9 ) .  

D r i p  l o s s

M e a n  d r i p  l o s s  w a s  5 . 3 4 % .  C h o p s  f r o z e n  a t  —4 0 ° C  e x h i b 
i t e d  l e s s  d r i p  l o s s  ( 4 . 9 3 % )  t h a n  t h o s e  f r o z e n  a t  - 2 6 ° C  ( 5 . 7 6 % ) .  

R a m s b o t t o m  a n d  K o o n z  ( 1 9 3 9 )  s t a t e d  t h a t  d r i p  l o s s  w a s  a  
f u n c t i o n  o f  i c e  c r y s t a l  s i z e ;  t h a t  s m a l l e r  c r y s t a l s  r e s u l t e d  f r o m  
f a s t e r  f r e e z i n g  r a t e s ,  c a u s e d  l e s s  t i s s u e  d i s r u p t i o n  a n d  s u b s e 
q u e n t l y  r e d u c e d  d r i p  l o s s .  I n  o u r  s t u d y ,  d i s p l a y  t e m p e r a t u r e ,  
p a c k a g i n g  f i l m  a n d  l i g h t i n g  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  d r i p  
l o s s .
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I M M O B I L I Z E D  C A T A L A S E  R E A C T O R  F O R  U S E  

IN  P E R O X I D E  S T E R I L I Z A T I O N  O F  D A I R Y  P R O D U C T S

INTRODUCTION

THE USE OF chemical sterilization of cheese milk is permissi
ble in the United States with no more than 0.05% II2 0 2. The 
effect of H2 0 2 on the bacteriological contents of milk has 
been reported by several investigators (Luck, 1956; Roundy, 
1958; Amin and Olson, 1967; Naguib and Hussein, 1972). 
After the sterilization process, the enzyme catalase is added to 
remove the residual H2 0 2.

Catalase was first immobilized by ionic attachment to di- 
ethylaminoethyl (DEAE) cellulose by Mitz (1956), and co
valently to a polymer by Brandenberger (1956). Schejter and 
Bar-Eli (1970) prepared an insoluble catalase by crosslinking 
purified catalase with glutaraldehyde. This technique was 
modified by Ferrier et al. (1972) by treating glutaraldehyde- 
crosslinked catalase with bisulfite to form an insoluble en
zyme. Chang (1971) and Chang and Poznansky (1968) im
mobilized catalase in microencapsules with glutaraldehyde.

The possible application of immobilized enzyme in the re
moval of H2 0 2 from milk for cheese making was studied by 
Balcom et al. (1971) in a continuous packed-bed reactor with 
catalase coupled to cheesecloth with glutaraldehyde. A rapid 
inactivation of the catalase in the first 2 hr was observed. 
O’Neill (1972) showed theoretically that the inactivation of 
catalase by H2 0 2 may be reduced by using a stirred-tank reac
tor rather than a packed-bed reactor if the reaction is zero 
order. The inactivated catalase in a catalase-collagen reactor 
was regenerated to recover its activity by Wang et al. (1974). 
The mechanism of inactivation and regeneration is not thor
oughly known; however, the phenomenon of regeneration of 
immobilized catalase activity offers encouragement for further 
investigation.

The bacteriological effectiveness of H20 2 in milk was 
determined. A catalase-collagen reactor was used to study the 
efficiency of the reactor in removing residual H2 0 2 from milk. 
The results of these studies are herein reported.

EXPERIMENTAL

Materials
Liver catalase was purchased  from  th e  W orth ing ton  Biochem ical 

C orpora tion , F reeho ld , N .J. T he enzym e, w hich  was used w ith o u t fu r
ther p u rifica tion , was b o u n d  to  ca ttle  h ide collagen ob ta ined  from  the  
USDA E astern  R egional R esearch C enter. V exar m esh sheet, used as a 
film spacer, w as ob ta ined  from  E .l. d u P o n t de N em ours and Co., Inc. 
G lu tara ldehyde, as a 50%  so lu tio n , and H 20 2 , as a 3% so lu tio n , w ere 
ob ta ined  from  Fisher S cientific C o. •

Raw milk fo r the  bacterio log ical stud ies was ob ta ined  from  the  All 
Star Dairy, P erth  A m boy, N .J. The pasteurized  m ilk used for th e  ca ta
lase reac to r stud ies was from  th e  R utgers Dairy Plant.

Bacteriological examination
To lOOg o f  raw  m ilk H2 0 2 was added  in co n cen tra tio n s o f  0 .0 1 , 

0 .02 , 0 .03 , 0 .04  and 0.05% . The H 20 2-milk sam ples were allow ed to  
react fo r 30 m in  a t various b a th  tem p era tu res , and  1 m l o f  0.06%  (w /v) 
catalase so lu tion  was added  to  decom pose th e  residual H2 0 2 . T he ef
fect o f  the  H2 0 2 on  the  bacteria  co un ts o f  the  raw milk was d e te r
m ined according to  s tandard  m ethods (APHA, 1972).

Preparation of catalase-collagen reactor
6g o f  collagen w ere suspended in 600  m l o f  distilled w ater and 

stirred w hile th e  pH w as ad justed  to  3.5 w ith  85% lactic  acid so lu tion . 
The d ispersion  was hom ogenized  in a W aring B lendor. A fter adding 200 
mg o f  catalase, th e  dispersion  was again hom ogenized . The hom oge
nized d ispersion  w as th en  cast o n  a M ylar sheet and  air d ried  a t room  
tem p era tu re  fo r 2 days. A fter dry ing , th e  film was ab o u t 0 .08  m m  
th ick . T he dried  film  was th en  d ipped  in a 0.2%  g lu tara ldehyde so lu tion  
fo r 2 m in , w ashed w ith  distilled w ater and air d ried . The ca ta ly tic  
activ ity  o f  the  catalase-collagen com plex  was equ ivalen t to  8.3 jug o f 
free catalase ac tiv ity  per g o f  catalase-collagen com plex.

The crfrriplex was th en  layered  on  V exar p lastic n e ttin g  and  w ound  
to fo rm 7a spiral m u ltip o re  m odule. The m odu le  was th en  f itte d  in to  a
2 .54  cm  plexiglass cylinder to  fo rm  a reacto r. T hree reac to rs  w ere m ade 
w ith  d iffe ren t packing lengths, 7 .6 2  cm w ith  2 .23g o f  com plex ; 15.24 
cm w ith  4 .45g o f  com plex ; and 22 .8 6  cm w ith  6 .82g o f  com plex. 

Determination of residual H2 0 2
All tests w ere m ade a t room  tem p era tu re , 25 ± 1°C. Pasteurized 

milk sam ples con tain ing  0.05%  H 20 2 w ere p u m p ed  th rough  the reac
to rs w ith  a perista ltic  pu m p  a t flow  ra tes o f  10, 25 , 50 and 100 m l/m in . 
The m ilk sam ples w ere co llected  from  the  reacto rs and th e  residual 
H 2 0 2 was d eterm ined  d irectly  by m eans o f  a Sargent-W elch Polaro- 
graph XVI w ith  a d ropp ing  m ercury  e lec trode . 10 m l o f  th e  m ilk sam 
ple w ere transfe rred  to  a te s t tu b e  con tain ing  1 m l o f  2% H 2S 0 4 
so lu tion  w hich  stopped  th e  catalase-H 2 0 2 reac tio n . 10 m l o f  0.05M  
phosp h a te  b u ffer a t pH  7 .0 w ere added  as a supporting  e lec tro ly te . The 
oxygen level was reduced  by  flushing ab o u t 20 m l o f  the  m ix tu re  w ith  
n itrogen fo r 5 m :n in th e  Sargent-W elch electro lysis vessel. By using a 
calib ration  curve, residual H 20 2 in th e  m ilk sam ples w as calculated  in 
p ercen t by com paring  th e  d iffusion  cu rre n t o f  th e  sam ple w ith  re
sponses from  reference sam ples.

