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

GRAM NEGATIVE BACTERIA ASSOCIATED WITH SLOUGH
ING, A SOFTENING OF CALIFORNIA RIPE OLIVES. R. H.
VAUGHN, A. D. KING JR., C. W. NAGEL, H. NG, R. E. LEVIN,
J. D. MCMILLAN & G. K. YORK II. J. Food Sci. 34, 224-227 (1969) 
—A softening of olives, called “sloughing,” has occurred during the 
processing of California “ripe” olives for many years. Control of the 
spoilage was accomplished largely by reducing the washing period for 
the olives to a maximum of three days. The gram negative bacteria as
sociated with the spoilage include species allocated to five different 
genera: Aerobacter, Escherichia, Paracolobactrum, Aeromonas, and 
Achromobacter. The characteristics of these bacteria, their ability to 
cause softening of olives, and the kinds of pectolytic enzymes they pro
duce are described.

RAPID DETERMINATION OF PROLINE IN GRAPES AND 
WINES. C. S. O u g h . J. Food Sci 34, 2 2 8 - 2 3 0  ( 1 9 6 9 ) — A  direct dilution 
technique instead of the usual benzene extraction increases the speed 
and accuracy of the proline determination. No significant interference of 
other amino acids in amounts found in grapes and wine would normally 
be expected. The method is applicable to most biological material as long 
as lysine, hydroxyproline, tryptophan and glutamine are not present in 
amounts greatly exceeding that of proline. The relative standard devia
tion between pairs of samples of grape juice averaged about 3% and 
for wine about 4%.

OCCURRENCE AND PROPERTIES OF ENZYMES ASSOCIATED 
WITH MEVALONIC ACID SYNTHESIS IN THE ORANGE. V. H. 
POTTY. J. Food Sci. 34, 231-234 (1969)—Techniques were developed 
to obtain active enzyme preparations from orange fruit. Acetyl-CoA 
synthetase and aceto-acetyl-CoA thiolase, two enzymes in mevalonic 
acid pathway, were detected in juice vesicles, albedo and peel prepara
tions. Hydroxymethylglutaryl-CoA synthase and corresponding reduc
tase were not found. In absence of hydroxymethylglutaryl-CoA syn
thase, acetoacetyl-CoA was found to be metabolized via 3-hydroxy- 
butyryl-CoA dehydrogenase by orange fruit.

ENZYMIC ACTIVITY DURING GROWTH OF VANILLA FRUIT.
I. Proteinase, Glucosidase/3, Peroxidase and Polyphenoloxidase. Carlos 
Wild-Altamirano. J. Food Sci. 34, 235-238 (1969)—Proteinase ac
tivity decreases with pod age. The activities of glucosidase, peroxidase 
and polyphenoloxidase increase with stage of growth reaching a maxi
mum near or at ripening. Possibly these enzymes play some role in re
actions taking place in curing vanilla, either directly or indirectly sup
plying the initial products to be transformed in those responsible for 
color and odor. Partially purified polyphenoloxidase shows a ratio 
catecholase: cresolase activity of 8.9.

EFFECT OF PROCESSING ON RECOVERY OF POLIO VIRUS 
FROM INOCULATED FOODS. N. D. Heidelbaugh & D. J. G iron.
J. Food Sci. 34, 239-241 (1969)—Foods were inoculated with polio 
virus and then subjected to either freeze dehydration, exposure to 
gamma irradiation, storage at 4°C, or storage at 20°C. Recoverability 
of the virus was determined following the processing. In general, virus 
recoverability was reduced by each treatment, but complete loss oc
curred only in highly acid foods held at 20°C for 96 or 168 hr.

HEAT GELLING PROPERTIES OF MYOSIN, ACTOMYOSIN AND 
MYOSIN-SUBUNITS IN A SALINE MODEL SYSTEM. K. Samejima, 
Y. Hashimoto, T. Yasui & T. Fukazawa. J. Food Sci. 34. 242-245 
(1969)—The heat gelling properties of these protein solutions do not run 
parallel with those of saline model systems composed of these proteins 
and stroma. Actin does not exert any influence on the binding proper
ties of the system, but when F-actin and myosin A were both present, 
the resulting binding properties were considerably improved. Since 
heavy and light meromyosins have little influence on the binding prop
erties, it may be concluded that an intact molecule of myosin is re
quired for development of binding properties upon heating.

COMPOSITION OF MONTMORENCY CHERRY ESSENCE. I. Low- 
Boiling Components. E. E. STINSON, C. J. DOOLEY, V. J. FILIPIC 
& C. H. HILLS. J. Food Sci. 34, 246-248 (1969)—The low-boiling neu
tral components of a commercial Montmorency cherry essence were iso
lated and identified by gas chromatography, mass spectrometry and 
chemical methods. Ethanol and methanol comprised 9 and 0.5% of 
the essence, respectively. Other low-boiling components included acetal
dehyde, diethyl ether, propionaldéhyde, acetone, isobutyraldéhyde, 
methyl acetate and ethyl acetate. The concentration of each component 
in the essence was determined.

ASCOSPORE PRODUCTION BY Byssochlamys fulva. D. F.
SPLITTSTOBSSER, M. C. CALDWELL & M. MARTIN. J. Food Sci. 
34, 248-250 09 6 9 )—The effect of different variables on ascospore pro
duction was studied quantitatively. Maximal populations were obtained 
in 5% malt extract broth, pH 2-3, after an incubation of 7-14 days at 
30 °C. Tests on nine different fruit and vegetable juices showed that 
eight afforded good sporulation. Prune, grape and pineapple yielded the 
greatest numbers. Plating methods were found to underestimate the true 
ascospore populations because of spore dormancy and because a majori
ty of the asci each containing eight ascospores, remained intact.

INFLUENCE OF FREE FATTY ACIDS ON SWEET CREAM BUT
TER FLAVOR. M. R. MCDANIEL, L. A. SATHER & R. C. LIND
SAY. J. Food Sci. 34, 251-254 (1969)—A threshold pattern for the 
even-numbered free fatty acids (FFA) in butter depended on chain- 
length. Butyric acid had the lowest total average flavor threshold (AFT) 
of the more volatile FFA, and the total AFT values increased as chain- 
length increased through hexanoic and octanoic acids. A soapy after
taste predominated at and above the AFT for decanoic and dodecanoic 
acids. Threshold values decreased from octanoic acid through dodec
anoic acid as the chain-length increased. The determination of AFT 
values for FFA in butter allowed an estimation of the importance of 
fatty acids in butter flavor. Mixture threshold results support the con
cept that flavor components interact at subthreshold concentrations. 
Decreased preference was shown for butter containing suprathreshold 
levels of total FFA.

CHARACTERIZATION OF ISRAEL LEMON OIL AND DETEC
TION OF ITS ADULTERATION. Abraham Lifshitz, Y. Stepak &
H. B. Basker. J. Food Sci. 34, 254-257 (1969)—Samples of genuine 
Israel lemon oil were examined by the usual standard methods and by 
gas-liquid chromatography. Variations are discussed and evaluated sta
tistically. Chi-square equations were computed for the evaluation of 
samples of coubtful origin. Sophisticated adulterations of the order of 
10% were clearly detectable.

MEAT PIGMENT CHANGES IN INTACT BEEF SAMPLES. G. L.
ZIMMERMAN & H. E. SNYDER. J. Food Sci. 34, 258-261 (1969)— 
Reflectance spectrophotometry was used to study pigment changes- 
in beef samples that (1) had been oxygenated and wrapped with 
an oxygen-impermeable film, (2) had been treated with ferricyanide and 
(3) had either treatment (1) or (2) plus malonic acid. Treatment (1) 
showed a metmyoglobin (MetMb) accumulation of 30% in 30 min, fol
lowed by reduction of MetMb. Malonic acid inhibited oxygen utilization 
and MetMb-reducing activity (MRA). Treatment (2) showed MRA that 
was inhibited by the presence of oxygen or malonic acid. Malonic acid 
inhibited oxygen utilization rather than directly inhibiting MRA.

IV



HEAT OF RESPIRATION OF FRESH PRODUCE AS AFFECTED  
BY CONTROLLED ATMOSPHERE. R. Toledo, M. P. Steinberg 
& A. I. N elson. J. Food Sci. 34, 261-264 ( 1969)—A calorimeter was de
vised to measure the amount of heat evolved by respiring products dur
ing continuous flushing in air and controlled atmosphere. The heats of 
respiration in air determined with this calorimeter were in good agree
ment with values reported in the literature for these products. Values 
obtained for the heat of respiration of peas, lima beans, cut sweet corn, 
and apples in controlled atmosphere were from 28 to 32% of their 
heat of respiration in air.

TASTE THRESHOLDS OF BUTTER VOLATILES IN  DEODOR
IZED BUTTEROIL MEDIUM. T. J. Siek, I. A. Albin, L. A. Sather 
& R. C. Lindsay. J. Food Sci. 34, 265-267 (1969)—Thresholds of mix
tures of each of the five classes of saturated aliphatic volatiles of butter 
(free fatty acids, normal aldehydes, methyl ketones, gamma-lactones, 
and delta-lactones) were studied. A homologous series mixture of free 
fatty acids (C2 to Ci2) showed a high degree of synergism with respect to 
taste thresholds. Synergism was also exhibited by a methyl ketone 
mixture (C3 through Cm). Of the compounds studied, diacetyl, methyl 
sulfide, n-hexanal, butyric and caproic acids and gamma-undecalactone 
had relatively low thresholds.

INCIDENCE AND GROWTH OF SOME HEALTH-RELATED BAC
TERIA IN  COMMERCIAL FRESHWATER CRAYFISH (GENUS 
PROCAMBARUS). R. T. Lovell & J. A. Barkate, J. Food Sci. 34, 
268-271 (1969)—Coliforms, E. coli, fecal streptococci, coagulase-posi- 
tive staphylococci, Salmonella, and C. botulinum type E were found in 
100, 92.6, 94.1, 3.0, 3.0, and 0%, respectively, of replicate samples of 
freshwater crayfish collected from 22 commercial crayfishing areas in 
Louisiana. All of these organisms except C. botulinum grew in raw and 
cooked crayfish flesh and in a commercial-type crayfish product at 25 but 
not at 5°C. C. butulinum type E produced toxin in all three substrates 
at 30 and 5°C. However, after 72 hr in the raw flesh and 96 hr in the 
cooked flesh the pH increased to 8.0 and the toxin was inactivated; in 
the commercial product the pH decreased to 5.7 and the toxin remained 
active.

SENSORY EVALUATION OF LAMB AND YEARLING MUTTON  
FLAVORS. O. M. BATCHER, A. W. BRANT, & M. S. KUNZE. J. 
Food Sci. 34, 272-274 (1969)—Differences in flavor attributable to age 
cf animal and to sex were detected when broth from samples of lamb 
and yearling mutton meat were served to panel members in triangle 
tests. No differences were detected in slices of roasted, broiled, or braised 
meat scored by the panel. Significant differences in flavor intensity of 
wether and ram meat served as patties in triangle tests were present 
only in the patties containing 20% added fat. Full natural flavor of 
cooked meat slices was not associated with either cover fat thickness of 
the cut or with fat content of the muscle.

FREE AMINO ACIDS A ND  OTHER NITROGENOUS SUB
STANCES OF TABLE GRAPE VARIETIES. W. M. R liewer. J. 
Food Sci. 34, 274-278 (1969)—Arginine, proline, glutamic acid and 
alanine were the most prominent amino acids in the juices of 28 table 
varieties of grape. Eight amino acids accounted for 74 to 96% of the 
total free amino acids. Total free amino acids at early and late fruit 
maturity ranged from 1.04 to 5.53 and 1.24 to 6.45 m M l 100 ml juice 
respectively. Amino acid fraction N ranged from 60 to 90% of total N. 
The eight amino acids accounted for 60 to 96% of the amino acid frac
tion Kjeldahl N and 37 to 85% of total Kjeldahl N, and arginine ac
counted for 15 to 50% of total N.

INFLUENCE OF TEMPERATURE ON SOME BIOCHEMICAL 
CHARACTERISTICS OF Pseudomonas ASSOCIATED WITH SPOIL
AGE OF CHICKEN. C. R. REY, A. A. KRAFT, R. G. SEALS & E. W. 
BIRD. J. Food Sci. 34, 279-283 (1969)—Growth, survival and produc
tion of the green fluorescent pigment, pyoverdine, and extracellular pro
teinase and lipase activities were used as indices of the ability of pseudo
monads to produce spoilage. The four isolates differed in their ability 
to perform the metabolic functions mentioned. Growth and enzyme 
activity were more extensive at 5° than at 15°C. Survival of the cul
tures was better at —18° than at — 29°C. Impairment of pyoverdine 
secretion was observed after exposure of the organisms to freezing tem
peratures, but the activity of the extracellular enzymes was not affected 
at temperatures below 0°C.

CLASSIFICATION OF SOME ESTERASES OF THE GREEN BEAN  
(PHASEOLUS VULGARIS L.). Teryl B. Putnam & M. W. Mont
gomery. J. Food Sci. 34, 283-286 (1969)—Aqueous extracts of green 
beans hydrolyzed the acetyl, propionyl and n-butyryl esters of glycerol, 
phenol, sodium 2-naphthol-6-sulfonate and choline, but not triolein or 
soluble long-chain esters of sodium 2-naphthol-6-sulfonate. Optimum 
esterase activity occurred at pH 7.2. By means of substrate and inhibitor 
specificities, three esterases were identified; one was classified as an 
arylesterase (EC 3.1.1.2) and two as carboxylesterases (EC 3.1.1.1).

CAROTENOID DEGRADATION IN  BLEACHED PAPRIKA. Rosa- 
lita R. De La Mar & F. J. F rancis. J. Food Sci. 34, 287-290 (1969)— 
The sunlight bleaching of paprika samples resulted in a loss of nearly 
96% in total extractable pigment expressed as beta-carotene. The quali
tative change afforded by bleaching involved the presence of 17 more 
pigments than that observed in unbleached Domestic paprika. There 
were 54 and 37 pigments isolated from bleached and unbleached pap
rika, respectively. Of these, only 33 and 21, respectively, were com
pletely or tentatively identified. Sixteen known pigments were found in 
both samples. The fractionation of diffraction grades of paprika showed 
a great variation in pigment distribution.

SULFHYDRYL CONTENT OF EXCISED CHICKEN BREAST MUS
CLE DURING POSTMORTEM AGING. K. A. CALDWELL & HANS 
LINEWEAVER. J. Food Sci. 34, 290-291 (1969)—Concentrations of 
thiol compounds in excised chicken pectoralis superficialis were mea
sured over 6 hrs postmortem by use of the Ellman reagent. Data re
veal no significant change in sulfhydryl concentration during this time. 
Results do not support the view of a correlation between sulfhydryl 
content and the reactions associated with rigor or with tenderization.

NICOTINAMIDE AND NICOTINIC ACID IN COLOR PRESER
VATION OF FRESH MEAT. J. L. Kendrick & B. M. Watts. J. Food 
Sci. 34, 292-294 (1969)—Nicotinamide (NAm) protected the metmyo- 
globin (MetMb) reducing activity and oxygen consumption of ground 
beef or pork on refrigeration or freezer storage. Nicotinic acid (NA) 
increased MetMb in aerobically refrigerated ground meats, while NAm, 
particularly in combination with ascorbic acid, decreased it. In model 
systems and meats, hemochrome formation occurred with reduced myo
globin and either N A  or NAm, but more readily with NA and at lower 
pH values. No hemochrome was formed in aerobically stored meats 
with NA or NAm even with ascorbic acid present.

DISTRIBUTION OF ARSENIC RESIDUES BY ACTIVATION  
ANALYSIS. J. R. GEISMAN, W. E. CAREY, W. A. GOULD & E. K. 
ALBAN. J. Food Sci. 34, 295-298 (1969)—The development of mech
anized harvesting of vegetables has been accompanied by the use of 
defoliants for chemical mowing. One of the most common defoliant 
materials is sodium arsenite. Chemical methods for detecting residues 
of this compound are sophisticated and involve elaborate techniques. A 
method to detect arsenic by activation analysis has been developed. No  
prior chemical separations or treatments are necessary except to remove 
moisture. The method is reproducible and has been utilized for assay of 
samples of soil, plant material, raw and processed products.
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Gram Negative Bacteria Associated with Sloughing,
a Softening of California Ripe Olives

S U M M A R Y ------ A s o f t e n i n g  o f  o l i v e s ,  c a l l e d  “ s l o u g h i n g , "  h a s  o c c u r r e d  d u r i n g  t h e  p r o c e s s 

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

e n i n g  a n d  u l t i m a t e  s l o u g h i n g  o f  a t  l e a s t  p a r t  o f  t h e  s k i n  a n d  t i s s u e  f r o m  t h e  p i t  o f  t h e  

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

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

c i a t e d  w i t h  t h e  s p o i l a g e  i n c l u d e  species a l l o c a t e d  t o  f i v e  d i f f e r e n t  g e n e r a :  Aerobacter, 
Escherichia, Paracolobactrum, Aeromonas, a n d  Achromobacter. T h e  c h a r a c t e r i s t i c s  o f  

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

z y m e s  t h e y  p r o d u c e  a r e  d e s c r i b e d .

IN TRO D U CTIO N
A SO FTEN IN G  of olives, commonly 
called “sloughing” in the industry, was 
first called to the attention of the senior 
author in the fall of 1937. Because of the 
sporadic nature of the outbreaks, how
ever, it was not possible, until com para
tively recently, to observe under com 
mercial conditions, outbreaks of “slough
ing” from  inception until the ultimate 
spoilage of all or nearly all of the olives 
under process. Severe outbreaks occurred 
during the fall of 1958 and the spring of 
1959 in several different plants. These 
outbreaks occurred in sufficient number 
to determine, w ithout doubt, that the 
spoilage started during the final stages 
of the washing process used to remove the 
sodium hydroxide remaining after the al
ternate lye-treatments and oxidation used 
to produce the dark color of the ripe 
olives. This defect most frequently oc
curs during the warm er fall and spring 
months.

The spoilage involves the softening and 
ultim ate sloughing of at least a part of 
the skin and tissue from  the pits of the 
olives (Fig. 1). U nder commercial condi
tions [see V aughn (1946) and Cruess 
(1958) for detailed discussions of the 
processing of California ripe olives] the 
olives do not start to soften appreciably 
until the third day of the washing period.

P re sen t add resses:
* U S D A  W este rn  U tiliza tio n  R& D  D iv. 800 

B u c h an an  S tree t, A lb an y , C a lifo rn ia  94710 
b D e p a r tm e n t o f  H o r tic u ltu re , W ash in g to n  

S ta te  U n iversity , P u llm an , W ash in g to n  99164 
0 D e p a r tm e n t o f  F o o d  Science an d  T e c h n o l

ogy, U n iv ersity  o f  M assach u se tts , A m h erst, 
M assach u se tts  01003

a D e p a r tm e n t o f  B io ch em istry  an d  M ic ro b i
o logy , R u tg e rs , T h e  S ta te  U n iversity , N ew  
B runsw ick , N ew  Je rsey  08903

but the texture has been very severely 
degraded by the end of the usual four 
or m ore days of washing. This laTer ob
servation suggested that the spoilage 
might be reduced or eliminated by reduc
ing the length of the washing period. The 
sloughing was prom ptly controlled when 
the leaching cycle was reduced to a 
maximum of three days. Howeve*, there 
was still occasional evidence of incipient 
softening so a study was initiated to de

termine the microbiology of the spoilage. 
This report describes the microbiology of 
the sloughing and characterizes the gram 
negative bacteria known to be associated 
with the softening.

E X P E R IM E N T A L
Source of olives

T h e  s lo u g h e d  o liv e s  in v e s t ig a te d  w e re  o f  
c o m m e r c ia l  o r ig in  a n d  r e p r e s e n te d  th e  A s c o -  
la n o ,  O b l iz a ,  M a n z a n i l l a ,  M is s io n  a n d  S e v 
i l la n o  v a r ie t ie s  f r o m  th e  m a jo r  p r o d u c t io n  
a r e a s  o f  th e  S a n  J o a q u in  a n d  S a c r a m e n to  
V a lle y s . T h e  s p o i la g e  o u tb r e a k s  d e te c te d  w e re  
s tu d ie d  in  th e  f ie ld . E a c h  t im e  a l i q u o t  s a m 
p le s  o f  th e  s p o i le d  o liv e s  a n d  w a s h  w a te r s  
w e re  c o l le c te d  a s e p t ic a l ly  a n d  ta k e n  to  D a v is  
f o r  a d d i t io n a l  in v e s tig a t io n s .

W h e n  in  v i t ro  r e p r o d u c t io n  o f  th e  s p o i la g e  
w as a t te m p te d ,  “ s t a n d a r d ” s iz e  c o m m e r c ia l

F i g -  1 V a r i o u s  s t a g e s  i n  t h e  s l o u g h i n g  s p o i l a g e .
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Manzanilla canned ripe olives were used.

D etection of pectinolysis

Demonstration in vitro of pectolytic en
zymes that might be present in the wash 
waters first involved dialysis of 100 ml of 
sample with tap water overnight. Then, after 
concentration to 10 ml by evaporation, the 
sample was tested for activity on pectin N.F. 
and polygalacturonic acid No. 3491 (both 
products from Sunkist Growers). Pectin 
methyl esterase (PME) was detected by the 
qualitative method described by McComb et 
al. (1958) except that the “cup-plate” tech
nique was substituted for the filter paper 
disks they had used. The presence of poly
galacturonase (PG) was demonstrated by the 
“cup-plate” quantitative assay method de
scribed by Nagel et al. (1961a). Later, after 
the discovery of bacterial polygalacturonic 
trans eliminase (PATE) by Nagel et al. 
(1961b, 1962), it became clear that this 
method was not a specific assay for either 
iraní-eliminases or hydrolytic polygalactur
onases because both kinds could be present 
in the same sample. Therefore, analysis of 
crude wash water dialysates subsequently in
volved detection of iraní-eliminase activity 
as described by Nagel et al. (1962).

At the same time aliquots of the wash 
waters were streaked onto nutrient and eosine 
methylene blue polypectate gels (Vaughn et 
al., 1957) to detect the presence of pectolytic 
bacteria.

After it was found that the presence of 
large populations of pectolytic organisms al
ways were present in the wash waters show
ing pectolytic activity, enzyme assay was dis
continued to concentrate on the bacteria pre
sumed to be responsible for the sloughing 
spoilage. It was soon found that the eosine 
methylene blue gel was selective only when 
the gram negative bacteria predominated in a 
sample. To correct this problem the crystal 
violet gel (King et al., 1961) was developed 
and used to isolate gram negative pectolytic 
bacteria from the spoiled samples, processing 
vat walls, floors, etc., in the commercial 
plants. This new gel used together with the 
older nutrient gel permitted an approxima
tion of “total” organisms, “total” gram nega
tive bacteria and, by difference, gram positive 
and negative pectolytic and nonpectolytic 
bacteria by counting the plates and noting 
whether depressions were formed under and 
around the colonies.

Identification o f the bacteria
Conventional methods were used for ge

neric and specific identification of the bac
teria. General references used included Le
vine (1954), Breed et al. (1957), Society of 
American Bacteriologists (1957), and Sker- 
man (1959). When necessary the original 
literature was consulted. These latter refer
ences will be cited in connection with specific 
differential tests.

Reproduction of the spoilage
Since the commercial spoilage occurred 

during the washing period before salt was 
added, salt-free “standard” size (also known 
as “small” and “select”) Manzanilla olives 
were used. These were commercially pro
cessed and canned in No. 10 (603 X 700) 
lacquered cans, retorted at 116-117°C for 1 
hr, cooled, and returned to the laboratory 
for use.

To reproduce the softening in the labora
tory the salt free olives first were repacked 
in plain tin baby food (202 X 214) or 8-oz 
juice cans (211 x  304) and covered with 
hot (90°C) tap water leaving the appropri
ate headspace. After seaming, one end of 
each can was covered with a hood made by 
pressing a 6-in. square of heavy aluminum 
foil tightly over the end and down the sides 
of the can. The hood functions like the lid 
of a petri dish.

After retorting at 116-117°C for 1 hr and 
cooling, the “hooded” cans of olives were 
inoculated under aseptic conditions in an 
inoculation room. First, the foil hood was 
raised from the lid of the can. Then the lid 
was flamed and punctured with a flamed 
beverage can opener. The opened can then 
was seeded with the desired inoculum, the 
hood replaced, and the inoculated olives 
were incubated at 20 °C. After incubation the 
cans were opened, the olives were pitted, 
sliced in half, and 40 g of each lot were 
tested for loss in firmness with the Christel 
texture meter. At the same time a portion of 
the liquid was checked to determine that the 
bacteria comprising the original inoculum 
were present without contamination.

The use of cans as containers is impera
tive if texture of the olives is being stressed. 
The use of conventional plugged tubes or 
flasks and sterilization in the usual manner 
causes a marked change in texture of the 
olives resulting from tissue softening and 
damage caused by “steam pocket” formation

in the flesh of the fruits.

R E S U L T S
D U R IN G  the course of accumulation 
of the descriptive inform ation required to 
identify the gram negative, pectinolytic 
bacteria it was possible to eliminate some 
genera from  consideration either by m or
phological or physiological differences. 
Solely on the basis of oxygen require
ments, glucose and lactose ferm entation, 
and type of flagellation there appeared to 
be three different groups of bacteria. 
Their descriptions follow.

The coliform  bacteria

Eleven of the cultures had characteris
tics commonly associated with the coli
form  group of bacteria. All cultures were 
facultatively anaerobic, lactose ferm ent
ing, nonsporulating, short, gram negative, 
rod-shaped bacteria. The generic alloca
tions were made on the basis of the 
Voges-Proskauer and Koser’s citrate tests. 
Species separation followed the classifica
tion recommended by Levine et al. 
(1934), in which prim ary emphasis was 
placed on the production of hydrogen sul
fide and indole in suitable differential 
media, and the ferm entation of esculin, 
glycerol, salicin, and starch in a standard 
basal medium. The differentiation of the 
pectinolytic coliform bacteria is shown in 
T  able 1.

Eight of the isolates were considered to 
be Aerobacter aerogenes types although 
two cultures ferm ented starch with acid 
production but no visible gas after 2 
weeks of incubation at 30°C  and two of 
the cultures did not grow in K oser’s ci
trate medium even when incubated for 6 
days. Although the ability to utilize citrate 
as a sole source of carbon in an otherwise 
inorganic medium is considered to be a 
prim ary characteristic o f the genus, 
strains of Aerobacter are found occasion
ally that do not possess this ability (Ruch- 
hoft et al., 1931). Despite this discrepan
cy, the two cultures were typical o f A . 
aerogenes in other respects and thus were

Texture determinations
The Christel texture meter (Hartmann et 

al., 1959) equipped with a 0 to 100 psi gauge 
was used to determine the texture of the 
processed olives involved in this study.

Isolation and purification o f the bacteria
All but two of the 19 cultures to be de

scribed here were isolated from typical sam
ples of sloughing olives. One of the two was 
obtained from dehydrated, powdered garlic 
and the other was recovered from rotted 
lettuce leaves. Most of the cultures had origi
nally been isolated on the eosine methylene 
blue gel. The cultures all were purified by 
restreaking on the crystal violet gel two or 
more times and then a final time on Levine’s 
eosine methylene blue agar.

Table 1—Differentiation of the coliform bacteria.

C h a rac te r

N u m b e r  o f  p o sitiv e  reac tio n s

Aerobacter 
aerogenes 
8 s tra in s

Aerobacter 
cloacae 
1 stra in

Escherichia 
intermedia 

1 s tra in

Paracolobactrum 
aerogenoides 

1 s tra in

M o tility 0 1> l 1 i 1
V oges-P roskauer 8 1 0 1
C itr a te 2 6 1 1 1

EkS 0 0 0 0
In d o le 8 0 1 0

G lycero l 8 0 0 0
E scu lin 8 0 1 1
Salicin 8 1 1 1

S tarch 8 s 0 0 1

1 P e ritr ich o u s  flagella .
2 C itra te  in cu b a ted  6  days a t  30 °C .
3 A cid  on ly  p ro d u c e d  by  2 stra ins.
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Table 2—Some characteristics of the gram negative bacteria allocated to the genera Aeromonas and Achromobacter.

T ax o n o m ic  A llo ca tio n :-!

C u ltu re  N o . 
M o rp h o lo g ica l a n d  
p hysio log ica l tests

Aeromonas liquefaciens Achromobacter

46 156 160 163 175 34 44 178

F lag e lla p o la r p o la r p o la r p o la r p o la r n o n e P eritr ich o u s n o n e

A vg. cell size (m) 1 .6  X 0 .8 2 .4  X 0 .8 1 .6  X 0 .8 2 .4  X  0 .8 1 .6  X 0 .8 1 .6  X  0 .8 2 .4  X  0 .8 1 .6  X  0 .8
G e la tin  liq u efac tio n 4* 4“ + + + 4- “f- —
C o lo n y  p ig m e n t1 w hite yellow cream cream cream w hite w h ite w hite

N u tr ie n t b r o th 2 PST R S T P ST P ST R S T ST ST P ST

N O 3 red u c tio n + + + + + — — +
U re a  d eco m p o s itio n — — — — — — —
S tarch  hyd ro lysis + + + + + + — +
L itm u s m ilk 3 A D R C A D A D A D N R N R C D
In d o l p ro d u c tio n + + + + + ~ — —
M eth y l red  reac tio n + + + + + — + +
V .-P  reac tio n + — + + + — — +
C itra te  u tiliza tio n — + + + + — — +
G lu c o se 4 A G A G A G A G A G — — A
L acto se A G A G A G A G A G A A A
M a lto se A G A G A G A G A G A A —
S ucrose A G A G A G A G A G — A A
G lycero l A G - A G A G A G — — —
M a n n ito l A G A G A G A G A G A G A G A
Salicin A G A G A G A G A G A G A G A
S tarch A G — A G A G A G — —

1 P ig m en t o f  cu ltu res  g row n  on  n u tr ie n t agar.
2 P, pellic le ; R , r in g ; S, sed im en t; a n d  T , tu rb id ity .
3 A , a c id ; C , c u rd ; D , d igested ; N , n e u tra l;  a n d  R , red u ced .
4 A , ac id  a n d  G , gas.

allocated to that species. One culture had 
all of the characteristics considered to be 
typical of Aerobacter cloacae. Another 
coliform isolate was identified as Escher
ichia intermedia on the basis of the char
acteristics shown in Table 1. The one re
maining culture was classified as Paraco- 
lobactrum aerogenoides solely on the 
basis that it ferm ented lactose slowly and 
visible gas production was not evident 
until 6 days of incubation after inocula
tion.

T he group o f pseudom onads

It was evident that five of the pectino- 
lytic cultures were pseudomonads because 
all were motile and the cells had one polar 
flagellum. All of the cultures were allo
cated to the genus Aerom onas because 
they ferm ented both glucose and lactose 
with visible gas production. They also dif
fered from  species of Zym om onas  be
cause they grew well under aerobic condi
tions and four of the five cultures also 
produced acetyl methyl carbinol (V.-P. 
positive). In respects other than flagella
tion the five isolates closely resembled the 
coliform species allocated to the genus 
Aerobacter although the ferm entation of 
carbohydrates was less active.

Four of the five cultures grew well at 
0°C , producing visible colonies on nutri
ent agar plates within two weeks, thus in
dicating their psychroduric nature, al
though the optim um tem perature for 
growth of all five was 30° C.

As seen by the inform ation contained 
in Table 2, three of the cultures (160, 
163, and 175) were almost identical in 
characteristics, varying only in average

cell size and type of growth in nutrient 
broth. The other two cultures (46 and 
156) varied in culture pigmentation, 
growth in nutrient broth, action in litmus 
milk, the Voges-Proskauer reaction ci
trate utilization and glycerol fermentation. 
It is interesting that strain 156 was able to 
cause hydrolysis of starch agar when 
grown in a petri dish but showed no evi
dence of ferm entation of that substrate as 
indicated by acid or gas form ation in a 
liquid medium.

On the basis o f polar flagellation and 
the ferm entation of glucose and lactose 
with acid and gas production we have 
considered allocation to the species A ero
monas liquefaciens the most appropriate 
for these five cultures, especially since 
their pectolytic activity would suggest that 
they probably would attack p lant rather 
than animal tissues. We have no evidence 
that these cultures are pathogenic to 
plants o r to mice, frogs, carp, eels and 
other fishes. It is to be remembered that 
this species is reported as generally found 
in certain marshes and swamps (3reed et 
al., 1957). This knowledge lends some 
credence to the recognition of Aeromonas 
liquefaciens and Aerom onas punctata  as 
separate species but also indicates that 
more w ork is needed to clarify the extent 
of pectolytic activity in the genus.

The genus Achromobacter

As is to be seen from  Table 2, the three 
remaining cultures (34, 44 and 178) are 
quite variable in their characteristics and 
might well represent three different 
species. The cultures did not produce glu

conic acid from  glucose and did not oxi
dize ethanol to acetic acid so the two non- 
motile cultures did not belong to any of 
the genera of the order Pseudomonadales. 
They did not attack agar, alginates, or 
chitin. They did not produce pigm ent on 
nutrient agar and did not actively ferm ent 
carbohydrates with acid and gas produc
tion. Therefore, the isolates were tenta
tively allocated to the genus Achrom obac
ter.

Clear cut, specific allocation of these 
cultures is impossible at the present time. 
The pectinolytic activity of these three 
free-living forms is the problem . Cer
tainly, a m onographic study of free-living 
gram-negative pectolytic bacteria is indi
cated.

Pectolytic enzym es produced  
by the bacteria

It was dem onstrated tha t all of the cul
tures produced at least two extracellular 
pectolytic enzymes. The one, a pectin 
methyl esterase (PM E), caused the de
esterification of pectin. The other, a pec- 
tic acid trans eliminase (P A T E ), caused 
the further degradation of the pectic acid 
form ed when pectin was dem ethylated by 
the PM E and resulted in the form ation 
and accum ulation of unsaturated diga- 
lacturonic acid as the m ajor endproduct.

N o attem pt was m ade to determ ine 
whether the PA TE was an endo-poly- 
galacturonic acid trans eliminase (Nagel 
et al., 1961b) or an exo-polygalacturonic 
acid iraní-elim inase (M acm illan et al.,
1964) and no separation techniques were 
used to see if the hydrolytic bacterial 
polygalacturonase might be present in the
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F i g .  2 — T h e  r a t e  o f  s o f t e n i n g  o f  o l i v e s  

c a u s e d  b y  s l o w  a n d  r a p i d  a c t i o n .  # 1 6 0 -  

Aeromonas liquefaciens # 1 7 8  - Achro- 
mobacter sp.

crude cell-free preparations. These inves
tigations were thought to be more perti
nent to  other studies related to these bac
teria (see discussion). In any event, the 
observations on the occurrence of the two 
pectolytic enzymes strongly support the 
association of the bacteria in question 
with the sloughing spoilage of olives de
scribed above.

Softening o f olives and other plant tissues

All of the cultures were observed to 
cause softening of olives to a greater or 
lesser degree. Some caused such rapid loss 
o f firmness in the olives that it had been 
reduced by about half in four days and by 
ten days was no longer measurable by the 
Christel texture meter. Others caused only 
slight softening even after ten days incu
bation. Even so, the dam age caused by 
these slow cultures occurred at the stem 
end of the olives and caused a softening 
of the tissue and puckering of the skin 
around the area of the form er stem site so 
that these olives also would be classified 
as cull fruit. These differences in rate of 
softening are shown in Figure 2.

Five of the different bacteria repre
senting one strain of Aerobacter aero- 
genes, four isolates of Aerom onas liquefa
ciens and one culture of Achrom obacter 
sp. caused the rapid type of softening of 
olive tissue. The rem ainder of the cultures 
produced the slow type of softening.

F urther proof of the ability of all of the 
cultures to  soften plant tissues was ob
tained by growing the cultures on pre
viously sterilized 10 mm diam eter plugs 
of carrots and potatoes cut so they pro
vided a slanted surface for inoculation. 
Controls included sterile wedges plus 
wedges inoculated with known nonpecto- 
lytic bacteria. The bacteria under ques
tion in this study all softened the two 
kinds of vegetable wedges, but at a con
siderably slower rate than the olives. In 
this case even the five extremely active

cultures m entioned above caused only 
slight softening in six days of incubation 
and it was not until 18 days that 11 of the 
inoculated wedges were soft as com pared 
to the controls when probed with a 
straight inoculating needle.

D IS C U S S IO N
TH ER E  IS NO question that the various 
bacteria isolated in this study cause an un
desirable softening of olives. However, 
there is one question still unanswered. 
The rupture of the skin of the olives did 
not occur to any extent under the condi
tions of the experiments just described. 
W hy not? There are two obvious explana
tions. The conditions of the experiments 
did not provide for the build-up of turgid- 
ity that might, under commercial condi
tions, cause enough physical pressure to 
result in a bursting of the skin of the indi
vidual fruits. On the other hand, it might 
be that the weakening and ultim ate rup
ture of the skin of the olives is caused by 
the development of cellulase by m icroor
ganisms capable of living in the storage 
brines used for olives. It is known (un
published results of Vaughn et al., 1965) 
that free-living cellulase-producing mi
croorganisms occur in the brines covering 
olives in storage.

The explosive softening of olives 
undergoing spoilage as described earlier 
possibly is easier to explain. The reason 
for the extremely rapid softening of olives 
is that the pectolytic bacteria produce 
more degrading enzymes under poor con
ditions of nutrition (H su e t al.). These 
authors found tha t very slow feeding of 
the substrates glucose glycerol o r pectic 
acid to a culture of Aerom onas lique
faciens (strain num ber 160 of this study), 
greatly increased the am ount o f PA TE 
formed.

Certainly by the tim e the olives have 
reached the washing period they should 
have little readily utilizable substrates left 
with crude fiber, olive oil, pectic materials 
and polyphenolic com pounds being the 
most abundant and also m ore resistant to 
attack. The m ore utilizable substrates glu
cose, a product of partial alkaline hydrol
ysis of the bitter glucoside o leouropen 
(Simpson et al., 1961), and traces of the 
sodium salts of organic acids produced 
during ferm entation in brine storage and, 
possibly, some of the polyphenolic acid 
components resulting from  glucoside 
breakdown m ust provide the initial ener
gy for the bacteria at a rather slow rate 
during leaching of the olives to  remove 
the sodium hydroxide residue.

It is thought, on the basis of the in vitro 
studies already cited, that the set of condi
tions just described stimulates the produc
tion of the enzymes that start degradation 
of the pectic substances. Once these are 
sufficiently degraded they then leach into

the wash water to provide more food for 
the bacteria. The norm al and unsaturated 
di-galacturonic acids as well as the m ono
m er com pounds are utilized readily by all 
o f the bacteria included in this study.

This explanation becomes all the more 
plausible when one considers that the nu
tritionally richer carrot and potato plugs 
were softened at a m uch slower rate than 
the olives.
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T h e  re sea rch  re p o rte d  h e re  w as su p p o r te d  m  
a r t  by  a  c o n tra c t  w ith  th e  O live A dv iso ry  
o a rd  u n d e r  a u th o r ity  o f  th e  D ire c to r  o f  A g n - 
u ltu re  o f  th e  S ta te  o f  C a lifo rn ia .
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Rapid Determination of Proline in Grapes and Wines
S U M M A R Y — A n  i m p r o v e d  m e t h o d  f o r  t h e  r a p i d  d e t e r m i n a t i o n  o f  f r e e  p r o l i n e  i n  grapes 
and w i n e  i s  g i v e n .  No s i g n i f i c a n t  i n t e r f e r e n c e  f r o m  o t h e r  a m i n o  acids i n  amounts f o u n d  

i n  g r a p e s  a n d  w i n e  w o u l d  n o r m a l l y  b e  e x p e c t e d .  T h e  m e t h o d  is a p p l i c a b l e  to most b i o 

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

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

f e r e n c e  a n d  t h i s  was o n l y  6 %  e r r o r  o n  e q u a l  m o l e  a m o u n t s .  A  d i r e c t  d i l u t i o n  t e c h n i q u e  

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

s p e e d  o f  t h i s  m e t h o d .  T h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n  b e t w e e n  p a i r s  o f  s a m p l e s  c f  grape 
j u i c e  a v e r a g e d  a b o u t  3 %  a n d  f o r  w i n e  a b o u t  4 % .

IN TRO D U CTIO N
C H IN A R D  (1952) reported on the 
acidic ninhydrin reaction as a photom et
ric m ethod for proline determination. 
Troll et al. (1955) improved upon the 
original m ethod by the use of benzene to 
extract the color reaction product. The 
use of excess glycine was suggested by 
W ren et al. (1965) to stabilize enhancing 
effects of this compound. K im ura (1967) 
investigated the effects of glutamine and 
developed a method of correcting proline 
determination for errors caused by high 
amounts of glutamine.

Other interfering substances were 
studied by the above authors but perhaps 
the most extensive work was that of Mes
ser (1961). H e checked the effects of 
most of the natural occurring amino acids 
and also some analogs which might be 
present and interfere. A  large group of 
the amino acids cause some interference 
and others enhanced the effect of proline. 
In his tests, all of the test amino acids 
were present in 10- to 20-fold greater con
centrations than the proline. He also 
studied a large group of peptides and con
cluded that they would have little real ef
fect on the measurements.

The presence of rather large amounts 
of proline in grapes and wine has been 
reported on by Castor et al. (1956) and 
by Lafon-Lafourcade et al. (1959) using 
microbiological assay methods. Nassar et 
al. (1966) using paper chrom atography 
techniques found high amounts of proline 
and higher amounts of arginine in 
Thompson Seedless grapes. O ther amino 
acids were present in much smaller 
amounts.

It was pointed out by Van Slyke et al. 
(1941) that the time of heating, neces
sary to develop complete reaction between 
amino acid and ninhydrin, was related to 
the ninhydrin concentration and the pH. 
The higher the ninhydrin concentration

the less time and the lower the pH the 
longer heating period needed. Troll et al. 
(1955) used equal volumes of glacial 
acetic acid, test solution and ninhydrin 
mixture in aqueous acid solution. They 
heated for 30 min a t about 95°C. K im ura 
(1967) also used these solutions and 
reaction times. The color reactions were 
extracted with benzene and measured. 
Lashkhi et al. (1967) used about the same 
reagents except a few drops of formic 
acid in place of glacial acetic and a few 
drops of 2 N  hydrochloric acid. They 
centrifuged their color mixture prior to 
benzene extraction, indicating some pre
cipitation and hence loss of the reaction 
color product.

Chinard (1952) noted that ornithine 
gave a yellow color with acid ninhydrin. 
Troll et al. (1955) found by using Permu- 
tit the interfering substances of lysine and 
ornithine could be quantitatively re
moved. They also noted cysteine could 
cause interference. K im ura (1967) 
studied the interference of glutamine and 
found that the color developed from 70 
Hg of glutamine was equivalent to that 
from 1 ¡xg of proline at 517 mp.. He fur
ther noted that glycine intensification ef
fect, reported on by W ren et al. (1965), 
can be compensated for by the addition 
of known am ounts of glycine and re
running the determination. Kruze et al. 
(1967) report that hydroxyproline and 
tyrosine yield interfering color products 
with acidic ninhydrin reaction. Lashkhi 
et al. (1967) indicate that only hydroxy
proline and tryptophan of the naturally 
occurring amino acids will give color reac
tion products which will interfere with the 
proline determination.

M A T ER IA LS  & M ETH O D S
Grape juice and wines

T h e  g ra p e s ,  b o th  r e d  a n d  w h ite  w ;n e  v a r i 
e t ie s  o f  th e  sp e c ie s  Vitis vinifera, u s e d  in

th e s e  s tu d ie s  w e re  g r o w n  in  th e  U n iv e r s i ty  
v in e y a rd s  a t  D a v is  a n d  O a k v il le .  S ta n d a r d  
p r o c e d u r e s  w e r e  u s e d  to  m a k e  th e  w in e s . A ll  
ju ic e s  w e re  s to r e d  a t  3 2 ° F  u n d e r  to lu e n e  
p r io r  to  a n a ly s is .  N o  s p e c ia l  f i l t r a t io n  o r  
o th e r  t r e a tm e n t  w a s  g iv e n  o th e r  th a n  n o r m a l  
s e t t l in g  a n d  d e c a n t in g .

Reagents
T h e  a m in o  a c id s  w e re  o b t a in e d  f r o m  N u 

t r i t io n a l  B io c h e m ic a l  C o r p .  o r  H . &  M . 
C h e m ic a l  C o . L td .  a n d  w e r e  C .P .  g r a d e .  N o  
r e p u r i f ic a t io n s  w e r e  m a d e .  D e io n iz e d  w a te r  
w a s  u s e d  f o r  d i lu t io n s .  M e th y l  c e llo s o lv e  w a s  
p u r c h a s e d  f r o m  J . T .  B a k e r  C o .  N in h y d r in  
( l ,2 ,3 , t r i k e to h y d r in d e n e )  w a s  t h a t  o f  E a s t 
m a n  O r g a n ic  C h e m ic a ls  a n d  w a s  m a d e  u p  a s  
a  3 %  s o lu t io n  ( w t / v o l )  in  m e th y l  c e llo s o lv e . 
F o r m ic  a c id  w a s  B a k e r  a n d  A d a m s o n  R e 
a g e n t  g r a d e .  B e n z e n e  ( th io p h e n e  f r e e )  w a s  
o b ta in e d  f r o m  M a l l in c k r o d t  C h e m ic a l  
W o rk s . I s o p r o p a n o l  w a s  r e a g e n t  g r a d e  f ro m  
E a s tm a n  O r g a n ic  C h e m ic a ls  a n d  w a s  d i lu te d  
1 :1  b y  v o lu m e  w ith  w a te r .  D o w e x  5 0  X  8 
[ H +] re s in  w a s  u s e d  f o r  r o u t in e  io n  e x c h a n g 
in g  to  s e p a ra te  a m in o  a c id s .

Procedure
S a m p le s  o f  a m in o  a c id s ,  g r a p e  ju ic e s  o r  

w in e s  w e re  d i lu te d  to  c o n ta in  b e tw e e n  0 .0 5  
a n d  0 .5 0  /x m o l e s / m l  o f  p r o l in e .  O n e - h a l f  m l 
o f  th e s e  d i lu te d  s a m p le s  p lu s  0 .2 5  m l o f  f o r 
m ic  a c id  a n d  1 m l  o f  3 %  n in h y d r in  s o lu t io n  
w e re  a d d e d  to  s c re w -c a p  te s t  tu b e s  (1 5  X  
130  m m ) .  T h e  tu b e s  w e r e  s to p p e r e d  t ig h t ly  
a n d  p u t  in to  b o i l in g  w a te r  b a th  f o r  14  to  15 
m in . T h e  tu b e s  w e r e  c o o le d  in  a  7 0 ° F  w a te r  
b a th  f o r  5 to  10 m in  a n d  w h ile  c o o l in g , 5 m l 
o f  1 :1  i s o p r o p a n o l - w a te r  s o lu t io n  a d d e d .  
A b s o rb a n c e  r e a d in g s  a t  5 1 7  m ^  w e re  m a d e  
a f t e r  d i lu te d  s a m p le s  h a d  c o o le d  a t  le a s t  5 
m in  a n d  b e f o re  30  m in  f r o m  t im e  o f  r e m o v a l  
f r o m  th e  h e a te d  b a th s .  I f  K le t t - S u m m e r s o n  
c o lo r im e te r  w a s  u s e d , th e  r e a d in g s  w e re  
ta k e n  u s in g  e i t h e r  a  # 5 0  o r  # 5 4  f i lte r . L o ss  
o f  d e v e lo p e d  c o lo r  w i th  t im e  is  a t  th e  r a t e  o f  
a b o u t  2 % / h r .

B e n z e n e  e x t r a c t io n s  w e r e  m a d e  o n  th e  
s a m p le s  a f t e r  h e a t in g  a n d  c o o l in g . T h e  e x 
t r a c t io n s  w e r e  m a d e  in  th e  s a m e  r e a c t io n  
tu b e s  a n d  th e  b e n z e n e  d e c a n te d  o f f  th r o u g h  
# 2  W h a tm a n  f i l te r  p a p e r  t o  c l e a r  th e  e x 
t r a c ts .

A  b la n k  w a s  m a d e  a n d  c a r r ie d  t h r o u g h  a l l  
th e  s te p s  f o r  e i t h e r  m e th o d  b y  th e  u s e  o f  V 2 
m l o f  w a te r  in s te a d  o f  th e  te s t  s o lu t io n .

Instruments used
A  K le t t - S u m m e r s o n  c o lo r im e te r  w a s  u s e d  

w i th  s t a n d a r d  K le t t  tu b e s  a n d  f ilte rs . A  
B a u s c h  a n d  L o m b . S p e c t r o n ic  5 0 5 , r e c o r d in g
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Table 1—Interference effects of various amino acids on proline measurement
C alcu la ted  as p ro lin e

K n o w n  a m in o  ac id s , 1 p m oles/m l m oles/m l % R e sp o n se 2

P ro line 0 .4 2 , 0 .8 4 0 .4 2 , 0 .8 4 100 , 100
L ysine 0 .8 0 , 1 0 . C 0 .0 5 , 0 .4 4 6 .2 , 4 .4
T ry p to p h a n 0 .8 0 , 1 0 . C 0 .0 2 , 0 .1 4 2 .5 , 1 .4
H istid in e 0 .8 0 , 1 0 .C 0 .0 0 , 0 .0 2 4 0 .0 0 , 0 .2 4
H y d ro x y p ro lin e 0 .4 , 5 .0 0 .0 0 , 0 .0 4 5 0 .0 0 , 0 .9
G lu tam ic  acid 0 .4 , 5 .0 0 . 0 0 , 0 .0 0 0 . 0 0 , 0 .0 0
G lycine 0 .4 , 5 .0 0 . 0 0 , 0 .0 0 0 . 0 0 , 0 .0 0
P ro lin e  0 .4 2  -f- L ysine 0 .4 0 0 .4 4 5 105.9
P ro lin e  0 .4 2  +  T ry p to p h a n  0 .4 0 0 .415 9 8 .9
P ro lin e  0 .4 2  +  H is tid in e  0 .4 0 0 .4 1 5 9 8 .9
P ro lin e  0 .2 1 7  +  H y d ro x y p ro lin e  5 .0 0 .2 2 0 101.3
P ro lin e  0 .2 1 7  +  G lu tam ic  ac id  5 .0 0 .223 102 .7
P ro lin e  0 .2 1 7  +  G lycine 5. 0 0 .1 9 8 9 1 .2

1 AH so lu tio n s  in  w ater.
2 C a lc u la te d  a s  p e rcen t o f  p ro lin e  p re se n t; o r  as m oles o f  c a lcu la ted  p ro lin e /m o le  o f  am in o  ac id  tested  

X  100 i f  no  p ro lin e  p resen t.

spectrophotometer was used to determine the 
continuous spectra from 440 to 590 m/r.

Statistical tests

The calculations of standard deviations, 
relative standard deviations, etc. were made 
as outlined by Snedecor (1956).

R E S U L T S  & D ISC U SS IO N
Conditions

Tests in this laboratory showed that in 
aqueous solutions in the presence of acid 
an orange precipitate readily forms which 
is difficult to dissolve during the benzene 
extraction. However, a far m ore stable 
color product results if methyl cellosolve 
is used for the ninhydrin solvent. One ml 
of this ninhydrin solution will keep 2 to 
4 times the suggested maximum am ount 
of reaction product in solution. Also, it 
was noted that the reaction could be done 
in a boiling water bath, leading to a 
shorter heating time (15 m in) and a more 
uniform  result.

Uniform  and maximum color values 
were found between 12 and 15 min heat
ing at 100°C. Color losses begin after 15 
min heating with a loss of about 1% of 
the color per minute over 15 min and to 
30 min. The addition of larger amounts of 
form ic acid (V 2 the volume of the test 
m ixture) give more uniform  color prod
uct; and if the benzene extraction was 
used, it greatly increased the solubility of 
the color product in the benzene. Only a 
few quick mixings are needed to com 
pletely extract the color com pound from  
the reaction mixture.

Further, it was noted that under the 
above conditions it was now possible to 
dilute the reaction mixture directly with 
isopropanol-water (1 :1 )  and not be 
troubled with the benzene extraction.

Trials showed that with the suggested 
conditions, maximum color products re
sulted and the color reaction product re
mained dissolved.

Although the physical methodology is 
similar to that proposed by M oore et al.
(1954) the chemical reactions are not. 
U nder their conditions all amino acids 
present react with the ninhydrin, while in 
this reaction the proline is the m ajor reac
tant to give a colored product.

Interference

In grapes, and especially in wine, the 
am ount of proline is generally the greatest 
or nearly so of all the amino acids. The 
possibility of interference from  hydroxy- 
proline was investigated. The results are 
shown in Fig. 1. The hydroxyproline 
yields a color reaction product roughly 
100 times less intense per mole than pro
line. Contrary to the results reported by 
Lashkhi et al. (1967) the color product is 
extracted by the benzene. Since it is pres
ent in grape juice and wine in very small

amounts com pared to proline, it would not 
be a detectible interference.

Fig. 1— Plots of benzene-extracted color 
products of A, blank; B, 5 ¡i m oles/m l of 
hydroxyproline; C, 0.2 /j. m oles/m l proline; 
and D, equal volume mixture of B and C. 
A “Spectronic 505” was used.

Several other amino acids in water 
solutions were investigated fo r interfer
ence effects both independently and with 
proline. Table 1 gives a summary of the 
results. The only amino acid which gave 
appreciable color was lysine. On equal- 
mole basis, this gave about 6%  as much 
color as the proline. Tryptophan gave de
tectible interference but less than lysine. 
The glycine caused less color and this is 
explainable. W ren et al. (1965) showed 
that the rate of color development was 
speeded by the addition of glycine and 
that the color loss after maximum color 
form ation was also more rapid. Since 
maximum color form ation is reached in 
15 min, the addition of large am ounts of 
glycine would be expected to lower the 
color under these working conditions. 
N either hydroxyproline nor glutamic acid 
at over 20-fold the concentration of pro
line caused significant interference.

A nother set of tests adding glutamic 
acid, glycine and hydroxyproline at 400

¡x m oles/100-m l concentration to three 
samples of grape juice containing low, 
medium and high am ounts of proline 
caused no significant differences in proline 
values measured. This is a far greater 
concentration of glycine and hydroxypro
line than would normally be found in 
grape juice or wine. G lutam ic acid has 
been reported (Castor, 1953) at this level 
o r slightly higher in grape juice.

Ion-exchange and dilution

Evaluating the inherent error and time 
losses involved in ion-exchanging, the 
possibility that this step could be omitted 
was considered. Five juices and 59 wines 
were ion-exchanged using the usual prac
tice based on the work of M oore et al.
(1951). Samples of the juice and wines 
were diluted directly with w ater to the 
same volume. The juice solutions were 
tested for proline, using the benzene ex
traction procedure. N o significant varia
tion was found between measurem ents of 
samples ion exchanged and nonion ex
changed (Table 2 ).

Table 2—A comparison of ion-exchange 
vs. direct measurements of grape juice and 
wine

S ta n d a rd
M e a n  p ro lin e  values, e r ro r ,

n m oles/m l p o p u la -
N u m b e r  --------------- tio n

S ubstance o f  I o n dif-
tes ted sam ples exchange D irec t ferences

Ju ic e 1 5 0 .1 9 0 0 .2 0 8 0 .0 0 9
W in e 2 59 0 .2 7 3 0 .2 7 0 0 .0 0 5

1 U sing  b enzene  e x trac tio n  p ro ced u re .
2 U sin g  d irec t d ilu tio n  p ro ced u re .

A second comparison, using the direct 
dilution of the color reaction product by 
isopropanol-water diluent, was made on 
59 wine samples. The results indicate that
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no advantage is gained by ion exchange 
and no significant differences in the m ea
surements result. These results indicate 
that for this type of measurement, ion-ex- 
change is neither necessary nor desirable.

M easurem ents

A com parison of the error involved us
ing the benzene extraction vs the direct 
dilution technique with standard solutions 
is made in Table 3. As expected with the

Table 3—Estimation of the error of proline 
measurem ent using benzene extraction or 
direct dilution of the developed color

Iso p ro p an o l-w a te r
B enzene ex trac tio n d ilu en t

Rela- Rela-
S tan - tive S tan - tive
d a rd stan- d a rd stan-

m oles N um - devia- d a rd N u m - dévia- d a rd
p ro- b e r ti on devia- b e r tio n devia-
line/ o f K le tt tion , o f IClett tion ,
m l tes ts u n its % tests u n its %

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

m ore direct method, lower variations re
sult. The coefficients of variation are 
about one half as large for the direct 
method.

The standard error of estimate for the 
calibration curve (0 .00-0.40 fi m oles/m l- 
range) is ± 0 .0 4  ¡x moles proline/m l. The 
standard error of estimate for two sets of 
calibration data (0 .00-0.40 ¡x m oles/m l 
range) done independently and with dif
ferent reagent was ±0 .009  ¡x moles pro
line/ ml.

Table 4 gives recovery data for known 
amounts of proline added to several sam
ples of grape juices and wines using the 
direct m easurem ent and then dilution with 
isopropanol-water technique. The recov
eries are within acceptable limits.

A num ber of test samples of grape juice 
and of wine were analyzed for proline us
ing both the benzene extraction and direct 
methods. The results are shown in Table
5. The standard deviations and relative 
standard deviations are for the differences 
between pairs o f measurements. Each pair 
was for an individual sample. The calcu
lated amounts of proline in the samples 
ranged from  0.0 ¡x moles per 100 ml to 
2500 ¡x m o les/100 ml. The relative de

Table 5—Error between paired samples of grape juice and of wines using benzene extrac
tion and direct dilution of developed color

I so p ro p a n o l-w a te r  d ilu en t

R e la -

R ange R ela tive d a rd
m easu red , N o . S tan d ard sta n d a rd N o . S ta n d a rd devia-
g m oles/ S ubstance o f dev iation , dev iation , o f d ev ia tio n , tio n ,

m l tested P airs a m oles % P airs g m oles %

0 . 0 0 0 -
0 .1 9 9 Juice 7 0 .0 1 6 10 .7 21 0 .0 0 4 4 .0

W ine 18 0 .0 0 5 6 .7
0 . 200 -

0 .4 5 0 Juice 9 0 .0 1 0 2 .8 5 0 .0 0 4 1 .6
W ine 10 0 .0 0 8 2 .3

viations may seem unreasonably larger 
than those for the standard solutions but 
these values are based on differences be
tween pairs and not differences from  a 
mean and are roughly twice as large than 
if calculated from  a mean. Com paring the 
benzene extraction and the direct dilution 
techniques, the relative size of the co
efficients of variations remain about the 
same as the previous comparison made 
using standard solutions.

Table 4—Recovery of added proline from 
grape juices and wines using the direct 
measurem ent on the non ion-exchanged 
samples

M a 
te 
ria l

P ro line , 
¡i m o les/ 

100  m l

P ro line  
added , 
g m o les/ 
100  ml

P ro lin e  
fo u n d , 
n m oles/ 
100  m l

P ro lin e
recovered

g m o les/ 
100  ml %

G rap e  juices 
1 280 420 704 424 101
2 570 420 992 422 100
3 2840 420 3276 436 104

W ines 
I 205 21 0 0 2220 2015 96
2 820 1050 2000 1180 112
3 325 3150 3385 3150 100
4 570 1050 1695 1125 107
5 1290 2100 3340 2050 98

An extensive report on the proline 
composition of grapes and wines has been 
published by Ough (1968).
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Occurrence and Properties of Enzymes Associated with
Mevalonic Acid Synthesis in the Orange

SUMMARY— Active enzyme preparations were obtained from mature orange fruit in a 
quest for the various enzymes associated with terpenoid synthesis. These preparations 
were examined systematically for the presence of enzymes involved in the biosynthetic 
pathway to mevalonic acid. Orange fruit was shown to contain acetyl-CoA synthetase 
(EC .6.2 .1 .1 ) forming acetyl coenzyme A from acetate. It also contained the iodoacetam- 
ide-sensitive acetoacetyl-CoA thiolase (EC.2 .3 .1 .9 ) the enzyme responsible for the syn
thesis of acetoacetyl coenzyme A. Hydroxymethylglutaryl-CoA synthase (EC .4 .1 .3 .5 ) and 
the corresponding reductase (EC. 1.1 .1 .34), however, were not found in preparations 
from orange fruit. Nonetheless, acetoacetyl coenzyme A, formed by the thiolase, was 
further metabolized in the mature fruit via 3-hydroxybutyryl-CoA dehydrogenase 
(EC .1.1 .1 .35), a constituent enzyme in lipid biosynthesis. These results suggest that 
mature orange fruit derives mevalonic acid or other necessary basic intermediates for 
terpenoid biosynthesis from other sources.

