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

CHANGES OF SOME PROTEIN FRACTIONS OF BEEF MUSCLE 
POSTMORTEM. H. GUENTHER & F. TURBA. J. Food Sci. 34, 469- 
470 (1969)—A tissue press and gel filtration were used to isolate myosin 
and the major degradation product from muscle postmortem. Both pro
teins were characterized by peptide maps. Myosin did not change in 
viscosity following addition of ATP and was free of actin. The degrada
tion product exhibited reduced ATP-ase activity and SH-groups content 
to values approximately half those of myosin after aging 6 days. The 
sedimentation constant decreased from 6.2 to 4.1 and comparison of 
the two peptide maps showed a lack of 18 peptide spots of the original 
75 myosin peptides and the appearance of 8 new peptides in the 
degradation product.

STUDIES ON BOVINE NATURAL ACTOMYOSIN. I. Relationship 
of ATPase and contractility to tenderness of muscle. H. K. HERRING, 
R. G. CASSENS & E. J. BRISKEY. J. Food Sci. 34, 389-391 (1969) — 
Actomyosin from muscle 12- and 24-hr postmortem had higher ATPase 
activity than that from 0 hr, 5-day aged or 12-day aged muscle. No 
consistent differences were found in actomyosin ATPase activity after 
the various periods of aging for actomyosins from tough and tender 
muscle. Actomyosin from 12- and 24-hr postmortem muscle superpre- 
cipitated faster than that from 0 hr muscle. However, actomyosin from 
5- and 10-day aged muscles superprecipitated less rapidly than that from 
12- and 24-hr postmortem muscle.

SAPID COMPONENTS IN CARROT. H. OTSUKA & T. TAKE. J.
Food Sci. 34, 392-394 (1969)—Relation of various substances present 
in carrot to its taste was studied. Relatively large amounts of amino 
acids and carbohydrates were detected in hot water extracts of carrot, 
but contents of nucleic acid derivatives and organic acids were extremely 
small. The taste of carrot was due mainly to the presence of glutamic 
acid and the buffer action of various amino acids.

FREEZER BURN OF ANIMAL TISSUE. 7. Temperature Influence on 
Development of Freezer Burn in Liver and Muscle Tissue. G. KAESS 
& J. F. WEIDEMANN, J. Food Sci. 34, 394-397 (1969) Very low 
weight losses were necessary to initiate freezer burn in beef livers and 
in beef semitendinosus muscle when stored at — 20 °C. Fat content of 
livers had little influence on the onset of burn. A condensed layer was 
formed but no freezer burn appeared in these tissues frozen at various 
rates and stored at —4°C. Treatment with solutions of glycerol or so
dium chloride before freezing effectively reduced formation of bum in 
liver and in longitudinal cuts of muscle, but was not effective in trans
verse cuts of muscle.

SOME SENSORY EFFECTS OF HYDROCOLLOID SOLS ON
SWEETNESS. M. VAISEY, R. BRUNON & J. COOPER. J. Food Sci. 
34, 397-400 (1969)—Sweetness-texture interactions in cornstarch, guar 
and carboxymethylcellulose were assessed by a trained sensory panel. 
Viscosity curves over a range of sucrose levels from 2.5 to 5.5% in 
the three gums were determined using a Brookfield viscometer. The re
lationship between viscosity curves and sweetness perception determined 
by rates of sweetness recognition, matching of equisweetness in different 
gums, apparent levels of sweetness and ranking of series of gums in 
order of sweetness indicated that gums with less viscosity drop as shear 
rates increase tend to mask sweetness perception.

HYDROLYTIC ENZYMES IN BOVINE SKELETAL MUSCLE. 3. 
Activity of Some Catheptic Enzymes. A. J. LUTALO-BOSA & H. F. 
MACRAE. J. Food Sci. 34, 401-404 (1969)—Maximal proteolytic ac
tivity was observed at either pH 3.8 or at pH 4.8 depending upon the 
enzyme studied. Activities of cathepsins B, C and D were determined 
in both supernatant and particulate fractions of two bovine muscles and 
rat liver by the use of synthetic or natural substrates. Comparison of 
the activities in bovine muscle with those in rat liver showed that total 
cathepsin B activity in skeletal muscle was approximately 52% of the 
activity obtained in rat liver whereas cathepsins C and D activities were 
approximately 2 and 25%, respectively.

FORMATION OF A GREEN PIGMENT FROM TUNA MYO
GLOBINS. O. K. GROSIEAN, B. F. COBB, B. MEBINE & W. D. 
BROWN. J. Food Sci. 34, 404-407 (1969)—A green pigment was pro
duced when yellowfin (or other) tuna myoglobins, trimethylamine oxide 
(TMAO), and cysteine were heated together in 0.1 M phosphate buffer, 
pH 5.7. The green product was not produced with mammalian myo
globins, which contain no cysteine residue. Denaturation of myoglobin, 
apparently exposing a sulfhydryl group, was necessary for the greening 
reaction to occur. TMAO acted as a mild oxidizing agent to promote 
the formation of a disulfide bond between cysteine and the sulfhydryl 
group on the denatured myoglobins. TMAO could be replaced by oxy
gen, but cysteine appeared to be specific for the reaction. The green 
color could be reversed by sodium sulfite, but not by other reducing 
agents tested.

SERENDIPITY BERRIES—SOURCE OF A NEW INTENSE SWEET
ENER. G. E. Inglett & J. F. MAY, J. Food Sci. 34, 408-411 (1969). 
—The fruit of Dioscoreophyllum cumminsii, Serendipity Berries, contain - 
an intensely sweet principle. Chromatography of water extracts of the 
Berry on Sephadex G-50 and G-200 indicated that the sweetener was 
bound to fruit protein. Degradation of the protein fraction with a pro
teolytic enzyme, bromelain, gave a lower molecular weight material with 
intense sweetness of excellent quality.
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IN T H IS  I S S U E

pTIMULATION OF GAS PRODUCTION AND GROWTH OF 
Clostridium perfringens TYPE A (NO. 3624) BY LEGUMES. L. B.
ROCKLAND, B. L. GARDINER & D. PIECZARKA J. Food Sci. 34, 
411-414 (1969)—Dry beans contain an unidentified factor which stimu- 
ates growth and gas production by C. perfringens, Type A. This factor 
nay be related to the flatus factor in dry beans. An assay procedure was 
leveloped for estimating the response of the microorganism to various 
substrates. At levels of up to four times their concentrations in a syn
thetic basal medium, glucose, amino acids, vitamins and other nutrients 
rad no effect. Supplements of other sugars including raffinose and 
stachyose produced no stimulation when added to a complete basal 
medium containing glucose. However, dry bean homogenates elicited 
prolific gas production under the same conditions.

ANTHOCYANIN PIGMENTS IN TROUSSEAU GRAPES. R. CAR- 
RENO-DIAZ & B. S. LUH. J. Food Sci. 34, 415-419 (1969)—Identifi
cation of the pigments was based on R< values in various solvents, par
tial acid hydrolysis, sugar moiety, alkaline degradation, fluorescence 
under ultraviolet radiation, color reactions, and absorption spectra in 
the visible region. Shown to be present in the grapes are petunidin 
3-monoglucoside, cyanidin 3-monoglucoside, malvidin 3-monoglucoside 
and peonidin 3-monoglucoside. Based on photodensitometric measure
ments, malvidin 3-monoglucoside was present in largest amount 
(49.8%), followed by peonidin 3-monoglucoside (36.9% ), cyanidin 
-monoglucoside (8.75%) and petunidin 3-monoglucoside (4.55% ). 

The identification of all the anthocyanins as monoglucosides supports 
the classification of Trousseau as a cultiva of Vitis vinifera.

VAPOR ANALYSIS OF FERMENTED SPANISH-TYPE GREEN 
OLIVES BY GAS CHROMATOGRAPHY. H. P. FLEMING, J. L. 
ETCHELLS & T. A. BELL. J. Food Sci. 34, 419-422 (1969)—Five 
major components were detected gas chromatographically in the head- 
space vapor of Spanish-type green olives fermented by pure cultures of 
lactic acid bacteria. Three of these compounds were identified as acetal
dehyde, methyl sulfide, and ethanol. The same five compounds also 
were present in pasteurized, unfermented olives, but in different amounts. 
Olives that had undergone a natural fermentation contained the above 
five compounds, and, in addition, a varying number of other compounds. 
Methyl sulfide was found to be a major odor component of fermented as 
well as unfermented olives.

THE CAUSE OF DISCOLORATION OF HARD COOKED EGG 
ROLLS. P. G. SCHNELL, D. V. VADEHRA & R. C. BAKER. J. Food 
Sci. 34, 423-426 (1969)—A brownish discoloration of hard cooked egg 

Tolls was observed on storage under fluorescent lights. This discolora
tion was unique and caused by ultraviolet (UV) radiation. A two step 
mechanism was suggested: (a) the production of peroxides and/or 
^hydroperoxides from water in coagulated albumen on exposure to UV 
radiation which causes the hydrolysis of the peptide chain resulting in 

n increase of non protein nitrogen and aromatic amino acids; (b) the 
oxidation of the exposed tryptophan molecule by UV radiation produc
ing a brown color. The discoloration could be prevented by reducing 
agents (L-cysteine and ascorbic acid) or using a colored packaging film 
in the production of the roll.

MICROBIOLOGY OF FRESH APPLE AND POTATO PLUGS PRE
SERVED BY GAS EXCHANGE. J. G. KAFFEZAKIS, S. J. PALMER 
& A. KRAMER. J. Food Sci. 34, 426-429 (1969)—Gas exchange as a 
means of preserving fresh quality of apple and potato tissue was studied. 
Gram negative rods in the environment of the test materials were 
rapidly killed when exposed either to a mixture of ethylene oxide 
(10% ) and carbon dioxide (90% ), or to pure sulfur dioxide and sulfur 
dioxide (50% ) air mixtures. Gram positive cocci and the spores of the 
anaerobes showed slower rates of destruction under the same conditions. 
Treatment with pure carbon monoxide, nitrogen or packaging in vac
uum achieved considerable freedom from color changes but had no 
appreciable effect on microorganisms.

UTILIZATION OF AMIDE NITROGEN BY THE YOUNG RAT.
M. WOMACK & J. E. WILSON JR. /. Food Sci. 34, 430-433 (1 9 6 9 1 - 
Rats were unable to utilize amide nitrogen of glutamine as efficiently as 
an equal quantity of a-amino nitrogen from glutamic acid when the two 
amino acids were the sole sources of nonessential nitrogen in the diet. 
However, no differences in nitrogen utilization were demonstrated be
tween two groups of rats fed different levels of amide nitrogen as wheat. 
It is concluded that in the usual wheat-containing diet any failure to 
utilize part of the amide nitrogen would not limit protein synthesis.

SENSORY DIFFERENTIATION OF BEEF TENDERNESS AND 
JUICINESS COMPONENTS OVER SHORT INTERVALS OF COOK
ING TIME. P. J. ROGERS & S. J. RITCHEY. J. Food Sci. 34, 434-435
(1969)—The ability of judges to distinguish differences in juiciness and 
six components of tenderness of top round steaks cooked at 350°F for 
20, 23, 26 and 29 min was studied by use of a paired comparison design. 
Concurrently, the effects of cooking time on cooking losses, percents 
moisture, nitrogen, and fat, shear values, “loose water” and “immobil
ized water” were evaluated. Judges detected differences for all factors 
between steaks cooked 20 and 26 min, but were unable to detect differ
ences between steaks cooked 26 and 29 min. Differences between steaks 
cooked 20 and 29 min were found for all factors except fragmentation 
and adhesion.

ORIGIN AND NATURE OF AROMA IN FAT OF COOKED POUL
TRY. E. L. PIPPEN, E. P. MECCHI & M. NONAKA. J. Food Sci. 34, 
436^442 (1969)—Odor panel results indicate characteristic cooked 
poultry aroma in fat of cooked poultry is derived from the lean portions 
of meat. Migration of sulfur substances into the fat during cooking sup
ports this concept. The dependence of the magnitude of the sulfur build
up in fat upon cooking conditions, the nature of aroma components 
found in fat of roasted turkey and the readiness with which authentic 
amino acids are degraded in hot fat, all suggest that protein, amino 
acids, sugars and other water soluble components are involved in the 
formation of the characteristic aroma that accumulates in fat of cooked 
poultry.
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ABSTRACTS :
I N T H I S  I S S U E

HYDROGEN SULFIDE, A DIRECT AND POTENTIALLY INDI
RECT CONTRIBUTOR TO COOKED CHICKEN AROMA. E. L.
PIPPEN & E.P. MECCHI. J. Food Sci. 34, 443-446 (1969)—The 35 
parts per billion (ppb) H2S in freshly prepared broth and the 180 to 
730 ppb H2S in meat of freshly simmered, roasted and fried chicken all 
substantially exceed the 10 ppb H2S odor threshold in water. Hence, H»S 
contributes directly to the aroma of these products. In a model system, 
H=S was passed through molten chicken fat containing 5% acetaldehyde. 
After expulsion of excess H«S and acetaldehyde the residual odorous fat 
exhibited a fixed sulfur content. These results suggest that a reaction 
between H2S and acetaldehyde was involved and that such reactions in 
fat could be general. Thus H^S may also contribute to aroma through the 
formation of secondary products.

TRANSAMINASES OF SKELETAL MUSCLE. 1. The Activity of 
Transaminases in Post-mortem Bovine and Porcine Muscles. R. HAMM,
L. KORMENDY & G. GANTNER. J. Food Sci. 34, 446-448 (1969) — 
The activity of glutamic-oxaloacetic transaminase (GOT), glutamic- 
pyruvic transaminase (GPT) and GOT isozymes in bovine and porcine 
muscles was determined. The ratio GOTm:GOTs in the tissue was found 
to be about 1:1. There is only a small decrease of GOT activity during 
cold-storage of muscle. The small GOTm activity in the muscle press 
juice does not change during storage, indicating that there is no drastic 
change of muscle mitochondria during aging of meat.

TRANSAMINASES OF SKELETAL MUSCLE. 2. Transaminase Ac
tivities in White and Red Muscles of Pigs and Cows. R. HAMM. J. 
Food Sci. 34, 449-452 (1969)—The total activity of glutamic-oxaloace
tic transaminase (GOT), the relative activity of the mitochondrial GOT 
isozyme (GOTm) and the total activity of glutamic-pyruvic transaminase 
(GPT) in different kinds of bovine and porcine muscle were determined. 
A highly significant positive correlation was found between either GOT 
or GPT activity and the amount of muscle pigments. However, the 
relative GOTM activity of porcine muscle was found to be almost con
stant in the different types of muscle.

TRANSAMINASES OF SKELETAL MUSCLE. 3. Influence of Free 
ing and Thawing on the Subcellular Distribution of Glutamic-Oxal 
acetic Transaminase in Bovine and Porcine Muscle. R. HAMM & 
KORMENDY J. Food Sci. 34, 452-457 (1969)—Freezing and thaw! 
of bovine and porcine muscle cause a remarkable release of the mil 
chondrial isozyme of glutamic-oxaloacetic transaminase (GOTm) frc 
mitochondrial structure resulting in an increase of GOTm activity in t 
muscle press juice. The lower the freezing temperature the stronger 
this effect. Repeated freezing and thawing increase the release of G O l 
It is considered that the level of GOTm activity in the muscle pre 
juice indicates the extent of mitochondrial damage. A simple and rap 
routine method was developed which allows a reliable differentiation t  
tween nonfrozen and frozen and thawed meat.

A TEXTURE PROFILE OF FOODSTUFFS BASED UPON WEL 
DEFINED RHEOLOGICAL PROPERTIES. P. SHERMAN. J. Fo,
Sci. 34, 458-462 (1969)—Many attributes contribute to texture, a’ 
panel tests should be so arranged that all these attributes are analyze 
The texture profile concept used by Szczesniak and her co-workers 
critically examined, and several modifications are proposed. The m 
scheme consists of primary, secondary and tertiary categories. The 
terms are not used in the philosophical sense proposed by Locke. P 
mary attributes are analytical composition, particle size and size dist 
bution, particle shape, air content, etc. There are only three seconda 
attributes viz., elasticity (E), viscosity (?j) and adhesion (N ). T 
tertiary characteristics are basically the responses most often used 
sensory analysis of texture. Tertiary characteristics are derived from 
complex blending of two or more secondary attributes.

STUDIES ON ENZYMIC ACTIVITY OF RAT LIVER SUBCELL 
LAR FRACTIONS. S. SHIBKO, A.L. TAPPEL, I.P. SUSZ & R„ 
FREEDLAND. J. Food Sci. 34, 462-465 (1969)—Particulate asparta 
amino trcnsferase and alanine amino transferase were shown to 
mitochondrial, and particulate glutathione reductase was shown to 
associated with both mitochondria and lysosomes. Isocitrate dehydr 
genase, g:ycerol-3-phosphate dehydrogenase, serine dehydratase, gl 
cose-6-phosphate dehydrogenase, xanthine oxidase, aldehyde oxida 
and fumarate hydratase were found not to be associated with lysosonu 
Lysosomes were unable to incorporate labelled amino acids into pr 
tein but were able to incorporate acetate-”C into fatty acids. Relatio 
ships of these findings to some properties of meats are discussed.

QUANTITATION OF FLAYORFUL FOOD COMPONENTS USIN 
ISOTOPE DILUTION. W. Y. COBB. J. Food Sci. 34, 466-469 (196f 
—Flavor compounds labeled with 14C are added to a food system pri 
to reduced-pressure distillation. The example used is benzaldehyd 
which in the distillate is converted to its corresponding 2,4-dinitr 
phenylhydrazone. Separation of the labeled hydrazone from other mat 
rial present is accomplished by thin-layer chromatography. Recoven 
material is quantitated using ultraviolet spectroscopy. Employing isotoj 
monitorirg data, the concentration of native aldehyde is calculated v 
isotope dilution. The method is adaptable to flavor compounds • 
sufficient volatility to be recovered under 5 mm Hg and 65°C, ar 
which are stable or can be converted to a stable form for purification.

NOTICE: Page Charges for Publication 
of Research Papers

□ AT ITS M arch 1969 meeting, the Executive Committee o f IF T  
voted to increase the page charge fo r  research articles published in 
Food Technology or in the  Journal of Food Science. The page 
charge o f $50 per printed page will be effective for research m anu
scripts received A F T E R  April 1, 1969. The page charge shall not con
stitute a bar to acceptance o f research manuscripts because the author 
is unable to pay the charge.
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H. K. H E R R I N G R .  G. CASSENS and E. J . BR ISKEY
Department of Meat and Animal Science, 
University of Wisconsin, Madison 53706

Studies on Bovine Natural Actomyosin 
and Contractility to Tenderness of Muscle1. Relationship of ATPase

SUMMARY— The effects of muscle tenderness classification and of aging muscle post
mortem on ATPase activity and superprecipitation of natural actomyosin were studied. 
Actomyosin from muscle 12- and 24-hr postmortem had higher ATPase activity than that 
from O-hr, 5-day aged or 10-day aged muscle. However, ATPase activity did not usually 
return to the O-hr level. No consistent differences were found in actomyosin ATPase 
activity after the various periods of aging for actomyosins from tough and tender muscle. 
Superprecipitation of actomyosin was used as a measure of contractility. Actmyosin 
from 12- and 24-hr postmortem muscle superprecipltated faster than that from O-hr 
muscle. However, actomyosin from 5- and 10-day aged muscle superprecipitated less 
rapidly than that from 12- and 24-hr postmortem muscle. Superprecipitation was more 
rapid in actomyosin from tough muscle than tender muscle at low KCI concentrations, 
but this was not true at high KCI concentrations. This observation suggested that acto
myosin from tough muscle had a stronger interaction or higher amounts of some protein 
factor such as a-actinin than did tender muscle.

IN TRO D U CTIO N
CH A N GES which accompany rigor m or
tis and the subsequent softening of muscle 
are physical and chemical in nature. The 
development of rigor mortis is accom
panied by an increase in tension (Schmidt 
e: al., 1968; Jungk et al., 1967), and if 
muscles are unrestrained, shortening can 
occur and the muscle toughens (Herring 
st al., 1967).

The form ation of cross-links between 
actin and myosin during the onset of rigor 
mortis is irreversible in the absence of 
ATP (Bendall, 1960; Davies, 1963) or 
ADP (Kushm erick et al., 1969); how
ever, if ATP is added to a myofibrillar 
system prepared postm ortem, myofibrils 
can contract (Takahashi et al., 1965). Re
cent studies by Fujimaki et al. (1958, 
1965) on natural actomyosin prepared at 
various times postm ortem  suggested that 
the changes in ATPase activity were pos
sibly associated with the tenderization 
process in muscle. However, the basic 
reason for the change in ATPase activity 
with postm ortem  aging is obscure.

• P r e s e n t  ad d ress : F o o d  R e sea rch  D iv ision , 
A rm o u r  & C o ., O ak  B ro o k , 111.

The objective of the present study was 
to investigate the ATPase and superpre
cipitation of actomyosin isolated from  
naturally occurring tough and tender bo
vine muscle. In addition, the effect of 
aging the muscles was also studied.

E X P E R IM E N T A L
Muscle source and sampling procedure

Eight mature (E-maturity) bovine animals 
were used in these experiments. The longis- 
simus plus all surrounding muscles, fatty 
tissues and bones from the fifth to the twelfth 
thoracic vertebrae, inclusive, were removed 
from the carcass and held at 4°C. Exposed 
muscle surfaces were covered with poly
ethylene. One hundred g samples were re
moved after aging periods of 0, 1/2, 1, 5 and 
10 days.

Preparation and study of natural actomyosin
Herring et al. (1969a) describe the pro

cedures to measure ATPase activity, degree 
of superprecipitation and protein concentra
tion.

Tenderness determination and classification
Tenderness was determined on 50 g sam

ples of the longissimus obtained adjacent to 
the sample used for actomyosin preparation

at 1, 5 and 10 days postmortem. The muscle 
was cooked in boiling (100°C) water for 2 
hr. Shear force was determined on six 1.25- 
cm cores with the Warner-Bratzler shear de
vice. Animals classified as tough had a shear 
force of at least 12 kg at 24 hr and greater 
than 7 kg after 10 days aging. Those classi
fied as tender had a shear force of less than 
7 and 3 kg for 1 and 10 days, respectively. 
Five of the animals used were classified as 
tender and three were tough.

R E S U L T S  & D ISC U SS IO N
Effect of aging muscle postmortem 
on ATPase activity

The effect o f aging muscle postm ortem  
on actomyosin A TPase activity is sum
marized in  F igure 1 and Table 1; the ef
fect of KCI concentration and added C a++ 
is indicated. The ATPase activities were 
lowest from  the 0-hr samples and gener
ally increased 1.1 to 1.2 times in the 12- 
and 24-hr aged samples. Subsequently, 
ATPase activity either changed little or 
decreased by either the 5- o r 10-day 
aging periods.

Fujim aki et al. (1958, 1965) found 
ATPase activity was maximal in natural 
actomyosin extracted from  rabbit muscle 
at 2 days postm ortem, however maximum 
activity was observed after 2 and 8 days 
aging for veal. The onset of rigor mortis 
is usually complete by 6 to  9 h r in bovine 
muscle (H erring et al., 1964, unpublished 
data) and the 12- o r 24-hr time periods 
should be reasonably close to the complete 
development of rigor mortis. The mech
anism whereby the ATPase activity of 
natural actomyosin extracted from  muscle 
12-24 h r postm ortem  increased com 
pared to that from  fresh muscle could be 
due to a num ber of possibilities. Those 
suggested are (1 ) stronger binding be
tween myosin and actin, (2) increased
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Fig. 1— Effect of aging muscle postmortem  
on ATPase activity of bovine natural acto- 
myosin. Final concentrations: KCI as indi
cated; 1 mM ATP; 20 mM Tris-Acetate (pH 
6.8 ); 1 mM Mg** (except where 1 mM Ca** 
indicated); 0.33 ± 0.03 mg actomyosin/ 
ml. Temp. 25 °C.

F-actin content— F-actin-rich natural ac
tomyosin, o r (3 ) conform ational changes 
in actomyosin. The first of these will be 
discussed later in this m anuscript with re
spect to superprecipitation of natural ac
tomyosin.

T hat natural actomyosin from  12- or 
24-hr-old muscle was higher in F-actin 
than that from  0-hr muscle was supported 
by the finding that ATP sensitivity and 
“actin’’ content (polyethylene sulfonate 
treatm ent) were higher in these muscle 
samples (H erring et al., 1969b). T here
fore the myosin ATPase could have been 
activated more by actin in natural acto
myosin from  muscle 12-24 hr postmortem 
than that from  0-hr muscle. The activa

Table 1—ATPase activity1 of natural actomyosin as influenced by muscle aging and tender
ness classification.

D ays p o stm o rtem

K C I cone. 0 ■A 1 5 10

X  Sx x Sx X  Sx X Sx X  Sx

20 m M  K C I2 
T e n d e r1 
T o u g h 5

.1 1 6 =  .007 

. 1 0 6 =  .014
.133 ±  .007 
.130  ±  .010

.130  ±  .005 

.142  ±  .005
.122  ±  .006 
.126  ±  .009

.119 ±  .005 

. 116 ±  .016

50 m M  K C I2 
T e n d e r1 
T o u g h 6

. 089 ±  . 005 
.086  ±  .011

.105 ±  .006 
.103 ±  .015

.096  ±  .011 

.104  ±  .008
.100  ±  .006 
.110  ±  .009

.103 ±  .007 

.090  ±  0 .1 5

100 m M  K C I2 
T e n d e r1 
T o u g h 6

.011 ±  .001 

.018 ±  .005
.017  ±  .003 
.015 ±  .002

.018 ±  .003 

.018 ±  .002
.013 ±  .001 
.016  ±  .002

.014  ±  .003 

.018 ±  .002

100 m M  KCI+ 
T e n d e r1 
T o u g h 6

1 m M  C a 3
.200  ±  .010 
.164  ±  .021

.213 ±  .016 

.184 ±  .008
.205 ±  .012 
.205 ±  .006

.216 =b .012 

. 188 ±  .014
.198  ±  .016 
.179 ±  .027

' A T Pase activ ity  in uM  P j/m g  p ro te in  p e r m in.
2 F inal c o n cen tra tio n s: K CI as spec fied, I m M  A T P ; 20 m M  T ris -A ce ta te  (pH  6 .8 ); 1 m M  M g ” ; 

25 °C.
3 F in a l co n cen tra tio n s : K C I an d  C a +f as specified; 1 m M  A T P ; 20 m M  T ris -A ce ta te  (p H  6.8): 25 JC . 
1 F ive  o b se rva tions .
5 T h ree  o b se rva tions .

tion of myosin ATPase by actin was 
shown by M aruyam a et al. (1962) and 
ATPase activity reached a plateau when 
a ratio of approximately 4:1 c f  myosin 
to actin by weight was reached.

Szent-Gydrgyi et al. (1966) reported 
that a conform ational change in actin oc
curred during superprecipitation but the 
change was cyclical and transitory. Such 
a finding is applicable here only if con
formational changes indeed do occur in 
actin during ATPase activity or super
precipitation of natural actomyosin, and 
the onset o f rigor mortis affects such con
form ational changes. Levy et a . (1962) 
suggested a conformational change in 
myosin could occur during ATF hydroly
sis. A conform ational change in natural 
actomyosin was also suggested by Robson

et al. (1965) and Goll et al. (1967) as 
being related to an increase in ATPase of 
actomyosin isolated from  24 hr post
mortem muscle. However conform ational 
changes are often invoked w ithout un
equivocal evidence to explain modifica
tions in enzymatic properties (Gergely, 
1966).

Relationship of ATPase activity 
to tenderness classification

Actomyosin ATPase activity increased 
as muscle aged from  0 hr to 12 or 24 hr, 
then decreased in the 5- and 10-day aged 
muscle in both tenderness groups. Al
though variation was evident within each 
tenderness group, it appeared tha t ATPase 
activity was not related to or markedly 
influenced by tenderness classification

Fig- 2— ATPase of natural actomyosin of tough and tender muscle. 
Final concentrations: 20 mM KCI; 1 mM ATP; 20 mM Tris-Acetate 
(pH 6 .8 ); 1 mM Mg**; 0.33 ±  0.03 mg actomyosin/ml. Temp. 25°C.

. l e o r
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Fig- 2— Natural actomyosin ATPase vs. shear force at three 
ag i r 0 periods. Final Concentrations: 20 mM KCI; 1 mM ATP; 
20 mM Tris-Acetate (pH 6 .8 ); 1 mM Mg**; 0.33 ±  0.03 mg 
actomyosin/ml. Temp. 25°C.
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Fig. 4— Influence of aging muscle on 
superprecipitation of bovine natural acto
myosin. Final Concentrations: 50 mM KCI; 
1 mM ATP; 20 mM Tris-Acetate (pH 6 .8); 
1 mM Mg*'; 0 .35 mg/ml of actomyosin. 
Temp. 25 °C.

(Fig. 2, Table 1).
These results are more clearly shown in 

Figure 3 where ATPase activity is plotted 
against shear force for the tough and 
tender groups at three times postmortem. 
W ith one exception, all points would fall 
on a line with zero slope, and therefore 
little relationship existed.

Effects of aging muscle postmortem and 
tenderness classification on 
superprecipitation

Figures 4 and 5 show the effects of 
aging postm ortem  and tenderness classi
fication on contractility as m easured by 
the turbidim etric method. Aging muscle 
postm ortem from  0 to 12 or 24 h r  resulted 
in an increased rate o f turbidity rise in 
natural actomyosin from  both tender and 
tough muscle. This suggested, perhaps, a 
stronger interaction of the actin and myo
sin moieties of actomyosin in the 12- and 
24-hr samples than in 0-hr samples. It 
should be pointed out tha t results with 
turbidity measurem ents are difficult to 
interpret accurately (Briskey et al.,
1967). It took 5 days aging in the tender 
group and 10 days in the tough group 
(Fig. 5) for the rate o f super-precipita
tion in 100 mM  KCI to  decrease when 
compared to the 12- and 24-hr aged sam
ples.

It appeared that actomyosin from  tough 
muscle underwent a m ore rapid turbidity 
change than the tender muscle in 50 mM 
KCI (Fig. 4 ) ; however, there was a de-

F/g. 5— Influence of aging muscle on su
perprecipitation of bovine natural actomyo
sin. Final concentrations: 100 mM KCI; 1 
mM ATP; 20 mM Tris-Acetate (pH 6 .8 ); 1 
mM M g "; 0.35 mg/ml of actomyosin. 
Temp. 25 °C.

layed rate of superprecipitation in acto
myosin from  the tough muscle compared 
to tender muscle (Fig. 5) in 100 mM 
KCI. This situation was puzzling but 
could perhaps be explained by the recently 
published observations of Ebashi et al. 
(1965) and Seraydarian et al. (1967). 
These workers dem onstrated that a low 
KCI, a-actinin enhanced superprecipita
tion, while at high KCI a-actinin pro
moted clearing. Perhaps tough and tender 
muscle varied in character o r content of 
this or some other regulatory protein. An 
alternative explanation could be that there 
was a stronger interaction of actin and 
myosin at low ionic strength for tough 
muscle than for tender muscle, and a 
weaker interaction at high ionic strength.

Furtherm ore, it has recently been 
shown by H erring et al. (1967) and 
Cooper et al. (1968) that contraction 
state of muscle postm ortem  was highly 
negatively correlated to tenderness. These 
results indicate that m olecular phenom ena 
are im portant in tenderness and tha t con
traction state differences may reflect dif
ferences in protein interaction or composi
tion in muscles varying in tenderness.
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Sapid Components in Carrot
SUMMARY— The relationship between various substances present in carrot to its taste 
was studied. Nucleic acid derivatives found in hot water extracts of carrot were adenine, 
adenosine, ¡nosine, hypoxanthine, 5'-AMP, 5'-UMP, UDP, but 5 '-IMP and 5'-CMP were 
absent. The contents of these derivatives were extremely small. Silica gel chromatography 
showed the presence of small quantities of succinic acid, a-ketoglutaric acid, lactic acid, 
pyroglutamic acid, citric acid and glycolic acid.

Amino acids in hot water extracts of carrot were detected by two-dimensional thin- 
layer chromatography and automatic amino acid analyzer. Identified were glutamic acid, 
valine, leucine, aspartic acid, lysine, and serine etc. Glutamic acid content was relatively 
large. ’ Sucrose, ma/tose and glucose were detected in carrot and these carbohydrates 
were responsible for the sweetness of carrot. The taste of carrot was due mainly to the 
presence of glutamic acid and the buffer action of various amino acids.

IN TRO D U CTIO N
MANY INVESTIGATORS, especially in 
Japan, have studied sapid components of 
various foodstuffs. Ikeda (1909, 1913) 
stated that monosodium glutamate was a 
sapid com ponent of Laminaria. K odam a 
(1913) said that inosinic acid was a sapid 
com ponent in dried bonito. Less attention 
has been given to the sapid components of 
vegetables than to those of meats and 
fishes.

The authors have been studying sub
stances which are closely related to the 
taste of various foodstuffs. This study was 
made to isolate, identify and compare 
quantitatively various substances present 
in hot water extracts of carrots, and to 
determine the principal substances that 
contribute to the taste o f carrot.

E X P E R IM E N T A L
Sample preparation

Twenty g of carrot (Daucus Carota L. 
var.) were cut finely and diluted with 100 ml 
of water, then heated at 100°C for 20 min. 
The solution was cooled and filtered through 
funnel cloth. The filtrate was to 100 ml with 
water. This solution (carrot soup) was used 
as a sample for analysis.

Chromatographic analysis of nucleic 
acid derivatives

Nucleic acid derivatives were detected by 
chromatography on Dowex 1 x 8 by the 
procedure of Nakazima et al. (1961).

Chromatographic analysis of organic acids
Organic acids were separated by silica gel 

column chromatography and identified by the 
method outlined by Ueda et ah (1959).

Analysis of amino acids
Amino acids were detected by thin-layer 

chromatography by the procedure of Brenner 
et al. (1960), and quantitative analysis was 
conducted by an automatic amino acid an
alyzer (Shibata Chem. Ins. Co. Ltd., Type 
AA-500).

Analysis of carotenoids
Total carotenoids were examined accord

ing to the procedure of Wall et al. (1943).

Samples for buffer action
Organic acids were removed by ether ex

traction. Nucleic acid derivatives were re
moved by the batch method of anion ex
change resin (Dowex 1 x 2). Amino acids 
were removed by batch method of cation ex
change resin (Dowex 50 x  8).

Determination of buffer action.
Buffer action of the carrot solution was 

examined through the pH variation caused 
by the varying volume of 1/10 A-HC1 or 
1/10 A-NaOH solution added.

Analysis of carbohydrates
The preliminary identification af carbo

hydrates in carrot was carried out by paper 
chromatography. Toyo No. 51 filter paper 
was used and developed with water saturated 
n-butanol. Reducing sugars was detected with 
ammoniacal AgNCh solution and nonreduc
ing sugars was detected with 1% sodium 
metaperiodate and 1 % KMnCh solution. De
termination of total reducing sugars were 
made with Bertrand’s method. Determination 
of glucose and maltose were made with glu
cose oxidase method by the procedure of 
Whistler et al. (1953).

Sucrose was hydrolyzed with 1/20 JV-HC1 
and determined by Bertdand’s method and 
the glucose oxidase method.

Sapidity and flavor evaluation
The method of Scalor Scoring was fol

lowed for sapidity and flavor evaluation.
The 5'-Nucleotidase was obtained through 

the courtesy of Dr. E. Ohara, Research Lab
oratories, Takeda Chemicals Industry Co. 
Ltd., Japan. L-Glutamate 1-Carboxylase was 
obtained through the courtesy of Mr. S. 
Yamaguchi, Kikkoman Shoyu Co. Ltd., 
Japan. Glucose oxidase was purchased from 
Nagase Industry Co Ltd., Japan.

R E S U L T S  & D ISC U SS IO N
T H E  N U C LEIC  acid derivatives detected 
in carrot soup were adenine, adenosine,

inosine, 5'-AM P, 5'-UM P, and U D P, but 
the present study found no traces of 
5 '-IM P and 5'-G M P (Fig. 1). It is widely 
known that nucleic acid derivatives play 
an im portant role in the taste of various 
foodstuffs. F or instance, it is well estab
lished that 5 '-IM P and 5 '-G M P are sapid 
components in dried bonito or dried 
mushrooms. To ascertain the role o f nu 
cleic acid derivatives contained in carrot 
soup in the taste, each of them was sep
arated by column chrom atography. But it 
was dem onstrated that the individual 
derivatives were irrelevant to the sapidity.

Next, all nucleic acid derivatives were 
removed with anion exchange resin, the 
taste of the resultant solution was quite 
similar to the original soup. The original 
soup treated with 5'-nucleotidase proved 
to be the same. From  above results we 
may assume that nucleic acid derivatives 
have no relation to the sapidity of carrot 
soup.

The organic acids detected were «-keto- 
glutaric acid, succinic acid, glycolic acid, 
lactic acid, and citric acid, but their 
am ount was considerably low. The re
moval o f ether soluble organic acids and 
other substances from  carrot soup with 
ether had no effect on the sapidity of 
carrot, although some effect was found 
on the flavor. In view of these results, it 
was ascertained that ether soluble organic 
acids did not affect the sapidity of carrot 
soup.

The amino acids detected by thin-layer 
chrom atography were glutamic acid, as
partic acid, arginine, valine, lysine, gly-

Table 1—Content of amino acids in carrot 
soup.

A m ino  ac id m g/100  m H

A sp a rtic  acid 3 .1 5
T h reo n in e 7 5 .9 0
Serine 140.00
G lu tam ic  ac id 6 0 .5 0
P ro line 1 .8 6
G lycine 2 .0 0
A lan ine 5 5 .4 0
C ystine trace
V aline 143 .60
M eth io n in e 1 .69
Iso leucine 5 .2 8
L eucine 3 .2 8
T yrosine 3 .7 4
P heny la lan ine 3 .5 3
T ry p to p h an e 1 .6 0
L ysine 1 .22
H istid ine 1 .35
A rg in ine 2 .7 3
T au rin e 2 0 .3 0

1 20 g o f  c a rro t in  100 m l.
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cine, and serine. Table 1 shows the con
tent o f various amino acids detected by 
the automatic amino acid analyzer.

Of these amino acids, glutamic acid was 
relatively large in content. G lutam ic acid 
is well known as a sapid com ponent of 
various foodstuffs, especially in Lam i
naria. The taste of the carrot soup from  
which amino acids were removed with 
cation exchange resin (Dowex 50 X 8) 
became unpalatable, and it was recog
nized that the sapidity of carrot soup dis
appeared by the treatm ent with L-glu- 
tam ate 1-carboxylase. It was ascertained 
that amino acids, especially glutamic acid,

Table 2—Content of sugars in carrot soup.
S ugar m g  /100 m l

G lucose 7 5 .7 5
M alto se 4 1 5 .9 0
Sucrose 4B2.98

Table 3— -Constitution of synthetic carrot 
soup.

S ubstance m g  /100 m l

A sp artic  acid 3 .1 5
T h reo n in e 7 5 .9 0
Serine 140 .00
G lu tam ic  acid 6 0 .5 0
P ro line 1.86
G lycine 2 .0 0
A lan ine 5 5 .4 0
C ystine trace
V aline 143.60
M eth io n in e 1 .69
Iso leucine 5 .2 8
L eucine 3 .2 8
T yrosine 3 .7 4
P h eny la lan ine 3 .5 3
T ry p to p h an e 1 .60
L ysine 1 .22
H istid ine 1 .35
A rg in in e 2 .7 3
T au rin e 2 0 .3 0
G lucose 7 5 .7 5
M alto se 4 1 5 .9 0
S ucrose 4 8 2 .9 8
S uccin ic  acid 14 .10

were dispensable sapid components of 
carrot.

The am ount of carotenoids was 5590 
mg % in carrot. The carotenoids were re
moved by the chrom atography of hyflo- 
supercel plus MgO mixture. Sapidity of 
the resultant solution was almost the same 
as the original carrot soup. It is inferred 
that carotenoids have no effect on the 
sapidity of carrot.

The sugars detected by paper chrom a
tography were glucose, maltose, and su
crose, and their amounts are shown in 
Table 2.

It has been recognized that buffer ac
tion plays an im portant role in the sa
pidity o f various foodstuffs. Figure 2 gives 
the buffer action of carrot soup and two 
foodstuff solutions used in Japan.

The buffer action of carrot solutions 
from  which organic acids, amino acids or 
nucleic acid derivatives were removed, 
showed some decrease, especially large in 
the amino acids removed sample, as com
pared with the original carrot soup (Fig. 
3 ).

W ith regard to the effects o f buffer ac
tion on the sapidity of carrot soup, the 
results indicate that some of the influence 
can be attributed to amino acids whose 
contents are relatively large in carrot.

Next, various amino acids and carbo
hydrates equal in am ount to those of car
ro t soup were dissolved in w ater and 
adjusted to pH  5.9 (pH  of carro t soup) 
(Table 3).

The sapidity of the synthetic solution 
was almost similar to that of carro t soup. 
Buffer action of the synthetic solution was 
a little weaker than th a t of the original 
soup (Fig. 2 ). The weaker buffer action 
was caused by lack of undetected sub
stances in the synthetic solution.

The sapid components o f carrot were 
due mainly to the presence of glutamic 
acid, various amino acids and the buffer 
action of these amino acids.

pH

Vio N-HCl m l. • -  • Vio N-NaoH ml- 

Fig. 2— Buffer action of carrot soup.

pH

V i0 fJ'HCI m i. * * * Vio Id'WaOH ml.

Fig. 3— Buffer action of various samples.
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Detailed studies on volatile constituents 
and synergistic effect of the various con
stituents in carro t showed clarify the taste 
(sapidity plus flavor) of carrot.
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Freezer Burn of Animal Tissue. 7. Temperature Influence on 
Development of Freezer Burn in Liver and Muscle Tissue

SUMMARY-— Various treatments found previously to affect the development of freezer 
burn at —10°C (Kaess et a/. 1962a, 1967a,b) were applied to slices of beef liver and 
muscle stored at —20°C. While the general pattern of the development of freezer burn 
was similar to that obtained at —10°C, evaporative weight losses needed to produce a 
definite intensity of burn were significantly lower at —20°C. Although less freezer burn 
developed in low fat livers than in high fat livers at —10°C, fat content had no influence 
at — 20°C. The layer of condensed cells at the evaporating surfaces was thinner at 
—20°C than at —10°C. Immersion of the tissues in solutions of glycerol o ' sodium  
chloride before freezing was effective in controlling freezer burn except with muscle 
slices cut across the fibers. In similar experiments carried out at —4°C desiccation of 
the tissue always resulted in the formation of the characteristic condensed layer at the 
surface but no freezer burn developed:

IN TRO D U CTIO N
EA R LIER  EX PERIM EN TS (Kaess 1961; 
Kaess et al. 1962a; 1967a, b ) showed that 
freezer burn in liver and muscle stored at 
— 10°C was reduced when the rate of 
freezing was decreased, the reduction be
ing greater in samples frozen with evap
orative weight losses perm itted during 
freezing than in samples frozen without 
weight loss. Increased rate o f evaporation 
during storage also inhibited form ation of 
burn to a small extent. Least freezer burn 
developed in livers of low fat content and 
with muscle frozen before or immediately 
after completion of rigor.

W hen weight losses were perm itted 
during freezing and the tissue was frozen 
slowly, a layer of condensed cells was 
form ed at the surface of the tissue. The 
depth of this layer increased during stor
age and development of freezer burn was 
delayed o r prevented. W hen freezer burn 
cavities were present they occurred below 
the condensed layer. Tissue frozen rapidly 
without weight loss was highly susceptible 
to burn, and it was shown with this 
method of freezing that the positions of 
the freezer burn cavities and the con
densed layer, which form  during storage,

are reversed. It was further shown that a 
condensed layer, similar to that seen in 
tissue slowly frozen with weight loss, de
veloped in rapidly frozen tissue during 
storage when the tissue was dipped in a 
solution of glycerol, sorbitol, hexose, urea 
or sodium chloride before freezing (Kaess 
et al. 1962b, 1967a).

It seems likely that the development of 
this layer depends largely on the displace
ment of tissue into the spaces earlier occu
pied by ice crystals. If this assumption is 
correct, rising tem peratures wou d facili
tate the form ation of the condensed layer, 
while with decreasing tem peratures and 
increasing tissue viscosity its development 
would become less probable and freezer 
burn cavities would form. Because of the 
increasing emphasis on lower storage tem 
peratures in cold stores, the previous ex
periments at — 10°C were repeated at 
—20°C to provide further inform ation on 
the effect of tem perature on the develop
ment of the condensed layer and freezer 
burn. Some experiments were also carried 
out at —4°C.

E X P E R IM E N T A L
THE METHODS used in the preparation,

freezing and storage of samples, estimation 
of weight loss and fat content, and treat
ment with dipping solutions, were essentially 
as reported before (Kaess 1961; Kaess et 
al. 1962a, b; 1967a, b). Samples of liver or 
muscle were frozen at two or three different 
rates (with and without evaporative weight 
loss) and stored at —4°C and —20°C in 
atmospheres of two different humidities.

Rates of freezing (the times to lower the 
temperature from 0°C to the storage tem
peratures —4°C and — 20°C, respectively) 
were varied by changing the rate of con
duction of heat from the trays holding the 
samples. To obtain a final temperature of 
—4°C the samples were frozen in the same 
freezing room used for earlier experiments 
(Kaess et al. 1962a). For rapidly lowering 
the temperature from 0°C to — 20°C, the 
trays containing the samples were floated on 
mercury cooled to — 30°C with dry ice, and 
placed in a freezing room with an air tem
perature of —25°C and an RH of 62%. The 
lower rates of freezing at — 20 °C were also 
obtained in this room. Samples were frozen 
either with weight loss permitted, or covered 
with plastic film impermeable to water 
vapor. Before storage the plastic film was 
removed.

The relative humidity in the experimental 
drums was controlled either with saturated 
salt solutions (with excess of salt) or a sul
furic acid solution (Kaess 1961). RH values 
of 89% and 65% (referred to ice) were ob
tained for saturated calcium nitrate solutions 
at —20°C and —4°C, respectively. The con
centrations of sulphuric acid used to estab
lish the RH of 97% (referred to ice) were
6.4 At at —20°C and 3.1 iV at —4°C.

The dipping solutions used contained glyc
erol or sodium chloride at concentrations 
(30% and 20% w/w respectively) known 
to control freezer burn at a temperature of 
— 10°C or at a higher concentration. Solu
tions containing both substances were also 
used.



F R E E Z E R  B U R N  O F  AN IM A L T IS S U E . 7 . - 3 9 5

For histological examination, samples 
from fresh tissue and from stored frozen 
and thawed tissue were fixed at room tem
perature in 10% buffered formalin (pH 6.5). 
This solution had a freezing point of ap
proximately —4°C and was also used for 
freeze-fixing of samples from frozen slices 
and from slices with freezer burn at this 
freezing point. For freeze-fixation at —20°C 
the formalin concentration was increased to 
66.5% v/v. Paraffin sections of the fixed 
material were cut at a thickness of 1 ¡x (liver) 
and 10/Lc (muscle) and stained with hema- 
toxylin-eosin.

R E S U L T S
Effects of temperature

Experiments at —20°C. Total evapora
tive weight losses for the initiation of 
freezer burn of intensities I, (just detect
able colorless pin-points), I2 (distinctive 
white dots o r patches), and I3 (continu
ous greyish-white areas of blemish) at 
—20 °C and 89%  RH  were higher when 
samples were allowed to lose weight dur
ing freezing than when they were frozen 
while covered with a plastic film imper
meable to water vapor. Figures 1 and 2 
show total weight losses necessary for the 
initiation of freezer burn of intensities 
Ij and I3 in liver and muscle tissue.

The weight loss needed to produce a 
definite intensity of burn increased with 
freezing time. This increase was roughly 
the same for the lower intensities, but 
smaller fo r intensity I3. The fat content of 
livers influenced the onset and develop
m ent of bum  only to a small degree. The 
weight losses needed to produce the three 
levels of intensities of burn in prerigor 
muscle were higher than those obtained 
for postrigor muscle. Storage of liver or 
muscle at the RH  of 97%  had no influ
ence on the weight losses at which a def
inite intensity of freezer burn occurred.

W eight losses necessary for the onset 
of freezer burn were lower at — 20°C 
than at — 10°C, but this difference tended 
to disappear with samples frozen at a high 
rate. A statistical analysis was made of the 
influence of storage tem perature ( —20°C, 
— 10°C ), freezing time (3 levels), fat con
tent (low and high) and type of freezing 
(with and without weight loss) on the de
velopment of freezer burn of intensity Ij. 
A complete set of data was available for 
96 liver samples. The analysis confirmed 
that the weight losses necessary fo r the 
initiation of intensity Ij, were affected by 
storage tem perature (P  <  1 % ), weight 
loss during freezing ( < 1 % ) ,  rate of 
freezing (< 1 %  ) and fa t content (< 5 %  ), 
when pooled second and third order in
teractions were used as error term.

Significant first-order interactions were 
obtained between the effects of storage 
tem perature, rate of freezing and type of 
freezing, due to the increase with the rate 
of freezing of total weight losses necessary

Storage Temperature — 2 Q °C .

Freezing without weight loss. Freezing with weight loss.

Freezing time in minutes

Fig. 1— Relation between total weight losses (freezing and storage) at which freezer 
burn of intensities h and l3 was first apparent, and freezing times of samples of low and 
high fat livers from adult cows, stored at —20°C and 89%  R.H. after freezing. Fat con
tents were low fat 4-4-9 .1% , high fat 19 .1 -33 .1% .

Storage Temperature —2 0 °C  .

Freezing without weight loss. Freezing with weight loss.

io3r
Intensity ¡3 . Intensity I3 .

Fig. 2— Relation between total weight losses (freezing and storage) at which freezer 
burn of intensities h and k was first apparent and freezing times of steer semi- 
tendinosus muscle initially held at 0°C, then frozen prerigor or postrigor and subse
quently stored at —20°C.
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to introduce intensity Ij. This increase 
varied with storage tem perature and type 
of freezing.

A  similar analysis of variance carried 
out with the data for total weight losses 
needed to induce intensities Ix and I2 in 
prerigor and postrigor muscle samples, 
frozen at two rates (rapid and slow), with 
or without weight loss, and stored at 
—20°C or — 10°C, confirmed that at the 
lower tem perature a definite intensity of 
burn was initiated at significantly lower 
weight loss (P <  1 % ).

Using the term  for experimental error 
which was com parable with high order 
interactions, all other main order effects 
were also significant (P <  1 % ). V aria
tion of rates o f diffusion due to difference 
in composition between and within mus
cles, variation of rheological properties of 
the tissue surrounding ice crystals and 
changes of such conditions introduced by 
the various treatments and the course of 
rigor, were probable causes for several 
significant first order and two second or
der interactions.

Experiments at —4°C. N o traces of 
freezer bum  developed at —4°C  although 
total weight loss of liver reached 18.6 
g /d m 2 and muscle 21.0 g /d m 2 during 
storage. This tem perature effect was inde
pendent of the rates of freezing (with or 
without evaporative weight loss), the fat 
content of the livers and the physiological 
condition of muscles (prerigor and post- 
rigor).

Dipping treatments
Experiments with liver. The onset of 

freezer burn in liver stored at —20°C  was 
considerably retarded when samples were 
dipped for 10 min in glycerol o r sodium 
chloride solutions and then frozen in 2.7 
min without weight loss. A t a weight loss 
of 3.5 to 4 g /d m 2 samples showed a defi
nite darkening of color in comparison 
with fresh frozen controls kept separately 
in air-tight containers. A fter a treatm ent 
with a 30% (w /w ) glycerol solution or 
a 20% (w /w ) sodium chloride solution, 
the onset of burn occurred at higher 
weight losses than the onset of dark dis
coloration.

Experiments with muscle. Although the 
direction of fibers on the muscle surface 
did not influence the onset o f freezer 
burn in untreated samples, it influenced 
the protective effect of dipping solutions. 
A glycerol concentration of 50% gave 
sufficient protection for longitudinally cut 
slices, but with slices cut transversely the 
burn set in before dark discoloration, even 
when 100% glycerol was used. A sodium 
chloride solution of 30% was less effective 
in inhibiting burn form ation than a glyc
erol solution of 50% . The application 
of a mixture of saturated glycerol (75%  ) 
and saturated sodium chloride solution 
(2 5 % ) did not increase the protective

effects.

Histological observations
Observations with liver. A condensed 

layer did not develop in tissue frozen 
rapidly without evaporative weight loss 
and stored at —20°C. This is in contrast 
to the results obtained at — 10°C (Kaess 
et al. 1962a; 1967a) when a thin layer

of condensed cells was formed. In tissue 
frozen with weight loss after prolonged 
storage at — 20°C , the condensed layer 
extended hardly beyond the width of the 
surface membrane. In liver frozen slowly 
with or without weight loss a condensed 
layer was formed on the exposed surfaces. 
It was however thinner and seemed less 
com pact than in tissue frozen and stored

Fig- 3— Section from liver (26 .9%  fat), frozen in 2.3 min. without weight loss and 
stored at —4°C. Weight loss in store 11.3 g /sq .d m. Sample freeze-fixed at —4°. 
Hematoxylin-eosin stain. Magnification x  50.5.

Fig- 4— Micrograph of sem itendinosjs muscle frozen postrigor in 2 .3  min. without 
weight loss. Storage temperature - 4 CC. Weight loss in store 10.1 g/sq.dm . Fixation in 
10%  formalin at 23°C. Hematoxylin-eosin stain. Magnification x  50.5.
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under com parable conditions at — 10°C. 
Freezer burn cavities developed directly 
at the surface of liver frozen rapidly 
without weight loss but below the con
densed layer in slowly frozen livers.

In liver stored at —4°C  no freezer burn 
cavities could be detected and only a con
densed layer formed (Fig. 3 ), an effect 
which was independent on fat content, 
m ethod of freezing, or the RFI of the 
storage atmosphere.

Observations with muscle. The develop
ment of the condensed layer and of the 
freezer burn cavities, in muscle tissue 
stored at — 20 °C, generally followed a 
pattern similar to that seen in liver tissue. 
However, in muscle frozen before com
pletion of rigor, freezer burn cavities were 
frequently initiated intracellularly, while 
in muscle frozen postrigor, cavities 
formed extracellularly.

As with liver, no freezer burn cavities 
developed at a storage tem perature of 
—4°C  (Fig. 4 ), even in rapidly frozen 
postrigor muscle which was most suscep
tible to freezer burn at lower tem pera
tures.

Effects of dipping treatments. The
penetration of dipping solutions into the 
surface of liver or muscle tissue (Kaess 
et al. 1962b) prom oted the form ation of 
considerably thicker condensed layers 
than were seen in untreated controls.

Cavities were not seen in muscle slices 
which were cut longitudinally to the fiber 
direction, treated 10 min with 65% glyc
erol before freezing and stored at —20°C  
till evaporative weight loss reached 9.8 
g / dm 2. However, sections from  slices cut 
transversely to the fiber direction and

dipped in 100% glycerol, o r from  longi
tudinal slices dipped in 20% solutions of 
sodium chloride before freezing and stor
age, always contained freezer burn cavi
ties. Solutions of glycerol (3 0 % ) and 
sodium chloride (2 0 % ) were effective in 
suppressing cavity form ation in liver 
tissue.

D ISC U SS IO N
RESULTS have shown some m arked dif
ferences in the development of freezer 
burn and the condensed layer at different 
storage temperatures.

Freezer burn cavities probably repre
sent the spaces, initially occupied by ice 
crystals, which continue to exist after the 
sublimation of the ice, due to greatly re
duced flow properties of the tissue at low 
tem perature (—20°C). There is no equiva
lent at —20°C  of cavities form ing within 
the condensed layer as seen at — 10°C in 
tissue frozen rapidly w ithout weight loss. 
A t — 10°C tissue displacement seems less 
restricted and cavities initiated in the 
condensed layer grow by shrinkage of the 
tissue along channels form erly occupied 
by ice crystals.

Figure 3 suggests that the form ation of 
a condensed layer is caused by movement 
of tissue into the spaces earlier occupied 
by ice crystals, after the sublimation of 
the ice. The flow properties o f the tissue 
at the freezing point seem to allow the 
tissue to move into the space provided 
by subliming ice during the process of 
freezing with evaporative weight loss. In  
the frozen state, tissue free of ice is com
pressed between ice crystals which have

a larger volume than the water from  
which they originated. The release of this 
tension, as the ice sublimes, may assist 
movement of tissue and the consequent 
form ation of a condensed layer at low 
temperatures.

The shrinkage of the condensed layer 
near the surface, due to dehydration dur
ing storage, also would introduce tension 
that would tend to move tissue into cavi
ties from  which ice had sublimed. The de
velopment o f the condensed layer was 
favored by the presence of large ice crys
tals (slow freezing) and was predom inant 
during storage at a relatively high tem 
perature ( —4 °C ).

R E F E R E N C E S
K aess, G . 1961. F re e z e r  b u rn  as a  lim iting  fa c to r  

in  th e  s to rag e  o f  an im a l tissue. I .  E x p e ri
m en ts  w ith  livers f ro z e n  w ith o u t w eigh t loss. 
Food Technol. 15 ( 3 ) ,  122.

K aess, G . an d  W eid em an n , J .F . 1962a. F re eze r  
b u rn  as a  lim itin g  f a c to r  in  th e  s to rag e  o f  
an im a l tissue. I I I .  E x p e rim en ts  w ith  liver 
f ro ze n  w ith  a n d  w ith o u t w eigh t loss. Food 
Technol. 16 ( 7 ) ,  125.

K aess, G . an d  W eid em an n , J .F . 1962b. F re eze r  
b u rn  as a  lim itin g  f a c to r  in  th e  s to rag e  o f  
an im a l tissue. IV . D ip p in g  tre a tm e n ts  to  
co n tro l freeze r b u rn . Food Technol. 16 
(1 2 ) ,  83.

K aess, G . an d  W eid em an n , J .F . 1967a. F re e z e r  
b u rn  as a lim itin g  f a c to r  in  th e  s to rag e  o f  
an im a l tissue. V . E x p e rim en ts  w ith  b ee f 
m usc le . Food Technol. 21, 143A.

K aess, G . a n d  W eid em an n , J .F . 1967b. F re e z e r  
b u rn  o f  an im a l tissue. V I. E x p e rim en ts  w ith  
ox  m u sc le  f ro z e n  b e fo re  a n d  a f te r  r ig o r. J. 
Food Science, 32, 14.

M s. rece iv ed  8 /1 /6 8 ;  acce p te d  9 /2 /6 8 .

D r . A . H o w a rd ’s p ro g ram m in g  an d  p rocess ing  
o f  s ta tis tica l d a ta  w ith  th e  G .E .225  C o m p u te r  a t 
th e  U n iv ersity  o f  Q u een s lan d ’s C o m p u te r  C e n tre  
is g ra te fu lly  ack n o w led g ed . M rs . M . Shevill an d  
M r. R . T u rn e r  sk illfu lly  assisted  in  th e  ex p eri
m en ta l w ork .

M. VAISEY, R . BRUNON and J .  COOPER
School of Home Economics, University of Manitoba, Winnipeg 19, Manitoba, Canada

Some Sensory Effects of Hydrocolloid Sols on Sweetness
SUMMARY— Sweetness-texture interactions in cornstarch, guar and carboxymethylcellu- 
lose were assessed by a trained sensory panel. Viscosity curves over a range of sucrose 
levels from 2.5  to 5 .5 %  in the three gums were determined using a Brookfield viscom
eter. The relationship between viscosity curves and sweetness perception determined by 
rates of sweetness recognition, matching of equisweetness in different gums, apparent 
levels of sweetness and ranking of series of gums in order of sweetness indicated that 
gums with less viscosity drop as shear rates increase tend to mask sweetness perception.

IN TRO D U CTIO N

IN FO R M A TIO N  about the sensory prop
erties of hydrocolloid sols becomes more 
im portant as their use in foods for body
ing, thickening, bulking, masking after
tastes, flavor-blending, controlling freez

ing and melting, and improving carbona
tion retention (Glicksm an et al., 1966) 
increases. M outhfeel o f hydrocolloid sols 
is com plicated by the interrelationships of 
their molecular weights, molecular struc
ture and bonding, degree of particle dis
persion and other chemical characteristics.

The addition of electrolytes (Zabik et al., 
1967; Masson et al., 1955), other foreign 
chemical radicals, pH  (Pederson, 1966) 
and the tem perature of the sol also influ
ence mouthfeel.

The m outhfeel of many gums has been 
correlated w ith the rate o f viscosity drop 
as shear rate increased. Gum s were classi
fied into three sliminess groups, those 
showing most shear thinning being the 
least slimy (Szczesniak et al., 1962).

W ork on the interactions of hydro
colloid sol textures with the basic tastes is 
limited. M ackey e t al. (1956) reported



3 9 8 — JO U R N A L  O F FO O D  S C IE N C E — V o lum e 3 4  (1 9 6 9 )

that the 4 basic tastes were easier to de
tect in liquids than in gels. F urther studies 
by M ackey (1958) showed that caffeine, 
quinine and saccharin were slightly less 
discernible in w ater with methylcellulose 
than in plain water. These reports suggest 
tha t systems showing more shear thinning 
in the m outh would allow easier percep
tion of the basic tastes.

Stone et al. (1966) studied the effects 
of certain gums on sweetness and reported 
contradictory results. W hile sensitivity to 
threshold levels of sucrose decreased with 
increased gum sliminess, indicating the 
more slimy gums masked sweetness, the 
rankings of relative sweetness at sucrose 
levels of 1, 2, 5 and 10% tended to be 
greater with m ore slimy gums.

The present investigation used other 
sensory methods to further examine the 
effects of cornstarch, guar and carboxy- 
methylcellulose (C M C ), three hydrocol
loids varying in shear thinning perform 
ance, on sweetness perception.

M A T E R IA LS  & M ETH O D S
Materials

Three gums, representing the three groups 
of sliminess as determined by Szczesniak et 
al. (1962) were obtained commercially. These 
gums were cornstarch (The Canada Starch 
Co. Ltd.), guar (Stein-Hall, Jaguar A-20-D) 
and CMC (sodium carboxymethylcellulose, 
high viscosity, British Drug Houses Ltd.). 
The gum concentrations were selected to give 
a viscosity of 5000 centipoises at a shear rate 
of 0.5 rpm at 23 °C.

Cornstarch, 2.7%, was blended into dis
tilled water and heated with stirring to 
90"C. Guar, 0.81%, was dispersed in dis
tilled water at 25°C. The CMC, 1.55%, was 
blended into distilled water, placed over high 
heat and beaten at a high speed with an 
electric beater for 5 min for each 1000 ml 
water. Each sol was portioned for the addi
tion of sucrose. The rates and times of mix
ing and beating were standardized for each 
hydrocolloid.

Samples of each sol at each of seven levels 
of sucrose concentration were set aside for 
viscosity tests and the remaining portions 
were served into 3A  oz containers which were 
capped and brought to 24 °C for sensory test
ing.

Viscosity measurements
The sols were allowed to stand for at least 

3 hr. Viscosity measurements were made on 
each sol with no sucrose added and at each 
sucrose concentration at 23 °C using a Brook
field viscometer, model RVT, on a helipath 
stand with spindle T-A at speeds of 0.5, 1.0,
2.5, 5.0, 10.0, 20.0, 50.0 and 100.0 rpm. 
Three replicates were performed.
Panel selection

From an original group of 11 people, 
seven panel members were selected on their 
ability to rank two sets of cornstarch sols of 
the following sucrose concentrations:

a) 2, 4, 6, 8 and 10%
b) 2, 3, 4, 5 and 6%

Table 1—Hydrocolloid combinations for 
one replicate of sensory evaluation.

Test Hydrocolloid X Series

3.5% Sucrose
1. Cornstarch Guar
2. Cornstarch CMC
3. Guar Cornstarch
4. Guar CMC
5. CMC Cornstarch
6. CMC Guar

4.5% Sucrose
7. Cornstarch Guar
8. Cornstarch CMC
9. Guar Cornstarch

10. Guar CMC
11. CMC Cornstarch
12. CMC Guar

The results were scored according to the 
method of Kramer et al. (1966).

Panel training
During training, the seven panelists were 

asked to match a hydrocolloid sol of un
known sucrose concentration to ore in a 
series in which the concentrations varied by 
0.5% sucrose over a range of 2.5-5.0%. 
During this period sols used for the match
ing were in various combinations as follows: 
cornstarch to cornstarch, guar to guar, CMC 
to CMC and cornstarch to CMC. Because the 
panelists reported the 3.5 and 4.5% sucrose 
solutions in cornstarch to be even sweeter 
than the 5.0% sucrose in CMC, the range 
of sucrose concentrations in the CMC for the 
actual test period was raised to 3.0-5.5% 
sucrose. The panelists rapidly achiever, a high 
degree of accuracy during the training per
iod.

Sensory evaluations
These tests were conducted in fluorescent- 

lit, individual booths in a quiet, air-con
ditioned room. Panelists were provided with 
distilled water for rinsing their mouths.

For each test, each panelist was presented 
with one hydrocolloid sol sample, X, with an 
unknown sucrose concentration of 3.5 or 
4.5%, and a series of six samples of a single 
hydrocolloid other than X. The series ranged 
in sucrose concentration from 2.5-5.0% in 
cornstarch and guar, and from 3.0-5 5% in 
CMC. The series was coded and presented in 
a randomized order to the panelist.

Panelists were asked a) to record the time, 
using a stop watch, required to recognize the 
sweetness taste in X (this was repeated three 
times in each test and an average taken), b) 
to arrange or rank the series in order of 
sweetness; c) to match X to one sample in 
the series.

There were four replications of the experi
ment (Table 1), thus timing and matching 
were carried out in 48 tests. Complete sets of 
rankings were obtained in 39 of these tests—- 
13 tests for each gum. The test order was 
randomized within replications and two to 
three tests were performed at one sitting.

Analysis of data
Viscosity. Viscosity data from readings at 

eight shear rates and six sucrose levels of 0, 
3.0, 3.5, 4.0, 4.5 and 5.0%, for the three 
gums were analyzed as an 8 x  6 x  3 fac
torial design (Cochran et al. 1957). The 2.5

and 5.5% sucrose levels were omitted to con
fine the analysis to sucrose levels used with 
all gums. To compare means of sucrose levels 
at specific shear rates, sub-unit analyses of 
variance were performed.

Rate of sweetness recognization. Analysis 
of variance according to the split-plot design 
(Cochran et al., 1957) was applied to the 
time in seconds required by each panelist to 
recognize sweetness in each hydrocolloid at 
the 3.5% and 4.5% sucrose levels. There 
were eight replications and “t” values were 
calculated to determine significant differences 
between rates of sweetness recognition be
tween gums.

Ability to match equisweetness in different 
gums. To estimate numerically the effect of 
textural differences between the gums when 
matched for equisweetness, a scoring method 
was devised which indicates matching ac
curacy. For example: a panelist was asked 
to match a cornstarch sol, X, of 3.5% su
crose to one of the samples in a series of six 
guar sols ranging in concentration from 2.5- 
5.0% sucrose by increments of 0.5%. If X 
was matched to the 3.5 sample in the series, 
a score of 0 was assigned; if matched to 3.0 
or 4.0 a score of 1 was given; if matched to
2.5 or 4.5 a score of 2 was given; if matched 
to 5.0 a score of 3 was given. Thus the more 
accurate the matching, the lower the score. 
Analysis of variance was applied to these 
scores.

Effect of different gums on apparent level 
of sweetness. Further analysis of matching 
data was performed to determine whether or 
not certain hydrocolloids affected the ap
parent sweetness of the samples. The levels 
of sweetness assigned to the X sample by the 
panelists are referred to as the apparent 
sweetness of X. The actual level of sweetness 
of X was either 3.5 or 4.5% sucrose. Confi
dence intervals of the apparent sweetness 
were determined for each of the six combina
tions of gums. The two levels of sucrose, 3.5 
and 4.5%, were analyzed separately. Thus, 
there were 12 sets of confidence intervals. If 
the actual sucrose level lay outside these in
tervals, then the effect of the hydrocolloid of 
sweetness was considered to be significant.

Ranking Ranking refers to the ability to 
arrange the six levels of sucrose concentra
tion differing by 0.5% sucrose occurring in 
the same hydrocolloid sol in order of sweet
ness. Analysis of variance was applied to in
version values from rank scores calculated 
as described by Amerine et al. (1965).

R E S U L T S  & D IS C U S S IO N
Viscosity measurements

Factorial analysis of the viscosities of 
the three gums as shear rates and sucrose 
levels increased showed significant differ
ences in all main effects (Table 2 ). The 
significant first order interactions show 
that the gums behaved differently in re
sponse to changes in both shear rate and 
sucrose level.

Increasing shear rates had a greater 
thinning effect on cornstarch than on 
either guar or CM C (Fig. 1). G uar thinned 
slightly more than CM C but the general 
viscosity patterns of guar and CM C did 
not differ as m arkedly as expected from
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Table 2—Analysis of variance of viscosity changes in 3 hydrocolloids over 8 rates of shear Table 3—Rates of sweetness recognition 
and 6 sucrose levels1 ( 3 X 8 X 6  factorial). in hydrocolloid sols.

S ource

D egrees
o f

freedom
S um  o f  
sq u a res

M e a n
sq u a re

C a lcu 
la ted

F
T ab u la ted  

(P  =  0 .0 1 )
%

S ucrose in
H y d ro co llo id

M e a n  tim e 
to  recognize 

sw eetness
T  o ta l 431 12490210 hyd ro co llo id (sec)
R eps 2 44760 22380 3 .5 C o rn s ta rc h 1 .4 “
S u g ar levels 5 81429 16286 6 .4 9 3 .0 2 G u a r 1 .8b
R a te s  o f  sh ear 7 9264796 1323542 5 2 8 .0 0 2 .8 0 C M C 1 .8 b
H y d ro co llo id s 2 1827150 913575 364 .55 4 .6 0 4 .5 C o rn s ta rch l . D
S ugar X  R a te s 35 104281 2979 1 .19 1 .70 G u a r 1 .3 “
S u g a r  X H y d ro co llo id 10 75642 7564 3 .0 2 2 .3 2 C M C 1 .8 b
R a te s  X  H y d ro co llo id 14 258662 18476 7 .3 7 2 .1 8 ab V alues bearin g  d ifferent su p e rsc rip ts  a re
S u g ar X R a te s  X  H y d ro c . 70 116546 1665 significantly  d iffe ren t a t  P  = 0.05 by  “ t ”  tests
E rro r 286 716944 2506 w here e r ro r  v a rian ce  =  0 .32 w ith  35 df.