Initial reaction rate period
F o r th e  prelim inary  experim en ts on initial reac tio n  ra te , a catalase- 

collagen com plex was used w hich  had n o t b een  crosslinked w ith  glu
tara ldehyde. This com plex , w hich  had an enzym e load ing  equ ivalen t to
29.0 Mg o f  free enzym e per g o f  com plex , show ed a stab le  decom posi
tion  o f  97%  o f  th e  H 20 2 in m ilk w hich  had been  trea ted  w ith  0.02%  
H2 0 2 w hen pum ped  th rough  th e  reac to r  a t 100 m l per m in  fo r 30 min. 
A fter th is period , an unstab le  activ ity  w as observed w hich  apparen tly  
resulted  from  the  leaching o f  loosely b o u n d  catalase.

All succeeding tests in th is stu d y  w ere m ade w ith  a catalase-collagen 
com plex w hich  has been  crosslinked w ith  g lu tara ldehyde. D ata were 
recorded  a fte r  the  reacto rs had  been stabilized  fo r 24 h r.

RESULTS & DISCUSSION

Bacteriological studies
The effect of H2 0 2 at different concentrations and temper

atures on the bacteriological contents of raw milk is shown in 
Table 1. The results indicate that a slight variation of tempera
ture had a definite effect on the bactericidal efficiency of the 
H20 2 solution. Using a H20 2 solution at a concentration of 
0.02% at 45°C for 30 min resulted in a 99.99% reduction of 
the bacteria counts.
Reactor studies

The results of the reactor studies are plotted in Figure 1, 
where P is the percent destruction (S0-S e)/S0 ; SQ is the ini-

Volume 4 0  (1 9 7 5 1 -J O U R N A L  OF FOOD S C IE N C E -6 41



6 4 2 -J O U R N A L  OF FOOD S C IE N C E -V o lu m e  4 0  (1975)

F ig. 1 —E f f e c t  o f  f l o w  r a te  o n  d e s t r u c t io n  o f  H 1 0 2 in  th r e e  c a ta la se -  
c o lla g e n  r e a c to r s ; W  = w e i g h t  o f  c o m p l e x ,  g.

Fig. 2 —E f f e c t  o f  s p a c e  t i m e  o n  t h e  d e s t r u c t io n  o f  H 7 0 2 in  th r e e  
c a ta la s e -c o lla g e n  r e a c to r s ;  V J /F  = s p a c e  t im e ,  c o m p l e x  w e i g h t —f l o w  
r a te  r a t io s ;  W  =  w e i g h t  o f  c o m p l e x ,  g ;  F  =  f l o w  r a te ,  m i / m i n .

tial H2 0 2 concentration; Se is the H2 0 2 concentration at 
reactor outlet; F is the flow rate in ml/min; and W is the 
weight of catalase-collagen complex g, packed in the reactor. 
This figure shows that the percent of H2 0 2 destruction de
creases with an increasing flow rate.

In Figure 2, the space time term W/F, weight of complex 
divided by flow rate, is plotted against destruction, P. At a 
given W/F the percent of destruction changes in each reactor, 
which indicates the importance of diffusion resistance in the 
reactors.
Mass transfer coefficient

The rate of mass transfer from the bulk liquid phase to the 
surface of the catalase-collagen complex in the plug flow reac
tor is (Levenspiel, 1972):

dS
d(W/F) k La (S -S * ) (1)

Tab le  1 —E ffe c t o f  H . 0 2 co ncentration  on bacteria counts®

H 2 O j  co n cen tratio n, %

Bath
tem p 0.01 0.02 0.03 0.04 0.05
°c Bacterial reduction, %

22 58.33 6 1 .6 4 73.81 89.6 6 9 7 .2 0
35 6 3 .4 9 88.73 9 4 .7 6 95.23 9 9 .9 2
45 99.97 99.9 9 99.9 9 9 9 .9 9 9 9 .9 9
54 99.9 0 9 9 .9 0 99.9 9 99.9 9 9 9.99

a Reaction  tim e: 30  m in: C on tro l co u nt per ml: 168 X  10 3.

Where r = rate of mass transfer, g mole/min/g complex; kL = 
mass transfer coefficient, cm/min; a = external area of collagen 
complex, cm2/g of complex; S = H20 2 concentration, g 
mole/ml; and S* = H2 0 2 concentration at complex surface, g 
mole/ml. Integral from the inlet of the reactor to the outlet

P  F /**e dS
/  dW = -----  I ----------  (2)

j 0 kLa JSo (S-S*)

Assuming that an instantaneous reaction occurred at the com
plex surface,

then,

k La = (F/W ) In (S 0 /S e) (3)

The relation between the mass transfer coefficient, kj^a, 
calculated from Eq 3, and flow rate, F, is shown in Figure 3 
with W/F as parameter. If the Reynold’s number is defined as

Re = LVp /m

where L is complex length, cm; V is milk velocity, cm/sec; p is 
milk density, g/ml; p is milk viscosity, g/cm sec, a relation can 
be derived from Figure 3,

k L a ~  Re0-77

In Figure 3 it is shown that an apparent increase in mass 
transfer coefficient could be obtained merely by increasing the 
flow rate at a high W/F. The thickness of the stagnant diffu
sion film around the catalase-collagen complex will be de-
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FLOW RATE, F, ml/min

Fig. 3 —M a ss  tr a n s fe r  c o e f f i c i e n t s  vs f l o w  r a te  in  c a ta la s e - c o l la g e n  
r e a c to r s  w i th  v a r io u s  s p a c e  t im e ;  W /F  =  s p a c e  t im e ,  c o m p l e x  
w e i g h t—f l o w  r a te  r a t io s ;  W  = w e i g h t  o f  c o m p l e x ,  g ;  F  = f l o w  r a te ,  

m l /m in .

creased as the Reynold’s number is increased. At a low W/F, 
conversion can be increased by increasing W/F or F. This indi
cates that it is necessary to consider both space time and flow 
rate in scaling up a catalase-collagen reactor for the most ef
ficient activity.

The data in Figure 3 further indicate that it is possible to 
maximize the destruction rate of H2 0 2 as a function of space 
time and flow rate, and that only minimal improvement in 
mass transfer coefficient can be obtained by increasing the 
complex mass per unit volume of reactor at this enzyme load. 
The destruction rate of H2 0 2 in the reactor can be increased 
by increasing the enzyme load on the complex, improving the 
enzyme stability, and by increasing the efficiency of substrate

contact by means of improved reactor design. The destruction 
rate can also be optimized with respect to the temperature and 
other operational conditions.

