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

CA TH EPTIC  A C T IV IT Y  O F FISH  M USCLE. P .K . R ED D I, S.M. CON- 
STAN TIN ID ES & H .A . DYM SZA. J. F o o d  S c i. 37, 643-648 (1972)- 
Catheptic activity was found to be localized in the lysosomal fraction of 
skeletal muscle of winter flounder (P seud o p leu ro nectes am ericanus). The 
enzyme hydrolyzed hemoglobin, globin, bovine serum albumin and 
endogenous proteins. The hemoglobin splitting activity of the enzyme 
under different conditions was determined by gel electrophoresis. An 
optimum pH of 4.0 was found for both the hemoglobin breakdown and 
autolytic activity on the endogenous proteins. The enzyme was highly 
thermostable, dialysis had no effect on its activity, and the enzyme was 
inhibited by sodium chloride, cysteine, ATP, NAD and phenyl methyl 
sulfonyl fluoride. Its molecular weight was found to be about 32,000 
using sucrose gradient centrifugation.

D ETECTIO N  O F FRO ZEN  FISH  D ETER IO R A TIO N  B Y  AN U LT R A 
V IO L E T  SPECTRO PHO TO M ETRIC METHOD. A .A . DANOPOULOS &
V .L . NINNI. J . F o o d  Sci. 37, 649-651 (1972)-The existence of an 
induction period in the autoxidation of the oil in frozen fish of the 
species Pagelus e ry th rin u s  held at -2 0 °C  has been shown by the study of 
its ultraviolet absorption at 232 or 268 nm.

R IG O R-STRETCHED  T U R K E Y  M USCLES: E F F E C T  OF H EA T  ON 
F IB E R  DIMENSIONS AND SH EA R  V A LU ES . P .V .J . H EG A R TY  & C .E . 
A LLEN . J. F o o d  Sci. 37, 652-658 (1972) Fiber dimensions and shear 
force values were measured in folded, prerigor and rigor stretched semi- 
tendinosus and sartorius muscles from unaged adult turkey carcasses. The 
unheated rigor muscles can be extended in situ but the extent is signifi
cantly less than prerigor stretching. Extensibility was detected by in
creases in sarcomere length. Prerigor and rigor stretching caused signifi
cantly smaller fiber diameters. Heat (70°C and 82°C) decreased 
sarcomere length of stretched muscles, but produced no significant 
change in folded controls. The stretched muscles had either significantly 
higher shear force values (semitendinosus) or were not different (sartori
us) from the folded controls. A ll treatments gave reduced fiber diameters 
on heating. The relevance of this observation to meat tenderness is dis
cussed. Light microscope evidence showed little damage in the rigor- 
stretched or heated fibers.

M ETABOLISM  AND H ISTO CH EM ISTRY O F S K E L E T A L  M USCLE 
FROM STRESS-SU SCEPTIBLE PIGS. R .A . S A IR , L .L . KA STEN 
SCHM IDT, R .G . CASSENS & E .J . B R IS K E Y . J. F o o d  S c i. 37, 659-663
(1972)-The metabolism and histochemical characteristics of muscle 
from stress-susceptible and stress-resistant animals were studied. ATP val
ues were higher and lactic acid values lower in muscle of stress-resistant 
animals than stress-susceptible animals at the time of exsanguination. 
Results from oxygen uptake studies revealed that muscle from stress- 
susceptible animals had a lower ability for aerobic metabolism or alterna
tively was more labile to damage during the isolation procedure. Our 
oxygen uptake values for pig muscle were lower than those reported for 
muscle from other species. The muscle from stress-susceptible animals, 
when incubated under anoxic conditions, produced more lactic acid than 
did muscle from stress-resistant pigs under conditions where the muscle 
from both types of animals had similar CP and ATP levels. Samples for 
histochemical analysis were examined from restrained and unrestrained 
muscle strips. There was a trend for the restrained samples to have some
what smaller fibers. The muscle fiber size from Poland China animals was 
greater than that from Chester White animals. A large number of inter- 
mediate-type fibers, on the basis of DPNH-TR and phosphorylase stain
ing, were found in the muscle of stress-susceptible animals.

PRODUCTION AND BINDING O F M ALO N A LD EH YD E DURING 
STO RA G E O F COOKED PO RK. W.R. B ID LA C K , T.-W. KWON &
H.E. SN YD ER . J. F o o d  Sci. 37, 664-667 (1972)-Cooked pork samples 
were stored at 3°C and analyzed for malonaldehyde (MA). MA increased 
to a maximum and remained there, typical behavior for a food but con
trasting with pure lipid oxidation in which MA increases and then de
creases as volatile MA is lost. The failure to lose MA in food products 
may be attributed to MA binding. Water extracts of cooked pork samples 
(representing approximately 1 /3 of the total MA) were fractionated on 
G-10 Sephadex and analyzed for MA. With increasing storage time, a 
definite change in elution pattern from free MA to bound MA took place; 
the binding was not to protein or amino acids.

E F F E C T  OF SODIUM N IT R IT E  CONCENTRATION ON N-NITROSO- 
D1METHYLAM1NE FORM ATION IN FR A N K FU R T ER S . W. F ID 
D L E R , E .G . P IO TRO W SKI, J.W. PEN SA BEN E, R .C . DOF.RR & A .E . 
WASSERMAN. J. F o o d  Sci. 37, 668-670 (1972)-The effect of nitrite 
concentration on N-nitrosodimethylamine (DMNA) formation using 
frankfurter emulsion was investigated. Sodium nitrite was usually added 
to the emulsion to give levels of 150, 750, 1050, 1500 and 2500 mg/kg 
of meat. The frankfurters were cooked with light smoke for either 2 or 4 
hr. DMNA was determined in all samples by G LC  with an alkali flame 
ionization detector and confirmed by GLC-MS when sufficient amounts 
were present. Residual nitrite analysis indicated that about one-half of 
the sodium nitrite added was still present after processing. 19 Mg DMNA 
per kg meat was found in frankfurters that contained 2500 mg sodium 
nitrite per kg of meat and processed for 2 hr. Indications of DMNA in 
levels of 3-14  Mg/kg meat were obtained with frankfurters containing 
750- 1500 mg sodium nitrite per kg meat and processed for either 2 or 4 
hr depending on the nitrite level. There appeared to be some tendency 
for an increase in DMNA formation on increasing processing time.

FLA V O R  S E N S IT IV IT Y  OF S E LE C T ED  AN IM AL PRO TEIN  FOODS 
TO GAMMA RAD IATIO N . S. SUDARM ADJI & W.M. URBAIN . /  F o o d  
Sci. 37, 671-672 (1972)-Raw  protein foods derived from 20 different 
species of animals of different biological classifications were irradiated 
with gamma irradiation over a range of doses. The intensity of irradiated 
flavor developed in each case was determined by an expert panel. Rela
tive flavor sensitivities and threshold doses were estimated.

DEVELO PM EN T O F A M ATH EM ATICAL M ODEL FO R OXIDATION 
OF POTATO CHIPS AS A FUNCTION OF O XYG EN  PR ESSU R E, E X 
TEN T  OF O XID ATIO N  AND EQ U ILIBR IU M  R E L A T IV E  HUM IDITY.
D.G. QUAST, M. K A R E L  & W.M. RAND. /. F o o d  Sci. 37, 673-678
(1972)-The rate of oxidation of potato chips as a function of oxygen 
partial pressure, extent of oxidation and equilibrium relative humidity 
was determined. We used the results to build mathematical models with 
the rate of oxidation as the dependent variable and the other three 
factors as independent variables. A mixed approach was used in model 
building which included incorporation of the knowledge of kinetics of 
lipid autoxidation mechanisms in food products as well as empirical 
relations. We developed a relatively simple model with only four con
stants. Statistical analysis indicates a good fit of this equation to the 
experimental results and suggests an experimental design allowing evalua
tion of the constants with less experimentation. The equation developed 
is useful for package simulation and optimization and storage life predic
tion, and we expect that the model can be applied to other food prod
ucts.
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COM PUTER SIM ULATIO N  O F STO RA G E L IF E  OF FOODS U N D ER
GOING SPO ILA G E B Y  TWO IN TERA C T IN G  MECHANISMS. D.G. 
QUAST & M. K A R E L . J. F o o d  S c i. 37, 679 -683 (1972)- A  mathemat
ical model was developed to describe the deterioration of potato chips, a 
model of dry food products in flexible packages. In this product, deteri
oration occurred by two mechanisms acting simultaneously with inter
action between them. The mechanisms were: oxidation by atmospheric 
oxygen and textural changes due to water absorption. We found that the 
extent of oxidation and the equilibrium relative humidity increase due to 
water absorption could be predicted as a function of time. The technique 
can be applied to investigate the storage life of products for different 
package configurations, initial conditions and environmental conditions.

GAS CHROM ATOGRAPHIC D ETERM IN ATIO N  OF 'V O LA T ILE  NI- 
TROSAM1NES IN FOODS. J.M . ESSIGMANN & P. ISSEN BERG . J. 
F o o d  Sci. 37, 684-688 (1 9 7 2 )-Methods are presented for determination 
of certain volatile nitrosamines which have been reported to occur in 
foods. Nitrosamines were removed from foods using a Likens-Nickerson 
extractor; 60% of added dimethylnitrosamine and 70% of added diethyl- 
nitrosamine were recovered from 10 ng/g aqueous solutions. Potential gas 
chromatographic (GC) interferences were removed from the extract by a 
simple acid extraction step and, when needed, by liquid column chroma
tography. Dilute solutions containing nitrosamines were analyzed directly 
with a GC solvent stripping technique. Nitrosamines were detected with a 
Coulson electrolytic conductivity detector operated in the pyrolytic 
mode and with a flame ionization detector. Sensitivities of these detect
ors are compared for selected volatile alkyl and heterocyclic nitrosamines 
of potential significance in foods. The specificity of the Coulson detector 
is demonstrated for analysis of extracts of smoked fish and a number of 
processed meats. Additional clean-up of concentrates from foods is re
quired to insure unambiguous identification of nitrosamines by combined 
GC-mass spectrometry.

C H EM ISTRY OF TH IA M IN E D EG RAD ATIO N : 4-Methyl-5-(/3-Hydroxy- 
ethyl) Thiazole from Thermally Degraded Thiamine. B .K . DW IVEDI, 
R .G . ARN O LD & L.M . L IB B E Y . J. F o o d  Sci. 37, 689-692 (1972 )-A  
compound isolated from thiamine solutions brought to pH 5.0, 6.0 and
7.0 with IN NaOH or with 0.1M phosphate buffer and heated in a boiling 
water bath open to air or in sealed tubes, or autoclaved at 121°C for 30 
min, has been identified as 4-methyl-5-((3-hydroxyethyl) thiazole. Infra
red, NMR and mass spectral data of this compound are presented and 
discussed.

C R Y ST A LL IZ A T IO N  IN SO LUTIONS SU PERSA TU R A TED  W ITH 
SUCROSE AND LA C TO SE. T .A . N ICKERSON & K.N . P A TEL . J. F o o d  
Sci. 37, 693-697 (1972)-Changes in properties of sucrose solutions as a 
result of substituting lactose for a portion of the sucrose were studied at 
room temperature (27°C). The influence of a seeding regimen on the 
properties also was investigated. Seeding with sucrose or lactose favored 
crystallization of the sugar of higher concentration, whereas seeding a 
mixture of sucrose and lactose to less supersaturated solutions resulted in 
rapid crystallization of both sugars. Crystal habit of each sugar was influ
enced by increasing the concentration of the other. Solution viscosity 
following complete crystallization increased with the percentage of lac
tose. As the percentage of lactose in the supersaturated solution was 
increased, the proportion of lactose in the crystalline mass also increased, 
the proportion of sucrose decreased, and the hardness of the crystalline 
mass decreased. Type of seeding influenced the type and number of 
crystals and therefore influenced the properties of the system, but this 
was minor compared to the influence of composition. Application of this 
work to produce softer, smoother sugar products is suggested.

D IR E C T  EN ZYM A TIC  CONVERSION OF LACTO SE TO ACID : 
GLUCO SE O X ID A SE AND H EXO SE O X ID A SE . A .G . RAND JR .
J. F o o d  Sci. 37, 698-701 (1972)-The conversion of lactose directly to 
an acid by glucose oxidase and hexose oxidase as a method of milk 
acidification was studied. Under the appropriate conditions, both en
zymes demonstrated the capability to catalyze the conversion of sugar in 
milk to an acid, producing coagulation. A uniform distribution of oxygen 
under quiescent conditions was essential for the reaction and could be

accomplished with the addition of hydrogen peroxide in the presence of 
catalase. Commercial samples of glucose oxidase caused a gradual de
crease in pH of skim milk containing added glucose or lactase, (beta- 
galactosidase). Hexose oxidase, which can react with galactose and lac
tose as well as glucose, produced acid at a very slow rate in skim milk 
alone. When lactase was incorporated into the milk, the rate of reaction 
increased significantly.

IN H IBITIO N  OF o-DIPHENOL O X ID ASE B Y  DICHLO RO DIFLUO RO - 
M ETHANE. H.C. W ARM BIER , O. FENNEM A & E .H . M ARTH. J. F o o d  
Sci. 37, 702-705 (1972)-Dichlorodifluoromethane (f-12) can effective
ly and irreversibly inhibit the catalytic activity of o-diphenol oxidase 
(tyrosinase, polyphenol oxidase) in a simple buffered system. The degree 
of inhibition was influenced by concentration of and duration of expo
sure to f-12 and by time and vigor of agitation. Under the conditions 
tested, maximum inhibition of o-diphenol oxidase was obtained using 2.9 
mole % f-12 and agitating samples at room temperature and 180 cpm for 
20-40 min.

LO W -TEM PERATURE DESTRUCTIO N  OF Trichinella spiralis USING 
LIQ U ID  N ITRO GEN  AND LIQ U ID  CARBON D IO X ID E . R  E . RU ST &
W.J. ZIMMERMANN. /  F o o d  Sci. 37, 706-707 (1972)-The destruction 
of Trich inella  spiralis by low temperature treatment has been demon
strated to be an effective tool in combatting this parasite in fresh pork 
products. Current procedures, however, require a holding period under 
varying times and temperatures to accomplish this destruction. Freezing 
with cryogenic materials offers the opportunity to attain ultra low tem
peratures and, thus, eliminate post-freezing holding periods. Four trials 
were conducted using trichina-infected fresh pork patties approxi
mately 9 mm thick and 88 mm square. In trials 1, 2 and 3 the patties 
were frozen with LN 2 using a modified Heath freezing tunnel to final 
equilibrated temperatures of -1 2 °C , —14°C, -2 0 °C , -2 3 °C , -2 5 °C , 
-2 8 °C , -2 9 °C , -3 9 °C  and -4 7 °C . In trial 4 the patties were frozen in a 
Certified Multideck tunnel using liquid C 0 2 as a refrigerant to -1 0 °C , 
-1 7 °C , -2 3 °C , -2 9 °C  and -3 9 °C . Patties were thawed immediately and 
checked for viable T. spiralis. No positive samples were found at tempera
tures of -2 9 °C  or below.

PH YSIO LO G ICA L AND CH EM ICAL STU D IES  OF C H ILL IN G  IN JU R Y  
IN PEPPER FR U IT S . N. KO ZU KU E & K .O G ATA . /. F o o d  S c i. 37, 
708-711 (1972)-Physiological effects of low temperature (1 -6 °C ) on 
pepper fruits were studied during and after exposure for various periods. 
The C 0 2 production of the fruits stored at low temperature increased 
abnormally after transfer to 18°C. There was an accumulation of a-keto 
acids in chilled fruits: fumaric, succinic, citric and malic acids were de
tected and malic increased remarkably during low temperature storage. 
Using paper chromatography, chlorogenic acid was found to be a main 
phenolic substance in the pepper seeds: its content increased immediate
ly after exposure of the peppers to low temperature and decreased rapid
ly during subsequent cold storage. The content of shikimic acid in chilled 
seeds showed a similar tendency to that of chlorogenic acid; phenylala
nine ammonia-lyase (PA L) activity increased rapidly after 2 days’ cold 
storage, then decreased sharply; tyrosine ammonia-lyase (T A L ) activity 
was fairly low compared with PA L activity.

ACID -SO LUBLE N U CLEO TID ES OF JU IC E  V E S IC LE S  O F C ITRU S 
F R U IT . C .R . BARM O RE & R .H . B IGGS. J. F o o d  Sci. 37, 712-714
(1972)-Nucleotides from fruit of “ Orlando”  tangelo (C itru s  reticulata  x
C. parodist) and “ Hamlin”  and “ Pineapple”  sweet oranges (C . sinensis) 
extracted with perchloric acid, were separated by anion-exchange chro
matography using formic acid:aqueous ammonium formate as the eluting 
solvent. Tentative identification of the various fractions was made by 
comparing the retention time of unknowns with standards fractionated 
by the same procedure and by adsorption spectral analyses. With the use 
of these methods, acid-soluble nucleotides were found to be present in 
appreciable quantities in mature fruit. Those in concentration that could 
be tentatively identified were CMP, AMP, CDP, UMP, ADP, CTP, GDP, 
UDP and ATP. The latter was further assayed by the luciferin-luciferase 
method. The possible significance of the nucleotides to fruit quality was 
discussed.
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E F F E C T  OF GAMMA RAD IATIO N  ON W HEAT PRO TEIN S. H. SRINI- 
VAS, H.N. ANANTHASW AMY, U .K . V A K IL  & A. SREEN IVA SA N .
J. F o o d  Sci. 37, 715-718 (1972)-A n  observed higher degree of autolysis 
in irradiated (20-200 Krads) wheat is apparently due to increased sus
ceptibility of proteins to protease action. Total amino acid profiles of 
wheat and of isolated gluten reveal no appreciable changes on irradiation 
up to 1 Mrad. However, there is an overall increase in free amino acid 
levels in wheat irradiated at 1 Mrad. Lysine availability in wheat is not 
affected by radiation treatment. Studies on radiosensitivities of wheat 
proteins show a shift in molecular weight distribution to lower values.

STA B IL IZA TIO N  OF CALCIUM  S EN S IT IV E  PLAN T PRO TEIN S BY  
K-CARRAG EEN AN . B .K . C H A K R A BO RTY  & H .E. RANDOLPH. 
/  F o o d  Sci. 37, 719-721 (1972)-The stabilizing effect of «-carrageenan 
on 0.15% solutions of coconut, glandless cottonseed, peanut and soy 
protein isolates was investigated at neutral pH ranges. Addition of 0.01 M 
calcium decreased protein stability by 75-88%  in carrageenan-free solu
tions and only by 30% in solutions containing 0.2g carrageenan per g 
protein. The order of mixing carrageenan, Ca++’ and protein solutions 
adversely affected stability only when carrageenan was added last. Elec
tron microscopy of stable fractions revealed the presence of many 
100 500 A protein globules, both complexed with «-carrageenan and 
free in solution. Protein stabilization appeared to be related to the forma
tion of double helix junction zones by «-carrageenan.

F R E E  A RG IN IN E CONTENT OF PEANUTS (Arachis hypogaea L .)  AS 
A M EASURE OF SEED  M A TU R ITY . C .T . YOUNG & M .E. MASON. 
J. F o o d  Sci. 37, 722-725 ( 1972)-The level of arginine, determined by a 
modified Sakaguchi method, was used to establish the degree of immatu
rity in freshly harvested and cured peanuts. Precision and accuracy of the 
method is reported. Calibration curves were plotted to estimate the de
gree of immaturity in peanuts. The method was tested under field condi
tions and found to be an accurate measure of immaturity.

TH E GRAD IN G OF LOW -ESTER PECTIN FOR USE IN D ESSER T  
G ELS . S .A . B LA C K  & C .J .B . SMIT. J. F o o d  Sci. 37, 726 729 (1972) 
Dessert gels made from a commercially available low-ester pectin were 
examined for firmness with a modified Sunkist Exchange Ridgelimeter 
and for breaking pressure using a Marine Colloids Gel Tester. Data are 
presented to show the effect of temperature, pH, pectin concentration, 
cooking time and calcium level on these two quality characteristics. 
Based on the data obtained a suggested grading procedure in terms of 
low-ester firmness (F ) and low-ester strength (S) was developed.

TH E  E F F E C T  OF D EM ETH YLA TIO N  PRO CED U RES ON TH E Q U AL
IT Y  OF LOW -ESTER PECTIN S USED IN D ESSER T  G E LS . S.A . 
B LA C K  & C .J .B . SMIT. /. F o o d  Sci. 37, 730-732 ( 1972)-Low-meth- 
oxyl pectins were prepared from a high molecular weight pectin by acid 
déméthylation in an HCI-isopropanol-water suspension and by alkaline 
déméthylation using NH4OH or NaOH in solution. The demethylated 
samples were analyzed, graded and used to make dessert type gels. The 
properties of the resulting gels were compared.

IN TERR ELA T IO N SH IP  BETW EEN  CERTA IN  PHYSICO CHEM ICAL 
PRO PERTIES  OF R IC E . K .R . B llA T T A C H A R Y A , C.M. SOWBHAGYA 
& Y.M . INDUDHARA SWAMY. J. F o o d  Sci. 37, 733-735 (1972)-Wa- 
ter uptake at 80°C and starch-iodine blue value at 65°C, both expressed

as percentage of the respective parameter at 96°C, gave good inverse 
estimates of the gelatinization temperature of rice. The equilibrium mois
ture content on soaking in water was 28-29%  in in d ica , and 30-31% in 
dwarf indica  and ja p o n ica  rice. Similarly the fraction of total amylose 
soluble in water (96°C) was around 50% in indica  and japon ica , but 35% 
in dwarf ind ica . Dwarf indica  rice viscogram showed a rather high setback 
value. The blue value of the excess cooking water of rice gave no useful 
information. Varieties with less than 25% amylose gave C-type alkali 
reaction.

T H E  IN FLU EN C E  OF AGING B E E F  IN VACUUM . D. MINKS & W.C. 
STR IN G ER . J. F o o d  Sci. 37, 736-738 (1972 )-U .S . Choice grade beef 
loins and ribs were aged to determine the effect of vacuum packaging for 
7 and 15 days at 32° and 40°F  on sensory characteristics, microbial 
counts and weight loss. Vacuum packaging had no significant influence 
on tenderness, flavor and juiciness but produced a highly significant re
duction in weight loss during aging. Surface bacterial counts were signifi
cantly less on the vacuum packaged portions than the portions not pack
aged.

P R O TEC T IV E  PACKAGIN G M A TER IA LS  FO R  FR ESH  B E E F  SHIP 
MENTS. R.H. R EA , G .C. SMITH, Z .L . C A R P EN TER  & K .E . HOKE. 
J. F o o d  Sci. 37, 739-742 (1972)— l-'ive test shipments were conducted 
involving 98,000 lb of beef quarters and primal cuts transported 
270 1350 mi and requiring from 19 120 hr intransit. Trailer tempera
tures were affected by loading patterns, product densities, positions of 
palletized product or paper partitions, thermostat settings and air con
veyance systems and correspondingly, the temperature conditions ob
served were generally inadequate for maintenance of beef quality. The 
use of polyethylene bags or polyvinyl chloride film significantly (P < .05) 
reduced intransit shrinkage as compared to unprotected cuts in 7 of 16 
comparisons. Considerations of costs for materials, package application 
and removal and the monetary value of reduced weight loss suggest that 
the concept is economically feasible from the standpoint of savings in 
weight loss alone. Beef protected by polyethylene or polyvinyl chloride 
exhibited more desirable lean color and subcutaneous fat cover scores at 
shipment destination in comparison to beef which was unprotected dur
ing transit. Although bacterial counts did not generally differ among 
treatments, the surfaces of cuts protected by plastic materials were more 
moist than corresponding surfaces on unprotected cuts. Since increased 
moisture is conducive to enhanced microbial growth, prolonged storage 
in the plastic packaging materials should be avoided. No compensatory 
weight loss was observed during subsequent cooler storage after protec
tive packaging materials were removed.

D EVELO PM EN T OF A PROCESS FO R PREPARIN G  A FISH  PROTEIN 
CO N CEN TRATE WITH R EH YD RA TIO N  AND EM U LS IFY IN G  CA
PA C ITIES . B .F . COBB III & K . H Y D ER . J. F o o d  Sci. 37, 743-750 
(1972) — A hot-solvent extraction process for preparing fish protein con
centrate (FPC) with rehydration and emulsifying capacities is described. 
The process employed extraction at pH 2.5 in order to prevent protein- 
protein interaction. Equal volumes of ethanol and hexane at reflux tem
peratures were employed as the extracting medium. Gel formation was 
controlled by the addition of NaCl. The FPC produced by this method 
had an amino acid spectrum similar to that of the fish, formed gels when 
added to water and emulsions when the rehydrated material was blended 
with vegetable oils. Both emulsification and rehydration capacities of the 
FPC were pH dependent with minimum uptake of water and oil in the 
range of pH 5 -8 .

tv



T E X T U R E  M EASUREM EN T O F IN D IV ID U A L COOKED D R Y  BEANS 
BY  TH E  PU N CTU RE T ES T . M.C. BO URNE. J. F o o d  Sci. 37, 751-753 
(1972)-The Instron Universal Testing Machine was set up to puncture 
test a large number of cooked dry beans, one bean at a time, by using the 
distance cycling controls on the machine. The punch is caused to cycle 
between two pre-set distance limits at a predetermined speed, permitting 
the operator to devote full attention to placing and removing beans in the 
puncture cup. 10 beans per minute can be conveniently tested by this 
procedure. The number of peak force heights in 20 selected force ranges 
are counted off from the chart, making for rapid retrieval of data. Tests 
on cooked dry beans show that the number of beans in each texture 
range follows approximately a normal distribution pattern, except for the 
presence of a few exceptionally hard beans which cause the distribution 
curve to tail off into the high puncture-force range.

R A T E  L IM IT IN G  MECHANISMS IN C A U STIC  POTATO PEELIN G .
d .m . McF a r l a n d  &  vv.j. T h o m s o n , j . F o o d  s t i .  37, 7 5 4 - 7 5 9
(1972)-The caustic peeling rates of potatoes is considered from an ana
lytical and experimental point of view. The analysis considers the process 
to be governed by the competing rates of mass transport within the 
potato (diffusion) and chemical reaction. The chemical reaction between 
caustic and chlorogenic acid is singled out for analysis since the product 
of this reaction is a yellow salt which is easily measured by colorimetry. 
Simplified equations for the concentration of the yellow salt as a func
tion of time is obtained for the two limiting extremes of diffusion con
trolled rates and reaction controlled rates. Experiments on Idaho Rus- 
setts indicate that, over the first 2 -3  min of immersion in caustic, the 
process is diffusion controlled. It is also shown that it is the outer skin 
which presents the large diffusion resistance. For reasonable times after 
this initial period the process is reaction controlled and very sensitive to 
temperature. The implications of these results with respect to processing 
techniques (e.g., the dry peel process) and sequences is considered and 
discussed.

S U R V E Y  O F FOOD IN G R E D IE N T -D D T  REACTIO N S UN DER T H E R 
MAL PROCESSING CONDITIONS. J.W. R A LLS  & A. CO RTES . J. F o o d  
Sci. 37, 760-763 (1972) Aqueous solutions or suspensions of single or 
multiple food ingredients were heated at 100°C for 2 hr with carbon-14 
labeled DDT. Thin-layer chromatography on alumina plates resolved the 
resulting mixtures into regions corresponding to R f values for five known 
transformation products or analogs of DDT. The radioactivity of each 
plate region was related to the quantity of each product formed. DDT is 
relatively stable in heated water or buffer solutions of pH 3 to 8 as shown 
by recoveries of DDT (98-100% ); at pH 8.1, approximately 4% of DDE 
was formed. The compositional changes in radioactive DDT due to heat
ing with water-soluble vitamins, disphosphopyridine nucleotide, yeast 
nucleic acid, amino acids, peptides and casein were determined. The max
imum reduction in DDT content of a suspension heated with a single 
component (cysteine hydrochloride) was 10%. A mixture of DDT with 
nine components heated for 2 hr produced a 20% reduction in DDT 
content.

EV A LU A TIO N  OF T R IT IC A L E  FO R  TH E  M AN U FACTU RE OF 
NOODLES. K . LO REN Z , W. D ILSA V ER  & J. LO U G H ./. F o o d  S c i. 37, 
764-767 (1972) According to the literature the protein nutritive value 
of triticale is higher than that of wheat. For this reason, and others, the 
possibility of using triticale in noodles was investigated. Regular noodles 
and egg noodles were prepared from all-purpose flour, durum flour, triti
cale flour, as well as from semolina and were evaluated by panels for 
flavor and firmness after cooking times of 10, 15, 25 and 30 min. Regular 
noodles made from triticale flour had the shortest cooking time and the 
best cooking tolerance. There were no statistically significant differences 
in the flavor of the noodles among the flours used. The regular triticale 
noodles had a higher cooking loss compared to the other noodle samples. 
However, the addition of eggs to the noodle recipe eliminated any statis
tically significant differences in cooking loss between noodles made from 
the different flours. It was concluded that triticale, which at present is 
used in animal feeds, can be used for the manufacture of noodles.

C O LO RIM ETR IC  F U R F U R A L  M EASUREM EN T AS AN IN D EX  OF 
D ETER IO R A TIO N  IN STO RED  C ITR U S JU IC ES . H .L . DINSMORE &
S. N AGY. /. F o o d  Sci. 37, 768-770 (1972)-Furfural arising in citrus 
juice as a result of deterioration during storage may be recovered and 
concentrated by rapid distillation and then colorimetrically determined 
by reaction with 10% aniline in acetic acid-ethanol. As little as 25 Mg per 
liter of furfural can be measured. The development of noticeable furfural 
parallels the development of off-flavor and provides a useful numerical 
index for the extent of degradation. Results of a brief storage study on 
orange juice are reported.

N ITRO G EN  E X T R A C T A B IL IT Y  AND M O ISTURE ADSORPTION 
C H A R A C TER IST IC S  O F SUN FLO W ER SEED  PRODUCTS. A. K ILA - 
RA , E .S . HU M BERT & F.W. SO SU LSKI. J. F o o d  S c i. 37, 771-773 
(1972)-Diffusion-extracted (D E) sunflower meal and protein isolate 
were compared with untreated samples for their nitrogen extractability 
and moisture adsorption. Nitrogen extractability values of 90% were 
found at pH 7 or above in the untreated meal, whereas a maximum 
solubility of only 70% was achieved at pH 9.0 in the DE meal prepared at 
60°C. DE meal prepared at 80°C had low solubility over a pH range of
I -  11 which indicated substantial denaturation of the sunflower proteins. 
The untreated isolate showed a sharp minimum solubility point in con
trast to the low solubility of the DE isolate over a pH range of 3 -7 . 
Moisture adsorption values for the samples held at 5, 20 and 30°C indi
cated little difference in moisture contents at relative humidities of
I I -  55%. At higher levels, however, the untreated meal adsorbed more 
moisture than the DE meal. A reverse trend was noticed for the isolates 
as the moisture content of the DE isolate was higher than the untreated 
sample. The rate of moisture uptake by sunflower kernels was slower 
than that observed with rapeseed or soybean meats and lower total mois
ture contents were observed after a 4 hr soaking period.

P A L A T A B IL IT Y  OF PAN CAKES AND CO O KED CORN M EAL FO R T I
F IE D  W ITH LEG U M E FLO U R S . D.G. GUADAGNI & D. VENSTROM . 
/  F o o d  Sci. 37, 774-777 ( 1972)-Various types of laboratory prepara
tions of navy and pinto beans and commercial soy flours were used as 
fortifying agents to improve the nutritional quality of some relatively low 
protein foods-com meal products and pancake mixes. The detectable 
level of legume products in these foods by a trained laboratory panel 
varied from about 10-25%. Sensory evaluation of the fortified and un
fortified foods by paired comparison and hedonic scale methods indi
cated that up to 50% of some legume products could be added without 
significant loss in palatability.

EV A LU A TIO N  O F A PRO TEIN  CO N CEN TRATE PRODUCED FROM 
G LA N D LES S  CO TTO N SEED FLO U R  B Y  A W ET-EXTRACTIO N  
PROCESS. J .T . LAWHON, L.W. RO O N EY, C.M. C A TE R  & K .F . MAT- 
T IL .  /. F o o d  Sci. 37, 778-782 (1 9 7 2 )-Wet-extracted concentrate spray 
dried at two pH levels was evaluated for use in protein-fortified bread and 
as a component in meat loaf to reduce juice and fat cook-out during 
baking and to reduce meat requirement. Bread loaves containing air- 
classified glandless cone, 100% wheat flour and LCP glanded flour were 
significantly larger in volume than loaves from other blends, but there 
was no real difference among loaf volume of breads containing these 
three treatments. pH of spray drying had a marked effect on baking 
properties of the wet-process cone; pH 4.5 yielded a poor quality loaf 
while pH 6.8 loaf volume was equal to bread containing glandless cotton
seed flours. Taste panel evaluations showed meat loaves containing 25% 
wet-extracted protein concentrate to be quite acceptable: milder or 
more bland than all-meat loaves and somewhat softer or smoother in 
texture.

SPO RE COUNTS O F TH ERM O PH ILIC  A ERO B IC  B A C TER IA  IN SO IL .
M .L. F IE LD S . /. F o o d  S c i. 37, 783-784 (1972)-So il from four temper
ature zones (temperate, subtropics, tropics and desert) were analyzed for 
spores of thermophilic aerobic sporeforming bacteria. Spore counts (incu
bated at 65°C for 24 hr after boiling for 30 min) were positively corre
lated with soil pH and organic matter (in one set of samples). When all 
data were considered, soil pH was positively correlated (P < 0.01) with 
spore counts.
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NITROSAM INES AND TH E  IN H IBITIO N  OF Clostridia IN MEDIUM 
H EA TED  WITH SODIUM N IT R IT E . A.F.. WASSERMAN & C.N. HUH- 
TAN EN . J. F o o d  Sci. 37, 785-786 (1972) During sterilization of a cul
ture medium in the presence of NaN02 an inhibitor for the growth of 
C lostrid ium  was observed. The possibility this might be certain volatile 
N-nitroso compounds was investigated using GC-MS. The minimum inhib
itory concentration (MIC) of NOj in the medium autoclaved with NO; 
was 40 ppm; in medium to which NOj was added asepticallv, the MIC 
was 640 ppm. Chromatograms showed peaks with retention times similar 
to N-nitroso compounds; however, structure confirmation with MS 
showed none contained a nitrosoamine and additional experiments con
firmed nitrosamines had no inhibitory effects to growth of Clostridia .

SOME REACTIO N  PRODUCTS FROM NONENZYM ATIC BROWNING 
OF GLUCO SE AND M ETHIONINE. R.C . L IN D SAY & V .K . LAU . 
J. F o o d  Sci. 37, 787 788 (1972)-Column and thin-layer chromato
graphic analysis revealed that acetone, butanal, ethanal, methanal, methi- 
onal, furfural and 2-propenal were in the monocarbonyl fraction from 
heat induced glucose and methionine noncnzymatic browning reaction 
mixtures. Methional was found to be responsible for the characteristic 
boiled potato-like aroma of the reaction mixture. 2-Propenal was identi
fied as the 3-carbon aldehyde degradation product of methionine.

S T A B IL IT Y  OF INOSIN1C ACID , INOSINE AND HYPO XAN THIN E IN 
AQUEOUS SOLUTIONS. J. D A V ID EK , J. V E L IS E K  & G. JA N IC EK . J  
F o o d  Sci. 37, 789 -790 (1972)-The stability of inosinic acid, inosine 
and hypoxanthine in aqueous solutions at 90°C was studied. Inosinic 
acid, inosine and hypoxanthine were separated by ion exchange chroma
tography and spectrometrically estimated. Reaction rates in the region 
pH 2-12  were calculated. The activation energy at pH 3, 4 and 5 were
34.0, 30.4 and 28.1 kcal/mol. respectively. Results show that inosinic 
acid contents of heat-preserved meat products and enzyme-free systems 
would stay practically unchanged during normal storage conditions.

D ETERM IN ATIO N  OF BROM IN ATED V E G E T A B L E  O IL  CONCEN
TRA TIO N S IN SO FT DRIN KS USING A SPEC IF IC  ION ELEC TR O D E .
D .L. TU RN ER . J. F o o d  Sci. 37, 791 792 (1972) A method for quanti
tative determination of brominated vegetable oils at the 15 ppm level in 
soft drinks was developed. Extracts of beverages were subjected to a 
debromination reaction using sodium borohydride and a palladium-on- 
charcoal catalyst. The resulting bromide was measured with a specific ion 
electrode. At the 15 ppm level of brominated vegetable oil, the accuracy 
and precision of this method was ± < 1 ppm and ± 1 ppm, respectively.

E F F E C T  O F SONIC EN ER G Y  ON TH E  A IR  D RY IN G  O F A PPLE AND 
SW EET POTATO CU BES. R .A . CARLSO N , D .F . FA R K A S  & R.M. 
CU RTIS . J. F o o d  S c i. 37, 793-794 -Cubes (2 cc) of apple and sweet 
potato were dried with and without sound energy in air at velocities of 
5 -20  fps and temperatures of 125-175°F. A stem jet or electronic

whistle provided sound energy at 9,800 and 13,000 Hz with an intensity 
up to 1 35 dB. Results indicated that sonic energy had no effect on drying 
rate under all experimental conditions.

F IL M  O BSERVATIO N S A T  AN O IL-W ATER IN T E R F A C E . J.C . 
ACTON &  R .L . S A F I L E . J. F o o d  S c i. 37, 795 796 (1972) An experi
mental technique was utilized which allows the observation and photo
graphic recording of film formation at an oil-water interface. Salt soluble 
protein of cow meat and beef hearts, sodium caseinate and gum acacia 
showed extensive interfacial film development. No films were observed 
from solutions of soy sodium proteinate or propylene glycol alginate.

B IO C H E M IS T R Y  OF T EA  FERM EN TA TIO N : FORM ATION OF 
t-2-HEXENAL FROM LIN O LEN IC  ACID . J.C ,. G O N ZA LEZ , P COG- 
GON & G.W. SANDERSON. J. F o o d  Sci. 37, 797-798 (1972) U-1 4C- 
Linolenic was shown to be transformed in part to f-2-he.xenal during the 
conversion of fresh tea leaf to black tea. In fact, f-2-hexenal was the only 
volatile compound which was formed during the conversion process. Fur
ther, the formation of f-2-hexenal was shown to be dependent on the 
enzymic conversion process since no f-2-hexenal was formed when the 
leaf enzymes were inactivated prior to adding the 1 4C-linolenic acid. 
Since linolenic acid is the major fatty acid present in fresh tea leaf and 
f-2-hexenal is a prominent component of black tea aroma, it must be 
concluded that this reaction helps to determine the character of black tea 
aroma.

AN APPARATUS FOR M EASUREM EN T OF C O N TR A C T ILE  PROP
E R T IE S  OF PORCINE S K E L E T A L  M USCLE. D .R . CAMPION, R.G . 
CASSENS & F .J . N A G LE. J. F o o d  Sci. 37, 799 800 (1972) Describes 
the design of apparatus and development of a test procedure to measure 
the contraction time, one-half relaxation time, net twitch tension/g wet 
weight muscle, net tetanus tension/g wet weight muscle and twitch- 
tetanus ratio in muscle of porcine animals weighing up to 100 kg.

S H E LF  L IF E  S T A B IL IT Y  AND ACCEPTAN CE OF FRO ZEN  P A C IF IC  
H A K E  (Merluccius productus) F IL L E T  PORTIONS. D .L . CRAW FORD, 
D .K . LAW & L.S . M cG ILL . J. F o o d  Sci. 37,801 802(1972) Irish por
tions prepared from frozen blocks of Pacific hake fillets stored vacuum 
sealed in moisture-vapor proof film at 15°F for 12 months were shown 
to have a high degree of acceptance by flavor panels with very little 
change occurring during storage. Antioxidants applied in an aqueous solu
tion achieved through the use of propylene glycol and a surface active 
agent and sodium tripolyphosphate added either alone or in combination 
with antioxidant did not improve flavor panel scores. Development of 
oxidative rancidity during storage as indicated by TBA-analysis was mini
mal. Sodium tripolyphosphate appeared to exert a slight prooxidative 
influence, which was somewhat reduced by the application of antioxi
dants. The degree of acceptance and shelf-life stability observed seems to 
indicate a good potential for using this under-utilized species for human 
food.
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CATHEPTIC A C T IV ITY  OF FISH MUSCLE

IN T R O D U C T IO N

P R O T E O L Y S IS  o f  h e m o g lo b in  a n d  o th e r  
p r o te in  s u b s t r a te s  b y  tis s u e  e x t r a c ts  h as  
b e e n  a t t r i b u t e d ,  b y  c o n v e n t io n ,  to  th e  
a c t io n  o f  a g ro u p  o f  h y d r o ly t ic  e n z y m e s , 
th e  c a th e p s in s  fo u n d  in  th e  ly so s o m a l 
f r a c t io n  (D e D u v e , 1 9 6 3 ; S h ib k o  an d  
T a p p e l , 1 9 6 5 ; C o f fe y  a n d  D eD u v e ,
1 9 6 8 ) . A  s tu d y  b y  C a ld w e ll ( 1 9 7 0 )  su g 
g e s te d  th e  jo in t  a c t io n  o f  sev e ra l m u sc le  
c a t h e p s i n s  o n  e n d o g e n o u s  p ro te in s .  
H u a n g  a n d  T a p p e l ( 1 9 7 1 )  s h o w e d  th a t  
c a th e p s in  D is th e  m o s t  im p o r ta n t  o f  th e  
c a th e p s in s  s in c e  it in i t ia te s  p r o te in  h y 
d ro ly s is  a n d  p ro d u c e s  p e p t id e s  th a t  a re  
f u r th e r  b r o k e n  d o w n  b y  o th e r  c a th e p s in s  
su c h  as c a th e p s in  C.

S k e le ta l  m u sc le s  as a s o u rc e  o f  ly so 
so m a l h y d ro la s e s  h av e  re c e iv e d  l i t t l e  
a t t e n t i o n  ( F r u to n ,  1 9 6 0 ) , p ro b a b ly  
b e c a u se  o f  th e i r  lo w  ly so s o m a l c o n te n t .  
B a te -S m ith  ( 1 9 4 8 ) ,  in  a re v iew  a r t ic le ,  
su g g e s te d  th a t  p ro te o ly s is  b y  c a th e p s in  
w as th e  m o s t p ro b a b le  c a u se  o f  t e n d e r 
ness  d e v e lo p e d  d u r in g  th e  p o s t-m o r te m  
ag in g  o f  m e a t . Z e n d e r  e t a l. ( 1 9 5 8 )  a n d  
S h a rp  ( 1 9 6 3 )  a lso  p o s tu la te d  a r e la t io n 
sh ip  b e tw e e n  a u to ly s is  a n d  m u sc le  te n d e r -  
iz a t io n .

F ish  m u sc le  c a th e p s in s  h av e  n o t  b e e n  
s tu d ie d  in  g re a t d e ta il .  S ie b e r t  ( 1 9 5 8 )  
fo u n d  th a t  th e  c a th e p s in  a c t iv i ty  o f  fish  
m u sc le  w as te n  tim e s  g re a te r  th a n  th a t  o f  
m a m m a lia n  t is s u e ;  a n d  th e  ro le  o f  c a th e p 
sin  in  sp o ila g e  o f  f ish  m u sc le  w as  s tre sse d  
(S ie b e r t , 1 9 6 2 ) . P u r i f ic a t io n  s tu d ie s  o n  
fish  m u sc le  c a th e p s in s  w e re  c a r r ie d  o u t  
b y  d if f e r e n t  w o rk e rs . G ro n in g e r  ( 1 9 6 4 )  
p u r if ie d  a p ro te in a s e  f ro m  a lb a c o re  m u s 
cle a n d  T in g  e t a l. ( 1 9 6 8 )  p a r t ia l ly  p u r i
fied  tw o  c a th e p s in s  f r o m  sa lm o n  m u sc le . 
M a k in o d a n  a n d  Ik e d a  ( 1 9 6 9 )  r e p o r te d  
th e  e x is te n c e  o f  a p r o te o ly t i c  e n z y m e  in 
th e  m u sc le  o f  a few  fish  sp e c ie s  w h ic h

’ T o  w h o m  re p r in t  re q u e s ts  s h o u ld  b e  ad- d ressed

a c ts  a t  a s lig h tly  a lk a lin e  p H  ra n g e , in  
a d d i t io n  to  th e  o th e r  p ro te in a s e s ,  w h ic h  
a c t a t  a n  a c id  ra n g e . C a th e p s in  D h as  a lso  
b e e n  p u r if ie d  f r o m  p o rc in e  m u sc le  (P a r
r ish  a n d  B a iley , 1 9 6 6 ) ;  b o v in e  m u sc le  
(B o d w e ll a n d  P e a rs o n , 1 9 6 3 ; P a rr ish  a n d  
B a iley , 1 9 6 7 ) ;  c h ic k e n  m u sc le  (M a rtin s  
a n d  W h ita k e r , 1 9 6 8 )  a n d  f ro m  b o v in e  
u te r u s  (W o e ssn e r a n d  S h a m b e rg e r , 1 9 6 7 ) . 
B ird  e t a l. ( 1 9 6 9 )  s tu d ie d  th e  d is t r ib u t io n  
o f  c a th e p s in  D a n d  o th e r  ly so s o m a l e n 
z y m e s  in  th e  w h i te  m u sc le  o f  th e  g o ld 
fish .

In  th e  p re s e n t  s tu d y ,  e x p e r im e n ts  w ere  
u n d e r ta k e n  to  s tu d y  th e  in tr a c e llu la r  
lo c a l iz a t io n  o f  c a th e p t ic  a c t iv i ty  in  th e  
s k e le ta l  m u sc le  o f  w in te r  f lo u n d e r ,  (P s e u - 
d o p l e u r o n e c t e s  a m e r i c a n u s )  a n d  to  in v es
tig a te  th e  p h y s ic a l a n d  c h e m ic a l p ro p e r 

tie s  o f  th is  e n z y m e  as r e la te d  to  a u to ly t i c  
sp o ila g e .

EXPERIMENTAL
Preparation of cell fractions and 
cathepsin

F re s h ly  c a u g h t  w in te r  f lo u n d e r s  (Pseudo- 
pleuronectes americanus) w e re  k i l le d  b y  d e c a p i
t a t io n  a n d  e v is c e ra te d  im m e d ia te ly .  T h e  m u s c le  
f ro m  th e  b a c k  p a r t ,  f re e  o f  b o n e s  a n d  sk in , w as 
w e ig h e d , c u t  u p  in to  sm a ll  p ie c e s  in  0 .2 5 M  c o ld  
su c ro se  s o lu t io n  c o n ta in in g  1 m M  e th y le n e d ia -  
m in e  t e t r a a c e ta te  (E D T A ) , p H  7 .0 .  T h e  p ie c e s  
w e re  in t r o d u c e d  in to  a P o t te r - ty p e  h o m o g e -  
n i z e r  ( s m o o th -g la s s -w a lle d  tu b e  a n d  te f lo n  
p e s tle )  a n d  h o m o g e n iz e d  a t  4 ° C , u s in g  a h o 
m o g e n iz in g  d r i l l  (C ra f ts m a n , S e a rs )  w i th  f o u r  
u p  a n d  d o w n  s tr o k e s ,  in  s u f f ic ie n t  su c ro s e  s o lu 
t io n  to  m a k e  a 1 :8  (w /v )  s u s p e n s io n .  E x t r a c t io n  
o f  th e  e n z y m e  w a s  c o m p le te d  w i th in  4  h r  a f te r
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F ig . 1—In tra c e llu la r  d is t r ib u t io n  p a tte rn  o f  c a th e p s in  D  in  fish  m u s c le .  
T h e  f ra c t io n s  a lo n g  th e  a b sc issa  fro m  le f t  to  r ig h t  a r e :  u n b r o k e n  c e lls  
a n d  n u c le i  I P , ) ,  m ito c h o n d r ia  I P 2), ly s o s o m e s  I P 3 ), m ic ro s o m e s  I P , ) 
a n d  fin a l s u p e rn a ta n t  I S , ) .  T h e se  a re  r e p r e s e n te d  b y  th e ir  p e rc e n ta g e  o f  
th e  to ta l p r o t e in  in  th e  h o m o g e n a te . A lo n g  o rd in a te , th e ir  re la tiv e  
s p e c i f ic  a c t iv it ie s  a re  p l o t t e d  as P e r c e n t  o f  to ta l a c t iv ity / P e r c e n t  o f  to ta l  
p r o te in .
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the death of the fish. A ll the processes were 
conducted at 4°C.

The homogenate was centrifuged in a Sor- 
vall RC 2-B refrigerated centrifuge using an 
SS-34 rotor at 755g for 10 min to separate the 
nuclei and cell debris ( P , ). The supernatant was 
centrifuged at 9,750g for 15 min to sediment 
mitochondria (P2). The supernatant obtained 
was centrifuged at 27,000g for 30 min to sepa
rate lysosomes (P3). The remaining supernatant 
was centrifuged at 78,480g for 90 min in an 
L3-50 Spinco preparative ultracentrifuge with a 
type 30 rotor to separate the microsomes (P4). 
The final supernatant (S „ ) contains all kinds of 
soluble proteins. In this study these proteins 
were termed as “ endogenous”  when used as 
substrates to catheptic activity. These endog
enous proteins were not characterized.

The lysosomal fraction, as well as other 
pellets, were resuspended and hand homoge
nized in 0.1% Triton X-100 in 0.01M imidazole 
buffer pH 7.2 to release the enzyme. The pro
tein content of all fractions was estimated by 
the Lowry method (Lowry et al., 1951). In 
some cases activity was measured in the whole 
homogenate.
Preparation of denatured hemoglobin

Denatured hemoglobin was used as a sub
strate for catheptic activity. The preparation 
was a modification of the method used by Ting 
et al. (1968). A 10% hemoglobin (Bovine 11, 
Sigma) solution was prepared in 8M urea. 
Denaturation was allowed to take place at room 
temperature for 4 hr. The denatured hemo
globin was then diluted with water to make a 
2.5% solution. It was filtered through Whatman 
No. 1 filter paper and dialyzed against several 
changes of distilled water for 48 hr to remove

the urea. After dialysis, 1 mg of trimersol (Sig
ma) was added to 40 ml of solution and the 
preparation was stored at refrigeration tempera
ture until used.

Assay of catheptic activity
The method used was a modification of the 

method of Anson (1938) as modified by Tallen 
et al. (1952). Assays were carried out in a water 
bath at 37°C. The assay mixture contained 4 ml 
of 2.5% hemoglobin solution, 1 ml of 0.2M 
acetate buffer, pH 4.0, 1 ml of muscle homoge
nate or 0.5 ml of P3 (lysosomal fraction) and 
sufficient 0.1N HC1 or 0.1N NaOH to maintain 
the pH. Water was added to make the total 
volume to 7 ml. After 2 hr of incubation, 5ml 
of 0.3M TC A  was added, the flasks were swirled 
by hand for 20 sec and then replaced in the 
bath for 20 min. The precipitate was removed 
by filtration through Whatman No. 1 filter 
paper. The absorbancy of the TCA  filtrate was 
measured at 275 m/a. Blanks were run in the 
same manner, except that TCA  was added im
mediately before the homogenate or the lyso
somal fraction.

Recently a fluorimetric (DeLumen and 
Tappel, 1970) and a radioactive method (Roth 
et al., 1971) were reported for assay of cathep- 
sin D activity. We made a comparative study of 
the sensitivity of all the available assay methods 
for cathepsin D activity, the results of which 
will be published elsewhere. Some of the ex
periments reported here were repeated with the 
new methods above and the same results were 
obtained.
Assay of lactate dehydrogenase

Beef heart lactate dehydrogenase was as
sayed by using a direct spectrophotometric

measurement of the disappearance of NADH. 
The assay mixture contained 0.42 ml of 0.1M 
imidazole buffer, pH 7.5, 0.004 ml of 0.02M 
sodium pyruvate and 0.036 ml of 4 mM NADH 
in 0 .0 1M NaCl. Enzyme solution and water 
were added to make a final volume of 0.5 ml. 
The final assay mix contained 0.084M imid
azole buffer, pH 7.5, 1.6 x  10'4M sodium pyru
vate and 2.88 x  10'4M NADH. The production 
of NAD was measured at 23°C in a Gilford 240 
recording spectrophotometer using microcu
vettes at 340 mg.
Sucrose density gradient centrifugation

Sucrose density gradient centrifugation was 
carried out as described by Martin and Ames 
(1961), except for slight modification. 5% and 
20% sucrose solutions in 0.01M imidazole buf
fer, pH 7.2, were used to prepare the 30 ml 
gradients, using the Buchler gradient mixing 
device. A solution of 1.2 ml of enzyme prepara
tion with 25 jul of beef heart lactate dehydro
genase (10 mg/ml) was layered on the gradients. 
The gradients were centrifuged in the SW 25.1 
rotor in a Spinco ultracentrifuge at 25,000 
RPM for 50 hr at 4°C . immediately after cen
trifugation, twelve 2.5 ml fractions were col
lected by puncturing the bottom of the tubes 
with a 16 gauge needle (Buchler puncturing 
device). A ll the fractions were assayed for 
catheptic activity and for the marker enzyme 
lactate dehydrogenase.

Gel electrophoresis
A 7% polyacrylamide gel electrophoresis 

prepared by a modification of the method of 
Ornstein and Davis (1962) was used to demon
strate the activity on hemoglobin under differ
ent conditions. About 0.4 ml of the sample

F ig . 2 —E le c t r o n  m ic ro g ra p h  o f  ly s o s o m a l fra c t io n  ( P 3). M a g n if ic a t io n  
1 6 ,8 5 6 X. L  in d ic a te s  in t a c t  ly so s o m e s . T h e  d a rk  s ta in in g  is c h a ra c te r 

is t ic  to  ly so s o m e s . Im m e d ia te ly  a f te r  d e c a p ita t io n  o f  liv in g  fish , s k e le ta l  
m u s c le  w as ta k e n  a n d  th e  c r u d e  ly s o s o m e s  w e re  s e p a ra te d  a t  4 °  C . T h is  
fra c t io n  a lso  c o n ta in s  s o m e  m ito c h o n d r ia  a n d  m ic ro s o m e s  d u e  to  c o n 

ta m in a tio n  w ith  P 2 a n d  P ,  f ra c t io n s .

F i g .  3  — E l e c t r o n  m ic ro g ra p h  o f  f lo u n d e r  m u s c le . M a g n if ic a t io n  
1 3 ,0 6 3 x .  L  in d ic a te s  ly s o s o m e s ,  M  r e p re s e n ts  m ito c h o n d r ia .  T h e  t is su e  
was f ix e d  im m e d ia te ly  a f te r  d e c a p ita t io n  o f  th e  liv in g  fish . T h e re  was 
h a rd ly  a n y  t im e  f o r  p o s t - m o r t e m  d is in te g ra t io n  o f  ly so s o m e s .
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T a b le  1 - A c t i v i t y  o f  c a th e p s in  ( P 3)  o n  d i f 

fe re n t  s u b s tra te sa
Specific activity

Substrate A/2 hr/mg
1. Hemoglobin, denatured 0.130
2. Hemoglobin, native 0.125
3. Globin, native 0.071
4. Endogenous proteins (S 4) 0.055
5. Bovine serum albumin 0.025

aThe pro teo ly tic activity o f P3 fraction  was 
carried o u t on different substrates at pH 4.0 
and at 37°C for 2 hr. The assay m ixtures con
tained 1 ml o f 0.2M acetate buffer, pH 4.0, 4 
ml o f 2.5% substrate solutions (S4 = 4.8 mg per 
ml p rotein), 0.5 ml o f P3 and 1.5 ml of w ater. 
Assays were carried out as described in the tex t. 
The protein concentration  is the same for all 
substrates used, except for the S4 frac tion . The 
term “endogenous p ro teins” refers to  the solu
ble proteins present in the final supernatan t 
(S4 ) fraction  obtained during fractionation  of 
fish muscle hom ogenate.

with 2% sucrose was layered directly on the top 
of the polymerized upper gel. The current used 
for protein separation was 2 ma per tube in the 
beginning and 3 ma per tube after the front 
migrated into the upper gel. Total run was 
about 80 min. The gels were stained for protein 
in Amidoschwartz solution for 30 min. The 
stained gels were destained by repeated wash
ings in 7% acetic acid.
Preparation of tissue and lysosomal fraction 
for electron microscopic examination

Intact muscle tissue was fixed in 2% formal
dehyde and 2.5% glutaraldehyde in 0.1M caco- 
dylate buffer, pH 7.2, containing 0.05% CaCl2 
followed by post-fixation in 1% O s04 in 0.1M 
phosphate buffer, pH 7.2. The lysosomal frac
tion was fixed in 5% glutaraldehyde in 0.1M

T a b le  2 —E f f e c t  o f  p H  o n  c a th e p s in  D  a c t iv 

i t y  o f  fish  m u s c le  ly s o s o m a l fra c t io n  ( P 3) o n  
e n d o g e n o u s  m u s c le  p r o t e in s  I S a) d

Specific activity
PH A/2 hr/mg x  102
3 2.5
4 5.2
5 4.4
6 4.0
7 2.3
8 0.5

aThe term  “endogenous p ro teins” refers to  
the soluble proteins present in the final super
natant (S4) fraction  obtained  during fractiona
tion  o f fish muscle hom ogenate. Increase in 
absorbancy was determ ined at 275 mg.

phosphate buffer, pH 7.2, followed by post
fixation in 1% O s04 in 0.1M collidine buffer, 
pH 4.7. From this point, both samples were 
treated similarly. The samples were dehydrated 
in a graded ethanol series, followed by propyl
ene oxide, and embedded in Epon 812. Blocks 
were sectioned using glass knives on a Sorvall 
MT-2 Porter Blum ultramicrotome. Sections 
were stained with 6% uranyl acetate and Rey
nold’s lead citrate. Electron micrographs were 
taken on an RCA EMN-3G electron micro
scope.

RESULTS & DISCUSSION
T H E  IN T R A C E L L U L A R  p r o te o ly t i c  
a c t iv i ty  is p re s e n t  m a in ly  in  th e  ly so - 
so m e s  o f  ce lls  ra n g in g  f ro m  p ro to z o a  to  
th e  tis s u e s  o f  h ig h e r  a n im a ls . It is n o r 
m a lly  d e te c te d  in  t h e  t is s u e  e x t r a c ts  b y  
th e  d e g ra d a t io n  o f  h e m o g lo b in  a t  ac id  p H  
v a lu es . I t w as f i r s t  e x a m in e d  in  d e ta i l  b y

A n s o n  ( 1 9 3 8 )  u n d e r  th e  n a m e  ‘c a th e p 
s in .’ L a te r  T a lla n  e t a l. ( 1 9 5 2 )  b y  m a k in g  
u se  o f  s y n th e t i c  s u b s t r a te s  o f  lo w  m o le c 
u la r  w e ig h t, f o u n d  th e  e x is te n c e  o f  
c a th e p s in s  A , B a n d  C , c o r r e s p o n d in g  in  
s p e c if ic i ty  t o  p e p s in , t r y p s in  a n d  c h y m o -  
t r y p s in  re sp e c tiv e ly .

In  d u e  c o u rs e  o th e r  w o rk e rs  sh o w e d  
th e  e x is te n c e  o f  a p o w e rfu l  a c id  p r o te in 
a se , k n o w n  as c a th e p s in  D , w h ic h  is q u i te  
d is t in c t  f ro m  c a th e p s in s  A , B a n d  C. It 
h a s  n o  a c t i o n  o n  s y n th e t i c  s u b s t r a te s  o f  
c a th e p s in s  A , B a n d  C a n d  c a n  a c t o n  
p ro te in s  l ik e  h e m o g lo b in , a lb u m in  a n d  
c a se in . I t is c le a r ly  th e  e n z y m e  o r ig in a lly  
d e s c r ib e d  as ‘c a th e p s in ’ b y  A n s o n  ( 1 9 3 8 ) .  
C a th e p s in  E  d if f e rs  f ro m  c a th e p s in  D in  
h av in g  a h ig h e r  m o le c u la r  w e ig h t a n d  
b e in g  m o re  a c tiv e  a t  p H  2 .5 .

In  th e  p re s e n t  s tu d y  p r im a r i ly  c a th e p 
s in  D a c tiv i ty  is m e a s u re d  o n  h e m o g lo b in  
a t  p H  4 .0 ;  b u t  o th e r  c a th e p s in s  m a y  a lso  
b e  p re s e n t  in  th e  e n z y m e  p re p a r a t io n .
S u b c e llu la r  d is t r ib u t io n  o f  
c a th e p t ic  a c tiv i ty

T h e  in tr a c e llu la r  d is t r ib u t io n  o f  ca 
th e p t i c  a c t iv i ty  is s h o w n  in  F ig u re  1. 
C a th e p s in  h a d  its  h ig h e s t re la tiv e  s p e c if ic  
a c t iv i ty  in  th e  ly so s o m a l f r a c t io n . H o w 
ev e r, th e  m i to c h o n d r ia l  a n d  m ic ro s o m a l 
f r a c t io n s  w e re  a lso  c o n ta m in a te d  w ith  
s o m e  c a th e p t ic  a c t iv i ty .  S im ila r  o b s e rv a 
t io n s  w e re  m a d e  b y  B ird  e t  a l. ( 1 9 6 9 )  in  
th e  m u sc le  o f  th e  g o ld f ish . T h is  c o u ld  b e  
d u e  to  th e  fa c t  th a t  th e  ly so s o m e s  a re  
h e te ro g e n o u s  in  s ize  ra n g in g  f ro m  th e  s ize  
o f  m i to c h o n d r ia  to  th a t  o f  m ic ro so m e s . 
F ig u re  2 sh o w s  th e  in ta c t  ly so s o m e s  in

r

Hb

m t m

5 6.5 7 . 5

Hb 4-
Fig. 4 —P o ly a c r y la m id e  g e l e le c t r o p h o r e s is  s h o w in g  p r o t e o ly t i c  a c t iv i ty  
o f  c a th e p s in  o n  h e m o g lo b in . E f f e c t  o f  p H  o n  th e  a c t iv i t y  o f  c a th e p s in .  
E x p e r im e n ts  w e re  c o n d u c t e d  as d e s c r ib e d  u n d e r  " E x p e r im e n t a l ."  T h e  
c o n t r o l  a n d  sa m p le s  w e re  in c u b a t e d  u n d e r  s ta n d a rd  c o n d it io n s  f o r  4 0  
h r  a n d  th e n  s u b je c t e d  to  e le c t ro p h o re s is .  T h e  e n z y m e  fra c t io n  ( P 3) d id  
n o t  c o n t r ib u t e  to  a n y  p r o t e in  b a n d  fo rm a t io n  b e c a u s e  th e  p r o te in  c o n 

c e n tra t io n  w as to o  lo w .

F ig . 5 —E f f e c t  o f  t im e  o n  a u to ly s is  in  fish  m u s c le  h o m o g e n a te . 5  m l  o f  
fish  m u s c le  h o m o g e n a te  ( 1 :2 )  in  d is t i l le d  w a te r  w as in c u b a te d  w ith  1 
m l o f  0 .2 M  a c e ta te  b u f f e r  p H  4 .0 ,  a f te r  a d ju s t in g  th e  p H  to  4 .0  w ith  
0 . 1 M  H C I  a n d  a d d in g  s u f f i c ie n t  w a te r  to  m a k e  7  m l. 5  m l o f  0 .3 M  T C A  
w as a d d e d  to  p r e c ip ita te  o u t  th e  p r o t e in s  a t  d i f f e r e n t  t im e  in te rv a ls . 
A b s o r b a n c y  a t  0  t im e s  w as th e  c o n t r o l .  D if fe r e n c e  in  th e  a b s o rb a n c y  o f  
th e  T C A  filtra te s  o f  th e  c o n t r o l  a n d  sa m p le s  a t  2 7 5  m g  re p re s e n ts  
a c t iv ity . H e re  th e  te rm  " a u t o ly s i s "  re fe rs  to  th e  b re a k d o w n  o f  a ll ty p e s  
o f  fish  m u s c le  p r o t e in s  p r e s e n t  in  th e  h o m o g e n a te .
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C M  T R A V E L E D  IN S U C R O S E  G R A D I E N T  
Fig . 6 —S u c r o s e  g ra d ie n t  c e n t r ifu g a t io n  o f  fish  m u s c le  c a th e p s in . C e n 

t r ifu g a tio n  w as c a r r ie d  o u t  u s in g  S W  2 5 .1  r o t o r  f o r  5 0  h r  a t  4 °  C  a t  2 4 .5  
X 1 0 3 rp m . F r a c t io n s  w e re  a s sa y e d  a t  2 3 ° C . B e e f  h e a rt  L D H  w as u s e d  
as th e  m a rk e r  e n z y m e .

th e  ly so s o m a l f r a c t io n  ( P 3 ) s e p a ra te d  
f ro m  th e  f ish  m u sc le . T h e  ly so s o m a l 
f r a c t io n  a lso  c o n ta in s  s o m e  sm a ll m ito 
c h o n d r ia  a n d  s o m e  m ic ro so m e s  d u e  to  
c o n ta m in a t io n .  In  th e  e le c tro n  m ic ro 
g ra p h  o n ly  a few  p a r t ic le s  a re  e x h ib it in g  
th e  c h a ra c te r is t ic  d a rk  s ta in in g  o f  in ta c t  
ly so s o m e s . O th e rs  m ig h t h av e  lo s t th e i r  
p ro te in s  d u e  to  r u p tu r e  o r  le ak ag e  d u r in g  
th e i r  s e p a ra t io n , f ix a t io n  a n d  p re p a r a t io n  
fo r  th e  e le c tro n  m ic ro sc o p ic  e x a m in a tio n . 
F ig u re  3 sh o w s  a n  e le c tro n  m ic ro g ra p h  o f  
fish  m u sc le  w h e re  th e  m u sc le  f ib e rs , 
m ito c h o n d r ia  a n d  ly so s o m e s  a re  d is t in c t .

T h e  ly so s o m e s  w ere  s e p a ra te d  as d e s 
c r ib e d  u n d e r  ‘E x p e r im e n ta l’ an d  th e  
e n z y m e  e x t r a c t  w as p re p a re d  b y  d is r u p t 
in g  th e  ly so s o m a l f r a c t io n  in  0 .1 %  t r i to n  
X -1 0 0  in  0 . 0 1M im id a z o le  b u f fe r .
E ffe c t o f pH on catheptic ac tiv ity

T h e  o p t im u m  p H  fo r  e n z y m e  a c tiv i ty  
w as fo u n d  to  b e  4 .0  u sin g  th e  assay  
p ro c e d u re . F u r th e r m o r e ,  gel e le c tr o p h o 
resis  w as u se d  to  s tu d y  th e  b re a k d o w n  
p ro d u c ts  o f  h e m o g lo b in  a t  d i f f e r e n t  pH . 
L y s o s o m a l e n z y m e  w as in c u b a te d  w ith  
h e m o g lo b in  a t d i f f e r e n t  h y d ro g e n  io n  
c o n c e n t r a t io n s  a n d  th e  gel e le c tr o p h o 
re t ic  p a t t e r n  o f  p ro d u c t s  w as o b se rv e d  
(F ig . 4 ) . A t p H  4 .0  m o s t o f  th e  s u b s t ra te  
w as d ig e s te d  in to  p e p tid e s ,  o lig o p e p t id e s  
a n d  in to  s m a lle r  f r a g m e n ts ;  a t  p H  6 .5  th e  
b re a k d o w n  w as  less a n d  a t p H  7 .5  th e re  
w as n o  a p p a re n t  b re a k d o w n  o f  h e m o 
g lo b in . S im ila r  re su lts  w e re  o b ta in e d  
u sin g  p a p e r  a n d  th in  la y e r  c h ro m a to g 
ra p h y . A t th e  o p t im u m  p H  a m in o  a c id s  
a n d  sm a ll p e p tid e s  w e re  re le a se d  an d  
s ta in e d  o n  th e  c h ro m a to g ra m s . T h e  gel 
e le c tro p h o re t ic  p ro c e d u re  u se d  w as ab le  
to  p ic k  u p  o n ly  th e  fr a g m e n ts  o f  p e p tid e  
o r  o l ig o p e p t id e  d im e n s io n s , w h e re a s  
p a p e r  a n d  th in  la y e r  c h ro m a to g ra p h y  
s e p a ra te d  th e  s m a lle r  b re a k d o w n  c o m 
p o u n d s  s u c h  as a m in o  ac id s . T h e  fo rm a 
t io n  o f  sm a ll p e p tid e s  a n d  a m in o  a c id s

in d ic a te  th a t  th e  a c t iv i ty  m e a su re d  is d u e  
to  th e  c o m b in e d  e f fe c ts  o f  a ll th e  c a th e p -  
s ins .
A ctio n  o f cathepsin on d ifferent 
substrates

T a b le  1 s h o w s  th e  f ish  m u sc le  c a th e p 
tic  a c t iv i ty  o n  d if f e r e n t  s u b s t ra te s .  T h e  
e n z y m e  w as fo u n d  to  ac t o n  u rea - 
d e n a tu re d  h e m o g lo b in , n a tiv e  h e m o 
g lo b in , g lo b in , b o v in e  se ru m  a lb u m in  an d  
a lso  o n  c y to p la s m ic  p ro te in s  (e n d o g 
e n o u s )  f ro m  th e  S4 f r a c t io n .  H ere  th e  
t e r m  “ e n d o g e n o u s  p r o te in s ”  re fe rs  
m e re ly  to  th e  s o lu b le  p ro te in s  p re s e n t  in  
th e  7 8 ,4 8 0 g  s u p e r n a ta n t  f r a c t io n  o b 
ta in e d  d u r in g  th e  f r a c t io n a t io n  o f  fish  
m u sc le  h o m o g e n a te .  T h e se  p r o te in s  w ere  
n o t  c h a ra c te r iz e d  s u c h  as a c t in  o r  m y o s in . 
S h a rp  ( 1 9 6 3 ) ,  B od  w ell a n d  P e a rs o n
( 1 9 6 4 )  fo u n d  th a t  m a m m a lia n  c a th e p s in s

w ere  m o s t  a c tiv e  o n  s a rc o p la s m ic  p r o 
te in s . D e n a tu re d  h e m o g lo b in  gave th e  
h ig h e s t sp e c if ic  a c t iv i ty ,  p r o b a b ly  d u e  to  
th e  fa c t  th a t  u re a -d e n a tu r e d  h e m o g lo b in  
is u n f o ld e d  a n d  e n z y m a tic  a t ta c k  is fa c i li
ta te d  a lo n g  th e  o p e n  p o ly p e p t id e .  T h e  
a c tiv i ty  w as a lm o s t  th e  sam e  o n  b o th  
d e n a tu re d  a n d  n a tiv e  h e m o g lo b in  a t p H
3 .5 . T h is  is p ro b a b ly  d u e  to  th e  ac id  
d e n a tu r a t i o n  o f  n a tiv e  h e m o g lo b in  a t p H
3 .5 .
Catheptic ac tiv ity  on endogenous 
proteins

T h e  e n z y m e  h y d ro ly z e d  e n d o g e n o u s  
p r o te in s  in  a d d i t i o n  to  o th e r  p ro te in s  
(T a b le  1). F ish  m u sc le  h o m o g e n a te  o f  
k n o w n  c o n c e n t r a t io n  w as in c u b a te d  w ith  
b u f fe r  (p H  4 .0 )  a t  3 7 ° C  fo r  th e  d es ire d  
d u r a t i o n  o f  t im e , a n d  th e  re a c tio n  w as 
s to p p e d  w ith  0 .3 M  T C A . T h e  a b s o rb a n c y

T a b le  3 — T h e rm a l s ta b il i ty  o f  c a th e p s in  D  fro m  fish  liv e r  a n d  fish  
m u s c le a

Temp

_______ % Control activity_________
Duration of Incubation time in the assay mix

heat treatment (min)

a T he ly so so m al f ra c t io n  (P 3 ) w as in c u b a te d  a t th e  te m p e ra tu re s  
given ab o v e . A t d if fe re n t  in te rv a ls  a liq u o ts  w e re  d ra w n  an d  assay ed  fo r 
c a th e p tic  a c tiv ity  a t 3 7 °C . P ro te in  c o n te n t  o f  th e  sam p le  w as 2 .4  mg 
per m l. A c tiv ity  o f  th e  re fr ig e ra te d  e n zy m e  (5 °C ) a f te r  10-m in  in c u b a 
t io n  in th e  assay m ix  w as c o n sid e re d  as c o n tro l  an d  all o th e r  a c tiv itie s  
w ere  re p re se n te d  as p e rce n t c o n tro l  ac tiv itie s . T h e  assays w e re  c o n 
d u c te d  by a m o d if ie d  A n s o n ’s m e th o d  as d e sc rib e d  in th e  te x t  a n d  also 
by  f lu o re s c e n t h em o g lo b in  m e th o d . B o th  m e th o d s  gave sim ilar re su lts .