1 (0, 3, 3.5, 4, 4.5, a n d  5% ).

earlier reports (Szczesniak et al., 1962).
Increasing the sucrose level from  0 

through 5%  had no distinct effect on the 
viscosity of either guar o r CM C. Carlson 
et al. (1965) have reported a  distinct vis
cosity reduction in guar sols with sugar 
increments of 10, 20, 30, 40, 45, 50 and 
65 % . In the present work, cornstarch sols 
thinned more at slower shear rates as 
sucrose level increased. This thinning ef
fect of sucrose on cornstarch was sig
nificant at shear rates up to 20 rpm  (P =  
0.01 where F  =  5.75 at 6 /1 2  df) but not 
at 50 or 100 rpm  (Fig. 1). The shear rate 
exercised by the tongue in the m outh is 
believed to  be about 30 to 50 rpm 
(Szczesniak et al., 1962).

The fact that the cornstarch sols were 
thinner in the presence of sucrose, while 
guar and CM C were not, suggests that 
guar and CM C compete more effectively 
than cornstarch for water.

Sensory evaluations
Rates of sweetness recognition. Times 

required to recognize a sweet sensation 
varied with the shear-thinning tendency 
of the gums (Table 3 ). A t both sucrose 
concentrations perception of sweetness 
was delayed in CM C when com pared to 
cornstarch. The rate o f sweetness detec
tion in guar was not consistent between 
sucrose concentrations. Sweetness recogni
tion times for guar and CM C were closer 
than those for guar and cornstarch, which 
would be expected if sweetness percep
tion is related to the viscosity curves (Fig. 
1) .

There was a m arked difference between 
panelists in rates of sweetness recognition 
(F  =  14.3 at 6 /249  d f), confirming other 
reports of wide individual variation in the 
detection of prim ary tastes (Stone et al., 
1966; Schütz et al., 1957).

Also, a significant interaction between 
gums and panelists (F  =  3.2 at 30 /249  
df) indicates that m outhfeel o f gums af
fected the rate o f sweetness recognition 
to a greater degree in some panelists than 
in others. One panelist reversed the order 
between guar and CMC.

If certain hydrocolloids delay the rate

of sweetness recognition, they may also 
delay recognition of other flavor notes. 
Among the generally desirable character
istics of a food product are rapid develop
ment in the m outh of full flavor and per
ception of the character notes in close 
succession (Cairncross et al., 1953). 
Some hydrocolloids m ay adversely affect 
these characteristics.

Matching equisweetness in different 
gums. ludgm ents of equisweetness be
tween sweetened hydrocolloid sols, as
sessed by assigning scores for accuracy of 
matching, showed differences in matching

4-000 r

precision between different comparisons 
(Table 4 ) . However, calculated “t” values 
showed no significant differences between 
m ean scores. These scores did show a 
tendency for greater accuracy in matching 
at the higher sucrose concentration. M ore 
accurate m atching was consistently evi
dent when guar and CM C were com pared 
than when either was m atched with corn
starch. T hat is, sweetness matching ap
peared to be easier between gums show
ing similar viscosity curves.

Effect of different gums on the apparent 
levels of sweetness. The confidence inter-

0 S 10 20 30 40 50 60 70 80 90 100

R A T E  OF S H E A R  ( R P M l

Fig. 1— Viscosities of sweetened hydrocolloid sols with increasing rates of shear. 
Data used for guar and CMC curves were means of all sucrose levels.
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Table 5—Confidence intervals of apparent sweetness of gums.
A ctu a l
suc rose H y d ro co llo id C onfidence

level Series X in te rv a ls In te rp re ta tio n

3.5% C o rn s ta rch (G u a r 3 .0 5 , 3 .3 5 C o rn s ta rc h  seem s sw eeter th a n  g u a r
(C M C 3 .5 7 , 4 .1 5 C o rn s ta rc h  seem s less sw eet th a n  C M C 1

G u a r J C o rn sta rch 4 .2 2 , 4 .6 0 G u a r  seem s less sw eet th a n  c o rn s ta rc h
(C M C 3 .8 1 , 4 .1 5 G u a r  seem s less sw eet th a n  C M C 1

C M C
(C o rn sta rch 4 .2 6 , 4 .8 4 C M C  seem s less sw eet th a n  c o rn s ta rch
(G u a r 3 .4 3 , 3 .8 9 C M C  seem s eq u a l to  g u a r

4 .5 % C o rn s ta rch (G u a r 3 .7 9 , 4 .1 7 C o rn s ta rc h  seem s sw eeter th a n  g u a r
(C M C 3 .8 8 , 4 .3 6 C o rn s ta rc h  seem s sw eeter th a n  C M C

G u a r j  C o rn sta rch 4 .6 9 , 4 .9 1 G u a r  seem s less sw eet th a n  c o rn s ta rc h
(C M C 4 .6 0 , 4 .9 0 G u a r  seem s less sw eet th a n  C M C 1

C M C j  C o rn s ta rch 4 .4 6 , 5 .0 0 C M C  seem s eq u a l to  co rn s ta rc h
(G u a r 4 .0 2 , 4 .5 6 C M C  seem s eq u a l to  g u a r

1 T hese re la tio n sh ip s a re  excep tions to  th e  g eneral tren d .

Table 4—Precision in matching equisweet- 
ness of different gums. ________________

G u m s c o m p a re d 1

M e an  sc o res2 
3 .5 %  4 .5 %  

S ucrose Sucrose
C o rn s ta rc h  to  C M C 1 .7 7 1 .2 0
C o rn s ta rc h  to  g u a r 1 .3 0 1 .0 0
G u a r  to  C M C 1 .0 0 0 .8 9

1 D ifference betw een  co m p ariso n s  sign ifican t a t
P  =  0.05 w ith  5/35 df.

2 Z ero  in d ica tes to ta lly  co rre c t m a tch in g .

vals calculated from  the sweetness levels 
provided a means for determining the ef
fect of texture in enhancing or depressing 
sweetness (Table 5 ). W here the confi
dence interval o f the apparent sweetness 
is lower than the actual sucrose level of 
X, then the hydrocolloid in X  depressed 
its sweetness and thus seemed less sweet 
than the hydrocolloid in the series to 
which it was compared. W ith three ex
ceptions in the 12 comparisons shown, 
the gums exhibiting less thinning with in
creasing shear rates either depressed per
ception of sweetness or had no effect.

F rom  Table 4, it can be seen that corn
starch was always sweeter than guar and 
tended to be sweeter than CM C. G uar 
was judged less sweet o r equally as sweet 
as CMC. This lack of any distinct effect 
between guar and CM C might be ac
counted for by the similarity in viscosity 
curves.

Ranking of hydrocolloid series in order 
of sweetness. Sucrose levels could be 
ranked m ore accurately in cornstarch 
than in CM C (Table 6 ). The incidence of 
ranking error for guar was intermediate 
between cornstarch and CM C suggesting 
tha t accuracy in ranking sweetness be
comes greater in gums exhibiting greater 
thinning as shear rates increase. This again 
suggests the thesis that gums with less 
drop in viscosity as shear rates increase 
tend to mask sweetness perception.

The analysis o f variance of the inver
sion values showed no difference in repli
cations (F  =  0.6 at 12 /24  d f). This indi
cates the panelists’ ranking ability was 
constant throughout the test period. The 
significant difference between panelists 
(P  =  0.01 where F  =  9.76 at 6 /213 df) 
verifies the investigators’ observation that 
although four o f the panelists attained re
m arkable accuracy in ranking before the 
actual test period began, the rem aining 
three m aintained a lower level of ac
curacy throughout the test period.

Table 6—Comparison of mean inversion 
values in ranking.

H y d ro co llo id

M ean
inversion

v a lu e s1
C o rn s ta rc h 0 .4 6 “
G u a r 0 .5 7 “b
C M C o.89*>

1 Z e ro  ind ica tes to ta lly  co rre c t ran k in g . 
nb V alues bearin g  d ifferen t su p e rsc rip ts  a re  sig

n ifican tly  d iffe ren t a t  P  =  0.05 by  “ t ”  tests , w here  
e r ro r  v a rian ce  =  1.25 w ith  24 df.

The trends in all the sensory tests, rates 
of sweetness recognition, m atching of 
equisweetness in different gums, apparent 
levels of sweetness in these gums and 
ability to rank series o f gums in order of 
sweetness seem to indicate the validity of 
the thesis that hydrocolloid sols that thin 
less rapidly as shear rates increase mask 
perception of sweetness.

M ore conclusive results might oe ob
tained by more closely simulating mouth 
conditions by a) adjusting the concentra
tion of the hydrocolloids being studied so 
that their viscosities are similar at the 
shear rates of between 30 and 50 rpm that 
occur in the m outh, and b) taking vis
cosity readings at m outh tem perature of 
37°C.

In the present investigation, the panel
ists became highly sensitive to sweetness 
so that any effects that the hydrocolloids 
may have had on sweetness perception 
were likely minimized. Several of the 
panelists reported that they increased the 
shear rate in their mouths to  increase their 
accuracy in the tests. Obviously, when this 
occurs, a normal eating situation no 
longer exists and the results o f such a test 
cannot be directly interpreted for appli

cation in the developm ent of food prod
ucts.

R E F E R E N C E S
A m erine , M .A ., P an g b o rn , R .M . a n d  R oessle r, 

E .B . 1965. “P rin c ip les  o f  S enso ry  E v a lu a 
tio n  o f  F o o d ,” p p . 4 7 4 -4 7 5 . A cad e m ic  P ress, 
N ew  Y o rk  a n d  L o n d o n .

C a irn c ro ss , S .E . an d  S jo stro m , L .B . 1953. W h a t 
m ak es  flavo r le ad e rsh ip ?  Food Technol. 8, 
56.

C a rlso n , W .A . a n d  Z iegenfuss, E .M . 1965. T h e  
effect o f  su g a r  o n  g u a r  gum  as a  th ick en in g  
agen t. Food Technol. 19 , 954.

C o c h ra n , W .G . an d  C ox , G .M . 1957. “ E x p e ri
m en ta l D esigns,”  p p . 2 9 9 -3 0 2 . J o h n  W iley 
an d  Sons, In c ., N ew  Y o rk .

G lick sm an , M . a n d  F a rk a s , E . 1966. G u m s in 
artific ia lly  sw eetened  fo o d s. Food Technol. 
20, 156.

K ram er, A . an d  T w igg, B .A . 1966. “ F u n d a 
m en ta ls  o f  Q u a lity  C o n tro l  in  th e  F o o d  I n 
d u s try ,”  p p . 122 -126 . A vi P u b lish in g  C o m 
p an y , Inc ., W es tp o rt, C o n n e c tic u t.

M ack ey , A . and  V alassi, K . 1956. T h e  d isc e rn 
m en t o f  p r im a ry  ta s te s  in  th e  p re sen c e  o f  
d iffe ren t fo o d  tex tu res. Food Technol. 10, 
238.

M ack ey , A . 1958. D isc e rn m e n t o f  ta s te  su b 
s tan ces as a ffected  b y  so lv en t m ed iu m . Food 
Res. 23 , 580.

M asson , C .R . an d  G o rin g , D .J .A . 1955. S tu d ies 
o n  ca rrag een en : T h e  effect o f  sh e a r  r a te  on  
viscosity . Can. J. Chem. 33 , 895.

P ed erso n , J .K . 1966. C h e m ica l a n d  p hysica l 
p ro p e rtie s  o f  c a rrag een en  gov ern in g  a p p lic a 
tio n  in  ac id  m ed ia . R e p o rt  to  th e  9 th  A n . 
C o n f., C an . In s t. F o o d  T ech n o l.

Schü tz , H .G . an d  P ilg rim , F .J . 1957. D iffe ren tia l 
sensitiv ity  in  g u s ta tio n . J. Exptl. Psychol. 
54, 41.

S tone, H . a n d  O liver, S. 1966. E ffec t o f  v iscosity  
on  th e  d e tec tio n  o f  re la tiv e  sw eetness in 
ten sity  o f  su c ro se  so lu tio n s . J. Food Sci. 31, 
129.

Szczesn iak , A .S . an d  F a rk a s , E . 1962. O bjective  
ch a ra c te r iz a tio n  o f  th e  m o u th fe e l o f  gum  
so lu tions . J. Food Sci. 27, 381.

Z ab ik . M .E ., M ille r, G .A . a n d  A ld r ic h , P .J . 
1967. T h e  effect o f  c a tio n s  on  th e  v iscosity  
o f  L am b d a -C a rrag een e n . J. Food Sci. 32, 
91.

M s. received  6 /1 8 /6 8 ;  rev ised  9 /9 /6 8 ;  accep ted
8 /2 0 /6 9 .

T h is  s tu d y  w as su p p o r te d  b y  a  re sea rch  g ran t 
fro m  th e  U n iv e rs ity  o f  M a n ito b a  G ra d u a te  R e 
search  F u n d .



A. J .  LUTALO-BOSA and H. F. MACRAE
Department of Animal Science, Macdonald College of McGill University,

Macdonald College P.O., Prov. Quebec

Enzymes in Bovine Skeletal Muscle. 
Activity of Some Catheptic Enzymes

Hydrolytic 
3.

SUMMARY— The present study was undertaken to examine the effects of pH, substrate 
concentration, time of incubation and temperature on proteolytic activity in the skeletal 
muscle of the bovine and to determine in this tissue enzymatic activities resembling those 
of cathepsins B, C and D. Maximal proteolytic activity was observed at either pH 3.8 or 
at pH 4.8 depending upon the enzyme studied. Activities of cathepsins B, C and D were 
determined in both supernatant and particulate fractions of two bovine muscles and rat 
liver by the use of synthetic or natural substrates. Comparison of the activities in bovine 
muscle with those in rat liver showed that total cathepsin B activity in skeletal muscle 
was approximately 52%  of the activity obtained in rat liver whereas cathepsins C and D 
activities were approximately 2 and 25% , respectively.

IN TRO D U CTIO N
STUDIES BASED on histochemical and 
biochemical methods have indicated that 
intracellular proteolytic enzymes (cathep
sins) are present in skeletal muscle (Gut- 
m ann et al., 1948; Koszalka e t al., 1960a, 
1960b; Snoke et al., 1950; W eber, 1963). 
Studies on the role of the cathepsins dur
ing the aging (storage) of beef have been 
ham pered by observations which suggest 
that proteolytic activity in bovine skeletal 
muscle is low in com parison with the ac
tivity of similar enzymes in organ tissues 
such as liver, spleen, lung and kidney 
(Landm ann, 1963). However, limited 
studies indicate that proteases of relatively 
low activity are present in bovine skeletal 
muscle, that they are active in the pH  
ranges 4.0 to 6.5 and 8.5 to 9.5, and that 
they are possibly identical to the cathep
sins isolated from  spleen and other organ 
tissues (Fruton et al., 1941).

Bodwell et al. (1964) were unable to 
attribute the proteolytic activity in extracts 
o f bovine skeletal muscle to either cathep
sin B or C. They concluded tha t the en
zyme fraction obtained by them  displayed 
endopeptidase activity similar to that of 
cathepsin A. Bodwell et al. (1964) and 
Sharp (1963) concluded that the sarco
plasmic proteins were the m ajor substrates 
for the natural proteolytic enzymes. R an
dall et al. (1967) examined the proteo
lytic activity of the water-soluble proteins 
of bovine skeletal muscle separated by 
starch gel electrophoresis and presumed 
the presence of proteolytic activity re
sembling that of cathepsins B and C.

The present paper describes some prop
erties of proteolytic activity in bovine 
skeletal muscle. Activities o f cathepsins B, 
C and D  were determined in both super
natant and particulate fractions of two 
bovine muscles and ra t liver. Since the 
cathepsins are classified on their ability to

hydrolyze certain substrates (Tallan et al., 
1952), cathepsin B activity was deter
mined by the use of benzoyl-L-arginina- 
mide, cathepsin C by the use of glycyl-L- 
tyrojinam ide and cathepsin D  by the use 
of denatured hemoglobin as the substrates. 
The activity of aryl sulfatase in these tis
sues was also determined since the enzyme 
has been used as a lysosomal “m arker.”

EX P E R IM E N T A L
PRELIMINARY investigations were con
ducted on the proteolytic activity of bovine 
skeletal muscle using a soluble fraction from 
muscle as the enzyme source and endo- 
geneous muscle proteins as the substrate.

Samples of skeletal muscle, namely ob- 
liquus abdominus externus (flank) or psoas 
major (loin) were obtained from beef car
casses 1 to 2 hr post-slaughter. The samples 
were placed in polythene bags, chilled on ice 
and taken promptly to the laboratory.

Preparation of enzyme source
The method used was a modification of the 

method described by Berlinguet et al. (1966). 
Excess fat and connective tissue were dis
sected away from the muscle and the tissue 
was minced in an ordinary food chopper. Ten 
grams of minced muscle tissue was homogen
ized with 40 ml of 2% KC1 in a Waring 
Blendor for 1 / 2 min. The homogenate was fil
tered through four layers of cheesecloth to 
remove any remaining connective tissue, etc. 
The filtrate was dialyzed for 18 hr at 2 to 
4°C with four changes of 2%  KC1 solution. 
The dialyzed homogenate was centrifuged for 
2 hr at 36,900 X G.

The supernatant was decanted and the resi
due was washed twice with 20 ml of 2% KC1 
solution and centrifuged at 36,900 x  G 
for 2 hr after each wash. The washings and 
the original supernatant were combined and 
lyophilized. The material thus obtained con
stituted the enzyme source. The enzyme solu
tion was prepared by dissolving 15.0 mg of 
the lyophilized enzyme source in 30 ml buffer 
solution of the desired pH.

Preparation of endogenous substrate
The residue obtained as described above 

was blotted between several layers of filter 
paper to remove excess moisture, was 
ground in a mortar and used as the source 
of substrate. One g of the substrate material 
was dispersed in 20 ml buffer solution of 
the desired pH.
Determination of proteolytic activity

Proteolytic activity of the enzymes was de
termined by measuring at 280 m/j. the release 
of tyrosine and tryptophan from the endo
genous muscle proteins used as substrate ac
cording to the method described by Koszalka 
et al. (1961). The reaction mixture contained
2.0 ml of buffer solution of the desired pH, 
0.5 ml of the enzyme solution and 1.0 ml of 
the substrate suspension. The mixture was in
cubated at 37°C for 2 hr. In each case, the 
enzyme source in buffer solution was pre
incubated at 37°C for 5 min to attain a con
stant temperature before the substrate was 
added.

The reaction was stopped by the addition 
of 3.5 ml of cold 10% tricholoacetic acid 
(TCA) and the tubes were left to stand 
overnight at 4°C. The reaction mixture was 
centrifuged at 12,800 X G for 10 min in a 
refrigerated centrifuge. Proteolytic activity 
was expressed as the absorbance at 280 m/i 
of the reaction mixture incubated at 37 °C 
for 2 hr and read against a control at zero 
time of incubation. The analysis was carried 
out in duplicate.

Total nitrogen was determined on each 
lyophilized fraction of muscle tissue (5 mg) 
according to the method described by Lang 
(1958).
Determining cathepsins B, C, D and 
aryl sulfatase activities

Enzyme activities were carried out on 
supernatant and particulate fractions of the 
two bovine skeletal muscles (loin and flank). 
Concurrently, assays were carried out for 
comparative purposes on similar fractions 
prepared from rat liver since the activities of 
these enzymes in rat liver have been reported 
by others (Bouma et al., 1964).

Sprague-Dawley male rats 3 months of 
age were killed by decapitation, the liver re
moved and weighed in 20 ml of cold 0.15M 
KC1. The volume of KC1 solution was ad
justed to give a tissue to extractant ratio of 
1:4. The tissue was minced with scissors and 
homogenized in a Potter-Elvehjem homogen- 
izer for six strokes. The homogenate was 
centrifuged at 39,600 X G for 40 min. The 
supernatant was decanted and the residue 
was washed twice with 15 ml of 0.15M KC1.
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The washings and original supernatant 
were combined and lyophilized and will be 
referred to as the supernatant fraction. The 
residue was also lyophilized and will be re
ferred to as the particulate fraction. The two 
bovine muscle tissues were processed in a 
similar manner except that these tissues in 
KC1 solution were subjected to the action of 
a Waring Blendor for 1 min prior to homog
enization.

Assay methods for cathepsins B, C and D 
were modifications of the methods described 
by Bowers et al. (1967).

Cathcpsin B. Five milligrams of the ly
ophilized supernatant fraction were dissolved 
in 1 ml of 0AM  citrate buffer (pH 4.8) con
taining 0.04M cysteine and placed in the 
outer well of a Conway microdiffusion cell 
(Obrink type—Fisher Scientific). The sub
strate (0.5 ml of 10 mM benzoyl-L-arginina- 
mide—Mann Research Laboratories Inc.,
N.Y.) was added and incubation was carried 
out for 1 hr at 37°C. The incubation period 
was terminated by the addition of 1.0 ml of 
5% TCA and 1.0 ml of buffered K»C03 
(45%, pH 11.0) was added to release the 
NH3 which was absorbed in 1.0 ml of 0.015 
N H-SOj in the center well of the cell.

The diffusion time was 50 min. The blank 
determination was carried out exactly as de
scribed for the sample except that the sub
strate solution was replaced by 0.5 ml citrate 
buffer. The activity of the particulate frac
tion was determined exactly as described 
above except that one drop of Triton X-100 
was added to the incubation mixture.

The acid solution containing the NH3 was 
transferred from the center well to a gradu
ated tube fl5 ml) and diluted to 3.0 ml with 
glass-distilled water. The color was developed 
as described by Russell (1944) and read in a 
spectrophotometer at 525 m/i.

Cathepsin C. The procedure was the same 
as that described for Cathepsin B, except that
0.5 ml of 10 mM glycyl-L-tyros namide 
(Mann Research Laboratories Inc., N.Y.) was 
used as the substrate.

Cathepsin D. Five milligrams of the ly
ophilized supernatant fraction were d ssolved 
in 3.0 ml of 0AM  lactate buffer (pH 3.8) and 
0.5 ml of a 2% solution of denatured hemo
globin was added as substrate. The mixture 
was incubated in a water bath at 37°C for 
1 hr and the reaction was stopped by the 
addition of 2 ml of cold 5% TCA. T ie  mix
ture was allowed to stand for 30 min at 4°C

3 F iq  4

Fig. 1— Activity optima of proteolytic enzymes in pH range 3.6-5 .2 .

Fig- 2— Activity of proteolytic enzymes on endogenous muscle proteins as a function of 
incubation time at pH 3.8 and 4.8.

Fig- 3— Effect of substrate concentration on proteolytic activity using endogenous nusc/e 
protein as substrate.

Fig. 4— Effect of temperature on activity of proteolytic enzymes using endogenous mus
cle proteins as substrate at pH 3.8.

and then centrifuged. The color was devel
oped by the addition of 5.0 ml of 0.5N  
NaOH to 2 ml of the clear supernatant fol
lowed by the addition of 2.0 ml of Folin- 
Ciocalteau reagent. The color was read at 
660 m/x. The blank was prepared exactly as 
described for the sample except that the TCA 
solution was added immediately after addi
tion of the substrate.
Aryl sulfatase

Five milligrams of the lyophilized super
natant or particulate fraction were dissolved 
in 3.0 ml of 0.05M acetate buffer (pH 4.8) 
containing 0.2M  KC1. The substrate (0.5 ml 
of a 20mM solution of nitrocatechol sulfate) 
was added and the mixture was incubated for 
1 hr at 37°C. The reaction was stopped by 
the addition of 2.0 ml of cold 5% TCA and 
centrifuged at 12,800 X  G for 30 min. Alka
line quinol reagent (3.0 ml) was added to 2 
ml of clear supernatant and the color read 
at 540 m/i (Roy, 1958). The blank determina
tion was carried out as described above ex
cept that the TCA solution was added im
mediately after the addition of the substrate.

R E S U L T S  & D IS C U S S IO N
PR ELIM IN A R Y  studies on the proteo
lytic activity of a soluble fraction from 
skeletal muscle, prepared as described 
above, were carried out with endogenous 
muscle protein as the substrate. Effect of 
pH, time, substrate concentration and 
tem perature were studied.

Effect of pH on proteolytic activity
The proteolytic activity of the enzymes 

toward endogenous muscle protein was 
examined at intervals of 0.5 pH  units be
tween pH  4.0 and 9.0. Since the present 
study was concerned principally with 
those enzymes which exhibit optim um  ac
tivity in the acid range, the activity was 
re-examined at intervals of 0.2 pH  units 
between pH  3.6 to pH  5.2. The results 
obtained are presented in Figure 1. The 
activity observed at pH  3.8 was higher 
than that at pH  4.8.

Effect of time on activity
The reaction was linear for approxi

mately the first V 2 hr at a pH  of 3.8 and 
at a pH  of 4.8. Subsequently, the rate of 
the reaction tended to level off. The re
sults are presented in Figure 2.

Effect of substrate concentration
The substrate concentration was ex

pressed in milliliters o f a preparation con
taining 1.0 g of endogenous protein in 20 
ml of acetate buffer (pH  3 .8). The results 
are presented in Figure 3. The reaction 
was linear at low concentrations and at
tained a maximum at a substrate concen
tration of 1.2 ml. Above this concentra
tion there was a decrease in activity which 
could be attributed to “product inhibition” 
of the enzymes (W alter et al., 1963).

Effect of temperature on activity
Enzyme solutions were maintained at
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Table 1—Distribution of enzyme activities in particulate and supernatant fractions of bovine skeletal muscle and rat liver.
A ctiv itie s1

C a th ep sin  B_________ _________ C a th e p sin  C ________  _________ C a th e p sin  D ________  A ry l S u lfa tase
R a t
liver

B ovine
lo in

B ovine
flank

R a t
liver

B ovine
lo in

B ovine
flan k

R a t
liver

B ovine
lo in

B ovine
flan k

R a t
liver

B ovine
lo in

B ovine
flan k

S u p e rn a ta n t2 0 .2 9 0 .2 8 0 .2 4 1 .0 2 0 .1 7 0 .1 3 0 .3 0 0 .4 0 0 .3 2 0 .7 2 0 .0 2 0 .0 2
F ra c tio n ± 0 .0 6 ± 0 .0 1 ± 0 .0 2 ± 0 .0 1 ± 0 .0 3 ± 0 . 0 4 ± 0 .0 2 ± 0 .0 4 ± 0 .0 5 ± 0 .0 7 ± 0 .0 1 ± 0 .0 1
P a r tic u la te 3 0 .4 2 0 .1 3 0 .11 7 .5 8 0 .0 8 0 .0 7 1.71 0 .1 4 0 .1 4 3 .2 1 0 .0 1 0 .0 2
F ra c tio n ± 0 .0 3 ± 0 .0 2 ± 0 .0 1 ± 0 .7 2 ± 0 .0 5 ± 0 .0 5 ± 0 . 1 0 ± 0 . 0 4 ± 0 .0 1 ± 0 .4 5 ± 0 .0 0 ± 0 .0 0
T o ta l 0 .71 0 .41 0 .3 5 8 .6 0 0 .2 5 0 .2 0 2 .0 1 0 .5 4 0 .4 6 3 .9 3 0 .0 3 0 .0 4

± 0 .0 8 ± 0 .0 6 ± 0 .0 3 ± 0 .6 8 ± 0 .0 4 ± 0 .0 5 ± 0 .1 0 ± 0 .0 6 ± 0 .0 5 ± 0 . 5 0 ± 0 .0 3 ± 0 .0 2
1 A ctiv ities o f  C a th ep sin s B a n d  C  a re  expressed  as th e  d ifference in  a b so rb an c e /m g  N  b etw een  th e  sam ple  a n d  th e  su b s tra te -free  b lan k  a t  1 h r  o f  in cu b a

tio n . A ctiv ities o f  C a th ep sin  D  a n d  A ry l S u lfa tase  a re  expressed  as a b so rb an c e /m g  N  o f  th e  sam ple  a t  1 h r  o f  in cu b a tio n  an d  th e  b la n k  a t  ze ro  in cu b a tio n  
tim e. E ach  value rep re sen ts  the  average  fo r  six an im als, ±  S .E .

2 F ra c tio n  so lub le  in 0.15 M K C I.
3 F ra c tio n  in so lub le  in  0.15 M K C I.

different temperatures in a water bath for 
20  min before addition to the reaction 
mixture. The activity was expressed as 
the difference in absorbance of a reaction 
mixture incubated for 2 hr at 37°C  and 
that of its control at zero time of incuba
tion. The results are shown in Figure 4. 
Maximal activity was obtained with an 
enzyme solution maintained at 40 °C  for 
20 min. Above this temperature, there was 
a rapid decrease in activity. The activity 
observed above 60 °C  was possibly due to 
an enzyme with properties similar to that 
of cathepsin C since the latter enzyme has 
been shown to be heat stable at 65°C  
(Fruton, 1960), whereas the other known 
cathepsins are labile above this tempera
ture. The residual activity at 100°C is un
doubtedly due to nonenzyamtic hydrolysis 
at a high temperature and at pH 3.8.

Activities of cathepsins B, C, D  and aryl 
sulfatase

The results obtained for cathepsins B, 
C, D and aryl sulfatase activities in both 
particulate and supernatant fractions of 
two bovine muscles and rat liver are pre
sented in Table 1. Each assay was deter
mined in triplicate and each value repre
sents the average for six animals.

The order of activities in bovine skele
tal muscle was found to be cathepsin D >  
B >  C whereas in rat liver the order was 
cathepsin C >  D >  B. The latter order 
of activities in rat liver and the high ac
tivity of cathepsin C  are in agreement 
with the results reported by Bouma et al.
(1964) for the same tissue.

The distribution of activities in super
natant and particulate fractions (Table 1) 
was of interest because such a distribution 
was considered to be a measure of “sol
uble” and “bound” enzyme. Activities for 
all enzymes studied in rat liver were 
higher in the particulate fraction than in 
the supernatant fraction whereas the ac
tivities in fractions of the bovine muscle 
were in the reverse order. The values ob
tained for aryl sulfatase activity in muscle 
tissue were extremely low. These results 
could be interpreted either as a simple 
lack of aryl sulfatase or as an indication 
that the lysosomes had not been ruptured

sufficiently to release aryl sulfatase.
The reverse pattern of enzyme distribu

tion as between rat liver and skeletal mus
cle was considered due a) to the circum
stance that the activities in rat liver were 
determined immediately post-slaughter 
whereas the activities in skeletal muscle 
were determined several hours post- 
slaughter and b) skeletal muscle and not 
rat liver was subjected to the action of a 
Waring Blendor.

In this connection, studies currently in 
progress indicate that the activities of 
these enzymes in rat liver increase in the 
supernatant fraction relative to the ac
tivities in the particulate fraction as a re
sult either of aging of the tissue or by the 
use of more drastic homogenization tech
niques than those employed in the pres
ent study.

Figure 5 shows graphically the total ac
tivities of these enzymes in skeletal mus

cle relative to the activities in rat liver. 
The combined activities for cathepsin B 
in the two skeletal muscles was approxi
mately 5 2 %  of that in rat liver whereas 
cathepsins C  and D activities were ap
proximately 2 and 25 %  respectively. The 
activity of aryl sulfatase in skeletal mus
cle was less than 1%  of the activity in rat 
liver.

A  search of the literature has not re
vealed any study which involved the de
termination of the total activity of cathep
sins B, C  and D in bovine skeletal muscle 
as reported here although there have been 
reports on the activity of cathepsin D in 
chicken muscle (Berman, 1967; Martins 
et al., 1968). Bouma et al. (1964) ob
served that the activity of cathepsin B in 
rat skeletal muscle was approximately 
25 %  of the activity in rat liver whereas 
cathepsins C and D were approximately 
2 and 7 % ,  respectively. However, the

Cathepsin D Aryl SulfataseCathepsin B Cathepsin C
Fig. 5— Activities of enzymes in bovine skeletal muscle relative to the activities in rat 
liver.
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latter workers determined the enzyme ac
tivity in extracts of skeletal muscle and 
not in homogenates.

Finally, the present study suggests that 
the activities of cathepsins B and D are 
higher in bovine skeletal muscle than pre
viously indicated and points to the im
portance of optimum conditions for 
homogenization, extraction and assay of 
these enzymes in skeletal muscle.
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Green Pigment from Tuna MyoglobinsFormation of a
SUMMARY— A green pigment was produced when yellowfin (and other) tuna myoglobins, 
trimethylamine oxide (TMAO), and cysteine were heated together in 0.1 M phosphate 
buffer pH 5.7. The green product could not be produced with mammalian myoglobins, 
which contain no cysteine residues. The roles of myoglobin, cysteine, and TMAO in the 
production of off-color (green) cooked tuna were investigated. Denaturation of myoglobin, 
apparently exposing a sulfhydryl group, was necessary for the greening reaction to occur. 
TMAO acted as a mild oxidizing agent to promote the formation of a disulfide bond 
between cysteine and the sulfhydryl group on the denatured myoglobin. TMAO could be 
replaced by oxygen (air), but cysteine appeared to be specific for the reaction. The green 
color could be reversed by sodium sulfite, but not by other reducing agents tested.

IN TRO D U CTIO N
GREEN IN G, the industrial name given 
an off-color reaction in cooked tuna, has 
been encountered in albacore ( G e r m o  
a la lu n g a ) , big-eye (T h u n n u s  o b e su s ) , blue- 
fin (T h u n n u s  o r ie n ta lis ) , yellowfin (T h u n 
n u s  a lb a c a r e s), and skipjack (K a ts u w o n u s  
p e la m is )  tuna (Tomlinson, 1966). It is 
not clear that the greening phenomenon 
is due to a single type of pigment forma
tion.

Brown et al. (1958) suggested that 
one off-color is due to oxidation to the

ferri- state of the desirable ferrohemo- 
chromes, the pigments responsible for 
normal tuna color. More recent work 
shows species differences in susceptibility 
to off-color (Barrett et al., 1965). Brown 
et al. (1967) related the length of tuna to 
color, longer fish having poorer color.

Apart from these considerations, which 
are believed to be related to the ferri- 
hemochrome type of off-color, there have 
been efforts to establish a possible rela
tionship of trimethylamine oxide (TMAO) 
and/or trimethylamine (TMA) to, per
haps, a different type of off-color.

Sasano et al. (1961; 1962) found that 
an unknown substance contained in an 
alcohol extract of tuna meat was possibly 
involved in the greening reaction. The 
substance gave a yellow color on treat
ment with ninhydrin and was tentatively 
identified as a peptide. When this com
pound was mixed with raw tuna meat of 
good quality, it produced greening when 
the meat was subsequently cooked. It was 
later reported that the alcohol-soluble sub
stance that produced a yellow color with 
ninhydrin was TMAO, and that the ad
dition of TMAO to raw meat induces 
greening on subsequent cooking of yel
lowfin and albacore tuna (Koizumi et al., 
1965a; 1965b).

These studies also showed that heat 
degradation products of TMAO such as 
dimethylamine, methylamine, and form
aldehyde did not produce greening. At 
least part of the color changes brought 
about in -tuna meat precooked with added 
TMAO were not reversible by treatment
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Table 1—The color of yellowfin tuna Mb02 and metMb denatured In the presence of cys
teine, TMA, and TMAO.

C o lo r  in  p resence  o f  in d ica ted  add itives

T M A O
T M A O  +

C ysteine C ysteine
T M A  +
C ysteine

Y F -m e tM b  
(u rea  d en a tu red ) B row n R ed d ish  b ro w n G reen B row n

Y F -m e t M b
(h ea t d en a tu red ) B row n R ed d ish  b ro w n G re e n 1 B ro w n

Y F -m e tM b  +  A lb u m in  
(h ea t d en a tu red ) B row n R ed d ish  b ro w n G re e n 1 B row n

Y F -M b O j
(h ea t d en a tu red ) P in k ish  b ro w n G reen ish  b ro w n G re e n 2 —

1 A fte r  10 m in .
2 A fte r  30 m in .

with a reducing agent. However, a suit
able reducing agent added in addition to 
the TMAO prior to cooking prevented 
the development of off-color. They con
cluded that this was not due to reduction 
of some heme derivative, but rather to the 
breakdown of TMAO to substances that 
did not participate in the greening phe
nomenon.

A reasonable correlation was found be
tween TMAO concentration in raw fish 
and the subsequent extent of greening in 
cooked fish (Koizumi et al., 1967a). 
Nagaoka et al. (1964) also reported find
ing a positive correlation between the 
TMA content of cooked tuna, the TMAO 
content of raw tuna, and greening. They 
suggested that the green color is derived 
from a combination of metmyoglobin and 
some substance produced from TMAO.

The purpose of this investigation was to 
explore further the roles of myoglobin, 
TMAO, amino acids, mercapto com
pounds, and oxidizing and reducing 
agents in the greening reaction. While the 
present work was in progress, Koizumi et 
al. (1967b; 1968) have reported on pos
sible relationships among cysteine, myo
globin, and TMAO to produce greening. 
Their work paralleled the present investi
gation in some aspects.

E X P E R IM E N T A L
Materials

Y e llo w f in  t u n a  m y o g lo b in  w a s  p u r if ie d  b y  
th e  m e th o d  o f  B ro w n  ( 1 9 6 1 ) .  T h e  m y o 
g lo b in  w a s  in  th e  m e t  ( f e r r i - )  s ta te  a f t e r  th e  
i s o la t io n  p r o c e d u r e .  S p e r m  w h a le  m y o g lo b in  
a n d  e q u in e  m y o g lo b in  w e r e  o b ta in e d  f r o m  
C a lb io c h e m , L o s  A n g e le s ,  C a l i f o r n ia .

T r im e th y la m in e  ( T M A )  a n d  t r im e th y l -  
a m in e - n -o x id e  d ih y d r a te  ( T M A O )  w e r e  o b 
ta in e d  f r o m  E a s tm a n  O r g a n ic  C h e m ic a ls ,  
R o c h e s te r ,  N e w  Y o r k .  C y s te in e  h y d r o c h lo 
r id e  w a s  o b ta in e d  f r o m  N u t r i t i o n a l  B io c h e m 
ic a l  C o r p o r a t io n ,  C le v e la n d ,  O h io . C y s te in e  
su lf in ic  a c id , c y s te ic  a c id ,  a n d  c y s t in e  w e re  
o b ta in e d  f r o m  S ig m a  C h e m ic a l  C o m p a n y ,  S t. 
L o u is , M is s o u r i .  G lu t a th io n e  w a s  o b ta in e d  
f r o m  S c h w a r z  B io r e s e a rc h , I n c . ,  M o u n t  V e r 
n o n , N e w  Y o r k .

A l l  c h e m ic a ls  w e r e  r e a g e n t  g r a d e  o r  b e t te r .  
G la s s  d is t i l le d  w a te r  w a s  u s e d .

Spectral measurement
A b s o r p t io n  s p e c t r a  w e r e  r e c o r d e d  w ith  a  

C a r y  M o d e l  11 s p e c t r o p h o to m e te r .  R e f le c 
ta n c e  s p e c t r a  w e re  o b ta in e d  w i th  a  B e c k m a n  
D K - 2  s p e c t r o p h o to m e te r  e q u ip p e d  w i th  a  
re f le o ta n c e  a t ta c h m e n t .

Preparation of oxymyoglobin (MhOJ
T h r e e  m g  o f  s o d iu m  d i th io n i te  w e r e  p la c e d  

in  a  5 0  m l  e r le n m e y e r  f la sk . A f t e r  th e  f la sk  
w a s  c o o le d  in  a n  ic e  b a th ,  2  m l o f  a  y e l lo w 
fin  m e tm y o g lo b in  ( m e tM b )  s o lu t io n  (6 0  
m g )  w e r e  a d d e d  to  th e  f la s k  a n d  i t  w a s  
s w ir le d  g e n tly . T h e  s o lu t io n  w a s  d e io n iz e d  
b y  r u n n in g  i t  t h r o u g h  a  p r e c o o le d  B io -R a d  
A G 5 0 1 - X 8  m ix e d  b e d  re s in  c o lu m n  ( 2  c m  X

12 c m ), a t  a  f lo w  r a t e  o f  1 d r o p  p e r  sec . 

Sulfhydryl group analysis
S u lfh y d r y l  g r o u p s  w e r e  d e te r m in e d  b y  th e  

n i t r o p r u s s id e  te s t  f o r  f r e e  S H  g r o u p  d e s c r ib e d  
b y  T o e n n ie s  e t  a l .  ( 1 9 5 1 ) .

Model systems for study of 
pigment formation

( 1 )  T o  4  m l  o f  0 .1  M  p h o s p h a te  b u f fe r , 
p H  5 .7 , 0 .5  m l ( 1 5  m g )  o f  y e llo w f in  m e tm y o 
g lo b in , 0 .5  m l o f  1 .0  M  T M A O , a n d  5 m g  
c y s te in e  w e r e  a d d e d . T h e  m ix tu r e  w a s  h e a t  
d e n a tu r e d  b y  h o ld in g  in  a  w a te r  b a th  a t  
7 0 ° C  f o r  15 m in  to  p r o d u c e  g re e n in g . A  
c o n t r o l  c o n ta in e d  n o  c y s te in e .

( 2 )  O th e r  c h e m ic a ls  (5  m g  p e r  t u b e )  w ere , 
s u b s t i tu te d  f o r  c y s te in e  o r  T M A O  in  th e  sy s 
te m  d e s c r ib e d  a b o v e . A  c o n t r o l  c o n ta in in g  
c y s te in e  w a s  a ls o  u s e d  in  o r d e r  to  c o m p a r e  
g re e n  c o lo r  d e v e lo p m e n t .

( 3 )  T o  r e d u c e  d is u lf id e  b o n d s ,  s o d iu m  s u l
f ite  w a s  a d d e d  to  th e  g r e e n in g  s y s te m  a n d  
a d d i t io n a l  h e a t in g  w a s  u s e d . T h e  p r o c e d u r e  
o f  P e c h e r e  e t  a l .  ( 1 9 5 8 )  w a s  a ls o  e m p lo y e d  
f o r  th is  p u rp o s e .

( 4 )  I n  o r d e r  to  m a in ta in  th e  d e n a tu r e d  
m y o g lo b in  in  s o lu t io n ,  4  m l  o f  10  M  u r e a ,  
p H  5 .6 , w a s  s u b s t i tu te d  f o r  th e  b u f fe r , a n d  
th e  s o lu t io n  w a s  th e n  h e a te d .

( 5 )  I n  o r d e r  t o  a p p r o x im a te  th e  d i lu t io n  
o f  m e tm y o g lo b in  b y  o t h e r  p r o te in s  in  th e  
t u n a  m u s c le ,  1 m l o f  h u m a n  a lb u m in  ( 5 0  
m g )  d is s o lv e d  in  0 .1  M  p h o s p h a te  b u f fe r ,  p H  
5 .7 , w a s  a d d e d  b o t h  to  th e  g r e e n in g  s y s te m  
a n d  to  a  c o n t r o l .

( 6 )  H e m e  g r o u p s  w e r e  e x t r a c te d  b y  th e  
m e th o d  o f  K o iz u m i  e t  a l. ( 1 9 6 8 ) .

R E S U L T S  & D ISC U SS IO N
The role of metmyoglobin, T M A O , 
and cysteine in greening

Experiments were conducted to find 
out whether TM A or TMAO will react 
directly with myoglobin to produce any 
green derivatives. TMAO or TM A was 
added to purified metmyoglobin and oxy
myoglobin solutions over a pH range of
5.0 to 9.0 (0.1 M phosphate buffer). No 
visual or spectral changes could be de
tected either immediately or after stand
ing.

Myoglobin was then heat denatured in

order to make the experimental condi
tions more closely approximate those in 
tuna muscle during cooking. Table 1 sum
marizes the effect on the final color when 
cysteine, TMA, and TMAO were added 
to oxymyoglobin and metmyoglobin solu
tions subjected to urea and heat dénatura
tion. When metmyoglobin was heat de
natured in the presence of TM A or 
TMAO, only brown precipitates were ob
tained. However, when cysteine was 
added with the TMAO, a dull light olive 
green precipitate was obtained. The green 
color was enhanced in the presence of 
albumin. A  green precipitate was not ob
tained with TMA.

When purified oxymyoglobin was 
treated with TMAO and cysteine and then 
heat denatured, a green precipitate was 
obtained, but it took longer to form than 
when metmyoglobin was used. The de
layed time in producing greening with 
oxymyoglobin suggested that metmyo
globin is involved in greening and that 
oxymyoglobin must be converted into 
metmyoglobin before the reaction pro
ceeds. The results obtained when metmyo
globin was denatured by urea were similar 
to those obtained when heat was the de
naturing agent.

Reflectance spectra of the different pre
cipitates were obtained, as were absorp
tion spectra of similar mixtures denatured 
in urea. The reflectance spectra, par
ticularly, were quite non-descript. Ab
sorption spectra were better, but still 
poor. In the green systems, there was 
diminished absorption in the 500 and 
630 m ,i  areas associated with metmyo
globin, and an enhanced absorption over 
the 550 to 600 m^ range.

Table I clearly shows that both TMAO 
and cysteine are involved in the reaction 
with denatured myoglobin, forming a 
product having a green color. Since some 
free cysteine likely occurs in tuna muscle, 
it is possible for this reaction to occur in 
tuna flesh. The following experiments 
were designed to determine whether 
TMAO and cysteine were reacting with
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Table 2—Pigments from yellowfin tuna 
metMb or yellowfin tuna metIVIb plus TMAO 
with various oxidative products of cysteine 
and glutathione.

C o lo r  o f  h e a t d en a tu red  
p ig m en t

Y F -m e tM b  +
A d d itiv e  Y F -m c tM b  T M A O

C ysteine B row n G reen
C yste ine  sulfinic acid B row n B row n
C ysteic  acid B row n B row n
C ystine B row n B row n
G lu ta th io n e -S H B row n B row n

Table 3—The effect of reducing agents on 
yellowfin tuna metMb, TMAO system.

C o lo r  o f  h ea t 
d en a tu red  p igm en t

A d d itiv e  Y F -m e tM b  +  T M A O

S o d iu m  sulfite 
F o rm a m id in e  sulfinic acid  
H y d rin d an tin  
A sco rb ic  acid  
T h iog lyco l

R e d d ish  b ro w n  
R e d d ish  b row n  
B row n 
B row n 
B row n

Table 4—The effect of the order of dénaturation or additive incorporation on color change.

C o lo r  p ro d u ced  u n d er co n d itio n s  show n

R eag en ts  ad d ed  p r io r  to  reh ea tin g  fo r  15 m in

H ea t
70°, 15 m in 24 h r  sit. m e tM b  T M A O  cyste ine

cysteine 
+  T M A O

Y F -m e tM b  +  
cysteine B row n G reen ish  b ro w n G reen  — —

Y F -m e tM b  +  
T M A O P in k R e d d ish  b ro w n —  G reen —

T M A O  +  cysteine C lea r so lu tio n C lea r so lu tio n R edd ish  b ro w n  —  — —

Y F -m e tM b P in k R ed d ish  b row n —  — G reen

Table 5--The participation of different myoglobins in greening reaction.

M b

C o lo r  p ro d u ced  on  h e a t d én a tu ra tio n  o f  d iffe ren t M bs

Buffer T M A O C yste ine  & T M A O

Y F  tu n a P ink ish  b row n P in k ish  b ro w n G reen
S perm  w hale P ink ish  b row n P in k ish  b ro w n B row n
E q u ine B row n B row n B row n
A lb aco re  tu n a B row n P ink ish  b row n G reen
S k ip jack  tu n a B row n R edd ish  b row n G reen
Bluefin tu n a B row n R e d d ish  b row n G reen

each other or whether both TMAO and 
cysteine were reacting with the denatured 
myoglobin.

The nature o f involvem ent of cysteine

In order to determine if oxidative prod
ucts of cysteine are involved in the green
ing reaction, they were tested in the model 
system. As shown in Table 2, none of 
these oxidative products of cysteine and 
glutathione produced greening.

In Table 3 are shown the results of re
placing cysteine with various reducing 
agents. It is evident from the results that 
cysteine is not acting simply as a reduc
ing agent in the greening reaction. In 
fact, greening does not occur when re
ducing agents are added along with met- 
myoglobin, cysteine, and TMAO, indi
cating that reducing agents may prevent 
greening. If cysteine is replaced with 
amino acids such as aspartic acid, argi
nine, glutamic acid, methionine, histidine, 
tryptophan, and tyrosine, the green pig
ment is not produced.

When metmyoglobin was added to a 
solution of cysteine and TMAO that had 
previously been heated, greening did not 
occur. Under this condition, SH groups 
were not detectable. Presumably, the cys
tine formed will not replace cysteine in 
the reaction. When metmyoglobin was 
first heat denatured, and TMAO and 
cysteine then added, greening was pro
duced (Table 4).

From these results, it is clear that 
cysteine cannot be replaced in the green
ing reaction by its own oxidative prod
ucts, other reducing agents, or other 
amino acids. Free cysteine must be pres
ent for greening to occur.

Involvem ent of cysteine 
residue in m yoglobin

Brown et al. (1961; 1962) found that 
tuna myoglobins contain the amino acid 
cysteine. In contrast, myoglobirs from 
whale and other mammals do not contain 
this amino acid.

Table 5 indicates that the gree ting re
action involves the -SH group of the cys
teine residue in the tuna myoglobin. No 
greening was produced when myoglobins 
such as sperm whale myoglobin and 
equine myoglobin, which do not contain 
a -SH group, were heat denatured in the 
presence of cysteine and TMAO. There
fore, it appears that the greening reaction 
involves the -SH group of both free cys
teine and the cysteine residue in the tuna 
myoglobin. To confirm the participation 
of -SH groups in the greening reaction, 
-SH blocking agents such as idcdoacet- 
amide (Mayaudon et al. 1957) and 
formamidine disulfide (Sullivan et al. 
1966) were added with myoglobin, 
TMAO and cysteine in the model system. 
Only brown precipitates were obtained. 
Thus these -SH blocking agents prevented 
greening from occurring in the model sys
tem.

The nature of involvem ent o f TM AO

A variety of oxidizing agents were used 
in efforts to produce greening wirh met
myoglobin and cysteine. Results are 
shown in Table 6 . TMAO is not as spe
cific to the reaction as cysteine since 
TMAO can be replaced by air. However, 
the reaction occurs much more slowly 
with air alone than it does with 'TMAO. 
In contrast to the results of Koizumi et al. 
(1967b) the reaction did not occur when

Ol, was replaced by N2. There is no expla
nation for this discrepancy since in many 
aspects the findings are virtually identical.

Both hydrogen peroxide and potassium 
persulfate produced greening with met
myoglobin alone. This color formation 
may have resulted from a different mech
anism than that when cysteine is involved. 
Table 6 clearly demonstrates that TMAO 
functions as a mild oxidizing agent in the 
reaction of the cysteine -SH with the pro
tein -SH to form a disulfide bond.

Hird et al. (1961) studied the oxida
tion of cysteine, glutathione and thiogly- 
collate by bromate, iodate, persulfate and 
air at 28°C  and near neutral pH values. 
They found that oxidation of these sulf- 
hydryl compounds was rapid with iodate, 
slow with bromate and persulfate and 
slower still with air. Their results showed 
that the major oxidation product from 
cysteine is cystine. With iodate and bro
mate there was evidence of the production 
of higher oxidation products, namely cys
teine sulphinic acid and cysteine sulphonic 
acid.

To determine if a disulfide bond was 
formed in the greening system, sodium 
sulfite was reacted with experimentally 
produced green myoglobin. The ability of 
sulfite to cleave disulfide bonds has been 
demonstrated (Cecil et al. 1959). Sodium 
sulfite reacted with the green pigment and 
reversed the color to pink. Other reducing 
agents, namely, formamidine sulfinic acid 
and hydrindantin had no effect on the 
green color. A small amount of the green 
color was not reversed until the precipi
tate was dissolved in 10 M urea and 
treated with sulfite and ammoniacal cop
per at pH 10.2.
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Table 6—The effect of different oxidizing agents and cysteine on off colors produced by
heat dénaturation of yellowfin tuna Mb02 and metMb.

C o lo r  o f  h e a t d e n a tu red  p igm en t

T M A O ‘H20-2 2K 2S208 0 2 (air) N2

Y F -m e tM b B row n G reen G reen B row n —

Y F -m e tM b  
+  cysteine G reen  

(10 m in) G reen G reen
G reen  
(18 hr)

R ed d ish  bow n 
(18 hr)

Y F -M bO s 
+  cysteine

G reen  
(30 m in) — —

G reen  
(18 hr) —

1 0.05 m l 0 .3% .
2 5 m g.

To determine if cysteine were reacting 
with metmyoglobin before denaturation, 
the following experiment was carried out: 
Solutions of (1) metMb, (2) metMb +  
cysteine, (3) metMb +  TMAO, and (4) 
metMb +  TMAO +  cysteine were placed 
in four test tubes. The pH values were 
measured and the absorption spectra were 
determined. Then the test tubes were in
cubated at 30°C for 23 hr and the ab
sorption spectra were measured again.

In the tubes containing cysteine and 
metmyoglobin a yellowish-brown product 
was formed. The color of the product was 
not affected by sodium sulfite as deter
mined by spectral measurements. These 
results suggest that the product formed 
under these conditions is markedly dif
ferent from that formed when the met
myoglobin is denatured before reacting 
with the cysteine.

These results clearly indicate that myo
globin must be denatured for greening to 
occur, and that the formation of a di
sulfide bond is involved in the greening 
reaction.

Green pigment

The substitution of various mercapto 
compounds for cysteine resulted in the 
production of green pigment with mer- 
captoacetic acid, mercaptopropionic acid, 
mercaptobutyric acid, mercaptoethanol, 
and homocysteine but not with thiodi- 
glycol. The green color changed with the 
chain length of the mercapto compound— 
the mercaptoacetic acid product was the 
deepest green while that of the homo
cysteine and mercaptobutyric acid prod
ucts was almost brown.

The mercaptoacid and mercaptoethanol 
myoglobin products appeared to be very 
resistant to the action of sulfite, suggest
ing that these products may differ from 
those formed with cysteine and homo
cysteine. In support of this conclusion, 
the color of the mercaptoethanol product 
can be reversed with sodium hydrosulfite. 
This reagent will not cleave disulfide 
bonds. This possible alternate mechanism 
for formation of green pigments will be 
the subject of future study.

An attempt was made to extract the

heme group from the control and green 
myoglobin. Although the heme group cf 
heat denatured myoglobin could be 
readily extracted, that of the green pig
ment formed with cysteine could not. 
Reversal with sulfite, however, increased 
the amount of pigment which could be 
extracted.

Possible mechanism

Vaisey (1956) found that TMAO at 
temperatures between 22-24°C  is readily 
reduced by cysteine in the presence of 
iron or hemoglobin as a catalyst. The 
major product of this reduction was TMA 
(and, presumably, cystine). This observa
tion agreed with that of Nagaoka et al. 
(1962; 1964), who found a positive cor
relation between the TM A content of 
cooked tuna, the TMAO content of 
raw tuna, and greening. Vaisey also found 
that glutathione could not replace cys
teine as a reducing agent.

The greening reaction appears to in
volve the reaction of free cysteine with 
the -SH group of heat denatured tuna 
myoglobin (under mild oxidizing condi
tions provided either by TMAO or air) to 
produce a disulfide bond and TMA, with 
perhaps a catalytic influence by the iron 
(Fe + + + ) of metmyoglobin. The overall 
mechanism, therefore, for the greening 
caused by the reaction of denatured myo
globin with cysteine and TMAO may be 
summarized by the equations below:

Native metmyoglobin at 70°c
Denatured metmyoglobin-SH 

Denatured metmyoglobin-SH +  
R -S H +  [0]£V2t

Denatured metmyoglobin-S-S-R +  H aO

Apparently the cysteine molecule which 
is attached via the disulfide bond is in 
close proximity to -the porphyrin ring on 
the metmyoglobin and interacts in some 
manner to produce a change in the light 
absorbing properties of the porphyrin 
group.

R E F E R E N C E S
B a rre tt, I., B rin n e r , L ., B row n , W .D ., D o lev , A ., 

K w on , T .W ., L ittle , A ., O lco tt, H .S . and  
S ch ae fe r, M .B . 1965. C h an g es in  tu n a  q u a l

ity, an d  asso c ia ted  b io ch em ica l changes 
d u rin g  h an d lin g  an d  s to rag e  ab o a rd  fishing 
vessels. Food Technol. 19, 108.

B row n, W .D . 1961. C h ro m a to g ra p h y  o f  m y o 
g lo b in  o n  d ie th y lam in o e th y l cellu lose  co l
um ns. / .  Biol. Chem. 236  ( 8 ) ,  2238.

B row n, W .D ., T ap p e l, A .L . an d  O lco tt, H .S . 
1958. T h e  p ig m en ts o f  o ff-co lo r co o k ed  tu n a  
m ea t. Food Research 23 ( 3 ) ,  262.

B row n, W .D ., M a rtin ez , M . a n d  O lco tt, H .S . 
1961. S u lfh y d ry l g ro u p s  o f  tu n a  m yog lob ins, 
w hale  hem o g lo b in , to b a c c o  m o sa ic  v irus and  
o v a lb u m in  J. Biol. Chem. 236 ( 1 ) ,  92.

B row n, W .D ., M artin ez , M ., Jo h n s to n e , M . an d  
O lco tt, H .S . 1962. C o m p ara tiv e  b io ch em is
try  o f  m yog lob ins. J. Biol. Chem. 237, 81.

B row n, W .D ., F in ch , R ., K w on , T .W ., O lco tt, 
H .S . a n d  S ch ae fe r, M .B . 1967. R e la tio n  o f  
qu a lity  o f  c an n ed  yellow fin  tu n a  ( Thunnus 
albacares) to  len g th  o f  fish, tim e  h o ld in g  on  
deck , f ro ze n  s to rag e  a b o a rd  vessel, an d  b io 
chem ica l v a ria tio n . Fish. Indust. Research. 
4  ( 1 ) ,  1.

Cecil, R . an d  M cP h ee , J .R . 1959. T h e  su lfu r  
ch em is try  o f  p ro te in s . In  A d v an ce s  in  P ro t. 
C hem . 14 , 259.

H ird , F .J .R . an d  Y ates , J .R . 1961. T h e  o x id a tio n  
o f  cysteine, g lu ta th io n e , an d  th iog lyco lla te  
by  iod a te , b ro m a te , p e rsu lfa te  an d  air. J. 
Sci. Food Ag. 12 , 89.

K o izum i, C . a n d  H ash im o to , Y . 1965a. S tud ies 
o n  “g reen ” tu n a . 1. T h e  sign ificance o f  tri- 
m e th y lam in e  ox ide. Bull. Jap. Soc. Sci. Fish. 
31, 159.

K o izum i, C . an d  H ash im o to , Y . 1965b. S tud ies 
o n  “g reen ” tu n a . 2. D isc o lo ra tio n  o f  co oked  
tu n a  m ea t d u e  to  tr im e th y lam in e  ox ide. 
Bull. Jap. Soc. Sci. Fish. 31 , 439.

K o izum i, C ., K aw ak am i, H . an d  H o w a ta , J. 
1967a. S tu d ies o n  “g re e n ” tu n a . 3. R e la tio n  
be tw een  g reen ing  an d  tr im e th y lam in e  ox ide 
co n c e n tra tio n  in  a lb aco re  m ea t. Bull. Jap. 
Soc. Sci. Fish. 33 , 131.

K o izum i, C ., K aw ak am i, H . an d  H o w a ta , J. 
1967b. S tu d ies o n  “g re e n ” tu n a . 4. E ffect 
o f  cyste ine o n  g reen in g  o f  m y o g lo b in  in  
th e  p resen ce  o f  tr im e th y lam in e  ox ide. Bull. 
Jap. Soc. Sci. Fish. 33 ( 9 ) ,  839.

K o izum i, C . an d  M a tsu u ra , F . 1968. S tud ies on  
“ g reen ” tu n a . 5. S p ec tra l p ro p e rtie s  o f  a  
g reen  p ig m en t o b ta in e d  f ro m  m yog lob in . 
Bull. Jap. Soc. Sci. Fish. 34  ( 1 ) ,  65.

M a y au d o n , J., B enson , A .A . an d  C a lv in , M . 
1957. R ibu lose-1 , 5 -d ip h o sp h a te  f ro m  an d  
C 0 3 fixa tion  by  Tetragonia Expensa leaves 
ex trac t. Biochem. Biophys. Acta 23 , 342.

N ag ao k a , C . an d  S uzuk i, N . 1962. A  m e th o d  fo r  
p red ic tin g  g reen  m e a t o f  tu n a . Refrigeration, 
Tokyo 37 , 338.

N ag ao k a , C . a n d  S uzuk i, N . 1964. D e tec tio n  o f  
g reen -m ea t tu n a  b e fo re  cook ing . Food 
Technol. 18, 183.

P ech ere , J .F ., D ix o n , G .H ., M a y b u ry , R .H . and  
N e u ra th , H . 1958. C leav ag e  o f  d isu lfide 
b o n d s  in  try p sin o g en  a n d  a-ch y m o try p sin o - 
gen. J. Biol. Chem. 233 ( 6 ) ,  1364.

S asano , Y ., T a w a ra , T . an d  H ig ash i, K . 1961. 
S tud ies o n  g reen  m e a t o f  a lb aco re  an d  
yellow fin  tu n a . Bull. Jap. Soc. Sci. Fish.
27, 586.

S asano , Y . a n d  T aw ara , T . 1962. S tu d ies o n  th e  
g reen  m e a t o f  a lb aco re  an d  yellow fin  tu n a . 
3. R e la tio n sh ip  b e tw een  a  su b s tan ce  p ro d u c 
ing  yellow  c o lo r  w ith  n in h y d r in  an d  th e  
g reen  m e a t tu n a . Bull. Jap. Soc. Sci. Fish.
28, 722.

Su llivan , B., a n d  K ah le , L .K . 1966. D isu lfide- 
su lfh y d ry l in te rc h a n g e  stu d ies o f  w h ea t 
flour. Cereal Chem. 43 , 373.

T o en n ies, G ., an d  K o lb , J .J . 1951. T ech n iq u es 
a n d  reag en ts  fo r  p a p e r  ch ro m a to g rap h y . 
Anal. Chem. 23 , 823.

T o m lin so n , N . 1966. G reen in g  in  tu n a  a n d  re 
la te d  species. B ull. 150, F ish . R e sea rch  
B o a rd  o f  C a n ad a .

V aisey, E .B . 1956. T h e  n o n -en zy m atic  red u c tio n  
o f  tr im e th y lam in e  ox ide  to  tr im e th y lam in e , 
d ie th y lam in e  an d  fo rm a ld eh y d e . Can. J. 
Biochem. and Physiol. 34  ( 6 ) ,  1085.

M s. rece ived  7 /1 7 /6 8 ;  rev ised  1 1 /1 /6 8 ;  accep ted
9 /1 0 /6 9 .

T h is  w o rk  w as s u p p o r te d  in  p a r t  b y  a  c o n tra c t 
w ith  th e  U .S . B u reau  o f  C o m m erc ia l F ish e rie s  
T ech n o lo g ica l L a b o ra to ry , T e rm in a l Is lan d , 
C a lifo rn ia . W e th a n k  m em b ers  o f  th e  S ta r-K is t 
L ab o ra to r ie s  fo r  su p p ly in g  tu n a  u sed  fo r  m y o 
g lob in  p rep a ra tio n s .



G. E. INGLETT‘ and JO A N N  F. M AYb
International Minerals & Chemical Corporation, Growth Sciences Center

Libertyville, Illinois 60048

Source of a New Intense SweetenerSerendipity Berries—
SUMMARY— The fruit of Dioscoreophyllum cumminsii, Serendipity Berries, contains an 
intensely sweet principle. Chromatography of water extracts of the berry on G-50 and 
G-200 Sephadex indicated that the sweetener was bound to fruit protein. Degradation of 
the fruit extract with bromelain, a proteolytic enzyme, yielded a lower molecular weight 
material with intense sweetness of excellent quality. Functional group tests indicated 
that this material was not proteinaceous, but rather a carbohydrate type substance. 
Threshold taste response gave a sweetness value of 1500 times sweeter than sucrose.

IN TRO D U CTIO N
T H E  RECEN T application of synthetic 
sweeteners to new diet foods has revealed 
that there are several limiting taste quali
ties to commercially available sweeteners 
(Rader et al., 1967; Bottle, 1964). A syn
thetic sweetener with superior taste quali
ties could expand the present sweetener 
market. Several research approaches were 
used to find a superior synthetic sweetener. 
Organic synthesis of analogs of the dihy- 
drochalcone sweeteners, naringin dihydro- 
chalcone and neohesperidin dihydro- 
chalcone, gave compounds that show con
siderable commercial promise (Krbechek 
et al., 1968).

Another approach used was screening 
tropical plant materials for intense sweet
ness. Plant materials studied included 
many perishable rare tropical fruits 
(Inglett et al., 1968). An early tropical 
fruit to receive research attention was 
Miracle Fruit (S y n s e p a lu m  d u lc if ic u m )  
(Inglett et al., 1965). This fruit has the 
remarkable taste-modifying property of 
causing sour materials to taste sweet after 
the mouth has been exposed to the fruit’s 
mucilaginous pulp.

The Serendipity Berries were originally 
received from Nigeria as an unidentified 
tropical fruit. The unexpected properties 
of intense sweetness and the water solu
bility of the sweetener were discovered the 
same day that research was discontinued 
on the Miracle Fruit. Hence, its name 
“Serendipity” was very appropriate. It was 
some time later that the berry was botani- 
cally identified as D io s c o r e o p h y l lu m  c u m 
m in s ii  (Inglett e t  a l., 1967). A picture of 
these berries is shown in Figure 1. The 
Serendipity Berries are indigenous to trop
ical West Africa.

The D io s c o r e o p h y l lu m  c u m m in s ii  plant

“ P re se n t ad d ress : N o r th e rn  U tiliza tio n  R e 
sea rch  an d  D ev e lo p m en t D iv ision , A g ricu ltu ra l 
R e sea rch  Service, U n ited  S ta tes D e p a r tm e n t o f 
A g ricu ltu re , P eo ria , Illino is 61604.

11 P re sen t ad d ress : A tla s  C hem ica l In d u strie s , 
In c ., W ilm in g to n , D e law are  19803.

grows from Guinea to the Cameroons and 
is also found in Gaboon, the Congo, the 
Sudan, and Southern Rhodesia. Ir grows 
in thick forest areas during the rainy sea
son from approximately July to October. 
The Serendipity Berries are borne by hairy 
climbing vines which are sometimes 15 
feet long and V 8 to 3/ 16 in. in diameter. 
These vines are usually found supported 
by other vines; the leaves, which are 
heart-shaped with ragged edges ar.d mea
sure about 3 in. from the tip to the stem, 
are found attached at 6 -in. intervals on the 
vine. The berries are red, approximately 
V 2-in. in diameter, and grow in grapelike 
clusters with approximately 50 to 100 
berries in each bunch.

The tough outer skin of the berry en
closes a white, semisolid, mucilaginous 
material surrounding a friable thorny 
seed. The fruit is not commonly cu.tivated 
or used by the natives of Nigeria because 
of its intense sweetness. The tubers of the 
plant are reported to be eaten in some 
parts of Africa and used medicinally. The 
fruit has remarkable stability properties

keeping for several weeks at room tem
perature.

E X P E R IM E N T A L
General procedures

T h e  b e r r ie s  u s e d  in  th e s e  s tu d ie s  w e r e  o b 
ta in e d  f r e s h  b y  a i r  t r a n s p o r t  f r o m  N ig e r ia .  
T h e  b e r r ie s  w e r e  im m e d ia te ly  w a s h e d ,  f r o z e n ,  
a n d  s to r e d  u n t i l  u s e d .

P r e l im in a r y  e x t r a c t io n  o f  th e  s w e e t  p r in c i 
p le  w a s  c a r r ie d  o u t  a s  f o l lo w s :  th e  w h o le  
b e r r ie s  w e re  h o m o g e n iz e d  in  d e io n iz e d  w a te r  
u s in g  a  W a r in g  b l e n d o r  e q u ip p e d  w i th  a  
p o ly e th y le n e  b la d e .  T h u s ,  p u lp  a n d  sk in s  
w e re  s e p a r a te d  f r o m  th e  se e d s  w i th o u t  c u t t in g  
in to  th e  se e d s  w h ic h  a r e  e x t r e m e ly  b i t te r .  
T h is  p r e l im in a r y  e x t r a c t io n  p r o c e d u r e  w a s  
f a c i l i ta te d  b y  th e  a d d i t io n  o f  p e c t in a s e  t o  th e  
m ix tu re  o f  w h o le  b e r r ie s  a n d  w a te r  t o  a  
r a t io  o f  1 g  o f  p e c t in a s e  t o  2 5 0  g  w h o le  
b e r r ie s .  A f t e r  th e  h o m o g e n iz a t io n ,  th e  e n 
z y m e  w a s  a l lo w e d  to  in c u b a te  a t  2 5 “C  w i th  
th e  m ix tu r e  f o r  2 4  h r .  T h is  p r o c e d u r e  g re a t ly  
r e d u c e d  th e  v is c o s ity  o f  th e  h o m o g e n a te ,  e n 
a b l in g  th e  e n s u in g  f i l t r a t io n  to  p r o c e e d  a t  a  
m u c h  g r e a te r  ra te .

A f t e r  in c u b a t io n ,  th e  m ix tu r e  o f  p u lp ,  s k in , 
a n d  se e d s  w a s  f i l te r e d  th r o u g h  a  la r g e  B u c h 
n e r  f u n n e l  to  e l im in a te  th e  se e d s  f r o m  th e  
r e s t  o f  th e  h o m o g e n a te .  T h e  f i l t r a te  w a s  th e n  
d ia ly z e d  a g a in s t  d e io n iz e d  w a te r  f o r  2 4  h r  a t  
4 ° C .  T h e  w a te r  s o lu b le  m a te r ia l s  in  th e  
d ia ly s a te  w e r e  d e v o id  o f  th e  s w e e te n e r  p r in c i 
p le , b u t  th e  n o n - d ia ly z a b le  m a te r ia l  w a s  i n 
te n s e ly  sw e e t. T h is  m a te r ia l  w a s  ly o p h il iz e d  
a n d  s to r e d  a t  4 ° C  f o r  f u r t h e r  p u r i f ic a t io n .