The data provide some estimate of the physical design 
parameters. For example, at 50% destruction of 0.05% H20 2, 
the optimum flew rate is 10 ml/min with 6.82g of complex. 
This can be extrapolated to a ratio of one volume of substrate 
flow per two volumes of reactor capacity, a ratio which is not 
considered to be desirable for dairy plant operation. The data 
further indicate that an increase in stable enzyme activity of 5 
to 10 times that achieved in this investigation is necessary for 
any industrial use of a catalase reactor. Since there has been 
achieved at least a fivefold increase in the loading of lactase by 
improvements ir. forming complexes, and at least a twofold 
decrease in the bulk diffusion resistance in pilot reactors, it is 
hoped that these goals may be met in future work with the 
catalase reactor.
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S T O R A G E  S T A B I L I T Y  O F  D R I E D  S W E E T  C H E E S E  W H E Y

INTRODUCTION

DRIED CHEESE WHEY has become an increasingly important 
product in the United States where production has increased 
dramatically within recent years. Reasons for increased pro
duction include new pollution regulations, improved proc
essing methods, and economic incentives (Groves, 1 972).

The value of dried whey as a human food supplement is 
partially dependent on its storage stability. Dried milk prod
ucts have been found to be especially susceptible to storage 
browning which can result in changes in the physical proper
ties of the product and the loss of palatability and nutritive 
value (Patton, 1955). However, few studies have considered 
the effect of storage on dried whey. Ferretti and Flanagan 
(1971a) subjected dried whey to accelerated browning and 
determined that nonenzymatic browning of whey powder 
under accelerated conditions produced many of the products 
which were observed in the lactose-casein model system. In a 
subsequent study they identified some volatile components of 
the nonenzymatic browning reaction in dried whey which had 
been stored for 3 yr at 4°C (Ferretti and Flanagan, 1971b). 
Mavropoulou (1970) found that whey which had been stored 
in sealed plastic bags for 2 -8  wk at 22°C darkened in color 
and underwent flavor deterioration. Poor correlation was 
found between the degree of product lipid oxidation and 
organoleptic flavor evaluation.

The purpose of this research was to determine the effects 
of storage on some chemical, physical and functional proper
ties of dried sweet cheese whey.

EXPERIMENTAL

Whey source and storage procedures
Tw o 50-lb bags o f  sw eet dried cheese w hey w ere ob ta ined  from  

M onticello  Dairies, C harlo ttesville, Va. T he w hey had been m anufac
tured  by F orem ost Dairies, O hio, w ith in  the  previous 10 days. The 
w hey was prepared  for storage by th ree  m ethods: packaged in hea t 
sealed p lastic bags, packaged in glass jars and packaged in 8-in. square 
pans w ith o u t a covering. Half o f  the  sam ples o f  all packaging m ethods 
were stored  in a refrigerator a t 4°C  and half in a nona ir-conditioned  
room  (average tem pera tu re  19 .5°C ), betw een  July  15, 1973 and Oct. 
16, 1973. T he w hey was evaluated after 0, 30, 60 and 90  days o f 
storage.

Analysis of whey composition
W hey co m position  was evaluated  on the day on w hich  it was re

ceived. Lactose co n ten t was determ ined  by the  phenol-sulfuric acid 
m ethod  o f D ubois e t al. (1956). T ota l crude p ro te in  was cond u c ted  by 
the m icro-K jeldahl m ethod  using a fac to r o f 6 .38  x  to ta l n itrogen 
(AOAC, 1970). M oisture was determ ined  using a B rabender M oisture/ 
V olatiles T ester, Model SAS-692. A 10-g sam ple was dried at 100°C  for 
5 hr.

Chemical analysis of stored whey
Sam ple color was evaluated by a H unterlab  Model D25 C olor and 

C olor-D ifference M eter. The in stru m en t was standard ized  against a 
w hite tile, standard  num ber 519 1 , L = 91 .8 , a, = - 0 .7 .  b, = - 0 .7 .  
M oisture co n ten t was d e term ined  using a Brabender M oisture/V olatiles 
Tester as described above. Proteirw solubility  was determ ined  follow ing 
the p roced u re  o f  Morr e t al. (1 9 7 3 ) using a pH 4 .6 buffer. T he pH o f  a 
5% w hey so lu tion  in d istilled  w ater was determ ined  using a Colem an 
Model 12 pH.

Baking properties of whey stored at room temperature
The effec t o f  storage on the  baking p ro p erties  o f  w hey sto red  a t 

room  tem p era tu re  was evaluated  by inco rp o ra tin g  the  w hey in cakes. 
Plain w hite  cakes w ere p repared  using w hey sto red  a t room  tem p era tu re  
for 30, 60 and 90 days by each o f  th e  three packaging m eth o d s. The 
w hey was su b stitu ted  for n o n fa t dry  m ilk (ndm ) by  w eight using the  
follow ing cake form ula:

Ingredient Amount
F at, hyd rogenated  vegetable shorten ing  63g
Sugar 205g
Eggs 101 g
Ndm or w hey 12 .7g
W ater 124m l
Baking p o w cer 9.7g
Cake flour 208g
Salt 1.8g
V anilla 2 .7m l

The volum e o f  the cakes was m easured by rapeseed d isp lacem ent.
The cakes were subjectively evaluated  by a tra ined  six-m em ber taste 

panel. The panel m em bers w ere in structed  on the  use o f  the  scorecard  
and w ere given no in fo rm atio n  ab o u t the  variables. Sam ples w ere ar
ranged in random ized order and presen ted  by a paired com parison  
m ethod . Six pairs o f  sam ples were p resen ted . T he pairs represen ted  all 
possible co m binations o f  the  sam ples iden tified  in Table 1 (1-2. 1-3, 
1-4, 2-2, 2-3, 3-4). Panel m em bers received 1 x  1 x  !4-in. cake slices 
w hich included the top  crust. Panelists were asked to  judge the  fol
lowing characteristics on a relative basis w ith in  each pair o f  sam ples: 
crust and crum b co lor, cell u n ifo rm ity , velvetiness. m oistness, sw eetness 
and preference . Tw o rep lications o f  each pair w ere co m pleted . Sensory 
testing  w as conducted  in indiv idual sensory b o o th s  located  away from  
the area o f  cake p repara tion .

Statistical analysis
Statistical analysis o f  objective m easurem ents from  the  s tu d y  were 

analyzed by analysis o f  V ariance and D uncan M ultiple Range using a 
IB M /360 com puter. Sensory results were tested  for significance by 
S tu d en t’s t test (n = 12).

RESULTS & DISCUSSION

THE INITIAL analysis of the whey found it to contain 10.3% 
protein, 78% lactose and 3.5% moisture.

The most apparent visible change in the whey after storage 
was the browned color of several of the samples stored at 
room temperature (Fig. 1). All room temperature stored sam
ples significantly discolored after 30 days of storage. The

Tab le  1 —Id en tificatio n  o f sam ples presented to  the taste panel

Sam ple no. C ake  prepared from

1 ndm
2 w h ey stored open
3 w hey stored in bags
4 w hey stored in jars
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D A Y S  S T O R E D

F ig. 1 —H u n te r  A E  c o lo r  v a lu e s  o f  d r ie d  w h e y  s to r e d  a t  r o o m  t e m 
p e r a tu r e .