IN TRO D U CTIO N
T H E  ROLE of enzymes in the natural 
ripening of citrus fruit has never been 
adequately explored, particularly in rela
tion to biogenesis of flavor. The lack of 
knowledge of the enzymic make-up in 
citrus fruit is exemplified by the review 
of Braverman (1949) who discussed en
zymes in general as minor constituents of 
citrus juice. So far, very few enzymes 
have been reported to be present in citrus 
fruit and these are amply reviewed in Ag
ricultural Handbook No. 98 (Agricul
tural Research Service, 1956) and more 
recently by Joslyn et al. (1961).

The recent attem pts to use active mi
tochondrial preparations, isolated from  
juice sacs of m ature oranges, for flavor 
improvement in orange juice concentrates 
(Attaw ay et al., 1966) is a progressive 
step. The characteristic flavor of citrus 
fru it is generally attributed to  terpenoid 
compounds which are predom inantly 
present in the volatile citrus essence 
(Stanley, 1958). A proper understanding 
of the sequential reactions leading to the 
formation of terpenoids would contribute 
to  the ultimate goal of flavor improvement 
o f processed citrus products with en
zymes. The present study is an outcome 
of such a supposition.

Ever since the discovery by Tavorm ina 
et al. (1956) that mevalonic acid is an 
intermediate in cholesterol biosynthesis, 
there has developed an increasing interest 
in the role of this com pound both in sterol 
and terpenoid syntheses (Popjak, 1959; 
Purcell et al., 1959; Ritting et al., 1959).

*NRC-Postdoctoral Research Associate.

A num ber of laboratories have investi
gated the biogenesis of mevalonic acid 
from  acetate or acetyl coenzyme A  by 
yeast and animal systems (Brodie et al., 
1960; Lynen et al., 1958; Rudney et al., 
1959). These investigations indicated that 
acetoacetyl coenzyme A and /j-hydroxy- 
/3-methylglutaryl coenzyme A  are inter
mediates in the form ation of mevalonic 
acid.

Millerd et al. (1953) as early as 1953 
reported that plants contain enzymes, not 
only for the form ation of acetyl coen
zyme A, but also for the conduct of the 
subsequent condensation reaction to form 
acetoacetyl coenzyme A. Seifter (1954) 
reported occurrence of coenzyme A  in 
plants, including orange. The biosynthesis 
of mevalonic acid usually proceeds by the 
condensation of one mole of acetoacetyl 
coenzyme A with one mole of acetyl co
enzyme A to form  hydroxymethylglutaryl 
coenzyme A, followed by reduction, by a 
pyridine nucleotide linked reductase, to  
mevalonic acid. The mechanism of ace
tate activation and the subsequent related 
enzymatic transform ations rem ain to be 
elucidated in fruit tissues.

As a first step in the investigation of 
enzymology of isoprenoid form ation from 
acetate, this study includes data pertain
ing to acetate activation and acetoacetyl 
coenzyme A formation in addition to hy
droxymethylglutaryl coenzyme A synthe
sis and mevalonic acid form ation by m a
ture orange fruit preparations.

E X P E R IM E N T A L
Preparation o f enzym e extracts

Valencia oranges having Brix/acid ratio

of more than 8 were selected for the present 
study. Cleaned fruit, carefully peeled and 
freed of adhering albedo, were fast-frozen 
by dropping into liquid nitrogen. Using a 
hand-press and applying light pressure, the 
brittle chunks were broken down to in
dividual juice sacs which were carefully 
separated from segment membranes and 
seeds, and stored at — 50°C. Peel and 
albedo tissues were separately frozen and 
stored at —50°C. Particular care was taken 
to scrape off the adhering albedo from the 
peel before being frozen. These fast-frozen 
materials were used for enzyme preparations 
as needed. Weighed amounts of frozen 
vesicles were thoroughly mixed in liquid 
nitrogen with requisite amounts of 1 M 
tris buffer, pH 10 (as predetermined to 
give a final pH of 8) and were comminuted 
in a stainless steel Waring blendor for a few 
seconds.

All operations were conducted at the 
temperature of liquid nitrogen (— 196°C). 
The frozen powder was thawed to about 
4°C, homogenized in a Potter-Elvehjem glass 
homogenizer and strained through a double
layered cheese cloth. The strained juice was 
then spun in a Lourdes Beta-fuge with 9RA 
Rotor at 5,000 rpm for 30 min. The super
natant was either used as such or purified 
further for enzymatic studies.

Enzyme assays

The activities of the following enzymes 
under study were determined on duplicate 
samples by the methods described below. 
Absorptivity was measured on Beckman DB 
recording spectrophotometer or Beckman DU 
spectrophotometer with Gilford modifica
tions. Three-ml silica cuvettes with 1-cm 
light path were used.

Acetate kinase activity (EC.2.7.2.1) was 
measured by the rate of formation of acetyl 
phosphate (Rose et al., 1955); phosphate 
acetyl transferase (EC.2.3.1.8) was assayed 
by the rate of disappearance of acetyl phos
phate (Stadtmann, 1955); acetyl-CoA syn
thetase (EC.6.2.1.1) was determined by 
both hydroxylamine trapping method (Jones 
et al., 1955) as well as oxalacetate trapping 
system (Beinert et al., 1953).

Orange fruit preparations were also ex
amined for the presence of acetyl-CoA 
hydrolase (EC.3.1.2.1) by the method of 
Gergely (1955). The rate of disappearance 
of acetoacetyl coenzyme A in presence of 
coenzyme A was taken as a criterion for 
the assay of acetoacetyl-CoA thiolase (EC.- 
2.3.1.9) (Stern, 1955).
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H y d r o x y m e th y lg lu ta r y l - C o A  s y n th a s e  
( E C .4 .1 .3 .5 )  w a s  a s s a y e d  b y  r e c o r d in g  th e  
d e c r e a s e  in  a b s o r p t io n  a t  3 1 0  m/¿ o n  th e  
a d d i t io n  o f  a c e ty l  c o e n z y m e  A  to  a c e -  
to a c e ty l  c o e n z y m e  A  ( C a r r ,  1 9 6 2 ) .  T h e  
r e d u c ta s e ,  t r a n s f o r m in g  h y d r o x y m e th y lg lu -  
t a r y l  c o e n z y m e  A  to  m e v a lo n ic  a c id  
( E C .1 .1 .1 .3 4 )  w a s  a s s a y e d  w i th  r e d u c e d  
n i c o t in a m id e  a d e n in e  d in u c le o t id e  p h o s p h a te  
( N A D P H j ,  a c c o r d in g  to  K n a p p e  e t  a l. 
( 1 9 5 9 ) .

T h e  a l t e r n a t e  m e ta b o l is m  o f  a c e to a c e ty l  
c o e n z y m e  A  v ia  3 - h y d ro x y b u ty r y l -C o A  d e 
h y d r o g e n a s e  u s in g  N A D H 2 (E C . 1 .1 .1 .3 5 )  w a s  
e v a lu a te d  b y  m e a s u r in g  th e  lo s s  o f  a b s o r p 
t io n  a t  3 4 0  m/¿ o n  a c e to a c e ty l  c o e n z y m e  A  
a d d i t io n  to  N A D H .,  th e  s y s te m  b e in g  c o n 
t r o l l e d  b y  b la n k in g  a g a in s t  a  c u v e t te  m e a s u r 
in g  N A D H 2 o x id a s e  a c t iv i ty  ( L y n e n  e t  a l., 
1 9 5 5 ) .  T h e  p r e s e n c e  o f  m e v a ld a te  r e d u c ta s e  
( N A D P )  ( E C .1 .1 .1 .3 3 )  in  th e  p r e p a r a t io n  
w a s  t e s te d  b y  q u a n t i t a t in g  th e  f o r m a t io n  o f  
N A D P H a  f r o m  N A D P  in  p re s e n c e  o f  a d d e d  
m e v a lo n ic  a c id .

A  p r o te in  f r a c t io n ,  p r e c ip i ta te d  b y  9 0 %  
s a tu r a t i o n  w i th  a m m o n iu m  s u l f a te  w a s  
e x a m in e d  f o r  th e  p r e s e n c e  o f  e n z y m e s  c a 
p a b le  o f  in c o r p o r a t in g  a c e ta te  io n s  in to  
m e v a lo n ic  a c id . T h is  e n z y m e  f r a c t io n  ( a b o u t  
10  m g  p r o t e in )  w a s  in c u b a te d  w i th  10  /¿m o les 
N A D P H » , 5 /¿m o les  c o e n z y m e  A , 10 /¿m o les 
M g C ls , 5 0  /¿m o le s  p o ta s s iu m  a c e ta te ,  2 0  
/¿m o les r e d u c e d  g lu ta th io n e  a n d  2 0 0  /¿m o les 
t r i s  b u f fe r  (p E l 8) in  a  f in a l v o lu m e  o f  5 
m l.  A f t e r  2 - 3  h r  in c u b a t io n  a t  3 0 ° C , th e  
p E l o f  th e  r e a c t io n  s y s te m  w a s  r a is e d  to  
m o r e  th a n  12. A f t e r  15 m in , c o n c e n t r a te d  
H C 1 w a s  a d d e d  to  lo w e r  th e  p H  to  less  
th a n  2 . A t  th e  e n d  o f  15 m in , m e v a lo n ic  
a c id , in  its  l a c to n e  f o r m ,  w a s  e x t r a c te d  in to

Table 1—Acetyl-CoA synthetase of orange 
fruit.

/¿M oles o f  acetyl 
coenzvm e A  fo rm ed  

by 1 m g p ro te in  
in 20 m in.

E nzym e
p re p a ra tio n

H y d ro x y l
am ine

m e th o d * 1

O xal-
ace ta te

trap p in g
sy stem 2

V esicu lar ex trac t 
A m m . su lfa te  frac tio n  I

0 .1 2 —

0-0 .3  sa tu ra tio n  
A m m . su lfa te  fra c tio n  I I

< 0 .1 0 < 0 .0 1 0

0 .3 -0 .6  sa tu ra tio n  
A m m . su lfa te  f ra c tio n  I I I

0 .2 4 0 .1 7 9

0 .6 -0 .9  sa tu ra tio n < 0 .1 0 0 .013

1 T h e  reac tio n  system  co n ta in ed  in a  to ta l voi-
u m e  o f  3 m l, 10 /¿moles A T P, 20 /¿moles p o t. 
a ce ta te , 100 /¿moles tr is  buffer (pH  7.4), 200 
/¿moles n eu tra l h yd roxy lam ine , 10 /¿moles M gCfi,
1 /¿mole coenzym e A  a n d  0 .2  to  1 m g enzym e p ro 
te in . A fte r  20 m in  reac tio n  w as sto p p ed  w ith  1 m l 
o f  10%  trich lo race tic  ac id  a n d  ace th y d ro x am ate  
w as es tim a ted  in  th e  su p e rn a ta n t as  th e  ferric  
com plex .

2 T h e  reac tio n  system  consisted  o f  100 /¿moles 
tr is  buffer (p H  7.4), 20 /¿moles p o t. ace ta te , 10 
/¿moles M gC L, 10 /¿moles reduced  g lu ta th io n e , 10 
/¿moles A T P , 1 /¿mole coenzym e A, 0.3 /¿mole 
N A D , 50 /¿g each  o f  m alic  deh y d ro g en ase  and  
c itra te  syn the tase , 10 /¿mole L-m alic acid  an d  0.1 
to  1 m g  enzym e p ro te in  in  a  final vo lum e o f  3 m l. 
A cety l C o A  w as ca lcu la ted  fro m  the in crease  in 
a b s o rp tio n  a t  340 m/x.

d ie th y l  e th e r  in  a  tw o -s te p  e x t r a c t io n  p r o 
c e d u r e  a s  d e s c r ib e d  b y  L in n  ( 1 9 6 7 ) .  T h e  
r e s id u e , a f t e r  e v a p o r a t io n  o f  e th e r ,  w a s  
e x t r a c te d  w ith  s m a ll  a m o u n ts  o f  a c e to n e  
a n d  th e  m e v a lo n ic  l a c to n e  in  th e  e x t r a c t  
w a s  e s t im a te d  b y  e i th e r  g a s  l iq u id  c h r o m a 
to g r a p h y  ( G L C )  o n  d ie th y l  g ly c o l s u c 
c in a te  c o lu m n  (H in s e  e t  a l . ,  1 9 6 7 )  o r  th in  
l a y e r  c h r o m a to g r a p h y  ( T L C )  o n  C a C O s-  
S u p e r c e l  w i th  b e n z e n e  a s  d e v e lo p in g  s o l 
v e n t  ( L in n ,  1 9 6 7 ) .  I n  s o m e  e x p e r im e n ts  
a c e ta te - 2 - 14C  ( 2 0  /¿c) w a s  in c lu d e d  in  th e  
in c u b a t io n  s y s te m  a n d  5 0  /¿m o les o f  d l -  
m e v a lo n ic  l a c to n e  w e re  a d d e d  a t  th e  e n d  
o f  th e  in c u b a t io n  p e r io d .  T h e  m e v a lo n ic  
a c id  f r a c t io n ,  s e p a r a te d  o n  T L C  w a s  c o u n te d  
in  a  P a c k a r d  T r i - C a r b  S c in t i l la t io n  s p e c t r o m 
e te r  ( M o d e l  4 3 2 2 ) .

Protein estimations
P r o te in s  w e re  e s t im a te d  in  s a m p le s  b y  

m e a s u r in g  tu r b id i ty ,  p r o d u c e d  b y  2 .5 %  
s u lf o s a l ic y lic  a c id , a t  6 0 0  m /¿ w a v e  le n g th  
a n d  r e f e r r in g  to  a  s t a n d a r d  c u r v e  o b ta in e d  
w ith  c r y s ta l l in e  eg g  a lb u m in  ( L a y n e ,  1 9 5 7 ) .

Chemicals
A c e tic -2 -HC  a c id  w a s  p u r c h a s e d  f r o m  N e w  

E n g la n d  N u c le a r  C o r p o r a t io n ,  B o s to n , 
M a s s a c h u s e t ts .  H y d r o x y m e th y lg lu ta r y l  c o 
e n z y m e  A  w a s  p r e p a r e d  u s in g  a  y e a s t  f r a c 
t i o n  a s  o u t l in e d  b y  F e r g u s o n  e t  a l .  ( 1 9 5 9 ) . 
A ll  o th e r  c h e m ic a ls  w e re  o b ta in e d  f r o m  c o m 
m e r c ia l  s o u r c e s  a n d  w e r e  o f  h ig h e s t  p u r i ty  
a v a i la b le .

R E S U L T S  & D ISC U SS IO N
Acetate activation

Two possible mechanisms of acetate ac
tivation were examined, i.e., acetyl-CoA 
synthetase and acetate kinase. As the re
sults in Table 1 show orange fruit is able 
to synthesize acetyl coenzyme A  from 
acetate via acetyl-CoA synthetase. The 
hydroxylamine method, although com
monly used for the detection of this en
zyme, was found not to be very sensitive. 
But the oxalacetate-trapping system pro
vided an excellent method for assaying 
acetyl-CoA synthetase activity even in low 
concentrations. The only disadvantage 
was that it could not be employed for 
crude preparations. The second mecha
nism of acetate activation via acetate ki
nase and phosphate acetyl transferase was 
absent in these preparations. It has been 
generally found that acetyl-CoA synthe
tase is distributed over a  broad spectrum 
of living species, while acetate kinase sys
tem has been observed so far only in the 
microbial kingdom (Rose et al., 1955).

Table 2 illustrates the relative distribu
tion of acetyl-CoA synthetase activity in 
the whole fruit. The 0.6-0.9 saturated am 
monium sulfate precipitates o f extracts 
from  juice sacs, albedo and peel were 
used since the enzyme activity was largely 
concentrated in this fraction. The fraction 
isolated from juice vesicles is consider
ably more active in forming acetyl coen

zyme A  from  acetate, than those from  
albedo and peel. Seifter (1954) reported 
that coenzyme A  content in orange pulp 
is considerably higher than tha t in other 
portions of the fruit. Thus, the ready 
availability of coenzyme A might be re
sponsible for the presence of more coen
zyme A-utilizing enzymes such as acetyl- 
CoA synthetase in the juice vesicles.

Although the enzyme activity observed 
in the present study is somewhat lower 
than that obtained with enzymes isolated 
from other sources, nevertheless, it does 
represent a clear dem onstration of the 
presence of this enzyme in orange fruit. 
No attempts were made to purify the en
zyme beyond am monium sulfate fraction
ation. Low acetyl-CoA synthetase activity 
was observed also by Millerd et al. 
(1953) in spinach leaf and a variety of 
other plant tissues. In  a recent report 
Garth-Everson et al. (1962) noted with 
isolated ohloroplast preparations that 
acetyl-CoA synthetase activity contribute 
relatively little to the form ation of lipids 
com pared to incorporation of CCL by 
photosynthetic fixation. This could be a 
reason why plant tissues possess very low 
acetyl-CoA synthetase activity since bulk 
of their energy requirem ents are derived 
via COo assimilation by photofixation.

The possibility that an acetyl-CoA hy
drolase system depressed the detection of 
acetyl coenzyme A was examined. But 
none of the preparations used for the 
present study showed hydrolase activity.

Acetoacetyl coenzyme-A formation

A centrally im portant reaction of 
acetyl coenzyme-A is that involving the 
formation of acetoacetyl coenzyme A. The 
equilibrium of the reaction, 2 acetyl co
enzyme A acetoacetyl coenzyme A +  
coenzyme A, mediated by acetoacetyl- 
CoA thiolase lies far to  the left, providing 
a convenient assay of the enzyme by m on
itoring the rate o f backward reaction. 
Table 3 presents evidence for the existence 
of acetoacetyl-CoA thiolase in orange 
juice vesicles. The enzyme activity was 
found to be concentrated in a fraction 
precipitating between 0.3 and 0.6 am-

Table 2—Distribution of acetyl-CoA
synthetase in whole orange fruit.

E nzym e
source

/¿M oles o f  acety l C o A  fo rm ed  
in  20 m in  by 1 m g  enzym e 

p ro te in

H y d ro x y lam in e
m e th o d

O x a lace ta te
tra p p in g
system

Juice  vesicles 0 .2 2 0 .1 7
A lbedo < 0 .1 0 0 .0 2
Peel < 0 .1 0 0 .0 3

A m m . su lfa te f ra c tio n s  o b ta in e d betw een  0.3
a n d  0 .6  sa tu ra tio n  w ere  u sed . O th e r  d e ta ils  as  in 
T ab le  1.
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Fig. 1— Effect of iodoacetamide on acetoacetyl-CoA thiolase 
activity. Details are as in Table 3. 32 ng of enzyme protein was 
used.

T IM E  (min)

Fig. 2— The metabolic fate of acetoacetyl coenzyme A in orange 
fruit. The reaction system contained 200 nmoles tr/s buffer 
(pH 8), 0.2 nmole acetoacetyl coenzyme A, 10 nmole reduced 
glutathione, 10 nmole MgCb and 200 nS of enzyme protein (0.3 
to 0.6 amm. sulfate saturated ppt) in a final volume of 3 ml. 
Optical density was recorded for 2 min before making the indi
cated additions.

Table 3—Acetoacetyl-CoA thiolase activity 
of orange fruit.

iiM  oles o f  ace toace ty l 
E nzym e coenzym e A  co n su m ed

p re p a ra tio n  in  1 m in  by
1 m g p ro te in

V esicu lar ex trac t 
A m m . su lfa te  frac tio n  I

64 X 10~3

0-0 .3  sa tu ra tio n  
A m m . su lfa te  fra c tio n  II

35 X 1 0 "3

0 .3 -0 .6  sa tu ra tio n  
A m m . su lfa te  f ra c tio n  I I I

126 X IO- 3

0 .6 -0 .9  sa tu ra tio n  
A lco h o l frac tio n

0

67%  a lco h o l p p t. 281 X IO- 3

E ach  cuvette  co n ta in ed , in  a  to ta l  vo lum e o f  
3 m l, 200 //m oles tr is  buffer (p H  8), 8 mmoles 
M gC h , 1 nm ole  coenzym e A , 10 nm oles reduced  
g lu ta th io n e  an d  0.2 nm ole  ace toace ty l coenzym e 
A . T h e  reac tio n  w as s ta rted  by  in tro d u c in g  
enzym e (0.05 to  0 .2  m g  p ro te in )  a n d  th e  ra te  w as 
m easu red  by reco rd in g  ab s o rp tio n  a t  310 m n.

Table 4—Distribution of acetoacetyl CoA 
thiolase activity in whole orange fruit.

E nzym e
source

//M oles o f  ace to ace ty l C o A  c o n 
sum ed  in  1 m in  by 1 m g  p ro te in

Ju ice  vesicles 282 X IO- 3
A lb ed o 46 X IO "3
Peel 125 X IO "3

T h e p ro te in s , p rec ip ita ted  w ith  e th y l a lco h o l a t  a  
final c o n cen tra tio n  o f  67%  w ere used  as enzym e 
sou rce. O th e r de ta ils w ere sam e as in  T ab le  3.

monium sulfate saturation. About four
fold increase in specific activity was ob
tained by precipitation with ethyl alcohol. 
The enzyme activity was also observed in 
albedo and peel tissues, though to a lesser 
extent (Table 4).

Acetoacetyl-CoA thiolase of orange 
was found to be inhibited by iodoacetam
ide which at a concentration 1 5 X 1 0~*M 
inactivates the enzyme almost completely 
under the conditions of the experiment 
(Fig. 1). Lynen (1953) also observed 
similar inhibition of thiolase activity by 
iodoacetamide and implicated the involve
ment of sulfhydryl groups in activity of 
the enzyme.

Formation of mevalonic acid
The next step in the biosynthesis of 

mevalonic acid is the form ation of hy- 
droxymethylglutaryl coenzyme A by the 
corresponding synthase. An exhaustive 
search of various enzyme preparations 
from  orange fruit failed to show up any 
hydroxymethylglutaryl-CoA synthase ac
tivity. This could mean a possible block 
in the sequential reaction leading to mev
alonic acid.

The final step in this sequence is the 
N A D P H 2-dependent reductive transfor
mation of hydroxymethylglutaryl coen
zyme A to mevalonic acid by the cor
responding reductase. The orange fruit 
preparations which were tested for the 
reductase activity were found to lack this

Table 5—3-Hydroxybutyryl-CoA dehydro
genase activity of orange fruit.

/¿M oles o f  N A D H . 
u sed  in  1 m in  by

E nzym e p re p a ra tio n  1 m g  enzym e
p ro te in 1

1. V esicular ex trac t 12 .3  X IO "3
2. D ow ex tre a te d  e x tra c t2 2 7 .3  X 10- 3
3. 0 .3 -0 .6  S a tu ra ted  am m .

su lfa te  fra c tio n 8 3 .3  X IO- 3
4. Sam e as 3 b u t d ia ly se d 3 9 8 .1  X IO- 3

1 E ach  cuvette  c o n ta in ed  in  a  to ta l vo lum e o f  3 
m l, 200 //m oles tr is  buffer (p H  8), 0.25 //m oles 
N A D H 2, 0.2 //m oles ace toace ty l coenzym e A  and  
0.05 to  0.2 m g  enzym e p ro te in . R a te  o f  decrease  
in  o p tica l density  reco rd ed  a t  340 m /i.

2 T he vesicu lar ex trac t w as tre a te d  w ith  D ow ex  1 
(C E ) fo r  30 m in .

3 T h e  f rac tio n  p rec ip ita ted  betw een  0.3 a n d  0.6 
am m . su lfa te  sa tu ra tio n , w as d ia lysed  ag a in s t 
0,001 tris  buffer (pH  7.4) fo r  3 h r  a t  4 °C .

n-tllfl viv
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acetyl-CoA h yd ro lase©

ACETATE
acetate phosphate 1

AC ETY L PHOSPHATE i ----------—  A C E T Y L - C o A

kinase © acetyl transferase©

acetyl-CoA synthetase©

3-hydroxyacyl - CoA

aceto acetyl- 
CoA thlolase ©

L - 3 - H Y D R O X Y B U T Y R Y L - C o A ACETOACETYL -  CoA

dehydrogenase ©

MEVAl DIC ACID
mevaldic acid 
reductase 0

/
MEVALONIC ACID <.-----

HMG- CoA 
synthase ©

-p-HYDROXY-yB- M ETHYLG LU TARYL - CoA

H M G- CoA reductase©
Fig. 3— Enzymes involved in mevalonic biosynthesis in orange fruit + , present; 
—. absent.

enzyme. The absence of the two above 
enzymes is confirmed by the inability of 
orange vesicular preparations, when in
cubated with acetate and other necessary 
cofactors, to form  mevalonic acid as 
tested by GLC, TL C  and radioisotopic 
techniques. M oreover, these preparations 
do not show mevaldic acid reductase ac
tivity which precludes the possibility that 
mevalonic acid was lost from  the system 
as mevaldic acid.

Alternate metabolism of acetoacetyl 
coenzyme A

Acetoacetyl coenzyme A, once formed, 
could go either into isoprenoid route or 
lipid pathway depending on the nature of 
cofactors available.

A c e to a c e ty l  
c o e n z y m e  A

II
A + N A D Itl\\

H y d r o x y m e th y lg lu ta ry l  H y d ro x y b u ty ry l  
c o e n z y m e  A  c o e n z y m e  A

+
C o A

The absence of reaction I in orange 
makes reaction II  the probable route for 
the metabolism of acetoacetyl coenzyme 
A. A  protein fraction precipitating be
tween 0.3 and 0.6 ammonium sulfate 
saturation showed sizeable 3-hydroxy- 
butyryl-CoA dehydrogenase activity. 
Thus, the acetoacetyl coenzyme A formed 
by thiolase would participate in this re
action (Fig. 2 ). W hile addition of acetyl 
coenzyme A  to the system had no effect 
on the reaction, coenzyme A and N A D H 2 
increased the rate o f disappearance of 
acetoacetyl coenzyme A.

C O N C LU SIO N
T H E  F IN D IN G S, summarized in Figure 
3, point out that orange fruit is defective 
in the enzymic make-up from  the stand
point of mevalonic acid synthesis. But it 
definitely possesses a mechanism to syn
thesize higher fatty acids from acetate.

Future efforts will be directed towards 
identifying the basic intermediate from 
which the fruit builds up the more com 
plicated terpenoid molecules and the na
ture of enzymes involved in such trans
formations.
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Enzymic Activity during Growth of Vanilla Fruit 
1. Proteinase, Glucosidase , Peroxidase

and Polyphenoloxidase
SUMMARY— A preliminary study has been made of these enzymic activities along the 
growth of vanilla pods looking for information about biochemical reactions which lead to 
the production of the aroma. Proteinase activity decreases with pod age. The activities 
of glucosidase, peroxidase and polyphenoloxidase increase with stage of growth reaching 
a maximum near or at ripening. Possibly these enzymes play some role in reactions 
taking place in curing vanilla, either directly or indirectly supplying the initial products to 
be transformed into those responsible for color and odor. Partially purified polyphenoloxi- 
dase shows a ration catecholase-cresolase activity of 8.9.

IN TRO D U CTIO N
V e r y  l it t l e  is known about the bio
chemical reactions taking place during 
ripening and curing of the fruit of vanilla 
{Vanilla planifolia), and which lead to 
the conditions required for obtaining aro
m atic extracts. Balls, et al. (1941), ob
served that the traditional methods of 
processing vanilla beans to produce the 
arom a caused a m arked increase in the 
rate of evolution of carbon dioxide from  
the tissues. They suggested that the basis 
o f the curing might be an accelerated rate 
o f overall oxidation. They also found 
that vanilla beans contain a large am ount 
of peroxidase, enzyme which alongside 
of polyphenoloxidase and phenols re
mains after the curing process is finished.

A rana (1944) undertook a study in
volving a com parative evaluation of the 
various commercial m ethods of curing 
vanilla beans in which an attem pt was 
made to correlate the quality of the prod
uct with the chemistry of the curing. She 
reports data of moisture, glucovanillin 
and vanillin contents, phenol value, as 
well as the activities of the enzymes glu
cosidase and peroxidase.

Curing of other plant products like 
tea, cacao and tobacco presents similar 
problems, to  those encountered in vanilla 
(Forsyth, 1964). Forsyth, et al. (1963), 
reviewed the existent data on the bio
chemistry of cacao and the mechanism of 
curing and pointed out the im portance of 
phenolic constituents of the seeds with 
regard to  color and flavor. Concerning 
enzyme contents a  host of catalyzers, e.g., 
invertase, amylase, glucosidase, various 
oxidases, catalase, peroxidase and a pro
teinase have been reported. However, Ci-

ferri (1931) failed to detect proteinase 
activity in cacao.

Forsyth, et al. (1963), com m ent that 
since protein hydrolysis is known to oc
cur during ferm entation (D eW itt, 1961), 
the presence of a proteinase in cacao 
beans may be accepted, in accordance 
with an earlier finding of Brill (1915). 
These observations led us to presume the 
existence of a proteinase in vanilla, which 
we did confirm. In  addition to the ac
tivity of this enzyme, we present the ac
tivities of glucosidase, peroxidase and 
polyphenoloxidase. These activities were 
determined at various stages of growth of 
vanilla pods. A t the same time, an attem pt 
was made to  purify proteinase and poly
phenoloxidase to investigate some of their 
properties.

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

Vanilla pods were obtained from a planta
tion located at Gutierrez Zamora in Veracruz 
State, México. They were collected monthly 
from June through October, from early 
stages of development until full ripening of 
the pods.

Reagents
All chemicals utilized in the preparation of 

buffers, etc. were of analytic reagent grade.

Enzymic substrates
Casein and hemoglobin were used as sub

strates for determining proteolytic activity. 
Casein, prepared according to Hammarsten 
was obtained from Merck, Darmstadt. Bo
vine hemoglobin was prepared from beef 
blood by the method of Anson (1939). 
Guaiacol and hydrogen peroxidase from Mal-

linckrodt were employed in the assay of 
peroxidase. The substrate for glucosidase 
was p-nitrophenyl D-glucopyranoside (PNPG) 
grade A from Calbiochem. In determining 
polyphenoloxidase activity the following 
chemicals were utilized: catechol, resorcinol, 
hydroquinone, pyrogallol, phloroglucinol and 
tyrosine from Eastman Organic Chemicals;
3,4 dihydroxphenylalanine, chlorogenic acid 
from Sigma Chemical Co.; phenol from 
Baker, and o- and p-cresol from Coleman 
and Bell Co. All of these reagents were of 
the best grade available.

Detergent
Polyoxyethylene lauryl ether (Brij 35) 

utilized for solubilizing vanilla proteinase, 
was purchased from Atlas Powder Co.

Gel filtration and ion exchanger materials
Sephadex G-50, G-75 and DEAE Sephadex 

A 50 were obtained from Pharmacia Fine 
Chemicals, Inc., Uppsala, Sweden.

P R O C E D U R E S
Preparation of acetone powder

One hundred g of vanilla pods were 
macerated with 100 ml of 50% aqueous ace
tone at — 5°C in a blendor and then filtered 
through cheesecloth. The residue was washed 
twice with 100 ml of 80% acetone and once 
more with pure acetone filtering through po
rous glass funnel (coarse). The final residue 
was spread over filter paper and let dry in 
the cold room. The dry powder was kept in 
a vacuum desiccator at 5°C.

Determination of proteolytic activity
The action of proteinase on casein was 

measured by the procedure of Kunitz (1947) 
as further modified by Castañeda Agulló 
(1956) to make it suitable to small amounts 
of enzyme. The time of incubation was 18 
hr at 37°C unless otherwise indicated. In 
controls trichloroacetic acid solution was 
added prior to the addition of the enzyme. 
The increase in absorbancy at 280 m/x was 
read in a Zeiss Spectrophotometer Model 
PMQ II. The activity unit utilized throughout 
this work is the activity of a preparation for 
which AAmo =  1 under the stated conditions. 
For the digestion of hemoglobin at various 
pH values, the Anson (1938) method was 
followed.
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AGE OF POD (MONTHS!

Fig. 1— Enzymatic activity as a function 
of vanilla pod age. Crosses: poiyphenoloxi- 
dase units X 10 '1. Filled circles proteinase 
units. Open circles: g/ucosidase, concen
tration of substrate hydrolyzed M x 10"®. 
Squares: peroxidase equivalent to HRP 
mg/ml X ICC3-

'

-♦ -»  A9:o 33a: ; ; v a" 280nyt
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FRACTION NUMBER

Fig. 2— Purification of vanilla proteinase 
by columns of DEAE-Sephadex A —50. (A) 
first elution, (B ) second elution of (A) 
fractions 7 to 17. Filled circles: absorbancy 
at 280 mu. Open circles: activity units.

2 U 8 IE 15 2C 26  28

TIME (hv)

Fig. 3— Time of casein hydrolysis by puri
fied vanilla proteinase. The reaction mix
ture (2 ml) contained 1%  casein and 80 
ng/ml enzyme. Temp. 37° C, pH 8.

The proteolytic activity was determined in 
extracts of acetone powder prepared this 
way: to 50 mg powder 5 ml of 0.25M  phos
phate buffer pH 6.5 was added, the suspen
sion stirred 5 min and then filtered.

Assay of peroxidase
This enzyme was assayed in extracts pre

pared by grinding 25 g fresh pods with 25 
ml 0.05M acetate-acetic acid buffer pH 5 
containing 0.05M  EDTA, solution which was 
used by Davila, et al. (1966) to extract pro
teinase peroxidase activities from the latex 
of Piteus mexicanus. The activity was mea
sured by the procedure of Maehly, et al.
(1954). The following formula of these au
thors was employed to calculate the concen
tration of peroxidase in mg per ml assuming 
the same molecular weight and specific ac
tivity for horseradish and vanilla peroxidase 
(provisionally and for the sake of conve
nience).

mg Perox 
ml j  X 0.98 X IO"8 X

44,000 X dilution

In the above equation t stands for the 
time required for the enzyme to change the 
absorbancy at 470 m^ of a guaiacol solu
tion by 0.05 units.

Polyphenoloxidase activity
This was measured according to the pro

cedure of Patil, et al. (1965), in extracts 
obtained from acetone powder treated with 
0.1 phosphate buffer pH 5.7 at the propor
tion of 10 ml to 1 g. They define one activity 
unit as that which makes the absorbancy at 
265 niu of catechol or chlorogenic acid de
crease at the rate of 0.01 per min starting 15 
sec after enzyme addition. The conditions 
maintained in the present investigation were 
the same stated by Patil, et al. (1965), ex
cepting the concentration of ascorbic acid 
which was 5.6 X 10"6M, that is, twice as 
much as that used by Patil, et al.

Activity of glucosidase
This was extracted from acetone powder 

with 0.2M  phosphate buffer pH 7 (10 ml to 
1 g). The assay was conducted by a proce
dure similar to that of Lederberg (1950) for 
galactosidase but using PNPG as substrate 
instead of ONPG (o-nitrophenyl D-galacto- 
side). The time of incubation of the enzyme- 
substrate mixture was 30 min but the activ
ity is expressed in moles of p-nitrophenol lib
erated in 10 min.

Determination of protein content 
in the extracts

This was accomplished by the method of 
Lowry, et al. (1951), and by analysis of pro
tein nitrogen by micro Kjeldahl (Legget, 
1962).

R E S U L T S
Enzymic activity during pod growth

The activity of proteinase, peroxidase, 
glucosidase and polyphenoloxidase was 
followed through the age of 5 months,

from  June to October. F igure 1 shows the 
change in activity of the four enzymes as 
a function of growth. W hile proteolytic 
activity decreases with pod age, that of 
peroxidase is elevated m arkedly from  the 
third m onth onward. The activity of both 
polyphenoloxidase and glucosidase also 
increases with age, but less notably.

Purification of proteinase

Various extracting solutions were 
tested to extract the m aximum activity of 
acetone powder and the one which gave 
best results was 0.25M  phosphate buffer 
pH  6.5 containing 0.25%  polyoxyethyl- 
enelauryl ether (Brij 35).

In a first attem pt to  purify vanilla p ro
teinase, we utilized extracts of acetone 
powder obtained from  three m onth old 
pods. U nder these conditions, peroxidase 
activity always accom panied th a t of pro
teinase. We failed to separate both activi
ties by fractionating the extracts through 
columns of either Sephadex G-50, G-75 
or carboxymethycellulose. However, it 
was possible to obtain a proteinase prep
aration free from  peroxidase activity tak
ing advantage of the previous observation 
that at 1 m onth of age vanilla pods 
showed slight activity of peroxidase 
whereas proteinase activity was maxi
mum. Consequently, pods of less than a 
month were used as raw  m aterial for the 
preparation of acetone powder and ex
traction of proteinase.

A description of the technique utilized 
4 g acetone powder prepared as described 
under procedures were extracted with 90 
ml 0.25M  phosphate buffer p 6.5 with 
0.25M  Brij. Out of this extract, 80 
ml were reduced to about 20 ml with the 
aid of a Biichi R otavapor and applied to 
column of DEAE-Sephadex A-50 (140- 
400 mesh) previously stabilized in 0.02M  
phosphate buffer pH  6.6. N o difference 
was observed in the elution pattern and 
activity of the final preparation, when the 
extract was dialyzed prior to chrom a
tographic separation. The dimensions of 
the column were 3.4 cm. X 20 cm. The 
elution was carried out with 0.01M  phos
phate buffer pH  6.6 at a rate of 0.25 m l/ 
min, collecting 5 ml fractions.

The elution diagram  is presented in 
Fig. 2a. The proteolytic activity was found 
in fractions 7 to 17. These were mixed to 
gether recovering 110 ml solution which 
was then reduced to 39 ml and fraction
ated again through DEAE-Sephadex with 
the same eluant used before. The elution 
is shown in Fig. 2b. The fractions with 
proteolytic activity, i.e., from  10 to  17 
were gathered and the volume reduced to 
25 ml. This stock solution which con
tained 0.96 m g/m l protein and 6.4 activ
ity units/m l was used.

The degree o f purification of protein
ase at each stage is shown in Table 1.
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Table 1—Calculations of the yield in the extraction of the proteinase
V olum e

o f
buffer,

ml U n its /m l U n its/m g
T o ta l
U n its

Y ield,
%

P urifica
tion

fac to r
E x trac tio n  f ro m  ace to n ic  pow der.

O rig inal vo lum e 80 2 .2 4 1 .06 170
F irs t  e lu tio n  step fro m  D E A E

S ephadex. V olum e red u ced  a t
vacuum 39 4 .4 8 2 .5 8 174 97 2 .4

Second  e lu tio n  step  fro m  D E A E
S ephadex. V o lum e red u ced  a t
vacuum 25 6 .4 0 6 .6 0 160 89 6 .2

The yield was 28 mg protein with proteo
lytic activity per 100 g fresh pods.

Electrophoresis in acrylamine
The procedure of Omstein, et al.

(1962), was followed. The power supply 
was adjusted to 5 MA and 200 V. For a 
run 1 ml stock solution was freeze-dried 
and dissolved in 0.5 ml 5% sucrose solu
tion. In each of three columns 0.03, 0.05 
and 0.1 ml was placed. In Tris buffer pH  
8 the samples migrated to  the anode and 
gave rise to a single band, suggesting the 
possibility that the enzyme is homoge
neous.

Effect of pH and time course of casein 
hydrolysis catalyzed by vanilla proteinase

Fig. 3 shows the course of casein hy
drolysis at pH  8, up to 28 hr. The libera
tion of soluble products absorbing light at 
280 m ft, reaches a maximum at about 20 
h r and then remains constant. N o sig
nificant difference was observed when the 
casein pH was varied in the range of 7 to 
10.

Effect of temperature on casein hydrolysis
The reaction rate increases when tem 

perature is elevated up to 37°C  and then 
the curve levels off within the range 
studied (Fig. 4 ) .

Michaelis Menten constant
Considering a molecular weight of 33,- 

600 for casein (Burk, et al., 1930) a 
value, 1.72 X 10 4M  was obtained for Km 
at pH 8 and 37°C.

Figure 5 shows the double reciprocal 
plot from which the above datum was cal
culated.

Digestion of hemoglobin
Hemoglobin is hydrolyzed by vanilla 

proteinase at an increasing rate as pH  
varied from 6 to 9 (Fig. 6 ).

Effect of heavy-metal ions
EDTA (ethylenediamino tetracetate) 

and cyanide on the proteolytic activity. 
Since many plant proteinases contain thiol 
groups essential for their activity, we in
vestigated, whether the activity of vanilla 
proteinase depends upon the presence of

Table 2—Effect of thiol reagent, EDTA and 
Cyanide Ion on proteolytic activity

R eag en t
C o n c en 
tra tio n A2S0

C o n tro l 0 .9 0
H g C h 10-»Af 0 .8 0

10 W 0 .8 6
10->M 0 .9 2

P bC I2 1 0 ~ W 0 .9 2
10 ~'M 0 .9 2
10-«Af 0 .9 3

p -C h lo ro  H g  b en zo ate 10 ~*M 0 .8 7
l o w 0 .8 9
l o w 0 .93

E D T A 0.05.M 0 .71
C N - 0 .0 5  M 0 .9 6

such groups. The results showed (Table 2) 
that there is no significant effect of any of 
the reagents tested, suggesting that in the 
present case thiol groups apparently do 
not play a catalytic function.

Extraction and purification of 
vanilla polyphenoloxidase

As judged from  the color of the final 
product, it may be inferred that an intense 
oxidative activity acting on phenolic com 
pounds operates along the process of cur
ing of ripe pods of vanilla. This led us 
to select polyphenoloxidase as one of the 
m ost promising enzymes to investigate. 
We followed, with some modifications, 
the technique of Patil, et al. (1965), for 
purifying polyphenoloxidase of potato 
peeling. Cold acetone (3 L) was added to 
1 kg m ature pods (4 -5  months of age) 
cut in pieces of about 1 cm and the mix
ture let stand overnight at —15°C. After 
decanting the supernatant liquid the 
frozen tissue was ground in a blendor 
with two volumes of fresh acetone at 
— 15°C. The residue was filtered through 
cheesecloth, washed with cold acetone and 
then extended over filter paper until dry. 
The resultant acetone powder was sub
m itted to a series of treatm ents as shown 
in Fig. 7.

Table 3 presents the specific activities, 
yield and purification degree of the vari
ous fractions obtained. The most active 
fraction, namely 2 C which is 16.6 times 
as active as the original extract was uti
lized in the assay of cresolase and cate-

<

TEMPERATURE,"°C

Fig. 4— Effect of temperature on casein 
hydrolysis catalyzed by vanilla proteinase.

3 33 6 66

1/S x 10'4

Fig. 5— Double reciprocal plot for the 
hydrolysis of casein catalyzed by purified 
vanilla proteinase. Temp. 3 7 °C, pH 8. Cal
culated K s i / 1 . 7 2  X 10'4 mol/L.

<

% 7  8  ‘ 9
pH

Fig. 6— Digestion of hemoglobin by vanilla 
proteinase at different pH.
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Table 3—Calculations of the yield in the extraction of polyphenoloxidase
V olum e,
buffer/

m l
U n its1/

m l U n its /m g T o ta l Y ield, %

P urifica
tio n

fac to r

F irs t  ex trac t 570 120 60 68 400
F irs t  p rec ip ita te  so lu tio n

1A
ID

220
160

200
120 ___ 44 000 

19 200
64

IE 6 900 523 5 400 8 .6
S eco n d  p rec ip ita te  so lu tion

2A 110 130 14 300 48
ID  +  2A

2C 5 1250 1000 6 250 17
IE  -F 2C

1 6 .6

1 M easu red  a s  ca tech o lo x id ase  activ ity .

cholase activity on a series of substrates. 
Results are given in Table 4.

The ratio of catecholase to cresolase 
activity for vanilla polyphenoloxidase is 
8.9 whereas those obtained for its coun
terparts in cacao and Polyporus are 2.2 
and 3.4, respectively (M oore, et al.,
1952). The best three substrates for 
vanilla peroxidase are catechol, pyro- 
gallol and caffeic acid.

D ISC U SS IO N
T H E  T R E N D  of variation of activity with 
pod growth of the various enzymes 
studied might be considered as an index 
of the relative importance of the m eta
bolic processes taking place at a given 
stage. F or instance, proteolysis apparently 
becomes less im portant as ripening ap
proaches. The increase of the other ac
tivities assayed suggests that at the time 
m aturity is reached carbohydrate degra- 
dative reactions and oxidative activities 
acquire more preponderance. The absence

Tabled—Activity of polyphenoloxidase on 
different substrates

S u b stra te s , 2.8 X  10-1 M U n its/m g
o-D ip h en o ls

C a tech o l 1000
R eso rc ino l 48
H y d ro q u in o n e 80
P yrogallo l 960
P h lo rog luc ino l 56
3 ,4 -D ih ydroxypheny la lan ine 360
C affeic acid 320
C h lo ro g en ic  ac id 440
Q u erce tin 120

M o n o p h e n o ls
P henol 48
T y ro sin e 64
/j-cresol 112
o-cresol 56
V ain iliin 80

of peroxidase activity in pods of less than 
a month of age raises the question as to 
whether this enzyme (1) is not synthe
sized at early stages of growth or (2) 
is present but inhibited. This is a problem 
to  be elucidated by further work.

Even though the polyphenoloxidase ob
tained from  vanilla shows a ratio cate
cholase: cresolase of 8.9, this enzyme still 
can be considered as an hydroxylant one 
as com pared to other phenolases with 
greater values for this ratio. It is possible 
that glucosidase, peroxidase and es-

« t c i o n c  p u w a n  n u m  i r\g i k s m  p iutis - f  j w i i i i  u u*
buffer pH 5 7  st irr in g  20min, filtering through cheesecloth.

\

Greenish ppt d issolved  in 200m l 
buffer (Soin  1A) +  110ml acetone

Ppt d isso lved  in 50ml 
buffer (So in  IB )

160ml + 0 . 8 M  calcium  
acetate centrf 100 000g 
(So in  l 0 )

Ppl d iscarded

Supernatan t +  160ml 
acetone ¡

Sn  discarded

Ppt d is so lv e d  in 60m l buffer 
4 -so lid  (NHA)2 50i, to 607.

pH adjusted  to 57, 48  h o u rs  a l 
5°C centrf. at lOOOOOg 1 hour

S n  d iscarded

Residue rejected

Residue rejected

Supernatant 570ml 
acetone centrf. 900g

Sn  discarded

Ppt in 110ml buffer 
(So in  2A),calcium  
acetate :o 0.5 7.

\
Ppt discarded 

S n  -H lOm l acetone

V  .

Ppt in 110ml buffer 4- 
so lid  (NH4 )2 SOA 
to 607. (Soin  2 8)

Y
Ppt in 5m l buffet 
(So in  2 C ;

Ppt d isso lved  in 6ml buffer (1 E )

Fig. 7— Extraction and purification of poly
phenoloxidase from the fresh pods of 
Vanilla.

pecially polyphenoloxidase contribute in 
some way or another to the form ation of 
the various products which bestow on 
vanilla its characteristic arom a and color.

R E F E R E N C E S
A nson , M . L. 1938. T h e  es tim a tio n  o f  pepsin , 

try p sin , p a p a in  a n d  c a th e p s in  w ith  h e m o 
g lob in . J. Gen. Physiol. 22 , 79.

A nson , M . L . 1939. T h e  d e n a tu ra tio n  o f  p r o 
te ins by  sy n th e tic  d e te rg en ts  a n d  b ile  sa lts. 
J. Gen. Physiol. 23, 239.

A ran a , F . E . 1944, V an illa  cu rin g  an d  its ch em 
istry . B u lle tin  42, U .S . D e p a r tm e n t o f  A g ri
cu ltu re .

Balls, A . K . an d  A ra n a , F . E . 1941. T h e  cu rin g  
o f  van illa . Ind. Eng. Chem.,33, 1075.

Brill, H . C . 1915. Phillipine J. Sci. A, 10, 123. 
Q u o ted  F o rsy th , W . G . C . an d  Q u esn el, 
V . C . 1963. T h e  m ech an ism  o f  cacao  cu rin g . 
Adv. Enzymol. 25, 475.

B u rk , N . F . an d  G reen b erg , D . M . 1930. T h e  
physical ch em is try  o f  th e  p ro te in s  in  n o n - 
aq u eo u s and  m ixed  so lven ts . J. Biol. Chem. 
87, 197.

C a stañ ed a-A g u lló , M . 1956. S tu d ies o n  th e  b io 
syn thesis o f  ex tra c e llu la r  p ro tea se s  b y  b a c 
te r ia . J. Gen. Physiol. 39, 369-375 .

C iferri, R . 1931. J . Depts. Agr. Puerto Rico, 15, 
223. Q u o ted  by  F o rs y th , W . G . C . and  
Q uesnel, V . C . 1963. T h e  m ech an ism  o f  
caca o  cu rin g  Adv. Enzymol. 25, 457.

D áv ila , G . O . an d  C a s ta ñ e d a -A g u lló , M . 1966. 
C o n tr ib u c ió n  al e s tu d io  b io fis ico q u im ico  del 
lá tex  de P ileus m ex ican u s . 1. A c tiv id ad  
p e ro x id ásica , Ciencia Méx. XXIX ( 5 - 6 )  • 
241-246 .

F o rsy th , W . G . C . an d  Q uesnel, V . C . 1963. T h e  
m ech an ism  o f  caca o  cu rin g . Adv. Enzymol. 
25, 457.

F o rsy th , W . G . C . 1964. P h y sio lo g ica l a sp ec ts  o f  
c u rin g  p la n t p ro d u c ts , Ann. Rev. Plant 
Physiol. 15, 443-4 5 0 .

D e  W itt, K . W . 1961. 1955-1960 . R e p o rt  on  
C a c a o  R esea rch . I .C .T .A . p . 54.

K u n itz , M . 1947. C ry sta llin e  so y b ean  in h ib ito r
2. G en era l p ro p e rtie s . J. Gen. Physiol 30. 
311.

L ed erb e rg , J . 1950. T h e  b e ta  D -g a lac to s id a se  o f  
Escherichia coli, S tra in  K -12 . J. Bad. 60, 
381.

L egget, J . B. 1962. “T ech n iq u es  in  P ro te in  C h e m 
is try ,”  p . 299. E lsev ie r P u b lish in g  C o .

L ow ry , O . H ., R o seb ro u g h , N . J ., F a r r ,  A . L . 
a n d  R a n d a ll, R . J . 1951. P ro te in  m easu re 
m en t w ith  th e  F o lin  p h e n o l reag en t. J. Biol. 
Chem. 193, 265.

M aeh ly , A . C . a n d  C h a n ce , B. 1954. T h e  A ssay  
o f  C a te ch o lases  a n d  P e ro x id ases . In  “M e th 
o d s  o f  B iochem ica l A n a ly s is ,” ed. G lick , 
D . In te rsc ien ce  P u b lish e rs , In c . N . Y  1 
385.

M o o re , R . G ., G ren in g e r , D . M . a n d  R usoff, 
I. I . 1952. C a cao  o x id ase  J. Am. Chem. 
Soc. 74, 928.

O rn ste in , L . an d  D av is , J . B . 1962. D isc  e lec
tro p h o res is . B ro ch u re  p u b lish ed  b y  C a n a l 
In d u str ie s  C o rp . B e th e sd a , M d ., U .S .A .

P atil, S. S. an d  Z u ck e r, M . 1965. P o ta to  p h e 
no lases. J. Biol Chem. 240, 3938 -3 9 4 3 .

M s. re c ’d . 1 2 /2 8 /6 7 ; rev ised  1 1 /8 /6 8 ;  acce p te d
11/20/68.



N O RM AN  D. H E ID E L B A U G H “ an d  DAVID  J .  G IRO N
U S A F  S c h o o l  o f  A e r o s p a c e  M e d i c i n e ,  A e r o s p a c e  M e d i c a l  D i v i s i o n  ( A F S C )

B r o o k s  A i r  F o r c e  B a s e ,  T e x a s

Effect of Processing on Recovery 
of Polio Virus From Inoculated Foods

S U M M A R Y — T h e  r e c o v e r y  o f  p o l i o  v i r u s  i n o c u l a t e d  I n t o  a v a r i e t y  o f  f o o d s  w a s  s t u d i e d  a s  

a f u n c t i o n  o f  f o u r  f o o d  p r o c e s s i n g  o p e r a t i o n s :  f r e e z e  d e h y d r a t i o n ,  “ p a s t e u r i z a t i o n ”  b y  

e x p o s u r e  t o  C o b a l t - 6 0  g a m m a  i r r a d i a t i o n ,  r e f r i g e r a t e d  s t o r a g e  a t  4 ° C ,  a n d  s t o r a g e  a t  

2 0 ° C .  I n  g e n e r a l ,  a  d e c r e a s e  i n  v i r u s  r e c o v e r y  w a s  n o t e d  f o l l o w i n g  e a c h  o f  t h e  o p e r a t i o n s .  

C o m p l e t e  l o s s  i n  r e c o v e r a b i l i t y  w a s  o b s e r v e d  o n l y  i n  h i g h l y  a c i d  f o o d s  ( b e l o w  p H  2 . 9 )  

s t o r e d  a t  2 0 ° C  f o r  9 6  o r  1 6 8  h r .  U s e  o f  a  D E A E  S e p h a d e x  c h r o m a t o g r a p h i c  c o l u m n  w a s  

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

IN TRO D U CTIO N
IN G ESTIO N  O F certain foods has been 
epidemiologically associated with out
breaks of several acute and chronic viral 
diseases (Becker. 1966; Berg, 1964; 
Cliver, 1966; Dack, 1964; Lemon, 1964). 
These findings suggest tha t low concentra
tions of viruses infective to man can gain 
entrance to foods during their production, 
processing, or preparation. While it is 
known that viruses do not multiply out
side the living cell, little is known concern
ing the survival of virus in processed 
foods.

Inform ation on the survival of virus in 
processed foods is necessary to  an under
standing of the epidemiology of food- 
borne virus diseases. Food procesess de
signed for the destruction or control of 
bacteria, fungi, o r molds cannot be as
sumed to remove or destroy food-borne 
viruses (Heidelbaugh et al., 1968a).

In the studies reported here, polio virus 
was inoculated into foods, and the re
coverability of the virus was determined 
after the foods were subjected to a food 
processing operation. The processing op
eration employed was either: freeze de
hydration, “pasteurization” by exposure 
to Cobalt-60 gam ma irradiation, refriger
ated storage at 4°C, or storage at 20°C. 
The foods were selected as representing 
types that would normally be considered 
for processing by the respective operation 
employed.

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

P o lio  v i r u s  T y p e  I  s t r a in s ,  M a h o n e y  
( P I M ) ,  a n d  L S P 2A B  S a b in  ( P I S ) ,  w e r e  u s e d  
in  th is  s tu d y . T h e  P I M  s to c k  s u s p e n s io n  c o n -

" C u r re n t ad d ress : D e p a r tm e n t o f  N u tr itio n  
an d  F o o d  S cience, M a ssach u se tts  In s titu te  o f 
T echno logy , C a m b rid g e , M a ssach u se tts  02139.

ta in e d  1 X  10s p la q u e - f o r m in g  u n i ts  ( P F U ) /  
m l.  T h e  P IS  s to c k  c o n ta in e d  5 X  107 P F U /  
m l. T h e  s to c k  v i r u s e s  w e r e  s u s p e n d e d  in  
E a g le ’s  b a s a l  m e d iu m  ( E a g le ,  1 9 5 5 ) w ith  
H a n k s ’ b a la n c e d  s a l t  b a s e  ( H a n k s  e t  a l.
1 9 4 9 ) .  B o th  s to c k  s u s p e n s io n s  w e r e  s to r e d  
a t  — 7 0 ° C  u n t i l  u s e d . V ir u s  d i lu t io n s  w e re  
m a d e  in  H a n k s ’ b a la n c e d  s a l t  s o lu t io n s  
( B S S ) .

Virus titration
T h e  S3 l in e  o f  H e L a  c e l ls  w a s  u s e d  to  

p r o p a g a te  a n d  t i t r a t e  th e  v i r u s  b y  p la q u e  
c o u n t  t e c h n iq u e  u s in g  a  n u t r i e n t  a g a r  o v e r 
la y . T h e  c e lls  w e re  g r o w n  in  s u s p e n s io n  in  
E a g le ’s b a s a l  m e d iu m  w i th  H a n k s ’ b a la n c e d  
s a l t  b a s e  s u p p le m e n te d  w i th  1 0 %  c a l f  s e ru m . 
T h e  m o n o la y e r s  w e r e  p r e p a r e d  2 4  h r  p r io r  
to  u s e  b y  s e e d in g  p la q u e  b o t t l e s  w ith  4 - 6  X  
10 s c e lls  in  10  m l  o f  m e d iu m . T h e  p la q u e  
b o t t l e s  w e re  t ig h t ly  c lo s e d  g la s s  b o t t le s  p r e 
s e n t in g  a p p r o x im a te ly  7 5  X  12 m m  o f  f la t 
s u r f a c e  a r e a .  A p p r o p r ia te  te n f o ld  s e r ia l  d i lu 
t io n s  o f  th e  s a m p le s  to  b e  t i t r a t e d  w e re  p r e 
p a r e d  u s in g  H a n k s ’ B S S , a n d  0 .2  m l o f  e a c h  
d i lu t io n  w a s  a d d e d  to  e a c h  o f  4  b o t t le s .  T h e  
m o n o la y e r s  w e r e  th e n  in c u b a te d  f o r  30  m in  
a t  3 7 ° C  a f t e r  w h ic h  th e y  w e re  o v e r la y e d  
w i th  E a g le ’s m e d iu m  c o n ta in in g  1 %  a g a r .  
A f t e r  4 8  h r  o f  in c u b a t io n ,  th e  c u l tu r e s  w e re  
s ta in e d  b y  a d d in g  5 m l o f  0 .0 1 %  n e u t r a l  re d  
in  H a n k s ’ B S S  to  e a c h  b o t t l e  f o r  30  m in . 
P la q u e s  w e re  c o u n te d  4 - 1 2  h r  fo llo w in g  
s ta in in g .

Inoculation of food and preparation for 
recovery of virus. E a c h  te s t  s a m p le  o f  fo o d  
c o n s is te d  o f  9 g o f  f o o d  in o c u la te d  w ith  1 
m l o f  th e  v iru s  s to c k  b e in g  s tu d ie d . F o l lo w 
in g  in o c u la t io n  a n d  p ro c e s s in g , e a c h  fo o d  
s a m p le  w a s  p r e p a r e d  f o r  r e c o v e r y  o f  v i r u s  b y  
t a k in g  th e  e n t i r e  s a m p le  a n d  b le n d in g  in  a  
s te r i le  m o r t a r  a n d  p e s t le  w h ile  d i lu t in g  w ith  
9 0  m l o f  H a n k s ’ B S S . T h is  p r e p a r a t io n  w a s  
p o u r e d  th r o u g h  s te r i le  g a u z e  fo l lo w in g  w h ic h  
th e  f i lt r a te s  w e r e  c e n t r i fu g e d  f o r  10 m in  a t  
2 ,7 0 0  X  G  in  10 0  m l c e n t r i fu g e  b o t t le s .  T h e  
s u p e r n a t a n t  f lu id  w a s  d e c a n te d  a n d  f i lte r e d  
th r o u g h  a  M il l ip o r e  f i l te r  ( H A  47  m m  0 .4 5 ^ )  
u s in g  a  s ta in le s s  s te e l  w ir e  s u p p o r t .  A ll  fil
t r a te s  w e r e  t i t r a t e d  b y  d e te r m in in g  th e  P F U /  
m l in  t r ip l i c a te  o r  q u a d r u p l ic a te  f o r  e a c h  o f  
4  t e n f o ld  s e r ia l  d i lu t io n s  in  H a n k s ’ B S S . T h e

r e s u l t in g  t i te r s  w e r e  r e p o r te d  a s  t i t e r  o f  f o o d  
f i l t r a te .