T a b le  4 —E f f e c t  o f  v a r io u s  a g e n ts  o n  c a th e p 

t ic  a c t iv i t y a
% Control 

activity
100 
100 
110 
110 
40

2.
3.
4.
5.

Treatment
Control
Dialyzed
0.02M Tryptophan 
0.02M Tyrosine 
8M urea

°c (min) 3 5 8 10 6. 0.1M cysteine hydrochloride 30
5 15 50 68 84 100 7. 2mM PMSF 25

37 15 50 68 84 100 8. 0.01M NADH 75
68 15 40 57 68 83 9. 0.01M NAD 25

10.
11.
12.

0 .0 1M ATP 
0 .0 1M AMP 
5% NaCl

20
18
5

a T o  1 ml o f  P 3 sa m p le  th e  va rious c o m 
p o u n d s  w ere  a d d e d  a t th e  in d ic a te d  c o n c e n tra 
tio n  a n d  th e  sam p le s  w e re  in c u b a te d  a t ro o m  
te m p e ra tu re  fo r 2 0  h r. A ssays w ere  m ad e  as 
d e sc rib e d  in  th e  te x t .



C A TH E P TIC  A C T IV IT Y  O F F IS H  M U S C L E - W

I N C U B A T I O N  T I M E  - H O U R S  
Fig. 7 —E f fe c t  o f  co n cen tra tio n  o f  N a d  on  fish m u scle  ca th ep tic  a ctiv
ity. P } sam ple was in cu b a ted  a t ro o m  tem perature w ith  d iffe re n t c o n 
centra tion s o f  N a d  a n d  a liquots were taken a t d iffe re n t tim e intervals. 
C a th ep tic a ctiv ity  in 1 m l a liquots was m easured  on  dena tu red  h em o 
globin  as d e scrib e d  in the text.

o f  th e  T C A  f i l t r a te s  w as re a d  a t 2 7 5  m /u. 
B la n k s  w e re  ru n  in  th e  s a m e  w a y  e x c e p t  
th a t  T C A  w as a d d e d  a t th e  b e g in n in g . 
T h e  d if f e re n c e  in  a b s o r b a n c y  b e tw e e n  th e  
sa m p le  a n d  th e  b la n k  w as  p r o p o r t io n a l  to  
th e  b r e a k d o w n  o f  e n d o g e n o u s  p ro te in s .  
H ere th e  te rm  “ e n d o g e n o u s  p r o te in s ”  
re fe rs  to  all ty p e s  o f  p ro te in s  p re s e n t  in  
th e  h o m o g e n a te .  T h e  ra te  o f  h y d ro ly s is  
o f  e n d o g e n o u s  p ro te in s  w as lin e a r  w ith  
t im e  d u r in g  th e  firs t 2 h r  o f  in c u b a t io n  
(F ig . 5 ).

T h e  a c t iv i ty  o f  ly so s o m a l ( P 3 ) f r a c t io n  
o n  th e  s u p e r n a ta n t  (S 4 ) f r a c t io n  w as 
s tu d ie d  as a f u n c t io n  o f  p H . T h e  P 3 
f r a c t io n  h ad  a lo w  p r o te in  c o n te n t  an d  
h igh  c a th e p t ic  a c t iv i ty ,  w h e re a s  S4 w as 
rich  in  p ro te in  a n d  p o o r  in  c a th e p t ic  
a c t iv i ty ,  so S4 c o u ld  b e  u se d  as a s o u rc e  
o f  p ro te in  s u b s t r a te  fo r  c a th e p t ic  a c t iv i ty . 
T h e  re s u lts  in  T a b le  2 sh o w  th a t  c a th e p -  
sin D ca n  h y d ro ly z e  th e  e n d o g e n o u s  
p ro te in s  o f  f ish  m u sc le  w ith in  a b ro a d  
rang e  o f  h y d ro g e n  io n  c o n c e n t r a t io n .  T h e  
b re a k d o w n  p ro d u c t s  o b ta in e d  m a y  be 
f u r th e r  h y d ro ly z e d  b y  c a th e p s in s  A , B 
an d  C as su g g e s te d  b y  H u a n g  a n d  T a p p e l
(1 9 7 1 ) .  T h is  a u to ly t i c  p ro c e s s  w o u ld  
fa c i li ta te  th e  s u b s e q u e n t  d e te r io r a t io n  o f  
fish  m u sc le  b y  b a c te r ia .  A lth o u g h  th e  
o p t im u m  pH  fo r  h y d ro ly s is  o f  th e  e n d o g 
e n o u s  p ro te in s  w as fo u n d  to  b e  p H  4 .0 , 
th e  ran g e  o f  a c t iv i ty  w as b e tw e e n  p H  3 .0  
an d  pH  7 .0 . T h is  su g g e s ts  th a t  a u to ly s is  
o f  th e  e n d o g e n o u s  p ro te in s  ca n  p ro c e e d  
a t an d  b e lo w  p H  6 .5  w h ic h  is th e  av e rag e  
PH o f  fish  m u sc le  a f te r  c a p tu r e  (A m - 
la ch e r , 1 9 6 1 ) . A f te r  d e a th  th e  p H  d ro p s  
fu r th e r .
Effect of temperature on enzyme 
stability

T h e  e n z y m e  is m o re  s ta b le  a t 5 °C  th a n

a t h ig h e r  te m p e r a tu r e s ;  h o w e v e r , it  w as 
in te re s t in g  to  f in d  th a t  6 8 ° C  fo r  15 m in  
d e c re a se d  th e  a c t iv i ty  to  o n ly  83%  (T a b le
3 ). G el e le c tro p h o re s is  f u r th e r  v e rif ie d  
th e  fa c t th a t  th e  h e a te d  e n z y m e  c o u ld  
s til l  b re a k  d o w n  h e m o g lo b in  in to  p e p tid e  
f ra g m e n ts . M a k in o d a n  a n d  Ik e d a  ( 1 9 6 9 )  
r e p o r te d  a p ro te a s e  o f  c a rp  m u sc le  ac tiv e  
in  s lig h tly  a lk a lin e  p H  ra n g e , w h ic h  re 
ta in e d  a b o u t  7 0 %  o f  i ts  a c t iv i ty  a f te r  
h e a tin g  fo r  6 0  m in  a t 6 0 ° C . T h is  re la tiv e  
s ta b i l i ty  to  h ig h  te m p e r a tu r e s  is im p o r 
ta n t  in  th e  h e a t  p ro c e s s in g  o f  fish  m u sc le  
s in c e  in a d e q u a te  h e a t t r e a tm e n t  w ill 
c a u se  e n z y m e  a c tiv i ty  t o  b e  re ta in e d . O n  
th e  o th e r  h a n d  th is  p r o p e r ty  c o u ld  b e  
e f fe c tiv e ly  u til iz e d  in  th e  p u r i f ic a t io n  
p ro c e s s  o f  th e  e n z y m e  as m o s t  o f  th e  
o th e r  p ro te in s  m a y  b e  s e p a ra te d  o u t  b y  a 
s lig h t h e a t t r e a tm e n t  leav in g  c a th e p t ic  
a c t iv i ty  re la tiv e ly  u n a f f e c te d .
Sedimentation velocity experiments

T h e  s e d im e n ta t io n  c o e f f ic ie n t  o f  fish  
m u sc le  c a th e p s in  w as  d e te rm in e d  to  be 
2 .7 S , u s in g  b e e f  h e a r t  la c t ic  d e h y d ro g e n 
ase (7 .4 S )  as th e  m a rk e r  e n z y m e  (F ig . 6 ) . 
U sing  th e  e q u a t io n  M t 2/3 / M 2 2/3 = S i / S 2 
d e riv e d  f ro m  th e  e q u a t io n  o f  S ch erag a  
a n d  M a n d e lk e rn  (1 9 5 3 ) ,  a n d  c o n s id e r in g  
th e  m o le c u la r  w e ig h t o f  la c t ic  d e h y d r o 
g e n ase  as 1 4 5 ,0 0 0 , th e  m o le c u la r  w e ig h t 
o f  c a th e p s in  f ro m  f lo u n d e r  m u sc le  w as 
fo u n d  to  b e  3 2 ,0 0 0 . T h e  m o le c u la r  
w e ig h t w as th e  sam e  fo r  b o th  th e  live r 
a n d  th e  m u sc le  e n z y m e . T h is  is c lo se  to  
th e  m o le c u la r  w e ig h t o f  o th e r  p ro te o ly t i c  
e n z y m e s  su c h  as p e p s in , t r y p s in  a n d  
re n n in . S o  fa r th e r e  is n o  c o n c lu s iv e  d a ta  
re g a rd in g  th e  m o le c u la r  w e ig h t o f  c a th e p 
sin .
Effect of activators and inactivators

A s s h o w n  in T a b le  4  th e  a m in o  a c id s

t r y p to p h a n  a n d  ty ro s in e  h a d  v e ry  l i t t le  
a c t iv a t io n  e f fe c t  o n  t h e  e n z y m e . T h e  
e f fe c t  o f  th e s e  tw o  a n d  o th e r  a m in o  ac id s  
o n  c a th e p t ic  a c t iv i ty  w as te s te d  b e c a u se  
th e  a m in o  a c id s  a re  th e  u l t im a te  e n d  
p ro d u c t s  o f  p r o te in  d e g ra d a t io n  in  th e  
b o d y . N A D H , N A D , A M P , c y s te in e , 
p h e n y lm e th y l  s u lf o n y l f lu o r id e  (P M S F ) 
a n d  s o d iu m  c h lo r id e  in a c tiv a te d  th e  e n 
z y m e . S ie b e rt  ( 1 9 6 2 )  a lso  o b se rv e d  a 
s im ila r  in a c t iv a t io n  w ith  c y s te in e  o n  c o d  
m u sc le  p ro te a s e s . T h e  s ta b i l i ty  o f  th is  
e n z y m e  in  8M  u re a  a n d  to w a r d  th e rm a l 
in a c t iv a t io n  as w ell as its  m o le c u la r  
w e ig h t o f  3 2 ,0 0 0  su g g est th a t  th e  e n z y m e  
u n d e r  s tu d y  is p ro b a b ly  a s in g le  p o ly p e p 
t id e , n o t  u n d e rg o in g  s ig n if ic a n t s t r u c tu r a l  
a l te r a t io n s  in  th e  p re s e n c e  o f  u re a  o r  
h e a t .  D ia ly sis  d id  n o t  b rin g  a b o u t  a n y  
c h a n g e , in d ic a tin g  th a t  th e r e  a re  n o  
d ia ly z a b le  in h ib i to r s ,  o r  a c t iv a to rs  w h ic h  
c o u ld  a f fe c t  th e  e n z y m e . T h e  in a c tiv a tio n  
o f  c a th e p t ic  a c t iv i ty  b y  A T P  is p a r t ic u 
la r ly  im p o r ta n t .  T h e  p o s t-m o r te m  d e g ra 
d a t io n  o f  f ish  fo llo w s  a s im ila r  p a t t e r n  as 
th a t  o b se rv e d  fo r  m a m m a ls , in  w h ic h  
A T P  is c o n v e r te d  ra p id ly  t o  A D P  th e n  to  
A M P  a n d  A M P  is f u r th e r  d e g ra d e d  to  IM P 
a n d  fin a lly  in o s in e  is fo rm e d  ( J o n e s  a n d  
M u rra y , 1 9 6 1 ; T o m lin s o n  a n d  G eig e r, 
1 9 6 2 ; T a rr , 1 9 6 5 ; B risk ey  e t  a l., 1 9 6 6 ) . 
A f te r  c a p tu r e  th e  A T P  leve l d e c lin e s  a n d  
th u s  th e  in h ib i to ry  e f fe c t  o f  A T P  (T a b le
4 )  u p o n  c a th e p s in  m ay  b e  re m o v e d . In  
th is  case  A T P  to g e th e r  w ith  o th e r  m e ta b 
o li te s  m ay  f u n c t io n  as a c o n tro ll in g  
m e c h a n is m  o f  e n z y m e  a c t iv i ty .  W o rk  is in  
p ro g re ss  to  s tu d y  th is  e f fe c t  a n d  th e  
v a r io u s  m e ta b o l i te s  o n  c a th e p s in  re le a se  
a n d  a c tiv i ty .
Sodium chloride as an inactivator 
of cathepsin

F ro m  F ig u re  7 it is seen  th a t  s o d iu m  
c h lo r id e  in a c tiv a te d  th e  e n z y m e . T h e  
in a c t iv a t io n  w as e v id e n t, u s in g  h e m o 
g lo b in  a n d  e n d o g e n o u s  p ro te in s  as s u b 
s tra te s .  F u r th e r  e x p e r im e n ts  s h o w e d  th a t  
th e  m a in  e f fe c t  o f  sa lt w as o n  th e  e n z y m e  
a n d  n o t  o n  th e  s u b s t r a te  u se d . S o d iu m  
c h lo r id e  is k n o w n  to  p re se rv e  f ish  m u sc le  
b y  c o n tro ll in g  m ic ro b ia l sp o ila g e . A s an  
in a c t iv a to r  o f  c a th e p t ic  a c t iv i ty ,  it m ay  
a lso  b e  c o n tro ll in g  a u to ly t i c  sp o ila g e .
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DETECTION OF FROZEN FISH DETERIORATION BY AN 
ULTRAVIOLET SPECTROPHOTOMETRIC METHOD

INTRODUCTION
F R E E Z IN G  is considered the best m eth
od fo r preservation o f fish for a very long 
tim e. Nevertheless, frozen fish  is perish
able and its deterioration  at tem peratures 
usually  encountered in com m ercia l chain 
storage and d istribu tion  occurs after a 
tim e period w h ich  depends upon fish 
q u a lity , freezing and frozen storage con
d itions. U sually  frozen fish can be held 
several m onths at tem peratures o f - 2 0  to 
- 3 0 ° C  w ith  litt le  undesirable changes 
(D y e r , 1968).

With respect to fish  lip ids , the most 
serious deterioration is ran c id ity  w hich is 
due to au to xid atio n  o f the lip ids (B anks , 
1938). Th is  reaction is especia lly favored 
in fish lip ids because they contain  a 
considerable am ount o f polyunsaturated 
fa tty  acids (L o v e rn , 1964).

T h is  deterioration  also in jures fish 
proteins because at the early  stages of 
au to xid atio n  free rad icals and re lative ly 
stable hydroperoxides are fo rm ed ; these 
subsequently react w ith  proteins causing 
p o lym erization  o f proteins and destruc
tion o f am ino acids (R o u b a l, 1970). 
A no ther consequence o f the aforesaid 
lip id-protein  in teraction  is a decrease o f 
the quantity  o f the o il w h ich  can be 
extracted from  the fish tissue by d iethyl- 
ether and nonpolar solvents (A lm q u is t,
1956). A t the advanced stages o f a u to x i
dation , hydroperoxides are decomposed 
form ing low  m olecular weight carbonyl 
com pounds responsible for the “ off- 
flavo rs”  o f ran c id ity  and high m olecular 
weight derivatives responsible for the 
decrease o f iodine value and for the 
increase o f viscosity  (E va n s , 1961).

Since au toxidation  has an adverse 
effect on the q ua lity  o f frozen fish , a 
num ber o f objective and subjective m eth
ods have been proposed and used in order 
to fo llo w  the progress o f au toxidation  in 
fish o ils. Chem ical reactions, as the K re is 
test, T B A  test, e tc ., designed fo r the 
detection o f ran c id ity  in usual o ils  and 
fats, have also been used for fish  o ils w ith  
less re lia b ility  than in usual o ils and fats 
(B a n ks , 1967).

Peroxide value is more useful than the 
other m ethods, because it gives in fo rm a
tion about the extent o f ox id atio n  in a 
fish o il. A  disadvantage o f the method is 
the fact that rancid o ils do not a lw ays 
show high peroxide values, because the

highly unsaturated hydroperoxides o f fish 
o ils are extrem ely  unstable and break 
down in to  flavorous com ponents at very 
low  concentrations (B a n ks , 1967).

In  this case fu rther in fo rm ation  con
cerning the extent o f au toxidation  can be 
obtained from  u ltravio let spectrum  o f the 
o il. O xid ized  fish  o ils contain  conjugated 
acids w hich show high absorption in the 
region 2 3 0 - 2 6 8  nm (T su c h iya , 1961). 
On the co n tra ry , fresh fish contains no 
conjugated acids; therefore , they do not 
exh ib it appreciable absorption in th is 
region (K le n k  and B ro cke rh o ff, 1958).

In the present w o rk  the oxidative 
changes occuring in the o il o f frozen fish 
o f the species P a g e lu s  e r y t h r in u s ,  kept .at 
- 2 0 ° C , have been determ ined by u ltra
vio let spectrophotom etry and from  the 
experim ental results o f this study the

t
'

\  .nm
Fig. 1—Effect o f extraction on absorption 
spectrum o f fish lipids: A lipids extracted with 
diethyl-ether by Soxhlet m ethod in diffuse day 
light at 3 5 ° C ; o lipids extracted with cold  
mixture o f C H C I3:C H 3OH at ca. 2 0 °C ; •  the 
preceding lipids aged 15 days in petroleum  
ether solution.

induction  period o f the o il has been 
estim ated.

EXPERIMENTAL
Materials

Fresh fish o f  tire species Pagelus erythrinus 
were frozen at -2 0 ° C  (w ithout any further 
process) in the freezer o f  an ordinary refriger
ator and stored there for 6 m onths. At regular 
30-day intervals, samples o f  the frozen fish 
were defrosted by exposure to a temperature o f  
2 - 5 ° C  for 24 hr. Three samples o f  fish were 
com bined in one sampling stage in order to 
reduce experim ental error. Each sample was 
divided into tw o parts: the first consisting o f  
skin and scales and the second o f  the ilesh w ith
out head, stom ach and intestines.
Extraction of oil

Since it was known that drying o f  w et fish 
tissues and evaporation o f  solvents at high tem-

Fig. 2 - E f f e c t  o f oxidation on absorption spec
trum o f fish lipids at ca. 20° C : A fresh fish 
lipids, extracted with C H CI 3:C H  3O H; * aged 2  
days in open air; v  aged 4 days; ▼  aged 7 days; o 
aged 16 days; •  aged 21 days.
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peratures could ox id ize fish oil (Banks, 1967), 
som e precautions, such as drying the w et tissues 
by m ixing w ith  sodium  sulfate and evaporation  
o f solvents in an atm osphere o f  nitrogen, were 
taken to avoid ox idation  o f  the oil during ex
traction.

A ccordingly, fish oil was extracted from the 
samples by using the follow ing tw o m ethods:

Soxhlet method. A sample o f  fish flesh was 
ground to pulp in a Sorvall Omni-mixer. About 
lOg o f  ground flesh was dried by addition o f  
lOOg o f  anhydrous sodium  sulfate, well m ixed, 
transferred quantitatively into a paper thimble 
and extracted by peroxide-free diethyl-ether for 
about 8 hr in a Soxhlet apparatus. The extract 
was put in a distilling flask immersed in a water 
bath, held at 20°C , and the solvent was re

m oved under vacuum in a stream o f  nitrogen.
The solvent-free oil was im m ediately used 

for determ ining ultraviolet absorption.
Extraction of oil by cold chloroform- 

methanol mixture 2:1 (v/v). Extraction was 
carried out by shaking about lOg ground fish 
flesh with 100 ml o f  extractive m ixture for 30  
min. This procedure was repeated four times. 
The com bined extracts were filtered and re
duced to  a small volum e under vacuum in a 
stream o f  nitrogen. The concentrated extract 
was transferred quantitatively to a separatory 
funnel containing lg  o f  sodium  chloride dis
solved in 100 ml o f  distilled water. The oil was 
extracted by shaking three tim es with 50  ml o f  
p e r o x id e -fr e e  diethyl-ether. The com bined  
extracts were washed with 20 ml distilled

water, dried by add ition o f  5g anhydrous sodi
um sulfate and filtered. The filtrate was put in a 
distilling flask immersed in a water bath, held at 
2 0 °C, and the solvent was rem oved under vacu
um in a stream o f  nitrogen. The solvent-free oil 
was used im m ediately for determ ining ultra
violet absorption.
Determination of ultraviolet spectrum

A bout 0.1 g o f  freshly extracted oil was 
accurately w eighted, dissolved in petroleum  
ether (bp 4 0 - 6 0 ° C), transferred quantitatively  
to a 10.0 ml glass-stoppered volum etric flask 
and the solution  diluted to volum e with the 
same solvent. Absorbance readings were taken 
by diluting the original solution  so that ob 
served absorbance was alw ays betw een 0 .1 0  and 
0.50 .

RESULTS & DISCUSSION
Comparison between Soxhlet and 
chloroform-methanol mixture extraction methods

The u ltravio le t absorption study o f 
o ils extracted  by both m ethods from  
identica l samples o f fish  flesh , was ap
plied in the research on au toxidative 
a lte rations occuring during the extractio n  
process. F igure 1 shows that there was a 
general rise in  the absorption spectrum  
near 270  nm fo r the o il extracted  by the 
Soxh let m ethod as w ell as fo r the aged oil 
extracted by ch lorofo rm -m ethano l m ix 
ture.

It is therefore concluded that o il e x 
tracted by ch loroform -m ethano l m ixtu re  
is more suitable fo r spectroscopic studies 
than o il extracted  by Soxh let method and 
that the absorbance readings must be 
taken as soon as possible.
Effect of autoxidation on ultraviolet 
spectrum

The in fluence o f au to xid atio n  on 
u ltravio le t absorption has been investi
gated by exposing 0 .5g fish o il extracted 
by ch lorofo rm -m ethano l m ixtu re  to the 
air at a tem perature o f about 2 0 °C . A s is 
shown in Figure 2, a rapid general in 
crease is observed o f the u ltrav io le t ab
sorption  w ith  a band near 232 nm and 
another near 268 nm .

There fo re , u ltravio let absorption pro
vides an objective measure o f fish  o il 
au to xid atio n  suitable fo r fo llow ing  the 
progress o f au to x id a tio n  in fish  o il. 
Ultraviolet absorption of oil 
extracted by chloroform-methanol 2:1 (v/v) from fresh fish

The norm al d istribu tion  o f the specific 
e x tin c tio n  co e ffic ien t o f the o il at 232 
and 268  nm has been determ ined on 
samples o f fresh fish  o f the species 
P a g e lu s  e r y t h r i n u s , at regular m onth ly 
in terva ls during a year. The  approxim ate 
percentage o f conjugated trieno ic acids 
has been calcu lated from  absorbance 
readings at 26 2 , 268 and 274 nm acco rd
ing to A O C S  (1 9 7 0 ).

F ro m  the sta tistica l study o f the e x 
perim ental data the fo llow ing  conclusions

T a b le  7—S p e c i f i c  e x t in c t i o n  c o e f f ic ie n t s  o f  o i l  e x t r a c t e d  f r o m  fre sh  fish

Sample
F i% L 1 cm 232 nm i?l% L 1 cm 268 nm Conjugated trienoic  

fatty acids“
no. Fa Sb F S F S

1 9.88 16.80 0 .505 0 .65 5 1.93 8.29
2 5.79 8.62 0 .4 9 0 0 .76 5 0.69 3.03
3 8.52 12.09 0.721 1.316 1.05 8.29
4 8.84 10.20 0.741 1.366 4 .92 12.89
5 10.12 - 0 .72 0 - - -
6 10 .70 - 0 .708 - - -
x d 7.98 11 .92 0 .648 1.026 2 .147 8.125
S2C 6.92 12.56 0 .014 0 .13 6 3.687 16 .239
sf 2.63 3.54 0 .11 8 0 .368 1.92 4 .03
“Flesh oil dMean“Skin oil “Variance“Expressed as mg per cent Standard deviation

F ig . 3 —E f f e c t  o f  f re e z in g  s to ra g e  a t  —2 0 ° C  o n  u lt ra v io le t  a b s o rp t io n  o f  fish  l ip id s :  •  flesh  l ip id s  
E j 1c°m  2 6 8  n m ;  o s k in  l ip id s  E j  2 6 8  n m ;  * flesh  lip id s  E . 70'1 2 3 2  n m ;  * s k in  lip id s  E  

.70 1 2 3 2 n m .
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can be draw n (Tab le  1 ) : (a ) The specific 
ex tin c tio n  co e ffic ien t o f the fresh fish  o il 
cannot exceed the fo llow ing  upper lim 
its : skin  o il E j%  232 nm <  19.0 and 
E j%  268 nm <  1 .76 ; flesh o il E }%  
232 nm <  13.2 and E j% m 268 nm <  
0 .88 . C onsequently , deterio ration  o f the 
fish o il can be estim ated from  its specific  
extin ctio n  coeffic ien t at 232 or 268 nm ; 
(b ) The skin  o il a lw ays has higher u ltra
violet absorption than flesh o il ; (c )  There 
is a weak absorption band near 268 nm 
expressed as conjugated trieno ic  acids 
w hich is more intense in sk in  than in flesh 
o il.

Effect of aging of fish stored at low temperature on the ultraviolet 
spectrum of its oil

The effect o f fish aging on the u ltra
violet spectrum  o f its o il, F igure 3 , shows 
the tim e o f storage plotted against spe
c if ic  ex tin c tio n  co e ffic ien t at 232  and 
268 nm . F ro m  th is graph it is apparent 
that no considerable change o f u ltravio let 
absorption takes place during the early  
tim e o f storage, but after a certain  tim e,

w h ich  m ay be characterized as the induc
tio n  period o f tissue o il, u ltravio le t ab
sorption  increases rap id ly  both in flesh oil 
and skin  o il. A fte r the exhaustion  o f this 
period, fish  o il acquires a rancid taste and 
odor.

A nother effect on o il o f fish  aging, 
occuring during storage at low  tem pera
tures, is the fact that the observed d iffe r
ence in u ltravio le t absorption between 
skin  and flesh o il (Tab le  1) increases 
rap id ly  after the end o f the induction  
period (F ig . 3 ). T h is  probably happens 
because the o x id a tio n  rate o f its o il is 
faster than that o f flesh o il since skin  is 
more liab le to atm ospheric oxygen than 
flesh .

In  co nclusion , u ltravio le t absorption 
constitu tes a reasonably satisfactory 
measure o f the extent o f o x id a tio n  for 
tissue o il in frozen fish . T h is  method is 
applicable not o n ly  at the early  stages o f 
o il o x id a tio n  but also at the advanced 
stages, when peroxide value determ ina
tions cannot be used because o f rapid 
decom position o f hydroperoxides.
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RIGOR-STRETCHED TURKEY MUSCLES: EFFECT OF HEAT ON 
FIBER DIMENSIONS AND SHEAR VALUES

INTRODUCTION
R IG O R  S K E L E T A L  muscle is generally 
considered to be inextensib le . The basis 
fo r this conclusion , reviewed in detail 
elsewhere (H eg arty , 19 7 2 ), include the 
apparent in exten sib ility  o f carcasses and 
lim bs in rig or; dem onstrations o f changes 
in  ex te n s ib ility , hardness, e la s tic ity , con
tra c tility  and e xc ita b ility  as muscle goes 
in to  rigor m o rtis ; x-ray d iffractio n  d ia
grams show ing a reorganization o f the 
helica l arrangem ent o f the m yosin cross 
bridges in  binding w ith  actin in  rigor 
muscle com pared w ith  prerigor muscle 
undergoing a norm al co n tractio n ; and no 
sarcomere length changes when weights 
are applied to rigor muscle strips. G o ll 
(1 9 6 8 ) has categorized tw o aspects o f 
rigor m uscle in e xte n s ib ility -m a cro sco p ic  
and m olecular. M acroscopic in exten sib il
ity  is the loss o f ab ility  o f a muscle fiber 
or a bundle o f muscle fibers to stretch 
under the in fluence o f a given weight or 
force . M olecular in e x te n s ib ility  is the in 
ab ility  o f actin  and m yosin filam ents in  a 
single sarcomere to slide past one an
other. G o ll (1 9 6 8 ) fu rther states that the 
m olecular phase, but not the m acroscopic 
phase, m ay be partia lly  reversible w ith  
the onset o f the resolution o f rigor.

In it ia l investigations on mouse skeletal 
muscle ind icated that an increase in sarco
mere length could be obtained by stretch
ing rigor lim bs from  a m axim ally  folded 
to a m axim ally  stretched position (Hegar
ty , 1972). Exam ina tio n  o f the rigor 
stretched fibers under the light m icro
scope showed no structu ra l damage. Th is  
observation has been confirm ed by elec
tron m icrographs w h ich  also show that 
the rigor stretch effect has produced a 
sliding o f the actin  and m yosin filam ents 
(H e rlih y  et a l., 1972). Fu rth e r unpub
lished light and electron m icroscope in 
vestigations in this laboratory indicate 
that certain lim b muscles o f the tu rkey  
and pig can be stretched in rigor m ortis. 
T h is  conclusion was also based on an 
increase in sarcomere length in the rigor- 
stretched muscle compared w ith  the 
folded contro l muscle.

M any w orkers have reported a high 
correlation between long sarcomeres 
(determ ined on uncooked muscle sam 
ples) and tenderness in meat anim als. The 
observations were made on muscles that 
had undergone exc is io n , tension or pre- 
rigor stretch ing , restra in t, or co ld

shortening (H erring  et a l., 1967 ; Sm ith  
et a l., 1971 ; and o thers). The  purpose 
o f the present investigation was to de
term ine i f  the increase in sarcomere 
length due to rigor stretch ing produced 
an increase in tenderness in  com m ercia lly  
im portant thigh muscles in  the tu rkey . 
The tu rkey  is ideal fo r this type o f study 
because the thigh muscles are a conven
ient size fo r stretch ing and the entire 
muscles can be easily  dissected.

EXPERIMENTAL
Experimental animals

Adult tom turkeys, obtained from the 
University o f  M innesota poultry farm, were 
exsanguinated by cutting the carotid artery. 
The birds were placed in an inverted metal cone  
which prevented excessive m ovem ent o f  the 
wings. This procedure also facilitated the con
trol o f  leg m ovem ent during the death struggle. 
It was considered im portant to standardize the 
degree o f  struggling at death. Ma et al. (1 9 7 1 )  
reported significant differences betw een the 
tim e course o f  rigor m ortis in the breast muscle 
o f  turkeys which struggled compared to re
strained birds. The carcasses were not scalded, 
de-feathered, or eviscerated.
Muscle sampling procedure

T w o thigh muscles, sem itendinosus and sar- 
torius, were chosen because o f  their ability to 
change from a folded to a stretched state when  
certain stretch tensions are applied to prerigor 
limbs. Therefore, it was reasoned that the same 
m ethod o f  stretch w ould also extend these 
m uscles when in rigor m ortis. D ifferent m eth
ods o f  stretching the limbs had to be used be
cause o f  the different anatom ical location o f  
these m uscles. Six turkeys were used for each 
o f  the tw o m uscles in the follow ing experi
ments.

Experiment I (Rigor stretched muscles).
Both limbs were folded inwards m axim ally, and 
tied in that position, im m ediately after exsan- 
guination. The carcasses were allowed to go 
into rigor at 2 0 -2 5 ° C . C om pletion o f  the rigor 
process was determ ined on muscle strips by 
isotonic m yotron m easurem ents (Forrest et al..
1969) on peroneus longus. M onitoring the 
developm ent o f  rigor m ortis in this muscle was 
considered to be a good indication o f  the rigor 
state o f  the sem itendinosus and sartorius since 
all are red thigh m uscles. Rigor generally o c 
curred 5 - 6  hr postm ortem . The skin on the 
folded thigh was then removed and the entire 
sem itendinosus and sartorius m uscles dissected  
according to the nom enclature o f  George and 
Berger (1 9 6 6 ) . Care was observed not to cause 
any unnecessary m ovem ent o f  the limb. The 
folded sem itendinosus on the other limb was 
stretched caudad maxim ally and then cephalad.

The limb was then m oved laterally m axim ally  
away from the body o f  the bird. The m ethod o f  
rigor stretch used for the folded sem itendinosus 
produces no statistically significant stretch in 
the sartorius. Therefore, in another six turkeys 
the sartorius was extended in rigor by hanging 
the turkey vertically by the limb which is to be 
stretched and then exerting a downward pull on 
the carcass. The folded sartorius was obtained  
by the procedure as outlined above for the 
sem itendinosus.

Experiment II  (Pre-rigor stretched muscles).
T h e  sem iten d in osu s m uscle was stretched  
im m ediately after exsanguination by m oving  
the limb cephaled m axim ally and attaching the 
foo t to a w ooden  board. The other limb was 
folded inwards m axim ally and tied in that posi
tion. When the m uscles were in rigor, (as deter
m in e d  in Experim ent I), the folded and 
stretched m uscles were dissected. The sartorius 
was stretched prerigor by hanging an additional 
six turkeys vertically by one limb im m ediately  
after exsanguination. The other limb was folded  
inwards m axim ally and tied in that position.

Experiment I I I  (Rigor stretched muscles). 
The six birds used in this group were treated as 
described in Experim ent I except that the semi- 
tendinosus muscle was bisected longitudinally  
from tendon to tendon for the subsequent heat 
treatment described below .

No tearing o f  m uscles or jo int d islocations 
were produced in either the prerigor or rigor 
stretched limbs. All m uscles were stored in 
polyethylene bags and frozen to -2 0 ° C . After 
1 - 3  wk the m uscles were thawed at 2 0 -2 5 ° C  
for approxim ately 6 hours.
Tenderness evaluation

All m uscles were held in the type o f  adjust
able clam p shown in Figure 1. The clamps were 
then placed in “ Scotchpak” polyester bags and 
the m uscles in Experim ent I and II were heated  
to an internal temperature o f 82°C (measured 
by a therm ocouple temperature recorder) at an 
oven temperature o f  163°C . Average heating 
tim e was approxim ately 8 min for the stretched  
m uscles and 10 min for the folded muscles. One 
portion o f  the longitudinally bisected sem iten
dinosus m uscles in Experim ent III was heated  
to an internal temperature o f  82°C . The object 
o f  heating the other portion to 70°C  was to 
determ ine the effect o f  this temperature on sar
com ere length and fiber diam eter. The cooked  
m uscles were held at 2°C for 24 hr and then 
shear values were determ ined on the samples 
heated to 82°C . Strips (1 .2  cm x  1.0 cm ) were 
cut from the center o f  the muscle. Mean War- 
ner-Bratzler shear values were obtained from  
five shears o f  each muscle.
Sarcomere length determinations

Sam ples from raw and cooked m uscles were 
taken from the external mid-portion o f  the 
muscle. This sample location was chosen be
cause recent evidence indicates that sarcomere
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length is relatively constant in the m idportion  
o f mammalian skeletal muscle during normal 
developm ent (Williams and Goldspink, 1971). 
Variation in sarcomere length occurs near the 
tendons due to the form ation o f  new sarco
meres. Therefore, the mid-portion o f  a muscle 
should be the area o f  least variation in sarco
mere length. Individual unfixed muscle fiber 
fr a g m e n ts  were separated by a Polytron  
hom ogenizer (Brinkmann Instruments, Inc.) 
using the procedure outlined by Hegarty and 
Naude (1 9 7 0 ) . The suspending m edium was a 
Ringer solution containing 100 mM NaCl, 2 
mM KC1, 2.5 mM CaCl2 , 3 mM MgCl2 and 8 
mM Tris buffer pH 7.0. It should be noted that 
this solution contains no calcium chelating 
agent. N o contraction could be detected in the 
unheated fibers isolated in this solution (Fig. 
2a, c). This is regarded as further proof that the 
muscles were in rigor when the stretching was 
perform ed. Undamaged fibers cannot be sepa
rated by this technique from muscle samples 
greater than approxim ately 25 mg. Therefore, 
because o f  the small size o f  the sample and the 
large size o f  the muscles, sarcomere length 
m easurem ents were made on a pool o f  three 
samples from each raw and cooked muscle. 
Tw enty random ly selected fibers from each 
m u s c le  w ere projected on to  white paper 
( x  1 ,000) by a mirror attached to the eye
piece o f  a Zeiss Large Universal m icroscope and 
a mercury gas-discharge light source. Sarcomere 
length was determ ined by counting the number 
o f A-bands along I0(V  o f  each fiber. Counts 
were made to the nearest half sarcomere.
Fiber diameter determinations

Fiber diameter m easurem ents were made 
with Vernier calipers on the same fibers used 
for sarcomere length m easurem ents ( x  1 ,000).
Statistical analysis

The data were statistically analyzed by a 
paired com parison test as outlined by Steel and 
Torrie (I9 6 0 ) .

RESULTS & DISCUSSION
T H E  W ID T H  O F  the folded and corre
sponding rigor stretched sem itendinosus 
and sartorius muscles is shown in Figure
1. The observable decrease in the w idth 
of the entire muscle indicates that rigor 
muscle is capable o f m acroscopic e x 
ten s ib ility . The re fo re , paraphrasing the 
defin ition o f m acroscopic e xtens ib ility  
given by G o ll (1 9 6 8 ), it is proposed that 
the m olecular ex ten s ib ility  o f the rigor 
stretched muscle is probably due to the 
ab ility  o f a muscle fiber or a bundle of 
muscle fibers to stretch under the in f lu 
ence o f a given weight or fo rce . Because 
of the decrease in the w idth o f the muscle 
due to stretch , an increase in length 
would be expected if  the volum e o f the 
muscle rem ains the same. A bbott and 
Baskin (1 9 6 2 ) showed that the volum e of 
frog muscle rem ained constant during 
contraction. Since rigor is a m ild contrac
tion, and since the folded and rigor 
stretched muscles went in to  rigor in the 
same post-mortem environm ent, any posi
tive stretch ing should therefore produce 
an increase in muscle length. Though it 
was d iff icu lt  to accurate ly dissect both 
the sem itendinosus and sartorius from

tendon to tendon, especia lly in the folded 
lim b , nevertheless an observable increase 
in the overall length o f the rigor stretched 
muscle can be noted in Figure 1.

E ffe c t o f pre-rigor and rigor stretching 
on unheated muscles

The effect o f rigor stretch ing on the 
sem itendinosus and sartorius muscles is 
discussed separately because they were 
stretched d iffe ren tly  due to the anatom i
cal location o f these muscles (see E x p e r i
m enta l). Fu rtherm o re , the am ount o f 
force required to stretch the rigor lim b 
was not quantified . Such values would be 
o f litt le  use fo r com parative purposes. 
Because the muscles were stretched in the 
intact lim b , the restrain ing or fac ilita ting  
in fluence o f the surrounding muscles to a 
given force m ay be d ifferent fo r the two 
muscles studied . A lso , the considerable 
difference in the mean sarcom ere length 
o f both these muscles in the folded rigor 
state (2.43jU in the sem itendinosus and 
2 .2 S p  in the sarto rius, unpublished obser
vations) may produce a d ifferent stretch 
effect when stretched w ith  the same 
am ount o f fo rce . The degree o f stretch in 
a muscle was contro lled  by the natural 
restra int o f the lim bs to over-stretching. 
It is conceivable that the effect o f the 
stretch tension may be d ifferent in  the 
two muscles.

Sem itendinosus
A sign ificant increase (P  <  0 .0 1 ) in 

sarcomere length was produced in the 
rigor stretched unheated muscle in E x p e r
im ent I compared to the folded contro l 
(Tab le  1). T h is  resulted in a sign ificant 
decrease ( P <  0 .0 0 1 ) in fiber diam eter. A  
s im ilar finding (P  <  0 .0 1 ) was obtained 
for both sarcomere length and fiber d iam 
eter when the muscle was stretched pre
rigor (E xp e rim e n t I I ) .  The  decrease in

fiber diam eter in the muscles stretched 
either prerigor or in rigor was expected 
on the basis that muscle m aintains a 
constan t volum e during contraction 
(A b b o tt and B ask in , 1962) and from  the 
appearance o f the muscles in  Figure 1. 
S im ila r results were reported by Herring 
et a l., (1 9 6 7 ) and others for pre-rigor 
stretched muscles from  farm  anim als, and 
by Hegarty (1 9 7 2 ) fo r rigor stretched 
mouse m uscle. On com paring the sarco
mere length values fo r the folded muscle 
in Exp erim ents I and I I ,  no sta tistica lly  
s ign ificant d ifference was obtained. In  
both these experim ents the procedure for 
fo ld ing the lim bs im m ediately after 
slaughter and the subsequent post
mortem environm ent was the same. The 
lack o f a s ta tis tica lly  sign ificant d iffe r
ence in sarcomere length indicates the 
degree o f u n ifo rm ity  in the prerigor 
fo ld ing procedure between d ifferent 
groups o f tu rkeys . Com parison o f the 
sarcomere length in the rigor stretched 
( 2 .1 2 l i )  and prerigor stretched (3 .2 3 /U) 
sem itendinosus muscle indicates that even 
though this muscle is rigor extensib le 
( P < 0 .0 1 ) ,  it does not attain the same 
degree o f e xtens ib ility  as prerigor muscle 
( P < 0 .0 1 ) .  Th is  is in  agreement w ith  the 
original findings o f Hegarty (1 9 7 2 ) on 
mouse m uscle. How ever, since the sarco
mere length o f the folded mouse and 
tu rkey  muscles are ap proxim ate ly  the 
same (2 .1  and 2 .5 /u) the question still 
rem ains as to the degree o f extens ib ility  
that can be obtained from  in situ muscles 
w ith  sarcomere lengths greater or less 
than this range. There was no sta tistica lly  
sign ificant difference in the fiber d iam 
eter between the folded muscles or the 
stretched muscles in Exp erim ents I and 
I I .  F ib e r diam eter is correlated w ith  the 
developm ental stage o f the bird and may 
be related to certain post-mortem envi-

F ig . 1—U n h e a te d  fo ld e d  a n d  r ig o r  s t r e t c h e d  t u r k e y  s e m ite n d in o su s  a n d  
s a rto r iu s  m u sc le s . T h e  m u s c le s  w e re  h e ld  is o m e tr ic a lly  b y  th e  d a m p  
d u rin g  h e a t  t re a tm e n t.
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ronm ental factors (rev iew  by Hegarty and 
H ooper, 1971). The  lack  o f a sign ificant 
d ifference between the fiber diam eter o f 
the two groups o f birds in Exp erim ent I 
and I I  ind icates the u n ifo rm ity  between 
groups o f tu rkeys.
Sartorius

Prerigor and rigor stretch ing had the 
same effect on the sartorius as reported 
above fo r the sem itendinosus (Tab le  1). 
How ever, a s ta tistica lly  s ign ificant d iffe r
ence ( P < 0 .0 1 )  was obtained in fiber 
diam eter values between the folded m us
cles and between the stretched muscles in 
Experim ents 1 and I I .  T h is  ind icates that 
the tw o groups o f birds were less un ifo rm  
in muscle mass than those used fo r the 
sem itendinosus studies.
E ffe c t o f pre-rigor and rigor stretching 
on heated muscles

Sem itendinosus. No sta tistica lly  sign if
icant d ifference was obtained between

the sarcom ere length o f the folded 
(2 .4 3 m) and stretched (2 .1 3ju) heated 
muscles in Exp erim en t I (Tab le  1). It  is 
interesting to note that the sarcom ere 
length o f the rigor stretched muscle de
creased from  2.72^ in the unheated state 
to  2 .1 3 m w h en  heated to 8 2 °C  
( P < 0 .0 1 ) .  H ow ever, the sarcomere 
length o f the folded m uscle remained 
unchanged by heating (2 .4 5 m unheated 
and 2 .4 3 m heated). There was no s ta tis ti
ca lly  sign ificant d ifference between the 
fiber diam eter o f the folded and stretched 
heated m uscle. When heat was applied to 
both the folded and to the rigor stretched 
muscle a sign ificant decrease (P  <  0 .0 0 1 ) 
occurred in fiber diam eter. T h is  is due to 
the coagulation o f the m yo fib rilla r pro
teins w h ich  results in  a loss o f w ater
holding capacity  in  the muscle (review ed 
by H am m , 1966 ). T h is  occurs p rim arily  
between 4 0 —5 0 °C .

When prerigor stretched muscle was

heated (T ab le  1, Exp e rim en t I I ) ,  a sign if
ic a n t ly  higher ( P < 0 .0 5 )  sarcom ere 
length was obtained re lative to the folded 
and heated co n tro l. The  folded muscles 
showed no s ign ifican t d ifference in sarco
mere length due to heat. The  values fo r 
the heated stretched muscles decreased 
s ig n ifican tly  ( P <  0 .0 0 1 ) com pared w ith  
the unheated prerigor stretched contro l 
m uscles. Heating produced a s ign ificant 
d ifference between the fib e r diam eters o f 
the fo lded and the stretched muscle 
(P  <  0 .0 5 ) , but this d ifference is less than 
in  th e  e q u iv a le n t  unheated state 
( P < 0 .0 1 ) .  Heating produced a s ig n ifi
cant decrease in the fiber d iam eter o f 
both the folded (P  <  0 .0 0 1 ) and the 
stretched (P  <  0 .0 1 ) m uscles.

In  com paring the rigor stretched and 
heated muscles (E xp e rim e n t I )  and the 
prerigor stretched and heated muscles 
(E xp e rim e n t I I )  in Tab le  1, no sign ificant 
d ifference was found between the sarco-

T a b le  1 —M e a n  s a rc o m e re  le n g th , s h e a r  fo r c e  a n d  m u s c le  f ib e r  d ia m e te r  o f  p r e r ig o r  a n d  r ig o r  s t r e t c h e d  t u r k e y  m u s c le s

Muscle and treatment
Sem itendinosus Sartorius

Exp. I Exp. 11 Significance Exp. I Exp. 11 Significance
Rigor Prerigor betw een Rigor Prerigor between

stretched stretched experim ents stretched stretched experim ents
Sarcomere length (m)
Unheated

Folded (A) 2.45 ± 0.05 2.51 ± 0 .08 N.S. 2 .18  ± 0 .12 2 .16  t 0 .10 N.S.
Stretched (B) 

Heated
2.72 ± 0.08 3.23 ± 0.08 * * 2.52 ± 0.07 3.28 ± 0 .10 **

Folded (C) 2.43 ± 0.06 2 .48  ± 0 .06 N.S. 2 .00  ± 0 .08 2.11 ± 0 .10 N.S.
Stretched (D)

Significance due to stretching
2.13 ± 0.08 2.86 ± 0 .10 * * 2.23 ± 0 .10 2.88 ± 0 .07 * *

Unheated (AB) ** ** ** * *
Heated (CD)

Significance due to heating
N.S. * * * *

Folded (AC) N.S. N.S. * N.S.
Stretched (BD) ** *** * * * *

Shear force value (kg)
Folded 10.56 ± 0 .98 9 .53  ± 1.42 8.59  t 0 .87 11.57 ± 1.73
Stretched 14.11 ± 1.55 13.64 ± 1.98 10.20 ± 0 .87 9 .37  ± 0 .90
Significance **b **c * * N.S.

Fiber diameter (/a)
Unheated

Folded (A) 73 .46  ± 0.81 77 .38  ± 1.49 N.S. 76 .38  i  1.59 6 3 .6 7  ± 1.06 * *
Stretched (B) 

Heated
6 4 .1 8  ± 1.05 66.61 ± 1.53 N.S. 6 6 .4 0  ± 1.98 5 5 .1 7  ± 1.33 * *

Folded (C) 5 4 .9 2  ± 1.57 61.41 ± 2.09 N.S. 6 5 .4 6  ± 2 .70 6 1 .6 4  ± 2.15 N.S.
Stretched (D)

Significance due to stretching
5 5 .1 2  ± 1.37 53 .7 0  ± 1.64 N.S. 61.41 ± 1.02 5 5 .0 3  ± 2.28 N.S.

Unheated (AB) *** * * * * * * *
Heated (CD)

Significance due to heating
N.S. * * **

Folded (AC) *** *** * *
Stretched (BD) *** ** * N.S.

a All M ean values a re  p re se n te d  w ith  a s ta n d a rd  e r ro r  o f  th e  m ean .
^M ean  o f  1 3 tu rk e y s
c M ean o f  9 tu rk e y s
*P <  0 .0 5 ;  **P  <  0 .0 1 ;  ** * P  <  0 .001
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mere length o f the folded m uscles. The 
values fo r the stretched muscles were 
sign ifican tly  higher (P  <  0 .0 1 ) in  the pre
rigor stretched muscles com pared w ith  
the rigor stretched m uscle . T h is  is the 
same order o f d ifference as that found in 
the unheated contro ls . There  was no 
sta tis tica lly  s ign ificant d ifference in fiber 
diam eter between the fo lded or between 
the stretched heated sem itendinosus in 
Exp erim en t I and Exp erim en t I I .

It  is o f interest to note that heat 
produced the same sign ificant decrease in 
fiber diam eter in both the folded and 
the stretched muscles w h ich  were either 
rigor stretched or prerigor stretched

(P  <  0 .0 0 1 ) except fo r the prerigor 
stretched muscle ( P < 0 .0 1 ) .  How ever, 
the extent o f the decrease is greater in  the 
folded muscles in  both treatm ents.

S ig n ifican tly  low er ( P < 0 .0 1 )  shear 
force values were obtained fo r the folded 
m u s c le s  com pared w ith  the rigor 
stretched m uscles in the thirteen tu rkeys 
investigated in Exp erim ent I (R ig o r 
S tretched ) (Tab le  1). T h is  result was 
unexpected because o f the generally ac
cepted positive association between long 
sarcomeres and tender meat. However, 
the m a jo rity  o f these com parisons are 
made between sarcom ere lengths in un
cooked muscle and the shear force o f

cooked m uscle. Bendall and V o y le
(1 9 6 7 ), G o ll (1 9 7 0 ) and others have 
suggested that caution must be exercised 
in such com parisons. Sarcom ere length o f 
the cooked muscle would be a more 
m eaningful com parison w ith  shear value. 
In  Exp erim en t I (Tab le  1) no sta tistica lly  
sign ificant d ifference was obtained be
tween the sarcomere length o f the folded 
and the rigor stretched heated muscle. 
The values fo r the prerigor stretched 
sem itendinosus are more relevant (E x p e r i
ment I I ,  Tab le 1) because a ll previous 
research has been conducted on the re la
tionship o f prerigor treatm ents to muscle 
tenderness. The low er sarcom ere length 
values in  both the unheated and heated 
prerigor folded muscle would suggest a 
low er shear value in the prerigor stretched 
m uscle. In  fact a s ign ifican tly  higher value 
was obtained on the nine tu rkeys studied 
( P < 0 .0 1 ) .  More tu rkeys were used for 
shear force determ inations on both the 
pre-rigor and rigor stretched muscles than 
fo r the fib e r dim ension measurements 
because large variations in tenderness 
w ith in  experim ental groups has been re
ported (V a rad ara ju lu  and Cunningham , 
1971). Considerable variation  in shear 
force values was also obtained w ith in  
groups in  the present investigation (Tab le
1). D ifferences were rather un ifo rm  in the 
same d irection  but the magnitude d if
fered.

Sarto rius. In  general the relationships 
are s im ilar to those obtained in the 
heated sem itendinosus. The  fo llow ing  are 
the excep tions: the heat e ffect on sarco
mere length was not as great in  the rigor 
stretched sartorius re lative to the folded 
contro l as it was in the s im ila rly  treated 
sem itendinosus (E xp e rim e n t I ,  Tab le  1); 
shear force values were not s ign ifican tly  
d ifferent in the prerigor treated sarto ri
us (E xp e rim e n t I I ,  Tab le 1) whereas 
the equivalent sem itendinosus gave high
er values fo r the stretched muscles 
( P < 0 .0 1 ) ;  the significance due to heat
ing on the fiber diam eter o f both the 
prerigor or rigor treatm ents was less in 
the sartorius when compared w ith  the 
sem itendinosus (Exp e rim en ts  I and I I ,  
Table 1).

E ffe c t  o f d ifferent heat treatm ents
Because o f the unexpected results ob

tained in Tab le 1, fu rther investigation 
seemed necessary. The sem itendinosus 
muscle was prepared as outlined in E x p e r
im ent I I I  (R ig o r Stretched M uscle) in the 
‘ Exp e rim en ta l’ section . The results are 
presented in Figure 2. Sarcom ere length 
decreased s ign ifican tly  (P  <  0 .0 1 ) on 
heating the rigor stretched muscle to 
7 0 °C . The change from  7 0°C  to 8 2 °C  was 
not s ign ifican t. In  contrast, there was no 
sta tistica lly  sign ificant change in the sar
comere length o f the folded muscles due 
to the two heat treatm ents. How ever, the 
data in Figure 2a, b show that the rigor

l ,
FO LD ED  

(a)

o

S T R E T C H E D  ------

" 1
U nh«ot*d  7 0 *C  82 *C

H E A T  T R E A T M E N T

F ig . 2 —H e a t  e f f e c t  o f  s a rc o m e re  le n g th  (a ), s h e a r  fo r c e  (b ) a n d  f ib e r  
d ia m e te r  ( c ) o f  r ig o r  fo ld e d  a n d  s t r e t c h e d  t u r k e y  s e m ite n d in o su s  
m u sc le .

SARCOMERE LEN0TH DISTRIBUTIONS

—  mum FIBER DIAMETER DISTRIBUTIONS 

• - UNMCATC0

4 - UWMCATC0
y v y v ^ ;»  imiwmiM  I |

<• to 14 1« 11 II 40
SARCOMERE LENGTH I t )

3 T o  40 40 40 IOO Ito
FIBER DIAMETER I f )
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for unheated and heated, folded and stretched (prerigor and rigor) 
turkey semitendinosus muscle. Portions o f the isolated fibers from  
the different treatments illustrate the changes in the microscopic 
appearance (X  360).
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stretched muscle w h ich  had a s ig n ifi
cantly  higher ( P < 0 .0 5 )  shear force also 
had a s ign ifican tly  shorter ( P < 0 .0 1 )  
cooked (8 2 °C ) sarcom ere length than the 
corresponding folded contro l m uscles. 
Shear values were not determ ined on the 
samples heated to an in ternal tem perature 
o f 7 0 °C  because o f the unequal heat 
effect between the periphery and the 
center o f the sam ple. F ib e r diam eter 
decreased s ig n ifican tly  on heating the 
folded and rigor stretched muscles to 
7 0 °C  ( P < 0 .0 5 ;  P < 0 .0 1 ,  respective ly ). 
There was no sta tis tica lly  sign ificant 
change between the values obtained from  
muscles heated to 7 0 °C  and to 8 2 °C .

Heat effect on sarcomere length 
and fiber diam eter d istributions

Mean values fo r sarcom ere length and 
fiber diam eter give no ind ication  o f the 
d istribution  o f these parameters w ith in  a 
group o f anim als. In  the present investiga
tion it was considered necessary to pre
sent the results in  frequency histogram s to 
determ ine i f  the stretch ing effect and the 
application o f heat had a un ifo rm  or 
d iffe rentia l e ffect on all the sampled 
fibers from  the rigor stretched and pre
rigor stretched experim ental groups. The 
d istribution  curves in Figure 3a—c were 
obtained from  the sem itendinosus mus
cles used in E xp erim en t I I I  (R ig o r 
Stretched ) and Figure 3d, e were ob
tained from  the sem itendinosus muscle in 
Exp erim en t I I  (Prerigor Stretched ). The 
sarcomere length decreased sign ifican tly  
( P < 0 .0 1 )  in  the rigor stretched muscle 
on the application  o f heat (F ig . 3 a - c ) .  
The  d istributions are essentia lly norm al in 
the unheated and heated m uscle. H o w 
ever, the spread o f the d istribution  sug
gests that the fibers w ith  the longest 
sarcomeres were most responsive to heat. 
T h is  observation is confirm ed by exam in
ing the sarcom ere length d istribu tion  for 
the corresponding folded muscles (F ig . 
3a—c). The folded muscles also had a 
norm al sarcom ere length d istribution  but 
the application o f heat caused no sta tis ti
ca lly  sign ificant change in either the mean 
sarcomere length (F ig . 2 ) or the d istribu
tion . S im ila r d istributions were obtained 
for all treatm ents on the sartorius. The 
effect o f stretch on the unheated rigor 
muscle gave a few  fibers w ith  a sarcomere 
length greater than 3.6/t. W ilkie (1 9 6 9 ), 
in review ing the w ork  on the u ltrastruc- 
tu ral dim ensions o f vertebrate skeletal 
m uscle, states that the length o f the th ick  
filam ents, and hence the A  band, is
1 .5—1.6A long. The length o f the thin 
filam ents vary more from  one species to 
another, ranging from  2 .0 5 - 2 .6 A if  meas
ured from  tip to tip and thus including 
the Z line. As far as the authors are 
aware, no quantitative evidence on the 
length o f the thin filam ents has been 
presented fo r tu rkey  m uscle. The re fo re , 
the m axim um  and m inim um  values for

the length o f the th in  filam ents and the 
length o f the A  band, give sarcom ere 
length values o f 3 .5 5 a  and 4 .2 0 ¡1, respec
tive ly . Exam in a tio n  o f the unheated rigor 
stretched muscle in Figure 3a shows that 
seven fibers had a sarcom ere length longer 
than 3 .5 5 A, w h ile  tw o fibers had a value 
greater than 4 .20/r. Heating the muscle to 
7 0 °C  greatly reduced the num ber o f 
fibers w ith  long sarcom eres (F ig . 3b ). 
A fte r raising the tem perature to 8 2 °C , no 
fibers had sarcom ere lengths longer than
3.1 ¡1 (F ig . 3 c ). Since all samples (u n 
heated, 7 0 °C  and 8 2 °C ) were obtained 
from  the same m uscles, there was a high 
degree o f u n ifo rm ity  m aintained between 
the d ifferent heat treatm ents.

Exam in a tio n  o f the sarcom ere length 
d istribution  curves fo r the prerigor 
stretched sem itendinosus muscles (F ig . 
3d , e) ind icate that the d istribu tion  pat
tern and heat effect on the fo lded mus
cles was the same as that found in the 
s im ila rly  treated folded muscles in Figure 
3a—c. Com parison o f the unheated pre
rigor stretched muscle (F ig . 3d ) w ith  the 
unheated rigor stretched muscle (F ig . 2a) 
indicates how  a longer sarcom ere length is 
achieved when the muscle is stretched in 
the prerigor state. A p p ly ing  the same 
dimensions used above to express m in i
mum overlap between the th ick  and th in  
filam ents, it can be seen in Figure 3d that 
no fibers had a sarcom ere length longer 
than 4.2ju and 19 had values larger than 
3 .5 5 A- When these muscles were heated 
to an in terna l tem perature o f 8 2 °C  on ly 
two fibers had a sarcom ere length greater 
than 3 .5 5 Id (F ig . 3e). It  seems therefore , 
that the heat effect was again greatest in 
the fibers having the longest sarcomere 
lengths.

Previous studies have reported a de
crease in sarcomere length in heated 
bovine longissim us dorsi muscle (Schm id t 
and Parrish , 1971). A  study o f d ifferent 
tem peratures and d ifferent tim e periods 
at given tem peratures on the length and 
w idth o f muscle fragm ents from  bovine 
longissim us dorsi was reported by H ostet
ler and Landm ann (1 9 6 8 ). These authors 
did not measure sarcom ere length. When 
isolated fibers from  the muscles used in 
the present investigation were heated in a 
s im ilar m anner, no cross striations could 
be observed at 8 2 °C  and m any o f the 
fibers were tw isted or w avy. A ll the fibers 
viewed from  the in tact muscles which 
were heated between the clam ps did not 
exh ib it this phenom enon. How ever, Hos
tetler and Landm ann (1 9 6 8 ) found that 
the greatest effect on fiber w idth  and 
length occurred below 7 0 °C . S im ila r ob
servations were made in the present in 
vestigation.

The d iffe rentia l heat e ffect on sarco
mere length in the fo lded and the 
stretched muscles (Tab le  1, F ig . 3 a - e )  is 
o f interest since no s im ilar com parative 
study has been reported in muscles from

meat anim als. These prerigor and rigor 
stretched tu rkey  muscles had a sarcom ere 
length w ith in  the 2 .4 —3.7/Lt range which 
Lo cke r (1 9 5 9 ) described as T yp e  1 (re 
laxed ) in ox m uscle . Th e  values decreased 
s ig n ifican tly  when heated to 7 0 °C  or 
8 2 °C . The sarcom ere lengths in the 
folded fibers were w ith in  the T yp e  I 
range in the sem itendinosus and the Typ e  
II  range (1 .9 - 2 .4 A )  in  the sarto rius. The 
sarcom eres in  both these muscles when 
folded did not increase s ig n ifican tly  when 
heated. P resum ably the effects o f heat on 
the u ltrastructu re  o f ske leta l m uscle out
lined by Schm id t and Parrish  (1 9 7 1 ) are 
com m on to both the fo lded and stretched 
muscles in this stud y . These include 
progressive m y o fib rilla r shrinkage and 
degradation, th in  filam ent disintegration 
and th ick  filam ent coagulation . How ever, 
in the sem itendinosus and sarto rius mus
cles o f the tu rkey  the app lication  o f heat 
causes no fu rth er decrease in sarcom ere 
length when the unheated values are 2 .4 a  
and 2.1 At respective ly (T ab le  1). It  could 
not be determ ined from  the light m icro 
scope i f  the decrease in the longer sarco
meres o f the stretched m uscles was due to 
a slid ing o f the actin  and m yosin f ila 
m ents. I f  this is the cause, it is interesting 
to speculate w h y  the sarcom eres in the 
folded muscles do not change when 
heated. S ince the m yosin filam ents are 
1.6/a long (W ilk ie , 1 9 6 9 ), the m inim um  
theoretical undamaged sarcom ere length 
is 1.6/U. Recent evidence on ch icken 
muscle showed that the m axim um  sh ort
ening in undamaged sarcom eres was 1.3a  
(H agopian, 1970 ). T h e re fo re , a ll the sar
comeres in the muscles in th is study had 
the potentia l to shorten to between 1.3 
and 1.6a . O bviously  the heat changes 
outlined above prevent th is , but the 
question rem ains as to w hy there should 
be a d iffe rentia l e ffect w ith in  the same 
muscle w h ich  was e ithe r folded or 
stretched.

The fib e r diam eter d istribu tions were 
also norm al (F ig . 3 a—e) con firm ing  s im i
lar m easurem ents on unheated tu rkey  
muscle by V aradara ju lu  and Cunningham
(1 9 7 1 ). These observations add another 
species to the list com piled by Hegarty 
and Hooper (1 9 7 1 ) w h ich  ind icate that 
the fiber d istribu tion  o f unheated skeleta l 
muscle from  adult anim als is m onophasic 
rather than biphasic.

Pho tom icrog raphs from  the light 
m icroscope show ing the appearance o f 
the sarcom eres subjected to the d ifferent 
stretch tensions and heat treatm ents are 
shown in F ig . 3 a—e. Because o f the wide 
degree o f overlap between the d ifferent 
treatm ents a certain  am ount o f sub jec
t iv ity  had to be in troduced in the selec
tion o f these photom icrographs. Th e re 
fo re , those from  the stretched muscles are 
representative o f fibers w ith  long sarco
meres w ith in  this treatm ent. C lea rly  
defined fibers and A  bands were obtained
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at all heat treatm ents fo r both folded and 
stretched m uscles. T h is  is in agreement 
with Schm id t and Parrish (1 9 7 1 ) who 
found that on heating bovine skeletal 
muscle at various tem perature interva ls to 
90 °C , the p rincipa l banding features o f 
the sarcomeres could be identified  regard
less o f tem perature . The cracks in heated 
fibers referred to by Paul (1 9 6 6 ) in rabbit 
muscle and by Paul et a l., (1 9 7 0 ) in beef 
muscle were rare ly  seen in the heated 
turkey muscles.

It is d iff icu lt  to exp la in  w hy the 
stretched muscles did not give low er shear 
force values. A ll previous evidence in d i
cates that the longer the sarcomere length 
in the unheated muscle the low er the 
shear force value when cooked. In terest
ing exceptions in tu rkey  muscles have 
been reported. W elbourn et a l., (1 9 6 8 ) 
found no sign ificant corre lations between 
shear values and sarcom ere length. H o w 
ever, Ma et a l., (1 9 7 1 ) have pointed out 
that these corre lations may not be valid 
since the sarcom ere length was deter
mined on m yo fib rils  separated 3 hr post
mortem in the absence o f a calcium  
chelator. On the basis o f rigor studies on 
turkey m uscle , Ma et a l ., (1 9 7 1 ) con
cluded that this procedure probably stim 
ulates contraction  in the sarcomeres 
because the muscle is probably not in 
rigor m ortis . V aradaraju lu  and Cunn ing
ham (1 9 7 1 ) reported no sign ificant co r
relation between tenderness and either 
sarcomere length or fiber diam eter in 
turkey m uscles. The  authors state that 
this may be due to the fact that fiber 
measurements were made on prerigor 
meat, whereas sensory evaluation was 
done on rigor samples. In  the present 
study the d ifference in sarcom ere length 
between the folded and stretched heated 
muscles would suggest that the stretched 
muscles should be more tender (excep t 
the rigor stretched sem itendinosus). Pos
sible changes in the m olecu lar structure 
of collagen in stretched muscle could also 
contribute to increased tenderness Krug- 
gel and F ie ld  (1 9 7 1 ).

A fu rther variable between the folded 
and stretched muscles in this investigation 
was the tim e taken for the internal 
temperature to reach 8 2 °C . The entire 
muscles were heated, therefore the th in 
ner stretched muscles attained th is tem 
perature about 2 - 3  min sooner than the 
folded contro ls. In  order to check i f  this 
temperature d iffe rentia l alters tenderness, 
30 strips o f vary ing dim ensions were 
taken from the breast muscle and heated 
in a sim ilar m anner. The tim e taken to 
attain an internal tem perature o f 8 2 °C  
ranged from  8 - 2 5  m in. H ow ever, no 
significant re lationship was obtained 
between shear force values and duration 
of heating. It was therefore presumed 
that the same effect occurred in the 
semitendinosus and sartorius muscles.

Sarcomere length varies along a muscle

(W illiam s and G o ld sp in k , 1971), and 
because o f the re lationsh ip between sar
comere length and shear force values, 
variations m ay occur w ith in  the five 
shears that were perform ed on each mus
cle in this investigation. Sarcom ere length 
decreases near the tendon, therefore 
about 2 cm from  each tendon was dis
carded. No sign ificant location effect on 
shear force values could be detected.