7 5

E  i -  7°  

£ d
O GO 

q _ D O

O
X V)

6 0

1 5  2 0  2 5  3 0

C O L O R  , A E

F/'fl'. 2 — % p r o t e i n  s o l u b i l i t y  vs H u n te r  A E  c o lo r  v a lu e s  o f  d r ie d  
w h e y  s to r e d  a t  r o o m  te m p e r a tu r e .

I , I N I T I A L  

X , O P E N  

0  , B A G

Fig. 3 —p H  values o f  d rie d  w hey stored a t ro om  tem perature.

Tab le  2 —Percent m oisture content fo r stored dried cheese w h eya

Length  o f storage (D ays)
Storage
location

Packaging
method

30 60
n = 6

90

Room Open 4.9* 4.6* 5.5*
Room Bag 3.7 3.9 4.7*
Room Ja r 3.6 3.8 4.5*

Refrigerator Open 16.7* 9.9* 5.6*
Refrigerator Bag 3.6 3.6 4.4*
Refrigerator Ja r 3.7 3.6 4.2

a In itia l m oisture co n ten t = 3 .5%
S ig n if ica n t change from  o riginal m oisture co n ten t (p <  0 .05) as 
determ ined by A n a lys is  o f Variance

greater browning in the open-packaged samples than in the 
bag- and jar-packed samples stored at room temperature was 
attributed to greater moisture availability for the open-packed 
whey. Doob et al. (1942) found that the browning of dried 
whey increased with increased moisture content. Browning 
was attributed to the Maillard reaction.

The samples stored at room temperature were significantly 
darker than those stored in the refrigerator at all test periods. 
The influence of temperature on the rate of browning of dried 
whey was demonstrated by Doob et al. (1942). The bag- and 
jar-packed samples stored in a refrigerator showed no signifi
cant color change after 90 days of storage. Although the open- 
packed samples which were stored in a refrigerator had dark
ened significantly after 30 days of storage, the color lightened 
with continued storage. It is probable that the changes in AE 
for open-refrigerated samples were caused hy changes in the 
moisture content which affected the light reflectance.

The changes in moisture content are shown in Table 2. The 
uptake of moisture was mainly attributed to the hygroscopic 
nature of the lactose. The degree of browning of room-temper
ature stored samples generally increased with increasing mois
ture content. Discoloration occurred in samples with moisture 
levels as low as 3.6%. Since browning occurred at alow mois
ture level and since lactose is very hygroscopic, low initial 
moisture levels are considered of little value in the prevention 
of browning of room temperature stored samples. The mois
ture content of refrigerated bag- and jar-packed samples in
creased slightly during storage. No significant browning oc
curred in these samples even after 90 days of storage, appar
ently because of the low temperature of storage.

All stored samples, with the exception of refrigerated jar- 
packed samples stored for 30 days, decreased in protein solu
bility during storage (Table 3). The greatest change in solu
bility occurred in open-packed refrigerated samples. There was 
no correspondence between color change and solubility of the 
refrigerated open-packed sample. The large solubility decrease 
was attributed to moisture up-take by the whey components 
during storage.

The decreased solubility of the open-packaged room tem
perature stored samples was related to color change (Fig. 2). 
The insolubility was attributed to the Maillard reaction. De
creased solubility due to the Maillard reaction was reported in 
storage studies of ndm (Henry et al., 1948; Patton, 1955). It is 
possible that the bag- and jar-packed samples stored at room 
temperature underwent some of the earlier stages of the Mail
lard reaction which caused decreased solubility, but the reac
tion did not proceed to the pigment forming stages during the 
storage period.

The pH of room temperature stored samples decreased with 
the length of storage (Fig. 3). These same samples darkened in
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Ta b le  3 -P e r c e n t  protein  so lu b ility  o f  stored dried w h e ya’b

% S o lu b ility  o f pH 4.6  

Length  of storage (D ays)

Storage
location

Packaging
m ethod

30 60 
n = 6

90

Room Open 6 6 .8 ” 65.3* 64.1*

R o o m Bag 67.8* 67 .3 * 67.7*

Room Jar 68.2* 67.2* 67.8*

Refrigerator Open 65.3* 66.6* 61 .7 *
Refrigerator Bag 67.6* 66.5* 68.0*
Refrigerator Jar 70.1 66.2* 68 .2 *

a Expressed on a d ry  w eight basis 
b In itia l protein so lu b ility  = 70.9%
* S ig n if ica n t change from  in itia l value (p <  0 .05) as determ ined by 

A n a lys is  o f  Variance

Tab le  5 —Panel evaluation of crum b co lo r o f ndm  and w hey 
cakes a’b

Length  o f w hey storage Cake

0 ndm W hey

3 0  and 60 ndm Jar Bag Open

90 ndm Jar Bag Open

a n = 12
b C o n tin u o u s line  indicates no sign ificance  at p <  0.05.

color during storage. The pH change was attributed to the 
bonding of amino groups by the lactose in the Maillard reac
tion. Coulter et al. (1951) suggested amino group binding as 
the cause of pH decrease during the storage of ndm.

Refrigerated samples showed little pH decrease during stor
age. The method of storage packaging had no effect on the pH 
of the samples.

The volume of cakes made from stored whey increased with 
the length of storage and degree of browning (Table 4).

Panel members could find no difference between the ndm 
and whey cakes initially. After storage the whey cakes had 
darker crust and crumb than the ndm cakes (Table 5). The 
cake darkening paralleled the browning which took place in 
the whey; darkest crumb and crust color occurred in open- 
packaged whey at all test periods.

The cakes made from whey stored for 90 days were judged 
by the panel to be less tender than ndm cakes (Table 6). The 
decreased tenderness was attributed to a reduced tenderizing 
effect of the lactose due to a lowered ability to pick up mois
ture. Lactose was reported to be a tenderizing agent in baked 
products because of its ability to compete with gluten for 
water (Webb and Whittier, 1970).

Table 7 shows the sensory results of cake preference evalua
tion. The taste deterioration of cakes made from stored whey 
was attributed to two effects. First, off flavors may have been 
picked up by the whey during storage. Reger (1958) noted the 
ability of lactose to carry flavors. A second cause of lower 
preference ratings was attributed to the Maillard reaction, pref
erence of cakes made from stored whey decreased with in
creased cake discoloration. Off flavors due to Maillard reaction 
products have been characterized as ‘caramelized’ or ‘burnt- 
sugar’ in flavor (Henry et al., 1948).

Under conditions of this study, the results indicated that 
browning and associated changes occurred during the storage 
of dried sweet whey. These changes resulted in decreased func
tionality of the product. The results of this study indicated

Tab le  4 —V o lu m e  o f cakes made from  stored w hey and n d m a

Length  o f storage (D a ys)

30 60 90

V o lu m e  (cm 3 )
Cake n = 6

ndm 850a 925a 925a
Open w hey 813a 8 6 3 c 86 3 b
Bag w hey 837a 90 0 a,b 87 5 b
Jar w hey 825a 8 8 8 b ,c 9 13a

a Values in vertical co lum ns w ith d ifferen t letters are s ig n ifica n tly
d ifferen t (p <  0 .05)

Tab le  6 —Taste panel evaluation o f cake tenderness3’15

Length o f w hey storage C ake  variation

0 ndm W hey

3 0  and 60 ndm Ja r Bag O pen

90 ndm Jar Bag Open

a n = 12
h -------- . _ ____ _ •. , ---------C o n tin uo u s line indicates no s ign ificance  at p <  0.05.