Preparation of Sephadex column eluate 
for virus titration. T o  s tu d y  th e  u s e fu ln e s s  o f  
a  S e p h a d e x  c o lu m n  f o r  s e p a r a t io n  o f  v ir u s  
f r o m  f o o d s , s o m e  o f  th e  t r i t u r a t e d  a n d  fil
te r e d  in o c u la te d  f o o d  s a m p le s  w e re  t i t r a t e d  
d i r e c t ly ,  a n d  a ls o  a f t e r  e lu t io n  f r o m  a  S e p h a 
d e x  c o lu m n . T h e  c o lu m n  w a s  p r e p a r e d  u s in g  
D E A E  S e p h a d e x  A -2 5 , m e d iu m  g r a d e ,  w h ic h  
w a s  a l lo w e d  to  s w e ll in  w a te r .  F o l lo w in g  
sw e llin g , th e  f in e s  w e r e  r e m o v e d  a n d  th e  g e l 
w a s  w a s h e d  in  s e q u e n c e  b y  0 .5 N  h y d r o 
c h lo r ic  a c id ,  w a te r ,  0 .5 N  s o d iu m  h y d r o x id e ,  
w a te r ,  a n d  n e u t r a l i z e d  w i th  0 .5 N  h y d r o 
c h lo r ic  a c id . T h e  g e l w a s  th e n  s u s p e n d e d  in  
M / 1 5  p h o s p h a te  b u f fe r  ( p H  7 .5 )  a n d  p a c k e d  
b y  p o u r in g  th e  s u s p e n s io n  in to  14  c m  X 1.2  
c m  g la s s  c o lu m n s .  N o  a t t e m p t  w a s  m a d e  to  
s te r i l iz e  e i t h e r  th e  c o lu m n  o r  th e  g e l.

T w o  m l  o f  th e  f o o d  f i l t r a te  w e r e  e n te r e d  
in to  th e  to p  o f  th e  c o lu m n  a n d  a l lo w e d  to  
flo w  t h r o u g h  th e  c o lu m n  b y  g r a v i ty .  T h e  
e lu t io n  o f  a l l  c o lu m n s  w a s  c a r r ie d  o u t  a t  
r o o m  t e m p e r a tu r e  w i th  M / 1 5  p h o s p h a te  b u f 
f e r  a t  p H  7 .5 . T h e  f irs t  3 m l  e lu a te  w a s  d is 
c a r d e d  a n d  th e  n e x t  5 m l  w e r e  c o l le c te d  
( G i r o n ,  e t  a l . ,  1 9 6 4 ) .  V ir u s  c o n te n t  o f  th is  
e lu a te  w a s  d e te r m in e d  a n d  th e  r e s u l t in g  t i t e r  
r e p o r t e d  a s  t i t e r  o f  D E A E  S e p h a d e x  e lu a te  
o f  f o o d  f i l t r a te .

Recovery of virus from foods after freeze 
dehydration. F iv e  f o o d s  w e r e  p r e p a r e d  a c 
c o r d in g  to  g u id e s  f o r  th e  p r o d u c t io n  o f  f o o d s  
in te n d e d  f o r  sp a c e  f l ig h t f e e d in g  sy s te m s  
( H o l le n d e r  e t  a l . ,  1 9 6 5 ) .  T h e s e  fo o d s  w e re  
G e r m a n  p o ta to  s a la d  (p H  4 .9 ) , b e e f  a n d  
v e g e ta b le s  ( p H  5 .7 ), b e e f  p o t  r o a s t  ( p H  5 .8 ) ,  
c h ic k e n  w i th  g r a v y  ( p H  6 .1 ) ,  a n d  s a lm o n  
s a la d  ( p H  6 .1 ) .  T w o  9 g  s a m p le s  o f  e a c h  o f  
th e  fiv e  f o o d s  w e re  in o c u la te d  w i th  1 m l  o f  
th e  s to c k  s u s p e n s io n  o f  P IM .

F o l lo w in g  in o c u la t io n ,  e a c h  f o o d  w a s  s p l i t  
in to  tw o  s a m p le s ,  b o th  o f  w h ic h  w e r e  f r o z e n  
b y  h o ld in g  a t  — 2 0 ° C  f o r  2 4  h r .  O n e  s a m p le  
o f  e a c h  f r o z e n  f o o d  w a s  s e le c te d  a t  r a n d o m  
a n d  f r e e z e  d e h y d r a te d  f o r  2 4  h r  a t  a  p r e s 
s u r e  b e tw e e n  5 0  a n d  15 0  /r o f  H g  w i th  a  
p la te n  t e m p e r a tu r e  o f  2 1 .8 ° C  a n d  a  c o n 
d e n s e r  t e m p e r a tu r e  o f  — 5 1 ° C . I n  th i s  m a n 
n e r ,  a ll  d e h y d r a t io n  w a s  p e r f o r m e d  o n  th e  
s a m p le s  s im u l ta n e o u s ly .  F o l lo w in g  d e h y d r a 
t io n  th e  fo o d s  w e re  im m e d ia te ly  p la c e d  in  
in d iv id u a l  j a r s  w ith  t ig h t ly  f i tt in g  s c re w  c a p s  
a n d  h e ld  a t  — 2 0 ° C  u n t i l  i t  w a s  c o n v e n ie n t  
f o r  v i r u s  t i t r a t i o n .  I t  w a s  a s s u m e d  th a t  n o  
c h a n g e  in  v ir u s  r e c o v e r a b i l i ty  o c c u r r e d  d u r 
in g  th e  — 2 0  ° C  s to r a g e . R a n d o m ly  s e le c te d  
s p e c im e n s  o f  th e  d e h y d r a te d  a n d  n o n d e h y -
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d r a t e d  fo o d s  w e re  t i t r a t e d  w i th in  a  4 -w e e k  
p e r io d  fo l lo w in g  d e h y d r a t io n .  T h e  d e h y 
d r a te d  s a m p le s  w e re  r e h y d r a te d  im m e d ia te ly  
p r i o r  to  t i t r a t i o n  b y  a d d in g  th e  q u a n t i ty  o f  
w a te r  sp e c if ie d  in  th e  p r o d u c t io n  g u id e s . 
T h is  e n t i r e  s e q u e n c e  o f  p r o c e d u r e s  w a s  p e r 
f o r m e d  th r e e  tim e s  a n d  v ir u s  t i te r s  r e p o r te d  
a s  a r i th m e t ic  m e a n  v a lu e s .

Recovery of virus from fish fillets after 
exposure to Cobalt-60 gamma irradiation. 
F o u r t e e n  9  g s a m p le s  o f  f r o z e n  d re s s e d  
W h i t in g  f ish  w e re  in o c u la te d  w i th  1 m l o f  
th e  P IS  s to c k  s u s p e n s io n . F o l lo w in g  in o c u la 
t io n  th e  f o o d  s a m p le s  w e re  i r r a d ia te d  u s in g  a  
6 - k i lo c u r ie  C o b a l t - 6 0  s o u rc e  ( H a r d y  e t  a h ,
1 9 6 5 )  o f  g a m m a  i r r a d ia t io n .  T h e  s a m p le s  
w e re  r e m o v e d  f o r  v ir u s  r e c o v e r y  a f t e r  0 , 150, 
3 0 0 , 3 7 5 , 4 5 0 , 5 2 5  a n d  6 0 0  k i lo r a d  to t a l  d o s e  
w a s  o b ta in e d .  D o s e  r a te  w a s  1 k i l o r a d /m in .  
B o th  f i l t r a te s  a n d  D E A E  S e p h a d e x  c o lu m n  
e lu a te s  o f  th e  f i l t r a te s  o f  th e  i r r a d ia te d  fish 
w e re  t i t e r e d  to  d e te r m in e  v i r u s  r e c o v e r a b i l i ty .

S u s p e n s io n s  o f  th e  v i r u s  w e r e  p r e p a r e d  by  
d i lu t io n  in  H a n k s ’ B S S  to  c o n ta in  a b o u t  th e  
s a m e  t i t e r  a s  t h a t  r e c o v e r e d  f r o m  th e  n o n -  
i r r a d ia te d  f ish  (4 .2  X  10° P F U / m l ) .  T h e s e  
s u s p e n s io n s  w e re  i r r a d ia te d  a t  th e  s a m e  t im e  
a s  th e  f ish  f ille ts  w i th  th e  fo l lo w in g  to ta l  
d o s a g e s :  0 , 7 5 , 1 5 0 , 2 2 5 , 3 0 0 , 3 7 5 , 4 5 0 , 5 25  
a n d  6 0 0  k i lo ra d s .  F o l lo w in g  i r r a d i a t i o n  th e  
s u s p e n s io n s  w e r e  t i t r a t e d  b o th  d i r e c t ly ,  a n d  
a f t e r  p a s s a g e  t h r o u g h  a  S e p h a d e x  c o lu m n .

E a c h  fish  f ille t s p e c im e n  a n d  v ir u s  s u s p e n 
s io n  w a s  c o n ta in e d  in  a n  in d iv id u a l  g la s s  b o t 
t le  p a c k e d  in  m e lt in g  ice  ( 0 ° C )  a t  a l l  t im e s  
d u r in g  th e  i r r a d ia t io n .  T h is  e n t i r e  s e q u e n c e  
o f  p r o c e d u r e s  w a s  p e r f o r m e d  th r e e  t im e s  a n d  
v i r u s  t i te r s  r e p o r te d  a s  a r i th m e t ic  m e a n s .

Recovery of virus from foods following 
storage at 4 and 20°C. E ig h t  9 g s a m p le s  o f  
e a c h  o f  fiv e  d i f fe r e n t  fo o d s  w e r e  in o c u la te d  
w ith  1 m l o f  s to c k  s u s p e n s io n  o f  P IS . T h e  
fiv e  f o o d s  c o n s is te d  o f  f o u r  c o m m e r c ia l ly  
p r e p a r e d  i te m s  a n d  o n e  e x p e r im e n ta l  fo o d . 
T h e  c o m m e r c ia l  f o o d s  w e re  c a n n e d  je l l ie d  
c r a n b e r r y  sa u c e  ( p H  2 .7 ) ,  r e c o n s t i tu te d  
f ro z e n  c o n c e n t r a te d  o r a n g e  ju ic e  ( p H  2 .9 ) ,  
m a y o n n a is e  ( p H  4 .2 )  a n d  p o r k  “ ju n io r  f o o d ” 
( p H  5 .6 ) .  T h e  e x p e r im e n ta l  f o o d  ( p H  7 .1 )  
w a s  a  n u t r ie n t  d e f in e d  f o r m u la ,  w h ic h  h a d  
b e e n  p re v io u s ly  d e v e lo p e d  f o r  p h y s io lo g ic a l  
s tu d ie s  ( H e id e lb a u g h  e t  a l . ,  1 9 6 8 b ) .  T h e  n u 
t r ie n t  d e f in e d  f o r m u la  d ie t  is f o r m u la t e d  a s  
f o l lo w s :  d r y  p o w d e r e d  s k im  m ilk , 4 0  g; 
s u c ro s e , 20  g ; la c to s e , 2 0  g ; d e x t r o s e  a n d  
m a l to s e ,  100  g; co ffe e  w h i te n e r ,  10 0  g ; s o 
d iu m  c a s e in a te ,  17 .5  g ; s o d iu m  c h lo r id e , 1.5 
g ; a n d  m a g n e s iu m  o x id e , 0 .1  g . T h is  fo o d  
w a s  r e c o n s t i tu te d  b e f o re  a d d i t io n  o f  v iru s .  
T h e  p H  o f  a l l  f o o d s  w a s  d e te r m in e d  u s in g  
a  B e c k m a n  Z e r o m a t ic  p H  m e te r .

F o l lo w in g  v ir u s  in o c u la t io n ,  h a l f  o f  th e  
f o o d  s a m p le s  w e re  s to re d  a t  4 ° C  a n d  th e  
o t h e r  h a l f  a t  2 0 ° C . I n d iv id u a l  s a m p le s  w e re  
s to r e d  f o r  4 8 , 9 6 , a n d  168 h r .  F o l lo w in g  
s to r a g e  th e  r e c o v e r a b i l i ty  o f  v ir u s  w a s  d e 
te r m in e d  b y  t i t r a t i o n  o f  D E A E  S e p h a d e x  
c o lu m n  e lu a te s  o f  f i lt r a te s  o f  th e  f o o d s . T h is  
e n t i r e  s e q u e n c e  o f  p r o c e d u r e s  w a s  r e p e a te d  
o n c e  w ith  v iru s  t i te r s  r e p o r te d  a s  a r i th m e tic  
m e a n s .

R E S U L T S
Polio virus survived the freeze dehy

dration process in all the foods tested.

Table 1—Recovery of polio virus1 from 
foods after freeze dehydration2

T iter T ite r
w ith o u t a fte r

F o o d d eh y d ra tio n d eh y d ra tio n
G erm an  p o ta to  salad 3 .0  X 10 « 3> 1 .5  X 103
B eef a n d  v egetables 3 .0  X  10« 6 .0  X 102
B eef p o t ro as t 3 .0  X  10« 5 .9  X  102
C h icken  w ith  gravy 2 .6  X 10« 2 .9  X 10*
S alm on  sa lad 2 .3  X 10« 6 .9  X 102
1 m l v irus stock  in

9 ml H a n k s ’ bal-
anced  salt so lu tion 4 .0  X 10« 2 .0  X 103

1 ml v irus stock  in
9 m l w a te r 1 .5  X 10« 4 .0  X  101
1 N in e  g sam ples o f  fo o d  inocu la ted  w ith  1 ml

o f  v irus sto ck  suspension  co n ta in in g  I X  108 
p laq u e  fo rm ing  u n its  (P F U )/m l p o lio -v iru s type  I 
M ah o n ey  s tra in  in  E ag le ’s basal m ed ium  w ith 
H a n k s ’ b a lan ced  sa lt base.

2 F reeze d ried  a t  50 to  150 g o f  H g  pressure , 
co n d en ser tem p e ra tu re  — 51°C , p la ten  tem p era 
tu re  21 .8°C .

3 M ean  P F U /m l o f  q u ad ru p lica te  titra tio n s  o f  
each  sam ple  fro m  th ree  studies.

The results of these studies are presented 
in Table 1. The average titer of recover
able virus was between 3 to 4 logs less in 
the freeze dehydrated food com pared to 
the food that was not dehydrated. The 
loss in titer of the stock suspension di
luted in Hanks' BSS was equivalent to 
the loss in the foods.

In the studies of recovery of polio virus 
from  irradiated fish fillets, it was observed 
that a total dosage of 600,000 rads was 
sufficient to produce approximately 99% 
reduction in recoverability of the virus. 
These results and the results of the studies 
of virus recovery from  the suspension are 
shown in Table 2. W ithin the fish fillet 
samples the average percentage recovery 
of virus from  the eluates of the D EAE 
Sephadex was high com pared to recovery 
directly from the food filtrates. A correla
tion coefficient (Bancroft, 1957) of ± 0 .14  
was calculated for the relationship be
tween the change in titer in the irradi
ated fish filtrates and that of the irradiated

suspensions of virus.
Table 3 shows the results of the recov

ery of polio virus from  the D E A E  Sepha
dex column eluates of filtrates of foods 
stored at 4 and 20°C  for 0, 48, 96, 168 
hr. Compared to controls virus recovery 
was generally high from  all foods at 4°C  
with exception of the highly acid foods, 
cranberry sauce and orange juice. A  com 
parable pattern of recovery was observed 
in the group of foods held at 20 °C ex
cept the pork product, which exhibited a 
higher retention of recoverable virus than 
the controls. A fter 48 hr all the foods 
stored at both tem peratures studied ex
hibited an increasing degree of spoilage.

D ISC U SS IO N
The results of virus recovery from  the 

foods following freeze dehydration sug
gest that for the foods studied, this pro
cessing operation may be expected to re
duce polio virus recoverability by about 
99.9% . The average percentage of re
covery of virus from  the food was not ap
preciably different from  the recovery ob
served in the H anks’ BSS.

The recovery of virus from  the freeze 
dehydrated stock suspension diluted with 
water was unexpected. Polio virus has 
been considered as relatively labile during 
laboratory lyophilization. This suggests a 
possible difference in the effects on virus 
survival from the freeze dehydration con
ditions studied com pared to usual proce
dures employed for virus lyophilization.

The total dosage of Cobalt-60 gamma 
irradiation given in this study was in the 
range of those usually considered effec
tive for “pasteurization” of foods (i.e.
300,000 to 600,000 rads). The poor cor
relation between rate of loss of virus in 
the fillet samples com pared to the virus 
in the suspensions suggest a significantly 
greater loss in recoverability o f virus from 
the food. The data show an approximately 
tenfold greater drop in virus titer in the 
fish fillet compared to that of the suspen-

Table 2—Recovery of polio virus from suspensions and fish fillets exposed to Cobalt 60 
gamma irradiation

__________ S uspension o f  V iru s1 In o c u la te d  F ish  F il le ts 2
T ite r  o f  D E A E  T ite r  o f  D E A E

T o ta l ir ra d ia tio n sephadex e luate T ite r  o f  fish S ephadex  e lu a te
in k ilo rad s T ite r  o f  suspension o f  suspension filtra te o f  fish filtra te

0 4 .2  X 10«<3> 4 .2  X 10« 4 X  10« 5 .3  X  10«
75 3 .2  X  10« 2 .3  X 10«

150 1 .6  X  10« 1 .6  X 10«

oXk© 1 .6  X  10«
225 1 .4  X  10« 9 .2  X 10«
300 7 .5  X  10« 4 .2  X  10« 2 .2  X 10« 9 .3  X  104
375 3 .8  X  10« 2 .3  X 10« 1.1 X 10« 3 .2  X 104
450 2 .2  X  10« 2 .0  X 10« 4 .7  X 104 2 .0  X 104
525 1 .5  X  10« 1 .7  X 10« 3 .6  X 104 6 .3  X 10 3
600 1.1 X  10« 1 .0  X  10« 2 .3  X 104 4 .0  X  103

1 P o lio  v iru s type  1 stra in  L SC 2A B  in  E ag le’s basal m ed ium  w ith  H a n k s ’ b a lan ced  sa lt base.
2 N ine-g  sam ples o f  W hiting  fish fillets in o cu la ted  w ith  1 m l o f  v iru s stock  susp en sio n  co n ta in in g  5 X  

107 p laq u e  fo rm in g  u n its  (P F U )/m l p o lio  v irus type  1 stra in  L S C 2A B.
3 M ean  P F U /m l o f  tr ip lica te  titra tio n  o f  each  sam ple  fro m  th ree  studies.
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Table 3.—Recovery of polio virus1 from DEAE Sephadex column eluates from foods stored at 4 and 20°C

F o o d
0 h r 48 h r 96 h r 168 h r

4 T 20 °C 4 °C 20 °C 4 °C 20 °C 4°C 20 °C
P o rk 4 .5  +  10«« 5 .1  X  10« 2 .3  X  10« 1 .4  X  10« 2 .1  X 10« 1 .5  X 10« 1 .4  X  10« 2 .4  X  10«
R e c o n stitu ted  d ie t

F o rm u la 4 .8  X  10« 4 .1  X  10« 1 .4  X  10« 8 .0  X  10« 2 .2  X 10« 4 .5  X  10« 1 .3  X  10« 5 .0  X  10«
C ran b e rry  sauce 3 .5  X  10« 4 .0  X  10« 2 .0  X  10« 3 .6  X  10« 2 .7  X  10« 2 .3  X  10« 2 .0  X  10« < 1  X  101
M ay o n n aise 4 .3  X  10« 2 .8  X  10« 2 .1  X  10« 3 .4  X  10« 2 .4  X 10« 2 .1  X  10« 1 .6  X  10« 1 .6  X  10*
O ran g e  juice 3 .0  X 10® 4 .2  X  10« 6 .2  X  10« 1 .6  X 102 5 .0  X  10« < 1  X  10« 5 .7  X  10« < 1  X  io«
V irus c o n tro l3 5 .0  X  10« 4 .5  X  10« 3 .5  X  10« 2 .1  X  10« 5 .0  X  10« 2 .4  X  10« 1 .0  X  10« 2 .1  X  10«

1 N in e  g sam ples o f  fo o d  in o cu la ted  w ith  1 m l o f  v iru s s to ck  suspension  co n ta in in g  5 X  107 p laq u e  fo rm in g  u n its  (P F U )/m l p o lio  v iru s type  1 s tra in  L S 0 
2A B  in  E ag le ’s b a sa l m ed iu m  w ith  H a n k ’s sa lt base.

2 M e an  P F U /m l o f  tr ip lic a te  t i tra tio n s  o f  each  sam ple  f ro m  tw o studies.
3 S to ck  v iru s d ilu ted  1 :1 0  in  H a n k s ’ b a lan ced  sa lt so lu tio n .

sion following 600 kilorad dosage of ir
radiation. The food environm ent during 
irradiation accelerated virus loss com 
pared to loss in the H anks’ BSS suspen
sion. Since all food samples and suspen
sions were held at approxim ately 0°C  
during irradiation, and since recovery of 
virus from  the nonirradiation fish filtrate 
and suspensions were equivalent, it might 
be suggested that reactions secondary to 
irradiation occurring in the fish were det
rimental to virus recovery.

The results of the recovery of polio 
virus from the refrigerated foods sug
gested that acidity and/ or protein content 
of the food can affect the recoverability of 
this virus com pared to recoverability from 
suspensions in H anks’ BSS. Otherwise the 
recovery of virus from  refrigerated foods 
was similar to that reported by Lynt
(1966). Similar results were obtained 
(Heidelbaugh et al., 1967) using Mengo- 
virus in a group of four foods (ranging in 
pH  from  2.4 to 7.1) stored for 14 days 
at 4°C. In those studies no virus could 
be detected in the food having pH  2.4 
(comm ercial cola beverage) while the 
other foods retained in excess of 90%  of 
their original 4.2 X  108 P F U /m l titer af
ter the storage period. In all of these 
storage studies there was no indication 
that spoilage of the foods affected virus 
recovery.

Titers of public health significant virus 
as high as those studied in this report 
probably never occur in actual foods. Re
ductions in virus populations of the order 
of magnitude reported here may well pro
vide adequate safety margins. Accurate 
assessment o f the impact of food pro

cessing operations on the public health as
pects of viruses in foods awaits qualita
tive and quantitative epidemiological data 
in public health food virology.

I t should be emphasized that some of 
the apparent changes in virus titers fol
lowing processing operations could result 
from  change in the adherence of virus 
particles to the food an d /o r  change in 
the ability of the virus to form  plaques 
under the conditions studied. M easure of 
virus recovery by m ethods like those re
ported here is not necessarily a function 
of virus infectivity. This suggests the need 
for a better m ethod for separation of 
virus particles from  foods and the corre
lation of the results of that m ethod with 
results of detection of virus infectivity by 
feeding trials.

In the study of the pork and orange 
juice, the use of the D E A E  Sephadex col
umn was essential for the titration of 
virus since monolayers of tissue culture 
cells were frequently destroyed if the food 
filtrate was not purified by passage 
through the column. This study also con
firms the relatively high percentage of re
covery of virus from  filtrates passed 
through a D E A E  Sephadex column. This 
method of separation of infective virus 
from foods would be useful when highly 
purified eluates are desired.
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Heat Gelling Properties of Myosin, Actin, Actomyosin 
and Myosin-subunits in a Saline Model System

SUMMARY— Myosin and actin were isolated from rabbit skeletal muscle. The gelation 
of myosin, actin and actomyosin, as well as of heavy and light meromyosins derived 
from myosin by trypsin treatment, by heat was studied in various system s. The data 
indicate that the heat gelling properties of these protein solutions do not run parallel 
with those of saline model systems composed of these proteins and stroma.

Actin does not exert any influence on the binding properties of the system, but when 
F-actin and myosin A were both present the resulting binding properties were consider
ably improved. Since heavy and light meromyosins have little influence on binding 
properties, it may be concluded that an intact molecule of myosin is required for 
development of binding properties upon heating.

IN TRO D U CTIO N
IN  M A N U FA C TU R IN G  cured meat 
products such as sausages, water-holding 
and binding properties of m eat when 
cooked have been thought to be im por
tant factors influencing product quality. 
On the basis of the m anufacturing process 
of sausages, it may be supposed that a 
portion of the myofibrillar proteins is dis
solved with sodium chloride before heat 
processing, suggesting a close relationship 
between solubility and extractability of 
salt-soluble proteins in muscle and prod
uct quality. Although changes in the 
water-holding properties of muscle under 
various conditions have recently received 
a great deal of attention (W ierbicki et al., 
1957; Hamm , 1957, 1959, 1960), these 
studies have not included salt (e.g. potas
sium or sodium chloride) solubility 
studies at salt levels similar to  those ob
tained in sausage m anufacture. N everthe
less, the relationship of the myofibrillar 
proteins to quality has been suggested by 
these studies.

D enaturation studies (Yasui et al., 
1958, 1960, 1964a, 1964b) on isolated 
myosin and actomyosin from  muscle, and 
studies (Hashim oto et al., 1959; Fuka- 
zawa et al., 1961a, 1961b) on experim en
tal sausages prepared from  myofibrils 
from  which certain myofibrillar proteins 
such as myosin, actin and tropomyosin 
were removed with specific solvents for 
each, respectively, clearly showed that 
myosin and actomyosin, actin-myosin 
complex, were essential among the myo
fibrillar proteins in developing binding 
properties of the product.

These results indicate that physico
chemical changes of myosin and actomyo-

sin upon heating may play a role in de
termining the binding properties of sau
sages. In  fact, a heat gelling test for salt- 
soluble proteins from muscle was devised 
by Trautm an (1966) to study subtle pro
tein changes occurring in muscle, though 
the result indicated no relationship be
tween variation and product quality.

The aim of this report is to study the 
cause and diversity of heat-gelling prop
erties of isolated myosin, actin and acto
myosin in saline-model systems.

The results obtained have shown that 
the heat gelling of the proteins in a sim
ple model system does not run parallel 
with a gel-forming ability in a more com 
plex model system and that only whole 
molecules of myosin can give an invari
able influence on heat-induced gelation of 
the systems.

Actin alone has been found to have no 
effect, but exerts a significant effect on 
heat gelation when combined with myo
sin.

M A T ER IA LS  & M ETH O D S
Preparation of myosin A

Myosin A was prepared by extracting fresh 
rabbit skeletal muscle according to the 
method described by Perry (1955).

Preparation of myosin B
Myosin B was prepared by treating the 

rabbit skeletal muscle with the Weber-Edsall 
solution for 24 hr and purifying it by re
peating the usual “dilution precipitation 
method” two or three times.

Preparation of actin
G-actin was prepared from acetone-treated 

rabbit muscle after applying the method of 
Mommaerts (1952), and transformed to

F-actin in 0.1 M  KC1 solution.

Preparation of heavy meromyosin 
(HMM) and light meromyosin (LMM)

Meromyosins were prepared by treatment 
of 10 mg/ml solution of myosin A in 0.5M 
KC1 at pH 7.0 with trypsin (1:200 weight 
ratio) freshly dissolved in cold water. Mero
myosins were isolated from the resulting solu
tion by the method of Szent-Gyorgyi et al. 
(I960), after 10 min of digestion at 25°C. 
The reaction was stopped by the addition of 
a 1.3-fold weight excess of soybean trypsin 
inhibitor freshly dissolved in cold water.

Crude LMM (ATPase activity showed 
about a half value of myosin A) was pre
cipitated by dialyzing trypsin-treated myosin 
A against 10 ~  15 vol 10 mill phosphate 
buffer for 12 hr. The precipitate was gathered 
by centrifuging for 15 min at 12,000 rpm 
and dissolved in 0.02M  borate buffer (pH 
8.3) in 0.15 M  KC1 solution.

HMM was precipitated by holding the su
pernatant after dialyzing against 57% am
monium sulfate solution. The above-men
tioned crude LMM might be contaminated 
with myosin and HMM, because it showed 
0.5 times as high ATPase activity as mother 
myosin. Then LMM was further purified by 
adding F-actin to the crude LMM prepara
tion and centrifuging out the resulting acto- 
HMM and -myosin (Lowey et al. 1962).

Preparation of LMM fraction 1 
(LMM Fr. 1)

Light meromyosin fraction 1 was pre
pared from LMM according to the method 
described by Szent-Gyorgyi (1960). Three 
vol ethanol (95% v/v) were added to LMM 
in 0.6M KC1 solution at room temperature 
and the mixture was allowed to stand for 2-3 
hr. The protein was quantitatively precipi
tated and collected by centrifuging for 20 
min at 4,000 rpm. The precipitate was re
suspended in the initial volume of 0.6M 
KC1 and dialyzed against 0.6M KC1 for 24 
hr. The protein was precipitated at low ionic 
strength (p =  0.1). Light meromyosin frac
tion 1 was obtained by dissolving the precipi
tate in the initial volume of 0.6M KCI.

Preparation of stroma
Myosin free stroma. Myosin-free stroma 

was prepared by treating minced matured 
hen skeletal muscle with the Hasselbach- 
Schneider solution (1951) for 20 ~  30 min
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and squeezing with gauze. This extraction 
procedure was repeated three times. The re
sulting Gohst fibrils were washed with water, 
treated with acetone and dried in the air at 
room temperature.

Myosin and actin free stroma. The fresh 
myosin-free stroma was treated twice with 
0.6M KI solution for 1-2 hr (Huxley et al.,
1960) and squeezed with gauze. The residue 
was washed with water and then with acetone 
and dried as before.

Determination of ATPase activity
ATPase activity was measured in 0.5M 

KC1 at 25 °C and 20 mM  tris-maleate (pH 
7.0) in the presence of 5 mM  CaCl2, 1.0 
mM ATP and 0.1 mg protein/ml. Aliquots 
of the reaction mixture were removed at 
measured intervals of time and the reaction 
stopped by the addition of 10% TCA. The 
amount of liberated inorganic phosphate was

O ---------------C J
Fig. 1— The gel-strength tester. A sample 
in a glass container was placed on the 
plate (c), and the end of the sliding bar (c) 
was lowered until it touched the surface of 
the sample. Then the pointer of the cir
cular scale (b) was adjusted to 0 by turn
ing the plate (c). Next, increasing weights 
were added at (a), and the readings of the 
pointer were recorded 1 min after the 
addition of each weight (reading A). Then, 
the reading of the pointer when the end of 
the rod (c) reached to the bottom of the 
glass container was recorded (reading B). 
Then tensile strength values were calcu
lated from these data as follow: Tensile 
strength =  reading A/reading B X 100.

measured by the method of Martin et al. 
(1949).

Electron microscopic observation
The particles of the gel were fixed in 2.5% 

glutaraldehyde in phosphate buffer (pH 7.0), 
and then postfixed in 1% OsO, in Veronal 
buffer (pH 7.2). After dehydration in graded 
series of alcohol solution followed by pro
pylene oxide, the materials were embedded in 
Epon 812 (Luft, 1961). The sections were 
stained with 1% uranyl acetate followed by 
lead citrate and then examined in a Hitachi 
HU-11 B electron microscope operated at 
75 Kv.

Heat-gelling properties
The qualitative heat-gelling test was car

ried out according to Trautman (1966). Cal
culated concentrations (~ 20  mg/ml) of 
myosin A and B, F-actin, HMM, LMM and 
LMM Fr. 1 in 0.6M KC1 and 10 mM buffer 
(pH 7.0) were pipetted into 5-mm diameter 
glass test tubes. The tubes were transferred 
to a 60°C water bath, held for 30 min and 
finally transferred to a 11°C water bath. 
After 15 min, each tube was then inverted. 
The tubes in which all the content of the 
protein heated remained when inverted were 
expressed as +  and negative ones as —.

Evaluation of gel-strength in the 
systems containing stroma

Two milliliters of the protein preparations 
in 0.6M KC1 buffered at pH 7.0 or 6.0 were 
mixed with 1 g of stroma described above in 
a glass container whose inside diameter and 
depth were 2.0 and 1.5 cm, respectively, and 
equilibrated for 30 min. The slurry was 
heated at 60°C for 30 min and then quickly 
cooled in ice. In accord with the heat-gelling 
property of the protein, the inside materials 
showed various conditions after heating; e.g., 
control (stroma plus 0.6M KC1 and buffer) 
remained as it was and myosin A or myosin 
B formed a plug holding stroma together in 
the center of the container. The gel-strength 
of the systems was evaluated with a device 
reported by Fukazawa et al. (1961a). The 
sensitivity of the tester has been improved 
ten times as high as previously reported by 
cancelling out the weight of the sliding bar 
(Fig. 1). Relative values of tensile strength 
were plotted against weight used, and grams 
of weight added to reach 50% tensile 
strength [W 50(G)] were taken to compare 
gel-strength of the cooked systems.

In the process of this work, it became 
essential to establish standard conditions for 
protein concentration vs gel-strength. Fig
ure 2 shows the effect of protein concentra
tion on degree of gel-strength of the systems 
in which hide powder (Merck Co., Ger
many) was used in place of stroma. Dif
ferences in gel-strength due to protein species 
become apparent at comparatively low con
centration of proteins used. To standardize 
conditions for this experiment and to save 
protein samples, protein concentration of 
4 mg/ml were used for the remainder of 
this study. Although the conditions of the 
experiments were standardized as closely 
as possible, the grams of weight at 50% 
tensile strength differ from one preparation 
of stroma to another, so that the curves 
from different stroma preparations may be

compared only in general shape and not in 
absolute values. However, when stroma from 
the same source was used, the data obtained 
were reproducible. Averages of three ex
periments on stroma from the same source 
were used throughout this study.

Turbidity measurement
Myosin A solutions containing 0.6 mg/ml 

protein, 0.5M  KC1 and 20 mM tris-maleate 
buffer at pH 7.0 with or without 5 mM thio- 
glycol, 1 mM Na_.SCL or 0.05 mM p-mercuri- 
benzoate were incubated at temperatures 
from 20-70°C for 15 min. The coagulation 
of myosin A due to heating was followed 
by the increase in turbidity of the solution 
under various conditions. Turbidity was de
termined by measuring the optical density 
of the protein solution in a 1-cm cell at 370 
mp using a Hitachi photoelectric spectro
photometer (EPU-2A).

Water-holding capacity
The samples used for the measurement of 

tensile strength were centrifuged at 10,000 
rpm for 1 hr and the volume of the separated 
water was measured in a graduated cylinder. 
Then the water-holding capacity was given by 
[l-(volume of water separated/volume of 
water initially added)] Xl00.

Determination of protein concentration
Protein concentrations were determined by 

a micro-Kjeldahl or a biuret procedure.
ATP was purchased from Sigma Chemi

cal Co. Other reagents used were of the best 
reagent grade available.

R E S U L T S
Heat-gelling properties in 
simple model systems

Figure 3 illustrates specific A TPase ac
tivities of various myosins used in this

Fig. 2— The effect of protein concentra
tions on gel-strength of the system s com
posed of hide powder and myosin A, its 
derivatives and F-actin after heat treatment 
at 60°C and pH 7.0.
- - - - Hide powder alone (control: 1 g of 
hide powder plas 2 ml of 0 .6 M KCI with 
10 mM phosphate buffer.)
A Myosin A 
□ LMM (crude)
•  F-actin 
O Myosin B 
X HMM
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study. W hen complexed with F-actin, the 
specific activity decreased, since F-actin 
does not have any ATPase activity under 
this condition. Conversely, if myosin A 
molecule is split by trypsin treatm ent and 
divided into its globular head (FIM M ) 
and helical rod (L M M ), specific ATPase 
activity of the form er remarkably in
creased. Light meromyosin is believed to 
possess no ATPase activity. The purified 
LM M  obtained almost no activity. F ur
ther purification by ethanol fractionation 
of LMM completely eliminates the activ
ity. LM M  and LM M  Fr. 1, however, 
possess the solubility characteristics of 
m other myosin A and are soluble only at 
ionic strengths greater than ¡x — 0.25, 
while FIMM is water-soluble (Szent- 
Gyorgyi, 1953). Using high enough con
centrations (20 m g/m l) to cause heat 
gelation, if any (Trautm an, 1966), heat- 
gelling properties of the proteins above 
described and of F-actin were tested. 
A fter heat treatm ent at 60°C  and pH 7.0 
for 15 min, myosin A and B and HM M  
solutions form ed gels which remained in 
the test tube when inverted. O ther p ro
teins form ed a flocculated coagulum or 
became turbid, but showed no sign of 
gelation. It should be emphasized that, 
despite the fact that LM M  and LMM Fr. 
1 have the solubility characteristics of 
myosin A, they exert no effect on heat 
gelation.

Exam ination of the gels by electron 
microscopy indicates that, in all cases, is
lands of protein aggregates were scattered 
evenly and held water inside (Fig. 4a,b,c), 
suggesting the form ation of a network 
system upon heating. These results are 
summarized in Table 1, along with sulfhy- 
dril content in each protein. The results 
give an impression that the ATPase ac
tive site or the region nearby in myosin A

Fig. 3— ATPase activities of myosin A and 
its derivatives.
X HMM 
O Myosin B 
•  LMM Fr. 1 
A Myosin A 
A LMM

molecules might play a role in the binding 
properties of cured comminuted meat 
products upon heating.

Heat-gelation in complexed model system
The apparent relation of ATPase ac

tivity to heat-gelation seen in the sample 
model systems does not accurately depict 
what happens in sausage emulsions upon 
heating, since the binding properties of 
sausage develop in the presence of two 
other protein groups, sarcoplasmic and 
strom a proteins. Since there is little pos
sibility of participation of the binding or 
heat gelling property of the form er on the 
basis of accum ulated evidence (Fukazawa 
et al., 1961 and Trautm an, 1966), the 
effect of strom a proteins on the heat- 
gelation of aforementioned proteins has 
been studied in this article. The gel- 
strength of heated model systems in which 
1 g of stroma and the proteins (4 m g/m l) 
in 6 ml of 0.6M  KC1 and 10 mM buffer 
at pH  6.0 are presented and compared in 
Fig. 5.

When myosin A-free strom a was used, 
the order of resulting gel-strength is myo-

Fig. 4— Electron micrographs of heat-in
duced gets. Top, Myosin A; center, Myosin 
B; bottom, HMM. Bar-length in each photo
graph is 0.5 ii.

sin A >  myosin B >  F-actin >  H M M  >  
LM M  Fr. 1 (Fig. 5 a). In the case of 
myosin A  and actin-free stroma, however, 
the decreasing order of gel-strength is 
myosin B, myosin A, HM M , LM M , 
F-actin and LM M  Fr. 1 (Fig. 5b).

Two questionable aspects may arise 
from the results shown in Fig. 5. One is 
that the weight necessary to reach the 
half value of relative tensile strength was 
much higher in Fig. 5b than in Fig. 5a, 
especially when the effective proteins are 
present. The other is that the order of 
myosin A and B with regard to gel- 
strength is reversed depending on the use 
of two different stroma preparations from 
the same muscle source.

The first point may be explained by the 
results listed in Table 2, showing the 
difference in the water-holding capacity

Table 1—ATPase activity, heat gelling 
property and sulfhydryl contents, -p, Posi
tive; —, Negative; c, Coagulation; quoted 
from 1,3,5 (Szent-Gyorgyl, 1959); 2,6 (Barany, 
1959), and4(Lowey, 1962).

A T P ase
activ ity

H e a t
G elling

tes t S H /1 0 5g

M yosin  A + + 7 . 4 1
M yosin  B + + 6 .3 2
L M M — — 4 .3 «
L M M  F r . I — — 4 . 0 4
H M M + + 8 .5 s
F -a c tin — C 3.0«

Table 2—Water-holding capacity of the 
systems composed of stroma and myosin 
A, myosin B and LMM after heat-treatment 
at60°C and pH 6.0.

M yosin -free
M yosin ,

ac tin -free
s tro m a stro m a

M yosin  A  4 8 . 3 , % 41.2
M y o sin  B 4 7 .0 4 3 .6
L M M  4 0 .8 3 7 .5

Fig. 5— Gel-strength of the system s com
posed of stroma and myosin A, its deriva
tives and F-actin after heat-treatment at 
pH 6.0 and 60°C.
a, Myosin-free stroma;
b, Myosin-and actin-free stroma.
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of the gel form ed by heat treatm ent. 
W ater concentrations of heat-induced gels 
containing myosin-free stroma are higher 
than those containing of myosin- and 
actin-free stroma, thus indicating the de
crease in hardness of the gel in the fo r
mer. As for the second, it may be said 
that complex form ation of actin and myo
sin might play a role in this phenom enon, 
since the main com ponent of myosin B is 
the actomyosin complex and the effect of 
myosin A and B on the gel-strength de
pends on the presence or absence of actin 
in the stroma used.

D ISC U SS IO N
The results obtained from  experiments 

on heat gelation of isolated protein solu
tions appear to implicate the gelation with 
ATPase activities as well as sulfhydril 
content of those proteins. If SH-groups 
are involved in gelation, form ation of a 
network system (Fig. 4) might result 
from  formation of intermolecular disulfide 
bridges due to oxidation of sulfhydril 
groups on native protein molecules.

Using an am perom etric titration 
m ethod with A g N 0 3, Ham m  et al. (1965) 
investigated the changes in sulfhydril and 
disulfide groups of myofibrils and acto
myosin during the course of heat coagula
tion and reported that oxidation of SH to
S-S was not observable up to 70°C, 
though the coagulation had already oc
curred from  45°C. In fact, the conven
tional turbidity measurem ents on myosin 
solution in Q.5M KC1 during the course 
of heat coagulation (Fig. 6) clearly indi-

Fig. 6— Changes in turbidity of myosin A 
solution upon heating at pH 7.0 (20 mM 
tris).
O Control 
A Thioglycol 5mM 
X N a S0 3 1 mM 
□ p-chloromercuribenzoate 0.05 mM

cate that neither a reducing reagent such 
as thioglycol or N a2So3 nor a SH-blocking 
reagent such as p-chloromercuribenzoate 
prevent the solution from  coagulating, but 
rather accelerates the reaction up to 60°C.

This supports the conclusion by Hamm 
et al. (1965) that the heat coagulation of 
myofibrillar proteins is not due to the 
oxidation of SH-groups but to  the inter
molecular association of other side groups 
on the molecules. Therefore, in spite of 
its apparent coincidence with enzymic and 
chemical characteristics of myofibrillar 
proteins, gelation induced by heat would 
be achieved through other ways than is 
expected from  the results in Table 1.

Experiments on the physical properties 
of the gel form ed in m ore complex model 
systems composed of stroma and myofi
brillar proteins have shown contradictory 
results to those from  simple model sys
tems. Contrary to the results in Table 1, 
H M M  demonstrates little influence on 
heat-gelling properties of the complex 
model systems.

On the other hand, LM M  which is be
lieved to govern the solubility of myosin 
A (Szent-Gyorgyi, 1953) has been shown 
to have no effect on the heat-gelling prop
erties of any system tested (Table 1 and 
Fig. 5). It is of interest that the subunits 
of myosin A have little to  do with the 
heat gelling-properties, whereas the con
verse is true for parent myosin A. This 
may suggest that a whole molecule of 
myosin A is needed for the development 
of this property and that care should be 
taken in the use of m eat tenderized by 
proteolytic enzymes in sausage m anufac
ture.

F-actin itself exerts little influence on 
heat-gelling properties (Table 1 and Fig. 
5). The result is consistent with the con
clusion stated by Fukazawa et al. (1961). 
However, it was found in this study that 
F-actin improves the gel-strength when 
complexed with myosin A. In the system 
of myosin A- and actin-free stroma plus 
proteins, myosin B (natural actomyosin) 
forms a harder gel with more water con
tent than myosin A (Fig. 5b) and vice 
versa in the system of myosin A-free 
strom a plus proteins (Fig. 5a). This sug
gests the com plem entary effect of F-actin 
on improvement of gel property which is 
commonly given by myosin A in most 
systems.
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Composition of Montmorency Cherry Essence.
1. Low-boiling Components

SUMMARY— The low-boiling neutral components of a commercial Montmorency 
cherry essence were concentrated by distillation. Individual components were separated 
and identified by combined gas chromatography and mass spectrometry. The identifica
tions were confirmed by gas co-chromatography with known compounds. Ethano' and 
methanol were the most abundant low-boiling substances. These compounds were esti
mated to comprise 9 and 0 .5%  of the essence, respectively. The next most abundant 
compound was acetaldehyde. Other compounds present included diethyl ether, pro
pionaldéhyde, acetone, isobutyraldéhyde, methyl acetate and ethyl acetate. The esti
mated concentrations of these compounds in the original essence are given in each 
instance.

IN TRO D U CTIO N
A N U M B ER  of investigations have been 
made on the volatile constituents of 
cherries and related products. Nelson et 
al. (1939) identified benzaldehyde in 
M ontm orency cherry juice and isolated 
a small am ount of a yellow oil with an 
odor they considered suggestive of ger- 
aniol. Serini (1957) identified 2,3-butyl- 
ene glycol and acetylmethyl carbinol 
from sweet cherries. W aser et al. (1937) 
found terpineol in cherry wine. M ohler 
(1934) found that the flavor components 
of cherry brandy included a low-boiling 
fraction containing aldehydes and esters, 
an intermediate boiling fraction of uni
dentified substances that produced the 
characteristic cherry brandy arom a and a 
high-boiling fraction that contained high- 
boiling alcohols, benzaldehyde, coumarin 
and vanillin. More recently, Lovric (1962) 
identified hydroxymethylfurfural in heat- 
processed red tart cherries.

The development of gas chrom atog
raphy and its combined use with mass 
spectrom etry has led to increased knowl
edge of many flavor compositions. Meh- 
litz et al. (1962), Kovacs et al. (1964) 
and Spanyar et al. (1964) made gas 
chrom atographic studies of the volatile 
materials o f cherries but the compounds 
were not identified.

This paper is the first o f a series on 
the comnosition of M ontm orency cherry 
aroma. The objective is to improve the 
flavor of the processed fruit, as most pro
duction of this variety is used for baking 
or other heat treatm ent processes. The 
present paper is concerned with the iden
tification of the low-boiling constituents 
o f M ontm orency cherry essence, a com 
mercial flavor concentrate produced by

:l D eceased , M ay  19, 1968.

stripping and rectification of M ontm or
ency cherry juice.

M A T ER IA LS  & M ETH O D S
Cherry essence

Commercial grade 150-fold Montmorency 
cherry essence was obtained from the A. F. 
Murch Company, Paw Paw, Mich., and 
was prepared by the procedure developed 
by Claffey et al. (1958). The degree of 
vaporization of the juice was 25%. The 
essence had a strong, pleasant “cooked 
cherry” aroma typical of pasteurized cherry 
juice. It was shipped in 1 gal polyethylene 
bottles and stored in these containers at 
34°F until used.

Gas-liquid chromatography
Two gas-liquid chromatographic units 

were used in this investigation. The first 
assembly, used principally for analytical 
determinations, consisted of an F&M 720 
gas-liquid chromatograph equipped with the 
F&M 700 Module (F&M Corporation, 
Avondale, Pa.). This combination permitted 
dual column operation with flame ionization 
detectors. Stainless steel columns containing 
either Carbowax 20-M or “Tris” (1,2,3-tris-
2-cyanoethoxypropane) liquid phases were 
used for the gas chromatography.

The main column for the analytical de
terminations was 50' X V8" O.D. containing 
10% Carbowax 20-M (the standard “Hi- 
Pak” column produced by the F & M Corp.). 
A second pair of columns was used, con
sisting of stainless steel, 6' X Vs" O.D., and 
containing 20% “Tris” on 80-100 mesh 
Chromosorb Z support. These were also 
purchased from the F & M Corporation.

The second gas chromatograph was an 
F & M 810 unit used in conjunction with the 
mass spectrometer Model 21-103C Con
solidated Electrodynamics, Inc. Columns 
containing the same liquid phases (Carbowax 
20-M and “Tris”) were used for preparative 
scale separations with this instrument. Both

the thermal conductivity and flame ionization 
detectors were used, the latter with a 1:100 
stream splitter. A portion of the gas emerg
ing from the exit port of the gas chromato
graph was conducted to the mass spectrom
eter through heated conduit tubes.

Infra-red analysis
Materials were collected for analysis in 

a Perkin-Elmer 237B by passing the effluent 
gas from the exit port of the gas chromato
graph through a “U”-shaped length of 
capillary tubing with the loop immersed in a 
dry ice-acetone bath.

Classification tests
Qualitative organic classification tests were 

used together with gas chromatography to 
indicate the presence of various functional 
groups. Decrease in the gas chromatographic 
peak height after reaction indicated the 
presence of that particular functional group 
in the compound responsible for that peak. 
The following classification tests were used 
(Howard et al., 1967): carbonyl compounds, 
hydroxyammonium chloride; olefins and 
aldehydes, potassium permanganate. No 
satisfactory test for esters has been found. 
Alcohols were identified by their 3,5-dinitro- 
benzoate derivatives (Shriner et al., 1956).

Preparation of concentrate
The low-boiling volatile materials were 

isolated and concentrated by three successive 
distillations. A 36" glass-spiral Widmer col
umn (Labglass, Inc., Vineland, N.J.) was 
used for the first two distillations. The third 
distillation utilized an 18" spinning band 
column (Nestor Faust Manufacturing Cor
poration, Newark, Del.). The outlets in all 
three distillations were protected by a trap 
immersed in a dry ice-acetone bath. Me
chanical stirring was used in all instances 
to improve efficiency of distillation. Repre
sentative results from the distillation of 
3370 ml of essence were as follows:

Distillate No. 1—distillation of original es
sence. collecting all material distilling up 
to 77°C (i.e., including ethanol). Vol. =  
325 ml.

Distillate No. 2—distillation of above dis
tillate, collecting all material distilling up 
to 70°C (i.e., eliminating most ethanol, 
but not methanol). Vol. =  18.8 ml. 

Distillate No. 3—distillation of distillate No.
2. collecting all material distilling up to 
60°C (eliminating most of methanol). 
Vol. =  1.1 ml.
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Table 1—Low-boiling components present in Montmorency cherry essence.

Peak  no . R ace ta ldehyde Id en tity
E s tim a te d  c o n cen tra tio n  

in  o rig inal essence
M eth o d  o f 

id e n tif ic a tio n 1

1
2

0 .7 3
0 .8 7 D ie th y l e th e r 140 ppm M S, G C

3 A ceta ld eh y d e 485 p p m M S, G C
4 1.22 P ro p io n ald éh y d e less th a n  5 p p m M S, G C
5 1.31 A ce to n e  an d 16 p p m  each  (e s tim a ted M S, G C

6 1.37
iso b u ty ra ld éh y d e  

M ethy l a ce ta te
on  th is  co lum n) 

32 p p m
M S, G C  
M S, G C

7 1.46
8 1.69 E thy l a ce ta te 295 ppm M S, G C
9 1.83 M eth an o l 5000 p p m  (0 .5 % ) M S, G C , IR , C H E M

10 2 .0 2 E th an o l 90,000 p p m  (9 .0 % ) M S, G C , IR , C H E M

1 M S =  m ass  sp ec tro m etry ; G C  =  gas c h ro m a to g ra p h y ; IR  =  in fra red ; C H E M  =  chem ical 
derivatives.

R E S U L T S  & D ISC U SS IO N
Quantitative analysis

The concentrations of methanol and 
ethanol present in the original 150-fold 
essence were determined by a series of 
chromatographic runs using propanol-1 as 
an internal standard according to the method 
of Dal Nogare et al. (1962). Known quanti
ties of propanol-1 were added to the original 
essence and also to known mixtures of 
methanol and ethanol. The concentrations 
of the alcohols were estimated by comparing 
the heights of their respective peaks with 
the height of the propanol-1 peak.

Figure 1 shows the chart obtained by in
jection of a sample of 150-fold essence di
rectly onto the 50' X Vs" O.D. Hi-Pak 
column containing 10% Carbowax 20M. 
The numbers assigned to the peaks cor
respond to the numbers in Table 1.

TIME, MINUTES

Fig. 1— Chromatogram of low-boiling com
ponents in original Montmorency cherry 
essence using 5O' x  Vs" Carbowax 20M 
column at 65°C.

The two major peaks were identified as 
methanol and ethanol using fractions iso
lated by gas chromatography. Their identi
fications as methanol and ethanol by mass 
spectra were confirmed by infrared analysis 
and the melting points of their 3,5-dinitro- 
benzoate derivatives (melting points of 
104-105°C and 90-91 °C, respectively; un
altered by admixture of the corresponding 
derivatives of the known compounds). It 
was estimated that the original essence con
tained approximately 9.0% ethanol and 
0.5% methanol.

The high concentrations of methanol and 
ethanol that were found in 150-fold cherry 
essence may not be representative of the 
composition of the juice of fresh, sound 
fruit. Ethanol, for example, may be formed 
by reactions occurring after the fruit is 
crushed, either by fermentation of sugars or 
by hydrolysis of esters. Thus a slight build-up 
to 0.06% ethanol by incidental fermenta
tion would result in 9.0% ethanol in the 
150-fold essence after concentration. Traces 
of methanol could arise from the enzymic 
cleavage of the methoxy groups present in 
cherry pectins.

The low concentrations of the minor com
ponents in the original essence made it 
necessary to concentrate them by the series 
of distillations described in Materials and 
Methods. This also reduced the preponder
ance of ethanol and methanol in the con
centrates. The final product, Distillate No. 
3, was chromatographed and the results are 
shown in Figure 2. The components were 
identified by mass spectral analysis of the 
gas emerging from the Carbowax 20M and 
the “Tris” columns. The concentration of 
each component was estimated by comparing 
the peak height with that produced by a 
standard solution containing 100 ppm. of 
that component. A 50' X Vs" Carbowax 
20M column was used because of the ex
cellent separation and the sharpness of the 
peaks obtained. The compounds identified in 
the distillate are indicated in Table 1, to
gether with the estimated concentrations in 
the original essence and the retention dis
tances relative to acetaldehyde on a Carbo
wax 20M column. The identity of Peak 1 
has not been established.

The presence of diethyl ether (Peak 2) 
was unexpected as this compound is not a 
product of normal plant metabolism. The 
possibility that it represents a breakdown

product of ethanol arising during the analy
sis from degradation of ethanol in the in
jection port was eliminated by a duplicate 
determination injecting purified ethanol into 
the volume. It is possible that diethyl ether 
is formed by degradation of ethanol during 
distillation.

Acetaldehyde (Peak 3) was the main 
component emerging before methanol. The 
odor of acetaldehyde was easily detected 
in control solutions that contained the same 
concentration as found in the original es
sence. Peak 4 was identified as propionaldé
hyde.

Acetone and isobutyraldéhyde (2-methyl- 
propanal) formed a single peak (Peak 5) 
on the column containing Carbowax 20M 
(Fig. 2) but formed well separated peaks 
on the “Tris” column. The peak heights on 
the latter column indicated that acetone and 
isobutyraldéhyde are present in approxi
mately equal amounts in cherry essence. 
Methyl acetate, the component of the next 
peak, was somewhat more abundant. The 
identity of Peak 7 has not been established.

Ethyl acetate, next to acetaldehyde, is the 
most abundant of the minor components of 
cherry essence boiling below methanol. 
It occurred on the Carbowax 20M column 
adjacent to the methanol peak, which tended 
to obscure it. However, on the “Tris” column 
it occurred as a distinct, separate peak.

Several of these components have defi
nitely perceptible odors in control solutions 
at the levels at which they occur in cherry

Fig. 2— Chromatogram of concentrated 
distillate containing low-boiling compon
ents in Montmorency cherry essence, using 
50’ X Vs" Carbowax 20M column at 75°C.
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essence. Their relative contribution to the 
total “cherry” aroma in the presence of the 
other components has not yet been eval
uated.
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Ascospore Production by Byssochlamys fulva
SUMMARY— The effect o: different variables on ascospore production was studied quan
titatively. Maximal populations were obtained in 5%  malt extract broth. pH 2-3, after an 
incubation of 7-14 days at 30°C. Tests on nine different fruit and vegetable juices showed 
that eight afforded good sporulation. Prune, grape and pineapple yielded the greatest 
numbers. Plating methods were found to underestimate the true ascospore populations 
because of spore dormancy and because a majority of the asci, each containing eight 
ascospores, remained intact.

IN TRO D U CTIO N
T H E  G EN U S Byssochlamys, which en
compasses two species B. fulva  and B. 
nivea, is unique in that it produces asco
spores sufficiently heat-resistant to survive 
the therm al processes commonly given 
highly acid foods. The mold was first rec
ognized as a cause of canned fruit spoil
age in G reat Britain (Olliver et al., 
1933), and for about 20 years the prob
lem appeared to be restricted to that 
country. In recent years, however, Bysso
chlamys has been found in Switzerland 
(Liithi et al., 1952), Canada (Yates et al., 
1963), Australia (Spurgin. 1964), H ol
land (Put, 1964), and the United States 
(M ichener et al., 1966). In this country 
the mold apparently has not been a seri
ous cause of food spoilage even though it

may be a common contam inant of grapes 
(M ichener et al., 1966) and perhaps other 
fruits.

A num ber of studies have been con
cerned with sources of contamination 
(Olliver et al., 1934; Hull, 1939; Put, 
1964) and heat resistance (H irst et al., 
1933; Gillespy, 1938; Hull, 1939). Little 
inform ation is available, however, regard
ing the effect of cultural conditions on as
cospore generation. Such data are im por
tan t because they m ay point to methods 
for controlling contamination of foods 
and also are a prerequisite for the pro
duction of the large crops of ascospores 
needed for heat resistance determinations 
and for studies on spore physiology. The 
objective of this research, therefore, was 
to evaluate procedures for enumerating 
ascospores and to study the effect of dif

ferent variables on the numbers pro
duced.

E X P E R IM E N T A L
THE CULTURE was isolated from a com
mercial, thermally processed grape drink. 
The isolate matched the description of Bys
sochlamys with respect to appearance of 
colonies, conidia and asci, and in the heat re
sistance of its ascospores. Its tawny pigment
ed colonies indicated it to be B. fulva rather 
than B. nivea (Brown et al., 1957).

A relatively simple method was developed 
for studying the effect of different variables 
on ascospore yields. The inoculum, usually a 
suspension of ascospores, was added by pi
pette to 5 ml of broth contained in 150 X 
16 mm culture tubes. The tubes were not agi
tated during incubation, and thus the fungal 
mat developed on the surface of the broth, 
which had an area of approximately 1.5 cm3. 
Ascospores were enumerated by blending 
the broth and mat in a micro-homogenizer 
(Ivan Sorvall, Inc.) until the material ap
peared homogeneous, usually 2-3 min at 50,- 
000 rpm. The homogenate then was heated 
for 1 hr at 70°C to destroy conidia and hy- 
phal fragments and to activate dormant as
cospores. Appropriate decimal dilutions were
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MIN AT 90°C

Fig. 1— Thermal death of asci heated in 
distilled water.

plated on Difco potato dextrose agar of pH 
5.6. Plates having 30-80 colonies were 
counted after an incubation of 2 days at 30° 
C.

Total growth was determined by measur
ing the turbidity of homogenates that were 
resuspended in distilled water following cen
trifugation for 10 min at 5,000 rpm. Optical 
densities were read in Spectronic-20 colo
rimeter at 540 m/i.

R E S U L T S  & D ISC U SS IO N
Ascospore enumeration

As later data will illustrate, the plating 
of individual tube cultures afforded rela
tively reproducible ascospore counts, and 
thus the effect of different variables could 
be readily measured. The colony counts, 
however, underestimated the actual num 
ber of ascospores present in the homoge
nate by a rather large factor. The reasons 
for the low figures were that many of the 
asci remained intact, and, secondly, a sig
nificant percentage of the ascospores ap
peared to possess a dorm ancy that pre
vented their germination when they were 
introduced into a nutrient medium.