Though rigor skeleta l muscle is re
garded as being inextensib le by most 
authors, reference must be made to the 
rigor exte n s ib ility  studies o f Wang et al.
(1 9 5 6 ), H ostetler and Cover (1 9 6 1 ), Buck 
and B lack  (1 9 6 7 ) and Stan ley et al. 
(1 9 7 1 ). Wang et al. (1 9 5 6 ) found that the 
overall length o f single fibers from  un
heated and heated beef muscles could be 
increased by stretching . Hostetler and 
Cover (1 9 6 1 ), in . a s im ilar type o f study 
on heated beef muscle fibers, confirm ed 
these observations. Recent evidence by 
Stan ley et al. (1 9 7 1 ) showed that thin 
strips o f unheated rigor beef and rabbit 
muscle could be extended . None of these 
studies investigated changes or damage to 
the structure o f the fib e r as seen under 
the m icroscope. Fu rtherm o re , the studies 
o f H ostetler and Cover (1 9 6 1 ) and pos
sib ly those o f S tan ley et al. (1 9 7 1 ) were 
perform ed on aged beef muscle (7  days 
and “ com m ercia lly  obtained ,”  respec
tive ly ) . G o ll (1 9 6 8 ) states that a consider
able lengthening o f contracted sarcomeres 
has been reported to occur 2 —3 days 
postm ortem . Th is  is thought to be the 
result o f a considerable weakening or 
partial d issociation o f the actin-m yosin 
in teraction , and also to the degradation 
o f the sarcomere at the level o f the Z line 
due to p ro teo lytic  ac tiv ity . Because o f 
these weakenings in the muscle u ltrastruc
ture, it may be easier to stretch muscle 
that has passed through the reso lution o f 
rigor phase. How ever, Wang et al. (1 9 5 6 ) 
found that the ex ten s ib ility  o f both the 
unheated and heated beef muscle fibers 
decreased when aged fo r 2 —4 w k . Con
firm ation  o f this observation was made 
by Davey and D ickson (1 9 7 0 ) in exten
s ib ility  studies on entire beef muscles. A  
weakening o f sarcomere linkages occurred 
largely between thin filam ents and Z  lines 
and no u ltrastructu ra l extension occurred 
when weight was applied to muscle 90 hr 
postm ortem . The authors refer to unpub
lished w o rk  w hich showed that unaged 
meat (3 0  hr postm ortem ) y ie lds on 
forcib le stretch ing largely through a w ith 
drawal o f the th in  filam ents from  
between the m yosin rods o f the A  band. 
Th is  observation was confirm ed by elec
tron m icroscope studies on some o f the 
rigor stretched sem itendinosus muscles 
used in the present stud y . The re fo re , the 
lack o f e xtens ib ility  in aged meat is 
probably due to the breakdown of the 
sarcomere at the ju n ction  o f the thin 
filam ent and Z line . T h is  breakdown in

the structu ra l com ponents o f the sarco
mere m ay counteract its potential to 
extend due to the weakening of the 
actin-m yosin in teraction . G o ll (1 9 6 8 ) 
states that the increased frag ility  of post
mortem muscle strips has prevented the 
direct testing by m acroscopic extensib il
ity  measurements the theory o f a weak
ened actin-m yosin in teraction  in post
mortem m uscle. Stan ley et al. (1 9 7 1 ) also 
used 24 hr postm ortem  rabbit muscle 
stored at 0 —5 °C . Henderson et al. (1 9 7 0 ) 
showed that some breaks in the Z  line 
begin to appear when this muscle is held 
for this tim e and tem perature. The exten
sion in the present study was perform ed 
on muscle im m ediately after the muscle 
had entered rigor and electron m icro
graphs show negligible u ltra-structure 
degradation (unpublished observations). 
The positive extension in the heated rigor 
muscle fibers reported by Hostetler and 
Cover (1 9 6 1 ) are not com parable to the 
observations reported here fo r the mus
cles stretched prio r to heating. Therm al 
denaturation o f the m yo fib rilla r proteins, 
and changes in the e lastic ity  (Hoeve and 
W illis , 1963) and isom etric tension (M ohr 
and Bendall, 1969) o f therm ally  de
natured connective tissue may account 
fo r some o f these changes. The extens ib il
ity  studies o f Buck  and B lack  (1 9 6 7 ) are 
not com parable to the observations o f 
Wang et al. (1 9 5 6 ), H ostetler and Cover
(1 9 6 1 ), S tan ley et al. (1 9 7 1 ) and those o f 
the present investigation because the un
cooked fibers were fixed  in neutra l fo r
malin prio r to extension . Fo rm alin  
creates additive com pounds w ith  pro
teins, and can produce bridging and po ly
m erization (M cM anus and M ow ry , 1960). 
T h is  may alter the e xtens ib ility  properties 
o f fibers.

CONCLUSIONS
R E S U L T S  o f this investigation on un
aged, rigor sem itendinosus and sartorius 
muscles from  adult tu rkeys ind icates: 
(1 ) unheated muscle can be extended in 
situ in the rigor sta te ; (2 )  the degree o f 
rigor e xtens ib ility  is s ign ifican tly  less than 
when the same muscle is stretched im 
m e d ia te ly  postm ortem ; (3 )  prerigor 
stretching produced a sign ificant decrease 
in fiber diam eter compared to folded 
contro ls ; (4 )  heat treatm ent caused a 
sign ificant decrease in sarcomere length in 
the stretched m uscles, but no sign ificant 
decrease was obtained in the folded con
tro ls ; (5 ) shear force values were either 
nonsignificant between the folded and 
stretched muscles or the stretched mus
cles gave sign ifican tly  higher values;
(6 ) application o f heat caused sign ificant 
decreases in the fiber diam eter o f both 
the folded and the stretched muscles 
(excep t fo r the prerigor stretched sarto ri
u s); (7 ) sarcomere length and fiber d iam 
eter d istribution  curves were norm al for
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all treatm ents in both m uscles; and
(8 ) light m icroscopy showed no damage 
due to stretch ing the unheated m uscles; 
the m ajor s tructu ra l features o f the mus
cle were s t ill in tact a fte r heating to 8 2 °C .
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METABOLISM AND HISTOCHEMISTRY OF SKELETAL MUSCLE 
FROM STRESS-SUSCEPTIBLE PIGS

INTRODUCTION
S K E L E T A L  M U S C L E  o f stress-suscep
tible pigs (F o rre st et a l. 1968 and Judge 
et al. 19 6 8 ), when obtained either 
through regular biopsy or exc is ion  sim ul
taneous w ith  exsangu ination , has sm aller 
am ounts o f creatine phosphate (C P ), 
adenosine triphosphate (A T P )  and g lyco
gen and larger am ounts o f lactic  acid than 
muscle from  stress-resistant pigs (L is te r  et 
al. 1970 and Sair et al. 1970). A  high 
level o f  la ctic  acid and a low  level o f CP 
and A T P  at the tim e o f exsanguination , 
leads to the rapid developm ent o f pale, 
so ft, exudative (P S E )  characteristics in 
the m uscle (L is te r  et al. 1970 ; Sair et al. 
1970 and Kastenschm idt et a l. 1968). 
The muscles o f  stress-susceptible anim als 
are also p a rticu la rly  sensitive to anoxia 
(L is te r et al. 1970) and when the anim als 
are incubated and forced to breathe 
nitrogen, large quantities o f lactic  acid 
accum ulate . A d d it io n a lly , these muscles 
are sensitive to exc is ion  anoxia and exsan
guination anoxia during w hich tim e they 
accum ulate large quantities o f lactic  acid . 
Through the developm ent o f a cryob i- 
opsy technique, Teeter et al. (1 9 6 9 ) 
observed that i f  the samples were frozen 
in the liv ing anim al and removed as 
frozen biopsy cores, the m etabolite levels 
in muscle o f stress-susceptible pigs were 
quite s im ilar w ith  those o f the stress- 
resistant pigs.

Sair et al. (1 9 7 0 ) also dem onstrated 
that i f  stress-susceptible anim als were 
anesthetized w ith  Mg++, m etabolite levels 
were sim ilar to levels in the same muscles 
of untreated stress-resistant pigs.

To  fu rth er understand the etiology o f 
P S E , in v itro  m etabolism  o f intact muscle 
fiber strips from  muscle o f stress-resistant 
and stress-susceptible pigs was studied. 
Magnesium anesthesia was used to obtain 
sam p le s  from  stress-susceptible and 
stress-resistant pigs which had ap p ro x i
mately s im ilar m etabolite levels; there
after we could study the in v itro  metabo
lism in Warburg flasks in the presence of 
0 2 or N 2 w ithout the effect o f w idely  
d iffering levels o f m etabolites.

In p re lim inary h istochem ical studies,

1 P resen t address: G riffith  L ab o ra to ry , Chicago, 111.2 D eceased3 P resen t address: C am pbell In s titu te  for Food R esearch, C am den , N .J.

we (S a ir et a l., 1970) observed that the 
fibers o f stress-susceptible Poland China 
pigs were larger and had a higher percent
age o f the ir fibe r area staining w ith  red 
fiber characteristics than the muscles o f 
stress-resistant Chester W hite pigs. Previ
ous h istochem ical studies (S a ir et a l.,
1970) were d iff icu lt  to evaluate because 
o f sample iso lation  procedures and there
fore fu rther w o rk  was done to c la r ify  and 
co n firm  th is po int. In  this study we were 
able to extend the h istochem ical phase to 
in c lu d e  stress-susceptible and stress- 
resistant pigs o f each breed, and thereby 
evaluate the characteristics o f  the fibers 
independent o f breed. B y  clam ping fiber 
bundles during excis ion  we were also able 
to bring fu rther c la rity  to the differences 
in sizes o f fibers from  stress-susceptible 
and stress-resistant anim als and to evalu
ate whether d ifferences in  fiber size could 
contribute to the developm ent o f P S E .

MATERIALS & METHODS
In vitro metabolism

Animal treatment and sample source. Ten
stress-susceptible (previously established strain; 
Sair et al. 1970) Poland China and ten stress- 
resistant (previously established strain; Sair et

O X Y G E N  N IT R O G E N
TREATMENT AND INCUBATION PERIOD 

Fig. 1 — The am ount o f  glycogen in muscle from 
Poland China and Chester White pigs incubated 
in vitro. One standard error o f the mean is given 
on the bars. Results expressed as mg glycogen 
(glucose equivalents!/g tissue.

al. 1970) Chester White pigs were intravenously 
injected with 0.20-0 .25 ml/kg body weight of 
a 50% solution of magnesium sulfate. Approxi
mately one-half of this dose was injected to 
produce narcosis and the remainder was infused 
over a 20-min period in order to maintain this 
condition. Six control (without Mg++) animals 
of each group were also utilized in this study. 
The animals were then exsanguinated and sam
ples of the longissimus muscle were taken at 
death, 1 and 3 hr post-mortem for CP, ATP and 
lactic acid analyses and at death for in vitro 
studies.

Metabolism studies. Muscle fiber strips of 1 
mm2 cross section and about 2 .5-3 .5  cm in 
length were dissected, with as little damage as 
possible, along fascicular planes of the longis-

Table 1 -O xyg en  consum ption o f  muscle 
from stress-resistant and stress-susceptible pigs

Mmoles oxygen/g
tissue/2 hr

Stress-susceptible“ 8.30 ± 0.65
Stress-resistant“ 13.43 ± 0.84
Stress-susceptible (Mg treated) b 13.01 ± 0.74
Stress-resistant (Mg treated)*3 12.00 ± 0.14

“Six animals each group “Ten animals each group

O X YG EN  N ITR O G EN
TREATMENT AND INCUBATION PERIOD

Fig. 2 —A m ount o f lactic acid efflux from m us
cle o f  Poland China and Chester White pigs 
incubated in vitro. One standard error o f  the 
mean is given on the bars, pmoles/g tissue lactic 
acid.
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simus muscle. Excised tissues were held at room 
temperature in a modified Krebs-Ringer (Beatty 
et al., 1966) solution of pH 7.4 and aerated 
with 95% 0 2 if the incubations were to be 
carried out in an oxygen atmosphere or 100% 
N2 if the incubations were to be carried out 
under a nitrogen atmosphere. After the dissec
tions were completed, the muscle tissues were 
drained on filter paper and 200-250  mg of 
tissue were added to Warburg flasks containing 
3 ml of modified Krebs-Ringer solution buf
fered with glycyl glycine at pH 7.4 and con
taining 100 mg percent of glucose. The flasks 
were then attached to a Gilson Differential 
Respirometer, gassed with either 0 2 or N2 for 
5 min, equilibrated for a further 15 min at 
37°C and then incubated for 2 hr. In experi
ments in which 0 2 consumption was measured, 
0.2 ml of 10% KOH was added to the center 
well. At the end of the equilibration period 0.1 
ml of 18N H2S 0 4 was added to the remaining 
flasks. All of the flasks were shaken for an 
additional 30 min after the addition of the acid. 
Oxygen ( 0 2) consumption was determined by a 
direct digital readout apparatus in ml of oxygen 
using the Gilson Differential Respirometer.

The muscle fiber strips from the 15 min and 
2 hr incubations were digested in 0.5 ml of 30% 
KOH for 20 min. The glycogen in the KOH 
digest was determined by the method of Roe
(1955). Aliquots of the media were taken for 
the estimation of lactic acid by the method of 
Barker and Summerson (1941).
Histochemical characterization

Animal selection. Four stress-susceptible 
and four stress-resistant Poland China pigs 
which developed PSE and normal muscle char
acteristics, respectively, and four stress-suscep
tible and four stress-resistant Chester White 
pigs, which developed PSE and normal muscle 
characteristics, respectively, were used in this 
study. All animals were similar in age and 
weight.

Sample treatment. Two samples of the lon- 
gissimus muscle were removed immediately 
after exsanguination. One sample was excised 
directly, without any attempt to prevent con
traction, and trimmed to a cube shape of about 
0.5 cm per side. The samples were frozen in 
isopentane cooled with liquid nitrogen and sub
sequently equilibrated to -20°C  in the cryo
stat. The second sample was restrained during 
excision so as to prevent contraction. Two 
hemostats were mounted in a metal bar so that 
they were separated by approximately 3.7 cm. 
A muscle strip was clamped in situ and then 
dissected loose so that a strip of about 0.5 cm 
per side was obtained. The clamped strip was 
then immersed in the freezing solution, equili
brated to -20°C  and then an appropriate sam
ple was dissected from the center of the strip. 
Serial sections, 10m thick, were mounted on 
slides and air dried prior to incubation. Amylo- 
phosphorylase and reduced diphosphopyridine 
nucleotide tetrazolium reductase (DPNH-TR) 
reactions as described by Engel and Brooke
(1967) were used in these studies. Photomicro
graphs of representative areas of the serial sec
tions were made and enlarged so that fiber areas 
could be evaluated quantitatively with a Zeiss 
Particle Size Analyzer.

RESULTS & DISCUSSION
O xygen uptake

The results fo r oxygen uptake o f 
isolated fiber strips are given in Tab le 1.

Preparations from  stress-susceptible ani
mals u tilized  oxygen at the level o f 8 .30  
jumoles/g 2 hr com pared to 13.43 ¡1- 
moles/g 2 h r fo r m uscle o f stress-resist- 
ant an im als. T h is  ind icated that the mus
cle o f stress-susceptible an im als had a 
low er ab ility  fo r aerobic m etabolism  or 
some damage had occurred during the 
iso la tion  procedure that lowered the ab il
ity  fo r oxygen consum ption . Support fo r 
the la tte r point was furnished by treating 
both the stress-susceptible and stress- 
resistant anim als w ith  M g S04 before the 
m uscle preparations were m ade. Resu lts

in Tab le  1 show that when the stress- 
resistant and stress-susceptible animals 
were treated w ith  M g S04 , then oxygen 
consum ption  values o f the m uscle were 
quite s im ila r. The  value fo r oxygen con
sum ption  by m uscle o f stress-resistant 
anim als changed litt le  due to M g S04 
treatm ent but there was a large increase 
in a b ility  o f m uscle from  stress-suscep
tib le anim als to u tilize  oxyg en . We used 
our system  in tria l experim ents on rat 
m uscle and found oxygen consum ption 
values to com pare w e ll w ith  lite rature 
values.

Table 2  —Levels o f  A T P , C P  and lactic acid in muscle from stress-susceptible and stress-resistant 
pigs treated with M gSO 4

Hours
post

mortem
Control (12)1

LAd ATP
MgSO4e (20)f

CP LAATP CP“
Stress-susceptible

0 —aX 3.85* 4.23** 32.40** 4.54 14.89** 12.01c—b^x .62 .77 2.32 .35 1.10 2.02
1 X 2.02* 1.85 47.21* 3.23 8.31** 21.31*

sx .23 .43 3.85 .20 .75 4.75
3 X - - 62.70* 2.58* 1.32 40.60

sx - - 6.85 .67 .23 6.88
Stress-resistant

0 X 3.12 1.10 47.67 3.50 13.80 15.07
.32 .40 3.22 .77 1.74 2.17

1 X .60 .10 79.93 3.00 3.86 47.23
sx .40 .07 4.58 .24 .86 6.34

3 X - - 86.72 1.07 .28 70.23
sx - - 2.51 .28 .10 5.72

“Mean value (pm oles/g )“ S tand ard  e rro r o f m ean 
“C reatine ph o sp h ate  “ Lactic acid“ in jec ted  in travenou sly  w ith  M g S 04 as described  by Sair et al. (1 9 7 0 ).
'N u m b e r o f  observations •S ign ifican t (P <  .05)••S ig n ific an t (P <  .01 ) d iffe ren ce  (stress-suscep tib le , s tra in  o f  Poland C hina, vs. s tress-resistan t, s tra in  o f  C hester W hite pigs, fo r co n tro l and M g S 0 4 tre a tm e n t)

Table 3 —Fiber size11 o f  dark and white fibers from restrained and unrestrained muscle

______ Dark fibers_____
Unrestrained Restrained

_____ White fibers_____
Unrestrained Restrained

Chester White
Stress-resistant - bX 2.54+ + 2.30+ 4.13 3.19s— c*x .33 .21 .1 1 .56
Stress-susceptible X 2.74t t 2.29++ 4.64+ 4.76+

Poland China
ST .48 .38 .45 .77

Stress-resistant X 3.78* 3.10* 4.80* 3.81**
Sx .08 .63 .37 .05

Stress-susceptible X 4.60 4.23 6.03 6.44
Sx .49 .39 .47 .71

“ ( m m 2 X  1 0 ' 3 )
"M ean value 
“S tand ard  e rro r o f  m ean•S ign ifican t (P <  .05 ) d iffe ren ce  be tw een  norm al and  PSF, Poland China pigs ••S ig n ific an t (P <  ,0 l )  d ifference
fS ign ifican t (P <  .05 ) d iffe ren ce  b e tw een  no rm al C hester W hite and  norm al Poland China pigs or be tw een  PSE C hester W hite and  PSE Poland C hina pigs tfS ig n if ic a n t (P <  .01 ) d ifference
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E ffe c t o f 0 2 and N 2 on glycogen 
and la c tic  acid

Figure 1 shows the effect o f an oxygen 
or nitrogen incubation  atm osphere on 
glycogen levels in longissim us muscle o f 
stress-susceptible and stress-resistant pigs 
that were treated w ith  magnesium as well 
as from  untreated contro ls . The  glycogen 
levels were s im ilar at corresponding sam 
pling periods fo r the fibers from  stress- 
resistant pigs regardless o f w hether the 
fiber strips were from  Mg++-treated pigs 
and incubated in a N 2 or 0 2 atm osphere 
or from  untreated contro l pigs. In  con
trast, however, the glycogen levels in the 
fibers from  the stress-susceptible Poland 
China pigs varied greatly between treat
ments. The 15 min glycogen values were 
about 2 mg/g in muscle from  untreated 
stress-susceptible pigs, 3 mg/g in N 2- 
incubated fibers from  Mg++-treated pigs, 
w hile the values were 4 .5  mg/g in 0 2- 
incubated fibers from  Mg++-treated pigs.

I f  we consider the 15 m in glycogen

value from  the 0 2-incubated muscle o f 
the Mg++-treated pigs as the in vivo 
resting level, then the fo llow ing  possibil
ity  becomes evident. There appears to be 
a m uch faster u tiliza tio n  o f glycogen in 
the muscles o f  stress-susceptible than in 
stress-resistant pigs, i.e ., there was signif
ican tly  ( P < .0 5 )  less glycogen in the 
muscle o f the untreated stress-susceptible 
pigs than in the untreated stress-resistant 
pigs, but in  the 0 2-incubated fibers from  
Mg++-treated pigs there was sign ifican tly  
more glycogen in the stress-susceptible 
pigs.

Figure 2 shows values o f lactic acid in 
jumoles/g tissue in the incubation media 
fo r fibers from  stress-susceptible and 
stress-resistant pigs. There was no d iffe r
ence in lactic  acid production at the 15 
m in and 2 hr tim e period between the
0 2-incubated muscles from  the stress- 
susceptible and stress-resistant pigs w h ich  
had been Mg++-treated. The level o f lactic 
acid was s ig n ifican tly  higher ( P < .0 5 )  in

the N 2-incubated fibers from  the stress- 
susceptible pigs treated w ith  Mg++, both 
at the 15 m in and 2 hr tim e periods. The 
15 m in values fo r the untreated stress- 
susceptible pigs were higher than the 
untreated stress-resistant pigs but neither 
group o f untreated pigs appeared to 
produce lactic acid over the 2 hr time 
period. The reason fo r th is may be that 
the 15 m in tim e period was actua lly  close 
to 1 h r afte r the death o f the pig fo r it 
required 2 0 - 3 0  m in to dissect the sam
ples and 2 0 - 3 0  m in to set up the flasks 
on the respirom eter and com plete the 
eq u ilib ration . F ro m  the data on biochem 
ical interm ediates o f excised muscle sam
ples afte r death (Tab le  2 ) it is seen that 
most o f the lactic  acid production in the 
untreated pigs took place by 1 hr after 
death w hile lactic  acid production in the 
Mg++-treated pigs continued fo r 3 hr 
after death.

The im portant point from  these data is 
that, when incubations were conducted

Pig- 3 —Sections o f  longissimus muscle from normal and P S E  Chester White pigs reacted for phosphorylase and D PN H-TR. (A) Normal Chester White— 
D PN H-TR; IB) Normal Chester W hlte-phosphorylase; 1C) P S E  Chester White—D PN H -TR ; (D) P S E  Chester W hlte-phosphorylase. (Magnification 138X)
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under the ano xic  conditions o f a nitrogen 
atm osphere, then the muscle from  the 
stress-susceptible pigs produced more 
lactic acid than did the muscle from  the 
stress-resistant pigs under conditions 
where both types o f muscle had sim ilar 
in itia l C P  and A T P  levels.
H istochem ical evaluation

The sizes o f the dark (red plus in ter
m ediate) and w hite fibers in restrained 
and unrestrained muscle from  stress- 
resistant and stress-susceptible pigs are 
shown in Tab le 3 . In  Poland China pigs, 
area o f both dark and w hite fibers was 
larger in stress-susceptible than in stress- 
resistant anim als, but in Chester White 
pigs, area o f dark and w hite fibers did not 
d iffe r between stress-susceptible and 
stress-resistant anim als. There was a trend 
for the restrained muscle samples to have 
somewhat sm aller fibers than the unre
strained samples. The on ly  significant 
d iffe rence , however, was that the white

fibers from  restrained samples o f stress- 
resistant Poland Ch inas were sm aller 
( P < .0 5 )  than corresponding fibers in 
unrestrained m uscle samples.

The effects o f D P N H -TR  and am ylo- 
phosphorylase stain ing fo r red, w h ite  and 
interm ediate fibers in muscles from  
s tre s s- re s is ta n t  and stress-susceptible 
Chester W hite and Poland China pigs are 
seen in serial section (F ig s . 3 and 4 ). 
Muscle from  stress-resistant Chester White 
pigs showed that the same fibers w hich 
reacted strongly fo r D P N H -TR  (red fibers 
A , B ; F ig . 3 A )  reacted negatively fo r 
phosphorylase (red fibers A , B ; F ig . 3 B ) , 
w h ile  interm ediate fibers (fib e rs C , D ; 
F ig . 3 A )  w h ich  reacted positive ly fo r 
D P N H -TR  (but not as positive as fo r red 
fibers) also were positive fo r phosphory
lase (fibers C , D ; F ig . 3 B ) . F ibers from  
stress-susceptible Chester W hite pigs 
w h ich  reacted positive ly fo r D P N H -TR  
(fibers E ,  F ;  F ig . 3 C ) also reacted, to

some degree, positive ly  fo r phosphorylase 
(fib ers E , F ;  F ig . 3 D ). A p p aren tly  there 
are few  red fibers and m any intermediate 
f ib e r s  (p o s it ive  reaction fo r both 
D P N H -TR  and phosphorylase) in muscle 
from  stress-susceptible Chester White 
pigs.

F ib ers in Figures 4 A  and 4 B  are from 
stress-resistant Poland C h ina pigs. As was 
the case fo r fibers from  stress-resistant 
Chester W hite pigs, fibers w h ich  reacted 
strong ly fo r D P N H -TR  (red fibers G , H: 
F ig . 4 A )  reacted negatively fo r phos
phorylase (red fibers G , H ; F ig . 4 B )  while 
fibers that reacted w ith  D P N H -T R , but 
not as strong ly as w ith  red fibers , also 
reacted positive ly w ith  phosphorylase and 
are interm ediate fibers (fib e rs I ,  J ;  Fig. 
4 A  and 4 B ) . F igures 4C  and 4D  are from 
muscle o f stress-susceptible Poland China 
pigs and show the same pattern as was 
seen in P S E  m uscle from  stress-suscep
tib le Chester W hite pigs in  that there are

Fig. 4 —Sections o f longissimus muscle from normal and P S E  Poland China pigs reacted for phosphorylase and D P N H -TR ; IA I Normal Poland China— 
D PN H -TR; (B) Normal Poland China—phosphorylase; (C l P S E  Poland China—D PN H -TR ; (D) P S E  Poland China—phosphorylase. (Magnification 138X
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m any interm ed iate fibers. They  reacted 
positive ly fo r D P N H -TR  (fib ers K ,  L ;  Fig . 
4 C ) and positive ly  fo r phosphorylase ( f i
bers K , L ;  Fig . 4 D ). The u n ifo rm ity  o f 
the positive reaction for phosphorylase 
(F ig . 4 D ) in muscle that develops the P S E  
cond ition  in the Poland China pig is even 
more apparent than in muscles from  
Chester W hite pigs w h ich  develop the P S E  
cond ition  (F ig . 3 D ).

The data ind icate that size per se does 
not predispose muscle fibers to post
m ortem  anoxia and the developm ent o f 
P S E  characte ristics , but rather that a high 
g lyco ly tic  potentia l seems to be the ch ie f 
facto r predisposing fibers to the P S E  
cond ition .

Hence, stress-susceptible anim als have 
large num bers o f interm ediate and white 
fibers, both o f w h ich  stain positive ly  for 
phosphorylase ind icating the ir g lyco ly tic  
capacity . Padyku la (1 9 5 2 ) categorized 
fibers according to the ir m etabolic fu n c
tion , as revealed by strong or weak 
reactions fo r succin ic  dehydrogenase 
activ ity  and D ubow itz and Pearse (1 9 6 0 ) 
showed, h is to ch em ica lly , that an inverse 
re lationship existed between m itochon
dria and g lyco ly tic  enzym es. Since stress- 
susceptible pigs have larger areas o f in ter
mediate fibers and less red fibers than do

stress-resistant pigs we would expect, 
according to the w ork  o f Padykula 
(1 9 5 2 ) and D ubow itz and Pearse (1 9 6 0 ), 
a greater g lyco ly tic  cap ac ity . High levels 
o f lactic  acid at death and 1 hr after 
death in muscles o f stress-susceptible pigs 
are in line w ith  the high g lyco ly tic  capac
ity  found h istochem ica lly .

F ib e r size appears to be related to the 
P S E  cond ition  in that large fibers w ill 
contrib ute to the severity o f the P S E  
cond ition  provided that the basic require
ment o f a high g lyco ly tic  capacity is met.
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PRODUCTION AND BINDING OF MALONALDEHYDE 
DURING STORAGE OF COOKED PORK

INTRODUCTION
M A N Y  IN V E S T IG A T O R S  have made use 
o f m alonaldehyde (M A ) as a measure o f 
lip id  o x id atio n . M A can be used to fo llo w  
oxidative deterioration o f food products, 
but the re lationsh ip  between oxidative 
food deterioration and M A is not sim ple. 
K w o n  et al. (1 9 6 5 ) showed that w ith  
m oist foods the v o la tility  o f M A depends 
upon the pH and that M A can interact 
w ith  food proteins. The in teraction  w ith  
other food constituents can account fo r 
the fact that T B A  values do not decline 
fo r com plex foods afte r prolonged sto r
age as they do fo r pure lip ids undergoing 
ox idation  (K w o n  and O lco tt, 1966a). 
There are several studies showing the 
in teraction  between M A and protein 
(B u ttk u s , 1967 ; C raw fo rd  et a l., 1967). 
Ch io  and Tappel (1 9 6 9 a , b ) have shown 
that one mole o f M A interacts w ith  two 
moles o f am ino acid and can cross lin k  
proteins.

The fact that acid and heat are needed 
to produce M A from  food products has 
been interpreted to mean that the M A is 
bound in some w ay. The evidence fo r 
in teraction  between proteins and M A 
makes proteins the most lik e ly  food 
constituent responsible fo r the binding.

T h is  paper describes changes in  the 
M A present in water extracts  o f cooked 
pork during refrigerated storage o f the 
pork.

EXPERIMENTAL
Materials

Purified MA was prepared by acid hydroly
sis of the distilled acetal (Kwon and Watts,
1963).

Pork and beef were purchased as ground 
meat from a local market. For cooked samples, 
the meat was sealed in a No. 2 can with a ther
mometer inserted. The cans were heated in a 
boiling water bath until the internal tempera
ture reached 70°C and then held for 5 min. 
After heating, the cans were immediately 
cooled in an ice bath to 3°C.

Cooked and raw lOg samples were weighed 
into petri dishes and spread evenly over the

1 P resen t address: D ept, o f F o o d  Science & T echno logy , U niversity  o f C alifornia, Davis, CA 956162 P r e s e n t  a d d r e s s :  K o rea  In s titu te  of
Science & T echno logy , P.O. Box 131, C heong Ryang, Seoul, K orea

surface. The samples were stored with covers at 
3°C in a refrigerator.
Methods

Analysis of MA was done by the acid distil
lation procedure of Tarladgis et al. (1960) for 
all meat samples.

T he fractions collected from Sephadex 
column chromatography of water extracts from 
pork samples were analyzed for MA by reacting 
with TBA reagent for 20 hr at room tempera
ture (Tarladgis et al.. 1964; Kwon and Olcott. 
1966b).

Water extracts of meat samples were pre
pared by mixing lOg of meat with 50 ml of 
glass-distilled water at room temperature for 1 
min in a Waring Blendor and stirring the slurry 
for 15 min at 3°C. The meat slurry was centri
fuged at 31.500G for 40 min, and the supernate 
was filtered using Whatman No. 2 paper to re
move fat and suspended particles. This filtrate 
was used as the sample to be applied to the 
Sephadex column.

Ultraviolet spectra of column fractions were 
obtained on a Beckman DK 2A spectrophotom
eter.

Analysis of column fractions for protein was 
done by the Folin-Lowry method (Lowry et al.,
1951) as modified by Goll et al. (1964).

A Sephadex G-10 column was prepared by 
soaking the Sephadex gel overnight and gravity 
packing the gel into a 1.5 X 92 cm column. 
After this initial packing, phosphate buffer 
(0.1M, pH 6.9 + 0.1M NaCl) was pumped 
through the column for several hours to insure 
complete and even packing and to equilibrate 
the gel with buffer. Final column length was 86 
cm.

The void volume of the column was deter
mined by blue dextran elution. The column was

Fig. 1— The progressive development and main
tenance o f  M A in cooked  and raw samples o f  
both beef and pork.

also standardized by applying and eluting pure 
MA.

Fractions were eluted with phosphate buffer 
pumped at a rate of 1 ml per min and 2 ml 
fractions were collected.

RESULTS & DISCUSSION
T H E  D E V E L O P M E N T  O F  M A in raw 
and cooked pork samples is com pared in 
Figure 1. A lso  shown are raw  and cooked 
beef sam ples. S ince the raw  samples 
showed no increase in T B A  num ber over 
a 26-day period , we decided to w ork  w ith  
on ly  the cooked samples to learn more 
about M A binding. Fu rth e rm o re , since 
cooked pork had higher T B A  numbers 
than cooked beef, we concentrated our 
effo rts on the cooked pork sam ples. Note 
that the T B A  num bers do not decline 
afte r reaching a m axim um  as they do 
when pu rified  fa tty  acids are ox id ized .

The lack  o f increase in T B A  num ber 
w ith  raw  meat samples is in contrast w ith  
results o f K esk in e l et al. (1 9 6 4 ) but 
agrees w ith  the results o f W itte et al.
(1 9 7 0 ). T w o  im portant factors bearing on 
ox idation  o f raw  sam ples are : (1 )  the 
degree o f subdivision  and exposure to 
oxygen o f the sam ple; and (2 )  the bac
teria l growth in the sam ple. K esk in e l et 
al. (1 9 6 4 ) used w e ll subdivided and 
spread samples w ith  probably very few  
m icroorganism s because fre sh ly  ground 
meat samples were used. Hence, there was 
litt le  chance fo r anaerobic conditions in

Table 1—M A in successive water and K C I 
extracts o f cooked  p o rk a

Extraction solution Mg MA extracted
50 ml HjO 133
20 ml H20 36
20 ml 1120 19
20 ml HjO 12
20 ml H20 6
20 ml HjO 5
20 ml H20 4
20 ml 0.6M KCI 8
20 ml 0.6M KCI 4
20 ml 0.6M KCI 3

aCooked pork  sam ple was 20g. A molar 
absorbancy coefficient o f 7.6 X 104cm m o le '1 
liter"' at S32 nm was used to calculate the 
am ount o f MA ex trac ted  and reacted  w ith TBA

664^ 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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BOUND MA F R E E  MA HOURS

Fig. 2 —Measured changes in MA o f  cooked pork extracts with time of 
storage o f the meat and with elution volumes from Sephadex G-10 
chromatography. V0 is the void volume and Ve is the elution volume of 
a purified malonaldehyde sample.

T I M E
( H O U R S )

Fig. 3 —A direct comparison o f the changing 
absorbancies o f peaks 2, 3  and 4 with time of 
storage o f the cooked  pork samples.

the samples and oxidation  could take 
place. In  the study by W itte et al. (1 9 7 0 ) 
samples o f 50g were used and the expo
sure to a ir was less than when I Og 
samples were spread out. In the present 
study, ground meat was purchased from  a 
local m arket and even though good con
tact w ith  air was achieved, it is possible 
that bacterial growth prevented the o x i
dation from  occurring .

T o  study the com pounds in cooked 
pork that bind M A , we made water

extracts o f the pork samples and frac
tionated the extracts on a Sephadex G-10 
co lum n. The extractions no rm ally  were 
done w ith  50 m l o f water fo r each lOg 
sam ple, but in it ia lly  successive ex tra c
tions were done to determ ine the e f f i
ciency o f the extractio n . Table 1 shows 
an in itia l 50 ml water extraction  fo llowed 
by extractions w ith  20 m l o f water and 
fin a lly  w ith  20 ml o f 0.6M  KC1. The 
results show most o f the M A removed by 
the first extractio n . Fu rtherm o re , the

extractions w ith  0 .6M  KC1 for rem oval of 
salt-soluble proteins contained no ap
preciable M A.

A p p ro x im ate ly  130 Mg o f M A was 
extracted from  a 20g sample o f cooked 
pork by a single 50 ml extractio n , or 65 
Mg MA per lOg sample. Figure 1 shows a 
T B A  num ber o f ap proxim ate ly  20 for an 
oxid ized cooked pork sample or ap proxi
m ately 200 Mg M A per lOg sample. 
Hence, the M A extracted by water is 
about 1/3 o f the total M A present. O n ly  
3 m l o f the 50 m l extract was frac tio n 
ated on G-10 Sephadex, but that 3 ml is 
representative o f the changes taking place 
in approxim ate ly  1/3 o f the M A in the 
sample.

In  an attem pt to concentrate the 
ex tra ct, it was lyo p h ilized , but subse
quent co lum n chrom atography showed 
no free M A in the lyoph ilized  sam ple. 
Since M A is vo latile  at low  pH , we did an 
experim ent to measure the loss o f free 
M A by lyo p h iliza tio n . The results fo r 
both a meat extract and a pure M A 
sample are shown in Tab le 2 . Loss o f the 
M A from  meat extract was greater than 
from  purified  M A but was appreciable in 
both samples. The greater loss from  the 
meat sample could be due to its low er pH 
o f 6 compared to pH 7 fo r the purified 
sample. We found that low ering the pH of 
a purified M A sample to 3 and lyoph iliz- 
ing resulted in 97% loss o f the sample.

Fu rth e r experim ents were done by 
placing water extracts (3  m l) d irectly  on 
the co lum n w ithout prio r concentration . 
The fractionation  o f cooked pork extract 
is shown in Figure 2 fo r several samples 
o f extract taken afte r increasing storage 
tim es. There were fo u r elution peaks 
showing reactiv ity  w ith  T B A  to produce 
an absorption band at 532 nm . Peak 1 
was located at the void volum e o f the 
co lum n and increased w ith  tim e but had 
very litt le  pigment associated w ith  it .

Table 2 -L o s s  o f M A during lyophilizationa 
Water extract from cooked pork Malonaldehyde

Sample Absorbance at 532 nmh Sample Absorbance at 532 nmh
vol Observed Expected0 % Lostd vol Observed Expected0 % Lostd

110 ml 0.67 0.67 100 ml 0.38 0.38 _

40 1.50 1.84 18.5 50 0.61 0.76 19.2
16 3.06 4.54 32.6 16 1.82 2.34 22.2
2.5 10.35 29.50 65.0 2.5 8.40 14.00 44.0
aPure m alonaldehyde was made hy hydrolysis o f the diacetal. 
h Reacted with TBA by heating for 35 min in a boiling w ater bath.
cExpected absorbance = initial absorbance f initial v»l tf sample vol J
H  M alonaldehyde lost = [E xpected  -  observed) x  |0Q k expected  )

Table 3 - A c id  and base ultraviolet absorbancy ratios o f Sephadex G-10 fractions compared to 
pure ¡nosine.

Ratios Inosine3
Peak A 

28
Peak B 

Fraction 
40

Peak C 
52

Acid (pH 3) 250 nm/260 nm 1.68 1.44 1.01 1.65
280 nm/260 nm 0.25 0.23 0.16 0.19

Base (pH 11) 250 nm/260 nm 1.05 1.09 1.08 1.12
280 nm/260 nm 0.18 0.22 0.02 0.13

aAccording to Beaven et al. (1955).
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Fig. 4 —Ultraviolet absorption spectra o f repre
sentative fractions from elution peaks A , B  and  
C  o f  Figure 5.

Peak 4 was located close to the elution 
volum e o f free M A  and decreased w ith  
storage tim e. Peaks 2 and 3 were between 
the void volum e and free M A  (ind icating  
some binding to increase the m olecu lar 
w e ight), and both peaks increased w ith  
storage tim e. The  patterns o f increase and 
decrease fo r peaks 2 , 3 and 4 are shown 
in Figure 3. These data ind icate that free 
M A is decreasing w ith  storage tim e and 
some sort o f bound M A , that s till reacts 
w ith  T B A  in the presence o f acid , is being 
produced. In  the water extract o f cooked 
pork , the binding is not by a protein , 
except fo r a very sm all am ount in peak 1.

F ro m  Figure 3 the decrease in  peak 4 
occurs s im ultaneously w ith  the increase 
in peaks 2 and 3, but based on absorb
ancies, the total M A in peaks 2 and 3 is 
more than could have been derived from  
peak 4 alone.

As alternate fractions were being 
analyzed fo r T B A  reactive m ateria l, the 
other fractions were studied fo r their 
u ltravio let absorption spectra. Prom inent 
u ltravio let absorption peaks were found 
in three elu tion  peaks labeled A , B and C . 
The absorption spectra are shown in 
Figure 4 and the elu tion  pattern in  Figure
5. E lu tio n  peaks A  and C  absorbed at 248 
nm while e lution peak B absorbed at 232 
nm . There was no noticeable change w ith  
tim e o f the absorbancy peaks in  Figure 5 
as had been seen fo r the T B A  reactive 
compounds in Figure 2. The changes in 
Figure 2 are o f the order o f 0.1 absorb
ancy un it w h ich  m ay not be appreciable 
in the U V  range particu la rly  when com 
pared to a fa ir ly  high existing  absorbancy.

A lternate fractions were analyzed for

T U B E  N U M BERS 
(2 m ! /  T U B E )

E

Fig. 5 —Elution pattern from Sephadex G-10 
chromatography o f  cooked  pork  extracts. Peaks 
A , B  and C  were identified by their ultraviolet 
absorbancy as shown in Figure 4. V0 is the void  
volume and Ve is the elution volume o f  a puri
fied malonaldehyde sample.

Fig. 6 —Relative amounts o f protein in the 
cooked  pork  extract. Fractions resolved by 
Sephadex G-10 chromatography. Absorbance 
o f 0.4  equals 0 .0 6  mg protein/ml.

protein afte r studying their u ltravio let 
spectra. F igure 6 shows the protein con
tent o f various fractions w ith  the most 
protein being present in  the fractio n  that 
coincides w ith  the void vo lum e. How ever, 
fractions 26 , 28 and 30 have considerable 
protein and these fractions co incide w ith  
peak 2 (F ig . 2 ) and w ith  peak A  (F ig . 5 ). 
Subsequent fractions show very litt le  
protein present. Since pure inosine eluted 
in the same fractions as those showing 
protein (2 6 , 28 and 3 0 ), there is doubt 
whether this is rea lly  protein .

E lu tio n  peaks A  and C do not coincide 
d irectly  w ith  e lu tion  peaks 2 and 4 but 
they fa ll in the same general region (A  
w ith  2 and C  w ith  4 ) . The  absorbancy at 
248 nm suggests the presence o f inosine 
or inosine breakdown products both o f 
w h ich  are found in meat extracts . A  
sample o f pure inosine eluted from  the 
Sephadex co lum n in the same position as 
peak A  (F ig . 2 ). Fo llo w in g  Beaven et al. 
(1 9 5 5 ), we treated pure inosine samples 
and chrom atography fractions 2 8 , 40  and 
52 w ith  acid and base and recorded 
u ltravio let absorbancies at 2 50 , 260 and 
280 nm . Th e  results shown in Tab le  3 
indicate that both peak A  (fra c tio n  28 ) 
and peak C (fra c tio n  52 ) contain inosine. 
Since the pure inosine eluted w ith  peak 
A , peak C may be a breakdown product 
o f inosine such as xanth ine or hypoxan- 
th ine.

E lu tio n  peak B o f F igure 5 coincided 
well w ith  e lu tion  peak 3 o f F igure 2. The 
absorbancy m axim um  o f peak B was at 
232 nm , typ ica l o f conjugated dienes 
form ed during lip id  o x id a tio n , but the 
re lation between the m ateria l absorbing 
at 232 nm  and binding o f M A is not 
know n.

The most lik e ly  com pounds that might 
in teract w ith  M A in cooked meat and still 
be water soluble would be free am ino 
aicds. Ch io  and Tappel (1 9 6 9 a ) give 
spectral data on l-am ino-3-im ino propane

derivatives resulting from  reaction o f 1 
mole o f M A w ith  tw o moles o f am ino 
acid . The spectra do not correspond w ith  
those shown in Figure 5, so we conclude 
that the higher m olecu lar weight deriva
tives o f M A are not due to am ino acid 
reactions.

T h is  analysis o f w ater extracts  from  
cooked pork has shown that free M A is 
present in it ia lly , but decreases w ith  sto r
age. The free M A is converted to a bound 
form  w hich  is evident in tw o separate 
peaks on G-10 Sephadex. Th e  com pounds 
reacting w ith  M A are not kno w n , but 
they do not have the spectra o f am ino 
acid derivatives. The binding o f M A to 
protein reported by B u ttku s (1 9 6 7 ), 
C raw fo rd  et al. (1 9 6 7 ) and K w o n  et al.
(1 9 6 5 ) was not evident because we ana
lyzed  on ly  the water extractab le  M A 
from  cooked meat. T h is  water extract 
contained ap proxim ate ly  1/3 o f the total 
M A  in the sample.
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EFFECT OF SODIUM NITRITE CONCENTRATION ON 
N-NITROSODIMETHYLAMINE FORMATION IN FRANKFURTERS

INTRODUCTION
U N T IL  1926 n itrate salts were used in 
the U n ited States in the fix in g  o f co lor of 
meat products by the “ corn ing”  or curing 
process. Haldane (1 9 0 1 ) dem onstrated 
that this function  takes place through the 
reduction o f n itrate to n itr ite . As a result 
o f the w ork  o f K e rr  et al. (1 9 2 6 ) , the 
Departm ent o f A gricu ltu re  perm itted the 
use o f sodium  n itrite  in meat curing. In  
addition to co lor f ix a t io n , n itrite  serves 
to develop the characteristic flavo r o f the 
cured meat products (B ro o ks  et a l., 1940 ; 
Cho and B ratz le r, 1970) and preserve 
them against bacterial spoilage (S il l ik e r  et 
a l., 1958). In  general cured meat products 
have enjoyed a long period o f safe con
sum ption . Concern over the use o f food 
additives as potentia l pub lic health haz
ards has increased in recent years. W ith it , 
the use o f sodium  n itr ite  has been ques
tioned. One o f the main reasons fo r this is 
that sodium  n itr ite , under acid ic condi
tions, reacts w ith  m any am ines, particu
la rly  secondary am ines to form  N-nitrosa- 
mines w h ich  may be tum origenic or 
carcinogenic (D ru c ke ry  et a l ., 1967).

The presence in meat products o f free 
amines or am ine precursors such as pro
teins, am ino acids, phospholip ids and 
other com pounds poses a situation  in 
w hich they may possibly react w ith  n i
trite to form  N -nitrosam ines. There have 
been reports o f finding a n itrosam ine in 
cured meat products (M ohler and May- 
rho fer, 1968 ; End er and Ceh , 1968; 
F re im u th  and G laser, 1970). The  m eth
ods em ployed may have lacked the neces
sary sensitiv ity  and se lectiv ity  to give 
positive id en tifica tio n . O ther w orkers 
(F a z io  et a l., 1971 ; F id d le r et a l., 1971; 
Te lling  et a l ., 1971) have not confirm ed 
the presence o f nitrosam ines in  various 
cured meat products at a level greater 
than 25 ppb. How ever, recently  the pres
ence o f d im ethyln itrosam ine (D M N A ) in 
three fran k fu rte r sam ples, one o f which 
contained 80 ppb, has been demonstrated 
(W asserman et a l., 1972). Studies to date 
indicate that D M N A  occurrence is ran
dom and no adequate exp lanation  is 
available. T h is  could be due to a num ber 
o f variables w h ich  are involved in the 
preparation o f cured meat products e.g ., 
the age and cond ition  o f the m eat, the 
concentration o f n itrite  and the type and 
am ounts o f other ingredients used, the

actual processing cond itions, and sub
sequent tim e and tem perature o f storage. 
In  v iew  o f the la ck  o f in fo rm atio n  ava il
able on the effect o f these processing 
factors on n itrosam ine fo rm atio n , a study 
was undertaken to determ ine the effect 
o f n itrite  concentration  on D M N A  fo rm a
tion in fran k fu rte rs  contain ing sugar and 
salt, but w ithout n itra te , ascorbate and 
delta-gluconolactone. The la tte r three 
ingredients are som etim es used com m er
c ia lly .

EXPERIMENTAL
Frankfurter preparation

Fresh beef and pork were trimmed to de
sired fat levels, 5 and 17% respectively, and 
ground through a 3/4-in. plate. The beef, pork 
and pork fat were stored under vacuum in 
Cryovac bags at 0°F. The day prior to process
ing, the frozen portions were removed from the 
freezer and allowed to thaw. The meat was 
ground through a 5/8-in. plate, then a 3/16-in. 
plate. A formulation based on the results of 
analyses of raw materials was used to produce 
frankfurters containing 9-10%  added moisture 
and 30% fat. The weights (kg) of the com
ponents of the emulsion were: lean beef- 
3.934; lean pork-2.514; pork fa t-3 .552; ice- 
2.287; salt-0 .251; and sugar-0.198. Nitrate, 
ascorbate and delta-gluconolactone were om it
ted from the formulation to reduce the number 
of variables that may effect nitrosamine forma
tion. The ingredients were comminuted in a 
h igh-speed  Stephan Universal Schnellkuter 
Type USF25 chopper equipped with a thermo
couple and a sealable Plexiglass plate. Under 
110 mm Hg vacuum, the initial temperature of 
the mixture was about 35° F. The chopping was 
continued up to a temperature of 60°F, taking 
approximately 5 min. The amount of sodium

nitrite required was weighed, dissolved in 15 ml 
distilled water, and mixed thoroughly with 
1.274 kg emulsion (equivalent to 1 kg of meat) 
using a Hobart Model N-50 mixer, to give the 
following levels of sodium nitrite added in ppm 
with respect to meat (lean plus fat): 150, 750, 
1050, 1500 and 2500.

The emulsion was then stuffed into size 23 
Nojax frankfurter casings using a screw-type 
stainless steel sausage stuffer having a capacity 
of 500g. The franks were linked using a Model 
MF Ty Linking Machine and cooked in a 
Dry-Sys Smokehouse using a 90-min commer
cial program of increasing heat and controlled 
humidity: 1/2 hr dry bulb (DB) 130°F, wet 
bulb (WB) 0; 1/2 hr DB 150°F, WB 130°F; 1/2 
hr DB 170°F, WB 150°F. A light smoke was 
generated in a Mepaco apparatus and intro
duced into the smokehouse for the entire peri
od. After the franks had reached an internal 
temperature of 160°F (about 2 hr), one batch 
containing different levels of added sodium 
nitrite was removed and the remainder was 
heated and smoked for an additional 2 hr (DB 
170°F, WB 150°F). These frankfurters had an 
average internal temperature of 160°F. After 
removal from the smokehouse, the frankfurters 
were immersed in an ice-water bath for 3 min, 
dried, weighed and stored overnight at 36°F. A 
sample of the franks processed normally for 
approximately 2 hr at the 150 ppm level was 
analyzed according to AOAC procedures and 
found to contain 53.40% moisture, 29.42% fat 
and 14.42% protein. The remaining franks were 
then vacuum packaged, frozen and kept in a 
freezer at 5°F until analyses were carried out.

When needed, the frankfurters containing 
different levels of sodium nitrite were thawed, 
ground, mixed and an aliquot taken for anal
yses. The residual nitrite was determined by the 
AOAC method; the average loss in sodium 
nitrite in the 2-hr and 4-hr processed frankfur
ters was 48.6% and 55.4% respectively.

Table 1—The effect o f sodium nitrite concentration on dim ethyl
nitrosamine formation in frankfurters

Processing time
2 Hr 4 Hr

NaN02 added 
mg/kg meat

NaN02 residual 
mg/kg

DMNA
Mg/kga

NaNOj residual 
mg/kg

DMNA
Mg/kga

150 67 trace 53 trace
750 361 3 310 8

1050 574 8 473 12
1500 811 10 724 14
2500 1386 19 MS 1345 19 MS

C orrected using recovery of sample with 20  Mg/kg added; MS- confirmed by mass spectrometry.
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Analytical procedures
The methodology employed for the deter

mination of DMNA in frankfurters is a modifi
cation of the procedure described by Howard et 
al. (1970). The method is as follows: the 
ground frankfurter samples are subjected to 
digestion with methanolic potassium hydrox
ide, followed by distillation from aqueous alka
line solution. The distillate is extracted with 
methylene chloride. The combined extracts are 
washed with base and dried over anhydrous 
sodium sulfate, concentrated and subjected to 
column chromatography using Elorisil acidified 
with hydrochloric acid. After the column is 
washed with hexane, the sample is eluted with 
m ethylene chloride, concentrated and the 
DMNA present determined by GLC. The aver
age recovery of DMNA in an aliquot of the 
same sample with 20 ppb added was 76%. 
Gas-liquid chromatography

Varian Aerograph Model 1740-1 gas chro
matograph equipped with two 9 ft X 1/8 in. 
OD stainless steel columns packed with 15% 
Carbowax 20M-TPA on 60 80 Gas-Chrom P, 
was conditioned overnight at 180°C, and in
stalled for on-column injection. The standard 
flame ionization detector was modified for use 
as an alkali flame ionization detector by the use 
of a potassuim chloride coated coil as described 
by Howard et al. (1970). The How conditions 
used were: helium 58, hydrogen 45 and air 188 
ml/min. Helium flow was monitored continu
ously with Matheson Model LI I 00 mass How- 
meter. Hydrogen flow and, to a lesser extent, 
air llow were adjusted slightly from time to 
time in order to maintain desired detector sensi
tivity. Electrometer range used was I0"12 
amp/mv. Injector port and detector tempera
tures were 190 and 250°C, respectively. Col
umn temperature was I 15° isothermal for rou
tine analyses involving only DMNA.
GLC-mass spcctrometric analysis

The analytical procedure described above, 
which used 25g of frankfurter, was repeated as 
needed to provide sufficient DMNA for con
firmation of identity by mass spectrometry. An 
identical gas-liquid chromatograph equipped 
with a flame ionization detector and column 
was used as for the determination of DMNA. A 
column temperature of 1I5°C was used with 
injector port and detector temperatures of 200° 
and 230°, respectively. Helium, at a llow rate 
of 25 ml/min, was used as the carrier gas. The 
hydrogen and air llow rates were 40 and 335 
ml/min., respectively.

The column effluent was split approxi
mately 1:1 and passed into a DuPont Model
21-492 mass spectrometer equipped with a jet- 
type separator via an inlet line heated at 20()°C. 
The mass spectra were obtained at an ionizing 
voltage of 70 ev and an ion source temperature 
of 200°C using a CEC model 5-1 24A recording 
oscillograph with a linear scan rate of 20 sec/ 
decade.

RESULTS & DISCUSSION
TH E P R O C E S S IN G  study was performed 
three times under the same 2- and 4-hr 
processing conditions covering a wide 
range of sodium n itrite  concentrations 
added to fran k fu rte r em ulsion . Analyses 
of the frank fu rters  fo r D M N A yielded 
similar values for all o f the studies. 
Representative data from  one o f these 
experiments is shown in Tab le 1.

Ideally  the id en tifica tio n  o f D M N A in 
natural products should be unambiguous. 
Where very sm all am ounts o f D M N A are 
e n c o u n te re d , con firm ation  may be 
accom plished by mass spectrom etry . In 
the present stu d y , however, D M N A con
centrations o f less than 10 /erg/kg in 
fran k fu rte r samples prepared as described 
were in su ffic ien t fo r con firm ation . T re a t
ing larger am ounts o f fran k fu rte r and/or 
concentrating m ultip le extracts to obtain 
su ffic ien t m aterial resulted in the pres
ence o f artifacts  which interfered w ith 
mass spectral in terpretation . There fo re , a 
m inim um  level o f D M N A 10 A*g/kg was 
considered s ign ifican t. When DM N A was 
not characterized by mass spectrom etry , 
id entity  was based on ly on its G L C  
retention tim e. In  the discussion o f the 
results, the term “ apparent”  D M N A is 
used to indicate levels at w hich mass 
spectral con firm ation  could not be made.

The U .S . Code o f Federal Regulations
(1 9 7 1 ) lim its the q uantity  o f sodium 
nitrite that may be added to com m inuted 
meat products, including fran k fu rte rs , to 
156 mg/kg (1/4 oz per 100 lb chopped 
m eat). A t levels o f up to about five times 
this perm issible concentration no sig n ifi
cant am ount o f DM N A was observed 
when the norm al 2-hr processing pro
cedure was used; however, a DM NA 
concentration bordering on significance,
i.e ., 8 ¡j g/kg meat, was obtained on 
heating an additional 2 hr. Concentra
tions o f apparent or confirm ed D M N A 
of 10 jug/kg and greater were found in 
frank fu rte rs  made w ith  levels o f sodium 
nitrite o f 1 500 mg/kg or higher, regard
less o f processing tim e. In  addition to 
2500 mg sodium  n itrite  per kg meat, 
levels o f 3075 and 4250  mg/kg were also 
studied in another series o f the same 
e x p e r im e n t , and concentrations of 
D M N A up to 60 jlg/kg were found for the
4-hr processed frank fu rte rs  and con
firm ed readily by mass spectrom etry . 
Sodium  n itrite  concentrations between 
150 and 750 ppm sodium  n itr ite , for 
both the 2- and 4-hr processing tim es, 
gave negligible am ounts o f D M N A .

F o r most o f the levels o f added n itrite 
at which apparent or confirm ed D M N A 
could be dem onstrated, there was an 
increase in D M N A concentration when 
the frank fu rte rs  were treated an addi
tional 2 hr. The extra  heating period is 
not no rm ally  used co m m erc ia lly ; how
ever, its use here represents an extrem e in 
experim ental conditions.

Residual n itrite  analyses showed that 
about one-half o f the sodium n itrite  
added was s till present after processing. 
C om m ercia lly  prepared frank fu rte rs  made 
w ith  156 mg/kg sodium n itrite  usually 
have residual n itrite  levels ranging from 
10 -30%  o f the added m ateria l. In previ
ous stud ies, we have observed that more 
n itrite  is lost when processing in com bina
tion w ith  ascorbate and n itra te , and the

concentration o f n itrite  continues to 
decrease upon storage. Therefo re the sig
nificance o f the higher values found in 
this study cannot be evaluated at this 
tim e.

CONCLUSIONS
F R A N K F U R T E R S  conform ing to U .S . 
Federal Regulations contain a concentra
tion o f sodium  n itrite  insu ffic ien t to 
produce, under the processing condi
tions described in this paper, am ounts o f 
DM N A measurable by our procedures. 
However, under laboratory conditions 
D M N A can be formed in a meat product. 
Concentrations o f sodium n itrite  up to 
about ten tim es the legal lim it may lead 
to sign ificant nitrosam ine fo rm ation . Th is  
study does not exp la in  w hy D M N A can 
be isolated from  some com m ercial cured 
meat products containing the permissible 
level o f sodium n itrite . Many variables 
have been suggested or can be conceived 
as contributing to D M N A form ation in 
the products, e .g ., localized high concen
trations o f n itrite  in em ulsions due to 
inadequate hom ogenization during proc
essing, the effect o f other cure ingredi
ents, storage cond itions, etc . Fu rth e r 
w ork is needed to establish the contrib u
tions, i f  an y , o f these variables.
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FLAVOR SENSITIVITY OF SELECTED ANIMAL PROTEIN FOODS 
TO GAMMA RADIATION

INTRODUCTION
B E C A U S E  S U B J E C T IV E  evaluation 
methods are usually  used, various term s 
have been used to describe the human 
response to the irrad iation  odor and 
flavor, such as burn t, m eta llic , b itte r, 
cured m eat, rem in iscent o f cress, cheesy, 
goaty, wet dog, wet grain, a c ry lic  or 
unappetizing (H ub er and B rasch , 1953; 
M ehrlich, 1966 ; Batzer et a l., 1959).

M erritt et a l., (1 9 6 7 ) concluded that 
the irrad ia tion  odor in  raw meat is a 
characteristic p ro p erty , is the same fo r 
beef, pork , lam b and other m eats, and 
varies o n ly  in  in tensity  among the d iffe r
ent meats.

Reports by Hannan and Th o rn ley  
(1 9 5 7 ), Huber and Brasch (1 9 5 3 ) and 
Coleby (1 9 5 9 ) reveal that beef is the 
most sensitive to irrad ia tio n , fo llow ed by 
lamb, veal, ch icken  and pork . Some 
threshold doses o f certain  meats have 
been determ ined: 100 K rad  fo r beef, 250 
Krad fo r lean pork and ch icken (H annan 
and T h o rn le y , 1957 ; C o leb y , 1959 ; and 
Tho rn ley , 1957) and 500 K rad  fo r trout 
(G ra ikosk i et a l., 1 9 5 7 ).

The objectives o f this study were to 
determine the re lative sensitivities to 
60Co rad iation o f raw  protein foods 
derived from  anim als o f d ifferent b iologi
cal c lassification  and to determ ine the 
threshold doses o f foods stud ied .

MATERIALS & METHODS
THE ANIMAL PROTEIN foods were selected 
to cover animal species as varied as possible, but 
still keeping in mind the possibility of the tast
ers’ acceptance as foods. The animals selected 
can be placed into the phylla of Chordata (sub- 
phyllum Vertebrate) and Arthropoda. They 
were beef, swine, lamb, deer, hippopotamus, 
rabbit, horse, beaver, whale, bear, elephant and 
opossum (mammals), chicken, turkey (birds), 
turtle (reptile), frog (amphibian), halibut and 
trout (fishes), and shrimp and lobster (crusta
ceans). The foods were supplied by Czimer 
Foods, Inc. in Chicago or by Michigan State 
University food stores in East Lansing. All the 
samples were kept frozen until shortly before 
use. The histories of the foods prior to receipt 
were unknown.
Preparation of samples

Samples in the frozen state were cut into 
steaks (except shrimp, lobster and frog leg) 
about 1 in. thick and about 0 .5-0 .75  lb for 
each cut. Each portion was packed and vacuum 
sealed in a gas-impermeable pouch consisting of 
Mylar polyester base with a thin coat of poly-

vinylidine chloride (Saran) applied to the outer 
surface of a heavier coat of polyethylene as a 
sealant, supplied by International Kenfield.
Irradiation process

The source of radiation used was the 60 Co 
irradiator in the Food Science Building at Mich
igan State University, East Lansing. The dose 
rate in the center well was about two Mrad/hr 
at the height of 15.2 cm. The temperature in 
the irradiation chamber was kept at 40-50°F . 
The sample temperature prior to irradiation was 
about the same; after removal from the source 
it was about 60°F.

The raw samples were irradiated in the pre
viously described plastic bags. One sample of 
each food was irradiated at each of the follow
ing doses: 10, 50, 100, 500, 1000, 2000, 3000, 
4000 and 5000 Krad (±10%). Two nonirradiat- 
ed samples were used as controls. The irradiated 
samples were served as soon as possible or kept 
at 40° F for not more than 2 days.
Cooking method

Samples were cooked in the plastic bags in 
boiling water for 30 min. This method assured a 
well-done degree of cook, no burning and dehy
dration, and also minimum leaching by the
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Fig. 1 —Mean scores for each food for all radia
tion doses employed. Means jo ined  by same Une 
are not significantly different from each other.

cook water. The cooked samples were cut into 
pieces suitable for the panel (ca. 10g), and were 
kept warm over warm water during the time of 
sample presentation (as long as 30 min).
Taste testing method

Just prior to the actual taste test, the panel 
members were given two samples, one not irra
diated and one irradiated at either 500 or 3000 
Krad. The flavor intensity score value for the 
irradiated sample was arrived at through agree
ment among the panel members. Then the 
other samples were presented in individual 
booths in the panel room, disguised under 
coded numbers and concealed from color dif
ference as much as possible by using blue-color
ed fluorscent light. The samples were divided 
evenly number-wise for two sessions. The first 
session employed samples with doses of 50,500, 
2000 and 4000 Krad with one nonirradiated 
control. The second session had doses of 10, 
100, 1000, 3000 and 5000 Krad with one non
irradiated control. The irradiated flavor inten
sity was recorded by score numbers of one to 
five on score sheets. The word description of 
the score numbers is as follows:

1 = No irradiation flavor
2 = Slight irradiation flavor
3 = Moderate irradiation flavor
4 = Strong irradiation flavor
5 = Very strong irradiation flavor

Statistical method
The Analysis of Variance of Split-plot de

sign and the Duncan’s new multiple test were 
used (Steel and Torrie, 1960).

RESULTS & DISCUSSION
A  S IG N IF IC A N T  D IF F E R E N C E  o f fla 
vor in tensity  among the protein foods 
studied was observed. In  Figure 1 the 
means o f scores fo r each food fo r all 
rad iation doses em ployed are shown.

Fig. 2 —Determination o f  threshold dose for 
pork and bear meat.
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Table 1 — The threshold dose for each animal 
protein food investigated, determined at flavor 
intensity score o f  2 .0  (slight irradiation flavor)

Animal food
Threshold dose 

Krad
Turkey 150
Pork 175
Beef 250
Chicken 250
Lobster 250
Shrimp 250
Rabbit 350
Frog 400
Whale 400
Trout 450
Turtle 450
Halibut 500
Opossum 500
Hippopotamus 525
Beaver 550
Lamb 625
Venison 625
Elephant 650
Horse 650
Bear 875

Those w h ich  are not covered by the same 
vertica l line are s ig n ifican tly  d ifferent in 
irrad iation  flavo r in te n s ity ; means cover
ed by the same line are not s ign ifican tly  
d ifferent.

F igure 1 ind icates there is no evidence 
o f a re lationsh ip  between flavo r sensitiv
ity  to irrad ia tio n  o f a food and the 
biological c lassification  o f anim al from  
w h ich  it is derived. I t  appears that foods 
derived from  the more in tensive ly  domes
ticated anim als (sw in e , beef, tu rkey  and 
ch icken ) are among the most sensitive to

irrad ia tio n . A ll sea foods and am phibious 
foods fa ll in  the m iddle o f the flavo r 
in ten s ity  scale as one group. The foods 
least sensitive to irrad ia tion  are those 
derived from  the less dom esticated or 
unusual food anim als.

T w o  possible exp lanations fo r these 
findings are : (1 ) The  mode o f liv ing , 
environm ental co nd itio n , physical a c tiv i
ties, the varie ty  o f feeds or m aybe the 
psychological cond ition  (stress) o f the 
anim al m ay have some effects on the 
physical o r chem ical nature o f the derived 
foods w h ich  w ill contrib ute to the devel
opm ent o f irrad iated fla vo r; and (2 )  It  is 
possible that la ck  o f fa m ilia r ity  o f the 
panel members w ith  certain o f the anim al 
foods m ay have affected th e ir judgm ents 
o f the irrad iated flavo r. H ow ever, there is 
no evidence that e ither o f these exp lana
tions is co rrect.
D eterm ination  o f threshold dose

B y  p lotting each food flavo r in ten s ity  
score vs. dose, and noting the dose 
corresponding to a 2 .0  score (w h ich  
corresponds to “ slight irrad ia tion  f la 
vo r” ) , a dose value was assigned as the 
threshold dose. Th is  is illu stra ted  in  F ig 
ure 2 fo r pork and bear meat representing 
low  and high threshold dose values.

The threshold levels so determ ined fo r 
all protein foods investigated are listed in 
Tab le 1. As expected , the threshold dose 
is higher fo r the less sensitive anim al 
foods. The order o f sensitiv ity  to rad ia
tion  based on the threshold dose value is 
som ewhat d iffe rent fo rm  that determ ined 
by the mean score fo r all doses em ployed 
(F ig . 1). T h is  d ifference is probably due 
to the non linear re lationsh ip  between 
dose and flavo r score. The figure o f 250 
K rad  fo r beef is higher than 100 K rad  o f

Hannan and T h o rn ley  (1 9 5 7 ). T h is  d iffe r
ence m ay be due to the varia tion  of 
sample score w h ich  corresponds to the 
threshold dose or to cooking m ethod. 
Thresho ld  doses o f 250  K rad  fo r lean 
pork (H annan and T h o rn le y , 1 9 5 7 ), 250 
K rad  fo r ch icken  (C o le b y , 1959 ; T h o rn 
ley , 19 5 7 ), 500 K rad  fo r trout (G ra ik o sk i 
et ah, 1967) are very  close ly related to 
the figures given in Tab le  1.
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DEVELOPMENT OF A MATHEMATICAL MODEL FOR OXIDATION OF 
POTATO CHIPS AS A FUNCTION OF OXYGEN PRESSURE, EXTENT 

OF OXIDATION AND EQUILIBRIUM RELATIVE HUMIDITY

INTRODUCTION
O P T IM A L  D E S IG N  o f protective packag
ing requires knowledge of factors a ffe c t
ing rates o f food deterioration and o f the 
in terrelationsh ips between these factors. 
We have investigated the deterioration o f 
potato chips as a representative food 
undergoing ox idative  deterio ration . In a 
previous paper (Q uast and K a re l, 1972) 
we presented results showing the depend
ence o f o x id atio n  rates o f potato chips on 
oxygen pressure, eq u ilib rium  relative 
hum id ity and extent o f o x id atio n . These 
results were presented as plots o f the 
dependent variable (o x id atio n  rate ) versus 
the three independent variables.

An alternative approach to storage 
behavior p red iction is the developm ent o f 
a m athem atical model to fit all o f the 
experim ental data on o x id a tio n  rate as a 
function o f the three im portant vari
ables: oxygen pressure, extent o f o x id a
tion and equ ilib rium  relative h u m id ity . 
Such m odeling is d iff icu lt  because: ( l )  
The co m p lexities o f the system  neces
sitate extensive experim ental data to be 
collected and fitted ; (2 )  The system  at 
the boundaries o f the region o f interest 
often shows large deviations from  behav
ior predicted on the basis o f more typ ica l 
portions o f the region; (3 )  V ariab ility  of 
the results requires replicate measure
ments. A ll these facets o f the problem 
dictate that sta tistica l techniques be used 
and that the model be based, as much as 
possible, on in fo rm ation  available from  
theoretical analysis o f ox id atio n  k inetics.

The general procedure in th is paper is 
that o f reducing the data to a representa
tive set, and building the model by a 
combination o f sim ple ana lytica l models 
suggested by the previous w ork and of 
various pair-wise re lations, by least 
squares fitting  to the reduced data set, 
and com paring the re lative error sums of 
squares. Once the general form  o f the 
complete model is determ ined, the fu ll 
data set is used to determ ine, by least 
squares fitting , its fina l fo rm  and the 
specific values o f the constants involved.

The use o f m athem atical models was 
applied by Sim on (1 9 6 9 ) and Kare l and 
Labuza (1 9 6 9 ) to several deteriorative 
reactions o f foods. More recently  M izrahi 
et al. (1970a , b ) developed an em pirical 
model for the browning rate o f dehy

drated cabbage as a function  o f m oisture 
content.

We describe here a m athem atical 
model w h ich  we developed for potato 
chips, but we hope that the form  o f the 
equation is general and applicable to 
s im ilar food products w ith  appropriate 
constants evaluated for each.

