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FROM THE SCIENTIFIC EDITOR

T H R E E  IN N O V A T IO N S  fo r  th e  Journal o f  Food Science in  19 7 2  w ere  
th e  p u b l ic a t io n  o f  •  a rev iew  p a p e r , •  a s y m p o s iu m  p re s e n te d  a t  th e  IF T  
A n n u a l M ee tin g , a n d  •  tw o  S c ie n tif ic  S ta tu s  S u m m a rie s  o f  th e  IF T  E x p e r t  
P an e l o n  F o o d  S a fe ty  a n d  N u tr i t io n . We p la n  to  c o n t in u e  th e se  new  
fe a tu re s  o f  JFS in 1 9 73 .

A s fa r  as o u r  re g u la r  “ b ill o f  f a re ”  is c o n c e rn e d , m o re  th a n  90%  o f  th e  
re se a rc h  p a p e r  m a n u s c r ip ts  p u b lish e d  in JFS in 19 7 2  w e n t th ro u g h  th e  
p u b l ic a t io n  p ro c e s s —fro m  re c e ip t b y  th e  S c ie n tif ic  E d i to r  to  p u b lic a 
t i o n - i n  less th a n  7 m o n th s .

A  to ta l  o f  3 2 4  m a n u s c r ip ts  w ere  s u b m it te d  b e tw e e n  J u ly  1, 19 70  a n d  
J u n e  3 0 , 1 9 7 1 , a n d  4 4 2  m a n u s c r ip ts  w e re  s u b m it te d  b e tw e e n  J u ly  1, 1971 
a n d  J u n e  3 0 , 1 9 72 . S ix issues o f  JFS w e re  s u f f ic ie n t  to  p re v e n t a n y  
b a c k lo g  o f  m a n u s c r ip ts  f ro m  o c c u rr in g  d u r in g  1 9 72 . H o w ev er, if  th e  
n u m b e r  o f  m a n u s c r ip ts  s u b m it te d  c o n tin u e s  to  in c re a se , an  a d d it io n a l issue 
o f  JFS m a y  be r e q u ire d  in  19 73  to  m a in ta in  o u r  p re s e n t  ra p id  p ro cess in g  
a n d  p u b l ic a t io n  o f  re se a rc h  p a p e rs  a n d  p re v e n t an  a c c u m u la tio n  o f  
u n p u b lis h e d  m a n u sc r ip ts .
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T h e  q u a l i t y  o f  m a n u s c r ip t s ,  f r o m  b o th  a s c ie n t i f ic  a n d  l i t e r a r y  p o in t  o f  
v ie w , h a s  im p ro v e d  d u r in g  th e  y e a r .  T h e  r e je c t io n  ra te  o f  m a n u s c r ip t s  is  
a b o u t  2 5 % . M a n y  o f  th e  m a n u s c r ip t s  a re  re je c te d  b e c a u se  o f  t h e ir  p o o r  
c la r i t y  a n d  p re s e n ta t io n . T h i s  p ro b le m  c o u ld  b e  re d u c e d  b y  m o re  c a r e fu l 
p re p a ra t io n  a n d  in -h o u s e  r e v ie w  o f  th e  m a n u s c r ip t s  b e fo re  th e y  a re  
s u b m it te d  to  th e  S c ie n t i f ic  E d i t o r .

T h e  u n su n g  h e ro e s  o f  J F S  a re  th e  m e m b e rs  o f  th e  B o a rd  o f  E d i t o r s  a n d  
th e  r e v ie w e r s , w h o  c o m m it  m a n y  h o u rs  o f  t h e ir  b u s y  s c h e d u le s  to  th e  
re v ie w  o f  m a n u s c r ip t s .  M y  th a n k s  to  b o th  th e  B o a r d  o f  E d i t o r s  a n d  to  th e  
p e rso n s  l is te d  b e lo w  w h o  h a v e  se rv e d  as re v ie w e r s  fo r  o n e  o r  m o re  
m a n u s c r ip t s  d u r in g  th e  p e r io d  o f  J u l y  1, 1 9 7 1  to  J u n e  3 0 ,  1 9 7 2 . I f  
a n y o n e  h a s  b e en  o m it t e d  f ro m  th e  l i s t ,  p le a se  a c c e p t  m y  a p o lo g ie s .
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ABSTRACTS :
I N  T H I S  I S S U E

PREPARATIO N  OF IN STAN T ORANGE JU IC E  B Y  FOAM-MAT 
D RYIN G . R .E . B E R R Y , C .J . W AGNER JR ., O.W. B ISSETT  & M.K. 
VELD H U IS . J. F o o d  Sci. 37, 803-808 (1972)-Factors of interest in 
commercialization of foam-mat dried instant orange juice (10J) were 
studied. These included (1) Drying conditions for commercial concen
trates; (2) Concentrates with unusual properties; (3) Retention of orange 
oil during drying; (4) Rate of moisture removal; and (5) Materials bal
ance. IOJ containing 1.10-1.50% moisture was prepared from commer
cial orange concentrates using 0.45% methylcellulose and temperatures of 
160°F  or less for 12 min on a “ crater-type”  drier. Orange concentrates 
with added cold-pressed peel oil resulted in retention of up to 73% of the 
oil in the dried product. Amount of oil before drying made little differ
ence in initial quality of product but samples without encapsulated oil 
did not have satisfactory storage stability. Measure of product loss during 
drying indicated about 85% orange solids were recoverable as final prod
uct, but most of the losses would be reducible in commercial operation. 
Based on these studies a high quality foam-mat dried instant orange juice 
is commercially promising.

R EC O V ER Y  OF N A TU R A L ORANGE P IG M EN TS-AN  IM PROVED 
METHOD A PPLIED  TO C ITR U S PROCESSING W ASTES. R .E . B E R 
R Y , C.W. WILSON, I I I  & O.W. B ISSETT . J. F o o d  Sci. 37, 809-811
(1972)-A n improved method for purifying pigments was applied to sev
eral different peel materials. The hexane-extracted pigment was dissolved 
in 2-propanol, water added to make 60% 2-propanol, causing precipita
tion of carotenoids which were separated. Previous steps of saponifica
tion, neutralization and extensive washing were superseded. Pineapple, 
Temple and Valencia orange flavedo materials yielded 1009, 812 and 622 
mg pigment/kg starting material, respectively. Other materials yielded 
554 to 232 mg pigment/kg. In flavor studies, using paired comparison, all 
except pigment from Hamlin oranges resulted in acceptable products 
when added to FCOJ.

P R E-FR EEZ IN G  PROCESSING OF GOLDEN D ELIC IO U S A PPLE 
SL IC ES . J.D . PONTING & R. JACKSON. J. F o o d  S c i. 37, 812-814 
(1972)-Golden Delicious apple slices were treated by dipping, soaking or 
vacuum infiltration of solutions containing ascorbic acid or sulfur dioxide 
to protect color, and calcium and/or sugar to maintain firmness. It was 
found that soaking overnight in suitable solutions resulted in a better 
quality frozen product than dipping or vacuum infiltration. Both calcium 
and sugar in the soaking solution increased the firmness of frozen and 
thawed slices and their effects were additive. Enzymic browning of the 
slices could be prevented by either ascorbic acid or sulfur dioxide in the 
soaking solution. These compounds, especially S O ,, caused a decrease in 
firmness at higher concentrations, but at very low concentrations they 
prevented browning with little effect on texture or flavor. The highest 
quality slices after freezing and thawing resulted from soaking in a solu
tion containing 20-30%  sugar, 0 .2-0 .4%  calcium and 0 .2-1 .0%  ascorbic 
acid or 0.02% sulfur dioxide. Very rapid freezing further improved the 
crispness of the slices.

E F F E C T  OF CARBON D IO X ID E ATM OSPHERE ON TH E  COURSE 
OF A STR IN G EN CY D ISAPPEARAN CE OF PERSIMMON (Diospyros 
kaki Linn.) FR U IT S . S. G A Z IT  & I. ADATO. J. F o o d  Sci. 37, 815-817 
(1972)-The absorption curve of methanolic extracts from nonastringent 
and astringent persimmons was determined in the 225-375 mg wave
length range. The height of the absorption peak at 277 m/r was found to 
be directly correlated with the degree of astringency as determined by

tasting. Using this finding, the disappearance of astringency was followed 
in ‘Triumph’ persimmon fruits which had been treated for 0, 1 ,2 , 3, 6, 9, 
12, 18 or 24 hr in a C 0 2 atmosphere, followed by a period of shelf-life. 
Astringency disappeared only when fruit had been in C 0 2 for at least 6 
hr. A decrease in astringency was first observed 12 hr after the end of the
6-hr treatment and the fruit was free from astringency 24 hr after the 
start of the treatment. The rate of disappearance of astringency was the 
same in fruit which had been treated with C 0 2 for 9 hr followed by 
shelf-life and those treated with CO, for more than 9 hr. All these fruits 
lost their astringency approximately 15 hr after the start of treatment.

C A RBO H YD R A TES , O RGAN IC ACIDS AND ANTHOCYANINS OF 
Myrciaria jaboticaba, Berg. L.M . T R E V IS A N , F.O . BOBBIO & P.A. BOB- 
BIO. J. F o o d  Sci. 37, 818-819 (1972)-Glucose, fructose, sucrose, citric 
and oxalic acids were identified in extracts of the fruit from M yrciaria  
ja b o tica b a , Berg. Peonidin and peonidin 3-glucoside were the only antho- 
cyanic pigments present in the fruit skin.

CHANGES IN Q U A LIT Y  AND N U TR IT IO N A L COMPOSITION OF 
FOODS P R E S E R V E D  B Y  GAS EXC H A N G E. T . BESSER  & A. KRAM 
ER . J. F o o d  Sci. 37, 820-823 (1972)-Evacuation of intra-tissue atmos
phere followed by flushing with CO and C2H40  was studied as a means 
for preserving fresh-like quality and nutritive value of mushrooms, sliced 
peaches and ground beef. Because of the fragile nature of these products, 
only partial evacuation was tolerated and oxidative browning by C 2H40  
was not avoided. By use of partial evacuation followed by CO flushing 
and low temperature storage in sealed containers, shelf life of mushrooms 
was extended to 20 days, beef patties to more than 75 days and peach 
slices to more than 60 days. Thiamine retention was improved in mush
rooms and beef patties, and ascorbic acid in peaches. No definite pattern 
was found for any of the gas treatments on protein content or value, or 
total and reducing sugars.

R A N C ID ITY  IN ALMONDS: S H E LF  L IF E  STU D IES . N .E. H A R R IS , 
D .E . W ESTC O TT  & A .S . HEN ICK . J. F o o d  Sci. 37, 824-827 
(1972)-Rancid ity in almonds was studied by storing diced unroasted and 
roasted nuts (1969 and 1970 crops) for periods up to 6 months at 0°F 
and 100°F. Both glazed and unglazed samples were stored in hermeti
cally-sealed cans in air packs and assayed by chemical and sensory meth
ods. Data showed that diced unroasted almonds remained acceptable to a 
consumer panel for 6 months at 100° F . On the other hand diced roasted 
almonds became unacceptable to a technical panel after 3 months at 
100°F. Confectioner’s glaze was of little benefit in protecting diced un
roasted or roasted almonds against sensory detectable rancidity. More
over, it was found that the glaze provided no additional protection to 
almonds embedded in a sweet chocolate confection. Changes in free fatty 
acid, iodine value and moisture content were not useful indicators of 
rancidity in diced unroasted or roasted almonds during storage. However, 
oxygen content of the headspace gas of almonds stored in cans at 100°F, 
as measured by a gas chromatographic technique, agreed well with a 
sensory technical panel in judging quality of almonds.

S U R V IV A L  OF SA LM O N ELLA E AND Escherichia coli DURING TH E 
SPRA Y  D R Y IN G  O F V A R IO U S FOOD PRODUCTS. D .L . M ILLE R , 
J.M. G O EP FER T  & C.H . AMUNDSON. J . F o o d  S c i. 37, 828-831 
(1972)-The effect of spray drying on the survival of Salmonellae in

tv



certain food products was studied. Product temperature during drying 
and powder particle density were demonstrated to be the key factors 
influencing the rate of destruction of salmonellae during spray drying. A 
greater fraction of the contaminant flora remained viable when low dryer 
temperatures were employed and when more dense powders (i.e ., thicker 
crusted particles) were prepared. Interestingly, high fat-containing prod
ucts did not protect salmonellae from destruction during spray drying 
and even seemed to enhance the rate of destruction. Possibly, this is due 
to longer retention of heat in the high fat powders. It is evident that 
spray drying per se cannot be counted upon to supplant adequate pas
teurization and post-drying sanitary procedures.

DATA A N A LY S IS : IN TER B LO C K  AND IN TRA BLO C K  ESTIM A TES  
OF V A R IA N C E ON T A S T E  PA N EL D A TA . M.C. G A CU LA  JR . & J .J . 
KU BA LA . J. F o o d  S c i. 37, 832-836 (1972)—This work was conducted 
to assess the importance of interblock and intrablock information in the 
analysis of sensory panel scores. The data from three studies designed as a 
balanced incomplete block with repetitions was obtained as a model for 
the study. The result shows that the variance is reduced by interblock 
and intrablock recoveries. However, the absolute reduction in variance is 
not large enough to effect changes in the interpretation of result. An 
intrablock analysis of panel scores is therefore sufficient. A numerical 
illustration of the interblock and intrablock analyses of data is presented.

DEH YD RO -IRRAD IATIO N  PROCESS FO R  W H ITE PO M FRET (Stro- 
mateus cinereus): SY N ER G IS T IC  E F F E C T S  O F BLAN CHIN G WITH 
P R ESER V A T IV ES , P A R T IA L  D EH YD RA TIO N  AND LOW DOSE IR 
RADIATION. S .R . AG ARW AL, U.S. KUM TA & A. SREEN IV A SA N . 
J. F o o d  Sci. 37, 837-840 (T9 7 2 )-A  process is described consisting of 
cooking pomfret fillets in 20% brine containing 0.1% propyl paraben for 
5 min at boiling temperature, partial air-dehydration to 35-40%  mois
ture level, packaging under anaerobic conditions and irradiation at 0.5 
Mrad. This product was preserved for more than 4 months at ambient 
temperature when judged in terms of total bacteria and mold counts, 
TMAN, TVBN , T B A , carbonyl value, discoloration and organoleptic 
score.

CHANGES IN Q U A LIT Y  OF CHAN N EL C A TFISH  H ELD  ON IC E  B E
FORE AND A F T E R  PROCESSING. E .K . HEATO N , J. PAG E, J.W. AN
DREWS & T .S . BOGGESS JR . J. F o o d  Sci. 37, 841-844 (1972) — 
Sensory scores and shear press firmness measurements showed significant 
differences in quality associated with fasting vs. feeding and time of 
holding fish on ice (0 -96  hr) before processing. Dulling and graying of 
the raw and cooked fish were apparent after 12 hr and increased with 
holding time. Quality reduction in nonprocessed channel catfish held off 
ice (75° F) for 4 and 8 hr was approximately equivalent to 24 and 48 hr 
on ice. Based on processing characteristics, laboratory data and observa
tions, it was concluded that channel catfish may be held in crushed ice 
for 24 hr and processed into a high quality product. Dressed channel 
catfish retained good quality when held as “ Ice-pack”  for 12 days and as 
“Chill-pack”  for 8 days.

E FFE C T  OF T IM E AND TEM P ER A TU R E  O F SMOKING ON MICRO
ORGANISMS ON F R A N K F U R T E R S . M.G. H E IS Z LE R , A .A . K R A F T ,
C .R . R EY  & R .E . RU ST . J. F o o d  S c i. 37, 845-849 (1972)-The effect 
of different smoking schedules on microorganisms on frankfurters was 
studied. Frankfurters were smoked to internal temperatures of 140°F 
(60°C), 150°F (65.8°C ), 160°F (71.1°C) and 170°F (76 .8°C). Prolonged 
smoking up to 30 min at 150°F (65.8°C) was also investigated. In  gen
eral, survival or growth of organisms during subsequent storage at 5°C 
was inversely related to temperature or time of smoking. Greatest rate of 
reduction of organisms occurred during smoking to 140°F  (60°C) al
though further decreases were observed with heating to higher tempera
tures. Additional advantage of smoking to temperatures up to 170°F 
(76.8°C) was obtained during later refrigerated storage.

BONE D A RKEN IN G  IN FRO ZEN  CH ICKEN  B R O ILER S  AND D UCK
LIN GS. V . HATCH & W.J. STAD ELM AN . J. F o o d  S c i. 37, 850-852 
(1972)-Frozen broilers are characterized by an undesirable darkening of 
the bones. The effect of the following treatments upon darkening was 
determined: freezing rates, thawing rates, cooking method, refrigerated 
aging time, % bone ash, calcium and phosphorous in the femurs, dietary 
calcium level, and microwave preheating of broilers and ducklings. The 
freezing rate did not affect darkening. Cooking directly from the frozen 
condition gave less darkening than rapid or slow thawing. Aging prior to 
freezing for over 5 days gave increased darkening. Birds cooked rapidly 
with microwaves exhibited less darkening than those deep-fat fried. In
creased dietary calcium decreased darkening, but not through increased 
bone calcification. The percentage bone ash of broiler femurs was signifi
cantly less than duckling femurs, but the percentage of calcium or phos
phorous was not different between the species. No darkening occurs in 
ducklings. No significant correlation between bone ash or percentage 
calcium vs. darkening could be shown.

E F F E C T  OF TO CO PHERO L SUPPLEM EN TATIO N  ON T H E  Q U AL
IT Y  OF PRECO O KED  AND M ECH A N IC A LLY  DEBO N ED T U R K E Y  
M EAT. R.W. W EBB, W.W. MARION & P .L . H A YSE . J. F o o d  S c i. 37, 
853-856 (1972)-Large White male and female turkeys were adminis
tered orally or subcutaneously the equivalent of 10 or 100 IU  of alpha- 
tocopheryl acetate (vitamin E ) per pound of ration consumed from 8 wk 
of age to market age. Samples representing turkey breast and thighs and 
mechanically deboned turkey racks were tested for storage stability. 
Tocopherol supplementation was effective in retarding oxidative rancid
ity development during cooking and frozen storage of precooked whole 
turkey parts, and during storage of meat from mechanically deboned 
turkey racks at 5°C. Weekly subcutaneous injections of tocopheryl ace
tate were most effective in retarding rancidity development, but the addi
tion of 100 IU  of tocopheryl acetate per pound of ration was effective 
enough to also warrant its recommendation. Even with these positive 
results, vitamin E  supplementation to the live turkey does not appear to 
be the complete answer in stabilizing mechanically deboned turkey 
(MDT). Samples from turkeys receiving the tocopherol showed off-odor 
and off-color development after only 3 or 4 days of storage at 5°C.

AN EV A LU A T IO N  OF TH E  ARM OUR TEN D ERO M ETER  FO R  AN 
ESTIM ATIO N  OF B E E F  TEN D ERN ESS . R .L . HEN RICKSO N , J .L . 
MARSDEN & R .D . MORRISON. J. F o o d  S c i. 37, 857-859 (1972)-99 
Angus steer carcasses with an average weight of 541 lb were evaluated for 
tenderness of the longissimus dorsi muscle. Breeding, feeding and envi
ronmental treatments of the animals were similar. A ll animals were 
slaughtered soon after their arrival at the plant. The carcasses were ribbed 
after a 24 hr chill at 0°C and tenderometer measurements were made on 
the longissimus dorsi of the wholesale rib. The influence of muscle tem
perature, repeated penetration, quantity of fat, iodine number, fiber 
diameter, degree of fiber kinkiness and Warner-Bratzler shear values were 
evaluated.

E F F E C T  OF CONDENSED PHOSPHATES ON pH, SW ELLIN G  AND 
W ATER-HOLDING C A PA C ITY  O F B E E F . G.W. SH U LTS , D .R . RUS
S E L L  & E . W IER B IC K I. J. F o o d  S c i. 37, 860-864 (1972)-The effects 
of various levels of phosphates ((7.25-1.0%) with and without addition of 
salt (0 .5-10%  NaCl) on pH, swelling and water-holding capacity (WHC) 
(reciprocal of meat shrinkage) were studied using ground loin and round 
muscles of chilled beef. The phosphates studied were sodium salts of 
tripo lyphosphate (TPP), pyrophosphate (PP), hexametaphosphate 
(HMP), metaphosphate (MP) and two blends of commercial phosphates 
Curafos 22-4 (TPP and HMP) and Kena FP-28 (TPP, PP and sodium acid 
pyrophosphate). A ll phosphates, with the exception of MP, increase the 
pH and swelling of the meat. The greatest effect resulted from PP. The 
WHC at 60°, 65° and 70°C heating temperatures was only slightly af
fected when phosphates were added to the meat without salt. However, 
the addition of salt with the phosphates, particularly with PP and TPP, 
greatly increased WHC. A plateau in the increase of WHC was reached
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with the addition of 0.5% phosphates to the meat. When salt is added, 
alone or with the phosphates, a plateau was reached at 3-5%  NaCl addi
tion followed by a decrease in WHC with higher salt concentrations. The 
most effective phosphates for increasing WHC (decreasing the loss of 
natural juices on heating) of beef were PP, TPP and a mixture of % TPP 
and 'A HMP.

E F F E C T  OF FLU C TU A T IN G  STO RA G E TEM PER A TU R ES  ON MI
CROORGANISMS ON B E E F  S H E L L  FRO ZEN  W ITH L IQ U ID  N ITRO 
GEN. C .R . R E Y , A .A . K R A F T  & R .E . RU ST. J. F o o d  S c i. 37, 865-868 
(1972)-Studies were made of the effect of fluctuating temperatures dur
ing holding of frozen beef loins on microbiological quality of retail cuts 
prepared from the loins. Cryovac-packaged loins were shell frozen by 
spraying with liquid nitrogen or completely frozen by conventional air 
blast and then held in insulated containers at varying temperatures repre
senting transport and holding conditions. Changes in environmental tem
perature did not greatly influence heat absorption throughout the frozen 
meat. Steaks from loins frozen by either method had lower bacterial 
counts than did fresh steaks during the first 3 days of storage at 5°C; 
differences were significant. Shell freezing was successful in preserving 
the meat for several days.

E F F E C T  OF CO N TRO LLED  GAS ATM OSPHERES AND TEM PER A 
TU RES  ON Q U A LIT Y  OF PA CKAG ED  PO RK. J .R . ADAMS & D .L. 
HUFFM AN. /. F o o d S c i .  37, 869-872 (1972)-144 boneless pork chops,
1.5 cm thick, were packaged in gas permeable film and allotted at ran
dom to four storage treatments: 2.2°C air; 2.2°C gas (mixture of = 70% 
N2, 25% C 0 2 and 5% 0 2); —2.2°C air; —2.2°C gas for 15 days. Aerobic, 
anaerobic and lactic acid producing bacteria were enumerated at 0, 5, 9 
and 15 days post packaging. Dilutions were made following a 5 min 
washing in 99 ml water on a shaker. Surface area was calculated from 
acetate tracing, and counts were reported as number per cm2. Color was 
evaluated by panel and reflectance spectrophotometry. Overall accept
ability of the cooked chops was evaluated by a taste panel. Aerobic 
counts increased more rapidly and were higher (P < 0.20) at 2.2°C than 
at -2 .2 °C and increased more rapidly and were higher (P < 0.20) in air 
than in gas. At the end of storage, both gas treatments had lower aerobic 
counts than the air treatments. The -2 .2 °C  gas treatment had the lowest 
(P < 0 .1 5 ) aerobic count (slightly greater than the initial count). No 
differences were shown in anaerobic or lactic acid counts for any treat
ment. Color became progressively lighter (P < 0.01) during storage by 
both color panel scores and reflectance measurements. The color panel 
indicated that chops stored at -2 .2 °C  were darker (P < 0.01) than chops 
stored at 2.2°C. Sensory evaluation indicated that chops decreased 
(P <  0.01) in acceptability during storage. Chops stored at -2 .2 ° C were 
least acceptable (P < 0.05).

A N TIO XID AN T E F F E C T  O F PRO TEIN  H Y D R O LY Z A TES  IN A 
FR EEZ E-D R IED  MODEL SYSTEM . S .J. BISHOV & A.S. HEN ICK . 
J. F o o d  S c i. 37, 873-875 (1972)-Protein hydrolyzates derived from 
autolyzed yeast (A YP ) and from acid hydrolyzed vegetable protein 
(HVP) alone and in combination with phenolic antioxidants, a-tocoph- 
erol or butylated hydroxyanisole (BH A), inhibited the autoxidation of 
antioxidant-free corn oil in a freeze-dried model system containing a 
carboxy-methyl-cellulose (CMC) matrix. Inhibition was demonstrated by 
measuring oxygen uptake by gas chromatography of headspace samples 
during incubation at 65°C to the end of the induction period. Several 
commercial samples of both A YP  and HVP were screened for antioxidant 
activity. Those with the greatest antioxidant activity were fractionated 
on a series of molecular sieves. A ll fractions had antioxidant activity, 
with those in the range below 700 and between 700 and 1500 having

greater activity than those between 1500 and 5000. Antioxidant activity 
of hydrolyzate fractions was determined over the range of about 10 to 
50% oil basis in a system composed of 1:1 corn oil and CMC. Maximal 
effect was observed at about 25%. The most active fraction increased the 
induction period by a factor of 10. Synergism was observed in the com
bined effects of A YP  with BHA or a-tocopherol.

SEN SO RY EV A LU A TIO N  USING COMPOSITE CO M PLETE-IN CO M 
P LET E  BLO CK DESIGNS. J .A . C O R N ELL & F.W. KNAPP. J. F o o d  Sci. 
37, 876-882 (1972)-The complete block (CB) and incomplete block 
(IB ) designs presently used for sensory evaluations are inadequate for 
testing and measuring the panelists x  treatments (P x  T ) interaction (the 
difference in magnitude of variations in judgements). This testing is pos
sible with a composite complete-incomplete (C-I) block design in which 
each CB is augmented with an IB ; i.e., some of the samples in the former 
are replicated in the latter. Removal of the P x  T  interaction allows the 
estimation of pure error in the analysis of variance. The use of pure error 
only, when comparing sample effects, leads to a more efficient test than 
can be attained with the CB or IB  designs. The efficiency increases as the 
ratio M.S. S X T  interaction/M.S. error increases, provided the ratio 
remains nonsignificant.

ASCI PRODUCTION B Y  Byssochlamys fulva ON A SYN TH ET IC  M EDI
UM. R .J . H EB ER T  & A .D . LARSON. J. F o o d  S c i. 37, 883-885 
(1972)—A liquid synthetic medium composed of Czapek’s basal salts 
mixture, sucrose (20.0g/l), calcium chloride (5.5g/l), riboflavin (9.0 
mg/1), nicotinamide (100 mg/1), and ascorbate (200 mg/1) supported on a 
dry weight basis asci production to the extent of 30-50%  obtained with 
potato extract sucrose broth (PSB). Asci from the synthetic medium and 
PSB exhibited the same quantitative reaction to heat shock. Asci produc
tion in the synthetic medium was consistent with different spore crops 
when the initial pH was 4.0. Erratic asci production occurred if the initial 
pH was 2.0 or 5.0 or if  glucose was substituted for sucrose.

C H EM ISTRY  OF TH IAM IN E D EG RAD ATIO N . Mechanisms of Thi
amine Degradation in a Model System. B .K . DW IVEDI & R .G . ARN OLD . 
J. F o o d  S c i. 37, 886-888 (1972)-Degradation products of autoclaved 
thiamine-S35 samples were separated by thin layer chromatography and 
quantitated by a Geiger-Mueller chromatogram scanner. At pH 6.0 or 
below, thiamine breaks down at the methylene “ bridge”  between thi- 
azole and pyrimidine moieties, producing 4-methyl-5-((3-hydroxyethyl) 
thiazole and a pyrimidine derivative, probably 2-methyl-4-amino-5- 
hydroxymethyl pyrimidine. Above pH 6.0 small amounts of the pseudo 
base of thiamine and/or the thiol form of thiamine exist along with free 
thiamine. Hydrogen sulfide appears to be the main degradation product 
under these conditions. Some complexes of thiamine are also likely 
formed under these conditions.

GAS CHROM ATOGRAPHIC ESTIM ATIO N  O F TH IA M IN E. B .K . DWI
V ED I & R .G . ARN O LD . J . F o o d  Sci. 37, 889-891 (1972 )-A  gas chro
matographic method for thiamine estimation in food products and 
pharmaceutical preparations has been developed. Thiamine, if  present in 
bound form as thiamine pyrophosphate, is extracted by refluxing the 
sample in 0.1N HC1, followed by enzymatic hydrolysis of the pyrophos
phate group with Takadiastase or Mylase-P. Extracted thiamine is quan
titatively cleaved into 4-methyl-5-(/3-hydroxyethyl) thiazole and a pyrim
idine moiety by incubating the thiamine solution in the presence of 
bisulfite at pH 6.0. 4-Methyl-5-((3-hydroxyethyl) thiazole is extracted
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with chloroform/methanol solvent, converted into its TMS derivative, 
and quantitated by gas-liquid chromatography using a flame ionization 
detector.

M EAT TEN D ERN ESS : A G E R E LA T E D  CHANGES IN BO VIN E IN
TRAM U SCU LAR C O LLA G EN . M. SHIM OKOM AKI, D .F . ELSD EN  & 
A .J. B A IL E Y . J. F o o d  Sci. 37, 892-896 (1972)-Results of a study to 
investigate the changes in the aldehyde-derived crosslinks of intramus
cular and tendon collagen fibres of various bovine muscles with increasing 
age demonstrated that the proportion of crosslinks reducible by borohy- 
dride increased from the foetal stage to reach a maximum at about 1 yr, 
and then gradually decreased. At maturity of the animal the reducible 
crosslinks had virtually disappeared. The solubility of collagen as gelatin 
follows a similar pattern. The results clearly indicated that these reduc
ible crosslinks are labile intermediates in the stabilization of the collagen 
fibre, and the amount present at any given time is directly related to the 
growth rate. The proportion of labile and stable crosslinks present at a 
particular age provides a rational basis for the age related changes in the 
tenderness of meat. Comparison of intramuscular and tendon collagen 
revealed a consistently higher proportion of the more heat stable cross
link intermediates and a lower solubility in the former. No significant 
differences could be detected in the nature or extent of the crosslinking 
of the various active and less active muscles examined. It was not pos
sible, therefore to convincingly correlate the nature of the crosslinks with 
the classification of the muscles according to meat toughness, although a 
tentative relationship with the proportion of the most stable Schiff base 
crosslink was suggested.

EFFEC TS  OF POST-MORTEM AGING AND STRETC H IN G  ON TH E 
M ACROM OLECULAR P R O PER T IES  OF C O LLA G EN . N .E . P F E IF 
F E R , R .A . F IE L D , T .R . V A R N E L L , W.G. K R U G G EL  & I I. K A ISE R . 
J. F o o d  Sci. 37, 897-900 (1972)-Bovine longissimus muscles were 
stretched and/or aged 1 or 21 days. Acrylamide-gel electrophoresis of 
guanidine hydrochloride-soluble intramuscular collagen indicated that 
stretching and aging decreased the number of covalent cross-links. The 
correlation between a  component and shear value was significant 
(P < 0 .0 1 ) indicating that tenderness of meat might be increased by 
reducing the number of covalent cross-links in the collagen network. Heat 
labile collagen yield was not affected by stretching and/or aging, but 
differences in heat labile yield between intramuscular and epimysial sam
ples were significant (P < 0 .0 1 ). The data indicate that tenderness of 
meat is more closely associated with cross-linking of soluble collagen than 
with amount of heat labile collagen.

M O RAXELLA -AC IN ETO BA CTER  AS CONTAMINANTS OF B E E F  
AND O CCURRENCE IN R A D U R IZ ED  PRODUCT. N.P. T IW ARI & R.
B. MAXCY. J. F o o d  Sci. 37, 901-903 (1972)-Food products contain 
gram-negative diplococci and physiologically closely related diplobacilli, 
but the population density has not been determined. These bacteria have 
been identified as belonging to various genera, but the most appropriate 
identification for this work was M ora xe lla -A cin etob a cter. Selective media 
were not usable for these organisms, therefore colonies were picked by 
random design from Trypticase Soy Agar plates. Identification of the 
isolates indicated the frequency of occurrence and allowed calculation of 
the population density. M o ra xe lla -A cin etob a cter accounted for approxi
mately 3% of the total microflora of poor quality ground beef. In high 
quality ground beef these organisms accounted for a greater percentage 
of the total population. When ground beef was stored at 5°C or 25°C 
M oraxella-A cinetobacter grew slower than other members of the micro
flora. Various parts of carcasses and sources of beef were found to con
tain M ora xe lla -A cin etob a cter indicating the organisms were not limited 
to specific parts of the animal. M oraxella  were more resistant than A ci- 
netobacter or most other members of the microflora to radiation. The 
proportion of M oraxella  was therefore increased by radurization (68 
Krad) of ground beef. During storage of radurized ground beef, M o ra x 
ella-A cinetobacter were overgrown by other members of the microfiora.

EM U LSIFYIN G  C A P A C ITY  O F M USCLE PRO TEIN : PHASE V O L
UMES AT EM ULSION C O LLA PSE . J.C . ACTON & R .L . S A F F L E . J. 
F o o d  Sci. 37, 904-906 C1972)—Oil phase volumes at emulsion collapse 
ranged from 72.0 to 81.1% increasing as the concentration of salt-soluble

muscle protein increased from 2.6 to 16.8 mg/ml. Accompanying the 
13% increase in oil phase volume was a 75% decrease in emulsifying 
capacity and an 88% increase in emulsified volume of oil. Examination of 
previous reports of emulsifying capacities of meat proteins showed that 
the collapse point is primarily dependent on the basic method of emulsi
fication.

C ER TA IN  CH EM ICAL AND PH YS IC A L PR O PERT IES  OF HAM MUS
C LE  PORTIONS A F T E R  TH ER M A L PROCESSING. D.G. TO PEL, F .C . 
PA RR ISH  JR ., R .E . RU ST & D.G. WILSON. J. F o o d  S c i. 37, 907-908 
(1972)-F ive normal-to-dark hams and five pale, soft, watery hams were 
boned and separated into three major muscle portions: (I) quadriceps 
femoris; ( I I )  semimembranosus, gracilis and pectineus; ( I I I )  semitendino- 
sus and biceps femoris. These fresh ham portions were subsequently proc
essed through a conventional ham canning operation. The influence of 
muscle portion on percentage moisture, fat and protein was highly signifi
cant. Portion II  was highest in moisture and protein and lowest in fat 
percentage. Conversely, portion I I I  was highest in fat and lowest in pro
tein and moisture. Portion I was intermediate. The muscle portions from 
the pale hams had a higher percentage purge (quantity of fluid released 
into container after heat processing) than did the portions from the 
normal colored hams. Highest percentage purge was found in portion II , 
and, lowest, in portion I I I .  Purge from pale, watery hams was signifi
cantly higher in specific gravity than was the purge from normal ham 
muscles. Significant differences existed for sodium and potassium levels 
in the purge from the three muscle portions, but no significant difference 
was obtained between pale and normal colored muscles.

PORCINE AND O VIN E M YOGLOBIN : ISO LATIO N , PU R IFIC AT IO N , 
C H A R A CTER IZA TIO N  AND S T A B IL IT Y . L .D . S A T T E R L E E  & N Y . 
ZACH ARIAH . J. F o o d  Sci. 37, 909-912 (1972)-Purified myoglobins 
from ovine and porcine muscle were isolated and characterized. Through
out the study both myoglobins were compared to bovine myoglobin. 
Ovine and bovine myoglobin were found to be very similar by their 
behavior during purification and with respect to their amino acid com
position, isoelectric point and stability to acid dénaturation. The oxy- 
myoglobins from all these muscle sources differed in their autoxidation 
rates, whereas all of the myoglobins were equally stable toward heat 
dénaturation. Porcine myoglobin definitely differs from ovine and bovine 
myoglobin in its behavior during purification, its amino acid composi
tion, isoelectric point and sensitivity to acid dénaturation.

E F F E C T  O F C ERTA IN  PH YS IC A L AND CH EM ICAL TREA TM EN TS 
ON TH E  M ICRO STRU CTU RE OF EGG Y O L K . R .J . H A SIA K , D .V . 
V A D EH R A , R .C . B A K E R  & L . HOOD. J. F o o d  Sci. 37, 913-917 
(1972)—The structural changes induced in yolk by various chemical and 
physical treatments were studied by scanning and transmission electron 
microscopy. Scanning electronmicrographs showed that the surface struc
ture of the frozen and concentrated yolk samples was much more “ open”  
than that of normal yolk. Transmission electronmicrographs showed 
changes in both the low density (LD F ) and high density (H D F) fractions. 
The background continuous phase (LD F ) showed a greater disorgani
zation while the electron dense particles (H DF) showed changes in shape 
and organization in both the frozen and concentrated samples. Urea pro
duced changes similar to those caused by freezing, while NaCl tended to 
stabilize the L D F  and break up the HDF particles. Possible alteration of 
the structure of water or the removal of water may result in lipoprotein 
destabilization and aggregation. The photomicrographs suggest that the 
freezing process induces aggregation of the low- and high-density yolk 
lipoproteins. This aggregation results in the formation of a three-dimen
sional structure which entraps large quantities of water, and may result in 
an increased yolk viscosity.

TH E  RELA T IO N SH IP  OF LYSO ZYM E CONTENT OF EGG W HITE TO 
VOLUM E AND S T A B IL IT Y  O F FOAMS. E .A . SA U TER  & J .E . MON- 
TO U RE. J. F o o d  S c i. 37, 918-920 (1972)-Eggs from hens previously 
indexed for lysozyme content of egg white were used to study stability 
and volume of foams. Eggs from individual hens were identified as to 
production date and stored at 3.3°C for up to 8 wk. Eggs were equili
brated to room temperature, weighed, broken out and Haugh Units deter
mined. Yolks and whites were separated; whites from two eggs/hen were 
blended to obtain a uniform consistency. Five /¿liter samples used for
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ABSTRACTS :
I N  T H I S  I S S U E

each foam were subjected to electrophoresis. Fractions were quantitated 
by staining with Ponceau S, eluting and determining optical density at 
540 mg. Similar determinations were made on foam drainage. 60 ml 
samples of egg white were whipped at 336 rpm for 90 sec, foams trans
ferred to funnels, volume determined and foams allowed to drain for 60 
min. Foam volume was significantly less for high lysozyme eggs than for 
low lysozyme eggs (212 ml compared with 265 ml), through 4 wk of 
storage but not thereafter. Foam volume was negatively correlated with 
both lysozyme content (r = -0 .884 ) and with drainage (r = -0 .517). 
Electrophoretic patterns indicate that albumins represent relatively more 
and lysozyme less of the protein in foam drainage than in egg white.

FU N G A L D EC A FFEIN A TIO N  OF RO AST C O FFE E  INFUSIONS. S. 
SCHWIMMER & R .H . KURTZM AN JR . J. F o o d  S c i. 37, 921-924 
(1972)-Caffeine was removed from infusions of both ground and soluble 
commercial roast coffee by fermentation with a caffeine-utilizing strain 
of Pén icillium  cru stosu m . Fungal decaffeination was stimulated by sugars 
and inhibited by organic buffer anions. The rate of decaffeination was 
optimal at pH 4.8. The effect of initial caffeine concentration, initial 
volume and other variables were also examined.

TH E  N A TU RE AND CONFORM ATION O F TH E  CAFFEIN E-CHLO RO - 
G EN A TE CO M PLEX O F C O FFE E . I. HORMAN & R. V IA N I. J. F o o d  
Sci. 37, 925-927 (1972)-Caffeine and the chlorogenate ion form a 
hydrophobically bound »-molecular complex in D2 O with an association 
constant of 16.9 kg (soln) • mole'1 at 40°C as determined by the com- 
plexation-induced displacement of NMR absorptions. The spectra show 
that the complex is formed between the entire caffeine molecule and the 
aromatic ring of the caffeoyl moiety of the chlorogenate ion.

TH ER M A L D ETECTIO N  OF SPO ILA G E IN CANNED FOODS. L .E . 
SACKS & E . M EN EFEE . J . F o o d  S c i. 37, 928-931 (1972)-The heat 
liberated during spoilage of some canned foods inoculated with common 
spoilage bacteria has been monitored by placing thermistors on the tops 
of inoculated cans and a reference can, connecting them to a Wheatstone 
bridge and recording temperature difference as a voltage. Temperature 
increases of 0 .02-0 .07°C were detected during spoilage. Possibilities for 
thermal detection of spoilage of processed foods are discussed. The meth
od would have the advantages of a nondestructive technique, capable of 
detecting spoilage at the time of occurrence. Limitations of the method 
(viz., slow growth at low temperature, with low rates of heat evolution, 
and arrested growth due to exhaustion of essential nutrients, or accumu
lation of metabolic products) are discussed.

Q U A N TITA T IV E  A N A LYS IS  OF BETA CYA N IN S IN R ED  T A B L E  
B EETS  (Beta vulgaris). J.H . VON E L B E , S.H. SY , I.-Y . MAING & W.H. 
GABELM AN . J. F o o d  Sci. 37, 932-934 (1972 )-A  quantitative method 
was developed to determine stability and variability of betacyanins ob
tained from several breeding lines of red table beets. The method em
ploys paper electrophoresis of aqueous beet extracts. Individual bands are 
quantified by determining peak areas with densitometry (550 nm). 
Amounts of pigment(s) are calculated by comparing peak areas of un
known samples to those of known betanin concentrations. Values within 
the range of 2 -9  pg had a standard deviation of 0.4 jug. Recovery of pure

betanin was 98% when added to a sample of raw beet extract. This 
method permits determination of individual betacyanins, which is not 
possible with other existing procedures.

IN F L U E N C E  O F  S E L E C T E D  5 -N U CLEO TID ES ON FLA V O R  
TH RESH O LD  O F O CTAN AL. D .J. S C H IN N ELLER , R .H . DO UGHER
T Y  & R .H . BIGGS. J . F o o d  S c i. 37, 935-937 (1972)-Octanal exhibits 
an orange-like flavor in water at a concentration of approximately 10 
ppb, and is found in fresh orange juice at about 60 ppb. 5'-Nucleotides, 
noted for their flavor-enhancing potential, are relatively abundant in 
orange juice. This study determined the influence of selected S'-nucleo- 
tides on the flavor threshold o f octanal. Ten screened and trained panel
ists evaluated combinations of five concentrations of octanal (0 .1 , 0.3,
1.0, 3.0 and 10 ppb) in six nucleotide (A TP , ADP, AMP, G TD , GDP and 
GMP) solutions, plus a control with octanal only. The nucleotides were 
used at 10 ppm, the approximate concentration of each in fresh juice. 
The flavor threshold in ppb obtained for octanal in distilled water (con
trol) was 1.38. Of the 5'-nucleotidestested, the thresholds for octanal in 
ADP and GMP were significantly lower, 0.85 and 0.86, respectively. ADP 
and GMP are postulated as intensifying orange flavor. GMP has been 
reported to possess flavor-intensifying properties while ADP was reported 
to lack this activity.

C H A R A C TER IZA TIO N  OF LIP ID S FROM SEED S O F TH E  RO SACEA 
FA M ILY . T . G U T F IN G ER , S. ROMANO & A. LETA N . /  F o o d  S c i. 37, 
938-940 (1972)-Composition of fatty acids, sterols and tocopherols in 
lipid extracts from kernels of apricot, peach and almond were determined 
by thin-layer and gas-liquid chromatography. All three oils were com
posed mainly of oleic and linoleic acids and were also similar in the 
composition of sterols ((3-sitosterol was the main component) and in 
squalene content, a-tocopherol was the principal component in the ex
tracts from almond and peach kernels, while y-tocopherol was the major 
tocopherol in the apricot oil. A small amount of 6-tocopherol was de
tected only in apricot oil. Similarities in the oils’ composition make 
possible substitution of the relatively expensive almond oil with apricot 
or peach oils.

ABSO RPTION O F AQUEOUS B IS U L F IT E  B Y  A PRICO TS . A .E . S T A F 
FO RD , H .R . BO LIN  & B .E . M A C KEY . J. F o o d  S c i. 37, 941-943 
(1972)-The sulfur dioxide content of fresh apricots dipped in bisulfite 
solutions was measured and the rate of penetration of the bisulfite deter
mined with the catechol test. These studies showed a linear relationship 
between dip solution concentration and sulfur dioxide content of the 
treated apricots. The rate of bisulfite absorption by apricots was signifi
cantly increased by lowering the pH of the dip solution along with deeper 
penetration of the bisulfite into the fruit during dipping. The pit and cut 
surfaces of the apricots absorb the bisulfite rapidly during the first few 
seconds of immersion, but the rate of absorption diminishes rapidly 
thereafter.

F R E E  AMINO ACIDS IN RAW AND PRO CESSED TOMATO JU ICES  
B Y  ION EXCH AN G E CHRO M ATO GRAPHY WITH A LITH IUM  
C IT R A T E  COLUMN FO R  SEPARA TIO N  OF G LU TA M IN E AND 
A SPARAG IN E FROM TH REO N IN E AND S E R IN E . F .H . STADTM AN.
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J. F o o d  S c i. 37, 944-951 (1972)-Autom atic ion-exchange chromatog
raphy has been used to determine the free amino acids of tomato juice 
before and after processing. A procedure is described for the ion-ex
change separation of glutamine and asparagine from threonine and serine 
using a resin column equilibrated and eluted with lithium citrate buffer. 
In raw tomato juice 31 compounds giving positive reactions with ninhy- 
drin were separated. These include ammonia and 20 identified amino 
acids. The results of this study have been compared with those reported 
in eight other publications. Discrepancies in the various results have been 
discussed in detail.

E FFEC T S  OF SUB-ATM OSPHERIC PR ESSU R E STO RA G E ON R IPEN 
ING O F TOMATO FR U IT S . M .T. WU, S .J. JAD H AV & D .K . SA- 
LUN KHE. J. F o o d  S c i. 37, 952-956 (1972)-Sub-atmospheric pressure 
storage inhibited the ripening of ‘green-wrap’ tomatoes and thus ex
tended the storage life. Inhibition was proportional to the reduction in 
pressure. Physiological changes associated with ripening (e.g.,losses of 
chlorophyll, starch, the formation of lycopene, (3-carotene, flavor, and 
sugar) were delayed. Tomatoes could be stored at 102 mm Hg for 100 
days and then ripened at 646 mm Hg in 7 days.

E FFEC T S  OF FU N G IC ID ES  IN COM BINATION W ITH HOT W A TER  
AND W AX ON T H E  S H E LF  L IF E  O F TOMATO F R U IT . J .A . DOMENI
CO, A .R . RAHMAN & D .E . W ESTCO TT. J. F o o d  S c i. 37, 957-960
(1972)-Ten fungicides were tested by each of three dip treatments: in 
water at room temperature, in hot water and in fruit wax. Storage was 
for 8 wk at 5 0 -5 5 °F . Each treatment was evaluated for effectiveness in 
reducing infection spread, controlling causal organisms and increasing 
yield. It was found that captan, OPP, thiram and dithane M45 showed 
promise in extending tomato shelf life.

F A T T Y  AC ID  CO N TEN T OF FR A N C H ISE  CH ICKEN  DIN N ERS. W.P. 
DONOVAN & H. A PPLED O RF. J. F o o d  Sci. 37, 961-962 (1972)— 
Fatty acid composition of franchise chicken dinners was determined by 
gas-liquid chromatography. Five dinners were analyzed from each fran
chise. Five fatty acids accounted for 98% of the total fatty acids present 
in extracted fat. Mean values and ranges for relative percent fatty acid 
content were: palmitic acid 20% (17-23% ), palmitoleic acid 2% (1-3% ), 
stearic acid 7% (5-10% ), oleic acid 47% (44-54% ) and linoleic acid 23% 
(19-28%). Linoleic acid contributed an average of 10% of the total 
caloric content of the dinners. The average ratio of unsaturated to satu
rated fatty acids was 2.5 to 1.

THE E F F E C T  OF F LA V O R  EN HAN CERS ON D IR EC T  HEADSPACE 
GAS-LIQUID CHRO M ATO GRAPHY P R O FILES  O F B E E F  BRO TH .
J.A . MAGA & K . LO REN Z . J. F o o d  Sci. 37, 963-964 (1972)-Th is 
study was designed to measure by direct headspace gas-liquid chromatog
raphy (G LC ) the possible odor interactions of beef broth and several 
common flavor modifiers (monosodium glutatmate (I) , equal mixtures of 
disodium 5'-inosinate and disodium 5'-guanylate ( I I )  and equal mixtures 
of I and I I ) .  Control broth was prepared from soup bones and water. 
Upon cooling, 0.05% of I , I I  and equal proportions of I and II  were 
added, stirred and the samples refrigerated for 24 hr. The samples were 
equilibrated to room temperature and 2 ml of broth heated at 60° C for 
15 min in a 5 ml stoppered serum vial. 2 ml of vapor were withdrawn and 
injected into a G LC  unit and the peak areas measured with an automatic 
integrator. In all cases enhancers increased peak areas. The total increase 
for I was 1.66 times that of the control; II  increased 2.30 times; and 
equal mixtures of I and II increased total peak area 2.35 times.

W ATER BINDING O F SOME P U R IF IE D  O ILSEED  PRO TEIN S . R .D . 
HAGENM AIER. J. F o o d  S c i. 37, 965-966 (1972)-The amount of 
bound water at 84% relative humidity, for a group of purified oilseed 
proteins, decreased in the order: cottonseed isolate I , coconut, soybean, 
peanut, sunflower, cottonseed isolate I I .  A group of animal proteins,

selected for comparison, adsorbed more water than the oilseed proteins. 
Results suggest that the large amount of amide nitrogen in oilseed pro
teins is responsible for their low water binding.

IM PLICATIO N  O F Bacillus subtilis IN  TH E  SYN TH ESIS  O F TETR A - 
M ETH Y LP Y R A Z IN E  DURING FERM EN TA TIO N  O F COCOA BEANS.
D .L . Z A K , K . OSTO VAR & P.G. K E E N E Y . J. F o o d  Sci. 37, 967-968
(1972)—A strain o f B acillus su b tilis isolated from fermenting cocoa beans 
yielded 6 X 10“7 pg of tetramethylpyrazine (TMP) per viable cell when 
cultured on synthetic medium. No TMP was produced when uninocu
lated media was incubated. During fermentation of cocoa beans TMP 
concentration increased linearly with time and paralleled the growth of
B. su btilis. Addition of labeled carbon-14 glucose showed labeled TMP 
only when cell growth occurred. Quantitation of TMP in unroasted cocoa 
beans may Find application as an index of fermentation and flavor 
quality.

E F F E C T S  OF L IG H T  AND TEM P ER A TU R E  ON TH E  FORM ATION 
OF SO LAN IN E IN POTATO S L IC ES . D .K . SA LU N KH E, M.T. WU &
S.J. JAD H A V . J. F o o d  Sci. 37, 969-970 (1972)-Formation of solanine 
in peeled potato slices was stimulated when stored at 15° and 25° C in the 
dark or light (200 ft-c). The slices held under light developed nearly three 
to four times more solanine than those in the dark. Significantly higher 
concentrations of solanine were formed in the late (after 24 hr) than in 
the early stage of storage period. Hence, it can be concluded that when 
potatoes are sliced for chips or French fries, they should be processed 
immediately before the glycoalkaloid-solanine-is synthesized in higher 
concentrations.

E F F E C T  O F V A R IO U S SUGARS AND T H E IR  D E R IV A T IV E S  UPON 
TH E GERM IN ATIO N  O F Bacillus SPORES IN TH E  PRESEN CE OF 
NISIN. K .G . G UPTA, R . SIDHU & N .K . YA D A V . /. F o o d  S c i. 37, 
971-972 (1972)-Germination of the spore of Bacillus cereus, B acillus  
m egaterium  and B acillus stearotherm ophilus  to selected carbohydrates 
and their derivatives was studied both in the presençe and absence of 
nisin. Ribose, mannose, sorbose, arabinose, glucose, mannitol, fructose, 
arbutin, mucic acid, glucuronic acid, raffinose, sucrose, lactose, melibi- 
ose, inulin and glycogen were all more or less effective stimulants for the 
germination of spores of all the three B acillus species. But in the presence 
of 100 Mg/ml of nisin, the maximum germination of spores of each of the 
species was produced by the following carbohydrates: B. cereu s, glucose 
and inulin; B. m egaterium  sorbose and inulin; B . stea ro th erm o p hilu s, 
arabinose and sucrose. The remaining sugars were less effective or had no 
effect,

BOTULISM . A  Scientific Status Summary. IF T  E X P E R T  PA N EL ON 
FOOD S A F E T Y  & N U TR ITIO N . J. F o o d  S c i. 37 985-988 (1972 )-A  
brief review of the incidence of botulism is followed by a description of 
the microorganism and the illness, its causes and distribution in nature, 
and methods for determining the cause of suspected outbreaks. Most 
botulism outbreaks are attributed to home-preserved foods; commercial 
processing methods sufficiently control the problem. General procedures 
to keep foods safe from botulism are reviewed concluding that proper 
food safety can be achieved by following proper procedures exactly, use 
of good sanitation, and most importantly, good common sense.

N IT R IT E S , N ITR A TES  AND N ITRO SAM INES IN FO O D S-A  D ILEM 
M A  A  Scientific Status Summary. IF T  E X P E R T  PAN EL ON FOOD S A F E 
T Y  & N U TR IT IO N . J. F o o d  Sci. 37, 989-992 (1 9 7 2 )-Attention is cur
rently being focused on nitrosamines, a group of chemicals shown to be 
carcinogenic, which can be formed in food products as a reaction be
tween nitrites and certain amines. Presents a general review of nitrite and 
nitrate toxicity studies emphasizing the difficulty encountered in ana
lyzing for nitrosamines. In answer to the question why not eliminate 
amines and nitrites from foods, suggests acquiring more data as quickly as 
possible so a sensible, considered judgment can be made.
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APPLIED SCIENCE and ENGINEERING

R . E . B E R R Y .  C. J. W A G N E R  J R . .  O. W. B I S S E T T  a n d  M . K . V E  L D  H  U  IS

U S D A  C itru s & S u b tro p ica l P ro d u cts  Lab . 
So uth ea stern  M arketing  & N u trition  R esea rch  D iv., A R S ,  W inter H aven, F L  3 3 8 8 0

PREPARATION OF INSTANT ORANGE JUICE BY FOAM-MAT DRYING

IN TRO DUCTIO N
FO A M -M A T D R Y IN G  is useful fo r pro
ducing dehydrated products from  heat 
sensitive liqu id-form  foods or those in 
which high sugar content causes stick iness 
at temperatures used in other dehydra
tion methods (M organ et a l., 1961). 
Foam-mat drying has tw o defin ite advan
tages. F irs t , the use o f foam s greatly 
speeds m oisture rem oval and perm its 
drying at atm ospheric conditions in a 
stream o f hot air in a short tim e. The 
other advantage is that even though the 
product may be s tick y  at d ry ing  tem pera
tures, it can be transferred to a cooling 
zone and crisped before it is scraped o ff 
the surface. Several com m ercial processes 
currently producing instant fru it ju ice  
products are variations o f foam-m at d ry 
ing (B eck , 1968).

Scalf (1 9 6 7 ) has proposed a large scale 
commercial “ carousel”  design fo r perfo
rated tray-type foam-m at driers. A  perfo
rated stainless steel belt-type foam-mat 
drier has been in com m ercia l operation 
in Corvallis , Oregon (Fo a m at Foods, 
Corp.) fo r several years. A lthough citrus 
is not one o f the p rincipa l products, 
instant orange ju ice  has been produced 
there. A solid steel belt-type com m ercial 
operation is installed at C itru s  W orld ,. 
Inc., Lake Wales, F la .,  and is devoted 
almost exc lusive ly  to c itrus ju ices and 
by-products. T h is  un it has been in suc
cessful operation fo r the past 2 y r .

Bissett et al. (1 9 6 3 ) described cond i
tions for preparing foam -m at dried orange 
juice on a pilot scale fiber-glass belt-type 
drier o f low capacity . B erry  et al. ( 1 965a) 
described conditions fo r preparing grape
fruit powder on a s im ila r drier and in 
1967 (B e rry  et a l., 1967b ) described 
conditions fo r producing dried grapefruit 
on a “ crater-type”  tray foam -m at drier 
which appeared more practica l fo r com 
mercial use.

Inasmuch as the “ cra te r—typ e ”  foam- 
mat drier enabled production  o f a low  
moisture product (w here in-package des

iccation  was not requ ired ) and m ainte
nance o f flavor q u a lity , a study was 
needed o f conditions fo r producing in 
stant orange ju ice  ( IO J )  on th is type 
drier. Studies were needed on variations 
which might be encountered in com 
m ercial orange concentrates. T h is  in fo r
m ation would enable IO J producers to 
m od ify  process conditions fo r a given 
concentrate or to outline specifications o f 
concentrates best suited fo r foam-mat 
drying . Because prescribed am ounts o f 
orange o il are needed fo r flavo r fo rt if ica 
tion , in fo rm ation  was also needed on 
retention  o f added o il after drying and 
the effect o f peel o il in  the concentrate. 
A lthough com m ercial encapsulated oils 
are availab le to add to the dried product 
fo r flavo r re in fo rcem ent, the ir necessity 
might be circum vented i f  cold-pressed 
peel o il in  orange concentrates were 
retained afte r dry ing . T h is  would require 
study o f the effect on flavo r when added 
in th is m anner, however.

Fu rth e r , because o f increasing interest 
in  com m ercial possib ilities studies were 
needed on the rate o f m oisture rem oval 
and product losses. Such in fo rm ation  
could be help fu l in pointing up specific 
developm ents needed to im prove e ff i
c iency .

Exp erim ents were planned to study 
these questions as related to instant 
orange ju ice  production .

EX P ER IM EN T A L
Fruit

Seventy field boxes (90 lb fruit/box) of 
Valencia oranges obtained locally with juice of 
about 13° Brix and about 14:1 Brix/acid ratio 
were randomized and subdivided to prepare ex
perimental concentrates as described below.
Experimental concentrates

Juice was extracted using three different 
type extractors. Three units of fruit («  900 lb 
per unit) were extracted using a rotating pres
sure-reamer type extractor (Brown juice extrac
tor) produced by Automatic Machinery Corp., 
Winter Haven, F la .; three units were juiced on a

serrated cup pressure-piston type extractor 
(FMC type in-line fruit extractors), FMC Corp., 
Lakeland, Fla ., and one unit of fruit was pre
pared on a rotary press juice extractor (Goulds 
rotary juice extractor). Although this machine 
is no longer used in the United States, similar 
machines are used in other countries. (The yield 
of juice is somewhat lower than with the other 
machines and the peel oil content is higher.) 
Juice was produced using relatively low, me
dium and high extraction pressures. The juice 
from the FMC extractor after being partially 
finished during extraction, was finished by 
pressing it through a stainless steel screen with 
.020-in. diam holes on a screw-type juice 
finisher (Chisholm-Ryder Co., Niagara Falls,
N . Y .) . The juice from the AMC extractor since 
extraction did not include partial finishing, was 
finished using a screen with .015-in. holes on a 
screw finisher as above, followed by a paddle- 
type super finisher operated at 1580 rpm (F .N . 
Langsenkamp Co., Indianapolis, Ind.). The juice 
from the rotary press was finished using a screw 
finisher with screen of .020-in. holes. In all 
cases, juices from higher extraction pressures 
contained more pulp, and were given higher fin
ishing pressures. The extent of finishing treat
ment was determined by the relative dryness of 
the finisher pomace, measured by amount of 
water retained by the pomace under standard 
conditions. This is the “ quickfiber”  method 
described by FMC Corp. (1964).

The finished juices were concentrated on a 
small falling film vacuum evaporator («  25 gal. 
concentrate capacity) at a pressure of about 15 
mm Hg, »  70°F to 58-60° Brix . These concen
trates were stored at - 5 ° F  in 46-oz cans until 
required for foam-mat drying experiments.

Three other samples were prepared using 
commercial Valencia frozen orange concen
trate, 58° Brix 16:1 Brix/acid ratio and 0.005% 
oil. Commercial cold-pressed Valencia orange 
peel oil was added with stirring, to adjust these 
samples to the levels of 0.106, 0.054 and
O. 026% oil (ml oil per 100 ml reconstituted 
juice).
Foams

Preliminary evaluation of foam suitability 
for drying was carried out by the method of 
Berry et al. (1965b). Foaming agents were pre
pared and foams produced batch-wise using a
2-qt Hobart rotary wire beater-mixer. After for
mulations gave foams suitable in viscosity and 
“ bubble size index”  for foam-mat drying, sub-
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Fig. 1—“ C ra te r-typ e "  foam -m at drier used  for p ro d u ctio n  o f  instant orange ju ic e  ( IO J ) : IA I Foam  
feed er; (B) A i r  n o zzles an d  "cra te rin g "  se c tio n ;, (C ,D ,E ) D ry in g  se c tio n ; (F )  C oo ling  se c tio n ; 
(G ) P ro d u c t scraping se c tio n ; (H ) C o n v e y o r fo r  p ro d u c t  in to  d ry  ro o m ; (I) Tray retu rn  e levator; 
(J) F u ll  v iew  o f  a p e rfo ra te d  tray.

sequent foams were prepared on an 8 in. Oakes 
continuous mixer (The E .T . Oakes Co., Long 
Island, N .Y .) using foaming techniques de
scribed by Berry et al. (1967a). (See Discussion 
section for detailed foaming procedures.) The 
foam was fed to the “ crater”  foam-mat drier. 
Preparation of IOJ

IOJ was prepared through three basic steps: 
(1) dehydration; (2) densification; and (3) par
ticle size classification. Dehydration was carried 
out on an experimental “ crater”  tray-type 
foam-mat drier. The modified equipment used 
in these studies is shown in Figure 1. Earlier

versions were pictured by Platt et al. (1965) 
and Berry and Veldhuis (1968), and described 
in detail by Berry et al. (1967b). In this proc
ess, liquid foods such as frozen orange juice 
concentrate are mixed intimately with air or N2 
and a foam stabilizer solution, causing forma
tion of a thick, stable foam with about the con
sistency of marshmallow cream. This foam is 
fed in a thin sheet (approx. 1/8-in. thick) onto 
perforated stainless steel trays (Fig. 1 - A ) . 
These trays, loaded with foam are then trans
ported across air nozzles, perforating the foam 
sheet. (Fig. 1 -B , shown in detail in Fig. 2). The

tray loaded with a thin sheet of perforated 
foam is then transported into a vertical drying 
stack (Fig. 1 -C ,D ,E ). The tray progresses up 
this stack for about 12 min, while it is surround
ed by hot (250°F) air through the bottom third 
slightly cooler (200° F ) in the center, and warm 
air («  160°F) in the top tliird of the drying 
section. It is then transferred to a short, cooling 
section (Fig. 1 — F) where a flow of cool, de
humidified air for about 3 -4  min crisps the 
foam making it easier to remove by scraper 
blade after transfer to the next section (Fig. 
1 —G). After the dried product has been re
moved by scraper blade and transferred into a 
dehumidified area by screw conveyor (Fig.
1-H ) for further processing, the scraped tray is 
carried by return elevator (Fig. 1 — I) back to 
the initial point of entry to receive more foam 
and proceed through the process again. Temper
atures of drying air, cooling air and product at 
various points in the drying process were meas
ured by appropriate thermocouples and re
corders.

The IOJ was put through a process to in
crease its bulk density by passing it into the nip 
of two hardened steel rolls 9-in. diam x  11 
5/8-in. long. A feeder was arranged to guide the 
powder into the center 2 3/4-in. width and 
3,500 lb of pressure was applied to each bearing 
so that a total of 7,000 lb was applied to the 2 
3/4-in. length of the nip being used for densifi
cation. The hard, dense flakes of dried orange 
solids removed from these rolls by a spring- 
loaded scraper blade were ground to pass 
through 35 mesh and be retained on 60-mesh 
screens (U .S. Standard Sieve Size).

Using the experimental concentrates de
scribed above. IOJ was prepared by foam-mat 
drying. The conditions required and the char
acteristics of the products were compared. 
The experimental concentrates with varying 
amounts of peel oil were foam-mat dried and 
oil content of the IOJ was compared to initial 
oil values.

A commercial Valencia orange concentrate, 
58° Brix 16:1 Brix/acid ratio and 0.005% oil 
was used in the preparation of IOJ for the de
velopment of standard drying conditions. After 
standard drying conditions had been developed 
for this product, rate of moisture loss during 
drying was determined as follows: the vertical 
drying stack of the foam-mat drier contains 24 
trays which progress up the drying stack over a 
period of about 12 min, i.e., a tray enters this 
stack at the bottom and another leaves at the 
top about every 30 sec. With heat on, as soon as 
the drying stack was filled and steady state had 
been established as determined by measurement 
of temperatures of air entering and leaving the 
drying sections, the lower section of the drying 
stack was opened and tray number 2 was re
moved and rapidly taken to a dehumidified area 
where samples were removed for moisture de
termination. The drying section was again 
closed up, allowed to fill with trays and reach 
equilibrium. After steady state was again estab
lished, the lower section was opened and tray 
No. 4 was removed and samples taken as be
fore. This was continued progressively up the 
stack with alternate trays. Moisture determina
tions were carried out on samples removed 
from these trays.

In another experiment measurements were 
made to determine losses taking place during 
drying. Foam lost during start-up, and that 
around the air perforator lost due to splatter, 
was measured. Product on trays when the sys
tem was not at steady state, during start-up or

Fig. 2 —D eta iled  view  o f  “tcratering"  techn ique . A ir  b lo w ing  upw ard  
through perfo ra tio n s in the stee l tray perforates the foam  layer leaving 
an e x trem ely  p o ro u s  foam  layer.



INSTANT ORANGE JUICE BY FOAM-MAT DRYING—805

Table 1-- Characteristics o f  orange co n cen tra tes, foam s an d  IO J

Juice Concentrate Foam IOJ
Relative Oil

Extractor extraction Finish** Viscosity content Agents required
type pressure Quick fiber (cps) % X 10'3 Methocel % Other % Moisture %

Cup reamer aa 144 500 3 0.49 Kelzan 1.06 1.3
Cup reamer b 117 975 4 0.49 Kelzan 0.16 1.8
Cup reamer c 164 1300 5 0.48 none 1.8
Serrated

cup-piston aa 166 170 1 0.53 CMC 1.19 1.4
Serrated

cup-piston b 109 220 5 0.49 Kelzan 0.64 2.0
Serrated

cup-piston c 161 820 3 0.75 Kelzan 1.05 2.0
Rotary

press 180 200 16 1.53 Kelzan 1.19 2.3
Commercial

control 1500 5 0.45 none 1.1
aRel. extraction press: a = very light; b = light; c = medium ; pressures are not directly comparable between extractor types.
bHigher numbers represent lighter finishing treatments, i.e., “wetter” finisher pomace.

shut-down, was measured. Powder adhering to 
trays on the second, third and fourth cycles 
through the drier and material accumulating as 
dust on top, bottom and sides of the scraping 
area were also measured. These measurements 
were determined as percentages of original in
put solids.
Analytical methods

Relative finishing treatment of juices was 
determined from relative dryness of the finisher 
pomace (i.e., pulp expelled from the finisher) 
using the “ quick fiber”  method (FMC Corp.,
1964). This test was carried out by adding 200g 
water to 200g finisher pomace, shaking under 
standard conditions and measuring the water 
which remained unabsorbed by the pomace. 
The relationship between these test results and 
finishing treatments are as follows: quick fiber 
less than 130 = very tight finish (i.e ., most of 
the water soluble components had been 
squeezed from the pulp); 150-180 = moderate 
finish; and >210 = very loose finish.

Oil in concentrates and in juice reconsti
tuted from 10J samples was determined by the 
Bromate titration method as described by Scott 
and Veldhuis (1966). Moisture in powder was 
determined by a modification of the Karl 
Fisher method described by McComb and 
Wright (1954) in which formamide was the ex
tracting agent.

Viscosities of concentrates and foams were 
measured on a Brookfield Synchrolectric viscos
imeter and converted to centipoise (cps) read
ings.

Flavor evaluations were carried out between 
samples stored at 85° F  and controls (stored at 
-5 °F ) using the triangular procedure of Boggs 
and Hanson (1949).

RESULTS & DISCUSSION
T H E  F IR S T  S T E P  o f the foam-m at d ry 
ing process, foam fo rm atio n , was re
ported earlier (B e rry  et a l., 1967b) to 
have been developed to a point where 
satisfactory foam s could be produced 
with no more than 0 .5%  o f a single foam 
stabilizer (m ethylce llu lo se) fo r the pro

duction o f grapefruit crysta ls . T h is  was 
also found applicable to the production 
o f instant orange ju ice  as w ill be noted in 
Tab le 1 under “ com m ercial co n tro l”  
where a satis facto ry  foam was form ed 
using 0 .45%  o f m ethylcellu lose w ith  a 
typ ica l com m ercial frozen orange concen
trate . Care fu l foam  adjustm ent proce
dures w h ich  had been described fo r grape
fru it were also found necessary for 
orange. A m ounts o f foam ing agents, n i
trogen gas (o r a ir ) and 50 B r ix  orange 
concentrate had to be regulated ca re fu lly  
so as to m aintain  a satis facto ry  back-pres
sure to enable suitable foam fo rm ation . 
The details o f th is procedure were out
lined by Berry  et al. (1 9 6 7 b ). Foam  
start-up usually  involved the fo llow ing  
steps: The foam stab ilizer (m e th y lce llu 
lose so lu tio n ) was started at the fu ll rate , 
the gas and concentrate at about h a lf the 
desired rate and pumped in to  the Oakes 
m ixe r w ith  m ixing  head ro to r at desired 
rate . When back pressure reached about
5—6 psig, gas and concentrate were 
s lo w ly  increased in sm all discrete changes 
so that, in about three increases, they 
would reach the fu ll desired rates. I f  back 
pressure began to drop, gas was increased 
and concentrate decreased slightly  un til it 
was regained, and i f  it began to rise too 
rap id ly , th is could usually  be com pen
sated by decreasing gas flo w  slig h tly . Too  
high back pressure fo r more than a few 
m inutes was usually  fo llow ed by an 
escape o f large bubbles o f gas and foam 
breakdown. Resu lts were usually  best 
when a back pressure o f around 13 psig 
was m aintained. The foam ing agent was a 
4 .3%  so lution  o f M ethocel 10 cps (D o w  
Chem ical C o ., M idland, M ich .) in water. 
A fte r carefu l ad justm ent had been made 
and a satis facto ry  foam  was produced, 
the rates o f the three foam com ponents

were as fo llo w s: 50° B r ix  concentrate at 
3 2 °F , 246g/m in ; 4 .3%  M ethocel at 6 5 °F , 
13g/m in; nitrogen or a ir 850 cc/m in . 
A fte r equ ilib rium  was established in al
most all cases the system  would remain 
stable over long periods and on ly very 
slight adjustm ents were required during 
the drying run . Tem perature o f the foam 
at the outlet o f the m ixing head from  the 
Oakes 8-in m ixe r was about 46 F  and the 
density o f the typ ica l foam was about
0 .30g/cc, average bubble diam eter about 
25/J. Loading rate o f foam onto trays for 
drying was m aintained at about lOOg/tray 
(± 5% ).

A lthough most developm ental w ork 
was carried out using nitrogen gas fo r 
foam ing, a ir m ay be used w ithout any 
sign ificant changes in  product q ua lity  or 
storage sta b ility . Exp erim ents carried out 
in the p ilo t p lant, com paring IO J  samples 
w hich were identica l in every respect, 
except in  one air was used and in the 
other nitrogen was used fo r foam ing, 
resulted in no detectable d ifference be
tween the samples by triangular taste 
tests. When samples o f each, stored at 
8 5 °F  were compared to contro ls which 
had been kept at —5 ° F , both N 2 and air 
foamed samples developed earliest detect
able changes at the end o f 8 w k . A t that 
tim e the 8 5 °F  stored samples from  n itro 
gen and a ir foam ing were s till ind istin 
guishable from  each other by triangular 
taste tests as w e ll. T hu s , a ir could be used 
fo r foam ing i f  desired, and would be less 
costly .

G enera lly , although the experim ental 
orange concentrates varied considerably 
in v iscosity  and o il content as indicated in 
Tab le 1, the princip le difference between 
them in su itab ility  fo r foam-mat drying 
was related to the stab ilizer requirements 
to achieve a foam satisfacto ry  for drying.
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The samples were prepared to provide 
ju ices covering the range o f values w h ich  
m ight conceivab ly be encountered in 
com m ercial operation. D ry ing  su itab ility  
did not appear to be affected by fin ish ing 
treatm ent. F ro m  these experim ental con
centrates, using standard drying condi
tions developed fo r the com m ercial con
tro l, IO J  was produced w ith  m oisture 
contents from  1 .3 -2 .3 % .

A s Tab le 1 ind icates, the foam-mat 
drying process was found accom m odating 
to orange concentrates w h ich  varied over 
a wide range o f v isco s ity , from  170—1300 
cps as prepared on the ream er and piston- 
type extracto rs , but this required using 
appropriate foam ing agent and stab ilizer 
com binations. Foam  stab ilizers are usual
ly  required for foam-m at drying in order 
to m aintain  the foam structure during the 
drying process. W ithout them the hot air 
usually  causes the foam to collapse before 
all m oisture has been removed. G enera lly , 
the low er the v isco sity , the greater 
am ounts o f foam ing agents required , but 
these had to be used w ithout changing 
the solids content s ig n ifican tly . T h is  o f
ten required change in agents as greater 
viscosity  was needed, and sometim es re
quired com binations o f agents. The  great
est change in foam ing fo rm u lation  was 
required w ith  the lowest viscosity  sample, 
w h e re  1.19%  carboxym ethylce llu lo se 
(C M C ) plus 0 .53%  lo w  v iscosity  m ethyl- 
cellulose and 7 .36%  glycerine were re
quired. The la tte r was required as a 
m utual so lub iliz ing  agent to enable in co r
poration o f the high v iscosity  CM C. Such 
a low  v iscosity  in orange concentrate 
would not no rm ally  be encountered in 
com m ercial products. The  sample w ith  
highest v isco s ity , (1 3 0 0  cps) required no 
foam ing agents other than 0 .48%  m ethyl- 
cellu lose. T h is  sample was s im ilar in 
foam ing characteristics to typ ica l com 
m ercial F C O J  from  w hich  a num ber o f 
samples o f IO J have been prepared by 
foam-mat drying in the p ilo t plant in  the 
past. Its  s im ila rity  to a typ ica l com m er
cial concentrate can be observed by com 
paring the values in  Tab le 1. Past experi
ence had shown most problem s were 
encountered when the orange concentrate 
was too low  in v iscosity  so this stud y was 
designed sp ec ifica lly  to determ ine foam 
ing needs fo r low  v iscosity  F C O J , and 
experim ental concentrates were not pre-

Table 2 —R e te n tio n  o f  orange o il during  
drying

IOJ
Oil level (% x  1CT3) Retention moisture

concentrate powder % %
26 16 62 1.9
54 30 56 1.7

106 78 73 1.6

pared to attem pt to duplicate com m er
cial concentrates. O ther samples of 
orange concentrate vary ing  from  2 2 0 — 
975 cps in v isco sity  required the ad
d ition  o f an algin derivative (K e lz a n -  
The K e lco  C o ., Lo s Angeles, C a l if .)  along 
w ith  m ethylcellu lose fo r proper foam 
consistency and s ta b ility . F o r  most com 
m ercial concentrates, however, the algin 
derivative would not be required . In  both 
types o f extracto rs v iscosity  increased 
w ith  extractio n  pressure. A lthough the 
agents used here were successfu l, other 
types or com binations probably would 
su ffice .

The  concentrate from  the ro tary  press 
extracto r was especia lly  high in o il con
tent while its fin ish ing treatm ent was 
re lative ly  light and its v iscosity  was fa ir ly  
low . T h is  high o il level and low  v iscosity  
required the addition o f 1 .19%  algin 
derivative w ith  1.53%  m ethylcellu lose to 
prepare a suitable foam fo r drying . T h is  
product had one o f the higher m oisture 
contents as w e ll, and this m ay be due to a 
com bination effect o f the high orange oil 
and re la tive ly  low  v isco sity .

When these samples were compared 
for re lative storage du rab ility  by triangu
lar taste eva luation , fo r sign ificant detect
able differences between samples stored 
at - 5 ° F  and those stored at 8 5 °F , there 
was no d ifference in sta b ility  between the 
IO J samples made from  d ifferent types o f 
experim ental concentrates. A ll samples 
developed m in im al detectable changes 
w ith in  4 - 6  w k . How ever, when judged as 
satis facto ry/unsatisfacto ry , a ll rem ained 
acceptable fo r 3 - 9  m onths at 8 5 °F . Both 
in itia l consum er accep tab ility  and storage 
stab ility  o f IO J  are greatly in fluenced by 
oil level. In  tests carried out at S tatistica l 
Reporting Services, W ashington, D .C ., 
using untrained tasters, o il levels as high

Fig. 3 —M o istu re  c o n te n t  o f  foam -m at d rie d  in 

stant orange ju ic e  (tra y-typ e  " C ra te r"  drier), 
a fter d iffe re n t d ry in g  times.

as 0 .0 3 5 - 0 .0 4 0 %  were found desirable. 
When o il levels in IO J  w h ich  has previ
ously been prepared at 0 .0 2 0 % , were 
increased to 0 .035%  storage s ta b ility  at 
85 F  before detectable change, increased 
from  about 6 w k  to about 4 m onths, and 
samples rem ained acceptable up to about 
6 m onths (B e rry  and V e ld h u is , 1968). 
T h is  is in m arked contrast to findings 
w ith  frozen concentrated orange ju ice  
where more extensive studies w ith  un
trained consum ers ind icated o il levels o f
0 .0 2 0 -0 .0 3 0 %  were preferable and levels 
as high as 0 .040%  were re la tive ly  unac
ceptable (M arketing Research Report 
# 9 4 6 , 1972). The  oil added was “ locked- 
in ”  Perm astable obtained from  Sunk ist 
G row ers, O n tario , C a lif .

Oil recovery in IOJ
In  a study o f o il recovery in IO J , a 

considerable portion o f o il added to the

Table  3 —M aterials balance in foam -m at drying  o f  orange ju ic e

Solids in Solids out 
(lb) (lb)

Recovery
(%)

Solids in
146.25 lb 50° Brix cone 73.13

8.59 lb 4.3% Methocel soln. .37
To be accounted for 73.50

Solids out
Final product recovered 52
Dust from walls & bottom scraper section

and from densifier 10.5
Total recovered 62.5 85_J

Losses®
Foam in Oakes mixer, start-up 3.8 5.2
Splatter around blower 0.6 0.9
Foam on trays for start-up & shut-down 5.5 7.4
Residue on trays when removed for cleaning 1.1 1.2

1 1.0 100.0
aAU losses are probably reducible (see text); Total drying time 5 hr 19 min
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original concentrate was found to be 
recovered in the resu ltant IO J , and this 
increased w ith  higher orig inal o il level, 
based on measures o f d-lim onene. These 
results are shown in Tab le  2 . A  typ ica l 
com m ercial concentrate w ith  v iscosity  
about 1500 cps and o il content about
0.005%  was used fo r these experim ents. 
Cold-pressed orange peel o il was added to 
adjust batches o f this concentrate to 
three 0 .0 2 6 , 0 .0 5 4  and 0 .1 0 6 % . Recovery 
increased w ith  higher in it ia l o il levels and 
amounted to about 56 , 62 and 73%. 
When these samples were placed in sto r
age at 8 5 °F  and com pared to contro ls 
which contained “ locked-in ”  orange o il, 
the experim ental samples were found to 
develop terpeney off-flavors w ith in  2 —4 
wk. Thus, although it was possible to 
prepare suitable foam s and IO J  from  
concentrates contain ing re la tive ly  high 
amounts o f o il, it  m ay not be advisable 
from a flavo r sta b ility  standpo int. O f 
course, the o il recovery data refers to 
measurements o f d-limonene and re
covery o f other o il com ponents m ay not 
necessarily fo llo w .

Rate of water rem oval during 
drying

Study o f rate o f w ater rem oval from  
orange ju ice during foam -m at drying in 
dicated most o f the m oisture is removed 
during the very ea rly  drying stages. As 
shown in Figure 3 , the orig inal m oisture 
level of about 52% was reduced to about 
31% after 1 min and to about 15% afte r 2 
min. Thus, well over h a lf the m oisture 
was removed during the firs t 2 m in and 
about 90% had been removed by about 5 
min drying tim e. The reduced rate toward 
the latter h a lf o f the drying cycle  is partly  
due to the fact that lesser am ounts o f 
heat must be applied during these stages 
to prevent flavor damage. As the m oisture 
content o f the orange solids becomes less, 
the sensitivity o f the rem aining m ateria l 
to flavor damage by overheating becomes 
greater as does its b inding capacity  for 
the remaining m oisture . T h u s , alm ost h a lf 
the drying tim e is required to remove the 
final 1 -3 %  o f m oisture to obtain a 
commercially sa tis facto ry  product. T h is  
might be reduced som ew hat, but most 
attempts to increase throughput rate or 
shorten drying tim e by increasing heat 
during the la tte r stages have resulted in 
unsatisfactory heat damage to flavo r.

As indicated by B e rry  et al. (1 9 6 7 b ), 
the relative hum id ity  ( R .H . )  in  the fin a l 
drying section was so high it was not 
possible to remove the fin a l residual 
moisture when am bient a ir was 9 0 °F  or 
above and am bient R .H . was 70%  or 
more. The equ ilib rium  R .H . o f foam-m at 
dried IO J is about 13% (W agner, 1961). I f  
ambient air were 9 0 °F  and 70%  R .H .,  the 
R .H . would still be 17% when the air was 
heated to 1 4 0 °F . T h u s , during warm er, 
wetter months when these conditions

might be expected , a refrigeration-type 
dehum id ifier was required fo r treating the 
air before heating it to enter the fina l 
th ird  o f the drying section . T h is  assured 
the air in  the fin a l dry ing section would 
be no greater than about 7% R .H . at the 
usual dry ing tem peratures. The  in sta lla
tion o f the dehum id ifier in  the a ir stream 
to the last dry ing section made it  possible 
to read ily  reduce m oisture content o f the 
fina l product to 1.5% or below and 
e lim inate the need for an in-package 
desiccant. D ry ing  to th is low  level in  a 
continuous process and e lim ination  o f the 
in-package desiccant represents a m arked 
econom ic advantage fo r the foam-mat 
process.

M aterial balance study
In  order to po int out places where 

e ffic ien cy  m ight be im proved, a m ateria l 
balance study was carried out over 5 h r, 
19 m in drying tim e. The results are 
ind icated in Tab le  3. When about 150 lb 
o f 50° B r ix  concentrate were foam-m at 
dried , the resu ltant to ta l solids input 
am ounted to about 73 .5  lb . F in a l product 
recovered from  first-tim e processing o f 
this m ateria l am ounted to 52 lb . T h is  was 
supplem ented w ith  accum ulated IO J  dust 
and “ fines”  from  walls and bottom  o f the 
drier scraper-section and from  the densi- 
fy ing  operation , all o f w h ich  could be 
converted in to  fin a l product. T h is  netted 
an add itional 10.5 lb or a to tal recover
able fina l product o f 62 .5  lb (8 5 .3%  
reco very ).

When the various stages o f the process 
were studied fo r losses, sources and m eth
ods o f recovery , the fo llow ing  were en
countered :

Foam  in Oakes m ixe r at start-up.W hen 
the Oakes m ixe r was begun, some orange 
concentrate was used before concentrate , 
foam -stabilizer and gas were in  eq u ilib ri
um and satis facto ry  back pressure was 
built-up to assure continuation  o f stable 
foam  production . T h is  start-up foam was 
not o f su ffic ien t density or stab ility  fo r 
drying and was usua lly  discarded. T h is  
am ounted to 3 .8  lb o f solids or 5 .2%  o f 
the total solids inpu t.

Sp la tte r around foam  crater b low er. In  
the v ic in ity  o f the air nozzles, perforating 
the foam  laye r on each tra y , some foam 
splattered onto surrounding surfaces and 
was lost. T h is  b low er area was usually  
surrounded by a w ire basket w h ich  re
tained such splattered foam . Studies in 
dicated about 0 .6  lb solids or 0 .9%  were 
lost in th is m anner.

Foam  on trays fo r start-up and shut
dow n. A t the beginning and end o f a 
drying run , the firs t and last trays o f 
product were dried when the system  was 
not in eq u ilib rium  and therefore the 
in itia l and fina l trays were over-heated. 
T h is  product was unusable and am ounted 
to 5 .5 lb solids (7 .4 % ).

T ra y  residue. T ray s  were recycled sev

eral times but even tua lly , afte r three to 
four rounds, had to be replaced. When 
trays were rem oved, they had slight resi
dues o f dried orange solids on them and 
scraping and weighing o f these residues 
ind icated total solids lost in this m anner 
am ounted to about 1.1 lb or 1.2% .

In  a com m ercial operation , most o f 
these losses would be h ighly reducib le. 
Fo r exam ple , foam prepared in start-up 
of one operation could be incorporated 
into  the foam  m ix  o f the next operation 
or blended back in to  the concentrate feed 
tank . Sp la tter around blow er cannot be 
to ta lly  prevented but can be held to an 
absolute m inim um  by carefu l observation 
and ad justm ent o f b low er nozzles by the 
foam-m at drier operator. T h is  should 
easily be held to about 0 .5%  or less. 
Foam  on trays fo r start-up and shut-down 
might be d iff icu lt  to recover since most 
o f th is has been overheated and of poor 
qu a lity . It  m ight be possible, however, to 
raise the heat o f the drying section s low ly  
and progressively as the firs t trays are 
com ing in  so that on ly  very  few  trays are 
lost in  this w ay and reduce heat gradually 
on shut-down. Residue on trays can be 
held to a m inim um  by recyc ling  trays as 
m any tim es as possible. Weights o f resi
due on trays ind icated 1,9g so lids/tray 
after one cyc le , 3 .6g afte r tw o cycles, and 
4.8g afte r three cycles (average o f 10 
trays). Each  tray  had been loaded to 
about lOOg o f solids to begin w ith . A  
more e ffic ien t tray  scraping system  or a 
bu ilt in  tray-cleaning and drying system  
w ith  some means o f recovering the residu
al powder le ft on the tray  (e .g ., by a 
vacuum , brush system ) m ight increase 
this recovery . Most o f this loss was from  
IO J  w h ich  became im bedded in the in 
dentions around the holes in  the tray . 
Losses from  foam start-up and foam  on 
trays at beginning and end would be 
nearly  constant fo r any given production 
run and would therefore tend to become 
less percentage-wise as more extended 
runs were carried out. The  studies were 
carried out on a drying run w h ich  lasted 5 
h r and 19 m in. A  com m ercial run could 
last 12—24 h r or longer w h ich  would in 
itse lf cu t these particu la r losses down to 
around 1% or less. Experienced  com 
m ercial runs on two d ifferent types o f 
driers ind icate an expected loss o f 5% or 
less is reasonable. These results coupled 
w ith  flavo r q ua lity  and s ta b ility  o f the 
product ind icate this process has a high 
degree o f com m ercial feasib ility .

When produced under the recom 
mended cond itions, the product from  
both orange and grapefruit (B e rry  et a l., 
1967b) usually  had around 1.25%  m ois
ture or less. T h is  is recom m ended to be 
ground to particle sizes to pass through 
35 mesh and on 60  mesh (U .S . sieve size) 
fo r optim um  so lu b ility , and should be 
densified by the m ethod o f B erry  et al. 
(1 9 6 7 a ) to a bu lk  density o f about



808-JOURNAL OF FOOD SCIENCE- Volume 37 (1972)

0.6g/cc. IO J  prepared in this m anner may 
be stored at 8 5 °F  fo r 6 —9 m onths before 
becoming unacceptable and at 7 0 °F  or 
low er fo r more than a year (B e rry  et a l., 
1966 ; B erry  and V e ld hu is , 1968). F lavo r 
qua lity  can also be upgraded w ith  in 
creased accep tab ility  through use o f en
capsulated peel o il and concentrated 
citrus essences. IO J  w ith  these character
istics has been used successfu lly  on all 
space flights fo r moon exp lo ration  since 
A po llo  12.
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RECOVERY OF NATURAL ORANGE PIGMENTS: AN IMPROVED METHOD 
APPLIED TO CITRUS PROCESSING WASTES

INTRODUCTION
D U E  T O  increased interest in natural 
orange pigments as potentia l sources o f 
color fo r food products, m ethods for 
obtaining such pigments have recently  
been under developm ent. Most methods 
used to date have several inherent dis
advantages, how ever, ch ie f among w hich  
is the need fo r large volum es o f water. 
There is a need fo r im proved m ethods, 
m inim izing w ater usage and s im p lify ing  
the process.

Previous methods were too com plex 
for easy com m ercia l scale-up. F ish e r et al. 
(1 9 6 6 ) reported a re la tive ly  com plicated 
laboratory procedure and K e w  and Berry
(1970 ) reported a more sim p lified  hexane 
extraction m ethod , applicable to Kg 
batches o f peel. W ilson et a l. (1 9 7 1 ) 
reported on p ilo t scale adaptation o f a 
somewhat sim p lified  version o f K e w ’s 
hexane extractio n  m ethod using three 
forms o f V a lencia  c itrus peel. T in g  and 
Hendrickson (1 9 6 8 , 1969) reported a 
method using orig inal acetone extractio n  
followed by a so lvent/so lvent transfer to 
hexane.

A  method fo r pigment extraction  
should be applicable to most form s of 
com m ercially availab le peel m aterials. 
From  different types o f c itrus ju ice  proc
essing operations, three form s o f citrus 
peel are discharged w h ich  should serve as

good sources o f natural orange co lor. 
These are: (1 )  whole orange peel ex
pelled from  ju ice  ex tra cto rs ; (2 )  orange 
flavedo (the outer co lored layer o f orange 
peel); and (3 )  “ f r it s .”  Whole peel consists 
o f flavedo , albedo and adhering mem
brane. F lavedo is obtained from  whole 
peel by a special s lic ing  device separating 
the co lor-contain ing outer laye r (flavedo ) 
from  the albedo and m em brane. “ F r i t s ”  
are rather coarse peel particles, m ostly 
flavedo , expelled from  a screw  fin isher 
used to obtain peel o il as a byproduct 
from  an FM C  orange ju ice  extractio n  and 
fin ish ing  operation . These form s o f citrus 
peel have been described in more detail 
by W ilson et al. (1 9 7 1 ).

A  study was made to develop an 
im proved carotenoid pu rifica tion  method 
w h ich  would be sim pler, require less 
water usage and s till result in  e ffic ien t 
pigment y ie ld . The developed im proved 
method was then tested fo r its app licab il
ity  to citrus peel from  d ifferent orange 
cu ltivars , d ifferent form s o f peel and 
d ifferent degrees o f m a tu rity .

EXPERIMENTAL
Materials

(1) Peel “ frits”  (described above), (2) FMC 
extractor peel (FMC Corp., Lakeland, F la .), (3) 
Brown extractor peel (Automatic Machine Co., 
Winter Haven, F la .), and (4) Flavedo (outer

layer of orange peel obtained from an AMC 
peel shaver, Automatic Machine Co.) were ob
tained from Hamlin, Temple, Pineapple and 
Valencia oranges, and Dancy tangerines. From 
each of the five cultivars listed, three 60-lb 
batches were extracted and the extracts pooled 
for purification and concentration. A ll treat
ments were duplicated.
Methods

Pilot plant extractions followed the method 
reported by Wilson et al. (1971). Peel “ frits”  
were small enough that grinding was unneces
sary. A ll other samples were ground (Hobart 
meat grinder Model 4256c, The Hobart Mfg. 
Co., Troy, Ohio) prior to extraction. Three 
60-lb batches of peel were mixed 1:1 (w/w) 
with hexane, stirred 10 min and the hexane ex
tract decanted. The extracted peel was passed 
through a juice finisher (Chisholm Ryder Co. 
Inc., Niagara Falls, N .Y .) (0.030 screen) to re
move residual hexane. An emulsion was ex
pelled through the screen at this step and 
formed a separate layer. The hexane layer was 
separated and combined with the previous hex
ane extract. From three 60-lb batches of start
ing material, the hexane extracts were com
bined and concentrated in vacuo at 50° C and 
28 in. Hg (Wilson et al., 1971). The peel resi
due, emulsion layer, hexane extract and recov
ered hexane were weighed and recorded. Peel 
oil was removed from the crude pigment mix
ture by distillation over water at 50° C at re
duced pressure of 10 mm Hg as previously 
described by Wilson et al. (1971).
Carotenoid purification

The carotenoids in the crude mixture were 
purified by precipitation from a solution of
2-propanol and water. The crude fraction was 
dissolved in a minimum of 2-propanol (ca. 30 
ml 2-propanol per g of crude pigment mixture) 
and the resultant solution was diluted with 
water to a final concentration of 60% 2-propa
nol and 40% water. In some cases, large quanti
ties of flavonoids interfered at this stage and 
when these were present (e.g., tangerine peel) 
the 2-propanol solution was allowed to stand 
for about 1 hr (to precipitate flavonoids) and 
filtered before dilution (Tatum and Berry,
1972). After dilution the precipitated carote
noids were removed from solution and dried 
under vacuum at 40°C for about 1 hr.

Thin-layer chromatography (TLC) of color concentrates
Each pigment concentrate was spotted on 2 

cm x  8 cm, Silica Gel G plates (Analtech, Inc., 
Wilmington, Del.), developed in hexane-acetone 
solvent (75: 25 v/v), air dried in a fume hood 
and examined by long and short wavelength UV 
light.
Treatment of emulsion

The emulsion layers that formed during the 
finishing operation were treated with acetone as

Table 1- Y ie l d s  o f  p ig m en t o b ta in ed  b y  2-p ro p a n o l p re c ip ita tio n *

Yield of color (mg/kg starting material)

Cultivar Hexane extract
Acetone extract 

of emulsion Total
Tangerine “ frits” 414 69 483

Hamlin ground whole peel
11-70 200 95 295

1-71 224 8 232
2-71 308 10 318

Temple “ frits” 672 140 812
Pineapple

Flavedo 954 55 1009
Ground whole peel 342 24 366
“ Frits” 326 98 424

Valencia
Flavedo 606 16 622
Ground whole peel 550 4 554
“ Frits” 268 99 367

aAll resu lts  are averages o f  du p lica te  de te rm in a tio n s .
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described by Wilson et al. (1971) to recover the 
residual color and precipitate pectinous materi
als and phospholipids.

Color evaluation
Visual comparison was made with USDA 

standard color tubes (see methods in “ U.S. 
Standards for Grades of Frozen Concentrated 
Orange Juice,”  USDA, 1968) and instrumental 
measurement with a Color Eye Reflectance 
Spectrophotometer Model D-l (Instrument 
Development Labs., Kollmorgan Corp., Attle
boro, Mass.). Poorly colored frozen concen
trated orange juice (FCO J) prepared from early 
season Hamlin oranges was used as the vehicle 
for visual comparison. Based on previous find
ings that 1/6000 dilution of pigment concen
trates resulted in substantial color improve
ments (Wilson et al., 1971), samples were 
prepared by mixing 0.087g pigment with lOOg 
FCOJ then diluting to 12.5° Brix with about 
420g water. For comparison a control was pre
pared in the same way, without the pigment. 
These samples were compared to the USDA 
standard color tubes (USDA, 1968).

Instrumental determinations were made by 
the procedure reported by Berry et al. (1971). 
Samples of concentrated pigment (0 .12g) were 
weighed into 10 ml volumetric flasks and di
luted to 10 ml with hexane, stoppered and 
mixed. A 4.25 cm diameter Whatman No. 1 
filter paper disc was soaked in the color solu
tion for 10 min, air dried for 2 min, placed in 
the instrument and read after 1 min. In the 
instrument, the disc was backed by two layers 
of Whatman filter paper and a white Vitrolite 
plate. A white Vitrolite plate was inserted in 
the other side of the instrument as a reference.
Taste panel evaluation

Samples of pigments were evaluated for fla
vor effect by paired comparison. 48 judgements 
were obtained for each evaluation. Samples 
were prepared for testing by thoroughly mixing 
0.25g of pigment, 0.04 lg of cold pressed Valen
cia orange oil and 367.5g of 50° Brix FCOJ. 
This mixture blended and dispersed easily with 
stirring, and was then diluted to 12.5° Brix 
with water. Control samples for comparison 
were prepared by adding 0.20g cold-pressed 
Valencia orange oil (this amount made them 
equivalent to experimental samples, accounting 
for oil in pigment concentrates) to 367.5g 50° 
Brix FCOJ and diluting to 12.5° Brix.

RESULTS & DISCUSSION
P R IN C IP A L  IM P R O V E M E N T  was in 
separating and p u rify ing  the crude carote
noid fractio n  by so lu tion  and dilution- 
p recip itation w ith  2-propanol/water, re
placing the previously used steps o f 
sapon ification , neutra lization  and ex
tensive solvent-water washing as reported 
by W ilson et al. (1 9 7 1 ). T h is  new method 
was a m odifica tion  o f that reported by 
Higby (1 9 6 2 , 1963) and Bernath and 
Sw isher (1 9 6 9 ), and had been applied by 
Tatum  (1 9 7 0 ) on a sm all scale to remove 
carotenoids from  an analysis m ixtu re . 
The Higby and Bernath methods extract
ed carotenoids from  the 2-propanol solu
tion w ith  hexane, but the m odified 
procedure sim plified  removal by pricipi- 
tating carotenoids d irectly  from  2-pro
panol by water d ilu tio n  and separating

them  by filtra t io n . T h is  had the addi
tional advantage that im purities such as 
waxes and flavonoids precip itated sepa
rate ly  before the carotenoids, and could 
easily be removed w hile  fu rther d ilu tion  
precip itated the carotenoids. No prob
lems were encountered in filte ring  o ff  the 
im purities before carotenoid precip ita
tion .

Y ie ld s  o f pigment obtained by the 
precip itation method varied w ith  the 
am ount o f so lvent, w h ich  in turn  de
pended on am ount o f peel oil contained 
in the crude pigment frac tio n . It was 
found help fu l to remove as m uch peel oil 
as possible during the preceding d istilla 
tion step (w ith o u t undu ly  risk ing  product 
heat damage). The less solvent required to 
affect p recip itation , the more e ffic ien t 
the recovery was found to be. F o r  exam 
ple when about 1 5 - 2 0  m l o f 2-propa- 
nol/g o f crude pigment was used a loss o f 
about 1—2% carotenoids was found. 
How ever, when 30 ml or more o f 2-pro- 
panol/g o f crude pigment was used, losses 
were 5 —10% or m ore. These are not total 
losses however, because the rem aining 
so lutions could be added back to sub
sequent batches and recyc led , but this 
would reduce e ffic ie n cy .

Y ie ld s  o f carotenoid pigments ob
tained by the precip itation  m ethod varied 
w ith  d ifferent c itrus cu ltivars , fo rm  used 
as starting m ateria l, and season, as shown 
in Tab le 1. Am ong citrus cu ltiva rs , the 
highly colored Tem ple orange had one o f 
the highest pigment y ie lds (8 1 2  mg/kg 
“ fr its ” ) but this is p rim arily  a fresh 
m arket com m odity  and only lim ited

am ounts are processed. Tangerine “ fr it s ”  
also showed a good y ie ld , but this too is a 
lim ited  com m od ity . Am ong the most 
com m only processed cu ltivars , Valencia 
showed the highest average pigment 
y ie lds fo llow ed by Pineapple and the 
re lative ly  low  colored H am lin . W ith re
gard to form  o f peel used as pigment 
source, flavedo resulted in highest yie lds 
w ith  ground whole peel next and “ fr its ”  
lowest. The  d iff ic u lty  in handling “ fr its ”  
because o f em ulsion fo rm ation  probably 
accounts fo r the ir low er pigment y ie ld . 
Because early  season oranges (H a m lin ) are 
re lative ly low  co lored at earliest proc
essing m aturity  but increase in co lo r as 
they become more m ature , extractio ns 
were made on this cu ltiva r at increasing 
stages o f m aturity  to see if  y ie ld  would 
im prove. A lthough some im provm ent was 
noted the most mature samples tested 
were s till w ell below yie lds o f other 
cu ltivars . T h u s , a barely m ature sam ple, 
(N ov. 1970), a m ature sample (Ja n . 1971) 
and a very m ature sample (F e b . 1971) 
yielded about 2 95 , 232 and 318 mg 
pigment per kg ground whole peel, re
spective ly . Regardless o f peel fo rm , the 
two most w idely  processed cu ltivars . 
Pineapple and Valencia  oranges resulted 
in good yie lds o f pigm ent. O f all samples 
tested, the highest y ie lds (8 0 0  to 600 
mg/kg) were from  Pineapple flavedo fo l
lowed by Tem ple “ fr it s ”  and Valencia 
flavedo , respective ly , as com pared to 
around 400  fo r other cu ltivars  and form s.

Several times during the 1 9 7 0 -7 1  
citrus season, w in te r freezes were exp e ri
enced and some samples were processed

Table 2 —M aterial balance fo r p ilo t  scale hexane ex tra ctio n  o f  orange p e e l p ig m en t  

Solids recovery (% wet weight)
Pectin Emulsion Solvent recovery
frrwn Total rprnvprPil foiinH  ̂ ^

Cultivar
Peel

residue
from
peel

Total recovered 
peel solids

found 
% by wt

(% by wt) 
Hexane Acetone

Tangerine “ frits” 71 10 81 36 80 57
Hamlin ground 
whole peel

11-70 75 25 100 33 82 79
1-71 96 3 99 10 84 48
2-71 94 3 98 8 81 72

Temple “ frits” 67 10 77 40 84 53
Pineapple

Flavedo 81 9 90 25 89 78
Ground whole

peel 92 6 98 11 78 75
“ Frits” 70 30 100 36 73 85

Valencia
Flavedo 95 5 99 19 74 85
Ground whole

peel 96 1 98 3 71 75
“ Frits” 73 10 93 36 71

Avg79
80 

Avg 71
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Table 3 —R elative  qualitative  
enees b y  tristim ulus values

c o lo r differ-

Cultivar X a Y a Za
Tangerine “ frits” 97 82 25
Hamlin ground peel 101 91 36
Temple “ frits” 100 90 37
Pineapple

Flavedo 101 92 36
Ground whole peel 102 94 43
“ Frits” 101 91 35

Valencia
Flavedo 100 88 25
Ground whole peel 103 99 66
“ Frits” 102 97 59

aX = redness; Y = greeness; Z = blueness

earlier than norm al. T h is  was especia lly 
true o f Pineapple oranges and Valencias 
and pigment y ie ld  might have been higher 
had the peel from  sound m ature fru it 
been available throughout the processing 
season. How ever, these studies served to 
indicate even freeze-damaged fru it could 
be successfully processed by th is m ethod.

Carotenoid concentrates were exam 
ined by T L C  fo r changes in com position 
and gross im purities. On visual inspection 
of T L C  plates, a ll extracts  appeared iden
tical except tangerine. Som e pigments 
were absent from  tangerine extracts . O n ly  
traces o f noncarotenoid im purities were 
noted in the pigment concentrates, in 
cluding probable sm all am ounts o f ster
oids and lip id .

Recoveries were also considered from  
the standpoint o f d iffe rent cu ltiva rs , form  
of peel used as starting  m ateria l and 
m aturity. M aterial balances fo r hexane 
extraction o f d iffe rent fo rm s and types o f 
peel indicated nearly  total recovery o f 
peel solids and around 80% recovery o f 
solvents for most experim ents (see Tab le
2). Pectin from  peel was com bined w ith  
wet peel residue fo r determ ining solids 
recovery. W ith regard to cu ltivars , there 
was relatively litt le  d ifference in total 
recovered peel solids w h ich  generally 
ranged around 100% except fo r tangerine 
and Temple “ f r it s .”  Pectin  data in Tab le 
2 indicate am ounts o f this additional 
byproduct w hich might be availab le. Both 
hexane and acetone recoveries were 
around 7 5 -8 5 %  except acetone recovery 
from processing o f tangerine and Tem ple 
“ frits”  and January  Ham lins was con

siderab ly low er. T h is  was probably due to 
larger am ounts o f em ulsion form ed, espe
c ia lly  w ith  the “ f r it s .”  W ith regard to 
type o f peel used as starting  m ateria l, 
recoveries also did not vary  m uch except 
tangerine and Tem ple “ fr it s ”  were most 
d iff icu lt  m aterials to handle. When con
sidered from  the standpoint o f m atu rity  
there was litt le  d ifference in to tal peel 
solids accounted fo r from  H am lins w heth
er processed in N ovem ber, Jan u ary  or 
Feb ru a ry . T h e y  all y ielded more than 
80% recovery o f hexane as w e ll. How ever, 
the acetone recovery from  processing o f 
the Jan u ary  sample was considerably 
reduced. T h u s , peel in  any o f the three 
form s from  the tw o most w idely  proc
essed cu ltiva rs , Pineapple and Valencia  
oranges, would provide good sources fo r 
orange peel pigment resulting in re lative ly  
high y ie lds and reasonable recoveries o f 
solvents. Due to low er y ie lds , the peel 
from  Ham lins even when they are e x 
trem ely  m ature would not be a very 
favorab le pigment source. Due to lim ited 
ava ilab ility , problem s in em ulsion fo rm a
tion and d ifficu ltie s  in solvent recovery , 
the tw o lim ited  specia lty  cu ltivars , T em 
ple oranges and tangerine also would not 
be favorable sources o f p igm ent, in spite 
o f fa ir ly  good pigment y ie lds.

So lvent recoveries sustained during 
these studies are less than optim um  since 
these extractio ns and other processing 
operations were conducted , fo r the most 
part, in the open to avoid unsafe accum u
lations o f solvent vapors in  the pilot 
p lant. M any solvent losses could be re
duced substantia lly  by using enclosed 
equipm ent sp ec ifica lly  designed fo r such 
operations and by recovering additional 
solvent le ft in  peel residues and em ul
sions. Y ie ld  o f pigment could also be 
increased by additional m ateria l recov
ered from  separate treatm ent o f the 
form ed em ulsions. The results o f acetone 
treatm ents to recover pigment from  these 
em ulsions are shown in Tab le  1. A d d i
tional y ie ld  ranged from  about 25 mg/kg 
m ateria l fo r Pineapple ground whole peel 
to about 140 mg/kg m ateria l fo r Tem ple 
“ fr its .”

F lavo r studies using these pigment 
fractions w ith  cold-pressed orange o il 
added to ju ice  at 1/6000 d ilu tion  in d i
cated that w ith  one excep tio n , a favor
able product was obtained. The exception 
was pigment from  H am lin  peel, where the 
resu ltant product was s ig n ifican tly  d iffe r
ent from  the contro l sample at the 0 .01%  
level o f confidence and was judged by the

panel to be unsatisfacto ry  in flavor. Sig
n ifican t d ifferences from  the contro l were 
not obtained fo r the rem aining samples.

T hu s , ground whole peel, chopped 
flavedo or “ fr its ”  m ay serve as good 
sources o f natural orange pigments. O ther 
m aterials such as “ fr it s ”  contain ing con
siderable water and causing more than 
usual em ulsion fo rm atio n , can s till be 
used as pigment sources provid ing appro
priate processing steps are taken . The 
2-propanol precip itation  m ethod is an 
effective , e ffic ien t means o f p u rify ing  the 
extracted  pigment frac tio n , m inim izes 
water usage, and could be the basis o f an 
e ffic ie n t, larger scale process. T h is  new 
method is applicable to most com m on 
orange and tangerine cu ltivars , to the 
three most available peel fo rm s, and to 
fru it o f d ifferent m aturities . A lthough 
Ham lin oranges are not a prom ising 
source o f orange pigm ent, Pineapple and 
Valencia  oranges resulted in good pig
ment yie lds and e ffic ien t recoveries.
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PRE-FREEZING PROCESSING OF GOLDEN DELICIOUS APPLE SLICES

Table 2 —E f fe c t  o f  a sco rb ic  a cid  a n d  ca lcium  co n cen tra tio n s on  q u a lity  IS lices  so a k e d  17 h r  in 
30% su crose  p lu s asco rb ic  a c id  a n d /or ca lciu m )

INTRODUCTION
F R E E Z IN G  A N D  T H A W IN G  disrupts the 
ce llu lar structure o f most plant tissues, 
including apple slices. Thus frozen and 
thawed apple slices are so fter than the 
fresh and lack crispness. The Golden 
Delic ious variety is re lative ly  soft in the 
fresh state, and when frozen com m er
c ia lly  under present practices, it  often 
yields an undesirably soft thawed prod
uct, at least w ith  western apples. H ow 
ever, since it is a m ajor processing variety  
in Washington and other western states, it 
would be desirable to have a pre-freezing 
process fo r this variety  w h ich  would y ie ld  
a thawed product closely resembling the 
fresh in textu re , flavo r and co lor. Th is  
report describes our effo rts toward devel
oping such a process.

Calcium  treatm ent o f apples is the 
logical and h isto rica l method fo r increas
ing firm ness. It has been used for this 
purpose by Powers and Esselen (1 9 4 6 ) 
fo r M cIntosh apples to be frozen or 
canned, and by A rcher (1 9 6 2 ) and W iley 
and Lee (1 9 7 0 ) fo r canned apples. O ur 
own recent w o rk  on refrigerated apple 
slices (Ponting et a l., 1971 ; 1972) showed 
that a calcium  dip was effective in pre
serving texture over an extended storage 
period, as w ell as having a synergistic 
effect w ith  ascorbic acid or su lfu r dioxide 
in preventing browning. Powers and E s
selen (1 9 4 6 ) also found such an effect 
w ith  frozen M cIntosh apples. There fo re , 
we used these com pounds in our pre
freezing treatm ents. Sugars were also used 
in the treating so lution  for their effect in

Ascorbic 
acid, %

Calcium
(%)

Drained 
wt. (%)

Shear
strength

0.05 0.3 99 34
0.2 0.3 97 54
0.5 0.3 97 41
2.0 0.3 97 17
1.0 0.4 98 48

lowering the freezing point o f the apple 
tissue, w ith  the hope o f preventing some 
breakage o f cells by m aintain ing them in 
only a partly  frozen state. W iley and Lee
(1 9 7 0 ) found that sugar increased the 
effectiveness o f calcium  in firm ing canned 
apples.

MATERIALS & METHODS
GOLDEN D ELIC IO U S apples (3 in. diam) 
which had been stored in a controlled atmos
phere for 3 -6  months were used in these stud
ies. They were peeled, cored and sliced radially 
into twelfths. Sample lots of 200 or 250g were 
immediately placed in twice their weight of 
treating solution. Treatment consisted of short 
dips of 3-5  min or longer soaking for up to 24 
hr. In some experiments the solution was 
vacuum-infiltrated into the apple slices. Treat
ing solutions contained ascorbic acid (0 .05- 
2%), sulfur dioxide (0 .01-0 .05% ), calcium 
(0 .1-0 .5%  as CaCI2) and sugars (10-40% ) 
cither alone or in various combinations. After 
treatment the samples were drained and then 
frozen in polyester bags, usually at -1 0 °F  in 
still air.

Observations
Texture Color Flavor

Firm-Good SI. Tan Fair
Good Good Good
Soft Good Good
Soft OK-Light Y Good
OK-Very Firm Good Good

Samples were removed from frozen storage 
after 1 or more days, thawed in the bag for 6 hr 
at room temperature and observed for color, 
flavor and texture. Additional tests were made 
as follows.
Drained weight

Bags were weighed before and after opening 
and draining for I min, and the percentage re
covery of drained apples was calculated.
Shear strength

Two-slice samples were tested in triplicate in 
a L.E.E.-Kram er shear press, with a 200-lb ring 
and a calibration setting of 200. Results were 
expressed as mean percent of full scale reading. 
Other tests (as pertinent)

pH; degrees Brix (percent sugar) by refrac- 
tometer on expressed juice; penetration of S 0 2 
by catechol test (Ponting, 1944); residual S 0 2 
(Ponting and Johnson, 1945).

RESULTS & DISCUSSION
R E S U L T S  are reported in Tab les 1 - 6  
and Figures 1 and 2. Resu lts o f p re lim i
nary experim ents were used to guide the

Table 1—E f fe c t  o f  ascorb ic a c id  an d  calcium  co n cen tra tio n s on  tex
ture IS lices so a k ed  17 hr)

Ascorbic 
ac id ,%

Calcium
(%)

Drained wt 
(%)

Shear
strength“

Observed
texture

0 0 84 9 Mushy
Water 0.05 0.2 80 34 Soft

0.2 0.3 82 32 Fibrous
0 0 97 17 Mushy
0 0.2 97 39 Soft-Firm

30% Sucrose 0 0.4 99 84 Firm
0.05 0.2 99 58 Firm
0.1 0.2 97 57 Firm
0.05 0.3 97 70 Firm
0.2 0.3 97 70 SI. Soft
0.1 0.4 100 102 est. Fibrous

“Shear strength of fresh slices > 100 in this system

Table 3 —E f fe c t  o f  tim e o f  treatm ent on  qu a lity  (S lic e d  apples  
so a k ed  in 30%  su cro se , 0 .0 5 %  asco rb ic  acid , 0 .2 %  ca lcium )

Time
Drained 
wt. (%)

Shear
strength Texture

Observations
Color Flavor

Control 93 17 Mushy Med. Br. Fair
(5 sec) 
3 Min 94 9 Mushy Lite Br. Fair

12 Min 94 16 Mushy Lite Br. Fair
1 Hr 96 19 Very Soft SI. Br. Fair-Good
3 Hr 97 21 Soft Lite Br. Good
6 Hr 99 31 Soft-Firm Lite Br. Good

16 Hr 98 66 Firm V. SI. Br. Good
24 Hr 100 61 Firm Good Good
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Table 4 —E f f e c t  o f  sugars on  d ra in ed  w eight 
and shear stren gth  (S lices so a k e d  17 h r  in soln  
containing  sugar p lu s  0 .2 %  a sco rb ic  a c id  an d  
0.3%  ca lcium )

Kind
of

sugar
Cone
(%) ° Brix

Drained 
wt. (%)

Shear
strength

None 0 7.7 82 32
15 15.4 94 47

Sucrose 20 16.0 95 47
25 17.3 98 59
30 19.0 97 70
40 21.8 88 65
15 15.9 95 66

Dextrose 20 17.3 100 55
30 22.8 100 76

Table 5 —E ffe c ts  o f  sugar a n d  co n cen tra tio n  o f  su lfu r  d io x id e  on  q u a lity  (S lice s  so a k ed  in  
so lu tio n  con ta in ing  0 .5 %  m alic acid , 0 .4 %  ca lcium )

S 0 2 Drained wt Shear Residual ____________ Observations
Treatment (%) (%) strength S 0 2 (ppm) Texture Color Flavor

Water-17 hr .02 85 33 84 Woody Good Poor
.04 82 6 159 Mushy Good Poor

30% Sucrose- .02 99 41 30 Firm Good Fair-Good
17 hr .05 95 14 114 Firm Good Fair

30% Sucrose- .02 99 23 4 Firm-Crisp Good Fair
heated to 
120° F , 1 hr

investigation, as fo llo w s: (1 )  Vacuum  in 
filtration  o f so lu tions in to  apple slices 
was abandoned because it resulted in a 
translucent or water-logged appearance 
rather than the opaque appearance o f 
fresh slices; (2 )  C a lc ium  ch loride was 
found to cause an o ff-flavo r at concentra
tions o f 0 .5%  or above; therefore , this 
was the upper lim it used in our exp e ri
m ents; (3 )  M ixtu res o f ascorbic acid or 
su lfu r d ioxide and ca lcium  in w ater were 
satisfactory fo r protecting co lo r o f frozen 
and thawed apple slices but not the 
texture , no m atter how  long they were 
treated. Increasing ca lcium  concentration  
caused an increase in shear press readings 
but after a certain point the slices became 
w oody, w hile the ju ice  s till leaked out 
easily. On the other hand, when sugar was 
used in the treating so lu tio n , leakage was 
greatly reduced and the soft tissue was 
firm  and gel-like. Consequen tly , sugar was 
incorporated in to  the treating so lu tion .

Reeve (1 9 7 0 ) stated that the m ushy 
texture o f frozen and thawed apple slices 
is caused m ain ly  by damage to the large 
thin-walled parenchym a cells. The  sm aller 
fiber cells are not seriously damaged by 
freezing and thaw ing. Sugars have a pro
tective effect on parenchym a ce lls , thus 
reducing the leakage. C a lc ium  has a hard
ening effect m ain ly  on the cell walls but 
ju ice can still leak through them . The 
quality o f firm ness or crispness o f soft 
tissue that is so d iffe rent between fresh 
and frozen fru it  (Sherm an , 1972) cannot 
be measured in strum enta lly  at present, 
but an ind irect measure can be obtained 
from the am ount o f leakage or the 
drained weight (W olford  et a l., 1967). A  
higher percentage o f drained weight in d i
cates less damage to the parenchym a cells 
and consequently a firm er textu re  in  the 
soft tissue. The two m easurem ents, 
drained weight and shear strength, taken 
together give an objective assessment o f 
texture w hich approaches the organolep

tic  method fa ir ly  close ly . Th e  effects o f 
various treatm ents on leakage or drained 
weight are shown in Figure 1.

The effects o f ascorbic acid and ca lc i
um concentrations in water and in 30% 
sucrose so lu tion  are shown in Tab le 1. 
Sugar increases drained weight even w ith 
out ca lc ium , although both shear strength 
and observed textu re are poor. W ith 
0 .2 —0 .4%  ca lc ium , the observed texture 
is good. C o lo r is better w ith  increasing 
am ounts o f ascorbic ac id , but the m in i
mum  that can be used is variab le , depend
ing on the tim e the apples are to be held 
after thaw ing. In  our experim ents the

packages o f apples were thawed fo r 6 hr 
at room  tem perature , and a concentration 
o f ascorbic acid o f 0 .05%  in the treating 
so lution was usually  sa tisfacto ry  w ith  a 
treating tim e o f 16—17 h r. How ever, this 
concentration o f ascorbic acid is not 
su ffic ien t to com plete ly inactivate the 
browning enzym e po lyphenol oxidase , 
and fu rther holding o f the apples results 
in  gradual in terna l browning. Use o f more 
ascorbic acid is not on ly  more expensive 
but also causes softening, as does su lfu r 
d ioxide . There fo re , more ca lcium  must be 
used w ith  more o f the enzym e inh ib ito rs . 
Com plete enzym e inactivation  requires

Fig. 1 —E f fe c t  o f  a sco rb ic  acid , ca lcium  a n d  sugar on  leakage o f  frozen  an d  thaw ed apple slices.



814- JOURNAL OF FOOD SCIENCE-Volume 37 (1972)

Table 6 —E f fe c t  o f  freezing  rate o n  tex tu re  o f  th a w ed  apple slices  
(S lices so a k e d  17 h r  in 30%  su cro se , 0 .2 %  a sco rb ic  acid , 0 .3 %  ca lcium )

Drained wt Shear Observed
Freezing method % Recovery strength texture
Still air, -10° F 99.5 66 Slightly soft to firm
Air blast, -28° F 98.8 65 Slightly soft to firm
Dry ice snow 98.8 100 Very crisp

about 1% ascorbic acid , and this in  turn 
requires about 0 .4%  calcium  fo r balance 
(Tab le  2 ). A  com bination o f 0 .2%  ascor
bic acid and 0 .3 —0.4%  calcium  provides a 
good qua lity  product and is probably 
more practica l fo r most purposes.

The effect o f treating tim e is shown in 
Tab le 3. The penetration rate o f the 
chem icals used is quite slow  and their 
effects gradually increase w ith  treating 
tim e up to 24 h r or more. The m inim um  
satisfacto ry  treating tim e under our con
ditions was about 1 6 -1 7  h r at room 
tem p era tu re . T h is  raises the shear 
strength in to  the desirable range o f 
50—70. Some experim ents w ith  heated 
so lutions containing su lfu r d ioxide ind i
cated that heating would greatly increase 
the rate o f penetration (Tab le  5 ).

Tab le 4 shows the effects o f vary ing 
concentrations o f sucrose and dextrose. 
Best results are obtained w ith  concentra
tions o f 2 0 - 3 0 %  o f e ither o f these sugars. 
Dextrose is s lig h tly  more effective . A t a 
concentration o f 40%  there is some os
m otic dehydration and the drained 
weight decreases. Apple slices soaked in 
syrups containing 2 0 -3 0 %  sugar are in 
creased in sugar content 2 —8% from  an 
orig inal 13—14%.

S u lfu r d ioxide treatm ent is d ifferent 
from  ascorbic acid treatm ent in that S 0 2 
must penetrate clear to the center o f the 
apple s lice ; otherw ise there w ill be no tice
able brow ning o f the unpenetrated por
tion . The catechol test (Po n ting , 1944) 
was used to show the degree o f penetra
tion in  a soak tim e o f 17 hr (F ig . 2 ). It 
can be seen that the pH must be held to a 
low  value fo r sa tis facto ry  penetration o f 
S 0 2 . W ith 0 .5%  m alic acid in the treating 
so lution  (p H  2 .4 ) , 0 .02%  S 0 2 is su ffic ien t 
fo r com plete penetration . Tab le  5 shows 
that at this concentration  the residual 
S 0 2 is on ly  30 ppm ., w h ich  would not be 
detectable afte r cooking. A t 0 .05%  the

residual S 0 2 is higher and the flavor 
becomes poorer. Heating the slices fo r an 
hour at about 1 2 0 °F  in  a bath containing 
S 0 2 w ith  sugar and ca lc ium  offers an 
alternative to the long soaking treatm ent.

Fu rth e r im provem ent in the textu re o f 
thawed apple slices can be obtained by 
faster freezing, as shown in Tab le  6. 
Freezing  ind iv idua l slices in granulated 
dry ice im proved the crispness m arked ly  
and brought it close to that o f raw  slices. 
The shear strength increased above the 
desirable range fo r slow-frozen slices, but 
this high shear strength did not corre
spond to a w oody or fib rous textu re  as 
w ith  other samples.

The treatm ents described above o ffer 
the possib ility  o f processing G o lden D e li
cious apple slices w ith  S 0 2 or w ith  on ly 
essential nu trients to produce thawed 
slices w h ich  can be used interchangeably 
w ith  fresh. A lthough the processing m eth
od is s low  and som ewhat cum bersom e, 
the increase in  q ua lity  o f product m ay 
w ell ju s t ify  its use.
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19 67 . F reezing o f  p eaches and  sw eet cher
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EFFECT OF CARBON DIOXIDE ATMOSPHERE ON THE COURSE OF ASTRINGENCY 
DISAPPEARANCE OF PERSIMMON (Diospyros kaki Linn.) FRUITS

INTRODUCTION
A T T H E  B E G IN N IN G  o f the cen tu ry , 
Gore (1 9 1 1 ) found that astringency could 
be removed from  persim m ons by keeping 
them for 3 —5 days in  an atm osphere w ith  
a high concentration o f C 0 2 . T a ru tan i 
and Manabe (1 9 5 7 ) also found that as
tringency is removed when persim m on 
fruit is kept 3—4 days in  an atmosphere 
containing 78% C O , .

Gazit and Levy  (1 9 7 0 ) recognized two 
distinct stages in  the disappearance o f 
astringency fo llow ing  treatm ent w ith  
C O ,. The first stage is an ind uctive one in 
which fru it has to be kept a certain  
minimum period in C O , atm osphere, 
whereas the second stage, in w h ich  the 
fruit actually loses its astringency , can 
occur also after rem oval from  the C O , 
atmosphere. The duration o f tim e be
tween fru it removal from  the C O , and 
complete disappearance o f astringency 
depends on the length o f tim e the fru it  
was in the C O , atm osphere. The longer 
the latter period, the shorter is the tim e 
required for complete disappearance o f 
astringency up to a point where the fru it  
comes out o f the C O , in a nonastringent 
condition. The present study is a co n tinu
ation of the above research, and fo llow s 
stages in the disappearance o f astringency 
both during the C O , treatm ent and after 
it.

EXPERIMENTAL
Fruit sampling and extraction of tannins

Persimmon (D io sp yro s kaki Linn. cvs. T riumph, Hiratanenashi, Monpei, Saijo and Hya- kuma) fruits were cut transversely. A piece of filter paper soaked in 5% FeG l, was placed on the cut surface of the proximal half, so that an 
impression of the position and quality of tannins present was obtained (Gazit and Levy,1963). A 2-g sample was taken from the other half of the fruit from a region which appeared most astringent according to the tannin “print.” The samples were homogenized and extracted for 1 min with 30 cc absolute methanol in a Virtis 45 homogenizer. After centrifugation, the supernatant was made up to a volume of 50 ml with methanol.
Tannin analysis

The tannins found in persimmons, are condensed tannins (Bate-Smith and Swain, 1953; Ito, 1962) which have a specific absorbance in the UV spectrum range. The methanolic extract

of persimmon fruit was made up to a concen
tration of 2 mg fresh weight per 1 ml, and the 
absorption curve between 225 and 375 mg, was 
determined with a Unicam SP.800 spectropho
tometer. Fruit (cv. Triumph) was also tasted 
and graded according to the following grades: 
very astringent, intermediate in astringency, 
slightly astringent and nonastringent.
Adsorption by insoluble PVP (Polyvinylpyrrolidone)

Polyclar A T  (obtained from General Aniline 
& Film  Corp., Dyestuff & Chemicals Div., 435 
Hudson St., New York, N .Y .) was purified of 
substances which absorb light in the UV range 
of the spectrum, with absolute methanol and 
acetone. An equal volume of water was added 
to astringent persimmon-methanolic extracts.

The methanol was evaporated from the solution 
in a rotavapor. 10 ml of the aqueous residue 
was brought to pH 3.5 by the addition of acetic 
acid (Andersen and Sowers, 1968) and lg Poly
clar A T  was added. The mixture was shaken for 
30 min. After filtration the absorption curve of 
the solution at a concentration of 2 mg fresh 
weight per 1 ml, was determined in the UV 
range.
Disappearance of astringency

Persimmons (D io sp y ro s  ka k i Linn) cv. ‘T ri
umph’ were picked when fully colored. Groups 
of 50 fruits were placed in air-tight plastic con
tainers. CO , was introduced into the containers 
in sufficient quantity to ensure complete re
placement of the air. Temperature during the 
treatment and after was kept at 21°C. Fruit

Table 1 —C om parison  b etw een  the a b so rp tio n  peaks o f  m eth a no lic  
extra cts from  p ersim m o n  fruits (cv. T rium p h ), a n d  the degree o f  astrin 

g e n cy  as d e te rm in e d  organoleptica lly

Degree of Absorbance at 277 mg No. of fruits
astringency by taste Mean Range tested

Very astringent 0.97 0.70-1 .16 10
Moderately astringent 0.56 0 .48-0 .70 6
Slightly astringent 0.27 0.12-0 .44 12
Non-astringent 0.05 0.00-0 .12 8

Fig. 1—U V  ab sorp tion  curves o f  m eth a n o lic  e x tra cts  from  d iffe re n t  
cultivars o f  p ersim m o n  fru it : (A ) H ya k u m a ; (B ) S a ijo ; (C ) M o n p ei; (D ) 
H iratanenashi; (E )  T rium ph .
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Table 2 —A b so rp tio n  at 2 7 7  m p  o f  m ethanolic  extra cts from  u n trea ted  astringent persim m on
fruit, fru it treated  fo r  rem oval o f  astringency a n d  naturally  nonastringent fru it

Cultivar Treatment3
Fruit condition 

at analysis
Absorbance 
at 277 m p

Triumph 25 hr in H2 O + 24 hr shelf-life Firm 0.12
Triumph 14 hr in 100% C 0 2 Firm 0.15
Triumph 20 hr in acetaldehyde fumes Firm 0.14
Triumph - Firm 0.90
Hyakuma - Firm grey flcshh 0.02
Hyakuma - Firm normal flesh 0.60
Saijo - Soft' 0.04
Saijo - Firm 0.60
Fuju - Firm d 0.16

®Astringency-removing treatments“Grey nonastringent tissue surrounding seeds in an astringent fruit 
'F ru it loses astringency naturally on softening “ Naturally nonastringent cultivar

remained in the C 0 2 atmosphere for 0, 1 ,2 , 3, 
6, 9, 12, 18 or 24 hr. The intensity of the as
tringency was determined by the absorbance of 
the methanolic extract at 277 mg. Results were 
analyzed statistically according to completely 
randomized F and Q tests.