Microscopic counts obtained with a 
haemocytometer revealed that 90%  of 
the asci remained intact after 2 min of 
blending in the micro-homogenizer. Asci 
rather than ascospores, therefore, were 
being enumerated, and, since each ascus 
contains eight spores, the num ber of ac
tive ascospores in the heated blendate was 
approximately 8-fold higher than the col
ony count. This difficulty in rupturing 
asci has been observed with other cultures 
of Byssochlamys (Gillespy, 1946; Mich- 
ener et al., 1966), and, therefore, our 
isolate was not unique in this respect.

The fact that the asci also rem ained in
tact when suspensions were heated at a le

thal tem perature was reflected when sur
vival data were plotted. It can be seen 
(Fig. 1) that only a slight reduction in the 
viable count occurred during the first 20 
min at 90 °C, but that following this period 
a m ore rapid death rate was obtained. 
However, when the curve was extrapo
lated to an 8-fold greater initial count, 
which represented the true active asco
spore population, the data suggest a single 
destruction rate throughout the 60 min 
heating period. The explanation for these 
results, of course, is that all eight spores 
within an ascus must be destroyed before 
the colony count is affected.

MIN AT 70°C

Fig. 2— Changes in the viable count of a 
blendate during heating at 70°C.

H eating homogenates at 70°C  resulted 
in an initial rapid decrease in the viable 
count followed by an increase (Fig. 2 ). 
The data show that most of the heat-labile 
material were destroyed during the first 5 
min of heating and that spore activation 
was about complete after 20 min. The 
heat activation data differ from  those of 
Hull (1939) who found that 120 min at 
70°C  and 10 min at 75°C  were required 
for maximal germination. At present, it is 
not known whether the optimal heat 
treatm ent is a strain characteristic or 
whether it is a factor influenced by nutri
tional or other cultural conditions.

It appears that even under the best con
ditions only a  fraction of the asci formed 
visible colonies. Thus, when direct m icro
scopic counts were com pared with plate 
counts, only 6.6%  of the unheated asci 
produced colonies, while a recovery of 
18% was obtained when some of the 
same suspension was heated at 70°C  prior

to plating. Extending the incubation of the 
plates beyond 2 days did not result in a 
significant increase in recovery. It is not 
known whether the 18% figure was typi
cal for most trials because usually the low 
level of asci plus the high concentration of 
conidia and hyphae in the homogenate 
prevented microscopic counts. Dorm ancy 
may be a com mon property of Byssoch
lamys since a low percent germination 
also has been observed with B. nivea as
cospores when heat activated in a variety 
of m enstrua (Yates et al., 1968).

Ascospore generation
A com parison of tryptone-glucose- 

yeast extract, potato dextrose and m alt ex
tract broths showed that the latter afford
ed the higher ascospore populations. The 
relative counts in 10, 5 and 1% malt ex
tract (D ifco) solutions were 100, 78 and 
2.2, respectively. The 5% solution was 
adopted as the standard medium since it 
yielded almost as many ascospores as the 
higher level.

Maximal spore populations were ob
tained in m alt extract broth after an incu
bation of 7-14 days at 30°C. Longer in
cubations often resulted in a decrease in 
counts, probably because some of the as
cospores had germinated.

Fig. 3— Effect of temperature on total 
growth and ascospore production. Cultures 
incubated 15 days in 5%  malt extract 
broth.

The optim al tem perature for growth 
and ascospore production was about 31°C  
(Fig. 3 ). A t this tem perature, but not at 
the others, the peak ascospore population 
was already reached at 7 days’ incubation. 
Thus the rate of spore generation, as well 
as total numbers, was favored by this tem 
perature. The data also show that tem per
ature was more critical for sporulation 
than for total growth. W hile small devia-
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pH

Fig. 4— Effect of pH of the culture medium 
on ascospore production. Cultures incu
bated 15 days at 30°C .

tions from  the optimal tem perature 
caused a m arked reduction in  the num ber 
of ascospores, relatively good vegetative 
growth was obtained over the range of 
20-40°C . Total growth doubled between 
7 and 15 days’ incubation at 31°C, 
suggesting that vegetative growth pro
ceeded without additional sporulation. It 
is possible, of course, that during this pe
riod spore form ation and germination oc
curred at similar rates with the overall ef
fect that the spore population rem ained 
relatively constant.

A nother factor affecting ascospore p ro
duction was the pH  of the medium. When 
the reaction of m alt extract broth was ad
justed with sodium hydroxide or an acid, 
the optim al value was found to be below 
pH  3, and similar spore yields were ob
tained over the wide pH  range of 4-8 
(Fig. 4 ). The hydrogen ion concentration 
rather than the type of acid appeared to 
be the im portant factor since comparable 
results were obtained with hydrochloric 
and tartaric acids.

The suitability of different acid foods 
as a medium for spore form ation was 
evaluated. The objective was to learn if 
lines processing certain foods might be 
m ore susceptible to a buildup of asco
spores. Commercial juices, devoid of 
added preservatives, were selected for 
these trials. Samples were cultured 
throughout an incubation of 32 days at 
30°C . The results (Table 1 ) showed that 
most of the juices perm itted good sporula
tion and that the prune, grape and pineap
ple juices afforded the highest counts.

Table 1— Ascospore production in dif
ferent commercial ju ices.

Juice p H
V iable
c o u n t

R elative
co u n t

C ran b erry 2 .7 56 X  102 0 .1 3
C o n co rd  g rap e 3 .3 18 X  105 43
A pp le 3 .6 70 X  10* 17
P ru n e 3 .9 42 X  106 100
O range 3 .9 78 X 10« 19
P ineapp le 3 .4 20 X 10s 48
V egetable  co ck 

ta il 4 .4 46 X  10* 11
T o m a to 4 .4 84 X 10* 20
S a u e rk ra u t 3 .5 56 X  10* 13

Cranberry juice, which contained relative
ly few ascospores, also failed to support 
good vegetative growth. The presence of 
benzoic acid, a natural constituent of 
cranberries, m ay have been responsible.

10 20 
DAYS AT 31°C

Fig. 5— The rate of ascospore production 
in different juices.

The data in Table 1 represent maximal 
counts obtained during the 32-day period. 
As illustrated in F igure 5, differences in 
rates o f ascospore form ation between 
juices were noted. The fastest sporulation 
occurred in tom ato juice where the count 
increased from  an initial 400 per ml to
51,000 in only 3 days. P rune juice, which 
ultimately yielded the most spores, did 
not initiate rapid sporulation until some
time after the 11th day of incubation. The 
highest counts in the apple, orange and 
sauerkraut juices were found on the last 
day of sampling. Extending the incuba

tion of these juices beyond 32 days, there
fore, might have resulted in still higher 
numbers.

The reason juices were selected for 
growth studies was they stimulated the sol
ubles that accumulate on the surfaces of 
processing equipment. The fact tha t most 
juices supported good sporulation and 
that B. fulva’s optimal tem perature is that 
of many processing plants in summ er 
makes one wonder why the organism does 
not present m ore of a problem. Three ex
planations come to m ind: (1) The mold 
may not be widely distributed in this 
country and, therefore, only by chance 
finds its way into processing lines; (2) 
Because 7 days or longer usually are re
quired for significant ascospore formation, 
the mold is removed by cleanups before 
this occurs; and (3) The mold may be in
hibited by aciduric organisms. Some of 
the norm al contam inants of processing 
lines may prevent sporulation or growth 
by competing for nutrients o r producing 
metabolic products toxic to  the mold. 
These are areas that will be studied in fu
ture work.
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Sweet Cream Butter FlavorInfluence of Free Fatty Acids on
SUMMARY— A threshold pattern for the even-numbered free fatty acids (FFA) in butter 
depended on chain-length. Butyric acid had the lowest total average flavor threshold 
(AFT) of the more volatile FFA, and the total AFT values increased as chain-length in
creased through hexanoic and octanoic acids. A soapy after-taste predominated at and 
above the AFT for decanoic and dodecanoic acids. Threshold values decreased from oc
tanoic acid through dodecanoic acid as the chain-length increased. The determination 
of AFT values for FFA in butter allowed an estimation of the importance of fatty acids 
in butter flavor. Mixture threshold results obtained support the concept that flavor com
ponents interact at subthreshold concentrations. Decrease in preference was shown for 
butter containing suprathreshold levels of total FFA.

IN TRO D U CTIO N
EN DO G EN OU S levels of free fatty adds 
(F F A ) are believed to  contribute to the 
flavor of sweet cream butter. Excessive 
concentrations of volatile short-chain F FA  
are recognized as the cause of hydrolytic 
rancidity flavor in dairy products. The 
F F A  content of several sweet cream but- 
teroils has been reported by Bills et al.
(1963) and Iyer et al. (1967). Their re
sults showed considerable variations be
tween samples. Scanlan et al. (1965) 
found that even-numbered fatty acids 
from  butyric to dodecanoic accounted 
somewhat equally for the fatty acid con
tribution to rancid milk flavor.

F F A  thresholds for butyric through do
decanoic have been determined in water 
(Patton et al., 1964; Siek et al., 1968) 
and for butyric through lauric in edible 
oil (Feron et al., 1961). The threshold 
for added butyric acid has been deter
mined in deodorized butteroil (Siek et al.,
1968) and added butyric and hexanoic 
acid thresholds have been determined in 
milk (Patton, 1964).

The purpose of this investigation was to 
find the thresholds for the C4-C12 F FA  in 
fresh sweet cream butter. This was ac
complished by determining the am ount of 
each individual F F A  to add to butter in 
order to reach its added threshold value. 
This added value was combined with the 
endogenous level of each acid in the but
ter to give a total threshold value.

A second objective was to dem onstrate 
the synergistic flavor interaction for mix
tures of F FA  in butter. Day et al. (1963) 
previously have discussed additive inter
actions of other flavor com pounds at sub
threshold concentrations.

Finally, the flavor preference for but
ters containing added F F A  was deter-

•Present Address: International Flavor and 
Fragrances, Union Beach, N. J.

mined.

E X P E R IM E N T A L
Fatty acids

Reagent grade (Eastman Distillation Prod
ucts) butyric, hexanoic, octanoic, decanoic 
and dodecanoic acids were used. Butyric, hex
anoic and octanoic acids were vacuum dis
tilled in a glass distillation apparatus (Siek 
et al., 1968). Decanoic and dodecanoic acids 
were purified by three consecutive ethanol- 
water recrystallizations. All acids were exam
ined by thin-layer and/or gas chromatog
raphy, and were found to be at least 99.5% 
pure.

Sweet cream butter
High quality fresh sweet cream secured 

from commercial sources was pasteurized and 
churned in the University Dairy Products 
Laboratory, and was immediately frozen and 
held at — 23 °C until used. The storage time 
interval never exceeded 28 days.

Three lots of butter were used throughout 
the flavor panel testing: Lot I for individual 
FFA thresholds, Lot II for interaction thresh
olds and Lot III for preference evaluations.

FFA analysis
The procedure followed for FFA analysis 

was that of Bills et al. (1963), an adaptation 
of the original method reported by Hornstein 
et al. (1960), except that FFA were isolated 
from intact butter instead of isolated milk 
fat.
Preparation of butter test samples

Sweet cream butter was allowed to warm 
at ambient temperature to a workable state 
(ca. 16°C). Measured amounts of FFA were 
added at levels to include concentrations be
low and above the anticipated flavor thresh
old. After a thorough mixing by kneading 
in a plastic bag, the butter was formed into 
long-pound units and stored at 10°C for 24 
hr prior to testing. Prior to serving, the but
ter was cut into patties and placed on coded 
paper butter chip plates. The serving tem
perature of the butter was approximately 
16°C.

Threshold panel selection
A series of 21 triangle tests, using varying 

levels of added butyric acid in sweet cream 
butter, was presented to 25 people. From 
these tests 14 judges were chosen for their 
ability to detect butyric acid in butter. Judges 
selected for the panel scored correct re
sponses on 50% or more of the triangle 
tests. The judges were experienced panel 
members but were not trained butter judges. 
Each judge was trained to detect individual 
fatty acid flavors when each acid was added 
at a high level to sweet cream butter.

Conflicts prevented three judges from par
ticipating throughout the entire testing pe
riod. New judges were evaluated by triangle 
tests as mentioned above, and were added 
to the panel as needed.

Individual compound threshold panel
tests

Tests were conducted at 10:00 am and 3:00 
pm. Samples were served on a tray to the 
judges seated in light controlled testing 
booths. Each tray contained two reference 
samples, marked “0” and “Ref,” and six test 
samples coded with three-digit randomly se
lected numbers. The “0” reference contained 
no added fatty acid and the “Ref” references 
contained a high level of the fatty acid 
being tested. The yes-no type ballot was sim
ilar to that described by Patton et al. (1957) 
and Wyatt et al. (1965).

The fatty acid tested on a given day was 
identified on the ballot.

For butyric, hexanoic and octanoic acids 
the judges’ task was to indicate whether or 
not they could detect a difference between 
the “0” reference and the coded butter sam
ples. Due to the persistent soapy after-taste 
associated with decanoic and dodecanoic ac
ids, duo-trio tests (Amerine et al. 1965) were 
used for determining the thresholds of these 
fatty acids. All threshold tests were repli
cated three times.

Mixture threshold panel tests
Interaction thresholds were determined by 

the same procedure as for the individual 
thresholds of butyric, hexanoic and octanoic 
acids. Mixtures of decanoic and dodecanoic 
acids were tested by triangle tests (Amerine 
et al. 1965). Instead of adding equal sub
threshold amounts of each fatty acid in the 
mixtures as reported by Day et al. (1963), 
mixtures were prepared according to ratios 
based on individual thresholds. For exam
ple, the ratio of the individual thresholds of 
butyric and hexanoic acids was approxi
mately 1:5, and butter samples were pre
pared with dilutions of fatty acids in this 
ratio. Tests were replicated at least twice.
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Table 1—FFA analyses of butter and milk fat sam ples (average of duplicate tria ls ;.

A cid

C o n c e n tra tio n  in  b u tte r C o n c e n tra tio n  in  m ilk  fa t

m g /kg m g /k g 1 m g/kg 2

I II I II IV V V I V II V i l i

4 :0 39 .1 4 6 .3 6 6 .4 9 .3 17.1 2 4 .5 3 6 .0 3 8 .4
6 :0 4 2 .2 4 7 .8 2 6 .4 5 .8 10.7 13.5 17 .8 17 .0
8 :0 0 .0 2 6 .8 7 .4 2 0 .3 17.8 14 .8 2 2 .8 17 .8

10 :0 2 0 1 .4 87.1 167.1 5 4 .7 4 1 .5 3 8 .0 3 8 .8 5 9 .0
12 :0 175.5 6 0 .7 95 .1 121 .6 8 9 .2 8 0 .6 115 .4 10 .4
14:0 216 .9 124 .4 147.5 3 4 6 .6 2 7 8 .5 263 .5 3 0 1 .2 2 1 9 .2
16 :0 512.1 3 5 4 .6 429 .3 1084.0 7 1 0 .2 641.1 6 2 0 .2 6 5 0 .8
18 :0 197.9 7 8 .5 182.3 320 .1 197.2 202 .9 3 2 9 .2 2 8 2 .8
18:1 659 .5 3 1 6 .0 5 6 8 .4 1078.0 725 .3 616.1 1050.8 1019.2
18 :2 146 .2 3 7 .8 9 0 .4 107.3 102 .8 7 7 .9 127 .4 118.8
18:3 4 9 .4 18 .0 87.1 3 8 .3 4 0 .2 2 0 .9 7 3 .6 7 6 .8

1 Iy e r  e t al. (1967).
2 Bills e t al. (1963).

Preference panels
Student preference panels of 150 members 

were conducted for each individual FFA in 
butter. Students serving on the panel were 
not selected for taste acuity. A hedonic scale 
from like extremely (nine) to dislike ex
tremely (one) was used. Each student panel 
member was given four coded butter sam
ples and a hot roll. One sample was sweet 
cream butter and the remaining three butter 
samples contained varying amounts of added 
fatty acids.

Statistical analysis
A linear regression of correct positive re

sponses on FFA concentration was run on 
each replication of the individual and mix
ture threshold panel data, and on the duo-trio 
panel data. The FFA concentration at the 
50% level of positive responses was reported 
as the average flavor threshold (AFT). In 
mixture threshold interactions determina
tions, each component was tested separately 
for significance because the mixture ratios 
were approximations of individual thresholds.

For statistical analysis of the mixture 
threshold data, a transformation was made 
to approximate common variances for all 
compounds by dividing the AFT of each 
compound in a mixture by the AFT ob
tained when the compound was evaluated by 
itself. A pooled variance term from the in
dividual and mixture AFT was used in the t 
test for interaction significance. Confidence 
limits of 95% were calculated for the 50% 
positive response threshold.

The triangle tests were evaluated by using 
the 5 and 1% levels from the “Significance 
in Triangular Test Tables” in Amerine et al. 
(1965). The preference test data were ana
lyzed by analysis of variance and the least 
significant difference (LSD) determined at 
both the 5 and 1% levels.

R E S U L T S  & D ISC U SSIO N
RESULTS of F F A  analyses of the three 
sweet cream butter samples used for the 
panel testing are presented in Table 1. 
Values for butteroil samples analyzed by 
Iyer et al. (1967), and Bills et al. (1963) 
are given also for comparison.

The levels of short-chain fatty acids 
found in butter were considerably higher 
than those reported for butteroil. This is 
probably due to the fact that intact butter 
samples were used rather than isolated 
milk fat. The short-chain fatty acids would 
partition more favorably into the aqueous 
phase, and thus would be measured more 
completely when intact butter is analyzed 
instead of isolated milk fat.

Results of the individual fatty acid 
threshold panels are presented in Table 2. 
Values are presented for both added and 
total FFA  levels at the A FT  in the butter. 
Butyric and hexanoic acids were generally 
detected by both odor and taste when 
added to butter samples. The results show 
that as chain length increased the A FT in
creased to a maximum for octanoic acid. 
Decanoic and dodecanoic acids had lower 
thresholds than octanoic acid, anc were 
detected primarily by their characteristic 
soapy after-taste. Interpretation of the 
A FT values on a m olar basis rather than 
a weight basis gave the same general 
threshold pattern (Table 2 ).

The interpretation of threshold data are 
difficult when the product a lread / con
tains an endogenous level of the class of 
compounds tested. The am ount o : FFA 
present in salt or acid form in butter de
pends on the pH  of the medium and the 
pK a of the acids involved. Although the 
Henderson-Hasselbach equation is most 
applicable for ideal aqueous systems, it 
can be used to predict approximate salt- 
acid ratios in complex biological systems. 
Therefore, butter with a pH  of 6.5 would 
yield a 45:1 salt to  acid ratio. This is 
probably one reason for butyric and hexa
noic acids having lower thresholds in wa
ter than in milk even though milk con
tains endogenous FFA. Table 3 sum
marizes threshold data for fatty acids in 
various media.

The threshold values for both the added 
A FT  and the total A FT of mixtures of 
FFA  in butter are presented in Table 4.

Table 2—Average flavor thresholds of 
individual free fatty acids C (-Ci2 in sweet 
cream butter.

T o ta l A F T  
in  m oles 
(X  10-') 

F F A
A d d ed  A F T  T o ta l A F T  ----------------

F F A  in  m g /k g 1 in  m g /k g 1’2 kg

C , 11 .4 ± 2 .1 50..5 z b 15 .8 5. 7
Ce 51 .5 r b 9 .8 93..7 2 9 .7 8. 1
Cg 4 5 4 .6 r b 87.1 454 .6 z b 144 .2 31..5
Cio 161 .6 =b 3 7 .9 363 .0 z b 140.9 21. 1
Cl2 127.9 -l- tO .O 303 .4 z b 117 .8 15..1

1 95 % confii .nee lim it o n  A F T .
2 E n d o g e n o e : F F A  level (T ab le  1, B u tte r 

Sam ple  I) p lu s ad d ed  F F A .

Table 3—Flavor thresholds of C 4-C12 free 
fatty acids in various media.

T h re sh o ld  co n c e n tra tio n  in  p p m

F F A

A dded
sw eet
cream
b u tte r

T o ta l
sw eet
cream
b u tte r W a te r1

N eu tra l
E d ib le

o i l2 M ilk :

4 :0 11 .4 50 .5 6 .8 0 .6 25
6 :0 5 1 .6 9 3 .8 5 .4 2 .5 14
8 :0 4 5 4 .7 4 5 4 .7 5 .8 3 5 0 .0 —

10:0 161 « " I . O 3 .5 2 0 0 .0 —

12:0 12‘ 4 7 0 0 .0 —

1 P a tt
2 F e r -

The /-test for interaction significance com 
pares the A FT of each individual FFA  
alone with the A FT  of each F FA  in the 
mixture.

In  this type of statistical evaluation, it 
is possible for zero one or m ore of the 
components in a m ixture to show a sig
nificant flavor interaction. The calculated 
/-values for the m ixture of butyric and 
octanoic acids illustrate this point. The /- 
values for butyric and octanoic acids at 
their added A FT levels were —4.481 and 
—4.684, respectively. These relatively 
large negative r-values reveal that the con
centrations of both acids at their A FT  in 
the mixture were significantly lower (at 
0.01%  level) than the concentration of 
each at its A FT alone. When total A F T ’s 
were evaluated for the same mixture, a /- 
value of —2.371 was obtained for octanoic 
acid. This showed that there was a sig
nificant flavor interaction at the 0.05%  
level, but not at the 0.01%  level. On 
the other hand, the t-x ’.u ' for butyric 
acid in the same m ixture was + 0 .035 . 
This positive /-value indicates that the 
concentration of butyric acid in the mix
ture at the total A FT was higher than its 
concentration at its A FT  alone, i.e., no 
flavor interaction effects were noted.

M any negative /-values were found for 
components o f the mixtures which were 
not statistically significant. These /-values, 
although not statistically significant at 
either the 0.05 or the 0.01%  level, indi-



INFLUENCE OF FREE FATTY ACIDS ON BUTTER FLAVOR— 253

Table 4—Average flavor thresholds of m ixtures of free fatty acids in sweet cream butter.

F F A  m ix tu re
A d d ed  A F T 1 

m g/kg
C a lcu la ted  

t-va lue
T o ta l A F T 2 

m g/kg
C a lcu la ted

t-value

B utyric, H ex an o ic
B utyric 4 .5  ±  2 .6 —4 .0 7 7 3 5 0 .7  ±  19 .6 + 0 .0 2 0
H exano ic 16 .7  ±  12.1 — 4 . 566s 6 4 .5  ±  3 6 .4 - 1 . 2 7 1

B utyric, O ctano ic
B utyric 4 .6  ±  2 .1 — 4 .4 8 1 3 5 0 .9  ±  1 6 .0 + 0 .0 3 5
O ctano ic 171 .4  ±  8 7 .0 — 4 .6 8 4 3 2 1 7 .9  ±  144 .0 —2 .3 7 1 4

B utyric, D ecano ic
B utyric 7 .2  ±  2 .1 — 2 .7 1 1 3 5 3 .5  ±  1 6 .0 + 0 .0 2 7
D ecan o ic 140.9  ±  3 0 .9 - 0 . 8 6 2 2 2 8 .2  ±  114.9 - 1 . 5 1 2

B utyric, D o d ecan o ic
B utyric 6 .8  ±  2 .6 -  2 .6 9 5 3 5 2 .6 ±  1 9 .6 +  0 .1 6 8
D o d ecan o ic ’ . . 0 ±  3 0 .0 — 2 .7 8 1 3 130 .8  ±  117 .8 - 2 . 1 1 4 4

H exano ic , O ctano ic
H exanoic .3 .2  ±  12.1 — 5 .0 0 7 3 6 1 .0 ±  3 6 .4 - 1 .4 2 1
O ctano ic 1 4 8 .2 ±  106.6 — 4 .5 4 2 3 174.9  ±  176.5 — 2 .5 0 5  s

H exano ic , D ecano ic
H exano ic 2 5 .2 ±  12.1 - 3 . 4 4 4 3 7 3 .0 ±  3 6 .4 - 0 . 8 9 8
D ecano ic 132 .8  ±  3 7 .9 - 1 . 0 9 5 2 0 1 .8  ±  140.9 - 1 . 6 5 0

H exano ic , D o d ecan o ic
H exano ic 2 6 .0 ±  12.1 - 3 . 3 4 9 3 7 3 .7  ±  3 6 .4 - 0 . 8 7 0
D o d ecan o ic 7 1 .5  ±  3 0 .0 - 2 .7 1 4 3 132 .7  ±  117 .8 — 2 .0 9 1 4

O ctan o ic , D ecano ic
O ctan o ic 3 6 7 .8  ±  106 .6 - 1 . 2 8 7 3 9 4 .9  ±  176.5 - 0 . 5 3 4
D ecano ic 1 7 3 .2 ±  3 7 .9 + 0 .4 4 3 2 6 0 .3  ±  140.9 - 1 . 0 5 1

O ctan o ic , D odecano ic
O ctano ic 3 3 5 .6 ±  106 .6 — 1 .7 6 0 4 3 6 2 .4 ±  176.5 - 0 . 8 2 5
D o d ecan o ic 8 4 .0  ±  3 0 .0 - 2 . 1104 1 4 3 .4  ±  117 .8 - 1 . 9 5 9 4

1 A F T  w ith  95 % confidence lim its .
2 E n d o g en o u s free  fa tty  ac id  level (T ab le  1, B u tte r Sam ple  I I)  p lu s ad d ed  F F A .
3 S ignificant a t  0.01 % level (r =  — 2.457 fo r  30 degrees o f  freedom ).
1 S ignificant a t  0.05 % level (r =  — 1.697 fo r  30 degrees o f  freedom ).

cate a general tendency for the fa ty acids 
to participate in flavor interactions. Con
sidering only added A FT  data, butyric and 
hexanoic acids always exhibited signifi
cant flavor interactions. The same was 
true for the soapy-tasting dodecanoic acid 
containing mixtures. Octanoic acid 
showed significant flavor interactions for 
all added A F T  mixtures except that of 
octanoic and decanoic acids. Decanoic 
acid did not exhibit any significant inter
action in any of the mixtures.

W hen total A FT ’s were evaluated (Ta
ble 4 ) , only octanoic acid in mixtures 
with butyric and hexanoic acids and dec
anoic acid in mixtures with butyric, 
hexanoic and octanoic acids showed sig
nificant flavor interactions. While butyric, 
hexanoic and dodecanoic acids appeared 
to be highly significant when considering 
added A FT  values, only octanoic and 
dodecanoic acids were found to be sig
nificant in flavor interactions at the total 
AFT. These data emphasize the im por
tance of consideration of endogenous 
levels of > i V (and other flavor com 
pounds) present in the testing medium.

The added A FT values for the mixture 
of the soapy-tasting decanoic and dodeca
noic acids were determined by trian
gular tests to be 96.9 and 76.7 ppm, re
spectively, and the total A FT  values were
184.0 and 137.4 ppm, respectively (a t the 
95%  confidence lim it) .

Caution should be used in com paring 
these data directly with the values given 
in Tables 2 and 4. Triangular test thresh

olds are determined by significance tables 
where p =  1 /3 , and thus are sample num 
ber dependent. If  the 50%  positive re
sponse level were used instead of the 95 % 
significance level, A FT  levels probably 
would be lower than those observed using 
triangular tests.

The results of the preference panel tests 
on butter containing the respective F FA  
added at approxim ate threshold and 
higher levels are given in Table 5. F or 
butyric acid, the panel did not show a 
significant decrease in preference until a 
total level of 99.4 ppm  was attained. This 
level was about twice the total A FT  ob
tained for butyric acid by the difference 
panel (Table 2 ). Flowever, for the re
maining fatty acids studied, the total con
centrations at which significant preference 
flavor score decreases occurred were 
within the confidence limits established 
by the individual F FA  threshold determ i
nations (Table 2).

The determ ination of A FT  values for 
F FA  in butter allows an estimation of the 
im portance of each acid in butter flavor. 
F or example, the total A FT  of octanoic 
acid was much higher than that usually 
found in fresh sweet cream butter. Even 
though high levels o f octanoic acid 
showed significant flavor interactions, the 
levels found in fresh butter would indi
cate that it is of only m inor importance 
in fresh butter flavor. However, octanoic 
aoid may be highly im portant in hydro
lytic rancidity flavors in dairy products. 
This study has dem onstrated interactions

Table 5—Preference panels mean flavor 
scores of FFA concentrations in sweet cream 
butter.
A d d ed
m g /k g

T o ta l1
m g/kg

M ean
score L S D

B utyric
0 .0 6 6 .4 6 .4 5
8 .2 7 4 .6 6 .4 4 0 .0 1  =  0 .3 2 7 6

16.5 8 2 .9 6 .3 9 0 .0 5  =  0 .2 4 9 2
3 3 .0 9 9 .4 5 .9 3

H ex an o ic
0 .0 2 6 .4 6 .2 4

4 0 .0 6 6 .4 6 .3 8 0 .0 1  =  0 .3 3 6 8
8 0 .0 106 .4 6 .0 6 0 .0 5  =  0 .2 5 6 2

160.0 186 .4 5 .9 6

O ctano ic
0 .0 7 .4 6 .4 4

5 7 6 .4 5 8 3 .8 5 .9 6 0 .0 1  =  0 .3721
9 2 9 .5 9 3 6 .9 5 .1 9 0 .0 5  =  0 .2831

1639 .0 1646 .4 5 .1 5

D ecan o ic
0 .0 167.1 6 .5 6

112 .0 279 .1 6 .5 5 0 .0 1  =  0 .3 5 7 5
2 2 5 .0 392 .1 6 .1 6 0 .0 5  =  0 .2 7 2 0
4 5 0 .0 617 .1 5 .5 6

D o d e c a n o ic
0 .0 9 5 .1 6 .6 2

82 .5 177 .6 6 .6 7 0 .01  =  0 .3239
165 .0 270 .1 6 .53 0 .0 5  =  0 .2465
3 3 0 .0 425 .1 6 .0 8

1 E n d o g en o u s F F A  level f ro m  T a b le  1, B u tte r 
S am ple  I I I  p lu s ad d ed  F F A .

between pairs of compounds in the pres
ence of endogenous levels of the same 
class of com pounds as well as other non
acid flavor components in sweet cream 
butter. It is probable that all contributing 
flavor com ponents interact to yield com
plete sweet cream  butter flavor.

In summary, F F A  thresholds in butter 
show a threshold pattern dependent on 
chain-length. Butyric acid exhibited the 
lowest total A FT  for the m ore volatile 
FFA , and the A FT  values increased as 
chain-length increased for hexanoic and 
octanoic acids. A soapy after-taste pre
dom inated at and above the A FT  for 
decanoic and dodecanoic acids. Threshold 
values decreased from  octanoic acid 
through dodecanoic acid as the chain- 
length increased. M ixture threshold re
sults support the concept that flavor com 
ponents interact at subthreshold concen
trations. Endogenous F FA  levels must be 
considered when testing products already 
containing F F A  as part of their natural 
flavor. A decrease in preference was 
found for butters containing suprathresh- 
old levels of added FFA.
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Characterization of Israel Lemon Oil and 
Detection of its Adulteration

SUMMARY— Samples of genuine Israel lemon oil were examined by the usual standard 
methods and by gas-liquid chromatography. The variations obtained are discussed, and 
were evaluated statistically. Chi-square equations were computed for the evaluation of 
samples of doubtful origin. Sophisticated adulterations of the other of 10%  were clearly 
detectable.

IN TRO D U CTIO N
O F T H E  three principal citrus essential 
oils traded internationally, the highest 
prices are paid for lemon oil, and there
fore some risk of adulteration is always 
present. The characterization of genuine 
Israel lemon oil by means of a statistical 
appraisal of the relationship between some 
of the physical and chemical param eters 
routinely tested and by G.L.C. examina
tion studied on samples from  three succes
sive seasons are here reported. It is hoped 
that similar investigations will be under
taken by institutions in the other main 
growing areas.

In a review of some of the “classical” 
methods of analysis of citrus oils, Safina 
(1962) noted that these provided a fram e
work only, within which wide variations 
were commonly found. Gas-liquid chro
m atography has been used for the analy
sis of lemon oils (Bernhard, 1960; 
Montes, 1962; M acLeod et al., 1964) but 
has not been systematically used to ac
cum ulate data on their intraseasonal vari
ation, nor as a systematic tool for the 
detection of adulteration.

E X P E R IM E N T A L

Materials

For the statistical appraisal of the relation
ships between the physical and chemical 
parameters routinely tested, samples of gen
uine Israel lemon oil were drawn from seven 
citrus-processing factories operating under 
the general supervision of one of us. The 
samples are considered representative of the 
entire growing area in Israel. They were ex
amined after settling of any insoluble sus
pended material had been completed, and be
fore having been packed for storage, i.e., be
tween one and two months after production. 
All the oils were produced by the cold-press 
method (Braverman, 1963).

During the 1964-65 processing season,, 15 
such samples were examined; during the
1965- 66 season, 9 samples and during the
1966- 67 season, 15 samples were examined.

For gas-liquid chromatography, 30 sam
ples of cold-pressed Israel lemon oil were 
drawn during the course of the 1967-68 
processing season, directly at the clarify
ing centrifuges at four factories located in 
the central (main) growing region, and were 
examined after settling had been completed, 
as above.

Methods of examination
Details of the “classical” methods of ex

amination performed are given in the Israel 
Standard (S.I. 180, 1959). The nonvolatile 
residue was obtained after heating on a boil
ing water bath at atmospheric pressure and 
is expressed as a percentage by weight. The 
specific gravity, refractive index and optical 
rotation were determined at ambient temper
ature and were corrected to 20°C. The acid 
value was determined by titration. The total 
aldehyde content was determined by the hy- 
droxylamine hydrochloride method, and is 
expressed as the percentage by weight of 
citral.

Gas-chromatographic examination was 
performed by injection of 1 ¡A aliquots in 
a Packard Model 7621 gas chromatograph 
equipped with a flame ionization detector. 
A 6-ft column by ’A in. o.d. packed with 
20% Carbowax 20 M on 60- to 80-mesh 
Chromosorb P was used. Gas flows were: 
nitrogen, 14 ml/min; hydrogen 40 rnl/min; 
and air 500 ml/min. Injection-port tempera
ture was 200°C; oven temperature was 
171°C; and detector temperature was 210°C. 
The detector potential was 250 volts, and 
chart speed was set at 30 in./hr.

R E S U L T S  AN D  D IS C U S S IO N
Standard specifications

The limiting ranges of the various pa
ram eters specified by the Israel Standard 
(S.I. 180, 1959) are shown in Table 1.
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Table 1—Standard specifications for Israel 
lemon oil

N onvolatile  m a tte r  (%  w/w) 
Specific grav ity  (20°C ) 
R efractive index (20 CC) 
O ptical ro ta tio n  [a]2̂
A cid value (m g K O H  p er g) 
C itra l co n ten t (%  w/w)

M ax im um  4 
0 .8 5 0  to  0 .8 6 4  
1.473 to  1 .476  
+  63° to  + 7 1 5 
M ax im u m  0 .6  
2 .0  to  3 .0

The values obtained on examination of 
the samples are shown in Table 2. It will 
be seen that one of the 39 samples lies out
side the limits for specific gravity and that 
all 39 comply with the limits for nonvola
tile matter, refractive index, optical rota
tion, acid value and citral content. The 
mean values obtained are shown in Table 
3 and the standard deviations calculated 
are shown in Table 4.

The results were treated by analysis of 
variance. The differences between the sea
sonal means of optical rotation were 
found to be very significant (P <  0.0005). 
The differences between the seasonal 
means of acid value may be significant 
( p <  0.025).

Correlations were sought between the 
values obtained on analysis of the sam
ples, and those of statistical significance 
are shown in Table 5, together with some 
others of interest. It is seen that none of 
the three pairs of param eters where sig
nificant correlations were found (optical 
rotation and acid value, optical rotation 
and citral content, nonvolatile m atter and 
acid value), were equally significant dur
ing all the seasons examined. The nega
tive relationship found between optical 
rotation and acid value is of particular in
terest.

Table 2—Detailed results of standard examination of samples of Israel lemon oil

Season

N o n 
volatile  
m a tte r , 
% w/w

Specific
gravity ,

2 0 ° /20°C

R efractive
index,

«2 0 n D

O ptical
ro ta tio n ,

M 2d°

A cid  
value, 

m g K O H  
lg  oil

C itra l
con ten t,

% w/w

1964-65 2 .7 0 .8528 1 .4747 6 5 .3 0 .4 0 2 .1 6
2 .6 0 .8516 1 .4746 7 0 .0 0 .3 0 2 .3 8
3 .1 0 .8 5 0 0 1.4751 6 9 .6 0 .3 5 2 .4 7
4 .0 0 .8508 1.4753 6 7 .7 0 .4 0 2 .5 4
3 .1 0 .8509 1.4747 68 .3 0 .3 0 2 .4 3
2 .7 0 .8512 1.4741 6 7 .0 0 .3 0 2 .6 0
2 .7 0 .8 5 0 6 1.4754 6 6 .8 0 .4 0 2 .5 9
3 .0 0 .8 5 1 6 1.4750 6 9 .0 0 .4 0 2 .8 6
3 .8 0 .8502 1 .4744 6 7 .2 0 .4 0 2 .7 4
2 .7 0 .8 5 0 4 1.4749 68 .3 0 .4 0 2 .61
3 .0 0 .8512 1 .4744 69 .3 0 .3 0 2 .4 9
2 .2 0 .8508 1.4747 6 9 .6 0 .2 4 2 .7 7
2 .3 0 .8503 1.4753 6 7 .9 0 .2 0 2 .6 8
2 .3 0 .8509 1.4737 6 6 .5 0 .4 0 2 .5 2
2 .3 0 .8541 1.4743 66 .1 0 .4 5 2 .6 6

1965-66 2 .5 0 .8 5 0 6 1.4758 6 7 .0 0 .3 0 2 .8 7
2 .4 0 .8506 1 .4746 67 .5 0 .3 0 2 .7 3
2 .6 0 .8535 1 .4756 63 .1 0 .4 7 2 .1 7
3 .3 0.8511 1.4741 6 5 .4 0 .4 7 2 .7 6
3 .2 0 .8533 1.4747 6 7 .4 0 .5 0 2 .7 6
2 .1 0 .8549 1.4751 6 6 .3 0 .3 9 2 .8 4
2 .3 0 .8499 1.4751 6 7 .9 0 .2 9 2 .7 7
2 .2 0.8511 1 .4754 66 .3 0 .3 6 2 .4 7
3 .2 0 .8 5 2 0 1 .4752 6 8 .7 0 .4 7 2 .8 5

1966-67 3 .3 0 .8 5 1 2 1.4738 69 .1 0 .3 1 2 .6 6
2 .5 0 .8528 1 .4746 6 9 .0 0 .2 6 2 .3 7
2 .8 0 .8513 1.4751 6 9 .2 0 .2 6 2 .3 7
3 .2 0 .8 5 6 6 1.4737 68 .3 0 .2 9 2 .4 0
3 .1 0 .8531 1 .4750 6 6 .7 0 .4 3 2 .3 7
2 .7 0 .8517 1 .4744 6 9 .8 0 .2 8 2 .5 8
2 .9 0 .8 5 0 6 1.4743 6 9 .8 0 .31 2 .7 6
3 .1 0 .8 5 1 4 1.4741 6 9 .7 0 .2 5 2 .7 2
3 .1 0 .8517 1 .4744 7 0 .0 0 .3 2 2 .6 2
2 .3 0 .8 5 4 0 1.4731 7 0 .3 0 .2 5 2 .7 6
1 .9 0 .8508 1.4749 7 0 .0 0 .2 3 2 .8 0
2 .4 0 .8 5 2 0 1.4753 6 9 .4 0 .2 0 2 .6 9
2 .9 0 .8519 1.4749 6 9 .2 0 .4 0 2 .6 5
2 .7 0 .8525 1.4758 6 7 .6 0 .3 2 2 .3 8
3 .4 0 .8 5 2 6 1 .4757 6 9 .9 0 .4 0 2 .4 0

Gas chromatography

Two of us have identified some of the 
constituents of Israel lemon oil by gas- 
chromatographic techniques (Lifshitz and 
Stepak unpublished data). A  typical trace 
is shown in Fig. 1 in which seven charac
teristic peaks have been num bered seri
ally. The heights of these peaks were re
corded on all the samples examined and 
are shown in Table 6; the means, standard 
deviations and coefficients of variation of 
the heights are shown in Table 7. C orre
lations were sought between the heights 
of the peaks listed, and those of statistical 
significance are shown in Table 8.

Chi-square test

The x2 test was perform ed by construct
ing an equation as follows:

(a) The mean and the standard devia
tion of the values of each relevant 
param eter (jq, <rxl) were calcu
lated.

(b) The covariance of each pair of 
relevant param eters was calcu
lated.

Table 3—Mean values of various parameters obtained during different growing seasons

Season

1964-65 1965-66 1966-67 3 Seasons

N o n v o la tile  m a tte r 2 .83 2 .6 4 2 .8 2 2 .7 9
Specific gravity 0 .851 0 .8 5 2 0 .8 5 2 0 .8 5 2
R efrac tiv e  index 1.475 1.475 1.475 1.475
O p tica l ro ta tio n 67.91 6 6 .6 2 6 9 .2 0 68.11
A cid  value 0 .3 5 0 .3 9 0 .3 0 0 ,3 4
C itra l c o n ten t 2 .5 7 2 .6 9 2 .5 7 2 .6 0

Table 4—Standard deviations 
seasons

of various parameters obtained during different growing

1964-65

Season

1965-66 1966-67 3 Seasons

N o n v o la tile  m a tte r 0 .5 2 6 0 .4 6 7 0 .413 0 .4 6 5
Specific g rav ity 0 .001 0 .0 0 2 0 .0 0 2 0 .001
R efrac tiv e  index < 0 .0 0 0 5 0.001 0.001 0 .001
O p tica l ro ta tio n 1.419 1 .642 0 .9 8 8 1.637
A cid  value 0 .0 7 2 0 .085 0 .0 6 6 0 .0 8 0
C itra l c o n ten t 0 .173 0 .2 2 8 0 .1 6 8 0 .1 8 7
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(c) The matrix

<TXi COv ( T i , X 2)  COV ( X 1 . X 3)

(d) The values of the inverse m atrix 
were computed.

/  c o v  (X'i,X\) 0 * 2 2 c o v  (X2,XS) . . . \ / b n ¿ > 1 2 bis
I  c o v ( X 3 , * i ) c o v  ( A 3 , Z 2) 0 * 3 2  \  lf ¿ > 2 1 ¿ > 2 2 ¿>23

' - [  : : bzi ¿>32 ¿>33

was formed.

- Table 5—Some correlations obtained between the results of standard examination of 
samples of Israel lemon oil

S eason

P aram ete rs 1964-65 1965-66 1966-67 3 Seasons

O p tical ro ta tio n  an d  ac id  value 
O p tical ro ta tio n  a n d  citra l co n ten t 
N o n v o la tile  m a tte r  an d  acid  value

—0 .5 2 1 
+  0 .2 2  
+  0 .31

- 0 . 3 2  
+  O.791  
+  O .751

- 0 . 4 6  
+ 0 . 6 6 3 
+  0 .631

— 0 .5 9 2 
+  0 .2 6  
+  O.391

N u m b e r  o f  sam ples 15 9 15 39

1 S ignificant a t  5 %  level.
2 S ignificant a t  0.1 % level.
3 S ignificant a t  1 %  level.
U n s ig n ed : n o t sta tis tically  significant.

Table 6—Detailed results of G.L.C. peak heights (mm) of samples of Israel lemon oil

F ra c tio n  N o .1

S am ple  N o . 1 2 3 4 5 6 7

1 84 291/2 441/2 159 81 711/2 111
2 80 20 38 I 491/2 75 641/2 105
3 77 27 40 1621/2 90 76 I I 21/2
4 78 30 421/2 173 90 76 118
5 78 26 321/2 177 781/2 731/2 117
6 82 24 42 154 79 72 108
7 81 23 42 152 77 71 107
8 79 26 38 167 781/2 71 111
9 76 271/2 381/2 160 75 67 IO61/2

10 81 20 30 149 81 68 100
11 791/2 27 39 157 8 8 1/2 661/2 112
12 82 25 3 2 '/ , 169 81 67 102
13 86 281/2 41 159 91 751/2 111
14 78 27 36 158 821/2 831/2 118
15 80 161/2 321/2 155 88 89 115
16 7 9 i/ 2 181/2 32 150 9 3 ‘/2 86 I I 41/2
17 76 14 31 144 82 81 110
18 81 211/2 24 156 81 75 109'/2
19 90 2 8 1/2 41 166 80 73 107
20 90 24 40 177 84 87 101
21 75 181/2 37 164 66 60 100
22 75 15 34 163 70 65 98
23 75 12 381/2 165 73 69 99
24 77 25 34 172 76 72 100
25 81 32 40 160 82 73 105
26 80 22 31 150 78 69 102
27 78 29 36 160 80 81 109
28 80 21 35 155 80 82 109
29 79 24 32 165 75 70 107
30 76 28 39 160 75 67 106

1 F ra c tio n  n u m b ers  co rre sp o n d  to  p eak  n u m b ers  o f  F ig . 1 an d  T ab les 7 an d  8 .

Table 7—Fractions identified in Israel lemon oil and employed here for statistical analysis

P eak  charac te ris tics

M ean
height,

S tan d a rd
dev iation ,

C oefficient 
o f  v a ria tion ,

F ra c t io n 1 C o m p o u n d m m m m %

1 d-L im onene 7 9 .8 3 .8 2 4 .8 0
2 D ecan a l a n d /o r  L in a lo o l 2 3 .7 5 .0 9 2 1 .5
3 L ina ly l ace ta te 3 6 .5 4 .6 5 12 .7
4 C itrone llo l 160.3 8 .33 5 .2 0
5 G erany l ace ta te 8 0 .4 6 .2 9 7 .83
6 N era l 7 3 .7 7 .0 9 9 .6 4
7 G éran ia l 107 .7 5 .7 6 5 .3 4

1 F ra c tio n  n u m b ers  co rre sp o n d  to  p eak  n u m b ers  o f  F ig . 1 an d  T ab les 6  and  8 .

(e) Then, putting xi =  X l — Xi and 
assuming that the param eters are 
normally distributed about their 
means

X 2 =  ¿>11X12 +  ¿>12* 1*2 +  ¿>13* 1X 3 +  • ■ •
+  ¿>21* 2 * 1  T  ¿>2 2 * 2 2 ~ \~  ¿>23* 2 * 3  +  • ■ •

4 -  ¿>31* 3*1 +  ¿>32*3*2 +  ¿>33*32 +  ■ • •

with number of degrees of freedom equal 
to the num ber of parameters.

Com paring Tables 3 and 4, it will be 
seen that the coefficients of variation of 
the optical rotation and the citral content 
were 2.4 and 7.2%  respectively. These 
param eters are not considered to be liable 
to change during industrial handling. Any 
adulterations of the type described below 
would not be expected to have any ap
preciable effect on either the specific grav
ity or the refractive index, and they are 
therefore not considered further even 
though their coefficients of variation were 
low. From  Table 5 it will be seen too that 
some significance may be attached to the 
relationship between the optical rotation 
and the citral content. These considera
tions suggested that a useful x2 equation 
might be constructed on the basis of the 
values of these two parameters.

Thus

X22 = 0.400a2 +  30.5c2 -  1.80ac (1)

sensitivity
1x10'6amp. 1 x10“9amp. 3 x 1 0 '9amp.

Fig. 1 — T y p i c a l  G . L . C .  c h r o m a t o g r a m  o f  

I s r a e l  l e m o n  o i l .  C o l u m n :  2 0 %  C a r b o w a x  

2 0  M  o n  6 0 -  t o  8 0 - m e s h  Cromosorb P.
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where a = optical rotation—6 8 .1 1  degrees 
and c = citral content—2.60%.

A sample of Israel lemon oil can then 
be said to be from  a different population 
from  those examined,

(a) at the 95% confidence level, if, ac
cording to equation (1 )

x22 >  5.99

(b) at the 99% confidence level, if, ac
cording to equation (1)

x22 >  9.21

This relationship is shown graphically 
in Fig. 2.

H alf of all samples would be expected 
to fall within the limits o f the ellipse 
equivalent to the p =  0.50 value of x2, 
95% within the limits of the ellipse equiv
alent to the p — 0.95 value of x2 and 99% 
within the limits of the ellipse equivalent 
to the p =  0.99 value of x2-

From  Table 7, it will be seen that 
fairly low coefficients of variation of the 
peak heights were obtained for fractions 
1, 4, 7 and 5 (in order of increasing mag-

2
X99 %

F/g. 2— Relationship between optical ro
tation and citral content of Israel lemon 
oil. Distribution of xz according to equa
tion (1).

nitude). Considerations similar to those 
above suggested that useful x2 equations 
might be constructed on the basis of the 
values of either three or four of these 
parameters. Thus

X32 =  0.070a2 +  0.015i72 +  0.030g2
Table 8—Statistically significant correla- — 0.008a<f — 0.002ag +  0.002dg (2)

tions obtained between the peak heights of 
the fractions listed in Table 6 and

F ra c t io n s 1
C o rre la tio n
coefficient

1, 5 +  0 .3 6 7 2
2, 3 +  0 .4 8 7 3
5, 6 +  0 .7 1 8 4
5, 7 +  0 .6 5 3 '
6, 7 + 0 . 5 7 8 4

1 F ra c tio n  n u m b ers  co rre sp o n d  to  p eak  n u m b ers 
in F ig . 1 a n d  frac tio n  n u m b ers  in  T ab les 6 a n d  8.

2 S ignificant a t  5 % level.
3 S ignificant a t  1 % level.
4 S ignificant a t  0.1 % level.

X42 =  0.091a2 +  0.015r/2
+  0.058e2 +  0.059g2 -  0.014arf 
—0.072ae +  0.048ag +  O.OlOtfe

— 0.006dg — 0.082eg (3)

where

a =  height of peak no. 1— 79.8 mm 
d  = height of peak no. 4— 160.3 mm 
e =  height of peak no. 5—80.4 mm 
g =  height of peak no. 7— 107.7 mm

Table 9-Percentages of some possible adulterants detectable by various methods1

“ C la ss ica l”  tests G as ch ro m a to g rap h y

O p tica l C itra l E q u a tio n  
ro ta tio n  c o n te n t (1)

E q u a tio n
(2)

E q u a tio n
(3)

d-lim onene 25 25 10 10 10
+ 0 .1  % citral 25 25 10 10 10
+  0 .2 %  citral 25 30 10 10 10
+ 0 .3  % citral 25 30 10 10 10

O ran g e  oil 15 n .d .2 15 15 15
+  0.1 % citral 15 n .d . 15 15 15
+  0 .2 %  citra l 15 n .d . 15 15 15

+  0.3 % citra l 15 n .d . 15 15 15
C om m ercial lem o n  te rpenes n .d . 30 20 (30) 40 20

+  0.1 % citra l n .d . 30 20 (20) 30 20
+ 0 .2 %  citral n .d . 35 20 (10) 30 20
+  0.3 % citra l n .d . 40 20 (20) 30 (20) 30

C om m erc ia l o ran g e  te rpenes n .d . 30 20 10 10
+  0.1 % citra l n .d . 30 20 10 10

+ 0 .2 %  c itra l n .d . 35 20 10 10

+  0.3 % c itra l n .d . 40 20 10 10

D istilled  lem o n  cil n .d . 30 20 10 10
S ynthesized  lem o n  oil n .d . n .d . (30) 40 10 10

1 F o r  th e  x 2 test, th e  percen tag es d e tec ted  a t  th e  95 % confidence level a re  show n in  b rack e ts ; th e  re 
m a in d er re fe r to  the  9 9 %  confidence level.

2 N o t  d e tec tab le  even w hen  50%  p resen t.

A sample of Israel lemon oil can then 
be said to be from  a different population 
from  those examined,

(c) At the 95% confidence level, if, ac
cording to  equation (2 ), x 32 > 
7.81

(d) At the 99% confidence level, if, ac
cording to equation (2 ), x32 >
11.34

(e) At the 95% confidence level, if, ac
cording to equation (3), x r  >  
9.48

(f) A t the 99% confidence level, if, ac
cording to equation (3), x .r >  
13.27

A three-dimensional model would be 
required to illustrate equation (2). N o 
real model can be drawn to equation (3).

Detection of adulteration
Samples of Israel lemon oil were de

liberately mixed with varying proportions 
(in steps of 5 or 10% ) of «Mimonene, 
Israel orange oil, commercial lemon ter- 
penes and commercial orange terpenes, 
with and without further additions of cit
ral. M ixtures with distilled lemon oil and 
synthesized lemon oil (No. 320, Glidden 
Co., Jacksonville, F la.) were also pre
pared. The limiting proportions of the ad
mixed substances, which altered the re
sults of the classical param eters suffi
ciently to cause them to lie outside the 
limits of the Israel S tandard (S.I. 180, 
1959), are shown in Table 9. Also in T a
ble 9 are shown the limiting proportions 
of admixed substances which, on the basis 
of the x 2 tests, according to equation ( 1 ) 
(Classical tests), (2) and (3) (G LC 
tests) do not form  part of the same pop
ulation, at the 99%  confidence level; some 
such proportions at the 95%  confidence 
level are shown in brackets. Sophisticated 
adulterations of the order of 2 0 % were 
detected by equation ( 1 ), and of the order 
of 10% by equations (2) and (3).
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Meat Pigment Changes in Intact Beef Samples
SUMMARY— Reflectance spectrophotometry was used to study pigment changes in beef 
samples that (1) had been oxygenated and wrapped with an oxygen-impermeable film, 
(2) had been treated with ferricyanide and (3) had either treatment (1) or (2) plus 
malonic acid. Treatment (1) showed a metmyoglobin (MetMb) accumulation of 30%  in 
30 min, followed by reduction of MetMb. Malonic acid inhibited oxygen utilization and 
MetMb-reducing activity (MRA). Treatment (2) showed MRA that was inhibited by the 
presence of oxygen or m alonx acid. Malonic acid inhibited oxygen utilization rather than 
directly inhibiting MRA.

IN TRO D U CTIO N
T H E  PRIM A R Y  motivation for studying 
M etM b accum ulation in fresh beef 
samples is the discoloration that develops 
in meat during storage. This discoloration 
restricts attempts to m arket fresh beef by 
a centralized prepackaging system. Re
cent work has shown the feasibility of 
using reflectance spectrophotom etry as a 
nondestructive analysis technique for fol
lowing changes in the myoglobin deriv
atives in beef samples (Stewart et ah, 
1965b; Snyder et ah, 1967).

Two ideas have been used to explain 
the accum ulation of M etM b in m eat sam
ples. One is the autoxidation of M bOa and 
of Mb, which results in M etM b. This reac
tion has a peculiar response to the partial 
pressure of oxygen in that decreased par
tial pressures enhance the oxidation. Ex
tensive studies of autoxidation of myo
globin (George et ah, 1952a; 1952b, and 
1954) and autoxidation of hemoglobin 
(Brooks, 1935) in vitro have established 
the relationship between autoxidation rate 
and partial pressure of oxygen. These re
sults do have relevance to m eat discolora
tion because the initial observations of 
Brooks, which suggest an enhanced rate of 
autoxidation due to decreased oxygen 
pressure, were made on m eat samples 
(Brooks, 1929). Robach et ah (1961) 
presented evidence that the effect of bac
teria on M etM b accumulation is probably 
due to a decrease of partial pressure of 0 2, 
which enhances the autoxidation.

A second idea pertinent to M etM b ac
cum ulation in m eat samples is the abil
ity of m eat to reduce M etM b to Mb, 
which can oxygenate to form  M b 0 2. The 
M etM b-reducing activity (M RA ) that ex
ists in muscle has been studied in ground 
m eat systems by Cutaia et ah (1964) and 
by Stewart et ah (1965b), Watts et ah
(1966) and Hutchins et ah (1967).

We initiated this study of intact beef 
samples to examine some particular situa
tions of M etM b accumulation and

M etM b reduction. We were particularly 
interested in data that would help dist;n- 
guish between autoxidation and loss of 
MRA as causes for MetMb accumulation. 
The particular situations were: MetMb 
accum ulation following the wrapping of 
an oxygenated piece of m eat with an 
oxygen-impermeable film, effects of res
piratory inhibitors on MetMb accum ula
tion and MRA, and M RA at the surface 
of m eat samples treated with ferricyanide 
and made anaerobic.

There is considerable evidence that the 
respiratory activity of m eat (and the ef
fect of this activity on the partial pressure 
of oxygen) influences m eat discoloration. 
F or example, high partial pressures of cx- 
ygen tend to retard autoxidation but also 
tend to retard MRA. Since there are re
ports in the literature that high oxygen 
pressures inhibit or destroy the activity of 
sulfhydryl enzymes (Dickens, 1946; Ro
senbaum et ah, 1966), we attem pted to 
inhibit enzymatic respiratory activity by 
using high oxygen pressures. The ratio
nale was that inhibition of respiration 
would lead to a high partial pressure of 
oxygen throughout the m eat sample. This 
should be conducive to maximum color 
stability although flavor stability through 
lipid oxidation might suffer.

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

The instrument used for all reflectance 
measurements was a Beckman Spectropho
tometer, DK-2A, with Model 24500 reflec
tance attachment. The integration sphere and 
reference plates were coated with MgO, and 
sample holders and reference plates were in 
the diffuse reflectance position.

A Bethlehem No. 614 table-top hyperbaric 
chamber was used for treating samples wi:h 
high oxygen pressure. Oxygen was obtained 
from a commercial cylinder, and the cham
ber was flushed with oxygen before increas
ing the pressure. Temperature was controlled 
by placing the hyperbaric chamber and oxy
gen cylinder in a cold room at 2°C.

Reflectance techniques.
The relative amounts of myoglobin deriva

tives at the surface of meat samples can be 
measured by the reflectance techniques de
scribed by Stewart et al. (1965a) and by 
Snyder et al. (1967). In brief, this technique 
consists of treating meat samples to contain 
predominantly Mb, MbOj, or MetMb at 
the surface (Snyder, 1965) and measuring 
the percentage reflectance at 474, 525 and 
571 nm. The percentage reflectance measure
ments are converted to K/S values by using 
Table D of Judd et al. (1963). By forming 
ratios of the K/S values at the appropriate 
wave lengths and by plotting the ratios vs. 
percentage myoglobin derivative, it is possi
ble to measure the percentage Mb, MbO» 
and MetMb at the surface of meat samples.

This measurement involves the assump
tion that a linear relationship exists between 
the K/S ratios and percentage myoglobin 
derivative. It has been shown that this as
sumption is valid for a model system con
taining myoglobin (Snyder et al., 1967).

The reflectance measurements and K/S 
ratios from this study agree well with ratios 
reported earlier (Stewart et al., 1965a; and 
Snyder et al., 1967). We found the K/S 
ratio for MetMb to be 0.59 at 571 nm/525 
nm; for Mb02, K/S equaled 1.36 at 571 
nm/525 nm and 0.88 at 474 nm/525 nm; 
and for Mb, K/S equaled 0.53 at 474 nm / 
525 nm.

Treatment of beef samples.
Slices of freshly cut beef round purchased 

from a local market were cut further in the 
laboratory to fit plastic sample boxes 2 x  
1 Va X Va in. The samples were V2 in. thick. 
The samples were over wrapped with 
195-MSAD-80 (DuPont) or CryoVac L-200 
films for oxygenation of the surface or with 
Saran (Dow) to exclude oxygen.

Inhibitors were added by pipetting the cor
rect volume onto the surface and spreading 
the solution uniformly. For malonic acid ad
ditions, we found no difference between add
ing the free acid or the sodium salt of the 
acid. All inhibitors were used as either 1 ml 
of an 0.1 M  solution or 0.5 ml of an 0.2 M  
solution. Potassium fericyanide was added as 
either 1 ml of a 1% solution or 0.5 ml of a 
2% solution.

The actual concentration of the inhibitors 
throughout the meat is not known nor is the 
degree of diffusion of the inhibitors known.

R E S U L T S  & D IS C U S S IO N
Hyperbaric oxygen treatment.

W e exposed fresh beef samples to 80 
psig of oxygen for short time periods (ap-
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Fig. 1— Changes in myoglobin derivatives when beef samples predominant in MbO. are 
wrapped with Saran. Sample temperature was 2° at the start but samples were kept at 
2 3 °C. Results are averages of 2 samples.

