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Memo FROM THE SCIENTIFIC EDITOR

D U R I N G  1 9 7 3 ,  seven  fu ll  1 9 2 -p a g e  issues  o f  t h e  Journal o f  Food Science 
w e re  n e e d e d  t o  p r e v e n t  a d e la y  in  p u b l i c a t i o n  o f  a c c e p t e d  m a n u s c r ip t s .  T h is  
a l lo w e d  p u b l i c a t i o n  o f  m a n u s c r i p t s  in  a p p r o x i m a t e l y  7 m o n t h s  fo l lo w in g  th e  
d a t e  re c e iv e d  in  t h e  E d i t o r ’s o f f ic e .

T h e  n u m b e r  o f  m a n u s c r i p t s  s u b m i t t e d  t o  the Journal o f  Food Science h a s  
s t e a d i ly  in c re a s e d  o v e r  th e  p a s t  3 y e a rs .  T h e  n u m b e r  s u b m i t t e d  w a s  as 
fo l lo w s :

In  f a c t ,  m o r e  m a n u s c r ip t s  w e r e  a c c e p te d  d u r in g  t h e  p e r io d  O c t o b e r  1, 1 9 7 2  
to  O c t o b e r  6 , 1 9 7 3  t h a n  w ere  s u b m i t t e d  d u r in g  th e  s a m e  p e r io d  in 
1 9 7 0 —1 9 7 1 .  T h i s  w a s  t r u e  e v e n  w i t h  a r e j e c t io n  r a t e  o f  o v e r  20% . S ix  issues 
o f  t h e  Journal c o n ta in in g  2 2 4  p a g e s  p e r  issue  a re  p l a n n e d  f o r  1 9 7 4 .  T h is  
s h o u ld  m a i n t a i n  t h e  p u b l i c a t i o n  s c h e d u le  as d e s i r e d .  I f  t h e  s u b m is s io n  o f  
m a n u s c r ip t s  c o n t i n u e s  t o  in c re a s e ,  a s w i tc h  t o  m o n t h l y  p u b l i c a t i o n  m a y  be 
n e c e s s a ry  in t h e  fo l lo w in g  y e a r .

T h e  p u b l i c a t io n  o f  a s y m p o s i u m  f r o m  th e  a n n u a l  m e e t in g  w a s  d e l a y e d  a n d  
f in a l ly  p u b l i s h e d  w i t h o u t  o n e  o f  t h e  m a n u s c r ip t s .  I h o p e  th is  p r o b l e m  c a n  be 
a v o id e d  in  t h e  f u tu r e .  T h e  J u n e ,  1 9 7 3  I F T  m e e t i n g  h a d  severa l  e x c e l l e n t  
s y m p o s ia .  O n e  w ill be  c h o s e n  f o r  p u b l i c a t i o n  in  i ts  e n t i r e t y .  S ev e ra l  e x c e l l e n t  
re v ie w  p a p e r s  f r o m  o t h e r  s y m p o s i a  w ill a lso  b e  p u b l i s h e d  in d iv id u a l ly .

T h e  q u a l i t y  o f  m a n u s c r i p t s  c o n t i n u e s  to  im p ro v e .  A lso  a u t h o r s ,  g e n e ra l ly ,  
w e re  m o r e  re s p o n s iv e  t o  d e a d l in e s  fo r  re v is io n  o f  m a n u s c r ip t s .  T h e  E d i to r i a l  
B o a rd  a n d  t h e  large n u m b e r  o f  o t h e r  r e v ie w e rs  h a v e  b e e n  p r o m p t  a n d  e x 
t r e m e ly  h e lp f u l  in  su g g e s t io n s  o n  m a n u s c r i p t s  s e n t  t o  t h e m  f o r  rev iew . E r r o r s  
in  th i s  y e a r ’s issues o f  t h e  Journal h a v e  b e e n  m in im a l .  Y o u  c a n  t h a n k  M rs. 
A n n a  M ay  S c h e n c k  f o r  th i s  a c c o m p l i s h m e n t .  M rs. S c h e n c k  d o e s  th e  c o p y  
e d i t in g  a n d  m a n y  o t h e r  d e ta i l e d  ta s k s  in v o lv e d  in  p u b l i s h in g  th e  Journal. 
A lso ,  I c a n ’t  fo r g e t  t h e  g r e a t  s u p p o r t  j o b  b y  th e  m e m b e r s  o f  t h e  C h ic a g o  I F T  
o f f ic e .  W ith  e x c e l l e n t  s u p p o r t  l ike  th is ,  th e  E d i t o r ’s j o b  is a b u s y  b u t  p le a s 
a n t  o n e .

T h e  E d i to r i a l  B o a rd  w as  p la c e d  o n  a 3 -y e a r  t e r m  b as is  th i s  y e a r .  I w ish  to  
t h a n k  th e  m e m b e r s  leav ing  t h e  B o a rd  f o r  t h e i r  h a r d  w o r k  a n d  a s s is ta n c e  in 
re v ie w in g  m a n u s c r ip t s .  W e lc o m e  t o  t h e  n e w  m e m b e r s  j o in in g  th e  B o a rd .

(a )  O c t o b e r  1, 1 9 7 0  t o  O c t o b e r  1, 1971 -  3 3 8
(b )  O c t o b e r  1, 1971 t o  O c t o b e r  1, 1 9 7 2  — 4 4 9
(c )  O c t o b e r  1, 1 9 7 2  t o  O c t o b e r  6 ,  1 9 7 3  -  5 3 3

Editorial Board Changes as o f  May 1973

Retiring Board Members New Board Members

E. B in k e rd  
M. K are l  
B. M a rsh

R. E ise r le

W. U rb a in  
Z. O rd a l

S. T a n n e n b a u m

G . G id d in g s  
M. S o lb e rg  
D. H e ld m a n  
W. C la rk
P. H o p p e r

W. S u lz b a c h e r
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T h a n k s  t o  all t h e  fo l lo w in g  p e r s o n s  w h o  se rv e d  as re v ie w e rs  f o r  o n e  o r  
m o r e  m a n u s c r i p t s  d u r in g  th e  p e r io d  O c t o b e r  1, 1 9 7 2  to  O c t o b e r  6 ,  1 9 7 3 .  I f  
a n y o n e  h a s  b e e n  o m i t t e d  f r o m  t h e  lis t ,  p le a se  a c c e p t  o u r  a p p r e c i a t i o n  a n d
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ABSTRACTS :
I N  T H I S  I S S U E

BLUEING DISCOLORATION IN CANNED CRAB MEAT (Cancer 
magister). J.K. BABBITT, D.K. LAW & D.L. CRAWFORD. J. Food Sci. 
38, 1101-1 103 (1973)-TCA and acetone-extracted, dialyzed crab meat 
were used to investigate the blueing reaction. The extracted, dialyzed 
crab meat (EDCM) did not turn blue in the presence of iron or copper 
during retorting. When dopa (3,4-dihydroxyphenylalanine) was added 
to EDCM, particularly in the presence of iron or copper under alkaline 
conditions, the characteristic blue pigment was formed. Citric acid and 
ascorbic acid prevented the blueing that occurred when dopa and iron or 
copper were retorted with EDCM. The change in phenolic compounds in 
crab appears to have a significant role in causing the blueing ob
served in canned crab meat. Total phenolic content of freshly caught 
crab held at 2°C rose from 140.8 to 322.5 jug/g after 4 days with 
a change in pH from 6.65 to 7.65.

REACTION OF HYDROGEN PEROXIDE WITH MYOGLOBINS. K.S. 
MOREY, S.P. HANSEN & W.D. BROWN. J. Food Sci. 38, 1104-1107
(1973)-Both sperm whale and yellowfin tuna myoglobins reacted with 
approximately equimolar quantities of hydrogen peroxide to form red- 
brown pigments with somewhat different spectra. Following reduction 
with dithionite the whale pigment became green, while similar treatment 
of tuna myoglobin resulted in a brown colored product. Myoglobins from 
either source when reacted with peroxide and then denatured by sodium 
dodecyl sulfate produced green pigments. Cysteine or homocysteine were 
without effect on this reaction. The green pigment formed is different 
from that previously known to be obtained upon reaction of denatured 
tuna myoglobin, cysteine and trimethylamine oxide.

OXIDATION-REDUCTION POTENTIAL AND GROWTH OF Sal
monella AND Pseudomonas fluorescens. J.L. OBL1NGER & A.A. 
KRAFT. J. Food Sci. 38, 1108-1 112 ( 1973)-Measurements were made 
of changes in Eh. pH and viable cell numbers of Salmonella and Pseudo
monas fluorescens in pure and mixed culture at 15, 30 and 37°C. At 
initial Eh values of +485 mv (pH 7.0), Salmonella strains showed intense 
reducing capacity at 30 and 37°C; at 15°C, the lag phase was extended 
considerably before reducing conditions occurred. P. fluorescens demon
strated gradual reducing activity at 15 and 30°C. In most instances, 
greater growth occurred at 15°C than at 30 or 37°C. These findings may 
have application to associative growth of these types of bacteria on meat 
and poultry products.

FACTORS ASSOCIATED WITH POSTMORTEM INCREASE OF EX
TRACTABLE Ca IN CHICKEN BREAST MUSCLE. R. NAKAMURA.
J. Food Sci. 38, 11 13-1114 (1973)-To investigate the factors associated 
with the release of Ca from chicken breast muscle during postmortem 
aging, the effects of both pH change and ATP disappearance were stud
ied. The results indicate that the release of Ca and loss of ATP occurred 
concomitantly in muscle tissues during postmortem aging, and did not 
depend on postmortem glycolysis.

SUBSTRATE INHIBITION OF CHICKEN MUSCLE LACTATE DE
HYDROGENASE AS A FUNCTION OF TEMPERATURE. J.D. 
EHMANN & H.O. HULTIN. J. Food Sci. 38, 1115-1118 (1973)-The 
lactate dehydrogenase of chicken breast muscle is subject to substrate 
inhibition. The type of inhibition observed with the soluble enzyme in 
the presence of NAD+ depends on the temperature, but there is little 
quantitative effect of temperature on the inhibition. Binding of the en
zyme to a particulate fraction of the homogenized muscle significantly 
reduces the inhibition. In addition, while there is still a significant inhibi
tion of the bound LDH at 23°, 16° and4°C, no inhibition is observed at 
40°C. The difficulties of using results obtained with chicken breast muscle 
LDH at one temperature to predict its behavior at a different tempera
ture are pointed out.

TEMPERATURE DEPENDENCE OF THE MICHAELIS CONSTANT OF 
CHICKEN BREAST MUSCLE LACTATE DEHYDROGENASE. J.D. 
EHMANN & H.O. HULTIN. J. Food Sci. 38, 1119-1121 (1973)—A 
study was made of the effect of temperature on V'Max and Km of chick
en breast muscle lactate dehydrogenase (LDH) both in the soluble form 
and when bound to the particulate fraction of the homogenized tissue. 
The enzyme displayed typical temperature dependence under conditions 
of VMax (saturating substrate concentrations) with an activation energy 
of approximately 9500 cal per deg mole. The value of Km , however, 
decreased significantly with decreasing temperature. Since the concentra
tion of pyruvate in situ is probably close to the Km value of the enzyme, 
lowering the temperature of chicken breast muscle may not bring about a 
concomitant reduction in LDH activity. This was shown to be the case in 
vitro. Bound LDH had a lower VMax and a slightly higher Km than 
soluble LDH at all temperatures, but the effect of temperature on both 
forms of the enzyme was similar.

EFFECT OF COPPER BINDING ON THE AUTOXIDATION OF OXY- 
MYOGLOBINS. M. BEMBERS, N.Y. ZACHARIAH, L.D. SATTERLEE 
& R.M. HILL. J. Food Sci. 38, 1122-1123 (1973)-The purpose of this 
study was to determine the effect Cu2 + ion has on the stability of por
cine, ovine and bovine MbOa. The large rate constants obtained after 
Cu2 + addition to a Mb02 solution indicated that copper concentrations 
of 200 molar equivalents or greater are needed to significantly affect the 
autoxidation rate of MbOa. Porcine Mb02 was able to bind more Cu2 + 
ion than was either bovine or ovine Mb02, yet its stability was least 
affected by the bound copper. Binding of Cu2 + ion was shown to alter 
the isoelectric point of porcine MetMb and MbOa.

INFLUENCE OF EPINEPHRINE AND CALCIUM UPON GLYCOLY
SIS, TENDERNESS AND SHORTENING OF SHEEP MUSCLE. A M. 
PEARSON, W.A. CARSE, C.L. DAVEY, R.H. LOCKER, C.J. HAG- 
YARD & A.H. KIRTON. J. Food Sci. 38, 1 124-1127 (1973)-Grinding 
of the LD (longissimus) and BE (biceps femoris) muscles accelerated 
glycolysis. Addition of either CaCl2 or epinephrine to ground muscle 
caused a further small but consistent acceleration of glycolysis, while a 
combination of CaCl2 and epinephrine resulted in an even greater in
crease in the glycolytic rate. Although the levels of ATP, creatine phos
phate and inorganic phosphate tended to account for the decline in pH, 
they were not always in the expected order. Acceleration of glycolysis 
did not appear to be related to activation of phosphorylase a. With intact 
muscle, CaCl2 caused extensive shortening alone or in combination with 
either epinephrine or propranolol, while the latter two compounds did 
not significantly influence shortening. Tenderometcr values were signifi
cantly higher for all muscles injected with CaCl2, whereas, neither epi
nephrine nor propranolol influenced tenderness. These results support 
the view that Ca2+ ions play a key role in acceleration of glycolysis and 
in shortening of muscles excised immediately postmortem.

THE ASSOCIATION OF PROTEIN SOLUBILITY WITH PHYSICAL 
PROPERTIES IN A FERMENTED SAUSAGE. J.T. KLEMENT, R.G. 
CASSENS & O R. FENNEMA. J. Food Sci. 38, 1128 1131 (19731- 
Batches of summer sausage (a fermented semi-dry variety) were prepared 
under commercial conditions. Samples were withdrawn from the smoke
house at various time intervals and tested for pH, shear force and solubil
ity of the sarcoplasmic and myofibrillar protein fractions. With increasing 
process time, pH declined and the solubility of the nitrogen-containing 
compounds in the myofibrillar fraction decreased markedly, whereas the 
solubility of the sarcoplasmic proteins decreased less and at a lower pH. 
Nonprotein nitrogen remained relatively constant except for an increase 
at the end of the process under conditions of high temperature and 
acidity. Shear force data showed that an increase in firmness developed 
simultaneously with decreasing pH; this occurred at the same time that 
solubility of the two protein fractions (mainly myofibrillar) decreased. 
Two complete experimental runs were conducted and the results were 
similar.
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DIRECT ENZYMATIC CONVERSION OF LACTOSE TO ACID: LAC
TOSE DEHYDROGENASE. D.G. WRIGHT & A.G. RAND JR. J. Food 
Sci. 38, 1132-1135 (1973)-Enzymatic conversion of lactose to an acid 
by lactose dehydrogenase was studied as a mechanism for the acidifica
tion of milk. The crude enzyme preparation exhibited the characteristics 
of an oxygenase, while the partially purified form could only utilize an 
artificial hydrogen acceptor. Under optimal conditions and the presence 
of a hydrogen acceptor, both forms of lactose dehydrogenase were able 
to convert lactose to lactobionic acid as demonstrated by a reduction in 
pH. The crude lactose dehydrogenase reduced the pH of buffered lactose 
solutions and skim milk with atmospheric oxygen as an acceptor. The 
addition of hydrogen peroxide and catalase to milk increased the initial 
rate of reaction, but the level of acidity produced by lactobionic acid was 
insufficient for milk coagulation. When lactase (beta-galactosidase) was 
incorporated into milk, along with hydrogen peroxide and catalase, the 
pH reduction catalyzed by crude lactose dehydrogenase was clearly ade
quate for curd formation.

EFFECT OF HYBRIDS AND PROCESSING ON THE DIMETHYL SUL
FIDE POTENTIAL OF SWEET CORN. M.P. WILLIAMS & P.E. NEL
SON. J. Food Sci. 38,1136-1 138 (1973)— 21 sweet corn hybrids were 
evaluated for their dimethyl sulfide (DMS) potential. The effect of 
blanching and of blending cut whole kernel sweet corn on the DMS 
potential was also investigated. A routine laboratory method was modi
fied quantitatively to prepare sweet corn serum for DMS determinations 
using an equilibration method. Significant differences in the DMS poten
tials were found between the hybrids. Hybrids which were used for fresh 
market and had shorter maturation periods showed higher DMS poten
tials than those hybrids used only for processing. Blanching results in 
extreme losses of the DMS precursor and therefore the DMS potential of 
sweet corn. Blending of hybrids with different DMS potentials proved to 
be a significant method for selecting the final DMS concentration in 
thermally processed sweet corn.

FOOD USE OF SOYBEAN 7S AND 1 IS PROTEINS. Extraction and 
Functional Properties of Their Fractions. K. SAIO, T. WATANABE & M. 
KAJI. J. Food Sci. 38, 1139-1144 ( 1973)-Calcium precipitation be
havior of soybean 7S and 11S proteins were described and discussed. 
Results suggest that 11S protein precipitates more rapidly with less cal
cium than 7S protein. Based on the difference of precipitation behavior 
between the two proteins, the paper proposes a practical method to 
fractionate 7S and 11S protein rich fractions (7S PRF and 11S PRF), 
using a direct extraction from defatted meal with a dilute calcium chlo
ride solution. The ratio of 1 IS to 7S in 11S PRF is 3:1 and that in 7S 
1 :4. Functional properties of the fractions were investigated, with pre
pared calcium gel, heat-induced gel, cheese-like food, kamaboko-like food 
(fish paste product) and a sausage-like food. Preliminary results attest 
existence of a remarkable difference between 7S PRF and 1 IS PRF.

CONSISTENCY OF AQUEOUS SOYBEAN-RICE MIXTURES. EM.
AHMED, Y. YOO & R.P. BATES. J. Food Sci. 38, 1145-1148
(1973)-The influence of formulation, thermal processing and storage 
duration on the consistency of processed aqueous soybean-rice mixtures 
was studied. The mixtures were thermally processed achieving a steriliz
ing F0  value of 15 min. Soybean:rice ratio exerted a large influence on 
the consistency of processed and unprocessed mixtures. Increased visco
metric constants (“n” , “K”) and apparent viscosities (Ua) were obtained 
as the mixtures contained larger amounts of soybeans. Addition of fish 
protein concentrate (FPC) to the aqueous mixtures resulted in increased 
thickening of the homogenates. Thermally processed homogenates exhi
bited much higher apparent viscosities than those obtained by the addi
tion of FPC. Processed samples thickened upon storage. Homogenate 
prepared from 1:1 soybean-rice mixture with added FPC would be more 
suited as a weanling food than that prepared from 3:1 mixture.

POLYPHENOL OXIDASE ACTIVITY AND BROWNING OF MANGO 
FRUITS INDUCED BY GAMMA IRRADIATION. P. THOMAS & M.T. 
JANAVE. J. Food Sci. 38, 1149-1 152 (1973) —The browning of mango 
fruits gamma irradiated at doses exceeding 75 Krad in the preclimacteric 
state was due to a several-fold increase in polyphenol oxidase activity. 
Unirradiated fruits possessed little or no polyphenol oxidase activity. The

increase in enzyme activity was dose-dependent and paralleled with exter
nal manifestation of radiation injury. Enzyme preparation from 100 and 
200 Krad irradiated fruits catalyzed the oxidation of both mono- and 
diphenols and showed a wide substrate specificity, p-cresol and dopamine 
were the most reactive substrates among the mono- and diphenols, re
spectively. The enzyme exhibited a pH optimum of 6.5-7.0 and was 
inhibited by sodium diethyl dithiocarbamate. Visible damage was ac
companied by accumulation of phenolics and decreased ascorbic acid 
levels. The possible correlation between radiation induced browning, en
zyme activity and disappearance of ascorbic acid are discussed.

USE OF LIMONOATE DEHYDROGENASE OF Arthrobacter globifor- 
mis FOR THE PREVENTION OR REMOVAL OF LIMONIN BITTER
NESS IN CITRUS PRODUCTS. S. HASEGAWA, L.C. BREWSTER &
V.P. MAIER. J. Food Sci. 38, 1153-1155 (1973)-Conditions for the 
effective use of limonoate dehydrogenase of Arthrobacter globiformis in 
limonin debittering of citrus products were determined. Treatment of 
fresh navel orange juice with the enzyme immediately after juice extrac
tion converted limonoate A-ring lactone to nonbitter 17-dehydrolimo- 
noate A-ring lactone thereby preventing its ultimate conversion to limo
nin. As a result limonin levels in the enzyme-treated juice were kept well 
below those of the untreated juice. With processed juice or lemon seed 
slurry, it was necessary to first treat the sample with alkali to hydrolyze 
the D-ring lactone of limonin before enzyme treatment. Addition of 
NAD to the reaction mixtures allowed more effective use of the enzyme, 
particularly at low pH levels. Although the enzyme has optimum activity 
at pH 9.5, it has been shown to have sufficient activity in citrus products 
at lower pH to have potential for commercial debittering.

EFFECT OF pH ON THE ACTIVITY OF Schizosaccharomyces pombe.
H.Y. YANG. J. Food Sci. 38, 1156-1157 (1973)—A grape must was 
adjusted with concentrated HC1 to different pH values between 2.50 and 
3.50. Inoculated with Schizosaccharomyces pombe and Saccharomyces 
cerevisiae, the fermentation rate was found to be in direct proportion to 
the initial pH. At pH 2.50, Sch. pombe was still active, but the fermenta
tion rate was reduced to 0.04 days"'. The activity of Sac. cerevisiae was 
greatly reduced when the pH was below 2.82 and ceased to be active at 
pH 2.50. Malic acid was fully utilized by Sch. pombe during the fermen
tation. Sac. cerevisiae utilized only about 5% of the malic acid and con
sequently resulted in wines of higher acidity and lower pH.

TOCOPHEROLS IN THE UNSAPONIF1ABLE FRACTION OF COCOA 
LIPIDS. J.A. ERICKSON, W. WEISSBERGER & P.G. KEENEY. J. Food 
Sci. 38, 1 158-1161 (1973)-The tocopherols in cocoa beans and its 
products were investigated using gas chromatography and mass spectrom
etry. One GLC peak accounted for over 90% of total peak area from the 
unsaponifiable lipid fraction of shell-free matter. This was a mixture of (3- 
and 7 -tocopherol which could not be separated. a-Tocopherol was a 
minor component, except in shell lipid where it was the principal tocoph
erol. Cocoa beans contained 128-273 jug (¡-/7 -tocopherol/g lipid. Total 
tocopherol in shell lipid was 2-10 times greater. Roasting had little 
effect, but reduced levels were found in the lipids of cocoa powder and 
moldy beans and in cocoa butter after storage.

PRODUCTION OF (3-NITROPROPIONIC ACID IN FOODS. T.
IWASAKI & F.V. KOSIKOWSKI. J. Food Sci. 38, 1162-1165
(1973)-Five Aspergillus oryzae strains among 18 different molds, pro
duced (3-nitropropionic acid ((3-NPA) in Nakamura media. Asp. oryzae 
12892 and Asp. oryzae Higati gave maximum levels of 1279 and 111 mg 
(3-NPA/liter respectively. No (3-nitropropionic acid was produced during 
the growth of seven Pénicillium roqueforti and Pénicillium camemberti 
strains. Maximum (3-nitropropionic acid was attained in 5-7  days but 
after 20 days, the acid disappeared. Nitrate, but no nitrite, was detected 
in media cultured with Asp. oryzae ATCC 12892. Cheese curds, soybeans 
and peanuts in the order given provided the most suitable substrates for 
(3-nitropropionic acid production by Aspergillus species. Maximum levels 
in cheese curds by Asp. oryzae ATCC 12892 and by Asp. oryzae Higati 
were 427 and 203 mg (3-NPA/Kg appearing after 5 days. (3-nitropropionic 
acid was not detected in commercial food grade fungal enzyme prepara
tions and was detected in traces only on surfaces of old ripened cheese 
heavily infested with molds, yeast and bacteria.
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ABSTRACTS:
I N  T H I S  I S S U E

EFFECT OF DIPICOLINATE ON VEGETATIVE CELLS OF Bacillus.
M.L. FIELDS. /  Food Sci. 38,1166-1 168 (1973)—47 strains of Bacillus 
stearothermophilus were inhibited by 20 mM dipicolinate (DPA) at pH
7.0. Only Bacillus badius was inhibited at 20 mM whereas only Bacillus 
subtilis and Bacillus licheniformis grew well at 53 mM DPA. Bacillus 
lentus, Bacillus circulans and Bacillus megaterium grew slightly at 53 mM 
DPA. Nine species failed to grow at 53 mM DPA. Loss of respiration, 
amino acids and sugars occurred when vegetative cells were exposed to 
DPA at 50.6 and 53 mM DPA. It is hypothesized that these damages to 
the cell were the cause of the inhibition.

RHEOLOGICAL PROPERTIES OF HYDROCOLLOIDS. E. BAL- 
MACEDA, C-K. RHA & F. HUANG. /. Food Sci. 38, 1169-1173
(1973)-Rheological properties of hydrocolloids used as binders in food 
products are presented. The power law constants and yield values were 
obtained from experimental data, using the general power law equation 
as a model. The effects of time, temperature and concentration on rheo
logical behavior were also studied.

MICROSCOPIC INVESTIGATIONS OF THE FREEZE DRYING OF 
VOLATILE-CONTAINING MODEL FOOD SOLUTIONS. J.M. FLINK,
F. GEJL-HANSEN & M. KAREL. J. Food Sci. 38, 1174-1178
(1973)-The behavior of n-butanol and n-hexanol during the freeze dry
ing of aqueous carbohydrate solutions is investigated on a microscopic 
level. A specially constructed microscope stage permits observations of 
freezing and freeze-drying, as well as post-drying treatments, at high mag
nification. The freeze-drying microscope stage is fully instrumented to 
permit quantitative evaluation of the results. Results demonstrate that 
the volatile alcohols, soluble at the initial solution concentration, will be 
precipitated as droplets during the cooling of the solution. The influence 
of the growing ice crystals on the segregation of the droplets can be seen. 
The movement of the freeze-drying front through the sample is observed 
for its influence on the retention of the volatile. The results have per
mitted visualization of the kinetic factors which influence the retention 
of organic compounds by freeze-dried carbohydrate solutions.

STRUCTURAL FUNCTIONS OF TASTE IN THE SUGAR SERIES: 
CYCLOHEXANE POLYOLS AS SWEET ANALOGUES OF THE SUG
ARS. G.G. BIRCH & M.G. LINDLEY. /. Food Sci. 38, 1179-1181
(1973)-Paper reports the sensory properties of some cyclohexane poly
ols containing from one to six hydroxyl substituents in relation to their 
configuration, conformation and analogy with the sugars. Concludes that 
changes in configuration in polyhydroxyl cyclohexanes cause alteration 
in their sweetness values from those of the sweetest known sugars down 
to nothing. These changes cannot be explained simply on the basis of 
hydrogen bonding and imply changes in binding mode due to alterations 
in the lipophilic character of the molecules.

EFFECTS OF SUPERSATURATION AND TEMPERATURE ON THE 
GROWTH OF LACTOSE CRYSTALS. P. JELEN & S.T. COULTER. /. 
Food Sci. 38, 1182-1185 (1973)-Crystallization velocities of lactose 
were studied at 30, 50, 60 and 70°C. Large replicate single lactose crys
tals were grown in supersaturated lactose solutions of 10, 15, 20 and 25g 
lactose/lOOg water in excess of the solubility limits at each of these 
temperatures. Increasing temperature increased the growth rate of the 
crystals, measured as their average weight gains, within the whole experi
mental range in solutions of comparable supersaturation ratio (C/Cs). In 
solutions of the same excess supersaturation, no significant weight in-

crease was observed above 50°C. The growth rate increased with 2-2.5 
power of excess supersaturation, depending on temperature. Composite 
effects of temperature and excess supersaturation on the growth rate can 
be well described by a second power statistically significant polynomial.

EFFECTS OF CERTAIN SALTS AND OTHER WHEY SUBSTANCES 
ON THE GROWTH OF LACTOSE CRYSTALS. P. JELEN & S.T. 
COULTER. /. Food Sci. 38, 1 186-1189 (1973)-The effects of various 
amounts of KC1, CaCl2, NaH2P04 and lactic acid on growth rate of 
replicate single lactose crystals were studied at 50°C with a moderately 
supersaturated model lactose solution. The most significant effect was 
exhibited by CaCl2 which tripled the growth rate of the lactose crystals 
at the 10% impurity level. Similar effect was exhibited by NaH2 P04 at 
the 20% impurity level. A less significant rate increase was found with 
KC1 up to the 5% impurity level; a retarding effect was observed at higher 
concentrations of KC1 or with lactic acid. Identical growth rates were 
found in the model lactose-in-water solution and in deproteinated, 
clarified Cheddar cheese whey of the same lactose/water concentration 
with no additives. The addition of NaH2P04 to the clarified whey in
creased the growth rate by 30%.

TECHNIQUES FOR STUNNING CHANNEL CATFISH AND THEIR 
EFFECTS ON PRODUCT QUALITY. T.S. BOGGESS JR., E.K. 
HEATON, A.L. SHEWFELT & D.W. PARVIN. /. Food Sci. 38, 
1 190-1 1 93 (1973)-Channel catfish were slaughtered by five methods to 
determine their effect on the quality of frozen, stored fish. The proce
dures were: (1) tail bleeding; (2) C 02 gas; (3) a-c shock; (4) d-c shock; 
and (5) icing. The C 02 gas and bleeding treatments generally produced 
more complete bleeding and a whiter-fleshed product, while the a-c stun
ning and icing produced a lower quality product. The incidence of 
hemorrhaging and blood retention down the middle vein was more 
noticeable in the a-c shock and the ice treatments for both the fresh and 
cooked fish. The ice-packed fish were harder to skin, and the distended 
gall bladder made it hard to remove the heads without rupturing it, thus 
staining the flesh around the collar bone. Aroma and flavor of the stored 
and cooked product were influenced more by the stunning procedures 
than were appearance, color and texture. The lower quality and reduced 
storage life were attributed largely to incomplete bleeding. The results 
suggest that revised slaughtering techniques should be considered for the 
improvement of product quality.

QUALITY COMPARISONS OF ALBINO AND REGULAR (GRAY) 
CHANNEL CATFISH. E.K. HEATON, T.S. BOGGESS JR.. R.E. WORTH
INGTON & T.K. HILL./. Food Sci. 38, 1194 1 I 96 (197 3 ) - Differences 
in quality of albino and regular channel catfish were evaluated. Data on 
the percentage of edible carcass and of waste including head, viscera, 
visceral fat, skin and miscellaneous waste for albino and regular catfish 
are presented. Moisture and total fat content of the raw and cooked flesh 
and shear press and organoleptic data of the cooked fish are included. 
Regression analyses showed that differences in dressing percentage associ
ated with fish size and harvest date and between albino and regular fish 
were nonsignificant. The proportions of head, skin and viscera decreased 
while visceral fat increased as fish size increased from 0.25 lb to 1.05 lb 
(live weight). Moisture of the raw and cooked flesh was significantly 
higher in the 0.75 lb fish than in the restocked fish. Total fat content of 
the raw fish was similar for all sizes, but in the cooked fish it increased 
significantly with size. Panels preferred the whiter color of the albino to 
the regular fish. The 0.50-0.75 lb (live weight) fish of both colors were 
preferred to other sizes. The albino and regular channel catfish differed 
significantly in content of a fatty acid tentatively identified as heptadec- 
enoic (17:1).
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EFFECT OF PACKAGING ON SHELF LIFE OF FROZEN SILVER 
SALMON STEAKS. T.C. YU, R.O. SINNHUBER & D.L. CRAWFORD.
J. Food Sci. 38, 1197-1199 (1973) Silver salmon steaks were vacuum 
packed in low oxygen permeability pouches with or without the addition 
of antioxidants and were subjected to storage at both constant -18°C 
and fluctuating temperatures. The control fish were packed in 1 mil low 
density polyethylene bags. Results of sensory evaluation showed that the 
control sample became unacceptable at the end of 9 months storage at 
constant -18°C. The vacuum-packed samples were judged desirable and 
of good quality through 12 months storage. Storage temperature fluctua
tions were found to cause severe quality damage to the fish.

PHOSPHOLIPID CHANGES AND LIPID OXIDATION DURING COOK
ING AND FROZEN STORAGE OF RAW GROUND BEEF. J.D. KEL
LER & J E. KINSELLA. J. Food Sci. 38, 1200-1204 (1973) The com
position and changes in the concentration of lipids and phospholipid 
classes in three grades of commercial ground beef (hamburgers) were 
determined during cooking and frozen storage of raw patties at -18°C. 
Ground round, ground chuck and ground beef contained 9.9, 13.8 and 
25.6g total lipid and 0.54, 0.46 and 0.33g phospholipid per 10g meat 
respectively. Phosphatidylcholine (Pc) (>55%) and phosphatidylethanol- 
amine (Pe) (24%) were the major components of the phospholipids of all 
samples. The fatty acids of both of these classes were mostly unsaturated. 
Pe contained 39% arachidonic acid. During cooking the meat lost 
30-40% of the fresh weight. The amount of lipid material lost in the drip 
increased with original fat content. Negligible amounts of PL were lost in 
the drip. Pc and Pe decreased in most cases during cooking and frozen 
storage of raw meat at 18°C. The lysophosphatides tended to increase 
during these treatments. Arachidonic acid showed the greatest decrease. 
Concurrent increases in TBA values and carbonyls indicated that lipid 
oxidation occurred during cooking and storage of raw patties, it is sug
gested that limited hydrolysis of meat lipids may also occur during cook
ing.

EFFECTS OF END POINT AND OVEN TEMPERATURES ON BEEF 
ROASTS COOKED IN OVEN FILM BAGS AND OPEN PANS. T.A. 
SHAFFER, D.L. HARRISON & L.L. ANDERSON. J. Food Sci. 38, 
1 205 1210 (1973)-Top round roasts were cooked from the frozen state 
in oven film bags (moist heat) and in open pans (dry heat) at 177° or 
205°C to an internal temperature of 60°, 70° or 80°C. Generally, p a y a 
bility of meat was similar for roasts cooked by dry and moist heat to the 
same end-point temperature. Moist heat required less time than dry heat 
to cook meat to 80°C. Cooking by dry heat to 60°, 70° or 80°C pro
duced less weight loss than cooking by moist heat. Beef cooked by moist 
heat appeared more well-done than beef cooked by dry heat to the same 
end point. Type of heat x end point temperature interactions indicated 
differences between moist and dry heat at specific end-point tempera
tures.

EFFECT OF VARYING THE RATIO OF BEEF AND TEXTURED 
VEGETABLE PROTEIN NITROGEN ON PROTEIN NUTRITIVE 
VALUE FOR HUMANS. C. KIES & 11.M. FOX. J. Food Sci. 38, 
1211 1213 (1973) The project objective was to obtain information on
which to base protein equivalency curves on the replacement value of 
TVP protein for beef protein. During five randomly arranged periods of 5 
days each, nitrogen intake from test sources was maintained constant at 
4 Og nilrogcn/subject/day supplied by the following ratios of beef to TVP 
nitrogen: 4/0, 3/1, 2/2, 1/3 and 0/4. Nitrogen balances of eight adult 
human subjects while receiving these diets were as follows: 0.44, -0.56,
-0.75, 0.90 and 1.11 g nitrogen per day, respectively. No mutual

supplementation effect was demonstrated; hence, values were predictable 
on a simple ratio basis.

RELATIONSHIP OF TENDERNESS MEASUREMENTS MADE BY 
THE ARMOUR TENDEROMETER TO CERTAIN OBJECTIVE, SUB
JECTIVE AND ORGANOLEPTIC PROPERTIES OF BOVINE MUSCLE.
F.C. PARRISH JR.. D.G. OLSON, B E. MINER, R.B. YOUNG & R.L. 
SNELL. J. Food Sci. 38, 1214 1 219 ( 1973)-Three studies were carried 
out to determine the relationship of tenderness measurements made by 
Armour Tenderometer (AT) to certain objective and subjective measures 
of bovine muscle composition and palatability. In the first study. AT

measurements were compared with Warner-Bratzler (W-B) shear, chemical 
analyses and organoleptic evaluation on steaks taken from wholesale ribs 
after 1, 3 or 7 days postmortem. Correlation coefficients for the three 
separate days ranged from -0.52 to -0.03 between AT and W-B, from 
-0.49 to -0.03 between AT and organoleptic tenderness and from 
-0.60 to -0.19 between W-B and organoleptic tenderness. Few signifi
cant correlations were found between AT and chemical values. In the 
second study, AT measurements and subjective estimates of quality made 
on the longissimus at the 1 2 - 13th rib after 24 hr postmortem were 
compared with W-B shear, and palatability measurements made on top 
round steaks that had been removed after 7 -8  days postmortem, frozen 
and then thawed before measurement. This study used 211 A-maturity 
beef carcasses grading mostly U.S. Choice and Good. Most correlation 
coefficients between AT values and other measures were low; the signifi
cant relationships were between AT measurements and subjective and 
objective carcass values rather than between AT and organoleptic values. 
A significant difference for AT values between sides was noted. In study 
three, wholesale ribs were selected from carcasses that varied widely in 
AT values. Rib roasts and steaks were evaluated for firmness, palatability, 
cooking losses and W-B shear. Correlation coefficients between AT and 
several palatability values were significant. A significant positive correla
tion coefficient was found between AT values and subjective firmness 
scores of the longissimus. These three studies indicate that, with the 
exception of subjective firmness scores, AT values are not highly related 
to the objective and subjective measurements of beef quality used in this 
study. AT values also are not highly related to organoleptic properties of 
bovine muscle, but the AT shows some usefulness in predicting tender
ness where wide differences in tenderness exist.

15 N TRACER STUDIES OF NITRITE ADDED TO A COMMINUTED 
MEAT PRODUCT. J.G. SEBRANEK, R.G. CASSENS, W.G. HOEK- 
STRA, W.C. WINDER, E.V. PODEBRADSKY & E.W. K1ELSMEIER. J. 
Food Sci. 38, 1220-1223 (1973)-The stable isotope of nitrogen was 
used to study the fate and distribution of nitrite in a cured meat product. 
The meat product was fractionated into water soluble, salt soluble (pro
tein) and insoluble forms in order to conduct quantitative analysis for 
1 5 N as a function of storage time up to 65 days and processing tempera
tures of 0, 71°C and T07°C. Residual nitrite, determined 2 days after 
processing, accounted for less than half of the label added in frozen 
samples and in samples processed at 71°C. Samples processed at 107°C 
were initially very low in residual nitrite compared to the other heat 
treatments. The amount of label as nitrite decreased during storage in all 
samples. As residual nitrite decreased, the amount of label found in the 
nonnitritc water-soluble fraction and in protein fractions (both soluble 
and insoluble) increased. About 5% of the label was lost as a gas during 
processing and 9-12% was present in the pigment fraction. Total re
covery of label ranged from 72-86%.

MEASUREMENT OF SAUSAGE EMULSION STABILITY BY ELEC
TRICAL RESISTANCE. A. HAQ, N.B. WEBB, J.K. WHITFIELD, A.J. 
HOWELL & B.C. BARBOUR. J. Food Sci. 38, 1224-1227 (1973)-A 
system was developed for continuously measuring the a-c impedance of 
sausage emulsions prepared with a laboratory model system. The results 
indicated that the a-c impedance measurement could be used successfully 
as an objective technique to evaluate the stability of sausage emulsions 
prepared in a prototype model system. It was concluded that the a-c 
impedance measurements reflected the changes in the structure of an 
emulsion during the emulsification process. Studies on various types of 
emulsions indicated that this technique could be of value for investigating 
various parameters relative to the stability of sausage emulsions. The 
measurement of sausage emulsion stability by d-c resistance was found to 
be ineffective in highly viscous systems.

CHANGES IN MEAT COMPONENTS DURING FERMENTATION, 
HEAT PROCESSING AND DRYING OF A SUMMER SAUSAGE. F.B. 
WARDLAW, G.C. SKELLEY, M.G. JOHNSON & J.C. ACTON. J. Food 
Sci. 38,1228-1231 (1973)-One style of summer sausage was examined 
for changes in pH, lactic acid content and nitrogen fractions during three 
phases of processing. The end product would be classified as a fer- 
mented-cooked sausage. During fermentation and heat processing, the pH 
significantly (P < 0.05) decreased as lactic acid content increased. Myo
fibrillar protein and sarcoplasmic protein nitrogen fractions significantly
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decreased while nonprotein nitrogen and the insoluble nitrogen fractions 
significantly increased during the sames phases. Increases of lactic acid, 
salt, nonprotein nitrogen, insoluble nitrogen and total nitrogen contents 
during drying of the product were all dependent on the decrease of 
moisture content. Heat processing of the fermented sausage mixture re
duced lactic acid bacteria counts by 4.5 log cycles with one additional log 
reduction occurring during 60 days of drying. Product evaluated at 0, 10, 
30 and 60 days of drying showed no difference in panel preference 
although shearing force and quantity of chemical components had signifi
cantly increased.

CHICKEN LIPID CHANGES DURING COOKING IN FRESH AND 
REUSED COOKING OIL. W.T. LEE & L.E. DAWSON. J. Food Sci. 38, 
1232-1237 (1973)-Chicken pieces were cooked in fresh corn oil and in 
corn oil previously heated for 24 and 42 hr. Fresh corn oil had a total 
unsaturation of 84%, predominantly linoleie acid (18:2) followed by 
oleic (18:1) and palmitic (16:0). Raw chicken muscle and skin contained 
more individual fatty acids than corn oil, predominantly oleic, linoleie 
and palmitic. During cooking in fresh corn oil, the unsaturated fatty acids 
increased in both muscle and skin, and in both neutral lipids and phos
pholipids. Cooking in reheated corn oil accentuated these differences. 
Other primary changes during cooking were increases in percentages of 
linoleie acid and decreases in oleic and arachidonic acids.

USE OF 7-IRRADIATION TO PREVENT AFLATOXIN PRODUCTION 
IN BREAD. L.B. BULLERMAN, H.M. BARNHART & T.E. HARTUNG.
J. Food Sci. 38, 1238-1240 (1973)-Irradiation doses of 100 and 200 
Krad reduced the growth of Aspergillus parasiticus in bread stored for 10 
days at 25°C. With bread stored longer than 2 wk, mold growth in 
irradiated samples tended to approach the amount which occurred in the 
non-irradiated controls. Mold strain NRRL 3000 seemed slightly more 
sensitive to irradiation than strain NRRL 2999. A 200 Krad dose pre
vented aflatoxin production by either strain at both high and low levels 
of inoculation with spores in bread stored for 10 days, except in one case 
where a very low level of aflatoxins was detected. At 100 Krad, bread 
inoculated with 102 spores/slice contained none to low concentrations of 
aflatoxins after storage for 10 days, but with 106 spores/slice higher 
amounts of toxins were detected. When the inoculated bread was stored 
for periods up to 6 wk, the 200 Krad treatment prevented aflatoxin 
production in all bread samples containing 102 spores/slice, and in almost 
all samples containing 106 spores/slice. The 100 Krad treatment also 
prevented aflatoxin production during 6 wk of storage in bread that 
contained 102 spores/slice. However, with It)6 spores/slice both strains 
were capable of producing very high amounts of aflatoxins after irradia
tion at 100 Krad. At 1, 2 and 6 wk of storage, these amounts were 
greater than the unirradiated controls, suggesting possible stimulation of 
aflatoxin production.

MICROBIOLOGY OF A MODIFIED PROCEDURE FOR COOLING 
PASTEURIZED SALT YOLK. K. IJICHI, J.A. GARIBALDI, V.F. 
KAUFMAN, C.A. HUDSON & H. LINEWEAVER. J. Food Sci. 38, 
1241-1243 (1973) — A modified procedure that avoids the high pressures 
and pumping problems associated with the cooling of salt yolk to 18°C in 
plate pasteurizers has been tested for safety. Studies show that salt yolk 
from the regeneration section of the pasteurizer Filled at 30°C into 30-lb 
containers can be cooled in less than 7 hr to 10°C by placing the con
tainers in a -10  to -20°C room in a manner that allows free air circula
tion. Since neither salt-tolerant staphylococci nor adventitious contami

nants show growth in salt yolk held for 2 days or longer even at the 
favorable temperature of 28.9°C the suggested procedure provides a wide 
margin of safety.

METHOD FOR ESTIMATING LIMONIN CONTENT OF CITRUS 
JUICES. J.H. TATUM & R.E. BERRY. J. Food Sci. 38, 1244 1246 
( 1973)-A simplified method for estimating limonin content in grapefruit 
and orange juice is presented. The untreated juice is applied directly and 
the limonin separated from the other components on thin-layer chromat
ographic plates. The concentration is estimated by comparing the density 
of the unknown spot to that of limonin standards by visual color and/or 
fluorescence under ultraviolet light. Using standards, unknowns and 
added limonin, the method was found reliable and reproducible and 
should provide a new quality control test for citrus products. The 
method, applied to a study of juice yield, indicated limonin content 
increased with higher yield.

STORAGE QUALITY OF BANANAS PACKAGED IN SELECTED 
PERMEABILITY FILMS. H. DAUN, S.G. GILBERT, Y. ASHKENAZI & 
Y. HENIG. J. Food Sci. 38, 1247-1250 ( 1973)-Studies have been con
ducted on storage of bananas in retail-type packages with polymeric films 
of a wide range of gas permeabilities. The packages including unwrapped 
control were kept at 15°C. Gas chromatographic measurements of 0 2 
and C02 within the packages, color readings and sensory evaluation of 
bananas were conducted during storage time. The results show that a 
combination of ethylene prepackaging treatment followed by hermetic 
storage in selected permeability films effected a separation in time of the 
process of chlorophyll degradation, maintenance of yellow color, repres
sion of skin browning and internal softening. After 30 days of storage in 
packages which contained 3.0% 0 2 and 3.3% C02, the bananas were still 
excellent in color, odor, flavor and texture.

INFLUENCE OF FRESHNESS AND COLOR ON POTATO CHIP SEN
SORY PREFERENCES. J.A. MAGA. J. Food Sci. 38, 1251-1252
(1973)-A study was designed to determine whether the difference be
tween regular and dark-colored chips could be detected and which was 
preferred when the visual variable was eliminated; also, to follow chip 
sensory preferences for both regular and dark-colored chips as influenced 
by storage. No significant differences in sensory properties (a = 0.05) 
between regular and dark chips were noted for relatively fresh chips while 
the panel was blindfolded. As storage time increased, the blindfolded 
panel had a clear preference for the odor and flavor of the dark chips. Of 
samples frozen after each storage period, dark chips were preferred to 
regular color chips even though the dark chips were held at room temper
ature storage longer.

THE POSSIBILITY OF RECOGNIZING IRRADIATED AND NONIR- 
RADIATED POTATOES BY THEIR WEIGHT LOSS. G MAGAUDDA
J. Food Sci. 38, 1 253 1 254 (1973) Tubers of potatoes were irradiated in 
an industrial irradiator facility (60C’o source) at total exposures of 0-5-7,
5-10-12, 5-1 5-20-40-80 Krads; stored 150 days at I 0°C, 70% RH; and sam
ples withdrawn periodically for weighing. Potato “cores” (60/sample vari
able) were analyzed at 2-day intervals over a 24-day storage period at RT. 
Calculated weight losses of treated and nontreated controls were used to 
plot the regression line and its angular coefficient b for each experimental 
lot. These data show a good relationship between weight loss and gamma 
ray exposure in the range applied for antisprouting purposes, especially 
for “core” potatoes. This analysis might be useful for recognizing “a 
posteriori” whether or not potatoes have been irradiated.
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MONOSODIUM GLUTAMATE INGESTION AND THIRST PRODUC
TION. P.E. ARAUJO, D. HOURIHAN & J. MAYER. J. Food Sci. 38, 
1255 (1973)-Monosodium glutamate (MSG) was shown to have as 
great a thirst-producing effect as NaCl. Comparison among sodium, 
potassium and ammonium salts failed to demonstrate any peculiar effects 
of these glutamate salts on thirst induction. Hypothesis of an increased 
stimulation of drinking resulting from ingestion of foods seasoned with a 
small amount of MSG is shown to be false. No relationship of the thirst 
reported and the current controversy involving MSG use is made.

HYDROCYANIC ACID IN CANNED SWEET CHERRIES. G.S. STOEW- 
SAND & J.L. ANDERSON. J. Food Sci. 38, 1256 (1973)-Under- 
processed sweet cherries contained 1.1—2.1 ppm of hydrocyanic acid 
after storing in cans from 1 -50 wk at 38°C. This amount of cyanide, 
assumed toxicologically insignificant, occurred from the /3-glucosidase 
hydrolytic activity of amygdalin in the intact kernels of the canned cher
ries. Heating at 100°C for 12 min inactivated this enzyme as only very 
trace amounts of cyanide were present. No cyanide was present in the 
cherries when the kernels were removed.

SIMPLE DETERMINATION OF PHOSPHORUS IN PET FOODS. T.
SURLES & J. DARBY. J. Food Sci. 38, 1257 (1973)-Various color
imetric methods are presently used to determine phosphorus in pet 
foods; all involve considerable reaction time, critical timing and/or prep
aration of unstable solutions. The method of Kennedy and Weetman was 
adapted for determining phosphorus in various pet foods and very good 
agreement was obtained between this method and conventional molyb
date methods. In addition it has the advantage of being much simpler and 
less time consuming for doing many analyses simultaneously.

RELATION BETWEEN SHEAR FORCE AND TENDERNESS OF 
BEEF. A.W. KHAN, C.P. LENTZ & L. van den BERG. J. Food Sci. 38, 
1258-1259 (1973)-Comparison of shear force measurements with the 
results of taste panel tests using a pair comparison method showed that 
differences in shear force of 0.5 kg and greater between samples could 
readily be detected by the taste panel. These results were obtained using 
the same samples for both the shear press and taste panel tests, and using 
samples with similar levels of tenderness in each test. This technique 
permitted a direct comparison of the two methods by minimizing be- 
tween-sample and within-muscle variability. The differences in shear 
force detected by the panel were independent of the level of tenderness 
(shear force varied from 1.7 to 7.3 kg) and method of cooking (in boiling 
water or by broiling). The panel was somewhat less sensitive in comparing 
samples from the same or similar muscles than different muscles.

ACTIVITY OF ANTIOXIDANTS IN FRESH FISH. C.W. SWEET. J. 
Food Sci. 38, 1260-1261 (1973)-The relative potencies of a variety of 
authorized food antioxidants and chelators were studied in several types 
of marine and fresh-water fish. Thiobarbituric acid (TBA) test values 
were determined in ground fish flesh after storage at 5°C. The most 
potent inhibitors of oxidation were found to be combinations of either 
butylated hydroxyanisole (BHA) or tert-butylhydroquinone (TBHQ) 
with EDTA or citric acid. In view of the relatively high potencies of these 
stabilizer combinations, it was concluded that the storage stability of 
frozen fish might be improved if suitable application methods could be 
developed.

A QUALITATIVE AND QUANTITATIVE STUDY OF SUGAR-AL
COHOLS IN SEVERAL FOODS. J. WASHUTTL, P. RIEDERER & E. 
BANCHER. J. Food Sci. 38, 1262-1263 (1973)-Work reported shows 
that sugar-alcohols are found in a very wide variety of foods and bever
ages. Xylitol and occasionally arabitol was found in most vegetables and 
in a few fruits and fruit products. Sorbitol was found in many fruits and 
fruit products as was galactitol, but the latter only on rare occasions. 
Neither was found in vegetables except in trace amounts; the sugar-al
cohol predominantly present was mannitol.

DEPENDENCE OF FRUIT-BERRY WINES’ STABILITY ON THE CON
TENT OF MINERAL AND NITROGENOUS COMPONENTS. S.
GORINSTEIN. J. Food Sci. 38, 1264-1266 (1973)-Inverse dependence 
between the content of protein nitrogen and iron in fruit-berry wines and 
their stability was shown. The investigations carried out enable recom
mendation to industry to decrease exciting rates of nitrogenous nourish
ment for a number of fruit-berry juices. This investigation of fruit-berry 
wines indicates that regularities found in the study of beer are common 
for both ethanol media.

USE OF FORCEPS IN STERILITY TESTING: A POSSIBLE SOURCE 
OF CONTAMINATION. L.M. CORSON, G.M. EVANCHO & D.H. ASH
TON. J. Food Sci. 38, 1267 (1973)-The use of forceps to transfer 
particulate food matter aseptically into subculture media in sterility 
testing was investigated. Forceps were sterilized by alcohol flaming and 
when used as purchased with the inside points file-cut, a contamination 
rate as high as 56% was encountered. When the same procedure was 
followed with the inside points filed smooth, contamination from this 
source was significantly reduced. Thorough cleaning of the file-cut tips 
was often difficult because food particles became “baked” into the file 
cuts. The results indicate that heat resistant forms are capable of surviv
ing the alcohol flaming when embedded with food in the file cuts.
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J. K . B A B B IT T , D. K. LA W  and D. L . CRAW FORD  
Dept, o f Food Science & Technology, Oregon State University Seafoods Laboratory, Astoria, OR 97103

BLU EIN G DISCOLORATION  IN CANNED CRAB M EAT (Cancer magister)

INTRODUCTION

ALTHOUGH canned crab meat retains 
most of its fresh qualities when packed 
under ideal conditions, serious technical 
difficulties have been experienced in the 
retention of the natural color (Farber,
1953). The most common and least 
understood problem is a blueing discolor
ation that predominates on the surface of 
the meat and in the coagulated blood that 
is released from the meat. The discolora
tion can range from blue-gray to black 
and has been observed in king crab 
(Groninger and Dassow, 1964), blue crab 
(Waters, 1971 ), and Dungeness crab 
(Elliott and Harvey, 1951). It has been 
difficult to assign a simple chemical 
reaction to the blueing. Several plausible 
explanations have linked the blueing to 
the formation of copper-protein and 
buiret complexes (Groninger and Dassow,
1964), copper sulphide (Inoue and 
Motohiro, 1970b), and iron complexes 
(Waters, 1971).

Little is known about melanin forma
tion in Dungeness crab, yet it may be the 
most serious problem in regard to dis
coloration. The blueing of crab meat has 
not been considered an enzymatic reac
tion since the temperatures used during 
retorting would destroy the enzymes. 
However, tyrosinases and phenol oxi
dases present in live crabs may initiate 
the oxidation of phenols to melanins 
(Pinhey, 1930; Summers, 1967). The sub
sequent oxidation and polymerization of 
these intermediate phenolic derivatives in 
canned crab meat may proceed nonenzy- 
matically to form colored chromophores, 
particularly in the presence of metals 
(Mathew and Parpia, 1971). The blueing 
of whole cooked frozen crab and proc
essed crabs not yet canned may also be 
explained by the formation of melanin

like compounds (Babbitt et al., 1973). 
The purpose of this study was to investi
gate the characteristics of the blueing re
action and the nature of the discolored 
product.

EXPERIMENTAL
Nature of blueing reaction

Crab meat was picked from locally caught, 
cleaned, uncooked Dungeness crab. One part 
picked meat was blended at low speed with two 
parts acetone in a Waring Blendor for one min. 
In addition, one part picked crab meat was 
blended with four parts of 5% trichloroacetic 
acid (TCA). The blended materials were centri
fuged at 1,000 x G for 10 min and the liquid 
fraction decanted off. The crab tissue was then 
blended with 2 vol (wt/wt) of deionized water 
and the blended tissue was dialyzed against 
several changes of deionized water for 2 days at 
4°C. 50g of this blended crab meat were mixed 
in 307 x 113 C-enamel cans with a final 
concentration of the following materials: NaCl 
(0.67%); L-dopa (3,4-dihydroxyphenylalanine) 
(15 Mg/g): le S 0 4 -7  H20  (30 Mg Fe+2/g); 
CuCl2 • 2 H20  (30 Mg Cu+2/g); citric acid 
(0.12%); and ascorbic acid (0.13%). Deionized 
water was added to bring the weight of the 
total contents to 1 50g. In some instances 0.1M 
phosphate buffer (pH 8.0) was substituted for 
the deionized water. The cans were vacuum- 
sealed and retorted at 116°C for 55 min. After 
retorting, the cans were cooled in cold water 
and held at room temperature.

Analytical methods
Total phenolic content. Total phenols were 

determined colorimetrically by the Folin- 
Ciocalteau reagent (Phenol Reagent, Fisher 
Scientific Co.). lOg of sample material were 
blended with 40 ml of 5% TCA in a Virtis 
Model 45 hontogenizer at high speed for 2 min. 
The blended material was filtered and 1 ml of 
the filtrate was mixed with 1 ml of phenol 
reagent (1 part phenol reagent:2 parts water). 
Then, 3 ml of a 14%. Na2C 03 solution were 
added and the absorbance determined at 660

nm after 15 min with a Beckman DB spectro
photometer. Pyrocatechol (Eastman Organic 
Chemicals) was used to prepare standard solu
tions.

pH. A Corning Model 7 pH meter was used 
to determine the pH of a slurry of crab meat.

Copper analysis. Copper was determined by 
atomic absorption spectrophotometry using a 
Perkin-Elmer Model 403 after dry-ashing the 
sample (Baker, 1971).

Degree of blueing. A Gardner Automatic 
AC-2A Color Difference Meter was used to 
measure the degree of discoloration. The instru
ment was standardized with a white color 
standard: L = 94.9, a = -1.3, b = 3.0. The 
Gardner Color-Difference Meter values “a” and 
“b” indicated that crab exhibited a slight 
yellowish-green tint. Since the “a” and “b” 
values were similar for the various treatments, 
“L” values were used to measure the degree of 
blueing in crab meat caused by the addition of 
various substances. An “L” value of 55 and 
higher indicates that the crab meat was a desir
able whitish color. An “L” value of 53 and 
lower begins to reflect a grayish-blue to blueish- 
black discoloration that is typical of the blueing 
in canned crab meat.
Handling and processing of crab

Live crab in good condition were purchased 
from local processors, covered with wet towels 
and held at 1 - 3°C. At daily intervals, changes in 
the phenolic content and the pH of five un
cooked crab were determined. Lots of 15 crab 
were handled at 0, 2 and 4 days post extraction 
in a manner similar to a commercial canning 
operation. The crab were backed and cleaned, 
cooked in boiling water for 12 min, cooled with 
a spray of cold water and the meat hand picked 
from the shell. Then, 142g of this picked meat 
were packed with 40 ml of 2.5% brine (NaCl) in 
307 x 11 3 C-enamel cans, sealed in a vacuum 
and retorted for 55 min at 116°C. After water 
cooling, the cans were held at 30° C. The cans 
of crab meat were opened and examined visual
ly for blueing after 7 days. To prevent the 
inclusion of copper-bound hemocyanin found 
in crab blood with the crab meat, one lot of 
crab was pre-cooked at 60° C for 20 min prior 
to the cooking step.

Volume 38 (19731-JO URN AL O F FOOD SC IEN C E - 1101



1102- JO U R N A L  O F FOOD SC IEN C E-V olum e 38 (1973)

RESULTS & DISCUSSION

EARLIER INVESTIGATIONS in our 
laboratory confirmed the presence of 
polyphenoloxidases in Dungeness crab 
meat, and the presence of tyrosine, dopa 
and other phenols were tentatively identi
fied (Babbitt et al., 1973).

It is well documented that copper 
(Groninger and Dassow, 1964; Elliott and 
Harvey, 1951) and iron (Waters, 1971) 
are involved in the blueing of canned crab 
meat. To determine the substances 
reacting with these metals, crab meat was 
extracted with acetone and trichloro
acetic acid (TCA) and dialyzed extensive
ly against deionized water. Over 90% of 
the phenolic compounds could be re
moved by these treatments (Table 1). 
Copper content was reduced with TCA 
but increased with the acetone treatment. 
The substance or substances that interact 
with iron or copper to cause blueing in 
crab meat are removed by TCA and to a 
lesser degree by acetone-extraction and 
dialysis against deionized water (Table 2). 
Copper (Cu+1, Cu+2) and iron (Fe+ , 
Fe+3) were equally effective in causing 
blueing when added to canned crab meat. 
The addition of iron and copper to TCA- 
treated crab meat did not produce blue
ing. When a phenolic compound (dopa) 
was in c lu d e d ,  pronounced blueing 
occurred. This was also evident when 
untreated crab meat was used. The results 
illustrate that blueing is a complex sys
tem. The higher Gardner “ L” values for 
the untreated crab meat indicate that 
certain constituents in the crab tissue 
may interfere or inhibit blueing. The 
acetone and TCA treatments may not 
only be removing the reactive constitu
ents necessary for blueing but also the 
inhibitory constituents as well.

Apparently, iron and copper are 
reacting with the phenols still present in 
the acetone-treated crab meat particularly 
at pH 8.0 (Table 3). Dopa, particularly in 
the presence of iron or copper, poly
merizes to form blueish-black chromo- 
phores. The dopa-iron complex was 
darker than dopa and visually the color 
resulting from the dopa-copper complex 
was similar to the dopa-iron complex.

Citric acid and ascorbic acid prevented 
the discoloration that occurred when 
dopa and iron or copper were mixed 
with the crab meat (Table 3). ' uric 
acid (Waters. 1971) and ascorbic acid 
(Groninger and Dassow, 1964) have been 
reported to inhibit blueing. Citric acid has 
been used by industry for many years to 
reduce the incidence of blueing under the 
assumption that the acid blocks the color 
formation simply by lowering the pH of 
the medium. However, the results suggest 
that citric acid may block the reaction by 
chelating the metals and the antioxidant 
properties of ascorbic acid may retain the 
phenols (dopa) in a reduced state. The

visual ratings of the degree of blueing 
corresponded closely to the Gardner 
Color-Difference Meter values (Table 3). 
In studies where accurate instrumental 
readings are difficult to obtain, a visual 
rating using color standards can be very 
useful.

From these model studies, the changes 
in total phenols and pH of live crab were 
followed during refrigerated storage 
(Table 4). The phenolic content in the

crab meat increased steadily during the 
first 3 days of storage. After the third 
day, the phenolic content increased 
rapidly. The pH of the meat also in
creased steadily during storage. The pH 
value of 7.65 after 4 days indicates that 
the crab were in poor condition.

The total phenolic content of retorted 
crab meat from crab held up to 4 days 
was similar to retorted crab meat 
produced from freshly handled crab

Table 1—Effect of extraction and dialysis on phenolic and copper 
content of crab meat

Treatment
Total phenols“

pg/g
Copper content3 

pg/g (dry wt)
Raw crab meat 245.8 ± 6.0 30.94 ± 1.67
Acetone

extracted 172.8 ± 64.8 39.84 + 0.49
dialyzed 24.6 t  11.5 50.54 ± 0.42

TCA
extracted 46.89 ± 3.2 19.78 t  0.51
dialyzed 16.98 ± 0.1 17.94 ± 0.17

a M ea n ± s ta n d a rd  d e v ia t io n o f  d u p l ic a t e  s a m p le s f o r  tw o  e x p e r im e n t s

Table 2—Blueing observed in TCA- and acetone-extracted and 
dialyzed crab meat after retortinga

Treatment

Gardner " L "  valuesb of blends of
Untreated 
crab meat

Acetone
dialyzed

TCA
dialyzed

Blend 73.6 66.0 68.6
+ dopa 67.2 58.6 54.4
+ dopa + F e 53.4 39.4 46.9
+ dopa + Cu 52.5 46.4 50.6
+ Fe 66.0 45.9 61.5
+ Cu 57.8 55.0 66.1

a D a ta  ta k e n  f r o m  th re e  e x p e r im e n t s
15 " L "  v a lu e s  > 5 5  =  d e s ir a b le  c o lo r ;  < 5 3  = le ss  th a n  d e s ir a b le

Table 3—Effect of various chemicals on the extent of blueing after 
retorting dialyzed, acetone-extracted crab meat

Gardner color values“ visua, co!or
T reatment L a b evaluation
Dialyzed crab blend 67.5 -3 .0 +6.0 White

+ dopa 58.6 -2 .7 +4.2 Grayish-white
+ dopa at pH 8.0 29.7 -3 .5 +3.7 Dark blue-gray
+ Cu 57.6 -3 .5 + 13.4 Yellowish-white
+ Cu at pH 8.0 23.5 -6 .6 + 14.5 Greenish-gray
+ Fe 43.8 -3 .3 +5.3 Grayish-white
+ Fe at pH 8.0 37.2 -3 .9 +3.7 Blueish-gray
+ dopa + Cu 42.9 -2 .7 +8.3 Blueish-gray
+ dopa + Cu at pH 8.0 7.8 -4 .3 +3.3 Dark brownish-black
+ dopa + Cu + citric acid 64.3 -2 .7 +5.6 White
+ dopa + Cu + ascorbic acid 67.3 -1.1 + 16.4 Yellowish-white
+ dopa + Fe 38.8 -3 .3 + 2.0 Blueish-gray
+ dopa + Fe at pH 8.0 25.7 -3 .8 -0.1 Dark blue-gray
+ dopa + Fe + citric acid 57.9 -4 .7 + 10.0 Yellowish-white
+ dopa + Fe + ascorbic acid 49.5 -4.1 +6.4 Grayish-white

a " L ”  v a lu e s  o f  > 5 5  =  d e s ir a b le  c o lo r ;  < 5 3  =  le ss  th a n  d e s ir a b le
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(Table 5). However, blueing was much 
more pronounced. Either the phenols 
present in the aged crab were more 
reactive or the higher pH favored the 
formation of the blueing.

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 coagulat
ed while the hemocyanin can be washed 
free of the meat preventing graying in

canned Kegani crab. Using this technique, 
the phenolic content and blueing was 
reduced in retorted crab meat produced 
from freshly handled crab (Table 6). 
When the crab were held for 4 days prior 
to processing the blueing of the retorted 
crab meat was much more pronounced 
that the retorted crab meat processed 
without being precooked. The degree of 
blueing may have resulted from the very 
high pH of the retorted precooked crab 
meat.

We and others (Inoue and Motohiro, 
1970a) have found the copper content of 
“ blue” crab meat to be higher than in the 
“ white” crab meat. The results from 
Tables 2 and 3 indicate that copper is 
involved in the blueing reaction. How
ever, the role of copper may be that of a 
catalyst since it can be freed from the 
blue-pigment after retorting by dialysis 
against deionized water (Table 7). This 
might explain why precooking the crab to 
remove the copper bound to the hemo
cyanin did not prevent blueing in crab 
held 4 days prior to processing (Table 6).

The change in phenolic compounds in 
crab appears to have a significant role in 
causing the blueing observed in retorted 
canned crab meat. The results indicate 
that once oxidation of phenols is en
zymatically initiated, further oxidation 
and polymerization of phenols may 
proceed nonenzymatically particularly in 
the presence of metals and under alkaline 
conditions.
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Table 4—Changes in phenolic content and
pH of live crab held at 1—3°C
Days held 
at 1—3°C

Phenolic contenta 
Mg/g pHa

0 140.8 ± 15.1 6.65 ± 0.30
1 169.5 ± 37.5 7.05 ± 0.07
2 188.3 ± 37.7 7.10 ± 0.28
3 194.9 ± 54.2 7.19 ± 0.01
4 322.5 ± 80.6 7.65 ± 0.21

a M e a n  ± s ta n d a rd  d e v ia t io n  f r o m  f iv e  c ra b

Table 5—Phenolic 
crab meat

content, pH and extent of blueing of retorted

Days crab held prior 
to processing

Phenolic content
Mg/g pH

Visual evaluation 
of blueing

0 157.5 7.3 None-sllght
2 163.0 7.5 Slight-m oderate
4 161.0 7.8 M oderate-extensive

Table 6—Effect 
blueing of retorted

of precooking crab on 
crab meat

pH, phenolic content and

Days crab held prior 
to processing

Phenolic content
pg/g pH

Visual evaluation 
of blueing

0 131.58 7.4 None
2 156.35 7.8 Slight-moderate
4 159.23 8.0 Extensive

Table 7—Effect of dialysis of crab blends with added copper and dope after retorting
Copper content
after dialysis3 Visual evaluation of color
Mg/g (dry wt) Dialysis

Treatment Sample 1 Sample 2 Before After
A cetone d ia lyzed  meat

+ copper 7 1 3 .9 5 5 8 9 .6 9 W hite W hite
+ dopa + copper 

T C A  d ia lyzed  meat
6 0 6 .8 5 597.41 B lue ish-G ray B lueish-G ray

+ copper 7 5 9 .9 8 7 6 1 .8 5 W hite W hite
+ dopa + copper 7 6 4 .3 6 8 7 1 .8 6 B lue ish-G ray B lueish-G ray

a M ea n o f  d u p l ic a t e  s a m p le s
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REACTION OF HYDROGEN PERO XID E WITH M YOGLOBINS

INTRODUCTION
THE FORMATION of undesirable green- 
brown-tan pigments in cooked tuna is 
collectively known as “greening.” This 
problem has been reported in albacore 
( Germo alalunga), big-eye (Thunnus 
obesus), bluefin (Thunnus orientalis), 
yellowfin (Thunnus albacares) and skip
jack (Katsuwonus pelamis) tuna (Tomlin
son, 1966). It appears that there are 
several different types of greening in 
cooked tuna. Brown et al. (1958) sug
gested that one off-color is due to oxida
tion of ferrohemochromes, responsible 
for normal tuna color, to undesirable 
ferrihemochromes. Another type of off
color which occurs in cooked tuna in
volves trimethylamine oxide (TMAO) and 
cysteine which are present in tuna flesh. 
Sasano et al. (1961) and Sasano and 
Tawara (1962) were the first to observe 
this phenomenon. Koizumi and Hashi- 
moto (1965a, b) identified the substance 
involved as TMAO and also demonstrated 
that addition of TMAO to raw meat in
duced greening on subsequent cooking of 
yellowfin and albacore tuna. Grosjean et
al. (1969) observed that when TMAO, 
cysteine and yellowfin tuna myoglobin 
were heat denatured, a green pigment was 
formed. The green product could not be 
produced with mammalian myoglobins 
which contain no cysteine residues. Their 
results indicated that the sulfhydryl 
groups of both free cysteine and the 
cysteine residue in tuna myoglobin were 
involved in the greening reaction.

Hydrogen peroxide, acting as an oxi
dizing agent, is known to cause changes in 
the oxidation state of the iron in hemo- 
proteins. George (1952) reported that the 
products of the interaction of ferri- 
catalase (the prefixes “ ferri” and “ met” 
have been used interchangeably in this 
paper to denote the +3 oxidation state 
of the heme iron), ferriperoxidase, ferri- 
hemoglobin and ferrimyoglobin with 
H20 2 have a ferryl, (+4), oxidation state. 
George and Irvine (1955, 1959) subse
quently demonstrated the ferryl struc
ture, which was also confirmed by King 
and Winfield (1963). Hydrogen peroxide 
interaction with hemoproteins may be of 
significance in irradiation of meats, be-

' Present address: C alifornia P o ly tech n ic
State  U niversity , San Luis O bispo, CA 9 3 4 0 1

F ig .1—Spectra o f sperm whale myoglobin be
fore and after its interaction with hydrogen 
peroxide. A , control, no peroxide; B, 1 pi 
H 2 0 2;  C. 5 pi H 2 0 2;  D, 10 pi H 2 0 2;  and E , 25 
F l H 2 0 2.

Fig. 2—Effect o f dithionite addition on the 
spectra o f sperm whale myoglobin treated with 
hydrogen peroxide. A , control, no peroxide; B, 
1 pi H 2 0 2;  C, 5 pi H 2 0 2;  D, 10 pi H 2 0 2;and  
E, 25 pi H 2 0 2.

cause H20 2 is one of the known products 
of radiolysis of water (Giddings and 
Markakis, 1972). Its production is en
hanced by the presence of oxygen in the 
irradiated aqueous medium, while it is 
minimal in an anaerobic medium. This 
suggests that ferryl myoglobin may be 
formed if an oxygen containing metmyo- 
globin solution is irradiated. Formation 
of ferryl myoglobin and subsequent prod
ucts may affect the color and quality of 
the irradiated product.

The experiments reported herein were 
done to study the changes in color and 
spectra that occur during the interac
tion of H20 2 with tuna or sperm whale 
myoglobins in native and denatured 
states. The effects of cysteine and homo
cysteine on the intensity of green color 
produced by H20 2 were studied in order 
to compare this form of greening to the 
one produced by TMAO. The effect of 
the reducing agent dithionite on the green 
color and spectra of myoglobins was also 
studied.

throughout. Myoglobin from sperm whale 
skeletal muscle was obtained from Sigma and 
used without further purification. Yellowfin 
tuna myoglobin was isolated by ammonium sul
fate fractionation (method of Dollar et al.. 
1959), followed by chromatography on Sepha- 
dex G-75 in 0.05M Tris-HCl buffer (pH 8.0), to 
remove residual hemoglobin. For the reaction 
with Hj 0 2, the myoglobins and other chemi
cals, except dithionite, were dissolved in 0.1M 
phosphate buffer (pH 5.8). Fresh 1% H20 2 was 
prepared for each experiment by diluting a 
stock solution with water. In the model systems 
used, the final concentration of reactants/ml 
was as follows:

myoblobin
1% h 2o 2
sodium dodecyl 

sulfate (SDS) 
cysteine HC1 
homocysteine 
dithionite

1.8 - 2.00 mg 
0.3 33 m1

10 mg 
0 2 mg 
0 2 mg 
0.5- 1 mg

Interaction of H20 2 with myoglobins was 
studied under the following conditions:

EXPERIMENTAL
CHEMICALS used were reagent grade or better. 
Deionized, glass distilled water was used

1. With undenatured (native) myoglobins with 
and without dithionite.

2. With denatured myoglobins (denatured with 
SDS) with and without dithionite.
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Fig. 3—Spectra o f yellowfin tuna myoglobin 
before and after its interaction with hydrogen 
peroxide. A , control, no peroxide; B, 1 pi 
H 2 0 2;  C, 5 pi H 2 0 2;  D, 10 pi H 20 2;  and E , 25 
pi H 2 0 2.

3. With denatured myoglobins in the presence 
of cysteine and with or without dithionite.

4. With denatured myoglobins in the presence 
of homocysteine and with or without 
dithionite.

5. Experiments (2) and (4) were also done in a 
slightly modified manner, in which H20 2 
was first reacted with myoglobin, and then 
the protein was denatured and other rea
gents added.
In addition, a limited number of studies 

were done with heat denatured myoglobin. In 
these studies 15 mg of myoglobin in 0.5 ml 
were added to 4.0 ml phosphate buffer, pH 5.7; 
also added was 1.0 ml of a 50 mg per ml solu
tion of human serum albumin. When used, 
H, Oj was added as 10 jd of a 1% solution. 
Dénaturation was carried out by placing tubes 
containing the mixture just described in 70°C 
water bath for 15 min. Colors of the resulting 
precipitates were noted.

All experiments were done at room temper
ature. Three or more minutes after addition of 
H20 2 to the system, absorbance spectra (visible 
range) were recorded in a Cary Model 15 spec
trophotometer. Visual observation of the sys
tems indicated that reaction was complete 
within the three minute period.

RESULTS & DISCUSSION

Reaction of native myoglobins 
with H2 0 2

Effect of dithionite. Control myo
globins from sperm whale and yellowfin 
tuna were brown and had spectra typical 
of myoglobin in the ferri- state.

Figure 1 shows the spectra of sperm 
whale myoglobin before and after its 
interaction with H2 0 2 . Control sperm 
whale myoglobin (curve A) had absorb

Fig. 4—Effect o f dithionite addition on the 
spectra o f yellowfin tuna myoglobin treated 
with hydrogen peroxide. A , control, no perox
ide; B, 1 pi H 20 2;  C, 5 pi H 2 0 2;  D, 10 pi 
H 2 0 2;  and E, 25 pi H 20 2.

ance maxima at 506, 584, and 633 nm. 
Immediately after addition of H20 2 the 
color turned red-brown. The color re
mained visibly unchanged at 3 min after 
H20 2 addition, when the spectra were re
corded. As seen in Figure 1, the H20 2- 
reacted myoglobin showed peaks at 550 
and 588 nm (curves B-E). The intensity 
of these peaks decreased with increasing 
H2 0 2 concentration above 5 /il (curves 
C-E). Control myoglobin had a Soret 
peak at 410 nm (not shown); with in
creasing concentrations of H20 2 the 
intensity of the Soret peak was greatly 
decreased and it shifted to 415 nm. 
Immediately after addition of dithionite 
to the H2 0 2-treated myoglobin the color 
of the reaction mixture turned green; the 
spectrum showed a major peak at 558 nm 
and a shoulder at about 610 nm as shown 
in Figure 2 (curves B-E). With increas
ing H2 0 2 concentration, the intensity of 
the peak at 558 nm decreased. Control 
sperm whale myoglobin, which was 
originally in the met form, gave a bright 
red color on addition of dithionite, and a 
spectrum showing a peak at 558 nm 
(indicative of reduced myoglobin), but no 
shoulder around 610 nm (curve A).

Figure 3 shows the spectra of yellow
fin tuna myoglobin before and after inter
action with H20 2 . The control (curve A) 
was brown and had peaks at 506, 580, 
and 633 nm. On addition of increasing 
concentrations of H20 2 to the myo
globin, the color turned red-brown and 
the spectrum revealed a peak at 548 nm 
and a shoulder at 580 nm (curves B-E). 
The intensity of these peaks was not
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Fig. 5—Spectra o f denatured yellowfin tuna 
myoglobin treated with 1 pi H 20 2. Effects o f 
dithionite addition and altering the sequence o f 
dénaturation are also shown. A , denatured 
control myoglobin; A ', sample in curve A + 
dithionite; B, myoglobin treated with H 20 2 
prior to dénaturation; B', sample in curve B + 
dithionite;  C, myoglobin treated with H 2 0 2 
after its dénaturation; and £ ,  sample in curve C 
+ dithionite.

affected by increasing H2 0 2 concentra
tions. Control myoglobin had a Soret 
absorbance peak at 4.0 nm (not shown) 
whose intensity decreased with increasing 
H2 0 2 concentration; it shifted to 420
nm. On addition of dithionite the color 
turned brown to golden-brown, depend
ing on H2 0 2 concentration unlike the 
green color obtained in case of sperm 
whale myoglobin. But as shown in Figure 
4 its spectra also showed a major peak at 
558 nm indicative of reduced myoglobin 
and a very slight shoulder at 620 nm 
(curves B-E). The intensity of the peak at 
558 nm decreased with increasing H2 0 2 
concentrations. Control yellowfin tuna 
myoglobin had a bright red color and 
a single peak at 558 nm, on addition of 
dithionite (curve A).

It appears from these results that 
H2 0 2 affects the two myoglobins in a 
different manner as suggested by the 
variations in color and spectra. The spec
tral differences seem rather trivial; how
ever, colors of the reduced derivatives of 
the two myoglobins may be readily 
differentiated visually.

The spectrum of the compound 
obtained by reaction of H2 0 2 with sperm 
whale myoglobin is similar to that of 
horse heart metmyoglobin treated with 
H2 0 2 (King and Winfield, 1963). The 
whale derivative also resembles the pig
ment obtained by Satterlee et al. (1971)



1106- JO U R N A L  O F FOOD SC IEN C E-V olum e 38 (1973)

on irradiation of bovine metmyoglobin. 
The latter pigment had absorbance peaks 
at 540 and 580 nm, a Soret peak at 412 
nm, and a red color. On addition of 
dithionite, the color turned deep purple 
and the spectrum showed a peak at 560
nm. However, when the H20 2-reacted 
sperm whale myoglobin was treated with 
potassium ferricyanide (few drops of 1% 
solution in 0.1M phosphate, pH 5.8) it 
turned from deep red-brown to light 
greenish-yellow and the spectra was not 
like that of the similarly treated irra
diated bovine metmyoglobin of Satterlee 
et al. (1971). This is not particularly sur
prising inasmuch as the pigments were 
prepared by entirely different methods.

Reaction of denatured myoglobins 
with H2 0 2

Effect of dithionite. Myoglobins were 
denatured with SDS and H2 0 2 was added 
in increasing amounts; color and spectra 
were recorded according to the condi
tions described above. In a variation of 
this experiment, myoglobins were first 
reacted with H20 2 and then denatured 
after which their spectra were recorded. 
The effect of dithionite on color (and 
spectra) was also studied in both sets of 
experiments.

Figure 5 shows the effects of H2 0 2 on 
the spectra of denatured yellow-fin tuna 
myoglobin. As shown in curve A, dena
tured control (no H20 2 ) yellowfin tuna 
myoglobin had an absorbance maximum 
at about 5 10 and a shoulder at 630 nm ; it 
was a golden-brown color. On addition of 
dithionite, the color immediately turned 
bright red and the spectrum showed 
peaks at 540 and 572 nm indicative of 
oxymyoglobin (curve A'). Results of 
earlier experiments had indicated that in 
case of both yellowfin tuna and sperm 
whale myoglobins, dénaturation caused a 
decrease in intensity and shift of the 
Soret peaks to lower and higher wave
lengths respectively. On addition of 1 jul 
H20 2 to denatured myoglobin (curve C) 
the profile of the spectrum was like the 
control but the color turned reddish- 
brown. On addition of dithionite the 
color turned bright red and peaks were 
seen at 540 and 572 nm (curve C'), but 
with a slightly lower intensity than those 
in case of control. However, if myoglobin 
was first reacted with 1 /il H20 2 followed 
by dénaturation, the color turned green 
and the spectrum (curve B) was quite 
nondescript. Addition of dithionite re
sulted in a reddish-brown color and peaks 
at 540 and 572 nm (curve B').

At higher levels of H20 2 the inten
sities of peaks at 540 and 572 nm ob
tained on addition of dithionite were 
further reduced. Before addition of 
dithionite the spectra were quite non
descript although the spectral profile of 
myoglobin which was already denatured

Fig. 6—Spectra o f denaturated sperm whale 
myoglobin treated with 1 pi H 20 2. Effects o f 
dithionite addition and alteration o f the se
quence o f dénaturation are also shown. A, 
denatured control myoglobin; A ', sample in 
curve A + dithionite; B, myoglobin treated with 
H 2 0 2 prior to dénaturation; B', sample in curve 
B + dithionite; C, myoglobin treated with 
H 2 0 2 after its dénaturation; and C , sample in 
curve C + dithionite.

before H20 2 treatment was somewhat 
similar to the control.

Figure 6 shows the effects of H20 2 on 
the spectra of denatured sperm whale 
myoglobin. Experimental conditions were 
similar to those in the case of yellowfin 
tuna myoglobin. As shown in Figure 6, 
denatured control sperm whale myo
globin (no H20 2 ) had a spectrum with 
absorbance maxima at 505 and 630 and a 
shoulder at 536 nm (curve A). It had a 
golden brown color. On addition of 
dithionite the color turned bright red and 
peaks appeared at 540 and 572 nm indica
tive of oxymyoglobin (curve A'). When 1 
/d H2 0 2 was added to the previously 
denatured myoglobin the color turned 
reddish-brown but the spectral profile 
(curve C) was quite similar to the control. 
On addition of dithionite the color 
turned bright red and peaks at 540 and 
572 nm appeared, although with a de
creased intensity (curve C'). When 1 /d 
H20 2 was first reacted with myoglobin 
followed by dénaturation the color 
turned green and the spectrum was quite 
nondescript (curve B). When dithionite 
was added the color turned deep brown 
and the peaks at 540 and 572 nm were 
seen with a shoulder around 620 nm 
(curve B').

At higher H2 0 2 concentrations the 
intensities of peaks at 540 and 572 nm 
obtained after dithionite addition were 
further reduced and the shoulder around 
620 nm (obtained when myoglobin had

reacted with H20 2 prior to dénaturation) 
became more prominent.

The sequence of dénaturation of the 
protein is important for the development 
of green color. When H20 2 was allowed 
to react with myoglobin prior to its déna
turation even 1 /t 1 was sufficient to 
produce a stable green color. However, if 
the myoglobin was denatured before its 
reaction with H2 0 2 , it took 25 /tl H2 0 2 
to produce a slight green tinge. The green 
color is stable at least 30 min after addi
tion of H20 2 . The peaks at 540 and 572 
nm obtained on addition of dithionite 
resemble those of oxymyoglobin.

A limited number of parallel experi
ments using heat dénaturation gave 
similar results. In these studies we were 
limited to systems in which H20 2 was 
added prior to dénaturation as heat déna
turation results in precipitation, in any 
case, both the tuna and whole myo
globins treated first with H20 2 then 
heat denatured yielded green, precip
itates. Controls, i.e., no H20 2 added, 
gave reddish-brown precipitates.

It can be concluded that dénaturation 
of the protein is essential for formation 
of green color with H20 2 . The results 
indicate that H20 2 affects the two myo
globins in a slightly different manner, 
with whale myoglobin being somewhat 
more sensitive.

Reaction of denatured myoglobins 
with H2 0 2 in the presence 
of cysteine or homocysteine

Effect of dithionite. In these experi
ments cysteine-HCl or homocysteine was 
added in increasing amounts ( 0 - 2  mg/ml 
final concentration) to test its effect on 
the green color and spectrum of dena
tured sperm whale and yellowfin tuna 
myoglobins treated with a constant 
amount of H2 0 2 (5 /il/ml final concen
tration). In a variation of the above 
experiment, H2 0 2 was first allowed to 
react with the protein before it was dena
tured and other reagents added.

Denatured sperm whale myoglobin 
treated with H2 0 2 in the presence or 
absence of cysteine had no well-defined 
absorbance peaks in the visible range. 
Color was golden brown at all cysteine 
concentrations. After dithionite addition 
the color was deep red brown and the 
spectrum showed peaks at 540 and 572
nm. The intensity of these peaks dimin
ished with increasing concentrations of 
cysteine. If H2 0 2 was first reacted with 
the protein and followed by dénatura
tion, the color was green in the presence 
or absence of cysteine and the spectrum 
showed no peaks in the visible range. On 
addition of dithionite the color immedi
ately turned light green and the spectra 
showed peaks at 527 and 570 nm and a 
shoulder at 610 nm which may indicate 
the presence of metmyoglobin. Qualita
tively, the major peaks in both sets of
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expe r im en ts  were similar indicating 
formation of  a compound like oxymyo- 
globin. Dithionite could not completely 
reverse the effects of H20 2 in the system 
where H20 2 had reacted with myoglobin 
prior to its dénaturation.

Denatured yellowfin tuna myoglobin 
was also reacted with H2 0 2 in the pres
ence or absence of cysteine and with or 
without dithionite. The conditions were 
the same as in the case of the sperm 
whale myoglobin experiment. The spectra 
were similar to those of sperm whale 
myoglobin. But the color differences 
dependent upon the order o f  dénatura
tion of protein were not as marked as in 
the other case.

Similar experiments were done with 
homocysteine; in a variation of this ex
periment, H2 0 2 was first allowed to react 
with the proteins, then they were dena
tured and the effect of other reagents was 
tested.

Results in this experiment were similar 
to those obtained with cysteine. Dena
tured myoglobins from either source 
showed no definite peaks in the presence 
or absence of homocysteine before 
dithionite was added. The color at this 
stage was brown in the case of both myo
globins. After dithionite addition, in both 
cases, the color turned red brown in the 
absence of homocysteine and gold-brown 
in its presence. The spectrum showed 
peaks at 540 and 572 nm. The intensity 
of these peaks decreased with increasing 
concentrations of homocysteine.

The results suggest that neither 
cysteine nor homocysteine are involved in 
greening associated with H2 0 2 . The green 
pigment formed by reaction of myo
globin (denatured before or after H20 2

addition) with H2 0 2 is spectrally differ
ent from the pigment obtained by heating 
a mixture of tuna myoglobin, cysteine 
and TMAO. Koizumi and Matsuura
(1968) reported that the latter pigment, 
after dissolving in sodium dodecyl sulfate 
and of reduction with dithionite, gave a 
green color and a characteristic absorp
tion maximum at 6 0 0 —605 nm and one 
at 560 and a shoulder at 540 nm. The 
pigment obtained in the present study 
had no well-defined peak in the 6 0 0 -6 0 5  
nm range. Koizumi and Matsurra (1968) 
also observed that cysteine was most 
effective in causing greening with myo
globin and TMAO on heating. Our results 
indicate that neither cysteine nor homo
cysteine had any influence on the forma
tion the green color with H2 0 2 . In
creasing concentrations of cysteine or 
homocysteine did not increase the inten
sity of green color. Grosjean et al. (1969) 
reported that free sulfhydryl groups are 
necessary for the TMAO-induced green
ing. TMAO and cysteine could form a 
green pigment with yellowfin tuna but 
not with sperm whale myoglobin appar
ently because the latter does not have 
cysteine residues. On the other hand, the 
Yh 0 2 reaction can produce green pig
ments with myoglobins from both 
sources.
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OXIDATION-REDUCTION PO TEN TIAL AND GROWTH OF 
Salmonella AND Pseudomonas fluorescens

INTRODUCTION
AMONG ENVIRONMENTAL factors in
fluencing bacterial growth, oxidation- 
reduction potential has received relatively 
little attention, probably because of dif
ficulties in measurement. The association 
of decreasing oxidation-reduction poten
tials with the amount of bacterial growth 
has been established (Burrows, 1941). 
Usually the lowest electrode potential is 
reached during the log phase of growth 
when the metabolic activities of the bac
teria are most intense (Hewitt, 1950).

The development of a suitable appara
tus and method for the measurement of 
changes in Eh, pH and cell numbers 
(Tabatabai and Walker, 1970), facilitated 
studies of changes in these parameters. 
We believed that such studies using pure 
and mixed cultures of Salmonella and 
Pseudomonas might contribute to under
standing of  growth relationships of these 
organisms on meats and poultry, particu
larly with regard to vacuum and non
vacuum packaged products.

EXPERIMENTAL
THE APPARATUS used for the measurement 
of Eh, pH and bacterial numbers was essentially 
identical to that described by Tabatabai and 
Walker (1970) with slight modifications. 
Apparatus

The apparatus for measuring Eh, pH and cell 
numbers was constructed from a 500 ml, three- 
neck, round-bottom distilling flask, further 
modified by the University glass shop (Fig. 1). 
A Pyrex tube and a screw-capped culture tube 
with the bottom removed were added onto the 
flask to provide openings for the salt bridge and 
inoculation (and sampling), respectively. The 
salt bridge was constructed from soft glass tub
ing (1.5 cm diam), drawn to capillary size at 
one end. Both the gas inlet and outlet tubes 
were constructed from Pyrex glass tubing (0.6 
cm), the latter with two glass bulbs to serve as 
traps and connected by black latex rubber tub
ing to a flask of 0.1/7 Roccal (Hilton-Davis 
Chem. Co. Div.. Cincinnati. Ohio) to accom
modate any overflow of foam from the culture 
vessel. The gas inlet tube of the apparatus was 
connected to a gas manifold via: (1) latex rub
ber tubing; (2) capillary glass tubing (5 cm long,
0.1 cm bore); and (3) latex rubber tubing (5 cm

‘ Present address: F o o d  S cien ce  D ep t., U n i
versity o f  F lorida, G ainesville , FL 3 2 6 1 1

long). The upper end of the inlet tube was 
plugged with cotton to prevent contamination. 
Fine adjustments of the bubbling rate were 
made by using a screw clamp on the rubber 
tubing between the gas manifold and the capil
lary tubing.

A flowmeter (size 11, Cole-Parmer Instru
ment & Equipment Co., Chicago, 111.) was used 
for monitoring the flow of either compressed 
air or prepurified N2 through the electrode ves
sels. A cotton-packed tube between the gas 
manifold and the flowmeter served as a filter.

The Eh was measured with a platinum inlay 
electrode (Corning 476060 or Beckman 39273) 
and a saturated calomel reference electrode 
(Corning 476002 or Sargent-Welch 30080). The 
pH was measured with a general-purpose glass 
electrode (Corning 476022 or Sargent-Welch 
30080) and a saturated calomel reference elec
trode. For measurement of either Eh or pH, a 
pH meter (Beckman Expandomatic) was con
nected to a recorder (model VOM-7, Bausch 
and Lomb, Rochester, N. Y.).
Standardization of pH 
and Eh electrodes

The pH changes in cultures were measured 
in millivolts rather than pH units to avoid

changing the zero setting on the pH meter. Cali
bration curves of pH versus millivolt readings 
were prepared for each set of pH electrodes at 
each experimental temperature by using stand
ard buffers of the following pH: 4.01, 6.85. 
6.99, 7.40 and 9.14 (Beckman Co., Fullerton, 
Calif.). To standardize the platinum electrodes, 
phthalate buffer, pH 4.00, saturated with quin- 
hydrone was used at each of the experimental 
temperatures; e.g., at 30°C, this system has an 
Eh of +456 mv.
Sterilization of the apparatus

Except where noted, 350 ml of trypticase 
soy broth (Baltimore Biological Laboratory. 
Baltimore. Md.) was sterilized in the electrode 
vessel at 121°C for 15 min. The gas inlet and 
outlet assembly and the salt bridge were steri
lized at 121°C for 25 min.

KC1 agar was prepared by dissolving 3g of 
agar and 35g of KC1 in 100 ml of distilled water 
and autoclaving at 121°C for 15 min. The salt 
bridge was prepared by pouring the hot solu
tion of saturated KCI agar into the sterile salt 
bridge. Platinum and glass electrodes were steri
lized by immersion in a solution containing
0.05(7 sodium hypochlorite for 15 min. rinsed 
four times in sterile distilled water and dried

A  ELECTRODE VESSEL B GAS INLET AND OUTLET C.SALT BRIDGE
TUBE ASSEMBLY

Fig. 1 —Schematic drawing o f electrode vessel for measuring Eh and pH :
A = electrode vessel [1 = screw-cap tube for introduction and removal 
o f samples; 2 = port for gas inlet and outlet assembly (B ); 3  = port for 
glass electrode; 4 = port for platinum electrode; 5 -  port for salt bridge 
(C l] ;  B  = gas inlet and outlet assembly; C =  salt bridge.
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with sterile cheesecloth before insertion into 
the electrode vessel.

To prevent contamination during assembly 
of the various components, all sterile materials 
were placed in a bacteriological hood equipped 
with a germicidal lamp which was left on for 2 
hr before assembly of the vessels.
Equilibration of the medium

After assembly and before inoculation, the 
vessels were placed in the controlled tempera
ture bath and connected to the gas manifold. 
The compressed air used for aeration was ad

justed to a flow rate of 25 ml per min in each 
vessel and bubbled through the medium until a 
stable Eh was observed, 24-48 hr usually. 
When prepurified N2 was used for gassing, usu
ally at a flow rate of 75 ml per min per vessel, 
the vessels required 48-72 hr to attain a stable 
Eh.
Calculation of Eh,

The Eh of a system at pH 7.0 is referred to 
symbolically as Eh, and was calculated by the 
formula adapted by Leistner and Mirna (1959). 
Eh, = E + Eref + 2.303 (RT/E) (pH x -7.0),

where E = the measured potential; Eref = the 
potential of the saturated calomel reference 
electrode at the particular experimental temper
ature; 2.303 (RT/F) = a constant at a given 
temperature; and (pH X -7.0) = the pH correc
tion term.

This formula permits comparison of data of 
different experiments.
Organisms

Six serotypes of Salmonella and three 
strains of P. fluorescens were used. Salmonella 
serotypes included: 5. typhimurium, S. heidel- 
berg. S. infantis, S. tennessee, S. enteritidis and
S. thompson. P. fluorescens strains were desig
nated F21, F17 and 2. All organisms used in 
these studies were from the departmental stock 
collection (Dept, of Food Technology, Iowa 
State University, Ames) and previously had 
been isolated from poultry products.

In all instances, cultures were incubated at 
the temperature that was to be employed dur
ing the experiments (24 hr at 30 and 37°C; 
96-120 hr at 15°C) in trypticase soy broth.
Inoculation and enumeration

For pure culture studies at 15, 30 and 37°C, 
three or more vessels were inoculated with the 
particular Salmonella or Pseudomonas strain to 
yield approximately 102 103 cells per ml. For
mixed culture studies at 15 and 30°C, four ves
sels were inoculated with mixtures of selected 
Salmonella and Pseudomonas strains to yield 
varying initial ratios of Salmonella to Pseudo
monas.

During the pure culture investigations, 
trypticase soy agar (BBL) was used for enumer
ation of both Salmonella and Pseudomonas. 
For mixed culture enumeration, surface plating 
was used with the agar described by King et al.
(1954). This medium was evaluated along with 
trypticase soy agar and brilliant green agar 
(Difco); little variation was observed in counts 
with these media. Plates were incubated at 
either 15, 30 or 37°C, depending on the tem
perature used for cultivation.

RESULTS & DISCUSSION
Aerated conditions

Preliminary investigations were con
ducted using three different cultivation 
media to  evaluate the poising effect of 
these media. Poising effects have been de
scribed by Hewitt (1950) and Clark
(1960) as the capacity of systems (here, a 
sterile medium) to obstruct oxidation or 
reduction processes because the systems 
themselves have to be oxidized or re
duced before the level of electrode poten
tial can be altered appreciably. Nutrient 
broth (Difco), brain heart infusion broth 
(Difco), and trypticase soy broth (BBL) 
were examined.

Cultures in TSB showed the most 
marked effects in reduction in Eh, cell 
growth and maintenance of numbers, as 
well as pH changes. Additional work con
firmed that NB had a greater poising ef
fect than other media. Therefore, we de
cided to adopt TSB for future experi
ments. High (106 cells per ml) and low 
(102 cells per ml) levels of inoculum were 
also tested to determine wheter initial cell 
concentrations caused appreciable differ
ences in the Eh, pH and later cell num-

Table 1—Eh, Values (mvl-Pure cultures of Salmonellae

Organism
15°C (a

) 0 C

Minimum (hr) Final (hr) Minimum (hr) Final (hr)
S. typhimurium -243 (173) +63 (354) -422 (15) -3 (176)
S. heidelberg -220 (206) +20 (406) -410 (18) -33 (176)
S. infantis 285 (150) + 155 (406) -420 (14) 0 (176)
S. tennessee +80 (230) + 175 (326) -384 (19) -7 (185)
S. enteritidis -85 (238) + 135 (402) -412 (17) -15 (177)
S. thompson -315 (180) + 107 (404) -415 (11) -25 (187)

Table 2—pH Values—Pure cultures of Salmonellae

Organism
15°C 37° C

Minimum (hr) Final (hr) Minimum (hr) Final (hr)
S. typhimurium 6.24 (186) 7.85 (354) 5.73 (16) 8.23 (176)
S. heidelberg 6.45 (207) 7.90 (402) 5.95 (19) 8.25 (176)
S. infantis 6.25 (151) 8.70 (406) 5.85 (15) 8.20 (176)
S. tennessee 6.85 (234) 8.55 (326) 5.90 (20) 8.18 (185)
S. enteritidis 5.90 (240) 8.25 (404) 5.57 (21) 8.15 (177)
S. thompson 6.35 (181) 8.35 (402) 5.95 (12) 8.15 (187)

Fig. 2 —Growth, Eh 1 and pH  curves o f  S. typhimurium in TSB at 37° C.
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F ig . 3 —G r o w t h ,  E h n a n d  p H  c u rv e s  o f  S . ty p h im u r iu m  in  T S B  a t  1 S '  C.

Hou rs  I n cu b a te d  a t  15C

F ig . 5 —E f f e c t  o f  P. f lu o r e s c e n s  F 2 1  o n  c h a n g e s  in  E h lt  p H  a n d  g ro w th  
o f  S . t y p h im u r iu m  a t  a n  in it ia l  ra t io  o f  3 0 :1 ,  r e s p e c t iv e ly ,  in  T S B  a t  
1 5 °C .

F ig . 4 —E f f e c t  o f  S .  t y p h im u r iu m  o n  ch a n g e s  in  E h 1 , p H  a n d  g ro w th  o f  
P. f lu o re s c e n s  F 2 1  a t  an  in it ia l  ra t io  o f  1 :3 0 , re s p e c t iv e ly ,  in  T S B  a t  
ISC.

F ig . 6 —G r o w t h ,  E h 1 a n d  p H  c u rv e s  o f  S . h e id e lb e r g in  T S B  a t  I S C  w ith  
n o  a e ra tio n .

bers observed. With the exception that all 
the changes in the cultures occurred a bit 
sooner with the greater inoculum, the 
over-all patterns of the parameters, in
cluding maximal and minimal values, 
were similar. The lower level of inoculum 
was used to obtain a more characteristic 
growth curve and accompanying changes 
in Eh and pH.

Tables 1 and 2 show data obtained 
from the six pure cultures of Salmonella 
strains at 15 and 37°C. Table 1 gives 
minimum and final Eh7 values, and Table 
2 gives minimum and final pH values at
tained by these organisms. Figure 2 shows

Eh, pH and growth curves for S. typh i
murium  at 37°C. Very nearly coinciden
tally with the establishment of minimal 
Eh, the pH reached its minimum value. 
Viable cell numbers also attained a near 
maximum shortly thereafter. After mini
mal Eh was observed, there was a sharp 
rise in Eh for the next 1 0 -15  hr followed 
by a gradual increase to more positive 
values.

Figure 3 presents data obtained with
S. typhim urium  at 15°C. As would be ex
pected, there was a considerable lag phase 
as compared with that at 37°C. After 
approximately 120 hr, however, changes

in Eh and pH began to occur. There was a 
marked negative drift in Eh, although not 
to the degree observed at 37°C. The pH 
decreased rapidly. The fast recovery to 
higher Eh and pH values was obvious also. 
Attainment of stationary growth phase 
coincided with minimal Eh and pH val
ues. Maximum and final cell concentra
tions were the same, 2.2 x 109 cells per 
ml, with no evident decrease in popula
tion.

The trends of Eh, pH and cell growth 
in TSB for the six salmonellae tested were 
very similar to those for .S’, typh im urium . 
In most instances, survival of Salm onella.
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once in the stationary phase, was greater 
at the lower temperature (15°C). Attain
ment of maximal cell concentrations 
coincided with attainment of minimum 
Eh and pH values indicative of intense 
metabolic activity.

The reducing capacity of P. fluores
cens F21 was much less marked than that 
observed with salmonellae. Rather than 
dropping abruptly, the Eh in Pseudo
monas cultures continued to drift slowly 
downward during the entire experiment. 
The final Eh value was approximately 35 
mv greater at 15°C than at 30°C. Essen
tially no change in pH occurred during 
the time that the Eh decreased most 
rapidly, but a gradual increase to more 
basic values was observed when the bac
teria had reached the stationary phase.