Tab le  7 —Taste panel results o f cake preference3’15

Days Taste preference

0 ndm 

30 and 6 0  ndm

W hey

Jar Bag Open

90  ndm Jar Bag Open

a n = 12
h C on tin uo u s line indicates no s ign ificant d ifference at p <  0.05.

that storage deterioration may be limited by moisture-resistant 
packaging, low storage temperature and short length of stor
age.
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INTRODUCTION

THE RECOVERY of microorganisms has been studied for 
many years. Seven basic, nondestructive surface sampling 
methods have evolved. They are:

1. Swab contact (APHA, 1960)
2. Plate contact (APHA, 1960)
3. Rinse (APHA, 1948; Winter et al., 1971)
4. Replicate-transfer (Tresner and Hayes, 1970; Tengerdy 

et al., 1967)
5. Agar Overlay (Hughes et al., 1968)
6. Agar dip
7. Vacuum probe (Whitfield et al., 1969)
At the same time, bacterial population estimation methods 

have increased from manual dilution, plating and counting to:
1. Automated dilution, plating and counting (Sharpe et al., 

1972a, b; Schoon et al., 1970)
2. Membrane filter-Plate count
3. Membrane filter—Fluorescence microscopy
4. Photoelectric measurement of turbidity (Fujita and 

Nunomura, 1968)

PERCENTAGE LOSS OF REFLECTANCE

Fig. 1—Standard curve fo r  de te rm in ing  bacteria ! levels.

5. Measurement of light scattering (Merek, 1969)
6. Radiometry (14C glucose -»■ 4C02 metabolism) (Pre- 

vite, 1972)
In comparing relative merits of combinations of the above 

sampling/estimation methods, varying degrees of accuracy can 
be traded for varying amounts of analysis time, equipment 
investment and skilled personnel labor.

Current interest in extensive microbiological sampling pro
grams dictates the need for a rapid, inexpensive method for 
determining surface bacterial populations.

The reflectance method has been developed and used for 
estimating viable bacterial contamination on surfaces. With 
this method, contact plates are used to remove microorganisms 
from surfaces. After incubation, the loss of reflectance of the 
medium is related back to numbers of bacteria. The main ad
vantages of this method are:

1. Useful for testing heavily contaminated surfaces such as 
carcasses, floors, etc.

2. Minimal investment in microbiological equipment.
3. No need for skilled personnel to perform tests.
4. Minimal labor time per test.

MATERIALS & METHODS

Physical description
Rodac (Falcon) plates pre-poured  w ith  reflec tance  m edium  (could 

be  p repared  a t a cen tral lo ca tio n  or purchased  from  a supplier)
Brain H eart I n f u s i o n ...........................................  37g
A g a r .......................................................................... 15g
T itan ium  D i o x i d e ............................................... lOg
TTC* .............................................................. 10.0 m l
H 20  .....................................................................  1000 ml

*1 .0 %  fUter sterilized so lution  o f 2 ,3 ,5 -T rip h en yl-tetrazoliu m  
chloride

All ingredients ex cep t th e  TTC are m ixed , dissolved and au toclaved. 
A fter cooling to  50° C, th e  TTC is added  and 17 cc o f  m edia are dis
pensed per R odac p late . T he m edia m u st be  agitated  during dispensing 
to  keep  the  T i0 2 suspended. T he p la tes should  then  be covered and left 
a t room  tem p era tu re  overnight to  dry . Use o f  titan ium  d iox ide  insures 
an o p aque m edium , and provides a un ifo rm  w hite  color. T iO z is in e rt 
and n o n to x ic .

T he colorless 2 ,3 ,5 -tripheny l-te trazo lium  chloride is reduced to  a 
red color tripheny l-fo rm azone by reductases p resen t in bacteria . This
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reaction  is en tirely  nonsp ecific, elim inating d ifferences due to species o f  
bacteria (Tengerdy et al., 1 9 6 7 ).

In cu b ato r. Any laboratory  incu bator capable o f  m aintaining 30° ± 
1°C  is appropriate. Due to the sm all size o f  the R odac plates, m any 
plates may be incubated  at on ce in a relatively small incu bator.

R eflectom eter. Any reflectom eter capable o f  measuring w hiteness 
and reflectan ce should be suitable. The one available fo r use in our 
laboratory  was a H unterlab Model D 40  (H unter, 1 9 6 0 ).

Each R od ac plate is num bered and has its in itial re flectan ce m eas
ured. I f  the plates have been carefu lly  prepared, a standard in itial re
flectan ce may be determ ined for each lo t o f  plates. This initial re flec
tance will approach 100%  due to the w hiteness o f  the T iO j and the 
op acity  o f  the m edium . The plates are then con tacted  w ith the surface 
to be tested. A fter approxim ately  4 8  hr o f  incu bation  at 3 0 ° C, the 
reflectan ce o f  each p late is again m easured. Every bacteria l co lon y  on 
the plate w ill be colored  red, thus low ering the reflectan ce (w hiteness) 
o f  the m edium . The d ifferen ce in reflectan ce can be related back to 
organisms per square inch by using the standard curve.

Tw o m ethods w ere used for determ ining the standard curve shown 
in Figure 1. In itia lly , sterile stainless steel plates were inoculated  with 
know n num bers o f  pure and m ixed bacteria cultures. The inoculated  
plates w ere allow ed to dry and w ere then tested  using the reflectance 
m ethod. Organisms used w ere E. coli and S. faecalis in dilutions from  
100  to 1 0 s ( 1 0 0 ,0 0 0 ,0 0 0 !  organism s per square inch. T he second m eth
od consisted o f  pipetting know n dilutions o f  bacteria  on to  the media 
surfaces, spreading w ith sterile glass “ h o ck ey  stick s,”  incubating and 
reading. T h e  standard curve show n in the figure was derived using 
these m ethods.

RESULTS & DISCUSSION

COMPARISONS of the reflectance method with standard 
swab techniques on surfaces at the laboratory level show 
similar results. Work to date has shown no problems with 
spreading or clumping colonies. Tests at the plant level are 
currently underway. There is indication that other standard 
curves would need to be evolved in order to use the reflectance 
method on items other than equipment, such as food, water, 
or air.

The primary advantage of the method is the ease of enu
merating higher levels of bacteria which would involve many 
dilutions ;n the swab techniques, or would be impossible to 
count on the standard Rodac plate. Additional advantages are 
minimal investment on equipment and labor.
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INTRODUCTION

SEVERAL INVESTIGATIONS have sought to determine the 
cause of blueing of canned crab meat since periodic outbreaks 
of blueing are a serious quality control problem. The blueing 
discoloration, ranging from blue-gray to black, predominates 
on the surface of the meat and in the coagulated blood that is 
released from the meat. The blueing has been observed in king 
crab (Groninger and Dassow, 1964), blue crab (Waters, 1971), 
queen crab (Dewberry, 1970), and Dungeness crab (Elliott and 
Harvey, 1951).