MbOe Mb MetMb 
0 -------  D ------- A ------MALONIC ACID

Fig. 2— Changes in myoglobin derivatives when beef samples predominant in MetMb 
are incubated anaerobically with and without 0.1 m M of malonic acid. MetMb was pro- 
ducea by ferricyanide. Sample temperature was 2°C at the start but samples were kept 
at 23°C. Results are averages for 14 samples.

proxim ately 12 hr) and for 12 days. The 
high oxygen pressure was sufficient to 
com pletely oxygenate samples so that no 
Mb could be observed beneath the sur
face. D uring the time that the samples 
were exposed to high oxygen pressure, 
there was no gross evidence of MetMb ac
cum ulation. The samples were observed 
for the presence of M b and MetMb but 
no reflectance studies were made. The ex
cessive oxygenation under hyperbaric ox
ygen led to different K /S  ratios for 
M bO , than we observed in air.

The purpose for treating m eat samples 
with hyperbaric oxygen was to test the 
possibility of inhibiting respiratory en
zymes by oxidizing sulfhydryl groups. 
There was no indication of any perm a
nent inhibition. A fter removing the 12-hr 
samples from  the hyperbaric chamber, 
the m eat continued to respire and MetMb 
accum ulated at approximately the same 
rate as in control samples not exposed to 
high oxygen pressures. The samples treat
ed for 12 days did not appear to have ap
preciable M etM b accumulated, but did 
have off-odors that may be attributed to 
lipid oxidation or bacterial spoilage, or 
both. Evidently, M etM b accum ulation is 
retarded under these extremely high oxy
gen pressures, but no new practical or 
theoretical inform ation was obtained.

MetMb accumulation by excluding oxy
gen.

C utaia et al. (1964) presented data for 
accum ulation of M etM b in ground beef 
samples that were allowed to oxygenate 
and then wrapped with an oxygen-imper
meable film. M aximum M etM b accum u
lation am ounted to 40 to 60% , occurred 
approxim ately 10 to 15 hr after excluding 
oxygen, and was followed by reduction to 
Mb.

We have noticed a similar, but much 
m ore rapid sequence of changes, when in
tact beef samples are allowed to  oxygen
ate and then wrapped with Saran. Typical 
results are shown in Figure 1. M etM b ac
cum ulates to approximately 30% in 30 
min followed by reduction to Mb. The 
tem perature of the sample was 2°C  at the 
start of the experiment, but it was held in 
the spectrophotom eter at about 23 °C dur
ing the experiment. The main effect of 
the sample gradually warming to 23°C is 
an increase in the rate of reduction to 
Mb. If samples are m aintained at 2°C, 
the accum ulation of M etM b is just as 
rapid but subsequent reduction to Mb is 
slower than at 23 °C.

The rapid accum ulation of MetMb, 
when oxygenated samples are deprived of 
oxygen, has been noted previously. The 
most com m on cause for excluding oxygen 
from  previously oxygenated samples is 
putting the wrong side of the 195-MSAD- 
80 film next to  the meat. W hen the film is 
not wetted, it is impermeable to oxygen

and MetMb rapidly accumulates. M ost 
investigators have attributed the rapid 
MetMb accum ulation to the observation 
with purified M b 0 2 solutions that autoxi- 
dation rates are about 3 times faster at 2 
mm of oxygen than at 150 m m  of oxygen 
(George et al., 1952b). In m eat samples, 
however, M etM b accumulates about 100 
times faster under reduced oxygen pres
sures when com pared with air (30 min for 
30% MetMb accumulations with oxygen 
excluded vs. about 2 days for 30% 
M etM b accum ulation in a ir). Perhaps 
there is some factor other than autoxida- 
tion c f  myoglobin active in M etM b pro- 
ducticn in m eat samples.

There is a gradient of oxygen pressure 
from approximately 150 mm Hg in air at 
the unper surface of a m eat sample to

zero mm Hg at some point beneath the 
surface of the m eat sample. Consequent
ly, there must be in every m eat sample a 
pressure of oxygen similar to that existing 
for the samples shown in Figure 1. One 
would expect to see M etM b rapidly accu
mulating (30 to 60 m in) in m eat samples 
at some point beneath the surface; yet to 
our knowledge, such an accum ulation is 
not observed. The reason M etM b does 
not accumulate rapidly beneath the sur
face of meat samples may be the presence 
of M etM b-reducing activity (M R A ).

Metmyoglobin reduction and malonate 
inhibition.

A  study of the M RA  in intact beef 
samples is shown in Figure 2. W hen beef 
samples are oxidized by addition of ferri-
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Fig. 3— Changes in myoglobin derivatives when beef samples predominant in MbOs are 
wrapped with Saran. Malonic acid added as 0.1 m M per sample. Sample temperature 
was 2°C at the start but samples were kept at 23°C. Results are averages of 4 samples.

cyanide and wrapped with Saran to ex
clude oxygen, a definite and rapid reduc
tion of M etM b to Mb takes place. The 
rate of M R A  is increased by increasing 
the tem perature, and the rate is decreased 
by the presence of oxygen. The lag time of 
approximately one hr before M etM b re
duction starts is thought to be due to re
sidual oxygen in the packages.

The rate of utilization of oxygen by a 
piece of m eat is closely related to meat 
color. In  Figure 1, the appearance of 
M etM b is accelerated greatly by exclud
ing oxygen. In  Figure 2, the reduction of 
M etM b is delayed by the presence of oxy
gen. W e were interested in the relation
ship between oxygen utilization, respira
tion by the m eat samples and the oxida
tion or reduction of myoglobin derivatives.

M alonic acid is a known inhibitor of 
succinic dehydrogenase and, consequent
ly, is useful as an inhibitor of oxygen util
ization. Figure 2 shows that adding malo
nic acid to m eat samples treated with fer- 
ricyanide greatly retards the MRA. Simi
larly, if m alonic acid is added to  meat 
samples wrapped in Saran to  exclude oxy
gen (but not treated with ferricyanide), 
the m ain effect is delay of M RA. Figure 3 
shows m eat samples in the presence and 
absence of malonic acid, and the appear
ance of M etM b is roughly at the same 
rate for both sets o f samples. The big dif
ference between the samples is in the rate 
of M etM b reduction. F or samples not 
treated with malonic acid, the reduction is 
essentially complete after 70 min (as is 
true also for the samples shown in Fig. 1) 
but for samples treated with malonic acid 
the reduction of M etM b has not even 
started at 70 min. The net result is the 
accum ulation of m uch larger am ounts of

M etM b in the presence of malonic acid.
There are two likely and possible expla

nations for the results obtained in the 
presence of malonic acid. One possibility 
is that malonic acid somehow directly in
terferes with the reduction of M etM b, for 
example, by interfering with the produc
tion of N A D H . The second possibility is 
that the action of malonic acid is more in
direct and is linked to the presence of ox
ygen which would not be used up in those 
packages with malonic acid present.

An experiment was done to test wheth
er the presence of oxygen was the main 
variable affected by malonic acid, or if 
some other variable was involved. Pack
ages of m eat were prepared with one-half 
of the sample treated with ferricyanide 
and malonic acid and the other half left 
untreated. The untreated part of the meat 
sample acted as an oxygen scavenger and 
depleted the package of oxygen. N o quan
titative data were obtained for these ex
periments but the results showed that 
m eat samples treated with ferricyanide 
and malonic acid behaved the same as 
samples without malonic acid when oxy
gen was depleted by the untreated meat 
sample. A  similar experiment was done 
with one-half of the m eat sample treated 
with malonic acid and the other half re
ceiving no treatm ent. U pon wrapping 
these samples with Saran, there was no 
obvious difference in the concentration of 
myoglobin derivatives between the two 
halves.

Thus, the m alonic acid effect is nulli
fied when oxygen is used up by an auxil
iary system, and our conclusion is that 
malonic acid changes the concentration of 
myoglobin derivatives by its effect on ox
ygen concentration. W atts et al. (1966)

tried malonic acid as an inhibitor of 
M RA in a ground m eat system and found 
only “slight, variable inhibition.” This re
sult agrees with our results since W atts et 
al. (1966) also used an auxiliary system 
for decreasing the oxygen concentration 
in their packages (flushing with nitro
gen). However, their conclusion that the 
m eat had very little succinate present be
cause m alonic acid had little effect is not 
valid. In  the presence of oxygen, malonic 
acid does inhibit fu rther oxygen uptake, 
which means the m eat must be utilizing 
succinic dehydrogenase for respiration 
under norm al m eat storage conditions.

W e tried other respiratory inhibitors 
with the intact m eat samples, but water 
suspensions of amytal, rotenone and 
thenoyltrifuoroacetone showed no activi
ty; and the use of ethanol o r propylene 
glycol as solvents for the inhibitors did 
not increase their activity.

O ur results have not provided, as yet, 
data that would help to distinguish be
tween autoxidation and M RA  as causes 
for M etM b accum ulation in meat 
samples. N or is it possible to say unequiv
ocally tha t both processes are involved. 
Certainly, the facts that M etM b normally 
accumulates in an air atmosphere and 
that M RA is inhibited by oxygen indicate 
that autoxidation is important. However, 
M RA may be active beneath the surface 
in the anaerobic layer of m eat just adja
cent to the oxygenated layer, and MetMb 
may accumulate only after M RA is lost.

The only valid conclusion at this stage 
of our knowledge is that more experimen
tal data are needed to decide about the rel
ative importance of M RA and autoxida
tion as causes for M etM b accumulation in 
fresh meat samples.
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Heat of Respiration of Fresh Produce as Affected
by Controlled Atmosphere

SUMMARY— The heat of respiration of fresh produce in controlled atmosphere (CA) 
storage was determined with a calorimeter to provide information on the refrigeration 
load imposed. The heat of respiration in air at the same temperature was also measured 
to enable direct comparison with the heat of respiration in CA. The calorimeter was a 
heavily insulated Dewar flask and the product was continuously flushed with either air 
or CA.

The values obtained for the heat of respiration in air were in good agreement with 
those reported in the literature for these products. The heat of respiration (Btu/Ton-24 
hr) in optimum CA with the ratio in CA to that in air given as a percent was as follows: 
Wando peas at 48 °F— 6,690, 3 1 % ; Thorogreen lima beans— 2,290, 3 0 % ; cut Victory 
Golden sweet corn— 3,810, 3 2 % ; Red Delicious apples— 525, 28 % . It was concluded 
that the heat of respiration of fresh produce in CA can be estimated by assuming that 
it is about 30%  that in air.

IN TRO D U CTIO N
IN  R E C EN T YEARS, controlled atm o
sphere (C A ) storage has been successfully 
used as an adjunct to refrigeration in ex
tending the storage life of apples, pears 
and citrus fruits. W ork on vegetables re
veals its great potential in retarding post
harvest changes and thus retain produce 
quality for a longer period. This may re
sult from  the fact that respiration in CA is 
m uch less than that in air (Leberm ann et 
al„ 1968).

In  air, heat of respiration of a plant 
m aterial may be m easured in two ways: 
directly by calorim etric determ ination and 
indirectly by measuring C 0 2 evolution 
and 0 2 uptake. According to Langworthy 
et al. (1912), the heat evolved by a 
respiring product in producing a certain 
am ount of C 0 2 is equivalent to that pro
duced by com bustion of a hexose sugar

in a calorimeter. The equation is:
C6H 120 6 +  6 0 2 4

6 H 20  +  6 C 0 2 +  heat
so that the respiratory quotient (vol. of 
C 0 2/vo l. of 0 2) is 1.0 and the heat 
liberated is 2.58 ca l/g  C 0 2.

These conclusions are not valid in 
case of CA storage; the equation is much 
more complicated with the form ation of 
unknown intermediate oxidation prod
ucts such as organic acids (Allendorf et 
al., 1954) and the constant of 2.58 ca l/g  
C 0 2 cannot be applied. Therefore, heat 
generation calculated from  C 0 2 produc
tion m ay be inaccurate and the direct 
calorimetric m ethod should be used 
whenever the constant relating heat of 
respiration to C 0 2 production has not 
been experimentally ascertained.

N ot much work has been done on di
rect calorimetric determination of heat of

respiration (Haller et al., 1932; Curtis 
et al., 1950). The very small amounts of 
heat generated and the environmental 
conditions that must be maintained for 
the live product require special considera
tions in the design of the calorimeter 
used. Early workers used insulated De- 
war flasks to store the product and m ea
sured the tem perature rise. The method 
was highly inaccurate and results were 
only of a qualitative nature (Pierce, 
1912). Langworthy et al. (1911, 1912) 
described a large calorim eter for use in 
the study of heat of respiration of fruits; 
they obtained 2.63 cal/g C 0 2 with a res
piratory quotient of 1.04 fo r bananas. 
G reen et al. (1941) devised a calorim 
eter for use on smaller samples. Their 
results verified those of Langworthy et al. 
(1912).

In this work, the first objective was to 
make a direct calorimetric determ ination 
of the heat of respiration of some prod
ucts in CA. Second, based on these data, 
a common factor was sought which could 
be used to estimate the heat o f respiration 
in CA from data on heat of respiration in 
air.

EX P E R IM E N T A L
Source and preparation of products

All products were grown on the University 
of Illinois farm in Urbana, 111.

Wando variety peas and Thorogreen thin- 
seeded variety lima beans were harvested,
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m e c h a n ic a l ly  v in e d  a n d  s h e l le d . F u r t h e r  
c le a n in g  w a s  d o n e  b y  p a s s in g  th r o u g h  a  
“C l ip p e r ”  a i r  c le a n e r  a n d  b y  w a s h in g  tw ic e  
in  riffle  a n d  r o t a r y  r e e l  w a s h e rs  o p e r a te d  in  
t a n d e m . V ic to r y  G o ld e n  v a r ie ty  s w e e t c o r n  
w a s  h a n d  h a r v e s te d ,  m e c h a n ic a l ly  h u s k e d  
a n d  c u t .  T h e  c u t  c o r n  w a s  th e n  w a s h e d  a s  
d e s c r ib e d  f o r  p e a s  a n d  l im a  b e a n s . A f te r  
w a s h in g , th e  v e g e ta b le s  w e re  p r e -c o o le d  in  
ic e  w a te r  to  a b o u t  4 0  ° F  a n d  e x c e s s  w a te r  
w a s  d r a in e d .  T o  e l im in a te  th e  e f fe c t  o f  p r o d 
u c t  v a r ia b i l i ty ,  s a m p le s  f o r  b o th  a i r  a n d  C A  
w e re  ta k e n  f r o m  th e  s a m e  lo t.

T h e  a i r  s a m p le , a b o u t  2 0  lb , w a s  w e ig h e d  
to  0 .1  lb  a n d  p la c e d  in s id e  th e  c a lo r im e te r .  
T h e  r e m a in d e r  o f  th e  p r e -c o o le d  p r o d u c t  
w a s  c o n t in u o u s ly  f lu s h e d  w ith  C A  in  s ta in le s s  
s te e l  b in s  h e ld  a t  3 4 ° F .  J u s t  b e f o re  th e  c a l 
o r im e te r  b e c a m e  a v a i la b le  a f t e r  a b o u t  48  h r ,  
th e  b in s  w e r e  m o v e d  to  r o o m  te m p e r a tu r e  
a n d  f lu s h in g  w ith  C A  c o n t in u e d  u n t i l  th e  
p r o d u c t  w a r m e d  to  4 0 ° F .  T h e  C A  s a m p le , 
a b o u t  2 0  lb , w a s  w e ig h e d  to  0 .1  lb  a n d  p la c e d  
in s id e  th e  c a lo r im e te r .

R e d  d e l ic io u s  a p p le s  w e re  h a n d  h a r v e s te d  
a n d  d iv id e d  in to  tw o  lo ts . B o th  lo ts  w e re  
s to re d  a t  3 4 ° F ,  o n e  in  a i r  a n d  th e  o t h e r  in  
C A  f o r  a i r  a n d  C A  d e te r m in a t io n s ,  r e s p e c 
tiv e ly . D e te r m in a t io n s  w e re  m a d e  o n  a i r  
s a m p le s  3 a n d  2 6  w e e k s  a f te r  h a r v e s t  a n d  o n  
C A  s a m p le s  4  a n d  18 w e e k s  a f te r  h a r v e s t .

Source of controlled atmosphere

C A  w a s  o b ta in e d  f r o m  a  g e n e r a to r  (T e c -  
t r o l  D iv is io n , W h i r lp o o l  C o r p o r a t io n ,  B e n 
to n  H a r b o r ,  M ic h . )  w h ic h  b u r n e d  n a tu r a l  
g a s  w ith  th e  p r o p e r  p r o p o r t i o n  o f  e x c e s s  a ir  
in  a  c a ta ly t ic  c o m b u s t io n  c h a m b e r .  T h e  C A  
c o n s id e re d  o p t im u m  a n d  u s e d  f o r  th e  v e g e 
ta b le s  c o n ta in e d  a b o u t  1 0 %  CCE a n d  2 %  O» 
( L e b e r m a n n  e t  a l . ,  1 9 6 8 ) .  T h a t  ta k e n  a s  o p 
t im u m  f o r  th e  a p p le s  w a s  a b o u t  5 %  C 0 2 a n d  
2 %  0 2 (S m o c k , 1 9 4 2 ; A l le n  e t  a h , 1 9 4 8 ) ,  
o b ta in e d  b y  in te r m i t t e n t ly  a d m i t t in g  a i r  in to  
th e  g e n e r a to r  e f f lu e n t.

The calorimeter

T h e  c a lo r im e te r  ( F ig .  1 )  c o n s is te d  o f  a  
2 4  l i t e r  w id e  n e c k  D e w a r  f la s k  in s u la te d  w ith  
4  in . o f  g r o u n d  c o r k  ( 1 8 )  a n d  f i tte d  w i th  a 
p a ra f f in  im p r e g n a te d ,  a i r - t ig h t  c o r k  c o v e r . 
T h e  b o t to m  o f  th e  f la sk  h e ld  a  w ire  s c re e n  
w h ic h  f o r m e d  a  p le n u m  c h a m b e r  to  in s u re  
a  u n i f o r m  d i s t r ib u t io n  o f  g a s  t h r o u g h  th e  
p r o d u c t .  T h e  c a lo r im e te r  w a s  in s ta l le d  i n 
s id e  a  c o n s ta n t  t e m p e r a tu r e  b o x  a t  3 5 °  ±  
2 ° F .

A ir  o r  C A  w a s  c o n t in u o u s ly  f lu s h e d  
th r o u g h  th e  f la s k  to  c o o l th e  p r o d u c t  a n d  
p r e v e n t  th e  b u i ld -u p  o f  e x p i r e d  g a se s . A  v a n e  
p u m p  (3 )  s u c k e d  th e  p u r g e d  g a s  in to  th e  
s y s te m  th r o u g h  a  t r a p  ( 2 )  a n d  d e l iv e re d  i t  to  
a  r e c e iv e r  ( 4 )  a n d  a  p r e s s u re  r e g u la to r  ( 8 ) .  
T h is  in s u r e d  a  c o n s ta n t  r a te  o f  g a s  fe e d  a n d  
s m o o th e d  o u t  f lu c tu a t io n s  in  g a s  p r e s s u re  
d u e  to  p u m p  a c t io n .  E x c e s s  g a s  w a s  b le d  
o ff  t o  th e  a tm o s p h e r e  t h r o u g h  a  v a lv e  ( 5 )  
a n d  a  s p r in g  lo a d e d  b lo w -o ff  v a lv e  ( 6 )  in 
s u r e d  a g a in s t  e x c e s s  p r e s s u r e  in  th e  re c e iv e r .  
F lo w  r a t e  w a s  c o n t r o l le d  b y  a  n e e d le  v a lv e  
( 1 0 )  a n d - a  r o t a m e te r  ( 1 1 )  in d ic a te d  th e  
r a t e  a t  w h ic h  p u r g e  g a s  w a s  f e d  to  th e  
c a lo r im e te r .  P re s s u re  g a g e s  (7 )  a n d  ( 9 )  in d i 
c a te d  p r e s s u r e  in  th e  sy s te m .

T h e  p u r g e  g a s  th e n  e n te r e d  th e  c o n s ta n t  
te m p e r a tu r e  b o x  a n d  w a s  m e a s u r e d  b y  a  w e t
te s t  m e te r  ( 1 2 ) .  A  p r e s s u re  g a g e  ( 1 3 )  in d i 
c a te d  th e  p r e s s u re  in  th e  m e te r .  T h e  p r e s 
s u r e  r e g u la to r  ( 8 )  m a in ta in e d  th e  m e te r  a t  
a tm o s p h e r ic  p r e s s u re .  W a te r  c o n d e n s e d  f ro m  
g a s  le a v in g  th e  m e te r  w a s  c o l le c te d  in  a  tu b e  
( 1 4 ) .  T h e  p u r g e  g a s  p a s s e d  th r o u g h  a  h e a t  
e x c h a n g e r  ( 1 5 )  c o o le d  b y  ice  w a te r .  T h e  
b a s e  o f  th e  h e a t  e x c h a n g e r  w a s  in s u la te d  
w ith  f ib e rg la s s  in s u la t io n  ( 1 6 )  to  m in im iz e  
t e m p e r a tu r e  c h a n g e s  in  th e  p u r g e  a s  i t  e n 
te r e d  th e  f la sk . T h e  p u r g e  g a s  w a s  le d  to  th e  
p le n u m  c h a m b e r ,  p e r c o la te d  th r o u g h  th e  
p r o d u c t  a n d  le f t  th r o u g h  a n  e x i t  tu b e  ( 2 1 ) ,  
w h e re  a  th e r m o e le c t r ic  d e w  p o in t  h y g r o m e te r  
( C a m b r id g e  S y s te m s , C a m b r id g e ,  M a s s a c h u 
se tts )  m e a s u r e d  th e  d e w  p o in t .

I n l e t  a n d  e x i t  te m p e r a tu r e s  o f  p u r g e  g a s  
w e re  m e a s u re d  b y  th e r m o c o u p le s  (1 7  a n d  
2 3 ) .  A  r e fe re n c e  ju n c t io n  w a s  p la c e d  in  ice  
w a te r  a n d  E M F  w a s  m e a s u r e d  b y  a  p o t e n 
t io m e te r  ( R u b ic o n  I n s t r u m e n ts ,  M in n e a p o l is  
H o n e y w e ll ,  P h i la d e lp h ia ,  P a . ) .

P r o d u c t  t e m p e r a tu r e  w a s  m e a s u re d  b y  
m e a n s  o f  five  th e r m o c o u p le s  m o u n te d  a t  f ix ed  
d is ta n c e s  ( n o t  e x a c t ly  u n i f o r m )  o n  a  ro d  
( 1 9 ) .  T h e  r o d  w a s  p la c e d  a t  th e  a x is  o f  th e  
f la sk , a n d  th e  th e r m o c o u p le  e n d s  w e re  d is 
t r ib u te d  r a d ia l ly  in  d i f fe r e n t  d i r e c t io n s  b u t  
a t  th e  s a m e  d is ta n c e  f r o m  th e  a x is . A  
w e ig h te d  a v e r a g e  t e m p e r a tu r e  o f  th e  p r o d 
u c t  w a s  c a lc u la te d  t a k in g  in to  a c c o u n t  th e  
a m o u n t  o f  p r o d u c t  r e p re s e n te d  b y  e a c h  t h e r 
m o c o u p le .

Calorimeter calibration

T h e  f la s k  w a s  c a l ib r a te d  f o r  h e a t  lo sse s . 
A n  A m in c o  m e r c u r y  th e r m o r e g u la to r  a n d  a  
7 -w a tt  l ig h t  b u lb  w e re  p la c e d  in s id e  th e  f la sk . 
T h e  s y s te m  r e g u la te d  p o w e r  f e d  to  th e  l ig h t  
b u lb  so  th e  t e m p e r a tu r e  in s id e  th e  f la sk  w a s  
m a in ta in e d  a t  ± 0 . 1 5 ° F  f r o m  th e  s e t  p o in t .  
T h e  r a te  o f  p o w e r  c o n s u m p tio n  w a s  m e a 
s u r e d  b y  a  s ta n d a r d  w a t t - h o u r  m e te r .  P e 
r io d ic  r e a d in g s  w e re  t a k e n  o f  th e  m e te r  u n 
til th e  p o w e r  c o n s u m p tio n  p e r  u n i t  t im e  
le v e le d  o ff. T h is  q u a n t i ty ,  c o n v e r te d  t o  B tu  
p e r  u n i t  t im e , w a s  th e  h e a t  lo s s  a t  th e  se t  
p o in t  t e m p e r a tu r e .

A  c a l ib r a t io n  c u rv e  f o r  h e a t  lo s s e s  v e r s u s

se t  p o in t  t e m p e r a tu r e  w a s  o b ta in e d .  T h e  
e q u a t io n  o f  th e  l in e a r  p o r t io n  o f  th e  c u rv e  
w a s  c a lc u la te d  to  b e :  Qr =  037Tt — 1 3 .1 0 1 ; 
w h e re  Qt is  th e  h e a t  lo s s  in  B t u / h r ,  a n d  Tt is 
th e  a v e r a g e  t e m p e r a tu r e  in s id e  th e  fla sk . 
T h e  l in e a r i ty  h e ld  w i th in  th e  te m p e r a tu r e  
r a n g e  u s e d  h e r e ,  35  to  5 2 .5  ° F ,  so  th e  e q u a 
t io n  w a s  u s e d  to  c a lc u la te  th e  h e a t  lo s s  a t 
a n y  f la sk  t e m p e r a tu r e  d u r in g  th e  d e te r m in a 
tio n . I n  c a lc u la t in g  th e  lo s s  o v e r  a  c e r ta in  
t im e  p e r io d ,  Tt w a s  t a k e n  a s  th e  a v e ra g e  
p r o d u c t  te m p e r a tu r e  d u r in g  th is  p e r io d .

Procedure

P r io r  to  th e  s t a r t  o f  a  d e te r m in a t io n ,  th e  
l ig h t  b u lb  a n d  th e  t h e r m o r e g u la to r  se t  a t  th e  
d e te r m in a t io n  t e m p e r a tu r e  w e re  in s e r te d  in to  
th e  f la sk . W h e n  th e  w a t t - h o u r  m e te r  sh o w e d  
c o n s ta n t  h e a t  in p u t  b y  th e  l ig h t  b u lb , in d i 
c a t in g  s te a d y  s ta te  h e a t  lo s s  b y  th e  c a lo r im 
e t e r  to  th e  s u r r o u n d in g s ,  th e  b u lb  a n d  r e g u 
l a t o r  w e re  r e m o v e d  a n d  im m e d ia te ly  r e 
p la c e d  b y  p r o d u c t .  T h e  c a lo r im e te r  w as 
s e a le d  a n d  p u r g e  g a s  f e d  in to  th e  sy s tem . 
F L w  r a t e  w a s  r e g u la te d  s o  t h a t  th e  c h a n g e  
in  t e m p e r a tu r e  o f  th e  p r o d u c t  w a s  k e p t  to  a  
m in im u m .

P e r io d ic  t e m p e r a tu r e  r e a d in g s  w e re  ta k e n  
o f  th e  in le t  g a s , e x i t  g a s  a n d  p r o d u c t .  G a s  
m e te r  r e a d in g s  w e re  p e r io d ic a l ly  re c o rd e d . 
E x i t  g a s  w a s  o c c a s io n a l ly  c h e c k e d  f o r  s a t
u r a t i o n  u s in g  th e  t h e r m o e le c t r i c  d e w  p o in t  
h y g r o m e te r .  I c e  w a s  p e r io d ic a l ly  a d d e d  to  
th e  h e a t  e x c h a n g e r .  I n l e t  g a s  t e m p e r a tu r e s  
m e a s u re d  ju s t  a f t e r  a d d i t io n  o f  ic e  a n d  ju s t  
b e f o r e  r e n e w a l  o f  ic e  w e re  a v e ra g e d .

A  s l ig h t ly  d i f f e r e n t  p r o c e d u r e  w a s  f o l 
lo w e d  in  th e  d e te r m in a t io n  o f  h e a t  o f  r e s 
p i r a t io n  o f  a p p le s .  T o  in s u r e  t h a t  th e  p u rg e  
g a s  l e f t  th e  f la sk  s a tu r a t e d  w i th  w a te r  v a p o r ,  
a  s m a ll  a m o u n t  o f  w a te r  w a s  p la c e d  in s id e  
th e  p le n u m  c h a m b e r .  T h e  p u r g e  g a s  p a s s e d  
th r o u g h  th is  w a te r  a n d  w a s  t h e r e f o r e  s a t 
u r a t e d  a s  i t  p a s s e d  t h r o u g h  th e  p r o d u c t .  
S a tu r a t io n  w a s  c o n f i rm e d  b y  p e r io d ic  m e a 
s u r e m e n ts  o f  th e  d e w  p o in t  o f  th e  e x i t  g as .

T h e  m o is tu r e  c o n te n t  o f  th e  p r o d u c ts  a t  
th e  s t a r t  a n d  t e r m in a t io n  o f  e a c h  r u n  w a s  
d e te r m in e d  b y  th e  v a c u u m  o v e n  m e th o d  
( A O A C , 1 9 6 5 ) .  T h e  a v e r a g e  v a lu e  w a s  th e n  
u s e d  in  c a lc u la t in g  th e  sp e c ific  h e a t  (S ie b e l, 
1 9 1 8 ) .

Calculations

T h e  h e a t  o f  r e s p i r a t i o n  w a s  c a lc u la te d  b y  
m a k in g  a  b a la n c e  o f  th e  h e a t  q u a n t i t ie s  e n 
te r in g  a n d  le a v in g  th e  c a lo r im e te r  f la sk . 
T h u s :

H e a t  o f  R e s p i r a t io n  =  H e a t  o u t  — H e a t  in  
+  H e a t  a c c u m u la t io n

H e a t  le a v in g  th e  c a lo r im e te r  c o n s is te d  o f  
th e  s e n s ib le  h e a t  c o n te n t  o f  e x i t  g a s , o f  th e  
l a t e n t  h e a t  o f  w a te r  e v a p o r a te d  f r o m  th e  
p r o d u c t ,  a n d  th e  h e a t  lo s s  f r o m  th e  f la s k  to  
th e  s u r r o u n d in g s .  H e a t  e n te r in g  th e  c a lo r im 
e t e r  c o n s is te d  o f  th e  s e n s ib le  h e a t  c o n te n t  o f  
in le t  g a s . H e a t  a c c u m u la t io n  c o n s is te d  o f  th e  
g a in  o r  lo s s  in  th e  s e n s ib le  h e a t  o f  th e  p r o d 
u c t  d u r in g  th e  d e te r m in a t io n .

T h e  s e n s ib le  h e a t  c o n te n t  o f  th e  in le t  a n d  
e x i t  g a s e s  w a s  c a lc u la te d  b y  c o n s id e r in g  th e  
d r y  g a s  a n d  th e  w a te r  v a p o r  p o r t io n s  s e p a 
r a te ly .  T h e  d a tu m  te m p e r a tu r e  w a s  c h o s e n  
a s  0 ° F  f o r  a l l  c a lc u la t io n s .  A l th o u g h  th e  d ry
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g a s  p a s s e d  t h r o u g h  th e  c a lo r im e te r  u n 
c h a n g e d  in  w e ig h t ,  th e  w a te r  v a p o r  c o n te n t  
in c r e a s e d  d u e  to  e v a p o r a t io n .  T h u s ,  f o r  th e  
in le t  d r y  g a s , Q. = WCVT>, w h e r e  Q, is  s e n 
s ib le  h e a t  c o n te n t  in  B tu , W is  th e  w e ig h t  o f  
d r y  g a s  in  lb , T , is in le t  g a s  t e m p e r a tu r e  in  
° F ,  a n d  C p is th e  s p e c if ic  h e a t  o f  th e  d r y  g as , 
0 .2 4  B t u / l b  ° F . F o r  th e  in le t  w a te r  v a p o r ,  
Q, — / / iC w '/  , w h e r e  Hx is  th e  w e ig h t  o f  v a 
p o r  in  lb  a n d  C «  is its  sp e c ific  h e a t ,  0 .4 4 4  
B t u / l b  ° F .  C a lc u la t io n s  f o r  th e  e x it  g a s  w e re  
s im i la r  e x c e p t  T e, e x i t  g a s  t e m p e r a tu r e  in  ° F , 
w a s  s u b s t i tu te d  f o r  T\, a n d  H2, w e ig h t  o f  
e x i t  w a te r  v a p o r  in  lb , f o r  FT.

T h e  l a t e n t  h e a t  c o n te n t  o f  th e  e x i t  g a s  
w a s  c a lc u la te d  a s  th e  p r o d u c t  o f  ( H2— F T ) , 
th e  d i f fe r e n c e  in  lb  o f  w a te r  v a p o r  e n te r in g  
a n d  le a v in g  th e  f la sk , a n d  l a m b d a ,  th e  la te n t  
h e a t  o f  e v a p o r a t io n  o f  w a te r  a t  th e  t e m p e r a 
tu r e  o f  th e  e x i t  g a s , in  B tu  p e r  lb .

H e a t  a c c u m u la t io n  c a n  e i th e r  b e  p o s it iv e  
o r  n e g a t iv e  d e p e n d in g  o n  w h e th e r  th e  p r o d 
u c t  t e m p e r a tu r e  in c r e a s e d  o r  d e c r e a s e d . T h is  
w a s  c a lc u la te d  b y :  £>a =  WvCpr ( T 3— T i); 
w h e r e  Wf is  th e  w e ig h t  o f  p r o d u c t  in  th e  
f la s k  a n d  T? a n d  T , a r e  th e  a v e r a g e  p r o d u c t  
t e m p e r a tu r e s  a t  th e  e n d  a n d  a t  th e  b e g in n in g  
o f  a  p e r io d ,  re s p e c tiv e ly , C pr is th e  sp ec ific  
h e a t  o f  th e  p r o d u c t  c a lc u la te d  b y  C pr =  
0 .0 0 8 M  +  0 .2  (S ie b e l ,  1 9 1 8 ) ,  w h e r e  M  is 
th e  m o is tu r e  c o n te n t  o f  th e  p r o d u c t  in  p e r 
c e n t .

T y p ic a l  e x p e r im e n ta l  d a t a  c o l le c te d  f ro m  
o n e  r e p l ic a te  a n d  th e  c a lc u la te d  v a lu e s  o f  
th e  h e a t  q u a n t i t ie s  a r e  s h o w n  in  T a b le s  1 
a n d  2 , r e s p e c tiv e ly . T h e  d e s ire d  h e a t  o f  r e s 
p i r a t io n  w a s  f in a l ly  c a lc u la te d  in  te r m s  o f  
B t u / to n - 2 4  h r .

R E S U L T S  & D ISC U SSIO N
The heat of respiration of shelled peas, 

shelled lima beans, cut sweet corn, and 
apples in air and in controlled atmosphere 
at each product tem perature are shown in 
Tables 3 through 6.

Since heat of respiration is highly de
pendent upon the product temperature, 
com parisons between values of heat of 
respiration in air and CA  must be made 
at the same tem perature. The change in 
product tem perature during the determ i
nation was only about 2°F . W ithin this 
short tem perature range, a straight line 
approxim ation to the heat of respiration 
versus tem perature curve can be as
sumed. The equation of a regression line

Table 1—Data from one calorimetric determination of heat cf respiration of peas in air
W eight 25.0 lb 
NZoisture c o n ten t 81.4%
Specific h ea t o f  p ro d u c t (calcu lated) 0.852 B tu /lb  °F

Purge
gas W ater in  W ater in

R e ad 
ing
no.

T im e 
betw een 

read ings, 
(hr), t

(12.578 
c f  p e r  
lb dry 

gas), cu  ft

Purge
gas 

(dry), 
lb, W

incom ing 
gas, 

lb X 
10-3, H i

leaving 
gas, 

lb  X 
IO "3, m

In le t 
gas 

tem p .. 
°F , T

E xit 
gas 

tem p ., 
°F , Tc

A verage P ro d u c t 
T em p ., °F 

In itia l F in a l 
Ti Tt

7.1 35 .425 2 .8 1 6 11.04 18.73 32 .85 4 6 .3 0 4 9 .6 5 4 5 1 .0 0 0
2 4 .0 60 .015 4 .771 19.71 2 7 .5 8 3 3 .1 7 4 6 .7 8 51 .000 51 .705
3 2 .9 46 .925 3.731 14.81 24 .51 3 3 .1 7 4 7 .0 9 51 .705 5 1 .647
4 7 .5 138.475 11.009 4 4 .3 7 77.61 33 .55 4 7 .8 2 51 .647 5 0 .5 6 8
5 4 .5 81 .460 6 .4 7 6 2 6 .1 6 4 6 .5 6 3 3 .6 0 4 8 .3 2 5 0 .568 50 .033
6 5 .5 9 9 .1 5 0 7.883 3 1 .5 0 56 .10 3 3 .3 6 4 8 .0 7 50 .033 4 9 .4 3 5
T 4 .5 84 .940 6 .7 5 4 27 .29 4 6 .8 7 3 3 .6 2 4 7 .4 0 4 9 .4 3 5 4 8 .9 7 6
8 3 .0 53 .015 4 .215 16.65 2 9 .0 4 33 .03 4 7 .2 4 4 8 .9 7 6 4 8 .7 1 4

was statistically determined from  the data 
on heat o f respiration and tem perature 
(Steel et al., 1960). This equation en
abled calculation of heat of respiration at 
a common tem perature for both air and 
CA. These values are shown in the last 
line of Tables 3 through 6.

Table 7 shows the experimental re
sults com pared to literature values for 
heat of respiration in air. Values obtained 
for apples and peas in air storage agreed 
with the literature values. In the case of 
lima beans, the value was higher than 
that reported; this discrepancy could be 
due to differences in maturity, variety, 
climatic conditions during growth and 
microbiological contamination. Reported 
data for cut sweet corn could not be 
found.

The heat of respiration (B tu/ton-24 
hr) in CA (Table 7) was 6,690 for 
shelled peas at 48°F , 31% that in air; 
for cut sweet corn at 40°F , it was 3,810, 
32% that in air; for lima beans at 40°F  
it was 2,920, 30% that in air; and for 
Red Delicious apples at 35°F  it was 525, 
28 % that in air.

T iese  results show that the relation
ship of heat of respiration in CA to that 
in air was quite similar for the different 
products, varying only between 28 and 
32% . Thus, the results indicate that if 
CA  composition is optimum, the propor
tional reduction of the heat of respiration

of a product in CA  from  that in air should 
be the same as for other products.

The similarity of this relationship is 
also indicated by C 0 2 values found in the 
literature. Smock (1942) showed that at 
32°F  the C 0 2 production of M cIntosh 
apples in CA containing 5% C 0 2 and 
2% O , was equal to 42%  of the C 0 2 pro
duction in air. Allen et al. (1948), using 
the optimum CA composition for Bartlett 
pears at 32°F , obtained 46%  of the C 0 2 
production in air. Groeschel et al. 
(1966), using CA  containing 5%  C 0 2 
and 2%. 0 2, obtained 47%  the C 0 2 in 
air for green beans at 45°F . Lebermann 
et al. (1968), using 2% 0 2 and 10% C 0 2 
for broccoli at 45°F , obtained 40%  the 
CO , production in air.

On the basis of these results, and from  
inform ation available in the literature on 
the extent of reduction of C 0 2 produc
tion by some fruits and vegetables due to 
storage in CA, the heat of respiration in 
CA  of the optim um composition can be 
estimated from  the heat of respiration in 
air by assuming a value 28 to 32% that 
in air.

This range of values for comparison of 
heat o f respiration in CA with that in air 
is lower than the range of values in the 
literature obtained from  C 0 2 production 
as quoted just above. This may be ex
plained on the basis that the respiratory 
quotient in CA  may be expected to be dif-

Table 2—Calculations of heat of respiration for peas stored in air from data in Table 1
H e a t

H ea t o f H e a t ou t, accu m u la ted
H ea t in, H ea t in, H ea t out, T_eat out, W ater ev ap o ra tio n ev ap o ra ted H ea t o u t in  p ro d u c t H e a t o f
dry  gas w a te r dry  gas w a te r ev ap o ra ted a t  exit w a te r th ro u g h [Wpcpr r e s p ira tio n ,1

R ead in g (ÌVCpTi), (FFiCwT), ( WCvTe), (/TCwTe) (H . -  H .) tem p. (X), (H* -  Hi)A, flask  Qit, (Tt -  7i)], B tu /to n -2 4
no . B tu B tu B tu B tu X IO -3, lb B tu /lb B tu B tu Btu h r

i 22.201 0.161 31.291 0 .3 8 5 7 .6 9 1067.05 8 .2 0 6 4 0 .2 6 4 28 .653 23 ,349
2 3 7 .9 8 4 0 .2 9 0 53 .569 0 .573 7 .8 7 1066.81 8 .3 9 6 14.212 15.008 3 0 ,4 7 2
3 2 9 .7 0 2 0 .2 1 8 4 2 .1 6 6 0 .5 1 2 9 .7 0 1066.65 10.347 17.779 - 1 . 2 3 5 2 6 ,2 5 0
4 88 .644 0 .661 126.348 1.648 3 3 .2 4 1066.21 35.441 44 .695 - 2 2 .9 6 9 24 ,595
5 52 .222 0 .3 9 0 75 .101 0 .999 2 0 .4 0 1065.94 21 .745 25 .465 - 1 1 .3 8 9 25 ,303
6 63.113 0 .4 4 6 90 .942 1.197 2 4 .6 0 1066.06 26 .225 29 .969 -  12.730 2 5 ,1 5 0
7 54 .498 0 .4 0 7 76 .835 0 .9 8 6 19.58 1066.46 20.881 2 3 .6 3 4 - 9 .7 7 1 2 4 ,6 0 0
8 3 3 .4 1 2 0 .2 4 4 47 .790 0 .6 0 9 12.39 1066.56 13.215 15.354 - 5 . 5 7 8 24 ,149

1 H ea t o f  re sp ira tio n  in  B tu /to n -2 4  h r  =  [ WC\,T„ + HtCy,Te +  Qit — WCPT, — H\C,,T\ +  WpCi>r(Tt — 7T) +  (Ht — Hi),\] X 25~tTlb th r '
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Table 3—The heat of respiration at each of 
several temperatures of shelled green peas 
stored in air and in controlled atmosphere

R e sp ira tio n  in  co n tro lled  
a tm o sp h e re

R e sp ira tio n  in  a ir  (11%  C O r l . 8 % O 2)

T em pera-
H e a t o f  

re sp ira tio n , T em pera-
H e a t o f  

re sp ira tio n ,
tu re , B tu /ton -24 ture , B tu /ton -24

°F h r °F h r
5 1 .6 7 2 6 ,2 0 0 4 8 .7 4 7 ,4 9 0
51 .35 3 0 ,5 0 0 48 .03 6 ,7 4 0
5 1 .1 0 2 4 ,6 0 0 4 7 .4 6 6 ,4 7 0
50 .33 2 3 ,3 0 0 4 7 .0 4 6 ,6 8 0
50 .29 2 5 ,3 0 0 4 6 .6 9 5 ,9 9 0
4 9 .7 3 2 5 ,1 0 0 4 6 .3 0 6 ,1 4 0
4 9 .2 0 2 4 ,6 0 0 4 5 .9 5 6 ,5 9 0
4 8 .8 4 2 4 ,1 0 0

H e a t o f  re sp ira tio n  ca lcu la ted  fro m  the 
reg ression  line  eq u a tio n  

4 8 .0 0  2 2 ,6 0 0  4 8 .0 0  6 ,6 9 0

Table 4—The heat of respiration at each of 
several tem peratures of shelled lima beans 
stored in air and in controlled atmosphere

R e sp ira tio n  in  co n tro lled  
a tm o sp h e re

R e sp ira tio n  in  a ir  (11 %  C O î -1 .8%  O 2)

T em p er
a tu re ,

°F

H e a t o f  
resp ira tio n , 
B tu /T on-24  

h r

T em p er
a tu re ,

°F

H e a t o f  
re sp ira tio n , 
B tu /ton -24  

h r
41 .51 10 ,890 4 0 .7 6 3 ,5 6 0
40 .81 10 ,070 4 0 .6 0 3 ,8 8 0
40 .43 9 ,1 6 0 4 0 .3 9 2 ,7 5 0
4 0 .0 7 11 ,180 4 0 .0 8 2 ,8 1 0
3 9 .4 8 9 ,7 5 0 3 9 .7 8 3 ,3 6 0
3 8 .9 9 9 ,2 0 0 3 9 .4 5 1 ,490
38 .75 9 ,2 3 0 39 .11 2 ,2 0 0
3 8 .4 8 8 ,1 6 0 3 8 .8 7 1,800

— — 3 8 .7 4 3 ,0 9 0

H ea t o f  re sp ira tio n  ca lcu la ted  fro m  the 
reg ression  line  eq u a tio n  

4 0 .0 0  9 ,8 2 0  4 0 .0 0  2 ,9 2 0

ferent from  that in air and th a t a given 
C 0 2 production does not result in the 
same heat evolution under both condi
tions as explained in the introduction. The 
present work is based on calorimetric 
measurements and should therefore be more authoritative than the literature val

ues calculated from  C O e v o lu tio n .

L IS T  O F  S Y M B O L S
Table 6 —The heat of respiration at each of cp 

several tem peratures of apples stored in air 
and in controlled atmosphere c „

R e sp ira tio n  in  co n tro lled  
a tm o sp h e re C pr =

R e sp ira tio n  in  a ir (3 .8 %  CC>2-2.2% O z)
Hi, HH e a t  o f H e a t o f =

T em per- resp ira tio n , T em p er- resp ira tio n ,
Xa tu re , B tu /to n -2 4 a tu re , B tu /to n -2 4 =

°F h r °F hr
3 4 .0 9 2 ,1 2 0 3 5 .0 6 360 M =
3 3 .9 5 2 ,1 0 0 3 5 .0 4 410
3 3 .8 0 1 ,170 3 4 .9 9 510 Oi
3 5 .8 8 2 ,0 2 0 35 .71 850
3 5 .8 7 1 ,990 35 .41 710

Qi35 .83 2 ,0 7 0 3 5 .2 9 340 —
3 5 .7 4 2 ,3 2 0 35 .21 710 Qs =
35 .73 1 ,760 3 5 .1 4 770 Ti —
35 .63 1 ,790 3 4 .9 4 710
3 5 .5 8 1 ,9 8 0 3 4 .8 5 690
3 5 .5 2 1 ,790 34 .81 400 T,, Te

— — 34 .81 430

—

— 3 4 .7 9
3 4 .6 6

760
2 10

77, T =

H e a t o f  re sp ira tio n  ca lcu la ted  fro m  th e
reg ression  line  e q u a tio n W —

3 5 .0 0 1 ,900 3 5 .0 0 525 w» =

the specific heat of dry gas, 0.24 
Btu/lb °F

the specific heat of water vapor, 
0.444 Btu/lb °F

the calculated specific heat of the 
product, Btu/lb °F 

weight of inlet and exit water vapor, 
respectively, lb

the latent heat of evaporation of 
water, Btu/lb

the moisture content of the product,
%

the heat accumulation by the prod
uct, Btu

heat loss from calorimeter, Btu/hr 
sensible heat content, Btu 
average temperature inside the cal

orimeter flask as well as average 
product temperature, °F 

inlet and exit gas temperatures, re
spectively, °F

average product temperatures at 
the end and at the beginning of a 
period, respectively, °F 

the weight of dry gas, lb 
weight of product in the flask, lb

Table 7—Sum m ary of heats of respiration of three vegetables and apples stored at refrig
erated tem peratures in air and in controlled atmosphere of optimum composition for the 
product

H e a t o f  re sp ira tio n , B tu /to n -2 4  h r
C A A ir, C on- C om -

C o m p o sitio n experi- A ir, tro lled p ariso n :
% % T em p., m en ta l lite ra tu re a tm o- C A /a ir ,

P ro d u c t V arie ty c o » 0 2 °F values values sphere %
Peas W an d o n 1 .8 48 2 2 ,6 0 0 21,000 to  27,000 6 ,6 9 0 31
Sw eet C orn , V icto ry 11 1 .8 40 11,200 — 3 ,8 1 0 32

cu t G o ld en
L im a  Beans T h o ro g reen n 1 .8 40 9 ,8 2 0 4,300 to  6,100 2 ,9 2 0 30
A pp les R e d  D elic ious 3 .8 2 .2 35 1 ,900 450 to  1,850 525 28

A vg. 3 0 .3

Table 5—The heat of respiration at each of 
several tem peratures of cut victory golden 
sweet corn stored in air and in controlled 
atmosphere

R e sp ira tio n  in  a ir

R e sp ira tio n  in  co n tro lled  
a tm o sp h e re  

(11 %  C O i-1 .8 %  O 2)
H e a t o f H e a t o f

T em per- resp ira tio n , T em per- resp ira tio n ,
a tu re , B tu /to n -2 4 a tu re , B tu /ton -24

°F h r °F h r
4 0 .8 6 12 ,830 40 .23 3 ,9 9 0
4 0 .5 6 13 ,410 40 .11 3 ,5 8 8
4 0 .2 8 11 ,660 41 .51 4 ,0 5 0
4 2 .2 6 1 1 ,320 4 1 .2 7 3 ,5 5 0
4 1 .0 8 12 ,470 4 1 .1 0 4 ,2 0 0
4 0 .2 7 13 ,760 41 .01 3 ,9 9 0
3 9 ,8 7 12 ,170
4 0 .2 4 11 ,460
3 9 .9 3 10 ,370
3 9 .6 6 10 ,690

H e a t o f  re sp ira tio n  ca lcu la ted  f ro m  the
reg ression  line  eq u a tio n

4 0 .0 0 11 ,900 4 0 .0 0 3 ,8 1 0
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Taste Thresholds of Butter Volatiles in Deodorized Butteroil Medium

SUMMARY-— Taste thresholds of 31 volatile compounds found in butter were measured 
in deodorized butteroil and thresholds of seven volatiles were measured in fresh butter. 
Thresholds of mixtures of each of the major classes of volatile compounds (free fatty 
acids from  C. through Cu, gamma-lactones from C7 through Cu, even-numbered delta- 
lactones from Cs through Cu and methyl ketones from C3 through Ci3 except Cu were 
determined as well as thresholds of single comoounds of these classes. Butyric acid, 
diacetyl, delta-decalactone, 2-nonanone, gamma-undecalactone and n-hexanal, oft- 
reported constituents of milk fat, had thresholds in butteroil of 0.66, 0.055, 1.4, 7.7, 
0.95 and 0.19 ppm, respectively. The threshold of a mixture of free fatty acids from 
C 3 through C12 was 0.55 ppm. Synergistic interactions among methyl ketones and free 
fatty acids were pronounced and interactions among aldehydes were weak, while inter
actions among lactones were not apparent.

IN TRO D U CTIO N
M ORE TH A N  100 volatile compounds 
have been identified as natural constitu
ents of butter or milk fat (Day et al., 
1960; Forss et al., 1967; Jurriens et al., 
1965; Langler et al., 1964, and Wong, 
1963). A  small num ber of these com
pounds are generally recognized as prin
cipal com ponents of butter flavor. Differ
ent types of butter flavor concentrates are 
available from  at least 41 commercial sup
pliers. N one of these concentrates dupli
cates the complete natural flavor of but
ter, nor are all the compounds in these 
concentrates necessarily natural butter 
arom a constituents.

H um an taste and odor thresholds of in
dividual compounds are indexes of flavor 
(Patton et al. 1957). Thresholds of mix
tures of compounds have been shown to 
complicate interpretations of flavor chem
istry due to additive, synergistic and an
tagonistic interactions of mixtures (D ay 
et al. 1963; Langler et al. 1964; Meij- 
boom, 1964). W ater thresholds of many 
butter volatiles are known. To comple
ment the w ater threshold data, taste 
thresholds of key butter volatiles in butter
oil medium and in butter itself were 
needed.

This study was undertaken to determine 
butteroil thresholds of individual com
pounds as well as mixtures of the prom i
nent classes of volatile compounds found 
in butter. Com pounds included were free 
fatty acids (even-numbered C2 through 
C 181), delta-lactones (C 8, C 10, C12, and 
C 14), gamma-lactones (C 7 through Cu ), 
methyl ketones (C 3 through C n , C 13, and 
C 1B) and selected miscellaneous com 
pounds which are known to be present in 
butter.

E X P E R IM E N T A L  M ETH O D S
Preparation of odor-free butteroil

Butteroil separated from fresh, melted 
sweet cream butter was filtered through 
Eaton & Dikeman No. 17 filter paper to re
move the remaining free butter serum. The 
filtered oil was then vacuum steam-distilled 
in an all-glass apparatus designed to handle 
10 :o 12 L. of oil (Fig. 1). Earlier studies 
revealed that relatively high temperatures 
were required to remove butter flavor from 
the oil. In a typical vacuum steam distilla
tion, melted oil was heated to 210° ±  10°C, 
held at this temperature for about 2 hr, then 
allowed to cool to 140°C. Antioxidant was 
added according to the method of Wyatt et 
al. (1965). The pressure above the oil, which 
increased with temperature, ranged from 9 
to 23 mm (Hg), and was 1 mm or less at the 
pump end of the system. The amount of 
water distilled was V4 to V2 the oil volume.

Volatile compounds, as well as cholesterol 
and carotenoids, were removed by the dis
tillation. The deodorized oil had a faint odor 
and a slightly sweet or nutty taste. A recog

nizable butter flavor, however, was not de
tectable.

Purification of compounds tested
For flavor studies, reagent grade chemicals 

whose normal boiling points were below 
230°C were vacuum-distilled in an all-glass
10 to 50-ml capacity distillation apparatus. 
Laurie, myristic, palmitic and oleic acids 
were purified by several recrystallizations 
from ethanol-water. Other high boiling com
pounds were purified by preparative GLC, 
using a V4 inch X 4.5 ft aluminum column 
containing 80/120 mesh glass beads coated 
with 0.1% Apiezon H. Purity of the liquids, 
as determined by gas chromatography (150 
feet x  0.01 in. I.D. stainless steel capillary 
coated with Ucon), was better than 99.8% 
except for 2-pentanone (99.6% ).

Testing procedures
Glassware used in all tests was thoroughly 

cleaned and carefully inspected to exclude 
containers which had residual stains or odors. 
Stock solutions were prepared in 100-ml 
volumetric flasks by dissolving calculated 
amounts of purified compounds in deodorized
011 at 38° ±  4°C and bringing to volume; 
four or five dilutions to lower concentra
tions were made from each stock solution. 
Compounds whose thresholds were measured 
in water were brought into solution by first 
dissolving the compound in ethanol and then 
dispersing the ethanol solution into water 
(subthreshold ethanol concentration was 
maintained).

The flavor tests were conducted by the 
procedure described by Wyatt et al. (1965).

Fig. 1— Vacuum steam distillation apparatus used. A— steam reservoir, B-— safety trap, 
C— substrate receptacle, D— thermometer well, E— stockcocks; traps #1 and #2— dry 
ice-acetone cooled; traps # 3  through #6— liquid nitrogen cooled traps (traps # 5  and # 6  

contain glass beads).
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Table 1—Taste thresholds of selected
butter volatiles 
butteroil

measured in deodorized

C o n c e n tra tio n  in  p p m
A p p ro x im a te  level

C o m p o u n d T h resh o ld in  fresh  b u t te r 1
B utyric  acid 0 .6 6 9 to  38
C a p ro ic  ac id 2 . 5 2 6 to  18
D iacety l 0 .055 0 .0 2  to  0 .1
D im ethy l sulfide 0 .0 0 9 0 .0 2
D elta -d eca lac to n e 1 .4 0 .0 1  to  9
E th y l ace ta te 22 4
E th y l b u ty ra te 0 .6 0 < 0 .2
E th y l h ex an o a te 0 .8 5 < 0 .1
A ceta ldehyde 0 .1 1 0 .7
/i-H exanal 0 .1 9 0 .1 4
n -H ep tan a l 0 .7 5 0 .1 6
w -N onanal 1 .0» 0 .0 7

1 C o n c en tra tio n  values w ere  f ro m  th e  fo llow ing  
so u rces: fa tty  acids, Iy e r  e t  al. (1967); a ldehydes , 
D ay  et a l. (1960); an d  d e lta -d eca lac to n e  by F o rs s  
e t  al. (1967) (0.01) a n d  Ju rr ien s  e t  a l. (1965). 
O th e r  co n cen tra tio n s  w ere  e s tim a ted  fro m  G L C  
analysis o f  b u tte r  vo latiles (u n p u b lish ed  d a ta , 
T . J. S iek).

2 F ro m  P a tto n  (1964).
3 F ro m  H v o lb y  (1962).

Four or five dilutions of the compound being 
tested were served to tasters along with a 
labeled blank (zero concentration) and a 
coded blank. The panel of judges consisted of 
28 members of the Food Science and Tech
nology staff with 20 members used per test; 
oil samples were served at 42° ±  3 ° C ;  and 
judges were not pre-selected for taste acuity, 
but were experienced in serving on flavor 
panels.

In the flavor booths, judges were asked to 
taste the two reference samples (zero con
centration and the highest concentration) 
and then to taste at random the coded sam
ples containing the flavor compound. The 
judges marked their ballot “plus” when the 
compound in question was detected in a 
sample. No time limit was imposed during 
tasting. If panel members misjudged the 
coded blank and/or coded maximum concen
tration sample, their ballot was excluded 
from the results. Otherwise, each “plus” an
swer was recorded. Taste tests were con
ducted within a week after the sample puri
fication. Solutions of compounds tested were 
made on the day of the test. The 50% posi

Table 2—Taste thresholds of free fatty acids In deodorized butteroil—individual compounds 
and m ixtures ________________ ________________

F a tty  ac id
Ind iv id u a l
th re s h o ld 1

C o n c e n tra tio n s  in  ppm

F a tty  acid  in m ix tu re  a t  th e  m ix tu re  th re sh o ld 5
I h

C 2 7 .0 0 .0 0 2 0 .003
C i 0 .6 6 0 .0 7 0 .1 0
Ce 2 .5 0 .0 3 0 .0 6
Cs 350 0 .0 5 0 .0 8
C 10 200 0 .11 0 .1 7
C 12 700 0 .2 9 0 .4 5

C 2—C 12 1260 0 .5 5  =  m ix tu re
th resh o ld

Cm 5000 814
Cl6 10000 2203
Cl8 15000 617
C isa 8000 1315

C 2- C 1 8 U 39260 5000 =  m ix tu re
th resh o ld

1 In d iv id u a l th resh o ld s  w ere ta k e n  fro m  F e ro n  e t al. (1961) fo r  Co th ro u g h  C u a ;  th e ir  va lue  fo r C i w as
0.60.

2 C o lu m n  I w as a m ix tu re  th ro u g h  C 12; co lu m n  II  co n ta in ed  all fa tty  acids listed.

tive response level used by Patton et al. 
(1957) was calculated, so that direct com
parisons might be made with reported 50% 
thresholds. Threshold concentrations are 
defined as concentrations of compounds in a 
given medium in parts per million.

For comparison, several thresholds were 
measured in fresh sweet cream butter. The 
butter samples were served from the refriger
ator ( 4 ° C )  as butter patties. Mixture solu
tions of several classes of butter volatiles 
were also prepared for testing. Mixture 
thresholds were established in the same man
ner as single-compound thresholds, the mix
ture threshold being the total volatile con
centration which could be detected. Ratios of 
individual compounds were constant in each 
dilution of the mixture.

Threshold determinations usually required 
one or more preliminary tests to find the ap
propriate concentration range. In practice, 
panelists often sniffed all samples and tasted 
only those they could not categorize by sniff
ing. Panelists could usually detect one or two 
concentrations lower by tasting than they 
could by sniffing only. Meijboom (1964) 
found that for 31 aldehydes, threshold values 
for taste (measured in paraffin oil) were in 
all cases lower than those for odor.

1965, p. 182); thus differences in taste 
thresholds from  different laboratories are 
probably due to differences in make-up of 
the panel. By observing general trends of 
a homologous series (Table 3) more valid
ity can be ascribed to individual threshold 
values, and from  these values a measure 
of relative flavor potential can be ascer
tained.