Minimal and final Eh were identical 
for each strain of P. fluorescens exam
ined. The reducing capacities of the 
pseudomonads were similar in that the 
cultures exhibited only a gradual negative 
drift in Eh. Changes in pH were slight as 
compared to the values observed with the 
salmonellae. Again, maximum popula
tions of cells corresponded to the occur
rence of minimal Eh and pH values. These 
observations are consistent with those of 
Hewitt (1950), Borromeo (1969) and 
Tabatabai and Walker (1970).

Limited investigations using mixed cul
tures of S. typhim urium  and P. fluores
cens were undertaken in an effort to un
derstand the possible inhibition of one 
organism by another noted by Oblinger 
and Kraft (1970).

Figures 4 and 5 present data obtained 
from experiments done at 15°C in which
P. fluorescens F21 initially outnumbered
S. typhim urium  by a ratio of 30:1. Figure 
4 shows the effect o f  S. typhim urium  on 
changes in Eh, pH and growth of P. flu o 
rescens F21. The growth of the Salm onel
la had little or no effect on pH. The 
growth of the pseudomonads in mixed 
culture was somewhat less than that in 
pure culture even though these bacteria 
entered both log and stationary phases 
more rapidly in mixed culture. The maxi
mal population in pure culture was 4.4 x 
109 cells per ml vs. a maximum popula
tion of 2.0 x 109 cells per ml in mixed 
culture. Perhaps the effect of the Sal
monella on the pseudomonad is most ob
vious from the Eh curve which shows a 
more intense reduction down to a level of 
about -60 mv at 112 hr and then a 
gradual rise to a final Eh of +45 mv.

Figure 5 shows the effect of the 
pseudomonad on S. typhim urium  in 
regard to changes in Eh, pH and growth. 
The dominant influence of the pseudo
monad is evident especially in the curve 
for the pH which, in these mixed cul
tures, was essentially that of the pure cul
ture of P. fluorescens. The Eh curves 
show that the reducing activity in the

mixed culture began at approximately the 
time that the pseudomonad would have 
begun its reduction in pure culture, about 
140 hr before the pur t  Salmonella  strain. 
In mixed culture, the reducing capacity 
of the Salmonella  was not as great as in 
pure culture, yet the recovery of Eh 
towards the end of the experiment to a 
value of +63 mv is very near the final Eh 
value of +42 mv observed in pure culture. 
The Salmonella entered the logarithmic 
phase of growth much more quickly than 
when grown alone, by approximately 80 
hr. It is entirely possible that the pseudo
monad, through its metabolic reactions, 
provided the Salmonella with more readi
ly available nutrients. Also it is conceiv
able that the highly aerobic metabolism 
of the Pseudomonas strain consumed the 
available oxygen and thereby encouraged 
the growth of the Salmonella. Results 
that tend to support this second conclu
sion will be presented later. Numbers of 
Salmonella in mixed culture reached 1.0 
x 109 cells per ml and exhibited a de
crease in numbers over 354 hr, possibly 
due to some form of inhibition by 
Pseudomonas. The Pseudomonas did not 
show a decrease in numbers even though 
these organisms did not attain as high a 
population as they did in pure culture.

Nonaerated conditions
Experiments also were conducted 

where there was no aeration of the cul
ture with compressed air. The vessels 
were assembled and treated as if the cul
tures were to be aerated, but the air sup
ply was not used. It has been reported 
(Clark, 1960) that there is a layering of 
Eh that affects the accuracy of the meas
urements recorded.

Absence of added aeration had little 
effect on early phases of Eh, pH, and 
growth curves of the six salmonellae 
strains investigated. Layering of Eh was 
not considered a significant problem since 
measurements were made on the unagi
tated cultures and then compared with 
readings taken after slight swirling of the 
cultures. Readings varied in the range of 
±5 mv. Figure 6 shows results typical of 
nonaerated experiments. In our investiga
tions, S. heidclberg was tested at 15°C. 
The characteristic recovery of both Eh 
and pH to higher values was greatly re
tarded without aeration. Growth and sub
sequent changes in Eh and pH at 15°C 
occurred faster than they did in pure cul
ture at 15°C under aeration. This may 
help to explain the early initiation of 
growth by S. typhim urium  in mixed cul
ture with P. fluorescens; it is possible that 
P. fluorescens lessened the air content of 
the medium, thereby making it easier for 
the Salmonella to grow. By referring to 
the pure culture observations made with 
aeration (Tables 1 and 2), comparisons of 
minimal and final Eh and pH values are 
possible.

Inert gassing
Experiments were performed using 

prepurified nitrogen (PPN2 ) as a means of 
lowering the initial Eh of sterile media 
and then observing the presence or ab
sence of growth by particular organisms 
after inoculation. Results were compared 
with those obtained when compressed air 
was used. Tests of this type were designed 
to try to determine if there were limiting 
initial Eh values below which prolifera
tion would not take place or would be 
greatly hindered. Various levels of Eh 
could be obtained by varying the flow 
rate of PPN2 into the cultures.

When PPN2 was used to lower the Eh 
of the medium, the P. fluorescens strains 
used in these studies did not grow at Eh 
levels below +80 mv. Salmonella strains 
were not able to initiate growth at Eh 
levels lower than +30 mv.

Generalizations
Through the use of the apparatus and 

techniques described, observations on Eh, 
pH and growth of Salmonella and P. flu o 
rescens have been readily reproducible. 
Similarities within genera of Salmonella 
and Pseudomonas are evident, but at the 
same time there were slight but consistent 
differences between species. This observa
tion is compatible with that made by Bur
rows and Jordan (1935) and tends to  sup
port the close metabolic relationship 
between these organisms. Zador (1961) 
suggested that redox potential in bacterial 
cultures could be an important aid to the 
classification of bacteria.

In instances when very intense reduc
ing conditions were established (e.g., for 
the salmonellae examined) the oxidizing 
effect of molecular oxygen was essen
tially undetectable.

There seem to be definite values of Eh 
that determine if a given organism can 
initiate growth and/or survive. Values of 
this type have been reported for the 
anaerobes, particularly the Clostridia 
(Barnes and Ingram, 1956; Reed and Orr, 
1943).

The potentiometric method of Eh 
measurement may be less sensitive to 
changes in culture Eh than has been sug
gested by others. In our experiments, 
concentrations of organisms approached 
10s to 106 cells per ml before detectable 
changes in Eh were observed.

Measurements of Eh, pH, and growth 
at 15°C showed that,  once the sal
monellae investigated had adapted to the 
somewhat adverse environment, they pos
sessed the capacity to proliferate actively 
and attain large populations. Moreover, 
the salmonellae and the Pseudomonas 
persisted for a longer time at 15°C than 
at 30 and 37°C.

In the mixed culture studies, fewer 
cells per ml were produced by both the 
salmonellae and Pseudomonas strains 
than in pure culture. The pseudomonads
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may have stimulated the salmonellae 
initially, but produced an inhibitory ef
fect toward the end of the experiments. 
Eh curves obtained from mixed cultures 
show a blending of the Eh trends of both 
organisms. On the other hand, the pH val
ues obtained in mixed show the prepon
derant influence of the Pseudomonas. 
Other effects may be revealed if studies 
with other initial Salmonella: Pseudo
monas ratios are conducted.

Work of  this nature may have applica
tion to inhibition of growth on meats and 
poultry under various packaging condi
tions. Investigations of this type also are 
an aid in understanding the relationships 
of Salmonella and typical spoilage or
ganisms of  these products.
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FACTO RS ASSO CIA TED  WITH POSTMORTEM IN CREA SE OF EX T R A C T A B LE  Ca
IN CHICKEN B REA ST M USCLE

INTRODUCTION
IN LIVING MUSCLES, Ca ion is known 
as a regulating agent of the contractile 
system (Ebashi and Endo, 1968). Recent
ly it has been suggested that Ca ion has an 
important role in the meat tenderization 
phenomenon during postmortem aging; 
Ca ion removes specially the Z-lines from 
muscle fibers (Davey and Gilbert, 1969; 
Busch et ah, 1972a), weakens the 
strength of muscle fibers (Nakamura, 
1972a, b; Busch et al., 1972b) and the 
extractable Ca from muscle tissues in
creases gradually during postmortem ag
ing (Arnold et ah, 1956; Nakamura,
1973). As the tenderness of meat varies 
with various sorts of pre- or postmortem 
treatments of muscles, it seems necessary 
to know the details of Ca release from 
muscle tissues. The cause of postmortem 
release of Ca, however, has not yet been 
clarified.

In this work, to  investigate the factors 
associated with the postmortem increase 
of extractable Ca, experiments were done 
about the poultry breast muscle which 
was treated previously to change the post
mortem glycolysis and the rate of ATP 
breakdown.

EXPERIMENTAL
CHICKEN (12-14 month old) of the White 
Leghorn (female) strain were used in this ex
periment. Muscle samples were obtained from 
Pectoralis major muscles. All birds were killed 
by cutting the jugular vein and earatid arteries, 
skinned without scalding and eviserated. The 
carcass was placed in a plastic bag and aged in 
drained crushed ice.

Postmortem glycolysis in muscle tissues was 
controlled either by injecting epinephrine (an 
intramuscular dose of 4 mg/kg body weight) 
before slaughter (Khan and Nakamura, 1970) 
or by aging minced muscle tissues from un
treated birds. Monoiodoacetate treatment was 
selected as the condition of postmortem treat
ment; muscles were minced immediately after 
slaughter, each 5-g portion was homogenized 
with 50 ml ice cold distilled water, sodium 
monoiodoacetate (2 mg%) added and kept at 
0°C for the desired length of time, up to 48 hr.

Tests were also made on prerigor frozen 
muscles in order to obtain conditions known to 
cause a more rapid than normal rate of ATP 
loss (de I remery and Pool. I960). In these tests 
muscles were removed from the carcass immedi
ately after slaughter, placed in a plastic bag and 
frozen in a dry ice-acetone bath. After keeping 
for 30 min at this temperature, muscles were

thawed in running tap water and kept at 0°C 
for the desired length of time, up to 48 hr. To 
minimize the effect of bird-to-bird variability 
within the treated and untreated groups, com
parisons were made between the left and right 
muscles from one bird, one muscle being frozen 
and thawed, and the other as a control muscle.

Extractable Ca was determined in water ex
tracts by the atomic absorption method as de
scribed previously (Nakamura, 1973). 5g of 
minced muscles was extracted by homogenizing 
with 30 ml ice cold distilled water for 5 min in 
a Waring Blendor, with motor speed about
2,000 rpm. To inhibit postmortem glycolysis 
during extraction, sodium monoiodoacetate (2 
mg%) was added to the water used for the ex
traction. The homogenate was made up to 50 
ml with water and centrifuged for 10 min at 
4°C and 10,000G. A definite amount of the 
supernatant was ashed by the wet combustion 
method using HNO3-HC104 and concentrated 
until the Ca concentration became as high as
0.1 mM or more. Before Ca determination the 
extracts were neutralized and 1% of EDTA-Na2 
was added.

ATP content of muscles was analyzed by 
thin layer chromatography (Randerath and 
Randerath, 1964) after extraction with per
chloric acid according to Davidek and Khan
(1967). To follow the disappearance of ATP, an 
absorbance ratio between 258p and 250p was 
measured in the perchloric acid extracts of mus
cles (Khan and Trey, 1971). pH of muscles was 
measured directly with a needle-type glass elec
trode using a Hitachi-Horiba pH meter (Hitachi 
Co. Ltd., Tokyo).

RESULTS & DISCUSSION
pH OF THE MUSCLE samples used as 
controls dropped from 6.8 to the ulti
mate pH, 5.8 until 8 hr after slaughter

but the release of Ca increased gradually 
until 24 hr after slaughter (Table 1). The 
pH of iodoacetate-treated samples and 
samples obtained from epinephrine- 
treated birds had a constant pH, 6.8 and
7.0, respectively and remained the same 
during the postmortem aging period. The 
postmortem changes in their extractable 
Ca content, however, were largely differ
ent; that of iodoacetate-treated samples 
was low at the initial period of aging and 
increased gradually until 0.13 jumoles/g 
muscles, while that of the latter was as 
high as that of the aged control muscles 
at the initial period of aging and did not 
change during further storage. The ex
tractable Ca content of these two kinds 
of muscles at 48 hr after slaughter was 
almost the same as that of control mus
cles at the same aging period. Although 
postmortem pH change is often con
sidered to be the cause of the release of 
Ca from muscle tissues (for example, 
Lawrie, 1966), the result in Table 1 clear
ly shows that postmortem pH change and 
the release of Ca from muscle tissues does 
not occur concomitantly. On the other 
hand, release of Ca and loss of ATP oc
curred concomitantly in both control and 
epinephrine-injected muscles (Fig. 1).

Tests made on prerigor frozen and 
thawed muscles also confirmed that re
lease of Ca and loss of ATP occurred con
comitantly (Fig. 2). In this experiment, 
an easier method to follow the disap
pearance of ATP was needed rather than 
the time-consuming measurement of 
ATP, since a large number of samples had

Table 1 —Effects of monoiodoacetate treatment and epinephrine injection on the extractable 
Ca content of chicken breast muscle. Values are averages of five birds3

Treatment 0
Aging time (hr)
8 24 48

None pH 6 .8  ± 0.1 5 .8  ± 0.1 5 .8  ± 0.1 5 .8  ± 0.1
Ca (pmoles/g 

muscle)
0 .031 ± 0 .0 0 6 0 .0 8  ± 0.01 0 .1 3  ± 0 .0 3 0 .1 3  ± 0 .0 3

M onoiodoacetate pH 6 .8  ± 0.1 6 .8  ± 0.1 6 .8  ± 0.1 6 .8  ± 0.1
treatm ent

Ca (pmoles/g 
m uscle)

0 .0 2 8  ± 0 .0 0 3 0 .0 8  ± 0.01 0.11 ± 0 .02 0 .1 2  ± 0 .0 2

Ep inep hrine pH 7 .0  ± 0 .2 7 .0  ± 0 .2 7 .0  + 0 .2 7 .0  ± 0 .2
in jection

Ca (jumoles/g 
m uscle)

0 .1 3  ± 0.01 0 .1 3  ± 0 .0 2 0 .1 3  ± 0 .02 0 .1 3  ± 0 .0 2

a M e a n  ± S D

Volume 38 (1973)-JOURNAL OF FOOD SCIEN CE-A['\\2



1114- JO U R N A L  OF FOOD SC IEN C E-V o lum e 38 (1973)

ATP

---------  ABSORBANCE RATIO

TIME AFTER SLAUGHTER(HR)

<cn
U J O '

u  s
<  p
g c êO LOco o-j
CD ^
<

F ig . 1 — T h e  p o s tm o r te m  c h a n g e s  in  A T P  a n d  a b s o rb a n c e  ra t io  o f  c o n 

tro l  (o) a n d  e p in e p h r in e - in je c te d  ( • )  sa m p le s .

lT 
L U  
__Iu EXTRACTABLE Ca

o
t—
<

uj E 
o  9  z  10
<  Cm o 
%  E 
O  co
LO  IT)

F ig . 2 - P o s t m o r t e m  c h a n g e s  in  an  a b s o rb a n c e  ra t io  a n d  e x t r a c ta b le  Ca  
c o n t e n t  o f  c o n t r o l  (o) a n d  f r o z e n - th a w e d  ( • )  sa m p le s.

to be analyzed to investigate the relation 
between the extractable Ca and the ATP 
content o f  muscles. For this purpose, an 
absorbance ratio according to Khan and 
Frey (1971) was selected after the com
parison of this value and the amount of 
ATP measured in muscles of control and 
epinephrine injected birds (Fig. 1). In 
frozen-thawed muscles, extractable Ca in
creased very rapidly and reached a con
stant value, 0.13 /umoles/g muscles, at 3 
hr after thawing (Fig. 2). The absorbance 
ratio of the same muscles decreased rapid
ly and reached a constant value, 0.98, at 
the same time. This value of absorbance 
ratio was almost equal to that of control 
muscles aged for 24 hr, of which ex
tractable Ca content was the same as that 
of frozen-thawed muscles, 0.13 /imoles/g 
muscles.

Relation between the increase of the 
extractable Ca and the loss of ATP during 
postmortem aging was further ascertained 
by plotting all the experimental data of 
both the control muscles and the frozen- 
thawed muscles (Fig. 3); extractable Ca 
increased gradually until an absorbance 
ratio of about 1.0 was reached which cor
responded to the 7 0 —80% loss of ATP 
(judged from the result of Fig. 1), and 
increased rapidly below this value of ab
sorbance ratio. All results in the present 
work clearly show that Ca is released 
from muscle tissues during postmortem 
aging as the loss of ATP proceeds.

Since sarcoplasmic reticulum mem
branes have a specific Ca accumulating 
ability and easily release Ca under physio
logical condition, the increase of extract- 
able Ca during postmortem aging seems 
to be due to the release of bound Ca from 
it. In this case, ATP is necessary for the 
Ca accumulation of sarcoplasmic reticu
lum membranes (Ebashi and Endo,
1968). So, it is most probable that the 
loss of ATP reduces the Ca accumulating 
ability of sarcoplasmic reticulum mem-

0 0.0 A 0 0 8  0.12 0.16
EXTRACTABLE Ca(um/gM USCLES)

F ig . 3 —R e la t io n  b e tw e e n  th e  a b s o rb a n c e  ra tio  
a n d  e x tra c ta b le  C a  c o n t e n t  o f  b o t h  c o n t r o l  a n d  
fro z e n - th a w e d  sa m p le s.

branes. The Ca accumulating ability of 
sarcoplasmic reticulum membranes is 
shown to decrease gradually during post
mortem aging and the cause of it is sug
gested as the decrease of pH (Greaser et 
al., 1967, 1969; Goll et al., 1971). Both 
the decrease of pH and ATP, however, 
often occur concomitantly under normal 
aging condition and the effect of ATP 
loss on the Ca accumulating ability of sar
coplasmic reticulum membranes has not 
been studied fully. So, the present result 
does not exclude the possibility that sar
coplasmic reticulum membranes release 
the bound Ca with the loss of ATP and 
then change their properties with some 
other causes, for example, decrease of pH 
or the action of proteolytic enzyme (Goll 
et al., 1971).
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SU BSTRA TE INHIBITION OF CHICKEN M USCLE 
LA C T A T E D EH YD RO GEN ASE AS A FUNCTION OF TEM PERA TU R E

INTRODUCTION
THE RATE OF glycolysis in postmortem 
muscle tissue has been implicated in vari
ous quality attributes of muscle foods 
such as tenderness, the pale soft exuda
tive (PSE) condition, protein solubility 
and water-holding capacity. An elucida
tion of the factors controlling the activi
ties of the glycolytic enzymes postmor
tem is of significance, therefore, in 
understanding the biochemical changes, 
and thus the quality changes, occurring in 
muscle tissues postmortem.

Lactate dehydrogenase (LDH) cata
lyzes the final step in muscle glycolysis,
i.e., the reduction of pyruvate to lactate 
with the oxidation of NADH to NAD+. 
LDH is a tetrameric enzyme with a m o
lecular weight of approximately 135,000. 
Two different subunits give a potential 
for five isoenzymic forms. In chicken 
breast muscle, one species predominates 
which contains four muscle-type subunits 
(lactate dehydrogenase isoenzyme 5). We 
had previously shown that this isoenzyme 
is capable of binding to the particulate 
fraction of homogenized chicken breast 
muscle and that such binding influences 
the kinetic properties of the enzyme 
(Hultin et al., 1972).

Lactate dehydrogenase is an enzyme 
which is inhibited by its substrate. This is 
most likely due to the formation of an 
abortive ternary complex of lactate de
hydrogenase  :NAD+ : pyruvate (Fromm, 
1 961 ; Stambaugh and Post, 1966). It has 
been suggested that the formation of this 
ternary complex and the subsequent in
hibition of the enzyme is a regulatory 
mechanism in the metabolic control of 
LDH (Kaplan et al., 1968; Cahn et al.,
1962).

In this paper we present results of a 
study to determine the effect of tempera
ture on inhibition of LDH by substrate 
and also how this inhibition is affected 
when the enzyme is bound to the sub- 
cellular particulate fraction. The tempera
tures studied represent those encountered 
during the postmortem cooling of muscle 
tissue where glycolysis may be particular
ly active. As postmortem time progresses, 
the pH of the tissue decreases, making it 
more likely that the lactate dehydrogen
ase will be bound to the particulate struc
tures of the cell (Hultin and Westort,
1966).

MATERIALS & METHODS

FEMALE CHICKENS of mixed breeds were ob
tained from the Dept, of Veterinary & Animal 
Sciences at the University of Massachusetts. 
The birds were fed a commercial pelleted diet 
ad libitum.

NADH and NAD+ were purchased from P-L 
Biochemicals Inc. Sodium pyruvate and chlor- 
tetracycline were products of Nutritional Bio
chemicals Corp. All other chemicals were the 
purest available commercially.

Methods
The details of the preparation of enzymes, 

the assay techniques, and control measures have 
been described in detail previously (Ehmann 
and Hultin, 1973). Major points of the proce
dure will be briefly described here.

Preparation of enzymes. A particulate frac
tion rich in lactate dehydrogenase activity was 
prepared by homogenization of chicken breast 
muscle in water followed by centrifugation and

further washing with deionized distilled water. 
Soluble enzyme was prepared from this particu
late lactate dehydrogenase by solubilization 
with a salt solution followed by dialysis. A mus
cle particulate fraction essentially free of lac
tate dehydrogenase activity was prepared by 
washing the LDH-rich fraction several times 
with 0.15 M sodium chloride followed by sever
al water washes. This enzyme-poor particulate 
fraction was used to adjust the enzyme-rich par
ticulate fraction to the desired ratio of insolu
ble protein content to enzyme activity.

Assay conditions. The assay medium for the 
stopped-flow assay contained imidazole buffer, 
10 mM, pH 6.5; NADH, 0.1 mM; and various 
concentrations of pyruvate as indicated in the 
Results section. These conditions were chosen 
to maintain most of the lactate dehydrogenase 
bound to the particulate fraction during the as
say. In all cases, less than 2% of the total en
zyme in the bound enzyme preparation was 
solubilized by the assay medium. This amount 
of soluble enzyme had a negligible effect on

Fig. 1 —Reciprocal plots o f initial velocity vs. pyruvate concentration o f
soluble LDH at 23°C with I— o - o —) and without <--------• -----• --------)
preincubation with NAD+. The enzyme concentration was 1O' 7 M, the 
pH was 6.5 and the concentration o f NADH was 0.1 mM. When used, 
the concentration o f NAD+ was 0.1 mM and incubation time was 15 
min. A stopped-flow assay was used. The lines were obtained by com
puter calculation o f the least-square straight line fit, ignoring data in the 
non linear portions o f the curves.
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I0'3/  [PYRUVATE ] (M'1)

Fig. 2—Reciprocal plots o f initial velocity vs. pyruvate concentration o f
soluble LD H  at 16°C with (— o - o — ) and without I------- • — • -------- )
preincubation with NAD+. The conditions were the same as for Figure 
1 except that the incubation time o f enzyme with NAD+ was 30 min.

Fig. 3—Reciprocal plots o f initial velocity vs. pyruvate concentration o f 
soluble LD H  at 4°C  with (—o~o—) and without I------- • — • -------- ) pre
incubation with NAD+. The conditions were the same as for Figure 1 
except that the incubation time o f enzyme with NAD+ was 60 min.

Fig. 4—Reciprocal plots o f initial velocity us. pyruvate concentration o f
bound LD H  at 23°C with ( - o - o — ) and without (------- • — • -------- )
preincubation with NAD+. The conditions were the same as described 
for Figure 1. The bound enzyme preparation contained approximately 
10 mg o f insoluble protein per ml in the final assay medium. Preincuba
tion time was IS  min.

Fig. 5—Reciprocal plots o f initial velocity vs. pyruvate concentration o f
bound LD H  at Iff 'C  with ( - o - o —) and without I------- • — • -------- )
preincubation with N AD +. The conditions were the same as described 
for Figure 4. Preincubation time was 30 min.

evaluation of the results. Solubilization studies 
were performed at 4, 16 and 23°C.

Adjustment of enzyme concentrations. The 
enzyme concentrations in the bound and solu
ble preparations were adjusted to equal values 
by determining the lactate dehydrogenase activ
ity under conditions of pH (7.5) and ionic- 
strength (0.050) where all of the enzyme in the 
bound preparation would be solubilized. Thus, 
a direct comparison could be made between the

bound and soluble preparations. VMax was 
determined by extrapolation of double recipro
cal plots of activity vs. substrate concentra
tions. Enzyme concentrations were then calcu
lated based on the turnover number of Pcsce et 
al. (1964) and adjusted to 10'7M for the 
stopped-flow assays.

Stopped-flow assay. The soluble and bound 
lactate dehydrogenase preparations were as
sayed in a stopped-flow apparatus, and the

change in transmission at 340 nm was recorded 
on a storage oscilloscope. Temperatures of reac
tion were maintained by a circulating water 
bath. The final concentration of insoluble pro
tein in the bound preparation was approximate
ly 10 mg per ml. The final concentrations of 
the reagents in the assay were as described 
above.

Assay in the presence of NAD+. To study 
the effect of product inhibition, NAD+ was in-
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Fig. 6— Reciprocal plots o f initial velocity vs. pyruvate concentration o f 
bound LDH at 4°C  with t - o - o —J and without (--------• ----- • -------- ) pre
incubation with NAD+. The conditions were the same as described for 
Figure 4. Preincubation time was 60 min.

Fig. 7—Percentage o f initial velocity o f LDH in the presence o f NAD+ 
compared to that in its absence as a function o f pyruvate concentra
tion. The data for 4, 16 and 23° C are taken from Fig. 1—6 and those 
for 40° C from our earlier work (Ehmann and Hultin, 19731.

cubated with the enzyme for a period of time 
which varied with the temperature. These pre
incubation times were 15 min at 23°, 30 min at 
16° and 60 min at 4°C. These times were pre
determined as those necessary to give maximal 
inhibition. In most studies of substrate inhibi
tion of LDH, the NAD+ is generated during 
the reaction. Pre-incubation of the enzyme with 
the NAD+ should more nearly duplicate condi
tions in situ.

There was no binding of NAD+ or NADH to 
the particulate fraction of the muscle, and there 
was no oxidation of NADH in the absence of 
pyruvate.

Determination of protein. The protein con
tents of the enzyme-rich and enzyme-poor par
ticles were determined by a biuret procedure 
(Gornall et al., 1 949).

RESULTS
DOUBLE RECIPROCAL plots of initial 
velocity versus substrate concentration 
for soluble enzyme in the presence and 
absence of NAD+ are shown for 23°, 16° 
and 4°C in Figures 1 through 3. It is clear 
that there is a significant amount of in
hibition of the soluble enzyme by NAD+ 
in the presence of pyruvate. Although it 
is difficult to evaluate the kinetics in 
great detail because of the high degree of 
inhibition at high substrate concentra
tions which results in a very small 
straight-line portion of the curves of the 
inhibited enzyme, it does appear that the 
type of inhibition is a function of temper
ature. The inhibition discussed here is 
product inhibition and not substrate in
hibition since the data points at high 
pyruvate concentrations have been ex
cluded from the plots. The effect at all 
temperatures is typical of mixed inhibi

tion, but the data at 4° and 23°C indicate 
an almost noncompetitive situation, that 
is, where the NAD+ does not interfere 
with the binding of substrate but does 
interfere with the breakdown of the 
enzyme-substrate-inhibitor complex. At 
16°C a mixed type of inhibition is seen, 
which indicates that both the binding of 
substrate is reduced and the breakdown 
of the enzyme:substrate complex is in
hibited. These data do not deviate greatly 
from a competitive type of inhibition. We 
had earlier shown that at the physiologi
cal temperature (40°C), the inhibition 
was not greatly different from an uncom
petitive type of inhibition (Ehmann and 
Hultin, 1973). Uncompetitive inhibition 
means that the inhibitor promotes the 
binding of the substrate but does not lead 
to a complex that will break down to give 
the end product. It appears that the in
hibition kinetics of LDH by NAD+ and 
pyruvate are very complex and that there 
are some very significant temperature ef
fects.

In Figures 4 through 6 are shown the 
reciprocal plots of velocity versus sub
strate concentration for the bound en
zyme at 23, 16 and 4°C. These results 
indicate that there is considerably less in
hibition of the bound enzyme at these 
temperatures than for the soluble en
zyme. The small amount of soluble en
zyme in the bound preparation makes 
any further evaluation of these data tenu
ous. Previous work at 40°C indicated that 
there was no inhibition at the physiologi
cal temperature (Ehmann and Hultin,
1973).

The data in Figures 1 - 3  indicate that

in the absence of NAD+, the activity of 
soluble LDH is nonlinear at the lowest 
pyruvate concentration in the double 
reciprocal plots. The very low activities 
observed at the low pyruvate concentra
tion at all temperatures suggest coopera- 
tivity for the soluble LDH. We had ob
served such a phenomenon previously for 
soluble LDH at 1.5 X 10‘7M and 6.9 X 
10'9 M utilizing NADPH as cofactor at pH
6.7 (Hultin et al., 1972), but cooperativ- 
ity was not seen with either bound LDH 
under the same conditions or with soluble 
LDH at 1CT10M with NADH as cofactor. 
In this study, no cooperativity was ob
served with bound LDH at 4° or 16°C, 
but there did appear to be some at 23°C.

The percentage of the initial velocity 
of lactate dehydrogenase in the presence 
of NAD+ to that in its absence as a func
tion of pyruvate concentration at 4°, 16°, 
23° and 40°C is presented in Figure 7. 
The last temperature is included here to 
compare results at the physiological tem
perature with those in this study. It ap
pears that two major points can be made 
concerning the data. First, the soluble en
zyme is obviously more sensitive to in
hibition by NAD+ than is bound LDH. 
The second point is that whereas the ratio 
of activity of soluble LDH in the presence 
and absence of NAD+ is not a function of 
temperature, there appears to be a defi
nite dependency on temperature in the 
case of the bound enzyme. At 40°C there 
is little or no inhibition at any substrate 
level; however, at the lower temperatures 
of 4, 16 and 23°C, there is a measurable 
amount of inhibition at the higher sub
strate concentration.
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DISCUSSION
IT IS OBVIOUS from the results pre
sented that the inhibition kinetics of lac
tate dehydrogenase of chicken breast 
muscle are very complex, being affected 
both by temperature and by whether the 
enzyme is bound to the particulate frac
tion of the homogenized tissue. The vary
ing effect of temperature on substrate in
hibition may explain the differing results 
that people have observed in evaluation 
of LDH activities as a function of temper
ature (Vesell, 1965). If the studies are 
carried out in whole homogenates, the 
possibility of interaction of enzyme with 
the particulate structures may also occur, 
further affecting the kinetic properties of 
the enzyme and making interpretation of 
the results more complex. The low inhibi
tion of bound LDH may be due to preser
vation of the tetrameric integrity of the 
enzyme due to the binding (Ehmann and 
Hultin, 1973) since it has been suggested 
that the ternary complex cannot form un
less the LDH first dissociates into its 
monmeric subunits (Griffin and Criddle,
1970). If this is true, then the corollary 
to this would be that under the condi
tions studied in this report,  soluble LDH 
must dissociate. Whether conditions in 
situ are such as to allow for dissociation 
of soluble LDH in the cytoplasm is not 
known. However, if dissociation to 
monomers is required for the ternary 
complex to form, then inhibition by 
NAD+ and pyruvate in situ could only 
occur if the conditions in the cytoplasm 
allowed dissociation.

Our results point out the importance 
of examining the kinetic properties of 
this enzyme, and possibly others, over the 
range of temperatures used in food stor
age. It may not be always possible to 
simply extrapolate inhibition data from 
one temperature to another, expecting 
only slight quantitative changes due to 
lowering of the temperature. There may 
be qualitative differences as well.

In a previous paper (Hultin et al.,
1972) we had suggested a rationale for 
the phenomenon of binding-solubilization 
of lactate dehydrogenase to the particu
late fraction of the skeletal muscle cell. 
This hypothesis was based on the lower 
activity of the enzyme when bound com 
pared to when it was in a soluble form. 
This, along with the effect of NADU in 
solubilizing the enzyme, was suggested to 
be a control mechanism in situ. The data 
presented in this report fit in with this 
hypothesis. The additional feature now 
which would have to be added to the 
hypothesis is that the bound enzyme 
gives a low but relatively steady activity 
even under conditions of high NAD+ con
centrations since it is not strongly subject 
to inhibition by NAD+. On the other 
hand, even though the activity of the 
soluble enzyme can be very high, it is also 
very susceptible to control by NAD+ and 
pyruvate concentrations. Thus the bound 
enzyme gives a low but steady rate of 
activity, whereas the soluble enzyme has 
the potential for having a high activity 
but this activity is subject to a fine con
trol.
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TEM P ER A TU R E DEPEN DEN CE OF TH E M ICH AELIS CONSTANT 
OF CH ICKEN  BREA ST M USCLE LA C TA TE DEH YD RO GEN ASE

INTRODUCTION
A L T H O U  G H t e in pe rat ure-de pen dent
changes in the kinetic properties of en
zymes in foods would be extremely 
im portan t  in understanding changes 
which occur in foods postmortem or 
post-harvest, surprisingly little attention 
has been given to this facet of enzyme 
research. It is generally assumed that 
there is a decrease in enzymic activity 
with a decrease in temperature which can 
be expressed by the Arrhenius relation
ship between reaction rate and reciprocal 
of temperature. The rates are determined 
in dilute enzyme solutions and with con
centrations of substrate in large excess. 
The possibility must be considered, how 
ever, that the kinetic characteristics of 
enzymes may be subject to changes 
brought about by subtle conformational 
changes due to changes in temperature. 
Conformational changes in enzymes due 
to a variety of influences are well docu
mented.

We report here the results of a study 
on the effect of temperature on some 
kinetic properties of chicken breast 
muscle lactate dehydrogenase (LDH). 
This enzyme was chosen because it is a 
tetrameric enzyme, and subtle changes 
would more likely be apparent in an 
enzyme with subunit structure than in 
one consisting of a simple polypetide 
chain. The LDH from chicken breast 
muscle is comprised of four muscle-type 
subunits. Results of our study indicate 
that important changes occur in this 
enzyme with a reduction of temperature 
which are manifested by a change in the 
kinetic properties of the enzyme. The 
principal change is that the enzyme 
becomes more efficient catalytically at 
low substrate concentrations as the 
temperature is lowered to 4 C. This 
means that under conditions found in the 
cell, the enzyme retains much more of its 
activity than would be predicted on the 
basis of the Arrhenius relationship ob
served at high substrate concentrations. If 
this phenomenon proves to be wide
spread. it would have important implica
tions in the control of enzymic activity in 
foods during storage.

2 8

Fig. 1 —Arrhenius plots o f soluble and bound 
LDH. The conditions o f assay are described in 
the text.

MATERIALS & METHODS
BRLAST MUSCLE of female domestic chick
ens was used as the test material for preparation 
of the soluble and bound enzymes and the 
particulate fractions. NADH was purchased 
from P-L Biochemicals, Inc. Potassium pyruvate 
was obtained from Sigma, and chlortetracycline 
was a product of Nutritional Biochemicals 
Corp. All other chemicals were the purest avail
able commercially.

Preparation of enzymes
Bound LDH was prepared by homogenizing 

chicken breast muscle in deionized distilled 
water followed by centrifuging and further 
washings in water. Soluble LDH was prepared 
by solubilization of the bound enzyme with
0.I5M sodium chloride. A particulate fraction 
washed free of enzyme was used to adjust the 
ratio of enzymic activity and insoluble protein 
in the bound enzyme preparation. The details 
of these procedures have been described pre
viously (Ehnrann and Hultin, I 973).

Assay conditions
The stopped-flow assays were carried out in 

imidazole buffer. 10 mM, pH 6.5; NADH, 0.1 
nrM; and various concentrations of pyruvate as 
indicated in the Results section. The enzyme

concentration was 10"’ M for both the bound 
and soluble enzyme. Enzyme concentrations 
were determined by assaying the enzyme under 
conditions where all of the LDH in the bound 
preparation was solubilized, i.e., at pH 7.5 and 
high ionic strength. The solubilization observed 
under the conditions used in the stopped-flow 
assay was minimal, generally being less than 1%. 
Determinations of solubilization were carried 
out at all the temperatures used in the assays,
i.e., 4, 16, 23 and 40°C. The final concentra
tion of insoluble protein of the bound prepara
tion in the assay medium was approximately 10 
mg per ml. Details of the procedure were de
scribed previously (Ehmann and Hultin, 1973).

The stopped-flow assay
A stopped-flow assay was carried out by 

placing in one syringe the imidazole buffer and 
NADH and pyruvate (at twice the desired final 
concentrations). The other syringe contained 
buffer and either the soluble or bound enzyme. 
Changes in transmission at 340 nm were record
ed on a storage oscilloscope. Temperature in 
the chamber was maintained by circulating 
water from a controlled temperature bath. 
Details of the procedure have been described by 
us (Ehmann and Hultin, 1973).

Determination of protein content
Protein content of the bound enzyme was 

determined by a biuret procedure (Gornall et 
al„ 1949).

RESULTS

INITIAL VELOCITIES were measured as 
a function of pyruvate concentration for 
both bound and soluble LDH at 40, 23, 
16 and 4°C. Double reciprocal plots of 
initial velocity versus substrate concentra
tion were made, and maximal velocities 
(VMax ) and Michaelis constants (Km ) 
were calculated by standard procedures. 
When the natural logarithms of the maxi
mal velocity were plotted against the 
reciprocal of temperature in the usual 
Arrhenius-type plot, two straight lines 
were obtained (Fig. 1). The slopes of the 
lines are related to the function called the 
activation energy, which is a measure of 
how the reaction velocity changes as a 
function of temperature. Although the 
activity of the bound LDH was always 
less than that of the soluble, the slopes of 
the lines are very similar. The activation
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Fig. 2—Change in Michaelis Constant (K/yf) as a function o f tempera
ture.

energy was calculated to be 9400 calories 
per degree mole for the soluble and 9500 
calories per degree mole for the bound 
enzyme. Within experimental error, these 
are equivalent. The response, therefore, 
of both the soluble and the bound 
enzyme to temperature is essentially the 
same although the absolute rates are con
siderably different.

In Figure 2 are shown the data when 
the Michaelis constant is plotted against 
temperature for both the bound and 
soluble enzyme. There is a slight increase 
in the Michaelis constant of the bound 
enzyme compared with the soluble. This 
was true for all the temperatures exam
ined even though the differences were not 
very large. We suggest that perhaps 
binding of the LDH to the subcellular 
particulate fraction creates a diffusion 
layer around the enzyme. This diffusion 
layer necessitates a higher concentration 
of substrate in the bulk phase for the sub
strate to be at the same concentration at 
the site of the bound enzyme as is at
tained in solution for soluble LDH. 
Another possibility might be that binding 
of the enzyme per se produces a con
formational change in the enzyme which 
results in lower efficiency of the bound 
enzyme.

The effect of temperature on the K m 
values of both bound and soluble LDH is, 
however, similar, and there is a very signi
ficant decrease of Km with decrease in 
temperature. The major change occurs in 
the range between 40 and 23 C. The 
decrease in Michaelis constant with de
creasing temperature means that the 
enzyme retains a greater proportion of its 
maximal activity at low substrate concen
trations as the temperature is lowered. 
There is about a fivefold difference in the 
Michaelis constant for the enzymes 
between 4 and 40 C. This could amount 
to a very significant effect on enzymic 
activity at low substrate concentrations.

This latter point is illustrated in Fig
ures 3 and 4 where we show a plot of 
initial velocities versus substrate concen
trations at 4 and 40 C for the soluble and 
bound enzymes. Although the absolute 
values of activities for the enzyme in the 
two phases are significantly different, the 
same pattern is observed as a function of 
temperature. It can be seen that as the 
pyruvate concentration is lowered, the 
relative activity of the enzyme at 40° 
compared to 4 becomes less.

DISCUSSION

THE RESULTS reported in this study 
demonstrate a very significant decrease in 
the Km of LDH of chicken breast muscle 
with decreasing temperature. A decrease 
of Km with decreasing temperature has 
been shown for several enzymes of poiki- 
lotherms and has been suggested to relate 
to temperature acclimation of the organ

Fig. 3—Relationship o f initial velocity o f solu
ble LD H  to pyruvate concentration at 4° 
(—• —) and 4 ( f  C (—o  —). The conditions o f 
assay are described in the text.

ism (Hochachka and Lewis, 1971; Hebb 
et al., 1972). However, the results with 
LDH from chicken breast muscle might 
indicate that this phenomenon is more 
widespread than had been supposed and 
might apply to many types of tissues.

The molecular changes leading to this 
decrease in Km are not known. It is pos
sible, however, that there is a change in 
the association of the subunits of the 
chicken muscle LDH with temperature. 
Jaenicke et al. (1971) have shown that 
dissociation of LDH is a function of 
temperature. These authors showed that 
ionic strength and pH were involved in 
the dissociation as well. Kastenschmidt et 
al. (1968) showed that there was a shift 
in the dimer-tetramer forms of phosphor-

Fig. 4—Relationship o f initial velocity o f bound 
LD H  to pyruvate concentration at 4° I—•—I 
and 40° C I — — ). The conditions o f assay are 
described in the text.

ylase b from rabbit skeletal muscle as a 
function of temperature. These phenom 
ena may be related to something more 
fundamental, such as a change in the 
structure of water with temperature as 
suggested by Lumry and Rajender
(1970).

Reactions in foods with a Q 10 of one 
or less are known, including enzyme- 
catalyzed reactions (McWeeny, 1968). 
Postmortem shortening of skeletal muscle 
is minimal in the range 14 19°C and in
creases at both lower and higher tempera
tures (Lawrie, 1966; Smith et al., 1969). 
The occurrence of a minimum or maxi
mum at an intermediate temperature is 
usually considered to be due to effects on 
two or more enzymes which have differ
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ent temperature dependencies. Therefore, 
one enzyme may be relatively more 
important at the higher temperature, 
while another becomes relatively more 
important at the lower temperature, thus 
causing the reversal in the rate of the 
overall reaction as the temperature is 
lowered.

We suggest that this is not necessarily 
the only explanation for this type of 
phenomenon. The same effect can be 
observed if there is a sufficient change in 
K m as a function of temperature. It is not 
likely that the extent of the change of 
chicken muscle LDH could account by it
self for a phenomenon such as the rever
sal of cold shortening with decreasing 
temperature, since at no substrate con
centration does the activity at the lower 
temperature exceed that at the higher 
temperature (see Fig. 3 and 4).

The fundamental question that is relat
ed to the situation in situ concerns the 
substrate concentration that exists in the 
cell. If the substrate concentration for a 
particular enzyme is saturating, then one 
should look at VMax data to compare 
results at high and low temperatures. On 
the other hand, if the substrate concen
tration in the cell is near or below the K m 
value, then the values of K m would be 
more important in making comparisons. 
It has been reported that the pyruvate 
concentration in muscle cells is of the 
order of O.l mM (Scopes and Newbold,
1968). which is at the lower end of the 
scale shown in Figures 3 and 4. Thus, in 
the case of chicken breast muscle LDH, it 
would be much better to compare K m

values rather than VM ax values in evaluat
ing temperature effects. It is probable 
that substrate concentrations in situ are 
near or below the value of the K m for 
most enzymes (Sols and Marco, 1970).

This means that evaluation of an en
zyme at VMax, or optimal conditions, as 
is usually done, may not tell very much 
about what is going on in biological 
tissue. A better rule of thumb might be 
that if one wants to find out what is 
actually happening in a food tissue, it is 
better to work at a substrate concentra
tion approaching the Km ■ This is especial
ly important if some factor such as 
temperature (as shown in this report), 
pH, or water activity markedly effects the 
Km of the enzyme being studied. Our 
results indicate that lowering of the 
temperature most likely does not lead to 
the decrease in activity of chicken breast 
muscle LDH in situ, that would be ex
pected based on the Arrhenius relation
ship observed under conditions of maxi
mal velocity.

Determination of Km has not been a 
very popular approach in studying 
enzymes in foods, due perhaps to the 
significantly greater effort that is involved 
in determining Km as opposed to V Max 
for most enzymes. We hope this paper, 
however, points out a warning that unless 
this is done, very misleading results may 
be obtained.
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E F F E C T  OF COPPER BINDING ON TH E AUTOXIDATION  
OF OXYM YOGLOBIN S

INTRODUCTION

THE AUTOXIDATION RATES of oxy- 
myoglobin (M b 0 2 ) have been studied 
because of their direct relationship to the 
stability of meat color. It is known that 
partial pressure of oxygen, pH and tem
perature affect the autoxidation rate of 
oxymyoglobin (George and Stratmann, 
1952a, b; 1954). Changes in autoxidation 
rates are also caused by changes in buffer 
strength, freezing and thawing cycles and 
degree of purification of M b02 (Brown 
and Dolev, 1963a, b). Snyder and Ayres
(1961) demonstrated that sodium hydro
sulfite concentration and temperature 
affected the autoxidation rates of M b 0 2 . 
Snyder and Skrdlant (1966) found autox
idation rates of purified M b 0 2 to be ex
tremely variable. They concluded that 
this variability was partly due to trace 
metal ion contamination. Copper addition 
in equimolar amounts to the M b 0 2 con
centration resulted in a 25-fold increase 
in autoxidation rate constant.

Banazak et al. (1965) characterized 
the sites of cupric and zinc ion binding to 
the sperm whale Mb through x-ray dif
fraction analysis. Hartzell et al. (1967) in
dicated that the copper binding sites were 
found on the outer shell of Mb molecule

Mole MbO,
Fig  1—The effect o f copper ion (Cu2+) in solu
tion upon the autoxidation rate constants o f 
bovine, ovine and porcine M b 0 2.

and could exist in an equilibrium with 
hydrogen ions in the solvent.

This study was designed to use the 
latest methods of oxymyoglobin purifica
tion and characterization to determine 
the exact effect of copper ions on the 
stability of the oxymyoglobin molecule. 
This study utilized purified oxym yo
globin from bovine, ovine and porcine 
tissue.

EXPERIMENTAL
Isolation and purification

The purification procedure used for bovine 
myoglobin (Mb) was that of Satterlee et al. 
(1969). Porcine and ovine Mb purification was 
accomplished using the procedure of Satterlee 
and Zachariah (1972). Oxymyoglobin was pre
pared according to the procedure of Brown and 
Mebinc (1969) with the modifications of 
Satterlee and Zachariah (1972).
Autoxidation of MbO,

All autoxidation rates were determined by 
incubating the MbO, at 30°C in 10 mM phos
phate buffer pH 6.0. Each trial was performed 
in duplicate. Three trials were completed for 
each of the three oxymyoglobins studied. The 
copper solutions used in the autoxidation ex
periments were prepared from analytical grade 
CuCI, • 2H,0, serially diluted from IOOjuM to 
1 mM . Each copper solution was added to

Fig. 2 —The ability o f bovine, ovine and porcine 
MbO, to bind copper ion, dependent upon the 
copper ion concentration o f the solution.

freshly prepared MbO, just prior to initiating 
an autoxidation experiment.
Atomic absorption analysis 
for copper ion

After completion of autoxidation experi
ment, the myoglobin samples were frozen. 
Upon thawing, each sample was dialyzed for 48 
hr against two changes of distilled water. Final 
dialysis was against 1 liter of double distilled 
water for 24 hr. Upon completion of the dialy
sis, concentrated HC1 was added to the samples 
to obtain a final HC1 concentration of 15%. The 
samples were then heated in a 90°C' water bath 
for 1 hr. A Perkin Elmer Model 303 Atomic 
Absorption Spectrophotometer with the copper 
lamp at a wavelength 3247A was used for cop
per ion detection. Copper standards were pre
pared by the method of AOAC (1 965). 
Isoelectric focusing

All isoelectric points were determined using 
the procedure of Satterlee and Snyder (1969). 
A pH 6 8 ampholyte was used to establish the 
pH gradient. The pH was measured at 23°C 
with the aid of a Corning Model pH meter.

RESULTS & DISCUSSION
THE AUTOXIDATION rate constants, as 
shown in Figure 1. were not greatly in
fluenced by added copper ion (Cu2+ ) 
until a concentration of 200 molar equiv
alents was present along with the M b 0 2 . 
Copper ion in solution had the greatest

Fig. 3 —The effect o f bound copper ion on the 
autoxidation rate constants o f bovine, ovine 
and porcine MbO„.
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Table 1—The effect of sodium hydrosulfite and copper on autoxi- 
dation rate constants

Moles Cu2 + added 
mole MbOj

Na2S 20 4 cone 
(pg/ml) K ( H r 1 ) X IO'2

0.0 0.00 2.5
0.0 0.32 5.3
0.0 3.20 6.3
0.5 0.00 4.5
0.5 0.32 4.0
0.5 3.20 4.0
1.0 0.00 3.6
1.0 0.32 9.1
1.0 3.20 10.1

Table 2—The isoelectric points (pi) for porcine myoglobin and with
copper ion addition

Porcine
myoglobin

solution Pi
Avg dev 

from mean
No. of 
trials

MetMb 6.49 0.01 4
MbO, 5.78 0.01 4
•MetMb + C u 2 + 6.55 0.01 2
*Mb02 + C u 2 + 5.87 0.00 2

* M oles C u 2 + /m o le  M bO , = 9 0 0 /1

effect on bovine Mb02, a lesser effect on 
ovine Mb02 and the least effect on por
cine Mb02. The effect of copper ion on 
the autoxidation of sperm whale oxy- 
myoglobin was also observed to be very 
similar to the effect seen with both bo
vine and ovine Mb02.

These results do differ from those re
ported by Snyder and Skrdlant (1966) 
where they found that the presence of 
equal molar concentrations of bovine and 
sperm whale Mb02 and Cu2+ ion caused 
a 25-fold increase in autoxidation rate 
constant.

This discrepancy in findings could 
be explained by the possible contami
nation of the bovine and sperm whale 
Mb02 Synder and Skrdlant, 1966) with 
a small amount of sodium hydrosulfite 
(Na2S204 ) that was not removed during 
CM cellulose column chromatography. It 
was noted in this laboratory, and prev
iously described by Snyder and Ayres
(1961) and Brown and Mebine (1969), 
that trace amounts of sodium hydrosul
fite will enhance the autoxidation of 
Mb02. Experience in this laboratory also 
indicates that all excess hydrosulfite can 
easily be removed from freshly prepared 
Mb02 by using the mixed bed ion ex
change resin, described by Brown and 
Mebine (1969).

To determine the significance of trace 
amounts of hydrosulfite oxidation prod
ucts, studies were conducted to detect 
changes in autoxidation rate constants of 
Mb02 in the presence of Cu2+ ion and 
sodium hydrosulfite. After Mb02 was

prepared, known amounts of sodium 
hydrosulfite and copper were added. 
Table 1 shows the increase in autoxida
tion rate constants in the presence of 
hydrosulfite and low copper ion concen
trations. Autoxidation rates were deter
mined at 30°C in pH 6.0 10 mM phos
phate buffer.

Figure 2 shows the ability of each 
Mb02 to bind copper ion. Porcine Mb02 
has the greatest affinity for Cu2+ binding, 
bovine having moderate affinity, with 
ovine having the least affinity for Cu2 + 
binding. In all cases the copper concentra
tion in solution had to exceed the Mb02 
concentration by 100-fold before any 
appreciable amount of Cu2+ ion was 
bound.

Figure 3 illustrates the effect of bound 
copper ion on the autoxidation. Previous 
Figures (1 and 2) indicated that bovine 
and ovine Mb02 bound the least amount 
of copper ion, but their autoxidation 
rates were affected the greatest by copper 
ion in solution. Figure 3 shows that both 
bovine and ovine Mb02 have their autox
idation stabilities significantly altered by 
copper ion binding. Whereas, porcine 
Mb02 has the ability to bind a greater 
amount of copper ion, but then to have 
its autoxidation rate only slightly altered 
by bound copper.

Table 2 gives the isoelectric points (pi) 
of porcine MetMb as 6.49 and porcine 
Mb02 as 5.78. After the addition of 900 
molar equivalents of copper ion to the 
porcine Mb02. The pi of porcine MetMb 
is slightly lower than previously reported

by Satterlee and Zachariah (1972). The 
pi for natural porcine Mb02 was found 
to be the same as that for artificially pre
pared porcine Mb02 (prepared using sodi
um hydrosulfite).

CONCLUSIONS
THE PRIMARY CONCERN during this 
study was to determine the effect of cop
per ion on the autoxidation rate con
stants for porcine, ovine and bovine 
Mb02 . The larger rate constants obtained 
after copper addition indicated that cop
per concentrations of 200 molar equiva
lents or greater are needed to significantly 
affect the autoxidation rates of any of 
the three Mb02 studied. Porcine Mb02 
also differs from bovine and ovine Mb02 
in its capability to bind to porcine myo
globin alter the isoelectric point of both 
the oxy and met forms, but have only a 
slight effect on the autoxidation stability 
of the oxy form. Bovine and ovine bind 
less copper ion, but the copper which is 
bound drastically affects the stability of 
the oxy forms.
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IN FLU EN CE OF EPINEPHRINE AND CALCIUM  UPON 
G LY C O LY SIS , TEN D ERN ESS AND SHORTENING OF SH EEP M USCLE

INTRODUCTION
RESISTANCE to frozen New Zealand 
lamb on the American market has been 
shown to be associated with toughening 
occurring as a consequence of cold 
shortening (Locker and Hagyard, 1963). 
However, the cold-induced toughness can 
be prevented by holding at elevated tem
peratures in special conditioning rooms 
until the carcasses pass into rigor mortis 
(about 15°C for 16-20 hr) before freez
ing (Marsh and Leet, 1966; McCrae et al.,
1971). Since this process slows down the 
slaughter line and requires special han
dling, it is considered expensive. Thus, 
New Zealand freezing works are in
terested in practical procedures for ac
celerating rigor development, which 
would allow earlier freezing and thereby 
speed up processing.

Earlier work in our laboratory (Pear
son et al., 1973) has shown that ante
mortem injection of epinephrine into 
sheep failed to increase immediate post
mortem muscle glycolysis, although 
theoretically epinephrine should trigger 
glycolysis by stimulation of cyclic AMP 
(Robison et al., 1968; Haschke et al., 
1970; Pastan and Perlman, 1971). The 
role of calcium in the regulation of phos- 
phorylase activity has been outlined by 
Haschke et al. (1970) and by Brostrom et 
al. (1971). Their results suggest that cal
cium could be a limiting factor in the 
initiation of glycolysis since the sarco
plasmic reticulum is intimately involved 
in the binding of calcium and probably 
controls not only initiation of muscle 
contraction but also the onset of rigor 
mortis (Nauss and Davies, 1966; New- 
bold, 1966). Nauss and Davies (1966) 
have suggested that the sarcoplasmic 
reticulum gradually loses its ability to 
bind calcium postmortem and that the 
efflux initiates glycolysis.

The present study was undertaken to 
ascertain the influence of epinephrine and 
calcium upon glycolysis, tenderness and 1

1 The sen ior author w as o n  sabbatic leave 
from  th e  D ep t, o f  F ood  S cien ce  & H um an N u 
tr ition , M ichigan S ta te  U n iversity , East Lansing, 
MI 4 8 8 2 3  during th e du ration  o f  th is  stu d y .

muscle shortening. Ground muscle was 
used for measurement of pH, for ATP, 
creatine phosphate (CP) and inorganic 
phosphate (Pi) levels as well as for total 
phosphorylase and phosphorylase a activ
ity. Tenderness and shortening were fol
lowed with intact muscle.

EXPERIMENTAL
Ground muscle

The muscles used in this investigation came 
from seven aged Romney ewes that were 
slaughtered as described earlier by Pearson et al.
(1973). As soon as possible after pelting and 
evisceration (approximately 10-30 min after 
death), the LD (longissimus) and BF (biceps 
femoris) muscles were excised and all dis- 
sectable fat was removed. A sample was taken 
at once for pH readings; a portion was held as 
an unground control and the remainder was 
ground at once through a 3-mm plate of an 
electric meat grinder. The ground muscle was

then divided into four approximately equal por
tions. The samples were then labelled and 
treated as follows:
(1) LD-C and BF-C, intact controls;
(2) LD-4 and BF-4, ground controls;
(3) LD-2 and BF-2, 1 ml of 0.1M CaCl2 was 

added per lOOg of muscle;
(4) LD-3 and BF-3, 10 pi of a 1 in 1,000 

solution of epinephrine was added per 
lOOg of muscle;

(5) LD-5 and BF-5, 1 ml of 0.1M CaCl2 and 
10 /al of a 1 in 1,000 solution of epineph
rine was added per lOOg of muscle.

The samples were either reground a second 
time in order to thoroughly mix with the vari
ous additives or else a mortar and pestle was 
used to thoroughly incorporate the additives. 
All samples were placed in beakers and held at 
room temperature (approximately 18-22°C). 
Aliquots were removed for pH readings, for 
analysis of ATP, CP and Pi levels and for meas
urement of total and phosphorylase a activity 
at regular intervals of time. Prior to removing 
aliquots, each sample was thoroughly mixed to 
be representative of the entire mass. The re-

Fig. 1—Changes in the pH  o f the LD  muscle as a result o f grinding and o f adding epinephrine and 
CaCI2 alone and in combination together. The bar above each mean value depicts one standard 
deviation. Initial pH readings are not shown.
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mainder was then made into a uniform closely 
packed mass and the beaker was covered with 
polythene to prevent excessive evaporation. 
Times of removal of each sample were recorded 
and used for plotting so that all values could be 
compared at any given time postmortem.

The levels of epinephrine and CaCl2 used in 
this study were those shown to cause maximum 
stimulation of glycolysis in preliminary studies. 
Although the original samples were removed 
over a period of 10-30 min following death, 
the range in sampling time is justified by the 
relatively slow glycolytic rate of untreated 
sheep muscle (Pearson et al.. 1973) and by 
plotting all values to give a curve back to zero 
time. Thus, all values shown herein are reported 
from the plotted data.
Intact muscle

Both ST (semitendinosus) muscles were re
moved from the same carcasses or from other 
similar sheep. In some cases, the paired intact 
muscles were used for comparison of treat
ments, whereas, sometimes the individual ST 
muscles were split longitudinally into either 
two or four sections to permit more compari
sons. The intact muscles or muscle strips were 
injected to give the same total levels used in 
ground muscle with either CaCl2, epinephrine 
or propranolol-HCl (10 pi of a 1 mg/ml solu
tion /1 OOg of muscle) alone or in various com
binations together, using isotonic KC1 as the sol
vent. The total dosage was administered as 
several (4 6) micro-injections in both the deep 
and superficial tissues. Length measurements 
were made through 24 hr at 15°C and are ex
pressed as percent shortening.

All samples were then labelled, wrapped, 
frozen and stored at — 18°C until removed for 
shear readings. In no case did the period of 
freezer-storage exceed 90 days. Shear force 
readings were obtained on samples cooked 60 
min in an 80°C water bath using the MIRINZ 
tenderometer (Macfarlane and Marer, 1966) as 
outlined by McCrae et al. (1971).
pH values

pH measurements were made on small sam
ples (l-3g)  of muscle as soon as possible after 
death (usually within 10-30 min), immediately 
after grinding and addition of the various addi
tives and at 2 hr intervals until 8 hr postmor
tem. A final reading was taken between 23 and 
24 hr postmortem. All samples were immediate
ly homogenized in 12-15 ml of 0.005M 
iodoacetate solution. Values for pH were 
plotted against time postmortem so that the 
values could be compared at any given time. 
Initial pH readings are not given herein as there 
was little change in pH until approximately 1 hr 
after addition of the various additives.
ATP, CP and Pi analysis

Samples were removed at regular time inter
vals over the first 8 hr and analyzed for ATP, 
CP and Pi according to the procedures of 
Eggleton and Eggleton (1929) as outlined by 
Bendall (1951) and by Bendall and Davey
(1957).
Total phosphorylase and 
phosphorylase a activity

Small samples (2-5g) were placed in plastic 
bags and immediately immersed and frozen in 
liquid nitrogen. The samples were then stored

in a walk-in freezer at approximately -29°C 
until removed for measurement of total and 
phosphorylase a activity. Total phosphorylase 
activity was measured as units of inorganic 
phosphate liberated from G-l-P (glucose-1- 
phosphate) in the presence of AMP while phos
phorylase a was determined in the absence of 
AMP according to the procedures of Cori and 
Illingworth (1956) as described by Stull and 
Mayer (1971). The ratio between total phos
phorylase and phosphorylase a (Stull and 
Mayer, 1971) was calculated as follows:

units of phosphorylase a
Ratio = -------------- ;—;---- ;------ ; X  100units of total phosphorylase

RESULTS & DISCUSSION 
Rate of pH fall

Figure 1 graphically shows the changes 
occurring in pH of the LD muscle as a 
consequence of the various treatments. 
The rate of pH fall for the intact controls 
was much slower than any other treat
ment with the final pH being achieved 
somewhere between 8 and 24 hr postmor
tem. Although pH readings were not 
taken during the period between 8 and 24 
hr, previous work (Pearson et al., 1973) 
has shown that the final pH of intact 
sheep muscle is generally not reached un
til about 16 hr postmortem.

Grinding alone caused a rapid decline 
in pH with an average of 5.63 being 
achieved within 6 hr postmortem (Fig. 1). 
The samples treated with CaCl2 alone and 
epinephrine alone (Fig. 1) were on aver
age consistently, but not significantly, 
lower in pH than the ground control for 
the first 6 hr. CaCl2 plus epinephrine 
caused an even greater acceleration in pH 
fall with an average value of 5.58 being 
reached within 4 hr, which was signifi
cantly lower than any other treatment 
(Figure 1).

Several investigators (Briskey, 1964; 
Bodwell et al., 1965) have demonstrated 
that postmortem pH values are good indi
cators of the rate of muscle glycolysis. 
This being true, the present study verifies 
the findings of Newbold and Lee (1965) 
that grinding alone accelerates glycolysis. 
Although neither CaCl2 alone nor adren
aline alone significantly accelerated gly-

Table 1 —Effect of treatment upon the pH of the BF muscle
Mean pH values3 

Times postmortem (hr)

Treatments*3 1 2 4 6 8 24
C o ntro l — in tact 7 .0 3 6 .9 4 6 .7 2 6 .4 6 6 .2 2 5 .6 2 c
C o ntro l — ground 6 .8 2 d 6 .3 7 d 5 .7 6 d 5 .5 6 d 5 .4 9 d 5 .5 2 c
C a C I2 alone 6 .8 1 d 6 .3 2 d 5 .7 6 d 5 .5 8 d 5 .5 2 d 5 .5 4 c
Ep inep hrine  alone 6 .8 1 d 6 .3 9 d 5 .7 5 d 5 .5 3 d 5 .4 7 d 5 .4 8 c
C a C I2 + ep inephrine 6 .8 0 d 6 .1 6 c 5 .6 2 e 5 .4 9 d 5 .4 8 d 5 .5 2 c

a M ea n p h  v a lu e s  a re  a v e ra g e s  r e p r e s e n t in g  se v e n  d i f f e r e n t  s h e e p . In it ia l  
p H  re a d in g s  a re  n o t  s h o w n .

b S ig n i f ic a n t  d i f f e r e n c e s  in  t r e a t m e n t  e f f e c t s  a re  in d ic a t e d  b y  d if f e r e n t  
le tt e r  s u p e r s c r ip t s  in  th e  s a m e  c o lu m n ,  i.e ., a ll v a lu e s  th a t  a re  s ig n i f i 
c a n t ly  d if f e r e n t  a re  in d ic a t e d  b y  d i f f e r e n t  le tte rs .

Table 2—Levels of ATP, inorganic phosphate and creatine phosphate in LD  muscle at different time intervals following addition of CaCI2 and epi
nephrine alone and in combination together3

ATP-Pb (pg/g) Creatine phosphate (pg/g tissue) Inorganic phosphate (pg/g tissue)

Treatment 1 hr 2 hr 4 hr 8 hr 24 hr 1 hr 2 hr 4 hr 8 hr 24 hr 1 hr 2 hr 4 hr 8 hr 24 hr
In tact contro l 3 6 9 a 3 1 6a 14 7 a 54a 4 a 10 2 a 9 3 a 6 7 a 2 6 a 5a 6 8 4 a 8 0 0 a ’b 9 5 0 a 1079a 1268a
Ground contro l 274a 20 7a 145a 0a 0a 9 0 a-b 76a ,b 4 8 a 10a 0a 8 5 0 c 9 1 0b 1032a 1282a 1315a
C a C I2 3 6 2a 297a 185a 4 8 a 2a 8 5 a 'b 77a*b 59a 21a 1a 678a 7 2 9 a 8 4 8 a 1008a 1 104a
Ep inep hrine 3 7 2 a 3 0 7 a 189a 29a 5a 8 2 a-b 73a-b 52a 21a 3a 753b 8 3 3 a-b 9 7 3 a 113 4 a 12 2 4 a
C a C I2 + Ep inep hrine 2 3 0 a 2 0 3a 145a 19a 0a 6 5 b 59b 4 5 a 13a 4a 8 9 9 c 952b 1060a 1208a 1300a

3 A ll  v a lu e s  in  th e  sa m e  c o lu m n  n o t  f o l lo w e d  b y  sa m e  s u p e r s c r ip t  a re  s ig n if ic a n t ly  d if f e r e n t ,  
b A T P  P = A T P - p h o s p h a t e  e x p r e s s e d  as p g / g  o f  t is s u e .
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TH E ASSOCIATION OF PROTEIN S O LU B IL IT Y  WITH PH YSICAL  
PRO PERTIES IN A FERM EN TED  SAUSAGE

INTRODUCTION
THE PHYSICAL PROPERTIES, espe
cially firmness, of fermented sausage im
part not only identifying characteristics 
to this particular type of sausage but are 
essential for sales. Variation in firmness 
of product is a problem experienced by 
many manufacturers (Klement and Cas- 
sens, 1972). Such variation cannot be 
controlled unless the mechanism responsi
ble for the production of firmness is 
understood.

In most processed sausage products it 
is essential that a portion of the contrac
tile (salt soluble) muscle proteins be solu
bilized with sodium chloride. The same 
technique of salt solubilization is em
ployed in the manufacture of fermented 
sausage but because of the low tempera
ture (30-37°C) during processing, the 
solubilized proteins are exposed to mini
mal alteration by heat compared to other 
processed sausages.

The extractability of protein from dif
ferent muscles as a function of time post
mortem and of physiological conditions 
has been studied by a number of investi
gators (Scopes, 1964; Sayre and Briskey, 
1963; van Eerd, 1972). In general, extrac
tability of muscle proteins is decreased if 
low pH and high temperature combina
tions are realized in the early postmortem 
period. Pale, soft and exudative pork 
(PSE), which results from a rapid glycoly
sis at high temperature, decreases the 
solubility of muscle proteins (Bendall and 
Wismer-Pedersen, 1962; Wismer-Pedersen, 
1964; Briskey and Wismer-Pederson,
1961). Other studies on protein solubility 
relate to conditions imposed on muscle 
postmortem, such as freezing in liquid 
nitrogen (Borchert and Briskey, 1965) 
and heat alterations (Hamm and Deather- 
age, 1960; Paul et al., 1966).

Extractable protein of various meats 
was investigated by Saffle and Galbreath
(1964) in a study of least cost formula
tions in sausage. They reported that the 
amount of salt-soluble protein extracted 
was greater for pre-rigor than post-rigor 
meat. Also, freezing of post-rigor meat

1 M uscle B io logy  Lab. and D ep t, o f  M eat & 
A nim al Sc ien ce

2 D ep t, o f  F o o d  Scien ce

decreased protein extractability com
pared to the refrigerated controls. Traut- 
man (1964) developed a system to study 
the effect of pH on muscle protein ex
tracts. He found that the effect of de
creasing pH was linear on the solubility of 
both water soluble and salt soluble pro
teins.

The effect of fermentation at various 
temperatures (22, 30 and 37°C) on lactic- 
acid concentration, pH, flavor and water
holding capacity of summer sausage has 
been studied by Acton et al. (1972). The 
interrelationships of the parameters meas
ured are discussed. Sajber et al. (1971) 
found that enzymes from the meat and 
from the bacterial starter cultures alter 
proteins in fermented sausage production, 
and they related this to the increase of 
free amino acid, thus showing a decrease 
in the protein nitrogen. It was also sug
gested that the changing pH in the sau
sage could influence the activity of the 
proteolytic enzymes.

Sokolov and Tchekhovskaya (1971) 
investigated the development of structure 
during drying of a fermented sausage. 
They found an aggregation of myofibril
lar proteins accompanied with the appear
ance of electrostatic, hydrogen and disul
fide bonds. The aggregation was greater in 
the periphery of the sausage possibly be
ing due to the acid compounds in smoke 
which aided in the charge formation of 
the proteins. The objective of this study 
was to determine the changes in solubility 
of various classes of muscle proteins dur
ing processing of a summer sausage (semi
dry fermented meat product) and to re
late these results to changes in pH and 
firmness of the product.

MATERIALS & METHODS
Sausage preparation

Coarse ground pre-salted beef (70% lean) 
and fine ground pre-salted beef trim (50% lean) 
were chopped in a silent cutter to a desired 
consistency at which time seasoning ingredients 
were added followed by starter culture (AC-1 
Hanson Lab., Milwaukee, Wise.). The mix was 
then stuffed into No. 2 fibrous casings (Union 
Carbide, Chicago, stuffing diameter 62 mm) fer
mented in an air-conditioned smokehouse at 
37°C and then heated up to 55°C internal tem
perature. Sample 1 was taken immediately after 
stuffing and was at a temperature of approxi
mately 6 -8°C. Sample 7 was the finished prod

uct at a temperature of 55°C. Samples 3 
through 6 were withdrawn from the smoke
house at intervals of 3 -6  hr during the fermen
tation and ranged between 34-37°C in temper
ature. All samples withdrawn from the 
smokehouse were chilled down to 20°C in a 
cold water shower before they were placed in a 
cooler at 3°C. All processing took place under 
commercial conditions. A typical proximate 
analysis of the sausage was 27% fat, 50% mois
ture and 17% protein.

Two complete experimental runs were con
ducted at an interval of 45 days and are re
ferred to as Experiment I and Experiment II; 
the formulations and procedures were indenti- 
cal. Three different batches were manufactured 
for each experiment as follows: batch A had 
2.5% NaCl and starter culture; batch B had 
3.0%. NaCl and starter culture; and batch C had 
3.0% salt but no starter (control).

Sample preparation
The samples were cooled to an internal tem

perature of 3°C and were then shipped under 
refrigeration to the University of Wisconsin 
facilities where further tests were conducted. 
The samples were held an additional day at 3°C 
before firmness analyses were conducted.

A sample with standardized dimensions was 
obtained as follows; The sausage was chilled in 
an ice bath and then a 2.54 cm slice was ob
tained by slicing with a sharp knife in a tem
plate device. A carefully sharpened 5 cm diam 
stainless steel tube was used to core a standard
ized diameter sample from the 2.54 cm thick 
slice so that the surface layer could be dis
carded. The 5 cm diam core was used for shear 
analysis. This method was designed to yield uni
formly sized samples and to circumvent the 
firmness effect due to case hardening of the 
surface during thermal processing, which would 
not be the same firmness that resulted from the 
constant low temperature fermentation.

A paired sample was frozen in liquid nitro
gen (Liq-Nj) to prevent changes in protein ex
tractability that might occur during storage 
from the time of firmness analysis until analysis 
of protein extractability which took place dur
ing the following 3 wk.
Firmness analysis

The previously described standardized sam
ples were sheared at a rate of 30 sec down 
stroke with a L.E.E. Kramer shear press. Five 
replicates of each of the 21 samples per experi
ment were sheared and the average was used as 
the firmness value. The shearing apparatus was 
located at room temperature, but all the sam
ples were stored in an ice bath at 0°C before 
shearing. All samples for each experiment were 
run on the same day and at the scale setting of 
200, except for samples 7 which were run on 
the 1,000 scale.

1128—JO U RN A L O F FOOD SC IEN C E-V o lum e 38 (1973)
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Fig. 1—pH values o f the sausage during process
ing. A contains 2.5% NaCI and starter culture; B 
contains 3.0% NaCI and starter culture; C con
tains 3.0% NaCI.

Extractable protein
Samples were removed from Liq-N2 storage 

and powdered in a previously cooled aluminum 
blender cup (Waring) at lop speed according to 
the procedure of Westenbrink and Krabbe 
(1936). The samples were extracted at 2°C 
according to the modified method of Helander
(1957). Sarcoplasmic protein was extracted 
with 0.03N potassium phosphate. pH 7.4 and 
total soluble protein was extracted with 1.1N 
potassium iodide in 0.1N potassium phosphate, 
pH 7.4. Nonprotein nitrogen (NPN) was meas
ured after tricholoroacetic acid (20% w/v) pre
cipitation. Triplicate extractions were per
formed on each of the 42 samples (21 per 
experiment). With duplicate analyses for nitro
gen. this yielded six values for solubility per 
sample which were averaged. Myofibrillar pro
tein was calculated as the difference between the 
amounts of total soluble protein and sarcoplas
mic protein (including NPN). Sarcoplasmic pro
tein was calculated on the basis of nitrogen 
difference between the 0.03N potassium phos
phate extract and its TCA precipitation filtrate. 
Nitrogen quantity was determined on the orig
inal sausages in triplicate by macro-Kjeldahl 
method. The triplicate extracts and NPN quan
tities each were determined in duplicate by the 
micro-Kjeldahl method (AOAC, 1960).

The following modifications were made to 
the Helander (1957) method: (1) 2-g samples 
were used instead of 1-g because of smaller 
quantities of soluble protein; (2) centrifugation 
was conducted at I 0.000G instead of 1.500G; 
(3) a third 2-lir extraction was added to the 
0.03N potassium phosphate fraction instead of 
just two 3-hr extractions.
Myoglobin extractability

2g of sample was extracted with 20 ml of 
0.03N potassium phosphate (pH 7.4) for 3 hr. 
The resulting mixture was centrifuged at 
10.000G for 20 min and visual estimate of the

Fig. 2-lnternal temperature o f the sausage dur
ing processing. Batches representing salt levels 
and starter culture combinations are pooled.

supernatant was used as an observation of myo
globin extractability.
pH measurements

5g of sample was homogenized in 45 ml of 
distilled water. The subsequent mixture was fil
tered and the pH of the filtrate was measured 
with a combination glass-reference electrode.
Statistical analysis

All data were subjected to an Analysis of 
Variance and Duncan’s Multiple Range Test for 
significant differences as described by Steel and 
Torrie (1960).

RESULTS & DISCUSSION
pH value and internal temperature

The pH values for sausage from both 
experiments at time intervals throughout 
processing are shown in Figure 1. The re
sults from the two experiments were simi
lar. pH, in general, declined to a final 
value of 4.6 to 4.9. An interesting pattern 
was established which showed that hatch 
A had a more rapid pH decline than batch
B. This could perhaps be explained by the 
fact that batch A had a lower salt level; 
salt is inhibitory to growth of the starter 
culture which is responsible for acid pro
duction. The control batch (C) which did 
not include starter culture did not show a 
pH decline, and, in fact, the pH actually 
rose from 5.3 to 5.6 during processing. 
Other investigators have reported the 
same phenomena of increasing pH during 
the heating of meat (Hamm and Deather- 
age, 1960; Kauffman et al., 1964; Paul et 
al., 1966). Fox et al. (1966) found a pH 
increase from 5.4 to 5.9 in the processing 
of frankfurters. A possible explanation of

Fig. 3—Shear press values o f the sausage during 
processing. A contains 2.5% NaCI and starter 
culture; B contains 3.0% NaCI and starter cul
ture; C contains 3.0% N ad.

this increase is the loss of free acidic 
groups by the formation of new stable 
cross linkages (Hamm and Deatherage,
1960).

The internal temperature of the saus
age during processing is shown in Figure
2. As the product was moved into the 
smokehouse for fermentation the temper
ature increased to the range of 34-37°C 
and remained at that approximate level 
until it was finished at 55°C.
Firmness

The results for the shear analysis are 
given in Figure 3. The controls showed 
little firmness development until they 
were subjected to the heating change 
from the 34-37°C plateau to 55°C. In 
both experiments, sample 7 of the con
trols was significantly firmer (P <  0.01) 
than sample 6; there were no significant 
differences from samples 1 through 6. We 
interpret these results as demonstrating 
no formation of a characteristic summer 
sausage structure during the slight in
crease in pH that occurred in the control. 
Firmness development was more rapid in 
the A batches than the B batches, which 
is probably a reflection of the faster 
development of acid in the A batches (see 
Fig. 1). Although firmness development 
was more rapid in the A batches than the 
B, the final firmness values were not sig
nificantly different. This points out that 
either 2.5% or 3.0% salt level is adequate 
for satisfactory development of firmness. 
All samples that had a pH below 5.0 were 
significantly different (P <  0.01) from 
the control sample at that same time of
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Fig. 4—Solubility o f myofibrillar proteins in the 
sausage during processing. Results are expressed 
as a percentage to total protein nitrogen. A con
tains 2.5% NaCI and starter culture; B contains 
3.0% NaCI and starter culture; Ccontains 3.0% 
NaCI.

Fig. 5—Solubility o f sarcoplasmic proteins in 
the sausage during processing. Results are ex
pressed as a percentage o f total protein nitro
gen. A contains 2.5% NaCI and starter culture; 
B contains 3.0% N ad  and starter culture; C 
contains 3.0% NaCI.

Fig. 6—Nonprotein nitrogen levels in the sau
sage during processing. Results are expressed as 
a percentage o f total protein nitrogen. A con
tains 2.5% NaCI and starter culture; B contains 
3.0% NaCI and starter culture; C contains 3.0% 
NaCI. A ll were heated to 55° C except A in E x 
periment 11 which was heated to 60  C.

incubation. From the general shape of the 
curves, it is clear that the sausage became 
firmer as the pH of the sausage dropped. 
For example, from Experiment 1, sample 
3 from batch A (pH = 5.0) was signifi
cantly different (P <  0.01) from sample 
3 of the control (pH = 5.4) in shear value. 
It should be noted that the three batches 
of sausage from an experiment were in 
the same smokehouse for exactly the 
same amount of time. The difference be
tween values from the two experiments 
probably represent actual differences in 
firmness.
Myofibrillar protein extractability

The change in solubility of the myo
fibrillar proteins during processing is 
shown in Figure 4. There were no signifi
cant differences (P< 0.05) for A, B and C 
batches for either experiments in the sam
ple taken immediately after chopping. 
The values of 29.2% to 35.5% extracta
bility for both experiments are for post
rigor meat and are within the range re
ported by Sayre and Briskey (1963). 
They found an extractability of myo
fibrillar proteins of 10% to 40% (35% 
average for the six conditions they stud
ied) for the myofibrillar proteins in pork 
muscle 24 hr postmortem; the percent ex
tractability was dependent upon tempera
ture and pH at the onset of rigor mortis. 
They also postulated that under condi
tions of high temperature and medium or 
low pH (5.3 5.6), loss of solubility was 
more severe for the myofibrillar proteins

than it was for the sarcoplasmic fraction 
which also agrees with the findings of this 
experiment (see Fig. 5 and discussion).

The significant (P <  0.01) drop of 
solubility for all samples from the first to 
the second sampling time demonstrates 
the effect of the heat change from 6°C to 
about 37°C on the solubility of the myo
fibrillar proteins. Paul et al. (1966) found 
a decrease of about 40% in solubility of 
myofibrillar protein by the heat treat
ment of 40°C’ for 10 hr. We found a de
crease in extractability of from 35% to 
42% as temperature was raised from 
about 6°C to 34 —37°C. There was a 60% 
reduction in solubility in samples held 10 
hr at 50°C (Paul et al., 1966), whereas in 
this experiment there was a reduction of 
80% by the time samples had reached 
55°C, even in the samples where no pH 
drop occurred. These results agree rather 
well, even though different extraction 
solutions were used. Paul et al. employed 
a Kl-borate buffer, I = 0.6, pH = 7.5, to 
remove myofibrillar proteins, whereas we 
used 1.1 N K1 in 0.1 N K phosphate, pH =
7.4.

It should be noted also that the final 
pH of the samples did not change the 
amount of extractable myofibrillar pro
tein in sample 7. If the pH was 5.6 or 4.6, 
the amount that was extractable was not 
significantly different, pointing out the 
heat susceptibility of this type of protein, 
regardless of pH influence. Although the 
amount of extractable protein was the 
same, these samples possessed a differ

ence in shear value that was significant, 
showing the importance of acid develop
ment in the fermentation that adds to the 
final firmness of this type of sausage.

The change in solubility of myofibril
lar proteins during the fermentation when 
pH is declining but temperature is con
stant, is interesting. The percent decrease 
in protein solubility was calculated as:

% sol. sample 2 - % sol. sample 6 
% solubility sample 2

In Experiment I, the percent decrease 
was 52% for batch A and 50% for batch B 
while in Experiment II it was 62% for A 
and 62% for B. The control batches failed 
to show any reduction in solubility of 
myofibrillar protein even though the mix 
was exposed to a pH of 5.3 5.5 and a 
constant temperature of 34 -37°C. In 
contrast, batches A and B for both exper
iments showed a marked decrease in solu
bility; these samples were exposed to a 
decreasing pH at a temperature of
34-37°C. The results indicate that the 
declining pH at constant temperature de
creases the solubility of myofibrillar pro
teins and in turn increases the shear value 
(firmness) of the sausage. The difference 
between experiments (a decrease of about 
50% in Experiment I compared to 60% in 
Experiment II) may have been due to 
differences in pH and temperature be
tween the two experiments. The percent 
decrease in solubility of the myofibrillar
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proteins is greater in this type of sausage 
than that of the sarcoplasmic proteins 
(see Fig. 5).

Sarcoplasmic protein extractability
The change in solubility of the sarco

plasmic proteins during processing is pre
sented in Figure 5. Sample 1 for all 
batches ranged from 16.1% to 18.8% sol
uble sarcoplasmic protein as a percentage 
of total protein nitrogen. There was no 
significant difference among samples. 
Sayre and Briskey (1963) worked with 24 
hr postmortem pork muscle pH of
5.3 -5.6 with different temperatures at 
onset of rigor and found an extractability 
of the sarcoplasmic protein of 18-23%. 
This previous finding generally agrees 
with the results of this paper, because 
some further loss in solubility of the saus
age sample could have taken place due to 
handling of the meat at temperatures that 
could induce damage to the proteins 
before manufacture; the history of the 
meat used in our experiments was un
known before it entered the establish
ment of manufacture.

Paul et al. (1966) revealed a 20% de
crease in solubility of sarcoplasmic pro
teins of rabbit on exposure to 40°C for 
10 hr at constant pH. Our work revealed 
a 16 -22'% decrease in solubility of sarco
plasmic protein in samples heated from 
6°C to about 37°C for 4 hr.

Although there was some fluctuation, 
the control batches showed little varia
tion between samples 2 and 6.

Batches A and B, from samples 2 to 6, 
both show decreases in solubility which 
were significantly different from the con
trol batch. For example, in Experiment
11. batch A was significantly different 
from the control sample at sample 4 (P^
0.05) and samples 5 and 6 (P <  0.01) and 
batch B was different at sample 6 (PC
0.05). Also, in Experiment 1, both 
batches A and B were significantly differ
ent from the control at sample 6 (P C
0.01). The decrease in solubility of these 
sarcoplasmic proteins was not as drastic 
as experienced with the myofibrillar pro
teins, but rather showed a gradual de
crease to sample 6. This suggests that the 
sarcoplasmic proteins were less suscepti
ble to insolubilization at pll 5.2-5.0 than 
were the myofibrillar proteins which 
showed significant decreases in solubil
ity (P <  0.01) at 5.2 5.0 (see sample 3 
for batch A of Experiment 1 ).

The solubility at sample 7 was signifi
cantly different (P C 0.01) from sample 6 
in all cases except in Experiment 11, 
batch A, where the pH of 4.65 and tem
perature had already lowered the solu
bility level to 7.2% so that the heat treat
ment to 55°C did not further decrease 
solubility.

The percent decrease in solubility of 
sarcoplasmic proteins during the constant 
temperature fermentation period was also 
calculated. In Experiment 1. batch A de
creased 36% and batch B decreased 24% 
while in Experiment 11, batch A de
creased 47% and batch B decreased 21%. 
There was little decrease in the control 
batches.

We concluded that the myofibrillar 
proteins are more important than the sar
coplasmic proteins in development of the 
firmness that is characteristic of summer 
sausage.
Nonprotein nitrogen

The results of the nonprotein nitrogen 
(NPN) determination on the various ex
tracts is presented in Figure 6. The higher 
nonprotein nitrogen in batch A of both 
experiments could be due to a high acid- 
high temperature condition altering pro
tein structure, because in both experi
ments the acidity developed more rapidly 
in batch A than in batch B. In Experi
ment 1 there were no significant differ
ences except sample 1 of batch A and 
sample 7 of batch B, which were different 
(P <  0.05).

In Experiment II, batch A showed the 
same trend of a significant increase in 
sample 7. In the low-acid control batches, 
a significant increase was not noted. This 
indicates that acid at high temperatures 
may increase NPN; an exception occurred 
in Experiment II batch B, however. 
Hamm and Deatherage (1960) reported a 
slight increase in NPN with increasing 
temperature at slightly rising pH condi
tions. They offered the suggestion that at 
higher temperatures smaller nitrogen con
taining molecules (e.g., nucleotides, am
monia) bound by proteins are released. 
Paul et al. (1966) also found significant 
increases in NPN by heating muscle pro
tein systems for several hours at 60°C. 
They attribute this increase to enzymatic 
activity naturally present in the meat tis
sue that could change solubility. Sajber et 
al. (1971) found an increase of NPN due 
to an increase of certain amino acids dur
ing the fermentation of “Stajer” sausages. 
Results from our work resemble all of 
these findings although the heat treat
ment was not as drastic as the Paul et al.
(1966) example. In their lower heated 
samples (40°C) they found little change 
of NPN level.
Myoglobin solubility

The extractability of myoglobin de
creased as the fermentation process pro
ceeded and the pH declined.
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D IR EC T EN ZYM ATIC CONVERSION OF LA CTO SE  
TO ACID : LA CTO SE D EH YD RO GEN ASE

INTRODUCTION
PRESENT METHODS for the formation 
of acid in milk involve production of lac
tic acid by the action of bacteria on lac
tose. The direct enzymatic conversion of 
lactose to lactobionic acid might also pro
duce similar changes in pH, while elimin
ating some of the variability in the manu
facturing process. Rand (1965, 1972) 
studied methods to utilize the lactose al
ready present in skim milk through en
zymatic conversion of the lactose. Sub
stantial amounts of acid were obtained 
following the hydrolysis of lactose by lac
tase (beta-galactosidase) (EC 3.2.1.23), 
and the subsequent enzymatic oxidation 
of glucose and galactose by glucose oxi
dase (EC 1.1.3.4) and hexose oxidase (EC
1.1.3.5). While this study indicated that 
enzymatic conversion of the hydrolyzed 
sugar in milk could be utilized to acidify 
milk, the results with hexose oxidase for 
the direct oxidation of lactose were in
conclusive. A single enzyme system which 
could convert lactose directly to an acid 
would further simplify the process.

The ability of a bacterium to directly 
oxidize disaccharides was first reported 
by Stodola and Lockwood (1947). They 
demonstrated that Pseudomonas grav- 
eolens was capable of oxidizing lactose 
and maltose directly to their correspond
ing aldobionic acids. Kluyver et al. (195 1) 
obtained similar results using Pseudo
monas calco-acetica, Pseudomonas guer- 
cito-pyrogallica and Pseudomonas aro- 
rnatica. Bently and Slechta (1960) 
obtained a preparation from Ps. guercito- 
pyrogallica which directly oxidized lac
tose, maltose and other aldoses to their 
corresponding aldobionic acids. Their re
port indicated that the enzymes which 
catalyze direct oxidation of aldoses are 
intracellular, and usually are found in 
subcellular particles. Nishizuka et al.
(1960) reported that a lactose dehydro
genase (EC 1.1.99) could be isolated from 
Ps. graveolens. The enzyme was also 
located in the subcellular particles and

1 Present address: F o o d  M icrob io logy  Lab
o ra tory , R h od e Island D ep artm en t o f  H ealth , 
P rovid en ce, RI 0 2 9 0 3 .

2 R eprin t req uests sh ou ld  be sen t to  th e  U n i
versity o f  R h od e Island.

could be solubilized by a sodium desoxy- 
cholate treatment.

Nishizuka and Hayaishi (1962) puri
fied both lactose dehydrogenase and lac- 
tonase (EC 3.1.1.17) from disrupted cells 
of lactose adapted Ps. graveolens. The 
crude form of lactose dehydrogenase re
acted directly with oxygen and 2,6-di- 
chlorophenolindophenol (DIP) and ex
hibited optimal activity at pH 5.8 when 
assayed manometrically. Following par
tial purification, lactose dehydrogenase 
utilized only DIP or methylene blue as 
hydrogen acceptors, and did not react 
with oxygen or pyridine nucleotides. 
When assayed spectrophotometrically 
with DIP, the purified lactose dehydro
genase had maximum activity at pH 5.6 
for the conversion of lactose to lacto- 
bionic-delta-lactone. The lactone pro
duced was hydrolyzed to lactobionic acid 
by the enzyme lactonase.

The object of this work was to study 
the direct enzymatic conversion of lac
tose to lactobionic-delta-lactone and 
determine if the lactobionic acid, which 
resulted from hydrolysis of this lactone, 
could be utilized for acidification of milk. 
The lactose specific enzyme Ps. graveolens 
was chosen to study this reaction.

EXPERIMENTAL
Materials

Lactase (beta-galactosidase), an enzyme 
preparation produced from yeast, was provided 
by Enzyme Development Corp., New York,
N.Y. A portion of the dry product was sus
pended in water prior to use. A sample of puri
fied catalase containing 1600 units/ml was pro
vided by Fermco Labs., Chicago, 111. Hydrogen 
peroxide was 50% and stabilized. It was stored 
in a polyethylene bottle at -15°C. Low-heat 
nonfat dried milk (NDM) was obtained from 
Land O’Lakes Co., Minneapolis, Minn. The 
2,6-dichloroindophenol sodium salt (DIP) was 
from Eastman Organic Chemicals, Rochester,
N.Y. Sodium desoxycholate was purchased 
from Fisher Scientific Co., Fair Lawn, N.J. All 
other reagents were reagent grade. Distilled 
water was used throughout.
Methods

Culture methods. Ps. g ra v e o le n s  (ATCC- 
4683) was grown according to the culture 
methods of Hayaishi et al. (1961) and Nishi
zuka and Hayaishi (1962), except that the con
centration of yeast extract was increased to

0.2% and the dibasic potassium phosphate re
duced to 0.1% to improve total cell yield 
(Wright, 1969).

Enzyme assay. The procedure for detecting 
lactose dehydrogenase by the reduction of DIP 
developed by Nishizuka and Hayaishi (1962) 
was employed in this study. The only change 
was a slight increase in the dye concentration to
0.3 micromoles of DIP, in order to attain a de
sired initial absorbance of 0.8.

Enzyme purification. Lactose dehydro
genase was separated into purification fractions 
according to the procedure reported by Nishi
zuka and Hayaishi (1962). As a result of en
zyme stability studies (Wright, 1969), all work 
was done at 2°C and a pH of 5.5, except where 
noted.

(1) Particulate fraction. Disrupted cells of 
Ps. g ra v e o le n s  were centrifuged at 10,000 x G 
in a Sorvall RC-2B high speed refrigerated cen
trifuge for 30 min to remove cell debris. The 
supernatant (120 ml) was centrifuged at 40,000 
x G for 1 hr. The precipitate of subcellular 
particles was washed once with 100 ml of 
0.02M phosphate buffer at pH 5.5, centrifuged 
at 40,000 x G for 1 hr and suspended in 20 ml 
of 0.02M phosphate buffer at pH 5.5.

(2) Desoxycholate fraction. The particu
late fraction was constantly mixed on a mag
netic stirrer, and 8 ml of 2% sodium desoxycho
late at pH 7.5 was added, followed by 2 ml of 
n-butanol. The solution was homogenized for 5 
min in a Thomas tissue grinder and centrifuged 
at 25,000 x G for 30 min. The clear superna
tant was removed with a glass syringe to pre
vent contamination by the loose precipitate.

(3) Chloroform fraction. An equal volume 
of cold chloroform ( 20°C) was slowly added 
to the desoxycholate fraction while the mixture 
was agitated on a magnetic stirrer. The solution 
was centrifuged at 25,000 X G for 30 min and 
formed a bottom chloroform layer, a solid mid
dle layer and brownish-yellow supernatant on 
top. The aqueous supernatant was again recov
ered with a syringe and dialyzed against 0.02M 
phosphate buffer at pH 5.5 for 3 hr at 2°C.

The enzyme isolated by this procedure ex
hibited definite dehydrogenase activity in the 
presence of DIP and lactose. The Michaelis con
stant obtained for the chloroform enzyme frac
tion was 1.38 X 10'1 2 M (Wright, 1 969), which is 
comparable to the value of 1.1 x I0‘2M re
ported by Nishizuka and Hayaishi (1962).

Enzymatic acidification. The ability of lac
tose dehydrogenase to convert lactose to lacto
bionic-delta-lactone, with subsequent hydrol
ysis to lactobionic acid, was studied under a 
variety of conditions. The standard reaction 
mixture contained 3.3% lactose and 30 units of 
enzyme in a volume of 30 ml, except when 
noted. When the partially purified form of lac-
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Fig. 1 — The conversion o f lactose to lactobionic 
acid at 2 S  C by the particulate fraction o f lac
tose dehydrogenase. Substrate: nonbuffered 
3.3% lactose at pH  6 .5 ; D IP: 1.5 micromoles.

Fig. 2—Effect o f desoxycholatebutanol purifi
cation step on the conversion o f lactose to lac
tobionic acid by lactose dehydrogenase at 
25° C. Substrate: nonbuffered 3.3% lactose at 
pH 6 .5 ; D IP: 1.5 micromoles.

tose dehydrogenase was used, varying concen
trations of DIP were also incorporated into the 
reaction mixture. The general procedure was to 
mix the required aliquots of lactose and DIP, 
prepared in the desired solvent of either dis
tilled water or 0.04M phosphate buffer at pH
6.5, and this mixture was tempered to 25°C in 
a water bath. Lactose dehydrogenase was stored 
at pH 5.5, in 0.02M phosphate buffer at 2°C 
and the enzyme solution was assayed prior to 
use. The volume of enzyme which contained 
the desired number of enzyme units was added 
to each mixture to start the reaction. Sufficient 
distilled water or 0.04M phophate buffer at pH
6.5 was also added to reaction mixtures, when 
required, to adjust the final volume to 30 ml. In 
nonbuffered systems, the pH was immediately 
adjusted to 6.5 with the addition of 0.02M 
monobasic or dibasic potassium phosphate. The 
pH of 6.5 was then recorded as the zero time 
reading. A control consisting of all components 
in the reaction mixture except lactose dehydro
genase was maintained for each experiment.

The acidification reaction in milk was 
studied with 30 ml of pasteurized reconstituted 
skim milk containing 9% nonfat dry milk solids 
(NDM) and a crystal of thymol. The reaction 
was started with the addition of 300 units of 
lactose dehydrogenase. Reaction samples with 
additives contained lactase at a concentration 
equivalent to 5% of the estimated lactose con
centration, while the total catalase concentra
tion was 100 units and hydrogen peroxide was
0.1%. Water was added to adjust all samples to 
the same volume. All reaction mixtures were 
held at 25°C and evaluated against a milk con
trol.

The enzymatic acidification reaction was 
followed by pH measurements at regular inter
vals employing a Corning Model 12 Research 
pH meter equipped with an expanded scale and 
temperature compensator. All results were ex
pressed as the change in pH from the zero time 
reading, and are usually typical of several trials.

RESULTS
Enzyme fraction requirements 
for lactose conversion

Direct conversion of lactose to an acid 
was studied initially with nonbuffered 
solutions at pH 6.5 to evaluate the lactose 
dehydrogenase purification fractions. The 
enzymatic acidification reaction with lac
tose dehydrogenase in the particulate 
fraction is demonstrated in Figure 1. The 
reaction proceeds in the presence or ab
sence of DIP, in agreement with results of 
Hayaishi et al. (1961), indicating that the 
particulate fraction can utilize oxygen 
directly. There was some difference in 
rate, and the presence of dye did acceler
ate the reaction and increased the amount 
of lactobionic acid produced.

The solubilization of lactose dehydro
genase from the cell particles in the 
desoxycholate fraction appeared to iso
late the enzyme from a complex system. 
This can be shown in Figure 2, since the 
enzyme did not utilize oxygen to any 
great degree, and required the addition of 
DIP to acidify lactose solutions. Although 
some acidification did occur in the ab
sence of DIP, this was probably due to 
incomplete isolation of the soluble por
tion from the particles. This hypothesis 
was substantiated by a recombination of 
the supernatant with the loose precipitate 
obtained in this fractionation step. The 
results presented in Figure 3 demonstrate 
that the enzyme reverts back to the char
acteristics of the particulate fraction.

The acidification reaction catalyzed by 
the chloroform fraction of lactose dehy
drogenase was almost completely depend

2.5

TIME (HOURS)
Fig. 3—The conversion o f lactose to lactobionic 
acid at 25°C catalyzed by a recombination o f 
the soluble and loose-precipitate portions o f the 
desoxycholate butanol fractionation for lactose 
dehydrogenase. Substrate: nonbuffered 3.3% 
lactose at pH 6 .5 ; DIP: 1.5 micromoles.

ent on the presence of the artificial 
hydrogen acceptor, DIP. This can be 
demonstrated by a comparison of the par
ticulate and chloroform enzyme fractions 
as presented in Figure 4. The ability of 
the particulate fraction to utilize oxygen 
was again evident, while the chloroform 
fraction did not react unless DIP was 
present. The amount of acid produced 
and the rate of the reaction catalyzed by 
the chloroform fraction increased in 
proportion to the concentration of added 
dye. These results indicate that both en
zyme fractions, when combined with 
their respective hydrogen acceptors in 
sufficient quantities, can catalyze the 
conversion of lactose to lactobionic acid 
and lower the pH of a nonbuffered 3.3% 
lactose solution from pH 6.5 to at least 
pH 5.0. A possible explanation for the 
difference in acid production, not related 
to the concentration of the hydrogen 
acceptor, could be a change in the rate of 
hydrolysis of the lactone to lactobionic 
acid due to lactonase contamination of 
the particulate fraction. Nishizuka and 
Hayaishi (1962) also purified lactonase 
from the soluble fraction obtained by 
centrifugation of the crude extract of lac
tose dehydrogenase at 40,000 x G.

The experimental assay procedure of 
Bently and Slechta (1960) was employed 
to establish whether lactonase was pres
ent in the particulate and chloroform 
fractions, as well as the 40,000 x G 
supernatant. Aliquots of 1 ml from each 
solution were added separately to 29 ml 
of a 3.3% glucono-delta-lactone solution 
at 25°C. A 3.3% lactone solution, with
out additives, hydrolyzed to gluconic acid
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at a standard rate upon solution in water 
and was used as the control. The gluconic 
acid formation was measured with a pH 
meter as the change in pH at 30 sec inter
vals during a 3 min reaction period. An 
increase in the rate of lactone hydrolysis 
over the control was interpreted as an in
dication of lactonase presence. Figure 5 
shows that the addition of all three solu
tions increased the rate of lactone hydrol
ysis, with a change of 0.4—0.6 pH units 
over the control at the end of 3 min. The 
most significant change in the rate of lac
tone hydrolysis occurred with the partic
ulate fraction, indicating the presence of 
a higher concentration of lactonase/ml as 
compared with the chloroform fraction.
Lactose conversion for 
acidification

The effect of lactose dehydrogenase in 
converting lactose directly to lactobionic 
acid for acidification was evaluated with 
buffered lactose solutions. The particu
late fraction was added at a concentration 
of 1 unit/ml to solutions of 1.25%, 
2.50%, 3.75% and 5.00% lactose, dis
solved in 30 ml of 0.04M phosphate buf
fer at pH 6.5. The maximum pH change 
using the above concentrations occurred 
with 3.75% lactose. However, this was 
only a decrease in pH of 0.81 units in 24 
hr. Due to the slow reaction during this 
period of time, the enzyme concentration 
was increased to 3 units/ml, and the re
sults are shown in Figure 6. A rapid de
crease in pH occurred with all levels of 
lactose, producing a pH change of at least
2.0 units within 5 -10  hr. There was a 
change in rate of about three times that

T I M E  ( H O U R S ' )

Fig. 4—Comparison o f lactobionic acid forma
tion at 25°C by the particulate and chloroform  
fractions o f lactose dehydrogenase. Substrate: 
nonbuffered 3.3% lactose at pH 6 .5 ; particulate 
fraction: X  0.0 micromoles o f D IP; chloroform  
fraction: *  0.0, <> 1.5, ' 3.0, •  4.5 micromoles 
o f DIP.

Fig. 5—Lactonase assay o f the 40,000  X  G 
supernatant, and the particulate and chloro
form fractions o f lactose dehydrogenase at 
25° C. Substrate: 3.3% glucono-delta-lactone.

found with 1 unit/ml of the same en
zyme. The optimum substrate concentra
tion was 3.75% lactose for 3 units/ml of 
the particulate lactose dehydrogenase 
fraction, in agreement with the initial ex
periment using 1 unit/ml.