Fig. 1— Serendipity Eerries (Dioscoreophyllum cumminsii).
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T h e  a c t iv e  p r in c ip le  o f  Dioscoreophyllum 
cumminsii c a n  b e  m o s t  r e a d i ly  d e te c te d  b y  
th e  se n s e  o f  ta s te .  H o w e v e r ,  a n o th e r  p a 
r a m e te r ,  th e  u l t r a v io l e t  a b s o r p t io n  ( o p t ic a l  
d e n s i ty )  a t  2 8 0  m ^ , is a n  e q u a l ly  v a l id  te s t  
o f  th e  p r e s e n c e  o f  th e  a c t iv e  p r in c ip le .  A n  
u l t r a v io le t  s p e c t ru m  s h o w e d  a  p e a k  in  a b 
s o r b a n c e  to  o c c u r  a t  2 7 0 - 2 7 5  mu,. H o w e v e r ,  
2 8 0  mp p r o v e d  to  b e  s u f f ic ie n t f o r  th e  d e te c 
t i o n  o f  th e  a c t iv e  p r in c ip le .

Molecular sieve chromatography
G-50 Sephadex chromatography. T h e  c r u d e  

b e r r y  e x t r a c t  w a s  c a r r ie d  t h r o u g h  a  p r e 
l im in a r y  p u r i f i c a t io n  b y  m e a n s  o f  G - 5 0  
S e p h a d e x  c h r o m a to g r a p h y .  ( A l l  m o le c u la r  
s ie v e  g e ls  u s e d  w e r e  o b ta in e d  f r o m  P h a r m a 
c ia  F in e  C h e m ic a ls ,  U p p s a la ,  S w e d e n .)  T h e  
c o lu m n  e m p lo y e d  w a s  10 0  c m . X  2 .5  c m .

S e v e ra l  s a m p le s  o f  c r u d e  b e r r y  e x t r a c t  
( r a n g in g  in  w e ig h t  f r o m  2 0 0  to  5 0 0  m g  e a c h )  
w e r e  d is s o lv e d  in  1 0 .0  m l  o f  a c e ta te  b u f fe r  
( p H  4 .6 )  t o  h e lp  r e d u c e  th e  v is c o s i ty  a n d  
s u r f a c e  te n s io n  o f  th e  e x t r a c t  s o lu t io n .  T h e  
s a m p le  w a s  in t r o d u c e d  o n to  th e  to p  o f  th e  
c o lu m n  a n d  w a s  e lu te d  w i th  d e io n iz e d  w a te r  
f o r  18 h r .  T h e  flo w  r a t e  w a s  3 0 .0  m l / h o u r ,  
a n d  th e  e lu a te  w a s  c o l le c te d  in  10  m l f r a c 
t io n s  b y  a  G i ls o n  M e d ic a l  E le c t ro n ic s  f r a c 
t io n  c o l le c to r .

I n  10  s e p a r a te  t r ia ls ,  th e  s w e e te n e r  w a s  
f o u n d  t o  b e  e lu te d  in  f r a c t io n s  1 3 - 2 4  ( a v e r 
a g e  v a lu e s )  im m e d ia te ly  fo l lo w in g  th e  f o r e 
r u n .  ( T h e  f o r e r u n  w a s  d e te r m in e d  to  b e  a p 
p r o x im a te ly  11 0  m l b y  c h r o m a to g r a p h in g  a  
h ig h  m o le c u la r  w e ig h t  d y e , D e x t r a n  2 0 0 0 .)  
T h e  u l t r a v io le t  a b s o r b a n c e  a t  2 8 0  m /i w a s  
m e a s u r e d  f o r  e a c h  e lu te d  f r a c t i o n  o n  a  B e c k 
m a n  D U  S p e c t r o p h o to m e te r .

I n  e v e ry  t r i a l ,  th e  f irs t  p e a k  in  th e  o p t ic a l  
d e n s i ty  c o in c id e d  w i th  th e  e lu t i o n  o f  th e  
s w e e te n e r ,  a n d  th e  s e c o n d  p e a k  m a r k e d  th e  
p o s i t io n  o f  th e  e lu t io n  o f  th e  b r o w n  p ig 
m e n ts .  T h e  f r a c t io n s  c o n ta in in g  th e  a c t iv e  
p r in c ip le  w e re  ly o p h il iz e d  to  a  w h i te  o r  l ig h t  
t a n  p o w d e r  w i th  a n  a v e r a g e  y ie ld  o f  a b o u t  
5 0 %  b y  w e ig h t  o f  th e  m a te r ia l  p la c e d  o n  th e  
c o lu m n .

I n  th e  d e s c r ip t iv e  l i t e r a tu r e  p u b l is h e d  b y  
P h a r m a c ia  o n  S e p h a d e x ,  i t  is s ta te d  t h a t  th e  
a p p r o x im a te  m o le c u la r  w e ig h t  l im i t  f o r  c o m 
p le te  e x c lu s io n  b y  G - 5 0  S e p h a d e x  is 1 0 ,0 0 0 . 
T h e  sw e e t p r in c ip le  o f  Dioscoreophyllum 
cumminsii w a s  e lu te d  im m e d ia te ly  fo l lo w in g  
th e  f o r e r u n  in  G - 5 0  S e p h a d e x  c h r o m a to g 
r a p h y ,  in d ic a t in g  t h a t  i t  is , in  th is  c r u d e  
s ta te ,  o f  m o le c u la r  w e ig h t  1 0 ,0 0 0  o r  g r e a te r .

G-200 Sephadex chromatography. T h e  
S e r e n d ip i ty  s w e e te n e r ,  w h ic h  h a d  b e e n  p r e 
l im in a r i ly  p u r if ie d  b y  f r a c t i o n a t io n  o n  a  
G - 5 0  S e p h a d e x  c o lu m n , w a s  c h r o m a to 
g r a p h e d  o n  a  G - 2 0 0  S e p h a d e x  c o lu m n . T w o  
t r ia ls  w e r e  r u n  u s in g  th e  u p w a r d  f lo w  t e c h 
n iq u e  a n d  a  th i r d  u s in g  th e  n o r m a l  d o w n 
w a r d  flo w  m e th o d .  T h e  c h r o m a to g r a p h y  w a s  
m o n i to r e d  b y  m e a s u r in g  th e  u l t r a v io l e t  a b 
s o r b a n c e  a t  2 8 0  mp. o f  th e  e lu a te .  I n  t r i a l  
I ,  th e  s w e e te n e r  w a s  e lu te d  in  10  m l  f r a c 
t io n s  3 1 - 4 0  a n d  5 1 . T h e  d r y  w e ig h t  o f  th e  
tw o  s w e e te n e r  p e a k s  w e r e  1 8 %  a n d  1 .3 % , 
r e s p e c tiv e ly , o f  th e  t o t a l  m a te r ia l  p la c e d  o n  
th e  c o lu m n .

T h e  d r y  w e ig h t  o f  th e  r e m a in in g  u n s w e e t  
f r a c t io n s  w a s  6 1 %  o f  th e  t o ta l ;  h e n c e , 8 0 %  
o f  th e  m a te r ia l  p la c e d  o n  t h e  c o lu m n  w a s  
r e c o v e r e d .  T h e  in d ic a t io n  is t h a t  th e  s u b 
s ta n c e  e lu te d  in  f r a c t i o n  51 is  o f  a  c o n s id e r 

a b ly  lo w e r  m o le c u la r  w e ig h t  a n d  th u s  o f  a  
d i f f e r e n t  s t r u c tu r e  t h a n  t h a t  e lu te d  in  f r a c 
t io n s  3 1 - 4 0 .  A  c u r s o r y  s tu d y  in to  th e  n a tu r e  
o f  th e s e  tw o  s u b s ta n c e s  w a s  c a r r ie d  o u t  b y  
m e a n s  o f  d is c -g e l e le c t r o p h o re s is  t o  b e  d is 
c u s s e d  a t  a  l a t e r  p o in t .

I n  th e  s e c o n d  G - 2 0 0  S e p h a d e x  u p w a r d  
f lo w  c h r o m a to g r a p h y  e x p e r im e n t ,  th e  s w e e t
e n e r  w a s  e lu te d  in  f r a c t io n s  2 1 - 4 5 .  T h e  d i f 
f e r e n c e  in  th e  r e s u l t s  o f  th e s e  tw o  t r ia ls  w a s  
n o t  a c c o u n te d  f o r .

A  t h i r d  G - 2 0 0  S e p h a d e x  c o lu m n  w a s  r u n  
u s in g  a  d o w n w a r d  flo w  te c h n iq u e .  T h e  p r e 
l im in a r i ly  p u r if ie d  s a m p le  w a s  in t ro d u c e d  
o n to  th e  to p  o f  th e  c o lu m n ;  a n d  in  th is  t r ia l ,  
th e  s w e e te n e r  w a s  e lu te d  in  f r a c t io n s  2 2 - 3 5  
( d r y  w e ig h t ,  2 4 %  o f  th e  t o t a l  a m o u n t  p la c e d  
o n  th e  c o l u m n ) .  I n  a ll  th r e e  c a s e s , th e  s w e e t 
f r a c t io n s  c o in c id e d  w i th  th e  p e a k s  in  th e  
u L tra v io le t  a b s o r b a n c e  p a t te r n .

T h e  m o le c u la r  w e ig h t  e x c lu s io n  l im i t  f o r  
G -2 0 0  S e p h a d e x  is  l i s te d  a s  2 0 0 ,0 0 0 . S in c e  
th e  s w e e te n e r  w a s  s o m e w h a t  r e ta r d e d  b y  th e  
m o le c u la r  s ie v e  g e l a n d  in  a ll  th r e e  c a s e s  w a s  
e lu te d  s e v e ra l  f r a c t io n s  f o l lo w in g  th e  f o r e 
r u n ,  i t  c a n  b e  a s s u m e d  t h a t  th e  s u b s ta n c e  
a n d / o r  s u b s ta n c e s  h a v e  a  m o le c u la r  w e ig h t  
lo w e r  t h a n  2 0 0 ,0 0 0 .

Sweetness evaluation
L y o p h il iz e d  s w e e t  e x t r a c t  r e c o v e r e d  f r o m  

th e  d o w n w a r d  flo w  G - 2 0 0  S e p h a d e x  c o lu m n  
w a s  e v a lu a te d  f o r  sw e e tn e s s  b y  a  p a n e l  o f  
f iv e  m e m b e r s .  V a lu e s  w e r e  f i r s t  o b ta in e d  b y  
c o m p a r in g  th e  th r e s h o ld  sw e e tn e s s  o f  th e  
S e r e n d ip i ty  B e r ry  m a te r ia l  t o  t h a t  o f  s u c ro s e . 
( T h r e s h o ld  sw e e tn e s s  is  d e f in e d  a s  t h a t  c o n 
c e n t r a t io n  a t  w h ic h  o n e  f i r s t  p e rc e iv e s  a  
s w e e t  t a s te . )  R e s u l t s  o b ta in e d  f r o m  th is  
m e th o d  r a n g e d  f r o m  1 0 0 0 - 2 0 0 0 X  s w e e te r  
th a n  s u c ro s e  w i th  a  m e a n  v a lu e  o f  15C 0X  
s w e e te r  th a n  s u g a r .

T h e  s e c o n d  m e th o d  o f  s w e e tn e s s  e v a lu a 
t i o n  w a s  c a r r ie d  o u t  b y  m a tc h in g  a  s o lu t io n  
o f  k n o w n  c o n c e n t r a t io n  o f  th e  S e r e n d ip i ty  
B e r r y  s w e e te n e r  t o  a  s u c ro s e  s o lu t io n  o f  
e q u iv a le n t  sw e e tn e s s  le v e l. V a lu e s  o b ta in e d  
in  th is  m a n n e r  r a n g e d  f r o m  5 0 0 - 1 2 5 0 X  
s w e e te r  t h a n  s u c ro s e  w ith  a  m e a n  v a lu e  o f  
8 0 0 X  s w e e te r  t h a n  s u g a r .  T h e  l im i ta t io n s  o f  
th e s e  e v a lu a t io n s  a r e  th e  s u b je c t iv i ty  a n d  
v a r ia b i l i ty  o f  th e  in d iv id u a l  ta s te r s .  T h e  r e 
s u l t s  m u s t  b e  t r e a t e d  a s  o n ly  a  c r u d e  a p 
p r o x im a t io n  o f  th e  sw e e tn e s s  v a lu e  o f  th e  
m a te r ia l .

Enzymatic studies
T h e  e f fe c t  o f  th r e e  d i f fe r e n t  e n z y m e s —  

p a p a in ,  b r o m e la in ,  a n d  t r y p s in — o n  S e r e n 
d ip i ty  B e r r y  s w e e te n e r  w a s  s tu d ie d . A l l  e n 
z y m e s  u s e d  w e r e  o b ta in e d  f r o m  N u t r i t i o n a l  
B io c h e m ic a ls  C o . D i lu te  s o lu t io n s  ( 0 .0 5 % )  
o f  p a p a in  a n d  b r o m e la in  w e r e  p r e p a r e d  in  
s o d iu m  a c e ta te - a c e t ic  a c id  b u f fe r  ( p H  4 .5 )  
a n d  a c t iv a te d  w i th  c y s te in e  h y d r o c h lo r id e ,  A  
d i lu te  s o lu t io n  o f  t r y p s in  ( 0 .0 5 % )  w a s  p r e 
p a r e d  in  p h o s p h a te  b u f fe r  ( p H  7 .0 ) .  1 m l o f  
e a c h  e n z y m e  s o lu t io n  w a s  a d d e d  to  a  10 .0  
m l a l i q u o t  o f  0 .0 2 %  s w e e te n e r  s o lu t io n .  
( T h e  s w e e te n e r  u s e d  w a s  e x t r a c t  w h ic h  h a d  
b e e n  p r e l im in a r i ly  p u r if ie d  b y  G - 5 0  S e p h a d e x  
c h r o m a to g r a p h y .)  E a c h  s a m p le  w a s  t e s te d  
f o r  sw e e tn e s s  a g a in s t  a  c o n t r o l  o f  0 .0 2 %  
s w e e te n e r  a t  th e  o u t s e t  o f  th e  e x p e r im e n t  
a n d  a f t e r  t im e  la p s e s  o f  3 0  m in ,  1 h r ,  a n d  
2 4  h r .

Table 1—Protein bands obtained by disc 
gel electrophoresis of sweetener fractions.

N u m b er
an d

n a tu re
D e sc rip tio n  o f  sam ple  o f  b an d s

726 tig G -50  fra c tio n a te d  sw eetener 3 strong,
1 w eak

F ra c tio n  51 (sw eet) f ro m  first G -200  0 
u p w ard  flow  co lum n , 215 /jg 

200 gg G -50  f ra c tio n a te d  sw eetener 2 w eak  
in cu b a ted  24 h o u rs  w ith  13.7 pg 
p a p a in

200 fig G -50 f ra c tio n a te d  sw eetener 2 w eak  
in c u b a te d  24  h o u rs  w ith  8 ¡ig 
b ro m ela in

200 ¡xg G -50  f ra c tio n a te d  sw eetener 1 -2  diffuse, 
in c u b a te d  24 h o u rs  w ith  8 Mg try p - w eak  
sin in  p h o sp h a te  buffer 

200 Mg G -50  f ra c tio n a te d  sw eetener 2 w eak  
in  p h o sp h a te  buffer

T h e  s a m p le s  w e re  in c u b a te d  a t  2 5  "C . N o  
r e d u c t io n  in  s w e e tn e s s  v a lu e  w a s  o b s e rv e d  
in  th e  s a m p le s  c o n ta in in g  th e  b r o m e la in  a n d  
th e  p a p a in .  H o w e v e r ,  in  th e  t r y p s in - p h o s 
p h a te  b u f fe r  s o lu t io n ,  th e  s w e e tn e s s  w a s  r e 
d u c e d  a lm o s t  im m e d ia te ly ,  a n d  a f t e r  2 4  h r ,  
a lm o s t  n o n e  r e m a in e d .  T h e  p h o s p h a te  b u f fe r ,  
n o t  th e  t r y p s in ,  w a s  r e s p o n s ib le  f o r  th e  lo s s  
o f  sw e e tn e ss . T h e  c a u s e  o f  t h i s  u n u s u a l  e f fe c t  
w a s  n o t  a s c e r ta in e d ,  b u t  c h r o m a to g r a p h ic  
s tu d ie s  s h o w e d  th a t  th e  s w e e tn e s s  l o s t  c o u ld  
b e  r e g e n e r a te d  b y  G - 5 0  S e p h a d e x  c h r o m a 
to g r a p h y .  T h is  s u g g e s ts  t h a t  th e  lo s s  o f  s w e e t
n e s s  m a y  h a v e  b e e n  d u e  to  a  m a s k in g  e ffe c t  
b y  th e  b u f fe r  r a t h e r  th a n  t o  a  c h e m ic a l  
c h a n g e .

S e p h a d e x  G -5 0  c h r o m a to g r a p h y  o f  th e  
e n z y m e  t r e a t e d  s w e e te n e r s  s h o w e d  th a t ,  in  
e a c h  c a s e , th e  s w e e te n e r  w a s  f r a c t i o n a t e d  
in to  tw o  o p t ic a l ly  d e n s e  p e a k s .  I n  th e  c a s e s  
o f  t r y p s in ,  p a p a in ,  a n d  th e  p h o s p h a te  b u f fe r ,  
b o th  o p t ic a l ly  d e n s e  p e a k s  c o n ta in e d  s w e e t
e n e r  m a te r ia l .  I n  th e  b r o m e la in  h y d r o ly s is ,  
h o w e v e r ,  o n ly  th e  s e c o n d  p e a k  c o n ta in e d  th e  
s w e e te n e r  ( F ig .  2 ) .

I n  e n s u in g  b r o m e la in  h y d r o ly s is  e x p e r i 
m e n ts ,  th e  s w e e te n e r  w a s  s o m e tim e s  e lu te d  
in  th e  f i r s t  p e a k  a ls o . N e v e r th e le s s ,  th e  in d i 
c a t io n  is t h a t  th e  b r o m e la in  e f fe c ts  a  m o r e  
c o m p le te  c le a v a g e  o f  th e  s w e e te n e r  m o ie ty  
t h a n  th e  o th e r  th r e e  p r e p a r a t io n s .  T h u s ,  b r o 
m e la in  w a s  s e le c te d  f o r  u s e  in  f u r t h e r  e n 
z y m a t ic  d e g r a d a t io n  s tu d ie s .

T h e  s e c o n d  p e a k  e lu te d  in  th e  p r e v io u s  
c h r o m a to g r a p h y  e x p e r im e n ts  is  n e c e s s a r i ly  
o f  s m a lle r  m o le c u la r  s iz e  ( a c c o r d in g  to  th e  
th e o r y  o f  m o le c u la r  s ie v e  c h r o m a to g r a p h y )  
a n d  w a s  t h e r e f o r e  s e le c te d  f o r  f u r t h e r  a n a l 
y sis .

T h e  tw o  o p t ic a l ly  d e n s e  p e a k s  f r a c t io n a te d  
b y  G - 5 0  S e p h a d e x  w ill  h e n c e f o r th  b e  r e 
f e r r e d  to  a s  P e a k  I  ( h ig h e r  m o le c u la r  w e ig h t )  
a n d  P e a k  I I  ( lo w e r  m o le c u la r  w e ig h t ) .  S e v 
e r a l  t r ia l s  w e r e  c a r r ie d  o u t  i n  w h ic h  p r e 
l im in a r i ly  p u r if ie d  s w e e te n e r  w a s  h y d r o ly z e d  
b y  b r o m e la in  a n d  th e n  c h r o m a to g r a p h e d  o n  
G - 5 0  S e p h a d e x . T h e  r a t i o  o f  y ie ld s  o f  P e a k  I  
t o  P e a k  I I  w e r e  a p p r o x im a te ly  10  to  1 b y  
w e ig h t .

T h e  a c t io n  o f  e n z y m e s  a n d  p h o s p h a te  
b u f fe r  o n  th e  S e r e n d ip i ty  B e r r y  s w e e te n e r  
w a s  s tu d ie d  b y  m e a n s  o f  d is c  g e l  e le c t r o 
p h o r e s is  ( s e e  T a b le  1 ) .  T h e  p r o c e d u r e s  f o l -
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VOLUME, ml
Fig. 2— Natural sweetener (bromelain treated) fractionated on 

Sephadex  G -5 0 .

lo w e d  a n d  th e  p r e p a r a t io n s  u s e d  w e r e  th o s e  
f o u n d  in  th e  l i t e r a tu r e  p u b l is h e d  b y  C a n a lc o  
C o r p o r a t io n .  T h e  s a m p le s  w e r e  p la c e d  in  
c o lu m n s  c o n ta in in g  tw o  d i f fe r e n t  l a y e r s  o f  
p o ly a c r y la m id e  gel.

A f t e r  th e  e le c t r o p h o re s is ,  th e  c o lu m n s  w e r e  
p la c e d  in  a  s o lu t io n  o f  t r ic h lo r o a c e t ic  a c id  
( T C A )  f o r  a  p r e l im in a r y  p r o te in  a n a ly s is . 
N o  p r e c ip i t a t io n  o c c u r r e d .  T h e  c o lu m n s  w e re  
th e n  s ta in e d  w ith  A m id o  S c h w a r tz  d y e  w h ic h  
is 10  t im e s  m o r e  s e n s it iv e  th a n  T C A  a n d  c a n  
d e te c t  th e  p r e s e n c e  o f  as l i t t le  a s  1 00  /¿g o f  
p r o te in .  D e s ta in in g  w a s  e f fe c te d  b y  r im m in g  
th e  g e ls  f r o m  th e  c o lu m n  a n d  w a s h in g  th e m  
in  1 0 %  a c e t ic  a c id . A l l  b u t  o n e  s a m p le  
s h o w e d  o n e  o r  m o r e  p r o te in  b a n d s ,  a n d  th e  
r e s u l t s  a r e  t a b u la te d  in  T a b le  1.

A l l  b a n d s  in  th e  g e l w e re  d u e  to  p r o te in  in  
th e  s w e e te n e r  m a te r ia l ,  b e c a u s e  th e  c o n c e n 
t r a t i o n  o f  th e  e n z y m e  w a s  n o t  su f f ic ie n t f o r  
t h e i r  d e te c t io n .  T h e  r e s u l t s  in d ic a te  t h a t  
th e r e  is m o r e  th a n  o n e  p r o te in  in  a lm o s t  
e v e r y  s a m p le . T h e  s t r o n g e s t  b a n d s  o c c u r r e d  
in  th e  s a m p le  c o n ta in in g  o n ly  s w e e te n e r  
m a te r ia l .  T h is  is  a n  e x p e c te d  r e s u l t ,  b e c a u s e

m u c h  o f  th e  p r o te in  in  th e  o th e r  s a m p le s  w a s  
p r o b a b ly  d e g r a d e d  b y  th e  e n z y m e s . H o w e v e r ,  
th e  s a m p le  c o n s id e re d  to  b e  th e  m o s t  p u r e ,  
F r a c t io n  51 ( s a m p le  2 ) ,  c o n ta in e d  n o  p r o 
te in  b a n d s .  T h e s e  a n d  f o l lo w in g  d a t a  s u g 
g e s t  t h a t  th e  S e r e n d ip i ty  B e r r y  s w e e te n e r  is 
n o t  a  p r o te in .

Analysis of Peak II sweetener
I n f r a r e d  s p e c t r a  ( K B r  p e l le ts )  w e r e  o b 

ta in e d  f o r  ( 1 )  th e  G - 5 0  S e p h a d e x  p r e l im i 
n a r i ly  p u r if ie d  s w e e te n e r ,  a n d  f o r  (2 )  P e a k  I  
a n d  ( 3 )  P e a k  I I  s w e e te n e r s  o b ta in e d  b y  
b r o m e la in  h y d r o ly s is  a n d  e n s u in g  G -5 0  
S e p h a d e x  c h r o m a to g r a p h y  o f  ( 1 ) .  R e s u l ts  
s h o w e d  t h a t  ( 1 )  a n d  ( 2 )  a r e  th e  s a m e  s u b 
s ta n c e  w h e r e a s  ( 3 )  is d e f in i te ly  o f  a  d if fe r e n t  
c h a r a c te r .  I t  a p p e a r s ,  th e r e f o r e ,  t h a t  P e a k  I  
s w e e te n e r  is  m e r e ly  u n h y d r o ly z e d  s ta r t in g  
m a te r ia l .  T h u s  i t  w a s  d e c id e d  t o  c o n c e n t r a te  
th e  e n s u in g  s tu d ie s  o n  th e  lo w e r  m o le c u la r  
w e ig h t  a n d  p o s s ib ly  m o r e  p u r e  P e a k  I I  
s w e e te n e r .

n - B u ta n o l - a c e t ic  a c id - w a te r  ( 4 : 1 : 5 ) ,  u s in g  
a s c e n d in g  c h r o m a to g r a p h y  o n  W h a tm a n  N o .

I p a p e r ,  r e s o lv e d  th is  p u r if ie d  s a m p le  in to  
th r e e  s p o ts , tw o  o f  w h ic h  w e r e  u l t r a v io le t  
l ig h t  f lu o re s c e n t  ( R t  =  0 .0 0  a n d  R t =  0 .3 1 )  
a n d  o n e  w h ic h  g a v e  r is e  to  a  p in k  c o lo r  u p o n  
s p r a y in g  w ith  a n a l in e  p h th a l a t e  in d ic a to r  
( R t  =  0 .1 1 ) .  A f t e r  th e  c h r o m a to g r a p h y ,  
th e  s p o ts  o f  th e  th r e e  d i f fe r e n t  R f’s w e re  
e lu te d  in  0 .5  m l  o f  w a te r .  T h e  e lu e n ts  w e re  
ta s te d , a n d  i t  w a s  d e te r m in e d  t h a t  th e  
s w e e te n e r  h a d  r e m a in e d  a t  th e  o r ig in .

T h e  e lu te d  s w e e te n e r  w a s  th e n  h y d r o ly z e d  
in  6 N  H C 1 ( re f lu x , 2 h r ) .  A  n in h y d r in  te s t  
o n  th e  h y d r o ly s a te  w a s  n e g a t iv e , in d ic a t in g  
th e  a b s e n c e  o f  a n y  a m in o  a c id s . P re s e n c e  o f  
c a r b o h y d r a te  p o s i t iv e  s u b s ta n c e s  in  th e  P e a k
I I  s w e e te n e r  w a s  c o n f i rm e d  b y  th e  u s e  o f  th e  
a n th r o n e  r e a g e n t .

D ISC U SS IO N
TH E FRU IT of D io s c o r e o p h y l lu m  c u m -  
m in s i i  contains an intensely sweet, water- 
soluble principle. Mild extractive proce
dures were used in the isolation of this 
sweet principle from the fruit pulp. The 
techniques used consisted mainly of vari
ous types of chromatography in conjunc
tion with enzymatic and acid hydrolysis 
procedures.

Classification of the sweetener sub
stance was not completely established. 
However, several statements concerning 
the character of the sweetener can be 
made. Enzymatic, electrophoretic, and 
ninhydrin studies showed that although 
the sweetener is not a protein or polypep
tide, it is associated with the fruit’s protein 
fraction during early stages of isolation. 
Molecular weight estimation by means of 
Sephadex chromatography substantiates 
this assumption.

The position of the elution of the Peak 
II  sweetener from a G-50 Sephadex col
umn (320-360 ml, average values) indi
cates that its molecular weight is consid
erably lower than the 10,000  value esti
mated for the crude extract. The fact that 
the Peak II  sweetener retains its optical 
density at 280 m^ following enzymatic 
degradation sheds some light on the na
ture of its structure. The substance is 
either aromatic or contains some other 
form of unsaturated bonds.

Paper chromatography showed that 
Peak II contained at least three different 
substances. Although it was possible to 
identify and isolate the sweetener material 
following the paper chromatography, all 
ensuing experiments on this substance 
were inconclusive. Hence, final classifica
tion of this material was not achieved. 
Although it was necessary to stop work 
on the Serendipity Berries short of the 
point where meaningful interpretation of 
the data could be achieved, any future 
purification and characterization work 
may be based on the possible presence of 
an aglycone glycoside.

Lyophilized berry extract recovered 
from a Sephadex G-200 column was eval
uated for sweetness by a panel of five
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members. Results were that the Seren
dipity Berry extract was 800-1500X 
sweeter than sucrose, depending upon the 
method of evaluation.

Stevioside has been regarded as the 
sweetest naturally occurring compound 
known, being 300 times sweeter than su
crose (Bottle, 1964). Another well-known 
naturally occurring compound is glycyr- 
rhizin. It is a triterpenoid glycoside from 
licorice root and appears to be 50 to 100 
times sweeter than sucrose. The new 
sweetening agent from the fruit of D io -

s c o r e o p h y l lu m  c u m m in s ii  now appears to 
be the sweetest naturally occurring sub
stance known.
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Stimulation of Gas Production and Growth of 
Clostridium perfringens Type A (No. 3624) by Legumes

SUMMARY— Dry beans and other legumes contain an unidentified factor which stimulates 
rapid growth and gas production by Clostridium perfringens, Type A. This factor may be 
related to the flatus-inducing properties of dry beans. It is suggested that flatus gases are 
the product of accelerated gas production by the intestinal anaerobe. Gas production and 
growth of C. perfringens were inhibited by some of the same antibiotics that are known 
to block flatulence in higher animals. Hydrogen and carbon dioxide, the major cons f l u 
ents in flatus gases, were also found to be the primary gases collected over cultures of 
the anaerobe grown in a synthetic medium. Bland foods, such as rice and barley, evoked 
minimal responses. Pure carbohydrates including lactose, raffinose, stachyose and starch 
had no effect on gas production when the organism was grown in a complete basal 
medium containing glucose. An assay procedure has been developed for measuring the 
response of the microorganism to various substrates. This procedure should facilitate 
isolation, purification and characterization of the unknown factor. If a direct relationship 
can be established between this factor and the flatulence factor in dry beans, the assay 
procedure should find applications in establishing a flatus index for foods and aid in 
the development of nonflatulent food products.

IN TRO D U CTIO N

IT  IS generally acknowledged that inges
tion of cooked dry beans causes human 
flatulence (Hedin et al., 1962). This char
acteristic discourages broader use of these 
low cost, high protein foods. The factor 
responsible for the flatus-inducing proper
ties of dr>' beans has not been established. 
Evidence reviewed below suggests that 
C lo s tr id iu m  p e r fr in g e n s , normally present 
in the gastrointestinal tract, may be a 
dominant factor in the production of 
flatus gases and that the legume factor 
stimulates gas production by the anaerobe.

Flatus gases contain major proportions 
of carbon dioxide and hydrogen, (Kirk, 
1949; and Askevold, 1956). Present 
knowledge of intermediary metabolism

precludes the production of hydrogen by 
higher animals. The production of these 
gases by anaerobes including many Clos
tridial species is well documented (Gray 
et al., 1965). The primary intestinal flora 
appears to be anaerobic (Weiss et al.,
1937) with the population increasing 
toward the distal end of the intestine 
(Richards et al., 1966). Nelson (1933) 
reported that flatus was proportional to 
the C . p e r f r in g e n s  population.

The antibiotic, Neomycin, reduced 
flatus volume and percentages of hydro
gen and carbon dioxide in rat flatus 
(Hedin, 1962). These decreases corre
sponded to a reduction in the population 
of all intestinal microorganisms except 
mold. Mexiform and Vioform inhibited 
flatus in dogs (Richards et al., 1966), and

destroyed anaerobic bacteria in the in
testinal tract while the aerobic and coli- 
form organisms increased in total numbers 
(Eisman et al., 1961). Therefore, gas 
production resulting from ingestion oi 
bean homogenate must have been due to 
the anaerobic flora.

In both rats (Hedin et al., 1962) and 
humans (Murphy, 1964) an induction 
period of about 4 hr is required before 
flatus gases are passed. Since gases intro
duced directly into the digestive tract are 
generally passed within 30 min (Danhof,
1953), flatus gases must be formed no 
earlier than 3 hr after ingestion of the 
legume substrate. This delay corresponds 
to the time required for the ingested food 
to reach the region of the intestine (Gold
man, 1924) dominated by the anaerobes 
(Weiss et al., 1937). Isolation and identi
fication of the flatus factor have been 
hampered by the unavailability of a satis
factory method for estimating flatulence. 
Richards et al. (1965, 1966) and Rackis 
et al. (1966) reported that cultures of C. 
p e r f r in g e n s  have been used in studies di
rected toward the fractionation and isola
tion of the flatus factor in soybeans. How
ever, details of the procedures have not 
been described completely.

This study was undertaken to develop 
a reliable method for estimating the stimu
lation of gas production and growth of
C . p e r f r in g e n s  by legume homogenates,
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a n d  t o  p r o v i d e  a  c o n v e n i e n t  a s s a y  p r o c e 
d u r e  t o  u s e  a s  a  g u i d e  t o  t h e  i s o l a t i o n  o f  
s u f f i c i e n t  a m o u n t s  o f  p u r e  a c t i v e  f a c t o r  t o  
p e r m i t  i t s  c h e m i c a l  c h a r a c t e r i z a t i o n  a n d  
t e s t i n g  o f  i t s  p h y s i o l o g i c a l  e f f e c ts .

M A T ER IA LS  & M ETH O D S
Culture

Clostridium perfringens, T y p e  A , N o .  3 6 2 4  
w a s  o b ta in e d  f r o m  th e  A m e r ic a n  T y p e  C u l 
tu r e  C o l le c t io n  a s  a  ly o p h i l iz e d  c u l tu r e .  
S to c k  s u b c u l tu r e s  w e re  t r a n s f e r r e d  m o n th ly  
in to  B a c to  E g g  M e a t  M e d iu m . T h e y  w e r e  
i n c u b a te d  a t  4 5  ° C  f o r  4  to  5 h r  a n d  h e ld  in  
th e  d a r k  a t  2 0 ° C .  S ix te e n  h r s  p r io r  t o  th e  
p r e p a r a t io n  o f  th e  in o c u lu m , 2  m l  o f  th e  
s to c k  c u l tu r e  w e r e  t r a n s f e r r e d  t o  7 5 0  m l  o f  
B a c to  B r a in  H e a r t  I n f u s io n  in  a  1 L  s c re w -  
c a p p e d , E r le n m e y e r  f la sk . I t  w a s  in c u b a te d  
a t  4 5  ° C  w i th  th e  c a p  p a r t l y  u n s c re w e d . T h e  
s e e d  c u l tu r e  w a s  c e n t r i fu g e d  a t  4 0 8 0  X  g  f o r  
5 m in  in  2 5 0 -m l c e n t r i fu g e  b o t t le s  a n d  th e  
s u p e r n a t a n t  l iq u id  d e c a n te d .

T h e  p e l le ts  w e re  t h o r o u g h ly  d is p e rs e d  in  
s te r i le  d is t i l le d  w a te r ,  c o m b in e d  a n d  r e c e n t r i 
f u g e d . T h e  s u p e r n a ta n t  w a s h  w a te r  w a s  d e 
c a n te d  a n d  th e  p e l le t  w a s  r e d is p e r s e d  in  
s te r i le  d is t i l le d  w a te r  a n d  a d ju s te d  t o  a  
s t a n d a r d  o p t ic a l  d e n s i ty  b y  a  B a u s c h  a n d  
L o m b  S p e c t r o n ic  2 0  s p e c t r o p h o to m e te r .  T h e  
s u p e c t r o p h o to m e te r  w a s  s ta n d a r d iz e d  b y  u s e  
o f  a  C o le m a n - N e p h lo s  2 2  s ta n d a r d  a d ju s te d  
t o  a n  a b s o r b a n c e  v a lu e  o f  0 .1  A n  a b s o rb a n c e  
r e a d in g  o f  0 .3  a t  5 3 5  m /i c o r r e s p o n d e d  to  a n  
in o c u lu m  c o n ta in in g  10“ m ic r o o rg a n is m s  p e r  
m l. E a c h  s a m p le  tu b e  w a s  in o c u la te d  w ith
1 .5  m l  o f  th e  s ta n d a r d iz e d  in o c u lu m .

Basal medium
A  c o m p le te ly  d e f in e d  s y n th e t ic  b a s a l  

m e d iu m  f a c i l i ta te s  s t a n d a r d iz a t io n  o f  a n  a s 
s a y  p r o c e d u r e  a n d  p e r m i ts  n o n - e q u iv o c a l  
r e c o g n i t io n  o f  s t im u la to r y  o r  i n h ib i to r y  s u b 
s t r a te s .  S e v e r a l  s y n th e tic  m e d ia  h a v e  b e e n  d e 

v e lo p e d  f o r  C. perfringens. A f t e r  a  s y s te m a tic  
s tu d y  o f  th e  n u t r i t i o n a l  r e q u i r e m e n ts  o f  C . 
perfringens B P 6 K , B o y d  e t  a l. ( 1 9 4 8 )  d e 
v e lo p e d  a  d e f in e d  m e d iu m  f o r  th e  m ic r o b io 
lo g ic a l  a s s a y  o f  e s s e n t ia l  n u t r ie n ts .  F u c h s  e t  
a l. ( 1 9 5 7 )  a n d  M u r a t a  e t  a l .  ( 1 9 6 4 )  m o d if ie d  
th e  s y n th e tic  m e d iu m  to  o p t im iz e  to x in  p r o 
d u c t io n .  H o w e v e r ,  s in c e  m a x im u m  to x in  p r o 
d u c t io n  is n o t  r e la te d  d i r e c t ly  t o  m a x im u m  
g r o w th  ( M u e l le r  e t  a l . ,  1 9 4 8 ) ,  th is  s tu d y  e m 
p lo y e d  th e  m e d iu m  o f  B o y d  e t  a l. ( 1 9 4 8 )  
w i th o u t  s ig n if ic a n t m o d if ic a tio n .

E a c h  c o n s t i tu e n t  o f  th is  s y n th e t ic  m e d iu m  
w a s  te s te d  a t  le v e ls  u p  to  f o u r  t im e s  th e  
s ta n d a r d  le v e l t o  d e te r m in e  i f  s u p p le m e n ta ry  
a m o u n ts  o f  a n y  o f  th e  c o n s t i tu e n ts ,  w h ic h  
m a y  b e  i n t r o d u c e d  w i th  le g u m e  s u a s t r a te s ,  
w o u ld  p r o d u c e  e i th e r  s t im u la t io n  o r  in h i 
b i t io n . N o  c h a n g e s  in  g r o w th  r a t e  o r  gas 
p r o d u c t io n  w e re  o b s e rv e d  a t  th e  h ig h e r  le v e ls  
o f  e a c h  c o m p o n e n t .  R e d u c t io n  o f  s e v e ra l  c o n 
s t i tu e n t  le v e ls  t o  h a l f  o r  le s s  o f  th e  s ta n d a r d  
m e d iu m  d e c r e a s e d  g r o w th  r a te s  in d ic a t in g  
th e i r  e s s e n t ia l i ty  a s  w e l l  a s  th e i r  n e a r  o p 
t im u m  le v e ls  in  th e  s ta n d a r d  m e d iu m .

T h e  b a s a l  m e d iu m  w a s  p r e p a r e d  f r o m  a  
d ry , b a l l - m i l le d  m ix tu r e  o f  p u r e  a m in o  
a c id s  ( R o c k la n d  e t  a l . ,  1 9 4 6 ) a n d  s o lu t io n s  
o f  v i ta m in s ,  m in e r a ls  a n d  o th e r  s u p p le m e n ts  
d e s c r ib e d  b y  B o y d  e t  a l. ( 1 9 4 8 ) .  T e n  m l  o f  
d o u b le  s t r e n g th  b a s a l  m e d iu m  w e re  p la c e d  
in  2 0  X  1 5 0  m m  b o r o s i l ic a te  g la s s  s c re w -  
c a p p e d  te s t  tu b e s .  A l iq u o ts  o f  s u b s t r a te ,  r e p 
r e s e n t in g  4  c o n c e n t r a t io n  le v e ls  o f  f in e ly  
d is p e rs e d  b e a n  s lu r r ie s  w e re  a d d e d  t o  e a c h  
tu b e . S te r i le  d is t i l le d  w a te r  w a s  a d d e d  to  th e  
c o n t r o l  a n d  s a m p le  tu b e s  so  t h a t  e a c h  tu b e  
c o n ta in e d  17 .5  m l o f  s o lu t io n .  S c re w  c a p s  
w e re  f i t te d  lo o s e ly  a n d  th e  tu b e s  w e r e  a u t o 
c la v e d  f o r  15 m in  a t  121 "C . O n e  m l o f  a  
s te r i le ,  2 0 %  g lu c o s e  s o lu t io n  a n d  1 .5  m l o f  
s t a n d a r d iz e d  w a s h e d  in o c u lu m  w e r e  a d d e d  
b r in g in g  th e  f in a l  v o lu m e  o f  e a c h  tu b e  to  2 0  
m l. T h e  c a p s  w e r e  t ig h te n e d  a n d  th e  c o n 
te n ts  m ix e d  th o r o u g h ly .

A  s te r i le ,  in v e r te d  10  X  75  m m  a o ro s i l i -

Table 1—Effect of incubation time on gas 
production by C. perfringens grown in a 
synthetic medium containing rehydrated 
whole dry Lima bean homogenate.

G as  p ro d u ced  (m m )1 a f te r  
D ry  L im a  b ean  in c u b a tio n  tim e (m in) of:

(m g /tu b e) 95 165 240

0 1 4 9
t o o 1 . 5 10 26
200 2 12 34
300 4 17 39

1 H e ig h t o f  m ed iu m  d isp laced  in  d u p lica te  in 
v erted  10 X 75 m m  tes t tubes.

c a te  g la s s  te s t  tu b e  w a s  p la c e d  a s e p t ic a l ly  in  
e a c h  tu b e  a n d  th e  s c re w  c a p s  r e f i t te d . T h e  
tu b e s  w e re  in v e r te d  t o  f i ll  th e  in n e r  t u b e  a n d  
r e in v e r te d  so  t h a t  th e  c o m p le te ly  f i lle d  in n e r -  
tu b e  r e s te d  a t  th e  b o t to m  o f  th e  l a r g e r  tu b e .  
S c re w  c a p s  w e r e  lo o s e n e d  to  a l lo w  p r e s s u re  
e q u i l ib r a t io n  d u r in g  in c u b a t io n  in  a  c i r c u 
la t in g -w a te r  b a th  a t  4 5  “C . G e n e r a l ly  tw o  
r e p l ic a te  tu b e s  w e re  e m p lo y e d  a t  e a c h  o f  
f o u r  s u b s t r a te  le v e ls . T h e  h e ig h t  o f  m e d iu m  
d is p la c e d  f r o m  th e  in n e r  tu b e  a n d  e x a c t  i n 
c u b a t io n  t im e  w e r e  r e c o r d e d  f o r  e a c h  tu b e  
p e r io d ic a l ly  d u r in g  a c t iv e  g a s  e v o lu t io n .  T h e  
e f fe c t  o f  in c u b a t io n  t im e  a n d  s u b s t r a te  le v e l 
o n  th e  r e s p o n s e  o f  C. perfringens to  L im a  
b e a m  h o m o g e n a te  is s h o w n  in  T a b le  1.

A t  h ig h e s t  s u b s t r a te  le v e ls , m a x im u m  g a s  
d is p la c e m e n t  (7 5  m m )  w a s  o b ta in e d  w ith in  
a b o u t  6  h r .  S u s p e n d e d  s o l id s  in  tu b e s  c o n 
ta in in g  b e a m  h o m o g e n a te s  d id  n o t  a l lo w  a  
d i r e c t  c o m p a r is o n  b e tw e e n  g a s  p r o d u c t io n  
a n d  g r o w th  e s t im a te d  tu r b id im e tr ic a l ly .  
T h e r e f o r e ,  p r o te o s e  p e p to n e ,  w h ic h  g a v e  a  
c le a r  s o lu t io n ,  w a s  e m p lo y e d  a s  s u b s t r a te  to  
d e te r m in e  th e  r e la t io n s h ip  b e tw e e n  g r o w th  
a n d  g a s  p r o d u c t io n .  D u r in g  in c u b a t io n  a t  
4 5  ° C  o v e r  a  p e r io d  o f  6 h r ,  a  l i n e a r  r e l a t i o n 
s h ip  w a s  o b s e rv e d  b e tw e e n  g r o w th  a n d  g a s  
p r o d u c t io n  ( F ig .  1 ) .  M ic ro s c o p ic  e x a m in a -

Fig. 1— Relationship between gas evolution and turbidimetri
cally estimated growth compared in a proteose peptone supple
mented synthetic basal medium incubated at 45°C for up to 
6 hr.

Fig. 2— Effects of barley, pinto and Lima beans on the rate 
of gas production by C. perfringens. Substrate level 270 mg/ 
tube.
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t io n  o f  c u l tu r e s  a f t e r  in c u b a t io n  w ith  b e a n  
h o m o g e n a te s  in d ic a te d  t h a t  a c c e le ra te d  g a s  
p r o d u c t io n  w a s  a s s o c ia te d  w i th  p ro lif ic  
g ro w th .

A c t iv i ty  o f  e a c h  te s t  s u b s ta n c e  w a s  e s t i 
m a te d  in  th e  fo l lo w in g  m a n n e r .  G a s  p r o 
d u c t io n  w a s  m e a s u re d  p e r io d ic a l ly  a t  e a c h  
s u b s t r a te  le v e l d u r in g  a  6 - h r  in c u b a t io n  
p e r io d . A t  e a c h  s u b s t r a te  le v e l g a s  p r o d u c 
t io n  w a s  p lo t t e d  a g a in s t  in c u b a t io n  t im e  a s  
i l lu s t r a te d  in  F ig u re  2 . S u b s t r a te  a c t iv i ty  w a s  
e s t im a te d  a t  a n  in c u b a t io n  t im e  c h o s e n  so  
th a t  tu b e s  c o n ta in in g  th e  lo w e s t  s u b s t r a te  
le v e l d is p la c e d  le s s  th a n  30  m m  o f  m e d iu m  
f r o m  th e  in v e r te d  i n n e r  tu b e  a n d  tu b e s  c o n 
ta in in g  h ig h e s t  s u b s t r a te  le v e l d is p la c e d  m o r e  
th a n  3 0  m m  o f  m e d iu m . A  g a s  p r o d u c t io n  v s 
s u b s t r a te  c o n c e n t r a t io n  c u r v e  w a s  p r e p a r e d  
f o r  e a c h  s a m p le  ( F ig .  3 )  a n d  th e  a m o u n t  o f  
s u b s t r a te  r e q u i r e d  to  p r o d u c e  a  u n i t ,  g e n 
e r a l ly  3 0  m m , g a s  d i s p la c e m e n t  w a s  e s t i 
m a te d .  G a s  d is p la c e m e n ts  a s  lo w  a s  2 0  m m  
w e re  e m p lo y e d  w h e n  m a te r ia l s  s u c h  a s  r ic e  
o r  b a r le y  e l ic i te d  m in im a l  r e s p o n s e  d u r in g  
th e  u s u a l  r a n g e  o f  in c u b a t io n  p e r io d s .

S in c e  a c t iv i t ie s  w e r e  m e a s u re d  o v e r  th e  
n e a r  l in e a r  p o r t io n  o f  th e  c u rv e , a c t iv i t ie s  
c a lc u la te d  w i th in  th e  r a n g e  2 0  to  3 0  m m  g a s  
d is p la c e m e n t  w e re  n o t  a p p r e c ia b ly  d if fe re n t .  
I n c u b a t io n  p e r io d s  r a n g e d  f r o m  3 .5  to  5 h r , 
d e p e n d in g  u p o n  th e  sp e c ific  a c t iv i t ie s  o f  s u b 
s tr a te s .  T h e  r e la t iv e  a c t iv i ty  o f  e a c h  s u b 
s t r a t e  w a s  c a lc u la te d  a s  th e  r a t i o  o f  th e  
w e ig h t  o f  L im a  b e a n s  ( s t a n d a r d )  to  th e  
w e ig h t  o f  te s t  s u b s ta n c e .  S in c e  a l l  o f  th e  
s a m p le s  c o n ta in e d  a b o u t  th e  s a m e  m o is tu r e  
c o n te n t  u n d e r  th e  s a m e  a m b ie n t  c o n d i t io n s ,  
it w a s  n o t  c o n s id e re d  n e c e s s a ry  to  c o r r e c t  
r e la t iv e  a c t iv i ty  v a lu e s  f o r  m o is tu r e  c o n te n t  
o f  th e  d r y  s a m p le s .  A n  e s t im a te  o f  th e  p r e 
c is io n  o f  a n  a s s a y  is p r e s e n te d  in  T a b le  2. 
I t  is  p r e s u m e d  t h a t  th e  lo w e r  v a lu e s  o b 
ta in e d  f o r  s in g le  b e a n  s a m p le s  w e re  d u e  to

Table 2—Precision of the response of C. perfringens to Lima bean homogenates.

S am ple R ep lica te A verage A c tiv ity 1
S ta n d a rd
d ev ia tion

P ro b ab le  
e r ro r  o f

h o m o g en a te assays (X) R an g e (<r) m ean  ( y ) <T /X
C o m p o s ite 2 5 1.01 0 .9 7  to  1 .08 0 .0 8 8 0 .0 2 4 0 .0 8 8
Single beans 15 0 .7 9 0 .6 6  to  1 .02 0 .0 4 8 0 .0 2 2 0 .061

1 See tex t.
! C o m p o s ite  o f  20 beans.

m e c h a n ic a l  lo s s e s  in v o lv e d  in  th e  p r e p a r a 
t io n  o f  s in g le  b e a n  h o m o g e n a te s .

Gas chromatography
F ix e d  g a s e s  w e r e  e s t im a te d  u s in g  a n  A e r o 

g r a p h  A -1 0 0  g a s  c h r o m a to g r a p h  e q u ip p e d  
w i th  a  t h e r m a l  c o n d u c t iv i ty  d e te c to r  o p e r a te d  
a t  185  ra v . S e p a r a t io n  o f  h y d r o g e n ,  o x y g e n , 
n i t ro g e n , m e th a n e  a n d  c a r b o n  d io x id e  w a s  
a c c o m p l is h e d  a t  2 5  ° C  o n  a  s in g le  c o i le d  20  
f t  X  V 8 in . (0 .1 0 1  in . I D )  T y p e  3 0 4 , W e l-  
d r a w n  s ta in le s s  s te e l  c o lu m n  p a c k e d  w ith  
B a rn e b y - C h e n e y  c h r o m a to g r a p h ic  g r a d e  a c 
t iv a te d  c a r b o n  ty p e  S A  1 8 5 0 . H e l iu m  w a s  
e m p lo y e d  a s  c a r r i e r  g a s  a t  a  f lo w  r a te  o f  
3 0  m l / m in .  A p p r o x im a te ly  1 t o  2  m l o f  g a s  
s a m p le  w e re  in je c te d  th r o u g h  a  s i l ic o n e  r u b 
b e r  s e p tu m  u s in g  a  g a s - t ig h t  2  m l  sy r in g e . 
S ta n d a r d  g a s  m ix tu re s  w e r e  p r e p a r e d  v o lu -  
m e tr ic a l ly  b y  d is p la c e m e n t  o f  a  v e r t ic a l  c o l 
u m n  o f  m e r c u r y  in  a  g a s  b u r e t .  T h e  r e la t iv e  
r e te n t io n s  o f  th e  g a s e s  w e re :  H 2, 0 .3 3 ; CL, 
0 .9 3 ; N s, 1 .0 0 ; C H 4, 3 .7 ;  a n d  C 0 2, 11 .9 . T h e  
s e n s it iv ity  o f  th e  d e te c to r  f o r  e a c h  g a s  w a s : 
H 2, 1 .0 ; 0 2, 3 1 ; N 2, 2 9 ; C H 4, 1 .6 ; a n d  CC>2,
2 .3 .

R E S U L T S
A C T I V I T Y  V A L U E S  f o r  h o m o g e n a t e s  
o f  r i c e ,  b a r l e y  a n d  v a r i o u s  d r y  b e a n s  a r e

p r e s e n t e d  i n  T a b l e  3 . R i c e  a n d  b a r l e y ,  
b o t h  o f  w h i c h  h a v e  a  h i g h  s t a r c h  c o n t e n t  
a n d  a r e  n o t  c o n s i d e r e d  f l a t u l e n t ,  h a d  le s s  
t h a n  3 0 %  o f  t h e  a c t i v i t y  o f  L i m a  b e a n s .  
S e v e r a l  o t h e r  l e g u m e s  a p p e a r e d  m o r e  a c 
t i v e  t h a n  L i m a  b e a n s .  I n t e r e s t i n g l y ,  a  m i x 
t u r e  o f  e q u a l  w e i g h t s  o f  r i c e  a n d  h ig h ly  
a c t i v e  s o y b e a n s  h a d  le s s  t h a n  h a l f  o f  t h e  
s u m  o f  t h e  a c t i v i t i e s  o f  t h e s e  p r o d u c t s  
e v a l u a t e d  i n d i v i d u a l l y .

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

Table 3—Relative activities of dry beans 
and other products for stimulation of gas 
production by C. perfringens.

A ctiv ity

P ro d u c t E xp 1 E xp  2 A verage

P earl barley 0 .1 6 0 .2 3 0 .2 0
P earl rice 0 .3 4 0 .2 2 0 .2 8
Blackeye b eans 0 .7 3 — —
L im a b eans, large 1 .0 1 .0 1 .0
G arb a n z o  beans 1 .5 1 .6 1 .6
L im a  b eans, baby 1 .4 1 .7 1 .6
W hole  g reen  peas 1 .9 1 .6 1 .8
G re a t N o r th e rn  beans 
C a lifo rn ia  sm all w hite

1 .8 —

beans 1 .9 — —
P in to  b eans 1 .9 — —
Black beans 2 .4 2 .4 2 .4
P in k  beans 2 .4 2 .7 2 .6
S oybeans 4 .4 3 .9 4 .2
P earl rice  p lu s  soybeans — 1.3 —

Standard
gas m ixture Parts

Time in minutes

Fig. 3— Effects of substrate levels on gas production by C. 
perfringens grown for 4 hr in a synthetic medium containing 
supplements of barley, pinto and Lima bean homogenates.

Fig. 4.— Qualitative analysis by gas chromatography of gases
generated over cultures of C. perfringens incubated with a homo
genate of Lima beans.
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raffinose. It has been suggested that these 
compounds may be involved in flatulence 
resulting from the ingestion of dry beans 
(Murphy, 1964; and Steggerda et ah, 
1967). Neither of these sugars or starch 
stimulated gas production by C . p e r f r in g 
e n s  when added to a synthetic basal me
dium containing 0.5% glucose (Table 4). 
Similarly, no stimulation of gas produc
tion was obtained when the more easily

Table 4— Effects of sugars on gas produc
tion by C . perfringens.1

S ugar
R e la tiv e  vo lum e o f  
gas p ro d u ced  ( %)

M alto se 101
G lucose 100
F ru c to se 55
S ucrose 45
G alac to se 35
A rab in o se 10
R affinose 10
S tachyose 0

1 In c u b a te d  210 m in  a t  45 °C . Basal m ed ium  
c o n ta in ed  0 .5 %  su g ar. G lucose  a rb itra r ily  a s 
signed  a  va lue  o f  100% .

Table 5—Effects of sugars and a homo
genate of rehydrated large dry Lima beans 
on gas production by C. perfringens.

G as p ro d u c tio n  
(m m )1 a t  C a rb o 

h y d ra te  level 
(m g /tu b e) o f

M ed iu m  supp lem en t 200 400 600 800

G lucose 12 12 12 9
G lu co se  - f  200 m g  dry

L im a  b ean 33 36 36 36
L ac to se  +  200 m g  g lucose 12 13 11 —

L ac to se  +  200 m g  g lucose
+  200 m g  d ry  L im a  bean 34 37 33 —

1 H e ig h t o f  m ed iu m  d isp laced  in inverted  10 X 
75 m m  tes t tubes . A verage  o f  dup lica te  tu b es 
in cu b a ted  330 m in  a t  4 5 °C.

fermentable lactose was employee as a 
supplement (Table 5). On the other hand, 
addition of Lima bean homogenate with 
or without lactose produced a marked ac
celeration of gas production. These ex
periments demonstrate conclusively that 
the primary stimulant in dry beans is 
something other than one of these simple 
sugars.

The assay was developed primarily to 
aid in the isolation of the factor in dry 
beans which stimulates gas production by 
C . p e r fr in g e n s . However, it was of interest 
to compare the results obtained using the 
microbiological assay procedure wYh the 
only quantitative data available from as
says of similar products with human sub
jects (Table 6 ). The similarity in the rela
tive activity values observed for Lima, 
kidney and small white beans is striking, 
although the materials studied were ob
tained from different sources.

A variety of substances, including sev
eral antibiotics, inhibited growth and gas 
production at low substrate levels (Table 
7). These effects may be related to the 
inhibition of flatus by addition of antibi
otics to flatus-inducing foods (Kakade 
et al., 1967). Gas chromatography was 
employed for the qualitative analysis of 
the gases evolved during incubation of C . 
p e r fr in g e n s  with Lima bean slurries (Fig.
4). About equal amounts of H2 and C 0 2 
were evolved after incubation of C . p e r 
f r in g e n s  A TCC No. 3624 with a Lima 
bean homogenate. These observations are 
consistent with the premise that C . p e r 
f r in g e n s  fermentation may be the direct 
source of flatus gases and that the pure 
culture might be employed as an assay 
organism for estimating the flatulence 
factor in food products.

Table 6—Comparison of the results of human flatus assays of dry beans and the relative 
activities of similar products for the production of gas by C. perfringens.

H u m a n  f la tu s  a s sa y 1 A ctiv ity  fo r  C. perfringens

D ry  b ean
T o ta l fla tus 
(m l/3  h rs)

R e la tiv e  gas 
vo lum e

R e la tiv e  g a s2 
vo lum e

R e la tive
activ ity

L im a , large 525 1 .0 1 .0 1 .0
R e d  k idney 1120 2 .1 1 .9 2 .2
C a lifo rn ia  sm all w hite 1050 1 .9 1 .6 1.9

1 M u rp h y , 1964.
2 In c u b a te d  w ith  50 m g /tu b e  o f  h o m o g en a te  fo r  90 m in  a t  45 °C .

Table 7■—Substances inhibiting growth and gas production by C. perfringens.

In h ib ito ry  level

S u b stan ce
L evels tested  
(m g /100 m l)

50%
in h ib itio n

100%
in h ib it io n 1

Penicillin  G , p o ta s s iu m 0 .1 0  to  100 0 .1 0 100
p -A m in o b en zen e  su lfo n am id e 0 .1 0  to  100 1 .0
S o d iu m  sulfide 0 .0 5  to  500 5 400
A zo su lfam id e 0 .1 0  to  100 10
E th io n in e 0 .1 0  to  250 250
S o d iu m  th io g lyco la te 0 .5 0  to  1500 500
P ico lin ic  ac id 5 to  500 500

1 N o  g ro w th  o r  gas fo rm ed  w ith in  24 h r  a t  4 5 °C.
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Anthocyanin Pigments in Trousseau Grapes
SUMMARY— The anthocyanin pigments in Trousseau grapes were extracted with 0.1 % 
HCI in methanol, purified with Dowex 50 WX 4 cation exchange resin in the hydrogen 
form, and further purified by paper chromatography. Identification of the pigments was 
based on R r values in various solvents, partial acid hydrolysis, sugar moiety, alkaline 
degradation, fluorescence under ultraviolet radiation, color reactions, and absorption 
spectra in the visible region. Shown to be present in the grapes are petunidin 3-mono- 
glucoside, cyanidin 3-monoglucoside, malvidin 3-monoglucoside, and peonidin 3-mono- 
glucoside. Based on photodensitometric measurement, malvidin 3-monoglucoside was 
present in largest amount (4 9 .8 % ), followed by peonidin 3-monoglucoside (36 .9% ), 
cyanidin 3-monoglucoside (8 .7 5 % ), and petunidin 3-monoglucoside (4 .5 5 % ). The 
identification of all the anthocyanins as monoglucosides supports the classification of 
Trousseau as a cultiva of Vitis vinifera.

I N T R O D U C T I O N

ANTHOCYANINS are the pigments re
sponsible for the red color in grapes. 
Anderson et al. (1926) studied the pig
ments in Isabella grape, a hybrid of V. 
vinifera and V. labrusca. They established 
the structure of the anthocyanidin ob
tained from acid hydrolysis of oenin 
which is presently called malvidin. Rank- 
ine et al. (1958) surveyed the pigments 
of 55 vinifera samples from 42 known 
varieties. They found the same pigment in 
greatest concentration in all varieties. 
Akiyoshi et al. (1963) studied the major 
anthocyanins of V. vinifera  table-grape 
varieties Flame Tokay, Emperor, and Red 
Malaga. They reported that the principal 
skin pigment was cyanidin 3-monogluco
side.

Somaatmadga et al. (1963) isolated six 
anthocyanins from Cabernet Sauvignon 
grapes. The major pigments were malvi
din 3-monoglucoside, delphinidin 3-mono
glucoside, petunidin 3-monoglucoside, 
and malvidin 3-monoglucoside acylated 
with chlorogenic acid. Ribéreau-Gayon 
et al. (1955, 1958) showed a genetic re
lationship among V. vinifera  varieties 
with regard to pigmentation. They studied 
about 80 hybrids and 30 varieties of V. 
vinifera and concluded that V. vinifera 
contained monoglucosides, but no diglu- 
cosides. This is a genetic characteristic of 
this variety. Reuther (1961) confirmed 
the findings of Ribéreau-Gayon and pos
tulated the mode of inheritance of the 
diglycosides of malvidin, petunidin, and 
delphinidin. He also discussed the im-

" P re se n t ad d ress : U n iv e rs id ad  C e n tra l de 
V enezuela , D e p a r ta m e n to  de  A lim en to s, L a b 
o ra to rio  d e  P ro m o c io n es  In d u str ia le s , C o lin a s  de 
B ello  M o n te , C a raca s , V enezuela .

portance of genetic markers in breeding 
grapes.

Albach et al. (1963) reported the 
presence of peonidin 3-monoglucoside in
V. vinifera grapes. Albach et al. (1965) 
studied the structures of acylated antho
cyanin pigments in Vitis vinifera variety 
Tinta pinheira. They identified the pig
ments as 3-monoglucosides of malvidin, 
peonidin, delphinidin and petunidin, each 
acylated with p-coumaric acid. They also 
found the same anthocyanins, each acyl
ated with caffeic acid. Anthocyanins in 
Rubired grapes have been identified by 
Smith et al. (1965). Chen et al. (1967) 
used Dowex-50 W X  4 cation exchange 
resin and two-dimensional paper chroma
tography for separation and identification 
of anthocyanins in Royalty grapes. Koep- 
pen et al. (1966) reported the antho
cyanins in Barlinka grapes. The pigments 
were identified as oenin (malvidin 3- 
glucoside), mono-p-coumaroyl oenin and 
the 3-gIucosides of peonidin, petunidin 
and delphinidin. Oenin was by far the 
major pigment of Barlinka grape skins.

The Trousseau grape, originally from 
Portugal, is a variety long known in the 
San Joaquin Valley for its vigor and pro
ductivity of early-ripening fruit that 
makes excellent dessert wines (Olmo et 
al., 1962). The chemistry of the antho
cyanins in this variety is not known. The 
present work covers the isolation, purifica
tion, and identification of the antho
cyanins pigments in Trousseau grape.

M A T E R I A L S  & M E T H O D S
Grapes

R ip e  T r o u s s e a u  g r a p e s  w e re  s u p p l ie d  b y  
D r .  H . P . O lm o  a n d  M r .  A . K o y a m a  o f  :h e  
D e p a r tm e n t  o f  V i t i c u l tu r e  a n d  E n o lo g y . T h e  
b e r r ie s  w e r e  h a r v e s te d  f r o m  1 0 -y e a r -o ld  v in e s

f r o m  th e  U n iv e r s i ty  v in e y a r d  a t  D a v is ,  
w a s h e d  w i th  t a p  w a te r ,  s te m m e d , s e a le d  in  
c e l lo p h a n e  b a g s , a n d  s to r e d  a t  0 ”F .

T h e  T r o u s s e a u  g r a p e s  h a d  th e  fo l lo w in g  
c h a r a c t e r i s t i c s :

S o lu b le  s o l id s  a t  2 1 .5  B r ix
2 0 ° C

T o ta l  a c id i ty  0 .7 6 %  ( a s  t a r t a r i c
a c id )

T o ta l  p ig m e n t  0 .0 8 5  g / 1 0 0  g

A p p r o x im a te ly  3 lb  o f  g r a p e s  w e r e  th a w e d  
a t  r o o m  te m p e r a tu r e .  T h e  s k in  p o r t io n  w a s  
b le n d e d  u n d e r  a  n i t r o g e n  g a s  a tm o s p h e r e  in  
a  W a r in g  B le n d o r  w i th  3 0 0  m l  o f  0 .1 %  H C I  
in  a b s o lu te  m e th a n o l  f o r  5 m in . T h e  r e s u l t 
in g  m ix tu r e  w a s  f i l te r e d  t h r o u g h  W h a tm a n  
N o .  1 p a p e r  u n d e r  v a c u u m . T h e  r e s id u e  w a s  
e x t r a c te d  tw o  m o r e  t im e s  w i th  th e  s a m e  s o l 
v e n t .  T h e  c o m b in e d  e x t r a c ts  w e re  m ix e d  w i th  
a  su f f ic ie n t a m o u n t  o f  D o w e x  5 0  W  X  4  
c a t io n  e x c h a n g e  r e s in  in  th e  h y d r o g e n  f o r m  
w i th  o c c a s io n a l  s t i r r in g  ( C h e n  e t  a l . ,  1 9 6 7 ) .

A f t e r  s e t t in g  f o r  a  s h o r t  t im e ,  th e  r e s in  
w a s  th o r o u g h ly  v /a s h e d  w i th  d is t i l le d  w a te r  
t o  r e m o v e  f r e e  s u g a r s  a n d  p u r e  m e th a n o l  to  
r e m o v e  o r g a n ic  c o m p o u n d s .  T h e  p ig m e n ts  
w e r e  e lu te d  f r o m  th e  r e s in  b y  su c c e s s iv e  e x 
t r a c t io n s  w i th  1 L  o f  0 .1 , 0 .2 ,  0 .3 , 0 .4  a n d  
0 .5 %  m e th a n o l ic  H C I  ( v / v ) .  T h e  c o m b in e d  
e x t r a c t  w a s  c o n c e n t r a te d  in  a  f la s k  e v a p o r a 
t o r  u n d e r  v a c u u m  a lm o s t  t o  d r y n e s s  a n d  
th e n  r e d is s o lv e d  in  a  s m a ll  a m o u n t  o f  0 .0 1 %  
H C I  in  m e th a n o l .  T h e  p ig m e n t  m ix tu r e  w as 
s to r e d  a t  0 ° C  in  th e  d a r k  u n d e r  a  n i t ro g e n  
a tm o s p h e re .

Paper chromatography
T h e  v a r io u s  s o lv e n t  s y s te m s  f o r  p a p e r  

c h r o m a to g r a p h y  o f  th e  c o m p o n e n ts  h a v e  
b e e n  d e s c r ib e d  p r e v io u s ly  ( C h e n  e t  a l . ,  
1 9 6 7 ) .

W h a tm a n  N o .  3 M M  p a p e r s  ( 6 7  X  4 6 .5  
c m )  w e r e  u s e d  f o r  p u r i f ic a t io n  a n d  p h o to 
d e n s i to m e t r ic  m e a s u r e m e n t  o f  p ig m e n ts .  
W h a tm a n  N o .  1 p a p e r s  ( 6 7  X 4 6 .5  c m )  
w e r e  u s e d  f o r  id e n t i f ic a t io n  o f  a n th o c y a n in s ,  
a g ly c o n e s , s u g a r s  a n d  a lk a l in e  d e g r a d a t io n  
p r o d u c ts .

Bar technique. F o r  p a r t i a l  a c id  h y d r o ly s is  
a n d  a lk a l in e  d e g r a d a t io n  s tu d ie s ,  a  s m a ll  
a m o u n t  o f  p u r e  p ig m e n t  w a s  o b ta in e d  b y  
th e  b a r  te c h n iq u e .  ( S m i th  e t  a l . ,  196 5 ).

D e v e lo p m e n t  o f  th e  c h r o m a to g r a m s  w a s  
c a r r ie d  o u t  b y  th e  d e s c e n d in g  flo w  o f  a  B A W  
s y s te m  f o r  2 4  h r .  A f t e r  a i r  d r y in g , 4  w e ll-  
d e f in e d  b a n d s ,  n u m b e r e d  f r o m  1 to  4  in  i n 
c r e a s in g  d is ta n c e  f r o m  th e  o r ig in ,  w e re  c u t  
f r o m  th e  p a p e r s .  C o r r e s p o n d in g  b a n d s  f r o m  
6 0  p a p e r s  w e r e  c o m b in e d  a n d  c u t  in  s m a ll  
p ie c e s  a n d  e lu te d  w i th  0 .1 %  m e th a n o l ic  H C I  
im m e d ia te ly  a f t e r  th e  p a p e r s  ju s t  b e c a m e  d ry . 
E lu a te  f r o m  e a c h  b a n d  w a s  c o n c e n t r a te d  to  
a  s m a ll  v o lu m e  a n d  th e n  r e s t r e a k e d  o n
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W h a tm a n  N o .  3 M M  p a p e r s  f o r  d e s c e n d in g  
d e v e lo p m e n t  in  A W H  f o r  12  h r .

E a c h  o f  th e  f o u r  b a n d s  d id  n o t  s e p a r a te  
in to  a d d i t i o n a l  b a n d s .  T h e  p a p e r s  c o n ta in in g  
th e  p ig m e n t  w e r e  c u t  a g a in , e lu te d  w i th  th e  
s a m e  s o lv e n t,  c o n c e n t r a te d  a n d  d is s o lv e d  in  
a  s m a ll  v o lu m e  o f  0 .0 1 %  m e th a n o l ic  H C 1. 
T h e  p u r if ie d  p ig m e n ts  w e re  k e p t  a t  0 ° C  in  
th e  d a r k  u n d e r  a  n i t ro g e n  a tm o s p h e re .