Table 4—Taste thresholds of normal alde
hydes in deodorized butteroil—Individual 
compounds and mixture

C a rb o n
n u m b e r

C o n c e n tra tio n  in  ppm
In d iv id u a l
th re sh o ld

A ldehyde  in  m ix tu re  a t  
m ix tu re  th resh o ld

C 5 0 .3 0 0 .1 6
Cs 0 .1 9 0 .1 6
C 7 0 .7 5 0 .1 6
Cs 0 . 9 1 0 .1 6

0 .6 4  =  m ix ture
th resh o ld

1 F ro m  L ea a n d  S w o b o d a  (1958); th e ir  value fo r 
n -hexanal w as 0 .3.

Table 3—Taste thresholds of methyl 
ketones in deodorized butteroil—individual 
compounds and mixtures

C o n c e n tra tio n  in  ppm
C a rb o n
n u m b er

In d iv id u a l
th re s h o ld 1

K e to n e  in  m ix tu re  a t  
m ix tu re  th re sh o ld

c. 125 0 .0 9
c 30 0 .0 9
Cs 61 2 .6
Cs — 0 .0 9
c7 15 3 .5
Cs 2 .5 0 .0 9c. 7.7 2 .6C10 11 0 .0 9
C u 100 5 .3
C 13 182 3 .5
C l 5 — 5 .3
C 3 to  C l5 23 =  m ix tu re

th resh o ld
1 Values obtained by Hvolby (1962) for Ci, Cs,

Cm, Cu, and Cis were 30, 5, 10, 10, and 500
respectively.

R E S U L T S  & D ISC U SS IO N
Individual thresholds

Taste thresholds of several butter com
pounds are presented in Table 1 along 
with their reported or estimated concen
trations in butter. O ther individual thresh
olds are shown in Tables 2, 3, 4, and 5.

The threshold of delta-decalactone was 
measured five times (on five days) with 
some variation of panel members in each 
test. The threshold obtained was 1.4 ±  1.1 
(cr). G reater precision was noted in re
peated tests with other com pounds: for 
2-pentanone the threshold was 61 ± 3 ;  
gamma-undecalactone, 0.95 ±  0.22, and 
n-hexanal, 0.016 ±  0.003 (in w ater). 
Thresholds depend greatly on expertise 
and size of the panel used (Am erine et al.

Table 5—Taste thresholds of lactones in 
deodorized butteroil—individual compounds 
and mixtures

C o n c e n tra tio n  in  p p m

L ac to n e
In d iv id u a l
th resh o ld

L ac to n e  in  m ix tu re  
a t  m ix tu re  th re s h o ld 1

7-C6 8 .0 —

7 -C 7 3 .4 0 .4 7
7-C 8 3 .5 0 .9 4
7 -C 9 2 .4 0 .9 4
7 "Cio 1.0 0 .9 4
7 -C 11 0 .9 5 0 .9 4

4 .3  =  m ix tu re
th resh o ld

5-Cs 3 .0 0 .5 4
0-ClO 1 .4 2 .7
6-C 12 95 5 .4
Ô-C14 500 5 .4

14 *= m ix tu re
th resh o ld

1 G am m a- a n d  d e lta -lac to n e  m ix tu res w ere 
m easu red  separa te ly .
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Thresholds of mixtures
Thresholds of individual compounds 

and thresholds of mixtures of several 
classes of butter volatiles are given in 
Tables 2, 3, 4 and 5 (note that in Tables 
2 to 5, individual com pound concentra
tions are given above the mixture thresh
old concentration and individual thresh
olds are in a separate colum n). Methyl 
ketone, free fatty acid and aldehyde 
homologous series mixtures exhibit results 
sim ilar to those reported by Langler et al.
(1964). Interaction in the mixtures is ap
paren t especially with fatty acid and 
methyl ketone mixtures (Tables 2 and 3), 
as at the mixture threshold, concentra
tions of individual com pounds are sub
threshold. Langler et al. (1964) refer to 
such effects as “synergistic.” The syner
gistic effect was not pronounced with al
dehydes and was not evident among lac
tones.

Table 6 gives the water, oil and butter 
taste thresholds of several selected com 
pounds obtained in this study and by other 
investigators. The data show that oil 
thresholds are generally higher than water 
thresholds. Thresholds in butter are closer 
to oil thresholds than w ater thresholds. 
Factors influencing water and oil thresh
old differences have been discussed previ

ously (Lea et al. 1958; Patton 1964).

C O N C L U S IO N S
Among the thresholds measured, those 

of several butter volatiles are lower (or 
nearly so) than their reported concentra
tion in butter, and thus would be expected 
to contribute to sweet cream butter fla
vor Com pounds that fall into this group 
are diacetyl, butyric and caproic acids, 
hexanal, acetaldehyde, dimethyl sulfide 
and possibly delta-decalactone. Levels of 
2-hepatanone and 2-nonanone (Langler 
et al. 1964) could be high enough to  in
fluence flavor due to synergistic interac
tions. The arom a and flavor of fresh 
cream butter depend on a concentration 
balance of low threshold compounds re
ported herein (plus possibly some vola
tiles not as yet identified in bu tte r), with 
little contribution to flavor by high thresh
old compounds. Synergistic interactions 
exhibited by mixtures probably play an 
im portant role in giving butter its unique 
flavor and aroma.

R E F E R E N C E S
A m er ne, A . M ., P an g b o rn , R . M . an 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 .”  A cad em ic  P ress. N ew  Y o rk .

Table 6 —Taste thresholds of representative volatile compounds in different media
T h resh o ld  c o n cen tra tio n  in  p p m

C o m p o u n d W ater Oil M ilk B utter

E th y l ace ta te 6 .6 22 4 .7 ~
E thy l b u ty ra te 0 .0 1 5 0 .6 0 0 .0 1 6 —
D im ethy l sulfide — 0 .0 0 9 0.0191 0 .1 7
D iacety l 0 .0 0 5 4 0 .055 0 .0 1 4 0 .0 3 2
2 -O ctan o n e 0 .1 5 2 .5 — 3 .4
2 -D ecanone 0 .1 9 11 -- 9 .3
D e lta -d eca lac to n e 0 .1 4 1 .4
A cetic  acid 22 7 .0
B utyric ac id 6 .2 0 .6 6 2 5 2
C a p ro ic  acid 15 2 . 5 2 14
C a p ry lic  acid 5 . 8 2 3502 2 3 3
C a p ric  acid 3 .5 - 2002 28 !

10« -H e p ta n o l4 2 .4 20 —
« -D o d e c a n a l4 0 011 0 .7 5 5
A ce ta ld eh y d e 1.3* 0 .1 1
ri-P en tanal 0 .0 7 0 .3 0 0.131
«-H ex an a l 0 .0 1 6 0 .1 9 0.051 0 .8 0
n -H ep tan a l 0 .031 0 .7 5 0.121 0 .9 0

1 F ro m  R ed d y  e t a l. (1967).
2 F ro m  P a tto n  (1964); h is va lues fo r acetic, b u ty ric  a n d  cap -o ic  acids w ere 54, 6.8 an d  5.4 respectively, 
s C o n c e n tra tio n  th a t gives a  ran c id  flavo r (S can lan  e t a l. 1965); b u ty ric  an d  cap ro ic  ac id  values (ran c id
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4 N o t ind ig en o u s to  b u tte r . 
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1 F ro m  D ay  e t a l. (1963).
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Incidence and Growth of Some Health-Related Bacteria in 
Commercial Freshwater Crayfish (Genus Procambarus)

SUMMARY— Collections of freshwater crayfish were obtained from 22 sources represent
ing the major commercial crayfishing areas in Louisiana, and analyzed for coliforms, 
Escherichia coli, fecal streptococci, coagulase-positive staphylococci, Salm onella and 
Clostridium botulinum type E. Growth patterns for E. coll, Staphylococcus aureus, 
Streptococcus faecalis and Salm onella typhlmurlum in raw and cooked crayfish flesh, 
and in a crayfish-containing commercial-type substrate were determined at 5, 25, and 
37°C. C. botulinum type E toxin production was determined at intervals of storage in 
ice pack and at 5 and 30°C.

Coliforms, E. coli, fecal streptococci, coagulase-positive staphylococci, Salm onella, 
and C. botulinum type E  were found in 100, 92.6, 94.1, 3.0, 3.0 and 0 % , respectively, 
of the samples analyzed. Staphylococcus aureus and Salmonella typhlm urlum  grew well 
in all three of the substrates at 25 and 37°C. Streptococcus faecalis and possibly E. coll 
showed suppressed growth in the raw flesh, but both grew well in cooked flesh and the 
commercial-type substrate. None of these four organisms grew at 5 °C. C. botulinum 
type E produced toxin in all three of the substrates within 48 to 72 hours at 3 0 °C  and 
after 33 days at 5 °C.

Toxin was not produced at 56 days in ice-pack. The pH increased in the raw and 
cooked flesh, with extended storage time, to above 8.0 and the toxin became inactive. 
In the commercial-type substrate, the pH decreased to 5.7 and the toxin remained active. 
When the pH of the commercial-type substrate was adjusted to 8.5 with NaOH, the toxin 
was inactivated.

IN TRO D U CTIO N
FRESH W ATER C R A YFISH  of the ge
nus Procambarus have been consumed 
for m any years in southern Louisiana and 
other areas along the G ulf Coast. The size 
of the freshwater crayfish industry is 
shown by the facts that in 1965 the com 
mercial catch in Louisiana, as reported by 
the Bureau of Com mercial Fisheries, was 
8.6 million lb and in 1966 the Louisiana 
State Board of H ealth licensed 34 crayfish 
processing plants.

F or many years these freshw ater crus
taceans were m arketed alive, and the con
sumer boiled them himself before he ate 
them. In recent years fresh, hand-peeled 
tail m eat and precooked frozen crayfish 
products have become im portant retail 
products. Because a review of the scien
tific literature revealed no reports on the 
microbiology of freshwater crayfish (as a 
food), an investigation of the incidence 
and growth of some health-related m icro
organisms in crayfish and crayfish prod
ucts appeared to be a logical first effort in 
studies relating to the microbiology of a 
food rapidly gaining commercial prom i
nence.

Due to  the great am ount of hand labor 
involved in the peeling and preparation of 
crayfish products, there is ample oppor-

■ P re sen t ad d ress : A u b u rn  U n iversity , A u b u rn , 
A lab am a .

b P re sen t ad d ress : R a ls to n  P u rin a  C o m p an y , 
St. L ou is , M issou ri.

tunity to introduce into the product vari
ous microorganisms of public health sig
nificance— providing: (1) the organism 
is in the environm ent; and (2) proper 
sanitation practices are not followed 
scrupulously. G row th characteristics of 
these organisms, if or when introduced 
into crayfish m eat and crayfish products, 
are of concern from  the standpoint of es
tablishing bacteriological standards and, 
more importantly, as potential public 
health hazards.

The following study was planned with 
two objectives in perspective: (1) to de
termine the extent to which several health- 
related bacteria are inhabitants of fresh
water crayfish from  commercial sources; 
and, (2) to ascertain the patterns of 
growth or toxin production of these fecal 
indicator or pathogenic organisms in cray
fish flesh and form ula foods containing 
crayfish. The organisms were Escherichia 
coli, fecal streptococci, coagulase-positive 
staphylococci, Salmonella, and Clostrid
ium  botulinum  type E.

The commercial crayfish sources were 
natural (swamps, lakes, marshes and a 
flooded river basin) and man-made (rice 
fields and ponds constructed specifically 
for crayfish production) areas located 
in southern Louisiana. Bacteria growth 
studies were made with both raw and 
cooked crayfish tail m eat (crayfish tail 
meat is usually m arketed as a partially 
cooked product because the crayfish have 
been scalded prior to peeling) and a com

mercial-type form ulation containing ap
proximately 25%  crayfish meat.

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

During the crayfish harvest season (Feb
ruary through June) of 1966 and 1967, a 
total of 66 collections of crayfish and water 
were obtained from 22 sites representing es
sentially all the major commercial crayfish
ing areas in Louisiana. A minimum of two 
collections was made from each site during 
the study. The crayfish were taken directly 
from traps, or from the fisherman’s boat 
within a few hours following removal from 
the traps. They were transported alive in 
sterile glass jars to the laboratory for analy
sis. With each collection, five crayfish weigh
ing 20 to 40 g each were placed into sepa
rate blender jars and comminuted with But
terfield’s phosphate buffer solution in a 1:5 
suspension for 2 min.

Serial dilutions or transfers to enrichment 
media were made from each blender jar 
with the following procedures being used for 
the various analyses: (1) M PN o f coliforms: 
The procedure recommended by American 
Public Health Association (1966) was used; 
(2) M PN of E. coli: The American Public 
Health Association (1966) method was fol
lowed: (3) MPN of fecal streptococci: The 
American Public Health Association ( 1966) 
procedure was applied with microscopic ex
amination of Gram-stained slides for con
formation of identity as Gram-positive strep
tococci; (4) Coagulase-positive staphylo
cocci: The AFDOUS method used by Surkie- 
wicz (1966) for frozen food analysis was 
followed with modification. Decimal dilu
tions were placed in single tubes of 10% 
NaCl trypticase soy broth (TSB) and incu
bated for 48 hr at 37°C. The TSB was loop- 
streaked on mannitol egg agar (MEA) plates 
which were incubated for 24 hr at 37 “C, 
and colonies showing a zone of precipitate 
were considered presumptively positive. 
Confirmation was made by the coagulase 
test using Bacto-Coagulase Plasma (Difco).
(5) Salmonella: The procedure for detec
tion of organisms of the genus Salmonella 
was the pre-enrichment method recom
mended by American Public Health Asso
ciation (1966). Suspect colonies were tested 
with Bacto-Salmonella O antisera (Difco).
(6) C. botulinum type E: The procedure 
involved the isolation of typical type E 
colonies with subsequent toxicity tests using 
anti-toxin- protected mice, similar to that de
scribed by Slocum (1964).

Fifty ml of an enrichment medium of 
trypticase glucose peptone (TGP) broth in a
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Table 1—Sum m ary of quantitative and qualitative analyses for health-related bacteria in 
freshwater crayfish from commercial sources

O rg an ism
N o . o f  

sam ples

N o . o f  
positive  
sam ples

Per cen t o f  sam ples hav ing  
> 3  > 1 0 0  > 1 1 0 0  

M P N /g  M P N /g  M P N /g
A verage,
M P N /g

C o lifo rm s 66 — 100 .0 9 5 .0 9 1 .0 60 ,000
E. coli 66 — 9 2 .6 6 6 .0 3 0 .0 1 ,200
F eca l s trep tococci 66 — 9 4 .1 4 6 .0 0 120
C oagu lase-positive

staphy lococci 66 2
Salmonella 66 2
C. botulinum 66 0

25 x  150 mm screw-cap tube was inoculated 
with 10 ml of the blended crayfish-phosphate 
buffer suspension and incubated at 30°C for 
72 hr in anaerobic jars (Case, No. 2) under 
an atmosphere of 90% N and 10% C 0 2. 
After incubation, the tube was shaken and a 
1-ml sample was removed and placed into a 
sterile tube with an equal volume of absolute 
ethanol.

After standing for 1 hr at room tempera
ture with occasional agitation, a loopful of 
the mixture was streaked onto a plate of 
liver-veal agar with 4% egg yoke (LVEY). 
In addition, approximately 0.2 ml of the mix
ture was transferred to a tube of TGP broth. 
The plates and the tubes were placed into 
separate anaerobic jars and incubated at 
30 °C. The plates were removed after 48 hr 
and examined for the presence of character
istic type E colonies. A control with C. botu- 
linum type E organisms from a stock culture 
was run with each replication (usually one 
per week) of analyses.

Where colonies on the plates showed slight 
to marked resemblance to the control col
onies, i.e., a precipitate in the medium and 
a “pearly” layer adjacent to and covering the 
colonies, the corresponding TGP tubes were 
allowed to incubate for 72 hr, and super
natant extract from the tubes was adminis
tered to mice for toxin determination.

The toxin assay procedure was as follows: 
2 ml of the supernatant, adjusted to a pH 
of 6.2 by the addition of a gel-phosphate 
buffer (Duff et al., 1965), was added to each 
of two 16 x  125 mm screw-cap tubes along 
with 0.2 ml of a 10% solution of trypsin 
(Difco, 1:250 activity). The tubes were in
cubated for 45 min at 37°. One tube was 
heated for 11 min at 100°C, and the other 
was not heated. A total of 0.5 ml of the non- 
heated extract was injected into each of two 
20-g mice (Carworth, Inc.) protected with 5 
IU of type E antitoxin (Communicable Dis
ease Center, Atlanta, Ga.), and an equal 
dose was injected into two unprotected mice. 
Then 0.5 ml of the heated extract was in
jected into each of two protected mice and 
two unprotected mice. Type E toxin was as
sumed to be present only when: (1) the un
protected mice receiving the nonheated ex
tract died within 48 hr; (2) all protected 
mice survived; and (3) all mice receiving the 
heated extract survived.

For each analysis procedure, controls were 
run using organisms from pure culture col
lections. Pure cultures were obtained from 
the following sources: Salmonella typlii- 
murium (Loeffler), American Type Culture 
Collection (ATCC), Number 13311; 
Staphylococcus aureus, ATCC, Number 
9664; Escherichia coli (0127 B:8), Walter 
Reed Army Medical Laboratory. A. 
Abrams; Streptococcus faecalis, ATCC, 
Number 7070; Clostridium botulinum type 
E, strain 8E, Continental Can Company,
C. F. Schmidt. The media used in this study 
were from Difco or Baltimore Biological 
Laboratories.

Growth and toxin production 
in crayfish foods

Growth patterns of E. coli, Staphylococ
cus aureus, Streptococcus faecalis and Sal
monella typhimurium in raw and cooked tail 
flesh, and in a crayfish-containing commer

cial-type food product were determined at 
5, 25 and 37°C incubation temperatures. C. 
botulinum type E toxin production in the 
three crayfish substrates was determined in 
ice-pack and at 5 and 30°C at various storage 
intervals.

The raw flesh substrate was prepared by 
immersing the live crayfish in boiling water 
for 10 sec (to facilitate removal of the shell 
from the tail muscle), washing the blanched 
crayfish vigorously with a detergent-sanitiz
ing solution and rinsing with sterile water, 
and removing the shell and tail-vein with 
sterile forceps and scissors. Although this 
was done as aseptically as possible, the ex
cised tissue was not expected to be sterile, so 
samples of the raw peeled tails were ran
domly selected and aerobic total plate counts 
were made on BHI agar to estimate the size 
of the residual microflora population in the 
raw flesh substrate.

The cooked flesh substrate consisted of 
conventionally peeled tails autoclaved for 15 
min at 121 "C after peeling. The commercial- 
type formulation was of the following com
position: crayfish tail meat (25% ); crayfish 
“fat” (1% ); NaCl (1% ); wheat flour (5% ); 
onion, pepper, and celery (4% ); cooking oil 
(3% ); cayenne pepper and other spices 
(0.5% ); and added water (60.5% ). It was 
autoclaved for 15 min at 121 °C prior to 
inoculation.

Inocula were prepared by growing E. coli, 
Staphylococcus aureus, Streptococcus fae
calis and Salmonella typhimurium from the 
pure cultures in BHI broth. Cell concentra
tions in the inocula after 24 hr incubation at 
35°C were measured turbidometrically, and 
cell suspensions in phosphate buffer solution 
containing approximately 105 organisms per 
ml were prepared. Three replicates of 20 g 
of each of the three substrates were placed 
into separate 6-oz Nalgene screw-cap jars 
and inoculated with 5 ml of a cell suspension 
of one of the test organisms. One of each 
replicate was incubated at 3, 25 and 37°C. 
Enumeration of the test organisms was made 
at 0, 6, 12, 18, 24, 36, 60 and 84 hr follow
ing inoculation.

The MPN methods reported above for the 
survey analyses were used for E. coli, Strep
tococcus faecalis (fecal streptococci), and 
Salmonella typhimurium. For Staphylococcus 
aureus, the plate count method described by 
Zebovith et al. (1955), using freshly prepared 
tellurite-glycine (TG) agar, was employed. 
To determine C. botulinum type E toxin pro
duction, 5 ml of a toxin-free washed-spore 
suspension ( 109 spores per ml in 0.85% NaCl 
solution) prepared as described by Schmidt 
et al. (1962) was added to 50 g of each of

the substrates in blender jars and mixed for 
1 min.

The mixture was transferred to Nalgene 
jars and placed into anaerobic jars and stored 
in ice-pack and at 5 and 30°C. Toxin assays 
and pH measurements were made according 
to the following schedule: 30°C—0, 24, 48, 
72, 96 and 120 hr; 5°C—0, 7, 14, 21, 27, 30 
and 33 days; ice-pack—0, 7, 14, 21, 35, 42, 
49 and 56 days. The toxin assays were made 
by homogenizing 5 g of substrate from the 
inoculated pack in 5 g of sterile 0.85% NaCl 
solution, centrifuging, removing the super
natant and proceeding with mouse protection 
tests as described above.

R E S U L T S  & D ISC U SS IO N
Health-related bacteria in crayfish 
from commercial sources

Table 1 summarizes the bacterial analy
ses of the live crayfish from  the 22 collec
tion sites. Because the crayfish is a bottom 
feeder and often burrows into the mud, 
a very large coliform count was not unex
pected. But the high incidence and high 
counts of E. coli and fecal streptococci in 
the crayfish were not anticipated, as most 
of the commercial sources did not appear 
to be connected to watersheds from popu
lous areas. N o published reports were 
found on the occurrence of these fecal in
dicator organisms in freshwater fish or 
shellfish from  the G ulf Coast area.

It is well substantiated that E. coli is 
not a norm al inhabitant of the intestinal 
tract of marine fish and shellfish, but is 
often found along with other coliforms in 
catches from  polluted waters. In addition, 
the organisms of the fecal streptococci 
group, with a few exceptions (M undt,
1963), have been associated with the in
testinal tract of hom eotherm ic animal spe
cies. Although most of these sources are 
located remote from  populous areas, the 
high incidence of E. coli and fecal strepto
cocci indicate extensive pollution of the 
commercial crayfishing areas. Im prove
ments are essential in the sanitation of the 
production and harvest aspects of the 
crayfish industry. Fortunately, a growing 
percentage of the com mercial crayfish 
catch appears to be coming from  m an
made sources where pollution can be con
trolled.

One collection site received effluent
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containing raw  sewage from  several rural 
dwellings. This area, on two collection 
dates, provided the two Salmonella-posi
tive (O antisera) samples indicated in T a
ble 1. Salmonella species are widely dis
tributed in nature, and their incidence 
m ay be relatively high in some popula
tions of domestic animals such as in poul
try (Sadler et ah, 1965) and in swine 
(Williams, 1967).

The Salmonella Surveillance Report of 
the U.S. Public H ealth Service indicated 
that Salmonella have been found in sev
eral aquatic species from  sources in the 
southern United States; however, it was 
pointed out by M artin (1966; private 
com munication) of the Salmonella Sur
veillance Unit, Communicable Disease 
Center, Public H ealth Service, that marine 
and aquatic species living away from 
sources of hum an contamination are not 
likely to be infected with Salmonella or
ganisms. Salmonella do not appear to be 
common contam inants of live freshwater 
crayfish from  commercial sources in 
Louisiana. Apparently coagulase-positive 
staphylococci are not commonly found in 
commercial crayfish, either. The two sam
ples showing positive tests for coagulase 
positive staphylococci (Table 1) were ob
tained from fishermen coming from  re
mote areas in the A tchafalaya River basin 
and could possibly have been contam i
nated by the fishermen removing them 
from  the traps.

The data indicate that live crayfish com 
ing from  commercial sources in the Gulf 
Coast area may be sources of E. coli or 
fecal streptococci in processed crayfish 
products if  correct sanitation procedures 
are not followed rigidly in the processing 
plants. On the other hand, coagulase-posi
tive staphylococci or Salmonella orga
nisms found in the processed products will 
likely have been introduced in the pro
cessing plant

P rior to peeling, crayfish are scalded to 
facilitate removal of the shell from the tail 
muscle. Prolonged heating will cause the 
tail muscle to tear apart; consequently, in 
many cases processors may reduce the 
heating time enough that it is insufficient 
to destroy all the vegetative m icroorga
nisms. But, with adequate scalding and 
proper handling procedures in the plant 
(separation of the area where the live 
crayfish are received from the peeling and 
processing areas), E. coli and fecal strep
tococci from  the live crayfish should not 
be carried through to the final consumer 
product.

C. botulinum  type E was not found in 
crayfish samples collected from any of the 
22 sites selected for this study. Foster 
(1966) reported that this organism is 
found in most parts of the world, and that 
it has been found in inland waters in this 
country in New Y ork and Tennessee and 
in the G reat Lakes. The incidence of C.

Fig. 1— Growth curves for E. coli in raw 
flesh (R ), cooked flesh (C) and a commer
cial-type crayfish product (CP) at 5, 25 
and 37°C.

botulinum  type E  in fish and shellfish 
from freshwater sources in the southern 
United States has not been reported, but 
a survey of the literature indicated that 
intensive studies have not been conducted 
in this respect. W ard et al. (1965) found 
C. botulinum  type E  in the Gulf of M ex
ico off the Texas coast.

Grow th patterns
Figs. 1 through 4 show the growth 

curves, respectively, for E. coli, Strepto
coccus faecalis, Staphylococcus aureus 
and Salmonella typhim urium  in raw flesh, 
cooked flesh and a commercial-type for
mulation, at incubation tem peratures of 
5, 25 and 37°C. The incubation period 
for samples stored at 5CC was extended

Fig. 3— Growth curves for Staphylococcus 
aureus In raw flesh (R ), cooked flesh (C) 
and a commercial-type crayfish product 
(CP) at 5, 25 and 37°C.

Fig. 2— Growth curves for Streptococcus 
faecalis in raw flesh (R ), cooked flesh (C) 
and a commercial-type crayfish product 
(CP) at 5, 25 and 37°C.

to 21 days. There was no significant 
growth by any of the organisms in any of 
the substrates at 5°C. Staphylococcus 
aureus (Fig. 3) and Salmonella typhim ur
ium  (Fig. 4) grew well at 25 and 37°C 
in all three substrates. E. coli (Fig. 1) and 
Streptococcus faecalis (Fig. 2) grew well 
at these tem peratures in the cooked flesh 
and commercial product, but growth in 
the raw flesh was suppressed slightly for
E. coli and decidedly for Streptococcus 
faecalis.

It is unlikely that competitive inhibition 
by the residual microflora in the nonsterile 
raw flesh caused the suppression of 
growth, since the total aerobic plate count 
(BHI agar) of the raw  flesh did not ex
ceed 104 co l/g  after 72 hr incubation at

Fig. 4— Growth curves for Salmonella 
typhimurium in raw flesh (R ), cooked 
flesh (C) and a commercial-type crayfish 
product (CP) at 5, 25 and 37°C.
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Table 2—Incidence of C. botulinum type E toxin production and pH change in inoculated 
packs of raw and cooked crayfish flesh and a commercial-type crayfish product 
stored at 30°C

H o u rs  fo llow ing  in o cu la tio n
S u b stra te 0 24 48 72 96 120

R aw  flesh
T oxin N eg. N eg. P os. N eg. N eg. Neg.
pH 6 .7 7 .0 7 .3 8 .0 8 .5 8 .5

C o o k ed  flesh
T oxin N eg. N eg. N eg. P os. N eg. N eg.

p H 6 .7 6 .9 7 .0 7 .3 8 .1 8 .2
C o m m erc ia l-ty p e  p ro d u c t

T oxin N eg. N eg. Pos. Pos. Pos. Neg.
p H 6 .8 6 .7 6 .4 6 .3 5 .9 8 . 5 1
1 T h e  p H  o f  the  com m ercial p ro d u c t w as a d ju s te d  fro m  5.7 to  8.5 by ad d in g  N aO H  a fte r  120 h r.

either temperature. Apparently, some fac
tor in the raw  tissue other than the resid
ual microflora was responsible for the re
tardation of growth of E. coli and Strep
tococcus faecalis. Pablo et al. (1966) 
found that “fecal enterococci” grew in 
competition with naturally occurring mi
croorganisms on rehydrated chicken at a 
tem perature of 20°C  or above.

The lag time was shorter and the loga
rithmic growth rate was m ore rapid at 
37°C for all of the organisms in each of 
the substrates. W ith the exception of 
Staphylococcus aureus and Streptococcus 
faecalis in the raw  flesh substrate, the sta
tionary phase of the growth curves at 
37°C  was reached within 10 to 20 hr, 
whereas, at 25 °C  the negative growth 
phase was extended and maximum cell 
counts were not found until 60 to 80 hr.

These data indicate that, with the ex
ception of Streptococcus faecalis and pos
sibly E. coli in raw flesh, these four patho
genic and fecal indicator bacteria grow 
well in freshwater crayfish products at 
tem peratures of 25 and 37°C  and under 
improper processing or handling condi
tions could provide a health hazard. The 
data also show that a storage tem perature 
of 5°C  will restrict the growth of all four 
of these organisms in crayfish products.

Toxin production by C. botulinuni type E

Table 2 shows the results of the study 
of toxin production in raw flesh, cooked 
flesh, and a commercial product, inocu
lated with C. botulinuni type E  spores and 
incubated at 30°C. The data indicate that 
this strain of C. botulinum  type E  pro
duced toxin in  all three of the substrates 
within 72 hr at 30°C. In raw flesh, toxin 
production was first detected at 48 h r af
ter inoculation; however, after 72 hr and 
at each subsequent analysis, the toxicity 
tests were negative. The cooked flesh 
showed similar patterns of pH  and toxic
ity chang- as the raw flesh except at a 
slower ra*e. Toxin was first detected in the 
cooked flesh at 72 hr after inoculation and

' :f at 96 hr when the pH  had in-
^j 8.1.

The increase in pH  in the raw flesh 
from 6.7 initially to 8.0 at 72 hr, which 
could be attributed to naturally occurring 
microorganisms in the nonsterile sub
strate, may explain the rescindance of tox
icity after 72 hr. The rise in pH  in the 
cooked (autoclaved 15 min at 121 °C) 
flesh was not anticipated as toxic type E 
strains of C. botulinum  are not considered 
proteolytic (Dolman, 1964 and Schmidt, 
private communication, 1968). The pH 
increase in the sterile, cooked flesh could 
be due to the release of volatile bases 
from  nonprotein nitrogenous compounds, 
as Flick et al. (1968) found that 17.3% 
of the nitrogen in crayfish flesh was non
protein.

Toxin was first found in  the com m er

Table 3—First detection of C. botulinum type 
E toxin in inoculated packs of raw and 
cooked crayfish flesh and a commercial-type 
crayfish product stored at5°C and in ice-pack

S u b stra te
T o x in  first detected

5 °C 0 °C
R aw  flesh 33 days N eg . a f te r  56 days
C o o k ed  flesh 33 days N eg. a f te r  56 days
C om m erc ia l-type

p ro d u c t 33 days N eg. a f te r  56 days

cial product incubated at 30°C  after 48 
hr. The pH  decreased to 6.4 after 48 hr 
and to 5.9 after 96 hr; however, toxicity 
persisted until the pH  was raised to 8.5 
by the addition of N aO H  at 120 hr. The 
pH  of one-half of this substrate was ad
justed after 120 hr from  5.7 to 8.5 to con
firm the supposition that the alkalinity of 
the medium was responsible for inactiva
tion of the toxin of C. botulinum  type E. 
The remaining half of the sample in which 
the pH  was not changed (pH  5.7) pro
duced toxicity in the mice.

A t 5°C  (Table 3 ), toxin was first found 
at 33 days in all three substrates. Toxin 
production was not found after 56 days’ 
storage in ice-pack in any of the crayfish 
products.

Such a large concentration of C. botu
linum  type E  spores as that used in this 
study would not be found in a com m er
cial crayfish product except under ex
traordinary circumstances. The objective 
in this case, however, was to determine 
whether a type E  strain of C. botulinum  
would produce toxin in crayfish products. 
The organism used in this study (Strain 
8E, Continental Can Com pany) showed 
m arked toxigenicity in the raw and cooked 
crayfish and in the commercial-type cray
fish product at near its optim al growth 
tem perature (3 0 °C ). It also produced 
toxin after an extended period in all three 
products at a tem perature well within the 
norm al range of refrigerated foods.
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of Lamb and Yearling Mutton FlavorsSensory Evaluation
SUMMARY— Differences in flavor attributable to age of animal and to sex were detected 
when broth from samples of lamb and yearling mutton meat were served to panel mem
bers in triangle tests. No differences were detected in slices of roasted, broiled, or 
braised meat scored by the panel. Broth from the lean meat of lamb (7 to 8 months) 
was preferred to that prepared from lean of 15- to 16-month-old yearling mutton car
casses. Differences in flavor intensity of wether and ram meat served as patties in tri
angle tests were present only in patties containing 20%  added fat. Full natural flavor of 
slices of cooked meat was not associated with either the cover fat thickness of the cut or 
with the fat content of the muscle.

IN T R O D U C T IO N

FLA V O R IS frequently considered to  be 
the most im portant palatability character
istic of cooked lamb meat. A  consumer 
may accept o r reject a piece of lamb meat 
on the basis of its flavor or odor, whereas 
acceptability of beef may also be based on 
tenderness, and pork and turkey accept
ability on juiciness. The characteristic 
flavor of some lamb, yearling mutton, and 
mutton has been cited as a reason for low 
consumption of m eat from  ovine animals. 
In 1966, the per capita consumption of 
meat in the United States was 170 pounds, 
of which less than 2.4%  was lamb and 
0.2%  m utton (USDA, 1967).

M any contradictory reports m ay be 
found in the literature as to the effects of 
such factors as age, feed, sex, and fatness 
of animal on the flavor of ovine meat. 
Although some investigators reported 
more intense, more pronounced an d /o r 
less desirable flavors of lean and fat with 
increase in age of animal (W eber et al., 
1932; Paul et al., 1964), other investiga
tors reported the reverse (W eller et al., 
1962) or no association (Batcher et al., 
1962). Variations in flavor among mus
cles from  individual animals have been 
reported to be greater than flavor differ
ences in m eat from  animals varying widely 
in ?ge (Jacobson et al., 1962).

Some investigators associated increased 
fatness with increased flavor intensity 
an d /o r desirability (Barbella et al., 1936; 
Cline et al., 1937; Jones, 1952), while 
others reported either the reverse or no 
association (H ofstrand et al., 1960; W eber 
et al., 1931). Hornstein et al. (1963) re
ported that although carbonyl compounds 
were present in only trace amounts in the 
fat, the fat was responsible for the charac
teristic lamb aroma.

The distinction between the “charac
teristic” flavors of lamb and m utton meat 
has not been defined. People apparently

differ in their concept of what constitutes 
mutton flavor. M utton m eat may have an 
entirely different flavor, o r may merely 
represent a change in concentration. Lamb 
m eat is usually m eat from  ovines less than 
14 months old. Yearlings are animals 12 
to 24 months old who have cut one pair 
of perm anent incisor teeth. M utton is 
from  animals over 24 months who have 
cut two pairs of perm anent incisor teeth 
(USDA, 1960).

The ability to distinguish between 
“lamb” and “m utton” flavors also varies 
widely among people. In  preliminary 
studies on threshold tests, 3 out of 14 
people tested were able to detect m utton 
flavor in ground lamb patties containing 
15% mutton, 7 were able to detect the 
flavor in patties containing 15 to  35% 
mutton, but 4 other people required more 
than 35% m utton in the patties before the 
presence of m utton was detected.

The purpose of the study was to de
term ine the effects of age, sex, and fatness 
on flavor of meat from  ovine carcasses by 
evaluating the meat in different ways. 
Since problems arise in the m arketing of 
yearling mutton m eat when lamb m eat is 
available, animals seven to  eight months 
and 15 to 16 months were selected for 
study.

E X P E R IM E N T A L
LEGS, shoulders (5-rib square cut), and 
loins (5 lumbar vertebrae) were obtained 
from 80 animals of known history. The ani
mals were wethers or rams, seven to eight 
months of age, fed either on pasture or on 
hay and grain for a minimum of five months 
prior to slaughter, or were 15 to 16 months of 
age and either fed on pasture entirely or fed 
half on pasture and half on hay and grain. 
The cuts were individually wrapped in Cryo- 
vac, quick frozen, and held at —24 to —18° 
C for 1 to 10 months. The frozen loins were 
cut into chops, placed into plastic bags and 
thawed at 3°C for 24 hr. The legs and

shoulders were thawed at 3°C for 48 or 40 
hr, respectively.

The right leg from each animal was 
roasted, fat side up, uncovered on racks in 
aluminum pans in household-type electric 
ovens at 163°C to an internal temperature of 
80 °C. Chops from the right loin of each ani
mal were broiled in pairs on a preheated 
rack in a preheated pan in a 176°C oven to 
an internal temperature of 76°C. Each chop 
was turned when it reached 50 °C. The right 
shoulder from a carcass was braised on a 
rack in a covered aluminum pan in a 176°C 
oven to an internal temperature of 80 °C.

Broth was prepared from the semimem
branosus and adductor muscles, which were 
removed from the raw, left legs and trimmed 
of excess fat. Equal parts of the lean muscles 
and water were simmered at 95 °C for 2 hr. 
After cooling 10 min, the broth was filtered 
through cheesecloth into a separatory funnel 
to remove fat and suspended particles. The 
broth was served at 55 °C. Broth was also 
prepared from the longissimus dorsi from the 
raw, left loin in the same manner.

Meat patties were prepared from the re
maining muscles of the left leg, which were 
ground once. To part of the ground meat, 
20% ground fat from that leg was added. 
Each part was then ground twice. A 150-g 
sample of ground meat, either plain or with 
20% added fat, was shaped into a patty 3 V 2- 
in. in diameter and 1 in. in depth. The patty 
was cooked in a 176°C oven for 45 min; the 
patty was turned once after 20 min.

At some sessions, six experienced panel 
members scored !4- to %-in. slices of the 
roasted, broiled, or braised cuts for natural 
flavor of lean on a 10-point semi-structured 
scale (as well as for tenderness and juiciness). 
The meat was served at normal serving tem
peratures on warm plates. At other sessions, 
samples of broth or patties were served in a 
triangle design, and the panel members were 
asked to identify the odd sample and to indi
cate whether the odd or duplicate sample had 
a more intense flavor.

The panel members were chosen from a 
group of 12 on the basis of their abilities to 
discriminate consistently between samples of 
meat from commercial lamb carcasses of dif
ferent USDA grades.

Extraction of fat with ethyl ether was 
made on vacuum-dried samples of raw and 
cooked semimembranosus and longissimus 
dorsi muscles and of cooked patties.

Analysis of variance procedures included 
those for unequal-proportionate subclasses 
(Snedecor, 1946). In the patty and broth 
phases of the investigation, tables given by 
Roessler et al. (1956) were used to test for
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Table 1—Natural flavor scores1 for cooked meat slices.

A ge o f  an im al 
a n d  sex

R o a s te d  leg 
(.semimembranosus)

B ro iled  L o in  C h o p s 
(longissimus dorsi)

B raised  S h o u ld e r 
(triceps brachii)

N o . X R an g e N o . X R an g e N o . X R an g e

18 6 .1 5 .3 - 7 .2 18 6 .0 4 .8 - 7 .5 17 6 .8 6 .0 - 7 .3
17 6 .3 5 .5 - 7 .2 17 6 .4 5 .3 - 7 .7 18 6 .7 5 .8 - 7 .8

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

30 6 .3 4 .7 - 7 .3 15 6 .5 5 .3 - 7 .7 31 6 .6 5 .5 - 7 .8
31 6 .1 5 .2 - 7 .2 14 6 .1 5 .3 - 7 .0 31 6 .4 4 .7 - 7 .7

A ge o f  an im al 
7 to  8 m o n th s

15 to  16 m o n th s  
Sex

7 to  8 m o n th s  
w ether 
ram

15 to  16 m o n th s  
w ether

1 Panel m em b ers scored  each  m usc le  fo r  n a tu ra l f lavo r o n  a 10-po in t scale w ith  th e  h ighest score  
in d ica tin g  m ea t w ith  very fu ll f lavo r an d  the  low est score  in d ica tin g  lack in g  o r  m ask ed  flavor.

significance of panel judgments and inten
sity of flavor was calculated using the method 
of Davis et al. (1954) in which partially cor
rect judgments are used in the estimate of the 
level of significance.

R E S U L T S
Slices of lamb and yearling mutton meat

Differences in the flavor scores of slices 
of roasted, broiled, or braised m eat could 
not be attributed to age of animal (lamb 
or yearling m utton), or sex (wether or 
ram ); see Table 1. Differences in flavor 
scores between groups were not greater 
than they were within a group. Scores for 
flavor of m eat slices from the individual 
lamb cuts, regardless of age or sex of ani
mal, ranged from  4.7 to 7.8, a relatively 
narrow range on a 10-point scale.

N either cover fat thickness of the cut 
(leg, loin, or shoulder) nor fat content of 
the muscle had an appreciable effect on 
the flavor scores of slices of cooked mus
cle; the correlation coefficients were both 
small and not significant. In fact, less than 
4% of the variation in flavor scores was 
associated with cover fat thickness or in
tram uscular fat content. N either were 
differences in flavor of the m eat noted that 
could be attributed to different feeding 
regimes of the animals. Correlation coef
ficients for flavor scores with cooking 
losses were also small and not significant.

Broth
The broth from the lean of cuts from 

lambs 7 to  8 months old was more intense 
in flavor than comparable broth from  the 
15- to 16-month-old yearling m utton ani
mals; the flavor differences were pro
nounced (Table 2 ) . Differences in flavor 
were also detected in broths prepared 
from  wether and ram  meat. However, the 
panel members were not always able to 
indicate in triangle tests whether the broth 
from  the wether or ram  carcass had the 
more intense flavor. In most cases, broths 
from ram carcasses were cited as having 
the more intense flavor than the broths 
from wether carcasses.

Patties
Approximately half of the time panel 

members were able to identify correctly 
the odd sample (wether o r ram ) in tri
angle tests of ground m eat patties pre
pared from leg muscles of wether or ram 
carcasses (Table 2 ). However, significant 
differences in flavor intensity attributable 
to sex (wether or ram ) were observed 
only in meat patties with high fat con
tents. Although plain patties from  leg 
muscles of wethers (15 to 16 months old) 
were considered to be slightly more in
tense in flavor than those from rams, the 
differences were not significant. The fat 
content (ether extract) of plain patties 
ranged from 3 to 9% . W hen 20%  fat 
was added in the preparation of the pat

ties, those prepared from wether m eat had 
less intense flavor than those prepared 
from  ram meat. As the fat content (ether 
extract) of the cooked patty increased 
from 13 to 33% , flavor of patties pre
pared from ram  meat was rated more 
intense, but that prepared from  wether 
m eat less intense (data not shown).

D ISC U SS IO N
IN  O RG A N O LEPTIC testing, the possi
bility is always present that responses may 
be dependent on the form  in which sam
ples are presented to the panel members 
and to the procedures used by the panel 
in evaluating palatability characteristics. 
In this investigation, samples were pre

sented to the panel members as meat 
slices, as broths, and as patties with and 
without added fat. Flavor (as well as 
tenderness and juiciness) of m eat slices 
was rated by panel members using a scor
ing technique. Flavor differences in broths 
and in patties were sought by panel mem
bers using triangle tests.

N o significant differences in flavor 
scores of slices of roasted, broiled, or 
braised m eat were found that could be 
attributed to age or sex of animal. The 
flavor scores may have been influenced by 
other more dom inant palatability charac
teristics, such as tenderness and juiciness. 
M ajor differences in flavor of m eat slices 
probably would have been noted by the

Table 2—Flavor intensities of broth and patties prepared from meat of lamb and yearling 
mutton wethers and ram s.

G r o u p 1
A ge o f  
an im al

N u m b e r  o f  
o b se rv a tio n s

N u m b e r  o f  
co rrec t 
iden tifi
c a tio n s

F la v o r  in ten sity  v a lu e 2

A ge Sex 
c o m p ariso n  co m p ariso n  
7 -8  15-16

m o n th s  m o n th s  W e th e r  R am

B roth

Leg — 108 6 9 3 547 74 9 4 — —

7 -8  m o n th s 54 25 5 — — 363 285
A 15-16 m o n th s 54 20 --- - — 366 282
B 15-16 m o n th s 36 I95 — — 207 225
C 15-16 m o n th s 54 3 D — — 288 360
D 15-16 m o n th s 36 243 — — 266 1664

L o in — 108 6 0 3 522 74 4 4 — —
7 -8  m o n th s 54 3 D — — 398 250

A 15-16 m o n th s 54 26s — — 352 296
B 15-16 m o n th s 36 17 — — 219 213

P a ttie s— leg
P la in  (no  fat) 7 -8  m o n th s 54 19 — — 329 219

B 15-16 m o n th s 36 17 — — 197 235
A 15-16 m o n th s 54 2 9 4 — — 309 339
C 15-16 m o n th s 60 3 D — — 351 369
D 15-16 m o n th s 36 15 — — 201 231

2 0 % fa t added 7 -8  m o n th s 54 23 — — 311 337
B 15-16 m o n th s 36 2 3 3 — — 245 187
A 15-16 m o n th s 54 284 — — 328 320
C 15-16 m o n th s 60 27 — — 413 307s
D 15-16 m o n th s 36 19* — — 258 174s

1 T h e  g ro u p s d iffer in  feed ing  reg im es a n d  sires.
2 L ow er n u m b er d en o tes  m o re  in tense  flavor. In ten sity  values a re  w eigh ted  sum s o f  co rre c t and  

p a rtia lly  co rre c t id en tifica tions o f  sam ples in  tr ian g le  tests.
3 S ignificant a t 0.001 level o f  significance.
4 S ign ifican t a t  0.01 level o f  significance.
6 S ignificant a t 0.05 level o f  significance.
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panel members; subtle differences in fla
vor may possibly have escaped detection.

Any influence that other palatability 
characteristics may have had on evalua
tion of flavor was removed in the broths. 
Since the broths were homogeneous, tri
angle testing was possible. W ith the focus 
on just the one characteristic, flavor dif
ferences among the broths attributed to 
age and sex of animal were found. That 
the effects on flavor were subtle and per
haps attributable to small amounts of fla
vor components present in the fat was il
lustrated by the data on patties. Flavor 
differences were observed when patties 
containing sufficiently high amounts of fat 
were com pared in triangle tests.

The conclusions reached from this 
study are threefold: a) Subtle flavor dif
ferences attributable to age and sex of 
lamb can be detected; b) trace flavor com 
ponents present in the fat may account for 
these differences; and c) when flavor is 
the most im portant characteristic to  be 
discerned, use of homogeneous broths or 
patties m ay be preferable to the use of 
heterogeneous slices o f roasted, broiled.

or braised m eat for detecting flavor differ
ences.
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Free Amino Acids and Other Nitrogenous Substances of
Table Grape Varieties

SUMMARY— The concentration of eight amino acids, total free amino acids, total nitro
gen and free amino acid fraction nitrogen in the juices of 28 table varieties of grapes 
was determined at both early and a late stage of fruit maturity. Arginine, prol'ne, glu
tamic acid and alanine were the most prominent amino acids. The varieties were classi
fied into four groups according to which of these acids predominated. Total free amino 
acids at early and late fruit maturity ranged from 1.04 to 5.53 and 1.24 to 6.45 
nM/100 ml juice, respectively in the various varieties. The eight amino acids analyzed 
accounted for 74 to 96%  of the total free amino acids. The amino acid fraction nitrogen 
in the juices ranged from 60 to 90%  of the total nitrogen. The eight amino acids ac
counted for 60 to 96%  of the amino acid fraction Kjeldahl nitrogen and 37 to 85%  of the 
total Kjeldahl nitrogen. Arginine accounted for 15 to 50%  of the total nitrogen in the 
juices of the various fruits.

IN T R O D U C T IO N

D U R IN G  REC EN T years there has been 
renewed interest in the nitrogenous con
stituents of grapes, especially the free 
amino acids. This interest has been due 
largely to recent developments in chrom a
tographic and microbiological assay m eth
ods. The results of such studies with 
grapes and grape products have been sum

marized in several reviews (Peynaud et 
ah, 1953; Castor et ah, 1956; Lafon-La- 
fourcade et ah, 1961; Drawert, 1963, Van 
W y k e ta h , 1965; and Tercelj, 1965). P ro
line, arginine, glutamic acid, a-alanine, 
serine, threonine, y-aminobutyric acid, 
aspartic acid and valine were found in 
largest quantities.

The amounts of the different amino 
acids varied considerably, depending on

variety, location, maturity, cultural con
ditions and m ethod of determination. 
M ost investigators reported an increase in 
concentrations of amino acids w ith fruit 
m aturity. N assar et al. (1966) and Klie- 
wer et al. (1966) recently identified 32 
free amino acids in  grapevines; an addi
tional eight unidentified amino com 
pounds was detected. In most m ature 
fruits, however, 90%  or m ore of the total 
free amino acids were accounted fo r by 
the nine acids mentioned above.

The kinds and am ounts of amino acids 
are not only im portant in such processes 
as growth, m aturation and senescence in 
the grape, but also greatly influence the 
rate of ferm entation by yeast and the for
m ation of higher alcohols in wines (La- 
fon-Lafourcade et ah, 1961; Webb et ah, 
1963).

In most studies concerned with the rela
tive concentrations of amino acids in
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Table 1—Total soluble solids, total nitrogen, amino and nonamino acid fraction nitrogen and total free amino acids of table varieties of 
grapes harvested at early and late stages of fruit maturity1

V ariety

D a te
H arv este d

T o ta l
so lids, “Brix

T o ta l n itrogen , 
m g /100 m l juice

A m in o  acid  
fra c tio n  n itro g en , 
m g/100  m l ju ice

N o n a m in o  acid  
fra c tio n  n itrogen , 
m g/100 m l ju ice

T o ta l free 
am in o  acids, 

/nno les/100  m l 
(leucine equiv .)

E arly L a te E arly L ate E arly L a te E arly L a te E arly L a te E arly L a te

B arlin k a 9-30 11-3 1 5 .0 1 6 .4 5 7 .2 7 7 .0 4 7 .1 6 3 .0 10.1 14 .0 1558 2115
B eauty  Seedless 8-30 9-30 17 .6 18.5 161.9 198 .0 128 .0 140 .0 3 3 .9 5 8 .0 5530 5400
B lack  C o rin th 9-1 9-20 2 4 .8 2 6 .2 142.5 154.1 120 .0 113 .0 2 2 .5 4 1 .1 4370 4570
B lack M alvo isie 8-30 9-30 19.9 2 4 .0 9 9 .0 140.9 8 8 .0 107.3 1 1 .0 3 3 .6 4000 4850
B lack  M o n u k k a 8-30 9-30 2 1 .9 2 8 .2 121 .7 2 2 0 .2 8 4 .0 132 .7 3 7 .7 8 7 .5 2837 5207
B lack  P rince 8-30 9-20 1 9 .0 2 0 .8 3 8 .0 4 3 .0 3 3 .6 3 7 .3 4 .4 5 .7 1043 1242
B lack rose 8-30 10-12 16.1 18 .7 7 8 .0 106.3 6 6 .0 6 9 .9 12 .0 3 6 .4 2185 3380
C a n n er 8-30 9-30 18.3 2 2 .8 7 2 .0 9 6 .3 5 9 .0 5 9 .7 1 3 .0 3 6 .6 2175 2620
C ard in a l 8-30 9-30 17 .4 19 .2 113 .0 154 .7 9 4 .0 116.8 1 9 .0 3 7 .9 3392 5227
E arly  M u sca t 8-18 9-20 2 0 .8 2 6 .9 9 6 .5 126 .4 7 2 .0 81 .9 2 4 .5 4 4 .5 2990 3588
E xotic 8-30 10-12 1 5 .4 19.3 7 1 .5 9 3 .2 4 8 .5 6 5 .2 2 3 .0 2 8 .0 1861 3068
Isab e lla 8-30 9-30 1 9 .4 2 5 .2 117.5 2 0 3 .2 105.3 138 .2 12 .2 6 5 .0 4986 6450
Ita lia 8-30 10-12 17 .7 2 0 .7 9 2 .0 103 .4 5 6 .5 6 4 .8 3 5 .5 3 8 .6 1210 1991
Ju ly  M u sca t 8-18 9-20 2 0 .1 26 .1 8 9 .0 9 7 .6 5 5 .9 5 9 .5 33.1 38 .1 2518 3038
K ishm ish i 8-30 11-3 1 6 .0 2 2 .0 111 .6 158.3 7 8 .2 102.5 3 3 .4 5 5 .8 2870 3396
L o o se  P erfette 8-30 9-20 19 .2 2 0 .2 141 .0 114 .0 102.5 8 4 .8 3 8 .5 2 9 .2 3233 4425
M a lag a 8-30 10-12 1 6 .4 19 .8 8 4 .0 108.3 5 7 .5 6 8 .5 2 6 .5 3 9 .8 2332 3501
M u s c a t o f  A lexandria 8-30 9-30 1 8 .4 2 1 .5 7 4 .8 100.1 5 4 .5 8 3 .0 2 0 .3 17.1 1730 3230
M u sca t H am b u rg 8-30 9-20 19 .6 2 2 .4 8 8 .5 9 9 .3 6 2 .5 7 1 .3 2 6 .0 2 8 .0 2325 2984
N ia g a ra 8-30 9-20 1 9 .4 2 1 .9 112.5 122 .0 8 6 .5 9 2 .4 2 6 .0 2 9 .6 3338 3472
P erfette 8-30 9-20 1 9 .0 19.1 135 .0 142.5 114.5 105.3 2 0 .5 3 7 .2 3476 4656
Q ueen 8-30 9-30 17 .8 2 2 .0 87 .3 124 .7 6 5 .5 7 8 .0 2 1 .1 4 6 .7 2377 3553
R e d  M a lag a 8-30 10-12 17 .7 2 2 .0 6 9 .5 111.5 5 7 .5 9 8 .2 1 2 .0 13.3 2259 3958
R eg in a  (D attie r) 9-1 10-12 16 .5 2 0 .8 9 7 .5 9 8 .7 6 1 .0 6 9 .9 3 6 .5 2 8 .8 2289 3215
R ib ie r 8-30 11-3 1 6 .6 2 0 .0 9 2 .0 131 .2 7 2 .0 8 7 .0 2 0 .0 4 4 .2 2738 4981
R is h  B ab a 8-30 10-12 1 5 .2 1 9 .4 8 5 .0 162.5 6 3 .5 119 .0 2 1 .5 4 3 .5 2971 4163
T h o m p so n  Seedless 8-30 9-20 2 1 .3 2 3 .6 9 8 .5 115 .4 6 5 .5 69 .1 3 3 .0 4 6 .3 1827 3216
T o k ay 8-30 10-12 1 7 .4 1 9 .6 4 0 .5 5 5 .4 2 9 .5 3 5 .2 1 1 .0 2 0 .2 1288 2130

1 F ig u re s  rep re sen t th e  av e ra g e  o f  d u p lic a te  d e te rm in a tio n s  o n  tw o sam ples tak en  a t  each  d a te  a n d  fo r  each  varie ty .

grapes, the fruits were obtained from  
vines grown in various climatic regions, 
on different soils, under different cultural 
conditions and untested for the presence 
of viruses. The present report compares 
the concentrations of eight of the predom 
inant amino acids, total nitrogen and 
amino acid fraction-nitrogen o f fruits 
from  28 table varieties free from  all 
known viruses. The vines were all grown 
under the same climatic, cultural and soil 
conditions, and the fruits were harvested 
at approximately the same stage of m a
turity.

E X P E R IM E N T A L

The location, sampling methods and dates 
and juice-extraction procedure were as de
scribed in a previous paper (Kliewer, 1967a). 
Each of the varieties (Table 1) was sampled 
in duplicate twice—once when the fruits were 
slightly to moderately ripe, and again when 
they were ripe to overripe. The samples are 
respectively referred to as early- and late- 
harvested fruits (Tables 1-3).

Preparation of amino-acid fractions
A 10-ml portion of juice from each sample 

was applied to a column (2 X  20 cm) of 
Dowex 50W-X8 (H+ form). After thorough 
washing, the amino acids were eluted from 
the column with 150 ml of 3 N  NEhOH, 
and washed with three resin-bed volumes of 
distilled water. The eluate and washings were 
taken to dryness at 40 to 45 °C under jets of

filtered air. The residue was dissolved in 10 
ml of 10% isopropanol.

Quantitative analysis of amino acids 
by paper chromatography

The amino acids were separated by two- 
dimensional descending paper chromatog
raphy and identified by co-chromatography 
with authentic compounds. The concentra
tion of each of the free amino acids, except 
proline and arginine, was determined ac
cording to the procedure for paper chroma
tography described by Nassar et al. (1966). 
Samples of each variety from each sampling 
date were assayed in duplicate.

Determination of arginine. Arginine was 
determined by the Sakaguchi reaction as 
modified by Gilboe et al., (1956).

Determination of proline. Proline was de
termined by the acidic ninhydrin photometric 
method of Chinard (1952) as modified by 
Ough (1968).

Determination of total free amino acids. 
Total free amino acids in the amino acid 
fraction extract were determined according 
to the ninhydrin method of Jacobs (1956). 
The samples were corrected for the low color 
yield of proline, which gives only approxi
mately 5% of the color of a-amimo acids. In 
this report, the imino acids proline and hy- 
droxyproline, and the amides glutamine and 
asparagine, are included with the amino 
acids.

Total nitrogen and amino acid fraction ni
trogen. Total nitrogen and amino acid frac
tion nitrogen were determined by the Kjel- 
dahl method on 5-ml portions of the original

juice sample and the amino acid fraction ex
tract, respectively.

Nonamino acid fraction nitrogen. Non
amino acid fraction nitrogen is the differ
ence between total nitrogen and amioo acid 
fraction nitrogen.

The 28 varieties studied are all used for 
producing table fruits. Two of the varieties, 
“Thompson Seedless” and “Muscat of Alex
andria,” are also used for raisins, but will be 
referred to as table varieties for simplicity.

R E S U L T S

In nearly every variety, there was an 
increase in the concentration of total ni
trogen, amino acid fraction nitrogen, non
amino acid fraction nitrogen and total 
free amino acids with fru it m aturity (T a
ble 1). The concentrations o f total n itro
gen in the juice ranged from  38 to 162 
m g /100 ml in the slightly to  moderately 
ripe fruits (early harvest) to 43 to 220 
m g /100 ml in the ripe to overripe fruits 
(late harvest). Barlinka, Black Prince, 
and Tokay varieties were relatively low 
in nitrogen (less than 80 mg N /1 0 0  ml) 
while Beauty Seedless, Black M onukka, 
Isabella and Rish Baba were high in  ni
trogen (greater than 160 mg N /1 0 0  ml) 
at the time of late harvest.