The approach reported here had as its 
main purpose a simple and fa ir ly  general 
equation which can be used for package 
design and sim ulation , but it may also 
help to give additional insight into the 
k inetics o f food product o xidation .

EXPERIMENTAL
THE RATES OE oxygen uptake (RATE) of 
potato chips at 37°C were determined in tripli
cate at the following values of the independent 
variables:

Oxygen partial pressure (P02): 0.0055, 
0.035, 0.072, 0.122, 0.21 atm;

Equilibrium relative humidity (RH): 0.1,
11.0, 20.0, 32.0, 40.0;

Extent of oxidation (EXT): at 5 to 15 dif
ferent extents (/d 0 2STP/g), depending 
on the RH.

The technique for obtaining these results 
has been described by Quast and Karel (1972). 
In all cases the samples entered a rapid oxida
tion period after an extent of oxidation of 
1200 p\ 0 2STP/g was reached which was the 
point above which the product became unac
ceptably rancid. Therefore this extent was 
defined as the critical extent and the model was 
not applied beyond this value. We also assumed 
t ha t  the rate of oxidation was zero at 
P02 = 0.0. In this manner a total of 843 experi
mental rates were available for building a 
mathematical model.

RESULTS & DISCUSSION
Developm ent o f a reduced set 
o f experim ental results

A  larger number o f results was avail
able in it ia lly  and at high R H  since the 
rates were lowest under these conditions 
due to the nature o f the experim ental 
procedure. A lso , when the experim ental 
rates were plotted against extent at each 
o f the com binations o f the other inde
pendent variables (P 0 2  and R H ) , we 
found that the trip lica te  results agreed 
fa ir ly  w e ll. Some o f these plots are shown 
in a previous publication (Quast and 
K a re l, 1972). Since the dependent vari
able ( R A T E )  was available at irregular 
and variable intervals o f the independent

variable ( E X T )  and since the average 
number o f intervals for this variable was 
11, we obtained a reduced but representa
tive set o f experim ental results at five 
equally spaced intervals o f the variable 
( E X T ) .  T h is  was done by in terpolating 
R A T E  from  the R A T E  versus E X T  plots 
o f all the 843 experim ental values. The 
rates were read at these extents: 0 .0 ,
3 0 0 .0 , 6 0 0 .0 , 90 0 .0  and 1200.0 . Th is  
procedure reduced the num ber o f experi
m ental results and therefore made the 
com puter calcu lations faster and cheaper. 
As one com puter card contained each set 
o f experim ental results consisting o f a 
com bination o f the independent variables 
and the corresponding value o f the de
pendent variable ( R A T E ) ,  we used a total 
o f 150 cards instead o f 843 for p re lim i
nary investigations. The reduced set o f 
150 cases is shown in Table 1 and was 
used for crossplotting R A T E  versus the 
other independent variables (Quast and 
K a re l, 1972) and for pre lim inary least 
squares fitting  o f several models.
C rite ria  fo r model building

The criteria  and approaches for model 
building have been discussed by B o x and 
H unter (1 9 6 2 ) and H im m elblau (1 9 7 0 ). 
In  th is paper we decided on the form  of 
the model according to these crite ria :
a. Close agreement w ith  the models de

rived from  postulated reaction m ech
anism s;

b. S im p lic ity  o f the model (u sua lly  as 
few constants as possib le);

c. Low  error mean square between the 
experim ental values and those pre
dicted by the model (s 2 );

d. The model should have no d iscontinu
ities in the range o f practica l values of 
the independent variab les;

e. The model should satisfy  conditions at 
the extrem a o f some o f the independ
ent variables;

f. The deviations o f the predicted values 
from  the experim ental values should 
be reasonably un ifo rm  over the whole 
range o f values o f the independent 
variab les;

g. The model should be simple from  a 
com putational point o f v iew ; fo r in
stance, a linear model is sim pler than a 
nonlinear model.

Even w ith  these crite ria , hundreds of 
d ifferent models o f three independent
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variables are possible, the advantages and 
lim ita tio ns o f w h ich  are not obvious and 
depend largely on their u ltim ate use.
Com putations

The form s of the models were based 
on the lip id  o x id atio n  k in etics , on previ
ous experience and on d iffe rent cross
plots and linearizations. Starting w ith  
approxim ate values o f the constants, least 
squares fitting  was used to estim ate the 
best values o f these constants w ith  the aid 
o f several programs on the IBM  S/360 
com puter o f the M .l .T . In fo rm atio n  Proc
essing Center. The  results fo r d ifferent 
models were com pared and some models 
elim inated by criteria  discussed previ
o u sly , and prom ising models studied for 
fu rther refinem ents or s im p lifica tions.

Tw o  basic types o f least squares fitting  
were used. Fo r linear m odels, stepwise 
linear regression programs were em
ployed . F o r nonlinear m odels, we used 
nonlinear least squares fitting  (H a rtle y , 
1961; Jenn rich  and Sam pson, 1968) 
embodied in the BM D -X85 program (D ix 
on, 1969). The nonlinear models in gen
eral require more com putation tim e and 
frequently  do not converge. A pproxim ate 
in itia l values o f the constants must be 
obtained from  plots. How ever, such 
models often give sign ifican tly  better fits 
and m ay also be required from  theoretical 
considerations o f the k inetics.
Models o f one independent variable

F irst we considered models in w hich 
the dependent variable ( R A T E )  was 
studied as a function  o f on ly  one o f the 
independent variables at a tim e , at each 
o f the d ifferent com binations o f the 
rem aining independent variab les. These 
re lative ly  sim ple models were chosen 
based on theoretical considerations and 
on the shape o f the d ifferent plots. O nly 
the reduced set o f 1 50 cases was used in 
these ca lcu lations.

Considerations based on the free rad i
cal m echanism  o f lip id  o x id a tio n  led to 
th is equation (K a re l, 1960; Lundberg ,
1961):

R A T E  = PQ2
P I + P 2  • P 0 2 (1)

where P I ,  P2 are constants.
Observation o f our experim ental re

s u lt s  (b y  p lo ttin g  P 1 /P 0 2  versus 
1 / R A T E )  showed excellent agreement 
w ith  Eq . (1 ) , w ith  an average mean square 
error (s2 ) o f 0 .0 1 0 . T h is  equation also has 
the im portant extrem um  property that 
the R A T E  is zero in the absence o f 
oxygen (P 0 2  = 0 .0 )  w hich is a physical 
requirem ent.

Inspection  o f plots o f the experim en
tal results im m ediately suggests a linear 
re lationsh ip  between R A T E  and E X T ,  
especia lly during the in itia l stages. A t 
higher values o f E X T  the R A T E  versus 
E X T  plots show increasing slopes w h ich

suggest a po lynom ia l. We first tried the 
model

R A T E  = P I  + P 2  • E X T  (2 )

where P I and P2 are constants. We also 
tried a second degree po lyno m ia l. The 
value o f s2 was 0 .0 1 4  for the first degree 
and 0 .0 0 2  fo r the second degree p o ly
nom ial (Q uast, 1972). A d d itio n  o f the 
term  E X T 2 w ill result in im proved ac
curacy if  a more com plicated m odel can 
be to lerated . K in e tic  considerations also 
ju s t ify  re lations involving E X T 1/2 if  in itia 
tion  occurred by m onom olecular decom 
position o f hyd roperoxides. How ever, 
th is model gave a poorer fit  than Eq . (2 ) .

There is no sim ple k in e tic  model based 
on theory o f lip id  o x id a tio n  to exp la in  
the effect o f m oisture content and R H  on 
the rate o f o x id a tio n . Hydrogen bonding 
o f hydroperoxides w ith  w ater and metal

U sually  the R A T E  decreases very rapidly 
when R H  is low  and slow er in the range 
o f 1 0 -4 0 %  R H . A t higher R H , the rate 
m ay increase again (H eidelbaugh et al., 
1971).

We tested first and second degree 
po lynom ia ls in R H  as possible models. 
The  overall average s2 ’ s were 0 .1 0  and 
0 .0 5 3 , respective ly , w h ich  is quite poor.

We tested the model

R A T E  = P I  (3 )R H *
and obtained a value o f s2 equal to 0 .0 1 6 . 
We also tested Eq . (3 )  w ith  the term  RH  
in the place o f R H * .  The error mean 
square was higher. La te r w o rk  w ith  mod
els o f two independent variables con
firm ed that m odels contain ing the term 
1 /R H *  gave low er s2 than those contain
ing 1/R H .

catalyst inactivation by the w ater are We considered Eq . (3 )  a more useful
some o f the im portant m echanism s (Ma- model fo r the present study than those
loney et a l., 1966). The re lative in tensity derived on the basis o f kineticsi. It  must
o f these factors and the effects o f other be noted here that E q . (3 )  does have
m echanism s are quite variable from  prod- lim ita tio n s at the extrem um  of R H  = 0 .0
uct to product. How ever, the general where R A T E would become in fin ite .
shape o f the R A T E versus R H plot is C le a r ly , this equation cannot be used
quite typ ica l (Quast and K a re l, 1972). close to th is value o f the independent

Table 1-R e d u c e d  set o f 150 cases

CulO, STP Ì
E X T K A T E  <-----

PO 2 idOj STP _______ 1 g ' hr )
(atm) g RH = 0.1 RH = 11.0 RH = 20.0 RH = 32.0 RH = 40.0

0 0 0 0 0 0 0
300 0 0 0 0 0
600 0 0 0 0 0
900 0 0 0 0 0

1200 0 0 0 0 0
0.0055 0 0.56 0.10 0.15 0.08 0.10

300 0.60 0.30 0.30 0.30 0.24
600 0.62 0.44 0.44 0.50 0.40
900 0.65 0.60 0.58 0.72 0.56

1200 0.70 0.72 0.72 0.90 0.70
0.035 0 1.10 0.20 0.16 0.08 0.10

300 1.10 0.40 0.42 0.34 0.28
600 1.10 0.56 0.70 0.58 0.48
900 1.10 0.72 0.98 0.84 0.72

1200 1.10 1.00 1.24 1.15 0.94
0.072 0 1.40 0.20 0.10 0.10 0.10

300 1.36 0.40 0.48 0.38 0.30
600 1.32 0.62 0.86 0.64 0.50
900 1.28 0.84 1.24 0.95 0.78

1200 1.30 1.20 1.64 1.30 1.12
0.122 0 1.90 0.20 0.16 0.10 0.12

300 1.56 0.44 0.48 0.44 0.32
600 1.32 0.64 0.84 0.80 0.52
900 1.32 0.95 1.20 1.15 0.80

1200 1.70 1.70 1.64 1.50 1.20
0.21 0 2.70 0.26 0.16 0.15 0.16

300 1.90 0.48 0.50 0.50 0.34
600 1.50 0.64 0.88 0.85 0.58
900 1.48 0.84 1.20 1.20 0.84

1200 2.00 1.54 1.72 1.60 1.30
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Table 2 —M o d els o f  tw o  in d e p en d e n t variables

Equation
Model (R A T E  =) Average s2 no.

PI + P2 • E X T  + P3 ■ RH + P4 • 
E X T  • RH

=0.080 (4)

P3 P4 • E X T  
PI + P2 • E X T  + r h ‘/2 + R H a 0.021 (5)

E X T  • P02 0.153 (6)
(PI + P2 • P02)

(P3 + E X T ) • P02 
(PI + P2 • P 0 2 )

0.029 (7)

(P3 + E X T  + P4 • E X T 2) • P02 0.013 (8)
(P I + P2 • P02)

PO2 E X T  • P02 0.019 (9)
(P3 + P4 • P02 ) (P I + P2 • P02)

(E X T )P3 • P02 
(P I + P2 • PO2)

0.137 (10)

P I • P 02P2 • (P3 • P4P° 2)RH 0.020 ( ID

variable . F ro m  a practica l point o f view 
R H  = 0 .0  is unatta inab le and is o f no 
im portance fo r food products. The  rela
tive errors in establishing and determ ining 
very low  values o f R H  are very large. In 
our w o rk , the lowest value o f R H  was 0.1 
and a sm all error in R H  in th is range can 
result in a large erro r in R A T E . Conse
quen tly , Eq . (3 )  and others developed 
later hold on ly  fo r 0.1 <  R H  <  4 0 . The 
m axim um  value o f R H  = 40  was chosen 
because above th is value the product was

unacceptable due to excessive m oisture 
content at any extent o f o x id atio n  (Quast 
and K a re l, 1972).

Models o f tw o independent variables
Based pa rtia lly  on the knowledge 

gained from  the developm ent o f models 
o f one independent variab le , we pro
ceeded to m odels w ith  tw o independent 
variables. The use o f products o f single
variable models has been discussed by 
W edekind (1 9 7 1 ).

The models tested , together w ith  the 
average s2 over the d iffe rent values o f the 
independent variable not included in  the 
model are sum m arized in Tab le 2 . Model
(4 )  is the product o f first degree po ly
nom ials in  E X T  and R H . It  gave the high 
s2 that could be expected from  the poor 
fit o f the first degree po lynom ia l in  R H , 
since the products o f good one-variable 
models are in  general more like ly  to result 
in  good two-variable models than the 
products o f poor one-variable models. 
Models (6 )  through (1 1 )  are products o f 
the d ifferent one-variable m odels. E q . 
(1 0 ) gave slightly  better results than Eq .
(6 ) . The exponent P3 in model (1 0 ) 
increased w ith  R H  from  0 .5  at R H  = 0.1 
to 0 .9  at R H  = 11 and 1.0 at R H  = 4 0 . 
How ever, the in tro d uctio n  o f a term  
independent o f E X T  is necessary to 
decrease s2 d rastica lly . Model (8 )  is better 
than model (5 )  from  the point o f v iew  o f 
low  error mean square, w ith  the same 
num ber o f constants. How ever, the equa
tions contain  d iffe rent independent vari
ables. Subsequent incorporation  o f the 
last independent variable in  E q . (5 )  is 
easy w h ile  the in tro d uctio n  o f R H  into 
E q . (8 )  is d iff icu lt  since no good relations 
could be found to represent the constants 
as a functio n  o f R H . The large increase in 
s2 when R H  is introduced into  E q . (8 ) 
requires a num ber o f add itional constants 
m aking the resu ltant m odel cum bersom e 
and probably less general.

Since E q . (5 )  contains the essence o f 
the k inetics fo r the independent variable 
E X T  and since it contains R H  in a form  
sim ilar to E q . (3 ) , it w ill be discussed in 
more detail. Th is  equation is actua lly  
linear in  param eters, and therefore can be 
easily fitted  by stepwise linear regression. 
We obtained Eq . (5 )  by generating 19

Table 3 —M od els o f  three in d e p en d e n t variables 

Model (R A T E  =) s2 Equation No.

P3 • P02 P5 • P02 • E X T
PI + P2 • P02 • E X T  + ,/2 + P4 • E X T  • P02 + ----- ------------- + P6 • E X T 2 0.046 (12)

P7 • PQ2 • E X T 2 
+ RH'/2

I P2 P3 • E X IT  PO2
■jPl + E X T  + RH ./2 + RH ./2 f  ’ p4 + p5 . po2

i P2 P4 • E X T )  P02
vPl + E X T  + ----7TT-+ ------ ----------------------------RH I>3 R h PS f  P6 + P 7 - P 0 2

PQ2 PQ2 • E X T  _________ P02_________  PQ2 • E X T
(P I + P2 • P02) + (P3 + P4 • P02) + RH'/2 (P5 + P6 • P02) + RH ,/2 (P7 + P8 • P02)

___________ (E X T  + P7 + P8 • P9k h ) • PO2____________
PI + P2 • P3RH + (P4 + P5 • R ii + P6 • RH 2 ) • P02

0.026 (13)

0.026 (14)

0.027 (16)
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diffe rent functions o f E X T  and R H , 
inc lud ing E X T ,  R H , E X T 1/*, E X T 2 , 1 /R H , 
1 /R H 1/*, 1 /R H 2 and various products 
thereof. N ext we applied stepwise linear 
regression o f R A T E  versus these fu n c
tions at each o f the values o f P 0 2  and 
found the term s that could exp la in  most 
o f the variation  (Q uast, 1972). E q . (5 )  
was thus obtained and was able to exp la in  
between 90%  (at PO2 = 0 .2 1 ) and 96%  
(at P 0 2  = 0 .0 0 5 5 ) o f the variation . 
E X T / R H 1/* is an in teraction  term  w hich  
incorporates in to  the model the fact that 
at high E X T  the R A T E  becomes essential
ly  independent o f R H .
Models o f three independent variables

The sim plest em pirica l models are 
po lynom ia ls and, fo r several independent 
variables, products o f po lynom ia ls . As a 
term  o f com parison , we investigated a 
linear model containing the term s P 0 2 , 
E X T ,  R H , the ir squares and all products 
o f these. We then obtained an equation 
by stepwise m u ltip le  linear regression. 
Even  a 9-constant m odel gave the unac
ceptab ly high value o f s2 =  0 .5 . N ext we 
generated 23 d iffe rent term s consisting o f 
d ifferent functions o f the independent 
variables and products thereo f. The  7- 
constant model thus obtained is E q . (1 2 ) 
in  Tab le 3 . A lm ost no reduction  in s2 
could be obtained by add ition  o f other 
term s. Aside from  poor f it ,  the linear 
model does not satisfy  the im portant 
extrem um  cond ition  o f R A T E  = 0 .0  at 
P 0 2  = 0 .0 .

O bservation o f the R A T E  versus P 0 2  
plots showed that the curves have very 
s im ilar shapes at a ll E X T  and R H . It 
appeared that m u ltip lica tio n  o f Eq . (1 )  
by a facto r w h ich  is a functio n  o f E X T  
and R H  could represent w e ll the experi
m ental results. We chose E q . (5 )  as such a 
facto r to obtain Eq . (1 3 ) . Note that upon 
m u ltip lica tio n  one o f the constants 
becomes redundant. Th is  5-constant non
linear model was a very s ign ificant im 
provem ent over the 7-constant linear 
model (1 2 ). N ext we investigated w hether 
the addition o f two constants in  the form  
o f exponents o f R H  could im prove the 
m odel. A lthough P3 and P5 in Eq . (1 4 ) 
both changed, th is did not bring about a 
sign ificant reduction in s2 .

F in a lly , we made the constants o f Eq . 
(1 )  independent fo r each o f the term s o f 
E q . (5 ) , thus obtaining Eq . (1 5 ) w h ich  
has eight constants and a low er s2 than 
the 5-constant model (1 3 ). There is no 
clearcut crite rion  fo r determ ining w h ich  
model is better. C erta in ly  model (1 3 ) is 
sim pler and probably more general while 
model (1 5 ) represents more close ly the 
particu la r set o f experim ental results 
under consideration .

While investigating alternative methods 
fo r obtaining a useful model o f three 
independent variables we obtained the
9-constant model (1 6 )  o f Tab le 3 . In  this

Table 4 -V a lu es  o f  the constants for the m odel (13):

RATE = jp i  + EXT + P2 P3 • EXT » P02
RH1/* + RH1/* ï (P4 + P5 • P02)

Experiment PI
Values of the constants3 

P2 P3 P4 P5

No.
of

cases s2
deduced set of 150 eases 5.8

(30.5)
463.6
(21.1)

-0 .378
(0.02)

7.02
(0.86)

817.1
(36.1)

150 0.026

Experiment 1 0.000
(0.000)

508.1
(26.6)

-0 .428
(0.03)

6.71
(0.89)

843.1
(24.3)

286 0.027

Experiment 2 0.000
(0.000)

437.8
(23.8)

-0 .350
(0.03)

6.82
(0.88)

807.7
(22.7)

283 0.026

Experiment 3 0.000
(0.000)

411.9
(21.9)

-0 .402
(0.03)

5.16
(0.69)

829.5
(21.9)

274 0.024

aThe number in parentheses under the constant value is the standard deviation of constant.

Table 5 — Values o f  the constants o f  m odel 117):

t PI P2 • EXT) P02RATE -  < EXT + RH,/2 + RHi/2 /  ' (P3 + P4 • P02)
calculated by least squares fitting o f  8 4 3  experimental cases

Constant Value Standard deviation
PI 445.24 14.05
P2 -0.391 11 0.01889
P3 6.1924 0.4838
P4 818.36

s2 = 0.027

case we attem pted to corre late the values 
o f the constants o f Eq . (7 )  w ith  R H . Th is  
was no easy task and resulted in a 
com p lex model w ith  higher s2 than Eq . 
(1 3 ).

A p p lication  o f Eq . (1 3 )  to all 
the experim ental results

We recall that the m odeling described 
so far was all done on the reduced set o f 
150 cases to fac ilita te  com putations. We 
have assumed that these “ sm oothed 
experim ental resu lts”  would represent 
well the whole set o f trip lica te  experi
m ental results. We therefore applied Eq . 
(1 3 ) to each o f the ind iv idua l experi
m ental sets. The results are sum m arized 
in Tab le 4 . On the basis o f the s im ila rity  
o f the error mean squares, the values o f 
the constants and their standard devia
tions, we concluded that the reduced set 
o f 1 50 cases represented w ell each o f the 
ind iv idua l experim ents o f the trip lica te . 
There is one sm all d ifference w h ich  
results in fu rther s im p lifica tio n  o f Eq . 
(1 3 ) . Even fo r the reduced set, the value 
o f P I is very sm all com pared w ith  the 
other term s and w ith  its standard devia
tion . With the actual experim ental results 
P I becomes zero and can therefore be 
elim inated . Eq . (1 7 ) o f Tab le  5 results. 
Tak ing  a ll the trip lica te  experim ental

13.30
s = 0.16

results together, the best estim ate o f the 
constants o f Eq . (1 7 ) are show n in Table 
5 together w ith  the ir standard deviations.

Fro m  the trip lica te  experim enta l re
sults, the mean square due to pure error 
(se2 ) could also be ca lcu la ted . F o r this 
the values o f the dependent variab le at 
the same values o f the independent varia
bles were com pared. U n fo rtu n a te ly , the 
R A T E  was not availab le at e xa ctly  the 
same values o f E X T ,  due to the nature of 
the experim ent. Thus the value o f se2 = 
0 .0 2 0  w h ich  was obtained is actua lly  

slightly  larger than that due to pure error. 
Th is  value is s im ila r to s2 = 0 .027  be
tween the model (1 7 )  and the experim en
tal results.

F in a lly  we applied Eq . (1 7 )  to a 
duplicate set o f experim enta l results 
w h ich  were obtained previously  from  a 
com p lete ly  d iffe rent sam ple o f potato 
chips at the same tem perature . Th is  
experim ent did not include R H  = 20 . The 
constants were quite d ifferent from  those 
shown in Tab le 5 but the model repre
sented the experim ental results satisfac
to r ily  w ith  s2 = 0 .0 3 0 .

Po ssib ility  o f p red ictions w ith  a 
sm all num ber o f experim enta l results

In order to provide fo r practica l app li
cation o f the m odel, it is necessary to
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Table 6 -V a lu es  o f the constants o f m odel (17):

I PI P2 • EXT) P02RATE -  -jl XT + RH,/2 + - RH./2 f  • (P3 + P4 . p o 2 )
estimated from 2 7  experimental results at P 0 2 : 0.0055, 0.035, 0.21, R H : 0.1, 1 1 4 0 . ,  E X T :  0.,
600., 1200.

Experiment 1 Experiment 2
Value of Standard Value of Standard

Constant constant deviation constant deviation
PI 408. 52. 413. 54.
P2 0.343 0.06 0.285 0.07
P3 10.7 2.3 7.9 1.9
P4 680. 57. 899. 76.

s2 = 0.040 s2 = 0.030

Fig. 1-Three-dim ensional representation o f experimental (from reduced set o f 150 cases) and pre
dicted rates o f oxidation o f potato chips at 3 7 °C. (Ordinate represents R A T E .)

obtain the num erical value o f its con
stants from  a sim ple experim ent provid
ing much less data than those used in 
model developm ent. One such experi
ment would involve the determ ination of 
R A TE  at on ly  three values o f each o f the 
independent variab les. To  test th is pos
sibility, we chose 3 X 3 X 3 = 27 exp eri
mental cases for tw o of the trip licate 
experiments. The choice o f the values o f 
the independent variables is not a rb itra ry . 
For E X T , we used equal interva ls because 
of the linearity  w ith  respect to this 
variable. Since R A T E  is a strong function  
of P02 and R H  at low  values o f these 
variables, we chose sm aller interva ls in 
this range. The results are sum m arized in 
Table 6. It can be seen that the constants 
are sim ilar to those from  all the experi
mental results (Tab le  5 ) although their 
standard deviations are m uch larger. The

error mean squares are on ly s lightly  larger 
than fo r the model w ith  constants evalu
ated from  all the experim ental results. 
T h is  suggests means fo r im proving the 
experim ental design and at the same tim e 
reduce the am ount o f experim entation .

In  Figure 1 we have represented the 
reduced set o f experim ental rates and the 
predicted rates |E q . (1 7 )]  at selected 
values o f the independent variables. The 
ordinate in th is model represents the 
R A T E .  The experim ental and predicted 
values agree reasonably w e ll.

CONCLUSIONS
A  M IX E D  A P P R O A C H  to model bu ild
ing, including theoretical considerations 
o f reaction k inetics  as w ell as em pirical 
data fittin g  resulted in a simple and 
po tentia lly  useful re lation for the rate o f

ox id atio n  o f potato chips as a function  o f 
oxygen partial pressure, extent o f o x id a
tion and equ ilib rium  relative hum id ity .

Fu rth e r , we found that a small number 
o f experim ental results could be used to 
evaluate the equation constants once the 
form  o f the model was established.

T w o  im portant questions rem ain . The 
first is w hether the model can be applied 
at higher tem peratures sim ply by using an 
A rrhen ius tem perature co rrection  facto r. 
I f  this is possible, the ap p licab ility  o f this 
investigation would be increased by per
m itting rapid experim ents at high tem 
peratures to be used to evaluate the 
constants o f the equation , and this equa
tion could be used for package sim ulation 
and storage life  prediction at room  tem
peratures. The second question refers to 
the effect o f “ h istory o f o x id a tio n ”  or 
the particu la r path in the space o f the 
three independent variables along w h ich  a 
particu lar com bination o f these three 
variables is reached. I f  there is a path 
e ffect, then the rate w ill be d iffe rent for 
d ifferent paths even at the same values o f 
the independent variables. I f  th is effect is 
very large, then it is v irtu a lly  im possible 
to build meaningful models. In  the 
present case, the path effect could be 
responsible for some o f the d ifferences 
between the experim ental and predicted 
results. T h is  subject is being studied 
presently.

The m athem atical model developed in 
this paper is spec ifica lly  fo r one product, 
potato chips. How ever, it should general
ly  be applicable to other food products 
which undergo deterioration by autoxida- 
tion o f lip ids. V e rifica tio n  requires fu r
ther experim entation and o f course a 
specific set o f constants to be determ ined 
fo r each such food product.

APPENDIX
Symbol Definition Units
RATE Rate of 

oxidation
pi OjSTP/g-hr

EXT Extent of 
oxidation

Ml 0 2 STP/g
RH Equilibrium 

relative 
humidity (%)

P02 Oxygen partial 
pressure

atm
P I___ PN Constants -
s2 Error mean 

square
—

Mean square 
due to 
pure error
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COMPUTER SIMULATION OF STORAGE LIFE OF FOODS UNDERGOING 
SPOILAGE BY TWO INTERACTING MECHANISMS

INTRODUCTION
P R E D IC T IO N  O F  “ she lf l ife ”  o f food products stored under 
different environm ental conditions is an im portant problem  of 
the food in d ustry . She lf life  depends on a large num ber o f 
factors such as tem perature , eq u ilib rium  relative h u m id ity , 
oxygen partial pressure, light, package perm eabilities and 
package config uration . Some o f these factors rem ain constant 
during storage while others change, such as the equ ilib rium  
relative hu m id ity  and oxygen partial pressure. The effect of 
these variable factors on the deterioration o f the food product 
can be su ffic ie n tly  com plex to require num erical methods for 
storage life pred iction . It is also necessary to determ ine which 
are the particu la r factors responsible for the eventual unac
ceptability o f the product. In some cases, spoilage may clearly  
be due to one specific  deteriorative process such as enzym atic 
or nonenzym atic brow ning ; in others, two or more sim ultane
ously occurring deteriorative m echanism s are im portant. In te r
actions introduce co m p lex ity . F o r  instance, the carbonyls 
formed in lip id  ox idation  can increase the rate o f browning 
while the rate o f ox idation  may be decreased by some 
compounds produced in the browning reaction .

Fo r the purpose o f package design and o p tim izatio n , it is 
important to consider the deteriorative reactions w hich 
depend on the characteristics o f the package. W ater and 
oxygen are transm itted through m any packages and their 
concentrations inside the package change con tinuously . Water 
can cause spoilage due to caking in products such as soluble 
tea (K a re l and Labuza , l 9 69 ) or due to loss o f crispness as in 
the case o f potato chips (K ag h an , 1968). In d ire c t ly , the 
increase in m oisture content can decrease the rate o f oxidation  
and increase the rate o f browning. S im ila rly  the change in 
oxygen concentration  w ill d irec tly  affect the rate o f oxidation  
of lip ids, pigm ents, v itam ins and proteins. In d ire c tly , it can 
affect the rate o f browning via the interm ediates form ed in 
lipid o xidation .

Some o f the early  w ork on m athem atical models o f storage 
prediction o f foods in permeable packages was done by Ju rin  
and Kare l (1 9 6 3 ), Kare l and G o  (1 9 6 4 ), and Veeraju  and Kare l
(1967). These authors studied the storage o f fru its  in packages 
permeable to oxygen and carbon d ioxide . The concentration 
of these gases was also a function  o f the respiration o f the 
fruits, and the storage behavior could be predicated by 
analytical techniques.

A na ly tica l and num erical techniques were used by Kare l 
and Labuza (1 9 6 9 ) and by Sim on et al. (1 9 7 1 ) to predict 
storage life o f several food products in w hich on ly one 
deterioration reaction occurred . M izrahi et al. (1 9 7 0 ) success
fully predicted the extent o f browning o f dehydrated cabbage 
using num erical m ethods. In this product, the rate o f browning 
was only a function  o f m oisture content, but this function  was 
complicated by the fact that water was one o f the products of 
browning reactions.

Durichen and Heiss (1 9 7 0 ) applied m athem atical tech
niques to the analysis o f storage behavior o f roasted coffee in 
flexible packages. In this case, the problem was the release of 
C 02 from the fresh ly  roasted beans and the transfer o f gases 
through the film . Rapid release o f the C 0 2 associated w ith  low

perm eability  o f the film  to this gas can result in rupture o f the 
package.

In the present paper, we investigated the storage life  o f 
potato chips used as a model o f a dry food w h ich  deteriorates 
by two mechanism s s im u ltaneously : nam ely , by oxidation  
due to atm ospheric oxygen, and by textu ra l changes due to 
pick-up o f water. F low ever, the general approach outlined can 
be applied to any num ber o f deteriorative reactions, w ith  or 
w ithout interactions.
Development of the mathematical model

Let us consider the case o f a dry food product packaged in 
a permeable container. F o r  this system , oxygen and water are 
transferred through the package and the form er can cause 
spoilage due to oxidation  o f the product while the la tte r can 
cause deterioration due to gain or loss o f m oisture. The rate o f 
accum ulation o f oxygen in the package headspace is the 
difference between the rate o f transfer into  the package and 
the rate o f uptake by the food product:

d(X Q 2)
v V  ’  = d (PQ 2/P ) = 

dt dt

T - A - K Q 2
T O - V - X

( P 0 2 0  -  P 0 2 )  -  T -w- R A T E  
TO -V -IO O O (1)

where
V 0 2  = volum e o f oxygen (c m 3 )
V  = total headspace volum e (c m 3 )
t = tim e (h r)
P 0 2  = oxygen partial pressure inside package (a tm )
P = total pressure (a tm )
T  = tem perature ( ° K )
A  = area o f package film  (m 2 )
K 0 2  = oxygen perm eability (c m 30 2 S T P -m il)/ (m 2 -h r*atm )
T O  = reference tem perature (2 7 3 °K )
X  = th ickness o f film  (m il)
P 0 2 0  = outside oxygen partial pressure (a tm )
w = weight o f product (g)
R A T E  = rate o f oxidation  (expressed as 0 2 consum ption 

per un it tim e) ;ul P 2 S TP  
g-hr

The rate o f oxygen uptake has to be determ ined fo r each 
product and can be a function  o f oxygen partial pressure, 
water ac tiv ity  and other variables. In the case o f potato chips 
at 3 7 °C , the rate o f oxidation  was a function  o f three variables 
and a suitable model was developed for this product (Q uast et 
a l., 1972):

R A T E  = d-^— - = 
dt

C V T  P 1 + P 2 -E X T P 0 2
ViRH P 3+ P 4-P 02

(2)

where E X T  = extent o f ox idation  (¿rl 0 2 STP )/g  
P I , P2 , P3 , P4 = em pirical constants 
R H  = equ ilib rium  relative hum id ity

Volum e 3 7  (1 9 7 2 )-J O U R N A L  OF FO O D S C IE N C E -6 7 9
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The rate o f change o f m oisture content o f the product is a 
function  o f the rate o f m oisture transfer through the packag
ing f ilm :

d (m ) _  A -K W -P W S  
dt X - w

(a o —ai) (3 )

where
m = m oisture content o f the product (g/g so lids)
KW  = water vapor perm eab ility  (g -m il)/ (m 2 -h r-m m  Hg) 
PW S = pressure o f saturated w ater vapor 
ao = w ater ac tiv ity  outside o f package 
ai = water ac tiv ity  inside o f package 

Th is  equation can on ly be solved i f  a suitable re lation between 
the m oisture content and the water ac tiv ity  is kno w n . In  the 
case o f potato ch ips, several models were fitted  to exp eri
m ental resu lts. It  was found that over the range o f interest the 
K u h n  isotherm  gave the best f it :

m* 100 = + P6 (4 )
ln (a i)

where P5 and P6 are em pirica l constants estim ated as: P5 = 
—3 .87  and P6 = —0.51 by least squares fitting .
It is convenient to define dim ensionless variab les:

where

Y1

Y 2

Y 3

PQ2
P 0 2 0
E X T
E M A X
R H
R H M A X

E M A X  = m axim um  allowable extent o f ox idation  
(Ail 0 2 STP )/g

R H M A X  = m axim um  allowable eq u ilib rium  relative 
hu m id ity  o f the product.

Substitu ting  these values and E q . (4 )  in to  the d iffe rentia l Eq . 
(1 ) to (3 ) ,  and noting that R H  = a i-10 0  and R H O  = ao -100 , 
we obtain :

d ( Y l )  = T - A - K Q 2  
dt T O - V - X

T - w - E M A X  d (Y 2 )
T O - V - P 0 2 0 - 1 0 0 0  ' dt (5 )

d (Y 2 )  = 
dt

Y 2 - E M A X  + P j +p2 - Y 2 - E M A X  
(Y 3 - R H M A X ) ‘/2

Y 1 - P Q 2 0
P 3 + P 4 -Y 1 -P 0 2 0

E M A X
(6)

d (Y 3 )  _  Y 3 - R H M A X  [. Y 3 - R H M A X  2 
dt —P5 n 100

the headspace vo lum e does not change. A c tu a lly , small 
changes in  vo lum e do occur under certain  cond itions. Another 
assum ption in w riting  E q . (1 )  and (3 )  is that even as the 
driving forces fo r oxygen and fo r w ater transfer change with 
tim e , the transfer a lw ays occurs at the steady state rate 
corresponding to the driving force prevailing at the given 
instant o f tim e . Exp erien ce  has shown that this assum ption is 
sa tis facto ry  fo r the packaging problem s discussed here.

EXPERIMENTAL
THE TECHNIQUE for obtaining Eq. (2) has been described previously 
(Quast et al., 1972; Quast and Karel, 1972b). For the same potato 
chips, package experiments were made to investigate the feasibility of 
predicting the storage life by solving Eq. (5) to (7) with appropriate 
parameter values. In packages of known characteristics and containing 
different weights of potato chips, oxygen concentration was deter
mined as a function of time by a technique described by Quast and 
Karel (1972a). The rate of transfer of oxygen into the package can then 
be calculated:

d(V02_) = J -A -K 0 2  (p 0 2 0  _  p02) (8)
dt TO-X

where
P02 = f(t). (9)

The partial pressure P02 was determined experimentally. The total 
volume of oxygen transferred into the package can be determined by 
expanding and integrating Eq. (8) and (9) between t = 0 and t = t.

V 02t = T ^ 2 • P 0 2 0 -t -  0/ ‘ f(t)-d t (10)

where V 02j = volume of oxygen transferred into package from time 0 
to time t

where the integral „/* f(t)-dt is simply the area under the curve of the 
plot of P02 versus t. If there is no product consuming oxygen inside 
the package, the calculated volume of oxygen would be present in the 
package headspace. However, if there is an oxidizing sample inside the 
package, then the experimental results of the oxygen concentration 
(P02) can be used to determine the actual volume of oxygen inside the 
package (VQ2p).

VQ2n = PQ2-V (11)
The difference between the transferred volume and the volume present 
at any time represents the volume of oxygen taken up by the product. 
Then

EXT = VQ2* -  VQ2r
w

TO
T 1000 (12)

The moisture content of the product as a function of time was 
determined by weight gain of the packages since the weight gain due to 
oxygen uptake is much smaller, and does not result in a significant error 
in the present experiment. From these results, the dimensionless vari
ables Y l, Y2, Y3 could be obtained as a function of time for all the 
experiments. The calculations, including the numerical integration of 
Eq. (10), were done on the IBM/360 computer at the M.I.T. Computa
tion Center.

The oxygen permeability of the packages was determined by meas
uring the oxygen concentrations inside empty packages which initially 
contained only nitrogen. By plotting P 0 2 0 /(P 0 2 0  -  P02) versus time, 
the permeability was calculated from the slope. The water vapor per-

A -K W -P W S  / R H O  
X - w  I r h m a x

T o  obtain Y l ,  Y 2  and Y 3  as a function  o f tim e , the 
d iffe rentia l Eq . (5 )  to (7 )  have to be solved sim ultaneously . 
T h is  is d iff icu lt  to do an a ly t ica lly  due to the co m p lex ity  o f the 
equations. How ever, w ith  the aid o f com puters these equations 
can be solved num erica lly  w ith  a high degree o f accuracy.

It must be m entioned here that in the above treatm ent it 
was assumed that the total pressure is one atmosphere and that

Table 1 —Ex p e rim e n ta l c o n d itio n  fo r three  
packaging situ ations

Case 1 Case 2 Case 3
RHO 40 40 0.1
w 10 50 10
V 371.4 337.0 371.4
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meability was determined by weight gain of packages containing cal
cium sulfate desiccant. The permeabilities of the packaging film used 
(ACLAR 33C; brand name of Allied Chemical Corp.) were not affected 
by the water activity.

For computer simulation of storage behavior, a main program and 
two subroutines were used. The main program was used mainly for 
input and output. The integration of Kq. (5) to (7) was done with the 
aid of a fourth order Runge-Kutta subroutine which used a subroutine 
containing the derivative functions. Accurate results could usually be 
obtained with intervals of 20 hr. In some cases, intervals of 50 hr could 
be used while in others, intervals of 5 hr had to be employed to avoid 
instability.

In our calculations, we considered the maximum allowable equilib
rium relative humidity (RHMAX) of potato chips to be 32 which cor
responds to a moisture content of 3%, the limit for commercial accept
ability (Kagltan, 1968). In previous work (Quast and Karel, 1972b), we 
found that the potato chips become very rancid and enter a rapid 
oxidation period after an extent of 1 200 /ul 0 2 STP/g is reached. We 
therefore used l'.MAX = I 200 in our calculations.

RESULTS & DISCUSSION
Experimental packages

The follow ing packaging parameters and conditions were 
constant as determ ined experim entally for all situations:

K 0 2  = 9.1 
KW = 0 .0 0 1 0  
X = 1 .0  
A = 0 .0 1 2 3

Initial conditions

T = 310
EMAX = 1 2 0 0  
P 0 2 0  = 0 .2 1
RHMAX = 32

Y1 = 0 .0  (i.e ., inert gas packaging)
Y2 = 0 .0  (i.e ., start with unoxidized product) 
Y3 = 0 .003

The value o f Y3 = 0 .003  corresponds to an initial equilibrium  
relative hum idity (R H ) o f 0 .1 . This is very low , and can be 
considered the low est value o f practical im portance. N ote that

the rate o f oxidation as given by Eq. (2 ) becom es infinite for 
RH = 0 .0 , and this m odel does not hold for RH <0.1 (or 
Y 3 < 0 .0 0 3 , if RHMAX = 32).

The different experim ental parameters o f three different 
experim ental packages are summarized in Table 1. The 
experim ental results in triplicate are shown in Figures 1 to 3. 
It can be seen that for these particular package designs, 
spoilage occurred due to excessive oxidation rather than 
excessive moisture. The package in case no. 1 appears to be 
better designed than in case no. 2 where the product is 
over-protected against m oisture while under-protected against 
oxygen. It can also be seen that the product in case no. 2 has a 
longer storage life for the same permeability and film area. 
This is due to the larger am ount o f product inside the package 
which serves as the “ sink” for the spoilage inducers (H 2 0  and
0 2 ) transferred into the package.

In case no. 3, the outside RH was equal to the initial inside 
RH of the product. Consequently, the RH of the product did 
not change with tim e since no moisture transfer could take 
place. Spoilage could only be due to oxidation and occurred 
after a short time because o f the high rate o f oxidation at low  
RH. Case no. 3 represents a very poor packaging condition.

It can be seen that in all cases, for the particular initial 
conditions o f the experim ents, the oxygen concentration  
increased initially and then decreased to a very low  level. As 
expected , the rapid decrease o f the oxygen concentration  
usually coincided with the reaching o f EXT/EM AX = 1, when 
the period o f rapid oxidation o f the potato chips starts.
Package sim ulation

The three experim ental cases were sim ulated on the 
com puter by solving Eq. (5 ) to  (7) sim ultaneously with the 
same package parameters and up to the time when either Y2 
or Y3 reached a value o f unity. Beyond this point, the product 
was considered spoiled and also Eq. (6 ) does not hold for 
Y 2 > 1 . The follow ing values were used for the constants in Eq.

0 1000 2000 
HOURS

Fig. 1 —P redicted an d  ex p erim en ta l changes in 
oxygen pressure, re lative  h u m id ity  a n d  e x te n t  
o f oxidation in  p o ta to  ch ip  packages (R H O  =  
40; w  =  10; V  =  3 7 1 .4 ) . L ines represent p re 
dicted changes; open circles, squares, an d  tr i
angles represent ex p erim en ta l results o f  tr ip li
cate experim ents.

Fig. 2 —P red ic ted  an d  ex p erim enta l changes in 
oxygen pressure, re lative  h u m id ity  an d  e x te n t  
o f  o x id a tio n  in p o ta to  ch ip  packages (R H O  =  
4 0 ;  w  = 5 0 ; V  =  3 3 7 .0 ) . Lines represent p re 
d ic ted  changes; open circles, squares, a n d  tr i
angles represent ex p erim en ta l results o f  tr ip li
cate experim ents.
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HOURS

Fig. 3 —P red icted  a n d  ex p erim enta l changes in 
oxygen pressure, re lative  h u m id ity  a n d  e x te n t  
o f  o x id a tio n  in p o ta to  ch ip  packages (R H O  =  
0 .1 ; w  =  10; V  =  3 7 1 .4 ) . L ines represent p re 
d ic ted  changes; open circles, squares, an d  tr i
angles represent ex p erim enta l results o f  tr ip li
cate experim ents.
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Table 2 —Com parison o f  s im ula ted  an d  exp erim en ta l value o f  m a x im u m  storage life  a n d  the 

values o f  Y 3  an d  Y1 a t th a t t im e a

Maximum storage life

Case no.

(hr) Y3 Yl

Experimental Predicted Experimental Predicted Experimental Predicted

1 1750 2 2 0 0 0.65 0.90 0.30 0.35
2 2600 2700 0.35 0.30 0 .0 1 0 .0 2
3 850 1050 0.003 0.003 0.15 0.25

aIn cases 1 —3, Y2 = 1 b e fo re  Y 3 = 1.

(6) (Quast et al., 1972): PI = 4 4 5 .2 4 ; P2 = -0 .3 9 1 1 1 ;  P3 = 
6 .1 9 2 4 ;P 4  = 818 .36 .

The results o f the com puter sim ulations are shown as lines 
in Figures 1 to 3. The open circles, triangles and squares show  
experim ental points obtained in triplicate experim ents. It can 
be seen that for m ost o f the cases there is reasonable 
agreement betw een the experim ental and predicted values o f  
the three variables. The largest deviation occurred for the 
variable Y2 in case no. 1 (Figure 1). N ote that the predicted  
values o f the variable Y l ,  representing the oxygen concentra
tion in the headspace, are only slightly higher than the 
experim ental values. However, since the headspace volum e is 
very large compared to the sample weight, this small difference 
in Y l reflects itself as a large difference in Y2. The larger 
differences betw een the predicted and experim ental values o f  
Y3 for case no. 1 can also be attributed in part to  the small 
sample size which results in small weight changes due to 
moisture uptake.

In all three cases, spoilage occurred due to excessive 
oxidation o f the product and therefore the storage life was 
lim ited by this factor. This is, o f course, due to the low  RHO 
chosen in the present study and does not preclude the 
possibility o f  water-caused spoilage under other storage condi
tions. The m aximum experim ental and predicted storage lives 
for the three cases are summarized in Table 2. It can be seen 
that over the wide range o f packaging conditions represented  
by the three cases, the predictions agree with the experim ental 
results sufficiently to be o f practical value. The advantage o f 
the mathem atical model lies in the insight gained from  
simulating the package behavior for a variety o f initial 
conditions, outside conditions, package sizes and shapes and 
packaging films. In a future paper we will discuss means by 
which optim al packaging conditions can be calculated, such 
that spoilage due to m oisture and oxygen uptake occur at the 
same time.
Effect o f the history or path o f oxidation

The history o f oxidation o f a product is here referred to as 
the path in the space o f P 0 2  and RH (and other variables) 
along which a particular extent o f oxidation is reached. This

Table 3 —E ffe c t o f  h isto ry  o f  o x id a tio n  on the rate o f  oxygen u p 
take o f  p o ta to  chips a t 3 7 °  C

Rate (Ml 0 2 STP/g'hr) at P02 = 0.21

RH EXT
For constant 
P02 = 0.21

For cyclical change 
of P02

0 .1 500 0.91 1.60
0 .1 1 0 0 0 0.91 1.60

2 0 500 0.60 0.75
2 0 1 0 0 0 1 .0 0 1.30

40 500 0.42 0.50
40 1 0 0 0 0.93 1 .0 0

path can be quite different depending on the packaging 
parameters and outside conditions. It is conceivable that the 
rate o f  oxidation at the same values o f the independent 
variables (P 0 2 , EXT, RH in the present case) be different if 
this point was reached by different paths. Mizrahi et al. (19 7 0 )  
found that this effect was negligible for nonenzym atic  
browning o f dehydrated cabbage which was a function only of 
the m oisture content. If, for potato chips, there is a significant 
effect o f the path, then Eq. (6 ) does not hold and accurate 
predictions with any m athem atical m odel are virtually im pos
sible.

To investigate the effect o f history on the rate o f oxidation  
o f potato chips, we follow ed the oxidation  at several constant 
values o f RH and at a constant P 0 2  o f 0 .21 . We determined  
the rates at certain extents o f oxidation . In a second  
experim ent, we determ ined the rates o f  oxidation  o f samples 
at the same constant values o f  RH, but with cyclically  
changing P 0 2  through the follow ing values: P 0 2  = 0 .0 0 5 5 , 
0 .0 3 5 , 0 .0 7 2 , 0 .1 2 , 0 .21 . Finally, we determ ined the rates of 
oxidation o f these samples at the same RH, EXT, and P 02  
(0 .2 1 ) as in the previous case. Because o f  the changes in P 0 2 , 
the average P 0 2  in the second set o f sam ples was lower and 
the tim e to reach the same extent was longer. In these 
experim ents, the paths along the RH direction were identical 
but the paths along the P 0 2  direction were different. The 
results are summarized in Table 3. It can be seen that the rates 
for the cyclical path are consistently higher, especially at low  
RH.

In another set o f experim ents, we oxid ized  samples at 
constant P 0 2  = 0.21 and constant RH = 0.1 up to certain 
extents and then changed the RH to 11. Results were also 
obtained by oxid izing samples at constant RH o f 11. The 
results are summarized in Table 4. The sam ples oxid ized  at RH 
= 0.1 reached the same EXT as those at RH = 1 1 in a shorter 
time. The rate obtained at EXT = 500 for constant RH = I 1 is 
slightly higher than the rate with RH = 0 .1 . The effect o f  the 
change in path along RH appears to be smaller than the effect  
o f the path along P 0 2 .

It must be noted that the paths investigated here were quite 
simple and arbitrary, involving one variable at a time. These 
paths were quite irregular in that they involved step changes in 
the independent variables. In real packages, these changes are 
slow and follow  sm ooth lines and usually involve sim ultaneous 
changes in RH and P 0 2 . Therefore the path effects in real

Table 4 —E ffe c t o f  h is to ry  o f  o x id a tio n  on the rate  o f  oxygen u p 
take o f  p o ta to  chips

Rate (/al OjSTP/g-hr) measured at P02 = 0.21 and RH = 11 

RH = 0.1 except during
EXT measurement period Constant RH = 1 1 * 1000

500 0.64 0.75
1000 0.96 0.95
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packages are likely to be substantially smaller but could still 
account for som e differences betw een the predicted and 
experimental results.

CONCLUSIONS
WE HAVE SHOWN in this paper that numerical techniques 
can be applied to predict the storage life o f a dry food product 
undergoing spoilage by tw o m echanism s sim ultaneously, with 
interactions betw een the m echanism s.

With the aid o f a set o f  differential equations describing the 
system, it is possible to  predict the storage life o f the product 
for any package size and configuration as well as for different 
initial conditions and different environm ental conditions.

Furthermore, because o f  the ease o f sim ulating the system  
on the com puter, it is possible to  apply it to  package design 
and optim ization. This will be the subject o f a future paper. 
Likewise, the approach described here can be extended  to any 
number o f interacting or independent deteriorative m ech
anisms for foods in flexible packages.

APPENDIX
Symbol Definition Units

ao water activity outside of 
package (same as RHO/lOO) _

ai water activity inside 
package (same as RH/100) _

A area of package m2
EXT extent of oxidation id Oj STP/g
EXT/EMAX dimensionless extent of 

oxidation (same as Y2) _
EMAX Maximum extent of oxidation 

(usually 1 2 0 0 ) Ml 0 2 STP/g

K0  2 oxygen permeability of 
packaging film

cm3Oj STP-mil 

m2 •hr-atm
KW water vapor permeability 

of packaging film
g-mil

nt2 -hr-mm Hg
m moisture content of the 

product
g Hj O/g solids

p total pressure atm
P02 oxygen partial pressure 

inside the package
atm

P020 oxygen partial pressure 
outside the package

atm

P02/P020 dimensionless oxygen 
concentration inside the 
package (same as Y l)

P1.P2 . . . Pn constants -
PWS pressure of saturated water 

vapor at experimental 
temperature

mm Hg

RATE rate of oxidation 
[same as d(E:XT)/dt|

mIO.STP 
g-hr

RH equilibrium relative 
humidity inside the package 
(same as ai x 1 0 0 )

RHMAX maximum allowable equilibrium 
relative humidity of product

RHO equilibrium relative humidity 
outside the package (same as
ao x 1 0 0 ) -

RH/RHMAX dimensionless equilibrium 
relative humidity (same as
Y3) -

t time hr

T temperature °K

TO reference temperature 273°K

V headspace volume of the 
package

cm3

V02 volume of oxygen at 
temperature T

cm3

V02t volume of oxygen transferred 
into package

cm3

V02p volume of oxygen present 
in the package headspace

cm3

w weight of product in package g
X thickness of the package 

film
mil

Yl dimensionless oxygen 
concentration inside package
(same as P02/P020) -

Y2 dimensionless extent of 
oxidation (same as
EXT/EMAX) -

Y3 dimensionless equilibrium 
relative humidity (same as
RH/RHMAX) -
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GAS CHROMATOGRAPHIC DETERMINATION OF VOLATILE 
NITROSAMINES IN FOODS

INTRODUCTION
THE ROLE OF N-nitroso com pounds in 
the etio logy o f  human cancer has not 
been established, but these com pounds  
are a cause o f increasing concern as 
potential environm ental carcinogens (Li- 
jinsky and Epstein, 1970). Since nitros- 
amine concentrations in the nanogram  
per gram range may be form ed by reac
tion o f naturally occurring amines and 
added nitrites in fish (Sen et al., 1970; 
Fazio et al., 1971a), it is essential that 
conditions under which form ation occurs 
by investigated. Rates and mechanism s o f 
form ation and destruction o f nitrosa- 
mines in foods must be evaluated in 
order to elim inate any potential public 
health hazard from this source in proc
essed foods. Screening m ethods are re
quired for application in epidem iological 
studies o f the relationship betw een ex 
posure o f human populations to nitrosa- 
mines and cancer risk.

System atic investigation o f nitrosa- 
mine form ation during processing, storage 
and cooking o f foods is lim ited by the 
analytical m ethods currently available. 
Wasserman (1 9 7 1 ) has recently reviewed 
the literature and reported a survey o f  
analytical procedures. Nitrosamines are 
ordinarily removed from water and non
volatile materials by distillation and 
extraction, though not necessarily in that 
order (Fazio et al., 1971a, b; Sen, 1971). 
Concentration is required because o f the 
very small quantities (ng/g) which must 
be detected. Clean-up is a critical step  
because most foods contain relatively 
large quantities o f volatile material which 
may interfere with nitrosam ine detection  
during gas chrom atographic (GC) analy
sis. M ethods having sufficient specificity  
are lim ited to those using mass spec
trometry (MS) for confirm ation o f iden
tity o f volatile nitrosam ines (Fazio et al., 
1971a; Telling et al., 1971), after quanti
tative estim ation by GC. The available 
procedures are tim e consum ing, and the 
number o f steps and extrem e care re
quired to minim ize losses limit the num 
ber o f samples which can be exam ined  
sim ultaneously.

Our investigations were undertaken to

' P re se n t ad d ress: E p p le y  In s t i tu te  fo r  Re- 
sea rch  in  C an ce r, U n iv e rs ity  o f  N e b ra sk a  C o llege o f  M ed icine , O m ah a , N E  6 8 1 0 5

determ ine the extent to  which analytical 
procedures for determ ination o f volatile 
nitrosamines could be sim plified w ithout 
loss o f  sensitivity and specificity . Distilla
tion and extraction were com bined into a 
continuous process using a technique 
which allows large volum es o f water to be 
distilled from a food sample and the 
distillate effectively  extracted with large 
volum es o f solvent w ithout dilution o f  
the extract. Som e factors influencing  
recovery o f volatile nitrosam ines from 
foods were exam ined.

A sensitive, specific GC detector was 
desirable for efficien t screening and rou
tine quantitative determ ination o f nitros
amines in food extracts. The detector de
scribed by Rhoades and Johnson (1 9 7 0 )  
was evaluated.

Confirm ation o f identity by MS is 
essential to establish the presence o f  
nitrosam ines unequivocally. Problems 
associated with adequate sample clean-up 
for com bined GCMS were studied.

A chrom atographic solvent stripping 
technique which permits GC analysis o f  
dilute solutions was evaluated.

EXPERIMENTAL
CAUTION: Many nitrosamines are highly po
tent carcinogens. In the work reported below, 
nitrosamine solutions, spiked samples, and con
centrates were handled in efficient fume hoods. 
Gloves were worn and precautions taken to 
avoid spills, skin contact and inhalation. Gas 
chromatographs used for nitrosamine deter
mination should be equipped with destructive 
detectors or be vented to a hood.

Reagents
Pesticide grade dicholoromethane (DCM) 

and chromatoquality pentane were obtained 
from Matheson, Coleman and Bell, Norwood. 
Ohio. All other reagents were of analytical 
grade.

Distillation-extraction of nitrosamines 
from aqueous solutions

Nitrosamines were recovered from aqueous 
solutions (200 ml) containing 10-50 ng/ml 
dimethylnitrosamine (DMN), 10-50 ng/ml 
diethyl nitrosamine (DEN), O.lg/ml NaCl, and 
0.2g/ml K j COj . Approximately 25 ml of DCM 
were used as the extracting solvent in the distil
lation-extraction apparatus described by Likens 
and Nickerson (1964). The vapor tubes above 
the aqueous solution were wrapped with heat
ing tape and the distillation rate of each liquid 
was adjusted to approximately 1 ml/min. Distil
lation times ranged from 1-5 hr after which 
extracts were dried with anhydrous Na2 S04 
and concentrated in a nitrogen stream to 1 ml.

In later studies, a Kudema-Danish apparatus 
was used for initial concentration; 50-/d ali
quots were analyzed by GC.

Distillation-extraction of food 
materials

A number of foods was examined to deter
mine the nature and amounts of interfering 
compounds. We examined smoked fish, canned 
chopped ham, bologna, summer sausage, canned 
“potted meat,” “old fashioned loaf,” corned 
beef spread, Vienna sausage and frankfurt
ers. A 100-g food sample was homogenized 
with 100 ml distilled H2 0, 20g NaCl and 4g 
K2 C03 and then subjected to distillation- 
extraction for 4 hr, concentration in a nitrogen 
stream and GC analysis. If necessary, 1 ml con
centrates were treated by a simple clean-up 
procedure involving a single stage extraction 
with an equal volume of 0.01N HC1 in 
Na2 S04 -saturated distilled H2 0.

Further modification of the procedure for 
samples of canned corned beef was necessary to 
remove compounds interfering with GC deter
minations. 1 0 0 g of sample were homogenized 
with 200 ml of H2 0, 100g NaCl, 10g K 2C03 
and after distillation-extraction, concentrated 
using the Kudema-Danish apparatus. The con
centrate was acid extracted and then subjected 
to a liquid column chromatography clean-up 
step using both 0.05-0.2 mm chromatographic- 
grade silica gel (E. Merck) and alumina (Fisher 
Scientific Co.) packed columns. Each column 
was packed with 5g of material and rinsed with 
30 ml of pentane. The concentrated corned 
beef extract (1 ml) was transferred onto the 
alumina column which was then eluted succes
sively with 20 ml of pentane and 25 ml of 25% 
DCM in pentane. The fraction which would 
have contained nitrosamines was eluted with 15 
ml of 30% diethyl ether in DCM which was

He

Fig. 1—Gas ch ro m atog raph ic  so lven t s trip p in g  
system. P recolum n, 5 .3  m m  ID  x  4 6  cm  20%  
C arbow ax 2 0 M  on 8 0 /1 0 0  mesh C hrom osorb  
G. S o lid  lines ind ica te  valve po rts  co nnected  
during so lvent s trip p in g  an d  during  analysis. 
B roken lines ind ica te  po rts  co nn ected  during  
sam ple trapping. Valve is m ode l 2 0 1 2  (Carle  
In s tru m en t Co., F u lle rto n , C a lif.).

6 8 4 -JO U R N A L  O F  FO O D  S C IE N C E -V o lu m e  37  (1972)
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then concentrated to 1 ml in a nitrogen stream. 
This concentrate was then treated identically 
on the silica gel column. The silica-gel column 
clean-up technique was adapted from the pro
cedure described by Fazio et al. (1971b). This 
chromatographic clean-up was developed using 
both lX’M solutions of nitrosamines and corned 
beef extracts.

0 2 4 6
MINUTES

Fig. 2 —C hrom atogram s o f  5 0  p i o f  a 1 n g /p l 
solution o f  D M N  an d  D E N . The re ten tio n  times 
o f D M N  an d  D E N  are 2 .9  a n d  3 .7  m in , respec
tively, in the C E C D  chrom atogram  IA )  a n d  2 .8  
and 3 .5  m in  in the F ID  ch rom atogram  IB ).

GC analysis
The chromatographic system used is shown 

schematically in Figure 1.50-100 jul aliquots 
of solution were injected into a 5.3-mm 
ID X 46-cm long precolumn packed with 20% 
Carbowax 20M on 80/100 mesh Chromosorb 
W. After elution of solvent (1.5 min for DCM) 
to the atmosphere (solid lines), the effluent 
from the precolumn was diverted by a valve 
(Carle model 2012) to the trap (broken lines) 
which was cooled with liquid nitrogen 
( 196°C). Trapping was continued for a period 
sufficient to collect all of the nitrosamines of 
interest (7.0 min for DEN, 15 min for nitroso- 
pyrrolidine). The valve was then returned to its 
original position (solid lines) and the trap im
mediately heated to approximately 90°C. This 
procedure rapidly transferred the nitrosamines 
from the trap to the analytical column. An 
identical solvent stripping system was installed 
on the combined GCMS instrument.

As a safety precaution, material eluted from 
the columns was transferred either to a fume 
hood or to destructive detectors.

Analytical columns used with the solvent 
stripping system included a 2.3-mm ID X 3.2-m 
long column packed with 3% Carbowax 4000 
on 80/100 mesh Chromosorb G, a 0.5-mm 
ID x 160-m long open tubular column coated 
with Carbowax 20M, and a 0.5-mm 
ID X 15.2-m long SCOT column coated with 
Carbowax 1540 (Perkin-Elmer Corp., Norwalk, 
Conn.). The packed column and precolumn 
were installed in an F & M model 810 GC 
equipped with a flame ionization detector 
(FID) and a Coulson electrolytic conductivity 
detector (CECD). Helium flow rates for both 
columns were 35 ml per min. Injector and FID 
temperatures were 220 and 270°C, respectively. 
Column temperature was 140°C for both col
umns. The Carbowax 1540 SCOT column and 
the Carbowax 20M open tubular column were 
used in the inlet chromatograph of the GCMS 
system (Issenberg et al., 1969).

Detection of nitrosamines: comparison 
of the CECD with the FID

Sensitivity and selectivity of the CECD (Tra- 
cor, Inc., Model C321, Austin, Texas) were 
compared with the FID for the determination 
of some alkyl and some heterocyclic nitrosa
mines. The CECD was connected to the GC 
oven by a 0.75-mm ID heated transfer line, 
maintained at 125°C. The detector was oper
ated in the pyrolytic mode as described by 
Rhoades and Johnson (1970) and an auxiliary 
carrier flow of 95 ml per min was used. In these 
studies, small volumes (1 pi) of DCM solutions 
containing approximately 1 pg of each nitrosa- 
mine were injected onto the Carbowax 4000 
analytical column which was directly connected 
to either the CECD or the FID. Peak areas were 
measured by using a digital integrator (Problem
atics, Inc., model CDA100A, Waltham, Mass.).

RESULTS & DISCUSSION
THE DISTILLATION-EXTRACTION ap
paratus has a number o f theoretical 
advantages. Most volatile alkyl nitrosa
mines have partition ratios that favor 
extraction with DCM (Nunn and du 
Plessis, 1971). The com bined distillation- 
extraction technique permits continuous 
recycling o f the aqueous and organic 
phases w ithout dilution o f the extract. A 
number o f distillation-extractions can be 
performed sim ultaneously because each 
apparatus requires a minimum am ount o f  
attention. Early use o f this m ethod with  
food  hom ogenates was encum bered by 
severe foam ing problems. This problem  
was controlled when the hom ogenate was 
distilled from a large (2-liter) flask with 
careful stirring. It was also found helpful 
to heat the vapor tubes above the hom og
enate and solvent flasks.

Table 1 -R e la t iv e  response o f  the Coulson e le c tro ly tic  co n d u ctiv ity  
d e tec to r (C E C D ), op era ted  in the p y ro ly tic  m ode, a n d  the flam e ion iza 
tion de tec to r IF ID )  to  selected nitrosam ines

Retention
time3

Peak area relative to 
dimethylnitrosamine

Nitrosamine (min) CECD FID
Dimethylnitrosamine 2.1 1.0 1.0
Methylethylnitrosamine 2.4 0.81 1.5
Diethylnitrosamine 2 .6 0.53 1 .8
Methylpropylnitrosamine 3.2 0.60 1.7
Dipropylnitrosamine 4.6 0.29 2 .1
Diallylnitrosamine 4.8 0.28 2.3
Methylbutylnitrosamine 4.6 0.53 1 .8
Ethylbutylnitrosamine 5.1 0.46 2 .1
Propylbutylnitrosamine 6.4 0 .2 2 2 .2
Dibutylnitrosamine 9.3 0.18 2.3
Nitrosopyrrolidine 1 2 .0 0 .1 2 1 .6
Ethylbenzylnitrosamine 58.7 0.42 2.3
Ethylphenylnitrosamine 9.7 0.0 0.61
Butylphenylnitrosamine 19.5 0.0 0.54
Nitrosomorpholine 15.2 0.03 0.43

“ C o lu m n : 2 .3  m m  ID  X 3 .2 m  packed  w ith  3% C a rb o w a x  4 0 0 0  on 
8 0 /1 0 0  mesh C h ro m o s o rb  G ; h e liu m  f lo w  ra te  35 m l/m in ;  te m p e ra 
tu re  140° C
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Fig. 3 -C h ro m a to g ra m s  o f  5 0  g l o f  concentrate  p rep ared  from  100g o f  
sm oked fish. A rrow s ind icate  re ten tio n  times o f  D M N  an d  D E N . (A ) 
C E C D , u n treated  concentrate; (B)  F ID ,  un treated  concentrate; (C l 
C E C D , concentrate e x tra c te d  w ith  0 .0 1 N  H C I; (D I F ID ,  concentrate  
ex tra c te d  w ith  0 .0 1  N  HCI.

Fig. 4 —C hrom atogram s o f  5 0  g l o f  concen tra te  p rep ared  fro m  100g o f  
canned "p o tte d  m e a t."  A rro w s  ind ica te  re ten tio n  tim es o f  D M N  an d  
D E N . IA I  C E C D , un trea ted  co n cen tra te ; IB ) F ID ,  u n trea ted  concen
tra te ; (C l C E C D , concentrate  e x tra c te d  w ith  0 .0 1  N  H C I; (D ) F ID ,  con
centrate ex tra c te d  w ith  0 .0 1  N  H C I.

Recoveries o f DMN and DEN from  
water solutions in initial studies were 
about 30 and 40%, respectively. Part o f  
this loss was found to be associated with  
concentration o f the large volum e o f  
organic extract in a nitrogen stream. This 
step was replaced by concentration in a 
Kuderna-Danish apparatus to approxi
m ately 5 ml and final concentration to 1 
ml in a nitrogen stream. Recovery was 
also increased by adding a condenser to 
the top o f the distillation-extraction  
apparatus and by cooling all condensers 
with ethylene glycol chilled to 0 -5 ° C .  
With these m odifications, recoveries for 
10 ng/g aqueous solutions o f DMN and 
DEN were approxim ately 60 and 70%, 
respectively, with a distillation-extraction  
time o f 4 hr.

The solvent stripping system  permits 
injection o f large volum es (5 0 —100 /rl) o f  
dilute solutions w ithout solvent damage 
to high efficiency GC colum ns. The pre
colum n is a high capacity colum n with  
efficiency adequate for separating nitrosa- 
mines o f interest from the solvent (DCM). 
The system  has been used successfully  
with support-coated open tubular, capil
lary and conventional packed colum ns. 
Considerably less than 1 jul o f solvent 
reaches the analytical colum n for a 50-jul 
injection. This technique has proven par

ticularly useful in analysis o f dilute solu
tions by GCMS, where injection o f large 
volum es o f solvent must be avoided.

The CECD, operated in the pyrolytic  
m ode, exhibited sensitivity and selectivity  
necessary to determine small quantities o f  
volatile nitrosamines in food extract con
centrates. Figure 2 compares response o f  
the CECD and the FID to a sample 
containing 50 ng each o f DMN and DEN. 
Levels o f  approxim ately 10 ng can be

measured routinely with the CECD. Table 
1 indicates that under the appropriate 
analytical conditions the response to  
nitrosopyrrolidine would be approxi
m ately one-tenth that to DMN. With 
satisfactory recovery from food  hom og
enates, a 50-p\ aliquot o f a concentrate 
representing 10 ng/g nitrosopyrrolidine in 
the original sample would produce an 
easily measured peak in the chrom ato
gram. It would probably be necessary to

Fig. 5 —To ta l ion cu rren t ch rom atogram  o f  5 0  g l o f  concentrate  p re 
pared  from  chopped ham  to which 6 6  ng/g D M N  a n d  D E N  were added. 
Broken lines ind icate  re ten tio n  tim es o f  D M N  an d  D E N .
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Fig. 6 —Mass spectrum  reco rd ed  a t  the re ten tio n  tim e o f  D M N  from  concentrate  p rep ared  from  
canned chop ped  ham  to which 6 6  ng/g D M N  were added.

use high efficien cy colum ns or tem pera
ture programming with packed colum ns 
to provide GC peaks o f  sufficient sharp
ness for routine determ ination o f ni- 
trosopyrrolidine.

The com p lexity  o f concentrates pre
pared from foods by the distillation- 
extraction procedure is illustrated by 
Figure 3. A 50-/il sample o f a concen

trated distillate from sm oked fish was 
analyzed using a splitter to  divide the 
colum n effluent equally betw een the 
CECD (3A ) and FID (3B ). The effect o f  a 
single contact extraction with 0 .0 IN HC1 
on the CECD and FID chrom atogram s is 
shown in Figures 3C and 3D. The tim es at 
which DMN and DEN, if present, would  
elute are indicated on these chrom ato

grams. Figure 4 shows chromatograms o f  
a similarly prepared concentrate o f a 
100-g sample o f  “ potted m eat.” In this 
case, the efficacy o f  the acid extraction  
clean-up is clearly show n. Removal o f 
basic com pounds from extracts o f  
sm oked fish, canned chopped ham, bolo
gna, summer sausage, canned “ potted  
m eat,” “ old fashioned lo a f,” corned beef 
spread, Vienna sausage and frankfurters 
provided sufficient clean-up for specific 
detection  o f alkyl nitrosam ines with the 
CECD. GC analysis o f DCM solutions o f 
nitrosam ines before and after clean-up by 
acid extraction showed that no DMN or 
DEN was lost to the aqueous phase. 
Neither DMN nor DEN was detected at 
the 1 0-ng/g level in the lim ited number o f  
com m ercial food  products exam ined.