Two dimensional paper chromatography
F o r  a b s o r p t io n  s p e c t r a  m e a s u r e m e n t  a n d  

f o r  R f d e te r m in a t io n ,  a  s m a ll  a m o u n t  o f  
p u r e  p ig m e n t  w a s  o b ta in e d  b y  tw o  d im e n 
s io n a l  p a p e r  c h r o m a to g r a p h y  o n  s e v e ra l  
W h a tm a n  N o .  3 M M  p a p e r s .  T h e  p a p e r  w a s  
i r r ig a te d  w i th  B A W  a s  th e  f i r s t  s o lv e n t  in  th e  
lo n g  d i r e c t io n  a n d  A W H  as  th e  s e c o n d  in  
th e  s h o r t  d ir e c t io n . L ik e  s p o ts  f r o m  th e  
p a p e r s  w e r e  c u t  a n d  c o m b in e d . T h e  p ig m e n ts  
w e re  e lu te d  s e v e ra l  t im e s  a t  r o o m  t e m p e r a 
tu r e  w ith  0 .1 %  m e th a n o l ic  H C 1 . T h e  c o r r e 
s p o n d in g  e lu a te s  w e re  c o m b in e d ,  c o n c e n 
t r a t e d  t o  s m a l le r  v o lu m e  in  a  f la s k  e v a p o r a 
to r  a n d  s to r e d  u n d e r  n i t r o g e n  a tm o s p h e r e  a t  
0 ° C .

Sugar moiety. O n e  m l o f  c o n c e n t r a te d  p ig 
m e n t  s o lu t io n  w a s  h y d r o ly z e d  b y  re f lu x in g  
w i th  2 m l 1 A  H C 1 in  a  m ic ro -f la s k  f o r  60  
m in  in  a  b o i l in g  b r in e  b a th .  D o w e x  5 0  W  X  
4  c a t io n  e x c h a n g e r  in  th e  h y d r o g e n  f o r m  a n d  
D o w e x  1 X  8 a n io n  e x c h a n g e r  in  th e  a c e 
ta te  f o r m . F o r ty  /d  o f  th e  c le a r  s u p e r n a ta n t  
w a s  s p o t te d  o n  W h a tm a n  N o .  1 c h r o m a to g 
r a p h y  p a p e r s .  S e p a r a te  s p o ts  o f  8 /d  e a c h  o f  
0 .5 %  s o lu t io n  o f  g lu c o s e , g a la c to s e , r h a m -  
n o s e , a r a b in o s e  a n d  x y lo s e  w e r e  u s e d  a s  
r e f e re n c e s .  T h e  c h r o m a to g r a m s  w e r e  d e 
v e lo p e d  s e p a r a te ly  w ith  B A W  f o r  18 h r ,  
E t- A - W  f o r  9 h r ,  a n d  B u -P y -W  f o r  18 h r . 
T h e y  w e re  a l lo w e d  to  r u n  o ff  th e  p a p e r  f o r  
R e  v a lu e  d e te r m in a t io n .

T h e  s u g a r  s p o ts  w e r e  v is u a liz e d  b y  s p r a y 
in g  w i th  th e  a n i l in e  h y d r o g e n  p h th a l a t e  r e 
a g e n t  ( P a r t r i d g e ,  1 9 4 9 ; C h a n d le r  e t a l . ,  1 9 6 1 ; 
L y n n  e t  a l . ,  1 9 6 4 ) .

Studies of aglycone. T h e  a g ly c o n e  f r o m  
a c id  h y d r o ly s is  o f  th e  a n th o c y a n in  in  H C 1 
w a s  a b s o r b e d  o n  D o w e x  5 0  X  4  c a t io n  
e x c h a n g e  r e s in  a s  d e s c r ib e d  a b o v e . T h e  re s in  
w a s  w a s h e d  w i th  d is t i l le d  w a te r ,  a n d  th e  
a n th o c y a n id in  w a s  e lu te d  w i th  0.1 %  m e th 
a n o l ic  H C 1 . T h e  e lu a te  w a s  e v a p o r a te d  to  a  
s m a ll  v o lu m e  in  a  f la sk  e v a p o r a to r .  T h e  r e 
s u l t in g  c o n c e n t r a te  w a s  k e p t  a t  — 1 6 ° F  in  th e  
d a r k  f o r  a g ly c o n e  s tu d ie s .

Rf values of the aglycones. T h e  a g ly c o n e s  
w e re  c h r o m a to g r a p h e d  o n  a c id -w a s h e d  
W h a tm a n  N o .  1 p a p e r s  w ith  B A W  f o r  18 
h r ,  F o r e s t a l  f o r  15  h r  a n d  F o r - H C l- W  f o r  
6  h r .  R f  v a lu e s  w e re  m e a s u re d  s h o r t ly  a f te r  
th e  p a p e r s  d r ie d .

Alkaline degradation of aglycones. T h e  r e 
m a in in g  a g ly c o n e  c o n c e n t r a te  w a s  c o m b in e d  
a n d  re f lu x e d  w ith  6  m l o f  1 5 %  B a ( O H ) z f o r  
3 0  m in  in  a  m ic r o f la s k  w i th  a  c o n t in u o u s  
f lo w  o f  n i t r o g e n  g a s  a s  d e s c r ib e d  p r e v io u s ly  
( L u h  e t  a l . ,  1 9 6 5 ) .

Partial acid hydrolysis. P a r t i a l  a c id  h y 
d r o ly s is  o f  p u r if ie d  p ig m e n ts  w a s  d o n e  f o l 
lo w in g  th e  m e th o d  d e s c r ib e d  b y  A b e  e t  a l. 
( 1 9 5 6 ) .

Properties of anthocyanins
Rf values. The individual purified pig

ments were spotted on Whatman No. 1
papers. The chromatograms were developed

Table 1—Comparison of Rf and RB values of sugar moiety of Trousseau grape antho
cyanins with those of authentic sugar samples by paper chromatography.

R t R* R e r 8 Id en tific a tio n

P igm ent
1 0 .1 7 1 .00 0 .9 9 0 .9 9 glucose
2 0 .1 6 0 .9 8 0 .9 7 0 .9 9 glucose
3 0 .1 7 0 .9 9 1 .00 1 .00 g lucose
4 0 .1 8 1 .0 0 0 .9 8 1 .0 0 g lucose

T o ta l E x trac t 0 .1 8 0 .9 8 0 .9 9 0 .9 8 glucose

A uthentic S ugars

F o u n d R e f4 F o u n d R e f’- F o u n d R e f 3 F o u n d  R e f4

G lucose 0 .1 7 0 .1 8 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0  1 .0 0
G alac to se 0 .1 5 0 .1 6 0 .8 8 0 .9 0 0 .7 9 0 .8 1 0 .8 8  0 .8 7
R h a m n o se 0 .3 8 0 .3 7 1.61 1.61 2 .3 3 2 .3 4 2 .1 5  1 .9 6
A rab in o se 0 .21 0 .21 1 .18 1 .17 1 .28 1 .36 1 .4 5  1 .43
X ylose 0 .2 6 0 .2 8 1 .30 1 .27 1 .60 1 .6 2 1 .6 2  1 .77

1 P a rtrid g e , 1948.
2 L y n n  e t al., 1964.
3 A lb ach  e t a l., 1963.
4 Je rm y n  et a l., 1949.

w ith  B A W  f o r  18 h r ,  A W H  s o lv e n t  f o r  6 h r , 
a n d  1 %  H C 1  f o r  4  h r .  T h e  p a p e r s  w e r e  a ir -  
d r ie d  a n d  th e  R t v a lu e s  w e re  m e a s u re d .  T h e  
p ig m e n ts  o n  th e  f r e s h ly  d r ie d  c h r o m a to g r a m s  
w e re  e x a m in e d  f o r  f lu o re s c e n t  b e h a v io r  w ith  

a n  u l t r a v io le t  l ig h t  la m p  o f  3 ,6 0 0  A  u n i t  
o u tp u t  ( M o d e l  1 9 1 0 , B u r to n  M e d i-Q u ip . C o ., 
V a n  N u y s , C a l i f . ) .

Color reaction with aluminum chloride.
T h e  d r ie d  tw o - d im e n s io n a l  c h r o m a to g r a m s  
w e r e  s p r a y e d  w ith  5 %  a lu m in u m  c h lo r id e  in  
9 5 %  e th a n o l .  T h is  r e a g e n t  d is t in g u is h e s  b e 
tw e e n  a n th o c y a n in s  h a v in g  tw o  h y d r o x y l  
g r o u p s  in  th e  o r th o  p o s i t io n  in  th e  B -r in g  
s u c h  a s  c y a n id in ,  p e tu n id in  a n d  d e lp h in id in , 
w h ic h  g iv e  a  p o s i t iv e  c o lo r  c h a n g e , a n d  
p e la r g o n id in ,  p e o n id in  a n d  m a lv id in ,  w h ic h  
g iv e  n o  c o lo r  c h a n g e .

Absorption spectra in the visible region.
T h e  a b s o r p t io n  s p e c t r a  o f  th e  p u r e  p ig m e n ts  
in  th e  v is ib le  r e g io n  w e r e  r e c o r d e d  w i th  a  
B e c k m a n  D B  r e c o r d in g  s p e c t ro p h o to m e te r .  
T h e  p u r if ie d  p ig m e n t  w a s  d is s o lv e d  in  
m e th a n o l  c o n ta in in g  0 .0 1 %  c o n e . H C 1. T h e  
s o lv e n t  w a s  u s e d  a s  a  b la n k .  T h e  s h if t  in  th e  
a b s o r p t io n  p e a k  a f t e r  a d d in g  3 d r o p s  o f  5 %  
a lu m in u m  c h lo r id e  in  9 5 %  e th a n o l  w a s  r e 
c o rd e d .

Photodensitometric measurement. P h o to -  
d e n s i to m e t r ic  m e a s u r e m e n t  o f  a l l  p ig m e n ts  
o n  W h a tm a n  N o .  3 p a p e r  s t r ip s  w e r e  r e 
c o r d e d  w ith  a  r e c o r d in g  P h o to v o l t  D e n s i to m 
e te r ,  u s in g  a  g re e n  f i l te r  h a v in g  a  m a x im u m  
t r a n s m is s io n  a t  5 2 5  m,u. A  f r e s h  m e th a n o l ic  
p ig m e n t  e x t r a c t  w a s  c h r o m a to g r a p h e d  in  tw o  
d im e n s io n s  o n  W h a tm a n  N o .  3 s h e e ts . E a c h  
p ig m e n t  w a s  is o la te d  o n  a i r - d r ie d  s t r ip s ,  4 
c m  w id e  f r o m  th e  s a m e  c h r o m a to g r a m  a n d  
p a s s e d  th r o u g h  th e  d e n s i to m e te r  s t a n d a rd iz e d  
a g a in s t  a  s t r ip  f r o m  th e  b la n k  p o r t io n  o f  th e  
c h r o m a to g r a m .  T h e  d e n s i ty  o f  e a c h  p ig m e n t  
w a s  r e c o r d e d  a n d  th e  a r e a  u n d e r  e a c h  p e a k  
m e a s u re d  w ith  a  p la n im e te r  ( G e lm a n  I n s t r u 
m e n t  C o .,  G e r m a n y ) .

R E S U L T S
Paper chromatography of anthocyanins

The anthocyanins were separated both 
by two-dimensional paper chromatog
raphy and the bar technique. Four pig

ments were found. The two-dimensional 
technique was done using BAW solvent 
in the first direction and AWH solvent 
in the second direction. Best results were 
obtained when the solvent was allowed 
to run off the paper.

Chromatography of the extract by the 
bar technique with BAW as solvent gave 
four distinct bands. They were designated 
as bands 1, 2, 3, and 4. Since each band 
contained only one pigment, the same 
number for the band was assigned to 
that for the pigment. The results are in 
agreement with those obtained by Albach 
et al. (1963), who found that the best 
general solvent is the organic phase of 
BAW for separation of grape antho
cyanins on paper. However, AWH was 
run as a second solvent in order to de
tect possible presence of minor pigments.

Sugar moieties

Table 1 shows the Rf and Rg values of 
the sugar moieties obtained from acid hy
drolysis of the pigments and those of 
authentic sugar samples with BAW, Bu- 
Py-W, and Et-A-W as irrigating solvents. 
Results show that R( and Rg values of 
the sugar moieties from all pigments were 
close to that of glucose. The same result 
was obtained when the total extract of 
the pigments was hydrolyzed. Thus, glu
cose was the only sugar moiety present 
in the anthocyanins of Trousseau grapes. 
The result is in agreement with the re
sults of Ribereau-Gayon et al. (1958), 
Akiyoski et al. (1963), Reuther (1961), 
and Albach et al. (1963, 1965) who re
ported that glucose was the only sugar 
moiety in the anthocyanins of several 
varieties of grapes.

R f values of the aglycones

The agylcones of the pigments were 
determined by paper chromatography. 
Table 2 shows the Rf values of the agly
cone moieties of the anthocyanins and 
those of anthocyanins reported in the 
literature with BAW, Forestal, and For- 
HC1-W as solvent systems. R( values of
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Table 2—Rf values of the anthocyanidins Table 3—Chromatographic comparison of alkaline degradation products of Trousseau 
derived from Trousseau grape anthocyanins. grape anthocyanins with phenolic compounds.

Rf values o f  a n th o cy an id in s  Rt values C o lo r 1

B A W F o re s ta l
F o r- Iden tifi- P igm en t B A W  2 %  H O A c U V  +  N H a D P N A 2 D P N A  +  N H S Iden tifica tio n

H C1-W ca tio n
1 0 .7 6 0 .5 0 -- O p R P 3-o -M ethy lga llic  acid

P igm ent 0 .7 0 0 .6 2 BF O D O P h lo ro g lu c in o l
i 0 .5 0 0 .4 7 0 .2 3 P e tu n id in 2 0 .81 0 .5 5 — T d P P ro to c a tech u ic  acid
2 0 .6 7 0 .5 2 0 .2 0 C y an id in 0 .7 0 0 .6 2 B F O D O P h lo ro g lu c in o l
3 0 .5 8 0 .61 0 .3 3 M alv id in 3 0 .8 3 0 .5 2 — O N B Syringic acid
4 0 .7 0 0 .6 7 0 .3 5 P eon id in 0 .7 0 0 .6 2 BF O D O P h lo rog luc ino l

4 0 .8 6 0 .5 7 — Y D P V anillic  acid
R eported 0 .7 0 0 .6 2 BF O D O P h lo rog luc ino l
By H arb o rn e  (1958a) T o ta l 0 .7 6 0 .5 0 — O p R P 3-o-M ethy lgallic  ac id
P e tu n id in 0 .5 2 0 .4 6 0 .2 0 E x trac t 0 .81 0 .5 5 — T d P P ro to ca tech u ic  ac id
C yan id in 0 .6 8 0 .4 9 0 .2 2 0 .83 0 .5 2 — O N B Syringic acid
M alv id in 0 .5 8 0 .6 0 0 .2 7 0 .8 6 0 .5 7 — Y D P V anillic  ac id
P eo n id in 0 .7 1 0 .6 3 0 ,3 0 0 .7 0 0 .6 2 BF O D O P hlo ro g lu c in o l

By A lbach (1963) A uthentic phenolic
P e tu n id in 0 .4 7 0 .5 4 0 .2 3 com pounds
C y an id in 0 .6 7 0 .5 8 0 .2 5 V anillic  acid 0 .8 6 0 .5 7 — Y D P
M alv id in 0 .5 6 0 .6 8 0 .2 6 S yringic ac id 0 .8 3 0 .5 2 — O N B
P eo n id in 0 .7 1 0 .7 5 0 .3 4 3-o-M ethy lgallic

acid 0 .7 6 0 .5 0 — O p R P
P ro to c a tech u ic  acid 0 .81 0 .5 5 — T dP
P h lo rog luc ino l 0 .7 0 0 .6 2 BF O D O

anthocyanidins are quite close to those 
reported in the literature. It appears that 
the aglycone moiety of pigment 1 is 
petunidin; pigment 2 , cyanidin; pigment 
3, malvidin; and pigment 4 peonidin, re
spectively.

The stability of anthocyanidins is 
markedly dependent on pH. They are less 
stable at higher pH values and tend to 
fade when chromatographed in solvents 
containing no mineral acids, such as 
BAW. However, this solvent can be used 
in paper chromatography of anthocyani
dins, when the paper sheets are previously 
washed with dilute hydrochloric acid.

Bate-Smith (1950) suggested that 
when using solvents containing no min
eral acid, it is important to have sufficient 
HC1 present in the original extract or on 
the paper to keep the anthocyanidins in 
the chloride form. Thus the chromato
grams using BAW as solvent were de
veloped on acid-washed papers. The For
estal and For-HCl-W solvents gave good 
results.

Alkaline degradation of the aglycones

The aglycones are hydrolytically 
cleaved by alkali degradation at C2-C 3 
and C 4-A ring bonds to yield phloro- 
glucinol (derived from ring A) and ben
zoic acid derivatives. The identification of 
the benzoic acid derivatives plays a very 
important role in proving the structure 
of the pigments, because each antho- 
cyanidin yields a distinct benzoic acid 
derivative which can be identified by its 
Rf value and color characteristics, using 
phenolic compounds as references (Smith 
et al., 1965). The results are shown in 
Table 3. The benzoic acid derivatives 
and phloroglucinol were examined under 
ultraviolet radiation in the presence and 
absence of ammonia vapor. Also, the dis
tinctive color of each spot was observed 
after spraying with diazotized P-nitro-

1 (B) blue, (F ) fluo rescen t, (O ) o range , (D ) d a rk , (R ) red , (P) p u rp le , (p ) p in k , (T ) ta n , (d) dull, (Y ) 
yellow , (N ) navy.

2 D iazo tized  P -n itro an ilin e  sp ray .

aniline (DPNA) and the color change 
when exposed to ammonia vapor.

The results contain further evidence 
that the aglycone of pigment 1 was petu
nidin; pigment 2, cyanidin; pigment 3, 
malvidin; and pigment 4 peonidin, re
spectively.

Partial acid hydrolysis

In order to determine the position and 
number of sugar residues in the antho
cyanins, the partial acid hydrolysis 
method described by Abe et al. (1956) 
was used. In anthocyanins, sugar mole
cules are generally attached to the 3- 
position or to the 3- and 5-positions. Dur
ing acid hydrolysis, 3 monoglucoside and 
3,5-diglucoside may be distinguished by 
the fact -that the former yields only one 
simpler product, while the latter yielded 
two. The 3,5- and 5-glycosides appear 
as intensely fluorescent under ultraviolet 
radiation, while 3-glycosides are not 
fluorescent (Harbome 1958a, 1958b). 
Partial acid hydrolysis was done only on

pigments 3 and 4, because they were the 
only ones available in sufficient quantity. 
They gave only one hydrolysis product 
each, -the respective aglycone. Since these 
pigments did not fluoresce under ultra
violet radiation, it was concluded that 
they were 3-monoglucosides.

R ( values and aluminum chloride reaction

Table 4 lists the R f values of the antho
cyanins from Trousseau grapes purified by 
two-dimensional chromatography as com
pared with those reported in the literature. 
The relationship between Rf values and 
structure of the anthocyanins has been 
noted by Bate-Smith et al. (1950), Abe 
et al. (1956) and Harborne (1958a). 
They found that (a) the greater the num
ber of hydroxyl groups present in the 
anthocyanidin molecule, the lower is its 
R( value in both alcoholic and aqueous 
solvents; (b) méthylation reverses the ef
fect of hydroxylation, i.e., the greater the 
number of methoxyl groups, the higher is 
the R( value in both alcoholic and aque-

Table 4—Rf values of the anthocyanins in Trousseau grapes.
R t va lues o f  a n th o cy an in s

Id en tifica tio n  B A W  1 % H C l A W H

P igm ent
1 P e tu n id in  3 G
2 C y an id in  3 G
3 M alv id in  3 G
4

R e p o r te d 1
P e tu n id in  3 G  
C y an id in  3 G  
M a lv id in  3 G  
P eo n id in  3 G

P eo n id in  3 G

0 .3 6 0 .0 4 0 .2 3
0 .4 0 0 .0 8 0 .2 6
0 .3 8 0 .0 6 0 .2 8
0 .4 2 0 .0 9 0 .3 1

0 .3 5 0 .0 4 0 .2 2
0 .3 8 0 .0 7 0 .2 6
0 .3 8 0 .0 6 0 .2 9
0 .4 1 0 .0 9 0 .3 3

1 H a rb o rn e , 1958a.
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Table 5—Color characteristics and relative amounts of anthocyanins in Trousseau grapes.

P ig m en t Id en tifica tio n C o lo r

C o lo r  u n d er 
u ltrav io le t 
ra d ia tio n

C o lo r  
change  

w ith  A1CU
R e la tiv e  

A m ts . %

1 P e tu n id in -3 -m onog lucoside L ig h t p u rp le D u ll pu rp le + 4 . 5 5
2 C y an id in -3 -m onog lucoside M a g en ta D u ll m ag en ta + 8 . 7 5
3 M alv id in -3 -m onog lucoside M a g en ta D u ll m auve — 4 9 .8 0
4 P eo n id in -3 -m onog lucoside O ran g e  p in k D ull p in k — 3 6 .9 0

Table 6—The spectral absorption characteristics of the anthocyanins in Trousseau grapes.

Id en tifica tio n
Xmax
(m /1)1

Eno/Emax
(% )

A lC b  s h if t2
(m g)

P igm en t
1 P e tu n id in  3 -m onog lucoside 536 20 - 3 8
2 C y an id in  3 -m onog lucoside 525 19 - 1 8
3 M alv id in  3 -m onog lucoside 535 18 0
4 P eo n id in  3 -m onog lucoside 523 25 0

R e p o r te d 3
M alv id in  3 -m onog lucoside 535 18 0
P eo n id in  3 -m onoglucoside 523 26 0
C y an id in  3 -m onog lucoside 525 22 +  18
P e tu n id in  3 -m onog lucoside 535 18 +  24

1 M e asu red  in  0.01 % m eth an o lic  HC1.
2 O n  a d d itio n  o f  5 % e th an o lic  a lu m in u m  ch lo ride .
3 H a rb o rn e , 1958b.

ous solvents. The increase in Rf value 
brought about by méthylation is rather 
less than the decrease caused by hy
droxylation; (c) glycosidation increases 
the Rf value in aqueous solvents, but de
creases it in alcoholic solvents; and (d) 
acylation causes an increase in R( value 
in alcoholic solvents, but lowers the Rf 
value in aqueous solvents.

On paper chromatograms, the antho
cyanins exhibit different colors by re
flected light and under ultraviolet radia
tion. Some anthocyanins on the chromato
grams, when sprayed with a 5 %  ethanolic 
solution of aluminum chloride, show a 
positive color change from purple to blue. 
The results are listed in Table 5. Pigments 
1 and 2 changed to a blue color when 
sprayed with A1C13 reagent, indicating the 
presence of two hydroxyl groups in the 
ortho position. This further supports the 
previous finding that the aglycone of 
pigment 1 was petunidin, and that of pig
ment 2 was cyanidin. Pigments 3 and 4 
did not show chelation reaction with 
A1C1;!, supporting the previous finding 
that the aglycone of pigment 3 was mal- 
vidin, and that of pigment 4 was peonidin.

Photodensitometric measurements

Table 5 also shows the relative amounts 
of the anthocyanins in Trousseau grapes 
as measured from the two-dimensional 
chromatogram with the photodensitom
eter. Pigments 3 (malvidin 3-glucoside) 
and 4 (peonidin 3-glucoside) were about 
8 7%, and pigments 1 (petunidin 3-glu
coside) and 2 (cyanidin 3-glucoside) were 
about 13 %  of the total anthocyanins. The 
results are in agreement with those of 
Rankine et al. (1958) who stated that in 
the majority of V . v in ife ra  varieties mal-

vidin 3-monoglucoside and peonidin 3- 
monoglucoside are present in the largest 
quantity.

Absorption characteristics in 
the visible region

Table 6 lists the spectral absorption 
characteristics, the ratios of the optical 
density (E440/E max) as percentage, and 
the shift in absorption peak after adding 
A1C13. Harborne (1958b) found that the 
ratio of O.D. at 440 m^ to O.D ait maxi
mum peak of 5-free hydroxyl antho- 
cyanin was twice that of the correspond
ing pigment which has its 5-position sub
stituted. This is a very useful method to 
differentiate 3-glycosides from 3,5-diglu- 
cosides.

From the absorption maxima and the 
bathochromic shifts with aluminum 
chloride it was concluded that pigment 
1 was petunidin 3-monoglucoside, pig
ment 2 was cyanidin 3-monoglucoside, 
pigment 3 was malvidin 3-monoglacoside 
and pigment 4 was peonidin 3-monoglu
coside.

D ISC U SSIO N
T H E  EXTRACTIO N  of anthocyanins 
from grapes was easily carried out with 
0 .1%  methanolic HC1 under an atmo
sphere of nitrogen gas to avoid oxidation 
reactions. Adsorption of the anthocyanins 
on Dowex 50 W X  4 cation exchange 
resin eliminates many impurities which 
would otherwise interfere with the move
ments of the pigments on paper chro
matograms. It is important to point out 
that the ion-exchange resin should be 
washed several times, first with 2 N  HC1, 
then with distilled water and final y with

methanol to remove impurities. It is de
sirable to allow the pigments to be ad
sorbed on the resin for a shorter time, 
preferably less than an hour. This greatly 
facilitates the elution of the pigments 
from the resin with acidified methanol.

Arabinose appears as a contaminant 
in the anthocyanins isolated from Trous
seau grapes. Harborne et al. (1957) 
found that arabinose was produced as an 
artifact in consequence of the action of 
HC1 on the paper during the purification 
procedure. To determine whether arabi
nose was present as a sugar moiety or 
as an artifact, hydrolysis of the total ex
tract, which had not been chromato
graphed, was done. No arabinose was 
found in the hydrolysate. Thus glucose 
was the only sugar moiety present in the 
anthocyanins of Trousseau grapes.

The genetic relationship among V itis  
v in ife ra  grapes with regard to pigmenta
tion was discussed by Ribereau-Gayon et 
al. (1955; 1958). They concluded that 
V . v in ife ra  does not contain diglucoside, 
and that diglycosides were characteristics 
of V . r ip a r ia  and V . r u p e s tr ic s . The di
glycosides are dominant genetically. Reu- 
ther (1961) also states that the antho
cyanins could be divided into the mono- 
glucoside as a genetic marker in hybrid 
for V . v in ife ra , and diglycosides as genetic 
markers for V . r ip a r ia . The identification 
of all the anthocyanins as monoglycosides 
supports the classification of Trousseau 
as a cultivar of V itis  v in ife ra .
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Vapor Analysis of Fermented Spanish-type 
Green Olives by Gas Chromatography

SUMMARY— Five major components were detected gas chromatographically in the head- 
space vapor (HSV) of Spanish-type green olives fermented by pure cultures of Lacto
bacillus plantarum, Pediococcus cerevisiae and Leuconostoc mesenteroides. Three of 
these compounds were identified as acetaldehyde, methyl sulfide, and ethanol. The same 
compounds were present in unfermented olives but in different amounts. Olives that had 
undergone a natural fermentation contained the above five compounds, and, in addition, 
a varying number of other compounds. These results indicated that HSV analysis may 
be a rapid method for detecting volatile end products resulting from the metabolism of 
various microorganisms. A high ethanol content was found in olive brines that contained 
a predominance of yeasts. Abnormal fermentations gave unique HSV profiles, one of 
which indicated a high level of 2-butanol. Methyl sulfide was found to be a major odor 
component of fermented as well as unfermented olives. Acetaldehyde and ethanol con
tributed secondarily to the odor. Primary contributions of fermentation by the above 
lactic acid bacteria to the flavor of olives were: (1) production of a desirable level of 
acidity, and (2) utilization of fermentable sugars to the exclusion of microorganisms 
which produce metabolic end products with undesirable flavor characteristics.

IN TRO D U CTIO N
T H E  PRESERVATION of fruits and 
vegetables by brining has been practiced 
for centuries, with comparatively few 
technological advances. Organoleptic 
qualities of products preserved in this 
manner, such as cucumbers, olives and 
cabbage, are greatly influenced by the 
variable nature of microbial activity. Re
cent efforts have been made to control 
more closely the quality of such products. 
This is done by regulating the microbial 
flora with the addition of pure cultures of 
lactic acid bacteria to heat-shocked cu
cumbers and olives (Etchells et al., 1964, 
1966).

The concentration of lactic acid, mea
sured as titratable acidity, indicates the 
extent to which lactic acid bacteria were

active in the fermentation of olives. It is 
an important criterion used to determine 
the success of olive fermentations. Other 
end products of microbial metabolism, 
whether present in large or trace amounts, 
may be of great significance with respect 
to organoleptic properties of olives, es
pecially flavor.

Alcohols, esters, aldehydes, ketones, 
etc., as well as acids, are among end prod
ucts known to be formed by microorga
nisms which are competitive with lactic 
acid bacteria in brined olives. Clostridia, 
coliforms, yeasts, and molds have been 
associated with spoilage problems of fer
mented olives (Vaughn, 1954; Vaughn 
et al., 1943) and may produce many of 
the previously mentioned end products.

Gas chromatographic analysis of head

space vapors has been successfully em
ployed in determining volatile constituents 
of many foods including vegetables (But
tery et al., 1961), milk (Bassette et al., 
1963), and alcoholic beverages (Kepner 
et al., 1964). This work was undertaken 
to establish the value of the head-space 
vapor method for detecting volatile com
pounds as an indication of the types of 
microorganisms active in the fermenta
tion of olives. It was further desired to 
ascribe relative significance of the com
ponents detectable by the method to the 
odor of fermented olives.

E X P E R IM E N T A L
F e r m e n te d  o liv e s

T h e  p u r e - c u l tu r e  f e r m e n te d  S p a n is h - ty p e  
g r e e n  o liv e s  ( M a n z a n i l lo  v a r i e ty )  e x a m in e d  
in  th is  s tu d y  w e r e  s a m p le s  f r o m  a  p re v io u s  
s tu d y  ( E tc h e l l s  e t  a l . ,  1 9 6 6 ). T h e  p ro c e s s in g  
o f  th e s e  s a m p le s  in v o lv e d  ly e  t r e a tm e n t  t o  r e 
m o v e  b i t te rn e s s ,  r e m o v a l  o f  th e  ly e  b y  le a c h 
in g  in  w a te r ,  h e a t - s h o c k in g  th e  o liv e s  a t  7 4  ° C  
f o r  3 m in  in  a  w a te r  b a th ,  fo l lo w e d  b y  p a c k 
in g  in to  0 .5 -g a l  g la s s  j a r s  w i th  a  p a s te u r iz e d  
a n d  c o o le d  4 0 °  s a lo m e te r  b r in e  (1 0 .6 %  
N a C l ) .  T h e  a d d i t io n  o f  2 .5  m l  o f  8 5 %  la c t ic  
a c id  to  e a c h  j a r  p r o v id e d  a n  in i t ia l  p H  o f  
7 .0 - 7 .4 .

T h e  ja r s  s c h e d u le d  f o r  in o c u la t io n  re c e iv e d  
8 m l o f  a  3 0  h r  c u l tu r e  o f  th e  d e s ig n a te d  
sp e c ie s  o f  la c t ic  a c id  b a c te r iu m  w h ic h  h a d  
b e e n  g r o w n  a t  3 2 ° C  in  T r y p t ic a s e  S u g a r  
B r o th  ( B B L ) .  A f t e r  in c u b a t in g  th e  s a m p le s  
a t  2 1 - 2 4 ° C  f o r  7 .5  m o n th s ,  th e  o liv e s  w e re  
e v a lu a te d  a s  t o  f la v o r  a n d  o t h e r  o r g a n o le p t ic
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a n d  p h y s ic a l  q u a l i t ie s  a s  d e s c r ib e d  b y  E tc h e l ls  
e t  a l. ( 1 9 6 6 ) .  A s s a y s  o f  th e  b r in e s  f o r  t i t r a t -  
a b le  a c id i ty ,  p H ,  a n d  t r a n s m i t ta n c e ,  a n d  
m ic r o s c o p ic  e x a m in a t io n  o f  b r in e s  w e r e  d e 
te r m in e d  a c c o r d in g  to  E tc h e l ls  e t  a l .  ( 1 9 6 4 ) .

A  p o r t io n  o f  th e  o liv e s  w a s  r e p a c k e d  in to  
q u a r t  j a r s ,  w i th  th e  a d d i t io n  o f  o n e  m l o f  a  
o n e  p e r c e n t  a q u e o u s  M e r th io l a t e  s o lu t io n  to  
p r e c lu d e  f u r t h e r  m ic r o b ia l  a c t iv i ty .  T h e s e  
j a r s  w e re  th e n  h e ld  a t  5 ° C  u n t i l  b e in g  a s sa y e d  
b y  g a s  c h r o m a to g r a p h y .

H e a d - s p a c e  v a p o r  a n a ly s is

O liv e s  w e r e  r e m o v e d  f r o m  r e f r ig e r a t io n  
a n d  im m e d ia te ly  p i t te d  w ith  a  h a n d - o p e r a te d  
m e c h a n ic a l  o liv e  p i t te r .  T e n  g ra m s  o f  f in e ly  
d ic e d  o liv e  t is s u e , 2 0  m l b r in e , 4 0  m l d is t i l le d  
a n d  c o o le d  ( 5 ° C )  w a te r ,  3 0  g  s o d iu m  s u l f a te  
a n d  a  1 in . T e f lo n - c o a te d  m a g n e t ic  b a r  w e re  
a d d e d  to  a  12 5  m l e r le n m e y e r  f la sk . T w o  m l 
o f  0 .0 1 %  ( v / v )  2 - b u ta n o l  in  w a te r  w e re  
a d d e d  to  se rv e  a s  a n  in te r n a l  s t a n d a rd .

A  r u b b e r  s e p tu m  w a s  f i tte d  o n to  th e  f la sk  
a n d ,  w h ile  th e  c o n te n ts  o f  th e  f la sk  w e r e  s till  
c o o l ,  3 0  m l  o f  v a p o r  w e re  r e m o v e d  th r o u g h  
th e  s e p tu m  w i th  a  5 0 -m l s y r in g e  to  p r o v id e  
s u ff ic ie n t v a c u u m  to  p r e v e n t  e x c e s s iv e  p r e s 
s u r e  in s id e  th e  f la sk  u p o n  h e a t in g . T h e  f la sk  
w a s  s u b m e rg e d  u p  to  th e  n e c k  in  a  w a te r  
b a th  h e ld  a t  6 0 “C  o n  a  h o t  p la te  m a g n e t ic  
s t i r r e r .

A f te r  h o ld in g  th e  f la sk  in  th e  b a th  f o r  15 
m in , w ith  th e  m a g n e t ic  b a r  s lo w ly  s t i r r in g ,  5 
m l o f  v a p o r  w e re  r e m o v e d  w ith  a  6 -m l d is 
p o s a b le  s y r in g e  ( M o n o je c t  5 0 6  S). T h e  
s y r in g e , f i tte d  w i th  a  2 5 -g a u g e  n e e d le ,  w a s  
f ille d  a n d  e m p t ie d  b a c k  in to  th e  f la sk  f o u r  
t im e s . T h e  f if th  f i ll in g  w a s  in je c te d  in to  a  
B a r b e r - C o lm a n  M o d e l  10 g a s  c h r o m a to g r a p h  
e q u ip p e d  w i th  a  h y d r o g e n  f la m e  d e te c to r .  A  
s t r e a m  s p l i t te r  a l lo w e d  5 0 %  o f  th e  in je c te d  
s a m p le  t o  e n t e r  th e  d e te c to r  a n d  5 0 %  to  
e m e rg e  th r o u g h  th e  c o l le c to r  p o r t  f o r  o d o r  
m o n i to r in g .  T h e  c o lu m n  c o n s is te d  o f  a  9 - f t  
U - s h a p e d  g la s s  tu b in g ,  V 4-in . i .d .,  p a c k e d  
w ith  5 %  C a r b o w a x  2 0  M  o n  6 0 / 8 0  m e s h  
G C - 2 2  F i r e b r ic k .  T h e  o p e r a t in g  c o n d i t io n s  
w e r e :  c o lu m n , 7 5 ° C ; d e te c to r ,  1 9 0 ° C ; f la sh  
h e a te r ,  1 7 0 ° C ;  n i t ro g e n  c a r r ie r  g a s , 23  m l /  
m in .

R e la tiv e  p e a k  h e ig h ts  o f  c h r o m a to g r a m s  
w e re  e x p re s s e d  a s  th e  p e a k  h e ig h ts  f o r  u n 
k n o w n  c o m p o n e n ts  d iv id e d  b y  th e  p e a k  
h e ig h t  f o r  2 - b u ta n o l  w h ic h  w a s  a d d e d  to  e a c h  
s a m p le . A d ju s tm e n t  in  a t t e n u a t io n  w a s  n e c e s 
s a ry  t o  r e c o r d  a ll  o f  th e  p e a k s  f o r  a  s a m p le  
a n d  c a lc u la t io n s  in c lu d e d  m u l t ip l ic a t io n  b y  
th e  a p p r o p r ia te  f a c to r .  T h e  a t t e n u a t io n  w a s  
th e  s a m e , h o w e v e r ,  f o r  r e s p e c tiv e  p e a k s  o b 
t a in e d  f r o m  d i f f e r e n t  s a m p le s .

A s s a y s  w e re  p e r f o r m e d  in  d u p l ic a te .  V a p o r  
c o m p o n e n ts  a r i s in g  f r o m  th e  s a m p lin g  
s y r in g e , f la sk , r e a g e n ts ,  e tc . in v o lv e d  in  th e  
a s s a y  w e re  n e g l ig ib le  a n d  d id  n o t  s ig n if ic a n tly  
in f lu e n c e  r e la t iv e  p e a k  h e ig h ts  o f  th e  m a jo r  
c o m p o n e n ts  r e p o r te d  h e r e in .

Id e n t i f ic a t io n  o f  h e a d - s p a c e  v a p o r  c o m 
p o u n d s  w a s  m a d e  b y  c o m p a r in g  th e i r  r e t e n 
t io n  t im e s  w ith  k n o w n  c o m p o u n d s  o n  th r e e  
c o lu m n s .  T h e s e  c o lu m n s  a n d  th e  c o n d it io n s  
w e r e :  ( 1 )  C a r b o w a x  2 0  M , a s  d e s c r ib e d  
a b o v e ;  ( 2 )  D iis o d e c y l  p h th a la te ,  5 % ,  o n  
6 0 / 8 0  m e s h  F i r e b r ic k ;  9 - f t  U - s h a p e d ,  V» in . 
i .d . g la s s  c o lu m n ;  7 5 ° C ;  N» c a r r ie r  g a s , 23 
m l / m i n ;  ( 3 )  P o ly e th y le n e  g ly c o l 6 0 0 , 1 5 % , 
o n  6 0 / 8 0  m e s h  F i r e b r ic k ;  6 - f t  U - s h a p e d ,

V i- in . i .d . g la s s  c o lu m n ;  7 5 ° C ;  N 2 c a r r ie r  
g a s , 23  m l / m in .

T h e  s y r in g e  r e a c t io n  t e c h n iq u e  o f  H o f f  
e t  a l. ( 1 9 6 4 )  w a s  e m p lo y e d  to  e s ta b l is h  
w h ic h  p e a k s  r e p re s e n te d  a ld e h y d e s  o r  k e 
to n e s .  T h is  p r o c e d u r e  in v o lv e d  c o a t in g  th e  
in s id e  o f  5 -m l g r o u n d -g la s s  h y p o d e r m ic  
s y r in g e s  u s e d  to  s a m p le  th e  h e a d - s p a c e  v a p o r  
w i th  a  s o lu t io n  o f  e i th e r  p o ta s s iu m  p e r m a n 
g a n a te  o r  h y d r o x y la m in e .  T h e  a b s e n c e  o f  a  
p e a k  a f te r  th is  t r e a tm e n t  in d ic a te d  th a t  th e  
c o m p o u n d  w a s  e i t h e r  a n  a ld e h y d e  o r  a  
k e to n e .

V a c u u m  d is t i l la t io n

F e r m e n te d  o l iv e s  w e re  p i t te d  a n d  2 0 0  g o f  
t is s u e  a lo n g  w i th  1 00  m l o f  c o v e r  b r in e  f ro m  
th e  o liv e s  a n d  2 0 0  m l o f  d is t i l le d  w a te r  w e re  
p la c e d  in  a  5 -L  f la sk . T h is  f la s k  w a s  c o n 
n e c te d  to  a  h ig h  v a c u u m  s y s te m  c o n ta in in g  
th r e e  t r a p s  in  se rie s . T h e s e  t r a p s ,  in  o r d e r ,  
w e re :  ( 1 )  ic e -sa lt ,  ( 2 )  d r y  ic e - a c e to n e  a n d  
(3 )  l iq u id  n i t ro g e n . T h e  a s s e m b ly  w a s  s im i la r  
to  t h a t  d e s c r ib e d  b y  A u r a n d  e t  a l .  (1 9 6 5 );  b u t  
th e  s a m p le  w a s  n o t  s w e p t w i th  n i t ro g e n .

T h e  s a m p le  w a s  d is t i l le d  u n d e r  a  p r e s s u re  
o f  3 5 fi o f  m e r c u r y  f o r  3 h r .  w ith  th e  d is t i l l a 
t io n  f la s k  b e in g  m a in ta in e d  a t  a b o u t  2 5  "C . 
A p p r o x im a te ly  4 0 %  o f  th e  s a m p le  v o lu m e  
w a s  d is t i l le d  b y  th is  p ro c e d u r e .

M a s s  s p e c t ro m e tr y

M a s s  s p e c t r o m e tr y  w a s  p e r f o r m e d  w i th  a  
c o u p le d  B a r b e r - C o lm a n  M o d e l  5 0 0 0  g a s  
c h r o m a to g r a p h  a n d  a  B e n d ix  M o d e l  12-1 0 7  
T im e - o f -F l ig h t  M a s s  S p e c t r o m e te r .  T h e  s y s 
te m  w a s  s im i la r  to  t h a t  d e s c r ib e d  b y  T e r a -  
n is h i  e t  a l .  ( 1 9 6 3 ) .  T h e  G L C  c o lu m n  w a s  a  
6 - f t ,  V i- in . s ta in le s s  s te e l  tu b in g  p a c k e d  w ith  
5 %  C a r b o w a x  2 0  M  o n  6 0 / 8 0  m e s h  
C h r o m o s o r b  G . C o m p o n e n ts  e lu te d  f r o m  th e  
G L C  c o lu m n  w e r e  o b s e rv e d  a s  th e  m a s s  
s p e c t r a l  o u tp u t  o n  a n  o s c i l lo s c o p e  a n d  th e  
m a s s  s p e c t r a l  p a t t e r n  r e c o r d e d  b y  r a p id  s c a n  
a t  a p p r o p r ia te  tim e s .

P r io r  t o  th e  ru n ,  c o n te n ts  o f  th e  l iq u id  
n i t ro g e n  t r a p  f r o m  v a c u u m  d is t i l la t io n  w e re  
t r a p p e d  in  a  U - s h a p e d ,  6 - in . lo n g , V i- in . 
d ia m e te r ,  s ta in le s s  s te e l  p r e - c o lu m n  o f  5 %  
C a r b o w a x  2 0  M  o n  6 0 / 8 0  m e s h  C h r o m o 
s o r b  G . T h is  t r a n s f e r  w a s  e f fe c te d  b y  h o ld in g  
th e  p r e - c o lu m n  in  l iq u id  n i t r o g e n  w h ile  
s w e e p in g  in  th e  c o n te n ts  o f  th e  t r a p  f r o m  
v a c u u m  d is t i l la t io n  w ith  n i t r o g e n  g a s . T h e  
p r e -c o lu m n  w a s  th e n  r e m o v e d  f r o m  l iq u id  
n i t r o g e n  a n d  c o u p le d  w i th  th e  in je c t io n  p o r t  
o f  th e  g a s  c h r o m a to g r a p h .  T h e  s y s te m  w a s  
s w e p t  w i th  h e l iu m  a s  th e  c a r r ie r  g a s . T h e  
te m p e r a tu r e  o f  th e  G L C  c o lu m n  w a s  5 0 ° C  
in i t ia l ly  a n d  w a s  p r o g r a m m e d  a t  3 ° C  p e r  
m in  u p  to  a  f in a l te m p e r a tu r e  o f  1 5 0 ° C .

R E S U L T S  & D ISC U SS IO N
Pure-culture fermented olives

G a s  c h r o m a t o g r a p h y  o f  t h e  h e a d - s p a c e  
v a p o r  o f  p u r e - c u l t u r e  f e r m e n t e d  o l iv e s  o n  
C a r b o w a x  2 0  M  r e s u l t e d  i n  c h r o m a t o g r a m  
p r o f i l e s  p o s s e s s i n g  5  m a j o r  p e a k s .  A  
t y p i c a l  c h r o m a t o g r a m  o b t a i n e d  f r o m  a  
f e r m e n t a t i o n  b y  L. plantarum  i s  s h o w n  
i n  F i g u r e  1 A . P e a k  N o .  6  r e p r e s e n t s  2 -  
b u t a n o l  w h i c h  w a s  a d d e d  a s  a n  i n t e r n a l  
s t a n d a r d .  P r o f i l e s  f r o m  o l iv e s  p u r e - c u l t u r e  
f e r m e n t e d  b y  P. cerevisiae a n d  L. mesen-

teroides, a s  w e l l  a s  t h o s e  f r o m  u n f e r 
m e n t e d  ( F i g .  I B )  a n d  n a t u r a l  f e r m e n t e d  
( F i g .  1 C )  o l iv e s ,  i n d i c a t e d  t h e  p r e s e n c e  
o f  t h e s e  s a m e  5  c o m p o n e n t s  o n  t h e  b a s i s  
o f  r e t e n t i o n  t im e s .

C o m p o u n d s  r e p r e s e n t e d  a s  p e a k  N o .  1 , 
2  a n d  5  ( F i g .  1 )  w e r e  i d e n t i f i e d  a s  a c e t a l 
d e h y d e ,  m e t h y l  s u l f i d e  a n d  e t h a n o l ,  r e 
s p e c t iv e ly ,  b y  c o m p a r i s o n  o f  r e t e n t i o n  
t i m e s  w i t h  k n o w n  c o m p o u n d s  o n  t h r e e  
d i f f e r e n t  c o l u m n s  ( E x p e r i m e n t a l ) .  T h e

( A )  P L A N T A R U M  
F E R M E N T A T I O N

5
( 3  2  x )

Fig. 1— Head-space vapor GLC profiles 
of (A) pure-culture fermented; (B ) pas
teurized, unfermented; and, (C) naturally 
fermented olives. Numbers above peaks 
were identified as (1) acetaldehyde, (2) 
methyl sulfide, (3) unknown, (4) unknown, 
(5) ethanol, and (6) 2-butanol added as an 
internal standard. The attenuation was 2 X 
except as noted in parentheses above 
peaks. The column was Carbowax 20 M 
and was operated at 75 °C.
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Table 1—Vapor and brine analyses of fermented olives.

V a p o r  a n a ly s is1 B rine  ana ly sis

A cetal- M ethy l P eak  N o . 3 P eak  N o . 4 A cid ity T ran s-
F e rm e n ta tio n  T ype dehyde sulfide u n k n o w n u n k n o w n E th a n o l p H as lactic m ittan ce M ic ro sco p ic  ex am in a tio n

Lactobacillus plantarum 0 .4 8 9 .8 2 1.43 0 .6 4 4 .6 0 3 .8
%

1 .10
%
7 A b u n d a n t  sh o r t ro d s  only

Pediococcus cerevisiae 0 .6 3 8 .41 0 .5 8 0 .2 7 4 .8 5 4 .6 0 .4 7 25 A b u n d a n t p ed io co cc i only
Lactobacillus plantarum +

Pediococcus cerevisiae 0 .5 8 11 .30 1.61 0 .7 8 6 .0 5 3 .8 1 .08 7 A b u n d a n t s h o r t ro d s, few ped io-
cocci

Leuconostoc mesenteroides 0 .7 2 9 .4 3 0 .63 0 .7 0 18.87 5 .1 0 .3 4 35 L e u co n o sto c , in chain s, n o t ab u n -
d a n t

Leuconostoc mesenteroides2 1 .6 4 10.77 0 .1 9 0 .0 4 7 .89 6 .7 0 .0 8 75 F ew  y easts  a n d  ro d s , n o t estab-
lished

P asteu rized , un in o cu la ted
co n tro l 1.99 11.28 0 .5 6 0 .1 7 6 .5 3 6 .2 0 .1 3 77 N o  m ic ro b es  seen

U n h ea ted , n a tu ra l
fe rm en ta tio n 1 .1 6 8 .4 4 0 .1 6 0 .0 9 36 .31 5 .8 0 .1 3 67 Y easts  on ly

A v. % difference f ro m  m ean
o f  dup lica te  assays fo r  
24 sam ples 4 .6 8 .4 2 .9 3 .2 6 .0

1 R e la tive  p e a k  he igh ts fro m  h ead -sp ace  v ap o r an a ly sis; average  o f  d up lica te  assays.
2 T h is  sam ple  o f  o lives differed  fro m  th e  o th e rs  in  th a t  it d id  n o t receive 2.5 m l o f  85 % lactic  acid  p e r 0 .5-gal ja r  as  desc rib ed  in th e  E x p e rim en ta l sec tio n .

identification of peak No. 1 as acetalde
hyde was further verified by the syringe 
reaction methods of Hoff et al. (1964) 
for the removal of aldehydes.

The presence of methyl sulfide was con
firmed by vacuum distillation, trapping 
with liquid nitrogen, and subsequent mass 
spectrometry. Concentrations of the other 
volatiles from this distillation were insuffi
cient for identification by mass spectrom
etry.

While HSV profiles from the various 
olive samples indicated qualitative similar
ity, quantitative differences in the 5 major 
vapor components among fermentations 
existed, as evidenced by peak heights 
(Fig. 1). Relative peak heights of HSV 
profiles were determined to serve as an 
index of these quantitative differences 
(Table 1). The reproducibility of rela
tive peak heights, as determined by dupli
cate assays, is indicated in Table 1, and 
was considered sufficient for detecting 
major quantitative variations in vapor 
composition of olive samples.

Brine analyses which are performed 
routinely to indicate the success of olive 
fermentations (Vaughn et al., 1943; 1954) 
are reported in Table 1 for comparison 
with the HSV data.

Olive samples inoculated with L. Plan- 
tarum  and P. cerevisiae resulted in suc
cessful fermentations as determined by 
the abundant growth of these microorga
nisms with resulting pH and acidity values 
typical of a desirable product (Table 1). 
L. mesenteroides was less dependable as 
the fermenting bacterium as was reported 
by Etchells et al. (1966).

One sample which fermented to some 
extent and another which failed to ferment 
are reported in Table 1. The sample which 
failed to ferment did not receive 2.5 ml

of lactic acid prior to inoculation as did 
the other samples reported in Table 1. 
Thus, fermentation failure was probably 
related to high initial pH. No apparent 
fermentation occurred in the pasteurized 
(i.e., heat-shocked at 74°C for 3 min 
prior to packing) olives. The unheated, 
natural fermentation resulted in a pre
dominance of yeasts with the development 
of little acidity.

Several correlations existed between 
relative peak heights and microbial ac
tivity among the olive samples reported 
in Table 1. Acetaldehyde content ap
parently was reduced as a consequence of 
fermentation by lactic acid bacteria, based 
on comparison with the pasteurized, un
fermented sample. Metabolism of this 
compound in milk by certain cultures of 
Leuconostoc citrovorum  has been re
ported (Lindsay et al., 1965) and may 
explain its reduction in the present in
stance.

Ethanol was present in all products; 
but its increased concentration in brines 
with high populations of yeasts was ap
parent. Fermentation by L. mesenter
oides also resulted in a high level of 
ethanol, which is consistent with the end 
products expected for this heterofermen- 
tative bacterium. Fermentations by the 
homofermentative bacteria L. plantarum  
and P. cerevisiae resulted in compara
tively low levels of ethanol.

Methyl sulfide content in the vapor did 
not vary greatly among the various fer
mentation types. Similar levels were pres
ent in the vapor of the unfermented and 
the fermented olives.

Relative peak heights for the unidenti
fied vapor components, indicated as peak 
No. 3 and 4, also served to characterize 
the fermentation type (Fig. 1, Table 1).

Peak heights for component No. 3 were 
characteristically high when L. plantarum  
was the fermenting bacterium. The most 
striking observation concerning compo
nent No. 4 was its relatively low concen
tration in the vapor of unfermented olives 
and those that underwent natural fermen
tation with a predominance of yeast ac
tivity.

Commercially brined olives

Samples of commercially brined olives 
that had undergone a natural fermenta
tion gave HSV profiles that indicated 
variations in qualitative as well as quan
titative composition of volatile compounds 
(Fig. 2). Most commercial brines gave a 
HSV profile similar to that shown in 
Figure 2A. The same five major peaks 
were present in the chromatograms of 
these brines as were found with the pure 
culture fermented olives. In addition, 
several other peaks were evident.

The ethanol peak varied greatly among 
the commercial brines, presumably reflect
ing varying degrees of activity by yeasts 
and heterofermentative lactic acid bac
teria. The very low level of acetaldehyde 
in the commercial brines may have been 
due to dissipation of this highly volatile 
compound during handling of the olives 
by the packer.

Two samples of commercially brined 
olives considered to be atypical are repre
sented by the HSV profiles in Figure 2B 
and 2C. In several samples there was a 
very high level of 2 -butanol, ironically 
the compound used earlier as an internal 
standard (Fig. 2B). Identity of 2-butanol 
was made on the basis of retention time 
on the three G LC  columns as described 
in the Experimental section.

The apparently high concentration of
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2 -butanol in the brine strongly indicates 
that appreciable microbial activity in ad
dition to or to the exclusion of lactic acid 
bacteria occurred in this lot of olives. The 
odor of these olives, although acceptable, 
was considered “unclean” in comparison 
with the pure culture fermented olives.

Another sample of commercial olives 
had a repulsively strong butyric acid odor 
and was designated as “malodorous” on 
the basis of the description by Vaughn 
(1954). These olives also were soft, and 
definitely unacceptable for consumer use. 
The characteristic volatiles of fermented 
olives were greatly reduced or absent from 
this sample (Fig. 2C). It seems likely 
that these olives had been washed several 
times in an effort to remove the unpleasant 
odor, but without success as the odor of 
butyric acid is detectable at very low 
levels.

2  3

( A )  T Y P I C A L  B R I N E

( I 6 x )

( B )  2  -  B U T A N O L  B R I N E
UJ
(/)
Z  < 8 x )  ( 3 2 * )

( C )  M A L  - O D O R O U S  B R I N E

O  4  8  12 16 2 0  2 4

TIME , MINUTES

Fig. 2— Head-space vapor GLC profiles 
of naturally fermented olives from com
mercial sources showing variations that 
existed in volatile compounds. Sample (A) 
was a typical brine with a pleasant odor; 
(B ) a brine that contained a high level of 
2-butanol (peak attenuated 32 X); and, (C) 
a brine that possessed  a strong odor of 
butyric acid. The attenuation was 2 X 
except as noted. The column was Carbowax 
20 M and was operated at 75°C.

Table 2—Fractionation of fermented olive 
volatiles by vacuum distillation.

T rap O d o r d escrip tio n

Ice-salt W eakly  a lcoho lic

D ry  ice-acetone S trong ly  alcoho lic

L iq u id  n itrogen S tro n g  fe rm en ted  olive, 
m ethy l sulfide-like

R esidue W eak  fe rm en ted  olive, 
nearly  b lan d

Major odor components

The volatile compounds of olives fer
mented by L . p la n ta r u m  were fraction
ated into two groups by vacuum distilla
tion (Table 2). The ice-salt and dry ice- 
acetone traps contained alcoholic odors. 
The liquid nitrogen trap contained what 
was considered the primary odor of fer
mented olives.

Odor-monitoring of G LC  effluents 
from chromatographing samples from the 
liquid nitrogen trap revealed only two 
components that could be detected by 
smelling. These components were methyl 
sulfide and acetaldehyde as indicated by 
retention times.

Methyl sulfide odor could be detected 
when chromatographing on any of the 
three stationary phases used in this study. 
The odor of acetaldehyde could be de
tected only when chromatographing on 
diisodecylphthalate, as the other two col
umns did not adequately resolve this 
component from methyl sulfide. When 
the two components emerged in mixtures, 
only the odor of methyl sulfide was de
tected.

Odor-monitoring of G LC  effluents from 
head-space vapor samples revealed only 
one component in effluents, methyl sulfide, 
that could be detected by smelling. This 
compound was concluded to be a major 
odor component of brined olives as the 
compound alone in certain concentrations 
gave an odor very similar to that of the 
olives. Thus, brined olives are among the 
increasing number of foods which have 
been reported to contain flavor threshold 
levels of methyl sulfide. Other such foods 
include tomatoes (Miers, 1966), potatoes 
(Gumbmann et al, 1964) and Swiss 
cheese (Langler et al., 1967).

Similar concentrations of methyl sul
fide in the head-space vapor of brined 
olives, whether fermented or unfermented, 
indicates that it is derived from the olive 
under normal brining conditions.

Acetaldehyde, and to a lesser extent 
ethanol, were considered to contribute 
secondarily to the odor of brined olives. 
Unidentified components indicated as 
peak no. 3 and 4, and other compounds 
may also modify the basic odor ascribed 
to methyl sulfide.

Samples of olives were subjected to in

formal taste panel evaluation. Pure-cul- 
ture fermented olives were described as 
having a “clean” fermented olive flavor. 
The term “clean” was defined as the ab
sence of off-flavors. The flavor of the un
fermented product was rated as being 
more bland and lacking sharpness, prob
ably due to the lack of acidity. The odors 
of the fermented and unfermented prod
ucts were similar.

From the above observations it was 
concluded that the primary contributions 
of fermentation by lactic acid bacteria to 
the flavor of olives include: ( 1) the pro
duction of a desirable level of acidity; 
and (2 ) utilization of fermentable sugars 
to the exclusion of microorganisms which 
produce metabolic end products with un
desirable flavor characteristics.
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The Cause of Discoloration of Hard Cooked Egg Rolls
SUMMARY■—The brownish discoloration of coagulated albumen in hard cooked egg rolls 
by ultraviolet (UV) radiation involves the splitting and conformation changes of the 
peptide chain as suggested by an increase in the amount of nonprotein nitrogen and 
aromatic amino acids. The presence of water was essential in the development of dis
coloration, indicating that hydroperoxides and/or peroxides produced from water by 
the action of UV radiation could cause oxidation of tryptophan. The oxidative type of 
reaction was confirmed by the development of a similar brown color when coagulated 
albumen was heated in the presence of oxidizing agents. The discoloration could be 
prevented by reducing agents, however, once the color has been developed the agents 
become ineffective. Therefore, a two step mechanism was suggested for the UV discolora
tion of coagulated albumen: first, the peptide chain is hydrolyzed resulting in an increase 
in the amount of tryptophan available; second, the tryptophan molecule is oxidized 
producing a brown color.

IN TRO D U CTIO N
IN  1964 Cornell University developed a 
new egg product known as prepackaged 
Hard Cooked Eggs (Egg Rolls). During 
the eighth week of market-testing a 
brownish discoloration appeared on the 
surface of the egg roll. Areas directly ex
posed to the fluorescent light in the mar
ket display case developed the brownish 
color. This study was undertaken to de
termine the cause of the discoloration and 
to find methods for its prevention.

Joly (1965) reviewed the effect of 
ultraviolet (UV) radiation on dénatura
tion of albumen. Ultraviolet dénaturation 
of albumen is a unimolecular reaction and 
is not affected by pH and temperature. 
Alexander (1959) and Woodward (1933) 
reported that U V radiation of albumen 
caused emission of electrons from albu
men which resulted in an increased num
ber of disulfide bonds. Proteolysis is asso
ciated with the U V dénaturation of oval- 
bumen and appeared after exposure to 
UV radiation for 1 hr. The effectiveness 
of the U V radiation is dependent on the 
product of intensity and time of exposure 
(Joly 1965). Mitchell et al (1938) sug
gested that the photoreaction effects the 
peptide linkage adjacent to an aromatic 
amino acid causing oxidative photolysis.

The dénaturation of native albumen 
with U V radiation has been studied by 
several workers, however, no work has 
been reported on the effect of U V radia
tion on heat coagulated albumen.

M A T ER IA LS  & M ETH O D S
Preparation and exposure to UV radiation of 
egg roils

Four, one day old eggs of White Leghorn 
hens were broken and their contents were 
placed in a polypropylene tube and sealed. 
The rolls were heated in a 93"C water bath

for 20 min, then cooled in a refrigerator 
(1—4°C). The egg rolls were exposed to UV 
radiation by placing them 25 cm from a RE 
lamp with two black ray bulbs (40 rapid 
start, UV Products, Inc., San Gabriel, Calif.) 
in a 7-14°C  refrigerator.
Removal of sugar and water from albumen

One day old eggs of White Leghorn hens 
were desugared by an enzymatic reaction in
volving glucose oxidase. The desugared albu
men was then coagulated and exposed to UV 
radiation. The presence of glucose was tested 
with Benedicts test according to Clark
(1964).

Water was removed from coagulated albu
men by freeze-drying in a Stokes Freeze 
Dryer. The dried albumen was then exposed 
to UV radiation for a maximum of 20 days.

Effect of oxidizing and reducing agents on 
albumen

Oxidizing agents. Ammonium persulfate 
was added to albumen to a final concentra
tion of 5%  and was heated in a 93 °C  water 
bath for 20 min. 5 %  hydrogen peroxide was 
also used.

The concentration effect of oxidizing 
agents was studied by adding 5, 4, 3, 2, 1, 
0.5, 0.25 and 0.125% ammonium persulfate 
to albumen. The solutions were heated at 
93 °C for 20 min. The color produced in the 
albumen was compared with an egg roll ex
posed to UV radiation for 10 days to deter
mine the time of reaction.

Reducing agents. A 5%  solution of L-cys- 
teine in albumen was heated at 93 °C  for 20 
min. Samples were then exposed to UV 
radiation for a maximum of 20 days. As
corbic acid and 2-mercaptoethanol were also 
used.

The effect of reducing agents on prevent
ing discoloration in albumen was investigated 
by preparing 1%  solutions of ammonium 
persulfate in albumen (base oxidizing solu
tion). Varying quantities of L-cysteine was 
added to a base oxidizing solution to give 
final concentrations of 0.5, 0.2, 0.1, 0.05 and 
0.025 M. The solutions were then heated at 
93 °C for 20 min.

Effect of minerals
1 ml of a 1%  solution of ferric chloride 

was added to (a) 99 ml of albumen, and (b) 
99 ml of base oxidizing solution. These were 
heated at 93 °C  for 20 min. The color pro
duced was measured using a Gardner Color 
Difference Meter. Ferrous chloride, cobalt 
chloride, magnesium chloride and manganese 
chloride were also used in place of ferric 
chloride.
Determination of nonprotein nitrogen

10 g of brown UV treated egg roll was 
added to 50 ml of 12%  trichloroacetic acid 
(TCA) and blended in a Waring Blendor for 
30 sec. The mixture was then centrifuged for 
30 min at 48,000 X  G (Sorvall RC2-B cen
trifuge). The supernatant was neutralized 
and tested for nitrogen using the micro- 
kjeldahl, aromatic amino acids using the 
Lowry modification of the Folin test, and 
tyrosine and tryptophan using the 295:280 
ratio as reported by Colowick et al. (1964). 
The central portion of the egg roll which 
was not brown was tested for NPN in a 
similar manner and served as the control.
Visible effect of UV radiation on amino acids

1%  solution of tryptophan was subjected 
to UV radiation for 5 days at 7-14°C  and 
observed for discoloration. Tyrosine, phenyl
alanine, serine, histidine and threonine were 
also used. The effect of concentration on dis
coloration was determined using 0.1, 0.3 and 
0.5% tryptophan solutions. The intensity of 
discoloration was tested by optical density 
(OD) at 500 m/i from 0 to 45 hr. Water was 
used as a reference.
Effect of reducing agents on 
discoloration of tryptophan

Solutions containing 0.5, 0.25, 0.20, 0.10 
and 0.05 M  2-mercaptoethanol in 1 %  trypto
phan were exposed to UV radiation for 48 
hr at 7-14°C and OD measured at 500 npt. 
L-cysteine and ascorbic acid were also used.

R E S U L T S  & D ISC U SS IO N
Effect of sugar and water

The nature of discoloration of egg rolls 
was determined by removing the glucose 
and water from egg albumen. It was 
found that the desugared albumen on ex
posure to U V radiation developed a 
brownish discoloration. These data (Table 
1 ) indicated that glucose was not involved 
and the discoloration was not a carbonyl- 
amine type of browning. Enzymatic 
browning and bacterial pigmentation were 
eliminated due to the heat treatment in
volved in the production of rolls (93°C
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for 20 min). Water was found to be an 
essential part of the discoloration reaction 
as the freeze dried coagulated albumen 
did not brown under UV radiation. The 
prevention of UV browning by removal 
of water indicates that water is probably 
acting as a substrate for the production of 
peroxides and hydroperoxides by UV ra
diation and in turn may cause the hy
drolysis of the peptide chain.

Oxidizing and reducing agents

The effects of oxidizing and reducing 
agents on discoloration of albumen are 
shown in Table 2. The discoloration of 
coagulated albumen by U V radiation was 
similar to that produced by oxidizing 
agents and could be prevented by reducing 
agents, suggesting that color development 
involves an oxidative process. However, 
once the brown color has been produced 
it cannot be changed or removed by re
ducing agents. It appears that hydroper
oxides by virtue of their ability to degrade 
products could make this an irreversible 
reaction.

The time for and extent of brown dis
coloration produced by ammonium per
sulfate in coagulated albumen was found 
to depend on persulfate concentration. A 
minimum concentration of 1 %  ammo
nium persulfate was required to obtain 
the same degree of browning as produced 
by U V radiation. However, as the concen
tration of ammonium persulfate was in
creased, the time required to achieve the 
same amount of discoloration decreased 
(Fig. 1).

The effect of L-cysteine and cystine in

Table 1—Effect of water and sugar on 
discoloration of coagulated albumen by 
ultraviolet radiation.

D evelopm en t 
o f  co lo r

T re a tm e n t (days)

C o ag u la ted  a lb u m en  5
F reeze  d ried  co ag u la ted  a lb u m en  > 2 0
D esu g ared  co ag u la ted  a lb u m en  5
N ativ e  a lb u m en  (u n co ag u la ted ) > 2 0
F reeze  d ried  n a tiv e  a lb u m en  > 2 0

Table 2—Effect of oxidizing and reducing 
agents on discoloration of coagulated 
albumen.

C o lo r  developed

T re a tm e n t
N o n  U V  
trea ted

UV
trea ted

A m m o n iu m  p ersu lfa te B row n i
H y d ro g en  pero x id e B row n
L -cysteine N o  co lo r N o  co lo r
2 -M ercap to e th an o l N o  co lo r N o  co lo r
A sco rb ic  acid N o  co lo r N o  co lo r
U n trea ted N o  co lo r B row n

1 A lread y  b row n .

preventing the brown color produced by 
albumen in the presence of ammonium 
persulfate is shown in Figure 2. L-cysteine 
at a concentration of 0.2 M completely

prevented the development of such a 
color. However, cystine did not influence 
the brown color at any concentrations 
tested, indicating the importance of reduc-

Time(min) at 93°C

Fig- 1— Time required for brown ng of egg albumen with various amounts of am
monium persulfate at 93°C.

Fig. 2— Effect of varying concentrations of cysteine and cystine on the prevention of 
browning in base oxidizing solution.
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ing properties of sulfhydryl groups of 
L-cysteine.

Effect o f cations

Cations commonly associated with 
known color reactions had no significant 
effect on the brownish discoloration of co
agulated albumen (Table 3) when mea

sured on a Gardner Color Difference 
Meter. This indicates that metal ions may 
not be involved in the brown discoloration 
of coagulated albumen.

Nonprotein nitrogen

The amount of nonprotein nitrogen 
(NPN) in a 10 %  TC A  supernatant from

Fig. 3— Effect of tryptophan concentration on the intensity of brown color on exposure 
to UV radiation at different time intervals.

Fig. 4— Effect of varying concentration of reducing agents on the prevention of brown
ing of tryptophan when exposed to UV radiation.

control and UV treated coagulated albu
men was determined and these data are 
shown in Table 4.

The microkjeldahl data show that 
there is approximately 1 Vo times more 
nitrogen in the TC A  supernatant of the 
U V treated albumen than the control 
(non U V treated). The Folin procedure 
also showed a similar increase in the 
amount of aromatic amino acid when 
compared to control. The 295:280 ratio 
which is specific for tyrosine and trypto
phan showed 1.7 and 1.3 times more tyro
sine and tryptophan in U V treated albu
men than the control.

These data indicate an increase in aro
matic amino acids which is primarily 
caused by the hydrolytic (proteolytic) ac
tivity of U V radiation (Mitchell et al.,
1938). This suggests that amino acids 
which were shielded prior to the hydrol
ysis and conformational change have be
come available for reaction in the degra
dation by UV radiation (Joly, 1965).

V isible effects o f U V  radiation

The discoloration of UV radiation on 
several amino acids was investigated and 
the data (Table 5) show that tryptophan 
was the only amino acid that produced a 
brown color. The concentration depen-

Table 3—Effect of various cations on 
discoloration as measured with a Gardner 
Color Difference Meter.