The other varieties contained interm e
diate am ounts of nitrogen in the juice at 
late harvest (80  to  160 mg N /1 0 0  ml 
juice). The am ino acid fraction nitrogen
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Table 2—Concentration of several free amino acids (amoles per 100 ml juice) of varieties of table grapes harvested at early and late stages
of fruit maturity1

V ariety

« -A lan in e

•y-Amino
bu ty ric

acid A rg in ine
A sp artic

ac id
G lu tam ic

ac id Pro line Serine T h reo n in e

S um  o f  
am in o  
ac id s

E arly L ate E arly  L a te E arly L a te E arly  L a te E arly  L a te E arly L a te E arly  L a te E a rly  L a te E a rly L a te

B arlinka 249 333 67 124 460 535 50 67 262 320 250 298 78 95 116 182 1429 1954
B eauty  Seedless 700 690 105 162 1248 831 103 120 522 410 802 940 228 205 356 295 4064 4053
B lack C o rin th 392 344 146 201 1156 1123 73 87 370 395 851 1135 174 201 284 290 3477 3776
B lack  M alvo isie 555 700 146 377 922 890 65 84 322 68C 905 934 184 345 150 300 3249 3410
B lack  M o n u k k a 351 620 118 380 426 581 162 170 442 895 618 1060 135 164 263 300 2515 4170
B lack P rince 146 167 42 43 248 315 60 55 163 168 195 228 65 59 58 68 977 1103
B lackrose 253 290 57 100 566 550 99 128 300 677 232 343 128 128 189 285 1834 2501
C a n n er 202 317 134 132 638 469 114 105 294 520 393 527 77 168 170 200 2022 2437
C a rd in a l 376 715 139 311 926 1050 87 94 503 905 702 1592 95 154 167 185 2995 5006
E arly  M u sca t 285 350 195 363 600 534 34 62 236 29^ 868 1142 132 145 159 168 2509 3058
E xo tic 308 366 160 200 468 455 91 109 285 912 248 598 78 115 84 104 1722 2856
Isab e lla 1280 1600 238 398 821 866 157 24 562 1150 248 574 190 360 278 304 3774 5276
Ita lia 126 131 89 106 421 549 56 65 150 460 110 396 94 81 102 120 1148 1908
July  M u sca t 220 284 205 268 460 436 38 32 267 290 835 1250 76 84 155 162 2256 2806
K ishm ish i 152 332 87 154 938 639 64 140 263 405 786 917 67 142 180 180 2537 2909
L o o se  P e rle tte 482 600 140 186 421 587 114 135 389 416 982 1565 108 122 220 306 2856 3917
M alag a 260 448 81 151 646 567 142 140 187 656 218 633 96 103 205 260 1835 2958
M u sca t o f  A lex an d ria 230 435 50 160 502 786 155 160 212 525 232 705 94 140 136 175 1611 3086
M u sca t H am b u rg 475 419 101 144 476 529 65 72 169 473 316 720 135 132 260 224 1997 2713
N iag ara 1400 1290 254 149 466 547 85 40 298 399 214 523 204 117 160 135 3081 3200
P erle tte 355 450 110 141 546 594 116 142 296 492 1080 1701 68 114 150 340 2721 3974
Q ueen ¿88 658 116 212 598 580 107 80 209 437 492 987 106 167 112 217 2228 3338
R ed  M alag a 275 485 54 109 600 950 74 82 237 1240 220 461 93 149 233 290 1786 3766
R eg in a  (D a ttie r) 282 372 105 176 472 581 80 139 340 825 225 542 134 191 205 204 1843 3030
R ib ier 359 600 125 261 519 1008 62 103 510 1017 424 980 103 184 240 271 2342 4424
R ish  B aba 466 480 121 180 527 950 155 170 470 650 517 660 197 207 210 175 2643 3478
T h o m p so n  Seedless 251 360 98 110 384 546 68 109 221 395 460 859 70 131 178 215 1730 2725
T o k ay 144 214 28 100 178 231 194 163 172 304 179 476 71 78 120 115 1086 1681

1 F ig u re s  rep re sen t th e  average o f  dup lica te  d e te rm in a tio n s  on  tw o  sam ples tak en  a t  each  da te  a n d  fo r  each  variety .

ranged from  60 to 90%  of the total ni
trogen (Table 1) and generally accounted 
for a greater percentage of the total ni
trogen in the early harvest than it did in 
the late harvest. The opposite relation
ship was usually true for the nonamino 
acid fraction nitrogen. The concentration 
of total free amino acids varied greatly 
with variety, ranging from  1,043 to 5.530 
^m ole/100 ml at early harvest to 1,242 
to 6,450 ^m ole/100 ml at late harvest 
(Table 1).

The level of amino acids in the differ
ent varieties usually increased with fruit 
ripeness (Table 2 ). This was especially 
true for glutamic acid and proline, in 
which the concentration in some varieties 
doubled or tripled between early and late 
harvests. There were extreme quantita
tive differences in the concentrations of 
amino acids among varieties. On the basis 
of the predom inant amino acid present, 
the varieties were divided into four 
groups (Table 4 ). A t the early harvest, 
arginine was the predom inant amino acid 
in the greatest num ber of varieties; at the 
late harvest this was true of proline.

Alanine was the m ain amino acid at 
both harvests in only two varieties, Isa
bella and N iagara, both of which have 
American species in their parentage. G lu
tam ic acid was predom inant in six varie
ties. The sum of the eight amino acids de
term ined (Table 2) accounted for 74 to

96%  of the total free amino acids in the 
various varieties. They also accounted for 
60 to 96%  of the amino acid fraction 
nitrogen and 37 to 85% of the total N  in 
the fruits (Table 3). Arginine contributed, 
by far, the most nitrogen, accounting for 
23 to 63 % and 25 to 65 % , respectively, 
of the amino acid fraction nitrogen in the 
juice of early- and late-harvested fruits, 
and 17 to 50%  and 15 to 48% , respec
tively, of the total nitrogen in the early- 
and late-harvested fruits.

D I S C U S S I O N

M ost of the early-harvested fruits were 
obtained when their total soluble solids 
ranged from  16 to 20°Brix. Very ripe to 
overripe fruits (late harvested) were ob
tained 30 to 60 days after the early har
vest, and the °Brix of these fruits gener
ally ranged from 19 to 27. M any varie
ties, however, did not increase in total 
soluble solids after they reached a particu
lar concentration of sugar (Table 1). The 
changes in concentration of glutamic acid 
and of proline between the early and late 
harvest were most striking, increasing by 
as m uch as four-fold in some varieties 
(Table 2 ). The concentration of y-amino- 
butyric acid also usually increased con
siderably with fruit maturity, while that 
o f arginine increased in some varieties, 
decreased in others or rem ained about the

same. These findings are in agreement 
with that of Lafon-Lafourcade et al. 
(1962) and D raw ert (1963), who showed 
that the concentration of proline increased 
markedly in grapes during the latter stages 
of fruit m aturation. The increase in con
centration of free amino acids as the 
fruit m atures may be due to a lessening 
in demand for these metabolites as grow
ing processes are progressively taken over 
by the ripening processes.

A relationship am ong concentrations 
of arginine, proline, y-am inobutyric acid 
and glutamic acid is easily seen, since the 
latter com pound is a com m on interm edi
ate in the synthesis of these other sub
stances, and is usually form ed by trans
amination reactions w ith a-ketoglutaric 
acid in the Krebs cycle. A rginine is the 
main storage form  of nitrogen in the 
grapevine (Kliewer, 1967b), and often 
accumulates in seeds, fruits and other stor
age organs (Reuter, 1957). The synthe
sis of arginine also provides a mechanism 
for utilization of excess am m onia and 
may account for the decrease of this la t
ter com pound which generally accom
panies fruit ripening.

The reason for the large increase in 
proline is not so easily understood, since 
this amino acid is relatively low in ni
trogen. Free proline was found in very 
small amounts in the roots, woody tissues, 
bark and leaves of “Thompson Seedless”
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grapevines by Nassar et al. (1966), indi
cating that the accum ulation of this 
amino acid in the fruit probably results 
from  synthesis in situ.

Qualitatively the general pattern of 
amino acid composition of the juices of 
the various grape varieties was similar. 
Quantitatively, however, there were large 
differences, especially in the amounts of 
a-alanine, arginine, glutamic acid and 
proline. A t both harvests, arginine and 
proline were the predom inant amino acids 
in the m ajority o f the varieties, with glu
tamic acid and a-alanine usually the third 
and fourth most im portant quantitatively. 
In two varieties, Isabella and Niagara, a -  
alanine was the predom inant amino acid. 
Both of these varieties have some V. 
labrusca in their parentage, and this spe
cies may carry the gene responsible for 
the large am ount of a-alanine. The large 
quantitative differences in amino acid 
composition of the juices most probably 
influences their rate of ferm entation by 
yeast. Lafon-Lafourcade et al. (1961) re
ported that arginine, glutamic acid and 
alanine are readily utilized as sources of 
nitrogen by yeast, while proline and 
threonine are difficult for yeast to assimi
late. The amino acid composition of grape 
must may also influence the fusel oil p ro
duction by yeast during ferm entation 
(Webb et al., 1963).

The relative amounts of amino acids in 
m ature grape berries closely resemble 
those in the m ature orange (Clements et 
al., 1962). Ulrich et al. (1955) also found 
that proline is the predom inant amino acid 
in pears at maturity, and Reuter (1957) 
reported that proline is the m ajor ninhy- 
drin-reacting substance in members of the 
Papiiionatae family.

The amino acid fraction nitrogen in 
cludes all nitrogenous substances retained 
by Dowex 50 cation exchange resin. P re
liminary investigations indicated that, in

Table 3—Percentage of amino acid fraction nitrogen and total nitrogen accounted for by 
eight determined amino acids in juice of table grapes

V ariety

P ercen t o f  am in o  acid  
f ra c tio n  N  acco u n ted  fo r  by 

8 de te rm in ed  am in o  ac id s

P ercen t o f  to ta l N  
acco u n ted  fo r  by  8 

d e te rm in ed  am in o  acids

E arly L a te E arly L a te

B a rlinka 8 3 .4 7 9 .0 6 8 .7 6 4 .7
B eau ty  Seedless 8 4 .6 7 8 .2 6 6 .9 5 5 .3
B lack  C o rin th 8 1 .0 8 8 .8 6 8 .2 65 .1
B lack  M alvo isie 9 5 .7 9 1 .0 8 5 .0 6 9 .3
B lack  M o n u k k a 6 3 .2 6 2 .4 4 3 .6 3 7 .6
B lack  P rice 6 8 .8 7 3 .7 6 0 .8 6 4 .0
B lackrose 7 5 .0 83.1 6 3 .5 5 4 .7
C a n n er 9 3 .4 9 0 .1 7 6 .5 5 5 .9
C a rd in a l 8 5 .9 9 7 .7 7 1 .5 7 3 .8
E arly  M u sca t 8 3 .7 7 9 .6 6 2 .5 5 1 .9
E xo tic 9 0 .3 9 0 .6 6 1 .2 6 3 .4
Isab e lla 82 .9 7 9 .7 74 .3 5 4 .2
Ita lia 5 9 .8 7 6 .8 3 6 .7 4 8 .2
Ju ly  M u sca t 9 1 .0 9 6 .8 5 7 .2 5 9 .0
K ishm ish i 9 5 .8 9 1 .5 6 7 .1 5 9 .2
L o o se  P erle tte 7 7 .2 7 5 .9 56 .1 5 6 .5
M a lag a 9 1 .8 9 5 .1 6 2 .9 6 0 .2
M u sca t o f  A lex an d ria 8 0 .0 9 1 .8 58 .3 76 .1
M u sca t H am b erg 7 7 .1 8 4 .4 5 4 .5 6 0 .6
N iag ara 7 2 .5 7 3 .4 5 5 .7 5 5 .6
P erle tte 7 5 .5 7 4 .4 6 4 .0 5 4 .9
Q ueen 8 5 .8 9 1 .1 6 4 .4 5 7 .0
R e d  M a lag a 87.3 9 4 .3 7 2 .2 8 3 .0
R eg in a  (D a ttie r) 7 4 .8 9 5 .5 4 6 .8 6 7 .7
R ib ie r 7 5 .8 7 6 .8 59.3 5 0 .9
R ish  B aba 9 1 .3 7 4 .4 6 8 .2 5 4 .5
T h o m p so n  Seedless 8 0 .2 8 6 .4 5 3 .3 5 1 .7
T o k ay 9 5 .9 9 2 .3 6 9 .9 5 8 .7

addition to amino acids, low molecular 
weight peptides such as glutathione were 
completely retained by the cation resin 
and consequently would be included as 
part of the amino acid fraction nitrogen. 
The eight amino acids in Table 2 ac
counted for 60 to 96%  of the nitrogen in 
the amino acid fraction of the various 
varieties (Table 3 ). A n additional 24 free 
amino acids plus several unidentified 
amino compounds have been found in 
fruits of grapes (N assar et al., 1966; 
Kliewer et al., 1966). These, plus low 
molecular weight peptides, would account

for most of the remaining nitrogen. Paper 
chrom atographic analysis indicated that 
these undeterm ined amino compounds 
were all present in relatively low concen
tration.

The nonam ino acid fraction nitrogen in 
the early- and late-harvested fruits of the 
different varieties ranged from  4 to 38 and 
6 to 87 m g /100 ml juice, respectively, and 
accounted for 10 to 38% and 12 to 40% 
of the total nitrogen. Included in the non
amino acid fraction nitrogen were pro
teins, high molecular weight peptides, nu
cleotides and nucleosides, am monia and

Table 4—Classification of grape varieties according to the predominant amino acid present in the juice at early and late harvest1

a -a la n in e A rg in ine G lu tam ic  acid P ro line

E arly L a te E arly L a te E arly L a te E arly L a te

Isab e lla Isab e lla B arlinka B arlin k a B lackrose B lack  M o n u k k a B lack  C o rin th
N iag a ra N iag a ra B eau ty  Seedless B eau ty  Seedless E xo tic E arly  M u sca t B lack  M alvo isie

B lack  C o rin th B lack  P rince M a lag a B lack  M o n u k k a
B lack  M alvo isie Ita lia R e d  M a lag a July  M u sca t C a n n er
B lack  P rince M u sca t o f  A lex an d ria R eg ina L o o se  P erle tte C a rd in a l
B lackrose R ish  B aba R ib ie r P e rle tte E arly  M u sca t
C a n n e r Q ueen July  M u sca t
C a rd in a l T h o m p so n

Seedless
K ishm ish i

E xo tic T o k ay L o o se  P erlette
I ta lia M u sca t H a m b u rg
K ishm ish i P erle tte
M a lag a Q ueen
M u sca t o f  A lex an d ria T h o m p so n

Seedless
M u sca t H am b u rg  
R ed  M a lag a  
R ib ie r 
R ish  B aba

T o k ay

1 R efer to  T ab le  1 fo r  th e  °B a t  th e  early  a n d  la te  stages o f  f ru it deve lopm en t.
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nitrate nitrogen.
Bayly et al. (1967) found protein in 

the juice of various grape varieties rang
ing from  2 to 26 m g /100 ml. Amerine et 
al. (1967) reported that am monia is usu
ally present in juices of m ature grapes in 
concentration from  1 to 10 m g /100 ml. 
Tercelj (1965) found that nucleosides and 
nucleotides accounted for about 2 mg N / 
100 ml juice in the variety “Sauvignon.” 
N itrates are present only in very small 
amounts in grape must (Rebelein, 1967). 
Peynaud e t al. (1953) indicated that the 
more m ature the grape the greater the ac
cum ulation of polypeptides; however, the 
exact contribution of these substances to 
the nitrogen in grapes is not known.

A  small am ount of nitrogenous sub
stances may not have been eluted from 
the Dowex 50 columns with ammonia and 
therefore was included with the nonam ino 
acid fraction. Burroughs (1957) noted 
that adenine, guanine and guanylic acid 
were only partly recovered by elution with 
am m onia from  Zeokarb-225 columns.

The data reported herein are for fruits 
harvested in 1966 at Davis, Calif. The 
total num ber of degree days above 50°F  
at Davis between April 1 and Sept. 1 was 
2,966, about 260 degree days above the 
30-year average for this period (W inkler, 
1962). However, since all data were ob
tained from  fruits harvested from  virus- 
free vines grown under the same climatic, 
cultural and soil conditions, the reported 
values should indicate relative differences 
among varieties when com pared at the 
same stage of fru it maturity. However, 
the grouping of grape varieties according

to the predom inant amino acid should be 
done with caution until the influence of 
the region, season, rootstock and cultural 
conditions on the relative amounts of 
amino acids in grapes is known.
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Influence of Temperature on Some Biochemical Characteristics 
of Pseudomonas Associated with Spoilage of Chicken

SUMMARY— Studies were conducted with four cultures of Pseudomonas isolated from 
frozen chicken. The effect of temperature on some biochemical activities of the organisms 
was evaluated and the individual response of the cultures to temperature was deter
mined. Growth, survival and production of the green fluorescent pigment, pyoverdine, 
and extra-cellular proteinase and lipase activities were used as indices of the ability of 
pseudomonads to produce spoilage. The four isolates differed in their ability to perform 
the metabolic functions mentioned. The cultures were incubated at 15°, 5°, —180 and 
—29°C. Assays for proteolysis were made by means of a dye binding method; lipolysis 
was determined by titration of free fatty acids released from chicken fat, and a photo- 
fluorometer was used to measure fluorescent pigment. Growth was determined by colony 
count. At temperatures above 0°C, survival was better and growth and enzyme activity 
were more extensive at 5° than at 15°C. Proteinase activity increased continuously, even 
when viable cells were decreasing; lipase production was correlated with growth. For
mation of pyoverdine declined faster than did cell numbers. Survival of the cultures was 
better at —18° than at —29°C. Impairment of pyoverdine secretion was observed after 
exposure of the organisms to freezing temperatures, but the activity of the extracellular 
enzymes was not affected at temperatures below 0°C. No marked differences were ob
served among cultures in rate of cell division, but maximum populations, survival of or
ganisms and stability of the proteolytic, lipolytic and fluorescent activities of the isolates 
were inversely related to biochemical activity above 0°C.

IN TRO D U CTIO N
M ODERN m arketing m ethods use low 
tem peratures as a com m on means of 
preserving poultry. However, at refrigera
tion and freezing tem peratures, psychro- 
philic bacteria develop. Of the psychro- 
philes, Pseudomonas species have been 
reported as the most numerous spoilage 
organisms present on poultry kept at low 
temperatures (Ayres et al., 1950; W alker 
et al., 1956; Barnes et al., 1959; and N a
gel et al., 1960).

Pseudomonas are usually strongly lipo
lytic an d /o r  proteolytic (W itter, 1961). 
The action of lipases from  Pseudomonas 
brings about the first steps of hydrolytic 
degradation of poultry fat, facilitating the 
subsequent destruction of the free com 
ponents. Tom hnison et al. (1963) ob
served the accum ulation of free ammonia 
as the catabolic product of nitrogenous 
compounds by pseudomonads. A  water 
soluble fluorescent pigment is also pro
duced by some species of Pseudomonas 
(Breed et al., 1959).

The pigment, identified as pyoverdine 
by Turfreijer (1941), has been related by 
Koepsell (1950) and Lenhoff (1963) to 
the functions of an accessory respiratory 
enzyme. Thus, growth of pseudomonads 
on the surface of poultry m ay produce 
degradation of nutritive factors and dele
terious odors and flavors due to proteo
lytic and lipolytic activity. Fluorescent dis
coloration due to excretion of pyoverdine, 
may also indicate spoilage of the meat.

W itter (1961) stated that the keeping 
quality of food stored at low tem peratures 
depends more on the biochemical activity 
of the psychrophilic contam inants than on 
the numbers of cells. Pseudomonas, being 
capable of good growth at temperatures 
just above 0°C  (Ingraham , 1958), could 
have enzyme systems well adapted to 
counteract the adverse conditions that 
bacteria encounter under frozen and re
frigerated storage.

However, individual differences exist
ing among species of Pseudomonas in re
sponse to  factors affecting their metabolic 
function have been reported by Goldman 
et al. (1952), Hobbs et al. (1961), and 
M orihara (1965).

The present study evaluates the effect 
of low tem peratures on some of the 
metabolic functions associated with spoil
age of chicken m eat by several Pseudo
monas cultures and investigates the rela
tionship between the metabolic activity 
and the response of the individual or
ganisms to such temperatures.

M A T ER IA LS  & M ETH O D S
Cultures employed

The test organisms were four Pseudomo
nas cultures isolated from frozen chicken. 
The bacteria were Gram-negative rods, 2 to
2.5 |a in length, motile, cytochrome oxidase 
positive, and metabolized glucose oxidatively. 
The morphology of the flagella characteristic 
of each culture is presented in Figure 1.

Growth, lipolytic and proteolytic activi
ties and pyoverdine production were the

properties selected as indices of metabolic 
activity in relation to spoilage of poultry. 
The four isolates were classified in accor
dance with the rate and extent of relative 
metabolic activity demonstrated by each or
ganism (Table 1).

Preparation of samples
The test organisms were inoculated into 

trypticase soy broth (BBL) in flasks. The 
flasks were shaken during incubation at 15 °C 
for 18 to 24 hr. Subcultures were made for 
three consecutive days. A heavy inoculum 
was spread on the surface of trypticase soy 
agar (BBL) and incubation was performed 
for 18 to 24 hr. The growth was recovered 
from the surface of the agar and washed 
three times with sterile distilled water. The 
cells were suspended in distilled water and 
adjusted to give an absorbancy of 1.0 with 
a Spectronic 20 spectrophotometer (Bausch 
and Lomb Optical Company, Rochester, 
New York) at 600 m¡x. An absorbancy of
1.0 was equivalent to a cell concentration of 
approximately 2.0 X 108 cells per ml as de
termined by prior growth studies.

For evaluating growth and survival at 
temperatures above freezing, dilutions of the 
cell suspensions were made and the inoculum 
was transferred to 250 ml of trypticase soy 
broth (BBL) in 500 ml flasks to obtain an 
initial concentration of 103 cells per ml. In
cubation was 5° and 15°C for 60 days. 
Survival below freezing was studied by inocu
lating 5 ml of the cell suspension (absorbancy 
=  1.0) into the flasks containing 250 ml of 
broth. A preliminary incubation of the flasks 
was made for 4 days at 15°C to  obtain con
centrations exceeding 100 million cells per 
ml. The flasks were stored at —18° and 
—29 °C for 60 days.

Experimental methods
All isolates were tested periodically during 

the holding period. The samples held at tem
peratures below freezing were thawed for 
sampling by immersing the flasks in a water 
bath at 35°C. Bacterial numbers were de
termined by colony count on trypticase soy 
agar (BBL) with plates incubated for 5 days 
at 15°C. Production of pyoverdine was esti
mated in the asparagine medium of Georgia 
et al. (1931). The incubataion technique and 
procedure of measuring pigment were de
scribed by Kraft et al. (1964).

The broth cultures were centrifuged on a 
Sorval Superspeed Angle centrifuge (Ivan 
Sorval, Inc., Norwalk, Connecticut) for 30 
min at 10,300 R.C.F. x G. The supernatants 
were used for measuring enzyme activity.

Proteolysis was assayed spectrophotometri- 
cally by the dye binding method described by
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Fig. i — Photomicrographs (500 X) of flagella stains prepared according to the modifica
tion of Fontana’s method described by Rhodes (1958). Upper left, culture F-4, single 
polar; upper right, culture F-14, polar multitrichous; lower left, culture F-17, single polar; 
lower right, culture F-21, polar multitrichous.

Fig. 2— Growth and survival above freezing 
and survival below freezing obtained by 
plotting average numbers of viable cells 
from all cultures against time of incubation 
at 5°, 15°, - 1 8 °  and -2 9 °C .

Hammond et al. (1966). Cne milliliter of the 
sample and 1 ml of sterile skim milk were 
incubated for 6 hr at 35 °C. The optimum 
time for reaction of enzyme and substrate 
was determined by plotting proteolysis in
dices against time at intervals during 24 
hr of reaction. According to this method, 
the proteolysis index is calculated as: 
(As — A c)/[(1 5 /1 6 )A d — Ac] where: As 
=  absorbancy of sample, Ac =  absorbancy 
of unproteolyzed sample, and A d =  absor
bancy of the undiluted dye solution. The in
dex varies from 0 to 1 as the amount of dye 
bound decreases from that bound by intact 
milk to zero. A 6-hr period was chosen as the 
maximum time of constant rate of reac
tion. Controls were prepared with 1 ml of 
sterile trypticase soy broth (BBL) and 1 ml 
of skim milk.

Lipolysis was evaluated by titration of 
free fatty acids released from chicken fat 
by the method of Alford et al. (1963). 
Chicken fat was heated in a flask on a 
steam bath until liquified. To avoid separa
tion of two liquid phases during titration, 
a modification of the procedure was made 
in accordance with the method reported by 
Tucker et al. (1951), as follows: 10 ml 
of n-propyl alcohol were added to serve as 
a binder for the titer solution in the petro
leum ether; 0.0 IN  methanolic potassium 
hydroxide was used for titration, and gum 
tragacanth was used as emulsifier.

For determinations of lipolytic activity, 
the enzyme solutions were incubated for 
12 hr at 25°C. The optimum time for reac
tion was determined in a similar manner to 
that for proteolysis. Controls for initial 
readings were prepared using 2 ml of sterile 
trypticase soy broth (BBL) instead of the 
2 ml of enzyme solution used for test 
samples. Results were reported by subtract

ing the amounts of methanolic potassium 
hydroxide used for titration of the controls 
from the volume used for titration of the 
samples.

R E S U L T S  & D ISC U SS IO N
Effect of temperature above freezing on 
growth and survival

The results of the observations obtained 
at each tem perature of incubation for all 
cultures in three trials were averaged. Fig
ure 2 presents mean values of 12 observa
tions for bacterial growth or survival.

Optimum growth is determined by two 
criteria: rate of cell division or maximum 
population. Figure 2 shows that multipli
cation was faster at 15° than at 5°C, al
though cell yields were highest and sur
vival was greatest at 5 DC. Since higher 
numbers of cells and better survival were 
observed at 5° than at 15°C, cell pro
duction was less inhibited by low tem per
atures than was cell destruction. These 
findings are similar to those stated by

Greene et al. (1954) for Pseudomonas 
spp. in milk.

Effect of temperatures above freezing on 
extracellular enzyme production

The production of pyoverdine (Fig. 
3a), lipase (Fig. 3b ), and proteinase (Fig. 
3c) followed the same trend as growth 
in relation to tem perature: the rate of 
production of the pigm ent and the en
zymes was faster at 15° than at 5°C, but 
maximum values were observed at 5°C. 
The studies of Ingraham  et al. (1959) 
indicated that psychrophilic bacteria must 
effect greater biochemical activity to syn
thesize cells and m aintain old cells when 
grown at low tem peratures than when 
grown at high tem peratures. The observa
tions presented in Figs. 3 a, b and c seem 
to support their contention and suggest 
that an increased production of extracellu
lar enzymes m ay have been induced at 
5°C  to compensate for the reduced rate 
of enzyme activity at the lowest tem pera
ture.

Table 1—Classification of the test organisms according to their metabolic activity.

Pseudomonas
cu ltu res G ro w th

P ro d u c tio n  o f  
p ro té in a se

P ro d u c tio n  o f  
lipase

P ro d u c tio n  o f  
pyo v erd in e

G en e ra l ac tiv ity  o f  
th e  cu ltu re

F-21 F a s t  an d F a s t  an d F a s t  and F a s t  an d V ery  active
extensive extensive extensive extensive

F -4 F a s t  an d Slow  ar.d Slow b u t F a s t  b u t A ctive
extensive lim ited extensive lim ited

F -14 F a s t  and N égative F a s t  an d N egative M o d e ra te ly  active
extensive extensive

F-17 Slow  b u t N égative N égative Slow  an d Slow ly  active
extensive lim ited
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Relation between growth and the 
metabolic functions studied

While the maximum lipolytic activity 
(Fig. 3b) was obtained simultaneously 
with the maximum num ber of cells at 5° 
and 15°C (Fig. 2 ) , pigment production 
(Fig. 3a) started to decrease while bac
terial numbers were still increasing. A t 
the end of the holding period, very low 
levels of pyoverdine were produced even 
when viable cells were still present in con
centrations as high as 90 million cells per 
ml in the samples held at 5°C.

Sinclair et al. (1963) dem onstrated 
that oxygen is rapidly depleted in station
ary cultures. Lack of oxygen causes 
quenching of pyoverdine production (Len- 
hoff, 1963). Even when pyoverdine was 
produced in the present investigation by 
transferring the cells into asparagine 
broth, and aeration was perform ed during 
incubation, a tem porary im pairm ent of 
the ability to produce pigment may have 
occurred. A t least three sub-cultures un
der aeration were necessary for activa
tion of cultures stored in broth fo r pro
longed periods of time.

Effect of temperatures below freezing on 
survival and biochemical activities

The lethal effect of freezing was greater 
at —29° than at —18°C (Fig. 2 ). A  rapid 
reduction in bacterial populations was ob
served during the first 48 hr below freez
ing. A fter 48 hr, the bacterial num bers de
creased at a slower rate, becoming almost 
stationary between 30 to 60 days in frozen 
conditions. These data indicate that the 
resistance to ccld tem peratures varies 
among different cells of the same or
ganism.

The production of pyoverdine declined 
faster than did cell numbers. Nonlethal 
metabolic injury to several species of 
Pseudomonas at sub-zero tem peratures 
has been dem onstrated by Straka et al.
(1959). Apparently, freezing m ay affect 
the constitutive enzyme form ing systems 
in some cells of the same organism, re
sulting in death, while other cells may be 
affected only in their adaptative enzyme 
forming systems, and rem ain capable of 
surviving frozen conditions. Pyoverdine 
formation is an adaptative metabolic func
tion of Pseudomonas (Rhodes, 1959); 
hence, loss o f the ability to  produce pig
ment would not necessarily cause death of 
the cell.

The effect of freezing on the activity 
of the lipolytic and proteolytic enzymes 
is presented in Figures 3a and b. Freezing 
did not affect the activity of the extra
cellular proteolytic and lipolytic enzymes 
of these cultures of Pseudomonas.

Culture differences in response to 
temperature

The results of the observations obtained 
in three trials by incubation of each iso

late at 5°C  and 15°C for 60 days were 
averaged to study culture response to 
tem peratures above 0°C; similar calcula
tions for incubation below freezing ( — 18° 
and —29°C ) were also made.

Figures 4a and b show production of 
pyoverdine by each fluorescent culture. 
The am ount of pigment produced by iso
late F-21, the most biochemically active 
of the cultures tested, was consistently 
high at tem peratures above 0°C  (Fig. 4 a ) . 
However, the rate of decrease of pigment 
form ation was the fastest for this o r
ganism. Isolate F-17, the least biochemi
cally active of the test organisms, pro
duced the smallest am ount of pigment, 
but was very stable with regard to this 
function. It is possible that F-21, the most 
active of the fluorescent cultures, had to 
utilize the pigm ent as an accessory respir
atory enzyme at the most rapid rate to  be 
able to perform  its active metabolic func
tions. Consequently, the most active of 
the fluorescent organisms elaborated de
creasing amounts of pigment into the me
dium on prolonged incubation.

All cultures showed a decline in py
overdine production after being stored at 
tem peratures below freezing (Fig. 4b). 
However, isolate F-21 was the most stable 
in its ability to form  fluorescent pigment 
upon immediate exposure to —18° and 
—29°C, and m aintained this ability to a 
greater extent than did any of the other 
isolates. Culture F-17 was most affected 
by freezing and frozen storage.

The lipolytic activity of isolate F-21 in
creased at the most rapid rate at tem pera
tures above 0°C  (Fig. 5 ) . A fter reaching 
the maximum level, the lipolytic activity 
also decreased at the most rapid rate for 
this organism. Lipolysis produced by iso
late F-14 increased continuously through
out the 60 days of incubation. The rapid 
decrease of lipolytic activity observed with 
F-21 dem onstrated that the lipolytic en
zyme system was least stable at tem pera
tures above 0°C  for this isolate which 
was the most metabolically active of the 
three lipolytic organisms (Table 1).

The lipolytic function of isolate F-14, 
the least active of the three organisms, re
mained stable during prolonged storage. 
Thus, these results indicate an inverse re
lationship between the stability of the 
lipolytic functions and the overall m eta
bolic activity of the cultures at tem pera
tures above 0°C . A t tem peratures below 
freezing, lipolytic activity, similar to pro
teolytic activity (Fig. 3c), rem ained con
stant for all cultures stored at freezing 
temperatures. Values for lipolysis for all 
cultures at — 18°C and — 2 9 °C were aver
aged, as shown in Figure 5.

G row th and survival of each culture at 
tem peratures above 0°C  are presented in 
Figure 6. N o m arked differences were ob
served among cultures in rate of cell di
vision at 5° and 15°C (Fig. 6a). How-

Fig. 3— Effect of temperature on proteoly
sis, lipolysis and pyoverdine produced by 
the Pseudomonas isolates with incubation 
at 5°, 1 5 - 1 8 °  and - 2 9 ° C  for 60 days, 
a. Fluorescence produced by isolates F-14, 
F-17 and F-21. b. Production of lipase by 
isolates F-4, F-14 and F-21. c. Production 
of proteinase by isolates F-14, and F-21.
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ever, culture F-21, with the most rapid 
production of lipase, pro:einase and py- 
overdine, also had the fastest rate of death

DAYS AT -18° 8i —29C
B

Fig. 4— Effect of temperature on produc
tion of pyoverdine by isolates F-4, F-l 7 and 
F-21. a. Average readings of fluorescence 
at 5° and 15°C during incubation for 60 
days. b. Average readings of fluorescence 
at —18° and —29°C dur rig incubation for 
32 days.

above freezing, while isolate F-17, which 
was the least active in its metabolic func
tions, m aintained high numbers of viable 
cells over the longest period. The num ber 
of viable cells produced by each culture at 
the stage of maximum population was 
inversely related to the overall metabolic 
activity of the cultures, e.g., the lowest 
peak in growth was for isolate F-21 while 
the highest peak was obtained with isolate 
F-17. Differences among cultures seemed 
to  be related to an inhibition of their 
metabolic functions proportional to  the 
rate of form ation of catabolic products 
and rate of utilization of substrate.

Again, contrary to the results obtained 
at tem peratures above freezing (Fig. 6a), 
isolate F-21 was the most resistant to 
frozen storage, while F-17 was the least 
resistant to freezing (Fig. 6b).

Results indicated that: 1) freezing
causes im pairm ent of the ability of these 
cultures to produce pigment while their 
extracellular proteinase and lipase are not 
affected on prolonged storage under 
frozen conditions; 2) at temperatures 
above 0°C, m aintenance of high popula
tions, pyoverdine form ation, production 
of extracellular lipase and proteinase were 
least stable for the most metabolically ac
tive cultures; 3) at tem peratures below 
freezing, however, survival of each or
ganism was proportional to the metabolic 
activity of the culture. These observations 
may help explain why Pseudomonas can 
survive on frozen chicken and later pro
duce rapid spoilage after the poultry is 
defrosted and stored at refrigeration tem 
peratures.

Fig. 5— Production of lipase by isolates 
F-4, F-14 and F-21 at temperatures above 
freezing, obtained by plotting average num
bers of ml of 0.01 N acid released by enzy
matic hydrolysis of chicken fat by each 
culture at 5° and 15°C against time in in
cubation. Lipolytic activity below freezing 
was obtained by plotting average lypolytic 
activity of the three cultures against time 
in incubation at —18° and —29°C.

'■ ---------- 1---------- 1---------- 1-----------1---------- 1---------- 1
0 ¡0 20 30 40 50 60

DAYS AT 5 a  15°C 
A

B

Fig. 6— Culture differences in growth or 
survival of Pseudomonas isolates at tem
peratures above and below freezing, a. 
Numbers of viable cells at 5° and 15°C. 
b. Numbers of viable cells at —18° and 
—29°C.

R E F E R E N C E S
A lfo rd , J .A . an d  P ierce , D .A . 1963. P ro d u c tio n  

o f  lipase  b y  Pseudomonas fragi in  a  sy n 
th e tic  m ed iu m . / .  Bacteriol. 86 , 24.

A yres, J .C ., O gilvy, W .S . an d  S tew art, G .F . 1950. 
P o s t m o rte m  changes in  s to re d  m ea ts . I . 
M ic ro o rg an ism s asso c ia ted  w ith  d ev e lo p 
m en t o f  slim e o n  ev isce ra ted  c u t-u p  p o u ltry . 
Food TechnoI. 4, 199.

B arnes, E .M . a n d  S h rim p to n , D .H . 1959. T h e  
effect o f  te tra cy c lin e  c o m p o u n d s  o n  th e  
s to rag e  life  an d  m ic ro b io lo g y  o f  ch illed  
ev iscera ted  p o u ltry . J. Appl. Bacteriol. 2 1 , 
313.

B reed , R .S ., M u rra y , E .G .D . a n d  S m ith , N .R , 
1959. “B ergey ’s M a n u a l o f  D e te rm in a tiv e  
B ac te rio lo g y ,” 7 th  ed ., p . 90. T h e  W illiam s 
an d  W ilk in s C o ., B a ltim o re , M a ry la n d .

G eo rg ia , F .R . an d  P o e , C .F . 1931. S tu d y  o f  
b a c te r ia l f lu o rescen ce  in  v a rio u s  m ed ia . I .  
In o rg a n ic  su b s tan ces  n ecessa ry  fo r  b a c te r ia l  
fluo rescence . J. Bacteriol. 22 , 349.



INFLUENCE OF TEMPERATURE ON SPOILAGE OF CHICKEN— 283

G o ld m an , M .L . an d  R a y m a n , M .M . 1952. H y 
drolysis o f  fa ts  by  b a c te r ia  o f  th e  Pseudo
monas genus. Food Res. 17 , 326.

G reene, V .W . a n d  Jezesk i, J .J . 1954. In fluence  
o f  tem p e ra tu re  o n  th e  d ev e lo p m en t o f  sev
eral p sy ch ro p h ilic  b a c te r ia  o f  d a iry  o rig in . 
Appl. Microbiol. 2, 110.

H am m o n d , E .G ., Seals, R .G . an d  R e inbo ld ,
G .W . 1966. D e te rm in a tio n  o f  p ro teo ly sis  by  
dye b ind ing . J. Dairy Sci. 49, 504.

H obbs, G .G ., G o w lan d , G . a n d  W illis, A .T . 
1961. T h e  lec ith in ase  an d  lip ase  activ ities 
o f  m em b ers o f  th e  genus Pseudomonas. J. 
Appl. Bacteriol. 24 , 117.

In g rah am , J .L . 1958. G ro w th  o f  p sy ch ro p h ilic  
b ac te ria . J. Bacteriol. 76 , 75.

In g rah a m , J .L . a n d  S tokes, J .L . 1959. P sy ch ro 
ph ilic  b ac te r ia . Bacteriol. Rev. 23 , 97.

K oepsell, H .J . 1950. G lu c o n a te  o x id a tio n  by  
Pseudomonas Buorescens. J. Biol. Chem. 
186, 743.

K ra ft, A .A . an d  A yres, J .C . 1964. D ev e lo p m en t 
o f  m icro o rg an ism s an d  f lu o rescen ce  o n  
p o u ltry  d ip p ed  in  w a te r  co n ta in in g  iro n . J. 
Food Sci. 29 , 218.

L enhoff, H . 1963. A n  inverse  re la tio n sh ip  o f  th e  
effects o f  oxygen an d  i ro n  o n  th e  p ro d u c tio n

o f  flu o resce in  a n d  c y to ch ro m e  c b y  Pseu
domonas fluorescens. Nature 199, 601. 

M o rih a ra , K . 1965. P ro d u c tio n  o f  p ro te in a se  on  
n o n c a rb o h y d ra te  c a rb o n  so u rces by  Pseu
domonas aeruginosa. Appl. Microbiol. 13, 
793.

N ag e l, C .W ., S im pson , K .L ., V au g h n , R .H . and  
S tew art, G .F . 1960. M ic ro o rg an ism s assoc i
a ted  w ith  sp o ilag e  o f  re fr ig e ra ted  p o u ltry . 
Food Technol., 14 , 21.

R h o d es, M .E . 1959. T h e  ch a ra c te r iz a tio n  o f  
Pseudomonas fluorescens. J. Gen. Microbiol. 
21 221.

S in c la ir, N .A . a n d  S tokes, J .L . 1963. R o le  o f  
oxygen  in  th e  h ig h  cell y ields o f  p sy c h ro 
ph iles a n d  m esoph iles  a t low  tem p e ra tu re s .
J. Bacteriol. 85, 164.

S tra k a , R .P . an d  S tokes, J .L . 1959. M e tab o lic  
in ju ry  to  b a c te r ia  a t  low  tem p e ra tu re s . J. 
Bacteriol. 78, 181.

T o m h n iso n , G .A . an d  C am p b e ll, J .J .R . 1963. 
P a tte rn s  o f  ox id a tiv e  a ss im ila tio n  in  stra in s 
o f  Pseudomonas a n d  Achromobacter. J. 
Bacteriol. 86 , 434.

T u ck e r, L .B . a n d  B ird , E .W . 1951. A  m e th o d  fo r  
d e te rm in in g  free  f a tty  ac id s in  m ilk  fa t. J. 
Dairy Sci. 34, 1170.

T u rfre ije r , A . 1941. P y o v erd in en , d e  g roen  
f lu o resce ren d e  k leu rsto ffen  v a n  Pseudo
monas fluorescens. (S u m m ary  tra n s la te d  by  
D r . T .Y . K in g m a r  B o ltje s ). D o c to ra te  th e 
sis. U n iv e rs ity  o f  A m ste rd a m  L ib ra ry , A m 
s te rd am , H o llan d .

W alk e r, H .W . an d  A yres, J .C . 1956. In c id en ce  
an d  k in d s o f  m ic ro o rg an ism s asso c ia ted  w ith  
co m m erc ia lly  d ressed  p o u ltry . Appl. Mi
crobiol. 4 , 345.

W itte r, L .D . 1961. P sy ch ro p h ilic  b ac te r ia . (A  re 
v iew ). J. Dairy Sci. 44 , 983.

M s. rece ived  4 /8 /6 8 ;  rev ised  8 /1 3 /6 8 ;  accep ted
3 /5 /6 9 .

Jo u rn a l P a p e r  N o . J-5925 o f  th e  Io w a  A g ri
cu ltu re  a n d  H o m e  E co n o m ics  E x p e rim en t S ta 
tion , A m es, Io w a . P ro je c t N o . 1392, C e n te r  fo r  
A g ricu ltu ra l an d  E co n o m ic  D ev e lo p m en t c o o p 
e ra tin g . T h is  in v es tig a tio n  w as su p p o r te d  in  p a r t  
by  P H S  re se a rc h  g ra n t U I  00263-01, f ro m  th e  
N a tio n a l C e n te r  fo r  U rb a n  an d  In d u s tr ia l 
H ea lth .

T h e  a u th o rs  th a n k  M rs . N o rm a  B a ll a n d  M r. 
H o w a rd  B e rgeson  fo r  th e ir  a ssis tan ce  in  th e  la b 
o ra to ry , an d  M rs . K a re n  S ch w artz  fo r  h e r  ex 
ce llen t p re p a ra tio n  o f  th e  m an u sc rip t.

TERYL B. PUTNAM and M. W. MONTGOMERY
Department of Food Science and Technology, Oregon State University

Corvallis, Oregon 97331

Classification of Some Esterases of the 
Green Bean (Phaseolus vulgaris L.)

SUMMARY— Aqueous extracts of green beans hydrolyzed the acetyl, propionyl, and 
n-butyryl esters of glycerol, phenol, sodium 2-naphthol-6-sulfonate and choline. Triolein 
and soluble long-chain esters of sodium 2-naphthol-6-sulfonate were not hydrolyzed. 
Optimum esterase activity occurred at pH 7.2. Three esterases were classified by study
ing the effects of the organophosphorus compounds, diethyl p-nltrophenyl thiophosphate 
(parathion), tetraethyl pyrophosphate (TEPP) and diisopropyl phosphorofluoridate (DFP), 
on the hydrolysis of nine substrates. One esterase, resistant to organophosphorus com
pounds, was classified  as an arylesterase (EC 3 .1 .1 .2 ). The two esterases inhibited by 
organophosphorus compounds were classified as carboxylesterases (EC 3 .1 .1 .1 ).

IN TRO D U CTIO N
AN IM A L ESTERASES have been ex
tensively studied and classified in recent 
years (Augustinsson, 1961; Anonymous,
1961), but relatively m inor attention has 
been devoted to the esterases of plant tis
sues. Studies with starch-gel electrophore
sis indicate that esterases of plant tissues 
are as complex as esterases of animal tis
sues (Jooste et al., 1963; Schwartz et al.,
1964). Recent reports from this labora
tory show that esterases o f the pea (Nor- 
gaard et al., 1968) and the carro t (Ca- 
rino et al., 1968) could be classified ac
cording to their substrate and inhibitor

specificities.
The pea was found to possess six es

terases, five o f them  classified as car
boxylesterases (carboxylic ester hydro
lases, EC 3.1.1.1) and one classified as an 
arylesterase (aryl ester hydrolase, EC 
3.1.1.2) (N orgaard et al., 1968). Investi
gations with the carrot also revealed six 
esterases, four carboxylesterases and two 
arylesterases. In addition, the carrot was 
shown to hydrolyze certain organophos
phorus com pounds (Carino et al., 1968).

Substrate and inhibitor specificities of 
the esterases from  these vegetables were 
quite different. Since the green bean and 
the pea belong to  the same plant family,

Leguminosae, an investigation of the sub
strate and inhibitor specificities o f the 
green bean esterases would allow the es
terases of these two closely related vege
tables to be compared.

M A T ER IA LS  & M ETH O D S
Enzyme preparation

F ie ld  g r o w n , f r e s h ly  h a r v e s te d  g r e e n  b e a n s  
(Phaseolus vulgaris L .,  v a r ie ty  B lu e  L a k e )  
w e r e  r in s e d  in  c o ld  t a p  w a te r ,  c u t  in to  1-in . 
p ie c e s , ly o p h i l iz e d , f lu s h e d  w i th  N s, p a c k e d  
in  c a n s  in  a n  a tm o s p h e r e  o f  N -  a n d  s to r e d  
a t  — 1 8 ° C . D u r in g  ly o p h i l i z a t io n  th e  te m 
p e r a tu r e  o f  th e  h e a t in g  p la te s  d id  n o t  e x c e e d  
3 8 ° C . A n  a q u e o u s  e x t r a c t  o f  th e  d r ie d  b e a n s  
w a s  p r e p a r e d  a n d  t r e a t e d  a s  d e s c r ib e d  b y  
N o r g a a r d  e t  a l .  ( 1 9 6 8 ) .

Substrates
S u b s t r a te s  u s e d  in  th is  s tu d y  a r e  l is te d  in  

T a b le  1. P r e p a r a t i o n ,  s o u r c e  a n d  c o n c e n t r a 
t io n  o f  th e  s u b s t r a te s  w e r e  id e n t ic a l  to  t h a t  
d e s c r ib e d  in  a n  e a r l i e r  p u b l ic a t io n  ( N o r g a a r d  
e t  a l . ,  1 9 6 8 ) .
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Inhibitors
Diethyl p-nitrophenyl thiophosphate (para- 

thion) at least 95% pure, diisopropyl phos- 
phorofluoridate (DFP) and tetraethyl pyro
phosphate (TEPP) were obtained from K & 
K Laboratories. These inhibitors were pre
pared in 1% (W/V) Triton X-100 (Rohm 
and Hass) by the method described by Nor- 
gaard et al. (1968).

Assay procedure
The manometric assay procedure of Nor- 

gaard et al. (1968) was used with the excep
tion that the calculated pH (Umbreit et al., 
1964) of the reaction mixture was 7.2.

R E S U L T S  & D I S C U S S I O N

Substrate specificity
Esterase activities of the green bean 

extracts toward the various substrates used 
in this study are presented in Table 1.

Table 1—Activity of green bean extract on 
various substrates

S u b stra te

F in a l 
co ncen 

tra tio n  in  
reac tio n  
m ix tu re , 

M
A ctiv ity ,

u n i ts 1

T riace tin 0 .023 2 .0 3
T rip ro p io n in 0 .1 0 2 .9 8
Tri-H -butyrin 0 .1 0 0 .9 3
T rio le in 0 .0 5 0 .0 1
P heny l ace ta te 0 .1 0 3 .3 9
P henyl p ro p io n a te 0 .1 0 4 .9 1
Phenyl « -b u ty ra te 0 .1 0 4 .0 2

S o d iu m  2 -naph tho l-6 -
su lfo n a te  esters

acety l 0 .0 0 6 0 .6 1
p ro p io n y l 0 .0 0 6 1 .26
«-bu ty ry l 0 .0 0 6 1 .3 4
«-hexyl 0 .0 0 6 0 .0 0
n-octy l 0 .0 0 6 0 .0 0
n-decyl 0 .0 0 6 0 .0 0

A cety lcho line  io d id e 0 .1 0 0 .1 7
P ro p io n y lch o lin e  io d id e 0 .01 0 .0 5
n -B utyry lcho line  io d id e 0 .0 1 0 .0 9

1 O ne activ ity  u n it is  one m ic ro eq u iv a len t o f  
su b s tra te  h y d ro ly zed /m in /m l o f  b ean  ex trac t.

Since prelim inary studies with triacetin 
and a titrim etric procedure indicated pH
7.7 as the optim um pH  for the hydrolysis 
of this substrate by the bean extract, pH
7.7 was used in the substrate specificity 
studies. Later studies revealed the pH  op
tim um  to be closer to pH  7.2 than 7.7. 
Activities varied widely among the differ
ent groups of substrates and within the 
groups.

Acetyl, propionyl and butyryl esters of 
each substrate group were hydrolyzed, 
while triolein or the soluble long-chain 
esters of sodium 2-naphthol-6-sulfonate 
were not hydrolyzed. This suggests the ab
sence of enzymes capable of hydrolyzing 
insoluble long-chain triglycerides, lipases

(glycerol ester hydrolases, EC 3.1.1.3), 
and soluble long-chain arom atic esters in 
the bean extract. However, lipases have 
been reported in several plants (Reed,
1966). Absence of a lipase in the green 
bean extract suggests that the lipase was 
not extracted, not active under the experi
mental conditions used or not present in 
green beans.

Propionyl esters were hydrolyzed more 
rapidly than acetyl and butyryl esters of 
glycerol and phenol, whereas activity in
creased as the acyl chain length was in
creased from  acetyl to  butyryl esters of 
sodium 2-naphthol-6-sulfonate. Phenyl es
ters were hydrolyzed at a faster rate than 
the triglycerides, naphthyl and choline es
ters. Interestingly, as the polarity of the 
alcohol moiety of the substrates increased, 
the activity decreased. This is in agree
ment with Dixon et al. (1964), whc pos
tulated that van der Waals forces played 
a m ajor role in enzyme-substrate binding 
of horse liver carboxylesterase. Similar 
results were reported for the pea (Nor- 
gaard et al., 1968) and the carro t (Carino 
et al., 1968).

Choline esters were hydrolyzed only 
slightly by the green bean extract. Jansen 
et al. (1947) reported the hydrolysis of 
acetylcholine by citrus acetylesterase, and 
choline esters were hydrolyzed by wheat 
germ esterase (M ounter et al., 1962). 
N either of these esterases was sensitive to 
eserine. Acetylcholinesterase was reported 
in the fruit of Green H ubbard, flavedo of 
three citrus fruits, and orange and lemon 
albedo. This activity, however, was not 
affected by 1CL5 M  D F P  and was slightly 
stimulated by 10~5 M  eserine (Schwartz 
et al., 1964). By definition, cholinesterases 
are inhibited by 1CL5 M  of both D F ?  and 
eserine (Augustinsson, 1961). Therefore, 
it is questionable whether plants possess 
a cholinesterase, and the activity noted in 
Table 1 with the choline esters was prob
ably due to  esterases other than cholines
terases.

Effect of pH

Although a preliminary study was made 
on the effect of pH  on the hydrolysis of 
triacetin by the green bean extract, a more 
detailed study was desirable, using the 
m anom etric assay procedure. Concentra
tions of sodium bicarbonate buffers in the 
reaction mixtures were varied to  obtain 
the desired pH  (U m breit et al., 1964).

The results (Figs. 1 and 2) show the 
pH  optim um was approximately 7.2 for 
the five substrates used in this study. The 
increased hydrolysis of triacetin at the 
higher pH  conditions could have been due 
to basic hydrolysis or to an enhancem ent 
of the catalytic effect of one or m ore es
terases by hydroxyl ions. Bergmann et al. 
(1958) described such a catalytic effect 
with the hydrolysis of p-nitrophenyi ace-

Fig. 1— Effect of pH on the hydrolysis of 
phenyl acetate, □ -------□ and phenyl pro
pionate o------ O by green bean extract.

pH

Fig. 2— Effect of pH on the hydrolysis of
triacetin O-------□, tripropion O ------- O,
and tributyrin A-------A by aqueous extract
of green bean.

tate by a C-esterase from  hog kidney. The 
pH  optim um  of 7.2 for esterases of green 
beans is similar to  that of 7.0 for the pea 
esterases (N orgaard et al., 1968) and 6.8 
to 7.2 for carrot esterases (Carino et al.,
1968).

Inhibitor specificities
Since esterases show considerable over

lapping of substrate specificities, these en
zymes cannot be differentiated and classi
fied on the basis of substrate specificities 
alone. Sensitivity to various inhibitors has 
been the basis for classification of the 
animal esterases (Augustinsson, 1961). 
Aldridge (1953) distinguished two serum  
esterases hydrolyzing the same substrate 
by their sensitivity to  organophosphorus 
inhibitors. A  sigmoid curve was obtained 
when activity was plotted versus the neg
ative log10 of the m olar inhibitor concen
tration (p i) ,  indicating that one esterase 
was inhibited. Since inhibition did not 
reach 100% , the serum  also contained an 
esterase resistant to the inhibitor.

Double sigmoid curves also have been 
obtained (M yers et al., 1957), suggesting
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Fig. 3— Inhibition by various parathion 
concentrations of the hydrolysis of acetyl
(A-------A), propionyl ( o -------O ), and
butyryl ( □ -------□) esters of phenol (A),
glycerol (B ), and 2-naphthol-6-sulfonate 
(C) by green bean extract, pi is the nega
tive log10 of molar inhibitor concentration.

Fig. 4— Inhibition by various TEPP concen
trations of the hydrolysis of acetyl
(A-------A), propionyl Co ---------O ), and
butyryl ( □ -------□) esters of phenol (A),
glycerol (B ), and 2-naphthol-6-sulfonate 
(C) by green bean extract, pi is the nega
tive logM of molar inhibitor concentration.

Fig. 5— Inhibition by various DFP concen
trations of the hydrolysis of acetyl
(A-------A), propionyl ( -------O), and
butyryl ( □ -------□) esters of phenol (A),
glycerol (B ), and sodium 2-naphthol-6- 
sulfonate (C) by green bean extract, pi is 
the negative lo gw of molar inhibitor con
centration.

that two esterases with different inhibitor 
sensitivities hydrolyzed the same sub
strate. Esterases with similar substrate and 
inhibitor specificities would not be differ
entiated by this procedure.

Curves showing the inhibition of the 
esterase activity of the aqueous extract of 
green beans by parathion, TE PP and 
D FP are presented in Figs. 3, 4 and 5. 
In  general, double sigmoid curves were 
obtained when the p i of parathion was 
plotted against percent inhibition of the 
green bean esterases (Fig. 3 ). This indi
cates the presence of at least two ester
ases, active toward these substrates and 
inhibited by parathion. The most sensi

tive esterase was inhibited between p i 8 
and 5 of parathion. As shown by the 
am ount of inhibition at p i 5, this esterase 
dem onstrated a greater specificity toward 
the phenyl esters (Fig. 3A) than with the 
other substrates (Figs. 3B and 3C ). The 
second esterase was inhibited between p i 
4 and 1 of parathion and was more spe
cific for the triglycerides.

These esterases hydrolyzed all the 
phenyl esters at the same ratio, as shown 
by the nearly parallel lines in Fig. 3A, 
but dem onstrated various acyl chain 
length specificities with the triglycerides 
and esters of sodium 2-naphthol-6-sul- 
fonate. The more sensitive esterase was

most specific for the propionyl esters of 
glycerol and sodium 2-naphthol-6-sulfo- 
nate than the acetyl and butyryl esters 
(Figs. 3B and 3C ).

Inhibition curves in Fig. 3 did not reach 
100% inhibition. In  Figs. 3A and 3B, the 
curves appear to approach 100% inhibi
tion at p i 1 and might have reached com
plete inhibition if higher concentrations of 
parathion had been possible. In Fig. 3C 
the inhibition curves for the propionyl and 
butyryl esters of sodium 2-naphthol-6-sul- 
fonate appear to  level off at 80 to 85% 
inhibition, while that of the acetyl ester 
of sodium 2-naphthol-6-sulfonate plateaus 
at 70%  inhibition. This suggests the pres
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ence of a third esterase ir the green bean 
extract that was resistant to parathion 
and active on the naphthyl substrates, par
ticularly the acetyl ester.

F urther substantiation of the presence 
of an organophosphorus resistant esterase 
in the extract is shown in Figs. 4C and 
5C. Figure 4C reveals an esterase specific 
for the naphthyl esters, which was not 
inhibited by TE PP at p i 3, but was in
hibited at p i 2. Figure 5C indicates that 
the esterase was resistant to D FP  at p i 2. 
Approximately 20% of the activity to 
ward the acetyl ester, and 10% toward 
the propionyl and butyryl esters of so
dium 2-naphthol-6-sulfonate was due to 
this esterase. Since 100% inhibition was 
obtained in Figs. 4A, 4B, 5A, and 5B, 
this resistant esterase did not hydrolyze 
the phenyl esters or the triglycerides.

Figures 4 and 5 do not show the double 
sigmoid curves as found in Fig. 3. This 
indicates that T E PP  and D FP did not 
inhibit the organophosphorus sensitive es
terases as selectively as parathion. A p
proximately 100% inhibition was reached 
with the phenyl esters and triglycerides at 
p i 4 of T E PP  (Figs. 4A and 4B ), while 
the same inhibition level required a 10- 
fold higher concentration o f D F P  (Figs. 
5A and 5B ). Therefore, the organophos
phorus sensitive esterases of the bean ex
tract appear to be more sensitive to TEPP 
than DFP.

Hydrolysis of the butyryl ester of so
dium 2-naphthol-6-sulfonate was more re
sistant to lower concentrations of organo
phosphorus inhibitors than the acetyl and 
propionyl ester of this alcohol (Figs. 4C 
and 5C ), dem onstrating that the more 
sensitive esterase does not hydrolyze the 
butyryl ester as readily as the shorter acyl 
chain naphthyl esters.

Discussion

Three different esterases were dis
tinguished by means of substrate and in
hibitor specificity studies. O ther esterases, 
having similar substrate and inhibitor 
specificities, m ight have existed in the 
bean extract and would not have been 
dem onstrated by these type of data.

Esterases of animal tissues have been 
classified w ith regard to substrate and in
hibitor specificities (Augustinsson, 1961; 
Anonymous, 1961). Carboxylesterases, 
formerly known as ali-esterases or B-es- 
terases, are those enzymes which hy
drolyze both aliphatic and aryl esters, and 
are inhibited by most organophosphorus 
inhibitors, but not physostigmine. Aryles- 
terases, formerly known as A-esterases, 
are not inhibited by organophosphorus 
inhibitors o r physostigmine, but are in
hibited by p-hydroxymercuribenzoate. 
Arylesterases hydrolyze arom atic esters, 
but normally not aliphatic esters.

The two esterases in the green bean 
extract, which were inhibited by the o r
ganophosphorus inhibitors and hydro
lyzed both aliphatic and arom atic esters 
used in this study, would be classified as 
carboxylesterases. The third esterase, re
sistant to D FP, parathion and p i 3 of 
TEPP, hydrolyzed the naphthyl esters, 
but not the phenyl esters and triglycer
ides. It would be classified as an aryles- 
terase. However, the substrate specificity 
of this esterase would differ substantially 
from  the animal arylesterases, which hy
drolyze phenyl esters, particularly phenyl 
acetate (Augustinsson, 1961).

The arylesterase of the pea (Norgaard 
et al., 1968) had similar substrate specifi
city (hydrolyzing only the acetyl ester of 
sodium 2-naphthol-6-sulfonate) to  that of 
the green bean, however, the pea aryles
terase was inhibited by parathion and 
TEPP. The carro t was reported to contain 
two arylesterases (C arino et al., 1968). 
One of these arylesterases hydrolyzed the 
three short-chain naphthyl esters and 
phenyl acetate. It was also resistant to 
parathion, but not to D F P  and TEPP. 
The other arylesterase hydrolyzed only 
the naphthyl esters, but was resistant to 
D FP  and TEPP, and not to parathion. 
One of the carrot arylesterases probably 
was responsible for the hydrolysis of 
T E PP  (Carino et al., 1968). Therefore, 
on the basis of inhibitor specificity, the 
arylesterase of the green bean appears to 
be different from  the arylesterases of the 
pea and carrot.