In Figures 3 and 4 , CECD sensitivity is 
such that 50 ng o f  DMN, corresponding  
to 100% recovery o f 10 ng/g in the 
original sample would yield a peak am
plitude o f approxim ately 30% o f full 
scale. The detection lim it is approxi
m ately 2 ng/g.

The most d ifficult interference prob
lem encountered was with a concentrate 
from distillation-extraction o f a sample o f  
canned corned beef. The simple acid 
extraction was not sufficient to remove 
interferences detected using both  the FID 
and the CECD. GCMS analysis dem on
strated that the chrom atographic peaks 
were not nitrosam ines. The inclusion o f a 
colum n chrom atography step using both  
silica gel and alumina colum ns produced a 
concentrate which perm itted quantitative 
determ ination o f alkyl nitrosam ines 
added to the sample. Recovery o f  DMN 
and DEN through the colum n chrom atog
raphy procedure was greater than 80%.

Figure 5 shows the total ion current 
chromatogram recorded during GCMS 
analysis o f a concentrate prepared from  
canned chopped ham to which 66 ng/g 
DMN and DEN were added. For this 
analysis, the precolum n was operated at 
130°C and the Carbowax 1540 SCOT 
analytical colum n was operated at 100°C. 
A mass spectrum , recorded at the reten
tion time o f DMN, is shown in Figure 6. 
The spectrum indicates that DMN is in
deed present, even though the major 
spectral peaks arise from a mixture o f  
interfering com pounds that constitute the 
GC peak. Repetitive scanning o f spectra 
and plotting o f specific ion peaks during 
elution o f GC peaks provides stronger 
evidence for confirm ation o f the presence 
o f DMN. Figure 7 shows a series o f  such  
plots recorded during elution o f the DMN 
added to the sample. The peaks at m/e 
30, 42  and 74 are major peaks in the 
DMN spectrum. These all attain maxi
mum intensity at the retention tim e o f  
DMN, while the other more intense peaks 
(m /e 75 and 71) reach m aximum values 
earlier. Identification o f the nitrosamine 
is lim ited, in this case, by the extent o f

Fig. 7 - P lo t  o f  in d iv id u a l mass peaks appearing a rou nd  the re ten tio n  
tim e o f  D M N  fro m  concentrate  p rep ared  from  canned chopped ham  to  
which 6 6  ng /g  D M N  w ere added. The peaks a t  m /e  3 0 , 4 2  a n d  74  are 
m ajo r peaks in the D M N  spectrum .
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separation from interfering com pounds. 
If these data were recorded with an 
unspiked sam ple, identification  o f DMN 
would have to be considered tentative. 
Improved separation is required during 
the GCMS confirm ation stage. Open tu
bular colum ns may prove helpful for 
this purpose in the future. Multiple co l
umn GC clean-up is feasible and may be 
necessary if low  resolution MS is used for 
confirm ation o f identity. Less clean-up is 
required when high resolution MS is 
em ployed (Telling et al., 1971).

The need for unam biguous confirm a
tion o f identity o f  chrom atographic peaks 
tentatively identified as nitrosam ines 
must be em phasized. The approach des
cribed provides flexib ility  so that foods  
containing no interfering com pounds may 
be exam ined rapidly and easily. Clean-up 
steps, consisting o f simple extraction, 
liquid chrom atography, or preparative GC 
may be added as required by the nature 
of the materials present. A standard 
analytical m ethod appropriate for all 
volatile nitrosam ines and all foods is not 
yet available.
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CHEMISTRY OF THIAMINE DEGRADATION: 4-Methyl-5-(/3-Hydroxyethyl) Thiazole
from Thermally Degraded Thiamine

INTRODUCTION
THE HEAT SENSITIVITY o f thiamine 
was recognized almost im m ediately after 
thiamine was discovered. Considerable 
information about the thermal destruc
tion o f thiam ine during cooking, process
ing and storage o f foods has been pub
lished (R ice and Beuk, 1945; Farrer and 
Morrison, 1949; Bendix et al., 1951 ; and 
Hermann and Tunger, 1966). However, 
most o f this inform ation is concerned  
with the loss o f thiam ine during the 
treatment o f a particular food under 
specific conditions. Only recently have 
the reaction products o f thiam ine degra
dation been identified.

Based upon a selective microbial assay, 
Obermeyer and Chen (1 9 4 5 ) reported 
initial cleavage o f  thiam ine to its pyrim i
dine and thiazole m oieties under con 
ditions encountered in bread baking. 
Arnold et al. (1 9 6 9 ) identified hydrogen  
sulfide, 2-m ethyl furan, 2-m ethyl th io
phene, and 2-m ethyl-4,5 dihydrothio
phene from heated solutions o f thiamine 
in phosphate buffer (pH 6 .7 ). R ecently, 
Morfee and Liska (1 9 7 2 ) identified ele
mental sulfur as a major degradation 
product from slightly acidic or basic 
buffered thiam ine solutions which were 
heated at 121°C for 40 min. These 
workers also detected a “ com pound D ” 
having a molecular weight o f about 145. 
In our work on the heat degradation o f  
thiamine, a major degradation product,
4-me t hy l-5-(/3-hydroxyethyl) thiazole, 
which has properties comparable to 
“compound D” has been identified.

EXPERIMENTAL
U.S.P. GRADE thiamine hydrochloride was 
used in preparing solutions containing 10 
mg/ml thiamine. These solutions were brought 
to pH 5.0, 6.0 and 7.0 with IN NaOH or with 
0.1M phosphate buffer.

Thiamine solutions (10 ml each) were 
placed in screw-cap vials sealed with Teflon- 
lined caps. Duplicate samples of thiamine solu
tions were heated under the following condi
tions: (1) in sealed tubes in a boiling water 
bath for 30 min; (2) in tubes open to the air in 
the boiling water bath for 30 min; (3) auto
claved in sealed tubes for 30 min at 1 2 1°C.

The separation of the degradation products 
of heated thiamine by thin layer chromatog
raphy (TLC) was accomplished by the method 
of Waring et al. (1968). Heated thiamine solu

tions were spotted on pre-coated silica gel TLC 
plates containing fluorescent indicator (No. 
6060 Chromatogram Sheet, Eastman Kodak
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Fig. 1—Th in  layer chrom atogram  o f  heated  
th iam ine  sam ple p H  6 .0 . (C l unheated co n tro l;
(S) heated  sample. S o lvent system : ac e to n i
t r i le /H 2 O /fo rm ic  acid: 4 0 /1 0 /su ffic ien t fo rm ic  
ac id  to ad just p H  to  2 .5 4 .

Co.). The solvent mixture consisting of acetoni- 
trile/H2O/formic acid: 40/10/sufficient formic 
acid to adjust pH to 2.54, was allowed to equili
brate for 15 min in covered chromatography 
jars before placing chromatogram sheets in the 
jar for development. Detection of compounds 
was accomplished in an ultraviolet viewing box 
using short wavelength (254 nm) for revealing 
absorbing compounds, and 366 nm for detect
ing fluorescent compounds.

Heated thiamine solutions were extracted 
twice with 50 ml diethyl ether. The ether ex
tracts were concentrated to dryness on a rotary 
evaporator. During concentration, temperature 
of the water bath was maintained at 20°C. 
Purification of the compound responsible for 
spot F (Fig. 1), which appeared to be a major 
degradation product was accomplished by dilut
ing the dried extract to 1 ml with deionized 
distilled water and subjecting it to gel filtration 
chromatography on a 2.5 cm X 45 cm Sephad- 
ex column. Sephadex G-10 gel was prepared by 
allowing the gel to swell in deionized distilled 
water for 6 hr. and deaerating the resulting gel 
in a vacuum desiccator. 6-ml fractions were 
collected from the gel filtration column in 10 
ml tubes on a fraction collector equipped with 
254 nm UV monitor (Instrumentation Special
ties Co., Inc.). All fractions were chromato
graphed on thin layer plates as previously des
cribed. Fractions possessing the Rf value of 
spot F were pooled and extracted twice with 
100 ml diethyl ether. The ether solution was 
dried with 25g sodium sulfate. Ether was evap
orated on a rotary evaporator at 20°C. A light 
yellow  viscous liquid thus obtained was 
checked for purity by TLC and gas liquid chro
matography (GLC). A Varian Aerograph, Model 
1200, gas-chromatograph with a flame ioniza
tion detector was employed. The column was
1.5 m x 3.2 mm od stainless steel packed with 
6% SE 30 on Chromosorb G. The column tem
perature was maintained at 85°C.

An infrared (IR) spectrum of this com
pound was obtained with a Beckman IR 5A 
spectrophotometer. A TMS derivative of com
pound F was prepared according to the pro
cedure of Horning et al. (1967). Mass spectra of 
compound F and its TMS derivative was ob
tained on an Atlas CH-4 mass spectrometer 
equipped with a Honeywell 1508 Visicorder 
oscillograph. The nuclear magnetic resonance 
spectrum (NMR) of the compound was re
corded in CDCIj on a Varian Associates’ 
XL-100 NMR spectrometer. The UV spectrum 
of the compound was recorded with a Beckman 
spectrophotometer.

RESULTS & DISCUSSION
A TYPICAL thin layer chromatogram of  
the heated thiamine sample as seen under

V olu m e 3 7  (1 9 7 2 ) -J O U R N A L  O F FOOD S C IE N C E -689
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short wave ultraviolet light is shown in 
Figure 1. Under the aforem entioned  
experim ental conditions, different heat 
treatm ents and pH conditions gave similar 
patterns on thin layer chromatograms, 
although the relative proportions of 
degradation products changed with differ
ent heating conditions. Spot C was unde
graded thiamine as determ ined by a con
trol thiamine sample. Spot F was very 
intense, indicating that this com pound is 
a major degradation product. The Rf 
value o f spot F was compared with 
thiamine related com pounds and found 
to be equal to that o f authentic 4- 
m e th y l-5 - ( j3 -h y d r o x y e th y l)  thiazole 
(Merck and Co., Inc.). Two fluorescent 
spots were also observed by TLC, but 
their concentration appeared to be ex 
trem ely low . The intensity o f the fluores
cence o f these spots increased when pH
7.0  thiamine solutions were extensively  
heated. Spot G was most likely elem ental

sulfur (M orfee and Liska, 1 972 ) and som e 
other relatively nonpolar com pounds.

The separation o f ether soluble degra
dation products o f heated thiam ine on 
Sephadex G-10 gave a fraction which was 
eluted just after the void volum e. This 
fraction gave a single spot in TLC with 
the Rf value o f 4-m ethyl-5-(|3-hydroxy- 
ethyl) thiazole and a single peak by GLC. 
To check for possible m odification or 
rearrangement o f this com pound as it 
eluted from the GLC colum n, an IR 
spectrum o f a sample trapped from the 
GLC effluent was obtained. This spec
trum was identical to the IR spectrum  of  
th e  authentic 4-m ethyl-5-(j3-hydroxy- 
ethyl) thiazole sample.

The UV spectrum o f the com pound  
from spot F in water was in agreement 
with the reported UV spectrum  o f 4- 
m ethyl-5-()3-hydroxyethyl) thiazole (Ma- 
kino and Imai, 1936). When the UV 
spectrum of this com pound was recorded

in carbon tetrachloride, a shift o f the 
absorption maximum by about 10 nm 
towards lower wavelength was noted. 
Since the ex tinction  coeffic ien t remained 
unchanged, this shift was considered to 
be a solvent effect.

The IR spectrum  o f the com pound F 
when recorded as a thin film (Fig. 2) 
resembled closely the infrared spectrum 
o f 4-m ethyl-5-(j3-hydroxyethyl) thiazole 
reported by Neal (1 9 6 8 ). When the IR 
spectrum  o f the com pound was recorded 
in carbon tetrachloride (Fig. 3) using two 
identical IR cells in a double beam mode, 
the broad OH peak near 3 3 0 0  cm '1 
decreased considerably, likely due to the 
free OH group in dilute solution  (Colthup 
et al., 1964). The position o f the C-0 
stretching band shifted from 1040 cm '1 
to 1105 cm"1, and tw o additional peaks 
betw een 1400 and 1500 cm"1 appeared, 
possibly due to ring strain. Based on these 
considerations, com pound F in nonpolar

w a v e n u m b e r  c m *1
5000 4 0 0 0  3 0 0 0  2500 2000  1500 1400 1300 1200 1100 1000 900  8 00  700  650

Fig. 2 —In fra re d  spectrum  o f  co m p ou nd  F  (th in  film ).
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Fig. 4 —N M R  spectrum  o f  c o m p ou nd  F.

solvents may exist in an internally hydro
gen bonded form , as shown:

The NMR spectrum of this com pound  
has not been reported previously. Asahi
(1968 ) published the NMR spectrum  of

3.4- dim ethyl-5-((3-hydroxyethyl) thiazoli- 
um iodide in D2 0 .  The chem ical shifts of 
various groups o f 4-methyl-5-(j3-hydroxy- 
ethyl) thiazole and the corresponding 
chemical shifts in the NMR spectrum of
3.4- dim ethyl-5-(/3-hydroxyethyl) thiazoli- 
um iodide are reasonably close. The 
chemical shifts o f  the different groups in 
this com pound are recorded in the NMR 
spectrum (Fig. 4).

The mass spectrum o f the com pound  
isolated from heated thiamine solution is 
shown in Figure 5. This spectrum is in 
close agreement to the mass spectrum of
4-m ethyl-5-((3-hydroxyethyl) thiazole pre
viously reported by Shima et al. (1969 ). 
The mass spectrum  o f the TMS derivative

exhibited a fragm entation pattern similar 
to that reported for the TMS derivative of
4-m ethyl-5-(/3-hydroxyethyl) thiazole by 
Am os and Neal (1 97 0 ).

In pure form , 4-methyl-5-(j3-hydroxy- 
ethyl) thiazole appeared as an oily , vis
cous liquid. It did not have the sharp, 
disagreeable or pungent odor as described 
by Morfee and Liska (1 9 7 2 ) for their 
com pound D isolated from heated thia
mine solutions in which the pH was 
adjusted with IN NaOH. However, when 
phosphate buffer was used, our fraction F 
did have a pungent odor. Apparently the 
latter fraction contained a pungent sm ell
ing contam inant, which may be closely  
related to 4-m ethyl-5-(/3-hydroxyethyl) 
thiazole. This contam inant could not be 
separated by any o f the usual techniques. 
Possibly this com pound existed in very 
minute concentrations. This contam inant 
was also present in the authentic sample 
obtained from Merck and Co., as this 
sample had a sharp, disagreeable odor.

4-M ethyl-5-(/3-hydroxyethyl) thiazole 
appears to be a major degradation prod
uct o f thiamine heated under slightly 
acidic conditions. The UV, infrared, NMR 
and mass spectra o f both authentic and 
isolated sample were identical. To date, 
this com pound has not been isolated  
from any food product. Lack o f standard 
IR, NMR and mass spectral data on this 
com pound may be a reason. Further
more, degradation and/or com plexing  
with other com pounds is also a possibility.
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CRYSTALLIZATION IN SOLUTIONS SUPERSATURATED WITH 
SUCROSE AND LACTOSE

INTRODUCTION
LACTOSE, naturally present in most 
milk products, is proving useful in an 
ever-increasing number o f food  products 
(Webb and Johnson, 1965) because o f its 
unique physical-chem ical properties. Be
ing less sweet than most other com m er
cial sugars, it can be added to many foods 
to increase osm otic pressure or viscosity 
or to improve texture w ithout making the 
food excessively sw eet. Also with increas
ing frequency, new food products contain  
a mixture o f sugars. In candy, lactose can 
change the crystallization habits o f other 
sugars present (Webb, 1966), thereby 
improving body, texture, chewiness, or 
shelf-life.

There are many reports on various 
aspects o f sucrose or lactose crystalliza
tion from solutions, but few on m ixtures 
of these sugars. Nor is there much infor
mation concerning the influence o f one 
sugar on the crystal habit o f the other.

EXPERIMENTAL
THE MATERIALS used were USP-grade a- 
lactose hydrate and commercial sucrose. The 
standard was a 75% sucrose solution against 
which were compared solutions with lactose 
replacing 10, 20, 30, 40 and 50% of the sucrose 
(Table 1).

The calculated amounts of lactose and water 
were weighed into a stainless-steel contain
er and dissolved by heating. The calculated 
amount of sucrose was then added, and the 
mixture was heated to dissolve the sugar. The 
samples were stored at room temperature (ap
proximately 27°C). Samples were drawn at 
regular intervals from each batch and centri
fuged at 27,000 X G for 10 min. The clarified 
supernatant liquid was then analyzed for lac
tose and sucrose by a polarimetric method 
(Kendrew and Moelwyn-Hughes, 1940).

Final analyses of total solids, refractive in
dex, and lactose and sucrose contents of the 
liquid portion were made after 10  days of stor
age at room temperature. The sediment of 
crystals was removed by carefully draining off 
as much of the supernatant liquid as possible 
and then washing the crystals several times with 
ice water on a Buchner funnel. The washed 
crystals were dried at 1 0 0 °C in vacuum oven 
and analyzed for lactose and sucrose content by 
the polarimetric method.

After crystallization was complete, the 
apparent viscosities of the solutions were meas-

1 C u rre n t ad d ress: N o r th  A m erican  L ab . 
Co., Inc., In d ian a p o lis , In d .

ured at room temperature (27°C) with a Brook
field Viscometer, model LVT, using a No. 3 
spindle at 3, 6 , 12, 30 and 60 rpm. Since the 
crystals tended to settle out, the samples were 
mixed thoroughly to disperse the contents uni
formly before the final reading. Container size 
and solution height were the same for all sam
ples during viscosity measurements.

The growth habits of the crystals in all solu
tions were observed under the microscope at 
10X magnification and photomicrographs were 
prepared.

Rate of crystallization, crystal habit, vis
cosity and compositions of the liquid and solid 
portions at equilibrium were studied as influ
enced by lactose seeding, sucrose seeding, seed
ing with a mixture of lactose-sucrose and with
out seeding, lg of seed was used per 604.8g 
batch (Table 1) after cooling to 30°C. In most 
cases, crystallization was allowed to proceed 
undisturbed, i.e., without agitation.

After undisturbed storage at room tempera
ture for more than 2 months, the hardness of 
the crystalline mass in each sample was meas
ured by depth of penetration with a “Preci
sion” Junior Penetrometer. Penetration time 
was 10 — 15 sec, and the weight of the test rod, 
including rod and cone, was 127.50g.

RESULTS & DISCUSSION
Rate o f crystallization

It is recognized that the rate constant 
tends to increase as supersaturation is 
increased (H ook, 1944), though Michaels 
and Kreveld (1 9 6 6 ) observed that the 
growth rate o f single lactose crystals 
increased at a power o f the supersatura
tion greater than one. This power was 
different for different faces o f the crys
tals. Twieg and Nickerson (1 9 6 8 ) showed  
that the overall rate constant for lactose 
crystallization from solutions was not 
proportional to the supersaturation, but 
increased with som e power o f supersatu
ration greater than one.

Figures 1 to 4 show changes in com 
position o f the liquid portions o f the 
solutions with time as a result o f crystalli
zation. On cursory exam ination, the line 
drawings appear similar. A more critical 
inspection, however, reveals that crystalli
zation rate was influenced by changes in 
sucrose-lactose balance.

Figures 1 to 4 show that the sucrose 
concentration decreased with time in all 
solutions containing at least 70% sucrose. 
The cause was crystallization o f the su
crose from the supersaturated solutions. 
Crystallization rate was influenced by 
seeding regimen and lactose concentra
tion as well as by sucrose concentration. 
As expected , seeding crystals gave more 
rapid and uniform crystallization.

Since the 70% sucrose solution was 
close to the saturation level, crystalliza
tion o f sucrose was slight. In the 50 and 
60% sucrose solutions, sucrose concentra
tion did not change (Fig. 1 to 4) in 
storage even with seeding. Thus, the 
sucrose solubility had not been exceeded.

On the other hand, lactose solubility  
was exceeded even at the 10% level and 
subsequent crystallization reduced the 
soluble lactose to a nearly constant level, 
usually within a 48 hr period. As the 
concentration o f lactose was increased in 
the range o f 10—50%, the rate o f lactose 
crystallization increased greatly. At the 
10% replacement level o f sucrose by 
lactose, the lactose was slow  to crystallize 
and to establish equilibrium, even when 
the solution was seeded (all Fig. 1 - 4 ) .  At 
the high replacem ent levels o f 40  and 
50%, crystallization was rapid, as shown  
by the steep drop in lactose concentra
tion in these solutions during the first 24 
hr. Solutions containing intermediate 
levels o f lactose required intermediate 
tim e for com plete crystallization (Fig. 1).

Table 1 —S olutions used in lactose crysta lliza tio n  studies

Sucrose Lactose3 Water
Solution (g) (g) (g)

E All sucrose 453.60 (75%S) - 151.20
II. 90% sucrose (10%L) 408.24 (67.5%S) 45.36 151.20
III. 80% sucrose (20%L) 362.88 (60%S) 90.72 151.20
IV. 70% sucrose (30%L) 317.52 (52.5%S) 136.08 151.20
V. 60% sucrose (40%L) 272.16 (45.0%S) 181.44 151.20
VI. 50% sucrose (50%L) 226.80 (37.5%S) 226.80 151.20

a A l p h a  l a c t o s e  h y d r a t e

Volum e 3 7  (1 9 7 2 )-J O U R N A L  O F FO O D  S C IE N C E -6 9 3
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Fig. 1—E ffe c t o f  replacing sucrose w ith  lactose on changes in so lu tion  Fig. 2 —E ffe c t o f  replacing sucrose w ith  lactose on changes in  so lution  
com position during n o rm al crysta lliza tion . com position  fo llo w in g  seeding w ith  lactose crystals.

Fig. 3 —E ffe c t o f  replacing sucrose w ith  lactose on changes in solution  
com position fo llo w in g  seeding w ith  sucrose crystals.

Fig. 4 - E f f e c t  o f  replacing sucrose w ith  lactose on changes in so lu tion  
com position fo llo w in g  seeding w ith  a m ix tu re  o f  lactose a n d  sucrose 
crystals.
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Fig. 5 -P h o to m icro g rap h s  show ing e ffe c t o f  replacing portion s  o f  sucrose w ith  lactose on the crystal h a b it Ino seeding). I. 100%  sucrose,' I I. 90%  su
crose, 10% lactose; I I I .  80%  sucrose, 20%  lactose; I V  70%  sucrose, 30%  lactose; V. 60%  sucrose, 40%  lactose; V I. 50%  sucrose, 50%  lactose.
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Table 2 —Average com positions o f  liq u id  an d  crysta lline  po rtion s  o f  lactose-sucrose solutions  

a fte r  c o m p le te  crysta lliza tio n  (1 0  days, 2 7 °  C)

Solution

Liquid portion Crystalline portion

% sucrose 
(g/1 0 0 g soin)

Sucrose 
(g/100g H2 0)

Lactose 
(g/100g H2 0)

Sucrose
(%)

Lactose
(%)

I. All sucrose 67.0 206.9 99.9 -
II. 1 0% lactose 62.4 197.0 15.0 89.2 1 0 .8
III. 2 0 % lactose 63.8 2 0 0 .0 13.4 62.7 37.3
IV. 30% lactose 64.4 201.9 11.5 44.9 55.1
V. 40% lactose 63.9 195.8 10.5 34.4 65.6
VI. 50% lactose 59.6 164.7 1 0 .6 18.2 81.8

Seeding speeded the crystallization o f  
both sugars in solution, particularly at the 
interm ediate concentrations (Fig. 2 , 3, 4, 
vs. Fig. 1 ). At the high concentrations, 
spontaneous nucléation undoubtedly oc
curred, initiating rapid crystallization. 
Crystallization o f the m ixture o f lactose 
and sucrose was much sm oother and 
more rapid with (Fig. 4 ) seeding than 
when normal developm ent o f nuclei was 
relied upon (Fig. 1). A ffected especially  
by seeding, therefore, were the crystalli
zation curves for solutions with low  
precipitation pressure (supersaturation).

Also, differences in rates o f change in 
the liquid portions were shown to depend 
upon whether the solutions were un

seeded or were seeded with lactose, su
crose, or both. After 10 days, however, 
seeding had little influence on the final 
com position o f the liquid and solid 
phases (Table 2).
Crystal habit

The m odification o f the lactose crystal 
form becam e more pronounced as the 
sucrose concentration increased, and, sim
ilarly, sucrose crystal habit was m odified  
as the lactose concentration was in
creased. Sucrose crystals normally grow  
relatively large and tend to form large 
masses o f intergrown crystal aggregates. 
Hence, the crystalline portion from solu
tions containing only sucrose became

very hard. As the proportion o f lactose 
was increased, both lactose and sucrose 
crystals were smaller and had less tend
ency to interlock, as shown in the photo
micrographs (Fig. 5). Overall, the 100% 
sucrose solution  and the 90% sucrose plus 
10% lactose solution show the fully de
veloped sucrose crystals, while 30 , 40  and 
50% replacem ent o f sucrose by lactose 
shows the prism and pyramid form of 
lactose crystals. This agrees w ith observa
tions o f Hunziker and Nissen (1 9 3 4 ) that 
lactose crystals appeared to become 
shorter and broader as sucrose concen
tration was increased in sw eetened con
densed milk. The crystal started as rhom
boid rather than the triangular form , and 
built up from the rhom boid form into 
truncated pyramids, as observed with 
crystals from lactose-in-water solutions.

Thus, m ixing o f  lactose and sucrose 
m odified the crystal-form ing habits of 
both sugars in the solutions.
V iscosity

The viscosity o f the lactose-sucrose 
solutions, including the crystalline materi
al, increased as the percentage o f  lactose 
increased (Fig. 6). When 20% and 30% of 
the sucrose was replaced by lactose, the 
apparent viscosity o f the solution in
creased 1 .6 - 1 .8  tim es in the absence of 
seeding. V iscosity also increased as crys
tals developed through seeding, especially  
when 40% o f the sucrose was replaced 
with lactose and the solution  then seeded 
with lactose. When lactose replaced 20% 
and 30% o f  the sucrose, the viscosity  
resulting from crystallization was about 
the same whether the solution  was seeded  
with lactose or with sucrose. Moreover, 
the solu tions with 40% and 50% replace
ment o f  sucrose by lactose showed non- 
Newtonian behavior as a result o f  the 
seeding. Table 2 show s that the liquid 
portions o f the solutions w ith 20, 30  and 
40% replacem ent were surprisingly similar 
in com position . Therefore the differences 
in viscosity can be attributed to  the 
differences in the crystalline mass dis
persed in the solutions.

It is recognized that non-N ewtonian  
flow  results from m echanical obstructions 
and that the size and shape o f particles in 
solution determ ine the force required to 
move them . It is also recognized that 
different rates o f  flow  result in different 
degrees o f alignment o f  asym m etrical 
particles, with the alignment affecting the 
force required to maintain the flow . With 
the diversity o f  crystal sizes and differ
ences in com position  o f  the dispersed 
phase in the solutions, it is understand
able that non-N ewtonian flow  would be 
observed.
C om position o f crystalline mass

A n a ly s is  o f the crystalline mass 
showed that as the percentage o f  lactose  
in the solutions increased, the proportion  
o f lactose in the crystalline mass also

Fig. 6 —E ffe c t o f  so lu tion  com position on viscosity fo llo w in g  crysta lli
zation .
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Table 3 —E ffe c t o f  co m p osition  on firmness o f  the c rysta llin e  mass 

Composition of solution 

% Replacement of sucrose by lactose

Seeding regimen 100% Sucrose 10 2 0 30 40 50

Depth of penetration (mm)

Without 11.5 13.5 16.5 21.5 29.5 38.
Lactose alone 1 2 .0 13.0 17.2 23.5 33.8 >39
Sucrose alone 13.0 14.5 19.5 25.5 36.5 >39
Lactose-Sucrose mix 1 2 .0 14.0 17.5 23.0 35.0 >39

increased and the proportion o f sucrose 
decreased (Table 2), as would be ex 
pected from their relative supersatura
tions.

Lactose is less soluble than sucrose and 
is further reduced in solubility  in the 
presence o f high concentrations o f  su
crose (Nickerson and M oore, 1972). Thus 
the com position o f the crystalline portion  
separating from the experim ental solu
tions changed rapidly as increasing 
amounts o f lactose were substituted for 
sucrose. At 10% substitution the com 
position o f the crystalline material was 
roughly in proportion to the relative 
amounts o f sugar solids in the solution,
i.e., 90% sucrose and 10% lactose. The 
proportion o f lactose in the crystalline 
material increased more rapidly than the 
proportion o f lactose substituted for su
crose, however, so that over 4 tim es as 
much lactose as sucrose crystallized from  
the solution containing equal quantities

o f sucrose and lactose (Table 2).
H ardness o f  cry sta llin e  m ass

As the percentage o f lactose increased, 
the hardness o f  the crystalline mass de
creased (depth o f penetration increased). 
Seeding with lactose, sucrose, or a m ix
ture o f both decreased hardness slightly. 
This shows that the type and number o f  
crystals as influenced by variations in 
seeding does play a role in determining 
the firmness o f  the crystallizing mass. 
This is minor, however, com pared with  
the influence o f com position , i.e ., the 
extent o f the substitution o f lactose for 
sucrose. Replacing sucrose with lactose  
was m ost effective in reducing the hard
ness o f the crystalline material from the 
solutions, as shown in Table 3. The 
crystalline mass was harder when the 
solutions were not seeded than when they  
were seeded. Am ong the seeding proce
dures, the use o f sucrose was m ost e ffec

tive in soften ing the crystalline material, 
as it produced large numbers o f small 
crystals and reduced the interlocking o f  
the sucrose crystals.

The data developed should be useful 
where products resulting from the crystal
lization o f sucrose are harder than de
sired. Obvious exam ples would be certain 
candy and confectionery products. A 
partial substitution o f lactose for sucrose, 
with appropriate seeding, appears to offer 
considerable promise for im provem ent o f  
these qualities.
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DIRECT ENZYMATIC CONVERSION OF LACTOSE TO ACID: 
GLUCOSE OXIDASE AND HEXOSE OXIDASE

INTRODUCTION
CURRENT BIOLOGICAL m ethods for 
the form ation o f acid in milk are prima
rily accom plished by the production of 
lactic acid. Sufficient acid must be 
formed in milk under quiescent condi
tions in order to overcom e the buffer 
capacity and lower the pH to 4 .5 - 5 .0 ,  
where milk coagulates. The behavior of 
microorganisms utilized for this purpose 
is not always predictable, since the 
amount o f acid produced varies with each 
strain and problems can occur due to 
contam ination by other microorganisms 
and phage.

Alternative approaches to the acidifi
cation o f milk, which would sim plify the 
process, have met with som e success. 
Deane and Hammond (1 9 6 0 ) coagulated 
skim milk by the addition o f lactones and 
lactides. These acidogens, when dissolved, 
slowly hydrolyzed to their acid form. 
McNurlin and Ernstrom (19 6 2 ) added 
concentrated lactic or hydrochloric acid 
to skim milk at 4 0 °F , until a pH o f 4 .6  
was obtained. The milk remained liquid 
until warmed uniformly without agitation 
to 70 80°E , where the milk coagulated.

The direct enzym atic conversion of 
lactose to an acid might also provide a 
practical and efficient alternative for the 
acidification o f milk. Several oxidoreduc- 
tases are capable o f converting a sugar 
substrate in the presence o f oxygen to a 
lactone, with subsequent hydrolysis to 
the corresponding aldobionic acid. En
zym es o f this general class, which are 
specific for glucose or lactose, would 
appear capable o f acidifying milk in a 
manner similar to that em ployed by 
Deane and Hammond (1 960 ). However, 
the use o f an enzym e would elim inate the 
necessity o f adding an acidogen to the 
milk, since acid would be formed from  
the sugar already present.

The capability o f several bacteria and 
molds to synthesize an enzym e for the 
direct conversion o f glucose to gluconic 
acid has been known for som e time 
(Bentley, 1963). Underkofler (1 9 6 1 ) dis
cussed the enzym e involved in this con
version, glucose oxidase (EC 1 .1 .3 .4 .) and 
the commercial applications which have 
been developed. He briefly m entioned the 
possibility o f acidifying milk with this 
enzym e, and noted that glucose would 
have to be present, as well as a supply o f  
oxygen from aeration or hydrogen per

oxide. This specificity o f glucose oxidase 
puts certain lim itations on its use in milk, 
since either glucose or a second enzym e, 
lactase (beta-galactosidase) (EC 3 .2 .1 .2 3 )  
would have to be added. The simplest 
approach would be to add an enzym e  
which could utilize lactose directly.

Enzym es which can oxid ize lactose, 
glucose, and galactose have been isolated  
and studied, but no reports are available 
on their application for milk acidifica
tion. Bean and Hassid (1 9 5 6 ) found a 
hexose oxidase (EC 1 .1 .3 .5 ) in the marine 
red alga, Iridophycus jlaccidum , and 
dem onstrated that the enzym e was capa
ble o f oxidizing glucose, galactose, and 
lactose, as well as maltose and cellobiose  
to their corresponding aldobionic acids. 
Hauge (1960a , b) isolated a glucose dehy
drogenase (EC 1.1 .99) from Bacterium anitratum which reacted with a number 
of aldose sugars, and utilized oxygen and
2,6-dichlorophenolindophenol (DIP) as 
hydrogen acceptors in the crude form. 
The purified enzym e did not react with 
oxygen and functioned independently o f  
NAD or NADP. Nishizuka and Hayaishi
(196 2 ) separated a lactose dehydrogenase 
(EC 1.1 .99) from lactose-adapted cells o f  
P s e u d o m o n a s  g r a v e o le n s . The crude ex 
tract o f this enzym e also utilized both

Fig. 1 —A c tiv ity  o f  glucose oxidase a t 3 0 ° C in 
0 .0 4 M  phosphate-citrate b u ffe r  a t p H  7 .0  co n 
taining 2 .5%  glucose (enzym e cone 7 5  u n its / 
m il.

oxygen and DIP as hydrogen acceptors. 
However, follow ing partial purification 
lactose dehydrogenase reacted only with 
DIP or m ethylene blue, and did not 
utilize oxygen.

The two most promising enzym es for 
milk acidification, with respect to avail
ability and m echanism , would appear to 
be glucose oxidase and hexose oxidase. 
The purpose o f this study was to examine 
the direct enzym atic conversion o f sugar 
in milk to an aldobionic acid catalyzed by 
these two enzym es, and establish whether 
this reaction would have merit for the 
acidification o f milk.

EXPERIMENTAL
Glucose oxidase

Samples were provided by Dawes Labs., 
Chicago, 111. (13.000 units/g); Eermco Labs.. 
Chicago, III. (750 units/ml); and Miles Chemical 
Co., Elkhart, Ind. (750 units/ml). An additional 
sample was obtained from Nutritional Biochem
icals Corp., Cleveland, Ohio (1500 units/g).

Lactase
The preparation used was from Nutritional 

Biochemicals Corp., Cleveland, Ohio.

Catalase
A sample of purified catalase containing

Fig. 2  -F o r m a t io n  o f  ac id  in sk im  m ilk  b y  glu
cose oxidase a t 2 4 °  C (enzym e cone 130 u n its / 
m l).
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1600 units/ml was provided by Fermco Labs., 
Chicago, 111.

Hexose oxidase
The enzyme was prepared from the marine 

red alga. Ir ido phvcus fla c c id u m , according to 
the procedure of Bean and Hassid (1956). 
Samples of the alga were harvested along the 
California coast, shipped frozen, and stored at 
-20°C until utilized. A portion of the frozen 
material (305g) was blended with 200 ml of 
cold distilled water, agitated gently with a 
magnetic stirrer for 1 hr, and then kept over
night at 2°C. The tissue was removed by filtra
tion through cheesecloth, and the red extract 
was dialyzed against tap water overnight. 
Barium chloride (60g) was dissolved in 350 ml 
of the dialyzed extract, and the solution was 
frozen at - 20°C. After thawing, the extract 
was centrifuged at 1 0 ,0 0 0  XG for 10  min at 
0°C. The supernatant was cooled to - 2°C, and 
cold methanol (-20°C) was slowly added in 
three steps until a 1:1 mixture was formed. 
After each of the first two methanol additions, 
the solution was centrifuged at 2500 X G for 
10 min at 5°C. hollowing the third addition 
of methanol, the solution was centrifuged at 
16,000 X G for 20 min at -5°C. The final 
precipitate was recovered, dissolved in 10  ml of 
distilled water, and dialyzed against distilled 
water at 2°C.

Enzymatic acidification
Acid-forming activity of glucose oxidase and 

hexose oxidase was determined with a substrate 
consisting of 0.04M phosphate-citrate buffer at 
pH 6.5 -7.0 containing glucose, or reconsti
tuted skim milk containing the appropriate 
sugar, either glucose or lactose. The general 
procedure was to temper the substrate at a 
selected temperature in a water bath. The oxi
dase enzyme solution was added, and the reac
tion was followed by pH measurements at regu

lar intervals as determined with a Beckman 
Expandomatic pH meter equipped with an 
expanded scale and temperature compensator 
All results were expressed as the change in pH 
from the zero time reading. The data presented 
are usually typical of several trials.

RESULTS
Glucose oxidase

In order to establish the feasibility o f  
enzym atic conversion o f sugar for acid 
form ation, the reaction with glucose o x i
dase was studied initially. Figure 1 shows 
a comparison o f the rate o f acid form a
tion in buffered glucose solutions with  
different enzym e preparations. A gradual 
change in pH occurred with time for each 
glucose oxidase, indicating the conversion  
to gluconic acid. However, Sample A 
appeared to be the m ost active enzym e  
under these conditions, and this prepara
tion o f glucose oxidase was utilized in all 
subsequent studies.

The action o f glucose oxidase in recon- 
stitited skim milk is illustrated in Figure
2. The substrate was prepared by rehy
drating 9% nonfat dry milk solids (NDM ) 
in distilled water. Separate portions were 
m odified by adding 5% glucose to one, 
while another contained 0.25% o f the 
enzym e lactase which was incorporated  
into the milk just prior to the start o f the 
experim ent. Glucose oxidase was added 
to both o f these solutions, as well as a 
sample o f the original milk substrate. The 
pH changed rapidly in the milk samples 
containing added glucose or lactase when

compared to the control o f milk plus 
glucose oxidase. During this experim ent, 
it was noted that local coagulation oc
curred at the surface o f the samples 
containing added glucose or lactase when 
the pH approached 5.0. Apparently the 
enzym e used up available oxygen in the 
milk, and then continued to react only at 
the surface.

Commercial glucose oxidase prepara
tions normally contain catalase in order 
to decom pose hydrogen peroxide formed 
during the reaction with glucose (Under- 
kofler, 1961). The addition o f  hydrogen  
peroxide to the reaction m ixture, in the 
presence o f catalase, would supply o x y 
gen throughout the system  and avoid 
local coagulation, as suggested by Under- 
kofler (1 9 6 1 ). The effect o f hydrogen 
peroxide on the action o f glucose oxidase 
is shown in Figure 3. In all cases, the 
substrate was 2.5% glucose dissolved in 
0.04M  phosphate-citrate buffer at pH 7.0. 
In Figure 3A , it is evident that the rate o f  
reaction increased with increasing concen
trations o f hydrogen peroxide from
0 —0.2%. Since the reaction was quite 
rapid at the higher concentrations o f  
hydrogen peroxide, the experim ent was 
repeated and the am ount of glucose 
oxidase was reduced from 50 to 10 units 
per ml o f the solution. The results pre
sented in Figure 3B dem onstrate that a 
decrease in the rate o f reaction occurred 
with the reduction in enzym e concentra
tion. However, the change in pH at 0.1 
and 0.2% hydrogen peroxide was still 
rapid and essentially com plete in 12 min.

Fig. 3 .—E ffe c t o f  hydrogen p e ro x id e  on the fo rm atio n  o f  ac id  a t  3 5 °  C  
b y glucose oxidase. Substrate: 0 .0 4 M  ph osphate-c itrate  b u ffe r  a t p H  
7 .0  co n ta in in g  2 .5%  glucose; Glucose oxidase cone: A -5 0  u n its /m l, B -10  
u n its /m l an d  C-1 u n it /m l;  H ydrogen  p e ro x id e  cone: o 0% , 0 .01% ,
•  0 .0 5% , * 0 .1 0%  a n d  x 0 .2 0 % .

Fig. 4  —E ffe c t o f  hydrogen p e ro x id e  on the 
fo rm ation  o f  ac id  a t 3 5 °  C  b y  glucose oxidase in 
skim  m ilk  conta in ing  2 .5 %  glucose (enzym e  
cone 1 u n it /m l) .
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A third experim ent with hydrogen perox
ide was conducted with a further reduc
tion in the glucose oxidase concentration  
to 1 unit per ml o f the reaction mixture, 
as shown in Figure 3C. This level o f  
enzym e concentration made possible an 
accurate determ ination o f the reaction at 
all levels o f hydrogen peroxide, and it ap
peared that each reaction rate decreased 
as the supply o f hydrogen peroxide was 
exhausted by the catalase.

The effect o f  hydrogen peroxide on 
the action o f glucose oxidase in milk is 
presented in Figure 4. R econstituted skim  
milk containing 9% NDM, 2.5% glucose, 
and 1 unit/m l o f glucose oxidase was 
incubated at 35°C. Hydrogen peroxide 
concentrations o f 0.1 and 0.2% were 
compared with a sample containing only  
enzym e. A sm ooth uniform  gel was 
formed in the sample containing 0.2% 
hydrogen peroxide after 30 min.
H exose Oxidase

The level o f enzym atic activity in 1 ml 
of the partially purified hexose oxidase 
solution was assayed in 10 ml o f a 3% 
glucose substrate dissolved in 0.04M  
phosphate-citrate buffer at pH 6 .5 , and 
compared against tw o different glucose 
oxidase preparations which contained 1 1 
units/m l, as shown in Figure 5. There was 
definite acid production catalyzed by the 
solution derived from Iridophycus flac- 
cidum , confirm ing the presence o f o x i
dase activity. The reaction rates o f the 
tw o glucose oxidase samples were linear 
over the first 5 hr and essentially identi
cal, dem onstrating the reproducibility o f

3.5

TIME (HOURS)

Fig. 5  —A  com parison o f  the a c tiv ity  o f  hexose 
oxidase w ith  glucose oxidase a t 3 0 ° C in 0 .0 4 M  
phosphate-citrate b u ffe r  a t  p H  6 .5  conta in ing  
3.0%  glucose.

the m ethod. From this data, one unit of  
enzym e activity was defined as the 
am ount o f enzym e which produced a pH 
change o f 0 .02  units per hour at 30°C  
under the above conditions.

The hexose oxidase solution was 
exam ined for its effect on skim milk. 
Figure 6 shows the form ation o f acid by 
hexose oxidase in reconstituted skim milk 
containing 9% NDM. A volum e o f 10 ml 
of milk, containing a crystal o f thym ol, 
was placed in a 50 ml beaker and 1 ml o f  
the enzym e solution containing 1 unit 
was added to start the reaction. The 
enzym e was the only addition to one 
sample o f milk, while a second also 
contained 3% added glucose, and a third 
contained 0.25%  lactase. All samples were 
held at 30°C  and evaluated against a milk 
control. H exose oxidase catalyzed a very 
slow pH change in all samples. The most 
rapid reaction occurred in the sample 
containing lactase, while the slowest 
change in pH was produced when lactose 
alone was the substrate.

In an attem pt to increase the rate o f  
enzym e activity, catalase and hydrogen 
peroxide were introduced into the reac
tion mixture. A solution o f catalase and 
hexose oxidase was prepared, which con 
tained 1 unit o f oxidase activity and 200  
units o f  catalase per ml. Three reaction  
samples were established by com bining 2 
ml o f the enzym e m ixture with 20 ml o f  
reconstituted skim milk containing 9% 
NDM and a crystal o f thym ol. The 
enzym e mixture was the only addition to  
one sample o f milk while 0.1% hydrogen  
peroxide was added to the second, and 
the third contained 0.1% hydrogen perox
ide and 0.125%  lactase. A fourth sample 
of milk was maintained as a control. All

Fig. 6  —F o rm atio n  o f  ac id  in sk im  m ilk  a t 3 0 ° C  
b y  hexose oxidase Ien zym e cone 0 .1  u n it /m l) .

four samples were incubated at 30°C, and 
the results are presented in Figure 7. The 
rate o f acid form ation increased slightly 
in the presence o f hydrogen peroxide 
when lactose was the substrate. However, 
when glucose and galactose were both 
available in the presence o f hydrogen 
peroxide, there was a marked increase in 
the rate o f reaction and in the amount of 
acid produced, as was indicated in Figure
6. Part o f this increase may be due to the 
presence o f additional catalase in the 
lactase preparation which was used. How
ever, it is significant that a smooth 
uniform gel was formed within 18 hr by 
hexose oxidase, in com bination with cata
lase and lactase under the above condi
tions.

DISCUSSION
UNDER THE appropriate conditions, 
both glucose oxidase and hexose oxidase 
can catalyze the conversion o f sugar in 
milk to an acid for coagulation and gel 
form ation. The reaction appears to be 
highly reproducible, as shown in Figure 5. 
This com parison o f separate preparations 
of glucose oxidase at identical levels of 
activity illustrates the dependability of 
the m ethod. A source o f oxygen was 
shown to be an essential factor in order 
to provide a uniform  rate o f reaction in 
milk. The com bination o f hydrogen per
oxide and catalase does fulfill this re
quirement and provides an even oxygen 
distribution under the quiescent condi
tions necessary for gel form ation. Also, 
the level o f hydrogen peroxide and cata
lase may provide a m ethod for controlling 
the enzym atic conversion o f sugar to 
acid. This could be a particularly impor
tant factor in the potential application of 
glucose oxidase for milk acidification, 
since Underkofler (1 9 6 1 ) has reported

Fig. 7  - E f f e c t  o f  hydrogen p e ro x id e  a n d  cata
lase on the fo rm a tio n  o f  ac id  in skim  m ilk  at 
3 0 °  C  b y  hexose oxidase (enzym e cone 0.1  
u n it/m l).
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that this enzym e has high thermal stabil
ity at pH 5.0. Thus, it would be very 
difficult to stop  the glucose oxidase 
acidification reaction m erely by raising 
the temperature.

The narrow specificity  o f glucose o x i
dase, as well as its thermal stability , might 
limit the potential use o f this enzym e for 
milk acidification. Either glucose or a 
second enzym e, lactase, must be present 
to assure that a substrate is available. A 
less com plicated approach would be to  
employ an enzym e which could utilize 
lactose directly. H exose oxidase was 
thought to be one o f the more promising 
enzymes for the direct conversion o f  
lactose to lactobionic acid. While this 
enzyme did show  som e reaction with

lactose, it was far more reactive when the 
m onosaccharide sub-units o f  lactose were 
available as substrate. H exose oxidase was 
easily extracted from Iridophycus flac- 
cidum , and could have potential as a 
by-product from the industrial processing 
o f seaweed.
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INHIBITION OF o-DIPHENOL OXIDASE BY DICHLORODIFLUOROMETHANE

INTRODUCTION
THERE ARE MANY instances in food  
processing where enzym e activity must be 
controlled if the food product is to be 
accepted by the consum er. Heat often has 
been used for this purpose but it som e
times has detrimental effects on product 
quality, especially with fruits and fruit 
juices. A nonthermal m ethod to inhibit 
enzym es, therefore, would be advanta
geous in many situations. Treatment of 
foods with recoverable lipophilic chem i
cals is a possible nonthermal means to 
control enzym e activity in foods, but 
little is known about the effectiveness of 
this m ethod. The potential for success 
does, however, appear good considering 
results o f several studies which have 
shown that relatively inert, lipophilic 
chemicals, such as saturated hydro
carbons and halogenated hydrocarbons, 
can bind to and alter the structure o f  
proteins (including enzym es) in aqueous 
solutions (Balasubramanian and Wet- 
laufer, 1966; Inoue and Tim asheff, 1968; 
Mohammadzadeh-K. et al., 1967, 1969a, 
b; Tim asheff and Inoue, 1968; Wishnia, 
1962; and Wishnia and Finder, 1964,
1966). Furthermore, Lund et al. (19 6 9 )  
reported that liquefied CC13 F, CHC1, F, 
or C3 H8 caused a substantial and irre
versible decrease in invertase activity. 
CHC12 F was the most effective o f the 
three com pounds, probably because it is 
more soluble in water than are the other 
two com pounds. Intimate contact be
tween C’Clj F and invertase (effectively  
achieved by decom posing the clathrate 
hydrate o f CC13 F) also increased the 
extent o f inhibition. Lund et al. (19 6 9 )  
theorized that CC13 F interacted with 
nonpolar portions o f the invertase m ole
cule and impaired its catalytic capability 
by interfering with normal intramolecular 
bonding. The above findings provide 
ample justification to further study the 
effects o f relatively inert, lipophilic chem 
icals on enzym e activity. The hope is that 
this approach will prove successful for 
controlling enzym e activity in fluid foods 
such as fruit juices.

Reported here are the effects o f di- 
chlorodifluorom ethane on the activity o f
o-diphenol oxidase (tyrosinase, poly
phenol oxidase, catecholase) in a simple
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system . o-Diphenol oxidase was chosen  
because it catalyzes undesirable oxidative 
browning o f many fruits and vegetables. 
Dichlorodifluorom ethane (fluorocarbon- 
12) was selected because it is similar to 
com pounds previously shown to bind to 
and alter the structure o f proteins, is 
reasonable in cost, is unlikely to cause 
undue damage to the quality attributes o f  
food , and has approval o f the U.S. Food  
and Drug Administration as a direct 
contact food freezant (Federal Register,
1967).

EXPERIMENTAL
CHEMICALS used in this study included: (1) 
L-tyrosine (0.001 molar. Nutritional Biochemi
cals Co., 99+% pure); (2) o-diphenol oxidase 
(1.10.3.1; polyphenol oxidase, mushroom 
source, Worthington Biochemical Corp., Grade 
II, 500 units per mg, where one unit produces 
0.001 A absorbance per min at 280 nm when 
present in 3 ml buffer at pH 6.5 and 25°C); (3) 
phosphate buffer (ACS grade, pH 7.2, ionic 
strength 0.05, 0.012 molar); (4) acetate buffer 
(ACS grade, pH 4.6, ionic strength 0.1. 0.2 
molar); (5) dichlorodifluoromethane (f-12, 
food grade, DuPont); and (6 ) nitrogen (Airco).

The apparatus utilized included: (1) color
imeter (Spectronic-20, Bausch and Lomb); (2) 
buret, high-pressure; (3) aerosol cans (double 
epoxy lined, 202 X 206 and 202 X 303, Conti
nental Can Co., Inc.); (4) aerosol valves (stain
less steel. Avoset Co.); and (5) shaker (horizon
tal. mechanical. Model No. 6000, Eberbach 
Corp.).

o-Diphenol oxidase (ODO) catalyzes two 
oxidative steps in the conversion of tyrosine to 
melanin (Lerner and Fitzpatrick, 1950). The 
activity of ODO was determined from the rate

of dopachrome formation. Dopachrome is an 
intermediate in the oxidative conversion of 
tyrosine to melanin and its formation was as
sessed by measuring the increase in absorbance 
at 470 nm (Boscan et al.. 1962).

The general procedure used in this study 
was as follows. To each 202 x 206 aerosol can 
(97 ml capacity) was added 12.5 ml of a buff
ered enzyme solution consisting of a ratio of
2.8 ml water to 9.8 ml phosphate buffer con
taining either 0.28 or 0.467 mg enzyme. A
10-ml portion of the L-tyrosine solution was 
added, and this moment was recorded as “zero 
time.” The can was immediately sealed and a 
known amount of f-1 2  was added through the 
can valve with the aid of a high-pressure buret. 
This Oiling procedure was used to avoid loss of 
oxygen from the headspace of the can. Samples 
were reacted for the desired time while being 
agitated at room temperature, then the can 
valve was dislodged and f-1 2  was allowed to 
vaporize. The reaction was immediately stop
ped by adding 6.27 ml of 0.2 molar acetate 
buffer (Behnke et al., 1968). ODO activity was 
determined by measuring absorbance (470 nm) 
of both treated and control samples (devoid of 
f-1 2 ) at zero time and after various reaction 
times.

Some experiments involved larger aerosol 
cans (202 X 303; 142 ml capacity) and in these 
instances the reaction mixture was increased in 
direct proportion to the can volume (the great
er enzyme concentration was always used in the 
larger cans).

In all instances concentrations were such 
that reactions were zero-order with respect to 
substrate.

RESULTS & DISCUSSION
THE FIRST EXPERIMENT was con
ducted sim ply to determ ine if the activity

Fig. 1 —A c tiv ity  o f  o -d ip hen o l oxidase as in flu e n ce d  b y  2 .9  m ole  % f-1 2  
a t room  tem perature  a n d  18 0  cpm  ag itation . (Means o f  dup licate  de te r
m inations w ith  ranges in d ica ted  b y  size o f  the sym bols.)
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Fig. 3 —A c tiv ity  o f  o -d ip hen o l oxidase as in flue nce d  b y  various concen
trations o f  f -1 2  during  a 6 0 -m in  reaction period. (R o om  tem perature;  
180 cp m ; means o f  tr ip lica te  determ inations w ith  ranges in d ica ted  b y  
the size o f  the sym bols.) V  =  f-1 2  present o n ly  as vapor in the head- 
space; L =  f-1 2  p resent b o th  as liq u id  a n d  vapor in headspace.

of ODO could he inhibited significantly  
by f-12. Duplicate samples containing 2.9 
mole 7c f-12 (m oles f-12 F | m oles f-12 
+ (grams o f  all constituents except f- 
1 2 /1 8 g )l)  and the ODO-L-tyrosine solu
tion (0 .6 6 7  mg enzym e per sam ple) were 
placed in 202 x 303 cans and reacted for 
1 0 -2 4 0  min. These samples and suitable 
controls were agitated at 180 cycles per 
min (cpm ) throughout the reaction peri
od. As shown in Figure 1. both treated 
and control samples showed increasing 
absorbance up to about 60 min, with 
relatively constant absorbance thereafter. 
(Eventual inactivation o f ODO will occur 
even in control samples since this enzym e  
is susceptible to “ reaction inactivation,” 
Nelson and Dawson, 1944.) It is clearly 
evident that ODO was substantially less 
active in the presence o f 2.9 m ole % f-12 
than in its absence. This finding was 
encouraging and justified  investigation o f 
factors influencing the effect o f f-12 on 
the activity o f ODO.

An additional study (results not 
shown) indicated that the inhibitory e f
fect o f f-12 on ODO occurs regardless of  
whether tyrosine is added before or after 
treatment with f-12. This suggests that 
f-12 interacts in som e way with the 
enzyme.

Investigated next was the influence o f  
various levels o f f-12 on the activity o f  
ODO. Samples containing 0 .667  mg en
zyme and various am ounts o f f-12 (0 ,
1.00 or 2.41 mole %) were placed in 202  
x 303 cans and the reactions were m oni
tored for 25 min while the samples were 
agitated at 180 cpm . The results show n in 
Figure 2 indicate ODO was increasingly 
inhibited as the level o f f-12 was in
creased from 1.0 to 2.41 mole %. A 
concentration o f 2.41 mole % f-12 is 
sufficient to condense a small am ount o f  
f-12. From the tim e course o f the reac
tion it is also apparent that total inhibi
tion o f ODO (which would result in a

horizontal line) was not achieved even 
after a 25 min treatm ent.

Shown in Figure 3 are additional data 
concerning the effect o f f-12 concentra
tion on the activity o f ODO. This study 
involved a longer reaction period and a 
broader range o f f-12 concentrations than 
used in previous tests. Samples containing 
0 .467  mg ODO and various levels o f f-12 
were placed in 202 x  206 cans and 
agitated at 180 cpm during a fixed  
reaction period o f 60  min. The activity o f  
ODO declined greatly as the level o f f-12 
was increased from 0 to about 3 m ole %. 
The increased effectiveness achieved as 
the level o f  f-12 was increased from 0 to  
2.41 mole % was expected  since each

increment o f  increase within this range 
results in a greater am ount o f  dissolved 
f-12. However, beyond about 2.41 mole 
%, condensation occurs and both the 
pressure and am ount o f dissolved f-12 
remain constant. The slight increase in 
effectiveness that occurred as the concen
tration o f f-12 was raised above 2.41 
mole % is probably attributable to more 
rapid attainm ent o f  saturation.

Agitation is another important factor 
influencing inhibition o f ODO by f-12. 
Samples containing 0 .28  mg ODO were 
placed in 202 x 206 cans and reacted 60  
min with the rate o f agitation ranging 
from 0 —300 cpm . It is evident from data 
in Figure 4 that absorbance o f the control

Fig. 2 —A c tiv ity  o f  o -d ip hen o l oxidase as in flu e n ce d  b y  the a m o u n t o f  
f-12 an d  the reaction  tim e. (R o om  te m p era tu re ; 18 0  cp m ; means o f  
duplicate d e term ination s .)

Fig. 4 —E ffe c t o f  in ten s ity  o f  ag ita tion  on the a b ility  o f  f -1 2  to in h ib it  
o-d iphenol oxidase. (R o om  tem perature; 6 0 -m in  reaction  p e rio d ; single 
determ inations fo r  contro ls; means o f  duplicates fo r trea ted  samples 
w ith  ranges in d ica ted  b y  size o f  sym bols.)
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Fig. 5 —E ffe c t o f  tim e  o f  ag ita tion  a t  18 0  cpm  
on the a b ility  o f  f -1 2  to in h ib it  o -d iphenol o x i
dase. (R o om  tem perature; 9 0  m in  reaction  
p e rio d ; means o f  tr ip lica te  determ inations w ith  
ranges in d ica ted  b y  size o f  sym bols.)

Fig. 6 —Perm anence o f  the in h ib ito ry  e ffe c t o f  f -1 2  on o -d ip hen o l o x i
dase. (R o om  tem p era tu re ; 180 cpm  during firs t h o u r a n d  quiescent 
thereafter; means o f  tr ip lica te  determ inations w ith  ranges in d ica ted  by  

size o f  sym bols.) A  = ag ita tion  p e rio d ; □ = exposed to  2 .9  m o le  % f-1 2  
during firs t h o u r o f  reaction  p e rio d ; • = exposed to 2 .9  m o le  % f-1 2  fo r  
the en tire  reaction  period.

samples increased slightly as the rate of 
agitation was increased from 0 —140 cpm , 
and remained relatively constant there
after. The slight increase in activity asso
ciated with increasing agitation up to 140 
cpm was probably caused by improved 
contact betw een enzym e and substrate. 
Absorbance o f the treated samples con
taining 2.9 mole % f-12 remained essen
tially constant as the agitation rate was 
increased from 0 to 120 cpm , decreased 
abruptly as the agitation rate was in
creased to  about 180 cpm , and remained 
constant with further increases in the rate 
of agitation. Thus, the inhibitory effect 
o f f-12 on ODO was greatly enhanced by 
vigorous agitation, with 180 —300  cpm  
producing m aximum inhibition under the 
conditions em ployed. It is not clear from  
these data whether agitation increases the 
effectiveness o f a given am ount o f f-12 or 
merely hastens establishm ent o f equilib
rium conditions. These results, neverthe
less, provided a reasonable basis for se
lecting an agitation rate o f 180 cpm in 
the follow ing studies.

The inhibitory effect o f f-12 on ODO 
is also influenced by the duration of 
agitation at 180 cpm (Fig. 5). In this 
study samples containing 0 .28  mg of 
ODO were placed in 202 x 206 cans and 
reacted for 90 min. Each sample was 
agitated at 180 cpm for the time indi
cated in Figure 5, held quiescently for the 
remainder o f the 90-m in reaction period, 
then analyzed follow ing release o f f-12 
and addition o f  acetate buffer. In control 
samples absorbance increased som ewhat 
as tim e o f agitation was increased from  
10 to 60 min. In samples containing 2.9  
mole % f-12, absorbance decreased as 
time o f agitation was increased, especially 
betw een 0 - 6 0  min. During the period 
studied, the greatest difference between

control and treated samples occurred 
after 90 min agitation. From the trends in 
Figure 5, it is likely that a longer reaction  
period would have resulted in a still 
greater difference.

Although it has been dem onstrated  
that f-12 can substantially inhibit the 
activity o f ODO, it was also im portant to 
know the permanence o f this inhibition. 
Samples containing 0 .6 6 7  mg o f ODO 
were placed in 202 x 303 cans and 
reacted for 60 min at room  temperature 
and 180 cpm . Treated samples contained
2.9 m ole % f-12. After agitation for 1 hr, 
one-half o f the treated samples were 
opened and f-12 was perm itted to vapor
ize. All samples were then allow ed to 
stand quiescently at room temperature 
for various reaction tim es up to 30 days. 
Absorbance o f dopachrom e was measured 
at the conclusion o f the desired reaction  
times and the data are show n in Figure 6. 
After the 1 -hr agitation-reaction period, 
absorbance o f the treated samples was 
markedly less than that o f corresponding  
controls, and the difference remained 
essentially constant during the 30-day 
period. Furthermore, at any given reac
tion tim e, treated samples in which f-12 
had been released exhibited essentially  
the same absorbance values as treated 
samples in which f-12 was present. This 
indicates: (1 ) that slow  vaporization o f  
f-12 follow ing the initial 1-hr treatment 
period did not, in itself, inhibit ODO; and
(2) that continued presence o f f-12, with  
the possible exception  o f that am ount 
which failed to vaporize (bound to so l
utes) is not necessary for continuance o f  
the original inhibitory effect.

A final experim ent was done to help 
determine how com pletely ODO can be 
inhibited by f-12, and to assess whether 
the inhibitory action o f f-12 can be

reversed when the chem ical is removed by 
flushing with nitrogen. Treated samples 
containing 0 .2 8  mg ODO, 2 .9  mole % 
f-12 and no tyrosine were placed in 202 
x 206 aerosol cans and agitated for 1 hr 
at 180 cpm . Control samples devoid of 
f-12 and tyrosine were handled in the 
same fashion. Follow ing agitation for 1 
hr, one-half o f both the treated and 
control sam ples were flushed with nitro
gen gas for 30 min. The remaining sam-

I— NO n2  f l u s h —+ w ith  n2  f l u s h h

Fig. 7 —E ffe c t o f  n itrogen flushing on the per
m anence o f  the in h ib ito ry  e ffe c t o f  f -1 2  on 

o-d ip hen o l oxidase. (R o o m  tem p era tu re ; sam
ples devo id  o f  tyrosine were exposed to f -1 2  for 
6 0  m in  a t  room  tem pera ture  a n d  18 0  cpm  agi
ta tio n ; f -1 2  was released a n d  o n e -h a lf o f  both 
the trea ted  a n d  c o n tro l samples w ere flushed 

w ith  n itrogen  fo r 3 0  m in ; ty rosine was ad ded  to 
a ll samples a n d  th ey  were a llo w e d  to react for 
6 0  m in  a t room  tem pera ture  an d  18 0  cpm. 
Results are m eans o f  tr ip lica te  determ inations  
w ith  ranges in d ica ted  a t tops o f  bars.)
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pies were opened and perm itted to  stand 
quiescently during this period. Tyrosine 
was then added to all sam ples and they  
were allowed to react for 60 min at room  
temperature and l 80 cpm . It is evident 
from the data in Figure 7 that inhibition  
of enzym e activity in the treated samples 
was not reversible regardless o f whether 
f-12 was sim ply released quiescently or 
was thoroughly flushed away with n itro
gen. (It should be noted , however that 
both techniques for removal o f f-12  
probably were incapable o f removing any 
f-12 that was tightly bound to ODO). 
Furthermore, it is apparent that inhibi
tion o f the reaction was alm ost totally  
complete.

Although it is reasonable to conclude  
that inhibition o f ODO activity is irrevers
ible, this does not necessarily mean that 
the inhibitory effect o f f-12 is irreversi
ble. This point is unclear because o f the 
nature o f ODO. As m entioned earlier, 
ODO is susceptible to  “ reaction inactiva
tion.” Thus, even if the inhibitory action  
of f-12 was in fact reversible, the enzym e  
would, in this instance, be incapable of 
renewed activity beyond a reaction time 
of one day (absorbance values o f  control 
samples remained essentially constant 
after one day, suggesting that the enzym e  
is inactive at this point).

The means by which f-12 inhibits 
ODO is unknown at this point. The 
mechanisms could be chem ical, physical 
or a com bination o f both. If a carbon- 
halogen bond o f f-12 should cleave by 
homolytic fission, the products would be 
a neutral organic radical and a neutral 
halogen atom . The sulfhydryl groups o f  
ODO would then be subject to  oxidation  
or alkylation by the organic radical and 
the enzym e could be irreversibly inacti
vated (H oladay, 1970). Although this 
mechanism cannot be dism issed, its likeli
hood appears som ew hat rem ote consider
ing that f-12: (1 ) contains tw o fluoride 
atoms which tend to inhibit hom olytic

fission; (2 ) has been assigned by Under
writers Lab. to  group 6 (least tox ic  class 
for potentially hazardous gases and va
pors; no evidence o f  injury to test animals 
after exposure to air containing at least 
20 vol % f-12 for a period o f 2 hr; 
Clayton, 1968); (3 )  has been assigned by 
the American Conference o f G overnm en
tal Industrial Hygienists a Threshold  
Limit Value o f 1000 ppm (m axim um  
level for continuous safe exposure; C 0 2 
with a Threshold Limit Value o f 500 0 , is 
the only rated gas with a higher value 
than f-12; C layton, 1968); and (4 ) under
went thorough screening before being 
approved as a direct contact food  freez- 
ant.

A lthough halogenated hydrocarbons 
can be chem ically degraded in vivo to  
yield tox ic  products, it is highly unlikely  
that ODO could catalyze degradation o f 
f-12 (Cohen, 1971).

A physical interaction betw een f-12 
and ODO is likely to occur and this could 
result in dim inished activity o f ODO. 
Presumably the f-12 m olecule would asso
ciate w ith hydrophobic regions o f the 
enzym e, thereby altering its conform a
tion and reducing its activity. As m en
tioned in the introduction , various studies 
involving interactions o f aqueous solu
tions o f proteins and enzym es with 
hydrocarbons and halogenated hydro
carbons, provide ample evidence that 
this type o f mechanism could occur.

K nowledge o f the am ount o f f-12  
remaining in the reaction m ixture fo llow 
ing flushing with nitrogen would assist in 
determ ining the m echanism o f enzym e  
inactivation. This inform ation will be 
gathered in a future study.
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LOW-TEMPERATURE DESTRUCTION OF Trichinella spiralis USING 
LIQUID NITROGEN AND LIQUID CARBON DIOXIDE

THE INCIDENCE of the parasite, Trichi
nella spiralis, in swine has declined in the 
past several decades. However, the inci
dence o f 1.25 infected pigs per 1,000  
reported for the period 1966 to 1970 by 
Zimmermann and Zinter (1 9 7 1 ) still 
represents the potential o f 40  million 
exposures for humans consum ing pork 
not treated to destroy the trichinae. 
Because som e pork products are designed 
to be eaten w ithout com plete cooking, or 
may inadvertently be undercooked, it is 
necessary to provide a rapid and econom i
cal means for destroying the trichinae.

Historically, this was accom plished by 
holding the meat products in freezer 
storage for various periods (USD A,
1965). Holding times for pieces not ex 
ceeding 6 in. in thickness or stored in 
containers not exceeding 6 in. in depth 
were specified as 20 days at 5°F , 10 days 
at 10°F and 6 days at - 2 0 ° F .  For 
pieces or containers exceeding 6 in. in 
thickness or depth but not exceeding 27 
in., the recom m ended holding times were 
30 days at 5°F , 20 days at - 1 0°F  and 1 2 
days at - 2 0 ° F .  These time and tempera
ture relationships were based on studies 
by Ransom et al. (1920 ). The problems 
and econom ic costs associated with the 
relatively long-term holding o f pork prod
ucts in freezer storage to insure trichinae 
destruction represent a serious limitation  
to this particular procedure.

Augustine (19 5 2 ) stated that trichinae 
could be destroyed by lowering the tem 
perature o f the meat product im m edi
ately to -3 5 ° C . Gould and Kaasa (1949 )  
concluded that a temperature o f -3 7 ° C  
would destroy trichinae in 2 min. At the 
time these studies were conducted, how 
ever, mechanical refrigeration was the 
only comm ercially available form of 
freezing. To attain these temperatures 
with conventional, mechanical freezing 
techniques would have been highly im 
practical.

With the advent o f cryogenic materi
als, such as liquid nitrogen and liquid 
carbon dioxide, the attainm ent o f the 
temperatures indicated becam e, not only 
feasible, but practical. This study was 
instituted to determine the effectiveness 
o f these freezing materials for the des
truction o f trichinae and the minimum  
temperatures required to render the prod

INTRODUCTION uct safe for consum ption without further 
treatment.

EXPERIMENTAL
THIS STUDY was conducted by using pork 
patties made from trichina-infected pork. The 
trichina-infected pork was obtained from pigs 
used in another experiment. The experimental 
pigs were orally infected 1 to 4 months before 
slaughter with a dose of approximately 300,000 
trichinae per pig. The pigs were slaughtered and 
eviscerated according to conventional proce
dures. After chilling in a 2°C cooler for a 24-hr 
period, the carcasses were cut, and the loins, 
bellies and trimmings boned out and ground 
through a 19 mm plate. This product was then 
mixed in a Leland mixer to insure uniform dis
tribution of fat and lean and reground through 
a 4.8 mm plate. On second grinding, the prod
uct was extruded through a Hobart Model 61 
patty machine into patties approximately 8 8

mm square and 9 mm thick. F.ach patty 
weighed approximately llOg.