RESULTS
Tannin analysis

The absorption curve o f the m ethanol
ic  extract from  astringent fru it  between 
225 mu and 375 mu was determ ined. A ll 
the cu ltivars tested—Triu m p h , H iratanen- 
ashi, M onpei, Saijo  and H yaku m a—pro
duced on ly  one absorption peak, at 277 
mg (F ig . 1).

A  corre lation was sought between the 
degree o f astringency by taste and the 
absorbance at 277 mu o f the m ethanolic 
extract from  the same fru it . The  corre la
tion obtained was clear-cut and direct 
(Tab le  1).

M ethanolic extracts o f nonastringent 
fru it had a very low  absorbance at 277 
mu in com parison w ith  those o f astrin 
gent fru its  (Tab le  2 ).

The  results presented in Figure 2 
indicate that P V P  adsorbs and p recip i
tates ap proxim ate ly  73%  o f the sub
stances causing light absorbance at 277 
m u . T h is  corroborates the conclusion that 
this absorbance is m ain ly due to tannin- 
like substances (Lo o m is  and Batta ile ,
1966).
Course of astringency 
disappearance

The method described above fo r tan
nin analysis lent itse lf w ell to fo llow ing  
the disappearance o f astringency in fru its . 
As seen in Figure 3 , the treated fru its  
may be divided in to  three groups: those 
kept 0 - 3  hr in  C 0 2 ; those kept 6 h r ; and 
those kept 9 or more hr in C 0 2 (F ig . 3 ).

During the whole period o f shelf-life

tested, no sign ifican t decrease in astrin 
gency was found in fru its  treated in C 0 2 
for 0 -3  hr. The group treated for 6 hr 
was astringent im m ediately afte r removal 
from  the C 0 2 , but afte r 1 8 h r o f shelf-life 
there was a sign ifican t decrease in astrin 
gency w h ich  reached that o f fru it w hich 
was kept 24 hr in  C 0 2 . F ru its  w h ich  were 
kept 9 or more hr were s ig n ifican tly  less 
astringent than nontreated fru its  on re
moval from  the treatm ent.

DISCUSSION
A  Q U A N T IT A T IV E  M E T H O D  o f meas
uring astringency is essential fo r a study 
o f astringency disappearance. Ito  (1 9 6 2 ) 
reported that the m ain constituent caus
ing astringency in persim m ons is a leuco- 
an thocyan id in  w h ich  has an absorption 
peak at 277 mU- In th is study a good 
direct corre lation  was found between the 
height o f the absorption peak at 277 m u  
and the degree o f astringency as graded 
by taste (Tab le  1). Fu rth erm o re , treat
ments that reduced astringency also 
caused an equivalent drop in absorbance 
o f m ethanolic extracts  at the same peak 
(Tab le  2 ). The  tannin-like characteristics 
o f the substances responsible for this 
specific light absorbance are fu rther ind i
cated by their great a ff in ity  to P V P  (F ig .
2 ). These findings enable us to fo llo w  the 
course o f astringency disappearance by 
determ ination  o f the change in absorb
ance at 277 mU-

The effectiveness o f C 0 2 as an astrin 
gency rem oval agent is well know n (G o re , 
1911 ; Ta ru tan i and M anabe, 1957). In 
the present study the two-stage process o f 
astringency rem oval (G a z it  and Levy ,
1970) has been studied in detail.

It  was found that fu ll ind uction  occu r
red afte r 9 hr in C 0 2 atm osphere and

Fig. 2 - U V  a bsorption  curves o f  m eth a no lic  e x tra ct from  astringent 
p ersim m o n s: I A )  B e fore  and (B ) a fter the addition  o f  PV P .

Fig. 3 - T h e  e ffe c t  o f  C 0 2 treatm ent (3. 6, 9, 12, 18 an d  2 4  h r  in C O  . 
atm osphere) on the ab sorp tion  a t 2 7 7  m g  o f  m eth a no lic  e x tra cts  from
'T riu m p h ' p ersim m o n  fruit. ( — ---- ) Im m ed ia tely  a fter rem oval from
C O  . , ( — ) D uring  shelf-life.
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thereafter astringency disappearance rate 
was independent o f C 0 2 presence. In d u c
tion was not com plete in fru it  held fo r 6 
hr in C 0 2 and as a result astringency 
disappeared at a slow er rate w hile the 
shorter treatm ents, 3 h r and less, were 
not effective (F ig . 3 ). These results may 
be explained by the assum ption that in 
the inductive stage C 0 2 induces a process 
in which a certain  astringency-rem oving 
substance is syn thetized  q u an tita tive ly . 
Once present, the substance functions 
without the continued presence o f C 0 2 . 
The effectiveness o f this process depends 
on the length o f tim e the fru it  has been 
kept in C 0 2 . The 3-hr period was appar
ently too short a tim e fo r com p letion  o f 
the process or fo r p roduction  o f a large 
enough q u antity  o f the substance. The lag 
period found in the 6-hr C 0 2 treatm ent 
(F ig . 3 ) was probab ly due to the tim e 
required fo r the astringency-rem oving 
substance to build  up to a certain  level 
before its ac tiv ity  com m enced. Pro long
ing the period o f C 0 2 treatm ent in 
creased the q u an tity  o f substance form ed 
and consequently led to a faster re

m oval o f the astringency. When the 
astringency-rem oving facto r reaches a cer
tain m axim um , rem oval o f astringency no 
longer depends on fu rth er synthesis o f 
the substance, and therefore prolonging 
the C 0 2 treatm ent beyond 9 hr in  this 
particu la r case did not change the rate o f 
loss o f astringency.

It m ay be assumed that the process 
mentioned above is connected w ith  anaer
obic resp iration since the products o f 
a lcoho lic fe rm entation , e.g. acetaldehyde 
and ethano l, remove the astringency of 
persim m ons very  e ffic ie n tly  (G o re , 1911; 
Ta ru tan i and Manabe, 1957). F u rth e r
m ore, the fact that a C 0 2 atm osphere is 
fa r more effective than nitrogen (T a ru ta n i 
and M anabe, 1957), ind icates that C 0 2 , 
apart from  producing anaerobic condi
tions, has an additional specific  function 
in the process described. Fu rth e r w o rk  is 
required to elucidate th is functio n .
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CARBOHYDRATES, ORGANIC ACIDS AND ANTHOCYANINS 
OF Myrciaria jaboticaba, Berg

INTRODUCTION
M A N Y  T R O P IC A L  fru its  from  the fam 
ily  M yrtaceae (e .g ., M y r c ia r ia  ja b o t ic a b a ,  
Berg), can be used fo r m aking preserves, 
or the ir ju ices are em ployed in the prep
aration o f pectin je llie s . A lthough botan
ica l studies o f jaboticaba have been the 
subject o f tw o  recent papers (F e r r i ,  1971 ; 
M oura, 19 7 1 ), its chem ical com position 
has not been investigated except fo r a 
general analysis o f the fru it  (A lm e id a ,
1966).

Using ripe fru its  from  M . ja b o t ic a b a ,  
Berg, we id entified  the soluble carbohy
drates, organic acids and anthocyanins 
present in  the fru it  pulp and sk in .

EXPERIMENTAL
Extraction of sugars and organic acids

lOOg of fruits free from seeds were extract
ed at 30°C with four 200 ml vol of water. A 
fifth extraction gave a negative test for reducing 
sugars (Fehling).

The combined extracts were decolorized 
with 50g of Dowex 50W-X4, 100-200 mesh, 
H+. The pH of the colorless product was 
brought to pH 7.5 and the volume reduced to 
ca. 200 ml at reduced pressure.

The same procedure was applied to two ad
ditional lOOg batches of fruit and each extract 
worked up separately for the identification of 
carbohydrates and organic acids.
Identification of soluble sugar

40 id of the extract were submitted to elec
trophoresis (Hashimoto et al., 1952) in paper 
strips using 0.03M borate buffer with 350v for 
2 hr after which three zones were visualized by 
spraying each dried strip with anisaldehyde 
H2S 0 4 reagent. Elution of each zone from 
several strips with hot water produced enough 
material for paper chromatographic identifica
tion of the three sugars using n-PrOH/EtOAc/ 
H jO  (6 :1 :3 , v/v) as solvent (Roberts, 1957). 
Identification of organic acids

The concentrated aqueous extract was acid
ified to pH 3.0 and spotted on silica-gel G 
plates, using formic, acetic, propionic, caproic, 
caprilic, citric, tartaric, malic, oxalic and galac- 
turonic acids as standards. Plates were devel
oped with MeOH/NH4OH 2.5% (95 :5 , v/v) 
(Lynes, 1964) or water saturated n-butanol/for- 
mic acid (95 :5 , v/v).
Extraction of anthocyanins

50g of skins from M . jaboticaba  were macer
ated with three 100 ml portions of MeOH con
taining 0.1% HC1 for 12 hr under N2. The 
combined extracts were washed with E t20  and 
then passed through a column of Dowex 
50W-X4, 100-200 mesh, H+ form. After wash

ing out the sugars from the column the pig
ments were eluted with solutions of HC1 in 
MeOH o f concentrations increasing from 
0.1-1% . The acid solution from the column 
was concentrated at 25° C under reduced pres
sure while protected from light.
Separation and purification of anthocyanins

The solution containing the anthocyanins 
was applied on a Whatman No. 1 paper sheet 
(18 x  48 cm) and the chromatogram developed 
fo r 16 hr in acetic acid/water/conc HC1 
(15 :3 :2 , v/v) (AWH). The four zones (A , B, C, 
D from the starting line) that separated were 
eluted from 100 chromatograms with 0.1% HC1 
in MeOH. Zones A and C contained a smaller 
amount of pigments judging from the intensity 
of their color on the paper. Each eluate was 
concentrated under vacuum at 25° C and stored 
under N2 at 15°C.

The purity of each fraction was checked by 
descending paper chromatography of a pigment 
extract which had not been treated with cation 
exchange resin, with n-BuOH/acetic acid/water 
(4 :1 :5 , v/v upper layer) (BAW) and with 1% 
aqueous HC1.
Rf of pigments B and D

The purified pigments B and D were chro
matographed (Harborne, 1958a) on Whatman 
No. 1 paper in a descending direction with 
BAW for 18 hr, 1% HC1 for 4 hr and n-butanol/ 
2N HC1 (1 :1 , v/v, upper layer) (BuHCl) for 24 
hr. A sample of malvidin 3,5-diglucoside was 
used as reference. The dried chromatograms 
were examined under UV light, and color 
changes observed when treated with a 5% A1C13 
solution in 98% EtOH.
Absorption spectra

Spectra of the purified pigments were re
corded using methanol solutions of the pig
ments at pH 5.0 (HC1) (Harborne, 1958b). 
Shifts in absorption peaks caused by addition 
of A1C13 solution in ethanol were measured.
Identification of anthocyanin components

Acid hydrolysis. 3 ml of the concentrated

purified eluates from zones B and D wer̂ . 
cooled to room temperature, mixed with Dow
ex 50W-X4 and Dowex 1-X, and filtered.Identification of sugar moiety. The colorless 
filtrate was used for the identification of car
bohydrates by paper chromatography. Samples 
of glucose, arabinose, rhamnose, galactose and 
xylose were used as references. The chromato
grams were developed with BAW and n-buta- 
nol/pyridine/water (1 :3 :1 , v/v) (Bu-Py-W) for 
14 hr.Identification of the aglycone. The antho- 
cyanidins were eluted from the resin with 0.1% 
HC1 in MeOH. The eluate was concentrated at 
2 5 °C  under reduced pressure and used for the 
determination of the R f values of the antho- 
cyanidins by paper chromatography with two 
solvent systems: acetic acid/conc HCl/water 
(30 :3 :10 , v/v) (Eorestal) for 13 hr and formic 
acid/conc HCl/water (5 :2 :3 , v/v) (formic) for 6 
hr.

RESULTS & DISCUSSION
M IN O R  M O D IF IC A T IO N S  o f the cond i
tions described by several authors (e .g ., 
Hash im oto  et a l ., 1952) fo r separation o f 
carbohydrates by electrophoresis gave a 
faster and sharper separation o f glucose 
and fructose than paper chrom atography 
or T L C ,  m aking possible the use o f higher 
levels o f sugars in the m ixtu res.

Com parison o f the electrop horetic pat
terns o f the jaboticaba extracts  w ith  
m ixtu res o f pure glucose, fructose and 
sucrose identified  these three sugars in 
jabo ticab a . The id en tifica tio n  was con
firm ed by paper chrom atography o f the 
eluates from  each zone from  the e lectro
phoresis.

O n ly  c itr ic  and o xa lic  acids were 
found in the w ater extracts  o f jaboticaba. 
Using T L C  w ith  solvents com m only em 
ployed fo r paper chrom atography o f or
ganic acids (B u c h , 1 9 5 2 ), a good reso lu
tion o f m ixtu res was achieved. Special

Table 1 —R j-va lues a n d  spectra ! data o f  an tho cya n in  p ig m en ts in  jaboticaba

Pigment

Solvent system
Rf

BAW BuHCl 1% HC1
Color A max 

(nm)
O.D. 440

Visible UV O.D. max (%)

B 0.69 0.68 0.03 pink dull 530 28
D 0.40 0.27 0.07 It. pink dull 520 30

Peonidin3 0.70 - 0.06 532 -
Peonidin3

3 -G 0.41 0.28 0.09 523 -
aReported by Harborne (1958a, b)
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Table 2 —P ro d u cts  o f  a c id  h y d ro ly s is  o f  ja b o tica b a  a n tho cya n in s

Pigment Forestal
Anthocyanidins

Formic BAW (R f)
Carbohydrates 
Bu-Py-W (R f)

B 0.63 0.30 — —
D 0.62 0.30 0.16 0.99

Glucose - - 0.16 1.00
Arabinose - - 0.20 1.19
Rhamnose - - 0.36 1.62
Galactose - - 0.14 0.88
Xylose - 0.30 1.29

care was exercised to avoid losses o f 
ascorbic and low  m olecu lar weight acids 
but none could be detected by chrom a
tography o f the extracts .

Using D ow ex 50W -X4 resin fo r the 
purification o f pigments as suggested by 
Chen and Lu h  (1 9 6 7 ) im proved the chro
matographic separations o f the antho
cyanins. How ever, the adsorption o f the 
anthocyanins in D ow ex 50W -X4 and elu
tion w ith  d iluted HC1 was probably re
sponsible fo r the fo rm ation  o f zones A  
and C not present in the orig inal extract 
of jaboticaba. A  s im ila r result was re
ported by H etm ansky and N ybom  
(1969).

Table 1 presents the R f  determ ined in 
three solvent system s and spectral data 
for the purified pigments B and D . The 
variation o f the R f  in  a lcoho lic solvents 
and in aqueous solvent is ind icative o f an 
anthocyanin and o f an thocyan id in  (Sei- 
kel, 1961).

Data presented in Tab le  1 and other

results from  the experim ental section 
ind icated the presence o f a free O H  group 
on carbon 5 in  the aglycones in  both 
pigm ents, and the absence o f chelating 
v ic ina l O H  groups. The  absorption m a xi
ma fo r B and D , the la ck  o f any sh ift in  
the X m ax upon addition o f A1C13 , and 
the values fo r the ratio  o f O .D . at 440  nm 
and at X m ax ind icated that frac tio n  B 
was peonidin and fractio n  D , peonidin
3-glucoside. A c id  hyd ro lysis  o f fraction  B 
(w h ich  produced no sugar) confirm ed 
that it was an an thocyan id in . A c id  h y 
dro lysis o f fraction  D fo llow ed by R f  
m easurements o f the aglycon and id e n tif i
cation o f glucose (Tab le  2 ) as the sugar 
m o iety proved that fractio n  D was pe
onid in 3-glucoside.

CONCLUSION
J A B O T IC A B A , the fru it  o f M . ja b o t ic a b a ,  
Berg, contains glucose and fructose to
gether w ith  sm aller am ounts o f sucrose.

The on ly  organic acids found in the ripe 
fru it  are c itr ic  and o xa lic .

The skin  contains an anthocyan in , 
peonidin 3-glucoside and the correspond
ing anthocyan id in .
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CHANGES IN QUALITY AND NUTRITIONAL COMPOSITION OF FOODS 
PRESERVED BY GAS EXCHANGE

INTRODUCTION
P R E V IO U S  S T U D IE S  in  our laboratories 
(K ra m er et a l., 1968) demonstrated that 
peeled, sliced or diced potatoes and ap
ples could be preserved in a fresh-like 
condition by means o f gas exchange. In 
order to approach total stab ilization  of 
these products, it was necessary firs t to 
com pletely evacuate oxygen not on ly 
from  the atmosphere surrounding the 
products, but from  w ith in  the product as 
w e ll. The evacuated gas was then replaced 
w ith  carbon m onoxide , an enzym ocidal 
agent, fo llow ed by ethylene ox ide , a 
bactericidal agent. When the order o f 
application o f the gases was reversed, that 
is , when ethylene oxide was applied in 
advance o f carbon d ioxide , texture and 
flavor were preserved equally w e ll; how 
ever, enzym atic  browning was sharply 
accelerated so that the peeled and com 
m inuted apples became dark brown and 
the potatoes p itch  b lack w ith in  several 
m inutes.

K a ffe za k is  et al. (1 9 6 9 ) explained 
these results by dem onstrating that e th y l
ene oxide was an effective bactericidal 
agent, but also an oxid iz ing  agent. It  was 
therefore necessary to first inactivate the 
oxidative enzym es present in the potato 
and apple tissues. T hen , afte r the in tra 
tissue oxygen was removed by evacua
tion , and the phenolases inactivated by 
carbon m onoxide , ethylene oxide could 
be applied to com plete the destruction o f 
m icro flo ra  w ithout causing browning. 
Th is  last gas exchange was necessary since 
the carbon m onoxide was not effective 
against anaerobic m icroorganism s.

Th e  w o rk  reported here was to deter
mine w hether a s im ilar procedure would 
be effective in  preserving fresh-like qual
ity  o f more fragile fru its  and vegetables as 
well as foods o f anim al orig in. A nother 
objective o f this study was to determ ine 
the effect o f such gas exchange treatm ent 
on retention o f nutrients.

MATERIALS & METHODS
PEACHES (V . Redskin) were picked at the 
green-ripe stage and held 1 day at 3°C before 
processing. The fruits were then rapidly peeled 
and sliced in ambient atmosphere and tempera
ture, and placed into bell jars in which the gas

exchange treatments were performed (Fig. 1). 
Because of their fragile nature, the preliminary 
evacuation procedure had to be limited to 5 
min at 27 in. Subsequent flushing with carbon 
monoxide (pure) was for a 15-min period fol
lowed by similar flushing with ethylene oxide. 
Following a final flushing of residual gases with 
nitrogen, the jars were removed from the appa
ratus and stored at 3°C. After 2, 7, 21, 31 and 
62 days, duplicate jars were tested for head- 
space gases, color, texture, refractive index, 
ascorbic acid, alcohol insoluble solids, total 
sugars and reducing sugars.

White type button mushrooms (V . MGA) 
were similarly processed within 2 hr of harvest. 
For these exceptionally fragile vegetables, the 
vacuum treatment was reduced to 15 in. Two 
storage temperatures were used: -2 °C  and 
+3°C. Nutritional analyses included thiamine.

total protein and relative protein value (RPV ) 
(Stott et al., 1963).

The beef was taken from one carcass and 
processed 2 days after slaughter. Meat from the 
shoulder was ground three times and formed 
into 50g patties. Three patties were placed in 
each jar. Vacuum was limited to 15 in., and no 
ethylene oxide was used. Instead, carbon di
oxide was included. Both storage temperatures 
of - 2 ° C  and +3°C were used, and determina
tions were made after 1, 3, 9, 31 and 75 days. 
Nutritional analyses consisted of thiamine, pro
tein and RPV. After 75 days storage the patties 
were evaluated by a taste panel consisting of 
seven panelists. The patties were fried in vege
table oil until well done and presented to the 
panel for paired comparison with the standard 
being freshly ground chuck.

With the exception of the one taste panel

A B C
____________ Fig. 2 —A p p ea ra n ce  o f  s liced  peaches h eld  a t 3 ? C  fo r  21 days in sealed  ja rs : A —c o n tro l; B -e v a cu -' P resen t address: Bet H eru t, Israel a ted  an d  flushed  w ith  C O ; C —evacuated  a n d  flu sh ed  w ith  C O  an d  C 2 H , O.
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for flavor of the beef, panel evaluations were 
limited largely to visual inspection for appear
ance and sniffing for odor. These were supple
mented by objective methods for measuring 
color attributes by the Hunter Color difference 
meter, texture by the use of the shear-press, 
and headspace gases by the use of a Fisher- 
Hamilton G LC  partitioner. Since the objective 
tests added little to the sensory-panel data, the 
objective quality data were not included in the 
following results.

The visual-sniffing inspection was performed 
by the same seven-member panel immediately 
upon removal of each sample from storage, just 
prior to the performance of the objective qual
ity tests and the nutritional analyses. Each 
panelist scored for overall quality on the basis 
of a 5-point scale: (1) Excellent, not different 
from freshly harvested control; (2) Good, but 
slightly poorer than freshly harvested; (3) Ac
ceptable, but obviously poorer than freshly har
vested; (4) Marketable for cooking or further 
processing purposes, but not acceptable as a 
fresh product; (5) Unmarketable for any pur
pose. Thus shelf life was calculated (or interpo
lated) as the time at which the appearance and/ 
or odor of the sample reached the value of 3,
i.e., acceptable as a prepared fresh product.

RESULTS
Peaches

As dem onstrated in Figure 2, sliced 
peaches w h ich  were evacuated , and treat
ed with carbon m onoxide , then flushed 
with nitrogen and stored at 3 °C  fo r 21 
days remained ind istinguishable in  q ua lity  
from freshly sliced peaches. It  should be 
noted that the contro l consisted o f sliced 
peaches stored in sealed jars so that they 
were in fact in “ contro lled  atm osphere”  
storage. Thus the shortest she lf life  o f 2 
days was fo r untreated sliced peaches 
stored in an open ja r , whereas the “ con
trol” , stored s im ila rly  but in sealed ja rs , 
remained acceptable fo r 30 days. Slices 
treated w ith  carbon m onoxide and e th y l
ene oxide retained a she lf life  o f 13 days, 
while those treated w ith  carbon m on
oxide only remained acceptable , although 
significantly poorer in  q u a lity  than fresh 
peach slices at the end o f the 62-day 
storage period.

Of all the nutrients ana lyzed , only

Fig. 3 -R e te n tio n  o f  a sco rb ic  a c id  in s to re d  
peach slices flushed w ith  various gases.

ascorbic acid content was in fluenced by 
the gas treatm ents. As dem onstrated in 
Figure 3 , ascorbic acid content was re
duced to ap proxim ate ly  h a lf o f its orig
inal level a fte r 7 days in  storage fo r all 
treatm ents. The carbon m onoxide-ethyl
ene oxide treated slices, however, con
tinued to lose ascorbic acid fo r the firs t 3 
w k o f storage, at w h ich  tim e the ascorbic 
acid content leveled o ff  to litt le  above 
zero. The sealed contro l and the carbon 
m onoxide treated slices, on the other 
hand, leveled o ff  afte r the firs t 7 days o f 
storage, and ascorbic acid was m aintained 
at ap p ro xim ate ly  the same level (4  mg % ) 
until the end o f the storage period.

It  was therefore concluded that both

from  the standpoint o f sensory and nu
trit io n a l q u a lity , ethylene oxide treat
ment fo r sliced peaches is not advisable. 
T h is  m ay have been due to the fac t that a 
more com plete evacuation closer to 30 in . 
was not feasible because o f the fragile 
nature o f the peach flesh . The surpris
ing ly good perform ance o f the sealed 
contro l was obviously due to the rapid 
reduction in oxygen content resulting 
from  resp irato ry  ac tiv ity  o f the slices 
w ith in  the sealed ja rs . The  superior per
form ance o f the carbon m onoxide treat
ment m ay have been due in part to the 
rapid evacuation o f oxygen as w ell as the 
rapid inactivation  o f the browning en
zym es by the gas.

Fig. 4 —A p p ea ra n ce  o f  m u sh ro o m s s to re d  in sealed  ja rs a fter flushing  
w ith various gases.

Fig. 5 —Changes in thiam ine o f  m u sh room s sto re d  in sealed  ja rs a fter  
flushing w ith various gases.
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Mushrooms
Since oxygen evacuation from  m ush

room s and beef patties was even less 
thorough than fo r peach slices, ethylene 
oxide treatm ent fo r these products was 
not even attem pted. Resu lts fo r m ush
room shelf life  are shown in Figure 4 . As 
might have been expected , poorest shelf 
life (3  days) was fo r the sealed contro l 
held at 3 °C . When evacuated and stored 
in n itrogen, shelf life  was extended to 6 
days, and when treated w ith  carbon 
m onoxide , to 15 days. When stored at 
—2 °C , all treatm ents perform ed some
what better (9 , 12 and 20 days respec
tive ly ).

Gas treatm ents had a profound effect 
on changes in th iam ine content o f m ush
room s in storage (F ig . 5 ). The  sealed 
contro ls at both storage tem peratures 
showed litt le  change in th iam ine content 
throughout the storage period. When 
stored in n itrogen, th iam ine content ap
peared to increase by about 25% afte r 1 
m onth ’s storage then gradually decreased 
to orig inal levels during the second 
m onth ’s storage. A  s im ilar tendency was 
noted fo r the carbon m onoxide-treated 
m ushroom s, but to a m uch more substan
tia l degree w ith  the increase at the end of 
the firs t m onth ’s storage being p ractica lly  
100%. F o r  all treatm ents at all storage 
periods, th iam ine content was higher at 
the low er storage tem perature . T o ta l pro
tein content showed no sign ificant trends; 
nor did the re lative protein value. As 
shown in Figure 6 , the sealed contro l and 
nitrogen stored m ushroom s showed a 
sharp rise in re lative protein value from  
ap proxim ate ly  75%  (o f  casein) to about 
90%  afte r about 2 w k  storage. The 
protein value then declined to ap proxi
m ately the orig inal value after 1 m onth ’s

storage at w h ich  tim e it again increased 
perceptib ly . In  contrast to these varia
tions in re lative protein value during 
storage, the CO-treated m ushroom s m ain
tained a re la tive ly  constant protein value 
throughout the storage period.

It m ay therefore be concluded that 
carbon m onoxide does not m ateria lly  
a ffect nu trient retention  in m ushroom s, 
but does substantia lly  im prove shelf life  
from  2 —3 days to 20 days when stored 
at, or s lig h tly  below 0 °C .

Beef
U ndoubted ly the most spectacu lar 

benefic ial e ffect o f carbon m onoxide 
treatm ent was w ith  the beef patties. The 
benefic ial e ffect o f flush ing w ith  carbon

m onoxide on retention o f redness in beef 
is w ell know n ( E l  Badaw i et a l ., 1964). 
F igure 7 illu stra tes a less know n phenom 
enon, w h ich  is that the retention o f 
redness by flush ing w ith  carbon m on
oxide is more effective  at a higher tem 
perature o f + 3°C  than at —2 °C . The 
benefic ial e ffect o f CO  treatm ent on 
eating q u a lity  o f prepared patties is dem 
onstrated in Figure 8. Even afte r a 2-Vt 
m onth ’s storage period all CO  treated 
samples were s till acceptab le , although 
s ig n ifican tly  poorer than the fresh ground 
equ ivalent, w hile the sealed contro ls were 
no longer acceptable.

F ro m  the appearance standpoint (F ig . 
9 ) the best shelf life  is obtained w ith  
carbon m onoxide treated patties at the

A B C

D E  F
Fig. 7 —A p p ea ra n ce  o f  fresh b e e f  pa tties treated  w ith  various gases a fter  
storage in sealed  ja rs fo r  31  d a ys: A —air c o n tro l, 3 ° C ; B —C O , 3 °C ; 
C —nitrogen  c o n tro l, 3° C ; D —air c o n tro l, -2 °  C ; E —C O , —T  C ; F —n itro 
gen c o n tro l, —2f  C.

Fig. 6 —Changes in relative p ro te in  value o f  m u sh ro o m s s to re d  in sealed  
ja rs a fter flushing w ith  various gases.

o

Fig. 8 —Taste-panel evaluation o f  c o o k e d  b e e f  pa tties treated  with vari
ous gases a fter storage in sealed  ja rs  fo r  75  days.



PRESERVATION BY GAS EXCHANGE-823

DAYS IN STO*AGI
Fig. 9 —S h e lf  life  (appearance) o f  fresh b e e f  
patties treated  w ith  various gases.

higher + 3°C  storage tem perature where 
good appearance is retained fo r ap p ro x i
mately 7 w k  and acceptable appearance is 
retained fo r w ell over 2 m onths. A t the 
lower storage tem perature o f —2 °C , sup
posedly optim al storage tem perature fo r 
beef, shelf life  in  term s o f appearance is 
significantly shorter fo r the CO  treated 
patties, being in the good category fo r 
only 1 m onth and acceptable fo r on ly  2 
months. When the patties were not treat
ed w ith carbon m onoxide , the low er 
temperature was superio r. T h u s , the 
sealed controls at the low er storage tem 
peratures retained acceptable appearance 
for 4 w k , but fo r less than 1 w k  at the 
higher tem perature. There was less tem 
perature e ffect fo r the nitrogen flushed 
samples where the she lf life  at the low  
temperature was 2 w k , and 1 w k  at the 
higher temperature (F ig . 9 ).

Thiamine content (F ig . 10) fo r the 
sealed contro l and carbon m onoxide 
t re a tm e n ts  re m a in e d  fa ir ly  stable 
throughout the storage period. The n itro 
gen flushed patties, on the other hand, 
showed a sharp increase in  th iam ine 
content (w e ll over 100% ) during the first

OATS IN STORAGf
Fig. 1 0 —Changes in th iam ine o f  fresh b e e f  
patties s to re d  in sea led  ja rs a fter flushing w ith  
various gases.

m onth ’s storage. D uring the second 
m onth ’s storage, th iam ine content tended 
to drop, but was not reduced to the 
orig inal levels even afte r 2-'/i> m onth ’s 
storage at both high and lo w  tem pera
tures. R e la tive protein values fo r beef 
patties showed spectacu lar changes during 
the storage period. A l l  treatm ents showed 
about 1 5% decline during the firs t 2 w k  
o f storage. The  carbon m onoxide treat
m ent then leveled o ff  at ap proxim ate ly  
95%  R P V  fo r the balance o f the storage 
period. The nitrogen flushed treatm ent 
then increased to over 100% (com pared 
to casein) afte r 1 m onth ’s storage. The 
sealed contro l showed a s im ilar trend 
peaking at the orig inal protein  value after 
30 day ’s storage, then dropping back 
again to litt le  more than 95% at the end 
o f 2 m onth ’s storage.

I t  m ay therefore be concluded that 
ground beef benefits trem endously from  
carbon m onoxide flush ing where accept
able sensory q ua lity  is m aintained fo r 
w ell over 2 m onths at re la tive ly  high 
storage tem peratures as com pared to not 
more than 1 w k  fo r con tro ls . F ro m  the 
n u trit io n a l standpoint about a ll that can

---N,---CO
_______ L  _ i_______ 1________1_______ I______10 20 30 40 SO

DAYS IN STORAGE
Fig. 11—Changes in relative p ro te in  value o f  
fresh b e e f  pa tties s to re d  in sealed  ja rs a fter  
flushing w ith  various gases.

be stated is that most interesting and 
peculiar changes occur in  stored ground 
beef w h ich  are stab ilized  by flushign w ith  
carbon m onoxide . A t the least, fu rther 
studies should be conducted to determ ine 
w hy both th iam ine and protein value 
appear to increase during the first 2 
m onths o f cold storage.
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RANCIDITY IN ALMONDS: SHELF LIFE STUDIES

INTRODUCTION
T H E  D E T E R M IN A T IO N  o f q ua lity  o f 
shelled almonds is based p rim arily  on the
U .S . Standards fo r Grades o f Shelled 
A lm onds (1 9 6 0 ). Paragraph 51 .2122  
states, “ R an c id ity  means that the kernel 
is noticeab ly rancid to the taste .”  U n fo r
tunate ly , according to M attei (1 9 6 9 ), 
litt le  is know n about q ua lity  o f o ils in 
oleaginous nuts. M oreover, M attei com 
mented that Schaal Oven and A .O .M . 
tests conducted at a tem perature exceed
ing 1 1 0 °F . were not re liab le . He observed 
that accelerated high tem perature tests 
produce a d ifferent type o f change in 
qua lity  than that found in almonds stored 
at low er tem peratures. There fo re , he sug
gested qua lity  deterioration in almonds 
be measured by storing them below 110°, 
and analyzing the “ cold pressed”  oil 
contained therein fo r free fa tty  acids and 
iodine value. No such studies have been 
reported. A lm onds generally contain 
more than 50% fat as o il (W att and 
M errill, 1963). When autoxidation  o f the 
oil occurs in fresh alm onds, the free fa tty  
acid content w ill increase above 0 .5%  (as 
o le ic ), and the iodine value w ill decrease 
in magnitude because o f oxidation  at the 
double bond site in the unsaturated o il.

The  specific  objectives were:
(a ) To  study the aforem entioned chem i

cal factors in  diced unroasted and 
roasted alm onds.

(b ) T o  use a sim p lified  gas chrom ato
graphic method fo r measuring o x y 
gen absorption. It was compared 
w ith  sensory tests to determ ine if  
this test related to changes in qua lity  
o f diced roasted alm onds.

(c )  T o  determ ine the effect o f a confec

tio n er’s glaze containing mono- and 
diglycerides as a coating on diced 
unroasted and roasted alm onds per
se.

(d ) T o  compare glazed and unglazed 
diced roasted alm onds when added 
to enriched sweet chocolate disks for 
use in m ilita ry  rations.

EXPERIMENTAL
Diced unroasted almonds

Six 600g quantities of diced unroasted al
monds from a single source were pan coated 
(1.2% by wt) with a confectioner’s glaze of the 
following composition (Gutterson, 1969):

Ingredient % by Wt
Ethanol 63.66
Zein (a corn protein) 24.00
Mono- and diglycerides 12.00
BHA (antioxidant) 0.17
BHT (antioxidant) 0.17

100.00

Each lot was air dried and packed in hermeti
cally sealed 401 x  411 cans. Three cans were 
stored at 0 °F  and three at 100°F.

Six 600g quantities of almonds from the 
same batch were left unglazed, packed and 
stored as above.

After 0, 3, or 6 months one can each of 
glazed and unglazed treatments from each stor
age period were opened. lOOg aliquots of the 
contents of each can were analyzed for free 
fatty acid and mean iodine value (see “ Chemi
cal tests” ). 20g aliquots of the almonds were 
served to each member of a 30-member con
sumer taste panel as a 4 of 4 complete block 
design. Samples were rated using the hedonic 
scale Peryam and Pilgrim (1957).

Analysis of variance of data was calculated 
using a split plot design, with storage time as 
the between variable, and nut sample as the 
within variable.

Diced roasted almonds
15g of diced roasted almonds (glazed and 

unglazed from the same batch as used in the 
disks) were packed in quadruplicate in separate 
hermetically-sealed 300 x  200 cans. The sam
ples were packed in air and stored at 0° and 
100°F for 0, 1, 2, 3, 5 and 6 months. Then the 
cans were withdrawn at the end of each storage 
period, brought to room temperature, and the 
atmospheres in the cans analyzed for oxygen 
content by the gas chromatographic method of 
Bishov and Henick (1966).

Another batch of almonds from the same 
lot as above were treated in the same manner 
as mentioned in “ Diced unroasted almonds,”  
except that the samples were withdrawn at 0, 1, 
2, 3, 5 and 6 months and evaluated by a tech
nical panel of 12 judges. Samples were obtained 
from the California Almond Growers’ Exchange 
from the 1969 and 1970 crops. The technique 
for sensory measurement is described by Pil
grim and Peryam (1958). Normative judgement 
was made for flavor on a 1-9  point scale, with 
1 rated as extremely poor and 9 excellent. 
Analysis of variance was made on sensory data 
collected at each withdrawal period, comparing 
either the samples stored at 0 °F  or 100°F. Dun
can’s (1955) multiple range test was used to 
find differences between the means of samples. 
For checking correlation of oxygen content as 
noted previously with sensory panel ratings, 
“ x ”  was used as oxygen content and “ y ”  as 
panel score. lOOg aliquots of the contents were 
analyzed for free fatty acid and mean iodine 
value and moisture as noted in “ Chemical 
tests.”
Diced roasted almonds in enriched sweet chocolate disks

Two lots of the chocolate disks containing 
20% by weight of diced roasted almonds were 
produced following requirements of M1L-C- 
10928D (1969) by a commercial chocolate 
company:

Lot 1: Chocolate disk containing unglazed
almonds

Lot 2: Chocolate disk containing glazed
almonds

In Lot 2, the almonds were pan coated with a 
confectioner’s glaze prior to their addition to 
the chocolate disks. The prepared candies of 
each lot (50 1-oz disks individually wrapped in 
aluminum foil packed in a standard paperboard 
container) were stored for 0, 3 and 6 months at 
100°F. When the samples were withdrawn they 
were served in random fashion as 'A oz pieces to 
a 10-member taste panel. A triangle test was 
used to determine differences between lots as 
described by Amerine et al. (1959). The num
ber of correct decisions in triangle tests neces
sary for significance was determined according 
to Merck (1963).
Chemical tests

Percent free fatty acid content (as oleic) and 
mean iodine values were determined on the oil 
expressed from samples of diced unroasted al-

Table 1—H e d o n ic  ratinga o f  d iced , unroasted  a lm onds (glazed o r  unglazed) s to re d  fo r 0, 3 , o r  6  
m o n ths at 0 °  o r  1 0 (f  F

Storage time 
(months)

Stored at O'’ F Stored at 100°F
Main

withdrawal 
effect (Mean)Nonglazed Glazed Nonglazed Glazed

Initial (0-Time) 6.5 6.5 6.4 7.0 6.6
3 6.9 6.9 7.1 6.5 6.9
6 7.0b 6.2 6.7 6.5 6.6

Main treatment 6.8 6.5 6.7 6.6
effect (mean)

aHedonic rating ranges from “ dislike extremely”  (1) to “ like extremely”  (9) (Peryam and 
Pilgrim, 1957).

^Product rated significantly better than 0° F coated sample. L .S .D . (0.05) = 0.7.
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monds at the same withdrawal periods noted 
under “ Diced roasted almonds.”  The oil was 
expressed from the almonds by placing samples 
in a plunger die assembly and subjecting it to 
pressure via a hydraulic press. The oil was col
lected and stored in a glass beaker under nitro
gen until determination of free fatty acids by 
assay method of AOCS Ca 5aA0 (1947). The 
Wijs iodine value was determined according to 
AOCS Cd 1-25 (1956). Moisture of almonds 
was determined using AOAC vacuum oven pro
cedure (1970).

RESULTS & DISCUSSION
NONE OF THE diced unroasted almonds, 
except for those frozen and unglazed 
were judged to be significantly different 
in consumer acceptance as the result of 
varying coating, temperature, or with
drawal time (Table 1). The glazed prod

uct frozen and stored at 0°F after 6 
months was found to be poorer in accept
ability than its unglazed counterpart. 
Hedonic ratings of the almonds ranged 
from 6.2 (like slightly) to 7.0 (like 
moderately) depending on treatment and 
withdrawal time.

Results of triangle test run at each 
withdrawal period of 0, 3 and 6 months 
at 100°F on enriched sweet chocolate 
disks containing either glazed or unglazed 
almonds indicated no significant differ
ences at any storage period by panel 
members. Even after 6 months storage at 
100°F all of the chocolate disks contain
ing 20% by weight of diced roasted 
almonds were judged to be of good 
quality by a hedonic test (data not 
presented). Known factors responsible for 
protecting almonds in a chocolate confec

tion of this nature are the hydrophobic 
nature of fats (cocoa butter and added fat 
contained in the chocolate) surrounding 
the almond pieces, plus naturally occur
ring antioxidants in cocoa butter, and 
added antioxidants (such as BHA and 
BHT) specified for military candy. In this 
regard Kempf (1964) noted that cocoa 
butter contains unidentified natural anti
oxidants which inhibit rancidity develop
ment in chocolate for 2—5 yr. As early as
(1954) Stuckey reported that phenolic 
antioxidants inhibit rancidity develop
ment of almonds in candies.

Unglazed or glazed diced roasted al
monds of 1969 and 1970 crops were 
stored at 100°F in hermetically-sealed 
cans without chocolate and withdrawn 
for oxygen analysis after 0, 1,2,  3, 5 and 
6 months at both 0° and 100°F (Table
2). Data show that for the 1969 crop 
there were significant differences between 
glazed and unglazed samples indicating 
that the unglazed samples absorbed more 
oxygen. Nevertheless, despite a higher 
oxygen uptake of the unglazed samples of 
almonds, they were similar in taste to the 
glazed samples stored at 100°F according 
to the sensory panel (Table 5). For 
example, they could detect off flavor in 
glazed almonds even when small changes 
in headspace oxygen occurred. To sup
port this finding comparing oxygen con
tent and panel score, it was found that 
the correlation coefficient value for the 
1969 crop of unglazed almonds stored at 
100°F was 0.63. Its glazed counterpart 
correlated better with a value of r = 0.83. 
In 1970 however, using the same param
eters as above, the unglazed product had 
a value of r = 0.90 and its glazed 
counterpart a 0.96. Little or no associa
tion was found between oxygen content 
of almonds stored at 0°F and sensory 
panel results which indicates temperature 
dependence.

For the 1969 crop, oxygen absorption 
was most rapid in the period of 1 to 5 
months when almonds were exposed to a 
temperature of 100°F. For the 1970 
crops, there were no significant differ
ences between glazed or unglazed samples 
for the treatments stored at either 0°F or 
100°F.

Diced unroasted almonds (glazed and 
unglazed) were assayed for free fatty acid 
changes and mean iodine value (Table 3). 
During the 6-month period at 0°F the 
free fatty acid content of oil from un
glazed almonds increased 177%. This 
value was approximately double the level 
for glazed almonds. After 6 months stor
age at 100°F for unglazed almonds, the 
free fatty acid content increased 268%, or 
almost two times that of samples stored 
at 0°F. A decrease in iodine value indi
cates oxidation. However, the iodine 
value showed a greater drop for the 
glazed sample. The reason for this incon
sistency cannot be explained.

Table 2 —O xyg en  a b so rp tio n  o f  c o a te d  a n d  u n co a te d  d iced , roasted  
alm onds fro m  1 969  an d  1 9 7 0  c ro p s  s to re d  in h erm etica lly-sea led  cans

Headspace Oxygen (%)a
Storage Time (months)

Treatment 0 1 2 3 5 6
1969 Crop

Storage at 0° F
Unglazed 20.6 20.4 20.0 20.0 20.0 19.9
Glazed 20.8 20.7 20.5 20.5 20.5 20.6

Storage at 100°E
Unglazed 20.6 18.0 15.3 10.2 1.4 1.3
Glazed 20.8 19.5 18.3 16.2 12.4 12.1

1970 Crop
Storage at 0° F

Unglazed 20.9 20.9 20.9 20.9 20.9 20.9
Glazed 20.9 20.9 20.9 20.9 20.9 20.9

Storage at 100°F
Unglazed 20.9 20.6 20.3 19.9 19.6 19.3
Glazed 20.9 20.7 20.3 19.9 19.4 19.0

aAverage of four samples 
♦Significant at 5% level

♦♦Significant at 1% level 
NS = Not significant

Table 3 —E f fe c t s  o f  glazing a n d  storage tem pera ture  up on  free fa tty  
acid  1% o le ic) a n d  m ean iod in e  values on  d iced , u n roa sted  a lm onds

F F A  (%) Iodine value*
0 6 % 0 6 %

Treatment Months'3 Months Inc Months Months Dec
Storage at 0 °F

Unglazed 0.22 0.61 177 96.8 92.8 4.1
Glazed 0.22 0.43 95 91.6 89.9 1.9

Storage at 100° F
Unglazed 0.22 0.81 268 92.2 90.5 1.8
Glazed 0.22 0.23 5 96.8 92.0 5.0

aMean of duplicates
bA single determination (0.22) was made of oil of almond from 

original single source.
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Table 4 —E ffe c ts  o f  glazing, storage tem perature a n d  c ro p  u p on  m oisture , free fa tty  a c id  (% O le ic) a n d  m ean io d in e  values on  d ice d  ro a sted  a lm onds

sto re d  in herm etica lly-sealed  cans ________________________________________________________________________________________________________________
Moisture (%)a ___________F F A  (%)a____________ _______________ Iodine Value3

Months Months Months
Treatment 0 1 2 3 5 6  0 1 2 3 5 6  0 I 2 3 5 6

Signif.
1969 Crop

Storage at 0° F
Unglazed 1.0 .77 .75 .85 .92 .76-] NS .25 .31 .30 .30 .30 .30-] NS 102.8 102.7 102.1 102.3 100.6 99.4 -j| NSGlazed .92 .91 .84 .95 1.1 .88- .25 .30 .30 .30 .30 .40- 102.8 103.3 102.1 102.6 101.9 100.4 J

Storage at 100° F
Unglazed 1.0 .84 .74 .77 .91 .69-] NS .25 .35 .30 .30 .30 .35 7| NS 102.8 102.2 102.1 101.2 100.6 99.7-1 NSGlazed .92 .94 .97 .90 .98 .93- .25 .30 .30 .30 .30 .40-J 102.8 102.9 102.3 101.5 102.2 99.7 J

1970 Crop

Storage at 0°F
Unglazed 1.0 1.3 1.0 1.1 1.1 io-, * * .40 .40 .40 .30 .30 .307 NS 104.8 103.5 102.8 103.8 104.4 102.7-1 **
Glazed 1.4 1.5 1.4 1.6 1.7 1.4 J .40 .30 .40 .30 .35 .30-1 104.6 102.7 102.4 103.2 102.7 101.9 J

Storage at 100°F
Unglazed 1.0 1.3 1.0 1.0 1.2 .97-j * * .40 .40 .30 .30 .35 .307| NS 104.8 102.7 103.7 103.8 103.0 101.9-| NSGlazed 1.4 1.3 1.3 1.4 1.5 1.2 - .40 .30 .30 .40 .40 .40-1 104.6 102.1 102.8 103.1 103.9 101.5-

aMean of duplicates “ Significant at 1% level NS -  Not significant

E ffe c ts  o f glazing, storage tem perature 
(0 °  and 1 0 0 °F ) and crop year upon 
m oisture , free fa tty  acid content and 
mean iodine values on diced roasted 
alm onds stored in herm etically-sealed 
cans were compared (Tab le  4 ). Data 
ind icated that fo r the 1969 crop there 
were no sign ificant d ifferences fo r m ois
ture , free fa tty  acid content or iodine 
value when alm onds were stored at either

0 ° F  or 1 0 0 °F . Changes in  free fa tty  acid 
content between glazed and unglazed 
samples o f the 1970 alm ond crop stored 
at either tem perature were not s ign ifi
cantly  d iffe rent. F o r  the 1970 crop , 
however, the glaze treatm ent reduced 
m oisture loss o f alm onds stored at both 
0 °F a n d  1 0 0 °F .

Gross changes in the free fa tty  acid 
content were greater fo r the diced un

roasted product in 1969 than the roasted 
products o f the same year. Mean iodine 
values fo r the 1970 crop stored at 0 ° F  
d iffered s ig n ifican tly  between glazed and 
unglazed alm onds. T h is  d iffe rence , how 
ever, was not evident in 1970 almonds 
stored at 1 0 0 °F  or in the 1969 crop 
stored at 0 ° F  or 1 0 0 °F . There  was an 
overall decrease in  the iod ine values in 
alm ond samples fo r both years stored at 
either 0 ° F  or 10 0 °F .

Panel ratings fo r flavo r o f diced roast
ed alm onds o f the 1969 and 1970 crops 
(glazed and unglazed) stored fo r 0 , 1 , 2 ,  
3,  5 and 6 m onths at either 0 ° F  or 1 0 0 °F  
were determ ined at each w ithd raw al pe
riod (Tab le  5 ). Data ind icated that there 
was no d ifference between the contro l 
and glazed treatm ent o f the 1969 and 
1970 crops stored at 0 ° F  at the in it ia l or 
the 6 m onth w ithd raw al period. How ever, 
the 1969 unglazed alm onds were rated 
sign ifican tly  better than all o f the other 
treatm ents at 1, 3 and 5 m onths. A 
reason fo r this could be that the glazed 
alm onds had a detectable residual a lco
ho lic taste and a b itte r note. The b itter 
note was apparently  form ed in roasting 
and was accentuated by the glaze treat
m ent. A fte r  3 to 5 m onths at 0 ° F ,  the 
1969 crop appeared to rate higher than 
after 2 m onths storage. T h is  d ifference 
apparently  was due to variation  in panel 
scoring , but was o ffset by com paring 
scores o f each session.

Sam ples stored at 1 0 0 °F  com paring 
glazed w ith  unglazed nuts o f the 1969 
and 1970 crops showed no sign ificant 
d ifference as to flavor at any w ithdraw al 
period (T ab le  5 ). A ll o f the samples got

Table 5 —S e n so ry  techn ica l p a n el ratinga fo r  flavor o f  d ice d  
roasted  a lm onds 1969 a n d  1970 cro p s

Storage time 
(months) 1969 Crop 1970 Crop

Frozen (0 °F ) storage
Unglazed Glazed Unglazed Glazed

0 6.8 6.0 6.2 6.3
1 7.0* 5.0 6.2 5.9
2 6.0 4.2* 5.1 4.6
3 6.8* 4.8 5.3 5.1
5 7.1* 5.8 6.1 5.9
6 6.1 5.3 5.4 5.0

Unfrozen (100°F) Storage
Unglazed Glazed Unglazed Glazed

0 6.2 6.3 6.2 6.3
1 5.8 5.0 6.0 5.6
2 6.7 5.8 5.9 5.4
3 4.9 4.1 4.6 4.6
5 All samples considered unacceptable
6 Test discontinued

aMean of 12 scores
'’ Line under mean scores indicates no significant difference 
‘ Significant difference at 5%  level
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progressively w orse in flavor and  a t  the 
2 - 3  m o n th  period , th ey  ra ted  less than  
fair, above po o r. T hey  becam e so u n ac 
ceptable a fte r 5 m o n th s  th a t tes ting  was 
d iscon tinued .

It is in te re stin g  th a t the unglazed 
alm ond cro p  harvested  in 1969 got the 
best techn ica l panel ratings fo r flavor 
th roug hou t the  s tud y  w ith  one ex cep tio n . 
At the 1 m o n th  w ith draw al at 100 °F  the 
1970 co n tro l c rop  was ra ted  slightly  
be tter in q u a lity . It rem ained  at an 
acceptable level o f  below  good, above 
fair, even a f te r  3 m o n th s  in air pack at 
100°F. Even thou gh  the  1969 c ro p  was a 
year old w hen first s to red , it was th o u g h t 
to be m ore s tab le  to  au to x id a tio n  (o ff  
flavor) th an  the  1970 crop .

In sum m ary , the  gas ch ro m ato g rap h ic  
m ethod o f Bishov and  H enick (1 9 6 6 ) 
proved to  be a valuable chem ical te c h 
nique in m ost cases fo r tes ting  fo r ran 
cidity developm ent in glazed o r unglazed 
diced alm onds. N evertheless, the “ tried  
and tru e ” taste  tes t fo r flavor using a 
trained techn ica l panel by the  m e th o d  o f 
Pilgrim and Peryam  (1 9 5 8 ), was m ore 
reliable in judg ing  qu a lity  loss in alm onds.

A glaze co a ting  preven ted  oxygen

ab so rp tio n  in the  1969 crop  o f  alm onds 
b u t was less effective on the  1970 crop. 
Also, it was fo u n d  th a t glaze provides no 
ad d itio n a l p ro tec tio n  to  d iced roasted  
a lm onds em bedd ed  in a ch o co la te  co n 
fec tio n .

R E F E R E N C E S
A m e rin e , M .A ., R o ess le r, E .B . a n d  F ilip e llo , F. 

1 9 5 9 . M o d e rn  se n so ry  m e th o d s  o f  ev a lu a t
ing  w in e . H ilg ard ia  2 8 (1 8 ) :  5 2 6 .

A n o n y m o u s . 1 9 6 3 . A n  In t r o d u c t io n  to  S en so ry  
T es tin g  o f  F o o d s . M erck  T ec h n ica l Bull. F o o d  P ro d u c ts  D e p t.,  M erck  C h e m ic a l Div., 
M erck  & C o ., In c ., R a h w a y , N .J . 

A n o n y m o u s . 1 9 6 0 . U .S . S ta n d a rd s  fo r  G rad es 
o f  S h e lle d  A lm o n d s. U .S . D e p t, o f  A gric ., 
A M S, W ash in g to n , D .C .

A O A C . 1 9 7 0 . N u ts  a n d  n u t  p ro d u c ts :  m o is tu re . 
In  “ O ffic ia l M e th o d s  o f  A n a ly sis ,”  1 1 th  ed. 
A sso c ia tio n  o f  O ffic ia l A n a ly tic a l C h em ists , W ash in g to n , D .C .

A O C S. 1 9 4 7 —1 9 5 6 . “ O ffic ia l a n d  T en ta tiv e  
M e th o d s ,”  ed . M eh len b a ch e r , V .C ., H o p p e r ,
T .C . a n d  S a llee , E .M ., 2 n d  ed . A m e ric a n  O il 
C h e m is ts ’ S o c ie ty , C hicago , IL  6 0 6 0 1 . 

B ishov, S .J . a n d  H e n ick , A .S . 1 9 6 6 . A gas c h ro 
m a to g ra p h ic  m e th o d  fo r  c o n tin u o u s  a cc e le r
a te d  s tu d y  o f  0 2 u p ta k e  in  fa ts . J . A O C S 4 3 (7 ): 4 4 7 .

D u n can , D .B . 1 9 5 5 . M u ltip le  ran g e  a n d  F  te s ts . 
B io m e tr ic s  1 1 : 1.

G u tte rs o n , M. 1 9 6 9 . C o n fe c tio n a ry  P ro d u c ts  
M a n u fa c tu rin g  P ro cess. N o y e s  D e v e lo p m en t 
C o rp ., P a rk  R id g e , N .J .

K em p f, N .W . 1 9 6 4 . “ T h e  T e c h n o lo g y  o f  C h o c 

o la te .”  T h e  M a n u fa c tu rin g  C o n fe c tio n e r  
P u b lish in g  C o ., O ak  P a rk , 111.

M atté i, J . 1 9 6 9 . P e rso n a l c o m m u n ic a t io n  fro m  
C a lifo rn ia  A lm o n d  G ro w ers’ E x ch an g e , M arch  19.

M IL -C -10928D  a n d  A m e n d m e n ts . 1 9 6 9 . M ili
ta ry  S p e c if ic a tio n : C a n d y  a n d  C h o c o la te
C o n fe c tio n s . U .S . G o v t. P r in tin g  O ffice , W ash in g to n , D .C .

P e ry am , D .R . a n d  P ilg rim , F .J . 1 9 5 7 . H ed o n ic  
scale  m e th o d  o f  m ea su rin g  fo o d  p re fe re n ce s . 
F o o d  T ec h n o l. 1 1 (9 ) : 9.

P ilgrim , F .D . a n d  P e ry a m , D .R . 1 9 5 8 . “ S e n so ry  
T es tin g  M e th o d s—A M a n u a l.”  T .R . 25 -5 8 , 
Q m . F . & C .I., C hicago , 111.

S tu c k e y , B .N . 1 9 5 4 . R a n c id ity  p re v e n tio n  in  
c a n d y  c o n ta in in g  a lm o n d s . M fg. C o n fe c t. 
3 4 (6 ) :  47 .W att, B .K . a n d  M errill, A .L . 1 9 6 3 . “ C o m p o 
s i tio n  o f  F o o d s ,”  A g ric u ltu ra l H a n d b o o k  
N o . 8. U S D A , W ash in g to n , D .C .

Ms rece iv ed  6 /9 /7 2 ;  rev ised  7 /2 0 /7 2 ;  a c c e p te d
7 /2 2 /7 2 .

T h is p a p e r  re p o r ts  re se a rc h  u n d e r ta k e n  a t th e  US A rm y  N a tic k  (M ass.) L abs , a n d  has b e e n  
assigned  n u m b e r  T P -1 1 4 1  in  th e  se ries o f  p ap e rs  
a p p ro v ed  fo r  p u b lic a tio n .

T h e  a u th o rs  g re a tly  a p p re c ia te  th e  c o o p e ra 
t io n  re ce iv ed  fro m  th e  fo llo w in g  p e rso n s  w h o  
h e lp e d  m a k e  th is  s tu d y  p o ss ib le : S .J . B ishov, 
O tto  J . S ta rk , Isa d o re  B lo ck  a n d  M arg are t M .E . 
R o b e r ts o n , U .S . A rm y  N a tic k  L ab s .; J o e l  S ide l, 
fo rm erly  U .S . A rm y  N a tic k  L ab s .; a n d  D r. R .C . 
W elch a n d  C u rt D . S u m m y , W ilber C h o c o la te  
C o ., L it i tz , Pa.

T h e  f in d in g s  in  th is  r e p o r t  a re  n o t  to  b e  
c o n s tru e d  as a n  o ffic ia l D e p t, o f  th e  A rm y  p o s i
tio n . M e n tio n  o f  c o m p a n ie s  o r  tra d e  n am es 
s h o u ld  n o t  b e  c o n s tru e d  to  m ea n  e n d o rse m e n t 
o r  a p p ro v a l b y  th e  D e p t, o f  th e  A rm y .
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SU RVIVAL OF SALM ONELLAE AND Escherichia coli DURING 
THE SPRAY DRYING OF VARIOUS FOOD PRODUCTS

IN T R O D U C T IO N
IN 1965, o u tb reak s  o f  salm onellosis th a t 
were traced  to  co n tam in a ted  n o n fa t dry 
m ilk re ite ra te d  the fac t th a t dried  foods 
could  serve as vehicles fo r salm onellae. 
Since th en , several o th e r  dried  foods (e.g., 
eggs, w hole m ilk, yeast, b u tte rm ilk , e tc .) 
have been fou n d  to  co n ta in  salm onellae. 
M ost o f these foods have been dried  by 
e ith er the  ro ller o r spray  process.

Investigations co n d u c ted  in various 
food  drying p lan ts have show n th a t con
tam in a tio n  o f p ro d u c t can and does occur 
in num erous  w ays. It also appears th a t 
m any processing p lan ts have single and 
un ique m eans by w hich th e  o ffendin g  
organism s gain en try  in to  th e  p ro d u c t b u t 
seldom  are these m eans th e  sam e in any 
tw o  plants. Because o f th is, reco m m en da
tions to  the  in d u stry  aim ed at reducing  o r 
elim inating  salm onellae are usually  gen
eral in n a tu re , i.e., ad o p t good san ita tion  
program s, m a in ta in  facilities in good re
pair, and reduce o r e lim inate  residual 
m oisture in and a rou n d  eq u ipm en t.

T here rem ain  m any unansw ered  ques
tions regard ing the  survival o f salm onellae 
during food  processing opera tions. One o f 
the  key questio n s  concerns survival du r
ing the  spray  drying process. A t p resen t, 
there are few  da ta  in the  lite ra tu re  de

scribing the  survival rates  o f salm onellae 
during th e  spray  d ry ing  o f foods. R e
cen tly , the  survival o f salm onellae during 
the drying o f skim  m ilk co n cen tra te s  was 
described by LiCari an d  P o tte r  (1 9 7 0 a ,b ). 
They fo u n d  th a t survival o f salm onellae 
decreased as th e  spray drying tem p era tu re  
was increased. A varia tion  in the  p e rc en t
age survival o f the  fou r stra ins tes ted  a t a 
given tem p era tu re  was also n o te d . This 
s tu d y  was u n d ertak en  to  ex ten d  the 
observations o f LiCari and  P o tte r  and to  
provide da ta  on the survival o f sa lm onel
lae during the  d ry ing  o f o th e r  food  
products .

M A TER IA LS & M ETHODS
Bacterial cultures

All cultures used in this study, i.e., Salmo
nella typhimurium , S. alachua, S. newbruns- 
wick, S. senftenberg 775W, S. montevideo , S. 
cubana, S. anatum , S. manhattan, S. newport,
S. newington, Escherichia coli 044,E . coli 070, 
E. coli 085, E. coli 0104, E. coli 0127 were 
obtained from the culture collection of the 
Food Research Institute.

Maintenance o f stock and 
working cultures

Stock cultures were stored at room tempera
ture on nutrient agar slants in screw-capped 
tubes. Transfers were made at intervals of ap

proximately 6 months. Working cultures were 
transferred every 24 hr into Trypticase Soy 
Broth (TSB) and incubated without agitation at 
35-37°C.

Sources o f food materials
Skim milk concentrates were prepared by 

reconstituting powder from a single lot of 
antibiotic-free nonfat dry milk. The skim milk 
was obtained from the University of Wisconsin 
dairy plant and dried in the University of Wis
consin Spray Dryer (Amundson, 1967). It had a 
moisture content of 2 .0 % and contained less 
than 1% butterfat. Whole milk powder and 
sweet whey powder were obtained from Land 
o’Lakes, Inc., Minneapolis, Minn. The whole 
egg, egg white and egg yolk were pasteurized 
products obtained from Mazo Egg Products, 
Inc., Middleton, Wis. The dry yeast used in this 
study came from a single lot of inactive Torula 
yeast prepared by Amber Labs., Juneau, Wis. 
Yeast concentrates were prepared by suspend
ing dry yeast in sterile distilled water to obtain 
a final concentration of 25% (w/w) yeast solids.

All products were found to be free of Sal
monella and E. coli prior to use in this study. 
Inoculation o f concentrates 
prior to drying

For the inoculation of the milk products, 
the test organisms were grown to the stationary 
phase in 1 0  ml of concentrated skim milk (2 0 % 
or 40% total solids). Immediately before spray 
drying, this material was added to a given quan
tity of fresh concentrate to achieve an initial 
Salmonella level of approximately 1 x 107 
organisms per g of milk solids. The egg prod
ucts, yeast and whey concentrates were inocu
lated in a similar manner except that the inocu
lum was grown in TSB rather than in the food 
concentrate. To ensure homogenous distribu
tion of the cells in the high fat products, the 
inoculum was homogenized into the products 
with a hand type Lodgeman Mill Homogenizer.

Spray dryer and drying procedure
Concentrates were dried in a Nerco-Niro 

portable spray drying unit. Inlet air tempera
tures were 165 ± 2°C and 225 ± 2°C and outlet 
air temperatures were 67 ± 2°C and 93 ± 2°C. 
Air flow through the dryer was 35 Cfm at STP. 
The atomizer was controlled at 50,000 rpm. 
The powder was collected in a cyclone collec
tor. The drying air was heated by a direct gas 
heater. The dryer was operated in such a way as 
to produce two different powder moisture 
levels, i.e., a conventional powder moisture 
level of 3.0-3.7% and a high moisture level of 
6.0%.
Enumeration o f salmonellae 
and E. coli

Salmonellae were enumerated by both the 
plate count and Most Probable Number (MPN) 
procedures. The level of salmonellae present in 
the food concentrates prior to drying was deter-

Table 1—E ffe c t o f  d ry in g  tem perature  an d  fin a l m oisture c o n te n t on the destruction o f  sa lm o
nellae an d  E. c o li during the spray dry ing  o f  concentrated  skim  m ilk

Total solids Powder Number of viable cells3 Log reduction
in cone moisture in of

Organism (% w/w) (% w/w) Cone milk Dry powder viable cells

S. typhimurium 40 3.0 ± 0.2 1.7 x 107 9.3 x 103 3.3
6 .0  ± 0 .2 7.0 x 107 4.3 x 10s 2 .2

S. alachua 40 3.0 ± 0.2 9.6 x 106 9.3 x 102 4.0
6 .0  ± 0 .2 1.5 x 10’ 1.1 x 1 0 6 1.1

E. coli 0104 40 3.0 ± 0.2 1 .0  x 1 0 7 3.3 x 1 0 s 2.5
6 .0  ± 0 .2 1 .0  x  1 0 7 2 .1  x 1 0 3 3.8

S. typhimurium 2 0 3.7 ± 0.2 2.3 x 107 2.4 x 10' 6 .0
6 .0  ± 0 .2 3.0 X 107 3.9 x 102 4.9

S. alachua 2 0 3.7 ± 0.2 2.5 x 107 4.6 x 102 4.7
6 .0  ± 0 .2 1.9 x 107 2.4 x 104 2.9

E. coli 0104 2 0 3.4 ± 0.2 1.3 x 107 3.0 x 102 4.7
6 .0  ± 0 .2 1.7 x 106 1 .2  x  1 0 3 3.2

a C o u n ts  ex p ressed  o n  a p e r g ram  m ilk  so lid s basis
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mined by surface plating 0 .1  ml aliquots of the 
appropriate peptone-water dilutions onto Mac- 
Conkey agar. These plates were examined for 
typical S alm onella colonies after incubation at 
35-37°C for 24 hr. Typical colonics were con
firmed by slide agglutination procedures em
ploying 0 antisera. Levels of S alm onella are 
expressed on a dry basis, i.e., number of cells 
per gram of moisture-free food solids.

All spray dried powders were held at room 
temperature and examined microbiologically 
within 2 hr after being dried. An MPN pro
cedure was used to determine the number of 
salmonellae present in the dried product. This 
was accomplished by aseptically removing 1 lg 
of the powder that had been collected in a ster
ile sample bottle. For the analysis of the milk 
powders, 1 lg of sample was reconstituted in 99 
ml of sterile buffered water according to the 
method described in the S tandard  M ethods fo r  
Exam ination o f  D a iry  P roducts (APHA, 1967). 
In the work done on the egg products, 1 lg of 
the powder was reconstituted in 99 ml of phys
iological saline solution (0.85% NaCl). The 
yeast powder was reconstituted in peptone 
water. After reconstitution, three I ml aliquots 
of suitable peptone-water dilutions were placed 
into individual lactose broth preenrichments. 
These were then incubated at 35-37°C for 18 
hr. One ml of each preenrichment tube was

then transferred to 9 ml of selenite-cystine 
broth. The enrichment broths were incubated
18-24 hr at 35-37°C. A loopful of each en
richment was streaked onto MacConkey agar 
and the plates were incubated at 35-37°C for 
24 hr. The three tube MPN determinations were 
based on the appearance of typical salmonellae 
colonies on the selective agar following con
firmation by serological procedures, i.e., 0  
agglutination tests.

The number of E. co li in the concentrates 
prior to drying was ascertained by plating ali
quots of suitable peptone water dilutions on 
violet red bile agar. Plates were examined after 
18-24 hr at 35-37°C. E. co li in the spray 
dried product were enumerated by the method 
described in S tan dard  M e tho ds f o r  the E x a m i
natio n  o f  D a iry  P roducts (APHA, 1967).

Moisture determinations
All moisture determinations were made 

using a Cenco Moisture Balance that had been 
standardized by the toulene distillation method 
(ADMI, 1948).

R ES U L TS & DISCUSSIO N
TWO IN L E T -O U T L E T  air tem p era tu re  
co m bina tion s  were em p loy ed  th ro u g h o u t 
this s tu d y . T he firs t, i.e ., 225 ± 2°C  in let

Table 2 — The survival o f  S alm onella  and  E. co li during the spray  
dry in ga o f  co ncen tra ted  skim  m ilk  (40%  to ta l m ilk  solidsI

Number of viable cells/g Log reduction in 
in viable cells

Organisms Concentrate Dry powder per g of milk solids

S. alachua 9.6 X IO6 9.3 X 10s 4.0
S. anatum 2.9 X IO7 9.3 X io 7 4.4
S. cubana 1.8 X io 7 7.5 X IO2 4.4
S. m anhattan 1.8 X io 7 4.6 X i o 3 3.6
S. m ontevideo 9.5 X io 6 2.4 X i o 3 3.9
S. new brunsw ick 2.0 X IO7 2.4 X io 4 2.9
S. new ington 2.3 X i o 7 4.3 X io 3 3.7
S. n ew po rt 2.7 X io 7 4.3 X IO2 4.8
S. senftenberg 775W 1.0 X io 7 4.3 X IO2 4.4
S. ty p h im u riu m 1.7 X io 7 9.3 X i o 3 3.3
E. co li 044 8.5 X io 6 2.4 X io 2 4.6
E. co li 0104 1.0 X io 7 2.1 X io 3 3.8
E. co li 085 3.5 X io 7 1.2 X i o 3 4.4
E. co li 0127 1.5 X io 7 1.6 X io 4 2.9
E. co li 070 2.2 X io 7 3.6 X i o 3 3.8

a R esults show n are those o b ta in e d  in a single rep resen ta tiv e  trial.

Table 3 —The survival o f  S. ty p h im u riu m  during the spray dry ing  o f  
various m ilk  p ro d u c tsa

Number of viable salmonellae/g

Substrate
in

Concentrate Powder
Log reduction in viable cells 

(per g dry food solids)

Skim milk 1.7x10’ 9.3 X 103 3.3
Whole milk 1.8 X 1 0 7 4.3 X 102 4.6
Whey 1.6 X 107 4.6 X 103 3.5

a R esults show n are those  ob ta in ed  in a single rep resen ta tiv e  trial.

and 93 ± 2°C  o u tle t, resu lted  in a n on fa t 
dry m ilk p ow der co n ta in in g  3 .0  ± 0.2%  
m oisture w hen a 40%  solids co ntain ing  
co n cen tra te  was dried  and 3 .4 - 3 .7  ± 
0.2%  m oisture w hen a 20%  solids co n ta in 
ing co n cen tra te  was dried . The second 
co m b in a tio n , i.e ., 165 ± 2°C  in le t and 67 
± 2°C  o u tle t air tem p e ra tu re , resu lted  in 
pow der co n ta in in g  6 .0  ± 0.2%  m oisture 
regardless o f  w h e th e r 20  o r 40%  solids 
co n ta in in g  co n cen tra te s  were fed to  the 
dryer.

T w o stra ins o f  salm onellae and a single 
stra in  o f E . c o li were grow n as described 
and in o cu la ted  in to  the co n cen tra te s  fo r 
spray  drying. T he results o f a single 
rep resen ta tive tria l are show n in Table 1. 
It is qu ite  obvious th a t g rea ter d estru c
tion  o f  the  test organism s occurred  w hen 
co nd itio ns  were ad justed  to  p rodu ce  the 
low m oistu re  p ro d u c t. This occu rred  re
gardless o f the  to ta l solids level o f the 
co n cen tra te  fed to  the dryer.

T he g rea ter d e s tru c tio n  o f the test 
organism s m ight be due to  (1 ) grea ter 
therm al shock  u p o n  in tro d u c tio n  in to  the 
h o tte r  in le t air, a n d /o r  (2 ) higher p rodu c t 
tem p era tu re  during th e  final stages o f 
d rying to  the  low er m o istu re  level. Previ
ous s tud ies (B rad fo rd  and Briggs, 1963) 
have show n th a t m ilk p ro te in s  m ay be 
dried at an in le t air tem p era tu re  o f 315°C  
and still escape d e n a tu ra tio n  if they  are 
cooled  rap id ly . In o u r ex perim en ta l d ryer 
ap p ro x im ate ly  90%  o f  the  m oistu re  re 
m oval occurred  w ith in  the first 10% o f 
the vertical d rop  in the  d ryer, and the 
rem ain ing  m o istu re  was rem oved in the 
final 90%  o f the  vertical d rop . Since the 
p ro d u c t being dried  appro ach es the tem 
pera tu re  o f the  o u tle t air and since the 
o u tle t air tem p era tu re  o f  the low  m ois
tu re p rod u c ts  was 93 ± 2°C  it is ev ident 
this p ro d u c t was sub jec ted  to  the  higher 
tem p era tu re . The d ry er residence tim e 
was the  sam e fo r b o th  p rodu cts .

It is also ap p aren t th a t partic le  density  
is a significan t fa c to r  in de term in ing  the 
degree o f survival by these en te ric  o rgan
isms. LiCari and P o tte r  (1 9 7 0 a) suggested 
th a t the  w id th  o f the  pow der partic le  wall 
m ay be an im p o rta n t fac to r in fluencing  
the survival o f salm onellae. T he e ffec t o f 
partic le  crust d iam eter was s tu d ied  by 
co m paring  the  degree o f m icrob ial de
s tru c tio n  in pow ders dried  from  20 and 
40%  to ta l solids co n cen tra tes  o f skim  
m ilk. Since the p ow der partic les p ro 
duced by drying a 20%  solids-conta in ing  
co n cen tra te  have th in n e r crusts (H all and 
H edrick , 1966) and a g rea ter degree o f 
cell d estru c tio n  was o b ta in ed  in the  pow 
ders p rodu ced  from  these co n cen tra te s , a 
co rre la tion  is ap p aren t (Cf. T able 1). It 
can be seen th a t at co m parab le  m oistu re  
levels (i.e ., 6%), a g rea ter degree o f 
d e stru c tio n  was observed in the  process 
o f d rying the 20% solids co ncen tra te . 
M oreover, even though  the m oisture con
ten t o f the  pow der p rodu ced  at the lower
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drying tem p era tu re  was greater in the 
m aterials m ade from  th e  20% solids co n 
ce n tra te  th an  th a t m ade fro m  the  40% 
solids co n cen tra te , th e  survival o f the  test 
organism s was m uch  less in the  less dense 
p ro d u c t. It w ould  seem  th a t a co m b in a
tio n  o f (1 ) a higher relative h u m id ity  in 
the  air s tream  su rro un d ing  the  th in n e r 
c ru sted  partic le  (th e reb y  resu lting  in a 
m oister hea t)  and (2 ) less resistance to  
the  p en e tra tio n  o f the  m oist hea t in the 
partic le crust m ay be responsib le fo r the 
grea ter observed cell destru c tio n  in the  
less dense particles.

T he re la tio nsh ip  be tw een  partic le  size 
and d e stru c tio n  o f  salm onellae rem ains 
unclear. In  th is s tu d y  and in th a t rep o rted  
by LiCari an d  P o tte r  (1 9 7 0 a) th e  pow der 
partic les p rodu ced  w ere significan tly  
sm aller th an  those  norm ally  p rodu ced  in 
indu stria l p rac tice  and  shou ld  be co n 
sidered  as ‘fines.’ M oreover, the  very 
sm all range o f partic le  sizes s tu d ied  by 
LiCari and P o tte r  do  n o t p e rm it an 
accu rate  de te rm in a tio n  o f the  in fluence 
o f partic le  size on m icrob ial d e struc tio n . 
The re la tio nsh ip  (o r lack o f sam e) re
m ains questionab le  at th is  tim e.

Previous s tud ies on  the  hea t resistance 
o f salm onellae in m oist env iro nm en ts  
have in d ica ted  a significan t in fluence o f 
g row th  tem p era tu re  on th e  the rm al resist
ance (D ega et al., 1972; Ng e t al., 1969). 
T he in fluence o f g ro w th  tem p era tu re  on 
the  resistance to  d e s tru c tio n  by salm onel
lae during spray  drying was exam ined  by 
co m paring  the  survival o f S. typ h im u riu m  
cells grow n at 25°C , 37°C  and  44°C  to  
drying in  a 40%  solids co n cen tra te  at 225 
± 2°C  in le t air tem p era tu re . T he log 
red u c tio n s  in viable salm onellae w ere 3.5,
3.3 and 3.0 at 25°C , 37°C  and 44°C , 
respectively . This w ould  ind icate  th a t 
th e re  is perhaps som e effec t o f in cuba tio n  
tem p era tu re  on th e  hea t resistance during 
spray d ry ing  b u t th a t  it is n o t nearly  as 
p ro n o u n ced  as in the  case o f m oist 
en v iro nm en ts.

In  m ost cases, th e re  has proven to  be a 
considerab le  d ifference in  the  resistance 
o f various strains o f salm onellae to  ad
verse env ironm en tal cond itio ns. T en 
strains o f salm onellae and  five strains o f
E. co li w ere tes ted  fo r th e ir  ab ility  to

survive spray  drying. T he cells w ere added 
to  co n cen tra ted  skim  m ilk (40%  to ta l 
solids) p rio r to  d ry ing  at 225 ± 2°C in le t 
air tem p e ra tu re . T he resu lts  are show n in 
Table 2. These da ta  are in ag reem en t w ith  
those  o f LiCari and P o tte r  (1 9 7 0 a) w ho 
d e m o n stra ted  a varia tion  am ong stra ins o f 
salm onellae w ith  respec t to  th e ir  ab ility  
to  survive spray  drying. O ur resu lts  do 
n o t ind icate  any significan t d ifference in 
the  resistance o f salm onellae an d  E. coli. 
W hat is significan t is the  degree o f varia
tio n  o f resistance am ong the  stra ins. It 
w ould  n o t be co rrec t to  consider th is a 
se ro ty p e  o r species variab ility  since the 
tax o n o m ica l s ta tu s  o f  these organism s is 
d e p en d en t on  th e ir  an tigen  c o n te n t 
w hich, m ost likely , has little  e ffec t on 
therm al resistance. M ore ap p ro p ria te ly , 
th is is a stra in  varia tion  and it w ould  n o t 
be at all surprising  to  find  the sam e 
degree o f varia tion  in resistance am ong 
num erous  stra ins o f th e  sam e species or 
se ro ty pe .

It was o f  in te re s t to  com pare  the 
in fluence o f p ro d u c t co m p ositio n  on the 
ab ility  o f  salm onellae to  survive spray  
drying. A single s tra in  o f Sa lm onella , S. 
typ h im u r iu m  was added  to  40%  solids- 
co n cen tra te s  o f skim  m ilk, w hole m ilk 
and w hey. T he co n cen tra te s  w ere then  
spray  dried  a t an in le t air tem p era tu re  o f 
225 4 2°C  to  ensure as nearly  as possible 
u n ifo rm ity  in m oistu re  co n te n t, partic le  
size and  partic le crust th ickness. The 
results are show n in Table 3. S urprisingly , 
the  high fa t-co n ta in in g  p ro d u c t, i.e., 
w hole m ilk, was least p ro tec tiv e  an d  the 
skim  m ilk  and w hey w ere co m parab le  in 
p ro tec tive  e ffec t. T his observa tion  w ould  
ind icate  th a t fat is n o t  p ro tec tin g  th e  cells 
from  h ea t during spray  drying . We can n o t 
exp la in  the  seem ingly sensitiz ing  e ffec t 
th a t fa t has o th e r  th an  to  suggest th a t the 
longer re te n tio n  o f h ea t in the fa t m ay 
cause the  d e stru c tio n  o f m ore sa lm o
nellae.

N ex t, the  survival ra te  o f S. ty p h im u r i
um  during the  drying o f  various egg 
m aterials was s tu d ied . T he in le t air tem 
pera tu re  was 225 ± 2°C and the  to ta l 
solids levels in th e  co n cen tra te s  were
12.2, 26 and 40%  fo r egg w h ite , w hole 
egg and egg y o lk , respectively . As show n

in T able 4 , the g rea test d e s tru c tio n  oc
cu rred  in the egg yo lk . It is d ifficu lt to 
com pare these d a ta  w ith  tho se  obtained 
from  the  trials w ith  th e  m ilk products 
because o f the  v aria tion  in solids level in 
the  co n cen tra tes . H ow ever, it can be 
p o in ted  o u t th a t w hole egg and whole 
m ilk w ere ab o u t eq ually  p ro tec tive  when 
dried  from  40%  solids co n cen tra te s . It is 
possible th a t the  g rea ter kill in egg white 
could  be a t tr ib u te d  to  the  th in  particle 
crust resu ltin g  from  the  low  solids level in 
the co n cen tra te . M oreover, it is also 
possible th a t th e  high fat c o n te n t and low 
m oistu re  level (re su ltin g  from  higher 
p ro d u c t tem p e ra tu re  in the  la tte r  stages 
o f d ry ing ) are the  reasons fo r the  great 
degree o f cell d ea th  occu rrin g  during  the 
drying o f egg yo lk .

D rying co n c e n tra te d  yeast (25%  sol
ids) resu lted  in ap p ro x im a te ly  the  same 
degree o f Salm onella  d ea th  as was charac
teris tic  o f th a t observed w hen skim  milk 
(20%  so lids) was dried  u n d er sim ilar 
co n d ition s  (Cf. T able 4).

T he results o f th is s tu d y  and  the 
previous w ork  o f  LiCari and P o tte r 
(1 9 7 0 a ) in d ica te  th a t several fac to rs  are 
im p o rta n t in decid ing  to  w hat ex ten t 
en teric  m icroorganism s survive the  sp ray 
drying process. F irs t, p ro d u c t tem p era 
ture d uring  the d ry ing  process is quite 
significan t. It w ould  ap pear th a t in spite 
o f the  evaporative co oling  e ffec t, high 
p ro d u c t tem p e ra tu re  an d  m icrob ial cell 
d e s tru c tio n  are closely  re la ted . Second, 
partic le  density  o r partic le  crust d iam eter 
will in fluen ce  the cell d e s tru c tio n  rate. 
T h in n e r partic le  crusts will resu lt in g reat
er killing o f  the  cells. S train  varia tion  
w ith  regard  to  sensitiv ity  to  sp ray  drying 
is co nsid erab le . T he reasons fo r the  vary
ing sensitiv ities are n o t u n d ers to o d . High 
fat c o n te n t in the  p ro d u c t being dried 
appears to  en hance  the  d e stru c tio n  o f the 
en te ric  bacteria . Q uite possib ly , th is is 
due to  a longer re ten tio n  o f therm al 
energy in the  lip id  m aterial.

As ex p ec ted , the  fac to rs  in fluencing  
cell d ea th  during  sp ray  d ry ing  are co m 
plex an d  in te rre la ted . It is obvious th a t 
no  single p a ram ete r is governing the 
behavio r o f  salm onellae o r E. co li during 
the d ry ing  process. Because o f this co m 
p lex ity , it m ay never be possible to  set a 
processing sched u le  fo r all food  p rodu c ts  
w hich guaran tees the  e lim in a tion  o f sal
m onellae during  the  d ry ing  process and 
y e t y ields an econom ically , physically  
and o rg an o lep tica lly  su itab le  final p ro d 
uct. F in a lly , it is ev iden t th a t the  food  
p rocessor c a n n o t and sho u ld  n o t depend  
u p o n  the  d ry ing  process to  take the  place 
o f ad eq u a te  p asteu riza tio n  p rior to  drying 
and care m ust be exercised  to  avoid 
c o n tam in a tio n  during  an d  a fte r  drying. 
Indeed , survival o f the  sp ray  d ry ing  step  
y e t rem ains an u n k no w n  q u a n tity  in the 
overall p rob lem  o f Salm onella  co n tam in a
tio n  in dried  foods.

Table 4 —The survival o f  S. ty p h im u riu m  during the spray d ry in ga o f  various egg products  and  
inactive yeast

Solids level Final product No. of viable salmonellae/g Log reduction 
in cone moisture in of viable cells

Substrate (%) (% w/w) Concentrate Powder (per g dry food solids)

Whole egg 40 3.0 ± 0.2 1.3 x 107 2.4 X 103 4.4
Egg white 1 2 .2 7.0 ± 0.2 5.7 x 101 1.1 X 102 5.7
Egg yolk 26 2 .0  ± 0 .2 1 .2  x 1 0 7 7.5 x 10° 6 .2
Torula yeast 25 3.4 ± 0.2 1 .8  x 1 0 8 2.4 x 103 4.9

a R esults show n are those  ob ta in ed  in a single represen tative  trial.



B A C T E R I A  S U R V I V A L  D U R I N G  S P R A Y  D R Y I N G - 831
R E F E R E N C E S

ADMI. 1 9 4 8 . T h e  g rad in g  o f  n o n fa t  d ry  m ilk  
so lids. B u lle tin  9 1 1  (rev ). A m e ric an  D ry  
M ilk In s t i tu te ,  In c ., C h icago , 111.

APHA. 1 9 6 7 . “ S ta n d a rd  M e th o d s  fo r  th e  E x 
a m in a tio n  o f D airy  P ro d u c ts ,”  ed . W alter,
W .G. A m e ric an  P ub lic  H e a lth  A sso c ia tio n ,N .Y ., N .Y .

A m u n d so n , C .H . 1 9 6 7 . S p ra y  d ry in g  o f  d a iry  and  fo o d  p ro d u c ts . A S H H A E  J. 9: 70.
B radford , P. a n d  Briggs, S.W . 1 9 6 3 . E q u ip m e n t  fo r th e  fo o d  in d u s try —J e t  sp ray  d ry in g .

C h em . E ng. P rog . 59: 76 .
D ega, C .A ., G e o p fe r t ,  J .M . a n d  A m u n d so n ,

C .H . 1 9 7 2 . H e a t re s is tan c e  o f  sa lm o n e llae  in  
c o n c e n tr a te d  m ilk . A pp l. M ic rob io l. 23: 4 1 5 .

H all, C.W . a n d  H e d rick , T .I . 1 9 6 6 . “ D ry ing  
m ilk  a n d  m ilk  p ro d u c ts .”  Avi P u b lish in g  
C o ., W es tp o rt, C onn .

L iC ari, J .J .  a n d  P o t te r ,  N .N . 1 9 7 0 a . S a lm o n e lla  
su rv iva l d u rin g  sp ra y  d ry in g  a n d  s u b s e q u e n t 
h a n d lin g  o f  sk im  m ilk  p o w d e r. 2. E ffe c ts  of 
d ry in g  c o n d it io n s . J . D a iry  Sci. 5 3 : 8 71 .

L iC ari, J .J .  a n d  P o t te r ,  N .N . 1 9 7 0 b . S a lm o n e lla  
su rv iva l d if fe re n c e s  in  h e a te d  sk im  m ilk  an d

in  sp ray  d ry in g  o f  .e v ap o ra te d  m ilk . J . D airy  
Sci. 53: 1 2 8 7 .Ng, H ., B ay n e , H .G . a n d  G a rib a ld i, J .A . 1 9 6 9 . 
H e a t re s is tan c e  o f  S a lm o n e lla : T h e  u n iq u e 
ness o f  S a lm o n e lla  s e n f te n b e rg  775W . A ppl. 
M ic ro b io l. 1 7 : 78.Ms rece iv ed  6 /1 3 /7 2 ;  rev ised  7 /3 1 /7 2 ;  a c c e p te d

8 /3 /7 2 .___________________________________________
R e se a rc h  w as s u p p o r te d  b y  th e  C ollege o f 

A g ric u ltu ra l a n d  L ife  S c ien ces , U n iv e rs ity  o f 
W isconsin , M ad ison , b y  P u b lic  H e a lth  Service  
g ran t F D -0 0 1 4 4  a n d  b y  a  g ra n t fro m  th e  N a
t io n a l C o n fe c tio n e rs  E d u c a tio n a l  a n d  S c ien tif ic  
F o u n d a tio n .



M . C. G A C U L A  JR . a n d  J. J. K U B A L A  

F o o d  Research Lab ., A rm o u r  F o o d  Co., 80 1  West 2 2 n d  S t., Oak B rook , IL  6 0 5 2 1

DATA AN ALYSIS: INTERBLOCK AND INTRABLOCK ESTIM ATES 
OF VARIANCE ON TASTE PANEL DATA

IN TR O D U C TIO N
THE NEED F O R  b e tte r  co n tro l o f variability  in th e  com pari
son o f several tre a tm en ts  is necessary in m any experim en ta l 
investigations. F or instance, we o ften  require  a specified 
nu m b er o f litte rs  per genetic group  o r a specified nu m ber o f 
m ales and fem ales o f  th e  sam e paren ts  in one experim en ta l 
run. Due to  th e  d ifficu lty  in  ob ta in ing  these types o f 
ex p erim en ta l co n d itio ns , we o f te n  arrange tre a tm en ts  in 
inco m p le te  b locks w here each b lock  does no t co n ta in  all the  
tre a tm en ts  in th e  ex perim en t. In som e ex perim en ts, we use 
hum an  beings as the  ex perim en ta l un it. W hen th e  experim en t 
consists o f several tre a tm en ts  and th e  response m easu rem en t is 
based on  subjective scoring, hum an  fatigue en ters  in to  the  
judg ing process resulting  in biased scores. An incom ple te  
b locking allow ing, perhaps, tw o or th ree  tre a tm en ts  per panel 
w ould  lessen judg ing fatigue. A so lu tion  to  th is  p rob lem  is 
provided by incom ple te  b lock designs.

The use and valid ity  o f incom p le te  b lock  designs in sensory 
testing  o f foods is do cu m en ted  in the  lite ra tu re  (G alinat and 
E verett, 1949; H anson et a l., 1951; M arquard t et al., 1963). 
There is how ever, a un iq ue aspect o f th is class o f design th a t 
requires a tte n tio n  in data analysis; th a t is, the  relevance o f the  
recovery o f in te rb lo ck  and in trab lo ck  in fo rm atio n . As far as 
th e  au th o rs  are concerned , th e re  is no published inqu iry  in to  
th e  im p o rtance  o f in te rb lo ck  and in trab lo ck  analyses o f taste  
panel scores.

The recovery  o f in te rb lo ck  and in trab lo ck  in fo rm atio n  in 
an incom ple te  b lock  analysis o f variance is dep en d en t upon  
th e  follow ing rela tio nsh ips (Y ates, 1940; F ederer, 1955; 
C ochran and Cox, 1957): (1 ) if the  degrees o f freedom  (D F) 
associated  w ith  b lock  sum  o f squares (E j,) is less th a n  12 and 
Eb is larger th a n  in trab lo ck  e rro r (E e ) it is recom m ended  th a t 
in te rb lo ck  in fo rm atio n  be ignored and trea tm en t m eans 
ad justed  on ly  fo r in trab lo ck  in fo rm atio n ; and (2 ) if Eb is 
g rea ter th a n  Ee and th e  DF associated  w ith  Eb g rea ter than
1 2 - 1 4 ,  it is recom m en ded  th a t b o th  in te rb lo ck  and in trab lo ck  
in fo rm atio n  be u tilized . Since th e  in tro d u c tio n  o f incom ple te  
b lock  designs by Y ates (1 9 3 6 ) ab o u t 35 years ago, in te rb lo ck  
recovery was a co m p u ta tio n a l prob lem . At p resen t, w here 
co m pu te rs  are read ily  available, we have th e  o p p o rtu n ity  o f

Table 1—Basic design fo r  E xp e rim en t /a

Panelists
(blocks)

Treatments

1 2 3 4 5

1 X X X
2 X X X
3 X X X
4 X X X
5 X X X
6 X X X
7 X X X
8 X X X
9 X X X

10 X X X
aEach x represents a sample.

study in g  the  advantage o f recovering b o th  in trab lo ck  and 
in te rb lo ck  in fo rm atio n  and evaluating  th e ir  c o n trib u tio n s  to  
increasing design effic iency  in sensory  testing .

This w ork  was co n d u c ted  to  assess the  im po rtance  of 
in te rb lo ck  and in trab lo ck  analyses o f sensory  panel scores.

E X PE R IM E N T A L
BALANCED INCOMPLETE block design (B1BD) is frequently used in 
sensory testing of foods at the Food Research Lab. of Armour Food 
Co. Specifically, we have been utilizing Type III BIBD of Cochran and 
Cox (1957) which involves repetition of the basic design. Three of the 
experiments available were selected as models for an in-depth study of 
interblock and intrablock analyses.

Experiment I
This study concerns the comparison of five treatment groups of 

frankfurters with varying levels of fat content. The response variables 
were appearance, tlavor, texture and overall preference. An 8 -point 
scale, with 1 = dislike extremely, and 8 = like extremely, was used. The 
design parameters for a basic design (Table 1) following the conven
tional notation are:

Number of treatments, t 5
Number of blocks, b 10
Number of replications, r 6

Table 2 —Block e lim in a tin g  trea tm e n t (E ^ ) a n d  in tra b lo ck  m ean  
squares IE e)

Experiment Period Variable Eb Ee

1 Tenderness 3.5899 1.2174
Juiciness 2.2492 .6806
Flavor 1.2339 .6008

11 Appearance 1.3351 .7589
Flavor 2.1821 .6346
Texture 2.8885 .7160
Preference 2.2523 .8741

llla 0 Off-Flavor 1.0769 .5833
1 1.1622 .7097
2 2.1244 .3444
3 2.0683 .6431
4 2.5058 .8167
5 3.2196 .4028
6 1.9676 .5542
7 3.2712 .8208
8 4.1106 .5278

0 Preference 1.6843 .8819
1 1.5311 .5653
2 1.8833 .4667
3 1.5712 .8153
4 2.7404 1.1042
5 3.5362 .5319
6 2.5231 .7042
7 3.7000 .8250
8 5.4369 .8861

aIntrablock mean square Ee was found homogeneous by Bartlett’s
test.
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Number of experimental units per block, k 3
Number of times each pair of treatments occur in the 
same block, A 3

The total number of observations is denoted by N, obtained from r(t) 
or b(k). With repetitions of the basic design the parameters of this 
experiment are:

t = 5 p(r) = 36 k = 3 p(b) = 60 p(\) = 18 
where p is the number of repetitions. The value of k is the number of 
samples each panelist evaluates at one sitting.
Experiment II

In this experiment, four groups of steaks were evaluated on the basis 
of tenderness, juiciness and flavor on an 8 -point scale. The design 
parameters were as follows:

t = 4 p(r) = 72 k = 2 p(b) = 144 p(\) = 24 

Experiment III
The stability of five experimental groups of sausage over a period of 

8 wk was studied by using a BIBD with design parameters: 

t = 5 p(r) =16 k = 2 p(b) = 40 p(\) = 4 
The response variables were degree of off-flavor and of preference. 

Statistical procedure
An observed panel score can be described by a linear model, 

xijk = M + tj + bj + rk + eijk
i = 1 ,2 ,.......t treatments
j= 1 ,2 ,....,b blocks (panelists) 
k = 1 ,2 ,....,p repetitions

where Xjĵ  is an observation of the ith treatment in thejth incomplete 
block and in the kth repetition, ¡i is the general mean, tj is the effect of 
the i'h treatment, bj is the effect of the j ,h block, rk is the effect due to 
the k(b repetition, and ejjk is a random error effect assumed to be 
normally and independently distributed, N(0, a2).

The allotment of the total DF is shown in Appendix A. In this 
model, the expected value (E) of the blocks is E(b|) = ak, which 
defines an interblock variance. The block effect is assumed to be ran

dom, otherwise the extraction of the interblock information is not 
valid. The E(ejj2k) = a \ ,  which defines an intrablock variance, is always 
assumed to be a random component.

There are two estimates of treatment difference in BIBD. The first is 
derived from an intrablock comparison which utilizes the intrablock 
error and in which treatment means are adjusted for block effects. The 
second estimate is derived from block differences and utilizes inter
block and intrablock variances in adjustment of means and in signifi
cance testing. In the present work, we have estimated the interblock 
and intrablock variances following the procedure outlined by Finney 
(1960). We would like to state that the writings of Yates (1936; 1939; 
1940), Kempthorne (1952), and Federer (1955) basically formed the 
core of the present work.

R ES U L TS & DISCUSSIO N 
C o n d itio n  o f balance

U nlike th e  m ore  co m m o n  ex p erim en ta l designs, e.g., com 
p le tely  ran do m  and rando m ized  b lock  (RC B D ), w here th e re  is 
no re s tric tio n  as to  th e  n u m b er o f  rep lica tions, BIBD possesses 
a design restric tin g  re la tio nsh ip  th a t m ust be satisfied. This 
re la tionsh ip  m eans th a t fo r a given t and k, the  requ ired  r and 
b is fixed  by th e  resu lting  basic design instead  o f being fixed 
by the  research  investigator. This is a p o in t th a t investigators 
should  realize in th e  use o f  th is  class o f  design so th a t 
ex p erim en ta l m aterials and o th e r  in s tru m en ta tio n  w ould  be 
p repared  according ly . O nce the  basic design is co n stru c ted , we 
can discuss th e  n u m b er o f p rep e titio n s  o f the  basic design.

A ccording to  Y ates (1 9 4 0 ), th e  re la tio n s show n below  
should  ho ld  in BIBD:

tr  = kb
X(t — 1) = r(k — 1)

X = r (k -L )

Table 3 —Variance co m p o n en t estim ates a n d  p e rc en t gain b y  inclusion o f  in te rb lo ck  in fo rm a 
tion

Experiment Product Period Variable
Interblock

ò ]

Intrablock Combine
Gain by inclusion 

of interblock 
estimate, %

I Frankfurters Appearance .2297 .0253 .0228 9.92
Flavor .3367 .0 2 1 2 .0199 5.91
Texture .5119 .0239 .0228 4.45
Preference .3615 .0291 .0270 7.46

II Steaks Tenderness .1 2 2 2 .0253 .0209 17.16
Flavor .0548 .0123 . 0 1 0 0 18.27
Juiciness .0935 .0173 .0146 15.58

III3 Sausage 0 Off-Flavor .1911 .0583 .0447 23.39
1 .1730 .0710 .0503 29.10
2 .3413 .0344 .0313 9.17
3 .3581 .0643 .0545 15.22
4 .3973 .0817 .0677 17.05
5 .4655 .0403 .0371 7.96
6 .3589 .0554 .0480 13.38
7 .5271 .0821 .0710 13.47
8 .6233 .0528 .0487 7.81

0 Preference .2894 .0882 .0676 23.36
1 .2611 .0565 .0465 17.80
2 .2883 .0467 .0402 13.93
3 .2446 .0815 .0611 25.00
4 .4405 .1104 .0871 19.78
5 .6212 .0532 .0478 7.70
6 .4051 .0704 .0600 14.81
7 .6420 .0825 .0731 11.39
8 .9013 .0886 .0807 8.95

w as fo u n d  h o m o geneo us by B a rtle tt’s test.
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The co n d itio n  o f balance in  BIBD will be fulfilled if each  pair 
o f tre a tm en ts  ( t)  occurs to g e th e r  in  th e  sam e b lock  an equal 
n u m b er (X) o f  tim es. This re la tio nsh ip  can be verified using the  
basic design in  Table 1. The value o f  X in  th is  design is 12 /4  =
3. T herefo re , any  pair o f tre a tm e n ts  should  ap pear w ith  equal 
freq u en cy  th ree  tim es in  th e  design. T hus, tre a tm e n ts  1 and 2 
ap pear in  th ree  b locks (b locks 1,2 and 6 ) and trea tm en ts  1 and 
3, in  b locks 1, 7 and 8. T he o th e r  pairs m ay be verified 
sim ilarly. A n o th er req u irem en t in  BIBD is th a t th e  num b ers t, 
k, r, b and X m ust be integers.
T o ta l panel effec t

In  th is s tu d y , th e  b lock  effect rep resen ts  v a ria tio n  due  to  
panelists, and we te rm  it as to ta l  panel effect. It is rep resen ted  
by “ b lock  elim inating  tre a tm e n t”  sum  o f  squares (E b ) in th e  
analysis o f  variance tab le  (A pp en d ix  A). T he estim ates o f  to ta l 
panel effec t Eb and in trab lo ck  erro r Ee are given in Table 2. In 
all cases, Eb was g rea te r th a n  E e , suggesting th a t ad d itio na l 
in fo rm atio n  ab o u t tre a tm e n t d ifferences can be o b ta in ed  from  
in te rb lo ck  analysis, and also th a t th e  recovery  o f  in te rb lo ck  
in form atio 'n  w ould  ap p ear to  be o f value. W hen Eb <  Ee , it is 
assum ed th a t th e  to ta l  panel effec t variance a \  is zero , and 
th e re fo re  on ly  in trab lo ck  ad ju stm en t is m ade on  trea tm en t 
m eans.

W ith tw o  ex cep tio n s  (1 .2 174  and  1 .1042 ), th e  in trab lo ck  
e rro r m ean square ex h ib ited  a sm all varia tion  and show ed 
ind epen d ence  fro m  Eb- The fairly  co n stan t value o f Ee 
validates th e  use o f m ost s ta tis tica l m e th o d s  in  significance 
testing  o f sensory  scores.

The panel effect show ed an  increasing tren d  w ith  tim e . This 
tren d  is a ttr ib u te d  to  d ifferences in  th resho ld  am ong indiv idual 
panelists. As tre a tm en t d ifference increases, som e panelists 
failed to  d e tec t th is  d ifference at som e po in t in  tim e because

Table 4 —E ffe c t o f  in tra b lo ck  a n d  in terb lo ck  recoveries on the esti-
m ates o f  m ean, s tandard e rro r a n d  F  ra tio a

Treatment
no.

Actual
X

Intrablock
V

Weighted by interblock 
and intrablock m

Low (Gain=4.5%)

i 6.25 6.17 6.19
2 6.28 6.42 6.38
3 5.86 5.81 5.82
4 5.78 5.82 5.81
5 4.97 4.93 4.94

Std Error 0.29 0.15 0.15
F statistic 13.37 14.75

Intermediate (Gain=17.8%)

1 5.94 5.94 5.94
2 6 .0 1 5.89 5.97
3 6 .0 0 6.14 6.07
4 6.13 6.19 6.16
5 5.81 5.79 5.80

Std Error 0.25 0.24 0 .2 2
F statistic 0.51 1.85

High (Gain=29.1%)

1 5.06 5.25 5.15
2 5.44 5.50 5.45
3 5.50 5.40 5.48
4 5.31 5.35 5.32
5 5.38 5.25 5.35

Std Error 0 .2 2 0.27 0 .2 2
F statistic 0.16 1.30

a F  <  1.0 is n o t  th e o re t ic a l ly  poss ib le . T h is  o ccu rs  in p ra c tic e  d u e  to  
sam p lin g  e rro rs .

o f th e ir  ind iv iduality . T he e ffec ts  o f  cen tra l ten d en c y  and 
in co m p le te  rep ea tab ility  o f score are inc lud ed  in panel effect. 
All o f these  effec ts  c o n s titu te  a tim e-tren d  e ffec t, and indeed 
su p p o rt th e  use o f  co n tro ls  and referen ce  p o in ts  in sensory 
evaluatio n  o f th is  ty p e  in  o rd e r to  stabilize panel scores.
In te rb lo c k  an d  in trab lo ck  analyses

T he size o f  Eb in re la tio n  to  E e and  th e  n u m b er o f  DF 
associated  w ith  Eb, suggest in te rb lo ck  and in trab lo ck  recovery . 
T he es tim a tio n  p ro cedu re  fo r in te rb lo ck  and in trab lo ck  
variances appears in A p pend ix  A. T he co m p o n e n ts  o f variance 
associated  w ith  in te rb lo ck  variance (O j), in trab lo ck  variance 
(o \ ) and co m bined  variance ( a | )  are show n in  T able 3.

T he es tim ated  in trab lo ck  variance co m p o n e n t o\ appeared  
to  vary w ith  th e  p ro d u c t tes ted . T he o \  was h igher fo r sausage 
th a n  fo r fra n k fu rte rs  o r steaks. This resu lt is a relevant guide in 
th e  spec ifica tio n  o f sam ple size. We o f te n  used th e  same 
n u m b er o f panelists  regardless o f  th e  p ro d u c t because we 
assum ed th a t th e  variance is h om ogen eous. The in trab lo ck  
variance fo r ex p erim en t III did n o t d iffe r s ign ifican tly  using 
B a rtle tt’s tes t. This find ing  su b s tan tia te s  th e  co rrec tness  of 
assum ing h om og en eo us variance fro m  one tim e to  an o th e r  as 
being im p o rta n t in th e  tes tin g  o f h ypo thesis .

T he co m b in ed  c o m p o n e n ts  o f  variance, o \ , w ere sm aller 
th a n  o \ ,  ind icating  th e  value o f in te rb lo ck  recovery . T he gain,

o |(1 -  ~ ) 1 0 0  
02

in in fo rm a tio n  by th e  inc lu sio n  o f  in te rb lo ck  es tim ate  ranges 
from  4 .5 —29.1% . To evaluate  th e  p rac tica l im p lica tio n  o f  th is 
resu lt, we have se lec ted  th ree  values o f  p e rcen t gain rep resen t
ing low , in te rm ed ia te  and high (T able 4 ) . In  each  grouping, 
ac tua l and ad ju sted  m eans, F ra tio s , an d  s tan d a rd  errors were 
ca lcu la ted . T he resu lt show s th a t th e  ab so lu te  change in 
m eans, F  ra tio s , and stan d a rd  e rro rs  by  in te rb lo ck  and 
in trab lo ck  recoveries is negligible. T here fo re , o n ly  th e  analyses 
o f  sensory  d a ta  by  in trab lo ck  recovery  m ay be p e rfo rm ed  
w ith o u t loss o f  accuracy  in th e  in te rp re ta tio n  o f  resu lt. An 
ex am ple  o f BIBD analysis recovering in te rb lo ck  and in trab lo ck  
in fo rm atio n  is given in  A p pend ix  B.

A PPEN D IX
A. The structure o f  the analysis o f  variance
Source of variance Degrees of freedom

Total N-l

t- 1
t(r— 1)

b- 1  
N-t-b+1

t- 1
Block ignoring treatment: b- 1

Repetition p -1
Block within repetition (treatment component) t- 1
Remainder (p-l)+ (t-l)

Intrablock N-t-b+1

In the above, the values for r and b have already been multiplied by 
p, the number of repetitions. The total panel effect Ep has two com
ponents as follows:

DF Expected mean squares

Total panel effect b- 1 j (bk -  t) , 
°e b- 1  °b

Treatment component t- 1 CTg + Eka^
Remainder b-t ae + kab

The E in the expected mean squares is the ratio t\/rk, an efficiency 
factor defined as the fraction of the total information contained in the 
intrablock comparisons, when interblock and intrablock comparisons 
are of equal accuracy (Yates, 1940). This ratio is the lower limit of the 
efficiency of BIBD relative to RCBD with values ranging from 0-1.0.

Treatment ignoring block 
Within treatment:

Block eliminating treatment 
Intrablock

Treatment eliminating block
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Thus, if Og < Eo2, BIBD is more precise than randomized complete 
block design (a2 is the error variance of RCBD). From the above table, 
total panel effect is composed of a treatment component and a remain
der.

Shown below is the latter half of the analysis of variance structure 
used for the estimation of the interblock and intrablock variances.

DF Expected mean square

Block ignoring treatment b- 1
Repetition P-1
Treatment component t 1
Remainder b-p-t+1 "e + k<7b

Intrablock N-t-b+1

The intrablock error aj is a direct estimate of the intrablock variance 
and is the residual variance of observations in the same incomplete 
block. The remainder, purely a measure of interblock variation, has a 
mean square which estimates o% + ko£, and is the residual variance of 
observations in different incomplete blocks.

The value of

-2  k (k a b + a e)a , = -----------------1 r -A

was obtained as an estimate of the interblock component of variance of 
the treatment effect, and

as an estimate of the intrablock variance component. These quantities 
are tabulated in the text (Table 3). The combined variance a \ in this 
table is the reciprocal of the reciprocals of interblock and intrablock 
variances obtained by

*2 = (¿?H °2)°3 5l + °2
B. Numerical illustration o f  BIBD analysis with interblock and intra

block recoveries
Design parameters: t = 4 k  = 2 r  = 9 b = 18 A = 3

______Treatment Panel sum Session sum
Session Panelist T, T, t 3 t 4 B.jk R..k
1 1 4 4 8

2 7 5 12
3 7 6 13
4 4 6 10
5 4 5 9
6 1 5 6 58

2 7 6 6 12
8 3 4 7
9 6 3 9

10 4 5 9
11 3 5 8
12 4 4 8 53

3 13 5 6 11
14 7 6 13
15 3 4 7
16 2 4 6
17 4 5 9
18 2 2 4 50

Treatment total T; 42 33 41 45 X ... = 161 p. = 4.47
kTj.. 84 6 6 82 90
Bi 8 6 74 79 83 B. = 322 B = 80.50
Qj = kTj - Bj - 2 -  8 3 7 Check: 2  Qj = 0
Wj = (t-k)Tj (t-UBj 2 Wji = o

+ (k- 1)X... -13 5 6 2

Treatment
T T 1 1 1 2 T T1 3 1 4

Actual mean Xj = Tj /r 4.67 3.67 4.56 5.00
Adj. mean (intrablock) yj = M +(Qj/tA) 4.31 3.81 4.72 5.06
Adj. mean (interblock) zj = M + [(Bj B)/(r All 5.39 3.39 4.22 4.89
Adj. mean (intrablock and interblock)

inj = (Tj.. + MWj)/r 4.47 3.74 4.65 5.03

Calculation o f  adjusted treatment means
(1) Tj = total of the observations for the ith treatment from r units

containing the ith treatment.
(2) kTj = treatment sum multiplied by the number of experimental

units per block.
(3) B; = sum of panel totals containing the ith treatment. For ex

ample, for treatment 1,
B, “ Xu, +X 1 31 + X 151 - - - + X 1 1 33 +X 1 153 +X 1 173

= 8 + 1 3  + 9 + .. .  + 11 + 7 + 9
= 86

(4) Qj = a measure of treatment effects free from panel effects
(block). For example,

Q, = 84 -  86
= - 2

(5) Weighting factor n is computed from,
___________ (b -p )(E b- E e)___________

M “ t(k l)(b -p )E b + ( t -k ) ( b - t - p + l ) E e 
where Eb = (Block ignoring treatment SS -  repetition SS)/(b-p)

H = .1367
(6) Examples of calculation of adjusted treatment means. Considering 

treatment 1, the three estimates are:
y, = 4.47 + (-2 /1 2 ) = 4.31, with intrablock recovery
z , = 4.47 + [(86 80.50)/(9— 3)] = 5.39, with interblock recovery 
rnj= [42+  . 1367(—13)]/9  = 4.47, with both recoveries

Calculation o f sums o f  squares (SS)
(7) Correction factor CF = X...2/N = (161)2/36 = 720.0278
(8) Total SS = £xjjk -  CF = (42 + V  + ... + 4 2 + 52) -  CF

= 78.9724
(9) Treatment ignoring block SS = (ZTj 2/r) -  CF

= [(422 + 332 + 412 + 45 2)/9 ] -  CF 
= 8.7500

(10) Within treatment SS = (8) -  (9) = 78.9724 -  8.7500
= 70.2224

(11) Block ignoring treatment SS = (EB.jk/k) -  CF
-  [(82 + 122 + . . .+ 92 + 4 2)/2] -  CF 
= 54.4724

(12) Treatment eliminating block SS = SQf/ktA
= [ ( - 2 ) 2 + ( - 8 ) 2 + (3 )2 + (7 )2 ]/24 
= 5.2500

(13) Block eliminating treatment SS = (11) (9) + (12)
= 54.4724 -  8.7500 + 5.2500 
= 50.9724

(14) Intrablock SS = (8) -  (9) -  (13)
= 78.9724 -  8.7500 -  50.9724 
= 19.2500

(15) Repetition SS = (£ R  k2/r 't)  -  CF, r' = r/p
= [(582 + 532 + 502)/12] -  CF 
= 2.7224

(16) Block (treatment component) SS = [SBf -  |(S B ;)2/t  j ]/k(r-A )
= [(862 + 742 + 792 + 832) -  

|( 3 2 2 ) 2/4 |] /1 2  
= 6.7500
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(17) Remainder SS = ( 1 1 ) -  (15) -  (16)
= 54.4724 -  
= 45.000

The analysis o f  variance table

2.7224 - 6.7500

Sum Mean
Source of variance DF squares squares

Total 35 78.97
Treatment ignoring block 3 8.75
Within treatment 32 70.22

Block eliminating treatment 17 50.97
Intrablock 15 19.25 1.2833

Treatment eliminating block 3 5.25 1.7500
Block ignoring treatment 17 54.47

Repetition 2 2.72
Block (treatment component) 3 6.75
Remainder 12 45.00

Intrablock 15 19.25
Calculation o f F statistics
(18) F ratio using intrablock information is obtained from,

F(3 ,i5) = 1.7500/1.2833 = 1.36
(19) Treatment total adjusted by intrablock and interblock in

formation:
m; = T; + mW; = r(mj)

(20) Mean square for treatment utilizing intrablock and interblock 
information:

SST = (£m ; )/r) -  CF
= [(40.322 + 33.652 + 41.782 + 45.262)/9] -  720.0278 
= 7.8898

The mean square is S S j / t -  1 = 7.8898/3 = 2.6299
(21) Effective error variance = Ee [ 1 + ( t-k )^ )

= 1.2833 [1 + 2(. 1367))
-  1.6342

(22) F ratio using intrablock and interblock information is obtained 
from,

F(3 i 5) = (20)/(21) = 2.6299/1.6342 
= 1.61
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DEHYDRO-IRRADIATION PROCESS FOR WHITE POMFRET (Stromateus cinereus): 
SYN ERGISTIC  EFFEC TS OF BLANCHING WITH PRESERVA TIVES , 

PA RTIA L DEHYDRATION AND LOW DOSE IRRADIATION

IN T R O D U C T IO N
BENEFICIAL E F F E C T S of synergistic 
action o f co m b in a tio n  tre a tm en ts  in te 
grated in the d eh y d ro -irrad ia tio n  process, 
viz. dipping sh rim p  in 0.5%  sorb ic  acid, 
cooking in 10% brine, partia l air d e h y d ra 
tion to  40%  m oistu re  and  irrad ia tio n  at 
0.25 Mrad, have been d e m o n stra ted  from  
this lab oratory  (G ore et al., 1970; K um ta 
and Sreenivasan, 1967, 1970). This re
sulted no t only  in ex ten sio n  o f shelf life 
of shrimp up to  4 m o n th s  at am b ien t 
tem perature bu t also in im proved  o rgano
leptic a ttr ib u tes  o f the  p ro d u c t over the 
traditionally sun-dried  p ro d u c t.

Recently, Agarwal et al. (1 9 7 2 ) 
showed the app licab ility  o f d eh y d ro 
irradiation to  ch icken and  lam b m eats fo r 
ambient tem p era tu re  storage fo r over 2 
months. D ehydro-irrad ia ted , radurized  
and radappertized  m eats o f ch icken as 
well as o f lam b gave iden tica l o rgano lep
tic preferences.

White pom fret (S tro m a teu s  cinereus) 
is a m edium fa t co n ta in in g  ( 5 —8%) fish 
and is susceptib le to  ox idative changes, 
leading to  ranc id ity  and yellow  d isco lo ra
tion (Kam asastri et al., 1967). In India 
this fish is m ainly co nsum ed  fresh and in 
seasons o f glut it is partia lly  preserved by 
freezing. This w ork was u n d ertak en  w ith  
a view to ex tend ing  the  shelf life o f w hite 
pomfret at am b ien t tem p era tu re  by de- 
hydro-irradiation.

E X PE R IM E N T A L
Preparation of samples

Good quality fresh white ponifret were al
ways used for study. Before use, the fish 
were dressed, filleted and washed. Fillets were 
cooked in water or 20% brine at boiling temper
ature for 5 min. Under these conditions, inter
nal temperature of the fillets reached 85°C for 
a minimum period of 1 min which was enough 
for complete enzyme inactivation. Propyl para- 
ben (0.1%) or p-hydroxybcnzoic acid (0.1%) 
when desired was added directly into the cook
ing medium. Sorbic acid dip (0,5%., 30 min, pH 
6.8) was used on the fillets when required, prior 
to cooking treatment.

Cooked fillets were dehydrated to final 
moisture content of 35-40%  unless mentioned 
otherwise in the text and packaged under nitro
gen in 4-ply laminated pouches of paper/low 
density polyethylene/aluminium foil/low den
sity polyethylene. The packaged samples were 
divided into two lots: one was irradiated at 0.5 
Mrad with 80,000 curies 60 Co package irradi

ator (IR-11) at ambient temperature (Bongir- 
war, 1969). The dose rate was 0.24 Mrad/hr 
with an overdose ratio of 1.3. Samples of the 
other lot served as controls.

For each of the above mentioned treat
ments, a minimum of 10 kg of fish were used 
for study.
Organoleptic evaluation

Semidried pomfret (35-40%  moisture) sam
ples obtained from 5 kg of fresh fish were re
constituted in water at room temperature for 3 
hr and fried before serving to a four to five 
member panel. The samples were assessed on a 
10-point scale (Miyauchi et al., 1964).
Chemical analysis

Sodium chloride content of the fish was es
timated by the AOAC (1970) method. The 
VanSumere et al. (1961) method was used for 
propyl paraben estimation. The method de
scribed by Farber and Ferro (1956) was used 
for total volatile basic nitrogen (TVBN) estima
tion and Dyer’s method (1945) was used for 
trimethylamine nitrogen (TMAN) determina
tion. Carbonyl and 2-thiobarbituric acid values 
(TBA) of the samples were analyzed as per 
methods of Hanick et al. (1954) and Turner et 
al. (1954), respectively.
Microbial analysis

Total bacterial count (TBC) of the samples 
was determined by conventional pour plate 
technique (Corlett et al., 1965) and mold count 
was determined as per the Difco Manual 
(1966).
Discoloration

In view of the typical nature of discolora

tion of white pomfret in the form of uneven 
yellow patches (Kamasastri et al., 1967; Venka
traman et al., 1969), color of the samples was 
assessed by a new rapid quantitative method. 
This method was based on extractability of the 
pigment in 10% sodium hydroxide.

Semidried pomfret samples were disinte
grated into small pieces varying from 1 /2 -1  cm 
in diam. 5g of the sample was soaked overnight 
in 25 ml of 10% sodium hydroxide. Following 
this, 100 ml of distilled water was added and it 
was filtered through filter paper. The pigment 
did not show any specific peak in the entire 
visible region. Percent transmittance of ex
tracted pigment was taken at three arbitrary 
wavelengths from the straight line region of the 
absorption spectrum. Color of the samples was 
expressed as discoloration index, which was 
computed by (A -  B)/C X 100, where A, B and 
C are the percentage transmittance at 420, 400 
and 350 mg, respectively. Validity of this meth
od was confirmed by gradual increase of the 
discoloration index of semidried pomfret sam
ples, when arranged visually in the increasing 
order of discoloration.
Percent reconstitution

Semidried pomfret samples were dipped in 
water for 3 hr at ambient temperature, which 
was the optimum time for reconstitution. After 
removing loosely adhering water with filter 
paper, final moisture content of the samples 
was determined (AOAC, 1970). Percent recon
stitution was calculated on the assumption of 
100% reconstitution of freshly cooked pomfret 
(72% moisture).

T a b le  1 —S h e lf  l i f e  o f  p o m f r e t  w ith  d i f fe r e n t  m o is tu re  c o n te n ts a

Moisture 
content 
of fish

Shelf life
at 25-35°C  

days Spoilage characteristics
Fresh 72 1 Typical putrid odors and total 

bacterial count (TBC) 101 °/g
60 1 Typical putrid odors and TBC 109/g
50 1 Typical putrid odors, ammonical 

odors and TBC 109/g
40 2 -3 Light green mold, ammonical odors 

and TBC 108/g
30 3 -5 Heavy green mold, ammonical odors 

and TBC 107/g
20 15-20 Heavy-green-white mold, ammonical 

odors and TBC lO’/g
a Fresh po m fre t fillets w ere cooked  and  d eh y d ra ted  to  d iffe ren t 

m oisture  levels and packaged in po lye th y lene  pouches.
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T a b le  2 —R e h y d ra t io n  c h a ra c te ris tic s  a n d  o rg a n o le p tic  s co re  o f  p o m -  

f r e t  w ith  d i f f e r e n t  m o is tu re  c o n te n ts a

Moisture 
content 
of fish

Dehydration
time

hr
% moisture 

content after
rehydration % Rehydration

Prefer
ence

score*1
72 (No dehydration) - - 8.2
60 3.0 64.8 90 7.5
50 5.25 57.6 80 7.2
40 7.0 54.0 75 7.0
30 10.5 48.9 68 6.8
20 14.0 36.0 50 3.0
a Fresli po m fre t fillets w ere co o k ed , d eh y d ra ted  to  d iffe ren t m ois

tu re  levels and packaged in p o ly e th y len e  pouches.
^ R e h y d ra te d  sam ples a fte r steam ing  fo r 5 m in w ere evaluated  by 

five technolog ical panel m em bers on  a 9 -po in t h edon ic  scale (Peryam  
and Pilgrim , 1957).

R ESU L TS
M oistu re c o n te n t  and sh e lf  sta b ility

Table 1 show s the  effect o f m oisture 
co n te n t o f po m fre t on the shelf stab ility  
and spoilage p a tte rn . F resh  as well as 
d ehy d ra ted  p om fre t (50%  m oistu re) 
spoiled  a fte r 1 day w ith  p u trid  odors. As 
m oistu re  co n ten t was decreased below  
30% , m icrobial spoilage was re ta rded  due 
to  decrease in w a te r ac tiv ity  o f the 
sam ples. P om fret dehy d ra ted  to  20% 
m oisture level, spoiled a fte r 15 days 
m ainly due to  heavy m old  g row th  and 
am m onical odors.
A c c ep ta b ility

B oth p reference score and percentage 
rehy d ra tio n  were significan tly  influenced  
by e x te n t o f d e h y d ra tio n  o f pom fre t 
(Table 2). M axim um  lim it o f partia l 
d e h y d ra tio n  o f p o m fre t w ith  respec t to  
sensory  a ttr ib u te s  was 30% m oisture 
level. F u r th e r  deh y d ra tio n  o f th e  fish 
resu lted  in an un accep tab le  p ro d u c t m ain 
ly due to  excessive yellow  d isco lo ra tion  
and toug hen in g  o f the  tex tu re . T hus, 
sem idried  po m fre t w ith  3 5 —40%  m ois
tu re  was accep tab le  o rgano lep tica lly  on 
reco n stitu tio n  b u t was highly susceptib le 
to  onse t o f m icrob ial a tta ck .
T o leran ce  d ose

O p tim um  dose o f irrad ia tio n  o f sem i
dried  p o m fre t (3 5 —40%  m oistu re) was 
s tud ied  (Fig. 1). O rganolep tic  scores of 
the  p ro d u c t did n o t change ap preciab ly  at 
0.5 M rad. H ow ever, a fu rth e r  increase o f 
dose resu lted  in a d rastic fall in the score 
due to  yellow  d isco lo ra tion  and irrad i
a tio n  induced  o ff  flavors. F ry ing  tre a t
m en t was found  to  be superio r to  cooking

trea tm en t in augm en ting  the  organ o lep tic  
score o f the  p o m fre t a t all the  rad ia tion  
doses. A t a high dose o f  2 .0  M rad, traces 
o f ‘cod-liver-oil-like’ irrad ia tio n  o d o r 
developed w hich d isappeared  on cooking  
and fry ing  trea tm en ts . T his revealed the 
volatile n a tu re  o f the  irrad ia tio n  o d o r and 
flavor-form ing co m p o n en ts . A dose o f 0.5 
M rad was se lec ted  as an o p tim u m  irrad ia
tion  dose fo r th e  sem idried  p om fre t. 
S e le c t io n  o f  c o m b in a tio n  trea tm en ts  

Since o p tim u m  dose o f 0.5 Mrad gave 
only lim ited  shelf life to  sem idried  p o m 
fre t (3 5 —40%  m oistu re) and higher doses 
induced  o ff odo rs and flavors, use o f food 
additives such as sod ium  ch loride and 
o th e r chem ical preservatives in co n ju n c
tion  w ith  irrad ia tio n  was sough t. E ffects 
o f indiv idual and co m bined  trea tm en ts  
on shelf s tab ility  o f sem idried  p o m fre t, 
s to red  a t am b ien t tem p era tu re  (2 0 -3 4 ° C )

are sum m arized  in Figure 2. Shelf sta
b ility  o f the p ro d u c t was m ainly  based 
on o rg an o lep tic  score. H ow ever, chemi
cal indices viz. TM AN, TV BN , TBA and 
ca rb o ny l values and to ta l bacteria  and 
m old co u n ts  were also d e te rm ined  as ob
jective param eters.

The co n tro l, sem idried  p om fre t spoiled 
a fte r  1 day and irrad ia tio n  ex ten d ed  shelf 
life to  12 days. P ropyl paraben  treat
m ent o f the fillets alone was n o t useful 
since onset o f m olds occu rred  after 3 
days. H ow ever, co m b in a tio n  o f propyl 
paraben  and irrad ia tio n  tre a tm en t ex
ten ded  the shelf life o f sem idried  pom
fre t to  16 days. S od ium  ch lo ride  treated 
sam ples preserved fo r on ly  4 days as 
against 45 days w hen trea te d  in com bina
tio n  w ith  irrad ia tio n . T he co m bined  treat
m ent o f sod ium  ch lo ride  and propyl 
paraben  delayed the  onset o f  m olds on

D O S E , M r a d
Fig. 1 —In f lu e n c e  o f  ra d ia t io n  dose o n  o rg a n o le p tic  sco re  o f  s e m id r ie d  

p o m fr e t .  T h e  sam p les  w ere  s erv e d  to  th e  p a n e l m e m b e rs  a f t e r  re c o n s ti

tu t io n .

S H E L F  L I F E .  D A Y S
F ig . 2 —E x te n s io n  in  s h e lf  l i f e  o f  s e m id r ie d  p o m f r e t  w ith  c o m b in a t io n  

tre a tm e n ts .
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WAVELENGTH, Tti Al
Fig. 3 —U V  a b s o rp t io n  s p e c tru m  o f  p r o p y l  p a ra b e n . A  0 .2 %  a lc o h o lic  

so lu tio n  o f  th e  p re s e rv a tiv e  w as ir r a d ia te d  a t  0 . 5  M ra d .

BACTERIA O----O THAN
MOLDS •----•  TV8N

Fig . 5 —Q u a l ity  in d ic e s  o f  d e h y d ro - ir ra d ia te d  p o m  fre t.

the sam ples by 65 days w hich was fu rth e r  
delayed by 1 50 days in co n ju n c tio n  w ith 
irradiation. S orbic acid tre a tm e n t in co m 
bination w ith  sod ium  ch lo ride  and irrad i
ation also gave pro lon ged  shelf s tab ility  
of the sam ples fo r  150 days, b u t this 
treatm ent was n o t desirable since it in
duced yellow  d isco lo ra tion  o f the  sam ples 
which fu r th e r  increased during  storage.