The acidification reaction was re
peated utilizing 4 units/ml of the chloro
form fraction and the optimum substrate 
concentration of 3.75% lactose dissolved 
in 0.04M phosphate buffer at pH 6.5. The 
reaction was studied between 0 and 7.5 
micromoles of DIP in an effort to estab
lish the optimum concentration of hydro
gen acceptor for maximum lactose con
version. There was essentially no change 
in pH with this range of dye concentra
tion during an 8 hr observation period. 
However, a loss of blue color in each solu

Fig. 6—Effect o f lactose concentration on the 
formation o f lactobionic acid at 25° C in 0.04M  
phosphate buffer at pH 6.5 by the particulate 
lactose dehydrogenase (enzyme cone 3 units/ 
ml).

tion indicated that the reaction was tak
ing place. Apparently, the concentration 
of DIP was insufficient to permit conver
sion of enough lactose to change the pH 
of buffered solutions. The alkaline char
acteristics of the dye made it impractical 
to employ higher concentrations of DIP.
Enzymatic acidification of milk

The particulate fraction of lactose de
hydrogenase was examined for its effect 
on skim milk. The reaction was studied 
with both lactose and glucose and galac
tose available as substrates, as well as in 
the presence of an oxygen source from 
hydrogen peroxide and catalase. The re
sults are presented in Figure 7. The re
action with lactose alone exhibited a long 
lag period and did not show acid develop
ment until after 12.hr, followed by a slow 
increase in acidity. When lactase was 
added, the lag period was reduced to only 
6 hr and the rate of sugar conversion to 
acid increased. The introduction of cata
lase and hydrogen peroxide into the 
system stimulated the reaction in both 
cases. However, sufficient acid for coagu
lation and gel formation in milk occurred 
only when glucose and galactose were 
both available as substrates. Coagulation 
was noted in the sample containing lac
tase and catalase-hydrogen peroxide after 
25 hr, and a smooth uniform gel which 
could be cut was formed after 30 hr.

DISCUSSION
LACTOSE DEHYDROGENASE, ex
tracted from lactose adapted cells of Ps. 
graveolens, can catalyze the conversion of 
lactose to acid for milk acidification un-

Fig. 7—Formation o f acid in skim milk at 25° C 
by the particulate fraction o f lactose dehydro
genase (enzyme cone 9 units/ml).
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der certain conditions. The initial purifi
cation step, the particulate fraction, has 
additional characteristics of an oxygenase 
and rapidly acidified nonbuffered lactose 
solutions utilizing either atmospheric 
oxygen or DIP as hydrogen acceptors. 
Subsequent purification apparently iso
lated the enzyme from a complex system, 
since the acidification reaction was de
pendent on the addition of an artificial 
hydrogen acceptor. The particulate frac
tion exhibited a higher rate of reaction 
than the chloroform fraction, which was 
at least partially due to the relative 
amounts of lactonase in each enzyme 
preparation. The particulate fraction also 
rapidly acidified lactose solutions buf
fered at pH 6.5, and the reaction was pro
portional to the enzyme concentration. 
While the optimum substrate concentra
tion appeared to be about 3.75%, the re
action rate was only slightly lower in 5% 
lactose, demonstrating that the enzyme 
could effectively operate at the concen
trations expected in milk.

The direct enzymatic conversion of 
lactose to lactobionic acid in a buffered 
system indicated that sufficient acidity 
could be produced for milk coagulation. 
However, when the particulate fraction of

lactose dehydrogenase was added to milk, 
the lactobionic acid formed was unable to 
overcome the buffer capacity of the food 
and produce the necessary pH change of
l .5/2.0 units required for gel formation. 
This substantiates the results reported for 
direct oxidation of lactose by hexose oxi
dase (Rand, 1972). The acidification re
action in milk increased significantly 
when lactase was present, both in terms 
of rate and acid formation. A partial ex
planation can be attributed to the sub
strate specificity of the particulate frac
tion of lactose dehydrogenase, which 
Nishizuka and Hayaishi (1962) demon
strated with a spectrophotometric assay 
was 4/5 times greater with glucose and 
galactose than with lactose. The reaction 
of lactose dehydrogenase in the presence 
of lactase would also indicate that glu
conic and galactonic acids are more effec
tive acidogens for milk acidification than 
lactobionic acid. The reactivity of the 
particulate fraction was stimulated by the 
addition of catalase and hydrogen per
oxide, confirming the capability to func
tion as an oxygenase in the crude form. 
The distribution of oxygen throughout 
milk was an essential factor for uniform 
curd formation, as previously reported

for glucose oxidase and hexose oxidase 
(Rand, 1972).
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E F F E C T  OF H YBRID S AND PROCESSING ON THE  
D IM ETH YL S U LF ID E  PO TEN TIAL OF SW EET CORN

Table 1—DMS potential of sweet corn hybrids

Hybrid

Field 
Rep. 1 
(ppm)

Field 
Rep. 2 
(ppm) Mean

Duncan 
Test (1%)

Monarch Advance 11.0a 10.4a 10.7
Midway 14.1 9.73 11.9
Buttersweet 18.0 9.73 13.8
Golden Charm 16.1 13.4 14.8
Merit 15.8 14.3 15.0
Sweet Tennessee 20.4 11.4 15.9
Capitan 17.6 15.6 16.6
Stylepack 18.2 19.1 18.6
Triumphant 11 19.1 19.8 19.4
Golden Queen 18.1 21.3 19.7
Golden Rod 22.9 17.3 20.1
Silver Queen 15.4 26.2 20.8
NK-199 21.8 21.7 21.8
Jubilee 16.2 29.0 22.6
Ballerina 26.7 19.9 23.3
Sunshine State 27.8 31.5 29.6
Gold Crown 30.9 32.2 31.6
Yukon 29.1 34.2 31.6
Golden Security 26.6 36.9 31.8
Gold Cup 20.7 34.3 32.5
Seneca Warrior 225 38.9 41.8 40.4

M e a n  o f  f o u r  a n a ly t ic a l  r e p l ic a t io n s

INTRODUCTION
LIMITED DATA are available on the 
dimethyl sulfide (DMS) content of frozen 
or thermally processed sweet corn. Bills 
and Keenan (1968) reported levels of 
DMS in processed sweet corn of 5.7—14.2 
ppm, while frozen sweet corn, when 
heated 10 min in an autoclave, produced 
only 0.3-6.8 ppm. Williams et al. (1972) 
found commercially canned sweet corn to 
contain 10.1—16.0 ppm DMS. These con
centrations greatly exceed the reported 
flavor threshold value of 12 ppb (Patton 
et al., 1956) and odor threshold value of
0.33 ppb (Guadagni et al., 1963) for DMS 
in water. However, no statistical correla
tions have been reported between the 
DMS content of processed sweet corn and 
flavor.

The DMS precursor in sweet corn has 
been identified as a methylmethionine 
sulfonium salt (Bills and Keenan, 1968). 
They also found that the DMS concentra
tions in commercially canned sweet corn 
did not increase with additional heat 
processing. This suggested that the DMS 
precursor was totally decomposed in the 
recommended thermal process or that the 
maximum DMS potential had been 
reached. Therefore, if the DMS concen
trations in whole-kernel processed sweet 
corn were to be altered, it would have to 
be accomplished by selection of hybrids 
with different DMS precursor levels 
(Williams et al., 1972) or by altering a 
unit operation. The purpose of this 
investigation was to determine the varia
tion of the DMS potential among several 
sweet corn hybrids and to observe the 
effects of blanching and blending of 
hybrids on their DMS potential.

EXPERIMENTAL
Survey of sweet corn hybrids 
for DMS potential

Sweet corn hybrids were grown at the 
Purdue University O’Neall Farm in two field 
replications. They were harvested at their 
optimum maturity from July 29, 1972 through 
August 28, 1972. The totai yield of each hybrid

‘ P r e s e n t  address: C arnation  R esearch
L aboratories, V an N u ys, Calif.

within a replication, 25-50 ears, was harvested 
from each replication on the same day and 
analyzed separately. 21 hybrids were harvested 
and delivered during the mornings to the labo
ratory where sample preparation began immedi
ately. 25 ears from each field replication were 
randomly selected for evaluation.

Preparation of sample
25 ears of sweet corn were husked and the 

kernels cut from the cobs. The kernels were 
thoroughly mixed in a large stainless steel pan 
(mixture A). Mixture A was the source for 
further subsampling. 500g of mixture A were 
transferred to a Waring Blendor jar and diluted 
with an equal weight of distilled water. A 
homogenate was prepared by blending the con
tents for 90 sec. Approximately 250 ml were 
then centrifuged at 0°C for 10 min at 9,000 
rpm. 100 ml of the serum supernatant were 
diluted with an equal volume of distilled water. 
The resulting solution was filtered through 
Whatman No. 1 filter paper and once again 
through Whatman No. 42 filter paper. 11.5 ml 
of the filtrate were pipetted into each of five 
Teflon-lined screw-cap culture tubes (16 x 100 
mm). One tube served as a control while the

other four tubes were heated. A sample was 
prepared for each of the 21 hybrids from each 
field replication.

Production of DMS
The samples were heated in an autoclave for 

45 min to assure total conversion of the DMS 
precursor to its complete DMS potential. At the 
end of the process, the steam pressure of the 
autoclave was quickly released and the tubes 
cooled to 0°C in an ice-water bath. At 0-4°C. 
0.1 1 ml of ethylene glycol was added to the 
solution of each tube and the samples brought 
to room temperature (24°C ± 1°).

Heating of the diluted sweet corn serum 
caused the soluble starches present in solution 
to gelatinize. The solutions were clarified by 
centrifugation for 10 min at 3,000 rpm. A soft 
pellet was formed in the bottom of the tubes 
with a volume of approximately 1 ml.

Determination of DMS produced
The method of Williams et al. (1972) was 

modified to determine the concentration of 
DMS. After adding a small drop of G.E. anti
foam 60, 10 ml of helium were added to each

1136- JO U R N A L  OF FOOD SC IEN C E-V o lum e 38 (1973)



DIMETHYL SULFIDE IN SWEET CORN- 1137

Table 2—Effect of blanching on the DMS potential and °Brix  of cut whole kernel sweet corn

Hybrid
Field

replication

Blanch time (min)a

0 10 20

DMS2
(ppm) “Brix

DMS2
(ppm) ° -i -Brix

DMS2
(ppm) “Brix

Yukon 1 29.1 24.1 8.88c 12.7 4.56c 12.6
Yukon 2 34.2 23.2 8.99 12.4 6.10 11.6
Gold Crown 1 30.9 21.0 7.93 10.9 3.59 10.2
Gold Crown 2 32.2 19.8 7.98 10.8 2.41 9.70
Stylepack 1 18.2 25.5 7.30 11.6 3.42 12.5
Stylepack 2 19.1 25.6 6.86 11.8 3.36 10.5

a M in u t e s  in  1 0 0 ° C  w a te r
h M e a n  o f  f o u r  a n a ly t ic a l  r e p l ic a t io n s
c  D M S  p o t e n t ia l  w h ic h  r e m a in e d  a f t e r  b la n c h in g

Table 3—Effect of blending raw sweet corn hybrids on the DMS 
potential

DMS potential

Hybrid
Individual

(ppm)
Mixture (50:50) 

(ppm) % of Expected

NK-199 22.0a 17.5a 94.6
Merit 15.0
Seneca Star 48.0 62.7 100.0
E.B . 11-C 77.4

a M e a n  o f  t w o  a n a ly t ic a l  r e p l ic a t io n s  o n  e a c h  o f  t h r e e  c a n s

10 ml sample in a syringe. After 3 min equili
bration a known gaseous volume was injected 
into a gas chromatograph for analysis. The con
centration of DMS in the solutions was deter
mined from a standard curve prepared by 
equilibrating 10-ml samples of DMS standard 
solutions. Since 0.11 ml of ethylene glycol had 
been added to 11.5 ml of solution, the ppm 
DMS obtained for each sample was divided 
by 0.9905. This corrected DMS concentration 
was then multiplied by a factor of 4 since 
the initial weight of sweet corn had been di
luted four times. The ppm DMS determined 
using this method of evaluation was reported 
on a fresh weight basis.

Effect of blanching on DMS potential
Samples of Yukon, Gold Crown and Style- 

pack hybrids from each of the two field replica
tions were blanched and analyzed separately. 
The raw hybrids were used as the controls.

The samples were prepared by placing two 
600-g samples from mixture A in cheesecloth 
bags. One 600-g sample was blanched in boiling 
water for 10 min and the other for 20 min. 
After blanching, the samples were cooled, 
drained and then placed in plastic bags for 
freezing. The samples were stored at -10°C 
until further analysis.

The frozen samples were later thawed at 
room temperature and drained on an 8 mesh 
screen for 5 min. 500g were analyzed for the 
remaining DMS potential as previously de
scribed.

Blending of sweet corn hybrids
I our hybrids (NK-199, Merit, Seneca Star

and E.B. 11-C) were husked and a mixture A 
prepared for each. Three 303 X  406, C-enam- 
el-lined tin cans were filled with 290g of mix
ture A from each hybrid and covered with 190 
ml of boiling 0.6% NaCl brine. The contents of 
the cans were exhausted to a center tempera
ture of 80-82°C in boiling water and a closing 
machine with steam exhaust closure was used 
to seal the cans. The cans were given a thermal 
process of 25 min at 121°C in a stationary re
tort and then immediately water cooled. The 
procedure was repeated by combining equal 
weights of two hybrids, NK-199:Merit and 
Seneca Star:E.B. 11-C. Duplicate determina
tions of the DMS potential in each of three cans 
were determined.

RESULTS & DISCUSSION
DMS POTENTIALS of the 21 sweet corn 
hybrids are summarized by field replica
tion in Table 1. No DMS was detected in 
the raw controls. There was no significant 
difference in the DMS potential of the 
hybrids between the two field replica
tions at the 5.0% significance level; how
ever, there was a significant difference 
between the DMS potentials of the 21 
hybrids at the 0.5% significance level. The 
mean DMS potential of the two field 
replications was determined and the 21 
hybrids were ranked and grouped by the 
Duncan Multiple Range Test (Li, 1968). 
The mean DMS potentials ranged from
10.7 ppm to 40.4 ppm on a fresh weight

basis. The mean DMS potentials of 
Monarch Advance, Midway, Buttersweet, 
Golden Charm and Merit hybrids were 
significantly lower than those of Sunshine 
State, Gold Crown, Yukon, Golden 
Security, Gold Cup and Seneca Warrior 
225 at the 1% significance level. The 
other 10 hybrids could not be grouped 
independently of the above hybrids on 
the basis of the available data.

It is interesting to note that Seneca 
Warrior 225, Gold Cup, Golden Security 
and Yukon had high DMS potentials and 
are hybrids intended for fresh market 
sales. With the exception of Golden 
Security, these hybrids were also the first 
to mature. Monarch Advance, Midway 
and Golden Charm hybrids had low DMS 
potentials and are used primarily as 
processing hybrids. The other hybrids are 
either new releases or are used for both 
fresh market and processing. Primary 
criteria for selecting hybrids for process
ing are yield and quality factors such as 
uniformity of maturation, color, sweet
ness and pericarp tenderness (Nelson and 
Steinberg, 1970). Perhaps the DMS 
potential of new hybrids should also be 
considered in the list of quality criteria. 
Genetic selection could be used to alter 
the level of the methionine analog and, 
therefore, the DMS levels resulting from 
its thermal decomposition.

The Brix of each hybrid was deter
mined to see if there was correlation 
between the soluble solids levels and the 
DMS potentials. A correlation coefficient 
of —0.4563 was found which indicated 
that the °Brix was not a good indicator of 
the DMS precursor concentration. The 
significance of the soluble solids level and 
precursor level was further investigated 
with blanching experiments.

The blanching times used were ex
treme; however, it pointed out what 
dramatic effect blanching has on both the 
soluble solids and the DMS potential. The 
concentration of DMS and Brix are 
summarized in Table 2. After 10 min of 
blanching, the Brix had dropped to 
approximately 50% of the level found in 
the samples with no blanching. The 50% 
level was maintained even after 20 min of 
blanching. This was probably due to the 
coagulation of the starches which aided in 
retaining the remaining soluble solids.

The effect of blanching on the DMS 
potential was even more dramatic. After 
10 min the DMS potential was reduced 
by approximately 60-75% and after 20 
min, 81-92% reduction had occurred. 
From kinetic studies of sweet corn serum 
(Williams, 1973), it was found that 
60-66% of the DMS precursor was 
decomposed after 20 min at 99°C. This 
means that the DMS produced would be 
driven off and the remaining 21—26% loss 
must be due to leaching of the DMS 
precursor into the blanch water. The 
leaching losses at 10 min would be ex
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pected to be less than after 20 min of 
blanching; however, the leaching rate 
apparently decreases with time. From the 
kinetic studies, one can assume a DMS 
precursor decomposition of approximate
ly 30% after 10 min at 99°C. Leaching 
would then account for 30—45% of the 
DMS potential which was lost.

The results indicate that the blanching 
operation should be controlled in order 
to obtain desired DMS levels. Blanching 
on the cob, steam blanching, microwave 
blanching and other methods of blanch
ing should be evaluated when attempting 
to optimize DMS levels.

The DMS precursor is exhausted 
during the recommended thermal process 
of 25 min at 121°C for 303 x 406 tin 
cans (Williams, 1973). The selection of

optimum DMS levels in thermally proc
essed sweet corn requires a knowledge of 
the DMS potentials possessed by each 
hybrid used for processing. A blend of 
hybrids could also be made to attain the 
desired DMS level. Table 3 shows that if 
hybrids are combined 1:1, then one can 
expect the DMS content to be equal to 
the mean of their individual DMS poten
tials after thermal processing. This would 
apply to any combination of hybrids and 
be dependent upon their individual DMS 
potentials.
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FOOD USE O F SOYBEAN  7S AND 11S PROTEINS  
Extraction and Functional Properties of Their Fractions

INTRODUCTION
THE PHYSICAL properties of calcium 
gel (gel prepared by coagulation with cal
cium salt like Tofu) prepared from 7S or 
IIS protein respectively, were remark
ably different (Saio et al., 1969; 1971); 
namely, the gel from MS protein was 
harder and more elastic than that from 7S 
protein. And the difference in food proc
essing between the two was recognized 
not only in calcium gel but also in surface 
induced film of soybean milk (Yuba) 
(Okamoto et al., 1973). While it is pre
sumed that 7S protein and MS protein 
will show characteristic functional prop
erties in every variety of soybean foods, it 
is worth trying to fractionate both pro
teins on a practical scale.

The present paper consists of an in
vestigation and proposal of a conven
tional method to fractionate 7S and 1 IS 
proteins, based on their different precipi
tation behaviors with calcium salt. The 
phenomenon that 1 IS protein selectively 
precipitated from the supernatant after 
removing the cold insoluble fraction in 
the presence of calcium salt was recog
nized in earlier studies (Vaintraub, 1965; 
Wolf and Sly, 1965; Koshiyama, 1965; 
Mitsuda et al., 1965; Eldridge and Wolf, 
1967; Fukushima, 1968) and was also 
confirmed in this paper.

The crude protein fractions obtained 
by the proposed method were submitted 
to the preparation of several soybean 
foods to ascertain the possibilities for 
food use.

MATERIALS & METHODS
Materials

Hawkeye, U S. variety, was used to investi
gate the readability of purified 7S and 11S pro
teins with calcium. Soybean was ground and 
defatted with n-hexane. The purification of 1 IS 
protein was performed by the method of Eld- 
ridge and Wolf ( 1967) and 7S protein was pre
pared by ultrafiltration of crude 7S protein 
(Koshiyama, 1965) with a Diaflo membrane 
(UX-10). The defatted meal used for fractional 
extraction of soybean proteins was a commer
cial product. Golden SL, produced by Yoshi- 
hara Oil Mill Co.. Ltd.

Calcium requirements of 
proteins for precipitation

Protein solutions containing 1.56 mg N of 
IS or IIS protein were added with calcium 
chloride to adjust the final concentration to 
0 2 mM calcium, kept at room temperature for 
30 min and centrifuged at 800 x G for 15 min. 
The transmittance of the supernatants after 
centrifugation was examined at 400 nm with a 
spectrophotometer. The transmittance of the 
supernatants decreased with an increase of cal
cium concentration, because of the resulting 
protein turbidity which does not precipitate by 
centrifugation, but increased again because of 
precipitation.

The same experiments were carried out in 
the presence of different concentrations of 
sodium chloride. Where calcium concentration 
transmittance almost reached 100; namely,

where protein precipitated almost completely 
with calcium after a centrifugation, was de
scribed as the calcium requirement of protein 
for precipitation.

Calcium precipitation behavior 
by means of Particle Size Analyzer

10 ml of protein solution containing 5 mg N 
of 7S and 1 IS protein was added with 0.1 ml of 
0.5M calcium chloride solution. The mixture 
was stirred for 1 min and then added with 30 
ml of 2% formalin and 5 ml of 1M sodium chlo
ride to fix the precipitated particles. The mix
ture was stirred constantly on a magnetic stirrer 
and a portion was transferred into the cuvette 
of the Particle Size Analyzer (Hitachi PSA-1). 
The protein solution in the cuvette was mixed 
with a spatula after a standard method and sub
mitted to analysis. The time from stop of stir-

D EFA TTED  
SO YBEAN 

MEAL

Extracted with 10 mM CaCI2 for 2—3 hr 
(meabsolvent is 1 :10 ) 

Centrifuged with Sharpies centrifuge

Residue Extract

Suspended in water 
(4(^0, residue:water is 1 :10 ) 

Adjusted pH to 8—8.5 
Centrifuged with Sharpies 

centrifuge

Adjusted pH to 4.5

Residue Extract Whey Precipitate

Adjusted pH to 7 
Spray dried

11S protein rich fraction 
( I IS  PRF)

Suspended in water 
Adjusted pH to 7 

Spray dried

7S protein rich fraction 
(7S PRF)

Fig. I- F lo w  sheet o f fractional extraction o f 7S and 11S protein rich fractions.
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ring to starting the measurement was accurately 
4 min. Although the Particle Size Analyzer is 
usually used to calculate the distribution of par
ticle size in the solution after Stoke’s formula, 
we used it to obtain the precipitation curves 
proceeding with time after addition with cal
cium as shown in this paper.
Fractional extraction of 
7S and 1 IS proteins

The flow sheet from the defatted meal is 
shown in Figure 1. To 25 liters of 10 mM cal
cium chloride solution, 2.5 kg of defatted meal 
were added with stirring. The mixture was 
stirred for 2-3  hr and centrifuged with a Shar
pies centrifuge. The extract was adjusted to pH
4.5 and centrifuged to remove whey. The pre
cipitated protein was suspended in water, ad
justed to pH 7 and then spray dried (7S PRF).

The residue was suspended with warm water 
(40°C) of 10 times the weight of the residue. 
The suspension was adjusted to pH 8-8.5, 
stirred for 30 min and centrifuged with a Shar
pies centrifuge. The extract was adjusted to pH 
7 and spray dried ( 11S PRF). pH adjustment 
was made with dilute NaOH and HC1.

Prior to the experiment using 2.5 kg of de
fatted meal, the experimental conditions were 
tested using 50g of defatted meal. Calcium con
centrations for extraction from meal were 10,
12.5 and 15 mM at room temperature and 12.5 
mM at 0-5°C. For the purpose of preparing 
high quality 11S/7S in adequate amounts, 1 IS 
PRF protein solutions prepared in different 
conditions were submitted to ultracentrifugal 
analysis and nitrogen determination by the 
Kjeldahl method.
Ultiacentrifugal analysis

Protein solutions in standard buffer (Wolf 
and Sly, 1965) (about 5 mg of protein fraction) 
were submited to ultracentrifugal analysis with 
a Hitachi UCA-centrifuge. Ultracentrifugation 
was carried out at 51,200 rpm and photographs 
were taken every 9 min.
Preparation of calcium gels

The flow sheet of calcium gel preparation is 
as follows:

Protein solution -  Boiling -  Coagulating—i * 1

Incubating -  Centrifugation -  Ca-gel

That is, the solution of 7S or 1 IS protein rich 
fraction (7S PRF or 1 IS PRF respectively) con
taining 5 mg/ml was heated for 3 min after boil
ing. Calcium sulfate (7S PRF requires a larger 
amount of calcium sulfate to prepare gel than
1 IS PRF) was placed in a 50 ml centrifuge 
tube, suspended in 2 ml of water and warmed 
at 70°C beforehand in a water bath. While con
stantly stirring the calcium sulfate suspension 
on a magnetic stirrer, 25 ml of 7S or 1 IS PRF 
solution cooled to 70°C was poured into each 
tube. The tubes were incubated in a water bath 
to keep their contents at 70°C for 10 min. The 
contents were centrifuged for 10 min at 600 X
G. The prepared calcium gel remaining at the 
bottom of the tubes was carefully removed 
with the aid of a spatula. The textural proper
ties of calcium gel were evaluated by a Tex- 
turometer (General Foods Corp.). A No. 1(17 
mm, lucite) plunger was used in the Texturom- 
eter and the clearance between the plunger and 
plate was adjusted to 2 mm. To give the sam
ples an accurate measure of physical shape, cal
cium gel prepared in the round bottom of a 
centrifuge tube (30 mm diam) was cut parallel

to the top with a razor to make a slice precisely 
15 mm in height. The Texturometer profile 
curve was obtained by two chewings of a stand
ardized sample at 10-volt input. The mechanical 
parameters were recorded and qualified from 
the profile curves. Hardness was measured from 
the profile as the height of the first chew and 
all values were normalized to a 1-volt input (H). 
Cohesiveness was measured as the ratio of the 
area comprising the second peak to the area 
comprising the first peak (Aj/A,).  Cohesive
ness is considered to be a direct function of the 
work needed to overcome the internal bonds of 
the materials. The other Texturometer param
eters (springiness, adhesiveness and fractur- 
ability of both calcium gels) differed insignifi
cantly.

Preparation of heat-induced gels
The flow sheet of heat-induced gel is as fol

lows:
3 times water

Protein flour—Grinding—Stuffing

c □
Heating—Heat-induced gel

That is, 30g of 7S or 1 IS PRF were added with 
90 ml of water, kneaded for 10 min in an elec
tric mortar and stuffed into a film bag (30 mm 
diam) with care to avoid air bubbles. The 
stuffed protein paste was heated in a boiling 
water bath for 30 min and cooled with tap 
water. After refrigerating overnight, the tex
tural properties of the heat-induced gel were 
evaluated by the Texturometer. The heat-in
duced gel was removed from the film bag, cut 
into a slice precisely 15 mm in height, and the 
Texturometer profile curve taken the same as 
indicated for the calcium gel, except at 2-volt 
input.
Preparation of cheese-like food

The method for preparation was approxi
mately that of Obara et al. (1970). The flow 
sheet of cheese-like food is as follows:

Water Oil
Protein flour^-^Emulsion— Boiling— Coagulating

Lstirring—Centrifugation—Washing—| * 30
J

Starter 
NaCI, Papain

- CurdJ-Molding— Pressing—Aging— Cheese

That is, 60g of 7S or 1 IS PRF were dissolved in
1,500 ml of water. The protein solution was 
heated for 3 min after boiling, cooled up to 
80°C with tap water and added with calcium 
chloride solution to 15 mM in the final concen
tration. The mixture was constantly sitrred for
30 sec, kept in room temperature for 30 min 
and the introduced curd separated with a bas
ket-type centrifuge (Fuji Denki Co., Ltd.). The 
curd was wrapped in several layers of gauze, 
soaked in hot water at 80°C for 5 min and 
squeezed. The washing process was repeated 
three times. Finally, the curd was centrifuged 
again and then mixed with 30 ml of starter,
0.25g of papain and 3g of sodium chloride. The 
inoculum size of starter was 3 %  in defatted 
cow’s milk and the acidity after incubation at 
30°C for 17 hr was about 1. The mixture was 
molded and aged in an incubator at 1 7°C for
2-4  wk. In the case of adding oil, 50g of 7S or 
US PRF was dissolved in 1,250 ml of water

and the protein solution was emulsified with 45 
ml of soybean oil (salad oil not fortified leci- 
thine) with Minisonic emulsifier (Ultrasonic 
Ltd.). Moisture of the curd before aging was 
measured by heating at 105°C for 1 hr in vac
uum. Nitrogen and oil content of the curd be
fore aging was carried out by the Kjeldahl and

F ig . 2 —P r e c ip ita t io n  o f  7 S  a n d  1 1 S  p r o te in  
w ith  c a lc iu m : •----•  1 I S  p r o t e i n ;  o ......o 7 S  p r o 

te in . (P ro te in  s o lu t io n  c o n ta in in g  1 .5 6  m g  N  
w as f i l le d  u p  to  1 0  m l  b y  a d d in g  d i f f e r e n t  c o n 

c e n t r a t io n s  o f  C a C I 2 s o lu t io n ,  k e p t  f o r  3 0  m in  
a n d  c e n t r ifu g e d . T h e  tra n s m it ta n c e  o f  s u p e r 

n a ta n t  a t  5 0 0  n m  is s h o w n  o n  th e  v e r t ic a l a x is . 
V e rt ic a l lin e s  s h o w  c a lc iu m  r e q u ir e m e n t  o f  ea ch  

p r o t e in  f o r  p r e c ip i t a t io n .)

F ig . 3 - C a l c i u m  r e q u ir e m e n t  o f  7 S  o r  I I S  p r o 

te in  in  th e  p r e s e n c e  o f  N a C I : • — •  1 I S  p r o 

te in : o---- o 7 S  p r o t e in .  (C a lc iu m  r e q u ir e m e n t

o f  ea ch  p r o t e in  f o r  p r e c ip i t a t io n  in  th e  p r e s e n c e  
o f  N a C I. s h o w n  b y  v e r t ic a l lin e s  in  F ig . 2  w as  
p l o t t e d  o n  th e  v e r t ic a l a x is .)
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Rose-Gottlieb methods respectively. The tex
tural properties of the curd before aging were 
evaluated by the Texturometer. The curd was 
cut into a block 30 mm X  15 mm and the 
Texturometer curves taken at 0.5-volt input. 
Springiness (the rate at which a deformed ma
terial goes back to its undeformed condition

after the deforming force is removed) was esti
mated from the curve as the difference between 
the distance C B, where C is the measurement 
made on a completely inelastic material such as 
clay and B is the distance from the initial con
tact on the first chew to that on the second 
chew.

Fig. 4—Calcium precipitation behavior o f native or heated 7S and 11S proteins examined with a 
Particle Size Analyzer. [  10 ml o f 7S or 11S protein solution 15 mg N) was added with 0.1 ml o f 
0.5M CaC! 2 solution, stirred and added to formalin and NaCI. The mixture was stirred and 
submitted to analysis. Numbers described on right shoulder o f curves show the time after starting 
measurement.]

Preparation of kamaboko-like food
The flow sheet for preparation of kamaboko 

(fish paste product) is as follows:

Starch
sugar, mirin*

Fish flesh NaCI glutamate 

Protein flour—Grinding—Grinding—G rinding-

Molding—Steaming— Cooling -  kamaboko 
•m i'rin-sw eet (flavored ) sake

Super A grade surimi (a fish paste produced 
from fish-like cod, grau mullet, etc. and usually 
marketed in frozen condition is classified as 
Super A, A, B and C grades depending upon 
quality) and soybean flour were ground with 
ice in a mortar. In the mix of surimi 80 and 
soybean flour 20, 800g of surimi, 50g of 7S or 
1 IS PRF and 150g of ice were mixed for about 
5 min, ground with 13g of sodium chloride for 
5 min and again ground with 40g of starch, lOg 
of sugar, 40g of mirin and lOg of sodium gluta
mate for 5 min. The mixture was molded and 
steamed at 50°C for 40 min and successively at 
80PC for 20 min. The prepared kamaboko-like 
food was cooled with tap water. The textural 
properties of the kamaboko-like food were eval
uated by the Texturometer and Tensiron UTM-
11. The gel was cut into a block 30 mm X  30 
mm x 15 mm and the standardized sample sub
mitted to Texturometer measurements at 1-volt 
input. The gel was also cut into a small slice 5 
mm wide x 1.5 mm height for Tensiron meas
urements. Shear strength was recorded with
4 -5  samples as the force of a 1.0 mm thick 
plunger to shear the 5 mm X  1.5 mm sample 
and normalized to kg/cm1 2. Tensile stress was 
recorded with 4 -5  samples as the force to ten
sile up to shear and normalized to kg/cm2. The 
length of the tensiled part was 20 mm. Sensory 
properties were evaluated by nine testers. They 
were asked to describe the order of their liking 
and brightness of four samples. The sum of the 
order was divided by nine, the number of 
testers.
Preparation of sausage-like food

A flow sheet for preparation of a sausage
like food is as follows:

NaCI, pepper 
Loin Ice Glutamate 

*Protein flour— Grinding — Grinding

c □

Stuffing — Heating —Sausage

That is, 50g of 7S or 1 IS PRF were mixed with 
125g of loin and 75g of ice and ground for 5 
min in an electric mortar. Adding 5g sodium 
chloride, 7.5g pepper and 5g glutamate, the 
mixture was stuffed in a film bag and heated in 
a water bath at 72-73°C for 60 min. The pre
pared sausage-like food was cooled with tap 
water. The 11S PRF curd is the same material 
as the curd used for preparation of the cheese
like food: namely, the curd was prepared from
1 IS PRF protein solution by heating, coagulat
ing with calcium chloride and washing with hot 
water at 80°C repeatedly. Textural and sensory 
properties were evaluated the same way as 
kamaboko-like food.



1142- JO U R N A L  OF FOOD SC IEN C E-V o lum e 38 (1973)

RESULTS & DISCUSSION
Difference of calcium precipitation 
behavior between 7S and 11S proteins

In the past decade, calcium salt has 
frequently been used as a step in the frac
tionation of 7S and MS proteins (Vain- 
traub, 1965; Eldridge and Wolf, 1967; 
Fukushima, 1968; Koshiyama, 1965; Mit- 
suda et al., 1965; Wolf and Sly, 1965). 
The outline of the method (Wolf and 
Sly, 1965) is as follows: the entire 
water extract from defatted soybean meal 
is kept in an ice bath for more than 3 hr 
and centrifuged in the cold to prepare the 
cold-insoluble fraction that is rich in 11 S 
protein. Calcium salt to 12.5 mMis added to 
the supernatant, after centrifugation, and 
kept in the cold overnight. As the super
natant in this process has little 11S pro
tein, 7S protein can be prepared by acid 
precipitation. The last process shows 
clearly that 11 S protein is easier to pre
cipitate with calcium salt than 7S protein.

The difference of precipitation be
havior between 7S and 1 IS proteins with 
calcium salt was confirmed quantitatively 
and qualitatively: the quantitative differ
ence of calcium requirement for precipi
tation and the qualitative difference of 
the state in precipitation.

Figure 2 shows that 11 S protein pre
cipitated in lower calcium concentration 
than 7S protein. Although the calcium 
concentration sufficiency for precipita
tion is changeable with protein concentra
tion, in the protein solution containing
1.56 mg N/10 ml (Fig. 2), IIS protein 
precipitated at 0.4 mM, while 7S precipi
tated at about 1.1 mM.

The calcium concentration sufficiency 
to precipitate was also affected by ionic 
strength. Figure 3 shows the relation be
tween the concentration of sodium chlo
ride and calcium concentration where 
protein precipitated completely and the 
transmittance of the supernatant after 
centrifugation showed 100%. Both pro
teins were difficult to precipitate with 
calcium as sodium chloride concentration 
increased, but as shown in Figure 3, the 
calcium concentration sufficiency for pre
cipitation of 1 IS protein was lower than 
75 protein at every concentration of so
dium chloride. Decrease in easiness to 
precipitate with calcium in the presence 
of sodium chloride is perhaps caused by 
the binding of soluble sodium ions with 
reacting sites of protein molecules for cal
cium ions. The fact that calcium concen
tration was affected by ionic strength also 
explains the contradiction of different

mins after starting measurement
0.5 1 2 3 4 5 —  8 — 10 -  15— 20

native
11S

heated
11S

F ig . 5 —S k e t c h e s  o f  c a lc iu m  p r e c ip i ta t io n  b e h a v io r  o f  n a tiv e  o r  h e a te d  
7 S  a n d  1 I S  p r o te in s .  ( F r o m  da ta  in  F ig . 41

calcium concentrations to precipitate pro
tein between a water extract of soybean 
meal and purified soybean protein, the 
former being 1 2.5 mM and the latter 1 -5  
mM. The latter may contain less salts 
compared with the former.

Even when sufficient calcium was add
ed to the protein solution, the induced cal
cium precipitates were different in physi
cal state between 7S and 1 IS proteins. As 
shown in Figure 4, native 1 1S protein 
began to precipitate at 3 min after start
ing the measurement and finished at 
almost 20 min, while native 7S protein 
did not begin to precipitate even at 20 
min. In the case of heated proteins, 
heated llS-protein precipitated more 
rapidly than native 1 IS protein. Sketches 
of the precipitation behaviors of the two 
proteins are shown in Figure 5.

The calcium precipitate of 7S protein 
was finer, sedimented slowly and resulted 
in a larger volume of sediment, whereas 
that of 1 1S protein was floccus, sedi
mented quickly and resulted in a more 
dense sediment of smaller volume.
Experimental production of 7S 
and 11S proteins

The cold precipitation method by 
Wolf and Sly (1965) to fractionate 7S 
and 1 IS proteins was developed from an 
interesting phenomenon but may be 
time-consuming and low in yield for prac
tical application. This prompted consider
ation of fractionating 7S and MS pro
teins by direct extraction from defatted 
meal with a dilute calcium salt solution,

7S
Rich Fraction

1 IS
Rich Fraction

2S 14. 7 7. 1
7S 68.0 2 1 . 1

I I S 17.4 61.8
1 5S - 9. 5

M S 7S 1 . 3.9 3 .0  . 1
1 1S+15S 7S - 3 .4  1

F ig . 6 —P r o te in  c o m p o s it io n  o f  7 S  P R  F  a n d  1 1 S  
P R F .  (P h o to g ra p h  w as ta k e n  a f te r  3 6  m in  o f  
c e n t r ifu g a t io n  a t  5 1 ,2 0 0  rp m , 2 0  C ;  p r o t e in  
fra c t io n s  w e re  d is s o lv e d  in  s ta n d a rd  b u ffe r .  
U p p e r  c u r v e  s h o w s  7 S  P R F ;  b o t t o m  c u r v e  
s h o w s  1 1 S  P R F . )
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Table 1—Protein composition and yield of I I S  PR F under different 
conditions of extraction from meal
Solvent
CaCI2
(mM)

2S 7S 11S 15S 11S/7S Yield of 11SPRF 
(% to total protein)\ So)

Room temperature
10 9.9 20.0 61.4 9.5 3.1 34.5
12.5 5.8 22.5 62.7 9.6 2.8 38.0
15 3.8 3I.0 61.4 3.8 2.0 43.1

In cold
12.5 18.3 21.7 52.8 7.2 2.5 24.8

Table 2—Average yield in each process3

Total N % to total protein

Defatted meal (2,500g) 199.0g 100
Extract with CaCI2 72.4 36.4
Whey 19.9 10.0
Precipitate 50.5 25.4
7S PRF 42.6 21.4
Residue with CaCI2 126.6 63.6
Extract with dil.alkaline soln 89.9 45.2
Residue with dil.alkaline soln 23.5 11.8
11S PRF 77.6 39.0
3 R e s u lt s  a re  m e a n  v a lu e s  o f  3 —4  e x p e r im e n t s  u s in g  2 ,5 0 0 g  m e a l.

Table 3—Properties of cheese-like food from 7S or 11S PRF

Protein only Protein and Oil Texturometer Unitd
Curd Curda

wt Moisture^ wt Moisture Protein0 Oile Hardness Cohesiveness Springiness
(g> % (g) % % % (H) (A 2/A ,) (S)

11SPRF 133 66 198 56 22 17 6.8 0.23 1.37
7SPRF 192 77 297 00

oCD 18 4.0 0.21 0.85
3 C u r d  w e ig h t  is t h e  w e ig h t  b e fo r e  a g in g .
b  M o is tu re  w a s  m e a s u re d  b y  h e a t in g  a t  1 0 5 ° C  f o r  1 h r  in  v a c u u m .
c P r o t e in  w a s  e s t im a t e d  b y  th e  K je ld a h l  m e t h o d  a n d  o il b y  th e  R o s e  G o t t l ie b  m e t h o d ,  
d T e x t u r o m e t e r  e v a lu a t io n :  s a m p le  s iz e , 3 0  m m  X  3 0  m m  X  1 5  m m ; p lu n g e r ,  17  m m  lu c ite ;  

c le a r a n c e ,  2 m m ; v o lta g e  in p u t ,  0 .5  v o lt .

based on the differences of precipitation 
behavior with calcium.

The authors propose the following 
method (see Fig. I ) as a conventional 
method to fractionate 7S and 11S pro
teins, where 7S and 11S proteins are 
termed the protein-rich fractions (7S PRF 
and 1 IS PRF, respectively).

The optimum calcium concentration 
for extraction from meal was prelimi
narily determined by using 10, 12.5 and 
15 mM at room temperature and 12.5 
mM in the cold. The protein composition 
and yield of 1 IS PRF are shown in Table
1. As far as this experiment was con
cerned, 10 mM calcium concentration at 
room temperature resulted in the highest 
ratio (3.1) of 11S to 7S proteins. The 
cold extraction was expected to be the 
higher ratio of 11S protein because US 
protein is easier to precipitate in the cold 
than 7S protein; however, the result 
showed the low ratio (2.5) as well as the 
low efficiency for extraction. As a result 
of these preliminary experiments, 10 mM 
of calcium chloride solution at room tem
perature was used for the larger scale of 
experiment using 2.5 kg of meal.

In order to extract effectively the pro
tein remaining in the residue which was 
separated from the extract, the pH of the 
suspension of the residue was adjusted to 
about 8-8.5 with a dilute NaOH solution 
and the extraction temperature was raised 
up to 40°C by adding hot water. After 
centrifugation and neutralization with a 
dilute HC1 solution, the extract was spray 
dried directly (11S PRF).

The extract from the meal was spray 
dried directly at first, but as it was very 
hygroscopic (because of sugar and low 
molecular substances) it was finally spray 
dried after acid precipitation, redissolu
tion and neutralization (7S PRF).

The average yield in each process is 
shown in Table 2: the yield of 11S PRF 
was almost 40% and that of 7S PRF 20% 
to total protein.

The typical ultracentrifugal patterns of 
both fractions and the average of protein 
compositions are shown in Figure 6. In 
the course of our investigation, the vari
ety which had the highest ratio of 11S 
protein to total protein was Shirotsuru-

F ig . 7 — T e x tu r a l  p r o p e r t ie s  o f  c a lc iu m  g e l f ro m  7 S  o r  I I S  P R F .  (S a m p le  
s iz e :  3 0  m m  d ia m  X  1 5  m m  h ig h ; p lu n g e r , 1 7  m m  lu c i t e ;  c le a ra n c e , 2  
m m ; v o lta g e  in p u t ,  1 0  v o lt .)  (--- 1 1 S  P R F , ..... 7 S  P R F )

F ig . 8 — T e x tu r a l  p r o p e r t ie s  o f  h e a t - in d u c e d  g e l f r o m  7 S  o r  1 1 S  P R F .  
(S a m p le  s iz e :  3 0  m m  d ia m  x 1 5  m m  h ig h ;  p lu n g e r , 1 7  m m  lu c i t e ;  
c le a ra n c e , 2  m m ;  v o lta g e  in p u t ,  2  v o lt .)  (— 1 1 S  P R F , .....7 S  P R F )
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Table 4—Properties of a Kamaboko-like food from 7S or 11S PRF

Tensionmeterb 
Texturometer3 Tensile Shear

Ratio wt Hardness Cohesiveness stress strength Color0 Liking0 
on dry basis (H) (A2/ A ,l kg/cm2 kg/cm2 Order
Su rim i 100 13.2 0.39 1.38 0.42 1.2 1.1

S u rim i 80 
I I S  PRF 20 6.2 0.51 0.73 0.30 2.0 1.8

Su rim i 80 
I S  PRF 20 6.2 0.57 0.77 0.24 2.8 3
S u rim i 60 
11S PRF 40 3.6 0.46 0.29 0.13 4 4

a T e x t u r o m e t e r  e v a lu a t io n :  s a m e  as T a b le  3  e x c e p t  in p u t  1 v o lt ,  
b  T e n s io n m e t e r  e v a lu a t io n :  s a m p le  s iz e  5  m m  X 1 5  m m  X 2 0  m m  f o r  

t e n s ile  s tr e s s  a n d  5  m m  X 1 5  m m  X 1 m m  f o r  sh e a r  s tr e n g th .  
c  C o lo r  a n d  l ik in g  w e re  e v a lu a te d  b y  n in e  te s te rs . V a lu e s  a re  th e  m e a n  

o f  o rd e r  b y  te s te rs , p a le -t o -d a r k  a n d  h ig h - t o - lo w  in  t h e ir  l ik in g .

Table 5—Properties of sausage-like food from 11S PRF

Texturometer a
Ratio wt Hardness Cohesiveness Springiness

on dry basis (Hl (A 2/A .) (S) Likingb
Loin 100 6.2 0.39 1.10 1.2
Loin 50 
11S PRF 50 3.7 0.27 0.72 3
Loin 50 
11S PRF curd 13.3 0.53 1.13 1.9
a  T e x t u r o m e t e r  e v a lu a t io n :  s a m e  as T a b le  3  e x c e p t  in p u t  1 v o lt ,  
b  L ik in g  w a s  e v a lu a te d  b y  n in e  te s te rs , s a m e  as K a m a b o k o  l ik e  f o o d .

noko (11 S:7S is 1.8:1) and that of 7S 
protein was Hakuho (11S:7S is 1:1.3) 
(Saio et al., 1969). Therefore, the ratios 
shown in both fractions in Figure 6 
cannot be expected from the usual acid- 
precipitated protein of soybean meal.

The 7S PRF and 11S PRF contain 
92-94% protein on a dry basis and may 
be classified into sorts of protein isolate.
Possibility for food use of 7S 
PRF and 1 IS PRF

Figure 7 shows the physical properties 
of calcium gels from 7S PRF and 11S 
PRF measured with the Texturometer. 
Calcium requirement for coagulation was 
higher in 7S PRF than 1 IS PRF, as sug
gested by the difference in calcium re
quirement between the two purified pro
teins. Generally speaking, the hardness of 
calcium gel increases with the increase of 
calcium salts added (Saio et al., 1969); 
the results in Figure 7 confirm this and 
also show that calcium gels from 11 S PRF 
were much harder than those from 7S 
PRF.

Figure 8 shows the physical properties 
of gels induced by heating at 100°C for 
30 min. As far as this experiment was 
concerned, the gel from 11S PRF was 
harder and higher in cohesiveness than 
that from 7S PRF. The textural proper
ties of the two fractions as measured with 
Tensiron UTM-11 were also found to be 
different and these detailed results will be 
discussed in a subsequent paper.

Table 3 shows the weight of curd, 
composition and physical properties of a 
cheese-like food from 7S PRF or 1 1S 
PRF. During the process of washing curd 
with hot water, the curd decreased its 
water retention capacity and changed 
into a more elastic and gummy gel. The 
trend was observed more clearly in the 
curd from MS PRF than that from 7S 
PRF and resulted in less weight of curd as 
shown in Table 3. When comparing the 
physical properties of both curds before 
aging, the curd from 1 IS PRF was harder

and higher in cohesiveness and springiness 
than that from 7S PRF. Previous papers 
(Matsuoka et al., 1968; Kawaguchi, 1973) 
reported that the short point of soybean 
protein in preparing a cheese-like food 
was its high water retention, that is, it is 
difficult to make a low-moisture curd as 
in the case of casein. However, by using 
11 S PRF, a curd having 50% or less mois
ture can easily be prepared after mechani
cal pressing. Moreover, the color of the 
curd from MS PRF was fairly yellowish 
even after aging. After aging, the overall 
qualities of a cheese-like food from 1 1 S 
PRF seemed to be superior to that from 
7S PRF; however, since both curds were 
contaminated after 1-2 wk, the textural 
properties and a sensual evaluation were 
not taken.

Table 4 shows the physical properties 
and sensual evaluation of kamaboko, a 
fish paste product prepared by adding 7S 
PRF or 11 S PRF. Kamaboko with added 
7S or MS PRF was lower in hardness, 
tensile stress and shear strength but slight
ly higher in cohesiveness, compared with 
fish flesh only. The brightness in color 
and testers’ liking showed that the order 
bright-to-dark or high-to-low in sensual 
evaluation was fish flesh only, the prod
uct with 20% added MS PRF, one with 
20% IS  PRF and one with 40% 1 1 S PRF. 
However, it must be considered that both 
fractions were added to super A grade 
surimi and in larger amount. Generally 
speaking, 3-5%  of soybean flour is added 
to C grade surimi to prepare low quality 
kamaboko in a commercial plant.

Table 5 shows the results of 11 S PRF 
in a sausage-like food. Sausage with 1 IS 
PRF added in the state of flour was lower 
in hardness, cohesiveness and springiness 
and also poorly evaluated, whereas the 
product with added MS PRF curd was 
higher in hardness, cohesiveness and 
springiness and rather highly evaluated.

It is well recognized that for the prep
aration of elastic gel from soybean pro
tein, the protein has to be heated once at

more than 90°C, while with fish or meat 
protein heating at 70—80°C is sufficient. 
The 7S and MS PRF were not heated 
during the process of fractional extrac
tion. The unsuccessful results in fish or 
meat product were partly attributed to 
insufficient heating.

From these preliminary experiments 
we may conclude that there exists a re
markable difference between 7S and 1 IS 
PRF and that it is worthwhile to try to 
find effective ways of utilizing them for 
food use which can be put into practice.
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CON SISTEN CY OF AQUEOUS SO YBEAN -RICE M IXTURES

INTRODUCTION

THE MAJORITY of the infants in rice 
eating countries are breast-fed. Under con
ditions of insufficient production or un
availability of breast milk, breast feed
ing is replaced by rice products which are 
protein-poor in terms of quality and 
quantity. Soybean products are rich in 
protein and are popular foods in Far East
ern countries. Soybean-rice formulas were 
developed in dry powder form, as pro
tein-rich and low-cost products for 
weaned infants and children (Huang et 
ah, 1967; Cheigh and Kwon, 1970). 
However, the reconstituted products 
exhibited poor rehydration and textural 
qualities. Weaning foods should have con
sistencies suitable for easy swallowing by 
infants but without excessive fluidity.

The majority of non-Newtonian semi
solid foods are considered to be pseudo
plastic bodies in which the apparent vis
cosity (the ratio of shear stress to shear 
rate) decreases with increasing shear rates 
(Harper, 1960; Holdsworth, 1969, 1971; 
Saravacos and Moyer, 1967). The loga
rithmic plot of shear stress versus shear 
rate is linear over a certain range of shear 
rates. This relationship could be ex
pressed mathematically by the simple 
power law equation of r  = KTn, where 
r = shear stress (dynes/cm2) T = shear 
rate (sec'1 ); K = consistency coefficient 
(dynes-cm sec"2 ); and n = flow behavior 
index. Two parameters “K” and “n” are 
required to characterize the flow behavior 
of pseudoplastic materials (Harper, 1960; 
Holdsworth, 1969, 1971; Watson, 1968). 
These parameters are subject to change 
by various thermal, chemical and mechan
ical actions. The consistency coefficient 
“K” decreased as the temperature of the 
foodstuff increased, while the flow behav
ior index “n” remained practically un
changed (Harper, 1960; Harper and 
Leberman, 1962; Saravacos, 1970; Wat
son, 1968). The coefficient “K” increased 
while the index “n” decreased with in
creasing solid contents of foodstuff (Ha
rper and Leberman, 1962; Holdsworth, 
1969, 1971; Saravacos and Moyer, 1967; 
Watson, 1968). Values for “ K” decreased 
as the pectic materials in apricot purees 
were enzymatically degraded (Watson,
1968). Reduction in particle diameter in 
applesauce resulted in lower “K” and 
higher “n” values.

The purpose of the present study was 
to investigate the influence of formula
tion, method of thermal processing and 
storage duration on the flow behavior of 
processed aqueous soybean:rice mixtures.

EXPERIMENTAL
Materials

Soybean seeds (cv. Bragg) and long grain 
rice (trademark, Mahatma) were obtained from 
a local market. Fish protein concentrate 
(EFP90) was obtained from Astra-Nutrition, 
New York. Proximate analysis showed that 
these materials contained proteins in the pro
portions of 40, 7.4 and 93%, respectively. 
Canned puddings and junior baby food were 
obtained from a local market.
Sample preparation

Soybeans were washed, dried at 75°C for
1.5 hr in a forced-air oven and cracked in a 
Waring Blendor at low speed. The cracked soy
beans were dehulled by a forced air stream, 
arranged in 0.4-in. thick layers and steamed at
5.0 psi for 30 min. Rice was steamed by expos
ing rice:water mixture (1:2, w/w), as a 4.0-in.

F ig . 1 - F l o w  b e h a v io r  a t  25° C  o f  u n p r o c e s s e d  
s o y b e a n ,  r ic e  a n d  s o y b e a n -r ic e  a q u e o u s  
m ix tu re s .

thick layer, to steam at 5.0 psi for 30 min. The 
steamed materials were homogenized in a com
mercial Waring Blendor and strained through 
the 0.02-in. screen of a paddle pulper. In for
mula 1 a mixture of 46% steamed soybeans, 
46% steamed rice and 8% fish protein concen
trate was mixed with 2 parts of water (w/w). 
Formula 2 was composed of 3 parts steamed 
soybean, 1 part steamed rice and 10 parts water 
(w/w). The protein contents of both formulas, 
by calculation, were 9.1 and 9.2g per lOOg ho
mogenate, respectively and the moisture con
tents were about 80%.
Thermal processing

Still retorts were used for the thermal proc
essing of all samples. Calculations of process 
times were based on the graphic method with 
F0 of 15 min (Brody, 1971).

Pouch processing. Flexible pouches, 7.0 x
8.0 x 1.0 in. with capacities of 21.0 oz each 
were manufactured from polyester-aluminum 
foil-nylon laminate film supplied by Reynolds 
Metal Co., Richmond, Va. The pouches were 
filled with the preheated homogenate (60°C), 
sealed under vacuum and placed in racks with 
shelves spaced 1 in. apart. In order to prevent 
pouch rupturing during heating or cooling, 
steam and air were used alternately to maintain 
total retort pressure at 25 psi and temperature 
at 250° F. The pressure of 25 psi was main
tained with air during cooling to a temperature 
of 120°F, after which it was slowly released to 
atmospheric pressure. Average process time was 
about 40 min.

Glass jar processing. Sterilized Mason jars 
(8.0 oz capacity) were filled with preheated ho
mogenate (60°C), capped with lid and placed in 
60°C water inside the retort for 20 min. The 
top metal band was screwed down by hand. 
Steam was slowly introduced, and a steam pres
sure controller was utilized to maintain retort 
temperature at I21°C. Air replaced steam 
during cooling to a temperature of 49°C, after 
which the pressure was slowly released to 
atmospheric pressure. Average process time was 
65 min.

Metal can processing. Samples in the 303 x 
406 enameled cans (15 oz capacity) were pre
pared similarly as for the glass jars. The cans 
were sealed and thermally processed in the con
ventional manner at 121°C for 75 min and 
cooled to 43°C.
Storage

The thermally processed samples were 
stored at 37°C for periods of 2 and 4 months 
prior to consistency measurements. The stored 
samples were kept for 2 days at room tempera
ture prior to consistency measurements. Por
tions of the processed samples were used for 
consistency measurement immediately follow
ing processing (0 storage).
Consistency measurements

Consistencies of the homogenates were de-
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Table 1—Viscometric constants and apparent viscosities (poises) at 
25° C at various shear rates (sec ) of processed and unprocessed 
soybean, rice and their mixtures.

Constants Apparent viscosity (poises)

Product "n" " K " 2  sec' 1 5 sec' 1 10  sec' 1

Unprocessed 
Soybean on ly 0.46 458.0 316.2 193.7 133.7

4 :1a 0.58 362.0 270.3 183.8 137.2
3:1 0.45 213.8 146.2 88.5 60.5
2:1 0.71 102.1 83.4 63.7 52.0
1 :1 0.44 105.1 71.4 42.8 29.1
1 :2 0.58 22.4 16.7 11.4 8.5

R ice  on ly 0.81 7.5 6.6 5.5 4.8
Processed (303 X  406) 

Soybean on ly  —b _ _ _ _

4:1 — — — — —
3:1 0.52 1192.3 853.2 548.2 392.3
2:1 0.39 651.5 426.9 244.2 156.0
1 :1 0.41 401.1 265.9 154.5 102.4
1 :2 0.45 72.1 49.4 29.9 20.5

R ice  on ly 0.50 73.1 51.6 32.5 23.0

T h e  s te a m e d  s o y b e a n  to  t h e  s te a m e d  r ic e  r a t io  
b  O f f - s c a le

Table 2—Viscometric constants and apparent viscosities (poises) at 
25°C at various shear rates (sec' 1 ) of commercial puddings and 
processed soybean:rice mixtures

Constants Apparent viscosity (poises)
Product "n" "K " 2 sec' 1 5 sec' 1 10  sec' 1

C om m ercia l puddings
B a n a n i 0.24 675.6 397.9 197.7 116.4
Chocolateb 0.29 377.9 231.7 121.4 74.4
R ic e b 0.22 514.0 300.7 147.9 86.5

Soyb ean : rice
2:1 0.39 651.5 426.9 244.2 156.0
1 :1 0.41 401.1 265.9 154.5 102.4
1 :2 0.45 72.1 49.4 29.9 20.5

a J u n io r  b a b y  f o o d ,  m a n u f a c t u r e d  b v  G e r b e r  P r o d u c t s  C o .  
h  C a n n e d  p u d d in g s ,  m a n u f a c t u r e d  b y  G e n e ra l M il ls ,  In c .

termined at 25° ± 0.01°C using a Brookfield 
Sy nchro-Lectric model RVT viscometer 
(Brookfield Engineering Laboratories, Stough
ton, Mass.) equipped with the Colora model NB 
circulating water bath. Measurements were 
made utilizing cylindrical spindles and 8 speeds. 
The contents of each sample were mixed thor
oughly prior to measurement. Samples were 
placed in the water bath for temperature equili
bration. Readings were taken 30 sec after the 
instrument was turned on. Spindle lengths were 
corrected for end effects (Brookfield Engineer
ing Laboratories data sheet 66-0112). The pro
cedure described by Garcia-Borras (1965) for 
the calculation of flow behavior constante (“ K” 
and “n”) and apparent viscosity (Ua) of non- 
Newtonian fluids was used. The data were treat
ed by the analysis of variance and Duncan Mul
tiple Range Test according to accepted statisti
cal methods. Results are presented as the aver
age of three replicates.

RESULTS & DISCUSSION
ABSOLUTE VALUES of the shear stress- 
shear rate relationships and power law 
constants of food materials could be di
rectly determined by the use of narrow- 
gap coaxial cylinder viscometers (Charm, 
1962a; Charm, 1963a, b; Harper and 
Leberman, 1962). The Brookfield viscom
eter, under the conditions used in the 
present study, is a wide gap viscometer. 
Hence, all results obtained in the present 
study should be considered as relative 
values expressing the comparative effects 
of formulation, processing and storage 
variables on the consistency of aqueous 
soybean-rice mixtures.

Unprocessed pureed and steamed soy
beans, rice or soybean-rice mixtures were 
non-Newtonial pseudoplastic bodies as in
dicated by the value of “n” which ranged 
from 0.39—0.71 and with their increased 
shear stresses and decreased apparent 
viscosities with increasing shear rates (Fig.
1 and Table 1). Their flow behavior was 
similar to those found for other foods: 
apricot, peach, pear, plum and tomato 
purees and applesauce (Charm, 1962b; 
Charm, 1963a; Harper, 1965; Harper and 
Leberman, 1962; Saravacos, 1968; Sara- 
vacos and Moyer, 1967; Watson, 1968) 
and apple and orange juice concentrates 
(Charm, 1962b; Saravacos, 1970). Con
siderable decreases in “K” values were 
found as the amounts of rice in the mix
ture increased (Table 1). No definite 
trends were observed for the “n” values. 
The influence of soybean:rice ratios on 
changes in viscometric constants and 
apparent viscosities was similar for the 
processed and unprocessed mixtures, with 
the exception that processed samples ex
hibited higher “K” and apparent viscosity 
values than those for the unprocessed 
samples. Moisture contents for the 
steamed soybean and rice were 14.8% and 
70.0%, respectively. Mixtures of the 
steamed soybean and rice contained varia
ble contents of moisture depending on 
the amount of rice in the mixture, rang

ing from 26.0% for the 4:1 ratio to 5 1.6% 
for the 1:2 ratio. Decreases in viscometric 
constants and apparent viscosities paral
leled the increases in rice or moisture con
tents of the mixtures. These results were 
in general agreement with those shown 
for other foodstuffs with different solids 
contents (Charm, 1962b; Harper, 1965; 
Harper and Leberman, 1962; Watson,
1968). Huang et al. (1967) stated that as 
the amount of soy flour was decreased 
and rice flour was increased, the liquid 
formula was too thick to be fed easily. 
The variance between these results and 
those reported in the present study may 
be partly due to the differences in sample 
preparation: dry soybean and rice flours 
versus steamed soybean and rice.

Commercial puddings showed smaller

“n” values than those for the processed 
soybean-rice mixtures, but the apparent 
viscosities of the processed soybean-rice 
samples of 1:1 and 2:1 ratios were similar 
to that of the commercial puddings 
(Table 2). Sensory evaluation indicated 
that the experimental and the commercial 
products possessed similar consistencies.

Mixtures containing FPC showed 
higher apparent viscosities than those 
without FPC (Fig. 2), probably due to 
the increased gelation by the added ani
mal protein. The pseudoplastic character
istic of soybean-rice mixture was also 
maintained for samples containing FPC.

Thermal processing of the steamed 
soybean-rice mixtures resulted in prod
ucts with decreased “n” values and higher 
values for the consistency coefficient “K”
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APPARENT VISCOSITY
I

F ig . 2 —In f lu e n c e  o f  F P C  o n  th e  a p p a re n t  
v is c o s it ie s  (p o ise s )  a t  25° C  o f  th e  u n p r o c e s s e d  
1 :1  s o y  b e a n : r ic e  a q u e o u s  m ix t u r e  a t  v a rio u s  

sh e a r ra te s  ( s e c 1 ).

F ig . 3 —In f lu e n c e  o f  s to ra g e  d u ra t io n  o n  th e  
a p p a re n t  v is c o s it ie s  (p o ise s )  a t  th e  sh e a r  ra te  o f

5 .0  s e c ' 1 (2 5 °  C )  o f  p r o c e s s e d  1 :1  s o y b e a n -r ic e  
a q u e o u s  m ix t u r e  w ith  F P C .

Table 3—Influence of method of thermal processing on the visco
metric behavior (at 25°C) of 1:1 + FPC and 13:1 soybean:rice mixture.

Constants Apparent viscosity (poises)

Product "n" " K " 2 sec' 1 5 sec"' 10  sec' 1

1:1 + FPC mixture
No processing 0.47 178.0 123.7 76.4 53.1
Jar 0.48 782.6 584.7 343.4 241.1
Can 0.43 529.2 357.5 212.9 143.8
Pouch 0.46 702.9 484.5 296.5 204.6

3:1 mixture
No processing 0.53 141.8 102.3 66.5 48.0
Jar 0.35 1255.2 802.7 444.6 284.3
Can 0.38 1131.1 738.2 419.9 274.0
Pouch 0.34 1427.2 903.9 494.2 313.0

Table 4—Consistency index "K " , of soybean:rice mixtures3 at 25°C as influenced by storage 
duration, formulation and method of processing

Storage period
0 month 2  months 4 months

Process Method F,a F;a F, F, F, F, Meanb

Jar 782 6 1248.7 1069.1 1912.7 1245.7 1928.1 1364.5a
Can 528.6 1130.5 1402.4 1715.6 1382.2 1790.6 1325.1a
Pouch 702.9 1425.4 1309.8 1831.5 1773.5 2128.4 1528.6a
Storage mean 
Formula mean

967,8x
1133.1r (F,

1540.4y
) 1679.0s (F,

1708.1y
)

3 F ,  =  F o r m u la  1 (1 :1  + F P C ) ;  F 2 =  F o r m u la  2 ( 3 : 1 )
b  M e a n s, w it h in  g r o u p s , f o l lo w e d  b y  th e  s a m e  le tte r  a re  n o t  s t a t is t ic a l ly  d i f f e r e n t  a t  th e  9 5 %  

c o n f id e n c e  le v e l.

and apparent viscosity (Table 3). Changes 
in these values were much greater for 
formula 2 than formula 1. The interac
tion formula x processing method was 
significant at the 95% confidence level. 
Although there were little differences in 
the “K” and“Ua” values between the two 
formulas before processing, the difference 
became markedly larger after processing. 
Decreases in “n” values due to processing 
were greater for formula 2 than for for
mula 1. Formula l processed in the 
pouch showed lower “K” and“ Ua” values 
than those processed in the glass jar 
(Table 3), while formula 2 showed the 
highest “n” value. The thickening effect 
of thermal processing of aqueous soy- 
bean-rice mixtures may be due to the de- 
naturation of protein (Circle et al., 1964) 
and gelatinization of starch (Meyer,
1960) to form a 3-dimensional network 
throughout the samples. Increased appar
ent viscosities were evident as the amount 
of soybeans or solids in the mixture in
creased (Tables 1, 2 and 3). Saravacos
(1970) found the apparent viscosities of 
fruit purees and pulps depend primarily 
on concentration and size and shape of 
their suspended particles but to much 
lesser extents on temperature. Soybean- 
rice mixtures contain higher amounts of 
starch and protein than the fruit purees 
used by Saravacos (1970) and this may 
account for the thickening of the ther
mally processed mixtures.

The influences of formulation, method 
of processing and storage duration on the 
values of the consistency index “K” are 
shown in Table 4. Statistical analysis of 
the data indicated that the main effects 
of formulation and storage duration sig
nificantly influenced the index. Higher 
“K” values were found for mixtures con
taining increased amounts of soybeans or 
stored for 2 or 4 months at 37°C. No 
differences were found due to processing 
method. Changes in “n” values followed 
patterns similar to those of “K” values. 
Soybean-rice mixtures processed by the 
three different methods showed similar 
consistencies, suggesting that all samples 
received equal heat treatments (F0 of 15 
min) although exterior portions received 
considerably longer heating times in the 
jar and the can than that in the pouch. In 
all cases, heating and cooling curves were 
dictated by container geometry. Differ
ences in processing times among the dif
ferent processing methods were due to 
corresponding differences in sample 
thickness in the container. Sample thick
nesses were 1.0, 2.5 and 3.0 in. for the 
pouch, glass jar and enameled can, respec
tively. Corresponding processing times 
were 40, 65 and 75 min.

Storage duration influenced the con
sistency of soybean-rice-FPC mixtures 
(Fig. 3). Increases in apparent viscosity 
values were evident after 2 months of
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storage for all the processing methods. 
Mixtures packed in thè pouch exhibited 
continued increases in apparent viscosity 
by lengthening the storage period from 2 
to 4 months. Those packed in the glass jar 
or enameled can showed smaller changes 
in their apparent viscosities with pro
longed storage. The effect of storage 
duration on changes of apparent viscos
ities of formula 2 showed patterns similar 
to those of formula 1. Luh et al. (1969) 
attributed the increased consistencies 
during storage of strained carrot purees to 
gel formation by hydrogen bonding of 
the polymers. Increased gelation could be 
one reason for the elevated apparent vis
cosities during storage of soybean-rice 
mixtures. The crystallization of solvated 
molecules is an important phenomenon 
affecting the consistency of starch gels 
(Matz, 1962). Temperature and shear rate 
influence the apparent viscosities of 
pseudoplastic foodstuffs. Heat transfer 
through these products could be im
proved by the use of high shear rates. 
This could be accomplished by the use of 
agitated heat exchangers (Harper, 1960), 
scraped vessels (Saravacos and Moyer,
1967) or pumping through small diameter 
tubes or film evaporators at high flow 
rates (Saravacos, 1970). Results obtained 
in the present study indicate that formula 
1 was less viscous than formula 2 (Tables 
3 and 4), probably due to the presence of 
smaller amounts of soybeans, thus less 
power requirements are needed to pump 
the slurry through the unit operations of 
the manufacturing process.

The homogenate prepared from either 
formula contains about 9% protein; thus

a 200-g portion of the homogenate 
supplies the minimum daily requirements 
of protein for an infant weighing 20 lb 
(Food & Nutrition Board, NAS-NRC,
1968). Several investigators have estab
lished that addition of FPC to grains and 
legumes results in products with higher 
protein efficiency ratios and higher 
amounts of sulfur containing amino acids; 
thus it is expected that formula 1 is a 
better quality protein source than formu
la 2 and it should be more suited for in
fant and child feeding than formula 2. 
However, additional quality improvement 
and economic studies are needed to deter
mine the feasibility of development of 
such a product for the consuming popula
tions. If it is economically feasible to 
develop such a product, then a step is 
achieved toward the alleviation of protein 
malnutrition in Far Eastern countries.
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POLYPH EN O L O XID ASE A C T IV IT Y  AND BROWNING OF MANGO FRU ITS  
INDUCED BY GAMMA IRRADIATION

INTRODUCTION
IN AN EARLIER STUDY on shelf-life 
extension by delaying the ripening proc
esses and senescence in mangoes, it was 
observed that the exposure of the fruits 
to doses above 75 Krad of gamma rays 
resulted in radiation injury as manifested 
by browning of the skin and pulp tissues 
(Dharkar et al., 1966). It is known that 
discoloration of fruits and vegetables as 
a consequence of cutting, bruising, me
chanical injury or infection is catalysed 
by the enzyme polyphenol oxidase (E.C.
1,10.3.10-diphenol:02 oxidoreductase) 
(Joslyn and Ponting, 1951; Farkas and 
Kiraly, 1962). [The terminology used in 
this paper: polyphenol oxidase, the en
zyme which catalyses the oxidation of 
both mono- (cresolase activity) and di
phenols (catecholase activity).) In banana 
fruits subjected to gamma irradiation, 
skin browning was observed to be due to 
an activation of polyphenol oxidase 
(Thomas and Nair, 1971). However, the 
presence of this enzyme in mango fruits 
has not so far been reported. It was of 
interest, therefore, to examine whether 
the radiation induced browning in man
goes was associated with alterations in the 
activity of polyphenol oxidase.

In this report, evidence is presented to 
show the presence of polyphenol oxidase 
in mango fruits and changes in this en
zyme induced by gamma irradiation.

MATERIALS & METHODS
MANGOES of the variety Totapuri (syno: Ban- 
galora) were used for these studies. Fully ma
ture. preclimacteric fruits, 2 days from harvest, 
were gamma irradiated at a dose rate of 4.0 
Krad per min to doses of 15, 25. 35, 50, 75, 
1 00 and 200 Krad. For each dose 20 fruits were 
used. Irradiation was carried out in a package 
irradiator (Kumta and Sreenivasan, 1966) in air 
at an ambient temperature of 25-26°C. Dosim
etry was performed either by the ferrous sul
phate or the ceric sulphate aqueous dosimeter. 
Irradiated fruits along with controls were stored 
under ambient conditions (25-30°C, RH 
80 85% in cardboard cartons).
Extraction of the enzyme

Only pulp tissues were chosen for the pres
ent studies. Diced pulp tissues were quick fro
zen in liquid nitrogen and stored at -30°C until 
used, f  rozen tissue (lOg) was thoroughly pow
dered in a pre-chilled (at -30°C) porcelain 
pestle and mortar and extracted with 20 ml of

cold 0.02M K phosphate buffer, pH 7.0, con
taining 1% Tween 80. In a few experiments 
with control fruits, tannin complexing agents 
like polyvinylpyrrolidone or casein were added 
into the extraction medium. The mixture was 
ground for 10 min and the homogenate was 
passed through two layers of cheesecloth and 
centrifuged at 20.000G for 20 min. The super
natant, which showed negligible endogenous 
activity, was used as the enzyme source for all 
comparative studies.

In order to ascertain whether the extraction 
procedure released particulate associated activ
ity, the centrifuge sediments from control tis
sue homogenates after washing with buffer and 
recentrifuging at 20.000G for 15 min were in
cubated with excess 4-methylcatechol in 0.02M 
K phosphate buffer, pH 7.0 for 30 to 60 min at 
30°C and observed at 40x magnification with a 
binocular microscope.

In some experiments, the enzyme extracts 
were prepared from acetone powders of frozen 
tissues. The acetone powder was suspended in 
cold 0.02M K phosphate buffer, pH 7.0 (lg/ 
20 ml) and the slurry was mechanically stirred 
at 0-2°C for 30 min before centrifuging for 25 
min at 20.000G. The clear supernatant was 
used as the enzyme source.
Assay of the enzyme activity

Enzyme activities were determined by meas
urement of 0 ¡ consumption with various 
mono- and diphenols as substrates using a 
Clark-type oxygen electrode fitted into one side 
of a water-jacketed (25°C) 3.0 ml cell equipped 
with a magnetic stirrer. The reaction was 
started by adding 0.5 mM of substrate to the 
reaction cell filled with air saturated K phos
phate buffer, pH 7.0, containing an appropriate 
quantity of the enzyme (500-800 Mg protein) 
in a final volume of 3.0 ml. The enzyme activ
ity was calculated from the initial slope of the 
curve in case of catecholase and from the slope 
after the end of lag period in the case of cresol
ase (Thomas and Nair, 1971)

The ortho-dihydroxyphenols formed from 
p-cresol as substrate was determined as follows. 
To a reaction mixture consisting of 0.95 ml air 
saturated, 0.02M K phosphate buffer, pH 7.0 
and 0.15 ml of enzyme solution (approximately 
300 Mg protein), 0.6 mM of p-cresol was added. 
The mixture was incubated at 25°C for differ
ent time intervals, then trichloroacetic acid 
(0.25 ml of a 30% w/v solution) added and the 
precipitate removed by centrifugation. An ali
quot (1 ml) of the supernatant solution was 
used for the estimation of dihydroxyphenols 
formed by the procedure of Nair and Vaidyana- 
than (1964). The protein was estimated by 
Biuret method (Gornell et al., 1949).
Irradiation of crude extract

Extracts prepared from control fruits were 
irradiated to different doses ranging from

15-200 Krad at 0°C by keeping the extracts in 
ice during irradiation which was carried out in a 
gamma chamber 900 at a dose rate of 0.4 Mrad/ 
hr.
Total phenolic constituents

The tissue (5g) was blended with 40 ml of 
70% ethyl alcohol in a Sorvall Omnimixer for 5 
min and centrifuged. Total phenols in the 
supernatant were determined by Folin-Dennis 
reagent according to Swain and Hillis (1959). 
Ascorbic acid

lOg tissue was blended with 100 ml of 3% 
metaphosphoric acid-acetic acid reagent in a 
Sorvall Omnimixer for 5 min and centrifuged. 
Ascorbic acid in the supernatant was estimated 
by visual titration, against 2,4-dichlorophenol 
indophenol dye (AOAC, 1960). 
pH of extracts

The pH of the enzyme extracts were deter
mined using a Beckman pH meter.

RESULTS
Browning phenomenon induced 
by gamma irradiation

It was observed that gamma irradiation 
at doses above 75 Krad resulted in dis
coloration of both skin and pulp tissues. 
The intensity of discoloration increased 
with increasing dose and with advancing 
storage period. In 200 Krad-dosed fruits, 
external discoloration was visible from 
the 6th day onwards as pale brown 
patches on the skin and by the 14th day 
the entire fruit tissue including the pulp 
had turned dark brown to black. How
ever, such visible changes in the tissue 
were not observed uniformly in all fruits. 
Similar browning phenomena was noticed 
in five other varieties of mangoes as well. 
Polyphenol oxidase activity 
in irradiated fruits

Initial experiments were carried out to 
assess the level of enzyme activity in pulp 
tissues of unirradiated preclimacteric and 
ripe fruits. Very little or no activity was 
detectable in these fruits. The pH of the 
pulp tissues ranged from 3.0—3.2 in the 
preclimacteric fruit and from 4.2—4.7 in 
the ripe fruits. The addition of KOH dur
ing extraction to neutralize the acids lib
erated or inclusion of 1—3% polyvinyl
pyrrolidone or 1% casein in the buffer to 
remove tannins and other phenolic sub
stances which are known to inactivate en
zymes (Jones et al., 1965; Haard and 
Tobin, 1971; Loomis and Battaile, 1966)
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F ig . 1—F o r m a t io n  o f  o - d ih y d r o x y p h e n o l  f ro m  p - c r e s o l  c a t a ly z e d  b y  
m a n g o  p o ly p h e n o l  o x id a s e . E n z y m e  e x t r a c t e d  f ro m  p u lp  t issu e s  o f  2 0 0  
K r a d  ir ra d ia te d  m a n g o e s  s t o r e d  f o r  14  d a y s . T h e  re a c t io n  w as c a r r ie d  
o u t  e m p lo y in g  a re a c t io n  m ix t u r e  as d e s c r ib e d  u n d e r  M a te ria ls  &  
M e th o d s .

F ig . 2 — T h e  c h a n g e  o f  m a n g o  p o ly p h e n o l  o x id a s e  a c t iv i t y  w ith  p H . E n 

z y m e  e x t r a c t e d  f ro m  p u lp  tissu e s  o f  2 0 0  K r a d  ir ra d ia te d  m a n g o e s  
s t o r e d  fo r  14 d a y s . T h e  fo l lo w in g  b u f f e r  s o lu t io n  w as u s e d  0 . 1 M  s o d i 

u m  c i t ra te - s o d iu m  p h o s p h a te  (p H  3 . 0 - 7 . 0 ) ,  0 .0 5 M  T r is - H C I (p H  
7 . 5 - 9 . 0 ) .

did not result in preparations with in
creased activity. Histochemical analysis of 
centrifuge pellets obtained from control 
fruits employing the above extraction 
media did not show measurable enzyme 
activity. Likewise incubation of tissue 
sections from control fruits with sub
strate failed to reveal enzyme activity 
whereas sections from 9-day stored 200 
Krad irradiated fruits showed localized 
areas of red deposits indicative of enzyme 
activity. These observations suggest that 
tannin inhibition of enzyme activity was 
not occurring during homogenization of 
control fruits. Acetone powder extracts 
also showed little or no activity. Enzyme 
activity could not be detected even after 
fractionation of the crude extracts ob
tained from frozen pulp or acetone pow
der by cold acetone (1.6 volumes) or 
ammonium sulphate (50-70% satura
tion).

Table 1 shows the relative enzyme 
activity of extracts obtained from mango 
fruits subjected to different levels of gam
ma irradiation and stored for 9 days. It 
can be seen that irradiation resulted in a 
dose dependent increase in enzyme activ
ity which was marginal up to 100 Krad. 
However, at 200 Krad, a dose which re
sults in definite skin and pulp discolora
tion, several-fold increase in both mono- 
and diphenol oxidase activities was ob
served. The enzyme extracts from control 
and fruits irradiated up to 75 Krad were

active only towards diphenols whereas ex
tracts of fruits irradiated at 100 and 200 
Krad exhibited both cresolase and cate- 
cholase activities. The enzyme activity in 
fruits exposed to 200 Krad of gamma 
rays determined at different time inter
vals after irradiation is given in Table 2. 
No increase in enzyme activity was de
tected until the fourth day. Increased 
activity was observed from the ninth day 
onwards and maximum activity was no
ticed on the fourteenth day when the ex
periments were terminated. It was inter
esting to note that the increase in enzyme 
activity paralleled with external manifes
tation of radiation injury. Fruits showing 
greater visible damage possessed enhanced 
enzyme activity and vice versa.

Irradiation of crude extracts prepared 
from control fruits did not show any ef
fect on the level of enzyme activity. 
Substrate specificity

As stated earlier, the enzyme prepara
tion obtained from 100 and 200 Krad 
irradiated fruits showed both cresolase 
and catecholase activities. The specificity 
towards various mono- and diphenolic 
substrates is shown in Table 3. Of the var
ious diphenols tested, dopamine showed 
more reactivity and, among the mono
phenols, p-cresol was the most reactive 
substrate, p-phenylene diamine, hydro- 
quinone and vanillin were not at all oxi
dized, suggesting the absence of laccase 
activity in the preparation.

Figure 1 shows the rate of formation 
of orthodihydroxyphenol from p-cresol 
catalyzed by the mango enzyme. The 
data provides additional evidence to the 
fact that mango polyphenol oxidase 
could catalyze the oxidation of mono
phenol to give the corresponding di
phenol.

Table 1 —Effect of gamma irradiation on 
polyphenol oxidase activity of mangoesa

Specific activity
Dns» in O, consumed/mg protein/min

Krad Cresolase Catecholase
Control Nil 9.0

15 Nil 14.0
25 Nil 21.0
50 Nil 40.0
75 Nil 41.0

100 10.0 80.0
200 69.0 275.0

a E n z y m e  e x t r a c t e d  f r o m  p u lp  t is s u e s  o f  
c o n t r o l  a n d  ir r a d ia t e d  f r u it s  s to r e d  f o r  9  
d a y s  u n d e r  a m b ie n t  c o n d it io n s  ( 2 5  —3 0 ° C .  
R H  8 0 —8 5 % ) .  T h e  c r e s o la s e  a n d  c a te  
c h o la s e  a c t iv i t ie s  w e re  e s t im a t e d  u s in g  
p c r e s o l a n d  d o p a m in e  H C I .  r e s p e c t iv e ly .  
B u f f e r  e x t r a c t s  o f  c o n t r o l  a n d  ir r a d ia t e d  
f r u it s  d id  n o t  s h o w  a p p r e c ia b le  c h a n g e  in  
th e  p r o t e in  c o n t e n t  e x c e p t  in  2 0 0  K r a d s  
s a m p le s  w h ic h  s h o w e d  a p p r o x im a t e ly  
t w ic e  th e  q u a n t it y .
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Table 2—Polyphenol oxidase activity in mango fruits assayed at dif
ferent time intervals after irradiation to 200 Krada

Time after 
irradiation 

(days)
Fruit
color

pH of 
extract

pM 0 2 consu med/mg protein/min

Cresolase Catecholase

0 Green 3.23 Nil Nil
1 Green 3.14 Nil Nil
4 Green 3.37 Nil Nil
6 Pale brown 

patches
3.36 Nil 25.0

9 Brown 3.34 43.0 227.0
12 Deep brown 3.35 67.0 291.0
14 Deep brown 

to black
3.54 110.0 446.0

a C r e s o la s e  a n d  c a t e c h o la s e  a c t iv it ie s  w e re  e s t im a t e d  u s in g  p -c r e s o l a n d  
d o p a m in e  H C I ,  r e s p e c t iv e ly .  B u f f e r  e x t r a c t s  o f  f r u it s  s to r e d  f o r  9  d a y s  
a n d  a b o v e  h a d  h ig h e r  p r o t e in  c o n t e n t  c o m p a r e d  to  e a r l ie r  s a m p le s .

pH optima
Using p-cresol and dopamine as sub

strates, the effect of varying pH values on 
polyphenol oxidase activity of mangoes is 
illustrated in Figure 2. Maximum activity 
was observed between pH 6.5—7.0. Only
20-30% of the original activity was ob
served at pH 5.0 whereas at pH 4.0 and 
below complete inhibition occurred. 
Inhibitor studies

Inhibition of enzyme activity was ob
served by addition of sodium diethyl 
dithiocarbamate and complete inhibition 
occurred at concentrations of 66-100 
pM.

Table 3—Substrate specificity of mango
polyphenol oxidase3

Substrate

Specific activity
mM o 2

consumed/ 
mg protein/min

Diphenols
Dopamine HCI 446
4-Methyl catechol 439
Caffeic acid 420
Pyrocatechol 390
D-catechin 360
Chlorogenic acid 300
DL-arterenol HCI 270
L-dopa 186
DL-dopa 172

Monophenols
p-Cresol 110
T y ramine HCI 72
L-tyrosine 7
DL-tyrosine 9

a E n z y m e  e x t r a c t  p r e p a r e d  f r o m  p u lp  t is 
su e s o f  2 0 0  K r a d  ir r a d ia t e d  m a n g o e s  
s to r e d  fo r  1 4  d a y s .

Changes in total phenols 
and ascorbic acid

A  significant increase in the content of 
total phenolic constituents and a decrease 
in ascorbic acid was observed in 200 Krad 
irradiated fruits as a function of time. 
Total phenols increased by 7 -8  fold on 
the fourteenth day post-irradiation, 
whereas ascorbic acid level dropped to 
20% of the original value by that day 
(Table 4).

DISCUSSION
PHYSIOLOGICAL EFFECTS of gamma 
irradiation may be immediate or some
what delayed. In an earlier study, we had 
reported an immediate activation of poly
phenol oxidase in banana fruits upon ir
radiation (Thomas and Nair, 1971). Riov 
et al. (1968) observed an immediate in
crease in phenylalanine ammonia lyase 
activity in external layers of citrus fruit 
peel soon after irradiation at 200 Krad of 
gamma radiation. In contrast, the en
hancement of polyphenol oxidase activity 
in mango fruits appears to be a delayed 
effect of gamma irradiation similar to

Table 4—Changes in total phenolic com
pounds and ascorbic acid in control and 200 
Krad irradiated mangoes during storage.
Days in Total phenolics3 Ascorbic acid3 
storage mg/100g pulp mg/IOOg pulp

Control
0 (Initial) 117 33

14 127 24
Irradiated

0 (Initial) 107 21
11 416 7
14 772 4

3 A v e r a g e  o f  t r ip l ic a t e  e s t im a t io n s

that reported by Monselise and Kahan 
(1966, 1968) for peroxidase and catalase 
activation of flavedo of citrus fruit. 
Ogawa and Uritani (1970) demonstrated 
that gamma irradiation induced tissue 
browning of potato tubers was accom
panied by a marked increase in peroxi
dase activity and a transient increase in
o-diphenol oxidase activity.

The activation of polyphenol oxidase 
in mango fruits upon irradiation could be 
caused in many ways. It can be due to an 
activation of a pro-enzyme (Fox et al., 
1962; McGuire, 1970; Ashida, 1971) or 
latent enzyme (Kenten, 1957, 1958; 
Deverall, 1961; Robb et al., 1964; Swain 
et al., 1966) or due to conformational 
changes in the enzyme (Lerner et al.,
1972). Activation of latent polyphenol 
oxidase in beans as a consequence of fun
gus infection has been reported by Dever
all (1961). Our unpublished observations 
show very high polyphenol oxidase activ
ity in Alphonso mango fruits infected by 
the fungus Botryodiplodia theobromae. 
The fact that irradiation of extracts of 
control fruits did not produce increased 
enzyme activity suggests that the increase 
in activity in irradiated fruits was proba
bly not due to conformational changes or 
activation of pro-enzyme or latent en
zyme. Based on the development of en
zyme activity in 200 Krad irradiated 
fruits, it would seem that a de novo 
synthesis of the enzyme is induced as a 
consequence of irradiation.

The accumulation of phenolic com
pounds in irradiated fruits would impli
cate the possible activation of phenylala
nine ammonia lyase as observed in citrus 
peel tissues by Riov et al. (1968). Such 
suggestion, however, needs confirmation. 
Irradiation induced accumulation of 
phenolic substances has been reported in 
bananas (Thomas et al., 1971) and pota
toes (Ogawa and Uritani, 1970).

It is interesting to note that the exter
nal manifestation of radiation damage in 
200 Krad irradiated fruits was accom
panied by a parallel decrease in the con
tent of ascorbic acid. It would appear 
that, in the initial stages after irradiation, 
the orthoquinone compounds formed by 
the activated polyphenol oxidase are re
duced back to the orthophenolic forms 
by the ascorbic acid present in the tissue, 
thereby preventing browning. When the 
ascorbic acid content of the tissue is ex
hausted, the enzymatically produced 
quinones, free of the reducing action of 
ascorbic acid, are then able to polymerize 
and form dark colored products (Reyes 
and Luh, 1962). A good correlation be
tween browning of cut apples and the 
oxidation of ascorbic acid has been re
ported (Bauernfeind and Pinkert, 1970).

Dialyzed enzyme preparations from 
control fruits did not exhibit measurable 
enzyme activity which indicated that en
dogenous ascorbate was not responsible
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for latent polyphenol oxidase in unirradi
ated fruit extracts. The results of our 
studies clearly show a good correlation 
between tissue browning and polyphenol 
oxidase activity in irradiated mango 
fruits.
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USE OF LIM ONOATE D EH YD RO G EN A SE OF Arthrobacter globiformis FOR THE 
PREVEN TIO N  OR REM O VAL OF LIMONIN B ITTERN ESS IN C ITRU S PRODUCTS

F ig . 1 —S t r u c t u r e s  o f  l im o n io  I I I ,  l im o n o a te  A - r in g  la c to n e  ( I I I ,  a n d  
17 - d e h y d ro lim o n o a te  A - r in g  la c to n e  ( I I I ) .

INTRODUCTION
CERTAIN CITRUS FRUITS often are 
unsuitable for processing because of the 
developm ent of limonin bitterness 
(Higby, 1938). A convenient solution to 
the bitterness problem would be a debit- 
tering enzyme that could be added direct
ly to juice or other fruit tissues. Such an 
enzyme could be used alone or in con
junction with the presently available 
metabolic debittering treatment of the 
fruit which reduces the amount of limo
nin precursor entering the juice and sub
sequently the amount of limonin formed 
after processing (Maier et al., 1973).

We have recently reported the isola
tion of a limonoate dehydrogenase (LD; 
limonoate:NAD oxidoreductase) from 
Arthrobacter globiformis which converts 
the limonin precursor, limonoate A-ring 
lactone (LARL) (Maier and Margileth,
1969), to a nonbitter compound, 17- 
dehy d ro lim o n o ate  A-ring lactone 
(17-DLARL) (Hasegawa et al., 1972) 
(Fig. 1). Prior conversion to 17-DLARL 
would prevent the ultimate conversion of 
LARL to bitter limonin in the juice. This 
enzyme is produced intracellularly by A. 
globiformis which has been grown on a 
medium containing limonoate as a single 
carbon source. LD requires Zn ions, sulf- 
hydryl groups and the cofactor NAD for 
its catalytic action. LD attacks only limo- 
noids which have the furan ring, epoxide, 
and open D-ring in their molecules.

The success of preliminary tests 
prompted further investigation of the use 
of LD to prevent or remove limonin bit
terness in citrus juices and other prod
ucts.

EXPERIMENTAL
DUE TO THE unavailability of fresh navel 
orange juice during a major portion of the year, 
navel orange juice concentrate (65.2° Brix), 
diluted to 13° Brix, was used for most of our 
experiments. It was adjusted to pH 8 with 
NaOH and either heated for 15 min on a steam 
bath or held several hours to open the D-ring of 
limonin (the A-ring also opens). The D-ring lac
tone could also be hydrolyzed with limonin 
D-ring lactone hydrolase at pH 7.0 or higher 
(Maier et al., 1969). This juice was brought to 
room temperature before use. When fresh navel 
oranges became available, freshly prepared 
navel orange juice was used as is, and after ad
justment to the desired pH with NaOH.

Navel orange peel was prepared for treat
ment by blending with 3 volumes of water for 2 
min to achieve a slurry.

Lemon seeds were prepared by soaking over
night in 30 volumes of water, then grinding 
with a Polytron homogenizer for 3 min. Large 
particles were removed by screening through 
two layers of cheesecloth yielding a fine slurry 
which remained dispersed overnight. One por
tion of the slurry was adjusted to pH 7.5 with 
NaOH, another left unadjusted (pH 6.1), and 
both were held refrigerated overnight.

Limonoate dehydrogenase was partially 
purified from cell-free extracts of A. globifor
mis by (NH4 )2 S04 precipitation followed by 
separation on a DEAE cellulose column 
(Hasegawa et al., 1972). In one experiment the 
enzyme was used without separation on a 
DEAE column. The (NH4 )2 S04 precipitate was 
dissolved in 0.1M phosphate buffer (pH 7.5) 
and dialyzed against 0.01 M phosphate buffer 
(pH 7.5) for 2 hr. One unit of enzyme is de
fined as the amount which catalyzes the forma
tion of 1 pmole of NADH per min under the 
conditions used (Hasegawa et al., 1972).

Samples of 5-20g were taken from large 
volumes of the juice, peel slurry or seed slurry. 
Each sample was used as is or was adjusted to 
the desired pH with HC1 or NaOH just prior to 
enzyme addition. The enzyme and NAD were 
then added to each sample. Samples were held 
at 24°C, loosely covered, and stirred occasional
ly during the incubation period.

After incubation, the reaction mixtures 
were acidified to pH 2 with HC1 to convert any 
remaining LARL into limonin. Juice and seed 
samples were then boiled for 10 min. The 
standard limonin procedure of Maier and Grant
(1970) was followed, analyzing for total juice 
limonin. Peel samples were not boiled and were 
analyzed by the modified peel method (Maier 
et al., 1973). Since the residual LARL of the 
reaction mixtures and controls was converted 
to limonin before analysis, the difference in 
total limonin content of untreated and LD- 
treated samples is a measure of the amount of 
LARL converted to 17-DLARL. Percent con
version is calculated on the basis of initial 
LARL content.

The reaction product (17-DLARL) in fresh 
navel orange juice was identified by extraction 
of the reaction mixtures after LD treatment 
and TLC comparison of the product and its 
methyl ester with known standards (Hasegawa 
et al., 1972).

RESULTS
TABLE 1 shows the reduction in limonin 
content of fresh navel orange juice (con
version of limonoate A-ring lactone to
17-dehydrolimonoate A-ring lactone) 
after treatment with limonoate dehydro
genase of Arthrobacter globiformis. 
Treatment of the juice with 190 munit
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Table 1—Reduction of ultimate limonin 
content of fresh navel orange juice by limo- 
noate dehydrogenase of Arthrobacter glob- 
iformis

Treatment3 

NAD added Limonin Conversion
Table 3—Effect of incubation time on 

stituted navel orange juice concentrate
limonin debittering of recon*

(jimole/ml)
Control
0.06
0.06

pHb
4.3
4.3 
5.0

(ppm)
15.8
6.7
5.4

<%)
0

58
66

Treatment3

enzyme NAD added 
(munit/ml) (/imole/ml)

Time of 
incubation

Limonin
(ppm)

Conversion
(%)

0.06 5.5 4.2 73 Control^ 0 17 hr 16.25 0
0 5.5 7.2 54 6.5 0.025 20 min 11.25 31
0.06 6.0 1.7 89 6.5 0.025 40 min 8.75 49
0.06 9.0 0.6 96 6.5 0 40 min 11.25 31
0 9.0 6.9 56 6.8 0.025 17 hr 0.50 98

a In c u b a te d w ith 1 9 0  m u n it enzyme/ml a In c u b a te d  a t  p H  9 . 5  a n d  2 4 ° c
ju ic e  fo r  2  h r  a t  2 4 ° C ;  C o n t r o l  c o n t a in e d  b  n 0  e n z y m e  a d d e d
N A D  a n d  h e a t - in a c t iv a te d  e n z y m e .  

b  N a tu r a l p H  o f  th e  ju ic e  w a s  4 .3 ;  N a O H  
w a s a d d e d  to  a c h ie v e  th e  h ig h e r  p H  le v e ls.

Table 2—Effect of added NAD on the 
limonin debittering of reconstituted navel 
orange juice concentrate at pH 6.5a
NAD added 
(/¿mole/ml)

Limonin
(ppm)

Conversion
(%)

Control 18.0 0
0.1 2.0 89
0.05 3.0 83
0.025 4.0 78
0 11.0 39

a In c u b a te d  w ith  3 5  m u n it  e n z y m e / m l ju ic e  
f o r  17  h r  at 2 4 ° C ;  C o n t r o l c o n t a in e d  N A D  
a n d  h e a t - in a c t iv a te d  e n z y m e .

Table 4—Reduction in ultimate limonin 
content of navel orange peel slurry with 
limonoate dehydrogenase of A. globiformis

Treatment3

NAD added 
(pmole/g) pHb

Limonin
(ppm)

Conversion
(%)

Control 5.6 52.1 0
1.0 5.6 37.2 29
1.0 8.0b 21.9 58
0 8.0b 26.6 49

a In c u b a te d w ith  1 2 0  m u n it  e n z y m e / g  s lu r
ry  f o r  1 h r  a t  24<^ C ; C o n t r o l c o n t a in e d
N A D  a n d  h e a t - in a c t iv a te d  e n z y m e .  

b p H  a d ju s te d  w ith  N a O H

Table 5—Reduction in ultimate limonin 
content of lemon seed slurry by limonoate 
dehydrogenase of A. globiformis

Treatment3

NAD added 
(¿¿mole/g) PH

Limonin
(ppm)

Conversion
(%)

Control 6.1 89.9 0
2.5 6.1 83.3 7.0
0 6.1 86.7 3.5

Control 7.5b 93.3 0
2.5 7.5b 33.3 64
0 7.5b 80.0 14

3 In c u b a t e d  w ith  3 1 0  m u n it  e n z y m e / g  s lu r 
r y  f o r  1 h r  a t  2 4 ° C ;  C o n t r o l  c o n t a in e d  
N A D  a n d  h e a t - in a c t iv a te d  e n z y m e .  

b  p H  a d ju s te d  w ith  N a O H

enzyme/ml juice and 0.06 jumole of 
added NAD/ml juice for 2 hr resulted in 
sufficient conversion to reduce the limo
nin content of the juice to near or below 
the bitterness threshold range (4—6 ppm) 
(Guadagni et al., 1973). The conversion 
was more extensive at higher pH and was 
essentially complete near the pH opti
mum of the enzyme. Substantial conver
sion also occurred without the addition 
of NAD. This finding suggests that NAD 
would not necessarily have to be added 
for commercial juice debittering. This 
experiment also demonstrated that the 
enzyme could be used without DEAE 
column purification, in fact, the crude 
preparation exhibited greater stability in 
acidic systems than did the purified prep
aration. The conversion to 17-DLARL 
was confirmed by TLC of the conversion 
product and its methyl ester against 
known standards (Hasegawaet al., 1972). 
The known substrate specificity of LD 
and the identification of 17-DLARL as

the reaction product reconfirms the fact 
that LARL is present in the juice im
mediately after expression from the fruit 
(Maier and Beverly, 1968; and Maier and 
Margileth, 1969).

Table 2 shows the effect of added 
NAD on limonin debittering of recon
stituted navel orange juice concentrate. 
With 35 munit enzyme/ml juice, addition 
of 0.025 /amolé NAD/ml juice was suf
ficient to reduce the limonin level of an
18.0 ppm juice to below the reported bit
terness threshold. At this enzyme level 
and pH, limonin conversion with 0.025 
jamóle NAD/ml juice was double that 
without added NAD.

The rate of limonin debittering was 
not linear with time of incubation (Table
3). With 6.5 munit enzyme/ml juice and
0.025 jumóle added NAD/ml juice, ap
proximately 31% of the conversion oc
curred in the first 20 min while only 18% 
occurred in the second 20 min. Addition 
of NAD increased the rate of the reaction

markedly; conversion was 50% greater 
during the first 40 min with the addition 
of 0.025 jarnole NAD/ml juice.

Table 4 shows the reduction in ulti
mate limonin content of a navel orange 
peel slurry. A 1 -hr incubation at pH 5.6 
(unadjusted pH of the slurry) and pH 8.0 
resulted in 14.9 and 30.2 ppm decreases 
in limonin, respectively. At pH 8.0 con
version proceeded at approximately the 
same rate with or without the addition of
1.0 jumole NAD/g slurry.

Table 5 shows the LD catalyzed con
version of LARL to 17-DLARL in a 
lemon seed slurry. The limonin content 
decreased 64% during a 1 -hr incubation at 
pH 7.5 with 310 munit enzyme/g slurry 
and 2.5 jumole NAD/g slurry. Seeds con
tain appreciable amounts of the limonin 
D-ring lactone hydrolase, which catalyzes 
the reaction: limonin^limonoate A-ring 
lactone. The pH dependence of the equil
ibrium favors the closed D-ring at pH 6.1 
and the open D-ring at pH 7.5 (Maier et
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al., 1969). Adjustment to pH 7.5 per
mitted limonin hydrolysis to occur before 
LD treatment.

DISCUSSION
THE ULTIMATE LIMONIN content of 
navel orange juice was greatly reduced by 
direct enzymic treatment of the juice. 
The rate of limonin debittering increases 
with increasing pH, and NAD and enzyme 
concentration. In the case of fresh navel 
orange juice, the juice was treated with 
LD immediately after it was extracted 
from the fruit. Relatively large amounts 
of enzyme were used to rapidly convert 
LARL to 17-DLARL thereby preventing 
its conversion to limonin. In the case of 
stored navel orange juice or juice concen
trate (wherein the LARL has already 
been converted to limonin) it was neces
sary to first treat the juice with alkali to 
hydrolyze the D-ring of limonin before 
LD treatment.

At neutral or higher pH, the addition 
of NAD is not necessary to achieve sub
stantial reduction in ultimate limonin 
levels. The addition of NAD does, how
ever, allow more efficient use of the en
zyme. At acidic pH where the enzyme is 
less active, the effect of added NAD is 
more pronounced, although substantial 
conversion does occur with only the 
natural NAD present in the juice. In the 
navel orange peel system, the addition of 
NAD enhanced activity slightly, whereas 
in the lemon seed system, addition of 
NAD was necessary to achieve significant 
conversion in 1 hr.

With regard to the commercial use of 
the enzyme, in the preferred practice, LD 
would be applied to the juice without 
delay or pH adjustment immediately after 
extraction from the fruit (Hasegawa and

Brewster, 1972). For juice that has been 
stored, pasteurized or concentrated, 
hydrolysis of the D-ring of limonin with 
alkali or limonin D-ring hydrolase would 
first be necessary. After the LD debitter
ing treatment the pH would be readjusted 
with food grade organic acids to avoid the 
saltiness which results when inorganic 
acids are used. While the need for pH ad
justment in the latter cases would pre
clude the use of this process for pure 
orange juice, the process would be useful 
for other orange juice products and other 
citrus products. Also, the enzyme might 
be used to debitter citrus juices through 
application of immobilized-enzyme tech
nology. Additionally, the activity of the 
enzyme in the lower pH range might be 
enhanced by modification of the enzyme 
protein through derivatization reactions.

LD successfully catalyzed a substantial 
reduction in the ultimate limonin content 
in slurries of other citrus tissues such as 
navel orange peel and lemon seeds. Debit
tering might allow more extensive use of 
these tissues in products and by-products 
such as flavoring, coloring and clouding 
agents, comminuted whole fruit or peel 
products, etc.

Since the objective of this work was to 
demonstrate that LD will function in a 
variety of citrus product systems, the 
limonin content was not always reduced 
to levels below the reported bitterness 
threshold in every treatment reported 
here. However, the combined data indi
cate that in those instances appropriately 
lower limonin levels could be achieved by 
adjustments in the enzyme concentration, 
the NAD concentration, and/or the time 
of treatment.