It is well documented that copper (Elliott and Harvey, 
1951; Inoue and Motohiro, 1970) and iron (Waters, 1971) are 
involved in the blueing of canned crab meat. Several studies 
have demonstrated a relationship between the presence of crab 
blood and the occurrence of blueing in canned crab meat. 
These studies have led several investigators to suggest pro
cedures for the reduction of residual blood prior to or during 
processing and the addition of citric acid to the canned crab 
meat (Elliott and Harvey, 1951; Farber, 1953). To prevent the 
inclusion of copper-bound hemocyanin of the crab blood with 
crab meat, Osakabe (1957) proposed precooking the crab at 
60°C prior to cooking. Thus, the crab meat is coagulated while 
the hemocyanin can be washed free of the meat preventing 
graying in canned Kegani crab.

The copper content of “blue” crab meat has been found to 
be much higher than “white” crab meat (Babbitt et ah, 1973b; 
Inoue and Motohiro, 1970). However, the role of copper may 
be that of a catalyst since it can be freed from the blue- 
pigment by dialysis against deionized water (Babbitt et ah, 
1973b) and EDTA (Inoue and Motohiro, 1971). The blueing 
of canned Dungeness crab meat may be related to the presence 
of polyphenoloxidases in crab (Babbitt et al., 1973a) and the 
subsequent oxidation and polymerization of phenols to col
ored melanins particularly in the presence of metals (Cu and 
Fe) and under alkaline conditions (Babbitt et al., 1973b).

The purpose of this investigation was to investigate the ef
fect of precooking Dungeness crab on the copper content, 
phenolic content and blueing of canned crab meat.

EXPERIMENTAL

A nalytical m ethods

Procedures used in the d eterm ination  o f  to ta l phenolic co n ten t, pH 
and copper have been described previously (B a b b itt e t  al., 1 9 7 3 b ). 

Handling and processing o f  crab

Live crab in gocd  cond ition  w ere purchased from  local processors, 
covered w ith w et tow els and held at 1 - 3 ° C .  A t 0 , 2 and 4 days, 6 0  crab 
were backed , cleaned and split in section s. T he hind legs o f  only 15 
crab (right section ), including the body m eat, were rem oved for raw 
tissue analysis. A fter precooking 6 0  sections (3 0  le ft  and 3 0  right) at 
6 0 .0 °  ± 0 .5 °C  for 20 m in, the p recooked  sections w ere washed well 
with a spray o f  cold w ater. Again, the hind legs o f  only 15 crab (right 
section ), including the body m eat, w ere rem oved for sampling. All the 
p recooked  sections were then cooked  in a sim ilar m anner as raw crab 
sections in boiling w ater fo r 12 m in. A fter cooking, the crab sections 
w ere cooled  w ith a spray o f  cold  w ater and sampled as m entioned 
above. T he co o k e c  sections were picked by hand and thoroughly 
m ixed. 142g  o f  the picked  m eat were packed w ith 4 0  ml o f  2 .5%  brine 
(N aCl) contain ing : (1 ) no additive; (2 )  C uC l2 (2 0  Mg C u+ 2 /m l); or (3 )  
citric  acid (4 .5  m g/m l) in 30 7  x  113  C-enam el cans, sealed in a vacuum 
and retorted  fo r 55  min at 11 6 °C  (1 0  psi). A fter w ater coolin g , the cans 
were held at 3 0 °C . The cans o f  crab m eat were opened and exam ined 
after 3 wk.

RESULTS & DISCUSSION

THE COPPER CONTENT in the raw crab meat increased dur
ing refrigerated storage (Table 1). The increase in copper 
content, calculated on a dry weight basis, cannot be readily 
explained. Perhaps copper was being freed from the shell and 
carapace or the alteration of cellular tissue as monitored by 
the formation of phenolic compounds resulted in a drastic 
change in the solids composition of the muscle. Precooking the 
crab sections reduced copper and phenolic levels, but was less 
effective after 2 and 4 days of refrigerated storage.

As reported earlier (Osakabe, 1957; Babbitt et al., 1973b) 
precooking prior to cooking the crab sections improved the 
over-all quality of the canned crab meat, but only when the 
crab were freshly caught and in good condition (Table 2). No

Ta b le  1—C op p er content® and pheno lic  content*5 o f raw, precooked and co o ked  crab  meat

D a y s  held at 1—3 3C

0 2 4

Treatm ent C op p er Phenol C opper Phenol C op p er Phenol

Raw  tissue 
Precooked 
Precook-cooked 
Cooked

2 1 .5 0  ± 0.26 
9 .6 6  ± 1.29 

14.21 ± 1.99 
2 0 .2 0  ± 0 .06

203 .8  ± 1 1 . 2
190.1 ± 14.1
159.8 ± 4 .4
176.2 ± 2.6

2 3.26  ± 0 .2 8  
12.04 ± 0.01 
14.59 ± 0.33 
23.91 ± 1.61

3 4 0 .5  ± 8.3 
267.7  ± 7.7
185.5  ± 3.1 
194.3 ± 36.3

2 9 .0 6  ± 2.09 
21.9 7  ± 0 .14 
17.42 ± 0 .87 
28.5 7  ± 0 .3 4

389 .6  ± 9.4  
295.3  ± 6 .9
219.7  ± 2.0
262.7  ± 7.8

a j jg Cu/g  sample (d ry  w t); mean of dup licate  sam ples fo r tw o determ inations 
b tig Phenol/g sam ple; mean of d up licate  sam ples fo r tw o determ inations
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Table 2—Effect of precooking on extent of blueing, pH and 
quality of canned crab meata

Days T reatment pH

Visual evaluation

Blueing Quality

Cooked

0 No additive 7.10 Slight Good
+ Copper 7.00 Slight Good
+ Citric acid 6.70 Very slight Good

2 No additive 7.20 Slight Good
+ Copper 7.00 Moderate-gray tint Fair
+ Citric acid 6.75 Very slight Fair

4 No additive 7.40 Slight-moderate Fair
+ Copper 7.20 Moderate-extreme Poor
+ Citric acid 6.80 Very slight Poor

Precooked, then cooked

0 No additive 7.40 Very slight Very good
+ Copper 7.10 Slight Very good
+ Citric acid 6.70 Very slight Very good

2 No additive 7.60 Slight Good
+ Copper 7.30 Slight-moderate Fair
+ Citric acid 6.70 Slight Fair

4 No additive 7.70 Slight-moderate Poor
+ Copper 7.40 Moderate-extreme Poor
+ Citric acid 6.80 Slight-moderate Poor

a Average of two cans per treatm ent

d iffe re n ce  in b lu e in g  w as o b se rv ed  in  th e  c o o k e d  o r  p re c o o k -  
c o o k e d  can n ed  c rab  sam p les w h e n  th e  c rab  w ere  p ro cessed  
im m e d ia te ly . H o ld in g  th e  c rab  u n d e r  re fr ig e ra tio n  fo r  2 an d  4  
d ay s p ro g ressiv e ly  re su lte d  in  p o o r  c a n n e d  c rab  m e a t. C itr ic  
acid  p a r tia l ly  re d u c e d  b lu e in g  b u t  cau sed  th e  c an n e d  c rab  m ea t 
to  b e c o m e  very  c h a lk y  p a r tic u la r ly  w h e n  th e  c rab  w ere  h e ld  4 
d ay s  b e fo re  p ro cess in g . T h is was e sp ec ia lly  tru e  w h en  th e  c rab  
se c tio n s  w ere  p re c o o k e d  p r io r  to  c o o k in g . W hen  c o p p e r  was 
ad d ed  to  can n ed  c rab  m e a t f ro m  fresh ly  p ro cessed  c rab  n o