R adiation stab ility  o f  p ropy l paraben 
was tested  in v itro  by using 0.2%  so lu tio n  
of the preservative in a lcohol. F igure 3 
shows iden tica l sp ec tra  o f irrad ia ted  (0.5 
Mrad) and un irrad ia ted  sam ples o f  p ropy l 
paraben, thus ind ica ting  resistance o f  the 
preservative to  any rad ia tio n  induced  
degradation. Irrad ia tio n  o f p ropy l para
ben sam ples up to  1 5 M rad did n o t show  
any degradation  p ro d u c ts  as ev idenced by 
UV, 1R and TLC tech n iqu es  (u n p u b 
lished). T hus, it can be an tic ip a te d  th a t 
propyl paraben  used in the  p ro d u c t m ay 
be stable to  rad ia tio n  dam age since no 
change was d e tec ted  in alcoho l so lu tio n . 
Evaluation o f th e  process

The ap p ro p ria te  co m b in a tio n  tre a t
ment suitable fo r dehy d ro -irrad ia tio n  o f 
pomfret was sod ium  ch lo rid e , p ropy l 
paraben and irrad ia tio n  (F ig. 4 ) w hich 
prolonged shelf life fo r m ore than  4 
months at am b ien t tem p e ra tu re . A fte r 5

m on ths o f  sto rage, the  p ro d u c t reached 
the m arginal o rg an o lep tic  accep tance  
level o f 5 w ith  high bacterial and m old 
co u n ts  and TVBN level (Fig. 5). H ere, it 
m ay be n o te d  th a t TM AN level did n o t 
serve as a good q u a lity  in d ex  fo r  the 
p ro d u c t since the  value was on ly  2 m g % 
even on the  ex p ira tio n  o f shelf life o f the 
p ro d u c t. TBA as well as ca rb on y l values 
o f the  p ro d u c t show ed increases in the 
beginning fo llow ed  by rap id  declines, 
while d isco lo ra tio n  increased slow ly d u r
ing storage (Fig. 6). H ow ever, d isco lo ra
tion  o f th e  p ro d u c t cou ld  be com plete ly  
suppressed  u n d er vacuum  packaging.

In itia lly  the  p ro d u c t had high reco n sti
tu tio n  o f  the  o rd e r o f  80% , b u t this 
gradually  declined  to  65%  on storage for 
5 m on ths.

D ISCUSSIO N
IN D IV ID U A L  trea tm en ts  o f  sod ium  ch lo
ride, p ropy l paraben  and irrad ia tio n  were 
n o t effective in shelf s tab iliza tio n  o f 
sem idried  po m fre t having 3 5 -4 0 %  m ois
tu re (Fig. 2). H ow ever, the  p ro d u c t could  
be s tab ilized  fo r  p ro lon ged  am b ien t te m 
pera tu re  storage w hen trea te d  w ith  all 
th ree tre a tm en ts . U sefulness o f co m b ina
tion  tre a tm en ts  o f heat (Savagaon e t al.,
1972) and foo d  additives (Lee e t al.,

1965; A w ad e t al., 1965) in co n junc tion  
w ith rad ia tio n  fo r ex ten tio n  o f shelf life 
o f flesh foods have been w idely rep o rted . 
How ever, ac tual m echanism s o f such ac
tions are n o t well u n d ersto o d . Ingram  and 
K itchell (1 9 6 7 ) have review ed synergistic 
ac tion  o f sod ium  ch loride w ith  benzoic 
acid and have rep o rte d  th a t co n cen tra tio n  
o f sod ium  ch loride req u ired  is dep en d en t 
u pon  the  ty pe  o f surviving m icro flo ra  o f 
fish.

Fish s to red  a t am b ien t tem p era tu re  is 
p rone to  be a h ea lth  hazard  due to  
o u tg ro w th  o f C lostrid ium  b o tu lin u m  u n 
less process param eters  ensure com plete  
e lim ination  o f th is  pa thogen  o r do n o t 
perm it its p ro life ra tio n . D ehydro-irradi- 
a ted  p o m fre t co n ta ins 3.3%  sodium  ch lo 
ride, 66 ppm  o f p ropy l paraben  and has 
low  w ater ac tiv ity . It m ay be n o ted  here 
th a t co n cen tra tio n  o f sod ium  ch loride in 
w ater p resen t in the d eh ydro-irrad ia ted  
p o m fre t (3 5 -4 0 % )  w ould  be in the  range 
o f 8 —9%. T hese co n d ition s  could  be 
considered  su ffic ien t to  suppress the  o u t
grow th  o f C. b o tu lin u m . F u r th e r , the 
needed  co oking  and o th e r  cu linary  heat 
tre a tm en ts  on the d eh ydro-irrad ia ted  
p o m fre t a f te r  re co n stitu tio n  w ould  also 
co n tro l C. b o tu lin u m  hazards (H obbs et 
al., 1969). H ow ever, in o rd er to  ensure

D e h y d ro -Ir ra d ia t io n  Process fo r  Pom fretsI
F i l l e t in g ,  E vescera tion  and Washing1

Cooking in  2056 b rin e  c o n ta in in g  p ro p y l-p arab en  (0.156)0I
Dehydration a t 5 5 -6 0  C (M o is tu re  co n ten t 35-4056)t

Packaging under R, o r  vacuum

\
I r r a d ia t io n  ( 0 .5  Mrad)

Fig. 4 - F l o w  sh e e t o f  th e  d e h y d r o - ir r a d it io n  p rocess  fo r  p o m fr e t .

DISCOLORATION o-----O CARBONYL• -----•  TBA

F ig . 6 —D is c o lo ra t io n  in d e x , c a rb o n y l a n d  T B A  values o f  d e h y d ro -  

ir r a d ia te d  p o m fr e t .
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safe ty  o f the  p ro d u c t p rio r to  its d is tribu 
tio n , it m ay be essential to  determ ine 
survival k inetics o f d iffe ren t strains o f C. 
b o tu lin u m  spores sub jected  to  com bina
tion  trea tm en ts .

Decline o f b o th  TBA and carbonyl 
values o f dehydro-irrad ia ted  po m fre t d u r
ing storage, suggests possible partic ipation  
o f TBA reactive substances and carbonyl 
co m poun ds in b row ning reactions. This 
p a tte rn  o f TBA values during storage o f 
fish, co rrobo ra tes  findings o f  o th e r  inves
tigators (K w on et al., 1965; C raw ford  et 
a l., 1967). Suppression o f TM AN level of 
the p ro d u c t during storage m ay perhaps 
be due to  the  e lim ination  o f m icroo rgan
isms responsib le fo r its p ro d u c tion  (Lic- 
c iardello  e t al., 1967; Spinelli e t al., 1967; 
A lur e t al., 1971).

A dvantages o f a dehydro-irrad ia tion  
process fo r po m fre t inc lude am ong o th 
ers: red u c tion  in 5 0 —60%  w eight due to  
partia l deh y d ra tio n  (3 5 -4 0 %  m oistu re); 
prolonged shelf s tab ility  at am b ien t tem 
p era tu re ; and b e tte r  tex tu re , co lo r and 
organo lep tic  p roperties  than  the trad i
tional sun-drying process.
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CHANGES IN Q U ALITY OF CHANNEL CATFISH HELD ON 
ICE BEFO RE AND A FTER  PROCESSING

IN T R O D U C T IO N
IN RECENT Y E A R S, there  has been a 
rapid increase in the p ro d u c tio n  o f farm - 
grown fish in the  so u th eas te rn  s ta tes . 
Most of the in te rest has been in the 
culture o f channel ca tfish , p ro d u c tio n  
of which now  exceeds 50 m illion lb per 
year. Much progress has been achieved in 
the p rodu ction  m e tho ds, n u tr itio n , dis
ease and parasite co n tro l, and harvesting 
techniques. H ow ever, little  a tte n tio n  has 
been given to  the  evaluation  and im prove
ment o f catfish qua lity .

Results o f a storage s tab ility  s tudy  of 
channel catfish  co n d u c ted  in this lab o ra
tory by Boggess et al. (1 9 7 1 ) have show n 
that there are sub stan tia l varia tions in the 
quality o f channel ca tfish  from  d iffe ren t 
sources, as well as from  d iffe ren t p roc
essing and handling  practices. These varia
tions also influence the  s to rage life o f the 
frozen produ ct.

In the early stages o f com m ercial 
channel catfish processing, the  fish were 
harvested from  the  ponds, hauled  live to  
the processing p lan t, and then  placed in 
holding canals un til processed . This p rac
tice is being replaced by one in w hich the 
fish are hauled dead and on ice to  the 
processing p lant and held tem porarily  
until dressed and m arke ted . A lthough  
much research has been rep o rted  on the 
icing of ocean species, only  lim ited  results 
are available on the  icing o f channel 
catfish. In a s tu d y  on live versus dead 
hauling (USDI, 1970), it was concluded  
that dead catfish to  be sk inned  e ith e r  by 
hand or m achine shou ld  n o t be held on 
ice for more than  3 —4 days. T hey were 
difficult to  skin, pa rticu larly  a round  the 
neck and belly flaps. A fter 5 days, p roc
essing was virtually  im possib le e ith er by 
hand or m achine. O rganolep tic  scores 
were considered accep tab le  fo r those fish 
held up to  9 days on ice. While Boggess et 
al. (1971) have show n tha t the frozen 
product is relatively stab le  at 0 °F , there 
has been a desire on the part o f the 
processors and the consum ers to  have the 
fish marketed in a fresh ra th e r than  
frozen condition.

1 Dept, o f F o o d  S c ien ce , U n iv e rs ity  o f  G eor- 
gia Agricultural E x p e r im e n t S ta tio n s , G eorg ia  Station, E x p erim en t, GA 3 0 2 1 2

2 Skidaway In s t i tu te  o f  O c e an o g ra p h y , S a
vannah, GA 31406

Reay and Shew an (1 9 4 9 ) in a review 
artic le  on salt w ater fishes described 
qua lity  changes in the  raw  and cooked  
fish occurring  be tw een  ca tch ing  and spo il
age T hey  rep o rted  the o d o r o f fish 
ex te rna lly  and in the  flesh was ch arac te r
istically  m arine o r seaw eedy and in fa tty  
species was p leasan tly  oily. In general, the 
succession o f o d o r was fresh , “ sickly 
sw ee t,” stale, am m onical and finally  pu
trid .

F resh  cooked  fish have de lica te , pleas
an t specific odo rs and flavors, and firm  
tex tu re . As spoilage p roceeds, the odors 
and flavors becom e fla t, fishy, or stale 
and finally acrid , sour o r p u trid . U n
gu tted  fish o ften  em it odors o f deco m 
position  long befo re any spoilage o f the 
flesh has tak en  place.

When m ost species o f fish are held for 
long periods o f tim e on ice, the  flesh loses 
its original tran slu cen t sheen and becom es 
dull, grayish-yellow , w ith  reddish-brow n 
d isco lo ra tion  along the  b ackbo ne and 
spread ing  back from  the k idney  tow ard  
the tail. F resh  fish are so ft and flabby , 
but w hen rigor has set in the  flesh 
becom es firm  and elastic , and does n o t 
read ily  yield ju ices u n d er pressure. In 
spoilage, the flesh becam e so ft and wa
tery .

T he cu rren t investigation  was co n 
du c ted  to  de term ine  the rates o f change 
in qua lity  o f channel ca tfish  w hen held 
on and o ff  ice fo r varying periods.

M A TER IA LS & M ETHODS
CHANNEL CATFISH were grown in tank cul
ture (Andrews et al., 1971), to about 500g live 
weight, under controlled conditions at Skid
away Institute of Oceanography, Savannah, Ga. 
After experimental treatments, the fish were 
frozen and transferred to the Food Science 
Dept, at Griffin, Ga. where quality evaluations 
were made.

Three separate experiments were conducted 
viz., (I) fasting vs. feeding prior to icing and 
processing; (II) holding on ice and off ice for 
various time intervals prior to processing; and
(III) storing dressed fish as “ Ice-pack” vs. 
“Chill-pack.”

In Experiment I, a 2 X 6 factorial design 
was utilized. Sixty fish were fasted for 24 hr, 
and 60 consumed approximately 1% of their 
biomass of a standard high density culture cat
fish food (Andrews et al., 1971) before icing. 
Ten fish from each group were processed ini
tially, and a similar number after 6, 12, 24,48 
and 96 hr holding time in crushed ice.

Experiment II utilized a 2 x  3 X 3 factorial 
that included 90 fasted fish and 90 fed fish. 
Fasting and feeding was the same as described 
in Experiment I. Fish from both of these 
groups were held in crushed ice for 0, 12, or 48 
hr, then removed and held at room temperature 
(75°F) for 0, 4, or 8 hr before dressing. Ten 
fish from each group were used for each of the 
holding treatment combinations.

In Experiment III, a 2 x  6 factorial design 
was utilized. Sixty dressed fish were packed in 
crushed ice (Ice-pack) and 60 were sealed in 
plastic bags (Chill-pack). These were held re
spectively in crushed ice, and at 33°F in a re
frigerator. Ten fish were removed from each 
treatment after 0, 2, 4, 8, 12 and 16 days then 
frozen and held at 0°F until all samples were 
accumulated.
Quality evaluations

The evaluations included percent weight loss 
during thawing and cooking; subjective score 
panel ratings for appearance, color, aroma, 
flavor and texture; and shear press firmness of 
the cooked fish.

The fish were evaluated in groups of six 
each and replicated four times. The four fish 
for the replications were selected at random 
from each treatment variable and arranged to 
allow direct comparisons with every other treat
ment variable within the same experiment.
Thawing

Upon removal from the freezer, each fish 
was weighed in the frozen condition, then al
lowed to thaw in a refrigerator for 24 hr. After 
thawing, they were removed from the plastic 
bags, wiped dry with a clean cloth and re
weighed. The difference in frozen and thawed 
weight was designated as drip loss during thaw
ing.
Cooking

Each fish was placed on heavy aluminum 
foil, “drug store” wrapped to minimize loss of 
vapors, then baked in an oven at 450°F for 35 
min. After cooking, the foil was carefully un
folded and the fish rated for aroma while still 
hot. The liquid released from each fish during 
cooking was weighed and reported as drip loss 
in cooking.
Sensory ratings

A panel of six judges, all experienced in dif
ferentiating parameters of fish quality, rated 
each fish on a nine-point hedonic scale from 
excellent to extremely poor. A numerical rating 
and descriptive comments were given for ap
pearance, color, aroma, flavor and texture. One 
half of each fish was evaluated by the panel, 
and the other half subjected to shear press firm
ness measurement.
Shear press firmness

Duplicate 25-g samples were taken from the 
side of each fish beginning at the dorsal fin and
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extending backward toward the tail. The silver
like skin and all bones were removed, to assure 
that only muscle was included in the samples. A 
Food Technology Corp. Recording Shear Press 
Model TP-1 was used. The instrument was 
equipped with a 300 lb ring; the down stroke of 
the shear blade was 30 sec; and the recorder 
was set at range 50. Data were reported as kg 
force per g sample. Data were subjected to 
analyses of variance by the methods of Sned- 
ecor and Cochran (1967) and significance was 
expressed at the 95% confidence level.

R ESU L TS & DISCUSSIO N
SU BSTA N TIA L differences in qua lity , 
especially ap pearan ce and flavor, were 
ev ident am ong indiv idual fish w ith in  the 
same trea tm en t and increased w ith  h o ld 
ing tim e on ice. Data and observations 
show ed th a t u n d er the co n d itions  o f this 
ex p erim en t nonprocessed  channel ca tfish  
changed m ore in q ua lity  during the first 
48 h r than  betw een  48 and 96 h r on ice.
O bservations during processing

D ifficu lty  in sk inn ing  the fish in
creased w ith  ho ld ing  tim e in crushed ice 
p rio r to  processing. Fish held fo r 48 hr 
were ex trem ely  d ifficu lt to  skin, while 
the skin o f those  held fo r 96 h r had to  be 
rem oved in sm all pieces. F ish held in 
crushed ice fo r 12 h r o r longer before 
processing developed a p ink ish-colored  
flesh indicative o f p oo r bleeding. This 
co n d itio n  increased w ith  hold ing tim e 
th roug h  48 h r, b u t show ed no  fu rth e r  
increase at 96 hr.

O bservations a fte r thaw ing  an d  cooking
A lth ough  the  thaw ed  fish had good 

ap pearance, changes in co lo r becam e 
greater w ith  increased hold ing tim e on ice 
before processing. T he principal d iffe r
ences were increased dulling and d a rk en 
ing o f the  flesh, w hich was d e tec tab le  
a fte r  12 hr, and increased in in ten sity  at 
24, 48  and 96 hr.

W hen cooked , dulling and graying of 
the flesh increased th ro ug h  48 h r hold ing 
tim e on ice. B row n d isco lo ra tion  oc
cu rred  ex te rn a lly  along the  side o f fish 
just b en ea th  the  “ silver sk in”  and in te r
nally along the  b ackbo ne. Also there 
was dark  “ hair-sized”  veining sca tte red  
th ro u g h o u t the flesh. These defec ts  were 
ap p aren t a f te r  12 h r and increased w ith  
hold ing tim e on ice before processing. 
Panel sensory  evaluations

C hannel ca tfish  co oked  in this m anner 
had a charac te ris tic  m ild fish flavor w ith 
traces o f “ m usty  or m u d d y ” flavors 
w hich are usually  u n d e tec ted  in breaded  
and deep fat-fried  fish. T he arom a and 
flavor changes associated  w ith  hold ing 
tim e on ice were first ap p aren t as the loss 
o f n a tu ra l freshness fo llow ed by a stro n g  
fishy flavor and the  develop m ent o f “ o ff 
flavor.” This is in ag reem ent w ith  results 
on ocean fish (R eay  and Shew an, 1949). 
As these changes in a rom a and flavor 
occurred , a g rea ter n u m b er o f d ifferen t 
term s were used by the panel to  define 
them . T erm s m ost o ften  used inc luded  
“ harsh , fla t, o ff, o ld , stale, s tro ng , b itte r.

am ines and sp o iled .” “ K erosene o r m o to r 
o il” o ff  flavor was n o ted  in som e indiv id
ual fish, bu t it ap peared  to  be un rela ted  
to  tre a tm en t.

E xperim en t I (F ed  vs fasted  x hold ing 
tim e). W hen sensory  scores fo r the fasted 
and fed groups were analyzed  separa te ly  
by analyses o f variance, only  the ap p ear
ance o f the fasted  fish and the flavor o f 
fed fish show ed sign ifican t decreases w ith 
tim e on ice before processing. T hese data 
appear in Table 1. Scores fo r arom a, co lor 
and tex tu re  show ed a general decline w ith  
increased ho ld ing  tim e on ice. T he lack of 
sta tis tica l sign ifican t d ifferences am ong 
trea tm en ts  was due in part to  the large 
varia tion  am ong  fish. A lth ough  d iffe r
ences in tex tu re  scores am ong  the tr e a t
m ents were non -sign ifican t, co m m en ts  by 
the panel ind ica ted  slightly  d iffe ren t te x 
tural charac te ris tics  be tw een  the  fasted  
and fed fish. T he tex tu re  o f fasted  fish 
was described  as slightly  “ so ft and d ry ” 
w hich is typ ica l fo r ch anne l catfish  
cooked  by the  m e th od  used in these 
s tud ies. T ha t o f the  fed fish was norm al 
at 0 and 6 hr b u t was slightly  “ tough  and 
w a te ry ” a fte r  12, 24 , 48  and 96 hr 
ho ld ing  tim e on ice be fo re  processing. 
C om m ents by the  panel in d ica ted  a p ref
erence fo r the tex tu re  o f fasted  fish. 
These tex tu ra l d ifferences were p robab ly  
associated  w ith  d iffe ren t post-m ortem  
m uscle changes in the  fasted  and fed fish.

A co m bined  sum m ary  o f the panel 
score ev aluations fo r the  fasted  and fed 
groups is p resen ted  in T ab le  2. S ign ificant 
decreases in ratings fo r ap pearan ce , co lor, 
arom a and flavor o ccu rred , and sooner 
than previously rep o rted  (USD1, 1970).

O rth o go n a l co m p arison s (S ned eco r 
and C ochran , 1967) o f sensory  scores 
ind ica te  q u a lity  breaks associated  w ith 
hold ing tim e on ice. Scores on fasted  fish 
show ed d e fin ite  decreases in ap pearan ce, 
co lo r and flavor be tw een  6 and 1 2 hr, and 
24 and 48 hr. Scores fo r the fed fish 
show ed a rapid  decrease in appearance 
and co lo r betw een 0 and 12 hr. The 
grea test decrease in arom a and flavor

Table 3 —M ean firm ness values o f  co oked  
m uscle o f  channel catfish  h e ld  on ice before
processing

Time on
ice

Shear press firmness“ 
kg force/g muscle

(hr) Fasted fish Fed fish
0 .867ab .954abc
6 ,935abc 1.143b

12 ,877ab 1.282e
24 ,810a 1.073cd
48 ,844a 1 045bcd
96 .971 abed 1.116ede

Average .884 1.102
“ V alues having sam e  le t te rs  a re  n o t s ig n ifi

c an tly  d if fe re n t  (P <  O.OS).

Table 1 —A ppearance a n d  flavor scores o f  co oked  channel catfish  
he ld  in crushed ice fo r 0, 6, 12, 2 4 , 4 8  an d  9 6  h r  before  processing

Holding time 
on ice 

(hr)

Fed fish Fasted fish
Flavor
score

Appearance
score

Flavor
score“

Appearance
score“

0 6.95 5.90ab 6.92a 6.47
6 6.57 6.32a 6.77ab 6.32

12 6.12 6.32a 6.37ab 5.87
24 6.27 5.85ab 5.92bc 6.37
48 6.47 5.55b 5.35c 5.60
96 5.85 5.85ab 5.95bc 6.05

“ V alues having sam e le t te rs  are  n o t s ig n if ic a n tly  d if fe re n t  (P  <  
0 .0 5 ) .

Table 2 —Q u a lity  scores o f  channel catfish h e ld  on ice before  p ro c 
essing fo r 0 , 6 , 12, 2 4 , 4 8 , 9 6  h r

Combined, fasted fish and fed fish Holding time _sensory ratingsr» n  ir* p  °
(hr) Appearance Color Aroma Flavor Texture
0 J>.94a 7.00a 6.19a 6.19a 7.09
6 _6.67ab 6.85ab 6.04ab 6.32a 7.06

12 6.25b 6.22c _6.04ab 6.10a 6.91
24 6.10b 6.35bc 5.96ab 6.1 la "6.64
48 5.91b 6.22c 5.23c ~5.58b 6.80
96 5.90b 6.26bc 5.50bc 5.95ab 6.74

a V alues having sam e  le t te r  a re  n o t  s ig n if ic a n tly  d if fe re n t (P <  0 .0 5 ) . 
-» In d ica tes q u a lity  b reak s , b ased  o n  o r th o g o n a l  c o m p ariso n s .
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Table 4 —D rip  loss during  thaw ing  an d  cooking  o f  channel catfish  

h e ld  on ice be fo re  processing

Holding time Drip in thawing3 Drip in cooking3
on ice Fasted fish Fed fish Fasted fish Fed fish
(hr) (%) (%) (%) (%)
0 3.42bcd 2.62ab 1.85a 4.96c
6 3.1 8abcd 3.08abcd 2.69ab 3.26abc

12 3.09abcd 2.37a 3.55abc 4.29bc
24 3.05abcd 2.80abc 3.22abc 4.1 Ibc
48 3.88de 3.78cde 4.33bc 4.23bc
96 3.46bcd 4.55de 5.04c 3.1 3abc

a V alues hav ing  sam e  le t te r  a re  n o t s ig n if ic a n tly  d if fe re n t  (F  <  0 .0 5 ) .

scores o ccu rred  betw een  24 and 48 h r in 
the fasted  and fed groups. A decrease in 
tex ture scores was show n betw een  12 and 
24 hr.

Shear press data in T able 3 show  tha t 
fish in the  fed group  w ere less ten der. 
Drip loss da ta  are p resen ted  in T able 4. In 
the fasted  g roup , drip  during  cooking  
increased sign ifican tly  w ith  tim e o f h o ld 
ing fish on ice.

These da ta  show  th a t u n d er reco m 
m ended hand ling  p rac tices, channel c a t
fish m ay be held on ice fo r up to  24 hr 
before processing and still yield a highly 
satisfactory  finished p ro d u c t.

E xperim ent II (F ed  vs fasted  x  on vs 
off ice x  s to rage tim e). Score panel 
evaluation data are p resen ted  in Table 5. 
Since the ratings fo r fish from  the  fasted 
and fed groups were non sig n ifican t, the

da ta  for the tw o  groups were co m bined . 
A co m parison  o f m eans o f tim e on ice 
show ed sign ifican tly  low er ratings for 
ap pearan ce, co lo r, a rom a, flavor and tex 
ture at 48  h r ho ld ing  tim e. M eans for 
tim e o ff  ice show ed significan t decreases 
in flavor at 8 hr and in te x tu re  at 4 hr, 
w ith  no  significan t changes in appearance , 
co lo r and arom a. A lth ough  in te rac tio n s  
o f tim e on x  tim e o ff ice w ere nonsign ifi
can t, ce rta in  trend s  were ind icated . A p
pearance, co lo r and tex tu re  ratings sug
gested m ore q u a lity  loss during  8 h r o ff 
ice, than  fo r 48  h r on ice, w hereas arom a 
and flavor decreased less during  8 h r o ff 
ice. In those  fish held on ice fo r 12 h r and 
o ff ice for 4 and 8 hr, ap pearan ce, flavor 
and tex tu re  ratings decreased slightly 
while co lo r and arom a rem ained essen
tially  unchanged . In fish held on ice for

48 hr, flavor and tex tu re  ratings de
creased while ratings fo r the o th e r  factors 
rem ained unchanged . The accum ulative 
adverse effects  o f tim e on and tim e o ff 
ice was n o t ev ident in flavor ratings bu t 
was ind ica ted  to  som e e x te n t in the 
tex tu re  ratings.

C om m ents by the  sensory  panel ind i
ca ted  th a t the  principal q u a lity  changes 
associated  w ith  hold ing tim e o ff ice 
(7 5 °F )  were increased toug hen in g  o f the 
p ro d u c t and increased fla t, fishy and 
“ o ff”  arom a and flavor.

T he shear press firm ness values (Table
6) were in fluen ced  by the ho ld ing  tim es on 
and o ff ice and by the feed ing trea tm en ts . 
The fed fish were significan tly  firm er 
than  the fasted . Fish held on ice fo r 0, 1 2 
and 48 h r and dressed im m ediate ly  had 
sim ilar firm ness in the cooked  p rodu c t. 
Fish held o ff ice fo r 4 and 8 h r w ith o u t 
p rio r icing resu lted  in a su bstan tia l f irm 
ing o f  the  p ro d u c t. A subsequ en t ten d e r
izing effect occurred  w hen the fish were 
first held on ice and then  held o ff  ice for 
4 and 8 hr. As in E x perim en t I, the shear 
press values show ed a m arked flu c tu a tio n  
w ith the various icing prac tices, and m ay 
be linked w ith  the rigor developm ent 
p a tte rn s. T he feeding trea tm en ts  p rio r to  
slaugh ter had a s ta tis tica lly  significan t 
influence on th e  average shear press val
ues w hich w ere 9 .86  and 12.17 fo r the 
fasted  and fed fish respectively .

T he co m bined  drip  loss from  thaw ing 
and cook ing  (T able 7) increased w ith  the 
fish th a t w ere rem oved from  the ice and

Table 6 —Shear press firmness values o f  
co oked  m uscle o f  channel catfish he ld  on ice 
fo r 0 , 12 a n d  4 8  h r  a n d  o f f  ice fo r  0. 4  an d  8  h r  
before  dressing

Time on Time off Shear press firmness3 
kg force/g muscle

(lir) (hr) Fasted fish Fed fish
0 0 ,804de ,955bcd

4 1.201 be 1.752a
8 1.615a 1.716a

12 0 ,877d 1.282b
4 1.015bcde l.022bcde
8 ,923de 1.068bcd

48 0 ,844de 1.045bcde
4 ,845de 1.077bcd
8 ,781e 1.01 lbcde

Time on ice (mean values)
0 1.208a 1.474a

12 ,938ab 1.124b
48 ,823b 1,044b

Time off ice (mean values)
0 .842 1.094
4 1.020 1.284
8 1.106 1.265

a V alues hav ing  sam e  le t te r  a re  n o t signifi
c an tly  d if fe re n t  (P <  0 .0 5 ) .

Table 5 —Score pa n e l ratings fo r  co o k e d  channel catfish h e ld  on ice fo r 0 , 12 an d  4 8  h r  a n d  o f f  

ice fo r 0 , 4  a n d  8  h r  be fo re  dressing

Holding time Holding time _  Combined, fasted fish and fed fish
on ice 
(hr)

off ice 
(hr) Appearance

Sensory ratings3 
Color Aroma Flavor Texture

0 0 7.07 6.98 6.42 6.42 7.22
4 6.51 6.67 6.26 6.21 6.68
8 6.25 6.38 6.12 6.08 6.56

12 0 6.73 6.57 6.17 6.25 6.84
4 6.68 6.58 6.00 5.93 6.73
8 6.57 6.66 6.14 6.89 6.64

48 0 6.34 6.41 5.24 5.78 6.78
4 6.18 6.19 5.67 5.73 6.43
8 6.39 6.38 5.63 5.53 6.39

Time on ice (mean values)
0 6.61a 6.68a 6.27a 6.24a 6.82a

12 6.66a 6.60a 6.11a 6.02ab 6.74a
48 6.29b 6.33b 5.58b 5.68b 6.54b

Time off ice (mean values)
0 6.71 6.65 6.01 6.15a 6.95a
4 6.46 6.48 5.98 5.96ab 6.62b
8 6.37 6.48 5.97 5.84b 6.53b

a V alues hav ing  sam e  le t te r  a re  n o t s ig n if ic a n tly  d if fe re n t  (F  <  0  .0 5 ).
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Table 8 —Sensory rating  o f  dressed channel catfish h e ld  in crushed  

ice a n d  as ch ill pack a t  3 3 “ F

Storage
time

(days) Appearance Color Aroma Flavor Texture
Ice pack-dressed fisha

0 5.87 5.40 5.47ab 5.92a 6.85
2 6.27 6.62 5.45ab 5.77a 6.87
4 6.45 6.45 6.00a 5.90a 6.62
8 6.20 6.62 5.70ab 5.42ab 6.65

12 6.00 6.27 5.00bc 4.70b 6.82
16 6.08 6.55 4.60c 4.13b 6.10

Chill pack-dressed fisha
0 6.00a 6.32a 5.65a 5.75a 6.60a
2 5.97a 6.17a 5.30a 5.60a 6.57a
4 6.00a 6.27a 5.40a 5.67a 6.45a
8 5.67a 5.92a 6.00a 5.93a 6.67a

12 2.83b 2.93b 1.38b 1.75b 2.55b
16 1,00c 1.00c 1,00c 1,00c 1,00c
aValues having same letter are not significantly different (P < 0.05).

Table 9 -  
fish stored  in

D rip  loss a n d  shear press firmness o f  dressed channel cat- 
crushed ice an d  a t  3 3 °  F  w ith o u t ice

Storage Drip loss (%)a
Shear press firmness3 

(kg/g)
time

(days) Ice pack
No ice 
(32° F) Ice pack

No ice 
(32° F)

0 6.6a 8.4 1.207a .993ab
2 12.7bc 6.7 ,785bcd ,932bc
4 10.2ab 7.5 .894bc ,899bc
8 14.1c 5.9 ,767cd .853bc

12 1 1.4bc 7.7 ,789bcd ,743cd
16 ll.S bc spoiled ,636d spoiled

a V alues having th e  sam e  le t te rs  a re  n o t s ig n if ic a n tly  d if fe re n t  (P  <  
0 .0 5 ) .

Table 7 - D r ip  loss during thaw ing an d  c o o k 
ing o f  channel catfish he ld  on an d  o f f  ice before  

processing

Time
on
ice
(hr)

Time
off
ice
(hr)

Drip loss
Fasted fish 

(%)
Fed fish 

(%)
0 0 2.62 3.79

4 4.13 4.52
8 4.43 4.51

12 0 3.48 3.33
4 3.93 3.12
8 4.07 3.56

48 0 3.29 4.01
4 3.89 4.14
8 4.02 4.84

Time on ice (mean value)
0 3.73 4.27

12 3.83 3.34
48 3.73 4.33

Time off ice (mean value)
0 3.13 3.71
4 3.98 3.93
8 4.17 4.30

held at room  tem p era tu re  for 4 and 8 hr. 
The effect was m ore p ro no unced  in the 
fish th a t had no  ice trea tm en t and in the 
fasted fish.

E xperim ent III (Ice vs chill pack x 
storage tim e). F reezing and hold ing sam 
ples at 0 °F  before evaluation  had no 
ap paren t effec t on the sensory d iffer
ences. Drake et al. (1 9 7 1 ) had reported  
th a t in a triangu lar d ifference test, score 
panelists were unable to  d ifferen tia te  
betw een fresh catfish  and catfish  frozen 
and s to red  fo r 1 yr.

Sensory ratings (Table 8) show ed th a t 
dressed catfish  could  be held in crushed 
ice fo r as long as 12 days and retain  
accep tab le  qua lity . T hose held in plastic 
bags a t 3 3 °F  de te rio ra ted  m ore quickly  
bu t re ta ined  accep tab le  qua lity  as long as 
8 days. Fish held u n d er refrigeration  bu t 
w ith o u t ice fo r 12 and 16 days developed 
a slim y appearance and ob jectionab le  
odo r and flavor. The tex tu re  ratings, 
thou gh  n o t s ta tis tica lly  significant in vari
a tio n , reflected  an undesirab le  so ften ing  
in the refrigerated  sam ples held fo r 12 
days. These sam ples were described by 
the judges as “ soft and co tto n -lik e .” The 
chill pack fish developed a p ink flesh 
co lor, w hich tu rn ed  gray and dull w hen 
cooked .

The drip  loss percentage (Table 9 ) for 
fish held in crushed ice reached a m axi
m um  w ith 8 days o f holding. The drip 
loss was substan tia lly  low er and m ore 
stable in fish held w ith o u t ice at 33°F .

The shear press firm ness values (Table 
9) fo r the fish in crushed ice decreased 
m arkedly  during the first 2 days, levelled 
o u t, then  decreased again betw een 1 2 and 
16 days. The decrease in firm ness values 
was less ev ident in the refrigerated  sam 
ples held w ith o u t ice.
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EFFEC T  OF TIME AND TEM PERATURE OF SMOKING ON 
MICROORGANISMS ON FRAN KFU RTERS

IN T R O D U C T IO N
THE L A R G E  AM O UNT o f  fran k fu rte rs  
p roduced  yearly  in th e  U nited  S tates, as 
m uch as 1.37 b illion  lb in 1970 (N ational 
Live S tock  and M eat B oard, 1971), em 
phasizes th e  im p o rtan ce  o f th is  item  as a 
m eat food  in th e  A m erican food  in d u stry .

M any papers have been pub lished  on 
fran k fu rte rs  and re la ted  p ro d u c ts . These 
have dealt w ith  m an u fac tu rin g  (T auber,
1958) , co lo r (T auber and S im on, 1963 
and F ox  et al., 1967), and te x tu re  (S im on 
et al., 1965). O th er w ork  has been 
concerned  w ith  bacterio log ical aspects 
(Ayres, 1951; D rake et al., 1958, 1959; 
Hall and A ngelo tti, 1965; Hess, 1928; 
Jensen and Hess, 1941; and Solberg and 
E lkind, 1970). D raudt (1 9 6 3 )  reviewed 
the effects  o f th e  sm oking  process on  
meats.

Because o f th e  in h ib ito ry  o r b ac te ri
cidal effec ts  o f  curing  agents, sm oking 
and heating , th e  flora o f fra n k fu rte rs  is 
rather select. The bacteria  p resen t on 
frankfu rters  are p red o m in an tly  G ram 
positive ty p es  (D rake et al., 1958). Ayres
(1951) rep o rte d  M icrococcus , Sarcina, 
Lactobacillus, M icrobacterium  and Bacil
lus as th e  m ost co m m o n  organism s found  
in fran k fu rte rs . Hall and A n gelo tti (1 9 6 5 ) 
isolated C lostrid ium  perfringens  from  
19% o f m arket sam ples o f fra n k fu rte rs  
and o th e r  p rocessed m eats requ iring  mild 
cooking. Yeasts are freq u en tly  en co u n 
tered in packaged fran k fu rte rs . In ad d i
tion to  D eb a ryo m yces , som e o th e r  genera 
found in cu red  m eats are; Torulopsis, 
Candida and Trichosporon  (D rake et al.,
1959) .

During recen t years, m anu fac tu re rs  
have ten d ed  to  sh o rten  th e  tim e of 
curing, sm oking  and heating . T he reasons

Table 1 -E x p e r im e n ta l sm oking schedules

Experimental
frankfurters

Time of
Internal holding

temperature (min)
140°F (60°C) 0
150°F (65.6°C) 0

10
20
30

160° F (71.1°C) 0
170°F (76.7°C) 0

are m ainly  econom ical and possibly be
cause o f  changing “ ta s te s” o f  consum ers. 
H ow ever, little  co n sid era tio n  has been 
given to  th e  effect o f reduced  process 
tim e and tem p e ra tu re  o n  th e  m icrob ial 
p o p u la tio n  o f  processed m eats.

This s tu d y  was designed to  evaluate 
th e  effect o f  sm oking  tim e  and tem p era 
tu re  on  m icroorganism s o n  fran k fu rte rs  
a fte r processing, and to  d e te rm in e  d iffe r
ences in survival o r g row th  o f th e  m icro 
flora during  la te r storage.

M A T E R IA L S & M ETH ODS
FRANKFURTERS for this study were specially 
prepared in the Meats Lab. at Iowa State Uni

versity. The formula used in preparing the 
frankfurters was as follows: 3.6g sodium ni
trite, 3.0 lb sodium chloride, 7 .lg sodium 
nitrate, 24.6g erythorbate-neocebitate, 20.0 lb 
ice, 0.5 lb frank and wiener seasoning, 40.0 lb 
pork trimmings, 60.0 lb beef trimmings.

The frankfurters were prepared by using a 
continuous mechanical process, which included 
grinding, emulsifying and stuffing.
Treatment of samples

After stuffing, the frankfurters were divided 
in two main groups, designated A and B. Group 
A was smoked and heated to different internal 
temperatures: 140°F (60°C), 150°F (65.8°C), 
160°F (71.1°C) and 170°F (76.8°C). Group B 
was smoked and heated to a single internal tem
perature of 150°F (65.8°C), but the time of 
heating was varied (0, 10, 20 and 30 min). The

Table 2 —M icro b io log ica l m ethods used fo r  bacteria ! counts

Determination Medium
Incubation

time
Incubation

temp Plating methods
Total aerobes Trypticase soy agar 

(BBL)a 3 days 30° C Pour plate

Molds and yeasts

Total count agar 
(Difco)b

Potato dextrose agar 
(Difco)

Malt agar 4 days R .T . Pour plate

C. perfringens
(Difco)

SPS mediumc 24 hr 37°C Pouch methodd
a BBL D ivision o f  Bio Q u e s t, C o ck ey sv ille , M d. 
b D ifco  L a b o ra to r ie s , D e tro it , M ich. 
c A n g e lo tti  e t  a l., 1962  
d B ladel an d  G reen b e rg , 1965

Table 3 —M icro b io log ica l m ethods used fo r  de tec ting  coagulase posi
tive staphylococci

Incubation Incubation
Medium time temp Method

Enrichment broth 
of Wilson et al.a

2 days 37°C Enrichment

Staphylococcus15 
medium no. 110 
(Difco) with egg yolk

2 days 37°C Isolation

Brain heart infusion 
broth (Difco)

24 hr 37°C Confirmation 
enrichment before 
coagulase test

Bacto coagulase 
plasma

6 hr 37°C

aW ilson e t a l., 1959  
^ H e rm a n  an d  M orelli, 1960
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smoking cycle used is presented in Table 1.
After smoking, the frankfurters were cooled 

in ice water, drained dry, and vacuum packaged 
in sets of six frankfurters per package. The 
plastic bags used were “ medium size” Visten 
PF, polyvinyl chloride (Union Carbide Corp., 
Chicago, 111.). The frankfurters were stored in a 
display case at 5° ± 2°C.
Sampling procedures

Samplings were made in duplicate of fresh 
meat, ground meat plus ingredients, the meat 
emulsion and frankfurters immediately after 
smoking and after storage. Day 0 represented 
the day the frankfurters were first stored in the 
display case.

The procedure of sampling was as follows: 
Duplicate meat samples weighing 30g were 
blended in an Osterizer (John Oster & Co., Mil
waukee, Wise.) for 1 min at low speed and 1 
min at high speed with 270 ml of sterile dis
tilled water. Serial dilutions were made from 
the homogenate to obtain bacterial counts. 
Microbiological methods

Counts were determined for the following 
microorganisms or groups of microorganisms: 
total aerobes, molds, yeasts and C. perfringens. 
Methods, media and incubation temperatures 
appear in Tables 2 and 3. Those microorganisms 
that produced H2S in SPS agar (Angelotti et al., 
1962) but that were either motile or did not 
reduce nitrate, were considered Clostridium spp 
other than C. perfringens. Isolates that were 
nonmotile and reduced nitrate were considered 
to be C. perfringens.

R E S U L T S & D ISCUSSIO N
F IG U R E  1 show s th e  co u n ts  o f various 
m icroorganism s o b ta in ed  at d ifferen t 
stages o f processing u n til frank fu rte rs  
w ere fo rm ed . T he ad d itio n  o f spices, 
w ater and curing ingred ien ts did no t 
greatly  increase th e  num bers o f aerob ic

bac te ria , m olds and yeasts  per gram  in the  
m eat. Passing th e  m eat th ro u g h  th e  em ul
sifier and  stu ffe r increased th e  co u n ts  to  a 
g rea ter e x ten t th a n  did ad d itio n  o f ingre
d ien ts, b u t on ly  to  a sm all degree. A p
pa ren tly , th e  eq u ip m en t and associated  
handling  o p e ra tio n s  w ere a g rea ter source 
o f co n tam in a tio n  th a n  w ere the  ingred i
en ts. Incidence o f C. perfringens  was 
7.1%  (1 /1 4 )  and coagulase-positive s tap h 
y lococc i was 100% (1 4 /1 4 )  for all sam 
ples a f te r  p rep a ra tio n  o f th e  em ulsion  and 
m ixing w ith  curing agents and spices. 
F ab ian  et al. (1 9 3 9 ), Mossel (1 9 5 5 )  and

A yres (1 9 6 5 )  ind ica ted  th a t spices, w ater, 
salt and  eq u ip m en t can be co n tam in a ted  
by th o u san d s  o f b acteria  and bacterial 
spores. In th e  presen t w o rk , th e  m eat had 
high loads o f organ ism s befo re ad d itio n  
o f ing red ien ts, and the n um bers o f aer
obic b acteria , yeasts and m olds d id  no t 
increase g rea tly  a fte r  curing  agents and 
spices w ere m ixed in w ith  th e  m eat 
em ulsion .

As show n in F igure 2, sm oking  caused 
a red u c tio n  in n um bers  o f m ic roo rg an 
isms in fra n k fu rte rs , at all tem p era tu res  
te s ted . Sim ilar findings w ere rep o rted  by

BEFORE
SMOKING

R

0 MIN 10 MtN. 20 MIN. 30  MIN. 
AFTER SMOKING AT I S O ° f ( 6 5 . B °  C )

T0TAL *EROBiC BACTERIA

MOLDS AND rE  ASTS

Fig. 2 —R ed uction  in num bers o f  m icroorganism s in fran k fu rte rs  a fte r  
sm oking a t d iffe re n t tem peratures.

Fig. 1 —Changes in bacteria l counts o f  the m eat during p rep aratio n  o f  
frankfu rte rs  p r io r  to  sm oking.

Fig. 3 - E f f e c t  o f  fin a l tem p era ture  o f  sm oking on g row th  o f  to ta l ae ro 
bic bacteria  on fran kfu rte rs  stored  a t  S 'C  (4 1 ° F ).
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Gibbons et al. (1 9 5 4 ). T he grea test incre
ment in red u c tio n  occu rred  during  the 
period in th e  sm okehouse  w hen the 
frankfurters w ere h ea ted  to  an in te rna l 
tem perature o f 140 °F  (6 0 °C ), a lth ough  
further red u c tio n  occu rred  on co n tin 
ued heating  to  150 °F  (65 .8°C ), 160°F  
(71 ,1°C ) and 170 °F  (76 .8 °C ). Increasing 
the tem p era tu re  fro m  140 °F  (6 0 °C ) to  
170°F (7 6 .8 °C ) was on ly  slightly  effec
tive in reducing  ae ro b ic  bac te ria . O f 120

ex p erim en ta l fra n k fu rte rs  tes ted , o n ly  six 
were positive fo r C. perfringens  and tw o 
sam ples y ie lded  coagulase-positive s tap h y 
lococci. No m arked  advantage was o b 
ta in ed  in red u c tio n  o f m icroorganism s 
im m ediate ly  a fte r sm oking to  high in te r
nal f ra n k fu r te r  tem p era tu res  as com pared  
w ith  relatively  low  sm oking  tem p era tu res . 
G ough and  A lford (1 9 6 5 ) rep o rted  sur
vival o f C. perfringens  a fte r curing and 
m ild sm oking. H ow ever, during subse

q u en t s to rage o f th e  fra n k fu rte rs  a t 5°C, 
it was observed th a t th e re  was an inverse 
re la tio nsh ip  b e tw een  in te rn a l tem p era tu re  
o f sm oking  and th e  capab ility  o f bacteria  
to  m u ltip ly  during storage. The h igher the  
tem p e ra tu re  o f sm oking, th e  low er th e  
co u n ts  during storage (Fig. 3 , 4 and 5). 
Possibly, th e  an tim icrob ia l p ro p e rtie s  o f 
curing agents and sm oke co n s titu en ts  
ex erted  an increasing in fluen ce  on  the  
in jured  m icroorganism s as th e  sm oking

Fig. 4 —E ffe c t o f  tem peratures o f  sm oking on num bers o f  m olds and  
yeasts grow ing on fran kfu rte rs  stored  a t S 'C  (4 1 ° F).

Fig. 6 —E ffe c t o f  tim e o f  sm oking  fran kfu rte rs  a t  150° F  165 .8° C) on 
the survival o f  m icroorganisms.

Fig. 5 —Recovery o f  C lostrid ium  spp. p roducing  H 2 S  from  fran kfu rte rs  Fig. 7 —E ffe c t o f  tim e o f  ho ld ing  during sm oking a t 15CT F  (6 5 .8 °  C) on
sm oked a t d iffe re n t tem peratures an d  stored  a t  5 ° C (4 1 ° F I. g row th  o f  to ta l aerobic bacteria  on fran kfu rte rs  stored  a t 5° C.
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Fig. 8 —E ffe c t o f  tim e  o f  ho ld ing during sm oking a t 1 5 ( f  F  (65 .8 fJC) on Fig. 9 —E ffe c t o f  tim e  o f  ho ld ing  during  sm oking  a t  1 5 0 'F  (65.81 'C ) on
grow th  o f  m olds an d  yeasts on frankfu rte rs  stored a t 5°C. g row th  o f  C lostrid ium  spp. on fran kfu rte rs  sto red  a t  5  C.

process was p ro longed  in atta in ing  higher 
in te rn a l fra n k fu rte r  tem p era tu res . Resid
ual b ac te rio s ta tic  effec ts  o f sm oking were 
discussed by H andford  and G ibbs (1964 ). 
Possible changes p rodu ced  in th e  flora 
and th e ir  in fluence on num bers o f o rgan
isms will be discussed in an o th e r paper.

In view o f these  findings and since 
tem p era tu res  near 150 °F  (6 5 .8 °C ) are 
used in com m ercia l ope ra tio n s , fu rth e r  
w ork  was d irec ted  at th e  practical app li
ca tio n  o f 150 °F  (6 5 .8 °C ) as a m in im um  
sm oking  tem p era tu re . Increasing th e  tim e 
o f sm oking at th is  relatively  low  sm oking 
tem p era tu re  did n o t prove to  be as 
effective as increasing th e  tem p era tu re  o f 
sm oking in causing im m ediate  red u c tio n  
in num bers o f m icroorganism s in frank 
fu rte rs. Figure 6 com pares the  effect o f 
sm oking to  an in te rna l tem p era tu re  o f 
150 °F  (6 5 .8 °C ) w ith  im m ediate  rem oval 
o f fran k fu rte rs  and prolonged sm oking up 
to  30 m in at the  sam e tem p era tu re . 
N um bers o f organ ism s im m ediate ly  a fte r 
sm oking w ere qu ite  sim ilar regardless o f 
tim e th e  fran k fu rte rs  w ere in the  sm oke
house at 15 0 °F  (65 .8°C ). Also, o f 106 
sam ples te s ted , on ly  fou r were positive 
for C. perfringens  and one for coagulase- 
positive s taphy lococci. An unusually  high 
p ro p o rtio n  o f yeasts and m olds survived 
sm oking. A d ditional w ork  w ould  be desir
able on  heat resistance o f such organism s. 
L ater d e te rm in a tio n s  ind ica ted  no undue 
co n tam in a tio n  during subsequen t cooling 
an d  packaging. Yeasts and m olds were 
recovered during storage o f fran k fu rte rs  
at 5°C  (Fig. 4 and 8), sim ilar to  observa
tio n s  o f o th e r  w orkers (Ogilvy and Ayres, 
1953; D rake et al., 1958, 1959). Isolates 
o b ta in ed  from  pla tes used fo r co u n ts  o f 
aerob ic organism s are cu rren tly  being 
stud ied  in detail.

E ffect o f tim e o f sm oking at 150°F  
(65 .8°C ) on the  g row th  o f various m icro 
organism s during  later storage at 5°C  is 
show n in Figures 7 th roug h  9. These 
results ind icate  th a t unless th e  hold ing 
tim e at 150 °F  (65 .8 °C ) is longer than  10 
m in, tim e has little  influence on the 
ab ility  o f  bacteria  to  m ultip ly  during later 
p rolonged low  tem p era tu re  storage.

The results o f th is  s tu dy  suggest th a t: 
(1 ) T here is an inverse re la tio nsh ip  be
tw een tim e and tem p era tu re  o f sm oking 
and bacterial co u n ts  from  fran k fu rte rs  
im m ediate ly  a fte r  sm oking and during 
la te r sto rage; (2 ) T he m ajor red u c tio n  in 
bacterial num bers occurs in the  interval 
during w hich th e  in te rna l tem p era tu re  o f 
th e  fra n k fu rte rs  reaches 140°F  (60°C );
(3 ) Incidence o f  coagulase-positive s tap h 
y lococc i is q u ite  low  afte r sm oking (ap
p rox im ate ly  1 — 1.5%); (4 ) Prolonged
s m o k in g  o f fra n k fu rte rs  at 150°F  
(6 5 .8 °C ) effects  red u c tio n s  in th e  bac
terial co un ts  co m pared  w ith  sm oking 
only  long enough fo r the  in te rna l tem p er
a tu re  to  reach  150°F  (6 5 .8 °C ) when 
fran k fu rte rs  are subsequ en tly  sto red  at 
refrigera tion  tem p era tu re . A p p aren tly  the  
in h ib ito ry  agents associated  w ith  sm oking 
exert an increased residual effec t w hen 
sm oking tim e is p ro longed , since im m edi
ate d ifferences were not observed for 
frank fu rte rs  d irec tly  a fte r rem oval from  
th e  sm okehouse.
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BONE DARKENING IN FROZEN CHICKEN BRO ILERS AND DUCKLINGS

IN T R O D U C T IO N
COOK ED FR O Z E N  B R O IL E R S can be 
d iffe ren tia ted  from  cooked  fresh  broilers 
by the presence o f bone d isco lo ra tion . 
K oonz (1 9 4 6 ) and B rant and S tew art
(1 9 5 0 ) have show n th is darken ing  to  be 
due to  m ethem o glob in  fo rm a tio n  from  
the ab u n d an t hem oglob in  in the  m arrow  
of you n g  ch ickens. F reezing  and  thaw ing 
hem olyzes e ry th ro c y te s  releasing hem o
globin, thus  enabling  it to  pass o u t o f  the 
inner bone.

M any investigations to  da te  have dealt 
w ith processing m e th o d s and the ir rela
tio n  to  bon e darkening. S pencer e t al. 
(1 9 6 1 ) rep o rted  th a t tim e in frozen  s to r
age at 0 °F  ( -1 8 ° C )  did n o t a ffec t sever
ity  o f bone darkening. S tree te r and S pen
cer (1 9 6 9 ) rep o rted  th a t fo u r d iffe ren t 
freezing m e th ods and tw o  d iffe ren t m e th 
ods o f ca tch ing  ch icken  broilers did no t 
significan tly  a ffec t the degree o f bone 
darkening. It was rep o rted  by Essary
(1 9 5 9 ) th a t ex posure  o f ch icken legs and 
wings to  m icrow ave energy fo r 2 —4 min 
reduced  o r even elim inated  bone d a rk en 
ing in sub seq uen t freezing. W oodroof and 
Shelor (1 9 4 8 ) rep o rted  b lanching in h o t 
oil to  a jo in t tem p era tu re  o f 88°C  elim i
n a ted  bone darken ing  during subsequen t 
freezing.

T he e ffec t o f calcium  and pho sp h o 
rous su p p lem en ta tio n  o f the  d iet was 
s tu d ied  by K otu la  et al. (1 963 ). They 
found  th a t n e ith e r  sex n o r pho sp horous 
level affec ted  degree o f d isco lo ra tion . 
Males show ed a greater varia tion  in re
sponse to  d ie tary  calcium  levels than  
fem ales. The to ta l e ffec t o f varying calci
um  levels fro m  0 .5 —0.8%  was sm all. The 
ca lcium -phosphorous ra tio  ex e rted  a con
sisten t in fluence on bone d isco lo ra tion  in 
b o th  frozen  an d  no n fro zen  broilers. A 
higher C a:P  ra tio  resu lted  in an increased 
d isco lo ra tion  o f bones.

The purpo se o f  th is research  was to  
s tudy  several d iffe ren t processes that 
m ight influence degree o f bone darkening 
in fro zen  broilers. An a tte m p t was m ade 
to  relate  the  degree o f  darkening  to  som e 
physical characte ris tics  o f the bone such 
as % calcium  or % bone ash.

EX PE R IM E N T A L
Source of birds

8-wk old chicken broilers were purchased 
from a local grower. Processing was in Univer
sity laboratories using commercially accepted 
procedures. Ducks were purchased as frozen

birds from a local processor. All ducks were less 
than 8 wk of age at the time of processing.

For birds used in studying the effects of 
added calcium in the diet, day-old commercial 
broiler strain chicks were used. 25 chicks were 
grown on commercial broiler starter and fin
isher as controls and 25 were fed the same 
starter with 0.85% calcium gluconate added. 
The finisher feed of these birds from 35 days of 
age to 52 days of age had 1.06% calcium gluco
nate added.

The broilers used in the high pressure-short 
time freezing were commercially processed and 
purchased on the Boston market as whole car
casses. Opposite halves of birds served as treat
ed and control groups.
Bone evaluation

Both treatment and control groups were 
evaluated by a panel of 4 -7  members depend
ing on availability. Panelists were instructed to 
compare an entire treatment group to the con
trol group. The control group consisted of 
cooked, unfrozen broilers. Fresh, nonfrozen 
broilers are relatively uniform with respect to 
bone color. Scoring of bone color was on a I to 
7 basis with I being equivalent to the control, 
lightest in color. A total of seven different 
experiments were conducted to compare effects 
of the various treatments on bone discolora
tion. From 2 0 -5 0  birds were used in each 
study.
Freezing methods

The four freezing methods evaluated were as 
follows:
1. Freezing in a home-type freezer at -18°C ;
2. Freezing by submersion in liquid Freon 12;
3. Freezing by submersion in liquid nitrogen;
4. Freezing by placing the sample in a chamber 

which was then filled with a l l  mixture of 
water and glycerine. The contents of the 
chamber were then subjected to a pressure 
of 39,000 psig ± 2,000 psig. After being 
placed under pressure the chamber and its 
contents were cooled to -29°C . After the 
sample temperature had reached -29°C , the 
pressure then released in approximately 3 
sec allowing the sample to freeze simultane
ously.

Aging methods
Birds were chilled in ice water and then 

placed in polyethylene bags and held in a refrig
erated room for from 1 to 6 days at 3°C before 
being frozen.
Thawing methods

Thawing was by one of the following 
means:
1. Thawing at room temperature;
2. Thawing for 7 min in an RCA microwave 

oven;
3. Thawing as a part of the cooking operation. 
Cooking methods

All samples were cooked in cottonseed oil at

177°C or in a 2450 megaHz microwave oven 
for 20 -2 5  min, with equal numbers being ran
domly assigned each cooking method.
Method for bone ash

The femurs were dried in a vacuum oven for 
24 hr at 103°C and 25 in. Mg vacuum. The 
dried bones were then extracted with anhy
drous ethyl ether in a Soxhlet apparatus for 24 
hr. The extracted bones were then redried for 
24 hr as above and placed into weighed cruci
bles. After weighing, the bones and crucibles 
were placed in a cold muffle furnace and heated 
to 425°C for 6 hr. The temperature was then 
increased to 870°C for 1 hr. After cooling in a 
desiccator, the ash and crucibles were re
weighed.
Method for Ca determination

Femurs to be analyzed for calcium were 
first ashed by the method previously described. 
Ash samples of approximately 20 mg were dis
solved in 2 ml of 2N HC1 and brought to 100 
ml with distilled water. Standard calcium solu
tions of 0 thru 10 ppm were prepared and 5 ml 
of 5% lanthanum chloride was added to samples 
and standards. Both standards and samples were 
analyzed with a Perkin-Elmer (model 303) 
atomic absorption spectrophotometer. Details 
on the procedure are reported in Perkin-F.lmer 
(1966).

Table 1—M ean c o lo r scores o f  bones from  
ch icken broilers subjected to several freezing  
an d  thaw ing treatm ents  a fte r  d iffe re n t tim es o f 
re frige ra ted  storage

Treatment
Mean color score of 

tibia and femur3
Freezing method

Still air at 18°C 3.3a
Liquid R1 2 at -30°C 3.8a
Liquid N2 immersion 3.2a
Superchilled to 29°C

then :3 sec release 3.5a
Thawing method

Microwave 5 .la
Air 4.6a
Thawed during cooking 3 .lb

Aging time: (days)
0 3.4a
I 3.6a
2 4 . la
3 3.2a
4 4.1a
5 4.0a
6 6.2b
aLightest color (nonfrozen controls) scored 

I to darkest of 7. Any treatment means not fol
lowed by same letter are significantly differ
ent (P < 0 .0 S).

8 5 0 - J O U R N A L  O F  F O O D  S C I E N C E - V o l u m e  3 7  ( 1 9 7 2 )
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Table 2 —T rea tm e n t m eans fo r  percentage o f  ca lcium  an d  phospho

rous in ash an d  bone ash o f  fem urs o f  c o n tro l a n d  calcium  gluconate d ie t 

fed  chickens a n d  ducklings

Chickens

Control Experimental3 Ducklings
Mineral (%) (%) (%)

Calcium 36.98a 37.83a 38.72a
Phosphorus 15.55a 15.68a 16.58a
Bone ash 43.57a 36.98a 53.68b

E x p e r im e n ta l  r a tio n  h ad  0 .8 5 %  ca lc iu m  g lu co n a te  a d d e d  fro m  0 - 5  
w k o f  age an d  1 .06%  ca lc iu m  g lu co n a te  a d d e d  fro m  5 —8 w k  o f  age. 
A ny  tr e a tm e n t  m ean s a lo n g  lines n o t fo llo w ed  by  sam e  le t te r  are s ig n ifi
c an tly  d if fe re n t  (P  <  0 .0 5 ) .

Method for P determination
Ash samples weighing approximately 90 mg 

were dissolved in 5 ml of 6 N HCI and diluted to 
100 ml with distilled water. A further dilution 
was made by adding 5 ml of the ash solution to 
20 ml of distilled water. Standards containing 
0 , 0 .0 2  mg/ml . . . thru 0 . 1 0  mg/ml of phospho
rous were prepared. 1 ml of acid molybdate was 
added to 1 ml of each standard and sample. 
After 30 min, 1 ml of Elon’s reagent was added 
to both standard and sample solutions and the 
volume was brought up to 2 0  ml with distilled 
water. Standards and samples were read on a 
Beckman D.U. spectrophotometer at a wave
length of 600 mu. This is a modification of the 
method of Fiske and Subbarow (1925).

R E S U L T S & D ISC U SSIO N
EXPERIM ENTS com paring  the fo u r d if
ferent freezing m e th o d s were repeated  
three tim es. Average co lo r scores are 
listed in T able 1. In all rep lica tions the 
results show  th a t th e re  was no s ta tis ti
cally significan t d ifference  in darken ing  
between m e th o d s o f freezing ( P < 0 .0 5 ) .  
As results were negative the  details of 
each ex perim en ta l design are n o t inc luded  
here bu t are in c lu ded  in the  thesis of 
Hatch (19 7 2 ). These resu lts  are in agree
ment w ith B rant and S tew art (1 9 5 0 )  and 
Streeter and S pencer (1 9 6 9 ). Ellis and 
W oodroof (1 9 5 9 )  w ho s tu d ied  freezing 
with dry ice do n o t agree w ith  the 
findings.

In ex perim en ts  com paring  m e th o d s o f 
thawing, the sam ples th a t were cooked  
without any p rio r thaw ing  were signifi
cantly ( P < 0 .0 5 )  ligh ter in co lo r than  
those sam ples th a t were th aw ed  befo re  
cooking. The average co lo r scores are 
given in Table 1. T he m icrow ave and 
slowly thaw ed sam ples did n o t ex h ib it a 
significant d ifference in darken ing  at the 
5% level. These findings w ere in co n cu r
rence with B rant and S tew art (1 9 5 0 ), 
Ellis and W oodroof (1 9 5 9 )  and K oonz 
and R am sbottom  (1 9 4 7 )  w ith  regards to  
their findings on the  effec ts  o f no  thaw  
versus slow thaw ing  and its e ffec t on 
bone darkening.

Aging periods ranging from  no  aging,
i.e., freezing im m ed ia te ly  a fte r  slaugh ter, 
to holding in re frigera tion  fo r 6 days 
after slaughter were s tu d ied . D ata are 
listed in Table 1. 6 days was th o u g h t to  
be a practical m ax im um  period  fo r refrig
eration since m icrob ial spoilage at 3°C  
storage occurs in ap p ro x im a te ly  9 days 
for fresh pou ltry  (S han non  and Stadel- 
man, 1957). T here was no  significan t 
difference betw een  birds frozen  im m edi
ately after slaugh ter and  those  aged for 
up to 5 days befo re freezing. H olding 
birds for 6 days at re frig era ted  tem p era 
tures resulted in a significan t increase in 
severity of bone darkening . These results 
are not in agreem ent w ith  those  o f Brant 
and Stewart (1950 ). T he p ro cedu res  used 
for aging in this s tu d y  are d iffe ren t from  
those used by B rant and S tew art (1 9 5 0 )

in th a t b irds were aged in p o ly e thy len e  
bags in a refrigera ted  ro o m  ra th e r  th an  in 
ice w ater w here som e leaching could  have 
taken  place.

In a series o f ex p erim en ts  co n d u c ted  
to  com pare m icrow ave and deep-fat co o k 
ing, bones o f broilers cooked  w ith  m icro- 
wave energy w ere sign ifican tly  lighter 
than  those co ok ed  in deep fa t. The 
observations m ade during  th is research  
ind icate  th a t m uch  o f the  bone d isco lo ra
tion  observed in frozen  broilers takes 
place during  thaw ing . If thaw ing  tim e and 
tim e be tw een  thaw ing  and h ea t d e n a tu r
ing the b loo d  cells in the  bone m arrow  
can be m in im ized , d isco lo ra tion  can be 
reduced .
Bone ash, Ca an d  P levels in 
duckling  fem urs

F em urs fro m  8-w k old  fro zen  d u ck 
lings were observed to  be prac tica lly  free 
from  any bone darkening. A com parison  
o f a sam ple o f the  a fo rem en tio n ed  duck  
fem urs and  fem urs from  8-wk old broilers 
th a t ex h ib ited  defin ite  darken ing  was 
m ade w ith  regard to  p e rcen t bon e ash, 
p e rcen t calcium  an d  p e rcen t p h o sp h o 
rous. T he duck  fem urs had significan tly  
( P < 0 . 0 5 )  higher p e rcen t bone ash than  
b ro iler fem urs (see Table 2).

T he calcium  co n te n t an d  the  p h o sp h o 
rous co n ten t o f the  ash o f the  d uck  fem urs 
was 38.72%  and 16.58%  while th a t fo r 
the co n tro l b ro ile r fem urs was 37.83%  
and 15.68% , respectively . These d iffe r
ences w ere n o t sign ifican t (P <  0 .0 5 ) (see 
Table 2).
C orre la tion  o f p e rcen t b o n e  ash and 
bon e darken ing

By rank ing  fo u r fem urs in o rd er o f 
increasing darkness (1 being the  ligh test 
and 4 the  da rk est)  and th en  de term in ing  
the p e rcen t bon e ash in the six rep lica
tions o f groups o f fo u r a test was m ade 
fo r a co rre la tio n  be tw een  p e rcen t bone 
ash and degree o f darkness. An analysis o f 
variance fo r the  24 sam ples and a D un
can ’s new  m ultip le  range tes t show ed no 
significan t d ifference in p e rcen t bon e ash 
for the m ean values o f  bones ra ted  1 
th roug h  4. W ith no  significan t d ifference 
betw een  the  ash levels o f g roup  m eans.

the  co rre la tio n  value ca lcu la ted  was n o t 
significan t. T he bones rank ed  1 as o p 
posed to  those  m arked  4 w ere signifi
can tly  ligh te r b u t n o t s ign ifican tly  d iffe r
en t in ash co n ten t. Ellis and  W oodroof
(1 9 5 9 ) rep o rte d  a co rre la tio n  be tw een  
darkening  and bone ash in pu lle t tibias 
bu t the  m agn itude and  the  sign o f the 
co rre la tion  were n o t rep o rted .

In a g roup  o f 65 co o k ed  fem urs th a t 
were rank ed  accord ing  to  degree o f da rk 
ness (1 being th e  ligh test) every fifth  
bone sta rtin g  w ith  1 was analyzed  for 
bone ash. A regression and co rre la tion  
be tw een  darken ing  an d  pe rcen t ash o f 
0 .35  was fou n d . These da ta  and data 
relative to  calcium  and p ho sp h o ro u s  co n 
te n t o f the  ash o f broilers an d  ducklings 
suggest th a t to ta l percen tag e ash m ay be a 
significan t d e te rm in an t o f bone d isco lo ra
tion .
C orre la tion  o f p e rcen t calcium  
w ith  b o n e  darkening

F rom  120 fem urs th a t w ere ranked  
accord ing  to  darkness (1 being the  ligh t
est), fo u r groups o f  th ree  bon es each were 
ev aluated  fo r calcium  w ith  the  resu lts  as 
show n in T able 2. An analysis o f variance 
and a D u ncan ’s new  m ultip le  range test o f 
the  group  m eans at the  5% level show ed 
no  significan t d ifference in calcium  co n 
te n t b e tw een  the  groups. N o significan t 
co rre la tio n  be tw een  the  am o u n t o f da rk 
en ing o f  a group  and the  p e rcen t calcium  
was in d ica ted .
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EFFEC T  OF TOCOPHEROL SUPPLEMENTATION ON THE Q UALITY OF 
PRECOOKED AND M ECHANICALLY DEBONED TU R K EY  MEAT

IN T R O D U C T IO N
THE D EV ELO PM EN T o f off-flavors in 
turkey, especially  in fu r th e r  processed 
products, is a p rob lem  o f increasing m ag
nitude. This increased p rob lem  is caused 
primarily by a trend  tow ard  a g rea ter 
production  o f p recoo ked  and  heat-and- 
serve p ro d u c ts . O ff-flavor deve lo p m en t in 
turkey p ro d u c ts  is due prim arily  to  o x id a 
tive ranc id ity  o f lipids.

Mecchi e t al. (1 9 5 6 a ) suggested th a t 
the degree o f u n sa tu ra tio n  o f fa tty  acids 
and the a m o u n t o f na tu ra l an tio x id a n t in 
the tissue govern the  resistance o f na tu ra l 
fats to  ranc id ifica tio n . M ecchi et al. 
(1953) s ta ted  th a t the  g rea ter toco p h e ro l 
content is the  p rim ary , if n o t the on ly , 
factor causing ch icken  fat to  be m ore 
stable th an  tu rk ey  fa t; they  rep o rte d  the 
fatty acid co m po sition  o f tu rk ey  and 
chicken to  be sim ilar. M ecchi e t al. 
(1956b) placed ch ickens and tu rk ey s  on a 
ration co n ta in in g  a n a tu ra l level o f to 
copherol and fou n d  th a t the  effic iency  of 
tocopherol dep osition  in the carcass fat 
was m uch g reater fo r ch ickens than  for 
turkeys. Dicks and M atterson  (1 9 6 1 )  fed 
different am ou n ts  ( 0 - 3 2 0  m g/lb o f ra
tion) o f to co p h e ro ls  to  ch icks and  foun d  
a direct re la tio nsh ip  be tw een  the  am o u n t 
of tocophero l fed in the  ra tio n  and th a t 
found in the liver.

P ickett e t al. (1 9 6 8 )  used su b cu tan e 
ous im plan ta tio ns o f v itam in E at 150, 
300, 600 and 1200 1U in tu rkey s  at 15 
wk of age. 6 w k la te r, these b irds were 
processed an d  placed in fro zen  storage for 
2 m onths. Less change in TBA num bers 
was found  in all groups th a t received 
vitamin E im p lan ta tio n s  th an  in b irds th a t 
received no su pp lem en ta l v itam in E.

Watts (1 9 6 2 ) fo u n d  th a t heating  lean 
meats su ffic ien tly  to  d ena tu re  the  p ro te in  
was a fac to r th a t increased the ra te  of 
oxidation in beef and po rk , and A costa
(1964) found  th a t the  ra te  o f o x id a tio n  
of total lipid varied be tw een  cooked  and 
uncooked tu rkey .

Webb et al. (1 9 7 1 ) s tu d ied  the effects  
of feeding d l-alpha-tocophery! ace ta te , 
Ethoxyquin and b u ty la ted  h y d ro x y  ani- 
sole on ranc id ity  develop m ent in p re
cooked, frozen b ro ile r parts. Feed ing  
broilers 5 o r 10 1U o f vitam in E per 
pound of ra tion  fo r 36 days p reslaughter, 
or 100 1U fo r 12 days p reslaughter 
resulted in TBA num bers below  those o f 
controls. These researchers concluded

th a t it is highly p rob ab le  th a t d iets and 
program s can be developed th a t will m ake 
the inclusion o f sy n th e tic  o r na tura l 
an tio x id an ts  econom ically  feasible fo r 
s tab ility  im prov em en t o f p recoo ked , fro 
zen products .

M axon (1 9 7 1 ) n o te d  th a t the in
creased use o f m echanical deboning  
eq u ipm en t led to  an even g rea ter problem  
of instab ility  o f m eat. Because o f in 
creased surface area, bone m arrow  and 
o th e r  fac to rs , the m echan ically  deboned  
tu rkey  p ro d u c t is highly suscep tib le  to  
lipid o x id a tion .

This s tu d y  was co n d u c ted  to  test the  
e ffec t o f to co p h e ro l su p p lem en ta tio n  o f 
tu rkey s  on the  s tab ility  o f p recooked  
frozen tu rk ey  and o f m echanically  de
boned  tu rk ey .

E X PE R IM E N T A L
LARGE WHITE MALE and female turkeys 
were raised to 8 wk on standard turkey starter 
and grower rations. Twenty turkeys of each sex 
were then placed in each of nine floor pens to 
which experimental treatments were assigned 
randomly (Table I).

At 20 wk of age for females and 24 wk of 
age for males, five birds each were removed 
from duplicate pens on each treatment and 10 
birds were removed from the “control” pen. 
Tire birds were slaughtered and held in slush ice 
for 18 hr before sampling. Raw breast and thigh 
samples were taken and immediately frozen at 
-25°C  for 0 time (raw) TBA determinations 
(Tarladgis et al., 1960); times and temperatures 
for sample handling were standardized for this 
procedure.

Whole turkeys were roasted in groups of five 
in a rotary hearth oven at 162°C to an internal 
breast temperature of 82°C. Breast and thighs 
(parts) were removed from the carcasses im
mediately. Some samples were used for TBA 
analysis (0 time cooked); others were frozen 
(-25°C ) and stored for 4 months for sensory 
testing and TBA analysis.

The precooked frozen samples were thawed

overnight in a refrigerator (5°C) and then 
heated at 162°C to an internal temperature of 
55°C for presentation to a trained taste panel. 
Samples also were taken at this time and frozen 
in liquid nitrogen for TBA analysis. Each panel
ist was presented five thigh and five breast sam
ples at each session and was asked to evaluate 
them for off-odor and off-flavor on an ascend
ing scale of 1 -8 ,  with 1 indicating impercep
tible change and 8 indicating extremely pro
nounced change. The samples were evaluated 
for flavor on an ascending scale of 1—8, with 1 
indicating extremely undesirable flavor and 8 
indicating extremely desirable flavor.

At 26 wk of age for males and 27 wk of age 
for females, five turkeys were selected from the 
control group and 10 from treatments 2 and 4 
for further testing. At the time of slaughter, the 
males had been off the vitamin E treatment and 
on the standard ration for 4 days. The females 
had been on the standard ration for 11 days. 
These birds were commercially processed and 
hand deboned. The remaining rib cage, sterum 
and neck were ground in a food chopper and 
mechanically deboned with a Beehive Deboner 
(model AV 1269MR). Samples of the mechani
cally deboned turkey (MDT) were collected, 
crust-frozen in a blast freezer, packed in ice and 
transferred to the Poultry Science Laboratories. 
Samples weighing about 40g were packed in 
Whirl-Pak bags and stored at 5°C or at -25°C . 
Triplicate TBA determinations were done daily 
for 7 days on samples stored at 5°C and at 0, 7, 
21, 35, 49 and 63 days for samples stored at 
-25°C .

R ES U L TS & DISCUSSIO N
TBA analysis

Overall TBA num bers (m g m alonalde- 
h y d e /1 0 0 0 g  tissue) were significan tly  
( P < 0 .0 1 )  affec ted  by trea tm en t, storage 
period , m eat typ e  (b reast o r th igh), tre a t
m ent x  storage period  in te rac tio n , tre a t
m ent x  m eat ty p e  in te rac tio n  and storage 
x  m eat ty pe  in te rac tio n . All to cophero l 
trea tm en ts  ex cep t fo r the 10 1U oral 
resu lted  in low er TBA num bers than

T a b le  1 - T r e a t m e n t  a rra n g e m e n t f o r  e x p e r im e n ta l tu rk e y s  

Treatment Description
1 Corn-soy ration (Control)
2 Control + 10 1U of vitamin E per pound of ration
3 Control + injected E equivalent to that of treatment 2a
4 Control + 100 IU of vitamin E per pound of ration
5 Control + injected E equivalent to that of treatment 4a

aAlpha-tocopheryl acetate in Tween 80 was administered weekly by 
subcutaneous injection on the back of the neck.
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Table 3 —M ean flavor, o ff-f la v o r a n d  o ff-o d o r  responses due to tre a t
m ent

Treatment HU of vitamin F) 
Oral Injected

Parameter Sex Control 10 IU 100 IU 10 IU 100 IU

Flavor F 4.79a 5.0 l ab 5.50c 5.16bc 5.21bc
M 4.90a 4.89a 4.90a 5.22a 4.88a

Off-flavor F 2.89a 2 .6 6 ab 2.13ab 2.4 l bc 2.04°
M 2.26a 2.06a 2 .1 Ia 1 67b 2.26a

Off-odor F 2 .0 0 a 2.05a 1 69b 1.74b 1,76b
M 1.71a 1.50a l.43a 1.40a 1 46a

“Values not followed by a common letter are different at the
P <  .01 level o f  s ig n ific an ce .

Table 2 —O verall m ean TBA num bers due to  
trea tm ent

Treatment (IU of vitamin E)
Oral Injected

Control 100 IU 10IU 10 IU 100IU

0.96a 0.93a 0.49b 0.56c 0.26d

a V alues n o t  fo llo w ed  by a c o m m o n  le t te r  
are d if fe re n t a t th e  P <  .01 level o f  sig n ifican ce .

those fo r co n tro l sam ples (Table 2). The 
lack o f d ifference in the one instance 
suggests th a t the 10 IU oral trea tm en t 
was to o  low  to  substan tia lly  increase the 
to cop h e ro l c o n te n t o f the  tissue. W ebb et 
al. (1 9 7 1 ) fo u n d  th a t 5 o r 10 IU o f 
vitam in E ad m in istered  orally to  broilers 
36 days p reslaughter significan tly  p ro 
tec ted  p recoo ked  bro iler parts during 
frozen storage.

F igures 1 and 2 illu stra te  the  e ffec t o f 
to co p h ero l su p p lem en ta tio n  on the  in 
crease in TBA num bers o f b reast and 
thigh , respectively , during co oking  and 
afte r 4 m o n ths  of frozen  storage of 
p r e c o o k e d  tu rk e y . The significant 
( P < 0 .0 1 )  tre a tm en t x  storage in te rac
tion  and these graphs show  th a t the 
increase in TBA num bers due to  cooking 
and due to  4 m on ths o f frozen  storage is 
m uch g rea ter fo r the co n tro l and at the 
low  levels o f su p p lem en ta tio n  than  at the 
higher levels o f su p p lem en ta tio n . Several 
researchers, L inew eaver e t al. (1 9 5 2 ), 
Zipser and W atts (1 9 6 1 ) and A costa 
(1 9 6 4 ), have n o ted  th a t cooking  increases 
the rate  at w hich m eat lipids oxidize.

Breast tissue (Fig. 1), w ith  an overall 
m ean TBA nu m b er o f 0 .52  (ca lcu la ted  
from  all da ta  used to  p lo t Fig. 1), was less 
rancid than  thigh (Fig. 2), w ith  a m ean 
value o f 0 .76  (ca lcu la ted  from  all data

used to  p lo t Fig. 2). This d ifference, 
significan t a t the P < 0 .0 1  level, was due 
in part to  the higher lipid co n ten t and 
greater am o u n t o f hem e p igm ents in thigh 
tissues. These results agree w ith  those  o f 
M arion and  F o rsy the  (1 9 6 4 ) w ho found  
th a t red m uscle show s a m uch m ore rapid 
rate o f o x id a tio n  than  does w hite m uscle.
Flavor

Panelists fo u n d  significan t (P <  0 .01 ) 
d ifferences in sam ples from  male tu rk ey s  
due to  days (days re fe r to  the six tasting  
sessions, w ith  one rep licate  group  pre
sen ted  at each session) and m eat type , 
bu t no t to  tre a tm en t (T able 3). Breast 
sam ples from  male tu rk ey s, w ith  a m ean 
flavor value o f  5 .18 , had m ore desirable 
flavor than  th igh sam ples, w ith  a m ean 
flavor score o f 4 .7 3 . This agrees w ith 
TBA num bers w hich ind ica ted  th a t breast 
m eat from  m ales had sm aller am o u n ts  o f 
o x id a tio n -b reak do w n  p ro d u c ts  than  did 
thigh m eat. Panelists also fo un d  a signifi
cant ( P < 0 . 0 5 )  tre a tm en t e ffec t when 
evaluating  sam ples from  fem ales fo r fla

vor (Table 3). T hey  p referred  the  m eat 
from  tu rk ey s  sup p lem en ted  w ith  100 IU 
oral, 100 IU in jec ted  o r 10 IU in jected . A 
d ifference was d e tec ted  betw een  the tw o 
levels o f  oral su p p le m en ta tio n  o f vitam in 
E, b u t n o t be tw een  the  tw o  levels in 
jec ted .
O ff-odor

Panelists fo u n d  sign ifican t d ifferences 
( P < 0 . 0 1 )  in o ff-o d o r due to  days and 
m eat ty p e . The d ifference be tw een  days 
is d ifficu lt to  u n d erstan d  because each 
d a y ’s sam ples were rep licates o f the sam 
ples p resen ted  on the o th e r  5 days o f 
testing. This “ d a y ” e ffec t was n o t n o ted  
in su bsequ en t TBA analyses on the sam 
ples. F o r m eat ty p e , the panel results 
agree w ith  TBA n um bers. T high m eat 
from  male tu rk ey s, w ith  a m ean o ff-o dor 
score o f 1.71, had a m ore p rono unced  
o ff-o d o r than  did breast sam ples w ith  a 
score o f 1.29. Fem ale th igh sam ples, w ith 
a m ean o ff-o d o r score o f 1 .98. had m ore 
o ff-o d o r d evelop m ent than  did breast 
sam ples w ith  a m ean o ff-o d o r score of

T 1  =  0 T i m e  ( R aw)

T 2  -  0 T i m e  ( C o o k e d )

T 3  = 4 M o .  Freezer S t o r a g e  
( C o o k e d )

T 2

1 0  I U  O r a l  1 0  I  U I n j e c t e d  1 0 0  I  U O r a  1  1 0 0  I U  i n j e c t e d

T o c o p h e r o l  T r e a t m e n t

1 . 5 0

1 . 2 5

1.00

S o.7s

£  0 . 5 0

0.25

0

T 2

C o n t r o l

T 3

T 1  -  0 T i m e  ( R a w)

T 2  -  0  T i m e  ( C o o k e d )

T 3  -  4 M o n t h »  f r e e z e r  S t o r a g e  ( C o o k e d )

T 2

1 0  I U  O r a l  1 0  I U  I n j e : * s < i  1 0 0  I U  O r a l  1 0 0  I U  I n j e c t e d  

T o c o p h e r o l  T r e a t m e n t

Fig. 1—E ffe c t o f  trea tm ent a n d  storage p e rio d  on TBA num bers o f  

tu rkey  breast.
Fig. 2 —E ffe c t o f  tre a tm e n t a n d  storage p e rio d  on TB A  num bers o f  
tu rk ey  thigh.
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Table 4 —M ean TB A  num bers fo r  m ech an i
cally deboned tu rk ey

„ Treatment (IU of vitamin E)
Storage

temperature Control 10 IU Oral 100 1U Oral

5°C 2.49a 1.02b 0.67b
-25°C 0.47a 0.53a 0.22b

a Values n o t  fo llo w ed  by a c o m m o n  le t te r  
are d iffe ren t at th e  P <  .01 level o f  s ig n ifican ce .

1.72. These results agree w ith  TBA n u m 
bers and are sign ifican t a t the  P < 0 .0 1  
level. Panelists also fo u n d  a significan t 
( P < 0 .0 1 )  tre a tm en t e ffec t on  o ff-o d o r 
developm ent in sam ples fro m  fem ales, 
but no t in those  from  m ales (T able 3). 
Control and 10 1U oral tre a tm e n t sam ples 
had greater o ff-o d o r dev e lop m en t than  
did sam ples from  100 IU oral, 100 IU 
injected o r 10 IU  in jec ted  trea tm en ts . 
This suggests th a t to c o p h e ro l tre a tm en t 
at the h igher levels has som e stabiliz ing  
effect on o ff-o d o r deve lop m en t in fem ale 
turkey tissues. These resu lts  agree w ith  
TBA num bers.
Off-flavor

Significant (P  <  0 .0 1 ) d ifferences in 
off-flavor were fou n d  due to  m eat ty pe , 
treatm ent and days. B reast sam ples from  
males, w ith  m ean o ff-flavor scores o f 1.78 
were p referred  over th igh  sam ples, w ith  
mean off-flavor scores o f 2 .36 . T he sam 
ples from  male tu rk ey s  receiving th e  10 
IU of in jec ted  v itam in E had low er 
off-flavor scores th an  did th e  o th e r  tr e a t
ments (Table 3).

Off-flavor in sam ples from  fem ale tu r 
keys was s ign ifican tly  (P  <  0 .0 1 ) in flu 
enced by trea tm en t and m eat ty pe . Breast 
samples, w ith  an average off-flavor score

H U £ S

Fig. 4 —E ffe c t o f  — 25°C storage on TBA num bers o f  m echan ically  de

b o ned  tu rk e y  from  males.

o f 2 .28 , were p referred  over th igh  sam 
ples w ith  average scores o f 2 .57 . The 
panel responses to  o ff-flavor o f  fem ale 
sam ples due to  tre a tm e n t show  the  sam e 
general trend  as did the  TBA num bers o f 
these sam ples. T he co n tro l sam ples had 
the  greatest degree o f o ff-flavor develop
m en t, and the  group  receiving 100 IU o f 
in jec ted  vitam in E had  the  least am o u n t 
o f off-flavor developm ent.

No significan t co rre la tio ns  w ere fo un d  
be tw een  TBA values and tas te  panel 
responses fo r  p reco ok ed  fro zen  sam ples, 
a lth oug h  th e re  were several instances in 
w hich the  tw o  m e th o d s o f evaluation  
fo llow ed the  sam e general tren d . T he lack 
o f co rre la tio n  is likely  due to  facto rs  
in fluencing  the  responses o f the  panelists. 
T he tra in ing  o f th e  panel, fo r  exam ple , 
m ay have been in su ffic ien t to  acq u a in t 
the  m em bers w ith  the  desired qualities o f 
tu rk ey . Panel m em bers, in a few  in 
stances, seem ed to  p refer tu rk ey  m eat 
th a t had som e degree o f ran c id ity  devel

o p m en t because it had m ore flavor than  
did fresh tu rk ey . A longer period  o f 
frozen  storage w ould  p ro b ab ly  have en 
hanced  tre a tm e n t differences. In fu tu re  
storage tests  on  p reco o ked  tu rk ey  m eat 
fo r the  d e tec tio n  o f oxidative ranc id ity  
dev elop m en t, the  sam ples should  be held 
in frozen  storage fo r 6 m o n ths  o r m ore.
M echanically  d eb o n ed  tu rk ey

S ignificant (P < 0 .0 1  and P < 0 .0 5 )  
sex, tre a tm e n t, days o f storage, sex x 
tre a tm en t in te ra c tio n  and trea tm en t x 
days o f storage in te ra c tio n  effec ts  were 
found  fo r the  m echanically  d eboned  tu r 
key (M DT). T able 4 show s the influence 
o f v itam in  E tre a tm e n t on m ean TBA 
num bers o f M DT held a t 5°C o r —25°C . 
F igures 3 an d  4 show  the  increases in 
TBA num bers w ith  increasing storage 
tim e o f sam ples from  m ale tu rkey s  held 
a t 5°C and —25°C , respectively . F igures 5 
and 6 show  co rrespon d ing  da ta  on sam 
ples from  fem ale tu rk ey s. In  ad d ition ,

T I  HE (D A Y S )

Fig. 3 —E ffe c t o f  S' C storage on TB A  num bers o f  m echan ically  de
boned tu rk ey  from  males.

T i n t  (D A Y S )

Fig. 5 —E ffe c t o f  5° C  storage on TB A  num bers o f  m echancically  de
bo n e d  tu rk e y  from  females.
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C o n t r o l  

1 0  I U  
1 0 0  I U

C o m m e r c i a l  S a m p l e

Fig. 6 —E ffe c t o f  —25° C  storage on TB A  num bers o f  m echan ically  de- 
boned  tu rk ey  from  females.

Figures 5 and  6 show  th e  change in a 
sam ple ( “ co m m ercia l” ) tak en  from  the 
p la n t’s ow n supp ly  o f  MDT.

The da ta  in the  figures confirm  the 
relative suscep tib ility  o f MDT to  o x id a
tive change a t re frig era to r tem p era tu res  
(M axon, 1971), b u t th ey  also illustrate  
the ad ded  s tab ility  achieved w ith  an ti
ox id an t tre a tm en t to  the  grow ing tu rkey . 
As ex p ec ted , freezer storage ( —25°C ) 
m inim ized the ra te  o f oxidative change, 
as d e te rm ined  by TBA nu m b er, com pared  
w ith  re frigera to r storage. O th er ap p aren t 
changes in MDT, such as co lor o r func

tiona l p rop ertie s  were n o t m easured, but 
we w ould  ex p ec t such p rop ertie s  to  be 
u n a ffec ted  by a n tio x id a n t trea tm en t.
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AN EVALUATION OF THE ARMOUR TENDEROM ETER 
FOR AN ESTIMATION OF BEEF  TENDERNESS

IN T R O D U C T IO N
TENDERNESS is one o f the  m ost fa
vored a ttr ib u te s  o f  m eat. Most o f the 
common breeds have been selec ted  so 
that fed ca ttle  generally  provide ten d er 
meat. In sp ite o f th is, th e  need and desire 
to m onitor m eat ten derness, in the live 
animal, and th e  carcass, has increased.

A ttem pts to  relate  objective te n d e r
ness m easures o f raw  w ith  cooked  m eat 
have failed to  show  a significan t co rre la 
tion (W arner, 1928; Black et a l., 1931; 
Mjoseth, 1962; C arpen te r et al., 1965). 
Measured tenderness values fo r raw  m eat 
by the wedge ten d e ro m e te r , d en tu re  ten- 
derometer and grinder ten d e ro m e te r  were 
reported by C arp en te r et al. (1 965 ). T hey 
found the co rre la tion  w ith  a taste  panel 
to be small.

Various types o f pen e tro m e ters  have 
been used to  m easure te x tu re , firm ness, 
and tenderness. P ilk ington (1 9 6 4 ) used 
several shaped p e n e tro m e te r  po in ts  to  
measure firm ness and tenderness, bu t 
found no d irec t re la tio n sh ip  betw een 
these two qua lity  facto rs. B ourne (1 9 6 6 ) 
reported that the pu n c tu re  force for 
different punches on the sam e food  will 
be a function o f b o th  area and pe rim e ter 
of the punch used. A problem  o f great 
concern when using a p e n e tro m e te r  on 
raw meat has been the  failure to  ob ta in  a 
good relationsh ip  w ith  tenderness of 
cooked m eat. H innergard t and T uom y
(1970) reported  on a s tu d y  w hich evalu
ated the use o f a single pen e tra tio n  test o f 
raw meat to  p red ic t the ten derness of 
cooked m eat. T hey  rep o rted  th a t m ax i
mum force value gave the  best result.

The purpose o f th is research was to  
evaluate the A rm our “ te n d e ro m e te r” as 
an instrum ent su itab le  fo r th e  m easure
ment of raw m eat ten derness.

M A T E R IA L S & M ETHODS
THE BATTERY OPERATED tenderometer 
consisted of a probe assembly and a strain 
gauge. The probe assembly included 10 stainless 
steel needles, each 3 in. long, mounted on a 
manifold attached to a strain gauge, which is 
connected by cable to a peak force indicator. 
The depth of needle penetration is determined 
by a guard bar that regulates the penetration to 
exactly 2 in. The instrument was designed to be 
used on the raw longissimus dorsi muscle at the 
area of the 12th and 13th thoracic vertebrae 
while the carcass hangs from a cooler rail. Read
ings were taken on muscle chilled to a mini
mum of 39°F (4°C) but not more than 32°F 
(0°C), Hansen (1971). Consequently, a meas
urement was not taken until 24 hr after 
slaughter.

99 Angus steer carcasses weighing an average 
of 541 lb were evaluated for tenderness of the 
L. dorsi muscle. Breeding, feeding and environ
mental treatments of the animals were similar 
so as to reduce these potential tenderness vari
ables. All animals were trucked 140 mi from 
the station feed-lot to the abattoir. Feed and 
water were provided during the 24 hr rest peri
od prior to slaughter. 50 head were slaughtered 
24 hr after arrival at the plant and 49 head 
slaughtered after 48 hr.

The carcasses were ribbed 24 hr after slaugh
ter, between the 12th and 13th thoracic verte
brae, and a federal grader appraised each carcass 
for the amount of marbling and grade. Immedi
ately after grading, tenderometer readings were 
made at the plant on the L. dorsi muscle. The 
internal muscle temperature was recorded using 
a thermometer inserted into the L. dorsi mus
cle. One-half of each carcass was divided into 
wholesale cuts (26 hr postmortem) and the rib 
returned to the Station research laboratory for 
further study and analysis. Upon arrival at the 
laboratory (30 hr postmortem), a second ten- 
dcrometer measurement of each L. dorsi mus

cle, its temperature and area tracing were each 
recorded. When the temperature of the L. dorsi 
muscle had equalized to 36° F (48 hr postmor
tem), a third tenderometer measurement of the 
L. dorsi muscle was made. Care was taken in 
the placement of the needles to avoid previ
ously penetrated areas of the muscle. The 
fourth measurement was made on the new L. 
dorsi muscle surface after a 2-in. thick slice had 
been removed (36° F, 48 hr postmortem).

A 2-in. thick slice of the penetrated L. dorsi 
muscle was removed from each wholesale rib, 
cooked in oil to an internal temperature of 
150°F (65.5°C) chilled to 40°F (4.5°C), cored 
(2.54 cm) and evaluated using the Warner- 
Bratzler shear instrument. Three 2.54 cm cores 
were removed from each steak and each core 
sheared three times (Kastner and Henrickson, 
1969). An adjacent 1-in. slice was removed 
from the L. dorsi muscle to provide tissue for 
histological observations and ether extract 
measurements.

Three 1.2 cm diam cores were removed 
from the dorsal, central and ventral areas of the 
1-in. thick muscle sample and placed in 10% 
formalin. The remainder of the muscle was 
made into a composite paste and analyzed for 
its fat content and iodine number (AOAC,
1965).

The formalin-fixed tissue provided fibers to 
be evaluated for their degree of rigor-mortis. To 
harvest the fibers, a single fascicula was placed

Table 2 —Analysis o f  variance

Source DF MS F
Animal 98 15.506 5.79**
Tenderometer 3 263.364 98.39**
Error 294 2.677
Total 395

**P  <  O.OOt

Table 3 - M e a n  shear force, degree rigor fibers an d  tenderom eter  

values fo r bovine L. dorsi m uscle

Table 1 -M e a n , s tandard  deviation  a n d  range fo r  carcass an d  tissue 
variables o f tested anim als

Std
Mean dev Range

Carcass wt lb 541.0 57.6 406-666
L. dorsi area sq in. 10.2 1.1 8.1 12.9
Fiber diam g 64.2 6.4 50.2-81.2
Carcass grade score® 10.4 1.2 8.0-13.0
Marbling scoreb 5.2 1.1 U> Ö 1 oo Ö

Ether extract % 5.8 1.9 2.3-11.3
‘ Carcass score ranged  fro m  8 (average  g o o d ) to  14 ( to p  p rim e). 
“Marbling sco re  ran g ed  fro m  3 ( tra c e s )  to  9 ( a b u n d a n t) .

Std
Mean dev Range

Shear force lb 18.29 4.3 9.9-33.3
Degree rigor % 36.37 15.3 14.0-83.4
Tenderometer

Aa lb 17.10 2.6 12.0-23.4
Bb lb 14.72 2.5 9.0-20.0
Cc lb 14.96 2.3 9.7-20.5
Dd lb 13.12 2.2, 8.4-18.4

a A -M u s c le  te m p e ra tu re  37 .3° F, 24  h r p o s tm o r te m , in  p lan t m eas
u re m e n t

b B —M uscle 4 1 ° F , 30 hr p o s tm o r te m , in lab  m ea su re m e n t 
c C —M uscle 36° F, 4 8  hr p o s tm o rte m , in lab  m ea su re m e n t 
d D —A 2-in. slice w as re m o v ed  an d  p e n e tra t io n  w as m ade  in to  the  

new  m usc le  su rfa ce , 36° F, 4 8  hr p o s tm o rte m .
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Table 4 —In fluence  o f  fa t level upon the tenderom eter a n d  shear forces Table 5 —Io d in e  values o f  fa t from  the

E. extract % 2-3 .9 4 -5 .9 6 -7 .9 8-9 .9 bovine L. dorsi m uscle

Tenderometer
Aa
Bb
Cc
Dd

Shear force

lb
lb
lb
lb
lb

16.10 ± 2.6 
14.55 ± 2.3 
14.25 ± 2.2 
12.51 ± 2.2 
20.47 ± 4.7

16.90 ± 2.8 
14.38 ± 2.6 
14.66 ± 2.8 
12.09 ± 2.1 
18.48 ± 4.3

17.33 ± 2.1 
14.75 ± 2.5 
15.11 ± 1.5 
13.99 ± 1.8 
17.49 ± 3.4

18.82 ± 2.9 
15.75 ± 2.7 
16.65 ± 1.6 
15.03 ± 1.9 
15.77 ± 4.5

Fata Range
3.4% 3.1-3.8%  
9.2% 8.2-11.3%

Iodine value
44.5%
43.3%

aTwelve muscle samples fat level; each measure was were used at each 
made in duplicate.

a A —In -p lan t te n d e ro m e te r  m ea su re m e n t
" B - T e n d e r o m e te r  m e a su re m e n t 30  h r p o s tm o rte m
c C —T e n d e ro m e te r  m ea su re m e n t 4 8  h r  p o s tm o rte m
d D —M uscle p e n e tra te d  4 8  h r p o s tm o r te m  using  n ew  su rface

Table 6 —In flu e n ce  o f  L. dorsi area upon th e  tendero m eter a n d  shear forces

L. dorsi areas sq in. 00 1 00 kO 9 -9 .9 10-10.9 11-11.9 12-12.9
Tenderometer

Aa lb 19.33 ± 2.3 17.48 ± 2.7 17.04 ± 2.4 16.10 ± 2.4 13.40 ± 2.4
Bb lb 16.20 ± 2.4 15.13 ± 2.4 14.63 ± 2.6 13.75 ± 2.3 12.13 ± 2.4
Cc lb 16.05 ± 2.2 15.27 ± 2.1 15.22 ± 2.6 13.87 ± 1.9 13.00 ± 2.0
Dd lb 14.41 ± 2.0 13.60 ± 2.2 13.04 ± 1.9 12.03 ± 2.4 11.03 ± 1.3

Shear force lb 20.01 + 3.1 18.25 + 4.5 18.13 + 4.5 17.63 + 4.0 20.96 + 6.8
a A —In -p lan t m e a su re m e n t
b B —M e asu rem en t 30  hr p o s tm o rte m
c C —M easu rem en t 4 8  hr p o s tm o rte m
d D —M uscle p e n e tra te d  4 8  h r  p o s tm o r te m  using a n ew  su rfa ce

Table 7 —In flu e n ce  o f  fib er d iam e te r upon the te nde ro m e ter an d
shear forces

Fiber diam 5 0 -5 9 60 -6 9
Tenderometer

Aa lb 17.64 ± 2.7 16.91 ± 2.7 16.90 ± 2.5
Bb lb 15.40 ± 2.5 14.62 ± 2.6 14.12 ± 2.4
Cc lb 15.66 ± 2.0 14.61 ± 2.3 15.07 ± 2.5
Dd lb 13.14 ± 2.5 13.00 ± 2.3 13.18 ± 1.9

Shear force lb 18.08 ± 3.7 18.70 ± 4.1 17.72 ± 5.5
a A —In -p lan t m ea su re m e n t
b B—M easu rem en t 30  hr p o s tm o r te m
^ C —M e asu rem en t 4 8  h r p o s tm o r te m
“ D —M uscle p e n e tra te d  4 8  h r p o s tm o r te m  using  a n ew  su rface

Table 8 —In flu e n ce  o f  degree rigor upon the tendero m eter a n d  shear forces

Degree rigor % 10-29 3 0-49 5 0 -6 9 70-89
Tenderometer

Aa lb 17.33 ± 2.7 16.80 ± 2.4 17.86 ± 3.5 15.40 ± 2.3
Bb lb 14.69 ± 2.3 14.55 ± 2.7 15.62 ± 2.3 13.28 ± 1.9
Cc lb 14.49 ± 2.3 15.22 ± 2.4 15.72 ± 1.5 13.60 ± 3.0
Dd lb 12.92 ± 2.3 13.10 ± 2.3 13.78 ± 1.9 12.38 ± 0.3

Shear force lb 17.55 + 3.7 18.50 + 4.5 18.55 + 5.5 22.49 + 1.9
a A —In -p lan t m ea su re m e n t
b B —M easu rem en t 30  hr p o s tm o rte m
c C -M e a s u re m e n t 4 8  hr p o s tm o rte m
d D —M uscle p e n e tra te d  4 8  h r p o s tm o rte m  using a n ew  su rface

in a mechanical mixer and stirred at a slow 
speed. When the fibers were dislodged, they 
were placed in a petri dish to be evaluated for 
degree of rigor and diameter measurement at 
lOOx magnification. Percentage rigor, or the 
amount of kinkiness characteristic of the fiber 
in rigor, was determined at the same time as 
fiber diameters were measured. For each fiber 
diameter measured a value was subjectively 
assigned to the condition of that fiber, this in 
turn was expressed on a percentage basis (Red
dy and Henrickson, 1967; Gillis and Henrick- 
son, 1969).

R E S U L T S & D ISCUSSIO N
ANIM ALS used in th e  investigation  were 
generally  hom ogeneous in so far as p ro 
d u c tio n  fac to rs  w ere co ncerned . Carcass 
w eight ranged fro m  4 0 6 —666  lb w ith  a 
m ean o f 541 lb (T able 1). T he carcasses 
w ere generally  m uscu lar as reflec ted  by 
the m ean L. dorsi area o f 10.2 ± 1.1 sq 
in ., w ith  a range o f 8 .1 —12.9 sq in. The 
fa t co n te n t o f the  L. dorsi m uscle, as evi
denced by the  e th e r  ex tra c t value, was
5.8 ± 1.9% (range 2.3 —11.3% ). T he desig
n a ted  average federal grade was choice 
w i t h  th e  n u m e r i c a l  s c o r e  b e in g  
1 0 .4 + 1 .2 .

A h ig h ly  s i g n i f i c a n t  d if fe re n c e  
(P <  0 .0 0 1 ) due to  an im al varia tion  and 
ten d e ro m e te r  read ing  was n o te d  (Table
2), th us  ind icating  th a t a m uscle d iffe r
ence was being registered  by the  ten d e r
om eter.

T h e  m u lti-po in t p e n e tro m e te r  was 
easy to  use in the  coo ler w hile w ork ing a 
rail o f carcasses. A m easu rem en t was 
rap id ly  m ade w ith o u t dam age to  the  car
cass o r d isrup tion  o f the  daily norm al 
cooler o p e ra tion . T he in -p lan t ten d e ro m 
e te r read ing, (T able 3, A) m ade on the  rib
L. dorsi m uscle, was h igher th an  any o f 
the  th ree  m easu rem en ts m ade on the 
w holesale rib  a fte r it was re tu rn ed  to  the 
lab o ra to ry  (T able 3, B, C and D). The 
p en e tra tio n  force variance m ay be a ttr ib 
u ted  to  th e  d ifference in p ro d u c t te m 
p era tu re , angle o f p e n e tra tio n , level o f 
fa t, m uscle size, fiber d iam eter a n d /o r  the 
degree o f fiber rigor. Since the  sam e m us
cle area was p e n e tra ted  a second  tim e, 
tissue d e stru c tio n  to o  m ay have a ffec ted  
the  reading. H ow ever, rep ea tab ility  m eas
u rem en ts  were m ade using 20 separa te rib

L. dorsi m uscle sections to  verify th is po 
ten tia l variable by inserting  the needles 
from  b o th  sides o f the  steak . The p en e tra 
tion  fo rce  o b ta in ed  by inserting  the  te n 
d e ro m ete r needles in to  the  m uscle from  
op p osite  sides o f a 3-in. th ick  section  o f

the L. dorsi m uscle gave sim ilar m ean 
readings (15 .3  ± 2 . 3  and 14.3 ±2 . 1  lb). 
While th is w ould  n o t be the  sam e as in
serting  the  need les in to  the sam e surface, 
it does reflec t good un it repeatab ility . 
W hen the  m uscle and co o ler tem pera tu res
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Table 9 —Corre lations am ong factors which tend  to  in fluence the tendero m etera

E. L. dorsi Fiber Deg. Tenderometer
Marbling extract area diam rigor A B C

Marbling 1.00
Ether extract 0.32
L. dorsi area -0.21 -0.21
Fiber diant -0 .04 0.01 0.08
Degree rigor 0.14 0.04 -0 .28 -0 .03
Tenderometer A 0.23 0.05 -0 .38 -0 .12 -0 .07

B 0.24 0.12 -0 .34 -0 .23 -0 .02
C 0.37 0.12 -0 .33 -0 .06 0.04 0.56 0.58
D 0.44 0.12 -0 .37 -0 .06 0.05 0.57 0.43 0.48

Shear force -0 .29 -0 .30 -0 .08 0.34 0.22 -0 .1 5 -0 .1 4 0.02
a Animals used (9 9 ) w ere 13 m o n th s  o f  age and o f  un ifo rm  breeding.

(36°F) were perm itted to  equilibrate (48  
hr), tenderom eter readings were not dif
ferent from those recorded at 30  hr post
mortem (Table 3). The in-plant tender
ometer force readings were always greater 
than at any other tim e (Table 3). This 
may have been influenced by the angle o f  
penetration.

The quantity o f fat within the L. dorsi 
muscle was found to influence the tender
ometer force reading. When the marbling 
level (ether extract) was betw een 2 -4% , 
the force registered by the tenderom eter 
was approximately 2.5 lb less than when 
the fat content ranged from 8 —10% (Ta
ble 4). While a larger quantity o f fat in 
the raw muscle increased the penetration  
force, it decreased the Warner-Bratzler 
shear force o f the cooked meat by 4 .7  lb. 
A partial correlation betw een the tender
ometer and shear force, holding ether 
extract constant, was - 0 .0 7  ( P < 0 .0 5 ) ,  
thus, indicating an inverse relationship  
between the tenderom eter and the shear 
force.

Even though the fatty  acid com p osi
tion of the intra-muscular fat may have 
an influence upon the tenderom eter  
force, fat hardness as reflected by the io 
dine number was not found to vary with 
fat quantity (Table 5). Muscle with 3.4%  
fat possessed an iodine number o f 4 4 .5 , 
while muscle with an average o f 9.2% fat 
was 43.3, reflecting no com position  dif
ference.

The L. dorsi muscle area ranged from
8-12.9 sq in. and exerted a profound  
influence upon the force required to 
insert the tenderom eter probe assem bly. 
The penetration force decreased as the L. 
dorsi muscle area increased (Table 6), 
thus indicating that bone and quantity o f  
external surface fat may have influenced  
the penetration force. A partial correla
tion between the tenderom eter and shear 
force holding L. dorsi muscle area con 
stant was -0 .1 9  (P <  0 .05).

Muscle fiber size was considered a fac
tor which would influence the penetra
tion force. Even though the fiber diam

eter ranged from 5 0 .2 —81.2  microns the 
force registered by the tenderom eter did 
not show  a significant relationship. Fibers 
ranging from 5 0 —60 microns in diameter 
required a greater force than fibers rang
ing from  7 0 —80 m icrons. The magnitude 
o f difference was only 0 .73  lb (Table 7). 
This trend agreed with the area o f the L. 
dorsi muscle even though the magnitude 
o f difference was not as great.

The extent to  which the muscle fibers 
are in rigor may have an influence on 
muscle fiber com pactness and therefore 
influence the penetration force. However, 
when the data were analyzed specifically  
for this parameter, no major difference 
was noted (Table 8). Warner-Bratzler 
shear force was not statistically related 
even though the force increased as the 
degree rigor increased. The quantity of 
fiber rigor ranged from 1 4 .0—83.4% and 
warrants further more precise study. This 
measurement was made on the tissue 48  
hr after death, recognizing that the 
elapsed tim e period would likely be suffi
cient for som e resolution to take place. 
Therefore, tenderom eter readings taken 
24 hr after death would likely be greater 
and more varied than a similar reading 
registered after 48 hr.

Connective tissue within the muscle 
would also be a factor influencing the 
tenderom eter reading. N ot only would  
the am ount o f connective tissue be an im 
portant variable, but its com position  
would also be influential. Connective tis
sue with large quantities o f  elastin would  
likely provide more resistance to penetra
tion than tissue com posed only o f the 
protein collagen. This variable was not 
evaluated but will be considered as the 
work is continued.

Correlation coefficients indicated that 
the Warner-Bratzler shear force machine 
and the Armour tenderom eter were not 
highly related (Table 9). The units likely  
measure a different elem ent o f tender
ness. The tenderom eter measures the 
force necessary to separate the individual 
raw muscle fibers, while the Warner-

Bratzler shear measures the force required 
to cut the cooked fibers at right angles to 
their long axis. A partial correlation anal
ysis betw een the tenderom eter and shear 
force holding ether extract and L. dorsi 
m u s c le  area  c o n s t a n t  w as —0.4 3  
(P <2 0 .01). The degree o f fiber rigor and 
fiber diameter were not significantly cor
related with the tenderom eter force. A 
taste panel analysis on these same samples 
or other techniques o f using the tender
om eter may have reflected a higher rela
tion sh ip  betw een tenderness and the 
tenderom eter force.
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INTRODUCTION
THE EFFECT of the addition o f con
densed phosphates on fresh and cured 
meats has been reported by many investi
gators. Several theories have been ad
vanced to explain the mechanisms by 
which the meat is affected by phosphates, 
alone or in com bination with the com 
mon salt, sodium  chloride. Water reten
tion, water binding, water-holding capac
ity, cured meat volum e, pH and meat 
swelling were studied to dem onstrate the 
effects o f the additives.

Several investigators have found a defi
nite effect o f pH on the water retention  
and swelling o f meat samples. Water 
retention in meat is at a minim um  at its 
isoelectric point, which is pH 5 .3 —5.5. 
Grau et al. (1 9 5 3 ), Hamm (19 6 0 ) and 
Wierbicki et al. (1 9 6 3 ) found that increas
ing the alkalinity o f the meat resulted in 
an increase in water retention properties. 
Hamm and Grau (1 9 5 5 ) reported that the 
sequestering effects o f som e phosphates 
resulted in an increase o f water retention, 
particularly by sequestering calcium and 
zinc ions o f a meat (Hamm, 1956). 
Wierbicki et al. (19 57 b ) reported that the 
addition o f calcium chloride and magne
sium chloride to beef increased the water 
retention properties when heated at 
70°C. Swift and Ellis (19 5 6 ) also showed  
an increase in water retention could be 
obtained by the addition o f magnesium  
chloride. Sherman (1961a) found that 
fluid retention, as affected  by sodium  
chloride or other neutral salt solutions, 
depended upon the degree o f ion absorp
tion by meat proteins. The anions are 
absorbed preferentially and are directly 
related to the fluid retention. With phos
phate solutions, fluid retention at 0 C 
shows a significant statistical correlation  
with pH. The ionic strength o f the solu
tion was im portant only insofar as it 
controlled the rate o f absorption. The 
greater the ionic strength, the greater the 
absorption o f ions. Mahon (1 9 6 1 ) found  
that salt concentration and not pH adjust
ment is the key to  obtaining maximum  
water retention in cured meats.

The role o f phosphates on the water 
retention and meat swelling has been 
studied by several investigators. Hellen-

1 P resen t address: U niversity  o f  Iow a, Iow a City , IA 52240

doom  (1 9 6 2 ) found that pyrophosphate  
and tripolyphosphate had a marked spe
cific activity on water retention in heated  
meat samples at a pH range o f 6 .0 —6.5, 
with pyrophosphate being slightly supe
rior. Other phosphates such as orthophos
phate and hexam etaphosphate had minor 
specificity o f several phosphates and 
found that tripolyphosphate had the 
highest activity follow ed by tetrapoly- 
phosphate, hexam etaphosphate, pyro
phosphate and orthophosphate, in that 
order.

Sherman (19 6 1 b ) found an overall 
reduction o f fluid retention in samples o f  
ground lean pork meat m ixed with solu 
tions o f alkaline phosphates or sodium  
chloride when the samples were heated at 
various temperatures. He reported that in 
samples w ith the additive concentrations 
not exceeding 2% and heated in a range 
of 25 —100°C, the maxim um  fluid reten
tion was at 50 C, follow ed by an overall 
decrease with increasing heating tem pera
ture.

Swift and Ellis (1 9 5 6 ) reported the 
im portance o f maintaining low  tem pera
tures in a range o f 0 —5 C in using 
alkaline phosphate additives to  obtain  
optim um  water retention activity in raw 
meat samples. These results showed that 
16 hr at 0°C was optim um  for maximum  
water retention. Mahon (1 9 6 1 ) found no  
effect o f holding time on meat samples 
with higher concentrations o f salts and

phosphate. However, at the lower concen
trations, an effect o f holding time was 
found. He also determ ined a synergistic 
effect on water retention by the addition  
o f salt and phosphates. An increase of 
water retention was found when a com 
bination o f salt and phosphates was used 
when compared with samples with only  
salt or phosphates.

Results o f  the previous works have 
dem onstrated the im portance o f both salt 
and phosphates in their role o f improving 
such meat quality characteristics as water 
retention, pH, and meat swelling. Al
though som e differences in the results are 
noted in the literature, these differences 
can be explained by m ethodologies used 
in determ ining the water-holding or wa
ter-binding capacities o f meats and the 
natural biological differences within the 
samples.

Recently the use o f sodium  tripoly
phosphate, alone or in a com bination  
with sodium  hexam etaphosphate, has 
been allow ed by the U.S. Departm ent of 
Agriculture, Consumer and Marketing 
Service, in cooked beef and fresh beef 
prepared for “ further cook in g” (U SD A , 
1970).

This study was conducted  to deter
mine the relative merits o f different 
sodium  polyphosphates with and w ithout 
sodium  chlorides on swelling (water
binding capacity) o f raw beef and water
holding capacity o f beef during heating

Table 1—E ffe c t o f  various phosphates, w ith  and  w ith o u t sodium  ch loride, on p H , swelling and  
shrinkage a t 7 0 ° C  o f  three d iffe re n t U S D A  Choice b e e f m uscles: longissimus (A ), biceps fem oris  
(B) an d  semim em branosus (C)

Phosphate
(0.5%) 1%

NaCl
pH % Swelling % Shrink

A B C A B C A B C
None - 5.50 5.70 5.50 26 26 37 25 26 28
Pyrophosphate — 5.95 6.10 5.90 83 94 83 17 20 21
Pyrophosphate + 6.10 6.30 6.20 140 77 100 9 8 11
TPP _ 5.85 5.75 5.70 83 43 71 18 24 23
TPP + 5.90 6.00 5.75 88 48 89 9 9 13
Curafos 22-4 _ 5.85 5.90 5.75 66 48 37 20 23 24
Curafos 22-4 + 5.80 5.90 5.80 60 60 66 9 10 16
Kena FP-28 _ 5.90 5.80 5.70 77 37 54 20 22 21
Kena FP-28 + 6.00 6.00 5.75 77 54 43 10 11 15
Hexametaphosphate — 5.60 5.60 5.50 43 31 54 22 26 28
Hexametaphosphate + 5.60 5.75 5.50 43 43 37 13 15 24
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Fig. 1—E ffe c t o f  heating tim e a t 6 0 ° C  on the 
shrinkage (w a ter-h o ld ing  ca pac ity ) o f  b e e f sem i
membranosus muscle.

Fig. 2 —E ffe c t o f  condensed phosphates on p H  
o f  b e e f sem im em branosus muscle.

Fig. 3 —E ffe c t o f  condensed phosphates on the 
sw elling o f  b e e f sem im em branosus muscle.

(reciprocal o f meat shrinkage), with  
emphasis on the water-holding capacity. 
The effect o f the additives on pH o f beef 
was also determ ined.

EXPERIMENTAL
Materials

The raw material utilized for this study was 
the semimembranosus, longissimus and triceps 
brachii muscles of USDA Commercial grade 
beef and in one experiment (Table 1) the semi
membranosus, longissimus and biceps femoris 
muscles of USDA Choice grade beef. The beef 
was chilled (nonfrozen), 3 -5  days post mor
tem, obtained from a local beef supplier. After 
removal of cover fat and visible connective tis
sue, the beef was ground through a 3/16 in. 
grinding plate and thoroughly mixed prior to 
each test.

The additives used were sodium chloride 
and the following food grade phosphates: sodi
um tripolyphosphate (TPP), sodium metaphos
phate (M P), sod ium  hexametaphosphate 
(HMP), tetrasodium pyrophosphate (PP) and 
two blends of commercial phosphates, Kena 
FP-28 (a mixture of TPP, PP and sodium acid 
pyrophosphate) and Curafos 22-4 (a mixture of 
TPP and HMP). (All phosphates were obtained 
by the courtesy of Calgon Corp., Pittsburgh, 
Pa.) These additives were added directly to 
ground beef, mixed thoroughly, and held over
night in a refrigerator (at 2-4°C ) prior to evalu
ation.
Methods

The water-holding capacity (meat shrinkage) 
was determined by the method of Wierbicki et 
al. (1957a) with the following modifications:
(a) The dimensions of the tubes were 180 mm 

long with a top chamber 35 mm in diam
eter (outside) and the bottom chamber 20 
mm in diameter. The bottom section of

the tube was graduated in divisions of 0.1 
ml from 0 -1 0  ml.

(b) Meat samples (with or without additives) 
were 20g. Each meat sample was run twice 
in duplicate. Each shrink datum tabulated 
or presented in the figures is an average of 
four tube readings with a standard devia
tion of less than ± 5% (relative).

(c) T he h e a tin g  times and temperatures 
varied, depending upon the experiment. 
The minimum heating time of the meat, 
with and without the additives, required 
to obtain representative shrink data was 
confirmed to be 30 min, as shown in a

V . NoCI IN AQUEOUS SOLUTION 
M E A T /SOLUTI ON -  1 /3

Fig. 4 —E ffe c t o f  sodium  ch loride, w ith  and  
w ith o u t TPP, on the swelling o f  b e e f sem i
m em branosus muscle.

preliminary experiment on checking the 
methodology (Fig. 1). Unless otherwise in
dicated, 30 min heating time was used for 
the shrink determination.

(d) After heating, the samples were centri
fuged at 900G (1000 rpm) for 15 min 
using an International Model V centrifuge 
and the amount of juices lost during heat
ing and centrifugation measured. This loss 
of juices, or the meat shrinkage, is ex
pressed as percent of the total weight of 
the samples.

The meat swelling (water-binding capacity) 
was determined by the method of Wierbicki et

Fig. 5 —E ffe c t o f  sodium  ch loride, w ith  and  
w ith o u t TPP o r  H M P , on the shrinkage o f  beef 
semim em branosus m uscle a t  70 ° C.
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al. (1962). A 50-g sample of beef, with or with
out additives, was blended at room temperature 
in a high speed blender with 150 ml of distilled 
water for 90 sec. 35g of the meat slurry were 
weighed in duplicate into 40 ml heavy glass cen
trifuge tubes. The samples were centrifuged at 
room temperature (21-25°C) for 15 min at 
1000 rpm in an International Model V centri
fuge. After centrifugation the volume (in ml) of 
the supernatant liquid was collected in a gradu
ate. The percent swelling was determined by 
the following formula (Wierbicki et al., 1962) 
where X is the grams of absorbed H20  per lOOg 
meat and S is the supernatant.

X = 300 -  (11.43 x  S) = % Swelling
Weight of slurry 35g; weight of meat in 
the slurry 8.75g; weight of added water 
in the slurry (3 5 -8 .75)g; S = super
natant in ml. (1 ml = 1 g).
% Swelling = [ (35—8.75)—S] /

8.75 x  100 
= (3-S /8.75) x  100 
= 300—(100/8.75) x  S 
= 300 -  (11.43 x  S).

All determinations were run in duplicate.
The pH of the meat samples was read di

rectly using a Beckman pH meter. The readings 
were taken prior to weighing the samples for 
the shrink determination.

RESULTS & DISCUSSION
Effect on pH

One o f the important effects o f  con
densed phosphates on  raw meats is eleva
tion o f pH from the isoelectric point o f  
about 5.5 towards the alkaline side, thus 
increasing the water-holding and water
binding capacities o f  meats (Wierbicki et 
al., 1962; Sherman, 1961b; Hellendoorn, 
1962; Hamm, 1960; Mahon, 1961). Fig-

3 5 -
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Fig. 6 —E ffe c t o f  various phosphates on the 
shrinkage o f  b e e f semim em branosus m uscle a t  
70° C.

ure 2 shows the effect o f various phos
phates on the pH o f sem im em branosus 
raw beef. Pyrophosphate was most effec
tive in raising the pH o f beef, with MP 
showing practically no effect. Hexameta- 
phosphate also has a very small effect on  
pH (Table 1). The effect o f TPP on pH is 
much less than that o f PP. The effect o f  
the com m ercial Kena FP-28 and Curafos 
22-4 phosphate mixtures was comparable 
with that o f TPP (Fig. 2 and Table 1).
Effect on meat swelling

Data show n in Figure 3 present the 
effect o f the phosphates on the swelling 
o f beef. The effect is greatest for PP to be 
follow ed by the com m ercial mixture 
Curafos 22-4 and TPP. The effect o f  MP 
is negligible. The effects o f HMP and Kena 
FP-28 on the meat swelling are smaller 
than found for PP and TPP (Table 1). 
This is in agreement with the findings on 
HMP by others (Bendall, 1954, Hellen
doorn, 1962; Yasui et al., 1964).

The relative effect o f the phosphates 
on meat swelling is comparable to their 
relative effect on pH. This indicates that 
the elevation o f the pH is one o f  the 
important effects o f the phosphates in 
regard to the meat swelling. However, this 
effect o f TPP (and the com m ercial blend 
Curafos containing TPP) was greater on 
swelling than on the meat pH. This might 
be due to the hydrolytic effect o f  muscle 
ATP-ase on TPP, converting part o f  TPP 
to PP, which apparently has a specific 
swelling effect on lean meat in addition  
to its (PP) pH effect and ability to split 
m yosin B (actom yosin ) (Bendall, 1954; 
Sherman, 1961; Yasui et al., 1964). Based 
on the swelling data (Fig. 3 and Table 1), 
it appears that PP is probably the best 
phosphate for m eats in which the binding 
o f the added water is o f practical impor
tance.

To determ ine how condensed phos-

V . P H O S P H A T E S  IN  B E E F

Fig. 7 —E ffe c t o f  H M P  an d  Kena F P -2 8  in com 
parison w ith  o th er phosphates on the shrinkage  
o f  b e e f semim em branosus m uscle a t 70° C.

phates do effect swelling o f  meat in the 
presence o f different concentrations of 
added sodium  chloride (NaCl), ground 
sem im em branosus muscle o f beef was 
blended with aqueous solutions o f NaCl 
ranging in concentration from 0 -10% ;  
the ratio o f meat to  the solutions was 
1/3. The results o f  this investigation are 
shown in Figure 4. Blending o f meat with  
1 and 2% NaCl solutions increased the 
meat swelling, follow ed by a decrease 
with 3 —5% NaCl in the solution  and then  
by a rapid increase in the swelling with 
increasing the NaCl concentrations in the 
solutions from 5% to 10%. Addition o f  
0.5% TPP to the NaCl solutions increased 
the meat swelling, but did not change the 
general pattern o f the change in the meat 
swelling with the NaCl additions. The 
results can be interpreted as follow s: 
initial increase in the meat swelling is due 
to the replacem ent o f Ca++ by Na+ on 
the meat proteins; the follow ing decrease 
in the meat swelling is due to the ex
change o f Mg++ and K+ by Na+ ; and the 
rapid increase in the meat swelling with 
increasing the NaCl concentration in the 
blending solutions from 5 to 10% is 
strictly an ionic effect o f NaCl on meat 
proteins. This interpretation is based on 
the previous work by Wierbicki et al. 
(1 9 6 3 ) on the relative effects  o f Ca++, 
Mg++, K++ and Na+ on meat swelling.
Effect on meat shrinkage

E ffect o f sodium  chloride. The data in 
Figure 5 show the effect o f sodium  
chloride, with 0.5% TPP or 0.5% HMP 
and w ithout added phosphates on the 
shrinkage o f  beef during heating at 70 C 
for 30 min. When no phosphates are 
added, the low est shrink (the highest 
water-holding capacity) is achieved at
3 -5 %  additions o f NaCl. However, when 
used with 0.5% TPP, the great reduction  
in shrink is obtained already with the 
addition o f 1% NaCl reaching the greatest 
reduction at 4% NaCl addition followed  
by a rapid increase in the meat shrinkage 
by increasing the NaCl additions from 5% 
to 10%. The com bined effect on  the 
reduction o f meat shrinkage using 0.5% 
TPP with 1 —4% NaCl is tw ice as great as 
using NaCl additions alone. The com 
bined effect o f NaCl and TPP on the 
water-holding capacity o f meat can with
stand a prolonged heating period, for 
exam ple 180 min at 65°C  (Fig. 1).

The effect o f  0.5% HMP in com bina
tion with NaCl was not as great as that of 
TPP with NaCl. The relative effect, how
ever, with the increasing additions of 
NaCl, follow ed a similar pattern as that 
found for TPP.

The great synergistic effect o f TPP 
with small am ounts o f  NaCl (0.5 to about
1.5%) suggests a possibility o f obtaining 
precooked beef item s with a low  shrink 
and none or only a slight salty taste.

Effect o f phosphates. Results on the



W A T E R  H O L D I N G  C A P A C I T Y  O F  B E E F - 8 6 3

2 5 -

5-

01----------1---------- 1---------- 1---------- 1------0 0 .2 5  0 .5  0 .75  I.O
%  PHOSPHATES IN BEEF

Fig. 8 - E f fe c t  o f  various phosphates, in com 
bination w ith  1.5% N aC I, on the shrinkage o f  
beef semimembranosus m uscle a t 70° C.

effects o f four polyphosphates w ithout 
NaCI addition, on  the beef shrinkage at 
70 C are show n in Figure 6. The data 
indicate that PP and TPP are most e ffec
tive in reducing the m eat shrinkage, fol
lowed by the com m ercial polyphosphate  
mixture Curafos 22-4; however, there was 
practically no effect o f MP.

In another experim ent a com parison  
was made betw een HMP and com m ercial 
blend Kena FP-28 with the three m ost 
effective phosphates investigated previ
ously (PP, TPP and Curafos 22-4), (Fig.
7). The results confirm ed previous find
ings (Fig. 6 ) that PP has the greatest 
effect on shrink reduction follow ed by 
TPP and Curafos 22-4. The com m ercial 
blend Kena FP-28 had the same effect as 
Curafos 22-4 and was very close to  the 
effect by TPP. However, the effect o f  
HMP on the reduction o f the meat 
shrinkage was very small.