Since LD of A. globiformi has a high 
pH optimum and has comparatively low

activity in acidic solutions, we have con
tinued our survey of microorganisms in 
search of other enzymes. We recently iso
lated a new bacterium, No. 321-18 
(Hasegawa, unpublished data). This or
ganism produces an LD which differs sig
nificantly from that of A. globiformis and 
has a lower pH optimum. Studies on the 
application of this new dehydrogenase for 
limonin debittering of citrus products are 
underway.
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E F F E C T  OF pH ON THE A C T IV IT Y  OF Schizosaccharomyces pombe

INTRODUCTION
GRAPES growing in many parts of U.S. 
and Canada frequently have acidity too 
high and pH too low for making good 
wines. It does not happen every season, 
but when the late summer and early fall 
weather is cold or rainy, the grapes may 
not ripen sufficiently, and high acidity 
develops.

Chemical neutralization is not desir
able, as it may impair the delicate flavor 
of the wine. Another method of deacidifi
cation is malo-lactic fermentation by 
Leuconostoc oenos, which converts malic 
acid (a dicarboxylic acid) to lactic acid (a 
monocarboxylic acid) thus reducing the 
acidity of the wine. Malic acid may con
stitute as much as 40% of the acid of 
grapes. However, malo-lactic fermenta
tion does not develop when the pH is be
low 3.0 (Peynaud, 1956).

Schizosaccharomyces species has been 
shown to metabolize both glucose and 
malic acid into ethanol and carbon di
oxide (Peynaud and Sudraud, 1964; 
Benda and Schmitt, 1966), and has been 
investigated as a deacidification agent in 
wine making (Minarik and Navara, 1967; 
Yang, 1973). Since the pH of grapes 
varies widely, this investigation was 
undertaken to determine the effect of pH 
on Sch. pombe during fermentation. For 
comparison, Saccharomyces cerevisiae 
was used to ferment duplicate lots.

EXPERIMENTAL
Must preparation

Pinot blanc grape was used for this experi
ment and was harvested on Sept. 21, 1972, 
from the University vineyard at the Southern 
Oregon Experiment Station in Medford. The 
grapes were processed through a crusher-and- 
stemmer, and pressed immediately with the 
screw-type basket press. 100 ppm of sulfur di
oxide, in the form of potassium meta-bisulfite.

3.37, at intervals of approximately 0.15 units. 
The seventh lot of must was held at its original 
pH of 3.50. 1 hr after the addition of HC1, each 
lot was assayed for pH and titratable acidity.

Vinification
The pH-adjusted musts were allowed to

stand with S02 overnight. The following morn
ing, each lot was divided into two equal parts of
1.5 liters each; one was inoculated with a 3% 
(v/v) culture of Sac. cerevisiae and the other 
with a 3% culture of Sch. pombe. The cultures 
were 48 hr old, and the fermentation was car
ried out at 21°C.

Table 1 —Fermentation rates by Saccharomyces cerevisiae and 
Schizosaccharomyces pombe

Time for
completion Fermentation

Initial Titratable acidity ° f  fermentation rate
pH of must3 (as 9 tartaric (days) (days )

(adj with HCI) acid/100  ml) Sac. Sch. Sac. Sch.
2.50 1.21 - 25 - 0.04
2.67 1.17 23 10 0.04 0.10
2.82 1 .11 21 9 0.05 0.11
3.00 1.06 11 7 0.09 0.14
3.17 1.02 10 6 0.10 0.17
3.37 0.97 7 5 0.14 0.20
3.50 0.93 7 5 0.14 0.20

B r ix  =  2 1 .9 ;  t a r t a r ic  a c id  =  5 .4  m g /m t; L  m a lic  a c id  = 3 .9  m g / m l

Table 2—pH of wines fermented by Saccharomyces cerevisiae and
Schizosaccharomyces pombe

Initial 
pH of must 

(adj with HCI)

pH of wine Changes in pH
Differences 

in A pHSac. Sch. Sac. Sch.

2.50 - 2.44 - -0.06 -
2.67 2.68 2.84 0.01 0.17 0.16
2.82 2.86 3.05 0.04 0.23 0.19
3.00 3.10 3.32 0.10 0.32 0.22
3.17 3.22 3.50 0.05 0.33 0.28
3.37 3.50 3.78 0.13 0.41 0.28
3.50 3.61 3.91 0.11 0.41 0.30

Table 3—Titratable acidity of wines fermented by Saccharomyces 
cerevisiae and Schizosaccharomyces pombe

was added to the must. The must was divided 
into seven lots of 3 liters each in glass con
tainers stoppered with cotton plugs. 
pH adjustment

Initial 
pH of must 

(adj with 
HCI)

Titratable acidity 
of must 

(as g tartaric 
acid/100  ml)

Titratable acidity Changes in titratable 
of wine acidity

(g/100  ml) (%)
Sac. Sch. Sac. Sch.

The pH of the must was adjusted with con
centrated HCI. To determine the amounts of 2.50 1.21 - 0.88 - —27.3
acid needed to obtain desired changes in pH, 2.67 1.17 1.20 0.84 +2.9 -28.0
various volumes of concentrated HCI were 2.82 1. 11 114 0.76 +3.0 -31.3
added to several 100-ml samples of must. After 3.00 1.06 1.02 0.70 3.6 -33.8
1 hr, the pH’s of these test samples were meas- 3.17 1.02 0.97 0.66 5.3 -35.5
ured. From this information were calculated 3.37 0.97 0.94 0.60 3.2 -38.2
the volumes of concentrated HCI required to 
adjust the six lots of must from pH 2.50 to 3.50 0.93 0.89 0.56 3.9 -39.5
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Table 4—Malic acid utilization by Saccharo
myces cerevisiae and Schizosaccharomyces 
pombe

Initial 
pH of must 

(adj with 
HCI)

L-Malic acid3 
(mg/ml)

Utilization
<%i

Sac. Sch. Sac. Sch.
2.50 - 1.2 - 69.2
2.67 3.9 1.1 0.0 71.8
2.82 3.8 0.7 2.8 82.1
3.00 3.7 0.0 5.5 100.0
3.17 3.7 0.1 5.5 97.4
3.37 3.8 0.0 2.8 100.0
3.50 3.8 0.0 2.8 100.0

3 M a lic  a c id  i n m u s t = 3 .9  m g / m l

Yeast cultures
The Sac. cerevisiae culture was the Mo- 

ntrachel strain, obtained from the Dept, of 
Viticulture and Enology, University of Califor
nia, Davis. The Sell, pombe culture was ob
tained from Bayerische Landesanstalt fur Wcin-, 
Obst- und Gartenbau, Wurzburg, Germany. 
Both yeasts were grown on agar slants, scraped, 
diluted with glucose-peptone media and added 
to the must.
Chemical analyses

The Brix readings were determined by the 
hydrometer procedure (Amerine, 1965). Titrat- 
able acidity (as tartaric acid g/ 1 0 0  ml) was 
determined by direct titration with standard
ized NaOH (Guymon and Ough, 1962). The pH 
was measured with a Corning pH meter, model 
7, standardized at pH 3.56 with a saturated 
solution of potassium bitartrate (Lingane, 
1947). Tartaric acid was determined by the 
vanadate method (Amerine, 1965). L-malic acid 
was determined enzymatically with Calbiochem 
malic dehydrogenase (Amerine, 1965). It was 
also detected qualitatively during fermentation 
by ascending paper chromatography employing 
n-butanol, formic acid, water and bromcresol 
green as the carrier solvent system (Kunkee,
1968).

RESULTS & DISCUSSION
Must

Table 1 shows the pH and titratable 
acidity of the seven lots of musts. The 
lowest pH of 2.50 was selected to 
account for rare grapes with very low pH, 
which was observed from time to time.

Grapes with a Brix reading of 22 and 
titratable acidity of 0.90 g/100 ml are 
ideal for table wine production. Pinot 
hlanc used in this experiment had a Brix 
reading of 21.9 and titratable acidity of
0.93 g/100 ml. With this grape, it was 
possible to adjust the acidity of the must 
upward to a range where grapes of high 
acidity were found. The white grape also 
made it possible to ferment the juice in

stead of the pulp and skin as the red 
grapes normally require. The juice pro
vided homogeneous samples and facili
tated accurate chemical determinations 
without interferences from grape skin and 
seeds.

Hydrochloric acid was chosen for pH 
adjustment instead of organic acids in 
order to minimize the variation in organic 
content. Grapes of varying maturity and/ 
or different varieties would also provide 
variations in initial pH; but that would 
also introduce variations in the comple
ment of organic acids, sugars and other 
constituents in the must.

Fermeniation rate
Table 1 also shows the time required 

for completion of fermentation in wines 
inoculated with Sac. cerevisiae and Sch. 
pombe at various pH. Since no sign of 
fermentation was observed at pH 2.50 in 
a must inoculated with Sac. cerevisiae 
after 60 days, this sample was discarded. 
The fermentation rate is expressed in 
1/time, in days, for completion of fer
mentation. The fermentation was judged 
complete when the °Brix reached —1.5. 
The fermentation rate increased with the 
increase in pH for both yeasts. Sch. 
pombe fermented at a faster rate than 
Sac. cerevisiae, and also fermented at a 
lower pH. At pH 2.50, the activity of 
Sch. pombe was comparable to that of 
Sac. cerevisiae at pH 2.67. The acidity 
affected Sac. cerevisiae more than Sch. 
pombe. the former was greatly inhibited 
when the pH was below 2.82 and ceased 
to be active at pH 2.50. The effect of 
residual S02 should be negligible, since 
its presence is in such a low concentra
tion.

pH Changes
Table 2 shows the changes in pH 

caused by fermentation. All wines 
showed higher pH than the initial with 
the exception of the one fermented with 
Sch. pombe at pH 2.50. The discrepancy 
was within the range of experimental 
errors. The data also show the effect of 
the initial pH on the extent of final pH of 
wine. The pH increase in wines fermented 
with Sch. pombe was higher than those 
fermented with Sac. cerevisiae. Increase 
in pH was the greatest when the initial pH 
of the must was at the highest level tested 
(pH 3.50).
Changes in titratable acidity

Table 3 shows the titratable acidity in 
wines fermented with Sac. cerevisiae and 
Sch. pombe. Wines fermented with Sac. 
cerevisiae had but small changes in acid
ity, ranging from +2.9 to -3.9%. Those

fermented with Sch. pombe had much 
greater changes, from —27.3 The paper 
chromatography confirmed this due to 
the metabolism of malic acid by Sch. 
pombe.
Malic acid utilization

Table 4 shows the utilization of malic 
acid by Sac. cerevisiae and Sch. pombe. 
Only a small quantity of malic acid was 
utilized by Sac. cerevisiae as has been re
ported by Rankine (1966). Sch. pombe, 
however, actively metabolized malic acid. 
The Sch. pombe utilized all the malic acid 
present when the pH of the must was
3.00 or above. Below pH 3.00, malic acid 
was not completely utilized, although 
approximately 70% was utilized even at 
pH as low as 2.50.

CONCLUSIONS
ALTHOUGH pH at the lower range 
affects the activity of Sch. pombe some
what, it is safe to say that the Sch. yeast 
will function within the pH range of 
grapes. The activity of Sch. pombe may 
be curtailed to a certain degree with 
grapes of extremely low pH when har
vested in some unusually cool seasons. 
However, even grape musts with pH as 
low as 2.50 can expect a malic acid utili
zation by Sch. pombe of approximately 
70%.
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TOCOPH ERO LS IN TH E UN SAPON IFIABLE  
FRACTION  OF COCOA LIPIDS

INTRODUCTION
ALTHOUGH chocolate flavor is of non
lipid origin primarily, cocoa fat, because 
of its unique crystallization behavior in 
confectionery products, is of great eco
nomic importance. Fatty acid composi
tion of cocoa fat is 26% palmitate, 34% 
stearate, 35% oleate, 3% linoleate, 1% 
arachadic and trace amounts of several 
other acids (Bracco et al., 1970). Phos
pholipids vary between 0.1% and 0.9% 
depending on recovery method (Parsons 
et al., 1970), and free fatty acid content 
is usually less than 1%. The unsaponifi- 
able fraction, approximately 0.3%, is 
dominated by sterols (Bracco et al.,
1970).

Many constituents of cocoa fat have 
been studied extensively, but little atten
tion has been given to the tocopherols. In 
a survey of fats and oils, by colorimetric 
analysis, Herting and Drury (1963) re
ported 136 Mg to 173 Mg tocopherol/g 
lipid in three cocoa butter samples. They 
indicated that a-tocopherol is not the 
major tocopherol in cocoa fat.

The limited amount of available data 
on the tocopherols of cocoa fat prompted 
the investigation reported herein.

EXPERIMENTAL
Sample preparation

Samples of Ghana, Bahia (Brazil), Arriba 
(Ecuador), Sanchez (Dominican Republic) and 
Trinidad cocoa beans were obtained from 
several member companies of the Chocolate 
Manufacturer’s Association of the USA. Cocoa 
powders, cocoa butters and nibs, also supplied, 
made possible comparison between dutched 
and undutched nibs, and cocoa butter and its 
corresponding cocoa powder.

Most analyses were carried out on unroasted 
cocoa beans. The effect of the roasting process 
on tocopherol concentration was ascertained by 
analyses before and after roasting a batch of 
each variety in a forced-air oven at 150°C for 
30 min. For the tocopherol analysis of shell 
lipids, a thin, metal spatula was used to separate 
shell from nib on samples of unroasted Bahia, 
Ghana and Sanchez beans. Cocoa butter, nibs 
and cocoa powder were analyzed as they were 
received.

'P resen t address: G eo. A. H orm el C o., Aus
tin , M inn.

Extraction of lipid
Shell, whole-bean and nib were prepared for 

solvent extraction by pulverization to a homo
geneous mass in a Waring Blendor with an equal 
weight (35g) of Celite 545. This mixture, in a 
60 x 3 cm glass column, was extracted by elut
ing with 500 ml of diethyl ether. Compared to 
Soxhlet extraction 75% of the cocoa bean lipids 
were recovered.

Percolation of solvent through cocoa pow- 
der-Celite columns was excessively slow. Conse
quently, lipids were extracted from lOOg cocoa 
with 2 0 0  ml of diethyl ether by mixing on a 
magnetic stirrer for 5 min and filtering under 
vacuum through a layer of Celite 545. A second 
extraction using 150 ml of ether was carried
out. Lipid recovery was about 75% compared 
to Soxhlet extraction.

Solvent was removed from lipids by evapo
ration over a steam bath under a continuous 
stream of nitrogen gas. Except in the storage 
study, lipid samples were analyzed within 2 
days of extraction.
Preparation of tocopherol-rich 
fraction

Of the several methods evaluated for to
copherol recovery (Eisner et al., 1966; Chow et 
al., 1969; Slover et al., 1969; Low and 
Dunkley, 1971), Slover’s procedure was found 
most adaptable to cocoa beans and was faith
fully followed with only minor modification.

Fig. 1—G L C  o f  T M S i derivatives o f  to co p h e ro l  
standards. K e y :  (A ) b -to co p h ero l; IB  I ¡3-/y- 
to co p h e ro ls ; (C ) a -to co p h ero l; (D ) in ternal 
standard, (3-sito ste ro l.

With this method precautions are taken to mini
mize tocopherol oxidation during extraction 
and includes the addition of pyrogallol as an 
oxygen scavenger.

Lipid samples, 2 t O.lg, were reacted with 
aqueous KOH and an unsaponifiablc fraction 
was recovered according to Slover et al. (1969). 
This involved extraction of the refluxed alka
line reaction mixture with petroleum ether and 
steps to assure removal of water to yield a ben
zene solution of tocopherols ready for thin 
layer chromatography (TLC).

The benzene solution of tocopherols was ap
plied across the bottom of the TLC plate as 
quantitatively as possible with solutions of a- 
tocopherol and 5-tocopherol being spotted 
along the side of the plate as reference stand
ards.

Thin-layer plates (21) cm x 20 cm) had been 
coated 250m thick with Supelcosil 12C 
(Supelco, Inc., Bellefonte, Pa.) which contained 
a fluorescing indicator. Plates were developed in 
benzene-methanol (98:2). When viewed under 
UV light, the tocopherols appeared as dark, 
fluorescence-quenching spots or streaks. After 
development, the tocopherol band between the 
a- and ¿-standards was scraped from the plate 
into a 25 x 1 cm glass column and eluted with 
20 ml diethyl ether. Solvent was removed under 
N, and derivatization and GLC was carried out 
within 24 hr.

Before derivatization, 1 ml (3-sitosterol solu-

Fig. 2 —G L C  o f  T M S i derivatives o f  to co p h e ro l  
fraction  fro m  typ ica l co co a  bean lipids. K e y :  
IB ) 13-/y -to co p h e ro ls ;  (C ) a -to co p h e ro l; ID ) in 
ternaI standard , ¡3-sitosterol.
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Table 1—Mass spectral dataa for TMSi tocopherol standards and TMSi tocopherol isolates
m/e a-standard a-¡sol ate m/e 6-standard m/e 6-isolate m/e (3-standard (3-/7 -isolate 7 -standard

43 19.2 10.2 43 28.2 41 23.0 43 22.4 18.1 20.3
57 17.4 7.2 55 13.2 69 100.0 57 26.0 13.0 13.8
73 57.1 53.6 57 18.3 73 89.3 73 63.4 81.2 69.0

236 32.1 27.6 73 69.5 75 18.5 222 56.2 34.8 50.4
237 66.5 56.5 208 45.6 81 47.7 223 58.0 79.7 82.2
238 15.2 12.3 209 49.3 135 46.2 224 14.2 17.4 21.9
502 100.0 100.0 210 20.3 197 26.2 488 100.0 100.0 100.0
503 42.0 40.0 249 13.2 281 43.2 489 41.0 40.6 42.4
504 12.5 11.6 474 100.0 490 12.4 10.1 10.6

475 39.1
476 10.8

a V a lu e s  in d ic a t e  p e r c e n t  o f  b a se  p e a k .

tion (35.5 mg/100 ml chloroform) was added as 
an internal standard. Solvent was removed un
der a stream of N2, 150 ¿il N,0-bis-(trimethyl- 
silyl)-acetamide (BSA, Pierce Chemical Co., 
Rockford, 111.) was added, and after 15 min at 
60°C, the mixture was gas chromatographed.
Gas chromatography

Several nonpolar columns were used ef
fectively including SE-30, OV-225 and OV-17. 
but none could separate the (j/7 -isomers. The 
column primarily employed was a 6 -ft., 1/8  in.
o.d., stainless steel column packed with 2% 
OV-17 on acid-washed, dimethyldichlorosilane- 
treated, 80-100 mesh Chromosorb G. Operating 
conditions for the Hewlett-Packard Model 5750 
chromatograph with hydrogen flamed detector 
were: injection port temperature 310°C, de
tector temperatures 320°C, column oven tem
perature 290“C and nitrogen carrier gas flow at 
10 ml/min. Hydrogen and air flow rates to the 
detector were 40 and 450 ml/min, respectively. 
Identification of tocopherols

TMSi derivatives of tocopherol standards, a, 
(3, 7  and 6 , were prepared and retention times 
determined for the standard GLC procedure. In 
addition, mass spectra were obtained using an 
LKB 9000 combined gas chromatograph-mass 
spectrometer. A 6 -ft., 1 /4-in. o.d., glass column 
containing 1% OV-17 on 80-100 mesh Supelco- 
port was used. Ion source and separator temper
atures were 31()°C and 280°C, respectively; 
column temperature was 275°C; and carrier gas 
was helium at 25 ml/min.
Quantitative measurement

A standard curve was developed for quanti
tation of the tocopherols through the addition 
of known amounts of a-tocopherol standard to 
cocoa butter which was then subjected to the 
recovery and analysis procedures described pre
viously. Since the same cocoa butter was used 
in all trials involving the addition of a-tocoph- 
erol standard, the ratio of naturally occurring a 
to (3/6-tocopherol was a constant. This made it 
possible to determine the contribution of natu
rally occurring a-tocopherol to total peak area, 
which was considered in the construction of the 
standard curve.

It was assumed that detector response was 
approximately the same for the various tocoph
erols and that the standard curve based on a 
could be used for the other tocopherols as well. 
The available samples of 0- and 6 7 -tocopherol 
were too small to permit construction of indi
vidual standard curves.

RESULTS & DISCUSSION
Separation and identification

A chromatogram of the TMSi deriva
tives of the four tocopherol standards and 
the internal standard is presented in 
Figure 1. Unfortunately, (3-and 7 -tocoph- 
erols had identical retention times and 
quantitative data for this peak had to be 
treated as a mixture of the two com
pounds.

Figure 2 shows a chromatogram of the 
TMSi derivatives of the tocopherol frac
tion of a typical cocoa butter in which 
the /3-/7 -peak contributes over 90% of the 
total tocopherol peak area. a-Tocopherol 
was present in all samples at a level of 
about 5% of the total except in shell lipid 
where it was much higher. Although small 
peaks were often present with retention 
times similar to 6 -tocopherol, none could 
be identified as such.

Identification of the cocoa peaks was 
accomplished by comparison of retention 
times to standards and by mass spectrom
etry. Mass spectral data (Table 1) for the 
standards and cocoa isolates agree quite 
well for a-, (3- and 7 -tocopherol. Con
versely, the mass spectrum of the com
pound with a retention time equal to
5-tocopherol did not show similarity to 
the standard and, obviously, was some
thing other than a tocopherol.

Two methods were applied in an at
tempt to resolve the identity of the com
pound co-chromatographing with (3-/7 -to- 
copherols. In both methods, the regular 
analysis procedure was followed through 
the collection of the tocopherol fraction 
from the thin-layer plate.

The procedure of Stowe (1963) should 
result in the separation of j3- and 7 -to- 
copherols by TLC which when sprayed 
wi th antimony pentachloride yields 
brown and green colors respectively. 
Good separation could not be obtained, 
but the developed brown color suggested 
(3-tocopherol as the primary tocopherol in 
cocoa lipid.

However, the method of Lehman

(1955) yielded different results. The pro
cedure involves the diazotized-o-dianisi- 
dine coupling reaction in which 7 - and
5-tocopherols produce color complexes 
but a- and (3-tocopherols do not. Color 
development in the tocopherol fraction 
of cocoa lipids, measured spectrophoto- 
metrically and compared to a standard 
curve for 5-tocopherol, indicated that the 
fraction was 80% 7 -tocopherol.

On the basis of these two experiments, 
it would appear that both (3- and 7 -to
copherol exist in cocoa butters, but no 
judgment concerning the proportions of 
each can be made. A possible explanation 
for the disparity may involve difficulty in 
discerning the colors produced by 
Stowe’s (1963) method. Also, 7 - and/or
5-tocotrienols, if present in cocoa lipid, 
could contribute to color development 
through the coupling reaction. However, 
GLC did not suggest the presence of these 
tocotrienols, at least at concentrations 
sufficient to affect colorimetric results.

Other small peaks sometimes occurred 
but identification of these was not at
tempted. Large peaks were present in the 
TMSi tocopherol fraction from shell lipid, 
including one with a retention time equal 
to 5-tocopherol. As was the case with 
whole bean lipids, the mass spectrum of 
this compound did not conform to any 
known tocopherol.

Quantitative determination of 
the tocopherols

Blank determinations, involving the 
entire extraction procedure but without 
fat, showed that impurities in reagents 
and materials did not produce GLC 
peaks. Elution of tocopherols from the 
TLC adsorbent was checked for com
pleteness by the spot test method of Nair 
and Magar (1954). No tocopherol ap
peared after collection of the first 10 ml 
of diethyl ether from the column. By col
lecting 20  ml of eluate, it was concluded 
that recovery from the adsorbent was 
quantitative.

Elapsed time between lipid extraction
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and tocopherol analysis never exceeded 2 
days, except, of course, those aliquots 
taken from the extracted fat sample dur
ing the storage study. Because of the 
easily oxidizable nature of the tocopherol 
compounds, care was exercised to carry 
the analysis to completion in as short a 
time as was reasonably possible. Speed 
was considered essential for good preci
sion, since the interruption of a partially 
completed analysis overnight generally re
sulted in poor duplication. Average devia
tion from the mean was 7.3% calculated 
for 72 determinations. Over 70% of the 
individual values were below 10% varia
tion and was considered acceptable in 
light of the highly reactive nature of the 
tocopherols.

Since a-tocopherol was present in 
small quantity relative to the (¡-/7 -com- 
ponent, its quantitation was not at
tempted, except in shell lipids where a- 
tocopherol was present in high concentra
tion. Quantitative data were obtained for 
the (3-/7-tocopherol compound in all sam
ples.
Raw and roasted cocoa beans

As revealed in Table 2, tocopherol 
quantities varied considerably among 
beans of different geographic origins. 
Sanchez beans from the Dominican Re
public are generally considered in com
mercial circles to be poorly-fermented; 
Ghana, Bahia and Trinidad are usually 
well-fermented; while Arriba beans are 
between these extremes. These data do 
not indicate a predictable correlation be
tween tocopherol level and fermentation 
period. Analysis of lots of each bean vari
ety from several suppliers would have 
been desirable to obtain averaged values.

As indicated in Table 2, roasting did 
not materially affect tocopherol concen
trations. Since heat accelerates tocoph
erol oxidation (Bunnell, 1971), a decrease 
in tocopherol concentration might have 
been expected when beans were roasted. 
A possible protective mechanism for the 
tocopherols might involve the increase in 
reducing substances brought about by 
Maillard browning during roasting. More 
study in this area should be conducted.
Shell lipids

Shell material from unroasted cocoa 
bean was less than 4% by weight lipid and 
relatively large amounts (50g) had to be 
collected in order to obtain enough lipid 
for tocopherol analysis. As revealed in 
Figure 3, the tocopherol fraction of shell 
lipid was more complex than that from 
whole beans, and a-tocopherol was the 
dominant peak. This is in marked con
trast to whole bean lipids which con
tained only trace amounts of a-tocoph- 
erol.

Of the three shell samples analyzed, 
tocopherol concentration, especially a, 
was highest in Sanchez beans which 
generally are poorly-fermented. This sug-

Table 2—(3-/7-tocopherol concentrations3 
in the lipids of cocoa beans of different ori
gins before and after roasting
Variety Raw Roasted
Arriba 273 256
Bahia 128 158
Ghana 221 181
Trinidad 270 281
Sanchez 206 205
3 Values indicate jug tocopherol per g lipid.

gests a relationship between fermentation 
and shell tocopherols and is worthy of 
further study.

The high a  and j3-/7 -tocopherol con
tents of shell lipid (Table 3) might suggest 
tocopherol analysis for differentiating 
commercial cocoa butters pressed from 
shell-free nibs and whole beans. However, 
calculations show that shell fat would 
contribute less than 1% of the butter 
pressed from whole beans and would not 
be enough to affect tocopherol concen
tration significantly.
Cocoa powder

To produce cocoa powder, nibs are 
ground in a milling device, during which 
the mechanical energy expended is ab
sorbed, cocoa lipid melts, flows and be
comes the continuous phase surrounding 
the nonfat particles. This product, choco
late liquor, can be heated and hydraulical
ly pressed to squeeze out a portion of the 
lipid known as cocoa butter. The cake 
left from the pressing operation, when 
pulverized, becomes cocoa powder which 
has a multitude of uses. Depending on 
conditions employed during pressing, the 
fat content of cocoa powder may vary 
between 10 and 25%.

Fig. 3 —G L C  o f  T M S i derivatives o f  to co p h e ro l 
fraction  from  S a n ch ez  she ll lipids. K e y :  (B ) 
0-/y -to co p h ero ls ; 1C) a -to co p h ero l; (D ) in ternal 
standard, 0-sitosterol.

Table 3—Tocopherol concentrations3
and percent lipid in cocoa bean shells

Variety
Percent

lipid
O t-

Tocopherol
(3-/7-

Tocopherols
Ghana 2.06 587 491
Bahia 3.97 235 200
Sanchez 2.28 1024 511
3 gg tocopherol per g lipid.

To determine the effect of the heating, 
pressing and grinding operations on the 
tocopherol concentrations, samples of 
Ghana cocoa butter and cocoa powder 
from the butter’s press cake ( 12% fat) 
were analyzed. Tocopherol content of the 
cocoa powder was 29% less than that of 
the butter: Cocoa butter: 162 ¡Jtg (J-/7- 
tocopherol per g lipid; Cocoa powder: 
115 Hg )3-/7 -tocopherol per g lipid. This 
decrease could result from grinding which 
would expose a very high surface area to 
oxygen and tocopherol oxidation.

It is interesting to note that the to
copherol content of butter commercially 
pressed from Ghana beans was about 30% 
lower than the value obtained in this in
vestigation for solvent-extracted Ghana 
beans. Perhaps pressing routinely destroys 
some of the tocopherols, or does not ex
tract them as quantitatively as solvent. 
Effect of dutching

Two samples of medium-roast Ghana 
nibs, identical except that one had been 
treated with 3.0% potassium carbonate 
(Dutch process), were analyzed for to
copherols. Dutching is an alkali treatment 
which modifies color and flavor, and re
duces the natural acidity of cocoa

Fig. 4 —E f fe c t  o f  storage on  the to co p h e ro l co n 
tent o f  u n roa sted  Ghana bean lipids.
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(Kempf, 1964). Tocopherol concentra
tions were essentially the same in dutched 
and undutched nibs: Undutched: 158/ig 
^-/7-tocopherol per g lipid; Dutched: 152 
Mg 0-/7 -tocopherol per g lipid.

Alkali is a catalyst for tocopherol oxi
dation (Bunnell, 1971), and a decrease in 
tocopherol concentration could have 
been predicted. Since oxygen is a pre
requisite for oxidation, the tocopherols 
may have been protected stucturally 
within the intact nib. Also, reducing sub
stances produced during roasting may in
crease resistance to oxidation.
Effect of mold

Mold proliferation is an intermittent 
problem associated with the handling of 
cocoa beans, especially at their point of 
origin. If mold penetrates the shell, the 
lipids in the cotyledon are especially af
fected as shown by relatively large in
creases in carbonyl compounds (Hansen 
and Keeney, 1970) and free fatty acids 
(Kavanagh et al., 1970; Hansen and Shen,
1972).

To determine if tocopherols are al
tered by moldiness, Ghana cocoa beans 
were subjected to high humidity condi
tions for 6 wk to allow pronounced mold
iness with mold penetration of the cotyle
don. The beans were badly deteriorated 
and would not be acceptable for process
ing.

A 30% reduction in /3-/7 -tocopherol 
content occurred during this period: Non- 
moldy Ghana: 221 Mg 0-/7 -toeopherol per 
g lipid; Moldy Ghana: 155 Mg 0-/7-to- 
copherol per g lipid. Although this may 
appear to be a significant change, it is un

likely that tocopherol analysis could serve 
as a practical gauge of moldiness, con
sidering the deteriorated state of the 
beans from which the data were derived.
Effect of storage

Generally, processing and storage re
sult in decreases in the tocopherol con
tent of vegetable oils (Herting and Drury, 
1963; Slover, 1971). Therefore, it seemed 
appropriate to determine if cocoa lipids 
followed this pattern.

Solvent extracted lipid (35g), in a 
clear-glass Erlenmeyer flask held at room 
temperature with no protection from 
light and air, was analyzed at intervals 
over a 3-wk period.

Figure 4 relates the decrease in to
copherol content to storage time. Reduc
tion was essentially linear with a 50% de
crease occurring over a 22-day storage 
period: from 221 Mg 0-/7 -tocopherol per g 
lipid to 97 Mg j3-/7 -tocopherol per g lipid. 
These data demonstrate the oxidative 
susceptibility of the cocoa tocopherols.

Although tocopherol oxidation would 
be much less in large blocks of cocoa but
ter wrapped or boxed to exclude light, 
change of undetermined magnitude, 
nevertheless, would be expected. This 
precludes attaching too much significance 
to tocopherol values for cocoa butters un
less the complete history of the product 
can be traced.
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PRODUCTION OF /3-NITROPROPIONIC ACID IN FOODS

INTRODUCTION

FOOD RESEARCH concerning toxic 
metabolites from molds generally has 
centered on aflatoxin from Aspergillus 
flavus. Recently Wilson (1966) indicated 
that other metabolites [oxalic acid, kojic 
acid, aspergillic acid and /3-nitropropionic 
acid (/3-NPA)] also presented a potential 
public health problem. /3-nitropropionic 
acid was first isolated from the root bark 
of Hiptage by Gorter (1920) but since it 
has been reported by Bush et al. (1951), 
Marshall and Alexander (1961), Naka
mura and Shimoda (1954) Raistrick and 
Stossl (1958) and Anzai and Suzuki
(1959) as metabolites of Penicillium and 
Streptomyces species. Its bio-synthesis 
mechanisms using Penicillium atro- 
venetum G have been described by Hylin 
and Matsumoto (1961), Raistrick and 
Stossl (1958) and Shaw and Wang (1964).

Kinoshita et al. (1968) isolated 37 
strains of fungi from 24 Japanese fer
mented foods and found 21 strains 
produced toxic culture filtrates without 
aflatoxin but with kojic acid and /3-nitro
propionic acid which in short term animal 
studies led to marked pathological 
changes, including liver necrosis. An 
examination of 70 strains of Japanese 
industrial seed mold by Yokotsuka et al.
(1969) showed some strains producing 
/3-nitropropionic acid in liquid cultures 
but the amounts produced in soybean 
and wheat were small and considered 
insignificant to food safety.

The degree of /3-nitropropionic acid 
production in growth media by food 
producing molds, the presence of /3-nitro-

Molds
Aspergillus, Penicillium and Rhizopium 

mold strains from the American Type Culture 
Collection (ATCC). the Northern Utilization R 
& D Division (NRRL), and from Cornell Uni
versity were transferred periodically on Czapek- 
Dox agar slants.

Preparation of solid 
protein materials

The procedure for pasteuriz.ed milk Cheddar 
cheese was followed as outlined by Kosikowski
(1970). Fresh curds, after milling but before 
salting to assure growth of the mold, were diced 
and 30-g lots placed in Petri dishes. The soy-

Table 1—Production of (f-nitropropionic acid by molds in Naka
mura's medium3

No.
ii-NPA

Mold (mg/liter culture)
Final pH 

of culture*5

1 c P énicillium  roqueforti-P\ NDe 6.50
2d P enicillium  roqueforti-PA ND 6.35
3 P enicillium  ro q u e fo rti ATCC 6987 ND 6.30
4 P énicillium  ro q u e fo rti ATCC 9295 ND 7.10
5 P enicillium  ro q u e fo rti  ATCC 10110 ND 5.70
6 P enicillium  ca m em berti ATCC 4845 ND 6.20
7 P enicillium  ca m em berti ATCC 6985 ND 6.25
8 A spergillus o ryza e  ATCC 11494 1 6.30
9 A sperg illus o ryza e  ATCC 14895 ND 5.00

10 A sperg illus o ryza e  ATCC 12892 1279 5.85
11 A spergillus o ryza e  ATCC 9362 ND 5.30
12 A spergillus o ryza e  ATCC 7252 40 5.30
13 A sperg illus o ryza e  Higati 1 1  1 6.25
14 A sperg illus soyae ND 5.85
15 A spergillus flavus (o ryza e) ATCC 11500 17 5.60
16 A sperg illus niger NRRL 67 ND 3.30
17 R h izo p iu m  o ryza e  NRRL 395 ND 7.75
18 R h izo p iu m  oligosporus  NRRL 2710 ND 7.55
3 In c u b a te d  6  d a y s  at 3 2 ° C  
b p H  o f c u lt u r e s  in c u b a t e d  6  d a y s  a t 3 2 UC  
c  Is o la t e d  f r o m  m a tu r e  D a n is h  B lu e  C h e e s e  
d Is o la te d  f r o m  m a tu r e  R o q u e f o r t  C h e e s e  
e N D  — N o t  d e te c t a b le

propionic acid in selected foods, and the Table 2—Influence of various treatments on /3-NPA concentration in cultures
possible formation of nitrates or nitrites 
from its degradation were the subjects of 
the present study.

Treatment
Asp. oryzae ATCC 12892 

mg /3-NPA/150 ml pH
Asp. oryzae Higati 
mg /3-NPA/150 ml pH

A. Control lot — a 5 day culture 195 5.50 22 5.90

MATERIALS & METHODS B.
held 5 days at 32"C 
Mold cells removed from A 182 6.25 23 5.50

Medium and cell-free culture incubated
Media was that by Nakamura and Shimoda 

(1954) with 50g sucrose, 20g peptone, 5g 
KH2PO,, 2.5g CaHPO, and 2.5g Mg SO, • 
7H20 brought to 1 liter distilled water at pH

C.
additional 7 days at 32°C 
Mold cells removed from A 
and cell-free culture heated 
to 80°C, 5 min then incubated

167 5.45 22 5.90

6.4.
D.

additional 7 days at 32°C 
Mold cells removed from A 7 7.55 ND3 6.70

1 Present address: In stitu te  o f  T echnical
R esearch, S n ow  Brand Milk Product C o .. L td., 
T o k y o , Japan

were transferred to new medium 
and incubated additional 
7 days at 32° C

3 N D —N o t  d e te c t a b le
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beans and peanuts were soaked in tap water for 
3 hr then 30-g lots of each were heated in Petri 
dishes for 30 min at 100°C. All test samples 
were inoculated individually with A s p e rg illu s  
mold from a fresh agar slant and incubated at 
28°C.

Approximately l.O cm1 portions of mold- 
contaminated surface from thawed ripened 
cheeses imported from Europe for other experi
ments and stored for 2 yr at -10°C were 
removed with a spatula.

Protease, lactase and lipase food grade 
fungal enzyme preparations were obtained from 
Miles Laboratories, Marschall Div., Elkhart, Ind. 
and Wallerstein Co., Morton Grove, 111. 
(J-nitropropionic acid 
determination

The method of Matsunroto et al. (1961) was 
used on 3 ml of extract prepared as follows:

Incubated mold cultures. 150 ml of incu
bated mold culture was filtered through 
Whatman no. 1 paper and the filtrate acidified 
to pH 1.6 with 6N HCI and extracted four 
times with 1 50 ml of ethyl ether in a separatory 
funnel. This extract was evaporated to dryness 
in a rotary evaporator at 40°C and its residue 
dissolved in 25 ml distilled water.

Cheese, soybean and peanut. 30g cheese 
curd. 30g soybean and 30g peanut with active 
surface mold growth of almost equal thickness 
and 50-g lots microbial surface material from 
the aged, ripened cheese were individually 
extracted for 2 days with ethyl ether in extra 
large size Soxhlet extractors. The residues after 
elher evaporation were brought to 25 ml with 
distilled water.

Commercial food-grade enzyme prepara
tions. 5 or lOg of fungal enzyme preparation 
powder was extracted in the Soxhlet extractors. 
The residues after evaporation of the ether were 
brought to 25 ml with distilled water.

Nitrates and nitrites
Nitrates and nitrites were determined by 

analytical methods of the Div. of Agricultural 
Chemistry, Tokyo University ( 1961) on 5 ml of 
filtrate prepared as follows: Approximately 1.0 
cm2 layers of moldy cheese surfaces were 
weighed to 50g and homogenized with 100 ml 
distilled water for three minutes in a Waring 
Blendor, then centrifuged 10 minutes at 10,000 
rpm. The supernatant was treated with 50% 
trichloroacetic acid, heated to 95°C for 2 min 
and the precipitated protein suspension was 
then filtered through Whatman no. 3 paper. 
Sensitivity for nitrates was 0.02-2 ppm and for 
nitrites 0.01 - 0.6 ppm.

Thin-layer chromatography (TLC) for pro
pionic acid was conducted by the method of 
Antonini and Adda (1969).

A Beckman Zeromatic glass electrode 
potentiometer was used for pH determination.

R E SU L T S

J3-NITROPROPIONIC ACID production 
among 18 Aspergillus, Pénicillium and 
Rhizopium species was limited to Asper
gillus strains producing 1 to 1279 mg per 
liter of Nakamura media at 32 C, Table
1. Maximum levels were attained in 6 
days at pH 5.1 -5.3 by Asp. oryzae ATCC 
12892 and 4 days by Asp. oryzae Higati 
at pH 5.8. j3-nitropropionic acid decreased 
to zero on the 20th day, Figure 1.

No significant change in (3-nitropro- 
pionic acid concentration was observed 
when mycelia-free filtrates from 5-day 
cultured media containing maximum ¡3- 
nitropropionic acid levels were incubated 
an additional 7 days at 32 C. This indi
cated the intracellular nature of the |3-

nitropropionic acid splitting enzymes, 
Table 2. When mold cells, characterized 
as m aximum /3-nitropropionic acid 
producers, were transferred to another lot 
of new media and incubated an additional 
7 days at 32°C, little or no /3-nitropro- 
pionic acid production occurred indicat
ing a loss of synthesizing activity and a 
retention of splitting characteristics. It 
showed, too, that /3-NPA splitting factors 
are also extracellular (Table 2). The addi
tion of pure (3-nitropropionic acid to 
mold cultures did not induce more of this 
compound in the system (Table 3).

Nitrate and nitrite were not observed 
in two non-/3-nitropropionic acid-produc
ing mold cultures between 6 and 30 days 
at 32°C but with Asp. oryzae ATCC 
12892 culture, a strong producer, nitrate 
appeared in the medium but no nitrite 
(Table 4). The pH of this culture during 
this period increased from 6.25 to 8.45.

TLC of filtrates from two (3-nitropro- 
pionic acid-positive mold strains incubat
ed 2-20  days at 32°C are shown in Fig
ure 2. Propionic acid was not detected 
during any stage of the incubation but 
unknown substances fluorescing under 
ultraviolet were observed at the same Rf 
shown by the propionic acid standard. 
j3-nitropropionic acid, as a pure com
pound, was undetectable by this method. 
Area B and C compounds were not identi
fied. The former may have originated 
from the yeast extract of Nakamura’s 
medium as TLC analysis of the extract 
produced compounds with similar values 
as Area B compounds.

Table 3—Inducement of 0-NPA in Nakamura's medium by molds 
through prior addition of 0-NPA

Days Incubated at 32 C
added to 

Molds3 culture 2 4 6 15
U>
E

Increase in 0-NPA — mg/50 ml —
~o

1 A sp . o ryza e  A T C C  
12892  — C o ntro l

None 25 69 67 37
'c
o

2. A sp . o ryza e  A T C C  
12892

70 15 27 57 0
a
o
a
o

3. A sp . o ryza e  A T C C  
14895

70 0 0 0 0 iz

4. R h izo p iu m  oryza e  
N R R L  395

70 0 0

pH

0 0

1. A sp. o ryza e  A T C C  
12 8 9 2  — C o ntro l

None 6 .0 0 5 .1 0 6 .2 0 7 .9 5

2. A sp. o ryza e  A T C C  
12892

70 5 .65 4 .9 5 5 .8 0 7 .7 5

3. A sp. o ryza e  A T C C  
14895

70 5 .60 5 .0 0 4 .95 8 .4 0

4. R h izo p iu m  oryzae  
N R R L  3 9 5

70 6 .3 0 7 .5 0 7 .7 0 8 .2 0

a M o ld s  1 a n d  2 a re  n a tu ra l p r o d u c e r s  o f  0 N P A ;  m o ld s  3  a n d  4  o r ig i-  Fid- l E f fe c t  o f  tim e on 0-n itrop rop ion ic a cid  p ro d u ctio n  in Naka- 
n a lly  n o n p r o d u c e r s  m ura's m edium  b y  A sp . o ryza e  m old .
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Fig. 2 —Thin-layer chrom atogram  o f  e th e r ex tra cts  from  Nakam ura m e- Fig. 3 -0 -n itro p ro p io n ic  a c id  p ro d u ctio n  in cheese cu rd , soyb ea n  and  
dium  cu ltu re d  b y  A sp . o ryza e  species. [P la te : ce llu lose (Eastm an  Chro- peanut, 
magram S h e e t 6 0 6 4  w ith o u t flu o resce n t in d ica to r); S o lv e n t: water-satu
rated  b u ta n o l ren d e red  a lkaline w ith  0 .1  N  eth y la m in e ; C o lo r reagent:
0 .02%  ch lo ro p h e n o l re d  in 95%  eth a n o l]

Cheese curds, soybean and peanut
During 20 days at 28°C, Asp. oryzae 

grew uniformly well on cheese curds, soy
bean and peanut. After the first 5 days, 
cheese curds inoculated with Asp. ory- 
zaes, ATCC 12892 contained 427 mg 
(3-NPA/Kg and with Asp. oryzae Higati 
203 mg (3-NPA/Kg. Thereafter, the 
metabolite decreased, virtually disappear
ing in 15 to 20 days (Fig. 3). Soybean 
and peanut inoculated with Asp. oryzae 
ATCC 12892 displayed a maximum
12-15 mg (3-NPA/Kg which disappeared 
in 7 to 9 days and when inoculated with 
Asp. oryzae Higati developed no (3-nitro- 
propionic acid.

Low temperature storage of cheese 
curds slowed the decomposition of

(3-nitropropionic acid. At 5°C, after 30 
days, an 80% reduction from maximum 
levels occurred and at 28°C after only 15 
days, a 100% reduction occurred using 
Asp. oryzae ATCC 12892 (Figure 3, 
Table 5).
Commercial food grade 
enzyme preparation

Eight commercial food grade fungal 
enzyme preparations produced from Asp. 
oryzae or Asp. niger contained no (3-nitro- 
propionic acid.
Molded cheese

Surfaces of 18 aged ripened cheeses 
characterized by extensive yellow, green, 
black and white microbial surfaces 
showed no measurable (3-nitropropionic

acid, nitrate or nitrite (Table 6). Traces of 
(3-nitropropionic acid were observed on 
five cheese surfaces and traces of nitrate 
on two (Table 6).

DISCUSSION
(3-NITROPROPIONIC ACID synthesis is 
influenced by a number of factors. Rai- 
strick and Stossl (1958), Hylin and 
Matsumoto (1961) and Shaw and Wang
(1964) studied ammonium, nitrate and 
aspartic acid effects and attributed the 
differences in (3-nitropropionic acid con
centration of Raulin-Thom and Czapek- 
Dox solutions to the distribution of vari
ous nitrogen sources. When sodium 
nitrate was substituted for ammonium 
tartrate in the Raulin-Thom solution, its

Table 4—(3-Nitropropionic acid, nitrate and nitrite production by 
Aspergillus oryzae (ATCC 12892)

Days at 32° C (3-NPA
N O;

mg/150 ml N O ;
pH of

final culture3

6 33.0 NDb ND 6.25
9 25.0 1.5 ND 7.10

12 ND 6.2 ND 7.90
15 ND 12.9 ND 8.15
20 ND 10.5 ND 8.30
30 ND 25.1 ND 8.45

3 p H  o f  c u lt u r e  in c u b a t e d  6  d a y s  a t  3 2 ° C  
b  N D — N o t  d e te c t a b le

Table 5 —Retention of (3-nitropropionic acid in high protein foods 
during storage

Mold Food

Incubated3 
5—7 days 
at 28° C

Incubated 5—7 days 
at 28° C then 

stored 30 days at 5°C

mg (3-NPA/kg

A sp . o ryza e  ATCC Cheese 248 43
12892 Soybean 12 NDb

Peanut 15 ND

A sp . o ryza e  Higati Cheese 111 52
Soybean ND ND
Peanut ND ND

a C h e e s e  In c u b a te d  f o r  7 d a y s ;  s o y b e a n  a n d  p e a n u t  f o r  5 d a y s  
h  N D — N o t  d e te c t a b le
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Table 6—/3-NPA, nitrate and nitrite from aged ripened cheeses with extensive moldy and 
discolored surfaces

Cheese
Surface

characteristics3 0-NPA
n o 3-

mg/50g cheese n o 2-
1. Vasterbottom Graddost blue molds NDb ND ND
2. Fontina blue molds and yeast T race Trace ND
3. Geitmelshe Kaas yellowish molds and yeast Trace ND ND
4. Cantal blue molds and yeast ND ND ND
5. Comte Gruyere whitish and blue mold ND Trace ND
6. Galbamino black mold ND ND ND
7. Valencianno yellowish mold ND ND ND
8. Fumiccitti yellowish ND ND ND
9. LeSanglier bad smell Trace ND ND

10. Herve yellowish ND ND ND
11. Campama dark green mold ND ND ND
12. Fontinelli dark yellow mold ND ND ND
13. Olivet Cendre dark green mold ND ND ND
14. Pave De Moyan yellowish Trace ND ND
15. Fontinelli yellowish brown Trace ND ND
16. Robbiole Introbie whitish ND ND ND
17. Bel Paese dark green mold ND ND ND
18. Stilton brown ND ND ND

a N o t  u s u a lly  n o r m a l to  c h e e s e , r e s u lt in g  f r o m  c o n t a m in a t io n  a n d  lo n g  h o ld  
b N D  —N o t  d e te c t a b le

capacity to produce /3-nitropropionic acid 
was reduced to that of the sodium 
nitrate-containing Czapek-Dox solution. 
Aspartic acid alone did not promote 
/3-nitropropionic acid synthesis but re
quired the presence of ammonium ions. 
The reason for the unsalted cheese curds’ 
ability to synthesize much more /3-nitro
propionic acid than either soybean or 
peanut when Asp. oryzae was grown on 
these foods is not clear, but the quality of 
the nitrogen sources undoubtedly is 
important. Cheeses are not likely to 
be carriers of /3-nitropropionic acid for 
many of the same reasons expressed 
by Shih and Marth (1969) concerning 
the absence of aflatoxins in commer
cial cheese. The Aspergilli species are 
not normally associated with cheeses 
or cheesemaking and the Pénicillium 
species used in cheese have not been 
shown to produce /3-nitropropionic acid, 
although the recent isolation of a myco- 
toxin with molecular formula C i7H2o 0 6, 
from Pénicillium roquej'orti was reported 
by Wei et al. (1973). However, gross con
tamination of cheese surfaces by ubiqui
tous molds cannot be excluded as a pos
sible source of /3-nitropropionic acid. 
Studies on salted curds and different 
cheese varieties as substrate for /3-nitro
propionic acid development are under
way. Our observations on the low ca
pability of soybeans to produce /3-nitro- 
propionic acid from the growth of 
positive /3-nitropropionic acid Aspergilli 
species agree with those by Yokotsuka et 
al. ( 1969 ). These results indicate soybean

derived Japanese fermented foods like 
miso and shoyu are not likely to contain 
high levels of /3-nitropropionic acid.

Neither propionic acid nor nitrite were 
observed after incubation of the Asper
gillus mold in Nakamura’s media or on 
cheese curds, soybeans or peanuts. Ni
trate was not produced in media or foods 
cu ltiv a ted  by non-/3-nitropropionic 
acid-producing mold cultures but was 
observed in the filtrates from strongly 
positive /3-nitropropionic acid-producing 
mold cultures. Aleem and Lees (1964) 
demonstrated that cell-free extracts of 
Aspergillus Jlavus, Aspergillus wentii, and 
Penicillium atrovenetum  oxidized 
ammonium to nitrate via hydroxylamine 
and nitrite. In the present study the 
cultured media initially shifted from acid 
to alkaline, pH 8.5, in some instances. 
Hirsch et al. (1961) reported that nitrate 
accumulation was inhibited at low pH 
because of the inability of the fungi to 
oxidize nitrogen in its most reduced 
form.

/3-nitropropionic acid synthesizing and 
splitting enzymes apparently are not 
inducible but the presence of an enzyme 
system which decomposes /3-nitropro- 
pionic acid is interesting. Similar /3-nitro- 
propionic acid breakdown has been 
observed by Marshall and Alexander
(1961) but the pathway of the degrada
tion and the nature and significance of 
the degradation products have not been 
resolved. Because of the possible toxicity 
of condensation products as outlined by 
Wolff and Wasserman (1972), further

inquiry into this area including the specif
ic nature of biosynthesis pathways and 
the influence of pH is underway.
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E F F E C T  OF D IPICO LIN ATE ON V E G E T A T IV E  C E L L S  OF Bacillus

INTRODUCTION

BECAUSE of its heat resistance, the bac
terial spore is of interest to the canning 
industry. Of particular interest are the 
spores of Bacillus stearothermophilus 
which are extremely heat resistant. B. 
stearothermophilus causes flat-sour spoil
age in low acid, canned foods.

Since Powell isolated dipicolinic acid 
(DPA, pyridine-2,6-dicarboxylic acid) in 
1953, food microbiologists have studied 
this compound in relation to its role in 
heat resistance (Murrell, 1969). It is a 
unique compound not found in the vege
tative cells of bacteria. Although this 
compound is released from the spore 
when it germinates, DPA caused spores of 
strain M of B. stearothermophilus to ger
minate under specific conditions (Fields 
and Frank, 1969) but DPA inhibited 
spore outgrowth and vegetative growth 
(Fields and Frank, 1973). DPA is a che
lating agent which forms strong chelates 
with cobalt, copper, iron and zinc with 
magnesium weakly chelated and calcium 
and manganese intermediately chelated 
(Riemann, 1963).

Because of the fact that dipicolinic 
acid forms different chelates, different ef
fects upon the bacterial cell may be ex
pected due to influence on cations in the 
bacterial cell. For example, Hachisuka et 
al. (1965) showed that DPA inhibited

anaerobic oxidation of glucose by a cell- 
free extract from vegetative cells of Bacil
lus subtilis; Okabayaski and Ide (1970) 
also showed that DPA inhibited the phos
phodiesterase of Brevibacterium lique- 
faciens. From these studies one might 
infer that the growth of the cell may be 
prevented by the loss of enzyme activity 
due to lack of a metal coenzyme. There
fore, one of the objectives of this research 
was to test for loss of respiration in vege
tative cells treated with DPA. In addition, 
the possibility of the DPA influencing 
metals in the cellular membrane was also 
studied. This was done by determining 
the loss of sugars and amino acids from 
treated and control cells. A limited survey 
was made also to determine if other spe
cies of Bacillus were inhibited by DPA 
when added to agar media.

MATERIALS & METHODS
Respiration studies

Warburg flasks were calibrated for oxygen 
uptake at 40°C. according to the procedure of 
Clark (1964). DPA solution was prepared by 
dissolving reagent grade dipicolinic acid 
(Aldrich Chemical Co., Milwaukee, Wise.) in
0.1 N NaOH and adjusting the pH of the solu
tion to 7 with HC1. The final concentration of 
DPA in the Warburg flask was 50.6 mM. Bac
terial cells were suspended in 68 mM phosphate 
buffer (pH 7). Solutions of 60 mM CaCl2 were 
prepared to be added to selected DPA solutions

to limit the inhibitory effect of the DPA. Sub
strates were prepared at the following concen
trations: glucose, 7.2 mM; sodium acetate, 31.7 
mM; alpha-ketoglutaric acid, 8.9 mM; sodium 
pyruvate, 5.9 mM; and L-malic acid, 4.8 mM.

Cells of B  s te a ro th e rm o p h ilu s  strain M for 
the respiration studies were grown on tryptic soy 
agar for 24 hr, harvested and washed in distilled 
water. The cells were subjected to the sub
strates and DPA as follows: (1) no DPA added 
(control); (2) cells, substrate, DPA mixed at the 
same time; (3) cells exposed to the DPA 1 hr 
before mixing with substrate; (4) cells exposed 
to DPA-CaCl2 1 hr before mixing with sub
strates.

0.2 ml of 10% KOH were added to the cen
ter well of the Warburg flask. The main vessel 
contained 2 ml of substrate and the side arm 
contained 0.5 ml of cells and 0.6 ml of DPA 
(water for the control) to make a final volume 
of 3.1 ml. Manometer readings were taken 
every 5 min and oxygen uptake was calculated 
as pi per dry weight of cells. Data are presented 
as the '/ inhibition which was calculated by 
substracting the pi of oxygen per mg dry weight 
of cells of the DPA flask at 60 min exposure 
from the pi of oxygen per mg dry weight of 
control cells and dividing by the pi of oxygen 
per mg dry weight of cells of the control. 
Leakage studies

Vegetative cells for the leakage studies were 
produced on tryptic soy agar at 55°C’ for 24 hr. 
The cells were washed from flasks with sterile, 
distilled water by rubbing the surface of the 
agar with a bent glass rod. The cells were 
pooled into a sterile Lrlenmeyer tlask and 
mixed well. The cells were centrifuged and

Table 1—Inhibitory effect of DPA on respiration of vegetative cells 
of Bacillus stearothermophilus in phosphate buffer (68 mM, pH 7.0)

% Inhibition3

Substrate DPAb DPA—1 hrc DPA Ca-1 hrd
Glucose 12 44 17
L-m alate 15 33 9
Sod ium  acetate 33 64 4
Alpha-keto-glu tarate 55 92 71
Sod ium  pyruvate 76 91 40

a T h e  p e rc e n t  in h ib it io n  w a s  c a lc u la t e d  b y  s u b t r a c t in g  th e  p i o f  o x y g e n  
p e r  m g  d r y  w e ig h t  o f  c e lls  o f  th e  D P A  f la s k  a t  6 0  m in  e x p o s u r e  f r o m  
th e  p i  o f  o x y g e n  p e r m g  o f  d r y  w e ig h t  o f  c e lls  o f  th e  c o n t r o l  f la s k  a n d  
d iv id in g  b y  th e  p i  o f  o x y g e n  p e r  m g  d r y  w e ig h t  o f  c e lls  o f  c o n t r o l  
f la s k  X  1 0 0 . M e a n  o f  d u p l ic a t e  d e te rm in a t io n s .  D P A  c o n c e n t r a t io n  
w a s 5 0 .6  m M .

b D P A  a n d  s u b s tr a te s  m ix e d  im m e d ia t e ly  w ith  c e lls .
*- C e lls  in  c o n t a c t  w ith  D P A  f o r  1 h r  th e n  m ix e d  w ith  s u b s tra te s .  
d  C e lls  in  c o n t a c t  w ith  D P A  a n d  C a C I 2 ( 6 0  m M ) fo r  1 h r  th e n  m ix e d  

w ith  s u b s tra te s .

Table 2—Leakage of amino acids from cells of strain M B. stearo-
thermophilus

Amino acid

fj.g of amino acids per 100 mg dry cellsa

Cells treated 
with DPAb

Cells not treated 
with DPA

% Increase 
due to DPA

Th reon ine 1.7 1.4 21.4
Serine 1.7 1.0 70.0
G lu tam ic  acid 4.6 3.7 24.3
A lan ine 2.9 2 .2 31.8
Iso leucine 2 .5 1.4 78.6
Leucine 3.9 1.5 60.0
Histidine 1.3 1.6 00.0
A rg in ine 1.0 0.6 66.6
A ll amino 2 .5 1.7 47.1

acids, mean
a M ea n o f  d u p l ic a t e  a n a ly s e s  
b C o n c e n t r a t io n  o f  5 3  m M  D P A
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washed six times in sterile, distilled water. The 
cells were suspended in phosphate buffer (pH
5.5, l 20 inM), and the suspension divided into 
two 40 ml portions. To one portion, K) ml of 
DPA was added making the final DPA concen
tration 53 mM. 10 ml of distilled water was 
added to the control. The suspensions were pre
pared in duplicate but on different days.

The suspensions were incubated at 55°C for 
72 hr before centrifuging. Cells were transferred 
to crucibles and dried at 105°C for 24 hr, 
cooled and weighed. The supernatant was ana
lyzed for amino acids and sugars as evidence of 
leakage of these substances from the cells. 10 
ml of a 10% trichloroacetic acid solution was 
added, and the supernatant was filtered.

Quantitative analyses were made by column 
chromotography by a slight modification of the 
method of Benson and Patterson (1971). The 
conditions were: a single column was run with a 
resin bed height of 56 cm (aminex A-6). The 
flow rates of buffer and ninhydrin were 100 
ml/hr and 60 rnl/hr, respectively. The column 
temperature was 55°C. Norleucine (0.10 mM) 
was used as an internal standard.

The sample was dissolved in sodium citrate 
buffer (pH 2.2). 1 ml of sample was injected on 
the column followed by the following elutants: 
sodium citrate buffer in about 3%N ethanol, pH
3.25, for 50 min; at pH 4.25 for 30 min and at 
pH 6.55 for 80 min. In addition to loss of 
amino acids in leakage studies, loss of RNA has 
been tested for by the presence of ribose in 
supernatant fluid since the orcinol method is a 
test for pentose (Haight and Morita, 1966). The 
supernatant was tested for sugars by the orcinol 
method (1.5g orcinol, 0.5g FeCl, in 100 ml of 
concentrated HC1). Ribose was used to establish 
a standard curve (0.1 ml sample to 4 ml of 
reagent). Samples were boiled for 10 min and 
absorbance determined at 660 nm.

Agar-plate studies
DPA solution was prepared by dissolving 

3.34g and 8.85g of dipicolinic acid in 0.1N 
NaOH and adjusting the pH to 7 with HC1. This 
solution was used to make up nutrient agar hav
ing a DPA concentration of 20 mM and 53 mM. 
As a control, nutrient agar without any DPA 
was used. The plates were streaked and ob
served for growth after 6 days for the meso- 
philic Bacillus and after 48 hr for the thermo
philic Bacillus.

The following mesophilic species of Bacillus 
were used: B. megaterium, ATCC 14581; B. 
pantothenticus, ATCC 14576; B. cereus, ATCC 
14579; B. punulus. ATCC 7061; B sphaericus, 
ATCC 14577; B. firmis, ATCC 14575; B. len
tils. ATCC 10840; B circulans. ATCC 451 3; B. 
subtilis, ATCC 6051; B. licheniformis, ATCC 
14580; B. laterosporus, ATCC 64; B. brevis, 
ATCC 8246; B. badius, ATCC 14574; B. 
macerans, ATCC 8274; and B. coagulans, ATCC 
7050.

The strains of B stearothermophilus used in 
this research are listed in articles of Fields and 
Harris (1972) and Harris and Fields (1972); 47 
strains were used.

RESULTS & DISCUSSION
Respiration studies

The inhibitory effect of DPA on the 
respiration of vegetative cells of B. stearo- 
thermophilus strain M is illustrated in 
Table 1. Fields and Frank (1973) re
ported that germinated spores of strain M 
did not elongate and that DPA inhibited 
vegetative growth of strain M. Energy is 
needed for vegetative growth and this 
energy is obtained from carbohydrate

metabolism. When the DPA, cells and 
substrates were mixed immediately, less 
inhibition occurred than if the DPA was 
left in contact with the cells for 1 hr 
before mixing with the substrates. These 
data are in agreement with those of 
Hachisuka et al. (1965) who found that 
the longer a cell-free extract was in con
tact with DPA the more inhibitory the 
effect on the anaerobic oxidation of glu
cose by vegetative cells of B. subtilis. The 
presence of Ca ions reduced the degree of 
inhibition for some of the substrates al
though the effect was minimal but for 
alpha-keto-glutarate and pyruvate. These 
data partly explain the reason the ger
minated spores of strains of B. stearother
mophilus did not elongate and grow in 
the study of Fields and Frank (1972).
Leakage studies

The data in Table 2 indicate that vege
tative cells held in contact with DPA for 
72 hr at 55°C leaked more amino acids 
than cells held in distilled water for the 
same length of time. This increased loss 
of amino acids may be due to the removal 
of cations from cell membranes resulting 
in membrane damage. DPA caused more 
of some kinds of amino acids to leak than 
others. A fairly long incubation time was 
used to show these leakages.

Not only were amino acids lost from 
cells treated with DPA but also more 
sugars were lost from DPA-treated cells 
than from control cells. In the super
natant from the DPA-treated cells there 
was a mean of 255 pg/ml of sugar (ex
pressed as ribose) and 84 pg/ml from the 
control cells. The loss of amino acids and 
sugars from treated cells as compared to 
control cells helps to explain in part the 
reasons for growth was inhibition. It ap
pears that the damage to the cells was 
both physical and chemical.
Agar-plate studies

In the previous study of Fields and 
Frank (1973), it was shown that the 
growth of B. stearothermophilus strain M 
was inhibited by DPA at concentrations 
of 4 mM. When other strains of B. stearo
thermophilus were tested by the agar- 
plate method at 20 mM DPA (Table 3), 
none of the 47 strains grew. At 53 mM 
DPA, the same concentration used in the 
leakage investigation and near the concen
tration used in the respiration studies 
(50.6 mM), only two of the mesophilic 
species grew well, and four species 
showed slight growth after 6 days at 
room temperature.

B. coagulans, the other species besides
B. stearothermophilus which some bac
teriologists considered to be a thermo
philic species, grew well on agar contain
ing both levels of DPA. Although only 
one strain of B. coagulans was used in this 
study, it is the type strain for that spe
cies. Growth on nutrient agar might be 
used as a taxonomic characteristic to

Table 3—Effect of DPA in nutrient agar on the growth of species of
Bacillus______________________________________________________

Reaction3

20 mM 53 mM
Type Species DPA DPA

Mesophiles
B. cereus ATCC 14519 t c -
B. pantothenticus ATCC 14576 t c -
B. pumilus ATCC 7061 + -
B. sphaericus ATCC 14577 + -
B. firmus ATCC 14575 + -
B. lentus ATCC 10840 + s|b
B. circulans ATCC 451 3 + slb
B. subtilis ATCC 6051 + +

B. licheniformis ATCC 14580 + +

B. laterosporus ATCC 64 + -
B. brevis ATCC 8246 + -
B. badius ATCC 14574 - -
B. macerans ATCC 8244 + -
B. megaterium ATCC 14581 t c slb

Thermophiles
B. coagulans ATCC 7050 + +

B. stearothermophilusd - tc
a G r o w t h  o r  n o  g r o w t h  a t  6  d a y s  at r o o m  t e m p e r a t u r e  
6  S l ig h t  g r o w t h  
c  N o t  te ste d
4  R e s u lt s  o f  4 7  s t r a in s  a t 4 8  h r  a t 5 4 °  C
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separate B. coagulans from B. stearother- 
mophilus if tests with more strains show 
the same results as the results in Table 3.

CONCLUSIONS
DPA depresses respiration and causes the 
cells of B. stearothermophilus to become 
leaky and lose amino acids and pentose 
sugars (ribose as part of RNA). The effect 
of DPA on growth varied with the species 
of Bacillus.
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R H EO LO G IC A L P RO PERTIES  OF H YD RO CO LLO ID S

INTRODUCTION
HYDROCOLLOIDS are used to generally 
improve or manipulate the texture of 
food products because of their ability to 
retard flow, modify gelling charac
teristics, and preserve emulsion and sus
pensions. Rheological properties are the 
most important factors governing these 
desired properties of hydrocolloids 
(Glicksman, 1969).

In this study, the rheological proper
ties of natural and synthetic hydrocol
loids from different sources, seaweeds, 
cellulose and plant seeds, were investi
gated. One sample from each of these 
three types of hydrocolloids, namely 
sodium alginate (Stein Hall & Co., N.Y.), 
sodium carboxymethylcellulose (Her
cules, Inc., Wilmington, Del.), and guar 
gum (V-7-E series 7, Burtonite Co., 
Nutley, N.J.) were selected for the study. 
Of course each type of hydrocolloid con
tains a family of chemical compounds 
with a wide range of variation in molec
ular weight, number and position of the 
functional groups, as well as arrangement 
of the basic units. Thus, they have rheo
logical properties of wide range and study 
of one sample from each type would by 
no means characterize the whole family. 
However, this would still provide some in
formation on the respective rheological 
behavior of the hydrocolloids.

The deviations from Newtonian be
havior, apparent viscosities, yield stresses 
and time dependencies of these hydrocol
loids at different concentrations and tem
peratures were determined.

EXPERIMENTAL
A BROOKFIELD Synchro-Lectric viscometer 
(Model LVT, Brookfield Engineering Labora
tories, Inc., Stoughton, Mass.) with cylindrical 
spindles and helipath stand was used to take 
viscomctric measurements. The measurements 
were made in the controlled temperature rooms 
at 40, 50, 60 and 70°F with ± 1°F fluctuation. 
Preparation of sample

Hydrocolloid suspensions in the concentra
tion range of 0.5% to 2.0% (by weight) were 
made as follows:

1. 350 ml of stock distilled water (kept at 
190-200° F) was poured into the blender cup 
and preweighed hydrocolloid was added.

2. The blender cup was covered and the 
Waring Blendor (Model 1249, Dynamic Corp. 
of America, New Hartford, Conn.) was turned

l _____i_____________________i_____________________c
.0034 .0035 .0036

l / T ,  C K "')

Fig. 1 —Apparent viscosity as a function o f tem
perature for all three samples at 4% concentra
tion.

on at “stir” position for 20 sec. A glass rod or 
spatula was used to break any existing lumps in 
the resulting mixture.

3. An additional 350 ml of hot distilled 
water was added and the blender turned on at 
“stir” for 40 sec.

4. The mixture was then poured into a 600 
ml Griffin beaker and kept undisturbed for ap
proximately 15 min.

5. Foamy layer at the top of the sample 
was skimmed off.

6. The samples were tightly covered with 
aluminum foil and then placed in the controlled 
temperature rooms.
Viscometric measurements

1. The samples were kept at the constant 
temperature desired (40, 50, 60 or 70° F) at 
least 1 2 hr prior to the measurements in order 
to reach thermal equilibrium.

2. A suitable spindle was selected and at
tached to the viscometer which was mounted 
on the helipath stand.

3. The spindle was then lowered until the 
surface of the sample reached the marked level 
of the spindle.

4. The viscometer spindle was allowed to 
stand for 3 min to eliminate the effects of im
mediate time dependency.

5. Viscometer rotational speed was se
lected and driving motor was turned on.

6. After three revolutions, a reading was 
taken for every revolution until the readings ap
proached a constant value.

7. Motor was turned off and readings were 
taken after 1,2 and 3 min to obtain the equilib
rium yield value.

8. Each set of readings was taken by plac
ing the spindle into a fresh sample and follow
ing the above steps.

RESULTS
AN EXAMPLE of the experimental data 
obtained is presented in Table 1. The 
general power law equation with yield 
stress,

t = b 7® + C (1)

where r  = shear stress; y = shear rate; b 
and s = constants and C = yield stress, was 
assumed to express the flow behavior of 
binder suspensions under the experi
mental conditions and concentrations 
studied. This equation was employed to 
determine the values of the power law 
constants b and s using experimentally 
determined yield values, shear stress and 
shear rate.

Charm (1963a, b, c) analyzed the rela
tionships between b, s, C, the rotational 
speed and torque exerted on the spindle 
in a cylindrical viscometer as follows:

/b_V /s _ f R2 /  A \ ,V /sdR
VC/ J  R, V27TLCR2/ V R

(2)

* to
II

r
 >

n (3)

c -
2?rR12L (4)

where: A = torque exerted at surface of 
cylinder; N = speed of cylinder, RPS; L = 
length of cylinder in contact with fluid; 
R( = radius of cylinder; R2 = distance 
from center of cylinder to the point 
where shear stress equals yield stress and 
streamline velocity = 0; and A0 = torque 
exerted at surface of cylinder at zero 
shear rate.

Rewriting Charm’s equation in another
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form and defining K as a constant which 
is a multiple of 27TR.!,

(  A \ I/S ( ( : \  ,/s
V2?rLCR2 \ > Vf>/

shows that the logarithmic plot of N vs. 
[(A/27TLCR! ) — 1 ] gives a straight line 
with slope of 1/s (Charm, 1963a, b).

An attempt was made to obtain C from 
the plot of VN vs. \/A  (Charm, 1963a). 
However, the extrapolation to N = 0 gave 
negligible values for A0. Therefore, the 
measured values of A0 were used for 
computing C. A0 was obtained from the 
experimentally measured force exerted 
by the sample to the wall of the viscom
eter spindle after viscometer rotation was 
stopped (readings taken in 7).

The constant values of the shear 
stresses at each rotational speed were 
used in determining s (last reading taken 
in step 6). With the values of s and C, 
equation (2) was numerically integrated 
with the aid of Simpson’s rule to give the 
value of b (Table 2).

The above analysis was repeated for 
the different sets of data at various tem
peratures and concentrations to obtain 
the values of power law constants. Using 
these values, plots of shear stress against 
shear rates were prepared.

Apparent viscosity, T/a at different 
shear rates was determined from the 
derivative of T  with respect to y of equa
tion ( 1 ):

7?a=f y  = b s 7 S l  (6)

Plots of this apparent viscosity vs. shear 
rates were prepared at various concentra
tions at each of the four temperatures. 
The variation of viscosity with tempera
ture was shown by plotting 7?a against 
1/°K at a particular value of y (=1.0 
sec'1) (Fig. 1).

To illustrate the time dependency, 
ratio of instantaneous apparent viscosity 
(rjja), (instantaneous readings taken in 
step 6) to equilibrium apparent viscosity 
(Voo) (constant readings in step 6) was 
plotted against time of shearing (Fig. 2).

The effect of concentration on yield 
stress was shown by graphs of yield stress 
vs. concentration at different tempera
tures for the three hydrocolloids.

DISCUSSION

AS NOTED ABOVE, the yield stress C 
was obtained from the shear stress read
ings after the viscometer spindle rotation 
was stopped. Therefore, the yield stress 
being considered here corresponds to the 
yield stress of a disturbed (“ worked”) 
sample rather than the yield stress prior 
to deformation or flow. It is the recovery 
yield stress rather than the yield stress

required to initiate flow. Such yield stress 
of “ worked” sample is more meaningful 
in food processing due to the fact that in 
practice the binder would have to be dis
turbed since it has to undergo mass move
ment in order to be mixed with or 
brought adjacent to other food ingredi
ents which are to be bound. Furthermore, 
the yield stress of the binders at the time 
will dictate if the binder would remain at 
that preferential position for adhesion. In 
the foregoing discussion, sodium alginate 
will be designated as alginate and sodium 
carboxylmethylcellulose as carboxyl- 
methylcellulose or CMC. The plots of 
yield stress vs. concentration for each 
sample are given in Figures 3-5 .

In all three samples, the yield stress 
increases dramatically with an increase in 
concentration. This dramatic increase 
occurs between 1.0 and 1.5% for alginate; 
between 3.0% and 4.0% for CMC; and al
though not so distinct, between 1.0 and 
2.0% for guar gum.

The graphs (Fig. 3 -5 ) do not show a 
generally expected trend of decrease in 
yield stress with increase in temperature 
in a clear cut manner. In CMC, yield 
stress decreases as temperature increases 
from 50°F to 60°F to 70°F. This is rea
sonable considering the fact that the gel is 
physically more fluid at high tempera
tures. The yield stress at 40° F, however, 
is less than those at 50° and 60°F at

Table 1—A sample of each set of viscometer readings (Alginate 0.7%; T = 40“ F)

Cylinder
no.

Rotational
speed
(rpm)

Readings (after each 
revolution) Aj 1 min

Readings (after 
rotation is 
stopped)
2 min 3 min A c A 0

i a 3.0 13.7, 13.8, 13.9, 14.0, 
14.1, 14.2, 14.2, 14.2

5.4 5.3 5.3 14.2 5.3

i a 6.0 26.7, 27.0, 27.2, 27.4, 
27.5, 27.6, 27.7, 27.8,
27.8, 27.8

5.2 5.0 5.0 27.8 5.0

i a 12.0 61.6. 61.9. 62.0, 62.1, 
62.2, 62.3, 62.3. 62.3

5.4 5.3 5.3 62.3 5.3

2b 12.0 10.4. 10.7, 10.8, 11.0, 
11.2, 11.3, 11.3, 114,
11.5, 11.6, 11.7, 11.8. 
1 1 .8, 11.8

5.7 5.7 5.7 11.8 5.7

a D im e n s io n s  o f  S p in d le  1 : L  = 7 . 4 9 3  c m ;  R  = 0 .9 4 2 1  c m  
b  D im e n s io n s  o f  S p in d le  2 : L  = 6 .1 2 1  c m ; R  = 0 . 5 1 2 8  c m

Table 2 --Power law constants (b and s) for various concentrations at different temperatures

Temp.

Qo F 50“ F 60“ F 0©r- F

% Con
centration b 1 s b1 s b' s b' s

Alginate
0.5 0.39 1.7 0.51 1.6
0.7 1.7 1.4 1.5 1.5 0.99 1.4 0.99 1.1
1.0 6.3 0.95 4.7 1.3 5.0 1.4 2.2 1.2
1.5 32 1.1 28 1.4 16 1.3 13 1.1
2.0 110 0.88 83 0.96 79 1.1 5.5 0.98

Carboxymethylcellulose
0.5 0.69 1.1
1.0 3.9 1.3 2.1 1.1 2.2 1.1 1.4 1.2
2.0 51 0.82 33 0 87 27 1.1 17 1.3
3.0 130 0.89 190 0.85 150 0 81 130 0.84
4.0 310 0.72 780 0.68 660 0 62 600 0.65

Guar Gum
0.5 2.6 1.2 2.8 1.1
0.7 9.2 0.98 14 1.3
1.0 26 0.91 39 0.82 48 0.74
1.5 100 0.83
2.0 330 0.56 150 1.0

a d y n e s  ( s e c ) V c m 2
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F ig  2 —R a t io  o f  v is c o s it ie s  (r)j/r\, , )  vs. t im e  o f  sh e a rin g . (N o te :  C  -  F ig . 5 —E f f e c t  o f  c o n c e n t r a t io n  o n  y ie ld  s tre s s  f o r  g u a r g u m .

c y lin d r ic a l s p in d le )

above 2.5% concentration. This may be 
explained by the occurrence of syneresis 
at this low temperature in the CMC gel 
sample which indicates the disruption of 
a portion of the relatively rigid gel struc
ture. hence the lower bonding density per

Fig. 3 —E f f e c t  o f  c o n c e n t r a t io n  o n  y ie ld  s tre s s  
for alg inate .

unit volume, thus low yield value. It 
should also be noted that the rigid gel 
requires a high shear force to disrupt its 
structure. However, elastic recovery is 
very limited in this type of rigid gel with 
higher hydrocolloid concentration and 
once it is disrupted, reorganization does 
not take place as readily as it does at the 
higher temperatures. Therefore, equilib
rium is perferencially toward less bonding 
density per unit volume, thus lower yield 
stress.

F ig . 4  — E f f e c t  o f  c o n c e n t r a t io n  o n  y ie ld  s tre ss  
fo r  c a r b o x y m e th y lc e l lu lo s e .

If this argument is applied to the be
havior of yield stress for alginate, at con
centration above 1.5%, equilibrium net 
bond formation appears to override the 
overall thinning effect of higher tempera
ture such as increase in mobility, decrease 
in density, etc. Further increase of the 
temperature to 70°F causes the thinning 
effect to dominate resulting in lowest 
yield value. The limited data on guar gum 
suggests a simple trend of decrease in 
yield value with temperature up to 2.0% 
concentration. It is worthwhile to note 
that while there is competition between 
the two resulting mechanisms, thinning 
effect and increase in rate of bond forma
tion, due to increase in temperature, the 
thinning effect seems to dominate at 
lower concentrations (up to approximate
ly 1.4% concentration for alginate and 
2.5% concentration for CMC) and yield 
stress has a simple trend to decrease with 
increase in temperature.

Yield stress of alginate and CMC is 
approximately the same order of magni
tude while that of guar gum is about ten 
times. Therefore, among these three 
hydrocolloids, theoretically guar gum 
would be more functional or effective 
when used as a shape holding agent in the 
molded food products such as aspic, paté, 
pudding, custard and icings.

The power law constants (b and s) are 
presented in Table 2. In all cases, the vis
cosity constant, b, increases with an in
crease in concentration. There is no clear 
trend with respect to temperature except 
for alginate where b generally decreases 
with an increase in temperature. In all 
three samples the value of s is mostly
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F ig . 6 —A p p a r e n t  v is c o s ity  vs. s h e a r  ra te  fo r  a lg in a te . F ig . 7 —A p p a r e n t  v is c o s ity  vs. s h e a r  ra te  fo r  c a r b o x y m e t h y lc e l lu lo s e .

greater than 1 at higher temperatures and 
lower concentrations, indicating some 
dilatant behavior. At lower temperatures 
and higher concentrations, s tends to be 
between 0 and 1, showing pseudo-plas
ticity.

Alginate shows a general increase in 
apparent viscosity with an increase in 
shear rate (Fig. 6). For CMC, at higher 
concentrations, the apparent viscosity de
creases with increasing shear rate. At 
lower concentrations, the opposite effect 
was found. This switch from an increase 
in viscosity to a decrease in viscosity with 
increasing shear rate was found to occur 
at progressively higher concentrations as 
the temperature increases (see Fig. 7). A 
similar behavior was detected for guar 
gum (Fig. 8).

This phenomenon of increasing vis
cosity with shear rate in alginate and 
CMC at the concentrations studied or 
guar gum at lower concentrations may be 
effectively utilized in food processing in 
which attaining high viscosity at high 
shear is essential, such as in spinning and 
extrusion. In the processing of food 
which requires high viscosity of the end 
product and where low viscosity during 
processing which would ease handling and 
reduce cost of power and equipment, 
such as mixing, kneading and pumping,

and therm al processing, CMC at a higher 
concentration would be desirable.

The apparent viscosity of alginate 
given in Figure 4 is in the same order of 
magnitude with the low viscosity alginate 
reported in the literature (Glicksman,
1969). The apparent viscosity of CMC

given in Figure 6 also is within the same 
range with the low viscosity CMC re
ported in the literature (Glicksman.
1969). Considering that the viscosity of 
high quality guar gum has been reported 
as high as 3000 -6000  cps (Glicksman,
1969), the guar gum used in this study

a:

i<
a

10

I

F ig . 8 —A p p a r e n t  v is c o s ity  vs. s h e a r  ra te  fo r  g u a r g u m .



R H EO LO G Y  O F H YD RO CO LLO ID S—“W IZ

had low apparent viscosity. The low ap
parent viscosities of all three hydrocol
loids compared with reported values may 
be due to (1) the differences in the qual
ity of the gums themselves; (2) the man
ner in which the hydrocolloids were sus
pended; (3) other conditions such as pH, 
absence of synergistic agents; or (4) con
dition of the measurements.

For alginate and CMC, the apparent 
viscosity, r?a, increases with a decrease in 
temperature (Fig. 1). This is what one 
would generally expect and in agreement 
with the trend reported in the literature 
(Glicksman, 1969). The increase seems to 
be linear with the reciprocal of the abso
lute temperature. CMC seems to be more 
temperature dependent than alginate. For 
guar gum, the apparent viscosity de
creases with a decrease in temperature 
which could be explained by the pasty 
and lumpy consistency of the guar gum 
samples at lower temperatures.

CMC is therefore an effective hydro
colloid in imparting greater viscosity to 
the foods served at low temperatures and 
the foods processed at higher tempera
tures such as beverages, some canned 
foods, confectionary, dairy products, and 
jams and jellies. Unusual increase in vis
cosity behavior with increase in tempera
ture of guar gum would be better utilized 
in foods served at high temperatures such 
as gravy, sauces, soups and stews.

Under the experimental conditions, all 
three hydrocolloid samples showed a time 
dependency which is rheopectic in nature 
(Fig. 2). The additional energy expended 
in stretching and aligning the gel structure 
before steady flow is attained might ac
count for the rheopectic behavior.

CONCLUSIONS

THE FOLLOWING conclusions can be
made from this study:
1. The general power law equation is an 

adequate model for describing the 
flow behavior of the hydrocolloids in 
the range of the experimental condi
tions used.

2. All three hydrocolloid suspensions 
showed a deviation from Newtonian 
behavior for the range of concentra
tions used and the viscosity was found 
to be dependent on shear rate and 
time of shearing.

3. Alginate showed a tendency for dila- 
tancy while CMC and guar gum 
changed from dilatant to pseudo-plas
tic behavior with increasing concentra
tion.

4. The viscosity of CMC was slightly 
more temperature dependent than that 
of alginate. The viscosity of guar gum 
did not decrease with increase in tem
perature.

5. All three hydrocolloids showed rheo
pectic properties in this experiment. 
Most of the time effects were within 3 
min of shearing.

6. Yield stress increased with increase in 
concentration. At the same concentra
tion, guar gum had higher yield values 
followed by alginate and CMC.
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MICROSCOPIC IN VESTIGATIO N S OF TH E F R E E Z E  DRYIN G  
OF VO LA TILE-CO N TA IN IN G M ODEL FOOD SOLUTIONS

INTRODUCTION
AQUEOUS SOLUTIONS of organic sol
utes are the basic fluids of biological 
systems, such as the extracellular and in
tracellular fluids of solid food materials. 
Extraction of these fluids from food 
solids results in organic-containing aque
ous solutions of economic importance to 
the food industry. The behavior of these 
extracts during the freezing process is 
quite important in determining the final 
quality of freeze-dried products (Flink 
and Karel, 1970b; Flink and Labuza, 
1972; Rulkens and Thijssen, 1972). This 
includes both the period of the lowering 
of temperature to a level at which the

solvent, water, starts to crystallize as ice, 
as well as during the continuation of the 
freezing process when the increased con
version of water to ice results in the even
tual solidification of the aqueous solution 
as a relatively complex system of ice 
crystals, concentrated solute phase or 
phases, and perhaps even pure solute 
phases.

The flavors of food materials are com
posed of numerous organic compounds 
present at low concentrations in aqueous 
solutions. Most studies on flavor quality 
retention have dealt with measuring the 
before, during or after retention of suit
able volatile organic compounds from

nonvolatile solute-containing aqueous so
lutions (Flink and Karel, 1970a,b; Thijs
sen and Rulkens, 1969; Rulkens and 
Thijssen, 1972; Chandrasekaran and King,
1972).

In a continuation of studies on the de
sorption of volatile organic constituents 
from aqueous carbohydrate systems dur
ing freeze drying (Flink and Karel, 1969; 
1970a,b), microscopic analysis of the 
freeze-dried material showed changes 
which had taken place in the system dur
ing the freezing and freeze drying (Flink 
and Gejl-Hansen, 1972). Most notable 
were the partitioning of the carbohydrate 
nonvolatile solute (maltodextrin) into 
two fractions, and the appearance of the 
volatile organic constituent (hexanal) as 
liquid droplets. Flink and Gejl-Hansen 
concluded that the formation of the liq
uid droplets and their partitioning into 
the carbohydrate-rich phase were very im
portant factors in accounting for the re
tention of the volatile organic compound 
during freeze drying.

To determine during which part of the 
freeze-drying process the partitioning oc
curs requires the development of a 
freeze-drying microscope stage on which 
the entire freeze-drying process could be 
observed. Various freezing and freeze-dry
ing microscope stages have been reported 
in the literature (McCrone and O'Brad- 
ovic, 1956; MacKenzie, 1964; Chauffard. 
1971; Freedman et al., 1972), though 
most studies using this equipment have 
dealt with investigations on conditions af
fecting the development and behavior of 
the ice phase (Luyet, 1968). Rey et al.
(1966) have reported on microscopic ob
servations of the solidification and 
freeze-drying behavior of organic mix
tures and aqueous solutions of inorganic 
salts.

This paper reports on ( 1 ) the design of 
a new freeze-drying microscope stage 
capable of continuous observations at the 
high magnifications required for flavor re
tention studies and (2) the results of stud
ies on the separation and retention of 
volatile organic compounds during freeze 
drying.

EXPERIMENTAL
The freeze-drying microscope

The freeze-dryirg microscope is capable of
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being used for continuous observation of 
freeze-drying samples at magnification up to 
600x. This high magnification is essential when 
investigating the formation and separation of 
droplets within the nonvolatile solute matrix.

The freeze-drying microscope consists of 
three systems which can be considered inde
pendently: the microscope system, the freeze
drying system and the data acquisition systems.

The microscope system. The freeze-drying 
microscope is based on an Olympus Model EH 
microscope body. As this microscope is modu
lar, it is “custom designed” by being equipped 
with the following special options:

1. Trinocular head to allow for both visual 
and data acquisition;

2. Wide field and flat field photographic 
eyepieces of 15x which allow magnifications at 
the limit of resolution;

3. A polarizing filter set used to evaluate 
crystallinity of the sample;

4. A dry 60x objective which can be used 
for high magnification (900X) analysis of the 
freeze-dried material;

5. A long working distance 40x objective 
that enables the distance between the sample 
and front surface of the objective lens to be 1.3 
mm. This distance is an important considera
tion when designing the freeze-drying chamber.

The freeze-drying system. The freeze-drying 
system consists of a freezing and freeze-drying 
chamber specially designed and constructed in 
this laboratory for use with the Olympus micro
scope and the associated support equipment.

The freeze-drying chamber is a vacuum-tight 
optical system which is capable of being refrig
erated (Fig. 1). Three glass windows set into an 
aluminum block provide for sample holding (2) 
and vacuum seals (1. 3). The block also con
tains an internal path for the flow of chilled 
refrigerant (4, 5) as well as a vacuum passage to 
the lower vacuum chamber (6). The glass sam
ple holder has a large contact area with the 
aluminum block at the refrigerated end, giving a 
large heat transfer surface. A gap is left between 
the sample holder and one wall of the block 
permitting air and water vapor to flow to the 
lower chamber and out the vacuum line. The 
lower window is semi-permanently sealed to the 
block with Apeizon putty. The upper window, 
a 0.17 mm thick cover glass (45 x 50 mm) rests 
on a rubber O-ring (7) that is held in circular 
shape by an aluminum ring (8). The total thick
ness of the O-ring and cover slip is less than 1.3 
mm, allowing use of the long working distance 
objective. Chips of a cover slip are placed at the 
extremities of the sample holder to support a 
cover slip for the sample at an approximate dis
tance of either 170 Mm (1 chip) or 340 pm (2 
chips). This enables control of the sample thick
ness which is optically important.

A dry ice-alcohol refrigeration system is 
used for freezing and temperature maintenance 
during freeze drying (Fig. 2). A bottom-empty
ing flask maintains a flooded suction head on 
the centrifugal pump. Fluid is pumped to the 
freeze drier through a copper coil immersed in a 
dry ice-alcohol bath before being returned to 
the suction line reservoir. Temperature can be 
regulated either by on-off cycles of the pump, 
or by control of the pump speed.

A single stage rotary oil vacuum pump is 
used in conjunction with a CaS04 desiccant 
vapor trap to remove fixed gases and water 
vapor from the freeze-drying chamber.

Dried compressed air is gently blown across 
the upper cover slip window to prevent conden
sation of environmental water vapor. The lower

F ig . 2 —R e fr ig e ra t io n  s y s te m  f o r  fre e z e -d ry in g  F ig . 3 —P a th  ta k e n  b y  h e x a n o l  d r o p le t  d u r in g  
m ic ro s c o p e . f re e z in g  o f  a q u e o u s  m a lto d e x t r in  s o lu t io n .

F ig . 4 —I c e  d e n d r i te s  d u r in g  f re e z in g  o f  3 .3 %  m a lto d e x t r in  s o lu t io n  
(1 5 0 x 1 .

F ig . 5 —F r e e z e - d r y in g  f r o n t  in  3 .3 %  m a lto d e x t r in  s o lu t io n  (  1 5 0 x 1 .
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F ig . 6 —F r e e z e - d r y in g  f r o n t  in  3 .3 %  m a lto d e x t r in  s o lu t io n  (6 0 0 x 1 . F ig . 7 —F r e e z e - d r y in g  f r o n t  in  u p p e r  la y e r  o f  10%  m a lto d e x t r in  s o lu t io n  
(s h a d o w  o f  lo w e r  re g io n  f r o n t  is  to  le f t )  ( 1 5 0 x ) .

glass surface is within an insulation system and 
does not suffer condensation problems.

A carved balsa wood container is used for 
thermal insulation. This container is attached to 
the motion controls of the microscope stage.

Data acquisition systems. Evaluation of 
freezing and freeze-drying experiments requires 
the measurement of temperatures and pressures 
as well as documentation of visual observations. 
The following instruments supply this informa
tion.

Temperatures are measured by insertion of a 
microthermocouple junction into the samples 
(Omega Engineering Co., Stamford, Conn.). 
The junction diameter is 125 pm. The thin ther
mocouple wires (50 pm) are passed between the
O-ring and aluminum block of the freeze dryer 
without loss of vacuum.

The system pressure is measured on the 
vacuum line with a thermocouple-type vacuum 
gauge having a range of 0-20 torr (Veeco Instru
ments).

Photographic records of typical visual obser
vations are made with either a Polaroid ED-10 
microscope camera or a 35 mm camera.

Visual observation is made via a closed cir
cuit television system. This allows long visual 
observation periods without serious eyestrain 
and further, groups of people can observe and 
evaluate each experiment.

Methods
Preparation of model system. An aqueous 

solution is prepared according to a standardized 
procedure. This is especially important when 
utilizing components of limited solubility. The 
model system is either held at preparation tem
perature or chilled to 0°C by holding in crushed 
ice.

Preparation of microscope equipment. The
dry ice-alcohol cooling system is prepared and 
the microscope stage connected to the cooling 
system. The freezing stage may be precooled to 
0°C at this time, if desired. Dehumidified air 
sweeps the stage to prevent condensation of wa
ter vapor.

Sample freezing. The cooling system flow is 
adjusted to give the desired freezing conditions 
at the microscope stage. Freezing progress is 
followed either visually or photographically.

Subsequent steps prior to freeze drying.
Upon the completion of the first freezing analy
sis, the sample can either be freeze dried or 
thawed and subjected to further freezing analy
sis. The latter is of interest when studying the 
resolubilization of the organic constituents or 
the influence of freezing history on subsequent 
freezing and freeze-drying behavior. Thawing is 
accomplished by stopping the coolant flow or 
additionally removing the heat absorbent from 
the lamp of the microscope optical system.

Sample freeze drying. Upon completion of 
the final freezing analysis, the chamber is evacu
ated and the frozen sample is freeze dried. Due 
to the small sample dimension, relatively rapid 
sublimation of the ice occurs. Following drying, 
the material can further be analyzed by more 
standard procedures as described by Flink and 
Gejl-Hansen (1972).

RESULTS & DISCUSSION
EXPERIMENTAL RESULTS can be 
divided into characterization of freezing 
and freeze-drying behavior in the micro-

F ig . 6 —F r e e z e - d r y in g  f r o n t  in  lo w e r  la y e r  o f  10%  m a lto d e x t r in  s o lu t io n  F ig . 9 - H e x a n o l  d r o p le t s  a t  ic e  c r y s ta l  g ra in  b o u n d r ie s  ( 6 0 0 x ) .
( s h a d o w  o f  u p p e r  re g io n  f r o n t  is to  rig h t) ( 1 5 0 x ) .
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Fig. 1 0 —H e x a n o l  d r o p le t s  in  f r e e z e - d r ie d  m a tr ix ,  1 0 0  m ic r o n s  in to  sa m 

p le  1 1 5 0 x 1 .

F ig . 11 —H e x a n o l  d r o p le t s  in  f re e z e - d r ie d  m a tr ix ;  sa m e  v ie w  as 10, b u t  
a t  s a m p le  s u r fa c e  ( 1 5 0 x ) .

scope, and studies on the freezing and 
freeze drying of aqueous solutions con
taining volatile organic compounds. 
Freezing behavior

Freezing of water and aqueous malto- 
dextrin solutions (10%) from room tem
perature generally occurs in 2 -10  min. 
Temperature measurements indicated 
that the maltodextrin solution com
mences freezing at approximately -5°C  
and is completed at 7°C (Fig. 13).

Fast freezing is characterized by solidi
fication of the sample in less than 20 sec 
(initial appearance of ice to complete 
solidification). The ice structure appears 
as plates or sheets without fine structure 
(Fig. 9).

Slow freezing is characterized by a fast 
freezing of a small part of the sample 
closest to the chilled surface followed by 
dendritic growth of ice crystals over a

period of 0 .5 - 10 min (Fig. 4). Some sam
ples which have been slow frozen in thin 
slabs undergo dendritic crystallization in 
two layers; the bottom of the sample 
crystallizes first as disordered dendrites 
(Fig. 8), the upper region crystallizes later 
as ordered dendrites (Fig. 7).
Freeze-drying behavior

Freeze-drying fronts (the moving inter
face between frozen and dried regions) 
recede into the sample from all four sides. 
Samples approximately 1 cm x 1 cm, and
0.155-0.3 mm thick under a cover slip 
require from 50-80 min to freeze dry.

Separate freeze-drying fronts are ob
served in each of the different ice crystal 
orientations (and thus solute matrix 
orientations). The fronts are not com
pletely planar, with small variations oc
curring among crystals having the same 
orientation (Fig 5, 6), and larger varia

tions for crystals of different orientation 
(at different vertical locations) (Fig. 7, 8).
Freezing and freeze drying of 
aqueous solutions containing 
volatile organic compounds

Aqueous solutions of maltodextrin 
(10% w/v) and hexanol (0.3% w/v) are 
used for studying the phenomena associ
ated with freezing and freeze drying 
which are responsible for retention of the 
volatile organic compounds in the dried 
material. The initial solution contains 
some liquid droplets prior to cooling. 
During the freezing process, the hexanol 
solubility limit is exceeded and many 
droplets of hexanol liquid appear. Often 
these droplets of hexanol move relative to 
their initial location due to bulk liquid 
fluid flow associated with liquid density 
differences resulting from temperature 
gradients and fluid flow associated with

Fig . 12 - H e x a n o l  d r o p le t s  in  f re e z e - d r ie d  m a tr ix ;  sa m e  f ie ld  as 11 
1 6 0 0 x 1 .

F ig . 1 3 —S a m p le  te m p e ra tu re  d u r in g  fre e z in g  a n d  fre e z e -d ry in g  o f  d r o p 

le t  sa m p le s .
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of panellists was ten. Each panellist tasted all 
20 substances listed in the Table once each, at 
one session, rinsing with distilled water between 
substances, and pausing 1 min before passing on 
to the next substance.

RESULTS & DISCUSSION
THE RESULTS show that many of the 
inositols and other substances listed in 
the Table are sweet but their sweetness 
varies enormously. Epiinositol, for exam
ple, is only trace sweet even though, 
like many other structures presented in 
Table 1, it contains several possible AH,B 
systems meeting Shallenberger’s (1969) 
gauche or diaxial requirements for a-gly- 
col groups. This does not, however, in
validate Shallenberger’s hypothesis since 
particular combinations of hydroxyl con
figurations around the ring may sterical- 
ly prevent binding of AH,B systems to 
the taste bud protein. On the other hand, 
lack of sweetness in epiinositol may be 
explained by intramolecular hydrogen 
bonding in accordance with Shallen
berger’s own observations (Shallenberger 
et al., 1969; Shallenberger, 1966; Shallen
berger and Aeree, 1967).

Epiinositol is, as stated, trace sweet, 
and is an analogue of 0-D-manno'se (Fig.
1). Like 1-deoxy mannose, however, 
epiinositol is not bitter and this is strong 
supporting evidence of our previous de
duction (Birch and Lindley, 1973) that 
bitterness in 0-D-mannose is due to inter
action of the /5-anomeric hydroxyl group 
with the ring oxygen atom.

Substitution of a methyl group at posi
tion 3 of (+)-chiroinositol gives rise to (+) 
pinitol without loss of sweetness. Similar
ly substitution of a methyl group at posi
tion 2 of (-)-chiroinositol gives quebrachi- 
tol without loss of sweetness. These 
results suggest that since no change of 
sweetness or bitterness occurs after these 
substitutions, one of the nonmethylated 
hydroxyl groups may be AH in the AH,B 
system. Myoinositol, which is slightly 
sweet, is an analogue of |3-D-mannose, 
|3-D-galactose and a-D-glucose (Fig. 2). On 
the other hand 1,2/4,5 cyclohexane 
tetrol, which is also an analogue of 
a-D-galactose, is without taste (Fig. 3). 
Since the equatorial hydroxyl group at 
position 5 of the tetrol is smaller than the 
primary alcohol group in the analogous

sweet a-D-galactose it would presumably 
offer no steric hindrance to binding. Also 
the methylene group which, in the tetrol, 
replaces the ring oxygen atom  of a-D- 
galactose, does not prevent binding be
cause D-viboquercitol (see below) is very 
sweet. Therefore we conclude that the 
third hydroxyl group of a-D-galactose is 
essential for sweetness in accordance with 
Hodge’s recent observation (Hodge et al.,
1972).

Among the cyclohexane pentols (quer- 
citols or oak sugars) we have examined 
D -protoquercitol, L-viboquercitol and the 
crystalline racemic m ixture D,L-viboquer- 
citol. Only the last of these three is signif
icantly sweet and so must be due to the 
D-viboquercitol which we have not, as 
yet, obtained as a pure enantiom orph. 
D-viboquercitol, as we have previously re
ported (Birch and Lee, 1971), is an ana
logue of a-D-glucose (Fig. 4) and there
fore is predictably sweet, whereas L- 
viboquercitol has an axial hydroxyl group 
below the plane of the ring (Fig. 4) at 
position 5 which may be responsible for 
its lack of binding to the taste bud pro
tein. D-viboquercitol has a strong sweet-

Fig. 2 —A n a log y  o f  m yo in o sito l, 0-O m annose, 0-D-galactose an d  Fig . 4 - A n a lo g y  o f  D -v ib oq u ercito l a n d  a-D-glucose.
or D -glucose

OH

1,2/4,5-cyclohexane tetrol

Fig. 3 —A n a lo g y  o f  1 ,2/4 ,5 -cyclo h ex a n e  tetro l a n d  a-D-galactose Fig. 5 —O rganoleptic p ro p e rtie s  o f  three re la ted  cy c lo h e x a n e  structu res .
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ness (judged between that of sucrose and 
fructose by the intensity of the D,L-mix- 
ture) but one less hydroxyl group than 
the inositols which have been tested. On 
the other hand all the cyclohexane deriva
tives with fewer hydroxyls (2 -4 ) show 
no significant sweetness despite all pos
sessing suitable AH,B systems. We can 
only explain these results by assuming 
that these molecules align themselves dif
ferently on the protein surface due to 
their greater hydrophobicity; hence some 
or all of the binding sites in such types 
are lipophilic in character. Kier (1972) 
has recently emphasised the significance 
of this third steric requirement of a lipo
philic or “dispersion” site in any mole
cule capable of eliciting the sweet re
sponse and the tripartite functioning of 
an AH,B system and lipophilic site has 
been referred to by Birch and Shallen- 
berger (1973) as “ multiple group stereo
geometry.” This is a new concept and 
implies that combinations of many sub
stituents at different points in the sugar 
ring may concertedly affect the total sen
sory properties of the molecule. The 
greater frequency of sweetness among the 
methoxy inositols reported here, and 
D-viboquercitol can presumably be ex
plained on this basis.

If these substances had been tasted as 
solutions rather than crystals we would 
anticipate (as in previous studies) no qual
itative differences, due to the intrinsic 
stability of the cyclitol structures. Some 
differences in intensity might occur due 
to absence of the hydrogen bonding 
which exists in the crystal lattice.