A random sample of the meat mixture was 
examined for the initial number of trichinae per 
gram of tissue by the artificial digestion- 
Baermann technique (Zimmermann et al.. 
1961). These initial counts are shown in Table
I.

Thermocouples were inserted in the center 
of three of each lot of 10  patties, and the pat
ties were subsequently run through the freezing 
tunnel. In trials 1, 2 and 3, the patties were 
frozen with liquid nitrogen spray in a modified 
Heath freezer tunnel. In trial 4 the patties were 
frozen with liquid CO, in a Certified Multideck 
freezer. The dwell times in the tunnel were 
varied to produce equilibrated end-point tem
peratures that approached predetermined levels.

After freezing, the patties were stacked side 
by side in an insulated container so that the 
patties containing the thermocouples were 
located in the center and approximately equi-

Table 1—Results o f  ra t feeding trials nu m b er showing positive  an d  
negative digestion results

Final equilibrated Trial no.
temp
(°C) 1 2 3 4

0 +
-47 2 0

0 + 0 +
-39 1 0 - 2 0 -

0 + 0 + 0 +
-29 2 0 - 2 0 - 2 0 -

1 +
-28

1 + 8 +
19-

-25 19- 1 2 -
2+ 0 +

-23
1 0+

18- 2 0 -

- 2 0 10
13+

-17
17+

7-

-14
14+ 18+

3-

- 1 2 6 - 2 -
8 +

- 1 0
2 0 + 2 0 + 5+

2 -

Control (+3) 
Initial counts

(20 Died) (15 Died) (4 Died) 10+

trichinae/g 685 2993 3120 353
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distant between the center and each end of the 
stack. The patties were left in the insulated con
tainer until the patty temperature equilibrated. 
This equilibrated temperature was determined 
as the point at which the temperature at the 
three locations remained stable for approxi
mately 10 min. It required approximately 45 
minutes for the patties to reach the equilibra
tion.

After equilibration, the patties were thawed 
at room temperature, and, to determine the 
presence of viable trichinae, 15-g samples were 
fed to albino rats. Duplicate samples from each 
patty were fed to each of two rats, with the 
exception of the control and -39°C in trial 2 
and the control and -I0°C in trial 4. In these 
instances, only one sample was fed. For the 
control in trial 3, only 5 patties were selected, 
and a single sample was fed to each of 5 rats. 
The rats were maintained for 30-35 days then 
sacrificed, skinned and eviscerated. The rat car
casses were examined for trichina viability by 
the artificial digestion-Baermann technique 
(Zimmermann et al., 1961), and the number of 
trichinae per gram in the eviscerated rat carcass 
was determined. The presence of even one 
trichina was classified as a positive result. Rats 
that died during the feeding period were not 
examined for trichina viability because it was 
assumed that the high level of trichina infection 
was the cause of death.

RESULTS & DISCUSSION
THE RESULTS o f the four trials are

shown in Table 1. No positive samples 
were found when the patties were frozen  
to a final equilibrated temperature o f  
-29°C  or lower. In trial 3, one positive 

sample was found at -2 8 ° C  and positive 
samples were found at — 25°C in both  
trials 1 and 2. With L C 0 2 freezing, there 
were no positive samples found at the 
-2 3 ° C  level. From these results, it was 
concluded that, if  a product attained a 
final equilibrated temperature o f — 29°C, 
it would be rendered free o f trichinae and 
that subsequent freezer holding would be 
unnecessary.

A processor, therefore, need only  
assure that temperatures lower than 
-2 9 ° C  be attained to render the product 
free from the danger o f trichinae. The 
USDA (1 9 7 0 ) proposed that refrigeration 
to a temperature o f - 3 0 ° F  ( -3 4 .4 ° C )  
would be accepted as rendering pork and 
pork products im m ediately trichina free. 
The results o f this experim ent indicate 
that the treatm ent prescribed should in
sure an adequate margin o f safety. With 
modern cryogenic freezing equipm ent, 
the attainm ent o f this recom m ended tem 
perature should be relatively simple and 
econom ical and free the processor from  
the problems associated w ith the long
term freezer storage o f pork to destroy  
trichinae.
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PHYSIOLOGICAL AND CHEMICAL STUDIES OF CHILLING INJURY
IN PEPPER FRUITS

INTRODUCTION
IT IS WELL KNOWN that som e vege
tables and fruits o f subtropical and tropi
cal origin suffer physiological injury 
during cold storage (0 —10°C ) and their 
keeping quality deteriorates. Pepper fruits 
are easily subject to  chilling injury at a 
temperature lower than 7°C which seems 
to disturb normal m etabolism  and causes 
a gradual weakening o f tissues and even
tual death o f peppers. Lacy and McCol- 
loch (1 9 6 2 ) published a study o f chilling 
injury in Bell peppers, indicating that 
sheet pitting occurred on fruits stored at 
32°F , but not on those at 40°F .

We conducted a study on the physio
logical effects o f low  temperature on 
peppers, and in this paper report physio
logical, biochem ical and chem ical changes 
in pepper fruits exposed to low  tem pera
ture.

MATERIALS & METHODS
Materials

Pepper fruits (cv. Sakigakemidori and 
Kyomidori) were obtained from Sennan Agri
culture cooperative, Osaka prefecture. All fruits 
were dipped in a solution of 0.5% sodium dehy
droacetate for a few minutes prior to storage to 
reduce infection by microoganisms. Fruits were 
stored in darkness in rooms held at 1°C, 6 °C, 
18°C and 20°C.

Methods
The respiratory rate of pepper fruits was 

determined by the method of Claypool and 
Keefer (1942), extraction and determination of 
a-keto acids by the method described by 
Isherwood and Cruickshank (1954), and the 
organic acids by the method described by Bulen 
et al. (1952). Extraction and identification of 
polyphenols in pepper seeds were conducted by 
the method of Nilo and Luh (1968) and shiki- 
mic acid content by the micro-colorimetric 
method described by Yoshida and Hasegawa
(1957).

For the extraction and assay of phenylala
nine ammonia-lyase (PAL) and tyrosine am
monia-lyase (TAL) of pepper seeds, usually 5g 
of pepper seeds were ground with a blender in 
50 ml of acetone previously chilled to -25°C. 
The homogenate was filtrated through filter 
paper and the residue washed three times with 
cold acetone and dried completely in a vacuum.

PAL activity was determined spectropho- 
tometrically, by measuring the conversion of 
L-phenyla!anine to trans-cinnamic acid as de
scribed by Koukol and Conn (1961). The mix
ture for the assay consisted of 500 nmoles of 
sodium borate buffer (pH 8 .8 ), 30.2 nmoles

L-phenylalanine, 0.1 g acetone powder (total vol 
5.0 ml). After incubation at 40°C for 1 hr, the 
increase in absorbance at 290 mg was measured 
against a reference from which only L-phenyl
alanine had been omitted. PAL activity was 
expressed as mn moles of trans-cinnamic acid 
formed per O.lg acetone powder per hour. TAL 
activity was determined by measuring the 
amount of p-coumaric acid formed from 
L-tyrosine by the method of Neish (1961).

RESULTS & DISCUSSIONS
Symptoms of pepper fruits stored at 1°C, 6°C and 18°C

Pepper fruits (cv. Sakigakemidori) 
were stored at 1°C, 6°C and 18°C in 
darkness. While typical surface pitting  
was not observed in peppers stored at 1°C 
for 7 days, there was discoloration o f the 
calyces and browning o f the seeds. A 
similar sym ptom  also appeared on the 
calyces o f  peppers at 6°C after 14 days, 
while those stored at 18°C ripened nor
mally.

The quality o f the fruits stored at 1°C 
for 2 wk or 6°C for 3 wk or longer 
deteriorated rapidly when they were 
transferred to 18°C.
C02 production of pepper fruits stored at 1°C and 18°C

As show n in Figure 1, the carbon 
dioxide production o f pepper fruits in
creased slightly up to 7 days’ storage at 
18°C, decreased sharply to the 18th day 
and then increased. On the contrary, the 
rate o f carbon dioxide production o f  
peppers stored at 1°C increased gradually 
throughout the storage periods. A similar 
tendency in respiration at low  tem pera
ture was reported by Iwata et al. (1 9 6 9 )  
in the case o f chilling injury in Natsudai- 
dai fruits.
C02 production after transfer to 18°C from 1°C

Eaks and Morris (1 9 5 6 ) and Murata
(1 9 6 9 ) showed that fruits sensitive to 
chilling injury usually produce a rather 
large flush o f C 0 2 at the warmer tem per
ature after exposure to low temperatures. 
As shown in Figure 2, peppers transferred 
to 1 8°C after exposure to 1 °C for various 
periods showed a spur o f carbon dioxide  
production reaching to a far higher level 
than that o f 18°C-stored fruits.

It is suggested that the stim ulated C 0 2 
production o f chilled fruits after transfer 
from low-tem perature storage to warmer

temperature may show  an abnorm ality of 
the interm ediate m etabolism .
Changes of a-keto and organic acids

Hulme et al. (1 9 6 4 ) show ed that 
oxaloacetic acid in C ox’s orange pippin 
apple increased during cold storage and 
that low  temperature injury was preceded 
by the accum ulation o f oxaloacetic acid. 
Judging from these results, they suggested 
that low  tem perature injury might be 
caused by an interference in the opera
tion o f  the Krebs cycle in apple tissues. 
Table 1 shows the changes o f a-ketoglu- 
taric acid content o f peppers during low

Fig. 1—Carbon d io x id e  p ro d u c tio n  b y  peppers 
stored  a t 1 8 °C a n d  1°C.

Fig. 2 -C a rb o n  d io x id e  p ro d u c tio n  b y  peppers 
s t o r e d  a t  1 8 °  C  a f te r  exposure to 1°C. 
f t :  Days o f  transferring to 1 8 ° Cl.
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Table 1—Changes o f  a -ke to g lu ta ric  a c id  co n 
tent o f peppers during lo w  tem p era tu re  storage  
and a fter transfer to  I8 ° C

Days after transfer to ! 8 °C

Storage Wk of 0 3 7

temp storage
Initial

(mg acid/1 0 0 g fresh wt) 

0.91

6°C ;I 2 2.14 3.23 10.35
I 4 2.59 - 6.28

1°C |; 2 3.04 3.49 4.86
4 3.37 - 10.35

temperature storage ( l° C  and 6°C ) and 
after transfer to 18°C. The content of 
a-ketoglutaric acid in peppers before 
storage was 0 .9 1 mg per lOOg fresh 
weight. During cold storage, a-ketoglu- 
taric acid increased by tw o to three times 
the initial am ount, showing a more rapid 
increase after transfer to 18°C from  l°C  
and 6°C.

The changes o f pyruvic acid content of 
peppers during low  tem perature storage 
(l°C  and 6°C) and after transfer to 18°C  
are shown in Table 2. The changes o f  
pyruvic acid content also showed a sim i
lar tendency to that o f a-ketoglutaric  
acid.

As the oxaloacetic acid was d ifficult to 
separate by paper chrom atography, the 
change is not shown in this paper; h ow 
ever, it is suggested that the change o f 
oxaloacetic acid may be similar to that o f

Table 2 —The changes o f  p y ru v ic  ac id  con
te n t o f  peppers during  lo w  tem p era ture  storage 

an d  a f te r  transfer to  18° C

Days after transfer to 18°

Storage Wk of 0_____________̂
temp Storage (mg acid/lOOg fresh wt)

1.90

2.38 6.18 5.23
8.55 -  10.90

2.06 2.07 5.08
11.20 -  17.00

the former tw o acids. Murata (1 9 6 9 ) also 
reported that a-keto  acids are accum u
lated in banana suffering chilling injury. 
As show n in Table 1 and 2, the a-keto  
acid content o f peppers was accum ulated  
during cold storage; a greater accum ula
tion o f  a-keto  acids after transfer to 18 C 
from 1°C and 6°C may be due to the 
reduction o f the enzym e activity concern
ing the release o f keto acids in the Krebs 
cycle. In a study o f m itochondria o f 
animal tissues, Tyler (1 9 6 0 ) reported that 
oxaloacetate might be an im portant rate- 
r e g u la to r  o f  oxidative m etabolism  
through the Krebs cycle. Giving attention  
to this rate-regulator effect o f oxaloace
tate in the Krebs cycle, we are now  
investigating the changes in and the role 
of oxaloacetate in peppers by the m ethod  
o f thin layer chrom atography. Details o f  
this work will be reported elsewhere.

Table 3 show s the changes o f organic 
acids contents o f  peppers stored at 1°C 
and 18°C. Fumaric acid, succinic acid and 
malic acid were detected in peppers, with  
malic acid the m ost abundant. Since 
fumaric and succinic acids were difficult 
to separate from  each other com pletely, 
the contents are shown as the sum o f  the 
tw o, expressed as succinic acid. Fumaric 
+ succinic acid and citric acid increased to  
som e exten t during storage o f 1 8°C. The 
contents o f  malic acid and citric acid 
were found to increase markedly during 
cold storage.

The changes o f  organic acids after 
transfer to 18°C are show n in Table 4. 
After transfer to 18°C from 1°C, the 
content o f malic acid decreased quickly  
but fumaric + succinic acid increased 
rapidly. Uritani (1 9 6 8 ) dem onstrated that 
malate dehydrogenase is susceptible to  
removal from m itochondria in chilled  
sweet potatoes. It is considered that the 
malic acid accum ulation in peppers dur
ing cold storage may have been caused by 
removal o f  malate dehydrogenase from  
m itochondria.
Production of browning substances in pepper seeds by chilling injury

The surface color o f pepper seeds 
becom es brown at an early period o f cold 
storage and eventually turns black when 
the storage period is prolonged. It is 
suggested that in severely chilled pepper 
seeds, polyphenolic substances may be 
oxid ized by the catalyzation o f po ly
phenol oxidase.

Figure 3 shows a two-dim ensional 
paper chrom atogram  o f the polyphenolic  
com pounds in the ethanol extract o f 
pepper seeds before storage. Two blue 
color spots were detected when the chro
matogram was sprayed with FeC l3 + 
K3 F e(C N )6 reagent. Table 5 lists the Re
values and color reactions o f  the p oly
phenolic com pounds extracted from

I I .  2% ACETIC ACID.t
F ig . 3 — Tw o-d im ensiona l ch rom atogram  o f  
p o lyp hen o lic  com pounds in  p epp er seeds be
fore  storage. [Papers were chrom atographed  
w ith  B A W  (n -butanol-acetic  ac id -w ater, 4 : 1 :5  
v/v) as the firs t dim ension fo r  2 0  h r  a n d  w ith  
2%  A C O H  (2% acetic ac id ) as the second  
dim ension fo r  4  h r  a t 2 0 ° C .]

Table 3 —Changes o f  organic ac id  c o n te n t o f  peppers stored  a t 1°C  
a n d  18° C

Fumaric acid
+ Malic Citric

Storage Wk of Succinic acid acid acid

temp storage (mg acid/1 0 0 g fresh wt)

Initial 6 .0 67.0 trace

18°C J 2 1 2 .2 34.8 trace
(4 47.6 29.4 28.6

1°C { 2 7.0 71.6 trace
14 1 0 .6 104.2 28.8

Table 4 - The changes o f  organic ac id  a fte r  transfer to  1 8 °C

Low temp Days after
Fumarie acid 

+ Malic Citric
storage transfer Succinic acid acid acid
periods to 18°C (mg acid/1 0 0 g fresh wt)

/° 7.0 71.6 trace
l°C-2 wk

I 3 38.2 46.4 30.0
'7 2 2 .2 50.0 31.6

(° 1 0 .6 104.2 28.0
l°C-4 wk / 3 \  a 22.4 76.6 19.8

‘ 7 27.4 25.6 99.2

Initial 

6’C ( <« {J
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Table 5 —R f  values, m ax im u m  absorption peak an d  co lo r characteristics o f  p o lyp h en o lic  com pounds ex tra c te d  fro m  pepper seeds com pared  
w ith  au the n tic  chlorogenic ac id

Rf values at 20°C Color under3 led  3
Color with3

—

Spot BAW 2 % Visible +
no (4:1:5) ACOH \ max(mM) UV UV+NHj light+NHj K 3 Fe(CN) 6 DPNA Hoepfner

i 0.70 0.64 328 Bfl YGO Y si B T R
2 0.56 0.63 320 BIT YGfl Ysl B T R
Authentic
chlorogenic 0.69 0.65 328 Bfl YGfl Ysl B T R
acid

a B = blue, G = green , R = red , T = tan , Y = yellow , f l= flu o rescen ce , sl= sligh t.

pepper seeds on a two-dim ensional chro
matogram exam ined under ultraviolet 
reaction with or w ithout am monia vapor; 
under visible light with ammonia vapor; 
and when sprayed on the FeCl3 + K3 
F e ( C N ) 6 , d ia z o t iz e d  p-nitroaniline 
(DPNA) and Hoepfner reagents; and the 
maximum absorption peak o f spot 1, spot 
2 and authentic chlorogenic acid in 90% 
ethanol.

Figure 4 shows the absorption spectra 
in 90% ethanol o f spot 1 (A) and spot 2
(B) isolated from pepper seeds and au
thentic chlorogenic acid (C). The absorp
tion spectrum o f spot 1 in 90% ethanol 
matches that o f authentic chlorogenic 
acid, with a maximum absorption peak at 
328 mju. To prove further that spots 1 
and 2 were chlorogenic acid or its iso
mers, acid hydrolyses o f these com 
pounds were done with 2N HC1. The 
ether extract o f the acid hydrosates of 
spot 1 and spot 2 contained caffeic acid, 
and the aqueous hydrochloric acid layer

Fig. 4 —A bsorption  spectra o f  S po t 1 an d  S pot 
2  iso lated from  pepper seeds a n d  au thentic  
chlorogenic acid. [A :  S po t 1 ( • — • ) ;  B: Spot
2  (o---------o); C: A u th e n tic  chlorogenic ac id

<•-------•)].

of spot l and spot 2 contained quinic 
acid.

Judging from the results o f the Rf 
values, color reactions, absorption spectra 
and acid hydrolyses o f  spot 1, spot 2 and 
authentic chlorogenic acid, spot 1 was 
identified as chlorogenic acid. Spot 2 
coincided with the color reactions o f  
authentic chlorogenic acid except for the 
Rf value and absorption spectrum , and 
contained caffeic acid and quinic acid in 
the products o f the acid hydrolysis. Thus, 
spot 2 was supposed to be an isomer or a 
derivative o f chlorogenic acid.

Spot 1 exam ined under ultraviolet 
light was cut o ff with scissors. After being 
cut into small pieces, the chlorogenic acid 
contained was extracted with 5 ml of  
80% ethanol, and determined by measur
ing the light absorbance at 328 mju with a 
Beckman DU-type spectrophotom eter. 
Results are shown in Table 6. The con
tent o f chlorogenic acid before storage 
was 62 .6  mg per lOOg fresh weight. The 
content in seeds o f peppers stored at 1°C 
increased, reaching a m aximum at 7 days’ 
storage and decreasing rapidly during 
subsequent storage periods. The changes 
of chlorogenic acid content in seeds o f

Table 6 — Changes o f  ch lorogenic ac id  co n■
te n t o f  p epp er seeds stored  a t  1 °C  a n d  2 0 °C

0
Days in storage 

7 14 21 28

Temp (mg acid/10 0 g fresh wt)

1°C 
20° C

62.6 144.0 40.9 22.8 
70.5 37.9 26.6

4.6
24.0

Table 7 —Changes o f  sh ik im ic  ac id  co n ten t 
o f  pepp er seeds sto red  a t 1 °C  an d  2 0 ° C

Days in storage

0 1 4 7 14

Temp (mg acid/10 0 g fresh wt)

1°C 
20° C

7.3 17.0 42.0 2.8 
14.5 18.0 10.0

6 .8
7.5

peppers stored at 20°C  showed the same 
tendency as those o f cold storage, but the 
amount o f the chlorogenic acid at 7 days 
in 20°C-stored fruits was less than half 
that in l°C -stored fruits.
Changes o f shikim ic acid content in 
pepper seeds stored at 1°C and 20°C

It has becom e clear in recent years 
that shikim ic acid plays an im portant role 
as a precursor o f aromatic acid, such as 
chlorogenic acid, via the phenylalanine or 
tyrosine pathway. The changes o f shiki
mic acid content o f pepper seeds were 
determined in relation to the accumula
tion o f chlorogenic acid. As shown in 
Table 7, the shikim ic acid content before 
storage was 7.3 mg per l OOg fresh weight. 
In cold storage the content increased 
rapidly reaching a m aximum o f 4 2 .0  mg 
per lOOg fresh weight after 4 days; it then 
began to decrease rapidly. The content in 
20°C-stored fruits showed a similar trend 
but was much less pronounced. From the 
results it was supposed that the shikimic 
acid pathway might be activated in cold 
storage to produce phenylalanine or tyro
sine as a good precursor o f phenylpropa- 
noids.

Table 8 —Changes o f  p h en y la la n in e  am 
m onia-lyase a c tiv ity  o f  pepp er seeds stored  at 
6 °  C a n d  2 0 ° C

Days in storage
Temp 0 4 7

6 °C 17 3a 280 160 65
20° C 60 35 24

a tran s -c in n am ic  acid  (m /aM /O .lg  ace to n e  
p o w d e r /h r)

Table 9 —Changes o f  tyrosine am m onia-lyase  
a c tiv ity  o f  pepper seeds sto red  a t  6 °  C a n d  2 0 ° C

Temper- Days in storage

attire 0 2 4 7
6 °C 16a 8 14 11

20° C 8 25 12
a p a ra -co u m aric  acid  (m p M /O .l g a ce to n e  

p o w d e r /h r)
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T a b le  10—Com parison o f  phen y la lan in e  
am m onia -lyase a n d  tyrosine am m onia-lyase  
activities o f  pepp er seeds sto red  a t  6 ° C  and  

20°C

Days in storage

Temp 0 2 4 7

6°C 1 0 .8 a 35.0 1 1.4 5.9
20° C 7.5 1.4 2 .0

acinnamic acid/coumaric acid

Changes o f PAL and TAL activities of 
pepper seeds stored at 6°C and 20°C

Table 8 shows PAL activity in enzym e  
preparation from pepper seeds stored at 
6°C and 20°C. PAL activity in the seeds 
of pepper fruits stored at 6°C  showed a 
rapid increase up to 2 days, and then a 
sharp decrease. The activity in 20 C- 
stored fruits decreased slightly during 
storage, with values being much lower 
than those o f  cold storage.

Table 9 shows the changes o f TAL  
activity which was fairly low  in com pari
son with PAL activity throughout the 
storage periods and a consistent differ
ence was not found betw een samples 
stored at 6°C and 20°C.
Comparison o f PAL and TAL activities 
of pepper seeds stored at 
6°C and 20°C

Table 10 compares PAL and TAL  
activities o f seeds stored at 6°C and 20°C. 
The ratio o f cinnam ic acid/coum aric acid 
formed before storage was 10.8. In the 
6°C-stored fruit the ratio increased rap
idly to a maximum value o f 35 .0  after 2 
days in cold storage, then decreased 
sharply. The ratio o f 20°C-stored fruits 
decreased consistently up to 7 days’ 
storage.

Thus it is suggested that PAL in 
pepper seeds is activated at low  tem pera
ture and phenylpropanoids are produced 
rapidly.

CONCLUSIONS
THE FIRST STEP o f physiological injury 
of pepper fruits during low  temperature 
storage is observed as a change o f respira
tion before the sym ptom s o f chilling 
injury becom e visible: the rapid increase 
o f C 0 2 production occurs when fruits are 
transferred to room temperature after 
low  temperature storage. This abnormal 
increase o f C 0 2 production results in 
changes o f the interm ediate m etabolism . 
The accum ulation o f a -keto  acids (Table
1 and 2) during low  temperature storage 
and after transfer to room temperature, 
the accum ulation o f malic acid (Table 3) 
during low  temperature storage and the 
decrease o f malic acid (Table 4) after 
transfer to room temperature were ob
served. These m etabolite changes indicate 
occurrence o f chilling injury.

The browning o f pepper seeds is also a 
typical sym ptom  o f chilling injury. The 
main browning substance o f seeds was 
identified as chlorogenic acid (Table 5, 
Fig. 4) which increased in fruits stored at 
1°C, reached a maximum after 7 days, 
and then decreased rapidly during stor
age. The shikim ic acid pathway is known  
as the important pathway o f  the biosyn
thesis o f arom atic com pounds. The con
tent o f shikim ic acid also increased 
rapidly in low  temperature storage (Table 
7). PAL known as a key enzym e o f  
phenylpropanoids showed the peak after
2 days o f storage at 6°C. From these 
results it was em phasized that the shiki
mic acid pathway and PAL in pepper 
seeds were activated in low  temperature 
storage, phenylpropanoids were produced

rapidly, and that those propanoids might 
becom e the cause o f the browning o f  
pepper seeds as the oxidation substrate.
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ACID-SOLUBLE NUCLEOTIDES OF JUICE VESICLES OF CITRUS FRUIT

INTRODUCTION
ACID-SOLUBLE nucleotides have been 
isolated and identified from both fruit 
and vegetables (Luh and Chen, 1969).
These com pounds are known to be essen
tial interm ediates in numerous m etabolic 
reactions, especially carbohydrate and 
organic acid m etabolism  (Hassid, 1967).
Citrus fruit in particular are characterized 
by their capacity to synthesize and accu
mulate sugars in som e cases and organic 
acids in others (Sinclair, 1961). Concen
trations o f specific nucleotides in fruit at 
various stages o f growth and developm ent 
could possibly serve as an important 
regulatory mechanism in carbohydrate 
and organic acid m etabolism . Buslig
(1 9 7 0 ) has dem onstrated that a change in 
the level o f acidity in citrus fruit is 
correlated with a shift in an ATP/ADP  
(adenosine diphosphate/adenosine tri
phosphate) ratio.

Not only are nucleotides essential for 
m etabolism , but they have also been 
found to m odify flavor. Studies by Kuni- 
naka et al., (1 9 6 4 ) and Kuminaka (19 6 0 )  
have shown that som e o f the nucleotides 
normally found in plant tissues will 
m odify flavor. 5 -GMP (guanosine m ono
phosphate) has the strongest m odifying  
influence on flavor o f the nucleotides 
isolated from plant tissue. Little is known  
of the interaction betw een nucleotides or 
between nucleotides and other flavor 
m odifying com pounds. That an inter
action can occur is evident from the 
observation that 5 -AMP (adenosine 
m onophosphate) has little or no effect on 
flavor, but together with glutamic acid 
has a taste-improving effect (Kuninaka,
1960).

A knowledge o f the types and concen
tration o f nucleotides in citrus is needed 
for an understanding o f their possible role 
in the quality and flavor o f fresh fruit and 
processed citrus products.

This is a report o f the tentative iden- •  
tification and sem iquantitation o f acid- i*j 
soluble nucleotides in citrus fruit at vari
ous stages o f maturity.

EXPERIMENTAL
Material

Fruit of “Orlando” tangelo and “ Hamlin” 
and “Pineapple” sweet oranges were harvested 
at various intervals after the fruit had attained 
commercial maturity. The fruit were frozen 
with dry ice immediately after harvest and the 
segments separated from the rind before they

were pulverized. Care was taken to insure that 
the frozed fruit and the subsequently separated 
samples remained at or below -  10°C until after 
the first step of the extraction procedure.

Extraction
The extraction procedure followed was simi

lar to that described by Selvendran and Isher- 
wood (1967). Frozen fruit segments (40g) were 
macerated in cold 0.6N perchloric acid using a 
Sorvall omni-mixer operated at 16,000 rpm for 
3 min. The ground mixture was then steeped 
for 3 hr at 4°C before filtering the extract 
through a column (3 cm x 9 cm) of polyvinyl- 
polypyrrolidone (Polyclar AT). The column 
was immediately washed with 2 bed-volumes of 
0.6N perchloric acid. The filtrates and washings 
were collected in a vacuum flask that was im
mersed in an alcohol-dry ice mixture, pH ad
justed to 6.0 with 15% KOH, allowed to stand 
for 3 hr at 4°C, and then filtered through a bed 
of celite on filter paper to remove the precipi
tated KC104 salts. The extract was then treated 
with activated charcoal (Darco G6 ) for 12 hr at 
4°C to selectively absorb the nucleotides, leav
ing in solution many UV-absorbing nonnucleo
tide compounds present in the extract. After 
removing the residue by filtration and washing 
with cold H2 0, the nucleotides were eluted 
from the charcoal with a hot ethanoFwater: 
ammonuim hydroxide (50:49:1 v/v) solution. 
The filtrate was reduced to 5 ml under vacuum.

Anion-exchange chromatography
Extract, prepared by the foregoing pro

cedure, was added to the top of a Dowex AG 
1-X8 resin (formate form, 200-400 mesh, Bio- 
Rad Laboratories) and washed onto the column 
with several bed-volumes of distilled water 
before the anions (nucleotides) were separated 
by gradient elution using a 2 -phase formic

acid:ammonium formate system. The first 
phase was a gradient between H2O (250 ml) 
and 4N formic acid (250 ml); the second phase 
was a gradient between 4N formic acid (250 
ml) and 2N ammonium formate (250 ml). The 
effluent, 1 ml/min, was continuously moni
tored at 260 nm using a Gilford Auto-Analyzer 
(model 2 0 0 0 ).

Identification and quantitation
Identification was made by comparing the 

retention time from an exchange column with 
standards fractionated by the same procedure 
and from elution sequences reported by others 
(Brown, 1962; Brown and Nordin, 1969; Sel
vendran and lsherwood, 1967). Also, further 
proof of identity was obtained, where possible, 
by comparing the absorption spectra of the 
unknown to a standard. The quantity of each 
was determined by measuring the area under 
the curve and by comparing it to a standard 
nucleotide having approximately the same 
retention time.
Determination of ATP concentration

Concentration of ATP in the fruit segments 
was estimated by using the firefly, luciferin- 
luciferase system described by Buslig and Atta- 
way (1969). Each batch of firefly extract was 
standardized with known amounts of ATP.

RESULTS & DISCUSSION
THE EXTRACTION PROCEDURE des
cribed herein was found to be adequate 
for extraction o f acid-soluble nucleotides 
from citrus fruit segm ents. The elution  
sequences o f both the 5 m ononucleotide  
standards and the acid-soluble nucleotides 
from Hamlin orange harvested at early

Fig. 1 -A n io n -e x c h a n g e  chrom atogram  o f  the 5 ' m ononucleotides separated on a D om ex 1 x 8  
(fo rm ate  fo rm ) io n —exchanger in a fo rm ate  system : (A ) w ater to  4 N  fo rm ic  ac id ; (B ) 4 N  form ic 
acid  to 1 .6 N  am m o nu im  form ate .

T\2—JOURNAL OF FOOD SCIENCE-Volume 37 (1972)
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T a b le  1 —E s t im a te d  q u a n t ity  o f  th e  a c id -s o lu b le  n u c le o t id e  fra c t io n  in  m g /1 0 0 g  p u lp  o f  c itru s  

f ru it  a t  c o m m e rc ia l m a t u r i t y

Harvest d a te - 1970
Fraction Orlando tángelo Hamlin orange

11-25 12-12  11-25 12-22
Pineapple orange

11-25  12-22  1-17
Identification

a 1.15 0.40 2.75 1.56
b 0.06 0.77 0.03 -
c _a - 0.56 0.03
d - 0.03 0.09 -
e
f 0.10 _ 0.08 _

g 0.33 - -
m 1.13 0.93 0.63 0.25
n 0.13 0.1 1 0.07 0.01
0 0.05 - 0.23 -
Total 2.62 2.57 4.44 1.85

“ N o t d e te c te d  “ T e n ta t iv e  id e n tif ic a t io n

m aturity  are show n in F igures 1 and 2, 
respectively. T he profile  fo r H am lin  will 
dem onstra te  a typ ical e lu tio n  p a tte rn  
obta ined . H ow ever, the  q u a n titie s  o f each 
fraction and the  n u m b er o f  frac tion s  
differ w ith  the  varie ty  o f  c itrus ex am ined .

The ac id-soluble n u c leo tid e  frac tion s 
separated from  the  fru its  o f th ree  vari
eties harvested  at various stages o f co m 
mercial m a tu rity  are p resen ted  in T able 1. 
The q u a n tity  and ten ta tiv e  iden tifica tio n  
of the various frac tio n s  are also ind icated . 
Specific id en tifica tio n  o f several frac tions 
was n o t possible because o f incom ple te  
separation o f co m p o n en ts  (F ig. 1) and 
the gradual e lu tio n  o f o th e r  U V -absorbing 
com pounds from  the  ex tra c t at the begin
ning o f the  g rad ien t (F ig. 2). H ow ever, 
peaks b, c, d, f, and g were id en tified  as 
AMP, CDP (cy tid in e  d ip h o sp h a te ), GMP, 
UMP (u rid ine  m o n o p h o sp h a te )  and ADP,

2.45 1.32 3.16 CMP-NADb
0.50 - - AMP
0.03 0.15 0.12 CDP

- - - GMP
0.12 0.20 0.08 -

- - 0.12 UMP
- - - ADP

0.70 0.83 0.60 -
0.09 0.07 0.13 CTP-GDPb
0.03 0.04 - UDP-ATPb
5.77 2.61 3.65

respectively . Peaks e and g are n o t show n 
in Figure 2, how ever th ey  w ere fo un d  in 
one o r m ore  o f th e  varie ties (T able 1). 
Id en tity  o f  these c o m p o n e n ts  w ere co n
firm ed by sp e c tro p h o to m e tric  scans from  
2 0 0 - 3 2 0  nm  at pH o f 2, 7 and 11. 
Spectra and ra tios  at 2 5 0 /2 6 0  and 
2 8 0 /2 6 0  were m a tch ed  to  s tandards. 
Peaks a, n, and o are th o u g h t to  consist o f 
a t least tw o  n u c leo tid e  co m p o u n d s o f 
CM P-NAD (cystid ine  m o n op h o sph a te - 
n i c o t i n a m i d e - a d e n i n e  d inu cleo tide), 
C T P -G D P  ( c y s t i d i n e  tr ip h o sp h a te -  
guanosine d ip h o sp h a te ) and UDP-ATP 
(u rid ine  d ip h o sp h a te ), respectively . NAD 
was no t used as a s tan d ard  b u t has been 
rep o rted  by o th e rs  to  e lu te  from  a fo r
m ate co lu m n  at ap p ro x im a te ly  th e  sam e 
position  as CMP (B row n, 1962).

F rac tio n s  a, m and n were presen t in 
all fru it an alyzed . These th ree  frac tion s

com prised  ap p ro x im a te ly  8 0 —90%  o f  the 
to ta l n uc leo tid e  c o n cen tra tio n  th ro u g h 
o u t the  period  s tu d ied  in all th ree  vari
eties. F rac tio n  m was n o t id en tified  b u t 
ind ica tio n s were th a t it was a sugar 
nuc leo tid e .

Because o f its m e tabo lic  significance, 
ATP was q u a n tita te d  fu r th e r  in citrus 
fru it pulp . Analysis o f  th is n uc leo tid e  was 
m ade by the  luciferin -luciferase system  
(Buslig and A ttaw ay , 1969). The ATP 
co n cen tra tio n  in m g/lO Og pulp  in fru it 
ranged from  2 .0 6 —2.58  fo r O rlando  tan- 
g e lo ,  0 . 9 4 —1.99  fo r H am lin and 
0 .5 5 —1.33 fo r P ineapple orange (Table
2). These da ta  are in ab o u t the  sam e 
range as those  rep o rte d  by Buslig (1970 ).

Q u an tita tiv e  estim ates o f the  ind iv idu
al acid-soluble nuc leo tides in citrus fru it 
pulp  ind ica te  th a t these co m p o u n d s are in 
abundance  at com m ercia l fru it m a tu rity . 
These da ta  are p resen ted  in T able 1. The 
to ta l q u an tity  in m g/lOOg o f pulp  at 
m a tu rity  was 2 .6 2 —2.57 m g fo r O rlando  
tangelo , 4 .4 4 - 1 .8 5  m g fo r H am lin and 
2 .6 1 —5.77 mg fo r P ineapple orange. Luh 
and C hen (1 9 6 9 ) fo u n d  th a t the  prim ary 
nuc leo tid es in to m a to  fru its  were the 
p ho sp h o ry la ted  derivatives, 5 cy tidy lic , 
5 ad eny lic  and 5 u ridy lic  acids, com pris
ing ap p ro x im ate ly  13 m g/lO Og o f fru it. 
The n u c leo tid es  ten ta tiv e ly  iden tified  
have been show n to  be essential in the  
in te rconversion  o f  sugars in p lan t tissue 
(H assid, 1967). These co m p ou n ds can be 
visualized as having an im p o rta n t fu n c
tion  in the  syn thesis o f sugars in citrus 
ju ice vesicles since it is a tissue ad ap ted  
for sugar syn thesis  and storage (S inclair,
1961).

S tud ies by S ch inneller (1 9 7 2 ) ind icate  
th a t b o th  5 ' GM P, and 5 ' ADP will 
m od ify  the  flavor o f specific co m poun ds 
presen t in citrus ju ice , pa rticu larly  octa- 
nal. S ign ifican tly , less than  10 ppm  was

Fig. 2 -A n io n -e x c h a n g e  c h ro m a to g ra m  o f  th e  a c id -s o lu b le  n u c le o tid e s  o f  H a m lin  o ra n g e  f r u i t  p u lp  

harvested 1 1 -2 5 -7 0 . S e p a ra tio n  o f  th e  e x t r a c t  was o n  D o w e x  1 ( fo rm a te  fo r m )  io n -e x c h a n g e r  in  a 

fo rm ate  s y s te m : ( A )  w a te r  to  4 N  fo rm ic  a c id ;  (B ) 4 N  fo rm ic  a c id  to  1 .6 N  a m m o n iu m  fo rm a te .

T a b le  

f r u i t  p u lp

2 —C o n c e n tra t io n  o f  A T P  in  c itru s  

a t  c o m m e rc ia l m a t u r i t y

Harvest
date

ATP
mg/lOOg pulp

Orlando tangelo
11-25-70 2.06
12-12-70 2.58

Hamlin orange
11-25-70 1.37
12-12-70 1.99
12-22-70 0.94

Pineapple orange
11-25-70 1.33
12-22-70 0.52

1-17-71 0.55
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required  to  cause an en hancem en t in the 
d e tec tio n  o f oc tanal. Show n by the pre
sent data , tissue co n cen tra tio n s  o f nuc leo 
tides in the  ju ice vesicles o f citrus are at a 
level w here they  could m odify  flavor. 
Also, Luh and Chen (1969 ) reported  
isolating several nuc leo tid es from  o th e r  
fru its and vegetables and have suggested 
tha t these co m pounds in com bina tion  
w ith o thers  m ay be related  to  the taste 
appeal o f these p roducts.

O rganolep tic tests have d em o nstra ted  
that the 5 m on oph o sph a te  derivatives of 
purines generally have a g rea ter effec t on 
m odify ing flavor than  e ith er the  5 m o n o
pho sphate derivatives o f pyrid ines, o r the 
nucleosides o f bo th  purines or py rim i
dines (K un inaka et ah, 1960). T here are 
som e ex cep tio ns to  this generality , yet it 
is n o te w o rth y  tha t the m ore stable phos
phate esters are the b e tte r  m odifiers of 
flavor. R elating this to  the observations 
tha t ripening o f fru its  generally result in

degradation  o f the  di- and tri-p h osp h a te  
nuc leo tid es, and m o n o p h o sp h a te  n u c leo 
tides to  a lesser e x te n t, it follow s tha t the 
kinds o f nucleosides and nuc leo tid es and 
tissue co n cen tra tio n s  is very d ep en d en t 
on the m etabolic  s ta te  o f the organ. Also, 
the m e th o d  o f processing fru its  w ould 
alter the nu c leo tid e  co n ten t. T hus, a part 
o f the flavor m od ifica tion  o f citrus fru its  
w ith handling and storage and w ith  p roc
essing could  possibly result from  chem ical 
changes am ong nuc leo tid es.
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EFFECT OF GAMMA RADIATION ON WHEAT PROTEINS

INTRODUCTION
N U TR ITIO N A L and o th e r  w ho lesom e
ness aspects o f C o60 gam m a ray-disin- 
festation o f s to red  w heat have been 
extensively s tu d ied  (W HO, 1970). Subtle 
changes in the su scep tib ility  o f am ylolysis 
of starch  in irrad ia ted  w heat have been 
reported by A n an thasw am y e t al. (1970 ). 
Although at dose levels o f 2 0 - 2 0 0  K rads, 
irradiation does n o t a lte r the  to ta l p ro te in  
content or the p ro te in  effic iency  of 
wheat (A rav indakshan  et al., 1970) and 
damage to  g lu ten  in te rm s o f m olecu lar 
fragm entation  is in sign ifican t, som e loss 
in its co llo idal p ro pertie s  w ith  resu lting  
lower sed im en ta tio n  value has been re
ported (M ilner, 1961). D egradation  of 
gluten by X-rays in presence o f w ater is 
characterized by changes in viscosity 
(Barron and F ink elste in , 1952).

The presen t s tud ies rep o rt on  the 
radiosensitivity and enzym ic su scep tib il
ity o f w heat p ro te in s  in situ  and o f 
isolated g lu ten . D egradation  p ro d u c ts  o f 
wheat p ro te in s  were ch aracte rized  by gel 
filtration. Lysine availability  as well as 
total and free am ino  acids in co n tro l and 
irradiated w heat sam ples were also d e te r
mined.

MATERIALS & METHODS
SAMPLES of hard red winter variety wheat, 
Triticum aestivum , obtained from the Food 
Corp. of India, as well as isolated gluten and 
gliadin samples were made into 25g packets, 
heat-sealed in polythene pouches and irradiated 
at 25°C in a cobalt-60 gamma cell 220 (Atomic 
Energy of Canada Ltd.) at dose levels of 20, 40, 
60 and 200 Krad and at 1 Mrad, with a dose 
rate of 25 Krad per minute.

Gluten, gliadin and glulenin, purchased 
from Nutritional Biochemical Corp., U.S.A., 
were used as standards for identification of 
breakdown products of wheat proteins. Sepha- 
dex G-200 was obtained from Pharmacia Fine 
Chemicals, Uppsala, Sweden.
Isolation of gluten and gliadin

Well-kneaded dough, prepared from de
fatted wheat flour, was washed with distilled 
water to expel out starch and other nongluten 
materials. The resulting gluten ball was dis
persed in 0 .0 1M acetic acid and centrifuged at 
20,000 X G for 1 hr. To inactivate proteolytic 
enzymes, the supernatant was heated at 95°C 
for 5 min, cooled and lyophilized (Olcott et al., 
1943). The gluten samples thus prepared con
tained 85% protein and only traces of carbohy
drate. Glutenin was further separated from 
gluten by treatment with 70% ethanol at pH
6.5 and allowing the solution to stand at 4°C 
overnight. Gliadin, retained in solution, was

recovered by removing alcohol under vacuum. 
Suspensions of glutenin and gliadin were made 
separately in 0 .01M acetic acid and resulting 
solutions lyophilized.
Autolysis

2.5g wheat flour (60 mesh) was suspended 
in 50 ml 0.1M citrate buffer pH 5.5 and incu
bated under toluene at 40°C with frequent 
shaking. Reaction was stopped at zero time 
(control) or after 5% hr by addition of 20% 
trichloroacetic acid (TCA). Tyrosine liberated 
was estimated in the supernatant colorimet- 
rically (Udenfriend et al., 1952).
Enzymic susceptibility of wheat proteins

To determine the susceptibility of wheat 
proteins to proteolytic enzymes, 10 ml of iso
lated gluten or gliadin (0.5%, pH 4.5), from 
unirradiated or irradiated (20-200  Krads) 
wheat samples, was incubated under toluene 
with 5 mg papain, activated with reduced gluta
thione (El-Miligi and Vakar, 1964), at 30°C for 
10 min. with frequent shaking. The reaction 
was stopped by 5 ml of 20% TCA, and tyrosine 
estimated in the supernatant.
UV absorption spectra

Gluten (2 mg) was dissolved in ethanol 
acetic acid (1:1) mixture (3 ml) and its UV 
absorption maximum determined between 240 
and 320 nm wavelengths in a Zeiss-Ikon Re

cording spectrophotometer. The optical density 
at 276 nm was measured in a Beckman DB 
spectrophotometer.
Separation of wheat proteins by gel filtration

Wheat flour (8g) was suspended in 70 ml 
AUC solvent (0.1M acetic acid, 3M urea and 
0 .01M cetyltrimethyl ammonium bromide) and 
kept at 25°C for 1 hr with frequent shaking. 
The suspension was centrifuged at 105,000 X G 
for 30 min. 2 ml of the supernatant (25 mg 
protein) was applied on a Sephadex G-200 
column (2.2 x  55 cm) and eluted with AUC 
solvent (Meredith and Wren, 1966). 2.5 ml frac
tions were collected using LKB automatic frac
tion collector. E 2 8 0  of each fraction was meas
ured in a 1 cm cell against solvent in a Beckman 
DB spectrophotometer. The area of each peak 
occupied by individual proteins was measured 
by planimeter. The position of each protein 
peak on the column was ascertained by em
ploying authentic samples.
Amino acid analyses

Wheat flour or isolated gluten (25 -30  mg 
protein) samples were hydrolyzed with 6N HC1 
in vacuo for 24 hr at 110°C ± 1°C and individ
ual amino acids determined in the filtrate. 
Serine and threonine were lost up to 8-10%  
during acid hydrolysis. Necessary corrections 
were made for this loss in the final calculations.

T a b le  1 - A u to ly s is  in  ir r a d ia te d  w h e a ta

Dose level 
(Krads)

Initial free tyrosine 
mg/g wheat flour

% Increase 
over control

Tyrosine liberated 
after 5% hr digestion 

Mg/g wheat flour
%

Increase 
over control

0 145 - 304 -

20 153 5.5 322 6.2
40 153 5.5 375 28.3
60 153 5.5 381 30.2

200 164 13.1 396 31.4
aValues are tion of tyrosine

averages of three experiments. For details of autolytic procedures and determina- 
in autolysate, see text under “ Methods.”

T a b le  2 - S u s c e p t ib i l i t y  o f  ir r a d ia te d  g lu te n  a n d  g lia d in  to  p a p a in  a c tio n

Dose level 
(Krads)

Gluten Gliadin

0 min
% Increase 

10 min over control 
(mg tyrosine liberated/g)

% Increase
0 min 10 min over control 

(mg tyrosine liberated/g)
0 13.8 24.8 - 3.2 8.7 -

20 14.2 25.8 5.4 3.6 9.6 9.0
40 14.6 26.9 12.0 4.0 10.4 18.0
60 15.2 28.2 18.1 4.2 11.3 29.1

200 15.2 28.5 20.9 4.4 11.8 34.5
a V alues a re  averages o f  th re e  e x p e r im e n ts . T y ro sin e  re leased  by p a p a in  a c t io n  w as ca rried  o u t  as 

d e sc rib ed  u n d e r  “ M e th o d s” an d  % in crease  in ir ra d ia te d  sam p les over c o rre sp o n d in g  c o n tro ls  a f te r  
10 m in u te s ’ in c u b a tio n  ca lcu la te d .
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Fig . 1 —U V  a b s o rp tio n  s p e c tra  o f  ir ra d ia te d  

g lu te n  sam ples. Is o la te d  g lu te n , ir ra d ia te d  a t  

0 .0 2 — 1 M r a d  dose levels , w as d isso lved  in  1 :1  

e th a n o l—0 .1  M  a c e tic  a c id  s o lu t io n  ( 2  m g /3  

m l) . A b s o rp t io n  b e tw e e n  2 4 0 —3 2 0  n m  was 

m ea s u re d  in  a Z e is s -lk o n  R e c o rd in g  S p e c tro 

p h o to m e te r . 1 —u n ir ra d ia te d ;  2 —0 .0 2  M ra d ;  

3 - 0 . 0 4  M ra d ;  4 - 0 . 0 6  M r a d ;  5 - 0 . 2  M ra d ;  6 - 1  

M ra d ;  B L —base lin e  (s o lv e n t).

To estimate free amino acids, 5g wheat flour 
was extracted thrice with 70% ethanol. The 
co m b ined  e x tra c ts  were passed through 
Dowex-50 H+ column and eluted with 2N 
NH4OH.

The hydrolysate or eluate was dried by 
evacuation on a rotary evaporator at 60°C. The 
residue was dissolved in 10 ml 0.2M citrate 
buffer pH 2.2. Aliquots were analyzed for 
amino acids with Beckman Unichrome auto
matic amino acid analyzer. Tryptophan was 
estimated by the colorimetric method described 
by Spies and Chambers (1949).

Fig . 2 —S p e c tro p h o to m e te r  read in g s  o f  i r r a d i

a te d  g lu te n . O p t ic a l d e n s ity  o f  is o la te d  a n d  i r 

ra d ia te d  ( 0 .0 2 — 1 M r a d )  g lu te n  ( 2  m g /3  m l )  was 

m e a s u re d  a t  2 7 6  n m  in  a  B e c k m a n  D U  S p e c tro 

p h o to m e te r .

Total nitrogen
N itrogen  was estimated by the micro 

Kjeldahl method (Hawk et al., 1954). A factor 
of 5.7 was used to convert nitrogen to protein 
values.
Available lysine

The amounts of available lysine in wheat 
samples were determined with l-fluoro-2, 4- 
dinitrobenzene (FDNB), essentially according 
to the method developed by Carpenter (1960). 
The extinction was read at 435 nm and 
DNP-lysine was used as a reference.

RESULTS
A u tolysis in irrad ia ted  w heat

Free ty ro sin e  values (145  ¡ug/g) in 
co n tro l w heat sam ple were increased by
5 .5 -1 3 .1 %  (T able 1) in irrad ia ted  wheat 
flou r ( 2 0 - 2 0 0  K rads) th o u gh  no  d iffer
ence was observed in sam ples irrad ia ted  at 
2 0 —60 Krads. A uto lysis o r self-digestion 
o f irrad ia ted  w heat flou r for 5 'A h r also 
resu lted  in 6 - 3 2 %  increase in tyrosine 
values, th is being rap id  in itia lly  up to  40 
Krads.

R esults on the  initia l ty rosine  levels 
and ty rosine  libe ra ted  a fte r  papain  diges
tio n  from  iso la ted  p ro te in s  o f un irrad i
a ted  and irrad ia ted  w h eat sam ples are 
p resen ted  in T able 2. E nzym atic  reaction  
was linear only  up to  10 m in u n d er the 
ex p erim en ta l co n d itio n s  em p loyed . Free 
ty ro sine  values increased from  2 —9% with 
g lu ten  and from  12 —38%  w ith  gliadin on 
rad ia tio n  tre a tm en t co m pared  to  their 
respective co n tro ls . S ign ifican tly  m ore 
ty rosine  was libe ra ted  by papain action  
from  irrad ia ted  g lu ten  and gliadin sam 
ples.
S pectral charac te ris tics  o f irrad ia ted  
g lu ten

No d ifference was observed in the 
general p a tte rn  o f the  UV ab so rp tio n  
spectra , o b ta in ed  from  gluten  sam ples 
irrad ia ted  at d iffe ren t dose levels (Fig. 1). 
T here  was no sh ift in the  UV ab so rp tio n  
m ax im um , w hich was at 276 nm . H ow 
ever, an increase in op tica l d ensity , pa rtic 
u larly  in the region o f the  a ro m a tic  am ino 
acids (2 76  nm ), in irrad ia ted  sam ples was 
observed (Fig. 2). T he op tica l density  
increased from  0 .4  in co n tro l to  0 .57  in 
irrad ia ted  (1 M rad) sam ples.
E lu tion  p a tte rn  o f irrad ia ted  w heat 
p ro te in s  on  S ep hadex  G -200

Figure 3 rep resen ts  the  d is tr ib u tio n  of 
w heat p ro te in s accord ing  to  th e ir  m olec
ular size, resolved by gel f iltra tio n . The 
e lu tion  curve o b ta in ed  w ith  the  co n tro l 
sam ple show ed fo u r m ain co m p o n en ts  
viz., g lu ten in  (47% ), gliadin (32% ), a lb u 
min (17% ) and n o n p ro te in s  (4% ), rep re
senting  the  profile  o f p ro te in  d is trib u tio n  
accord ing  to  th e ir m olecu la r w eights. 
T hough the sam e p a tte rn  was o b ta ined  
w ith  irrad ia ted  w h eat (1 M rad), a sh ift in 
the m olecu la r w eight d is tr ib u tio n  to  
low er values was observed. A b ou t 17% 
low er p ro te in  values were o b ta in ed  in 
g lu ten in  peak w ith  co n co m itan t increase 
in n o n p ro te in  peaks.
A m ino acid profiles o f irrad ia ted  w heat

A nalyses o f to ta l am ino  acids o f co n 
tro l and irrad ia ted  (0 .0 2  to  1 M rad) 
w heat sam ples (T able 3 ) as well as of 
g lu ten  (Table 4 ) revealed no appreciab le  
changes due to  rad ia tio n  tre a tm en t. Ir
rad ia tio n  at 1 Mrad did no t reduce 
cystine o r m e th io n in e  co n ten t in the 
sam ples. H ow ever, an overall increase of

T a b le  3 —E f fe c t  o f  ra d ia t io n  t r e a tm e n t  o n  a m in o  acids  c o m p o s it io n  

o f  w h e a ta
Mrad

0.02 0.2
Amino acid Control (g/16g nitrogen) 1.0

1 Aspartic acid 4.62 4.51 4.58 4.49
2 Threonine 2.97 3.02 2.91 2.88
3 Serine 5.32 5.10 5.28 5.41
4 Glutamic acid 31.60 32.90 34.22 32.30
5 Proline 11.07 12.30 11.38 11.00
6 Glycine 3.57 3.41 3.45 3.42
7 Alanine 3.03 2.93 2.95 2.71
8 'A Cystine 1.02 0.98 1.00 1.04
9 Valine 4.55 4.62 4.42 4.48

10 Methionine 1.73 1.69 1.75 1.68
11 Isoleucine 4.10 4.25 4.01 4.08
12 Leucine 6.83 7.20 6.98 7.08
13 Tyrosine 3.25 3.31 3.18 3.20
14 Phenylalanine 4.74 4.85 4.79 4.82
15 Lysine 2.42 2.38 2.45 2.38
16 Histidine 1.91 1.88 1.95 1.93
17 Arginine 4.59 4.41 4.38 4.39
18 Tryptophan 1.02 0.98 0.92 0.95

a V alues are  averages o f  th re e  e x p e r im e n ts . A cid h y d ro ly sa te  o f  
w h ea t f lo u r  w as o b ta in e d  an d  c o n c e n tra te d  as d e sc rib ed  in “ M e th o d s .”  
T he  re s id u e  w as ta k e n  in to  20  ml o f  0 .2M  c itra te  b u ffe r  an d  filte re d ; 
a liq u o ts  w ere  a n a ly zed  fo r am in o  acids. C o rre c tio n s  w ere  m ad e  in th e  
values fo r se rin e  an d  th re o n in e  to  a c c o u n t fo r losses d u rin g  acid  h y d ro l
ysis.
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T a b le  4 —E f f e c t  o f  ra d ia t io n  t r e a tm e n t  o n  a m in o  a c id s  c o m p o s it io n  

o f  is o la te d  g lu te n a
Mrad

0.02 0.2
Amino acid Control (g/16g nitrogen) 1.0

l Aspartic acid 3.42 3.37 3.45 3.41
2 Threonine 2.37 2.39 2.41 2.38
3 Serine 5.08 5.17 5.20 5.18
4 Glutamic acid 36.69 36.62 35.97 36.49
5 Proline 12.84 13.19 12.64 13.04
6 Glycine 3.29 3.21 3.21 3.22
7 Alanine 2.39 2.41 2.36 2.40
8 Vi Cystine 1.20 1.18 1.22 1.24
9 Valine 4.25 4.28 4.26 4.24

10 Methionine 1.85 1.83 1.82 1.82
11 Isoleucine 4.12 4.11 4.17 4.11
12 Leucine 6.64 6.67 6.54 6.53
13 Tyrosine 2.94 3.01 3.01 3.02
14 Phenylalanine 5.14 5.08 5.11 5.10
15 Lysine 1.60 1.59 1.60 1.63
16 Histidine 2.13 2.14 2.19 2.19
17 Arginine 3.56 3.55 3.51 3.50
18 Tryptophan 1.04 1.04 1.05 1.03

aValues are averages of three given in Table 3. experiments. Experimental details as

T a b le  5 —E f f e c t  o f  ir r a d ia t io n  o n  th e  fre e  a m in o  a c id  c o n te n ts  o f  

w h e a ta
Mrad

0.02 0.2
Amino acid Control (mg/g nitrogen) 1.0

1 Aspartic acid 4.03 3.97 3.97 4.01
2 Threonine 0.37 0.35 0.39 0.39
3 Serine 3.47 3.51 3.35 3.28
4 Glutamic acid 3.04 2.88 2.77 2.90
5 Proline 0.44 0.45 0.47 0.46
6 Glycine 0.84 0.83 0.86 0.87
7 Alanine 1.92 2.11 2.36 2.60
8 Valine 0.76 0.78 0.82 0.84
9 Methionine 0.33 0.34 0.34 0.37

10 Isoleucine 0.52 0.56 0.53 0.64
11 Leucine 0.62 0.64 0.66 0.65
12 Tyrosine 0.48 0.49 0.54 0.60
13 Phenylalanine 0.47 0.49 0.50 0.51
14 Lysine 0.46 0.45 0.45 0.47
15 Histidine 0.22 0.21 0.23 0.21
16 Arginine 1.73 1.79 1.77 1.80

a V alues a re  m ean  o f  th re e  in d e p e n d e n t d e te rm in a tio n s . S am ples o f  
w h e a t f lo u r  w e re  e x tra c te d  th r ic e  w ith  70%  e th a n o l. E x tra c ts  w ere  
p assed  th ro u g h  c a tio n  e x ch a n g e r . A m in o  ac id s w e re  a n a ly ze d  in th e  
e lu a te .

about 8.4%  in free am ino  acid levels in 
wheat irrad ia ted  a t 1 Mrad was observed 
(Table 5). This cou ld  be a ttr ib u te d  to  
appreciab le release o f iso leucine, ty ro sine , 
valine and alanine am o u n tin g  to  2 3 -3 5 %  
higher values in th e ir  free fo rm  com pared  
to co n tro l. S im ilarly , no  sign ifican t d iffe r
ences in available lysine co n te n t in co n 
trol and irrad ia ted  sam ples were observed 
(Table 6).

DISCUSSION
THERE A R E  R E P O R T S to  show  th a t 
degradation  (D esch re ider, 1966), specific 
or n o nsp ecific  am ino  acid dam age (P a tten  
and G o rd y , 1964), hy d ro gen  bond  d isrup 
tion (W illiam s and H u n t, 1963) and cleav
age o f in te rm o lecu la r d isulfide bonds 
(D oguchi, 1969) take place in p ro te in s 
irrad iated  at high dose levels (5 — 10 
Mrads). T he p o ten tia l effec ts  o f free 
radicals, su lp h y d ry l (-SH ) and disulfide 
(-S-S-) groups in irrad ia ted  p ro te in s have 
been stressed (L ee, 1962). T he chem ical 
nature o f dam age in irrad ia ted  pro te in s 
has also been ex p la ined  as due to  changes 
in m olecu la r co n fig u ra tio n  resu lting  in 
condensation  o r ran d o m  p o ly m eriza tion  
(A lexander et al., 1960). T he present 
work ind icates  frag m en ta tio n  o f w heat 
proteins to  low  m o lecu la r en titie s  even at 
low dose levels ( 0 .0 2 - 1  M rad) as revealed 
by increased free ty ro sin e  values in irrad i
ated flou r (T able 1) and in iso la ted  w heat 
proteins (T able 2). R esults on  au to lysis  of 
wheat flou r, un d er the  ex p erim en ta l co n 
ditions ad o p ted , show ed sign ifican t in 
crease in release o f  free ty ro sine  (Table
1). Sim ilarly , w hen iso la ted  g lu ten  and

gliadin w ere sub jec ted  to  pro tease  ac tio n , 
sign ifican tly  m ore ty ro sin e  was lib e ra ted  
from  irrad ia ted  sam ples. T he observed 
changes m ay be due to  alte red  suscep tib il
ity  o f w heat p ro te in s  and p ro teo ly tic  
enzym es on irrad ia tio n  a n d /o r  to  changes 
in en zy m a tic  p ro p e rtie s . It was fu rth e r  
n o tic ed  th a t gliadin was m ore susceptib le 
to  enzym ic hyd ro lysis  th an  g lu ten . This 
m ay be ex p la ined  by the  fac t th a t gliadin 
is a m uch  sim pler p ro te in  m olecule , hav
ing a m olecu la r w eight o f ap p ro x im ate ly
4 0 ,0 0 0  co m pared  to  2 —3 m illions for 
g lu ten  (Jo nes  et al., 1961).

T he increases in th e  ab so rp tio n  spec
tru m  a t 276 nm  (Fig. 1) and in op tica l 
density  (Fig. 2) o f  irrad ia ted  g lu ten  could  
be co rre la ted  w ith  the  observed increase 
in free ty ro sin e  c o n te n t (T able 2). A 
sim ilar increase in the  UV ab so rp tio n  at 
the  aro m atic  m axim um  has been rep o rted  
in egg a lbum in  (A lexander e t al., 1956). 
B arron and F ink leste in  (1 9 5 2 ) p o stu la ted  
th a t the  n a tu re  o f the  UV spec trum  
depends m ainly  on try p to p h a n :ty ro s in e  
ra tio  o f p ro te in .

T o ta l am ino  acid profiles o f w heat 
(T able 3) and  o f iso lated  w h eat g lu ten

Fig . 3 —E lu t io n  p a t te rn  o f  ir r a d ia te d  w h e a t p ro te in s  o n  S e p h a d e x  

G -2 0 0 . 2  m l  ( 2 5  m g  p r o t e in ) o f  w h e a t  f lo u r  e x t r a c t  (8  g  in  7 0  m l  A U C  

s o lv e n t, c e n tr i fu g e d  a t  1 0 5 ,0 0 0  X G  fo r  3 0  m in )  was a p p l ie d  o n  th e  

c o lu m n  ( 0 .5  x 5 0  c m ). 2 .5  m l  fra c tio n s  w e re  c o lle c te d  a n d  O .D . was  

m e a s u re d  in  a  B e c k m a n  D B  S p e c tro p h o to m e te r  a t  2 8 0  n m . - - - c o n tr o l :

-------  ir ra d ia te d . P eaks  1, 2 , 3  a n d  4  re p re s e n t th e  fo u r  m a in

c o m p o n e n ts  o f  w h e a t  p ro te in s  n a m e ly  g lu te n in , g lia d in , a lb u m in  a n d  

n o n p ro te in  n itro g e n , re s p e c tiv e ly .
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T a b le  6 —A v a ila b le  ly s in e  c o n te n t  o f  ir r a d i

a te d  w h e a t a n d  g lu te n 'd

Treatment Wheat flour
(Mrad) g/16 g nitrogen Gluten

0 1.96 1.42
0.02 1.88 1.39
0.20 1.94 1.42
1.00 1.90 1.44
a8 ml of 8% NaHCOj and 0.3 ml KDNB

d ilu te d  in 12 ml e th a n o l w ere  a d d ed  to  3 0 0  mg 
sam ples a n d  sh a k e n  c o n tin u o u s ly  fo r 2 hr. This 
was fo llo w ed  by re flu x in g  fo r 16 hr w ith  8N 
HC1 and  e x tra c t io n  w ith  e th y l e th e r . C o lo r in 
th e  w a te r  p hase  w as read  at 4 3 5  nm  in a Baush 
and  L om b c o lo r im e te r . R esu lts  are  averages o f  
th ree  ex p e rim en ts .

(Table 4 ) did no t reveal any appreciab le 
changes up to  1 Mrad. M oran e t al.
(1 9 6 8 ) did n o t observe any differences in 
am ino acid co m position  o f w heat bran 
irrad iated  at 5 Mrad. H owever, am ino 
acid co m position  o f g lu ten  irrad iated  at 5 
Mrad ind icated  sm all losses (10% ) o f 
leucine, isoleucine and m eth ion ine  (K en
nedy , 1965). C onsiderable red u c tio n  in 
cysteine co n ten t o f w heat irrad iated  at 10 
Mrad (D oguchi, 1969) has been reported . 
Available lysine co n ten t (Table 6), em 
ploy ing the p rocedure o u tlin ed , show ed 
no no ticeab le  d ifferences in w heat or 
gluten sam ples irrad ia ted  up to  1 Mrad. 
No change in true digestib ility  (99% ) or 
in biological value (42% ) was observed 
w hen g lu ten , irrad iated  at 2.8 M rads, was 
fed to  anim als (M etta  and Johnson ,
1959).

The changes in the  e lu tion  diagram  of 
w heat p ro teins ob ta ined  by gel f iltra tion  
are show n in Figure 3. The first peak is 
com posed m ainly o f heterogenous glu- 
ten in  co m po nen ts  (W right e t al.. 1964; 
B eckw ith et al., 1966), w hich are d im in
ished by 17% w ith  co n co m itan t increase 
in gliadin and album in  peaks in irrad iated  
sam ple. This suggests th a t w heat p ro teins 
could be degraded to  low er m olecular 
weight pep tides and am ino acids due to  
rad ia tion  tre a tm en t. W oychick et al.
(1 9 6 4 ) have suggested tha t g lu tenin  m ol
ecules are form ed prim arily  by inter- 
m olecular disulfide bonding  o f gliadin 
co m po n en ts . Since disulfide bonds con
trib u te  to  the unique viscoelastic p ro p e r
ties o f w heat p ro te in s (B eckw ith  et al.,

1965), the observed changes in g lu tenin  
and gliadin p ro p o rtio n s  in irrad iated  
w heat (Fig. 3) m ay influence its rheo log i
cal p roperties. U npublished da ta  from  
this lab o ra to ry  (R ao  e t al., 1971) have 
show n tha t irrad ia tio n  o f w heat in the 
dose range 20 75 Krad, needed for 
w heat d is in festa tion  w hich has also been 
approved by WHO (1 9 7 0 ), resu lted  in 
b e tte r  w ater ab so rp tio n  cap ac ity , stab ility  
and blending value o f the dough. The 
to ta l loaf-volum e in yeast-leavened bread 
was increased up to  8% w ith  irrad iated  
w heat sam ples com pared  to  co n tro l and 
judged  b e tte r  w ith  respect to  cell s tru c 
tu re , cru m b  co lor and accep tab ility . 
Som e adverse effects on baking and rh eo 
logical qualities have, how ever, been 
repo rted  w ith  w heat flour, irrad iated  at 
very high (1 M rad) dose levels (M ilner,
1961). Sosedov and V akar (1 9 6 1 ) p o s tu 
lated the possibility  o f p roducing  desir
able changes in the baking properties  of 
w heat flou r by considering the initial 
qualities o f g lu ten  and regulating  the 
m oisture co n ten t according ly  before ir
rad ia tion .
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STABILIZATION OF CALCIUM SENSITIVE PLANT 
PROTEINS BY K-CARRAGEENAN

INTRODUCTION
POLYSACCHARIDE GUM S co n stitu te  
an im p o rtan t group  o f h y d ro co llo id  ad d i
tives in m odern  food  fo rm u la tio ns . In 
addition to  th ick en in g  ab ility , food  gum s 
impart o th e r  desirable physicochem ical 
characteristics to  fo od  system s (F arkas 
and G licksm an, 1967). T he m echan ism s 
of their ac tion  on foods are n o t co m p le te 
ly u n d ersto od . It is ev iden t from  cu rren t 
inform ation (R ees, 1969) th a t the  effects 
of the po ly saccharides m ust be in te rp re t
ed on the  basis o f in te ra c tio n  properties.

B ernfeld (1 9 6 6 ) review ed the  specific 
in teractions be tw een  (3-lipoproteins and 
polysaccharides at the  n eu tra l pH ranges. 
Hansen (1 9 6 8 )  d e m o n stra ted  th a t sim ilar 
in teraction  be tw een  su lfa ted  polygalac- 
tans o f the  carrageenan  fam ily and caseins 
prevented p rec ip ita tio n  o f th e  la tte r  by 
ionic ca lcium . F u r th e r  s tu d y  o f these 
com plexes in d ica ted  th a t « -carrageenan 
was m ore effective than  o th e r  po ly saccha
rides and its p ro te in  s tab iliz ing  ab ility  was 
related to  its chem ical s tru c tu re  and 
m olecular w eight (L in  and H ansen, 
1970).

In so lu tio n , «-carrageenan  form s d o u 
ble helices by in te rs tran d  H -bonding 
(A nderson et al., 1969). J u n c tio n  zones 
may o rig inate  from  the  aggregation  o f 
several dou b le  helices resu ltin g  from  the 
cationic in te ra c tio n  o f  the  su lfa te  groups 
(S O j) lo cated  ou tside  the  helix  core 
(Rees, 1969). E lec tro n  m icroscopy  sug
gested th a t the  p ro te in  free areas o f the 
casein-carrageenan co m plexes co rresp o n d 
ed to  the  dou b le  helix ju n c tio n  zones o f 
low p ro te in  reac tiv ity  (C h ak rab o rty  and 
Hansen, 1971). The casein-calcium -«-car
rageenan in te ra c tio n  was m ainly  in ten si
fied in the  rand o m  areas o f po ly saccha
ride stran d s. O n the  basis o f these m or
phological fea tu res, an in te rre la tio n sh ip  
could be observed be tw een  casein stab ili
zation and doub le  helix  ju n c tio n  zone 
fo rm ation  by d iffe ren t carrageenans.