Jansen et al. (1948) reported that 5 
X ICE5 M  D FP  inhibited 50%  of the ac
tivity of wheat and citrus arylesterase. It 
is interesting to note that approximately 
the same concentration of D FP  also in
hibited the hydrolysis of the triglycerides 
by green bean esterases (Fig. 5B ). These 
same workers also showed that 50%  of 
the activity of citrus acetylesterase was 
inhibited by ICE6 M  TEPP. Since 1(T5 M  
TEPP was required to inhibit 50%  of the 
activity of green bean esterases toward 
the triglycerides (Fig. 4B ), greer bean 
esterases were more resistant to TEPP 
than the citrus enzymes. But this latter 
difference may have been due to differ
ences in purities of the TE PP prepara
tions. Therefore, the esterases which hy
drolyze the acetate esters of glycerol in 
green beans are similar to those in wheat 
and citrus.

In an extensive study of Solarium tu 
bers, Desborough et al. (1967) found 15 
electrophoretically separable esterase iso
zymes. These authors hypothesized that 
these isozymes were tetram ers composed 
of one, two or three types of monomers, 
and that all possible combinations o f the 
monomers into tetram ers would account 
for the 15 isozymes. Assuming that a sim
ilar situation exists in the green bean, the

three esterases differentiated on the basis 
of substrate and inhibitors specificity 
might be the monomers, which form  the 
tetramers. Unpublished data from  this 
laboratory (V eerabhadrappa et al., 1968) 
show that green bean extract contains 12 
to  13 electrophoretically separable ester
ase activities on  polyacrylamide gel.

Two of the organophosphorus inhibi
tors used in this study, parathion and 
TEPP, are widely used insecticides. The 
effect of these insecticides on esterases of 
intact plants and plant parts used as foods 
is not known. This area should be the 
subject of further investigation.

R E F E R E N C E S
A ldridge , W . N . 1953. S e ru m  es te rases  1. T w o  

types o f  es te rases (A  a n d  B ) hyd ro ly z in g  
p -n itro p h en y l a ce ta te , p ro p io n a te , an d  b u ty 
ra te , an d  a m e th o d  fo r  th e ir  d e te rm in a tio n . 
Biochem. J. 53, 110-117 .

A n o n y m o u s, 1961. “ R e p o rt  o f  th e  C o m m issio n  
o n  E n zy m es o f  th e  In te rn a tio n a l U n io n  o f 
B io ch em istry .” P e rg am o n  P ress , N ew  Y o rk . 

A u g ustin sson , K . B. 1961. M u ltip le  fo rm s o f  
e s te rases in  v e r te b ra te  b lo o d  p la sm a . Ann.
N.Y. Acad. Sci. 94 , 844 -8 6 0 .

B erg m an n , F . an d  R im o n , S. 1958. T h e  effect o f  
p H  v a r ia tio n s  on  th e  ac tiv ities  o f  C -es te rase . 
Biochem. J. 70, 339-344 .

C a rin o , L . A . an d  M o n tg o m ery , M . W . 1968. 
Id en tifica tio n  o f  som e so lu b le  e s te rases  o f  
th e  c a rro t (Caucus carota L .)  Phvtochem. 
7, 1483-1490.

D esb o ro u g h , S. an d  P e lo q u in , S. J . 1967. E ste rase  
isozym es fro m  Solanum tu b e rs . Phytochem. 
6, 989-994 .

D ixon , M . an d  W ebb , E . C . 1964. “ E nzym es,” 
p . 220. A cad em ic  P ress , N ew  Y o rk .

Jansen , E . F „  Ja n g , R . an d  M a c D o n n e ll, L . R .
1947. C itru s  ace ty les te ra se . Arch. Biochem. 
Biophvs. 15, 4 1 5 -4 3 1 .

Jan sen , E , F ., N u ttin g , M . D . F . and  B alls, A . K .
1948. T h e  rev ersib le  in h ib itio n  o f  ace ty l
es te rase  by  d iiso p ro p y l f lu o ro p h o sp h a te  and  
te tra e th y l p y ro p h o sp h a te . J. Biol. Chem. 
175, 975 -987 .

Jo o ste , J. van  d e r W . an d  M o re la n d , D . E . 1963. 
P re lim in a ry  ch a ra c te r iz a tio n  o f  som e p lan t 
c a rb o x y lic  es te r h y d ro lases . Phytochem. 2 , 
263 -2 7 1 .

M o u n te r, L . A . an d  M o u n te r , M . E. 1962. Speci
ficity an d  p ro p e rtie s  o f  w h eat-g erm  este rase . 
Biochem. J. 85 , 5 7 6 -5 8 0 .

M yers, D . K ., T o l, J . W . a n d  de  Jo n g e , M . H . T .
1957. S tu d ies o n  a lies te rases. 5. S u b stra te  
specificity  o f  th e  e s te rases o f  so m e  s a p ro 
p h y tic  m y co b ac te r ia . Biochem. J. 65, 2 2 3 -  
232.

N o rg a a rd , M . J . an d  M o n tg o m ery , M . W . 1968. 
Som e es te rases o f  th e  p ea  (Pisum sativum
L . ) .  Biochem. Biophys. Acta 151, 587 -596 . 

R eed , G . 1966. “ E nzym es in F o o d  P ro cess in g ,”
p. 168. A cad em ic  P ress, N ew  Y o rk .

S chw artz , H . M ., B ied ro n , S. I., vo n  H o ld t, M .
M . an d  R eh m , S. 1964. A  stu d y  o f  som e 
p la n t es te rases . Phytochem. 3, 189-200 .

U m b re it, W . W ., B u rris , R . H . an d  S tau ffe r, J. F. 
1964. “ M a n o m e tric  T e c h n iq u e s .” 4 th  ed ., 
p p . 2 4 -2 6 . B urgess, M in n eap o lis .

M s. re c ’d  3 /2 9 /6 8 ;  rev ised  7 /2 9 /6 8 ;  a cce p te d  
11/ 21/ 68.

T h is  in v es tig a tio n  w as su p p o r te d , in  p a r t ,  by 
P u b lic  H e a lth  Serv ice  R e se a rc h  G ra n t  A M  09306 
fro m  th e  N a tio n a l In s ti tu te  o f  A rth ritis  an d  
M e tab o lic  D iseases.

T ech n ica l P a p e r  N o . 2461, O reg o n  A gricu l
tu ra l E x p e rim en t S ta tio n .



RO S ALITA R. DE LA MAR* and F. J. FRANCIS
D e p a r t m e n t  o f  F o o d  S c i e n c e  a n d  T e c h n o l o g y ,  U n i v e r s i t y  o f  M a s s a c h u s e t t s

Amherst, M a s s a c h u s e t t s  0 1 0 0 2

Carotenoid Degradation in Bleached Paprika
S U M M A R Y — C o m m e r c i a l  s a m p l e s  o f  b l e a c h e d  a n d  n o r m a l  p a p r i k a  w e r e  e x t r a c t e d  w i t h  

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

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

T h e  b l e a c h i n g  t r e a t m e n t  o f  t h e  p a p r i k a  s a m p l e s  r e s u l t e d  i n  a  l o s s  o f  n e a r l y  9 6 %  i n  

t o t a l  e x t r a c t a b l e  p i g m e n t  e x p r e s s e d  a s  b e t a - c a r o t e n e .

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

t i o n  p a t t e r n s  o f  t h e  p i g m e n t s .  M o s t  g r a d e s  o f  p a p r i k a  s h o w e d  a  p r e d o m i n a n c e  o f  d i o l -  

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

T h e r e  w e r e  5 4  a n d  3 7  p i g m e n t s  i s o l a t e d  f r o m  b l e a c h e d  a n d  u n b l e a c h e d  D o m e s t i c  

p a p r i k a s ,  r e s p e c t i v e l y .  O f  t h e  5 4  a n d  3 7  p i g m e n t s ,  o n l y  3 3  a n d  2 1 ,  r e s p e c t i v e l y ,  w e r e  

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

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

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

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

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

t w o  m a j o r  p i g m e n t s .  M o s t  o f  t h e  m o r e  o x y g e n a t e d  p r o d u c t s  a p p e a r e d  t o  p o s s e s s  k e t o n i c  

g r o u p ( s ) .

IN TR O D UCTIO N
PAPRIK A, Capsicum annum, belongs to 
the night-shade family Solanaceae. I t is 
m anufactured from  large, conical fruits 
and can be m ade sweet, semi-sweet, 
mildly pungent or pungent (Lieberman, 
1942; Parry, 1945).

Paprika is being utilized in the United 
States primarily for its coloring property. 
I t contains a fair am ount of vitamin C 
(Jachimowicz, 1941; Suguira, 1938) and 
is a rich potential source of vitamin A 
precursors (Cholnoky, 1937; Floyd, 
1939; Gomolyako, 1937). Paprika loses 
color on storage at a rate influenced by 
storage conditions, variety of pepper, har
vesting conditions and drying tem pera
tures (Lease, et al., 1956a; Van Blaricom, 
et al., 1951). Lease, et al. (1956b), cor
related the tem perature of storage and 
the effect of light w ith the color stability 
of peppers. They also studied the effect 
of drying conditions on the initial color, 
color retention and pungency of red pep
pers. Van Blaricom, et al. (1951), were 
able to control the loss of red color in 
dried and ground cayenne by the addition 
of antioxidants used to  prevent rancidity 
in fats and oils.

It is the practice of some m anufactur
ing firms to hold the dehydrated product 
in cold storage until the final packaging 
operation is completed. Some packers 
wish to merchandise paprika in glass con
tainers in view of its attractive appear-

a P re sen t a d d re s s : D e p a r tm e n t o f  H o m e  E c o 
n om ics R esea rch , A g ricu ltu ra l E x p e rim en t S ta 
tio n , U n iv e rs ity  o f  Id a h o , M oscow , Id a h o  83843.

ance, but the red color turns brown on the 
surface upon exposure to light. The color 
degradation is an im portant problem in 
the spice industry.

Extensive studies have been done on 
the isolation of carotenoid pigments in 
unbleached paprika and in fresh bell pep
pers (Benedek, 1957; Cholnoky, 1937, 
1939, 1954, et al., 1958; Curl, 1962, 
1964; Garcia, 1951; Sacetta, 1960). N o 
known w ork has been done on bleached 
paprika.

This w ork was done to investigate the 
qualitative changes in carotenoid pigments 
afforded by the bleaching process.

EXPER IM EN TA L
The samples used in this study were ob

tained through the courtesy of W. J. Stange 
Co., Chicago, Illinois, and Gentry Division, 
Division of Consolidated Foods, Glendale, 
California.

A severe bleaching process was used. It 
consisted of exposure to sunlight for three 
months in aluminum-lined trays covered with 
Pyrex glass (23 X 34 X 1 in.). The samples 
were then kept in airtight clear glass con
tainers.

Pigment extraction
The extraction procedure was adapted 

from the method of Curl (1962). The sam
ple, usually 250 g, was blended with 50% 
methanol (MeOH) in distilled water, to
gether with magnesium carbonate and 10% 
Celite. After filtering, the filter cake was 
washed three times with 50% MeOH and 
then extracted with acetone until successive 
extracts were colorless. The combined ace
tone extracts were concentrated, extracted, 
with ethyl ether and evaporated under re

duced pressure. The carotenoid preparation 
was then saponified with 20% KOH in 
MeOH and re-extracted with ether. The 
ethereal extracts were evaporated in vacuo.

Pigment fractionation

The fractionation of the carotenoid ex
tracts was done with a counter-current dis
tribution apparatus (CCD). Three solvent 
systems were used: (1) hexane-99%
MeOH, 1.1:1; (2) benzene-hexane-87 % 
MeOH, 1:1:1.15, and (3) hexane-acetone- 
MeOH-water, 1.25:1:1:0.65. All ratios 
are by volume. The concentration of the pig
ments in the CCD tubes was estimated with 
a Hitachi Perkin-Elmer 139 UV-VIS Spec
trophotometer. The optical densities were 
measured at 478 nm where

i%
E = 228

1 cm

and the pigment expressed as all-trans 
,8-carotene.

Column chromatography of fractions

Each fraction was subjected to further 
purification by column chromatography us
ing one part Sea Sorb 43 (Magnesia, F. M. C. 
Westvaco) and one part Super Cel (John- 
Mansville), by weight. The pigments were 
separated in a column (10 X 300 nm) using 
a graded series of eluants for each fraction. 
For carotenes or hydrocarbons, 14, 20, 30 
and 45% benzene in hexane was used; for 
diols, monoepoxide diols and diepoxide diols, 
3.5, 5, 7, 10, 15, 25 and 30% EtOH in hex
ane; for polyols, the same eluants were used 
as for diols starting at 7% and going up to 
50%. The eluates were evaporated under re
duced pressure and then taken up with four 
spectra grade reagents—benzene, ethanol, 
hexane and carbon disulfide. The spectral 
characteristics were obtained using a Perkin- 
Elmer 450 UV-Visible-NIR Spectrophotom
eter and a Turner Model 210 Spectro. All ab
sorption measurements were done in the vis
ible region (350 to 750 nm).

Chemical tests
1. Sodium borohydride reduction of ke

tonic carotenoids.
The carotenoid pigment dissolved in 95% 

ethanol was kept overnight in the refrigerator 
after several crystals of NaBH« were added. 
It was extracted with ether, washed several 
times with distilled water and then evapo
rated under reduced pressure. Any hypso- 
chromic shift in absorption maxima is indica
tive of the presence of ketone group (s), con-
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current with a considerable decrease in color 
intensity (Curl, 1962).

2. Determination of allylic hydroxyls.
The pigment was dissolved in 9 ml metha

nol and 1 ml of concentrated HCI. It was al
lowed to stand for 10 min. An excess of 20% 
KOH in methanol was added. It was then 
diluted with distilled water, extracted with 
ether and evaporated in vacuo. A bathochro- 
mic shift in spectral maxima denotes dehy
dration of allylic hydroxyl(s).

3. Test for 5.6-epoxides.
The carotenoid was dissolved in 5 ml abso

lute ethanol. After the spectral maxima were 
taken, a drop of concentrated HCI was added 
to the solution in the cuvette. The spec
tra were measured again from 300 to 550 
nm. One epoxide group causes a hypsochro- 
mic shift of about 20 nm, two groups about 
40 to 50 nm. There is a decrease of 1 to 2 
nm when epoxides are absent. Another rapid 
qualitative test for epoxide is the HCl-ether 
test. This involved the treatment of an ethe
real pigment solution with concentrated HCI, 
with the formation of a pale or light blue 
color. The degree of blueness indicates the 
number of epoxides present (Krinsky, et al., 
1960; Curl, 1962).

RESULTS & DISCUSSIO N
Total carotenoid content

The pigment content of five different 
grades of paprika is shown in Table 1.

Table 1—Extractable pigment of paprika 
samples expressed as beta-carotene

Sam ple,
G rad e F re sh B leached Loss, %

Total pigment (g/kg)
Domestic 2 2 .0 0 .963 9 5 .6
Supreme American 2 1 .2 0 .8 7 2 9 5 .9
Regal 18.3
Fancy 15 .6
Choice 9 .6 0 .4 2 4 9 5 .6

Domestic paprika contained the greatest 
am ount of pigment (22.0 g /k g ) with 
Choice having the least (9.64 g /k g ). It 
should be noted that the bleaching effect 
accounted for a loss of almost 96%  in 
carotenoid content. The fresh samples 
contained 20 times more pigment than the 
corresponding bleached samples. Visual 
judgments in the degree of redness of 
different grades of paprika received from 
G entry Division (Supreme American, R e
gal, Fancy and Choice I correlated very 
well with the total extractable color.

CCD fractionation of 
carotenoid pigments

The carotenoid preparations were frac
tionated in the CCD apparatus using Sol
vent System 1 (hexane-99%  MeOH, 
1 .8 :1 ). This system separated the pig
ments into fractions— diol-polyol, monol 
and hydrocarbons (Fig. 1). The fraction
ation of Supreme Am erican  carotenoids 
showed the predom inance of diol-polyol

F/g. 1— Distribution of carotenoid pigments 
in paprika.

fraction and considerably less amounts of 
monols and hydrocarbons. This was also 
observed with Choice and Fancy. How
ever, Regal showed a different distribu
tion pattern by having a far greater 
am ount of hydrocarbons than any other 
fractions.

The carotenoid extracts of Domestic 
paprika were used in the identification of 
pigments. The fractionation of carot
enoids in bleached and unbleached D o
mestic is shown in Table 2. The un-

Table 2—Fractionation of paprika carot
enoids with Solvent System 2 (benzene- 
hexane-87% MeOH, 1:1:1.15 v/v) in a 200- 
transfer run

F ra c tio n

%  to ta l 
c a ro t

e n o id s1 N  v a lu e 2
B leached Domestic p a p r ik a  

I . P olyols 4 .8 5 -6
I I . C a p so ru b in  (m ainly  

cap so ru b in ) 7 .7 22-23
I I I .  D iepox ide  d io ls 14 .6 30-31
IV . M o n o ep o x id e  d io ls 3 8 .4 51-52
V . D io ls 14 .8 •'0-71

V I. H y d ro ca rb o n -m o n o ls 1 9 .6 99
D om estic  p a p r ik a  

I . P olyols 2 .9 8-9
I I . C a p so ru b in  (m ainly  

capso rub in ) 13.9 13-14
I II . D iepox ide d iols 5 0 .2 24-25
IV . M o n ep o x id e  d io ls 7 .1 44

V . D io ls 14.9 61-62
V I. H y d ro ca rb o n -m o n o ls 11.1 98
1 C a lc u la te d  as a ll- tran s  b e ta -ca ro ten e  a t  478

1%
n m , E  =  228.

1 cm
2 T u b e  n u m b er o f  m ax im u m  p e r  100 tran sfers .

bleached paprika contained a large quan
tity of diepoxide diol (50 .2% ) and only 
2.9%  polyol. W hen the sample was 
bleached, a significant decrease in the 
am ount of diepoxide diol (50.2 to 14.6%)

Table 3—Carotenoid pigments found in 
both untreated and bleached Domestic 
paprika ___________

C a ro te n o id
S pec tra l a b s o rp tio n  

m a x im a ,1 nm

I. H y d ro c a rb o n s
1. P hy to fluene 370, 349, 332
2. B e ta -caro ten e 479, 449 (429)
3. Z e ta -ca ro ten e
4. M u ta to c h ro m e-

429, 401, 375

like (450), 426 -7 , 402, 
3 81 -2

II. M o n o ls
5. C ry p to x an th in 476, 447, 428 -9 , 

404, 374
6. C ryp to flav in 451, 427, 403 (386) 

(345)
7. C ryp to flav in 451, 427, 407 (381)

isom er (333)
III . D io l-m o n o ep o x id e  d io ls

8. Z eax an th in 485, 463 (352) (343)
9 . A n th e ra x a n th in (490), 4 58 -9  (430)

IV . D iep o x id e  d io ls
10. C a p san th in
11. C a p san th in

(510), 48 1 -2 , 363

isom er (515), 478
12. K e to -cap san th in (474), 447 (423)

V. C a p so ru b in  frac tio n
13. C a p so ru b in
14. C a p so ru b in

522, 488, 460

isom er (515), 478
15. K e to -cap so ru b in (518), 450

VI. P olyols
16. N eo x an th in -lik e (478), 4 4 9 -5 0  (422)

1 P igm en ts 1 to  5 w ere m easu red  in  sp ec tra  g rad e  
hexane. T h e  re s t o f  th e  p ig m en ts  w ere  in  b e n 
zene. T h e  n u m b er in  p a ren th ese s  d e n o te s  an
in flection  in  th e  spec tra l curve.

was observed, concurrent with an increase 
in the am ount of monepoxide diol (7.1 to 
38 .4% ). The capsorubin fraction de
creased considerably (13.9 to 7 .7% ) 
upon bleaching.

Identification of pigments
The pigments were identified by sum

marization of the countercurrent distri
bution behavior, chrom atographic adsorp
tion properties, spectral characteristics be
fore and after specific chemical tests and 
comparison of the spectral readings with 
values from  the literature.

There were 54 and 37 carotenoids iso
lated from  bleached and unbleached D o
mestic paprika, respectively. Of the 54, 
33 were identified completely or tenta
tively in the bleached samples. There were 
21 known carotenoids in the unbleached 
samples. Sixteen known carotenoids were 
found in both samples (Table 3 ). The 
pigments not com mon to either sample 
are presented in Tables 4 and 5.

It is very apparent that most of the 
pigments in bleached paprika were oxy
genated derivatives possessing hydroxyls 
an d /o r  ketone groups. In the tentative 
identification of some oxygenated pig
ments, additional keto groups, in o r out 
of the conjugated central double bond 
system, were noted. This condition was 
shown by the occurrence of several pig
ments characterized by having a single
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Table 4—Carotenoid pigments found in 
bleached Domestic paprika, but not in the 
untreated sample

C a ro ten o id
S pectra l ab s o rp tio n  

m a x im a ,1 n m
I. H y d ro ca rb o n s

1, A lp h a-ca ro ten e 474, 347 (423)
2. Z e ta -ca ro ten e

' isom er (425), 400-1 , 377-8
3. A lp h a-ca ro ten e -

5 ,6-epoxide 472, 441 (399), 367
4. M u ta to c h ro m e 450, 426 -7 , 403 

(381)
5. 3 -k e to -m u ta to -

ch ro m e 458 (437)
6. 1-5 isom er (460), 440 (413) 

(386)
I I . M o n o ls

7. Iso lu te in -lik e 469,441 (417)
S. iso m e r  o f  11-7 (470), 4 35 -6

III . D io l-m o n o ep o x id e  diols
9. C apso lu te in -like 484-5 , 457 -8 , 4 35 -6

10, A u ro x an th in (433), 410, 385
11. Iso m er o f  11-10 (437), 412, 385

IV . D iepox ide  d io ls 
12. C ap san th in

isom er 476, 363
13. C a p san th in -5 ,6-

epoxide (498), 468 (440)
V . C ap so ru b in  frac tio n  

14. C a p so ru b in
isom er (515), 478, 453

15. C a p so ru b in
isom er 513, 481 (454)

V I. Polyols
16. N eoxan th in -like isom ers

a (470), 441-2
b (472), 446, 419

1 P igm ents 1 to  4 w ere m easu red  in  sp ec tra
g rade  hexane. T h e  re s t o f  th e  p igm en ts w ere in
benzene;

Table 5— Carotenoid pigments found in 
untreated Domestic paprika, but not in the 
bleached sample

C a ro ten o id
S pectra l ab so rp tio n  

m a x im a ,1 nm
H y d ro ca rb o n s

1. M u ta to c h ro m e-lik e  
isom er (449), 428, 404-5  (382)

M ono l-d io ls  
2, H yd ro x y -a lp h a - 

ca ro ten e (472), 440 -1 , 417-8
3. E schscho ltzxan th in - 

like 505, 473, 444
P olyols

4. N eoch rom e-like 455, 427, 404
5. N eoch rom e-like  

isom er 450, 425 (400)
1 P igm en ts 1 to  3, in  hex an e ; 4 an d  5 in  benzene.

maximum which is flattened, wide and 
broad. A nother phenom enon responsible 
fo r this condition is trans-cis isomeriza
tion. In addition, there is a decrease in the 
extraction values.

In most instances, it is impossible to 
isolate all forms of the pigment. There
fore, there is every possibility that the 
pigment occurred as equilibrium mixture 
of isomers. Preliminary studies using thin- 
layer chrom atography revealed the pres
ence of several fluorescing compounds 
from  a single band separated by column 
chromatography. Some irreversible side 
reactions of photoisomerization may con

sist of the production of fluorescent color
less cleavage com pounds (Zechmeister,
1962). M organ (1966), working on the 
carotenoid composition of fresh pineap
ples, observed considerable quantities of 
substances showing strong ultraviolet ab
sorption. H e inferred tha t these substances 
might have been terpenes. W hen resolu
tion of each isomer is attained, its form 
can be detected by iodine catalysis. This 
reaction was not carried out in this work.

Beta-carotene was present in much 
lower relative concentration in bleached 
paprika than in untreated sample. It is 
presumed that most of the /I-carotene had 
been converted into some oxidative reac
tion products, such as /Tapo-8'-, ft-apo- 
10'-, y3-apo-12'-carotenals and some caro- 
tenones. Beta-citraurin is considered a 
natural degradation product of zeaxan- 
thin (Yokoyama, et al., 1966). These pig
ments were not identified in either sample. 
However, the inability to  detect these 
compounds did not preclude their pres
ence in both paprika samples in very low 
concentration.

The diol-monoepoxide diol fraction 
contained antheraxanthin (Fig. 2a) and 
some unknown pigments possessing short

-y y °h

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

m e n t  i n  p a p r i k a :  a ,  a n t h e r a z a n t h i n ;  b ,  

c a p s a n t h i n ;  c, ca p s o r u b i n ;  d ,  c a p s a n t h o l ;  

e ,  c a p s o r u b i n o l ;  f, a l p h a - c a r o t e n e - 5 , 6 -  

e p o x i d e ;  g, m u t a t o c h r o m e ;  h ,  c a p s a n t h i n -  

5 , 6 - e p o x i d e .

chrom ophoric systems as predominating 
carotenoids. The diepoxide diol fraction 
consisted mainly of capsanthin (Fig. 2b) 
and its isomers, as well as its more oxy
genated derivatives. The capsanthin and 
capsorubin (Fig. 2c) fractions contained 
the largest num ber of carotenoids which 
can be regarded as derivatives of these 
two m ajor pigments. The capsanthin frac
tion contained six pigments whose re
duced products are indicative of their 
close chemical relationship with reduced 
capsanthin, capsanthol (Fig. 2d ). The 
compound designated keto-capsanthin 
may have a ketone group out of conjuga
tion with the ethylenic bond in view of 
the positive ketone test and negative tests 
for allylic hydroxyls and epoxides. Only 
three capsanthin isomers, neo A, neo B 
and neo C, have been identified (Zech
meister, 1962). The neo A  and B forms 
are believed to be monocis compounds 
and neo C to be dicis form.

There were five compounds whose re
duced spectra closely resembled that of 
the reduced capsorubin, namely capsoru
binol (Fig. 2e). Only two main isomers of 
capsorubin were identified, the neo forms 
of A  and B. Both forms seem to be m ono
cis compounds. The com pound desig
nated keto-copsorubin may have a ke
tone group out of conjugation w ith the 
ethylenic bond, as suggested by the lack 
of a hypochromic shift in the reduced pig
ment. The single maximum at 450 nm 
with the lack of fine absorption peaks also 
suggested the presence of a ketone group 
out of conjugation.

Few epoxide carotenoids were isolated 
in both samples. Except for the presence 
of alpha-carotene-5,6-epoxide (Fig. 2 f), 
m utatochrom e (Fig. 2g) and mutato- 
chrome-like pigments, auroxanthin-like 
carotenoid, cryptoflavin, neoxanthin, and 
capsanthin-5,6-epoxide (Fig. 2h ), no 
other epoxide carotenoids were isolated. 
As far as the authors are aware, no cap
sorubin epoxide has ever been reported.

Several pigments identified by Curl 
(1962) in fresh red bell peppers, were not 
found in either sample. These are cryp- 
tocapsin, P-482 (a  d iol), capsolutein-5,6- 
epoxide and its furanoid form, mutatox- 
anthin, violaxanthin, luteoxanthin, P-441 
(tetrahydrocapsorubinl. capsochrome 
and hydrocapsolutein-5.6-epoxide.

The com pounds in T ab 'es 3, 4 and 5 
were all tentatively identified by name or 
as an isomer of another pigment. There 
were in addition 21 compounds in the 
bleached paprika and 16 in the normal 
samples which were not identified. D ata 
on countercurrent position, column color 
and position, spectra, presence of keto, 
allylic hydroxyl, double bonds, etc. for 
these compounds, as well as m ore detailed 
data for the identified compounds, are 
available in the original thesis. (M ar,
1967).
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A Research Note
Sulfhydryl Content of Excised Chicken Breast Muscle

during Postmortem Aging
IN TR O D U C TIO N

CH EM ICA L changes in postm ortem 
sekletal muscle have been described and 
correlated with onset of rigor mortis 
(W hitaker, 1964). However, the chemi
cal reactions responsible for postmortem 
tenderization have not yet been eluci
dated.

It has been reported that the muscle 
of broilers is more tender if rapidly 
cooked within a few minutes of post
mortem than if cooked at an intermediate 
time before aging is completed (Koonz 
et al., 1954 and de Frem ery et al., 1963). 
Thus muscle that is tender initially, be
comes tough, then becomes tender. The 
possibility that these postm ortem changes 
in tenderness are related to the sulfhy-

dryl-disulfide composition of muscle is 
attractive.

Chajuss et al. (1962) proposed that 
conversion of protein sulfhydryl groups 
to disulfide bonds m ay confer stained con
figurations on muscle proteins and stabi
lize the rigor state. In support of this pro
posal they reported observations of de
creases in thiol concentration in excised 
chicken muscle aged in air at 25 -2 7 °C; 
nitroferricyanide was used to measure 
sulfhydryl content.

Gawronski et al. (1967) from  the same 
laboratory utilized polarographic analyses 
of thiols to determine sulfhydryl and di
sulfide concentrations in chilled excised 
chicken breast muscle during aging. They 
reported a significant decrease in thiol 
concentration at 30 min postm ortem  only.

During aging that extended to 24 hrs the 
sulfhydryl and disulfide concentrations re
mained unchanged. N o other data were 
reported on changes which could have 
occurred during the first hour. Onset of 
rigor mortis in chicken breast muscle oc
curs 2 to 4 hrs postm ortem  (de Frem ery 
et al., 1960) and significant changes in 
tenderness occur by 6 hrs postm ortem  
(Koonz et al., 1954 and Pool et al., 
1958). The time from  0 to 6 hrs post
mortem encompasses the prerigor state of 
chicken muscle, rigor mortis, and the de
velopment of tenderness.

We wish to  report results of tests de
signed to determine whether sulfhydryl 
groups are involved in these early post
m ortem changes.
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TIME POSTMORTEM, MINUTES.
Fig. 1— Sulfhydryl concentration of excised chicken muscle as a function of time 
postmortem. Graph lines represent tne results of least-squares calculations; verti
cal lines represent two standard deviations.

EXPERIM ENTAL
JX COMMERCIAL broilers ranging in 
veight from 1.52 to 2.68 kg were electrically 

stunned and slaughtered by bleeding. For 
each bird, the outer breast muscles (pec- 
toralis superficialis) were removed and cut 
into eight portions. The first, or zero-time 
sample, was taken 5 min after initiation 
of bleeding. The seven remaining portions 
were placed in a plastic bag and aged in 
ice for various periods. Initial and aged 
samples were frozen in liquid nitrogen and 
stored at —196°C for analysis at a later 
time.

Frozen tissues and dry ice were pulverized 
in a Waring blender. That portion which 
passed a twenty-mesh sieve was taken for 
analyses. Dry ice was sublimed at — 20 °C 
and the frozen tissue was homogenized in 
cold water; homogenates were maintained 
at 0°C. The procedure was replicated for 
six birds.

5,5'-Dithiobis-(2-nitrobenzoic acid) was 
chosen for sulfhydryl group analyses be
cause of its high specificity (Ellman, 1959). 
This aromatic disulfide is reduced by sulf
hydryl groups to the corresponding aro
matic thiol, which is measured spectrophoto- 
metrically. The reagent was used to measure 
sulfhydryl content according to the modifica
tion of Jocelyn (1962), whereby total and 
nonprotein sulfhydryls are determined in the 
presence of each other by varying the pH 
and disulfide concentration. Nitrogen was 
determined by the Kjeldahl method. All 
tissues from one bird were analyzed on the 
same day. Both sulfhyryl and nitrogen 
analyses were carried out in duplicate.

RESULTS
RESULTS summarized in Figure 1 reveal 
no significant changes in total or non
protein sulfhydryl concentrations during 
the first 6 hr postmortem. Average con
centration of 1.34 and 0.61 //.moles sulf
hydryl per mg nitrogen were observed 
for total and nonprotein sulfhydryls, re
spectively. Analysis of variance indicates 
that population means at various times 
postmortem do not differ significantly at 
the 5% level of probability. Experimental 
conditions were similar to those reported 
by Gawronski et al. (1967) except for the 
method of sulfhydryl analysis; the value 
for total sulfhydryl concentration is of 
the same order of magnitude as the ini
tial or zero-time value reported by these

workers. We were unable, however, to 
confirm their observations of decreases 
in sulfhydryl content. W e cannot explain 
these differences. But the presence of 
other redox com pounds is known to in
fluence analysis o f sulfhydryl content by 
either the ferricyanide or polarographic 
methods (Cecil et al., 1959). As both 
onset of rigor mortis and initiation of 
tenderization occur during the tim e period 
included in our experiments, data sum
marized in Figure 1 do not support the 
postulate of a correlation between sulf
hydryl concentration and rigor or tender
ization.
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Nicotinamide and Nicotinic Acid in Color Preservation of Fresh Meat

SUMMARY— Nicotinamide (NAm) protected the metmyoglobin (MetMb), reducing ac
tivity and oxygen consumption of ground beef or pork on refrigeration or freezer storage. 
Nicotinic acid (NA) increased MetMb in aerobically refrigerated ground meats, while 
NAm, particularly in combination with ascorbic acid, decreased it. In model system s and 
meats, hemochrome formation occurred with reduced myoglobin and either NA or NAm, 
but more readily with NA and at lower pH values. No hemochrome was formed in 
aerobically stored meats with NA or NAm, even with ascorbic acid present. Anaerobic 
conditions gave hemochromes, but only at the higher concentrations and lower pHs 
tried. The implication of these findings to color protection in fresh meats is discussed.

IN TR O D U C TIO N
N IA C IN , OR nicotinic acid (N A ), has 
been patented for use as a preservative of 
the red color in meats. Coleman et al. 
(1949, 1951) describe the form ation of a 
red reaction product of N A  and myo
globin (M b). The am ount recommended 
is 0.3 g /lb  of meat. I t was used com m er
cially at one-tenth of this level. Side ef
fects (general vasodilatation with flush
ing and itching) result from  ingestion of 
50 to 100 mg NA. Nicotinam ide (N A m ), 
on the other hand, does not produce such 
side effects (Press and Yaeger, 1962). 
N A m  would therefore be preferable to 
NA for use in meats, provided it gives 
com parable color protection. A t present, 
neither N A  or N A m  is allowed in meats 
subject to federal regulations (Bennett,
1968).

Coleman et al. (1951) do not identify 
the red reaction product. It may be pre
sumed to be a hemochrome, possibly a 
mixed hem ochrome as described by Lem
berg and Legge (1949) with N A  attached 
to one side of the porphyrin iron and 
globin to the other. NAm  as well as NA 
forms hemochromes. O lcott and Lukton
(1961), working with pure heme in model 
systems, reported hem ochrome formation 
at lower concentrations of NAm  than of 
other bases tried. Brown and Tappel
(1957) ascribed pink pigments of canned 
tuna to  hemochrome form ation with N A m  
derived from  nicotinamide adenine dinu
cleotide (N A D ) during the heat treat
ment. Koizumi and M atsum a (1967) con
cluded that the pink color of cooked tuna 
could be improved by adding nitrogenous 
bases, e.g., NAm, and reducing agents to 
the meat, thus increasing ferrohemo- 
chrom e formation. N o direct comparisons 
of hem ochrom e form ation with N A m  ver
sus N A  in meat, or under conditions sim
ilar to those in meat, could be located in 
the literature.

The heme com pound must be in the 
reduced form  to give hemochromes with 
NA or NAm. Coleman et al. (1951) rec
ommended that a reducing agent such as 
ascorbate be used in combination with 
the NA. U nder anaerobic conditions, the 
m eat itself may bring about the necessary 
reduction of metmyoglobin (M etM b) 
through N A D  mediated enzyme systems 
(W atts et al., 1966). NAm, but not NA. 
protects the N A D  in tissues from  destruc
tion by nucleosidase (Severin et al., 1963).

In  view of these properties, N A m  was 
felt to m erit further study in meats. This 
paper reports enzymatic reduction of 
M etM b in ground meats stored with 
NAm, and compares hemochrome form a
tion with the acid and the amide, both in 
model systems and in meat.

M ETH O D S
P r e p a r a t io n  o f  t h e  m e a t ,  m e a s u r e m e n t  o f  

i ts  M e tM b  r e d u c t io n  c a p a c i ty  a n d  th e  r a t e  o f  
o x y g e n  c o n s u m p tio n  in  th e  m e a t  s lu r r ie s  
w e re  d e s c r ib e d  b y  W a t ts  e t  a l .  ( 1 9 6 6 ) .  T h e  
c o n c e n t r a t io n s  o f  a d d e d  N A  a n d  N A m  a re  
e x p re s s e d  a s  m g  % , i .e ., m g  p e r  10 0  g m e a t .  
T h e  a p p r o p r i a t e  a m o u n t  to  b e  a d d e d  to  50  g 
o f  m e a t  w a s  c o n ta in e d  in  1 m l w a te r .  T h e  
c o n t r o l s  h a d  1 m l  w a te r  a d d e d . T h e  a d d i 
t io n s  o f  N A m  f o r  r e d u c t io n  p r o te c t io n  s tu d 
ies w e re  m a d e  im m e d ia te ly  a f t e r  g r in d in g .

T o  s tu d y  h e m o c h r o m e  f o r m a t io n  in  m o d e l  
sy s te m s , h o r s e  M e tM b  ( N u t r i t i o n a l  B io 
c h e m ic a ls )  in  M / 1 0  p h o s p h a te  b u f fe r  w a s  
r e d u c e d  w ith  s o d iu m  h y p o s u lf i te .  H e m o 
c h r o m e  f o r m a t io n  a s  a  f u n c t io n  o f  N A m  o r  
N A  c o n c e n t r a t io n ,  t im e  a n d  p H  w a s  e v a lu 
a te d  b y  th e  r a t i o  o f  a b s o rb a n c e s  a t  5 3 0 /5 7 2
m î.

I n  s to r a g e  s tu d ie s  w ith  r e f r ig e r a te d  m e a ts ,  
3 m g  %  c h lo r te t r a c y c l in e  w a s  u s e d  a s  a  p r e 
s e rv a t iv e , a n d  th e  m e a t  in  5 0  g b a l l s  w as  
h e ld  in  a i r  p e r m e a b le  b a g s  a t  4 ° C  a n d  
a n a ly z e d  f o r  s u r f a c e  M e tM b  a s  d e s c r ib e d  by  
H u tc h in s  e t  a l .  ( 1 9 6 7 ) .  F r e e z e r  s to r a g e  w a s  
a t  — 1 2 ° C . W h e n  i t  w a s  d e s i r e d  to  p a c k  
a n a e r o b ic a l ly ,  th e  m e a t  w a s  f lu s h e d  w i th  n i 

t r o g e n  in  a n  a i r t ig h t  b a g  a n d  te s t  s u b s ta n c e s  
( a s c o r b ic  a c id , N A  o r  N A m )  in je c te d  
th r o u g h  th e  b a g  a s  d e s c r ib e d  b y  W a t ts  e t  a l .  
( 1 9 6 6 ) .  H e m o c h r o m e  f o r m a t io n  in  th e  
s to r e d  m e a ts  w a s  f o l lo w e d  b y  c h a n g e s  in  th e  
K / S  r a t i o  a t  5 3 0 /5 7 2  m M.

RESU LTS
Effect of NAm on reducing activity of 
refrigerated and frozen meats

S t e w a r t  e t  a l .  ( 1 9 6 5 )  h a d  s h o w n  a  d e 
c r e a s e  o f  t h e  e n z y m a t i c  r e d u c i n g  a c t i v i t y  
o n  r e f r i g e r a t i o n  s t o r a g e  o f  g r o u n d  m e a t ,  
b u t  h a d  n o t  w o r k e d  w i t h  f r o z e n  m e a t .  
G r e a t e r  d e c r e a s e s  o c c u r  o n  f r e e z i n g ,  e T 
f o r  a  d a y  ( T a b l e  1 ) .  T h e  lo s s e s  o n  frec-t.-

Table 1—Loss of reducing activity 
on freezer storage

% M etM b  R educed
D ays ------------------------------

frozen 1 -
F resh 43 100

1 17 24
7 10 2

1 R ib  eye o f beef, p H  5.7, 0.1 % fe rricyan ide , 60 
m in .

2 P o rk  ham , p H  6.1, 0.1 % fe rricy an id e , 15 m in .

ing as with refrigeration can be restored 
bv the addition of N A D  after thawing
(Fig. 1).

Fig. 1— Effect of NAD on reducing activity 
of frozen meats. Ground pork frozen 12 
days, pH 6.1, 20.8 mg %  NAD, 0.2 %  
ferricyanide.
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form ation in most samples tested, whereas 
the same concentrations of N A  invariably 
accelerated pigment oxidation.

Ascorbic acid, in the am ount o f 11 mg 
% recommended by Coleman et al.
(1951), decreased M etM b in 10 differ
ent samples of meat, and combinations 
of ascorbic acid and N A m  gave better 
protection than either alone. Ascorbic 
acid added to the freshly ground meat 
reduced the M etM b present and gave a 
bright red surface (M b 0 2). Even with 
NA, the bright red pigm ent was M b 0 2, 
not hem ochrome (Table 4 ). The effects 
noted cannot be attributed to  pH  changes; 
whenever necessary, the pH  of additives 
was adjusted to that of the meat.

Table 4—Percentage of MetMb in the surface 
pigment of ground meat

% M e tM b  a t  
s to rag e  ind ica ted

trea tm en t F re sh 1 day 6 d ays

I. C o n tro l1 2 17 23 47
11 m g  % a sco rb a te 0 6 33
150 m g % N A  +

asco rb a te 0 5 61
150 m g % N A m  +

a sco rb a te 1 0 30

I I . C o n tro l3 3 24
3 days 

33
N A m  6 m g  % 5 30 39

60 m g  % 0 23 31
300 m g  % 0 18 28

N A  6 m g  % 2 22 48
60 m g  % 0 36 65

300 m g % 6 54 70

1 R e frig e ra ted  aero b ica lly  a t  4 °C .
2 G ro u n d  beef, p H  5.7.
3 G ro u n d  p o rk , p H  5.8.

Anaerobic storage. There was no sig
nificant hem ochrome form ation with NA 
below 60 mg % , or NAm  below 150 mg 
% . A t higher concentrations, partial 
hem ochrome form ation was evident with 
both ligands. The ratios increased with 
time. F or a given concentration, higher 
ratios were always obtained with N A  than 
with NAm, as might be expected from 
the results with model systems. Ascorbic 
acid did not increase hem ochrome form a
tion under these conditions (Table 5 ). 
Pork begins to assume a reddish-pink 
color and beef a deeper red with ratios 
above 0.80. The pH  of most locally pur

chased meat was 5.7 or above, and at 
these pHs the am ount of hemochrome 
form ed with N A m  was not visibly detect
able. However, there was visible form a
tion of this hem ochrom e in m eat at pH
5.3.

Table 5—Hemochrome formation with Nam 
or NA and ascorbate acid in anaerobic beef1

K /S 530/572 m M

1 10 13
S am ple day days days

C o n tro l 0 .7 2 0 .7 5 0 .7 2
11 m g % A sco rb ic  acid 0 .7 5 0 .7 5 0 .7 2
60 m g % N A m  +

A sco rb ic  A cid 0 .7 6 0 .7 5
100 m g % N A m  +

A scorb ic  A cid 0 .7 8 0 .7 7 0 .7 5
100 m g  %  N A  +

A sco rb ic  A cid 0 .8 4 0 .9 4 0 .9 0
100 m g  %  N A 0 .8 9 0 .9 2 0 .9 5

1 R e frig e ra ted  a t  4 °C , p H  5.7.

DISCUSSIO N
There seems to  be no justification for 

the addition of N A  to meats. This addi
tive definitely accelerates M etM b form a
tion if the meat is exposed to air. A l
though it forms hemochromes more 
readily than NAm, the concentrations re
quired to give a noticeable reddening, 
even with m eat of low pH, would be ex
pected to have an adverse physiological 
effect.

The case for N A m  is somewhat 
stronger. The fact that it retards loss of 
reducing activity in stored meats, pre
sumably by protecting NAD, could prove 
useful under some conditions. Bailey et al.
(1964) noted that the m eat pigments of 
Ijams cured at 38°F  for 6 days were more 
stable to light in the presence of N A m  
and ascorbate than were those treated 
either with ascorbate alone or with a 
mixture of ascorbate and NA. They sug
gested a protective effect on NAD.

The unattractive purple color of meat 
stored anaerobically may be improved by 
the addition of NAm, but only if the NAm  
is used in concentrations of 60 mg % or 
more and the pH  of the m eat is low. 
There seems to  be no health hazard in the 
use of these rather high concentrations,

but there may be some doubt that the
improvement achieved is sufficient to war
rant such treatm ent.
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Arsenic Residues by Activation AnalysisDistribution of
SUMMARY— Arsenic bearing compounds have been used as insecticides, fungicides and 
herbicides. Wide-spread use of these chemicals could lead to build-up in the soil. De
tection of arsenic requires special apparatus and sophisticated techniques. A method 
using neutron activation analysis was developed that required only drying of samples 
and encapsulation. Using activation analysis, it was found that arsenic was concentrated 
in the root of tomato plants. Data indicated a discrimination within the plant between 
fruit, stems and (eaves, and root. Thus, it was concluded that soil concentrations of 
arsenic would have to be at the level that causes a reduction in fruit size and/or yield 
before fruit concentration of arsenic would exceed the tolerance. This situation is not 
likely to occur at concentrations used for defoliation of horticultural crops prior to me
chanical harvest. Activation analysis could be used to detect microgram quantities of 
arsenic in milligram size samples. The method was precise and repeatable and did not 
require elaborate sample preparation techniques.

IN TR O D U C TIO N
ARSENIC CO M POUNDS are highly 
toxic to all forms of animal life. Recom
m endations for arsenicals as insecticides 
were published as early as 1681 (Robbins 
et al., 1942). Certain arsenic bearing 
compounds are phytocidal and have been 
used as nonselective herbicides (Frear, 
1955). By varying concentrations of ar
senic bearing compounds, these chemicals 
could be used as a fungicide. Lower con
centrations serve to  defoliate plants.

Defoliation may allow more efficient 
use of mechanical harvesters for several 
horticultural crops. However, prolonged 
use of arsenicals for this purpose could 
lead to a build-up in the soil, which could, 
in turn, affect yields. A rnott et al. (1967) 
reported a natural occurrence of arsenic 
concentrations in most soil of from  1 to 
70 ppm.

To determine whether arsenic defo
liants increased residues in plants and 
soils, a study was undertaken at the Ohio 
Agricultural Research and Development 
Center. As a part of this study, the m eth
ods for determining arsenic content were 
investigated. The G utzeit m ethod has 
been used since the early 1930s (AOAC, 
1935). The colorimetric methods and the 
Gutzeit method (AOAC, 1965) require 
special glassware and apparatus, laborious 
and hazardous extraction procedures and 
sophisticated technique. A nother disad
vantage is the interference of certain 
naturally occurring compounds. It seemed 
feasible that activation analysis could be

a P re sen t ad d ress : E n g in ee rin g  E x p e rim en t
S ta tio n . T h e  O hio  S ta te  U n iversity , C o lu m b u s , 
O h io  43210.

used for arsenic determ inations in a more 
simplified and precise manner.

EXPER IM EN TA L
Materials

Tomato plants of the Hybrid O variety 
were grown under greenhouse conditions in 
soil that had been treated for a period of at 
least two years with a commercially avail
able sodium arsenite solution. The plot was 
divided into portions with tomato plants be
ing grown on both the treated and drift por
tions. Tomato plants for untreated controls 
were grown in a separate area.

The plants were harvested for analysis 
when the fruit reached the pink stage. Soil 
samples were also taken at this time with 
the drift soil being taken from the boundary 
between the treated and untreated areas.

Preparation of samples
The plant and soil samples were dried in a 

forced draft oven at 150°C for 2 hr. The 
plant samples were separated into root, stems 
and leaves, and fruit portions. The dried 
samples were then weighed and encapsulated 
in polyethylene containers. Duplicates were 
made of all samples.

Preparation of standards
A series of arsenic standards were made 

using AsoOs (J. T. Baker Co., 99.2% pure). 
One hundred mg of the pentoxide contained 
64.7 mg of As. Aqueous solutions were 
diluted to give standards containing 6.47 X 
10\ 6.47 X 103, 3.24 X 103, X 1-29 x  103, 
6.47 X 102, 64.7, 6.47, 3.23 and 1.29 Mg of 
As. After activation, standards which closely 
approximated the arsenic content of the plant 
and soil samples were used for comparisons 
to determine the arsenic content of the plants 
and soil. In addition, since sodium and 
potassium were present in some samples, so
dium and potassium standards were pre
pared. Samples containing 20.8 mg of so

dium and 25.8 mg potassium, respectively, 
were used.

Irradiation
Samples were irradiated at the Ohio State 

University Engineering Experiment Station’s 
Nuclear Reactor Laboratory. Two facilities 
were utilized for irradiations. The “rabbit” 
(a fast sample insertion and removal facility) 
with a thermal neutron flux of approximately 
2 x  lO^n-crrU'sec"1 was used for high con
centrations and the central irradiation facil
ity with a thermal neutron flux of 2 x  1011 
mcnU-sec'1 was used for low (fig) concen
trations. Exposure times at a reactor power 
level of 10KW were 30 and 60 min, respec
tively, for each facility.

Determination of radioactivity
Immediately following irradiation, samples 

were assayed with a survey meter to deter
mine exposure rate. The samples were then 
placed behind lead shielding for a period of 
at least 24 hr to allow decay of short-lived 
radioisotopes such as 28Al and "Mn. (These 
isotopes are produced from the naturally oc
curring element concentrations in the plants 
and soils and emit gamma rays, which un
necessarily complicate the spectrum of the 
samples.) By waiting for the specified time 
period, the 28A1 (half-life =  2.3 min) and 
the “Mn (half-life =  2.6 hr) were allowed 
to decay to unmeasurably low levels of ra
dioactivity. Since the half-life of 78As, the iso
tope used in this assay, is 26.4 hr a readily 
measurable amount remained after the ini
tial 24 hr waiting period.

The amount of radioactivity induced in 
the plant and soil samples was determined by 
placing the samples near a 3 X 3" N al (Tl) 
scintillation crystal attached to a multi
channel analyzer (Packard Model 15). The 
instrument was calibrated using 51Cr, “ Co 
and “ Co standards. A typical calibration 
spectrum is shown in Figure 1. Since the en
ergy of the gamma rays of these isotopes 
was known, the instrument could be adjusted 
to an energy calibration of approximately 20 
Kev per channel (memory location). For ex
ample, a 1.6 Mev gamma ray would produce 
a peak at about channel 80. A typical cali
bration curve of gamma energy in Mev 
versus channel number is given in Figure 2.

The geometry used for counting both the 
standards and the samples was the same. A 
background was stored in the analyzer mem
ory prior to counting the samples. The count
ing time was determined by the activity of 
the samples; i.e., the lower the activity the 
longer the count, so that a statistically sig
nificant number of total counts was recorded 
in each channel. In general, the counting
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period did not exceed 10 min.
At the beginning of the count the sample 

identification, the geometry, the time, the 
date and counting period were recorded. 
These data were utilized for calculations. All 
counts were analyzed according to the meth
ods described by Jarrett (1946).

Samples were assayed at approximately 24 
hr intervals for periods of at least 4 days. In 
the case of fruit samples, where minute con
centrations were involved, the assay was con
tinued for 10 days. The purpose of continu
ing the assay for this period was to deter
mine the half-life of the radioactivity being 
detected. These measurements were used as 
an additional check that indicated that ;8As 
was indeed the isotope being measured.

Calculations
Comparisons of the arsenic standards in

dicated that the most reliable indication of 
arsenic content was the sum of eight chan-

9 r

b  12 24 36 48 60 72
Channel Number

Fig. 1— Gamma-ray energy calibration 
spectrum.

Fig. 2— Energy calibration curve.

Table 1—Comparison of peak channel 
count per minute versus eight channel 
sum for determining arsenic content of 
standards.

Sum  o f  8
A s co n ten t P eak  ch an n e l channels  

(mg) (cpm ) (cpm )

6 4 .7 0 0  49013 2 2 1 ,5 6 4  
6 .4 7 0 0  4826 2 1 ,2 8 6
0 .6 4 7  549 2 ,213

nels around the gamma peak. This was more 
reliable than using the count per minute 
(cpm) of the peak channel only, as indicated 
in Table 1.

In determining the arsenic content of the 
soil or plant samples, counts due to sodium 
or potassium or both, where applicable, 
were subtracted graphically as in Figure 3. 
Background was removed from all spectra 
prior to graphical subtractions. The remain
ders were replotted for calculation of the 
amount of arsenic in the samples. Thus only 
net counts were used.

Channel Number

Fig. 3— Example of graphical subtraction 
of interfering radiations.

The peak was determined and an eight- 
channel sum was made as in the case of the 
standards. The following equation was used 
since the samples and standards were counted 
in the same geometry:

2 cpm standard: 2 cpm sample ::
wt of As (s td ): wt of As (sample) [1]

By simplification Eq. 1 becomes: 

wt As (sample) =
2 cpm sample [wt of As (std)] . . .  

2  cpm std

Using Eq. 2, the arsenic content of all sam
ples was calculated. These data were con
verted to ppm on a dry weight basis by the 
following formula:

(^g) wt As sample +
(g) wt Sample =  ppm [3]

RESULTS
Soil

Soil samples were irradiated as p re
viously described. A fter graphically sub
tracting sodium from  the drift, treated 
and untreated soil scintillation spectra, it 
was found that a peak was obtained in 
the region of 0.54 Mev. This energy corre
sponds to the gam ma ray of 78AS (H eath, 
1964). The half-life was also determined 
and found to be different for the treated 
and untreated samples at this gam ma 
peak. For the treated samples, the half- 
life (determ ined graphically) was ap
proximately 25 hr and for the untreated 
samples, approximately 36 hr. F rom  these 
data it was concluded that the untreated 
soil samples contained not arsenic but 
some other isotope. The concentrations 
are presented in Table 2.

Table 2—Average concentrations of arsenic 
found in treated and untreated soil samples 
(dry weight basis).

T rea tm en t
A ve. as c o n cen tra tio n  

(ppm )

U n tre a te d < 0 .2
D rift 3 3 1 .0
T rea ted 6 5 4 .0

The data indicated that the arsenic con
centrations on the treated soil samples was 
double the concentration of the drift area. 
It should be noted that the plants grow
ing in the drift area seemed dwarfed 
while the plants from the treated area 
showed definite toxicity symptoms.

Root
A fter activation, spectra from  the root 

samples were similar to those of the soil 
samples, in that an 0.54 M ev gamma peak 
was detected in the untreated samples. 
Again the half-life was longer than that of 
76As. The results are presented in Table 
3.

Table 3—Average concentrations of arsenic 
found in treated and untreated root samples 
(dry weight basis).

T re a tm e n t
A ve. as  c o n cen tra tio n  

(ppm )

U n trea ted < 0 .2
D rift 4 0 0 .0
T  rea ted 1707.0
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The data in Table 3 indicated that 
arsenic accum ulated in the roots in a 
higher concentration than the am ount 
found in the soil. Arsenic was apparently 
accumulated against a concentration gra
dient.

Stems and leaves
The unknown element was also present 

in the stems and leaves of the untreated 
samples. The results of the arsenic con
centrations are reported in Table 4.

Table 4—Average concentration of arsenic 
found In treated and untreated stem and 
leave samples (dry weight basis).

T re a tm e n t
A ve. as  c o n cen tra tio n  

(ppm )

U n tre a te d < 0 .2
D r if t 187 .0
T rea ted 3 3 4 .0

From  the data, it can be seen that the 
arsenic concentration of the stems and 
leaves was greatly reduced. This indicated 
that arsenic remained in the root and. as 
concentration in the root increased, a 
smaller proportion was translocated into 
the stems and leaves. This was probably 
due to the arsenic content reaching toxic 
level and destroying cells involved in ac
tive transport. These data dem onstrate a 
“discrim ination” within the plant.

Fruit
The arsenic concentration in the fruit 

was further reduced as com pared to the 
stems, leaves and roots. These data are 
presented in Table 5.

Table 5—Average concentration of arsenic 
found in treated and untreated fruit samples 
(dry weight basis).

T rea tm en t
A ve. a s  co n cen tra tio n  

(ppm )

U n trea ted < 0 .2
D rift < 0 .2
T rea ted 1 .4

The data from  the fruit samples indi
cated that there was an additional dis
crim ination within the plant. This oc
curred between the stems and leaves, and 
the fruit. Although fruit size and yield 
were greatly reduced, even in the drift 
area, the arsenic concentration in the drift 
area fruit was below the limit o f detect
ability for this method. Arsenic in the 
treated samples was detectable.

DISCUSSIO N
TH E DATA indicated that although ar
senic is phytotoxic, the concentration in 
the soil must be greater than 650 ppm to 
kill tomato plants. A t that concentration, 
the plant still set fruit. These fruit were 
quite small in both size and num ber as 
com pared to the untreated plants but the 
actual arsenic concentration in the fruit 
was 1.4 ppm.

These data also indicated a discrimina
tion within the plant between the root, 
stems and leaves, and fruit. Soil concen
trations of arsenic must be at a level that 
would reduce yields o f tom atoes before 
the FD A  tolerance of 1 ppm is reached 
in the fruit. Reductions of fruit size and 
yield by high arsenic concentrations would 
make the crop unprofitable and. in some 
cases, unmarketable. Concentrations of 
arsenic used as a defoliant are, at least, 
100X less than were encountered in the 
soil samples assayed herein.

By using activation analysis, the ar
senic concentration at which incipient 
toxicity occurs could be pinpointed more 
precisely. This could be accomplished 
with milligram size samples as dem on
strated by this study.

Limits of detectability for the method
Activation analysis can be used for 

arsenic detection. Arsenic was identified 
by the characteristic gamma peak of 0.54 
Mev and its half-life o f 26.4 hr. The 
method is extremely sensitive to 0.2 ppm 
arsenic in less than gram quantities of 
material. It was also dem onstrated that by 
increasing the neutron flux an d /o r  the 
exposure time, minute quantities could be 
detected as in the fruit samples.

Interfering elements, sodium and po
tassium, could be removed through pre
irradiation chemistry. However, this is 
not necessary if appropriate standards are 
used because the spectral interference can 
be subtracted graphically. The simplicity 
involved in the preparation of samples:
i.e., drying only tends to reduce errors in
curred during extraction techniques. It 
also precludes the use of hazardous chem 
icals.

Identification of unknown element
The unknown element present in all 

the samples was identified by the follow
ing methods. The radioactive decay of an 
untreated fruit sample was plotted (Fig. 
4) and indicated the presence of several 
different half-lives, one of which was 
about 36 hr, as indicated by the 36-hr 
slope, which closely approximates the 
slope of the decay curve through three of 
the data points. The presence of a longer 
half-life was also indicated by the data, 
but was not investigated further. The as
sumed 36-hr slope was graphically sub
tracted from the total decay curve and

Fig. 4— Radioactive decay of an untreated 
fruit sample.

yielded a 12-hr half-life slope. The value 
of 12 hr is close to  the value of 15 hr, 
which is given as the half-life of 24Na, an 
isotope known to be present in all the 
samples from  the scintillation spectra.

The energy of two gamma rays from 
an untreated fruit sample (Fig. 5) were 
identified as approxim ately the same en
ergy as gamma rays em itted by 82Br. Since 
the half-life o f this isotope is accepted as

Fig. 5— Untreated fruit sample spectrum  
eight days after irradiation.
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36 hr, an assignment of bromine was 
m ade to the previously unidentified ele
ment. N o effort was made to quantify the 
am ount present. It should be noted that 
the use of bromine as either a fungicide 
or a fum igant is a commercially accepted 
practice in the greenhouse culture of to
mato plants. These data indicated that 
this element could also be detected by 
activation analysis to determine whether 
the concentration was below the federal 
tolerance.

C O NC LUSIO NS
T H E PR IN C IPA L conclusions drawn 
from  this study were as follows:

1. Activation analysis could be used to 
detect m inute quantities of arsenic in soil 
and tom ato plant samples with precision 
and repeatability and without sophisti
cated sample preparation.

2. Soil concentrations of arsenic would 
have to be at the level that causes a re
duction of fruit size an d /o r  yield before 
fruit concentrations would be above the 
FD A  tolerance. This is not likely to oc
cur at the concentrations used for de
foliation of certain horticultural crops 
prior to mechanical harvest.
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