In studying many different carbohy

drate structures we have never encoun
tered a molecule with more than twice 
the sweetness of sucrose. Hence, although 
a polar moiety is likely needed to elicit 
sweetness, the preferable structural fea
ture of saporific molecules may be an in
tact cyclohexane ring with a polar sub
stituent, including an AH,B system, 
outside the ring (Fig. 5). No bitterness 
was observed in any substances contain
ing more than two hydroxyl groups. 
Cyclohexanol and the diols were all bitter 
and devoid of sweetness, a feature which 
may again be possibly ascribed to the 
lipophilicity of these substances. The arti
ficial sweeteners saccharin and cyclamic 
acid both possess bitterness as well as 
sweetness, as an intrinsic property of the 
molecule, which is in each case more lipo
philic than either the polyols or the sug
ars.

CONCLUSIONS
CHANGES in configuration in polyhy
droxy cyclohexanes cause alteration in 
their sweetness values from those of the 
sweetest known sugars down to nothing. 
These changes cannot be explained sim
ply on the basis of hydrogen bonding and 
imply changes in binding mode due to al
terations in the lipophilic character of the 
molecules.
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E F F E C T S  OF SUPERSATU RATIO N  AND TEM PER A TU R E ON THE  
GROWTH O F LA CTO SE C R Y ST A LS

INTRODUCTION
INDUSTRIAL CRYSTALLIZATION of 
lactose from cheese whey is a relatively 
slow process based on gradual cooling of 
the concentrated whey from which the 
whey proteins may or may not have been 
removed (Nickerson, 1970). On the con
trary, evaporative crystallization of su
crose from substantially purified sucrose 
syrups is a rapid process carried out at or 
above 80°C. It was shown by many 
workers that growth rate of sucrose 
crystals in solutions of comparable super
saturation is greatly accelerated by in
crease in temperature (the topic was re
viewed e.g., by Van Hook, 1959).

The effect of temperature on crystalli
zation velocity of lactose has received 
limited attention in the past, with studies 
at or below 30°C only. Whittier and 
Gould (1931) concluded that lactose 
crystallization was faster at 30°C than at 
any lower experimental temperature. 
Twieg and Nickerson (1968) showed that 
the temperature effect is dependent upon 
the supersaturation, the solutions of 
lower supersaturations crystallizing faster 
at lower temperatures. No information 
was found in the literature concerning the 
effects of temperatures above 30°C. This 
information is deemed essential for possi
ble evaporative crystallization of lactose 
from deproteinated whey.

The first objective of this work was to 
evaluate the effect of temperatures above 
30°C on growth rate of lactose crystals in 
pure lactose solutions of comparable 
supersaturations. The second objective 
was to determine the exact relationship 
between crystal growth rate and super
saturation; the general assumption that 
lactose crystallization rate increases line
arly with supersaturation was recently 
questioned by Van Kreveld and Michaels
(1965) and by Twieg and Nickerson
(1968). These authors suggested that the 
rate may be proportional to a power of 
supersaturation greater than unity. The 
evaluation of the composite effect of 
temperature and supersaturation on

1 Present address: D ep t, o f  F o o d  S cien ce , 
U niversity o f  A lberta, E d m o n to n , A lberta, Can
ada T6G  2 E 2

growth rate of lactose crystals became the 
third objective of this work.

MATERIALS & METHODS
Experimental procedure

The investigation of the desired crystal 
growth rate relationships was carried out with 
single lactose crystals grown in pure lactose 
solutions of known concentrations. In essence, 
our method was based on the procedure used 
by Kucharenko (1928) for sucrose crystalliza
tion studies, modified by Van Kreveld and 
Michaels (1965). Large, well developed repli
cate lactose crystals of similar shape and weight 
were grown in supersaturated lactose solutions 
containing 10, 15, 20 and 25g anhydrous lac
tose/100g water above the solubility limits at 
30, 50, 60 and 70°C. The overall growth rates 
of the crystals were measured as their weight 
increase per hour. Average growth rates for 
each supersaturation and temperature were cal
culated from the individual data deemed com
parable because of the similarity of the experi
mental crystals.
Crystal growing technique

The experimental crystals were selected 
from a crop of crystals, spontaneously formed

Table 1—Solubility of lactose in water
Temp Grams anhydrous

°C lactose/ 100g water

30 24.0
50 44.0
60 59.2
70 77.8

in a solution of analytical grade lactose held at 
room temperature for about a week. The se
lected crystals were perfected by growing them 
individually in further batches of lactose solu
tions for a considerable period of time. The 
crystals finally used for the experimental work 
were of a typical tomahawk shape and of about
0.25g in weight (big. I ).

Each crystal was placed into a separate
50-ml erlenmeyer flask with an indented ledge 
to keep the crystals tumbling while the tightly 
stoppered flasks with the various lactose solu
tions were rotated slowly (about 10 rpm) in a

.*v , '
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F ig . 1—C ry s ta ls  o f  la c to se  u s e d  as s e e d s  in  th e  s in g le  c r y s ta l  g ro w th  s tu d ie s . (T h e  s ca le  is in  c m ).
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water bath held at constant temperature with 
about ± 0.2°C accuracy. The crystals were 
grown for 2 hr. At each temperature, an experi
mental run consisted of growing sets of four 
replicate crystals at each of the four different 
supersaturations; thus, 16 crystals were grown 
simultaneously in a run. The runs were repeated 
several times at each temperature with the sets 
of the initially randomly selected replicate 
crystals being rotated in order, so that the 
crystals were never grown in the same condi
tions more than once.

At the end of each run, crystals were taken 
out of the flasks with forceps, dipped momen
tarily into distilled water to get rid of the ex
cess syrup, and then dipped into 95% alcohol 
and air dried. Before and after each run the 
crystals were weighed on an analytical balance 
with estimated precision of ± 0.2 mg.

Before the first run of each temperature 
block, the starting weights of all crystals were 
adjusted to about 0.25g by partially dissolving 
the crystals in water. However, such partially 
eroded crystals grew initially at much higher 
rates, and the first “conditioning” runs were 
thus excluded from the experimental results. 
The observation itself is consistent with the 
report of Van Kreveld and Michaels (1965) on 
rapid “healing” of broken lactose crystals. Simi
lar reports on sucrose crystals were reviewed by 
Van Hook (1959).

At each experimental temperature, all the 
runs were replicated with the same sets of 
crystals without any intermittent weight adjust
ments. Thus, the starting weights in each run 
were slightly higher than those in a previous 
run. It follows that the crystal surfaces available 
for growth at each replicate run were not strict
ly identical. The error introduced by this proce
dure was entirely negligible as no systematic in
crease in weight gains in later runs of the same 
set could be detected.
Preparation of the lactose 
solutions

Mallinckrodt analytical grade lactose pow-

CRYSTAL WEIGHT . 
INCREASE ( B . l O 'V h r )

Fig . 2 —M e a n  w e ig h t in c re a se  o f  e x p e r im e n ta l  
la c to se  c ry s ta ls  as a f u n c t io n  o f  e x c e s s  s u p e r 

sa tu ra tio n  a t  v a r io u s  te m p e ra tu re s .

der (lot 500 249) was used in preparing the 
experimental solutions. For each specific tem
perature, solutions of desired supersaturations 
were prepared by mixing appropriate amounts 
of the lactose hydrate powder and glass-distilled 
water in tightly glass-stoppered flasks. The 
weights were adjusted for the 5% water of 
crystallization. The solubility values given in 
Table 1 were used as a basis for preparing the 
solutions. These solubility values were obtained 
by averaging the literature data (Whittier, 1944, 
Rozanov, 1952, Foremost F'oods, 1970) which 
showed certain discrepancies. The flasks were 
held in a boiling water bath until all lactose 
dissolved. The solutions were then evenly distri
buted into the appropriate crystal-growing 
flasks and brought to the experimental temper
ature before the crystals were placed into the 
flasks. The solutions were unbuffered, their 
natural pH being in the vicinity of pH 4.

Incidental false grain that had developed 
during or after a run was redissolved before the 
next run by placing the stoppered flasks into 
boiling water for the minimum time need to 
accomplish the dissolution. The false grain for
mation, sporadically observed in some of the 
replicate solutions at all experimental tempera
tures, did not appear to increase the variability 
of the results and thus all the data from such 
flasks were included.
Determination of the crystal 
surface area

An attempt was made to express the growth 
rates in units independent of the crystal 
size, such as a weight increase per unit crys
tal surface area. Following the procedure of 
Kucharenko (1928), the formula A3 = K W2 
was used to estimate the average area A in cm2 
of the experimental crystals from their average 
weight W in grams. The correlation coefficient 
K (in units of cm6/g2) was assigned a value of 
115, obtained by measuring the surface area of 
five well developed lactose crystals weighing 
0.41-0.43g. Their surface areas were evaluated 
by tracing the boundaries of the five apparent

CRYSTAL »EIGHT 
INCREASE (0-10 /hr)

F ig . 3 —M e a n  w e ig h t  in c re a se  o f  e x p e r im e n ta l  
la c to se  c ry s ta ls  as a f u n c t io n  o f  s u p e rs a tu ra t io n  
ra tio  a t  v a rio u s  te m p e ra tu re s .

crystal faces with a sharp pencil on paper and 
measuring the areas planimetrically. Using this 
method, the experimental crystal growth data 
were transformed into the crystallization 
velocity units of mg/min/m2 to make compari
son with other works easier. It is recognized 
that the inadequacies of the transformation 
may have introduced certain error, and that the 
large, well developed lactose crystals grow pre
dominantly in one direction only-downwards 
from the apex of the crystal (Van Kreveld and 
Michaels, 1965).
Computer evaluation of the results

The relationships between the crystal 
growth rate and supersaturation at each experi
mental temperature were determined on an 
IBM 360/75 computer with the University of 
Illinois package of statistical programs 
SOUP AC. The heterogeneity of variances with
in the set of data was eliminated by using a 
fourth root transformation in the computa
tions. The composite effect of temperature and 
supersaturation on the lactose crystal growth 
rate was evaluated by subjecting the entire 
experimental set to response surface analysis. 
Computer programs CENRS and PLTRS, from 
the computer library of the Pillsbury Company 
(Minneapolis, Minn.) were used to obtain a 
polynomial equation and a corresponding 
response surface plot, respectively, relating the 
three variables.

RESULTS & DISCUSSION
Analysis of experimental data

The general effects of supersaturation 
and temperature on crystal growth rate 
can be evaluated directly from the meas
ured weight increases of the seed crystals. 
This is shown in Figures 2 and 3, where 
the mean weight increase of the experi
mental crystals at various temperatures is 
given as a function of supersaturation 
expressed as the excess (C-Cs) above solu
bility (absolute supersaturation) and also 
as a ratio C/Cs (relative supersaturation) 
used often by other workers.

The values used in the diagrams repre
sent means of 12 (30°C and 60°C curves), 
or 16 (50°C and 70°C curves) measure
ments, collected in all the replicate runs. 
The complete record of the experimental 
data is available (Jelen, 1972). The aver
age coefficient of variation for the whole 
experimental set was 13%, being some
what higher (about 19%) for the lowest 
supersaturations. The 95% confidence in
tervals about the means are shown in 
Figure 3. The variability can be ascribed 
in part to differences in growth charac
teristics of the individual crystals. Some 
of them grew inherently faster at all 
supersaturations while others were notice
ably slow.

The relationship shown in Figure 3, 
resembles a similar plot for sucrose (Van 
Hook, 1959, p. 155), demonstrating the 
sharp increase in the growth velocity with 
increasing supersaturation, especially at 
higher temperatures. The promoting ef
fect of increased temperature on crystal 
growth velocity is also well demonstrated. 
The fact that the same growth rate is ob-
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Table 2—Comparison of crystal growth velocities of the final (a) and 
preliminary lb) sets

Absolute -------- Crystal growth velocity (mg/m2/min) a t ----------
super

saturation 
(g/100g HOH)

30°C 50°C 60° C 70°C

a b a b a b a b
10 47 82 1 1 2 128 138 - 1 1 2 119
15 143 140 280 270 297 - 328 282
20 295 306 520 435 512 - 535 -

25 482 485 810 700 895 - 905 -

Table 4 -A N O V A  table for the 5 0 -6 0 -  
70° C composite model

df MS
Model 2 25.47744
Heterogeneity of B & D 4 0.05210
Heterogeneity of A 2 0.04232
Deviations 3 0.03214
Error 204 0.08775

Table 3—Mathematical relationships between crystallization velocity 
of lactose and supersaturation at various temperatures

Temp
°C

Functional3
relationship

Parameters in the 4th 
root transformation 

Constants Standard error

Index 
of fit

%

30 V = 0.148(C-CS>2-52 B = 0.439 
D = 0.630

± 0.068 
± 0.052

99.5

50 V = 0.862(C-CS) 215 - - 99.9
60 Y  = 1.37KC-C , ) 2 05 - - 98.8
70 Y  = 0.839(C-CS) 217 - - 99.7
50-70 Y  = 0.914(C-CS) 213 B = 0.690 

D = 0.532
± 0.047 
i  0.023

—

a Y  =  c r y s t a l  g r o w t h  ra te  ( m g / m V m in ) ;  C ,  C s =  e x p e r im e n t a l c o n c e n t r a 
t io n  a n d  c o n c e n t r a t io n  a t  s a t u r a t io n ,  re sp . ig  la c t o s e / IO O g  w a te r)

Table 5—Response surface analysis of the lactose crystallization ve
locity data

Coefficient 95% Confidence limits

B O -68.4800 -346.4428 to 209.4828
B1 = 12.6260 4.5228 to 20.7291
B2= -43.8490 -64.7932 to -22.9048

B11 = -0.1730 -0.2493 to -0.0967
B22= 1.6350 1.0937 to 2.1763
B 1 2= 0.5822 0.4185 to 0.7459

Source DF ss MS F ratio
Adjusted total 15 1.1663 x  106 7.775 X 10“
Model 5 1.1603 x  10" 2.3207 x  105 392.5
Residual 10 5.913 x  103 5.913 x  102

tained with much lower relative super
saturation at higher temperatures may be 
significant for preventing induced nucléa
tion; for sucrose, the supersaturation 
C/Cs = 1.2 is considered a limit above 
which induced nucléation occurs (Bret- 
schneider, 1969).

When the same experimental data are 
plotted against excess supersaturation 
(Fig. 2) the result is similar as to the non
linearity of the relationship. The promot
ing effect of temperature on crystal 
growth rate is again well demonstrated in 
the range from 30—50°C; the rate was 
about twice as high at 50°C as it was at 
30°C at all supersaturations studied.

However, between 50 and 70°C the 
picture is quite unexpected in that there 
seems to be no significant increase in 
crystal growth rate with increasing tem
perature. This observation was first made 
in a preliminary experiment with a set of 
smaller crystals at 50 and 70°C; conse
quently, runs at 60°C were included in 
the main experimental set to find out 
whether the observation would be con
sistent for the whole 50-70°C range. The 
results of the 60°C runs concurred with 
those of 50 and 70°C runs, suggesting 
that there was indeed no significant in
crease in crystal growth velocity at tem
peratures above 50°C under these condi
tions. No explanation of this finding can 
be offered at this time, if a possibility of

a gross error in available lactose solubility 
values is discounted. Considering the dif
ferences in the reported solubility values 
(Whittier, 1944, Rozanov, 1952, Fore
most Foods, 1970) this possibility cannot 
be dismissed, although the discrepancies 
themselves do not offer an explanation at 
the present experimental temperatures. 
The data for growth of sucrose crystals at 
the same temperatures and supersatura
tions (listed by Hirschmuller, 1953, p. 
24) show that the situation is not ob
served with sucrose.

Determination of the 
functional relationships

The average surface area A of the seed 
crystals was calculated to be 2.08 cm2 
using average crystal weight of 0.28g and 
the above mentioned value of K -  115. 
The underlying assumption that the 
shapes of all experimental crystals were 
similar and comparable to that of the 
crystals used for determining the K, was 
deemed justified.

The recalculated mean crystal growth 
velocities in mg/m2/min for all the exper
imental treatments are given in Table 2. 
The values, computed by the same proce
dure from the preliminary set of data 
where again K = 1 1 5 and average weight =
0.1 lg are also given. The agreement is 
satisfactory, suggesting that the crystal 
growth velocity was the same for these

two crystal sizes. The error introduced by 
using average weights and area values 
rather than the individual experimental 
data constitutes about 7% deviations 
from the mean, as compared to the aver
age experimental variability of 15%.

The recalculated individual experi
mental data (rather than the means) were 
used for the evaluation of the functional 
relationships between crystallization veloc
ity and supersaturation at the four experi
mental temperatures. The power function 
Y = B (C-Cs)15 was found to be the most 
appropriate description of the relationship 
between the crystal growth velocity Y and 
the supersaturation (C-Cs). The exact 
numerical forms of all the models ob
tained are summarized in Table 3. It can 
be seen that the crystallization velocity 
increased with approximately the square 
of supersaturation at or above 50°C, and 
with the 2.5 power at 30°C. Models with 
an additive constant (Y = A + BXD) did 
not improve the degree of fit and the par
ticular numerical values of A obtained 
were not significantly different from 0. 
The models for 50, 60 and 70°C were not 
significantly different from each other as 
evidenced by fitting a single curve to all 
the 5 0 -6 0 -7 0  data.

Table 4 is the ANOVA table for the 
composite model; the model itself is in
cluded in Table 3 and its parameters in 
the 4th root transformation compared to
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ABSOLUTE SUPER
SATURATION (C -C s )

Fig. 4 —R e s p o n s e  s u r fa c e  p l o t  s h o w in g  a re la 

t io n sh ip  o f  c ry s ta l l iz a t io n  v e lo c i ty  fm g/m '1 /  
m in ) , te m p e ra tu re  ( ° C )  a n d  s u p e rs a tu ra t io n  
(C -C s , g  la c to s e / 1 0 0 g  w a ter).

those of the 30°C model. Evidently, the 
two curves are significantly different at 
the P <  0.05 level. The degree of fit of 
the individual models to the mean experi
mental values is given in the last column 
of Table 3.

These results confirm speculations of 
Van Kreveld and Michaels (1965) and 
Twieg and Nickerson (1968) about the 
nonlinearity of the crystallization veloc
ity vs. supersaturation relationships for 
lactose. The nonlinearity is much more 
pronounced than in the case of sucrose. 
All the results at each experimental tem
perature were obtained in a strictly com
parable manner. Thus, extraneous effects 
such as strain, interruption, thermal 
shock, etc., known to affect the crystal 
growth velocity, can be dismissed as a 
possible explanation, and the results seem 
justified.

The composite effects of temperature 
T(°C) and supersaturation (C-Cs) (g lac
tose/100g H20) on the crystal growth 
rate are shown in the response surface

plot in Figure 4. This plot is based on the 
following second power polynomial, de
scribing the effects of temperature, super
saturation and of their interaction, on the 
crystal growth rate Y expressed in 
mg/m2/min: Y = -68.480 + 12.627 T -  
43.845 (C-Cs) -  0.173 T2 + 1.635 
(C-Cs)2 + 0.582 T(C-CS). The crystalliza
tion velocities, calculated from this model 
are sufficiently close to the mean experi
mental values within the whole experi
mental range, and the value of the F-ratio 
(392.6) proves that the second power 
polynomial fit is highly significant. Closer 
inspection of the 95% confidence limits 
of the numerical constants given in Table 
5, reveals that all the linear, quadratic and 
interaction terms are statistically signifi
cant. This confirms the canonical equa
tions derived above for the velocity-super
saturation relationships. The significance 
of temperature-supersaturation interac
tion again confirms that the effect of 
supersaturation is different at low and at 
high temperatures.

Despite the good fit of the model 
within the whole experimental range, 
caution must be exercised in its possible 
future use. As given above, the model is 
somewhat inaccurate outside the experi
mental range, especially at the very low 
supersaturation levels. The use of the 
second power, rather than of the slightly 
higher ones given in Table 3, leads to fur
ther minor inaccuracies. In addition, the 
growth rates of lactose crystals may vary 
with the crystal size; according to Van 
Kreveld and Michaels (1965), certain 
faces of small lactose crystals may eventu
ally disappear in the process of crystal 
development, resulting in a slower overall 
rate.

CONCLUSIONS
INCREASING temperature from 30°C to 
50°C doubled the growth rate of large 
lactose crystals in solutions of com
parable excess supersaturation (C-Cs). 
Above 50°C, no significant rate increase 
was observed when solutions of equal 
excess supersaturation were compared. In

solutions of comparable relative super
saturation (C/Cs) increasing temperature 
increased the crystal growth rate within 
the whole experimental range.

The crystal growth rate increased with 
approximately the second power of the 
absolute supersaturation at and above 
50°C, and with the 2.5 power at 30°C.

The dependence of crystallization ve
locity on supersaturation and tempera
ture can be described by a second degree 
polynomial formula, utilizing statistically 
significant linear, quadratic and interac
tion terms of both temperature and ab
solute supersaturation.
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E F F E C T S  O F CERTA IN  SA LTS  AND O TH ER WHEY SUBSTAN CES  
ON TH E GROWTH OF LA CTO SE C R Y ST A LS

INTRODUCTION
CRYSTALLIZATION of lactose from im
pure solutions such as cheese whey is like
ly to be influenced by the amount and 
kinds of nonlactose substances present. 
Crystallization processes are usually re
tarded by the presence of impurities. For 
example, crystallization velocity of su
crose in natural sucrose syrups of 95% 
purity was shown to be about 1/2 of that 
in pure sucrose solution, and at 80% pur
ity about 1/9 (Van Hook, 1959). In a re
cent review Smythe (1971) showed that 
most of the individual organic substances 
occurring in natural sucrose solutions re
tarded the crystallization velocity of su
crose both in natural and in model sys
tems.

Several notable exceptions appearing 
in the literature (summarized by Van 
Hook, 1959, and Smythe, 1971) are 
associated with strong electrolytes such as 
salts which increased the sucrose crystalli
zation velocity at low salt concentrations 
under certain conditions. In many other 
cases, however, the salts decreased the su
crose crystallization velocity just as any 
other impurity.

Studies of lactose crystallization in the 
presence of impurities are scarce. Mi
chaels and Van Kreveld (1966) found the 
effects of several trace impurities on 
growth of small lactose crystals to be re
tarding; however, methyl and ethyl alco
hol, sorbic acid, and formaldehyde to a 
certain point, showed an accelerating 
effect. Herrington (1934) observed a re
tarding effect of very high salt concentra
tions on lactose crystal formation. In 
addition, his work indicates the likeli
hood of a salt effect on lactose solubility, 
well known in the case of sucrose (Hirsch- 
muller, 1953).

In general, the effect of salts on crys
tallization velocity of lactose is not well 
understood. This investigation was de
signed to evaluate the lactose crystal 
growth rates in the presence of certain 
salts and other substances found in cheese 
whey. The objectives were (1) to evaluate 
the effects of K.C1, CaCl2, NaH2P04 and

1 Present address: D ep t, o f  F o o d  S c ien ce , 
U niversity o f  A lberta, E d m o n to n , A lberta, Can
ada T6G  2E 2

Table 1—Proximate composition of the
deproteinated clarified whey
Total solids (%) 40.0
Protein (N x 6.38, % total solids) 3.7
Ash (% total solids) 6.2
Lactose (g/100g of H 20) 59.0

lactic acid, added at various impurity 
levels to a moderately supersaturated lac
tose solution at 50°C; (2) to compare the 
crystal growth rate in deproteinated clari
fied whey and in a pure lactose solution 
of similar lactose/water composition; and
(3) to evaluate the effect of salt addition 
in the clarified whey.

MATERIALS & METHODS
IN PRINCIPLE, the single crystal procedure de
scribed in our preceding paper (Jelen and Coul
ter, 1973) was used. The modifications and 
details pertaining to the present work are speci
fied below.
Experimental procedure

Large replicate single lactose crystals were 
grown in lactose solutions containing 57g anhy-

F ig . 1—E f f e c t s  o f  sa lts  a t  v a r io u s  c o n c e n t r a t io n s  
o n  c ry s ta l l iz a t io n  v e lo c ity  o f  la c to s e  a t  5 0 “ C.

drous lactose/lOOg water. At the experimental 
temperature of 50°C this corresponds to a 
supersaturation of 13g lactose/lOOg water 
above the solubility limit. Relative crystalliza
tion velocities were calculated as a ratio 
6'.V.iactose+salt/^-^-lactose from the mean 
growth rates, expressed as the crystal weight 
increase per hour. This procedure was used 
separately for each experimental run in which 
all the crystals were of similar shape and 
weight; no correction for the crystal surface 
area was then necessary.
Source of experimental crystals

The same crystals were used as in our pre
vious work (Jelen and Coulter, 1973).
Crystal growing technique

The crystals were grown for 5 -6  hr or for 
10-12 hr depending on circumstances, as no 
significant variation in the crystal growth rates 
was observed due to varying time intervals. The 
effects of each salt were evaluated in a series of 
experimental runs with solutions of gradually 
increasing impurity. Four or more replicate 
crystals were grown at each impurity level, and 
two or more different impurity levels were run 
simultaneously. Thus, usually a total of 16 
crystals were grown in a run, including control 
crystals. The runs were replicated three times so 
that data for 12 or more crystals were secured 
for each particular impurity level.

REL.CRYST. CRYSTAL * T .
VELOCITY INCREASE
(CLV^CVi) ( g . l O ' V h r )

L .A . CONCENTRATION 
U T S )

F ig . 2 —E f f e c t  o f  la c t ic  a c id  o n  c ry s ta lliz a t io n  
v e lo c ity  o f  la c to s e  a t  5 U J C.
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Table 2—Comparison of lactose crystallization velocities in pure and 
impure lactose solutions of 59g lactose/100g water concentration

Mean crystal
No. of 

observations
wt increase 
(g 10 '4/hr)

"t"
Variance value

Clarified whey 12 26.30 8.66 1 .12
Pure lactose sol'n 12 24.99 6.30
Clarified whey 15 26.41 5.93 7.4***
Clarified whey 

+ NaH2 P04 15 33.99 10.02

* * * Significant at P X 0.001

The studies with the whey samples were car
ried out in a similar manner, except for the 
supersaturations which were kept at about 15g 
lactose/lOOg water above solubility limits with 
all samples.
Preparation of the experimental 
solutions

The “base” lactose solution was prepared 
for each set of runs in a glass-stoppered flask by 
mixing appropriate amounts of lactose mono
hydrate (Fisher certified lactose No. L-5 
75212) and glass distilled water, and holding in 
a boiling water bath until all of the lactose dis
solved. The solution was divided into smaller 
glass-stoppered flasks and appropriate amounts 
of a particular impurity were dissolved. All the 
reagents were of analytical grade. The solutions 
were distributed to the individual crystal grow
ing flasks, tempered to 50°C, and the crystals 
introduced.
Preparation of the clarified 
whey samples

Rennet cheese whey from the pilot plant 
cheese production at the Dept, of Food Science 
& Nutrition, University of Minnesota, was 
heated to 95°C or more, acidified to pH 4.5 by 
HC1, separated, the supernatant concentrated to

approx. 50% total solids (TS), further heated, 
and filtered, as described previously (Jelen et 
al., 1973). After determination of TS and lac
tose, the lactose-in-water concentration was ad
justed by adding distilled water. Proximate 
composition of the final sample is given in the 
Table 1.

For investigation of the effect of NaH2P04 
in the clarified whey, the salt was added to 1/2 
of the sample prepared for the investigation. 
Both samples were held in the same boiling 
water bath until the salt dissolved.
Analytical procedures

Total solids and ash contents of the clarified 
whey samples were determined according to 
AOAC (1970) for dairy products. Lactose con
tent was determined by the phenol-sulphuric 
acid method of Dubois et al. (1956). The mi- 
cro-Kjeldahl method was used for determining 
the residual nitrogen content of the clarified 
samples. The possibility of Ca presence in the 
lactose crystals was evaluated by the colorimet
ric method of Nickerson et al. (1964).

RESULTS
MEAN CRYSTAL growth rates in units

of crystal weight increase/hr were calcu
lated for each impurity level using all the 
replicate data secured. The median varia
bility within the entire experimental de
sign was 10% (range 5-15%). The mean 
values were used in calculating the rela
tive crystallization velocities plotted in 
Figure 1 where the salt content is ex
pressed as the weight percentage of the 
total solids content (including the salt),
i.e., as % impurity. It can be seen that 
each of the three salts accelerated the 
growth of the lactose crystals at all or at 
certain impurity levels. The magnitude of 
the velocity increase varied with each of 
the salts and with their respective concen
trations. The most dramatic effects were 
exhibited by CaCl2 , which substantially 
increased the C.V. at practically all the 
levels studied. A maximum effect is ob
served at 10% impurity level, accelerating 
the C.V. three times. A similar pattern, 
although in much lesser magnitude, was 
exhibited by the KC1, which increased the
C.V. by a factor 1.5 at approximately 5% 
impurity level. However, at higher salt 
concentrations, the addition of KC1 had 
an increasingly inhibitory effect on the 
growth of the experimental crystals.

The NaH2P04 plot shows a different 
pattern as the growth promoting effect of 
this additive steadily increased with in
creasing salt concentration. In presence of 
NaH2P04 the lactose crystals grew fastest 
at the 20% impurity level, the velocity 
being about 2.6 times higher than with 
pure lactose solutions. It may be that had 
the experiment continued, a point of 
maximum acceleration would have been 
reached at still higher salt concentrations. 
At low impurity levels, the crystallization 
velocity increase was less than with either 
CaCl2 or KC1.

A possibility that an added salt could 
conceivably participate in growth of the 
experimental crystals, (as Herrington, 
1934, reported with highly concentrated, 
boiled solutions) was tested with the 
CaCl2 -lactose solution. After the crystalli
zation experiments, the CaCl2-lactose 
solution of 20% impurity level was al
lowed to spontaneously nucleate and the 
nuclei were left to grow at room tempera
ture for several days. The washed crystals 
were inspected under a microscope and 
analyzed for Ca content. No measurable 
Ca was detected and the crystals were 
found to be of the triangular shape char
acteristic for a-hydrate crystals. The en
tire weight increase of the experimental 
crystals was thus assumed to be attributa
ble only to lactose deposition.

Minor pH changes caused by the salts 
were noticed in the unbuffered lactose 
solutions (initial pH about 4). Additions 
of KC1 and NaH2P04 raised the pH 
slightly to approximately 4.3—4.5, while 
the CaCl2 lowered the pH to 3.3. This 
fact, as well as the subsequent crystalliza
tion experiments with lactic acid, show

Fig. 3 —E x p e r im e n t a l  la c to s e  c ry s ta ls  g ro w n  fo r  12  d a y s  in  a la c to se  s o lu t io n  w ith  (A )  a n d  
w ith o u t  (B )  C .iC l  a d d it io n  a t  5 0 ° C.
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F ig . 4 —L a c t o s e  s e e d  c ry s ta ls  ( 2 0 —4 0  m e sh )  g ro w n  fo r  1 0  d a y s  a t  5 0 °  C  in  a la c to se  s o lu t io n  
w ith  C a C I2 (A )  a n d  N a H 2P O ,  IB )  a d d it io n  a n d  in  th e  c o n t r o l  s o lu t io n  w ith  n o  a d d it iv e  (C ).

that the pH per se did not affect the 
crystal growth rate.

Lactic acid was included in the model 
investigations as a representative of a 
weak electrolyte and of a major organic 
impurity occurring in clarified whey. Sub
stances of both of these types seem to 
retard crystallization processes with no 
anomalies reported.

The results are summarized in Figure
2. It can be seen that addition of lactic 
acid caused a decrease of the crystalliza
tion velocity at both the 2.5% and 5% 
impurity levels. The pH of the solutions 
with lactic acid was 3.2, about the same 
as in the case of the lactose-CaCl2 solu
tions. The 95% confidence intervals in 
Figure 2, to be read with the right hand 
scale, are typical of all the crystallization 
experiments reported here.

To evaluate the effect of the total im
purity level in the deproteinated cheese 
whey on the lactose crystallization veloc
ity, replicate single crystals were simul
taneously grown in deproteinated whey 
and in a pure lactose solution of the same 
lactose/water composition. The mean 
values and other pertinent data are given 
in Table 2. The “t ” test showed no signif
icant difference between the crystal 
growth rates in these two systems. This is 
in contrast to the demonstrated negative 
effect of decreasing purity in natural su
crose solutions on the C.V. of sucrose. It 
may be that the electrolytic effect of 
some of the naturally occurring whey 
salts is evident here.

When NaH2P04 was added to the 
deproteinated whey in an amount rep

resenting 10% of the lactose content, 
the purity was lowered to about 80%. Yet 
the crystallization velocity was signifi
cantly increased as shown in the lower 
part of Table 2.

Two different experiments are sum
marized in this table; thus, the agreement 
in the C.V. values for the clarified sample 
is surprisingly good. The pH of the clari
fied samples was about 4.3—4.5; the 
phosphate addition did not have any 
major effect on pH.

The increase by about 30% is much 
smaller than exhibited in the model sys
tem at this salt concentration level; never
theless, the difference between the two 
means is still highly statistically signifi
cant.

It is likely that the impurities in the 
clarified whey counteracted to some ex
tent the growth-promoting effect of the 
phosphate. On the other hand, it is obvi
ous that the increasing impurity level 
does not necessarily decrease crystalliza
tion velocity of lactose in whey.

Addition of CaCl2, which exhibited 
the largest accelerating effect in model 
studies, was also attempted in this experi
mental series. However, the viscosity of 
the samples with CaCl2 rapidly increased 
up to the point of gelation, and no 
growth experiments were thus initiated.

DISCUSSION
THE PROMOTING effect of CaCl2 on 
the crystallization velocity of sucrose was 
reported several times (Van Hook, 1959). 
Its effect in lactose crystallization, and

the promoting effects of KC1 and 
NaH2P04 in either sucrose or lactose 
crystallization have not been reported 
insofar as we know. In fact, KC1 has been 
considered a retarding agent in sucrose 
crystallization (Van Hook, 1959).

The results presented here seem to be 
consistent with the activity theory of Van 
Hook (1944), who proposed that crystal
lization velocity should be considered a 
function of thermodynamic activity 
rather than of supersaturation. Using the 
activity theory, the salt effects can be 
explained on the basis of the Debye- 
Huckel theory of strong electrolytes (Van 
Hook and Shields, 1944). The activity 
coefficient of a crystallizing sugar may be 
expected to change with increasing ionic 
strength of the salt solution, exhibiting a 
maximum at a certain low salt concentra
tion, and a steadily decreasing behavior 
thereafter. Correspondingly, the crystalli
zation velocity of lactose should be 
fastest at a certain low salt concentration 
if the theory is indeed applicable to lac
tose crystallization.

It is likely that the salt accelerates the 
surface deposition step of the crystalliza
tion process, perhaps in addition to low
ering the lactose solubility and accelerat
ing the mutarotation reaction (Haase and 
Nickerson, 1966). However, in the con
text of the presently used single crystal 
technique any possible effect of mutaro
tation could be meaningfully considered 
only in the layer immediately surround
ing the crystal surface.

The acceleration of the crystal growth 
rate results in an altered shape of the 
crystal, as can be seen in the Figures 3 
and 4. Four similar representative experi
mental crystals were grown in the experi
mental lactose solution at 50°C for 12 
days. The presence of 6g CaCl2/100g 
water caused a considerable flattening of 
the crystal base (Fig. 3, A); without the 
CaCl2 the crystals continued to grow in 
the pyramid-like shape (Fig. 3, B).

The flattening effect was also observed 
with a mass of small seed lactose crystals 
(20—40 mesh) grown in similar condi
tions for 10 days (Fig. 4). The seeds 
formed flat, triangular flaky crystals in 
the presence of CaCl2 (A) or 
NaH2P04 (B) at the 10% impurity level, 
while in the control solution, the crystals 
again assumed the pyramid-like form (C).

The salt effects observed here might 
offer an explanation for the several forms 
of a-lactose crystals found in various 
dairy products (Van Kreveld and 
Michaels, 1965). The effect of an im
purity on crystal habit is not unusual;
e.g., similar effects in sucrose crystalliza
tion were recently reviewed by Smythe
(1971).

CONCLUSIONS
THE EFFECT of salts on crystallization 
velocity of lactose varied with the species
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and concentration of a salt. Acceleration, 
no change and retardation of the crystal 
growth rate were all observed at various 
salt concentrations.

The maximum growth-promoting ef
fect observed here was exhibited by 
CaCl2 . At the 10% impurity level, the 
crystal growth rate was accelerated three 
times.

The composite effect of the naturally 
present whey salts is difficult to predict, 
as some of the more abundant whey salts 
like KCl may retard the crystallization 
velocity at higher salt concentrations.

Crystal growth rate in deproteinated 
whey of about 90% purity was the same 
as in comparable pure lactose solution. 
The addition of NaH2P 04 to the depro
teinated whey accelerated the growth rate 
by 30%, while lowering the purity to 
about 80%.

The relationship of crystal growth rate 
and purity of the lactose solution cannot

be predicted without specifying the 
nature of the impurities present.
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TECH N IQ UES FOR STUNNING CHANNEL CATFISH  
AND TH EIR  E F F E C T S  ON PRODUCT Q U A LIT Y

INTRODUCTION
THE ENACTMENT of the Humane 
Slaughter Law of 1958 focused attention 
on animal slaughtering procedures used in 
meat processing plants. Five methods for 
slaughter of livestock were approved as 
humane by the USDA. These methods 
were electrical stunning, carbon dioxide 
immobilization, mechanical bolt stun
ning, gunshot and ritual slaughter.

Kotula and Helbacka (1966) found 
that poultry slaughtered by the standard 
knife method of stunning and cutting lost 
more blood than birds slaughtered by 
electric shock. However, Anthony (1935) 
previously stated that birds bled well 
when stunned by an electrical shock. 
Mountney et al. (1956) found that birds 
receiving electric shock bled slower than 
those not shocked. When sufficient time 
was allowed for bleeding to stop, no sig
nificant differences were observed be
tween those shocked and those not 
shocked. Goodwin et al. (1961) noted 
that humane slaughter treatments re
sulted in an increased shear value for the 
thigh muscle, but not the breast muscle. 
May and Hamdy (1966) calculated the 
economic losses to a poultry processing 
plant resulting from downgrading of evis
cerated carcasses due to handling proce
dures. Wilson and Brunson (1968) found 
that electrical stunning produced the 
most severe hemorrhaging regardless of 
method of handling. Immobilization of 
broilers with carbon dioxide following 
gentle handling produced the lowest 
amount of hemorrhaging.

Tretsven et al. (1972), working with 
trout and salmon, found that stunning by 
electrical narcosis caused tiny hemor
rhages in the flesh of 45% of the fish and 
resulted in blood discoloration in fillets.

Blood retained in the unbled control sam
ples also caused discoloration in the fillets 
and poor product quality.

It has been observed that catfish strug
gle during slaughter unless immobilized. 
Immobilization also enables more effi
cient and economic handling of the fish 
while in the initial phases of processing. 
Stunning catfish with an electric shock 
not only causes immobilization, but when 
a-c current is used, it has been reported to 
break the spine (Spencer, 1967). Investi

gations of the problem have been scarce.
In this study five methods of catfish 

slaughtering were compared with regard 
to their effects on the quality of frozen 
and stored product.

MATERIALS & METHODS
CHANNEL CATFISH (Ictalurus punctatus 
Rafinisque) were grown in tank culture (An
drews et al., 1971) to about l'/i lb live weight, 
under controlled conditions at Skidaway Insti
tute of Oceanography, Savannah, Ga. They

F ig . 1- E l e c t r i c  s tu n n in g  d e v ic e  w ith  b a s k e t  a n d  s t u n n in g  s h a ft  w ith  m ic r o  s w it c h  o n  th e  le f t  a n d  
e le c t r o n ic  g e a r o n  th e  righ  t.
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Table 1—Effect of storage time on weight 
loss and firmness of raw and cooked channel 
catfish3

Wt. loss Firmness
Storage Thawed Cooked Raw Cooked

time (%) <%) (kg/g) (kg/g)
Initial 1.45 20.523 4.39a 2.69a
2 months 1.37 17.60b 6.30b 3.21b
a V a lu e s  w it h in  a c o lu m n  f o l lo w e d  b y  th e  s a m e  

le tte r o r  le tte r s  d o  n o t  d i f f e r  s ig n if i c a n t ly  at  
the 5 %  le v e l. M e a n s  n o t  te ste d  h a d  in s ig n i f i 
c a n t  F -v a lu e  in  A N O V .

Table 2—Effect of method of killing and storage on the Gardner 
" L "  value of the raw fillets of channel catfish3

Method of slaughter

Storage
time

Bleeding
" L " : 

O 
r 

O
: ^

a-c Shock
" L "

d-c Shock
" L "

Ice pack
" L "

Initial 
2 months

43.33a
43.903

39.47a
48.33b

39.153
41.883

40.723
43.003

41.883
41.153

V a lu e s  f o l lo w e d  b y  t h e  s a m e  le tte r  d o  n o t  d i f f e r  s ig n if ic a n t ly  a t  th e  
5 %  le v e l.

were transferred live in aerated tanks to the 
Dept, of Food Science Lab. at Experiment, Ga., 
where the fish were slaughtered, dressed, froz
en, stored and evaluated.

The following methods of slaughtering were 
included: (1) a-c electrical shock; (2) d-c electri
cal shock; (3) C 02 immobilization; (4) gill and 
tail bleeding; and (5) ice immobilization.
Stunning procedures

Electric stunning was accomplished by a 
special device illustrated in Figure 1. The device 
was necessary for the comparisons included in 
the study. Because of its unique character and 
possible application in other investigations, a 
diagram of its construction is given in Figure 2. 
The laboratory stunner included a powerstat to 
control the amount of voltage. The current was 
controlled through a ballast resistor of 300 
watts. A television transformer at 400 volts, 
rectified with a diode and a filter condenser was

used for d-c current. The input voltage was con
trolled by a powerstat. The choice of a-c or d-c 
current was accomplished with three jacks, one 
being the ground and the other two being either 
a-c or d-c.

C 02 immobilization was accomplished by 
immersing the fish in C 02-saturated water for 5 
min. The fish appeared to be immobilized in 
less than 3 min.
Bleeding

In the bleeding, a gill and tail cut served to 
immobilize the fish.

Ice immobilization was accomplished by 
covering the fish with crushed ice and holding 
for 3 hr at 1.7°C. After immobilization, the fish 
were hand-skinned, eviscerated, decapitated at 
the collar bone, washed and drained. Six fish 
were used for each stunning method. Each lot 
of fish was then packaged under atmospheric 
conditions in separate plastic bags and frozen at

-23.3°C. They were stored at -20.6°C and 
evaluated after 4 days and after 2 months. 
Quality evaluations

Evaluations included per cent weight loss 
during thawing and cooking, color difference 
measurements, shear press firmness, and subjec
tive panel ratings on the raw and cooked fish 
(Boggess et al., 1971). For the initial evalua
tions, three fish were selected at random from 
each slaughtering treatment after 4 days of 
freezer storage. The remaining fish were held at 
-18°C for 2 months and evaluated in a similar 
manner.

Thawing. Upon completion of the desig
nated storage period, each fish was weighed in 
the frozen condition. The fish were then 
thawed in the plastic bags in running water. 
After thawing, they were removed from the 
plastic bags, the excess free water blotted from 
the fish surface, and reweighed. Weight losses 
during thawing were recorded.

Color difference. A Gardner color difference 
meter model C-4(L) was used for measuring the 
color differences of the raw and cooked sam
ples. A 1-in. square section was taken from each 
side similar to the 1/4-in. plug used for texture 
evaluations. This 1-in. fillet was sliced horizon
tally and the color differences between internal 
surfaces were read. Readings from each side 
were used as duplicates for each sample. The 
meter was set against a standard tile with the 
following values: L 76.6; A -  1.1; b +24.2.

Organoleptic evaluation. The thawed fish 
was placed in white trays and a panel of five 
judges, all experienced in differentiating param
eters of fish quality, rated each lot of the raw 
fish for appearance, color and aroma, using a 
hedonic scale of 1 (below fair) to 9 (very good).

The samples were cooked in heat-resistant 
plastic cooking bags at 177°C for 25 min or 
until fish would Hake with a fork.

The cooked fish were placed in white trays 
and the same five judges rated each fish on 
appearance, color, aroma, texture and flavor of 
the baked product. Baking was selected since it 
had less effect on masking the quality differ
ences than deep fat frying. The same 9-point 
hedonic scale was employed as for raw fish.

Shear press firmness. A 1/4-in. cylindrical 
plug was removed from behind the collar bone 
on the left side of the raw carcass and a similar 
plug from the right side of the cooked carcass 
for shear press firmness measurement. A Food 
Technology Corp. Texture Test System Model 
TP-I with a continuous chart recorder was used 
throughout. The instrument was equipped with 
a 300-lb transducer ring and operated at a 
downstroke time of 30 sec and a range setting

CATFISH STUNNER

Micro-twitch

Thit wire to broth hot lood for sofety switch

Stoo«io| Bishot

DC Volt Motor

F ig . 2 —D ia g ra m  o f  e le c t r ic  s t u n n in g  d e v ic e  d e v e lo p e d  fo r  c a t f ish  s la u g h te r in g  in v e stig a tio n s .
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of 20. The shear values were calculated as g of 
force per g of fish tissue.

Statistical analyses. Statistical technique was 
analysis of variance (ANOV) with Duncan’s 
multiple range test (DMRT) applied to deter
mine differences in appropriate means at the 
5% level. Sources of variability analyzed were 
method of killing and storage time. The method 
of killing x storage time interaction was also 
included as a source of variability to determine 
if the two factors were acting independently of 
each other.

RESULTS & DISCUSSION
THE FOLLOWING observations were 
made on the fish from the five methods 
of stunning. The bled unstunned fish 
appeared to skin the easiest, and also had 
less blood in the tissue after dressing. The 
fish stunned with C02 were rated slightly 
under the bled fish for appearance and 
ease of skinning. When d-c current was 
applied the fish developed tonic spasms 
and did not bleed as well as fish slaugh
tered by the other two methods of stun
ning. The a-c current made the fish have 
convulsions, confirming the possibility of 
spinal fracture (Spencer, 1967). These 
fish also bled poorly when compared with 
the first two methods of stunning. Ice
packing was the poorest method of stun
ning in that the fish were hard to skin, 
bled very poorly and their gall bladders 
were distended, making it almost impossi
ble to remove the heads without ruptur
ing this organ.

Statistical analyses of the data showed 
that in general, the interaction was insig
nificant at the 5% level for all variables 
studied, indicating that the method of 
killing and storage time acted independ
ently of each other relative to the quality 
of channel catfish. Data for the thaw and 
cooking losses and firmness for raw and 
cooked channel catfish at each of the two 
storage times are presented in Table 1. 
None of these four measurements was sig
nificantly affected by method of killing. 
Also, thawed loss was not related to stor
age time. However, mean values for 
cooked loss, and for raw and cooked 
firmness were all significantly different 
for the two levels of storage time ana
lyzed.

Table 2 summarizes the results for the 
Gardner “L” values (% total color reflec
tance). The interaction was not signifi
cant for four of the five methods tested, 
indicating that method of killing and stor
age time do not vary independently rela
tive to the Gardner L value. As noted by 
Duncan’s multiple range test of interac
tion means, the significant interaction 
was due to the failure of C02 to affect 
the Gardner L value over storage time in 
the same manner as the other four meth
ods of killing.

Results for the Gardner a (redness), b 
(yellowness) and a/b ratio are summar
ized in Table 3. There was no significant 
interaction for any of these three meas

Table 3—Effect of storage time on the Gard
ner a, b and a/b ratio value of the raw fillet of 
channel catfish3
Storage Gardner values

time a b a/b
Initial 2.29a 4.32 0.5233
2 months 1.33b 4.67 0.180b

V a lu e s  w it h in  a c o lu m n  f o l lo w e d  b y  th e  s a m e  
le t t e r  o r le tte r s  d o  n o t  d i f f e r  s ig n if i c a n t ly  at  
th e  5 %  le v e l. M e a n s  n o t  te s te d  h a d  in s ig n if i 
c a n t  F -v a lu e  in  A N O V .

urements. Consequently, it was con
cluded that method of killing and storage 
time acted independently for these three 
variables. None of these three measure
ments was significantly related to method 
of killing. Also, the Gardner b value (yel
lowness) was not significantly affected by 
storage time. The Gardner a value (red
ness) was significantly related to storage 
time as indicated by a change from pink 
to gray color. Also differences in the a/b 
ratio for the initial and 2 months were 
highly significant, indicating a change in 
the dominant wavelength during storage. 
There were no significant differences in 
the Gardner values after cooking.

Table 4—Effect of killing methods on the 
organoleptic ratings for appearance, color and 
aroma of whole raw fish evaluated by a panel of 
five experienced judges3
Method of 

killing
Appear

ance Color Aroma
Bleeding 7.17a 7.10a 7.17
c o 2 7.603 7.403 7.43
a-c Shock 6.57b 6.20b 6.93
d-c Shock 7.333 7.003 7.03
Ice 6.803 6.63a 7.13
3 V a lu e s  w it h in  a c o lu m n  f o l lo w e d  b y  th e  sam e  

le tt e r  o r le tte r s  d o  n o t  d i f f e r  s ig n if ic a n t ly  at 
th e  5 %  le v e l. M e a n s  n o t  te s te d  h a d  in s ig n if i
c a n t  F - v a lu e  in  A N O V .

Mean organoleptic scores for appear
ance, color and aroma of the raw thawed 
catfish subjected to the five slaughter 
treatments are presented in Table 4. 
Again, the method of killing x storage 
time interaction term was not significant. 
Also, none of the variables was signifi
cantly related to storage time. Aroma rat
ings were not significantly affected by the 
method of killing. Ratings for raw appear
ance and color were lower for the a-c 
stunning treatment than for the other 
methods of slaughter.

In Tables 5 and 6, the mean organolep
tic values are given for the baked channel 
catfish. The interactions were not signifi

Table 5—Effect of killing methods on the organoleptic quality rat
ings of whole baked channel catfish evaluated by a panel of 5 experi
enced judges3

Killing methods
Appearance

9-1
Color
9-1

Aroma
9-1

Texture
9-1

Flavor
9-1

Bleeding 6.67a e.go30 6.83 7.93 7.23a
C 0 2 Gas 7.073 7.203 7.33 7.93 7.17a
a-c Shock 6.00b 5.40° 6.60 7.67 6.37ab
d-c Shock 6.37a 6.17bc 6.87 7.30 6.07b
Ice 6.03b 5.87« 7.00 7.50 6.33ab

3 V a lu e s  w it h in  a c o lu m n  f o l lo w e d  b y  th e  s a m e  le tt e r  o r  le t t e r s  d o  n o t  
d i f f e r  s ig n if i c a n t ly  a t  t h e  5 %  le v e l. M e a n s  n o t  te s te d  h a d  in s ig n if ic a n t  
F - v a lu e  in  A N O V .

Table 6—Effect of storage time on the organoleptic qualities of 
whole baked channel catfish evaluated by a panel of five experienced 
judges3

Appearance Color Aroma Texture Flavor
Storage time 9-1 9-1 9-1 9-1 9-1
Initial 6.25 6.40 7.27b 7.64 6.95b
2 months 6.60 6.21 6.59a 7.69 6.32a

3 V a lu e s  w it h in  a c o lu m n  f o l lo w e d  b y  th e  sa m e  le tt e r  o r  le t t e r s  d o  n o t  
d i f f e r  s ig n if i c a n t ly  a t  t h e  5 %  le v e l. M e a n s  n o t  te ste d  h a d  in s ig n if ic a n t  
F -v a lu e  in  A N O V .
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cant for any of the factors analyzed. 
Appearance and color were significantly 
related to method of killing but not stor
age time. Aroma was found to be related 
to storage time but not to method of kill
ing. Texture was not significantly related 
to either storage time or method of kill
ing. Flavor was found to be related to 
both method of killing and storage time. 
Fish stunned with d-c current were rated 
significantly lower than for the other 
slaughter methods. In general, immobili
zation by gas (C02 ) appears to cause less 
hemorrhaging and the blood was more 
completely removed in the dressing oper
ation. Although appearance, color and 
texture were not affected by storage, 
aroma and flavor ratings were substantial
ly lower after 2 months of storage. Poor 
bleeding of the fish appeared to be a fac
tor in reducing the storage quality of 
frozen channel catfish.

Immobilization by gas and bleeding 
(unstunned) produced the best appearing 
product. The a-c shock produced the 
poorest and the d-c and ice-pack methods 
yielded an acceptable product. The com
pleteness of bleeding appeared to affect 
appearance and color of the raw product. 
Ice-packed fish were harder to skin than 
those stunned by other methods.

After frozen-storage for 2 months, 
appearance, color and texture were not 
significantly affected by the stunning 
methods studied. But aroma and flavor 
were lowered, and these were associated 
with poor bleeding of the fish.

It is noteworthy that the two methods 
producing the highest quality product are 
not normally employed as immobilization 
techniques by catfish processors. This was 
not anticipated at the outset of the inves
tigation when a unique laboratory stun
ning device was developed for the com
parisons. However, the device enabled 
more complete control of the treatments 
and hence more valid comparisons. The 
improved product quality provided by 
bleeding or C02 gas immobilization over 
that of electrical stunning or icing sug
gests that more serious consideration be 
given to the economics and adoption of 
revised slaughtering techniques for cat
fish.
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Q U A LITY  COMPARISONS OF ALBINO AND R EG U LA R  
(GRAY) CHANNEL CATFISH

INTRODUCTION
INTENSIVE CATFISH culture in the 
South expanded rapidly in the 1960’s. 
Initially, catfish were produced exclusive
ly in open ponds. Then, about 1970, in
terest in high-density production in race
ways increased. Other methods, including 
cage and tank culture, are being investi
gated by researchers and producers 
(Madewell, 1971).

Catfish fingerlings in the 6 or 7-in. 
groups grown in any of these culture 
systems during the warm season growing 
period of 6 months will average 1 lb, but 
may range from 0.25-2.00 lb. The small 
fish may be sold or held for further 
growth. Since present processing methods 
require that fish be handled singularly, 
the processing cost is higher for the small 
fish. Processed catfish are generally sold 
as small, medium, or large with no special 
weight designation given for categories 
nor price differences charged for various 
sizes (Anon., 1972). Although the infor
mation available on the size preference of 
catfish by consumers is limited, it is gen
erally recognized that some restaurants 
serve small fish and others medium or 
large ones. However, specific information 
is lacking.

Wide seasonal variations exist in pro
duction and processing of catfish with 
78% of the processing occurring during 
the 6-month period of October through 
March. Since a regular and consistent 
supply of catfish should benefit both the 
growers and processors, there is a need 
for information on the comparative proc
essing characteristics and qualities of vari
ous sizes of fish. Heaton et al. (1970) 
reported a processing evaluation of tank- 
cultured channel catfish. With the expan
sion of high-density culture and increased 
interest in albino fish, more information 
on comparative quality of regular and 
albino channel catfish is needed.

The purpose of this study was to eval
uate the yield and quality of cage-cul
tured albino and regular channel catfish 
of varying sizes. 1

1 U niversity o f G eorgia C ollege o f  Agricul- 
turai E xperim ent S ta tion s

Table 1 —Effect of strain and weight of channel catfish on dressing percentage and waste

12-9-70
Harvest dates 

7-8 71 7-22-71 8-18-71 Mean

Restocked
fish

10-22-71
Live wt albino 0.23 0.50 0.68 0.99 0.60 1.07

(lb) regular 0.27 0.62 0.70 1.10 0.67 0.83
Dress-out albino 57.3 59.7 58.9 59.8 58.93 60.0

<%) regular 58.2 59.6 59.6 60.0 59.35 60.9
Head albino 22.0 18.9 18.2 19.2 19.58 21.1

(%) regular 21.7 19.3 18.4 18.7 19.53 20.6
Skin albino 7.4 5.9 5.9 6.0 6.30 6.1

(%) regular 7.6 6.0 5.8 6.3 6.43 6.0
Viscera albino 9.0 8.3 7.9 6.5 7.93 5.8

<%) regular 8.3 7.8 7.5 6.9 7.63 5.1
Visceral Fat albino 2.8 5.5 7.5 7.5 5.83 6.5

<%) regular 3.4 5.8 7.9 7.1 6.05 6.9
Mise albino 1.5 1.7 1.6 1.0 1.45 0.5

(%) regular 0.8 1.5 0.8 1.0 1.03 0.5

MATERIALS & METHODS
THE CATFISH utilized in this study were 
grown in cage culture experiments at the 
Coastal Plain Station at Tifton, Ga. Fish were 
harvested when they had attained mean live 
weights of approximately 0.25, 0.50, 0.75 and
1.00 lb. Those fish weighing less than 0.75 lb at 
the last harvest were restocked in cages and har
vested after additional growth. The fish were 
transported live to the Food Science Labora
tory at the Georgia Station and, after holding 
for 18 hr, were stunned by electric shock, 
skinned and eviscerated by hand. Eight fish of 
each weight were used for evaluations of dress- 
out factors. Four of these were selected at ran
dom for sensory evaluations, and the remaining 
four were used for chemical analyses.
Dress-out characteristics

Dressing percent values were determined by 
weighing each fish immediately after stunning 
and again after dressing. The waste from each 
fish was separated into head, viscera, visceral 
fat, skin and miscellaneous (blood, juices, etc.) 
categories, weighed, and reported as a percen
tage of the total fish weight.

Regression analyses were used to estimate 
the linear relationship between the observed 
dress-out factors and live weight. Regression 
equations calculated from the dress-out data 
were used to evaluate changes associated with 
fish size and date of harvest.

Chemical analyses
Moisture and fat were determined on raw 

and cooked flesh according to AO AC methods
(1960). Four raw fish from each species at each 
harvest date were analyzed for fatty acid com
position. Each fish was analyzed in duplicate 
essentially by procedures described previously 
by Worthington et al. (1972) with the excep
tion that the samples consisted entirely of loin 
muscle tissues from the back area. The fatty 
acid data were subjected to an analysis of vari
ance to test for significance of differences be
tween strains of fish and differences related to 
time of harvest.
Texture measurement

One side of each cooked fish was used for 
texture measurements. Duplicate samples of 
approximately lOg were taken from the side of 
the fish beginning at the dorsal fin and extend
ing back toward the tail. Texture measurements 
were made using a Food Technology Corp. re
cording shear Texture Press Model TP-1 accord
ing to a procedure described previously (Heaton 
et al., 1972).
Organoleptic evaluations

The dressed carcasses were held at U°C for 
24 hr. Each carcass was wrapped individually in 
aluminum foil and baked in an oven at 205°C 
until fully cooked, approximately 77°C inter
nal. A six-member panel experienced in judging 
parameters of fish quality evaluated the car-

1194- JO U R N A L  OF FOOD SC IEN C E-V olum e 38 (1973)
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casses. Sensory ratings for appearance, color, 
aroma, texture and flavor were performed using 
a 9-point hedonic scale (9 = excellent to l = 
extremely poor), l our albino and four regular 
catfish were scored at each session.

RESULTS & DISCUSSION
THERE WERE pronounced differences in

the appearance and color of the two 
types of dressed catfish. The dermal 
membranes and flesh of the skinned albi
no fish were almost white whereas the 
regular fish had typical gray membranes 
and light gray flesh.
Dress-out

Data on edible carcass, head, viscera,

Table 2—Effect of size of albino and regular channel catfish on moisture, and total fat of 
raw and cooked fish
Quality
factor Live weight (lb) Mean

Restocked
fish

albino 0.23 0.50 0.68 0.99 0.60 1.07
regular 0.27 0.62 0.70 1.10 0.67 0.83
average 0.25 0.56 0.69 1.05 0.635 0.95

Moisture3 albino — 77.4abc 78.0ab 77.2abc 77.5 76.7bc
(Raw flesh) regular - 76.9a be 78.4a 78.2ab 77.8 76.1c

average 77.15ab 78.2a 77.7ab 77.68 76.4b

Moisture albino - 75.6a 76.2a 73.0b 74.9 72.9b
(Cooked flesh) regular - 76.0a 76.3a 73.1b 75.1 74.1b

average 75.8a 76.25a 73.05b 75.0 73.50b
Fat albino - 22.2ab 21 .Oab 23.1a 22.1 20.6ab
(Raw flesh) regular - 20.0ab 21 4ab 20.4ab 20.6 18.0b

average 21.1 21.2 21.75 21.35 19.3
Fat albino - 12.8bc 16.7ab 17.8a 15.77 13.5bc
(Cooked flesh) regular - 11.0c 16.2ab 19.1a 15.43 13.7bc

average 11.9c 16.45ab 18.45a 15.60 13.6bc
Shear Force albino 0.846de 0.573e 0.702e 1,483ab 0.901 1.593a
(Cooked flesh) regular 0.719e 0.655e 0.625e 1,260bc 0.815 1.113cd

average 0.7825b 0.614b 0.6635b 1.372a 0.858 1.353a
3 V a lu e s  w it h in  e a c h  q u a l it y  f a c t o r  h a v in g  u n l ik e  le tte r s  a re  s ig n if ic a n t  a t  th e  5 %  le v e l.

Table 3—Effect of strain and size of channel catfish on sensory scores
Quality
factor Live weight (lb) Mean

Restocked
fish

albino 0.23 0.50 0.68 0.99 0.60 1.07
regular 0.27 0.62 0.70 1.10 0.67 0.83
average 0.25 0.56 0.69 1.05 0.635 0.95

Appearance3 albino 7.8bc 8.5a 8.1ab 7.1de 7.88 7.3cd
regular 6.5e 7.8bc 7.7bc 6.8de 7.20 7.3cd
average 7.15c 8.15a 7.90ab 6.95c 7.54 7.3bc

Color albino 7.9ab 8.2a 8.1a 7.1cdef 7.83 6.9ef
regular 6.4f 7.6abcd 7.7abc 6.9def 7.15 7.3bcde
average 7.15b 7.90a 7.90a 7.00b 7.49 7.10b

Aroma albino 7.3ab 7.5ab 7.5ab 6.Od 7.08 6.9bc
regular 7.0bc 8.1a 8.0a 6.9bc 7.50 6.5cd
average 7.15ab 7.80a 7.75a 6.45b 7.29 6.70ab

Texture albino 7.3cd 8.0a 7.Ode 6.7e 7.25 7.5bc
regular 7.6b 8.3a 7.3bcd 7.3bcd 7.63 7.6b
average 7.45bc 8 15a 7.15cd 7.00d 7.44 7.55b

Flavor albino 6.8b 7.2b 6.6bc 6.1c 6.68 6.6bc
regular 6.7bc 8.1a 6.7b 6.7bc 7.05 6.7b
average 6.75b 7.65a 6.65b 6.40b 6.87 6.65b

a V a lu e s  in  th e  v a r io u s  q u a l it y  f a c t o r s  h a v in g  u n l ik e  le t t e r s  a re  s ig n if ic a n t  at th e  5 %  le v e l.

visceral fat pad, skin and miscellaneous 
for albino and regular catfish are pre
sented in Table 1. Since differences be
tween albino and regular catfish were 
statistically nonsignificant, the data were 
combined for the regression analyses.

Only minor differences in dressing per
centages were recorded after the fish 
reached a weight of 0.50 lb. The low 
yield in the 0.25 lb fish was probably due 
to the disproportionately smaller edible 
carcass in the small fish. There was a sig
nificant decrease in head, viscera and skin 
relative to edible carcass as fish size in
creased.

The proportion of waste components 
varied with fish size. The percent head 
decreased until the fish weighed about
0.75 lb with the exception of the re
stocked fish which had percentage values 
almost as high as for the 0.25 lb fish. This 
characteristic was probably associated 
with delayed growth. The percent skin 
followed a pattern similar to that of 
the head. The percent viscera decreased 
with fish size and, apparently, with age. 
The relative weight of the visceral fat 
pad increased rapidly in fish up to 0.75 
lb and then decreased gradually. This 
condition was probably associated with 
water temperature which was increasing 
until the fish weighed about 0.75 lb. 
Andrews and Stickney (1972) reported 
that total carcass lipids increased as water 
temperature increased between 18° and 
34°C.
Moisture and fat

Data showing the effect of size of the 
catfish on moisture and on total fat of 
both raw and cooked fish are presented in 
Table 2. Analyses of the raw fish showed 
significantly more moisture in the 0.75 lb 
size than in the restocked fish. Moisture 
in the cooked flesh was significantly 
lower in the 1.00 lb and the restocked 
fish. It is uncertain whether these results 
were caused by fish size or some other 
factor.

Mean total fat in the raw fish was 
20.8% (D.W.) and ranged from
18.0—23.1%. There was apparently no 
significant relationship between total fat 
of the raw fish and fish size. Total fat in 
the cooked fish increased significantly 
with size. It is uncertain whether this in
crease in fat was due entirely to size or 
whether it resulted from the increasing 
environmental temperature as in the 
study by Andrews and Stickney (1972).
Organoleptic

Mean values of sensory data for albino 
and regular channel catfish from the four 
size categories and the restocked fish are 
presented in Table 3. The score panel 
rated the 0.50-0.75 lb fish highest in 
both strains of fish. Albino fish were 
rated higher than regular fish for all sam
ples except the restocked fish which were 
rated equal. This resulted from the whiter
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Table 4—Percent fatty acid composition of muscle tissues from albino and regular channel 
catfish as affected by harvest date

Albino Regular
Harvest date Harvest date

Fatty acid 7/8 7/22 8/18 10/22 Mean 7/8 7/22 8/18 10/22 Mean

14:0a 1.45 1.52 1.34 1.21 1.38 1.34 1.46 1.27 1.24 1.33
15:0 1.13 1.17 0.94 1.23 1.12 1.24 1.11 1.23 1.32 1.22
16:0s 20.66 20.86 19.35 18.72 19.90 20.89 20.40 20.01 19.23 20.13
16:1u>7 3.83 3.68 3.26 3.05 3.45 3.31 3.65 3.22 3.05 3.31
17:1b 1.94 1.87 1.87 2.28 1.99 2.20 2.01 2.21 2.36 2.21
18:0 7.11 7.24 7.03 7.28 7.17 7.86 7.27 7.76 7.41 7.58
18:1u)9 33.76 34.15 34.67 29.83 33.11 31.82 34.90 33.54 31.23 32.87
18:2u>6 
20:1 tu 9+

6.30 6.24 6.33 6.71 6.40 5.90 6.30 6.10 6.73 6.26

18:3tu3a 1.32 1.26 1.24 1.48 1.32 1.22 1.29 1.21 1.29 1.25
20:4tu6 1.49 1.46 1.32 1.53 1.45 1.64 1.40 1.37 1.50 1.48
20:5tu3a 3.98 4.09 4.32 5.58 4.50 4.53 4.09 4.45 5.29 4.59
22:5u>3 1.68 1.72 1.79 2.13 1.83 1.76 1.67 1.75 1.92 1.78
22:6tu3a 11.76 11.11 11.92 14.66 12.36 12.33 10.87 11.95 13.41 12.14
a E f f e c t  o f  t im e  o f  h a rv e s t  s ig n if ic a n t  a t  5 %  le v e l 
b  T e n t a t iv e  id e n t i f ic a t io n

and brighter flesh of the albino fish. The 
differences were statistically significant in 
the 0.25 and 0.50 lb fish, but in the other 
size categories the differences became 
smaller and were not significant.

Color ratings indicated a preference 
for the albino fish in every group except 
the restocked fish. The aroma scores were 
higher for the 0.50—0.75 lb fish with a 
slight preference for regular fish over albi
no. A strong odor described as “musty” 
or “muddy” was noted in the 1.00 lb fish 
harvested in August and also in the re
stocked fish which were harvested in 
October.

The pond in which the catfish were 
grown was not heavily fed, but was ferti
lized on a regular basis with superphos
phate to enhance the largemouth bass- 
bluegill population. The organic wastes 
from the caged catfish plus the inorganic 
fertilization resulted in dense plankton 
blooms which may have been responsible 
for the off-flavor of the larger catfish. 
The flavor ratings for fish larger than 0.50 
lb were lowered because of a musty

flavor and those for the 0.25 lb fish 
were lowered because of weak flavor. 
Lovell (1971) reported that an objection
able earthy-musty flavor is frequently 
found in intensively cultured catfish.

Texture ratings showed significantly 
higher values for the 0.50 lb fish with 
very little difference between albino and 
regular catfish. Mean shear press values on 
cooked fish were significantly higher for 
both the larger and restocked fish. A 
sharp increase occurred between the 0.75 
and 1.00 lb fish and also in the restocked 
fish but none of the other data reflected 
such marked changes. Moisture differ
ences may have influenced shear press 
values.

The albino and regular channel catfish 
differed significantly in only one fatty 
acid, tentatively identified as hepta- 
decenoic (17:1). This fatty acid was pres
ent in the diet at a level of approximately 
1% of the total fatty acids. Significant 
differences related to time of harvest 
were observed for several of the fatty 
acids (Table 4); however, the magnitudes

of the differences were small. The high 
levels of 20:5eo3 and 22:6co3 found in 
the muscle tissues, 4.5% and 12.2% of 
total fatty acids, respectively, were a re
flection of high dietary levels of these 
acids.

The preference shown for the albino 
catfish strongly suggests this variety be 
considered as a means of expanding the 
market for channel catfish. These results 
showed that fish of the 0.50-0.75 lb (live 
weight) size were easy to process and 
were preferred for serving as whole fish. 
Smaller fish were more tender and diffi
cult to skin. Larger fish (1.00-1.50 lb 
live weight) were easier to process, and 
were considered desirable for baking or 
broiling rather than frying. Some restau
rant operators cut larger fish into fillets, 
steaks, or pieces. As the industry expands 
and becomes more specialized, specific 
sizing will be necessary.
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E F F E C T  OF PACKAGING ON S H ELF  L IF E  
OF FRO ZEN  S IL V E R  SALMON STEA K S

INTRODUCTION
SHELF LIFE of frozen seafoods is 
dependent on several factors: the han
dling of fish prior to freezing, packaging, 
freezing rate and storage temperature 
(Slavin, 1963). Careless practices in any 
of these processes could induce undesir
able physical and chemical changes and 
render the products unacceptable.

The effect of storage temperature on 
shelf life of frozen seafoods has been 
intensively studied by many researchers 
(Young, 1950; Dyer and Morton, 1956; 
Peters and McLane, 1959). Their results 
indicated that the product shelf life could 
be extended by lowering the storage 
temperature to -18°C or below. Dyer
(1959) pointed out that storage tempera
ture fluctuation to above -18°C  caused 
quality deterioration and shortened the 
storage life of cod fillets. Palmateer et 
al. (1960) measured the increase in lipid 
oxidation caused by temperature fluc
tuation in frozen rockfish fillets. Tem
perature fluctuation to -1 0  to -4°C  
has been reported by Lentz and Rooke 
( 1960) on frozen fish shipped by road in 
refrigerated trailers. A survey conducted 
by Lane (1966) indicated that some 
frozen seafoods in retailers’ freezer cabi
nets reached -4°C  mainly because of 
overloading of the products in the cabi
nets. These conditions are undoubtedly 
detrimental to the products.

Some types of deterioration, such 
as desiccation and oxidative rancidity, 
which occur during frozen storage, can be 
minimized by proper packaging of the 
products. Stansby (1955) and Yu et al.
(1969) reported that vacuum packing fro
zen fish in tin cans preserved their fresh 
qualities better than other packaging 
m ethods. Moyer (1960) suggested 
vacuum packaging of fish in low oxygen 
permeable films to protect the products 
from desiccation and oxidative changes.

This experiment studies the quality 
changes in silver salmon steaks during fro
zen storage and the use of vacuum 
packaging to minimize these changes. The 
accelerated quality deterioration induced 
by storage temperature fluctuation was 
also demonstrated.

EXPERIMENTAL
20 MEDIUM-SIZED iced silver salmon, 1 day

post-extraction, were obtained from a fish plant 
at Astoria, Oreg. The fish were immediately 
eviscerated, cleaned and frozen at -27°C over
night. Steaks (3/4 in. thick) were cut from the 
middle sections of the fish with an electric saw. 
Each steak was adjusted to weigh 200 ± lOg by 
trimming off the excess weight from the heavier 
steaks. The steaks, while still frozen, were 
packed individually by one of the packaging 
methods described below.
Sample No. 1, control

Each steak was placed in a 1 mil polyethyl
ene bag and twist-closed with a wire.

Sample No. 2, vacuum packed
The steak was placed in a 4 mil Mylar- 

polyethylene laminated pouch. (Permeabilities 
per 100 sq in./24 hr: Water vapor, O.lg at 37°C, 
90% RH; Oj from air, 1 cc at 1 atm, 25°C) The 
pouch was sealed under 29 in. vacuum.

Sample No. 3, vacuum packed with 
added antioxidants

The steaks were packed exactly the same 
way as Sample No. 2, except that 10 ml of 
dilute antioxidant solution was added to the 
pouch before vacuum sealing. The antioxidant 
solution was added to the fish in such a way 
that the entire surface of the fish was covered. 
The antioxidant solution was prepared as fol
lows:

Concentrated antioxidant solution. 3.00g 
butylated hydroxyanisole (BHA) was dissolved 
in 54.00g propylene glycol, and 3.00g butylated 
hydroxytoluenc (BHT) was dissolved in 40.00g 
of warm Tween 20. The two solutions were 
mixed. This antioxidant preparation is water 
miscible.

Dilute antioxidant solution. 1.67g concen
trated antioxidant solution was diluted to 100 
ml with water. 10 ml of this solution added to 
200g of fish will add a concentration of 0.005% 
antioxidants to the fish.

The packaged samples were stored in a 
freezer-room maintained at -18°C. In order to 
evaluate the effect of fluctuating storage 
temperature on quality changes of the fish, half 
of the packages from each sample, after being 
stored at -  18“C for 3 months, were transferred 
into a 15 cu ft food freezer. The temperature of 
the freezer was regulated by a timer which 
turned off the electricity for 2 hr each day. The 
freezer temperature rose slowly from -18°C to 
a maximum of -4.5°C and then returned to 
-18°C. It took approximately 4 hr to complete 
the temperature change cycle.

Four packages from each sample, while still 
frozen in the pouches, were heated in boiling 
water for 20 min. The fish, with skin and bones 
removed, were cut into small pieces, mixed and 
served warm to the taste panel. The taste panel 
consisted of 18 trained judges. Each sample was 
rated for texture, juiciness, flavor (specifically.

the development of rancid flavor) and overall 
desirability on a preference ballot with a
9-point hedonic scale. Based on the hedonic 
scale, an arbitrary value of 5.0 was selected as 
the division between “acceptable” and “un
acceptable.” All sensory data were analyzed by 
analysis of variance at the 5% significance level. 
The samples were evaluated at 3-month inter
vals.

The level of oxidative rancidity that 
developed during frozen storage was estimated 
by determining the peroxide value (PV) (AOCS, 
1946) of fat extracted by the method of Folch 
et al. (1957) from ground fish sample, including 
skin. Two packages were randomly selected 
from each treatment and the PV determined on 
each sample.

RESULTS & DISCUSSION

THE RESULTS of sensory evaluation of 
the fish samples stored at constant -18°C 
and at a fluctuating frozen temperature 
are shown in Figures 1 and 2 respec
tively. At —18 C storage temperature, 
the overall quality of the control sample 
deteriorated quite rapidly while the vac
uum packed samples suffered only slight
ly.

The taste panels rated the texture of 
the three samples acceptable at the end of 
1 2 months’ storage. The mean scores of 
the vacuum-packed sample No. 2 were 
significantly (P <  0.05) higher than the 
control at 9 and 12 months (Fig. 1-A).

The mean juiciness scores of the 
samples were lowered only slightly during 
12 months’ storage. The three samples 
did not vary significantly (P <0 .05) in 
their scores (Fig. 1-B).

The flavor score of the control sample 
decreased steadily and approached the 
division line of acceptability at the end of 
12 months (Fig. 1-C). The 1 mil poly
ethylene bag, being oxygen permeable, 
did not effectively protect the fish from 
autoxidation.

Samples 2 and 3, vacuum-packed in 
Mylar pouches, retained the desirable 
flavor of the fresh fish. High mean scores 
were given to these samples at the end of 
12 months. The mean scores of the two 
samples did not vary significantly (P 
<  0.05), indicating that vacuum packag
ing efficiently prevented autoxidation of 
the fish, with or without the presence of 
antioxidants.
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Fig. 1—Sensory evaluation o f silver salmon steaks stored at —18°C: 1. 
Control; 2. Vacuum packed; 3. Vacuum packed with added antioxi
dants.

Fig. 2—Sensory evaluation o f silver salmon steaks stored at fluctuated 
temperatures: 1. Control; 2. Vacuum packed; 3. Vacuum packed with 
added antioxidants.

The overall desirability curves (Fig.
1-D) resembled closely the flavor curves 
(Fig. 1-C). This suggested that the panels, 
in rating the overall acceptability, relied 
heavily on flavor of the fish. The panels 
had also taken into account the changes 
in texture and juiciness of the fish. 
Consequently, the mean overall accept
ability scores were consistently lower 
than the mean flavor scores. The overall 
quality of the control sample was unac
ceptable at the end of 9 months’ storage, 
while the two vacuum-packed samples 
(No. 2 and 3) were judged desirable and 
of good quality through 12 months’ 
storage.

At constant -18°C storage tempera
ture, the PV of the control sample in
creased steadily and reached 29 at the 
end of 12 months’ storage (Fig. 3-A). 
This is in agreement with sensory results. 
The mean flavor score of this sample also 
decreased steadily (Fig. 1-C).

The PV of vacuum-packed fish 
(Sample No. 2) was significantly higher 
than that of the antioxidant treated fish 
(Sample No. 3) at 9 and 12 months. The 
taste panels did not differentiate these 
two samples in their flavor evaluation. 
The discrepancy between sensory test and

chemical test can be explained by the fact 
that the fish samples used in the chemical 
test included skin, while samples served 
to the panels contained no skin. The skin 
and the fatty portions immediately next 
to the skin are generally more susceptible 
to autoxidation. Removal of the skin 
would therefore minimize the rancid 
flavor of the samples.

Sensory results (Fig. 2) showed that 
storage temperature fluctuation to above 
— 18 C was very damaging to fish in every 
respect. The mean scores of juiciness and 
texture for samples stored at fluctuated 
temperature were lower than respective 
samples stored at constant -18  C. The 
most detrimental change induced by 
temperature fluctuation was the develop
ment of rancid off-flavor (Fig. 2-C). The 
flavor of the control sample became unac
ceptable after 6 months’ storage (3 
months’ temperature fluctuation). The 
overall desirability of the control was also 
unacceptable at the end of 6 months’ 
storage (Fig. 2-D). At the end of 9 
months, the rancid flavor of the control 
became very strong. The storage test of 
this sample was therefore terminated.

Vacuum packaging was again shown 
to be effective in slowing down the rate

of development of rancid flavor in the 
samples even under fluctuating storage 
conditions. The mean flavor score of 
Sample No. 3 (with antioxidants) was 
significantly (p <  0.05) higher than Sam
ple No. 2 after 9 months’ storage (Fig.
2-C). The overall desirability (Fig. 2-D) 
of Samples No. 2 and No. 3 became 
unacceptable at the end of 12 months’ 
storage despite the fact that the mean 
flavor scores of these samples were about 
5, which is the division line of desirability 
(Fig. 2-C). The PV of the control sample 
was significantly higher than that of the 
vacuum-packed samples (Fig. 3-B).

There were some chemical as well as 
physical changes not evaluated by the 
panels. A large quantity of ice crystals 
was formed in the packages of the control 
samples stored at fluctuating frozen 
temperatures. Only a small quantity of 
ice crystals was formed in control samples 
stored at constant -18°C. No ice crystal 
was found in any of the vacuum-packed 
samples, including those stored at fluctu
ating temperatures. The skin-tight vacuum 
packaging restricted the movement of 
water vapor.

The orange-red pigments of the con
trol sample faded slightly after 6 months’
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Fig. 3-Peroxide determination on silver salmon steaks stored at -1 8 °C  
and fluctuating temperatures IAverage o f analysis o f duplicate sam
ples!: 7. Control; 2. Vacuum packed; 3. Vacuum packed with added 
antioxidants.

storage at fluctuated temperature. At the 
end of 9 months, the color of the fish 
became yellowish. Vacuum packaging and 
antioxidant treatment reduced the rate of 
color fading but did not completely in
hibit the color change. No color change 
was noticed in those samples stored at 
constant -1 8°C.

The weight loss of the control and 
vacuum-packed samples was insignificant 
through 12-months’ storage, at either 
constant -18°C or at fluctuating tem
peratures. Despite the formation of ice 
crystals in the control packages, the poly
ethylene film appeared to be quite effec
tive in preventing the ice and vapor from 
escaping.

The results of this experiment demon
strated that the shelf life of frozen silver 
salmon steaks could be extended sub

stantially by vacuum packaging of the 
fish in low oxygen permeable film. The 
quality damage inflicted on the fish by 
storage temperature fluctuation could 
also be lessened.

Frequently sport fishermen and 
housewives store their fish in home 
freezers for extended periods of time. 
The two-door, top-freezer refrigerators 
appeared to be the most popular model 
used in homes. The air temperature of ten 
of these freezers was checked. Of the 10 
freezers, three maintained a steady 
-23°C. Four fluctuated from -23° to 
— 12°C; two from -23° to -15°C; and 
one freezer fluctuated to 7°C. The 
temperature fluctuation occurred from 
three to 12 times each 24-hr day, depend
ing upon the brand of the freezer-refriger
ator. Fish to be stored for several months

in home freezers should be carefully 
packaged to minimize quality changes.
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PHOSPHOLIPID CHANGES AND LIPID  OXIDATION DURING  
COOKING AND FRO ZEN  STO RA G E OF RAW GROUND B E E F

INTRODUCTION
THE PHOSPHOLIPID content of various 
meats and muscle tissues has been deter
mined (Hornstein et al., 1961, 1967; 
Turkki and Campbell, 1967; O’Keefe et 
al., 1968; Terrell et al., 1968). Meat phos
pholipids are quite susceptible to oxida
tion (Lea, 1957; Younathan and Watts, 
1959, 1960; Watts, 1962). Phospholipid 
oxidation and degradation causes objec
tionable changes in meat quality, i.e., 
off-flavors, off-odors and discoloration, 
(Lea, 1957, 1962; Watts, 1962; Youna
than and Watts, 1959, 1960; Chipault and 
Hawkins, 1971). Phospholipids play an 
important role in governing the quality of 
hamburger meat. Campbell and Turkki
(1967) studied the composition of phos
pholipids in hamburger but changes in the 
phospholipids of hamburger meat during 
cooking and frozen storage have not been 
determined.

Oxidation of meat lipids during cook
ing has been reported (Younathan and 
Watts, 1959, 1960; Chang et al., 1961; 
Keskinel et al., 1964; Greene, 1969; 
Jakobsson and Bergtsson, 1972), and oxi
dative changes in the phospholipids of 
heated bovine muscle were determined by 
Nakanishi and Suzama (1967). The ex
tent of degradation of phospholipids in 
ground beef during cooking has not been 
investigated.

Various workers have shown that tis
sue lipids are stable during frozen storage 
(Caldwell et al., 1960; Keskinel et al., 
1964; Evans et al., 1967; Witte et al.,
1970). However, breakdown of triglycer
ides and phospholipids by lipases has 
been observed in frozen muscle tissues 
held at various temperatures and different 
storage intervals (Awad et al., 1968; 
Davidkova and Khan, 1968; Bosund and 
Ganrot, 1969). Hamburger patties are 
generally stored at -18°C in commercial 
and home freezers and the stability of 
lipids and hamburger quality at this tem
perature has not been established.

In the present investigation the phos
pholipid composition of three grades of 
hamburger meat was determined and the 
changes occurring in total lipids, phos
pholipids, TBA values and lipid soluble 
carbonyls during cooking and frozen 
storage were quantified. The results are 
discussed in relation to quality changes 
that may occur during domestic cooking 
and frozen storage of raw hamburger 
meats.

MATERIALS & METHODS
Materials

Fresh ground round, ground chuck and 
ground beef were obtained from the Dept, of 
Animal Science at Cornell University. Meat 
samples were freshly ground in a conventional

manner to obtain fat contents representative of 
each commercial “hamburger” grade.

Patties were wrapped in commercial freezer 
paper and stored at -18°C. After thawing at 
30°C patties were cooked on a metal frying 
pan, on a teflon-coated Sunbeam electric skillet 
and they were charcoal broiled on an aluminum 
foil-covered grill. All cooking progressed until 
patties were well done.

All solvents used were Mallinckrodt AR 
grade. Purified n-hexane was prepared accord
ing to Ellis et al., (1958). Water for phosphorus 
analysis was prepared by passing distilled water 
through an ion exchange column and redistill
ing in a Corning AG IB Distillation Unit (Corn
ing Glass Works, Parkersburg, W.Va.).

Phospholipid and fatty acid standards were 
obtained from Nutritional Biochemicals Cor
poration, Cleveland, Ohio; Applied Science 
Laboratories, Inc., State College, Pa.; The 
Hormel Institute, Austin, Minn.; and Nu-Chek- 
Prep, Inc., Elysian, Minn.

Analytical methods
The total lipids were extracted from the 

hamburgers by the method of Folch et al..
1957. The phospholipids were separated by 
two-dimensional thin-layer chromatography 
(TLC) (Parsons and Patton, 1967) using solvent 
systems of chloroform:methanol:water:28% 
aqueous ammonia (130:70:8:0.5, v/v) and 
chloroform: methanol: water: acetone: ace tic acid 
(100:20:10:40:10, v/v). Silica Gel HR (E. 
Merck AG Darmstadt) coatings (375 thickness) 
were used. Phospholipid spots were located 
with iodine vapor and ninhydrin spray. The 
spots were identified by comparison with Rf

Table 1—The distribution of phospholipid classes in three grades of
fresh hamburger meat

Phospholipid class

Ground
round

Ground
chuck

(% Distribution)3

Ground
beef

Lysophosphatidylcholine
(LysoPc) 0.60 - -

Sphingomyelin (SP) 5.32 4.83 6.38
Phosphatidylcholine (Pc) 57.22 55.85 53.40
Phosphatidylinositol (PI) 5.41 6.25 6.60
Phosphatidylserine (Ps) 1.92 3.18 3.67
Phosphatidylethanolamine (Pe) 23.86 24.51 24.92
Cardiolipin (CAR) 5.72 5.38 5.04

M e a n s a re  v a lu e s  o f  f o u r  d e te r m in a t io n s .

Table 2—Drip toss, lipid and phospholipid content of three grades of 
ground beef patties cooked on a teflon skillet

Hamburger grade

Data
Ground
round

Ground
chuck

Ground
beef

Initial patty 
Weight (g) 86.29 58.92 70.27

Total weight 
Loss (g)a 24.84 23.11 23.44

Weight of lipid 
in collected drip (mg) 0.86 1.55 4.09

Weight of phospholipid 
in collected drip (pg)b 0.91 tr 2.8

a T o t a l  w e ig h t  lo s s  r e p re s e n ts  d r ip  a n d  v o la t ile s
b  M ea n v a lu e  f r o m  a t r ip l ic a t e  p h o s p h o r o u s  a n a ly s is  o f  a n  a l iq u o t  o f  

d r ip  l ip id s
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Table 3—Changes in the total lipid and phospholipids of three grades of hamburger meat during cooking3

Total lipids Phospholipids Phosphatidylcholine Phosphatidylethanolamine LysoPcc LysoPec
A B C A B C A B C A B C A B C A B C

Treatment (g/IOg meat) (mg/g meat) (mg/g meat) (mg/g meat) (102 mg/g meat) (102 mg/g meat)

Freshb
Teflon

1.038 1.852 2.647 5.46 4.65 3.35 3.12 2.60 1.78 1.30 1.14 0.85 3.0 - - — — —

skillet
Metal

1.013 1.042 1.491 6.69 4.41 5.45 3.46 2.50 2.83 1.54 0.92 1.39 5.4 2.7 2.5 1.36 0.4 1.4

frying pan 
Charcoal

0.797 1.497 1.780 5.08 4.49 4.49 2.78 2.36 2.37 1.26 1.13 1.07 2.4 3.0 2.9 0.61 0.57 -

broiled 1.108 1.485 2.029 5.18 2.52 4.45 2.88 1.26 2.34 1.20 0.76 1 08 4.1 1.0 3.4 0.51 0.52 0.72

a A  =  G r o u n d  r o u n d ;  B  =  G r o u n d  c h u c k ;  C  =  G r o u n d  b e e f  
b M ea n v a lu e  o f  te n  d e t e r m in a t io n s
c  L y s o P c  =  L y s o p h o s p h a t id y lc h o l in e ;  L y s o P e  =  L y s o p h o s p h a t id y le t h a n o la m in e

values of known phospholipid standards. The 
phospholipids were quantified according to the 
method of Rouser et al., (1966).

For fatty acid analyses, approximately 6.4 
and 3.0 mg of phosphatidylcholine (Pc) and 
phosphatidylethanolamine (Pe), were separated 
from total lipids by TLC (Parsons and Patton,

1967) and transferred to vials. The fatty acids 
of Pc and Pe were transesterified by the method 
of Glass, (1971).

Fatty acid methyl esters were analyzed us
ing a Perkin-Elmer Mark II Gas Chromatograph 
(Model F11) equipped with a flame ionization 
detector and a coiled stainless steel column

(1.8m long x 4 mm i.d.) packed with EGSP-Z 
on 100-120 mesh Gas Chrom Q (Applied Sci
ence Laboratories, Inc., State College, Pa.). 
Analyses were conducted isothermally at a 
column temperature of 180°C, injection tem
perature of 225°C and a detector temperature 
of 230°C. Nitrogen, hydrogen and air flow rates 
were maintained at 38.5, 38.5 and 300 ml/min, 
respectively. Chromatographic peaks were iden
tified by comparison of their retention times to 
those of known standards. Peak areas were meas
ured by triangulation.

TBA analyses were made according to the 
procedure of Tarladgis et al., (1960). Mean 
values are reported as mg malonic dialdehyde/ 
kg meat.

The concentration of total carbonyl com
pounds in patties was measured by a modifica
tion of the procedure of Lawrence, (1965). lOg 
of meat were homogenized with 40 ml of water 
using a semi-micro jar Waring Blendor combina
tion for 15 sec at low speed. The homogenate 
was transferred into a glass stoppered 250 ml 
flask by rinsing with 50 ml of 2,4-dinitio- 
phenylhydrazine (DNPH) reagent (2g 2,4-dini- 
trophenylhydrazine in 1 liter 2N HC1). After 
vigouous shaking to give a uniform dispersion, 
the mixture was allowed to stand for 2 hr per
mitting the formation of total carbonyl DNP 
derivatives (2,4-dinitrophenylhydrazones). The 
DNP hydrazones formed were twice extracted 
from the mixture using 60 and 40 ml portions 
of purified N-hexane. The concentration of 
total carbonyl DNP derivatives was determined 
by reading the optical density of the hexane 
extract at 340 mg in a Beckman DU spectro
photometer. The concentration of total car
bonyl DNP derivatives was calculated from the 
absorbance using a molar extinction coefficient 
of 22,500 (Schwarz, et al., 1963).

RESULTS
Compositional studies

The lipid and phospholipid content of 
fresh hamburger patties varied from grade 
to grade i.e., ground round, ground chuck 
and ground beef contained 9.92, 13.87 
and 25.60g lipid and 0.54, 0.46 and 0.33g 
phospholipid per lOOg meat respectively. 
Neutral lipids comprised 94.73-98.72% 
of the total lipids and reflected the 
amount of fatty adipose tissue present in 
the respective samples. The phospho-

Table 4 —Changes in the fatty acids of phosphatidylcholine and 
phosphatidylethanolamine of ground round beef during cooking

Fatty acid
Carbon

no.

Phospholipid class

Phosphatidylcholine Phosphatidylethanolamine

Fresh
Teflon
cooked Fresh

Teflon
cooked

(moles %) (moles %)

Palmitic ( C 16:0) 25.0 28.0 2.9 6.7
Stearic (C18:0) 11.5 14.5 26.2 28.8
Oleic (C 18:1) 33.7 28.1 16.6 18.4
Linoleic (C 18:2) 22.4 21.8 15.3 17.6
Linolenic <C18:3) 0.6 0.7 — -

Arachidonic (C20:4) 6.8 6.9 39.0 28.5

Table 5--Changes in mean TBA  numbers and the concentration of
total carbonyl compounds in three grades of hamburger meat upon
cooking

Total
TBA no. carbonyls

Freshly Cooked and stored
Hamburger cooked 36 days at —18°C (pMoles per

Treatment grade (mg malonaldehyde/kg meat) g meat)

Ground round 0.49 - 0.32
Fresh Ground chuck 0.35 - 0.17

Ground beef 0.53 - 0.45

Telfon Ground 3.97 5.50 4.98
skillet Ground chuck 4.41 6.08 0.44

Ground beef 4.51 5.80 0.43

Metal 
frying pan

Ground round 4.05 6.17 4.18
Gound chuck 4.91 7.02 4.30
Ground beef 4.84 6.88 4.93

Charcoal Ground round 3.92 5.60 4.12

broiling Ground chuck 4.21 6.08 4.56
Ground beef 4.51 5.59 4.24
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Table 6—Changes in total lipids and phospholipids of three grades of hamburger during storage at — 18°Ca
Total Lipids Phospholipids Phosphatidylcholine Phosphatidylethanolamine LysoPc

A B C A B C A B C A B C A B C
(g/10 gm meat) (mg/g meat) (mg/g meat) (mg/g meat) (Mg/g meat)

Fresh
storage 1.04 1.85 2.65 5.46 4.65 3.35 3.12 2.60 1.78 1.30 1.14 0.85 30.3

2 wk 0.96 1.96 3.33 3.81 2.95 2.71 2.03 1.57 1.36 0.89 0.69 0.63 37.0 26.4 44.0
4 wk 1.03 1.83 3.16 3.76 3.87 3.49 1.96 2.02 1.85 0.96 0.93 0.84 26.4 27.0 38.0
8 wk 1.03 2.06 2.31 2.59 3.57 3.25 1.32 1.98 1.87 0.63 0.81 0.81 24.4 32.0 43.0

16 wk 1.17 2.63 2.46 3.40 3.78 3.14 2.13 1.98 1.70 0.94 0.88 0.74 37.7 28.8 34.9
a  A  =  G r o u n d  r o u n d ; B  =  G r o u n d  c h u c k ;  C  =  G r o u n d  b e e f

lipid content of the meat decreased from 
grade to grade as the total lipid content 
increased. Compositionally, the relative 
amounts of individual phospholipid classes 
varied slightly between hamburger of dif
ferent grades (Table 1).

Changes in lipids during cooking
The cooking time required to reach a 

medium well-done state varied with meth
od of cooking i.e., 7, 22 and 15 min at 
internal temperatures of 60, 70 and 65°C 
for teflon skillet, frying pan and charcoal 
broiling, respectively. The patties de
creased in weight during cooking because 
of drip loss. The percentage diminution in 
weight upon cooking of ground round, 
ground chuck and ground beef was 29.2,
29.1 and 33.5 for teflon skillet; 36.6,
32.6 and 41.4 for frying pan, and 32.3,
32.1 and 39.8 for charcoal broiling re
spectively. Negligible amounts of phos
pholipids passed into the drip regardless 
of cooking method and representative 
data are presented in Table 2. This was 
consistent with the suggestion that the 
phospholipids of meat tissues exist in a 
bound state (Hornstein et al., 1961).

The effects of different cooking meth
ods on the lipids of different hamburgers 
showed that the cooking loss (i.e., drip) 
of total lipids was proportional to the 
amount of fat initially present (Table 3). 
The ground round lost the least fat while 
ground beef showed the greatest decrease 
in fat. Relative increases in total phos
pholipids occurred in the ground round 
sample cooked on a teflon skillet and in 
all ground beef patties. Decreases in phos
pholipids occurred in the other samples.

Changes in individual phospholipid 
classes i.e., Pc and Pe were small but 
closely paralleled the respective increases 
and decreases in total phospholipids dur
ing cooking (Table 3). This is logical since 
Pc and Pe constituted the bulk of the 
total phospholipids. The data revealed no 
preferential degradation of individual 
phospholipids i.e., both Pc and Pe de
creased comparably. Increases in lyso- 
phosphatidyleholine (LysoPc) and lyso- 
phosphatidylethanolamine (LysoPe) oc

Table 7—Changes in mean TBA numbers and the concentration of 
total carbonyl compounds in three grades of raw hamburger stored at
—18°C

T  reatment
Hamburger

grade

TBA  no.
(mg malonaldehyde 

/kg meat)
Total carbonyls 
(juMoles/g meat)

Ground round 0.49 0.32
Fresh Ground chuck 0.35 0.17

Ground beef 0.53 0.45
Ground round 0.27 0.74

2 wk Ground chuck 0.18 0.73
Ground beef 1.55 1.25
Ground round 0.38 1.05

4 wk Ground chuck 0.65 1.38
Ground beef 1.23 1.56
Ground round 0.39 1.24

8 wk Ground chuck 0.66 0.34
Ground beef 1.50 1.17

Ground round 0.35 0.64
16 wk Ground chuck 0.88 -

Ground beef 1.46 1.56

curred in all hamburger grades upon 
cooking (Table 3).

The relative proportion of unsaturated 
fatty acids in Pc and Pe decreased during 
all cooking treatments and representative 
data are shown in Table 4. Noteworthy 
was the high content of arachidonic acid 
in the Pe which decreased by 25% during 
cooking.

In order to determine if the changes in 
unsaturated acids were attributable to 
oxidation, appropriate indices of oxida
tive degradation were determined. The 
TBA numbers of all cooked samples 
markedly exceeded those of fresh meat 
(Table 5) and TBA values of cooked sam
ples, that were subsequently stored in the 
frozen state, were greater than those of 
freshly cooked samples indicating con
tinuing oxidation of lipids during storage.

The carbonyls increased markedly in 
all cooked samples. The magnitude of car
bonyl increases during cooking closely

paralleled the corresponding TBA in
creases in cooked hamburgers. Teflon 
cooked ground round and ground beef 
(duplicates) did not demonstrate cor
responding increases in measurable car
bonyl content.

Changes in lipids during frozen storage 
of raw patties

The total lipids of the hamburgers re
mained relatively constant, whereas the 
phospholipids, especially those of the 
ground round and ground chuck de
creased during frozen storage (Table 6). 
Phospholid changes were most pro
nounced after the initial 2 wk of storage. 
Both Pc and Pe losses apparently ac
counted for most of the diminution of 
the PL in all samples except the ground 
beef where the changes were negligible. 
Minor increases in LysoPc occurred in all 
samples whereas LysoPe was not de
tected.
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Analyses of the fatty acids during fro
zen storage revealed negligible changes in 
the composition of the Pc. The arachi- 
donic acid content of the Pe decreased by 
approximately 25% and the other fatty 
acids fluctuated to a minor extent during 
storage.

Evidence of oxidation during storage 
was provided by analyses of TBA and 
total carbonyls in the stored samples 
(Table 7). The TBA values behaved dif
ferently with each grade of meat, i.e., a 
negligible change in ground round; a 
progressive increase in ground chuck after 
an initial loss, and a marked increase dur
ing the first 2 wk in the case of the 
ground beef. The carbonyl content of all 
samples increased during initial storage. 
Both TBA values and carbonyl content 
were much lower in stored than in 
cooked samples.

DISCUSSION
THE TOTAL LIPID content of hambur
ger meat was much higher than the total 
lipid content of beef muscle reported by 
Hornstein et al., 1961; O’Keefe et al., 
1968; Turkki and Campbell, 1967. This is 
because beef muscle usually lacks the 
adipose tissue normally included in ham
burger.

The phospholipid content of each 
fresh hamburger sample was within the 
range reported for various samples of beef 
muscle, i.e., 0.43 -1.00 g /1 OOg (Hornstein 
et al., 1961, 1967; O’Keefe et al., 1968; 
Turkki and Campbell, 1967). The phos
pholipid content of ground chuck agreed 
closely with the value reported in an 
earlier study (Campbell and Turkki,
1967). The variability of phospholipid 
content from grade to grade of hambur
ger meat paralleled the variation in mus
cle content indicating that the phos
pholipids of hamburger are mostly 
associated with muscle. Many studies 
have shown that tissue phospholipids are 
integral parts of cellular membranes and 
exist in tissue as phospholipoproteins 
(Hornstein et al., 1961; Watts, 1962; 
Kinsella, 1972).

The distribution of phospholipid classes 
in hamburger meat agrees with those re
ported in porcine, chicken and fish mus
cle (Davidkova and Khan, 1968; Kuchmak 
and Dugan. 1963; Peng and Dugan, 1965; 
Shuster et al., 1964), i.e., a high content 
of Pc is typical. Complete distributions of 
phospholipid classes in beef muscle are 
unreported.

The fatty acid composition of Pc and 
Pe from fresh ground round differed from 
the composition of fatty acids from total 
phospholipids reported in ground chuck 
(Campbell and Turkki, 1967). The latter 
study reported a higher content of palmi
tic acid and a lower amount of arachi- 
donic acid in Pe compared to the present 
study. The distribution of fatty acids of

Pc in this study compares favorably to 
that of total phospholipids from beef 
muscle (Hornstein et al., 1967; O’Keefe 
et al., 1968; Terrell et al., 1968), but the 
distribution of fatty acids in Pe from 
hamburger was different. Numerous stud
ies have shown a high content of un
saturated fatty acids in phospholipids 
from various muscle tissues (Campbell 
and Turkki, 1967; El-Gharbawi and 
Dugan, 1965; Giam and Dugan, 1965; 
Hornstein et al., 1967; O’Keefe et al.,
1968). Our present data corroborate 
these reports and show that the prepon
derance of arachidonic acid was associ
ated with Pe.

The observed loss of Pc and Pe upon 
cooking of ground round and ground 
chuck was not a drip loss since negligible 
amounts of phospholipid phosphorus 
were observed in the drip. Hence the 
losses may be attributed to degradation 
via oxidation or thermal hydrolysis. The 
small increase in LysoPc and LysoPe 
upon cooking suggested a breakdown of 
Pc and Pe, respectively. Formation of 
these lysophosphatides may have been 
caused by phospholipases and/or selective 
thermal hydrolysis. Total degradation of 
Pc and Pe may have occurred to a marked 
extent and it has been postulated that 
negligible amounts of lysophosphatides 
occur in cooked meats because of rapid 
cleavage of both fatty acid moieties 
(Davidkova and Khan, 1968; Lea, 1962).