The p resen t s tu d y  was u n d e rtak e n  to  
determ ine if « -carrageenan  w ould  sim i
larly stab ilize calcium  sensitive pro te in s 
o the r th an  caseins, and if the  m orpho logy  
of such  in te ra c ted  partic les w ould  also be 
consisten t w ith  th e  dou b le  helix  ju n c tio n  
zone m odel. P lan t p ro te in  iso lates were 
selected  fo r th is  pu rpo se because o f the ir 
fu ture ap p lica tio n  p o te n tia ls  in sy n th e tic  
foods.

EXPERIMENTAL
PROTEIN ISOLATES were obtained from various sources as dried powder prepared from pro
tein solutions at pH 7. The soy protein isolate 
(Promine-D) was from Central Soya (Chicago,
III.). Protein isolates from peanut, coconut and 
glandless cottonseed were obtained from the 
Food Protein R&D Center of Texas A&M Uni
versity. The soy and peanut proteins were the 
fractions precipitated at pH 4.6 and 4.5, respec
tively. The glandless cottonseed protein was the 
isolate-I of Lawhon and Cater (1971) precipi
tated at pH 4.0. The coconut protein was the 
isolate extracted at pH 7.0 with 1M NaCl (Sam
son ct al., 1971) and dialyzed against an infinite 
volume of water prior to concentration of the 
isolate.

Protein solutions (0.5%) were prepared by 
dispersing calculated amounts of the isolates in 
distilled water, tempering the solution momen
tarily at 95°C and discarding the sediment after 
centrifuging for 5 min at 3000 x  G. The clear 
supernatant was stored at 4.5°C until used.

The sodium salt of «-carrageenan (RENJ 
6187, Marine Colloids Inc., Rockland, Me.) was 
dissolved in water to yield a stabilizer concen
tration of 0.05 to 0.1 %.

The stability test of Zittle (1965) was per
formed after incorporating various amounts of 
carrageenan solution in 0.15% protein solu
tions. The solution of CaCl2 (0.1M) was rapidly 
added to the mixture and its final concentra
tion in the mixture was 0.01M. The mixture 
was incubated at room temperature for 15 min 
and the supernatant was collected by centrifu
gation at 3000 x  G for 5 min. Stability was 
expressed in terms of protein concentration in 
the supernatant, calculated as percent of total 
protein initially present in the mixture. Coco
nut, peanut and soy protein concentrations in 
mixtures and supernatants were measured spec- 
trophotometrically at 280 nm, using a few 
drops of 5N NaOH to eliminate turbidity. 
Glandless cottonseed protein was determined 
by the micro-Kjeldahl technique (AO AC, 
1970).

For electron microscopy, the «-carrageenan 
stabilized protein complexes were prepared at a 
stabilizer/protein ratio of 0.2 and the superna
tant fractions were collected by centrifuging 
the freshly prepared complexes at 3000 x  G for 
5 min. Fixation was achieved by mixing 1 vol
ume of the complex with 3 volumes of glutar- 
aldehyde solution (3% in 0.1M phosphate buf
fer at pH 7.2), and by 12-18  hr incubation at 
0 - 5 ° C. This preparation was diluted Five times 
with glass distilled water and air dried as a thin 
film on parloidon-coated #300 mesh, copper 
grids. The preparations were stained for 15 min 
with an aqueous solution of KMn04 (1%), and 
washed with dilute citric acid and glass distilled 
water (Chakraborty, 1970). Stained prepara
tions were air dried prior to examination with a

Hitachi HS-8A Electron Microscope. Normal 
precautions were taken for avoiding external 
contamination by handling the samples in dust- 
free atmosphere during various preparatory 
steps. Examination of blank grids containing no 
sample, but carried through the fixation, stain
ing and air-drying steps, showed that these pro
cedures did not contribute to the structural fea
tures observed in the complex particles.

RESULTS & DISCUSSION
THE PLA N T PR O T E IN  isolates used in 
this investigation  were soluble in w ater at 
pH 7.0 and re ta in ed  only  10—25% of 
th e ir initia l so lub ility  w hen ionic calcium  
was added  in th e  absence o f carrageenan 
(Fig. 1). A d d ition  o f « -carrageenan up to  
a s tab iliz e r/p ro te in  ra tio  o f 0 .1 0  to  0 .15 
caused very little  im prov em en t in s tab il
ity . How ever, at a s tab ilizer p ro te in  ra tio  
o f 0 .2 , the  p ean u t and co co n u t p ro te in  
isolates were co m plete ly  stab ilized  and 
the s tab ility  o f the  glandless co tto n seed  
and soy p ro te in  iso lates was increased to  
86 and 70% o f th e ir  in itia l stab ility , 
respectively. H igher carrageenan co ncen 
tra tio n s  m ight im prove the  s tab ility  o f 
soy an d  glandless co tto n seed  p ro te in s; 
how ever, a s tab iliz e r/p ro te in  ra tio  higher 
than  0 .2  was n o t a tte m p te d  in the  p resen t 
s tu d y . F o r any carrageenan p ro te in  ra tio ,

F ig . 1 —S ta b il iz a t io n  o f  p la n t  p ro te in s  a g a in s t  

c a lc iu m  p r e c ip ita t io n  b y  K -carrag eenan . P ro te in  

is o la te s —c o c o n u t  a - a ;  glan d less  c o tto n s e e d  A-A;  

p e a n u t  0 -0 ; s o y  (P ro te in  c o n e —0 .1 5 % ;

C a C I2 —0 .0 1 M . D a ta  re p re s e n t average  o f  th re e  

t r ia ls .)
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the s tab ility  da ta  o b ta in ed  a t a relatively  
low  p ro te in  co n cen tra tio n  (0 .15% ) m ay 
n o t be ex trap o la ted  to  higher p ro te in  
levels, such as 1—3%, since p ro p o rtio n a l 
increases in the  carrageenan co n ten t re

Sequence of ingredient 
incorporation

Coconut
%

Ca++ added to protein- 
carrageenan mixture 100

Protein added to Ca++- 
carrageenan mixture 99

Carrageenan added to 
Ca++-protein mixture 12

Carrageenan not added to 
Ca++-protein mixture 12

aAverage of three trials

sult in a highly viscous p ro d u c t. The 
rela tionsh ip  be tw een  the  p ro te in  s tab ility  
and carrageenan ra tio  was n e ith e r  linear 
no r iden tica l fo r all the  isolates. The 
reason fo r the  observed differences in the

Glandless
cottonseed

%
Peanut

%
Soy
%

86 100 70

85 100 72

25 15 35

20 15 25

so lub ility  behavio r o f these com plexes 
m ay be b e tte r  u n d e rs to o d  a fte r  study ing  
the ca lc ium -depend en t in te ra c tio n  p ro p 
erties o f various frac tion s  presen t in these 
he tero gen eou s p ro te in  p repara tions.

T he fo rm atio n  o f stab le  com plexes 
w ith |3-lipoproteins o f b lood  (B ernfeld ,
1965), the caseins o f m ilk (L in  and 
H ansen, 1971) and the  vegetable p ro te in  
isolates in the  presen t s tu d y  suggest th a t 
the in te rac tio n  o f « -carrageenan w ith 
calcium  sensitive p ro te in s at n eu tra l pH 
ranges m ay be o f a general p o ly e lec tro 
lyte ty pe  (R ees, 1969). T he p a rtic ip a tio n  
o f ionic calcium  in these in te rac tio n s  is 
ap p aren t from  the  d evelop m ent o f  tu rb id 
ity  u p o n  ad d itio n  o f calcium  ch loride to  
the p ro te in -stab ilizer m ix tu res. Earlier 
w ork on the  m orph o logy  o f the casein- 
carrageenan com plexes suggested tha t 
ionic calcium  was involved in the  aggrega
tion  o f p ro te in  m olecules to  com pact 
bodies (C h ak rab o rty , 1970), the in te rac 
tion  o f dou b le  helices in to  ju n c tio n  zones 
o f low  p ro te in  reac tiv ity  and the  com - 
plexing o f p ro te in  bodies w ith  the m ore 
reactive u n o rd ered  areas o f po lysaccha
ride s tran d s  (C h ak rab o rty  and H ansen,
1971).

Due to  the im p o rtan ce  o f  ionic cal
cium  in d iffe ren t phases o f  p ro te in -s tab i
lizer in te ra c tio n , the  sequence o f  in te r
m ixing p ro te in , carrageenan and calcium  
so lu tion s m ay be im p o rta n t to  the  final 
stab ility  o f the  system . T he e ffec t of 
changing the norm al sequence o f adding 
calcium  to  the pro te in -carrageenan  m ix
ture on the  re su ltan t p ro te in  s tab ility  is 
rep o rted  in T able 1. S tab ility  da ta  ind i
cates th a t carrageenan need n o t be pre
m ixed w ith  the  p ro te in  so lu tion s p rio r to 
adding ca lcium , and th a t it cou ld  be 
in co rp o ra ted  sim u ltan eo usly  w ith  ionic 
calcium  w ith o u t affec tin g  the  s tab ility  of 
the system . How ever, add ing  «-carrageen
an a fte r m ixing p ro te in  and calcium  
so lu tion s low ered the  s tab ility  values to 
the level o b ta in ed  w ith o u t any stabilizer. 
Thus, carrageenan ap peared  to  be effec
tive as long as the calcium  m ediated  
aggregation o f p ro te in s  had no t becom e 
to o  massive fo r co llo idal stab ility .

T yp ica lly , all stab le  com plexes con
sisted o f an irregular fiber-like mass and 
m any dark , g lobu lar partic les (Fig. 2). On 
the basis o f s tru c tu ra l s tud ies on po ly
saccharides (R ees, 1969), carrageenan 
w ould be ex p ec ted  to  ex h ib it fiber-like 
characte r. Since K M n 0 4 is generally  rec
ognized as a p ro te in  stain  (Z obel and 
Beer, 1965), the dark  g lobular particles 
were considered  to  be carrageenan-free 
p ro te in  bodies (F ) and the e lec tron  dense 
regions o f  the fib rous mass were assum ed 
to  be the pro te in -rich  areas (P) o f the 
carrageenan-p ro te in  com plex . The rela
tively e lec tro n -tran sp a ren t areas o f the 
fibrous mass were regarded as p ro tein -free 
(P F ) zones o f the  com plex . Such in te r
p re ta tio n s  have been used previously as a

Fig . 2 —E le c tro n  m ic ro g ra p h s  o f  x -carrag een an  s ta b il iz e d  c o m p le x e s  o f  veg e ta b le  p r o te in  iso la tes :  

(A )  c o c o n u t;  (B ) c o t to n  seed ; 1C) p e a n u t ;  (D )  soy . ( F —fre e  p r o te in  b o d ie s ; P —p r o te in  r ic h  areas  in  

the  c o m p le x ;  P F —p r o te in - f re e  zo n es  in  th e  c o m p le x ;  — rep resen ts  1 0 0 0  A  ).

T a b le  1—E f fe c t  o f  seq u e n c e  o f  in g re d ie n t  in c o rp o ra t io n  o n  p r o te in  

s ta b il i ty a

Stability of systems containing 
protein isolates
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basis for analyzing  e lec tro n  p h o to m ic ro 
graphs o f p ro te in  system s w ith  and w ith 
out K -carrageenan (C h ak rab o rty , 1970). 
H eterogeniety  could  be observed in the  
dim ensional fea tu res  o f th e  free-p ro te in  
bodies (F ), th e  p ro te in -rich  (P), and the  
protein-free (P F ) areas o f th e  com plexes. 
However, th e  q u a n tif ic a tio n  o f  such data 
was no t a tte m p te d  in th is  s tu dy .

F ree-p ro te in  bodies were o f ap p ro x i
mately 1 0 0 -2 0 0  Â diam  in com plexes 
containing glandless co tto n seed  and soy 
protein , and o f ab o u t 2 0 0 - 5 0 0  Â diam  in 
systems co n ta in in g  co co n u t and peanu t 
proteins. T he p ro te in  bod ies m ay very 
well rep resen t the  g lobu lar frac tion s  of 
heterogeneous p ro te in  iso lates th a t were 
not involved in the ca lc ium -m ediated  
p ro te in -hydroco llo id  in te rac tio n .

The n a tu re  o f  p ro te in  aggregation on 
the carrageenan fibers was d iffe ren t for 
various isolates and was largely responsi
ble fo r ap p aren t m orph o log ical d iffe r
ences be tw een  the  com plexes. T he p ro 
tein aggregates ranged from  d iffused  p ro 
tein-rich areas ab o u t 5 0 0 -1 0 0 0  Â in 
diam eter in co co n u t-p ro te in  com plexes to  
com pact p ro te in  partic les o f ab o u t 
1 0 0 0 -2 0 0 0  Â in d iam eter in p ean u t-p ro 
teins co m plex es. In co n tra st the  p ro te in  
bodies, appearing  as arrays o f sm all, 
com pact globules in the  glandless c o tto n 
seed and soy p ro te in  com plexes w ere o f 
about 1 0 0 - 2 0 0  Â d iam eter. T he observed 
differences in the  m o rph o log y  o f p ro te in  
aggregates m ay possibly be re la ted  to  the 
inherent s tru c tu ra l fea tu res  o f the  c o n s tit
uent p ro te in s  and the ir ca lc ium -depen d en t 
in teraction .

A lthough the  various iso lates aggre
gated d iffe ren tly , the  in te ra c tio n  o f ca rra
geenan w ith  these aggregates appeared  to  
follow a basic p a tte rn . In all cases, the 
protein aggregates in te rac ted  to  a g rea ter 
extent in som e areas o f  po lysaccharide 
fiber, and none in o th e r  areas, b u t in no 
case was the  p ro te in  d is tr ib u tio n  un iform  
and co n tin u o u s  over the  en tire  carrageen
an s tru c tu re . T he localizatio n  o f p ro te in  
in teraction  in po ly saccharide s tran d s  was 
also the ch arac te ris tic  fea tu re  o f the 
carrageenan stab ilized  caseins (C h ak ra
borty and H ansen, 1971). R elatively p ro 
tein-free fiber regions o f the  po ly saccha
ride very well m ay co rresp on d  to  the 
ion-aggregated doub le  helix regions o f

low p ro te in  reac tiv ity  and th e re fo re , the 
m orpho logy  o f the  carrageenan stab ilized  
p lan t p ro te in s  w ould  also be co nsisten t 
w ith  the  dou b le  helix ju n c tio n  zone 
m odel o f Rees (1 9 6 9 ). The calcium  ion 
b ind ing  ab ility  o f K-carrageenan was n o t 
d e te rm ined  in o u r s tu d y . H ow ever, Rees
(1 9 6 9 ) em phasized  th a t the  po ly ion ic  
m acrom olecu les in te rac t largely by po ly 
e lec tro ly te  e ffec t an d  n o t so m uch by salt 
bridges. F o r th is reason , the  ch ela tion  o f 
calcium  ions by K-carrageenan and sub
seq u en tly , h igher p ro te in  so lub ility  at 
low er calcium  ion ac tiv ity  m ay be ru led  
o u t. T he s tab iliza tio n  o f these com plexes 
is ap p aren tly  achieved by en trapp ing  
sm all, calcium -aggregated , p ro te in  bodies 
in the  carrageenan  s tru c tu re  befo re such 
bodies cou ld  agglom erate fu rth e r  in to  
large, co llo idally  unstab le  partic les. The 
do u b le  helix ju n c tio n  zones m ay provide 
effective separa tion  o f these p ro te in  p a rti
cles from  each o th e r  and ad eq u a te  solva
tion  o f the  relatively  p ro te in -free  h y d ro 
co llo id  regions, th us  im p arting  physical 
s tab ility  to  the system .

The fo rm atio n  o f stab le  com plexes by 
the sam e h y d ro co llo id  w ith  d iffe ren t cal
cium -sensitive pro te in s suggests th a t the 
specific ity  o f these reac tion s  lies n o t so 
m uch  in the in te rac tio n  pheno m en on  
involving the  p ro te in s  and po ly saccharide, 
b u t in the specific co n fo rm atio n a l fea
tu res un iq ue to  K -carrageenan. H ow ever, 
only  a lim ited  n u m b er o f p ro te in s  were 
used in th e  presen t s tu dy . These p ro teins 
m ay n o t behave sim ilarly  in various cal
c ium -m edia ted  p henom ena. Soy p ro te in  
isolates and m ilk caseins are sim ilar in 
the ir behavio r in m odel system s co n ta in 
ing K-carrageenan and in m ilk d ia lysa te 
(C h ak rab o rty  and H ansen, 1969). In 
these system s, b o th  p ro te in s  are stabilized  
against p rec ip ita tio n  by ionic calcium . 
H owever, th e  behavio r o f these pro te in s 
in system s co n ta in in g  ca rb o x y m e th y l cel
lulose is qu ite  d iffe ren t. U nder sim ilar 
co n d itio n s  ca rb o x y m e th y l cellulose pre
c ip ita tes  casein (H ansen , 196 8) and stab i
lizes soy p ro te in  (C h ak rab o rty  and H an
sen, 1969). The m anner in w hich the  
calcium  sensitiv ity  o f  p ro te in s  influences 
the  ca lc ium -m edia ted  fo rm a tio n  o f  d o u 
ble-helix ju n c tio n  zones is n o t know n. 
F u th e rm o re , no  d irec t re la tio nsh ip  be
tw een  th e  p ro te in  so lub ility  and d o u b le 

helix  co n te n t has been estab lished . Before 
th e  ro le  o f  double-helix  ju n c tio n  zones in 
p ro te in  s tab iliza tio n  can be confirm ed , 
fu rth e r  w ork  will be necessary  w ith  h o 
m ogenous p rep a ra tio ns  o f o th e r  calcium  
sensitive p ro te in s  o f k n o w n  ion-binding 
characteristics.
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D e p t, o f  B io c h e m is try , O k la h o m a  S ta te  U n iv e rs ity , S t i l lw a te r ,  O K  74074

FREE ARGININE CONTENT OF PEANUTS (Arachis hypogaea L.) 
AS A MEASURE OF SEED MATURITY

INTRODUCTION
SINCE PEAN UTS are ind e te rm ina te  in 
the ir g row th  hab it (S tu rk ie  and W illiam
son, 1951), those  harvested at a given 
tim e alw ays include a ce rta in  num ber o f 
im m ature fru its. At p resen t, m ethods to 
de term ine the  degree o f im m atu rity  are 
subjective for th e  m ost part and are based 
on such fac to rs  as size, co lor o f the testa, 
degree o f darkening o f the  inside o f  the 
pod and seed ch aracte ris tics  (Barrs, 1962; 
Em ery et al. 1966; Holley and Young, 
1963; Mills, 1961; T eter, 1966; Toole et 
al., 1964).

A reliable objective p rocedure has 
been sought by grow ers, m anufactu re rs  
and scien tists  fo r som e tim e. Holley and 
Y oung (1 9 6 3 ) repo rted  th a t the  am oun t 
o f ca ro ten o id  p igm ents had som e rela
tionsh ip  to  the  degree o f im m atu rity  in 
peanuts, since the ex trac t o f im m ature 
peanu ts  absorbed  light to  a greater ex ten t 
at 435 nm  th an  m atu re  peanuts. Because 
o f in te rferen ce  o f  co m p o n en ts  unrela ted  
to  m a tu rity , no q u an tita tiv e  in te rp re ta 
tions could be developed. Em ery et al.
(1 9 6 6 ) used a p igm enta tion  m ethod  to 
d iffe ren tia te  m a tu rity  o f farm ers stock 
peanu ts  and found  it to  be relatively 
effective. However, the  high co n cen tra 
tio n  o f p igm ents was associated w ith 
im m atu rity  on ly  w hen the  peanu ts  were 
cured rapidly  and no t w hen they  were 
cured by the  trad itio n a l s tockp ile  m e th 
od. High ab so rp tio n  values provided a 
positive qualita tive check for im m aturity  
bu t low values did no t.

Newell (1 9 6 7 ) and Mason et al. (1969 ) 
reported  a large decrease in arginine 
co n ten t o f  the  Spanish peanut fru it as it 
m atu red . On the basis o f the ir findings, 
an investigation was co n d u c ted  to  evalu
ate the  usefulness o f arginine co n ten t as a 
m easure o f im m atu rity  in peanuts. This 
paper describes th e  developm ent o f a 
qu an tita tiv e  p rocedure applicab le to  the 
m ajor peanu t types.

EXPERIMENTAL
Arginine analysis

50g samples of freshly harvested or of 
dry-cured peanuts were homogenized in a War

1 P re se n t ad d ress: D ep t, o f F o o d  S c ience, 
G eorg ia  S ta tio n , E x p e r im e n t, G A  3 0 2 1 2

2 P re se n t ad d ress: In te rn a tio n a l  F lavors & F ra g ran ces , U n io n  B each , N J  0 7 7 3 5

ing Blendor at high speed in 500 ml of 3N 
HC!04 for 9 min. The flask was immersed in an 
ice-water bath to keep the extraction mixture 
cold. The suspension was filtered on a fast flow
ing fluted filter paper and the first 50 ml of 
filtrate was collected. After adjusting the pH of 
the filtrate to 8.0 with 2N KOH, the precipitate 
was removed by centrifugation. The super
natant was transferred to a 250 ml volumetric 
flask and diluted to volume with deionized, 
distilled water. Samples from this flask were 
diluted five-fold and the arginine was deter
mined on 1 ml aliquots. The reaction was a 
colormetric one and based upon the procedure 
of Izumi ( 1965a, b).

Because of the nature of samples analyzed, 
the following precautions were observed: (I) 
the KOH solution was carefully protected 
against C 0 2 absorption; (2) the acetic anhy
dride was kept free from water vapors and 
other contaminants that might alter its critical 
strength; (3) the KOBr solution was stored at 
4°C in the dark and a new stock solution pre
pared each week.
Standard curves

Standard curves were prepared with ten 
serial dilutions containing from 0- 30 gig of 
arginine. The developed color was found to be 
stable for 1 hr.

fo r  recovery studies the procedure was 
exactly the same as for routine analyses except 
the filtration was completed and filtrate washed 
(washings added to filtrate) before a representa
tive sample was taken. Also, the centrifugate 
was washed and the washings combined with 
the supernatant to insure quantitative transfer.

l'he precision and accuracy of the procedure 
was established with a How procedure (I ig. 1) 
designed to allow differentiation of sampling 
error from inherent error of procedure manipu
lations. The flow diagram shows the sampling 
procedure starting with replicate lOOg samples 
of the same variety of Spanish peanuts.
Calibration curves

four major peanut types (Spanish, Runners, 
Virginias and Valencias) were analyzed includ
ing both freshly harvested and dry-cured pea
nuts segregated by subjective means (Pang, 
1967) into four maturity classifications: ma
ture, high intermediate, low intermediate and 
immature. Samples from the four maturity 
groups were combined as follows to obtain lots 
from 0-100%  immaturity in increments of 
10%: The arginine values for immature peanuts 
were taken to represent 100% immaturity while 
that of the mature peanuts was arbitrarily 
assigned 0% immaturity. 90% and 80% imma
ture samples were formulated from calculated

n  »2 *>i t>2n i l

Homogenize in  100 m i l l i 
l i t e r s  3 N p e r c h lo r ic  a c id  
( c o ld )  f o r  3 m in u te s ,  f i l 
t e r ,  remove d u p l ic a te  100 
m i l l i l i t e r  sam p le s .

A d ju s t  pH w i th  KOH, cen
t r i f u g e ,  wash p r e c ip i 
t a t e ,  com bine s u p e rn a 
t a n ts  and d i l u t e  to  500 
m i l l i l i t e r s .  Remove 
d u p l ic a te  8 - m i l l i l i t e r  
sam ples and d i l u t e  each 
t o  25 m i l l i l i t e r s .

a l  »2 t>i t>2ILT
A n a ly z e  1 - m i l l i t e r  d u p l ic a te  sam ples o f  each 
u s in g  m o d if ie d  S a kaguch i p ro c e d u re .

F ig . 1 —F lo w  d ia g ra m  o f  p re c is io n  a n d  a c c u ra c y  e x p e r im e n t  used

a rg in in e  assay sys tem .

1 2 2 -J O U R N A L  OF FO O D  S C IE N C E -V o lu m e  3 7  ( 1 9 7 2 )
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amounts of each of the immature and low inter
mediate group. 70, 60 and 50% immature sam
ples were formulated by combining calculated 
amounts of each of the high intermediate and 
mature groups. This procedure was necessary in 
order to have sufficient peanuts to supply 50g 
samples at all calibration levels, since most of 
the peanuts fell into the two more mature 
segregation categories (high intermediate and 
mature). The procedure provided calibration 
samples indicative of authentic samples of im
mature peanuts, since the lower immaturity 
calibration samples were made up of peanuts 
from the two segregations containing the lower 
immaturity (mature and high intermediate) 
while the higher immaturity calibration samples 
were made up of peanuts from the two higher 
immaturity segregations (low intermediate and 
immature).
Field analyses

To test the methodology under field condi
tions, peanuts of four varieties were grown at 
Perkins, Okla., in 1967, and harvested at 
weekly intervals during a 7-wk period. Care was 
taken to harvest all of the peanuts including 
those detached from the vine while removing 
the peanuts from the soil. Freshly harvested 
samples were shelled and segregated visually 
into four stages of maturity based on pericarp, 
seed coat color and thickness, and seed size. 
Each group was weighed and analyzed for argi
nine and moisture content.

RESULTS & DISCUSSION
THE SEA RCH  for a sim ple chem ical 
p rocedure for de term in in g  arginine was 
quickly reduced  to  a recen t m o d ifica tion  
of the Sakaguchi reac tio n  (Izum i, 1965a) 
which em bodies o th e r  m od ifica tio ns  
(Izum i, 1965b). A review o f th e  lite ra tu re  
revealed th a t it was a highly sensitive and 
accurate p rocedu re  for arginine in the 
presence o f o th e r  am ino  acids because o f 
minim al in te rfe ren ce  from  o th e r  am ino 
acids. To d e te rm ine  w h eth er or no t the 
procedure w ould m easure free arginine in 
the pro te in -free  ex tra c ts  o f peanu ts , it

MICnOSftAMS OF AR6ININI
Fig. 2 —S ta n d a r d  cu rves fo r  th e  assay o f  free
arginine u sin g  w a ter  la) a n d  p e a n u t  e x tr a c t  lb )
as d ilu en ts .

was tested  o n  sam ples to  w hich m easured 
am o u n ts  o f  arginine had been  added to 
the cold pe rch loric  acid used in ex tra c 
tion .
S tan d ard  curves

S tandard  curves for arginine (Fig. 2) 
gave som ew hat higher values w hen pea
nu t ex tra c t was the  d iluen t ra th e r than  
w ater even tho u gh  an allow ance was m ade 
for the  arginine co n ten t in the  peanu t 
ex trac t. This was a ttr ib u te d  to  th e  pres
ence o f o th e r  am ino  acids such as glu
tam ic acid, aspartic  acid, and phenyla la
nine in pe rch lo ra te  ex trac ts  o f peanuts 
(N ew ell, 1967) th a t result in higher o p ti
cal density  readings (Izum i, 1965a). Ion 
exchange ch ro m ato g rap h y  o f several of 
these sam ples also su p po rted  these as
sum ptio ns. In th is p roced u re  free am ino  
acids o th e r  th an  arginine were p resen t in 
th e  pe rch lo ra te  ex tra c ts  to  th e  ex ten t o f 
ab o u t 20% o f th e  arginine present.

The recovery  values using the  perch lo
ra te  ex trac t as d iluen t on  tw o  separa te  
recovery s tud ies were near 100% w hich

was w ith in  ex p erim en ta l error.
The sum m ary  o f th e  results o f the 

Sakaguchi analyses o f th e  resulting  sam 
ples from  th e  precision  and accuracy 
s tu dy  are show n in Table 1. A brief 
in spec tion  o f th e  m eans and standard  
dev iation  values allow ed conclusions to  
be draw n co ncern ing  sources o f erro r. A 
s tandard  dev iation  o f n o t g rea ter than  
± 0 .3 0  b e tw een  d u p lica te  sam ples show ed 
th a t th e  precisions o f m an ipu la tions 
involved in th e  Sakaguchi p rocedure  were 
excellen t w ith  a coeffic ien t o f varia tion  
o f 2.2%. This was ind ica ted  by subm ean 
I, since subsam ples labeled 1 or 2 o r a or 
b w ere all dup lica tes  o f th e  sam e sub
sam ple (see Fig. 1).

E rrors th a t w ere present due to  m an ip 
u la tio n  during p rep a ra tio n  o f the  sam ples 
w ere ap p aren t from  exam ining values for 
subm ean  11. M ean values fo r subsam ple 
A i and A2 w ere co nsiderab ly  d ifferen t 
w hereas those for B t and B2 w ere very 
close. T hus, degree o f accuracy o f the 
p roced u re  was m uch less in subsam pling 
w ith in  th e  A series even thou gh  the

T a b le  1 —P re c is io n  a n d  a c c u r a c y  s t u d y  fo r  s u b sa m p le s  o f  r e p lic a te  sa m p le s  (A  a n d  B )  o f  p e a n u ts

Arginine values (mg/g 
peanuts) for duplicate

Submeans + Standard Deviation
Grand

Subsamples I 11 111 Mean
a 1,1 12.9

13.0 ± 0.15
a 1,2 13.1

A, 13.10 ± 0.29
b l,l 13.5

13.2 ± 0.43
b l ,2 12.9

12.57 ± 0.64(A)
a2 ,1 11.6

11.9 ± 0.43
a2,2 12.2

a 2 12.05 ± 0.35
b2,l 12.0

12.2 ± 0.29
b2,2 12.4

13.73 ± 1.30
a l,l 15.2

15.2 ± 0.00
a 1,2 15.2

B, 14.90 ± 0.39
b l,l 14.8

14.6 t  0.29
b l,2 14.4

14.89 ± 0.36(B)
a2,l 14.8

15.1 ± 0.43
a2,2 15.4

b2 14.88 ± 0.38
b2,l 14.8

14.7 ± 0.22
b2,2 14.5

Pooled Std. Dev. ± 0.30 ± 0.35 ± 0.52 ± 1.30
C.V. 1.7% 2.2% 2.6 % 3.8% 9.5%
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precision  o f th e  Sakaguchi p rocedu re  for 
arginine was ex cellen t.

A p paren tly , from  th e  co m parison  of 
th e  values fo r subm ean  111, considerab le  
e rro r in  accuracy  was incurred  be tw een  
rep licate  sam ples A and B since th e  m ean 
value fo r sam ple A was 2 .32  jtg/g peanu ts  
low er th an  th a t fo r sam ple B. The 
am o u n t o f e rro r involved was ind icated  
by th e  s tan dard  dev iation  o f 1.30 fo r the 
m ean value o f 13.73 fo r th e  replicates. 
A fter th is precision  s tud y  was com pleted , 
rep licated  sam pling e rro r was reduced  
considerab ly  by b lending  th e  sam ple for a 
longer period  o f  tim e. This change was 
in co rp o ra ted  in th e  p ro cedu re  described 
herein .

T hus, precision  and accuracy  o f the  
Sakaguchi p ro cedu re  u n d er these  co n d i
tio n s  was well w ith in  th e  sam pling error 
for 100-g sam ples. This e rro r am o u n ted  
to  9.5%  fo r a single 100-g sam ple o r 3.8%  
for dup lica te  100-g sam ples in th is  s tudy . 
As a co nsequence o f these results, d iffe r
ences b e tw een  ro u tin e  sam ples o f less 
th a n  10% were n o t co nsid ered  significant. 
R ep e titio n  o f th is  p ro cedu re  for 50-g 
sam ples revealed sam pling e rro r (8.7% ) 
was ab o u t th e  sam e as th a t fo r 100-g 
sam ples.

R epeated  analyses o f several peanu t 
sam ples revealed th a t excellen t precision 
was o b ta in ed  using th e  ro u tin e  p rocedure 
even th o u g h  no a tte m p t was m ade for 
qu an tita tiv e  tran sfe r o f filtra te  and cen
trifu gate . This p ro to co l was necessary to  
sh o rten  th e  tim e fo r p rep a ra tio n  o f sam 
ples. The described tech n iq u e  was equally  
applicab le to  b o th  w et and dried peanuts. 
C alib ra tion  curves

The ca lib ra tio n  sam ples were analyzed 
and th e  resu lting  curves fo r b o th  raw  and

Table 2 —Percentage o f  shelled  peanuts in each m atu r ity  group o f  fo u r varieties o f  freshly 
harvested peanuts grown a t Perkins. Okla. in 1967

Percentage
Maturity Days from planting to harvest

Variety group 123 130 137 144 151 158 172
Valencia Mature 26 47 48 62 65 74 73

High Int. 45 33 29 20 14 18 13
Low Int. 19 16 20 17 18 8 8
Immature 10 5 3 2 2 1 1

Argentine Mature 42 58 67 77 78 81 82
High Int. 32 24 19 9 11 13 11
Low Int. 21 14 9 14 10 5 2
Immature 4 4 5 1 1 1 0

Early Runner Mature - 5 11 8 34 40 49
High Int. 52 53 53 49 38 34 27
Low Int. 32 32 28 33 23 21 18
Immature 16 11 8 9 5 5 4

NC-2 Mature 2 9 4 16 56 50 62
High Int. 55 45 65 50 25 26 16
Low Int. 29 36 22 26 15 20 12
Immature 14 11 9 8 4 5 2

cured  peanu ts  o f th e  fou r m ajor types are 
p lo tte d  in F igure 3. T hus, th e  degree o f 
im m a tu rity  o f an u n k n o w n  sam ple o f  raw 
peanu ts  m ay be estim ated  from  th e  co r
r e s p o n d in g  ca lib ra tio n  curve. Even 
thou gh  m a tu re  peanu ts  grow n in one area 
have been  co nsisten t from  year to  year in 
free am ino  acid c o n te n t, ca lib ra tio n  
curves should  be prepared  fo r each geo
graphical area if the  p roced u re  is to  be 
used ro u tine ly .

In prac tice , th e  im p o rta n t pa rt o f the  
ca lib ra tio n  curves was th a t represen tin g  
less th a n  50% im m atu rity  since peanu ts  
harvested  u n d er norm al co n d itio n s  w ould

no t possess im m a tu rity  h igher th a n  50%. 
Also, th e  analyst shou ld  be rem inded  that 
th is  p roced u re  m easures m ean percentage 
im m a tu rity  since som e seeds w ould  be 
very close to  m a tu re  w hile o th e rs  would 
be very im m ature .
Field test

Table 2 gives d a ta  on  th e  am o u n t of 
shelled peanu ts  w ith in  each m a tu rity  
g roup  fo r the  fo u r varieties. R esults of 
th e  arginine analysis (T able 3) showed 
th a t th e  m a tu re  and high in te rm ed ia te  
m a tu rity  g roups usually  gave similar 
values for arg in ine. T he low  in te rm ed ia te

PER CENT IMMATURITY
Fig. 3 —C a lib ra tio n  cu rves fo r  a rg in ine  in  rela 
t io n  to  th e  degree  o f  im m a tu r i ty .

Table 3 —Arginine co n ten t in each m atu r ity  group o f  fo u r varieties o f  uncured  peanu ts grown at 
Perkins, Okla. in 1967

Arginine content (/jg/ml)
Maturity Days from planting to harvest Aver-

Variety group 123 130 137 144 151 158 172 age
Valencia Mature 6.4 5.5 7.9 8.6 11.8 10.2 9.2 8.5

High Int. 8.6 7.1 11.0 8.6 9.4 9.9 9.8 9.2
Low Int. 11.4 22.6 22.7 13.5 12.9 10.9 15.6
Immature 23.2 - - - - - 23.2

Argentine Mature 7.6 7.2 7.6 9.3 10.5 9.3 8.2 8.5
High Int. 7.7 7.6 7.8 10.6 10.8 11.0 10.1 9.3
Low Int. 13.9 14.3 15.5 14.0 13.4 14.2
Immature 29.3 27.5 23.2 - - 26.7

Early Runner Mature - 7.4 10.2 10.1 10.9 10.4 9.8
High Int. 12.2 7.4 11.5 9.8 10.7 11.9 10.9 11.0
Low Int. 19.6 16.4 19.8 14.0 17.1 16.7 14.9 16.9
Immature 25.3 23.7 25.0 24.6 - 24.6

NC-2 Mature 10.5 12.8 10.4 10.6 1 1.5 10.9 11.1
High Int. 14.1 8.6 9.9 9.7 10.7 1 1.0 1 1.2 10.7
Low Int. 16.7 15.3 18.1 15.9 16.3 19.8 19.2 17.3
Immature 23.9 25.0 24.9 - 24.6
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group co n ta ined  ab o u t 50% m ore arginine 
than th e  m a tu re  and high in te rm ed ia te  
groups. Most o f  these peanu t kernels w ere 
of the size fo r processing in to  peanu t 
butter. Pang (1 9 6 7 )  rep o rted  th a t peanu t 
butter m ade w ith  th is  g roup  o f  peanu ts  
was in ferio r in flavor to  th ose  m ade w ith  
mature p eanu ts . A rgentine p ean u ts  co n 
tained ab o u t 10% o f  the  low  in te rm ed ia te  
group if harvested  at ab o u t 1 4 0 -1 5 0  
days (Table 2). T he im m atu re  peanu ts  
which are usually  q u ite  sm all w ere ex 
tremely high in argin ine, and Pang (1 9 6 7 ) 
scored these  low er in flavor th a n  th e  low  
interm ediate g roup . This su p p o rts  the  
possible re la tio nsh ip  o f high argin ine and 
poor flavor o f  peanu t p ro d u c ts  and m ay 
be an ad d ition a l advantage in th e  m eas
urem ent o f im m a tu rity .

Based u p o n  da ta  in T ables 2 and 3, it 
was co n clud ed  th a t A rgentine peanu ts  
should be harvested  at 1 5 8 -1 7 2  days for 
highest q u a lity  peanu ts . O rganolep tic  
data o n  p ean u ts  fro m  th e  sam e loca tio n  
and sam e varie ty  verified th is p o s tu la te . If 
harvested at th e  reco m m en ded  tim e o f

140 days, a less desirable p ro d u c t w ould 
have resu lted .

T hus, arg in ine co n te n t appears to  be a 
sensitive, rapid  m eans o f d e te rm in ing  the  
am o u n t o f  im m a tu rity  in a sam ple o f 
peanu ts . T he ap p lica tio n  o f  th e  p roced u re  
ou tlin ed  should  prove valuable in the  
m easu rem en t o f  m a tu rity  in b o th  devel
oping  and harvested  p eanu ts , and lead to  
a h igher qu a lity  co n su m er p ro d u c t.
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THE GRADING OF LOW-ESTER PECTIN FOR USE IN DESSERT GELS

INTRODUCTION
WITH TH E DEVELO PM EN T o f im 
proved low -m ethoxy l pectins (A non., 
1970a) and the ir increased use in a 
variety  o f gelled p rodu c ts  (Egger, 1970), 
the need fo r a s tan dard ized  m e th od  for 
the ev aluation  o f low -m ethoxy l pectins 
has becom e increasingly im p o rtan t.

A num ber o f ob jective and subjective 
tests o f a destructiv e  o r non destructive  
na tu re  have been used w ith  b o th  m odel 
gels and fru it ju ice gels w ith  varying 
degrees o f success (A no n ., 1947; Hills et 
al., 1942; Lange et ah, 1961; Lopez and 
Li, 1968; M cCready et al., 1944; Owens 
et al., 1947, 1949) bu t the  lite ra tu re  
contains no s tan dard , or generally ac
cep ted  p rocedure  fo r th e  evaluation  o f 
low -ester pectin  gels, o r fo r the estab lish 
m ent o f the grades o f the pectins used in 
these gels.

The ch aracte ris tics  o f a low -m ethoxyl 
pectin  gel are in fluenced  by the na tu re  o f 
the pectin  and by the  co nd ition s  o f its 
use. K ertesz (19 5 1 ) and D oesburg (19 6 5 ) 
review ed the lite ra tu re  and discussed the 
effects o f such facto rs as degree o f 
este rifica tio n , d is trib u tio n  o f the m eth- 
oxyl groups on the pectin ic  acid chain 
and m olecu lar w eight. C ond itions em 
ployed during gel m aking such as calcium  
levels and pH o f the gel were also 
included in the ir discussions.

A lthough  there are considerab le  data 
in the lite ra tu re  concern ing  the effects of 
various fac to rs  upon  low -m ethoxy l pectin  
gels, m uch  o f the  in fo rm atio n  is o f little  
value. T he pectin  sam ples are o ften  p o o r
ly defined  and gel-m aking p rocedures are 
no t alw ays ad equa te ly  described. The use 
o f so m any in s trum en ta l devices in the gel 
evaluations is confusing when com paring 
data from  various sources. It was th ou gh t 
th a t a s tudy  o f the  co nd itions  o f use o f a 
low -m ethoxyl pectin  gel using a well 
defined pectin  sam ple in a carefu lly  devel
oped p rocedure w ould  be useful. Because 
low -m ethoxyl pectin  gels are o ften  ex 
pected  to  have ch aracte ris tics  sim ilar to  
those o f high-solids jellies, testing  p ro 
cedures should  preferab ly  be analogous to  
those used in the case o f high-solids 
jellies. L ow -m ethoxyl pectins are fre 
quen tly  used in gelled dessert p rodu cts  
and it seem ed th e re fo re  ap p ro p ria te  to  
use these testing  procedures on gels hav
ing a firm ness and stren g th  close to  th a t 
o f dessert gels.

This paper deals w ith  som e o f the

m ore im p o rta n t facto rs  in fluen cing  the 
firm ness and breaking stren g th  o f dessert 
type gels m ade w ith low -m ethox y l pectin . 
F u rth e r, a possible grading p roced u re  is 
described.

EXPERIMENTAL
Gel evaluation

In the evaluation of high-ester pectins, jellies 
made for testing are much firmer than those 
which would be made for actual use (IFT 
Committee, 1959). The textural characteristics 
sought in dessert gels are such that more infor
mation could be obtained about the gel if it 
were evaluated under conditions of use. This 
involved working with a relatively weak gel at 
reduced temperatures. Such gels are difficult to 
remove from standard ridgelimeter glasses and 
they do not stand up when finally turned out. 
The standard jelly glasses therefore had to be 
replaced by a more suitable container. Test gels, 
after cooking to the desired weight, were 
poured into Plexiglas® cylinders (50 mm long 
and 44 mm ID) which had masking tape collars 
wrapped around one end of each cylinder to 
extend about !4 in. above the edge. The other 
end of each cylinder was attached to a sheet of 
plastic wrap with a small amount of silicon 
grease to prevent leakage. After pouring, the 
gels were covered with plastic wrap and stored 
at 5 -7°C  for 2 0 -22  hr. Immediately after stor
age the covering and tape were removed and a 
wire cheese cutter was used to cut away the 
excess gel, leaving one of a standard height. The 
bottom wrap was then removed and the gel 
turned out onto a Plexiglas® plate using a small 
spatula to loosen the sides. The gel was allowed 
to sit for 1 min and was then measured for sag 
using a Sunkist Exchange Ridgelimeter (Sunkist

F ig . 1 —R e la tio n s h ip  b e tw e e n  sag a n d  r id g e l im 

e te r  read ing .

Growers, Inc., Ontario, Calif.). Because the 
Plexiglas® cylinder was much shorter than the 
standard jelly glasses supplied with the ridgelim
eter a supporting plate of 25 mm was used. The 
readings on the ridgelimeter scale were con
verted to actual gel sag measurements by using 
figure 1.

Readings were taken on duplicate gels from 
the same batch, and where readings differed by 
more than 0.3 mm, the gel was remade.

Immediately after the sag readings were 
taken, the gel was cut crosswise into slices of 
10 mm thickness and the bottom one was dis
carded. A Marine Colloids Gel Tester (Marine 
Colloids, Inc., Springfield, N.J.), fitted with a 
10.9 mm diam plunger, was used to measure 
the breaking pressure of the 4 gel slices. Any 
reading differing by more than lOg with the 
next highest or lowest reading was discarded 
and average breaking strength values were cal
culated for each duplicate.
Gel preparation

A commercially available lemon gelatin des
sert mix was prepared according to package 
instructions to use as a model. This gel had an 
average sag of 12.5 mm and the average break
ing pressure was 95g at 1 l°C. A sample of 
Hi-Poly® Pectin, No. 3475 (Hi-Poly® is a regis
tered trademark of Sunkist Growers, Inc , Sher
man Oaks, Calif.) was then used to prepare a gel 
with similar sag and breaking pressure measure
ments by modifying the recipe for a low solids 
dessert gel supplied by Sunkist Growers, Inc. 
(Anon, 1970b). However, a sag of 1 2.5 mm and 
a breaking pressure of 95g were respectively at 
the upper and lower limits measurable with the 
equipment in use. For this reason a somewhat 
firmer gel having a sag of 10.5 mm at 1 l°C and 
a breaking pressure of 126g at 1 1°C was 
a d o p te d  as standard. Although somewhat

140

120,

110
o>c

Fig. 2 - T h e  in flu e n c e  o f  te m p e r a tu r e  o n  sag (A l
a n d  b re a k in g  pressure .
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firmer, this gel had a mouth feel very similar to 
a standard gelatin dessert. The procedure for 
making this gel was the following: To 350 ml 
water were added 40g sucrose, 5 ml of a solu
tion containing 1,95g citric acid hydrate and 5 
ml of a solution containing 1.8g sodium citrate 
dihydrate. The mixture was brought to a boil in 
a tared 3 qt stainless steel saucepan on a 
Corning hotplate. A 4g sample of Hi-Poly® Pec
tin, previously mixed with 35g sucrose, was 
added and the mixture was stirred for 140 sec. 
Then 20 ml calcium chloride solution contain
ing 30 mg Ca++/g Hi-Poly® Pectin were stirred 
in vigorously and the boiling continued until a 
final weight of 364g was reached. Total boiling 
time was kept as close as possible to 6 min. The 
mixture was then quickly skimmed to remove 
foam and poured into the prepared containers 
This standard gel had a pH of 3.8.
Determination of factors influencing 
gel character

The standard gel making procedure, with 
necessary modifications, was used to determine 
the effect of temperature, pectin concentration, 
cooking time, pH and calcium level on sag and 
breaking pressure values.
Analytical procedures

Moisture, ash, methoxyl content, galactu- 
ronic acid level and molecular weight were 
determined as described by Smit and Bryant
(1967). For the determination of amide levels 
acid-washed and dried samples of ca. lg were 
suspended in about 250 ml H20 . This was 
mixed with 20 ml 10% NaOIi and about 100 ml 
were then distilled over into a beaker contain
ing 20 ml 0.1N HCI. Excess acid was titrated 
with 0.1N NaOH to pH 8. From this the num
ber of amide groups present in the pectin was 
calculated.

RESULTS & DISCUSSION
THE Hi-Poly®  Pectin  used had a m e th 
oxyl co n ten t o f 5.5% , a ga lactu ron ic  acid 
level o f 96.1%  and a m olecu lar w eight o f
115,000, all on  an acid-w ashed and dried 
bases. T he m oistu re , ash and s tan d a rd iz 
ing sugar to ta lled  19.6% and the  pectin  
contained 13 am ide g ro u p s /100 galactu- 
ronide units.

E ffect o f tem p era tu re
S tan dard  gels were allow ed to  rem ain  

at room  tem p era tu re  fo r various lengths 
o f tim e a fte r  rem oval fro m  storage before 
sag and b reak ing  pressure m easu rem en ts 
were tak en . T em p era tu re  o f  the  gels was 
m easured im m edia te ly  a fte r  each set o f 
readings by inserting  a th e rm o m e te r  in to  
the  ce n te r  o f a crushed p o rtio n  o f the  gel.

It is well kno w n  th a t low -ester pectin  
gels so ften  w ith  increasing tem p era tu res  
and this is illu s tra ted  in Figure 2.

T he eq ua tion s  fo r th e  s tra igh t lines 
best f ittin g  th e  po in ts  on  the  graphs were: 
y = 7 .8  + 0 .2 4 x  fo r the  re la tio nsh ip  b e
tw een  sag and tem p e ra tu re  and y = 
165.11 -  3 .5 x  fo r th e  re la tio nsh ip  be
tw een  break ing  pressure and tem p era 
ture. F rom  these s tra igh t lines a co rrec
tion  o f ± 0 .25  was ca lcu la ted  fo r each 
degree above o r below  11 °C  fo r  sag values 
o b ta ined  in the  range o f 9 —15°C. F o r the  
break ing  pressure readings, a co rrec
tion  ± 3 .3  was ca lcu lated  fo r  each degree 
above o r below  11°C fo r a tem p era tu re  
range o f 9 —17°C. These co rrec tion s  were 
used w hen necessary  in the  w ork  rep o rted  
below .
E ffect o f pec tin  c o n cen tra tio n

T he da ta  p resen ted  in Figure 3 were 
o b ta ined  w ith  s tan d a rd  gels in w hich only  
the  am o u n t o f pectin  an d ,su c ro se  were 
varied in o rd er to  keep a co n stan t soluble 
solids level.

A t a c o n sta n t calcium  level, increase in 
pectin  c o n cen tra tio n  results in a firm er, 
s tro nger gel since th e re  are m ore free 
carb ox y l groups p resen t. O w ens et al.
(1 9 4 9 ) fo u n d  th a t increasing the  pectin  
c o n cen tra tio n  increased th e  s tren g th  as a 
logarithm ic  fu n c tio n  w here s tren g th  was 
m easured as th e  shear m odulus by the 
rig idom eter. H ow ever, in th e ir  w o rk , the 
ca lcium '.pectin  ra tio  was kep t co n stan t as 
the pec tin  c o n cen tra tio n  changed. I t is 
im p o rta n t to  stress th a t the  d a ta  rep o rted

Pe c t i n ,  g
Fig. 3 - T h e  in f lu e n c e  o f  p e c t in  c o n c e n tra tio n  

on sag (A l  a n d  b re a k in g  p re ss u re  (B ).

F ig . 4 —T h e  in f lu e n c e  o f  c o o k in g  t im e  o n  sag 

(A )  a n d  b re a k in g  p ressu re  (B ).

here w ere o b ta in ed  w ith  one  p ec tin  p rep 
ara tio n . T he calcium  sensitiv ity  o f a low- 
ester p ec tin  is d ep en d en t on  a varie ty  
o f fac to rs  such  as th e  presence o f am ide 
groups in the  pectin , m e th o d s used during 
pectin  m an u fac tu re , the  solids co n ten t o f 
the gel, etc . As a resu lt, som ew hat d iffe r
en t results m ay be ex p ec ted  w ith  o th e r  
pectin  p repara tions.
E ffect o f cooking  tim e

D ata p resen ted  in F igure 4 w ere o b 
ta in ed  w hen stan d a rd  gels having a pH o f
3.8 were co oked  fo r 6, 11, 14 and 18 
m in. W ith ex ten d ed  cooking  tim es, sag 
increased and breaking pressure decreased 
som ew hat. Increasing the  co oking  tim e is 
th o u g h t to  increase the e x te n t o f dep o ly 
m erization  o f the  pectin  resu lting  in a 
w eaker gel.
E ffect o f pH

By using q uan tities  ranging from  2 - 3 5  
ml citric  acid so lu tio n  co n ta in in g  390g 
citric  acid h y d ra te /lite r  and ad justing  the 
am o u n t o f w ater needed  in the  s tandard  
fo rm ula, a series o f gels having d iffe ren t 
pH values were prepared  and tes ted . The 
pH o f the  gel was m easured w ith  a 
C orning pH m eter a fte r the  gel was 
evaluated .

The e ffec t o f pH on the  sag and 
breaking pressure o f a H i-Poly®  Pectin  gel 
w ith  a fixed calcium  to  pectin  ra tio  is 
given in Figure 5. L ow -m ethoxy l pectins 
can be used in p ro d u c ts  varying in pH 
from  2 .5 - 6 .5  (A n o n ., 1947). H ow ever, a 
m axim um  break ing  pressure read ing  was 
ob ta in ed  a t pH 3.8 and a m in im um  sag 
was o b ta in ed  at pH 3 .3 —3.7

F o r a low -m etho x y l pectin  o f 32% 
este rifica tio n , D oesburg (1 9 6 5 ) show ed 
an increase in gel s tren g th , m easured as a 
com pression m odulus o f e la stic ity , from  
pH 2 .4 —3.1, fo llow ed  by a gradual de
crease. O w ens e t al. (1 9 4 9 ) show ed fo r a 
low -m ethoxy l p ectin , used w ith  a con-

2.5 3.0 3.5 4 .0  4.5
p H

Fig. 5 —T h e  in flu e n c e  o f  p H  o n  sag (A ) a n d
b re a k in g  p ressu re  (B).
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T a b le  1 —C a lc u la te d  fa c to rs  u s e d  w ith  d i f f e r 

e n t  w e ig h ts  o f  p e c tin

Wt pectin 
(g) Assumed F or S Factor
2.5 140.0 0.625
3.0 116.7 0.750
3.5 100.0 0.875
4.0 87.5 1.000
4.5 77.8 1.125
5.0 70.0 1.250

s tan t ca lc ium :p ectin  ra tio  o f 40  m g/g, a 
m axim um  gel s tren g th  at pH 2 .7 , w ith  
values decreasing on e ith e r  side o f this 
pH . Gel s tren g th  was m easured as the 
shear m odulus.

A lthough  the  observa tion  o f an o p ti
m um  pH fo r m axim um  gel s tren g th  for a 
given pectin  u n d er given cond ition s  is 
fou n d  freq u en tly  in the  lite ra tu re , no  
ex p lan a tio n  fo r the  observation  has been 
given. T he calcium  sensitiv ity  o f the 
pectin , as well as the  chelating  pow er of 
c itra te  will change w ith  increasing pH and 
this m ay be responsib le fo r  the op tim a 
observed.
E ffect o f calcium  co n cen tra tio n

F rom  15—40  ml o f a calcium  ch loride 
so lu tion  was used in the  s tandard  jelly 
fo rm ula to  give Ca++ levels o f from
2 2 .5 - 6 0  mg Ca++/g  o f H i-Poly®  Pectin . 
Once again the  w ater level was ad justed  
to  keep the  volum e o f added liquid 
co n stan t.

T he data o b ta in ed  are p resen ted  in 
Figure 6. T here is m uch evidence in the 
lite ra tu re  (P iln ik  and V oragen, 1970) th a t 
gel fo rm ation  is n o t m erely due to  “ b o n d 
ing” th rou g h  prim ary  valences bu t th a t 
secon dary  valences betw een  calcium  and 
h y d ro x y l groups also play an im p o rtan t 
role.

At a level o f ab o u t 20 mg Ca++/g o f 
pectin , gels had high sag and low  breaking 
pressures show ing a lack o f  suffic ien t

Fig. 6 —T h e  in flu e n c e  o f  ca lc iu m  c o n te n t  o n  sag
(A ) a n d  b re a k in g  p ressu re  (B).

calcium . Increasing the  calcium  to  40 
m g/g raised the  b reak ing  pressure to  a 
m ax im um ; beyond  th is p o in t, m ore calci
um  b roug h t a decrease in b reak ing  pres
sure. Hills e t al. (1 9 4 2 ) also o b ta in ed  
m axim um  stren g th  values, decreasing on 
e ith er side o f a ce rta in  o p tim u m  calcium  
level, w hen calcium  level was p lo tted  
against jelly  s tren g th  as m easured by a 
Delaw are jelly  tester. Low stren g th s  at 
high calcium  levels ap pear to  resu lt from  
d ifficu lties in o b ta in in g  a u n ifo rm  cal
c ium -pectin  d ispersion (O w ens et al., 
1949. In  th is  case, p reg e la tio n  o ften  
occurs resu lting  in an unevenly fo rm ed  
and generally  w eak gel.

Increasing the  calcium  level to  ab o u t 
50 m g/g resu lted  in a sharp  decrease in 
sag. Sag still decreased slightly  b eyond  
th is  po in t and a m in im um  was o b ta in ed  
at a roun d  60  m g/g in sp ite o f the  fact 
th a t slightly  less th an  45 mg Ca++/g  o f 
pectin  w ould  have been su ffic ien t to  
“ b in d ” all the  available carb ox y l groups.

The slight increase in sag at very high 
calcium  levels is p robab ly  due to  the 
ex trem e pregelation  w hich occurs u nd er 
those cond itions.
Pectin  grading

A grading m e th od  was developed by 
fo llow ing som e o f the  princip les used in 
the grading o f high solids jellies (1FT 
C om m ittee , 1959). T he low -ester firm 
ness (F ) was defined  as being the w eight 
o f the  gel b a tch  in g, divided by the 
w eight o f the  pectin  sam ple requ ired  to  
yield a gel o f s tan d a rd  firm ness having a 
sag o f 10.5 m m  at 11°C. T he low -ester 
s tren g th  (S) was defined  as being the 
w eight o f the gel b a tch  in g, divided by 
the  w eight o f pectin  sam ple requ ired  to  
yield a gel having a s tan d ard  breaking 
pressure o f 1 26g at 11°C. These sag and 
breaking pressure values were o b ta in ed  
w ith  a s tan d a rd  gel co n ta in in g  4g Hi- 
Poly®  Pectin . This pectin  the re fo re  had 
an F o f 87 .5  and an S o f  87 .5 . By using 
m ore o r less pectin , d iffe ren t F and S 
values w ould be assum ed. F or ex am ple , if

F ig . 7 —R e la t io n  b e tw e e n  c a lc u la te d  fa c to r  a n d  

sag o r  b re a k in g  pressure.

3.5g had been used, the  assum ed F  and 
S values w ould  have been 100; however, 
the tru e  F  and S values fo r th is sample 
were 87 .5 . A fac to r  was th u s  calculated 
to  convert assum ed F and S values to  true 
F  and S values, and these are given in 
T able 1.

D ata show ing the re la tio n sh ip  o f the 
am o u n t o f pectin  to  gel sag and breaking 
pressure were th en  used to  p lo t calculated 
fac to rs  against sag and b reak ing  pressure 
and these are given in Figure 7.

A relatively  s tra ig h t line relationship 
ex isted  in the  range o f a b o u t 9 .5 -1 3 .5  
m m  sag and a b o u t 9 0 - 1 3 5 g  breaking 
pressure. F o r gels falling o u tside  o f these 
lim its it w ould  p ro b ab ly  be best to 
rem ake the  gel using a larger o r smaller 
a m o u n t o f pectin . T he use o f these data 
to  de te rm in e  th e  tru e  F o r S value o f an 
u n k no w n  low -ester pectin  sam ple m ay be 
illu s tra ted  by using the fo llow ing exam 
ple: T he s tan d a rd  p rocedure  fo r gel mak
ing was fo llow ed using 4g o f the  sample. 
T he assum ed F and S values w ere there
fore 87 .5 . W ith th is p a rticu la r sam ple the 
sag o f the  gel was 12 m m  at 1 1°C. From  
Figure 7 the co rresp on d in g  fac to r was 
0 .8 5 2 . T herefo re , the  tru e  F value was
87.5  x  0 .8 5 2  o r 74 .2 . F o r th e  sam e gel, 
the b reak ing  pressure was 114g, giving a 
fac to r o f 0 .9 1 0  and a tru e  S value o f 78.7.

As show n earlier, sag an d  breaking 
pressure values shou ld  be corrected 
by ± 0.25 o r ± 3.3 respectively  fo r each 
degree above o r below  11°C and these 
co rrec tion s  w ould  have been tak en  into 
acco u n t if readings were n o t m ade at 
1 1°C.

U nder the  co n d itio n s  used the pH of 
the  s tan d a rd  gel was 3 .8 . H ow ever, it is 
q u ite  possible th a t o th e r  low -ester pectin 
sam ples m ay give d iffe ren t final pH values 
w hen used in the  s tan d a rd  gel form ula. 
D ifferen t am o u n ts  o f added  citric  acid 
m ay the re fo re  be requ ired  th an  the  quan
tity  specified  in o rd e r to  have a final pH 
close to  3.8.

A lthough  cu m bersom e, it is suggested 
th a t b o th  sag an d  break ing  pressure meas
u rem en ts  be in co rp o ra ted  in the sug
gested grading p rocedu re . It is possible to 
prepare low -ester pectins w hich m ay give 
gels having b reak ing  pressure values above 
or consid erab ly  below  126g at a standard 
sag o f 10.5 m m . Such gels will have a 
tex tu re  q u ite  d iffe ren t from  the  texture 
associated  w ith dessert gels. Manufac
tu rers  o f low -ester pectin  or o f dessert 
gels co n ta in in g  low -ester pectin  may 
th e re fo re  p refer to  s tand ard ize  low-ester 
pectins to  a p a rticu la r F value and also 
specify a desirable ra tio  o f S /F .
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THE EFFECT OF DEMETHYLATION PROCEDURES ON THE QUALITY OF 
LOW-ESTER PECTINS USED IN DESSERT GELS

INTRODUCTION
FO U R  TY PES o f  d em eth y la ting  agents 
used to  p rodu ce low -m ethoxy l pectins are 
listed by Joseph  et al. (1 9 4 9 ) as: (1) 
acid; (2 ) alkali; (3 ) enzym e; and (4) 
am m onia in alcohol or co n cen tra ted  
aqueous am m onia.

L ow -m ethoxyl pectins p rodu ced  by 
enzym e dém éth y la tio n  have been found  
to  be in ferio r to  those  p roduced  by o the r 
m e th o d s because o f the no n random  dis
trib u tio n  o f m ethyl ester groups am ong 
m olecules o f the  pectin  (Speiser and 
E ddy, 1946; Hills et al., 1949). This is in 
ag reem ent w ith  K ertesz (1 9 5 1 ) tha t the 
enzym e rem oves the  ester groups one by 
one along th e  chain  while alkali and acid 
are assum ed to  rem ove these at random . 
The in ferio r s treng th  o f th e  enzym e 
d em eth y la ted  pectins could  also be re
lated to  the  presence o f  m ore “ ba llast” 
m aterials, chiefly araban  and galactan , 
since enzym e dém éth y la tio n  causes the  
rem oval o f very little  ballast. Acid dé
m é th y la tio n  rem oves ballast at ap p ro x i
m ately  th e  sam e ra te  as it rem oves m ethyl 
ester groups, and thu s  an acid d e m eth 
y la ted  pectin  w ould have a higher per
centage o f  po lygalac tu ron ic  acid (Hills et 
al., 1949).

K ertesz (1 9 5 1 ) s ta ted  th a t the  m ain 
disadvantage to  acid de-esterifica tion  is its 
slowness. It m ay be speeded up by using 
higher tem pera tu res , b u t this results in 
increased dep o lym eriza tion  o f the  pectin  
chains w ith  an adverse effect on  gel 
s treng th  (D oesburg , 1965). Acid d ém éth 
y la tio n  m ay be carried ou t in suspension 
in an organic solvent-acid m ix tu re  as 
reco m m ended  by Joseph  (K ertesz, 1951), 
in a w ater-acid so lu tio n  (Hills et ah , 1942; 
Speiser et al., 1945) or in co m b ina tion  
w ith  the  pectin  ex trac tio n  procedure 
(W oodm ansee and Baker, 1949). Jo sep h ’s 
m e th o d  is ap t to  give a heterogenous 
pectin  p repa ra tion  w ith  respect to  ester 
co n ten t since th e  o u te r  surfaces o f the  
pectin  partic les w ould be dem ethy la ted  
m ore th an  the  inner areas (K ertesz,
1951).

A lkaline dém éth y la tio n  is rapid  but 
the  rem oval o f m ethy l ester groups is 
accom panied  by depo ly m eriza tion  o f the 
pectin  chain  (K ertesz, 1951) and th e  rate 
o f d ep o lym eriza tion  increases faster than  
the  ra te  o f d é m éth y la tio n  as tem pera tu re  
increases (Slavickova, 1961). N eukom  
and Deuel (1 9 5 8 ) suggested th a t in the

deg rada tio n  o f the  pectin  chain  w ith 
alkali, th e  ac tivated  hyd rogen  at C (5) is 
rem oved and th e  glycosidic linkage is 
cleaved w ith  the  fo rm atio n  o f a dou b le  
bond  be tw een  C (4) and C (5). H owever, 
carefu l co n tro l o f tem p era tu re  and alkali 
c o n cen tra tio n  can result in the p rep a ra
tion  o f  useful low -m ethox y l pectins 
(M cC ready et al., 1944; Joseph  et al., 
1949).

The use o f am m onia in alcoholic  sys
tem s o r in co n cen tra ted  aqueous am m o 
nia system s results in a low -m ethox yl 
pectin  th a t differs in th a t it co n ta ins 
am ide groups. The role o f  these am ide 
groups during  gel fo rm a tio n  w ith  am m o 
nia d em eth y la ted  pectins is not clear bu t 
at least tw o  com m ercia lly  p roduced  low- 
ester pectins p resen tly  co n ta in  such 
groups (B ryan t, 1959; Wiles and Sm it, 
1971).

This paper deals w ith  low -ester pectins 
p rodu ced  by acid and alkali d ém éth y la 
tion , the  characte ris tics  o f these pectins 
and the  p ro pertie s  o f gels p repared  from  
them .

EXPERIMENTAL
Sample preparation

Demethylated pectin samples were prepared 
from a high molecular weight pectin supplied 
by Sunkist Growers Inc., Ontario, Calif. The 
pectin had been extracted from lemon peel 
with sulfurous acid solution, filtered, precipi
tated with aluminum chloride, pressed, shred
ded and dried.
Acid déméthylation

Prior to déméthylation 220g of the Al-coag- 
ulum were rehydrated in distilled water over
night. After excess water was removed by press
ing, the pectin was suspended in 1350 ml 60% 
isopropanol (v/v) containing 150 ml cone HC1, 
stirred for 30 min, filtered and washed with 
60% isopropanol (v/v). For déméthylation, the 
pectin was starred continuously with a mixture 
of 1680 ml isopropanol, 920 ml H20  and 400 
ml cone 1 ICI in a 4000 ml beaker on a magnetic 
stirrer at around 25°C. Small samples, taken at 
intervals were washed with 60% isopropanol 
(v/v) until free of chlorides. After a final rinse 
with isopropanol and air drying, per cent esteri
fication was estimated by titration. Larger sam
ples taken during déméthylation were treated in 
a similar fashion and buffered by suspension in 
a 60% isopropanol (v/v) solution containing suf
ficient Na2C 0 3-H20  to neutralize half of the 
free carboxyl groups as determined by titration 
with NaOH. These suspensions were shaken for 
I hr, left overnight, filtered, washed with iso
propanol and air dried before grinding in a

T a b le  1 —S p e c if ic  re a c t io n -ra te  c o n s ta n ts

Déméthylation procedure k x 10‘3 min'
1.4N HCI at 25°C 0.1
NH4OH at pH 1 1 and 5 7°C 25.1
NaOH at pH 8 and 5 7°C 61.6

Wiley mill through a 60 mesh screen. This re
sulted in samples A-l through A-5.
Preparation of material for alkali déméthylation

A 260g sample of starting material was acid 
washed using a mixture of 1020 ml isopropa
nol, 510 ml H20  and 170 ml cone HCI, and 
then rinsed with 60% isopropanol (v/v) to re
move aluminum. Stock pectin solutions of 
3000 ml were made by dissolving 85g of wet 
washed pectin in 1I20 . This weight of wet pec
tin was equivalent to 65g of the original dry 
pectin before acid washing.
Déméthylation with NH„OH

A stock pectin solution was demethylated at
5 -7°C  by adjustment to pH 11 using 350 ml 
cone analytical grade NH„OH. After different 
time intervals the reaction was stopped by add
ing 400 ml cone HCI followed by precipitation 
with 6 liters of isopropanol. Ammonium hy
droxide was used to adjust the pH of the alco-

F ig . 1—C h an g e  in  m e t h o x y l  c o n te n t  d u rin g  dé

m é th y la t io n  w ith  H C I a t  25" C.
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T a b le  2 - C o m p a r is o n  o f  a c id  a n d  a lk a l i  d e m e th y la te d  lo w -m e th o x y l p e c t in  sam ples

Sample % OCHja % Gal. acida
M.W.
1000

Moist. 
+ ash 
(%)

% Groups per 
100 gal. units 

COOH -N H 2
pH

(1% sol) F S
Gal.

Characteristics
A-l 6.7 91.4 175 16.7 57 0 3.7 70 106 Smooth
A-2 5.8 91.5 152 18.8 62 0 3.8 187 118 Brittle
A-3 5.6 95.8 130 14.5 64 0 3.8 199 121 Brittle
A-4 4.9 92.8 128 20.2 67 0 3.9 229 140 Brittle
A-5 4.0 91.0 124 18.5 71 0 4.0 235 108 Brittle
Na-3 5.3 95.4 121 18.8 65 0 3.5 83 low Brittle
Na-1 4.6 90.7 118 14.9 68 0 3.6 109 low Brittle
Na-2 4.1 92.0 124 17.4 73 0 3.5 244 101 Brittle
Am-1 5.0 94.2 120 17.5 45 21 4.2 low 57 Smooth
Am-2 4.6 95.0 124 14.3 47 22 4.3 51 77 Smooth
Am-3 4.3 97.7 117 14.8 46 26 3.8 206 126 Brittle

a D e te rm in e d  a f te r  w ash in g  w ith  HCI an d  d ry in g

hoi slurry to between 4.0 and 4.5. The precipi
tated pectin was squeezed out in a cotton cloth 
and then washed in a Buchner funnel with 60% 
isopropanol until free of chlorides. After a final 
rinse with isopropanol and air drying, the pec
tin was ground in a Wiley mill through a 60 
mesh screen. This resulted in samples Am-1 
through Ant-3.
Demethylation with NaOH

To prepare samples Na-1 and Na-2, 3000 ml 
portions of the sol were demethylated at
5 -T C  by adjustment to pH 8 with 200 ml IN 
NaOH. To stop the reaction, 120 ml cone HCI 
were added after 13 and 15 min respectively. 
Precipitation, washing and drying were the 
same as with the NH„OH demethylated samples 
except that the pH of the alcohol slurry was 
adjusted to between 3.5 and 4.0 with IN 
NaOH.

tre a tm e n t w ith  a lk a li. ( A )  N H  A O H  a t  p H  11 

a n d  5 - 7 ° C ; IB )  I N  N a O H  a t  p H  8  a n d  5 - 7 ° C.