Figure 8 show s the effect o f different 
phosphates on the shrinkage o f beef at 
70°C in com bination with 1.5% NaCI. PP, 
TPP and the com m ercial m ixture Curafos
22-4 were m ost effective in reducing the 
meat shrinkage, with practically no effect 
by MP. However, contrary to when phos
phates are used alone (Fig. 6 and 7 ), in a 
combination with 1.5% NaCI, the m axi
mum effect o f PP, TPP and Curafos 22-4  
on the shrink reduction are achieved 
already with 0.5% additions o f  the p oly
phosphates w ith practically no further 
effect by increasing the polyphosphates  
additions to 1.0%. At a lower heating  
temperature than 70°C  the m axim um  
effect on the reduction o f meat shrinkage 
is achieved at even lower additions o f  
phosphates than 0.5%. Inform ation given 
in Figure 9 indicates that the shrinkage o f

Fig. 9 —E ffe c t o f  various phosphates, in c o m b i
natio n  w ith  1.5% N a d ,  on the shrinkage o f  
b e e f sem im em branosus m uscle a t 6 0 °  C.

beef, with added 1.5% NaCI, is at a 
minim um  o f 0 .2 5 —0.3% additions o f PP, 
TPP or Curafos 22-4. As show n previ
ously (Fig. 6 and 8 ) MP cannot be used to  
control the shrinkage o f  beef during 
cooking.

E ffect o f phosphates on different mus
cles. Three m uscles from the same carcass 
o f the USD A  Choice grade beef, were 
used in this study. They were longissimus 
(loin), sem im em branosus (top  round) and 
biceps fem oris (bottom  round) muscles. 
The effects o f  various phosphates w ith  
and w ithout 1% NaCI, were investigated  
in regard to pH, swelling and the water
holding capacity (m eat shrinkage at 
70°C ) o f  the meat samples. The results o f  
this investigation are tabulated in Table 1. 
The data indicate that for all three 
muscles PP had the m ost pronounced  
effect on water-holding capacity, fo l
low ed closely  by TPP, Curafos 22-4  and 
Kena FP-28; HMP had the smallest effect. 
Pyrophosphate caused the greatest effect 
in the increase o f  pH and swelling in the 
three m uscles. The tw o comm ercial 
blends, Kena FP-28 and Curafos 22-4  
gave similar results for pH and the water
holding capacity. H exam etaphosphate 
was the least effective in increasing the 
pH and the meat swelling and reducing 
the meat shrinkage during cooking, thus 
confirm ing the previous results. Longis
simus m uscle appears to have the highest 
water-binding (sw elling) properties and 
sem im em branosus m uscle the low est 
water-holding (the highest shrink) capac
ity. Longissimus and biceps fem oris mus
cles have similar water-holding properties.

Com bined effect o f tripolyphosphate 
and hexam etaphosphate. The recent 
approval o f the use o f  sodium  tripoly

Fig. 10—E ffe c t o f  various com binations o f  TPP  
an d  H M P , w ith  an d  w ith o u t salt, on the shrink
age o f  b e e f a t 70 ° C.

phosphate and sodium  hexam etaphos
phate by the U.S. Department o f  Agricul
ture in cooked and fresh beef (U SD A , 
197 0) led to  the testing o f these tw o  
phosphates in various com binations on  
water-holding capacity o f  beef. Muscles 
selected for this study were the sem im em 
branosus, longissim us and the triceps bra- 
chii o f a USDA Com m ençai grade carcass 
o f chilled beef. The ground meat samples, 
w ithout and w ith 1% NaCI, were used for 
the shrink determ ination at 70°C . The 
data in Figure 10 show that 0.3% TPP 
and 0.1% HMP, when used with 1.0% 
NaCI, resulted in the greatest reduction in 
shrink for the three m uscles investigated. 
As the am ount o f HMP in the phosphate  
m ixture added to  the meat increases, the 
shrink increases. In samples w ithout the 
NaCI, the increase o f shrink is also noted  
as concentration o f HMP in the phos
phate m ixture is increased. In both in
stances, the longissim us m uscle gave the 
greatest shrinkage (the low est WHC) 
during the heating at 70°C .
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INTRODUCTION
CHANGES in production and marketing 
procedures for meat in the U.S. for the 
past few  decades have been recently  
described by Daly (1 9 7 1 ). Im provem ents 
in efficiency o f processing, handling and 
preservation o f meats have com e about 
partly because o f use o f temperature 
control and vacuum packaging. The use 
of liquid nitrogen for freezing with later 
transportation o f wholesale cuts o f  beef 
may be advantageous for the continuous  
operations o f centralized cutting and 
packaging o f beef. Liquid nitrogen refrig
erant has enabled transportation o f meat 
over long distances with w holesom eness 
maintained.

Flash freezing with liquid nitrogen has 
been successfully used for several meat 
products (K uschfeldt and Thiel, 1970; Li 
et al„ 1969; Gray, 1967; Varner, 1966). 
Dixon and Robe (1 9 6 6 ) have also re
ported “ upgrade” arrival values o f  red 
meats by use o f  liquid nitrogen sprays for 
transportation.

Previous studies on bacteriological 
quality o f retail cuts dem onstrated that 
loins shell frozen with liquid nitrogen

could be held at room  temperature for 2 
and 3 days w ithou t undue health hazard 
(R ey et al., 1971). Since diurnal varia
tions in temperature are usually encoun
tered during transport, further interest 
was focussed on the effect o f fluctuating  
temperatures during holding o f  frozen  
loins.

In the present investigation, conven
tional air blast freezing or shell freez
ing with liquid nitrogen was follow ed  
by holding o f the frozen primal cuts 
at varying temperatures. M icrobiological 
spoilage and organisms on steaks prepared 
from the primal cuts were investigated.

MATERIALS & METHODS
BEEF LOINS obtained from different process
ing plants on the day of slaughter were divided 
into three wholesale cuts in the University 
Meats Lab. One of the wholesale cuts was 
divided into steaks, which served as controls. 
The initial quality of the fresh meat was tested 
by sampling immediately after arrival of the 
meat from the packing plant. Steaks from the 
fresh controls were packaged and stored under 
conditions similar to those in a retail store, with 
later analysis at intervals.

Another portion of the loins tested was

shell-frozen for 6 min by a liquid nitrogen spray 
in a freezer tunnel. The remaining third of each 
loin was frozen to an internal temperature of 
-29°C  in a cold room with forced air circula
tion at a temperature of -3 7  ± 3°C.

AH the frozen loins were held in insulated 
boxes for 44 hr without further refrigeration.

Styrofoam boxes were used for holding the 
frozen loins as follows: (1) the boxes used were 
14 x  14 x  14 in., with a thickness of 1 Vt in., 
providing sufficient capacity to tightly pack the 
beef from each treatment, so that the box was 
almost completely filled; (2) empty boxes were 
first pre-cooled with either liquid nitrogen or 
air in the freezer room, in accordance with the 
treatment of the meat to be packed in them;
(3) after sealing the liquid nitrogen and the air- 
frozen loins in separate boxes, the boxes were 
transferred through four different controlled 
temperature rooms in a sequence of 30° C for 8 
hr, 15°C for 12 hr, 42°C for 9 hr and 25.5°C 
for 15 hr. This sequence of times and tempera
tures was chosen to represent possible environ
mental conditions during holding and air trans
port, and was considered to be a rather severe 
test. After holding, steaks from the frozen loins 
were prepared, packaged, stored and sampled 
under conditions identical to those of the con
trols. Detailed descriptions of the freezer tunnel 
and packaging and storage methods for the 
steaks were presented in our previous report 
(Rey et al., 1971).

Table 1 —B acterio logical procedures em p lo yed

Quantitative
determinations3 Growth media Plating technique Incubation Confirmatory tests

Total aerobes Trypticase soy 
agar (BBL)b

Pour plates 15°C, 5 days

Fluorescent
Pseudomonas

Medium B of King 
et al., 1954

Surface plating 15° C, 6 days Fluorescence under 
UV light

Enterococci KF Streptococcus 
medium (Difco)c

Pour plates 37°C, 2 days

Coliforms Violet red bile agar 
(Difco)c

Pour plates 
(overlayed)

37°C, 24 hr Levine EMB agar 
(Difco)

Gostridium
perfringens

SPS agar (Angelotti 
et al., 1962)

Anaerobic pouches 
(Bladel and 
Greenberg, 1965)

37° C, 24 hr Motility and H2S 
(Angelotti et al., 1962)

Qualitative
determinations'1 Enrichment Isolation Confirmatory tests
Salmonella Procedure for meats 

(Galton et al., 1968)
BGS agar (Galton et al., 1968) TSI and agglutination 

(Galton et al., 1968)
Coagulase
positive
Staphylococcus

Broth medium of Wilson 
et al., 1959

Staph 110 medium with egg yolk 
(Herman and Morelli, 1960)

Tube coagulase test

aA swab techn ique  was used fo r sam pling 10 c m 2 of.surface. c D ifco L abo rato ries, D etro it, Mich.
b BBL Division o f  B ioQ uest, C ockeysville, Md. Sw ab techn ique  was used fo r sam pling 60 — 80 cm 2 o f  surface.
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Fig. 1—Tem peratu re  changes o f  frozen  loins during ho ld ing  a t  flu c tu a t

ing tem peratures.

Bacteriological procedures employed in the 
analysis of the steaks are summarized in Table 
1. The temperature of the frozen samples was 
recorded at the surface and the center during 
holding. An automatic recorder (Honeywell 
Potentiometer, Ft. Washington, Pa.) and prop
erly calibrated copper-constantan thermocou
ples were used for these measurements. Analy
sis of variance and multiple range comparisons 
(Duncan, 1955) were performed on the data.

RESULTS & DISCUSSION
Temperature o f the loins

Figure 1 shows that the loins frozen in 
air to  —29°C  were maintained in the 
frozen state for 44 hr during holding in 
insulated boxes. Only a small difference 
in temperature was observed betw een the 
center and the surface o f these loins. 
Temperature fluctuations in the environ
ment where the boxes were located dur
ing holding did not greatly influence the 
rate o f heat absorption o f the solidly  
frozen meat. The nature o f the air blast 
freezing process results in com plete freez
ing, in contrast to  the shell-freezing pro
duced by the liquid nitrogen spray.

The temperature at the center o f loins 
shell-frozen with liquid nitrogen follow ed  
the same pattern as observed in our 
previous work (R ey et al., 1971). Mini
mum temperature was attained at about 3 
hr after shell-freezing. Changes in environ
mental temperature did not cause fluctua
tions in the rate o f heat absorption at the 
center o f the loins. At the end o f the 
holding period (44  hr), the shell-frozen  
loins were still solidly frozen at the center 
(—2°C), and the surface temperature was 
6.5°C . In our previous work, the center 
of the loins dropped to  —22.5°C , 3 hr 
after freezing, as compared to a minimum  
of — 11°C in the present work. Possibly, 
som e difference in the thickness o f the 
ice crust at the surface may have account
ed for differences in the minimum tem 
peratures at the center, in the tw o phases 
o f this investigation. Similar to previous 
findings, a rapid increase in temperature 
follow ed the minimum with the center 
reaching - 2 ° C  at the 44th  hr o f holding. 
It should also be noted that in the present 
work the environm ental temperature of 
30°C was higher than the am bient tem 
perature o f 2 2 —28°C  in the earlier experi
ments. This too  could have influenced the 
difference in the minimum temperature 
at the center o f the loins after 3 hr o f  
holding, even in the insulated boxes. In 
the earlier work, the center o f the loins 
reached a temperature o f 0°C after 36 hr 
o f holding. The loins also were com 
pletely thawed when removed from the 
boxes after 48 and 72 hr. In the current 
work, the center o f the loins was still 
frozen after 44 hr. Differences in results 
as reported previously and as given here 
may be a result o f the reduction o f the 
ratio o f air to  frozen meat in the boxes. 
In both instances, the same type of

insulating material was used for the b ox
es. In considering the entire temperature 
range in this fluctuating temperature 
study, it should be pointed out that the 
mean am bient temperature was 26.8°C , 
compared to 27.5°C , which was the mean 
o f the ambient room temperature in the 
earlier studies. It is also o f interest to  
note that the thickness o f the boxes was 
less (on ly  1% in.) than that o f the boxes 
used earlier (7>h in .). Evidently, the thick
ness o f the box wall was not as im portant 
a determ inant o f temperature at the 
center o f the meat as was the mass of 
shell-frozen meat itself in relation to the 
capacity o f the box. Although the actual 
mass o f frozen meat was approxim ately  
the same in both parts o f this work, in 
the present study the meat alm ost com 
pletely filled the container since smaller 
boxes were used than in the earlier work. 
Less thermal energy from the environ
ment within the boxes was available for 
absorption by the meat, and the “ mass 
meat principle” cited by Gill (1 9 6 9 )  
created a continued refrigerating effect. 
The im portance o f filling the container to 
capacity, or at least nearly so, by the

shell-frozen product is em phasized by 
these observations.

On the surface o f the shell-frozen  
loins the tem perature increased rapidly 
after freezing, in contrast to the center of 
the m eat, since heat was absorbed from  
the environm ent as well as from the 
unfrozen center o f  the meat as the center 
became cooler. Equilibrium temperature 
betw een surface and center was —7°C, 
recorded 2 hr after freezing. After equili
bration, the tem perature o f the center 
continued decreasing for another hour 
while the surface tem perature increased. 
Once the thermal center o f the meat 
reached its low est reading, the rate o f  
heat absorption on the surface greatly 
dim inished, with practically no change in 
surface temperature during the remainder 
o f  the time the boxes were exposed to 
30°C  (5 additional hr) and then at 15°C 
(1 2  hr). When the containers were trans
ferred to an environm ent at 42°C , the 
rate o f  heat absorption at the surface 
increased fairly rapidly, but only a slight 
change occurred in the rate o f absorption  
at the center o f the loins. Subsequent 
holding at 25 .5°C  caused a drop in

Table 2 —Analysis o f  variance o f  bacteria  recovered from  steaks

Source of variation d.f. Total aerobes

Mean squares
Fluorescent

Pseudomonas Enterococci Coliforms
A. Treatment of loins 2 7.421a 4.795b 0.702 8.522a
B. Storage time of steaks 4 178.246a 214.220“ 29.00 l a 60.018“
C. Groups of loins 1 302.858a 838.1 17a 421.155a 1828.849“
A x  B 8 1,520b 3.401b 4.501a 2.538“
A X C 2 13.65 3a 1 l.593a 36.492a 17.798“
B x  C 4 11.133a 17.209a 32.966a 34.057“
A X B x  C 8 2.092a 5.271a 3.8()7a 13.134“
Error 150 0.613 1.382 0.730 0.572

S ig n if ic a n t  at 1% level 
^S ignificant at 5% level
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surface tem perature o f the meat during 
the first 5 hr, after which the temperature 
increased again, but at a very slow  rate. 
Since the center o f  the meat absorbs heat 
from the surface at a constant rate, 
changes in the tem perature differential 
between the environm ent and the meat 
surface would shift the balance betw een  
the am ount o f heat given up by the 
surface to the center and that taken up 
from the environm ent. C onsequently, a 
fluctuation in surface tem perature is pro
duced with changes in the tem perature o f  
the surroundings, while little change 
occurs at the center.
Bacterial counts

The analysis o f variance (Table 2) 
showed significant differences at the 1% 
level betw een treatm ents o f  the loins for 
total aerobic bacteria and coliform s re
covered from  the steaks, and at the 5% 
level for fluorescent Pseudomonas. Figure 
2 presents numbers o f  total aerobes devel
oping on the steaks stored at 5°C after 
being cut from  the loins. Differences in 
bacterial numbers betw een treatm ents 
were not due to differences in initial 
counts on steaks at the beginning o f  
storage, as may be seen from  Figure 2, 
and as confirm ed by sequential “ t” tests 
for significance.

Total aerobic bacteria increased at a 
fairly rapid logarithm ic rate after a very 
short lag phase on steaks from fresh loins 
(Fig. 2). In contrast, a longer lag phase 
was observed for organisms on steaks 
frozen by either liquid nitrogen or in air. 
The air-frozen sam ples, which, by the 
nature o f the process, were m aintained at 
the lowest tem peratures during holding o f

9
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D a y s  S t e a k s  S t o r e d  a t  5 ° C .

Fig. 2 —N u m b e rs  o f  a e ro b ic  b a c te r ia  re c o ve re d
from s te a ks  p re p a re d  fr o m  fresh  a n d  fro ze n
loins.

the loins had a slight decrease in numbers 
of bacteria on the first day o f storage o f  
steaks. However, a rapid logarithmic 
growth phase fo llow ed , so that bacterial 
counts were approxim ately equal to  those 
of sam ples from loins frozen cryogeni- 
cally by the third day o f storage at 5°C. 
Meat frozen by either o f the tw o m ethods 
showed low er counts than did the fresh 
meat during the first 3 days o f storage o f  
steaks; differences were significant. This 
was a result o f the delayed logarithmic 
growth observed for the frozen samples. 
Freezing undoubtedly caused m etabolic 
injury to bacterial cells and som e recov
ery tim e was needed for rapid growth to  
occur at 5°C; less injury may have re
sulted from cryogenic freezing that from  
freezing by air blast.

As with total aerobes, there was no 
significant difference in the initial num 
bers o f  fluorescent Pseudomonas on  
steaks from the three treatm ents. A 
longer lag phase fo llow ed by a rather 
rapid logarithm ic growth phase was also 
observed for steaks from the tw o freezing 
treatm ents as compared with fresh meat. 
Figure 3 indicates that no difference was 
evident betw een treatm ents for initial 
contam ination with coliform s, but the 
low est coliform  counts were maintained 
on steaks from  air-frozen loins during 
storage o f the steaks at 5°C. The rela
tively high susceptibility o f coliform s to  
freezing has been well docum ented.

Whether differences in freezing rate 
betw een liquid nitrogen and air freezing 
m ethods, or lower temperatures attained  
by air freezing caused delayed growth o f  
coliform s on air-frozen samples during 
storage at 5°C could not be determined

from this study. Liquid nitrogen appar
ently had little effect on ability o f co li
forms to grow during later holding o f  
meat at 5°C as compared with unfrozen  
beef, a finding in general agreement with  
our earlier results (R ey  et al., 1971).

O c c u r r e n c e  o f  coagulase-positive 
staphylococci on steaks during simulated 
retail storage is presented in Figure 4. The 
greatest incidence corresponded to steaks 
from fresh loins, while the low est was 
associated with air-frozen samples. The 
graph on the left in Figure 4 presents 
total percent o f recoveries o f coagu- 
lase positive staphylococci from steaks 
throughout the 7-day storage period at 
5°C after the steaks were prepared from  
loins having different freezing treatm ents 
and from freshly cut controls. Freezing 
by air blast resulted in fewer samples 
positive for staphylococci than did shell 
freezing with liquid nitrogen. The graph 
on the right side o f Figure 4 indicates 
that the percent recoveries o f staphylo
cocci from steaks prepared from freshly 
cut loins decreased progressively during 
storage o f the meat at 5°C. For exam ple, 
at the beginning o f the storage period, 11 
o f 12 steaks (92%) from fresh loins 
dem onstrated coagulase positive staphylo
cocci, but after 7 days, no such organisms 
were recovered.

N one o f the samples tested yielded  
Clostridium perfringens, indicating that 
the temperature o f the meat was su ffi
ciently low  during holding and refriger
ated storage to  inhibit the organism, or 
that sanitation practices were adequate to  
prevent recovery if the organism were 
present initially on loins before handling.

Salmonellae were recovered from 5 o f

Days S te a k s  S to r e d  a t  5 °  C.
Fig. 3 —Num bers o f  coliform s recovered from  steaks from  fresh and  
frozen loins.
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Fig. 4 —Incidence o f  coagulase-positive stap h y
lococci on steaks during storage a t  5° C. On le ft: 
Total percen t recoveries during entire 7-day 
storage period; on right: Percent recoveries on 
steaks from  freshly c u t loins only.

the 60 steaks analyzed from fresh loins, 
10 o f the 60 from liquid nitrogen-frozen  
loins, and 2 o f the 60 steaks from loins 
frozen in air. However, no conclusions 
should be made regarding treatm ent 
effect on Salmonellae, since the highest 
recoveries were made from loins that had 
the greatest initial contam ination with  
coliform s at the time steaks were pre
pared, regardless o f treatm ent. The degree 
o f contam ination rather than low tem per
ature treatm ent applied to the loins influ
enced the occurrence o f  the organism on 
the retail cuts. The meat was maintained  
at temperatures that are not conducive to  
growth o f  Salmonellae', recoveries o f the 
organism probably were associated with 
degree o f initial contam ination.

Work done by A ngelotti et al. (1961 )  
agreed with earlier studies on growth o f  
certain pathogens in refrigerated foods. 
These workers stated that no significant 
m ultiplication o f Salmonellae or staphy
lococci occurred for at least 5 days in

foods that they tested during storage 
betw een 4 .4  and 5.6°C . In our study, 
comparable results were obtained for 
incidence o f the bacteria during holding 
o f steaks at 5°C. Low temperature stor
age o f meat has been well established as a 
means o f retarding developm ent o f food  
poisoning organisms; these results lend 
emphasis to this concept.

Further work is in progress in an 
attem pt to characterize the types o f  
organisms present and to determ ine if 
differences in flora, such as coliform  
types, resulted from the different freezing 
m ethods.

In summarizing this work, the fo llow 
ing conclusions may be made: 1. The 
absorption o f heat from the environm ent 
can be retarded for frozen meat during 
transport and holding in insulated boxes 
w ithout refrigeration by good insulation  
and packing o f large cuts to  fill the boxes 
to maxim um  capacity; 2. From observa
tions on the solid ly frozen meat from  
air-blast freezing, indications are that 
increases in the depth o f  the frozen shell 
on liquid nitrogen treated meat would 
provide more efficient m aintenance o f  
the low  temperature o f the meat; 3. With 
low  heat absorption maintained during 
transport and holding, freezing by liquid 
nitrogen or air blast could effect an 
increase in the lag phase o f spoilage 
organisms on the m eat, resulting in an 
advantage for preservation o f subsequent 
retail cuts for about 3 days. This effect, 
however, may be neutralized during 3 —4 
days o f continued retail storage because 
o f later rapid growth o f  the surface 
bacteria; 4 . Shell freezing with liquid 
nitrogen for transportation and holding  
of wholesale cuts o f beef under condi
tions o f marked external temperature 
changes such as those used here would  
not increase the probabilities o f occur
rence o f food-borne disease organisms on 
the retail cuts.

It is em phasized that plants must 
operate with good sanitary practices to  
insure that the meat be o f good bacterio
logical quality if the procedures described 
here are to be successful.
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INTRODUCTION
FRESH MEAT is one major food product 
which is still processed and packaged at 
the retail level. The concept o f central
ized packaging has been applied in the 
processing and distribution o f cured and 
cooked m eats, but has only recently been 
applied to fresh meats. M ethods o f pack
aging fresh meats designed to enhance 
desirable color developm ent also permit 
aerobic bacterial growth.

The m ost com m on organisms asso
ciated with spoilage o f meats are o f 
the Pseudomonas-Achromobacter types, 
which are highly aerobic and are generally 
surface contam inants (Ayres et al., 1950; 
Kirsch et al., 1952; Rogers and McCles- 
key, 1957; Halleck et al., 1958; Ayres, 
1960; Gardner et al., 1967; Clark and 
Lentz, 1969; and Pierson et al., 1970). 
Although these are the predom inant 
types, lactobacilli, Micrococcus, Bacillus, 
Aspergillus niger, Microbacterium and 
others have been reported on fresh meats 
(Sulzbacher and McLean, 1951; Kirsch et 
al., 1952; Rogers and M cCleskey, 1957; 
Barlow and K itchell, 1966; Stringer et al.,
1969).

Oxygen concentration must be drasti
cally reduced to affect aerobic bacterial 
growth (King and Nagel, 1967; Shaw and 
Nicol, 1969; Ledward et al., 1971;Baran  
et al., 1970; Clark and Lentz, 1969; 
Gardner et al., 1967). Carbon dioxide  
inhibition o f aerobic bacterial growth was 
found to increase as tem peratures were 
lowered (Clark and Lentz, 1969). Carbon 
dioxide has been found to inhibit aerobic 
growth while not affecting lactic acid 
producing bacteria (Kraft and Ayres, 
1952;Ogilvy and Ayres, 1953; Gardner et 
al., 1967; King and Nagel, 1967; Clark 
and Lentz, 1969; Shaw and N icol, 1969; 
Baran et al., 1970; Ledward et al., 1971). 
The relative proportion o f lactic acid 
producing bacteria has been shown to 
increase on meats packaged anaerobically 
or in gas impermeable films (Jaye et al., 
1962; Gardner et al., 1967; Baran et al., 
1970; Pierson et al., 1970).

Color of fresh meats is o f primary 
importance to consum ers who assume 
that an acceptable color o f lean indicates 
freshness. Color o f meat is related to the
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heme pigm ents, particularly m yoglobin  
(F o x , 1966). The autoxidation rate o f  
m yoglobin in vitro is a first order reaction  
which increases as temperature increases 
(George and Stratmann, 1952; Snyder 
and Ayres, 1961; Brown and Dolev,
1963).

The objective o f this study was to  
investigate the effects o f storage at two  
different temperatures in air and in an
other gas m ixture on the m icrobiological, 
color and sensory qualities o f boneless 
pork chops.

MATERIALS & METHODS
Preparation and storage of samples

Pork used in this study was from pigs 
slaughtered and cut by conventional methods at 
the Auburn University Meats Lab. Three loins 
were chosen for a uniform color score of three 
for replications one and two, and a score of 
four for replication three using the Wisconsin 
(1963) standards as a guide.

During preparation of chops, loins were han
dled with plastic gloves, and all equipment was 
sanitized with a 200 ppm chlorine spray before 
each loin was cut. A section of each loin from 
the tenth thoracic vertebra to a point approxi
mately 7.6 cm anterior to the junction of the 
lumbar sacral vertebrae was boned and sliced 
into 1.5 cm thick chops 24 hr after slaughter. 
Each chop was placed in a styrofoam tray, over
wrapped with 0.5 mm plasticized polyvinyl 
chloride (PVC) film and heat sealed. Chops 
were randomly assigned to treatments as fol
lows: (1) 2.2°C air (control); (2) 2.2°C gas; (3) 
-2.2°C  air; and (4) -2.2°C  gas. Chops were 
stored in the dark for periods of 0, 5, 9 and 15 
days post packaging. Storage temperatures were 
maintained within 0.5°C during the storage 
period. A total of 144 chops were used in this 
study. Ledward et al., 1971, have shown that a 
combination of low 0 2 (0.2%) and 25% C 02 
will inhibit bacteria. While it is accepted that 
increased 0 2 tension improves color of fresh 
meat, Rikert et al. (1958), report no benefit 
from the use of 0 2 tensions above that of air. 
Based on these reports the gas mixture used was 
25% C 02 to inhibit microbial growth, 5% 0 2 
for improved color development and 70% N2 as 
filler.

A gas mixture was produced using a three 
module National simet proportional mixing 
valve. Packaged chops were placed in a saran 
bag, a vacuum of 50.8 cm Hg pulled, and the 
gas forced into the bag by pressure until filled. 
The vacuum was pulled again, and the gas was 
forced into the saran bag. The end of the bag 
was closed twice with metal clips, doubled and 
wrapped with a rubber band. The bags were 
placed at the selected temperatures for storage. 
No problems were encountered with bags leak
ing.

Microbiological analysis
At each storage time sample packages were 

aseptically opened, and the sample was placed 
in a sterile jar. The styrofoam tray was rinsed 
with 99 ml of sterile, buffered, distilled water 
which was poured into the jar containing the 
sample. The sample was rinsed on a Burrell 
wrist action shaker at a setting of 5 for 5 
min. Unpublished research (Cannon, 1972) has shown that this standard procedure is adequate 
to remove surface organisms from fresh meat. 
After appropriate dilutions were made from 
this rinse, the chop was removed, the outline 
traced on acetate paper, and surface area calcu
lated using a compensating polar planimeter to 
measure the surface area of the loin eye. A 
linear planimeter was used to determine circum
ference. Total surface area was calculated by 
adding the chop thickness times the circumfer
ence to the areas of both sides. Aerobic plate 
counts were made using the procedure recom
mended by the American Public Health Associ
ation (Sharf, 1966), and counts were expressed 
as numbers per cm2 of total surface area. Plates 
were incubated at 32°C for 48 hr. An average 
of three plate counts was reported as numbers 
of organisms per cm2.

Lactic acid producing bacteria were counted 
using McCaskey’s (1971) modification of Kulp 
and White’s (1932) method which involved 
mixing 0.75% calcium carbonate with tomato 
juice agar and counting only those colonies sur
rounded by a clear zone.

Anaerobic bacteria were grown on plate 
count agar in a Brewer anaerobic jar (Brewer 
and Allgeier, 1966) at 32°C for 48 hr. Since 
oxygen was not removed from the medium, the 
organisms that grew were microaerophiles, not 
strict anaerobes.
Color evaluation

Cool white lighting was installed to produce 
a color temperature of 4,000°K. and an inten
sity of 125 ft-c at the meat surface. A trained 
panel scored color using the Wisconsin (1963) 
scale. Objective color evaluations were made 
using the reflectance method of Ockerman and 
Cahill (1969).
Sensory evaluation

Immediately upon removal from storage 
overall acceptability (flavor, tenderness and 
juiciness) of cooked chops was rated by a six- 
member trained panel on a nine-point hedonic 
scale. Two chops from each of the four treat
ment groups were broiled in a preheated elec
tric oven 5 min on the first side, turned and 
broiled to an internal temperature of 57°C (ap
proximately 3 min). Chops were trimmed free 
of external fat, quartered, cooled to room tem
perature (to standardize panel evaluation) and 
served to the panel. Panel evaluations were 
made under red lights to eliminate bias because 
of color differences of cooked chops. Each 
panelist evaluated one sample from each of the 
four treatment groups at each session.
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RESULTS & DISCUSSION
SINCE PRESENT commercial practice 
uses air permeable films for meat pack
aging and storage at a temperature o f  
approxim ately 2.2°C , it is valid to con
sider this treatm ent group the control in 
this study.
Aerobic bacterial counts

Initial aerobic counts ranged from  
7.35 x  102 /cm 2 to 1.09 x  102 /cm 2 . 
Figure 1 shows the effect o f temperature 
on the numbers o f aerobic bacteria at the 
storage periods studied. Bacterial counts 
o f meat stored at —2.2°C  were lower 
(P <  0 .2 0 ) than controls throughout stor
age. The lag phase was more pronounced  
for bacteria at -2 .2 ° C  but the numbers 
increased steadily from the 5-day storage 
period to com pletion . This is in agree
ment with reports o f Jaye et al. (1 9 6 2 )  
and Gardner et al. (19 67 ).

Figure 2 shows the difference in num 
bers o f aerobic bacteria as affected by

Fig. 1—E ffects o f  tem perature on aerobic bac
teria.

Fig. 2 —E ffects o f  storage atm osphere on aer
obic bacteria.

storage in air (control) and storage in gas. 
Meat stored in gas had lower ( P < 0 .2 0 )  
counts for each period studied than con
trols. For the first 9 days, numbers o f  
bacteria increased more rapidly on meat 
in air storage than in gas storage. Other 
investigators (King and Nagel, 1967; 
Shaw and N icol, 1969; Ledward et al.,
1971) have shown that low  oxygen con
centrations will not inhibit aerobic 
growth unless the concentration is less 
than 5%. Since the oxygen concentration  
in the gas m ixture was 5% (to  improve 
color), it is unlikely that low  oxygen  
concentration was the inhibitory factor. 
Results o f this study agree with other 
workers (Kraft and Ayres, 1952; Ogilvy 
and Ayres, 1953; King and Nagel, 1967; 
Clark and Lentz, 1969; Shaw and Nicol, 
1969; Baran et al., 1970; Ledward et al., 
1971) that carbon dioxide at the level 
used in this study appears to inhibit 
aerobic bacterial growth on pork.

The aerobic bacteriological changes

— o  2 2° C Air
— •-------- 2 2 ’ C Air

Doys Post Pockaging
Fig. 3 —E ffects o f  tem perature and storage a t
m osphere on aerobic bacteria.

2 2 'C  Air

Fig. 4 —Changes in anaerobic bacteria.

occurring as a result o f the interaction  
between temperature and gas treatm ents 
are presented in Figure 3. Meat stored in 
gas at -2 .2 ° C  had the low est ( P < 0 .0 5 )  
count at the final storage period.

The first changes in aerobic bacterial 
numbers occurred during the storage peri
od o f 5 days. Meat stored in air at 
-2 .2 ° C , in gas at -2 .2 °C , and in gas at 
2.2°C  showed lower numbers than the 
control (air at 2 .2°C ). This can be attrib
uted to the lower temperature o f the gas 
mixture or to the interaction o f these tw o  
treatments.

Neither gas treatm ent show ed a change 
in percentages o f aerobic bacteria. There 
appeared to be no decrease in bacterial 
numbers in the 2.2°C  air storage treat
m ent, while bacteria in the other treat
ments show ed decreased numbers. Lag 
phases o f bacteria in -2 .2 ° C  air and in 
2.2°C  gas were parallel. Aerobic bacterial 
numbers increased only in the control 
treatm ent at this period.

After 9 days storage the meat in the 
control treatm ent had the highest num 
bers o f aerobic bacteria and the greatest 
increase over the previous storage period. 
The —2.2°C  air and 2.2°C  gas treatm ents 
also resulted in increases.

For the period 9 to I 5 days, numbers 
o f aerobic bacteria in the control treat
ment leveled o ff while numbers o f bacte
ria in -2 .2 ° C  air and in 2.2°C  gas 
increased most rapidly. Meat stored at 
—2.2°C  in a gas m ixture had a total count 
after 1 5 days storage that was just slightly 
higher than the original count.

During the entire study, meat stored at 
2.2°C  in air (contro l) showed increased 
numbers o f aerobic bacteria and no ap
parent lag phase. Counts at the 9-day 
storage period exceeded m ost o f the 
reported levels for o ff odor or slime 
(Greer, 1933; Elford, 1936; Ayres et al., 
1950; Kraft and Ayres, 1952; Ayres, 
1960; Stringer, 1963; Reagan et al., 
1971). Only one sample at the 15-day 
storage period had developed o ff odor. 
None o f the samples developed slime. 
Kirsch et al. (1 9 5 2 ) is the only investiga
tor reporting a higher level, 5 x  10 9 
organisms per gram, for spoilage o f beef. 
This study indicates a level o f 1 0 9 organ
isms per cm 2 for spoilage o f pork when 
the wash m ethod is used to determine 
numbers o f organisms present.
Anaerobic bacterial counts

Although there were no statistically  
significant differences in anaerobic bacte
rial numbers, Figure 4 graphically shows 
the changes that occurred during the 
study. The sam ples stored in air were 
higher in total anaerobic bacteria than the 
samples stored in gas. Storage treatment 
o f —2.2°C  gas showed increases in anaer
obic bacteria at 9 days and 1 5 days. This 
effect would be expected  with an increase 
in carbon dioxide in the gas m ixture.
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Fig. 5 -C hanges in lactic acid bacteria. Fig. 6 —Changes in color panel ratings. Fig. 7 —Changes in sensory evaluations.

However, there was no increase in per
centage o f anaerobic bacteria in the gas 
storage at 2.2°C.
Lactic acid producing bacteria

Populations o f lactic acid producers 
stored in air had higher counts than 
samples stored in the gas m ixture, Figure 
5. The higher numbers o f lactic acid 
producers reported in the air storage 
treatments are probably a result o f in
creased total numbers o f microorganisms. 
Analysis o f variance indicates that neither 
temperature nor gas storage affected rela
tive populations o f lactic acid producers. 
Color evaluation

Days o f storage (Table l ) and tem pera
ture treatment (Fig. 6) had a highly 
significant (P <  0 .0 1 ) effect on color as 
rated by the panel. However, storage 
atmosphere did not affect color o f pork 
chops. The average initial color score was
4.1 and decreased during the study to
2.9. The color changed, probably as a 
result o f m etm yoglobin form ation, from  
the desirable grayish pink to a less desir
able brownish or tan color as storage time 
increased. It is possible that dehydration  
also played a role in color alteration.

The —2.2°C treatm ents were rated

Table 1-E f fe c t  o f  storage on color and  
acceptability o f  boneless p ork  chops
Storage Color Reflectance Taste
period panel measurements panel
(days) score3 % score*3

0 4 .Ie 40c 6.9e
5 3.7e 48d 7.7e
9 3.6e 46d 5.6d

15 2.9d 50d 5.0d
^Wisconsin (1963) color standard °9-point hedonic scalec,dMeans having a different superscript are different P < 0.05.

darker than chops stored at the higher 
temperatures, otherwise changes in color 
during storage were similar. The data 
show that meat in the higher tempera
ture storage was lighter.

It should be noted that reflectance 
m easurements increase as the color be
com es lighter, while visual color scores 
increase as color becom es darker. Statisti
cal analysis o f the reflectance measure
m ents showed a difference due to the 
days in storage (P <  0 .01). The difference 
because o f the storage temperature ap
proached significance at the five per cent 
level. No difference was shown as a result 
of the storage atm osphere.

Effects o f  storage tim e on reflectance 
m easurem ents are shown in Table 1. 
These data agree with the color panel 
ratings by showing that pork color be
came lighter as storage tim e increased.

The overall correlation coefficient be
tween the color panel score means and 
reflectance m easurem ent means was 
- 0 .7 0  (P <  0 .05 ). The range for individu
al panel members was from - 0 .4 5  to  
- 0 .7 6 .
Sensory evaluation

Sensory evaluation included tender
ness, juiciness and flavor. Statistical anal
ysis o f sensory panel data showed that 
chops became less desirable during stor
age (P <  0 .01).

Except for the initial evaluation, pork 
stored at the higher temperature was 
rated consistently higher than pork stored  
at the lower temperature (Fig. 7). A 
decrease in overall acceptability was 
noted at both storage temperatures dur
ing the study, probably because o f nor
mal deterioration o f flavor as a result of 
storage.

No differences in sensory values were 
noted resulting from gas atmospheres.
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INTRODUCTION
RECENT YEAR S have seen the introduc
tion o f a veritable cornucopia o f prepared 
and convenience foods for institutional 
feeding and for the retail consum er mar
ket. Many o f  these, especially the dehy
drated foods, would becom e unaccept
able very rapidly were it not for the 
addition o f  antioxidants.

Only a few  antioxidant materials are 
approved for food use. The primary

antioxidants are phenolic substances, 
most o f these synthetic. Their use is being 
questioned by consum ers at a rapidly 
increasing rate. The removal o f  nordihy- 
droguaiaretic acid (N D G A ) from approval 
(Federal Register, 196 8) may fore-token  
other delistings. This possibility should  
act to  spur the search for antioxidant 
substance from  natural sources, and par
ticularly for nonphenolic materials.

A ntioxidant activity in proteinaceous 
materials has been reported by many

workers. Bishov et al. (1 9 6 0 )  Bishov and 
Henick (1 9 6 1 , 1962) observed stabiliza
tion  by intact protein in dehydrated  
m odel system s. The effects o f amino 
acids as antioxidants have been reported 
by Marcuse (1 96 2 ), Bishov and Henick 
(1 9 6 4 ) and Karel and Tannenbaum  
(1 96 6 ). The latter workers found that the 
am ino acids acted only to  prolong the 
induction period o f  autoxidizing lipids, 
whereas phenolic antioxidants also re
duced the rate o f  the rapid oxidation

Table 1—G el 
drolyzates

frac tio n a tio n o f  p ro te in  hy-

Recovered %
Fraction AYP HVP

OnG-lO 85.5 37.8
OnG-15 6.0 26.3
Thru G-15 8.3 39.6
Total 99.8 99.7

Table 2 -  
hydrolyzates'

-A n tio x id a n t effects  a o f  p ro te in

Induction period,bhr
Sample 10%c 25%c
AYP-I 145 147
AYP-I1 190 143
AYP-1II 140 140
HVP-1 120 120
HVP-11 97 107
HVP-111 60 93Control 24 24

aFreeze-dried m odel system s c o n ta in in g  lg  
CMC, lg toco p h ero l-free  co rn  oil and  p ro te in  
hydrolyzate as ind ica ted

bTime to  consum e 50%  o f  oxygen  fro m  air 
in headspace a t 6 5 .5 ° C  

cOil basis

3 0 0

200

a  100
tvO

i foIT)

<r
o
X

3 0 0

200

100

Additive % (oil basis)

Fig. 1 —A n tio x id a n t a c tiv ity  o f  m olecu la r sized fractions o f  A Y P  a n d  
H V P  in  freeze-dried  emulsions.
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Table 4 —Synergistic effects o f  p ro te in  hydro lyzates w ith  phen o lic  an tio x id a n tsa

0 10 25 50
%b I.P.® hr I.P. hr Syn%d I.P. hr Syn% I.P. hr Syn%-
BHA AYP%b

0 39 131 140 200
.005 59 221 38 267 47 326 37
.010 64 255 46 305 53 370 74
.020 98 307 44 447 61 498 52

Mean = 50.2
oi-tocopherol
0 24 78 116 132

.02 48 156 56 198 33 200 25

.04 42 137 54 177 28 236 40

.06 55 178 58 227 39 254 40

.08 59 184 57 224 36 240 38
Mean = 42.0

BHA HVP%b
0 14 90 123 158

.005 42 189 40 275 48 373 52

.010 96 253 34 333 40 440 47

.020 116 386 52 458 53 495 49
Mean = 46.1

a-tocopherol
0 14 90 123 158

.02 27 160 39 207 33 238 30

.04 33 195 47 227 40 277 38

.06 52 237 49 257 40 260 26

.08 34 162 35 204 32 242 28
Mean = 36.4

a Freeze-dried m odel system s con ta in ing  lg  CMC, lg  toco p h ero l-free  corn  oil and an tio x id a n t 
m eterials as ind ica ted  

bOil basis
c Tim e to  consum e 50% o f  oxygen  from  air in headspace at 65 .5 °C ; average o f  du p lica te  

d e te rm in ation s
^P ercen t o f  th e  observed effect due  to  synerg ism : Syn % = 100 |( M - C )  — (P —C) — (A — C ) | / 

(M -C ) w here M = I.P. o f  com bin ed  tre a tm e n t;  P = l.P . o f  phenolic  a n tio x id a n t;  A = I.P. o f  AYP; 
and C = l.P . o f  co n tro l

Table 3 —A n tio x id a n t effects o f  nucleotidesa 

Induction period,b hr
Sample 10%c 25%'

AYP 145 147
Nucleotided 107 138
AMP 58 68
IMP 24 47
Control 24 24

a Freeze-dried  m odel system  con ta in ing  lg  
CMC, lg  toco phero l-free  corn  oil and hydroly- 
zate frac tio n  as ind icated

b Tim e to  consum e 50% oxygen  from  air in 
headspace at 65 .5°C  

cOil basis
d L ab o ra to ry  sep ara tion  from  AYP

phase. A m ost interesting, but still unex
plained, resistance to antioxidation was 
shown in linoleate salts o f lysine and 
arginine synthesized by Chang and Linn 
(19 6 4 ). This phenom enon was studied at 
length by Koch et al. (1971 ). In a study 
of factors affecting the acceptance and 
stability o f  a soup and gravy base, Bishov 
et al. (1 9 6 7 ) observed an apparent anti
oxidant activity in the hydrolyzed vege
table protein (HVP) com ponent.

These findings led directly to the 
present work which was undertaken to 
determ ine the effectiveness o f protein 
hydrolyzates as antioxidants and to iden
tify , if possible, the active agents. Because 
o f their availability, autolyzed yeast pro
teins (AYP) and HVP were chosen for 
initial investigation.

EXPERIMENTAL
Materials

Commercial AYP and commercial HVP 
(Vico-Asmus Products Div., A.E. Staley Manu
facturing Co. and Food Ingredients Division, 
The Nestle Co., Inc.) were used as received and 
after the fractionations described in “ Meth
ods.” Carboxy-methyl-cellulose (CMC) (Hercu
les Manufacturing Co.), tocopherol-free corn oil 
and butyl hydroxy anisole (BHA) (Distillation 
Products Industries Div., Eastman Chemical 
P ro d u c ts , Inc.), adenosine monophosphate 
(AMP) and inosine monophosphate (IMP) (Nu
tritional Biochemical Corp.) and destran gels 
(Sephadex G-10 and G-15) (Pharmacia Fine 
Chemicals A.B.) were used as received.
Methods

Fractionation of AYP and HVP by molec
ular size was accomplished in a batch procedure 
successively on Sephadex G-10 and G-15. 
Typically lOOg of Sephadex G-10 was added, 
with stirring, to lOOg of the hydrolyzate dis
solved in 300 ml of water. After additional 
stirring the mixture was held overnight at 4°C 
and then filtered with suction. Fresh Sephadex 
G-10 (lOOg) was added to filtrate and the treat
ment was repeated for a total of four cycles. 
The final filtrate was treated in a similar man
ner with Sephadex G-15.

The final filtrate after treatment with both 
grades of Sephadex contained molecules larger 
than about 1500 molecular weight. The mate

rial included by the gels was eluted, from each 
batch separately, by successive water washings 
with a total volume of 1100 ml/lOOg of gel. 
Final elution was with three 100 ml portions of 
95% ethanol/lOOg of gel. Eluates and washings 
from each grade of gel were combined and the 
volume reduced to about 250 ml on a vacuum 
rotary evaporator. The eluate from G-10 con
tained molecules smaller than about 700 molec
ular weight and from G-15 those between about 
700 and 1500. These solids were recovered by 
freeze drying.

A nucleotide-rich fraction was separated 
from AYP by an alcohol extraction, ion- 
exchange procedure described by Mabrouk 
(1972).

Model systems for oxidation studies were 
prepared individually by adding (in succession) 
to a small blender cup, 50 ml water, the anti
oxidant material (AYP, HVP, their fractions, 
BHA, tocopherol) as required (see Tables and 
Figures for amounts), lg CMC and dropwise, 
with intermittent mixing, lg o f  tocopherol-free 
corn oil. The entire mixture was blended for 2 
min, transferred to a 250 ml round bottom 
flask, shell frozen and freeze dried (Bishov et 
al., 1960).

Oxidation of the model system was carried

out in the drying flask under an atmosphere of 
air at 65.5°C. The flasks were closed with rub
ber serum stoppers. Oxygen in the headspace 
was determined periodically by gas chromatog
raphy (Bishov and Henick, 1966). The end of 
the induction period was taken, arbitrarily, 
when 50% of the original oxygen had been con
sumed.

RESULTS & DISCUSSION
F ra ctio n a tio n  o f  
p ro te in  h y d r o ly z a tes

Typical recovery o f fractions from the 
Sephadex separation o f the hydrolyzates 
is shown in Table 1.
A n tio x id a n t e f fe c ts  o f  
p ro te in  h y d r o ly z a te s

A number o f comm ercially-available 
hydrolyzates, both AYP and HVP, were 
screened for antioxidant effect using the 
freeze-dried m odel system . Results o f  a 
run are show n in Table 2. It can be seen 
that all samples show an effect and that 
in som e the effect is concentration de
pendent. Sample AYP-II exhibits a bi-



P R O T E I N  H Y D R O L Y Z A T E  A N T I T O X I D A N T S - 8 7 5

Fig. 2 -O x y g e n  u p tak e  b y  corn -o il, C M C  freeze-dried  em ulsions w ith  
added p ro te in  h ydro lyzate .

phasic behavior, decreased effect with  
increasing concentration, often  seen in 
other antioxidants.

The m olecular size (separated on Se- 
phadex G-10 and G -15) fractions from  
one AYP and one HVP were similarly 
screened as seen in Figure 1. The smaller 
sizes, up to 1500, o f  AYP were more 
effective than the entire material.

The differences in the effectiveness o f  
AYP and HVP are noticeable. It was 
thought that the difference might be due 
to the high salt content o f HVP. Tests 
using salt-free HVP, however, showed  
that this was not the case. The milder 
conditions o f  autolysis compared to acid 
hydrolysis suggested that in AYP produc
tion the nucleotides might be better 
preserved. The effects o f  a nucleotide  
fraction isolated from AYP and o f  com 
mençai AMP and IMP are seen in Table 3.

An autoxidation  rate study is sum 
marized in Figure 2. It can be seen that 
the sole effect o f these experim ental 
stabilizing agents is to  prolong the induc
tion period. No differences are noted ,

except for one sample o f AYP (Curve H, 
Fig. 2 ) in the rapid rate o f autoxidation  
after the end o f  the induction period.
S yn erg ism  w ith  
p h e n o lic  a n tio x id a n ts

The effects o f AYP and o f HVP in 
concert w ith BHA and with a-tocopherol 
are seen in Table 4. In this system  BHA is 
a much m ore effective antioxidant than is 
a-tocopherol. Its effect is also much more 
concentration dependent. These hydroly- 
zates are synergistic with both  o f these 
phenolic antioxidants. The extent o f  the 
com bined effect due to synergism is 
show n in Table 4, as is the m ethod by 
which it was calculated. A lthough the 
values appear to  vary widely and do not 
fo llow  any consistent trend, the effect is 
significant, reproducible and above exper
im ental error.

This synergism m ay be used to good  
advantage in foods. A lone, 10% AYP (oil 
basis) appears to be the equivalent o f  
0.02%  (oil basis) o f  BHA. But when  
com bined with only 0.005%  o f  BHA, the

total effect is as great as that o f  50% AYP 
or tw ice that o f 0.02% BHA. Evaluation 
o f  these effects in typical foods is now  
underway and preliminary results appear 
to be promising.
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S E N S O R Y  E V A L U A T I O N  U S IN G  C O M P O S IT E  C O M P L E T E -I N C O M P L E T E  B L O C K  D E S I G N S

INTRODUCTION
IN SENSORY EXPERIMENTS where the objective is the 
comparison o f  preferences o f different samples or treatments 
expressed by a panel o f judges, the statistical design has often  
been selected from  the class o f randomized block designs 
(Am erine et al., 1965). When each panelist or judge (know n as 
the block in the design) can effectively rate each sample or 
treatm ent, the blocks are com plete, i.e ., each panelist or block  
evaluates each treatm ent. If on the other hand the number o f  
treatments is larger than can be effectively rated by a panelist, 
then an incom plete block design is used. With both designs, a 
measure o f  the differences in preferences for the samples as 
well as som e measure o f difference am ong the panelists can be 
obtained.

When the number t o f  treatm ents is small, say t <  5, it may 
be feasible to  augment the size o f the block so that in addition  
to containing first replicates o f  each o f the treatm ents, each 
block contains second replicates o f k o f the treatments 
( l < k < t ) .  The construction o f these blocks m ight be 
visualized as com bining com plete blocks o f  size t with 
balanced incom plete blocks o f size k to form com posite  
com plete-incom plete blocks o f  size t + k. An exam ple with t=3 
and k=2 is the three block design presented in Figure 1 where 
A, B and C denote the three treatments.

In the construction o f the com posite com plete-incom plete  
block designs, we shall require only that the incom plete block  
portion o f  the com posite blocks be balanced. That is to  say, if 
there are b incom plete blocks each o f size k in which to assign 
t treatm ents (t >  k) at random, then each treatm ent will 
appear in (b k )/t o f  the incom plete blocks (as well as in all b 
com plete blocks) and every pair o f treatm ents will occur 
together in [bk(k -  l ) ] / [ t ( t  — 1)] incom plete blocks. Thus 
the numbers (b k )/t and [bk(k — l ) ] / [ t ( t  — 1)] must both be 
integers in order for each treatm ent to appear r tim es where r 
= [b(k + t ) ] / t ,  in the b blocks each o f size k+t. For exam ple, 
in Figure 1, each treatm ent appears in (3 (2 )] /3  = 2 incom plete  
blocks and each pair o f  treatm ents is replicated together in 
[3 (2 )(2  — 1 ) ] /[3 (2 ) ]  = 1 incom plete block.

The principal advantage in using com posite blocks o f t + k 
units is that an estim ate o f pure experim ental error from the 
bk replicates can be obtained separately from an estim ate o f  
block-treatm ent interaction. The removal o f  the interaction  
variation (however small) from the residual variation in the 
analysis o f variance results in a more efficient testing pro
cedure when comparing treatm ent effects. These separate 
sources o f variation (interaction and error) cannot be esti
mated separately when only com plete blocks o f  size t or 
incom plete blocks o f size k are used.

Throughout we shall make reference to fixed and random  
effects such as fixed treatm ent effects and fixed or random  
block effects. The distinction betw een fixed and random  
effects is that with the former, a repetition o f the experim ent 
would bring the same set o f  effects into the new experim ent 
and our attention is focused upon these effects and no others. 
With random effects on the other hand, a repetition would  
bring in a new set o f effects but from the same population, 
and hence we are interested in the variability am ong all the 
effects rather than just the particular ones used in the 
experim ent. With fixed treatm ent effects, we draw inferences

about the specifically selected set o f effects; with random  
effects, our inference is about the population variability.

An experim ent designed to  compare tw o treatm ents using 
blocks o f  size 3 was introduced by John (1 9 6 2 ). The follow ing  
year, John (1 9 6 3 ) extended the analysis to  include blocks o f  
size t + k units where 1 <  k <  t. Using formulas similar to the 
formulas in the analysis o f Balanced Incom plete Block 
Designs, John presented the intrablock analysis (b locks fixed), 
the interblock analysis (b locks random) as well as the recovery 
of the interblock inform ation by com bining intra- and 
interblock estim ates o f  the treatm ent effects. The special case 
where k = 1 was presented in detail.

A lthough brief m ention on how  to obtain an estim ate of 
the block-treatm ent interaction was made by John (1 9 6 3 ) in 
the intrablock analysis, he assumed the interaction to be 
nonexistent in the interblock analysis. Often in a m ixed m odel 
analysis where the treatm ent effects are fixed but the blocks 
are assumed to  be representative o f a larger population of 
blocks, the fixed and random effects are not additive but 
rather an interaction is present. An estim ate o f the interaction  
variation, even if small in m agnitude, is needed in the 
estim ation formula for the random blocks com ponent of 
variance.

O f particular interest to us is the application o f com posite  
com plete-incom plete block designs arising in sensory experi
ments where a small num ber o f  different samples or treat
ments are to be compared subjectively by several panelist: 
(blocks). To acquire panelists for this type o f  testing is often  
difficult and/or costly . Once the panelists are selected there
fore, if they can effectively  judge t + k sam ples at a sitting  
rather than only t sam ples, a savings in cost (panelists’ time, 
monetary reward, etc .) can be made.

We now  review the notation  to be used throughout and 
discuss briefly the intrablock analysis where both the treat
ments and the blocks (panelists) are considered fixed effects. 
In a later section we shall illustrate the intrablock analysis with  
an exam ple, and shall discuss the efficien cy o f the com posite  
com plete-incom plete block designs compared to orthogonal 
com plete block designs. We also shall present the analysis of 
the m ixed m odel where the panelists are assumed to represent 
a random sample from a larger population o f  panelists (blocks 
random.)

INTRA BLOCK ANALYSIS
IN THE INTRABLOCK analysis, we shall be interested only in 
the treatm ents under investigation as well as rem oving panel-

complete blocks

incomplete block '

/
A A A< B B B

k C C C

Ì B A A1 C B C

Fig. 1 —A com posite b lo c k  design consisting o f  th ree treatm ents  in  three 
blocks o f  five units each.
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Table 1a—In tra b lo c k  analysis o f  variance
Table 1b—In tra b lo ck  

(E xam p le )
analysis o f variance

Source d.f. Mean sq Expected mean square Source d.f. Mean sq F

Treatments (Adj.) t-1 (2.13)
t-1 °e + b(k+t) y ,

t ( t - l )  i '< Treatments 2 25.315 30.38

Panelists (Adj.) b -1 (2.14)
b-1 + (k+t) £  p?b -1  f  PJ Panelists (Adj) 2 2.065 2.48

P X T Interaction (t-1 )  (b—1 ) (2.12) "ij’ij P X T Interaction 4 2.405 2.89(t-1 )  (b -1 ) °e ? jf (b -1 ) (t-1 )

Error bk d?j2 £  r r r  i j 2bk °e Error 3 0.833

ists’ differences from  treatm ent com parisons and hence both  
the treatm ents and the panelists are considered as fixed  
effects. The statistical m odel is represented by,

i = 1,2, . . . ,t
Y ijC = M + Tj + Pj + ïjj + e ijB j = 1,2, . . . ,b (2 .1 )

C = 1 or 2
where Y -g  is the 2th response to the ith treatm ent by the jth 
panelist. The other terms in m odel (2 .1 )  are ju, the overall 
mean; t¡, the effect o f  the ith treatm ent; pj, the effect owing  
to the jth panelist; I - ,  the interaction parameter associated  
with the response to tne ith treatm ent by th e j th panelist and 
ejjC, the random error associated with Y yC. It is assumed that 
the errors CyC are random ly sam pled from a Normal popula
tion with mean zero and variance a 2.

Let us denote the adjusted treatm ent total for the ith 
treatment as Qj,

bQ i = T i -  2
j=i

nüPj
k+t (2 .2 )

where T( is the total o f the responses to the ith treatm ent, ny 
is the num ber o f tim es the ith treatm ent is rated by the jth 
panelist and Pj is the total o f the responses, over all
treatments, by the jth panelist. As a check , 2  Q= = 0. Usingj= i Jthe restriction that the estim ates fj o f  the treatm ent effects  
sum to zero, we have for the estim ate o f the effect o f  the ith 
treatment,

. = ( t - 1 )  (k+t)
* b [(k + t)2 -  (3k+t)] l < i < t ,  (2 .3 )

where the hat denotes estim ate. Furtherm ore, under the 
assumption the errors 6y6 are uncorrelated with hom ogeneous  
variance a 2 , we have for the variance o f Ti and the covariance 
(Tj,^,), i¥T ,

Var (fj) (k+t) ( t - 1 ) 2 2
b t[(k + t)2 -  (3k + t)] ° e (2 .4 )

Covif^fj«) t - 1 Var(fj) , i¥=i' (2 .5 )

and the variance o f the difference (2 .6 ) is,
Var(f: -  fi--, = ___ 2 ( t - j j  (k+tj_

’ b [(k + t)2 -  (3k+t)] (2 .7 )

where a 2 is estim ated (if unknow n) using the error mean 
square in the analysis o f variance table (Table la ). Also, the 
estim ate o f  the adjusted mean o f the ith treatm ent is,

t b n) j Yj j nm + iy. m=222,J- ^ -  (2 .8 )i j g b(k+t)
where m is the overall mean o f the experim ent. The standard 
error (square root o f the variance) o f the adjusted mean (2 .8 )  
is

(k+t) ( t - 1 ) 2 1 .
t[(k + t)2 -  (3 k + t)] (2 .9 )

N ote that when comparing tw o treatm ents, one m ay use the 
treatm ent effects (2 .6 )  or the treatm ent means (m  + fj)  — (m + 
fj>). These com parisons are identical as can be seen from their 
identical variances, the expression (2 .7 ) and the quantity in
(4 .2 ).

In the intrablock analysis, the experim enter’s interest lies 
primarily in determ ining if  treatm ent effects are different. 
Usually the estim ation o f  the effects o f  the panelists is not o f  
interest excep t when these estim ates are used in removing 
biases or differences am ong the panelists prior to comparing 
the treatm ents. However, the calculation o f the sum o f squares 
am ong panelists, adjusted for treatm ents, enables a check to be 
made on the calculation o f  the sum o f squares among 
treatm ents, adjusted for panelists, which is o f  interest. The 
check is made by considering the identity,

t T?S.S. Panelists (A dj.) + t 2i b(k+t)

b P?
= S.S. Treatm ents (Adj.) + 2  -—  (2 .1 0 )j k+t

where the formulas for S.S. Panelists (A dj.) and S.S. Treat
ments (Adj.) are provided in (2 .1 4 ) and (2 .1 3 ) respectively. 
Also, a significant “ F ” ratio involving the quantities

An estim ate o f the difference betw een any tw o treatm ent 
effects, say treatm ent i and i \  is calculated using,

( t - 1 )  (k+t) 
b f (k + t)2 — (3k+t)J I Qi -  Qi' I (2.6)

S.S. Panelists (A d j.)/b —1 
Mean Square Error (2 .11 )

indicates that the panelists are different in their evaluations
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and hence the removal o f these differences am ong the panelists 
from the measure o f experim ental error has resulted in a more 
efficient analysis.

Table 2 —E ffic ien cy  o f  com posite b lo ck  to  co m p le te  b lo ck  design 
fo r  d iffe re n t num bers o f  treatm ents (t ) ,  in tra b lo ck  replications (k ) an d  

ra tio  o f  M S P T /M S E  (Ft)

No. of 
treatments Values of R

1 1.5 2 3 4 5 6
2

k=l 0.889 1.333 1.778 2.667 3.556 4.444 5.333
3

k=l 0.937 1.406 1.875 2.813 3.750 4.687 5.625
k=2 0.96 1.440 1.92 2.88 3.84 4.80 5.76

4
k=l 0.96 1.440 1.92 2.88 3.84 4.80
k=2 0.963 1.444 1.926 2.889 3.852 4.815
k=3 0.979 1.469 1.959 2.939 3.918 4.90

5
k=l 0.972 1.458 1.944 2.917 3.889
k=2 0.969 1.454 1.938 2.908 3.878
k=3 0.977 1.465 1.954 2.931 3.906

6
k=l 0.980 1.469 1.959 2.939
k=2 0.975 1.463 1.950 2.925

7
k=l 0.984 1.476 1.969 2.953
k=2 0.979 1.469 1.959 2.938

8
k=l 0.988 1.975 2.963
k=2 0.983 1.966 2.949

Table 3 —Values o f  d  needed to a tta in  the same e ffic ie n cy  w here  
num ber o f  com plete  blocks = d  X nu m b er o f  com posite blocks

t
R = M.S. PxT/M.S. Error

1 1.5 2 3 4 5 6
2

k=l 1.33 2.0 2.67 4 5.33 6.67 8
3

k=l 1.25 1.88 2.5 3.75 5 6.25 7.5
k=2 1.6 2.4 3.2 4.8 6.4 8 9.6

4
k=l 1.2 1.8 2.4 3.6 4.8 6
k=2 1.44 2.16 2.89 4.33 5.78 7.22
k=3 1.71 2.57 3.43 5.14 6.86 8.57

5
k=l 1.17 1.75 2.33 3.5 4.67
k=2 1.36 2.04 2.71 4.07 5.43
k=3 1.56 2.34 3.13 4.69 6.25

6
k=l 1.14 1.71 2.29 3.43
k=2 1.3 1.95 2.6 3.9

7
k=l 1.13 1.69 2.25 3.38
k=2 1.26 1.89 2.52 3.78

8
k=l 1.11 1.67 2.22 3.33
k=2 1.23 1.85 2.46 3.69

To obtain an estim ate o f the experim ental error variation to 
be used in tests o f treatm ent effects as well as the test in 
(2 .1 1 ), let djj denote the range o f the observations from the 
i,h treatm ent by the jth panelist so that if n^ = 2, djj is the 
difference betw een the replicates, and if n^ = 1, then d^ = 0. 
The sum o f squares o f  the d— gives an unbiased estim ate o f  
2bkOg. The remaining portion o f the residual sum o f squares is 
associated with panelists x  treatm ent interaction [ I— in m odel 
(2 .1 )]. The sum o f squares Interaction may be calculated  
either by subtraction o f error sum o f squares from residual 
sum o f  squares or by any o f  many formulas one o f which is,

S.S. Interaction = È S  -J —' i nij
h P?S  :—  — S.S. Treatm ents (A dj.) (2 .1 2 )j=i k+t

where Yj: is the total o f the observations on the i,h treatm ent 
by the j'" panelist and S.S. Treatm ents (A dj.) is calculated by

S.S. Treatm ents (A dj.) = f  Q l
(2 .1 3 )

To calculate the sum o f squares am ong panelists adjusted 
for treatm ents, we reverse equation (2 .1 2 ) to  get,

t b YjjS.S. Panelists (Adj.)=  S  Z ---- —
' j nij

t T?
t 2  — —  -  S.S. Interaction. (2 .1 4 )i=i b(k+t)

The intrablock analysis o f  variance is presented in Table la 
where both treatm ents and panelists are adjusted.

We shall now briefly illustrate the intrablock analysis with a 
small numerical exam ple. In a subsequent section  we discuss 
the efficien cy o f  the com posite block design relative to the 
com plete block design where the treatm ents appear once and 
only once in each block.

AN EXAMPLE OF THE INTRABLOCK ANALYSIS
THREE PANELISTS ( 1 , 2  and 3) were asked to evaluate three 
treatments (A , B and C). A hedonic scale which involved  
assigning numerical values from 1 to 9 according to  the degree 
of preference for the treatm ents was used. A lthough only 
three treatm ents were to be compared, there was sufficient 
time to permit each panelist to  evaluate four sam ples, and thus 
one o f  the treatm ents was replicated with each panelist. The 
selection o f  the treatm ent to be replicated with each panelist 
was done at random , resulting in treatm ent B being replicated  
with the first panelist, treatm ent A with the second and C with  
the third panelist. The data and the corresponding calculations 
are,

Treatments A B C Pi
Panelist 1 6 7,8 2 23

2 5,3 7 1 16
3 3 9 4,4 20
Ti 17 31 1 1 59
Qi - 1 .7 5 10.50 - 8 .7 5
Ti - 0 .4 6 7 2 .8 00 - 2 .3 3 3

The adjusted totals Qj and the estim ates o f the treatment
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effects fj are calculated using (2 .2 )  and (2 .3 )  respectively. For 
Treatment A, we have

Q a = 1 7 - [ 1(23) + 2( 1 6) + 1(20)] = - 1 .7 5

2<4) Q . = ¿  ( - 1 . 7 5 ) - - 0 . 4 6 7 .3[ 16—6] A 30

variation is appropriate. Although in this small numerical 
exam ple the interaction variation is not significantly larger 
(2 .4 0 5 /0 .8 3 3  = 2 .8 9 ) than the experim ental error variation, 
the authors have often  experienced significant interaction  
variation particularly when untrained or inexperienced panel
ists are used. Inexperienced panelists are often inconsistent in 
their preferences or degree o f preference for a particular 
treatm ent or treatm ents. To illustrate with the numerical 
exam ple discussed previously, suppose the evaluations had 
appeared as,

The Sum o f Squares Treatm ents, adjusted for panelists, is 
computed using (2.1 3),

S.S. Treatm ents (Adj.) =

-  I ( ” ' - 7 5 )2 + O 0 .5 ) 2 + ( - 8 .7 5 ) 2 } = 50 .63 .

To calculate S.S. P x T  Interaction, we refer to (2.1 2),
S.S. P xT  Interaction =

|62 + 152 + , 82 | _ | (23)2 + (16)2 + (20)2 |

S.S. Trts (A dj.) = 3 5 6 .5 0  -  296 .25  -  50 .63  = 9 .62 .

Panelists Sum o f Squares, adjusted for treatm ents, from  
(2.14), is

( 151 y* \S.S. Panelists (A dj.) = |  6 2 + —-— + . . . + —— [

3i( 17 )2 + (31 )2 + ( 11 )2 
3 (4 ) I -  9 .62  = 4 .1 3

and squaring the differences betw een the replicates, the Error 
S.S. is,

Error S.S. = ( 7 —8)2 + ( 5 —3 )2 + ( 4 - 4 ) 2 
2 2.5.

As a check on the calculations, the total S.S. (corrected for 
the mean) must equal the sum o f  the fo llow ing sums of 
squares, Treatm ents (A dj.), Interaction, Error and Panelists 
(unadjusted) where the latter is com puted as,

b P2 ( £ P |) 2 S.S. Panelists (unadj) = 2  -—  -  — — — j=i k+t b(k+t)
(2 3 )2 + (1 6 )2 + (2 0 )2 (5 9 )2

4 ~  12 ~ 6 A 1 -
Numerically, we have,

Total S.S. = 6 2 + 7 2 + . . . + 4 2 -  = 68 .92

= 50 .63  + 9 .62  + 6 .17  + 2.5 = 6 8 .92

Treatments A B C
Panelist 1 8 7,6 2

2 5,3 7 1
3 3 4 9,9

where now  treatm ent A is slightly preferred by panelist 1, B 
by panelist 2 and treatm ent C by panelist 3. The lack o f  
consistency or agreement among the panelists in their pref
erences for the treatm ents would result in a significant in
teraction. When confronted with a significant interaction, we 
might repeat the experim ent with the same panelists and check  
on the validity o f the interaction or we might select new  
panelists and decide to  either com bine the data from the tw o  
experim ents or discard the opinions o f the above.

We now discuss the efficien cy o f com posite com plete- 
incom plete block designs compared to com plete block designs. 
We shall consider first the case where the errors e^g are 
uncorrelated and then consider the case where the errors 
associated with the first and second responses to a particular 
treatm ent by the same panelist are correlated.

EFFICIENCY
AS WAS SHOWN in the previous section, com posite com plete- 
incom plete block designs enable the separate estim ation o f  
panelists x  treatm ents interaction and experim ental error. 
These sources o f variation cannot be separately estim ated  
when each treatm ent appears at most once (ny = 1) in each  
block with either the com plete or incom plete block designs. 
Removal o f the estim ate o f interaction variation from the 
residual variation leaving only the experim ental error as an 
estim ate o f a 2 results in a more efficient com parison am ong  
treatm ents even for small values (nonsignficant “ F ” values) o f  
the ratio Mean Square Interaction/M ean Square Error. This 
increase in precision for comparing treatm ents is shown by 
com puting the efficien cy o f  com posite designs compared to 
the orthogonal com plete block design for different values o f  
the ratio R = (M.S. P x T  Interaction)/M .S. Error.

In an orthogonal com plete block design, the variance o f  the 
estim ate o f the difference betw een tw o treatm ent means is,

v <Ti -  V ) CB =
0 Residual 
r m ' (4 .1 )

where r is the number o f replications o f  each o f  the t 
treatm ents and «^Residual is the estim ate o f o 2 in the analysis 
o f variance. In the com posite design with blocks o f size k+t,

To test for significance, Mean Square Treatm ents (Adj.), 
Mean Square Panelists (Adj.) and Mean Square Interaction are 
each compared against Mean Square Error using “ F ” ratios. In 
this exam ple, the test for treatm ent effects is highly significant 
( P <  0 .0 2 5 ) as the ratio 2 5 .3 1 5 /0 .8 3 3  = 30 .38  is larger than 
the corresponding F value with 2 and 3 degrees o f freedom  
respectively (see Table lb ) .

Before proceeding, perhaps a word on the interaction

V(r¡ -  7y)c_j 2 (t—1) (k+t) ,
b [(k + t)2 -  (3 k + t)] e i=ft' (4 .2 )

where now  a 2 is the error variance (intrablock) having bk 
degrees o f freedom . If we define the efficien cy o f a design as 
the reciprocal o f the variance o f the estim ate o f the difference 
betw een tw o treatm ent means and equalize the number o f
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replications o f  each o f the treatm ents with the tw o designs, we 
have for the efficiency ratio,

V ( v v ) CBEfficiency C—1 to CB = v (rj -  T iO c -i

_  t[(k + t) — (3 k + t)] OResjduai ( 4  3 )
( t— 1) (k + t ) 2 a 2

where the number o f com plete blocks o f size t is b* = b(k+t)/t 
while the number o f  com posite blocks o f size (k+t) is b.

For different values o f t and k, Table 2 presents efficien cy  
values com puted using (4 .3 ) for conceptual values o f the ratio 
CTResiduai/CTe ■ From Table 2, we see that when the hypothesis  
HQ: Interaction = 0 is true resulting in R = l, (that is, R—1 is a
measure o f 2  n=¡1?=/[(b — 1 ) ( t— l ) a 2 1 , the com posite block  ij J J
design is slightly less efficient than the com plete block design. 
However, when the value o f R is greater than 1, the com posite  
block design is a more efficien t design. The effic ien cy  is an 
increasing function o f R expressed by,

E fficiency C—I to CB = R x  E fficiency(H 0 : Int. = 0)

where E fficiency(H 0 : Int. = 0) denotes the efficien cy under 
the hypothesis o f no interaction. In Table 2 , only nonsignifi
cant values o f  the ratio R are considered since the efficiency  
criterion discussed is useful only in absence o f a significant 
interaction effect. For exam ple, when t= 4 , k= l and 
MSPT/MSE=4 the com posite block design consisting o f 4 
blocks is 3 .84  tim es as efficient as the com plete block design 
consisting o f 5 blocks.

Another way o f showing the superiority o f com posite block  
designs over com plete block designs when som e measure o f 
interaction is present is to  determine how many b* com plete  
blocks o f size t are necessary j n  order to obtain the same 
efficien cy, in terms o f V(Tj — Tj>), as b com posite blocks o f 
size k+t. Table 3 presents values o f d (where b* = db) 
com puted using the formula,

[(k + t ) 2 — (3k + t)] R 
( t— 1) (k+t)

As with the efficien cy, the number b* o f  com plete blocks is an 
increasing function o f R. Again, with t=4, k=l and MSPT/MSE 
= 4 , approxim ately 19 (4 .8  x  4 ) com plete blocks are required 
to obtain the same efficien cy as only 4 com posite blocks.

To this point we have considered the errors as being 
uncorrelated. The question now arises, “ what effect might 
correlated observations have on the efficien cy o f com posite  
block designs?” As an exam ple, a panelist’s response to a 
treatment could be positively correlated with his response to  
the replicate o f  the treatm ent, particularly in the case o f  
trained panelists. Furthermore, the magnitude o f correlation  
might be different for different treatm ents. Although this 
latter problem is o f interest, we shall consider at the present 
only the case where

E(eij ie ij2 ) = PCTe> 0 < p < l  (4 .6 )

and how  the degree o f correlation (p) affects the efficiency  
value com puted as in (4 .3).

_For the com plete block design, the formula for the variance 
V(Ti — t¡') shown by (4 .1 ) does not change in form. For the

com posite block design with b blocks o f size (k+t), rather than 
the form (4 .2 )  we have,

v <f i - f i ' ) c - i

2 ( t —! )o 2 . 2 k [(k + t ) 2 -  ( 3 t+ k )]p  »
b [ (k+t) 2 -  (3k + t)[ I (k + t ) 2 — (3k+t) >

(4 .7 )

Equalizing the number o f replications o f the t treatm ents with 
both designs, we have for the efficien cy o f  the com posite  
block design to the com plete block design,

Efficiency
= ___________  t [ (k + t ) 2 — ( 3 k + t)| 2 R

( t — 1)(k +t) } (k + t)[(k + t ) 2 — (3k + t)[ + 2 k [ (k + t ) 2 -  (3 t+ k )]p f
(4 .8 )

where again R = MSPT/MSE. Table 4 presents efficien cy values 
for different values o f R where now  nonzero correlation values 
(p = .2, .5, .8 ) are considered.

From Table 4 , we note that with a com posite block design 
having fixed incom plete block size k, as p ■* 1 .0 , the efficien cy  
decreases. In fact, the larger the value k (k ■ * t), the faster the 
efficien cy o f the com posite block design approaches Vz that o f  
the com plete block design as p -» 1 . In other words, when 
p >  0 .

E fficiency (kj) <  E fficiency (kj), for kj >  kj (4 .9 )

for all values o f  R. This im plies that if one suspects a positive 
correlation to be present betw een observations and their 
replicates by the same panelist, one should use k=l for 
maxim um  efficien cy.

We now discuss briefly variance com ponent estim ation in 
the analysis o f the m ixed m odel where the treatm ents are 
fixed but the blocks are considered to be a random sample 
taken from a large population o f blocks. In addition to  
comparing the fixed treatm ent affects, it is again o f  interest to  
obtain an estim ate o f  the variance am ong the panelists. The 
estim ation formulas correspond exactly  to the form ulas arising 
in H enderson’s (1 9 5 3 ) m ethod III. H enderson’s m ethods are 
discussed at som e length by Searle (19 6 8 ; 1971).

MIXED MODEL ANALYSIS
REFERRING to the m odel (2 .1 ) , we now  consider the terms 
Pj and Ij: as representing random variables, independently  
distributed, with zero means and variances a 2 and a], 
respectively. We also assume the I ¡j are uncorrelatecT

The analysis o f variance table for the m ixed m odel is 
presented in Table 5. Table 5 differs from the earlier 
intrablock analysis o f variance table (Table 1) in the expecta
tions o f  the mean squares as well as the source Reduction  
lA djusted). The adjusted R eduction sum o f squares consists of 
the reduction in total variation ow ing to fitting the m odel 
(2 .1 ) ignoring both the p and the Tj terms, and is used in 
deriving the estim ation equation for the block com ponent o f  
variance a 2 .

In the m ixed m odel analysis, there are basically three 
questions to be answered:
(1 ) Is there evidence o f a panelists x  treatm ent interaction, 

that is, is there evidence to indicate the panelists are not 
consistent in their evaluations o f the treatm ents? Do we 
reject the hypothesis o f  nonexistent interaction?

( 2 ) In the event o f a nonsignificant interaction, what is the
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estim ate o f  the m agnitude o f the interaction com ponent 
o f variance? What is the estim ate o f the m agnitude o f 
the am ong panelists com ponent o f  variance?

(3) If the interaction is not significant, is the difference 
am ong the treatm ent effects large or small relative to the 
m agnitude o f the interaction?

Table  4 —E ffe c t  o f  co rre la ted  observations on the e ffic ie n c y  o f  com -
posite b lo ck  design to co m p le te  b lo ck  design

R = M.S. P x  T/M.S. Error
t 1 1.5 2 3 4 5 6
3

k = 1
p = 0 0.938 1.875 2.813 3.75 4.688 5.625

.2 0.852 1.705 2.557 3.409 4.261 5.114

.5 0.75 1.5 2.25 3.0 3.75 4.5

.8 0.670 1.339 2.009 2.679 3.348 4.018
1 0.625 1.25 1.875 2.5 3.125 3.75

k = 2

t> II o 0.96 1.92 2.88 3.84 4.8 5.76
.2 0.828 1.655 2.483 3.31 4.138 4.966
.5 0.686 1.371 2.057 2.743 3.429 4.114
.8 0.585 1.171 1.756 2.342 2.927 3.512
1 0.533 1.067 1.6 2.133 2.667 3.2

k = 1
P = 0 0.96 1.92 2.88 3.84 4.8

.2 0.889 1.778 2.667 3.556 4.444

.5 0.8 1.6 2.4 3.2 4

.8 0.727 1.455 2.182 2.909 3.6
k = 2
p = 0 0.963 1.926 2.889 3.852 4.815

.2 0.850 1.699 2.549 3.40 4.248

.5 0.722 1.444 2.167 2.889 3.611

.8 0.628 1.256 1.884 2.512 3.14coIIA4

p = 0 0.979 1.959 2.939 3.918 4.898
.2 0.836 1.673 2.509 3.345 4.181
.5 0.686 1.371 2.057 2.743 3.429
.8 0.581 1.162 1.743 2.325 2.906

5
k = 1
p = 0 0.972 1.458 1.944 2.917 3.889

.2 0.911 1.367 1.823 2.734 3.646

.5 0.833 1.25 1.667 2.5 3.333

.8 
k = 2

0.767 1.151 1.535 2.303 3.070
p = 0 0.969 1.454 1.939 2.908 3.878

.2 0.870 1.305 1.740 2.610 3.480

.5 0.754 1.131 1.508 2.262 3.016

.8 0.665 0.998 1.331 1.996 2.661
6

k = 1oIIQ. 0.979 1.469 1.959 2.939
.2 0.927 1.39 1.853 2.780
.5 0.857 1.286 1.714 2.571
.8 0.797 1.196 1.595 2.392

7
k = 1
p = 0 0.984 1.969 2.953

.2 0.938 1.875 2.813

.5 0.875 1.75 2.625

.8 0.820 1.641 2.461

To test the significance o f an interaction effect, the ratio 
(M.S. P x  T Interaction)/M .S. Error is compared against an “ F” 
value with (b — l ) ( t — 1) and bk degrees o f  freedom , respec
tively. If there is evidence o f  a significant interaction effect, 
we may still proceed with answering question (2 ) above. The 
com ponent o f variance o f  primary interest is the interaction  
com ponent, however, as the estim ate o f the am ong panelists 
com ponent o f variance loses som e o f  its usefulness in the 
presence o f an interaction.

To estim ate the variance com ponents a2 and a\ , we have 
from Table 5,

fA -
* [Mean Square Interaction Mean Square Error]

, 2 t ( b - l )  (k+t)oi = —----- to------ — — . [Mean Square R eductionP b(k+t)2 -  t(3k+t) H
— Mean Square Error] a j. (5 .1 )

For the sim ple case where k = l, b=t, the coefficients and 
[t(b —l) (k + t)] /[b (k + t)2 — t(3k +t)] in (5 .1 )  are [( t2 — 1 )(t+ 2 )] / 
[t3 + 3 t2 - t —2] and ( t+ 2 ) /( t+ l) ,  respectively. It is o f  interest to  
note that the estim ate a 2 is used in the estim ation formula for 
a2 . This latter estim ation formula for a 2 o f course differs 
from John’s (1 9 6 3 ) interblock estim ation formula for a 2 . 
When the nonadditivity contribution a 2 is zero, however, 
Mean Square Reduction is Mean Square Blocks (Adjusted for 
Treatm ents) and d2 in (5 .1 )  reduces to John’s (1 9 6 3 ) estim ate

"p.

&P = b(k+t)2 -  t(3k+t) [Mean SqUare Bl0Cks (Adj)

— Mean Square E rror]. (5 .2 )

The estim ation formulas (5 .1 )  were arrived at using the 
m ethod o f  Least Squares. Unfortnately, there is no guarantee 
that both estim ates &[ and a 2 will always be greater than or 
equal to  zero. In the event either estim ate is less than zero, one 
may accept the negative estim ate as evidence that the true 
value is zero or evidence that an insufficient am ount o f  data 
has been collected. In the latter case, we m ight collect 
additional data and analyze the additional data either by itself 
or pool these data with the data that yielded the negative 
estim ate. In either case, if  the subsequent analysis also yields a 
negative estim ate, this points strongly to the argument that the 
true value o f  the com ponent really is zero. Four other 
approaches to be taken when negative estim ates o f  variance 
com ponents are obtained are discussed briefly by Searle
(1 9 7 1 ) pages 4 0 7 - 4 0 8 .

To test the hypothesis that the differences in the treatm ent 
effects are small relative to the m agnitude o f the interaction  
effect, an approxim ate “ F ” ratio can be set up. The m ethod is 
know n as Satterthw aite’s (1946 ) approxim ation and the 
approxim ate F ratio is constructed as,

F (approx.)

0 [M .S . Treatments (A dj,)] — 0[M .S, Interaction] 
0 M. S.  Error

(5 .3 )

where 0  and 0  are given in Table 5. The value obtained in
(5 .3 ) is compared against a tabular F value w ith f' and bk
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Table 5—Mixed model analysis o f variance expressions needed to estimate random blocks and
interaction components o f variance

Source d.f. s .s . Expected M.S.
Treatments (Adj) t-1 -1

b(k+t) ‘
+ ÜTTT) ^  +

Reduction (Adj) t ( b - l ) t b Y2 t T?£ 2  _!J t£  _ * J_  i j nij i b(k+t) °e
+ b(k+t)2 - t (3 k + t) ,  , 

t(k+t) (b -1 )  1 1 Pi

Interaction ( t-1 )  (b -1 ) (2.12) °e + 4/o\

Error bk t b
?
* 1 ~2

°e

(3k+t) {(k+t)2 + (k - t)  [ -  8k(k+t) 
(k+t) [(k+t)2 -  (3k+t)l

[b(k+t)2 -  (b+ t-1 ) (3k+t)[ I (k+t)2 -  (3k+t)] -  4k (k - t)  ( t—1) 
(b -1 ) ( t -1 )  (k+t) [(k+t)2 -  (3k+t)]

degrees where f' is com puted using,
[M S. Error x  (F (approx. ) ) ] 2

\p 2 [M.S. Treatm ents (A d j,)] 2
\p-(p t+1 ( 5 .4 )

<p 2 [M.S. In teraction]2 )
+ (b —1) ( t - 1 )  + 2 f

With large values o f the ratio (5 .3 ), we would infer that the 
treatm ent effects are in fact different and the differences are 
large relative to the magnitude o f the interaction variation.

A much simplier approach to testing the differences in 
treatm ent effects is to assume the interaction variation is null 
(i.e ., to  assume o\ = 0) if the initial F-test for interaction  
variation is not significant. Then the expected mean square 
expressions in Table 5 will not contain oj and the sums o f  
squares for interaction and for error are com bined to form a 
new error sum of squares with bk + (b — 1 )(t— 1) degrees of 
freedom . The mean square for Treatments (A dj.) is then  
compared against the new error mean square, again using an F 
ratio. Of course the adjustment (5 .2 ) for estim ating the 
random am ong panelists com ponent o f variance is also made in 
this case.

CONCLUDING REMARKS
IN THIS PAPER we have discussed som e advantages in 
com bining com plete blocks o f size t with incom plete blocks o f  
size k to form com posite com plete-incom plete blocks o f  size 
t+k. The principal advantage to using the com posite designs is 
that a measure o f the block-treatm ent interaction can be 
obtained separate from a measure o f the experim ental error. 
By removing the interaction variation from the residual 
variation, leaving only the experim ental error as a measure o f  
the within treatm ent variation, we showed how the com posite  
designs were more efficient than the com plete block designs 
for comparing treatm ent effects in the intrablock analysis. It 
was also shown how  an estim ate o f the interaction variation is 
used when estim ating the random blocks (panelists) com 
ponent o f variance in the mixed m odel.

Throughout we have assumed that, after the assignment o f

the treatm ents to  the blocks, the performance o f  the b(k+t) 
experim ents is accom plished in one replication. We have not 
generalized the formulas in the analysis to include more than a 
single replication. Often however, in order that every treat
ment be duplicated with every panelist at one time or another, 
tw o or more replications are needed. For exam ple, if we refer 
to the numerical exam ple in the section on intrablock analysis, 
we might consider three days o f experim entation so that each 
panelist is asked to duplicate each treatm ent. The design might 
look like,

Day 1 Day 2 Day 3
Panelist 1 ABC B ABC A ABC C

2 ABC A ABC C ABC B
3 ABC C ABC B ABC A

This design is slightly more balanced than the design for a 
particular day since over the three days, every treatm ent is 
duplicated with every panelist.

In the analysis o f  the above replicated com posite com plete- 
incom plete design, the removal o f day-to-day variation is 
necessary. In a sequel to the present paper (Cornell and 
Knapp, 1973) we present the analysis o f the replicated  
com posite designs. In addition, various approaches for the 
interpretation o f panelists x  treatm ents interactions will be 
discussed at more length, using real life situations.
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INTRODUCTION
BYSSOCHLAMYS FU LVA , an ascom y- 
cete o f the fam ily G ym noascaceae, has 
becom e o f increasing im portance to the 
food industry because o f the ability of 
the ascospores to  withstand the heat-fill 
temperatures used in processing fruit bev
erages and fillings (Maunder, 1969). The 
first report on the heat resistance o f  asci 
o f B. fulva was that o f Olliver and Rendle
(1 9 3 4 ). Hull (1 9 3 9 )  first reported the 
biphasic death curve due to m oist heat 
for asci o f  B. fulva which was character
ized by an initial slow  death rate follow ed  
by rapid death on further treatm ent. 
Cultural studies on asci form ation in 
different com plex media was reported 
by Splittstoesser et al. (1 9 6 9 ) and Put 
(1964 ). To date little research has been  
reported on the nutritional requirements 
for the production o f heat resistant asci, 
and it is im portant that the physiological 
characteristics o f B. fulva be elucidated in 
order to solve eventually the problem of  
the organism in the food  industry. One 
significant aspect o f the organism is the 
delineation o f  nutritional elem ents which 
enhance or aid heat resistant ascospore 
developm ent. The present report de
scribes a liquid synthetic m edium  suitable 
for asci form ation by B. fulva.

EXPERIMENTAL
THE STRAIN employed was obtained by single 
ascospore isolation from National Canners As
sociation strain 6 8 -1 0 . The culture on a medi
um composed of 0.5% Difco potato extract, 2% 
sucrose and 2% agar (PSA) or a medium com
posed of 0.5% Difco potato extract, 2% dex
trose and 2% agar (PDA) is initially buff in 
color and later white flecks are observed as asci 
formation proceeds corresponding to the de
scription of B. fulva given by Brown and Smith
(1957).

Conidia were used for inoculation of media. 
Inocula was prepared by subculturing three 
times at three day intervals on PSA or PDA and 
the conidia from the plates of the third transfer 
were collected. Conidia were harvested by first 
flooding the surface of the plates with sterile 
distilled water followed by scraping the surface 
of the culture with a sterile bent glass rod. The 
material was filtered through sterile cheese 
cloth and washed three times by centrifugation 
in sterile distilled water. Inocula of 50 or 500 
conidia per ml of medium was used the day of 
inocula preparation. In performing microscopic 
counts of conidia, no attempt was made to dif
ferentiate between microconidia and macro- 
conidia.

Czapek’s salts mixture with the following 
additives per liter: 5.5g CaCl2 or 2.75g CaCl2, 
9.0 mg riboflavin, 100 mg nicotinamide and 
200 mg ascorbate, was the basal synthetic medi
um. Glucose and sucrose were tested as the 
major carbon sources for synthetic and potato

extract media. Synthetic medium, with sucrose, 
adjusted to three initial pH values (2.0, 4.0 and 
5.0) was tested for asci formation. Other media 
employed were always adjusted to an initial pH 
of 4.0. The synthetic media was inoculated 
with 50 or 500 conidia per ml of medium. Only 
inocula of 50 conidia/ml were employed for 
media containing potato extract. Media was dis
pensed in 50 ml volumes in 250 ml flasks with 
cotton plugs. All pH measurements were done 
with a Corning model 12 pH meter. A precipi
tate was noted upon cooling after autoclaving 
of the synthetic medium, but the precipitate 
dissolved as fungal growth ensued.

Cultures were incubated at 34°C and my
celial mats from duplicate flasks were harvested 
at selected intervals for determinations of pH, 
dry weights and asci counts. For these deter
minations mats were removed with a bent glass 
rod and homogenized in 20 ml of distilled 
water in a Sorvall omnimixer at maximum 
speed for 7 min with the container immersed in 
an ice water bath. The final volume was then 
noted and total asci counts were done micro
scopically with the aid of a Spencer hemo- 
cytometer. Ten ml were removed and taken to 
dryness at 110°C in tared aluminum weighing 
pans Tor dry weight determinations. The par
ticulate material in the remaining homogenate 
was then washed three times in distilled water 
and employed for heat activation studies. No 
attempt was made to rupture the asci, therefore 
heat activation results were obtained with in
tact asci. Suitable dilutions of asci were plated 
on PDA in order to cover the range of 1% to

TIME IN DAYS

Fig. 7—A sci p ro d u c tio n  in  sy n th etic  a n d  nonsyn thetic  m edia : (A )  Cza- 
pek's salts m ix tu re  w ith  r ib o flav in  (9 .0  m g /H , n ico tinam ide  (1 0 0  m g/D , 
ascorbate (2 0 0  m g /D , C aC I2 (5 .5 g /D  an d  2%  sucrose. In ocu lum  5 0  co 
n id ia /m l;  (B ) Sam e m ed iu m  as in A  excep t 2 .7 5 g  C aC I2 / l  was used. 
Inoculum  5 0  c o n id ia /m l; (C l Sam e m ed iu m  as in A  excep t inocu lum  
500 c o n id ia /m l; (D )  P o ta to  e x tra c t (0 .5 % ) w ith  2%  sucrose. Inocu lum  
50  c o n id ia /m l; a n d  (E l P o ta to  e x tra c t (0 .5 % ) w ith  2%  dextrose. In o cu 
lum 5 0  co n id ia /m l.

TIME IN DAYS

Fig. 2 —D ry  w t/m l in syn th etic  an d  nonsynthetic  media. See legend o f  
Figure 1 fo r m edia an d  inocu la em ployed.

V O L U M E  3 7  ( 1 9 7 2 ) —J O U R N A L  O F  F O O D  S C I E N C E - 8 8 3



8 8 4 - J O U R N A L  O F  F O O D  S C I E N C E - V o l u m e  3 7  ( 1 9 7 2 )

100% activation based on microscopic counts. 
For heat activation, asci were heated in 0.01 M 
phosphate buffer (pH 7.0) for 2 hr. Microscopic 
asci counts performed before and after heating 
showed no significant breakage of asci.

RESULTS & DISCUSSION
PRELIMINARY experim ents revealed 
that carbohydrate, riboflavin, n icotin
amide, ascorbate and CaCl2 were required 
additives to  Czapek’s basal salts in order 
to obtain good asci production. However, 
if  any one or all o f these ingredients 
except the sugar were om itted the cul
tures were not entirely lacking in asci. 
Heat shocking o f the hom ogenates re
vealed that heat resistant bodies were 
present but at less than 1% o f that 
obtained when calcium and vitamins were 
added.

The results recorded in Figure 1 reveal 
that none o f the synthetic media sup
ported asci form ation to the same extent 
o f that observed with a broth medium  
com posed o f 0.5% D ifco potato extract 
and 2% sucrose (PSB) or a broth medium  
com posed o f 0.5% D ifco potato extract 
and 2% dextrose (PDB). Peak asci form a
tion was observed in 14 days with PDB 
and PSB whereas in the synthetic media 
the peak was reached in 16 to 20 days. 
Asci production in synthetic media on a 
dry weight basis ranged from 3 0 —50% of  
that obtained with PSB or PDB. After 
asci form ation peaks were reached there 
was a decrease in asci counts with PDB 
but no decrease was noted with PSB and 
in synthetic media containing sucrose as 
the main carbon source during the tim e 
of the experim ent. If glucose were em 
ployed as the main carbon source in the 
synthetic media, asci form ation was er
ratic. Although it has not been shown  
experim entally, the asci in glucose-con
taining media may have germinated which  
could account for the decrease in asci 
with tim e. Whatever accounts for de
creased asci numbers with tim e in glu
cose-containing media, it is apparent that 
sucrose is the sugar o f choice because the 
asci count in the sucrose-containing m edi
um was as high as in the presence o f  
glucose and the asci count in the presence 
of sucrose remained constant over an 
extended period o f time. A decrease in 
spore counts with tim e has been reported 
in com plex media by Splittstoesser et al. 
(1 9 6 9 ). The data in Figure 1 also show no  
appreciable difference in asci production  
on synthetic media when the inoculum  
was increased by a factor o f 10 or the 
calcium chloride concentration was re
duced to 2 .7 5g/l.

The results summarized in Figure 2 
show that the dry weight per flask was 
slightly greater in the synthetic media 
than in the potato extract-containing  
media. Therefore, the synthetic media is 
well suited for vegetative growth. In 
addition, in the synthetic media there was

Fig. 3 —D ry  w t, asci p ro d u c tio n  a n d  p H  in 

synthetic  m ed iu m  com posed o f  Czapek's salts 
m ix tu re , r ib o flav in  (9 .0  m g /l) , n ico tinam ide  
( 1 0 0  m g / l ) ,  ascorbate (2 0 0  m g /l) , C aC I2 
(5 .5 g /l) an d  2%  sucrose. In o cu lu m  5 0  c o n id ia /  
m l. •  D ry  w t; o  A sci p ro d u c tio n ; ■ pH .

no significant difference in dry weight 
increase when the inoculum  was increased 
by a factor o f 10 or the calcium chloride 
concentration was reduced to 2 .75g/l. 
After 20 days, autolysis o f the mycelial 
mats becam e very evident and therefore, 
dry weight determ inations were not ex
tended past 24 days. From the results 
shown in Figures 1 and 2 it m ay be noted  
that the com plete synthetic medium with  
sucrose supports good vegetative growth 
and asci production.

Of the different initial pH values em 
ployed in com plete synthetic medium  
with sucrose, only an initial pH o f 4 .0  
gave consistent results. Although the data 
are not reported in this paper, when an 
initial pH o f 2 .0  or 5.0 was used there 
was erratic asci form ation. The higher 
ascospore counts at pH 2 as compared to 
pH 3 and 4 reported by Splittstoesser et 
al. (1 9 6 9 ) may be due to the inherent 
differences betw een synthetic and non
synthetic media. From an initial pH of
4 .0 , a difference in pH values occurred 
during growth and asci form ation be
tween PSB and PDB media. The pH with  
PSB stabilized after 20 days at a pH of 
about 5.0 while the PDB show ed a steady  
increase in pH values betw een 6 .0  and
7.0. More rapid utilization o f the glucose 
does not appear im portant since there is 
no appreciable difference in the rate of 
dry weight increase betw een PSB and 
PDB (Fig. 2).

The data in Figures 3 and 4 show that 
peak asci form ation, dry weight maxima, 
and stabilization o f the pH occurred 
approxim ately 4 days later in synthetic  
medium containing sucrose as compared 
to PSB although the same relative pat
terns can be observed. This suggests that

3 10 13 20  23 30 33TIME IN DAYS
Fig. 4 —D ry  w t, asci p ro d u c tio n  a n d  p H  in no n 
syn th etic  m ed iu m  com posed o f  p o ta to  e x tra c t  
(0 .5% ) an d  2%  sucrose. In o cu lu m  5 0  c o n id ia /  
m l. • D ry  w t; o A sc i p ro d u c tio n ; ■ p H .

som e factor or factors may be present in 
the potato extract m edium  which may be 
responsible for triggering the earlier asci 
production. These factors may not be 
synthesized in the synthetic m edium  until 
a later time. This situation may be similar 
to the dispensible but prom oting growth 
factor described by Fries (1 9 6 5 ). The 
synthetic medium appears suitable for 
studying asci form ation by B. fulva in 
terms o f such growth or sporulation  
factors if they are involved, because such  
a factor(s) may alter the asci production  
curve in terms o f  total numbers and time. 
The effect o f  the CaCl2 and vitamins on 
sporulation alone cannot be determ ined  
because the effects on vegetative growth  
and sporulation could not be separated 
experim entally. The riboflavin and n ico
tinam ide are not essential requirements 
for growth and ascosporulation, but rath
er ancillary additives to  provide for en
hanced growth and ascosporulation. The 
reason for this deduction is that B. fulva 
will grow and produce asci on Czapek’s 
agar, but on this medium asci production  
is much reduced as com pared to asci 
form ation on PDA or on our liquid 
synthetic m edium. The function o f ascor
bate is probably not nutritional but rath
er to suppress germ ination o f asci which 
are produced, thereby prom oting the 
increased asci numbers. This role o f ascor- \ 
bate was proposed initially by Yates et al. 
(1 9 6 8 ) in the case o f  ascospore germina
tion by B. nivea.

The percent o f the asci population  
which can be induced to germinate by 
heat shock appeared constant in the 
com plete synthetic medium with sucrose 
from spore crop to spore crop and did 
not seem  to vary over an extended period
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Table 1 —Viable count o f asci after 2 hr at 70°C in 0.01M  phosphate buffer (pH 7.0) from
separate experiments

Asci from 
synthetic 
medium“

Age of 
culture 
(days)

Microscopic
count

Viable
count

Viable count x  100 
Microscopic 

count
14 1.6 X 106 1.4 x  10s 8.7
16 4.0 X 10s 5.4 x  104 13.5
24 1.0 x  106 8.5 x  104 8.5

1.1 x  105 11.0
40 1.1 x  106 1.0 x  105 10.0

2.5 x  106 2.9 x  10s 11.6
Asci from
potato dextrose
broth 14 1.8 x  106 1.7 x  105 9.4

1.6 x  10s 8.8
“Synthetic medium composed of Czapek’s salts mixture, riboflavin (9.0 mg/l), nicotinamide (too mg/l), ascorbate (200 mg/l), CaCl2 (5.5g/l) and 2% sucrose

of time (Table 1). It appears that at any 
given tim e the heat shockable population  
does not increase appreciably in com 
parison to the total population. The low  
percent activation we have noted for B. 
fulva has been previously reported by 
Splittstoesser et al. ( 1 969 ).

The purpose o f our research was to  
determine the cultural requirements o f 
ascosporogenesis in B. fulva in order to 
delineate further the m echanism o f asco- 
spore heat resistance. The im portance o f  
ascospore m aturation to heat resistance 
seems apparent from the report by Hull
(1939) o f  a biphasic death curve which  
could mean different physiological states 
of ascospores or asci in terms o f resist
ance to m oist heat. This premise is

further indicated by asynchronous m atu
ration o f ascospores w ithin the ascus in 
Hansenula anomala as observed by Ban- 
doni et al. ( 1966). It may be that within a 
heat activatable population o f asci, all o f  
the ascospores may not be affected  or 
may be killed by the heat shock proce
dure.

A recent report by Denny and Brown 
(1 9 6 9 ) show ed that pigm entation may be 
correlated with different heat resistances 
o f B. fulva strains. Preliminary experi
ments in our laboratory indicate the 
synthetic m edium  may be valuable in 
segregating B. fulva strains with different 
heat resistant properties. By incorporat
ing 2% agar into the com plete synthetic  
medium (pH 4 .0 )  with sucrose, we have

been successful in rapidly screening iso
lates because the differences in pigm enta
tion reported by Denny et al. (1 9 6 9 ) on 
potato dextrose agar are exaggerated and 
more definite on the solidified synthetic  
m edium.
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C H E M IS T R Y  O F  T H IA M IN E  D E G R A D A T I O N  
M e c h a n ism s  o f  T h ia m in e  D e g r a d a t io n  in  a  M o d e l S y s t e m

LOSS OF biological activity o f thiamine 
resulting from thermal degradation has 
been studied extensively (Farrer, 1955). 
However, little is know n about the chem i
cal mechanism s involved. Farrer and Mor
rison (1 9 4 9 ) studied thiamine destruction  
in buffered solutions and showed that it 
follow s the Arrhenius equation:

IN T R O D U C T IO N

Where E is the energy o f activation, I 
and R are constants, k is the velocity  
coefficient and T is the temperature in 
degrees absolute.

Subsequent studies revealed that this 
equation can be successfully used in 
predicting thiam ine retention in foods 
(Farrer, 1950, 1953; Bendix et al., 1951; 
Sabry and Tannous, 1961 ; and Agrawal et 
al., 1963).

Farrer (1 9 5 5 ), in his review on the 
thermal destruction o f thiam ine in foods, 
com m ented on the very low  values for E 
obtained with several foods. Two possible 
reactions were postulated, one involving 
cleavage o f the CH2 “ bridge” leaving 
pyrimidine and thiazole m oieties, and the 
other involving the breakdown o f the 
thiazole ring with the production o f  
hydrogen sulfide. It was not clear from  
this review which o f the tw o reactions has 
the lower E value.

In the last tw o decades, numerous 
degradation products o f  thiam ine from  
m odel system s have been identified (Mat- 
sukawa et al., 1951; Gaudiano et al., 
1966; Arnold et al., 1969; and Dwivedi et 
al., 1972a,b).

The chemical properties o f thiamine in 
relation to  pH have been reviewed by  
Metzler (19 60 ). In his review, Metzler 
postulated mechanisms o f form ation of 
com pounds produced by thiam ine degra
dation. However, the form ation o f com 
pounds identified by Arnold et al. (1 9 6 9 )  
and Dwivedi et al. (19 72 b ) cannot be 
explained by these mechanisms.

Dwivedi and Arnold (1 9 7 1 ) reported  
quantitative data on the production of 
hydrogen sulfide from  heat degradation 
of thiamine under acidic and neutral 
conditions. Lack o f quantitative inform a
tion for other degradation products has 
lim ited our understanding o f the m echa
nisms o f thermal degradation o f thiamine.

The purpose o f this investigation was to  
provide additional quantitative inform a
tion on the production o f  major thiam ine 
degradation products under various con
ditions o f heating, thereby providing evi
dence on the m echanisms involved in 
thiam ine breakdown.

EXPERIMENTAL
USING thiamine-S35 hydrochloride (Amer- 
sham/Searle Corp.), solutions (0.5 mg/ml) 
having specific activity of 0.05 mc/ml and buf
fered to pH 3.5, 5.0, 6.0, 7.0 and 8.0 with 0.1 
M phosphate buffer were prepared. Thiamine- 
S35 solutions (0.5 ml each) were placed in 
screw-cap vials sealed with Teflon-lined caps. 
Duplicate samples of thiamine-S35 solutions 
were autoclaved for 15 and 30 min. One sample 
each from thiamine - S3 5 solutions of pH 6.0 
and 8.0 were autoclaved for 2 hr to study the 
effect of extensive heating on the nature of 
thermal degradation products of thiamine. 
Heating time was measured from the point that 
the solutions reached a temperature of 121°C 
in the autoclave. Immediately after autoclaving, 
tubes were cooled by refrigerating for 2 hr. 
Unheated thiamine samples were used as con
trols.

The separation of degradation products of 
heated thiamine-S35 by thin layer chromatog
raphy (TLC) was accomplished by the method 
of Waring et al. (1968). Heated thiamine-S35 
samples were spotted on precoated silica gel 
TLC plates containing fluorescent indicator 
(No. 6060 Chromatogram Sheet, Eastman Ko
dak Co.). Since hydrogen sulfide and some 
highly volatile sulfur compounds are produced 
from heated thiamine solutions, TLC of these 
samples was carried out under a fume hood.

Low concentrations of thiamine-S35 in radio
active samples did not permit direct observation 
under ultraviolet light. Degradation products of 
thiamine-S35 separated by TLC were located 
on chromatograms by comparison with chro
matograms obtained from identically treated 
nonradioactive thiamine solutions containing 
10 mg/ml thiamine. The solvent mixture for 
TLC analysis, consisting of acetonitrile/HjO/ 
formic acid:40/10/sufficient formic acid to 
adjust pH to 2.54, was allowed to equilibrate 
for 15 min in covered chromatography jars. 
Detection of compounds was accomplished in 
an ultraviolet viewing box using short wave
length (254 nm) for absorbing compounds and 
366 nm for fluorescent compounds.

Dried thin layer chromatograms were cut so 
that 1 -Vi in. strips containing all the radioactive 
compounds were obtained. Strips were scanned 
with a Vanguard autoscanner, Model 880. The 
percentage of total radioactivity of thiamine- 
S35 contributed by individual spots was esti
mated by measuring the areas under each peak 
in the recorder tracings.

Loss of thiamine by autoclaving in each 
sample was calculated by comparing the areas 
under the radiochromatogram peak correspond
ing to thiamine from unheated thiamine solu
tions with those from heated samples.

RESULTS & DISCUSSION
THE RADIOCHROMATOGRAM result
ing from autoclaved (15 m in) pH 6.0  
thiam ine-S35 solution is show n in Figure
1. Only tw o radioactive peaks were ob
tained in the scan. Peaks A and B were 
due to thiam ine-S35 and 4-methyl-5-(/3- 
h ydroxyeth yl) th iazole-S3 5 , respectively, 
as determ ined by the Rf values and other

DISTANCE ( Cm)
Fig  1—R ad iochrom atogram  scan o f  a T L C  p la te  from  4  p i th iam in e -S 3 5 
sam ple a t  p H  6 .0  au toc laved  fo r  15  m in . R ecorder range =  3 ,0 0 0  cpm , 
tim e  constant =  B.
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previously reported data (Dwivedi et al., 
1972a). For the calculation o f the area o f  
peak A, radiochromatograms with this 
peak on-scale were obtained by using 
higher attenuator settings. The total radi
oactivity o f 4-m ethyl-5-(|3-hydroxyethyl) 
thiazole-S35 accounted for m ost o f  
thiamine-S3s destroyed during autoclav
ing (Table 1). Thiam ine-S35 samples (pH
6.0) autoclaved for 30 min and 2 hr gave 
radiochromatograms similar to the sample 
autoclaved for 15 min. The total radio
activity associated with 4-m ethyl-5-(0- 
hydroxyethyl) thiazole peaks in these 
samples was nearly equal to  thiam ine-S35 
destroyed.

Thiamine-S35 sam ples at pH 3.5 and
5.0 autoclaved for 15 and 30 min also 
gave only tw o radioactive peaks on radio
chromatograms, again corresponding to 
thiamine-S35 and 4-methyl-5-(j3-hydroxy- 
e th y l)  t h i a z o l e - S 3 5 . 4-Methyl-5-(|3- 
hydroxyethyl) th iazole-S35 peaks ob
tained with autoclaved thiam ine-S35 sam
ples adjusted to pH 3 .5 , were smaller 
compared to corresponding peaks ob
tained from thiam ine-S35 samples at pH
5.0 and 6 .0 , but equal to  thiam ine-S35 
destroyed in autoclaving (Table 1).

The radiochrom atogram  o f thiam ine- 
S35 sample adjusted to pH 7.0  and 
autoclaved for 1 5 min is show n in Figure
2. The total radioactivity o f  all the peaks 
in this scan does not equal the total 
radioactivity o f unheated thiam ine-S35 
peak. This d ifference may be accountable 
to the production o f  hydrogen sulfide 
(Dwivedi and Arnold, 1971) and other 
highly volatile S3 5 com pounds which  
escape during TLC analysis. The radio- 
chromatogram o f the autoclaved pH 7.0  
thiamine-S35 solu tions still shows a peak 
for 4-m ethyl-5-(/3-hydroxyethyl) thiazole- 
S3 5 , but this peak accounts for only a 
small proportion o f  the thiam ine-S3 5 
destroyed (Table 1). T w o small peaks, C 
and D, with Rf values higher than 4- 
methyl-5-(/3-hydroxyethyl) th iazole, are 
present in this scan. These peaks may be

elem ental sulfur and other relatively non
polar com pounds (M orfee and Liska,
1972). A broad peak near thiam ine-S35 
in this radiochromatogram is possibly due 
to com plexes form ed by the condensa
tion o f aldehyde groups produced by the 
opening o f the thiazole ring. This peak 
does not m atch with any o f the sulfur- 
containing thiamine-related com pounds  
available for com parison. The radiochro
matogram o f  pH 7.0  thiam ine-S35 sample 
autoclaved for 30 min gave a pattern 
similar to Figure 2.

Thiam ine-S3 5 samples adjusted to pH
8.0 and autoclaved for 15 and 30 min 
gave radiochromatograms similar to the 
pH 7.0  sample, except for the absence o f
4-m ethyl-5-(|3-hydroxyethyl) thiazole-S3 5 
peak (Fig. 3).

The chem ical properties o f thiamine in 
relation to pH have been reviewed by 
Metzler (1 9 6 0 ). Williams and Ruehle
(1 9 3 5 ) first described the unusual behav

ior o f thiamine chloride hydrochloride 
and other thiam ine salts when titrated  
with base. The first step in this titration, 
with pKi at about 4 .8 , represents the 
titration o f the protonated am ino pyrimi
dine group (Structure 1 >  II, Fig. 4 ). In 
the second titration step, with a m idpoint 
at pH 9 .2 , tw o equivalents o f base are 
taken up in a slow  reaction with the 
form ation o f pseudo base (III). This 
interm ediate undergoes a ring opening  
with further dissociation o f  a proton to  
give the ionized thiol form (IV ) (Clarke 
and Gurin, 1935; Watanabe and Asahi, 
1955).

Based on the above considerations, 
thiamine under acidic conditions will be 
present as I and/or II depending on the 
pH o f  the solution.

The fact that less thiamine breakdown  
occurs at pH 3.5 than at pH 5.0  or 6.0  
suggests that the protonated form of  
thiam ine (I), which predom inates at pH

Table 1 —P ro du ctio n  o f  4 -m e th y l-5 -((i-h y d ro x y e th y H  th iazo le -S 3 5 in 

re la tion  to th iam in e -S 3 5 destruction a t  various p H 's  a n d  autoclaving  
times

PH
Time of 

autoclaving 
min

% thiamine-S3 5 
destroyed

Thiazole-S35 
derivative as 

% thiamine-S35 
destroyed

3.5 15 4.1 100.0
30 7.8 98.5

5.0 15 8.5 99.6
30 15.1 99.0

6.0 15 9.6 96.0
30 18.2 98.6

120 41.0 97.9
7.0 15 28.0 16.4

30 46.5 8.9
8.0 15 32.7 -

30 58.5 -

120 92.6 -

DISTANCE (Cm)

10
9
6 UJto
7 5Q.tn6 UJa:
5 CEUJo4 CEoo3
2

UJcr

Fig. 2 —R ad iochrom atogram  scan o f  a T L C  p la te  from  4  p i th iam ine- 
S3S sample a t  p H  7 .0  au to c lave d  fo r  15  m in . R ecorder range =  3 ,0 0 0  
cpm, tim e constant =  B.

Fig. 3 —R adiochrom atogram  scan o f  a T L C  p la te  from  6  p i th iam ine- 
S 35 sample a t  p H  6 .0  au toc laved  fo r  15  m in . R ecorder range =  
3 ,0 0 0  cpm , tim e constant =  B.
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Fig. 4 —Acid-base eq u ilib ria  o f  th iam ine.

l i

I C N. n h , ' '  r,vX X  i\2
IANl

M2 + \  CH-a\ JTHIAMINE

C f “i x r(V)

Fig. 5 -  V o la tile  com pounds from  h e a t degraded  

th iam ine.

3.5 , is less prone to thermal destruction  
than thiam ine (II). The mode o f  thiamine 
destruction appears to be the same for 
both forms. This mechanism involves 
breaking o f the C-N bond o f the m ethyl
ene “ bridge” betw een thiazole and pyrim 
idine m oieties o f thiamine (Fig. 4). A 
pyrimidine derivative, probably 2-m ethyl-
4 -a m in o-5 -h y d rox y m eth y l pyrimidine, 
and 4-m ethyl-5-()3-hydroxyethyi) thiazole  
result from the breakdown mechanism.

Although at pH 7.0  and 8 .0  m ost of 
the thiamine should exist as structure II, 
it will be in equilibrium with small 
am ounts o f pseudo base (III) and thiol 
form (IV). This study indicates that 
under neutral and slightly alkaline condi
tions, the m ode o f  thiamine breakdown  
on heating is governed by the minor 
forms, (III and IV), o f  thiam ine. Hydro
gen sulfide is probably the major degrada
tion product o f the thiazole m oiety o f 
thiamine under these conditions (Dwivedi 
and Arnold, 1971). We believe that the 
energy o f activation for the removal o f  
hydrogen sulfide from thiam ine at pH 7.0  
and 8.0 is smaller than the energy o f  
activation for breakdown o f the m ethyl
ene bridge o f thiamine. This would ac
count for the absence o f 4-methyl-5-((3- 
hydroxyethyl) thiazole in the pH 8.0  
sample, and its decreased concentration  
at pH 7.0. When hydrogen sulfide is 
released from thiam ine, the equilibrium  
between thiamine forms II, III and IV 
would be disturbed and more thiamine II 
would be converted to the pseudo base
(III) and the thiol form (IV).

In previous work on the volatile degra
dation products o f thiamine (Dwivedi et 
al., 1972b; Arnold et al., 1969) a number 
o f thiamine degradation products which  
apparently arise from the 5-carbon frag

ment B o f  the thiazole m oiety (Fig. 5) 
were identifed. The reaction sequence o f  
the form ation o f  these com pounds is not 
known. Comparatively few  degradation  
products were obtained from  pH 8.0  
thiam ine samples indicating that energies 
of activation for the form ation o f these 
com pounds from thiam ine is much higher 
than that for the main reaction o f hydro
gen sulfide elim ination. We believe that 
the N-C or the C-S bond is broken as 
indicated by the broken line, follow ed by 
the rearrangement and cyclization  o f frag
ment B. In this process one m olecule o f  
hydrogen sulfide or water is elim inated  
and a 5-carbon fragment is cleaved, result
ing in the form ation o f these com pounds.
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G A S  C H R O M A T O G R A P H I C  E S T IM A T IO N  O F  T H IA M IN E

AT THE RECENT White House Confer
ence on F ood , Nutrition and Health  
(1969), nutrient labeling o f  processed  
food products was proposed. Effective  
enforcement o f such a policy will require 
simple, rapid and reliable m ethods for 
nutrient analyses. The chem ical, b iologi
cal and microbial assay procedures cur
rently available for vitam in analyses are 
generally too  com p lex and tim e consum 
ing for routine quality control applica
tions.

Several chem ical and biological m eth
ods have been developed for the quantita
tive determ ination o f  thiam ine. Chemical 
assay m ethods are generally preferred to  
biological m ethods since analyses can be 
performed more rapidly and econ om i
cally; also, chem ical m ethods are usually 
more reliable for routine determ inations.

The thiochrom e m ethod (A ssoc. Vita
min Chem., 1966) is the m ost w idely  
used m ethod for thiam ine. H owever, the 
necessity for close attention  to  details 
makes this m ethod unsuitable for routine 
control work. Materials which absorb 
thiamine and those which affect th io 
chrome fluorescence cause interference in 
the thiochrom e m ethod.

Gas chrom atographic m ethods, in gen
eral, offer unique advantages in speed o f  
separation, sensitivity and convenience in 
quantitation. Gas chrom atography may 
therefore be a useful analytical too l in the 
implementation o f  nutrient labeling re
quirements.

Since thiam ine is not volatile and 
decomposes at high tem peratures, it does 
not lend itself to  direct gas-liquid chroma
tography (GLC). A ttem pts have been 
made to prepare organic esters o f thia
mine, such as o-ben zoyl thiam ine (Hagi- 
wara et al., 1963) and trim ethylsilyl 
(TMS) derivative (A m os and Neal, 1970). 
These derivatives are not volatile at low  
temperatures and pyrolyze above 250°C , 
rendering them  unsuitable for GLC 
analysis.

Williams et al. (1 9 3 5 )  studied the 
molecular structure o f thiam ine, and 
found that thiam ine can be cleaved quan
titatively into pyrim idine and thiazole  
moieties (Fig. 1) by allow ing it to  stand  
in a concentrated sodium  sulfite solution  
at pH 5. In previous work on the thermal 
degradation products o f  thiam ine, we 
found that the th iazole m oiety o f  thia
mine, 4-m ethyl-5-(j3-hydroxyethyl) thia-

IN T R O D U C T IO N zole, is su ffic iently  volatile as such or as 
its TMS derivative (Fig. 1) to  be quan
titated by GLC. Based on this inform a
tion , a sim ple GLC m ethod for thiamine 
estim ation has been developed.

EXPERIMENTAL
Reagents

Thiam ine hydrochloride or mononitrate,
U.S.P. grade

Hydrochioric acid, reagent grade 
Sodium sulfite, reagent grade 
Sodium bisulfite, reagent grade 
Chloroform, reagent grade 
Sodium hydroxide, reagent grade 
Methanol, reagent grade 
BSA (N,0-Bis [trimethylsilyl acetamide)) 

(Pierce Chemical Co., Rockford, 111.) 
Phosphatase preparation: Takadiastase (Parke, 

Davis & Co., Detroit, Mich.) or Mylase-P 
(Wallerstein Labs., Morton Grove, 111.) 

Extraction and derivatization
As with other chemical assay methods for 

thiamine determination, thiamine must first be 
extracted from the food or pharmaceutical 
preparation. Methods described below for ex
traction are similar to extraction procedures for 
other thiamine assay procedures.

Food products. A modification of the ex
traction procedures of Hochberg et al. (1945) 
and Association of Vitamin Chemists (1966)

was used. The sample (about lOg) was weighed 
into an Erlenmeyer flask and 50 ml 0.1N HC1 
was added. The sample was blended in a Waring 
Blendor for 1 min at low speed. Liquids and 
fine particle solids did not require blending. 
The suspension was refluxed at 100°C for 30 
min. The mixture was allowed to cool and ad
justed to pH 6.0 with 5N NaOH. lOg solid 
sodium bisulfite and 6g sodium sulfite were 
added and dissolved by shaking, lg Takadia
stase or Mylase-P was added, and the suspension 
was incubated, preferably overnight at 37° C or 
3 hr at 45-50°C . 20 ml distilled water was 
added and the digested sample was then filtered 
using Whatman No. 40 filter paper. 50 ml of 
the filtrate was collected and extracted twice 
with 100 ml chloroform/methanol: 90/10 sol
vent. The chloroform/methanol extract was 
filtered and concentrated to dryness on a rotary 
evaporator. During concentration, the tempera
ture of the waterbath was maintained at 
30-40°C. The trimethylsilyl (TMS) derivative 
was prepared by adding 1 ml of BSA to the 
dried extract and allowing it to stand at room 
temperature for 1 hr with occasional shaking.

A reference thiamine sample was prepared 
by adding a known quantity (0 .1-0 .5  mg) of 
thiamine into the sample. Thiamine extraction 
and TMS derivative formation of the reference 
were carried out as described above.

Pharmaceutical preparations. Pharmaceuti
cal preparations containing free thiamine as 
hydrochloride or mononitrate did not require

h3C- r Y ! r Y
E1+

ch2ch2 oh

N ^ 1—  C —  N 
+

THIAMINE

H3C\  ^ k / N H 2Y Y
C -S 0,H  Ho 3

S ^ C H 2 CH20Hn rN------ Y ho

BSA

ch3

^Sn__ ^CHgCHg-O-Si-CHj
CH,

/ SV CHJÛÇ,LH-a
4-METHYL-5 (0-HYDROXYETHYL) 

THIAZOLE-TMS
Fig. 1—S u lfite  cleavage o f  th iam ine  an d  T M S  d e riv a tiza tio n  o f  th iazo le  
m oiety .
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enzyme digestion. Weighed tablets were ground 
to a fine powder in a mortar. A portion (about 
lg) of the powdered tablets was weighed and 
placed into a 50 ml Erlenmeyer flask. 25 ml 
deionized distilled water was added. The pH of 
the sample was adjusted to 6.0 by adding 5.0g 
of sodium bisulfite and 3.0g sodium sulfite. The 
solution was mixed thoroughly and allowed 
to stand overnight at room temperature or 
warmed to 40-50°C  for 3 hr. It was then ex
tracted with chloroform/methanol, dried and 
derivatized as discussed for food products. A 
reference thiamine sample was prepared by add
ing a known quantity (0.1-0.5 mg) of thia
mine, and processed as described above.
Gas-liquid chromatography (GLC)

TMS derivatives were analyzed on a Varian 
Aerograph, Model 1700, gas chromatograph 
with a flame ionization detector. Operating 
parameters for GLC were as follows:

Sample volume: 5 pi
Column: 1.7 m x 3.2 mm o.d. stainless steel 

packed with OV-7 (3.0%) and OV-22 (1.5%) 
on Chromosorb G (80/100 mesh A/W, 
DMCS)

Column temperature: 110°C 
Injection port temperature: 150°C 
Detector temperature: 175°C 
Carrier gas flow (N2): 52 ml/min 
Range: 10"11 amps/mv

A standard curve (Fig. 2) was prepared by 
plotting various concentrations of thiamine vs. 
corresponding peak areas. Areas of the peak 
corresponding to the TMS derivative of 4- 
methyl-5-(/3-hydroxyethyl) thiazole were calcu
lated for reference and unknown samples. The 
concentration of thiamine in the unknown sam
ple was calculated as follows:

Area of TMS-thiazole peak (reference) = a 
Area of TMS-thiazole peak (unknown) = b 
Concentration of thiamine in unknown = x 
Amount of thiamine added in reference = s 
Total cone, of thiamine in reference = x + s 
Correction factor (thiamine cone, correspond

ing to zero peak area) = c 
b (x + s -  c) = a(x -  c) 
bx + bs -  be = ax -  ac

x = bs + ac -  be 
a -  b

These calculations were necessary to correct 
for extraction efficiency of 4-methyl-5-(/3- 
hydroxyethyl) thiazole.

RESULTS & DISCUSSION
THE QUANTITATIVE aspects o f thia
mine cleavage into pyrim idine and thia
zole m oieties, extraction o f 4-m ethyl-5- 
(|3-hydroxyethyl) thiazole, and procedure 
o f TMS derivative form ation were stud
ied. The response to various am ounts of 
thiamine assayed as the TMS derivative o f  
i t s  cleavage product, 4-methyl-5-(|3- 
hydroxyeth yl) thiazole, has been deter
mined (Fig. 2). It is apparent from this 
curve that a straight line relationship  
exists betw een peak area and thiamine 
concentration for a wide range.

4-M ethyl-5-(/3-hydroxyethyl) thiazole 
can be assayed by GLC without derivati- 
zation. However, considerable peak tail
ing occurs because o f  the free -OH group 
in the com pound. The presence o f the 
-OH group also lim its its volatility. Con

seq u en tly , only nonpolar stationary  
phases such as SE-30 may be used, which  
limits the resolution o f 4-methyl-5-(j3- 
h ydroxyeth yl) thiazole peak from other 
contam inants. Conversion o f the com 
pound to its TMS derivative greatly im 
proves its gas chrom atographic behavior. 
The minimum thiamine concentration

which was determ ined from lOg samples 
of food  products w ithout concentration  
o f the BSA derivatizing solution  was 0.05  
mg.

Additional sensitivity is provided by 
allowing the BSA reagent to evaporate at 
room temperature after derivatization  
and redissolving the derivative in a smaller

Fig. 2 —S tan dard  curve o f  th iam ine  co ncen tra tion  vs. p e ak  area o f  4- 
m eth y l-5 -(l3 -h y d ro xy e th y l) th iazo le  peak.

TIME (min)
Fig. 3 —Gas chrom atographic separation o f  4 -m ethy l-5 -{0 -h  y  d r  ox y  e th y l)  

th iazo ie -T M S  derived from  a com m ercia l m u lti-v ita m in  an d  m inera l 
preparation .
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volume o f so lven t p rio r to  in jec tio n  in to  
the gas ch ro m ato g rap h . A ten -fo ld  co n 
centration o f  th e  derivative was achieved 
in this m anner.

The possib ility  o f fo rm ing  the  triflu - 
oroacetyl derivative o f  4-methyl-5-(j3- 
hydroxyethy l) th iazo le  using triflu o ro - 
acetic an h yd ride  (T F A A ) and assaying it 
by GLC using e lec tro n  cap tu re  d e tec to r  
was s tud ied . P relim inary  e ffo rts  w ere n o t 
successful in achieving q u a n tita tiv e  co n 
version o f 4-m ethyl-5-(/3 -hydroxyethy l) 
thiazole to  its T F A  derivative. H alogen 
derivatives o f 4-m ethyl-5-(j3-hydroxy- 
ethyl) th iazo le  show  prom ise o f im prov
ing the sensitiv ity  o f th iam ine e s tim ation  
by GLC using an e lec tro n  cap tu re  d e tec 
tor. A dd itiona l w ork  is needed  on th is 
aspect.

The app licab ility  o f  th e  GLC m e th o d  
of th iam ine es tim a tio n  in pharm aceu tica l 
preparations was s tud ied . A typ ical gas 
chrom atographic p a tte rn  o b ta in ed  fo r a 
multi-vitamin and  m inera l tab le t p ro d u c t 
is shown in F igure 3. A few  e x tra  peaks 
were observed in th is ch ro m ato g ram , b u t 
these peaks did n o t in te rfe re  w ith  the 
4 -m e th y  l-5 -(j3 -hydroxye thy l) th iazo le- 
TMS peak. O th e r p ha rm aceu tica l p rep a ra
tions gave p a tte rn s  d iffe ren t from  Figure 
3, but no  in te rfe ren ce  by o th e r  co m 

po u nds was n o tic ed . S im ilarly , no  in te r
ference by o th e r  co m p ou n d s was o b 
served w ith  foo d  p ro d u c ts . T hiam ine 
co n ten ts  o f tw o  b reak fast cereals and 
fo rtified  w heat flo u r w ere d e te rm in ed  in 
this s tu d y .