With the exception of arachidonic 
acid, the changes observed in the fatty 
acids of hamburger after cooking agreed 
with earlier studies of changes in fatty 
acids of egg, beef and pork upon cooking 
(Campbell and Turkki, 1967; Chang and 
Watts, 1952; Evans et al., 1967; Zipser 
and Watts, 1961). The decrease in arach
idonic acid is consistent with its greater 
propensity to undergo autoxidation and 
this is accentuated when it is associated 
with Pe (Love and Pearson, 1971).

The high TBA values obtained from all 
samples of cooked hamburger meat was 
consistent with previous assays of cooked 
meats (Chang et al., 1961; Greene, 1969; 
Jakobsson and Bengtsson, 1972; Keskinel 
et al., 1964; Younathan and Watts,
1959). The marked increases in TBA val
ues of cooked hamburgers were consis
tent with the observed decreases in phos
pholipids and particularly the arachidonic 
acid of Pe, reflecting lipid oxidation dur
ing cooking.

The marked increases in TBA numbers 
of frozen-stored cooked samples indi
cated that uncured cooked meats should 
not be stored for prolonged periods. 
Upon removal of cooked hamburger from 
frozen storage discoloration and off-odors 
were perceptible. Tims and Watts (1958) 
observed similar quality changes in 
cooked beef and pork stored under simi
lar conditions.

Close agreement between TBA num

bers and total carbonyl values confirmed 
the occurrence of some lipid oxidation 
during the cooking of hamburger meat. 
Carbonyls including those of cooked 
hamburger, contain both flavor and off- 
flavor compounds depending on their 
relative and absolute concentrations (Sink 
and Smith, 1972; Kinsella, 1969). Off- 
flavor carbonyls were quite apparent in 
frozen-stored cooked hamburgers which 
became rancid.

Negligible changes in the total lipids 
were expected during frozen storage of 
raw ground beef because the neutral 
lipids which compose most of the total 
lipids oxidize very slowly compared to 
phospholipids (El-Gharbawi and Dugan, 
1963; Lea, 1957; Watts, 1962; Youna
than and Watts, 1959, 1960). Tissue 
lipids in general have been shown to be 
quite stable in the frozen state (Caldwell 
et al., 1960; Keskinel et al., 1964; Witte 
et al., 1970).

Lipolysis of phospholipids during fro
zen storage has been observed in bovine, 
fish and chicken muscle (Awad et al., 
1968; Bosund and Ganrot, 1969; David
kova and Khan, 1968; Takama et al.,
1967). Conceivably the phospholipid de
creases noted in this study may have been 
partly caused by enzymatic hydrolysis. 
Phospholipases occur in tissues, and re
lease fatty acids from phosphoglycerides. 
Mammalian tissues contain phospholip
ases which continuously release fatty 
acids from phosphoglycerides (McMurray 
and Magee, 1972).

The decrease in Pc and Pe to a con
stant level during frozen storage could be 
explained by the fact that grinding of 
fresh hamburger increased surface area 
and liberated bound phospholipids which 
were then easily oxidized (Castell, 1971; 
Lea, 1957). Phospholipid breakdown dur
ing the frozen storage of meat results in 
rancidity and browning (Caldwell et al., 
1960; Greene, 1971 ; Lea, 1957; Love and 
Pearson, 1971).

Previous studies reported negligible 
changes in the fatty acids of egg and beef 
during frozen storage (Evans et al., 1967; 
Keskinel et al., 1964; Terrell et al., 1968) 
which disagrees with the observations 
made on the fatty acids of Pc and Pe in 
this study especially in case of arachi
donic acid.

Increases in TBA values during frozen 
storage indicated that oxidation occurred. 
This also was in contrast to other studies 
which showed negligible lipid oxidation 
in beef at various frozen storage tempera
tures (Caldwell et al., 1960; Keskinel et 
al., 1964; Ledward and MacFarlane, 
1971; Witte et al., 1970). The progressive 
increase in TBA values of raw hamburger 
during frozen storage may be associated 
with the increased adipose content of 
each hamburger type. Thus neutral lipids 
may have been oxidized in frozen stored 
hamburger.
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Since carbonyls are the principal prod
ucts of autoxidation (Sink and Smith,
1972), increases in total carbonyls indi
cated that oxidative changes occurred in 
hamburger patties during frozen storage. 
In view of the TBA and carbonyl in
creases in raw hamburger patties during 
frozen storage, at -18°C, this tempera
ture may not be optimum for prevention 
of lipid oxidation.
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E F F E C T S  O F END POINT AND OVEN TEM PER A TU R ES ON 
B E E F  ROASTS CO O KED  IN OVEN FILM  BAGS AND OPEN PANS

INTRODUCTION
OVEN FILM cooking bags are offered to 
homemakers as a new method of meat 
cookery. Film bags are marketed under 
several brand names, and one manufac
turer suggests that lower cost, less tender 
cuts of meat ideally are suited to cooking 
in film. That agrees with the usual recom
mendation that moist heat (braising or 
pot roasting) be used to cook less tender 
cuts to soften collagenous connective tis
sue. Manufacturers sometimes imply in 
advertising that their product will pro
duce a juicier, more flavorful roast in a 
shorter time than is otherwise possible.

In general, research data have indi
cated that tender cuts have less weight 
and nutritive loss, are more palatable and 
require longer cooking time when cooked 
by dry heat (roasting, broiling, deep fat 
frying) than when cooked by moist heat.

Schock et al. ( 1970) studied effects of 
two dry heat treatments (oven roasting, 
deep-fat frying) and two moist heat treat
ments (oven braising, pressure braising) 
on beef semimembranosus muscle from 
top round cooked to an internal tempera
ture of 70°C. They found no significant 
differences attributable to heat treatment 
for flavor, tenderness, or overall accept
ability. Total moisture and press fluid 
yield were higher (P < 0 .0 5 ) for oven 
roasted pieces, whereas, the rate heat 
penetrated the muscle was slower (P <
0.05) and the cooking time was longer 
(P <  0.05) for oven roasting than for any 
other treatment.

Reid and Harrison (1971) reported 
that selected histological characteristics 
of the beef cooked by Schock et al.
(1970) did not vary significantly among 
heat treatments. They suggested that vari
ations among similar data appearing in 
the literature may be attributable to vari
ations in methods of measurement used; 
age, maturity or grade of animals; or 
treatments other than heat treatments.

Ferger et al. (1972) studied effects of:
(1) roasting and cooking in oven film on 
boned and rolled leg of lamb roasts 
cooked from the frozen state at 163°C to 
an internal temperature of 75°C, and (2) 
roasting and cooking in oven film on beef 
rib roasts cooked from the frozen state at 
149°, 163° or 177°C to an internal tem
perature of 60°C. They concluded that
(1) there is little difference between dry 
and moist heat in cooking time, percen

tage total cooking losses, flavor, juiciness 
or tenderness of meat cooked from the 
frozen state to the same internal tempera
ture; (2) dry heat produces meat that 
appears less well-done than meat cooked 
by moist heat to the same internal tem
perature; and (3) time for cooking beef 
rib roasts from the frozen state by dry or 
moist heat is not shortened significantly 
by increasing the oven temperature above 
that usually recommended. Both cuts of 
meat used in the study by Ferger et al. 
( 1972) were tender cuts.

No data were found for cooking a less 
tender cut of meat from the frozen state 
by roasting and cooking in oven film. 
Manufacturers of oven film recommend 
oven temperatures of 177—205°C. This 
study was designed to investigate effects 
on beef top round of roasting and cook
ing in oven film from the frozen state at 
two oven temperatures (177° and 205°C) 
and to three end point (internal) tempera
tures (60°, 70°, 80°C).

MATERIALS & METHODS
SIX PAIRS of USDA Good Grade whole 
rounds (30.2-42.3 kg) were purchased from a 
commercial packing company. Seven days post
mortem, the top round was separated, the out
side fat covering was removed, and the semi
membranosus and adductor muscles were 
divided into three roasts (Fig. 1), ranging from 
708-1666g. Dimensions of roasts, in cm, were: 
length, 17-26; width, 5-11; and depth, 6-10. 
At the time of cutting, all roasts were wrapped 
in oven film bags (nylon 66 with a heat sta
bilizer), frozen in a blast freezer at -26°C, then 
stored 3-10 wk in an upright household freezer 
at an average temperature of - 22°C.

At each of 12 evaluation periods, three 
roasts were cooked from the frozen state, ac
cording to the experimental design, by dry or 
moist heat in a rotary hearth gas oven main
tained at 177° or 205°C to end-point tempera
tures of 60°, 70° or 80°C. The experimental 
design was a split plot with three replications, 
with the two oven temperatures the main plots 
and the type of heat and end-point tempera
tures (six treatment combinations) the sub 
plots. For each replication, 12 roasts from two

Fig. 1—Plan for division o f top round into three roasts and sampling 
plan for individual roasts. (1) Distal shear core 11.3-cm) and water-hold
ing capacity IW HO;  12) Central shear core (1.3-cm) and water-holding 
capacity (WHC); (3) Proximal shear core (1.3-cm) and water-holding 
capacity (WHC); (4) Total moisture and Gardner color-difference; (5) 
Apparent degree o f doneness (Slice, 1.3-cm th ick); (6) Palatability sam
ples (1.3-cm cubes); aL, bL , c L —Sections a, b, c o f top round, left side 
o f carcass; dR , eR , fR —Sections d, e, f  o f top round, right side o f 
carcass
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pairs of rounds were assigned randomly to the 
six types of heat and end-point temperature 
treatment combinations for each oven tempera
ture.

A hole was bored into the center of each 
roast for a centigrade thermometer. Roasts 
cooked by dry heat were removed from the 
oven film bags and placed on a low rack in a 
shallow roasting pan. Roasts cooked by moist 
heat remained in the bags and six slits (approxi
mately 3.5 cm long) were made in the top of 
each bag to allow steam to escape and to pre
vent the bag from breaking.

Rate of heat penetration, 
cooking time and losses

Rates heat penetrated the muscle were ob
served by recording the time, in minutes, re
quired for the internal temperature of each 
roast to reach 0°C, to increase from 0° to 10°C, 
and for each 5°C increase between 10°C and

the end-point temperature. Total cooking time, 
in minutes, was recorded and cooking time in 
min/kg was calculated.

Percentages of total, volatile and dripping 
losses, based on weight of the frozen roast, 
were calculated for roasts cooked by dry heat. 
Percentages of total and dripping losses were 
calculated for roasts cooked by moist heat. 
Drippings from all roasts were collected in 
250-ml graduated cylinders and allowed to 
stand 45 min. After the fat had stabilized at the 
top of the drippings, total volume of drippings 
and volume of fat were read, and the percen
tage fat in the drippings was calculated.

Post-oven temperature rise 
and objective measurements 
on cooked muscle

The maximum post-oven internal tempera
ture, °C, of each roast, and the time required to 
reach that temperature was recorded. Roasts

cooked by moist heat remained in the oven film 
bags during that period. Samples for measure
ments on cooked muscle were taken from 
roasts at the locations indicated in Figure 1.

Tenderness was measured by shearing three
1.3-cm cores (proximal, central and distal posi
tions) on a Warner-Bratzler shearing apparatus 
with a 11.4-kg dynamometer. Triplicate meas
urements were made on each core, and the 
overall shear value was the average of the three 
shear cores.

Triplicate measurements for water-holding 
capacity (WHC) were made by the method of 
Miller and Harrison (1965) on 0.3-g samples 
from the center of the cores used for Warner- 
Bratzler shear values. The ratio of the area of 
pressed muscle to the area of expressed liquid 
marked on filter paper on which the sample was 
pressed was designated as the expressible-liquid 
index. Values for WHC were obtained by sub
tracting the expressible-liquid index from 1 .0 ,

Table 1—Means and F-values for effects of type of heat on top 
round beef roasts cooked from the frozen state9

Measurement

Type of heat 

Dry Moist Difference F-value
Initial weight, kg 1.08 1.16 0.08 2.24ns
Rate of heat 

penetration, min 
Initial temp to 
10°C 58.44 68.39 9.95 11.65*
Min/5°C, 10°C to 
end point 4.90 3.28 1.62

Cooking time 
Total, min 112.39 107.83 4.56 1.79ns
Min/kg 104.88 94.83 10.05 14.39**

Cooking losses, % 
Total 27.69 34.86 7.17 132.85***
Dripping 2.16 19.06 16.90 372.94***

Volume of drippings, 
ml 7.78 197.78 190.00 123.06***

Lipids in drippings, 
% of volume 18.14 4.05 14.09 12.43**

Total moisture, % 67.03 63.63 3.40 49.06***
Water-holding

capacity 0.80 0.76 0.04 11.70**
Shear value, 

kg/1,3-cm core 3.4 3.7 0.3 0.51 ns
Color-difference, 

Gardner 
Rd (reflectance) 20.15 20.54 0.39 0.60ns
a+ (redness) 6.05 2.59 3.46 46.06***
b+ (yellowness) 10.50 10.49 0.01 0.00ns

Sensory scores 
Flavor0 5.4 5.7 0.3 1.80ns
Juiciness0 5.3 4.7 0.6 2.30ns
Tenderness0 5.7 5.3 0.4 4.44*
Overall
acceptability0 5.3 5.1 0.2 1.75ns
Apparent degree 
of donenessd 2.0 2.6 0.6 16.87***

a E n d  p o in t  a n d  o v e n  t e m p e r a t u r e  d a ta  c o m b in e d
b 1 .0  —(e x p r e s s ib le  liq u id  in d e x ) ;  th e  la rg e r  th e  v a lu e , t h e  g re a te r  th e  

a m o u n t  o f  l iq u id  e x p re s s e d
c 7 — (e x t r e m e ly  d e s ir a b le , j u i c y  o r  t e n d e r ) ;  1 — (e x t r e m e ly  u n d e s ir a b le ,  

d r y  o r  t o u g h )
d  3 —w e ll d o n e ; 2  — m e d iu m  d o n e ; 1 —ra re  
• P <  0 .0 5 ;  " P  <  0 .0 1 ;  •• *P  <  0 .0 0 1

Table 2—Means, F-values, and LSD's for effects of end-point tem
peratures on top round beef roasts cooked from the frozen state9

Measurement
End point temp, °C  

60 70 80 F-value LSD*

Initial weight, kg 1.10 1.12 1.15 0.40ns -

Rate of heat 
penetration, min 
Initial temp to 
10°C 63.33 62.00 64.92 0.33ns
Min/5°C, K T C  to 
end point 3.62 3.72 3.91

Cooking time 
Total, min 99.42 107.25 123.67 11.69*’ * 10.68
Min/kg 91.34 98.29 109.94 16.79*** 6.76

Cooking losses, % 
Total 27.91 31.59 34.32 35.67*** 1.59
Dripping 10.83 12.24 8.76 5.33* 2.24
Volatile 21.04 24.98 30.15 40.53*** 2.34

Volume of drippings, 
ml 101.67 125.83 80.83 2.31ns

Lipids in drippings, 
% of volume 8.85 6.59 17.85 2.96ns

Total moisture, % 66.95 65.32 63.72 14.97** 1.23
Water-holding

capacity15 0.79 0.78 0.77 1.37ns
Shear value, 

kg/1.3-cm core 3.13 3.85 3.71 1.45ns
Color-difference, 

Gardner 
Rd (reflectance) 19.73 19.90 21.41 4.40* 1.30
a+ (redness) 6.30 4.19 2.47 18.78’ ** 1.30
b+ (yellowness) 10.63 10.65 10.19 0.82ns -

Sensory scores 
Flavor0 5.4 5.6 5.6 0.30ns
Juiciness0 5.2 5.5 4.4 2.85ns -

Tenderness0 5.6 5.4 5.4 0.29ns -

Overall
acceptability0 5.2 5.3 5.0 1.98ns
Apparent degree 
of donenessd 2.1 2.1 2.4 2.11ns —

9 D r y  a n d  m o is t  h e a t  a n d  o v e n  t e m p e r a t u r e  d a ta  c o m b in e d  
b  1 .0 — (e x p r e s s ib le  liq u id  in d e x ) ;  th e  la rg e r  th e  v a lu e , th e  g re a te r  th e  

a m o u n t  o f  l iq u id  e x p r e s s e d
c  7 — ( e x t r e m e ly  d e s ir a b le , j u i c y  o r  t e n d e r ) ;  1 — (e x t r e m e ly  u n d e s ir a b le ,  

d r y  o r  t o u g h )
d  3 —w e ll d o n e ; 2  —m e d iu m -d o n e ;  1 —ra re  
• P  <  0 .0 5 ;  • * P  <  0 .0 1 ,  • * *P  <  0  0 0 1
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arbitrarily chosen as the maximum expressible- 
liquid index. Because the expressible-liquid 
index is inversely related to the amount of 
liquid expressed from the sample, the larger the

value for WHC, the greater the amount of liquid
expressed.

Percentage total moisture was measured by 
drying 10-g samples of ground muscle in a C.W.

Brabender Semi-Automatic Rapid Moisture 
Tester for 60 min at 121°C.

Color-difference was measured with a 
Gardner Color Difference Meter standardized 
using a satin finish ceramic tile with calculated 
values of: Rd (reflectance), 38.0; a+ (redness), 
6.6 ; and b+ (yellowness), 14.7. Approximately 
25g of cooked, ground muscle was packed in a 
Plexiglas cell so that light could not filter 
through the sample. Duplicate measurements 
were made for each color-difference factor. 
After the first measurement, the cell was ro
tated 90° for the second measurement.
Sensory evaluation

Six experienced panel members evaluated 
each roast for desirability of flavor, overall ac
ceptability and intensity of juiciness and ten
derness using a 7-point scale with 7 most desir
able or intense. A slice of muscle covered with a 
transparent household plastic wrap was placed 
under a MacBeth Skylight and rated as rare, 1; 
medium-done, 2; or well-done, 3. Instructions 
for evaluation were given to panel members 
during preliminary work. Panel members se
lected at random 1.3-cm cubes of muscle that 
were placed in the top of 1 -pint enamel double 
boilers and set over hot water. The entire sys
tem was held at a constant low heat (35°C ± 
1°C) on an electric hot tray (not more than 30 
min) until the samples were evaluated.

RESULTS & DISCUSSION
Initial weight of roasts, 
rate of heat penetration

Analysis of variance indicated no sig
nificant differences among weights of the 
roasts assigned to the two types of heat, 
the three end point temperatures, or the 
two oven temperatures (Tables 1, 2 and 
3).

The time required to raise the internal 
temperature from the initial temperature 
to 10°C was greater (P <  0.05) for roasts 
cooked by moist heat than by dry heat 
(Table 1), but that period of cooking was 
not affected significantly by end point or 
oven temperature (Tables 2 and 3).

Details of mean data for rate of heat 
penetration in Tables 1, 2 and 3 can be 
observed in Figures 2 and 3. With both 
moist and dry heat at both oven tempera
tures, heat penetrated the muscle at a 
fairly constant rate. At both oven temper
atures, the internal temperature of roasts 
cooked by moist heat increased more 
rapidly than the internal temperature of 
those cooked by dry heat. There were no 
significant differences between dry and 
moist heat for the time required for each 
5°C increase from 15° through 35°C.

Less (P <  0.05 to P <  0.001) time was 
required to increase the internal tempera
ture from 35° to 40°C and from 45° 
through 80°C when cooking by moist 
heat than by dry heat. The magnitude of 
difference increased from 0.78 min/5°C 
at 45°C to 4.83 min/5°C at 80°C. With 
both dry and moist heat at the two oven 
temperatures, the average time for a 5°C 
increase in internal temperature was simi
lar for all three end-point temperatures.

Heat penetrated muscle more rapidly

DRY HEAT

W '

0  10 2 0  3 C 4 0  s o
M I N U T E S

O V E N  T E M P  - 17 7 '  C

—  6 0 '  C 

............... 80'  C

M O I  ST  H E A T

10 20 30 40 50 60
M I N U T E S

Fig. 2—Rate o f heat penetration from initial temperature to CP C and from 0° to 60°, 70° or 80° C 
for top round roasts cooked by moist and dry heat at 177°C.

dry heat

10 20 30 40
M I N U T E S

O V E N  TEMP .  - 2 0 5 °  C

■—  6 0 '  C 
— — -  70'  C
...MUM 80° C
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Fig. 3 —Rate o f heat penetration from initial temperature to (PC and from 0° to 60°, 70° or 80°C 
for top round roasts cooked by moist and dry heat at 205° C.
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Table 3—Means and F-values for effects of owen temperatures on top 
round beef roasts cooked from the frozen state3

Measurement
Oven temp, °C 
177 205 Difference F-value

In it ia l w eight, kg 
Rate o f heat 

penetration , min 
In it ia l tem p to

1 .0 8 1 .16 0 .0 8 0 .1 5ns

K T C
M in /5 °C , 1 0 °C  to

6 7 .3 9 5 9 .4 4 7 .9 5 0 .7 7 n s

end po int 
Cooking  tim e

4 .3 8 3 .7 7 0.61 —

T o ta l, m in 1 1 5 .8 3 1 04 .39 1 .4 4 0 .71n s
M in/kg

Cooking  losses, %
107 .64 9 2 .0 7 1 5 .57 4 .5 1 n s

T o ta l 3 1 .1 3 3 1 .3 9 0 .2 3 0 .0 5 n s
Dripp ing 1 1 .9 0 9 .3 2 2 .58 2 .2 9 n s
V o la tile

V o lum e o f drippings.
2 4 .1 0 2 6 .6 8 2 .5 8 2 .09n s

ml
L ip id s in drippings,

1 1 1 .2 8 9 4 .2 8 1 7 .0 0 0 .9 9 n s

% o f vo lum e 1 3 .18 9 .0 2 4 .1 6 1 .08ns
T o ta l m oisture , % 
W ater-holding

6 5 .2 6 6 5 .4 0 0 .1 4 0 .09n s

cap ac ityb 
Shear value.

0 .7 7 0 .7 9 0 .0 2 0 .8 7  ns

kg/1.3-cm  core 
Co lo r-d ifference , 

Gardner

3 .3 3 .8 0 .5 1 .51ns

Rd  (reflectance) 2 1 .0 8 19.61 1 .47 1 .43ns
a+ (redness) 4 .2 6 4 .3 7 0.11 0 .0 4 n s
b+ (ye llow ness) 

Sensory scores
1 0 .34 1 0 .6 5 0.31 0 .9 0 n s

F lavo r3 5 .5 5 .6 0.1 0.51 ns
Ju ic in ess3 5.1 4 .9 0 .2 0 .45n s
T  enderness3 
Over-all

5 .5 5 .4 0.1 0 .32n s

accep tab ility3 
A pparent degree

5 .2 5 .2 0.1 0 .1 5ns

o f donenessd 2 .2 2 .3 0.1 0.01 ns
3 D r y  a n d  m o is t  h e a t  a n d  e n d - p o in t  t e m p e r a t u r e  d a ta  c o m b in e d  
b  1 .0 — (e x p r e s s ib le  l iq u id  in d e x ) ;  th e  la rg e r  t h e  v a lu e , th e  g re a te r  th e  

a m o u n t  o f  l iq u id  e x p r e s s e d
c  1 —  ( e x t r e m e ly  d e s ir a b le , j u i c y  o r  t e n d e r ) ;  1 — (e x t r e m e ly  u n d e s ir a b le ,  

d r y  o r  t o u g h )
d  3 —w e ll-d o n e ; 2  —m e d iu m -d o n e ; 1 —ra re  
* P  <  0 .0 5 ;  * * P  <  0 .0 1 ;  * * * P  <  0 .0 0 1

(P <  0.05) between 65° and 70°C and be
tween 75° and 80°C when roasts were 
cooked at 205°C than when cooked at 
177°C. There were no other differences 
attributable to oven temperature.

Type of heat
Percentages of total and dripping 

cooking losses and the volume of drip
pings were less (P <  0.001) for roasts 
cooked by dry heat than for those 
cooked by moist heat, whereas percen
tage total moisture was greater (P <
0.001) in roasts cooked by dry heat. 
Both Gardner a+ (redness) values and 
apparent degree-of-doneness scores indi
cated that roasts cooked by dry heat were 
redder (P <  0.001; appeared less well- 
done) than roasts cooked by moist heat 
(Table 1).

Although, on the basis of min/kg, 
cooking time was longer (P <  0.01) for 
dry than for moist heat, the total cooking 
time (min) was not affected significantly 
by type of heat (Table 1). Other measure
ments which type of heat did not affect 
significantly were: Gardner Rd (reflec
tance) and b+ (yellowness) values, flavor, 
juiciness and overall acceptability scores.

Roasts cooked by dry heat were 
scored more tender (P <  0.05) and juicier 
than those cooked by moist heat. Al
though the difference between dry and 
moist heat was greater for juiciness than 
for tenderness, the difference between 
the two types of heat was statistically sig
nificant for tenderness, but not for juic
iness (Table 1). That may be explained by 
the mean square error term being four 
times greater for juiciness than for tender

ness. Ferger et al. (1972) also found that 
at oven temperatures of 149° and 177°C 
beef rib roasts cooked by dry heat were 
slightly more tender and juicier than 
those cooked by moist heat in oven ser
vice film.

Total cooking losses were less (P 
<  0.001) with dry than with moist 
heat, despite the longer cooking time re
quired with dry heat (Table 1). Similarly, 
Schock et al. (1970) found that although 
the cooking time was longer for oven 
roasted pieces of beef semimembranosus 
muscle than for oven braised, deep-fat 
fried or pressure braised pieces, losses 
from oven roasted pieces were lower 
(P < 0 .0 5 ) than losses from any of the 
other pieces. They also reported that per
centage total moisture was higher in oven 
roasted beef than in oven braised beef. 
Moreover, Hood (1960) reported that 
beef triceps brachii roasts cooked by dry 
heat required longer cooking time, but 
lost less weight during cooking than those 
wrapped in heavy aluminum foil during 
cooking. Dripping losses from roasts 
cooked by moist heat were greater than 
those from roasts cooked by dry heat 
(Hood, 1960).

End-point temperature
Cooking time, both total and min/kg, 

increased with each 10°C increase in end
point temperature. Differences in cooking 
time between any two end-point tempera
tures were significant (P < 0 .0 5 ) except 
for the difference in total minutes be
tween 60° and 70°C. Also, percentages of 
total and volatile cooking losses increased 
significantly (P < 0 .0 5 ) with increasing 
end-point temperature from 60° to 80°C, 
whereas dripping losses increased slightly 
between 60° and 70°C, then decreased 
(P <  0.05) between 70° and 80°C (Table
2).

As expected, percentage total moisture 
was inversely related to volatile losses. 
Moisture was greatest in roasts cooked to 
60°C, and decreased (P <  0.05) with each 
succeeding increase in end-point tempera
ture; whereas volatile losses were least for 
roasts cooked to 60°C and increased 
(P < 0 .0 5 ) with each 10°C increase in 
end-point temperature (Table 2).

Gardner Rd and a+ values indicate that 
the meat became lighter (Rd values) and 
lost redness (a+ values) with increase in 
end-point temperature between 60° and 
80°C. Rd (reflectance) values increased 
(P <  0.05) between 60° and 80°C and be
tween 70°and 80°C, whereas Gardner a+ 
(redness) values decreased (P < 0 .0 5 ) be
tween each increasing end-point tempera
ture. Differences in Gardner b+ (yellow
ness) values attributable to end-point 
temperature were not significant (Table
2 ).

The end-point temperature did not 
affect significantly volume of drippings, 
percentage lipids in drippings, WHC, or
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Table 4—Means. F-values, and LSD's for significant type of heat x  end-point temperature
interactions

Type of 
heat

End-point temp, °C
Measurement 60 70 80 F-value LSD*
Cooking tim e

To ta l, m in D ry 9 6 .1 7 1 0 7 .0 0 1 3 4 .0 0
3 .8 9 * 1 5 .1 0M oist 102.67 1 0 7 .5 0 1 1 3 .3 3

Min/kg D ry 9 1 .1 4 1 0 4 .6 9 1 1 8 .8 0 4 .1 7 * 9 .5 7M oist 9 1 .5 4 9 1 .8 9 101 .07
Cooking losses, %

Tota l D ry 2 2 .9 8 2 7 .9 2 3 2 .1 9 6 .7 9 * * 2 .2 4M oist 3 2 ,8 5 3 5 .2 7 3 6 .4 5
Dripping D ry 1 .84 2 .6 0 2 .0 4

4 .0 8 * 3 .1 6M oist 19.81 2 1 .8 8 1 5 .4 8
Total m o isture , % D ry 6 9 .2 5 6 7 .3 3 64 .51

3 .6 8 * 1 .74M oist 6 4 .6 5 6 3 .3 2 6 2 .9 3
Co lor-d ifference,

Gardner 
a+ (redness) D ry 9 .6 9 5 .6 8 2 .7 8

1 2 .3 2 * * * 1 .84
M oist 2 .9 0 2 .7 0 2 .1 5

Post-oven tem perature 
rise, °C D ry 0 .3 0.0 0.0

M oist 7 .8 5 .6 0 .8
Sensory scores

F la vo r3 D ry 5 .0 5 .3 5 .9
6 .1 5 * 0 .6 4

M oist 5 .8 5 .8 5 .3
A pparent degree D ry 1 .6 1 .8 2 .5

0 .5 3of donenessb M oist 2 .6 2 .7 2 .4 6 .0 7 * *

a7 —( e x t r e m e ly  d e s ir a b le ,  j u i c y  o r  t e n d e r ) ;  1 —( e x t r e m e ly  u n d e s ir a b le ,  d r y  o r  t o u g h )  
b 3 —w e ll-d o n e ; 2  —m e d iu m -d o n e ;  1 —ra re  
• P <  0  0 5 ;  **P <  0 . 0 1 ;  " * P  <  0 .0 0 1

Wamer-Bratzler shear values. Likewise, 
none of the sensory measurements was 
affected significantly by end-point tem
peratures (Table 2).

Hood et al. (1955) broiled beef biceps 
femoris steaks to 71.1° and 80°C, and 
found those cooked to 71.1°C juicier 
than steaks cooked to 80°C, but there 
was no significant difference in tender
ness or flavor of steaks cooked to those 
end points.

Similar to the results of this study, 
Visser et al. (1960) reported that as the 
internal temperature of beef roasts from 
seven muscles increased, the average 
cooking time and percentage total cook
ing losses also increased. In contrast to 
the findings of this study, they found 
that average tenderness scores and shear 
values did not differ significantly among 
end-point temperatures, but juiciness and 
press fluid yields generally decreased as 
end-point temperature increased.
Oven temperature

None of the measurements was af
fected significantly by oven temperature 
(Table 3). Although cooking time was 
slightly shorter when roasts were cooked 
at the higher oven temperature, total 
cooking losses averaged nearly the same 
for the two oven temperatures.

Similarly, Ferger et al. (1972) com
pared three oven temperatures for cook

ing beef roasts from the frozen state by 
dry or moist heat (in oven film) and 
found that the time required for cooking 
was not shortened significantly by raising 
the oven temperature above that general
ly recommended.
Type of heat x end-point 
temperature interactions

Data in Table 4 for type of heat x 
end-point temperature interactions help 
explain some of the data in Tables 1, 2 
and 3.

Significant differences in total cooking 
time between 70° and 80°C (Table 2) are 
attributable to the effects of dry heat 
(Table 4). The only significant (P <  0.05) 
difference in total cooking time between 
dry and moist heat was for roasts cooked 
to 80°C. However, the difference was not 
large enough for a difference to be de
tected when only type of heat was con
sidered (Table 1). When cooking time 
was expressed in min/kg, differences 
(P < 0 .05 ) occurred between each end
point temperature for dry heat, and be
tween dry and moist heat at internal tem
peratures of 70° and 80°C (Table 4). 
Those differences between dry and moist 
heat indicate that using cooking bags de
creased the time required for cooking 
roasts to 70° and 80°C by approximately
13-18 min/kg. In contrast, data from 
this laboratory for both leg of lamb (end

point, 75°C) and boneless beef rib roasts 
(end point, 60°C) indicated that using 
oven service film for cooking by moist 
heat did not reduce cooking time (Ferger 
et al., 1972). With moist heat, there were 
no significant differences in min/kg at
tributable to end-point temperature 
(Table 4).

Percentages of total cooking losses 
were greater (P < 0 .0 5 ) for moist heat 
than for dry heat at all three end-point 
temperatures, but the difference between 
the two types of heat decreased at each 
10°C increment in end-point temperature 
(Table 4). Percentages of dripping cook
ing losses were greater (P < 0 .05 ) for 
moist heat than for dry heat at each end 
point. Values for both treatments in
creased between 60° and 70°C, then de
creased between 70° and 80°C, with the 
decrease significant (P < 0 .05 ) for moist 
heat. That accounts for the decrease 
(P <  0.05) in dripping losses between 70° 
and 80°C when data were summarized on 
the basis of end-point temperatures 
(Table 2).

Percentage total moisture decreased 
(P < 0 .05) at each end-point temperature 
when roasts were cooked by dry heat. 
Values for roasts cooked by moist heat 
followed the same trend, although differ
ences between end points were not signif
icant. Therefore, it may be concluded 
that significant differences in total mois
ture among end-point temperatures 
(Table 2) are attributable to dry heat 
cooking. Roasts cooked to 60° or 70°C 
by dry heat contained more (P < 0 .05) 
moisture than those cooked by moist 
heat. The difference at 80°C was not sig
nificant, which indicates that the differ
ence (P <  0.01) in moisture between dry 
and moist heat seen in Table 1 is at
tributable to differences at 60° and 70°C.

Gardner a+ (redness) values were 
greatest for roasts cooked by dry heat to 
60°C and decreased (P <  0.05) as the in
ternal temperature was increased to 70° 
and 80°C. There were no significant dif
ferences among a+ values for roasts 
cooked by moist heat, which indicates 
that the differences among end-point 
temperatures (Table 2) are attributable 
principally to the effects of the dry heat 
treatment. The values for moist heat were 
less (P <  0.05) than those for dry heat at 
60° and 70°C, which contributed to the 
differences (P <  0.001) between a+ values 
for dry and moist heat (Table 1).

There were significant interactions be
tween type of heat and end-point temper
ature for two sensory characteristics, 
flavor and apparent degree of doneness. 
The panel preferred the flavor of meat 
cooked by moist heat to 60° and 70°C, 
with the difference between dry and 
moist heat being significant (P <  0.05) at 
60°C. However, they preferred meat 
cooked by dry heat to 80°C, although the 
difference between the two types of heat
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F ig . 1—E f f e c t  o f  c h a n g e  in  b e e f / T V P  n it ro g e n  ra t io  o n  n it ro g e n  b a l

a n c e s  o f  h u m a n  a d u lts . "X "  s y m b o l  in d ic a te s  m e a n  va lu es  f o r  ea ch  
ch a n g e  in  b e e f / T V P  N  ra t io  a t  4 .0 g  N  in ta k e . S o l id  l in e  s h o w s  t h e o r e t 

ica l va lu es, "o" a n d  "U " s y m b o l s  r e p r e s e n t  m e a n  d a ta  c o l l e c t e d  in  an  
e a r lie r  s t u d y  (K ie s  a n d  F o x ,  1 9 7 1 ) . D o t t e d  lin e s  a re  th e o re t ic a l  va lu es  
fro m  th a t  s t u d y  a t  a l o w  (4 .0 g  N )  a n d  a d e q u a te  (8 .0 g  N )  in ta k e  le v e ls  o f  
to ta l p r o te in .

even by almost ideally balanced proteins. It is 
impossible to do comparative evaluations 
among resources when they are fed at levels 
which will meet subjects’ needs in that all will 
give similar results.

During the adjustment, ground beef (ground 
round with all visible fat removed) was fed to 
provide 4.0g N per subject per day. The basal 
diet as previously described provided 0.8g N for 
a total of 4.8g N. The beef N to TVP N ratio 
was thus 4/0.

During the five experimental periods beef 
provided 4.0, 3.0, 2.0, 1.0 or O.Og N while in 
concurrent periods, TVP provided 0.0, 1.0, 2.0,
3.0 or 4.0g N. Thus, nitrogen intake from the 
test sources was maintained constant at 4.0g N 
per say but the beef N to TVP N ratio was 
altered from 4/0 to 3/1 to 2/2 to 1/3 to 0/4. As 
in previous periods, the other items in the basal 
diet provided to 0.8g N per day.

Vitamin and mineral supplements were 
given each day to provide adequate nutrient 
intake. Caloric intake was adjusted to meet 
each subject’s individual needs for weight main
tenance. Details pertaining to the diets used 
were given in an earlier paper (Kies and Fox,
1971).

Details regarding the men and women who 
were subjects for the study are given in Table 3. 
All were students or spouses of students of the 
University of Nebraska who maintained their 
usual life schedules while participating in this 
project except for reporting to the Dept, of 
Food & Nutrition metabolism laboratory for 
consumption of meals. Signed subject consent 
forms were obtained from all subjects for par
ticipation. Subjects were all in good health as 
determined by physicians of the University of 
Nebraska Student Health Division.

The nitrogen balance technique was used as 
the primary method of evaluation. Urine, stools

Table 2—Basal diet
B reakfast 

Applesauce 
S tarch  bread 
Je lly
B u tte r o il 
Tea  o r co ffee 

Lu nch  
Casserole 

Green beans 
Stew ed tom atoes 

Test product 
Peaches 
S tarch  bread 
Je lly
S o ft  d rinks 
B u tte r oil
V itam in  supplem ent 
M ineral supplem ent 

Supper 
Casserole 

Green beans 
Stew ed tom atoes 

Test product 
Pears
S tarch  bread 
Je lly
Hard candy 
B u tte r oil

and food samples were collected and prepared 
for analysis as previously described (Linkswiler 
et al., 1958) and were analyzed for nitrogen 
content by the boric acid modification of the 
Kjeldahl method (Scales and Harrison, 1920). 
Urine samples were preserved under toluene 
and analyzed daily for 24-hr excretion of nitro
gen and creatinine (Folin, 1914). Daily fecal 
nitrogen values were based on 5-day stool 
composites.

Fasting venous blood samples were drawn 
from each subject on day 1 of the study and on 
the morning following the completion of each 
experimental period. These were analyzed by a 
hospital laboratory via routine procedures as 
previously described (Kies et al., 1967), as a 
screening device for possible gross abnormalities 
in protein nutriture in particular and in normal 
health in general. Amino acid composition of 
the beef and TVP product as shown in Table 4 
were done by the Dept, of Agronomy, Univer
sity of Nebraska, via auto analyzer procedures.

Statistical analysis of data, including analy
sis of variance and Duncan’s Multiple Range 
Test, were by the Statistical Laboratory of the 
Nebraska Agricultural Experiment Station, 
University of Nebraska.

RESULTS & DISCUSSION
MEAN NITROGEN balances of subjects 
while receiving the five beef to TVP nitro
gen ratios are shown in Figure 1. For 
reference purposes data from an early 
comparison of beef and TVP protein are 
also given. Mean nitrogen balances of the 
eight subjects while receiving the beef to 
TVP nitrogen in the ratios of 4/0, 3/1, 
2/2, 1/3 and 0/4 were -0 .44, 0.56,
— 0.75, -0 .90  and -1.1 lg N per day, 
respectively. Mean nitrogen balance 
figures were significantly different from

Table 3—Description of subjects

No. Sex
Age
(yr)

Height
(cm)

Weight
(kg)

Nationality/
ethnie

classification
570 F 21 166 58.6 Am /W
572 M 22 175 84.0 Am /W
573 M 24 188 85.8 Am /W
574 F 21 162 72.6 Am /W
576 F 27 168 64.0 Am /W
577 F 22 162 53.1 Am /W
578 M 18 165 58.1 Am /W
579 M 26 175 74.9 Am /W

A m o u nt
100g
1/3 recipe 
Varied  
Varied  
Varied

50g
50g
Varied
100g
1/3 recipe 
Varied  
Varied  
Varied

50g
50g
Varied
100g
1/3 recipe 
Varied  
Varied  
Varied
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Table 4—Selected amino acid contents
of beef and TVP

Amount (g AA/4g N)
Amino acid Beef TVP
Lys in e 2 .2 1 .6
M ethion ine 0 .7 0 .3
C ystin e - 0 .2
T ryp to p h an 0 .3 0 .3
Phenyla lan ine 1.1 1 .3
Leucine 2 .0 2 .0
Iso leucine 1.2 1 .2
V a line 1.3 1 .3
Th reon in e 1 .2 1.1

one another at the 5% level with each 
change in ratio.

Seemingly a straight line relationship 
exists as a result of changing the 
beef/TVP nitrogen ratio. This is what 
would be expected if the difference in 
nitrogen retention as a result of feeding 
4.0g nitrogen from either source were the 
result of either a lower total protein 
content or lower methionine content in 
the case of the TVP. The improvement in 
nitrogen retention in moving from a 0/4 
to 4/0 beef/TVP nitrogen ratio is a simple 
mathematic relationship predictable from 
the simple rules of ratio relationships 
since intermediate points where mixtures 
were made fall on the straight line. If 
mixing the two resources resulted in 
diminishing weakness of both as in the 
case of the mutual supplementation 
effect, the intermediate points should fall 
above the straight line resulting in a posi
tively curved line. The opposite, a nega
tively curved line, would be the result of 
mixing the two sources resulted in an 
intensifying of unfavorable tendencies. 
This was clearly not the case. Examina
tion of the amino acid proportionality 
patterns of the beef and of the TVP 
product shown on Table 4 indicate these 
results to be expected.

Methionine (total sulfur containing 
amino acids) has been clearly demonstrat
ed as being the first limiting amino acid in 
the TVP product (Kies and Fox, 1971). 
The methionine content of beef is only 
slightly higher than that of TVP which 
suggests that methionine is the first limit
ing amino acid in that product as well.

Lysine content is the most dramatic 
difference between the amino acid 
patterns of beef and TVP. Even though 
much lower in lysine content, the TVP 
product fed at the 4.0g N intake level

Table 5—Effect of beef/TVP N ratio on several blood constituents
Level of blood constituent while receiving 

following diet having beef/TVP N ratio diet*3
Blood constituent3 4 /0 3/1 2/2 1/3 0/4  Norm al diet
G lucose , m g/100 ml 93 93 90 90 93 87
Phosphorus (ino rgan ic ), m g/100 ml 3 .9 3 .8 3 .9 4 .0 4.1 4 .3
Urea N , m g/100 ml 7.1 7 .2 5 .8 6 .4 6 .8 14 .8
Phosphatase (a lka line ) units 49 47 46 51 48 36
T o ta l p ro te in , g/100 ml 7 .0 6 .9 7 .0 7 .0 7 .0 7 .0
L a c t ic  dehydrogenase, units 148 148 150 150 144 162
A lb u m in , g/100 ml 4 .9 4 .8 4 .8 5 .0 5 .0 5.1
B iliru b in , m g/100 ml 0.71 0.91 0 .7 8 0 .7 8 0 .8 4 0 .8 9
G lo b u lin , g/100 ml 2 .4 2 .4 2 .4 2.1 2 .2 2 .0
U ric  ac id , m g/100 ml 6 .2 6 .2 6.1 5 .8 5 .8 5 .7
A lb um in/g lob u lin  ratio 2 .6 2 .6 2 .7 2 .9 2 .9 2 .7
C a lc iu m , m g/100 ml 9 .0 9.1 9 .0 9 .0 9 .0 9.1
S G P T , Babson units 19 23 21 20 18 15
H em ato crit, m l/100  ml 41 42 41 42 44 44
Hem oglobin, g/100 ml 14 .5 14 .4 14 .4 14 .4 14 .9 14 .6
C ho leste ro l, m g/100 ml 177 175 170 195 180 203
Trig lyce rid e s , m g/100 ml 89 91 104 85 110 76
a D e t e r m in a t io n s  w e re  b y  s ta n d a rd  la b o r a t o r y  p r o c e d u r e s  o f  t h e  S t .  E l iz a b e t h 's  H o s p it a l L a b .,  

L in c o l n ,  N e b . In f o r m a t io n  r e g a r d in g  m e t h o d o lo g y  a n d  q u a l it y  c o n t r o l  (w it h in  1 %  f o r  m e th o d  
u s e d ) is a v a ila b le  f r o m  t h is  L a b o r a t o r y .

b  V e n o u s  b lo o d  s a m p le s  w e re  d r a w n  in  t h e  m o r n in g  b e fo r e  c o n s u m p t io n  o f  th e  f ir s t  m e a l o f  th e  
d a y . M e a n  v a lu e  f o r  e ig h t  a d u lt  h u m a n  s u b je c t s  a re  s h o w n .

supplies sufficient amounts of lysine to 
meet the recommended intake of lysine 
for young men (Rose, 1957).

When the mixing of two or more 
sources of dietary protein are mixed 
together resulting in a better total quality 
protein than any of the sources individ
ually, this is referred to as the mutual 
supplementation effect. This is usually 
achieved by the mixing of protein re
sources having different first limiting 
amino acids. That methionine is probably 
the first limiting amino acid in both 
products examined here, it should not be 
surprising that a mutual supplementation 
effect was not demonstrated.

No significant differences were found 
in the following fasting blood analyses as 
a result of changing the beef/TVP nitro
gen ratio: calcium, inorganic phosphorus, 
glucose, urea nitrogen, albumin, choles
terol globulin, total protein, albumin, 
globulin ratio, uric acid, phosphatase, 
lactic dehydrogenase, SGPT, hematocrit 
and hemoglobin. Mean values are shown 
in Table 5.

In conclusion, a straight line relation
ship exists as a result of changing the 
beef/TVP nitrogen ratio on the nitrogen 
retention of human adults. No mutual 
supplementation effect was demonstrated, 
demonstrated.
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Table 5—Means and standard deviations 
for certain bovine carcass and palatability 
characteristics

Characteristic Mean
Std

deviation
R E A  (cm 1 )a 7 3 .9 4 6 .4 5
F T  (cm )b 4.01 1 .64
C W T  (kg )° 2 9 2 .8 8 4 2 .6 3
C o nfo rm ation  (C h  = 1 3 )d 13.1 2 .0 0
M arbling (Sm  = 14)e 13 .7 3 .7 7
Grade (G d + = 1 1 )f 11 .4 1 .37
C o lo r (3  = dark)® 1.8 0 .6 7
Firm n ess (3  = firm )*1 2 .3 0 .8 2
T e x tu re  (3  = coarse)1 1.6 0 .61
A T  (kg) 8 .31 1 .23
W-B shear (K g /cm 2 ) 3 .01 0.61
Tenderness1 5 .3 0 .6 9
F lavo r1 5 .7 0 .3 8
Ju ic in ess1 5.1 0 .9 4
% cooking  loss 2 2 .5 3 .4 6
a R ib  e y e  area
k  F a t  t h ic k n e s s  a t  th e  ju n c t io n  o f  1 2 — 1 3 th  

r ib
c  C a rc a s s  w e ig h t
d  S u b je c t iv e  s c o re  o f  1 — 17  w ith  1 3  b e in g  

m id - p o in t  C h o ic e  c a r c a s s  c o n f o r m a t io n  
e S u b je c t iv e  s c o re  o f  1 0 —3 0  w ith  1 4  b e in g  

s m a ll a m o u n t  o f  r ib  e y e  m a r b lin g  
f  S u b je c t iv e  s c o re  o f  1 — 17  w ith  11 b e in g  

h ig h  G o o d  c a r c a s s  g ra d e  
g S u b je c t iv e  s c o re  o f  1 —3  w ith  3  b e in g  a 

d a rk  c o lo r e d  r ib  e y e  m u s c le  
h  S u b je c t iv e  s c o re  o f  1 —3  w ith  3  b e in g  a 

f ir m  r ib  e y e  m u s c le
1 S u b je c t iv e  s c o re  o f  1 —3  w ith  3  b e in g  a 

c o a r s e  t e x t u r e d  r ib  e y e  m u s c le  
1 8 - p o in t  h e d o n ic  s c a le  w ith  8  b e in g  th e  

m o s t  d e s ir a b le . S e n s o r y  e v a lu a t io n  o f  
s e m im e m b r a n o s u s

mortem aging times of 1, 3 and 7 days. 
The organoleptic panel, however, de
tected significant changes among the 
three storage times and the W-B shear de
tected significant changes between 1 and 
3 days storage.

Study I was further designed to test 
the relationship of the AT to certain 
chemical, physical and organoleptic meas
ures of tenderness. Few of the measures 
of chemical composition, however, were 
consistently related to AT readings. Some 
of the more significant correlations were 
observed between percentage water or 
percentage fat with AT values (Table 2). 
Higher correlation coefficients, not 
shown herein, were found between per
centage protein at day 1 and AT values at 
day 1 (—0.74) and between sarcoplasmic 
protein (dry-fat-free) at day 7 and AT val
ues at day 1 (0.43). Few other significant 
correlations were found between chemi
cal parameters and W-B shear or organo
leptic measures of tenderness, and no sig
nificant (P < 0 .05 ) relationships were 
found between chemical parameters of 
cooked steaks and AT, W-B shear or or
ganoleptic values. These results would 
indicate that measures of chemical com
position in this study are not very val
uable in assessing tenderness or relating 
them to either sensory or mechanical 
means of measuring tenderness.

Although AT measurements were not 
highly related to measurements of chemi
cal composition of muscle, some signifi
cant relationships did exist between AT 
measurements and W-B shear or organo
leptic measures of tenderness (Table 3). 
In general, correlation coefficients be
tween AT values and W-B shear values or 
organoleptic tenderness scores seemed 
higher after 1 day of postmortem storage 
than after 3 or 7 days postmortem (Table
3); this suggests that the AT may be most 
useful for predicting tenderness if it is 
used before carcass aging. Even those AT 
measurements made at 1 day, however, 
were not highly related to W-B shear and 
organoleptic tenderness scores at 7 day 
postmortem. On the other hand, the rela
tionships between W-B shear values and 
organoleptic tenderness scores were 
higher than those between AT values and 
W-B shear or organoleptic tenderness 
scores (Table 4) and these show that the 
W-B shear accounts for about 25-40% of 
the variation in tenderness assessed by the 
panel. Although there is a range in corre
lation coefficients between W-B shear val
ues and organoleptic tenderness scores it 
should be noted that the strongest rela
tionships were between the simultaneous 
day of W-B and organoleptic measure
ment and the lower and statistically non
significant correlation coefficients were

Table 6—Correlation coefficients between organoleptic, objective and subjective properties of beef

Properties Flavor3 Tenderness3 Juiciness3 W-B shearb
% Total 

cooking loss
Armour

Tenderometer0 Carcass wt
% kidney 

knob
Rib eye 

area
Fat

thickness
F lavo r3 1 .00
Tenderness3 0 .5 0 * * 1 .00
Ju ic in ess3 0 .6 4 * * 0 .5 2 * * 1 .00
W-B shear*3 - 0 .2 2 * * - 0 .3 0 * * - 0 .0 9 1 .0 0
% total cooking  loss - 0 .1 4 * - 0 .0 8 - 0 .0 6 0 .1 3 1 .0 0
A rm o u r Tenderom eter0 0 .0 6 - 0 .0 4 0 .0 5 0 .0 4 - 0 .1 7 * 1 .00
Carcass weight 0 .1 6 * 0 .1 7 * 0 .1 4 * - 0 .0 3 0.11 - 0 .2 1 * * 1 .00
% k id ney knob 0 .2 4 * * 0 .2 4 * * 0 .2 5 * * - 0 .1 5 * - 0 .0 6 - 0 .0 8 0 .5 2 * * 1 .0 0
R ib  eye area - 0 .0 4 0 .0 8 - 0 .0 2 0 .0 2 0 .1 5 * - 0 .2 4 ” 0 .6 1 “ 0 .3 1 * * 1 .00
Fa t th ickness 0.11 0 .1 4 * 0.11 - 0 .2 4 * * 0 .0 3 - 0 .2 7 * * 0 .1 9 “ 0 .2 0 * * 0 .0 5 1 .00
C o nform ation  1d 0 .0 5 0 .1 4 * 0 .1 0 - 0 .1 4 * 0 .1 6 * - 0 .2 6 “ 0 .2 2 “ 0 .1 9 * * 0 .2 4 * * 0 .5 3 “
C o nfo rm ation  2d 0 .0 4 0 .1 5 * 0 .07 - 0 .2 1 * * 0.11 - 0 .2 6 * * 0 .0 7 0 .1 2 0 .1 5 * 0 .6 7 “
M arbling 1 0 .2 2 * * 0 .3 2 * * 0 .2 8 “ - 0 .3 5 “ - 0 .1 4 * 0 .1 4 * 0 .2 2 * * 0 .3 5 “ 0 .0 9 0 .2 8 * *
M arbling 2 0 .2 2 * * 0 .2 9 * * 0 .2 7 * * - 0 .3 8 “ -0 .1 1 0 .0 9 0 .2 4 * * 0 .3 4 “ 0 .0 9 0 .3 5 * *
G rade 1 0 .2 1 * * 0 .3 1 * * 0 .2 8 * * - 0 .3 2 “ -0 .1 1 0 .1 0 0 .2 9 * * 0 .4 1 * * 0 .1 6 * 0 .3 3 * *
Grade 2 0 .1 8 * 0 .2 8 * * 0 .2 2 * * - 0 .3 2 “ - 0 .0 5 0 .0 3 0 .2 5 “ 0 .3 1 “ 0 .1 6 * 0 .4 4 * *
C o lo r 1 - 0 .1 0 - 0 .1 2 - 0 .0 4 0 .1 3 - 0 .0 4 0 .2 2 * * - 0 .0 2 - 0 .0 4 - 0 .0 3 - 0 .2 0 * *
C o lo r 2 - 0 .1 0 - 0 .1 6 * - 0 .0 2 0 .2 0 “ 0.01 0 .2 3 * * 0 .0 4 - 0 .0 3 - 0 .0 7 - 0 .3 0 * *
Firm ness 1 0 .1 0 0 .0 5 0 .1 9 “ - 0 .0 6 - 0 .0 9 0 .2 3 * * - 0 .0 5 0 .0 6 - 0 .1 6 * 0 .0 0
Firm ness 2 - 0 .1 8 * * - 0 .0 2 - 0 .1 5 * 0 .1 5 * 0 .1 4 * - 0 .2 0 * * 0 .0 0 - 0 .1 8 “ 0 .0 5 0 .2 1 * *
T e x tu re  1 0 .0 3 0 .0 3 -0 .0 1 - 0 .0 2 0 .0 6 - 0 .1 4 * 0 .1 3 0 .0 0 0.11 0 .0 6
T e x tu re  2 0.11 0 .0 0 0 .1 0 - 0 .0 5 - 0 .0 2 0 .2 1 “ 0 .1 2 0 .2 1 “ 0 .0 8 - 0 .1 3
3 S e n s o r y  e v a lu a t io n  o f  s e m im e m b r a n o s u s  b r o ile d  to  6 5 ° C  in t e r n a l ly  w a s  c a r r ie d  o u t  b y  a 1 0 -m e m b e r  p a n e l u s in g  an 8 - p o in t  h e d o n ic  s c a le , 8  b e in g  th e  

m o s t  d e s ir a b le .
b  T h r e e  1 .2 7  c m  c o re s  w e re  s h e a re d  tw ic e  e a c h  f r o m  s e m im e m b r a n o s u s  c o o k e d  to  6 5 ° C  in t e r n a l ly .  
c  A r m o u r  T e n d e r o m e t e r  m e a s u re m e n ts  w e re  m a d e  o n  th e  le f t  r ib  e y e  m u s c le .  
d  1 a n d  2 re p re se n t  e v a lu a to r  1 a n d  e v a lu a to r  2.

• S ig n i f ic a n t ly  d i f f e r e n t  f r o m  z e r o  a t  P <  0 .0 5  
* * S ig n i f ic a n t ly  d i f f e r e n t  f r o m  z e r o  a t  P  <  0 .0 1



R ELA T IO N SH IP  O F ARM O U R TEN D ER O M ETER —W W

for measurements made on separate days,
i.e., 1 vs. 7 days, 3 vs. 1 day and 7 days 
vs. 1 day.
Study II

Our second study involved measuring 
the longissimus of the left side of 211 
beef carcasses with the AT at the
12- 13th rib after 1 day postmortem and 
the data from these measurements, which 
includes means and standard deviations of 
carcass and palatability characteristics, 
are presented in Table 5.

One of the potential uses of the AT is 
as a nondestructive measure of tenderness 
of the longissimus at the level of the 
12 — 13th rib in the anticipation that this 
measure of tenderness would accurately 
reflect the tenderness throughout the 
musculature of the carcass. This study, at

Table 7—Means of left and right sides and 
side difference, standard deviation, and the "t" 
test of significance for the Armour Tenderom-
eter
Le ft side (kg) 8.21
Right side (kg) 7 .57
Side d iffe rence  (kg) 0 .6 4
Side d iffe rence  (kg) standard deviation  0 .2 2
" t "  (w ith  31 degrees o f freedom ) 2 .9 2 * *
• '  P <  0 .0 1

least in part, tested the validity of this 
potential use by taking AT measurements 
of the longissimus and then determining 
the relationship between these measure
ments and organoleptic and W-B measure
ments of top round steak. Correlation 
coefficients presented in Table 6, how
ever, show that organoleptic flavor, juici
ness, W-B shear, percentage kidney knob, 
degree of marbling and grade are better 
measures of top round steak tenderness 
than were AT values measured on the 
longissimus. AT values were more signifi

cantly (P < 0 .01 ) related to rib-eye area 
and color, firmness and texture of rib-eye 
lean and carcass conformation, although 
direction of correlation was sometimes 
different for the measurements made by 
the two different evaluators. Consequent
ly, it is highly questionable whether these 
significant correlation coefficients have 
any biological or practical significance.

The correlation coefficients between 
AT values of longissimus and organoleptic 
tenderness of top round steaks were 0.03 
(84 sides) for U.S. Choice carcasses and

Table 8—Means of organoleptic, objective and subjective properties of two groups of beef 
steaks and roasts differing in Armour Tenderometer values

Properties
Steaks Roasts

Lowc Highd s.e.e Lowc Highd s.e.e
F la vo r3 6 .2 * 5 .9 t  0 .0 7 5 .7 5 .9 ± 0 .1 0
Tenderness3 6 .1 * 5.1 t 0 .2 0 6 .0 5 .7 t  0 .1 5
Ju ic in ess3 6 .3 6 .2 t  0 .1 3 5 .4 * 5 .9 ± 0 .1 0
O verall acce p tab ility3 6 .2 * 5 .6 ± 0.11 5 .6 5 .8 ± 0.11
% cooking  loss 17 .6 19 .0 ± 0 .5 2 21 .6 20 .3 ± 0 .3 6
W-B shear (K g /cm 2) 2 .77 3.21 ± 0.11 2 .3 9 2.61 ± 0 .1 3
Tenderom eter (kg) 6 .1 3 * * 10 .17 ± 0 .1 0 6 .1 3 * * 10 .17 ± 0 .1 0
Cooking tim e (m in/lb ) 16 .4 18 .4 ± 0 .5 3 4 0 .5 4 1 .3 ± 0 .5 5
Firm ness score*5 1 .0 * * 3 .0 ± 0 .0 0 1 .0 * * 3 .0 ± 0 .0 0
a B a se d  o n  an 8  p o in t  h e d o n ic  s c a le  w ith  8  b e in g  th e  m o s t  d e s ir a b le  
b B a se d  o n  a 3 - p o in t  s c a le  w ith  3  b e in g  th e  m o s t  f ir m  
c  A T  m e a n  v a lu e  o f  lo n g is s im u s  a t 1 2 — 1 3 th  r ib  o f  6 .1 3  k g  
d  A T  m e a n  v a lu e  o f  lo n g is s im u s  a t  1 2 — 1 3 th  r ib  o f  1 0 .1 7  k g  
e P o o le d  s ta n d a rd  e r r o r  (s .e .)

* P  <  0 .0 5  
• • P  <  0 .0 1

Table 9—Correlation coefficients between organoleptic, objective and subjective properties of two groups of beef steaks 
and roasts differing in Armour Tenderometer values

Properties Flavor3 Tenderness3 Juiciness3
Overall

acceptability3
% total 

cooking loss
W-B
shear Tenderometer

Cooking
time

Steaks
T  enderness3 0 .8 1 * *
Ju ic in ess3 0 .7 4 * * 0 .7 3 * *
O vera ll acce p tab ility3 0 .9 0 * * 0 .9 2 * * 0 .7 7 * *
% evaporation -0 .3 6 - 0 .4 2 * -0 .5 9 * * - 0 .5 3 * *
% drip - 0 .5 7 * * -0 .3 5 -0 .4 8 * -0 .4 7 *
% total cooking  loss - 0 .5 5 * * - 0 .4 9 * - 0 .6 7 * * - 0 .6 2 * *
W-B shear - 0 .7 5 * * - 0 .8 3 * * - 0 .6 9 * * - 0 .8 0 * * 0 .5 4 * *
Tenderom eter - 0 .5 7 * * - 0 .5 0 * -0 .1 7 - 0 .5 5 * * 0 .3 0 0 .4 5 *
Cooking  tim e -0 .4 5 * -0 .28 - 0 .4 1 * - 0 .4 8 * 0 .8 2 * * 0 .3 4 0 .3 8
Firm ness 0 .4 8 * - 0 .4 6 * 0 .1 0 -0 .4 8 * 0 .2 9 0 .4 0 * 0 .9 8 * * 0 .3 7

Roasts
Tenderness3 0 .5 9 * *
Ju ic in ess3 0 .7 8 * * 0 .3 8
O vera ll acce p tab ility3 0 .9 3 * * 0 .7 7 * * 0 .7 8 * *
% evaporation 0 .1 5 0.21 0 .1 0 0 .1 2
% drip 0 .1 9 0 .2 4 0 .1 2 0.21
% tota l cooking  loss 0 .2 2 0 .3 0 0 .1 4 0 .2 2
W-B shear - 0 .3 7 - 0 .7 2 * * - 0 .2 0 - 0 .5 1 * * -0 .2 1
Tenderom eter 0 .2 4 -0 .2 6 0 .4 0 * 0 .1 2 -0 .3 8 0 .1 8
Cooking  tim e - 0 .1 3 0 .0 7 0 .0 4 -0 .0 4 -0 .2 1 - 0 .0 4 0 .1 6
Firm ness 0 .2 6 -0 .2 1 0 .4 5 * 0 .1 5 -0 .3 6 0 .1 8 0 .9 8 * * 0 .16

a 8  p o in t  h e d o n ic  s c a le  w ith  8  b e in g  th e  m o s t  d e s ir a b le  
* S ig n i f ic a n t ly  d i f f e r e n t  f r o m  z e r o  a t P <  0 .0 5  

* * S ig n i f ic a n t ly  d i f f e r e n t  f r o m  z e r o  a t P  <  0 .0 1
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0.10 (116 sides) for U.S. Good carcasses; 
hence, quality grade seems to have no ef
fect on the relationship of AT values to 
tenderness of the cooked meat. Similarly 
marbling score was not related to AT val
ue. In this study, we also measured the 
paired left and right sides of 32 carcasses 
with the AT. If it is assumed that the two 
sides of the carcass have the same tender
ness, measurements on paired sides 
should provide an estimate of the preci
sion of the AT measurement. AT values 
from two sides of the same carcass dif
fered significantly (P < 0 .01 , Table 7), 
and the correlation coefficient between 
AT measurements on right and left sides 
of the same carcass was only 0.08.

Study III
This study was designed to determine 

the ability of AT values to differentiate 
carcasses having tough meat from car
casses having tender meat. Thus, if the 
AT could accurately distinquish between 
these two categories of carcasses, it would 
be expected that two groups of carcasses 
differing widely in AT values should also 
differ widely in W-B shear force values 
and in organoleptic ratings for tenderness. 
Therefore, Study III involved an investi
gation of two groups of wholesale ribs 
from carcasses differing widely in AT val
ues (12 ribs from carcasses with a mean 
AT value of 6.13 kg and 12 ribs from 
carcasses with a mean AT value of 10.17 
kg), but being of A-maturity and having 
small-to-modest amounts of marbling in 
the cross-section of the longissimus at the
1 2 -13th rib. Organoleptic ratings of fla
vor, tenderness and overall acceptability 
of rib steaks differed significantly be
tween these two groups of carcasses se
lected to differ widely in AT values (Ta
ble 8); steaks from the groups of carcasses 
with low AT values were rated more 
desirable in these three characteristics. Al
though there was a significant difference 
in overall acceptability of steaks with low 
AT values compared with high AT values, 
steaks from both of these AT groups were 
scored as acceptable in palatability. More
over, organoleptic ratings of tenderness 
on rib roasts from a group of ribs having 
low (6.13 kg) AT values did not differ 
significantly from organoleptic tenderness 
ratings on rib roasts from ribs having high 
(10.17 kg) AT values (Table 8). In addi
tion, W-B shear values on either rib steaks 
or roasts were not significantly different 
between the two groups of carcasses. Sub
jective firmness scores for ribs in the car
casses having low AT values were lower 
(softer) than those for ribs in the high AT 
group (Table 8); this suggests that AT val
ues may be more highly related to firm
ness of lean than to tenderness or palata
bility per se.

C orre la tion  coefficients between 
organoleptic, objective and subjective 
measurements are given in Table 9. The

very high correlation coefficient (r =
0.98) between AT value and subjec
tive score for firmness of lean indicates 
that the AT is a measure of rib-eye firm
ness. Although AT values were signifi
cantly related to flavor, tenderness and 
overall acceptability of rib steaks and to 
juiciness of rib roasts, none of these rela
tionships was very high, and it seems that 
AT values would be of only limited value 
as a predictor of tenderness of cooked 
meat. Conversely, W-B shear force values 
were more highly correlated with organo
leptic evaluation of tenderness in rib 
steaks than were AT values. Furthermore, 
W-B shear values were also significantly 
related to tenderness of rib roasts, where
as AT values were not. Overall acceptabil
ity was highly related to flavor, tender
ness and juiciness in both rib steaks and 
rib roasts; this indicates that all three of 
these factors are important in determin
ing acceptability of beef.

DISCUSSION
THE RELATIONSHIP of the AT meas
urements on bovine longissimus muscle to 
certain organoleptic, objective and sub
jective measurements was tested by using 
three different experimental designs: (1) 
analyses of steaks from wholesale ribs at 
three different postmortem aging times to 
determine factors influencing AT values;
(2) attainment of AT measurements on 
longissimus at the 1 2 -13th rib of car
casses under in-plant conditions with sub
sequent evaluation of top round steaks; 
and (3) use of AT measurements to clas
sify carcasses into two groups having 
widely different AT values followed by 
measurement of rib steaks and roasts to 
determine whether these two groups also 
differed widely in tenderness.

All three of these studies indicated 
that AT values were not highly related to 
organoleptic evaluation of tenderness. In
deed, W-B shear values were in practically 
every instance more highly correlated 
with organoleptic tenderness than were 
AT values. These results are in contrast to 
those of Hanson (1972) who reported 
correlation coefficients of 0.77 and 0.69 
between AT and panel for U.S. Choice 
and U.S. Good Grade beef. However, re
sults by both Hanson (1972) and Hen- 
rickson et al. (1972) confirm our results 
of a low relationship between the W-B 
shear and the AT. Study III showed that 
even when carcasses within the same 
grade and marbling score were grouped 
into two categories that differed widely 
in AT values, AT measurements were not 
highly related to organoleptic evaluation 
of tenderness. These relationships how
ever, were some of the highest ones we 
obtained, but these had to be acquired 
under extreme differences in AT values. 
Even with the extreme difference in AT 
values the organoleptic panel still rated

the steaks as acceptable from both 
groups. Furthermore, the inability of AT 
measurements to detect the increase in 
tenderness that occurs during postmor
tem storage (Study I) and the large dif
ferences in AT values taken on two sides 
of the same carcass (Study II) suggest 
that AT measurements are neither very 
precise nor very accurate indicators of 
tenderness in cooked beef. Furthermore, 
significant relationships were between AT 
values and subjective and objective car
cass values rather than between AT and 
organoleptic values. Other investigators 
who have also found low relationships be
tween AT values and other measures of 
tenderness are: (1) Carpenter et al.
(1972) who reported that AT measure
ments might be useful to stratify car
casses into different tenderness groups, 
although this stratification was not very 
precise, and (2) Dikeman et al. (1972) 
who found some significant but low cor
relations between AT values and measures 
of tenderness on cooked meat.

From our studies, we must conclude 
that the AT is not a particularly useful 
nondestructive carcass level test to pre
dict what the tenderness of meat will be 
after cooking. This is unfortunate because 
a nondestructive method of accurately 
assessing discrete differences in tender
ness before marketing could be a poten
tially valuable tool in classifying meat 
into tenderness groups. Although it is 
possible that AT measurements could be 
used to group carcasses into “tough” and 
“tender” categories, our results indicate 
that even these extreme categories will 
not be very different with respect to ten
derness (Study III).

A very potentially useful finding in 
Study III was the AT prediction of and 
the relationship to rib-eye muscle firm
ness score. Since AT measurements are a 
measure of the resistance of the iongis- 
simus muscle and the force required to 
thrust a set of probes a given distance 
into it, perhaps, it is not too surprising 
that AT values are highly related to firm
ness of muscle. The questions of what 
causes muscle firmness and of how it in
fluences meat quality, however, remain 
largely unanswered. It would appear that 
the property of muscle firmness merits 
much more attention than it has present
ly received.
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15N TR A C ER  STU D IES OF N ITR ITE  ADDED TO A 
COMMINUTED M EAT PRODUCT

INTRODUCTION
CONCERN has recently been expressed 
by scientists and consumers about the 
addition of nitrite to food. Nitrite can re
act with secondary amines and some 
other similar compounds to produce ni- 
trosamines (Sen et al., 1969; Sen et al., 
1970; Wolff and Wasserman, 1972; Tan- 
nenbaum, 1972), and some of the nitrosa- 
mines are potent carcinogens (Magee and 
Barnes, 1967).

Sodium nitrite, used as a curing agent 
in meat, produces the typical cured meat 
color and distinctive flavor; and it also 
acts to inhibit outgrowth of botulinum 
spores in the event of contamination and 
mishandling of cured meat products 
(Urbain, 1971; Greenberg, 1972). Nitrite 
(which can be legally added at a rate of 
156 ppm) is converted rapidly to forms 
undetectable as nitrite during processing 
and continues to be converted with time 
after processing until a fairly constant, 
low level is reached (Greenberg, 1972). 
This conversion depends on such factors 
as pH and processing and storage temper
atures (Nordin, 1969). Some of the added 
nitrite forms nitrosomyoglobin and/or 
fiitrosylhemochrome (Woolford et al., 
1972; Bard and Townsend, 1971). Gase
ous products such as NO and N20  are 
formed (Woolford et al., 1972). The ni
tric oxide (NO) is believed to be involved 
in the formation of nitrosomyoglobin and 
nitrosylhemochrome (Bard and Town
send, 1971). Some of the nitrite may also 
become bound to proteins (Mirna and 
Hoffman, 1969; Olsman and Krol, 1972).

A determination of the fate of the ni
trite ion in cured meat is of importance in 
decisions concerning the addition of ni
trite to meat products. We used the stable 
isotope of nitrogen ( 15N) as a label for 
sodium nitrite in order to establish quan
titatively the amount of nitrite nitrogen 
in various fractions of a typical cured 
meat as a function of processing tempera
ture and storage time.

1 M uscle B io logy  Lab. and D ep t, o f  M eat & 
A nim al Science

2 D ep t, o f  B iochem istry
3 D ep t, o f  F ood  S cien ce

MATERIALS & METHODS
A COMMINUTED luncheon meat was prepared 
under conditions that simulated commercial 
production. The meat used was 80% lean picnic 
and included 3% water, 3% salt (sodium chlo
ride), 0.25% dextrose and 0.25% sucrose. Sodi
um nitrite labeled with 15N (96.1% enrichment 
from Prochem., Lincoln Park, N.J.) was added 
at 156 ppm. Ascorbate was not used in the for
mulation because it accelerates breakdown of 
nitrite (Mirvish et al., 1972). Even though such 
accelerated breakdown may be desirable, ascor
bate was purposely avoided in order to simplify 
our system.

The meat was ground and mixed in a 
Keebler paddle mixer for 8 min with the salt 
and sugar. The nitrite and water were then 
added, the mixer cover was immediately closed 
and mixing continued under vacuum for 8 more 
min; product temperature after mixing was 
2°C. The vacuum line to the mixer included 
two liquid nitrogen traps, connected in series, 
to retain volatiles which might be produced 
during mixing.

After mixing, the meat was placed in a stain
less steel stuffer and 300 x 308 cans were each 
filled with 11 oz of product. The cans were 
closed under vacuum within 15 min of filling. 
Some of the cans were frozen at -55°C imme
diately and the rest were held at 0°C for 24 hr. 
After 24 hr, half of the remaining cans were 
cooked for 60 min in 71°C water and half were 
retorted for 80 min at 107°C. Following heat 
processing, the cans were chilled in 15°C water. 
The frozen samples were stored in a freezer 
( -  18°C). The 71 °C samples were stored at 5°C 
and the 107°C samples were stored at room 
temperature (22°C).

Analysis for 15 N involved a conversion of 
sample nitrogen to (NH4)2S 04 which was in 
turn converted to N2 by hypobromite on a 
Consolidated Nier isotope ratio mass spectrom
eter (Burris and Wilson, 1957). The conversion 
to (NH4)2S04 may be accomplished by the 
Devarda reduction method for nitrate, nitrite 
and ammonia (Bremner and Keeney, 1965), the 
Kjeldahl method for organic nitrogen (AOAC,
1970) or a combination of these two (Davisson 
and Parsons, 1919). In our work, the samples 
were fractionated as illustrated in Figure 1; 
analysis for 1 5 N was conducted on each frac
tion. Sample analyses were conducted at 2, 23. 
40, 49 and 65 days after processing.

The samples were powdered by first immers
ing them in liquid nitrogen followed by pulveri
zation in a Waring Blendor. The sample was 
then extracted with water according to the 
AOAC procedure for colorimetric determina
tion of nitrite. Nitrite assay was conducted on

the water supernatant by the Griess reagent 
method (AOAC, 1970). Total nitrogen was 
determined on the water supernatant by a 
combination of the Devarda and Kjeldahl meth
ods (Davisson and Parsons, 1919). The residue 
from the water extraction was analyzed by the 
total nitrogen method and then subjected to 
extraction with 1.1N KI and 0. IN KH2 P04 
(Helander, 1957). The supernatant from the 
salt extraction was checked for residual nitrite 
and also subjected to the total nitrogen assay. 
The residue was also examined for total nitro
gen.

The amount of label from nitrite that was 
associated with the pigment fraction was esti
mated by extraction of the pigment with a sol
vent of 40 parts acetone and 3 parts water 
(Hornsey, 1956), followed by a simple Devarda 
reduction (Bremner and Keeney, 1965) which 
did not include the Kjeldahl digestion step.

For all fractions the resulting NH, was 
quantitated by titration in boric acid and then 
redistilled and collected in dilute (0.08N) 
112S 04. The sample was then concentrated to 
approximately 1 ml and spotted and dried on 
strips of filter paper for conversion to N2 by 
hypobromite on the mass spectrometer.

Head space gases were analyzed by punctur
ing the can through an attached rubber septum 
with a Vacutainer test tube under vacuum. The 
collected gases were then injected directly into 
the mass spectrometer and analyzed for various 
nitrogen-containing gases.

Processing gas or volatiles generated during 
vacuum mixing were trapped as previously des
cribed. The traps and contents were maintained 
in liquid nitrogen until analysis. At the time of 
analysis, the traps were warmed at room tem
perature and the gases were sampled by with
drawal into a syringe through a rubber septum 
which had been previously incorporated into 
the trap. The sample was then immediately in
jected into the mass spectrometer and analyzed 
for various nitrogen-containing gases. The sam
pling of the traps was done periodically during 
the thawing period to relieve pressure and to 
collect the gases as they were volatilized.

RESULTS & DISCUSSION
THE FIRST ANALYSIS was conducted 2 
days after processing and less than one- 
half of the added 15 N was identified as 
residual nitrite (Fig. 2). Residual nitrite 
continued to decrease with time as de
scribed by Greenberg (1972). The residual 
nitrite content and change during storage 
for both the immediately frozen (stored 
at -18°C) and 71°C processed samples
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MEAT SAMPLE 
(POWDERED)

HOT HjO
EXTRACTION TOTAL

NITROGEN
SUPERNATANT RESIDUE— ASSAY

l
NITRITE Il N

1
KI +

ASSAY 0.1 N KH2 PO4 EXTRACTION

NCTROGFN SUPERNATANT RESIDUE

ASSAY J
NITRITE
ASSAY

1
TOTAL

NITROGEN
ASSAY

TOTAL
NITROGEN

ASSAY

F ig . 1 —D ia g ra m  f o r  a ssa y  o f  m e a t  sa m p le s . F ig . 2 —C h a n g e  w ith  t im e  o f  m e a s u re d  as  
re s id u a I n itr ite .

F ig . 3 —C h a n g e  w ith  t im e  o f  *®/V in  n o n n it r i t e  
w a te r  s o lu b le  c o m p o u n d s .

TOTAL
NITROGEN
ASSAY

(stored at 5°C) paralleled each other 
closely and did not differ significantly 
The residual nitrite content of the sample 
retorted at 107°C and stored at 22°C, 
however, was already very low 2 days 
after processing. Nordin (l 969) found ni
trite conversion closely related to temper
ature. This was confirmed by comparison 
of the 71°C and 107°C samples. The fro
zen sample, in our experiment, however, 
showed an unexpected rapid conversion 
of nitrite; the cause for this is not known 
but an increased concentration of solutes 
due to freezing may have played a role.

The total nitrogen assay on the super
natant from the water extraction showed 
more ISN than could be accounted for 
by the residual nitrite. This water soluble, 
nonnitrite fraction (calculated by sub
tracting nitrite 15N from total l5N ofthe 
extract) showed a significant increase 
over time for 7l°C cooked samples and 
showed a slight although nonsignificant 
increase for the frozen and the 107°C 
sample (Fig. 3). The amount of label in 
this fraction accounted for a substantial 
portion of the total recovered 15N.

The salt extraction failed to solubilize 
much protein. This low protein solubility 
was expected since the samples were sub
jected to rather severe heat treatment, 
both in processing and in the hot water 
extraction. The protein that was ex
tracted, however, showed a small but sig
nificant increase with time in the amount 
of 15N (Fig. 4). This established that 
some of the nitrite became involved with 
proteins since this extract after the water 
extraction was essentially all amino nitro
gen. The colorimetric test for nitrite in 
this supernatant was negative.

The residue from the salt extraction

consisted largely of heat denatured mus
cle proteins and connective tissue com
ponents. This residue contained a small 
amount of 15N initially which increased 
markedly and very significantly during 
the first 23 days of storage after which it 
plateaued (Fig. 5). The 15N in this frac
tion of the frozen and 71°C samples 
paralleled each other, while in the 107°C 
sample, it was significantly higher at 2 
and 65 days of processing. The 1SN con
tained in this fraction, as well as that in 
the salt soluble extract, probably repre
sented protein bound nitrogen. It has 
been suggested that nitrite binds to pro
teins through thionitroso bonding (Mirna 
and Hoffman, 1969; Olsman and Krol,
1972) as well as by other means.

The amount of 15 N associated with 
the pigment fraction appeared at first to 
be surprisingly large. However, it was 
necessary to perform this extraction on a 
freshly powdered sample and subsequent 
investigation showed that residual nitrite 
was carried along with the pigment in the 
small amount of water present. The 
amount of ,SN associated with the pig
ments was therefore corrected (for the 
107°C sample) by subtracting the 1 5 N of 
residual nitrite from the total 15N in the 
uncorrected acetone-water extract and 
crediting the difference to pigment bound 
15 N (see Fig. 6 for the difference of the 
curves). This correction may over-com- 
pensate since nitrite may not be quantita
tively recovered in acetone-water, but the 
error should be below 2% because less 
than 2% of the nitrite remained in the 
107°C sample beyond the first 2 days. 
Figure 6 gives both the residual nitrite 
curves and the uncorrected acetone-water 
curve. This indirect method for pigment

bound 1SN accounted for 8-9% of the 
1SN in the 107°C sample. The frozen 
sample should have little or no cured pig
ment formed; therefore, all of the label in 
the uncorrected acetone water extract 
was presumed to be due to residual ni
trite. Since residual nitrite levels were 
approximately the same for the frozen 
and 71°C samples, the difference in I5N 
content of the uncorrected acetone water 
extract of these two samples should be 
attributable to the pigment bound lsN 
contained in the 71°C sample. The differ
ence was 9-12%, which gave an estima
tion of the amount of pigment bound 
15 N in the 71 °C sample.

Assuming that myoglobin comprises 
about 0.36% by wet weight of muscle 
(Lawrie, 1966) and the molecular weight 
of myoglobin is 17,000, calculation re
veals that on a mole of ,5N-nitrite per 
mole of myoglobin basis about 10% of 
the added label should be bound to myo
globin. Our results ranged between 9 and 
12%. Meat will, however, contain varying 
amounts of myoglobin as well as some 
other heme pigments such as hemoglobin, 
cytochromes and vitamin B)2 . Also, if 
cooked pigment has the capacity to bind 
two moles of 15 N nitrite as has been sug
gested (Tarladgis, 1962), then a maxi
mum of 20% of the l5N may be bound 
to pigments. Thus, our assumptions in 
correcting the pigment fraction seem rea
sonable. The N2 of head space gases was 
also examined for ISN and only a small 
amount of N2 could be detected, which 
accounted for about 1% of the 15N in the 
heat processed samples and none for the 
frozen sample.

Analysis of gas trapped during mixing 
showed a very small amount of N2 and a
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F ig . 4 —C h a n g e  w ith  t im e  o f  1&N in  c o m p o u n d s  
o f  a s a lt-so lu b le  e x tra c t .

F ig . 5 —C h a n g e  w ith  t im e  o f  1&N in  c o m p o u n d s  
o f  a sa lt- in s o lu b le  re s id u e .

------------ - F R O Z E N -N IT R IT E
50-

F ig . 6 —C h a n g e  w ith  t im e  o f  1& N  m e a s u re d  as 
re s id u a l n i t r i t e  a n d  th e  c h a n g e  w ith  t im e  o f  
1 5 N in  c o m p o u n d s  in  a n  u n c o r r e c t e d  a c e to n e -  
w a te r  e x tra c t .

somewhat larger amount of NO. Exact 
quantitation was not possible for the gas 
samples because of sampling limitations, 
but estimates were made by comparison 
of peak heights with a reference of 
known concentration. The 15 N content 
in these two gases together was approxi
mately 5% of the total 15 N added.

The sample processed at 107°C also 
contained some exuded water and gelatin 
in the cans. This was examined by the 
total nitrogen assay and found to contain
2-3% of the total 1SN.

The total recovery of 1SN as deter
mined by summing the individual frac
tions ranged from 72—86%.

CONCLUSIONS
IT WAS CONFIRMED that nitrite added 
to a meat product is rapidly changed to 
other compounds during and after proc
essing and that the rate of change slows 
until a rather constant low level of resid
ual nitrite is reached. As the residual ni
trite as such was changed, we found an 
increase of 15 N occurred in two frac
tions: an apparent protein bound fraction 
and a nonnitrite, water-soluble fraction. 
The amount of 1SN in the pigment frac
tion was relatively constant during stor
age, did not vary greatly due to amount 
of heat processing and agreed with calcu
lated predictions.

Despite considerable effort, total re
coveries could not be improved above the 
range of 72-86%. However, because com
mercial conditions were being simulated, 
a low amount (156 ppm) of NaNQ2 was

used. Use of larger amounts of nitrite 
might produce better recovery but result 
in artifacts and conclusions unrealistic for 
a commercial process.

We have not attempted to quantitate 
nitrate which might be formed (Mohler,
1970) in the product since nitrate would 
be included in our total nitrogen assay.

The implications which this work may 
have in regard to formation of nitrosa- 
mines or to the bacteriostatic “Perigo fac
tor” (Perigo et al., 1967; Perigo and Rob
erts, 1968) are still unclear. The fact that 
nitrite is chemically reactive may indicate 
a good probability for nitrosamine forma
tion. On the other hand, the conversion 
of nitrite to different forms or com
pounds drastically reduces the nitrite con
centration. This may well reduce the like
lihood of nitrite reacting with secondary 
amines when the two substances are 
brought together in the low acid environ
ment of meat.
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M EASUREM ENT O F SAUSAGE EMULSION S T A B IL IT Y  BY E L E C T R IC A L  RESISTAN CE

INTRODUCTION
A RAPID and simple method for the 
evaluation of the stability of sausage 
emulsions could be of substantial benefit 
to the industry. Cook stability (Towns
end et al., 1968) and sensory rating of 
physical properties (Morrison et al.,
1971) after cooking are the primary 
methods presently available for evaluating 
the stability of sausage emulsions. These 
tests require at least 30 min time and are 
not necessarily precise indicators of emul
sion performance under actual produc
tion conditions.

Table 1—Composition of formulae used to 
prepare sausage emulsions for stability measure
ments
Formula Ingredients Percent

A b e e f le a n 3 33.74
s o y b e a n  o il 48.52
ic e / w a te r 16.26
sa lt 1.48

B p o r k  lean*3 37.00
p o r k  t r im 0 35.00
ic e / w a te r 25.00
sa lt 2.00
c u r e  m ix t u r e ^ 0.09
s o d iu m  e r y t h o r b a t e 0.02
d e x t r o s e 1.00
s p ic e s 0.13

a M o is tu re  = 7 6 .0 1 % ,  p r o t e in  = 2 0 . 7 4 % ,  fa t  =
2.10% a n d  ash =  1.10%

b M o is tu re  = 7 3 .4 9 % ,  p r o t e in  = 2 1 .6 5 % ,  fa t  =
4 .7 2 %  a n d  a sh  = 1 .2 2 %

c M o is tu re  = 2 9 .5 7 % ,  p r o te in  = 7 .2 1 % .  fa t  =
6 3 .5 6 %  a n d  a sh  = 0 .4 4 %

d C o m p o s it io n :  s o d iu m  n it r it e  ( 1 8 % ) .  s o d iu m  
n it r a t e  ( 1 8 % ) ,  s o d iu m  c h lo r id e  (6 4 % )

Becher ( 1966) suggested electrical con
ductivity as a method for determining 
types of emulsions. Ivey (1969) suggested 
the use of electrical resistance as a rapid 
method for testing the stability of dilute 
emulsion systems. Webb et al. (1970) 
found electrical resistance to be a reliable 
objective method for determining the 
end-point for the emulsifying capacity 
measurement. Morrison et al. ( 1971) and 
Haq et al. ( 1973) reported that emulsions 
with relatively high total lipid content 
had lower a-c conductivities than those 
with low total lipid content; with con
ductivity decreasing sharply at the point 
of emulsion collapse.

A meat protein, under defined condi
tions of concentration, pH and ionic 
strength, exhibits a characteristic net 
charge (Wilson, I960). In a meat emul
sion, the protein is the emulsifying agent 
of the continuous phase and the dispersed 
particles are associated with the continu
ous phase by electrical charges (Saffle,
1968). When an electric field is applied to 
a dispersing system, such as emulsion, 
consisting of charged particles, the posi
tively charged particles will migrate to the 
negative electrode and vice versa. This 
phenomenon has been designated as elec
trophoresis. When this migration occurs, 
the flow of current is impeded by the 
presence of the' particles collected near 
the electrode(s). Also, polarization (elec
tro-chemical reaction) may occur at the 
electrodes in an ionic system. Thus, the 
direct current (d-c) measurement of a 
dispersing system can be affected by 
these phenomena. However, with alter
nating current (a-c) measurement, the 
effect is reduced but depends upon the 
frequency of the alternating current.

Table 2—Terminal chop temperatures, physical properties scores and cook stability losses on
sausage emulsions chopped for various times

Formula Terminal chop Physical Cook stability. % loss
code Chopping time, sec temp properties Water Oil

designation Stage 1 Stage 2 °C score phase phase

B, 40 5 85*2.0 16*0 3.50*1.97 4.33*2.30
b 2 40 15 10.0*0.5 17*0 2.23*2.03 2.13*2.37
b 3 40 40 16.5*0.5 23*0 - -
B, 40 90 25.0*1.0 23*0 2.70*3.20 -
Bs 40 143 28.5*1.5 11*0 19 67*0.57 9.80*1.60

The purpose of this investigation was 
to determine the validity of electrical a-c 
impedance and d-c resistance as methods 
for evaluating the stability of sausage 
emulsions.

EXPERIMENTAL
Sample preparation

Lean beef (semimembranosus) and pork 
muscle (longissimus dorsi) tissue samples were 
trimmed free of surface fat and connective 
tissue. Each was ground separately, twice, 
through a 3/8-in. plate, mixing thoroughly each 
time. Pork trim (60% fat), for the addition of 
the fat component, was ground twice through a 
3/8-in. plate with thorough mixing each time. 
The samples were divided into lots of 400g 
each, placed in Whirl-Pak bags, frozen and 
stored at 27°C. The frozen samples were 
thawed at 2°C for 24 hr and used for analytical 
purposes and emulsion preparation.

Two formulae (designated as A and B) were 
used to evaluate the stability measurements. 
The ingredients and levels for each formula are 
shown in Table l .

Emulsions with the composition of Eormula 
A were prepared using beef samples prepared as 
previously described, soybean oil, water/ice and 
salt. The emulsions were prepared in three 
stages using the Mixer Omni Base 2 System 
reported by Haq et al. (1972). In the first stage 
lean beef, ice and salt were chopped (2“C) with 
a Brookfield counter-rotating mixer. In the 
second stage chilled soybean oil (2°C) was 
added stepwise in 12 15 ml portions, stirred 
with a rod and chopped (8.0 • ().5°C) with the 
Brookfield mixer. High speed comminution was 
accomplished in the third stage to simulate an 
emulsitator by chopping with a Sorvall Omni 
mixer until the final temperature attained
15.0 * 0.5°C.

Emulsions with the composition of Eormula 
B (commercial type emulsion) were prepared in 
two stages using the C'utter Mixer Base 2 Sys
tem reported by Haq et al. (1972). Pork lean, 
salt, ice, cure and sodium erythorbate were 
chopped (1.5 * 1.0°C) for 40 sec in the first 
stage. In the second stage, pork trim, dextrose 
and spices were added to the above lean mix
ture and chopped for various times. Each time 
of chopping was accomplished on a separate 
emulsion using Formula B. The chopping times 
for the second stage were: 5 sec (designated as 
B, ), 15 sec (designated as B ,), 40 sec (designat
ed as B3), 90 sec (designated as B4) and 143 sec 
(designated as B<). Emulsions were prepared 
and evaluated in triplicate.

Evaluation procedures
The d-c resistance of the emulsion prepared 

with f  ormula A was recorded continuously on 
a Bausch and Lomb VOM-5 strip chart recorder 
(x 10s ohm scale) during the third stage of 
chopping with the Mixer Omni Base 2 System.

1224-JOURNAL OF FOOD SCIENCE-Volume 38 (1973)
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Terminal point d-c resistance measurements 
were made using a Triplet VOM meter on the 
emulsions designated B,, B2, B3, B4 and Bs 
immediately after completion of chopping. The 
values were recorded immediately after the 
connections were made.

The a-c impedance measurement system was 
developed as illustrated in Figure 1. A Hewlett 
Packard test oscillator (#651 B) was used to 
apply an a-c signal across electrodes fitted in 
the chopping bowl. The oscillator was set to 
give an output of 1 volt at 1 KHz. The a-c signal 
across the electrodes was converted to d-c

through a specially designed bridge circuit 
(Edgerton et al., 1968). This converted d-c 
signal was applied to a Clevite Brush recorder 
(Mark 250). The recorder was calibrated with 
standard resistors. Before starting each experi
ment, connections were made as shown in 
Figure 1. The a-c impedance of the emulsions 
B, , B j, B3, 3 4 and Bs was recorded continu
ously during the second and third stages of 
chopping with the Cutter Mixer Base 2 System. 
If a test unit having a different configuration 
from the unit developed for this experiment is 
used, it would be necessary to calibrate the

particular system for impedance, thereby estab
lishing the correlation between conductance 
and impedance.

Also, after the chopping was terminated, the 
emulsions (B ,, B2, B3, B4 and Bs) were lightly 
tamped into the chopping bowl to remove voids 
and a terminal point a-c resistance measurement 
was made using a Y.S.I. (Model 31) conductiv
ity bridge (Yellow Springs Instrument Co., 
Yellow Springs, Ohio). The resistivity was 
determined as instructed by the conductivity 
bridge manufacturer using the relationship:

measured resistance 
in ohm

resistivity =------- n------ :—:------(ohm-cm)cell constant
The cell constant for the electrodes fixed in the 
chopping bowl was determined using a standard
0.01 demal KC1 solution.

A Leeds and Northrup Speedomax H & W 
Multipoint recorder was used to measure the 
temperature of emulsions with a thermocouple 
fixed in the chopping bowl as illustrated by 
Haq et al. (1972).

The method of Townsend et al. (1968), with 
modifications as described by Morrison et al.
(1971), was used to measure the cook stability 
of all emulsions.

Sensory evaluation of physical properties 
was made on the cooked emulsions using the 
rating scale of Haq et al. (1973). This scale 
included the rating of the cooked emulsion, 
obtained from the cook stability test, for color, 
resilience, graininess, firmness and binding. A 
total score of 23 was considered to be an emul
sion having excellent stability and physical 
properties.

RESULTS & DISCUSSION
d-c Resistance

A typical continuously recorded d-c 
resistance of an emulsion prepared with 
Formula A (cook stability = 99.02 ±
0.39%; physical properties score = 23) is 
reproduced in Figure 2. When the emul
sion was not being chopped, it was ob
served that the d-c resistance changed 
with time (segment A-B of the curve). It 
was also observed that the instrument 
recorded d-c resistance values virtually 
below zero (segment C-D of the curve). 
These were interpreted to be due to 
polarization (electrochemical reaction). 
When a d-c field is applied to an ionic 
system, an emf is produced at the elec
trodes and the electrodes act as a battery 
(Becher, 1966). This emf alters the origi
nal circuitry for the resistance measure
ments and, therefore, the initial calibra
tion does not hold true during the 
measurement. Previous investigations in 
this laboratory indicated that the d-c 
resistance measurement was valid for 
highly dilute emulsion systems such as 
the measurement of emulsifying capacity 
(Webb et al., 1970). However, in highly 
viscous emulsion systems the d-c resist
ance measurement was not satisfactory. 
This difference was believed to be due to 
the ability of the system to become polar
ized under the conditions of this experi
ment. Therefore, additional methods of 
measurement were investigated.

F ig . 1 - a - c  im p e d a n c e  m e a s u r e m e n t  s y s te m , [ (a )  m e a su rin g  c u p  w ith  
e le c t r o d e s ;  lb )  a -c  s o u r c e  (o s c i l la t o r ) ;  ( c )  b r id g e  c i r c u i t ;  Id )  r e c o r d e r ;  
1C) 1 p f ;  ID )  ty p e  1 N 6 6 3  s i l ic o n  d io d e s ;  ( R , )  1 0 0  k i lo h m s ;  ( R 2)  1 ,0 0 0  
o h m s ]

A -B No Chopping

B, Chopped To 5 Sec

b 2 Chopped To I5 Sec
Bs Chopped To 40 Sec
B« Chopped To 90 Sec

b 5 Chopped To I43 Sec

CHOPPING TIM E, seconds

F ig . 3 —T e rm in a l p o in t  d -c  re s is ta n c e  m ea su re-  
Fig. 2 —C o n t in u o u s  d -c  re s is ta n c e  m e a s u re m e n t  m e n ts  d u r in g  e m u ls if ic a t io n  o f  sa u sa g e  em u l-  
d u rin g  e m u ls if ic a t io n  o f  a sa u sa g e  e m u ls io n . s io n s.
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B , Chopped To 5 Sec
B2  Chopped To 15 Sec
B3  Chopped To 4 0  Sec
B4  Chopped To 9 0  Sec
B5  Chopped To 143 Sec

|  60 - 
o

i___ i____i__ i____ i----- 1----- 1----- 1
0 20 40 60 80 100 120 140 160

CHOPPING T IM E , seconds

F ig . 4 —C o o k  s ta b ility  m e a s u re m e n ts  d u rin g  
e m u ls if ic a t io n  o f  sa u sa g e e m u ls io n s .

The terminal point d-c resistance 
measurements made on the emulsions Bt , 
B2, B3, B4 and Bs are presented in Fig
ure 3. While making measurements it was 
observed that the reading changed with 
time which verifies points A-B in Figure
2. Therefore, extreme care had to be 
taken to obtain a consistent time and d-c 
reading after preparation of these emul
sions.

The cook stability data for the emul
sions Bi, B2, B3, B4 and Bs are present
ed for the various chopping times in Fig
ure 4. The terminal chop temperatures, 
water and oil losses from the cook stabil
ity tests and the physical properties 
scores by sensory evaluations are present
ed in Table 2. It is evident from the data 
presented in Figures 3 and 4 that the 
cook stability and the d-c resistance of 
the emulsions Bt and B2 were highly 
variable (Bj : a d-c = ± 17.56 Kilohms, a 
cook stability = ± 2.85%; B2 : a d-c =
14.19 Kilohms, a cook stability = ± 
3.87%). Variability decreased as the emul
sions became more completely emulsified 
with increased chopping time. The d-c 
resistance of emulsion B5 was significant
ly higher (P = 0.100) than emulsion B4, 
while the cook stability was significantly 
lower (P = 0.001). These emulsions had 
collapsed as evidenced by the oil and 
water separation during cooking (Table 
2 ).

It was concluded that, under the con
ditions of this study, the d-c resistance 
measurements were not sufficiently relia
ble for evaluating the stability of sausage 
emulsions. The factors responsible for 
this lack of reliability were attributed to 
polarization, the large number of charges 
on particles due to the proteins and the 
high viscosity of an emulsion at a concen
trated protein level. Webb et al. (1970)

B, Chopped To 5 Sec
b 2 Chopped To 15 Sec
b 3 Chopped To 40 Sec
b 4 Chopped To 90 Sec
b 5 Chopped To 143 Sec

CHOPPING TIM E, seconds

F ig . 5 —C o n t in u o u s  a -c  im p e d a n c e  m e a s u re m e n t  F ig . 6 — T e rm in a l p o in t  r e s is t iv ity  m e a s u re m e n ts  
d u r in g  e m u ls if ic a t io n  o f  a sa u sa g e  e m u ls io n . o f  sa u sa g e  e m u ls io n s .

successfully used the d-c resistance 
measurement to determine the end-point 
of the emulsifying capacity measurement 
on dilute protein extracts while the sys
tem was being agitated. This difference in 
results was attributed to the very dilute 
system and the recording of the d-c resist
ance during continuous agitation for the 
emulsifying capacity measurement.

a-c Impedance
A typical continuous a-c impedance 

measurement on emulsion B5 is shown 
in Figure 5. The continuous a-c imped
ance measurements were very reproduci
ble. The recording patterns were similar 
for all trials on each emulsion (Bi, B2, 
B3, B4 and B5 ) and the patterns for all of 
the emulsions were reproducible from 
that of emulsion Bs , as illustrated in Fig
ure 5.

The terminal point a-c resistivity data 
for the five emulsions are shown in Figure
6 .

The cook stabilities and terminal a-c 
resistance measurements were highly 
variable during the early stages of chop
ping (B! : ct cook stability = ± 2.85%, o 
a-c resistivity = ± 29.63 ohm-cm; B2 : a 
cook stability = ± 3.87%, a a-c resistivity 
= ± 10.86 ohm-cm) which was attributed 
to the heterogeneity and coarseness in the 
structure of the emulsion system. These 
observations were confirmed by the 
physical properties scores in Table 2. The 
a-c resistivity of emulsion B3 was less 
variable (a = ± 3.55 ohm-cm) than that 
for emulsions B! and B2. The cook stabil
ity and physical properties scores on 
emulsion B3 were very desirable. An in
verse relationship (r = -0.880) existed 
between the cook stability and the a-c 
resistivity of emulsions Bi, B2 and B3. 
When emulsion B4 was chopped for 90 
sec, the a-c resistivity increased and the

cook stability was significantly (a =
0.001) lower than that of emulsion B3. 
Emulsion instability, as evidenced by 
lower cook stability and physical proper
ties scores (Table 2) was reflected by a 
change in the slope of the impedance and 
resistivity curves (Fig. 5 and 6). This 
instability was attributed to an excessive 
chopping time (overchopping of 140 sec). 
Conversely, a resistivity of 130 ± 20 ohm- 
cm (18.0 ± 2.5°C) indicated a very stable 
emulsion on the basis of the cook stabil
ity and physical properties scores. There
fore, the results indicated that the a-c 
impedance measurement technique was 
of value as a test of emulsion stability. It 
was concluded that a-c impedance has 
potential as an objective technique for 
determining the stability of sausage emul
sions. However, further research would be 
necessary to develop the system for prac
tical application.
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CHANGES IN MEAT COMPONENTS DURING FERM EN TATIO N , 
H EAT PROCESSING AND DRYIN G OF A SUMMER SAUSAGE

INTRODUCTION
APPROXIMATELY one-tenth of all meat 
produced in the United States is con
sumed in the form of sausage products. In 
1971, 203 million pounds or 6% of the 
total sausage production in federally in
spected meat plants were semidry and dry 
products (Filiatreau, 1972).

The manufacture of fermented sausage 
has been described as an “art” and has 
traditionally been practiced by only a few 
specialists (Kramlich, 1971). Early proc
esses required approximately 3 — 5 days 
for fermentation and processing prior to 
drying. The fermentation was accom
plished by the lactic acid bacteria present 
as a part of the natural meat flora, intro
duced from equipment, or introduced by 
adding back part of a freshly fermented 
meat batch (Deibel et al., 1961a, b; Ever
son, 1971; Niven, 1960). Production fail
ures, such as the development of off- 
flavors and casing “explosions,” were not 
uncommon when uncontrolled fermenta
tions occurred (Jensen, 1954). Jensen and 
Paddock (1940) first introduced starter 
cultures for meat fermentation. The bac
teria which have been proposed for 
starter cultures are Micrococcus aurantia- 
cus (Niinivaara, 1955), Pedicoccus cere- 
visiae (Deibel and Niven, 1957) and a 
number of species of Lactobacillus 
(Jensen and Paddock, 1940). Stoychev et 
al. (1972a, b) have investigated the ef
fects of pH and concentrations of NaCl, 
NaN02 and NaN03 on the growth and 
enzymatic activity of starter cultures of 
Micrococcus and Lactobacillus species. 
In addition, the growth characteristics of 
these bacteria as related to meat fermen
tation have been reported (Stoychev et 
al., 1972c).