R f l

C a tio n
C a tio n  +  
a lbum en

C a tio n  +  
a lb u m en  +

1 % am m o n iu m  
persu lfa te

F e +  + 7 1 .5 2 6 5 .6
F e +  +  + 7 0 .6 2 6 3 .3
C o  +  + 7 8 .8 6 3 .8
M g +  + 7 8 .8 6 6 .6
M n +  + 7 7 .5 6 6 .4
C o n tro l 7 9 .3 7 0 .5

1 R f is th e  w h ite  to  b la c k  scale.
2 S am ples w ere b lack .

Table 4—Quantities 
supernatant from UV- 
coagulated albumen.

of NPN in 10% TCA 
■ and non-UV-treated

M e th o d T re a tm e n t
A m o u n t o f  n o n p ro te in  

n itro g e n

M ic ro N o rm a l

mg of nitrogen/g of 
sample 
0 .2 7 3

K ejld ah l UV 0 .4 2 7

F o lin N o rm a l
mg NPN as tyrosine 

4 .4 4
UV 7 .5 8

2 9 5 :2 8 0  r a tio  N o rm a l

mg mmole/g of protein 
ty ro sin e  try p to p h a n  

4 8 .4  3 4 .8
UV 8 1 .3  4 5 .0
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Table 5—Effect of UV radiation on dis
coloration of some amino acids.

A m in o  acid
B row n d isco lo ra tio n  

d evelopm en t in  5 days

T ry p to p h a n +
T y ro s in e —
P h en y la lan in e —
Serine —
L ysine -
T h reo n in e —
C ysteine —
C ystine —
M eth io n in e —

dence of tryptophan to discoloration was 
investigated and the results are shown in 
Figure 3. Investigations as reviewed by 
Joly (1965) have shown that there are 
molecular changes in tryptophan when 
exposed to U V radiation, but any color

change in tryptophan solution when 
treated with U V has not been reported 
previously. This could be due in part to 
the dilute solutions used for U V analysis. 
These data indicate that a 0 .1%  trypto
phan solution gives a visible brownish 
color after 24 hr of exposure to U V radia
tion. Lower concentrations of tryptophan 
solution take a longer time to develop 
and the intensity of the color is low.

The effect of reducing agents on pre
vention of browning of tryptophan was 
investigated (Fig. 3) and it was observed 
that the brownish color was retarded by 
the reducing agents tested. However, the 
concentration necessary for prevention of 
brown color varied with the reagent used 
(Fig. 4). The necessity for an aqueous 
solution was confirmed when no color was 
developed on exposure of dry tryptophan

to UV radiation.
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Microbiology of Fresh Apple and Potato Plugs
Preserved by Gas Exchange

SUMMARY— Gas exchange as a means of preservation of fresh disk-shaped plugs of 
apples and potatoes at ambient temperatures was studied. Death kinetics of the micro
organisms E. coli, St. aureus and Cl. botulinum were determined. The concurrent effects 
of the gas on the browning enzyme system s of the products was followed. Gram negative 
rods in the environment of the test materials were rapidly killed when exposed either to 
a mixture of ethylene oxide (1 0 % ) and carbon dioxide (9 0 % ), or to pure sulfur dioxide 
and sulfur dioxide (5 0 % ) air mixtures. Gram positive cocci and the spores of the an
aerobes showed somewhat slower rates of destruction under the same conditions. Treat
ment with pure carbon monoxide, nitrogen or packaging in vacuum achieved considerable 
freedom from color changes but had no appreciable effect on microorganisms.

IN TR O D U C TIO N
GASEOUS sterilization, a specialized 
type of chemical sterilization where the 
chemicals used are gases, has found appli
cation in the treatment of a variety of 
nonfeed materials (Kaye, 1949; Phillips,
1957), such as plastics, leather, certain 
biological products and delicate labora
tory instruments.

The intriguing advantages of such a 
system are: simplicity in operation since 
a gas distributes itself freely throughout 
an enclosed space, its relatively high

a P re sen t ad d ress : C e n tra l R e sea rch  D e p a r t
m en t, Jo s e p h  E . S eag ram  a n d  Sons, In c ., L o u is
ville, K en tu ck y .

» P re s e n t a d d re ss : N a tio n a l A sso c ia tio n  o f  
F ro z e n  F o o d  P ack ers , W ash in g to n , D . C .

power of penetration, avoidance of a 
water soaked appearance, damage to heat 
sensitive materials and relatively easy re
moval of excess disinfectant by airing or 
evacuation. With this technique, steriliza
tion at ambient temperatures can be 
achieved (Kramer et al., 1968). Cotton 
et al. (1928) were the first to report 
the use of ethylene oxide as a fumigant. 
Practical sterility of dry foodstuffs, i.e., 
spices, grains and the like, has been ob
tained by the use of ethylene oxide 
(Heath, 1964). This gas is truly bacterici
dal in its action through alkylation of one 
or more of the nitrogen atoms in the DNA 
bases of the microorganisms, subsequently 
causing anomalies in the base pairing in 
the DNA helix (Rose, 1965). It pene
trates readily plant tissues and has a broad

spectrum of activity.
Sulfur dioxide inhibits enzyme cata

lyzed oxidative discoloration of fruits and 
vegetables (Joslyn et al., 1954). It has 
been widely used for the treatment of 
fruits and vegetables before dehydration 
in order to preserve their color. It has 
also been employed in order to extend 
the storage life of fresh grapes by its 
effect on B o tr y is  (Pryor, 1950) and to 
prevent the growth of undesirable micro
organisms during wine making (Amerine 
et al., 1951 ). It is a strong reducing agent 
and it acts both through enzyme poisoning 
and as an antioxidant.

The effect of carbon monoxide as a 
preservative has received little attention. 
It displays very high toxicity (Rose, 
1965) as an enzyme inhibitor by combin
ing with an iron-containing prosthetic 
group or coenzyme that is required for the 
activity of certain enzymes.

Nitrogen atmospheres have been suc
cessfully employed (Bayes, 1950; Kramer 
et al., 1966) for retarding oxidative de
terioration of perishable food products.

A number of other gases such as ozone, 
carbon dioxide, nitrogen trichloride, for
maldehyde, nitrous oxide and ò-propiolac-
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Fig. 1— Product preparation chamber. Fig. 2— Gas exposure chamber.

tone have attracted attention as potential 
preservatives and disinfectants with vary
ing degrees of success (Dunn, 1957; Phil
lips et al., 1958).

The lack of current information on the 
effect of a number of gases on spoilage 
and pathogenic microorganisms in the en
vironment of fresh plant food products 
and the removal of residual gases and 
their effect on the browning enzyme sys
tem indicated the need for further explor
ation in this area.

M ATERIALS &  M ETH O D S
Test organisms

Pure cultures of typical food spoilage and 
food poisoning microorganisms were selected. 
They were Escherichia coli ATCC II229, a 
standardized suspension of spores of Clos
tridium botulinum  62-A and Staphylococcus 
aureus ATCC 6538. The test bacteria were 
grown in Brain Heart Infusion broth (Difco) 
at 37 °C  for 18 hr. The bacterial cells were 
harvested by centrifugation, washed twice 
with sterile distilled water and suspended in 
buffered sterile distilled water. The inoculum 
was adjusted to a population of approxi
mately 10“ cells per gram of product. The 
standardized spore suspension of the Cl. 
botulinum  was diluted to an equivalent of 
105 spores per gram of product. Both the cell 
and the spore inocula are considered high 
levels of initial contamination for food 
products.
Preparation of plant materials

Apples and potatoes were selected since 
they represent important crops, as well as 
affording a wide range of pH within which 
most plant food materials fall. The products 
were washed and placed in a preparation 
chamber made of heavy plastic film (Fig. 
1 ) .

The cutting tools, bottles and stoppers 
were presterilized. The chamber was evacu
ated repeatedly and broken with nitrogen 
which was then maintained at a slight pres
sure. The samples, therefore, were prepared 
in an atmosphere approaching 100%  nitro
gen in order that oxidative enzymatic brown

ing would not be initiated prior to the final 
treatment with the appropriate gas.

The products were sliced by a slicer and 
cylindrical plugs weighing about 1 g were cut 
using a cork borer. Ten plugs were placed 
in each of 50 ml capacity rubber stoppered 
glass containers. A number of bottles in 
each batch were inoculated with the test 
microorganisms. Appropriate controls were 
included.

Exposure procedure
A modified case anaerobic jar was found 

to be a suitable exposure chamber for the 
treatment of the samples with the different 
gases (Fig. 2). The capacity of the jar is 16 
L and it is equipped with a vacuum-pressure 
gage which can conveniently indicate the de
gree of evacuation and the degree of replace
ment with the desired gas. Gas (or gas mix
ture) at the rate of about 1 g per L of space 
was used; and the chamber was operated at 
room temperature which was found to be 
effective by a number of researchers (Kaye, 
1949; Pappas et al., 1952).

The bottles containing the samples were 
placed inside the chamber, the stoppers were 
partially undone and a vacuum of 30 in. was 
drawn and maintained for 10 min. The de
sired gas was then connected and allowed 
to fill the chamber until the gage returned 
to the zero position. The gas remained in 
contact with the product for the determined 
length of time. The chamber was subse
quently evacuated for 15 min and following 
this the product was “washed” with sterile 
air for an additional 10 min. A bacteriologi
cal glass filter was used in filtering the air. 
The chamber was then opened and the stop
pers were securely adjusted in place to avoid 
recontamination.

Gas analysis of the headspace of the bot
tled samples by the use of the Fisher-Hamil- 
ton-Partitioner failed to register the presence 
of the tested gas. In the case of sulfur di
oxide, the residual sulfur dioxide content was 
further determined by titration as suggested 
by Ruck (1963). Gases used in this experi
ment were: Anhydrous sulfur dioxide, C.P. 
grade; carbon monoxide, C.P. grade; and 
Carboxide—a 10% ethylene oxide and 90% 
carbon dioxide mixture which is considered 
nonflammable.

Microbiological examination.
The 10 g sample was transferred asepti- 

cally from the treatment bottle to a sterile 
Osterizer jar. 90 ml of phosphate buffered 
sterile distilled water was added and the sam
ple was blended for 2 min. This 1:10 dilu
tion was used in preparing a series of decimal 
dilutions from 10_s to 10'*. Microbiological 
techniques described by a number of work
ers were employed (Hartman, 1960; APHA, 
1965; Angelotti et al., 1966). E. coli were 
enumerated by plating in duplicate on Violet- 
red bile agar (Difco) and incubating at 37°C 
for 24 hr. St. aureus were surface plated on 
Mannitol salt agar (Difco) and the plates 
were incubated at 35°C for 48 hr. Bright 
yellow colonies developed in this medium. 
Reinforced clostridial agar (Oxide, Consoli
dated Laboratories) w'as used for counting 
the Cl. botulinum. Thick plates were poured 
and incubated in a case anaero jar in an 
atmosphere of 90% nitrogen and 10% car
bon dioxide at 30°C for 72 hr.
Determination of enzyme activity

The method described by Summer et al.
(1953) was used, by which polyphenoloxidase 
activity can be determined colorimetrically 
by measuring the ability of this enzyme to 
catalyze the oxidation of catechol with the 
formation of quinones. The optical density 
of the solution was recorded at 405 m¡i in a 
Spectronic ‘20.’

RESULTS & D ISCUSSIO N
PRELIM IN ARY work on improved 
methods of preserving fresh foods had in
cluded the total withdrawal of oxygen 
from plant materials followed in some 
cases by packaging under nitrogen 
(Kramer et al., 1966). It was observed 
that over a period of several weeks, color 
changes were arrested while changes in 
texture were attenuated. In later studies 
in which air withdrawal was followed with 
flushing with certain gases, color, texture 
and flavor changes were arrested (Kramer 
etal., 1968).

In this study inoculated samples of the 
plant products were treated with the ex-
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E X P O S U R E  T IM E  (M IN.)

a b c

d e f

Fig. 3— Survivor curves for microorganisms exposed to carbon monoxide (-------), ethylene oxide (------- ), or
sulfur dioxide (—) gas. a. E. coli on apple plugs; b. St. aureus on apple plugs; c. Cl. botulinum on apple plugs; 
d. E. coli on potato plugs; e. St. aureus on potato plugs; f. Cl. botulinum on potato plugs.

Fig. 4— Polyphenoloxidase activity following exposure to carbon monoxide (-------),
ethylene oxide (------- ) , or sulfur dioxide (--■■) gas. a. Potato plugs; b. Apple plugs.

perimental gases. Survivor curves for E . 
c o li,  C l. b o tu l in u m  and S t. a u r e u s  in in
oculated sample disks are presented in 
Figure 3.

The effect of the experimental gases on 
polyphenoloxidase is shown in Figure 4.

Carbon monoxide, although preserving 
substantially the color of the plant mate
rials by inactivating the polyphenoloxi
dase, has little effect on the bacteria. Ex
posure of the apple plugs to the ethylene 
oxide mixture proved satisfactory as far 
as the destruction of microorganisms is 
concerned but it did not inactivate the 
browning enzyme system. Since plant 
products are generally high in moisture, 
the difficulties encountered in the steriliza
tion of dried materials or materials of low 
water content with this gas, as reported by 
Kaye et al. (1949), were not evident in 
this study.

The gram negative rods used in this 
experiment were more vulnerable to the
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gas than the cocci. The clumping effect 
and the general hardiness of the cocci has 
been postulated by Rose (1965) as favor
ing their survival, as well as the fact that 
all the microorganisms in a clump need to 
be killed before the loss of one colony 
forming unit is observed. The spores of 
C l. b o tu l in u m  displayed the same pattern 
of destruction as the cocci. The differen
tial rate of destruction within a microbial 
population was apparent by the presence 
of the characteristic “shoulder” often ob
served in certain lethality curves.

All test microorganisms were quickly 
destroyed after a 5 min exposure to pure 
sulfur dioxide or 50% sulfur dioxide-air 
mixture. Lower sulfur dioxide-air mix
tures required a proportionately longer 
exposure time to achieve complete inac
tivation of the bacteria. This gas effec
tively destroyed the polyphenoloxidase. A 
possible synergistic effect of low pH and 
an antimicrobial agent was demonstrated 
in the case of apple plugs, while the 
potato plugs were less easily sterilized, 
and their polyphenol oxidase activity de
creased at a lesser rate.

In all cases no evidence of the studied 
gas was detected in the headspace of the 
sample bottles by the Fisher-Hamilton 
Gas Partitioner, following 15 min evacua
tion and 10 min washing with sterile air.

In the case of sulfur dioxide treated 
samples, the plant tissues were further 
tested for the presence of sulfur dioxide, 
in view of the ease with which this dis
solves in water. A number of evacuation 
times were employed and the sulfur di
oxide residual in the tissues was deter
mined by titration. The results are sum
marized in Figure 5.

A statistically significant interaction be
tween products and evacuation time (P =  
0 .0 1 ) was noted; the more compact cellu
lar structure of the potato plugs retaining 
more residual gas than the apple tissues. 
At the end of a 60 min evacuation, the 
S02 residue in the tissues of both potatoes 
and apples was reduced to below 100 ppm 
and could not be readily detected organo
leptically.

It would appear that in the future, 
should all process development and all 
nutritional and toxicological tests be com
pleted successfully, gaseous sterilization 
could be applied to the preservation of a

Fig. 5— Sulfur dioxide residue in potato
(-------) and apple (■■■■) plugs treated with
SO» for 5 min and subsequently evacuated.

number of fresh food products.

C O N C L U S IO N S
CONSIDERABLE work remains to be 
done to determine the nutritional and 
toxicological effects of such gaseous treat
ments. Further studies may reveal, for ex
ample, possible toxicity of ethylene oxide 
on hydrated products, and if that should 
be the case the use of another epoxide 
such as propylene oxide may be necessary 
although its bactericidal activity is lower 
(Whelton et al., 1948). Undoubtedly ad
ditional more rigorous microbiological 
and enzymological studies need to be per
formed over an extended storage time, 
particularly with such organisms as C l. 
b o tu lin u m  on low acid foods before a gas 
exchange procedure can be approved.

From the results obtained thus far, 
however, it would appear that there is a 
possibility that such a gas exchange proce
dure would be applied not only to extend 
shelf life by a drastic reduction in bacte
rial population and enzymatic activity, but 
by a total destruction of bacteria and 
enzyme activity, to preserve a number of 
fresh food products without altering their 
fresh-like sensory quality.
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Utilization of Amide Nitrogen by the Young Rat
SUMMARY— Effects on body nitrogen gains of supplying nonessential nitrogen as glu
tamic or aspartic acids, as glutamine or asparagine or as wheat were investigated. It was 
found that nitrogen gains of rats fed diets containing only purified amino acids as the 
nitrogen source and relatively high levels of amide nitrogen were significantly lower than 
those of rats fed the same amounts of total nitrogen, all as a-amino nitrogen. However, 
they were signlficanty higher than those of rats fed the same amounts of a-amino 
nitrogen, but no additional amide nitrogen, indicating some effect of amide nitrogen in 
body nitrogen storage. Rats fed ad libitum consumed more of the glutamine-containing 
diet than of one containing isonitrogenous amounts of glutamic acid; analysis of covari
ance indicated that ad libitum-fed rats also utilized the nitrogen of glutamic acid more 
efficiently than that of glutamine. Addition of enough sodium bicarbonate to neutralize 
the hydrochlorides of dietary amino acids had no effect on utilization of amide nitrogen. 
No differences in nitrogen utilization were found between two groups of rats fed different 
levels of amide nitrogen as wheat.

IN TRO D U CTIO N
ABOUT 20% of the total nitrogen in 
wheat is in the amide form but the extent 
to which amide nitrogen in the diet can 
contribute to nitrogen stores in the body 
has not been extensively investigated. 
Barry (1956) showed that in the casein of 
milk of the lactating goat glutamine resi
dues came from free blood glutamine and 
glutamic acid from free blood glutamic 
acid. Studies using animal cell cultures 
(Levintow et al., 1957) indicated that the 
amide nitrogen of glutamine is utilized for 
the synthesis of purines and pyrimidines 
but was not a precursor cf a-amino nitro
gen.

Studies from this laboratory (Womack 
et al., 1964) indicated that a low level of 
wheat gluten adequate for maintenance of 
tissue protein in the young adult rat was 
inadequate for older animals. Data were 
interpreted to indicate that the require
ment for at least one amino acid is higher 
for the older than for the young adult ani
mal. The possibility exists, however, that 
the differences observed may have been 
due to a difference in utilization of amide 
or amino acid nitrogen, or both, by ani
mals of the two age groups. A study was 
therefore undertaken of the utilization of 
a-amino acid versus amide nitrogen by 
animals of different ages. Studies with the 
young rat are reported here. It was found 
that amide nitrogen was able to contribute 
to body nitrogen stores but that it was less 
efficiently used than an equal quantity of 
a-amino nitrogen.

E X P E R IM E N T A L
E x p e r im e n ta l  p la n

The experimental plan is shown in Table 1. 
In preliminary studies it was found that 7 g

f o o d  w a s  n e a r  th e  u p p e r  l im i t  t h a t  a l l  
r a t s  r e c e iv in g  h ig h  le v e ls  o f  g lu ta m ic  a c id  
w o u ld  c o n s u m e  p e r  d a y . L e v e ls  o f  e s s e n t ia l  
a m in o  a c id s  w e re  u s e d  w h ic h  w o u ld  a l lo w  f o r  
g r o w th  w h e n  s u i ta b ly  s u p p le m e n te d  w ith  
n o n e s s e n t ia l  n i t ro g e n  w i th o u t  f u r n i s h in g  e x 
c e s se s  w h ic h  m ig h t  b e  u t i l iz e d  f o r  f o r m a t io n  
o f  n o n e s s e n t ia l  a m in o  a c id s . A ls o , i t  w a s  
n e c e s s a ry  to  d e te r m in e  th e  a m o u n ts  o f  to ta l  
n i t r o g e n  to  b e  fe d  to  p r o d u c e  r e a d i ly  d e te c t 
a b le  e f fe c ts  o n  n i t ro g e n  g a in s . T h e n  th e  u t i l 
iz a t io n  o f  a - a m in o  n i t r o g e n  v e r s u s  a m id e  
n i t r o g e n  in  v a r io u s  f e e d in g  p a t t e r n s  a n d  d ie 
t a r y  c o m b in a t io n s  w a s  s tu d ie d . D e ta i l s  o f  th e  
e x p e r im e n ts  a c c o m p a n y  d is c u s s io n  o f  re s u l ts .

P ro c e d u re s

W e a n l in g  r a t s  o b ta in e d  f r o m  th e  s u p p l ie r  
w e r e  h o u s e d  in d iv id u a l ly  in  a  te m p e r a tu r e -  
h u m id i ty  c o n t r o l le d  r o o m  a n d  f e d  a  s to c k  
d ie t  f o r  3 - 5  d a y s  u n t i l  th e y  r e a c h e d  th e  d e 

s ire d  w e ig h t. A f t e r  b e in g  f e d  a  n i t r o g e n - f r e e  
d ie t  f o r  4  d a y s  ( e x p e r im e n ts  1 - 4 )  o r  f a s te d  
f o r  2 4  h r  ( e x p e r im e n ts  5 a n d  6 ) ,  th e y  w e re  
d iv id e d  in to  g r o u p s  a n d  f e d  th e  e x p e r i 
m e n ta l  d ie ts  o r  k i l le d  f o r  in i t i a l  c o n t r o ls .

F e c e s  w e re  c o l le c te d  d a i ly  f r o m  th e  r a t s  o f  
e x p e r im e n t  4 , f r o z e n  u n t i l  th e  e n d  o f  th e  
f e e d in g  t r ia ls ,  d r ie d ,  g r o u n d ,  a n d  a n a ly z e d  
f o r  n i t r o g e n  b y  th e  m a c r o - K je ld a h l  m e th o d .  
A t  th e  e n d  o f  th e  f e e d in g  p e r io d ,  a l l  r a t s  w e r e  
k i l le d  w i th  c h lo r o f o r m ,  c o n te n t s  o f  t h e  g a s 
t r o in te s t in a l  t r a c t  w e r e  r e m o v e d ,  a n d  c a r 
c a s se s  a u to c la v e d  f o r  15 m in  a t  15 lb  p r e s 
s u re . T h e y  w e r e  h o m o g e n iz e d  in  a  b le n d e r  
w i th  a  k n o w n  a m o u n t  o f  w a te r  a n d  a n a ly z e d  
f o r  n i t ro g e n .  I n i t i a l  c a r c a s s  n i t r o g e n  o f  th e  
e x p e r im e n ta l  a n im a ls  w a s  d e te r m in e d  f r o m  
th e  r e g re s s io n  l in e s  c a lc u la te d  f o r  c o n t r o l  
g ro u p s .

T h e  a m in o  a c id s  w e re  e i th e r  N .R .C .  g r a d e  
o r  p r o d u c ts  a n a ly z e d  f o r  p u r i ty  f o r  a n o th e r  
s tu d y  ( A h r e n s  e t  a l . ,  1 9 6 6 ) .  T h e  a m in o  a c id  
m ix tu re  ( T a b le  2 )  w a s  p a t te r n e d  a f t e r  th e  
a m in o  a c id  r e q u i r e m e n ts  o f  th e  g r o w in g  r a t  
( R a m a  R a o  e t  a l . ,  1 9 5 9 ; R a n h o t r a  e t  a l., 
1 9 6 5 ) .  T h e  w h e a t ,  ly e - p e e le d  b le a c h e d  b u lg a r  
( W U R L D  w h e a t )  w a s  g r o u n d  b e f o r e  u se . 
A m in o  a c id  c o n te n t  o f  th e  p r o d u c t  w a s  d e t e r 
m in e d  u s in g  a  T e c h n ic o n  A m in o  A c id  A n a 
ly z e r .  F o r  s o m e  a m in o  a c id s  ( c y s t in e , h is t i 
d in e , is o le u c in e , t r y p to p h a n ,  a n d  v a l in e )  th e  
m ic r o b io lo g ic a l  p r o c e d u r e s  u s e d  p r e v io u s ly  
( A h r e n s  e t  a l . ,  1 9 6 6 )  w e re  a ls o  e m p lo y e d  b e 
c a u s e  v a lu e s  f r o m  th e  a n a ly z e r  w e r e  n o t  in  
th e  s a m e  r a n g e  a s  v a lu e s  f o r  o t h e r  w h e a t  
p r o d u c ts .

T o  m in im iz e  s c a t te r in g ,  w a te r  (0 .5  m l p e r

Table 1—Plan of experiments.
E x p eri

m en t
no .

P reexperi-
m en ta l

tre a tm en t
F eed ing
p a tte rn

T o ta l N  
in tak e  

m g /d a y

E A A N 1
in tak e

m g /d a y
N itro g en

source

L en g th  o f  
ex p erim en t 

d ays

i N itro g en -free  
d ie t 4 days

7-g fo o d  per
day

160 76, 67, 
54, 48

P A A 2 21

2 N itrogen -free  
d ie t 4 days

7-g fo o d  per
day

60, 80, 
100, 120, 

140

60 P A A 21

3 N itro g en -free  
d ie t 4 days

7-g fo o d  per 
day

90, 120 60 PA A 21

4 N itro g en -free  
d ie t 4 days

A d  lib itum N o t
co n tro lled

N o t
co n tro lled

P A A 21

5 S tarved  24 h r 2 1-hr feed ing  
p e rio d s daily

3 3 P A A 24

6 S tarv ed  24 h r 2 1-hr feeding  
perio d s daily

3 3 P A A
an d  w heat

24

1 E ssen tia l am in o  acid  n itro g en .
2 P urified  am in o  acids.
3 R a ts  w ere a llow ed  on ly  th e  a m o u n t o f  fo o d  th a t  all w ou ld  consum e in tw o  1 -h r feed ing  p e rio d s  da ily . 

T hey  w ere  given 1 g th e  first d ay  a n d  a m o u n ts  w ere increased  g rad u a lly  to  3.5 g p e r feed ing . T o ta l food  
in tak es  w ere th e  sam e as in ex perim en ts  1-3 .

4 3 0 — JOURNAL OF FOOD SCIENCE— Volume 34 (1969)



UTILIZATION OF AMIDE NITROGEN BY THE YOUNG RAT-^431

Table 2—Amino acid mixture.

g

L -arg in ine  HC1 0 .5 0
L -cystine 0 .3 4
L -h is tid in e  H C IH -O 0 .3 4
L -iso leucine 0 .5 5
L -leucine 0 .7 0
L -lysine HC1 1.12
L -m eth io n in e 0 .1 6
L -p h eny la lan ine 0 .4 2
L -th reo n in e 0 .5 0
L -try p to p h an 0 .11
L -ty rosine 0 .3 0
L -valine 0 .5 5

5 .5 9

g r a m  f o o d  w h e n  r a w  c o r n s ta r c h  w a s  th e  
c a r b o h y d r a t e ,  a n d  2 .0  m l  w h e n  th e  d ie ts  c o n 
t a in e d  w h e a t  o r  p r e g e la t in iz e d  w h e a t  s t a r c h )  
w a s  m ix e d  in to  a ll  d ie ts  ju s t  b e f o re  th e y  w e re  
g iv e n  to  th e  r a ts .  F o r  th e  a d  l ib i tu m  f e d  r a ts  
( e x p e r im e n t  4 )  u n e a te n  f o o d  w a s  r e m o v e d  

•daily , d r ie d , a l lo w e d  to  e q u i l ib r a te  to  r o o m  
m o is tu r e ,  a n d  w e ig h e d . S c a t te r e d  f o o d  w a s  
t r e a t e d  in  a  s im i la r  m a n n e r .

R E S U L T S
Experiments 1 and 2

The aim of the first two experiments 
was to arrive at levels of essential and 
nonessential amino acid nitrogen such that 
a small change in the kind or amount of 
dietary nitrogen might be expected to pro
duce readily detectable effects on growth 
or nitrogen retention. In experiment 1, 
rats were fed 7 g food per day in diets 
providing 160 mg total nitrogen and the

Table 3—(Experiment 1) Diet composition 
and average weight gains of rats fed 7 g food 
per day for 21 days.

G ro u p 76 N 67 N 57 N 48 N

D ie ts 1 
A m in o  acid

% % err/o /o

m ix ture 8 .0 0 7 .0 0 6 .0 0 5 .0 0
L -g lu tam ic  acid 12 .60 1 4 .0 0 15 .40 16 .90
C o rn sta rch
C o n s tan t

6 5 .3 5 64 .95 64 .55 64 .05

in g red ien ts2 14.05 14 .05 14.05 14.05

N o . ra ts  p e r  g roup 7 7 6 6
W eigh t gains, g 3 6 .9 3 6 .6 2 8 .8 2 6 .8

1 Seven g fo o d  su p p lied  160 m g  to ta l n itro g en  
a n d  76, 67, 57 o r 48 m g  essen tia l am in o  acid  
n itrogen .

2 C o n s tan t in g red ien ts  w ere Jo n es an d  F o ste r
sa lt m ix tu re  (1942) 4 .00; ce ltu flou r (C h icago  
D ie te tic  S upply  H o u se , C h icago ), 4 .00; v itam in  A  
a n d  D  c o n cen tra te  (P e rco m o rp h  oil, M e ad  J o h n 
so n  C o ., E vansv ille , In d ian a ), 0 .05; co rn  oil 
(M azo la ), 5 .00; a n d  v itam in  m ix tu re , 1.00. T he 
v itam in  m ix tu re  w as fo rm u la te d  so th a t  each  kg o f  
d ie t co n ta in ed  th iam in e .H C l, 5 m g ; pyridoxine- 
HC1, 5 m g ; n iac in , 5 m g ; ribo flav in , 10 m g; 
C a  D -p a n to th e n a te , 25 m g ; p -am in o b en zo ic  acid , 
300 m g ; a - to co p h e ry l ace ta te , 25 m g ; 2 -m ethyl- 
1,4 -n ap h th o q u in o n e , 2 m g ; fo lic acid , 2 m g ; 
b io tin , 100 Mg; v itam in  B n, 30  Mg: cho line
ch lo rid e , 2 g; a n d  in o sito l, 1 g.

proportion of EAAN and glutamic acid 
was varied. A change from 67 to 57 mg 
EAAN per day decreased growth from 
36.6 to 28.8 g (Table 3). An amount of 
amino acid mixture which would furnish 
60 mg EAAN per 7 g food was used in 
other diets.

in the second experiment, all rats re
ceived 60 mg per day of EAAN and 
varied amounts of glutamic acid. Nitrogen 
gains (Table 4) increased as nitrogen in
take increased up to 120 mg total nitrogen 
per day, with no further increase in gains 
when intake was increased to 140 mg.

Experiment 3

The question of the utilization of amide 
versus a-amino nitrogen was then studied 
under conditions in which limited amounts 
of food, EAAN, and total nitrogen were 
supplied. Groups of animals were fed, in 
addition to 60 mg EAAN per day,

amounts of aspartic (ASP) or glutamic 
(GLU) acid to furnish either 30 (90 ASP 
and 90 GLU) or 60 (120 ASP and 120 
GLU) mg a-amino nitrogen per day, or 
amounts of asparagine (ASN) and gluta
mine (GLN) (120 ASN and 120 GLN) 
to furnish 30 mg a-amino nitrogen and 30 
mg amide nitrogen (Table 5). When total 
nitrogen intakes were equal, rats fed as
partic or glutamic acid stored more nitro
gen than those fed asparagine or gluta
mine (1.36 vs 1.31 and 1.38 vs 1.30 mg). 
On the other hand, when a-amino nitro
gen intakes were equal, rats fed aspara
gine and glutamine stored more nitrogen 
than those without the extra (amide) ni
trogen (1.31 vs 1.26 and 1.30 vs 1.23 
mg). Thus, amide nitrogen was able to 
contribute to body nitrogen stores, but 
not to the same extent that an equal quan
tity of a-amino nitrogen did.

Due to the small increases involved, a

Table 4—(Experiment 2) Diet composition, weight and nitrogen gains and nitrogen intakes 
of young rats fed the same amounts of food and essential amino acids but with total nitrogen 
varied by the addition of glutamic acid.

G r o u p 1 60 N 80 N 100 N 120 N 140 N

D ie ts
% % % % /o

A m in o  acid  m ix tu re 6 .3 0 6 .3 0 6 .3 0 6 .3 0 6 .3 0
G lu tam ic  acid — 3 .0 0 6 .01 9 .0 0 12.01
C o rn sta rch 7 9 .6 5 7 6 .6 5 7 3 .6 4 7 0 .6 5 67 .75
C o n s ta n t in g red ien ts2 14.05 14 .05 14.05 14 .05 14 .05

N o . ra ts  p e r g roup 12 11 11 11 10
W eig h t gain , g 3 24 30 36 41 43

N itro g e n  g a in  a n d  s ta n d a rd  e r ro r 0 . 6 5 ± 0 .9 7 ± 1 .2 3 ± 1 .4 0 ± 1 , 4 0 ±
o f  the  m ean , g 0 .023 0 .0 2 5 0 .0 2 5 0 .043 0 .0 3 7

1 60, 80, 100, 120, an d  140 re fe r to  daily  n itro g e n  in tak es  (ca lcu la ted ); a c tu a l in tak es  w ere  62, 80, 101, 
121, an d  141 m g.

2 See T ab le  3.
3 A verage  in itia l w eigh ts o f  th e  g ro u p s  w ere  70-75 g be fo re  an d  6 0 -64  g a f te r  4 days on  n itrogen -free  

d ie t.

Table 5—(Experiment 3) Diet composition, nitrogen intakes and nitrogen gains of rats fed 
constant amounts of food and essential amino acids with aspartic acid, asparagine, glutamic 
acid, or glutamine added as the sole source of NEN.1

120

G ro u p
90

A S P 1
120

A S P 1
120

A S N 1
90

G L U 1
120

G L U 1
120

G L N 1
G L N 1 +  
N a H C O j

% % % % % y %
D iets

A m in o  acid  m ix tu re 6 .3 0 6 .3 0 6 .3 0 6 .3 0 6 .3 0 6 .3 0 6 .3 0
L -a sp a rtic  acid 4 .0 7 8 .1 5
L -asp a rag in e 4 .0 4
L -g lu tam ic  acid 4 .5 0 9 .0 0
L -g lu tam in e 4 .4 7 4 .4 7
C o rn s ta rch 7 5 .5 8 7 1 .5 0 75 .61 75 .15 7 0 .6 5 7 5 .1 8 7 4 .2 2
C o n s ta n t in g red ien ts2 14 .05 14.05 14.05 14.05 14.05 14.05 14.05
S o d iu m  b ica rb o n a te 0 .9 6

N o . ra ts  p e r g roup 10 9 10 20 21 21 14
T o ta l N  in tak e , g 1 .9 2 2 .5 4 2 .5 4 1 .9 2 2 .5 4 2 .5 5 2 .4 9
A m ide  N  in tak e , g 0 .6 3 0 .6 4 0 .6 2
N itro g en  g a in  a n d  s ta n d a rd 1 .2 6 ± 1 .3 6 ± 1 .3 1 ± 1 .2 3 ± 1 .3 8 ± 1 .3 0 ± 1 .2 7 ±

e rro r  o f  th e  m ean , g 0 .0 2 7 0 .0 4 4 0 .0 3 8 0 .0 2 0 0 .0 2 6 0 .0 2 8 0 .025

1 N E N  =  n o n essen tia l n itro g e n ; A S P  =  L -a sp a r tic  a c id ; A S N  =  L -a sp a rag in e ; G L U  =  L -g lu tam ic  
ac id ; G L N  =  L -g lu tam in e ; 90  an d  120 in d ica te  m g  n itro g en  in tak e  p e r  d ay . A v erag e  in itia l w eights 
w ere  65-69  g befo re  and  5 5 -6 0  g a f te r  4 d ays on  th e  n itro g en -free  d ie t.

2 See T ab le  3.
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Table 6—(Experiment 4) Food intakes and weight and nitrogen gains of rats fed diets 
containing L-glutamic acid or L-glutamine ad libitum.

In ta k e N itro g en  gain

G r o u p 1 F o o d N itro g en O bserved C o rre c te d 2
g g g g

120 G L U 3 193 3 .3 8 1 .9 2  ±  0 .1 0 0 4 2 .0 2
120 G L N 3 217 3 .6 2 1 .99  ±  0 .0 8 8 4 1 .9 0

1 A verage  in itia l w eigh ts o f  th e  g ro u p s w ere 65 g b efo re  a n d  56 g a fte r 4 days on  th e  n itro g en -free  d iet. 
T h ere  w ere 15 an im a ls p e r g ro u p .

2 C o rrec ted  by  analysis o f  co variance  to  th e  sam e in tak e  o f  ap p a ren tly  ab so rb ed  n itro g en . T h e  
values a re  significantly  d iffe ren t (P  <  0.05).

3 G L U  =  L -g lu tam ic  ac id ; G L N  =  L -g lu tam ine . 120 h a s  n o  significance in  th is  ex p erim en t b u t is 
re ta in ed  in  th e  g ro u p  d es ig n a tio n  to  ind ica te  th a t  th e  d ie ts  w ere th e  sam e as th o se  fed  in  ex p erim en t 3, 
T ab le  5.

4 S ta n d a rd  e r ro r  o f  th e  m ean .

large number of animals was required to 
establish the statistical validity of these 
findings. Only the differences between the 
glutamic acid-glutamine-fed groups (20 -  
21 rats each) is statistically significant 
(P <  0.05).

The addition of sodium bicarbonate to 
the glutamine-containing diet to neutralize 
the hydrochlorides of arginine, histidine, 
and lysine had no effect on nitrogen gains.

Glutamine nitrogen has been shown to 
be the precursor of a large percentage of 
the urinary ammonia in acidotic dogs 
(Pitts et al., 1965). However, in this 
study, results were the same whether or 
not the hydrochlorides in the diets were 
neutralized.

Table 7—(Experiment 5) Average nitrogen gains of rats fed the same amounts of food and 
of total and essential amino acid nitrogen, with isonitrogenous amounts of glutamic acid or 
glutamine added, and restricted to two 1-hr feeding periods per day.1

I n ta k e 3
--------------------------------------  N itro g en

N E N 2 N o . ra ts T o ta l N i ï - N a  n A m ide  N gains
so u rce p e r  g ro u p g g g g

G lu tam ic  acid 12 2 .4 9 1.25 — 1 .39  ±  0 .0 2 7 4
G lu tam in e 14 2 .4 8 0 .6 2 0 .6 2 1 .15  ±  0 .023

1 T h e  d ie ts u sed  w ere th o se  d esigna ted  120 G L U  a n d  120 G L N  in T ab les 5 an d  6.
2 N o n essen tia l n itrogen .
3 T o ta ls  fo r  24 days.
4 S ta n d a rd  e r ro r  o f  th e  m ean .

Table 8—(Experiment 6) Composition of diets containing two levels of wheat, supplemented 
to contain the same levels of essential amino acids and nitrogen, but with different levels of 
amide nitrogen, and nitrogen intakes and gains of rats fed the diets.1

G r o u p 2 34 W 67 W P A A

% % %
D ie ts

L -a lan ine 0 .281
L -a rg in in e  HC1 0 .2 9 5 0 .0 4 0 0 .559
L -asp a rag in e 0 .335
L -cystine 0 .2 9 8 0 .2 1 6 0 .383
L -g lu tam ic  acid 4 .3 5 7
L -g lu tam in e 2 .565
G lycine 0 .4 2 9
L -h is tid in e  H C I H 2O 0 .2 4 7 0 .1 1 9 0 .381
L -iso leucine 0 .4 4 0 0 .2 6 5 0 .6 2 0
L -leucine 0 .4 7 6 0 .173 0 .7 8 9
L -lysine HC1 1 .127 0 .991 1 .267
L -m eth io n in e 0 .1 1 9 0 .0 5 9 0 .1 8 0
L -p h en y la lan in e 0 .221 0 .4 7 3
L -p ro lin e 0 .8 6 4
L -serine 0 .3 9 5
L -th reo n in e 0 .4 3 0 0 .3 0 2 0 .563
L -try p to p h a n 0 .0 7 6 0 .0 3 0 0 .1 2 4
L -ty ro sin e 0 .1 7 8 0 .3 3 8
L -valine 0 .419 0 .2 2 5 0 .6 2 0
W h ea t 3 4 .0 0 0 6 7 .0 0 0
W h ea t s ta rch 4 2 .5 3 2 16 .010 73 .825
C o n s ta n t in g red ien ts3 1 4 .050 14 .050 14 .050
S o d iu m  b ica rb o n a te 0 .7 3 5 0 .5 2 0 0 .9 5 9

N o . ra ts  p e r  g roup 17 18 16
N itro g en  in tak e , g 2 .4 1 2 .4 8 2 .4 2
A m id e  N  in tak e , g 0 .2 0 0 .41 0 .4 0
N itro g e n  g a in  an d  stan- 1 .4 6 ± 1 .4 8 ± 1 .3 7 ±

d a rd  e rro r , g 0 .0 1 9 0 .0 2 2 0 .031

1 E ach  d ie t c o n ta in ed  th e  sam e a m o u n ts  o f  essen tia l am in o  ac id s (E A A ) used  in  experim en ts  2 -5 . 
T h e  a m o u n ts  listed  fo r  34 W  an d  67 W  w ere th o se  ad d ed  to  th e  w h ea t; to ta l E A A  w as th e  sam e as is 
lis ted  fo r  d ie t P A A . D ie ts  67 W  an d  P A A  co n ta in ed  th e  sam e q u an tities  o f  n o n essen tia l am in o  acids, all 
su p p lied  by  w h ea t in  67 W  an d  by  pu rified  am in o  acids in  P A A . G lu tam ic  ac id  w as added  to  34 W  to  
c o m p en sa te  fo r  th e  sm a ller a m o u n ts  o f  n o n essen tia l am in o  ac id s in  th a t  d ie t.

2 A v erag e  in itia l w eigh ts o f  th e  an im a ls  w ere  68-69  g b efo re  an d  57-58  g a fte r th ey  w ere  s ta rv ed  fo r  24 
h r .

3 See T ab le  3.

Experiment 4

The effects of feeding ad libitum the 
amide and a-amino acid nitrogen-contain
ing diets was next studied (Table 6 ). Un
der these conditions rats showed a prefer
ence for the glutamine (120 GLN) over 
the glutamic acid-containing diet (120  
GLU). Average weight (66  vs 68 g) and 
nitrogen gains, however, were not signifi
cantly different between the two groups. 
Feces were collected from these animals 
because it was anticipated that the higher 
food intakes expected of the glutamine-fed 
rats would result in higher fecal nitrogen 
excretion by this group. Differences were 
small but significant (P <  0.01), 0.17 vs 
0.19 g.

Nitrogen gains were plotted against 
absorbed nitrogen and the regressions cal
culated. The slopes of the lines were not 
significantly different. Nitrogen gains of 
glutamic acid-fed rats were significantly 
higher than of glutamine-fed rats when 
adjusted to equal nitrogen intakes by 
analysis of covariance.. Thus, more effi
cient utilization of glutamic acid than of 
glutamine nitrogen was again shown.

Experiment 5

Because glutamine-fed rats tended to 
eat their food much more rapidly than 
glutamic acid-fed rats the effect of feed
ing pattern on nitrogen utilization was 
then studied. Cohn et al., (1964) showed 
that rats force-fed their rations in one or 
two daily feedings wasted more nitrogen 
than those allowed to eat over a longer 
period of time. There was also a chance 
that enzyme systems involved in amide 
nitrogen utilization had been depleted by 
the initial feeding of a nitrogen-free diet 
for four days, and that the low intake of 
food, nitrogen and EAAN were starved 
for 24 hr and then given twice daily only 
the amount of food which would be con
sumed by the slowest eaters in one hr. The 
diets were the same as those fed to groups 
120 GLU and 120 GLN, Table 5. The re
sults show (Table 7) that under these ex
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perimental conditions, differences in utili
zation of a - and amide nitrogen were even 
greater than in the previous studies.

Experiment 6

In the final study (Table 8 ) three diets 
were used to study the utilization of amide 
and a-amino acid nitrogen when addi
tional nonessential amino acids were sup
plied to the animals and when part of the 
amino acids were furnished by wheat. 
Two of the diets contained either 34 or 
67% wheat plus some purified amino 
acids and a third (designated PAA) con
tained purified amino acids but no wheat. 
67 W and PAA had exactly the same com
position except that in 67 W, wheat plus 
purified amino acids was the nitrogen 
source.

All three diets contained the same 
quantities of essential amino acids. Puri
fied essential amino acids were added to 
the two wheat-containing diets to bring 
the amounts to the levels used in the 
earlier experiments.

The level of 67% wheat was selected 
because it was the highest amount which 
could be incorporated into the diet with
out furnishing more essential amino acids 
than were supplied by the earlier diets; the 
level of 34% wheat was selected arbitrar
ily. Glutamic acid was added to the diet 
containing the low level of wheat in an 
amount calculated to equalize nitrogen 
content. No other nonessential amino 
acids were added.

The results shown in Table 8 do not 
give an unequivocal answer to the ques
tion of the utilization of the amide nitro
gen of wheat. Small unplanned differences 
in nitrogen content of the two wheat-con
taining diets (1.64 vs 1.69%) resulted in 
differences in nitrogen intake (100 vs 103 
mg per day). However, nitrogen gains as 
percent of nitrogen intakes were not sig
nificantly different (60.8 ±  0.81 and 59.7 
±  0.89 g). Thus, the two groups of rats 
fed diets containing wheat and two dif
ferent levels of amide nitrogen appeared 
to utilize their ingested nitrogen in a simi
lar manner.

Ahrens et al. (1966) reported that when 
calorie intakes were the same, nitrogen 
gains of young rats receiving casein were 
higher than those of rats receiving an

amino acid mixture simulating casein. In 
those studies the amino acid diets con
tained aspaTagine but no glutamine. The 
present study in which both asparagine 
and glutamine were fed demonstrates 
again that better nitrogen utilization oc
curs when the diet contains some intact 
protein.

The question arises as to the effect of 
varying proportions of intact dietary pro
tein on nitrogen storage and there are no 
data available to resolve the point. Rats 
receiving no intact protein stored 1.37 g 
nitrogen (diet PAA, Table 8 ) and those 
receiving 8 1%  of their dietary nitrogen as 
wheat (diet 67W) stored 1.48 g. If the ef
fect of intact protein on nitrogen utiliza
tion is linear, rats receiving 43% of their 
nitrogen as intact protein (diet 34W) 
should have stored 1.43 g. The slightly 
higher storage found (1.46 g), while not 
statistically significant, may be considered 
an indication of better utilization cf the 
nitrogen of the diet with lower amide ni
trogen content.

Rigorous control of dietary essential 
amino acids and nitrogen, and of ratios 
of essential to nonessential nitrogen was 
required to demonstrate differences in 
utilization of the nitrogen compounds by 
the young rat. The conclusion seems war
ranted that any wheat-containing diet 
suitably supplemented by other foods to 
contain adequate amounts of all essential 
amino acids would have sufficient amounts 
of a-amino acid nitrogen either as ex
cesses of certain of the essential amino 
acids or as other nonessential amino acids 
so that any failure to utilize part of the 
amide nitrogen would not limit protein 
synthesis.

The finding that glutamine nitrogen is 
less efficiently utilized for body nitrogen 
gain by the young rat than an equal quan
tity of glutamic acid nitrogen when they 
are the sole sources of nonessential nitro
gen in the diet may be linked to blood lev
els and ammonia formation. According to 
Meister (1965), in general, the concentra
tion of glutamine is higher in the body 
fluids than that of glutamic acid. The re
verse situation is true in the tissues.

Ammonia is formed in the kidney from 
glutamine and almost none appears to be 
formed from glutamic acid (Kamin et al.,

1951). Thus glutamic acid would be taken 
up by other tissues while the kidney ab
sorbed glutamine from the blood and con
verted part of the amide nitrogen to am
monia and excreted it.

That losses through the kidney may be 
responsible for the differences observed is 
suggested by the finding of even greater 
differences in nitrogen gains of rats fed 
glutamic acid- and glutamine-containing 
diets for two 1-hr periods daily (Table 7) 
than for those allowed to eat for longer 
periods of time (Table 5). Presumably 
blood glutamine levels would be higher in 
the animals consuming their food rapidly, 
and thus more glutamine nitrogen might 
be converted to ammonia.

R E F E R E N C E S
A h ren s, R .A ., W ilson , J .E . J r . a n d  W o m ack , M . 

1966. U tiliza tio n  o f  ca lo rie s  an d  n itro g en  by  
ra ts  fed  d ie ts co n ta in in g  p u rified  casein  
v ersus a  m ix tu re  o f  am in o  ac id s sim u la ting  
casein . J. Nutr. 88, 219.

B arry , J .M . 1956. T h e  use o f  g lu tam in e  and  
g lu tam ic  ac id  by  th e  m am m ary  g lan d  fo r  
case in  syn thesis. Biochem. J. 63, 669.

C o h n , C ., Jo sep h , D ., Bell, L . and  F rig e rio , N .A .
1964. F eed in g  freq u e n cy : a  f a c to r  in d ie ta ry  
p ro te in  u tiliza tio n . Proc. Soc. Biol. Med. 
115, 1057.

Jo n es, J .H . an d  F o s te r , C . 1942. A  sa lt m ix tu re  
fo r  u se  w ith  b asa l d ie ts e ith e r  lo w  o r  h igh  
in  p h o sp h o ru s . J. Nutr. 24, 245.

K am in , H . a n d  H a n d le r , P . 1951. T h e  m e tab o 
lism  o f  p a ren te ra lly  ad m in is te red  am ino  
acids. I I I .  A m m o n ia  fo rm a tio n . J. Biol. 
Chem. 193, 873.

L ev in tow , L ., E ag le , H . an d  P iez, K .A . 1957. 
T h e  ro le  o f  g lu tam in e  in  p ro te in  b io sy n 
thesis in tissue cu ltu re . J. Biol. Chem. 227, 
929.

M e iste r, A . 1965. “ B io ch em istry  o f  th e  A m ino  
A cid s ,”  V o lu m e  1. A cad em ic  P ress, N ew  
Y o rk .

P itts , R .F ., P ilk in g to n , L .A . a n d  d e  H a a s , J .C .M .
1965. N 15 tra c e r  s tud ies o n  the  o rig in  o f  
u r in a ry  am m o n ia  in th e  ac id o tic  dog , w ith 
n o te s  on  th e  en zy m atic  syn thesis o f  labe led  
g lu tam ic  ac id  an d  g lu tam in es. J. Clin. Invest.
44, 731.

R a m a  R ao , P .B ., M e tta , V .C . an d  Jo h n so n , B.C .
1959. T h e  am in o  acid  c o m p o s itio n  a n d  n u tr i
tive  va lu e  o f  p ro te in s. I. E ssen tia l am ino  
ac id  req u irem en ts  o f  th e  grow ing  ra t. J. 
Nutr. 69, 387.

R a n h o tra , G .S . an d  Jo h n so n , B .C . 1965. E ffect o f  
feed in g  d iffe ren t am in o  ac id  d ie ts  o n  g row th  
r a te  an d  n itro g e n  re te n tio n  o f  w ean lin g  ra ts. 
Proc. Soc. Exptl. Biol. Med. 118, 1197. 

W o m ack , M ., M a rsh a ll, M .W . a n d  H ild eb ran d , 
H .E . 1964. U tiliz a tio n  o f  w h ea t g lu ten  by  
ad u lt ra ts  o f  tw o  ages. J. Gerontology 19,
45.

M s. rece ived  7 /2 9 /6 8 ;  rev ised  9 /4 /6 9 ;  accep ted  
9 /1 0 /6 9 .

T h e  a u th o rs  g ra te fu lly  ack n o w led g e  th e  te c h 
n ical a ssis tan ce  o f  W illiam  B agley  an d  M rs. 
E th e l H all.



P A TR IC IA  J . R O G E R S  a n d  S .  J .  R IT C H E Y
Department of Human Nutrition and Foods, Virginia Polytechnic Institute,

Blacksburg, Virginia 24061

Differentiation of Beef Tenderness and Juiciness Components
Over Short Intervals of Cooking Time

Sensory

SUMMARY— The ability of judges to distinguish differences in juiciness and six com
ponents of tenderness of top round steaks cooked at 350°F for 20, 23, 26, and 29 min 
was studied by use of a paired comparison design. Concurrently, the effects of cooxing 
time on cooking losses, percents moisture, nitrogen, and fat, shear values, “ loose water’ ’ 
and “ immobilized water’ ’ were evaluated. Judges detected differences for all factors 
between steaks cooked 20 and 26 min, but were unable to detect differences between 
steaks cooked 26 and 29 min. Differences between steaks cooked 20 and 29 min were 
found for all factors except fragmentation and adhesion.

IN TRO D U CTIO N
TENDERNESS is recognized as a pri
mary factor influencing the eating quality 
of meat and juiciness tends to be related 
to tenderness. Subjective scores for the 
eating quality of beef have been divided 
into juiciness and six components of 
tenderness by Cover et al. (1962a; b; c). 
In these studies, the steaks were cooked to 
internal temperatures of 61, 80 and 
100°C. Ritchey et al. (1965) studied the 
effect of temperature changes over a 
range of 6-7 °C  on steaks from the 
Longissimus dorsi and Biceps femoris 
muscles and observed that the judges 
could detect differences in eating quality.

However, certain components of beef 
tenderness seem to be altered as the meat 
passes a certain end point temperature 
during the heating process. The ability of 
judges to detect changes resulting from 
small differences in cooking times coupled 
with the possibility of relating the changes 
detected by sensory analysis to altera
tions in the biochemical components of 
the meat could lead to a better under
standing of beef quality. This study was 
designed to determine if judges could 
detect differences in steaks cooked over 
small differences in time increments. 
Physical and chemical measurements in
cluding cooking losses, fat, nitrogen, 
shear force values, and total “loose” and 
“immobilized” water were obtained for 
each length of cooking time.

M A T ER IA LS  & M ETH O D S
M E A T  w a s  o b ta in e d  f r o m  7 s te e rs  s im i la r  in  
a g e  a n d  c a r c a s s  g r a d e  f r o m  th e  V ir g in ia  
P o ly te c h n ic  I n s t i tu te ,  A n im a l  S c ie n c e  D e p a r t 
m e n t .  A f t e r  th e  c a r c a s s e s  w e re  a g e d  f o r  4  
d a y s  t h e  t o p  r o u n d  m u s c le s  f r o m  e a c h  a n im a l  
w e r e  r e m o v e d ,  w r a p p e d ,  a n d  f r o z e n  at 
— 1 0 ° F  f o r  3 d a y s . E a c h  to p  r o u n d  w a s  th e n  
c u t  in to  s te a k s  7  X  E A  X  1 in .,  v a c u u m

p a c k a g e d  in  in d iv id u a l  p l io f i lm  b a g s , a n d  
h e ld  in  a  h o u s e h o ld  f r e e z e r  f r o m  1 to  2  
m o n th s  u n t i l  u se d .

A  p a i r e d  c o m p a r is o n  d e s ig n  w a s  u s e d  w ith  
2  s te a k s  f r o m  a d ja c e n t  p o s i t io n s  o f  th e  s a m e  
s id e  o r  2  s te a k s  f r o m  c o r r e s p o n d in g  p o s i t io n s  
o n  th e  l e f t  a n d  r ig h t  s id e s  b e in g  c o o k e d  o n  
th e  s a m e  d a y . E a c h  th a w e d  s te a k  w a s  p la c e d  
o n  a  w ire  r a c k  in  th e  c e n te r  o f  th e  o v e n  
a n d  b a k e d  a t  3 5 0 ° F  in  a n  e le c t r ic  o v e n  f o r  a  
p e r io d  o f  2 0 , 2 3 , 2 6 , o r  29  m in . E a c h  
p o s s ib le  c o m b in a t io n  o f  tw o  c o o k in g  t im e s  
o c c u r r e d  a t  3 d i f fe r e n t  c o o k in g  p e r io d s , i n 
c lu d in g  th e  c o m b in a t io n  o f  e a c h  c o o k in g  
t im e  w i th  its e lf .

T h e  c o o k e d  s te a k s  w e r e  r a r e  t o  m e d iu m  in 
d o n e n e s s .  T im e ,  r a t h e r  th a n  t e m p e r a tu r e ,  
w a s  u s e d  a s  th e  c r i t e r io n  o f  d o n e n e s s .  I t  w a s  
f e l t  i t  w o u ld  b e  a s  a c c u r a te ,  a n d  u s e  o f  t im e  
a v o id e d  th e  d if f ic u lty  in  p o s i t io n in g  o f  t h e r 
m o c o u p le s  in  th e  s te a k s ,  a v o id a n c e  o f  f a t  
a n d  c o n n e c t iv e  t is s u e , a n d  v a r ia t io n s  in  th e  
r e a d in g  o f  th e  th e r m o c o u p le s .

I m m e d ia te ly  fo l lo w in g  c o o k in g  o f  e a c h  
s te a k , t o ta l ,  v o la t i le ,  a n d  d r ip  lo s s e s  w e re  
d e te r m in e d .  E a c h  s te a k  w a s  e v a lu a te d  f o r  its  
s e n s o r y  q u a l i t ie s  a s  w e ll  a s  a d d i t io n a l  p h y s i
c a l  a n d  c h e m ic a l  p ro p e r t ie s .  S e n s o r y  a n a ly s is  
f o r  e a c h  s te a k  w a s  p e r f o r m e d  u s in g  th e  q u a l 
i ty  f a c to r s  d e f in e d  b y  C o v e r  e t  a l .  ( 1 9 6 2 a ) .  
T h u s ,  2  s te a k s  r e p re s e n t in g  e i th e r  th e  s a m e  o r  
d i f fe r e n t  c o o k in g  t im e s  w e re  c o m p a r e d  b y  
ju d g e s  f o r  a m o u n t  o f  ju ic in e s s ,  s o f tn e s s  to  
t o o th  p r e s s u re ,  s o f tn e s s  to  to n g u e  a n d  c h e e k , 
f r a g m e n ta t io n  a n d  a d h e s io n , m e a l in e s s ,  s o f t 
n e s s  o f  c o n n e c t iv e  t is s u e , a n d  a m o u n t  o f  
c o n n e c t iv e  tis s u e .

A  s c o re  o f  1 w a s  g iv e n  to  th e  s a m p le  
w h ic h  w a s  m o s t  ju ic y , lo w e s t  in  f r a g m e n ta 
t io n  a n d  a d h e s io n , s o f te s t  t o  t o o th  p re s s u re ,  
s o f te s t  t o  to n g u e  a n d  c h e e k , le a s t  a m o u n t  o f  
c o n n e c t iv e  t is s u e , le a s t  m e a ly , a n d  s o f te s t  
c o n n e c t iv e  t is s u e . A  s c o re  o f  2 w a s  g iv en  to  
th e  o th e r  s a m p le . T ie  s c o re s  in d ic a t in g  n o  
d if fe r e n c e  in  e v a lu a te d  c o m p o n e n ts  w e re  p e r 
m i t te d .

N in e  ju d g e s  s c o re d  th e  2 s a m p le s  f o r  a ll  
f a c to r s  M o n d a y  th r o u g h  F r id a y  f o r  3 0  se s 
s io n s . O n e - h a l f  in . c u b e  s a m p le s  w e re  ta k e n  
f r o m  l A  in . s t r ip s  r e m o v e d  f r o m  th e  c e n te r  
o f  e a c h  s te a k . E a c h  ju d g e  e v a lu a te d  s a m p le s

f ro m  th e  s a m e  r e la t iv e  p o s i t io n  w i th in  e a c h  
s te a k . N o  a t t e m p t  w a s  m a d e  to  k e e p  th e  
s a m p le s  w a r m  a s  th is  w o u ld  t e n d  to  c o o k  th e  
s a m p le  m o r e  a n d  d r y  o u t  th e  m e a t  c u b e s . 
J u d g e s  w e re  s e le c te d  f r o m  w i th in  f a c u l ty  a n d  
g r a d u a te  s tu d e n ts .

P r e l im in a r y  w o r k  w a s  d o n e  o v e r  a  2 
m o n th  p e r io d  w i th  e v a lu a t io n s  b e in g  m a d e  
tw ic e  a  w e e k . F o r  th e  f irs t  4  a n d  la s t  4  se s 
s io n s  th e  s c o re  c a r d  a n d  m e a n in g s  o f  t e r m s  
w e re  d is c u s s e d . R e s u l ts  w e r e  d is c u s s e d  a t  
th e  e n d  o f  e a c h  p r e l im in a r y  se s s io n . P a i r s  o f  
s a m p le s  w e re  g iv e n  t h a t  w e r e  e i th e r  c o o k e d  
f o r  th e  s a m e  le n g th  o f  t im e  o r  r e p re s e n te d  
v a r io u s  d e g re e s  o f  d o n e n e s s  t o  e n a b le  th e  
ju d g e s  to  d e te r m in e  a  f r a m e  o f  r e f e re n c e .

F o r  s e n s o r y  a n a ly s is  o f  th e  d a t a ,  i t  w a s  
a s s u m e d  t h a t  f o r  e a c h  f a c t o r  th e  c o o k in g  
t im e s  h a v e  t r u e  r a t in g s  m, . . ., ir 4 , . . . j t „ .  

E v e ry  m > 0  a n d  S in  =  1. W h e n  c o o k in g  
t im e  i a p p e a r s  w i th  c o o k in g  t im e  j in  a  b lo c k ,  
th e  p r o b a b i l i ty  t h a t  t r e a tm e n t  i o b ta in s  t o p  
r a t in g  o r  a  s c o re  o f  1 is  7 n / ( i n  -j- ttj) .  T h e s e  
r a t in g s  w e r e  e s t im a te d  b y  th e  m e th o d  o f  
B r a d le y  e t  a l. ( 1 9 5 2 ) .  D u n c a n ’s m u l t ip le  
r a n g e  te s t  w a s  u s e d  to  d e te r m in e  if  d if fe r e n c e s  
b e tw e e n  le n g th s  o f  c o o k in g  t im e s  f o r  th e  
q u a l i ty  f a c to r s  w e r e  s ta t i s t ic a l ly  s ig n if ic a n t.

S h e a r  v a lu e s  w e r e  d e te r m in e d  f o r  1A  in . 
c o re s ,  t a k e n  f r o m  th e  c e n te r  a n d  c o r n e r s  o f  
e a c h  s te a k . A l l  5 v a lu e s  w e r e  a v e r a g e d  a n d  
th e  m e a n  v a lu e  r e p o r te d .

T h e  r e m a in in g  m e a t  w a s  g r o u n d  in  a n  
e le c t r ic  g r in d e r  a n d  u s e d  a s  s a m p le  f o r  th e  
o th e r  p h y s ic a l  a n d  c h e m ic a l  m e a s u re m e n ts .  
T h e  m e th o d s  o f  A O A C  ( 1 9 6 0 )  w e r e  u s e d  f o r  
d e te r m in a t io n  o f  to ta l  m o is tu r e ,  f a t  a n d  
n i t ro g e n .  “L o o s e  w a te r ”  a n d  “ im m o b i liz e d  
w a te r ” w e re  d e te r m in e d  b y  th e  m e th o d  o f  
R i tc h e y  e t  a l .  ( 1 9 6 4 a )  e x c e p t  t h a t  a  p r e s 
su re  o f  5 ,0 0 0  lb  w a s  u s e d  in s te a d  o f  1 2 ,5 0 0  
lb . T h e  m e th o d  o f  c a lc u la t io n  w a s  a s  f o l 
low 's:

" L o o s e  w a te r ” (% ) —
t o ta l  m o is tu r e  (% )  —

“im m o b i l iz e d  w a te r ”  ( %  )  
“ I m m o b i l iz e d  w a te r ”  (% ) — 
w t  p re s s e d  s a m p le  f g )  — w t d r ie d  s a m p le  ( g )  

w t  o r ig in a l  s a m p le  (g )
X  100 .

A  c o r r e la t io n  c o e f f ic ie n t w a s  d e te r m in e d  
f o r  e a c h  p a i r  o f  p h y s ic a l  a n d  c h e m ic a l  m e a 
s u re m e n ts .

R E S U L T S  & D IS C U S S IO N
ESTIMATES of the true ratings of cook
ing times with respect to each quality 
factor are presented in Table 1. Judges 
detected differences (P<0.05) in all 6

4 3 4 — JO U R N A L  O F FO O D S C IE N C E — V olum e 3 4  (1 9 6 9 )
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T ab le  1— E stim a te s  of true ratings for ju ic in e ss  and te n d e rn e ss  co m p o n en ts  of top round
ste a k s  cooked for 20, 23, 26, and 29 min using  D u n can 's  m ultiple range te s t .1

C o o k in g  tim e, m in

C o m p o n en ts  o f  E a tin g  Q u a lity 20 23 26 29

Juiciness 0 .5 1 0 0 0 .3 1 5 4 0 .1 2 0 8 0 .0 7 8 4

Softness to  to n g u e  a n d  cheek 0 .4 6 3 7 0 .2 6 2 9 0 .1 7 7 4 0 .1 0 7 4

S oftness  to  to o th  p ressu re 0 .3769 0 .2443 0 .1 9 0 4 0 .1918

F rag m e n ta tio n  an d  ad h esio n 0 .1 6 2 0 0 .2443 0 .3 1 3 8 0 .2 8 1 0

M ealiness 0 .3 4 5 4 0 .3 0 5 6 0 .1 7 8 2 0 .1 7 2 2

S oftness  o f  con n ec tiv e  tissue 0.1301 0 .2 1 8 6 0 .3 0 9 2 0 .3425

A m o u n t o f connec tive  tissue 0 .1268 0 .2 1 8 4 0 .3 4 8 7 0 .3073

1 D ifferences betw een  va lu es  u n d e rlin ed  bv a line 
(P  <  0.05).

on  th e  sam e  level a re  n o t s ta tis tica lly  sign ifican t

Table 2—Mean objective values of top round steaks cooked for four different lengths of 
cooking time.

F a c to r

C o o k in g  tim e, m in

20 23 26 29
F a t, % 4.39 ± 1.91'- 4.35 ±  1.56 4.42 ± 1.21 4.74 ± 1.97
T o ta l m o is tu re , % 70.49 ± 1.72 70.33 ±  1.96 69.15 ± 1.46 68.14 ± 1.78
N itro g en , % 3.76 =n 0.16 3.86 ± 0.16 3.93 ± 0.19 4.01 ±  0.29
L o o se  w a ter , % 40.10 ± 2.48 40.10± 4,03 38.68 ± 2.64 35.91 ±3.69
Im m o b ilized  w a ter, % 30.40 ± 2.19 30.24 ± 2.97 30.57 ± 1.75 32.23 ± 2.45
S h e a r  values, lb. 5.46 = 0.56 5.15 ±  0.79 5.49 ±  0.63 5.98 ± 0.84
V ola tile  loss, % 11.51 ± 1.45 14.12 ± 1.20 16.02 ±1.59 18.63 ± 1.53
D rip  loss, % 1.47 = 0.55 1.99 ±  0.75 2.32 ±  0.91 2.61 ± 0.77
T o ta l losses, % 13.70 ± 1.87 17.04 ± 1.60 19.03 ± 2.22 23.02 ± 2.36
C o o k in g  tim e, m in /lb 29.13 ± 0.83 33.98 ± 1.41 38.35 ± 1.51 42.13 ±1.19
E n d  p o in t te m p e ra tu re , °C 68.00 = 4.45 73.80 ± 5.40 77.05 ± 4.10 78.30 ± 4,20

1 M ean  ±  SD .

sensory factors between steaks cooked 20 
and 26 min but were unable to deteot any 
statistically significant differences between 
steaks cooked 26 and 29 min. Differences 
between steaks cooked 20 and 29 min 
were significant for all factors except 
fragmentation and adhesion. This may be 
attributed to the fact that the average 
differences between end point tempera
tures of steaks cooked 26 and 29 min was
1.2°C, whereas for steaks cooked 20 and 
29 min the difference was 10.3°C (Table 
2 ) .

Juiciness, softness to tongue and cheek, 
softness to tooth pressure, fragmentation 
and adhesion, and amount of connective 
tissue decreased as the cooking time in

creased. For the latter two, values were 
slightly higher for the 26 min steak than 
the 29 min steak. Fragmentation and ad
hesion values tended to toughen with 
heat. Softness of the connective tissue 
and mealiness of the sample increased 
as the cooking time increased. Similar re
sults have been reported by Cover et al. 
(1962a) and Ritchey et al. (1964b; 1965).

Physical and chemical data (Table 2) 
revealed little change in percent fat, per
cent nitrogen, or shear values as the cook
ing time increased. “Immobilized water” 
showed little change except between 26 
and 29 min. Percent total moisture, and 
“loose water” decreased, whereas cooking 
losses (total, volatile and drip), cooking

time in min per lb, and end point tem
perature increased as the cooking time 
increased.

“Loose water” was positively correlated 
with “immobilized water” at each length 
of cooking time. Total moisture and 
“loose water” were linearly and positively 
related at all lengths of cooking time ex
cept 20  min and this was significant at 
the 10 %  level. Percent nitrogen and 
“loose water” were positively correlated 
at all lengths of cooking time except 26 
min. Volatile losses and total cooking 
losses; drip losses and total cooking losses 
were positively correlated for all cooking 
times.

It appears that rapid changes occur 
within the meat between 20  and 26 min 
of cooking and perhaps a slowing down 
of changes in juiciness and tenderness 
of the meat occurs around 26 min of 
cooking. This probably represents a 
change in the rate of heat penetration, 
and thus a decreased rate of change in 
chemical components of meat.
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Origin and Nature of Aroma in Fat of Cooked Poultry
S U M M A R Y — F a t  o f  r a w  p o u l t r y ,  s e p a r a t e d  f r o m  s o l i d  t i s s u e  a n d  w a s h e d  w i t h  w a t e r  a t  

t e m p e r a t u r e s  n o t  e x c e e d i n g  4 0 ° C ,  d o e s  n o t  c o n t a i n  c o o k e d  p o u l t r y  a r o m a  a n d  d o e s  n o t  

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

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

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

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

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

s h o w i n g  t h a t  f a t  o f  c o o k e d  p o u l t r y  contains more s u l f u r  t h a n  d o e s  f a t  o f  r a w  p o u l t r y .  