R eso lu tio n  o f th e  co m p o u n d  being 
s tu d ied  from  in te rfe rin g  c o n stitu en ts  is a 
m ajor advantage o f the  gas ch ro m a to 
graph ic m e th o d . Gas ch ro m ato g rap h y  is 
p rim arily  a sep ara tio n  p ro cedu re . R eso lu
tio n  can be fu r th e r  im prov ed , if neces
sary , by  m an ip u la tio n  o f  various GLC 
param eters .

T he p ro po sed  GLC proced u re  provides 
a sim ple m eans o f checking fo r in te rfe ring  
co n stitu en ts . If sod ium  su lfite  is o m itte d  
from  the  p ro cedu re  (pH  ad justed  to  6.0 
at th is s tep  by sod ium  h y d ro x id e ), th ia 
m ine will n o t  be cleaved and 4-m ethyl-5- 
(j3-hydroxyethyl) th iazo le  will n o t be 
fo rm ed . T he sam ple th us  serves as a 
co n tro l. A ny peaks in th e  region o f th a t 
fo r 4 -m ethyl-5-(j3 -hydroxyethyl) th iazo le  
w ould  be a ttr ib u te d  to  in te rfe rin g  c o n s tit
uen ts. C o n tro l sam ples from  foo d  p ro d 
uc ts  used in th is s tu d y  p ro d u ced  no peaks 
in th is region o f th e  ch rom atogram s.

Since the  G LC m e th o d  fo r  th iam ine 
e s tim ation  developed  in th is  s tu d y  does 
n o t requ ire  co lu m n  cleanup  o f th e  d i

gested sam ple, m ore sam ples can be h an 
dled in a w ork ing  day com pared  to  
co nven tional m ethods.
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MEAT TENDERNESS: AGE RELATED CHANGES IN 
BOVINE INTRAMUSCULAR COLLAGEN

TH E R E L A T IO N SH IP be tw een  th e  s tru c 
tu re  o f m uscle and  the  tenderness o f m eat 
has been an area o f active investigation  
for m any years. L ocker (1 9 6 0 ) and la te r 
Marsh an d  L eet (1 9 6 6 ) and H erring et al.
(1 9 6 7 ) convincingly d e m o n stra ted  th a t 
the  toughness o f m eat is re la ted  to  the 
co n tra c tio n  o f  the  m uscle fibres as re
flected  by th e  sarcom ere leng th . How ever 
th e re  is alw ays the  “ backgroun d  to u g h 
ness” due to  the  presence o f th e  co n nec
tive tissue p ro te in s, pa rticu larly  the  co l
lagen fibres. These fibres possess an 
ex trem ely  high tensile s tren g th  and the  
physical p ro pertie s  change w ith  age. Even 
a fte r  d e n a tu ra tio n  by cooking, these 
fibres can still possess a significan t tensile 
s tren g th , hence it is n o t surprising  th a t it 
has been im plica ted  in th e  toughness of 
m eat (fo r review  see Bailey, 1972).

In  a tte m p ts  to  co rre la te  th e  properties  
o f collagen w ith  th e  te x tu re  o f m ea t, age 
changes in bovine m uscle and ten d o n  
collagen have been s tu d ied  by several 
w orkers (T um a e t al., 1963; Goll e t al., 
1964; Hill, 1966; C arm ichael and Lawrie,
1967). All these w orkers show ed a de
crease in the  so lu b ility  o f collagen in 
n o n d en a tu rin g  solven ts, suggesting an in 
crease in covalen t crosslinking. It is well 
kno w n th a t changes in collagen occur 
w ith  increasing age o f  th e  various colla
genous tissues and th is has been a ttr ib 
u ted  to  an increase in the  nu m b er of 
covalen t crosslinks be tw een  the  collagen 
m olecules in the  fibre (V erzar, 1964; 
Sinex, 1968 ; Bailey, 1969).

R ecent investigations carried  o u t on 
the covalen t crosslinks have led to  a 
b e tte r  u nd erstand ing  o f the ir na tu re  and 
biosyn thesis ( fo r  review  see T raub  and 
Piez, 1971). T w o types o f crosslinks are 
kno w n to  occur: in tram o lecu la r cross
links w ith in  the tropoco llagen  m olecule 
(B o m ste in  and Piez, 1966) and  in te rm o- 
lecular crosslinks be tw een  th e  m olecules 
in th e  in ta c t fibre. T he in te rm o lecu la r 
crosslinks are the  m ore im p o rta n t ty p e  in 
the  s tab iliza tion  o f the  collagen fibres and 
chem ical stud ies have dem o n stra ted  th a t 
th ey  are a ld im ine-type bonds (B ailey,
1969). T he th ree  m ajor ald im ine type

INTRODUCTION

1 P re se n t ad d ress: In s t i tu to  d e  T ecn o lo g ia  de  
A lim e n to s , C a ixa  P o s ta l 1 3 9 , C am p in as , SP, 
B razil

2 T o  w h o m  r e p r in t  re q u e s ts  s h o u ld  b e  se n t

crosslinks have been iso la ted  in a s tab il
ized form  from  b o ro h y d rid e  reduced  co l
lagen. One co m p o u n d  was id en tified  as 
N e-(5 -am ino-5 -carbo xypen ty l) h y d ro x y - 
lysine, (h y d ro x y ly s in o n o rleu c in e ) and 
derived from  the  reac tio n  o f allysine and 
h y d ro xy ly sine  (F ig. 1).

The secon d  reduc ib le  co m p o u n d  was 
fo u n d  to  be m ore stab le  and originally  
th o u g h t to  be an aldo l (B ailey e t al.,
1970) b u t has su b seq u en tly  been show n 
to  be A 6,7 dehydro-N e-(2-hyd roxy-5- 
a m in o -5 -c a rb o x y p e n ty l) -h y d ro x y ly s in e , 
( d e h y  d ro -h y d ro x y ly s in o h y d ro x y n o rle u -

cine) (Davis an d  B ailey, 1971; M echanic 
et a l., 197 1) (F ig . 2).

A th ird  co m p o n e n t te rm ed  Fr. C also 
possesses p ro pertie s  o f an ald im ine bond 
in the n o n red u ced  native fibre b u t has 
n o t y e t been ch aracte rized . I t is a m ajor 
crosslink  in a n u m b er o f tissues and  is 
p ro b ab ly  derived from  the  in tram o lecu lar 
aldol crosslink.

T he p resen t p ap er deals w ith  studies 
on  these in te rm o lecu la r crosslinks in bo
vine m uscle and  ten d o n  w ith  pa rticu lar 
regard to : (a) v aria tion  in the  ty p e  of 
crosslinkage o f in tram u scu la r collagen

a  c h a i n -  N H -o X I o 0 1 -  N H  -  C H  -  C O - - N H - ( p H - C O

(<j' H 2  ) 3 < ¿ H 2 > 3 < { h 2 ) 3

C H O C H C H ,II N a B H d  T
n h 2 N 4  N H

_

<rH2 ¿ H ,T ¿ ^ h 2

H —  <p —  O H H - C - O H ( p H  -  O H
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a  c h a i n -  N H -  C H  -  C O  - -  N H  -  ¿ H  -  C O  - I z X I o- X I o o

d e h y d r o - h y d r o x y -

h y d r o x y l y s i n o n o r l e u c i n e l y s i n o n o r l e u c i n e

Fig. 1 —Biosynthesis and  borohydride stabilization o f  one o f  the m ajor a ld im ine-type interm olec
ular crosslinks in collagen.
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:ig. 2 —Biosynthesis and  borohydride stabilization o f  a second  m ajor a ld im ine-type crosslink in 
collagen.
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(IMC) b e tw een  various m uscles o f the 
same age; (b ) varia tion  in th e  n a tu re  o f 
the crosslinks in ten d o n  and IMC o f  the 
same m uscle; (c) changes in the  n a tu re  o f 
the crosslinks o f IMC w ith  age fo r a given 
m uscle; an d  (d ) com parison  o f  th e  ra te  o f 
aging o f d iffe ren t m uscles.

EXPERIMENTAL
Materials

Bovine tendon and intramuscular collagen 
(IMC) were obtained from animals of ages rang

ing from foetus to 15 yr old. Generally these 
animals were analyzed at each particular age. 
The muscles were chosen from different posi
tions in the bovine body to represent some 
highly active limb muscles (Cassens and Cooper,
1971) which are generally classified as produc
ing tough meat and less active internal body 
muscles which produce tender meat (Ramsbot- 
tom et al., 1945). The muscles used were the 
neck muscle sternomandibularis, leg muscles 
(gastrocnemius, extensor carpi radialis and 
superficial digital flexor) and the body muscles 
longissimus dorsi, vastus, infra spinatus and 
psoas major. Tendons were obtained from the

......................  15 y*a r  old

-----------  3 j f«or old

^ ------------ 1 yo o r  old
<_>3
tu

Fig. 3 —Typical e lu tion  pattern  o f  an acid  h ydro lysa te  o f  tritiated  N aB 3 H , reduced in ta c t collagen, 
intramuscular or tendon. The p osition  o f  the kn o w n  reducible co m ponen ts  is show n relative to  the  
usual am ino  acids using a volatile b u ffe r  system . The e f fe c t o f  age is dem onstra ted  b y  the change in 
elution pattern  a t three d ifferen t ages.

gastrocnemius, the extensor carpi radialis and 
superficial digital flexor.

Tendon collagen was prepared by shredding 
dissected tendon samples in an MSE Ato Mix 
homogenizer and washing with several changes 
of carbonate buffered 0.9% saline (pH 7.4) at 
ambient temperature (17°C). Homogenized 
fibres were washed with copious amounts of 
water to remove salts and then freeze dried.

Intramuscular collagen was prepared from 
muscle after removal of gross fatty tissue. The 
sample was then shredded and homogenized in 
carbonate buffered 0.9% saline at 18°C using a 
Marsh-Snow (1950) blender. The myofibrillar 
proteins were removed by disintegration leaving 
the connective tissue network intact. After ex
tensive washing with saline to remove traces of 
myofibrillar proteins, the samples were dialyzed 
against distilled water overnight and freeze 
dried. Hydroxyproline determinations were 
carried out to demonstrate the purity of the 
collagen using the Technicon automatic method 
(Grant, 1964).
Methods

The samples were analyzed for the presence 
of reducible crosslinks by amino acid analysis 
after reduction with tritiated sodium boro- 
hydride as previously described in detail (Bailey 
et al., 1970). About 200 mg of freeze-dried 
samples were suspended in 30.0 ml of buffered 
saline solution. Solid sodium borotritide was 
diluted with nonradioactive borohydride to ap
proximately 10 mCi/mM. The borohydride was 
then dissolved in carbonate buffered saline at 
5°C and equal volumes of the solution were 
added to the various suspensions of fibres to 
give a final ratio of 50:1 (w:w) based on the 
dry weight of the collagen fibre. Reduction was 
allowed to proceed for 1 hr after which time 
the excess borohydride was destroyed by the 
addition of acetic acid lowering the pH to 4.0. 
The suspension was dialyzed for 24 hr and the 
reduced fibres were then freeze dried and 
hydrolyzed.

Hydrolysis was performed by refluxing for 
24 hr with freshly redistilled constant boiling

Fig. 4 —E ffec t o f  age on the relative a m ounts o f  the various reducible com ponen ts in (a) intramuscular collagen from  ex tensor carpi radialis and  (b) 
tendon collagen from  ex tensor carpi radialis.
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HC1. The HC1 was then removed by evaporation 
in vacuo at 60° C.

The Technicon Auto-Analyser was adapted 
for use with volatile buffers (Bailey et al.,
1970) based on the system described by Padieu 
et al. (1965). The amino acids and the radio
active crosslinking compounds were eluted with 
a gradient formed by running 1.0N pyridine/ 
formic acid (pH 5.0) into a mixing vessel con
taining 350 ml of 0.1N pyridine/formic acid 
(pH 2.9). The flow rate was adjusted to 42 
ml/hr and 5.0 ml fractions were collected. 0.2 
ml of collected fractions were counted using 
Bray’s solution (1960) in a Liquid Scintillation 
Counter. The identification of the radioactive 
peaks as intermolecular crosslinks was con
firmed by analysis against authentic samples on 
the Beckman amino acid analyser (Bailey et al., 
1970).

RESULTS
N ature o f red u c ib le  co m p o n en ts

A ty p ica l e lu tio n  p a tte rn  dep ic ting  the 
position  o f  th e  b o ro h y d rid e  reduced  
crosslinks h y d ro x y ly s in o h y d ro x y n o rleu - 
cine (di-O H -LN L), h y d ro x y ly sin o n o rleu - 
cine (O H -LN L) an d  Fr. C o b ta in ed  from  
reduced  collagen are show n in Figure 3. 
Basically sim ilar p a tte rn s  were o b ta in ed  
from  b o th  th e  IMC an d  ten d o n  collagen. 
E ffect o f  age

In tram u scu la r collagen (IM C). All the
m uscles analyzed  fro m  the  1-yr old steer 
co n ta in ed  a h igher p ro p o rtio n  o f reduced  
crosslinks di-O H -LN L, O H -LN L an d  Fr. C 
than  th e  sam e m uscles o b ta in ed  from  the

fo eta l calf. S u b seq u en t to  th is age there 
was a s tead y  decrease in all these reduc
ible crosslinks up to  a b o u t 5 y r w hen the 
ra te  slow ed dow n u n til the  co m p o n en ts  
w ere v irtually  ab sen t at 10 yr. The ra te  of 
change o f these reduc ib le  co m p o n en ts  is 
sum m arized  in F igure 4, the  values being 
tak en  from  the  peak he igh t o f each 
co m p o n e n t sho w n  in F igure 3 at a series 
o f d iffe ren t ages. F igure 4 show s the 
changes fo r the  ex ten so r carp i radialis 
m uscle, very sim ilar curves w ere o b ta ined  
fo r th e  IMC 4(a) and ten d o n  collagen 
(4b).

C o n co m itan t w ith  the decrease in 
these co m p o n en ts , tw o  m ore co m p o n en ts  
designated  A l and A2 increased in pro
p o rtio n  u n til a t 5 —6 y r they  w ere the 
m ajor reduc ib le  co m p o n en ts  (F ig. 3). The 
rate o f increase o f these co m p o n en ts  is 
show n in Figure 4a and b. Since the 
p ro p o rtio n  o f the  reduc ib le  co m ponen ts  
A l and  A2 increased  w ith  age o f the 
tissues, th is suggested th a t they  may 
possibly be re la ted  to  the  crosslinking 
process; how ever, recen t s tud ies have 
d e m o n stra ted  th a t they  are n o t crosslinks 
(R o b ins  an d  Bailey, 1972).

T en d o n  co llagen. S im ilar e lu tio n  pa t
terns w ere o b ta in ed  fo r th e  ten d o n  col
lagen. F igure 4b  sum m arises the  variation  
w ith  age o f the relative am o u n ts  of 
reduc ib le  co m p o n e n ts  in ten d o n  collagen 
from  the  ex ten so r carp i radialis m uscle. 
C om parison  o f the  ra tes  o f decrease in 
the reduc ib le  crosslinks w ith  those  o f the 
IMC ind ica tes  th a t the  IMC rate  is faster 
th an  th a t o f  ten d o n . F u rth e rm o re , the 
p ro p o rtio n  o f  di-O H -LN L in reduced  IMC 
appears to  be co n sis ten tly  g rea te r th an  in 
ten d o n  collagen (F ig. 5).
E ffect o f  th e rm a l d e n a tu ra tio n

In tram u scu la r and ten d o n  collagen 
from  the  superfic ia l d ig ita l f lexo r were 
h ea ted  fo r 10 m in at 80°C  and the 
residue red uced  w ith  tr i t ia te d  sodium  
b o ro h y d rid e  in o rd e r to  observe the 
therm al s tab ility  o f the  in te rm o lecu la r 
crosslinks. T he m uscle was tak en  from  a
1-yr o ld s tee r since th e  m ax im um  num ber 
o f redu c ib le  crosslinks are p resen t at this 
age. T he e lu tio n  p a tte rn  o b ta in ed  dem on
s tra ted  th a t dehydro-O H -L N L  and non- 
reduced  F r. C are th e rm a lly  labile since 
th e ir redu ced  form s w ere v irtua lly  absent 
in the  reduced  d en a tu red  collagen. The 
o th e r  ald im ine b o n d  dehydro-di-O H -L N L  
how ever is m ore stab le  an d  is still present 
in ap p ro x im a te ly  the  sam e a m o u n t as in 
the native m ateria l. F rac tio n s  A l and  A2 
were also fo u n d  to  be u nchan ged  by 
the rm al d e n a tu ra tio n  (F ig. 6 ).

DISCUSSION
A N A LY SIS o f bovine in tram u scu la r and 
ten d o n  collagens has show n th a t both  
tissues have very sim ilar c o n te n t o f reduc
ible crosslinks. T hey  b o th  co n ta in  all the

( a )  d i  -  0  H -  l y s i n o n o r l e u c i n e

( b )  O H  L Y S I N O N O R L E U C I N E

1 2 3

Fig. 5 —Relative proportion  o f  h yd ro xy lysin o hydroxyn o rleuc in e  la) and  
h yd ro xy  lysinonorleucine (b) in the intramuscular and  tendon collagen 
o f  a num ber o f  m uscles from  a 12-month o ld  steer: 1. superficial digital 
flexor; 2. ex tensor carpi radialis; a nd  3. gastrocnemius.

F R A C T I O N  N U M B E R

Fig. 6 —E ffe c t o f  therm al denaturation prior to  reduction in the elution  pattern  o f  intramuscular 
collagen from  the superficial digital flexor. N ote the virtual disappearance o f  OH-LNL and  Fr. C 
com pared to  Figure 3.
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reducible crosslinks so far know n to  
occur in co llagen, in co n tra st to  skin 
collagen w hich does n o t co n ta in  dehydro- 
di-OH-LNL and bone collagen in w hich 
the la tte r  is the  only  m ajor reducib le  
crosslink (B ailey et al., 1970).

In all th e  m uscles and ten d o n s s tud ied  
there was a gradual decrease in the 
p ro p o rtio n  o f all th ree  reducib le  cross
links un til th ey  w ere v irtually  absen t at 
m atu rity . These resu lts  confirm  the  origi
nal proposal (B ailey, 1969) th a t they  are 
in te rm ed ia tes  in the  crosslinking process 
and are gradually  stab ilized  w ith  increas
ing age. Using tissues from  species w ith 
differing life spans we have recen tly  
dem onstra ted  th a t th is process does in 
deed follow  the  m a tu ra tio n  process ra the r 
than the  tem p ora l age o f the anim al 
(Bailey and S h im ok om ak i, 1971). The 
m echanism  by w hich th e  sub seq u en t s ta 
b ilization occurs has n o t ye t been e luci
dated. One possible m echanism  is th a t in 
vivo red u c tio n  o f  the  ald im ine bonds 
could occur. This ty p e  o f process has 
been show n to  occu r in elastin  w here 
both  deh yd ro -ly s in ono rleuc ine  and its 
reduced form  lysinon orleucin e  are pres
ent in the  native elastin  fibre (L en t and 
F ranzblau , 1967). H ow ever, analysis o f 
no n b o ro h y d rid e  reduced  collagen failed 
to  reveal th e  presence o f  any o f  these 
reduced crosslinks (Bailey and Peach,
1971), ind ica ting  th a t in vivo red u c tio n  as 
a m eans o f stabiliz ing  the  crosslinks is no t 
operative in collagen.

T he increase observed in the  p ro p o r
tion  o f  the  reducib le  crosslinks from  the 
foeta l stage to  a m axim um  a t 12—18 
m on th s  ex ac tly  paralleled the  change in 
so lub ility  (C arm ichael and Law rie, 1967). 
S im ilar results have been rep o rted  fo r the 
age-related so lub ility  changes in ra t skin 
(W irtschafte r an d  B entley , 1962) and on 
sheep skin (Bow es an d  R aistrick , 1965). 
These changes can now  be in te rp re ted  as 
being due to  the  rap id  rate  o f g row th  and 
the  fo rm a tio n  o f labile in te rm ed ia te  
crosslinks. These labile bonds are readily  
cleaved by d ilu te  organic acids and  to 
ge ther w ith  th e  non co v a len tly -bo u nd  
neu tra l salt so luble collagen acco u n t fo r 
the  high so lub ility  during  th is stage. The 
su bsequen t decrease o f so lub ility  m ust be 
due to  the decrease o f  overall ra te  o f 
syn thesis o f new  collagen thus giving tim e 
fo r the  labile b onds to  stabilize th em 
selves by conversion  to  a non red ucib le  
fo rm . As the  rate  o f syn thesis  o f new 
collagen slow s dow n, th e  collagen has 
tim e to  stabilize and form  the  p e rm an en t, 
therm ally  stab le  crosslinks w hich render 
the  collagen insolub le.

These resu lts  provide a ra tio na l basis 
fo r the  varia tion  in ten derness o f m eat 
w ith- age. A lth ough  it was alw ays a 
reasonable first h yp o thesis  to  suggest a 
re la tio nsh ip  be tw een  the  co n te n t o f the 
tough  collagen fibres an d  the  tenderness 
o f m eat, it is now  clear why th is proposal 
falls dow n. The to ta l collagen co n te n t is 
m eaningless; ra th e r, it is the  relative
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Fig. 7 -C om p arison  o f  the proportion  o f  the relatively stable crosslink, 
dehydro-di-OH lysinonorleucine in various m uscles from  a 12-month  
o ld  steer classified according to their increasing tenderness from  1 to  7 
according to R am sbo ttom  e t al. (1945).

p ro p o rtio n  o f the  therm ally  labile and 
therm ally  stab le  in te rm o lecu la r cross
links. As the p ro p o rtio n  o f stable cross
links increases w ith  age the heat dena
tu red  collagen fibres in the  co oked  m eat 
becom e s tro ng er and th u s  m ake a greater 
c o n trib u tio n  to  the  ten derness o f the 
m eat. F u rth e rm o re , o u r s tud ies suggests 
th a t the  ten deres t beef should  be o b 
ta in ed  a t ab o u t 12—14 m on ths. T ex tu re  
m easu rem en ts are n o t usually  m easured 
over th is  age range bu t H enricksen and 
M oore (1 9 6 5 ) have rep o rted  a m axim um  
in ten derness at this age. M ost o th e r  
w orkers have co m pared  w idely d iffe ren t 
age groups.

A part from  th e  varia tion  o f tex tu re  
w ith  age the  d ifferences betw een  m uscles 
o f the  sam e anim al even in im m ature  
bovines is considerable . T he higher th e r
mal s tab ility  o f dehydro-di-O H -L N L  and 
its p redom inan ce  in the very insolub le 
collagens such as bone and cartilage sug
gested th a t it m ay be an im p o rta n t fac to r 
in the  d ifference be tw een  m uscles. H ow 
ever, no  significan t d ifferences could  be 
d e tec ted  in the e x te n t o f crosslinking or 
in the  relative p ro p o rtio n  o f dehydro-di- 
OH-LNL over the  range o f  m uscles ana
lyzed. A clear d ifference was ap paren t 
be tw een  th e  active ex ten so r carp i radialis 
m uscle and the  less active psoas m ajor 
(Fig. 7) and these m uscle are know n to  be 
toug h  and ten d er respectively . However, 
co n tra ry  to  ex p ec ta tio n s , analysis o f the 
ex trem ely  tough  sterno m an d ibu laris  m us
cle gave a low er value fo r the  co n ten t o f 
this crosslink  than  the ex ten so r carpi 
radialis. T he tenderness classification o f 
various m uscles is based on taste  panels 
and shear values and it is alw ays possible 
th a t som e m uscles are p articu larly  suscep
tib le to  m uscu lar c o n tra c tio n  during rigor 
th us  placing them  in the  in co rrec t o rder 
from  a connective tissue p o in t o f view. 
This is particu larly  im p o rta n t in the  case 
o f th e  sterno m an d ib u laris  w hich generally 
co n trac ts  w ith o u t the re s tra in t o f the 
skele to n  a fte r  rem oval o f the  head at 
slaughter. These d ifferences in tex tu re  
be tw een  individual m uscles are, o th e r  
things being equal, a lm ost ce rta in ly  re 
lated  to  the  quality  o f th e  IMC fibres. 
R ecently  McClain et al. (1 9 7 0 ) have 
d em o nstra ted  a d ifference in the  so lu 
b ility  o f IMC o f longissim us dorsi and  the  
sem im em branosus o f po rcine, b u t the 
relatio nsh ip  o f th is finding to  th e  ten d e r
ness o f the  m eat was n o t assessed by 
these w orkers.

It is in te resting  to  n o te  th a t a consis
ten t d ifference was o b ta in ed  in th e  p ro 
p o rtio n  o f di-OH -LN L in th e  IMC and 
th e  ten d o n  o f  th e  sam e m uscle (Fig. 5). 
R ecently  M ohr and Bendall (1 9 6 9 ) had 
show n th a t th e  IMC o f sternom and ibu laris  
was less so luble and ap p aren tly  m ore ex
tensively crosslinked th an  ten d o n  colla
gen. O ur present results o ffe r an explana
tio n  o f  th e ir  observation . In ad d itio n , it
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appears th a t th e  ra te  o f  decrease in the  
p ro p o rtio n  o f reducib le  crosslinks was 
faster in th e  case o f  1MC th a n  ten d o n  
(Fig. 4a and  4b), again ind icating  the  
g rea ter s tab ility  o f  the  IMC.

A lthough  a t the  o u tse t it was hoped  
th a t the physio logically  highly active 
m uscles w ould  possess s tro ng er in tram u s
cu lar collagen fibres, possibly observed as 
a g reater e x ten t o f crosslinking, a higher 
p ro p o rtio n  o f di-OH -LN L or as a faster 
rate o f s tab iliza tion , n o  convincing d iffe r
ences be tw een  the  various m uscles could 
be d em onstra ted . It m ay be th a t the 
d ifferences are sm aller than  expec ted . 
P relim inary s tud ies on partia lly  la th y ritic  
porcine tissues su p p o rt this suggestion. 
C learly fu r th e r  detailed  s tud ies along 
these lines are required .
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EFFECTS OF POST-MORTEM AGING AND STRETCHING ON THE 
MACROMOLECULAR PROPERTIES OF COLLAGEN

INTRODUCTION
THE EX A CT R EL A T IO N S H IP  o f  co l
lagen to  m eat tenderness has n o t been 
elucidated. This is p a rticu la rly  true  in 
regard to  th e  p o st-m o rtem  ten d eriza tio n  
process. E arly investigators fo u n d  no 
change in th e  alkali-inso luble p o rtio n  o f 
collagen during  p o s t-m o rtem  aging (Wier- 
bicki e t al., 1954 , 1955; K han and  van 
den Berg, 1964; Sayre, 1968; and de 
Fremery an d  S tree te r , 1969). O th e r re 
searchers, u tiliz ing  salt-so lub le collagens, 
found th a t so lub ility  decreased  during 
post-m ortem  aging (G ross, 1958; and 
McClain e t al., 1965). Since th e  above 
studies were co n cern ed  m ainly  w ith  gross 
solubility, th e y  d id n o t consider s tru c 
tural changes w hich  m igh t be occu rring  at 
the m olecu lar level. As a resu lt, m ost 
researchers ten d  to  d isco u n t any possible 
role fo r collagen in the  post-m o rtem  
tenderization  process. H ow ever, recen t 
u ltracen trifugation  da ta  by Kruggel and 
Field (1 9 7 1 ) show ed th a t  changes in 
collagen sub -un it co m p o sitio n  occu rred  in 
stretched and aged bovine tissue. The 
present s tu d y  used acry lam ide-gel e le c tro 
phoresis to  fu r th e r  investigate  covalen t 
cross-linking o f collagen from  s tre tch ed  
and/or aged m uscle. T he re la tio nsh ip  be
tween p ost-m ortem  ten d eriza tio n  and 
changes in cross-link s tru c tu re  was inves
tigated. In  ad d itio n , da ta  co m paring  
epimysial and in tram u scu la r collagen are 
presented.

EXPERIMENTAL
Treatments

Intramuscular and epimysial collagen from 
the 12th rib region of the longissimus was used 
in this study. The tissue was obtained from 
both sides of nine yearling Hereford bulls 
whose carcasses graded good. The bulls were of 
similar genetic background and similar manage
ment. One side of each carcass served as a con
trol while the longissimus from the other side 
was stretched. Stretching of the longissimus was 
accomplished by suspending one side of each 
carcass by a hook through the obturator fora
men immediately after exsanguination, as de
scribed by Hostetler et al. (1970). In addition, 
the thoracic vertebra between the 12th and 
13th ribs and all muscles, except the longis
simus and a 10 cm portion of tissue on the 
ventral side, were cut to increase strain upon 
the longissimus muscle. The control side of

‘ Present address: D ep t, o f  F o o d  Science, Washington S ta te  U niversity , P u llm an , Wash.

each carcass was suspended in the normal man
ner by a hook between the Achilles tendon and 
the tibia.

After 24 hr aging at 2°C, two adjacent 20 
cm portions of the longissimus which were 
either posterior or anterior to the cut between 
the 12th and 13 th rib were taken from the con
trol and stretched sides. Adjacent 20 cm seg
ments (those segments remaining that were 
either anterior or posterior to the 12th and 
13th rib cut) of the longissimus from the con
trol and stretched sides were aged on the car
cass an additional 20 days at 2°C. Longissimus 
muscle segments from each side of each carcass 
were randomized for aging purposes. All longis
simus muscle samples were frozen and stored at 
-20°C  after aging until analysis could be com
pleted. Muscle segments from each carcass in
cluded control and stretched muscle aged 1 
day, and control and stretched muscle aged 21 
days.
Sarcomere length

Sarcomere length was determined on each 
muscle segment after thawing to room tempera
ture (Smith et al., 1969) to give an objective 
measure of the amount of stretching due to 
treatment. Six adjacent sarcomeres on 25 myo
fibrils were measured for each sample, using 
phase contrast microscopy at 1000X with oil 
immersion.
Warner-Bratzler shear

Steaks cut from portions of the longissimus 
adjacent to that taken for isolation of intra
muscular collagen were used for tenderness 
evaluation. The 3 cm thick steaks were roasted 
in a 177°C oven to an internal temperature of 
71°C and cooled overnight to 2°C before evalu
ation. Three cores, 2.54 cm in diameter, were 
cut parallel with the muscle fibers. Each core 
was sheared across the fibers three times. 
Values were recorded as an average of the nine 
shears.
Extraction and purification

Portions of the longissimus muscle were 
trimmed of epimysial tissue and fat, then 
ground through a 4.8 mm plate. lOOg of the 
chilled, ground meat were placed in a Waring 
Blendor with 400 ml of cold, isotonic NaCl and 
blended for 10 sec at full speed. After standing 
for 2 min, the solution was blended for an addi
tional 5 sec. A layer of cheesecloth was placed 
over the mouth of the blender. The blender cup 
was then inverted and agitated, allowing myo
fibrillar proteins and salt solution to pass 
through. This procedure was repeated four 
times. No detectable amounts of salt soluble 
collagen were found in the salt solution after 
this short time in NaCl. The crude intramus
cular collagen, which remained in the blender 
cup, was physically removed and centrifuged at
5,500 x  G for 5 min to remove any remaining 
NaCl (Field, 1970). Based upon amount of 
hydroxyproline in crude intramuscular col

lagen, 50-60%  of the total muscle collagen was 
recovered by this procedure. All steps were 
carried out in a 2°C cold room. Epimysial sam
ples were extracted in the same manner, except 
that they were cut into small pieces and not 
ground before extraction.

Purification and extraction of the intramus
cular and epimysial collagen with 5M guanidine 
hydrochloride was according to the procedure 
of Mohr and Bendall (1969), as modified by 
Kruggel and Field (1971). The purified guani
dine hydrochloride-soluble collagen contained
11.5-12.8%  hydroxyproline, indicating that 
this portion was approximately 85% collagen.

Guanidine hydrochloride was utilized be
cause it is a strong denaturing agent capable of 
extracting high molecular weight aggregates 
containing intermolecular cross-links, as well as 
intramolecular links.
Acrylamide-gel electrophoresis

Discontinuous acrylamide-gel electrophore
sis was used to determine relative amounts of a, 
(3, and y components of the guanidine hydro
chloride-soluble intramuscular and epimysial 
collagen. Four gel concentrations were used 
(Clark and Vies, 1968).

Lyophilized guanidine hydrochloride-solu
ble collagen was solubilized in 0 .0IN acetic acid 
(10 mg collagen/ml acetic acid) and centrifuged 
at 3,500 x  G for 20 min the remove any insolu
ble material. Sucrose was added (5% by vol
ume) to increase the density of the collagen 
solution. This prevented the sample from 
mixing with the buffer after application onto 
the gel. Immediately before application, the 
collagen solution was denatured for 15 min in a 
48°C water bath to insure separation of the a , 
(3, and y  components as outlined by Clark and 
Veis (1968). 50 ¿¿liters of collagen solution 
were applied to the top of the gel. A 0.05M 
sodium acetate buffer (pH 4.8) was used in 
both the upper and lower electrode baths. Elec
trophoresis was carried out at a constant cur
rent of 4 mA per gel for 9 hr.

The electrophoresis apparatus consisted of a 
Canalco Model 1200 Bath and a Heathkit Regu
lated High Voltage Power Supply, Model IP-17. 
After a 9 hr run, the gels were fixed in 12% 
trichloroacetic acid and stained with 1.0% 
naphthol blue-black. Non-protein areas were 
destained by diffusion over a period of several 
days with 7% acetic acid. Densitometer readings 
were made at 615 nm on a Gilford gel scanner 
attached to a Beckman DU Monochromator 
and a Gilford Model 222 Photometer. The area 
of each component was calculated using a pla- 
nimeter. Alpha, (3, and y  component areas were 
calculated as a percent of the total area re
corded by the densitometer.
Heat labile collagen

Crude intramuscular and epimysial collagen 
samples were isolated from surrounding tissue 
with isotonic NaCl in a Waring Blendor as de
scribed previously.
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Approximately 2g of each collagen sample 
were heated in 15 ml of Ringer’s solution for 8 
min at 60°C in a constant temperature water 
bath. The heat soluble portion was removed by 
centrifugation at 1,800 x  G for 5 min. Washing 
the residue with 10 ml additional Ringer’s solu
tion, and then centrifuging, effectively removed 
any remaining heat labile collagen from the 
residue (Hill, 1966).

Samples were then hydrolyzed under pres
sure in 6N HC1 for 15-16  hr at 120°C in tef
lon-lined, screw-capped 50 ml test tubes. 
Humin was removed from the residue with 
activated charcoal G-60, and then filtered 
through a Buchner funnel using suction. After 
neutralization with 6N NaOH, the amount of 
hydroxyproline in each portion was determined 
according to the method of Woessner (1961). 
Percent heat labile collagen was calculated by 
adding the amount of collagen in the soluble 
portion to the amount in the residue, and then 
dividing the heat labile by the total.
Gas-liquid chromatography

Samples of purified collagen hydrolysates 
(0.25 ml) were dried at 100°C under a stream 
of N2 and the n-proply N-acetyl esters of the 
amino acids were prepared using the procedure 
of Coulter and Hahn (1968).
Statistical analyses

Differences in muscle characteristics for the 
four treatments were determined by least 
squares analysis (Steel and Torrie, 1960). In 
addition, homogeneity of adjacent longissimus 
muscle segments which were posterior or ante
rior to the cut between the 12th and 13 th rib 
were tested. This analysis was possible since 
both anterior and posterior portions were aged 
1 or 21 days. A factorial confounded in blocks, 
as described by Cochran and Cox (1968), was 
used. No significant effect in shear value, or in 
collagen sub-unit composition due to the two 
locations on each longissimus was observed. 
Therefore, the data presented assumes homo
geneity of the segments of the longissimus used 
for the characteristics studied.

RESULTS & DISCUSSION
W A R N E R -B R A TZ L E R  SH EA R  values 
decreased significan tly  ( P < 0 .0 1 ) as a 
result o f s tre tch in g  a n d /o r  aging (Table
1). T he shear value o f the  co n tro l, n o n 
aged m uscle was 14.5 kg, as com pared  to
11.3 kg fo r the  s tre tch e d  and 11 .6  kg for 
the aged m uscle. T he m uscle w hich had 
been s tre tch ed  and th en  aged had the 
low est shear value (9 .3  kg); how ever, th is 
value was n o t sign ifican tly  d iffe ren t w hen 
com pared  to  the  s tre tch ed  o r aged m us
cle. S tre tch ing  increased sarcom ere length  
from  an average o f 1.9;u to  an average 
length  o f 2 .8 /a, while subsequ en t aging 
had no  significan t (P <  0 .0 1 ) e ffec t upon  
sarcom ere leng th  (Table 1). Sarcom ere 
length  was increased ap p ro x im ate ly  58% 
by stre tch in g , ind icating  th a t in tram u s
cular collagen was s tre tch ed  as well.

T he sub-unit co m position  o f  in tram u s
cu lar guanidine hyd rochloride-so lub le co l
lagen fo r each trea tm en t is also show n in 
Table 1. Acrylam ide-gel e lectropho resis 
in d ica ted  th a t the  percentage o f a  com 
p o n en t increased from  65.2%  in the

co n tro l, nonaged  m uscle to  70.7%  in the 
s tre tch ed  and aged tissue, w hile the  y  
co m p o n en t decreased from  6 .8  to  4.0% . 
The a m o u n t o f |3 c o m p o n e n t decreased 
slightly , from  2 8 .2  to  27.4% . A trend  
tow ard  increasing a  co m p o n en t and de
creasing 7  co m p o n e n t was ev iden t in the 
s tre tch ed  and aged m uscle. A lthough  the 
relatively large varia tion  am ong sam ples, 
com bined  w ith  a low  n u m b er o f observa
tions, m ay have preven ted  d ifferences 
from  being sta tis tica lly  s ign ifican t, sim ilar 
changes in collagen from  s tre tch ed  and 
aged tissue have been rep o rte d  (Kruggel 
and F ield , 1971) using sucrose-density  
u ltracen trifu g a tio n . T able 2 rep resen ts  a 
com parison  o f a  c o m p o n e n t o b ta in ed  
w ith  acrylam ide-gel e lec tro ph o resis  and 
sucrose-density  u ltracen trifu g a tio n . It is 
im p o rta n t to  n o te  th a t the  acrylam ide-gel 
e lec tropho resis  u ltilized  in the  p resen t 
s tu d y  gave q u ite  co m parab le results to  
the sucrose-density  u ltracen trifu g a tio n  
results o f Kruggel an d  F ield  (1 9 7 1 ). The 
ap p aren t changes in collagen sub-unit 
co m p o n en ts  suggest th a t som e ty p e  o f 
s tru c tu ra l change m ay have occu rred  in 
in tram u scu la r collagen as a resu lt o f 
s tre tch in g  an d  aging.

It is possible th a t s tru c tu ra l changes, 
rep resen ted  by a m easu rem en t o f sub-unit 
co m p osition , were ac tually  g rea ter than  
ind icated . Sub-unit com p ositio n  is used 
to  m o n ito r  changes in m acrom olecu lar 
s tru c tu re , because it is the best too l 
available. H ow ever, th is techn iq u e  has 
several d raw backs. In the  first place, only  
th a t collagen w hich has been solub ilized  
( 4 -6 % )  can be categorized  as to  sub-unit

co m p o sitio n . A n o th e r d isadvantage of 
th is  p rocedure  involves the  sub-un it mi
g ration  on acry lam ide  gels. A lthough  this 
m e th o d  was chosen because o f the good 
reso lu tion  o f a ,  /3, an d  y  com ponents 
w hich can be o b ta in ed , h igher m olecular 
w eight aggregates are n o t able to  migrate 
in to  the  gel. M iller e t al. (1 9 6 7 )  have 
show n th a t these higher m olecu lar weight 
aggregates do  ex ist in guanid ine hydro- 
ch loride-so lub le collagen.

R igby (1 9 6 4 )  has show n th a t ex ten
sions o f  ra t tail ten d o n  above 3% lowered 
its the rm a l shrinkage tem p e ra tu re , thus 
su p p o rtin g  the  c o n ten tio n  th a t stretching 
o f excised  collagen is capable o f produc
ing s tru c tu ra l changes in collagen. He 
p o s tu la ted  th a t th is decrease was due to 
m echanical d isru p tio n  o f the  po lar, am or
phous region o f  the m olecule responsible 
fo r covalen t bonding . His th o u g h t was 
th a t, since the  po la r regions o f the  m ole
cule are m ore d iso rdered  than  the  rem ain
der, th ey  w ould  be m echanically  weaker, 
an d  the  first to  d isrup t.

In the presen t s tu d y , it appears that 
in itia l s tre tch in g  does n o t have much 
effec t on  sub-un it co m p o sitio n . The 
s tre tch ed  in tram u scu la r collagen had 
66.5%  a  co m p o n e n t, co m pared  to  65.2%  
for the co n tro l (T able 1). T he in tram u s
cu lar collagen w hich had been stre tched  
and su b seq u en tly  aged had 70.7%  a  com 
p o n en t. It w ould  ap p ear th a t,  u n d er the 
co n d itio n s  o f th is s tu d y , s tre tch in g  alone 
is n o t su ffic ien t to  cause breakage of 
covalen t cross-links; the co n fo rm ationa l 
changes in the s tre tch e d  collagen are 
p ro b ab ly  o f a non -covalen t na tu re . The

Table 1—Least squares means for m uscle characteristics and  intram uscular collagen sub-unit
com position  o f  con tro l and  stre tched  m uscles aged 1 or 21 days

Aged 1 day Aged 21 days
Control Stretched Control Stretched Standard

(n=9) (n=9) (n=9) (n=9) error
Shear values, kg 14.5a 11.3b 11.6b 9.3b 0.8
Sarcomere length, p 1.9b 2.8a 1 9b 3.1a 0.2
Alpha component, % 65.2 66.5 67.2 70.7 2.1
Beta component, % 28.2 28.0 27.6 27.4 2.2
Gamma component, % 6.8 5.6 5.3 4.0 1.3

a ,b Means w ith  d iffe ren t su p erscrip ts  are sign ifican tly  d iffe ren t (H <  0 .01 ).

Table 2 —Estim ation o f  intram uscular collagen alpha co m p o n en t b y  tw o m e th o d sa
Aged 1 day Aged 21 days-----  Standard

Control Stretched Control Stretched error
Disc-gel

electrophoresis (n=36) 65.2 66.5 67.2 70.7 2.1
Sucrose-density 

ultracentrifugationb (n=36) 60.5 62.4 64.3 67.6 2.3
a E xpressed as p ercen t o f  sub -un it com position  
b From  Kruggel and  Field (1 9 7 1 )
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change in co n fo rm atio n  b rou g h t a b o u t by 
stretching appears to  have the e ffec t o f 
allowing forces presen t du ring  p o s t
m ortem  aging to  act. F o r in s tance , co n 
form ational changes in the  po ly p ep tid e  
chains o f collagen m ay allow  H2 0  to  
enter the  cross-link region allow ing dis
ruption o f  th e  aldol link. This is possible 
because th e  aldols were originally  sub jec t 
to d eh y d ra tio n , resu lting  in fo rm a tio n  o f 
an a, /3-unsaturated system  (F ieser and 
Fieser, 1956). R oyals (1 9 5 4 ) s ta te s  th a t 
this a , (3-unsaturated ca rb o ny l system  can 
be easily reversed to  free aldols by  the 
addition o f  H 2 0 .

In ad d itio n  to  the  m odel p roposed  
above, it m ay be th a t the s tru c tu ra l 
changes resu lting  from  s tre tch in g  could 
allow en zy m a tic  ac tiv ity  to  occur. The 
normal helical s tru c tu re  o f native collagen 
is resistant to  p ro teo ly tic  degradation , 
because o f  the  tig h t pack ing  o f  m olecules 
within the fiber. A loosen ing  o f the 
network caused by s tre tch in g  w ould  al
low enzym es to  p e n e tra te . In ad d itio n , 
stress occurring  as a resu lt o f s tre tch in g  
combined w ith  th e  low  post-m ortem  pH 
may cause su ffic ien t d en a tu ra tio n  to  al
low som e non-specific p ro te o ly tic  ac tiv 
ity.

The fac t th a t the  a  c o m p o n e n t ten ded  
to increase w ith  s tre tch in g  and aging 
indicates th a t a s tru c tu ra l change m ay 
have occu rred  w ith in  the  collagen n e t
work. This change is p ro b ab ly  due to  
cross-link d isru p tio n  be tw een  p o ly pep tid e

chains, a lth ou gh  lim ited  p ro teo ly sis  can
n o t be excluded  as a possib ility .

C orre la tions in Table 3 relate  the 
s tru c tu ra l changes observed in s tre tch ed  
and  aged tissue to  tenderness. Increasing 
shear values were negatively co rre la ted  to  
the  a m o u n t o f un lin k ed  a  co m p o n e n t (r  = 
- 0 .4 6 )  and positively  co rre la ted  to  y  
co m p o n e n t (r = 0 .5 3 ) a t ( P < 0 .0 1 ) .  
T hese co rre la tion s  m ay be fo rced  since 
co n tro l and s tre tch e d  tissues were co m 
bined . N evertheless, a sim ilar co rre la tion  
be tw een  a  co m p o n e n t and ten derness has 
been rep o rte d  by Kruggel e t al. (1 97 0 ). 
These results provide evidence th a t the  
m olecu la r co n fig u ra tio n  o f  the  in tram u s
cu lar collagen n e tw o rk  is involved in m eat 
tenderness.

A lpha co m p o n e n t was negatively co r
re la ted  w ith  b o th  (3 co m p o n e n t (r = 
—0 .7 2 ) and y  co m p o n e n t (r  = —0 .54). 
This was ex p ec ted , as it rep resen ts  a 
fo rced  co rre la tio n  o b ta in ed  by  m easuring 
each c o m p o n e n t as a p e rcen t o f the  to ta l. 
As percen t o f  a  co m p o n e n t increases, the  
p e rcen t m easured as ]3 o r y  m ust decrease.

T he p e rcen t h ea t labile in tram u scu la r 
and ep im ysial collagen o b ta in ed  from  
h ea tin g  a t 60°C  fo r 10 m in in R inger’s 
so lu tio n  is given in T able 4 . T re a tm e n t 
had no  sign ifican t (P <  0 .0 5 ) e ffec t upo n  
yield  o f h ea t labile collagen. H ow ever, 
tissue w hich was aged 2 1  days b u t n o t 
s tre tch e d  had th e  h ighest y ield  o f  h ea t 
labile collagen. D ifferences in a m o u n t o f 
hea t labile collagen b e tw een  in tram u s

cu lar an d  ep im ysial sam ples w ere highly 
significan t ( P < 0 .0 1 ) .  In tram u scu la r co l
lagen y ie lded  from  2 .8 —3.4%  h ea t labile 
collagen, while ep im ysial tissue y ielded 
from  6 .0 —7.2%.

It was h y p o th esized  th a t the  s tru c tu ra l 
changes observed w ith  su b -u n it com posi
tio n  could  also be d e tec ted  in y ield  of 
heat labile collagen. H ow ever, it appears 
th a t labile collagen yield  is n o t  sensitive 
enough  to  d e tec t th e  sm all changes in 
m olecu lar s tru c tu re  w hich have occurred . 
It is in te resting  to  n o te  th a t ep im ysial 
tissue y ie lded  ap p ro x im ate ly  tw ice as 
m uch h ea t labile collagen as did in tram u s
cu lar tissue. T he obvious d ifferences in 
therm al s tab ility  ind icate  s tru c tu ra l dif
ferences in  am o u n t o f covalen t cross- 
linking, o r d ifferences in p rim ary  s tru c 
tu re . P relim inary  a tte m p ts  to  com pare 
sub-unit co m p ositio n  o f guanidine h y d ro 
ch loride-so luble in tram u scu la r and ep im y
sial collagen did n o t show  any large 
d ifferences in  cross-linking b e tw een  the 
tw o  types.

T he sim ilarity  in sub-un it co m position  
o f th e  soluble collagens seem  to  ind ica te  
th a t if d ifferences in covalen t cross-link
ing do ex ist, th ey  m ust be w ith in  the 
insolub le p o rtio n . S o lu b ility  s tud ies by 
McClain e t al. (1 9 7 1 ) ten d  to  su p p o rt this 
c o n ten tio n . T hey  fo u n d  th a t in tram u s
cu lar collagen was less so luble in d ilu te  
salt o r acid th an  ep im ysial collagen, ind i
cating  a g rea ter a m o u n t o f in te rm o lecu lar 
cross-linking in the  inso lub le in tram u s
cu lar tissue. F ield  e t al. (1 9 7 0 ) found  th a t 
in tram u scu la r collagen also had a higher 
th e rm a l shrinkage tem p era tu re  than  
epim ysial collagen. T herm al shrinkage is a 
m easure o f s tab ility , and th e re fo re  is 
in fluen ced  by am o u n t o f covalen t cross- 
linking. T hus the  h igher the rm al sh rin k 
age tem p era tu re  is a n o th e r  in d ica tion  th a t 
in tram u scu la r collagen is m ore highly 
cross-linked th an  ep im ysial collagen.

Gas-liquid ch ro m ato g rap h ic  analysis o f 
in tram u scu la r an d  ep im ysial collagen did 
n o t show  any large d ifferences in am ino  
acid c o n ten t. T he im in o  acid co n ten t o f 
the  tw o  collagens was n o t significan tly  
d ifferen t (P <  0 .0 5 ). T hus the  d ifferences 
in the rm al s tab ility  p robab ly  ca n n o t be 
a ttr ib u te d  to  s tereochem ical p ropertie s  of 
the  pyrro lid ine ring s tru c tu res  o f  p roline 
and h y d ro x y p ro lin e .

Evidence has been p resen ted  w hich 
ind icates a s tru c tu ra l change in in tram u s
cu lar collagen at th e  m olecu la r level as a 
result o f s tre tch in g  w ith  subsequen t 
aging. This s tru c tu ra l change is re la ted  to  
increased tenderness. In a d d itio n , d iffe r
ences in y ield  o f heat labile collagen 
be tw een  in tram u scu la r and ep im ysial co l
lagen were ap paren t.
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MORAXELLA-ACINETOBACTER AS CONTAMINANTS OF BEEF 
AND OCCURRENCE IN RADURIZED PRODUCT

INTRODUCTION
G RA M -N EG A TIV E d ip lococci and  phy si
ologically closely re la ted  d ip lobacilli have 
been iso la ted  fro m  foo ds (K oburger, 
1964; Snodgrass and K oburger, 1967; 
Idziak an d  Incze, 1968 ; S ilverm an and 
C ohen , 1970 ; Shew an , 1971). In  various 
reports , these organism s have been placed 
in th e  genera M oraxella, A c in e to b a c ter , 
B acterium , Neisseria, M icrococcus, D iplo- 
coccus, A lcaligenes, A ch ro m o b a c te r, and 
P seudom onas  (B aum ann  e t  al., 1968a). 
Early w o rk  o f D eB ord (1 9 4 2 )  included  
th ree o f th e  m ore co m m o n ly  recognized 
genera in th e  tribe  M im eae  and  som e 
reports  still recognize th is classification . 
More recen tly , how ever, closely re la ted  
species an d  genera have been recognized 
(B aum ann e t al., 1 96 8a ,b ; Jo h n so n  e t al., 
1970). T he suggested genera M oraxella  
and A cin e to b a c te r  acco u n t fo r  m ost of 
these organism s. T h erefo re , fo r  th e  w ork  
reported  here , th e  te rm  M oraxella-A c in e t
obacter  (abb rev ia ted  M-A) is used.

W ith th e  G ram  sta in  m ost o f  the  M-A 
cells ap p ear dark  red , especially  w hen 
observing fresh ly  iso la ted  cu ltu res. The 
cells o f  m any stra ins, how ever, resist 
deco lo riza tion  w ith  a lcoho l, the re fo re  
tending to w ard  a gram -positive reac tio n . 
There m ay be a ten d en c y  to  a gram -varia
ble reac tio n  in ce rta in  grow th  phases. The 
form , coccal o r ro d , m ay also be variable 
accoun ting  fo r som e d iscrepancies in re 
ports in the lite ra tu re . T he cu ltu res  are 
aerobic, ox idase-positive o r oxidase-nega
tive, n o n m o tile , an d  high ly  varied  in the ir 
n u tritio n a l req u irem en ts . Som e species in 
this g roup  are co nsid ered  pa thogen ic  to  
man an d  an im als, b u t th e  ex ac t e tio logy  
of th e  p u rp o rte d  disease has n o t been 
established.

D uring a s tu d y  o f th e  m icro flo ra  of 
raw and rad u rized  g rou n d  beef, sam ples 
were fo u n d  to  co n ta in  gram -negative

d ip lococci and  d ip lobacilli. These were 
s tud ied  fu r th e r  an d  id en tified  as M-A. 
While th e  occurrence  o f  these b acteria  in 
m eat was ex p ec te d , there  were n o  d a ta  in 
the lite ra tu re  to  in d ica te  th e  p o p u la tio n  
density  in  g roun d  beef. W ork was th e re 
fore u n d e rtak e n  to  de te rm in e  th e ir  over
all num b ers in re la tio n  to  th e  to ta l 
m icroflora o f  raw  and  radu rized  g round  
beef. T he p o te n tia l source and co m para
tive g row th  response were also s tud ied .

MATERIALS & METHODS
Sources o f ground beef

Machine dispensed units of ground beef 
weighing 'A lb, as prepared for hamburgers, 
were obtained from a local commissary. This 
source was selected because it was known to 
provide a high quality, low microbial count 
product (Tiwari and Maxcy, 1971). For com
parative purposes, samples were obtained from 
a local supermarket which commonly had prod
ucts of unusually high microbial count (Tiwari 
and Maxcy, 1971). To determine the source of 
M-A, samples from freshly slaughtered animals 
and from cuts stored for different periods of 
time at 2°C were obtained by aseptic methods.
Irradiation

A cobalt-60 source providing approximately 
17 Krad of gamma radiation per min was used. 
The physical facility was similar to that de
scribed by Teeny and Miyauchi (1970). While 
radurization was at room temperature (approxi
mately 24° C), the short exposure increased the 
temperature of the meat no more than 1-2°C. 
G ro u n d  beef was placed in polyethylene 
pouches for radurization and subsequent stor
age. Each sample received a two side treatment 
and the absorbed dose was determined by 
Fricke dosimetry (Rizzo, 1968). Bacterial cul
tures were irradiated in the medium in which 
they were grown in 125 X 16 mm tubes.
Microbial count o f  beef

General sample preparation, dilution, and 
plating were according to the procedures out
lined in Microbiological Examination o f  Foods 
(APHA, 1966). For total counts, Trypticase

Soy Agar (TSA; Difco) was used with incuba
tion at 32°C for 48 hr. All results were based 
on a minimum of three individual trials.
Isolation and identification

To determine the incidence of M-A, twenty 
colonies were picked by random design from 
countable TSA plates. Identification was based 
on the following observations: Gram stain reac
tion, morphology, motility, catalase produc
tion, nitrate reduction test, oxidase test, reac
tion in Triple Sugar Iron (TSI; Difco) Agar, 
reaction in Phenol Red Agar Base (PRAB; 
Difco) medium with 1% glucose or 10% lactose, 
litmus milk reaction, absence of proteolysis on 
milk agar, growth and reaction in Seller’s Agar 
(SA; Difco) slants, and growth on Nutrient 
Agar (NA; Difco) slants (Samuels et al., 1969).

RESULTS
N atu re  o f  th e  iso lates an d  
m e th o d s o f co u n tin g

T o o b ta in  q u an tita tiv e  d a ta , to ta l 
co u n ts  w ere m ade and co lonies chosen 
from  co u n tab le  p la tes fo r  id en tifica tio n . 
F req u ency  o f occurrence  o f th e  iso lates 
was used  in  ca lcu la tion  o f num bers o f 
various types in  th e  sam ples being s tu d 
ied.

N um erous iso lates fro m  raw  and  ra d u r
ized g roun d  b ee f were id en tified  as M-A. 
T o  de te rm in e  th e  p o p u la tio n  density  o f 
M-A, co lonies were se lec ted  by rando m  
design fro m  pla tes th a t had  been used in 
th e  d e te rm in a tio n  o f th e  to ta l  co u n t. 
F req u ency  o f o ccurrence  o f  M-A isolates 
as re la ted  to  th e  to ta l  iso lates was used to  
ca lculate th e  n u m b er o f  M-A in  the  
sam ples.

A tte m p ts  to  selec t m edia to  estim ate 
the  n um b ers o f M-A in  g ro un d  beef were 
unsuccessful. F o r ex am ple , m edia such  as 
H erellea Agar (M andel e t a l., 1964) and 
Eosin M ethylene Blue Agar w ere inade
q u a te ly  selective o r excessively in h ib ito ry  
to  M-A.

Iso lates g rouped  as M-A ex h ib ited  the  
fo llow ing  characte ris tics: Positive n itra te  
red u c tio n  reac tio n ; u tilized  glucose and  
lac tose w ith  alkaline reac tio n  in  PRAB 
m edium ; in  TSI agar, an alkaline slope 
was p ro d u ced  b u t no  g row th  occu rred  in 
the  b u t t ;  litm u s m ilk show ed  n o  change 
during seven days, a f te r  w hich observa
tions w ere te rm in a ted . A p prox im ate ly  
90% o f  th e  iso lates were oxidase-positive 
ten ta tive ly  id en tify in g  th em  as M oraxella. 
T he o th e r  10% were A cin e to b a c ter  (B au
m ann e t al., 1968a). O th er criteria  such  as 
co lony  ch aracte ris tics , G ram  sta in  reac

Table 1 -M oraxella-A cinetobacter in raw and  radurized (68 Krad) 
ground b e e f

Raw Radurized
Total count Percent Total count Percent

Supply per gram M-A per gram M-A
Retail 5.5 x  101 8 16 x  105 52
Central operation 2.3 x  105 27 3.8 x  104 43
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tio n , m orph o logy , tem p era tu re  o f g row th , 
salt to le ran ce , e tc ., were also used for 
id en tifica tion . T ypical iso lates w ere ex
am ined  by  th e  C en ter fo r Disease C on
tro l, A tlan ta , G a., an d  th e  N ational A ni
m al Disease L ab o ra to ry , A m es, Iow a. 
T heir rep o rts  co nfirm ed o u r observations 
th a t these bacteria  are M-A.
M-A in  g round  beef

G rou n d  beef was o b ta in ed  fro m  a local 
reta il sto re , w hich previously  had  been 
observed to  supp ly  p ro d u c ts  w ith  a high 
to ta l co u n t. F o r n ine sam ples during  a 
period  o f ap p ro x im ate ly  six m o n th s  the  
average to ta l  co u n t was 5.5 x  107 per 
gram  o f w hich 8 % were M-A (T able 1).

Sam ples o f g round  beef o b ta in ed  over 
ap p ro x im ate ly  the  sam e period  fro m  a 
com m issary  show ed an average to ta l 
co u n t o f 2.3 x  10s o f w hich 27% were 
M-A. R ad u riza tio n  o f the  above sam ples 
reduced  the  to ta l co u n t, b u t th e  residual 
flo ra  consisted  o f a larger p ro p o rtio n  o f 
M-A.
C om parative grow th  o f M-A and  o th e r 
m em bers o f th e  m ic ro flo ra  in 
g roun d  beef a t 5 C

Sam ples fro m  the  re ta il stores were 
used to  de te rm ine  the  effec t o f  rad u riza
tio n  and sub seq uen t storage at 5 C on the 
po p u la tio n  d is trib u tio n  in  th e  m icroflora. 
In  these sam ples ap p ro x im a te ly  3.0%  of 
the to ta l  flora was M-A (Table 2). A fter 
rad u riza tio n  ( 6 8  K rad), how ever, M-A 
acco u n ted  fo r 35%  o f th e  flora. W hen raw  
and radurized  sam ples w ere s to red  a t 5°C 
fo r up  to  6  days, M-A acco u n ted  fo r a 
sm aller percen tage o f the  to ta l m icroflora 
as o th e r  bacteria  grew m ore rapidly .

In sam ples o f g round  beef from  the  
com m issary , 42%  o f th e  to ta l m icroflora 
was M-A. A fte r irrad ia tio n  ( 6 8  K rad), 
58% were M-A (T able 2). D uring storage 
at 5 C bacteria  o th e r  th an  M-A grew 
m ore rap id ly  the reb y  decreasing the  pe r
centage o f M-A.
Comparative growth of M-A and other 
members of the microflora in ground beef at 25°C

The high to ta l co u n t in  g round  beef 
ob ta in ed  from  a re ta il s to re  rem ained  
essentially  co n stan t a f te r  rad u riza tio n  at 
5 C and s to ring  in Va  lb un its  a t 25°C  fo r 
8  h r (Table 3). T he n a tu re  o f the  m icro 
flora changed, how ever, as show n by 1 2 % 
M-A at zero tim e and 3% a fte r  8  hr. 
Irrad iated  p ro d u c t behaved sim ilarly 
thou gh  con tain in g  a h igher p ro p o rtio n  o f 
M-A a t zero tim e.

G round  beef from  the  com m issary 
con ta ined  few er m icroorganism s b u t 
show ed a sim ilar change in  the  n a tu re  o f 
the m icroflora during storage a t 25°C  
(Table 3). T here was a m arked decrease in 
the frequency  o f occurrence o f M-A in 
the  raw  p ro d u c t ind icating  o th e r  organ
isms were m ore su ited  to  th is env iron
m ent. In  the  radurized  sam ples M-A

accoun ted  fo r a high percen tag e o f  the 
m icroflora a t zero  tim e and were over
grow n less rap id ly  th an  in raw  sam ples.
E ffect o f  various dose levels o f  rad ia tio n  
on th e  to ta l m icro flo ra  an d  the  
p ro p o rtio n  o f  M-A in g ro u n d  b eef

Dose levels u p  to  272  Krad were used 
to  de te rm ine  th e  relative e ffec t on  M-A 
and th e  to ta l m icro flo ra. T able 4 shows 
average results o f  th ree  trials w ith  g round  
beef fro m  th e  com m issary . As the  rad ia
tio n  dose was increased , th e re  was a 
red u c tio n  in th e  to ta l  m icro flo ra  b u t an

increase in th e  p ro p o rtio n  o f  M-A.
G ro u n d  b eef fro m  a reta il source 

show ed the  sam e general p a tte rn  o f re
sults as those o b ta in ed  fo r the  product 
from  the  com m issary  (T able 4). T he retail 
sam ples, how ever, had a m uch  higher 
initia l to ta l co u n t and a low er initial 
p ro p o rtio n  o f M-A.
Sources o f M-A in g ro u n d  b eef

A tte m p ts  were m ade to  de term ine the 
source o f  M-A by ex am in ing  cu ts  from 
various suppliers to  the  com m issary . The 
results in d ica ted  these b ac te ria  were wide-

Table 2 —G row th o f  to ta l m icroflora and  M oraxella-Acinetovacter in ground b e e f a t 5° C

Storage time 
at 5°C 

(hr) Treatment

Samples from 
a retail store

Samples from 
central processing

Total count 
per gram

Percent
M-A

Total count 
per gram

Percent
M-A

0 Raw 1.9 x  10’ 3 1.9 x  105 42
Radurized3 4.4 x  10s 35 2.3 x  10“ 58

72 Raw 1.1 x  109 <1 6.4 x  106 <1
Radurized 1.4 x  106 6 2.5 x  104 41

144 Raw 5.2 x  109 <1 1.8 x  109 <1
Radurized 1.1 x  10s <1 1.3 x  106 <1

a68 Krad

Table 3 —G row th o f  to ta l m icroflora and M oraxella-Acinetobacter in ground b e e f a t  25° C
Samples from Samples from
a retail store central processingStorage time __________________________ _________  ____ . _ _

at 25°C 
(hr) Treatment

Total count 
per gram

Percent
M-A

Total count 
per gram

Percent
M-A

0 Raw 1.3 x  108 12 2.6 x  10s 10
Radurized3 2.3 x  106 63 5.6 x  104 35

2 Raw 2.3 x  10s 15 2.5 x  105 14
Radurized 2.3 x  106 73 2.6 x  104 35

4 Raw 1.5 x  10s 10 2.6 x  105 17
Radurized 2.1 x  106 67 1.8 x  104 25

6 Raw 1.6 x  108 3 2.4 x  10s 9
Radurized 2.0 x  106 35 2.0 x  104 40

8 Raw 1.5 x  10s 3 1.2 x  105 <1
Radurized 4.3 x  106 18 1.8 x  104 22

a68 Krad

Table 4 —The e f fe c t o f  irradiation on the to ta l m icroflora and  p ro 
portion  o f  M oraxella-Acinetobacter in ground  b e e f

Samples from Samples from
a retail store central processing

Irradiation 
dose (Krad)

Total count 
per gram

Percent
M-A

Total count 
per gram

Percent
M-A

0 1.5 x  10’ 8 2.3 x  10s 30
68 2.1 x  106 57 3.4 x  104 32

136 6.7 x  105 68 1.6 x  104 63
272 1.0 x  10s 73 3.8 x  103 75
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Fig. 1 -T h e  e f fe c t o f  radiation on M-A isolate 
M #2.

spread because o f  th e ir  presence in sam 
ples from  all suppliers and  all cu ts  o f beef 
examined. F o r ex am p le , cheeks and 
plates show ed sim ilar levels o f co n tam in a
tion.
Susceptibility o f  pure cu ltu res  o f  M-A 
to d estruction  b y  rad ia tio n

Pure cu ltu res o f  ty p ical iso lates o f M-A 
grown in n u tr ie n t b ro th  (D ifco ) were 
subjected to  various dose levels o f  rad ia
tion. C onsiderable varia tion  in rad ia tion  
resistance ex isted  am ong  the  iso lates. T he 
D10 values ranged fro m  15 — 112 K rad. A 
typical exam ple o f  resu lts  fo r  a sensitive 
strain (D 10 value o f 16 K rad) rep resen t
ing A cin e tob ac ter  is given in F igure 1. 
Average results fo r  th ree  to  fo u r trials 
with each o f th ree  o f  the  m ost resistan t 
isolates are given in F igure 2. These 
isolates were ten ta tiv e ly  id en tified  as 
Moraxella and had  a D i 0 value o f 
91-112 Krad. T he exceed ing ly  resistan t 
strains accoun t fo r  m any o f th e  organism s 
in the residual flo ra  o f  radurized  beef. 
The radia tion  resistance o f M-A is in 
harmony w ith  o th e r  kn o w n  ch arac te ris
tics of resistance o f  these  organism s such 
as their occurrence  in freeze-d ried  beef 
(Silverman and C ohen , 1970).

DISCUSSION
M-A AS D E FIN E D  in th is w ork  covers a 
rather broad sp ec tru m  o f m icroorganism s, 
which have been iso la ted  and  rep o rte d  
from diverse foo ds . M ost rep o rts  have 
dealt with a co n firm a tio n  o f  th e ir  o c cu r
rence w ithout regard to  th e  fre q u e n cy  or 
to numbers in com parison  to  th e  to ta l 
microbial p o p u la tio n  (K o b urger, 1964;

Fig. 2 —The e f fe c t o f  gamma radiation on re
sistant strains o f  M-A: • , isolate AM -5; o, iso
late AM -6; A, isolate AM -17.

Snodgrass an d  K oburger, 1967). T he m ag
n itu d e  o f  the  p o p u la tio n  as rep o rte d  in 
this w ork  and  th e  high percen tag e o f the  
p o p u la tio n  in  dried  b eef as rep o rte d  by 
Silverm an and  C ohen (1 9 7 0 ) suggested 
previous w orkers h ad  inc luded  th e  M-A in 
various o th e r  genera. B aum ann e t  al. 
(1 9 6 8 a) d rew  a sim ilar co nclusion  ab o u t 
isolates fro m  sources o th e r  th a n  foods.

Lack o f  da ta  on  the  p o p u la tio n  den
sity  o f M-A in fo od  p ro d u c ts  is likely 
a ttr ib u ta b le  to  unavailab ility  o f a specific 
selective m ed ium . In d irec t m e th o d s as 
used in th is  w ork  are lab orio us. F u r th e r 
m ore, these organism s are relatively  in e rt 
and are n o t associated  w ith  econom ic  o r 
recognized  pub lic  h ea lth  prob lem s.

T here is a sudden  co n cern  fo r these 
organism s, how ever, because o f  th e ir 
p rom in ence in a p o te n tia l new  tec h n o l
ogy o f  rad u riza tio n . Som e species are 
q u ite  rad ia tio n  re s is tan t, an d  M-A co nsti
tu te  a m ajor f ra c tio n  o f th e  flora o f 
radurized  ground  beef. T hey  also have 
been rep o rte d  to  be an  im p o rta n t p a rt o f 
the  m icro flo ra  o f o th e r  fo od  p ro d u c ts  
(S hew an, 1971) an d  p a rticu la rly  rad u r
ized p ro d u c ts  (Id z iak  an d  Incze, 1968; 
L icciardello  e t a l., 1968).

T hough th e  degree o f  im p o rtan ce  o f 
M-A is n o t kno w n, o u r d a ta  in d ica te  these 
organism s decrease in im p o rtan ce  during 
storage o f g roun d  b ee f a t 5°C o r 25°C . 
O th er m em bers o f  the  m icro flo ra  in  raw  
o r radurized  p ro d u c t grow  m ore rap id ly  
th an  M-A.

The m ic roenv iro nm en t w hich allow ed 
g row th  o f  th e  M-A co n stitu tin g  the  in he r
en t high degree o f co n tam in a tio n  o f the  
beef m ust have been a specialized  one

even th o u g h  these organism s w ere found  
in w idely d iffe ren t cu ts o f beef. The 
generally  recognized  no rm al co n tam i
n an ts  o f beef, how ever, overgrew  th e  M-A 
b o th  a t 5°C  and 25°C . T he significance o f 
M-A in  raw  p ro d u c ts  is y e t to  be d e te r
m ined , because n e ith e r  th e ir  origin no r 
im p o rtan ce  in pub lic  h ea lth  is know n.
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EMULSIFYING CAPACITY OF MUSCLE PROTEIN: PHASE 
VOLUMES AT EMULSION COLLAPSE

INTRODUCTION
SW IFT E T  AL. (1 9 6 1 ) in tro d u ced  a 
m odel system  to  investigate the  em ulsi
fying capacity  o f  various sausage-type 
m eats and m eat p ro te in s. T he basic 
m e tho d  consisted  o f  b lend ing  an in itia l 
a liq u o t o f  oil w ith  a m eat s lu rry  or 
p ro te in  e x tra c t to  fo rm  an oil-in-w ater 
em ulsion. A d d itiona l oil was in co rp o ra ted  
in to  th e  em ulsion  u n til th e  em ulsion  co l
lapsed o r th e  “ b rea k -p o in t”  was a tta in ed . 
Slight m o d ifica tion s  have been  m ade in 
sim ilar system s used b y  H egarty  et al. 
(1 9 6 3 ), C arpen te r and  Saffle (1 9 6 4 ), Bor- 
to n  e t  al. (1 9 6 8 ), C hristian  and  Saffle
(1 9 6 7 ), A c to n  an d  Saffle (1 9 6 9 ), G raner 
e t al. (1 9 6 9 ) and W ebb e t  al. (1 9 7 0 ); 
how ever, th e  princip les o f  the  em ulsifica
tio n  p rocedu re  have rem ained  essentially  
unchanged.

T he em ulsify ing  capacity  fo r th e  sam e 
general ty p e  o f sausage m eat differs b e
tw een  stud ies (T able 1) and is dep en d en t 
on the  variables o f th e  m odel system  
u tilized  in th e  evaluation . Saffle (1 9 6 8 ) 
p o in ted  o u t th a t eq u ip m en t design and 
shape, rpm  o f  b lending , ra te  o f oil ad d i
tio n , tem p era tu re  rise and o th e r  fac to rs  
m ake co m parison  be tw een  s tud ies d iffi
cu lt. In  ad d itio n , th e  em ulsify ing  capacity  
o f various m eat slurries a n d /o r  p ro te in  
ex trac ts  has been expressed  as th e  to ta l 
m l o f  oil em ulsified  (C a rp en te r and  Saf
fle, 1964; W ebb e t al., 1970), th e  m l o f 
oil em ulsified  per g o f m eat (B o rto n  e t 
al., 1968) and th e  m l o f  oil em ulsified  per 
100 mg o f  so lub le p ro te in  (C arp en te r and 
Saffle, 1964; B orton  e t  a l.,1 9 6 8 ; A cton  
and Saffle, 1969; G ran er e t al., 1969). 
The rep o rt o f B orton  e t al. (1 9 6 8 ) 
show ed th a t th e  relative ran k  in  em ulsi
fying capacity  w ith in  a given group  o f 
m eats will vary depend ing  on the  basis 
th a t capacity  is expressed .

W ith th e  p resen t m e thods o f e s tim a t
ing the  em ulsify ing  capacity , oil-in-w ater 
em ulsions have been  p ro d ib e d  and  dis
persed to  m axim um  oil volum es. T h eo re t
ically, w ater-in-oil em ulsions w ould  occur 
u po n  fu rth e r  oil ad d itio n . O stw ald ’s geo
m etric  phase volum e th eo ry  (B echer, 
1965) p roposed  th a t  em ulsions w ould 
invert from  one ty p e  to  th e  o th e r  type 
w hen th e  in te rn a l phase volum e exceeded

1 P re se n t a d d ress : D e p t, o f  F o o d  S c ience, 
C lem so n  U n iv e rs ity , C lem so n , SC 2 9 6 3 1

74% o f  th e  to ta l  em ulsion  volum e. H ow 
ever, d e fo rm a tio n  o f  spherica l d ro p le ts  to  
the p o ly hed ra  fo rm , th e  o ccurrence  o f 
he terogen eou s d ro p le t sizes, varia tion  o f 
the  techn iqu es o f em ulsifica tion  and  the 
use o f  d iffe ren t types o f em ulsify ing 
agents have allow ed th e  p rep a ra tio n  o f 
em ulsions co n ta in in g  up  to  99%  in te rn a l 
phase (B echer, 1965).

Since th e  basic tech n iq u e  u tilized  for 
em ulsify ing  capacity  s tud ies has rem ained  
essentially  u nchan ged  fro m  th a t in itia lly  
p ro po sed  by Sw ift e t  al. (1 9 6 1 ), the  
possib ility  ex ists th a t a phase volum e 
fac to r  m ay ex e rt som e co n tro l over the  
m axim um  level o f  oil ad d itio n  fo u n d  at 
th e  em ulsion  collapse p o in t. This s tu d y  
was co n d u c ted  to  de te rm in e  w h e th e r such  
a re la tio nsh ip  ex ists w ith in  th e  basic m e
th o d  cu rren tly  in use.

EXPERIMENTAL
THE METHOD OF Saffle and Galbreath 
(1964), as modified by Acton and Saffle 
(1969), was used for extraction of salt-soluble 
protein from frozen cow meat. Dilutions of the 
protein extracts were made prior to oil emulsi
fication to provide solutions ranging in protein 
concentration from approximately 2 .6  mg of 
protein/ml to 16 mg of protein/ml.

Emulsifying capacities for the salt-soluble 
protein of the solutions were determined by the 
procedure of Carpenter and Saffle (1964) as 
modified by Acton and Saffle (1969). The 
“emulsifying capacity” was expressed as the 
total ml of oil emulsified per 1 00  mg of soluble 
protein and the “emulsified volume” as the ml 
of oil emulsified by the 15 ml of the protein 
solution. The phase volume of oil at which 
emulsion collapse occurred was determined by 
calculating the percent oil volume of the total 
emulsion volume, i.e., ml of added oil phase 
plus ml of aqueous phase.

Table 1—E m ulsifying  capacitiesa o f  salt-soluble p ro te in  from  various 
types o f  sausage m eats

Meat type

Literature source
Carpenter & Saffle 

(1964)
Borton et al. 

(1968)
Acton
(1970)

Cow meat 36.6 — 53.2
Pork trimmings 36.1 261.4 52.2
Beef cheek 32.7 271.3 51.6
Pork cheek 23.4 — 48.1
Beef hearts 2 2 .6 273.2 49.6
a E x p ressed  as m l o f  oil e m u ls ified  p e r 100  m g o f  p ro te in

Fig. 1—The e f fe c t o f  pro te in  concentra tion  on em ulsify ing  capacity (m l 
oil em u lsified /1 00  m g pro te in), em ulsified  volum e (to ta l m l oil em ulsi
fied) and  oil phase volum e a t collapse (percent oil in the to ta l em ulsion  
volume).
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The data of this study were compared to 
similar data collected by Carpenter (1964). In 
addition, previous studies (published and un
published) relating to emulsifying capacities of 
muscle salt-soluble protein were re-examined to 
determine oil phase volumes at which emulsion 
collapse had occurred.

RESULTS & DISCUSSION
THE E M U L SIFY IN G  C A PA C ITY , em u l
sified volum e and  oil phase volum e at the 
collapse p o in t are show n in F igure 1 fo r 
the p ro te in  co n cen tra tio n  range o f
2.6-16.8 m g/m l. Previous da ta  co llected  
by C arpen te r (1 9 6 4 ) are show n in F igure
2. In b o th  cases the  ab ility  o f  the  
salt-soluble p ro te in  to  em ulsify  oil per 
unit o f  p ro te in  (em ulsify ing  capac ity ) 
decreased as the  c o n cen tra tio n  o f p ro te in  
in so lu tion  increased . S im ilar resu lts  for 
the o il-em ulsifying effic iency  w ere re p o r t
ed for iso la ted  in trace llu la r m uscle p ro 
teins (H egarty  e t al., 1963), soy sod ium

p ro te in a te , po tassium  case inate , an d  n o n 
fa t d ry  m ilk (Pearson  e t al., 1965) and 
sod ium  o lea te  (B echer, 1965).

In  th e  co n cen tra tio n  range o f  2 .6-16.8  
m g o f p ro te in /m l (F ig. 1), the  em ulsify ing 
capacity  decreased by 75% and the  em ul
sified volum e increased by 88%  as the  
c o n cen tra tio n  o f p ro te in  in so lu tio n  in 
creased. H ow ever, th e  oil phase vo lum e at 
collapse rem ained  w ith in  a n a rrow  range, 
increasing by o n ly  13%. C om parab le 
changes in the  c o n cen tra tio n  range o f
2 .3-11 .3  m g o f  p ro te in /m l (F ig. 2) are a 
68%  decrease in em ulsify ing  capacity * 'a  
61%  increase in em ulsified  vo lum e and a 
14% increase in the  oil phase volum e. The 
percen tage varia tion  b e tw een  th e  tw o  
s tud ies can be a t tr ib u te d  to  the  d iffe r
ences in the  p ro te in  c o n cen tra tio n  lim its 
since the  sam e trend s  w ere observed fo r 
each o f th e  th ree  facto rs.

An earlier rep o rt from  th is lab o ra to ry  
(A c to n  and  Saffle, 1969) show ed the

effects  o f tim e p ost-m o rtem  and proces
sing tre a tm en ts  on  th e  em ulsify ing capac
ity  o f salt-so luble p ro te in  from  boneless 
chucks. The oil phase volum e a t em ulsion 
collapse fo r th a t s tu d y  is given in Table 2. 
T he em ulsify ing  capacities fo r salt-so luble 
p ro te in  from  m eat in the  prerigor-pre- 
b lended , post-rigor (fro zen ), and  post- 
rigor (frozen )-p reb len ded  trea tm en ts  were 
s ign ifican tly  d iffe ren t fro m  each  o the r. 
H ow ever, th e  oil phase volum es a t em ul
sion collapse w ere n o t s ign ifican tly  dif- 
fre n t b e tw een  any o f  these sam e tre a t
m ents.

T he significance o f  th e  oil phase vol
um e fac to r  can be d em o n stra ted  by co m 
paring th e  em ulsify ing  capacities and  oil 
phase volum es o f th e  post-rigor (fro zen ) 
tre a tm en t to  th a t o f  the  prerigor-pre- 
b lended  tre a tm e n t (T able 2). A lthough  
the  em ulsify ing  capacity  increased by 
59%, th e  em ulsions co llapsed w ith  ap 
p rox im ate ly  the  sam e co n te n t o f  oil 
(76-77% ). A ny varia tion  o f  so lu tio n  p ro 
te in  c o n cen tra tio n  in em ulsions collapsing 
a t the  sam e oil phase volum e w ould 
acco u n t fo r th e  varia tion  observed in 
em ulsify ing  capacities.

O n co m paring  oil phase volum es in 
em ulsions u tiliz ing  salt-so luble p ro te in  
ex trac ts  from  fresh  m uscle tissues o f  sea 
bass, p o rk , an d  b ee f (ca lcu la ted  from  da ta  
o f W ebb e t al., 1970), a range o f 
88 .1-89.6%  oil is o b ta in ed . It was as
sum ed in th is co m parison  th a t 20g o f 
e x tra c t was ap p ro x im a te ly  equivalen t to  
20 m l o f aq ueou s so lu tio n . T he higher 
level o f oil in c o rp o ra ted  in th e  em ulsions 
p ro bab ly  arises from  effec ts  o f  eq u ip m en t 
and m e th o d  o f  p rep a ra tio n . No e ffec t due 
to  p ro te in  c o n cen tra tio n  d ifference be
tw een  ex tra c ts  was presen ted .

It is ap p aren t th a t ex te rn a l fac to rs , in 
ad d itio n  to  th e  e ffec t o f  p ro te in  co n cen 
tra tio n  (F ig. 1 an d  2), in fluence the 
m axim um  oil phase volum e w hich is 
a tta in ed  at the  em ulsion break-po in t. 
M odifica tion  o f th e  cu rren t m e th o d  u ti
lized in em ulsion  cap acity  s tud ies m ight 
e lu cidate  these facto rs. E x am in a tion  o f 
the  tim e course o f em ulsifica tion  during 
oil ad d itio n , successive ra th e r  th an  co n 
tin uo u s ad d itio n  o f o il, oil g lobule size 
d is tribu tion s  and s tab ility  s tud ies o f 
em ulsions p rep a red  by th e  basic m e th o d  
(b lend ing), h om o gen iza tio n , orifice m ix
ing an d  u ltrason ics shou ld  be considered  
in a tte m p ts  to  id en tify  a m ore defin itive 
p rocedure  fo r de term in in g  em ulsify ing 
capacity .
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CERTAIN CHEMICAL AND PHYSICAL PROPERTIES OF HAM MUSCLE 
PORTIONS AFTER THERMAL PROCESSING

INTRODUCTION
COMMERCIALLY, certa in  ham s are 
separated in to  specific m uscle sections to  
take advantage o f d ifferences in w eight 
and m erchand ising ch arac te ris tics  fo r su b 
sequent processing and  m arke tin g  as 
canned ham s. Several s tud ies have show n 
that m ajor d ifferences ex ist in co lo r and 
pH values be tw een  and w ith in  ham  m us
cles (Topel et al., 1965 ; B eecher e t al., 
1965; and M erkel, 1971). These d iffer
ences m ay a lte r the  h ea t processing ch ar
acteristics o f the  m uscle section s and 
directly in fluen ce the  percen tage purge 

-¿quantity  o f flu id  released from  m uscles 
into co n ta in e r a f te r  hea t processing) from  
canned ham s. T he specific in fluen ce o f 
muscle groups on th e  percen tage o f purge 
or its chem ical an d  physical ch arac te ris
tics has n o t been th o ro u g h ly  investigated . 
This study was designed to  com pare  som e 
physical and chem ical p ropertie s  o f  spe
cific groups o f fresh  ham  m uscles a f te r  
they were su b jec ted  to  a com m ercial 
canning o p e ra tion .

MATERIALS & METHODS
FIVE normal-to-dark-colored hams (3 to 4 on 
the Iowa State University color scale, Iowa 
State University, 1969, and a M. gluteus medius 
pH of 5.85) and five, pale, soft, watery hams (1 
on the Iowa State University Color scale and a
M. gluteus medius pH of 5.14) were boned and 
leparated into three major muscle portions: (I) 
quadriceps femoris, rectus femoris, vastus inter- 
medius, vastus lateralis, vastus medialis; (II) 
semimembranosus, gracilis and pectineus; and 
(HI) semitendinosus and biceps femoris. The 
fresh ham portions were weighed and canned 
without further treatment through the Armour 
ham canning operation at the Mason City, Iowa 
plant.

The purge contents obtained from the three 
muscle portions were weighed, filtered through 
cheese cloth, and samples collected for specific 
gravity and sodium and potassium determina
tions. Specific gravity was determined with a 
total-solids metei (T/C Refractometer), and the

sodium and potassium contents were deter
mined with an Auto Analyzer according to the 
procedure reported by Technicon Corp. (1965).

The muscle portions were ground three 
times through an electric grinder, and an ali
quot was analyzed for fat, moisture and nitro
gen according to AOAC (1965) procedures. A 
least-squares analysis of variance was used for 
the statistical analysis (Snedecor and Cochran,
1967).

RESULTS & DISCUSSION
TH E O V ER -A L L  m eans an d  s tan d ard  
deviations fo r  percen tag e p ro te in , fa t and 
m o istu re  o f th e  th ree  ham  m uscle p o r
tions are show n in T able 1. L east-square 
c o n sta n t estim ates o f  th e  effects  o f co lor 
and firm ness score an d  m uscle p o rtio n  o f 
ham s on ce rta in  p ro pertie s  are p resen ted  
in Table 2. T he e ffec t o f co lo r and 
firm ness score group ing  (pale and  w atery  
vs. no rm a l co lo r an d  firm ), on  percen tage 
p ro te in , m o istu re  and fat o f  th e  th ree 
m uscle p o rtio n s  was non sig n ifican t. This 
im plies th a t co lo r an d  firm ness score 
grouping is n o t a m ajo r fac to r  in affecting  
th e  am o u n t o f p ro te in , m oistu re  and fat 
in ham s. M uscle p o rtio n , how ever, had  a

significan t e ffec t on  chem ical and  physi
cal p ro pertie s. P o rtio n  II (sem im em brano 
sus, gracilis an d  pectineu s m uscles) was 
h ighest in  percen tage m oistu re  and p ro 
tein  and low est in percen tage fa t. C on
versely, p o rtio n  III (sem itend inosus and 
biceps fem oris) was low est in percentage 
m oistu re  and percen tag e p ro te in  and 
highest in percen tage fa t, and m uscle 
p o rtio n  I (quad riceps fem oris) was in te r
m ediate fo r each p ro p e rty .

T he d a ta  p resen ted  in T able 3 ind icate  
th a t g rea ter varia tion  in percen tage p ro 
tein , fa t and m oistu re  ex ists am ong ham  
p o rtio n s  th an  be tw een  indiv idual ham s 
selec ted  fo r co lo r and firm ness ch a rac te r
istics from  the  ex posed , cu t surface.

T he over-all m eans and least-squares 
co n stan t estim ates fo r percentage purge, 
specific gravity  an d  sod ium  and  po tas
sium  c o n te n t o f the purge from  the  ham  
m uscle p o rtio n s  are show n in T ables 2 
and 4. Purge refers to  th e  q u an tity  o f 
fluid o b ta in ed  from  th e  can a fte r  the 
h eating  process. T he effec ts  o f co lo r and 
firm ness score and m uscle p o rtio n  o f the 
ham  on percen tage purge w ere highly 
significan t (T able 5), w ith  the m uscle

Table 2 —Least-squares co n stan t estim ates o f  the e ffec ts  o f  color score and  m uscle p ortion  o f  
hams on som e physical a nd  chem ical properties

Item
Color and firmness score Muscle portion3
Normal Pale and watery I II HI

Percentage moisture 0.4160 -0 .4160 0.1657 3.0817 -3.2473
Percentage fat 0.6030 -0.6030 0.8087 -4.6903 3.8817
Percentage protein -0.1379 0.1379 -0.5019 2.1548 -1 .6529
Percentage purge -3 .7428 3.7428 1.1752 3.7727 -4.9478
Specific gravity, purge -0 .0009 0.0009 -0.0005 0.0003 0 .0 0 0 2
Potassium, purge 5.6133 -5.6133 15.0167 -32.0833 17.0667
Sodium, purge 1.3000 -1.3000 2.7000 -6 .5000 3.8000

a (I)  Q u a d rice p s  fe m o ris ;  ( I I )  S e m im e m b ra n o su s , g racilis , p e c tin e u s ;  an d  ( I I I )  B iceps fe m o ris , 
s e m ite n d in o s u s

Table 3 —A nalysis o f  variance presenting mean squares for percent-
age m oisture, fa t a nd  pro te in  from  the three m uscle portions

tions for percentage m oisture, fa t a nd  protein Source d.f.
Percentage
moisture

Percentage
fat

Percentage
protein

Property Over-all mean Std dev Color group 1 4.984 10.472 0.548
Muscle group 2 94.868** 175.911** 35.458**

Percentage moisture 60.98 3.01 Color x  muscle 2 3.459 21.598 0.512
Percentage fat 16.21 
Percentage protein 20.91

4.64 Remainder 23 2.187 8.582 1.825
2 .01 ♦ ♦ Significant (P < 0.01)
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Table 4 —Over-all means and  standard devia
tions for characteristics o f  the purge from  ham

Table 5 —A nalysis o f  variance presenting mean  
potassium  a nd  sod ium  c o n te n t o f  th e  purge

squares for percentage purge. specific gravit/,

m u sc le  portions  
process

sub jected  to the canning
Item d.f.

Percentage
purge

Specific
gravity Sodium Potassium

Over-all mean Std devItem Color and firmness 1 403.453“ 0.000026“ 909.47 48.67
Percentage purge 
Specific gravity

16.10
1.024

5.82
0.001

group
Muscle portion 2 192.264“ 0 .0 0 0 0 2 7136.71* 295.53*

Potassium (meg/1) 122.15 43.47 Color x  muscle 2 9.410 0.0001 708.16 4.02
Sodium (meg/1) 33.79 8.96 Remainder 23 8.015 0.000001 1622.41 70.71

‘ S ig n ific an t (P  <  O.OS) 
“ S ig n ific an t (P  <  0 .0 1 )

p o rtio n  from  th e  pale and  w atery  ham s 
having a higher percen tage purge th an  the 
norm al ham s. These d a ta  su p p o rt the 
w o rk  o f W ism er-Pedersen (1 9 6 0 ), K arm as 
and T hom p so n  (1 9 6 4 ) and M erkel (1 9 7 1 ) 
w ho rep o rte d  a h igher percen tage purge 
from  pale, w atery  ham s th an  norm al 
ham s. T hese results also su p p o rt the 
s tu d y  o f L ogtestijn  (1 9 6 9 ) w ho rep o rted  
a h igher percen tage purge from  canned , 
pale, w atery  lo ins w hen com pared  w ith  
percen tage purge from  norm al co lo red , 
canned  loins. O f the  m uscle p o rtion s, 
p o rtio n  II was h ighest in percentage 
purge, w hereas m uscle p o rtio n  III was 
low est in  percen tage purge. M ajor d iffer
ences obviously  ex ist in these tw o  p o r
tions o f the  ham , and  since th ey  include 
the  tw o  largest m uscle po rtio n s  s tu d ied , 
the  econom ic im p o rtan ce  o f these d iffer
ences is ev iden t w hen consum er yields 
and processing characte ris tics  are co n 
sidered.

The specific gravity  o f  the  purge from  
the  th ree  m uscle p o rtio n s  was signifi
can tly  d iffe ren t be tw een  the  firm , norm al 
co lored  ham s and th e  so ft, w a te ry , pale 
co lored  ham s (T able 5). T he readings fo r 
specific gravity  fo r th e  purge from  the  
so ft, pale ham s w ere h igher th an  those  for 
the  purge from  th e  norm al ham s (Table
2). D ifference in specific gravity  reflects a 
g rea ter a m o u n t o f to ta l solids in purge 
fro m  th e  pale, w atery  ham  m uscle p o r
tions, in ad d itio n  to  g reater quan tities  o f 
to ta l purge.

Potassium  and  sod ium  levels in the 
purge from  the  pale, w atery  and  the  firm , 
norm al co lored  ham s w ere de term in ed  
because d ifferences be tw een  groups in 
potassium  levels m ay reflec t th e  degree o f 
in tracellu lar release o f  po tassium , and 
because d ifferences in  sod ium  levels m ay 
reflect th e  ex tracellu la r release in to  the  
w ater flu id . W ierbicki et a l., (1 9 5 7 ) re 
p o rted  th a t,  be tw een  55 and 70°C , dy 
nam ic sh ifts in ca tions (N a, K, Ca) occur 
be tw een  the  m uscle and its  expressed 
ju ice. These sh ifts  m ay p ro m o te  h y d ra 
tio n  o f m eat p ro te in s  to  co u n te rac t the  
d eh y d ra tio n  caused by d e n a tu ra tio n  o f 
the  p ro te in s  during heating  to  these te m 
pera tu res. T he da ta  rep o rted  in T able 5 
show  th a t  no  significan t d ifference ex 
is ted  fo r sod ium  and po tassium  levels in 
the  purge fro m  th e  firm  norm al co lored

Table 6 —Correlation coe ffic ien ts  am ong qualitative characteristics o f  ham  m uscle groups
Percentage Percentage Percentage Percentage Purge

Item moisture fat protein purge specific gravity
Percentage fat -0 .82**
Percentage protein 0.72** - 0 .6 6 **
Percentage purge 
Purge

0.39* -0.41 0.59**

Sp gr -0 .0 8 - 0 .21 0.33 0.53**
Sodium -0 .4 2 0.49 -0.63** -0 .42* -0 .34
Potassium -0 .37 0.34 -0.57** -0.49** -0 .28

♦ Significant (P  < 0 .0 5 )  ♦ ♦ Significant (P  <  0 .0 1 )

and  pale, w atery  ham s.
A significan t d ifference ( P < 0 . 5 )  was 

o b ta in ed  fo r sod ium  and po tassium  levels 
o f the  purge fro m  the  th ree  m uscle 
p o rtion s, w hich concurs w ith  the  previous 
co nclusion  th a t th e  variab ility  is g rea ter 
am ong ham  p o rtio n s  than  b e tw een  ham  
firm ness and co lo r groups. T he purge 
from  p o rtio n  II was low est in po tassium  
and sod ium  c o n te n t an d  th a t  fro m  m uscle 
p o rtio n  III was h ighest in  b o th  ca tions. 
Ham  p o rtio n  II also had  the  h ighest 
percen tage purge, an d  p o rtio n  III, the 
low est percen tag e purge. A significan t 
and negative re la tio nsh ip  ex isted  betw een  
sodium  ( P < 0 . 5 )  and po tassium  co n ten t 
(P < 0 .0 1 )  o f th e  purge an d  percen tage 
purge fro m  the  m uscle p o rtio n s  (T able 6). 
A highly significan t ( P < 0 . 1 )  an d  nega
tive rela tionsh ip  also ex isted  be tw een  the  
percentage p ro te in  o f the  m uscle p o rtio n s  
and the  sod ium  and po tassium  c o n te n t o f 
the  purge from  those  p o rtio n s. F u r th e r
m ore, a high ly  significan t ( P < 0 . 0 1 )  and 
positive re la tio nsh ip  was o b ta in ed  be
tw een  the  percen tage p ro te in  o f  the 
m uscle po rtio n s  and the  percen tage purge 
and to ta l m oistu re  c o n te n t o f the  m uscle 
portion s.

I t is ev iden t from  the  co rre la tio n  
co effic ien ts  th a t these characte ris tics  are 
highly re la ted . These d ifferences m ay be 
re la ted  to  th e  physio logical fu n c tio n s  o f 
specific m uscle groups, an d  they  seem  to  
have econom ic  significance w hen indiv id
ual ham  m uscle sec tion s are used for 
processing.
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PORCINE AND OVINE MYOGLOBIN: ISOLATION, PURIFICATION, 
CHARACTERIZATION AND STABILITY

INTRODUCTION
THERE IS M UCH in fo rm a tio n  available 
which describes th e  p ro p e rtie s  o f  m y o 
globin from  bovine m uscle . S n y d er and 
Ayres (1 9 6 1 ) p repa red  c rysta lline  bovine 
myoglobin w hich  was th en  used to  ch ar
acterize the  s tab ility  o f  bovine ox y m yo- 
globin (M b 0 2 ). Q u inn  e t  al. (1 9 6 4 )  used 
both ca rb o x y m e th y l cellu lose (CM C) 
chrom atography an d  s ta rch  gel e le c tro 
phoresis to  d e m o n stra te  th a t bovine m et- 
myoglobin was m ic roh e te ro g eneo us. Du- 
Fresne (1 9 6 4 ) n o te d  th a t th e  m uscle 
myoglobin fro m  ind iv idual b eef anim als 
did not differ. I t  was also n o te d  th a t the  
myoglobin from  card iac  an d  skele ta l m us
cle was iden tica l. T he use o f  isoelectric  
fractionation by  S atte rlee  and S nyder 
(1969) to  separa te  all n ine o f  th e  m icro- 
heterogeneous bovine m yog lob in s ind i
cated th a t th e  m ajo r co m p o n e n t co m 
prised 96.8%  o f  the  to ta l  m uscle p igm ent.

The bovine m uscle p igm ent has also 
been studied in  th e  in ta c t m uscle . S nyder
(1964) u tilized  th e  G a rd n er a u to m a tic  
color-difference m e te r  to  fo llow  th e  dis
coloration o f b ee f a t  tem p e ra tu re s  rang
ing from - 2 °  to  6°C . S tew art e t  al.
(1965) used re flec tan ce  sp e c tro p h o to m 
etry to  m easure th e  to ta l  a m o u n t o f 
myoglobin and th e  am o u n ts  o f  m et- 
myoglobin (M etM b) and M b 0 2 in m eat 
samples. F rank e  and  Solberg  (1 9 7 1 )  de
scribed a sim plified  m e th o d  using re
flectance s p e c tro p h o to m e try  to  q u a n ti
tatively de term ine th e  c o n cen tra tio n  o f 
MetMb and to ta l  p igm en t in beef and 
pork muscle.

Other investigators have s tu d ied  the  
stability o f bovine m yog lob in  in the  
intact muscle, as it is a ffec ted  by packag
ing and storage co n d itio n s . K raft and 
Ayres (1 95 4 ) described  th e  ab ility  o f 
both so ft-w h ite  fluo rescen t and  u ltra 
violet light to  cause d isco lo ra tio n  o f beef. 
Lentz (1971 ) d e m o n s tra ted  th a t frozen  
beef would d isco lo r in  1—3 days w hen 
held in a freezer d isplay  case a t e ith er 
-20°C or —7°C , w hereas sto rage a t the 
same tem peratures in th e  absence o f  light 
caused no d isco lo ra tion . Solberg  and 
Franke (1 97 1 ) s tu d ied  th e  e ffec t o f  visi
ble light o f six w avelengths varying from  
420 nm to  63 2 .8  nm  on th e  co lo r o f  beef 
held at b o th  34° and  4 1 ° F . T hey  co n 
cluded that visible ligh t a t each  wave
length resulted in  a sm all b u t s ta tis tica lly  
significant increase in th e  ra te  o f  co lo r

d e te rio ra tio n , b u t  th a t th e  sm all am o u n t 
o f co lo r change was o f  n o  p rac tical 
significance in fresh  m eat storage.

Because th e  fresh  m eat in d u s try  does 
have co lo r s tab ility  p rob lem s, several 
groups o f investigators have s tu d ied  the  
au to x id a tio n  o f  p u rfied  bovine M b 0 2 
so lu tion s. S ny d er and A yres (1 9 6 1 )  d em 
o n s tra ted  th a t th e  a u to x id a tio n  o f  bovine 
M b 0 2 is tem p e ra tu re  d ep en d en t. T em p er
a tu res  ju s t  above freezing resu lted  in the  
low est ra te  o f  au to x id a tio n . B row n and 
D olev (1 9 6 3 b ) s ta ted  th a t  freezing  b u f
fered  o x y m y og lob in  so lu tion s  to  tem p er
a tu res  o f  — 15°C caused an increase in 
a u to x id a tio n  ra te . S n y der an d  S krd lan t
(1 9 6 6 )  show ed th a t th e  au to x id a tio n  o f 
bovine o xy m y og lob in  is accele ra ted  by 
co pp er ions, w hereas iron , zinc and alum i
nu m  ions are less active in  accelera ting  
th e  au to x id a tio n  ra te . B row n an d  M ebine 
(1 9 6 9 )  in a series o f  ex p erim en ts  es tab 
lished th e  co rrec t s to ich io m e try  fo r the  
process w ith  resp ec t to  oxygen  u tiliza 
tio n . T hey  ind ica ted  th a t du ring  a u to x i
d a tio n  o f  1M o f M b 0 2 , Va  o f  1M o f 
oxygen  is u tiliz ed  and % o f  1M is evolved.

As observed fro m  th e  preced ing  dis
cussion, a vast a m o u n t o f in fo rm atio n  is 
available on  bovine m uscle m yoglobin . 
T he m uscle m yoglobins fro m  o th e r  spe
cies w hich  are im p o rta n t econom ically  
have also been s tu d ied . T he p ro pertie s  o f 
tu n a  m yoglobin  have been well ch arac te r
ized  (B row n, 1961; B row n and Dolev, 
1963a, b ; Hirs an d  O lc o tt, 1964; B row n 
and  M ebine, 1969). T he p ro pertie s  o f 
ch icken  and  tu rk ey  m yog lob in  are p res
en tly  u n d er investig ation  and th u s  far 
have been  p a rtia lly  ch arac te rized  (F ron - 
ing e t al., 1968; F ron in g , 197 2 ; Jan k y  
and  F ron in g , 1972; G o ldb lo om  and 
B row n, 1971).

Y et w ith  m uch  in fo rm atio n  available 
on  th e  be fo re  m e n tio n ed  species, little  
in fo rm atio n  is available co ncern ing  the  
m yoglobins o b ta in ed  from  porcin e and 
ovine m uscle. B ernard  e t al. (1 9 6 1 a) ran  
an ex tra c t o f  po rcin e m uscle on  gel 
e lec tro pho resis  and  in d ica ted  th a t  porcine 
m yog lob in  m igrated  fas te r to w ard  the  
positive po le , in  a pH 8 .9  b u ffe r, th an  did 
the  m yoglobins fro m  bov ine, eq u ine , or 
ovine m uscle. A tassi e t al. (1 9 7 0 ) d e te r
m ined  the  am in o  acid co m p ositio n  o f 
ovine m yog lob in  an d  fo u n d  it to  be 
sim ilar to  the  co m p ositio n  o f bovine 
m yoglobin . B ernard e t  al. (1 9 6 1 b ) h y d ro 

lyzed bov ine, porc ine , ovine and  equ ine  
m yo globin  and fo u n d  th a t th e  pep tide  
p a tte rn s  fo r each  d iffered  sign ifican tly . 
H oyen  and  T ho rso n  (1 9 7 0 ) ex am ined  the  
m yoglobins fro m  ovine, p o rc in e , bovine 
and equ ine  m uscle on  po lyacry lam ide gel 
e lec trop ho resis , in an e ffo r t to  develop a 
tech n iq u e  in  w hich  th e  m uscle c o n s titu 
en ts  o f an y  m eat p ro d u c t cou ld  be 
de tec ted .

Since th e re  is a de fin ite  void in in fo r
m ation  co ncern ing  th e  characte ris tics  and 
s tab ility  o f  b o th  porcin e an d  ovine m y o 
glob in , the  p resen t s tu d y  was in itia ted .

EXPERIMENTAL
Isolation of the myoglobins

Ovine myoglobin was obtained by first re
moving all of the leg muscles and freeing them 
of extraneous fat and connective tissue. The 
muscles were ground and then homogenized in 
a Waring Blendor with an equal volume of cold 
distilled water. The myoglobin was then ex
tracted from the muscle according to the tech
nique that was used for bovine myoglobin (Sat
terlee et al., 1969). The resultant crude ovine 
myoglobin was freeze-dried and stored in the 
freezer as a powder.

Porcine myoglobin was obtained in a man
ner which involved removal of all muscles from 
the ham and freeing each muscle of extraneous 
fat and connective tissue. After grinding the 
muscle and homogenizing it with an equal vol
ume of cold distilled water, further extraction 
and isolation was accomplished using a modifi
cation of the technique of Satterlee et al. 
(1969). The modifications were: (1) the myo
globin was precipitated between 50 and 100% 
ammonium sulfate saturation; (2 ) the crude 
myoglobin was stored in the freezer as the am
monium sulfate paste. Precautions were taken 
to ensure the porcine muscle used was not from 
an animal exhibiting the PSE syndrome. Sec
ondly, the before mentioned research cited on 
bovine, ovine, porcine and poultry muscle myo
globins indicated that the myoglobins are not 
affected by breed differences. Therefore this 
manuscript describes the myoglobins from nor
mal bovine, ovine and porcine muscles, without 
regard to breed.

The bovine myoglobin used in this study 
was isolated and purified according to the pro
cedure o f Satterlee et al. (1969).

Both the porcine and the ovine myoglobins 
were purified on DEAE cellulose column chro
matography. Approximately 300 mg of ovine 
or porcine metmyoglobin in 10 mM pH 8 .6  Tris 
buffer was placed on a column containing 60g 
of moist DEAE which had been equilibrated 
with the same buffer. Cytochrome C and non
heme proteins were eluted with the same buf
fer. The metmyoglobin was then eluted with 50
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mM Tris buffer, pH 8.0.
The purified porcine and ovine myoglobins 

were kept frozen until needed for further 
study.
Amino acid analysis

The amino acid composition of purified por
cine myoglobin was determined by initially 
removing the heme group from the myoglobin 
molecule according to the procedure described 
by Lewis (1954). The resulting apoprotein was 
hydrolyzed using constant boiling HC1, in an 
evacuated tube for both 24 and 72 hr. The 
amino acid composition of the hydrolyzates 
was determined on a Beckman 120C amino acid 
analyzer. The tryptophan content was deter
mined by the method of Bencze and Schmid 
(1957).
Isoelectric fractionation

The isoelectric points of both the ovine and 
porcine myoglobins were determined by using a 
modification of the procedure described by Sat- 
terlee and Snyder (1969). The modifications 
were: (1) fractionation was performed at 11°C;
(2) a pH 6 - 8  ampholyte was used to establish 
the pH gradient; and (3) the isoelectric point 
was determined by measuring the pH of each 
fraction at 23° C with the aid of a Corning 
model 10 pH meter.

To ensure that the fraction being studied 
was myoglobin and not hemoglobin, the ap
proximate molecular weight was determined 
with the aid of a 0.9 x  55 cm Sephadex G-100 
column. The Sephadex column had been previ
ously calibrated for molecular weight deter
mination using purified bovine serum albumin, 
bovine chymotrypsin, bovine metmyoglobin, 
egg white lysozyme and bovine cytochrome C.
Autoxidation rates

The autoxidation rates of the bovine, por
cine and ovine M b02 were determined accord
ing to the procedure of Brown and Mebine 
(1969). The myoglobin solutions were passed 
through ion exchange resin (AG 50LX8) to free 
them from any oxidation products due to the 
sodium dithionite treatment. Buffers used in 
the trials were 10 and 100 mM phosphate ad
justed to a pH of 5.5, 6.0 or 6.5. The autoxida
tion rates were determined at 37°C, 23-24°C , 
11 -12°C , 5°C, -2°C , -12°C  and -19°C.

Autoxidation rates were also determined in 
the absence of light and in intense fluorescent 
light (1100 ft-c). Light intensity was measured 
with the aid of a General Electric type 213 light 
meter.
Meat and acid denaturation

Heat denaturation curves were obtained for 
the bovine, ovine and porcine metmyoglobins

according to the procedure of Satterlee et al.
(1972). The heat denaturation study was per
formed using a 10 mM phosphate buffer at a pH 
of 5.5, 6.0 and 6.5.

The acid denaturation curves obtained on all 
three metmyoglobins were according to the 
procedure of Satterlee et al. (1972). The met
myoglobins used were dissolved in glass distilled 
water.

RESULTS & DISCUSSION
Isolation o f the m yoglobins

T he iso la tion  and p u rifica tion  o f the 
ovine m yoglobin  was very stra ig h tfo rw ard  
since th is m yoglobin  is very sim ilar to  
bovine m yoglobin . T he iso lation  and p u ri
fica tio n  o f porcine m yoglobin  was fo un d  
to  be m uch m ore d ifficu lt. In itia lly  p ro b 
lem s were en co u n te red  w hen it was fo un d  
th a t the porcine m yoglobin  w ould  n o t 
only  p rec ip ita te  at high levels o f am m o 
nium  su lfa te  sa tu ra tio n  (75 — 100% sa tu ra 
tio n ) b u t began p rec ip ita tin g  ju s t above 
50% am m onium  su lfate  sa tu ra tio n  and 
co n tinued  to  do  so u n til com p le te  sa tu ra 
tion  (100% ) was o b ta in ed . T he p u rity  o f 
the  various porcine and ovine am m onium  
su lfate  frac tio n s  is given in T able 1. In 
ad d itio n  crude porcine m yo globin  can n o t 
be successfully  freeze-dried  since the 
freeze-dried  p ow der is on ly  slightly  so lu 
ble in w ater o r buffer.

D E A E  c e l lu lo s e  ch ro m atog rap hy  
w orks well in th e  final p u rifica tion  o f 
b o th  ovine and porcine m yoglobins. The 
m yoglobins, a f te r  final p u rifica tion  on 
D EA E, w ere hom ogen eous, as was evi
denced by po lyacry lam ide gel e lec tro 
phoresis.
Am ino acid analysis

T he am ino  acid co m p ositio n  o f bovine 
and ovine m yoglobin  (A tassi e t al., 1970) 
is rep o rted  in T able 2. T he am ino  acid 
co m position  o f  these tw o  m yoglobins is 
iden tica l ex cep t fo r the am ino  acids 
alanine and leucine. Even th o u gh  they  are 
sim ilar in am ino  acid co m p o sitio n , Atassi 
e t al. (1 9 7 0 ), B ernard  e t al. (1 9 6 1 b )  and 
Han e t al. (1 9 7 0 , 1971) fo u n d  th a t m any 
o f the  pep tides o b ta in ed  from  the m y o 
globins d iffered  b o th  in am ino  acid co n 
te n t and in im m u noch em ica l cross reac
tion . These resu lts  ind ica te  th a t bovine 
and ovine m yoglobin  have sim ilar am ino

acid co m po sitio ns  b u t significan tly  differ
en t am ino  acid sequences.

O nly a few  am ino  acids o f porcine 
m yoglobin , also rep o rte d  in Table 2, were 
fo u n d  to  be sim ilar to  those o f ovine and 
bovine m yog lob in . G lycine and methio
nine are found  in equal am oun ts  in all 
th ree  m yoglobins. T he ca lcu lated  molec
ular w eight o f 17 ,142 is on ly  slightly less 
than  the m olecu la r w eights given for 
bovine and ovine in T able 2.
Isoelectric fractionation

T he isoelec tric  p o in ts  (p i)  o f bovine 
and ovine m e tm yo g lo b in  are very similar, 
as is show n in T able 3. Porcine MetMbis 
a m ore negatively  charged molecule, 
w hen co m pared  to  bovine and ovine 
M etM b, since it possesses a m uch lower 
pi. Possessing a low er p i w ould  definitely 
allow  the porcin e m yoglobin  to  migrate 
faster on pH 8 .6  gel e lectrophoresis, as 
was show n previously by Bernard et al. 
(1 9 6 1 a).

Table 2 —A m in o  acid com position  o f  bovine, 
ovine and porcine m yoglob in

Residues/molecule
Amino acid Bovine® Ovine® Porcine

Aspartic acid 12 12 13
Threonine 5 5 7
Serine 6 6 7
Glutamic acid 18 18 14
Proline 4 4 8
Glycine 13 13 13
Alanine 17 16 12
Valine 8 8 10
Methionine 3 3 3
Isoleucine 6 6 12
Leucine 16 17 11
Tyrosine 2 2 3
Phenylalanine 7 7 5
Lysine 19 19 11
Histidine 12 12 5
Arginine 2 2 6
Tryptophan 3 3 6
n h 3 - 8 12
Molecular wt 17,693 17,735 17,142

aAtassi et al. (1970)

Table 3 —Isoelectric p o in ts  o f  the various
m yoglobins

Myoglobin
Isoelectric

point Avg dev Trials
Bovine® 7.10 .03 6
Ovine 7.21 .03 2
Porcine 6.82 .02 2

a S a tte r le e  an d  S n y d e r  (1 9 6 9 )

Table 1—Purity o f  the various ovine and porcine am m onium  sulfate  
fractions

Myoglobin
Ammonium sulfate 

fraction 
(% saturation)

Protein content
(mg heme protein/mg total protein)

Ovine 50 1/14.9
75 1/5.0

100 1/1.2
Porcine 50 1/37.5

75 1/13.8
100 1/12.4
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A u tox ida tion  rates

The au to x id a tio n  rates  fo r all th e  th ree  
oxym yoglobins w ere d e te rm in ed  w ith in  
the tem p era tu re  range o f —19° to  37°C . 
Figure 1 illu stra tes  the  e ffec t o f tem p e ra 
ture on th e  au to x id a tio n  ra tes. A t te m 
peratures ranging from  —2° to  37°C , 
bovine M b 0 2 possessed the  h ighest ra te  
constan ts, fo llow ed by ovine M b 0 2 . P or
cine M b 0 2 au to x id ized  th e  slow est o f the  
three w hen observed at above freezing 
tem peratu res. Below the  freezing p o in t o f 
the M b 0 2 so lu tio n  (~ 1 2 °C  and - 1 9 ° C ) ,  
there was a no ticeab le  increase in the  
au to x id a tio n  ra te . This sam e p h en o m e
non was observed by B row n and  Dolev 
(1963 b) fo r b o th  bovine and tu n a  M b 0 2 . 
The m axim um  ra te  increase was n o te d  at 
-1 2 ° C  fo r  all th ree  m yoglobins.

The da ta  p resen ted  in T able 4 ind icate  
that high in ten sity  so ft-w h ite  fluo res
cent light does a ffec t the  au to x id a tio n  o f 
M b02 from  the  th ree  m yoglobins s tu d 
ied. A t 4°C  th e  increase in au to x id a tio n  
rate (K ) due to  light, is less th an  the 
increase seen a t 24°C . T his ex p erim en t 
was run  at a pH 5 .5 , w here the  e ffec t o f 
light seem s to  be less th an  th a t rep o rted  
at pH 6 .0  by S a tte rlee  e t  al. (1 9 7 2 ). It 
should be em phasized  th a t th e  level o f 
illum ination  used in th is ex p erim en t is 
appro xim ate ly  10 tim es g rea ter th an  the 
level fo u n d  in m ost fresh  m eat display 
cases.
Heat d én a tu ra tio n

Figure 2 illu stra tes  the  hea t d é n a tu ra 
tion curves fo r all the  th ree  m etm yo- 
globins at a pH o f 5.5. T here  were no

9.

T E M P E R A T U R E  ° C

Fig. 1—E ffe c t o f  tem perature on the au tox ida
tion rate constants IK) for bovine, ovine and  
porcine M bO 2.

significan t d ifferences be tw een  an y  o f the 
m etm yog lob ins in th e ir  h ea t s tab ility  
p roperties.

S im ilar runs were p e rfo rm ed  at a pH 
o f 6 .0  and 6 .5 . As th e  pH was increased 
by 0.5 u n it, the  h ea t s tab ility  curve for 
each m e tm yo g lo b in  m oved to  the  right 
on  th e  average o f 1.8°C  (to w a rd  a higher 
tem p era tu re ).

These data are in ag reem ent w ith  
findings o f B ernofsky  e t al. (1 9 5 9 ) w ho 
fo u n d  th a t  the  m yoglobins in g roun d  beef 
and in g round  p o rk  were eq ually  resistan t 
to  h ea t d é n a tu ra tio n . T he da ta  on  bovine 
m e tm yog lo b in  d én a tu ra tio n  is in agree
m en t w ith  the  d a ta  rep o rte d  by D rau dt 
(1 969 ).
Acid d én a tu ra tio n

Acid d é n a tu ra tio n  curves w ere also 
o b ta ined  fo r each  m etm y og lo b in . The 
stab ility  o f  b o th  bovine an d  ovine M etM b 
to  acid d én a tu ra tio n  is iden tical. As 
show n in Figure 3, b o th  m yoglobins were 
stab le  in the  pH range o f  6 .5  to  4 .0 , then  
began to  d en a tu re  rap id ly  as the  pH was 
low ered. P orcine M etM b is m uch  m ore 
sensitive to  acid d é n a tu ra tio n  th a n  e ith er 
bovine o r ovine M etM b. Porcine M etM b 
began den a tu ra tin g  a t a pH o f 4 .85  and 
the ra te  increased  as the  pH was low ered.

CONCLUSION
TH E TWO M YO GLOBIN S o f  prim ary  
concern  in th is s tu d y  w ere the  ovine and 
porcine m yoglobins. T h ro u g h o u t the 
s tudy  these tw o  m yoglobins w ere co m 
pared to  bovine m yoglobin . I t becam e 
read ily  ev iden t th a t th e  ovine and bovine

Fig. 2 —Heat dénaturation curves for bovine, 
ovine and  porcine MetMb.

m yoglobins were sim ilar by  th e ir  behavior 
during p u rifica tio n  and in th e ir stab ility  
to  b o th  h ea t and acid. T he au to x id a tio n  
o f all th ree  M b 0 2 at tem p era tu res  above 
freezing and in norm al ro o m  light (77 
ft-c) was m easured. R esults in d ica ted  th a t 
bovine M b 0 2 au to x id ized  the fastest, 
fo llow ed by ovine M b 0 2 and the  slow est 
to  be porcin e M b 0 2 . T em p era tu res  below  
freezing increased th e  au to x id a tio n  rate 
fo r all th ree  M b 0 2 stud ied . High in tensity  
fluo rescen t light also increased in  the  
au to x id a tio n  ra tes  o f  the bovine, ovine 
and porcin e M b 0 2 .

Porcine m yoglobin  is defin ite ly  d iffer
en t from  the  o th e r  tw o , first in its 
behavio r during iso la tion  and  purifica
tion . Secondly , porcin e m yo globin  was 
fo un d  to  be very suscep tib le  to  acid 
d e n a tu ra tio n , w hen co m pared  to  the 
o th e r  m yoglobins. T hird ly , po rcine m y o 
globin has an isoelec tric  p o in t and  an 
am ino  acid com p ositio n  w hich differs

Table 4 - E f fe c t  
rates

o f  light on autoxidation

Effect of light 
K(100 ft-c)/K(0 ft-c)a

Oxymyoglobinb 4b 24b
Bovine 1.25 1.81
Ovine 1.33 1.25
Porcine 1.28 1.75

a K = th e  a u to x id a tio n  ra te  c o n s ta n t  
" T h e  M b 0 2 w as in  10 m M  p h o sp h a te  b u f 

fe r, pH  5 .5 .

Fig. 3 —A cid  denaturation curves for bovine, 
ovine and  porcine MetMb.
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significan tly  from  th e  o th e r  tw o  m yo
globins.

Because bovine and ovine m yoglobin  
are so sim ilar, m uch  o f the  in fo rm atio n  
available on bovine m yoglobin  can pos
sibly be d irec tly  applied  to  ovine m y o 
globin. This s tud y  has show n th a t porcine 
m yoglobin  has several unusual p rop ertie s  
and th a t th is p igm ent p ro te in  m erits 
fu rth e r  investigation .
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EFFECT OF CERTAIN PHYSICAL AND CHEMICAL TREATMENTS 
ON THE MICROSTRUCTURE OF EGG YOLK

INTRODUCTION
EGG YOLK consists of alternate layers of 
white and yellow yolk surrounded by the vitelline membrane. This layering effect is 
thought to be due to the diurnal rhythm 
in the formation of the yolk (Riddle, 1911). The white yolk layers are approxi
mately 0.25—0.40 mm in thickness, while 
the thickness of the yellow yolk layers averages approximately 2.0 mm (Roman
off and Romanoff, 1949). Moran (1925) 
observed yolk spheres with diameters ranging from 25 —150ju, the larger of 
which were located near the center of the 
yolk. Microscopic examination of yolk by 
Grodzinski (1951) revealed that yolk 
consisted of an emulsion with a variety of 
particles dispersed in a protein solution. Three major types of particles were not
ed: yolk spheres, free-floating droplets, 
and round profiles which contained pro
tein. Two types of spheres were noted in 
yolk: yellow and white yolk spheres with 
surface semipermeable membranes (Grod
zinski, 1951). It was observed that within 
the yellow yolk spheres were numerous, tightly packed nonrefractile droplets, 
while the white yolk spheres contained only a few droplets suspended in a 
protein fluid. Bellairs (1961), using phase contrast and electron microscopy, found that the yellow yolk spheres had diam
eters ranging from 25—150ju, while the diameters of the white yolk spheres 
ranged from 4—75/u. Bellairs (1961) confirmed the appearance of droplets within 
the spheres as reported by Grodzinski(1951). In addition, Bellairs (1961) also reported that the surfaces of the yolk spheres were mainly of the naked type (void of a surface membrane), but that 
the laminated capsule and unit membrane 
type of structure were also present. Nu
merous free-floating, highly refractile, 
lipid droplets with diameters of about 2ju 
were also found in yolk (Bellairs, 1961). 
This worker also noted that the free 
droplets, as well as the droplets within 
the yolk spheres, had dark and light 
regions which were thought to be due to 
particles ranging in size from 30—60Á. The small round profiles, 250Á, were 
found to exist as a ring or in chains in the

1 P resen t a d d ress : D e p t, o f  A n im a l S c ien ce , 
Iowa S ta te  U n iv e rs ity , A m es, IA  5 0 0 1 0

continuous phase and were thought to be 
composed of low-density lipoprotein mi
celles. Sugano and Watanabe (1961) and 
Martin et al. (1964) reported that the diameter of hydrated low-density lipopro
teins ranged from 117 —480A. Powrie
(1968) felt that the round profiles were

low-density lipoproteins.
This study was undertaken to observe the effects of dilution, concentration, 

sodium chloride, urea and freezing on the microstructure of yolk in order to further 
understand the mechanism of yolk gelation upon freezing and thawing.

Fig. 1—Scanning electron photom icrographs (750x1 o f  co n tro l yo lk :  
(a) u n frozen; a n d  (b) frozen-thaw ed.

Fig. 2 —Scanning electron photom icrographs (7 5 0 x ) o f  d ilu ted  yo lk : (a! 
u n fro ze n ;a n d  (b) frozen-thawed.
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Fig. 3 —Scanning electron photom icrographs (7 5 0 x ) o f  concentra ted  
yo lk: (a) unfrozen; a nd  (b) frozen-thawed.

Fig. 5 —Scanning electron photom icrographs (7 5 0 x ) o f  the LD F of 
y o lk : (a) unfrozen; and  (bl frozen-thawed.

Fig. 4 —Scanning electron photom icrographs (1,000X1 o f  urea-treated  
yo lk: reaction tim es o f  (a) 0  hr; (bl 12 hr; (c) 24  hr; and (dl 72  hr.

MATERIALS & METHODS
Preparation o f yolk

Day-old eggs from single comb White Leg
horn hens were used in this study. The yolks 
were separated from the albumen and the resid

ual albumen removed from the yolks with flow
ing tap water. The yolks were rolled on thin 
tissue paper to remove adhering water, pooled, 
and mixed with a propeller mixer at 200 rpm 
for 15 min. The yolk was filtered through 
cheese cloth to remove the vitelline membrane 
and chalazae.

Dilution and concentration
A moisture level of 67% was obtained by 

diluting yolk with distilled water (50 ml/lOOg 
yolk) and mixing the yolk-water mixture for 5 
min with a propeller mixer (200 rpm). Water 
was removed from yolk by dialysis with poly
vinylpyrrolidone (PVP-40T, Sigma Chemical 
Co.) to a moisture level of 42%. The actual 
moisture content of the yolk samples was deter
mined by drying to constant weight at 90°C.
Chemical treatments

NaCl was dissolved in 10 ml of distilled 
water and added to lOOg of yolk at a level of 
10%. The salt-yolk mixture was mixed for 5 
min with a propeller mixer (200 rpm). Urea was 
added to yolk at a final concentration of 4 
molal and mixed as previously mentioned.
Freezing treatment

Samples of other treatments were frozen in 
glass jars at -26°C  for 72 hr. Thawing of the 
samples was done at 10°C for 16 hr and the 
sam ples equilibrated at room temperature 
(25 ± 2°C) before examination.
Fractionation

Yolk was fractionated into a low-density 
fraction (LDF) and high-density fraction (HDF) 
by centrifugation at 25,000 rpm for 24 hr at 
2°C on a Beckman preparative ultracentrifuge 
(SW-27 rotor). The supernatant (LDF) was 
decanted and residual LDF’ on the sediment 
(HDF) surface removed by scraping.
Examination procedures

Scanning electron microscopy. Yolk sam
ples, in 25 ml glass vials, were quick-frozen in 
liquid nitrogen for 45 min and immediately 
freeze dried. Sample pieces (2 .5 -5 .0  mm) were 
mounted on stubs using electrical silver paint, 
and gold coated. Samples were examined with a 
scanning electron microscope (Model SEM-900, 
Advanced Metal Research Corp.).

Transmission electron microscopy. Approxi
mately 1 mm diam spheres of yolk samples 
were fixed in 2% osmium tetroxide for 1 hr at 
0°C. After dehydration in graded ethanol, the 
samples were embedded in EPON epoxy resin.
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surface structures of control yolk are 
reproduced in Figure la and b. The unfrozen sample (Fig. la) had a rather 
close-knit structure containing numerous small voids. However, the freezing process changed the structure extensively, giving 
the yolk a rather coarse network appearance (Fig. lb). Dilution of unfrozen yolk had very little effect on the surface 
structure (Fig. 2a), while the frozen- thawed structure of diluted yolk (Fig. 2b) 
was more open than that found in the 
frozen-thawed undiluted sample (Fig. lb). However, concentration of yolk was 
found to give both the unfrozen and 
frozen-thawed yolk a more compacted structure which was rigid in appearance (Fig. 3a and b).

The effect of 4 molal urea on the structure of yolk after reaction times of 
0, 12, 24, or 72 hr at 10°C is shown in Figure 4a, b, c and d, respectively. The 
structure of the urea-treated yolk became 
progressively more open with increasing reaction time.

The surface structure of unfrozen LDF (Fig. Sa) was rather smooth and lacked 
the voids observed in the unfrozen control yolk. However, the structure of the 
frozen-thawed LDF was open and had a network appearance (Fig. 5b). Unfrozen HDF (Fig. 6a) had a surface structure 
which was rather smooth in appearance, while that of the frozen-thawed HDF (Fig. 6b) was rough and lacked the voids 
noticed in other samples.
Ultrastructure

Transmission electron microscopy was used to investigate the effects of various treatments on the ultrastructure of unfrozen and frozen-thawed yolk. It was noticed that unfrozen LDF (Fig. 7a) consisted of small particles (20 m/u) evenly dispersed throughout a smooth con
tinuous matrix. However, the matrix in 
the frozen-thawed LDF was disrupted by 
unstained areas, probably lipid, which ranged in size from 60—120 mju (Fig. 7b). 
The structure of unfrozen HDF (Fig. 8a) 
consisted of large irregular-shaped par
ticles (0.5—9fO dispersed in a continuous matrix similar to that of LDF. Bellairs 
(1961) identified particles with a similar 
appearance as free-floating lipid droplets. However, it is believed that these particles 
are high-density lipoproteins (HDL). The large HDL particles in the frozen-thawed HDF (Fig. 8b) were more spherical in shape, while the matrix was disrupted as was noticed in the frozen-thawed LDF.