The commercial introduction of 
lyophilized starter cultures in 1957 al
lowed processors to control fermentation 
and thus maintain desirable and uniform 
product characteristics from batch to 
batch. Starter cultures of Lactobacillus 
plantarum and Pediococcus cerevisiae are 
currently available as a frozen concen
trate (Everson et al., 1970; Anonymous,
1972). Fermentation time requirements 
have been significantly reduced to 32-40 
hr using the lyophilized culture form and 
to 18-24 hr using the frozen concentrate 
(Everson et al., 1970).

Acton et al. (1972) reported that fer
mentation of summer sausage at either 
22, 30 or 37°C did not significantly af
fect product flavor although less lactic 
acid was produced at 22°C than at 30 or 
37°C. A longer lag phase for growth initi
ation of the lactic acid bacteria occurred 
at the lower temperature. The water-hold
ing capacity of the ground sausage mix 
gradually decreased during 72 hr, particu
larly at 30 and 37°C, which indicated 
progressive protein denaturation.

Bertling and Muller (1965a, b; 1966a, 
b, c) and Bertling (1967a, b) recorded the 
average composition for seven types of 
European dry sausage. These studies re
vealed that the composition of all types 
was within a narrow range for each of the 
major components. Approximate quanti
ties summarized from these reports are: 
moisture, 31%; fat, 48%; and protein, 
16%. Analyses for semidry products were 
not reported.

This study was conducted to deter
mine where and at what rate composi
tional, microbiological and physical 
changes occur during the phases of sum
mer sausage processing. While the term 
“summer sausage” can be used to de
scribe a wide variety of product styles, 
the product utilized in this study would 
be classified as a fermented-cooked sum
mer sausage.

EXPERIMENTAL
Sausage fermentation and processing

A summer sausage formula (Table 1) was 
used in this study. Fresh pork trimmings and 
boneless beef were coarsely ground through an
8-mm plate, reground through a 4-mm plate 
and mixed in a Hobart H-600 mixer. Cure and 
seasonings were thoroughly blended into the 
meat mixture before adding the starter culture, 
Pediococcus cerevisiae. to a level of 3.6 x 106 
cells/g meat. Initial meat temperature was ap
proximately 5°C and increased to approximate
ly 12°C during 15 min of blending. Three repli
cate sausage batches were prepared utilizing 
pork and beef of the same source.

Each sausage batch was stuffed into 52 mm 
diameter Dry Sausage fibrous casing (Union 
Carbide). The sausage sticks, each weighing ap
proximately 1.8 kg, were hung in a fermenta
tion chamber maintained at 38°C and 95-98% 
RH. The sausages were held in this chamber for 
36 hr.

Following fermentation, the sausage sticks 
were initially heated at 82°C for 60 min and

Table 1—Summer sausage ingredients

Ingredient Quantity

Meats:
lean beef, boneless 4.54 kg
lean pork trimmings 4.54 kg

Cure:
sodium nitrite 0.70 g
sodium erythorbate 4.24 g
sodium chloride 226.8 g

Seasonings:
ground black pepper 17.0 g
ground white pepper 17.0 g
ground mustard 5.7 g
coriander 2.8 g
allspice 2.8 g
nutmeg 1.4g
sage 5.7 g
sucrose 45.4 g

Starter culture:
P e d io c o c c u s  ce re v is ia e  (Accel)a 71 g
Dextrose 90.7 g

a T r a d e m a r k  o f  s ta r t e r  c u lt u r e  p r o d u c e d  b y  
M e rc k  & C o m p a n y ,  R a h w a y ,  N . J .

then at 88°C until an internal temperature of 
71°C was obtained. Most summer sausages are 
not heated more than 63°C internally before 
drying. The product in this study represents 
only a single product style of summer sausage. 
Following heat processing, the product was 
given a cold water spray rinse and placed in a
7.5 i 2.0°C drying room having 10-15 air 
changes/hr. The air relative humidity ranged 
from 78 to 82%. The summer sausage was held 
in the drying room for 60 days. Samples of 
each batch were taken for analysis at the fol
lowing processing intervals: (1) after blending; 
(2) after fermentation; (3) at 63° internal dur
ing heat processing; (4) at 71°C internal after 
heat processing; and (5) after 10, 30, and 60 
days of drying.
Chemical analyses

Percentages of moisture, fat, protein, salt 
and lactic acid were determined for sausage 
samples of each replicate at the intervals indi
cated above. Moisture was determined by the 
AOAC (1970a) method. Ether extractables 
(Soxhlet) were used to calculate percent fat. 
The Kjeldahl nitrogen method following AOAC 
(1970a) was used for protein determinations. 
The salt content, expressed as percent NaCl, 
was measured with QUANTAB Chloride Titra- 
tors following the procedure of the AOAC 
(1970b) and Vander Werf and F ree (1971).
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Table 2—pH, percent lactic acid, percent salt, shear force values and preference panel scores 
of summer sausage during processing and drying3 _____________________________________

Sample
NaCl

%
Lactic acid

% pH
Shear force 

kg/g/cm2
Preference

Scoreb
Sausage mix:

initial 2.23a 0.00a 6.05a
fermented 2.343b 0.4 7b 4.85b
63°C internal 2.40a12 0.47b 4.85b
71°C internal 2.60bc 0.46b 4.91c 0.22a 7.02a

(0 days drying)
Product (dried):

10 days 2.92c 0.48b 5.05d 0.67b 7.28a
30 days 3.62d 0.50b 5.05d 1.31« 6.55a
60 days 4.19e 0.73° 5.19e 2.60d 6.95a

3 A n y  t w o  m e a n s  w it h in  a c o lu m n  h a v in g  th e  sa m e  o r  o n e  o f  th e  s a m e  le tte r s  a re  n o t  s ig n i f i 
c a n t ly  d i f f e r e n t  a t P  <  0 .0 5

b  P r e fe r e n c e  s c a le :  9  - l ik e  e x t r e m e ly ;  1 ~  d is l ik e  e x t r e m e ly .

Table 3—Nitrogen fractions in meat during processing and drying of summer sausage3

Nitrogen Fraction (mg N/g wet sample)

Sample Myofibrillar Sarcoplasmic Nonprotein Insoluble Total
Sausage mix:

initial 3.34a 5.73a 2.98a 16.21a 28.26a
fermented 1.75b 0.62b 4.45b 22.07b 28.89a
63°C internal 0.68c 0.21b 5.16bc 24.26b 30.31a
71°C internal 0.18C 0.79b 4.51b 24.03b 29.51a

Product (dried)
10 days 0.1 I e 0.08b 5.85c 33.48c 39.52b
30 days 0.00c 0 .00b 7.91d 40.21d 48.12e
60 days 0 .00c 0 .00b 8.73d 42.18e 50.91d

a A n y  tw o  m e a n s w it h in  a c o lu m n  h a v in g  th e  sa m e o r  o n e  o f  th e s a m e  le tte rs  are n o t  s ig n if i -
c a n t ly  d if f e r e n t  a t  P  <  0 .0 5 .

Lactic acid content was determined as pre
viously described (Acton, et al., 1972) using 
meat homogenates. The pH of the sausage 
homogenates was recorded prior to titration for 
lactic acid.

The following nitrogen (N) fractions of the 
sausage samples were studied: myofibrillar pro
tein N; sarcoplasmic protein N; nonprotein N 
(NPN); insoluble N; and total N. Total N was 
obtained by Kjeldahl N analysis (AOAC, 
1970a) of the meat samples. Myofibrillar pro
tein N, sarcoplasmic protein N and NPN frac
tions were obtained using the extraction and 
fractionation procedure of Khan and van den 
Berg (1964). 1 5g of finely ground meat from 
each processing interval previously listed were 
added to 300 ml of phosphate buffer (pH 7.0, 
ionic strength 1.0) and blended on a magnetic- 
stirrer at 465 rpm for 60 min at 4°C. The slurry 
was centrifuged at 4°C and 30,900 X G for 30 
min and the supernatant filtered through What
man #1 paper. NPN in the supernatant was 
determined by using 5% trichloroacetic acid 
(TCA) filtrates. Myofibrillar proteins in the 
supernatant were fractionated at an ionic- 
strength of 0.04 by diluting with 24 vol of dis
tilled water at 4°C and centrifuging for 30 min 
at 12,000 x G. Proteins remaining soluble at
0.04 ionic strength were designated the sarco

plasmic fraction. Fraction N concentrations 
were expressed as mg N per g wet sample. 
Microbiological analyses

Counts of total viable bacteria and lactic 
acid bacteria were made at each sampling inter
val. 10-g samples of the meats were blended 
with a Waring Blendor for 1 min with 90 ml 
quantities of 0.9% saline and subsequent deci
mal dilutions prepared with the same diluent. 
Duplicate 1-ml samples of the appropriate dilu
tions were mixed with standard plate count 
agar (APHA, 1968) or lactic agar (Frazier et al.,
1968). Plates were incubated at 30°C for
48-72 hr before counting.
Shear and panel preference analysis

Summer sausage samples at 0, 10, 30 and 60 
days of drying were analyzed for shearing force 
and preference scores. Meat slices 2 mm thick 
and of variable diameter (52-36 mm), due to 
stage of sausage dryness, were cut for both 
determinations.

For shear measurements, an Allo-Kramer 
Shear Press equipped with a 3000-lb ring was 
used with a 30 sec downstroke at range 300. 
Shearing force for each slice of meat was calcu
lated as kg/g/cm2 of surface area exposed to 
the shear blades. Shear values were recorded 
from groups of three slices randomly selected

from each of the three sausage batches.
Sausage slices were served at room tempera

ture (22°C) to 20 untrained panelists for prefer
ence rating. Panelists scored the samples on a 
nine-point hedonic scale (1 = dislike extremely; 
9 = like extremely). Three rating sessions were 
conducted using the same panelists.

RESULTS & DISCUSSION 
Chemical analyses

The initial sausage mixture contained 
60.1% moisture, 15.8% protein, 19.9% fat 
(Fig. 1). No significant (P <  0.05) change 
occurred in the quantity of these compo
nents during fermentation. There was 
a slight increase in fat content dur
ing heat processing due to a 6.7% 
loss of moisture. During the 60-day 
drying period, the increase of protein and 
fat content of the summer sausage was 
significantly (P <  0.01) correlated with 
the decrease in moisture level. The 
amount of moisture removed over the 
drying period followed previously esti
m ated shrinkage schedules (Wilson,
1960). At 10 days of drying the summer 
sausage was at the semidry stage (20% 
shrink). The medium dry stage (30% 
shrink) was attained at approximately 18 
days and the dry stage (35—40% shrink) 
at 24-30 days. The summer sausage 
would be classified as “ fully dried” at 
approximately 40 days, having reached a 
40—50% moisture loss.

The NaCl content (Table 2) did not 
change during fermentation but was sig
nificantly (P <  0.05) higher after heat 
processing when compared to the initial 
level in the sausage mixture. Salt content 
significantly increased at each drying in
terval, being dependent on the rate of 
moisture removal during drying (r = 
-0.95). At 60 days, the salt content had 
increased by 87% over the initial level in 
the mixture.

The lactic acid content produced dur
ing fermentation (Table 2) remained rela
tively constant (0.47-0.50%) from the 
end of fermentation through 30 days of 
drying. The lactic acid quantity of
0.50-0.73% at 30-60 days is within the 
concentration range generally reported 
for summer sausage (Acton et al., 1972; 
Merck, 1969).

The sausage pH significantly decreased 
from an initial value of 6.05 to 4.85 dur
ing fermentation (Table 2), reflecting the 
production of lactic acid by the starter 
culture. Product pH significantly in
creased by 0.1-0.2 pH units during the 
60-day drying period. It may be possible 
that the pH increase was due to an in
crease of basic NPN compounds accumu
lated during heat processing and drying 
(Table 3).

The quantities of soluble myofibrillar 
and sarcoplasmic protein N significantly 
(P <  0.05) decreased during the meat fer
mentation as shown in Table 3. These 
changes were reflected in the concurrent
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increase of the insolubleN fraction. The 
sarcoplasmic protein fraction was more 
rapidly denatured during the 38°C fer
mentation than the myofibrillar protein 
fraction. Bendali and Wismer-Pederson
(1962) reported that within pork muscle 
tissue a combination of low pH and high 
temperature precipitates sarcoplasmic 
proteins onto the myofibril. The low tem
perature heating (38°C) over the 36-hr 
fermentation apparently provided a con
tinued thermal energy input which re
sulted in the substantial denaturation of 
muscle protein fractions prior to heat 
processing (Table 3). It should be noted 
that changes in the fraction solubilities on 
extraction are the result of the summa
tion of partial denaturations occuring 
through the time gradient used for fer
mentation. In addition, the pH decrease 
accompanying fermentation may have 
contributed to the decreased solubility of 
both types of protein.

No significant change occurred in the 
total N quantity during fermentation and 
heat processing of the sausage. On drying, 
the quantities of NPN, insoluble N and 
total N increased, all changes being highly 
correlated with the rate of moisture 
removal.
Microbiological analyses

The lactic acid bacteria counts of the 
inoculated sausage increased by 2 log 
cycles during the 36-hr fermentation (Fig.
2) which is in agreement with the report 
of Acton et al. (1972). Heat processing of 
the fermented sausage reduced counts of 
the total viable lactic acid bacteria by 4.5 
log cycles. During the 60-day drying peri
od, one additional log reduction was 
found. Total plate counts from standard 
plate count agar were similar to, and in 
most cases, the same as those shown for 
the lactic acid bacteria.

Shear and panel preference 
analyses

Shear forces of slices of summer sau
sage samples from 0—60 days of drying 
are given in Table 2. At each analysis in
terval, there was a significant (P <  0.05) 
increase in the shear force values. Shear 
force and moisture content were highly 
correlated (r = -0.90).

In addition to sausage classification by 
moisture content, or shrinkage, it would 
be possible to rapidly assign dryness clas
sification by degree of hardness as deter
mined by the shear press. In this study, 
the 60-day “dry” summer sausage was 
approximately 3.9 times as tough as the 
“semidry” sausage of 10 days. There are 
no quantitative classification character
istics for fermented (or nonfermented) 
and dried sausage products, other than 
moisture content, known to exist at the 
current time.

Panel preference scores (Table 2) 
showed no significant difference between

F ig . 1—M o is tu re ,  p r o t e in  a n d  fa t  c o n t e n t s  d u r 

in g  p r o c e s s in g  a n d  d ry in g  o f  s u m m e r  sausage.

F ig . 2 — T o ta l la c t ic  a c id  b a c te r ia  c o u n t s  d u r in g  
p ro c e s s in g  a n d  d r y in g  o f  s u m m e r  sausage.

samples due to stage of summer sausage 
dryness. Panelists noted that the “dry” 
sausage samples were tougher than the 
other samples. This may be responsible 
for the slightly lower score of the 30- and 
60-day sausage samples. Although flavor 
analysis was not conducted, the sausage 
had a mild degree of “ tanginess” charac
teristic of this type of product (Acton et 
al., 1972; Borgstrom, 1968).

CONCLUSIONS
THE SEQUENCE of chemical, microbial, 
physical and sensory changes occurring 
during the primary processing phases (fer
mentation, heat processing and drying) of 
a fermented-cooked summer sausage were 
presented in this report. It was evident 
that (a) meat protein denaturation, (b) 
lactic acid bacteria growth and destruc
tion, and (c) production of lactic acid by 
the starter culture were complete by the 
end of heat processing. Further chemical 
and physical changes in the product were 
dependent on the rate at which moisture 
was removed during the drying phase.
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CHICKEN LIPID  CHANGES DURING COOKING IN 
FRESH  AND R EU SED  COOKING O IL

INTRODUCTION
READY-TO-EAT chicken is now avail
able throughout the U.S. from many 
sources, including franchised chicken 
specialty outlets, retail grocery stores and 
restaurants. Much of this chicken is 
breaded and cooked in heated vegetable 
oil, which deteriorates through continued 
use. Other pre-cooked chicken is mer
chandised in the frozen state. After 
frozen storage and reheating, fried 
chicken first loses its “ freshly-cooked” 
flavor, then develops a “warmed-over” 
flavor and eventually a rancid flavor 
(Hanson et al., 1959). Fried chicken also 
darkens in color during holding or stor
age, may lose moisture and thus becomes 
less acceptable.

Oxidative rancidity is a major cause 
for flavor deterioration of meat during 
storage (Tims and Watts, 1958; Turner et 
al., 1954). Therefore, the lipids present in 
muscle tissues affect flavor quality, and 
are responsible in part for problems 
related to product stability. The suscepti
bility of natural fat to oxidative rancidity 
depends largely upon its degree of 
unsaturation and its fatty acid composi
tion. Poultry fat has a total unsaturation 
of 60-70% (Chang and Watts, 1950), 
thus poultry meat tends to become rancid 
faster than beef or lamb. Hanson et al.
(1959) found that flavor changes develop 
at a faster rate in muscle than skin. Katz 
et al. (1966) showed a higher phospho
lipid content in muscle than in skin, and 
that phospholipids contained more long- 
chain polyunsaturated fatty acids than 
did neutral lipids. Phospholipids have 
been considered an important component 
which may correlate with flavor deterio
ration.

Various chemical reactions such as 
hydrolysis, oxidation and polymerization 
occur in cooking oil during heating 
(Carlin et al., 1954). The free radicals 
formed in cooking oil are considered as 
the initiating agents for these chemical 
reactions, and the amounts formed may 
be related to the length of time cooking 
oils are heated or reheated. Absorption of

1 Present address: G lidden-D urkee, Dw ight 
P. J o y ce  R esearch C enter, D ivision  o f  SCM, 
Stron gsville, OH 4 4 1 3 6

cooking oil, or substitution for part of 
the moisture, can occur during cooking, 
thus changes in chicken fats during 
cooking and frozen storage may be 
influenced by reuse of cooking oil, and 
are therefore important in studies on the 
stability of precooked frozen chicken.

This study was conducted to evaluate 
changes in the fatty acid composition of 
the cooking oil and in chicken lipids 
during cooking in fresh and reused corn 
oil, and to evaluate changes during stor
age of raw and cooked chicken.

EXPERIMENTAL
COMPOSITIONAL CHANGES in the cooking 
oil (corn oil) were first evaluated. This included 
intermittent heating of water-saturated cotton 
balls in corn oil, and later by actual cooking of 
chicken pieces. Fatty acid changes in chicken 
muscle and skin were evaluated after the 
chicken pieces were cooked in fresh corn oil 
and in reheated corn oil.
Preparation of corn oil for analyses

600g of commercial corn oil (Miesel brand) 
were placed in a beaker, heated on an electric 
hot plate to 200°C and maintained at this 
temperature. Oil was heated for 6 hr, cooled 
overnight at room temperature, then reheated 6 
hr; this process was repeated through 48 hr of 
heat.

Moist cotton balls, previously washed 
thoroughly, first with ethanol and then with 
redistilled hexane (Kawada et al., 1967), 
weighing lg and containing 80% by weight of 
water, were fried in the oil every hour.

40g of oil were sampled at 1/2, 1 and 6 hr 
during the first period, then at the end of 24, 
36 and 48 hr of heating. Samples were cooled 
to room temperature and kept in a vacuum 
desiccator at 0°C.
Preparation of chicken

7-wk old male broilers were obtained from a 
commercial farm and were processed in the 
University Poultry Laboratory. The birds were 
killed, defeathered and eviscerated in the usual 
manner, and chilled in water mixed with 
crushed ice for 3 hr. The birds were cut into 
portions identified as breasts, thighs, drum
sticks and wings, packaged in “Cryovac®” bags 
and stored at 0°C.
Cooking procedure

Egg-milk dip. Eight large eggs were blended 
for 1 min in a Waring Blendor, two 415.8g 
(14.5 oz) cans evaporated milk and 1.9 liters (2 
qt) cold water were added and mixed well 
immediately before use.

Breading. A basic mixture of 1 1.4 kg (25 lb) 
of breading, obtained by mixing all-purpose

wheat flour and potato flour (5:1 ratio), 1.5 kg 
(3.25 lb) salt, and 738.4g (26 oz) commercial 
seasoning was used in these experiments.

Cooking. Chicken was cooked in a Mies 
commercial pressure fryer. Model C. 12.2 kg 
(27 lb) of commercial corn oil (Miesel brand) 
was placed in the cooker, and preheated to 
205°C (400°F).

Four cut-up birds (as a group) were dipped 
in the egg-milk mixture for 10 sec to wet each 
piece evenly, drained and breaded. When the 
temperature of the oil reached 205°C, the 
pieces were added and cooked for about 1 min. 
depending upon the color. When the chicken 
was brown, the cooker was closed and the 
pressure regulated to 15 psi, and the chicken 
was cooked for 9.5 min. Immediately after 
cooking, the pressure was released and the 
pieces removed, placed on a wire rack and then 
transferred to a warming oven at 70°C to drain 
and darken in color. The pieces were held in the 
warming oven approximately 15 min and then 
packaged in a heat-sealed polyethylene bag.

Cut-up pieces were cooked in fresh corn oil 
and after 24 and 42 hr of heating. 40g of corn 
oil were sampled at the end of 6, 30 and 48 hr 
of heating. Moist cotton balls, previously 
described, were cooked every hour when chick
ens were not cooked. After 2 min of cooking, 
the cotton balls contained approximately 2.9% 
moisture and 91.4% of oil. 1.4 kg (3 lb) of fresh 
corn oil were added each day before cooking.

Three groups of chicken pieces were 
randomly selected for each of the following 
treatments: uncooked cut-up birds, cooked 
with fresh corn oil, and cooked with 24- and 
42-hr heated corn oil. One group from each 
treatment was analyzed immediately after 
processing. The other two groups were pack
aged in Cryovac® bags and frozen at -37°C. 
Samples were stored at 18°C for 3 or 6 mo 
before analyses.

The samples of corn oil including fresh corn 
oil and corn oil heated for 6 , 30 and 48 hr were 
kept in a vacuum desiccator and stored at 0°C 
until analyzed.
Lipids extraction and purification

Muscle and skin samples (without breading) 
were obtained from each group (four birds) and 
were ground prior to lipid extraction. Total 
lipids were extracted with chloroform- 
methanol-water 8:4:3 (v/v/v) according to the 
Folch method (Folch et al., 1957).
Methylation of lipids

Lipids were methylated by a rapid low 
temperature method introduced by McGinnis 
and Dugan (1965). This sample was kept at 
0°C, in the dark, for not more than 1 2 hr prior 
to GLC analysis.
Gas-liquid chromatography

Fatty acid methyl esters were determined in 
an F & M (Model 810) dual column gas chroma-
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Table 1—Changes in fatty acid composition of corn oil during 
heating with cotton balls

Heating time (hr)

Fatty acids® 0 0.5 1 6 24 36 48
160 13.7 14.0 12.5 14.9 13.8 16.5 17.4
18:0 2.4 1.7 2.1 1.4 2.2 2.6 2.4
18:1 25.3 26.6 26.5 26.5 29.2 30.9 32.2
182 58.6 57.7 58.9 57.2 54.8 50.0 48.0
18:3 trace trace - - - - -
Total sat. 16.1 15.7 14.6 16.3 16.0 19.1 19.8
Total unsat. 83.9 84.3 85.4 83.7 84.0 80.9 80.2
3 N u m b e r  o f  c a r b o n s :  n u m b e r  o f  d o u b le  b o n d s ;  d u p l ic a t e  a n a ly s e s

Table 2—Changes in 
cooking with chicken

fatty acid composition of corn oil during

Heating times (hr)

Fatty acids® 0 6 30 48

Percent (G LC  peak area)
14:0 - 0.4 0.3 0.7
15:0 - trace - -
16:0 14.8 15.4 16.7 19.2
16:1 - 0.2 0.8 1.8
18:0 1.8 2.2 1.6 1.6
18:1 24.0 24.1 25.3 26.7
18:2 59.5 57.5 55.2 50.0
18:3 trace 0.2 - -
Total sat. 16.6 18.0 18.6 21.5
Total unsat. 83.5 83.0 81.3 78.5
a N u m b e r  o f  c a r b o n s :n u m b e r  o f  d o u b le  b o n d s

Table 3—Changes in fatty acid composition of chicken muscle total lipids during cooking and frozen storage

Storage time (mo)
Ô 3 ” 6

Cooking treatments“

Fatty acids3 Raw A B C Raw A B C Raw A B C

14:0 1.1 1.0 1.2 0.9
Percent (GLC peak area) 

1.3 0.7 0.9 1.1 2.2 0.8 1.2 1.7
15:0 1.1 1.3 0.8 0.5 1.2 0.6 0.8 0.7 3.3 0.7 1.1 1.0
16:0 20.6 21.4 20.3 21.4 25.3 20.6 20.0 23.3 26.5 19.8 21.9 23.8
16:1 5.0 3.9 3.7 3.4 5.3 3.0 3.9 4.3 6.7 4.8 4.8 4.8
18:0 7.0 4.7 5.1 5.1 7.6 4.8 5.6 4.6 6.7 3.9 5.0 4.9
18:1 33.8 31.3 30.7 29.8 37.9 31.2 33.2 30.5 36.8 31.5 33.7 33.6
18:2 24.9 33.8 37.2 37.4 20.1 38.5 34.8 34.1 16.2 37.3 31.6 29.5
18:3 1.5 1.6 1.2 1.4 0.7 0.6 0.9 1.4 0.4 1.2 0.8 0.9
20:3 2.1 1.0 - - - - - - - - - -
20:4 2.8 - - - 0.6 - - - 1.2 - - -
Total sat. 29.8 28.4 27.4 27.9 35.4 26.7 27.3 29.7 38.7 25.2 29.2 31.4
Total unsat. 70.1 71.6 72.8 72.0 64.6 73.3 72.8 70.3 61.3 73.8 70.9 68.8
a N u m b e r  o f  c a r b o n s :  n u m b e r  o f  d o u b le  b o n d s
b ( A )  F r e s h  c o r n  o il ;  (B )  C o r n  o il p r e v io u s ly  h e a te d  f o r  2 4  h r ; ( C )  C o r n  o il  p r e v io u s ly  h e a te d  fo r  4 2  h r

tograph, equipped with a flame ionization 
detector A 72 x 1 /4-in. copper column was 
packed with 15% diethylene glycol succinate 
and 3% phosphoric acid as liquid phase and 
chromosorb-W as solid support. Helium was 
used as carrier gas at a flow rate of 35 ml/min. 
The hydrogen flame was fed by using 60 
ml/min stabilized at 200°C for 2 days. Column 
temperature was maintained at 190°C, with 
detector temperature at 260°C and injector at 
250°C.
Separation of phospholipids 
from neutral lipids

The sample, dissolved in chloroform, was 
applied in several spots at a distance of 0.5 cm 
from each other along the bottom of a plate 
coated with silica gel G. The plate was allowed 
to stand until the chloroform evaporated from 
the spotting sample.

The solvent system was a combination of 
hexane, diethyl ether and acetic acid in a 
volume ratio of 80:20:1. Ascending chroma
tography was used in a vapor saturated

chamber. This procedure allowed the solvent to 
rise to within 0.5 cm of the top of the absorb
ent. Average running time was 30 min.

After development, the solvent was evapo
rated from the plate and the spots were then 
made visible in iodine vapor. Phospholipids 
which remained at the origin, were scraped off 
the plate with the solvent containing chloro
form and methanol at a ratio of 2 to 1 (v/v) 
through the filter paper. The remaining neutral 
lipids were scraped and washed with ethyl ether 
into small tubes. The purified phospholipids 
and neutral lipids were subjected to méthyla
tion for GLC analyses of the fatty acids.

RESULTS
Changes in corn oil composition

Composition of corn oii before heating 
and after heating with cotton balls for 
times up to 48 hr are reported in Table 1. 
Corn oil initially contained 59% linoleic 
acid, 25% oleic acid, 14% palmitic acid.

2 % stearic acid and trace amounts of 
linolenic acid. During heating linoleic acid 
decreased, especially after 24 hr of heat, 
whereas oleic and palmitic acids in
creased.

The percentage of all fatty acids was 
calculated as 1 0 0 %; therefore, when one 
of these fatty acids decreased, one or 
more of the other fatty acids increased. 
The change in fatty acid content of corn 
oil during heating, due mostly to the 
decrease in linoleic acid, was expected.

The cooking oil was sampled and 
analyzed frequently during intermittent 
cooking of chicken. Linoleic acid de
creased from 59% in fresh corn oil to 
50% in oil heated for 48 hr (Table 2). 
Linoleic acid in corn oil declined about 
the same during cooking of chicken and 
when the corn oil was cooked with moist 
cotton balls.
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Table 4 —Changes in fatty acid composition of chicken skin total lipids during cooking and frozen storage

Storage time (mo)
0 3 6

Cooking treatments11

Fatty acids3 Raw A B C Raw A B C Raw A B C

14:0 1.9 0.8 0.9 0.9
Percent (G LC peak area)

2.0 1.6 1.2 1.0 1.6 1.2 1.1 1.4
15:0 0.9 0.2 0.2 - 0.5 - - - 0.7 0.5 0.6 0.7
16:0 26.3 20.6 20.5 20.9 24.3 20.9 22.0 20.8 26.1 20.5 20.5 21.7
16:1 6.1 3.3 4.1 4.1 6.3 3.5 3.6 2.9 6.3 4.1 4.5 4.5
18:0 6.3 3.6 3.6 4.1 7.5 3.9 4.7 4.4 6.4 3.8 4.5 4.9
18:1 38.4 30.6 33.1 32.1 40.2 31.3 33.4 30.8 40.9 30.6 33.3 32.6
18:2 18.3 39.9 37.1 37.5 18.9 38.4 34.8 39.9 16.7 38.4 34.3 33.4
18:3 1.9 1.1 0.5 0.6 0.5 0.4 0.2 0.3 1.3 1.1 1.1 0.7

Total sat. 35.4 25.2 25.2 25.9 34.5 26.4 27.9 26.2 34.8 25.7 26.7 28.7
Total unsat. 64.7 74.9 74.8 74.3 65.7 73.6 72.0 73.9 65.2 74.2 73.2 71.2
3 N u m b e r  o f  c a r b o n s :  n u m b e r  o f  d o u b le  b o n d s
b  ( A )  F r e s h  c o r n  o i l ;  ( B )  C o r n  o il p r e v io u s ly  h e a te d  f o r  2 4  h r ;  ( C )  C o r n  o il  p r e v io u s ly  h e a te d  f o r  4 2  h r

Table 5 —Changes in fatty acid composition of chicken muscle phospholipids during cooking and frozen storage

Storage time (mo)
Ô 3 6

Cooking treatments*1

Fatty acids3 Raw A B C Raw A B C Raw A B C

12:0 0.5 0.2 0.4 0.4
Percent (GLC peak area) 

0.3 0.6 0.1 0.8 0.5 _ 0.3 0.3
13:0 0.3 0.6 0.3 0.3 trace trace - - 3.5 3.1 2.8 1.7
14:0 0.4 0.3 0.3 0.5 0.2 0.2 trace 0.4 3.7 0.5 2.3 1.9
Unknown - 0.4 0.4 0.3 - - - - - - - -

15:0 7.7 8.0 4.9 6.2 13.9 11.6 4.6 7.4 17.2 14.4 15.1 14.8
16:0 13.8 14.4 14.8 18.0 19.4 14.9 16.7 16.7 17.1 16.2 15.2 15.7
16:1 0.4 0.8 1.2 0.7 3.1 - - - - - - -
17:0 3.3 3.9 2.3 2.6 1.7 2.2 1.1 2.3 4.5 5.3 5.7 6.0
18:0 17.9 10.1 9.9 7.6 12.1 6.4 6.5 7.8 13.4 111 12.3 13.8
18:1 12.8 18.7 18.7 18.6 23.4 20.5 22.5 16.8 14.0 13.5 15.3 15.8
18:2 22.3 30.6 37.0 38.9 19.4 35.4 42.7 40.9 15.8 26.2 27.7 26.9
18:3 3.0 0.6 - - trace trace 0.1 - - - - -
20:3 2.4 0.6 - - - - - - - - - -

20:4 15.3 10.9 9.7 6.0 6.7 8.3 5.8 6.9 11.4 9.7 3.2 3.0
Total sat. 43.9 37.5 33.1 35.6 47.6 35.9 29.0 35.4 59.9 50.6 53.7 54.2
Total unsat. 56.2 62.2 66.6 64.2 52.6 64.2 71.7 64.6 41.2 49.4 46.2 45.7
a N u m b e r  o f  c a r b o n s :n u m b e r  o f  d o u b le  b o n d s
11 ( A )  F r e s h  c o r n  o i l ;  ( B )  C o r n  o il p r e v io u s ly  h e a te d  f o r  2 4  h r ; ( C )  C o r n  o il  p r e v io u s ly  h e a te d  f o r  4 2  hr

Changes in chicken lipids
Total muscle lipids. The major fatty 

acids from uncooked chicken muscle fat 
were oleic, linoleic and palmitic acids, 
accounting for 79% of the total. The 
remainder were minor fatty acids such as 
stearic, palmitoleic, linolenic and arachi- 
donic acids. The total unsaturation was 
70% (Table 3).

Losses of arachidonic, eicosatrienoic, 
oleic, stearic and palmitoleic acids and a 
large increase in linoleic acids were found 
in total muscle lipids after chicken was 
cooked in fresh corn oil. The total muscle 
lipids from chicken cooked in reheated

corn oil were quite similar in both the 24 
and 42 hr groups, although linoleic acid 
increased with an increase in oil heating 
time, and absolute values of several fatty 
acids decreased slightly but not signifi
cantly.

After 3 mo storage, samples showed 
normal flavor and appearance without 
any observable deterioration by casual 
observations. However, after 6 mo stor
age, a rancid odor was emitted from the 
cooked samples when the bag was 
opened, and a slight brown discoloration 
in the dark meat was found. Uncooked 
samples showed a yellowish color on the

skin and a slightly brownish color in the 
dark meat. The percentage of polyun
saturated acids (arachidonic, eicosatri
enoic, linoleic and linolenic acids) in 
muscles from chicken cooked in reheated 
oil decreased during the first 3 mo of 
storage (Table 3). After 6 mo, linoleic 
acid decreased further, with little change 
in other fatty acids. The total unsaturated 
fats of fresh chicken muscle. 70% de
creased to 65 and 61% after 3 and 6 
mo storage, respectively.

Total skin lipids. The major fatty acids 
in uncooked chicken skin fat were oleic.
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Table 6—Changes in fatty acid composition of chicken skin phospholipids during cooking and frozen storage

Storage time (mo)
Ò 3 6

Cooking treatments11

Fatty acids3 Raw A B C Raw A B C Raw A B C
Percent (GLC peak area)

12:0 — 1.2 — - - - - - - - — -
13:0 2.8 0.9 1.0 3.6 0.9 0.6 0.3 0.3 1.2 0.9 1.2 1.3
14:0 — 0.7 0.4 1.6 0.7 0.7 0.4 0.8 0.7 1.0 1.9 2.0
15:0 3.4 1.6 0.6 0.6 2.3 0.6 0.3 0.4 3.4 0.9 1.2 1.3
16:0 18.1 17.9 15.5 15.1 21.0 18.1 18.8 19.9 22.1 18.5 19.2 20.1
161 2.6 2.5 0.6 1.6 3.5 1.2 0.9 1.4 3.6 1.5 1.2 1.2
17:0 1.4 - 0.5 0.5 4.4 1.1 0.4 0.8 5.1 1.7 0.9 1.0
18:0 4.2 4.0 2.8 2.1 7.4 2.8 2.9 3.9 7.5 2.9 3.1 3.5
18:1 36.0 22.0 22.4 22.4 35.7 21.9 23.1 22.7 35.0 22.0 22.8 22.5
18:2 18.6 43.8 52.1 49.5 20.3 49.1 51.2 49.8 19.8 50.0 48.5 47.1
18:3 1.5 1.1 0.9 trace 0.9 0.6 1.1 - 0.5 - - -
20:4 11.5 4.5 3.3 3.0 2.8 3.2 0.6 - 1.1 0.6 - -

Total sat. 29.9 26.3 20.8 23.5 36.7 23.9 23.1 26.1 40.0 25.9 27.5 29.2
Total unsat. 70.2 73.9 79.3 76.5 63.2 76.0 76.9 73.9 60.0 74.1 72.5 70.8
a N u m b e r  o f  c a r b o n s :  n u m b e r  o f  d o u b le  b o n d s
b  ( A )  F r e s h  c o r n  o il ;  ( B )  C o r n  o il  p r e v io u s ly  h e a te d  f o r  2 4  h r ;  ( C )  C o r n  o il  p r e v io u s ly  h e a te d  fo r  4 2  hr

Table 7 —Changes in fatty acid composition of chicken muscle neutral lipids during cooking and frozen storage

Storage time (mo)
Ô 3 6
____________________________________Cooking treatments*1_________________________________

Fatty acidsa Raw A B C Raw A B C Raw A B C

12:0 0.3
Percent (GLC peak area)

_ _
13:0 0.1 - - - - - - - - - - -
14:0 0.9 1.1 1.3 1.2 1.3 0.8 0.7 1.0 1.7 0.8 1.6 1.0
15:0 1.8 0.4 trace trace 0.6 - - - 0.7 0.7 1.6 0.4
16:0 20.9 21.3 22.5 20.2 25.1 21.0 20.8 20.2 27.5 19.6 18.8 23.9
16:1 4.9 4.6 4.8 3.9 6.1 2.9 4.2 3.9 7.1 4.1 4.2 4.2
18:0 6.5 4.2 4.0 4.1 6.0 4.7 5.3 4.1 6.1 3.7 5.5 4.6
18:1 35.9 32.0 30.0 34.9 40.7 32.2 35.2 34.9 39.3 33.8 34.4 34.8
182 23.2 33.9 36.1 34.9 19.1 37.7 33.0 34.9 16.3 36.2 32.5 29.7
18:3 1.4 0.7 1.3 0.9 1.1 0.7 0.9 0.9 1.4 1.0 1.3 1.2
20:3 2.8 1.4 - - - - - - - - - -
20:4 0.5 0.3 - - - - - - - - — —

Total sat. 31.4 27.0 27.8 25.5 33.0 26.5 26.8 25.3 36.0 24.8 27.5 29.9
Total unsat. 68.7 72.9 72.2 74.6 67.0 73.5 73.3 74.6 64.1 75.1 72.4 69.9

a N u m b e r  o f  c a r b o n s :n u m b e r  o f  d o u b le  b o n d s
b  ( A )  F r e s h  c o r n  o il ;  ( B )  C o r n  o il  p r e v io u s ly  h e a te d  f o r  2 4  h r ; ( C )  C o r n  o il p r e v io u s ly  h e a te d  f o r  4 2  h r

palmitic and linoleic acids, amounting to 
83% of the total. The remainder were 
stearic, palmitoleic, myristic and linolenic 
acids. The total unsaturation was 65% 
(Table 4). Muscle fat contained a higher 
percentage of unsaturation and more high
ly unsaturated fatty acids than skin fat.

After chicken was cooked in fresh 
corn oil, linoleic acid in skin lipids 
increased from 18% to 40%, whereas 
most other fatty acids decreased. The 
total unsaturation increased from 65% to 
75%. Additional changes in fatty acids in

total skin lipids due to cooking in re
used corn oil were minimal.

After 3 and 6 mo storage, the com
position of skin lipids of raw chicken had 
changed only slightly; however, the 
changes following cooking were signifi
cant. Major changes were relative de
creases in palmitic and oleic acids and an 
increase in linoleic acid.

Muscle phospholipids. The predomi
nant fatty acids in phospholipids from 
uncooked chicken muscle were linoleic,

stearic, palmitic, arachidonic and oleic 
acids, which totaled 82% (Table 5). The 
highly unsaturated fatty acid content and 
high levels of arachidonic acid and lino
leic acid are characteristic o f phospho
lipids.

Losses of arachidonic, eicosatrienoic, 
linolenic and stearic acids were found in 
the muscle phospholipids after the chick
en was cooked in fresh corn oil. Linoleic 
acid and oleic acid increased, and an 
unidentified component was present.

The muscle phospholipids from the
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Table 8—Changes in fatty acid composition of chicken skin neutral lipids during cooking and frozen storage

Storage time (mo)
0 3 6
________________________ Cooking treatmentsb_______________________

Fatty acids® Raw A B C Raw A B C Raw A B C

14:0 2.0 0.7 0.7 1.3
Percent (GLC peak area)

1.0 0.8 1.1 0.9 1.4 1.0 1.3 2.3
15:0 1.0 - 0.2 0.9 0.3 - - - 0.7 0.3 0.5 0.3
16:0 26.4 19.2 19.1 20.2 26.0 20.6 21.5 19.5 26.3 21.5 20.8 22.8
16:1 5.1 3.8 4.3 5.4 5.9 4.0 4.2 3.6 6.4 3.8 4.9 4.1
18:0 6.4 4.1 4.1 4.5 6.5 3.5 4.3 3.6 7.6 3.7 4.1 6.2
18:1 39.1 30.0 33.9 33.3 42.3 29.7 34.6 32.7 40.3 30.5 32.9 31.9
18:3 2.0 0.9 1.3 1.1 0.3 0.3 0.2 0.3 0.7 1.0 0.9 0.6
Total sat. 35.8 24.0 24.1 26.9 33.8 24.9 26.9 24.0 36.0 26.5 26.7 31.6
Total unsat. 64.2 76.2 75.8 73.0 66.3 75.2 73.2 76.0 64.1 73.5 73.3 68.4
a N u m b e r  o f  c a r b o n s :  n u m b e r  o f  d o u b le  b o n d s
b  ( A )  F r e s h  c o r n  o il ;  <B ) C o r n  o il  p r e v io u s ly  h e a te d  fo r  2 4  h r ; ( C )  C o r n  o il  p r e v io u s ly  h e a te d  f o r  4 2  h r

chicken cooked in fresh corn oil con
tained ll%  arachidonic and less than 1% 
eicosatrienoic and linolenic acids. When 
the chicken was cooked in corn oil 
previously heated for 24 or 48 hr. poly
unsaturated acids decreased and linoleic 
acid increased.

Total unsaturated fatty acids in 
muscle phospholipids from uncooked 
birds decreased during storage, especially 
arachidonic, eicosatrienoic, linolenic, lin
oleic and stearic acids. Increased amounts 
of several short chain fatty acids were also 
found after storage.

The greatest loss of unsaturated fatty 
acids was found in the chicken cooked in 
corn oil previously heated for 42 hr, 
followed by that heated for 24 hr, and 
lowest in chicken cooked in fresh corn 
oil. In other words, the use of reheated 
corn oil accentuated the loss of unsaturat
ed fatty acids in chicken during storage 
and contributed to the stability changes.

Skin phospholipids. The predominant 
fatty acids of phospholipids from un
cooked chicken skin fats were oleic, 
linoleic, palmitic and arachidonic acids, 
amounting to 84% of the total (Table 6).

Primary changes in composition of 
skin phospholipids after the chicken was 
cooked in fresh corn oil were decreases in 
oleic and arachidonic acids, and increases 
in linoleic acid and some short chain 
acids. Fat changes were greater in skin 
phospholipids from the chicken cooked 
in reused corn oil.

The unsaturated fatty acid, arachi
donic acid, in skin phospholipids from 
uncooked birds decreased during storage; 
however, cooking resulted in more severe 
changes than did frozen storage.

Muscle neutral lipids. The predomi
nant fatty acids in neutral lipids from 
uncooked chicken muscle were palmitic, 
oleic and linoleic acids, amounting to

80%. About 28% of the muscle neutral 
lipids were polyunsaturated (Table 7).

The changes in muscle neutral lipids 
during cooking in fresh corn oil were 
mainly an increase in linoleic acid and 
slight decreases in several other acids. 
Storage of uncooked birds resulted in 
increases in palmitic and oleic acid and 
decreases in linoleic acid. Muscle neutral 
lipids from the chicken cooked in reused 
com oil after frozen storage showed a 
decrease in polyunsaturated acids.

Skin neutral lipids. The major fatty 
acids in skin neutral lipids from uncooked 
chicken were oleic, palmitic and linoleic 
acids (Table 8). The relative amounts of 
fatty acids in neutral lipids had slightly 
higher percentages of oleic and palmitic 
acids but a lower percentage of linoleic 
acid.

DISCUSSION
THE FATTY ACID changes in poultry 
meat during cooking i,i heated corn oil 
can be the result of chemical factors such 
as oxidation, hydrolysis or polymeriza
tion, or physical changes associated with 
movement of cooking oil to the product 
or juices from the product to the cooking 
oil. Chemical reactions can also occur 
simultaneously in the heated oil and in 
the skin or muscle lipids during cooking.

Heat-induced free radicals and the 
unsaturated fatty acids present in corn oil 
are considered reactive components. 
Since the rate of autoxidation of linoleic 
acid is rapid, the decrease in linoleic acid 
in heated corn oil was expected. The 
losses of unsaturated fatty acids from 
chicken cooked in fresh corn oil, such as 
arachidonic and eicosatrienoic acids, 
indicate that specific chemical reactions 
occurred. The increase in linoleic acids 
after cooking may have resulted from

adsorption or absorption of corn oil 
which contained 59% linoleic acid.

The occurrence of chemical reactions 
in heated com oil is postulated to be 
initiated by the formation of heat- 
induced free radicals, with the rate of 
reactions depending upon the concentra
tion of free radicals formed. In other 
words, the corn oil may contain more 
free radicals when heated for 42 than 24 
hr, or than fresh corn oil. When the chick
en was cooked in these reused corn oils, it 
was expected that the chemical reactions 
would occur at a faster rate. Thus, the 
increased losses of eicosatrienoic and 
oleic acids which occurred in chicken 
muscle fat when cooked in reused com 
oil were expected.

Decreases in unsaturation of fatty 
acids in chicken muscle were found 
during storage. The absorption (or 
adsorption) of reused corn oil by chicken 
pieces undoubtedly affected product 
stability. The lower percentage of un
saturated fatty acids after storage repre
sented oxidation of muscle fat.

The composition of phospholipids 
from chicken was similar to that reported 
by Katz et al. (1966), Peng (1965), 
lssacks et al. (1964) and Marion et al.
(1967). Some fatty acids reported by 
Katz et al. (1966) such as 20:1, 20:2, 
22:3 and 22:4 were not found in this 
study.

The fatty acid, 22:0 may be eluted at 
the same time as 20:3 with the GLC 
system used. However, in this study 
saturated fatty acid esters were separated 
from unsaturated fatty acid esters utiliz
ing TLC prior to GLC analysis. The peak 
identified as 20:3 was found in the un
saturated fatty acid esters and is, there
fore, assumed to be 20:3.

The corn oil used did not contain 
phospholipids, thus the absorption (or
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adsorption) of oil by chicken pieces 
during cooking would not affect composi
tion of phospholipids in cooked chicken. 
Such changes are presumed to be due to 
heat induced chemical reactions.

Losses of arachidonic. eicosatrienoic 
and linolenic acids in chicken muscle 
phospholipids are probably due to the 
oxidative deterioration which occurs 
during cooking. One double bond present 
in the unsaturated acids is first attached 
to form hydroperoxides as primary 
products. These undergo a variety of 
scission and dismutation reactions to 
form a wide spectrum of carbonyl com
pounds, hydroxy compounds and short 
chain fatty acids. The formation of 
carbonyl compounds may contribute to 
the aroma of cooked chicken (Bassette 
and Day, 1960). Hydrolysis may also 
occur in chicken fat when heat is applied. 
The increased amounts of linoleic and 
oleic acids may be due to the decreased 
amounts of higher polyunsaturated acids, 
since all fatty acids amounted to 100% or 
partially to the reconstitution of hydro
lyzed phospholipids with the fatty acids 
from absorbed corn oil during cooking.

The lower unsaturated fatty acids in 
muscle phospholipids after storage indi
cated severe oxidation. This could have 
been catalyzed by heme protein 
(Younathan and Watts, 1960), since the 
ferric heme pigments are formed from 
oxidation of oxymyoglobin and myoglo
bin.

The greater losses of polyunsaturated 
acids in the phospholipids than in neutral 
lipids during cooking in reused com oil 
shows that they are more readily suscepti
ble to stress and are very important in 
determining meat quality. The oxidation 
of tissue lipids appears to occur in two 
stages, first in phospholipids, then in 
neutral lipids (El-Gharbawi and Dugan,
1965). The neutral lipids in skin also 
appear to be more stable than in the 
muscle.

Minimum chemical changes occurred 
in the fatty acids when fresh chicken was 
cooked in fresh com oil. Frozen storage 
of chicken and use of reheated corn oil 
both contribute to increased oxidation 
and other chemical changes in the lipids.
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USE OF y-IRRADIATIOIM TO PR EV EN T A FLA TO X IN  
PRODUCTION IN BREA D

INTRODUCTION
THE USE OF low level or pasteurizing 
doses of gamma irradiation to extend the 
shelf life of certain foods has been stud
ied by numerous workers (Bellamy, 1959; 
Hannesson, 1972; Niven, 1958). These 
levels of irradiation do not sterilize food 
products but rather reduce the microbial 
population and thereby extend storage 
life. This application of irradiation was 
employed by Hartung et al. (1973) to ex
tend the shelf life of fresh bread used in 
food systems for manned space flight mis
sions.

Molds are a common and important 
cause of spoilage of bread (Frazier,
1967). Mycostatic agents, principally 
propionates, are added to bread to delay 
mold growth, but molding still occurs af
ter extended storage. Mold spoilage of 
bread containing mold inhibitors was 
noted in early manned space missions 
(Hartung et al., 1973). By applying a 50 
Krad dose of irradiation to flour and sub
sequently to bread, Hartung et al. (1973) 
showed a significant reduction in the 
amount of visible and total mold that 
developed on the bread during storage up 
to 20 wk. However, a small percentage of 
molds survived and were capable of out
growth during storage.

A number of common spoilage molds 
are capable of producing secondary 
metabolites that are both toxic and car
cinogenic to a wide range of animals 
(Detroy et al., 1971). One such group of 
these compounds are the aflatoxins, 
which are produced by certain strains of 
Aspergillus flavus and A. parasiticus. 
Miyaki et al. (1967) reported that afla
toxins were resistant to ionizing irradia
tion doses as high as 30 Mrad. Jemmali 
and Guilbot (1969; 1970a, b) observed 
that exposure of A. flavus spores to gam
ma irradiation doses of less than 200 
Krad tended to induce or increase afla- 
toxin production in subsequent cultures.

Hartung et al. (1973) found that 
Aspergillus and Pénicillium species pre
dominated among molds isolated from 
unirradiated flour and bread. While irradi
ation treatment lowered the incidence of 
these organisms, surviving spores had the 
capability of outgrowth. The possibility 
that such survivors might be capable of

toxin production or might have altered 
patterns of toxin production raises con
cerns about the use of irradiation as a 
method of food preservation, not only 
for space food systems, but food systems 
in general. This work was initiated to 
study the effects of selected low levels of 
gamma irradiation on the ability of 
strains of A. parasiticus to survive and 
produce aflatoxin in a fresh bread system.

EXPERIMENTAL
Organisms

Aspergillus parasiticus strains NRRL 2999 
and NRRL 3000, obtained from the culture 
collection of the USDA Northern Regional Re
search Laboratory, ARS, Peoria, 111., were used 
in this study. Both are known aflatoxin-produc- 
ing cultures. Strain 2999 is generally a more 
potent aflatoxin producer than strain 3000. 
Stock cultures were maintained at 2-4°C on 
slants of Difco potato dextrose agar in screw 
cap test tubes.
Inoculum

Cultures of the toxic molds were grown on 
potato dextrose agar slants for 10 days at 25°C 
until well sporulated. The spores were washed 
from the slants with a sterile 0.01% solution of 
Tween 80. The harvested spores were sus
pended in 100 ml of sterile Tween 80 and 
aseptically filtered through sterile cheesecloth 
to remove mycelial debris. The filtered suspen
sions were quantitated using a Petroff-Hausser 
counting chamber. Portions of the suspenions 
were diluted to obtain two levels of inoculum, 
approximately 102 and 106 spores/bread slice. 
The dilutions were made so that the required 
number of spores were contained in 0.1 ml of 
spore suspension. One-half of this amount was 
applied to each side of each slice of bread.
Inoculation, packaging and irradiation 
of bread slices

The bread used in this study was baked 
without mold inhibitor by a local bakery and 
was obtained and used within 1 2 hr of baking. 
The slices of bread were aseptically removed 
from the packaged loaves and placed on sterile 
towels inside a bacteriological glove box. The 
interior surfaces of the glove box had previous
ly been sanitized with a 50% solution of house
hold bleach and exposure to germicidal UV 
light for 1 hr before use. The bread slices were 
exposed to germicidal UV light for 15 min per 
side prior to inoculation. The slices were inocu
lated and the inoculum was spread over the sur
face of the bread by brushing it with a flamed 
inoculating loop. The inoculated slices were in
dividually packaged in polyethylene pouches

(PL540, W.R. Grace Co.) and the pouches were 
sealed under an air atmosphere. The inoculated 
slices were irradiated at 0, 100 and 200 Krad at 
ambient (ca 25°C) temperature using a Cobalt 
60 source similar to the one described by Teeny 
and Miyauchi (1970). Dosimetry for irradiating 
the bread was established using a Fricke Dosim
eter, ASTM 01671-63. The bread was stored for 
10 days at 25°C, and then analyzed for afla
toxins and total mold content.

Extended storage studies were also included 
wherein white bread slices were inoculated, 
packaged and irradiated in the same manner as 
described above. The bread slices were then 
stored at 25°C, and examined at 0, 1, 2,4 and 
6 wk. Samples were evaluated for aflatoxin con
tent, total molds, yeasts and bacteria.

In all treatments duplicate samples were 
used and the studies were replicated three 
times.
Analyses of bread slices

The bread slices were observed for visible 
mold growth during the storage periods. After 
storage, duplicate samples were composited by 
blending in a sterile blender. Total bacteria, 
yeast and mold counts were made using stand
ard methods (Sharf. 1966), except that instead 
of acidifying potato dextrose agar for yeast and 
mold counts, 30 ppm tetracycline was used to 
prevent bacterial growth.

The composited samples were also analyzed 
for aflatoxin content using a modification of 
the extraction method of Pons et al. (1966), in 
which 100% ethyl alcohol was substituted for 
acetone in the extraction solvent. This resulted 
in cleaner extracts that did not as readily form 
emulsions during the subsequent chloroform 
extraction step. The aflatoxin concentration in 
the extracts were estimated by visual compari
son of the fluorescence of the samples to 
known standards on exposure to long wave UV 
light (Chromatovue Cabinet, Model C5) using 
thin-layer chromatography (TLC) plates (20 x 
20 cm, 0.25 mm thick Silica Gel G-HR, Brink- 
mann Instruments, Inc.). The TLC plates were 
developed in toluene/ethyl acetate/90% formic- 
acid (60/30/10) according to the method of 
Scott et al. (1970). Standard aflatoxins were 
obtained from the USDA Southern Utilization 
R & D Div., New Orleans, La.

RESULTS & DISCUSSION
Growth

The amount of growth of toxic strains 
of A. parasiticus in bread was reduced by 
low dose gamma irradiation of inoculated 
bread (Table 1). Both 100 and 200 Krad 
doses resulted in lower amounts of de
tectable toxic mold in all treated bread
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Table 1—Effect of irradiation on total number of mold propagules 
per gram of white bread inoculated with Aspergillus parasiticus N R R L 
2999 and N R R L 3000 and stored at 25°C for 10 days

Strain
Inoculum
level/slice

Number of mold propagules/g of bread

Control 100 Krad 200 Krad

NRRL 2999 102 8.3 x 10’ 2.8 X 106 2.1 x 104
106 1.7 X 10’ 1.5 X 106 4.1 X 104

NRRL 3000 102 3.3 x 10* 4.4 X 10“ 9.5 X 10s
106 1.1 X 10s 5.0 x 105 9.1 x 104

Table 2—Effect of gamma irradiation on the production of afla- 
toxins by Aspergillus parasiticus N R R L 2999 and N R R L 3000 on white 
bread stored at 25° C for 10 days

Strain
Level of 

spores/si ice Aflatoxin
jug Aflatoxin/g of bread3 

Control 100 Krad 200 Krad

NRRL 2999 102 B, 33 — —

Gi 218 - -
106 B, 29 22 -

G, 164 77 -
NRRL 3000 102 B, 49 < 0.1 -

G, 249 2 <0.01
106 B, 5 2 -

G, 50 15 -

— N o n e  d e te c t e d

Table 3—Effect of gamma irradiation on aflatoxin (B, + G, ) production by Aspergillus parasiticus N R R L 2999 and 
N R R L 3000 on white bread stored at 25°C for various periods up to 6 wk

pg Aflatoxins (B, + G, )/g of bread3

itorage
time
(wk)

Strain 2999 Strain 3000

102 spores/slice 106 spores/slice 102 spores/slice 106 spores/slice

Control
100

Krad
200
Krad

100
Control Krad

200
Krad

100 200 
Control Krad Krad Control

100
Krad

200
Krad

1 182 — _ 16 111 — 105 15 6 -

2 46 0.03 - 540 640 0.05 370 24 122 0.02
4 70 - - 113 41 13 16 5 81 -
6 4 — — 132 1061 - 34 -  - 264 227 -

a — N o n e  d e te c te d

samples except in one case. Visible mold 
was evident to varying degrees on all con
trol samples after storage at 25°C for 10 
days. The control cultures of both strains 
produced more apparent growth at the 
102 spore inoculum than the 106 spore 
level. The effect was greatest with strain 
NRRL 3000. This may represent some 
type of competitive effect or auto-inhibi
tion that is related to spore concentra
tions and limited growth conditions. Visi
ble mold was not evident to any 
appreciable degree on the slices treated 
with a 100 Krad dose and was completely 
lacking on slices given a 200 Krad dose 
with strain NRRL 2999. There appeared 
to be little difference between a light and 
heavy inoculum in terms of survival and 
amount of subsequent visible growth 
after irradiation treatment. Strain NRRL 
3000 was more variable than strain 
NRRL 2999 in amounts of growth noted 
within and between treatments. Strain 
NRRL 2999 appeared to be more resis
tant to the 100 Krad dose than was strain 
NRRL 3000.

Bread slices that were inoculated, ir
radiated and stored for up to 6 wk 
showed similar trends, as the bread stored 
for 10 days, toward lower amounts of

toxic mold during the first 2 wk of stor
age. However, as the storage time in
creased, the molds tended to overcome 
the effects of irradiation and the amounts 
of mold growth in treated slices at 6 wk 
of storage approached the amounts found 
in the control samples. Peak amounts of 
growth were reached in less time in 
the control samples than in the treated 
slices. Peak amounts of mold occurred 
later in the 200 Krad treated samples 
than in 100 Krad treatment. There did 
not seem to be a noticeable difference in 
amount of toxic mold growth between a 
light and heavy inoculum within any of 
the treatments. Apparently, the long stor
age time allowed sufficient time for sur
viving spores to grow out and produce 
approximately the same amount of mold 
mass whether a few spores were present 
initially or whether the numbers were 
greater. Other factors such as nutrients, 
moisture and available oxygen within a 
given package also might have affected 
the amount of growth produced.

Examination of inoculated bread slices 
for yeasts and bacteria showed only a very 
low incidence of yeasts. Bacterial num
bers were initially very low but tended to 
increase with storage times. The patterns

of bacterial numbers did not reflect any 
particular trends as a result of the various 
treatments. The numbers of bacteria 
found in irradiated samples were of a 
similar order of magnitude as in control 
samples. Reduction in mold growth did 
not result in an increase in bacterial num
bers.

Aflatoxins
Gamma irradiation of bread slices 

inoculated with spores of A. parasiticus 
NRRL 2999 and 3000 reduced the 
amount of aflatoxins produced on subse
quent storage and incubation (Table 2). 
The 200 Krad dose essentially eliminated 
aflatoxin production by either strain at 
both levels of spore inoculation during 10 
days of storage. These results agree with 
those of Jemmali and Guilbot (1970a) 
who reported that gamma irradiation 
doses of 200 Krad and above tended to 
reduce the ability of A. flavus to produce 
aflatoxins.

The 100 Krad treatment level also re
duced the amount of aflatoxins detected 
in inoculated bread at the end of the 10 
day storage period (Table 2). With strain 
NRRL 2999 no aflatoxins were detected 
at the 102 spore inoculum level but with
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strain NRRL 3000 small amounts of 
toxins were found. Higher amounts of 
aflatoxins were noted in samples inocu
lated with 106 versus 102 spores at the 
100 Krad dose treatment with both 
strains. The total mold counts did not dif
ferentiate between mold types and since 
complete sterilization of the substrate 
before inoculation was not attempted, it 
is possible that other mold types may 
have added to the load detected at the 
lower inoculum levels. With the larger 
inoculum it is likely that more spores sur
vived the irradiation treatment and were 
more capable of competing with any 
other microbial growth that occurred.

Aflatoxin production in inoculated 
bread samples irradiated and stored for 
up to 6 wk followed the same general pat
tern as observed with the bread stored for 
10 days (Table 3). With the 200 Krad 
dose, no aflatoxins were detected in any 
bread samples that were inoculated with 
102 spores of either NRRL 2999 or 
3000. With 106 spores at 200 Krads, 
trace amounts of aflatoxins were found 
with both organisms at 2 wk of storage. 
And with 106 spores of strain NRRL 
2999 at the 200 Krad treatment level sig
nificant amounts of aflatoxins were de
tected at 4 wk of storage. Except for 
small amounts of aflatoxins found at 2 
wk of storage with strain NRRL 2999, no 
toxins were detected in any of the bread 
inoculated with 102 spores and irradiated 
at 100 Krads. But with 106 spores both 
organisms produced very high amounts of 
aflatoxins after irradiation at 100 Krad 
and subsequent storage.

The data suggest that stimulation of 
aflatoxin production may have occurred 
at the 100 Krad treatment level in sam
ples inoculated with 106 spores after 1,2 
and 6 wk of storage (Table 3). This would 
be supported by the findings of Jemmali 
and Guilbot (1970). However, it should

be remembered that there is considerable 
natural variation in aflatoxin production 
by a given mold strain and between 
strains. Also, because of the substrate and 
the conditions of the experiment it was 
impossible to determine the amount of 
aflatoxins produced per unit mass of 
mold mycelia, which would be necessary 
to conclusively prove stimulation of toxin 
production. At this point, stimulation of 
toxin production at the 100 Krad level in 
a bread substrate certainly appears 
probable, but further studies are needed 
for more conclusive evidence. There 
seemed to be more stimulation of toxin 
production in strain NRRL 2999.

Production of aflatoxins by A. para
siticus strains on bread was effectively 
eliminated by treatment of the inoculated 
bread with 200 Krad doses of irradiation. 
The mold strain as well as the initial load 
of spores were factors in the organisms’ 
ability to produce aflatoxins after irradia
tion treatment. Strain NRRL 2999 
seemed more capable of toxin production 
after irradiation treatment than strain 
NRRL 3000. With the lower irradiation 
dose, cultures from either strain using 
106 spores/slice were more capable of 
aflatoxin production after treatment than 
were cultures from 102 spores. The 100 
Krad dose appeared to stimulate aflatoxin 
production at 1, 2 and 6 wk of storage 
when 106 spores/slice were used for 
inoculum. But this could not be shown 
when an inoculum of 102 spores/slice was 
used. It is apparent that the higher irradi
ation dose provided a greater margin of 
safety in preventing the development of 
aflatoxins in bread under the conditions 
of this study.
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M ICROBIOLOGY OF A M ODIFIED PRO CED U RE FOR  
COOLING P A STEU R IZED  S A LT  Y O L K

INTRODUCTION
COMMERCIAL salt yolk, used exten
sively in the manufacture of mayonnaise 
and salad dressing has a viscosity of about 
500 cps at 32°C, 900 at 1 8.3°C and 1 500 
at 7.2°C (Lineweaver et al., 1969). Pres
ent pasteurization requirements for salt 
yolk (Fed. Reg., 1971) specify that the 
temperature must be reduced to 18.3°C 
or lower within 2 hr and to 7.2°C if held 
more than 24 hr. The high viscosity com
monly causes excessive pressures when 
pumping pasteurized salt yolk through 
the cooling systems presently used in egg- 
pasteurizing equipment. Pressures of 80 
to more than 160 lb/sq in. have been 
measured by the authors in commercial 
pasteurizers. This leads to damaged gas
kets and plates when the press is tight
ened to the degree required to prevent 
leakage. Because of the pressure problem, 
the rate of salt yolk production is limited. 
This study was undertaken to seek a way 
to reduce the operating difficulty (and 
the cost) without reducing safety. The 
proposed procedure is to complete the 
cooling of salt yolk in 30-lb cans instead 
of pumping it through the cooling section 
of the pasteurizer. Theoretical justifica
tion for such a procedure is based on the 
fact that salt yolk is a very poor microbial 
growth medium because of the high salt 
content and consequently low water 
activity.

Salt yolk has a water activity (aw)o f 
about 0.90 for the usual formulation. 
This is the value for water containing 
20.3g of salt per lOOg of water (Scott,
1957), which is the composition of the 
water phase of salt yolk that consists of 
10 parts of salt added to 90 parts of 43% 
solids yolk. At this aw many microorgan
isms will not grow. Indeed salmonellae 
will not grow at aw values below 0.945 
(Christian and Scott, 1953), a value that 
is well above the aw of salt yolk.

The micrococci are the most salt-toler
ant microorganisms other than the halo- 
philes, which require high salt concentra
tions for optimum growth. Many strains 
of micrococci grow, although slowly, in 
25% sodium chloride (Larsen, 1962). 
Among the micrococci that will grow at 
the salt concentration of 10% salt yolk 
are various strains of salt tolerant staphy
lococci. Scott (1953) showed that 14

food-poisoning strains of staphylococci 
would grow at aw values as low as 0.86. It 
is important, therefore, to establish that 
processing or handling methods for salt 
yolk provide a safe product. Although 
salt yolk might spoil due to growth of 
other micrococci, staphylococci are the 
main concern. Salt yolk must be handled 
so that staphylococci do not multiply and 
possibly produce enterotoxin. Staphylo
cocci are more heat resistant than sal
monellae (Angelotti et al., 1960) and 
would not be destroyed by pasteurization 
unless salt were to sensitize them to heat, 
which is not the case (see Results). Micro
cocci and staphylococci occur in pasteur
ized plain whole egg and yolk and thus 
evidently survive pasteurization (Shafi et 
al., 1970). These authors did not find 
coagulase positive staphylococci in the 
pasteurized egg but did find coagulase 
negative staphylococci.

In order to arrive at time-temperature 
conditions for safe and efficient handling 
of salt yolk we have determined (a) the 
heat sensitivity of coagulase-positive 
staphylococci in salt yolk, and (b) the 
microbial activity that occurs in yolk con
taining 10% salt and two higher salt levels 
at temperatures ranging from 7 to 29°C.

MATERIALS & METHODS
Egg yolk materials

Commercial salted yolks (10% salt) were ob
tained from a USDA inspected egg processing 
establishment about 80 miles from the labora
tory. They were transported chilled and storage 
experiments were begun the same day that the 
samples were taken. For comparison of unpas
teurized and pasteurized yolk, samples were 
taken from the same lot immediately before 
and after pasteurization at 65°C for 4'/z min.

Laboratory prepared yolks were separated 
from aseptically broken eggs according to Gari
baldi el al. (1969). Yolks with membrane intact 
were prepared as free of whites as possible and 
after blending, 13% whites were added to simu
late a commercial yolk containing approxi
mately 45% solids. 10% salt yolk was prepared 
by adding 10 parts by weight of oven sterilized 
NaCI to 90 parts of yolk. The 12.2% and 14.3% 
salted yolks were prepared by adding 2.5 and 
5g of salt respectively to lOOg of 10% salt yolk. 
Care was taken to assure that the salt was com
pletely dissolved.
Cultures

The staphylococci cultures used consisted of 
four coagulase positive stocks carried in the lab

oratory culture collection (Nos. 413, S-30B,
S-290, S-10) and two other isolates that are no 
longer carried. These organisms were grown in 
shaken cultures in Trypticase Soy (BBL) broth 
plus 2% yeast extract at 35°C for 3 days, at 
which time growth was well into the stationary 
phase. The cells harvested by centrifugation, 
were washed once in sterile deionized water and 
resuspended in sterile deionized water. Such 
cells were stable for several weeks at refrigera
tor temperature as determined by standard 
plate counts.
Microbiological determination

Total plate counts were determined by 
spread plating on Trypticase Soy (BBL) plus 2% 
yeast extract agar and incubation for 48 hr at 
28°C.

Differential staphylococcal counts were ob
tained using Vogel Johnson Agar (BBL). Coli- 
form counts were made on Violet Red Bile 
Agar (Difco).
Method of determining the cooling 
rate of warm salt yolk

Salt yolk (10%) was taken from a commer
cial plate and frame egg pasteurizer with the 
cooling water shut off. The product at 
28-29°C was put into 30-lb cans and a full 
pallet load (54 cans) of uncooled material was 
collected. Two thermocouples, in each of two 
cans were placed so that one was centered and 
one was intermediate between the center and 
the wall of the can. Both were equidistant be
tween top and bottom of the liquid. The therm
ocouples were connected to a multipoint re
cording potentiometer. One can was placed 
centrally in the pallet and the other was on the 
upper corner of the pallet load nearest the 
blower in the cold room. The temperature of 
the room was -20°C and air velocity at the 
pallet was 30-40 ft/min as measured by an 
Alnor anemometer.
Thermal resistance measurement

Decimal reduction times were determined 
for a mixture of two strains of staphylococci 
that were inoculated into yolk before the salt 
was added. The method used was essentially the 
same as that used for salmonellae by Garibaldi 
et al. (1969).

RESULTS & DISCUSSION
Rate of cooling of salt yolk 
in 30-lb cans

The temperature of pasteurized salt 
yolk was reduced to approximately 32°C 
in the regenerating section of the egg pas
teurizer. At this temperature the yolk has 
a viscosity of about 500 cps and can be 
pumped readily. Even in the can located 
at the center of a 54-can pallet, salt yolk
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Fig. 1 —Cooling curves for salt yolk in 30-lb tapered cans placed in a 
commercial —2CPC room. Thermocouples C and H were both half way 
( 12.7 cm) between top and bottom o f  liquid. A ir movement was 30—40 
ft/min at the pallet.

Fig. 2 —Microbial activity in commercial pasteurized (dosedpoints and 
heavy lines) and unpasteurized salt yolk at 7.2, 18.3, 21.1, 25 and 
28.3PC.

Fig. 3—Effect o f salt content o f  yolk in the range 10-14.3% salt on 
growth staphylococci at 28.9f‘ C. A mixture o f  five strains was added to 
the commercial yolk and a mixture o f two strains (Nos. 413 and S-30B) 
was added to the laboratory prepared yolk.

DAYS OF INCUBATION

Fig. 4 —Growth at 7.2—28.9PC o f a mixture o f two strains (Nos. 413 
and S-30B) o f staphylococci added to sterile, plain yolk at a level o f 2.5 
X 103 per g.

at 30°C, filled into 30-lb cans, cooled to 
less than 10°C in 7 hr when placed in a 
room at —20°C (Fig. 1). The air velocity 
in this room was 30—40 ft/min at the 
location of the pallet. The yolk in the 
most exposed corner cooled about twice 
as fast as that in the center can. The flat
ness of the curves at — 13°C corresponds 
to the freezing point of salt yolk. Even in 
a room at 0°C, the temperature of the 
yolk in the center can would reach 10°C 
in about 12 hr. The room should, of 
course, have sufficient refrigeration ca
pacity to handle the warm product load.

Microbial activity
At least in part because some micro

organisms are killed in the salt environ
ment, a net increase in total numbers was

not evident in samples of unpasteurized 
salt yolk held at 29°C or below until the 
sixth day and was not evident until after 
12 days in pasteurized yolk (Fig. 2). 
Therefore, for at least 10 days spoilage 
will not be a factor in pasteurized salt 
yolk even at 29°C. However, considerable 
growth will occur in 30-60  days at 21°C 
or above. Coliform counts on these sam
ples decreased at all storage temperatures. 
The higher the temperature the faster the 
decrease. The coliform data are not 
shown because an increase was never 
observed even in 60 days.

Staphylococci introduced into 12.2 
and 14.3% salt yolk at a level of approxi
mately 3 x 10s per g tend to die off at 
29°C but grow in 10% salt yolk after 
about a 6-day lag phase (Fig. 3). Total

counts determined at the same time as 
the staphylococci counts for the commer
cial yolk samples were about twice the 
staphylococci counts throughout the
10-day test. Growth data were similar in 
laboratory-prepared yolk (broken line in 
Fig. 3). Growth tests, identical to those at 
29°C were conducted at 21, 18 and 7°C 
for laboratory and commercial yolk at 
the three salt levels. In contrast to the 
results at 29°C counts did not increase at 
these temperatures nor did the counts de
crease at these temperatures as was the 
case at 29°C in the 12.2 and 14.3% salt 
yolk.

Staphylococci grew rapidly without 
lag in plain yolk at 21°C and higher (Fig.
4). Total counts in Figure 4 reflect staph
ylococcal counts since the yolk was essen-
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Fig. 5 —Decimal reduction times for a mixture o f two strains (Nos. 413 
and S-30B) o f staphylococci in laboratory prepared 10% salt yolk.

tially free of other microorganisms. In 
this case, a lag of at least 2 days occurred 
in salt yolk at 29°C (cf. Fig. 3 where the 
lag was 6 days). However, little or no 
growth occurred in salt yolk at 2l°C and 
7.2°C. Apparently the viability of staphy
lococci is not affected by introduction in
to the salt medium as is that of some of 
the adventitious microorganisms that 
occur in commercial yolk (cf. Fig. 2).

It was anticipated that staphylococci 
might not be killed in salt yolk by pas
teurization at 63.3°C since Angelotti et 
al. ( 1960) found a decimal reduction time 
(D) of 2 min for staphylococci in custard 
at 63.3°C. A “ D” value of 5.5 min at 
63.3°C was found for a mixture of two 
strains of staphylococci in salt yolk (Fig.
5). A “z” value of 4.9°C was found for 
the short temperature range studied, (z is 
the number of degrees required for a ther
mal destruction curve to traverse one 
logarithmic cycle). Since less than 90% of 
the staphylococci are killed in 3.5 min at 
63.3°C, the official minimum pasteuriza
tion conditions (Fed. Register, 197 l ), it

is important to handle salt yolk in a way 
that will prevent growth.

It is unfortunate that staphylococci 
are not killed under the minimum re
quired conditions for pasteurization of 
salt yolk but this in itself does not consti
tute a hazard. For example, use of unpas
teurized salt yolk to manufacture salad 
dressing of specified degrees of acidity 
(Fed. Register, 1971) has been permitted 
because both staphylococci and Salmonel
lae die off in such products (Wethington 
and Fabian, 1950, and others). The pres
ent results show how to handle salt yolk 
to avoid growth of staphylococci therein 
and hence how to avoid any accompany
ing hazard that might result from such 
growth.

CONCLUSION
BULK COOLING of pasteurized salt yolk 
in 30-lb cans placed in a room at -1 0  to 
— 20°C provides a wide margin of safety. 
That is (a) at such temperatures salt yolk 
cooled from 30°C to less than 10°C in

about 7 hr at the slowest cooling location 
in a 54-can pallet load and (b) observa
tion for 10 days showed that neither 
spoilage nor staphylococci organisms 
grow in salt yolk (10% or higher salt) held 
below 25°C. Even at 29°C no growth 
occurred for several days.

It would be practical and would pro
vide a wide margin of safety to fill 30-lb 
cans with pasteurized salt yolk at 30°C or 
lower if the cans, stacked in a way that 
permits free air movement, are placed in a 
room at — 10°C or lower within 2 hr.

REFERENCES
A n g e lo tt i, R ., F o ter , M.J. and L ew is, K .H . 

1 9 6 0 . T im e-tem p eratu re e ffe c ts  on  Sal
m on ellae  and s ta p h y lo co cc i in  fo o d s. 2. 
Therm al d ea th  tim e s tu d ies  o n  sa lm on ellae  
and s ta p h y lo co c c i in  fo o d s. U .S . D epart
m en t o f  H ealth , E d u cation  and W elfare, 
R ob ert A . T aft, Sanitary E ngineering C en
ter . T ech n ica l R ep ort F 60-5 .

C hristian, J .H .B . and S c o tt , W.J. 1 9 5 3 . W ater 
rela tion s o f  sa lm on ellae  a t 3 0 ° C. A ust. J. 
B iol. S ci. 6: 5 6 5 .

Federal R egister , 1 9 7 1 . Egg and egg p rod u ction  
in sp ec tio n . 3 6 (1 0 4 )  Pt. 2: 9 8 1 4 .

G aribaldi, J .A ., Straka, R .P . and Ijich i, K. 1 9 6 9 .  
H eat-resistance o f  S a lm on ella  in  various egg 
p rod u cts. A ppl. M icrob io l. 17: 4 9 1 .

Larsen, H. 1 9 6 2 . H alop hilism . In “ T he B ac
ter ia ,” V o l. 4 , “ T he P h y sio lo g y  o f  G ro w th ,” 
Ch. 8 , p. 2 9 7 . Ed. G unsalus, I.C . and  
Stan ier, R .Y . A cad em ic  Press, N ew  Y ork. 

L inew eaver, H ., Palm er, H .H ., P u tnam , G.W ., 
G aribaldi, J .A . and K aufm an, V .F . 1 9 6 9 .  
Egg pasteu riza tion  m anual. U S D A , A R S  
7 4 - 4 8 ,  1 - 4 7 .

S c o tt , W .J. 1 9 5 3 . W ater rela tion s o f  S ta p h y lo 
co ccu s  aureus at 3 0 ° C. A ust. J. B io l. S ci. 6: 
5 4 9 .

S c o tt , W.J. 1 9 5 7 . W ater rela tion s o f  fo o d  sp o il
age m icroorgan ism s. A dv. F o o d  R es. 7: 8 3 . 

S h afi, R ., C otter ill, O .J. and N ich o ls , M .L.
1 9 7 0 . M icrobial flora o f  com m ercia lly  pas
teu rized  egg p rod u cts. P ou ltry  S c i. 49: 5 7 8 .  

W eth in gton , M .C. and Fab ian, F.W . 1 9 5 0 . V ia
b il ity  o f  fo o d -p o iso n in g  s ta p h y lo co c c i and  
sa lm on ellae  in  salad dressing and m a y o n 
naise. F o o d  R es. 15: 1 2 5 .

Ms received  5 /1 5 /7 3 ;  revised 7 /3 1 /7 3 ;  a ccep ted  
8 /1 0 /7 3 .

T he authors are gratefu l to  th e  T hayer Egg 
C om p an y o f  O akland, C alif, for  th e  use o f  
th eir  fa c ilit ies  for  th e  co o lin g  s tu d ies  herein  
described .

R eferen ce  to  a co m p a n y  or p ro d u ct nam e  
d o es  n o t im p ly  approval or reco m m en d a tio n  o f  
th e p ro d u ct b y  th e  U .S . D ep artm en t o f  A gricul
ture to  th e  ex c lu s io n  o f  o th ers th a t m ay be  
su itab le.



J A M E S  H . T A T U M  a n d  R O B E R T  E .  B E R R Y  

U S D A  C it ru s  &  S u b t r o p ic a l  P r o d u c t s  L a b o ra to ry  

S o u t h e r n  R e g io n , A R S ,  W in te r  H a v e n , F L  3 3 8 8 0

METHOD FOR ESTIM ATING LIMONIN CONTENT OF C ITR U S JU ICES

INTRODUCTION
LIMONIN contributes to the bitterness of 
grapefruit and orange juice (Maier and 
Dreyer, 1965; Higby, 1938). Since li- 
monin has an effect on quality of citrus 
juice a study of the limonin content of 
grapefruit and orange juice products is of 
much interest to citrus processors. A 
quick, simple method for the determina
tion of limonin concentration in citrus 
juice would be of great help in quality 
assurance programs.

Several methods are presently in use 
for determining limonin in citrus juices. 
Maier and Grant (1970) developed a thin- 
layer chromatographic (TLC) procedure 
that requires about 4 hr to complete four 
samples. Chandler (1971) developed a 
procedure based on TLC, which includes 
a quite lengthy and complex extraction 
procedure. Kruger and Colter (1972) 
developed a procedure based on GLC, 
which also is quite lengthy.

This paper presents a simplified TLC 
method for limonin estimation which re
quires no extraction or preparation when 
applied to commercial single strength or 
reconstituted juices, and is therefore less 
time consuming than any previous meth
od. The limonin concentration can be 
determined on six juices in 1.5 hr. This 
method can also be applied to fresh juice, 
but considerable time is required in pre
paring the sample. The method was 
applied to a study of relationship be
tween juice yield and limonin content of 
orange juice.

EXPERIMENTAL
Materials

TLC plates. Silica Gel G, 20 x 20 cm, 250m 
(Analtech, Inc., Newark, Del.) thin-layer chro
matographic plates were used. Plates were also 
prepared at our laboratory with Silica Gel G, 
(Warner-Chilcott, Richmond, Calif.; SMI, 
Emeryville, Calif.) where a Warner-Chilcott 
plate rack and a Research Specialities Co. ad
justable spreader were used. These plates were 
useful but they were not as strong as the com
mercial plates, and more care had to be taken 
when spotting them with whole juice. The 
plates were prepared with 20 channels by using 
a TLC plate scriber.

Solvent systems and sprays. Sixteen solvent 
systems were developed for the separation of 
limonin from citrus juices (Table 1). Two spray 
reagents were used: (1) 10% sulfuric acid in

ethanol (Chandler, 1966) and (2) 2% sulfuric 
acid, 1% p-dimethylaminobenzaldehyde in 
ethanol (Wasicky, 1962).

Standard. A limonin standard was prepared 
which contained 0.01 Mg limonin/Ml acetoni
trile. A standard containing 0.02 Mg limonin/Ml 
was also used.

TLC procedure. On an area between 0.5 and
3.0 cm from the bottom of the plate 25 m! of 
untreated, well mixed (shaken 1 min) canned 
grapefruit or orange juice (or reconstituted con
centrate) was applied with a 50-mI Hamilton 
#705 syringe. The plate was dried with a stream 
of nitrogen or air, and another 25m1 of juice was 
applied. On the center five bands of the plate 
(between 0.5 and 3.0 cm) standards of 0.1 
through 0.5 Mg were spotted by using a 50-mI 
syringe. The most important step in the proce
dure was found to be the thorough drying of 
the plate before placing it in a solvent tank. 
After the plate was dried with a stream of air or 
nitrogen, it was further dried with a heat gun 
for 1 min. The heat gun was not used at the 
beginning of this work and it was not necessary 
with orange samples. The main problem en
countered was obtaining consistent separation 
of the sample spots of grapefruit. Small 
amounts of residual water were probably caus
ing trailing, spreading and inconsistent Rfs. 
After use of the heat gun for thorough plate/ 
spot drying, no further problems were encoun
tered.

The dried plate was placed in a solvent tank 
containing acetone. The acetone was allowed to 
travel to the 3.0 cm mark, and the plate was 
removed and air dried 2x. When the plate was 
properly dried the acetone would run up the 
channels evenly across the channel. When the 
plate was not dry the acetone would run faster 
on the edges of each channel and cause the sam
ple to form a dense concentration in the center 
of each 1 cm channel and after development 
the limonin concentration would not be read
able. When the plate was properly dried the 
limonin appeared as a rectangle on the 1 cm 
channel and the concentration was quite read
able after the plate had been developed in one 
of the solvent systems. The prepared dried plate 
was placed in a paper-lined tank containing one 
of the solvent mixes (Table 1) and the solvent 
was allowed to travel to the top of the plate. 
The plate was removed from the tank, air dried 
and developed two more times when solvents 8 
or 9 were used (Table 1 shows Rfs for these 
after three passes). The other solvent systems 
listed required only one pass of the solvent. The 
plate was sprayed with spray (1) or (2) until 
lightly wet in appearance and placed in an oven 
at 125°C for 6 min. After cooling, the concen
tration was estimated by observation of either 
visible color (gray to black) or of fluorescence. 
For determination by visible color, the plate 
was viewed from the back (i.e., glass side) with 
a white light on the support side, and the den-

Table 1—Solvent systems used in the separation of limonin
Solvent system ml Rf

1. Chloroform, acetic acid 98-2 .14
2. Chloroform, acetic acid 98-1 .06
3. Methylenechloride, acetic acid 9 8 -2 .06
4. Methylenechloride, diethylether, acetic acid 1 8 5 -1 5 -2 .18
5. Carbontetrachloride, acetone 85-15 .06
6. Benzene, diethylether, acetic acid, methanol 1 8 0 -2 0 -2 -6 .12
7. Benzene, methanol, acetic acid 1 9 0 -5 -5 .14
8. Benzene, hexane, acetone, acetic acida 6 5 -2 2 -1 0 -3 .32
9. Benzene, hexane, acetone, acetic acid 6 5 -2 2 -1 0 -0 .5 .18

10. Benzene, chloroform, diethylether, acetic acid 8 5 -8 5 -3 0 -1 0 .12
11. Benzene, chloroform, diethylether, acetic acid 6 5 -6 5 -6 5 -5 .14
12. Chloroform, diethylether, acetic acid 1 3 0 -6 5 -2 .06
13. Chloroform, diethylether, acetic acid 1 3 0 -6 5 -5 .20
14. Chloroform, diethylether, acetic acid 1 5 0 -5 0 -5 .14
15. Benzene, diethylether, acetic acid, methanol 1 8 0 -2 0 -4 -2 .06
16. Benzene, diethylether, acetic acid 1 6 0 -4 0 -9 .10
17. Benzene, acetic acid, methanol 1 9 2 -8 -2 .05

a S o lv e n t  s y s te m  w a s  u se d  in  l im o n in  d e t e r m in a t io n  b y  C h a n d le r  ( 1 9 7 1 ) .  S o lv e n t  s y s t e m s  1 
t h r o u g h  7 w e re  u s e fu l o n  o ra n g e  ju ic e ,  1 3  t h r o u g h  1 7  o n  g r a p e f r u it  ju ic e  a n d  8  t h r o u g h  1 2  o n  
b o th  o ra n g e  a n d  g r a p e f r u it  ju ic e .
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sity of the unknown spot was compared with 
the iimonin standards. For fluorescent estima
tion, the plate was placed over a UV light with 
light passing through the plate and coating. The 
Iimonin was red to brown fluorescent under UV 
light. The fluorescent intensity and area of the 
unknowns were compared with standards. Since
0.1 /ag/100 m1 = 1 PPm and 50 m1 of whole juice 
was used, the estimated value of Mg of Iimonin 
per 50 mI of juice, multiplied by 2 indicated the 
Iimonin concentration in ppm of the unknown.

Application to fresh juice. The following 
fresh fruit was checked: Duncan grapefruit: 
Valencia, Hamlin, Parson Brown and Navel 
oranges. The fruit was halved and juiced with a 
Sunbeam extractor with firm hand pressure. 
The juice was allowed to stand 10 min, then 
strained through cheesecloth. The sample was 
weighed and boiled for 5 min, cooled and the 
tare weight adjusted with distilled water. The 
sample was mixed for 5 min and then analyzed 
as above.

Preparation of low and high yield orange 
juice. Juice samples were prepared from differ
ent orange cultivars (Hamlin, Pineapple and 
Valencia) by using relatively low and high ex
traction pressures. Thirty boxes of each type 
fruit were randomized and 15 boxes each were 
used for a low yield and a high yield juice. 
Yield was controlled through changes made at 
the extractor. All juices were finished on a 
cylindrical screw finisher set with 12 lb (Ham
lin) to 15 lb (Pineapple and Valencia) air pres
sure using a screen with 0.033 in. hole diam
eter. All juices were concentrated in a pilot 
plant falling film evaporator at 3-10  mm Hg. 
Yields (%) were calculated on the basis of un
finished juice/pound of fruit.

Recovery studies. A Iimonin standard, 0.5 
Mg/Mlin acetonitrile was prepared. To 50-g sam
ples of juice were added 0.3, 0.5 and 1.0 ml of 
the Iimonin standard to give an additional 3, 5 
and 10 ppm Iimonin. These samples were 
stirred for 10 min with a counter rotating mixer 
and reweighed. The samples were then analyzed 
by the procedure outlined above and the li- 
monin content was compared with the amount 
originally added. As shown in Table 2, samples 
A and B were separated by using solvent system 
8. This solvent system required three develop
ments of the plate. The samples were spotted in 
triplicate on the same plate. A panel of six 
judges compared the unknown samples to stand
ards. Samples C and D were treated as follows. 
Four identical 50-m1 aliquots were applied to 
four channels on a TLC plate with a blank 
channel between samples. On the blank chan
nels the appropriate standards were applied. 
F,ach plate was prepared in triplicate or dupli
cate and run in a different solvent system to 
show reproducibility and reliability. The li- 
monin concentrations were estimated and com
pared by using spray (1) and reading fluores
cence intensity. To further determine whether a 
50-m1 sample is representative the following test 
was made. Two grapefruit juices found to con
tain 3 (sample 1) and 7 (sample II) ppm were 
tested as follows: A 46-oz can of grapefruit 
juice was shaken by hand for 1 min. The can 
was opened and six 5-ml aliquots were removed 
at various depths and labeled 1 through 6. On a
20-channel plate these samples were spotted 
with experimental samples and standards as fol
lows: Two spotting sequences were used and 
two plates each were prepared as shown below: 
“X” represents 50-m1 samples of unknown

taken from the 5-ml aliquots previously taken. 
Numbers represent Mg of Iimonin from standard 
solutions:

Sequence 1
.15 X .20 X .15 X .20 X .15 X .20 X

Sequence II
.30 X .35 X .40 X .30 X .35 X .40 X
Plates were judged independently and at dif

ferent times. All sample I spots were judged 
equal to the 0.15 standard (i.e., 3 ppm) and all 
sample II spots were equal to the 0.35 standard 
(i.e., 7 ppm).

RESULTS & DISCUSSION
THESE STUDIES resulted in the develop
ment of a simple analysis for Iimonin, re
quiring no sample preparation since the 
whole juice was spotted directly on com
mercially available plates. If samples were 
well mixed, no problems were caused by 
juice pulp or clogging syringes. Duplicate 
determinations on 12 juices required 
about 2 hr, and on 24 juices, about 3 hr. 
This average time of around eight sam- 
ples/hr should meet most plant quality 
control needs. Table 2 indicates the pre
cision and accuracy of this method for 
Iimonin. As shown in Table 2, grapefruit 
C which had no Iimonin added was run in 
three different solvent systems. Values of
3.8, 3.7 and 4.3 ppm were found for the 
sample. The mean value was 3.9 ppm 
with a maximum deviation of 10%. Re
coveries of Iimonin added to grapefruits 
A and C ranged from 94—123%. Six jud
ges were used to evaluate the Iimonin 
content to show that most technically 
trained people could determine Iimonin 
by such a method and thus demonstrate 
its feasibility as a potential industrial 
quality control method. With grapefruit 
A and orange B, judge B showed high 
deviations and thus should not use this 
method. If this method is to be used for 
quality control, individuals should be 
tested by carrying out recovery experi
ments to assure they can read plate spot 
values correctly and reliably. Our results 
indicated most people can.

When performing analysis by this pro
cedure, standard spots above 0.5 jug were 
not satisfactory and are not recom
mended since it is difficult to differenti
ate differences of 0.1 jug at these den
sities; spots of O.ljug through 0.5 jug are 
easy to visually differentiate. Spot den
sities can easily be kept in a range by dilu
tion, however. For example, as shown in 
Table 2 when the juice contained more 
than 10 ppm only 25 jul of juice was spot
ted and the reading was multiplied by 4 
to derive the answer in ppm. When using 
standards of 0.10 through 0.50 jug, as 
with the lower levels shown in Table 2, a 
close approximation to the actual Iimonin 
value was obtained with a 50-jul sample. If 
greater accuracy were desired the approx
imate Iimonin content could be deter-

Table 2—Recovery of Iimonin added to commercially processed 
grapefruit and orange juices

Solvent
system

Limonin
added
(ppm)

Limonin found by six judges (ppm) Mean Expected
value

(ppm) % recoveryA B C D E F (ppm)

Grapefruit A
8 0 3 3 3 4 3 3 3.2
8 3 6 7 6 7 6 5 6.2 6.2 100
8 5 8 12 9 9 9 11 9.6 8.2 117
8 103 14 20 16 14 16 18 16.3 13.2 123

Orange B
8 0 4 7 3 4 4 4 4.3
8 3 7 10 8 8 9 8 8.3 7.3 114
8 5 10 12 10 9 10 10 10.2 9.3 110
8 10* 16 20 14 12 14 12 14.7 14.3 103

Grapefruit C
10 0 4.0 3.5 3.5 4.0 3.5 4.0 3.8
10 5.0 9.0 7.0 8.0 9.0 8.0 9.0 8.3 8.8 94
12 0 4.0 4.0 4.0 3.0 3.0 4.0 3.7
12 5.0 10.0 10.0 9.0 6.0 10.0 10.0 9.2 8.7 94
17 0 5.0 4.0 4.0 4.0 5.0 4.0 4.3
17 5.0 10.0 10.0 9.0 8.0 10.0 10.0 9.5 9.3 98

Orange D
1 0 2.0 2.0 2.5 2.5 2.5 2.5 2.3
1 5.0 9.0 8.0 9.0 8.0 8.0 8.0 8.3 7.3 114
12 0 2.0 2.0 2.0 2.5 2.5 2.5 2.2
12 5.0 8.0 9.0 8.0 7.0 7.0 8.0 7.8 7.2 108

a S a m p le  s iz e  2 5  Mb' a h  o t h e r s  5 0  M1
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Table 3—Relation of high and low yield extraction to the limonin 
content in orange juice

Juice Limonin ppm % Oil on
yield % single strength reconstituted basis

Low High Low High Low High
Hamlin 54.1 66.8 1.5 5.5 0.005 0.01
Pineapple 58.8 74.2 <1.0 38 0.04 0.07
Early Valencia 55.5 69.4 <1.0 5.0 0.01 0.035
Late Valencia 57.6 79.8 <1.0 7.0 0.027 0.04

mined in a preliminary analysis and the 
sample rerun and bracketed closely with 
the standards. For example, if a 50-fd 
sample contained around 3 ppm, 0.10/ig, 
50 (d, 0.15/ig, 50 /il and 0.20 Hg should 
be applied. This sequence would allow a 
very close approximation of the limonin 
content.

Two spray reagents were used in this 
work (see Experimental). Although spray
(1) was easier to prepare and use, spray
(2) was especially useful when it was im
portant to see impurities in the limonin 
spot. In early stages of this work we were 
only developing the plate 2x with solvent 
system 8, and, on occasion, the limonin 
spot of the juice contained another color 
not seen in the standards. Spray (1) 
would not have shown this. Sixteen sol
vent systems were developed during this 
study for the separation of limonin from 
citrus juices. Solvent systems 8 and 9 re
quired development of the plate 3x. 
These are not recommended since the 
others required only one development of 
the plate. In the general survey of orange 
juice, solvent system 1 was preferred, but 
if the limonin content were 6 ppm or less, 
solvent system 2 was recommended. For 
grapefruit, solvent systems 10 and 12 
were preferred. All citrus fruits have not 
been examined, and each of these systems 
may not be satisfactory on all fruit vari
eties. Solvent systems 10 and 12 gave 
good separations of grapefruit juice that 
contained K. Early (a variety often added 
early in the citrus season to increase the 
Brix acid/ratio and color). When an un
usual citrus variety is examined several 
different solvent systems should be tried 
and the best one selected for that applica
tion. The plate should be examined with 
ultraviolet light and the fluorescent areas 
marked before spray (1) or (2) are used. 
After the plate is sprayed and developed 
if there is overlap of spots it will be 
apparent from observing fluorescence of 
spots. If spray (2) is used overlap of spots 
may also be indicated by a color differ
ence. It would be advisable to use spray
(2) for spot indication until the method is 
worked out. Spray (1) is preferred after

the correct separation system has been 
determined. In this procedure the actual 
origin is 3 cm above the bottom of the 
plate and the sugars (most usual interfer
ing compounds) do not move above the 3 
cm mark, three Rf’s (Table 1) below 0.1 
actually gave better separations than ex
pected and visual determinations were 
still easily carried out.

The method was used in an experi
mental study conducted on a series of 
samples or orange juice concentrates pre
pared with high and low yields (see Ex
perimental).

Juices were evaluated on a basis of li
monin content, recoverable oil and flavor. 
Yields, limonin levels and oil levels are 
shown in Table 3. All taste tests were tri
angulation type, comparing low yield to 
high yield samples for detectable differ
ences. The oil levels of the low yield 
juices were adjusted to the high levels and 
taste tests carried out. There were signifi
cant differences between low and high 
yield samples in all four runs. The low 
yield juices were preferred by our taste 
panel. As shown in Table 1 the limonin 
content and the oil level in the juice from 
Pineapple oranges was too high for objec
tive taste testing. The Hamlin, early Va
lencia and late Valencia low yield juices 
were adjusted to the same oil levels and 
limonin contents as the high yield juices. 
In all three instances taste tests showed a 
significant difference still existed, and the 
low yield juices were still preferred by 
our panel.

A sample of the early Valencia low 
yield juice was divided, and half was used 
as a control. To the other half, limonin 
was added to 5.5 ppm. Taste tests showed 
a significant difference, with the control 
preferred. This procedure was repeated 
on several commercial concentrates and 
there was a significant difference in each 
case, with the control preferred. These 
taste test results indicate that limonin 
does affect the flavor of orange juice 
when its level is high enough, but it was 
not the entire problem with the high 
yield juices. Most tasters referred to the 
greenish, astringent, woody or immature

flavors in high yield juice whereas limonin 
usually causes a pronounced bitterness.

This method was also applied to fresh 
juice of different varieties (see Experi
mental). Results indicated: Duncan grape
fruit 2.0 ppm, Valencia orange 3.0, Ham
lin 2.0, Parson Brown 1.5 and Navel 4.0 
ppm. The method as outlined for fresh 
juice would not necessarily give the same 
limonin content if the juice were com
mercially extracted and processed. To 
test the general applicability of the meth
od it was also carried out on canned sin
gle-strength orange juice. Five commercial 
samples of canned single-strength orange 
juice that were produced December 11, 
12, 18, 18, 1972, and February 14, 1973, 
were found to contain 6.0, 2.0, 2.0, 2.0 
and 2.0 ppm.

In most quality control applications 
the exact level of limonin is not required. 
Usually an indication that limonin is be
low some predetermined level is suffi
cient. For example, if a citrus producer 
decided that his product should contain 8 
ppm limonin or less the following test 
could be run by quality control. Six juice 
samples could be checked on one plate. 
Duplicate 50-/il samples of juice would be 
spotted on two channels then 0.4 /ig 
limonin and repeat across the plate. If all 
samples were less than or equal to the 
standards, his requirements for the prod
uct would be met and no further checks 
on limonin would be required.

This is a simplified reliable method for 
determining limonin which can be per
formed easily on a routine basis, and 
should provide a useful quality control 
test for grapefruit and orange juices. It 
was found applicable to fresh juice, com
mercial single-strength canned juice and 
orange juice concentrates, as well.
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STO RA G E Q U A LIT Y  OF BANANAS PACKAGED  
IN S E L E C T E D  P ER M EA B ILITY  FILM S

INTRODUCTION
BANANAS are among the three most 
widely consumed fruits in the United 
States. The total annual import of this 
fruit is estimated to be above 3.5 billion 
pounds.

The losses during transport, wholesale 
and retail storage are much greater than 
with other fruits. Therefore, the exten
sion of bananas shelf life represents an 
important problem.

Controlled atmosphere treatment at 
low temperature has been known for 
many years to create beneficial condi
tions for fresh fruits and vegetable stor
age. Atmosphere containing 1-10% of 
oxygen, 5—10% of carbon dioxide or a 
combination of both can retard ripening 
of ethylene untreated bananas for months 
(Young et al., 1962; Mapson and Robin
son, 1 966).

Complicated equipment is needed to 
maintain concentration of gases, humid
ity and temperature at the desired level, 
and under retail conditions it has not 
been a practical operation.

Many attempts have been made to 
control the atmosphere by packaging 
with both perforated and hermetically 
sealed films. Packages with perforated 
films were shown to reduce water losses 
and maintain higher C 02 levels; however, 
oxygen concentration was too high to be 
effective in retardation of ripening. In a 
hermetic package a state of equilibrium is 
reached after some time when the rate of 
respiration is equal to the rate of permea
tion and as a consequence, steady concen
trations of oxygen and carbon dioxide are 
maintained. In this case, the main prob
lem to be solved is the selection of a film 
with proper permeability for a particular 
package system in order to get desirable 
steady concentrations of oxygen and car
bon dioxide.

Marcellin (undated) studied packages 
with polyethylene film and silicone las- 
tomer membranes. He concluded that 
these packages may be adapted to con
trolled atmosphere preservation of vari-

1 Present address: A m erican  F o o d  Labora- 
to n e s , In c., 1 0 0 0  S tan ley  A ve ., B ro o k ly n , NY  
1 1 2 0 8

2 Present address: G eneral F o o d s  T ech n ica l 
C enter, 2 5 0  N orth  S t .,  W hite P la ins, N Y  1 0 6 2 5

ous fruits and vegetables. Tomkins (1960; 
1961; 1962) determined oxygen and car
bon dioxide concentrations in packages 
of produce using different parameters.

Beneficial conditions were reported to 
be obtained with hermetic packages for 
different fruits, especially for apples.

Polyethylene bags were used to elimi
nate premature ripening of ethylene un
treated bananas (Karel and Go, 1964; 
Scott and Roberts, 1966; Badran, 1969). 
The graphical approach of Jurin and 
Karel (1963) for predictions of respira
tory gases in packages was applied to 
bananas (Karel and Go, 1964) and found 
to give good correlation with actually ob
served concentrations.

A few mathematical solutions have 
been presented (Toll, 1962; Veeraju and 
Karel, 1966; Henig and Gilbert, 1973) to 
relate the variables affecting storage qual
ity of packaged fruits.