b lu e in g  Was o b se rv ed  in th e  c o o k e d  o r  p re c o o k -c o o k e d  sam 
ples. H o w ev e r, w h en  th e  c rab  w ere  h e ld  fo r  2 o r  4  d ay s  b e fo re  
p ro cess in g  th e  ad d ed  c o p p e r  re su lte d  in  b lu e in g  in  th e  c a n n e d  
sam p les reg ard less  o f  w h e th e r  th e  c rab  w ere  c o o k e d  o r  pre- 
c o o k -c o o k e d . T h e  p h e n o lic  c o n te n t  o f  c o o k e d  a n d  p re c o o k -  
c o o k e d  c rab  m e a t w as re la te d  to  th e  b lu e in g  o b se rv ed  in  th e  
c a n n e d  c rab  m ea t. T h e  c o p p e r  ad d ed  to  th e  c a n n e d  c rab  m e a t 
m ay  in c rease  b lu e in g  b y  c a ta ly z in g  o r  fo rm in g  c o m p le x e s  w ith  
th e  p h e n o lic  d e riv a tiv e s, p a r tic u la r ly  u n d e r  a lk a lin e  p H ’s 
(M a th ew  a n d  P a rp ia , 197 1 ).

T h e  re su lts  in d ic a te  th a t  p re c o o k in g  can  g re a tly  re d u c e  th e  
c o p p e r  c o n te n t  an d  o n ly  s lig h tly  re d u c e  th e  p h e n o lic  c o n te n t  
o f  c rab  m ea t. P re c o o k in g  fo llo w ed  b y  th e  a d d it io n  o f  c itr ic  
acid  to  th e  can n ed  c rab  m e a t w ill o n ly  h e lp  p re v e n t b lu e in g  
w h e n  th e  c rab  are  in  g o o d  c o n d it io n  a n d  h a n d le d  p ro m p tly  
a f te r  h a rv estin g .
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A Research Note
A STUDY OF THE RATE-LIMITING FACTORS IN THE 

RESPIRATORY OXYGEN CONSUMPTION OF 
INTACT POST-RIGOR BOVINE MUSCLE

INTRODUCTION

O X Y G E N  U P T A K E  by  in ta c t  p o s t-r ig o r  m u sc le  has b e en  
m easu red  by  B ro o k s  (1 9 2 9 ) ,  U rb in  a n d  W ilson (1 9 6 1 ) ,  B en d all 
and  T a y lo r  (1 9 7 2 )  an d  D eV o re  a n d  S o lb erg  (1 9 7 4 ) .  In each  o f  
th ese  in v es tig a tio n s , th e  ra te  o f  o x y g e n  c o n su m p tio n  d ec reased  
d u rin g  th e  m e a su re m e n t p e r io d . U rb in  a n d  W ilson (1 9 6 1 )  a t 
tr ib u te d  th e  fa llin g  o f f  o f  o x y g e n  u p ta k e  to  d iffu s io n a l l im ita 
tio n s . B endall a n d  T a y lo r  (1 9 7 2 )  re p o rte d  th a t  m ito c h o n d r ia l  
re sp ira tio n  w as th e  m ain  e le m e n t d e te rm in in g  p o s t-r ig o r  o x y 
gen c o n su m p tio n , an d  th a t  th e  d e c lin e  o f  o x y g e n  c o n su m p tio n  
ra te  o c cu rre d  as a re su lt  o f  a d e te r io ra t io n  o f  m ito c h o n d r ia l  
s tru c tu re . O th e r  in v es tig a tio n s  have  im p lic a te d  e n z y m e  d e g ra 
d a tio n  (G ra n t, 1 9 5 5 ) an d  su b s tra te  d e p le tio n s  (A tk in so n  e t  al.,
19 6 9 ) as th e  fa c to rs  l im itin g  p o s t-r ig o r o x y g e n  u p ta k e .

D eV o re  a n d  S o lb erg  (1 9 7 4 )  s tu d ie d  th e  re la tio n s h ip  b e 
tw een  re sp ira to ry  o x y g e n  c o n s u m p tio n  a n d  to ta l  o x y g e n  u p 
ta k e  in  p o s t-r ig o r b o v in e  m uscle . T h e  ra te  o f  n o n re sp ira to ry  
o x y g en  u p ta k e  re m a in e d  c o n s ta n t  u p  to  30  h r. T h e  re sp ira to ry  
o x y g en  c o n su m p tio n  ra te , h o w e v e r, d ec reased  e x p o n e n tia lly  
d u rin g  th e  3 0 -h r e x p o su re  t im e . T h e  ra te  d e c lin e  a p p e a re d  to  
be p a r tia lly  re la te d  to  a r e d u c t io n  in  re sp ira to ry  e n z y m e  a c tiv 
ity . S u b s tra te  d e p le tio n s  w e re  a lso  in d ic a te d .

In  th e  p re se n t in v es tig a tio n , s tu d ie s  w ere  in it ia te d  to  d e te r 
m in e  th e  re la tio n s h ip  b e tw e e n  th e  d e c lin e  in  o x y g e n  c o n su m p 
tio n  in  p o s t-r ig o r m u sc le  a n d  c o in c id e n t  ch an g es in  c y to 
c h ro m e  c re d u c ta se  a c tiv ity  a n d  tissu e  N A D H  c o n c e n tra t io n .

EXPERIMENTAL
OXYGEN UPTAKE by post-rigor bovine semimembranosus muscle was 
measured manometrically using a differential respirometer (Gilson 
Model GR-20, Gilson Medical Electronics, Middleton, Wise.). Experi
ments were conducted at 5°C and at a constant oxygen headspace 
pressure o f  one atm osphere. Fresh top round of beef from 5 - 7  days 
postm ortem  was obtained locally. Muscle slices from the excised semi
membranosus muscle were prepared aseptically in a nitrogen atm os
phere, as described previously (DeVore and Solberg, 1974). Sample 
discs, 13-mm thick and with a surface area o f 12.5 cm 2, were prepared 
aseptically and placed and sealed in specially fabricated glass sample 
cells measuring 15-mm high and 4.0 cm in diameter (Belco Glass Co., 
Vineland, N.J.). The samples were tem perature-equilibrated for 30 min 
(5°C) on the differential respirometer. During this time, the headspace 
system, exclusive of the sample cell, was flushed with oxygen. Measure
ments o f oxygen uptake were then initiated. All times reported in the 
study are based or. a zero time at this point. Oxygen uptake was record
ed at hourly intervals. Duplicate samples of muscle discs were removed 
sequentially from the respirometer at hourly intervals and analyzed for 
cytochrom e c reductase activity and NADH concentration.