L e s s  t h a n  2 %  o f  t h i s  s u l f u r  b u i l d - u p  occurs as h y d r o g e n  s u l f i d e .  T h e  m a g n i t u d e  o f  t h e  

s u l f u r  b u i l d - u p  w a s  8  t o  1 4  t i m e s  g r e a t e r  i n  t h e  f a t  o f  r o a s t e d  p o u l t r y  t h a n  i t  w a s  i n  t h e  

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

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

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

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

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

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

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

c o o k e d  p o u l t r y  a r o m a  i n  f a t  o f  c o o k e d  p o u l t r y  i s  n o t  d e r i v e d  f r o m  t h e  f a t  i t s e l f  b u t  comes 
f r o m  a n d  i s  t h u s  d e p e n d e n t  o n  t h e  “ l e a n . ”

INTRODUCTION

T H E  ORIGIN of the characteristic 
cooked meat aroma which occurs in fat of 
cooked meat is controversial. It does not 
stem from oxidative fat deterioration for 
this leads instead to rancidity. The con
tribution of other compounds derivable 
from fat such as free fatty acids, methyl 
ketones, lactones, etc. (Forss, 1967) may 
be of some importance. However, their 
contribution to cooked meat aroma must 
be minor because they are derivable from 
and occur in fats which neither possess 
cooked meat aroma nor come from ani
mal sources. Hence, from our knowledge 
of triglycerides, it is difficult to see how 
characteristic cooked meat aroma can be 
derived from the fat itself. Nevertheless 
the view is held that the characteristic 
flavor of meat is derived from the fat 
(Hornstein et al., 1960).

On the other hand, the ability of fat to 
dissolve and retain aroma that originates 
outside the fat is well known and has 
been demonstrated and practiced for 
many generations in the ancient process 
of e n f leu ra g e  in the perfume industry 
(Guenther, 1948) and in the smoking of 
bacon in the meat industry. Viewed in 
this way, it is easy to see how the fat 
could acquire its cooked meat aroma 
from the lean indirectly by dissolving and 
retaining aroma components formed and 
released from the lean during cooking. 
This explanation, offered by Bouthilet 
(1951) and supported later by Pippen et 
al. (1954), can also be deduced from the 
results of Hofstrand et al. (1960) on lamb

and mutton flavor and is also supported 
by the recent results of Klose (1967).

The diverse conclusions arrived at by 
these two points of view illustrate the need 
for additional studies that will lead to 
definite conclusions regarding the origin 
and nature of the components responsible 
for the flavor and aroma that occurs in 
the fat of cooked meat. This study was 
carried out to determine whether the 
characteristic cooked poultry aroma in fat 
of cooked poultry is derived from fat it
self or from lean portions of the meat and 
also to inquire into the nature of com
ponents responsible for this aroma.

Aroma and total sulfur values of fat 
from raw and cooked poultry were com
pared. Fat from raw poultry was defined 
as the clear oil obtained from crude raw 
fatty tissue following pressing, water 
washing and filtration at temperatures not 
exceeding 40°C. Similarly, fat from 
cooked poultry was defined as the clear 
oil obtained following washing and filter
ing of the fat that rendered out during 
cooking. Hence the “lean” consists of pro
tein, water soluble components and other 
meat components not dissolved in this 
washed and filtered fat.

Volatiles were isolated from roasted 
turkey drip oil and separated by gas 
chromatography. Odors of the fractions 
were observed and particular attention 
was given to detection of odor and com
pound types which would logically orig
inate in the lean. Finally, the possibility 
that amino acids in contact with hot fat 
during the roasting of poultry would be

d e g r a d e d  t o  v o l a t i l e  c o m p o u n d s  w a s  i n 
v e s t i g a t e d .

MATERIALS & METHODS

Poultry raw material
A ll r a w  p o u l t r y  w a s  o b ta in e d  in  r e a d y - to -  

c o o k  f o r m  f r o m  c o m m e r c ia l  s o u rc e s .  C h il le d  
b u t  u n f r o z e n  r o a s t in g  c h ic k e n s  w e re  u s e d  
w i th in  2 4  h r  o f  p u r c h a s e  t im e .  Ice. p a c k e d  u n 
f r o z e n  s te w in g  fo w l, o b ta in e d  w i th in  2 4  h r  o f  
p ro c e s s in g ,  w e re  b a g g e d  in  p o ly e th y le n e ,  
f r o z e n  in  a  b la s t  f r e e z e r  a t  — 3 4 ° C  a n d  h e ld  
a t  — 23 ° C  u n t i l  u s e d . T o m  tu rk e y s  ( 2 4 - 2 6  
lb  o v e n - re a d y  w e ig h t )  w e re  o b ta in e d  p a c k 
a g e d  a n d  f r o z e n  a n d  w e re  s to re d  a t  — 23 ° C  
u n t i l  u s e d . C u t-u p  t r a y - p a c k e d  f r y in g  c h ic k 
e n s  w e re  h e ld  a t  — 23 ° C  f o r  a  fe w  w e e k s  b e 
f o r e  th a w in g ,  d re d g in g  in  f lo u r  a n d  s a l t  a n d  
f ry in g .

Cooking methods
C h ic k e n  w a s  s im m e re d  in  a n  e q u a l  w e ig h t  

o f  w a te r  f o r  2 h r  a t  9 5 - 1 0 0 ° C  in  a  l id d e d  
s ta in le s s  s te e l  v esse l. R o a s t in g  w a s  c a r r ie d  o u t  
in  a  r o t a r y  e le c t r ic  o v e n . T h r e e  c h ic k e n s  
( t o t a l  w e ig h t  17 lb )  w e re  s im u l ta n e o u s ly  
r o a s te d  a t  2 1 8 ° C  f o r  a b o u t  2  h r  to  a n  in t e r 
n a l  te m p e r a tu r e  o f  91  ° C . T u r k e y s  w e re  
r o a s te d  in  b a tc h e s  o f  o n e  o r  tw o  b i r d s  p e r  
b a tc h .  T y p ic a l  c o n d i t io n s  f o r  ro a s t in g  a  p a i r  
o f  tu rk e y s  ( to t a l  w e ig h t  50  lb )  w a s  7 .5  h r  a t  
191 ° C . C h ic k e n  w a s  d e e p  f a t  f r i e d  in  p e a n u t  
o il  a t  141 ° C  to  a n  in te r n a l  t e m p e r a tu r e  o f  
85  “C . A p p r o x im a te ly  2 4  c h ic k e n s  w e re  f r ie d  
in  th e  12 in . X  18 in . X  10 in . f r y e r  b e f o r e  a  
s a m p le  o f  f r y in g  o il w a s  ta k e n  f o r  a n a ly s is .

Preparation of fat samples
a. Fat from raw fowl for aroma evaluation

and for total sulfur analysis. T h r e e  r e a d y - to -  
c o o k  fo w l w e re  r e m o v e d  f r o m  f r o z e n  s to ra g e  
a n d  b a n d  s a w e d  in to  r ig h t  a n d  l e f t  h a lv e s .  
R ig h t  h a lv e s  w e re  r e tu r n e d  to  f r o z e n  s to ra g e .  
L e f t  h a lv e s ,  w h ile  th a w in g ,  w e re  s k in n e d . 
F a t ty  tis s u e  c u t  f r o m  th e  v is c e ra l  c a v i ty ,  s k in  
a n d  m u s c le  w a s  c o m b in e d .  T h e  f a t t y  t is s u e  
w a s  e x t r u d e d  a t  r o o m  t e m p e r a tu r e  f r o m  a  
s ta in le s s  s te e l c y l in d e r - a n d - p is to n  p re s s  
th r o u g h  a  p la te  h a v in g  0 .0 4 - in .  h o le s .

T h e  e x t r u d e d  f a t t y  t is s u e  w a s  p a rc e l le d  
in to  2 5 0  m l g la s s  c e n t r i fu g e  tu b e s  so  th a t  
e a c h  w a s  a b o u t  4 0 %  fu ll .  W a r m  ( 5 0 ° C )  d is 
t i l le d  w a te r  a b o u t  e q u a l  to  th e  v o lu m e  o f  
f a t ty  t is s u e  w a s  a d d e d  to  e a c h  tu b e ,  a n d  tu b e s  
w e re  c a p p e d  a n d  v ig o ro u s ly  s h a k e n .  T u b e  
c o n te n ts  w e re  a d ju s te d  to  4 0  ° C  b y  g e n tle  s t i r 
r in g  w h ile  im m e rs e d  in  a  w a r m  w a te r  b a th .  
T u b e s  w e re  th e n  p r o m p t ly  c e n t r i f u g e d  f o r  10 
m in  a t  1 5 0 0 -2 0 0 0  rp m  o n  a  M o d e l  B E  I n t e r 
n a t io n a l  C e n t r i fu g e .  T h e  lo w e r  w a te r  a n d  
f ib ro u s  t is su e  p h a s e  w a s  f r o z e n  b y  im m e rs in g  
th e  tu b e  in  a  d ry - ic e -a lc o h o l  b a th  to  a  d e p th
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s u ff ic ie n t to  f r e e z e  th e  lo w e r  p h a s e  w h ile  
le a v in g  th e  u p p e r  f a t  p h a s e  in  a  s e m i-so l id  
s ta te .

A t  th is  p o in t ,  th e  u p p e r  f a t  p h a s e  w a s  
t r a n s f e r r e d  w ith  a  s p a tu l a  to  a  c le a n  c e n t r i 
fu g e  tu b e . I t  w a s  s u b je c te d  to  th e  p ro c e s s  o f  
w a rm  w a te r  w a s h in g ,  c e n t r i fu g in g ,  f r e e z in g  
o u t  o f  lo w e r  w a te r  p h a s e  a n d  t r a n s f e r r in g  o f  
th e  u p p e r  f a t  p h a s e  to  a  c le a n  c e n t r i fu g e  tu b e  
tw o  m o re  t im e s . T h e  f a t ,  w a r m e d  g e n t ly  u n t i l  
m e lte d , w a s  f i l te r e d  b y  s u c t io n  th r o u g h  a  
c a r e f u l ly  c le a n e d ,  d ry ,  m e d iu m  p o ro s i ty  s in 
te r e d  g la s s  f i l te r .  T h e  re s u l t in g  c le a r  o il  w a s  
f r e e  o f  v is ib le  s o lid  p a r t ic le s  a n d  s e ld o m  c o n 
ta in e d  a n y  v is ib le  w a te r .

b. Fat from simmered fowl for aroma 
evaluation and for total sulfur analysis. T h e  
th re e  r ig h t  h a lv e s  m e n t io n e d  a b o v e  w e re  r e 
m o v e d  f r o m  f r o z e n  s to ra g e ,  th a w e d  a n d  s im 
m e re d . A t  th e  e n d  o f  th e  s im m e r in g  p e r io d ,  
th e  h o t  b r o th  w ith  its  m e l te d  f a t  w a s  d e 
c a n te d  f r o m  th e  m e a t  th r o u g h  c h e e s e  c lo th  
in to  a  s e p a r a to r y  f u n n e l  w h e re  th e  a q u e o u s  
p h a s e  w a s  w ith d ra w n . T h e  f a t  w a s  th e n  d is 
t r i b u te d  in to  2 5 0  m l c e n t r i f u g e  tu b e s ,  e a c h  
filled  to  a b o u t  4 0 %  c a p a c i ty .  F a t  in  e a c h  
tu b e  w a s  w a s h e d  w ith  w a r m  w a te r  a n d  c e n 
tr i fu g e d  a s  d e s c r ib e d  a b o v e .

A f te r  c e n t r i fu g in g ,  th e  a q u e o u s  p h a s e  a n d  
in te r f a c ia l  m a te r ia l  w e re  w i th d r a w n  w ith  a  
la r g e - b o r e  p ip e t te  a n d  d is c a rd e d .  T h e  p ro c e s s  
o f  w a rm  w a te r  w a s h in g ,  c e n t r i f u g in g  a n d  
p h a s e  s e p a r a t io n  w a s  r e p e a te d  tw o  m o re  
tim e s . T h e  w a r m  m e lte d  f a t  w a s  f i l te r e d  b y  
s u c t io n  th r o u g h  a  c le a n , d ry ,  m e d iu m  p o r o s 
i ty  s in te re d  g la s s  fil te r . T h e  c le a r  o i ls  o b 
ta in e d  c o n ta in e d  n o  v is ib le  s o l id  p a r t ic le s  a n d  
u s u a l ly  c o n ta in e d  n o  v is ib le  w a te r .

S ta r t in g  w ith  a n o th e r  b a tc h  o f  3 fo w ls , 
s te p s  ( a )  a n d  ( b )  w e re  r e p e a te d  a s  n e e d e d  to  
p r e p a r e  a d d i t io n a l  p a ir s  o f  f a t  f o r  a r o m a  a n d  
to ta l  s u l f u r  a n a ly se s .

c. Fat from raw chicken roasters. F a t ty  
t is su e  w a s  r e m o v e d  p r in c ip a l ly  f r o m  th e  v is 
c e ra l  c a v i t ie s  o f  th e  c a r c a s s e s  ju s t  b e fo re  th e y  
w e re  ro a s te d .  T h e  f a t  w a s  r e n d e r e d  f r o m  th is  
tis s u e  w ith  th e  p re s s in g ,  w a s h in g ,  c e n t r i f u g 
in g  a n d  f i l te r in g  s te p s  d e s c r ib e d  in  d e ta il  
a b o v e .

d. Fat from roasted chicken. D r ip p in g s  
w e re  c o l le c te d  a n d  k e p t  d u r in g  r o a s t in g  in  a n  
a lu m in u m  t r a y  p la c e d  in  th e  o v e n  u n d e r  th e  
r o a s t in g  c h ic k e n . A f t e r  r o a s t in g ,  th e  d r ip p in g s  
w e re  t r a n s f e r r e d  to  a  s c re w  c a p  b o t t le  a n d  
s to re d  a t  — 3 4 ° C . T h e  th a w e d  a n d  w a rm e d  
( 4 0 ° C )  d r ip  s to c k  w a s  m ix e d  a n d  a  p o r t i o n  
r e m o v e d ,  h o m o g e n iz e d  in  a  g la s s  h o m o g e -  
n iz e r  a n d  s to re d  a t  — 3 4 ° C  f o r  a n a ly s is .  T h e  
r e m a in in g  d r ip  s to c k , w a r m e d  to  4 0 ° C ,  w as  
c e n t r i fu g e d  u n t i l  it s e p a r a te d  in to  o il a n d  
s e d im e n t  p h a se s .  T h e  o il w a s  c a r e f u l ly  w i th 
d ra w n  a n d  p o r t io n s  o f  i t  w e re  f il te re d  o r  w a 
te r  w a s h e d ,  c e n t r i f u g e d  a n d  f i l te r e d  a s  d e 
s c r ib e d  in  d e ta i l  in  p a r t  ( b )  a b o v e .  S ee  a ls o  
F ig u r e  1.

e. Fat from roasted turkey. W a s h e d  a n d  
f i l te r e d  f a t  f r o m  r a w  tu r k e y  w a s  o b ta in e d  a n d  
w o rk e d  u p  a s  d e s c r ib e d  a b o v e  f o r  r o a s t  
c h ic k e n , p a r t  ( c ) .  D r ip p in g s  f r o m  ro a s te d  
tu r k e y  w e re  a ls o  w o rk e d  u p  in to  o i l  a n d  s e d i 
m e n t  f r a c t io n s ,  a  f i l te r e d  o i l  f r a c t io n  a n d  a  
w a te r  w a s h e d  a n d  f i l te r e d  o il f r a c t io n  a s  d e 
s c r ib e d  in  p a r ts  ( b )  a n d  (d )  a b o v e  (F ig .  1 ) .

f. Peanut oil. A  s a m p le  o f  f r e s h  u n u s e d  
p e a n u t  o il  w a s  ta k e n  f r o m  th e  s a m e  lo t  o f  
o il  u s e d  f o r  th e  d e e p  f a t  f r y in g  o f  c h ic k e n .  
A n o th e r  s a m p le  o f  p e a n u t  o il  w a s  ta k e n  f r o m

Table 1—Quantity of hydrogen sulfide in fat of simmered fowl.

S am p le
no . D esc rip tio n

Q u a n tity  o f 
fa t  analyzed  

(g)

T o ta l 
H 2S found  

(fzg)

Su lfu r 
as  H 2S 

(Mg/g fa t)

i H o t fa t  fro m  sim m ered  fow l, filtered  th ro u g h  m ilk  
filter, coo led  to  65 °C , sealed  in an a ly tica l flask, 
a n d  n itro g en  p u rg ed  ‘/z h r  a t 30 °C 243 2 .1 3 0 .0 0 8

S am e fa t  n itro g en  p u rg ed  ad d itio n a l '/ ,  h r  a t  95 °C 243 1 .9 2 0 .0 0 7

i i H o t fa t  fro m  sim m ered  fow l, filtered  th ro u g h  m ilk  
filter an d  th e n  th ro u g h  m ed iu m  p o ro s ity  s in te red  
g lass filter, n itro g en  p u rg ed  1 h r  a t  30°C 150 0 .0 0 0 .0 0

S am e fa t n itro g en  p u rged  ad d itio n a l h r  a t  100°C 150 0 .53 0 .0 0 3

i n S am e fa t a s  S am p le  II , b u t w ashed  3 tim es w ith  w a ter 
be fo re  final filtering  and  th e n  n itro g en  p u rg ed  1 h r 
a t 30°C 124 0 .0 0 0 .0 0

S am e fa t n itro g en  p u rg ed  ad d itio n a l h r  a t  100°C 124 0 .1 0 .0 0 0 8

Table 2—Odor panel evaluation of washed and filtered chicken fat from simmered and from 
raw fowl.

Ju d g m en ts

P a irs  co m p a red

Show ing  
d iscr im in a tio n  
betw een  pa irs  
(C o rrec t/to ta l)

In d ic a tin g  little  
o r  n o  a ro m a  in  fa t 

f ro m  raw  
(%  o f  to ta l)

In d ic a tin g  ch ickeny  
a ro m a  in fa t 

fro m  sim m ered 
(%  o f  to ta l)

I S im m ered  vs raw 15/16 81 69
II  S im m ered  vs raw  h ea ted  d ry  2 h r

a t  100°C 8/8 87 87
II I  S im m ered  vs raw  h ea ted  in w a ter

2 h r  a t 100°C 6/7 100 100

th e  d e e p  f a t  f r y e r  a f t e r  i t  h a d  b e e n  e x te n 
s iv e ly  u s e d  to  f r y  c h ic k e n .  B o th  th e  f r e s h  
p e a n u t  o il  a n d  th e  f r y in g  o il  w e re  w a te r  
w a s h e d ,  f i l te r e d , e tc . a s  d e s c r ib e d  in  p a r t  ( b )  
b e f o r e  s u l f u r  a n a ly s e s  w e re  c a r r ie d  o u t.

g. Fat from simmered fowl for H S de
terminations. T w o  b a tc h e s  (3  f o w l / b a t c h )  
w e re  s im m e re d  a s  d e s c r ib e d  a b o v e . F lo t  b r o th  
w a s  t r a n s f e r r e d  to  a  s e p a r a to r y  f u n n e l  w h e re  
th e  a q u e o u s  p h a s e  w a s  w i th d ra w n . In  th e  f irs t 
b a tc h ,  th e  h o t  f a t  w a s  f i l te re d  o n ly  th r o u g h  a  
m ilk  f i l te r  ( a  c o a r s e  c h e e s e  c lo th  a n d  p a p e r  
fil te r ) , c o o le d  to  6 5 ° C  a n d  im m e d ia te ly  t r a n s 
f e r r e d  a n d  s e a le d  in  a  o n e  l i te r  ro u n d  b o t 
to m e d  f la s k  f o r  FE S a n a ly s is .  (S a m p le  I , T a 
b le  1 .) I n  th e  s e c o n d  b a tc h ,  th e  h o t  f a t ,  s e p 
a r a te d  f r o m  th e  a q u e o u s  b r o th ,  w a s  f i l te r e d  
th r o u g h  a  m ilk  f i l te r  a n d  s e p a r a te d  in to  tw o  
e q u a l  p o r t io n s .  O n e  p o r t i o n  w a s  s u c t io n  fil
t e r e d  th r o u g h  a  m e d iu m  p o ro s i ty  s in te re d  
g la ss  f i l te r  to  g iv e  S a m p le  I I ,  T a b le  1. T h e  
s e c o n d  p o r t i o n  w a s  w a s h e d  3 t im e s  w ith  w a 
t e r  a n d  f i l te r e d  th r o u g h  th e  g la s s  f il te r  as

d e s c r ib e d  in  d e ta i l  u n d e r  s e c t io n  ( b )  to  g iv e  
S a m p le  I I I ,  T a b le  1.

Aroma pane)
F a t  s a m p le s  w e re  p re s e n te d  to  e x p e r ie n c e d  

t r a in e d  ju d g e s  a s  w a r m  ( 4 0 ° C )  c le a r  o ils  in  
c le a r  g la ss  s c re w  c a p  b o t t le s .  T h e r e  w e re  n o  
v is ib le  d if f e r e n c e s  b e tw e e n  s a m p le s .  E a c h  
ju d g e  w a s  f ir s t  g iv e n  a  c o d e d  s a m p le  id e n tic a l  
to  o n e  o f  th e  tw o  s a m p le s  b e in g  c o m p a re d .  
A f te r  s m e l l in g  th is  c o n t r o l  s a m p le ,  th e  ju d g e  
w a s  p r e s e n te d  w ith  th e  tw o  c o d e d  c o m p a r i 
s o n  s a m p le s  a n d  a  s c o re  c a r d  (F ig .  2 ) , w h ic h  
h e  fil led  o u t  a f t e r  s m e l l in g  e a c h  o f  th e  tw o  
s a m p le s .  T h e r e  w e re  tw o  re p l ic a te s  o f  e a c h  o f  
th e  t h r e e  c o m p a r is o n s  ( T a b le  2 ) .  A l l  o f  th e  
f a t  s a m p le s  e v a lu a te d  c a m e  f r o m  ra w  o r  s im 
m e r e d  fo w l a n d  a ll  w e re  f r e e d  o f  s o lid  m a te 
r ia l ,  w a te r  w a s h e d ,  f i l te re d , e tc .  a s  d e s c r ib e d  
a b o v e .

Determination of total sulfur in samples
A  m e th o d  w a s  d e v e lo p e d  f o r  c o m p le te ly

Fig. 1— Fractions  of  r o a s te d  p o u l t r y  d r ip p in g s .
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Sample No.

Check sample 
that smells most 

like control

Aroma characteristics

Little or 
no aroma

If aroma Is detected, 
please describe

F i g .  2 — F o r m  u s e d  b y  j u d g e s  f o r  e v a l u a t i n g  o d o r  o f  c h i c k e n  

f a t  s a m p l e s .

F i g .  3 — S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  a p p a r a t u s  u s e d  f o r  

i s o l a t i n g  a n d  i n j e c t i n g  v o l a t i l e  c o m p o n e n t s  i n t o  t h e  g a s  c h r o m 

a t o g r a p h .

b u r n in g  th e  s a m p le  in  a  q u a r t z  tu b e  fil led  
w ith  a lu m in a  g ra n u le s  c a r r y in g  a  v a n a d iu m  
p e n to x id e  c a ta ly s t .  T h e  c o m b u s t io n  p r o d u c ts  
w e re  t r a p p e d  in  c h i l le d  h y d r o g e n  p e ro x id e  s o 
lu t io n  w h e r e  S 0 2 f o r m e d  d u r in g  c o m b u s t io n  
w a s  o x id iz e d  to  S O r 2. T h e  S O * '2 w a s  c o n 
c e n t r a te d  a n d  re d u c e d  to  H«S w h ic h  w a s  
q u a n t i t a t iv e ly  d e te r m in e d  a s  m e th y le n e  b lu e . 
T h e  m e th o d  w a s  te s te d  b y  a n a ly z in g  p o u l t r y  
f a t  s a m p le s  c o n ta in in g  k n o w n  a m o u n ts  o f  
a d d e d  s u lfu r .  I t  w a s  th u s  s h o w n  to  b e  h ig h ly  
s u i ta b le  f o r  th e  q u a n t i ta t iv e  d e te r m in a t io n  o f  
t r a c e  q u a n t i t i e s  o f  s u l f u r  in  f a t  a n d  a ls o  
e a s i ly  c a p a b le  o f  d is t in g u is h in g  b e tw e e n  f a t  
s a m p le s  t h a t  d if f e r e d  b y  a s  l i t t l e  a s  0 .5  fig  
S / g  f a t .  A  m a n u s c r ip t  d e s c r ib in g  th e  m e th o d  
in  d e ta i l  is  b e in g  p r e p a r e d  f o r  p u b l ic a t io n  
e lse w h e re .

Determination of hydrogen sulfide in fat
T h e  m e l te d  ( 3 0 ° C )  f a t ,  w ith  su ff ic ie n t 

t r i p le  d is t i l le d  w a te r  to  m a k e  a  to ta l  v o lu m e  
o f  5 0 0  m l ,  w a s  a d d e d  to  a  1 - l i te r  r o u n d  b o t 
to m e d  fla sk . H ig h  p u r i t y  n i t r o g e n  w a s  th e n  
p a s s e d  th r o u g h  th e  m ix tu r e ,  a n d  H 2S e n 
t r a in e d  in  t h e  n i t r o g e n  s t r e a m  w a s  a b s o r b e d  
in  z in c  a c e ta te  s o lu t io n  a n d  d e te r m in e d  as 
m e th y le n e  b lu e  a s  d e s c r ib e d  b y  M e c c h i  e t  a).
( 1 9 6 4 ) .  A  s a m p le  w a s  f ir s t  a n a ly z e d  b y  
n i t r o g e n - p u r g in g  th e  f a t - w a te r  m ix tu r e ,  k e p t  
a t  3 0 ° C ,  f o r  a t  le a s t  V» h r .  T h e n ,  w ith  a  
f r e s h  z in c  a c e ta te  t r a p  in  p la c e , th e  s a m e  fa t-  
w a te r  s a m p le ,  w a r m e d  to  a n d  k e p t  a t  9 5 -  
1 0 0 ° C , w a s  n i t r o g e n  p u r g e d  f o r  a t  le a s t  a n  
a d d i t io n a l  V 2 h r  to  d e te r m in e  w h e th e r  it 
w o u ld  y ie ld  m o r e  H 2S.

Procedure for isolating volatiles
T h e  h a r d w a r e  a n d  g a s  f lo w  a r r a n g e m e n ts  

a r e  s h o w n  s c h e m a t ic a l ly  in  F ig u r e  3 . T h e  
five  v a lv e s  s h o w n  a s  p a r t  o f  th e  g a s  s a m p l in g  
v a lv e  (V 1 -V 5 , F ig . 3) w e re  a l l  a n  in te g ra l  
p a r t  o f  th e  h e a t e d  6 - p o r t  s ta in le s s  s te e l  g a s  
s a m p l in g  v a lv e  ( V a r ia n  A e r o g r a p h  N o .  57 - 
0 0 0 0 3 6 -0 0 )  w h ic h  w a s  a t t a c h e d  d i r e c t ly  to  
th e  in je c to r  o f  t h e  V a r ia n  A e r o g r a p h  M o d e l 
1 5 2 5 -B  g a s  c h r o m a to g r a p h .  T h e  v a lv e  w a s  
e q u ip p e d  w i th  V i to n  Q u a d  r in g s  a n d  4 0  v o l ts  
a .c . w e re  a p p l ie d  to  its  5 0  w a t t  c a r t r id g e  
h e a t e r .  I n  o n e  o f  tw o  p o s s ib le  p o s i t io n s  o f  th e  
v a lv e  p lu n g e r ,  V I ,  V 4  a n d  V 5  w e re  o p e n  
a n d  V 2  a n d  V 3  w e re  c lo se d . In  th is  p o s i t io n  
( th e  “ s a m p le  c o l le c t”  p o s i t io n )  c a r r i e r  g a s  
p a s s e d  d i r e c t ly  in to  t h e  in je c to r  a n d  c o lu m n  
w h ile  n i t r o g e n  c o u ld  b e  p a s s e d  th r o u g h  th e  
s a m p le ,  s a m p le  lo o p  a n d  o u t  th r o u g h  a  flow  
m e te r .  T h u s ,  b y  h e a t in g  th e  s a m p le  w h ile  
c o o l in g  th e  s a m p le  lo o p ,  v o la t i le s  w e re  t r a n s 
f e r r e d  f r o m  th e  s a m p le  to  th e  s a m p le  lo o p .

I n  th e  o th e r  v a lv e  p lu n g e r  p o s i t io n  ( th e  
“ in je c t”  p o s i t i o n ) ,  V I ,  V 4  a n d  V 5  w e re  
c lo s e d  a n d  V 2  a n d  V 3  w e re  o p e n  th u s  s e n d 
in g  a l l  th e  c a r r i e r  g a s  f ir s t  t h r o u g h  th e  s a m p le

lo o p  a n d  th e n  in to  th e  c o lu m n . T h u s ,  b y  h e a t 
in g  th e  s a m p le  lo o p  im m e d ia te ly  a f t e r  p la c 
in g  th e  p lu n g e r  in  t h e  “ in je c t” p o s i t io n ,  th e  
t r a p p e d  s a m p le  w a s  v a p o r iz e d  a n d  s w e p t  in to  
th e  c o lu m n .

T h e  a p p r o x im a te ly  12 m l g la s s  s a m p le  c o n 
t a in e r  w a s  c o n n e c te d  to  th e  n i t r o g e n  s u p p ly  
a n d  to  th e  g a s  s a m p l in g  v a lv e  w ith  g la ss  to  
s ta in le s s  s te e l  b a l l  a n d  s o c k e t  jo in ts .  T h e  
s ta in le s s  s te e l tu b e  (8  in . lo n g  X  V s in . O D  
X  Vio in . I D )  c o n n e c t in g  s a m p le  f la s k  to  g a s  
s a m p l in g  v a lv e  w a s  h e a t e d  e le c t r ic a l ly  to  
m in im iz e  c o n d e n s a t io n .  T h e  s a m p le  lo o p  w a s  
m a d e  f r o m  s ta in le s s  s te e l  tu b in g  ( 8 V 2 in . 
lo n g  X  Vs in .  O D  x 0 .0 9 3  in . ID )  p a c k e d  
w ith  4 5 / 5 0  m e s h  a c id  w a s h e d  d im e th y ld i-  
c h lo r o s i la n e  t r e a te d  c h r o m o s o r b  G ,  p lu g g e d  
a t  e a c h  e n d  w ith  g la s s  w o o l ,  b e n t  in to  a  “ U ” 
s h a p e  a n d  f a s te n e d  to  th e  g a s  s a m p l in g  v a lv e  
w ith  S w a g e lo k  f it tin g s .

S ta n d a r d  c o n d i t io n s  f o r  is o la t in g  v o la t i le s  
w e re  a s  fo llo w s . W ith  th e  g a s  s a m p l in g  v a lv e  
p lu n g e r  in  th e  “s a m p le  c o l le c t” p o s i t io n ,  th e  
s a m p le  f la s k  c o n ta in in g  8 m l  (7 .2  g )  o f  
m e lte d ,  f i l te r e d  r o a s t  tu r k e y  d r ip  o i l  ( F r a c 
t io n  V , F ig .  1 ) w a s  c o n n e c te d  to  th e  n ig h  
p u r i t y  n i t r o g e n  s o u rc e  a n d  to  th e  g a s  s a m 
p l in g  v a lv e . W ith  a  s t r e a m  o f  n i t r o g e n  e s ta b 
lis h e d  a n d  m a in ta in e d  a t  a  10 m l / m i n  ra te  
th r o u g h  th e  s a m p le  a n d  th r o u g h  th e  s a m p le  
lo o p ,  t h e  l a t t e r  w a s  c o o le d  in  l iq u id  n i t r o g e n  
a n d  th e  s a m p le  w a s  h e a t e d  in  a  s i l ic o n e  o il  
b a th  a t  1 7 5 ° C . T h e s e  c o n d i t io n s  w e re  u s u a l ly  
m a in ta in e d  f o r  3 0  m in , w h e n  h e a t  w a s  r e 
m o v e d  f r o m  th e  s a m p le  a n d  n i t r o g e n  flow  
th r o u g h  th e  s a m p le  w a s  s to p p e d .  In je c t io n  o f  
t r a p p e d  v o la t i le s  w a s  a c c o m p l is h e d  b y  r e m o v 
in g  th e  l iq u id  n i t r o g e n  f r o m  th e  s a m p le  lo o p , 
m o v in g  th e  v a lv e  p lu n g e r  to  th e  “ in je c t” p o s i
t io n  a n d  im m e d ia te ly  a p p ly in g  a  h o t  o i l  b a th  
( 2 3 0 ° C )  to  th e  s a m p le  lo o p .

Isolation and gas chromatography of 
volatile decomposition products

T h e  a m in o  a c id s ,  a l l  c o m m e r c ia l ly  a v a i l 
a b le  d l- f o rm s ,  w e re  u s e d  a s  re c e iv e d .  A f te r  
c h a r g in g  th e  s a m p le  f la s k  (F ig .  3 )  w i th  8 m l 
o f  w a r m e d  ( 4 0 ° C )  m e l te d  r o a s t  t u r k e y  d r ip  
o i l  ( F r a c t i o n  V , F ig .  1 ) ,  a b o u t  0 .5  m g  o f  
e a c h  a m in o  a c id  b e in g  u s e d  w a s  a d d e d  to  th e  
o il .  T h e  s a m p le  f la s k  w a s  t h e n  a t t a c h e d  to  th e  
g a s  s a m p l in g  v a lv e  a n d  h e a t e d  a n d  p u rg e d  
w i th  n i t r o g e n .  V o la t i le s  f r o m  i t  w e re  t r a p p e d  
a n d  in je c te d  in to  t h e  g a s  c h r o m a to g r a p h  u s 
in g  th e  s ta n d a r d  c o n d i t io n s  d e s c r ib e d  in  d e 

ta il  in  th e  p r e c e d in g  s e c tio n .

Gas chromatography
T h e  g e n e r a l  c o n d i t io n s  u s e d  f o r  g a s  

c h r o m a to g r a p h y  a r e  s h o w n  in  T a b le  3 . D e 
ta i ls  n o t  s u p p l ie d  in  th is  ta b le ,  s u c h  a s  c o lu m n  
le n g th , c o lu m n  p a c k in g ,  a n d  c o lu m n  te m p e r a 
tu r e s  w ill  b e  f o u n d  in  th e  le g e n d s  f o r  f ig u re s . 
M o d if ic a t io n s  to  th e  i n s t r u m e n t  in c lu d e d  f i t
t in g  i t  w ith  a  6 - p o r t  g a s  s a m p l in g  v a lv e  ( a s  
d e s c r ib e d  a b o v e )  a n d  w i th  a  5 0 - 5 0  c o lu m n  
e ff lu e n t s t r e a m  s p l i t te r .  H a l f  o f  th e  c o lu m n  
e ff lu e n t w a s  c o n n e c te d  to  th e  h y d r o g e n  f la m e  
d e te c to r  w h ile  th e  o th e r  h a l f  le d  o u t  o f  t h e  
d e te c to r  o v e n  to  a  h e a t e d  s m e l l in g  t ip  th u s  
p e r m i t t in g  s im u l ta n e o u s  s m e l l in g  a n d  r e c o r d 
in g  o f  f r a c t io n s .

T h e  c h r o m a to g r a p h  w a s  a ls o  e q u ip p e d ,  a s  
n e e d e d ,  w ith  a  l a b o r a to r y  d e s ig n e d  a n d  c o n 
s t r u c te d  d e v ic e  f o r  in je c t in g  a u th e n t ic  s a m p le s  
in to  t h e  s a m p le  lo o p .  T h is  in je c t io n  d e v ic e  
w a s  c o n s t r u c t e d  o f  s ta in le s s  s te e l  a n d  w a s  
p ro v id e d  w ith  a  r u b b e r  s e p tu m  f o r  s a m p le  in 
t r o d u c t io n .  I ts  o u t le t  w a s  c o n n e c te d  d i r e c t ly  
to  th e  s a m p le  lo o p  in p u t  f i t t in g  o n  th e  6 - p o r t  
g a s  s a m p l in g  v a lv e  a n d  its  in le t  w a s  c o n 
n e c te d  to  a  r e g u la te d  s o u rc e  o f  h ig h  p u r i t y  
n i t r o g e n .  T h u s ,  w i th  n i t r o g e n  f lo w in g  t h r o u g h  
th e  in je c to r  a n d  o u t  t h r o u g h  th e  s a m p le  lo o p  
a  s a m p le  in je c te d  t h r o u g h  th e  s e p tu m  in to  
th e  n i t r o g e n  s t r e a m  w a s  c a r r ie d  in to  th e  
s a m p le  lo o p  w h e re  i t  c o u ld  b e  c o n d e n s e d  a n d  
h e ld  a t  l iq u id  n i t r o g e n  t e m p e r a tu r e  u n t i l  in 
je c te d  in to  th e  c o lu m n  b y  a c tu a t in g  th e  v a lv e  
p lu n g e r  a n d  h e a t in g  th e  s a m p le  lo o p . A u 
th e n t ic  s a m p le s  g e n e r a l ly  c o n s is te d  o f  5 to  30  
id  o f  v a p o r  t a k e n  f r o m  th e  h e a d s p a c e  o v e r  
th e  a u th e n t ic  s a m p le .

Table 3—General gas chromatography
conditions.
In s tru m e n t: V a ria n -A e ro g ra p h  M o d e l 

1525-B
C o lu m n s:

Sam ple lo o p  h ea tin g

'/s -in . OD X  0 .093-in . ID 
stain less steei

b a th : 230°C
In je c to r  tem p : 2 0 0 °C
D e tec to r  tem p  : 215°C
D e tec to r  ty p e  : H y d ro g e n  flam e, e lec tro n  

c ap tu re , o lfac to ry
C a rr ie r  gas: N itro g e n
C arrie r  flow  ra te : 25 m l/m in
R ec o rd e r: L eeds  a n d  N o r th ru p  

S peed o m ax  W
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Table 4—Comparison of total sulfur in washed and filtered fat from raw and from cooked 
poultry.

T o ta l su lfu r in  fa t

D u p lica tes A verage
S am p le  no . O rig in  a n d  ty p e  o f  fa t G g /g ) Gg/g)

1 2 C Sim m ered  fow l 1 .2 7 ,1 .2 7 1 .27
12 R R aw  fow l 0 .8 7 ,0 .8 1 0 .8 4

D ifference 0 .4 3
16 C Sim m ered  fow l 1 .3 3 ,1 .3 5 1 .3 4
16 R R aw  fow l 1 .1 4 ,0 .5 2 0 .8 3

D ifference 0 .5 1
17 C Sim m ered  fow l 1 .54 , 1 .6 7 1.61
17 R R aw  fow l 1 .0 9 .1 .1 1 1 .1 0

D ifference 0 .51
25 C D rip p in g s  fro m  roasted"eh icken 5 .2 1 ,5 .3 8 5 .3 0
25 R R aw  ch icken  ro a s te rs 1 .11 , 1 .2 2 1 .17

D ifference 4 .1 3
30 C D rip p in g s  fro m  ro a s ted  tu rk ey 7 .7 2 ,7 .8 1 7 .7 7
30 R R aw  tu rk ey 0 .7 4 ,0 .7 1 0 .7 3

D ifference 7 .0 4
40 C P e a n u t o il fro m  c h ick e ffd eep  fa t d rver 6 .2 ,  6 .2 6 .2
40 R P e a n u t oil (fresh  unu sed fsto ck ) 0 .9 , 0 .8 0 .9

D ifference 5 .3

RESULTS & DISCUSSION

DURING PREPARATION it was ap
parent that fat from simmered fowl had a 
distinct “chickeny” aroma whereas fat 
from the raw fowl had relatively little 
odor. This observation was confirmed by 
the odor panel (Table 2, Pair I).

Since all samples in Table 2 had been 
water washed and filtered before their 
aromas were evaluated, the water soluble 
components and the solid tissue that often 
accompany crude or poorly defined ani
mal fat samples could not be direct con
tributors to the aroma of any of these fat 
samples. Therefore the aroma of these fat 
samples, and hence the aroma differences 
observed, must be caused by substances 
in them that are truly fat soluble. Heating 
the fat from raw fowl whether dry (Table 
2, Pair II) or with water (Table 2, Pair 
III)  not only failed to generate a chickeny 
aroma but also left them relatively odor
less.

Evidently the chickeny odor that de
velops in fat of simmered fowl depends to 
a great extent upon its ability to dissolve 
aroma components released or formed 
during cooking. Futhermore, these results 
strongly indicate that the substances re
sponsible for the chickeny odor of fat 
from simmered fowl originate partly, if 
not entirely, in the lean, proteinaceous or 
water soluble portions of the meat.

Consequently we should expect to find 
a predominantly lean meat element at a 
higher level in fat from cooked poultry 
than in fat from raw poultry. Sulfur is 
such an element because nearly all the 
sulfur in chicken meat occurs in muscle 
protein (Beach et al., 1943) with some 
also occurring to a lesser extent in other 
compounds such as glutathione, thiamine 
and the free amino acids methionine and 
cysteine. Futhermore, sulfur compounds 
in chicken meat are known to decompose 
significantly during cooking (Mecchi et 
al., 1964; Ballance, 1961; Libbey, private 
communication). We should not be sur
prised to find that sulfur compounds re
leased and formed during cooking dis
solve to some extent in the fat giving it an 
“acquired" sulfur content.

To experimentally test for the existence 
of such an acquired sulfur fraction, we 
developed a method for determining trace 
sulfur in poultry fat (see Materials and 
Methods) and proceeded to analyze fat 
samples on the assumption that the ac
quired sulfur content is equal to the total 
sulfur content of fat from cooked poultry 
less whatever intrinsic sulfur there might 
be in the fat from the raw poultry. The 
average differences which we found are 
all positive (Table 4) and thus virtually 
establishes the existence of an appreciable 
acquired sulfur fraction in these fat sam
ples from cooked poultry. The conclusion 
that sulfur compounds migrate into the

fat during cooking and remain in it after 
cooking seems inescapable.

Conceivably, the fat as we sampled it 
from the raw poultry could have a lower 
intrinsic sulfur value than the fat which 
rendered out during cooking. In this case 
the differences (Table 4) would be at
tributable, not to acquired sulfur, but to 
the sampling procedure. But, this extreme 
possibility seems unlikely because we can
not visualize how intrinsic sulfur, present 
in fat of raw poultry at relatively low and 
consistent levels (average values ranged 
from only 0.73 to 1.17 Mg S/g fat from 
raw, Table 4), should both increase and 
broaden its range in fat of poultry cooked 
in several ways (average values range 
from 1.27 to 7.7 ¡xg S/g fat from cooked, 
Table 4).

On the other hand, the “acquired sulfur 
concept” readily explains the remarkable 
8 to 14-fold greater quantity of acquired 
sulfur in fat of drippings from roasted 
poultry than in fat from simmered poultry 
(Table 4). Obviously the oil or fat in the 
drippings of roasted turkey had a better 
opportunity to acquire sulfur than did fat 
during the simmering of chicken.

This suggests that the decomposition of 
protein, sulfur amino acids and other 
components is more extensive in the drip
pings of roasting poultry than it is in sim
mering chicken. This is reasonable when 
it is recalled that fat in drippings of roast
ing poultry comes into intimate contact 
with sedimentary material that is itself 
rich in flavor, that is hot and concentrated, 
and that is obviously undergoing thermal 
decomposition and polymerization. On 
the other hand, during simmering, in 
which the temperature does not exceed 
100°C and the fat contacts essentially only 
a dilute water broth we would expect less

Table 5—Sulfur distribution in several 
fractions of drippings from roasted poultry.

T o ta l su lfu r

F ra c tio n  analyzed
C h icken

G g /g )
T  urkey 
G g /g )

W ho le  hom o g en ized 561 —

Oil (fro m  c en trifu g a tio n  o f  
d ripp ings) — 12 .4

O il (cen trifu g ed  a n d  filtered) — 11 .6

O il (cen trifuged , w ash ed  an d  
filtered) 5 .3 7 .8

thermal decomposition and hence less 
sulfur build-up in the fat.

The approximately 100 to 1 ratio of 
sulfur in whole homogenized drippings to 
sulfur in the washed and filtered oil from 
the roasted chicken drippings (Table 5) 
supports our claim that the sediment of 
roast poultry drippings is probably the 
principal precursor of the acquired sulfur 
found in the drip oil. The values for tur
key (Table 5) show that small but signif
icant amounts of sulfur were removed 
from the drip oil by filtering and water 
washing. This illustrates the importance 
of carefully defining the steps used in the 
preparation of fat samples for compara
tive sulfur analyses.

We have not determined what sulfur 
compounds occur in the acquired sulfur 
fraction of fat. Hydrogen sulfide (H2S) 
is a possibility because so much of it is 
formed during cooking (Mecchi et al.,
1964). But it seemed unlikely to be a 
major direct contributor because we 
would expect little of it to survive the 
water washing and vacuum filtration steps. 
Nevertheless we checked this possibility.

Fat from freshly simmered chicken,
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F i g .  4 — Gas c h r o m a t o g r a m  o f  v o l a t i l e s  i s o l a t e d  f r o m  t h e  o i l  o f  r o a s t e d  t u r k e y  d r i p 

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

c o l u m n .  T h e  2 4  f t  x  1/8 i n .  O D  s t a i n l e s s  s t e e l  c o l u m n  w a s  p a c k e d  w i t h  5 %  F F A P  o n  

6 0 / 8 0  m e s h  a c i d  w a s h e d  a n d  d i m e t h y l  d i c h l o r o s i l a n e  t r e a t e d  c h r o m o s o r b  G  a n d ,  s t a r t 

i n g  a t  6 0 ° C ,  was p r o g r a m m e d  t o  a  t e m p e r a t u r e  o f  2 0 0 ° C  a t  a  2 ° C / m i n  r a t e .

filtered crudely through a milk filter, 
placed into the H 2S analysis apparatus as 
soon as its temperature had dropped to 
65°C and analyzed at 30°C (Sample I, 
Table 1), contained only 0.008 /xg S/g fat 
which, amounts to only 0.1 to 2 %  of the 
acquired sulfur values (differences, Table 
4). No H 2S at all could be detected in 
additional fat samples (II, III, Table 1) 
after vacuum filtration and water washing. 
Furthermore, the amounts of H 2S that 
could be driven out of these three samples 
(Table 1) at 95-100°C also represent very 
small percentages of the acquired sulfur 
values (Table 4). Hence practically all 
acquired sulfur occurs in a non-H2S form 
that decomposes only slowly, if at all, to 
form HoS at 95-100°C.

There remains the possibility for H2S 
to contribute to the acquired sulfur frac
tion by reacting during cooking to form 
other fat soluble sulfur compounds. In 
this connection, the formation of an 
odorous fat soluble product by reacting 
H 2S with acetaldehyde in poultry fat has 
been mentioned (Pippen, 1967). It seems 
more probable, however, that the acquired 
sulfur stems from indigenous poultry 
meat sulfur compounds and their degrada
tion products that become dissolved in 
the fat during cooking.

Of course, there is no reason why the 
process of fat solubilization of substances

released and formed during cooking has 
to be restricted to sulfur compounds. 
Therefore we should not be surprised to 
find fat of cooked poultry also acquires, 
during cooking, ingredients that come 
from non-sulfur containing precursors. To 
investigate these possibilities, we smelled 
fractions as they eluted from the column 
of the gas chromatograph to determine if 
odor types could be detected that were 
probably traceable to a non-fat precursor. 
For these investigations we selected fil
tered oil from roast turkey drippings 
(Fraction V, Fig. 1). Many chromato
grams were run on this oil and from this 
a rather extensive list of odor descriptions 
was compiled.

Space limitations permit showing only 
a portion of the compiled list of odor 
descriptions in the illustrative chroma
togram (Fig. 4). Fractions having odors 
like saturated and unsaturated aldehydes 
probably have their origin principally in 
fat deterioration. We suspect that the bulk 
of these types of compounds came directly 
from peroxide precursors because the oer- 
oxide value of the oil fell from about 12 
to nearly zero during the 30 min treatment 
at 175°C  involved in the isolation pro
cedure. On the other hand, we observed 
many interesting odors that probably do 
not stem from oxidative deterioration of 
fat. The similarity between many of these

Table 6—A partial list of odor descriptions 
recorded as fractions of volatiles from fat of 
roast turkey drippings were smelled as they 
eluted from the gas chromatograph. Likely 
precursors with supporting references are 
also listed.

O d o r desc rip tio n Possib le  p re c u rso r

C o o k ed  cabbage , m ethy l 
m e rc a p tan

M eth io n in e 2' 3' 6

B urn t, sm oky G lyc ine ,5 c y s tin e 11

B u rn t sugar, caram el, 
ch o co la te

A rg in ine, leucine, e tc 1; 
g lycine5’11

W alnu ts a -a m in o b u ty r ic  a c id 3

P o p co rn A rg in in e 1

A lm onds, ro a s t nu ts , 
benza ldehyde

a -a m in o , a -p h en y l- 
ace tic  a c id ,6 u n sa t. 
fa tty  a c id 10

C rack ers P ro lin e 1’3i 4

M usty , ro tte n  w ood Iso le u c in e ,1 g lu tam ic  
ac id 5

M eaty , co o k ed  p o ta to e s M e th io n in e 1-4; ly s ine5; 
hyd ro x y p ro lin e , 
cy stin e 11

G reen  p o ta to e s L ysine ,5 unspecified  
a m in o  acids7

H o t b u tte r G lu ta m in e ,1 lysine5

C heese L e u c in e 1 ■4

N a p h th a len e , “ m o th  
ba lls”

C a ro te n o id s8-9

B u tte r L eucine, h istid ine, 
a rg in in e 11

F lo ra l , v iolets P h e n y la lan in e1,3

C o co n u t H y d ro x y  fa tty  ac id  in 
tr ig ly ce rid e12

1 H e rz  e t a l., 1960; 2B allance, 1961; 3R o th e  
e t a l., 1963; 4W iseb la tt e t a l., 1963 ; sE l’O de, e t a l., 
1966; 'B a rn e s  e t a l., 1947; 7M aso n  e t al., 1966; 
'J o n e s  e t  al., 1948; 9E rd m an , 1961; 10K a w a d a  
é ta l . ,  1967; ^ K ie ly  e t a l., 1960; 12F o rss , 1967.

odor descriptions and odors reported to 
stem from the decomposition of amino 
acids and sugars is evident (Table 6 ). We 
list only the potential amino acid pre
cursor in Table 6 because the sugar type 
is less important than the amino acid type 
in determining these odor characteristics 
(Rothe et al., 1963; Kiely et al., 1960; 
Hodge, 1967).

The coconut odor was evident in sev
eral fractions and suggests lactone forma
tion by heat breakdown of hydroxy acids 
in turkey fat triglyceride as in heated 
beef and dairy fat (Boldingh et al., 1962). 
We have found no report of the occur
rence of «-phenyl, «-amino acid in poul
try meat. But another possibility for the 
formation of benzaldehyde through cy- 
clization of unsaturated fatty acids has 
been outlined (Kawada et al., 1967).

The naphthalene or “moth ball” odor 
observed (Table 6 ) recalls our identifica
tion of a naphthalene compound in
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F i g .  6— C h r o m a t o g r a m  o f  l o w e r  b o i l i n g  c o m p o n e n t s  i s o l a t e d  

f r o m  r o a s t e d  t u r k e y  d r i p  o i l  s h o w i n g  f r a c t i o n s  i d e n t i f i e d  f o r  GC 
C o n d i t i o n  I I ,  T a b l e  7. T h e  1 6 - 1 / 2  f t  x  1 / 8  in .  0 D  c o l u m n ,  

p a c k e d  w i t h  8 0 - 1 0 0  m e s h  P o r a p a k  Q ,  w a s  o p e r a t e d  i s o t h e r m a l l y  

a t  1 5 0 ° C .

F i g .  5 — C h r o m a t o g r a m  o f  l o w e r  b o i l i n g  

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

d r i p  o i l  s h o w i n g  f r a c t i o n s  i d e n t i f i e d  f o r  G C  

C o n d i t i o n  I, T a b l e  7 .  T h e  2 4  f t  x  1 / 8  in .  

O D  c o l u m n ,  p a c k e d  w i t h  5 %  F F A P  o n  6 0 /  

8 0  m e s h  a c i d  w a s h e d  a n d  d i m e t h y l d i -  

c h l o r o s i l a n e  t r e a t e d  c h r o m o s o r b  G ,  w a s  

o p e r a t e d  i s o t h e r m a l l y  a t  5 5 ° C .

cooked chicken meat volatiles (Nonaka 
et al., 1967). It is well documented that 
carotenoids undergo thermal decomposi
tions to give methyl naphthalenes, toluene 
and xylene (Jones et al., 1948; Erdman, 
1961; Borenstein et al., 1966). Doubtless 
a wide variety of other hydrocarbons 
and cyclic compounds are also formed in 
the decomposition of carotenoids. Hence 
the carotenoids are likely precursors of 
naphthalene, toluene, xylene and possibly 
other “unusual” hydrocarbons and ben
zene derivatives that have been repeatedly 
found in aroma fractions of foods such 
as chicken, beef, butter and fish (Nonaka 
et al., 1967; Merritt et al., 1965; Wick et

MINUTES

F i g .  7 — C h r o m a t o g r a m  o f  v o l a t i l e s  i s o 

l a t e d  f r o m  r o a s t e d  t u r k e y  d r i p  o i l  i l l u s t r a t 

i n g  t h e  d e g r a d a t i o n  o f  v a l i n e  a n d  l e u c i n e  

i n  t h e  h o t  d r i p  o i l .  U p p e r  c u r v e ,  o i l  w i t h  

7 0  p p m  e a c h  o f  v a l i n e  a n d  l e u c i n e ;  l o w e r  

c u r v e ,  o i l  w i t h  n o t h i n g  a d d e d .  C h r o m a t o 

g r a p h i c  c o n d i t i o n s  w e r e  t h e  s a m e  a s  t h o s e  

d e s c r i b e d  i n  F i g u r e  6 .

al., 1965; Forss et al., 1967; Wong et al., 
1967).

Supplementing evidence from the odor 
descriptions, we also found generally ex
cellent agreement between relative reten
tion times of compounds isolated from 
roast turkey oil and authentic compounds 
representing degradation products of sev
eral amino acids (Table 7 and Figs. 5 and
6 ). Both degradation products and pre
cursors may exist in the roast turkey drip 
oil. This appears to be the case for we 
observed that the quantity of volatile ma
terial isolated from the oil depended upon 
and was proportional to its temperature 
during the isolation step.

Also, when compared to the oil alone, 
addition of sediment (Fraction III, Fig. 
1 ) to the oil caused a considerably in
creased yield of some volatile fractions as 
determined by both peak size on the 
chromatogram and by aroma intensity as 
fractions eluted from the column. The 
sediment or non-oil portion of roast tur
key drippings is obviously loaded with 
precursors that degrade into volatile com
ponents at roasting temperatures.

We also heated authentic amino acids 
in the oil to determine whether they would 
degrade under the isolation conditions. A

typical result with valine and leucine (Fig.
7) illustrates that these amino acids did 
indeed degrade in the hot oil to give the 
expected product. Similarly, glycine and 
alanine degraded to formaldehyde and 
acetaldehyde respectively. Methionine, on 
the other hand, degraded principally to 
methyl mercaptan and acrolein as re
ported by Ballance (1961). Whether this 
amino acid degradation in the hot oil is 
strictly thermal or is aided by an agent 
in the oil has not been determined. Cer
tainly this turkey drip oil contains, among 
other possibilities, peroxides, which typi
cally are active in promoting the Strecker 
degradation of amino acids (Schonberg 
et al., 1952).

The area on the chromatogram where 
we observed an odor reminiscent of 
cooked meat or potatoes (Fig. 4) also 
smelled like a commercial sample of 
methional. The occurrence of methional, 
a degradation product of methionine, in 
the drip oil of roasted turkey is consistent 
with the sulfur build-up we observed in 
this fat, with the occurrence of methyl 
mercaptan and acrolein (Ballance, 1961) 
and with the fact it has been found in 
roasted turkey by Hrdlicka et al. (1965).

Authentic methional chromatographed

Table 7—Relative retention times (RRT)1 of typical amino acid degradation products and of 
aroma fractions from drip oil of roasted turkey.

G C  C o n d itio n  I 2 G C  C o n d itio n  I I 3

A u th en tic
co m p o u n d

Possib le  
am in o  acid  
p re c u rso r

T u rk ey  d rip  
oil f ra c tio n A u th en tic

c o m p o u n d
(R R T )

T u rk ey  d rip  
oil f rac tio n A u th en tic

co m p o u n d
(R R T )P e a k  n o .2 R R T Peak  n o .3 R R T

F o rm ald eh y d e G lycine 5 0 .4 7 0 .4 5 1 0 .2 8 0 .2 8
A ceta ldehyde A lan in e — — 0 .3 8 2 0 .41 0 .41
2 -M e th y lp ro p an a l V aline 7 0 .7 7 0 .7 8 6 2 .2 9 2 .21
3 -M e th y lb u tan a l L eucine 13 1.61 1 .56 11 5 .5 2 5 .51
A cro le in M eth io n in e 9 1 .0 0 1 .0 0 4 1 00 1 .0 0
M eth y l m e rc a p tan M eth ion ine 4 0 .3 3 0 .3 0 3 0 .61 0 .5 7

1 A cro le in  =  1.00.
2 See ch ro m a to g ra m , F ig u re  5.
3 See ch ro m a to g ra m , F ig u re  6.
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under these conditions (Fig. 4) decom
posed extensively but did give a major 
peak with a retention time that would 
place it in the “cooked meat” area of the 
chromatogram. Co-chromatography of 
authentic methional and drip oil volatiles 
also indicated that methional emerged in 
this area but not as a distinct well sep
arated peak. Although these difficulties 
prevented us from positively establishing 
the presence of methional, the aroma and 
retention time of authentic methional are 
consistent with its being a contributor to 
the “meaty” odor observed in this area 
of the chromatogram (Fig. 4).

CONCLUSIONS

COOKED POULTRY aroma cannot be 
derived from the fat alone. The character
istic cooked poultry aroma that occurs in 
fat of cooked poultry is derived from the 
“lean” portions of the meat. Migration of 
sulfur containing substances into the fat 
during cooking supports this concept and 
suggests that sulfur compounds are im
portant precursors and contributors to this 
aroma. The dependence of the magnitude 
of the sulfur build-up in fat upon cook
ing conditions, the readiness with which 
authentic amino acids decompose in hot 
fat and the nature of aroma components 
found in fat of roasted turkey all suggest 
that protein, amino acids, sugars and 
other water soluble components are in
volved in the formation of the character
istic aroma that accumulates in fat of 
cooked poultry.

These results do not support the view 
that lean meat flavor is much the same 
from one meat to another and that char
acteristic meat flavors are derived from 
the fat. Instead, they show that poultry 
fat contributes to characteristic cooked 
poultry aroma passively and indirectly 
through its ability to dissolve and retain 
aroma components formed and released 
during cooking. As a corollary, character
istic cooked poultry aroma, including that 
which appears in the fat of cooked poul
try, stems from and is primarily dependent 
upon the composition of the “lean” por

tion of the meat.
These results predict, and certainly do 

not exclude, the possibility that significant 
aroma can be derived from the connective 
tissue, protein, water soluble components, 
meat scraps, etc. that usually accompany 
the crude fatty tissue of meat and which 
is often casually referred to as simply 
“fat.” Certainly the ambiguous meaning 
of the word “fat,” particularly as applied 
to meat, can partly explain why there are 
divergent opinions about the role fat plays 
in cooked meat flavor. The results of this 
study demonstrate and emphasize the im
portance of working with carefully de
fined animal fat samples in meat flavor 
studies.
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Hydrogen Sulfide, a Direct and Potentially 
Indirect Contributor to Cooked Chicken Aroma

SU M M A RY— T he  3 5  p a r t s  p e r  bill ion ( p p b )  H S  in f re sh ly  p r e p a r e d  b ro th  a n d  th e  1 8 0  
to  7 3 0  p p b  HS in m e a t  of  fre sh ly  s i m m e r e d ,  r o a s te d  a n d  fried  ch ick e n  all s u b s ta n t ia l l y  
e x c e e d  th e  1 0  p p b  H S  o d o r  th r e s h o ld  in w a ter .  H en ce ,  H S  c o n t r ib u te s  d ire c t ly  to  th e  
a r o m a  o f  t h e s e  p r o d u c t s .  Freezing,  th a w in g  a n d  r e h e a t in g  can r e d u c e  th e  H S  in b ro th  to  
s u b th r e s h o ld  leve ls  th u s  in d ica t in g  th e  t r a n s i e n t  n a tu re  of  i ts  d i r e c t  c o n tr ib u t io n  to  a ro m a .  
In a m o d e l  s y s t e m ,  H S  was p a s s e d  th ro u g h  m o l t e n  ch ick e n  fa t  c o n ta in in g  5 %  a c e t a l d e 
hyde .  A f te r  e x p u ls io n  o f  e x c e s s  H S  a n d  a c e t a l d e h y d e  th e  re s id u a l  h igh ly  o d o r o u s  fa t  
e x h ib i te d  a fixed  su lfu r  c o n te n t .  T h e s e  e x p lo r a to r y  re su l ts ,  t o g e th e r  w ith  re la te d  r e su l ts  
r e p o r t e d  in th e  l i te ra ture ,  s u g g e s t  th a t  a reac tion  b e w e e n  H S  a n d  a c e t a l d e h y d e  w a s  
in v o lv e d  a n d  th a t  su c h  in te r a c t io n s  b e tw e e n  H S  a n d  c a r b o n y ls  in fa t  c o u ld  b e  q u i te  
genera l .  Thus H S  m a y  a lso  c o n tr ib u te  to  c o o k e d  ch ick e n  f lavor a n d  a r o m a  th rou gh  th e  
fo rm a t io n  o f  s u c h  s e c o n d a r y  p r o d u c ts .

INTRODUCTION

HYDROGEN SULFIDE continuously 
evolves from simmering chicken (Mecchi 
et al., 1964; Klose et al., 1966), and 
hence contributes to its aroma. But, the 
dynamic aroma producing system in
volved in the cooking of chicken must be 
interrupted and the meat must be cooled 
before it can be eaten. As the meat cools, 
HoS will be produced at a slower rate 
and there may be appreciable loss of H 2S 
because of its volatility and reactivity. 
Consequently, there is no assurance that 
enough H 2S exists in the poultry meat, 
when eaten, to contribute significantly to 
its aroma. Therefore, we determined the 
quantity of H 2S in chicken broth and in 
the freshly cooked ready-to-eat meat of 
boiled, roasted and fried chicken. We 
also determined the H2S odor thresholds 
in water and in chicken broth.

In addition we reacted H 2S with acetal
dehyde in chicken fat to explore the po
tential H 2S has to contribute to poultry 
flavor indirectly through its ability to 
react with carbonyl compounds.

MATERIALS & METHODS

Raw material and cooking methods
Chilled unfrozen raw ready-to-cook poul

try was obtained from commercial sources, 
and if not cooked within 24 hr, was bagged 
in polyethylene, frozen in a blast freezer at 
— 30°F and held at — 10°F. Clear chicken 
broth was prepared by simmering cut-up fowl 
(1.8 parts by weight) and water (1 part by 
weight) for 3 hr. The hot broth was passed 
through two layers of cheese cloth into a 
separatory funnel from which the aqueous 
layer was withdrawn and filtered through a 
milk filter. This freshly prepared broth, if not 
used the same day, was sealed in cans, 
frozen and stored at — 30°F. Chicken was

deep fat fried in peanut oil at 284°F to an 
internal temperature of 185°F. Roasting was 
carried out in a rotary electric oven at 375°F 
to an internal temperature of 185°F.
Odor threshold of HsS in water 
and in chicken broth

Water and broth samples being tested for 
odor were presented to judges at about 25°C 
in approximately half-full 16 oz Teflon® 
squeeze bottles cleaned and equipped with 
straight tubes for sniffing as described by 
Guadagni et al. (1963). A freshly prepared 
solution of HS, containing an analytically 
determined amount of HS, was added as 
needed to give the desired HS concentration 
in the test samples. The volume of HS solu
tion added amounted to about 2 %  of broth 
volume, but, to keep broth components at 
the same concentration, the broth sample to 
which no HS was added was diluted with a 
compensating volume of water.

Broths differing in HS concentration were 
presented to the judges as a triangle test. To 
determine the approximate concentration of 
H S in water required to give detectable HS 
odor in the headspace, judges were given 
paired samples, one containing only water 
and the other containing HS. Just before the 
judge made his selection of the sample con
taining HS, he smelled a control sample 
containing a readily recognizable HsS odor 
(20 to 80 ppb H S in water) to refresh his 
memory of the odor type he was being asked 
to detect.
Quantitative determination of ITS

The quantity of hydrogen sulfide in 
chicken broth was determined by the previ
ously described reflux-trap method (Mecchi 
et al., 1964). To determine HS in the meat, 
a weighed (about 20 g) portion of the 
cooked muscle taken from the carcass within 
5 min after cooking, was immediately placed 
in 250 ml prechilled (0°C) triple distilled 
water and blended 30 sec in a closed system 
at full speed on an Omnimixer. The still cold 
(7°C) mixture was transferred promptly to

the apparatus for HS analysis with water 
rinses and additional water as needed to 
suspend the meat in a total of 500 ml of 
water. HS in this mixture was determined by 
passing nitrogen through it for 1 hr at 25°C 
using the reflux-trap method (Mecchi et al.,
1964). By promptly chilling and analyzing 
the cooked meat at room temperature, forma
tion of additional HS due to heating was 
avoided. Hence, HS values obtained this 
way represent HS that was in the meat just 
after cooking.
Reaction of H S  with acetaldehyde 
in chicken fat

Adipose tissue, removed from the partially 
thawed carcasses of five fowl, was minced 
while warming on a water bath to 40-50 °C. 
Melted fat was decanted and the residue was 
extruded at room temperature from a stain
less steel cylinder-and-piston-press through a 
plate having Vjo in. holes. The extruded 
tissue was rewarmed (40-50 °C) and the 
liquid fat in it was separated from solid 
tissue by suction filtration on a coarse sin
tered glass filter.

The filtrate, combined with the previously 
decanted fat, was washed thrice with warm 
(60°C) distilled water in a separatory funnel. 
After the final washing, the fat was roughly 
separated from the wash water, centrifuged, 
decanted from the small amount of water 
and sediment and suction filtered through a 
medium porosity sintered glass filter. A por
tion of this melted fat (30.76 g) was placed 
in a spherical 100 ml flask equipped with a 
heating mantle to maintain the fat in the 
molten state (30-40°C), with a tap-water- 
cooled condenser to reduce loss of acetalde
hyde and with a glass inlet tube extending to 
the bottom of the flask. Acetaldehyde (1.4 g, 
freshly distilled) was added to and mixed 
with this fat to give a clear homogeneous 
solution. Water washed HS from a cylinder 
was then bubbled through the mixture for 
4 hr and nitrogen for 1 hr to expel excess 
HS and acetaldehyde.

The product looked like the original fat 
but now had a marked sauerkraut-like odor 
and neither the odor of acetaldehyde or HsS 
could be recognized in it. Total sulfur in the 
product and in the unreacted fat was deter
mined by burning the fat, converting SO> 
formed to S04“3, and determining the latter 
colorimetrically with barium chloronilate. 
Hydrogen sulfide in the fat was determined 
by the reflux-trap method of Mecchi et al. 
(1964).

RESULTS & DISCUSSION

TO DETERM INE the approximate
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Fi g. 1—H yd r o g en  s u lf id e  r e ten t io n  in 
p u r e  w a te r  a t  2 3  a n d  50°C.

threshold of H 2S in chicken broth and in 
water, reasonable retention and stability 
of H 2S in the odor evaluating system had 
to be assured. The 80% loss of H 2S at 
50°C in only 35 min (Fig. 1) ruled out 
determination of the odor threshold at 
50°C, a temperature at which broth or 
soup is typically consumed. But at 23 °C , 
nearly 90% of the added H 2S was re
tained 1 hr after addition and over 70% 
remained even after 19 hr (Fig. 1). There
fore, we determined the H 2S odor thresh
olds at 23 °C  and within 1 hr of H 2S 
addition.

The 180 to 320 ppb Ft2S found in 
cooked breast meat and the 580 to 730 
ppb H 2S found in cooked leg meat (Table 
1 and Fig. 2) exceeds the 10 ppb H 2S 
odor threshold in water (Table 2 and Fig. 
2) by a factor ranging from 18 to 73. 
Thus HoS certainly contributes to the 
flavor of freshly cooked chicken meat.

The increasing quantity of H 2S found 
as we progress from broth to breast meat 
to leg meat (Fig. 2) is consistent with 
previously reported results showing that 
the principal H 2S precursors are in the 
muscle protein and that the more alka
line leg muscle produces more H,S than 
does the more acidic breast muscle 
(Mecchi et al., 1964).

Table 1—Quanlty of H2S In freshly cooked1 
ready-to-eat boiled, roasted and fried 
chicken meat.

Q u an tity  o f 
H 2S fo u n d 2

C o o k in g  m e th o d

L eg
m ea t
(ppb )

B reast
m ea t
(ppb )

B oiled  (1 h r  a t  100°C) 730 320

R o as te d  (to  85 °C  in te rn a l
tem p .) 590 180

F r ie d  ( to  85 °C  in te rn a l tem p .) 580 180

1 S am ples w ere ta k e n  fo r  analy sis  w ith in  5 m in  
a f te r  co m p le tio n  o f  cook ing .

2 V alues a re  averages o f  tw o  d e te rm in a tio n s .

1  7 0 0

- 6 0 0

- 5 00

- 4 0 0

H2S odor threshold 
in w a te r (lOp.p.b)

— 3 2 0 —

—  180 —

~ r 300
- - Cooked

b r e a st meat
1 I2 0 0

h 2s,

- 100 P P - b

3 5 .5 - B roth
0

Fig. 2 — H yd r o g en  su lf id e  ran ge  in chc iken  b ro th  a n d  in f re sh ly  
c o o k e d  m e a t  o f  s i m m e r e d ,  r o a s t e d  a n d  fr ied  ch ick e n  m e a t  a s  
c o m p a r e d  to  th e  HsS  o d c r  th r e s h o ld  in w ater .

Table 2—Approximate H2S concentration 
required in water at 25°C for odor panel 
detection of H2S in the headspace.

H 2S in 
w a ter 
(ppb )

Ju d g m en ts
(c o rrec t/to ta l)

C o rrec t
ju d g m en ts

(% ;

40 10/10 100
20 21/21 100
10 22/30 7 3 1

5 19/29 6 5 .5 2
272 12/19 6 3 .2 2
174 5/9 5 5 .5 2

1 S ign ifican t a t  th e  0.01 % level.
2 N o t  significant.

Table 3—Hydrogen sulfide in clear 
chicken broth.