The structure of unfrozen control yolk (Fig. 9a) was similar to that observed in the unfrozen HDF, except that the large irregular HDL particles were fewer in 
number and generally smaller in size (0.2—8/r). However, in the frozen-thawed 
yolk (Fig. 9b), the HDL particles were more spherical in shape and the continu
ous matrix disrupted.

Sections were stained with 2% uranyl acetate, 
followed by 0.002% lead citrate (Hasiak, 1972). 
Sections were examined with a transmission 
electron microscope (EM-300, Philips Elec
tronic Instruments).

RESULTS
Surface structure

The photomicrographs showing the influence of freezing and thawing on the

Fig. 7-T ransm ission  electron photom icrographs 153,000k.) o f  the LD F o f  yo lk : (a) unfrozen; and  
lb) frozen-thawed.

Fig. 6 —Scanning electron photom icrographs (7 5 0 k ) o f  the H DF o f  
yo lk : (a) u n frozen; a nd  lb) frozen-thawed.
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In itia lly , u rea tre a tm en t resu lted  in 
spherica l HDL partic les d ispersed in  a 
som ew hat d isru p ted  m a trix  (Fig. 10a).

Fig. 8 —Transmission electron photom icrographs  
(b) frozen-thawed.

How ever, a f te r  storage fo r 72 h r the  
m a trix  o f the  u rea tre a te d  y o lk  sam ple 
(Fig. 10b) was ex tensively  d isru p ted , hav-

(5 3 ,0 0 0 x ) o f  the HDF o f  yo lk: (a) un frozen; and

ing the  ap p earan ce  o f  n u m ero u s  particles 
ranging in size from  0.1 — 1/r.

NaCl (10% ) d isru p ted  the HDL par
ticles in  b o th  th e  u n fro zen  and  frozen- 
th aw ed  sam ples (F ig. 11a and  b). The 
ap pearan ce  o f b o th  th e  u n frozen  and 
fro zen -th aw ed  p rep a ra tio n s  (F ig. 11a and 
b) w ere sim ilar to  th a t observed in the 
u n fro zen  L D F sam ple (F ig. 7a).

DISCUSSION
SCAN NING elec tro n  m icroscopy  indi
ca ted  th a t th e  s tru c tu re  o f frozen-thawed 
y o lk  was m ore open  th an  th a t o f  unfro
zen yo lk . T he large o pen  spaces observed 
in the  fro zen -thaw ed  sam ple w ould  indi
cate th a t large “ d ro p le ts” o f w ater were

Fig. 9 —Transmission electron photom icrographs (3 2 .8 0 0 X ) o f  co n tro l yo lk : (a) u n frozen; a nd  lb) graphs 132,800x1 o f  urea-treated yo lk  14  molal) 
frozen-thawed. a fte r  a 0  hr (a) and  72 hr (b) reaction time.
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Fig. 11 -T ransm ission  electron photom icrographs  
frozen;and (b) frozen-thaw ed.

trapped in a th ree-d im ensiona l s tru c tu re . 
Further evidence o f th is  was observed 
when d ilu tio n  increased th e  size o f the 
open spaces, w hile co n cen tra tio n  had the  
reverse e ffec t. Pow rie e t al. (1 9 6 3 )  n o te d  
that the  v iscosity  o f u rea -trea ted  yo lk  
increased w ith  tim e . T he p h o to m ic ro 
graphs o f  u rea -trea ted  yo lk  and  native 
yolk w ould  ten d  to  ind ica te  th a t  the 
increase in  y o lk  viscosity  was re la ted  to  
the degree o f openness o f  s tru c tu re . T hus 
the results w ith  urea ind ica te  th e  possible 
involvement o f w a te r in th e  ge lation  o f 
yolk since u rea has a high a ffin ity  fo r 
water.

The changes in the  surface s tru c tu re  
appear to  be re la ted  to  a lte ra tio n s  in the

(3 2 ,8 0 0 x ) o f  NaC! (10%) treated  yo lk: (a) un-

co n tin u o u s  m a trix  an d  th e  H D L partic les. 
T ransm ission e lec tro n  m icroscopy  o f  y o lk  
in d ica ted  th a t b o th  the  L D F an d  H D F 
fraction s o f  y o lk  w ere a lte red  by freezing. 
It was also n o te d  th a t freezing o f co n tro l 
yo lk , as well as tre a tm e n t w ith  urea , 
d rastica lly  alte red  th e  low -density  co n 
tinuo u s phase. T he H D L partic les were 
also a lte red  by these  processes and  ap
peared to  in te ra c t w ith  the  co n tin u o u s 
phase. Sod ium  ch lo rid e , w hich inh ib its  
freeze-induced  increases in y o lk  viscosity  
(M arion an d  S tad elm an , 1958), was 
fou n d  to  co m ple te ly  d isrup t th e  HDL 
partic les and  d rastica lly  red uce  changes in 
the  co n tin u o u s  L D F phase resu lting  from  
freezing and  thaw ing.

CONCLUSIONS
PO SSIBLE a lte ra tio n  o f the  s tru c tu re  o f 
w a te r o r the rem oval o f  w ater m ay result 
in lip o p ro te in  destab iliza tio n  and aggrega
tion . T he p ho to m icro g rap h s  suggest th a t 
th e  freezing process induces aggregation 
o f the  low - and h igh-density  y o lk  lip o p ro 
teins th ro u g h  an a lte ra tio n  in the  s tru c 
tu re  o f w ater. This aggregation resu lts  in 
the fo rm a tio n  o f  a th ree-d im ensiona l 
s tru c tu re  w hich en traps  large quan tities  
o f w ater, and m ay resu lt in an increased 
y o lk  viscosity .
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THE RELATIONSHIP OF LYSOZYME CONTENT OF EGG WHITE 
TO VOLUME AND STABILITY OF FOAMS

INTRODUCTION
MANY FO O D  USES o f egg w hite depend  
on its  foam ing  pow er and  the  s tab ility  of 
the foam s p roduced . M cLaren and Stadel- 
m an (1 9 5 4 ) used a m od ifica tion  o f the 
m ethod  p roposed  by B arm ore (1 9 3 6 ) to  
stu d y  the  foam ing characte ris tics  o f egg 
w hite fro m  eggs s to red  fo r various tim es 
and at d iffe ren t tem pera tu res . They 
fo u nd  th a t foam  drainage as a m easure of 
foam  stab ility  was n o t re la ted  to  egg 
storage tim e. This was true  fo r  b o th  room  
tem p era tu re  and co ld  storage trea tm en ts . 
G aribaldi et al. (1 9 6 8 ) rep o rted  a fte r  
extensive s tud y  th a t dam age to  w hipping 
properties  o f egg w hite due to  heat 
d en a tu ra tio n  o f the  ovom ucin-lysozym e 
com plex  was a first o rd er reac tion  for 
b o th  ovom ucin  and lysozym e and th a t an 
increase o f  0 ,33  in the  ion ic  s tren g th  o f 
egg w hite resu lted  in a 10-fold decrease in 
dam age o f  w hipping p roperties. Damage 
to  w hipping p ro pertie s  appeared  to  result 
from  an irreversibly den a tu red  lysozym e 
ovom ucin  aggregate. W hipping aids co m 
pensated  fo r  loss o f w h ipping properties  
b u t did n o t reverse the  reac tion  w hich 
produced  dam age to  w hipping p roperties. 
G andhi et al. (1 9 6 8 ) using 3 ,3-d im ethyl- 
glutaric an h yd ride  fo r chem ical m od ifica
tion  o f egg w h ite , fou n d  th a t low  levels 
seriously reduced  foam ing ab ility  o f egg 
w hite. M organ e t al. (1 9 7 0 ) com pared  
frozen , foam -spray, spray and freeze- 
dried egg w hite  fo r use in m eringues. 
Foam  drainage was n o t significan tly  d if
feren t in these studies. In co n tra s t, F un k  
e t al. (1 9 7 1 ) rep o rte d  th a t foam s m ade

Table 1—Interior qua lity  o f  eggs from  hens 
indexed  for lyso zym e co n ten t o f  egg w hite and 
used in foam volum e and stab ility  studies a fter  
storage a t 7° C, 75% FtH
Storage

time
High lysozyme 

(H.U.)
Low lysozyme 

(H.U.)
1 day 91 92
1 wk 87 86
2 wk 86 80
3 wk 83 77
4 wk 79 76
5 wk 77 72
6 wk 74 70
7 wk 72 67
8 wk 70 64

from  freeze-dried  egg a lb um en  were sig
n ifican tly  less stab le  than  those from  
e ith er foam -spray o r spray-dried  egg 
w hite. Maesso e t al. (1 9 7 0 ) rep o rted  th a t 
foam  s tab ility  was s ign ifican tly  affec ted  
by age o f egg and stra in  o f  birds. S train  o f 
birds also s ign ifican tly  a ffec ted  foam  vol
um e in th is s tu d y . R olfes e t al. (1 9 5 5 ) 
rep o rted  sa tisfac to ry  foam ing p rop ertie s  
fo r freeze-dried  egg w hite b u t n o t for 
freeze-dried w hole egg.

S au ter e t al. (1 9 6 6 ) rep o rte d  th a t eggs 
having a high lysozym e co n te n t in th ick  
album en lost in te rio r  q u a lity  at a slow er 
rate th an  eggs having less lysozym e. This 
s tudy  was co n d u c ted  to  de term ine  the 
e ffec t o f  lysozym e co n ten t o f  egg w hite 
on foam ing  characteristics.

EXPERIMENTAL
EGGS FROM INDIVIDUAL hens previously 
indexed for high or low lysozyme content of 
egg white were used to study foam volume and 
stability. Ten hens having the highest and ten 
having the lowest relative percentage of lyso
zyme were used to supply eggs for foam stud
ies. Eggs were identified by lysozyme level and 
date of production, then stored at 3.3°C, 75% 
RH, for up to 8 wk for comparison of volume 
and stability of foams.

All eggs were allowed to equilibrate to room 
temperature for 2 hr, then weighed to the near
est O.lg and broken out on a flat glass plate. 
Height of the thick white was measured with an 
Ames model S-6428 tripod micrometer and 
Haugh Units (H.U.) were computed. Yolk and 
white were then separated and egg white used 
for foam studies. For each foam, the egg white 
from two eggs from the same hen was blended 
to uniform consistency without foaming at

Table 2 —Relative percentage o f  p ro tein  frac
tions in whites o f  high and lo w  lyso zym e eggs

Relative % protein3
High

lysozyme
Low

lysozyme
Albumins 58.19a 61.5 3b
Lysozyme 8.37a 5.3 lb
Conalbumin 13.51a 13.57a
Other fractions 19.93a 19.59a

aValues for the same fraction having dif
ferent superscripts are significantly different 
(P < 0.05).

speed 1 (70 rpm) in a Kitchen Aid Model K 45 
mixer (10 sec). 60 ml of the blended egg white 
were then beaten at speed 6 (336 rpm), using a 
wire whip for 90 sec. Foam was then placed in 
funnels of known volume (125 mm x 100 mm 
x  10 mm diam stem), covered to prevent evap
oration and allowed to drain into 100 ml gradu
ate cylinder for 60 min. Drainage volume was 
determined at 15 min intervals.

5 /uhter samples of blended egg white prior 
to whipping were placed on cellulose polyace
tate strips and subjected to electrophoretic 
separation at 400 volts for 40 min using a Tris- 
barbital sodium buffer at pH 8.6. At comple
tion of electrophoresis the strips were stained 
with Ponceau S (500mg/100ml trichloroacetic 
acid) for 5 min then decolorized by successive 
rinses of 5% acetic acid. Strips were then dried 
at room temperature.

After drying, individual protein bands were 
cut from the strips and eluted with 0.1N NaOH 
until all color was removed from polyacetate. 
Optical density was determined with a Spec- 
tronic 20 spectrophotometer at a wave length 
of 540 mju. Relative percentages of individual 
protein bands were computed from this data. 
Similar electrophoretic separations were con
ducted on the first ml of drainage from each 
foam; however, only albumins and lysozyme 
gave distinct protein bands from foam drainage.

The study was replicated three times using 
180 foams/replicate. Data were analyzed using 
analysis of variance Snedecor (1956) and Dun
can’s (1955) multiple range test. Correlation 
analysis was used to determine relationships 
between foam volume and 15 min drainage.

RESULTS & DISCUSSION
IN T E R IO R  Q U A L ITY  as m easured by 
Haugh U nits (H .U .) o f  eggs used fo r foam 
co m parisons is show n in T able 1. Eggs 
having a low  relative p e rcen t o f lysozym e 
lost q u a lity  som ew hat m ore rap id ly  than 
eggs co n ta in in g  m ore lysozym e. This dif
ference was pa rticu larly  n o ticeab le  during 
the  first 2 w k o f sto rage. High lysozym e 
eggs lost 5 H .U. co m pared  to  12 H.U. for 
low  lysozym e eggs during this period .

Average relative percen tages o f  various 
egg w hite frac tion s  from  fresh eggs, as 
ind ica ted  by e le c tro p h o re tic  separations 
are show n in T able 2. These determ ina
tions were m ade ju s t p rio r to  the  s tart of 
egg storage fo r foam  studies. Protein 
bands o b ta in ed  by e lec tro pho resis  were 
qu ite  co n sisten t an d  clear fo r n ine protein 
frac tion s o f egg w hite from  fresh eggs. As 
storage tim e increased , p ro te in  separa
tions becam e less d is tin c t; and  a fte r  4 wk 
only  a lbum ins, co nalbu m in  and lysozym e 
were co nsis ten tly  discernib le as precise
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Table 3 —Relative percentages o f  album ins and  lyso zym e in egg
w hite and  in foam  drainage o f  the same high ly so zym e eggs

Storage
time

Egg white Foam drainage
Albumin

(%)
Lysozyme

(%)
Albumin

(%)
Lysozyme

(%)
1 day 58.2 8.37 70.4 3.02
1 wk 58.3 8.38 65.8 4.84
2 wk 58.4 8.40 64.9 5.25
3 wk 58.3 8.21 69.2 4.30
4 wk 58.5 8.29 69.3 3.36
5 wk 58.3 8.41 69.8 2.57
6 wk 58.2 8.36 69.6 3.82
7 wk 58.3 8.38 67.8 4.81
8 wk 58.3 8.35 71.6 2.72

Table 4 —Relative percentages o f  album ins and  ly so zym e in egg 
w hite and  foam  drainage o f  the same low  ly so zym e eggs

Egg white Foam drainage
Storage

time
Albumin

(%)
Lysozyme

(%)
Albumin

(%)
Lysozyme

(%)
1 day 61.5 5.31 72.2 2.98
1 wk 61.3 5.30 66.1 4.88
2 wk 61.2 5.16 70.0 3.62
3 wk 61.4 5.26 70.6 3.50
4 wk 61.6 5.17 71.5 2.58
5 wk 61.5 5.26 73.0 3.57
6 wk 61.5 5.31 68.9 4.55
7 wk 61.3 5.29 67.9 3.50
8 wk 61.3 5.28 67.4 4.30

Table 5 --Foam volum e and  drainage a fter  15 and  6 0  m in, from  60
m l o f  egg w hite

Storage
time

High lysozyme Low lysozyme

Volume
(ml)

Drain
Volume

(ml)

Drain
15 min 

(ml)
60

(ml)
15 min 

(ml)
60

(ml)
1 day 199 2.2 8.1 219 2.2 6.5
1 wk 179 3.0 11.4 238 2.6 10.2
2 wk 206 2.9 16.0 251 2.4 12.2
3 wk 228 2.7 11.5 274 2.3 11.5
4 wk 270 2.2 10.0 299 1.9 9.8
5 wk 369 1.7 12.0 369 1.7 12.0
6 wk 380 2.0 10.3 382 1.8 10.6
7 wk 396 1.7 12.7 388 1.8 10.6
8 wk 362 2.6 11.0 360 2.6 13.8

bands. A t th is tim e  the  th ree  album in 
fractions ap peared  as a single wide band. 
Egg w hite from  eggs s to red  fo r 7 w k or 
longer o ften  show  d is tinc t separa tion  
only o f a lbum ins and  lysozym e. A con
tinuous lightly  s ta ined  band  m ay ex ten d  
from the  s ta rtin g  p o in t a lm ost to  the 
albumin band  in d ica tin g  an overlapping 
of m igration rates.

A lbum in and lysozy m e frac tio n s  o f 
high lysozym e eggs used fo r foam , and

the sam e tw o  frac tion s  from  in itia l foam  
drainage o f the  sam e eggs are co m pared  in 
Table 3. Sim ilar d a ta  fo r low  lysozym e 
egg w hite are show n in Table 4. The 
relative percen tage o f a lbum in  in foam  
drainage increased considerab ly  as com 
pared to  egg w hite p rio r to  w hipping w ith  
b o th  high and low  lysozym e egg w hite. 
A lbum ins in the  drainage increased 17.8%  
over th e  am o u n t in unw h ip ped  egg w hite 
from  the high lysozym e eggs and by

13.5% w ith  egg w hite from  low  lysozym e 
eggs. L ysozym e was decreased in foam  
drainage from  an average relative p e rcen t
age o f  8 .35 to  3 .85 fo r high lysozym e 
eggs and from  5.26 to  3 .83 fo r low  
lysozym e eggs. This rep resen ts  a loss of 
over 53 and  27% fo r egg w hite  from  high 
and low  lysozym e eggs respectively .

T o ta l relative percen tage o f a lbum ins 
and lysozym e co m bined  increased from  
66 .65  to  72 .55  w ith  high lysozym e eggs 
and from  66 .66  to  73 .53  w ith  low  lyso
zym e eggs w ith  a co rrespon d ing  decrease 
in the  relative percentage o f o th e r  frac
tions. If any specific frac tion s accoun ted  
fo r all o r m ost o f the  red u c tio n  in relative 
percentage o f  p ro te in , i t  was n o t id en tifi
able w ith  the techn iq u e  used due to  
overlapping o f p ro te in  bands.

Average foam  volum es from  60 ml of 
egg w hite are show n in Table 5. Foam  
volum e increased w ith  storage fo r bo th  
high and low  lysozym e eggs; how ever, 
volum es p ro d u ced  by high lysozym e eggs 
were co n sisten tly  less u n til a f te r  4 w k o f 
storage. D ifferences in foam  volum e d u r
ing the  early  w eeks o f  storage m ay have 
been due to  m ore th ick  egg w hite  from  
high lysozym e eggs. A w hipping tim e o f
1.5 m in w ould  n o t have p rodu ced  foam s 
o f m axim um  volum e. If  th ick  egg w hite 
requ ired  m ore beating  than  th in  w hite to  
achieve m axim um  volum e, then  1.5 m in 
w ould  m ore nearly  achieve m axim um  
volum e fo r  th in  th an  fo r th ick  egg w hite. 
D ifferences in the  ra tio  o f th in  to  th ick  
egg w hite could  then  acco u n t fo r the 
larger volum e o f foam s from  low  lyso 
zym e eggs during th e  first 4 wk of 
storage. Foam  volum es were n o t signifi
can tly  d iffe ren t a f te r  5 w k o f storage.

Average foam  drainage values a fte r 15 
and 60 m in are show n also in Table 5. 
D rainage from  foam s o f  high lysozym e 
eggs averaged from  1 .7—3.0 ml a fte r  15 
m in and from  8.1 — 16.0 m l a fte r  60  m in. 
C om parable drainage from  foam s o f  low  
lysozym e eggs were 1 .7—2.6 ml and
6 .5 - 1 3 .8  ml respectively  a fte r  15 and 60 
m in. Drainage from  high and low  lyso
zym e foam s was n o t sign ifican tly  d iffe r
en t at an y  tim e. V olum e and 15 m in 
drainage da ta  were used to  co m p u te  a 
co rre la tion  coeffic ien t fo r these fac to rs  
using all foam s from  each egg storage 
tim e. Values ranged from  —0.321 to  
—0.931 fo r the  d iffe ren t storage tim es 
w ith o u t ap p aren t rela tionsh ip  to  storage 
tim e. T he co rre la tio n  co effic ien t fo r all 
foam s and drainage was —0 .5 1 7 , in d ica t
ing a highly significan t negative re la tio n 
ship be tw een  foam  volum e and drainage.
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FUNGAL DECAFFEINATION OF ROAST COFFEE INFUSIONS

INTRODUCTION
ACCORDING TO  Sivetz (1 9 6 3 ) som e 
10% o f the  co ffee  co nsu m ed  in N orth  
America and E u rope was decaffe ina ted . 
Organic solven ts, especially  tr ic h lo ro e th 
ylene, were used to  e x tra c t the  caffeine, 
mostly from  the  green bean. Persisten t 
appearance o f new  p a ten ts  (e.g ., Size,
1969) and analy tica l s tud ies o f ch loro - 
alkane residues in co ffee (B ran denb erg  et 
al., 1969; Schilling and Gal, 1971) suggest 
that such solven ts are still being used . We 
considered b o th  chem ical and biological 
alternatives to  p resen t decaffe ina tio n  
practices. T o  th is end  we have iso la ted  
and stud ied  the  m etabolism  o f  a s tra in  o f 
Pénicillium w hich e ffic ien tly  u tilized  caf
feine as sole source o f  n itro gen  in clearly 
defined grow th  m edia, co n ta in in g  n i tro 
gen-free H oagland salts and 0 .088M  su
crose (K u rtzm an  and Schw im m er, 1971; 
Schwimmer e t al., 1971). T here was no  
assurance the  fungus w ould  rem ove caf
feine from  coffee as well. In th e  p resen t 
com m unication we rep o rt th a t in the 
presence o f sugar th is stra in  o f  Pénicilli
um can indeed  rem ove caffeine from  
infusions o f com m ercia l roast co ffee as 
effectively as on  sy n th e tic  g row th  m edia 
to yield a p ro d u c t w hich p relim inary  
feeding trials ind icate  is sub-acu te ly  h a rm 
less to rats.,

EXPERIMENTAL
Caffeine analysis

Caffeine in coffee infusions was determined 
by a slight modification of the chromatograph- 
ic-spectrophotometric AOAC (1971) method 
for the determination of caffeine in decaffein
ated coffee. To 1 ml of infusion was added 0.5 
ml of reagent NH4OH and 6g of Celite 545. 
The mixture was transferred to the basic Celite 
column described in the AOAC method and the 
analysis proceeded as previously described ex
cept that a total of 25 ml instead of 50 ml of 
CHC13 was collected. Our tests showed that no 
caffeine was extracted after the first 25 ml. The 
results have been routinely expressed as mg of 
caffeine per ml of coffee infusion. Caffeine in 
synthetic growth media was determined by 
measuring the absorbance of these media at 273 
ran after removal of insolubles by centrifuga
tion and appropriate dilution.
Routine maintenance of fungal cultures 

The fungus, identified by Dorothy I. Fen
nell and accessioned as Pénicillium crustosum, 
strain NRRL 5452, was grown and maintained 
in a medium containing a mixture of nitrogen- 
free salts (CaCl2 and KC1, 0.01 M; MgSO„,
0.04M; Kj HP04, 0.02M), 0.088M sucrose and
0.01M caffeine. 50 ml aliquots of the culture

were shaken (200 rpm) in 250-ml Erlenmeyer 
flasks at 20°C and transferred every 2 wk.
Standard procedure for fungal 
fermentation of coffee infusions

Coffee brew was prepared from commercial 
ground coffee by the “filter paper” method 
usually employed for home consumption using 
Whatman No. 1 filter paper at the rate fo 46g 
per liter. After the addition of a 1-3%  auto
claved sucrose solution, the sucrose-containing 
coffee infusion was inoculated by adding 5g 
(wet weight) of the washed pellet from a rou
tine fungal culture to 50 ml of infusion and was 
incubated under the above-described condi
tions. Samples were periodically withdrawn for 
caffeine analysis. The initial caffeine content of 
these standard infusions varied from 0.45-0 .59 
mg per ml.
Large scale fermentations

To coffee infusion (4 -1 0  liters) in a Hum- 
feld fermentor (Humfeld, 1947) was added, 
separately, autoclaved sucrose and washed inoc
ulum in approximately the same proportion as 
used in the standard infusions (excepting B, 
Table 3, in which case the coffee infusion was 
added to the fermentor which already con
tained the culture from experiment E. In the 
latter experiment the fungus was grown on a 
synthetic caffeine-containing medium). The cul
ture was maintained at 24° C and aerated at the

Table 1—E ffe c t o f  sugar on decaffeination  
o f  co ffee*

Sugar
% Caffeine left after:

9 hr 12 hr 15 hr
None 73 54 40
Sucrose, 0.03M 57 17 1
Sucrose, 0.06M 53 19 5
Glucose, 0.06M 55 29 6

a See “ E x p e r im e n ta l”  fo r  d e ta ils .

rate of 1 liter of air per min per liter of medi
um. The impeller ran at 460 rpm.

RESULTS
E ffect o f sugars on the  rate 
o f decaffe ina tio n

T he fungus used in the presen t investi
gation  was capable o f  rem oving caffeine 
from  coffee in fusion  in the absence o f 
any additives o th e r  than  inocu lum . In a 
typ ica l ex p erim en t, show n in T able 1, 
a lm ost ha lf o f the  caffeine was rem oved 
in the  absence o f sugar in 12 hr. How ever, 
the ra te  o f caffeine rem oval was sharp ly  
s tim u la ted  by the presence o f e ith er 
sucrose o r glucose during the early  phases 
o f g row th . As show n in T able 2, the 
s tim ula tin g  effec t o f sucrose was n o t so 
great in the  presence o f  c itra te  buffer. 
This inh ib iting  e ffec t also appeared  to  
hold  fo r w eakly d ecaffe inatin g  co nd itions  
as well. T hus in a n o th e r  ex p erim en t 50 
ml a liquo ts  o f 0.1M  c itra te  buffered  
infusions (pH s 4 .0 , 4 .5 , 5 .0 ) co n ta in in g  
0.03M  sucrose were inocu la ted  w ith  a low 
level (1 —2g) o f s tan d ard  P. crustosum  
cu ltu re . The percen tages o f caffeine re 
m aining a fte r 24 h r w ere 46 , 35 and 28 
respectively . This is to  be co m pared  w ith  
coffee co n ta in in g  no  b u ffe r in the  pres
ence (23% ) and in the  absence (65% ) o f 
0.03M  sucrose.
B uffer and pH effects

T he lim ited  da ta  on  the  e ffec t o f 
buffers an d  o f  pH in co n ju n c tion  w ith  
sugars suggest th a t these variables m ight 
ex e rt appreciab le  in fluence on the  ra te  o f 
d ecaffe in atio n . T he in fluence o f pH on 
the  caffeine co n te n t o f  in o cu la ted  coffee 
co n ta in in g  lac ta te  b u ffe r is show n in 
Figure 1. O p tim al decaffe ina tio n  at pH
4.8  was close b u t n o t iden tica l w ith  pH

Table 2 —E ffe c t o f  b u ffers on the sucrose-stim ulated decaffeination
o f  co ffee_____________________________________________________________

% Caffeine left after:
8 hr 24 hr 32 hr

Buffer -S a +S -S +S -S +S
None, pH 5.1 - 66 - 31 - 8
0.1M Lactate, pH 5.0 95 94 46 39 30 14
0.1 M Citrate, pH 4.7 97 91 60 48 43 17

a—S an d  +S in d ic a te  th e  ab sen ce  a n d  p re sen ce  o f  0 .0 8 8 M  su cro se  
re sp ec tiv e ly .
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Fig. 1 —E ffec t o f  p H  on the caffeine co n ten t o f  
co ffee  in the presence o f  0.1 M lactic acid— 
sodium  lactate buffers a fter  16 and  24  hr fer
m entation.

Fig. 2 —E ffec t o f  p H  4 .0  citric acid—sodium  
citrate b u ffe r  concentation  on the caffeine co n 
ten t o f  fungally inocu la ted  coffee.

Fig. 3 —E ffe c t o f  inocu lum  on fungal decaffein
ation  o f  coffee.

(5 .0 —5.1) o f un b u ffe red  coffee infusions. 
The pH increased in each sam ple from  
0 .0 5 —0.1 0  un its  in 24 hr. The influence 
o f variable b u ffe r co ncen tra tio n  at co n 
s tan t pH 4 .0  is show n in Figure 2. 
Increasing co ncen tra tio n  ten ded  to  d im in
ish the initia l lag in caffeine u tiliza tion . 
A lthough  the  pH rose in the  sam ples, in 
no  instance did the pH exceed  4 .5 , even 
afte r 54 hr.

O th er ex perim en ts  w ith  c itra te , isoph- 
th a la te  and  cy c lo p en tad iace ta te  buffers, 
all 0.1M , co nsisten tly  show ed decreased 
caffeine-rem oving activ ity  at pH 4 .0  as 
com pared  w ith  pH from  4 .2 —5.0.
Effect of culture conditions

A lthough  no  system atic  s tudy  was 
m ade o f the e ffec t o f inocu lum  size, our 
experience ind icated  th a t, as ex pec ted , 
heavier inocu la  resu lted  in faster decaf- 
fe ina tion . F o r instance, in the ex perim en t 
on the  e ffec t o f variable pH w ith  citrate

buffers alluded to  above, only  77% o f the 
caffeine was u tilized  as co n tra sted  w ith 
com plete  co n su m p tion  in 24 h r w ith  a 
heavier inocu lum .

In general, it was fo un d  th a t the age o f 
the  inocu lum  grow n on the sy n th e tic  
m edium  did n o t grea tly  in fluence the 
subseq uen t ra te  o f  co ffee d ecaffe in atio n , 
provided the cu ltu re  had been transferred  
w ith in  7 days p rio r to  in ocu la tio n . How 
ever, this ra th e r  n o n strin g en t tim e re
q u irem en t did n o t ex ten d  to  coffee cu l
tures used as inocula, as graphically  
dep icted  in Figure 3. D ecaffe ina tion  o f 
coffee con ta in in g  1% sucrose ino cu la ted  
w ith  cu ltu res grow n on stan d a rd  s y n th e t
ic m edium  fo r 18 and 42 h r (as well as an 
inoculum  from  coffee grow n fo r 18 h r 
p rio r to  in o cu la tio n ) p roceeded  vigor
ously and at ab o u t the  sam e m axim al rate 
o f 8% per h r. By co n tra s t, no  caffeine was 
consum ed in co ffee inocu la ted  w ith  a

cu ltu re  grow n on  co ffee  for an  additional 
day ( to ta l o f 42  h r) p rio r to  inoculation. 
In sp ite  o f the lack o f  caffeine utilization, 
the fungus (in a separa te  repea t experi
m en t, results o f w hich are show n in Table
3) grew equally  well in co ffee inoculated 
w ith  e ith e r  an 18- o r 4 2 -h r coffee-grown 
cu ltu re .

The d a ta  o f F igure 3 and Table 3 
suggest th a t using a fresh co ffee  cu ltu re  as 
inocu lum  m ay be som ew hat m ore effi
cien t, due to  less lag tim e, than  using an 
inocu lum  from  the  s tan d a rd  syn the tic  
m edium . In the  repea t ex p erim en t, it was 
fo un d  th a t 50% o f  the caffeine could 
rem ain in 6 h r from  coffee inoculated  
w ith  a coffee-derived  cu ltu re  (18 h r old) 
w hereas co ffee in o cu la ted  w ith  the 
“ s ta n d a rd ”  sy n th e tic  m edium  still re
tained  62%  o f its caffeine in 24 hr.
Scale-up and effect of initial caffeine level and volume of culture

T he da ta  h ith e rto  p resen ted  w ere ob
tained  w ith  50 ml a liquo ts  o f brew ed 
coffee co n ta in in g  ca. 0 .5  m g/m l o f  caf
feine. We scaled up  the fe rm en ta tion  
prim arily  to  o b ta in  su ffic ien t am o u n ts  of 
the fe rm en ted  p ro d u c t fo r feed ing  tests 
bu t also to  ex am ine the  k in e tic  ch aracte r
istics o f  decaffe ina tio n  w hen perform ed 
in a lab o ra to ry  fe rm en to r at variable 
volum es and initia l caffeine co n cen tra 
tions. T he results o f th ree  scaled-up runs 
in a H um feld  fe rm en to r are d isp layed  in 
Table 4 an d  Figure 4. In ad d ition  to  one 
run  w ith  co ffee brew ed from  ground 
beans and tw o  w ith  in s tan t freeze-dried

Table 3 -  E ffe c t o f  inoculum  on grow th o f  P. crustosum  in co ffee
Inoculum grown on Synthetic medium Coffee

Time prior to transfer 
to fresh coffee, hr

18 42 18 42

Caffeine left after 6 hr 
on fresh coffee %

60.3 62.8 50.0 93.7

Dry weight of mycelia,3 
10 days, mg

168 235 255 247

a D ry w e ig h t o f  in o cu la  65 to  85 m g
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Table 4-Large scale coffee fermentationa
Designation A B C D E

Culture medium Brewed Soluble Soluble Brewed Synthetic
(caffeine source) coffee coffee coffee coffee medium

Volume, liters 0.05 4 6 10 4

Sucrose, % 1 2 3 1 3

Initial caffeine, 
mg/ml

0.46 0.60 0.91 1.65 2.00

Final pH (days) 5.3(1) 7.3(3) 6.7(4)b 7.5(6) -
Maximum rate, 

mg caffeine/ 
ml/day

0.24 0.25 0.27 0.28 0.28

“ See “ E x p e r im e n ta l”  fo r  de ta ils . 
“ p H  a d ju s te d  to  6 .0  at 3 days.

coffee, included are a run with a synthetic caffeine-containing medium and, for comparison, a routine small-scale run.One of the most striking correlations observed is the relative lack of dependence of the rate of decaffeination on both initial caffeine concentration and on volume as well as on conditions of culture,i.e., fermentor vs. shake flask. The rate of caffeine removal was estimated to vary between 0.24 and 0.28 mg/ml/day in all five fermentations. This range of values is probably well within the error of graphic estimation.Whereas in the small-scale control, where the caffeine disappeared at a comparatively linear rate to completion, the caffeine vs. time profiles for the larger scale experiments are characterized by a more or less diminishing rate, at least after more than half of the caffeine has been removed. As shown in the inset of Figure 4, there is a rough parallelism between the initial concentration and the time required to remove half of the caffeine, quite independent of initial volume thus indicating that the inocula were present in excess. This parallelism (excluding the small scale experiment) also holds for the time to remove 90% of the caffeine.
DISCUSSION

THE PRESENT INVESTIGATION has established that caffeine can be removed from coffee infusions as well as from synthetic growth media by a caffeineutilizing strain of P énicillium  crusto sum . We have further delineated the effects of some of the parameters affecting the rate of decaffeination. Sugars improve whereas buffers tend to diminish the efficiency of decaffeination in the presence of sucrose. This stimulating effect of sugar is probably due to additional growth.Observations that (a) the slight acidification of the coffee did increase the rate of decaffeination; (b) the rate in the

presence of citrate was somewhat greater in its presence than in absence (without sucrose); and (c) the rate increased with increasing citrate concentration suggest that citrate was being utilized for growth of the fungus, albeit not as well as sugars.The observation that the fungus previously cultured in coffee for prolonged periods loses the ability to metabolize caffeine but can still grow in coffee suggests that upon the exhaustion of caffeine repression of the caffeine metabolizing genome occurs concommitantly with adaptation to an alternative nitrogen source. Such a nitrogen source could be trigonelline, also an N-methyl derivative (the methyl betaine of nicotinic acid) present in coffee in amounts approximately equimolar to caffeine (Thaler, 1963).While scale-up did not decrease the efficiency of caffeine utilization as measured by the rate of decrease of caffeine concentration, it would appear that batch operation is not the route to the increased fermentation efficiency required. According to Pictet (1971), a maximum fermentation time of 6  hr is imposed upon any process which would be compatible with preservation of desirable beverage attributes. We feel that adaptation to continuous fermentation processing, and applying some of the recent innovative bioengineering reactor designs, a more intense study of environmental factors, and avenues of approach using genetic manipulation such as mutation and gene dosage should increase the efficiency of decaffeination by at least one order of magnitude.
Previous studies (Kurtzman and Schwimmer, 1971; Schwimmer et al., 1971) established that absorbance decreased throughout the UV spectrum during fungal growth. Hence at the end of the growth neither purine nor large amounts of other high-UV absorbing material accumulated in either the medium or in the fungi. The metabolism was

DATS
Fig. 4 —Decaffeination of coffee in Humfeld 
fermentor. (See "Experimental" and Table 3 
for details.) Inset: c0 = initial caffeine concen
tration; Tx = days required to achieve x per
cent decaffeination.

shown to proceed through progressive demethylation of the purine moiety of caffeine with appearance of theophylline (1,3-dimehtyl xanthine) during the first few hours after inoculation. This is in comparison with the accumulation of xanthine and its methylated derivatives in shake cultures of a caffeine-utilizing strain of Aspergillus niger after 1 5 days at 30°C (Ina, 1971) and also in contrast with formation of methylated catabolites of xanthine from methylxanthines by 
P seudom onas aeruginosa (Franke and Hahn, 1955; Bergmann et al., 1962).Preliminary results of feeding trials on rats fed the fungally decaffeinated coffee equivalent to 2 2  cups of coffee per 150-lb man per day, has revealed no adverse effects after 90 days. Details of this and expanded feeding tests will be presented in a subsequent publication.
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THE NATURE AND CONFORMATION OF THE CAFFEINE-CHLOROGENATE
COMPLEX OF COFFEE

INTRODUCTION
THE CAFFEINE-CHLOROGENATE  
complex, first described by Gorier (1907, 
1908) has received little attention since 
that date, especially with regard to its 
physicochemical properties. Sondheimer 
et al. (1961) in a partition study consid
ered in a semiquantitative manner the 
influence on complex strength of the 
various parts of the chlorogenate ion and 
of caffeine. They observed little differ
ence in the complexing ability of the 
chlorogenate ion and of free chlorogenic 
acid. However, their work, and other 
recent investigations of caffeine com
plexes in aqueous and nonaqueous media 
(Pullman et al., 1965; Kristiansen et al., 
1970; Moriguchi et al., 1969) have failed 
to produce a consistent explanation of 
the nature of the complexes formed.

The present study attempts to clarify 
this situation, particularly as regards the 
caffeine-chlorogenate complex, of consid
erable interest in the chemistry and physi
ology of coffee.

EXPERIMENTAL
Materials

Potassium chlorogenate was obtained by exhaustive chloroform extraction of a 50% aqueous ethanol solution of the chlorogenate- caffeine complex (Fluka-Buchs), and by subsequent evaporation of the residual aqueous layer. The purity was verified by TLC and NMR. The remaining organic salts were prepared by the addition of a slight excess of the acid (Fluka-Buchs) to a 0.5M sodium carbonate solution, followed by precipitation with acetone. After filtration and drying to constant weight, the salts were stored over P2 0 5. Residual water in the salts estimated by the Karl- Fisher method was in general less than 5% by weight.
Evaluation of Kps

The association constant for the formation of a 1 : 1  complex, K* ■ is represented by the expression (CS)/(C) • (S), where (CS), (C) and (S) are the equilibrium concentrations of the 
1 : 1  caffeine-salt complex, free caffeine and free salt respectively. For solutions where [S) 0  > [C] 0  (initial concentrations), the complex induced displacement A j  of a caffeine methyl 'H-absorption is given by Eq. 1, where the term m • [S] 0  has been added to the equation derived by Foster and Fyfe (1965) for the estimation of association constants of organic charge- transfer complexes. In Eq. 1, A £S is the theoretical displacement which would be observed in the pure complex relative to pure caffeine and m is a molar displacement coefficient

which accounts for changes in the bulk solvent environment as [ S ] 0  is increased.
A j — KP - AgS . [S] o

1+ kCS- [Slo + m • [S] o (1)

A series of solutions in which [S] 0  ranged from 0.05-0.5 mol-kg" 1 solution (concentrations adjusted to allow for residual water) was prepared for each salt by dissolving a weighed amount of the salt in a weighed quantity of a 0.005 mol-kg" 1 caffeine solution (prepared by

HO I 

1.4

H—(«, «
'o 0.4

15.7

t.5 3.4

0.4

Fig. 1 —Values o f association constants, K ^ ik g -m o T '), at 4 ( f  C in  D 20  solution (unless otherwise 
stated) for the compounds studied. Arrows indicate series o f compounds discussed in the text, and 
not chemical reactions.
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dissolving caffeine in D20 ,  (Fluka-Buchs) and/ 
or methanol-d4 (Merck). The 1 H line positions 
of the caffeine methyl absorptions were deter
mined in the pure caffeine solution and in each 
complex solution relative to a capillary stand
ard (0.1M MCI solution absorbingat 4.76) as the 
average of ten scans. Displacements, A f, for 
each concentration of IS] n were measured, and 
KJr (along with A„ and m) was determined 
from Eq. 1 according to the Gauss-Newton 
method of least squares on an IBM 360/40 
computer.

All NMR spectra were run at 4CfC on a Vari- 
an Associates A60-D instrument fitted with a 
variable temperature probe at an oscillator fre
quency of 60 MHz.

RESULTS & DISCUSSION
Association constants

The values of Kps determined at 40°C in D20  solution for the formation of 1:1 complexes of caffeine with the various species studied are presented in Figure 1, from which the contributions to complex formation of the different chemical functions of the chlorogenate ion may be inferred.

The importance of an extended 7T-system is indicated by the marked increase in complexing ability observed when pyrocatechin (I) and the formate ion (II), both of which complex weakly, are combined to give the pyrocatechuate ion (III); by the further increase in complex strength resulting from the insertion in (III) of a conjugated double bond to give the caffeate ion (IV); and by the subsequent decrease observed when the double bond is reduced to form the dihydrocaffeate ion (V).The influence of the phenolic hydroxyl groups is shown by the decrease in complexing ability when first one then two OH-groups are removed from V to give the m-coumarate (VI) and cinnamate (VII) ions. Methylation at the phenolic hydroxyl groups to give the 3,4-dimeth- oxycinnamate ion (VIII) results in an increased complex strength.The influence of the quinate moiety, itself complexing only weakly, is indicated by the increased complexing ability of the chlorogenate ion (IX) relative to the caffeate ion (IV), whilst the effect of

solvent is shown by the marked decrease in K^s for (X) when 50% perdeutero- methanol is employed. Pure perdeutero- methanol induces a further decrease in K£s although this could be partially due to the use (owing to solubility reasons) of free chlorogenic acid (XI). Similar observations of solvent effects have been reported for caffeine-methylnaphthoqui- none complexes in aqueous dioxane and aqueous glycol by Kristiansen et al.(1970).
The nature of the complex

The increased values of K{rs observed on extension of the 7r-system and from hydroxylation or methylation of the aromatic ring of the salt indicate the formation of a 7T-molecular complex. Calculated values of the enthalpy and entropy of complex formation (Horman,1972), which lie in the range usually associated with this type of weakly bound complex (Foster, 1969), support this conclusion.The reduced values of K{rs in particular for the caffeine-chlorogenate system

tm s
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Fig. 2 - The NMR spectra o f (A) free chlorogenate ion (0.01 m o l-kgso lu tion ) in D 20 ; (B) partially comp/exed chlorogenate (caffeine concentration
0.02 mol-kg"x); (C) o f chlorogenate in the presence of excess caffeine.
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Fig. 3— The suggested conformation of the caffeine-chlorogenate com
plex in aqueous solution.

three aromatic protons become equivalent. The near equal upfield shifts observed for the three caffeine methyl groups in the presence of excess chloro- genate suggest that in the complex, the plane of caffeine is parallel to the plane of the caffeoyl aromatic ring. In addition the five- and six-membered rings of caffeine are equally involved in complex formation.The proposed conformation of the complex based on the chemical shift data discussed above is shown in Figure 3. It is considered that caffeine exists as a near planar species. The equivalence of the aromatic protons and of the caffeine methyl shifts in the complex indicates that the conformation is not absolutely fixed, but represents the time-average of many other conformations involving relative twisting, sliding and rocking of the two components.
on using basic conditions (Sondheimer, 1961) or perdeuteromethanol arise from increased solvent competition. In neutral aqueous solution, it might be expected that solvation would occur in the peripheral polar sites of the caffeate or chloro- genate ions, thus leaving the 7r-systems of caffeine and the salt free to overlap in the form of a 7r-complex. The formation of such a complex would be energetically favorable because of the hydrophobic nature of the 7r-system, as seen in the increased solubility of aromatic hydrocarbons, themselves hydrophobic species, in aqueous solutions containing caffeine (Eisenbrand and Baumann, 1970).The use of methanol, an organic solvent, or basic conditions where the charge on the ionized phenolic hydroxyl groups is delocalized into the aromatic ir-elec- tron system, would lead to increased solvation of the ring, and, ipso facto, to a decrease in complex formation owing to competitive interference from the solvent. The enhancement of K^s on going from the caffeate ion (IV) to the chloro- genate ion (X) is thus explained: the bulky quinate system helps to shield the caffeine-chlorogenate complex from solvent interference.Classical donor-acceptor interactions can be eliminated as playing a major role in the binding. For this, caffeine would have to act as an electron acceptor. This has been demonstrated in a nonpolar medium (Hanna and Sandoval, 1968), but the absence of complex formation between caffeine and the iodide ion, itself a powerful electron donor, suggests that in aqueous solution this is not the case. Also, the enhanced K^s values induced

by the phenolic hydroxyl groups, and on adding the quinate moiety to the caffeoyl group might indicate a contribution to the binding from hydrogen bonding. However, the observed increase in KCS on méthylation of the phenolic hydroxyl groups, and the low value for quinate itself indicate that the contribution is very small or zero.Thus in summary, the caffeine-chlorogenate complex may be described as a hydrophobically-bound w-molecular complex.
The conformation of the complex

When the complex is formed, the components experience mutual magnetic shielding (or deshielding) effects. The degree of shielding of a proton within the complex depends on its position relative to the center of complexation. Ring currents, chiefly in w-electron systems, give rise to magnetic shielding in a direction perpendicular to the plane of the 
7t-system, and deshielding parallel to the plane. Figure 2 shows the effect of complexation on the peak positions of the chlorogenate ion. Addition of excess caffeine results in an upfield shift of the entire chlorogenate spectrum, the shift being smallest for the protons of the quinate moiety (2.125 in A -*■  2.145 in C), intermediate for the ethylenic protons (6.385 -*• 5.985 and 7.655 -*■  7.085), and greatest for the caffeoyl aromatic protons (7.065 -»• 6.465), indicating that complexation occurs in the region of the aromatic ring system. Further evidence for this position is that the aromatic multiplet of chlorogenate (Fig. 2 A) is reduced to a singlet in the complex (Fig. 2C), i.e., the
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THERMAL DETECTION OF SPOILAGE IN CANNED FOODS

INTRODUCTION
SMALL LOTS of processed foods are sometimes stored, after processing, for periods of weeks or even months, in order to identify and remove cans that spoil as a result of improper processing. This is particularly prevalent in the rapidly expanding field of “aseptic canning.” The storage period is expensive, and there is no general nondestructive method for identifying flat-sour spoilage. Cans are also stored for spoilage detection in establishing process schedules for new products.It is well known that bacterial growth is accompanied by the evolution of heat. The experiments described below establish the possibility of detecting the heat liberated during spoilage of commercially canned goods. This finding offers a basis for the development of a nondestructive technique for the identification of spoilage at the time of occurrence.The major problem is to detect temperature changes much smaller than the

HOURS
Fig. 1 —Heat evolution from can (1 lb) o f cream 
style corn, inoculated with 0.2 ml (1.1 mg) o f  
spores o f B. macerans 7X1. Spores were acti
vated at 70°C for 1 hr. Cans were placed in 
Dewars, temperature 35°C, thermocouples used 
for heat detection. Data replotted from record
er trace.

normal fluctuations of the environmental temperature. We were able to accomplish this by using an uninoculated can as a reference. In commercial practice, each can’s neighbor could serve as its reference can. Since the probability of simultaneous initiation of spoilage is insignificant, any temperature increase of a can with reference to its neighbor would be presumptive evidence of spoilage.
EXPERIMENTAL

Bacterial cultures
B. macerans NCA strain 7X1 was obtained from the National Canner’s Association. Putrefactive anaerobe 3679 was obtained from a stock collection in the Western Regional Research Lab.

Spore formation
Spores of B. macerans were formed and purified as previously described (Sacks, 1969). Spores of PA 3679 were formed on the following medium: Beef extract, lOg; pork infusion, 400 ml; pea infusion, 100 ml; egg albumin, l.Og; NZ amine, lOg; Proteose Peptose, lOg; Tryptone, 2g; yeast extract, 2g; soluble starch, lg; K2 HP04, 3.97g; KH2 PO„, 2.40g; sodium thioglycollate, O.lg; water to 1 liter. The cultures were incubated for 3 wk at room temperature (ca. 25°C) in volumetric flasks. Vegetative cells and sporangia were washed three times in water and used without further purification. 

Heat detection in inoculated cans
Heat-processed cans were punctured, and

0 .1 - 0 . 2  ml of a thick bacterial suspension was inoculated into the can from a syringe. Relatively heavy inocula were employed to reduce the lag period and insure complete spoilage within 48 hr. The puncture hole was covered with a small piece of tape and sealed with fastsetting epoxy resin. Thermistors (or thermocouples) were taped to the top of the in

oculated can and an identical uninoculated reference can. The thermistors were connected through a Wheatstone bridge, balanced and temperature difference monitored as a voltage change on a strip chart recorder.In some cases, jars with twist-seal lids were used, rather than cans. In such cases, the lid was removed, the inoculum added and the lid replaced.All experiments reported here were conducted at 35°C. All cans, inocula and equipment were temperature-equilibrated before inoculating the cans.
Verification of spoilage

Microscopic examination, as well as odor, viscosity and pH were used to verify microbial spoilage at the termination of experiments. 
Thermistors

Initially, measurements were made using copper-constantan thermocouple pairs. Later, banjo-type surface thermistors of 2 0 0 0  ohms resistance were used for both reference and sample measurements.
RESULTS

FIGURE 1 shows the results of an early experiment in which thermocouples were used to detect temperature changes induced in commercially processed cream- style com inoculated with spores of B. 
m acerans 7X1. In this experiment the cans were placed in separate Dewar jars packed with fiber glass to minimize heat loss. Figure 1 shows that a maximum temperature difference of about 0.1 °C was obtained, and this difference persisted for about 10 hr. Microscopic examination of the opened can indicated about 
1 0 8 cells/ml.Figure 2 shows a similar experiment in which cans were not insulated in any

Fig. 2 —Heat evolution from can (1 lb) o f  cream style corn, inoculated 
with 0.5 m l (0.5 mg) o f spores o f B. macerans 7X1. Spores were acti
vated a t 7 ( f  C for 1 hr. Temperature 35°C. No insulation; cans not 
shielded. Data replotted from recorder trace.
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way. In this, and all subsequent experiments, thermistors rather than thermocouples were used to monitor temperature. Here a maximum temperature difference of 0.03°C was obtained; a difference of more than 0.02°C persisted for over 9 hr.Figure 3 shows the temperature increase occurring in a nonviscous liquid, clam juice, inoculated with a suspension of PA 3679, mixed spores and nonviable vegetative cells. This shows that the method is not limited to viscous food products.Glass jar containers with twist-off metal lids may be monitored in similar fashion. The spoilage of cream of chicken soup in a baby food jar, inoculated with a PA 3679 suspension is shown in Figure 4. The jars were uninsulated but shielded from drafts and light by a large black box with a black curtain entrance. A maximum temperature increase of more than 0.06°C was obtained; over 30% of the maximum temperature difference persisted for more than 7 hr. Microscopic examination of the opened jar indicated more than 5 x 108 cells/ml.A second experiment was performed, identical in all respects, except that the inoculum was diluted 1:1000. A peak similar in all respects to that described in Figure 4 was observed, but occurring 3 hr later. If one assumes a generation time of 18 min (reasonable at this temperature) this is precisely the delay one would anticipate, assuming the lag to be roughly the same in both experiments.Our equipment is relatively primitive and in some cases heat evolution is barely detectable. However, the results seem to be quite reproducible, and seemingly abnormal fluctuations have been traced back to various unusual conditions. For example, a sharp temperature drop at 40 hr after inoculation of cream style corn with B. m acerans spores was found to result from the dislodgement of the thermistor from a can bulging because of gas formed by the spoilage organism. Anomalous temperature decreases which sometimes occurred in late spoilage were usually found to be due to evaporative cooling when liquid was forced out under the seal.Time-temperature curves may sometimes show more than one peak; this may reflect diauxic growth in a complex medium, or the development of a contaminant introduced with the inoculum.

DISCUSSION
BACTERIAL GROWTH is always accompanied by the liberation of heat. The experiments reported above demonstrate clearly that abundant growth at rapid rates in small commercial size cans or jars is readily detectable. Rapid growth was possible at the incubation temperature of

35°C used in all experiments. Such rapid growth might be anticipated under conditions of “accelerated storage” where temperatures of 35—50°C are commonly employed. However, under conditions of ordinary warehouse storage lower temperatures and lower levels of heat evolution

must be expected. The temperature characteristic (activation energy) for bacterial growth has been estimated at levels approximating 15,000 (Hanus and Morita,1968). Using this as a basis, it is possible to estimate the maximum temperature increase in a particular can spoiling with a

Fig. 3 —Heat evolution from can (10 % oz) of dam juice inoculated with 0.2 ml suspension tea. 10s 
viable cells) o f washed PA 3679. Cans held at 35° C without insulation. Original recorder trace.

Fig. 4—Heat evolution from baby food jar of cream of chicken soup, inoculated with 0.2 ml tea. 
108 viable cells) suspension o f washed PA 3679. Jars held at 3 5 °  C without insulation, but shielded 
from light and drafts in a large, black wooden box, with a black curtain entrance. Original recorder 
trace.

Fig. 5 —Curve a: Observed temperature rise of 
cream o f chicken soup in twist-seal jar, after 
inoculation with PA 3679 at 35°C  Ireplotted 
data of Fig. 4). Curve b: Calculated tempera
ture rise o f cream o f chicken soup after inocula
tion with PA 3679, at 25 °C. (See text for 
method of calculation.)

Fig. 6 —Calculated heat production of cream of 
chicken soup in twist-seal jar after inoculation 
with PA 3679 at  3 5 ° C, assuming no heat loss. 
ISee text for method o f calculation.)
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particular microorganism, if the ambient temperature is 25°C rather than 35°C.Heat evolution during exponential growth of bacteria is generally proportional to the growth rate (Forrest, 1969). Hence, we assume that the temperature difference between a can in which spoilage occurs and an identical but unspoiled can is an indication of the rate and extent of bacterial growth. The net rate of heat production due to spoilage will be, approximately
^¿=d -  KAT (1)dt 4where Q is the heat from spoilage in the sample can at time t, q is the rate of heat production by spoilage at time t, and AT is the (positive) difference in temperature between the sample can and an identical but nonspoiling reference can. K is a composite heat loss coefficient following from the assumption that the total rate of heat loss, occurring in several ways, is linearly proportional to the temperature difference AT.K, the so-called Newton cooling coefficient, can be found from the cooling curve of a can that has been warmed slightly with no spoilage organisms present. In this case q = 0, so that

dQ
dt = -KAT (2)

Q may be written as CpAT, where Cp is the heat capacity at constant pressure. Integrating equation (2), we have
AT = (AT) 0  exp (—̂ -t)  (3)

Figure 5a shows the temperature rise of a glass container of cream of chicken soup kept in a 35°C room after inoculation at t = 0 with PA 3679 (Fig. 4). K is found from the long time portion of this curve by using equation (3); it is approximately 0.43 hr 1. Figure 6  shows the heat production by spoilage, obtained by writing equation ( 1 ) in the form
dAT
dt (4)

and differentiating the curve of Figure 5a, using a five point quadratic approximation for the first derivative (Savitzky and Golay, 1964).The total heat produced can be found by integrating equation (4):
oo

Qt = f  qdt =
— oo

Cp /  ̂ Ldt + K/ ATdt (5)
— oo —oo

The first integral on the right side vanishes, and if a Cp of 1 cal/g-°C is assumed, Qt is found after integration of the curve

of Figure 5a to be about 0.36 cal/g. Thus under perfect insulation conditions the temperature rise would be about 0.36°C. The actual rise of about 0.07°C reflects the rapid heat loss from the uninsulated container, but is still easily within range of measurement.The temperature rise curve to be expected at 25°C ambient can be estimated from the 35°C example by using the assumption that Arrhenius kinetics can be applied to q, with an activation energy E of about 15 k-cal/mole:
i< 2 5 ° q .U 3 5 ° C > e * p f ( 5|L - j ± i )

= 0.434 q(35°C) (6 )
Approximate numerical solution of equation (4) using equation (6 ) to determine q/Cp at 25°C as a function of time yields the AT curve shown in Figure 5b. The maximum temperature rise in this case is only about 0.02°C, indicating that testing using this method could be conducted at 25°C although optimal bacterial growth conditions are desirable for accurate detection.These values are quite consistent with : previous findings. Rubner (1906a, b) filled thermos bottles with 250 ml of various culture media and measured the temperature increase after inoculation with different bacteria. Increases of about 0.2— 1.0°C were detected, with peaks occurring 1—3 days after inoculation. Bayne-Jones and Rhees (1929) calculated the amount of heat liberated per individual bacterial cell to be 0.84 x 10~ 9 cal/cell. Assuming the maximum density achieved to be 1 0 8 bacteria/ml, the total heat liberated on reaching maximum density would be

0.84 x 10~ 9 x 108 = 0.084 cal/ml
Assuming a generation time of 1 hr, half of the above calculated heat should be liberated in the last hour, or 0.042 cal/hr. If the specific heat of the can contents are assumed to be 1 .0 , this should result in a temperature increase of 0.042°C/hr, assuming no heat loss. The above calculations assume a moderate growth rate and moderate ultimate cell density, such as might be anticipated in the spoilage of corn by B. m acerans (Fig. 1 and 2). However, the spoilage of richer foods, such as cream of chicken soup (Fig. 4), may show generation times of approximately 18 min and a maximum cell density of perhaps 5 x 10* cells/ml (microscopic cell density estimate, experiment of Fig. 4). In such cases, the total heat evolved would be 0.42 cal/ml, and a temperature rise of 0.37°C could be anticipated in the last hour before maximum cell density was achieved (cf. Fig. 
6 ). The volume of the can contents will influence the cooling rate only.Partial growth, or arrested growth,

might be difficult to detect. If, for example, growth of the spoilage organism should cease because of inadequate N (e.g., starchy foods) before dense bacterial growth was achieved, the heat liberated would be proportionately diminished. However, this type of spoilage may be difficult to detect by conventional means.We have considered the practical possibilities of temperature sensing devices for the detection of spoilage of processed foods at the time of spoilage. In some commercial operations, it is common practice to take a specified number of cans from each day’s run and incubate them at elevated temperatures for several weeks (“accelerated storage”) after which the cans are opened and inspected for signs of spoilage. Such an operation might be suitable to the temperature difference detection method.One possibility might be to install permanent racks in the accelerated storage room, fitted with positional thermistors. The cans would be positioned in contact with the thermistor. All thermistors would be connected to a sequential switch and Wheatstone bridge, arranged to detect any temperature difference between successive pairs of cans at fixed intervals (e.g., 60 min). In this way, each can would be compared with its neighbors on either side. Such a device would be practical only for a limited number of cans. 250 cans per day, stored for 2  wk would require a capacity of approximately 5,000 cans. This is not an uncommon figure for accelerated storage, and might be within the realm of practical possibility.At the present time it does not seem possible to detect spoilage under ordinary warehouse conditions by this method. Here the cans are stacked in contact with one another, and heat loss would be rapid. Moreover, unheated warehouses would not support rapid growth during cold winter months, and the low rate of heat evolution accompanying slow growth at low temperature is probably undetectable by any means presently known.Other temperature sensing mechanisms may offer special potentialities, based on either cost or scale. Optical pyrometry, or infra-red scanning, is a rapidly developing technology. Liquid crystals painted on the cans or incorporated in the label ink is another possibility. Any of these systems will still depend on a comparison technique where pairs of containers are measured.
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QUANTITATIVE ANALYSIS OF BETACYANINS 
IN RED TABLE BEETS (Beta vulgaris)

INTRODUCTION
COLOR is one of the most important factors determining the consumer’s acceptance of canned beet products. Variation in color is great because of differences in beet varieties and in horticultural and processing practices. In addition, there is a need to explore use of natural pigments as food colorants: the red beet is a rich source of red and yellow pigments. To investigate varietal differences in a plant breeding program, or to study the feasibility of the beet pigment as a food colorant, a quantitative method to analyze for the pigments is needed. The purpose of this study was to develop such a method to analyze for betanin as well as total betacyanin content.Betacyanins (red) and betaxanthins (yellow) are the pigments responsible for the color in beets. They are collectively known as betalains (Mabry and Dreiding,1968) . The major betacyanin in beets, betanin, was crystallized by Wyler and Dreiding (1957) and simultaneously by Schmidt and Schoenleben (1957). The detailed structure of betanidin, the agly- cone of betanin, was established by Wyler et al. (1963). Other betacyanins in beets are isobetanin, isobetanidin, prebetanin and isoprebetanin. The structure of isobetanin was found to be the C-15 epimer of betanidin (Wilcox et al., 1965a). Pia- telli et al. (1964) and Wilcox et al. (1965b) reported that betanin and isobetanin were the 5-0-|3-glucosides of betanidin and isobetanidin, respectively. Prebetanin and isoprebetanin are the sulfate monoesters of betanin and isobetanin, respectively (Wyler et al., 1967).Concentrations of pigment in beets have been estimated and reported by several authors (Pucher et al., 1938; Manunta, 1963; Piatelli and Imperato,1969) . Methods used by these investigators involved spectrophotometry, and results were obtained either by measuring relative changes in absorbance at the maximum wavelength or by separation and elution of the pigment with subsequent calculation of the concentration using reported extinction coefficients.The spectrophotometric method developed by Nilsson (1970) directly determines betacyanin and betaxanthin pigments in beets without initial separation. Betanin has an Amax at 535-540 nm, but also absorbs at the Amax of vulgaxan-

thin I (476—478 nm), the major betaxanthin in beets. Since the absorbance varies with concentration, calculation of the ratio of As3 8 /A47 6 leads to the determination of the measurable concentration of betanin. Vulgaxanthin I does not absorb at the Amax of betanin, and therefore, the absorbance of a mixture at that wavelength results from betanin alone. Results are expressed in terms of betacyanin and betaxanthin concentration. This method yields results which include all minor betacyanins, since no separation is made.
EXPERIMENTAL

Raw material
F re s h  b e e t s  w e re  o b ta in e d  f ro m  th e  U n iv e r 

s i ty  o f  W isc o n s in  E x p e r im e n ta l  S ta t io n .  T h e y  
w e re  b l a n c h e d ,  l y o p h il iz e d  a n d  g r o u n d  in  a 
W iley  M ill t o  p a s s  th r o u g h  a 2 0 -m e s h  s c re e n . 
T h e  p o w d e r s  w e re  s to r e d  u n d e r  a n  a tm o s p h e r e  
o f  n i t r o g e n  in  c a n s  a t  - 2 3 ° C.
Preparation of betanin

P u re  b e ta n in  w as  p r e p a r e d  f ro m  a n  a q u e o u s  
e x t r a c t  o f  b e e t  p o w d o b y  b le n d in g  2 0 0 g  w i th  
sev e ra l 8 0 0  m l p o r t i o n s  o f  d i s t i l le d  w a te r .  T h e  
p u lp  w a s  e x t r a c te d  u n t i l  c le a r .  T h e  e x t r a c t  w as  
c e n t r i f u g e d ,  a d ju s te d  to  p H  3 w i th  0 .1 N  HC1, 
a n d  p la c e d  o n t o  D o w e x  5 0 W -X 2  c o lu m n s  ( H + 
f o r m ,  5 x  3 0  c m ) . C o lu m n s  w e re  w a s h e d  w i th  
0 .1 %  HC1 a n d  th e  w a s h in g s  w e re  d is c a rd e d .  
P ig m e n ts  w e re  t h e n  e lu t e d  w i th  w a te r  a n d  
c o n c e n t r a te d .  S e v e n  P o ly c la r -A T  ( p o ly v in y lp y r 
r o l id o n e  G A F  C o rp .  N e w  Y o r k )  c o lu m n s  (5  x  
3 0  c m )  w e re  u s e d  to  f u r th e r  p u r i f y  a n d  to  
s e p a ra te  th e  p ig m e n ts .  T h e  P o ly c la r -A T  w as 
p r e p a r e d  b y  w a s h in g  a  1-kg lo t  se v e ra l t im e s  
w i th  5 - l i te r  p o r t i o n s  o f  w a te r .  T h e  m ix tu r e  w as  
a llo w e d  to  s ta n d  f o r  5 h r  a n d  th e  s u p e r n a t a n t  
d e c a n te d .  W ash in g  w a s  r e p e a te d  u n t i l  th e  s u p e r 
n a ta n t  w a s  c le a r . E lu t io n  w i th  w a te r  gave

sev e ra l f r a c t io n s  b u t  o n ly  th e  b e ta n in  f ra c t io n  
w a s  c o l le c te d .  T h is  f r a c t io n  w a s  ly o p h il iz e d , 
d is so lv e d  in  0 .1 %  HC1 a n d  a llo w e d  to  c ry s ta ll iz e  
o v e rn ig h t  a t  4 ° C .
Electrophoresis

T h e  S p in c o  M o d e l R  e le c t r o p h o r e s is  sy s tem  
w as u se d  in  th is  s tu d y .  E a c h  e le c t r o p h o r e t i c  cell 
w as  e q u ip p e d  w i th  e ig h t  p a p e r  s tr ip s ,  B e c k m a n  
N o . 3 1 9 3 2 8 .  E le c t r o p h o r e s is  w a s  c a r r ie d  o u t  b y  
a m e th o d  s im ila r  to  t h a t  o f  P o w rie  a n d  F e n - 
n e m a  ( 1 9 6 3 )  u s in g  a 0 .1 5 M  p y r id in e -c i t r ic  a c id  
b u f f e r ,  a  v o lta g e  g ra d ie n t  o f  5 .6  v o l t s /c m  a n d  a 
t e m p e r a tu r e  o f  4 ° C . A l iq u o ts  o f  0 .0 1  m l o f  th e  
s o lu t io n  to  b e  a n a ly z e d  w e re  a p p l ie d  to  s tr ip s  
b y  a  s a m p le  a p p l ic a to r .  A f te r  e le c t ro p h o re s is ,  
s t r ip s  w e re  d r ie d  u n d e r  a n i t r o g e n  a tm o s p h e r e  
in  th e  p re s e n c e  o f  c a lc iu m  c h lo r id e .  S t r ip s  w e re  
t h e n  s c a n n e d  w i th  a  d e n s i to m e te r ,  (B e c k m a n  
M o d e l R B  A n a ly t r o l )  e q u ip p e d  w i th  a B-2 cam  
a t  5 5 0  n m  a n d  a s li t  w id th  o f  4  m m .
Preparation o f beet extracts

12 g  o f  ly o p h il iz e d  b e e t  p o w d e r  w e re  e x 
t r a c te d  w i th  1 5 0  m l o f  d i s t i l le d  w a te r  in  a 
W arin g  B le n d o r  f o r  1 m in . T h e  m ix tu r e  w a s  
c e n t r i f u g e d  a n d  F ilte re d  th r o u g h  W h a tm a n  N o .
1 f i l t e r  p a p e r  u s in g  r e d u c e d  p re s s u re .  T h e  
e x t r a c t i o n  w as  r e p e a te d  se v e ra l t im e s  u n t i l  th e  
e x t r a c t  w a s  c o lo r le s s . A ll e x t r a c t i o n s  w e re  
c a r r ie d  o u t  u n d e r  a n i t ro g e n  a tm o s p h e r e  to  
p r e v e n t  d e g r a d a t io n  o f  th e  p ig m e n ts .  E x t r a c t s  
w e re  c o m b in e d  a n d  m a d e  to  a k n o w n  v o lu m e .
Analysis

C o n c e n t r a t io n  o f  b e ta c y a n in s  w e re  c a lc u 
l a te d  in  t e r m s  o f  b e ta n in  a n d  to ta l  b e ta c y a n in s  
( b e ta n in  +  m in o r  b e ta c y a n in s ) .  R e s u l ts  o f  all 
d e te r m in a t io n s  w e re  e x p re s s e d  in  t e r m s  o f  
b e ta n in  c o n c e n t r a t i o n .  A  s ta n d a r d  c u rv e  w as  
p r e p a r e d  f ro m  k n o w n  b e ta n in  c o n c e n tr a t i o n s .  
A f te r  e le c t r o p h o r e s is  th e  p e a k  a re a s  ( c m 2 ) as 
d e te r m in e d  b y  d e n s i to m e t r y  w e re  p l o t t e d  
a g a in s t  b e ta n in  c o n c e n t r a t i o n .  E a c h  p o in t  r e 
s u l te d  f ro m  th e  a v e ra g e  o f  16 d e te r m in a t io n s .  
S ta n d a r d  d e v ia t io n s  w e re  d e te r m in e d .  B e ta n in

Table 1—Electrophoretic migration and band width of beet pig
ments

B a n d M ig ra tio n  ( c m ) a B a n d  w id th  ( c m ) a
P , ( l ig h t  p in k ) 1 .5 0 .6
Y , (y e l lo w  o ra n g e ) 3 .2 0 .8
R  ( r e d ) 5 .7 1.5
P  ( l ig h t  p in k ) 7 .3 0 .4
P 2 ( p in k ) 7 .9 0 .6
Y 2 (y e l lo w ) 1 0 .4 0 .8
Y 3 ( l ig h t  y e l lo w ) 1 1 .7 0 .9
Y 4 (y e l lo w  g re e n ) 1 3 .0 0 .9

aA verage o f  seven d e te rm in a tio n s
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a n d  to ta l  b e ta c y a n in  c o n c e n t r a t i o n s  o f  e a c h  
b e e t  s a m p le  w e re  e x p re s s e d  a s  m g  p e r  lOOg 
fre s h  w e ig h t.  F o r  e a c h  s a m p le , e ig h t  d e te r m in a 
t io n s  w e re  m a d e .  C o n c e n t r a t i o n s  w e re  d e t e r 
m in e d  b y  c o m p a r in g  p e a k  a re a s  o b ta in e d  
a g a in s t  th e  s ta n d a r d  c u rv e , a n d  th e  a m o u n t  o f  
p ig m e n t  w a s  c a lc u la te d  u s in g  a p p r o p r i a t e  d i lu 
t io n  f a c to r s  a n d  m o is tu r e  c o n te n t .  T h e  m o is 
tu re  c o n t e n t  o f  e a c h  sa m p le  w a s  d e te r m in e d  
f ro m  a 10 -g  sa m p le  d r ie d  t o  c o n s t a n t  w e ig h t  
u n d e r  v a c u u m  a t  7 0 ° C.

E x p e r im e n ts  t o  d e te r m in e  p e r c e n t  o f  re 
c o v e ry  w e re  c o n d u c te d  b y  a d d in g  k n o w n  
a m o u n ts  o f  p u re  b e ta n in  to  b e e t  e x t r a c t s .  T h e  
a m o u n t  o f  p ig m e n ts  in  th e  e x t r a c t  a s  w e ll  as  th e  
m ix tu r e  w e re  d e te r m in e d  u n d e r  s im ila r  c o n d i 
t io n s .

RESULTS & DISCUSSION
THE BETALAINS are more soluble in water than in alcohol (Nilsson, 1970), and therefore all extractions were made with water. No attempt was made to remove other constituents, i.e., sucrose or proteins, since they do not interfere with the electrophoretic separation of the pigments. Sucrose does not migrate under the experimental conditions used (Pow- rie and Fennema, 1963). Proteins, though they migrate, will not interfere in the determination since they do not.^bsorb at 550 nm, and degradation products formed before extraction remain at the origin during electrophoresis. This made it possible to determine the pigments in absence of interfering substances which might contribute to the absorbance at the Xmax and thus corrections for interfering substances were not needed.Optimal electrophoretic separation of beet extract occurred at pH 4.5 using 0.15M pyridine-citric acid buffer at 4°C (Powrie and Fennema, 1963). Bands and their widths as observed in the electrophoretic migration are shown in Table 1. When paper strips were compared, it was found that the thicker Beckman No. 319328 gave better separation than did the S&S No. 2043A used by Powrie and Fennema (1963). The electrophoreto- grams exhibited satisfactory resolution of the pigments with no overlapping of bands. Band R was shown to be betanin by co-electrophoresis with crystallized betanin. Band P i, P, and P2 were considered minor betacyanins. The identity of crystalline betanin was established by comparing IR, visible and UV spectra with those reported in the literature (Wyler et al., 1967; Piatelli and Minale,1964).The color intensity of the separated bands was determined with a densitometer and expressed as peak area in cm2. A 550 nm filter was chosen since the absorption maximum of betanin is known to be at 538 nm (Nilsson, 1970). The area (cm2) was measured with the aid of an integrator after correcting for the average background noise and baseline. Background noise was determined from the

analytrol traces of strips without sample but was treated similarly as the strips with sample and was found to be 0.4 cm2.The standard curve as well as the standard deviations of each betanin concentration is shown in Figure 1. Each point represents the average of 16 determinations. Values within the range of2—9 Jig had a standard deviation of 0.4 
Mg-To calculate the betanin or total betacyanin concentration, the peak area obtained was related to betanin content by the use of the standard curve. The pigment concentration in the raw beet was

calculated by using appropriate dilution factors and corrections for moisture contents.When pure pigment was added to a sample, an average recovery of 98% was obtained (Table 2).Results obtained when the method was used to analyze for differences in breeding lines are presented in Table 3. These data support the previous observations (Lusas et al., 1960; Manunta, 1963) that the variety will affect the color of both fresh and canned beets. Betacyanin contents for the breeding lines ranged between 35—135 mg per lOOg fresh weight.

BETANIN (pg/O.OI ml)
Fig. 1 —Betanin standard curve.

Table 2—Recovery data o f betanin in raw beet extract“
P e a k  a re a  

( c m 2 )
C o n c e n t r a t io n  

M g/0.01 m l
R e c o v e ry

%
P u re  b e ta n in 4 .6 2 .6 -

B eet e x t r a c t 4 .3 2 .4 -

B e ta n in  +  e x t r a c t 8 .9 4 .9 9 8
aA verage o f  th re e  d e te rm in a tio n s , seven pape r s tr ip s  each

Table 3 —Concentration of betanin and total betacyanins in four
breeding lines of beets IBeta vulgaris)

B re e d in g
lin e

T o ta l
so lid s

C o n c e n t r a t i o n “  
m g /1 0 0 g  f re s h  w e ig h t

B e ta n in T o ta l  b e ta c y a n in
1 3 8 2 1 6 .5 2 7  ± 3 3 6  ± 3
1 3 7 2 1 6 .4 10 5  ± 4 13 5  ± 4
1 3 5 6 1 7 .9 6 8  ± 3 8 8  ± 3
P a rm a  g lo b e 1 5 .4 8 5  ± 3 1 0 8  ± 4

“ A verage o f  e ig h t d e te rm in a tio n s
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INFLUENCE OF SELECTED 5'-NUCLEOTIDES ON 
FLAVOR THRESHOLD OF OCTANAL

INTRODUCTION
OVER 200 VOLATILE components have been shown to be present in orange juice from several varieties, and more than 100 of these have been identified. Aldehydes, long known for their flavor and aroma qualities, have been found in relatively high concentrations in orange juice. Historically, octanal has been described as possessing orange-like flavor and aroma. Naves (1947) described octanal as the principal aldehyde of orange essence. Octanal reportedly is present in orange juice at 60 ppb, greater than other aldehydes (Kirchner and Miller, 1957). In addition, octanal has a relatively low flavor threshold of approximately l ppb (Schinneller, 1972).5 -Nucleotides have jaeen implicated as flavor modifiers (Kuninaka, I960). Recently it was determined that oranges contain relatively large quantities of some 5’-nucleotides (Barmore, 1972). The adenosine and guanosine nucleotides were present in greater quantities than the uridine, cytidine and other nucleotides. Barmore (1972) also reported that in fresh juice the di- and triphosphorylated nucleotides dominated; however, upon storage of the juice, the mono- and diphosphates increased markedly.This study was designed to detect the influence, if any, of adenosine 5 -monophosphate (AMP), adenosine 5’-diphos- phate (ADP), adenosine 5 -triphosphate (ATP), guanosine 5 -monophosphate (GMP), guanosine S’-diphosphate (GDP) and guanosine 5 -triphosphate (GTP) on the apparent flavor threshold of octanal.

EXPERIMENTAL
F O R  T H E  P U R P O S E  o f  th is  s tu d y ,  f la v o r  w as  
d e f in e d  as th e  o v e ra ll  s e n s o ry  re s p o n s e  to  a 
m a te r ia l  t a k e n  o ra lly  in c lu d in g  o d o r ,  t a s te  a n d  
o th e r  m o u th  s e n s a t io n s .  T h re s h o ld  w a s  d e f in e d  
as th a t  c o n c e n t r a t i o n  a t  w h ic h  5 0 %  o f  th e  
p a n e lis ts  i n d ic a te d  a  d i f f e r e n c e  b e tw e e n  a s a m 
ple c o n ta in in g  a  g iv e n  c o n c e n t r a t i o n  o f  o c ta n a l  
and a re f e re n c e  b la n k .
Sample preparation

N u c le o t id e s  u s e d  th r o u g h o u t  th is  e x p e r i 
m en t w e re  p u rc h a s e d  f ro m  P .L . B io c h e m ic a ls ,  
Inc ., M ilw a u k e e , W ise ., a n d  w e re  s to r e d  u n d e r  
re f r ig e ra tio n  a n d  d e s ic c a t io n  d u e  to  th e i r  in 
s ta b ili tie s . O c ta n a l  w a s  p u r c h a s e d  f ro m  A ld r ic h  
C h em ica l C o .,  M ilw a u k e e , W ise ., a n d  w as  s h o w n  
to  b e  g re a te r  t h a n  9 9 %  p u re  b y  g a s - liq u id  c h r o 
m a to g ra p h y . W a te r  u s e d  in  p re p a r in g  th e  v a ri
ous c o n c e n t r a t i o n s  w a s  d o u b ly  g lass  d is ti l le d

a n d  th e n  b o ile d  f o r  a t  le a s t  1 h r  p r io r  to  u se .
2 -o z , w id e - m o u th  a m b e r-g la s s  b o t t l e s  w e re  

u se d  in  p r e s e n t in g  s a m p le s  to  p a n e lis ts .  T h e  
b o t t l e s  w e re  in d iv id u a lly  c a p p e d  w i th  a 2 -in . 
s q u a re  p ie c e  o f  P a ra f i lm  (A m e r ic a n  C a n  C o .,  
N e e n a h , W ise .) . V a r io u s  p la s t ic  sc re w  c a p s  w e re  
t e s te d ,  b u t  a ll im p a r te d  a re a d ily  d e te c ta b le  
f la v o r  a n d / o r  o d o r  to  d is t i l le d  w a te r .  T h is  f ilm  
w as  f la v o r le s s , o d o r le s s  a n d  re la tiv e ly  im p e rm e 
a b le  to  w a te r  a n d  w a te r  v a p o r .

A ll n u c le o t id e s  w e re  p r e s e n te d  in  a q u e o u s  
s o lu t io n s  a t  c o n c e n t r a t i o n s  o f  1 0  p p m . E a c h  
s o lu t io n  w a s  p r e p a r e d  f re s h  d a ily  b y  a d d in g  5 0  
m g o f  5 '- n u c le o t id e  to  5 l i te r s  o f  d is t i l le d  w a te r .  
T h e  d i- a n d  t r ip h o s p h a te  n u c le o t id e s  w e re  re la 
tiv e ly  u n s ta b le  in  th e  u n b u f f e r e d  s o lu t io n s ;  
th e r e f o r e ,  in it ia l  d i lu t io n s  w e re  m a d e  n o  m o re  
th a n  2  h r  b e f o r e  p r e s e n ta t io n  to  th e  p a n e lis ts .
Testing procedure

T e n  s c r e e n e d  a n d  t r a in e d  p a n e l is ts ,  s ix  fe 
m a le s  a n d  f o u r  m a le s , w e re  s e le c te d  fo r  d e te r 
m in in g  th r e s h o ld  d i f f e r e n c e s .  K ra m e r  e t  al. 
( 1 9 6 1 )  r e c o m m e n d e d  th e  u se  o f  s c r e e n e d  a n d  
t r a in e d  p a n e l is ts  w h e n  d e te r m in in g  d i f fe re n c e s .  
T h e i r  a g es  r a n g e d  f ro m  1 9 - 4 7  y r  a n d  a v e rag e d
2 7 .6  y r .  P a n e l is ts  w e re  t r a in e d  a n d  s c re e n e d  fo r  
s e le c te d  q u a l i t ie s  d u r in g  p re v io u s  p a n e ls .  S e le c 
t io n  w a s  b a s e d  p r im a r i ly  u p o n  th e  fo l lo w in g :  
(1 )  c o n s i s te n c y  o f  re s u l ts  b e tw e e n  re p l ic a t io n s  
o f  p re v io u s  p a n e ls ;  (2 )  d e p e n d a b i l i ty  in  a t t e n d 
a n c e ;  a n d  (3 )  a b i l i ty  to  d e te c t  o c ta n a l .

A  m u l t ip le  p a ir e d  c o m p a r is o n  te s t  w a s  u se d  
in  p re s e n t in g  s a m p le s  t o  th e  p a n e lis ts .  F iv e  p a ir s  
w e re  p r e s e n te d  p e r  s e s s io n , e n a b lin g  a  s u f f ic ie n t  
n u m b e r  o f  c o n c e n t r a t i o n s  to  b e  p re s e n te d  w h ile  
k e e p in g  f a tig u e  a n d  c a r ry  o v e r  e f f e c ts  a t  a m in i 
m u m . S e v e ra l s c r e e n in g  p a n e ls  w e re  c o n d u c te d  
t o  s e le c t  th e  five  o c ta n a l  c o n c e n t r a t i o n s  t o  b e  
p r e s e n te d ,  b a s e d  u p o n  th e  fo l lo w in g  r e q u i r e 
m e n ts :  (1 )  th e  lo g  o f  th e  c o n c e n t r a t i o n  h a d  to  
b e  e q u a l ly  s p a c e d  f o r  p u rp o s e s  o f  s ta t i s t i c a l  
a n a ly s is ;  (2 )  th e  c o n c e n t r a t i o n s  h a d  to  b e  c e n 
t e r e d  a b o u t  th e  t h re s h o ld  o f  o c ta n a l ;  (3 )  th e

d i f f e r e n c e s  b e tw e e n  c o n c e n t r a t i o n s  h a d  to  b e  
la rg e  e n o u g h  to  a llo w  f o r  th e  la rg e  v a r ia t io n  
b e tw e e n  p a n e l is ts ;  a n d  ( 4 )  th e  d i f f e r e n c e s  b e 
tw e e n  th e  w e a k e s t  a n d  s tr o n g e s t  c o n c e n t r a t i o n s  
h a d  to  b e  sm a ll e n o u g h  so  t h a t  a l in e a r  r e s p o n se  
e x is te d .  T h e  c o n c e n t r a t i o n s  0 .1 ,  0 .3 ,  1 .0 , 3 .0  
a n d  1 0 .0  p p b  w e re  c h o s e n .  S a m p le s  (2 5  m l 
e a c h )  w e re  p r e s e n te d  t o  th e  p a n e l is ts  in  a s c e n d 
ing  o rd e r  t o  f u r th e r  r e d u c e  c a r ry  o v e r  e f f e c ts .  
E a c h  s a m p le  c o n c e n t r a t i o n  w a s  a t  le a s t  tw ic e  
th e  c o n c e n t r a t i o n  o f  th e  p re c e d in g  s a m p le s  as  
r e c o m m e n d e d  b y  G re g s o n  (1 9 6 2 ) .

N u m b e re d  s a m p le s  a r ra n g e d  in  fiv e  p a irs  
w e re  p re s e n te d  to  th e  p a n e lis ts .  P a n e l is ts  w e re  
in s t r u c t e d  to  t a s te  e a c h  p a ir  in  n u m e r ic a l  o r d e r  
a n d  in d ic a te  i f  th e  s a m p le s  w i th in  e a c h  p a ir  
w e re  a lik e  o r  d i f f e r e n t .  S w a llo w in g  w a s  a llo w e d  
a t  th e  d i s c re t io n  o f  e a c h  p a n e l i s t ,  a n d  o ra l  r in s 
ing  w a s  s tr o n g ly  e n c o u ra g e d  a f te r  e a c h  sa m p le . 
I f  a p a ir  w a s  ju d g e d  to  b e  d i f f e r e n t ,  t h a t  m e m 
b e r  o f  th e  p a ir  p o sse s s in g  th e  s tr o n g e r  f la v o r 
w a s  so  in d ic a te d .  P a n e l is ts  w e re  n o t  in fo rm e d  
o f  th e  p a n e l  d e s ig n  u n t i l  th e  c o n c lu s io n  o f  th e  
e x p e r im e n t .  T h e y  w e re  r e q u e s te d  n o t  to  d isc u ss  
th e i r  re s u l ts  w i th  fe llo w  p a n e lis ts ,  a s  a n  a t t e m p t  
to  c o n t r o l  b ias .

P a n e l  se s s io n s  w e re  h e ld  o n c e  e a c h  d a y  b e 
tw e e n  1 1 :4 5  A .M . a n d  1 2 :0 0  N o o n , fiv e  d a y s  
p e r  w e e k  fo r  sev en  c o n s e c u t iv e  w e e k s . E a c h  d a y  
o f  th e  f i r s t  w e e k  a r e p l ic a t io n  c o n s is tin g  o f  five  
c o n c e n t r a t i o n s  o f  o c ta n a l  p lu s  five  H 2 0  r e f e r 
e n c e s  w a s  p re s e n te d  to  e a c h  p a n e l is t .  D u r in g  
th e  fo l lo w in g  w e e k s  th e  f la v o r  th re s h o ld s  o f  
o c ta n a l  in  th e  s ix  5 '- n u c le o t id e  s o lu t io n s  w e re  
d e te r m in e d .  A ll p a n e l is ts  p a r t i c ip a te d  in  e a c h  
te s t  s e ss io n  w i th o u t  fa il . R e f r e s h m e n ts  w e re  
se rv e d  t o  e n c o u ra g e  a t t e n d a n c e .
Statistical analysis

A s a m p le  p a ir  re c e iv e d  a  s c o re  o f  o n e  i f  a 
p a n e lis t  (1 )  i n d ic a te d  t h a t  th e  tw o  s a m p le s  
w i th in  th e  p a ir  h a d  d i f f e r e n t  f la v o rs , a n d  (2 )  
c o r r e c t ly  in d ic a te d  th e  s a m p le  c o n ta in in g  n u 
c le o t id e  p lu s  o c ta n a l  as  h a v in g  th e  s tr o n g e r  fla -

Table 1 —Flavor thresholds of octanal determined in aqueous solu
tions o f selected 5 '-nucleotides at 10 ppm

C o n c e n t r a t io n s  o f  o c ta n a l  in  p p b  ( w t /v o l)

5 '-N u c le o t id e
L o w e r  c o n f id e n c e  

lim it® T h re s h o ld
U p p e r  c o n f id e n c e  

lim it®
C o n t ro l  (n o n e ) 1 .2 0 1 .3 8 1 .5 9
A T P 0 .9 1 1 .2 2 1 .6 5
G T P 1 .0 0 1 .21 1 .4 7
A M P 0 .8 7 1 .2 0 1 .6 4
G D P 0 .5 1 0 .9 9 1 .6 8
G M P 0 .5 7 0 .8 6 b 1 .2 9
A D P 0 .7 6 0 .8 5 b 0 .9 5

a9S%  c o n fid e n c e  l im its
^ S ig n if ic a n t ly  d if fe re n t f ro m  c o n t ro l a t 95%  leve l as d e te rm in e d  by  

t- tes t
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v o r. I f  b o th  o f  th e s e  c o n d i t io n s  w e re  n o t  m e t ,  
th e  s a m p le  p a ir  re c e iv e d  a s c o re  o f  z e ro . T h e  
sc o re s  f o r  e a c h  o f  th e  five  c o n c e n t r a t i o n s  o f  
o c ta n a l  w e re  s u m m e d  fo r  a ll t e n  p a n e l is ts  a n d  
fiv e  r e p l ic a t io n s  g iv in g  a  to ta l  o f  5 0  re s p o n se s  
p e r  c o n c e n t r a t i o n  p e r  n u c le o t id e  f ro m  w h ic h  
th e  p e r c e n t  o f  d e te c t io n  w a s  d e te r m in e d .  T h e  
re g re s s io n  o f  Y  ( p e r c e n t  o f  d e te c t io n )  o n  X  (lo g  
o f  c o n c e n t r a t i o n )  w a s  u s e d  to  d e te r m in e  th r e s h 
o ld s . T h e  “ t - t e s t ”  (S n e d e c o r  a n d  C o c h ra n ,  
1 9 6 7 )  w a s  u se d  to  d e te r m in e  s ig n if ic a n t  d i f f e r 
e n c e s  b e tw e e n  th e  v a r io u s  th re s h o ld s .

A  5 x  7 f a c to r ia l  a n a ly s is  o f  v a r ia n c e  w i th  
fiv e  b lo c k s  ( r e p l ic a t io n s )  w a s  u s e d  to  a n a ly z e  
f o r  d i f f e r e n c e s  in  t o t a l  d e te c t io n  o f  o c ta n a l  in  
e a c h  o f  th e  s ix  n u c le o t id e s  p lu s  th e  c o n t r o l ,  
d i f fe re n c e s  in  d e te c t io n  o f  th e  five  c o n c e n t r a 
t io n s ,  a n d  n u c le o t id e  X  c o n c e n t r a t i o n  in te r a c 
t io n .  T h e  r e s p o n s e s  w e re  s u m m e d  fo r  e a c h  o f  
th e  p a n e l is ts  p e r  c o n c e n t r a t i o n  p e r  r e p l ic a t io n  
p e r  n u c le o t id e .  A rc s in e  t r a n s f o r m a t io n  w as 
m a d e  to  a s s u re  v a l id i ty  o f  th e  a n a ly s is  o f  v a r i
a n c e  f o r  th e  d a ta  (S n e d e c o r  a n d  C o c h ra n ,  
1 9 6 7 ) .

RESULTS & DISCUSSION
Thresholds o f octanal

Flavor thresholds of octanal were determined in the six 5 -nucleotide solutions and in distilled water (Table 1). The flavor thresholds of octanal in GMP and AMP were significantly lower than that of the control as determined by t-tests (Snedecor and Cochran, 1967). The flavor enhancing potential of GMP has been well-publicized (Wagner et al., 1963; Shimazono, 1964; Kuninaka et al., 1964; Luh and Chen, 1969). Thus, it was not unexpected that octanal in 1 0  ppm solutions of GMP had a significantly lower threshold than the control. However, octanal in a 10 ppm solution of ADP also had a significantly lower threshold than the control. This threshold, 0.85 ppb, was similar to that established for GMP, which was 0.86 ppb. ADP has been reported by Kuninaka (1960), Shimazono (1964, 1965), Kuninaka et al. (1964), and Luh and Chen (1969) to possess little, if any, flavor enhancing or modify

ing potential when added to various foods.
Flavor enhancem ent

Variation in the detection of octanal among replications, 5 -nucleotide solutions, concentrations and nucleotide x concentration interaction was analyzed by analysis of variance (Table 2).The variation between nucleotide solutions was significant. Table 3 lists the number of times octanal was detected in each of the six 5 -nucleotide solutions and the control. Duncan’s Multiple Range Test revealed that the variation between the number of times octanal was detected in distilled water was significantly lower than the number of times it was detected in the 5 -nucleotide solutions containing GDP, GMP, or ADP. Dunnett’s Test, designed to compare a control with all the treatments, also showed a significant variation between the control and ADP, GDP and GMP. Thus, identical concentrations of octanal were designated as having a stronger flavor when sampled in solutions containing GMP, GDP, or ADP, than when sampled in distilled water.Variations among concentrations was significant (Table 2). The total number of detections of octanal for the five increasing concentrations were, respectively, 28, 78, 184, 254 and 300 for the 350 observations of each concentration. The Duncan Multiple Range Test indicated the number of detections per concentration was significantly higher than the preceding concentration. The majority of the variation between concentrations was due to a linear relationship between percent of detection and concentration as opposed to quadratic, cubic, etc. The sum of squares due to the different concentration presented was 22.97. Of this, 22.47 (over 99%) was due to a linear relationship between concentrations and percent detected. The results shown in Figure 1 are an example of the linear relationship observed throughout this experiment.

Such linear response indicated that a sufficiently narrow range of concentrations were presented and that little, if any, carry over effects existed. Although the variance due to cubic effect was significant, it accounted for less than 1 % of the concentration’s sum of squares. The cubic effect is a measure of the sigmoid curve which is observed when a wide range of concentrations are presented.No significant variation (difference) was found among replications. Thus, no increase in the ability to detect octanal between days of the week or replications was observed with a trained panel since replications and days of the week were synonymous. The number of detections of octanal from Monday through Friday were 181, 162, 162, 167 and 172, respectively, of a possible 350 detections.The flavor enhancing ability of the 5 -nucleotides was influenced by the number of phosphate groups attached;i.e., mono-, di- or triphosphates. All of

Fig. 1 —Semilogarithmic relationship between 
percent o f detection and concentration of 
octanal for the actual concentrations utilized Ij 
= 50).

Table 2-Analysis o f variation in the detection of octanal between 
replications, nucleotide solutions and octanal concentrations

S o u rc e  o f  
v a r ia t io n

D e g re es
f r e e d o m

S u m  o f  
s q u a re s

M ean
s q u a re F - te s t

T o ta l 17 4 2 6 .4 7 1 0
R e p l ic a t io n s  (B lo c k s ) 4 0 .1 3 5 0 0 .0 3 3 8 1 .7 3
T re a tm e n ts 3 4 2 3 .6 8 1 8 0 .6 9 6 5 3 5 .6 9 * *

N u c le o t id e s 6 0 .3 4 6 3 0 .0 5 7 7 2 .9 6 *
C o n c e n t r a t io n s 4 2 2 .9 6 5 7 5 .7 4 1 4 2 9 4 .1 9 * *

L in e a r 1 2 2 .7 3 5 7 2 2 .7 3 5 7 1 1 6 4 .9 9 * *
Q u a d ra t ic 1 0 .0 2 6 5 0 .0 2 6 5 1 .3 6
C u b ic 1 0 .1 6 3 0 0 .1 6 3 0 8 .3 5 * *
Q u a r t ic 1 0 .0 3 9 9 0 .0 3 9 9 2 .0 4

N u c le o t id e  x  C o n e . 2 4 0 .3 6 9 9 0 .0 1 5 4 0 .7 9
E r ro r 13 6 2 .6 5 4 1 0 .0 1 9 5

* p  <  0 .0 5
*p  <  0 .01

Table 3 -  Variation in the detection o f octanal between nucleotide 
solutions and control (250 possible detections)

5 '- N u c le o t id e  
in  s o lu t io n  
a t  1 0  p p m

N u m b e r
o f

d e te c t io n

A rc s in
t r a n s f o r m a t io n

v a lu e s “
D u n n e t t ’s

test*5
C o n tro l 111 1 2 .2  x
A T P 115 1 2 .9  x ,y N S
G T P 115 1 3 .0  x ,y N S
A M P 11 6 13.1 x ,y N S
G D P 125 1 4 .6  y ,z S
G M P 131 1 5 .0  y ,z s
A D P 131 1 4 .4  z s
aBased on  a na lys is  o f  va riance  in  T a b le  2. V a lues  fo l lo w e d  b y  the 

same le t te r  are n o t  s ig n if ic a n t ly  d if fe re n t  a t 95%  leve l.
b N S - n o t  s ig n if ic a n t ly  d if fe re n t  f ro m  c o n t r o l;  S - s ig n i f ic a n t ly  d i f 

fe re n t f r o m  c o n t ro l  a t 9 5%  leve l
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the thresholds determined in the nucleotide solutions appeared lower than that of the control. The thresholds of octanal in the triphosphate solutions, GTP and ATP, appeared to be only slightly lower than that of the control. Thus, the triphosphates did little or nothing to enhance the flavor of octanal. The diphosphates, on the other hand, had two of the three lowest thresholds. The threshold of octanal in GDP was approximately 30% lower than that of the control, while the threshold of octanal in ADP was approximately 40% lower.According to Beidler’s theory (Beidler,1966), nucleotides may enhance flavors by unmasking certain flavor receptor sites, allowing them to contribute to stimulus adsorption and taste receptor stimulation. Perhaps the triphosphate molecules are too large and in the process of unmasking the receptor sites, partially conceal them. The diphosphates possess three partially negative charges in their ionized state as opposed to two for the monophosphates. This additional charge may enable the diphosphates to unmask the receptor sites to a greater degree than do the monophosphates.Kuninaka (1965) and Kuninaka et al. (1964), along with several other authors, have stated the following to be requirements for flavor enhancement by nucleotides: ( 1 ) the base moiety should be

purine; (2 ) a hydroxy group on the number 6  carbon; (3) the group on the number 2  carbon is optional and has no effect on flavor; and (4) the 5 -position of ribose must be esterified with phosphoric acid. Based upon results of this experiment, an amino group may be present on the number 6  carbon and ribose esterified with a phyrophosphate group, as in the case of ADP.Woskow (1969) raised the question as to whether nucleotides favorably alter the preference for foods by enhancing the flavor of the food or by the supression of undesirable “off-flavors.” Results of this experiment indicate that the nucleotides ADP, GDP and GMP enhanced the flavor of octanal since theoretically there were no other flavors present to suppress.
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CHARACTERIZATION OF LIPIDS FROM SEEDS OF THE ROSACEA FAMILY

INTRODUCTION
APRICOT AND PEACH kernels are byproducts in the canning and fruit drying industry. The oil from almond kernel is used in various cosmetic products and pharmaceuticals; also oils extracted from kernels of apricot and peach are sometimes used for the same purposes (Cruess, 1958; Ben Gera and Kramer, 1969; Vaughan, 1970).Data are available on the fatty acid composition of the different Prunus species (Hilditch and Williams, 1964; Gupta and Garg, 1968; Lotti and Anelli, 1969), but no data are available on the fatty acid composition of the Prunus species cultivated in Israel. Sterol and tocopherol composition was reported only for almond oil (Wolff, 1968; Slover, 1971); no data are available on sterol and tocopherol composition of the apricot and peach oils.Recently the canning of apricots and peaches in this country increased very appreciably (Har’el and Rapaport, 1969). It was of interest therefore to find possible uses for oils from kernels of apricots and peaches (also as substitutes for almond oil). An investigation of compositions of all three oils was thus undertaken. It is also worth mentioning that the prices of apricot and peach seeds (kernels) are much lower than those of almond seeds.

EXPERIMENTAL
M a te ria ls  a n d  r e a g e n ts

T h e  k e rn e ls  in v e s tig a te d  w e re :  a p r ic o t  -  
Prunus armeniaca (v a r ie ty  R a a n a n a ) ;  p e a c h -  
Amygdalus perisca (v a r ie ty  L -1 9 8 -1 2 ) ;  a n d  
a lm o n d  -Prunus amygdalus (v a r ie ty  N e-p lu s- 
u l t r a ) .

A ll s o lv e n ts  a n d  c h e m ic a ls  w e re  o f  a n a ly t ic a l  
g ra d e . S ta n d a r d s  o f  f a t t y  a c id  m e th y l  e s te r s  a n d  
o f  s te ro ls  w e re  p u rc h a s e d  f ro m  A p p lie d  S c ie n c e  
L a b o ra to r ie s ;  a - to c o p h e r o l  a n d  s q u a le n e  w e re  
p u rc h a s e d  f ro m  F lu k a  A G . S ta n d a rd s  o f  y- a n d
5 - to c o p h e ro ls  w e re  o b ta in e d  f ro m  s o y b e a n  o il 
b y  T L C .
E x tr a c t io n  o f  th e  l ip id s

P its  w e re  b r o k e n  in  a h a m m e r  m ill a n d  th e  
k e rn e ls  s e p a ra te d  m a n u a l ly  f ro m  th e  sh e lls . 
L ip id s  w e re  e x t r a c te d  b y  a  m e th o d  s im ila r  to  
th a t  s u g g e s te d  b y  F o lc h  e t  a l. ( 1 9 5 7 ) .  A  m ix 
tu re  o f  lOOg k e rn e ls  w a s  b le n d e d  in  a  W aring  
B le n d o r  w i th  5 0 0  m l c h lo r o f o r m :m e th a n o l  
( 2 :1 )  fo r  2  m in . T h e  h o m o g e n a te  w a s  f i l te re d  
th ro u g h  a N o . 1 W h a tm a n  f i l t e r  p a p e r  in  a 
B u c h n e r  fu n n e l  w i th  s u c t io n .  T h e  re s id u e  w as

re tu r n e d  to  th e  B le n d o r  a n d  th e  o il  r e e x t r a c t e d  
tw ic e , a s  d e s c r ib e d  a b o v e . T h e  c o m b in e d  f i l 
t r a te s  o f  th e  e x t r a c t s  w e re  p la c e d  in  a s e p a ra to r  
fu n n e l  a n d  w a te r  w as  s lo w ly  a d d e d  w i th  s h a k 
in g , till tw o  p h a s e s  w e re  o b ta in e d .  T h e  c h lo r o 
fo rm  p h a s e  w a s  s e p a ra te d  a n d  d r ie d  o v e r  
a n h y d r o u s  s o d iu m  s u l fa te .  T h e  l ip id s  w e re  
o b ta in e d  a f te r  e v a p o ra t io n  o f  th e  s o lv e n t  a t  
5 0 ° C  in  a  v a c u u m  r o t a r y  e v a p o r a to r .  T h e  
w e ig h t  o f  th e  o il  w a s  d e te r m in e d  in  o r d e r  to  
c a lc u la te  i ts  c o n te n t  in  th e  k e rn e l.

F a t ty  a c id  m e th y l  e s te r s  w e re  p r e p a r e d  b y  
m e th y la t io n  o f  th e  l ip id s  a c c o rd in g  t o  th e  
C e -2 -6 6  m e th o d  o f  A O C S  (1 9 6 9 ) .  T h e  u n - 
s a p o n if ia b le  m a t te r  w a s  o b ta in e d  a c c o rd in g  to  
A m e s  ( 1 9 7 1 ) ,  a n d  re d is s o lv e d  in  c h lo r o f o r m .
T h in  la y e r  c h r o m a to g r a p h y

T h e  s te ro l  a n d  to c o p h e r o l  f r a c t io n s  w e re  
s e p a ra te d  f ro m  th e  re s t  o f  th e  u n s a p o n if ia b le s  
b y  T L C . T h e  s e p a r a t io n  w a s  c a r r ie d  o u t  o n  2 0  
x  2 0  c m  p la te s ,  c o v e re d  w i th  0 .5  m m  la y e r  o f  
s ilica  gel G  (M e rc k  C a ta lo g ,  N o . 7 7 3 1 ) ,  c o n ta in 
ing  2 '- 7 'd i c h l o r o f lu o r e s c e in  (S ta h l ,  1 9 6 9 ) . T h e  
u n s a p o n if ia b le  m a t te r  in  c h lo r o f o r m ,  1 5 0  p i ,  
c o r r e s p o n d in g  to  l g  o i l,  w a s  a p p l ie d  to  th e  
p la te  as a s tr ip e  14 c m  lo n g . A t b o th  th e  ed g e s  
o f  th e  s tr ip e  a c o n t r o l  s o lu t io n  in  c h lo r o f o r m  o f  
a m ix tu r e  o f  (3 -sito ste ro l a n d  o f  a-,y-  a n d  6 -  
t o c o p h e r o l s  w a s  s p o t t e d .  T h e  d e v e lo p in g  s o l
v e n t  w a s  p e t r o l  e th e r  ( 6 0 - 8 0 ° C ) : e t h y l  e th e r :  
a c e t ic  a c id  ( 5 0 :5 0 :1 )  (T h o r p e  e t  a l., 1 9 6 9 ) ;  th e  
s o lv e n t  f r o n t  w a s  a llo w e d  to  a d v a n c e  17 c m . 
A f te r  d e v e lo p in g , th e  p la te s  w e re  d r ie d  a n d  
v iew e d  u n d e r  l ig h t  o f  3 6 6  n m . T h e  s te ro ls  
a p p e a r e d  a s  a  s in g le  w h i te  s tr ip e  ( R f  = 
0 . 3 0 - 0 . 3 7 ) ,  a n d  th e  t o c o p h e r o l s  a s  d a rk -p u rp le  
o v e r la p p in g  s tr ip e s  ( R f  = 0 . 5 6 - 0 . 7 2 ) .  T h e  
s tr ip e s  c o r r e s p o n d in g  to  s te ro ls  a n d  to  th e  t o 
c o p h e ro l s  w e re  s c r a p e d  o f f  w i th  a s h a rp  s p a tu la .  
T h e  s c ra p in g s  w e re  t r a n s f e r r e d  to  a f i l t e r  p a p e r ,  
o n  a n  o r d in a ry  fu n n e l ,  a n d  th e  s te ro ls  w e re  
t h e n  e lu te d  w ith  th re e  su c ce ss iv e  10  m l p o r 
t io n s  o f  c h lo r o f o r m .  T h e  to c o p h e r o l s  w e re  a lso  
e lu te d  f ro m  th e  re s p e c tiv e  s tr ip e s  in  th e  sam e  
w a y , b u t  a b s o lu te  e th a n o l  w as  u se d  in s te a d  o f  
c h lo r o f o r m .  T h e  s o lv e n ts  w e re  re m o v e d  a t  5 0 ° C  
fro m  th e  re c o v e re d  f r a c t io n s  w i th  a s tr e a m  o f  
n i t ro g e n .  E a c h  f r a c t io n  w a s  re d is s o lv e d  in  c h lo 
ro f o r m  a n d  s u b s e q u e n tly  e x a m in e d  b y  G L C .

A b s o lu te  a m o u n t s  o f  t o c o p h e r o l s  in  th e  re 
s p e c t iv e  o i ls  w e re  d e te r m in e d  a c c o rd in g  to  th e  
m o d if ie d  E m m e r ie -E n g c l  p r o c e d u r e  o f  th e  A n a 
ly tic a l  M e th o d s  C o m m it te e  (1 9 5 9 ) .

T o  c o n f i rm  th e  re s u l ts  o f  G L C  d e te r 
m in a t io n ,  th e  to c o p h e r o l s  w e re  s e p a ra te d  (as  
in d iv id u a l  s p o ts )  f ro m  th e  u n s a p o n if ia b le s  b y  
T L C , u s in g  c h lo r o f o r m  a s  d e v e lo p in g  s o lv e n t ,  
a n d  th e n  d e te r m in e d  b y  th e  a b o v e  m e n t io n e d  
E m m e r ie -E n g e l  p ro c e d u r e .
G as  l iq u id  c h r o m a to g r a p h y

T h e  a p p a r a tu s  w a s  a P a c k a rd  G a s  C h r o m a to 
g ra p h ,  M o d e l 7 8 2 1 ,  e q u ip p e d  w i th  a h y d ro g e n  
f la m e - io n iz a t io n  d e te c to r .  G a s  c h ro m a to g r a p h ic  
a n a ly s e s  w e re  c o n d u c te d  o n  a 6 -f t  b y  'A in . 
(O D ) g lass  c o lu m n .  C a r r ie r  gas w a s  A rg o n , a t  a 
f lo w  r a te  o f  3 0  m l/m in .

10%  E G G S -X  o n  1 0 0 - 1 2 0  m e sh  G a s  C h ro m  
P (A p p lie d  S c ie n c e  L a b s )  w as  u se d  fo r  d e te r 
m in a t io n  o f  f a t t y  a c id  m e th y l  e s te r s .  C o lu m n  
t e m p e r a tu r e  w a s  1 6 0 ° C ; th e  t e m p e r a tu r e s  o f  
th e  i n le t ,  o u t l e t  a n d  o f  th e  d e t e c t o r  w e re  
2 0 0 ° C .

C o m p o s i t io n s  o f  th e  s te ro ls  a n d  to c o p h e r o l s  
w e re  d e te r m in e d  w i th  3%  S E -3 0  o n  8 0 - 1 0 0  
m e sh  G a s  C h ro m  Q  (A p p lie d  S c ie n c e  L a b s) . 
C o lu m n  te m p e r a tu r e  w a s  2 3 0 ° C ;  th e  t e m p e r a 
tu re s  o f  th e  i n le t ,  o u t l e t  a n d  o f  th e  d e te c to r  
w e re  2 8 0 ° C . T h e  s a m e  c o lu m n  w a s  a lso  u se d  
fo r  th e  d e te r m in a t io n  o f  s q u a le n e  in  th e  u n 
s a p o n if ia b le s ;  c a lc u la t io n s  w e re  p e r f o r m e d  w ith  
th e  a id  o f  a  c a l ib r a t io n  c u rv e  o f  p e a k  h e ig h ts  vs. 
a m o u n t s  o f  in je c te d  s q u a le n e .

I d e n t i f i c a t io n  o f  th e  p e a k s  o f  f a t t y  a c id  
m e th y l  e s te r s ,  s q u a le n e ,  s te ro l s  a n d  to c o p h e r o l s  
w a s  c a r r ie d  o u t  b y  c o m p a r in g  th e i r  r e te n t io n  
t im e s  w i th  th o s e  o f  s ta n d a rd s .  T h e  re la tiv e  
a m o u n t s  o f  th e  e x a m in e d  c o m p o n e n t s  w e re  
d e te r m in e d  f ro m  th e i r  p e a k  a re a s ;  *jhe l a t t e r  
w e re  m e a s u re d  b y  th e  t r ia n g u la t io n  m e th o d .

RESULTS & DISCUSSION
LIPID CONTENTS in kernels of apricot, 
peach and almond were 30, 23 and 35%, respectively.Fatty acid compositions of the investigated oils are given in Table 1. The fatty

Table 1 —Fatty acid compositions of lipid extracts from kernels of 
apricot, peach and almond

F a t t y  a c id a  (% )
OU P a lm it ic P a lm ito le ic S te a r ic O le ic L in o le ic

A p r ic o t 6 .2 0 .6 0 .8 7 2 .9 19 .5
P each 4 .6 0 .2 0 .9 8 0 .4 13 .9
A lm o n d 5 .8 0 .8 0 .6 6 2 .7 30 .1

a R e te n t io n  tim e s  (m in )  o f  p la m it ic ,  p a lm ito le ic ,  s te a ric , o le ic  and 
l in o le ic  acids w ere  4 .9 , 5 .8 , 9 .7 , 11.2 and  14.2 , re s p e c tiv e ly .
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Fig. 1—Thin layer chromatogram o f the un- 
saponifiables from apricot, peach and almond 
oils. Developing solvent, petrol ether (60— 
8 (f  Cl- ethyl ether:acetic acid (50:50:11; detect
ing reagent, 50% sulfuric acid spray, followed 
by heating 5  min at 110° C. 1, 2  and 3, un- 
saponifiable matter from apricot, peach and 
almond oils, respectively; 4, ¡3-sitosterol; 5, a-, 
y- and 6 -tocopherols; and 6, squalene.
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Fig. 2 —Thin layer chromatogram o f the tocoph
erols from apricot, peach and almond oils. 
Developing solvent, chloroform; detecting rea
gent, Emmerie-Engel spray, 1, 2  and 3, un- 
saponifiables from apricot, peach and almond 
oils, respectively; 4, 5 and 6, standards o f a-, y- 
and 6 - tocopherols, respectively.

acid compositions of the three oils were similar. The examined oils are rich in unsaturated acids, in particular in oleic (62—80%) and in linoleic (14—30%) acids. The obtained figures are in good agreement with those reported by Hil- ditch and Williams (1964) and by others (Gupta and Garg, 1968; Lotti and Anelli,1969).In order to avoid oxidation of the tocopherols, the time of saponification according to Ames (1971) is only 10 min instead of the 30 min required by the AOAC method (1970). It was shown (in a

Table 2 —Sterol and tocopherol composi
tions o f lipid extracts from kernels o f apricot, 
oeach and almond

C o m p o s i t io n  ----------------------- — -----------------------
o f A p r ic o t P e a c h A lm o n d

S te ro ls3 (% )
C a m p e s te ro l 4 .7 2 .4 2 .0
S tig m a s te ro l - 0 .6 0 .6
(3 -sitostero l 9 5 .3 9 7 .0 9 7 .4

T o c o p h e ro ls a ,b
a - to c o p h e r o l 6 8 9 9 6
7 - to c o p h e ro l 91 11 4
6 - to c o p h e ro l 3 - -

a R e te n t io n  tim e s  ( m in )  o f  6 - to c o p h e ro l, 
7 - to c o p h e ro l, a - to c o p h e ro l,  c a m p e s te ro l, s tig 
m asterol and  (3 -s itostero l w ere  9 .1 , 1 2 .0 , 14 .8 , 
17.8, 19.5 and 2 2 .2 , re s p e c tiv e ly .

15A p r ic o t ,  peach and a lm o n d  o ils  c o n ta in e d  
630, 150 and  4 4 0  p p m  to c o p h e ro ls , respec
tive ly .

preliminary experiment, using sterol acetate as standard and TLC separation techniques), that the saponification according to Ames (1971) was sufficient to hydrolyze all the sterol esters. Therefore, the saponification procedure (Ames,1971) which has been used originally as a preliminary step in analysis of tocopherols, was used for the recovery of both sterols and tocopherols. The solvent used in the separation of sterols and tocopherols by TLC was that recommended by Thorpe et al. (1969), with the addition of 
1 % acetic acid (to minimize the spreading of the separated spots). Typical separation according to the above method is shown in Figure 1.Gas chromatographic separations of the whole unsaponifiable matter showed that squalene (retention time: 6.9 min) was present in all three oils in about the same amount (0 .0 2 %).The compositions of sterols and tocopherols in the unsaponifiables from the three lipid extracts (as obtained by gas- chromatography) are summarized in Table 2.There is no significant difference in the composition of the sterols in the three examined oils. /3-sitosterol was found to be the dominant compound in each oil, accounting for over 95% of the total content of the sterols. Campesterol was present at 2.0—4.7%, but traces of stigmasterol were found only in peach and almond oils. The results for almond oil are in agreement with the data of Wolff (1968).

The results for tocopherols were obtained by GLC analyses as described in Experimental (see Table 2); they were also confirmed by TLC using chloroform as the developing solvent (see Fig. 2) and the Emmerie-Engel spray as the detecting reagent (Stahl, 1969). a-tocopherol was the main component in peach and almond oils (about 90%), while 7 -tocopherol was the principal component in the oil from apricot kernels (also about 90%). a- and 7 -tocopherols were present in all three oils, while 6 -tocopherol was detected only in the oil from apricots. Slover (1971) also reported that a-to- copherol was the principal component in almond oil.It may be concluded that apricot, peach and almond oils closely resemble each other in compositions of fatty acids and of sterols; differences exist however in the composition of tocopherols. Apricot oil was found to have the highest concentration of tocopherols (630 /xg/g; see Table 2); its tocopherol fraction consisted largely of 7 -tocopherol (over 90%) which is considered a better antioxidant than a-tocopherol (Parkhurst et al., 1968), the main tocopherol in peach and almond oils. Almond oil contained 440 Aig/g, and peach oil (poorest in tocopherols content) 150 /xg/g (0.015%) of tocopherols.Tocopherols are regarded as natural antioxidants, and all three oils contain sufficient amounts of these to be protected against autoxidation (Lundberg,1962). As all three oils in question are also similar in composition of their fatty acids, it may be expected that they should also be similarly resistant to oxidation. Also the physical characteristics of the three oils are similar (Pearson, 1970), and therefore in many cases substitution of the relatively expensive almond oil with apricot and peach oils seems possible.
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ABSORPTION OF AQUEOUS BISULFITE BY APRICOTS

INTRODUCTION
GASEOUS SULFURING of apricots before sun drying has been an established practice in California since the late nineteenth century. Sulfur dioxide serves several purposes: it reduces or prevents microbial spoilage, preserves ascorbic acid and carotene, and inhibits browning during drying and storage.In present commercial sulfuring practice, apricot halves are spread cups up on wooden slatted trays and placed in a sulfur house where they are exposed to gaseous sulfur dioxide, produced by burning sulfur. After sulfuring, the trays of apricots are placed in the sun to dry until the moisture level reaches approximately 18%. The sulfur dioxide level in dried apricots processed by the traditional method can vary from 1 0 0 0  ppm to over 6000 ppm (McBean et al., 1964). This wide variation is caused by factors which affect the absorption and retention of sulfur dioxide, such as sulfur house design, sulfur dioxide exposure concentration and time, and desorption losses during drying which are greatly affected by weather conditions.The sulfur dioxide level in dried apricots influences their marketability, since darkening will occur rapidly in the distribution channels if the sulfur dioxide level is too low. Correcting the final sulfur dioxide level is time consuming and costly.Potential advantages in using a bisulfite solution to sulfur apricots would be: ( 1 ) decreased air pollution; (2 ) better control of the sulfuring process; (3) greatly shortened sulfuring time; and (4) decreased desorption losses during drying.

MATERIALS & METHODS
FRESH TILTON and Blenheim apricots were 
obtained from a local produce market and held 
in cold storage until used. The fruit was re
moved from cold storage a day before its use. 
Apricots were sulfured by dipping approxi
mately 2 lb of pitted fruit halves into a gal of 
bisulfite solution of known concentration and 
pH for 0 -4 5  min. The bisulfite solutions con
tained 1 , 3, 4, 5 and 6% titratable S 0 2 and 
were made by adding sodium bisulfite or sulfur 
dioxide gas to water until the desired concen
tration was obtained. Sodium hydroxide or 
hydrochloric acid was added as required to 
obtain dip solutions of pH 2.5, 3.0, 3.5 and 4.5.

Effects of dipping time, concentration and pH 
on the absorption and penetration rate of the 
bisulfite into the apricots was followed by

measuring the amount of polyphenol oxidase 
inactivation (Ponting, 1944) and sulfur dioxide 
content of the apricots (Ponting and Johnson,

PERCENT TITRATABLE SO2 IN SOLUTION
Fig. 1—The effect of concentration o f the dip solution and time o f 
immersion in bisulfite solutions at pH  3.5  on the S 0 2 content o f bisul
fite treated fruit.

Fig. 2 —Penetration of bisulfite into apricots halves after dipping in sodium bisulfite solutions o f 1, 
3  and 6% (SO^) at pH  3.5
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pH
Fig. 3 -T h e  effect of pH  o f the dip solution and time of immersion in 
4% (S 0 2) bisulfite solutions on the S 0 2 content of bisulfite treated 
fruit.

Fig. 4 —Effect of pH on the distribution o f (H 7S 0 3), (H S 03), and 
(S 0 3 ~ ) in a bisulfite solution 11/as and Ingram, 1949).

1 9 4 5 ) . T h e  e n z y m e  te s t  c o n s is te d  o f  c u t t in g  th e  
a p r ic o t  h a lv e s  a n d  s p re a d in g  a 1% s o lu t io n  o f  
c a te c h o l  o n  th e  r in s e d  c u t  s u r f a c e  o f  th e  a p r ic o t  
as  q u ic k ly  as p o ss ib le  a f te r  th e  h a lv e s  a re  re 
m o v e d  f ro m  th e  d ip  s o lu t io n .  C a te c h o l - tr e a te d  
f r u i t  su rfa c e s  w ill d a rk e n  w i th in  5 m in  in  th e  
a re a s  o f  th e  f r u i t  n o t  p e n e t r a te d  b y  th e  b is u l
f i te .  F o r  th e  s u l fu r  d io x id e  a n a ly s e s  2 0 - a n d  
10 0 -g  s a m p le s  w e re  u s e d  w i th  d r ie d  a n d  f re s h  
f r u i t ,  re s p e c tiv e ly .  S u l fu r  d io x id e  w a s  t i t r a t e d  
w i th  0 .0 2 N  o r  0 .0 1 N  io d in e  s o lu t io n  d e p e n d in g  
o n  th e  a m o u n t  in  th e  f r u i t .  D u e  to  u n s u ita b le  
su n  d ry in g  w e a th e r  a t  o u r  l a b o r a to r y ,  a tu n n e l-  
ty p e  d e h y d r a t o r  w a s  u s e d  to  d ry  th e  t r e a te d  
a p r ic o t s  a t  1 6 0 ° F  a n d  9 8 0  f t  p e r  s e c o n d  a ir  
v e lo c i ty .

RESULTS & DISCUSSION
Effect of concentration

There is a linear relationship between the concentration of the bisulfite dip

Table 1—Ratio's dry apricot/fresh apricot 
sulfur dioxide content o f apricots dipped in 4% 
(S 02) sodium bisulfite solutions at pH  2.5, 3.5  
and 4.5

p H a T im e  (m in ) R a t io 3
2 .5 5 2 .4 9
2 .5 10 2 .3 4
2 .5 15 2 .5 7
3 .5 5 3 .3 3
3 .5 10 2 .9 2
3.5 15 3 .1 3
4 .5 5 3 .1 6
4 .5 10 3 .3 0
4 .5 15 3 .5 6

“ C o r re la t io n b e tw e e n  pH a n d  r a t i o :  r  =
0 .8 9 2 , r_01 = 0 .7 9 8 .

solution and the sulfur dioxide content of the treated fresh apricots (Fig. 1), for the dip times shown. These curves were drawn from a linear regression analysis.The undarkened areas on each apricot piece (Fig. 2) illustrate the extent of the bisulfite penetration into the apricot tissue at the three dip concentrations and immersion times studied. Penetration of the bisulfite into the fruit continues during drying.

Effect of pH
There is an increasing absorption rate of bisulfite into apricots that are dipped into progressively lower pH solutions (Fig. 3). The effect is due to an increase in the concentration of sulfurous acid (H2 S03) in the bisulfite solution (Fig. 4). At pH 2.5 approximately 20% of the bisulfite is present as sulfurous acid, which is in equilibrium with sulfur dioxide and water. While at pH 4.5 there is

Fig. 5 —Penetration o f bisulfite into apricots halves after dipping in 4% (SOl ) sodium bisulfite 
solutions at pH  2.5, 3.5 and 4.5.
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Fig. 6 —The effect o f time on the S 0 7 content 
of apricots dipped in 5% (S 02) sodium bisul
fite solution at pH  3.0.

essentially none. The absorption rate of sulfurous acid would be expected to be greater than the bisulfite ion and is confirmed by the greater sulfur dioxide content of the fruit treated with lower pH solutions. The pH effect is also shown

in Figure 5 where increasing the concentration of sulfurous acid increases the amount of polyphenol oxidase inactivation, especially in the skin area of the fruit. Most of the bisulfite absorption at all pH values is through the pit cavity and cut surface.While there is an increasing absorption rate as the pH of the bisulfite solution is lowered from pH 4.5, there is also a significant increase in the amount of sulfur dioxide lost to the atmosphere from the solution. In addition, an increasing amount of sulfur dioxide is lost during drying as the pH of the bisulfite dip solution is lowered and this is shown in Table 1 by the significant positive correlation between the dry apricot/fresh apricot sulfur dioxide content ratio and the pH of the dip solution.
Effect of time

The effect of treatment time on the absorption of sodium bisulfite is shown in Figures 1, 2, 3 and 5. Figure 6  illustrates

a rapid surface absorption during the first few seconds of immersion and a rapidly diminishing rate thereafter.These studies have shown the effect of dip solution concentration, pH and time of immersion on the absorption of bisulfite into apricots and how the pH of the dip solution affects desorption losses during drying. Field studies are needed to determine whether the use of bisulfite solutions to sulfur apricots, with its many potential advantages, is now commercially feasible.
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FREE AMINO ACIDS IN RAW AND PROCESSED TOMATO JUICES BY ION EXCHANGE 
CHROMATOGRAPHY WITH A LITHIUM CITRATE COLUMN FOR SEPARATION OF 

GLUTAMINE AND ASPARAGINE FROM THREONINE AND SERINE

INTRODUCTION
STUDIES of the amino acid composition of the tomato fruit and its products have been made by a number of investigators. Paper chromatography was used by: Safina (1953) to determine the amino acid composition of tomato puree; Ito(1954) to determine amino acids in tomato juice; Hamdy and Gould (1962) to evaluate the amino acid content in freshly extracted and processed juices from eight different tomato varieties; and Kim et al. (1962) to compare amino acid composition in canned tomato juice before and after heat sterilization.

Trinitrophenyl derivatives prepared from some of the amino acids found in tomatoes by two-dimensional thin-layer chromatography were determined spec- trophotometrically by De Bruyn et al.(1971).After Moore and Stein (1951) developed the technique of ion exchange chromatography of amino acids, Carangal(1954) and Saravacos et al. (1958) used manually operated ion exchange columns to study the effects of different fertilizer treatments on the amino acid composition of tomatoes.Automatic ion exchange chromatography was used by Luh and El-Tinay (1966) to determine amino acids in tomato pastes from five different tomato varieties; by Luh and Daoud (1968) for amino acid analysis of juice from four tomato varieties; and by El Miladi et al.(1969) to determine differences in amino acid composition between raw and processed tomato juices.The author has studied the amino acid composition of tomatoes both before and after heat processing, giving special attention to changes in glutamine and glutamic acid. Many amino acid chromatograms of tomato sera were run using a Technicon single-column automatic amino acid analyzer. Conventional sodium citrate buffer eluants were used for most of the chromatograms run for this study. In spite of the general excellence of the chromatograms, it was not possible to resolve separate peaks for glutamine and asparagine. They either did not separate from each other or were eluted together with serine or threonine. Benson et al. (1967) recommended the use of lithium equilibrated ion exchange columns with lith

ium citrate buffers as eluants for separating glutamine, asparagine, threonine and serine in biological fluids. Several investigators (Peters et al., 1968; Sowden and Ivarson, 1968; Perry et al., 1968; Mon- dino, 1969; Nunn and Vega, 1968; Vega and Nunn, 1969; Kedenburg, 1971; and Blohm, 1970) have since used chromatography with lithium citrate buffer eluants for amino acid analysis of animal fluids.Lithium citrate columns should prove especially useful for studying the physiological fluids of plants where concentrations of glutamine, asparagine, and glutamic acid are often very high relative to the other amino acids present. Accurate assay for these amino acids has been difficult. This report presents the analyses of amino acids in tomato juices and describes the use of ion exchange chromatography with lithium citrate buffer for isolating glutamine, asparagine and serine from tomato juices before and after heat processing.There are many discrepancies in the various data reported in the literature on the amino acid composition of tomatoes and tomato products; a critical review of published works on this subject is offered as part of the discussion section of this paper.