Succinate/NADH cytochrom e c reductase activity was measured 
spectrophotom etrically using a m odification of the m ethod described 
by Tappel (1960) and Kaniuga et al. (1968). Two reaction systems were 
used: one containing tissue homogenate alone as the substrate source 
(endogenous substrate) and the other containing succinate as an addi
tional substrate source (exogenous substrate). Tissue homogenates were 
prepared by adding finely minced muscle to three times the sample 
weight of cold 0.9% KC1. Enzyme activity was assayed spectrophoto
metrically by measuring the absorbance increase at 550 nm. The pro-
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tein con ten t o f the dilute tissue homogenate was determined by the 
Biuret reaction.

NADH concentration was determined using the enzymatic m ethod 
described by Klingenberg (1965). Absorbance was measured at 340 nm.

Three sets o f  experiments were conducted with duplicate samples 
utilized for each sampling period. Each point on the curves showing 
changes in cytochrom e c reductase activity and NADH concentration 
represents the average of six samples. On the curves showing oxygen 
uptake, the 1-hr point represents the average of 54 samples, the 2-hr 
point, 48 samples, and so forth to the 9-hr point, which represents the 
average of six samples.

RESULTS & DISCUSSION
F IG U R E  1 sh o w s th e  tim e  c o u rse  re la tio n s h ip  b e tw e e n  o x y g en  
u p ta k e  an d  c y to c h ro m e  c re d u c ta se  a c tiv ity  an d  N A D H  c o n 
c e n tra t io n  in  p o s tm o r te m  b o v in e  se m im e m b ra n o su s  m u sc le  a t 
5 °C  an d  o n e  a tm o sp h e re  o f  o x y g en  p re ssu re . C y to c h ro m e  c 
re d u c ta se  a c tiv ity  w ith  a d d e d  su c c in a te  d ro p p e d  ra p id ly  fo r  5 
h r  b e fo re  leve ling  o f f  a t  a p p ro x im a te ly  0 .2  m ¡ 1  m o le s c y to 
c h ro m e  c re d u c e d /m g  p ro te in /m in u te .  I f  e x o g en o u s  su c c in a te  
w ere  n o t  a d d e d , th e  e n z y m e  a c tiv ity  c o n tin u e d  to  decrease  
w ith  t im e . T h e  ra te  o f  o x y g e n  u p ta k e  re m a in e d  c o n s ta n t  fo r  5 
h r  a n d  th e n  d ec reased  to  a p p ro x im a te ly  50%  fo r th e  p e rio d  
fro m  5 —9 h r. T h e  c o n c e n tra t io n  o f  N A D H  d ro p p e d  ra p id ly  
d u rin g  th e  in itia l p e rio d  o f  o x y g e n  u p ta k e  a n d  c o n tin u e d  to  
d ecrease  to  n e a rly  zero  a f te r  9 h r.

T h e  d e c lin e  in  o x y g e n  c o n su m p tio n  r a te  a p p e a re d  to  be a 
fu n c tio n  o f  re sp ira to ry  e n zy m e  a c tiv ity  an d  s u b s tra te  ava ilab il
ity . B o th  tis su e  N A D H  c o n c e n tra t io n  a n d  in s itu  c y to c h ro m e  c 
re d u c ta se  a c tiv ity  d ec reased  d u rin g  th e  d ecay  o f  th e  o x y g e n  
c o n s u m p tio n  ra te . A r e d u c tio n  in  th e  a c tiv ity  o f  c y to c h ro m e  c 
re d u c ta se  in d ic a te s  th a t  th e  fu n c tio n a li ty  o f  th e  e le c tro n  tra n s 
p o r t  sy s te m  (E T S ) is im p a ired . T h e  c o rre la ta b le  ch an g es in 
e n zy m e  a c tiv ity  a n d  o x y g e n  c o n su m p tio n  ra te  a lso  in d ic a te  
th a t  th e  ra te  o f  o x y g e n  c o n su m p tio n  is d ire c tly  re la te d  to  
re sp ira to ry  e n z y m e  ac tiv ity .

A d d in g  ex o g en o u s  su c c in a te  to  th e  re a c tio n  m ix tu re  re 
su lted  in  a s ig n ifican t in c rease  in  c y to c h ro m e  c re d u c ta se  ac 
tiv ity  (F ig . 1). T h is suggests th a t  th e  re d u c e d  e n z y m e  a c tiv ity  
w as so m e w h a t lim ite d  b y  su b s tra te  a v a ilab ility .

N A D H  p r o d u c tio n  in  p re -rig o r tis su e  is p r im a rily  a fu n c tio n  
o f  th e  m ito c h o n d r ia l  N A D +  lin k e d  o x id a tio n  o f  p y ru v a te .

C heah  an d  C h eah  (1 9 7 1 )  re p o rte d  th a t  a f te r  6 d a y s  o f  p o s t
m o r te m  s :o ra g e , th is  re a c tio n  w as re d u c e d  to  30%  o f  th e  pre- 
rig o r value . T h u s , th e  d e p le t io n  o f  tis su e  N A D H  c o n te n t ,  in  
p a r t,  o c cu rs  d u e  to  a r e d u c t io n  in  th e  N A D +  lin k e d  o k id a t io n  
o f  p y ru v a te . T h is  re a c tio n , fu r th e rm o re ,  m ay  b e  l im ite d  by  
o th e r  e n z y m e  d e te r io ra t io n  o r  d e p le t io n  in  p y ru v a te .

W hile b o th  s u b s tra te  d e p le t io n  an d  e n z y m e  d e te r io ra t io n  
w ere  in d ic a te d  fro m  th ese  s tu d ie s , th e  sp ec if ic  fa c to r  o r  fa c to rs  
lim itin g  th e  ra te  o f  re sp ira to ry  o x y g e n  c o n s u m p tio n  w e re  n o t  
fu lly  e lu c id a te d , an d  it  m ig h t be  rea lis tic  to  a t t r ib u te  th e  o b 
served ra te  d e ca y  to  a g en era l p h e n o m e n o n , su ch  as irrev e rsib le  
im p a irm e n t o f  m ito c h o n d r ia l  fu n c tio n  as su g g ested  b y  B en d all 
and  T a y lo r  (1 9 7 2 ) .  H ow ever, th e  s ta b il i ty  o f  th e  m ito c h o n 
d ria l s t ru c tu re  d u rin g  p o s tm o r te m  s to ra g e  h as  b e en  d o c u m e n t
ed b y  C h eah  an d  C h eah  (1 9 7 1 )  as lo n g  as a p p ro p r ia te  pH  
re q u ire m e n ts  are  m a in ta in e d . I t  a p p ea rs  th a t  a d d it io n a l  k n o w l
edge m ig h t b e  ga in ed  fro m  e x p e r im e n ts  t h a t  w o u ld  d ire c tly  
c o rre la te  th e  u l tr a s t ru c tu re  a n d  re sp ira to ry  f u n c tio n  o f  iso 
la te d  m ito c h o n d r ia  c o n c u r re n tly  w ith  th e  o b se rv ed  d e ca y  in  
re sp ira to ry  o x y g e n  c o n su m p tio n .
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