S am ple
HiS

(PFb)

F resh ly  p re p a re d , a n a ly zed  sam e 
d ay  a t  65 °C 3 5 .5

F resh ly  p re p a re d , fro zen , thaw ed , 
s im m ered  5 m in  a n d  an a ly zed  a t  
65 °C 8

C o m m erc ia l c an n ed  b ro th , s im 
m ered  5 m in  a n d  analyzed  a t  
65 °C 0.1-0.2

The 0.1 to 35.5 ppb F12S range in 
chicken broth (Table 3) brackets the 10 
ppb H 2S odor threshold (Fig. 2). Cer
tainly the 3.5-fold excess of H 2S in 
freshly prepared broth (Table 3) over 
the 10 ppb H 2S odor threshold in water 
establishes the contribution of H 2S to 
the flavor of this broth. But, processing 
steps such as freezing, thawing and re
heating can reduce the quantity of H 2S 
to subthreshold and insignificant levels 
(Tables 3 and 4).

This may be also true of canning 
(Table 3), but in this case we cannot be 
sure that this commercial broth was com
parable to the laboratory prepared broth. 
Obviously, processing steps can cause sub
stantial HoS loss that is replaced only 
partly, if at all, by new H 2S formed in 
the reheating process. While there is 
plenty of H 2S in freshly cooked chicken 
meat and in freshly prepared broth to 
contribute directly to their flavor, there 
is certainly no guarantee that significant 
amounts of this volatile and reactive sub
stance will stay very long in these freshly 
cooked products. This suggests that H 2S 
values might provide an objective method 
for determining recency of cooking or as

Table 4—Results showing that an odor difference created by adding 500 ppb H2S to chicken 
broth at 24°C is eliminated by subsequently warming the broth to 55°C.

C o rre c t/to ta l ju d g m en ts  (tr iang le  test)

Sam ples
A t 24 °C 
(o d o r)

A fte r  w a rm in g  to  55 °C

(o d o r) (ta s te )

B ro th  vs. B ro th  +  500 p p b  H 2S 1 13/16
(P  =  0 .0 1 )

7/22
(N o t sig.)

6/16
(N o t  sig.)

1 T w o  rep lica tions.
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Table 5—Approximate H2S concentration 
required in chicken broth at 25°C for odor 
panel detection of H2S in the headspace. 
Compared were the odor of the broth with 
the odor of the broth containing added H2S.

FbS add ed O d o r p a n e l re s u lts ,1
to  b ro th tr ian g le  te st

(PPb ) (c o rrec t/to ta l jud g m en ts)

42 12/24 (n o t sig.)
54 15/30 (n o t sig.)

162 16/31 P  =  0 .0 5
486 26/31 P  =  0 .0 1

1 T h e re  w ere  3 rep lic a tio n s  a t  th e  42 p p b  level 
a n d  4 rep lica tio n s  a t  all o th e r  levels.

an indicator of flavor freshness in cooked 
chicken.

In the aroma of cooked chicken, H 2S 
is blended with other odorants which 
were, of course, absent when the H 2S 
odor threshold was determined in water. 
Hence, the odor stimulus of any H 2S pres
ent in, or added to, this blend is superim
posed upon the odor sensation of the en
tire blend. Furthermore, in accordance 
with the Weber-Fechner law (Appell, 
1964), the odor intensity of H 2S should 
increase only arithmetically as its con
centration increases geometrically. These 
considerations explain why the odor of 
H 2S does not stand out as a distinctly 
recognizable entity even though H 2S oc
curs in chicken broth and meat at 3.5 to 
73 times the 10 ppb H 2S odor threshold 
in water. This also explains why the 162 
ppb HoS odor threshold in broth (Table
5) is about 16 times greater than the H 2S 
odor threshold in water.

Hydrogen sulfide may also contribute 
indirectly to cooked poultry flavor by 
forming secondary products. The possibil
ity for forming such products by reactions 
between H 2S and carbonyls is particularly 
attractive because these ingredients occur 
in poultry (Pippen, 1967) and because it 
is well established that they will react with 
one another (Campaigne, 1946). Thus, 
.vym.-trithiane, reported in cooked chicken 
by Minor et al. (1965), could form from 
a reaction between H 2S and formaldehyde 
(Campaigne, 1946).

The possibility for forming food type 
flavors by reacting H2S with low molecu
lar weight carbonyl compounds under 
mild conditions in triethyl citrate solvent 
has been pointed out in a patent by Barch 
(1952). Since triethyl citrate and fat are 
similar, and some of the carbonyls Barch 
(1952) used are identical to some of those 
in poultry (Pippen, 1967), it seems likely 
that reactions of this type might also take 
place in poultry fat during cooking. This 
possibility is also intriguing in view of the 
recently demonstrated build-up of non- 
H 2S sulfur in fat of cooked poultry (Pip
pen et al., 1969). Certainly the 10- to 
26-fold greater concentration of carbonyl 
in the fat than in the water phase of

Table 6—Total sulfur and sulfide sulfur 
content of chicken fat before and after 
treatment with acetaldehyde and H2S.

T o ta l
su lfu r S u lfu r as H 2S

Mg/g fa t Mg/g fa t

F a t  (be fo re  tre a tm e n t) 0 .9 6 —

F a t  (a fte r tre a tm e n t) 6 5 .6 0 .2 5  an d  1 .6 7 1

1 T h e  0.25 v a lu e  w as o b ta in ed  by  p u rg in g  H 2S 
fro m  th e  sam ple  a t 30°C  w ith  n itro g en  fo r  '/* h r ;  
th e  1.67 va lue  w as th e n  o b ta in e d  by  c o n tin u in g  to  
p u rg e  th e  sam ple  a t  100°C  fo r  >/a h r.

simmered chicken favors fat as the most 
likely reaction site insofar as carbonyl 
concentration is concerned. Since H 2S is 
continuously produced during the cooking 
of chicken, this essential ingredient is 
available and present in the fat in finite 
amount during cooking.

To explore the possibility that H 2S will 
react with a carbonyl compound dissolved 
in chicken fat and thus become fixed in 
the fat in a modified chemical form, we 
passed H 2S into a 5 %  solution of acetal
dehyde in chicken fat kept at 30-40°C 
and then purged it with nitrogen to free 
it of unreacted H2S and acetaldehyde. 
The total sulfur in the fat after this treat
ment increased 68.3-fold over that in the 
fat before treatment (Table 6 ). Only 0.25 
f i g / g  fat or 0.4% of this sulfur increase 
could be attributed to free H 2S as deter
mined by quantitatively measuring H 2S 
purged from the treated fat at 30°C 
(Table 6 ). Therefore, more than 99% of 
the sulfur that existed in the fat after 
treatment with acetaldehyde and H 2S had 
been converted to some form other than 
H 2S.

Subsequent purging of the treated fat 
for V 2 hr at 100°C released additional 
H 2S equivalent to only 1.67 ¡j,g S / g  fat 
or only 2.6% of the sulfur increase. This 
confirms the essential non-H2S character 
of the sulfur that existed in the fat after 
treatment and further shows that the new 
sulfur form is remarkably stable at 100°C 
insofar as its decomposition into H 2S is 
concerned.

The conversion of H 2S to a modified 
form of sulfur in the fat and the sauer- 
kraut-like aroma of the fat after the treat
ment with acetaldehyde and H 2S sug
gests, but does not prove, that H 2S and 
acetaldehyde reacted in chicken fat much 
as they are claimed to react in several 
ester solvents (Barch, 1952). Assuming 
that a reaction between H2S and acetal
dehyde did take place in the fat, there are 
several products that might be formed 
(Fig. 3). If H 2S-carbonyl reactions can 
take place in poultry fat, as the prelim
inary work reported here suggests, it is 
apparent from the variety of carbonyl 
compounds that have been reported to 
occur in poultry (Pippen, 1967), from

F i g .  3 — O u t l i n e  o f  s o m e  r e a c t i o n s  a n d  

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

t i o n  o f  H 2S  w i t h  a c e t a l d e h y d e  as c o m p i l e d  

f r o m  t h e  d a t a  o f  C a m p a i g n e  ( 1 9 4 6 )  a n d  

C a m p a i g n e  e t  a l .  ( 1 9 6 2 ) .

the seemingly complicated nature of H 2S- 
carbonyl interaction and from the re
ported intense food-like character of the 
odors produced (Barch, 1952), that H 2S- 
carbonyl interactions taking place during 
the cooking of poultry represent a con
siderable potential for the formation of 
flavor components. Further work is 
needed to characterize the products 
formed by these reactions and to deter
mine whether reactions of this type take 
place in the cooking of poultry.

CONCLUSIONS

HYDRO GEN SU LFIDE occurs in broth 
of freshly simmered chicken and in the 
freshly cooked ready-to-eat meat of sim
mered, roasted and fried chicken at 3.5 
to 73 times the H 2S odor threshold in 
water and hence contributes directly to 
the flavor of these products. But, the 
quantity of H2S in freshly prepared 
chicken broth can be reduced to sub
threshold levels by freezing, thawing and 
reheating. Thus, while H 2S certainly con
tributes directly to the “freshly-cooked” 
flavor, its transient nature will cause this 
contribution to diminish as its quantity 
drops in the cooked product.

Chicken fat, after being treated with 
acetaldehyde and H 2S and then purged 
essentially free of these reagents, exhibits 
both a new aroma and an acquired and 
fixed sulfur content. These results can be 
explained by assuming that a reaction be
tween H 2S and acetaldehyde took place 
in the fat. This leaves open the possibility 
for H 2S to contribute indirectly to cooked 
poultry aroma through the formation of 
secondary products.
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Transaminases of Skeletal Muscle. 1. The Activity of 
Transaminases in Post-Mortem Bovine and Porcine Muscles

S U M M A R Y — T h e  a c t i v i t y  o f  g l u t a m i c - o x a l o a c e t i c  t r a n s a m i n a s e  (GOT) a n d  g l u t a m i c -  

p y r u v i c  t r a n s a m i n a s e  (GPT) o f  b o v i n e  a n d  p o r c i n e  m u s c l e  t i s s u e  a n d  m u s c l e  p r e s s  j u i c e  

w a s  d e t e r m i n e d .  T h e  t o t a l  GPT activity of muscle t i s s u e  i s  a b o u t  o n e  t e n t h  o f  t h e  GOT 
a c t i v i t y .  T h e r e  a r e  n o  r e m a r k a b l e  d i f f e r e n c e s  i n  t h e  a c t i v i t i e s  o f  GOT a n d  GPT b e t w e e n  

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

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

m u s c l e .  T h e  m i t o c h o n d r i a l  (GOTu) a n d  s a r c o p l a s m i c  i s o z y m e s  (GOTs) o f  GOT i n  s k e l e t a l  

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

GOTj/.'GOT.s in  s k e l e t a l  m u s c l e  w a s  f o u n d  t o  b e  a b o u t  1 : 1 .  T h e r e  i s  o n l y  a  s m a l l  d e c r e a s e  

i n  GOT a c t i v t y  d u r i n g  storage o f  m u s c l e  t i s s u e  a t  0  o r  +4°C f o r  s e v e r a l  weeks p o s t 

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

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

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

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

INTRODUCTION

T H E  MUSCLES of all species of animals 
contain enzymes which catalyze biological 
transamination. High concentrations of 
transaminases have been found in cardiac 
muscle and liver and lower amounts in 
skeletal muscles (Tautschold et al. 1966). 
The transaminases found in muscles are 
mainly glutamic-oxaloacetic transaminase 
(GOT; aspartate aminotransferase; E.C. 
2.61.1) and glutamic-pyruvic transamin
ase (GPT; alanine aminotransferase; 
E.C. 2 .6 .1.2). GOT catalyzes the reac
tion;

L-glutamate +  oxaloacetate ;=±
L  aspartate +  a-ketoglutarate, 

whereas GPT catalyzes the reaction:

L-glutamate +  pyruvate ^
L-alanine +  -̂ketoglutarate.

a P re se n t ad d re ss : H u n g a ria n  M e a t R esearch  
In s titu te , B u d ap es t, H u n g a ry .

It is known that stress, muscle dystrophy 
and other pathological conditions cause a 
transition of transaminases from the mus
cle tissue into the blood, increasing the 
blood transaminases and decreasing the 
level of muscle transaminases (Laudahn 
et al. 1968). This fact is used for the 
diagnosis of certain muscle diseases.

It is possible that the skeletal muscle of 
animals that have undergone heavy stress 
before slaughtering or have suffered from 
certain diseases, might show an abnor
mally low transaminase activity; hence, 
the transaminase activity of the post
mortem muscle would be an indicator of 
ante mortem stress or certain pathologi
cal conditions. It would be useful for meat 
quality studies to have a test that shows 
whether the muscle is from a normal or 
from a drastically stressed or pathological 
animal. Furthermore, this study seems to 
be of special interest for determining the 
conditions that cause pale, soft, watery 
pork.

Gantner et al. (1964) and Kormendy 
et al. (1965) developed suitable methods 
for the determination of transaminases in 
muscle tissue and for studying the prop
erties of transaminases in bovine and por
cine muscles. They found that freezing 
and thawing increase the extractibility of 
GOT; this is probably due to a damage 
of muscle mitochondria which results in 
a release of mitochondrial GOT. At least 
two isozymes of the GOT are known. One 
is bound to the mitochondria (GOTM), 
the other is localized in the sarcoplasm 
(GOTg). The proteins of these isozymes 
are chemically distinct, differing in mo
lecular weight, chemical structure, iso
electric point, optioal absorption, K m for 
pyridoxal phosphate, ketoglutarate and 
aspartate, inhibition by oxaloacetate, heat 
stability and immunochemical properties 
(Wada et al., 1964; Trautschold et al., 
1966; Martinez-Carrion et al., 1967). Re
cently Zezelinskaya (1967) suggested that 
in rat heart and liver, GO TM is localized 
mainly in the mitochondrial matrix and 
GPT in the mitochondrial membrane.

Isozymes of GOT of skeletal muscles 
have been found in rats (Boyd, 1962; 
Yamada et al., 1962; Decker et al., 1963; 
Yoshimata et al., 1964; Boyd, 1966), 
rabbits (Czok et al., 1960; Pette et al., 
1963) and men (Laudahn et al., 1963; 
Kar et al., 1964; Laudahn et al., 1968) 
and were separated by starch gel electro
phoresis. Kormendy et al. (1965) found 
two isozymes of GOT in skeletal muscles 
of cows and pigs by high-voltage electro
phoresis on cellulose acetate membranes.
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They showed that one of these isozymes 
is localized in the mitochondria (GOTM), 
the other in the sarcoplasm (GOTg). No 
evidence for the existence of isozymes of 
GPT could be demonstrated electropho- 
retically. However, GPT activity was 
found in the muscle mitochondria as well 
as in the sarcoplasm.

The temperature optimum of GOT as 
well as of GPT lies around 50°C. How
ever, it is not advantageous to measure 
the transaminase activity at 50° because 
at this temperature the muscle extract 
starts to become turbid; activity measure
ments at 40° are preferred because the 
optimum temperature is almost reached 
without heat coagulation of proteins 
(Gantner et al., 1964).

The earlier work did not present 
enough data on the activity of total GOT, 
of GOT isozymes, and of GOT in the 
skeletal muscle of pigs and cattle; nor 
enough data on transaminase activity in 
the muscle press juice. Nothing has been 
known about the post-mortem stability of 
transaminases in bovine and porcine mus
cle. This paper presents information on 
these topics.

EXPERIMENTAL

Muscle samples
Samples of the M. longissimus dorsi, M. 

psoas and M. semitendineus of pigs and of 
the M. longissimus dorsi and M. semitendi
neus of 5-year old cows were taken immedi
ately after slaughter. Fat and connective tis
sue were mechanically removed as best as 
possible.

Extraction of the total transaminase 
activities

An extraction method already published 
was used (Gantner et al., 1964; Kormendy 
et al., 1965). After a one minute homogen
ization of the muscle tissue in 0.1 M phos
phate buffer (pH 7.4) with a Buhler-homog- 
enizer (blendor principle), at least 97% of 
the total GOT and GPT activity of the tissue 
was found in the supernatant (centrifugation 
at 50,000 X G).

Extracts of five parts from the same mus
cle sample showed an 8%  standard deviation 
from the average value for the GOT activity 
and 10% for the GPT activity. The super
natant kept at 2°C  for 24 hr decreased the 
GOT and GPT activity slightly (0-15%). 
Therefore, the extracts should be kept in the 
frozen state. Freeze-storage for 7 days re
sulted in a slight activity loss (2-9%).

If the homogenate was centrifuged at 3000 
rpm (room temperature) the GOT activity 
in the supernatant was almost the same as 
in the supernatant after centrifugation at 50,- 
000 X G (0°C), indicating that no GOT 
activity remains bound to particles sedimen- 
tating at high speed.

Muscle press juice

Press juice was obtained by pressing sam
ples of unground muscle tissue with a hy
draulic press (maximum pressure 10 kg/

cm2). The juice was filtered through a mem
brane filter (diameter of pores: 600 nm) and 
centrifuged at 50,000 X G (0°C) for 30 min. 
The supernatant (“sarcoplasm”) may still 
contain microsomes and other “small grana” 
but no intact mitochondria. The non-centri- 
fuged muscle press juice contained only very 
small amounts of particle-bound GOT (i.e., 
small amounts of mitochondria, because cen
trifugation at 50,000 X G caused an activity- 
loss of only about 5 % . There was no signifi
cant change in GOT activity of centrifuged 
press juice stored at 2°C for 24 hr.

Storage of frozen muscle press juice for 
three weeks did not significantly change the 
GOT activity. A remarkable increase in the 
GOTm activity of muscle press juice was ob
tained by grinding muscle in a commercial 
meat grinder. The GOTm activity in the press 
juice of beef muscle (Longissimus dorsi) 
e.g., was 3.8% of the total activity before 
grinding and 12%  after. The assumption of 
Pette (1966), that mincing the tissue in a 
“latapie mill” would not release the enzymes 
bound to the mitochondria, might therefore 
be incorrect for GOT.
Determination of transaminase activities

The transaminases were determined with 
the coupled enzymic test using methods al
ready described (Bergmeyer, 1963; Kor- 
mendy et al., 1965). All reagents needed are 
commercially available in sets. (GOT and 
GPT “Test Combination,” C. F. Boehringer 
u. Sohne G.m.b.H. Mannheim, Germany).

These methods were thoroughly checked 
for interfering factors (Gantner et al., 1964; 
Kormendy et al., 1965). The standard devia
tion of transaminase activity in the same 
muscle extract amounts to 4% of the aver
age value for the GOT activity and 1.2% 
for the GPT activity. In this paper, the trans
aminase activities are expressed in Biicher- 
units per gram of fresh tissue (BU/g).
Separation of GOT isozymes by 
electrophoresis

The relative proportion of the two GOT 
isozymes (GOTm and GOTs) in muscle ex
tracts or press juice was measured after 
separation by electrophoresis on cellulose 
acetate membranes using the method of 
Kormendy et al. (1965). The bands of 
isozymes became visible under the ultra
violet lamp after spraying the membrane 
very lightly with the same mixture of rea
gents that was used for the determination of 
GOT activity. The entire membrane contain
ing the isozyme was cut out and extracted 
with phosphate buffer (pH 7.6); the GOT 
activity was determined in the extract. A re
covery of 95 to 100% of the total activity 
placed on the membrane before electro
phoresis was achieved with this procedure.

RESULTS AND DISCUSSION

Total G O T  and G P T  activity in 
bovine and porcine muscle

In the longissimus dorsi muscle of cows 
(10 animals), the total GOT activity 
varied from 1860 to 2450 BU/g (aver
age: 2004; s =  301). The longissimus 
dorsi muscle of pigs (1 0  animals) varied 
from 930 to 2797 BU/g (average: 1536;

s =  618). Thus, the GOT activity of por
cine muscle was significantly lower (P <  
0.05) than that of bovine muscle. The 
GPT activity in the longissimus dorsi mus
cles of pigs and cows varied from 55 to 
140 BU/g; this is less than one tenth of 
the GOT activity. There are not yet 
enough data available for finding signifi
cant G PT differences between the two 
species.

The GOT and GPT activities in the 
psoas major and semitendineus muscle of 
pigs and cattle are of the same magnitude 
as in the M. longissimus dorsi. In the 
psoas, however, higher activities (up to 
4000 BU/g for GOT and 430 BU/g for 
GPT) were found. A higher variation in 
the activity of both transaminases was ob
served in other kinds of muscle depending 
on its function. This interesting observa
tion will be discussed in the second paper 
of this series. There are no remarkable 
differences in the transaminase activities 
of skeletal muscle between these slaughter 
animals and other species (rat, rabbit and 
man).

The GOT activity in the muscle press 
juice varied from 1000 to 4000 BU/ml, 
depending on the type of muscle and un
known factors. Unavoidable variation in 
the pressure applied in the preparation of 
press juice may influence the absolute 
values of GOT activity. As Czok et al. 
(1960) pointed out, the protein concen
tration in the muscle press juice is lower 
than in the sarcoplasm and therefore, 
the press juice is probably more or less 
diluted with water from areas of the 
muscle tissue other than the sarcoplasm. 
It is, of course, not valid to relate the 
absolute value of the GOT in the press 
juice to the total GOT activity in the 
muscle (activity in the muscle extract 
after homogenization). The relative ac
tivities of the GOT isozymes, however, 
present valuable information as shown 
below.

G O T  isozymes

The relative proportion of the GOT 
isozymes in different muscles of pigs and 
cows was determined after electrophor- 
etical separation. The ratio GOTM:GOTs 
in psoas, longissimus dorsi and semitendi
neus muscles (beef and pork) was found 
to be about 1:1. The same ratio was ob
served by Fleisher et al. (1960) in liver 
and cardiac muscle and by Pette et al. 
(1963) in skeletal muscle of rabbits. In 
the special oase of the longissimus dorsi 
muscle we found in 11 pigs an average of
51.8 (s =  5.48) %  GO Tjj and in the 
longissimus dorsi muscle of 10 cows 59.7 
(s =  12.1) %  GOTM. The difference be
tween the species is not significant.

It should be mentioned that some re
searchers detected, by chromatographical 
or electrophoretical methods more than 
two GOT isozymes in skeletal muscle of
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Table 1—Influence of post-mortem storage 
of bovine muscle (M. longissimus dorsi) at 
+4°C on the GOT activity in muscle extract 
and muscle press juice.

D ay s
p o s t

m o rtem

G O T  activ ity  
in  th e  m uscle  
e x tra c t B U /g

G O T m ac tiv ity  in 
m uscle  p ress ju ice  

P e rcen t o f  th e  to ta l 
G O T  activ ity  
in  th e  p ress 

ju ice

0 2387 1 .8
1 2535 2 .8
2 2204 2 .6
3 2028 3 .8
4 1973 1 .8
7 2017 2 .5

Table 2—Influence of post-mortem storage 
of porcine muscle (M. longissimus dorsi) at 
0°C on the GOTM activity in the muscle press 
juice.

D ays
p o s t-m o rtem  0 1 2 7 8 13

G O T m activ ity  
in  p e rcen t o f  
th e  to ta l 
G O T  activ ity  
in  m uscle
p ress  ju ice  3 .9  4 .9  5 .5  4 .1  5 .3  4 .7

rats (Decker et al., 1963) and pig heart 
(Cordoba et al., 1963; Martinez-Carrion 
et al., 1967). However, we could find 
only two isozymes in skeletal muscles by 
the method used.

Post-mortem changes in the G O T  activity

As Table 1 shows, there is a relatively 
small decrease in the total GOT activity 
during storage of bovine muscle at 4 °C  
for 7 days. The same small decrease was 
observed with porcine muscle.

Most of the GOT activity of juice 
squeezed from muscle immediately after 
slaughter is due to the presence of GO Tg. 
There exists only a very small GOTM ac
tivity, which is probably caused by a re
lease of the mitochondrial isozyme at the 
cut-surface of the muscle cubes. The 
GOTM activity in the press juice of por
cine muscle is usually a little higher than 
in the press juice of bovine muscle. There 
is no remarkable increase in GOTM ac
tivity in the press juice during post-mor
tem storage of porcine muscle (Tables 2 
and 3) and bovine muscle (Tables 1 and 
4), at 0°C or 4°C. “Chilled beef,” stored 
at —2 °C  for 4 weeks, showed a GOTM 
activity in the press juice of only 1.5 %  of 
the total GOT aotivity (2800 BU/ml), 
i.e., about the same activity as in the press 
juice prepared immediately after slaugh
ter.

The results suggest that other than 
freezing and thawing, the aging of meat 
does not cause drastic damage of the mito-

Table 3—Influence of post mortem storage 
of porcine muscle (Psoas) at different 
temperatures on the GOTm activity in the 
muscle press juice.

G O T m ac tiv ity  in  p e rcen t o f  th e  to ta l  
D ay s  G O T  activ ity  in  p ress  ju ice
p o s t --------------------------------------------------------------

m o rtem  s to rag e  a t  +  4 °C  s to rag e  a t  +  22°C

1 6 .0 6 .9
2 6 .6 14.91
3 6 .2 36 .51

1 S tro n g  b ac te r ia l spo ilage.

Table 4—Influence of post-mortem storage 
of bovine muscle (M. longissimus dorsi) at 
different temperatures on the GOTm activity 
in the muscle press juice.

D ays
p o s t

m o rtem

G O T m  activ ity  in  p e rcen t o f  th e  
to ta l  G O T  activ ity  in  th e  

m uscle  p ress  ju ice

s to rag e  a t  0 °C s to rag e  a t  - f2 2 ° C

0 1 .2 1 .2
1 — 7 .1
2 1 .2 32 .01
3 — 40.01
7 1 .4 —

11 2 .1 —
14 3 .9 —

21 3 .6 —

1 S tro n g  b ac ter ia l spoilage.

chondrial structure causing a release of 
GOTm. On the other hand, structural 
changes and some disintegration of mito
chondria during storage of muscle were 
observed (Partmann, 1964), which might 
be due to the effect of lysosomal enzymes. 
The portion of the mitochondrial struc
ture, to which the GOTM is bound, how
ever, seems to remain intact. Therefore, 
the opinion of Zezelinskaya (1967), that 
GOTm is localized mainly in the mito
chondrial matrix might be unlikely.

The relatively high post-mortem sta
bility of GOT in nonfrozen beef and 
porcine muscle at temperature between 
—2° and + 4 °C  is in agreement with data 
from Schmidt et al. (1960) and Laudahn 
et al. (1965) on human muscle.

However, after storage of muscle tissue 
at + 2 2 °C  for more than one day, re
markable quantities of the mitochondrial 
isozyme are detectable in the press juice 
of porcine (Table 3) and bovine muscle 
(Table 4). At this temperature the meat 
was completely spoiled and unpalatable. 
Apparently, the mitochondrial structure 
containing bound GO TM is damaged by 
the enzymes of microorganisms and mus
cle.
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Transaminases of Skeletal Muscle. 2. Transaminase 
Activities in White and Red Muscles of Pigs and Cows

S U M M A R Y — T h e  t o t a l  a c t i v i t y  o f  g l u t a m i c - o x a l o a c e t i c  t r a n s a m i n a s e  ( G O T ) ,  t h e  r e l a t i v e  

a c t i v i t y  o f  t h e  m i t o c h o n d r i a l  G O T  i s o z y m e  ( G O T m )  a n d  t h e  t o t a l  a c t i v i t y  o f  g l u t a m i c -  

p y r u v i c  t r a n s a m i n a s e  ( G P T )  i n  f i v e  d i f f e r e n t  m u s c l e s  o f  f o u r  p i g s  a n d  two cows were 
d e t e r m i n e d .  A  h i g h l y  s i g n i f i c a n t ,  p o s i t i v e  c o r r e l a t i o n  was f o u n d  b e t w e e n  e i t h e r  G O T  o r  

G P T  a c t i v i t y  a n d  t h e  a m o u n t  o f  m u s c l e  p i g m e n t s .  T o n i c  ( “ r e d ” )  m u s c l e s  h a d  h i g h  

t r a n s a m i n a s e  a c t i v i t i e s  a n d  t e t a n i c  ( “ w h i t e ” )  m u s c l e s  h a d  l o w  t r a n s a m i n a s e  a c t i v i t i e s .  

However, t h e  r e l a t i v e  G O T m  a c t i v i t y  ( G O T m  a c t i v i t y  i n  p e r c e n t  o f  t h e  t o t a l  G O T  a c t i v i t y )  o f  

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

w i s e ,  i n  b o v i n e  m u s c l e s ,  h i g h e r  G O T  a n d  G P T  a c t i v i t i e s  w e r e  f o u n d  i n  “ r e d ”  t h a n  i n  

“ w h i t e ”  m u s c l e s .  H o w e v e r ,  t h e  r e l a t i v e  G O T m  a c t i v i t y  s e e m e d  t o  b e  h i g h e r  i n  t h e  “ r e d ”  

t h a n  i n  t h e  “ w h i t e ”  m u s c l e s .  A  d i s c u s s i o n  o f  t h e  t r a n s a m i n a s e  a c t i v i t i e s  a n d  t h e i r  r e l a 

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

INTRODUCTION

GLU TAM IC-O XALOACETIC transam
inase (GOT; aspartate aminotransferase; 
E.C. 2.6 .1.1.) is an enzyme that is widely 
distributed in animal tissues. This key 
enzyme of the mitochondrial amino acid 
metabolism is of considerable significance, 
due to its role in glutamate oxidation. In 
addition, the elevation of GOT in serum 
and its decrease in muscle tissue in cer
tain diseases makes the study of this en
zyme of particular importance. The con
centration of glutamic-pyruvic transam
inase (GPT; alanine aminotransferase; 
E.C. 2.6 .1.2.) in animal tissues is con
siderably less than that of GOT (Hamm 
et al., 1969).

A study of transaminases in bovine and 
porcine muscles and their relation to cer
tain pathological conditions and meat 
quality was recently initiated. Two iso
zymes of GOT were found by electro- 
phoretical methods in skeletal muscles of 
both species. One of these isozymes is 
localized in the mitochondria (GOTM), 
the other in the sarcoplasm (GOTs) 
(Hamm et al., 1969). Therefore, the 
GOT of bovine and porcine muscle as 
well as the GOT of other animal tissues 
belong to the “type II I” enzymes, i.e. to 
enzymes which are localized in both the 
sarcoplasm and the mitochondria. The 
GPT in bovine and porcine muscle pre
sumably belongs to the “type II I” en
zymes but it was not possible to separate 
the GPT isozymes by electrophoretical 
methods (Kormendy et al., 1965).

In Kormendy’s study, a remarkable var
iation in the GOT and GPT activities of 
different muscles of pigs and cattle was 
observed. This variation seemed to be re
lated to muscle color. The slow acting 
“red” muscles (tonic muscles) exert hold

ing functions whereas the fast acting 
“white” muscles (tetanic muscles) exert 
discontinuous functions. Therefore, it was 
assumed that the transaminase activity of 
skeletal muscle tissue depends on the 
physiological function of muscle. This re
lationship was investigated by measuring 
the activities of GOT, its isozymes and 
GPT in muscles with different pigment 
content.

EXPERIMENTAL
THE TOTAL GOT activity from the M. 
longissimus dorsi, pectoralis profundus, psoas 
major, extensor carpi radialis and dia- 
phragma muscle taken from 4 pigo and 2 
cows immediately after slaughter was de
termined. The activities of the mitochondrial 
(GOTm) and sarcoplasmic isozyme (GOTs) 
were measured after separation by electro
phoresis.

The total GOT activity in muscle and the 
absolute and relative activities of the iso
zymes G O T m and GOTs separated by low- 
voltage electrophoresis of muscle extracts on 
cellulose acetate membrane were measured 
by methods described in earlier papers 
(Gantner et al., 1964; Kormendy et al., 
1965; Hamm et al., 1969).

In this paper, the transaminase activity is 
expressed in Bucher units per gram of fresh 
tissue (BU/g). The relative GOTM activity is 
expressed as a percent of the total GOT ac
tivity in the electrophoretic diagram.

The muscle pigments were determined as 
the total hemin content of tissue according 
to the method used by Hornsey (1956). 
These data include not only myoglobin but 
also hemoglobin, cytochromes, catalase and 
other heme compounds present in muscle tis
sue. Most of the hemin, however, originates 
from myoglobin.

RESULTS

IN TH E longissimus dorsi, peotoralis pro

fundus, psoas major, extensor carpi radi
alis and diaphragma muscles from four 
pigs and two cows, the total GOT activity 
and the activity of the mitochondrial 
(GOTu ) and sarcoplasmic isozyme 
(GOTs) were determined after separa
tion by electrophoresis.

The total GOT activity of porcine mus
cles varied from 1006 to 7371 Biicher- 
units per gram fresh tissue (BU/g). The 
mean value of all muscles from the four 
pigs was 3512 (s =  1638) BU/g. A 
highly significant correlation (r =  
+0.94***) between the total GOT ac
tivity and the hemin content of muscles 
was found (Fig. 1). The hemin content 
ranged from 5.6 to 27.0 mg hemin/100 g 
tissue (average 13.76; s =  6.16) depend
ing on the muscle function. Variations in 
water and protein content were rather 
small.

Activity of GOTm in porcine muscles 
varied from 636 to 3736 BU/g. A  highly 
significant correlation (r =  +0.92***) 
existed between GOTM activity and the 
pigment content of muscle tissue. The 
higher the total GO T activity the higher 
is the GOTm activity. However, the ratio, 
GO Tm:GOTs and the GO TM activity in 
percent of the total GOT activity (relative 
GOTm activity) are remarkably constant. 
The mean value of the relative GOTM ac
tivity of all the pig muscles was 53.2% 
(s =  8.2). Therefore, no significant corre
lation exists between the relative GOTM 
activity and the pigment content of mus
cles (r =  + 0 .2 0 ) or between the relative 
GOTm activity and the total activity of 
tissue (r =  + 0 .2 0 ).

The GPT activity of the porcine mus
cles varied from 55 to 521 BU/g. The 
fact that GPT activity of the skeletal 
muscles is about ten times lower than the 
GOT activity agrees with our earlier find
ings (Hamm et al., 1969). A  highly sig
nificant correlation (r =  0.89***) be
tween the GPT activity and the pigment 
contents of muscles was observed (Fig. 
2). The GPT activity increases with rising 
GOT activity (r =  0.89***) (Fig. 3).

The muscles with the lowest pigment 
content, namely the longissimus dorsi 
muscles (“white” fibers predominant), 
showed the lowest GOT and GPT activi
ties. On the other hand, dark-red dia
phragma muscles (mainly “red” fibers)
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had by far the highest transaminase ac
tivities. The transaminase activities and 
pigment contents of M. extensor carpi 
radialis and M. psoas range between these 
two “extreme” muscle types. The pecto- 
ralis major muscle consists of a “red” 
part and a “white” part. An investigation

of the red and the white portion was made 
and the results are plotted in Figures 1, 
2 and 3. For example, the light part of 
the M. pectoralis major (5.4 mg hemin/ 
100 g) had a GOT activity of 1585 BU/g 
and GPT activity of 114 BU/g, whereas 
the dark part of the same muscle (11.4
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mg hemin/100 g) had a GOT activity of 
3796 BU/g and a GPT activity of 261 
BU/g.

The correlation between transaminase 
activities and heme content of porcine 
muscles for the four examined animals 
were similar: the activity values lay close 
to the regression line (Fig. 1 and 2).

The GOT and the GPT activity of bo
vine muscles was significantly greater in 
highly pigmented muscle tissue. (Fig. 4). 
The pigment content of all bovine muscles 
was much higher than that of the corre
sponding porcine muscles. The GO T and 
GPT activity, however, was of about the 
same magnitude as in porcine muscle 
(Fig. 4). Diaphragm muscles had the 
highest values of transaminase activity 
and pigment content and the longissimus 
dorsi and pectoralis profundus muscles 
the lowest values. The relative differences 
in transaminase activities and pigmenta
tion of these bovine muscles were similar 
to porcine muscles. The other three mus
cle types had intermediate values. A two
fold increase in pigment content of por
cine muscles corresponded to a seven fold 
increase in total GOT, GOTM and GPT 
activities. In the case of bovine muscles, 
however, the same increase in pigment 
content resulted in a much lower rise of 
transaminase activity (two to four times) 
(Fig. 4).

The relative GOTM activity of the five 
different bovine muscles examined are 
shown in Table 1. These values were 
higher for animal II than for animal I. A  
great variation in the relative GO TM ac
tivity of bovine muscles was already ob
served (Hamm et ah, 1969). There ap
pears to be a relative increase of GOTM 
activity with rising pigment content of 
muscles. This relationship between GOTM 
and pigment content could not be ob
served with porcine muscles as previously 
mentioned. In the longissimus dorsi mus
cle of animal II relatively high values of 
muscle pigment and GOTM activity were 
obtained.

It could be possible that the trans
aminases of red and white muscle, par
ticularly the GOT, might not be identical.

Table 1—Relative GOTm activity and 
muscle pigments In different bovine muscles 
of two animals.

G O T m ac tiv ity  
in p e rc e n t o f  
to ta l G O T  

activ ity
m g  h em in / 
100 g tissue

K in d  o f  
m uscle

an im a l
I

an im a l
II

an im a l
I

an im a l
II

long issim us
do rs i 5 8 .5 8 0 .5 18.3 3 0 .6

p ect, p ro fu n d . 5 4 .9 7 7 .0 19 .2 2 3 .5
p so as 5 5 .3 6 5 .2 2 0 .9 2 8 .5
ex t. c arp . ra d . 6 4 .3 7 2 .4 2 5 .9 3 3 .3
d ia p h ra g m a 7 4 .7 83 .1 3 3 .0 4 7 .6
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With regard to this possibility, the pat
terns of the electrophoresis of extracts 
from red and white porcine muscle and 
of a mixture of both extracts were com
pared. The pattern of the mixture showed 
only two bands (GOTM and GOTs) just 
as the single extracts; the rate of migra
tion of the two isozymes was exactly the 
same in all three cases. Therefore, the 
GOT enzymes in the red and white mus
cle seem to be identical or almost identi
cal proteins.

DISCUSSION

TH E DATA show that porcine and bovine 
muscles with a high content of “red” 
fibers (high hemin content) exert a higher 
transaminase activity than muscles with a 
high content of “white” muscle fibers (low 
hemin content). Lawrie (1953) found a 
significant correlation between myoglobin 
content of skeletal muscles and the 
amount of succinic dehydrogenase or 
cytochrome oxidase. These enzymes are 
specific for the function of mitochondria. 
Hence, high GOT and GPT activity is 
characteristic for skeletal muscles with a 
high number of mitochondria and a pre
dominantly aerobic metabolism; whereas, 
muscles with a relatively small number of 
mitochondria and a predominantly anaer
obic metabolism exert a low transaminase 
activity.

These observations on skeletal muscles 
of slaughter animals agree well with find
ings of other authors on the skeletal mus
cle of other species. A higher GOT ac
tivity was found in the M. semitendineus 
and M. soleus (“red”) than in the M. 
semimembraneus and M. adductor mag- 
nus of rabbits (“white”) (Pette et al., 
1963; Amberson et al., 1964: Biicher et 
al., 1965; Pette, 1965). The flexor muscles 
of dogs and rabbits had lower GOT and 
GPT activity than the extensor muscles 
(Dorogan et al., 1961). Kleine (1967) 
found higher GOT and G PT activities in 
thorax and abdominal muscles (“red” 
muscles) than in the M. deltoides bracchi- 
alis and M. semimembraneus (“white” 
muscles). According to Laudahn et al.,
(1968), the average of GOT and GPT 
activities is significantly higher in human 
trunk muscles than in the extremities 
muscles. The level of GOT activity is 
higher in the flight muscle of Locusta 
migratoria than in the flexor tibis muscle 
of this insect (Pette et al., 1962).

GOT is a typical enzyme of the normal 
mitochondrial function, whereas e.g. glu
tamic dehydrogenase represents an en
zyme for special mitochondrial functions 
(Pette, 1965). The metabolic function of 
GOT is essentially related to the main 
pathway of energy supply; its position in 
the mitochondrial enzyme-activity pat
terns as they were presented by Pette
(1965), suggests its role as an auxiliary

enzyme of the citric acid cycle.
GPT is regarded to be an enzyme re

lated to mitochondrial functions in mus
cle (Pette et al., 1963) and to the glyco
lytic enzymes. This relationship is the 
same in red and white muscles (Czok et 
al., 1960).

In the case of cross-striated muscles,

differentiation of structure and function is 
reflected largely by enzyme-activity pat
terns (Pette, 1966). Differences between 
transaminase activities of “red” and 
“white” porcine muscles are not due to a 
significant change in the mitochondrial 
and extramitochondrial enzymes ratio. 
The GOTm activity increase to the same
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extent as the total GOT activity. There
fore, the ratio GO TM:GOTs is 1:1  inde
pendent of the function of porcine mus
cle. A similar observation was made on 
rabbit muscles by Pette et al. (1963). 
These authors (Pette et al., 1963; Bucher 
et al., 1965) point out, that certain 
“multi-located” enzymes as GOT and 
GPT catalyze the same reaction in sar
coplasm and mitochondria. The enzymes 
have a close functional relationship and 
are localized on both sides of the mito
chondrial barrier.

The ratio GO TM:GOTg in “white” and 
“red” bovine muscles seems to differ from 
each other. This ratio is higher in “red” 
muscles than in “white” muscles (Table 
1). Although there are not yet enough 
data available to draw a final conclusion, 
it is apparent that cattle have a higher 
aerobic activity in their “red” muscles than 
the less active pigs. This could be the 
reason for other observed differences be
tween cattle and pigs e.g. the stronger in
crease of GOT activity in porcine mus
cle with increasing pigment content. In 
order to obtain more information on dif
ferences in muscle metabolism between 
cattle and pigs, the proportion-constant 
and specific enzyme groups of the glyco
lytic chain, the fat catabolism, the citric

acid cycle and the respiration chain have 
to be determined.

The results presented in this paper lead 
to the conclusion that the same kind of 
muscle must be analyzed for comparisons 
of transaminase activity in individual ani
mals and animal species.
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Transaminases of Skeletal Muscle. 3. Influence of 
Freezing and Thawing on the Subcellular Distribution of 

Glutamic-Oxaloacetic Transaminase in Bovine and Porcine Muscle
SU M M ARY— F reezing  a n d  th a w in g  o f  b o v in e  a n d  p o rc in e  m u s c l e  cause a re m a rk a b le  
r e le a s e  o f  th e  m i to c h o n d r ia l  isozyme of th e  g lu ta m ic -o x a lo a c e t ic  t r a n s a m in a s e  (GOTj,) 
f ro m  th e  m i to c h o n d r ia l  s t r u c tu r e s  re su l t in g  in an in c r e a s e  o f  GOTM a c t iv i t y  in th e  m u s c le  
p r e s s  ju ice .  T he  low er th e  f re ez in g  t e m p e r a t u r e  th e  s t r o n g e r  is th i s  e ffec t.  R e p e a t e d  
f r e e z in g  a n d  th a w in g  in c r e a s e s  th e  r e le a s e  o f  GOTlr. It is c o n s id e r e d  th a t  the  leve l  o f  GOT,i 
a c t iv i t y  in th e  m u s c l e  p r e s s  ju ice  in d ic a te s  th e  extent of  m i to c h o n d r ia l  d a m a g e .  On th e  
b a s i s  o f  t h e s e  r e su l ts  a s i m p le  a n d  rap id  rou tin e  m e t h o d  w a s  d e v e lo p e d  w h ich  a l lo w s  a  
re liab le  d i f feren tia t ion  b e tw e e n  n o n fro zen  a n d  fro z en  a n d  th a w e d  m e a t .

INTRODUCTION

GANTNER et al. (1964) observed that 
freezing and thawing of skeletal muscle 
tissue of pigs increase the activity of glu
tamic-oxaloacetic transaminase (GOT; 
aspartate aminotransferase; E.C. 2.6 .1.1)

“ P re se n t ad d re ss : H u n g a ria n  M ea t R esearch  
In s titu te , B u d ap est, H ungary '.

and glutamic-pyruvic transaminase (GPT; 
alanine aminotransferase; E.C. 2.6 .1.2) in 
extracts from prerigor and postrigor mus
cle when using the Potter-Elvehjem ho- 
mogenizer. It is well known that mito
chondrial enzymes are more easily 
extractable after repeated freezing and 
thawing of tissues. The existence of a 
mitochondrial isozyme (GOTM) and of a

sarcoplasmic isozyme (GOTg) of GOT in 
skeletal muscles of pigs and cattle has 
been demonstrated (Kôrmendy et al., 
1965; Hamm et al., 1969). Therefore, it 
was expected that freezing and thawing of 
skeletal muscle tissue results in a release 
of the mitochondrial isozyme into the 
intermitochondrial space.

A study of the influence of freezing and 
thawing on the subcellular distribution of 
the GOT activity seems to be of interest 
for two reasons: The extent of the release 
of GOTj, from the mitochondrial struc
ture by freezing might present some in
formation on the degree of damage of 
mitochondria by the freezing process. 
Furthermore, the appearance of certain
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mitochondrial enzymes in the muscle 
press juice as a result of freezing and 
thawing could lead to a method for differ
entiation between nonfrozen meat and 
frozen and thawed meat.

EXPERIMENTAL

Muscle samples
Samples of skeletal muscles of pigs and 

cattle were taken at different times after 
slaughter. Usually the longissimus dorsi mus
cle was excised. Fat and connective tissue 
were mechanically removed as best as possi
ble, 200 to 250 g of the muscle tissue were 
wrapped in cellophane foil and frozen at 
temperatures between —18° and — 20 °C. 
After freeze-storage at — 20 °C  for different 
periods of time, the samples were thawed at 
room temperature.
Methods for measuring the distribution of 
the GOT isozymes

The following methods were discussed in 
earlier papers (Gantner et al., 1964; Kor- 
mendy et al., 1965; Hamm et al., 1969): Ex
traction of the total GOT activity from the 
muscle tissue; preparation of the muscle press 
juice; determination of the transaminase ac
tivities; separation of the GOT isozymes by 
electrophoresis on cellulose acetate mem
branes; isolation of muscle mitochondria; ex
traction of transaminases from the mito
chondria.

All data given in Tables and Figures are 
mean values of double-determinations, the 
standard deviation being 4% of the average 
values.

In this paper the transaminase activities 
are expressed in Bucher units per gram of 
nonfrozen or frozen and thawed tissue (BU/ 
g) or per ml press juice. The GOTm activity 
is usually expressed in percent of the total 
GOT activity in the electrophoretic diagram.
A routine method for differentiation

Five to 10 ml of muscle press juice are ob
tained by pressing the sample of lean meat 
with a hydraulic press (maximum pressure: 
10 kp/cm2). The juice is filtrated through 
a filter paper and then through a membrane 
filter No. MF 50 (Membranfiltergesellschaft 
Gottingen, Germany). One ml or less of the 
filtrate is diluted with the same volume of 
0.1 M  phosphate buffer (pH 7.5), 0.005 ml 
of this fluid is placed on the center of a cellu
lose-acetate membrane-foil (39 X 315 mm; 
Schleicher and Schiill, 3354 Dassel, Ger
many) as a line. After electrophoresis (0.05 
M  phosphate buffer, pH 7.5) at 100 to 150 V 
(measured at the ends of the membrane) for 
at least 12 hr or after high-voltage electro
phoresis at about 1000 V  and 20-30 mA 
(-|-30C) for 60 to 90 min, the foil is taken 
out and—still wet—sprayed with the follow
ing reagent; The content of one bottle 
“GOT-Monotest” (C.F. Boehringer und 
Sohne, GmbH., Mannheim, Germany) and 
about 3 mg NADH dissolved in a mixture 
of 2.75 ml 0.1 M phosphate buffer (pH 7.5) 
and 2.0 ml 0.005% pyridoxal phosphate 
solution (the spray reagent should not be 
kept cold for longer than 2 or 3 days).

Tf necessary, the spraying can be repeated 
one or two times. Observed under an ultra
violet lamp with a filter for 365 nm, the

Table 1—Influence of freezing (—18°C) on the GOT activity in muscle tissue and muscle 
press juice.

Species

P o s tm o rtem  
p e rio d  be

fo re  freezing  
days

T im e o f  
freeze- 
sto rage

G O T  activ ity  in 
th e  to ta l tissue 

B U /g

G O T  activ ity  in  the  
m uscle  p ress  juice 

B U /m l

b efo re
freezing

a fte r
freezing

a n d
th aw in g

befo re
freezing

afte r
freezing

a n d
th aw in g

C O W 0 8 days 1864 1888 1944 2535
cow 5 1 day 1686 1774 1854 2134

2 m o n th s 1344 3978
4  m o n th s 1040 ---- -

6 m o n th s 760 4133

p ig 5 6 m o n th s 1419 1130 1503 2465
p i g 7 1 day 1284 1460 2289 2004

2 m o n th s 1256 3928
4 m o n th s 1130 —

6 m o n th s 854 4003

electrophoretic pattern from nonfrozen meat 
shows only one dark bond (GOTs) before a 
brightly fluorescent background, whereas the 
pattern from frozen and thawed meat shows 
in the cathodic range a second distinct band 
( G O T m).

RESULTS

Influence of freezing and freeze-storage 
on total G O T  activity

The influence of freezing and thawing 
of bovine and porcine muscle at —20°C 
on the total GOT activity of tissue (ex
tractable activity after destruction of 
muscle cells by grinding the tissue in a 
Buhler-homogenizer; Gantner et al., 
1964) was small (Table 1). After two 
months freeze-storage (—20°C), the 
GOT activity decreased 14 %  for porcine 
muscle and 24% for beef muscle; after 
six months freeze-storage, the activity de

creased 4 2%  and 5 7%  respectively 
(Table 1).

Freezing and thawing of bovine and 
porcine muscle tissue resulted in most 
cases in a remarkable increase of total 
GOT activity in the muscle press juice 
(Table 1). Despite the decrease of the 
GOT activity in the total tissue during 
freeze-storage, higher GOT activities are 
found in the muscle press juice with pro
gressing time during freeze-storage of the 
muscle tissue. During 6 months freeze- 
storage of bovine or porcine muscle, the 
total GOT activity in the muscle press 
juice increases about 100% (Table 1).

Influence of freezing and thawing 
of muscle tissue on the 
electrophoretic pattern

Electrophoresis of the press juice of 
nonfrozen, nonground porcine muscle re-

>
I -
<J
<
h-o
CD

Fig. 1 — L o w - v o l t a g e  e l e c t r o p h o r e s i s  o f  t h e  p r e s s  j u i c e  o f  n o n f r o z e n  a n d  

f r o z e n  p o r c i n e  m u s c l e .  P s o a s  m u s c l e ,  e x c i s e d  5  d a y s  p o s t - m o r t e m  a n d  

a n d  f r o z e n  a t  —20° f o r  2 0  d a y s . — O r d i n a t e :  GOT a c t i v i t y  i n  p e r c e n t  o f  t h e  

t o t a l  G O T  a c t i v i t y ;  a r r o w :  s t a r t  l i n e .
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Table 2—Influence of freezing (—20°) and thawing of muscle tissue on the activity of GOT 
isozymes in the muscle press juice.

A ctiv ity  o f  G O T  isozym es in 
p e rcen t o f  th e  to ta l G O T  activ ity  

in  the  m uscle  p ress juice P e rcen t recovery  
o f  th e  G O T

Species
T rea tm e n t 

o f  tissue
N u m b e r o f  

an im als

G O T s G O T m activ ity  a fte r 
e lec tro p h o resis  

(average)X s X s

ca ttle n o n fro zen 15 9 8 .0 1.83 2 .0 1.83 8 8 .2
cattle frozen 14 7 1 .9 6 .4 3 2 8 .1 6 .4 6 9 0 .8

pig n o n fro zen 10 9 4 .0 4 .81 5 .0 2 .4 7 8 3 .0
Pig fro zen 10 6 4 .9 8 .2 6 35 .1 8 .2 6 8 2 .7

Table 3—Influence of freezingtemperature 
on the activity of GOT isozymes in the 
muscle press juice. Time of freezing: 24 
hr.

T e m p e ra 
tu re  o f  

freezing

B eef m uscle P o rc in e  m uscle

G O T m
B U /m l

G O T s
B U /m l

G O T m
B U /m l

G O T s
B U /m l

n o n fro zen 44 1653 44 1034
— 4 °C 44 1545 48 940
— 8°C 123 852 120 962
— 12°C 233 1289 237 1195
— 20°C 320 1318 266 911
— 40°C 481 1792 459 1602

suited in only one GOT band which mi
grated to the anode (Fig. 1). This result 
is in agreement with our earlier findings 
(Kormendy et al., 1965; Hamm et al.,
1969). After freezing at —20°C and 
freeze-storage, however, a second GOT 
band appeared which migrated slowly to 
the cathode (Fig. 1). This second band 
represents the mitochondrial isozyme of 
GOT (GOTjr, Hamm et al., 1969). Mus
cle mitochondria are apparently damaged 
by freezing and thawing in such a way 
that the GOT isozyme, which seems to be 
bound to the mitochrondria, is released. 
The same was observed with bovine 
muscle.

Influence of freezing and thawing 
on the activity of G O T  isozymes

Muscles of pigs and cattle were frozen 
at different times after slaughter at —18° 
to — 20°C and stored at these tempera
tures for different periods. After thawing, 
the GOT isozymes were electrophoreti- 
cally separated; the foil was sprayed very 
lightly with the test mixture to make the

localization of the isozymes visible. The 
entire band containing the isozyme was 
cut out and the pieces were extracted by 
phosphate buffer; the GOT activity of the 
extracts was determined. A  recovery of 
83 to 9 1%  of the total activity placed on 
the membrane before electrophoresis was 
achieved (Table 2).

Table 2 shows a general survey of the 
influence of freezing and thawing of dif
ferent bovine and porcine muscles on the 
activity of GOT isozymes in the muscle 
press-juice for different periods of freeze- 
storage. In the press juice of nonfrozen 
muscle tissue a very small but significant 
GOTjj activity was found which was 
higher in porcine muscle than in beef 
muscle. Most of the GOT activity (94 to 
98 %), however, was due to the activity 
of the sarcoplasmic isozyme. Freezing 
and thawing caused a considerable in
crease in the relative GOTM activity. This 
increase was somewhat greater in porcine 
muscle than in bovine muscle.

The release of mitochondrial GOT iso
zyme into the muscle press juice by freez

ing and thawing was not influenced either 
by time after slaughter when the muscle 
sample was frozen or by the time of 
freeze-storage (Figs. 2 and 3).

Influence of freezing temperature on the 
subcellular distribution of G O T

Small cubes of bovine and porcine 
muscle (length of edge about 1 cm) were 
frozen in a freezer at different tempera
tures between —4° and — 40°C for 24 hr. 
The temperature inside the samples was 
not measured and the exact rate of freez
ing was not determined. In these experi
ments the rate of freezing increased with 
decreasing temperature of freezing. The 
GO Tm activity in the muscle press juice 
increased considerably and continuously 
with falling temperature (Table 3). The 
GOTs activity, however, increased only 
at temperatures lower than — 20°C but 
the relative increase with falling tempera
ture was much smaller than for G O Tjt. As 
Figure 4 shows, the relative GO TM ac
tivity in the muscle press juice increased 
remarkably between —4° and — 20°C. 
Freezing the muscle cubes at — 197°C by 
dipping them in fluid nitrogen resulted in 
an additional strong increase in the abso
lute and relative GOTM activity in the 
muscle press juice of the thawed tissue 
(Fig. 4). The relative increase of the 
GOTs activity by freezing in fluid nitro
gen was not significant.

This result suggests that at lower freez
ing temperatures, the release of GOT 
from mitochondrial structures is stronger. 
A preliminary experiment was carried out 
with a mitochondrial fraction isolated 
from porcine muscle. The mitochondrial 
fraction was suspended in tris buffer 
(pH 7.6)—sucrose (0.3 M) solution. The 
suspension was frozen (2  ml for each 
temperature of freezing) and kept in a 
frozen state for 24 hr. After thawing the 
suspension at room temperature and 
centrifuging at 20 000 X G, the total GOT 
activity in the supernatant was determined 
(Table 4). By decreasing the temperature 
from —4° to — 12°C, the GOT activity in 
the supernatant increased about 140%. 
No further increase in GOT activity in the 
supernatant was observed between —2 0 ° 
and —40°C. This experiment does not

O
o
>-
H
>  40 
1— 
u
^  30

§  20 
tri

|  10 
Lri
*  0

FRoz EN ( - 20°<

.

) NC>N FROZ EN

1 m
ST0RAGE(+4°C) BEFORE
FREEZING ( DAYS)
-_____________ I

0 0 6 6 6 C0MMER 
Cl AL

0 0 1 6 8 8 8 9 h

FREEZE STORAGE 
( D = DAYS M = MONTHS)

3
D

8

D

1 3 
D V

6
M

7 2
M

7 - - - - - - - -

Fig- 2 — R ela t ive  G O T m a c t iv i t y  in th e  p r e s s  ju ice  f ro m  n o n fro z en  a n d  fro zen  bo v in e  
m u s c l e s  (M. lo n g is s im u s  d o r s i ) .—O rdinate :  GOT a c t iv i ty  in p e r c e n t  o f  th e  to ta l  GOT  
ac tiv i ty .
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Table 4—Influence of freezing of mito
chondria suspensions on the GOT activity in 
the supernatant (Bucher units related to the 
amount of mitochondria isolated from 40 g 
pig muscle tissue).
T e m p era tu re  o f  freezing  o f  
m ito c h o n d ria  su sp en d ed  in 

tris  bu ffer-saccharose
G O T  activ ity  in  th e  

s u p e rn a ta n t B U

n o n fro zen 3 .0
— 4 °C 2 .6
— 8 °C 3 .4
— 12°C 7 .3
— 2 0°C 7 .3
— 40°C 7 .6

answer the question of how much of the 
total mitochondrial activity is released by 
freezing and thawing.

Influence of repeated freezing and 
thawing on the subcellular distribution 
of muscular G O T

Samples of bovine muscles were frozen 
and thawed several times. Repeated freez
ing and thawing caused a further increase 
in the total GOT activity in the press juice 
of thawed muscle. If a frozen muscle 
sample was twice refrozen and thawed, a 
further increase in the GOT activity 
within the press juice of 3 2 %  was ob
served (Table 5), while the relative 
GOTj[ activity increased about 40%. 
For this reason it must be considered, 
that repeated freezing and thawing causes 
a stronger release of the mitochondrial 
isozyme into the press juice than a single 
freezing cycle.

Influence of grinding the tissue

Grinding of bovine muscle in a com
mercial meat grinder increased the total 
GOT activity in the muscle press juice 
(Table 6 ). The level of activity of both 
isozymes, GOTM and GOTg is increased 
and the relative GOTM activity in the 
press juice of ground muscle is consider
ably higher than in the press juice ob
tained from nonground tissue. This indi
cates a damage of mitochondrial struc
tures by mincing. Freezing and thawing 
of ground muscle does not cause an in
crease in GOTg activity in the press juice 
of the thawed pulp. The GOTM activity,

Table 5—Influence of repeated freezing 
(—20°C) and thawing on the GOT activity and 
relative GOTm activity in the press juice of 
bovine muscle.

T rea tm e n t 
o f  m uscle 

tissue

T im e o f 
each  

freezing  
p e rio d  

days

T o ta l
G O T

activ ity
B U /m l

G O T m activ ity  
in  p e rc en t o f  

th e  to ta l G O T  
activ ity

non fro zen — 2455 2 .6
once frozen 3 2936 19 .8
tw ice frozen 4 3667 2 5 .4
th re e  tim es 

frozen 4 3868 2 7 .7
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Fig- 3 —R e la t iv e  G O T m  a c t iv i t y  in th e  p r e s s  ju ice  f ro m  n o n fro z e n  a n d  fro zen  p orc in e  
m u s c l e s .  (M. lo n g i s s im u s  d o rs i ) .—O rdinate :  GOT a c t iv i t y  in p e r c e n t  o f  th e  to ta l  GOT  
a c t iv i ty .

Table 6—Influence of freezing (-20°C for 24 hr) of non-ground and ground bovine muscle 
tissue on the activity of GOT and GOT isozymes in the muscle press juice.

T rea tm e n t o f  m uscle 
tissue

T o ta l G O T  
activ ity  
B U /m l

G O T m
activ ity
B U /m l

G O T m ac tiv ity  in 
p e rc en t o f  th e  to ta l 

G O T  activ ity

G O T s
activ ity
B U /m l

n o n g ro u n d , n o n fro zen 2180 82 3 .8 2098
g ro u n d , n o n fro ze n 3504 416 11 .9 3088
g ro u n d , frozen 3350 1187 3 5 .4 2163

O
o'"

FRO ZEN  F R E E Z IN G  T E M P E R A T U R E
Fig. 4 — Influence  o f  f re e z in g  a t  d i f fe r en t  t e m p e r a t u r e s  on th e  re la tive  

G O T m  a c t iv i t y  in th e  m u s c l e  p r e s s  juice.-—O rdinate :  G O T m  a c t iv i t y  in p e r c e n t  
of  th e  to ta l  GOT ac tiv i ty .
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however, is increased by about the same 
extent as was observed after freezing and 
thawing of nonground tissue (Table 6 ).

M ethod for differentiation

On the basis of the results mentioned 
above a simple and rapid routine method 
was developed which allows a reliable 
differentiation between nonfrozen meat 
and frozen and thawed meat. The proce
dure (Hamm et al., 1966) is described 
under “Experimental Methods.” This 
method is applicable to beef and pork, no 
matter what kind of muscle is used. The 
time of post-mortem storage has no influ
ence. The activity of GOTM in the press 
juice of cold-stored meat is so low 
(Hamm et al., 1969; also see Figs. 2 and 
3 in this paper) that after electrophoresis 
and spraying only one band (GOTg) ap
pears on the cellulose acetate membrane. 
If the meat is spoiled by microorganisms 
to a completely unacceptable state, a 
GOTm band in addition to the GOTg 
band, will be found in the press juice 
(Hamm et al., 1969). After storage at 0° 
to — 2 °C  for several weeks, the meat still 
remains fresh.

Concerning the method of freezing and 
thawing, the same positive reaction—i.e., 
two distinct bands—were obtained when 
the meat was frozen prerigor or postrigor. 
The test is positive at all temperatures of 
freezing which are commercially used 
( — 12 °C  and lower). Insufficiently frozen 
meat, i.e., meat frozen at temperatures 
above — 8 °C  shows only a slight positive 
reaction (faint GOTM band). The time of 
freeze-storage does not influence the test. 
Frozen meat from Argentina which was 
frozen for at least 6 months gave strong 
positive reaction. Also, repeated freezing 
and thawing does not influence the test. 
This test does not indicate whether the 
frozen meat was temporarily thawed.

DISCUSSION

TH E D A TA  presented in this paper show 
that freezing and thawing of bovine and 
porcine muscle causes a remarkable re
lease of the mitochondrial isozyme 
of glutamic-oxaloacetic transaminase 
(GOTm) resulting in an increase in 
GOTm activity in the muscle press juice. 
The lower the freezing temperature the 
stronger the effect.

There is no published information, as 
far as is known, on changes in the sub- 
cellular distribution of GOT by freezing 
and thawing animal tissues except an ob
servation of Dawson (1966) who found 
that the rate of efflux of GOT and other 
enzymes from chicken muscle is markedly 
influenced by freezing and thawing. The 
rate of efflux was increased by lowering 
the freezing temperature from —15° to 
—70°C.

The release of other enzymes from

mitochondria by freezing was observed. 
Lusena (1965; Lusena et al., 1966) de
termined the release of glutamate dehy
drogenase (enzyme of the mitochondrial 
matrix) and 3-hydroxybutyrate dehydro
genase (enzyme of the mitochondrial 
membrane) from liver mitochondria by 
freezing and thawing. He found that the 
temperature interval between —5° and 
—20°C maximum enzyme release oc
curred at about — 15°C.

The release of mitochondria-bound en
zymes by freezing and thawing is prob
ably due to damage of the mitochondria. 
It is known that the cellular organization 
including the nucleus, the subcellular or
ganelles, mitochondria, ribosomes and 
lysosomes and the endoplasmic reticulum 
can be damaged to varying degree by 
freezing and thawing (Tappel, 1966). 
Lusena (1965) concluded from his en
zyme studies that freeze-damage of liver 
mitochondria occurs in two steps: one is 
rapid and involves changes in the mem
brane structure, the other is slow and 
causes a release of the matrix-enzymes. 
According to Lusena et al. (1966), the 
partial release of enzymes from liver 
mitochondria by freezing and thawing is 
not associated with a partial structural 
modification of all mitochondria but 
rather with drastic structural changes in 
only some of these.

Partmann (1964) observed with the 
electron microscope changes of the muscle 
mitochondria during freeze-storage of red 
muscles which seemed to be due to a dam
age of the lipoproteins of mitochondrial 
membranes. On the other hand, micro
graphs of other muscles did not reveal 
mitochondrial damage whereas we have 
found a release of GOTM by freezing of 
many kinds of muscles in different species, 
e.g., in chicken muscle; the results ob
tained with chicken muscles will be pub
lished later. Therefore we believe that 
the release of GOTM indicates changes in 
mitochrondrial structures not demonstra
ble by electron micrographs.

The effect of freezing temperature on 
the release of GOTM from mitochondrial 
structures leads to the problem of the in
fluence of different kinds of ice formation. 
Slow freezing of tissues and cellular sus
pensions generally results in large crystals 
which are located entirely in extracellular 
areas. Rapid freezing, on the other hand, 
results in numerous small crystals dis
tributed uniformly throughout the speci
mens (see the reviews of Fennema, 1966, 
and Love, 1966). Fennema mentioned in 
his review that intracellular ice formation 
(rapid freezing) is usually lethal; “it 
seems somewhat inconsistent that intra
cellular ice formation should be quite ac
ceptable in the case of food materials and 
totally inacceptable for materials in which 
viability is desired.”

In our opinion, this is not contradic

tory. The large extracellularly formed 
ice crystals in slowly-frozen tissues distort 
the cells without severe damage of cell 
membranes and organelles necessary for 
the viability of the cell. Changes of the 
gross-structure, some mechanical damage 
of cell walls and a limited dénaturation 
of proteins by the raised ion concentra
tion or other factors may contribute to a 
loss of water-holding capacity and other 
factors of meat quality. Quick-freezing, 
however, changes the fine-structure of the 
muscle cells rather than the gross-mor
phology.

It is expected, that a damage of cell 
organelles which strongly injures the via
bility of cells will influence meat quality 
factors, as water-holding capacity or ten
derness to a lower extent than the forma
tion of large ice crystals (Rapatz et al., 
1959). In slowly frozen tissue, the mito
chondria and their internal structure are 
essentially unaltered. In contrast, the 
morphological damages within cells un
dergoing rapid freezing are numerous and 
drastic (Karon et al., 1965). The mito
chondrial envelopes are broken with the 
loss of matrix granules and disruption of 
cristae. According to the hypothesis of 
Karon et al. (1965), water remaining in 
the cell after development of large ice 
crystals during slow-freezing as lattices 
and clathrates serves to strengthen protein 
membranes; during rapid freezing, how
ever, intracellular ice formation governs 
not only the free water but also portions 
of the bound water, thereby weakening 
the lattice structures and promoting the 
dénaturation and the subsequent break
down of membranes.

The conditions of very “rapid freez
ing” (about 40°C/sec) have never been 
given in the normal techniques of freez
ing meat or other foods. They were like
wise not given in the experiments pre
sented in this paper; even freezing of 
small muscle cubes (length of edge 1 cm) 
in fluid nitrogen did not realize very 
“rapid freezing” in the whole tissue. Of 
course, there might have been thinner or 
thicker layers of “rapid frozen” tissue on 
the surface of the muscle samples in our 
experiments but the center of the samples 
certainly consisted of “slow frozen” 
tissue. Our data do not allow any final 
conclusions concerning the influence of 
the rate of freezing. Presently further in
vestigation on this topic is being done in 
our laboratory.

The release of GOTM from the mito
chondrial membranes might be caused by 
the combined effect of various factors: 
ion concentration by formation of large 
ice crystals (Fennema, 1966; Love, 1966), 
violent dehydration of proteins and lipo
proteins forming the mitochondrial struc
ture (Luyet et al., 1936) and the de
struction of protecting lattices of bound 
water (Karon et al., 1965). The latter
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idea is not supported by the results of 
Riedel (1968) who could not find an in
fluence of the rate of freezing on the 
amount of bound hydration water in beef 
and fish muscle.

The process of freezing and thawing it
self does not significantly change the total 
GOT activity of muscle tissue. In some 
cases even an increase in the GOT activ
ity was observed. It is known that rapid 
freezing “unmasks” sites of enzyme ac
tivity in situ (Melnick, 1964, 1965). In
crease in activity of some enzymes of 
mitochondria is found when they are dis
rupted as in freezing and thawing (Tap- 
pel, 1966), but it apparently is not known 
if GOT belongs to the enzymes showing 
this “latency-phenomenon.” The remark
able decrease of the total GOT activity of 
skeletal muscle during freeze-storage is 
not surprising, because much information 
is available in the literature indicating a 
denaturation of tissue proteins during 
freeze-storage which might be mainly due 
to the effect of the high ionic strength of 
the remaining, nonfrozen fluid in the 
tissue (Fennema, 1966).

Not only the absolute and relative 
GOTm activity but also the absolute 
GOTs activity in the muscle press juice is 
usually increased by freezing and thawing 
of muscle tissue. Therefore, the freezing 
process promotes the efflux of this inter- 
mitochondrial enzyme which might be 
caused by a damage of the walls of muscle 
cells. It is not surprising that freezing and 
thawing did not in all cases cause an in
crease of the total GOT activity in the 
press juice because it was shown by Love
(1966) that the influence of ice formation 
on the rupture of cell walls is a compli
cated process which discontinuously 
changes with increasing rate of freezing. 
With respect to this effect of ruptured cell 
walls, freezing and thawing seem usually 
to exert a similar effect as mincing.