EXPERIMENTAL
T O M A T O  J U IC E  f o r  th is  s tu d y  w a s  p r e p a r e d  
o n  th e  d a y  o f  h a rv e s t  f ro m  a f ie ld  lo t  o f  
t o m a to e s  (v a r ie ty  V F  1 4 5 -F 5 )  g ro w n  n e a r  
S to c k to n ,  C a lif.
Raw (cold break) juice

A  r e p re s e n ta t iv e  s a m p le  ("v  5 0  lb )  o f  f r u i t  
w as p u lp e d  in  a  F o o d  P ro c e s s in g  E q u ip m e n t  
C o . l a b o r a to r y  p u lp e r  u s in g  a 0 .0 2 7  in . s c re e n . 
T h e  c o ld  b re a k  ju ic e  w a s  m ix e d  w e ll , a n d  
s a m p le s  s e a le d  in  # 2 - 1 / 2  c a n s , w i th o u t  v a c 
u u m , w e re  p la c e d  in  f re e z in g  s to ra g e  im m e d i
a te ly .
Heated (hot break) juice

T h e  h e a te d  ju ic e  w as  a lso  p r e p a r e d  o n  th e  
d a y  o f  h a rv e s t  f ro m  th e  sa m e  f ie ld  lo t  o f  f r u i t  
u se d  f o r  th e  ra w  ju ic e .  T h e  w a s h e d  f r u i t ,  a f te r  
th e  c u lls  a n d  g re e n  f r u i t  w e re  re m o v e d , w as 
m a c e r a te d  in  a R e itz  d i s in te g r a to r  a n d  h e a te d  
b y  s te a m  in je c t io n  to  2 2 0 ° F  a t  a f lo w  r a te  o f  
14 lb /m in .  I t  w a s  h e ld  a t  th is  t e m p e r a tu r e  fo r  
1 5 - 2 3  sec  in  1 -in . d ia m  h o ld in g  tu b e s .  T h e  
h e a te d  ju ic e  w a s  s e p a ra te d  f ro m  see d s  a n d  sk in  
t is s u e s  w i th  a  B ro w n  e x t r a c to r  e q u ip p e d  w i th  a 
0 .0 2 7 - in .  d ia m  s c re e n . T h e  e x t r u s io n  sc re w  w a s  
o p e ra t in g  a t  8 0 0  rp m  a g a in s t  8 lb  p re s s u re  o n

th e  d is c h a rg e  o r i f ic e .  T h e  ju ic e  w a s  th e n  cooled  
in  C h e r r y  B u rre ll  a n d  C r e a m e ry  P a c k a g e  Co. 
h e a t  e x c h a n g e r s .  S a m p le s  in # 2 - 1 / 2  cans, 
s e a le d  w i th o u t  v a c u u m , w e re  f r o z e n  im m ed i
a te ly  a n d  k e p t  f r o z e n  u n ti l  n e e d e d .
Reheated sample of raw juice

In  o r d e r  fo r  th e s e  re s u l ts  t o  b e  c o m p ared  
w i th  o th e r  p u b lis h e d  re s u l ts  fo r  h e a te d  ju ices, 
o n e  c a n  o f  ra w  ju ic e  a n d  o n e  c a n  o f  h o t  break 
ju ic e  w e re  r e m o v e d  f ro m  c o ld  s to ra g e ,  th aw ed  
a n d  a l lo w e d  to  c o m e  to  ro o m  t e m p e r a tu r e .  The 
c a n s  w e re  t h e n  p la c e d  in  a  r e to r t  a n d  h e a te d  at 
2 2 0 °  F  fo r  2 0  m in .
Preparation of samples for chromatography

S in c e  a m in o  a c id  a m id e s  a re  s o m e w h a t  labile 
( g lu ta m in e  e sp e c ia lly  is s u b je c t  to  h y d ro ly s is  
u n d e r  e le v a te d  t e m p e r a tu r e s  a n d  h ig h  pH ), 
c o n d i t i o n s  t h a t  m ig h t  c a u s e  c h e m ic a l  ch an ges 
w e re  a v o id e d .  A  s a m p le  o f  ju ic e  f ro m  each 
t r e a tm e n t  w a s  c e n t r i f u g e d  a t  1 0 ,0 0 0  rp m  fo r  30 
m in . T h e  s e ru m  w a s  d e c a n te d  f ro m  th e  re s id u e . 
T h e  s lig h tly  tu r b id  s e ru m  w a s  th e n  fi lte re d  
u n d e r  p re s s u re  t h ro u g h  a T y p e  E  G e lm a n  glass 
f ib e r  f i l te r .  A f te r  f i l t r a t io n ,  th e  ra w  ju ic e  serum  
w as c ry s ta l  c le a r  a n d  th e  h e a te d  ju ic e  s e ra  was 
v e ry  s lig h tly  tu r b id .  A m in o  a c id  a n a ly s e s  o f  
0 . 0 2 - 0 . 5  m l a l iq u o ts  w e re  m a d e  c h ro m a to -  
g ra p h ic a l ly  o n  a 0 .6  x  125 c m  c o lu m n  o f  
T e c h n ic o n  C h ro m o -B e a d  T y p e  B re s in . T he  
g ra d ie n t  e lu t io n  s y s te m  r e c o m m e n d e d  by 
T e c h n ic o n  C o rp .  ( 1 9 6 2 )  u s in g  th re e  d i f f e r e n t  
s o d iu m  c i t r a t e  b u f f e r s ,  w a s  u se d .

T o  a v o id  p o s s ib le  a c id  h y d ro ly s i s  o f  g lu ta 
m in e ,  th e  s e ru m  s a m p le s  w e re  n o t  a d ju s te d  to  
p H  1 - 2  b e f o r e  c h ro m a to g r a p h in g .  S a m p le s  
w i th  p H  in  th e  n a tu r a l  ra n g e  ( 4 - 4 . 5 )  gave  g o o d  
s e p a ra t io n s  w i th  s h a rp  p e a k s  a n d  n a r ro w  b a n d  
w id th s .

S e p a r a t io n  o f  g lu ta m in e  a n d  a sp a ra g in e  w i th 
o u t  i n te r f e r e n c e  f ro m  o t h e r  a m in o  a c id s  w as 
a c c o m p l is h e d  o n  a s im i la r  c o lu m n  e q u i l ib ra te d  
w i th  l i t h iu m  c i t r a t e  b u f f e r  as e lu a n t .  A l th o u g h  
sev e ra l in v e s t ig a to rs  (S o w d e n  a n d  Iv a rso n , 
1 9 6 8 ;  P e r ry  e t  a l . ,  1 9 6 8 ;  N u n n  a n d  V e g a , 1 9 6 8 ; 
V eg a  a n d  N u n n ,  1 9 6 9 )  h a v e  e m p lo y e d  th e  
T e c h n ic o n  s in g le -c o lu m n  a u to m a t ic  a m in o  ac id  
a n a ly z e r  w i th  l i th iu m  c i t r a t e  e lu t io n  te c h n iq u e s  
to  s e p a ra te  a m in o  a c id s ,  th e  p r o c e d u r e  r e p o r t e d  
h e re  w a s  d e v e lo p e d  in d e p e n d e n t ly .

In  to m a to e s  th e  c o n c e n t r a t i o n s  o f  g lu ta 
m in e ,  g lu ta m ic  a c id ,  a sp a ra g in e  a n d  a s p a r t ic  
a c id  a re  so  h ig h  re la tiv e  to  th e  o t h e r  a m in o  
a c id s  t h a t  it  is n e c e s s a ry  to  r u n  c h r o m a to g r a m s  
a t  tw o  o r  m o re  c o n c e n t r a t i o n s  to  re so lv e  a ll o f  
th e  a m in o  a c id s  p r e s e n t .  I t  w a s  c o n v e n ie n t  
t h e r e f o r e  to  d e te r m in e  th e  n e u t r a l  a n d  b a s ic  
a m in o  a c id s  o n  a c o lu m n  s e t  u p  f o r  ro u t in e  
a n a ly s is  o f  a m in o  a c id s  u s in g  s o d iu m  c i t r a t e  
b u f f e r s  a s  e lu a n ts ,  a n d  to  u se  a m u c h  m o re  
d i lu te  s a m p le  o n  a s e c o n d  c o lu m n  w i th  a 
l i th iu m  c i t r a t e  b u f f e r  e lu a n t  to  d e te r m in e  a s p a r 
t ic  a c id ,  a s p a ra g in e ,  t h r e o n in e ,  s e r in e , g lu ta m in e  
a n d  g lu ta m ic  a c id .
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ion-exchange column equilibrated and eluted with lithium citrate buffer at pH2.7 is compared with an ion-exchange chromatogram of the same amino acids separated on a column eluted with sodium citrate buffer.The amino acid composition of the juices from tomato variety VF-145-F5 as determined by automatic ion exchange chromatography is reported in Table 1. The amino acid composition of raw (cold break) juice is compared with that of processed (hot break) juice prepared by steam injection heating and with juice given a retort processing at 220°F for 20 min. For the raw juice, 31 compounds giving blue color reactions with ninhydrin were separated and are reported in Table 
1 in the order of their elution from the column. They include ammonia and 20 identified amino acids. The six most abundant, in order of decreasing concentration are glutamine, glutamic acid, y  amino butyric acid, asparagine, aspartic

acid and alanine. Serine, threonine and phenylalanine occur in smaller amounts. The other amino acids are present in relatively low concentrations. Only one of the 1 0  unknown compounds (eluted after 1128 min as peak No. 28) occurred in an appreciable concentration. Cystine was not found in heated juice, and unknown ( # 2 2 ) was not detected in the steam injected juice.Changes in amino acid composition in tomato juice after heat treatment are also shown in Table 1. Amino acid concentrations in Table 1 are expressed as millimoles per 1 0 0  grams of tomato solids to permit direct comparison of raw and steam injection processed juice samples. Units based on juice volume i.e., mg/100 ml juice, could not be used because some dilution by steam condensate occurs in steam injection processing. Many changes are slight, and probably fall within the limits of variation for the method. When the juice was prepared by steam injection

T h e  l i th iu m  c i t r a t e  c o lu m n  c o n s is te d  o f  a 
C h ro m o -B e a d  T y p e  B c o lu m n  p r e p a r e d  in  th e  
l ith iu m  f o r m  a c c o rd in g  to  th e  p ro c e d u r e  d e 
sc r ib e d  b y  B e n s o n  e t  a l. ( 1 9 6 7 ) .  A  sin g le  b u f fe r  
(pH  2 .7 )  w a s  u se d  to  s e p a ra te  th e  a m in o  a c id s  
o f  in te r e s t .  I t  w a s  p re p a re d  a c c o rd in g  to  B e n so n  
e t a l. ( 1 9 6 7 )  a n d  m o d if ie d  s lig h tly  b y  th e  
a d d i t io n  o f  10 m l. o f  B rij 3 5  p e r  l i te r .

T o  im p ro v e  th e  s e p a r a t io n  o f  t h r e o n in e  a n d  
serine , a tw o  s o lu t io n  g ra d ie n t  e lu t io n  w as  u se d . 
T he f i r s t  s o lu t io n  c o n s is te d  o f  8 0  m l o f  b u f f e r  
and  5 m l o f  m e th y l  a lc o h o l ,  th e  s e c o n d  w a s  85  
ml o f  b u f f e r .  In c re a s in g  th e  a lc o h o l - to -b u f fe r  
ra tio  in  th e  f i r s t  s o lu t io n  to  8 :7 7  m l, im p ro v e d  
the  s e p a ra t io n  o f  t h r e o n in e  a n d  se r in e  b u t  
g lu ta m in e  e lu t e d  w i th  a sp a ra g in e . C o lu m n  te m 
p e ra tu re  w as  4 0 ° C  a n d  b u f f e r  H ow  r a te  0 .5  m l 
per m in  r e s u lt in g  in  a c o lu m n  b a c k  p re s s u re  o f  
4 0 0  psi. A ll o f  th e  a m in o  a c id s  th ro u g h  
g lu ta m in e  w e re  e lu te d  in  5-1 /2  h r.

A s ta n d a r d  m ix tu r e  o f  a m in o  a c id s  c o n ta in 
ing 0 . 2 0  M m oles e a c h  o f  s ix  a c id ic  a m in o  a c id s  
(a sp a r tic  a c id , a sp a ra g in e ,  g lu ta m in e ,  g lu ta m ic  
acid, th r e o n in e  a n d  s e r in e )  w a s  ru n  b e f o r e  e ac h  
to m a to  s e ru m  w as a n a ly z e d .  T h e  c o lu m n  w as 
not r e g e n e ra te d  b e tw e e n  s ta n d a r d  a n d  sa m p le  
runs, b u t  it  w a s  a lw a y s  re g e n e ra te d  w i th  0 .3 N  
lith iu m  h y d r o x id e  fo l lo w e d  b y  p H  2 .7  b u f f e r  
a fte r e a c h  sa m p le .

RESULTS
IN FIGURE 1 a typical chromatogram of aspartic acid, threonine, serine, asparagine, glutamic acid and glutamine on an

Fig. 1-Comparison of ion exchange chromatograms of acidic amino 
Kids with sodium citrate buffers and lithium citrate buffer as eluants.

Table 1—Amino acids in fresh and processed tomato juices (milli
moles per 10Og solids)

S te a m
R a w  in je c - R e to r t

R e te n t io n  (c o ld  t io n  p ro c e s s e d
t im e  b r e a k )  lin e  ra w  ju ic e

(m in ) ju ic e ju ic e (2 2 0 °  F  2 0
l . U n id e n t if ie d 26 1 + + +
2. U n id e n t if ie d 2 7 7 + + +
3. A s p a r tic  a c id 1 7 6 b 5 .3 0 4 .8 8 4 .7 5
4 . T h re o n in e 2 3 5 b 1 .7 8 1 .6 9 1 .5 7
5. S e rin e 2 4 0 b 1 .9 0 1 .63 1 .73
6 . A sp a ra g in e 2 7 1 b 6 . 2 1 5 .9 5 5 .5 1
7. G lu ta m ic  a c id 2 9 8 b 1 7 .0 2 1 7 .9 2 1 6 .3 4
8 . G lu ta m in e 3 1 0 b 2 1 .9 3 2 1 .2 3 1 7 .6 7
9 . P ro lin e 4 1 1 .4 9 .4 7 .41

10. U n id e n t if ie d 4 2 8 + + +
11. U n id e n t if ie d 4 7 9 + + +
12. G ly c in e 4 9 5 .2 8 .3 9 .2 6
13 . A la n in e 5 2 4 3 .1 5 2 .3 8 2 .5 0
14. U n id e n t if ie d 5 7 9 + + +
15. V a lin e 6 2 2 .3 8 .3 0 .31
16 . C y s tin e 6 7 0 T ra c e - -
17. M e th io n in e 7 0 4 .1 5 .0 6 . 1 1

18. Is o le u c in e 7 7 3 . 6 6 .0 6 . 1 1

19. L e u c in e 7 9 9 .4 7 .3 9 .4 4
20 . T y ro s in e 8 8 8 .2 3 . 2 1 . 2 1

2 1 . O -A la n in e 8 9 0 1 .3 7 1 . 2 0 1 .15
2 2 . U n id e n t if ie d 9 5 8 + - +
2 3 . 7 -A m in o  b u ty r ic  a c id 9 8 0 1 3 .7 9 9 .5 1 1 0 .0 8
2 4 . A m m o n ia 1 0 1 4 4 .5 4 2 .9 4 6 .2 4
2 5 . U n id e n t if ie d 1 0 7 6 + + +
2 6 . U n id e n t if ie d 1 0 9 0 + + +
27 . U n id e n t if ie d 1 1 0 0 + + +
28 . U n id e n t if ie d 1 1 2 8 ++ ++ ++
2 9 . L y sin e 1 1 3 8 .71 .71 .7 4
30 . H is tid in e 1 2 0 3 .7 6 .8 3 .7 3
31 . A rg in in e 1 4 1 9 .5 7 .5 4 .5 2

aT h e re  w ere  n o  s ig n if ic a n t d iffe re n c e s  b e tw e e n  th e  a m in o  c o n te n t 
o f  ra w  ju ic e  and steam  in je c t io n  lin e  ju ic e  a fte r  r e to r t  processing. 

h R e te n tio n  tim e s  o n  l i t h iu m  c itra te  c o lu m n
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heating, concentration values increased 
fo r on ly  glutam ic acid , g lycine and h isti
dine. E xcep t fo r g lyc ine , the increases are 
w ith in  the lim its  o f experim ental varia
tions. Concentrations decreased fo r all 
am ino acids in ju ice  processed at 2 2 0 °F  
fo r 20 m in. In  most instances, the ob
served decreases under prolonged heating 
were on ly s lightly  greater than those 
found fo r the sample prepared by steam 
in jection  heating.

Changes in the concentration  ratios 
between the various am ino acids occurred 
after processing. S ign ificant differences 
between the raw  ju ice  and the heat 
treated ju ices were observed fo r the con
centrations o f 7-am ino-butyric acid w hich 
decreased by 31% in steam in jection 
heated ju ice  and 27% in the reto rt proc
essed ju ice . A  sign ificant concentration 
decrease o f 1 7 .8%  was recorded fo r gluta
mine in ju ice  processed at 2 2 0 °F  fo r 20 
m in , but under the less drastic heating 
conditions o f steam in jections , on ly  3 .2%  
o f the glutam ine disappeared.

The am m onia increase in  ju ice  heated 
at 2 2 0 °F  fo r 20 min re flects decreases for 
asparagine and glutam ine, since these 
compounds hyd ro lize  to release am monia 
upon heating. G lu tam ine , especia lly is 
easily converted to pyrro lid o n eca rb o xylic  
acid w ith  release o f am m onia when 
heated in aqueous so lu tion . W ith steam 
in jection  processing there was a contrast
ing 35 .2%  decrease in  am m onia. T h is  may 
reflect a loss o f vo latile  am m onia com 
pounds by d istilla tion  during steam in jec
tion . Ju ices heated in sealed cans under 
retort conditions are never exposed to the 
atmosphere to let am m onia escape.

DISCUSSION
T H E  A M IN O  A C ID  com position o f the 
tom ato as reported by various investiga
tors d iffers a great deal. Tables 2a, 2b and 
2c, in order to show more clearly  d iffe r
ences that ex is t , present results reported 
in this paper on a com parable basis w ith  
data reported by Safina , 1953; Ito , 1954; 
Ham dy and G o u ld , 1962 ; Carañgal et a l., 
1954 ; Saravacos et a l., 1958 ; Lu h  and 
E l-T in a y , 1966 ; L u h  and Daoud, 1968 ; E l 
M iladi et a l., 1969. O n ly  data from  papers 
reporting general assays o f am ino acids in 
tomatoes and tom ato products have been 
included . Resu lts o f analyses reported by 
K im  et al. (1 9 6 2 ) w ill be referred to from  
tim e to tim e in the discussion.

Wherever possible, and su ffic ien t pub
lished data perm itted it ,  the reported 
values have been converted to the same 
concentration units (m g /100g o f fresh 
fru it  or ju ice ) . Data based on whole fru it 
could not, in  most cases, be converted to 
a fru it  ju ice  basis and vice versa; however, 
under standard extracting  procedures the 
weight o f sk ins and seeds on ly comprises 
about 3% o f the fresh fru it  weight w hich 
is w ith in  the lim its  o f experim ental error.
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Data presented by Safina (1953), Ito (1954) and Hamdy and Gould (1962) can only be compared qualitatively. Safina did present some quantitative data reported as mg/100 g dry wt rather than on a wet weight basis. The data of Carangal et al. (1954) are presented in this comparison, but they must be considered with the knowledge that these investigators did not report on analysis of the whole juice of the tomato. They made separate determinations for the amino acid composition of the “pulpy” locuole content of the fruit, and the fleshy portion of the fruit. The ratio of the locuole contents to the flesh portion of the fruit was not given, so it was not possible to calculate whole juice values from their data. For this comparison, it was assumed that the fleshy portion of the fruit comprises the major part of the juice, so values for this fraction were used. The data from Luh and El-Tinay (1966), reported as mg/lOOg of paste were converted to mg/lOOg juice using concentration factors determined from the total juice solids and the total paste solids values presented in their paper.Data in Table 2 show how certain variables affect the amino acid content of tomato juice and tomato products as reported in the literature.
Effects of processing temperature

Heat is known to accelerate chemical changes such as the hydrolysis of glutamine and/or glutamic acid to pyrrolidone- carboxylic acid, and carbonyl-amino acid browning reactions. These reactions can also occur at lower temperatures under long storage conditions.Kim et al. (1962) studied the effects of processing on amino acids in tomatoes by unidirectional ascending paper chromatography. They found that fresh tomato juice contained aspartic acid, asparagine, glutamic acid, glutamine, lysine and an unknown amino acid. After processing at 212°F for 25 min., they reported that both the glutamine and glutamic acid has been converted to pyrrolidonecarboxylic acid but that the other amino acids found in the fresh juice were still present. Minor changes, if any, could not be detected under the conditions of their experiments.Results reported in this paper show that amino acids in juice from tomato variety VF-145-F5 decrease after processing. Similar results have been observed by the author for juices from two separate lots from variety VF-145-7879 processed in 1970, two lots from variety VFN8 processed in 1963 and one lot from variety VF-145-7879 processed in 1967.Results reported by El Miladi et al. (1969) (reference Table 2) are in direct opposition to these. They reported four- to ten-fold increases for amino acids found in Heinz variety 1370. It is difficult to reconcile such large amino acid
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increases with new data presented in this paper. Chemical differences between varieties of tomatoes are not sufficiently great to account for such large discrepancies. One would not expect the acidity of tomatoes (pH 4—4.5) to be high enough to cause extensive hydrolysis of proteins in 20 min even at temperatures as high as 220°F.
The results reported by El Miladi et al. (1969) are also not consistent with results reported by Hamdy and Gould (1962) who evaluated the amino acid concentrations of eight varieties of tomatoes (Table 2) by visually comparing the color intensity of spots on paper chromatograms. They reported 89 instances where no differences could be detected between spots from samples of extractor juice and those of processed juice. They indicated 25 instances where spot intensity decreased and only 14 where the color increased. Six of the increases indicated were for glutamic acid where increases would be expected if glutamine is hydro- lized to glutamic acid as well as to pyrrolidonecarboxylic acid. Concentration increases as great as seven- to tenfold as reported by El Miladi et al. (1969), should also have been detected by Hamdy and Gould (1962) even with the qualitative method they used.El Miladi et al. (1969) suggested that amino acid increases they reported could possibly be accounted for by hydrolysis of proteins during heat treatment. Other reported results do not support this conclusion. The extent of hydrolysis of proteins during processing is not great as evidenced by the amino nitrogen values for tomatoes before and after processing as reported by Hamdy and Gould. They reported less than 15% amino nitrogen increases as a result of processing for six of the eight varieties studied. Seven- to ten-fold increases in amino acid concentration would be reflected in the amino nitrogen analyses. It could be argued that large amino acid increases reported by El Miladi et al. (1 969) is a special characteristic of the Heinz 1370 tomato variety they studied; however, as will be indicated later varietal differences do not appear to account for such large chemical differences.It seems probable that the El Miladi (1969) data reflect a ten-fold error in calculating the amino acid concentration values for the fresh fruit sample. It would certainly seem desirable to re-evaluate the processing changes for amino acids occurring in the Heinz 1370 tomato to clarify this matter.
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Effect of mineral and organic nutrients on amino acid composition of tomato products
Effects of nitrogen and mineral nutrients on the amino acid composition of tomatoes is shown in the data presented
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by Carangal et al. (1954) and by Sarava- cos et al. (1958). The experimental conditions for these studies were different; therefore, it is difficult to determine how well the results agree. One can conclude, however, that the quality and quantity of nutrients the growing tomato plant receives can affect the concentrations of free amino acids in the mature fruit. From Possingham’s (1956) study on the availability of mineral nutrients on the free amino acids in tomato plants, one finds that deficiencies in some minerals such as Cu, Mn, Fe and Mo can result in the disappearance of some amino acids such as histidine and lysine. The effect of these minerals on the amino acid content of the mature tomato fruit has not been studied. One might expect that certain mineral deficiencies could cause differences in the amino acid composition of the fruit as well as in the green plant.
Effect of varietal differences on the amino acid composition of tomato products

Hamdy and Gould (1962), Luh and El-Tinay (1966), Luh and Daoud (1968) and De Bruyn et al. (1971) have all shown that varietal differences can affect the amino acid composition of tomato products. It is significant, however, that essentially the same free amino acids are found in all varieties in approximately the same relative concentrations. In comparing the data from the various published sources one must keep in mind that amino acid composition is influenced by varietal characteristics of the tomato studied, yet it is important not to confuse varietal differences with differences due to cultural practices. Data presented by both Luh and El-Tinay (1966) and Luh and Daoud (1968) are subject to some criticism in this respect. Luh and El-Tinay (1966) presented data for tomato paste made from five different varieties of tomatoes. Three of the varieties were grown with one set of conditions and two with another. The authors noted this discrepancy in their discussion but did not indicate, in connection with Table 5 of their report, that direct comparison of all of the data should not be made. The data presented by Luh and Daoud (1968) are more reliable since all varieties studied were grown under the same field conditions. The inclusion in their study of an analysis of commercially packed tomato juice would appear to have little significance. For valid varietal studies, all varieties should be grown at the same time with the same climatic and soil conditions. Preferably they should be grown under greenhouse conditions in inert culture beds where exact nutrient controls can be maintained.
Effects of different analytical procedures

Many differences between the results reported by the various investigators can

be attributed to limitations inherent in the experimental methods used. Even though valuable qualitative data are obtained, it is difficult to get quantitative results from paper chromatograms. It is also difficult to increase the sensitivity of this method without complicated purification procedures which might change the chemical composition of the samples. For tomatoes the sensitivity of this technique is further limited by other complications. High concentrations of aspartic acid, glutamic acid, glutamine and asparagine produce very large often streaked spots that merge with and mask out other spots. This is particularly true for unidirectional paper chromatograms. Unidirectional paper chromatography by Kim et al. (1962) may explain why they only found two amino acids besides glutamine, glutamic acid, aspartic acid and asparagine in tomatoes.Reduction of sample size to get “readable” paper chromatograms limits one’s ability to assay for amino acids that occur in low concentrations. This might explain why so few amino acids were reported by Safina (1953) and of Ito (1954), and could also account for the differences in amino acid composition reported by these investigators. Safina (1953) detected only ten amino acids in tomato juice, the most abundant being glutamic acid followed by aspartic acid, valine and alanine. Ito (1954) only reported nine. He did not find glycine or arginine, reported by Safina (1953), but found tryptophan which had not been reported before. Hamdy and Gould (1962) were more successful in their use of paper chromatography, for they detected, qualitatively, up to 16 amino acids in some of the tomato juices they analyzed. Their lists include glutamine, lysine, histidine, isoleucine, tyrosine and phenyl alanine which were not reported before.Ion exchange chromatography techniques for separation of amino acids permits more reliable quantitative analysis of amino acid in biological fluids. Due to the high concentrations of some amino acid components of tomato, this technique is also limited in its “single run” sensitivity, but the less prominent amino compounds can be detected if several runs are made with different sample concentrations.
Using a manually operated ion exchange column, Carangal et al. (1954) were able to detect as many as 16 amino acids in tomato juices and measured9—12 of them quantitatively in the eight samples they analyzed. Saravacos et al.(1958) also employed a manually operated ion exchange column. They only reported the nine amino acids that emerged before tyrosine since they discontinued their runs before any of the basic amino acids emerged.Automated ion exchange chromatog

raphy has greatly simplified the assay of biological fluids for amino acids. As a result of this technique, Luh and El-Tinay (1966) were able to detect 15 amino acids in tomato pastes. Luh and Daoud(1968) found 18, and El Miladi et al.(1969) 19 in tomato juice. This paper reports the presence of 31 ninhydrin positive compounds in raw tomato juice, 20 of which have been identified.
Discussion of specific discrepancies in reported results

Differences in concentration values for most of the amino acids in tomatoes fall within the range of certain reasonable limits of variation, dependent on variables discussed above. There are a few major discrepancies in concentration values reported for certain amino acids. Most of these involve the amino acids that cannot be separated with sodium citrate buffer systems by ion exchange chromatography. Each of these amino acids will be discussed in detail.
Glutamine and asparagine. With sodium citrate buffers as eluants, depending upon the temperature, eluant flow rate, physical characteristics of the resin, and nature of the eluant, glutamine and asparagine will either: (1) elute together as a single peak (Moore and Stein, 1954; Stein and Moore, 1954;Tallan et al., 1954); (2) elute together with threonine (Boulter,1966); or (3) elute together with serine (Hamilton, 1963; Benson et al., 1967). Results of the first two of these conditions are evident in the data presented in Table 2.Both El Miladi et al. (1969) and Saravacos et al. (1958) reported that glutamine and asparagine eluted as a single peak. The relative concentration cannot be determined under these circumstances since glutamine and asparagine have distinctly different color yields upon reaction with ninhydrin.
Luh and El-Tinay (1966) and Luh and Daoud (1968) have reported unusually high values for threonine in all of their samples, as compared with those reported by other investigators. This suggests that the peak reported as threonine in their chromatograms, was actually a coincidence of peaks, and probably represented asparagine and possibly glutamine as well as threonine. The extent to which glutamine might have been present is dependent upon the amount of hydrolysis that occurred during processing.Luh and Daoud (1968) have actually reported that asparagine is part of the so called threonine bands of their chromatograms indicating that some sort of independent check was made to establish this. The data suggest that the earlier work reported by Luh and El-Tinay (1966) was not checked to confirm the purity of the threonine fraction of their samples.From most of the data available at the
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present time it can be argued th a t  aspara
gine is present in tom atoes  in relatively 
large am ounts .  It has been repor ted  by all 
investigators excep t Carangal et al. (1954)  
and Luh and El-Tinay (1966) .  In the 
la t ter  case it  might have been present but 
was repor ted  as threonine . Kim et al.
(1962)  and H am dy and Gould (1962)  as 
well as the au th o r  have show n that 
asparagine did no t  disappear from  to m a to  
juice with heat processing. Through  the 
use o f  li th ium citrate columns, the au th o r  
has been able to  determine relatively high 
concentra tions o f  asparagine in to m a to  
juice b o th  before and  after processing.
50.6 m g /100 ml were fo u n d  in the fresh 
juice and from  4 1 .8 —44.9  m g/100  ml in 
processed juices. Asparagine is reasonably 
stable under  norm al processing tem pera
tures at the pH o f  to m a to  juice.

El Miladi et al. (1969) ,  however, have 
repor ted  tha t  asparagine disappeared in 
their samples af ter  processing. Conditions 
under  which asparagine might disappear 
completely  from processed juice is a 
subject for more study . In making such a 
study, however, one should be aware of 
the limitations o f  certain ion exchange 
techniques, and tha t  the amides gluta
mine and asparagine can be hydrolized 
under  some of the conditions tha t  are 
often  used for sample preparation , seri
ously affecting results.

The wide range o f  discrepancies in the 
repor ted  concentra tions  for glutamine in 
tom atoes  and to m a to  produc ts  is no t  
surprising. It is heat labile. It can be 
readily detec ted  qualitatively by paper 
chrom atography ,  bu t,  as pointed  out 
above, it has, unti l  recently ,  been difficult 
to  isolate chrom atographically  by ion 
exchange techniques.

The au th o r  has found  slightly greater 
am ounts  o f  glutamine than  glutamic acid 
in the to m a to  juice samples he has ana
lyzed. These results do no t  agree with the 
results o f  o th e r  investigators. Relatively 
large am oun ts  o f  glutamine bu t less than 
those o f  glutamic acid have been reported  
(De Bruyn et al., 1971; Hamdy and 
Gould, 1962; Kim et al., 1962). For 
processed samples am oun ts  varying from 
relatively high concentra tions  to  none at 
all have been reported . Due to  limitations 
of ion exchange ch rom atography  systems 
used, Saravacos et al. (1 9 5 8 )  and El 
Miladi et al. (19 6 9 )  were n o t  able to 
separate glutamine from  asparagine.

Some investigators (K im et al., 1962; 
El Miladi et al., 1969) have concluded 
that the glutamine in raw to m a to  juice is 
almost completely  converted to  pyrroli- 
donecarboxylic  acid (PCS) an d /o r  glu
tamic acid with heat processing. The 
au th o r  has analyzed only tw o  lots of juice 
with results tha t  su p p o r t  this conclusion. 
Complete  conversion of glutamine to 
PCA an d /o r  glutamic acid does no t al
ways occur. The au th o r  has found  tha t  all 
juices prepared from  tom atoes  harvested

in 1970 still con ta ined  relatively large 
am oun ts  o f  glu tamine after  processing. 
H amdy and Gould (1 9 6 2 )  did n o t  find a 
decrease in glutamine af ter  processing. 
Mahdi et al. (1 9 5 9 )  followed the changes 
in glutamine and PCA in to m ato es  during 
processing and storage. They repor ted  a 
relatively high concen tra t io n  o f  glutamine 
still in the  tom atoes  im m edia te ly  after 
processing which gradually decreased 
from 114 mg/lOOg (dry wt) to  7 mg/lOOg 
at the end  o f  24 m o n th s ’ storage.

It is generally agreed in the li terature 
(H am dy and Gould, 1962; Mahdi et al., 
1959; and Mahdi e t  al., 1961) th a t  the 
u lt im ate fate o f  glutamine in processed 
to m a to  produc ts  is its conversion to  PCA. 
It may n o t  ye t  be possible to  predict how 
rapidly this conversion will take place, 
bu t am ong the co n tr ibu t ing  factors 
are: (1) p H —G lutam ine is converted  to 
PCA more rapidly at higher pH; (2) 
Processing tem p era tu re ;  (3) Processing 
time; (4) Cooling rate after  processing;
(5) Storage tem pera tu re ;  and ( 6) Time in 
storage.

In pastes analyzed by Luh and El- 
Tinay (1 9 6 6 )  one might expec t all o f  the 
glutamine to  be hydro lyzed  due to  the 
longer heating  required to  concen tra te  
the juice. This can n o t  be s ta ted  unequiv
ocally, however. The au th o r  has analyzed 
im mediately  af ter  concen tra tion  a paste 
made from  juice o f  the 1971 crop of 
tom atoes  prepared by co ncen tra t ion  in a 
wiped-surface evaporator  and found  large 
am oun ts  o f  glutamine. G lutam ine did dis
appear on storage. A fte r  storage at am b i
en t  tem peratures  for 1 yr, only  traces of 
glutamine rem ained in to m a to  paste made 
from V F-145-F5 tom atoes  processed in 
1970. This fruit originally con ta ined  a 
high concen tra tion  o f  glutamine (see 
Table 1).

Ito  (19 5 4 )  repor ted  no  glutamine in 
his samples. He used a sample purification 
technique involving an alkaline precip ita
tion with Na2C 0 3 which might have 
caused the hydrolysis o f  glutamine.

T h r e o n in e .  Table 2 shows tha t  
Carangal et al. (1 9 5 4 )  are the only investi
gators failing to  repor t  the presence o f  
threonine  in tom atoes . An analysis o f  the 
results repor ted  indicates tha t  threonine  
is present in concen tra tions  ranging be
tween 2.8 and 13.1 m g /100 ml o f  juice. 
Saravacos et al. (1 9 5 8 )  however, have 
repor ted  as m uch as 34.6 m g/100  ml of 
to m a to  juice from  fruit tha t was grown 
with high n itrogen fertilization. This 
value is 2.6 times the m axim um  value for 
the range indicated  above. This high value 
seems to  be ou t  o f  line because an o th e r  
sample o f  juice analyzed by the same 
investigators which received the same 
level o f  nitrogen fertilization only co n 
tained 11.4 m g /1 00 ml o f  threonine . This 
second sample o f  juice came from  to m a
toes tha t were also fertilized by high 
levels o f  TSP and K2 S 0 4 which makes

any valid com par ison  o f  the results diffi
cult, however.

The data p resented  by Luh and Daoud
(1 9 6 8 )  and by Luh and El-Tinay (1966) 
were n o t  considered in arriving at the 
range of concen tra t ions  repor ted  above 
for threonine . It has already been pointed 
ou t  tha t  it is n o t  possible to  separate 
th reonine ,  glutamine and asparagine un
der the experim enta l  condit ions used by 
these investigators.

Norleucine. It is generally agreed nor- 
leucine is absent from plant materials 
(H u n t ,  1959); therefore ,  it is commonly 
used as an internal s tandard  for ion 
exchange chrom atogram s.  In this Depart
m en t it has been a co m m o n  practice to 
add 0.25 ftmoles o f  norleucine as an 
internal s tandard  for every amino acid 
analysis d e te rm ined  with the Technicon 
A m ino Acid Analyzer. Both the author 
and Luh and  D aoud (1 9 6 8 )  followed this 
p rocedure w hen determ in ing  am ino  acids 
in to m a to  products .  Luh and Daoud
(1 9 6 8 )  are the only investigators who 
have repor ted  norleucine as a constituent 
o f  to m a to  ju ice; it seems reasonable to 
assume tha t they  inadvertently  included 
values for their in ternal s tandard  as a 
const i tu en t  o f  to m a to  ju ice. The values 
they have repor ted  for this am ino  acid are 
relatively high, and approx im ate  the 
am o u n t  expec ted  if 0.25 ¿(moles had been 
added  to  the sample.

G am m a amino bu tyr ic  acid. This ami
no  acid is co m m o n  to  m any plant mate
rials and ab u n d an t  in many  fruits. Shi- 
nano  et al. (1956)  have described a 
m e th o d  for isolating it from tomatoes 
and grapes. It is strange tha t  it has only 
been repor ted  for tw o  o f  the investiga
tions com pared  in Table 2. Its presence 
should have been detec ted  by paper 
chrom atographic  analysis, fo r  7 -amino 
bu tyr ic  acid separates w ithou t  interfer
ence on most paper chrom atogram s. Kim 
et al. (19 6 2 )  fo u n d  an u n k n o w n  amino 
acid by un idirectional paper ch rom atog
raphy which might have been 7 -amino 
bu tyric  acid. Both the au th o r  and 
De Bruyn et al. (1 9 7 1 )  found  7 -amino 
bu tyric  acid to  be the third most abun
dant am ino  acid in the to m a to .  Luh and 
Daoud fo u n d  it to  be the second most 
ab u n d an t  am ino  acid, bu t they  did not 
repor t  the presence o f  glutamine.

Only Shinano et al. (1 9 5 6 )  have re
ported  7 -amino bu tyr ic  acid in tom atoes 
as a result o f  paper chrom atographic  
analyses. U nder the cond it ions  they used, 
it gave a spo t very close to  th a t  o f  valine. 
Perhaps o th e r  investigators have mistaken
7-amino b u ty r ic  acid for valine. Safina 
(1953) ,  Ito (1954) ,  and H am dy and 
Gould (1 9 6 2 )  all repor ted  relatively large 
am oun ts  o f  valine, ye t  investigators who 
used ion exchange chrom atographic  tech
niques have found  only small am o u n ts  of 
valine in tom atoes .  Only Saravacos et al. 
(1 9 5 8 )  found  valine in am o u n ts  as high as



FREE AMINO ACIDS IN TOMATO JUICES- 951

15-35 mg/100 ml juice in a few of their samples. Valine is widely separated from
7 -amino butyric acid by ion exchange chromatography.The author has always found this amino acid in relatively high concentration in all tomato samples he has analyzed. On a number of occasions it has failed to separate from ammonia, due to variations in column temperature or buffer composition. It seems reasonable to suggest, therefore, that those investigators who did not observe 7 -amino butyric acid on ion exchange chromatograms of amino acids in tomatoes failed to do so because it co-chromatographed with ammonia under the conditions they used for their separations. Saravacos et al. (1958) did not continue their chromatograms long enough for 7 -amino butyric acid to be eluted.Tryptophan. Tryptophan has been reported in tomatoes by Safina (1953), Cararigal et al. (1954) and Lull and Daoud (1968). Tryptophan is best determined by independent analytical procedures. It has not been reported by the author, but may be represented by one of the unknown peaks found in the chromatograms. More work on the amount of tryptophan present in tomatoes under various conditions is desirable.
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EFFECTS OF SUB-ATMOSPHERIC PRESSURE STORAGE ON 
RIPENING OF TOMATO FRUITS

INTRODUCTION
STUDIES ON physiology and biochemistry of tomato ripening have been conducted in our laboratories for the past 10 yr in an attempt to elucidate the ripening process and biogenesis of flavor compounds during the physiological stages of development, maturation, physicochemical treatments and artificial ripening (Boe and Salunkhe, 1963, 1967; Boe et al., 1967, 1968; Dalai et al., 1965, 1966a, 1966b; Shah et al., 1969; Wu and Salunkhe, 1972; Yu et al., 1967, 1968a, 1968b, 1968c).The storage life of several fruits and vegetables is increased from 20 to 92% when stored in a refrigerator with a pressure of 658-709 mm Hg (Hummel and Stoddard, 1957). The storage life of fruits such as tomato, avocado, mango, sweet cherry, lime and guava can also be extended when stored at pressures from 125—200 mm Hg (Burg and Burg, 1966; Tolle, 1969). The refrigerated life of apricots was also extended when stored

under sub-atmospheric pressures (Wu and Salunkhe, 1972).The purpose of this study was to determine the effects of various levels of sub-atmospheric pressures on the ripening behavior and related biochemical and flavor changes in tomato fruits during storage and subsequent ripening under normal atmospheric conditions.
MATERIALS & METHODS

T H E R E  W E R E  T H R E E  s u b -a tm o s p h e r ic  p re s 
su re  t r e a tm e n ts  (4 7 1  m m  H g, 2 7 8  m m  H g, a n d  
1 0 2  m m  H g) a n d  o n e  c o n t r o l  (6 4 6  m m  H g, th e  
a tm o s p h e r ic  p re s s u re  a t  U ta h  S ta t e  U n iv e rs ity ,  
L o g a n , U ta h ) .  B o th  c o n t r o l  a n d  t r e a te d  to m a 
to e s  in  t r ip l ic a te ,  e a c h  r e p l ic a t io n  c o n ta in in g  6 0  
f ru i t s ,  w e re  s to r e d  in  19  l i te r  f r u i t  c h a m b e r s ,  
m a in ta in e d  a t  5 5  ± 2 ° F  a n d  c o n t in u o u s ly  e v a c 
u a te d  b y  m e a n s  o f  a v e n te d - e x h a u s t ,  o il-sea l 
p u m p . C o n s ta n t  v e n t i l a t io n  w a s  a c h ie v e d  b y  
a d m it t in g  a ir  to  e a c h  c h a m b e r  th r o u g h  a v a c u 
u m  re g u la to r  ( M a th e s o n  M o d e l 4 9 )  w h ic h  m a in 
ta in e d  th e  s e le c te d  v a c u u m  ( n o n e  in  th e  c o n 
tro l)  b y  a llo w in g  a ir  to  b e  b le d  in to  th e  s y s te m  
a t  th e  p r o p e r  r a te .  In c o m in g  a ir  w as s a tu r a te d

w ith  m o is tu r e  ( c o n ta in in g  a v o la ti le  fu n g ic id e - 
sec . b u ty la m in e )  b y  p a s s in g  th ro u g h  a h u m id i
fie r. T h e  a ir  f lo w  th r o u g h  th e  a p p a r a tu s  (F ig . 1) 
w as r e g u la te d  w i th  a  va lv e  a t  th e  r a te  o f  3 0  ml 
p e r  m in . B y so  d o in g ,  re la tiv e  h u m id i ty  w as 
m a in ta in e d  a t  9 0 - 9 5 % .

T h e  e x p e r im e n ts  w e re  c o n d u c te d  th re e  d if
f e r e n t  t im e s  d u r in g  th e  y e a r  1 9 7 1 - 1 9 7 2 .  
G re e n h o u s e  to m a to e s  (Lycopersicon esculen- 
tum M ill., c .v . M ic h ig a n - O h io  h y b r id )  w ere  
u se d  fo r  th e  f i r s t  a n d  s e c o n d  e x p e r im e n t .  F ie ld  
t o m a to e s  (c .v . D X -5 4 )  w e re  u se d  fo r  th e  th ird  
e x p e r im e n t .  T h e y  w e re  s e le c te d  f o r  w e ig h t  and  
size  u n i f o r m i ty  a n d  a b s e n c e  o f  m e c h a n ic a l  and  
p a th o lo g ic a l  in ju ry .  T h e  ‘g re e n -w ra p ’ to m a to e s  
o f  u n i f o r m  m a tu r i ty  w h ic h  s a n k  in  3 5 %  e th a n o l  
a n d  f lo a te d  in  2 5 %  e th a n o l  w e re  u se d  fo r  th e  
e x p e r im e n ts .

T o m a to  f r u i t s  w e re  s a m p le d  p e r io d ic a l ly  fo r 
m e a s u r in g  r ip e n in g  c o e f f ic ie n t  a n d  c h e m ic a l  
a n a ly s e s . T h e s e  in c lu d e d  c h lo r o p h y l l ,  ly c o p e n e ,  
(3 -c a ro te n e , s ta r c h ,  su g a rs  a n d  f la v o r  c o m 
p o u n d s .  A f te r  s to ra g e  fo r  1 0 0  d a y s ,  to m a to e s  
o r ig in a lly  s to r e d  a t  1 0 2  m m  H g w e re  th e n  r ip 
e n e d  a t  6 4 6  m m  H g , 5 5 ° F  a n d  9 0 - 9 5 %  R H . A 
n u m e r ic a l  v a lu e  f o r  c o lo r  (1 = g re e n ,  2 = b re a k 
e r , 3 = p in k ,  4  = re d  a n d  5 = re d  r ip e )  was 
a ss ig n ed  fo r  f r u i t  in  a g iv e n  s a m p le  a t  e ac h

Fig. 1 —Schematic diagram of the apparatus for storage o f fruits at sub-atmospheric pressures. @  Nitrogen; (S) Oxygen; (C) Mixer; (5) Humidi
fier containing volatile fungicide-sec. butylamine in humidifying water; (E) Constant temperature chamber; ©  Storage container with 471 mm Hg 
pressure; ©  Storage container with 278 mm Hg pressure; @  Storage container with 102 mm Hg pressure; (T) Storage container with 646 mm Hg 
(atmospheric pressure at USU); Q )  Vacuum pump; @  Temperature recorder; (L) Thermocouple; @  Vacuum gauge; ©  Vacuum regulator.

1 P resent address: D e p t, o f  F o o d  S cience, 
U n iv e rs ity  o f  G e o rg ia  A th e n s , G A  3 06 0 1
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o b s e rv a t io n  p e r io d .  T h e  a v e rag e  v a lu e  fo r  c o lo r  
is t e rm e d  th e  r ip e n in g  c o e f f ic ie n t  o f  th e  s a m p le . 
C h lo ro p h y ll  w a s  a n a ly z e d  a c c o rd in g  to  th e  
m e th o d  o f  A O A C  (1 9 6 0 ) .  L y c o p e n e  a n d  (?- 
c a r o te n e  w e re  d e te r m in e d  as o u t l in e d  b y  M c
C o llu m  (1 9 5 3 ) .  S o lu b le  su g a r  w as  m e a s u re d  
b y  S o m o g y i-S h a f fe r  m e th o d  (A O A C , 1 9 6 0 ) . 
S ta rc h  w a s  e x t r a c te d  a n d  d e te rm in e d  b y  th e  
m e th o d  o f  M c C re a d y  e t  a l. ( 1 9 5 0 ) .

V o la t i le  f la v o r  c o m p o u n d s  w e re  e x t r a c te d  
a c c o rd in g  to  a m e th o d  o f  S h a h  e t  a l. ( 1 9 6 9 ) .  
T h e  e th e r  e x t r a c t  o f  th e  s te a m  d is t i l l a te  (7 0 0  
m l)  w a s  c o n c e n t r a te d  to  2 0 0 - 2 2 5  p i .  A  1 jd  
s a m p le  w a s  in je c te d  in to  a g lass  c o lu m n  (1 .8  m  
x  6  m m  O D , 10%  S E -3 0  o n  C h ro m o s o rb  W. 
a c id  w a s h e d  6 0 /8 0 ,  p ro g ra m  r a te  4 ° c /m in .)  
f ix e d  to  a P a c k a rd  7 4 0 0  gas c h r o m a to g r a p h  
w ith  a s in g le  f la m e  io n iz a t io n  d e te c to r .  N i t r o 
g e n  w a s  th e  c a r r ie r  ga s  a t  a f lo w  r a te  o f  3 0  
m l/m in .  T h e  p e a k s  w e re  i d e n ti f ie d  o n  th e  b a s is  
o f  e n r ic h m e n t  r e te n t io n  te c h n iq u e s .  A n a ly s is  o f  
v a r ia n c e  w a s  m a d e  a n d  th e  m e a n s  w e re  c o m 
p a re d  a c c o rd in g  to  T u k e y ’s c o -p ro c e d u re  (S te e l  
a n d  T o r r ie ,  1 9 6 0 ) .

RESULTS & DISCUSSION
THE DATA presented in this paper were that of the third experiment using field tomatoes. However, all three experiments gave similar results.
Ripening behavior

The ripening of ‘green-wrap’ tomato fruits was retarded and the storage life extended by sub-atmospheric pressures

(Fig. 2). The ripening coefficients of treated tomatoes are significantly (0.01 level) different from that of control. Under normal conditions (control) ‘green- wrap’ tomatoes ripened in 35 days at 55°F; storage at 471 mm Hg tomatoes ripened in 65 days, and at 278 mm Hg in 87 days. Tomato fruits never ripened and deteriorated if stored at 102 mm Hg beyond 100 days. As shown in Figure 3,

Fig. 2 —Effect o f sub-atmospheric pressure storage on the ripening be
havior o f tomatoes at 5 5 ° F and 90—95% RH.

5 i :
taa

4 o
O CU5
J E

2 • £
o

1 1CJ
0

Days After Storage
Fig. 3 —Ripening behavior and degradation of 
chlorophyll o f tomatoes at 646 mm Hg after 
storage at 102 mm Hg for 100 days at 5 5 ° F and 
9 0 -95%  RH.

Fig. 4 —Effect o f sub-atmospheric pressure storage on the degradation 
of chlorophyll o f tomatoes at 5 5 °  F and 9 0 —95% RH.

Fig. 5—Effect o f sub-atmospheric pressure storage on the formation of 
lycopene of tomatoes at 5 5 °  F and 90 —95% RH.

Fig. 6 —Effect o f sub-atmospheric pressure storage on the formation of 
0-carotene of tomatoes at 5 5 °  F and 90—95% RH.
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tomato fruits previously stored at 102 mm Hg for 100 days ripened normally in 7 days when transferred to 646 mm Hg (atmospheric pressure at Utah State University, Logan, Utah) at 55°F and 90-95% RH.
Chlorophyll

The loss of chlorophyll from the fruit was delayed by storage at sub-atmospheric pressures (Fig. 4). The lower the pressure the greater the delay. Loss of chlorophyll proceeded normally when fruits stored at 102 mm Hg were placed at 646 mm Hg.
Lycopene and /3-carotene

Synthesis of lycopene and /3-carotene of tomato fruits was inhibited by sub

atmospheric pressures (Fig. 5 and 6). The lower the pressure the longer the inhibition, especially lycopene. The formation of lycopene is negligible in the early stage of storage. It becomes significant in the late storage. With storage at 102 mm Hg, lycopene formation was completely inhibited for 100 days (Fig. 7). After transfer to 646 mm Hg, lycopene formation was stimulated. The formation of /3-carotene is less inhibited by sub-atmospheric pressure when compared with that of lycopene.
Starch and sugars

Sub-atmospheric pressure storage inhibited starch degradation and sugar formation (Fig. 8 and 9). Under normal

conditions, starch was decreased and sugar was increased during the ripening of tomato fruits. The inhibition of this process was more distinct in the early stages than in later stages. At 102 mm Hg, this inhibition prolonged for 90 days. After 100-day storage at 102 mm Hg and then 7 days at 646 mm Hg (Fig. 10), the sugar content of the red ripe fruit was significantly (at 0.05 level) less than that of fruit stored at 646 mm Hg for 35 days. However, the fruits were still marketable.As suggested by Burg and Burg (1966), lowering the air pressure reduces the amount of oxygen available for fruits while ethylene and carbon dioxide were eliminated by continued evacuation. Ripening was thus delayed. The same effect

«30

03
03

c_3
CCL.

1 2  4 6
Days After Storage

Table 1 —Effect o f sub-atmospheric pressure storage on the concentration o f tomato volatiles

P e a k
n o . C o m p o u n d 1*

P e a k  a re a s  m m 2*
6 4 6  m m  Hg 4 7 1  m m  H g 2 7 8  m m  Hg 1 0 2  m m  Hg

i A c e ta ld e h y d e 3 2 14 6 1
6 2 -M e th y l  p ro p a n a l 9 9 29 2 1
7 M e th a n o l 6 0 34 11 2
8 B u ta n a l 2 8 6 2 -

10 3 -M e th y l b u ta n a l 9 9 4 2 9 3.6
13 H e x a n a l 6 0 19 2 1
14 B u ta n o l 3 2 1 -

15 I s o p e n ty l  a c e ta te 9 6 2 .4 1
17 2 -M e th y l  b u ta n o l 5 3 1.6 1
2 0 2 -M e th y l-3 -h e x a n o l 201 8 4 2 6 6
26 H e x a n o ! 6 4 1.8 -

32 L in a lo o l 72 4 2 18 2
“ A v e ra g e  o f  d u p lic a te  re s u lts
’’ id e n t i f ie d  o n  th e  b a s is  o f  e n r ic h m e n t  r e te n t io n  te c h n iq u e s

Fig. 7—Formation of lycopene and (3-carotene 
of tomatoes at 646 mm Hg after storage at 102 
mm Hg for 100 days at 5 5 °  F and 9 0 —95% RH.

Fig. 8 —Effect of sub-atmospheric pressure storage on the sugar content 
of tomatoes at 5 5 °  F and 90—95% RH.

Fig. 9 —Effect o f sub-atmospheric pressure storage on the starch content 
of tomatoes at 5 5 °  F and 90 —95% RH.
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Fig. 10—Changes o f  sugar and starch o f toma
toes at 6 4 6  mm Hg after storage at 102 mm Hg 
for 100 days at 55° F  and 9 0 —95% RH.

was p ro d u ced  w hen the oxygen co n ten t 
o f air was reduced  (Y oung  et al., 1962). 
H ow ever, at the  sam e oxygen partia l 
pressure, fru its  ripened  slow er in 180 mm 
Hg th an  in 760 m m  Hg.
Flavor

T he p a tte rn s  o f the flavor develop
m ent u n d er the  co n d itio n s  o f low  pres
sures are p resen ted  in Figure 11 and the 
analy tica l data o f  m ajor volatiles are 
expressed in Table 1. T he inverse rela tio n  
betw een the  am o u n t o f volatiles and 
pressure is a ttr ib u te d  to  a co n tin u o u s 
evacuation  o f flavors in the  gaseous s ta te . 
C om pared to  co n tro l, the  fru its  und er 
high vacuum  fo r 100 days and subsequen t 
ripening at a tm osp h eric  pressure had the 
least a m o u n t o f  arom a co m po nen ts . This 
may be due to  the  rem oval o f flavor 
com poun ds an d  the ir p recursors u n d er 
vacuum .

As show n in th is  s tu d y , to m a to  fru its  
can be s to red  at 102 m m  Hg for 100 
days. B eyond th a t,  fru its  never ripened  
and s ta rted  to  d e te rio ra te . H ow ever, if 
to m ato  fru its  w ere tran sfe rred  to  646  m m  
Hg at 5 5 °F  and 9 0 -9 5 %  RH a fte r  100 
days o f  s to rage a t 102 m m  Hg, they  
ripened no rm ally  w ith in  the  co n te x t of 
the ob jective m easu rem en ts  used in this 
paper.

In to m a to  fru its , decreases in ch lo ro 
phyll and s ta rch  and  increases in lyco
pene, fi-carotene, sugar, and flavor accom 
pany the  ripen in g  process. T herefo re , the 
inhib ition o f  these changes u n d er the  
sub-atm ospheric pressure can be a t tr ib 
uted to  the  in h ib itio n  o f the ripen ing  
processes o f the  fru its .

Fig. 11 -G a s chromatograms (SE-30 colum n) o f  the volatiles from tomatoes subjected to different 
levels o f pressures.
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E F F E C T S  O F FU N GICID ES IN COMBINATION WITH HOT W ATER  
AND WAX ON TH E S H ELF  L IF E  OF TOMATO FR U IT

INTRODUCTION
M AKING A V A IL A B LE  good qua lity  
fresh p rodu ce at overseas in s ta lla tion s  is 
an objective o f  the  M ilitary. F rom  the 
s tan d p o in t o f co st, to m a to es  are the 
second m ost im p o rta n t vegetable item . 
E xperience has show n th a t cu rren t h an 
dling prac tices do  n o t d epend ab ly  insure 
that to m a to es  arriving in Asia will m eet 
consum er s tan dard s. T he guidance for 
M ilitary p ro cu rem en t o f  fresh  to m atoes  
for overseas sh ip m en t specified  the use of 
m ature green to m a to es  (A no n ym ou s,
1968). G reen to m a to es  pose pa rticu la r 
problem s due to  th e ir  su scep tib ility  to  
physical, chem ical o r en v iro n m en tal dam 
age. Dam age is m an ifested  by increased 
suscep tib ility  to  in fec tio n  o r by irregular 
ripening. T he on ly  req u irem en t fo r the 
handling o f to m a to es  s tip u la te s  th a t an 
in-transit tem p era tu re  o f 5 5 °F  be m ain
tained (A n o n y m o u s, 1968). T o m ato es  are 
purchased w ith o u t regard to  place or 
origin, post harvest tre a tm e n t, packaging 
containers, handling  prac tices o r hold ing 
conditions. The lack o f un ifo rm  practices 
makes it im possib le to  p red ic t the  loss on 
any one sh ip m e n t, b u t losses as high as 
70% have occurred . A great deal of 
research has been co n d u c ted  on to m a to  
storage req u irem en ts  (M agoon, 1969; 
M cColloch et al., 1968). T he com m ercia l 
m arket dem ands a shelf life o f 1—3 
wk. T he chem ical and physical post har
vest tre a tm e n ts  have been exhaustively  
reviewed elsew here (E ck ert, 1969; E ckert 
and S om m er, 1967; T olle, 1969). Over
seas sh ip m en ts  m ay requ ire  a shelf life of 
as long as 5 —8 wk.

The c rite ria  used in the  selec tion  of 
trea tm en ts  fo r th is research  included  
availability, co st, F o o d  and Drug A dm in
istration (F D A ) approval fo r use on to m a
toes and proven effectiveness. Each o f the 
selected chem icals has a specific approved  
residue to le rance  on to m a to es  w ith  no 
FDA tim e lim it fo r ap p lica tio n  p rio r to  
harvest: M aneb (m anganese e th y len e  bis- 
d ith io carbam ate), D ithane M45 (co o rd i
nation o f zinc an d  m anganese e th y len e  
b isd ith iocarbam ate), T hiram  (te tram e th - 
y lth iu ram disu lfide; bis (d im e th y lth io ca r- 
bamoyl, d isu lfide), B otran  (d ich lo ro n itro - 
analine), Z iram  (zinc d im e th y ld ith io car- 
bam ate), C ap tan  (N -[(tr ich lo ro m e th y l)  
thiol -4 -cyclohexene 1 ,2 -d icarboxim ide), 
Sodium O -Phenyl P hen a te  (O PP), and 
Difolitan (c is-N -[(l ,1 ,2 ,2 , te trach lo ro -

e th y l) th io ]-4 -cy c lo h ex en e -l ,2- dicarbox- 
im ide). In ad d itio n , tw o new  chem icals 
m eeting  all the above crite ria  ex cep t FDA 
approval were tes ted : B enom yl (m ethy l 
1 - ( b u t  y I c a r b a m o y  1 )-2 -b en z im id azo le - 
ca rb am ate ) and a 2% so lu tio n  o f ch lorine 
d iox ide.

The genera o f to m a to  pa thogens ex 
h ib its  d iffering  sensitiv ities to  each ch em 
ical. T heir spec tru m  o f co n tro l fo r each 
chem ical has been d ocu m en ted  by o th e r 
researchers w ork ing w ith  fresh p roduce. 
The fo llow ing co n tro l can be ex pec ted  in 
sh o rt term  storage by each  chem ical. 
M eneb, z iram  and d ith ane  M45 co n tro l 
C o lle to tr ich um , P hy to p th o ra , R h izo p u s  
and A lternaria  (M itchell et al., 1968; 
C hand ler, 1965; H arrison and L o ckh art, 
1963; C rossan an d  M orehart, 1962). 
B otran  co n tro ls  som e species o f R h izo p u s  
(Ogawa e t al., 1963); th iram  co n tro ls  
B o try tis  (L o ck h a rt and F o rsy th , 1964); 
d ifo litan  co n tro ls  C o llec to trichu m , A lte r 
naria, and S te m p h y lliu m  (C h andler,
1965); OPP co n tro ls  P énicillium , R h iz o 
pus  and o th e r  citrus pa thogens (M cCor- 
nack and  H opkins, 1964; M cClure and 
Sm ith , 1959); C aptan  is a “ fair to  g o o d ” 
fungicide show ing slight ac tiv ity  against 
R h izo p u s  and to m a to  storage ro ts  (E ckert 
and Som m er, 1967; Ogawa et al., 1963; 
L ockh art, 1969); and B enom yl co n tro ls  
C ladosporium , B o try tis  and Pénicillium  
(Ogawa e t al., 1968; G u tte r , 1969).

B enom yl and OPP have been show n to  
reta in  the ir effectiveness w hen applied  in

co m bin a tio n  w ith  w ax (G u tte r , 1969; 
H opkins and M cC ornack, 1959). A ddi
tion  o f fungicide to  w ax ap p lied  on fru its  
was once w idely p rac ticed  on citrus and 
has show n prom ising results w hen applied  
on o th e r  crops (H eiligm an, 1956). The 
process offers several advantages w hen 
applied  on to m ato es . T he surface coating  
by w ax p rodu ces a lu s tro us  and appealing  
fru it w hile help ing reduce w ater loss. The 
w ax also acts as a sp reader and  sticker 
giving a m axim um  un ifo rm  deposit o f 
fungicide w ith  a m inim um  o f m aterial. 
M ixtures o f chem icals were show n to  give 
a d irec t b enefit by reducing  the  concen
tra tio n  o f each  chem ical needed  by en 
larging the  co n tro l spec trum  and by 
prolonging  th e ir effectiveness (H arrison 
and L ockh art, 1963; Ogawa e t al., 1964).

D ipping fru it in h eated  fungicide so lu 
tions is an area o f recen t in te rest. B otran  
applied  in h o t w ater gave a b e tte r  co n tro l 
o f R h izo p u s  and M onilin ia  on  peaches 
than  w ith  e ith e r  tre a tm en t alone (Wells 
and H arvey, 1970). C aptan  in h o t w ater 
show ed increase co n tro l o f A lternaria  and 
R h izo p u s  (S tew art and Wells, 1970). 
Singh e t al. (1 9 6 8 ) s tud ied  the  tem p era
tu re  to le rance  o f to m ato es  by d ipp ing in 
h o t w ater. He rep o rted  th a t a tem p era tu re  
o f 4 1 - 4 2 ° C  fo r 10 m in had o p tim u m  ef
fect on  to m a to  physio logy. H igher o r low 
er tem p era tu res  had lesser o r de trim en ta l 
effects as ind ica ted  by  ripening ch arac te r
istics. He ind ica ted  th a t 4 1 - 4 2 ° C  had no 
effect on  in h ib itio n  o f storage pathogens.

Table 1 —Reduction in the frequency o f occurrence o f selected organisms by fungicidesa
Chemical Alternaria Fusarium Cladosporium Rhizopus Botrytis Pénicillium
Maneb NS NS St NS NS NS
Dithane NS NS NS Si NS St
Ziram NS NS NS St NS NS
Thiram NS NS NS NS NS NS
Captan NS NS NS NS NS NS
Botran NS NS NS NS NS St
Benom yl St NS St NS St St
Difolitan NS NS NS St NS St
OPP NS NS NS NS St NS
Chlorine

dioxide
NS NS NS NS NS NS

in fo r m a tio n presented represents the results o f  analysis on data gathered at the end o f  8
weeks.

S t=  significan t increase in the  frequency  o f  occu rrence  over the  u n tre a ted  co n tro l (5% level) 
S l=  significan t red u c tio n  in the  frequency  o f  occu rrence  over the u n tre a ted  co n tro l (1%  level) 
NS = no significan t red u c tio n  in the  frequency  o f  occu rrence
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EXPERIMENTAL

IN O RDER to com ply with Military practices, 
mature green tom atoes were procured. Al
though mature green was specified upon pur
chase, each box  invariably contained fruits o f  
various stages o f m aturity. All fruits were Los 
Angeles Lug size 6 x 7  (2 -4 /1 6  in. -  2 -1 0 /16  
in.). Fruits were then contained in 10 lb m ono- 
layer cardboard cartons with lids. Each fruit 
was held in a separate paper cup to  prevent any 
contact betw een neighboring fruits.

The treatm ents used for this work were 
adaptations o f  dip applications. The treatments 
used were: (1) a room  temperature (7 5 °F )  
solution o f  fungicide in water; (2 ) a solution o f  
fungicide in water at 105°F ; (3) a room tem 
perature solution o f  fungicide in a concentrate  
water soluble wax (Sta Fresh 920C  manufac
tured by FMC Corp.); (4) water at room  
temperature (control); (5) concentrate water 
soluble wax at room  temperature (wax con
trol). Dipping was accom plished in 3-gal capac
ity plastic tanks. This container filled with lVi 
gal o f  solution accom m odated one 10 lb b ox  o f  
fruit. The room  temperature treatm ents were 
equilibrated to 7 5 °F  for 30 min. The 105° 
solution was held in a large volum e autom atic  
water bath. The concentration o f  active ingredi
ents for each treatm ent was tailored to leave a 
residue w ithin the FDA tolerance.

Eight boxes o f  fruit were used in each test. 
The fruits in all eight boxes were selected so

that all boxes contained the same number o f  
fruit (4 0  per b ox ) o f  similar size and maturity 
(based on external color). The treatm ents in
volving fungicide were each replicated on two  
b oxes o f  fruit. The weight o f  the treated fruit 
was recorded. Preparation o f  the fruit for stor
age was com pleted w ithin 8 hr from the time 
the tom atoes were received. The storage tem 
perature for the 8 weeks period was 5 0 - 5 5 ° F. 
This is the low est temperature at which tom a
toes can be stored w ithout causing chilling in
jury. Mature green tom atoes stored below  50° F 
are m ore susceptible to in fection  by Alternaría 
(M cC ulloch and W orthington, 1952), Geo
trichum  (Butler, 1960) and fungi. The quantity  
o f  fruits utilized in this research made it neces
sary to  evaluate the effectiveness o f  each treat
m ent during storage under normal atm ospheric 
conditions. The storage temperature and nor
mal atm ospheric environm ent sim ulates current 
Military shipping practices. The tests were ana
lyzed at 7 - 1 0  day intervals to assess the num
ber o f  infected  fruit in each box . At the conclu
sion o f  the experim ent a determ ination o f  
storage rot pathogens was made by direct analy
ses and by isolation o f  nonsporulating lesions 
onto potato dextrose agar (Table 1). The usable 
yield percentage was determ ined by noting the 
weight o f  the fruits either showing no infection  
or w ith  no more than tw o superficial infections  
and dividing by the initial weight o f  all the fruit 
in that box (Table 2). All results were statisti
cally evaluated by analyses o f  variance.

RESULTS & DISCUSSION
FIG U R E S 1—4 show  in te resting  parallels 
in the  resu lts  o f the general trea tm en ts  
and the  co n tro ls . A lm ost all the tre a t
m ents de layed the  spread o f in fections 
w ith in  the boxes. T rea ted  and un trea ted  
fru its  show ed a low  incidence o f infection  
for 2 —3 wk. T he n u m b er o f  in fections 
show ed the grea test rise be tw een  3 wk 
and 6 wk. A fter 6 wk a p la teau  was 
reached  and nearly  all fru its  in a box 
becam e in fec ted .

The benefits  ex p ec ted  by com bining 
chem icals w ith  w ax were borne  ou t by 
results o f th is w ork . T he w ax fo rm ula
tions in all tests were sign ifican tly  b e tte r  
than  b o th  7 5 °F  o r 105°F  w ater so lu tions 
o f the fungicides (Fig. 1 —4). Wax w ith o u t 
fungicide gave significan t ex tension  of 
shelf life in fou r o f nine ex perim en ts. 
O nly th iram , b enom yl, d ifo litan , m aneb 
and d ith ane  applied  a t 7 5 °F  a n d /o r  at 
105°F  show ed significan t im provem en t 
over wax w ith o u t fungic ide; cap tan  
show ed m arginal im prov em en t and ch lo
rine d iox ide , ziram  and b o tran  show ed no 
im p ro v em en t. T here w ere no benefits  
derived from  apply ing  fungicide a t the 
higher tem p era tu re . A d ifference was seen

Fig. 1-T o m a to  infections as affected b y  physical and chem ical (Di- Fig. 3 -T o m a to  infections as affected by physical and chem ical IOPPI 
thane) pretreatments. (O-phenyl phenate) pretreatments.

Fig. 2 —Tomato infections as affected b y  physical and chem ical (Cap- Fig. 4 —Tomato infections as affected by physical and chem ical (Thi- 
tan) pretreatments. ram) pretreatments.
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Table 2 -U sa b le  yield percentage determined at the end o f  60 days storagea

Maneb
%

Dithane
%

Ziram
%

Thiram
%

Captan
%

Botran
%

Benom yl
%

Difolitan
%

OPP
%

Chlorine
%

Avg o f  all 
fungicides for each 
treatment (across)

%
Control 0 0 0 0 3.1 0 0 0 0 0 0.34
Wax control 0 7.5 5.9 5.8 6.4 0 0 0 20.3 6.8 5 .856
75° water 0 4.5 1.8 6.4 18.4 0 0 5.1 1.5 0 4.011
105 Water 0 7.7 1.45 7.7 19.9 0 0 0 0 3.1 3.97
Wax plus 

fungicide 0,45 31 .2 11.8 14.6 24.9 1.8 8.9 1.8 17.8 6.3 11.955
Avg o f  all 
treatm ents for 
each fungicide (dow n) 0 .1 5%a 14.4% 5.05% 9.55% 21.83% 0.583% 2.96% 2.28% 6.40% 3.10%

aT he s ta tis tica l analysis was pe rfo rm ed  on the  average o f  all th ree  m ethod s o f  app lica tio n  fo r each chem ical and com parison  m ade against the 
co n tro l and wax c o n tro l. T he significan t level used was the  5% level.

in the  ab ility  o f  each chem ical to  provide 
benefit by one o r a n o th e r  o f  the tr e a t
m ents.

The usable yield o f  all tre a tm en ts  was 
greater than  the  u n tre a te d  co n tro ls  (Table 
2).

S ta tis tica l analysis o f the  average o f all 
fungicides for each tre a tm e n t show ed 
th a t wax plus fungicides gave a signifi
can tly  g rea ter yield than  the co n tro l or 
wax co n tro l. T he analysis pe rfo rm ed  on 
the average o f all tre a tm e n ts  fo r each 
chem ical show ed th a t on ly  cap tan  gave 
sign ifican tly  h igher yield w hen com pared  
against its co n tro l and the w ax co n tro l.

The on ly  fungicide th a t show ed any 
visually ev iden t e ffec t on ripen ing  was 
d ifo litan . The fru it surface was sp o tty  in 
ap pearan ce, covered w ith  light pink spots. 
The ap pearance was considered  unsatis
fac to ry . W ith all the  w e ttab le  pow der or 
flow able chem icals an unsigh tly  deposit 
rem ained  on th e  surface o f the to m a to . 
Since the to m a to es  will n o t be resold , this 
is co nsidered  a m ino r d raw back . The 
su scep tib ility  o f to m a to es  to  in fec tions  is 
a d irec t reflec tio n  o f  the  physio logic 
co n d itio n  o f the  fru it (M orris, 1972). The 
period o f rapid  in fec tio n  sp read  probably  
co rresponds to  a period  o f physio logic 
aging and b reakd ow n . T he chem ical and 
physical changes th a t tak e  place during 
storage o f to m a to es  are discussed in 
several papers by Hall (1 9 6 3 , 1964, 1965, 
1966, 1968).

The effectiveness o f the chem icals in 
inh ib iting  the  in fec tio n  and grow th  o f the 
fungi was inconclusive . The au th o rs  were 
in te rested  in de te rm in in g  w h e th e r or no t 
a chem ical th a t is rep o rted  as con tro lling  
an organism  fo r 1 —3 wk w ould  still 
co n tro l th a t organ ism  at 8 wk. Table 1 
shows, fo r ex am p le , th a t Fusarium  was 
no t co n tro lled  by any  o f these  chem icals.

P enicillium  (ssp), were co n tro lled  by 
d ith an e , ben om yl and  d ifo litan . B enom yl 
seem ed to  co n tin u e  ex p ec ted  co n tro l up 
to  8 w k, b e tte r  than  any o th e r  m aterial. 
It co n tro lled  B o try tis , P enicillium  and

C ladosporium . As ex p ec ted , benom yl 
show ed no co n tro l o f A lternaría . P ro b a
bly the  reduced  co m p e titio n  from  the 
o th e r  organism s allow ed A lternaría  to  
show  the  m arked  increase in in fec tio n . 
Z iram  and d ithane co n tro lled  R h izo p u s . 
M aneb co n tro lled  C ladosporium , b u t no t 
A lternaría . B o try tis  was co n tro lled  by 
OPP; Penicillium  was n o t. B o tran , th iram  
and cap tan  did n o t show  significan t co n 
tro l o f any organism s.

The am o u n t o f loss th a t occurs w ith 
all chem ical trea tm en ts  a fte r 60  days 
rules o u t the  use o f chem icals w ith  cold 
storage as a practice fo r th a t leng th  of 
tim e. The au th o rs , th e re fo re , refrain  from  
try ing  to  estab lish  a “ one best chem ica l” 
in this s tu d y . T he aim was to  evaluate 
these chem icals fo r fu tu re  w ork.

In m aking an evaluation  as to  the value 
o f a chem ical one m ust consid er the 
in te rac tio n  o f m any facto rs. F o r exam ple , 
the types o f decay caused by the various 
pathogens. B o try tis , R h izo p u s  and Fusari
um  are fast grow ing so ft-ro t causing 
fungi, th a t en gu lf the en tire  fru it. A low 
incidence o f in fec tion  by these organism s 
will cause a rap id  decay o f  all fru it in a 
box giving a very low yield. Due to  the ir 
com petitive advantage, th ey  cause a low 
incidence o f in fec tio n  by o th e r  slow 
grow ing pathogens. A lternaría , C lado
sporium  and P enicillium  cause a slow- 
spreading lesion on the  fru it surface. This 
type o f  lesion, w hen sm all, can be re
m oved and the rest o f the to m a to  used. A 
high frequency  o f occurrence  o f these 
fungi can still give a high yield. It is 
evident th a t the type o f organism s a 
chem ical will co n tro l is d irec tly  related  to  
the yield and can be irrespective o f the 
frequency  o f occurrence . A chem ical-like 
cap tan  th a t caused a m arginal redu c tio n  
o f all organism s and co n cu rren tly  show ed 
insignificant red uc tio n  in incidence o f 
in fec tio n  can still show  a high yield. This 
is p robab ly  explained  by the fact th a t no 
organism  got o u t o f hand , and the rapid

rise in fru it in fec tions was re ta rd ed  un til 
ab o u t 35 days.

CONCLUSIONS
BASED on the  in te rp re ta tio n  o f the 
in te rac tio n  am ong all fac to rs  in th e  ex p er
im en t, it is concluded  th a t cap tan , di
thane , OPP and th iram  show ed the  g rea t
est p o ten tia l as fungicide trea tm en ts  on 
tom atoes. T he best m e th o d  o f app lica tion  
was to  apply  fungicides in the wax 
so lu tion . T he chem icals selec ted  show ed 
the greatest usable y ield  w hich u ltim a te ly  
is the m ost im p o rta n t criteria . B enom yl 
did an o u ts tan d in g  jo b  p reventing  grow th 
by the m ost dam aging pathogens. F o r this 
reason the au th o rs  consid er benom yl to  
be a very prom ising fungicide, to  be used 
in co m b in a tio n  w ith  o th e r  fungicides. 
F u rth e r  w ork  is und erw ay  to  explore the 
usefulness o f the  selec ted  m ethod  and 
chem icals fo r use w ith  o th e r  storage 
practices, such  as (CA) co n tro lled  a tm o s
phere.
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A Research Note
FA T T Y  ACID CONTENT OF FRAN CHISE CHICKEN DINNERS

INTRODUCTION
FR A N C H ISE FO O D  O U TLETS have 
show n rapid  grow th  in recen t years ac
co un ting  fo r over 3 0 ,00 0  o f  the  145 ,000  
restau ran ts  in the  U.S. (A n o n ., 1970). Of 
the m ajor franchise ch icken opera tion s, 
K en tuck y  Fried  C hicken has over 3700  
ou tle ts  (A n o n ., 1971). Public concern  
over the n u tr itio n a l qua lity  o f food 
served at franchise o u tle ts  has also in 
creased, and k inds and am o u n ts  o f fat 
present in the  food  are o f special in te rest. 
The F o o d  and N u tritio n  B oard (19 6 8 ) 
recom m ends u n sa tu ra ted  fa tty  acids 
should replace sa tu ra te d  fa tty  acids. Es
sential fa tty  acids ap p ear to  be necessary 
for fat u tiliz a tio n , thus the  ra tio  o f 
un sa tu ra ted  to  sa tu ra ted  fa tty  acids in the 
diet m ay be im p o rta n t (A lfin -S later and 
A ftergood , 1964; Jo lliffe , 1961).

T he kinds and  am o u n ts  o f fa tty  acids 
in in s titu tio n a l m eals have been investi
gated by several au th o rs . O sborn and 
Ohlson (1 9 6 3 ) em ployed  gas-liquid ch ro 
m atography  in the  fa tty  acid analyses o f 
meals served at a hosp ita l ca fe teria . C afe
teria m eals served over an 84-day period 
con ta ined  an average o f  5.6%  m yristic, 
26.2%  pa lm itic , 26.3%  stearic , 38.6%  
oleic and 8.8%  linoleic acid. T he ra tio  o f 
un satu ra ted  to  sa tu ra ted  fa tty  acids was 
ap pro x im ate ly  5 to  6. Using gas-liquid 
ch rom atography  M urphy e t al. (19 7 0 ) 
reported  a sim ilar p a tte rn  o f fa tty  acids in 
Type A schoo l lunches. Five fa tty  acids 
accoun ted  fo r  ap p ro x im a te ly  90%  o f  the 
total fa tty  acid co n ten t. T he lunches 
contained  an average o f  5% m yristic , 27% 
palm itic, 14% stearic , 33%  oleic and 10% 
linoleic. T he ra tio  o f u n sa tu ra ted  to  
satu rated  fa tty  acids was 1 to  1.

T he ob jective o f  th e  p resen t s tudy  was 
to evaluate franch ise ch icken dinners for 
fatty  acid co n ten t.

MATERIALS & METHODS
CHICKEN DINNERS were purchased from six 
franchise food outlets in Gainesville. Franchises 
were coded by random ly assigning a letter to

each o f  the six franchises. Five dinners were 
purchased from each franchise with a time o f  
1 4 wk elapsing betw een individual purchases 
from the same franchise.

Bones were rem oved from the fried chicken  
and total dinners were hom ogenized in a Waring 
Blendor and dried in a Virtis freeze dryer. 3g o f  
dried sample were extracted for 30 min with  
petroleum  ether at the rate o f  6 - 8  drops o f  
ether per second using a G oldfisch extractor  
(AOAC, 1970). This extraction gave approxi
mately lg  o f  crude fat which was then sapon
ified to free the fatty  acids in a manner 
similar to that recom m ended by AOCS (19 70).

2 5 0  mg o f  the free fatty acids were then 
m ethylated using BE3-MeOH according to Met
calfe and Schm itz (1 9 6 1 ). Fatty acid m ethyl 
esters were identified and quantified by use o f  a 
Varian Aeorgraph gas chrom atograph equipped  
with a H oneyw ell recorder. The separations 
were effected  on a 6 ft x  Vt in. copper tube 
colum n packed with 15% diethylene glycol suc
cinate on chromasorb W as solid support. The 
colum n was operated at 185°C  with a flow  rate 
o f  4 0  ml o f  helium per m inute. Temperatures 
o f the injection port and thermal conductivity  
detector were 205°C  and 125°C  respectively. A
3 - 5  pi injection o f  fatty acid m ethyl esters 
gave satisfactory peak height after concentra
tion was adjusted by evaporation o f  petroleum

ether. Fatty acid m ethyl esters were identified  
by matching their peaks with those o f  standard 
fatty acid m ethyl esters purchased from Ap
plied Science Labs. A Technicon Integrator/ 
Calculator was used to determ ine peak areas. 
The relative percent o f  each fatty acid m ethyl 
ester in the sample was determ ined by dividing 
area under the individual peak by total peak 
area.

RESULTS & DISCUSSION
TA B LE 1 shows m ean and standard  
deviation  fo r relative pe rcen t fa tty  acid 
co n ten t o f the  ch icken dinners. F a tty  
acid peaks were well separa ted  on the 
ch rom atogram . A nalyzed fa tty  acids 
w ould  n o t be ex p ec ted  to  co n ta in  foreign 
substances since fats were ex trac ted  w ith 
pe tro leum  e th er, sapon ified , and fa tty  
acids ex tra c ted  w ith  d ie thy l e th er. Five 
fa tty  acids co n stitu ted  ap p ro x im ate ly  
98% o f  the  to ta l fa tty  acids p resen t in the 
ex trac ted  fat. F a tty  acids n o t listed in
clude m yristic  and linolenic acid w hich 
were presen t in trace am oun ts .

The ra tio  o f u n sa tu ra ted  to  sa tu ra ted  
fa tty  acids in the  d inners averaged 2 .5 /1 .

Table 1—Percent fatty acid content o f  total edible dinner—mean ± standard deviation for rela
tive percents (average o f  five dinners from each franchise)

Franchise Palmitic Palmitoleic Stearic Oleic Linoleic Other
A 17.0 1.4 9.3 53.5 18.5 0.3

± 0.2 ±0.3 ±0.5 ± 0.6 ± 0.7
B 23.2 2.6 6.8 44.8 22.1 0.5

± 0.9 ±0.5 ±0.4 ± 1.5 ± 1.3
C 19.4 2.4 6.6 45.7 24.1 1.8

± 0.8 ±0.2 ±0.3 ± 2.2 ± 2.9
D 19.2 2.8 6.3 46.9 23.0 1.8

± 1.2 ±0.3 ±0.4 ± 1.2 ± 1.2
E 23.4 2.6 9.6 44.2 19.1 1.1

± 0.7 ±0.5 ±0.5 ± 1.0 ± 1.0
F 18.7 2.3 4.9 44.1 28.0 2.0

± 0.6 ±0.6 ±0.4 ± 1.9 ± 1.5
Mean 20.2 2.4 7.3 46.5 22.5 1.3
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A lth ough  th is ra tio  rep resen ts  fa tty  acids 
in the  en tire  fried ch icken d inner, it co r
responds well w ith  the  u n sa tu ra ted  to  
sa tu ra ted  fa tty  acid ra tio  o f 2.6/1 re
p o rted  fo r fried  ch icken  alone in USDA 
H and b o o k  No. 8 (W att and M errill, 1963).

D ifferences in d inn er co m p o n en ts  and 
cooking  m e th ods c o n trib u te  to  d iffe r
ences in fa tty  acid c o n ten t. Prolonged 
heating  o f  fry ing oils cou ld  cause o x id a
tion  o f the u n sa tu ra ted  fa tty  acids 
(K au n itz , 1967).

A lthough  the  F o o d  and N u tritio n  
B oard m akes no  reco m m en dation  for 
d ie tary  fa tty  acids, H olm an (1 9 6 0 ) sug
gests th a t lino leate  shou ld  com prise 1% of 
the d ie tary  calories. L inoleate com prises 
ap p ro x im ate ly  22.5%  o f the ex trac ted  
fa tty  acids (Table 1). A ssum ing to ta l fat 
to  co n ta in  90% trig lycerides, the  average 
am o u n t o f lino leate  in fat w ould  be 
0 .9 0  x  22.5%  or 20.3% . F a t co n trib u tes

an  average o f 50 % o f  th e  to ta l ca
lo ric  co n te n t o f the  d in n er th e re fo re  
0 .5 0  x  20.3%  o r ap p ro x im ate ly  10% of 
the  to ta l calories w ould  be provided by 
linoleic acid. Based on H o lm an’s observa
tions, the  d inners w ould  co n ta in  ad equa te  
am oun ts  o f linoleic acid.
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A Research Note
TH E E F F E C T  OF FLA V O R  ENHANCERS ON D IR EC T  HEADSPACE GAS-LIQUID  

CHROM ATOGRAPHY P R O FILES  OF B E E F  BROTH

INTRODUCTION
TH E USE O F various flavor en hancers 
has co n tin ua lly  been increasing in foods 
(K u n in a k a e t al., 1 9 6 4 ; S h im azono , 1964; 
C onnell, u n d a ted ). T heir relative im p o r
tan ce  has also m erited  several sym posia 
specifically  o rgan ized to  discuss the ir 
p ro pertie s  (Q m .F & C I, 1948, 1955; Ar
th u r  D. L ittle , 1964). N um erous repo rts  
have appeared  on the  flavor m od ify ing  
p ro pertie s  o f these p ro d u c ts  in various 
food  system s (S jo stro m  and C rocker, 
1948; Caul and  R ock w o od , 1953; Caul 
and R ay m o n d , 19 6 4 , K u rtzm an  and, 
S jostrom , 1964; H ashida et ah , 1966; 
Saw yer, u n d a ted ; S tier et ah, u n d a ted ; 
W oskow, 1 9 6 9 ). H ow ever, th e  exact 
m echanism  by w hich en hancers  m odify  
flavor is n o t kno w n n o r do  m any theories 
exist p o s tu la tin g  a plausib le ex p lan a tion . 
Aside fro m  m od ify ing  tas te  p e rcep tion  
(W oskow , 1969) several rep o rts  have 
appeared  ind icating  th a t enhancers  also 
can a ffec t arom a (C airncross and  S jo
s tro m , 1 9 4 8 ; S jostrom  et ah , 1 955 ).

T h erefo re , th is s tu d y  was u n d ertak en  
to  m easure by analy tica l m eans any pos
sible d ifference  in o d o r resu lting  from  the 
ad d itio n s o f various co m m o n  en hancers 
and to  po stu la te  possible m e th o d s o f 
reac tion  if a d ifference w ere found .

EXPERIMENTAL
THE BEET BROTH used in this study was pre
pared by simmering at atm ospheric conditions  
for 1 hr 1000g o f  b e ef bones in 1 liter o f  tap 
water. Upon cooling, the m ixture was filtered  
and the filtrate divided into four equal por
tions. N o enhancer was added to one portion  
while to the other portions 0.05%  o f  the fo l
lowing enhancers were added: m onosodium  glu
tamate (M SG), equal protions o f  disodium  5'- 
inosinate and disodium  5 ’-guanylate, and equal 
portions o f  the above tw o enhancers. The sam
ples were stirred and then refrigerated for 24 
hr. The fo llow ing day all sam ples were per
mitted to equilibrate to room  temperature and 
the vapor from 2 ml o f  each sample was ana
lyzed using the same techniques and GLC con
ditions as reported by Lorenz, and Maga (1 9 7 1 )  
except in this study a H ew lett Packard Model 
3370 B A utom atic Integrator was used to meas
ure individual peak areas.

RESULTS & DISCUSSION
IN ALL CASES the  ad d itio n  o f  enhancers 
altered peak areas a lth ou g h  no new  peaks

appeared  n o r did ex isting  peaks d isappear 
th ro u g h  the in c o rp o ra tio n  o f  enhancers in 
beef b ro th . T he headspace evaluation  o f 
w ater and en h ancer co m b ina tio ns  re
vealed no m easurable peaks. As can be 
seen in T able 1, th e  areas o f eight specific 
peaks were co m pared  as well as to ta l peak 
areas.

It was fo u n d  th a t the ad d itio n  of 
0 .05%  MSG to  the  b ro th  increased to ta l 
peak area 1.66 tim es over th a t o f the 
co n tro l b ro th  co n ta in in g  no  enh an cer 
ad d itio n . The en h an cem en t ac tion  o f 
MSG appeared  to  be fairly  co n sisten t 
am ong all eight peaks and ranged from  an 
increase in peak area o f from  1.39 tim es 
for peak 4 to  1.81 tim es fo r peak 8.

W ith the  in c o rp o ra tio n  o f the 5 -ribo
nuc leo tid e  m ix tu re  to ta l peak area was 
increased substan tia lly  over the  co n tro l to
2 .30  tim es its  to ta l area. Individual peak 
varia tions ranged from  a low  o f 1.78 
tim es fo r  peak 4 to  2 .68 tim es fo r peak 7.

In teresting ly  b o th  en hancers had the ir 
m inim um  effec t on the sam e peak, thus 
ind icating  th a t as w ith  flavor (W oskow ,
1969) enhancers a ffec t the  o d o r o f d iffer
en t co m po un d s to  varying degrees. An 
in te resting  s tu dy  w ould  be to  m easure the 
effect o f en hancers on the o d o r p ro p e r
ties o f individual pure co m po un d s rep re
sen ting  various classes o f com pounds 
associated  w ith  foods. This w ould  d em o n 
s tra te  w hich classes or specific co m 
pounds are m ost suscep tib le  to  enh an cer 
m od ifica tion .

Table 1—Effe ct o f flavor enhancers on G L C  
headspace peak area ratios

Peak
Area

ratio3
Area

ratiob
Area

ratio“
1 1.51 2.09 2.17
2 1.53 2.13 2.31
3 1.48 2.30 3.52
4 1.39 1.78 2.79
5 1.58 2.27 3.00
6 1.57 2.20 2.02
7 1.64 2.68 2.47
8 1.81 2.22 2.13
Total area 1.66 2.30 2.35

“C o n tro l vs. 0 .05%  MSG
“ C o n tro l vs. 0 .05%  to ta l o f  disodium  5'-

inosinate and disodium  5 'g u a n y la te
“C o n tro l vs. 0 .05%  to ta l o f  above tw o en 

hancers

T he synergistic effect o f enhancer 
co m bin a tio n s was ap p aren t since the 
M SG  —5 - r ib o n u c le o tid e  m ix tu re  in 
creased to ta l peak area the  m ost. Also, 
the co m b ina tio n  o f enhancers resu lted  in 
the  greatest indiv idual peak area increase 
since peak 3 had an area increase o f 3 .52 
over th a t o f the co n tro l peak 3.

T he above observations could  th e o re ti
cally be explained  in several ways. The 
m ost obvious ex p lan a tio n  w ould  be th a t 
the in c o rp o ra tio n  o f  the enhancers had 
a lte red  the vapor pressure o f the volatile 
co m po un d s in the  system  thus resu lting  
in increased vo la tility . H ow ever, at the 
co n cen tra tio n  used in th is s tu dy  (0.05% ), 
th is th eo ry  is n o t p robab le. T hus one is 
led to  believe th a t a chem ical reac tion  or 
bonding  had occu rred  upo n  the ad d ition  
o f the  enhancers. A chem ical reac tion  
th eo ry  w ould  su p p o rt the  observation  
rep o rted  by Caul and R aym o nd  (19 6 4 ) 
th a t en hancers  increase the  ap p aren t vis
cosity  o f liquid p rodu cts .

CONCLUSION
BY R EL A T IV E L Y  SIM PLE M EANS, the 
da ta  rep o rte d  d em o nstra te  th a t n o t only  
can flavor be m odified  th rou g h  the  in co r
p o ra tio n  o f enhancers b u t as suggested by 
earlier investigators they  also m odify  
o d o r profiles.
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A Research Note
W ATER BINDING OF SOME P U R IFIED  O ILSEED  PROTEINS

INTRODUCTION
TH E AM O UNT O F w ater adsorbed  by a 
m ix tu re  o f co m p o n en ts , as in a food 
system , to  a first ap p ro x im a tio n  is the 
sum  o f  th e  w ater bou n d  by the  co m 
p o n en t parts, principally  the  salts and 
p ro te in  (B erlin  et al., 1968). T herefo re  
th e  am o u n t o f  w ater bo u n d  by p ro te in s  is 
o f som e co ncern  to  th ose  in te rested  in 
equ ilib rium  m o istu re  co n ten t o f p ro te in  
foods. This n o te  rep o rts  o n  th e  q u a n tita 
tive m easu rem en t o f  w a te r b ind ing o f 
som e food  p ro te in s, w ith  em phasis on  the 
oilseed p ro te in s. By “ w ater b in d in g ” is 
m eant th e  w a te r vapor adsorbed  by a 
dried  p ro te in  pow der, a f te r  eq u ilib ra tion  
against w ater vapor o f  know n relative 
h u m id ity , w hich in th is case was 84%.

EXPERIMENTAL
Protein samples

Casein, bovin serum albumin and dried egg 
whites were purchased from Sigma. Soybean  
isolates were obtained from Central Soya (“ Pro- 
mine D”) and Grain Processing Corp. (“ Pro 
Fam 90  H /S” ). C ottonseed  isolates were pre
pared by the two-step m ethod o f  Berardi et al.
(1 9 6 9 ) from glandless cotton seed . C oconut pro
tein was prepared by precipitation at pH 5.0  
after extraction o f  fresh coconuts at pH 8 (Ha- 
genmaier et al., 1972). Peanut protein was pre
cipitated at pH 4.5 after extraction o f  full-fat 
peanuts at pH 8.0  (R hee et al., 1972). Fish pro
tein concentrate was prepared from deboned  
hake by hot isopropyl alcohol extraction (Aber
deen Pilot Plant). Sunflow er protein was pre
pared by the m ethod o f  Gheyasuddin et al.
(1 9 7 0 ) by extraction at pH 10.5 and precipita
tion at pH 5 .0 , w ithout the alcohol wash.

The peanut and coconut sam ples were ini
tially rather high in oil content (8% and 25%), 
and were consequently hexane extracted to 
achieve oil contents o f  less than 1%. All samples 
were subjected to extended dialysis to remove 
hydrophilic salts. The pH values o f  the liquid 
suspensions were adjusted to the desired value 
and the entire suspension freeze dried in each 
case. Total nitrogen and amide nitrogen con
tents o f  all freeze-dried sam ples were measured 
and the results are included in Table 1.
Methods

Water binding was measured as weight up
take after exposure o f  the dry protein sample 
to water vapor o f  84% relative hum idity (over 
saturated KC1), after the m ethod o f  Mellon et 
al. (1 9 4 7 ) . Our m easurem ents showed that 
equilibrium was achieved within 24 hr. Meas
urem ents o f  weight uptake were consequently  
made after 2 4 - 4 8  hr o f  equilibration. The 
reported results are the averages o f  measure
m ents made on at least three different samples

o f  each protein. All protein samples remained 
in the solid state after equilibration: they did 
not form glasses or solutions.

Protein solubility was measured in separate 
experim ents. T o measure solubility the freeze- 
dried protein sample was added to water to 
make a 1% suspension, the pH maintained at 
the desired value for 45 min (w ith interm ittent 
stirring), then the suspensions centrifuged, fil
tered, and the dissolved protein determined  
from Kjeldahl analysis o f  the filtrate. Each 
reported solubility is the average o f  at least two  
measurem ents.

Am ide nitrogen was determ ined by the 
m ethod o f  Chibnall et al. (1 9 5 8 ).

The am ino acid contents used in calcula
tions were from the literature, w ith the excep 
tion o f  peanut and cocon u t, which were meas
ured in this laboratory. The sunflower analysis 
was from Gheyasuddin et al. (1 9 7 0 ); the cot
tonseed analyses were from Martinez et al. 
(19 70); the soybean was averaged from several 
sources: com pany literature, Circle and John
son (1 9 5 8 ) and FAO (1 9 7 0 ) . The eggwhite,

casein and fish analyses were from FAO (19 7 0 ), 
and the serum albumin results were from Spahr 
and Edsall (1 9 6 4 ).

RESULTS
THE DA TA in Table 1 give th e  m easured 
values fo r am ide n itrogen  and to ta l n itro 
gen. Also show n are the  values for w ater 
adsorbed  by p ro te in  sam ples ad justed  to  
pH 6 .0  be fo re  freeze drying , and am oun t 
o f p ro te in  dissolved a t pH 6 .0 . T he results 
are arranged in Table 1 so th a t the  first 
seven en tries are oilseed p ro te in s and the  
last fou r are an im al p ro teins.

T he da ta  in Table 2 reflect th e  influ
ence o f pH o n  w ater b ind ing and solu
bility . F o r th e  w ater b ind ing resu lts , the 
pH values perta in  to  the aqueous suspen
sions th a t were freeze dried  to  give the 
dry p ro te in  sam ples. F o r the  so lub ility  ex 
perim ents, the pH values perta in  to  aque-

Table 2 —Effect o f  p H  on water binding and solubility

Bound water ( g /16g N )a % o f  Protein dissolved11
Protein sample pH 4.5 pH 6.0 pH 7.5 pH 4.5 pH 6.0 pH 7.5

C ottonseed II 15.6 16.0 16.4 20 5 30
Soybean (Promine D) 18.9 19.2 21.6 5 22 57
Casein 21.1 21.6 26.4 5 90 97

a A t 84%  re la tiv e  h u m id ity , s ta n d a rd  d e v ia tio n  is 0 .7 . 
b ln  1% a q u eo u s  su sp en s io n , s ta n d a rd  d ev ia tio n  is 3%.

Table 1-W ater bound at 84% relative hum idity, nitrogen analyses o f  dry samples and protein  
solubility in 1% aqueous suspension

Protein sample

Bound water 
/g  water \a 
\ 16g N/

% N o f  
dry sample*5

% o f  N which  
is amide N c

% o f  protein  
dissolved at pH 6 .0 d

C ottonseed isolate I 22.4 15.7 11.9 84
C oconut 21 .6 15.8 6.5 37
Soybean  

“ Profam 90 /H S ” 20.3 15.5 8.7 40
“ Promine D ” 19.2 16.2 9.7 22

Peanut 17.4 17.1 10.1 48
Sunflower 17.3 16.5 11.4 8
C ottonseed isolate II 16.0 18.0 9.2 5
Serum albumin 29.5 15.7 4.1 100
Egg white 24 .0 15.4 7.0 94
Casein 21 .6 15.5 8.6 90
Fish (FPC) 21 .0 16.4 5.5 6

“S ta n d a rd  d e v ia tio n  is 0 .7 . c S ta n d a rd  d ev ia tio n  is 0 .2 .
'’S ta n d a rd  d e v ia tio n  is 0 .1 . ^ S ta n d a rd  d e v ia tio n  is 2 .5 .
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HYDROPHILIC MINUS AMIDE (M oles / «  g N)

Fig. 1 —Dependence o f water binding o f p ro 
teins on moles o f hydrophilic groups minus 
moles o f  amide groups for (1) Cottonseed II ;  
(2) Sunflow er; (3) Peanut; (4) Soybean (Pro 
Fam 90/H S); (5) Casein; (6) Coconut; (7) Egg 
white; (8) Cottonseed I ;  (9) Fish and (10) Se
rum albumin.

ous suspensions in w hich so lub ility  was 
m easured. All pH values are accurate  to  
± 0 .2  pH units.

DISCUSSION
THE R ESU LTS in T able 1 ind icate  th a t 
the  an im al p ro te in s  are generally low er in 
am ide n itrogen  and bind m ore w ater th an  
th e  oilseed p ro te in s. The anim al p ro te in s 
are also generally  m ore so lu b le—w ith  the  
ex cep tio n  o f  th e  fish sam ple, w hich is 
considered  to  be a den a tu red  p ro te in . The 
ranking o f  th e  oilseed p ro te in s  is in o rder 
o f decreasing w ater b ind ing. This ranking 
is fo r 84% relative h u m id ity , b u t should 
ho ld  at all h igh values o f  relative h um id 
ity . L ite ra tu re  values for w ater b ind ing o f 
p ro te in s  (Bull, 1944) a t d iffe ren t w ater

activities ind ica te , th a t for relative h u m id 
ities n o t g rea tly  d iffe ren t, p ro te in s  m ay 
be o rdered  accord ing  to  w ater bind ing 
capacity  at one  relative h u m id ity , and 
th a t th e  sam e o rd er ho lds at o th e r  relative 
hum idities.

The da ta  in Table 2 ind ica te  th a t pH 
(o f an aq ueou s suspension  o f th e  p ro te in  
sam ple) has little  effec t on  w ater ad so rp 
tion . The p ro te in  so lub ility , on  th e  o th e r 
hand , show s th e  ex pec ted ly  large d ep en d 
ence o n  pH. This co n tra stin g  depend ence 
on  pH ind icates  th a t th e re  is n o t a good 
co rre la tio n  b e tw een  w a ter b ind ing  and 
p ro te in  so lub ility .

T he am ino  acid c o n ten ts  and am ide 
n itrogen  values w ere used to  calcu late  
th e  am o u n t o f hy d ro ph ilic  groups o f 
th e  d iffe ren t p ro te in s. T he hy d ro ph ilic  
groups w ere tak en  as h y d ro x y l plus car
box y l plus basic groups. It should  be 
po in ted  o u t th a t p ro te in  carb ox y l groups 
are n o t m erely  th e  sum  o f g lu tam ic acid 
and aspartic  acid values as norm ally  re
po rted  in am ino  acid analyses, because 
these values norm ally  inc lude the ir 
am ides, g lu tam ine and asparagine. The 
am ide n itrogen  m ust be su b trac ted  o u t to  
give th e  tru e  aspartic  and g lu tam ic acid 
co n ten ts . F or th e  da ta  in Figure 1 the  
nu m ber o f  am ide groups is su b trac ted  ou t 
a second  tim e so th a t “ h y d ro p h ilic  m inus 
am ide g roup s” is d o u b ly  d ep en d en t on 
the  am o u n t o f am ide n itrogen .

T he da ta  in F igure 1 ind icate  th a t the  
trend  is fo r increased w ater b ind ing w ith 
larger values o f  h y d ro p h ilic  m inus am ide 
groups. This re la tio nsh ip  was first n o ted  
by Bull and Breese (1 96 8 ). This d ep en d 
ence on  am ide n itrogen  is especially 
significant fo r th e  oilseed p ro te in s, be
cause o f  the ir generally  large am o u n t o f

am ide n itrogen . T he da ta  suggest that 
d eam id a tio n  o f  th e  oilseed p ro te in s  might 
sub stan tia lly  increase th e ir  w ater binding 
p o te n tia l, and co n seq u en tly  render these 
p ro te in s  m ore valuable for food  applica
tions th a t dem and  a m ore hygroscopic 
p ro te in .
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A Research Note
IMPLICATION OF Bacillus subtilis IN TH E SYN TH ESIS OF TETR A M ETH Y LPY R A Z IN E  

DURING FERM EN TATIO N  OF COCOA BEANS

INTRODUCTION
A L K Y L PY R A Z IN E S are im p o rta n t co n 
trib u to rs  to  flavor in m any food  p ro d 
ucts. A lthough  m ajor em phasis has been 
given to  pyraz ines therm ally  genera ted  in 
roasted o r fried foods, pyrazine hom ologs 
have been rep o rted  in n o n h ea ted  foods. 
As an ex am ple , 2 -m eth o xy -3 -isob u ty lpy ra- 
zine was id en tified  as a na tu ra l c o n s titu 
ent o f bell peppers (B u tte ry  et al., 1969) 
and te tram e th y lp y raz in e  (TM P) was 
found  in several fe rm en ted  foods inc lud 
ing N a tto  (fe rm en ted  soybeans), vinegar, 
wine and beer (K osuge et al., 1969). A 
strain  o f  Bacillus was responsib le  fo r the 
TMP in N a tto . O th er genera no tab ly  
Aspergillus, A ce to b a c te r  and Saccharo- 
myces, m ay be im p o rta n t to  TM P sy n th e 
sis in o th e r  p ro d u c ts  (K osuge and Ka- 
miya, 1962; Kosuge e t al., 1969).

B. sub tilis  is o f  p a rticu la r in te re st in 
cocoa bean fe rm en ta tio n  since in the 
la tte r stages o f fe rm en ta tio n , it and o th e r  
bacilli d o m ina te  the m icrobial pop u la tio n  
(O stovar, 1971). Q u an tita tiv e  s tud ies of 
R eineccius et al. (1 9 7 2 ) show ed TMP as 
the only  pyraz ine in un ro asted  cocoa 
beans and then  only  in sam ples from  
countries w hich trad itio n a lly  ex p o rt a 
w ell-ferm ented crop. R oasting  stud ies re 
vealed th a t TMP was the m ost easily 
heat-genera ted  pyrazine in b o th  fe rm en t
ed and u n fe rm en ted  sam ples o f cocoa 
beans.

A lthough  ch o co la te  flavor does no t 
becom e ev iden t un til the beans are ro a s t
ed, fe rm en ta tio n  a fte r harvesting  and 
opening o f  th e  pods is considered  neces
sary fo r the  fo rm a tio n  o f the flavor 
precursors. T he s tu d y , repo rted  here in , 
on TMP fo rm atio n  in cocoa beans was 
undertaken to  c o n trib u te  a m ore th o r 
ough u n d erstan d in g  o f th is im p o rta n t 
process.

EXPERIMENTAL
TO DETERMINE if TMP concentration in co
coa beans could be related to the B. subtilis 
population sam ples taken at various stages dur
ing the ferm entation o f  cocoa beans in Brazil 
and Trinidad were obtained. The Brazilian 
beans were dried prior to shipm ent, but the 
samples from Trinidad were transported via air 
freight to  the laboratory in an undried state so 
that Bacillus populations could be approxi
mated and com pared. The unavoidable time 
delay involved in the Trinidad shipm ent was

recognized as a com plicating factor in the inter
pretation o f  data. Nevertheless, it was assumed 
that relative com parisons would be meaningful.

TMP analysis was according to the GLC 
m ethod o f  Reineccius et al. (1 9 7 2 ) except that 
the size o f  sample was increased from 30g to 
lOOg. Sam ples were extracted with diethyl 
ether in a colum n or with a continuous extrac
tor. An internal standard was then added and 
the ether extracted with pH 1 water. The aque
ous phase was then adjusted to pH 8.3 to make 
the pyrazines insoluble in water. Dichlorom eth- 
ane was used to extract the pyrazines from the 
water. The extract was dried over anhydrous 
Na2SO„. Sam ples were chrom atographed on a 
10 ft X 1/8 in. Carbowax 20M colum n pro
grammed from 60 to 190°C  at 4°C per m inute.

RESULTS & DISCUSSION
RESULTS o f the analyses fo r TMP co n 
cen tra tio n  in cocoa beans and B. subtilis  
p op u la tion  at various stages o f fe rm en ta 
tion  are p resen ted  graphically  in F igure 1. 
TMP increased alm ost linearly  w ith  fer
m en ta tio n  tim e in b o th  the Brazilian and 
T rin idad  sam ples. T he p lo t o f log nu m ber
B. sub tilis  cells show ed a sim ilar linear 
increase w hich suggested the possibility  
o f m icrob ial syn thesis  o f the  TMP found  
in fe rm en ted  cocoa beans.

Evidence w hich im plicates B. subtilis

in the syn thesis o f TM P was ob ta ined  
th roug h  in v itro  studies. A stra in  o f B. 
subtilis  iso lated  by O stovar (1 9 7 1 ) from  a 
ferm en ting  mass o f cocoa beans in T rin i
dad, was cu ltu red  fo r 4 days a t 45°C  on 
the sy n th e tic  m edium  described by K o
suge and K am iya (1 9 6 2 ). Follow ing  incu
ba tion  TMP co n cen tra tio n  was d e te r
m ined by GLC a fte r  recovery from  the 
aqueous cu ltu re  by co n tin u o u s, liquid- 
liquid ex trac tio n  w tih  d ie thy l e ther.

Q u an tita tio n  o f TM P on dup licate  
sam ples o f the  Bacillus cu ltu re  y ielded 
141 and 154 /ig /m l o f m edia w ith  viable 
cell co u n ts  o f 21 and 22 x  106 respec
tively. TMP p ro d u c tio n  was thus 6 x  1CT7 
jug/cell. M icrobial syn thesis involving B. 
subtilis  s tra in  from  cocoa was su b s tan ti
ated  by the find ing  th a t in cu b a tio n  o f 
u n in o cu la ted  sterile m edia y ie lded  no 
d e tec tab le  TMP.

The g rea ter ap p aren t TMP p ro du c tion  
in the sy n th e tic  m edia co m pared  to  fer
m enting  cocoa beans can be logically 
a ttr ib u te d  to  en v iro n m en ta l variables. An 
illu s tra tion  o f th is was the low er TMP 
values o b ta in ed  w ith  the sy n th e tic  m edia 
w hen the  pH was ad justed  from  6.6  to
4.5 w hich is m ore typ ica l o f ferm en ting  
cocoa beans. A fte r in cu b a tio n  the pH was

Fermentation time (days)
Fig. 1—Changes in B. subtilis population and tetramethylpyrazine con
centration during fermentation o f  cocoa beans. No detectable TM P at 0  
days fermentation in either Trinidad or Brazilian beans.

VOLUME 37 ( 1972)—JOURNAL OF FOOD SCIENCE-967



968-JOURNAL OF FOOD SCIENCE-Volume 37 (1972)
again 6 .6 ; how ever, TM P p ro d u c tio n  was 
reduced  to  73 Atg/ml.

T racer techn iqu es u tiliz ing  un ifo rm ly  
labeled ca rbon-14  glucose added  to  u n fe r
m en ted  beans during an in v itro  fe rm en ta 
tio n  in  ou r lab o ra to ry  show ed labeled 
TMP only  w hen cell g row th  occurred  
during in cu b a tio n . A d d ition  o f 100 ,000 
u n its  o f penicillin  resu lted  in  no  viable 
cells o r TMP a fte r  in cu b a tio n . This is 
co nsisten t w ith  th e  da ta  o f  K oehler e t al.
(1 9 6 9 ) w hich suggested th a t the  carb on  
ato m s o f the  therm ally -genera ted  pyra- 
zines com e fro m  sugar m oieties. Also van 
Pragg e t al. (1 9 6 8 ) show ed th a t sugars are 
fragm ented  to  form  in te rm ed ia te s  such  as 
ace to in , 2 ,3 -bu taned io l and  pyruvalde- 
hyde w hich th en  condense w ith  am ino  
acids a n d /o r  am m onia  to  form  m ethyl- 
su b s titu ted  pyrazines. I t is well know n 
th a t B. sub tilis  and o th e r  m icroorganism s 
are able to  p roduce large am o u n ts  o f

aceto in  and am m o n ia  w hich m ay be the 
p recursors o f TM P as p ro po sed  by Kosuge 
e t al. (1 9 6 9 ).

C onversion o f these in te rm ed ia te s  to  
TMP could  be enzym atica lly  o r therm ally  
induced . T he ce n te r  o f a fe rm en tin g  mass 
o f cocoa beans m ay exceed  50°C .

The level o f TMP in  u n ro asted  beans 
m ay be o f  p rac tical im p o rtan ce  to  the 
ch oco la te  m an u fac tu re r in  th a t it could 
be used as an index  o f  th e  degree o f 
fe rm en ta tio n  and the  p o te n tia l q u a lity  o f 
the  beans p rio r to  roasting .
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A Research Note
E F F E C T S  OF LIG H T AND TEM PERA TU R E ON TH E FORMATION  

OF SOLANINE IN POTATO SLIC ES

INTRODUCTION
SO LA N IN E, a g lycoalkalo id , occurs in 
p o ta to  tub e rs  in variable am o u n ts  de
pending  u po n  the varie ty , stage o f  devel
op m en t and th e  en v iro nm en ta l co n d i
tions. An increased am o u n t o f  so lanine in 
tubers  resu lts  fro m  light exposures (C o n 
ner, 193 7 ; Gull and Isenberg, 1958, 1960; 
L iljem ark and W idoff, 1960; Patil e t ah, 
1971). The peeling o f  such tub e rs  re
moves ab o u t one -th ird  o f the  to ta l g lyco
alkalo id  b u t residual a m o u n t is still high 
enough  to  rend er p o ta to es  unpala tab le  
and unsafe fo r fo od  co n su m p tio n  (Z it- 
nak, 1961). In recen t years, in ten sifica 
tio n  o f b itte r  taste  and so lan ine poison ing 
o f p o ta to e s  have been associated  w ith  
technological developm ents . In m ost 
su p erm ark e ts , p o ta to e s  are d isplayed 
u n d er artific ial light to  appeal to  cus
tom ers or, in m any instances, p o ta to  
slices are held fo r hou rs in the processing 
p lants th a t are flo od ed  w ith  high in te n 
sity  lights. These can stim u la te  the  fo rm a
tio n  o f so lan ine in p o ta to e s  and raw  
p o ta to  p rodu cts .

Since little  is know n a b o u t the  effects  
o f light and tem p era tu re  on solanine 
fo rm a tio n  in p o ta to  slices, th is s tu d y  was 
un d ertak en .

lated  the fo rm a tio n  o f  so lanine. A fte r 48 
h r at 24°C  in the  dark , the  solanine 
co n ten t reached  a co n cen tra tio n  o f 2.05 
mg per 1 OOg slices. This is seven tim es as 
m uch as th a t in the  original (zero-tim e) 
sam ple. A n o th e r fac t to  be n o ted  from  
Figure 1 is the  increasing ra te  o f solanine 
synthesis in the la te r  stage. It cou ld ,

th e re fo re , be assum ed th a t p o ta to  slices 
require  an in d u c tio n  period  fo r solanine 
synthesis.

A considerable d ifference in solanine 
co n ten t be tw een  p o ta to  slices in co ld  (0° 
and 8°C ) and w arm  (1 5 °  and 24°C ) 
storage u n d er light is illu s tra ted  in Figure
2. T he la tte r  show ed a relatively high

Fig. 1—Effe ct o f temperature on solanine formation in potato slices 
stored in dark.

EXPERIMENTAL
RUSSET BURBANK potato tubers o f  uniform  
size were w ashed, peeled and then cut in to 0.7  
x  0.7 x  5 cm slices. Such slices were divided  
into tw o groups: one was stored in the dark and 
the other was exposed to 200 ft-c (18 .5  lux) 
fluorescent light. Each was subjected to four 
temperature treatments: 0 ° , 8° , 15° and 24°C  
at 9 0 -9 5 %  R.H. There were three replications 
for each treatm ent and each replication con
sisted o f  40 0g  o f  slices. A sample was taken 
every 1 2 hr and the experim ent ended in 48 hr. 
The m ethod o f  solanine extraction and deter
m ination was that o f  Gull and Isenberg (19 60). 
The analysis o f  variance was made and the 
means were com pared according to T ukey’s 
co-procedure (Steel and Torrie, 1960).

RESULTS & DISCUSSION
AS SHOWN in Figure 1, tem p era tu re  
affec ted  the  level o f so lan ine in p o ta to  
slices. At low  tem p era tu res  (0° and 8°C) 
there was a slow  b u t significant increase 
in so lan ine co n te n t du ring  a 48-h r period 
in the dark  w hile the  storage tem p era 
tu res o f  1 5° and 24°C  vigorously stim u-

Fig. 2 - E f f e c t  o f  light exposure (200 ft-c) on solanine formation in 
potato slices at different temperatures.
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am o u n t com pared  to  th e  fo rm er. In the
48-hr exposure to  200  ft-c light a t 24°C , 
the  solanine co n cen tra tio n  increased up 
to  7.4 mg per 100g slices. In general, light 
increased the  ra te  o f synthesis o f so lanine 
nearly  th ree to  fo u r tim es m ore than  
dark. H ow ever, the  am o u n t o f  solanine in 
the early  and late stages fo llow ed a 
sim ilar co rre la tion  th a t was observed in 
the d ark  storage.

The ex perim en ta l evidence p resen ted  
in th is w ork  establishes the  fact th a t light 
and relatively high storage tem pera tu res  
stim ula te  solanine b iosyn thesis  in p o ta to  
slices, a basically w ounded  tissue. The 
p ro d u c tio n  o f so lanine has been rep o rted  
by M cKee (1 9 5 5 ) in w o unded  po ta toes. 
Perhaps th is m ay be a form  of a physi
ological defense m echanism  in tubers  or 
in slices w hen exposed  to  stress such as

high light in ten sity  in grocery s to res or 
w ounding  as in the case o f slices o r strips 
p repared  fo r chips and F ren ch  fries. In 
m any instances, in p o ta to  processing 
p lan ts, slices, cubes, m ash, strings, strip s, 
shreds and o the rs  are s to red  o r held  at 
relatively high light in ten sity  and tem p er
a tu re  fo r som e tim e befo re co ok ing  or 
deh y d ra tio n . This m ay cause syn thesis 
and su bsequ en t accum u la tio n  o f so lanine 
w hich can n o t be d estroy ed  during co o k 
ing, baking o r fry ing. T h erefo re , the  only  
effective m eans o f avoiding high co n cen 
tra tio n s  o f so lanine in p o ta to  p ro d u c ts  is 
to  process slices, s trips o r o th e r  p ro du cts  
as soon as th ey  are p repared.

REFERENCES
C o n n e r, N .W . 1 9 3 7 . T h e  e f fe c t  o f  l ig h t o n  

so la n in e  s y n th e s is  in  th e  p o ta to  tu b e rs .

P la n t P h y s io l. 12: 79 .
G ull, D .D . a n d  Ise n b e rg , F .M . 1 9 5 8 . L ig h t b u rn  

a n d  o ff-fla v o r d e v e lo p m e n t in  p o ta to  tu b e rs  
ex p o se d  to  f lu o re s c e n t  lig h t. P ro c . A m er. S oc . H o r t. Sc i. 7 1 : 4 4 6 .

G ull, D .D . a n d  Ise n b e rg , F .M . 1 9 6 0 . C h lo ro 
p h y ll  a n d  so la n in e  c o n te n t  a n d  d is t r ib u t io n  
in  fo u r  v a rie tie s  o f  p o ta to  tu b e rs . P roc . A m er. S oc . H o rt. Sci. 7 5 : 5 4 5 .

L iljem ark , A. an d  W idoff, E . 1 9 6 0 . G reen in g  
a n d  so la n in e  d e v e lo p m e n t o f  w h ite  p o ta to e s  in  f lu o re s c e n t  lig h t. A m . P o ta to  J . 3 7 : 3 7 9 .

M cK ee, R .K . 1 9 5 5 . H o s t p a ra s ite  re la tio n s h ip s  
in  th e  d ry - ro t  d isease  o f  p o ta to e s .  A n n . A p p l. B iol. 4 3 : 1 47 .

P a til, B .C ., S a lu n k h e , D .K . an d  S in g h , B. 1 9 7 1 . 
M e tab o lism  o f  so la n in e  a n d  c h lo ro p h y l l  in 
p o ta to  tu b e rs  as a f fe c te d  b y  lig h t a n d  sp e 
c ific  ch em ica ls . J .  F o o d  Sci. 3 6 : 4 7 4 .

S tee l, R .G .D . a n d  T o rr ie , J .H . 1 9 6 0 . “ P rin c ip le s  
a n d  P ro c e d u re s  o f  S ta tis t ic s .”  M cG raw -H ill 
B o o k  C o ., In c ., N ew  Y o rk .

Z itn a k , A . 1 9 6 1 . T h e  o c c u rre n c e  a n d  d is tr ib u 
t io n  o f  free  a lk a lo id  so la n id in e  in  N e tte d  
G em  p o ta to e s . C an . J .  B io ch e m . P h y s io l. 3 9 : 1 2 5 7 .

Ms re ce iv ed  7 /3 /7 2 ;  rev ised  7 /3 1 /7 2 ;  a c c e p te d8 /3 /7 2 .



K. G. G U P TA , R A J IN D E R  S ID H U  and N. K. Y  A D  A V  
Dept. o f  M icrobiology, Pan jab University, Chandigarh-14, India

A Research Note
E F F E C T  OF V A RIO U S SUGARS AND TH EIR  D ER IV A T IV ES  UPON THE  

GERM INATION OF Bacillus SPORES IN TH E PRESEN CE OF NISIN

INTRODUCTION
D U R IN G  TH E  PROCESS of spore germ i
n a tio n  there  is very little  u tiliza tion  o f 
ex ogen ous substra tes  (G ou ld , 1969). 
H ow ever, th e  in h ib ition  o f spore germ i
n a tio n  has been show n to  be in fluenced  
by a n um ber o f m e tabo lite s. A m ong 
various m e tabo lite s  having such qu a lity , 
the  role o f  am ino  acids (H erm ier, 1962; 
M artin and H arper, 1963; G ould  and 
King, 1966; Seregin, 1968) and sugars 
(T h orley  and W olf, 1961; H yatt and 
Levinson, 1964; F o e rs te r and F oster,
1966) is well d o cu m en ted . Since som e 
k inds o f am ino  acids and sugars are 
alw ays presen t in m ost foods, the  use of 
nisin as a food  preservative (H all, 1966) 
m ust tak e  in to  accoun t th e  in fluence o f 
such m e tab o lite s  on the germ ination  o f 
bacterial spores. A prelim inary  re p o r t on 
the e ffec t o f som e ca rb o h y d ra tes  on the 
germ ination  o f  Bacillus spores bo th  in the 
presence and absence o f nisin is p re 
sented .

MATERIALS & METHODS
Organisms, media and materials

The strains o f  Bacillus stearothermophilus, 
Bacillus cereus and Bacillus megatcrium , nutri
ent agar and nisin were the same as used previ
ously (Gupta et al., 1971).
Preparation and counting of spores

The m ethod o f  spore preparation was identi
cal to that o f  Thorpe (1 9 6 0 ) and Tramer and 
Fowler (1 9 6 4 ). The number o f  spores was de
termined m icroscopically after staining as fo l
lows: The spore suspension was diluted and 
0.01 ml suspension was spread evenly on 1 sq 
cm area on the m icroscope slide. This prepara
tion was stained with malachite green. The 
number o f  spores per field was determ ined by 
calculating the number o f  spores in 1 sq cm and 
m ultiplying by the dilution factor. The initial 
spore concentration was 108 /m l.
Germination of spores

The minimal m edium  used for spore germi
nation was the same given by Gupta et al. 
(1 9 7 1 ). The sugars and their derivatives used in 
this study are given in Tables 1 and 2. To 9 .0  
ml o f  minimal m edium containing 0.1M  of  
sugar, 1.0 ml o f  spore suspension was added. 
The tubes were incubated for 24 hr at 30°C  for
B. cereus and B. megaterium , and at 37°C  
for B. stearothermophilus. The ungerminated  
spores present at the end o f  the incubation peri
od were counted and the percent spore germ i
nation determ ined.

RESULTS & DISCUSSION
E ffect o f m on osacch arides and 
their derivatives

T he germ inative response o f Bacillus 
spores to  m on osacch arides and th e ir de
rivatives is show n in Table 1. In the 
absence o f nisin , sugars s tim u la ted  ab o u t 
2 0 -4 7 %  spore germ in ation . G lucose was 
invariably the  best s tim u lan t, b u t o th e r 
sugars had sim ilar effec ts  on the germ i
n a tio n  o f spores o f Bacillus species. Arab- 
inose, m ann ito l and fru ctose  were the 
best s tim u lan ts  fo r  the  germ in ation  of 
spores o f B. spearotherm ophilus', ribose, 
sorbose, arab inose and fru ctose  were best 
fo r B. cereu s ; and arb u tin  and fru ctose 
were best s tim u lan ts  fo r spores o f B. 
m egaterium .

In th e  presence o f 100 /lg /m l o f nisin, 
only 3 —20% germ in ation  was observed. 
The sugars w hich were pow erfu l s tim u 

lan ts in the  absence o f  nisin were also 
highly effective in the  presence o f nisin. 
Sorbose, arab inose and glucose s tim u la ted  
spore germ in ation  ab o u t 15—20%. O th er 
sugars were less effective. The m inim al 
m edium  did n o t su p p o rt any spore germ i
n a tio n  in  the  presence o f nisin.
E ffect o f d i, tr i an d  polysaccharides

As show n in Table 2, all sugars tested  
induced  spore germ ination  in the  absence 
o f nisin. Sucrose was the  best inducer 
(ab o u t 50% g erm in a tio n ); o th e r  sugars 
appeared  to  ac t specifically : m elibiose, 
inulin  and glycogen were good fo r B. 
stearo therm ophilus', lac tose , inulin  and 
glycogen fo r B. cereus', and lac tose , glyco
gen and m elibiose for B. m egaterium  
spore germ ination .

G erm ination  response o f all th e  test 
organism s was significan tly  low er in the 
presence o f nisin (100  jug/ml). The only

Table 1 —Effe ct o f  monosaccharides and their derivatives on the germination o f  Bacillus spores 
both in the presence and absence o f  nisin

Percent spore germ ination after 24 hrb
(0.1 M) (Mg/ml) B. stearothermophilusc B. cereusd B. megaterium'

Basal m edium e 0 3.2 4.0 3.5
100 0.0 0.0 0.0

Ribose 0 23.3 30 .0 25.3
100 3.3 5.0 3.0

Mannose 0 26.3 22.3 28.3
100 9.6 15.8 8.2

Sorbose 0 41.1 33.0 29 .2
100 17.5 15.1 20.3

Arabinose 0 32.3 31.3 25 .0
100 18.8 18.1 15.8

Glucose 0 47 .3 46 .0 47 .0
100 18.4 21.7 18.7

Mannitol 0 34.3 25 .0 28 .0
100 13.4 6.6 17.4

Arbutin 0 23.4 21.3 30.4
100 10.1 9.2 3.0

Mucic acid 0 13.9 17.6 25.1
100 7.3 6.2 2.9

Glucuronic 0 - 18.3 16.0
acid 100 - 6.2 3.0

a l 0 6 units per g
^D eterm ined  by d irec t m icroscopic observation  
c In cub ated  at 37°C 
d Incub ated  at 30°C
eMinimal m edium  to  w hich various test com pou nds were added
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Table 2 —Effect o f  di, tri and polysaccharides on the germination o f  Bacillus spores in the 

presence and absence o f nisin

Sugar Nisina Percent spore germ ination after 24 hr11
(0.1M ) (Mg/ml) B. stearotherm ophilusc B. cereusd B. megater

Basal m edium “ 0 3.2 4 .0 3.5
100 0.0 0.0 0.0

Raffinose 0 9.8 25 .2 15.3
100 3.3 6.2 6.2

Sucrose 0 50 .0 52.1 50.1
100 26.2 21 .8 21.6

Lactose 0 21.1 42.1 42 .7
100 12.8 15.9 15.0

Melibiose 0 30.4 15.8 38 .0
100 22.3 18.0 11.2

Inulin 0 38.0 36.2 26 .6
100 28.3 31.1 36.1

Glycogen 0 34.5 28.7 33 .0
100 3.6 4.0 3.0

a 10 6 u n its  pe r g
“ D e te rm in e d  b y  d irec t m ic ro sco p ic  o b se rv a tio n  
“ in c u b a te d  a t 3 7 ° C 
“ In c u b a te d  a t 30° C
“ M inim al m ed iu m  to  w h ich  v a rio u s  te s t c o m p o u n d s  w ere  a d d ed

sugars having a fairly  s tim u la to ry  effect 
were sucrose, lac tose and inu lin  (1 5 -2 0 %  
germ in ation).