Henig and Gilbert (1973) studied the 
dynamics of the permeation-respiration 
interaction in tomato and banana pack
ages. They solved numerically the differ
ential equations representing the change 
in 0 2 and C 02 concentrations within the 
packaging system using a computer. The 
computer-aided iteration technique en
abled the determination of equilibrium 
concentration of these gases, and also the 
time in which they are established. Their 
theoretical solution was validated by ex
perimental work.

Bananas exhibit a climacteric pattern 
of respiration with a very high peak of 
C 02 evolution. This is probably why we

Table 1—Permeability3 of the films used 
for packaging of bananasb-c

Film
code

Film
trade named Oxygen co2

A TPM -87 94 686
B UE—630 1,828 9,411
D V F —71 698 3,598
F RM F-61 2,100 10,811

3 c c / 2 4  h r  X  1 0 0  in c h 2 X  a tm  
b  C o e f f i c ie n t  o f  v a r ia t io n  le ss th a t  5 %
c  G i lb e r t - P e g a z  m e t h o d  ( G i lb e r t  a n d  P e g a z ,  

1 9 6 9 )
d  P V C  f i lm s  u se d  w e re  s u p p l ie d  b y  th e  R e s i-  

n it e  D iv is io n ,  B o r d e n  C h e m ic a l.

have not found reports in the literature of 
packaging of ethylene-treated bananas in 
hermetic packages. The present commer
cial practice uses perforated films because 
of insufficient permeation through the 
commonly used low density polyeth
ylene. Since a hermetic package repre
sents many advantages, the objective of 
this work was to develop such a package 
for ethylene-treated bananas.

MATERIALS & METHODS
BANANAS used in these experiments were 
Chiquita Valery brand from Honduras. The 
fruit had been harvested and shipped under 
commercial conditions and was about 7 days 
from harvest. The hands of bananas were 
treated with 1000 ± 50 ppm of ethylene for 24 
hr. These were then cut into fingers and the cut 
end dipped into a 400 ppm fungicide solution 
(Merck W-7). For packaging, four films coded 
A, B, D and F were used. The identification and 
permeabilities of these films are shown in Table
1.

Three fingers weighing approximately 500g 
were put on a foamed polystyrene tray (#20 S). 
The films were used to tightly overwrap poly
styrene trays with bananas. To provide a her
metic package, the film was sealed at the bot
tom with a hot plate. The type of package 
selected is similar to ones used in packaging of 
other food products. Packages were kept at 
(15°C ± 0.5) and at room temperature 
(22°C ± 2).

At predetermined storage times, the gas 
composition of the package headspace was 
determined by gas chromatography. The analy
sis conditions have been published previously 
(Daun et al., 1971). The color changes of the 
peel were recorded using color photography 
and compared with a banana’s standard color 
index (United Fruit Company). Characteriza
tion of the pulp odor, taste and texture were 
made applying a sensory scoring method and 
descriptive terms. A five-point scale (1 bad, 2 
poor, 3 fair, 4 good and 5 very good) was used. 
A panel containing five to seven graduate stu
dents conducted sensory evaluations.

RESULTS & DISCUSSION
THE MEAN VALUES for oxygen and 
carbon dioxide content in the headspace 
of the banana packages made with differ
ent films, during storage at 15°C and 
22°C, are shown in Figures 1—3. The re
sults from three experiments using the 
same conditions were combined for these 
figures.

Preliminary experiments with pro-

Volume 38 (1973 )-JO U R N A L OF FOOD SC IEN C E - 1247



1248- JO U R N A L  OF FOOD SC IEN C E-V o lum e 38 <1973)

F ig . 1—O x y g e n  c o n t e n t  o f  th e  h e a d s p a c e  o f  b a n a n a  p a c k a g e s  u sin g  F ig . 2 —C a rb o n  d io x id e  c o n t e n t  o f  th e  h e a d s p a c e  o f  b a n a n a  p a c k a g e s  
f ilm s  o f  d i f f e r e n t  p e r m e a b il i ty  ( s t o r e d a t  I 5 ° C )  u sin g  f ilm s  o f  d i f f e r e n t  p e r m e a b il i ty  ( s to r e d  a t 1 5 ° C )

longed storage periods (up to 30 days) 
showed an erratic delay of ripening of the 
bananas in high barrier film packages. The 
highest barrier films never ripened. The 
ethylene treatment was then introduced 
to obviate the variability in ripening rate 
of untreated fruit and provided a climac
teric type of fruit whose respiration and 
physiological reactions were quite differ
ent than those discussed by Karel and Go
(1964).

The bananas used in our experiments 
were treated with ethylene 24 hr before 
packaging and were physiologically very 
active at this time unlike preclimactric 
fruit of Karel and Go. Therefore, in all 
packages, the highest rates of oxygen con
sumption and carbon dioxide evolution 
were present at sealing. Since each pack
age represented a closed system with re
stricted access of oxygen and outflow of 
carbon dioxide, a decrease in concentra
tion of the oxygen and an increase of the 
C02 was observed in the headspace, par
ticularly during the first days of storage. 
A state of dynamic equilibrium where the 
headspace concentration of oxygen and 
carbon dioxide remained relatively stable 
was reached between the first and second 
day for the packages kept at 22°C. At 
15°C, however, this state appeared be
tween the third and fourth day of stor
age. These stable concentrations are 
presented in Table 2.

As expected, the steady levels of oxy
gen and carbon dioxide are different in 
packages with various films and are tem
perature dependent. At 15°Cin the pack
ages with film A, the oxygen concentra
tion was below a critical limit (2%), and 
the carbon dioxide concentration was 
20.2%, i.e., far above the permissible 5% 
and was increasing continuously up to the 
sixth day of storage when it reached 
40.2%. The bananas remained green

throughout the experiment. They failed 
to ripen when the packages were opened 
after 18 days and they developed black 
spots within a few hours after exposure 
to the air. The increase in the C 02 con
tent during storage time indicated that 
aerobic respiration was shunted to fer
mentation, with undesirable quality ef
fects. Film A was, therefore, eliminated 
from further experiments.

In the packages with B, D and F films, 
the oxygen concentration was within an 
acceptable range i.e., above 2%. C 02 con
centration, however, varied in these pack
ages. In the packages with film B, oxygen 
and carbon dioxide concentrations were 
maintained at about 4% through the en
tire experiment. This was about 1% 
higher than in the packages with film F. 
These conditions were not injurous for 
bananas but ripening retardation was

much less. In the packages with film D, 
relatively high C 02 levels were observed 
during the first day of storage, reaching 
7.7% and thus probably affecting physio
logical processes. In the next 2 days, 
C02 concentration decreased slightly and 
then started to increase again. In the 
packages with film F, C 02 concentration 
reached only a level of 2.9% after 4 days 
of storage. The oxygen and C 0 2 concen
trations in the packages with film F re
mained constant during storage time. The 
packages with film F were found to be 
the most effective in retarding the ripen
ing process and in extending shelf life of 
bananas to as much as 30 days. This film 
has gas permeabilities over twice that of 
the highest levels of the polyethylene 
films used in previously recorded work, 
including patents.

Packages with film A were not exam-

Fig. 3 —Carbon d ioxide and oxygen content o f  the headspace o f  banana
packages using film s o f  d ifferent perm eability (stored at 22° C)
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Table 2—Oxygen and carbon dioxide concentrations in the head- 
space of the packages at equilibrium state (%)

Film

Temperature 22°C Temperature 15°C

o, co, o, CO,

A Not used Not used 1.4» 20.2»
D 1.7» 5.9» 2.0b 6.3b
F 2.5» 3.7a 2.8b 2.9b
B 3.4» 8.4a 4.1a 4.8»

3 S e c o n d  d a y  
b  F o u r t h  d a y  o f  s to ra g e

ined at 22°C because this film was al
ready eliminated after the first experi
ment at 1 5°C. After 2 days of storage at 
22°C, the oxygen and C 02 levels in the 
packages with B, D and F films were close 
to the values obtained in 15°C with only 
the packages with film B having a higher 
C 02 level of 8.4%. However, under the 
higher temperature condition, the rate of 
oxygen supply and C 0 2 loss were inade
quate to support biochemical processes 
determining proper quality.

Peel color changes of the bananas un
packaged and in packages made with 
films A, D and F stored at 1S°C were 
recorded on color photographs which are 
available in our files. Control samples 
were rated 3 after 6 days, 5 after 10 days, 
and 7 after 13 days using a standard color 
index. Grade 7 was considered as indicat
ing overripened fruit. Bananas in packages 
with film A did not change their color 
during the experiment and were rated 2. 
After 1 8 days of storage when the pack
ages were opened, black spots developed 
within a few hours after exposure to the 
air. This was considered as an evidence of 
C 02 injury. The peel color of the bananas 
stored in packages with film D yellowed 
very slowly. After 9 days, the color index 
was 3 and did not change up to the 20th 
day. After 28 days, peel color was rated 4 
and when packages were opened, peel 
color reached grade 5 in 2 days. The con
ditions within the packages with film D 
supported aerobic color changes on a 
minimal level and when exposed to the 
air, the fruit was able to develop typical 
yellow color.

In packages with film F, peel color 
development was slower than in control 
but followed the same color change se
quence. Peel color was rated 3 after 9 
days, 5 after 16 days and 6.5 after 30 
days. Traces of a marble type of mosaic 
pattern were detected in some packages.

Color changes in packages with film B 
were very similar to those obtained with 
film F but occurred sooner.

Peel color development was abnormal 
in all packages at 22°C as compared to 
the control which reached full ripeness 
(stage 6) after 6 days of storage. All pack
aged bananas formed a characteristic mar
ble-type mosaic with slightly yellow and

green areas, and this was unchanged up to 
the end of the experiment.

A summary of the sensory evaluation 
of samples stored at 15°C is presented in 
Table 3.

The optimal quality of the unwrapped 
control bananas was found between 10 
and 12 days of storage at 15°C. The odor 
of the pulp was typical and full-bodied; 
however, the intensity was lower than the 
control ripened at room temperature. The 
taste was balanced, not too sweet and 
without “ raw” note. The texture was 
firm, rather jelly-like and without “ flour” 
note.

The bananas stored in packages with 
film A were of an unsatisfactory quality 
on the basis of external appearance which 
was confirmed during the preliminary 
sensory evaluation.

The bananas stored in packages with 
film B behaved very similarly to the con
trol. Optimal quality was found after 13 
to 15 days of storage i.e., only 3 days 
after control.

The odor and taste of the banana pulp 
of the samples stored in packages with 
film D was rated as fair after 30 days of 
storage. However, an untypical off odor 
and off taste were detected. Since color 
of the peel was fully acceptable, it ap
pears that gas composition in these pack
ages was sufficient for chlorophyll degra
dation, whereas biochemical changes in 
the pulp were not able to follow typcial 
aerobic patterns. An investigation of bio
chemical processes taking part under con-

Table 3—Sensory properties of the ba
nanas stored at 15°C in packages with films 
of different permeability

Optimal
storage

Film time (days) Odora Taste“ Texture3
C o n t r o l 1 0 - 1 2 5 5 5

A N o n e 1 1 1
B 1 3 - 1 5 4 5 5
D 2 7 - 3 3 3 3 4
F 2 7 - 3 3 5 5 4

a F iv e  p o in t  s c a le :  1 
G o o d ;  5  V e r y  g o o d

B a d ; 2  P o o r ;  3 F a ir ;  4

ditions created inside the packages was 
not conducted in these experiments.

The optimal storage time for bananas 
in packages with film F was approximate
ly the same as with film D i.e., 27 to 33 
days, but the quality of the pulp was sig
nificantly better. The odor and taste were 
rated very good. The texture was good. In 
general, the sensory properties were 
found to be similar to the unwrapped 
control at the optimal stage, therefore, 
film F was considered as the best one 
among available films for the particular 
package system at 15°C.

The odor and taste development was 
abnormal in all packages at 22°C as com
pared to the control which reached opti
mal quality after 6 days of storage. All 
packaged bananas exhibited fermentation 
note with increasing intensity up to the 
12th day of storage, i.e., the end of the 
experiment. The PVC films are of hydro- 
phobic type with consequent good mois
ture vapor barrier properties. The effec
tiveness of these films was established in 
preliminary experiments. The anti-fogging 
agent present in the film formulation 
prevented undue water vapor condensa
tion on internal surfaces of the packages. 
The initial fungicide treatment was effec
tive in eliminating the problem of a fun
gal growth during the experiments.

CONCLUSIONS
A RETAIL PACKAGE was developed in 
which ethylene-treated bananas were 
maintained with excellent color, odor, 
taste and texture after 30 days of storage 
at 15°C. The beneficial conditions were 
obtained by the use of a film with proper 
gas permeability for the particular weight 
of the fruit and package dimensions. The 
desired oxygen, carbon dioxide and water 
vapor concentrations were generated by 
the system itself as a result of balance 
between the respiration of the bananas 
and the diffusion from surrounding at
mosphere through the film.
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A Research Note
IN FLU EN C E O F FRESH N ESS AND CO LO R ON 

POTATO CHIP SEN SO RY P R EFER EN C ES

INTRODUCTION
PRODUCING a uniform and desirable 
potato chip color throughout the year is 
an important problem of numerous pota
to chip producers. Most manufacturers at
tempt to remove dark-colored chips from 
their processing line since they feel that 
consumers object to the dark color. Thus, 
manufacturers may be forced to absorb 
considerable economic losses when whole 
batches of chips are judged to be too dark 
for marketing. Actually there may be a 
consumer market for these darker chips 
due to their unique and characteristic fla
vor.

Thus, this sensory study was designed 
to determine whether the difference be
tween regular and dark-colored chips 
could be detected and which was pre
ferred when the visual variable was elimi
nated. A secondary objective was to fol
low chip sensory preferences for both 
regular and dark-colored chips as influ
enced by storage.

EXPERIMENTAL
Samples and storage conditions

A batch of fresh chips was obtained from a 
local manufacturer. The chips were hand-sorted 
into a group representing regular colored chips 
(average Hunter Lab Color and Color Differ
ence Meter L value of 40) and dark colored 
chips (L value of 25). Chips of each color were 
sealed in commercial potato chip bags and 
stored in the dark at anbient room temperature 
for up to 4 wk. Sensory evaluations were per
formed initially and at the end of each week’s 
storage. Also, after each week of room tempera
ture storage, samples were stored at -  18°C for 
composite evaluation at the end of the storage 
study. Preliminary studies indicated that this 
frozen storage treatment did not adversely af
fect textural properties.

Panel and methods
The sensory panel consisted of 20 college- 

age students (15 female and 5 male), most of 
whom had experience with sensory evaluation 
techniques. Sampling was done by evaluating 
the requested sensory properties of 4 -5  chips 
in a quiet and odor-free room in mid-afternoon 
on the same day for a 5-wk period. Rinse water 
was supplied and utilized by the panel between 
samples requiring tasting.

Each week a triangle test, composed of regu
lar and dark chips, was performed by the blind
folded panel. The panel was simply asked to 
identify the odd sample.

This was followed by a second presentation 
of two samples to the blindfolded panel, one 
regular and one dark, and the panel was asked 
to select first the chip with the preferred odor 
and then that with the preferred flavor.

In a third presentation the panel was not 
blindfolded and was presented with one new 
sample each of regular and dark chips. This 
time they were to first select the chip with the 
preferred color then preferred odor and then 
flavor.

During the fourth week of the study the 
blindfolded panel was presented with samples 
of regular and dark chips representing each of

F ig . 1- E f f e c t  o f  s to ra g e  o n  o d o r  a n d  ta ste  p r e fe r e n c e s  o f  d a rk - o v e r  
re g u la r-c o lo re d  c h ip s  (b l in d f o ld e d  p a n e l) .
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the storage times and they were asked to prefer
entially rank these samples.

RESULTS & DISCUSSION
INTERESTINGLY, no significant differ
ences in sensory properties (a = 0.05) be
tween regular and dark chips were noted 
for relatively fresh chips (up to 2-wk stor
age) while the panel was blindfolded. 
Thus, it would appear that the flavor of 
freshly prepared dark chips would not be 
a detrimental factor on their market- 
ibility.

When given only a visual choice be
tween regular and dark chips, regular 
chips were preferred most of the time al
though not to the degree one might ex
pect since regular chips were preferred 
only 55% of the time.

As can be seen from Figure 1, as stor
age time increased the blindfolded panel 
has a clear preference for the odor and 
flavor of the dark chips. Those who pre-

Tabte 1—Panel preference rankings of 
regular and dark chips as influenced by stor
age (blindfolded panel)

Rank Color
Wk of 

storage

1 Dark 1
2 Dark 0
3 Regular 1
4 Dark 2
5 Dark 3
6 Dark 4
7 Regular 2
8 Regular 0
9 Regular 3

10 Regular 4

ferred the dark chips usually said that the 
dark chips had more flavor or a more 
characteristic potato chip flavor. A more 
prevalent rancid odor and/or flavor was

given as the most prevalent reason for not 
preferring the regular color chips over the 
dark chips.

A composite of the blindfolded panel 
preference rankings of samples frozen af
ter each storage period is summarized in 
Table 1. The dark chips stored for 1 wk 
were ranked the most preferable chips 
while the least desirable were the regular 
color chips stored for 4 wk. As can be 
seen, five out of the top six ranked chips 
were of the dark color type. Thus, it is 
quite apparent that overall dark chips 
were preferred to regular color chips even 
though the dark chips were held at room 
temperature storage longer.
Ms rece ived  5 /2 9 /7 3 ;  revised  8 /1 3 /7 3 ;  accepted  
8 /1 6 /7 3 ._______________________ __________________
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A Research Note
THE PO SSIB ILITY  OF RECOGNIZING IR R A D IA TED  AND 
NON IR R A D IA TED  POTATOES BY TH EIR  W EIGHT LOSS

INTRODUCTION
IRRADIATION of potatoes with gamma 
rays to inhibit sprouting will probably be 
among the first commercial applications 
of nuclear technology to the preservation 
of agricultural products. Several factors 
contribute to make irradiation of pota
toes a promising application in the food 
technology field: (a) The low radiation 
exposure required (10 Krads) and, con
sequently, the moderate cost of the irra
diation equipment and process (Ron- 
denay, 1971); (b) The ever-increasing 
demand from industry for a year-round 
supply of potatoes in good condition for 
processing (mashed potatoes, chips, crisps, 
etc.); and (c) The limited or only tempo
rary efficiency of chemical antisprouting 
products.

The above factors account for the con
certed efforts made by the European 
Community over the past three years to 
demonstrate in an unequivocally scien
tific manner the effectiveness of such a 
technology (Eurisotop, 1969). Moreover, 
since several countries (France, Germany, 
Israel, Holland, Canada, USA, USSR and 
Japan) have reached such an advanced 
stage of experimentation as to achieve 
commercial feasibility, coupled with the 
fact that some have authorized the sale of 
irradiated potatoes-even if only on a 
temporary basis and in limited quanti- 
ties-it becomes rather urgent to establish 
whether a potato does not sprout because 
it has been chemically treated or, more 
simply, because it is in a physiologically 
inactive period.

In order to grant authorization for the 
irradiation of certain foodstuffs, many 
legislations request, in addition to docu
mentation proving the wholesomeness of 
the product, a procedure for detecting 
the irradiation treatment and the ab
sorbed dose. In this connection, mention 
should be made of the papers on an elec
tric conductivity method for differentiat
ing between irradiated and nonirradiated 
potatoes (Schertz, 1970) and on the iden
tification of irradiated potatoes through 
modifications of its microstructure (Pen- 
ner, 1970).

cases, this enabled actual irradiation to be 
established. The present experiment was 
carried out to determine whether pota
toes reacted in the same manner. In this 
paper, an attempt is made to compare the 
loss in weight of nonirradiated control 
potatoes with that of irradiated potatoes 
as well as with potatoes treated with an 
antisprouting chemical (isopropyl-phenyl- 
carbamate) IPC.

Preliminary experiments (Magaudda,
1970) showed that there was a different 
weight loss in irradiated fruit as compared 
with nonirradiated controls and, in some

MATERIALS & METHODS
Potatoes

1 30 kg of potatoes (Tonda di Berlino vari
ety) grown in the Avezzano area were used in 
this experiment. A high percentage of the 
tubers, as soon as delivered to the Laboratory, 
started sprouting buds approximately 14.5 mm 
long. Each experimental lot consisted of 10 kg 
set out in two one-layer boxes: 5 kg of potatoes 
with buds and 5 kg of potatoes whose buds had 
been removed.

Table 1—Angular b coefficient of the 
weight loss in I PC-treated potatoes stored 
for 150 days at K T C , 70% RH. S.E. of 
b <  0.00000 in all the cases. (Values in 
brackets refer to IPC-untreated potatoes.)

Dose
(krads)

Angular coefficient b
Potatoes with 

sprouts
Potatoes with 

sprouts removed

0 -0.04205 -0.03425
(-0.07146) (-0.06828)

5 -0.03012 -0.02624
7.5 -0.03000 -0.03387

10 -0.03423 -0.02927
(-0.04946) (-0.04840)

12.5 -  0.03976 -0.02962
(-0.04797) (-0.04530)

15 -0.03229 -0.03144
(-0.05443) (-0.04576)

20 -0.03187 -0.03239
40 -0.03438 -0.03349
80 -0.03633 -0.03116

IPC at 20 mg/kg of potatoes (Sparenberg,
1970), was used for the purpose of reducing to a 
minimum the expected difference in weight-loss 
between nonsprouting irradiated samples and 
sprouting control samples. Before treatment, all 
samples were washed throughly with water.

After drying, the tubers were irradiated with 
radiation exposure of 0 (control)-5-7, 5-10-12,
5-15-20-40-80 krads in the industrial irradiator 
facility (60Co source) of the Casaccia Nuclear 
Studies Centre, at a dose rate of 2,700 rads/min. 
The boxes, placed at random, were stored in a 
controlled cell at 10°C and 70% RH. During the 
150-day storage period the boxes were weighed 
every 4 -5  days. Results of these weighings 
were used to plot the regression line and its 
angular coefficient b, indicating whether the 
weight loss was rapid or slow and thus enabling 
comparisons to be made between the various 
treatments.

Potato “cores”
Experiments were also carried out using 

“core” tubers. For this purpose, potatoes were 
cut into small cylinders (“cores”) 11 mm diam 
x 4 cm long. Every sample was represented by 
60 “cores” collected from potatoes irradiated 
at 0-5-7, 5-10-12, 5-15-20-40-80 krads and from 
the control after 150-days storage. The “cores” 
were then analyzed over a 24-day period by 
weighing every 2 days. The potato “cores” were 
kept at room temperature (24°C) in Petri 
dishes. The weight loss during the storage peri
od was calculated by applying the same method 
as that used for the boxes.

RESULTS
Potatoes

Values of the angular coefficient b of 
the weight loss in irradiated potatoes and 
in the controls (Table 1 ) show the differ
ences between potatoes whose buds had 
or had not been removed. In agreement 
with many reports dealing with this sub
ject (Nazir et al., 1971; Nys, 1968; Parks,
1960), we noted that, regardless of the 
chemical treatment or bud removal, 
weight losses were higher in the unirradi
ated controls than in the irradiated sam
ples (Table 1). However, it should be 
noted that there is no connection be
tween the loss in weight and the absorbed 
radiation dose, at least in the range of 
exposures applied.
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Potato “cores”
Values of the angular coefficient b of 

the weight loss in “cores” obtained from 
the debudded potato samples used in the 
above-mentioned experiment are shown 
in Figure 1. This figure shows that the 
nonirradiated control lost less weight 
than the irradiated samples. In Figure 1 
the same phenomenon is also represented 
graphically but only for the irradiation 
dose range normally used for antisprout
ing purposes. The weight loss in potato 
“cores” (b value) is clearly correlated 
with the absorbed gamma rays.

DISCUSSION

FROM RESULTS obtained it appears 
that it is possible to perform experiments 
in potatoes, [as previously done on other 
vegetable products (Magaudda, 1970)] 
revealing “a posteriori” whether or not

the naterial has been irradiated, and 
eventually also the absorbed dose.

However, a considerable obstacle in 
the case of potatoes is presented by the 
fact that, unlike citrus fruit and toma
toes, potato tubers have a great metabolic 
activity, so that the nonirradiated con
trols lose more weight than the irradiated 
samples, due to sprouting. Also in the 
nonirradiated samples, as shown in Table 
1, there are differences in “b value” close
ly connected with sprouting. In fact, 
among the potatoes treated with IPC, 
those with buds lose more weight than 
those with buds removed. Similar be
havior has been observed in samples not 
treated chemically. However, their weight 
loss is always higher than in the corres
ponding IPC-treated samples. In similar 
conditions it is rather difficult to estab
lish how much weight has been lost 
through sprouting and how much as a 
consequence of irradiation.

One solution would be to perform 
analyses on the potato core which re
mains, as such, uninfluenced by the 
sprouting phenomenon. The experiment 
carried out on potatoe “cores” proves 
that there is a good relation between 
gamma ray doses and weight loss. In fact, 
the phenomenon is evident (Fig. 1 ) main
ly when the applied irradiation doses are 
in the range used for sprouting inhibition. 
By adopting this method, it may be possi
ble to overcome the difficulties involved 
in analyses made “a posteriori” (in the 
absence of unirradiated potatoes). In fact, 
it does not appear difficult to standardize 
the time and drying temperature for sev
eral varieties of potatoes, in order to find 
out a practical method for the commer
cial control of foodstuffs.
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A Research Note
MONOSODIUM GLU TA M A TE INGESTION AND TH IRST PRODUCTION

INTRODUCTION
THE DESCRIPTION of the Chinese Res
taurant Syndrome (Kwok, 1968) result
ing from ingestion of large amounts of 
monosodium glutamate (MSG) has fo
cused attention on this compound. In
terest was further increased when Olney
(1969) reported brain lesions caused by 
injection of MSG. The MSG controversy 
has also resulted in various indications to 
our laboratory that some people experi
ence a great thirst after meals containing 
MSG. It has therefore been suggested that 
MSG may have a direct thirst-producing 
effect on the central nervous system.

EXPERIMENTAL
RATS were maintained on lab chow ad lib. but 
were deprived of water and permitted to drink 
for only 1 hr each day. No experimental tests 
were attempted until the rats were capable of 
maintaining body weight on this regimen.

Four tests of the thirst-producing effects of 
MSG were performed. The test solutions (0.02 
ml per gram of body weight) were injected oral
ly by intubation one-half hour before the rats 
were placed in the drinking cages. Each solution 
was presented in a random order to each rat. 
The first was between 0.15, 0.6 and 1.2 molar 
solutions of NaCl or MSG. In the second test 
the preload was one molar solutions of the sodi
um, potassium and ammonium salts of glutamic 
acid. To elimate the possibility of a synergistic 
effect between various salts, the third protocol 
involved measuring drinking response after a 
preload of a combination of salts. The solutions 
used were 1M NaCl, and equal mixtures of 
molar solutions of NaCl, KCI, MSG, K-gluta- 
mate, NH4-glutamate and NH,C1. To overcome 
the objection that forced loading of the solu
tions prevented the taste mechanism from func
tioning, the final experimental procedure con
sisted in dividing the 1 -hr drinking period into 
two halves. During the first half hour 0.17M 
solutions of the various salts were available for 
the animals to drink. After the first half hour 
there was a 15 min delay and tap water was pre
sented for the second half hour.

Due to the great variability in individual 
amounts which the rats drank, all values are for 
percent of control when the preload was dis
tilled water. During the fourth experiment tap 
water drinking during the first and second half 
hour periods was used as the control.

Table 1—Thirst after salt preload
Water consumption

Preload solution (% control3)
Experiment 1

0.15M NaCl 152 ± 19b
0.15M MSG 118 ± 14
0.6M NaCl 211 ± 24
0.6M MSG 172 ± 19
1.2M NaCl 248 ± 30
1.2M MSG 223 ± 27

Experiment 2
1M MSG 133 + 22
1M NH4 -Glu 142 ± 21
1M K-Glu 143 ± 13

Experiment 3
1M NaCl 241+19
'/4M:V4M NaCliMSG 210 ± 16
’/2M:’/2M NaCl INH. -Glu 191 ± 19
V M -.V M  NaCl:K-Glu 207 ± 19
VSMrViM NaCI:NH4CI 188 ± 19
V4M.V4M NaCl: KCI 214 ± 19

a E a c h  ra t  w a s  its  o w n  c o n t r o l a n d  r e c e iv e d  a 
d is t i l le d  w a te r  p r e lo a d . W a te r  c o n s u m e d  ad  
l ib .  a f t e r  th e  p r e lo a d  =  1 0 0 .  

b  M e a n  ± s ta n d a rd  e rro r

Table 2—Ad libitum salt solution consump
tion and thirst
Solution
(0.17M)

Consumption 04 hr) 
% control3

Water 04 hr) 
% control 3

NaCl 94 ± 2b 180 ± 35
MSG 104 ± 6 170+ 23
NH4 -Glu 9 6 + 7 124 + 31
K-Glu 1 14 + 3 89 ± 18
NH„CI 78 + 6 196 ± 47
KCI 86 ± 4 236 + 39
a E a c h  a n im a l w a s  its  o w n  c o n t r o l ;  c o n t r o l  c o n 

s u m p t io n  - 1 0 0 .  
b  M ea n * s ta n d a rd  e rro r

RESULTS
TABLE 1 contains the data from the first 
series of experiments. No difference 
could be found between NaCl and MSG 
solutions at the concentrations tested in

experiment one. Moreover, experiments 
two and three show that no combination 
of either salts of glutamic acid or of 
chlorine could produce a greater enhance
ment of the thirst sensation than NaCl 
alone.

The data in Table 2 are those obtained 
from the ad lib. situation which re
sembled the more usual method of MSG 
ingestion. It can be seen that only the 
NH4C1 and KC1 solutions proved to be 
less acceptable than the tap water con
trol. The amount imbibed in the second 
half hour increased thirst resulting from 
the salt solution drunk in the first half 
hour. Except for the K-glutamate, the 
thirst produced by the various salt solu
tions are not demonstrably different from 
that produced by NaCl.

CONCLUSIONS
THE PRESENCE or absence of a thirst- 
producing effect of MSG has no relation
ship to the controversy surrounding the 
use of this compound in food prepara
tion. It must be noted, however, that the 
lack of concern for the fact that MSG is 
as thirst evoking as NaCl has resulted in 
the addition of MSG to some foods in 
quantities that produce unpleasant ef
fects. The failure of glutamate salts to 
have any special thirst-inducing effects is 
evident since K-glutamate did not pro
duce an increase in drinking in the ad lib. 
experiment. This result can be explained 
by the reported low ability of some K 
salts to stimulate thirst (Fitzsimons,
1972).
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H YDROCYAN IC ACID IN CANNED SW EET C H ER R IES

Table 1—Hydrocyanic acid residue in canned sweet cherries after 
retorting 2 or 12 min at 100°C and stored at 38°C for 50 wk
Processed

with
kernels

Retort
time
(min)

HCN content (ppm) during storage (weeks)

1 3 6 1 2 23 32 50
+ 2 2.1 1.6 1.8 1.4 1.1 1.9 2.0
0 2 0.1 0.4 0.4 0.3 0.1 0.4 0.2
+ 12 0 0.2 0.3 0.1 0 0.1 0.1
0 12 Control or "blank treatment"

INTRODUCTION
AMYGDALIN, first isolated from the 
seeds of the bitter almond and later from 
stone fruit kernels, is a cyanogenetic 
glycoside. Upon hydrolysis it yields gen- 
tiobiose, benzaldehyde and hydrocyanic 
acid (Liener, 1966). The hydrolysis, one 
of the earliest reactions studied in the his
tory of enzyme chemistry (White et al.,
1959), is catalyzed in the seed or fruit 
kernel by the enzyme, /3-glucosidase.

Dickinson (1957) has presented evi
dence that /3-glucosidase activity in the 
kernels of cherries and plums is not de
stroyed by heating at 100°C for less than 
6 min. Sweet cherries are usually proc
essed and canned with their kernels in
tact. The purpose of this study was to 
observe if underprocessed sweet cherries 
might produce levels of hydrocyanic acid 
of potential toxicologic significance due 
to the hydrolytic activity on amygdalin 
by active /3-glucosidase.

EXPERIMENTAL
SWEET CHERRIES (Prunus avium var. Em
peror Francis) were picked from 4 trees in the 
New York State Agricultural Experiment Sta
tion orchards. Lots were mixed, sorted and 
washed. The kernels were removed from a por
tion of the harvested fruit. The cherries were 
put into number 303 cans containing 20% sugar 
syrup and exhausted for 3-Vi min at 82°C. Cans 
were retorted either for 2 min or 12 min at 
100°C. All cans were stored in a 38°C room. 
Thus, there were four treatments: cherries 
canned with or without kernels and retorted for 
either 2 or 12 min.

Duplicate treated cans of cherries were 
taken from the storage room at 1,3, 6, 12, 23, 
32 and 50 wk and analyzed for hydrocyanic 
acid, after steam-generated distillation, by silver 
nitrate titrimetry (Pesticide Analytical Manual,
1967). At 50 wk of storage, the analysis of 
cyanide was also accomplished by the fluoro- 
metric method of Jeffrey and Wiebe (1971). 
Kernels were removed from the canned cherries 
prior to distillation. Both fruit and juice were 
used for the analysis.

RESULTS & DISCUSSION
TABLE 1 shows the results of hydro
cyanic acid residues in canned sweet cher
ries. The control group was considered to 
be the fruit processed without kernels

and retorted for 12 min. The amount of 
silver nitrate needed to titrate the distil
late from the control group of cherries, 
considered the “blank,” was subtracted 
from the amount of silver nitrate needed 
to titrate the other three groups.

The underprocessed cherries, i.e., 2- 
min retort, containing their intact ker
nels, had the highest cyanide level from 
the first week through the 50 wk of stor
age. The range of cyanide was 1.1-2.1 
ppm during the entire period and did not 
appear to increase during the storage 
time. The HCN apparently was produced 
from the /3-glucosidase activity of the ker
nels, since removal of the kernals or heat- 
destruction of the enzyme negated this 
effect. The levels of cyanide are lower 
than those reported by Dickinson (1957). 
However, we are in agreement with his 
observation that cyanide residues are not 
increased in stored canned fruit.

Recovery studies with 1-2 ppm of 
cyanide as sodium cyanide added to the 
cherries indicated an 89-120% recovery. 
Recovery of cyanide below 0.5 ppm was 
difficult and considered below the sen
sitivity of either the titration or the 
fluorometric analytical methods. The 
cyanide in cherries processed without ker
nels, or retorted for 12 min with kernels, 
was present in only trace amounts at or 
below 0.4 ppm.

Cyanide intake from consumption of 
wild black cherries (Prunus serotino) has 
been associated with malformed offspring 
of swine (Selby et al., 1971). Certain 
plant foods, especially cassava and beans, 
can contain in excess of 100 ppm of 
cyanide (Montgomery, 1964). The oral

intake of cyanide salts have a minimum 
lethal dose of 2 -3  mg/kg body weight in 
animals (Clark and Clark, 1967) and man 
(Rieders, 1965). The 1-2 ppm of hydro
cyanic acid found in our study of under 
processed sweet cherries with intact ker
nels is assumed to be toxicologically insig
nificant.
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A Research Note
SIM PLE DETERM INATION O F PHOSPHORUS IN PET FOODS

Table 1—Phosphorus content of meat and meat product samples by 
conventional and new methods

Samples

Percent phosphorus3

New method Old method

Biskit #1 1.51 ± 0.05 1.46 ± 0.07
Puss 'n Boots Liver #1 0.28 ± 0.03 0.26 ± 0.03
Burger #1 0.75 ± 0.05 0.78 ± 0.04
Biskit #2 1.43 ± 0.05 1.41 + 0.06
Puss 'n Boots Liver #2 0.29 ± 0.02 0.29 ± 0.03
Burger #2 0.90 ± 0.04 0.88 t 0.05
Horse meat 0.13 ± 0.02 0.15 i  0.02
Bone 3.07 t 0.15 3.17 ± 0.2

M e a n  %  P ( s ix  d e t e r m in a t io n s )  ± s ta n d a rd  d e v ia t io n s

INTRODUCTION
VARIOUS colorimetric methods are 
presently employed for the determination 
of phosphorus in pet foods (AOAC,
1970). However, all methods involve con
siderable reaction time, critical timing 
and/or preparation of unstable solutions 
(Kuhn, 1962). Therefore, it was of in
terest to attempt to adapt the method of 
Kennedy and Weetman (1971) for the 
determination of phosphorus in various 
pet foods.

EXPERIMENTAL
A BECKMAN ACTA III Ultraviolet-Visible Re
cording Spectrophotometer and a Bausch & 
Lomb Spectronic 1 00 Spectrometer were used 
to determine the spectra of the various solu
tions.

The pet foods were dry ashed at 600°C and 
taken up in an acid solution as outlined by 
Kuhn (1962). Following this, an aliquot of sam
ple solution containing 0.05-0.35 mg of phos
phorus was introduced into a 50 ml volumetric 
flask. Water was added until the volume was 
approximately 35-40 ml. Then 5 ml of 2.5M 
nitric acid was added followed by the ad
dition of a 5 ml aliquot of 10% (w/v) 
ammonium molybdate solution (A.R. grade: 
(NH„ )h MotOj 4 • 4H2 O). Water was added to 
mark and solution was mixed thoroughly and 
allowed to stand 1 hr at approximately 20°C 
and then transferred to optical cells for absor
bance measurements at 362 nm.

The preparation of the blank and standard 
solutions followed the same procedure, except 
only 10 min were needed for the color-produc
ing reaction to go to completion. The standard 
solutions were prepared using dibasic sodium 
phosphate heptahydrate.

RESULTS & DISCUSSION
VERY GOOD agreement was obtained 
between this method and conventional 
methods (Table 1). This procedure is 
both reproducible and accurate and offers 
the advantage of using solutions whose 
concentrations are not critical and are

stable over a period of time.
This is not the case for Kuhn’s meth

od. A number of solutions have to be 
prepared every day due to decomposi
tion. The colorimetric measurements in 
the old method of analysis are extremely 
time dependent, meaning the time 
elasped between mixing the reagents and 
making the absorbance measurement is 
critical. In the new method, once the 
color producing reaction has gone to 
completion, the absorbance of the solu
tion is stable for up to 5 hr, which 
enables the technician to run many sam
ples at once without regard to time.

Kennedy and Weetman’s work concen
trated on simple salt solutions. Our meth
od has been applied to the more complex 
case of pet foods in acidic media. The 
major change in procedure involved the 
length of time necessary for the ab
sorbance to stabilize. For reasons which 
have not been determined, the color- 
producing reaction takes longer for solu
tions of product than for simple salt solu
tions.

Time studies illustrate that it took up 
to 50 min for absorbance to stabilize. No 
change in absorbance was observed up to

5 hr. However, past this time absorbance 
decreased as a yellow precipitate, proba
bly phosphomolybdate, was observed to 
form. Although Kennedy and Weetman 
mentioned some concentrations of inter
fering species may-be too high for applied 
work, no other interferences were ob
served. The reaction appears to be cata
lyzed by visible light, which was not evi
dent from the earlier article. Solutions 
kept in the dark required 3 hr to equili
brate, thus all our solutions were allowed 
to stand in room light.

In its present form, this method is as 
accurate as other molybdate methods but 
has the advantage of being much simpler 
and less time consuming for doing many 
analyses simultaneously.
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A Research Note
RELA TIO N  BETW EEN SH EA R FO RCE AND TEN D ERN ESS O F B EEF

INTRODUCTION
ALTHOUGH shear force as an indication 
of tenderness is widely used in research 
and product control tests, the relation be
tween tenderness as experienced by chew
ing and that indicated by shear force is 
still a controversial matter. Many investi
gations on the relation between shear 
force on one hand as measured by a varie
ty of mechnical devices, and taste panel 
ratings on the other, have yielded varying 
but statistically significant correlations 
(Szczesniak and Torgenson, 1965). Re
sults of many other studies, however, 
have given conflicting or poor correla
tions and consequently the validity of 
shear force measurements as an indication 
of meat tenderness has been questioned 
(Deatherage and Garnatz, 1952; Hurwiez 
and Tischer, 1954; Wells et al., 1962).

A major problem involved in correlat
ing shear force with taste panel scores 
would appear to be the lack of homoge
neity in muscle. Within a given muscle 
shear force varies from end-to-end (Gin
ger and Wier, 1958; Paul and Bratzler,
1955) and from location-to-location 
(Alsmeyer et al., 1965; Hedrick et al.,
1968). Consequently, even by using core 
samples and taking other customary pre
cautions (Kastner and Henrickson, 1969; 
Khan and Voisey, 1973; Szczesniak and 
Torgenson, 1 965), samples for shear force 
measurement do not necessarily have 
the same tenderness as those submitted 
to the taste panel, nor are the samples 
submitted to the taste panel necessarily 
uniform in tenderness. Inherent variabil
ity in taste panel scoring further aggre- 
vates the problem.

Studies of factors influencing tender
ness often require information on the 
minimum difference in shear force that 
would constitute a difference in tender
ness detectable by a taste panel (Khan 
and Lentz, 1973). Since this information 
cannot readily be deduced from the pub
lished correlations even where they are 
significant, experiments were designed to 
obtain a more definite and direct answer. 
Samples of cooked beef of similar shear 
force (within ± 0.2 kg of average) were 
selected from one or more muscles and 
compared with samples similarly selected

Table 1 —Effect of shear force difference be
tween samples on percentage of judgements 
correctly identifying the most tender sample3

Differences in shear 
force between samples 

(kg)

Judgements correctly 
identifying most tender 

sample
(%)

3.2 ± 0.2 100
2.6 ± 0.2 100
2.0 ± 0.2 956
1.4 ± 0.2 80b
0.9 ± 0.2 80b
0.5 ± 0.1 70c
Less than 0.4 50

a S h e a r  f o r c e  o f  s a m p le s  v a r ie d  f r o m  1 .7  to  7 .3  
k g . R e s u lts  f o r  a ll s a m p le s  a n d  f o r  b o t h  c o o k 
in g  m e t h o d s  a re  In c lu d e d  b e c a u s e  le v e l o f  t e n 
d e rn e s s  a n d  m e t h o d  o f  c o o k in g  h a d  n o  n o t ic e 
a b le  e f f e c t  o n  t e n d e rn e s s  a sse ssm e n t.  

b  S ig n i f ic a n t  a t  1 %  le ve l. 
c  S ig n i f ic a n t  a t  5 %  le ve l.

for a different shear force level. This pro
cedure permitted shear force and taste 
panel measurements on the same sample, 
minimized between-sample variability and 
enabled accurate determination of the 
minimum shear force differences detected 
by the taste panel. Additional factors 
considered were the level of tenderness in 
similar and different muscles and the 
method of cooking.

EXPERIMENTAL
SAMPLES were obtained from the short loin 
and the round of choice steers (Canada Grade 
A-l) aged under commercial conditions for 7 
days. Tests were made using biceps femoris, 
longissimus dorsi, obliquus abdominis internus, 
psoas major, semimembranosus, semitendi- 
nosus, vastus lateralis and vastus medialis. Meat 
for shear force and taste panel assessment was 
cooked either by boiling in water or by broil
ing. For cooking by boiling, four slices, each at 
least 1.5 cm in thickness, were cut parallel to 
the fibers from different locations in each mus
cle. Each slice was then cut longitudinally into 
two or three pieces of equal thickness (40-50g 
each), depending on the size of the muscle, and 
clamped inside metal-plate molds as described 
earlier (Khan and Voisey, 1973). The clamped 
slices were cooked to an internal temperature

of 80°C in a boiling water bath. For cooking by 
broiling, slices of at least 2 cm in thickness were 
cut as described above and cooked under a 
broiler in an electric oven to an internal temper
ature of 70°C. Cooked samples were cooled to 
room temperature and strips 1 cm square in 
cross-section were cut along the fibers.

For taste panel tests, samples (about 1 cm 
long) were cut from each strip using a shear 
press (Food Technology Corp., Reston, Va.) 
equipped with a meat shear cell. Only samples 
having shear force differences between the two 
ends less than 0.2 kg were used in the taste 
panel tests. Samples having shear force differ
ences of no more than i 0.2 kg from the mean 
and in some cases no more than ± 0.1 kg, were 
placed in groups. Samples having shear force 
differences of no more than ± 0.1 kg, were 
placed in groups. Samples from two groups dif
fering in average shear force between 0.4 and 
3.4 kg were given to the taste panel for assess
ment. The paired comparison method was em
ployed for detecting tenderness differences us
ing an untrained panel of six members having 
discriminating judgement for tenderness. The 
panel was asked to identify the most tender 
sample. Each sample was supplied in duplicate 
and the panel was given two comparisons at 
each session. For each level of shear force dif
ference, 24-36 judgements were obtained by

50 60  70 80  9 0  IOO
PERCENTAGE OF JUDGEMENTS CORRECTLY 

IDENTIFYING MOST TENDER SAMPLE

F ig . 1—E f f e c t  o f  m u s c le  c h a ra c te r is t ic s  o n  th e  
re la t io n  b e tw e e n  s h e a r  fo r c e  a n d  ta ste  p a n e l  a s

se s sm e n ts  o f  te n d e rn e ss , fS h e a r  fo r c e  d i f f e r 

e n c e s  f o r  s im ila r  s a m p le s  v a r ie d  b e tw e e n  0 .2  
a n d  2 . 2  k g , o ,  s im ila r  m u s c le s ; », d i f f e r e n t  m u s 

c les . I
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repeating the test as necessary. Comparisons 
were made between the same or similar mus
cles, and between widely different muscles. In 
addition to level of tenderness (shear force of 
taste panel samples varied from 1.7 to 7.3 kg) 
and kind of muscle, the effect of cooking meth
od was also studied.

RESULTS & DISCUSSION
SAMPLES differing in shear force by 0.5 
kg or more were readily detected by the 
taste panel regardless of the level of ten
derness or the method of cooking (Table
1). The lack of an effect of level of ten
derness on the detectable differences ap
pears to indicate that factors other than 
shear force which may interfere in the 
judgement of tenderness, become less im
portant at high shear force values.

The taste panel discriminated more 
readily between samples from different 
muscles than samples from the same or 
similar muscles (Fig. 1). This might sug
gest that mouth becomes more sensitive 
to tenderness when there are texture dif
ferences as well as shear force differences. 
Thus, texture differences would appear to 
reinforce shear force differences.

The results show that there can be a

very close and definite relation between 
shear force measurement and the results 
of taste panel tests. Insufficient precision 
in the sampling and experimental tech
niques appears to have been the cause of 
the conflicting and poor correlations be
tween shear force and taste panel scores 
reported in the literature. Factors such as 
the use of the same sample for shear force 
and taste panel assessments and minimiza
tion of sample variability for taste panel 
studies appear to be important in obtain
ing meaningful results. Proper attention 
to these factors and the use of the sam
pling technique described here would also 
appear to increase the usefulness of taste 
panel tests employing a hedonic rating 
scale, both for training the taste panel in 
quantifying tenderness differences and 
for obtaining better correlations.
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A Research Note
A C T IV IT Y  O F ANTIOXIDAN TS IN FRESH  FISH

INTRODUCTION
GENERALLY, antioxidants are not used 
to help stabilize frozen seafood products 
even though the shelf life of these prod
ucts is shortened by oxidative rancidity. 
In a recent review, Labuza (1971) dis
cusses oxidation processes in fish and 
other foods. During frozen storage, fatty 
fish such as herring, mackerel and salmon 
are prone to oxidize even at temperatures 
as low as -20°C. Lean fish such as had
dock and cod also oxidize in the frozen 
state and are substantially less stable than 
beef or chicken at low temperatures. This 
difference between the stabilities of fish 
and beef or chicken is probably due to 
the high degree of unsaturation in the fish 
lipids (Olcott, 1962) and to the unusually 
high concentrations of metals in seafood 
(Watt and Merrill, 1963).

Attempts have been made to stabilize 
seafood with antioxidants such as ascor
bic acid (Andersson and Danielson, 1961), 
tocopherols (Brown et al., 1957), and 
BHA-BHT combinations (Yu et al.,
1969); but, as yet, no treatment has been 
fully effective against the development of 
oxidative rancidity. Stuckey (1968) 
reported that phenolic antioxidants 
applied to frozen fish fillets have general
ly been found ineffective in retarding 
oxidative rancidity. This may be attrib
uted to either inadequate distribution of 
these water-insoluble antioxidants on the 
fish samples or the antioxidants may 
simply have lacked sufficient potency in 
this particular application.

Before antioxidants can be success
fully applied to frozen fish, more infor
mation is needed concerning the relative 
potencies of commercially important 
antioxidants and combinations of these 
antioxidants with chelators in a variety of 
fish. The purpose of the work reported 
here was to determine the relative effec
tiveness of various stabilizer formulations 
in stabilizing fresh, ground fish flesh 
against oxidation at low temperatures.

MATERIALS & METHODS
THE FOLLOWING antioxidants were tested: 
butylated hydroxyanisole, butylated hydroxy- 
toluene, and propyl gallate (Tenox® BHA, 
Tenox® BHT, and Tenox® PG, respectively, 
Eastman Chemical Products, Inc), thiodi-

Table 1—Effect of antioxidants on oxida
tion in salmon and trout

Induction period*1 
(days)

Antioxidant3 Salmon Trout

Control < 1 <1
TBHQ 2 -3 6
BHA < 1 2
PG < 1 2
BHT < 1 1
a-Tocopherol < 1 -
6-Tocopherol < 1 -

Thiodipropionic acid < 1 -
Ascorbic acid < 1 -

3 A d d e d  a t  a le v e l o f  1 6  p p m  ( e x c e p t  f o r  a s c o r 
b ic  a c id ,  1 0 0  p p m )

** In d u c t io n  p e r io d  is  t h e  n u m b e r  o f  d a y s  (a t  
w h ic h  t im e  a s a m p le  is  s to r e d  a t  3  — 5  C )  
r e q u ir e d  to  p r o d u c e  a T B A  n u m b e r  o f  1 m g  
m a lo n a ld e h y d e / 1 0 0 0 g  s a m p le .

propionic acid (Evans Chemetics, Inc.), 
dl-a-tocopherol (as prepared by Nelan, 1969), 
d-6-tocopherol (Eastman Organic Chemicals), 
and tert-butylhydroquinone (as prepared by 
Sherwin and Thompson, 1967). The chelating 
agents used were citric acid (Chas. Pfizer & Co.) 
and disodium EDTA (Ciba-Geigy Corp.). 
C h lo rte tracycline hydrochloride (Sigma

Chemical Co.) was used as a bactericide and
2-thiobarbituric acid (Eastman Organic Chemi
cals) was used in determining rancidity. All 
other materials were reagent grade.

Silver salmon steaks, haddock and flounder 
(marine species) as well as crappie, bass and 
fresh trout (fresh-water species) were trimmed 
of as much skin, bone, fat and connective tissue 
as possible. Then, all discolored and exterior 
portions of the flesh were removed (1/4 to 1/8 
in. deep). After the addition of 30 ppm chlor- 
tetracycline hydrochloride to inhibit bacterial 
growth, the flesh was ground once in an alumi
num meat grinder. The antioxidants (16 ppm) 
and chelators (100 ppm) dissolved in a small 
amount of propylene glycol or water were then 
added, and the flesh was reground five times to 
ensure thorough mixing and incorporation of 
oxygen. Aliquots (lOg) were stored at 4-5°C  in 
individual glass jars closed with low-density 
po lyethy lene (oxygen permeable, water 
impermeable). After 1-10 days of storage, 
rancidity of each aliquot was determined by 
using the thiobarbituric acid (TBA) test (Tar- 
ladgis et al., 1960). Samples were tested every 
other day, and the number of days required for 
the samples to give a TBA number of 1.0 mg 
malonaldehyde per lOOOg sample was deter
mined. This time was considered to be an 
induction period before the onset of oxidative 
rancidity. Except for induction periods of less 
than 1 day or more than 10 days, the data are 
usually the average values for duplicate runs. 
The experiments were terminated after 10 days 
because mold growth usually became visible at 
this point.

Table 2—Effect of antioxidants and chelators on oxidation in fresh
fish

Induction period*1 
(days)

Stabilizer3 Salmon Haddock Flounder Crappie Bass

None <  1 <  1 <  1 <  1 <  1
EDTA 5 - 4 - 5 6 3 - 4
Citric acid <  1 1 <  1 <  1 <  1
TBHQ 2 - 3 1 1 8 3 - 4
TBHQ +  EDTA >10 >10 >10 >10 5
TBHQ +  Citric acid >10 1 10 >10 5
BHA +  EDTA >10 - - - -

BHA +  Citric acid 5 - 6 - - - -

a  P h e n o lic  a n t io x id a n t s  a d d e d  
a t  a le v e l o f  1 0 0  p p m

a t  a le v e l o f 1 6  p p m  a n d  c h e la t o r s  a d d e d

b In d u c t io n  p e r io d is th e  n u m b e r  o f  d a y s (a t  w h ic h t im e  a s a m p le  is
s to r e d  a t 3 —5 ° C ) r e q u ire d to  p r o d u c e a T B A  n u m b e r  o f 1 m g
m a lo n a ld e h y d e / 1  OOOg s a m p le .
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RESULTS & DISCUSSION
IN WHOLE FISH fillets or steaks, oxida
tion is expected to occur only at the 
exposed surfaces. In fact, we found that 
the interior flesh of salmon steaks was 
not oxidized, as determined by the TBA 
test, even though the surface flesh was 
already quite rancid. Similarly, Yu and 
Sinnhuber (1957) reported TBA values 
for the surface flesh of rock fish fillets 
which were much higher than those from 
the whole sample. The methods used in 
the work reported here, i.e., removing the 
surface flesh and grinding the sample, 
make it possible to obtain a fresh starting 
material with a large surface area in inti
mate contact with oxygen. This type of 
sample provides a model for the surface 
tissue of an intact fillet or steak.

The data in Table l show the effective
ness of various antioxidants in maintain
ing the TBA value of salmon and trout 
samples below l mg of malonalde- 
hyde/lOOOg of sample [which indicates 
the onset of rancidity (Labuza, I97 l)[. 
When no antioxidant is added, high TBA 
values (5-15 mg malonaldehyde/1 OOOg 
of sample) are produced in less than 24 
hr. Under these conditions, only TBHQ 
has a significant stabilizing effect in salm

on. In general, most antioxidants (TBHQ, 
BHA and PG) were more effective in 
trout.

Due to the high metal ion content in 
marine fish, the use of chelating agents 
(citric acid and EDTA) in addition to the 
antioxidants improved the oxidative 
stability of the fish samples. In Table 2, 
the data for oxidative stability of some 
marine and fresh-water fish with anti
oxidants and chelators are shown. EDTA, 
which is a more effective chelator than 
citric acid, was effective even when no 
phenolic antioxidant was present; but the 
most potent inhibitors were combinations 
of EDTA or citric acid and TBHQ or 
BHA. The most effective stabilizer com
bination in salmon (the most unstable 
fish tested) was TBHQ and citric acid.

The relatively high potencies of the 
best stabilizer systems identified in this 
study suggest that, if methods can be 
developed for adequate distribution of 
these stabilizers onto the fish flesh, the 
shelf life of frozen fish might be substan
tially increased.
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A Research Note
A Q U A LIT A T IV E AND Q U A N TITA TIVE STU D Y OF 

SUGAR-ALCOHOLS IN S E V E R A L  FOODS

INTRODUCTION
SUGAR-ALCOHOLS are formed by re
duction of the corresponding carbohy
drates and thus classified as tetritols, 
pentitols, hexitols and so on.

Galactitol was isolated by Hunefeld 
from Melampyrum nemorosum as long 
ago as 1837. Since that time there has 
been a number of similar investigations. 
Sugar-alcohols have been found not only 
in branches (Monteverde, 1892), leaves 
(Plouvier, 1956), bark (Kubel, 1862; 
Monteverde, 1892; Rogerson, 1912) and 
seaweed (Haas and Hill, 1931, 1932; 
Hassid, 1933, 1936) but also in varieties 
of Melampyrum and Rhinanthus (Braecke, 
1923, 1925; Bridel and Braecke, 1922) 
and in many other foods which have long 
been in common use.

Work by Frerejacque (1943) and 
Kratzl et al. (1963a,b) has suggested the 
presence of arabitol in an edible Boletus 
mushroom (Boletus bovinus, L. ex Fr.) 
and of xylitol in champignons.

The work reported in this paper proves 
that the sugar-alcohols (sorbitol, manni
tol, xylitol and galactitol) can, indeed, be 
found in a very wide range of foods. The 
importance of these investigations rests 
on the fact that (for example) xylitol is 
sold under various trade names to people 
suffering from diabetes mellitus as a sub
stitute for sugar. Sorbitol is also used by 
diabetics as a sweetening agent. It is also 
employed as an antidrying agent in foods 
and as an antihardening agent in confec
tionery.

MATERIALS & METHODS
THE EXTRACTION of the sugars and the 
sugar-alcohols was accomplished using a mixture 
of acetone and methanol (1:1) together with 
3% water. The solvent was removed by means 
of a rotavapor and the residue dissolved in wa
ter. After purification and fermentation the 
yeast was centrifuged and the clear supernatant 
concentrated to a small volume (Washiittl,
1973).

Qualitative and quantitative determinations 
were made in all cases using thin-layer chroma
tography and when needed, results were con
firmed by gas-liquid chromatography.

Direct thin-layer chromatography of the fer
mented extracts was carried out in the absence 
of fermentable sugars on phosphate-buffered 
silicagur G (n-butanol-acetone-phosphate buf
fer, pH 5, 40:50:10). Sugar-alcohols were iden
tified with sodium periodate-benzidine reagent.

The sugar-alcohols were determined semi- 
quantitatively by measuring of the spot-area. 
The results based on external and internal 
standards showed good agreement. After elua- 
tion of the sugar-alcohols from the plates we 
also used the microchemical determination by 
the method of Rappaport et al. (1937). Gas chro
matography was carried out after concentrating 
the extracts and acetylation and purification of 
the residue (Washiittl, 1973).

RESULTS
RESULTS shown in Table 1 are the aver
age values of three determinations. Values 
are expressed as milligrams per 100 grams 
of dry matter, or as milligrams in a 100 
grams of wine or juice.

The presence of pentitols and hexitols 
has been sought in a wide range of foods, 
using analytical methods based on thin- 
layer chromatography and gas-liquid 
chromatography. Xylitol (and, very oc
casionally, arabitol) was found in most of 
the vegetables and in a few of the fruits 
and fruit products examined; for exam
ple, in cherries, morello cherries and 
morello cherry jam. As expected, we 
found sorbitol in many fruits and fruit 
products; also—to our surprise—we found 
galactitol, although only on rare occa
sions. Neither of these two hexitols was 
found in any of the vegetables examined, 
except in trace amounts; the sugar-al
cohol predominantly present was man
nitol.
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S G O R IN S T E IN '

D ept, o f  Inorgan ic & A n a ly tica l C h em istry , The L v o v  P o ly te ch n ic  Institute

A Research Note
DEPENDENCE OF FRUIT-BERRY WINES' STABILITY ON THE CONTENT 

OF MINERAL AND NITROGENOUS COMPONENTS

INTRODUCTION
THE INCREASED USE of metallic 
apparatus and capacities in wine-making 
result in richer content of iron salts, both 
in wine materials and in the finished 
product. Iron in wines is found in an 
ionic state, as in ferric (Fe+++ and ferrous 
(Fe++) salts (Arjun, 1966; Bergner and 
Lang, 1970). The formation of precipi
tate (Cass) does not depend solely on its 
iron content. Acids in wines are known to 
form soluble complexes with trivalent 
iron which prevents precipitate (Cass) for
mation. Conversely, iron precipitate 
(Cass) is intensively formed in a medium 
of sufficient protein content. Thus in 
fruit-berry wines, there are substances 
promoting both the decrease and disturb
ance of stability.

Since fruit-berry juices contain few 
nitrogenous substances, it was very im-

1 Present address: Dept,  o f  Inorganic  & Ana
lytical Chem istry ,  The  Hebrew University o f  
Jerusalem, Jerusalem, Israel

portant to find the dependence of fruit- 
berry wines’ stability on the content of 
iron, organic acids and proteins (Gorin- 
stein et al., 1971). In apple juice the natu
ral nitrogen content is hardly sufficient 
for sugar fermentation which yields
5-6% vol alcohol. Wine-making experi
ence elaborated modes of incorporating 
additional nitrogenous nourishment to 
complete the process of fermentation. It 
is quite natural that additional incorpora
tion of nitrogenous substances results in 
the disturbance of stability. Thus the 
necessity arose to establish an optimum 
rate of additional nitrogenous nourish
ment which would cause no wine stability 
disturbance but would assist completion 
of the fermentation process. A series of 
experiments were carried out with this 
purpose in view.

EXPERIMENTAL
THE OBJECTS of this investigation were fruit- 
berry wines. The fruit-berry wines apple, straw

berry, cherry, currant, fruit wines, red sweet 
wine, white sweet wine, Yantarnoye and 
Yubileynoye, produced by the experimental 
wine-making factory “Anyksciu Vynas,” were 
prepared from high acidic juices diluted with 
water by adding 27 gr/100 ml sugar, with fer
mentation lasting 70-100 days. All analyzed 
wine samples, except apple-wine, were prepared 
by combination.

Standards for comparison of wines were the 
same drinks clarified by filtering masses “Kine
shma” (control) and “Evlakh” (test) (Gorin- 
stein, 1970). Filtering masses “Kineshma”/6.6% 
turbidity of standard solution and “Evlakh”/
1.9% turbidity of standard solution, distin- 
quished by its filtering ability, were manufac
tured from raw materials of different composi
tions. “Evlakh” filtering mass was made at the 
Lvov Brewery Firm “Kolos” (Ear) by Gorin- 
stein (1968; 1970). Iron was determined spec
troscopically in wines by methods of Steiner 
and Oliver (1963); Bukharov and Mekhuzla
(1964). Common nitrogen was found by the 
micromethod of Duma and Kjeldahl; (Gorin- 
stein et al., 1971; Bulgakov, 1959; Klimova, 
1967; Strukova and Fedorova, 1966; Fedoseev 
and Osadchii, 1969); protein nitrogen by depo
sition with hydrate of copper oxide; amino ni-

Table 1—Physico-chemical indices of fruit-berry wines

Apple wine Cherry wine Currant wine

Before Before Before
Qualitative 1 

indices
clarifi
cation Control Test Bentonite

clarifi
cation Control Test Bentonite

clarifi
cation Control Test Bentonite

Iron, mg/liter 48.9 42.3 31.4 46.5 38.3 27.6 27.3 27.9 28.5 23.4 16.5 24.8
Nitrogen, mg/liter

Common 86.5 75.4 75.1 75.5 134.4 118.3 118.1 118.5 93.4 86.3 81.4 85.7
Organic 50.4 46.8 46.5 46.6 81.3 75.6 79.3 80.2 67.3 52.7 49.6 51.0

Protein 38.9 33.5 33.3 33.4 45.4 36.2 30.3 32.4 48.0 41.7 39.8 43.3
Amine 15.7 11.8 11.7 11.9 16.8 14.3 11.7 12.0 15.7 12.6 10.7 11.2
Colloids, mg/liter 520.3 400.1 399.9 400.2 1103.3 872.4 851.0 879.4 400.7 354.7 572.1 280.5
Tannic & Dyeing

substances, mg/liter 430.70 364.70 364.60 364.81 749.00 644.50 638.25 641.00 146.10 138.4 140.2 116.75
Dry substances

mg/liter 578.20 503.42 481.03 499.10 872.02 794.52 775.40 789.31 344.00 331.14 305.00 318.40
Pectinic acid

mg/liter 0.410 0.365 0.362 0.364 0.280 0.250 0.220 0.246 1.472 1.398 1.372 1.348
Insoluble ash.

mg/liter 7.70 6.69 6.67 6.70 8.00 7.35 7.21 7.42 33.09 32.14 32.96 27.41
Soluble ash.

mg/liter 19.2 18.1 18.2 18.3 20.9 17.6 17.1 17.4 25.5 23.6 24.8 18.3
Acidity, % - 4.9 4.7 5.8 - 9.1 9.1 9.1 - 7.4 7.2 7.3
Stability, months - 5.0 5.1 4.9 - 4.0 6.0 5.4 - 5.0 5.0 4.8

1264-JOURNAL OF FOOD SCIENCE-Volume 38 (1973)
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Table 2—Dependence of the process of fermentation (alcohol) of apple juice and wine stability from additional nitrogenous nourishment

Common nitrogen, mg/liter Wine

Additional Common
Composition of 

nourishment Juice
Beginning of 
fermentation

nitrogeneous
nourishment

After addition 
of nitrogen

At end of 
fermentation

Wine
material

nitrogen
mg/liter

Alcohol
%

Stability
months

KC + <NH4)2H P04 218.6 98.6 100 198.6 142.3 91.4 77.4 12.7 4.3
218.6 98.6 200 298.6 150.4 93.5 80.3 13.1 4.4
218.6 98.6 300 398.6 162.7 95.6 85.9 13.5 4.7
218.6 98.6 400 498.6 169.5 99.7 89.8 13.7 4.9

KC + (NH4)2S 0 4 218.6 98.6 100 198.6 143.5 93.6 79.4 11.8 4.3
218.6 98.6 200 298.6 151.7 95.8 82.1 12.0 4.6
218.6 98.6 300 398.6 164.2 97.3 87.9 12.4 4.7
218.6 98.6 400 498.6 174.8 101.3 91.5 12.7 4.9

KC + NH4CI 218.6 98.6 100 198.6 142.0 90.5 74.9 12.8 4.7
218.6 98.6 200 298.6 149.3 91.8 76.5 12.9 4.8
218.6 98.6 300 398.6 161.5 94.3 81.3 12.1 4.9
218.6 98.6 400 498.6 167.6 98.5 84.5 13.9 5.0

KC + (NH4)2H P04 218.6 98.6 100 198.6 140.5 87.9 73.5 13.1 5.4
+ <n h 4)2s o 4 218.6 98.6 200 298.6 147.3 89.8 75.4 15.2 6.0

218.6 98.6 300 398.6 157.3 93.5 79.7 14.3 5.3
218.6 98.6 400 498.6 162.9 97.6 81.5 14.5 5.1

KC 218.6 0 98.6 85.1 63.7 57.3 9.3 3.0

trogen by means of copper; and organic nitro
gen by K2S20 ,  (Gertner and Gidinic, 1965). 
Colloids were determined according to GSE 
(Dumanskii et al., 1936); dry, pectic substances 
and insoluble and soluble turbidity gravimet- 
rically; tannic, dyeing substances and acidity 
titrimetrically; and colloid-protein stability and 
alcohol by conventional methods (Fertman and 
Gorinstein, 1970; Nilov and Skurikhin, 1967).

RESULTS & DISCUSSION

THE CONTENTS of iron, common, or
ganic and amine nitrogen protein, alco
hol, colloids, dry, tannic, dyeing, pec- 
tinic, ashen substances and acidity were 
studied. The data obtained show that be
fore clarification three groups of wines 
could be distinguished according to the 
concentration of the main components 
underlying the terms of stability: (1) 
wines with high content of iron; (2) com
mon nitrogen; and (3) wines with mean 
numbers both of iron and common nitro
gen. Examples of these groups are apple, 
cherry and currant wines, respectively 
(Table 1).

It was interesting to follow the dy
namics of indices studied after the clarifi
cation of fruit-berry wines by filtration 
through filtering masses “Kineshma,” 
“Evlakh” and bentonite. The data are 
given in Table 1. Analyses of these data 
show, that after clarification, typical dis
tinctions of qualitative indices of three 
groups of wines continue to change: in 
apple-wine the highest concentration of 
iron is retained; in cherry-wine that of

common nitrogen. Interesting data were 
obtained by analysis of the relation of 
stability terms of wines containing iron 
and common nitrogen. According to the 
laws of formal logic it could be expected 
that in wine with high iron content the 
stability would be the least. However, the 
data obtained experimentally contra
dicted this. In the sample of apple-wine 
clarified by bentonite, the iron content 
(true to statistics) is higher than in sample 
controls and tests (in both cases P <
0.001; P = probability of distinction). 
With approximately the equivalent quan
tity of common and protein nitrogen, it is 
in the apple-wine sample, clarified with 
bentonite, that the least stability could be 
expected. However, in our experiment, 
wines clarified by different means have 
the same stability. This implies that other 
factors affecting the stability exist (Nilov 
and Skurikhin, 1967; Rodonulo, 1971; 
Ogorodnik and Dranovskaya, 1970). In
deed, despite the high concentration of 
iron in the apple wine clarified by 
bentonite, the presence of considerable 
amounts of organic acids (acidity, 5.8% 
and iron 46.5 mg/liter) prevents stability 
decrease. This is explained by the fact 
that malic and citric acids readily form 
soluble complexes preventing the forma
tion of iron precipitates (Cass). According 
to Nilov and Skurikhin (1967), tartaric 
acid in wine with Fe++ oxidizes COOH-
c h o h - c h o h - c o o h -2H c o o h - c o h =
COH-COOH. But this process is weaker, 
because iron (II) is oxidized to iron 
(III) and has no catalytic force. But

iron in wine forms the following complex 
(Nilov and Skurikhin, 1967):

This complex is possessed with a cata
lytic force and prevents transition of Fe11 
to Fe111 (Nilov and Skurikhin, 1967).

It is known that the velocity of redox 
reactions depends upon the acidity of the 
media. In acid media, that is in wine, 
oxidizing processes took place more slow
ly than in neutral and alkaline media. It is 
obvious that while the oxidation process 
is necessary for the ripening of wine, re
sults may also be undesirable. For exam
ple, in oxidation the possibility of the 
formation of tannin-protein combinations 
falling out in the sediment and the acqui
sition of stable transparence in wine was 
stronger, so the bitter taste of tannides 
was softer. But simultaneously the oxidiz
ing of the amino acids results in deteriora
tion of aroma and taste.
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According to Table 1 the largest a- 
mount of common nitrogen is found in 
cherry wine. In samples of this wine clari
fied with different types of filtration 
masses and bentonite, essential distinc
tions in content of iron, common nitro
gen and in acidity, indices were not 
found. With equivalent values of indices 
influencing the terms of stability, one 
could expect it to be identical for all sam
ples of cherry wine. Experiments show, 
however, that the highest stability is 
found in cherry wine test (6.0 months), 
somewhat less in the wine clarified with 
bentonite (5.4 months), and still less in 
wine control (4.0 months). By qualitative 
analysis it was found that in wines with 
equal amounts of common nitrogen there 
were different contents of protein nitro
gen (Table 1). Thus it can be concluded 
that wine stability is in reverse depend
ence from the contents of protein (not 
common) nitrogen. Concluding the analy
sis of Table 1, it must be noted that the 
best qualitative indices are possessed by 
wines clarified with the filtration mass 
“Evlakh,” with wines clarified with ben
tonite somewhat worse.

The protein content of bentonite- 
treated wines decreases considerably 
while stability increases (Table 1). But in 
comparing wine test to wine bentonite, 
wine bentonite has a little more protein. 
The adsorption ability of the filtering 
mass “Evlakh” is better than bentonite.

The amount of common nitrogen was 
determined in apple, cherry and red cur
rant juices. Qualitatively and quantita
tively different protein nourishment was 
incorporated into each juice. Again com
mon nitrogen was determined and re
peated at the end of fermentation in wine 
material and in finished wine. The data 
were compared with alcohol content and 
terms of stability (Table 2). Analysis of

data obtained enable us to establish opti
mum additional nitrogenous nourishment 
both quantitatively and qualitatively. Op
timum nitrogenous nourishment was con
sidered the one which in minimum 
amounts ensured completion of the fer
mentation process (according to alcohol) 
and the longest terms of stability (Table 
2).

CONCLUSION
THUS WE CAME to the conclusion that 
the addition of nitrogenous nourishment 
to the high nitrogenous cherry juice, is 
superfluous. Optimum nitrogenous nour
ishment for apple juice is a mixture of 
phosphate and ammonium sulfate in the 
amount of 200 mg/liter and for currant 
juice, ammonium phosphate in the 
amount of 100 mg/liter which is consider
ably below conventional rates.

The results of the investigation show 
that fruit-berry wines, like beer, are sub
ject to common régularités of retaining 
colloid-protein stability of ethanol media 
(Gorinstein, 1968).
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A Research Note
USE OF FORCEPS IN STERILITY TESTING: 
A POSSIBLE SOURCE OF CONTAMINATION

INTRODUCTION
THE USE OF large-bore sterile glass 
pipettes in sterility testing for the inocu
lation of subculture media with foods is 
ro u tin e ly  practiced (Denny, 1970; 
Denny, 1972). Because of the viscosity of 
some products and the total lack of liquid 
in others, however, pipettes cannot 
always be used. Also, there are times 
when garnish too large to be subcultured 
with a pipette must be examined for 
sterility. In these instances, forceps have 
proven satisfactory for manipulating food 
particles which cannot be satisfactorily 
handled with a pipette. When large 
numbers of samples must be examined, 
the forceps cannot be autoclaved between 
samples and must be sterilized by other 
means. Alcohol flaming is a common 
method used for “sterilizing” such 
implements, but Doyle and Ernst (1969) 
reported that bacterial spores in the 
alcohol could survive the flaming tech
nique and thereby contaminate. In several 
instances in this laboratory where 
contamination occurred during sterility 
testing, the forceps were suspected of 
being the cause. This study was initiated 
to determine what role forceps play in 
contamination during sterility testing and 
how this contamination could be signifi
cantly reduced or eliminated.

EXPERIMENTAL
Forceps

Eight inch, highly polished, chrome-plated 
steel forceps with straight, medium points were 
used throughout this study. Like almost all 
forceps, the inside points of these forceps were 
file-cut. On one pair, these file-cuts were re
moved and the inside tips made smooth by 
grinding and polishing. A piece of rubber tubing 
was placed over the handles so that the forceps 
did not become too hot to the touch during 
flame-sterilization. In this way, the tips could 
be heated more thoroughly to insure sterility. 
Forceps were flamed longer (about 10-15 sec) 
than just allowing the alcohol to burn off and 
product sizzled when touched with the steri
lized forceps. After flaming and before handling 
the subculture sample, the forceps were cooled 
by touching them to a part of the sample not 
being subcultured.
Subculture medium

Brom Crcsol Purple (BCP) broth (16g of

Difco Purple Broth Base, 5g of glucose and
1,000 ml of distilled water) was used as the 
subculture medium. The lot used was tested 
and found to support the growth of micro
organisms. The medium was dispensed in 18 x 
150 mm tubes, 10 ml per tube, and autoclaved 
for 15 min at 15 pounds pressure (121°C). 
Incubation of subculture tubes was at 35°C for 
7 days.
Experimental design

Three experiments were conducted in this 
study. All were performed in a positive pressure 
inoculating room under the conditions outlined 
by Evancho et al. (1973) so that contamination 
during subculturing could be minimized. The 
forceps, after subculturing, were immersed in a 
beaker of hot, soapy water and wiped with a 
paper towel to remove food particles before 
being alcohol flamed.

In experiment 1, pasta forms were subcul
tured from 50 cans of product known to be 
sterile (product had been incubated for several 
weeks and examined to assess sterility) using 
both the file-cut tip and the smooth tip forceps. 
Both forceps were thoroughly cleaned before 
use.

In experiment 2, no product was subcul
tured. Tubes of medium were inoculated by 
touching the tips of the forceps into the 
medium. Thoroughly cleaned file-cut tip for
ceps, file-cut tip forceps with food particles 
“baked” in the file-cuts, and smooth tip forceps 
were dipped into a sporulated culture of 
B a c il lu s  l ic h e n ifo r m is  (isolated from a spoilage 
incident and sporulated on Nutrient Agar) and 
allowed to air dry. To insure viability of the 
organism, two control tubes of medium were 
inoculated with each of the unflamed forceps. 
25 tubes of medium were then inoculated with 
each of the forceps which were alcohol flamed 
between tubes. The experiment was repeated 
three times.

In experiment 3, pasta forms from 1,456 
cans were subcultured with smooth tip forceps.

RESULTS & DISCUSSION
IN EXPERIMENT 1, 14 of 25 subcul
tures (56%) made with the file-cut tip for
ceps were positive, whereas all subcul
tures made with the smooth tip forceps 
were negative. The organisms encoun
tered in the positive subcultures were 
Bacillus sp. Close examination of the file- 
cut tip forceps revealed food particles had 
become embedded in the file cuts and 
could not be removed by cleaning in hot 
soapy water. The food particles became

“baked” into the file cuts during flame 
sterilization and when the hot forceps 
were touched to the product. The ab
sence of positive subcultures when using 
the smooth tip forceps indicated the 
source of contamination had been 
eliminated by removing the file cuts.

All subculture tubes inoculated with 
unflamed forceps in experiment 2 showed 
growth of the Bacillus. Subculture tubes 
inoculated using smooth tip forceps 
showed a contamination rate of 0—17%, 
those inoculated using thoroughly 
cleaned file-cut tip forceps showed a rate 
of 0—17%, whereas 38—67% of the 
subculture tubes inoculated using file-cut 
forceps with “baked-on” food particles 
were positive. The results incriminate 
food particles in the file cuts as the major 
contributor to contamination rather than 
the presence or absence of file cuts on the 
forcep tip. Removal of the file cuts 
facilitates cleaning and consequently 
reduces the chance of contamination 
resulting from the use of forceps.

Pasta from 1,456 cans of product were 
subcultured in experiment 3 using 
smooth tip forceps. A contamination rate 
of 0.07% was encountered.

Removal of file cuts from the inside 
points of forceps results in a significant 
reduction in contamination caused by the 
use of forceps. The presence of file cuts 
hinders thorough cleaning of embedded 
food particles and allows bacteria to 
survive the flame sterilization, thus result
ing in contamination.
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with  A T R ,  14 
ferm entat ion

bloater form at ion  in brined cucum b ers  by
L. p lantarum, 4 9 9

C 0 2 p rodu ct ion  in,  o f  brined cucum b ers ,  
50 4

changes  in c o m p o n e n ts  o f  sum m er  sausage  
during, 1 2 2 8

lactic  acid preservat ion o f  carrots , 84  
fiber contract ion

o f  bov ine  muscle:  in f luence  up on  factors  
affecting  tenderness  o f ,  4 0 4

film
polym eric:  storage quali ties  o f  bananas

packaged in, 12 4 7
prote in-lip id: in f luence  o f  ingredients  upon  

edib le  characteris tics ,  7 8 3  
firmness

o f  ferm ented  sausage: assoc ia t ion  o f  prote in  
so lubil i ty  w ith ,  11 2 8

fish
autolysis  as a factor in p rodu ct ion  o f  pro

tein isola tes from w h o le ,  86 4  
canned: blu eing d isco loration  in crabmeat,  

1101
fresh: activity o f  ant iox idants  in ,  126 0  
in vitro: interaction  o f  form ald eh yd e  with  

muscle ,  100 9
prote in  hyd ro lysa te  from w aste ,  9 1 7  
sensit iv ity o f  V.  p arahaem olyt icus  to  co ld  in 

fi llets,  4 3 7  
fish cakes

qu ick  salted: bacterial cou n ts  and rancidity  
est im ates  o f  s tored ,  58 0  

quick-salted: pilot plant p rodu ct ion  o f  and 
large scale acceptance  trials w ith ,  2 4 6

flavor
absorpt ion  o f  volati le  m e th y l  k e to n es  by a 

n a tu ra l  m o d e l  sy stem : freeze-dried
cream, 7

and chem ical  characteristics  o f  c o n v e n t io n 
ally and m icrowave reheated pork,  55 3 

detec t ing  threshold  values for e th y l  capry l
ate  and ph en yl  e th y l  a lcohol  and e st i 
mate o f  %  o f  p op u la t ion  having greater  
sensit iv ity ,  7 24

iso lation  and id ent if icat ion  o f  volati le  c o m 
p ou n d s  in bo i led  bee f ,  3 9 3  

o f  co f fe e :  in f luence  o f  freeze-dryin g param
eters  on  retention  o f ,  119  

p o ta to  chip- like: form at ion  o f  f rom  m e th io 
nine under deep-fat  frying con d it ion s ,  
7 8 8

quali ty  o f  p o ta to  flakes: e f fe c t  o f  raw m a
terial and process ing,  5 86  

th resholds  for fa tty  acids in buffered s o lu 
t ions,  5 2 8

w arm ed  over: inh ib it ion  o f  in co o k e d  m eats ,  
39 8

Flavonoid(s)
g lycosides  o f  sour cherries, 1035  

flour,  corn germ, defat ted
co m p o s i t io n  o f  c o o k ie s ,  corn m u ff in s  and 

b e e f  patties  conta in ing ,  60 2  
f low  properties

o f  s o m e  f o o d  p ow d ers ,  9 5 9  
Fluorim etry

d eterm inat ion  o f  v itamin  A in fo o d s ,  4 4 7  
fo o d s

canned: e f fec t  o f  DPA  on vegetative cel ls  o f  
Bacillus,  116 6

canned: sterili ty testing o f  heat processed ,  
185

con ven ien ce:  in h ib it ion  o f  s tap h y lococca l  
e n tero to x in  p rodu ct ion  in,  885  

f lu orom etr ic  determ inat ion  o f  v itamin  A in, 
4 4 7

growth and e n tero to x in  p rodu ct ion  by vari
ous  strains o f  S. aureus in s e lec ted ,  4 7 4  

mercury in: scient if ic  s tatus  s u m m ary ,  7 2 9  
m od el  so lu t ion s:  m icroscop ic  investigations  

o f  the freeze drying o f  volati le-  
conta in ing ,  1174

m o d e ls ,  freeze-dried: studies  on  m echanisms  
o f  reten t ion  o f  vola ti le  in: the system  
PVP-n-propanol,  671

prepared: chil led-hold ing vs. frozen  storage;  
e f fe c t  on  quali ty  and w h o le s o m e n e ss  of,  
901

processing: poten t ia l  app lication  o f  po lysac 
charide 1 3 1 4 0  in, 6 6 8

quali ta tive  and quantita tive  s tudy  o f  sugar- 
alcohols  in ,  126 2

ready-to-eat: ch icken  lipid changes  during 
c o o k in g  in fresh and reused c o o k in g  oil, 
1232

rheological properties  o f  h y d ro co l lo id s  used 
as binders  in ,  1169

use o f  pen e trom eter  for d e form at ion  testing  
o f ,  7 2 0

w ater  activity d e term inat ion  in range 
0 . 8 0 - 0 . 9 9 ,  109 7  

form ald eh yd e
interaction  w ith  fish m u sc le  in vi tro,  1009  

FPC (f ish prote in  con cen tra te )  
as an em uls if ier ,  179
e f fe c t  o f  tem perature  on  lipid extract ion  

and fu nct ional  properties  o f ,  1012  
frankfurters

e f fe c t  o f  cure ingredients  on  n-nitrosodi-  
m e th y la m in e  form at ion  in a m od el  
s y s te m ,  7 1 4

e ff icacy  o f  prote in  addit ives  as em uls ion  
stabil izers in ,  8 4 9

packaged: in f luence  o f  nitrite and nitrate  
curing ingredients  on qu a l i ty ,  9 1 9  

use o f  NaA sc  or NaEry to  inhib it  form at ion  
o f  n -n i trosod im eth y lam in e  in, 108 4  

freeze  dryer
ex perim enta l  s tudy  o f  the opt im al feedback  

contro l  o f  a, 8 2 6  
freeze drying

con tr ib u t ion  o f  adsorption  to  vola ti le  reten
t ion  in a f o o d  m o d e l  conta in ing  PVP,  
7 6 8

in f lu en ce  o n  reten t ion  o f  flavor c o m p o u n d s  
o f  c o f f e e ,  119

o f  beef:  theory  and ex p e r im e n t ,  841  
o f  vo lati le-conta in ing  m od e l  f o o d  so lu t ion s:  

m icroscop ic  investigations  o f ,  1174  
use o f  plastic  bags for co n cen tra t io n  o f  di

lu te  so lu t io n s  in co n v en t io n a l ,  109 3  
freezer burn

o f  ham s in frozen  storage: e f fe c ts  o f  freez
ing and packaging m e th o d s  o n ,  2 5 8  

freezin g
cryogen ic:  o f  t o m a to  slices,  36 2  
e f fe c ts  o n  shrinkage o f  ham s in frozen  s tor 

age, 2 54
e f fe c ts  on  freezer-burn o f  ham s in frozen  

storage,  2 5 8
o f  raw beef:  in f luence  o f  aging, freezing rate 

and c o o k in g  m e th o d  on quali ty  and  
yie ld ,  5 6 0  

freezin g rate
in f lu en ce  o f ,  on  quali ty  and yie ld  o f  frozen  

raw b e e f ,  5 6 0  
frozen  fo o d s

green vegetables:  quality  o f  b lanched in 
N H 4 H C 0 3 , 9 5 4

G
Gangliosid es

ident i f ica t ion  o f  as co n s t i tu en ts  o f  egg yo lk ,  
4 3

G A P (g lycera ld eh yd e -3 -p h osp h ate)
e f f e c t  o f  binding to  m uscle  particulate  frac

t ion s  o n  d ehyd rogenase  ac t iv ity ,  4 2 4  
gas ch rom atograp h y  (GC)

aroma o f  canned  bee f ,  analysis  o f  volati les  
o f ,  377

class if icat ion o f  corn odor  by statis tical  
analysis  o f  GC patterns o f  headspace  v o l 
atiles , 34

gas-liquid chrom atograph y  (GLC)
rapid analysis  o f  m ois tu re  in meat b y ,  355  

ginger rh izom e
n e w  source  o f  p r o te o ly t i c  e n z y m e ,  65 2
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glucose
co n t in u o u s  convers ion  from  starch by an 

am ylg lucosid ase-resin  c o m p le x ,  35 8
glyc ine :  f lu orescen t  produ cts  in browning  

reaction ,  4 8 6  
D-glu cose

in apple  ju ice: e f fe c t  o f  g am m a radiation on ,  
10 8

g lucosy la t ion
e n z y m a t ic ,  o f  so lanid ine ,  1099  

g lyco lys is
an tem o rtem ,  and d ép h o sp h o ry la t io n  o f  high 

energy p h osp h ate s  on  b e e f  aging and t e n 
derness ,  56

assoc ia tion  o f  struggle during exsan guina
t ion to ,  in turkey pectoralis  m u sc le ,  9 9 5

in f luence  o f  ep inephrine  and Ca o n ,  o f  
s heep  m uscle ,  1 124  

g lycosides
f lavonol:  m easu rem en t  in apple  ju ice  by  

chrom atograph ic- f luorom etr ic  m e th o d ,  
6 5 6

structures:  e f fec t  o f  ag lycon es  on  sensory  
properties o f  s im ple;  structural fu n c t ion s  
o f  taste in the sugar series, 66 5  

grape ju ice
Concord:  factors  in f luenc ing  co lor  degrada

tion in,  1 0 6 0
qu antita tive  e s t im ation  o f  malic and tartaric 

acids in ,  1 8 
grapefruit  juice

m e th o d  for d e term in ing  naringin c o n te n t  o f ,  
3 4 0

m e th o d  for e s t im atin g  l im onin  c o n te n t  o f ,
1 2 4 4

grapes
black: an th o cy a n in s  o f  Vit is  rotun difo l ia ,  

M ichx. ,  9 0 9
S. pom b e:  e f fec t  o f  pH on  act iv ity o f ,  1 156
Scup pern ong:  organic  acid and sugar c o n 

tents  o f ,  during ripening,  21
T h o m p so n  seedless:  changes  in ti tratable  

ac id i ty ,  °B r ix ,  pH, potass ium  co n te n t ,  
m alate  and tartrate during berry d e v e lo p 
m ent  o f ,  8 7 4

gums
CMC and xanthan: rheological properties  o f  

syrups conta in ing ,  4 8 9

H
hams

cured c o lo r  s tabil i ty  o f  accelerated pork  
process ing,  1 0 7 8

dry cured: ox ida t ive  rancidity in: e f fec t  o f  
l o w  pre-oxidant and an t iox id an t  salt for 
m u lat ions ,  251

e f fe c t  o f  freezin g and packagin g m eth o d s  on  
freezer burn in frozen  storage,  2 5 8  

e ffec t  o f  freezing and packaging m eth o d s  on  
shrinkage  in frozen  s torage,  2 5 4  

heat processing
changes  in c o m p o n e n t s  o f  s u m m er  sausage  

during,  1 2 2 8  
heat transfer

investigation o f ,  to  boil ing  w a ter / ta l lo w  
e m u ls io n s  in batch dry rendering,  8 5 6  

organolept ic  quality  changes  and m ois ture  
exch an ge  in air-blast chil led poultry  car
casses,  9 2 4

h em agg lu t ina t ion ,  reversed passive
standardized tech n iq u e  for  de term in at ion  o f  

b o tu l in u m  to x in ,  7 6 4  
h em oglob in

interaction  w ith  m olecular  o x y g e n  and its 
low er  o x id a t io n  s tates  and with  c y t o 
ch ro m e  c ,  7 0 5

quantita tive  d e term inat ion  o f  co m b in ed ,  
w ith  m y o g lo b in  in p ou ltry ,  9 6 8  

histidine
reaction  produ cts  w ith  a u to x id ized  m eth y l  

l in o lea te ,  8 9 6
H T ST  (h igh tem perature-short  t im e)

process ing o f  susp en s ion s  conta in ing  bac
terial spores ,  1 68

hyd roco l lo id s
rheological properties  o f ,  11 6 9  

hyd rogen  perox ide
o x id a t io n  o f  m eth io n in e  res idues  o f  casein 

b y ,  1 1
reaction  w ith  m y o g lo b in s ,  11 0 4  

h yd ro lyza te s ,  b e e f  and pork skin
ut i l ization  as a binder or ex te n d e r  in sausage  

em u ls ion s ,  2 6 8  
hyperfi l tration

im proved reverse o sm osis  perm eat ion  by  
heatin g,  6 3 3

i

inh ib it ion ,  chem ical
o f  s o lan u m  alkaloids ,  4 5 3  

ins trum ental  m easurem en ts
tex tu re  o f  cucum bers:  correlation w ith  s en 

sory m easurem en ts ,  3 3 4  
in s trum ents

e lectron ic  apple  redness  meter ,  9 6 5  
io ns ,  meta l

e f fec t  on co lor  o f  s trawberry puree,  4 6 0  
IQB (indiv idual qu ick  blanching)

pilot plant evaluation  o f ,  for vegetables,  5 9 0  
IR (in frared)

radiation o f  cherries  for pit d e te c t io n ,  102  
iron

assim ilation o f  from  iron-fortif ied milk by  
baby pigs, 941

chem ica l  and sensory  evaluation  o f  iron-for
ti f ied milk ,  9 3 8  

irradiation
damaging stresses to  fresh citrus fruits,  2 3 0  
gamma: e f fe c t  on D-g lucose in apple  ju ice ,  

108
gamma: e f fe c t  on  m y o g lo b in ,  971  
gamm a: e f fe c ts  on  odor  intensity  and ran

c id ity  o f  b e e f  fat ,  37 4  
gamm a: e f fec ts  on  s e lec ted  sp ices ,  8 9 3  
gamm a: p o ly p h e n o l  ox idase  activity and  

brow nin g  o f  mango fruits induced by,  
1 149

gamma: statistical approach to  subjective  
and objective  m easurem en ts  o f  b e e f  fat 
odor  ind uced  b y ,  3 6 9

gamm a: use to  prevent af la tox in  produ ct ion  
in bread,  1 2 3 8

l o w  dose:  app lication  to  a fresh bread sys
tem  for space fl ights , 129  

o f  p o ta toes:  recognizing,  or nonirradiation  
by w eight loss,  1 2 5 3  

i s o en zy m es
dis tr ibution  and heat in activation  o f  perox i

dase in s w e e t  corn ,  4 0  
i s o zy m es ,  peroxidase

changes  in,  in chil ling injury in green banana  
fruit,  64 2

J
ju ices,  citrus

m e th o d  for est im ating  l im onin c o n te n t  o f ,  
1 24 4

K

keton es ,  m eth y l
absorption  o f  by a m od el  sy stem : freeze-  

dried cream, 7
kin et ic s,  thermal destruction

effec t  o f  pH o n ,  o f  patulin in a qu eou s  s o lu 
t ion ,  109 4

L
lactases , microbial

im m ob i l iza t ion  by covalent a ttach m en t  to  
porous  glass, 107 0  

lactate  dehydrogenase
ch icken muscle : substrate  inh ibit ion o f  as a 

fu n ct ion  o f  tem perature ,  1115

ch icken  muscle : temperature  d ep en d en ce  o f  
the  Michaelis  cons tant  o f ,  1119  

lactic  acid
form at ion  in Sw edish  ferm ented  sausage,  

3 1 0
Lactobacil lus  plantarum

bloater form at ion  in brined cucum b ers  fer
m en ted  b y ,  4 9 9

lactose
direct e n zy m a t ic  conversion  o f  to  ac id, by  

lactose  dehyd rogenase ,  1132  
e f fe c t  o f  certain salts and oth er  w h ey  s u b 

stances  on  the growth o f  crystals , 1182  
e f fe c ts  o f  supersaturat ion and temperature  

o n  growth o f  crystals , 11 8 6  
e f fe c ts  on  em uls if icat ion  capacity  o f  spray- 

dried b lo o d  prote in  con cen tra te ,  4  
for textu re  im p ro v em en t  o f  fresh-pack dill 

pickles ,  99
lactose  dehydrogenase

direct e n z y m a t ic  convers ion  o f  lactose  to  
acid ,  1132

light
e f fe c t  o n  a u to x id a t io n  o f  porc ine ,  ov ine  and  

bovine  m yog lob in s  at freezing tem pera
ture, 4 1 8  

l im onin
m e th o d  for est im ating c o n te n t  o f  citrus  

ju ices ,  1 2 4 4
lim o n o a te  dehydrogenase

o f  A. g lobiform is  for prevention  or removal  
o f  l im onin  bit terness  in citrus products,  
1 1 5 3

lino leate ,  arginine
ox ida t ive  changes  in o x y m y o g lo b in  during  

in teraction  w ith ,  8 1 3  
lip id(s )

and fa t ty  acids o f  ch icken b o n e  marrow,  
9 7 8

effec t  o f  p o s tm o r te m  aging on  ch icken m u s
cle ,  6 9 6

e f fe c t  o f  tem perature  on ,  and fu nctional  
properties o f  FPC, 1012  

ox id a t io n  during c o o k in g  and frozen  storage  
o f  raw ground bee f ,  1 2 0 0  

o x id a t ion :  sorp t ion  hysteresis  and chem ical  
reactivity,  3 1 6

pea, and their o x id a t io n  on carbohydrate  
and prote in  matrices,  7 7 2  

prote in  in teractions in b iosys tem s,  75  6 
relationship  b e tw e e n  dieldrin and d if ferent  

classes in milk system s ,  791  
to co p h ero ls  in the unsaponif iab le  fraction  

o f  c o co a ,  115 8  
l ip oxygen ase ,  soybean

calc ium  activation  o f ,  7 7 9  
lobster  (H om aru s  americanus)

parameters o f  textu ral change in frozen-  
stored c o o k e d ,  24 2

tex tu ra l  changes  in preco o k ed  result ing  
from  irradiation fo l lo w e d  by refrigerated  
storage,  1 65

LSC (liquid  scin til la t ion counter)
im proved m eth o d  for d iscriminat ion b e 

tw een  biogenic  and sy n th e t ic  acet ic  acid  
w ith ,  3 50

M
malate

changes  in during berry d ev e lo p m en t  o f  
T h o m p a o n  seedless  grapes,  8 7 4

mango
p o ly p h en o l  ox idase  activity and brownin g  

induced by gam m a irradiation,  1149  
m an ioc  flour

as a m eth ion in e  carrier to  balance c o m m o n  
bean-based diets , 116  

m athem atics
new  com p u ta t ion a l  procedure for d e term in

ing apparent thermal dif fusiv ity  o f  a 
so lid b od y  approx ,  w ith  an infin ite  slab,  
6 2 3

temperatu re dis tr ibution during hea t /h o ld  
processing o f  f o o d ,  6 3 0
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m easurem ent
co n t in u o u s  a-c o f  sausage em u ls ion  stabil i ty ,  

1224
s o m e  aspects  o f  raw meat tenderness:  fac

tors a ffec t in g  change w ith  c o o k in g  and a 
n e w  m eans  o f ,  5 5 6

subjective and objective  o f  odors  ind uced  by 
gam m a irradiation o f  b e e f  fat:  statistical  
approach,  36 9

meat
a s p e c t s  o f  tenderness:  factors  affectin g

change w ith  c o o k in g  and m easurem ent  
o f  raw, 5 5 6

changes  in c o m p o n e n ts  during ferm enta t ion ,  
heat processing and drying o f  a sum m er  
sausage, 122 8

c o m m in u te d :  , S N tracer studies  o f  nitrite  
added to ,  1220

c o o k e d :  inh ib it ion  o f  warm ed-over  flavor  in, 
3 98

freeze-dried: feas ibili ty o f  adding,  in prepa
ration o f  fe rm en ted  dry sausage, 8 3 7  

in f luence  o f  nitrite and nitrate curing in 
gredients  o n  quali ty  o f  packaged frank
furters, 9 1 9

rapid analys is  o f  m ois ture in by GLC, 355  
rapid analysis  o f  m ois tu re  in by refractom-  

e try ,  35 4
red color: on  the in teraction  o f  m yog lob in  

and h em o g lo b in  w ith  m olecular  oxy g en  
and its low er  o x id a t io n  s ta tes  and with  
c y to c h r o m e  c ,  70 5

U V  s p e ctro p h o to m etr ic  determ inat ion  o f  
prote in  in,  108 7

viabil ity o f  S. aureus in interm ediate  m o is 
ture, 10 0 4  

meat em uls ions
use o f  squid  in,  551
util ization  o f  high prote in  tissue  powders  as 

a b in d er/ex ten d er  in ,  3 0 6  
meat loa f

e f f e c t  o f  p o s tm o r tem  muscle  changes  on  
properties o f  pou ltry ,  421  

meat products
partial recovery o f  nitri te N by the Kjeldahl 

procedure in,  1085
properties  o f  gram negative aerobes  isola ted  

from , 30 3
UV  sp e c tro p h o to m e tr ic  determ inat ion  o f  

protein in, 10 8 7  
media ,  bacter io logy

instabil ity  o f  Na nitri te in, 1 
merchandis ing

use o f  U V  for ex ten d in g  retail case life o f  
bee f ,  9 2 9  

mercury
in food :  sc ient if ic  s ta tus  su m m ary ,  7 2 9  

metall ic  ions
e ffec t  on  co lor  and p igm ent c o n te n t  o f  cran

berry ju ice  cock ta i l ,  10 4 3  
m eth ion in e

form at ion  o f  a po ta to  chip-l ike flavor from ,  
under deep-fat  frying co n d it io n s ,  7 8 8  

m an ioc  f lour  as a carrier t o  balance c o m m o n  
bean-based diets , 11 6  

o x id a t io n  o f  casein residues by H 20 2 , 11 
s u p p lem en ta t io n  o f  so y b ea n  fo o d s ,  112  
s u p p lem en ta t io n  o f  s o y  milk to  correct  

cyst ine  loss resulting from  an alkaline  
soaking procedure,  471  

m eth od s
enzym ic -ch em ica l  for  fiber-free prote in  e x 

traction o f  defat ted  c o c o n u t  f lour,  60 7  
exam in at ion  o f  bon e  c o n te n t  in m echanica l

ly d eb o n ed  poultry meat by E D T A  and 
A  A S,  7 12

for  m aking qu ick -cook ing  beans,  4 9 6  
for m easurem en t  o f  ch lorogen ic  acid and 

f lavonol  g lycosides  in apple  ju ice  by 
c o m b i n e d  c h r o m a t o g r a p h i c - f l u o r o -  
metr ic ,  6 5 6

s im ple  shear press for  measuring tenderness  
o f  w h o le  soyb ean s ,  72 2  

m eth y l  l in oleate
reaction  produ cts  o f  h is t id ine w ith  autoxi-  

dized ,  8 9 6

m icrob io logy
c o m p a r i s o n  o f  steam- and imm ersion-  

scald ed broilers, 9 0 3
ident if ica t ion  and characteristics  o f  m icro 

flora and spoilage bacteria in fresh-water  
crayfish,  6 7 9

instabil ity  o f  Na nitri te in chem ica l ly  d e 
fined  microbio log ica l  m e d iu m ,  1 

o f  a m od if ied  procedure  for  coo l ing  pasteur
ized  salt y o lk ,  1241

quali ty  o f  ch icken parts: e f fec t  o f  water  and 
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yeast : fu nct ionali ty  in bread making,  177  
proteo lys is ,  in vitro

digestive acceptabil i ty  o f  prote ins  as m eas 
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ceptabil i ty  o f  reheated ch icken pieces,  
161

in storage o f  bananas packed in selected  
permeabil ity  f ilms,  1247  

m ain tenance  o f  d eb o n ed  poultry meat using 
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t ion  using a fil trate release test,  133  

muscle  vs. palatability o f  pork loin chops ,  
5 3 6

o f  channel  catf ish: com par ison  o f  alb ino  
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o f  p recook ed  lobster  meat:  textural changes  
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o f  b e e f  fat: e f fe c t  o f  gam m a irradiation on ,  
37 4

ox id a t ive ,  in dry-cured hams: e f fe c t  o f  lo w  
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e f fe c t  on  decay and quali ty  o f  p o ta to e s  and  
o n io n s ,  81 

respiration
calor im eter  for measuring heat o f ,  in b io lo g 

ical materials , 2 34  
ret icu lum , sarcoplasmic
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e f fe c t  o n  a f la tox in  co n te n t  o f  artificially  
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e f fe c t  o f  packaging on  s h e l f  life  o f  frozen  
si lver, 1 197  

sa lm onella
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5 07
sausage

contro l  o f  S. aureus  by starter  cultures  and  
chem ical  ac idu lat ion ,  4 2 6  

d e v e lo p m e n t  and use o f  laboratory s tuff ing  
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tion  o f  instrum enta l and,  68 2  

sensory evaluation
o f  iron-fortified milk,  9 3 8  

sen sory  measurem ents
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co n s is t en cy  o f  a q u eo u s  rice m ix tu res ,  1 145  
fa te o f  water  so lub le  prote in  during th e r m o 
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s p e c t ro p h o to m e tr y
analyses  o f  orange ju ices  and orange pulp  

washes ,  9 1 3
atm o ic  absorbance:  exam inat ion  o f  bone  
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con d it ion in g  and skeletal restraint on,  
932

raw meat: factors  a ffecting  change  w ith  
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