Amberson et al. (1964) concluded 
from their experiments that only the press 
juice from nonground muscle tissue and 
not an extract of minced tissue represents 
the composition of the normal sarcoplas
mic matrix. They observed that the GOT 
and lactic dehydrogenase (LDH) activi
ties of homogenates of the whole muscle 
are always found to be greater than those 
obtained in the press juices and they con
cluded that substantial fractions of these 
two enzymes must be bound to the ultra
structure and released by mincing and 
homogenizing the tissue. However, an
other explanation of this phenomenon 
also seems to be possible which was not 
discussed by these authors. It is possible 
that the cell membranes exert a “filter- 
effect” retarding the efflux of certain en
zymes of the sarcoplasmic matrix.

If the cell walls are destroyed by minc
ing, these enzymes can easily migrate into 
the supernatant. This consideration leads

to the question whether the increase in the 
absolute and relative GOTM activity in 
muscle press juice by freezing and thaw
ing, is not caused by a damage of mito
chondrial structures but by a “filter-effect” 
of the cell walls in such a way, that the 
efflux of GOTm through the cell walls of 
nonfrozen tissue is more strongly re
tarded than that of GOTg. Consequently, 
freezing would abolish the effect of the 
cell wall.

We believe that the increase in the rela
tive GOTm activity in the muscle press 
juice caused by freezing and thawing is 
not due to changes in such a “filter-effect” 
of the cell wall but to damages of the 
mitochondria for the following reasons: 
(a) it is known that GOTM activity is not 
present in the sarcoplasmic matrix of non
frozen muscle; (b) the molecular weight 
of the GOTm protein is about the same as 
that of the GOTs protein the latter being 
slightly higher (Wada et al., 1964); it 
seems to be unlikely that one of the two 
proteins can pass through the cell wall 
while the other one cannot; (c) freezing 
and thawing of ground muscle tissue in
creases the relative GOTM activity in 
muscle press juice by about the same ex
tent as freezing and thawing of nonground 
tissue (Table 6 ); (d) GOTM was demon
strated by differential centrifugation to be 
localized in the mitochondrial fraction 
(Körmendy et al., 1965).

In our opinion the relative GOTM ac
tivity in the muscle press juice can be used 
as an indicator for the damage of muscle 
mitochondria and as a method for differ
entiation between nonfrozen and frozen 
and thawed meat. The GO TM isozyme 
which can be easily separated from the 
GOTg isozyme by electrophoresis, is par
ticularly appropriate for these purposes 
because on the one hand this enzyme 
shows a high post-mortem stability and is 
not released from the mitochondrial struc
ture during cold-storage of muscle. On the 
other hand it is easily released from mito
chondrial structures by freezing and thaw
ing. All reagents for the photometric de
termination of the GOT activity are 
commercially available.

As far as we know, there exists no other 
reliable method for differentiating be
tween nonfrozen meat and frozen and 
thawed meat than the procedure which 
we described under “Experimental 
Methods.” It is nearly impossible to 
carry out these differentiations by histo
logical methods. (Rapatz et al., 1959). 
With previously developed chemical 
methods (Tunnel, 1957; Massi, 1960; 
Radan, 1965) all results were not reliable.

We found in preliminary experiments 
that succinic dehydrogenase (SDH) and 
glutamic dehydrogenase (GLDH ), two 
enzymes which are localized only within 
the mitochondria, cannot be used as indi
cators for freezing and thawing meat.
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U n i l e v e r  R e s e a r c h  L a b o r a t o r y ,  We/wyn, H e r t f o r d s h i r e ,  E n g l a n d

A Texture Profile of Foodstuffs Based upon 
Well-defined Rheological Properties

S U M M A R Y — M a n y  a t t r i b u t e s  c o n t r i b u t e  t o  t e x t u r e ,  a n d  p a n e l  t e s t s  s h o u l d  b e  s o  a r 

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

S z c z e s n i a k  a n d  h e r  c o - w o r k e r s  i s  c r i t i c a l l y  e x a m i n e d ,  a n d  s e v e r a l  m o d i f i c a t i o n s  a r e  

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

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

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

T h e r e  a r e  o n l y  t h r e e  s e c o n d a r y  a t t r i b u t e s  v i z . ,  e l a s t i c i t y  ( E ) ,  v i s c o s i t y  (y) a n d  a d h e s i o n  

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

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

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

s i o n a l  c o n t i n u u m  w h i c h  h a s  t h e  s e c o n d a r y  a t t r i b u t e s  a s  c o o r d i n a t e  a x e s .  C o n s e q u e n t l y  

a l l  t e r t i a r y  a t t r i b u t e s  c a n  b e  r e p r e s e n t e d  b y  r e c t a n g u l a r  c o o r d i n a t e s  o f  t h e  f o r m  ( a E ,  fiy, 
y N )  w h e r e  a, p, a n d  y  r e p r e s e n t  t h e  r e s p e c t i v e  m a g n i t u d e s  o f  t h e  t h r e e  s e c o n d a r y  a t t r i 

b u t e s .  S i n c e  s o l i d s ,  s e m i s o l i d s  a n d  f l u i d s  h a v e  c h a r a c t e r i s t i c  v a l u e s  o f  t h e s e  a t t r i b u t e s ,  it  

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

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

a n d  a d h e s i o n  t e s t s .

INTRODUCTION

TEX TU R A L qualities play an important 
role in the consumer’s response to a prod
uct. When a laboratory panel gives a 
sensory evaluation of texture, their re
sponses are usually in terms of “good” or 
“poor” texture or some intermediate con
dition, or of ratings on an arbitrarily se
lected texture scale. The generalized term 
“texture” comprises several interrelated 
attributes, and no information about 
them, or their relative importance, is ob
tained from such tests.

It is now well established that instru
ments used to assess texture do not all 
measure the same property; e.g., a cone 
penetrometer measures the hardness of 
margarine, whereas a study of its flow 
properties through an extrusion capillary 
viscometer provides more reliable infor
mation about its spreadibility. It follows 
that if the data obtained from such tests 
are correlated independently with panel 
evaluation of “texture on the palate” the 
two correlation coefficients will not be 
the same, and one of them may not be 
statistically significant at the 1 % ,  or even 
5 % ,  level. Strictly speaking, an instru
mental measurement should be correlated 
with that attribute of texture which the 
measurement procedure most closely re
sembles in its action, using the rank corre
lation principle.

Szczesniak (1963) has proposed a 
classification of textural characteristics 
based on the view that these characteris
tics are recognized according to a definite 
pattern viz., first bite, mastication and

residual impression (Brandt et al., 1963).
This paper critically examines the 

Szczesniak (1963) texture profile, and 
suggests various modifications so as to 
place it on a more basic rheological foun
dation. It also indicates how it may be 
possible to predict panel response to sen
sory evaluation of texture from a limited 
number of physical measurements.

REVIEW OF SZCZESNIAK’S 
TEXTURE PROFILE

SZCZESNIAK et al. (1963a) suggested 
that textural attributes could be subdi
vided into three principal categories— 
mechanical, geometrical and “others,” the 
last named consisting mainly of analytical 
characteristics, e.g., moisture content, fat 
content, etc. The first two categories are 
related to the initial and masticatory im
pressions on the palate respectively during 
sensory evaluation of texture. Each cate
gory was subdivided further into primary 
parameters and secondary parameters, the 
latter being defined as parameters “that 
could be adequately described by two or 
more of the primary terms.”

This classification is unsatisfactory for 
various reasons, which are given below:

(1) If one accepts the quoted definition 
for a secondary parameter, then all so- 
called mechanical primary parameters are 
indeed secondary parameters, because 
they depend upon a blend of primary 
parameters which fall within the geometri
cal and “others” categories.

(2) Brittleness is defined “as the force 
with which the material fractures. It is

related to the primary parameters of hard
ness and cohesiveness. In brittle materials, 
cohesiveness is low and hardness can vary 
from low to high.” Furthermore, hardness 
is defined “as the force necessary to at
tain a given deformation,” which is 
strictly speaking a definition of “firm
ness,” and cohesiveness “as the strength 
of internal bonds making up the body of 
the product.”

Hard materials, in point of fact, have 
a high modulus of elasticity (E), which 
depends on the net potential energy of at
traction between the basic structural ele
ments of the material, i.e., on forces of 
cohesion. Brittle materials behave as hard 
materials with high E  until the applied 
stress exceeds the value of the rupture 
stress, when cracks become visually ap
parent in the sample. When the attraction 
is due to strong primary bonds only, and 
there are no weak secondary bonds pres
ent, a material is brittle (Houwink, 1958). 
Thus both hardness and cohesion are re
lated to elasticity.

Biscuits (cookies) are a practical ex
ample of brittleness. These contain very 
fine cracks due to the internal strains 
which develop from uneven contraction 
during the final stage of baking (Matz, 
1962). Therefore, it should be possible to 
interpret brittle fracture in biscuits in 
terms of dislocation theory and crack 
propagation, the latter proceeding with a 
high velocity when the yield stress is ex
ceeded. In plastic materials, on the other 
hand, the rate of crack propagation de
pends on the stress developed in the plas
tic zone at the tip of the crack (Kennedy, 
1962).

By analogy with two-dimensional brittle 
fracture theory for metals (Kennedy, 
1962), and other materials, the surface 
energy increases by 4rS when a fracture 
occurs, where S is the surface energy/unit 
area, and r is the radius of the crack. 
When a crack develops it reduces the 
strain energy/unit thickness by 7rr2T/ 2E, 
where r is the applied stress, and E  is 
now the elastic shear modulus. Assuming 
that these two factors are the only ones 
involved in crack propagation, the crack 
will spread only when the reduction in 
strain energy associated with an increase 
in r is greater than the increase in surface
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energy.
At equilibrium

^ 4 r S  -  ot2t2/2e J  =  0 [1]

and the criterion for crack propagation is 
that

t = [4 ES/7rr]V2 [2]

(3) Adhesiveness is defined correctly, 
viz., “the work necessary to overcome the 
attractive forces between the surface of 
the food and the surface of other materi
als with which the food comes in contact 
(e.g., tongue, teeth, palate, etc.).” Sticki
ness is given as one of the popular terms 
related to this, but it depends not only on 
the adhesion forces but also on the forces 
of cohesion between the basic structural 
components. The relative importance of 
these two types of forces, which are 
collectively termed “hesion” (Claassens,
1958) depends on their magnitude. When 
the adhesion forces are larger than the 
cohesion forces, part of the food on the 
palate will adhere to the teeth etc. as they 
move upwards following the initial biting 
motion. On the other hand, when the ad
hesion forces are smaller than the co
hesion forces the food particles will not 
be retained on the teeth.

For a solid food material, the rupture 
process can be treated in terms of the 
crack propagation model referred to 
under [2 ], when r is large with respect 
to the thickness of the crack.

In the case of a Newtonian fluid, one
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can apply Stefan’s law (Bikerman, 1960) 
for the viscous flow of liquid between two 
surfaces when one of the surfaces is 
raised. This leads to

dD 2FD 3
dt 3rjR 1 1

where D is the distance between two sur
faces of radius R, rj is the viscosity of the 
liquid, and F  is the force required to pro
duce separation. Eq. [3], shows that F 
is directly proportional to the rate at 
which separation occurs. If the rate of 
separation is very high, i.e., dD/dt is very 
large, there may be a clean break between 
the surfaces of the teeth, etc., and the 
fluid, or alternatively some of the fluid 
may adhere to the teeth etc. When the 
fluid is non-Newtonian, and exhibits plas
tic flow, Eq. [3] cannot be applied, since 
the viscosity now depends on the opera
tive rate of shear. The non-Newtonian 
flow of many materials can be defined by 
a power law type equation over several 
decades of shear rate (do-/dt), and

du
dt (F -  f)n [4]

where f is the yield value, n is a constant 
which is specific to the material and 77# 
now refers to the viscosity at a specified 
rate of shear. For such materials Eq.
[3] becomes

dD _ AFnDDon+1
dt ir"R 3n+1(7/#)n

where A, an infinite convergent series, is a 
function of n and D /D 0, where D0, the 
limiting thickness is equal to 2TR2f/F. 
Most non-Newtonian fluids show a value 
of n which is greater than unity, and for 
these F  is less dependent on the rate of 
separation than are Newtonian fluids.

(4) The definitions of elasticity (“the 
rate at which a deformed material goes 
back to its undeformed condition after 
the deforming force is removed”), chewi
ness (“energy required to masticate a 
solid food product to a state ready for 
swallowing”) and gumminess (“the en
ergy required to disintegrate a semisolid 
food product to a state ready for swallow
ing”) have little fundamental significance 
(Drake, 1966). Strictly speaking, elas
ticity is the “the property of a material 
by virtue of which, after deformation and 
upon removal of stress, it tends to re
cover part or all of its original size, shape, 
or both” (Reiner et al., 1967). Further
more, Szczesniak’s definition of elasticity 
is misleading because, for example, in a 
creep compliance-time study at constant 
low stress, the sample may not show an 
instantaneous elastic recovery on removal 
of the stress which is identical with the 
instantaneous elastic deformation ex
hibited when the stress was applied. This 
phenomenon is known as elastic fatigue 
(Reiner, 1960).

MODIFIED TEXTURE 
PROFILE

IN T H E  LIG H T of these criticisms of

Initial perception

Initial perception 

on

palate

Mastication 

(high shearing stress)

Residual masticatory 
impression

PRIMARY CHARACTERISTICS

SECONDARY CHARACTERISTICS

visual appearance

sampling and slicing characteristics  
spreading, creaming characteristics pourability

analytical characteristics

particle size, size distribution; particle shape
air content; air cell size, size distribution, shape

elasticity (cohesion)

viscosity
adhesion (to palate)

TERTIARY CHARACTERISTICS

mechanical properties 
(mastication) .hard, soft

mechanical properties (non-masticatory)

brittle, plastic, crisp,rubbery .spongy 

smooth .coarse,powdery,lumpy .pasty 
creamy,watery, soggy 
■sticky, tacky

greasy, gummy,stringy 

melt down properties on palate

Fig. 1—M odif ied  t e x tu r e  profile.
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Szczesniak’s (1963) texture profile, and 
also because it has been shown that tex
tural attributes can be treated in a more 
rheological way, several modifications are 
proposed. Figure 1 gives the amended 
version. No distinction is drawn now be
tween analytical, geometrical and me
chanical attributes. The only criterion for 
the new classification is whether a char
acteristic is a fundamental property, or 
whether it is derived by a combination of 
two, or more, attributes in unknown pro
portions. Thus, the properties previously 
labelled geometric and analytical char
acteristics are now introduced into the 
primary category. All other attributes are 
derived from these. The basic rheological 
parameters, elasticity, viscosity and ad
hesion, form the secondary category, and 
the remaining attributes are established 
as a tertiary category, since they are a 
complex mixture of these secondary pa
rameters.

The tertiary category can be subdivided 
further according to the type of mechani
cal process involved, viz., mastication, 
disintegration following mastication or the 
nonmasticatory mechanical treatment of 
the sample prior to sensory assessment on 
the palate! The last of these three pro
cesses controls the very first sensory im
pression received. General terms used to 
define tertiary, masticatory and disinte- 
gratory attributes (Fig. 2) were selected 
from housewife panel assessments of, and 
comments on, various food products. The 
terms adopted are those which occurred 
most frequently in the responses of the 
panel members. It is interesting to note 
that the same words appeared most fre
quently during word association tests 
which were given to a panel of 100 people 
by Szczesniak et al. (1963b) to determine 
“their degree of texture consciousness and

terms used to describe texture.”
Figure 2 indicates how these tertiary 

terms are distributed between solid, semi
solid and liquid foods. The subdivisions 
are inevitably somewhat arbitrary and are 
employed for ease of tabulation. The 
terms solid, semisolid and fluid do not 
form a distinctive grade of characteristics.

On the basis of the classifications pro
posed in Figures 1 and 2, attributes which 
should be scored in the sensory assessment 
of the texture of cakes or ice cream, for 
example, are listed in Table 1. The ques
tionnaire is divided into three sections 
comprising initial impression, mastication 
and residual impression. Each attribute 
should be judged using a rating scale, i.e., 
by “a method for securing and recording 
a judgement concerning the degree to 
which a stimulus material possesses a 
specified attribute . . .” (Inst. Food Tech

nologists, 1964).
Since all attributes are rated in the 

same way using an arbitrary scale of n 
points, although the value of n may vary 
for the different attributes, one cannot de
duce from these scores whether all at
tributes contribute equally to the overall 
rating of texture, or whether some are 
considered more important than others. 
It is suggested, therefore, that some indi
cation of their relative importance may 
be obtained by asking panel members to 
indicate which attributes had the greatest 
influence on their overall texture rating.

PREDICTION OF 
PANEL RESPONSES

SZCZESNIAK et al. (1963a) obtained 
good correlations between panel ratings of 
hardness, brittleness, chewiness, gummi-

Table 1—Textural attributes to be scored during panel assessment of ice cream and cake 
textures.

Ice C ream s C ak e

1. In it ia l im pression hard n ess X X
(general h an d lin g  o f elastic ity X X
sam ple) crum bliness X

2. M astic a to ry  im pression sm o o th n ess X
cream iness X
viscosity X
tack iness X X
sp o n g y /p lastic /ru b b ery X
h eavy /ligh t X
ease o f  d is in teg ra tio n  
(chew iness)

X

m oistness
m elt d o w n  p ro p erties  

on  p a la te
re s id u a l im pression  o f

X

X

greasy  o r  n o ngreasy  
co a tin g  to  p a la te X

3. A ny  o th e r  co m m en ts  a b o u t tex tu re
4. O verall ra tin g  o f  tex tu re
5. F a c to rs  sco red  w hich  m o s t in fluenced  overa ll assessm en t o f  tex tu re

Chocolate ,cookies, frozen Ice cream, 
frozen water ices, hard vegetables, 
hard fruit, corn flakes, potato crisps.

meat, cheese, bread , cake 
margarine, butter, gels, jello, 
puddings

processed cheese, yoghourt, cake 
batters, mashed potato, sausage meat, 
jam , high fat content cream, synthetic 
cream

thawed ice cream and water tees 
mayonnaise, salad dressings .sauces, 
fruit drinks,soups.

Fig- 2 — P ane l  r e s p o n s e s  a s s o c i a t e d  w ith  m a s t ic a to r y  ter t ia ry  c h a ra c te r is i t i c s  o f  m o d ie d  t e x tu r a l  profile.
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Table 2—Magnitude of the secondary characteristics associated with some tertiary charac
teristics.

T ertia ry  tex tu ra l charac te ris tic E V N

h a rd , tough very high high
h a rd , b rittle  (e.g., b iscuits) low very  low
p lastic low high
ru b b e ry  (e.g ., gels) low high variab le
sem iso lids (e .g ., c ak e  b a tte rs , h igh  fa t c ream ) low m ed ium v ariab le
fluid (e.g ., m ayonna ise , sa lad  d ressings) nil low v ariab le

ness and adhesiveness, and relevant mea
surements with a modified M.I.T. denture 
tenderometer (Friedman et al., 1963). 
Satisfactory correlations were also ob
tained between panel ratings of viscosity 
and viscosity measurements with a Brook
field viscometer at fairly high rates of 
shear. Some of these correlations is of 
doubtful significance because of the odd 
way in which the textural attributes were 
defined. Bourne (1966) attempted a di
mensional analysis of some of these at
tributes but was not wholly successful.

Scott Blair (1949, 1960) suggested that 
some of the less specific terms associated 
with texture are amenable to dimensional 
analysis. For example, following Nutting, 
the attribute, firmness (ip ) ,  can be defined 
at constant stress in terms of stress, strain 
and time. For a viscous fluid

4  =  v  =  re-  H1 = ML_1T_1 [6]

and, for an elastic solid

xfr =  E =  to-H» = M L ’T 2 [7]
so that, in general

4  =  To-]tk = ML rL k_2> [8]

where k, the “dissipation coefficient,” has 
a value of 1 for viscous fluids and a value 
of 0 for elastic solid. Materials that fall 
between these two categories show frac
tional values of k. In this way it is pos
sible to define textural characteristics by 
a limited number of physical terms.

This concept has some similarity to the 
relationship between secondary and terti
ary characteristics quoted in Figure 1, 
because the tertiary characteristics de
scribing the mechanical masticatory re
sponses not involving stickiness depend on 
elasticity and viscosity, which in turn 
derive from the r-o~t behavior. Although 
there is evidence that r varies with the 
hardness of the food being masticated 
(Neil Jenkins 1966), it remains approxi
mately constant during mastication of a 
particular food, apart from some increase 
towards the end of the chewing period. 
Thus, the criterion really is the change in 
o- with t at constant r, as in a creep com
pliance-time study. Since d a /  dt is not con
stant, but decreases as t increases, and 
some tertiary textural attributes relate to 
higher values of do7 dt than do others, 
the information obtained by calculating E  
and rj from the a  — t data is more de

tailed than the latter as they stand.
The secondary characteristic of adhe

sion must be incorporated now. Each ter
tiary textural characteristic enumerated 
in Figures 1 and 2 is a complex mixture 
of two or three secondary characteristics, 
so that in theory the former can be re
garded as located in a three dimensional 
continuum which has the three secondary 
characteristics as coordinate axes. The po
sition of each tertiary characteristic at the 
operative shearing stress can thus be de
fined by rectangular coordinates of the 
form (aE, fj-q, y N ),  where N is the ad
hesion of the food material to the palate, 
and a , p  and y, define the location of the 
attribute with respect to the three coordi
nate axes.

Both a  and p  decrease as one passes 
from a hard solid to a semi-solid and then 
to a fluid, while y varies with the degree 
of stickiness. All solids are characterized 
by a high a , although it will be higher for 
a nonbrittle solid than for a brittle one. 
The magnitude of p  also depends on 
whether the solid is tough or brittle. Table 
2 illustrates the general levels of a ,  p  and 
y which are associated with some textural 
characteristics. One can envisage bound
ary lines running through the three di
mensional continuum, as in a Phase Rule 
diagram, so as to define the transition 
from possession of a particular character
istic to its absence.

If the relevant elasticity and viscosity 
data are derived from a creep compliance
time study at a constant shearing stress, 
then they comprise the instantaneous 
elastic shear modulus, the elasticity mod
uli associated with retarded elasticity and 
the viscosity moduli associated with re
tarded elasticity plus the Newtonian vis
cosity, respectively. This approach is 
based upon the belief that the simplest 
mechanical model to depict the rheologi
cal behavior is a Hookean spring and 
dashpot in series (Maxwell element) with 
a spring and dashpot in parallel (Kelvin- 
Voigt unit) which together constitute a 
Burgers body.

In principle it should be possible to 
predict panel responses to sensory assess
ment of textural characteristics from ad
hesion and mechanical strain-time tests 
which are made at the shearing stresses 
operating during mastication. All re
sponses on the texture profile question

naire should be characterized by the par
ticular values of a , p  and y found experi
mentally for the food material. Adhesion 
could be determined, for example, from 
the force required to pull a cylindrical 
piece of fresh meat away from the food 
with which it had been originally in con
tact along an extended flat interface for 
a definite time. Calculation of the visco
elastic parameters, from creep compli
ance-time studies for melted ice creams 
which had been assessed as “good” tex
ture or “poor” texture by a panel has 
already indicated that the values of all 
the parameters are significantly higher for 
the “good” texture samples (Whitehead 
et al., 1967).

It should be remembered that classical 
elasticity theory deals with very small 
strains, so that when considering the much 
larger strains involved in mastication the 
accepted definition of strain may not be 
valid. The equations for the six tensor 
strain components now assume greater 
complexity, so that it is very difficult to 
express the state of strain in tensorial 
form.

The present discussion ignores the 
moistening of food structure which en
sues from the production of saliva follow
ing the stimuli provided by the presence 
of food in the mouth, and by the masti
catory pressure on the teeth (Neil 
Jenkins, 1966). Presumably penetration 
by saliva profoundly weakens the struc
ture, so that when comparing two food 
samples the differences are substantially 
reduced.
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Studies on Enzymic Activity of Rat Liver Subcellular Fractions
S U M M A R Y — M i t o c h o n d r i a l  a n d  l y s o s o m a l  p r e p a r a t i o n s  f r o m  r a t  l i v e r s  w e r e  e x a m i n e d  

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

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

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

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

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

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

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

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

h y d r o l y s i s  i s  d i s c u s s e d .  L y s o s o m e s  w e r e  s h o w n  n o t  t o  c o n t a i n  t h e  f o l l o w i n g  e n z y m e s :  

isocitrate d e h y d r o g e n a s e ,  g l y c e r o l - 3 - p h o s p h a t e  d e h y d r o g e n a s e ,  s e r i n e  d e h y d r a t a s e ,  

g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e ,  x a n t h i n e  o x i d a s e ,  a l d e h y d e  o x i d a s e  a n d  f u m a r a t e  

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

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

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

INTRODUCTION

MAJOR hydrolytic enzymes of animal 
tissues are organized within subcellular 
organelles, the lysosomes (Straus, 1967). 
Lysosomal enzymes include cathepsins, 
nucleases, glycosidases and lipases active 
in degrading respectively, proteins, nu
cleic acids, mucopolysaccharides and 
complex lipids. Lysosomal enzymes ap
pear to be important in many hydrolytic 
processes occurring in meats, including 
postmortem autolysis, aging and tender- 
ization, and in production of flavor con
stituents especially amino acids, nucleo
tides and sugars.

Although knowledge of lysosomal en
zymes is available for many commercially 
important animals (Tappel, 1966) includ
ing the ox, hog, chicken and fish, detailed 
investigations of enzymes are limited to 
lysosomes isolated from laboratory ani
mals.

Presently available knowledge on isola

tion of lysosomes and mitochondria and 
studies of enzymes of protein hydrolysis 
and amino acid conversions make rat liver 
the ideal experimental tissue. The labora
tory rat has been most widely used for 
studies of subcellular organelles and en
zymes with the understanding that the 
basic knowledge gained has wide applica
tion.

Previous studies on the subcellular dis
tribution of enzymes have shown many 
enzymes to be associated with the mito
chondrial fraction. Limitations of the 
fractionation methods available made it 
impossible to determine if contaminating 
subcellular particles in this fraction, e.g., 
the lysosomes, also have similar enzyme 
activities. Improved methods for isolating 
the various subcellular particles have 
made it possible to describe their various 
enzyme activities more accurately. Beau- 
fay et al. (1959) were able to show that 
glutamate, malate and /3-hydroxybutyrate 
dehydrogenases were associated with the

mitochondria. The distribution of amino 
transferases and other enzymes previously 
associated with the mitochondrial fraction 
is less well defined. Rowsell et al. (1963a, 
1963b), studying the distribution of 
amino transferases in rat kidney and liver, 
showed that their mitochondrial prepara
tions also contained most of the lysosomal 
cathepsin.

Lysosomes contain a large pool of free 
amino acids (Tappel et al., 1965; Beck, 
1967), which possibly undergo further 
metabolism within these particles. There
fore, this investigation sought to deter
mine if amino transferases and other par
ticulate enzymes involved in amino acid 
metabolism were present in lysosomes as 
well as in mitochondria. Some of the free 
amino acids in animal tissues and meats 
appear to be related to lysosomal protein 
hydrolysis and the subsequent metabolism 
of these amino acids. Mitochondria in
corporate amino acids into proteins (Mc
Lean et al., 1958; Roodyn et al., 1961) 
and acetate into fatty acids (Hulsman, 
1960; Wakil et al., 1960). Because of the 
importance of these processes to the dy
namic state of membranes, it was impor
tant to determine if lysosomes also pos
sess these activities.

The possible association with lysosomes 
of another partially particulate bound en
zyme, glutathione reductase (Rail et al., 
1952), was studied. Such an association 
might be indirectly important in the hy
drolysis of proteins by lysosomal enzymes 
by providing a pool of glutathione for 
both the direct activation of the sulfhydryi 
cathepsins B and C and the breaking if  
sulfhydryi bonds of proteins (Narahara 
et al., 1959; Libenson et al., 1964), thi s 
making them more accessible to the ac-
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Table 1—Enzym es of subcellular fractions.

M ito - Soluble
Enzym e L y so so m al-m ito c h o n d ria l1 c h o n d r ia l1 cy to p lasm 1

G lu ta m a te  dehydrogenase 12 .8 13.5 5 8 .2 67 84 100 79 122 4 .1 4 .9

M ala te  dehydrogenase 4 .3 10 24 91 88 48 139 137 115 85

L ac ta te  d ehydrogenase — — — 8 .2 11 .4 — 5 .0 8 .0 115 310

A sp a rta te  am in o  
transfe rase 2 4 .2 73 127 126 148 170 178 269 54 93

A lan in e  am in o  tran sfe rase 1 .4 3 .2 2 .6 6 .7 9 .0 4 .8 10 .5 12 .0 4 .1 4 .9

tion of cathepsins. Catheptic enzymes are 
important topics in recent research on 
postmortem changes in bovine (Randall 
et al., 1967) and chicken muscle (Martins 
et ah, 1968; Berman, 1967).

EXPERIMENTAL

Tissue fractionation
h Uochondrial, microsomal and lysosomal 

fractions were prepared from the livers of 
fasted male Sprague-Dawley rats by methods 
previously described (Shibko et ah, 1963: 
Sawant et ah, 1964). Lysosomal-mitochon
drial fractions in a range of composition can 
be obtained by this method (Sawant et ah, 
1964). Fractions used for these studies 
ranged from light mitochondria, containing 
low levels of lysosomes, to fractions contain
ing 85% lysosomes.

For a similar method of lysosome prepara
tion, the protein content and acid phospha
tase activity have been determined for each 
fraction obtained during the procedure (Ra- 
gab et ah, 1967). Some typical activities of 
lysosome fractions prepared by the Ragab 
et ah (1967) procedures in m/»moles sub
strate hydrolyzed/minute/mg protein are: 
acid phosphatase, 580; cathepsin B, 30; and 
cathepsin C, 700-1000. Mitochondrial and 
soluble cytoplasm fractions were obtained as 
previously described (Ragab et ah, 1967).

For studying the distribution of gluta
thione reductase, the procedure of Sawant 
et ah (1964) was modified as follows: The 
cellular debris and nuclei were removed from 
the homogenate. Fractions 2, 3,4, 5, 6, 7 and 
3 were obtained by subjecting the supernatant 
to successive centrifugations at 30,200, 43,- 
400, 59.000 121,000, 173,000, 270,000 and 
6,000,000 g  x  min. Fractions 4 (59,000 g  x 
min) and 5 (121,000 g  X min) were sus
pended in 0.25 M  sucrose and subjected to 
further fractionation A, B, C and D by suc
cessive centrifugations at 30,200, 43,400, 
77,100 and 202,000 g  X min, respectively.

The pellets obtained were suspended in 
0.25 M  sucrose and used for enzyme assay. 
To release lysosomal enzymes, the suspended 
particulate fractions were treated by freezing 
and thawing 10 times, or by suspending in 
deionized water, or by adding 0.1% Triton 
X-100 to the suspensions. Broken lysosomes 
were separated into soluble and membrane 
fractions by centrifugation at 6,000,000 g  X 
min.
Enzyme assays

Malate dehydrogenase (Ochoa, 1955), 
glutamate dehydrogenase (Hogeboom et ah, 
1953) and lactate dehydrogenase (Korn- 
berg, 1955) were determined by direct spec- 
trophotometric measurement of the disap
pearance of DPNFI. Alanine amino transfer
ase (glutamic pyruvic transaminase) was as-
ayed spectrophotometrically using the pyri

dine nucleotide linked lactate dehydrogenase 
system (Wroblewski et ah, 1956). Aspartate 
amino transferase (glutamic oxaloacetate 
transaminase) was determined by coupling 
(He oxaloacetate formed with the pyridine 
nucleotide linked malate dehydrogenase 
(Karmen, 1955).
■ All reactions were recorded for 4 min or 

more at 25°C and all followed zero order ki
netics. These enzyme measurements were ac

1 /»moles su b stra te  u tilized /100  m g  p ro te in /m in .

curate to about ± 10 % . The level of pyridine 
nucleotides used in coupling reactions was 
25% greater than that indicated in the refer
ences given. The amount of coupling en
zymes added to the reaction systems was 
three times in excess of that required to com
plete the reaction.

Glutathione reductase was measured by the 
method of Racker (1955). Succinoxidase 
was determined by measuring the oxygen up
take polarographically (Flamilton et ah, 
1963). Cytochrome c was added to the reac
tion system to ensure maximum reaction 
rates. Acid phosphatase and /3-glucuronidase 
were determined by the methods of Gianetto 
et ah (1955).
Incorporation of I!‘C labeled amino 
acids and acetate

I4C-labeled lysine was obtained from 
Schwartz Biochemical Research Co. and al
gal protein hydrolysate from New England 
Nuclear Co. Sodium acetate-1-“C was ob
tained from Nuclear Chicago.

For measurements of incorporation of 
labeled amino acids into subcellular frac
tions, a reaction system similar to that de
scribed by Roodyn et al. (1961) was used. 
After purification, the protein was dissolved 
in Hyamine and its radioactivity determined 
using a scintillation counter.

The method used to study the incorpora
tion of labeled acetate into fatty acids was 
similar to that used by Hulsman (1960). A 
large amount of ATP was substituted for 
oxidizable substrate. The reaction system 
used for incorporation of acetate-1-“C was 
of the following composition: 9.5 /iM KC1, 
3 mM EDTA, 50 /»M potassium phosphate 
buffer (pFI 7.5), 5 /»M MgCL, 50 /»M ATP, 
3 /rM acetate (1 t ic ) ,  0.18 /»M Coenzyme A, 
5-10 mg of particulate protein, 0.2 /»M TPN, 
10 /»M glucose-6-phosphate and glucose 6- 
phosphate dehydrogenase. Incubation was for 
1 hr at 25 °C.

The reaction was stopped by addition of 5 
ml of 5 A alcoholic KOFI; this mixture was 
saponified at 90°C for 15 min, then acidified 
with HC1 and extracted with pentane. After 
washing the organic phase, solvent was re
moved and the radioactivity in the residue 
was counted in a scintillation counter.

RESULTS

Distribution o f dehydrogenases and 
amino transferases

Dehydrogenases and amino transfer
ases have previously been shown to be

concentrated mainly in the mitochondrial 
or soluble fractions. Therefore a careful 
evaluation of the mitochondrial content of 
the lysosomal-mitochondrial fractions was 
essential. Glutamate dehydrogenase, an 
enzyme previously characterized as a 
mitochondrial enzyme and which exhibits 
latency similar to that of lysosomal en
zymes, was chosen as the best measure of 
mitochondria.

Table 1 shows the glutamate dehydro
genase activity of a number of fractions 
varying in mitochondrial content. These 
can be compared with the values obtained 
for two purified mitochondrial prepara
tions. The mitochondrial content of the 
lysosomal-mitochondrial fractions used 
here varied from 15 %  to almost 100%. 
The specific activities of alanine amino 
transferase, aspartate amino transferase, 
and malate dehydrogenase in these prep
arations were compared with their specific 
activities of glutamate dehydrogenase. It 
is apparent that the activities of these en
zymes are directly related to the mito
chondrial content of the preparations. Ex
amination of the kinetic properties of 
aspartate amino transferase of the lyso
somal-mitochondrial fractions showed 
that they were identical with those of the 
enzyme from mitochondria.

Isocitrate dehydrogenase, glycerol-3- 
phosphate dehydrogenase, serine dehydra
tase, glucose-6 -phosphate dehydrogenase, 
xanthine oxidase, aldehyde oxidase and 
fumarate hydratase were shown not to be 
present in lysosomes. Lactate dehydro
genase is a well characterized enzyme of 
the soluble cytoplasm. The low activity of 
this enzyme in the lysosomal-mitochon
drial and mitochondrial fractions can be 
used as a measure of the efficiency of 
washing away the cytoplasmic com
ponents.
Distribution of particulate 
glutathione reductase

In preliminary studies, the specific ac
tivity of glutathione reductase was found 
to be fairly constant for a series of prep
arations containing variable amounts of 
lysosomes and mitochondria. Figure 1 
shows the distribution of glutathione re
ductase in a number of particulate frac-
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Table 2—Distribution of glutathione re- Table 3—Distribution of /5-glucuronidase, glutamate dehydrogenase and glutathione 
ductase in subcellular fractions of rat liver, reductase between the soluble and membrane fractions of lysosomes and mitochondria.

F ra c tio n
Specific
a c tiv ity 1

T o ta l
enzym e
activ ity Particle E  lzym es

T o ta l A ctiv ity  (% )

M em b ran e S olub le

(% ) L ysosom e /3-G lucuro  lidase 28 81
H o m o g en a te 52 100 G lu ta th io n e  red u c tase 65 28
M ito c h o n d ria 20 14.3 M ito c h o n d ria G lu tam a te  d ehydrogenase 19 80
L ysosom es 22 0 .7 G lu ta th io n e  red u c tase 50 39
M icro so m es 9 6 .0
S o lu b le  cy top lasm 69 7 9 .0

1 m il m oles T P N H  ox id ized /m in /m g  p ro te in .

tions isolated from rat liver. Measure
ments of enzyme activities characteristic 
of the subcellular particles were used to 
calculate the contribution of each type of 
particle to the total activity of the frac
tions. The enzymes analyzed for this pur
pose were lysosomal acid phosphatase, 
mitochondrial succinoxidase and gluta
mate dehydrogenase, and microsomal 
gIucose-6 -phosphatase.

Particulate fractions 4 and 5, which 
have the highest glutathione reductase 
specific activity, were found also to have 
the highest lysosomal acid phosphatase 
specific activity and to contain the least 
mitochondria, as indicated by specific ac
tivities of succinoxidase and glutamate de
hydrogenase. Further fractionation of 
fractions 4 and 5 showed that high gluta
thione reductase specific activity corre
sponded to high acid phosphatase specific 
activity and decreased mitochondrial en
zyme specific activities. These results indi
cate that particulate glutathione reductase 
is derived from both mitochondria and 
lysosomes.

Table 4—Incorporation of acetete-l-14C 
Into lysosomal and mitocho ndrial fractions.1
R ea c tio n  system L y so so m es2 M ito c h o n d r ia 2

C o m p le te  system 3 .0 2 .3
A T P 0 .3 0 .1 8
C oA 0 .9 O.S
T P N H 1 .0 0 .7
C o m p le te  system  

m em b ra n e  only 0 .2 0 .2

1 M ea n  values o f  4 experim en ts  a re  given.
2 m g  m o les /m g  p ro te in /1 0 0  sec.

Table 2 shows that the specific activi
ties of glutathione reductase in the lyso- 
some-rich fraction is equal to that in the 
mitochondrial fraction. Separation of the 
mitochondrial and lysosomal fractions 
into soluble and membranous fractions 
showed that more than 50% of the glu
tathione reductase activity was associated 
with the membrane fractions (Table 3).

The possibility that the enzyme associ
ated with the particulate fractions was 
adsorbed onto the surface of the particles 
was ruled out because little enzyme ac
tivity was detected when intact prepara
tions of lysosomes were measured for this

activity, the activity becoming detectable 
only after disruption of the particles. 
Physical trapping of the soluble cytoplasm 
seems unlikely since it was found that the 
specific activity of the glutathione reduc
tase remained essentially the same after 
five resedimentations from sucrose. The 
specificity of the lysosomal enzyme for 
TPNH and glutathione was demonstrated 
by using DPNH in place of TPNH or 
cystine in place of glutathione. In either 
case, no activity was observed.

Incorporation of 14C-labeled amino acids 
into lysosomal proteins

Incubation of lysosomal and mito
chondrial preparations with 14C-labeled 
amino acids derived from hydrolyzed 
algal protein or with 14C-labeled lysine in 
the presence of ATP and with medium A, 
as described by Roodyn et al. (1961 ), led 
to incorporation of some activity into the 
protein of mitochondria. No activity was 
detected in the lysosome-rich fraction 
when corrections were made for mito
chondrial content based on the glutamate 
and succinoxidase activities of the prep
aration.

Incorporation of 14C-Iabeled acetate into 
lysosomal fatty acids

Incubation of lysosomal and mito
chondrial preparations with sodium ace- 
tate-l-14C, ATP, Coenzyme A and TPNH 
resulted in the incorporation of 14C into 
long chain fatty acids. The incorporation 
of 14C into these fractions was dependent 
upon the presence of TPNH, Coenzyme A 
and ATP (Table 4).

Disrupting the particles by freezing and 
thawing led to loss of ability to incorpo
rate the 14C. Testing of the separated 
membrane fractions of lysosomes and 
mitochondria showed that they were in
active. The amount of 14C incorporated 
by the lysosomal fraction was slightly 
greater than that observed for the mito
chondrial fraction. This indicates that the 
incorporation of 14C into the lysosomal 
fraction is not due to the mitochondrial 
content of the preparation. The lysosome 
preparations used had average acid phos
phatase specific activities of 585 mgmoles 
phosphate/mg protein/min. Mitochon
drial content, as measured by glutamate 
dehydrogenase and succinoxidase activity, 
was found to be 15 % .
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Fig. 1 D is tr ibu tion  o f  g lu ta th io n e  r e d u c ta s e  in su b ce l lu la r  fractions of  ra t  I ver .  
F rac t ion s  are  d e s c r i b e d  in th e  tex t .  Lysosomal □, m ito c h o n d r ia l  m ,  a n d  m ic r o 
s o m a l  ( c r o s s  ha tc h in g ) ,  g lu ta h io n e  re d u c ta s e .
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DISCUSSION

TH E EXPERIM EN TAL results provide 
evidence that particulate aspartate amino 
transferase and alanine amino transferase 
are truly mitochondrial enzymes. There
fore, the activities of these enzymes in 
lysosomal-rich fractions are due entirely 
to mitochondrial content. Thus present 
knowledge indicates that the amino acids 
produced in the lysosomes by protein 
hydrolysis will not be metabolized further 
until they diffuse out and are acted upon 
by mitochondrial and cytosol enzymes.

If particulate glutathione reductase 
were only mitochondrial, its activity 
should parallel that of succinoxidase and 
glutamate dehydrogenase with con
comitant increase in activity with increase 
in mitochondrial enzymes. The results ob
tained here indicate that lysosomes also 
contain glutathione reductase. It is not 
known if the particulate enzyme is differ
ent from the form occurring in the solu
ble cytoplasm, as has been observed with 
other enzymes with a similar bimodal dis
tribution. Because of the small total 
amount in the lysosomes (Table 2) these 
questions were not pursued further.

The role of glutathione in breaking sulf- 
hydryl bonds (Narahara et al., 1959) and 
activating sulfhydryl enzymes, such as 
cathepsins B and C, indicates the possible 
importance of glutathione reductase in the 
hydrolysis of proteins by lysosomes. Pres
ent knowledge (Tappel, 1968) of the 
pathway for hydrolysis of proteins by 
lysosomal enzymes indicates the impor
tant role of cathepsins B and C and their 
required sulfhydryl activation. Sulfhydryl 
activation might come through many 
routes, including that of glutathione re
ductase in lysosomes and soluble cyto
plasm.

The incorporation of 14C-acetate into 
long chain fatty acids by lysosomes may 
represent either a net synthesis or an 
elongation of short chain fatty acids by 
successive additions of acetyl CoA. These 
processes may be involved in lysosomal 
membrane metabolism during formation 
of cytolysomes and in autophagy. In anal
ogous systems where the metabolism of 
the whole cell has been studied, the pas
sage of particles into the cell and auto
phagy seem to have common characteris
tics with respect to changes in the metabo
lism of components of the membrane,

particularly lipid substances.
Sbarra et al. (1960) observed incorpo

ration of radioactivity into lipids of phago
cytic cells. There was no net increase in 
lipid during phagocytosis. New or altered 
lipid was formed to replace that part of 
the membrane broken down during phago
cytosis. Similarly, the changes in perme
ability of the internalized membrane in 
pinocytic vacuoles of amoeba described 
by Chapman-Andresen et al. (1955) 
may represent another phase in the lipid 
metabolism of the membrane. Since lyso
somes appear to have a similar lipid com
position to mitochondria and microsomes 
(Tappel et al., 1965), acetate incorpora
tion may be due to common enzyme ac
tivities of these subcellular entities.
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Quantitation of Flavorful Food Components Using Isotope Dilution
S U M M A R Y — R a d i o a c t i v e l y - l a b e l e d  f l a v o r  c o m p o u n d s  a r e  a d d e d  t o  a  f o o d  system p r i o r  

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

i s  c o n v e r t e d  t o  i t s  c o r r e s p o n d i n g  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e .  S e p a r a t i o n  o f  t h e  l a b e l e d  

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

R e c o v e r e d  m a t e r i a l  i s  q u a n t i t a t e d  u s i n g  u l t r a v i o l e t  s p e c t r o s c o p y .  E m p l o y i n g  i s o t o p e  m o n i 

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

a b l e  t o  f l a v o r  c o m p o u n d s  o f  s u f f i c i e n t  v o l a t i l i t y  t o  b e  r e c o v e r e d  u n d e r  5  m m  H g a n d  6 5 ° C ,  

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

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

INTRODUCTION

CH EM ICA L characterization of food 
flavors has necessitated the development 
of microtechniques for isolation and puri
fication. Such analytical tools as gas 
chromatography and mass spectrometry 
have proven to be excellent devices for 
separating and identifying the isolated 
flavor mixtures (Teranishi et al., 1963; 
Mason et al., 1967; Gianturco et al., 
1966). Self et al. (1963) have shown, 
however, that the volatile aroma com
ponents of a number of foods exhibit 
similar qualitative composition. These 
workers stated that differences in flavor of 
certain foods may lie in the relative quan
titative pattern of the chemical compo-
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nents, rather than the qualitative presence 
of one or more unique components. Such 
an analogy might be drawn between the 
flavors of roasted peanuts and chocolate. 
Carbonyls and substituted pyrazines have 
been shown to be prominent in the quali
tative chemical makeup of the flavor of 
both products (Mason et al., 1966, 1967; 
Rizzi, 1967; Boyd et al., 1965), yet it is 
quite evident each has its own unique 
flavor and aroma properties.

The object of the present research was 
to develop a technique for quantitation of 
flavor components which could be applied 
to virtually any food system. Isotope dilu
tion seemed a likely tool, as variations in 
physical conditions of fractional distilla
tion, extraction and chromatography of 
flavor compounds, as well as the degrada
tion or interaction of components during 
isolation, could be accounted for in one 
step. Benzaidehyde, a flavorful carbonyl 
found in roasted peanuts (Mason et al., 
1967) was taken as the example. This 
compound would be difficult to quantitate 
under most circumstances due to its rela
tive instability.

EXPERIMENTAL

Reagents
All solvents were reagent grade. Those 

utilized for dilution of labeled aldehyde, car
bonyl analysis or extraction of hydrazones 
were rendered carbonyl-free by refluxing 
with 2,4-dinitrophenylhydrazine and trichlo
roacetic acid, followed by distillation.

2,4-dinitrophenylhydrazine reagent (2,4- 
DNP-HC1) was prepared by dissolving 5 x 
10 moles hydrazine per liter of 2N HOI.

Unlabeled benzaidehyde (UB) was vac
uum distilled, sealed under nitrogen and 
stored overnight in the dark at 0°C. Gas- 
liquid chromatography (GLC) indicated a 
purity exceeding 99%.

Labeled benzaidehyde (carbonyl *'C, spec, 
act. 21.4 ftc/mg) was obtained from Nuclear 
Chicago Radiochemical Division. The chemi
cal purity by GLC was 99%. Radiochemical

purity of the aldehyde semicarbazone was 
100%. Upon removal from the shipping vial 
the isotope was mixed with freshly-distilled 
UB and the mixture was redistilled once 
again.

200 |iJ quantities were sealed under dry 
nitrogen in single service vials. The vials 
were wrapped in aluminum foil and stored in 
the dark at 0°C until use. Specific activity of 
the stored labeled aldehyde (IB) ranged from 
1-2 x 10* dpm/mg, the final activity being 
determined by the quantity of UB in which 
the isotope was mixed prior to distillation.
Apparatus

Magnesia thin-layer chromatographic 
plates were prepared according to the proce
dure of Schwartz (private communication, 
1967). Baker magnesium oxide (“suitable 
for chromatographic use”), analytical grade 
Celite and water (7:3:50, w/w/v) were 
slurried, spread onto 20 X 20 cm plates in 
500 /u, layers and allowed to stand for two 
days at room temperature prior to use. Silica 
gel PF plates were prepared in 375 n layers 
immediately prior to use and dried at 100°C 
for 1 hr. Samples were applied to preparative 
thin-layer chromatograms with a TLC 
Sample Streaker from Applied Science Lab
oratories.

Radioactive monitoring was accomplished 
with a Packard Model 3002 Tri-Carb Liquid 
Scintillation Spectrometer equipped with au
tomatic external standardization. The scintil
lation medium was prepared by dissolving
4.0 g 2,5-diphenyloxazole (PPO) and 0.05 g
1,4 - bis - 2 - (5 - phenyloxazoly'.) - benzene 
(POPOP) in 500 ml toluene. Ten ml of 
this solution was mixed with an additional 10 
ml of toluene containing the hydrazone to be 
monitored. The isolated derivative was usu
ally counted for 100-min intervals, which 
allowed compilation of sufficient counts to 
have a statistical counting error of less than
1.5%. When monitoring free aldehyde prior 
to distillation, sufficient toluene was added to 
the solution to be counted to make a 10 ml 
volume. Phosphor was then added, and the 
sample was counted.

A Cary Model 15 ultraviolet-visible spec
trophotometer was used for measurement of 
absorption spectra.

USDA-approved plastic food color guides 
for peanut butter were obtained from Magnu- 
son Engineers, Inc., San Jose, California.
Procedure

A flow diagram of the procedure is given 
in Figure 1. Commercial peanut butter or 
freshly-roasted extra large Virginia-type pea
nuts ground to the consistency of peanut 
butter were used in the experiments. The 
color grade of each blend was determined 
prior to distillation by visual comparison to
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the color guides. The peanut product was 
slurried with distilled water in a blendor, 500 
g product plus 2 1 water per charge. Quanti
ties of peanut butter used ranged from 6 kg 
in early experiments to as little as 1.5 kg in 
the last experiments. The peanut slurry was 
added to a 20 1 reservoir carboy. A slight 
positive flow of nitrogen was maintained in 
the carboy during the subsequent holding 
period.

A weighed quantity (100 mg ±  0.5) of 
labeled benzaldehyde was made to 100 ml 
volume with ethanol. Three to five ml of the 
thoroughly-mixed solution were added to the 
reservoir carboy. An identical volume was 
pipetted into each of three screw-cap vials for 
radioactive monitoring. One ml of the alde
hyde solution was diluted to 50 ml with 
benzene, and the carbonyl content was deter
mined on three aliquots employing the proce
dure of Henick et al. (1954).

Concentrations of isotope were determined 
from a standard curve prepared simultane
ously, using freshly-distilled UB. Specific ac
tivity of the isotope was determined from the 
scintillation and carbonyl data. An increase 
in specific activity of isotope in excess of 5% 
of previous samples from the same lot was 
taken as evidence of oxidation, and the re
sults were invalidated.

IN OUT

Fig. 2— Low pressure cyclonic evapora
tor. (1) Heat exchanger; (2) Thermome
ter; (3) Cyclonic evaporation chamber; 
(4) Griffin condenser; (5) Wet ice trap.

exchanger. The distillate trapping system 
included two wet ice traps for the aqueous 
distillate, followed by several traps contain
ing dry ice-ethanol or liquid nitrogen. The 
latter traps were placed in the train as a 
means of protecting the pump from aqueous 
vapors as only the distillate from the first 
wet ice trap was employed in further experi
mentation.

The distilling chamber was designed to 
hold approximately 3 1 of slurry per charge. 
Temperature of the slurry rapidly rose to 
60-65 °C, at which point the charge was 
allowed to cycle until reduced to about half 
its original volume. The residual liquid from 
each spent charge was drained into a waste 
flask attached to the system. 3 to 4 1 of 
distillate could be obtained from an original 
10 1 of slurry.

The aqueous distillate obtained was com
bined with an equivalent quantity of the 
2,4-DNP-HCl reagent. This mixture was 
stirred for 72 hr, at which time 2,4-pentane- 
dione was added to react with excess hydra
zine reagent. The solution was then filtered. 
The lemon-colored filtrate was extracted sev
eral times with 0.1 volumes of chloroform. 
The precipitate was extracted from the filter 
paper in a Soxhlet extractor using chloro
form. The combined extracts were then 
evaporated to dryness.

The hydrazone mixture was thereafter sub
mitted to preparative thin-layer chromatog
raphy. Initial separations were made on 
magnesium oxide plates developed in hexane- 
CHCls (85:35). The benzaldehyde area was 
removed from the plate into water, released 
from the adsorbent with 1 N  HC1 and ex
tracted into chloroform. Chromatography on 
silica gel plates with a system of CCluCHCL 
(17:3) followed. The upper end of each 
plate was left exposed to the atmosphere in 
the manner of Libbey et al. (1964) such that 
there was continuous long term movement cf 
solvent across the plate. 6 to 7 hr develop
ment offered a sufficient separation to recover 
the benzaldehyde band easily from the plate.

The adsorbent was subsequently mixed 
with CHCL-MeOH (5:1) and filtered through 
sintered glass. Solvent was removed under 
vacuum, then the derivative was made to vol
ume with CHCL. The absorption spectrum 
from 350-400 m u .  was obtained to assure 
purity, then the absorbance at the visible 
maximum (375 m#i) was obtained. Similarly, 
a sample of the solution was evaporated to 
dryness in a counting vial. The residue was 
dissolved in 10 ml of toluene, phosphor solu
tion was added and the solution was moni
tored for radioactivity.

Concentration of aldehyde recovered was 
calculated from the formula (Day et al., 
1960):

Following addition of the isotope to the 
carboy, the contents were stirred for 15 min 
to insure complete dispersion of IB.

The slurry was fractionally distilled in a 
cyclonic evaporation apparatus adapted from 
Lindsay et al. (1965) and Bartholomew 
(1949). A sketch of the apparatus is shown 
in Figure 2.

This apparatus was maintained at 1-7 mm 
Hg pressure during the distillations, with 5 
psi steam pressure at the inlet of the heat

Mg aldehyde = A X MW X 103 
e  x Dilution Factor

where

A =  absorbance
MW =  molecular weight (1.06 X 102 for 

benzaldehyde) 
e =  molar absorptivity index

Native benzaldehyde in the product was cal
culated from the formula (Aronoff, 1956):

„  M* (S* -  Ss) 
M‘ = -------- s i -------

where

M* =  mg isotope added to system prior to 
distillation

S* =  specific activity of isotope
Ss =  specific activity of isolated aldehyde

Control distillations with distilled water 
were conducted by adding known quantities 
of both IB and UB to 10 L distilled H20, and 
proceeding through the entire isolation pro
cedure. Control experiments with the roasted 
peanut system were divided into two parts. 
In the first part only IB was added to the 
system prior to distillation. In the second part 
known quantities of IB and UB were added 
prior to distillation. Isolation and quantita
tion of the aldehyde in both systems were 
then performed. From results of native alde
hyde present in the system (part one), it was 
possible to determine by difference the re
covery of added aldehyde (part two).

R E S U L T S  & D I S C U S S I O N

ISOLATION of flavor compounds from 
natural systems by such techniques as low 
temperature vacuum distillation (Lindsay 
et al., 1965), steam distillation (Tharp 
et al., 1960), solvent extraction (Patton, 
1961; Arnold et al., 1966) and headspace 
analysis (Bassett et al., 1962) involves 
disadvantages for quantitation such as 
poor yields, alterations in natural ratios of 
flavor components, artifact production 
and possible reaction of components dur
ing isolation. The facility of isotope dilu
tion lies in the fact that once a known 
quantity of pure isotope is added to a 
system, native and labeled compound can 
be expected to behave similarly.

In the present system, it is assumed 
that the fineness of particle size overcomes 
the factor of native aldehyde being 
trapped in micelles. The flavor molecules 
are of such size that any isotope effects in 
reactions during isolation would be mini
mal. As indicated by Aronoff (1956): “It 
will be noted that quantitative isolation of 
M (labeled additive) is not necessary, but 
that purified M is mandatory. Indeed, M 
need not be isolated in weighable quantity 
if an indirect method of obtaining the 
mass, e.g., spectrophotometry, may be 
used.” Precautions were thus taken to 
keep benzaldehyde as free as possible 
from the effects of oxygen and light. 
Rapid weighing, mixing under nitrogen 
and immediate pipetting were practiced. 
Variation in the specific activity within 
lots of benzaldehyde was found to exceed 
5 % in only one instance.

The benzaldehyde band on silica gel 
plates was quite discrete and this material 
indicated Amax — 375 m/x. Jones et al. 
(1956) reported: Amax =  378 m/x, e  =  
2.83 X 104. Authentic benzaldehyde 2,4-
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Table 1—Results of recovery studies for benzaldehyde in roasted peanuts.

R e c o v e re d
A d d e d  a ld e h y d e  a ld e h y d e

E x p e r i m e n t1 S a m p le
U S D A  c o lo r  

g ra d e  n o .
IB

(m g )
U B

(m g )
S p ec . a c t .  
(d p m /m g )

W t
(m g ) S p ec . a c t .

N a t iv e  U B  
( m g /k g )2

R e c o v e re d  
U B  (m g )

%  R e c o v e re d  
U B

A - l F r e s h lv  r o a s te d 4 1 .1 3 — 1 1 ,2 5 6 0 .2 2 565 3 .0 8 — —

A -2 F re s h lv  ro a s te d 3 6 .6 5 — 1 1 ,5 0 7 0 .4 4 5 ,8 0 6 1 .2 6 — —
A -3 C o m m e rc ia l  p e a n u t  b u t te r 3 -4 5 .5 3 — 1 1 ,9 1 7 0 .2 0 1 1 ,1 0 4 0 .0 9 — —
A -4 C o m m e rc ia l  p e a n u t  b u t te r 3 -4 5 .5 0 — 1 1 ,1 3 0 0 .1 1 4 ,0 6 6 2 .0 9 — —
C -l D is t i l le d  w a te r — 3 .1 7 3 .1 8 1 5 ,2 5 4 0 .0 7 7 ,3 6 2 — 3 .3 9 1 0 6 .7 %
C - 2 1 C o m m e rc ia l  p e a n u t  b u t te r 2 4 .9 4 — 1 6 ,7 2 8 0 .9 5 1 1 ,4 9 9 1 .5 3 — —
C -2 2 C o m m e rc ia l  p e a n u t  b u t te r 2 5 .6 5 5 .3 9 1 5 ,3 1 1 2 .1 9 6 ,3 8 0 1 .5 3 3 5 .5 8 1 0 3 .5 %

1 A  =  a n a ly t ic a l ;  C  - c o n tro l .
2 A ls o , e x p re ss e d  a s  p a r t s  p e r  m ill io n .
3 V a lu e  t a k e n  f r o m  C -2 1.

DNP hydrazone prepared in this labora
tory and recrystallizec to constant melting 
point (238-39°C) was found to have: 
Amax =  376 mfi, e =  2.99 X 104. Calcula
tions were made on the basis of the latter 
data.

Table 1 lists the results obtained from 
several experiments. The distilled water 
control experiment yielded 106.7% re
covery of UB. The critical necessity of 
adding IB and UB to the system immedi
ately following one another was reflected 
in a single experiment. In this experiment 
UB was added approximately 20 min 
prior to the isotope. Recovery of the un- 
labeled compound was less than 25%, 
indicating that although the system was 
under nitrogen pressure, dissolved oxygen 
and/or trace metals were acting to rapidly 
oxidize the dilute solution of aldehyde. 
It is not known whether the situation 
would be as critical in the peanut slurry.

Data on recovery of added UB in the 
control peanut system (C-22) was de
pendent on the accuracy of quantitation 
of native aldehyde in the product (C-21). 
Any error in quantitation of native alde
hyde would subsequently be reflected in 
the calculation of recovery of unlabeled 
compound, in addition to any normal ex
perimental error in the C-22 distillation.

In view of this, the recovery of 103.5% 
is considered quite acceptable. Recoveries 
of greater than 100% on both distilled 
water and peanut control systems, how
ever, lead to speculation that in spite of all 
precautions some aldehyde oxidation is 
occurring prior to monitor of free car
bonyl. This can be seen in the fact that 
although the number of radioactive dis
integrations would not decrease, less than 
a theoretical amount of free aldehyde 
would be found in the carbonyl analysis. 
In calculating specific activity, therefore, 
the result would be high.

The concentration of native benzalde
hyde may be related to the extent of roast. 
The USDA color grade of the product 
would approximate heat treatment given 
the peanuts; however, the time of storage 
after processing of the commercial peanut

butter was unknown, so cannot be taken 
into account in this work. The effect of 
roasting conditions on concentration of 
several aldehydes of flavor significance 
will be the subject of a further paper.

Quenching of scintillation by highly- 
colored molecules is rather commonplace 
in isotope monitoring (Walter et al., 1966; 
Peng, 1960; DeBersaques, 1963; Ross 
et al., 1963). It was anticipated that such 
difficulty might be encountered with the 
hydrazone derivatives in this research. It 
was found, however, that counting effici
encies of 65 % or above could be obtained 
by varying the concentration of isolated 
aldehyde monitored for radiation (see 
Fig. 3).

Fig. 3— Color quenching effect of ben
zaldehyde 2,4-DNP hydrazone In liquid 
scintillation isotope monitoring. Specific 
activity 3 x 10s dpm/mg.

With the complexities of food systems, 
one faces much difficulty in quantitation 
of flavor components. The method de
scribed herein seems readily adaptable to 
such situations. As described for car

bonyls, the method could be used for 
quantitation of several components simul
taneously. The resolution of mixtures 
using the thin-layer chromatographic 
method is so indicated. The method 
should also be adaptable to other com
ponents of food systems, providing 
methods for purification and quantitation 
are available.

The multitude of chemical components 
isolated from food systems particularly 
heat-processed food systems, makes the 
task of quantitative flavor analysis an un
enviable one; yet it is possible in many in
stances to select compounds on the basis 
of their aroma properties. By careful se
lection it may be possible to apply quanti
tative procedures in such a manner as to 
elucidate the innermost mysteries of flavor 
chemistry.
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A Research Note

Changes of Some Protein Fractions of Beef Muscle Postmortem
LITTLE IS KNOWN about postmortem 
proteolytic reactions in muscle. It has 
been reported (Fujimaki et al., 1965; 
Soloviev et al., 1964), that myosin de
creases during postmortem aging, but the 
degradation products remain unidentified. 
We have confirmed the disappearance of 
myosin and the appearance of degrada
tion products after 4 days, one of which 
was still present after 7 days. By means 
of a tissue press (Harvard Apparatus Co., 
Dover, Mass.) followed by gel filtration 
(Pharmacia, Uppsala, Sweden), myosin 
was isolated in the same manner as was 
major degradation product (Fig. 1 ).

• 'P r e s e n t  a d d re s s :  S ta a t l .  C h e m . U n te r s u c h 
u n g s -A n s ta l t ,  89 A u g s b u rg ,  A n n a s t r .  16, G e r 
m a n y .

b D e c e a s e d  A u g u s t  2 5 , 1965 .

Fig. 1— Gel filtration of total extract of beef 
muscle at different times postmortem.

A =  fresh muscle 
B =  muscle 5 days old 
C =  muscle 7 days old 
Extraction buffer: 0.5 M KCI, 0.001 M Tris 

and 0.1 M pyrophosphate 
Elution buffer: 0.5 M KCI with 0.0001 M 

Tris
Rate of elution: 12-15 m l/hr 
Gel: Sephadex G 200 
Column: 1000 x 25 mm
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Both proteins (M and a) were char
acterized by their peptide maps (finger
print) after tryptic digestion (Crestfield 
et al., 1962; Jones, 1964; Szent-Gyorgyi, 
1952), by ATP-ase activity (Kielly et al.,
1956), by SH-groups content (Benesch 
et al., 1950), by sedimentation constant 
and binding capacity with actin (Ku- 
schinski et al., 1951). The myosin ex
hibited no change in viscosity following 
addition of ATP (Kuschinski et al., 1951; 
Mommaerts, 1952) and was apparently 
free of actin. The degradation product 
exhibited a reduction of ATP-ase activity 
and SH-groups content, to values ap
proximately half those of the myosin after 
aging 6 days. The sedimentation constant 
decreased from 6.2 to 4.1.

The comparison of peptide maps (Cel
lulose powder MN 200 HR. Macherey 
und Nagel, Diiren, Germany on 350 X 
320 mm plates) of myosin and of the 
degradation product showed a lack of 18

peptide spots of the original 75 myosin 
peptides and the appearance of 8 new 
peptides in the degradation product. The 
other peptides appear identical according 
to their location. Remarkable is a yellow 
colored basic proline peptide (stained 
with ninhydrine) on both peptide maps. 
Although it is probable that myosin can 
be regarded as the origin of the degrada
tion product because the only ATP-ase 
activity of the gel filtration fractions was 
found in fraction a, the final proof can be 
given only after investigation of the other 
proteins of muscle and connective tissue. 
A microbial cause can be excluded.

R E F E R E N C E S
B e n e s c h , R .E . a n d  B e n e s c h ,  E .  19 5 0 . A m p e ro -  

m e tr ic  d e te rm in a t io n  o f  s o lu b le  m e rc a p to  
g ro u p s  ( g lu t a th io n e )  in  b lo o d  a n d  tis su e s . 
A rch ives  o f  B iochem . an d  B iophys. 28, 43 . 

C re s tf ie ld ,  A ., S te in ,  S t.  a n d  M o o re ,  W . 1962 . 
P r e p a r a t io n  a n d  e n z y m a tic  h y d ro ly s is  o f  
r e d u c e d  a n d  S -c a rb o x y m e th y la te d  p ro te in s .

J. B io l. C h em . 219, 6 2 2 .
F u j im a k i ,  M .,  O k i ta n i ,  A . a n d  A r a k a w a ,  N .  1965 . 

T h e  c h a n g e s  o f  “ M y o s in  B ”  d u r in g  s to ra g e  
o f  r a b b i t  m u s c le ,  P a r t  I .  P h y s ic o -c h e m ic a l  
s tu d ie s  o n  “ M y o s in  B .”  J. A g ric . Bio!. 
C hem . 29, 5 81 .

J o n e s ,  R . 1964 . S t r u c t u r a l  s tu d ie s  o f  a m in o -  
e th y la te d  h e m o g lo b in s  b y  a u to m a t ic  p e p t id e  
c h ro m a to g ra p h y .  C o ld  S p r in g  H a r b o u r  S y m 
p o s iu m  2 9 , 2 9 7 .

K ie lle y , W . a n d  B ra d le y ,  L . 19 5 6 . T h e  r e la t io n 
s h ip  b e tw e e n  s u l fh y d ry l  g ro u p s  a n d  th e  
a c t iv a t io n  o f  m y o s in  a d e n o s in t r ip h o s p h a ta s e .  
/ . B iol. C hem . 218, 6 5 4 .

K u s c h in s k i ,  G . a n d  T u r b a ,  F .  19 5 1 . U e b e r  d ie  
R o lle  d e r  S H - G r u p p e n  b e i  V o rg ä n g e n  a m  
A k to m y o s in ,  a m  M y o s in  u n d  a m  A k t in .  
B iochim . e t B ioph ys. A c ta  6 , 4 2 6 . 

M o m m a e r ts ,  W .H .  19 5 2 . T h e  m o le c u la r  t r a n s 
fo r m a t io n  o f  a c t in .  I .  G lo b u la r  a c t in .  J. 
B iol. C hem . 198, 4 4 5 .

S o lo v ie v , W ., S c h e g o le v a ,  O . a n d  A g a p o v a ,  Z . 
19 6 4 . O n  th e  in i t ia l  s ta g e  o f  p ro te o ly s is  in  
m y o s in  f r a c t io n  in  c o u r s e  o f  m e a t  r ip e n in g .  
B iokh im ia  21, 3 93 .

S z e n t-G y ö rg y i ,  A . 1952 . M e r o m y o s in s ,  th e  s u b 
u n i ts  o f  m y o s in . A rch ive s  o f  B ioch em . an d  
B iophys. 42, 43 p . 3 05 .

M s . re c e iv e d  5 / 2 3 / 6 8 ;  re v is e d  4 / 2 1 / 6 9 ;  a c c e p te d  
9 / 2 / 6 9 .

T h e  a u th o r  th a n k s  P r o f .  W a l te r  J e n n in g s  f o r
h is  s ty lis t ic  a d v ic e .


	JOURNAL OF FOOD SCIENCE 1969 VOL.34 NO.5
	CONTENTS
	Studies on Bovine Natural Actomyosin. 1. Relationship of ATPase and Contractility to Tenderness of Muscle
	Sapid Components in Carrot
	Freezer Burn of Animal Tissue. 7. Temperature Influence on Development of Freezer Burn in Liver and Muscle Tissue
	Some Sensory Effects of Hydrocolloid Sols on Sweetness
	Hydrolytic Enzymes in Bovine Skeletal Muscle.3. Activity of Some Catheptic Enzymes
	Formation of a Green Pigment from Tuna Myoglobins
	Serendipity Berries-Source of a New Intense Sweetener
	Stimulation of Gas Production and Growth of Clostridium perfringens Type A (No. 3624) by Legumes
	Anthocyanin Pigments in Trousseau Grapes
	Vapor Analysis of Fermented Spanish-type Green Olives by Gas Chromatography
	The Cause of Discoloration of Hard Cooked Egg Rolls
	Microbiology of Fresh Apple and Potato Plugs Preserved by Gas Exchange
	Utilization of Amide Nitrogen by the Young Rat
	Sensory Differentiation of Beef Tenderness and Juiciness Components Over Short Intervals of Cooking Time
	Origin and Nature of Aroma in Fat of Cooked Poultry
	Hydrogen Sulfide, a Direct and Potentially Indirect Contributor to Cooked Chicken Aroma
	Transaminases of Skeletal Muscle. 1. The Activity of Transaminases in Post-Mortem Bovine and Porcine Muscles
	Transaminases of Skeletal Muscle. 2. Transaminase Activities in White and Red Muscles of Pigs and Cows
	Transaminases of Skeletal Muscle. 3. Influence of Freezing and Thawing on the Subcellular Distribution of Glutamic-Oxaloacetic Transaminase in Bovine and Porcine Muscle
	A Texture Profile of Foodstuffs Based upon Well-defined Rheological Properties
	Studies on Enzymic Activity of Rat Liver Subcellular Fractions
	Quantitation of Flavorful Food Components Using Isotope Dilution
	A Research Note Changes of Some Protein Fractions of Beef Muscle Postmortem