F rom  this s tu d y , it can be concluded  
th a t the efficiency o f nisin as a food  
preservative is sign ifican tly  a ffec ted  by 
tw o  facto rs: the  k inds o f Bacillus  species 
spores p resen t, and the  k inds and na tu re  
o f m e tabo lite s  co n ta ined  by th e  food. 
T he varia tion  in the  spore germ ination  
am ong Bacillus species is ev iden t from  the 
s tud y  o f  S tedm an  (1 9 5 6 ). T horley  and 
W olf (1 9 6 1 ) rep o rte d  th a t spores o f B. 
m egaterium  and B. sub tilis  respond ed  to

glucose b u t n o t B. cereus and B. licheni- 
fo rm is . On the  o th e r  h and , B. cereus T 
spores germ in ated  in glucose and g lucon
ate  m edia (H alvorson and C hurch , 1957). 
In ou r s tu d y , n o t on ly  B. cereus spores 
b u t also B. s tea ro th erm o p h ilu s  and B. 
m egaterium  spores gave as m uch  as 50% 
spore germ in ation  in glucose and sucrose 
m edia. T he efficacy  o f the  sugars to  
induce spore germ in ation  o f  B. m egateri
um  was s tud ied  by H y a tt and Levinson 
(1 964 ). T hey  fo un d  glucose and its deriv
atives su p p o rte d  appreciab le  germ in ation  
at low  co n cen tra tio n  b u t o th e r  sugars like

fru ctose  and sorbose indu ced  spore germi
n a tio n  at high co n cen tra tio n s .
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I n s t i t u t e  o f  F o o d  T e c h n o l o g i s t s

The Institute of Food Technologists is a professional society of 
scientists, engineers, educators and executives in the field of food tech
nology. Food technologists are professionals who apply science and 
engineering to the research, production, processing, packaging, distri
bution, preparation, evaluation and utilization of foods. Individuals 
who are qualified by education, special training or experience are ex
tended an invitation to join in professional association with the select 
group of the food industry’s scientific and technological personnel who 
are Institute members. Membership is worth many times its modest 
cost, reflecting positive benefits, stimulation and opportunities for the 
individual in his business or profession.
OBJECTIVES

The Institute, as a non-profit, professional, educational society, has 
several major aims: to stimulate investigations into technological food 
problems; to present, discuss and publish the results of such investiga
tions, to raise the educational standards of Food Technologists; and to 
promote recognition of the scientific approach to food and the basic 
role of the Food Technologists in industry. All of these activities have 
the ultimate objective to provide the best possible foods for mankind.
ORGANIZATION AND PROGRESS

Organized July 1, 1939, at Cambridge, Mass., with a membership of 
less than 100, the Institute has grown to more than 11,000. It is world
wide in scope with almost 2,000 of its membership overseas.
QUALIFICATIONS FOR MEMBERSHIP

Professional Members. Any person who meets the following min
imum requirements by training and experience in food technology: (1) 
Bachelor’s degree or higher from a college or university in which he has 
majored in one or more of the sciences or branches of engineering 
associated with food technology; (2) Five years of professional experi
ence in food technology, for which a master’s degree may be presented 
as the equivalent of one year’s experience; a doctor’s degree, the equiva
lent to three years’ experience.

Members. Any person who is active in any aspect of the food in
dustry and who evidences interest in supporting the objectives of the 
Institute.

Student Members. Any person who is registered as a student in an 
educational institution and who is actively pursuing candidacy for an 
Associate Degree or higher in one or more of the sciences or branches 
of engineering associated with food technology shall be eligible for 
membership as a Student Member. He may remain a Student Member 
until the end of the calendar year in which he completes his schooling.

Fellows. Any Professional Member who has been active for at least 
ten years and who has been nominated by the 1FT Committee on 
Fellows for outstanding contributions to the field of food science/ 
technology is eligible to be elected a Fellow of the Institute by the IFT 
Council.
DUES

Professional Members and Members-$20 a year; includes subscrip
tion to Food Technology and IFT World/Directory <£ Guide: option to 
subscribe to the Journal o f  Food Science at members’ special rate of 
$10. Student Members-$5 a year; includes subscription to one IFT 
journal, IFT World/Directory & Guide, and option to subscribe to the 
other journal at $5. Emeritus Members-no dues; option to subscribe to 
either journal at $5 each.
PUBLICATIONS

The Institute publishes two journals. Food Technology, issued 
monthly, is the official journal of the Institute. The Journal o f  Food 
Science, issued bimonthly, is devoted to basic and applied research 
papers on fundamental food components and processes. In addition, an 
IFT World/Directory & Guide is published annually.
REGIONAL SECTIONS

Where 25 or more members live within commuting distance of a 
given point, a regional section may be established. Meetings can be held 
at more frequent intervals by such groups. Presently, there are 43 re
gional sections.
DIVISIONS

Where 50 or more members of the Institute have a common interest 
in a particular broad-based discipline of food technology, they may 
form a division. There arc presently five divisions serving the areas of 
Carbohydrates, Food Service, Quality Assurance, Refrigerated and 
Frozen Foods, and Sensory Evaluation.

STUDENT CHAPTERS
An IFT Student Chapter certificate may be granted to a group of 

students enrolled in the food  science and technology curriculum in a 
particular school w ho have organized to form a student club. There are 
15 student chapters.
A FFIL IA TE ORGANIZATIONS

Affiliate certificates may be granted to food technology organiza
tions outside the U .S.A. There are currently nine chartered affiliate 
organizations.
ANNUAL MEETINGS

An Annual Meeting o f  the Institute provides a specially-organized 
technical program, awards program, and industrial exhib it o f  equip
ment, services, processes and ingredients. The program is designed to 
emphasize current trends and technological developm ents. Special guest 
speakers are invited.
AWARDS

The Institute adm inisters the follow ing awards:
N I C H O L A S  A P P E R T  A W A R D .  Purpose o f  this aw ard (M edal fu r

nished by the Chicago S ection , and $ 1 ,0 0 0 ) is to  h o n o r a person for 
pre-em inence in and c o n trib u tio n s  to  Food T echno logy .

B A B C O C K - H A R T  A W A R D .  Purpose o f  this aw ard ($ 1 ,0 0 0  and 
Plaque; spo nsored  by T he N u tritio n  F o u n d a tio n ) is to  h o n o r a person 
for co n trib u tio n s  to  Food T echnology th a t have im proved public  health 
through  som e aspects o f  n u tritio n  or m ore n u tritio u s  food .

I F T  I N T E R N A T I O N A L  A W A R D .  Purpose o f  this aw ard (Silver 
Salver sp o nso red  by A ustralian In s titu te  o f  F ood  Science and  T ech
nology, and $ 1 ,0 0 0 ) is to  recognize an IFT  M em ber for p ro m oting  
in te rna tiona l exchange o f  ideas in Food T echno logy .

I F T  F O O D  T E C H N O L O G Y  I N D U S T R I A L  A C H I E V E M E N T  
A W A R D .  Purpose o f  this aw ard (Plaques to  com pan y  and individuals) is 
to recognize and h o n o r the developers o f  an o u ts tan d in g  new  food 
process a n d /o r  p ro d u c t rep resen tin g  a significan t advance in the ap 
plication  o f  F ood  T echno logy  to  food p ro d u c tio n , successfully  applied  
in actual com m ercial o p era tio n .

WM. V. C R U E S S  A W A R D  F O R  E X C E L L E N C E  I N  T E A C H I N G .  
Purpose o f  th is aw ard ($ 1 ,0 0 0  and  Medal spo n so red  by the N orthern  
C alifornia S ection ) is to  recognize the te a c h e r’s role in Food T ech
nology advances.

S A M U E L  C A T E  P R E S C O T T  A W A R D  F O R  R E S E A R C H .  Purpose 
o f th is aw ard ($ 1 ,0 0 0  and  Plaque; sp o nso red  by IFT ) is to  recognize a 
research sc ien tist 35 years o f  age o r yo unger w ho  has d em o n stra ted  
o u ts tan d in g  ability  in Food Science or T echno logy  research .
FELLOW SHIPS
•  F lorasyn th  —$ 2 ,5 0 0  and plaque
•  M onsan to  —$ 1,000  and plaque
•  Nestle —T w o, each $ 1,000 and  plaque
•  P illsbury—T w o, each $ 1,000 and plaque

Purpose o f  IFT-administered Fellow ships is to encourage graduate 
work in the field o f  Food Science and T echnology directed to extend
ing or improving know ledge in som e phase o f  food  conservation, food  
production, or food  processing. Available to graduate students. 
SCHO LARSHIPS
•  Coca Cola (d o n o r: Coca Cola C o .)—Five, each $ 1 ,0 0 0  and plaque
•  R.T. F'rench (d o n o r: R.T. F rench C o.) —T w o, each $ 1 ,000 ; acco m 

panied by plaque
•  F ritzsche-D & O ’s F.H . L eon hard t Sr. M em orial (do n o r: F ritzsche-

D&O) —$ 1,000 and plaque
•  G erber (d o n o r: G erber P roducts C o .)—Six, each $ 1 ,0 0 0 ; acco m 

panied by plaque
•  A lexander E. Katz M em orial (d o n o r: F. R itte r  & C o .) —$ 1,000 and

plaque
•  M exico (donor: M exico Section o f  IFT) —$ 1 ,0 0 0  and plaque 

Purpose o f  IFT-administered Scholarships is to focus attention  on
the need for more young people in Food Science and T ech nology, and 
to encourage deserving and outstanding students to take undergraduate 
work leading to a Bachelor’s Degree in Food Science, Food Engineer
ing, or Food T echnology. Available to Juniors and Seniors w ho have 
com pleted at least one term o f  study at the institution from which they 
expect to earn a bachelor’s degree.
IF T  SCHO LARSHIPS
•  IF'T F resh m an /S o p h o m o re  Scholarsh ips —T h ir ty , each valued at

$500  plus a com plim en ta ry  sub scrip tio n  to  F o o d  T e c h n o lo g y  
during the tenu re  o f  the scho larsh ip .

Purpose o f  the IFT Scholarships is to attract and encourage worthy  
students to enter the fields o f  Food T echnology, Food Engineering, or 
Food Science. Available to incom ing college freshm en, and sopho
mores.
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shell fro z en : e ffe c t o f  f lu c tu a tin g  s to rag e  

te m p e ra tu re  on  m ic ro o rg an ism s , 865 
sliced : q u a lity  c o m p a riso n  o f  fro z en  an d  re 

fr ig e ra te d : in f lu e n c e  o f  s to rag e  an d  p ro c 
essing v a riab les, 2 3 0

sliced : re la tio n s h ip  b e tw ee n  gas c h ro m a to 
g raph ic  d a ta  an d  flavo r sco res, 2 3 4  

ten d e rn es s : e v a lu a tio n  o f  A rm o u r ten d e ro m - 
e te r  fo r  e s tim a tin g , 857 

ten d e rn es s : re la tiv e  im p o r ta n c e  o f  so m e  d e 
te rm in a n ts  o f , 341 

b e e f  b ro th
e ffe c t  o f  flav o r e n h an c e rs  on  d irec t h ead - 

sp ace  G LC  p ro file s  o f, 9 6 3
beer

c o rre la t io n  b e tw ee n  h e d o n ic  ra tin g s  an d  
c o n su m p tio n , 335 

b e e ts  (B e ta  vulgaris)
q u a n ti ta t iv e  an a ly sis  o f  b e ta c y a n in s  in , 9 3 2  

b e ta c y a n in s
q u a n ti ta t iv e  an a ly sis  o f, in  red  tab le  b e e ts , 

9 3 2
beverages, a lco h o lic

c o rre la t io n  b e tw ee n  h e d o n ic  ra tin g s  an d  
c o n su m p tio n  o f  b ee r, 335 

gas c h ro m a to g ra p h ic  analysis o f  h ead sp ace  
v o la tile s  in , 69 

beverages, n o n a lc o h o lic
d e te rm in a tio n  o f  b ro m in a te d  v eg etab le  oil 

c o n c e n tra te  in so f t d rin k s  using  a sp e 
c ific  io n  e le c tro d e , 791 

fro m  w h o le  c itru s  f ru i t  p u re e , 2 5 0  
beverages, sy n th e tic

im ita t io n  w h isk ey : o d o r  th re s h o ld s  a n d  re l
a tiv e  in te n s itie s  o f  v o la tile  a ro m a  c o m 
p o n e n ts  in , 394  

b io ch e m is try
b io ch em ica l c o n tro l sy s te m s  in  fo o d s , 503  
cell d is ru p tio n  an d  its co n se q u en c es  in fo o d  

p rocessing , 5 30
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e n zy m ic  a c tiv ity  an d  c o n tro l  as re la te d  to  

su b c e llu la r  lo c a liz a tio n , 524 
m em b ra n e  s t ru c tu re  a n d  ce llu la r d e a th  in 

b io log ical tissu e , 504
n a tu ra l en zy m e  in h ib ito rs  in p lan t tissues, 

521
o f  te a  f e rm e n ta t io n :  fo rm a tio n  o f  t-2-hex- 

enal fro m  lin o le n ic  acid , 797  
p o s th a rv es t f ru i t  p re se rv a tio n : p ro te in  s y n 

thesis , r ip en in g  a n d  se n e scen ce , 518  
p o s t-m o rte m  changes in m usc le  o f  G u lf  

sh r im p , 609
s tre ss  in th e  p o s th a rv es t cell: re sp o n se  o f  

m ito c h o n d r ia  an d  r ib o so m es , 5 13 
b io logy

b io ch e m ic a l c o n tro l  sy s te m s  in  fo o d s , 5 0 3  
cell d is ru p tio n  an d  its  c o n se q u en c es  in fo o d  

p ro cessin g , 5 30
e n zy m ic  a c tiv ity  an d  c o n tro l  as re la te d  to  

su b c e llu la r  lo c a liz a tio n , 524  
m em b ra n e  s t ru c tu re  an d  ce llu la r d e a th  in 

b io lo g ica l tis su e , 5 04
n a tu ra l e n z y m e  in h ib ito rs  in  p lan t tissues, 

521
p o s th a rv es t f ru i t  p re se rv a tio n : p ro te in  sy n 

th es is , r ip en in g  a n d  se n e scen ce , 518 
s tre ss  in th e  p o s th a rv e s t cell: re sp o n se  o f  

m ito c h o n d r ia  an d  r ib o so m es , 5 1 3 
b lan ch in g

an d  p a rtia l d ry in g  o f  fo o d s  w ith  su p e rh e a te d  
s te a m , 163 

b o n in g , h o t
an d  p o rk  ten d e rn es s , 179 

b o tu lism
sc ien tif ic  s ta tu s  su m m ary  o n , 985 

bov ine
c h an g es in  lip id  so lu b le  c a rb o n y ls  du rin g  

ag ing , 181
e ffe c t  o f  carcass su sp en s io n  o n *  sa rc o m e re  

len g th  an d  sh ea r fo rc e  o f  m ajo r m uscles, 
132

e ffe c t o f  p ro teo ly s is  on  th e  em u ls if ic a tio n  
c h a ra c te r is tic s  o f  sk e le ta l m u sc le , 27  

e ffe c t o f  p o s t-m o rte m  aging an d  s tre tc h in g  
on  th e  m ac ro m o le cu la r  p ro p e r tie s  o f  co l
lagen , 8 9 7

e ffe c t o f  so m e  p o s t-s la u g h te r  tre a tm e n ts  on 
m ech an ica l p ro p e r tie s  o f  m u sc le , 5 39 

m o le c u la r p ro p e r tie s  o f  p o s t-m o rte m  m u s
cle, 2 8 9

p h y sica l p ro p e r tie s  an d  su lfh y d ry l  c o n te n t  
o f  m usc les, 23 

b re ad m ak in g
h y d ro ly s is  o f  p h y tic  acid  in W PC, 12 

b ro w n in g
in c ling  p each es: c h a ra c te r is tic s  o f  po ly- 

p h e n o lo x id a se  re la te d  to , 2 6 4  
n o n e n z y m a tic  o f  g lucose  an d  m e th io n in e :  

so m e  re a c tio n  p ro d u c ts  f ro m , 787  
B y sso ch lam y s fulva

asci p ro d u c tio n  b y , o n  a s y n th e tic  m ed iu m , 
883

m e ta b o li te  to x ic i ty  in  lab  an im a ls , 86

c
ca ffe in e -ch lo ro g e n a te  c o m p le x

o f  c o ffee : n a tu re  an d  c o n fo rm a tio n  o f, 925  
calc ium

p re se rv a tio n  e ffe c ts  on  re fr ig e ra te d  ap p le  
slices, 4 3 4

callose
fo rm a tio n  by  bru ising  an d  h e a tin g  o f  to m a 

to es  an d  its  p resen ce  in p ro cessed  p ro d 
u c ts , 562 

c a rb o h y d ra te s
d ie le c tric  p ro p e r tie s  o f  w a te r  m ix tu re s  at 

m icrow ave  freq u en c ie s , 199 
o f  M yrc iaria  ja b o tic a b a , Berg, 818  
s o lu tio n s :  re te n tio n  o f  2 -p ro p a n o l at low  

c o n c e n tra t io n  by freeze  d ry in g , 617  
ca rb o n  d io x id e

e ffe c t on  cou rse  o f  a s trin g en cy  d isa p p ea r
an ce  o f  p e rs im m o n  f ru its ,  815 

c a rb o n y ls
c o m p o s it io n  o f  d e b o n ed  p o u ltry  m ea t, 544

lip id  so lu b le  o f  b e e f  m u sc le : c h an g es d u rin g  
ag ing , 181 

/3-carotene
o x id a tiv e  d e c o lo ra t io n  in lo w -m o is tu re  

m o d el sy s te m s , 66 
K -carrageenan

s ta b il iz a t io n  o f  c a lc iu m  sen sitiv e  p la n t p ro 
te in s  b y , 7 1 9  

c a ro te n o id s
o f  av o ca d o  pears, 589 

case-life , re ta il
v a cu u m  p ack ag in g  o f  lam b : e ffe c t o f  c e rta in  

fa c to rs  o n , 4 6 3  
c a tf ish , ch an n e l

ch an g es  in q u a lity  o f , he ld  o n  ice b e fo re  an d  
a f te r  p ro cessin g , 841 

c a th e p t ic  a c tiv ity
o f  fish  m uscle , 6 4 3  

c a tt le h id e  sp lits
p re p a ra tio n  a n d  v isco -elas tic  p ro p e r tie s  o f  

f ib ro u s  co llag en  d isp e rs io n s  f ro m , 302 
ce le ry , d e h y d ra te d

e f fe c ts  o f  p re d ry in g  t re a tm e n ts  an d  re h y d ra 
t io n  p ro c ed u re s  on  r e c o n s ti tu t io n ,  4 3 7  

im p ro v e m e n t o f  te x tu re  by  g ly ce ro l t r e a t 
m e n t, 568

cell(s)
d is ru p tio n  an d  its c o n se q u en c es  in fo o d  

p ro cessin g , 5 30
e n zy m ic  a c tiv ity  an d  c o n tro l  as re la te d  to  

lo c a liz a tio n  in , 524
s tre ss  in p o s th a rv es t:  re sp o n se  o f  m ito c h o n 

d ria  an d  r ib o so m es , 5 13 
ch em is try

e ffe c t  o f  c e r ta in  p h y sica l an d  ch em ica l t r e a t 
m en ts  on  egg y o lk  m ic ro s tru c tu re , 9 1 3  

m ech an ism s o f  th ia m in e  d e g ra d a tio n  in a 
m o d el sy s te m , 886

o f  th ia m in e  d e g ra d a tio n :  4-m ethyl-5-(/3-
h y d ro x y e th y l)  th ia z o le  fro m  th e rm a lly  
d eg rad e d  th ia m in e , 6 8 9  

q u a n ti ta t iv e  an a ly sis  o f  b e ta c y a n in s  in red  
tab le  b e e ts , 932  

c h ick en
b o n e  d a rk en in g  in f ro z en  b ro ile rs , 8 5 0  
fa t ty  acid  c o n te n t  o f  f ran ch ise  d in n e rs , 961 
ir ra d ia te d :  c o m p a riso n  o f  p re c o o k e d , w ith  

a n d  w ith o u t  p a rtia l d e h y d ra t io n , 4 6 9  
loaves: e f fe c t  o f  m ea t p a r tic le  size  o n  e x 

t ra c ta b le  p ro te in , c o o k in g  loss an d  b in d 
ing s tre n g th  in , 2 4 0

m o d if ic a tio n  o f  k in e tic  p ro p e r tie s  o f  m usc le  
la c ta te  d e h y d ro g en a se  by  su b c e llu la r  
a sso c ia tio n s  an d  poss ib le  ro le  in th e  c o n 
tro l o f  g ly co ly sis , 2 6 9  

p re h e a te d :  flav o r ch an g es in  re h e a te d , 19 
q u a lita tiv e  an d  b io ch em ica l ch an g es d u rin g  

f ro z en  s to ra g e  o f  m ea t fro m  e p in e p h 
r in e - tre a te d  an d  u n tre a te d , 145 

c h lo ro p h y ll
c o n tro l  o f, a n d  sp ro u tin g  o f  p o ta to  tu b e rs  

by  h o t  p a ra ff in  w ax , 629  
ch ro m a g en (s )

c h a ra c te r is tic s  o f  su n f lo w e r  seed , 1 
c h ro m a to g ra p h y , gas

an aly sis  o f  h ead sp ac e  v o la tile s  in a lc o h o lic  
beverages, 69

d e te rm in a tio n  o f  v o la tile  n itro s a m in e s  in 
fo o d s , 684

e s tim a tio n  o f  th ia m in e , 889 
fo r  d e te rm in in g  V F A  in m ea t p ro d u c ts , 136 
re la tio n s h ip  o f  d a ta  w ith  flavo r sc o re s  o f  

fro z en  an d  re fr ig e ra te d  c o o k e d  sliced  
b ee f, 2 34

c h ro m a to g ra p h y , G L
pro file s  o f  b e e f  b ro th :  e f fe c t  o f  flav o r e n 

h an ce rs  on  d irec t h ead sp ac e , 9 6 3  
to  d e te rm in e  f a t ty  acid  c o n te n t  o f  fran ch ise  

c h ic k en  d in n ers , 961 
c h ro m a to g ra p h y , gel

fo r c h a ra c te r iz a t io n  o f  c o c o n u t  p ro te in  frac 
t io n s , 4

p re p a ra tio n  o f  egg w h ite  o v o m u cin  b y , 8 
c h ro m a to g ra p h y , ion  ex ch an g e

free  a m in o  ac id s in raw  a n d  p ro cessed  to 
m a to  ju ice s  b y , 94

c itru s
a c id -so lu b le  n u c le o tid e s  o f  ju ic e  vesicles of, 

7 1 2
oil- an d  w a te r-so lu b le  a ro m a tic s  d istilled  

fro m  p ro cessin g  w aste  (o ra n g e ) , 108 
p ro cessin g : re co v e ry  o f  n a tu ra l  o ran g e  pig

m e n ts  fro m  w aste s , 8 0 9  
p u re e : beverages fro m  w h o le , 2 5 0  

c itru s  ju ice s
a p p lic a t io n  o f  a m in o  acid  c o m p o s it io n  to  

th e  c h a ra c te r iz a t io n  o f , 384 
c o lo r im e tr ic  fu r fu ra l m e a su re m e n t as an in 

d ex  o f  d e te r io ra t io n  in s to re d , 768  
C lo strid ia

n itro s a m in e s  a n d  in h ib it io n  o f  in m ed iu m  
h e a ted  w ith  s o d iu m  n i tr i te , 785 

C. b o tu lin u m
a sc ie n tif ic  s ta tu s  su m m a ry  o n  cau ses , d is

tr ib u t io n ,  e tc  o f  b o tu lism  o u tb re a k s , 985 
in flu e n c e  o f  w e ig h t an d  sex  o f  m ice in a ssay 

ing sp o re -b o u n d  T y p e  A to x in , 183 
C. p e rfrin g en s

in f lu e n c e  o f  p ro cess in g  p ro c e d u re s  o n , in 
b e e f  fo r  fu r th e r  c o o k in g , 4 9 4

CM C (c a rb o x y m e th y lc e llu lo s e )
w h ip p in g  p ro p e r tie s  o f  sp ra y -d ried  c o m 

p lex es fro m  w h ey  p ro te in  a n d , 4 5 2  
c o a tin g s , can

se n so ry  a n d  in s t ru m e n ta l  e v a lu a tio n  in 
m odel sy s te m s  o f  re s id u es  m ig ra tin g  
fro m , 72 

c o c o a  b ean s
im p lic a t io n  o f  B acillus s u b ti lis  in sy n th e s is  

o f  te t r a m e th y lp y ra z in e  d u rin g  fe rm e n ta 
tio n  o f , 9 6 7  

c o c o n u t
c h a ra c te r iz a t io n  o f  tw o  c h ro m a to g ra p h ic a lly  

se p a ra te d  f ra c t io n s  o f  p ro te in , 4 
w a te r  b in d in g  o f  so m e  p u rif ie d  p ro te in s , 

965
co d fish  cakes

d e v e lo p m e n t o f  i r ra d ia t io n  s te r il iz e d , 4 2 2  
c o ffee

c a ffe in e -c h lo ro g e n a te  c o m p le x :  n a tu re  and  
c o n fo rm a tio n  o f, 925

ro a s te d :  funga l d e c a f fe in a tio n  o f  in fu s io n s , 
921

s tu d y  o f  th e  p e c t in o ly t ic  m ic ro f lo ra , p a r
tic u la r ly  the  e n te ro b a c te r ia c e a e  fro m  fe r
m en tin g , 1 7 1 

co llagen
e ffe c ts  o f  p o s t-m o rte m  aging an d  s tre tc h in g  

on th e  m a c ro m o le c u la r  p ro p e i tie s  o f, 
8 9 7

f ib ro u s :  p re p a ra tio n  a n d  v isco -e las tic  p ro p 
e r tie s  o f  d isp e rs io n s  fro m  lim ed  c a ttle -  
h id e  sp lits , 302

in tra m u sc u la r :  m ea t te n d e rn e s s /a g e  re la te d  
ch an g es in b o v in e , 892  

c o lifo rm s , p re su m p tiv e
in f lu e n c e  o f  p ro cessin g  p ro c e d u re s  o n , in 

b e e f  fo r  fu r th e r  c o o k in g , 4 9 4
c o lo r

o f  b e e f  as re la te d  to  c o n su m e r  a c c e p ta n c e  
an d  p a la ta b ili ty , 4 7 6

o f  to m a to  f ru i t:  e f fe c ts  o f  s u b o p tim a l r ip e n 
ing te m p e ra tu re  o n , 56  

c o lo r im e try
fu rfu ra l m e a su re m e n t as an  in d ex  o f  d e te r i 

o ra tio n  in s to re d  c itru s  ju ic e s , 7 6 8  
o f  fo o d s : o ra n g e  ju ic e , 389 

c o m p u te rs
fo r  e c o n o m ic  a p p lic a tio n  o f  sw ee tn ess  

sca les, 411
s im u la tio n  o f  s to ra g e  life  o f  fo o d s  u n d e rg o 

ing sp o ilag e  by tw o  in te ra c tin g  m e c h a n 
ism s, 679

c o n d u c t iv ity , th e rm a l
d e te rm in a tio n  o f  va lues o f  freeze-d ried  

e v a p o ra te d  sk im  m ilk  
c o n s is ten c y

o f  to m a to  p ro d u c ts :  e f fe c ts  o f  a c id ific a tio n  
on  cell w alls an d  cell b reak ag e , 1 18 

c o n su m e r  a cc ep ta n ce
b e e f  c o lo r  as re la te d  to , 4 7 6
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c o n tro ls

f lo w  d ivers ions valve fo r p a s te u r iz a t io n  o f  
egg p ro d u c ts , 175

co rn
c h an g es in q u a lity  d u rin g  m a tu ra tio n  o f  se 

le c ted  sw ee t cu ltiv a rs , 257  
c o tto n s e e d

g lan d less: a w h ip p a b le  e x tra c t  f ro m  flo u r , 
317

w a te r  b in d in g  o f  so m e  p u rif ie d  p ro te in s , 
965

c ray fish
re d u c tio n  o f  a n ti th ia m in e  ac tiv ity  in , by 

h e a t t r e a tm e n t,  4 9 7  
c ry s ta lliz a tio n

in so lu tio n s  s u p e rs a tu ra te d  w ith  su c ro se  an d  
la c to se , 693  

c u c u m b e rs
te x tu re  p ro file  analysis o f, 113 

c u r d ,s o y b e a n
p re p a ra tio n  a n d  e v a lu a tio n  o f, w ith  red u ce d  

b e an y  flav o r, 4 5 0  
cu rin g , sa lt

a ra p id  te c h n iq u e  fo r fish  f ille ts , 627

D
d a ta  analysis

em p irica l o b se rv a tio n s  on  s ta tis tic a l te s ts  
used  in p a ired  d esign , 62 

in te rb lo c k  a n d  in tra b lo c k  e s t im a te s  o f  v a ri
ance  o n  ta s te  panel d a ta , 832  

DDM  (d ic h lo ro d if lu o ro m e th a n e )  
im m e rsio n  free z in g  o f  fish , 4 1 6  
in h ib it io n  o f  o -d ip h en o l o x id ase  b y , 702  

D D T [1 ,1 ,1  - tr ic h lo ro -2 ,2 -b is (p -c h lo ro p h e n y l)-  
e th a n e ]
su rv ey  o f  fo o d  in g re d ie n t re a c tio n s  w ith  u n 

d e r th e rm a l p ro cessin g  c o n d it io n s , 7 6 0  
d e c a ffe in a tio n , fungal

o f  ro a s t c o ffee  in fu s io n s , 921 
d e h y d ra tio n

o f  ce le ry : e f fe c ts  o f  p re d ry in g  tre a tm e n ts  
an d  r e h y d ra tio n  p ro c ed u re s  on  re c o n s ti
tu t io n ,  4 3 7

o f  c h ic k en  an d  lam b : c o m p a riso n  o f  p re 
c o o k e d  ir ra d ia te d , w ith  an d  w ith o u t  p a r
tia l, 4 6 9

d e h y d ro g en a se , m usc le  la c ta te
m o d if ic a t io n  o f  k in e tic  p ro p e r tie s  by  sub - 

ce llu la r a sso c ia tio n s  an d  possib le  ro le  in 
c o n tro l  o f  g ly co ly sis , 269

d essert
g rad in g  o f  lo w -este r p e c tin  fo r use in  gels, 

7 2 6
e ffe c t  o f  d é m é th y la t io n  p ro c e d u re s  on  q u a l

i ty  o f  lo w -e ste r p e c tin s  used in gels, 7 3 0  
d ic h lo ro d if lu o ro m e th a n e

im m e rsio n  freez in g  o f  fish , 4 1 6  
in h ib it io n  o f  o -d ip h en o l o x id ase  b y , 702  

d ie lec tric s
p ro p e r tie s  o f  c a rb o h y d ra te -w a te r  m ix tu re s  

a t m ic ro w av e  f re q u e n c ie s , 199 
d im e th y l su lfid e

precise  m e th o d  fo r  d e te rm in in g  in p rocessed  
fo o d s , 4 0 8

d ry in g
an d  b lan c h in g  o f  fo o d s  w ith  s u p e rh e a te d  

s te a m , 163 
d ry in g , fo a m -m a t

p re p a ra tio n  o f  in s ta n t  o ran g e  ju ic e  b y , 8 0 3  
d ry in g , freeze

c a rb o h y d ra te  s o lu tio n s :  re te n tio n  o f  2-p ro 
p an o l a t lo w  c o n c e n tra t io n s , 617 

e v a p o ra te d  sk im  m ilk : d e te rm in a tio n  o f  
th e rm a l c o n d u c t iv ity  va lues, 5 54 

te m p e ra tu re  g ra d ie n t m ic ro sc o p e  stag e , 4 9 2  
d ry in g , p ressu re  freeze -a ir

n ew  te c h n iq u e  to  re d u ce  d e te r io ra t io n  in 
d ry in g  tis su e , 4 3 0  

d ry in g , sp ray
su rv iva l o f  sa lm o n e lla e  an d  E. co li o f  various 

fo o d  p ro d u c ts , 8 2 8  
d uck lings

b o n e  d a rk e n in g  in  fro z e n , 8 5 0

E
egg p ro d u c ts

flo w  d iv ers io n  valve c o n tro l  fo r  p a s teu riza 
t io n  o f, 175 

egg, shell m em b ra n e
u l tra s t ru c tu re  o f, by  e le c tro n  m ic ro sc o p y , 

277
egg w h ite

h y d ro g e n  p e ro x id e  o x id a tio n  an d  co ag u la 
t io n  o f, 5 5 8

p re p a ra tio n  o f  o v o m u c in  by gel f i l t r a t io n , 8 
re la tio n s h ip  o f  ly so z y m e  c o n te n t  to  v o lum e  

a n d  fo am  s ta b il i ty , 918  
egg y o lk

e ffe c t o f  p h y sica l an d  ch em ica l t r e a tm e n ts  
on  m ic ro s tru c tu re  o f, 9 1 3  

e le c tro p h o re tic  m e th o d
to  d if fe re n tia te  b e tw ee n  n o n fro z e n  and  

fro z en -a n d -th a w e d  m ea t, 6 3 6  
em u ls io n

em u ls ify in g  c ap a c ity  o f  m usc le  p ro te in :  
phase  v o lu m e  a t e m u ls io n  co llap se , 9 0 4  

film  fo rm a tio n  a t an o il-w a te r in te r fa c e , 795 
sau sag e : d e v e lo p m e n t o f  a p ro to ty p e  p re p a 

ra tio n  sy s te m , 4 8 0  
en zy m e

a c tiv ity  an d  c o n tro l  as re la te d  to  su b ce llu la r 
lo c a liz a tio n , 524  

in h ib ito rs  in p la n t tissues, 521 
p ro p e r tie s  o f  a fu n g a l lac tase , 619  

e n te ro b a c te r ia c e a e
s tu d y  o f  fro m  fe rm e n tin g  c o ffee , 171 

e n v iro n m e n t
e ffe c ts  on o x id a tio n  o f  p o ta to  ch ip s , 584  

E R H  (e q u ilib r iu m  re la tiv e  h u m id ity )
d e v e lo p m e n t o f  a m a th e m a tic a l m o d el fo r 

o x id a tio n  o f  p o ta to  ch ips as a fu n c tio n  
o f , 67  3

e rra ta
3 7 (3 ) : viii 

E sch erich ia  coli
p o s t- ir ra d ia tio n  e v a lu a tio n  o f , 485  
survival d u rin g  sp ray  d ry in g  o f  fo o d s , 828  

e v a lu a tio n , in s tru m e n ta l
in m o d el sy s te m s  o f  re s id u es  fro m  can c o a t

ings, 72

F
f e rm e n ta t io n , tea

b io ch e m is try  o f: p ro d u c ts  o f  th e  o x id a tio n  
o f  tea  flavano ls in a m o d el sy s te m , 399 

fe rr im y o g lo b in
c h a ra c te r iz a t io n  o f  red  p ig m en ts  p ro d u c ed  

fro m , by  io n iz in g  ra d ia tio n , 361 
fe rro m a g n e tic  p a rtic le s

in fo o d s : te c h n iq u e  fo r  rem o v a l o f , 572 
f ilb e r ts , ro a s ted

id e n tif ic a t io n  o f  v o la tile  f lav o r c o m p o u n d s  
f ro m , 313

film , so y  p ro te in - lip id
o p tim iz a tio n  o f  film  fo rm a tio n , 40  
s tu d ie s  on th e  film  fo rm a tio n  p h e n o m e n o n , 

36
firm n ess

o f  fre sh -p ack  dill p ick les: in f lu e n c e  o f  a lum  
o n , 4 4 2

o f  fre sh -p ac k  d ill p ick les: in f lu en ce  o f  d if
f e re n t  o rg an ic  acids o n , 4 4 6

fish
a ra p id  sa lt-cu rin g  te c h n iq u e , 627  
c a th e p t ic  a c tiv ity  o f  m usc le , 643  
d e ep -fried : p re lim in a ry  s tu d ie s  on  som e

p ro p e r tie s  o f  in te rm e d ia te  m o is tu re , 189 
d e te c t io n  o f  d e te r io ra t io n  o f  fro z e n , by  UV 

s p e c tro p h o to m e tr ic  m e th o d , 649  
e n zy m ic  m o d if ic a tio n  o f  m y o fib r illa r  p ro 

te in s , 604
im m e rsio n  freez in g  o f  sa lm o n  in  D D M , 4 1 6  
o x id a tiv e  ra n c id ity  in  raw  fille ts , 547  
possib le  id e n tif ic a t io n  o f  an  ir rad ia tio n  

tr e a tm e n t  o f  t ro u t ,  by  m eans o f  e le c tr i
cal re sistan ce  m ea su re m e n t, 501 

so m e  fa c to rs  in flu en c in g  th e  p ro d u c tio n  o f  
p ro te in  iso la te s  fro m  w h o le , 195

u til iz a tio n  fo r  p re p a ra tio n  o f  p ro te in  iso 
la te s : iso la tio n  a n d  p ro p e rtie s  o f  m y o 
f ib rilla r  an d  sa rc o p la sm ic  p ro te in s , 599  

y ie ld  an d  a c c e p ta b il i ty  o f  m ach in e  se p a ra ted  
m inced  flesh  fro m  ro c k f is h , E nglish  and  
D over so le , h ak e  a n d  co d , 551 

fish sausage
s ta b ility  a t lo w  te m p e ra tu re  s to ra g e , 191 

flavano ls
b io c h e m is try  o f  tea  fe rm e n ta t io n :  p ro d u c ts  

o f  th e  o x id a tio n  o f, in a m o d e l sy s te m , 
399

flavo r
changes in re h e a te d  c h ic k en , 19 
id e n tif ic a t io n  o f  v o la tile  c o m p o u n d s  fro m  

ro a s ted  filb e r ts , 313
in flu e n c e  o f  se lec te d  s ’-n u c le o tid e s  on  th re s 

h o ld  o f  o c ta n a l , 935
o f  f ra n k fu r te r s :  e ffe c t o f  s o d iu m  n itr i te  o n , 

536
o f  p o ta to  flak es: v o la tile  c o m p o n e n ts  assoc i

a te d  w ith  s to rag e  changes, 5 79 
se n sitiv ity  o f  se lec te d  an im al p ro te in  fo o d  

to  g am m a ir ra d ia t io n , 671 
s y ru p  o f  ice  c ream  m ix : c o n tr ib u t io n  o f  sp e 

c ific  sa c ch a rid e  f ra c tio n s  o f  c o rn  s y ru p , 
328

flo u r , c h ap a ti
la b o ra to ry  e v a lu a tio n  o f  th ree  p ro te in  s o u rc 

es fo r  use in , 100 
f lo u r , c o tto n s e e d

a w h ip p a b le  e x tra c t  f ro m  g land less, 317 
e v a lu a tio n  o f  a p ro te in  c o n c e n tra te  p ro 

d u c ed  fro m  g land less by  a w e t e x tra c t io n  
p ro cess, 7 7 8  

f lo u r , legum e
p a la tab ility  o f  p a n ca k es  an d  c o o k ed  co rn  

m eal fo r t if ie d  w ith , 774  
f lo u r , o ilseed

c o m p a riso n  o f  b ak in g  p ro p e rtie s  o f  c o t to n 
seed , sesam e, p e a n u t an d  s u n f lo w e r  w ith  
w h e a t, 14

fo o d s
b io ch e m ic a l c o n tro l  sy s te m s  in , 503  
b lan ch in g  an d  p a rtia l d ry in g  o f  w ith  su p e r

h e a te d  s te a m , 163
cell d is ru p tio n  an d  its  c o n se q u en c es  in fo o d  

p rocessing , 530
e n zy m ic  a c tiv ity  a n d  c o n tro l  as re la te d  to  

su b c e llu la r  lo c a liz a tio n , 524 
e s tim a tio n  o f  th ia m in e  in  by  gas c h ro m a 

to g ra p h y , 889
fe rro m a g n e tic  p a rtic le s  in , 572  
m em b ra n e  s t ru c tu re  an d  ce llu la r d e a th  in 

b io log ical tissu e , 504
n a tu ra l  e n zy m e  in h ib ito rs  in p lan t tissues, 

521
p o sth a rv es t f ru it  p re se rv a tio n : p ro te in  sy n 

th es is , r ip en in g  an d  sen escen ce , 518  
precise  m e th o d  fo r  d e te rm in a tio n  o f  d i

m e th y l su lfid e  in p ro cessed , 4 0 8  
p rese rv ed  by gas ex ch an g e : changes in  q u a l

ity  a n d  n u tr it io n a l  c o m p o s it io n , 8 2 0  
s ta b il i ty :  lip id  o x id a tio n  o f  in te rm e d ia te  

m o is tu re , 160
s tre ss  in  th e  p o s th a rv es t cell: re sp o n se  on 

m ito c h o n d r ia  an d  r ib o so m es , 513  
survival o f  S a lm o n e llae  an d  E. co li du rin g  

sp ray  d ry in g  o f, 8 2 8
th e rm a l d e te c tio n  o f  spo ilage  in  c an n e d , 9 2 8  

FPC (fish  p ro te in  c o n c e n tra te )
d e v e lo p m en t o f  a  p ro cess fo r  p re p arin g  w ith  

re h y d ra tio n  an d  e m u ls ify in g  c ap ac itie s , 
7 4 3

e ffe c t o f  h y d ro g e n  p e ro x id e  o n  c o lo r , c o m 
p o s itio n  a n d  n u tr it iv e  q u a li ty , 4 2 3  

f ra n k fu r te rs
e f fe c t o f  so d iu m  n itr i te  c o n c e n tra t io n  on 

n -n itro s o d im e th y la m in e  fo rm a t io n  in, 
668

e ffe c t o f  s o d iu m  n i tr i te  o n  flav o r o f, 5 36 
e ffe c t o f  t im e  an d  te m p e ra tu re  o f  sm o k in g  

o n  m ic ro o rg an ism s , 845 
freeze  d ry in g

a n tio x id a n t  e ffe c t o f  p ro te in  h y d ro ly z a te s  
in a m o d el sy s te m , 873  

e ffe c t o f  g am m a ra d ia tio n  on  ra te s , 336
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th e rm a l p ro p e r tie s  o f  f ree z e -d ried  m u sh 

ro o m s, 205
th e rm a l ra d ia tio n  p ro p e r tie s  o f  f reeze -d ried  

m ea ts , 2 0 9  
freez in g -a ir d ry in g

n ew  te c h n iq u e  to  re d u ce  d e te r io ra t io n  in 
d ry in g  tis su e , 4 3 0  

freez in g , im m e rsio n
o f  sa lm o n  in  DD M , 4 1 6  

fung icides
in c o m b in a tio n  w ith  h o t  w a te r  and  w a x : e f 

fe c t o n  sh e lflife  o f  to m a to e s , 9 5 7  
fu rfu ra l

c o lo r im e tr ic  m ea su re m e n t as an in d ex  o f  d e 
te r io ra t io n  in s to re d  c itru s  ju ice s , 7 6 8

G
gas a tm o sp h e re s

e ffe c t o n  q u a lity  o f  p ack ag ed  p o rk , 869  
gas ex ch an g e

changes in q u a lity  an d  n u tr it io n a l  c o m p o s i
t io n  o f  fo o d s  p rese rv ed  b y , 8 2 0  

gels, d esse rt
e f fe c t o f  d é m é th y la t io n  p ro c ed u re s  o n  q u a l

i ty  o f  lo w -e ste r p e c tin s  used  in , 730  
g rad in g  o f  lo w -ester p e c tin  fo r  use in , 726  

G LC  (gas-liqu id  c h ro m a to g ra p h y )
fo r  d e te rm in in g  o lig o sacch arid es  in d e fa t te d  

s o y b e a n  m ea l, 372
to  d e te rm in e  v o la tile  c o n s t itu e n ts  o f  o il o f 

th y m e , 405  
glucose

so m e  re a c tio n  p ro d u c ts  fro m  n o n e n z y m a tic  
b ro w n in g  o f, 787  

g lu tam in e
fo rm a tio n  o f  2 -p y rro lid o n e -5 -ca rb o x y lic  acid  

fro m , d u rin g  processing  an d  sto rag e  o f  
sp in ach  p u re e , 45 

g lu tam in e
s im p lified  m e th o d  fo r  an a ly sis  o f, 4 8 8  

g lycero l
t r e a tm e n t  to  im p ro v e  te x tu re  o f  d e h y d ra te d  

ce le ry , 5 6 8  
g ly co ly sis , c o n tro l

m o d if ic a tio n  o f  k in e tic  p ro p e r tie s  o f  m uscle  
la c ta te  d e h y d ro g en a se  b y  su b c e llu la r  
a s so c ia tio n s  a n d  poss ib le  ro le  in  c o n tro l  
o f, 2 6 9

grain
A. flavus d e te r io ra t io n  o f: e ffe c t o n  am in o  

acids an d  v ita m in s  in  w h o le  w h e a t, 261 
c h a ra c te r iz a t io n  o f  p e n to san s  in , 369 
p e n to s a n s  in  so rg h u m , 365 

g ra p e fru it
seed  o il: tr ig ly c e rid e  f a t ty  acids o f, 331

H
h ak e , fro z en  Pacific

sh e lflife  s ta b il i ty  an d  a cc e p ta n c e  o f  fille t 
p o r t io n s , 801

ham
ch em ica l an d  p h y sica l p ro p e rtie s  o f, a f te r  

th e rm a l p ro cessin g , 9 0 7  
h an d lin g

e ffe c t o f  pre- an d  p o s t-m o rte m , on  re f le c t
ance  c h a ra c te r is tic s  o f  c an n e d  sk ip jack  
tu n a , 502

h eat
e ffe c t on  fib e r d im en sio n s  and  sh ea r values 

o f  rig o r s tre tc h e d  tu rk e y  m u sc le , 652  
h e a t, d ry

lam b  an d  b e e f  ro a s ts  c o o k ed  fro m  fro z en  
s ta te  b y , 2 2 6  

h e a t, m o is t
lam b  a n d  b e e f  ro a s ts  co o k ed  fro m  fro z en  

s ta te  b y , 2 2 6  
h e a t p rocessing

e ffe c t o n  e x tra c ta b il i ty  o f  sa lt-so lu b le  p ro 
te in , t issu e  b in d in g  s tre n g th  an d  c o o k in g  
loss in  p o u ltry  m ea t loaves, 244

h e a tin g , d ie le c tric
ra p id  im p ro v e m e n t in  n u tr i t io n a l  q u a lity  o f  

so y b e a n s , 333 
h o rse rad ish

p e ro x id a se  iso z y m e s: iso la tio n  an d  c h a ra c 
te r iz a t io n  o f  th e  n a tiv e , th e rm a lly  in 
a c tiv a te d  an d  re g e n e ra te d , 5 7 4  

h y d ro g e n  p e ro x id e
e ffe c t  o n  co lo r , c o m p o s it io n  a n d  n u tr it iv e  

q u a lity  o f  FP C , 4 2 3
o x id a tio n  a n d  co ag u la tio n  o f  egg w h ite , 558  

h y p o x a n th in e
s ta b il i ty  in  a q u e o u s  so lu tio n s , 7 8 9

i
ice  c ream  m ix

c o n tr ib u t io n  o f  sp ec ific  sa c ch a rid e  f rac tio n s  
o f  co rn  s y ru p  to  th e  s y ru p  flavo r o f, 328  

IM F  ( in te rm e d ia te  m o is tu re  fo o d s) 
s ta b il i ty :  lip id  o x id a tio n , 154 
s ta b il i ty :  m ic ro b io lo g y , 160 

in h ib ito rs , en zy m e  
in  p la n t tis su e s , 521 

in o s in ic  acid
s ta b il i ty  in  a q u e o u s  s o lu tio n s , 789  

in o sin e
s ta b il i ty  in  a q u eo u s  so lu tio n s , 789  

IQ B  (in d iv id u a l q u ick  b lan ch in g
in te rn a l te m p e ra tu re  d is t r ib u t io n  d u rin g , 

167
ir ra d ia t io n , d e h y d ro

o f  w h ite  p o m fre t:  sy n e rg is tic  e ffe c ts  o f  
b lan c h in g  w ith  p re se rv a tiv e s , p a rtia l d e 
h y d ra tio n  a n d  lo w  dose ir ra d ia t io n , 8 3 7  

iso zy m es
h o rse rad ish  p e ro x id a se : iso la tio n  an d  c h a r

a c te r iz a t io n  o f  th e  n a tiv e , th e rm a lly  in 
a c tiv a ted  an d  re g en e ra te d , 574

j
ju ices, c itru s

a p p lic a tio n  o f  a m in o  acid  c o m p o s itio n  to  
c h a ra c te r iz a t io n  o f , 384  

c o lo r im e tr ic  fu r fu ra l m e a su re m e n t as an  in 
d ex  o f  d e te r io ra t io n  in s to re d , 7 6 8  

p re p a ra tio n  o f  in s ta n t  o ran g e , by fo a m -m at 
d ry in g , 8 0 3  

ju ice s , to m a to
free  a m in o  acids in by  io n  e x ch an g e  c h ro m a 

to g ra p h y , 9 4 4

L
lac tase

p ro p e rtie s  o f  fu n g a l, 619  
lac to se

c ry s ta lliz a tio n  in s o lu tio n s  s u p e rsa tu ra te d  
w ith , 693

d irec t e n z y m a tic  co n v ers io n  to  acid : g lucose 
an d  h ex o se  o x id ase , 698  

so lu b ility  in te r re la tio n s  w ith  sugars, 60 
lam b

a p hysical m e th o d  to  in crease  ten d e rn ess  o f 
carcasses, 1 30

ir ra d ia te d :  c o m p a riso n  o f  p re c o o k e d , w ith  
an d  w ith o u t  p a rtia l d e h y d ra tio n , 4 6 9  

ro a sts : c o o k e d  fro m  fro z en  s ta te  by d ry  an d  
m o is t h e a t , 2 2 6

v a cu u m  packag in g  o f: e f fe c ts  o f  c e r ta in  fac 
to rs  on  re ta il case-life  an d  p a la tab ili ty , 
4 6 3

v a cu u m  packag in g  o f: e ffe c ts  o f  s to rag e  
tim e  a n d  te m p e ra tu re , 4 5 7  

le tte rs  to  e d ito r
3 7 (1 ): ii; 3 7 (3 ) : viii 

le ttu c e
c o n tro lle d  a tm o sp h e r ic  s to rag e  o f: e ffe c t on 

q u a lity  an d  re sp ira tio n  ra te , 48  
e ffe c ts  o n  b io ch e m ic a l c o m p o s itio n  o f  the  

leaves, 52

lip ids
c h a ra c te r iz a t io n  o f, f ro m  seeds o f  the 

R o sacea  fa m ily , 9 3 8
m em b ra n e  s t ru c tu re  a n d  ce llu la r  d e a th  in 

b io lo g ica l tis su e , 504
s ta b il i ty  in  to c o p h e ro l-s u p p le m e n te d  tu r

k e y , 4 9 6
ligh t

e f fe c t on  so la n in e  fo rm a tio n  in p o ta to  
slices, 9 6 9

lignin
p e ro x id a se  lo c a liz a tio n  a n d  fo rm a tio n  in 

d e v e lo p in g  p ea r f ru i t ,  381 
lo b s te r  (H o m a ru s  a m e ric a n u s)

te x tu re  ch an g es in p re c o o k e d  d u rin g  refrig 
e ra te d , f reez in g  a n d  fro z en  s to ra g e , 185 

ly so z y m e
re la tio n s h ip  o f  c o n te n t  in egg w h ite  to  foam  

s ta b il i ty  an d  v o lu m e , 9 1 8

M
m a lo n a ld e h y d e

p ro d u c tio n  an d  b in d in g  o f  d u rin g  sto rag e  o f 
c o o k e d  p o rk , 6 6 4  

m a th e m a tic s
c o m p u te r  s im u la tio n  o f  s to ra g e  life o f  fo o d s 

u n d e rg o in g  sp o ilag e  by tw o  in te ra c tin g  
m ech an ism s , 679

d e v e lo p m e n t o f  a m a th e m a tic a l  m o d el fo r 
o x id a tio n  o f  p o ta to  ch ip s as a fu n c tio n  
o f  o x y g e n  p re ssu re , e x te n t  o f  o x id a tio n  
an d  E R H , 6 7 3  

m eal, co rn
p a la ta b ili ty  o f, fo r t if ie d  w ith  legum e flo u rs , 

7 7 4
m e a su re m e n t

a p p a ra tu s  fo r , o f  c o n tra c ti le  p ro p e r tie s  o f  
p o rc in e  sk e le ta l m u sc le , 799  

te x tu re :  o f  in d iv id u a l co o k ed  d ry  b ean s by 
th e  p u n c tu re  te s t,  75 1

m eat
e f fe c ts  o f  c o o k in g  te m p e ra tu re  an d  tim e  on 

so m e  m ech an ica l p ro p e r tie s  o f, 140 
e v a lu a tio n  o f  a m e th o d  to  d if fe re n tia te  b e 

tw een  n o n fro z e n  an d  fro z en -a n d -th a w e d , 
6 3 6

th e rm a l ra d ia tio n  p ro p e r tie s  o f  freeze  d r ied , 
2 0 9

m ea t ten d e rn es s
a rev iew  o f  e f fe c t  o f  p re rig o r ch an g es, 337 
age re la te d  ch an g es in in tra m u sc u la r  co l

lagen , 892
c o m p a riso n  o f  so m e  o b jec tiv e  m e th o d s  used 

to  assess, 2 18 
m em b ran es

s t ru c tu re  an d  ce llu la r d e a th  in b io log ical tis
su e , 504

u l tra s t ru c tu re  o f  h e n ’s egg shell by e le c tro n  
m ic ro sc o p y , 2 7 7  

m e ta b o lism
an d  h is to c h e m is try  o f  sk e le ta l m usc le  fro m  

s tre ss-su sc ep tib le  pigs, 659  
m e th io n in e

so m e  re a c tio n  p ro d u c ts  fro m  n o n e n z y m a tic  
b ro w n in g  o f, 787  

m e tm y o g lo b in
re d u c tio n  an d  fo rm a tio n  in b e e f  d u rin g  

a e ro b ic  s to ra g e  a t 1°C, 634  
s ta b il i ty  an d  c h a ra c te r is tic s  o f  th e  p ig m en t 

p ro d u c e d  by g am m a ir ra d ia t io n  o f  b o 
v ine, 21 3 

m ic ro b io lo g y
s ta b il i ty  o f  in te rm e d ia te  m o is tu re  fo o d s , 

160
m ic ro flo ra , p e c tin o ly tic

E n te ro b a c te r ia c e a e  fro m  fe rm e n tin g  c o ffee , 
171

m ic ro o rg an ism s
o f  f ra n k fu r te r s :  e f fe c t  o f  t im e  an d  te m p e ra 

tu re  o f  sm o k in g  o n , 845 
m ic ro sc o p y , e le c tro n

u ltr a s t ru c tu re  o f  th e  h e n ’s egg shell m em 
b ran e  b y , 277  

m ic ro w av es
d ie le c tr ic  p ro p e r tie s  o f  c a rb o h y d ra te -w a te r
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m ix tu re s  a t m ic ro w av e  fre q u e n c ie s , 199 

m ilk , sk im
d e te rm in a tio n  o f  th e rm a l c o n d u c tiv ity  va l

ues o f  f ree z e -d ried  e v a p o ra te d , 5 54 
m ito c h o n d r ia

re sp o n se  o f, to  s tre ss in th e  p o s th a rv e s t cell, 
513

m o rax e lla -a c in e to b a c te r
as c o n ta m in a n ts  o f  b e e f  an d  o c c u rre n c e  in 

ra d u riz ed  p ro d u c ts , 901
m uscle

e m u ls ify in g  c ap a c ity  o f  p ro te in :  phase  v o l
u m es a t em u ls io n  c o llap se , 9 0 4  

sim p le  m e th o d  to  d e te rm in e  W HC o f  fo o d s , 
4 9 9

m u sc le , b e e f
ch an g es in  lip id  so lu b le  c a rb o n y ls  d u rin g  

ag ing , 181 
m u sc le , bo v in e

e ffe c t  o f  carcass su sp en s io n  on  sa rco m ere  
len g th  an d  sh ea r fo rc e , 1 32 

e f fe c ts  o f  p o s t-m o rte m  aging an d  s tre tc h in g  
o n  th e  m a c ro m o le c u la r  p ro p e r tie s  o f  co l
lagen o f, 8 9 7

e ffe c t  o f  p ro te o ly s is  on th e  em u ls if ic a tio n  
c h a ra c te r is tic s  o f, 27

e ffe c t  o f  so m e  p o s t-s la u g h te r  t re a tm e n ts  on 
m ech an ica l p ro p e r tie s  o f, 5 39 

m o le c u la r  p ro p e r tie s  o f  p o s t-m o rte m , 289  
p h y sica l p ro p e r tie s  an d  su lfh y d ry l  c o n te n t , 

23
m u sc le , c h ic k en

e ffe c t  o f  aging o n  p h y sic o ch e m ic a l p ro p e r 
tie s  o f  a c to m y s in  fro m , 346 

m u sc le , fish
c a th e p t ic  a c tiv ity  o f, 643  

m u sc le , ham
ch em ica l an d  p h y sica l p ro p e r tie s  o f , a f te r  

th e rm a l p ro cessin g , 907  
m u sc le , ov ine

e ffe c t  o f  so m e  p o st-s la u g h te r  t re a tm e n ts  on 
m ech an ica l p ro p e r tie s  o f , 5 39 

e f fe c t o f  u l tim a te  pH on  m ech an ica l p ro p e r
tie s , 356

e ffe c t o f  u l tim a te  pH o n  W HC o f , 351 
em u ls io n  s ta b il i ty  a n d  p ro te in  e x tra c ta b il i ty  

o f, as a fu n c tio n  o f  t im e  p o s t-m o rte m , 
4 7 3

is o la tio n , p u r if ic a t io n , c h a ra c te r iz a t io n  and  
s ta b il i ty , 9 0 9

p a la ta b ili ty  o f  as re la te d  to  ch em ica l and  
h is to lo g ica l t ra i ts ,  282  

m u sc le , p o rc in e
an a p p a ra tu s  fo r  m e a su re m e n t o f  c o n tra c ti le  

p ro p e r tie s  o f, 7 9 9
em u ls ify in g  p ro p e r tie s  o f  p u re ed  p ro te in s , 

2 8 6
is o la tio n , p u r if ic a t io n , c h a ra c te r iz a t io n  an d  

s ta b il i ty , 909
m e ta b o lism  an d  h is to c h e m is try  o f  sk e le ta l, 

f ro m  s tre ss-su sc ep tib le  pigs, 659  
m o le c u la r  p ro p e r tie s  o f  p o s t-m o rte m , 289  
p o s t-m o rte m : s tu d ie s  on  n u c le o tid e  m e ta b 

o lism  in , 612  
m u sc le , ra b b it

m o le c u la r p ro p e r tie s  o f  p o s t-m o rte m , 289  
m u sc le , sa lm o n

p h o sp h o lip id  ch an g es in , fro m  s to re d  L ake 
M ichigan c o h o  sa lm o n , 4 2 6  

m u sc le , sca llo p
f a t ty  acid  c o n te n t  an d  p ro x im a te  an a ly sis  

o f, 3 0 0  
m u sc le , sh r im p

p o s t-m o rte m  b io ch e m ic a l ch an g es in , 609  
m u sc le , tu rk e y

r ig o r-s tre tc h e d :  e f fe c t  o f  h e a t o n  f ib e r  d i
m en s io n s  an d  sh e a r  va lues, 652  

m u sh ro o m s
th e rm a l p ro p e r tie s  o f  free z e -d ried , 205 

m y o g lo b in , o v in e  an d  p o rc in e
is o la t io n , p u r if ic a t io n , c h a ra c te r iz a t io n  an d  

s ta b il i ty ,  9 0 9  
M y rc iaria  ja b o t ic a b a , Berg

c a rb o h y d ra te s , o rg an ic  acids an d  an th o - 
c y an in s  o f, 818

N

nisin
e ffe c t o f  v a rio u s sugars u p o n  g e rm in a tio n  o f  

B acillus sp o re s  in p resen ce  o f, 971 
n itra te s

in fo o d s : a sc ien tif ic  s ta tu s  su m m a ry , 9 8 9  
n i tr i te ,  so d iu m

e ffe c t  o f  c o n c e n tra t io n  on  n -n itro so d i-  
m e th y la m in e  fo rm a tio n  in f ra n k fu r te rs , 
668

e ffe c t on  flav o r o f  f ra n k fu r te r s , 5 3 6  
e f fe c t on  g ro w th  o f  S. a u reu s , 81 
in fo o d s : a sc ien tif ic  s ta tu s  su m m ary , 989  
n itro s a m in e s  an d  in h ib it io n  o f  c lo s tr id ia  in 

m ed iu m  h e a te d  w ith , 785 
n itro g e n

e x tra c ta b il i ty  an d  m o is tu re  a d so rp tio n  c h a r
a c te r is tic s  o f  su n flo w e r seed  p ro d u c ts , 
771

n itro g e n
e ffe c t o f  f lu c tu a tin g  s to ra g e  te m p e ra tu re  on 

m ic ro o rg an ism s on  sh e ll-fro zen  b ee f, 865 
n itro sam in es

an d  in h ib it io n  o f  C lo s tr id ia  in m ed iu m  h e a t
ed w ith  so d iu m  n itr i te , 785 

d e te rm in a tio n  o f  in fo o d s  by  gas c h ro m a 
to g ra p h y , 684

in fo o d s : a sc ien tif ic  s ta tu s  su m m a ry , 989  
s ta b il i ty  o f  N -n itro so  c o m p o u n d s , 2 7 4  

N -n itro so
s ta b il i ty  o f  c o m p o u n d s , 274  

n -n itro s o d im e th y  lam in e
in f ra n k fu r te r s :  e f fe c t  o f  so d iu m  n i tr i te  c o n 

c e n tra t io n  on  fo rm a tio n  o f, 668 
n o o d le s

e v a lu a tio n  o f  tr it ic a le  fo r  m a n u fa c tu re  o f, 
7 6 4

n u c le o tid e s
ac id  so lu b le : o f  ju ice  vesicles o f  c itru s  f ru i t ,  

712
s tu d ie s  on  m e ta b o lism  in  p o rc in e  longissi- 

m us m uscle  p o s t-m o rte m , 612
5 -n u c le o tid e s

in flu e n c e  on  flav o r th re s h o ld  o f  o c ta n a l, 
935

n u tr i t io n
c o m p o s it io n  o f  fo o d s  p re se rv ed  b y  gas e x 

ch an g e , 8 2 0
e ffe c t  o f  a m in o  acid  s u p p le m e n ta t io n  o f  d e 

h y d ra te d  p o ta to  flak es on p ro te in  n u tr i 
tive va lue , 378

e ffe c t o f  h y d ro g e n  p e ro x id e  o n  co lo r , c o m 
p o s itio n  an d  q u a li ty  o f  FP C , 4 2 3  

ra p id  im p ro v e m e n t in  q u a lity  o f  so y b ean s  
by  d ie le c tr ic  h e a tin g , 333

o
o a tm e a l

p ro te in  n u tr it iv e  value o f  a m in o  ac id  su p p le 
m e n te d  a n d  u n su p p le m e n te d  p re co o k e d  
d e h y d ra te d ,  3 0 6  

o c ta n a l
in f lu e n c e  o f  se lec te d  5 '-n u c le o tid e s  on  fla 

vor th re s h o ld  o f, 935
o d o r

sw ea ty  in  f a t ty  acids: m ea su re m e n ts  o f  s im i
la r ity , c o n fu s io n  an d  fa tig u e , 33

th re s h o ld s  an d  re la tiv e  in te n s itie s  o f  v o la tile  
a ro m a  c o m p o n e n ts  in  an  a r tif ic ia l bev
erage im ita tin g  w h isk y , 394 

oil
g ra p e fru it  seed : tr ig ly ce rid e  f a tty  acids o f, 

331
reco v e ry  fro m  p e an u ts  in an a q u eo u s sy s

te m , 90 
oil o f  th y m e

v o la tile  c o n s titu e n ts  o f, 405  
oil, veg etab le

d e te rm in a tio n  o f  b ro m in a te d , in so f t d rinks 
using  a sp ec ific  ion  e le c tro d e , 791 

o il-w ater in te rfac e
film  o b se rv a tio n s  a t, 795

o lig o sacch arid es
q u a n ti ta t iv e  d e te rm in a tio n  o f  in d e fa t te d  

so y b e a n  m eal by  G L C , 372 
o ran g e  ju ice

c o lo r im e try  o f, 389
fa tty  acid  d is tr ib u tio n  in  p h o sp h o lip id s , 387 
p re p a ra tio n  o f  in s ta n t  by fo a m -m a t d ry in g , 

8 0 3
orange  p ig m en ts

reco v e ry  o f  fro m  p rocessing  w astes, 809 
o rg a n o le p tic  e v a lu a tio n

o f  d e b o n e d  p o u ltry  m ea t, 5 4 4  
o rg a n o le p tic  q u a lity

o f  p o rk  lo in s : e f fe c t o f  se lec tio n  o n  c u t-o u t , 
co o k ed  ed ib le  p o r t io n  y ie ld s, 222

ovine
e ffe c t  o f  so m e  p o st-s la u g h te r tre a tm e n ts  on  

m ech an ica l p ro p e r tie s  o f  m u sc le , 5 39 
e f fe c t o f  u ltim a te  pH  on  m ech an ica l p ro p e r 

ties o f, 356
e ffe c t o f  u ltim a te  pH  on  W HC o f, 351 
e m u ls io n  s ta b il i ty  an d  p ro te in  e x tra c ta b il i ty  

o f, as a fu n c tio n  o f  t im e  p o s t-m o rte m , 
4 7 3

iso la tio n , p u r if ic a tio n , c h a ra c te r iz a t io n  an d  
s ta b il i ty  o f  m u sc le , 909  

p a la tab ili ty  as re la te d  to  ch em ica l an d  h is to 
logical t ra its  o f  s te ak s , 282 

o v o m u c in , egg w h ite
p re p a ra tio n  b y  gel f i l t r a t io n , 8 

o x id ase
g lucose  an d  h ex o se  fo r  d irec t e n zy m a tic  

c o n v ers io n  o f  lac to se  to  ac id , 6 9 8  
o -d ip h e n o l: in h ib it io n  o f, by  DD M , 7 0 2  

o x id a tio n
d e c o lo ra t io n  o f  /3-carotene in lo w -m o is tu re  

m o d el sy s tem s, 66
d e v e lo p m e n t o f  a  m a th e m a tic a l m o d el fo r 

o x id a tio n  o f  p o ta to  ch ip s as a fu n c tio n  
o f  o x y g en  p re ssu re , e x te n t  o f  o x id a tio n  
an d  E R H , 673

h y d ro g e n  p e ro x id e  a n d  co ag u la tio n  o f  egg 
w h ite , 5 58

lip id  an d  s ta b il i ty  o f  in te rm e d ia te -m o is tu re  
fo o d s , 154

o f  p o ta to  ch ip s : e f fe c ts  o f  en v iro n m e n ta l 
fa c to rs  o n , 584  

o x y g en
e ffe c t o n  g ro w th  o f  S. a u reu s , 81 
te c h n iq u e  fo r d e te rm in in g  c o n c e n tra t io n s  

inside  p ackages , 4 9 0  
o x y m y o g lo b in , bov ine

e ffe c t o f  pH  o n  s t ru c tu re  an d  s ta b il i ty , 29

p
PA  3 6 7 9  N C A  sp o re s

c h a ra c te r is tic s  o f  a la n in e -in d u ce d  g e rm in a 
tio n  o f, 324 

packag in g
p ro tec tiv e  m ate ria ls  fo r fresh  b e e f  sh ip 

m en ts , 739
tec h n iq u e  fo r  d e te rm in in g  o x y g en  c o n c e n 

t ra t io n s  in side  p ackages , 4 9 0
v acu u m  o f  lam b : e f fe c t o f  c e r ta in  fa c to rs  on  

re ta il case-life  an d  p a la ta b ili ty , 4 6 3
v a cu u m  o f  lam b : e ffe c ts  o f  s to rag e  tim e  an d  

te m p e ra tu re , 4 5 7  
p a la tab ili ty

b e e f  c o lo r as re la te d  to  c o n su m er a c c e p t
ance  an d , 4 7 6

o f  p an cak es fo r t if ie d  w ith  legum e f lo u rs , 
7 7 4

o f  v acu u m  pack ag ed  lam b : e f fe c t o f  c e r ta in  
fa c to rs  on  re ta il  case-life , 4 6 3  

p an cak es
p a la tab ili ty  o f , fo r t if ie d  w ith  legum e flo u rs , 

774
p a s teu riza tio n

flo w  d iv ers io n  valve c o n tro l  fo r , o f  egg p ro d 
u c ts , 175

peach
c h a ra c te r iz a t io n  o f  lip id s fro m  seeds o f, 9 3 8  

p each es , can n ed
re la tio n s h ip  o f  sen so ry  ra tin g s w ith  tan n in  

c o m p o n e n ts  o f , 177
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p each es , c ling

c h a ra c te r is tic s  o f  p o ly p h e n o lo x id a s e  re la te d  
to  b ro w n in g  in , 2 6 4

p e an u ts
free  a rg in in e  c o n te n t  o f  as a m easu re  o f  seed  

m a tu r i ty , 722
s im u lta n e o u s  reco v e ry  o f  p ro te in  a n d  oil 

f ro m  raw , 90
w a te r  b in d in g  o f  so m e  p u rif ie d  p ro te in s , 

965
pear

p e ro x id a se  lo ca liz a tio n  an d  lignin  fo rm a tio n  
in dev elo p in g , 381 

p e c tin , lo w -ester
e ffe c t o f  d e m e th y la t io n  p ro c e d u re s  on  q u a l

i ty  o f, used  in  d e sse rt gels, 7 3 0  
g rad in g  o f, fo r  use in d e sse rt gels, 7 2 6  

peeling , c au s tic
o f  p o ta to e s :  ra te  lim itin g  m ech an ism s , 754  

p e n to san s
c h a ra c te r iz a t io n  o f  in  so rg h u m  g ra in , 369 
in  so rg h u m  g ra in , 365 

p e p p ers
p h y sio lo g ica l a n d  ch em ica l s tu d ie s  o f  ch ill

ing in ju ry  in , 7 0 8  
p e ro x id ase

lo ca liz a tio n  an d  lign in  fo rm a tio n  in d ev e lo p 
ing pear f ru i t ,  381 

p e rs im m o n
e ffe c t o f  C 0 2 a tm o sp h e re  on  a s trin g en cy  

d isa p p ea ran c e  o f, 815 
pH

e ffe c t  on  bo v in e  o x y m y o g lo b in  s t ru c tu re  
an d  s ta b il i ty , 29

e ffe c t  o n  g ro w th  o f  S. a u reu s , 81 
e f fe c t  o n  ov ine  m u sc le : m ech an ica l p ro p e r 

tie s , 356
e ffe c t  o n  ov ine m u sc le : W H C, 351 

p h o sp h a te s , c o n d en sed
e ffe c t on  pH , sw ellin g  and  W HC o f  b eef, 

860
p h o sp h o lip id

ch an g es in m uscle  fro m  fro z en  s to re d  L ake 
M ichigan c o h o  sa lm o n , 4 2 6  

f a t ty  acid  d is t r ib u t io n  in o ran g e  ju ic e , 387 
p ick les, f re sh -p ack  dill

in flu e n c e  o f  a lu m  on  firm n ess  o f, 4 4 2  
in flu e n c e  o f  d if fe re n t  o rg an ic  acids on  f irm 

ness, 4 4 6
pigs, s tre ss-su scep tib le

m e ta b o lism  an d  h is to c h e m is try  o f  sk e le ta l 
m usc le  fro m , 659  

p o ly p h e n o lo x id a s e
c h a ra c te r is tic s  o f  re la te d  to  b ro w n in g  in 

c ling  p each es , 2 6 4  
p o m fre t ,  w h ite

d e h y d ro - ir ra d ia t io n  p ro cess fo r, 8 3 7  
p o rc in e

an  a p p a ra tu s  fo r  m ea su re m e n t o f  c o n tra c ti le  
p ro p e r tie s  o f  sk e le ta l m u sc le , 799 

s tu d ie s  on  n u c le o tid e  m e ta b o lism  in  longissi- 
m us m usc le  p o s t-m o rte m , 612

p o rk
e ffe c t o f  c o n tro lle d  gas a tm o sp h e re  and  

te m p e ra tu re  o n  q u a lity  o f  p ack ag ed , 869 
e ffe c ts  o f  se lec tio n  o n  c u t-o u t  y ie ld s, 

c o o k e d  ed ib le  p o r t io n  y ie ld  an d  o rg a n o 
le p tic  su p e r io r ity  o f  lo in s , 222  

h o t  b o n in g  a n d  te n d e rn e s s , 179 
lo w -te m p e ra tu re  d e s tru c tio n  o f  T . sp ira lis  

using  liq u id  n i tro g e n  an d  liq u id  C 0 2 , 
7 0 6

p ro d u c tio n  an d  b in d in g  o f  m a lo n a ld e h y d e  
d u rin g  s to ra g e  o f  c o o k e d , 664

p o ta to
a m in o  acid  c o m p o s it io n  o f  se lec te d  v a rie 

ties , 375
c o n tro l  o f  c h lo ro p h y ll an d  so la n in e  s y n th e 

ses a n d  sp ro u tin g  o f  tu b e rs  by  h o t  p a r
a ffin  w ax , 629

e ffe c t  o f  ligh t an d  te m p e ra tu re  o n  fo rm a 
tio n  o f  so la n in e  in , 969  

e ffe c t o f  so n ic  en erg y  o n  th e  a ir  d ry in g  o f  
c u b es  fro m  sw ee t, 7 9 3

ra te  lim itin g  m ech an ism s in c au s tic  peeling , 
7 5 4

p o ta to  ch ips
c o m p u te r  s im u la tio n  o f  s to ra g e  life o f  fo o d s  

u n d e rg o in g  sp o ilag e  by tw o  in te ra c tin g  
m ech an ism s , 679

d e v e lo p m e n t o f  a m a th e m a tic a l  m o d e l fo r 
o x id a tio n  o f, as a fu n c tio n  o f  o x y g en  
p re ssu re , e x te n t  o f  o x id a tio n  a n d  E R H , 
673

e f fe c ts  o f  e n v iro n m e n ta l fa c to rs  on  th e  o x i
d a tio n , 584 

p o ta to  e x tra c ts
m e th o d  fo r  c lean -u p  o f , fo r  re d u c in g  sugar 

d e te rm in a tio n , 631 
p o ta to  flakes

e ffe c t o f  a m in o  acid  s u p p le m e n ta t io n  o f  d e 
h y d ra te d  on  p ro te in  n u tr it iv e  va lu e , 378 

f lav o r q u a lity  an d  s ta b il i ty :  v o la tile  c o m 
p o n e n ts  a sso c ia ted  w ith  s to ra g e  ch an g es, 
5 7 9

p o u l try , d e b o n ed
c a rb o n y l c o m p o s it io n  a n d  o rg a n o le p tic  ev a l

u a tio n  o f, 544
q u a li ty :  ch em ica l an d  p h y sica l c h a ra c te r is 

tics o f , 247  
p o u ltry , m ea t loaves

e ffe c t  o f  h e a t p ro cessin g  on  e x tra c ta b il i ty  o f  
s a l t - s o lu b l e  p ro te in , tissue  b in d in g  
s tre n g th  an d  c o o k in g  loss, 2 4 4  

p re se rv a tio n , g as-exchange
ch an g es in q u a lity  a n d  n u tr it io n a l  c o m p o s i

tio n  o f  fo o d s , 8 2 0  
p rocess

fo r  p re p a ra tio n  o f  FPC w ith  r e h y d ra tio n  
an d  e m u ls ify in g  c ap a c itie s , 7 4 3  

w e t-e x tra c t io n :  e v a lu a tio n  o f  a p ro te in  c o n 
c e n tra te  p ro d u c e d  fro m  g land less c o t t o n 
seed  f lo u r  b y , 7 7 8  

processing
cell d is ru p tio n  a n d  its c o n se q u e n c e s  in  fo o d , 

5 30
d e h y d ro - ir ra d ia t io n  o f  w h ite  p o m fre t :  s y n 

erg is tic  e f fe c ts  o f  b lan c h in g  w ith  p re se r
va tiv es, p a r tia l  d e h y d ra tio n  an d  lo w  dose  
ir ra d ia t io n , 8 3 7

in flu e n c e  o f  p ro c e d u re s  on  to ta l  c o u n t,  p re 
su m p tiv e  c o lifo rm s  an d  C. p e rfrin g e n s  in 
b e e f  fo r  fu r th e r  c o o k in g , 4 9 4  

o f  h am : c h em ica l an d  p h y sica l p ro p e r tie s  
a f te r  th e rm a l, 9 0 7

p re -freez in g  o f  G o ld e n  D elic ious a p p le  
slices, 812

su rv ey  o f  fo o d -in g red ien t-D D T  re ac tio n s  
u n d e r  th e rm a l, 7 6 02-p ro p a n o l

r e te n tio n  a t lo w  c o n c e n tra t io n s  by freeze  
d ry in g  c a rb o h y d ra te  so lu tio n s , 6 1 7  

p ro te in (s )
e x tra c ta b le :  e f fe c t  o f  m ea t p a r tic le  size  o n , 

c o o k in g  loss an d  b in d in g  s t re n g th , 2 4 0  
e x tra c ta b il i ty  o f  ov ine  m uscle  as a fu n c tio n  

o f  t im e  p o s t-m o rte m , 4 7 3  
film  fo rm a tio n  a t an o il-w a te r in te r fa c e , 7 9 5  
FP C : e f fe c t  o f  h y d ro g e n  p e ro x id e  on  co lo r, 

c o m p o s itio n  an d  q u a lity  o f, 42  3 
la b o ra to ry  e v a lu a tio n  o f  so u rc e s  fo r use in 

c h a p a ti  f lo u rs , 100
m em b ra n e  s t ru c tu re  an d  ce llu la r d e a th  in 

b io lo g ica l tis su e , 504
s y n th e s is  an d  p o s th a rv es t f ru i t  p re se rv a tio n , 

518
p ro te in , a lfa lfa  le a f  m eal

e x tra c ta b il i ty  an d  p ro p e r tie s  o f , 94 
p ro te in , c o c o n u t

c h a ra c te r iz a t io n  o f  tw o  c h ro m a to g ra p h ica lly  
se p a ra te d  f ra c t io n s  o f, 4 

p ro te in , c o tto n s e e d
e v a lu a tio n  o f  f lo u r  p ro d u c e d  by a w e t- 

e x tra c t io n  p ro cess, 7 7 8  
p ro te in  fo o d s

flav o r se n sitiv ity  o f  to  g am m a  ir ra d ia t io n , 
671

p ro te in  h y d ro ly z a te s
a n tio x id a n t  e f fe c t  o f  in a freeze -d ried  m o d el 

sy s te m , 873

p ro te in  iso la tes
a p p ro a c h e s  to  u til iz a t io n  o f  fish fo r  p re p a ra 

tio n  o f: is o la tio n  an d  p ro p e r tie s  o f  m y o 
fib r illa r  an d  sa rc o p la sm ic  fish  p ro te in s , 
599

e n z y m ic  m o d if ic a t io n s  o f  m y o f ib r illa r  fish 
p ro te in s , 6 0 4

so m e  fa c to rs  in f lu e n c in g  p ro d u c tio n  o f  fro m  
w h o le  fish , 195 

p ro te in s , m ilk  se ru m
re a c tio n  o f  p y r id o x a l an d  p y rid o x al-5 - 

p h o sp h a te  w ith , 310 
p ro te in , m uscle

e m u ls ify in g  c a p a c ity :  p hase  v o lu m es at
em u ls io n  c o llap se , 9 0 4  

e m u ls ify in g  p ro p e r tie s  o f  p u rif ie d , 2 8 6  
p ro te in s , m y o fib r illa r

a p p ro a c h e s  to  u t il iz a tio n  o f  fish  fo r p re p a ra 
tio n  o f  iso la te s , 599  

e n z y m ic  m o d if ic a t io n s  o f, 604  
p ro te in s , o ilseed

w a te r  b in d in g  o f  p u rif ie d , 965  
p ro te in , p e a n u t

re co v e ry  fro m  p e a n u ts  in  an a q u e o u s  sy s
te m , 90 

p ro te in , p lan t
s ta b il iz a t io n  o f  c a lc iu m  sen sitiv e  by K-car- 

rag een an , 719  
p ro te in , sa rc o p la sm ic

a p p ro a c h e s  to  u t il iz a t io n  o f  fish fo r  p re p a ra 
tio n  o f  iso la te s , 599  

p ro te in , sa lt-so lu b le
e ffe c t  o f  h e a t p ro cess in g  o n  e x tra c ta b il i ty  o f  

in p o u ltry  m ea t loaves, 2 4 4  
p ro te in , sing le-cell

e f fe c t  o f  d ry in g  c o n d it io n s  on  cell v iab ility  
an d  fu n c tio n a l  p ro p e r tie s  o f , 103 

p ro te in , so y
lip id  film s: o p t im iz a t io n  o f  film  fo rm a t io n , 

40
lip id  film s: s tu d ie s  o n  th e  film  fo rm a tio n  

p h e n o m e n o n , 36 
p ro te in s , w h ea t

e f fe c t  o f  g am m a  ra d ia tio n  o n , 715  
h y d ro ly s is  d u rin g  b re a d m a k in g  o f  p h y tic  

a c id , 12 
p ro te in , w hey

w h ip p in g  p ro p e r tie s  o f  sp ra y -d ried  c o m p le x  
f ro m , an d  CM C, 4 5 2  

p ro teo ly s is
e ffe c t o f  o n  th e  e m u ls if ic a tio n  c h a ra c te r is 

tic s  o f  b o v in e  sk e le ta l m u sc le , 27 
p y ra z in e , te t r a m e th y l

im p lic a t io n s  o f  B acillus su b tilis  in  sy n th e s is  
o f , d u rin g  f e rm e n ta t io n  o f  c o co a  b ean s , 
9 6 7

p y rid o x a l
re a c tio n  w ith  m ilk  se ru m  p ro te in s , 310  

p y r id o x a l-5 -p h o sp h a te
re a c tio n  w ith  m ilk  se ru m  p ro te in s , 310

Q
q u a lity

c a rb o n y l c o m p o s it io n  a n d  o rg a n o le p tic  eval
u a tio n  o f  m ec h an ic a lly  d e b o n e d  p o u l try , 
544

c h em ica l an d  p h y sica l c h a ra c te r is tic s  o f  d e 
b o n e d  p o u ltry  m ea t, 2 4 7  

o f  c h an n e l c a tf is h :  ch an g es  in , 841 
o f  fo o d s  p re se rv ed  by gas e x ch a n g e , 8 2 0  
o f  fro z en  a n d  re fr ig e ra te d  b e e f: in f lu e n c e  o f  

s to ra g e  an d  p ro cessin g  v a riab les , 2 3 0  
o f  fro z e n  an d  re fr ig e ra te d  b ee f: re la tio n s h ip  

b e tw e e n  gas c h ro m a to g ra p h ic  d a ta  and  
flav o r sc o re s , 2 34

o f  p ack ag ed  p o rk :  e f fe c t  o f  c o n tro lle d  gas 
a tm o sp h e re s  an d  te m p e ra tu re  o n , 869 

o f  p re c o o k e d  an d  m ec h an ic a lly  d e b o n e d  
tu rk e y  m ea t: e f fe c t  o f  to c o p h e ro l  s u p 
p le m e n ta t io n  o n , 8 5 3

o f  sw ee t c o rn :  ch an g es  in d u rin g  m a tu ra 
t io n , 257
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ra d ia tio n
possib le  id e n tif ic a t io n  o f  t r e a tm e n t  o f  fish 

by  e le c trica l re s is tan c e  m e a su re m e n t, 
501

p re se rv a tio n  o f  sh r im p  fo r  a m b ie n t  te m p e ra 
tu re  s to ra g e : d e v e lo p m e n t o f  a h ea t- 
ra d ia tio n  c o m b in a tio n  p ro cess , 148 

s te r il iz e d  co d fish  cak es , 4 2 2  
s to ra g e  s tu d ie s , 1 5 1 

r a d ia tio n , g am m a
c h a ra c te r iz a t io n  o f  th e  red  p ig m en ts  p ro 

d u c e d  f ro m  fe rr im y o g lo b in  b y , 361 
c o m p a r iso n  o f  p re c o o k e d  ir ra d ia te d  c h ick en  

a n d  lam b  w ith  an d  w ith o u t  p a rtia l d e 
h y d ra tio n ,  4 6 9

e ffe c t  o f  on  a n ti th ia m in e  ac tiv ity  o f  s k ip 
jac k  tu n a , 5 9 6

e ffe c t  o f  o n  free z e -d ry in g  ra te s , 3 3 6  
e ffe c t o n  w h e a t p ro te in s , 715 
f lav o r se n s itiv ity  o f  se lec te d  an im a l p ro te in  

fo o d  to ,  671
o f  m e tm y o g lo b in :  s ta b il i ty  an d  c h a ra c te r is 

tics o f  th e  p ig m e n t p ro d u c e d  b y , 2 1 3  
ra d ia tio n , th e rm a l

p ro p e r tie s  o f  f ree z e -d ried  m ea ts , 2 0 9  
ra n c id ity

in a lm o n d s : sh e lf  life  s tu d ie s , 824  
o x id a tiv e : in raw  fish  f ille ts , 547  

re fle c ta n c e  d a ta
e ffe c t o f  pre- an d  p o s t-m o rte m  h a n d lin g  on 

re f le c ta n c e  c h a ra c te r is tic s  o f  can n ed  
sk ip jac k  tu n a ,  502 

r ib o so m es
re sp o n se  o f  to  s tre ss in th e  p o s th a rv es t cell, 

5 1 3
rice

in te r re la tio n s h ip  b e tw ee n  c e r ta in  p h y s ic o 
ch em ica l p ro p e r tie s  o f , 7 33 

r ip en in g
p o s th a rv es t f ru i t  p re se rv a tio n  a n d , 518  

ro a s ts , lam b  an d  b e e f
co o k ed  fro m  th e  fro z en  s ta te  by  d ry  and  

m o is t h e a t ,  2 2 6  
R osacea

c h a ra c te r iz a t io n  o f  lip id s fro m  seeds o f  a p ri
c o t,  peach  a n d  a lm o n d s , 9 3 8

s
S a c ca h a ro m y c es  cerev isiae

e ffe c t  o f  d ry in g  c o n d it io n s  o n  cell v iab ility  
a n d  fu n c tio n a l  p ro p e r tie s , 103 

sa cch a rid e
c o n tr ib u t io n  o f  c o rn  s y ru p  to  th e  s y ru p  fla 

v o r o f  ice  c ream  m ix , 328 
sa lm o n , c o h o

p h o s p h o lip id  ch an g es in m uscle  fro m  fro zen  
s to re d , 4 2 6  

S a lm o n e llae
p o s t- ir ra d ia t io n  e v a lu a tio n  o f, 4 8 5
survival d u rin g  sp ra y  d ry in g  o f  fo o d s , 828  

sausage
d e v e lo p m e n t o f  a p ro to ty p e  e m u ls io n  p re p a 

ra tio n  sy s te m , 4 8 0
e ffe c t  o f  han g in g  p o s itio n  on so m e  p ro p e r 

tie s  o f  d ry , 6 3 3  
sau sag e , fish

s ta b il i ty  a t lo w  te m p e ra tu re  s to ra g e , 191 
sca llo p

fa t ty  ac id  c o n te n t  a n d  p ro x im a te  a n a ly sis  
o f , 3 0 0

se a fo o d , c an n e d
id e n t i f ic a t io n  o f  fe rro u s  o r th o p h o s p h a te  

a n d  fe rr ic  o x y h y d ro x id e  in  “ su lfid e  
b la c k ”  f ro m  c an n e d  c h ic k en  h a d d ie , 77 

sen escen ce
an d  p o s th a rv e s t  f ru i t  p re se rv a tio n , 518 

sen so ry  e v a lu a tio n
in m o d e l sy s te m s  o f  re s id u es  fro m  can c o a t

ings, 72
re la tio n s h ip  w ith  ta n n in  c o m p o n e n ts  o f  

c an n e d  p e ach es , 177

sw ea ty  o d o r  in f a t ty  acids: m ea su re m e n ts  o f  
s im ila r ity , c o n fu s io n  an d  fa tig u e , 33  

using  c o m p o s ite  c o m p le te - in c o m p le te  b lo ck  
designs, 8 7 6  

sh e lflife
e ffe c ts  o f  fu n g ic id e s  in c o m b in a tio n  w ith  

h o t  w a te r  an d  w ax  on  to m a to  f ru i t ,  957  
ra n c id ity  in a lm o n d s , 824  
s ta b il i ty  an d  a cc e p ta n c e  o f  f ro z en  Pac ific  

h ak e  fille t  p o r t io n s , 801 
sh r im p , G u lf

p o s t-m o rte m  b io ch e m ic a l ch an g es in  m uscle , 
609

ra d ia tio n  p re se rv a tio n  fo r  a m b ie n t  te m p e ra 
tu re  s to rag e : d e v e lo p m e n t o f  a h ea t-  
ra d ia tio n  c o m b in a tio n  p ro cess, 148 

ra d ia tio n  p re se rv a tio n  fo r  a m b ie n t  te m p e ra 
tu re  s to ra g e : s to ra g e  s tu d ie s , 151 

sm o k in g
e ffe c t  o f  t im e  an d  te m p e ra tu re  o f, o n  m ic ro 

o rg an ism s on  f ra n k fu r te r s , 845 
so f t d r in k s

d e te rm in a tio n  o f  b ro m in a te d  v eg etab le  oil 
c o n c e n tra te s  in , using  a sp ec ific  ion  e le c 
tro d e , 791

soil
sp o re  c o u n ts  o f  th e rm o p h ilic  a e ro b ic  b ac 

te r ia  in , 7 8 3  
so lan in e

c o n tro l  o f , an d  sp ro u tin g  o f  p o ta to  tu b e rs  
by  h o t  p a ra ffin  w a x , 629  

e f fe c t o f  lig h t an d  te m p e ra tu re  on fo rm a 
tio n  in p o ta to  slices, 9 6 9  

so n ic  en erg y
e ffe c t  o n  a ir  d ry in g  o f  a p p le  an d  sw ee t p o 

ta to  cu b es , 7 9 3  
so y b e a n s

ra p id  im p ro v e m en t in n u tr it io n a l  q u a lity  o f, 
by d ie le c tric  h e a tin g , 3 3 3  

w a te r  b in d in g  o f  so m e  p u rif ie d  p ro te in s , 
965

w a te r  so lu b le  a n tio x id a n t  a c tiv ity  in , 322 
so y b e a n  cu rd

p re p a ra tio n  an d  e v a lu a tio n  o f, w ith  red u ced  
b e an y  flav o r, 4 5 0  

s o y b e a n  m eal, d e fa t te d
q u a n ti ta t iv e  d e te rm in a tio n  o f  o lig o sac 

ch arid es  in by G L C , 372 
s p e c tro p h o to m e try ,  UV

d e te c t io n  o f  f ro z en  fish  d e te r io ra t io n  b y , 
649

sp in a ch  pu ree
f o r m a t io n  o f  2 - p y rro l id o n e -5 -c a rb o x y l ic  

acid  fro m  g lu ta m in e  d u rin g  processing , 
45

s im p lif ied  m e th o d  fo r  an a ly sis  o f  g lu ta m in e , 
4 8 8

spoilage
c o m p u te r  s im u la tio n  o f  fo o d s  u n d e rg o in g , 

679
th e rm a l d e te c tio n  in can n e d  fo o d s , 9 2 8  

sp o re  c o u n ts
o f  th e rm o p h ilic  a e ro b ic  b a c te r ia  in  so il, 7 8 3  

s ta b ili ty
o f  p o ta to  flak es: v o la tile  c o m p o n e n ts  as

s o c ia te d  w ith  s to ra g e  changes, 579 
s ta b il i ty , em u ls io n

a n d  p ro te in  e x tra c ta b il i ty  o f  ov ine  m uscle  as 
a fu n c tio n  o f  t im e  p o s t-m o rte m , 4 7 3  

s ta b il i ty , fo am
o f  egg w h ite : r e la tio n s h ip  o f  ly so z y m e  c o n 

te n t  to , 9 1 8  
S ta p h y lo c o c c u s  au reu s

in te ra c t io n  o f  s o d iu m  n i tr i te ,  o x y g en  and  
pH  o n  g ro w th  o f, 81 

p o s t- ir ra d ia tio n  e v a lu a tio n , 485  
s ta tis tic s

d a ta  an a ly sis: in te rb lo c k  an d  in tra b lo c k  e s ti
m ate s o f  va riance  on  ta s te  p an el d a ta , 
832

sto rag e
c o m p u te r  s im u la tio n  o f  fo o d s  u n d e rg o in g  

spo ilage  by  tw o  in te ra c tin g  m ech an ism s, 
679

in flu e n c e  o n  q u a lity  o f  fro z en  an d  re frig 
e ra te d  co o k ed  sliced  b ee f, 2 3 0

o f  co o k ed  p o rk : p ro d u c tio n  an d  b in d in g  o f  
m a lo n a ld e h y d e  d u rin g , 664  

su b -a tm o sp h e ric  p re ssu re : e f fe c t  o n  rip en in g  
o f  to m a to  f ru its , 952

tim e  a n d  te m p e ra tu re :  e ffe c t o n  v acu u m  
packag in g  o f  lam b , 4 5 7  

s to ra g e , a e ro b ic
m e tm y o g lo b in  r e d u c tio n  a n d  fo rm a tio n  in 

b e e f  d u rin g , 634  
s to ra g e , a m b ie n t  te m p e ra tu re

p re se rv a tio n  o f  sh rim p  by  a h e a t-ra d ia tio n  
c o m b in a tio n  p ro cess: d ev elo p in g  p ro c 
ess, 148

p re se rv a tio n  o f  sh rim p  by  a h e a t- ra d ia tio n  
c o m b in a tio n  p ro cess: s to ra g e  s tu d ies , 
151

sto ra g e , c o n tro lle d  a tm o sp h e re
e ffe c ts  on  b io ch e m ic a l c o m p o s itio n  o f  le t 

tu ce  leaves, 52
e f fe c ts  on  q u a lity  an d  re sp ira tio n  ra te  on  

le t tu c e  h ead s , 48  
s to ra g e , fro z en

q u a li ty  a n d  b io ch e m ic a l changes in  ch ick en  
d u rin g , 145

te x tu ra l  change  in  p re c o o k e d  lo b s te r  d u rin g , 
185

sto ra g e , lo w  te m p e ra tu re
s ta b il i ty  o f  fish  sausage a t, 191 

s to ra g e , re fr ig e ra te d
te x tu ra l  change  in  p re c o o k e d  lo b s te r  m ea t 

d u rin g , 185
s tra w b e rry  p u re e , freeze  d ried

d e g ra d a tio n  o f  a n th o c y a n in s  a t lim ited  
w a te r  c o n c e n tra t io n s , 592 

s ty le  guide
fo r  re sea rch  p ap ers , 639  

S tre p to c o c c u s  faecalis
p o s t- ir ra d ia tio n  e v a lu a tio n  o f , 485  

su c ro se
c ry s ta lliz a tio n  in so lu tio n s  su p e rsa tu ra te d  

w ith , 6 9 3
s o lu b ility  in te r re la tio n s  w ith  sugars, 60  
e ffe c ts  u p o n  g e rm in a tio n  o f  B acillus sp o res 

in  p re sen ce  o f  n isin , 971 
sugar(s)

e co n o m ic  a p p lic a tio n  o f  sw ee tn ess scales, 
411

p e rce p tu a l a t t r ib u te s  o f  ta s te  o f, 6 2 4  
sugar, re d u c in g

m e th o d  fo r c lean -u p  o f  raw  p o ta to  e x tra c ts  
fo r  d e te rm in a tio n  o f , 631 

su lfid e  b lack
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BOTULISM
A  S c i e n t i f i c  S t a t u s  S u m m a r y  b y  t h e  I n s t i t u t e  o f  F o o d  
T e c h n o l o g i s t s ’ E x p e r t  P a n e l  o n  F o o d  S a f e t y  a n d  N u t r i t i o n

Botulism is a rare and poorly under
stood, but currently widely-used term 
that describes a particularly notorious 
type of food poisoning. Botulism dif
fers from the other types of bacterial- 
caused food poisonings, such as those 
caused by staphylococci, salmonella, 
and perfringens in that it causes dis
orders to the human nervous system 
rather' than purely to the digestive 
tract.

Incidence 
of Botulism

The total number of people affect
ed by the disease each year is surpris
ingly low. There are only 10 to 20 out
breaks reported annually in the United 
States involving only from 20 to 30 
people that may result in 2 to 5 deaths. 
The majority of the limited outbreaks 
are caused by improperly heated home- 
canned foods. Canned foods commer
cially processed in the U.S. have had 
a remarkably good record during the 
past 45 years. In this period, about 
29 billion cans of food have been 
processed each year; out of the total 
of 775 billion food cans produced by 
commercial firms in the United States 
only three outbreaks of botulism have 
resulted. Mushrooms canned in 1941 
caused one death, tuna canned in im
properly sealed cans caused two deaths 
in 1963, and in 1971 one person died 
from eating vichyssoise. These statis
tics thus indicate that home-canned 
foods produce the same number of 
illnesses and deaths each year from 
botulism as have been produced in 45 
years of commercial production of 
canned foods even though many fewer 
jars or cans of food are processed in 
homes. Thus, although there is a small 
risk in getting botulism from either

commercially processed or home pre
served foods, there is a substantially 
higher risk from botulism when home- 
preserved foods are consumed.

Description 
of the
Microorganism 
and the Illness

The symptoms of botulism have 
been described in medical literature 
dating back to the 1700’s. It was accu
rately described and made a reportable 
disease in southern Germany in 1854 
as a result of fifteen years of study in
volving more than 230 cases of sausage 
poisoning. The term botulism was com
monly accepted as the descriptive term 
for the illness due to the pioneering 
and excellent microbiological studies 
of the Belgian scientist van Ermengem 
who first isolated the microorganism 
after a food poisoning outbreak that 
occurred in Ellezelles, Belgium in 1896.

The type of bacteria that produces 
botulism is called Qostridium botu- 
linum\ it is a large, motile, spore
forming, rod-shaped gram positive bac
terium that will not grow in the pres
ence of small quantities of oxygen. Ox
ygen, in fact, may prevent the growth 
or even cause the death of C. botuli- 
num cells. However, the bacterial cells 
are capable of growth in suitable foods 
or can grow just a few millimeters 
under the surface of foods exposed to 
the air. Large numbers of bacterial 
cells can be produced under suitable 
growth conditions and the potent bot
ulism neurotoxin can be subsequently 
released into the food. Eating food 
containing the neurotoxin of botulism 
permits the toxin to enter the circula
tory system via the small intestine.

The disease is thus a food-borne intoxi
cation rather than a food-borne infec
tion.

Botulism toxin causes muscle paral
ysis of susceptible animals and man by 
blocking nerve terminals at myoneural 
junctions. Paralysis progresses down
ward, usually starting with the eyes 
and face, then to the throat, chest, and 
eventually to the arms and legs. Final
ly, if sufficient toxin is present in the 
blood, the diaphragm and chest mus
cles become paralyzed and death may 
result from asphyxiation. The over-all 
mortality rate has decreased over the 
past 70 years in the U.S. and Canada 
from about 60% up to 1945, to about 
25% mortality for the diagnosed and 
reported cases at present. This reduced 
mortality is probably largely due to 
prompt administration of the tri-valent 
A, B, E antitoxin that is widely avail
able across the U.S. through the U.S. 
Public Health Service.

The early signs of botulism are fa
tigue, weakness, and vertigo, usually 
followed by blurred vision and progres
sive difficulty in speaking and swallow
ing. Muscle weakness, labored breath
ing, abdominal discomfort and disten
tion, and constipation are other com
mon symptoms. Early vomiting, nau
sea and inflammation of the mucosal 
lining of the throat may be produced 
by the type of botulism commonly 
produced in seafoods.

Usually, symptoms develop about 8 
to 72 hours after eating food contain
ing preformed botulinum toxin. How
ever, symptoms such as thirst, weak
ness, throat pain and abdominal swell
ing may persist for some time. Botu
lism can be diagnosed due to the clini
cal symptoms alone, but differentia
tion from a variety of other diseases 
is often difficult. Initial misdiagnosis 
of botulism for bulbar poliomyelitis or 
other central nervous system disorders 
has occurred.

■



F I R S T  S C I E N T I F I C  S T A T U S  S U M M A R Y  O F  T H E  I  F T  E X P E R T  P A N E L

Botulism caused 
by the D ifferent 
Toxin Types of
C .  b o t u l i n u m

Six antigenic types of toxin are pro
duced by different members of the 
species and these form the basis of 
classification of the organism into tox
in types A through F although two 
subtypes of type C have been reported, 
C a and Cp . Types A, B, E, and F .have 
been responsible for human cases; 
types C and D are generally associated 
with botulism in animals. However, all 
types of botulism microorganisms have 
been reported to have caused the dis
ease in man.

Botulism was thought to be associa
ted exclusively with sausages or meat 
products untO the 1890’s, but shortly 
afterward one outbreak in Germany 
and another in California were traced 
to bean salads. These incidents were 
followed in the United States by a se
ries of outbreaks that were traced to 
canned vegetables and fruits. Statistics 
for 1918 through 1922 show 83 out
breaks with 297 cases and 185 deaths. 
Since the 1920’s, the occurrence of 
botulism toxin in commercially canned 
foods has been virtually eliminated by 
improved canning methods that re
sulted from research sponsored by 
the canning industry and public health 
authorities.

All of the outbreaks reported 
through 1922 were due to organisms 
producing one or the other of the two 
above types of toxin, later designated 
as types A and B. Both of the type C 
subtypes (Ct,and Cp) and type D were 
reported in 1922. Types C and D have 
caused heavy losses of chickens, ducks, 
waterfowl, cattle, horses, and mink, 
but there is little evidence that they 
have ever been responsible for human 
botulism, although there is no evidence 
to indicate man is not susceptible.

Type E was first identified as a 
toxigenic type in 1935. This strain, iso
lated from Russian sturgeon, was found 
to be identical to two other strains 
previously isolated in New York. One 
strain had been isolated from an out
break in 1932 involving salmon caught 
and smoked in Labrador and the other 
from imported canned sprats responsi
ble for an outbreak in 1934. Although

one type E outbreak was due to com
mercially canned mushrooms in 1941, 
all other outbreaks in the United 
States have involved fish and seafood. 
Since 1960, outbreaks traced to fish 
caught and commercially smoked in 
the Great Lakes area have been respon- 
ible for 21 cases and 9 deaths, but one 
outbreak responsible for two deafhs in 
1963 involved canned tunafish. How
ever, this outbreak was due to im
proper can seaming and recontamina
tion, since the type E spores are read
ily destroyed by temperatures greater 
than 190°F. This organism is an 
important public health hazard in 
areas of Japan where “ Izushi” a dish 
made of fermented raw fish, rice, koji, 
and chopped vegetables, is a popular 
food. It has given rise to morbidity 
rates from type E botulism of about 
50% with fatality rates of 20% to 
100%.

Type F was first isolated in 1960 
from an outbreak in Denmark in which 
a liver paste was the vehicle. The only 
other type F outbreak on record oc
curred in California in 1966 and was 
traced to contaminated deer jerky.

The types of foods involved in bot
ulism vary according to food preserva
tion and eating habits in different re
gions. Almost any type of food with a 
pH above 4.6 can support growth and 
toxin formation. Botulinum toxin has 
been found in a considerable variety of 
foods, such as canned corn, peppers, 
green beans, beets, asparagus, mush
rooms, ripe olives, spinach, tunafish, 
chicken, and chicken livers and liver 
pate, and in luncheon meats, ham, 
sausage, stuffed eggplant, lobster, and 
smoked fish.

D istribution of the 
M icroorganism 
in Nature

The food-borne illness of botulism 
occurs throughout the world. This is 
because the organism is widely distri
buted in nature and occurs in both 
cultivated and forest soils, bottom sedi
ments of streams, lakes, and coastal 
waters, the intestinal tracts of fish and 
mammals, and the gills and viscera of 
crabs and other shellfish. Canned veg
etables, sausages, meat products, and 
seafood products have been the most 
frequent vehicle for human botulism. 
Of the 659 outbreaks recorded in the

United States from 1899 through 1969, 
21.8% were due to type A, 5.6% 
to type B, 2.6% to type E, and 0.3% to 
type F. In 69.5% of the outbreaks 
the type could not be determined. Out
breaks have been reported in 44 states, 
but 5 western states account for over 
half of all reported outbreaks.

Of the 144 type A outbreaks, 92% 
took place in states west of the Miss
issippi River, whereas 25 of 37 type B 
outbreaks, or 67%, occurred in eastern 
states from 1899 through 1969. Type 
E outbreaks have been reported in 10 
states. The geographic association of 
this type with Alaska and the Great 
Lakes area may be more apparent 
than real.

The regional distribution of out
breaks by toxin type is in keeping 
with the results of a spore survey of 
soil samples by K.F. Meyer and B.J. 
Dubovsky. These investigators found a 
predominance of type A in soil speci
mens from the west and of type B in 
soils of the northeast and central 
states. Other investigators have shown 
that type E is the predominant type 
in fish and sediments from the Great 
Lakes, in estuarine and coastal waters, 
and in sediments, fish, ahd shellfish 
from the Atlantic, Pacific, and Gulf 
coasts of North America.

In Europe, type B is the predomi
nant type both in soils and in out
breaks. However, type E has accounted 
for 46% of the outbreaks in Japan, 
Canada, and Scandinavia in the Twen
tieth Century.

Most Botulism 
Outbreaks due to 
Home-Preserved 
Foods

Outbreaks of botulism in the Unit
ed States between 1899 and 1969 
have been shown to be caused mostly 
by home-preserved foods and have 
been identified mainly on the basis of 
clinical symptoms instead of isolation 
and typing of the organism. These 
have included: vegetables-395 out
breaks of which 362 involved home- 
preserved foods; meat—44 outbreaks, 
36 home-preserved; milk and milk pro
ducts—7 outbreaks, 5 home-preserved; 
fish and seafood—48 outbreaks, 33 
home-preserved; and fruit and pickles— 
35 outbreaks, of which 34 involved



home-preserved foods. In many out
breaks the kind of food involved was 
not identified.

Most of the outbreaks have been 
traced to home-canned vegetables, fish, 
fruits, and meat products, with a very 
much smaller number involving com
mercially processed foods. Although 
many outbreaks were caused by com
mercially canned products during the 
1920’s and 1930’s, home-canned string 
beans, corn, beans, spinach, and aspar
agus. account for over half of the total 
number.

Botulism is usually associated with 
foods that have been given an inade
quate or minimal preservation treat
ment, held for some time unrefrigera
ted, and consumed without appropri
ate heating. The growth of C. botu- 
linum in foods frequently, but not 
always, produces a foul, putrid odor 
that serves as a warning to the con
sumer. Signs of spoilage, however, 
have not prevented botulism because 
the degree of tolerance to disagree
able odors or off-flavors varies among 
individuals. Moreover, in green beans 
or in foods that are smoked, heavily 
spiced, or fermented, the off-odor may 
be difficult to recognize.

Determining the Cause of Suspected Botulism Outbreaks
Since botulism is food-borne and re

sults from ingestion of toxin formed 
in the food following growth of the 
organism, determination of the source 
of an outbreak is based on detection 
and identification of the. toxin or cul
tivation of C. botulirtum from the food 
involved. Currently the most widely 
used method for detecting toxin in sus
pect food is the injection of extracts 
of the food into white mice previous
ly immunized with specific antitoxin. 
Type E toxin is usually activated by 
treatment with the enzyme trypsin 
and the enzyme-treated food sample 
is used to inject mice. The first ob
jective in an epidemiological investi
gation is usually the detection of toxin 
in the suspect food by such a test. 
Rapid identification of the toxin is 
important for proper treatment of the 
victims and for determining the source 
so that the implicated food can be re
moved from further distribution as 
quickly as possible. This analysis is fol

lowed by culturing all suspect foods in 
an enrichment medium for the detec
tion and isolation of the causative 
organism.

The details of these procedures will 
vary somewhat with the nature of the 
material to be examined. Products such 
as meat or fish are ground with gela
tin-phosphate buffer to extract the 
toxin, whereas liquid portions of some 
products can be injected directly into 
mice. Suspect foods are cultured for 
the bacillus because the food is occa
sionally no longer toxic at the time 
the' mouse test is performed due to 
growth of other microorganisms, pH 
changes, or temperature fluctuation. 
Human illness with symptoms of bot
ulism, demonstration of toxin in the 
suspect food, and isolation of a toxic 
strain of C. botulinum from the food 
involved is considered a positive lab
oratory confirmation for botulism.

Growth of the Microorganism
There are many enrichment media 

used for the cultivation of the different 
types of C. botulinum. Generally, all 
of the media contain reducing agents 
to maintain anaerobic conditions and 
also contain buffering agents. The us
ual incubation times and temperatures 
for maximum toxin production and 
growth of the various types range 
from 3 to 7 days, at 78° to 96°F.

Elimination of nonspore-forming 
contaminants from enrichment cul
tures is performed in the laboratory by 
treatment with alcohol. Cultures are 
then streaked on plating media for the 
selection of typical colonies of C. bot
ulinum. Plating media frequently em
ployed are blood agar, liver veal egg 
agar, brain heart infusion agar, a vari
ety of beef infusion agars, and modi
fications of special egg yolk media.

C. botulinum is an obligate anaer
obe and atmospheric oxygen has a tox
ic effect on its vegetative cells. Botu- 
linal growth in food, therefore, is re
lated to the oxidation-reduction (O-R) 
potential of the food itself. Such 
potentials are established in many 
foods by oxygen-reducing systems pre
sent in the food such as sulfur-hydro
gen molecular groups that bind oxygen 
in meats, ascorbic acid or vitamin C 
that binds oxygen in many foods, and 
other microorganisms that use up oxy

gen. No special conditions of incuba
tion, therefore, are generally required 
for C. botulinum since frequently the 
food itself produces a sufficiently low 
oxygen-reduction potential to permit 
outgrowth.

The resistance of C. botulinum 
spores to chemical agents is quite high. 
Complete inhibition of spore germina
tion and outgrowth requires 5% com
mon table salt (sodium chloride) to 
inhibit type E, while about 10% is 
needed to inhibit types A, B, an'1 F.

Methods of Commercial Control of the Botulism Problem
Canning procedures have been de

veloped to destroy spores with a suffi
cient margin of safety to make the 
probability of any survivors extremely 
remote. Where there is a question 
about the safety of a product, cans 
should be discarded when they show 
even slightly bulging ends or any other 
evidence of spoilage such as souring, 
gas formation, discoloration, or leaks. 
However, these recommendations do 
not apply to those commercially 
canned products that contain pressure 
such as canned soft drinks, beer, and 
coffee. Botulism bacteria cannot grow 
in these three products.

Any other food cans or jars showing 
bulging lids should be suspected of 
containing botulism. Never under any 
circumstance should the contents of 
these containers be tasted, but they 
should be discarded where animals 
cannot gain access to them.

The canning industry, using the in
formation provided by research carried 
out in the 1920’s and 1930’s, has 
adopted standardized processes for 
treating low-acid foods so that the 
probability of C. botulinum spores sur
viving is very remote. The spores of C 
botulinum, although quite resistant, 
are not the most heat-resistant known, 
and other more resistant spore-formers 
are frequently used in time-tempera
ture studies. However, canning pro
cesses must be of such lethality that 
the likelihood of C. botulinum spores 
surviving is negligible. The concentra
tion of spores in a food product is im
portant because the greater the num
ber of spores there are in the product,
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the greater the processing time and 
temperature required to insure their 
complete destruction. Therefore, the 
so-called 12 D standardized canning 
process was designed to reduce a bac
terial load of 60 billion spores in each 
container to less than one spore per 
container. This assumes that if one 
spore was present in each of 1000 
billion cans, there would be less than 
one can containing a surviving spore 
in the 1000 billion cans.

These processes, which take into ac
count .~’nong other things the consis
tency and chemical nature of the pro
duct and the size of the can, are now 
standardized to the point that only 
through recontamination after heating 
is it likely that a significant degree of 
spoilage could occur due to container 
leakage. An additional safety factor is 
provided by proper sanitary control, as 
specified in FDA’s Good Manufactur
ing Practice guidelines, which serves to 
reduce the original bacterial load to be 
inactivated during the canning cycle. 
The proposed FDA-National Canners 
Association “Better Process Schools” 
that will ensure better education of re
tort operators and can seam operators 
should result in materially increasing 
the already remarkable safety factor 
of our commercially processed food 
supply.

The knowledge concerning the ef
fects of chemicals, such as salt, nitrite, 
and organic acids, on the germination 
and outgrowth of C botulinum spores 
has been utilized by the meat-curing 
industry to produce safe and accepta
ble products. The deletion of nitrites 
from cured meats would impose the 
microbiological risk of botulism that 
must be weighed against possibly harm
ful aspects of the presence of the 
chemical sodium nitrite in our diet.

Vacuum-packaged, moist, low-acid 
foods such as uncured meat, fish, and 
certain vegetables offer a unique envi
ronment for the growth of Oostridum  
botulinum. Therefore, these products 
should always be kept under refrigera
tion or frozen.

General Procedures to Keep Foods Safe from Botulism
How then should foods be kept safe 

from botulism? This is accomplished 
by the destruction of the bacteria and

their very heat-resistant spore forms in 
processed foods. If proper pressure- 
cooking methods are not used, some 
spores may survive, germinate, grow, 
and produce toxin if the food and 
growth conditions are suitable. The 
resting spores themselves are not dan
gerous and many are probably eaten 
by man under normal conditions. 
These spores cannot grow and pro
duce toxin in the human intestinal 
tract and are eliminated intact from 
the body.

The toxins of C. botulinum are heat 
sensitive and are, therefore, readily 
destroyed by normal cooking. Boiling 
for 10 minutes provides a reasonable 
margin of safety against all types. All 
home-preserved foods that are to be 
served warm should be boiled as above 
shortly before they are to be served.

Freezing will not destroy either tox
in or spores but will prevent the germi
nation and outgrowth of spores that 
could lead to toxin production at 
temperatures above 38° F. It is 
most important that frozen food pro
ducts be kept frozen until they are 
cooked.

Best control of the botulism hazard 
is by using proper home and commer
cial food preservation techniques. Gov
ernment agencies continue to urge 
home processors to use pressure-cook
er processes which have proven to be 
safe for low-acid foods. Any home- 
canned food that appears abnormal 
should not be tasted. Also, the serving 
of home-preserved foods in public eat
ing places is prohibited in some locali
ties as a Further precaution.

U.S. Department of Agriculture 
Home and Garden Bulletins on safe 
methods of preserving and handling 
foods in the home are for sale by the 
Superintendent of Documents, Gov
ernment Printing Office, Washington,
D.C. 20402: No. 8—Home Canning of 
Fruits and Vegetables, No. 40-Freez
ing Combination Main Dishes, and No. 
174—Meat and Poultry-Care Tips for 
You, all 20 cents each; No. 106—Home 
Canning of Meat and Poultry and No. 
70—Home Freezing of Poultry, 15 
cents; No. 9 3 -  Freezing Meat and Fish, 
25 cents; and No. 162—Keeping Foods 
Safe to Eat, 10 cents.

Fresh foods, whether eaten raw or 
cooked, have never been implicated in 
an outbreak of botulism. Food preser
vation methods, therefore, are de
signed to prevent the development of 
botulinum toxin unless the nature of

the food itself is inhibitory to the 
growth of the organism. These are 
foods with a high acid, sugar, or salt 
content. Some of these are canned 
fruit juices, sauerkraut, many tomato 
products, heavily salted hams, jellies, 
and jams. Adequate preservation meth
ods must, in order of preference, either 
destroy all spores, prevent their ger
mination and the outgrowth of vegeta
tive cells, prevent the development of 
toxin, or provide conditions under 
which any toxin that might be formed 
will be inactivated.

Proper food safety can thus be a- 
chieved by following proper proce
dures exactly, use of food sanitation, 
and most importantly, good common 
sense. If food Is judged to be spoiled 
or questionable in quality, the old rule 
of “when in doubt, throw it out” 
should be employed.

The above article is a revision and 
adaptation of an article by D.A. Kaut- 
ter and R.K. Lynt, Jr., that appeared 
in the November, 1971 issue of FD A  
Papers.
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In another study, the Agricultural 
Research Service of the USDA has 
uncovered trace amounts of dimethyl 
nitrosamines in three samples of 
cooked sausage purchased at retail 
outlets—forty-seven were negative. In 
laboratory tests this group found that 
about ten times the normal level of 
nitrite was required in cooked sausages 
before nitrosamines could be re
covered.

The laboratories of the Food and 
Drug Administration have developed a 
multi-detection procedure which will 
identify 14 nitrosamines. Using this 
procedure they have found dimethyl 
nitrosamines in one ham at 5 ppb. In 
another study, 30-106 ppb of N-nitro- 
pyrrolidine was found in cooked 
bacon. None was found in the raw 
bacon.

The National Research Council, 
Division of Agriculture, has released a 
study on nitrates, nitrites in soil and 
run-off water entitled, “Accumulation 
of Nitrate.” One section is devoted to 
nitrosamines and concludes there is no 
evidence that foods consumed in this 
country contain nitrosamines at levels 
which might induce carcinogenic, 
mutagenic, and teratogenic effects.

Analyzing for Nitrosamines is Difficult and Tedious
As previously pointed out, the 

analysis for nitrosamines is a difficult 
and tedious procedure and requires 
considerable laboratory skill. Current 
analytical techniques for nitrosamines 
are highly sophisticated, using gas 
chromatography followed by mass 
spectrometry. Interpretation of the 
resulting data is equally demanding in 
sophistication.

Much of the early work on nitros
amines using simpler techniques re
mains suspect and must be repeated, 
and questions of recoverability and 
accuracy need to be answered. Fiddler

(1972) has additionally reported that 
sampling for nitrosamines in com
minuted sausage products presents 
difficulties due to uneven distribution 
of nitrosamines in the product. This is 
not surprising in an analysis for sub
stances at the ppm and ppb levels.

It is apparent from these results 
that the synthesis and appearance of 
nitrosamine reaction products are 
highly unpredictable, and to date a 
proposed, useful mechanism of forma
tion does not exist. Wolff (1972) has 
proposed that localized areas within 
the meat products may offer optimum 
conditions for nitrosamine formation, 
but these conditions remain to be 
determined. Such studies are under
way in his laboratories-USDA’s East
ern Regional Research Laboratory. 
Wolff and Wasserman (1972) have 
published a summary of the present 
state of knowledge on nitrosamines.

Why Not Eliminate Amines and Nitrites from Foods?
If, as earlier pointed out, the re

action in question is that between 
certain amines and nitrites, why not 
simply rule both substances as unsuit
able for use in foods? In fact, by 
interpretation of the Delaney Amend
ment to the Food, Drug and Cosmetic 
Act, such substances should be ruled 
out for use in food.

This dilemma may be ventilated 
soon—a suit was recently filed in 
Federal District Court seeking to pro
hibit the use of nitrates and nitrites in 
cured meat products. Amines are im
possible to rule from use in foods since 
they occur naturally as breakdown 
products from precursors present. 
Nitrites, on the other hand, while 
naturally occurring in human saliva 
and some foods, are also added in 
meat curing and some fish curing. It is 
for this reason attention has been 
focused on cured meats.

It is now quite clear that certain 
cured meat products-namely those 
which, in general, are pasteurized and 
require post-processing refrigeration— 
could not be manufactured without 
nitrite. In such products, nitrite acts to 
inhibit the germination of spores of 
Oostridium botulinum at a minii*aL. 
level of 150 ppm nitrite added. Win 
out nitrite, the botulinum hazaf 
would proscribe such products as they* 
are presently manufactured. Perhaps a 
higher level of salt and certainly a 
greatly increased heat treatment would 
circumvent this problem. But it would 
create a new one, that is, is such a 
product acceptable at all for use by 
consumers? A

Perhaps some of these answers w f  |  
be forthcoming, since effective Ja&.. 
ary 1, 1973 the use of nitrate and5 
nitrite as an additive in food products 
is to be banned in Norway. They may 
be added, however, by petition to the 
government based on botulinum 
hazard. Color improvement is noj 
accepted as a reason for a petition, ai; 
colors may not be added to sausai 
products.

Resolving the Dilemma Requires More Data
Therefore, the dilemma is, shall we 

follow the dictates of the Delaney 
Amendment and prohibit the use of 
nitrites in human foods, as well as 
amines wherever they may occur; shall 
we limit the levels of use; or shall we 
conclude that it is still too early to 
have enough data to reach a reasonable 
decision and push vigorously forward 
to get more information. For example, 
the mechanism of nitrosamine bio
logical action is not known. The 
nature of the compound acting at the 
organ site is not known. More and 
more of the scientific community is 
swinging toward the position of 
acquiring more data as quickly as 
possible so that we may make a 
sensible, considered judgment.
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terial action. This was followed soon 
by work from Lehman in 1899, who 
established that the pink color of 
cured meat was due tonitrite and not 
nitrate. Mechanics of the color re
action were finally clarified by Hal
dane, the great British physiologist, in 
1901 as a combination of nitric oxide 
with meat pigments. This discovery led 
to the use of nitrite directly as a meat 
curing ingredient, rather than waiting 
for the unpredictable bacterial con
version of nitrates to nitrites.

Amounts Permitted in Foods
r Several years ago (1925) a top limit 

on the use of sodium nitrite in meat 
curing was established at 200 parts per 
million (ppm), based on the finished 
product, by the meat inspection 
branch of the USDA. Current regula- 

> tions permit up to 3.5 oz of sodium or 
potassium nitrate in 1001b of meat 
when used as a dry cure, and 2.75 oz 
per 1001b when used in chopped 
meat. The nitrites, sodium and potas
sium, are permitted at 1 oz per 100 lb 
meat, dry cure, and 0.25 oz per 100 lb 

—chopped meat. There is a further 
restriction that 200 ppm nitrite is the 
top allowable level in any finished 
cured meat product.

Nitrite and Nitrate Toxicity Studies
Studies on the toxicity of nitrates 

and nitrites were conducted as early as 
the beginning 1900’s. Tanner and 
Evans wrote a review in 1934 quoting 
the toxicity of nitrites as a level of 
0.3 g single dose and 1 g daily dose for 
adult male. The Swiss Pharmacopeia of 
1928 gave figures of 0.1 g and 0.3 g 
for such dosage. Nitrates, on the other 
hand, have been reported several times 
to be on the same order of toxicity as 
sodium chloride. Recent work by Lon-

don et al. (1967) using potassium 
nitrite has shown that pigs fed more 
than 21.3mg/kg body weight died; 
however, when fed up to 18.3mg/kg, 
there was no effect on weight gain or 
feed efficiency, but methemoglobi
nemia was apparent.

A concomitant interest in nitrate 
ingestion by infants has been reviewed 
by Fassett (1966). A factor rendering 
such ingestion of interest is the high 
gastric pH of infants, which facilitates 
the reduction of nitrate to nitrite by 
bacteria. This study followed the 
recognition of methemoglobinemia in 
infants after ingestion of high-nitrate 
spinach puree.

Recent Interest in Nitrosamines
The interest in nitrosamines is re

cent, since the work of Magee and 
Barnes (1956) demonstrated liver 
damage induced by dimethylnitros- 
amines. Since then, the presence of 
various nitrosamines has been reported 
in a variety of substances, including 
cheese, fishmeal, flour, mushrooms, 
and alcoholic beverages. The analysis 
for nitrosamines is a difficult and 
tedious procedure and requires con
siderable laboratory skill. The interest 
in nitrosamines was fanned by a report 
by Ender et al. (1964) on liver necrosis 
in sheep that had consumed nitrite- 
treated fishmeal prepared by adding 
630 ppm nitrite followed by high heat
ing. Work in this field has continued 
and toxicity of nitroso compounds has 
been reviewed by several authors, in
cluding Magee and Barnes (1963) and 
Druckrey et al. (1967). .

Toxicity varies depending on the 
com pound. The LDS0 for rats is 
27-41 mg/kg for N-Nitrosodimethyl- 
amine, 216 mg for N-Nitrosodiethyl- 
amine, and 1200 mg for N-Nitrosodi- 
n-butylamine. An explanation of the 
potential role of nitrosamines has been 
offered by Lijinsky and Epstein
(1970). They postulated that human 
cancer might be caused by nitros-

amines formed in the body from in
gested nitrites and secondary amines. 
The secondary amines could be 
formed during cooking.

It had earlier also been postulated 
by Sen etal. (1969) that amines and 
nitrite might combine in the human 
stomach to produce nitrosamines. In
cubation of a simulated stomach en
vironment with diethylamine and 
sodium nitrite has been shown to yield 
diethylnitrosamine. These workers 
have found similar results when the 
gastric juices of rabbits and cats were 
examined after the animals had been 
fed nitrosamine precursors.

Foreman (1972) has reviewed the 
current status of nitrosamines. He 
reports some interesting character
istics, namely, that nitrosamines as 
carcinogens are dosage-dependent. 
With some of the nitrosamines, a single 
dose at the proper level is sufficient to 
produce carcinogenesis, whereas at 
lower levels, longer ingestion periods 
are required. Furthermore, while some" 
nitrosamines are general carcinogens, 
others are quite organ specific.

Foreman also reiterates the need to 
employ newer technology to review 
the older work and points out that 
since nitrosamine recovery is by steam 
distillation, little information is avail
able on compounds higher than di
octyl, since this is the limit of steam 
volatility. He also points out that 
nitrosamines are quite heat stable.

Search for Nitrosamines Centers on Meat Products
The search for nitrosamines in 

foods, for obvious reasons, has cen
tered on meat products. USDA’s Con
sumer and Marketing Service has 
reported levels of 11 to 48 parts per 
billion (ppb) in two samples of dried 
beef and one sample of cured pork. 
Forty-five other samples showed nega
tive results.
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Considerable attention is currently 
being focused on a group of chemical 
compounds generally called nitros
amines, which under certain condi
tions can be formed in food products 
as a reaction between nitrites and 
certain amines. Some of these nitros
amines have been shown to be carcino
genic under certain conditions of use. 
Attention has been directed to the use 
of nitrites in foods since some scien
tists have hypothesized that if this 
practice is discontinued the potentially 
hazardous reaction will not proceed. 
Particular attention has been focused 
on cured meats with the reasoning that 
this is a major use of nitrite in foods; 
however, nitrite has been used in other 
food products, for example, certain 
cheeses in England.

Origin of Use Lost in History
The origin of the use of nitrate as a 

meat curing ingredient is lost in his
tory. It was probably originally carried 
along with salt used to preserve the 
hunting catch. With the passage of 
time, the salt from certain areas was 
considered highly desirable because it 
produced a pink color in meats. Since 
a characteristic flavor was introduced 
as well, this became identified in time 
with the flavor of cured meats.

Understanding of the role of ni
trites in cured meat color is relatively 
recent. Polenski in 1891 observed that 
nitrate was reduced to nitrite by bac-
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