Sample Na-3 was prepared using 180 ml IN 
NaOH and 3000 ml sol, followed by acidifica
tion with 100 ml cone HCI after 15 min of 
demethylation. Further treatment of the sam
ple was the same as for samples Na-1 and Na-2.
Analytical

Methoxyl content, galacturonic acid con
tent, moisture, ash, amide level and molecular 
weight were determined as described by Smit 
and Bryant (1967). Standard gels having a fixed 
Ca:pectin ratio of 30 mg Ca++/g of pectin, a pH 
of 3.8 and a soluble solids level of around 22% 
were prepared and firmness (F) and strength (S) 
were determined as outlined by Black and Smit
(1972). The amount of sag as measured with an 
Exchange Ridgelimeter was used as an indica
tion of F while breaking pressure, as measured 
with a Marine colloids Gel Tester, was used as 
an indication of S.

RESULTS & DISCUSSION
P rep a ra tio n  o f sam ples

T he decrease in m e th o x y l co n ten t 
during acid d e m e th y la tio n  is show n in 
Figure 1.

In th e  alkaline d ém éth y la tio n s  de
scribed in th is  w o rk , am m onium  h y d ro x 
ide was used at pH 11 an d  a tem p era tu re  
o f 5 - 7 ° C  (Fig. 2). At th is  pH , th e  sodium  
h y d ro x id e  reac tio n  was to o  d ifficu lt to  
co n tro l, hence a pH o f  8 was used (Fig.
2). Even at th is  low er pH , d e m eth y la tio n  
proceeded  so qu ick ly  th a t it was d ifficu lt 
to  estim ate  th e  exact tim e  requ ired  to  
p roduce a sam ple at a specific m e th o x y l 
level.

P lo ts o f  th e  logarithm  o f th e  m e tho x y l 
co n te n t against tim e gave a s tra igh t line 
re la tio nsh ip  at high and in te rm ed ia te  
m e th o x y l levels ind icating  a first o rd er 
reac tio n  w ith  respect to  m e th o x y l co n 
ten t w ith  all th ree  types o f d e m eth y la tio n  
used.

Specific rate  co n stan ts  w ere ca lcu lated  
from  th e  graphs o f  m e th o x y l level versus 
tim e using th e  fo rm ula:

k = logt B C

w here C0 is th e  initia l m e th o x y l level and 
C is th e  m e th o x y l level at tim e t. R esults 
are show n in Table 1.

M cCready et al. (1 9 4 4 ) rep o rt a reac
tio n -ra te  co n stan t fo r de-este rifica tion  
w ith  HCI o f  0.7 x  1 0 '3 m in"1 at pH 3 and 
5 0 °C. A k value o f  0 .1 8 9 6  x  10"3 m in '1 
at 30°C  w ith  0 .8 7N  h y d ro ch lo ric  acid 
was given by  Speiser et al. (1 94 5 ). These 
values agree favorably  w ith  those  o b 
ta in ed  in th is w ork  in w hich d ifferen t 
co n d itio ns  o f  tem p era tu re  and acid co n 
ce n tra tio n  were used.

M cCready et al. (1 9 4 4 ) rep o rted  k 
values o f 5 x  10"3 m in '1 for d em eth y la 
tio n  w ith  am m onium  h y d ro x id e  and 9 x 
10"3 m in"1 fo r d e m e th y la tio n  w ith  sodi
um  h y d ro x id e  at pH  11 and 15°C. These 
values are d iffe ren t from  tho se  rep o rted  
in  Table 1 b u t it should  be recognized 
th a t d ifferences in starting  m ateria l, ex
perim en ta l co n d itio n s  and th e  presence o f 
ca tio n s  will all have an effect on  th e  rate 
o f d e m eth y la tio n  (M errill and Weeks, 
1946; Slavickova, 1961).
C om parison  o f sam ples

A high acid co n cen tra tio n  was used to  
increase th e  ex ten t o f  d ep o lym eriza tion  
during acid d em eth y la tio n . In  sp ite o f 
th is, th e  m olecu lar w eights o f sam ples 
A -l to  A-4 are higher th a n  th a t o f  the  
alkali d em eth y la ted  sam ples (T able 2). 
C om parisons b e tw een  acid and alkali de
m e th y la ted  sam ples are th e re fo re  d ifficu lt 
to  m ake. How ever, th e  m olecu lar w eights 
o f  b o th  A-5 and Na-2 are 124 ,000  and 
th e  sam ples have a sim ilar nu m ber o f  free 
carb ox y l g ro u p s /100 ga lactu ro n ide  units. 
This ind ica tes  th a t these  sam ples m ay be 
co m pared  as to  gelling characteristics. 
Gels m ade from  A-5 and Na-2 had firm 
ness values (F ) o f 235 and 244 and 
stren g th  values (S ) o f 108 and 101, 
respectively  (B lack and Sm it, 1972). A 
subjective evaluation  o f th e  gels show s 
th a t th ey  w ere q u ite  b r ittle  and coarse. 
Low m e th o x y l pectins de-esterified  w ith  
HCI o r NaOH th e re fo re  appeared  to  
p rodu ce  sim ilar low  solids gels, pa rticu 
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larly since the  d is tr ib u tio n  o f  m e th oxy l 
groups in the  tw o  types o f  pectins is 
sim ilar (Heri, 1962).

W ith th e  acid d em eth y la ted  sam ples, 
an increase in F occurred  as th e  m e thoxy l 
level decreased from  6.7 to  4 .0 . The F 
appeared  to  be appro ach ing  a m axim um  
at 4.0%  m ethox y l. W ith these sam ples, 
th e  m axim um  S was reached around  4.9%  
m e th ox y l, decreasing on e ith er side. In 
the presence o f m ore free carboxyl 
groups firm er and stronger gels are n o r
m ally o b ta in ed . H owever, as the  num ber 
o f free carb ox y l groups increase, pregela
tio n  and decreased so lub ility  becom e 
m ore evident resulting  finally in w eak, 
po o r-tex tu red  gels. Gels m ade from  all o f 
the  sam ples ex h ib ited  these characte ris
tics at low er m e th o x y l levels.

The sam ples prepared  by alkali de- 
m e th y la tio n  had less range in m e th oxy l 
level th an  those  ob ta ined  w ith  acid de- 
m e th y la tio n  bu t it is likely th a t th e  F and 
S values for these sam ples w ould also 
reach m axim a at ce rta in  low  m eth oxy l 
levels.

In general it w ould appear th a t the 
acid sam ples produced  firm er, stronger 
gels at relatively high m e th o x y l levels. 
However, th e  high m olecu lar w eights of 
the  acid dem eth y la ted  sam ples c o n trib 
u ted  to  this.

It could be reasoned th a t th e  am ide 
groups play no active role in gel fo rm a
tio n , serving only  to  tie up  carboxyl 
groups. If th is were true , low m ethoxy l 
pectins co n ta in in g  th e  sam e num ber o f 
free carb ox y l groups w ould  be expected  
to  ex hib it sim ilar gel ch aracte ristics, re

gardless o f w h eth er th e  rem aining car
boxy ls  were tied  up as m ethy l esters or 
am ides. How ever, a co m parison  o f  the 
acid and am m onia d em eth y la ted  sam ples 
show th a t th is  is n o t so. F rom  th e  da ta  it 
appears th a t acid d e m eth y la ted  pectins 
w ith  a ca rb ox y l level o f  46  g ro u p s /100 
ga lactu ron ide u n its  w ould  have F and S 
values close to  zero . In co n tra s t, w ith  46 
carboxy l g ro u p s /100 u n its  sam ple Am-3 
had a F o f 206 and a S o f  126 (T able 2).

The n um b er o f  ca rb ox y l g ro u p s /100 
ga lactu ron ide  u n its  did no t change signifi
can tly  in th e  am m onia d em eth y la ted  sam 
ples as the  m e th o x y l level decreased from
5.0 to  4 .3 . H owever, the  S and F values 
increased sharp ly . The increases could  not 
be a ttr ib u te d  to  m ore available carb oxy ls  
bu t ra th e r to  th e  increased nu m ber o f 
am ide groups w hich m ay be involved in 
hyd rogen  bonding . As well, an increased 
num ber o f ca rb ox y l groups can n o t be 
used to  explain  th e  change from  a sm ooth  
to  a b rittle  tex tu re  w ith  these sam ples.
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INTERRELATIONSHIP BETWEEN CERTAIN PHYSICOCHEMICAL 
PROPERTIES OF RICE

INTRODUCTION
A SER IES O F  stud ies on th e  in te rre la 
tionship b e tw een  various physicochem ica l 
properties o f  rice varieties was in itia ted  in 
this lab o ra to ry  in 1968. R esu lts o f  w ater- 
u p ta k e  behavio r (B h a ttac h a ry a  and 
Sowbhagya, 1971), and im p ro v em en t in 
amylose (Sow bhagya and  B hattach arya , 
1971) and alkali reac tio n  (B h a ttac h a ry a  
and S ow bhagya, 1972) tests  o f rice have 
been rep o rted  earlier. R esu lts o f the 
starch-iodine blue value test and  m oistu re  
uptake at room  tem p e ra tu re  along  w ith  
other param eters  o f these rice varieties 
and th e ir in te rre la tio n s  are rep o rte d  here.

MATERIALS & METHODS
Rice

The samples and their milling have been de
scribed (Bhattacharya and Sowbhagya, 1971). 
In all, 45 samples comprising 42 varieties were 
used in two series: Series I consisted of indica, 
dwarf indica, japónica (ponlai) varieties and 
their hybrids; Series II consisted mostly of new
ly developed indica x  dwarf indica hybrid lines. 
All varieties were nonwaxy.
Methods

Apparent water uptake (W') at 80° and at 
96°C (Bhattacharya and Sowbhagya, 1971), 
equilibrium moisture content on soaking in 
water at room temperature (EMC-S) (Indudhara 
Swamy et al., 1971), alkali score in 1.4% KOH 
(Bhattacharya and Sowbhagya, 1972), and 
amylose content (in defatted rice powder) 
(Sowbhagya and Bhattacharya, 1971) were de
termined as described. The alkali degradation 
types (Bhattacharya and Sowbhagya, 1972) 
were determined with 1% KOH for varieties 
giving too high scores and with 1.7% KOH for 
those giving too low scores in 1.4% KOH. Pro
tein (N x  5.95) in brown rice was determined 
by Kjeldahl digestion. Viscography of rice 
flours (about 80 mesh, ground in a high-speed 
Raymond hammer mill) was carried out with a 
Brabender viscograph (Halick and Kelly, 1959).
Starch-iodine blue value (BV)

Following the procedure of Hall and John
son (1966), extraction was carried out at boil
ing temperature (96°C) instead of at 77°C 
(Halick and Keneaster, 1956) to eliminate any 
possible influence of differences in the gelatin- 
ization temperature. However, 45-mesh powder 
was used instead of 80 mesh recommended, as 
it was equally satisfactory (although giving
1-3% lower reading). Also, the reading increas
ed slightly up to 15 -20  min extraction (both in 
45- and 80-mesh powder); hence a 20-min ex
traction period was adopted instead of the 5 
min recommended. Readings were taken in a 
Klett-Summerson photoelectric colorimeter

with filter 60. A standard amylose (Nutritional 
Biochemicals Corp.) solution was included in all 
experiments; all results were expressed as 
apparent amylose contents of the rice instead 
of as the color readings as such.

BV with lower-temperature extracts (60°, 
65°, 70°, 75°C) were determined similarly, 
using 500 mg powder and 50 ml water for the 
extraction in an appropriate constant-tempera
ture water bath; an appropriate aliquot was 
used for color development. Iodine concentra
tion was always maintained at 2 ml of 0.2% 
iodine (Halick and Keneaster, 1956) per 100 ml 
of final colored solution.

BV of the rice gruel (excess water remaining 
after cooking rice at 96°C) was also similarly 
determined. Rice (2.00g) was cooked in 20 ml 
water (Bhattacharya and Sowbhagya, 1971), 
and color was developed as above with 1 ml of 
the strained gruel (after standing in a test tube 
undisturbed for about 2 hr at room tempera
ture) and made up to 50 ml. These Klett read
ings were not further converted into apparent 
amylose values.

Two to three replicates of all tests were run 
and the mean values taken.

RESULTS
TH E V A R IO U S R ESU LTS are show n in 
T able 1. E ntries in the  T able are divided 
in to  tw o  parts , Series I and II, since the  
tw o  series o f sam ples w ere p ro cu red  and 
tes ted  separa te ly .
W ater u p ta k e  a t 80°C

As discussed earlie r (B h a ttach a ry a  and 
Sow bhagya, 1971), w ater u p tak e  values 
were expressed  as percen tages o f  the  
w ater u p tak e  a t 96° C, w hereby  the  e f
fects o f  d ifferences in surface area and 
various o th e r  in te rfe ring  fac to rs  am ong 
the  varieties were e lim inated . F rom  Table 
1 it is c lear th a t the  values are, w ith  som e 
divergence, well re la ted  to  the  alkali 
scores (r = 0 .9 2 4 * * *  fo r n = 4 0 ), and 
hence inversely w ith  the  ge la tin iza tion  
tem p era tu res  (Ju lian o  et al., 1964a, b). 
S im ilar tests  w ere also co n d u c ted  a t 70° 
and 75°C , b u t th e  best d iffe ren tia tio n  
betw een  varieties was given at 8 0 °C.
E qu ilib rium  m o istu re  co n te n t 
on  soaking in w ater 
at RT (EM C-S)

It was earlie r show n in prelim inary  
w ork  from  th is lab o ra to ry  (Id u dh ara  
Sw am y e t al., 1971) th a t the  EMC-S 
d iffered  slightly  am ong d iffe ren t sub
species o f  rice. This was well bo rne  o u t 
by the  presen t da ta  (T able 1). The value 
was a ro u n d  2 8 -2 9 %  m o istu re  (w et basis)

in  th e  local indica  varieties, an d  3 0 —31% 
m oistu re  in dw arf indicas  and a m ajority  
o f th e ir  hyb rid s as well as in the  ja p ó n i
cas. S ep arate  tests w ith  fo u r w axy rice 
varieties (n o t o therw ise inc luded  in these 
stud ies) show ed th e ir EMC-S to  be
3 2 —34% m oistu re .
S tarch -io d ine  b lue value (BV )

This test has been  ex tensively  em 
ployed  in rice q u a lity  s tud ies as an in
direc t es tim ate  o f th e  am ylose c o n ten t. 
But Ju liano  et al. (1 9 6 8 ) show ed recen tly  
th a t am ylose co n te n t and BV w ere no t 
p ro p o rtio n a l th ro u g h o u t: viz. th e  BV ac
tua lly  fell progressively once th e  am ylose 
co n te n t exceeded  30%. T hey  tried  to  
ex p la in  th is in te rm s o f easier in situ  
ré tro g rad a tio n  o f am ylose w hen it was 
presen t in high am o u n ts .

Inasm uch as the  BV rep resen ted  n o th 
ing b u t the  w ater-soluble am ylose c o n te n t 
o f rice (u n d e r the set o f cond itions  
em ployed), the  BV d a ta  w ere expressed 
here as ap p aren t (i.e ., w ater-so lub le) am y
lose c o n ten ts  and also as w ater-soluble 
am ylose as a percen tag e o f  the  to ta l 
am ylose (Table 1). T he la tte r  d a ta  im m e
d ia tely  revealed th a t  w hile th e  BV and 
am ylose co n te n t w ere in d eed  n o t con
s tan tly  co rre la ted , th e  d epartu res  were 
re la ted  n o t to  high am ylose c o n ten ts  bu t 
m ainly to  sub-species d ifferences. T hus 
the  96° C w ater-soluble am ylose was 40% 
or m ore (usually  a ro u n d  50%) o f th e  to ta l 
am ylose fo r indica  an d  japó n ica  varieties, 
b u t below  40%  (usually  a ro u n d  35% ) fo r 
dw arf indicas  and m ost o f th e ir  hybrids. 
This te s t, nevertheless, gave very useful 
in fo rm atio n .

BV a t 65°C  expressed  as % o f th a t a t 
96° C gave, w ith  som e ex cep tio ns, good 
c o r r e l a t i o n  w ith  th e  alkali scores 
(r = 0 .9 1 5 * * *  fo r n = 4 0 ) an d  the  w ater 
u p tak e  values (r = 0 .9 1 2 * * *  fo r n = 40) 
(T able 1), an d  hence inversely w ith  the 
gela tin iza tion  tem p era tu re . This co rre la
tio n  is q u ite  logical. Tests a t 6 0 ° , 70° and 
75°C  gave less sharp  co rre la tio n  (i.e ., fo r 
45-m esh po w d er; fo r  85-m esh pow der, 
best co rre la tio n  was a t 60°C ).
BV o f gruel

T he BV o f  th e  excess w a te r rem aining 
a fte r co oking  o f rice has o ften  been 
d e term in ed , an d  m any consider it gives a 
b e tte r  co rre la tio n  w ith  rice q u a lity  than  
the classical BV da ta  (C h ik u bu , 1967; 
Ju liano  et al., 1968). This aspec t was 
investigated .
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It was fo und  th a t the gruel-BV data, 
expressed e ith er as such or per unit 
surface area |c f .  w ater up take per unit 
surface area (B h attacharya  and Sowb- 
hagya, 1971)] did no t give any clear 
co rre la tion  w ith any o th e r param eter 
(hence n o t rep o rted ). C ooking 13 diverse 
varieties (Series I) fo r 5, 10, 20 and 30 
min each at 96° C show ed tha t the loga

rithm  o f the gruel BV was d irec tly  p ro 
portional to  the w ater u p tak e , the curves 
being all parallel to  each o th e r  (a few 
selected  curves are show n in Fig. 1). Since 
w ater up tak e  o f rice at any given tim e of 
cooking (e.g., 20 m in) itself d iffered  
appreciab ly  from  variety  to  variety  due to  
d ifferences in surface area and o th e r 
physical facto rs  (B h a ttach a ry a  and Sow b-

hagya, 1971), the co rresp on d ing  gruel BV 
values varied still m ore due to  the expo
nential re la tio nsh ip  above. T hus the great
er part o f  the d ifference betw een  the 
gruel BV values o f tw o  varieties after 
cooking  fo r a fixed tim e (e.g ., 20 min) 
arose from  fac to rs  (kernel shape, size, 
cracks, e tc .)  tha t were qu ite  un rela ted  to 
the ir in trinsic  q u a lity . Hence th is param-

T a b le  1 —S o m e  p h y s ic o c h e m ic a l p ro p e r t ie s  o f  r ic e

SI.

Protein
content0
(brown
rice)

Amylose
content0 Alkali

w W
W'96°

BV65°
b v 96° EMC-S

Soluble amylose
%of
total

No. Vurietya-b % % score11 % % % %° amylose

1. C.P.-231 ( i x / ) 7.1 17.2
SERIES 1 

0.0 (C) 24 1.6 30.4 7.3 42
2. Rexoro (i) 8.2 25.4 0.5 (C) 26 1.3 28.5 13.4 53
3. ADT-8 (0 7.6 29.2 1.0(A) 35 1.6 27.6 15.1 52
4. Halubbulu (/) 7.1 29.8 1.4 (A) 35 1.6 27.0 15.2 51
5. Khar (i) 7.7 29.2 1.5 (A) 41 2.6 28.6 15.4 53
6. Vankasannam (/) 9.2 30.0 1.6 (A) 24 1.3 27.0 15.7 52
7. S-749 (/) 8.4 28.8 2.4 (A) 38 1.7 28.7 12.5 44
8. S-199(0 9.3 28.4 2.5 (A) 33 1.6 28.6 12.6 44
9. S-661 (/) 8.4 29.1 2.5 (A) 38 1.5 28.3 14.0 47

10. Kalma (i) 6.0 28.5 2.9 (A) 2.6 28.2 15.5 55
11. S-139 (0 7.5 28.5 3.1 (A) 36 2.3 27.6 15.1 53
12. ADT-27 (/ x  /) 11.3 27.5 3.5 (11) 47 2.0 28.7 1 1.5 42
13. S-317 (0 9.0 29.5 3.5 (A) 2.7 28.1 15.2 52
14. S-705 (0 9.6 28.7 3.8 (A) 2.6 28.0 14.2 50
15. S-718 (/) 8.7 28.8 3.9 (A) 42 2.2 28.6 11.9 41
16. S-1092 (0 6.5 29.6 4.0 (A) 48 2.0 28.8 13.2 45
17. S-701 (0 7.0 29.3 4.0 (A) 48 1.9 28.3 13.0 44
18. SR-26B (/') 7.1 29.9 4.0 (A) 48 2.7 28.2 15.2 51
19. Ch-2 (/) 11.5 27.5 4.4 (B) 44 3.0 29.0 10.5 42
20. Taichung 65 (/) 7.0 21.7 6.0 (C) 74 8.1 31.4 1 1.7 54
21. Tainan 3 (y) 7.8 21.1 6.5 (C) 80 6.4 31.4 10.6 52
22. Taichung (N) 1 (dO 10.3 28.4 7.4 (B) 67 7.5 29.7 9.2 32
23. IR-8 (i x  dO 9.0 27.6 7.4 (B) 64 7.0 31.1 8.5 31
24. Co-25 (0 8.0 26.8 8.0 (A) 72 7.4 30.9 13.5 50

25. AC-9800 (0 9.4 24.5
SERIES II 

0.6 (C) 33 2.0 28.3 13.9 57
26. NSJ-198 (0 8.2 28.2 1.0 (A) 34 1.4 28.5 15.9 56
27. CR-10-5437 (i x  di) 8.2 27.7 1.0(B) 44 1.7 28.6 12.6 46
28. IET-355 (i x di) 8.0 29.2 2.5e(A) 43 3.2 29.3 12.4 42
29. IET-528 (i x  di) 7.7 29.3 3.5« 56 4.9 29.2 12.6 43
30. IET-434 (/ x  di) 9.2 28.8 4.0« 46 3.2 29.7 11.9 41
31. CR-1-6 (i xdr) 7.5 27.0 6.0«(C?) 55 4.8 29.5 10.4 38
32. C-20 (/' x  di) 9.0 28.8 7.0« 71 7.1 30.0 10.0 35
33. T(N) 2 (/ x  dO 7.1 29.2 7.0 (C?) 65 7.6 30.3 10.1 35
34. IF.T-400 (/' x  di) 8.3 29.2 7.2 (B) 69 7.9 29.8 10.6 36
35. UVT 11-6664 (i x  dO 8.6 27.4 7.3 (C?) 63 7.3 30.1 9.5 35
36. UVT 11-6725 (/ x  di) 7.8 28.6 7.3 (C?) 63 7.9 30.3 9.9 35
37. UVT-6729 (/ x  di) 9.4 28.0 7.3 62 6.8 30.4 9.5 34
38. C-3383 (/ x  dr) 8.6 28.4 7.3 68 9.7 29.9 11.3 40
39. CR-28-25 (/ x  dr) 8.6 28.7 7.3 64 30.1 10.4 36
40. CR-28-117 (/ x  dO 9.1 28.1 7.3 67 8.4 30.2 10.3 37
41. IET-440 (i x di) 9.0 28.6 7.3 74 6.8 29.7 12.0 42
42. T(N) 1 (dO 9.8 28.2 7.5 60 7.8 30.4 9.3 33
43. I R-8 (/ x  di") 7.2 28.2 8.0 70 8.4 30.0 9.7 34

aArranged in order o f increasing alkali score (colum n 5)
b Letters in parentheses indicate sub-species: i -  indica; d /' = dwarf indica; j  = japonica. 
cOn dry basis
d The letters in parentheses indicate the alkali reaction type (B hattacharya and Sowbhagya, 1972).
eThese samples (No. 28 — 32) gave wide kernel-to-kernel variation in alkali score, showing segregation o f the hybrids.
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Fig. 1 - R e la t io n s h ip  b e tw e e n  a p p a re n t  w a te r  

u p take  ( W ') a n d  th e  b lu e  v a lu e  o f  excess c o o k 

ing w a te r  IB V ) d u r in g  c o o k in g  o f  r ic e  ( 9 &  C ). 

The n u m b e rs  id e n t i f y  th e  sam p les  las in  T a b le  

I).

eter gave no useful in fo rm atio n  w h atso 
ever ab o u t the  in trinsic  p ro p e rty  o f rice 
unless e ith e r  (a) the rice was co oked  fo r 
different periods and the in te rp o la ted  
value o f  BV at un it w ater up tak e  was 
taken; o r (b ) the  BV was d e te rm in ed  a fte r 
cooking each varie ty  fo r its o p tim al co o k 
ing period , at w hich tim e the w ater 
uptake fo r all varieties was m ore o r less 
constant at 2.5 (B h a ttach a ry a  and Sow b- 
hagya, l 97 l ). H ow ever, as m uch in fo rm a
tion is p robab ly  given by the  usual rice- 
powder BV test above, w hich is also 
simpler. T he rice sw elling co effic ien t test 
of H am pel (1 9 5 8 ) also gives essentially  
the sam e in fo rm a tio n , bu t is m uch  m ore 
com plicated.
Pasting ch aracte ris tics

Viscogram s were o b ta in ed  fo r m ost o f 
the Series I sam ples. U n fo rtu n a te ly , the 
samples had becom e ap preciab ly  aged 
(over 2 y r) by the  tim e these tests  were 
run, and hence the  curves w ere a typ ical 
(hence da ta  n o t re p o rte d ). H ow ever, in 
relative term s, the tw o  dw arf indica  varie
ties (T aichu ng  N ative 1 and 1R 8) show ed 
an ap preciab ly  h igher se tb ack  value than  
their am ylose c o n te n ts  w arran ted .

DISCUSSION
IT IS W ELL-KNOW N th a t the alkali 
degradation score o f  rice bears an excel
lent inverse re la tio n sh ip  to  its gelatiniza- 
tion tem p era tu re  (G T ) (Ju lian o  et al., 
1964a, b). T he p resen t w ork show s th a t 
water up tak e  at 80°C  and BV at 65°C  
(both expressed as p e rcen t o f the  re
spective p a ram ete r at boiling  tem p era 
ture) also give alm ost equally  valid inverse 
estimates o f the GT. H ow ever, there were 
some d ifferences in the p a tte rn s  o f  the

three param eters , the reasons o f w hich 
are n o t ye t kno w n, bu t w hich m ust have 
som e im p o rta n t im plications in term s of 
rice p ro p e rty . H ence it should  be useful 
to  de te rm ine  all three param eters in 
stud ies o f rice quality .

T he sim ple p ro p e rty  o f equ ilib rium  
m oisture co n ten t a tta in ed  by rice on 
soaking in w ater at room  tem p era tu re  
(EM C-S) can d iffe ren tia te  be tw een  rice 
types and thus prom ises to  be a useful 
test. Its value in s tud ies o f parbo iled  rice 
h a s  b e e n  d em o n stra ted  (In d ud h ara  
Sw am y et al., 1971). The higher m oisture 
a ffin ity  o f w axy and japonica  varieties is 
ev iden tly  due to  th e ir g rea ter co n ten t o f 
am ylopectin . But w hy the dw arf indicas , 
w ith the ir high am ylose co n ten ts , should  
also absorb  a relatively high am o u n t o f 
m oisture is no t ye t clear. M oreover, 
w hether th is p ro p e rty  is related  to  the 
dw arf indica  gene o r only  to  th e ir low  GT 
is also n o t clear. T hus Co-25 (N o. 24, 
Table 1 ), an indica  w ith  low  G T, had high 
EMC-S, while those indica  x dw arf indica  
hybrids w hich had a high GT sim ulated  
true indicas in having low  EMC-S (see 
Series II, Table 1 ). On the o th e r  hand , the 
value o f CP-23 1 (N o. 1 ) show s th a t a low  
am ylose co n te n t alw ays led to  a high 
EMC-S even if the variety  had a very high 
GT.

The starch -iod in e  blue value (BV ), 
expressed as 9 6 °C w ater-soluble am ylose 
as a percen tage o f the to ta l am ylose, also 
gives a sharp  d iffe ren tia tio n  o f the  dw arf 
indica  type . But here again it is n o t clear 
w h ether th is is a reflec tion  o f the dw arf 
indica  gene o r th a t o f  a high am ylose-low  
GT co m bina tio n . Co-25 (N o. 24), the 
only such variety  am ong the  indicas , 
behaved true  to  o th e r  indica  types. But 
am ong the  indica  x  d w arf indica  hybrids 
(Series 11), varieties w ith  low  G T behaved 
like true  dw arf indicas b u t those w ith 
high GT like true  indicas.

The reason fo r the low er am ylose 
so lub ility  in d w arf indica  varieties could 
be due to  a grea ter ease o f its  in situ  
ré trog rada tion  as suggested by Ju lian o  et 
al. (1 9 6 8 ) o r to  a so m ew h at higher 
m olecular w eight. It could  also be due to  
a g rea ter en tang lem en t o f the am ylose 
frac tion  in dw arf indica  w ith  the m icellar 
s tru c tu re  o f the s ta rch  granu le; Leach et 
al. (1 9 5 9 ) specu la ted  as such w ith  re fe r
ence to  the low er am ylose so lub ility  in 
p o ta to  (20% ) as co m pared  to  corn 
(5 0 -6 0 % )  starch . These sam e au thors  
also po in ted  o u t th a t p o ta to  s tarch  has a 
g reater eq u ilib rium  m oisture co n ten t than 
cereal starches; so also is the case in dw arf 
indica  rice.

The fact th a t the  tw o  dw arf indicas 
w hose viscogram s were tested  gave higher 
se tback  values than  th e ir  am ylose co n 
ten ts  w arran ted , m ay also have som e 
relation  to  the low am ylose so lub ility , the 
high EMC-S and the high am ylose-low  GT 
co m b ina tion  o f these sam ples.

The im plica tion  o f the alkali degrada
tion  ty pe  (B h attach ary a  and Sow bhagya,
1972) o f the  varieties is n o t clear a t this 
tim e, ex cep t th a t varieties w ith  25% 
am ylose or less seem  defin ite ly  to  give the 
C ty pe  reaction .

The p ro te in  co n ten t seem s to  be u n re
lated to  any o th e r  p ro p e rty  tested .

It m ay be specu lated  th a t the  soluble 
am ylose co n ten t o f rice (% by w eight, 
n ex t to  last co lum n o f T able 1), a lthough  
no t an index  o f the to ta l am ylose co n ten t 
as earlier believed, m ay have som e rela
tionsh ip  to  the eating  q u a lity  o f the 
varie ty . Sam ples w ith  low  BV can be 
ex p ec ted  to  have a relatively low  am yl- 
ose :am y lo pectin  ra tio  in th e ir adhering 
cooking  w ater, w hich m ight resu lt in 
cohesiveness o f such co oked  rice, and vice 
versa. This m ay be w hy Halick and 
K eneaster (1 9 5 6 ) fo un d  ex cellen t co rre la
tion  betw een  the BV and the  cooking 
quality  o f rice in 200 sam ples. How ever, 
sim ultaneous taste-panel tests are neces
sary to  verify this hypothesis.

F u rth e r  stud ies o f the above param 
ete rs , inc luding taste-panel and viscogram  
tests, in varieties w ith  diverse and ex 
trem e characteristics m ay help in o b ta in 
ing a clearer u nd erstand in g  o f the phys
icochem ical basis o f rice quality .
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THE INFLUENCE OF AGING BEEF IN VACUUM

INTRODUCTION
NU M EROU S STU D IES on aging beef 
have been co n d u c ted . Most o f the  re
search has been co ncerned  w ith  the  effect 
o f tim e, tem p e ra tu re , or b o th  on the 
eating  ch aracte ris tics  o f beef. R esults 
have generally  show n th a t aged beef is 
m ore ten d e r th an  unaged beef (H oagland 
et al., 1917; M oran and S m ith , 1929; 
Tressler and M urray, 1932; B rady, 1937; 
G risw old and W harton, 1941; D eatherage 
and H arsham , 1947; H arrison et al., 1949; 
R am sb o ttom  and S trand ine, 1949; Paul 
and B ratzler, 1955; Wilson, 1957; D oty 
and Pierce, 1961; Busch et al., 1967; 
Webb et al., 1967; L arm ond et al., 1969). 
Som e research , how ever, has show n tha t 
the  aging process has little  o r no  effect on 
beef tenderness (M cIn tosh  et al., 1942; 
Parrish et al., 1969).

C onventional aging o f beef is accom 
plished by ho ld ing  the  m eat be tw een  30° 
and 4 0 °F  for various periods o f tim e 
ranging from  3 days up to  3 or 4 wk. In 
m ost instances th e  am o u n t o f aging m ost 
beef undergoes is som ew hat depend en t 
upo n  th e  d is trib u tio n  system  from  the 
po in t o f slaugh ter to  the  u ltim a te  co n 
sum er.

In recen t years, th e re  has been a trend  
tow ard  cen tral breaking and vacuum  
packaging o f prim al and sub-prim al cu ts 
o f  beef. While im proved san ita tion  and 
red u c tion  o f shrink  have been the  m ain 
reasons for vacuum  packaging o f  beef, it 
has only  been assum ed th a t vacuum  
packaging has no effect on  th e  na tura l 
aging processes (W ilson, 1957).

The purpo se o f  th is  investigation  was 
to  s tu d y  th e  effect o f aging beef loins and 
ribs w ith  and w ith o u t vacuum  packaging 
at tw o  tem p era tu res  for 7 and 1 5 days on 
sensory characteristics, m icrob ial co un ts  
and w eight loss.

' P re se n t ad d ress: C e n tra l F o o d s , In c ., C ape G ira rd e a u , M o.

EXPERIMENTAL
12 PAIRED U.S. Choice grade beef short loins 
and ribs were obtained from 600 -650 lb beef 
carcasses of “A” maturity with a “ small” 
amount of marbling. Selection was done in the 
carcass on the day following slaughter at a com
mercial meat packing company.

The meat was held at 36-38° F upon arrival 
at the University Meats Lab. On the third day 
postmortem the short loins and ribs were cut in 
half giving a total of four portions from each 
side of the carcass. A 1-in. control steak was cut 
from the anterior end of each short loin for 
initial sensory evaluation.

Eight treatments were assigned to the por
tions of short loins and ribs in such a way that

T a b le  1 —E f f e c t  o f  p a c k a g in g  t r e a tm e n t  d u r 

in g  ag in g  o n  e a tin g  c h a ra c te ris tic s , m ic ro b ia l  

co u n ts  a n d  w e ig h t loss o f  b e e f  lo in s  a n d  rib s

Treatments

Item
Vacuum
packaged

Not
packaged

W-B shear 6.05 6.26
Taste panel tenderness 4.91 4.73
Taste panel juiciness 5.06 5.00
Taste panel flavor 5.04 4.94
Log bacteria counts 7.4149a 8.9508b
Weight loss, % 0.59a 4.37b

3 h’ Means bearing different superscripts are 
significantly different (P < 0 .0 5 ) .

each location received each treatment at least 
once.

The treatments were:
1. Packaged in vacuum and aged 7 days at

32°F.
2. Packaged in vacuum and aged 15 days at 

32° F.
3. Packaged in vacuum and aged 7 days at 

40° F.
4. Packaged in vacuum and aged 15 days at 

40° F.
5. No packaging, aged 7 days at 32°F.
6. No packaging, aged 15 days at 32° F.
7. No packaging, aged 7 d ay sa t4 0 °F .
8. No packaging, aged 15 days at 40°F.
The time periods of 7 or 15 days refer to

aging time only, since all treatments began on 
the third day postmortem. In this discussion, 
only aging times will be used.

Initial microbial counts for each sample 
were determined by taking 1-sq. in. swab sam
ples on the inside (rib cage) and outside (subcu
taneous fat) surfaces of the paired ribs and 
short loins. Serial dilutions were made and plat
ing was done on total place count agar. After 7 
and 15 days aging, similar samples were taken 
from each treated portion.

All portions to receive a vacuum packaging 
treatment were partially wrapped in bone cloth 
to prevent bone puncture prior to packaging in 
a Cryovac S (2 mils) bag. A vacuum packaging 
machine was used to draw a vacuum of approxi
mately 20 in. Hg and seal the packages.

Samples were weighed before and at the end 
of each aging period to determine weight loss. 
Shear values were determined from '/2-in. cores 
obtained from 1-in. steaks, using a Warner-

T a b le  2 —E f fe c t  o f  te m p e ra tu re  a n d  p a c k a g in g  t r e a tm e n t  d u rin g  

ag in g  o n  tenderness  a n d  w e ig h t loss o f  b e e f  lo in s  a n d  ribs

Treatment
Vacuum packaged Not packaged

Item 32° F 40° F 32° F 40° F
Tenderness panel

scores 4.87a 4.96a 4.42b 5.04a
Weight loss, % 0.62a 0.57a 4.90b 3.85e

a,^,cMeans bearing different superscripts are significantly different
(P <  0 .0 5 ) .
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Bratzler shear device. The sample steaks were 
broiled at approximately 350° F to an internal 
temperature of approximately 155°F and then 
tempered in a 200° F oven for 5 min prior to 
sampling. Cores were taken from the lateral, 
central and medial positions of the longissimus 
muscle. Each core was sheared twice.

A six member trained panel evaluated steaks 
(same as used in shear tests) for tenderness, 
juiciness and flavor. A six point scale was used 
for tenderness as follows: 6 very tender; 5 ten
der; 4 slightly tender; 3 slightly tough; 2 tough; 
and 1 very undesirable.

RESULTS & DISCUSSION
Effect of packaging treatment

A lth ough  steaks fro m  th e  po rtio n s  
aged in vacuum  had slightly  m ore  desir
able p a la tab ility  ch arac te ris tics  th a n  those 
aged w ith  no packaging, W arner-B ratzler 
shear and ta s te  panel scores w ere no t 
significantly  ( P >  0 .0 5 )  d iffe ren t betw een  
trea tm en ts  (T able 1). H ow ever, vacuum  
packaged cu ts  had low er bacteria l co u n ts  
(P <  0 .0 5 ). P o rtion s  aged w ith o u t packag
ing had bacteria l co u n ts  ap p ro x im a te ly  
34 tim es g rea te r th a n  p o rtio n s  aged in 
vacuum . A lth ough  no shelf life s tud ies 
were d o n e  on  steaks fab rica ted  from  the  
aged p o rtio n s, it is possible th a t s teaks 
from  p o rtio n s  aged in vacuum  w ould  have 
a longer retail shelf life due to  th e  low er 
bacterial co un ts .

Percen t w eight loss during  aging was 
also highly sign ifican tly  ( P < 0 . 0 1 )  af
fected by packaging. V acuum  packaged 
portion s lost on ly  0 .59%  during aging 
while th e  unpackaged  po rtio n s  lost 
4.37%. The red u c tio n  in shrinkage during  
aging appears to  be a p rim ary  advantage 
of vacuum  packaging.

T enderness was s ign ifican tly  affec ted  
by a tem p e ra tu re  x  packaging trea tm en t 
in te rac tion  as show n in T able 2. It ap
pears th a t from  a ten dern ess  s tan d p o in t, 
if beef is to  be aged at 3 2 °F  it is desirable 
to use vacuum  packaging. Aging beef at 
40°F  in vacuum  p rodu ced  steaks w hich 
were o n ly  slightly  less ten d er th a n  those 
aged at 4 0 ° F  w ith  no packaging. T he data 
in Table 2 also suggest th a t aging beef in 
vacuum  m inim izes th e  effect o f  tem p era 
ture on  ten d erness  since beef aged at 
32°F  in vacuum  packages was nearly  
equal in ten d ern ess  to  beef aged at 4 0 °F  
in vacuum .

A tem p e ra tu re  x  package in te ra c tio n  
affectin g  w eight loss during  sto rage was 
also observed as show n in T able 2. S ignifi
can t d ifference  in w eight losses was o b 
served b e tw een  sam ples aged at 4 0 °F  
w ith  no packaging and 3 2 °F  w ith  no 
packaging. B oth  o f  these  tre a tm e n ts  p ro 
duced sign ifican tly  higher w eight losses 
th a n  th e  tre a tm en ts  w ith  vacuum  packag
ing.

T he effec ts  o f aging tim e  and packag
ing tre a tm e n t in te ra c tio n  on  w eight loss 
are given in T able 3. T he d ifferences in 
w eight loss fo r beef aged 7 days in 
vacuum  packaging and th a t aged 15 days 
in vacuum  packaging are insignificant. 
W eight losses fo r  p o rtio n s  aged w ith  no 
packaging w ere su b s tan tia lly  h igher th a n  
p o rtio n s  aged in vacuum  fo r b o th  the  7- 
and 15-day aging period s. D uring 7-day 
aging, beef lo in  and rib  p o rtio n s  aged 
w ith  no packaging lost 2.44%  m ore 
w eight th a n  th o se  aged in vacuum  pack
ages w hile fo r th e  15 days storage period  
th e  d ifference  was 5.12% . P o rtio n s  aged 
15 days com pared  to  7 days n o t packaged 
had 2 .80%  m ore w eight loss ( P < 0 .0 5 ) .
Effect of temperature

T he effects  o f tem p era tu re  during 
aging on  eating  ch aracte ris tics , m icrob ial 
co u n ts  and  w eight loss are given in Table
4. A significan t d ifference  ( P < 0 . 0 1 )  in 
W arner-B ratzler shear values was observed 
be tw een  steaks fro m  p o rtio n s  aged at the  
tw o  tem p e ra tu re  tre a tm en ts . Even th o u gh  
aging at 4 0 ° F is sta tis tica lly  superio r to  
3 2 °F , th e  ac tual d ifference  o f  0 .4  lb per

0 .5-in . d iam eter co re is n o t great. T aste 
panel ten d ern ess ev aluatio n  also show ed 
th a t steaks fro m  p o rtio n s  aged at 4 0 °F  
w ere m ore  te n d e r  ( P < 0 . 0 1 )  th an  those  
aged at 3 2 °F . Aging b eef at e ith e r  te m 
p e ra tu re  gave im proved  ten derness scores 
over th e  in itia l readings.

These resu lts  are in  ag reem en t w ith  
earlier rep o rts  (G risw old  an d  W harton, 
1971; D eatherage and R eim an, 1946; 
W ilson, 1957; S lee th , 1958; Busch, 1967) 
th a t increased aging tem p e ra tu re s  increase 
th e  speed o f  ten d eriza tio n  in  beef. The 
findings o f th e  s tu dy  disagree w ith  th e  
rep o rt o f M oran and S m ith  (1 9 2 9 ) w ho 
rep o rte d  no observable d ifference in te n 
derness due to  tem p e ra tu re  b e tw een  beef 
aged at 3 2 —4 0 ° F  and th a t  aged at 4 1 °F  
fo r period s up  to  17 days. M cIntosh  et al.
(1 9 4 2 ) observed th a t aging b eef lo ins at 
34° an d  5 0 °F  fo r 7 days w ith  and 
w ith o u t u ltrav io le t light and at 40° F for 
14 days w ith  u ltrav io le t light had no 
significan t effec t u p o n  te x tu re  and te n 
derness. In a s tu d y  o f various tim e  and 
tem p e ra tu re  tre a tm e n ts  during aging, Par
rish et al. (1 9 6 9 ) rep o rte d  th a t W arner- 
B ra tzler shear values w ere essentially  u n 
changed fo r all trea tm en ts .

Sensory ev aluation  scores fo r b o th  
ju iciness an d  flavor in d ica ted  no d iffe r
ences b e tw een  b eef aged at 3 2 °F  and th a t 
aged at 4 0 °F . A “ desirab le”  level o f 
ju ic iness and flavor was m ain ta ined  w ith  
each aging tem p e ra tu re . The da ta  are 
sim ilar to  th e  findings o f S o to la  et al.
(1 9 4 3 ) and S leeth  et al. (1 9 5 8 ) w ho 
rep o rted  th a t aging tem p era tu res  had no

T a b le  4 —E f f e c t  o f  te m p e ra tu re  o n  e a tin g  c h a ra c te ris tic s , m ic ro b ia l  

c o u n ts  a n d  w e ig h t  loss o f  b e e f  lo in s  a n d  rib s

Item
Initial 
0 day 32° F 40° F

W-B shear, lbs 7.09a 6.36b 5.96c
Taste panel tenderness 3.86a 4.64b 5.00c
Taste panel juiciness 4.77 4.99 5.05
Taste panel flavor 4.77 4.99 5.00
Log bacteria counts 4.9314a 8.1643b 8.8909c
Weight loss, % 0.00 2.76a 2.21b

a,b ,cMeans bearing different superscripts are significantly different 
(P <  0 .05)

T a b le  5 —E f f e c t  o f  a g in g  t im e  o n  e a tin g  c h a ra c te ris tic s , m ic ro b ia l  

T a b le  3 - E f f e c t  o f  a g in g  t im e  a n d  p a c k a g in g  c o u n ts  a n d  w e ig h t loss o f  b e e f  lo in s  a n d  rib s

tre a tm e n t o n  w e ig h t  loss o f  b e e f  lo in s  a n d  ribs Item 0 day 7 days 15 days
Mean percent W-B shear, lbs 7.09a 6.65b 5.66cTreatment weight loss Taste panel tenderness 3.86a 4.56b 5.08c

7-day aging in vacuum package 0.54a Taste panel juiciness 4.77 4.96 5.09
15-day aging in vacuum 0.64a Taste panel flavor 4.77 5.00 4.99
7-day aging not packaged 2.98b Log bacteria counts 4.93143 7 7299b 8.9395c

15-day aging not packaged 5.76c Weight loss, % 0.00 1.76a 3.20b
a’h ,cMeans bearing d ifferent superscripts are a 'b ,cMeans bearing different superscripts are significantly differentsignificantly different (P <  0 .05). (P <  0 .01).
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significant effect on  flavor or juiciness.
Aging tem p era tu re  had a highly signifi

cant (P <  0 .0 1 ) effect on m icrobial 
co u n ts  o f the  aged portions. The in
creased bacterial co u n ts  on  p o rtion s  aged 
at 4 0 °F  were ap p ro x im ate ly  5.34 tim es 
greater th an  the  increase for po rtion s 
aged at 32 °F . These results are in general 
ag reem ent w ith  th e  findings o f N aum ann 
et al. (1 9 6 9 ) who rep o rted  th a t bacteria 
on  fresh m eat grew th ree  tim es faster at 
4 0 ° F  th an  at 32°F .

Surprisingly, th e  m ean w eight loss of 
all p o rtion s  held at 4 0 °F  was significantly  
( P < 0 .0 1 )  low er th an  for those  trea ted  
p o rtio n s  held at 32 °F . No sa tisfac to ry  
ex p lan a tio n  can be given as to  why the 
higher tem p era tu re  tre a tm en t w ould have 
a low er percen t weight loss, since it is 
assum ed th a t ev aporatio n  w ould proceed 
at a faster ra te  at higher tem p era tu res . 
The percen t relative hum id ity  o f th e  tw o 
aging room s was 84% in th e  4 0 °F  room  
and 81% in th e  3 2 °F  room  w hich does 
no t seem  d ifferen t enough to  affect 
weight loss.
E ffect o f aging tim e

Data p resen ted  in Table 5 show the 
effec ts  o f aging tim e o f 7 and 1 5 days on 
shear and sensory  characteristics. Warner- 
B ratzler shear values decreased signifi
can tly  ( P < 0 .0 1 )  w ith  increased aging 
tim e. Increases in taste  panel tenderness 
scores w ith  increased aging tim e were also 
significan t ( P < 0 .0 1 ) .  However, the  taste  
panel scores ind icate  th a t a slightly  great
er ten d eriza tio n  occurred  during  the  first 
7 days o f aging ra th e r than  during the
7 - 1 5  days aging period as was indicated  
by th e  W arner-Bratzler shear values.

The results are in general agreem ent 
w ith  num erous o th e r  researchers who 
observed increases in ten derness associ
ated  w ith  increased tim e o f aging (Hoa- 
gland et al., 1917; M oran and Sm ith , 
1929; Tressler and M urray, 1932; Gris
wold and W harton, 1941). R am sbo ttom  
and S trand ine  (1 9 4 9 ) repo rted  beef to  be 
m ore ten d er 2 hr p o s tm o rtem  th a n  at any 
tim e th e re a fte r  fo r th e  nex t 6 days. At 12 
days p o stm o rtem , th e  m eat was consider
ably m ore ten d er than  at 2 h r p o stm o r
tem . During aging at 35 °F , H arrison et al.
(1 9 4 9 ) fou nd  the  greatest increases in 
tenderness to  occur during the  first 10

days. Husaini et al. (1 9 5 0 ) aged carcasses 
for 15 days at 3 8 °F  and fo u n d  increases 
in tenderness in all cases over th e  3-day 
tenderness level. D oty  and Pierce (1 9 6 1 ) 
and Busch et al. (1 9 6 7 ) also observed 
increases in ten derness due to  increased 
tim e o f aging. L arm ond et al. (19 6 9 ) 
rep o rted  a 25% increase in ten derness 
betw een  2 and 9 days o f aging at 34 °F . 
M cIntosh et al. (1 9 4 2 ) rep o rted  th a t 
aging loins at 3 4 °F  and 4 0 °F  for 0, 7 and 
14 days had no significan t effect on 
tenderness. The w ork  o f Parrish et al.
(1 9 6 9 ) revealed a decrease in tenderness 
from  4 - 7  days o f aging.

Juiciness and flavor were no t signifi
can tly  affec ted  by aging tim e. Nearly 
equal increases in ju iciness and flavor 
scores were no ted  during the first 7 days 
o f aging. Ju iciness scores im proved slight
ly from  sam ples aged to  15 days while 
flavor scores rem ained unchanged as co m 
pared to  the 7-day aging period.

Highly significant ( P < 0 .0 1 )  increases 
in surface bacterial co u n ts  were observed 
a fte r 7 and 15 days o f storage. The 7-day 
co u n ts  were over 600 tim es as great as the
0-day o r initia l bacterial co un ts . At the 
end o f 15 days aging, the  bacterial co un ts  
were 160 tim es grea ter than  the 7-day 
counts.

Aging tim e had a highly significant 
( P <  0 .01 ) effec t on w eight loss during 
aging. Sam ples aged 15 days had nearly  
tw ice as m uch weight loss than the 
sam ples aged for 7 days. How ever, the 
averaged w eight loss per day was slightly 
low er for the 15-day period than  for the
7-day period (0 .212%  vs. 0 .251% ). These 
w eight losses expressed on a per day basis 
are low er than those rep o rted  by Sleeth 
e ta l .  (1957 ).
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PROTECTIVE PACKAGING MATERIALS FOR FRESH BEEF SHIPMENTS

INTRODUCTION
FRESH BEEF d is tr ib u tio n  presen tly  in
volves sh ipm en ts  from  packers d irec tly  to  
retail s to res (sto re  d oo r delivery) o r sh ip
m ents from  packers to  cen tra l d is tr ib u 
tion w arehouses and sub sequ en t tran sp o rt 
to retail stores. B etw een p ro d u c tio n  at 
the packing p lan t and selec tion  at the  
retail sto re , beef spends an average o f  4 
days o f  tra n sp o r ta tio n  tim e being ro u ted  
through th e  d is tr ib u tio n  system  and is 
subjected to  0.5%  shrinkage per day 
(W eatherly et al., 1968). T he present 
d is tribu tion  system  could  th e re fo re  create 
an ap p ro x im ate  loss o f 440  m illion 
pounds o f beef an nually  due to  shrinkage 
alone. In ad d itio n , m illions o f p ou nds o f 
beef are co nd em ned  an nually  as a result 
of being ta in ted , sour, pu trid  o r co n tam 
inated. C u rren tly , a m ajor p o rtio n  o f  the 
fresh beef is d is trib u ted  as hanging q ua r
ters and prim al cu ts  in refrigera ted  rail 
cars o r in refrigera ted  tra iler trucks. It has 
been suggested (U SD A , 1966) th a t an 
inexpensive packaging m aterial should  be 
developed to  p ro tec t beef carcasses and 
cuts from  th e  co n tam in a tio n  and sh rin k 
age th a t occurs during d is tr ib u tio n  
through th e  m arke ting  channels. This 
study investigated th e  effects  o f p ro tec 
tive packaging m aterials on  shrinkage 
rates, bacterial co un ts  and ap pearance 
characteristics o f beef q u a rte rs  and prim al 
cuts.

EXPERIMENTAL
FIVE TEST SHIPMENTS were conducted in 
cooperation with industry to study the effects 
of protective packaging materials on beef quar
ters and primal cuts (Table 1). The quarters and 
primal cuts were either not wrapped (unpro
tected) or they were protected by paper bags, 
polyethylene bags or polyvinyl chloride film. 
As each test shipment was assembled, individual 
weights were obtained for quarters and/or 
primal cuts immediately prior to packaging. In 
test shipments 2, 3 and 5 the exposed lean sur
faces of representative cuts were scored at 
points of origin and destination by use of a 
9-point scale in which 9 = very light cherry red 
and 1 = black. Quarters and primal cuts in test 
shipments 2, 3, 4 and 5 were scored before and 
after shipment for appearance of the subcutane-

' P re se n t ad d ress: A rm o u r  & C o. R esearch  Lab., O ak  B ro o k , 111.

ous fat cover using a 6-point scale in which 6 = 
very fresh appearance and 1 = severe or exten
sive discoloration or desiccation. The trailers 
were loaded with quarters and primal cuts in 
the manner customarily used for beef ship
ments. As the shipments were being assembled, 
loading patterns and product density were 
noted. Temperature fluctuations during load
ing, transit and unloading were monitored by 
use of Ryan (Models D and F) recording ther
mometers which were positioned at various 
locations in each trailer. Each recording ther
mometer was checked for temperature accuracy 
before and after each shipment. At the point of 
load destination, each cut was weighed after 
removal of the protective wrap. Primal cuts and 
quarters were sampled for bacterial determina
tions by swabbing the areas of the fat surfaces 
corresponding to the round, rump, sirloin, 
shortloin, rib or chuck. A 1.0 sq cm sterile 
aluminum template was used and the samples 
were incubated on tryptone glucose yeast agar 
at 5°C for 7 days.

RESULTS & DISCUSSION
TEST SH IPM ENT 1 consisted  o f 63 ribs 
(31 u n p ro tec te d  and 32 placed in po ly 

e th y len e  bags). The ribs were a pa rt o f  a 
m ixed beef load com posed prim arily  o f 
beef qua rte rs. D ata from  record ing  th e r
m om eters  used during  loading and ship
m ent revealed th a t th e  tem p era tu re  inside 
th e  tra ile r was 22°C  at the  tim e of 
loading and th a t th e  average tem p era tu re  
during sh ipm ent was 4°C. The low est 
tem p era tu res  a tta in ed  at specific loca
tions w ith in  th e  load during transit 
ranged from  —1 to  8°C. U pon arrival at 
the  load d estin a tio n , n o ticeab le  am oun ts  
o f m oisture had accum u lated  on the 
su bcu taneo us fat surface o f ribs w rapped 
in p o ly e th y len e  bags. B acterial co un ts  
were higher (P <  .01) for th e  ribs pack
aged in p o ly e th y len e  bags ( lo g 10 = 5 .20) 
th an  for ribs w hich w ere u n p ro tec te d  
during sh ipm ent ( lo g i0 = 4 .0 5 ). Poly
e th y lene  bags reduced  surface evapora
tio n  th e reb y  m ain ta in ing  a m ore favor
able w ater ac tiv ity  (A w ) fo r bacterial 
g row th . S tokes (1 9 6 0 ) and Volz and 
M arsden (1 9 6 3 ) rep o rted  sim ilar rela
tionsh ips b e tw een  tem p era tu re  an d /o r

T a b le  1 - P r o t e c t iv e  w ra p p in g  tre a tm e n ts  f o r  b e e f  q u a rte rs  a n d  p r im a l c u ts  in  each te s t s h ip m e n t

Protective wrapping material
Polyvinyl

Test
shipment

Distance
traveled
(miles)

Time
intransit

(hr) Item
Unprotected

(n)
Paper
bag
(n)

Polyethylene
bag
(n)

chloride
film
(n)

1 560 26 Ribs3 31 32
2 270 19 Forequarters 8 8 6

Hindquarters 8 8 6
Chucks 7 6 6 6
Rounds 12 13 13 12

3 1200 120 Forequarters 6 6 14 6
Hindquarters 11 11 19 11
Rounds 12 12 12 14
Loins 3 4 4 4

4 1000 35 Forequarters 22 21 21 21
Hindquarters 22 21 21 21
Chucks 7 7 8 8
Ribs 3 4 4 4
Rounds 11 13 12 14

5 1350 85 Forequarters 24 22 22 22
Hindquarters 24 22 22 22
Chucks 16 18 18 18
Rounds 3 4 4 4

a Ribs were placed in cardboard cartons either unpro tected  or after the protective wrap was 
applied.
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w ater ac tiv ity  and m icrob ial g row th  and 
Volz and M arsden (1 9 6 3 ) suggested tha t 
refrigerated  tru ck  tem p era tu res  should be 
m ain tained  at —2 to  0°C. Percent sh rink
age during  tran sit (Table 2 ) did no t d iffer 
significan tly  be tw een  beef ribs th a t were 
u n p ro tec te d  (0 .61% ) and those which 
were packaged in p o ly e thy lene  bags 
(0.57% ). The lack o f significan t d iffer
ences in shrinkage m ay have resulted  
from  th e  p ro tec tive  na tu re  o f th e  card 
board  cartons. Sim ilar resu lts  w ere re
p o rted  previously by S chneidau (1964 ).

Test sh ipm ent 2 consisted  o f 22 fo re
quarte rs, 22 h in d q u arte rs , 25 chucks and 
50 rounds. The q u a rte rs  and prim al cuts 
w ere loaded in to  a trailer th a t had an 
average tem p era tu re  o f 19°C during the
6-hr loading period . The low est tem p era
tures achieved at specific locations in the  
trailer during transit ranged from  3 - 1  1°C 
and the  tim e required  to  achieve the  
low est tem p era tu re  at given locations in

the load varied from  4 .6 - 1 3 .0  hr. The 
m echanical refrigera tion  u n it was co n 
tro lled  by a th e rm o sta t se ttin g  o f 2°C  
during th e  sh ipm ent. T em pera tu res  at the  
rear o f the  tra ile r w ere the  highest re
co rded , agreeing w ith  the  findings o f 
Jo h n so n  et al. (1 9 5 9 ). Palletized boxes 
th a t occup ied  a part o f th e  tra ile r and a 
w axed paper p a rtitio n  used to  separa te  
fresh beef from  the  palletized  boxes 
in fluenced  air m ovem ent and u ltim a te  
tem p era tu res  w ith in  the  trailer. In ad d i
tio n , prim al cu ts  w ere loaded d irec tly  
ad jacen t to  the  refrigera tion  un it. L oad
ing in th is  m anner p revented  the  full 
capacity  o f forced air flow  from  c ircu la t
ing, since the  tra ile r was no t equ ipped  
w ith  duc ts  to  convey air flow  tow ard  the 
rear o f th e  trailer. Loading p a tte rn s, the 
presence o f pa lle tized  boxes and paper 
p a rtitio ns  influenced  norm al air flow and 
prevented  m ain tenance  o f desired tem p er
atu res during transit.

W eight losses for chucks, rounds and 
fo req u a rte rs  du ring  tran sit did no t differ 
significan tly  am ong packaging treatments 
(Table 2), b u t h in d q u arte rs  th a t were 
w rapped  in po lyv iny l ch loride film  shrank 
less ( P < . 0 5 )  th an  those  w hich were 
u n p ro tec te d . Packaging m aterials were 
rem oved from  q u a rte rs  and cu ts  immedi
a te ly  a fte r  arrival at th e  w arehouse and 
w eights were su b seq u en tly  o b ta ined  after 
8 h r (chucks and ro u n d s) and 27 hr 
(ch uck s) o f  storage in a 2°C  cooler. Since 
the re  was no evidence o f compensatory 
w eight loss fo llow ing bag o r film  removal, 
reduced  shrinkage during  transit results in 
econom ies w hich can be realized at the 
retail level. A fter 27 hr o f 2°C  storage at 
the  w arehouse, the  chucks th a t were 
u n p ro tec te d  during  tran sit (1 .56% ) had 
sustained  g rea ter ( P <  .0 5 ) shrinkage than 
those  packaged in p o ly e th y len e  bags 
(0 .68% ). No d ifferences in bacterial 
num bers were observed b e tw een  treat
m ents (data  are n o t p resen ted  in tabular 
fo rm ) and all co u n ts  were less th an  4.00 
( lo g io )-

The 84 b eef q u a rte rs  and 65 primal 
cu ts  included in test sh ip m en t 3 were 
placed in a tra ile r th a t had an average 
tem p era tu re  o f 18°C during loading. The 
th e rm o sta t was set at 0 .5 °C  during ship
m ent and canvas sleeves located  along the 
to p  ce n te r  line d is trib u ted  refrigerated  air 
to  th e  rear p o rtio n  o f th e  trailer. The 
average tem p era tu re  along the  to p  center 
line was - 2 ° C  and along the  bottom  
cen te r line was 5°C. Air c ircu la tion  with
in th e  tra ile r was im paired  by prim al cuts 
w hich were s tacked  near the  rear doors, 
by palletized  ca rto n s  th a t w ere positioned 
below  the  re frig era tio n  un it a n d /o r  by the 
co m pactness o f  th e  load. D ifferences in 
in transit shrinkage o f  loins be tw een  treat
m ent groups (Table 2) were no t con
sistent enough  for s ta tis tica l significance 
b u t th e  2.43%  shrinkage for unpro tected  
loins as co m pared  to  the  0.93%  shrinkage 
for lo ins in po lyv iny l ch lo ride  film  would 
be o f  econom ical im p o rtance . Rounds 
th a t w ere tran sp o rted  in polyethylene 
bags o r in polyvinyl ch lo ride  film  in
cu rred  less (P  <  .05 ) shrinkage than 
ro u n d s  w hich were u n p ro tec te d  or in 
paper bags while tho se  in paper bags 
sh rank  less ( P < . 0 5 )  than  the  unpro
tec ted  cu ts. B oth p o ly e th y len e  bags and 
polyvinyl ch loride film  reduced  (P  <  .05) 
shrinkage during th e  sh ipm ent o f fore
qu arte rs  and h in d q u arte rs  (Table 2). Bac
terial co u n ts  did n o t d iffe r significantly 
am ong trea tm en t groups, b u t quarters 
and prim al cu ts  w hich were shipped in 
p o ly e th y len e  bags and polyvinyl chloride 
film  evidenced accu m u lated  m oisture on 
the surfaces during sh ipm ent. Neverthe
less, th e  n u m b er o f m icrobes ( lo g , 0 = less 
than  4 .0 0 ) was well below  the  1.0 x 107 
co u n t required  for the  fo rm atio n  of 
surface slim e (W arnecke et al., 1966).

Test sh ip m en t 4 consisted  o f 85 fore-

T a b le  2 —M e a n  values fo r  in tra n s it  s h r in k a g e a in  te s t s h ip m e n ts  1, 2 , 3 , 4  a n d  5

Test
shipment Item

Treatment

Unprotected
Paper
bag

Polyethylene
bag

Polyvinyl
chloride

film
1 Ribs 0.61b _ 0.57b —
2 Chucks 0.71b 0.32b 0.22b 0.40b
2 Rounds 0.72b 0.35b 0.74b 0.31b
2 Forequarters 0.53b 0.38b - 0.40b
2 Hindquarters 1.00b 0.57bc - 0.26c
3 Loins 2.43b 1.63b 1.78b 0.93b
3 Rounds 2.87b 2.22c LSI*1 1.36d
3 Forequarters 1.24b 0.78c 0.52cd 0.29d
3 Hindquarters 1.34b 1.09bc 0.66c 0.82c
4 Sides 0.45 bc 0.63b 0.22d 0.28cd
4 Chucks 0.30b 0.35b 0.03b 0.03b
4 Rounds 0.26b 0.08b 0.13b 0.07b
4 Ribs 1.25b 0.00b 0.55b 0.14b
5 Sides 1.93b 0.17C 0.05c 0.08c
5 Chucks 1.9 l b 0.93c 0.25cd 0.13d
5 Rounds 2.69b 1.46c 0.84cd 0.43d

^Computed as the percent weight loss during shipmentMeans on the same horizontal line bearing different superscripts differ significantly
(P <  .05).

T a b le  3 - M e a n  values fo r  m u scle  c o lo r  s co reJ in te s t s h ip m e n ts  2 , 3 , 4  a n d  5

Test
shipment Item Muscle

Treatment

Unprotected
Paper
bag

Polyethylene
bag

Polyvinyl
chloride

film
2 Chucks Longissimus 4.9b 5.3b 5.3b 5.3b
2 Chucks Triceps 3.0b 3.2b 4.0b 4.0b
2 Rounds Gracilis 1.2b 1.4b 1.7b 2.2b
2 Rounds Quadriceps 2.5b 4.3b 3.8b 4.5 b
3 Loins Longissimus l.7b 3.0bt 5.3d 3.5C
5 Chucks Longissimus 1.3b 1.7b 2.4C 2.5C

a Based on a 9-point scale in which 9 = very light cherry red and I = black 
bcdMeans on the same horizontal line bearing different superscripts differ significantly 

(P <  .05).
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qu arte rs, 85 h in d q u arte rs , 30 chucks, 15 
ribs an d  50 ro und s. T he average tem p era 
tu re  inside th e  tra ile r du ring  load ing  was 
19°C. The m echan ical refrig era tio n  un it 
was c o n tro lled  by a th e rm o sta t se tting  o f 
- 0 .5 ° C  during th e  sh ip m en t. In transit 
tem p era tu res  w ere co llec ted  in th e  m idd le 
and along b o th  side walls a t loca tion s  
near th e  ceiling, th ro u g h  th e  ce n te r  o f  the  
load an d  near th e  flo o r o f  th e  tra ile r by 
use o f 24 reco rd ing  th e rm o m ete rs . The 
tem p era tu res  averaged —3°C  ( —5 to  2°C ) 
at th e  ceiling level, 0°C  ( —3 to  5°C ) at 
m id p o in t level and 2°C  ( —1 to  5°C ) at 
the floo r level. While th e  fro n t p o rtio n s  
of th e  tra ile r received refrig era tio n  at all 
levels, c ircu la tio n  and  re tu rn  air flow  
were re s tric ted  by th e  loading p a tte rn  
su c h  th a t tem p e ra tu re s  above 2°C  
(2 -5 ° C )  prevailed at f lo o r level in  the  
rear p o r tio n  o f  th e  tra ile r at all reco rd ing  
positions. H igher tem p e ra tu re s  in th e  
trailer resu lted  in h igher in te rn a l tem p era 
tures o f q u a rte rs  and prim al cu ts  in the  
trailer m easu red  im m ed ia te ly  a f te r  u n 
loading. Ribs placed on  th e  flo o r o f  the  
trailer near th e  rear d oo rs  had  in te rna l 
tem p era tu res  o f 7 - 8 ° C ,  h in d q u a rte rs  
hanging on  th e  rail near th e  rear doo rs 
were 6 - 7 ° C  and fo req u a rte rs  near the  
front o f th e  tra ile r had in te rn a l tem p e ra 
tures o f —1 to  2°C  u p o n  rem oval from  
the tru c k  at th e  de stin a tio n .

In tran sit shrinkage da ta  fo r sides and 
prim al cu ts  in tes t sh ipm en t 4 are p re 
sented in T able 2. Beef sides th a t were 
w rapped in po lyv iny l ch lo ride  film  or 
po ly ethy lene bags sh ran k  less (P  <  .05) 
than sides th a t w ere w rapped  in paper 
bags and th o se  sides in p o ly e th y le n e  bags 
shrank less (P  <  .05 ) th a n  sides th a t w ere 
un p ro tec ted  during  tran s it. D ifferences in 
shrinkage be tw een  tre a tm e n ts  fo r chucks, 
ribs and ro u n d s  w ere n o t co nsis ten t 
enough fo r s ta tis tica l significance. The 
low percen tages o f shrinkage w hich were

incurred  by th e  q u a rte rs  and p rim al cu ts 
during th is  sh ip m en t m ay have resu lted  
fro m  th e  sho rt perio d  o f  tim e  in tran sit 
and re s tric tio n  o f  air c ircu la tio n  w ith in  
th e  tra ile r. As air c ircu la tio n  increases and 
the  co rresp on d ing  decrease in  tem p era 
tu re  occurs, th e re  is an increase in m ois
tu re  ev ap o ra tio n  from  m eat surfaces and 
th e re fo re  m ore shrinkage (G errard , 1969; 
Ew ell, 1935).

In tran sit shrinkage d a ta  fo r sides, 
chucks and  ro u nd s in  test sh ip m en t 5 are 
p resen ted  in Table 2. Sides th a t were 
p ro tec ted  by  p ap er bags, p o ly e th y len e  
bags o r po ly v iny l ch lo ride  film  incurred  
less ( P < . 0 5 )  shrinkage th a n  th e  u n p ro 
tec ted  sides during  tran s it. C hucks and 
round s w hich  w ere u n p ro tec te d  during 
tran sit susta ined  g rea ter (P <  .05 ) sh rink
age th a n  did tho se  in  paper bags, p o ly 
e th y len e  bags o r po ly v iny l ch loride film . 
B acterial co u n ts  fo r cu ts  in  p o ly e th y len e  
bags ( lo g 10 = 4 .0 7 ), po ly v iny l ch loride 
film  ( lo g ic  = 3 .7 1 ), paper bags ( lo g ic  = 
3 .7 1 ) and th ose  fro m  u n p ro tec te d  cu ts 
( lo g ic  = 3 .5 2 ) did n o t d iffer sign ifican tly . 
T he slightly  higher bacteria l co u n ts  on  
cu ts  in  p o ly e th y le n e  bags p ro b ab ly  re
su lted  fro m  m o is tu re  re te n tio n  on  the  
m eat surfaces, th e reb y  m ain ta in ing  an  Aw 
level co m p lem en ta ry  to  bacteria l g row th .

Prim al cu ts  in  te s t sh ip m en ts  2, 3 and 
5 w ere assigned d esirab ility  scores fo r 
m uscle co lo r at th e  p o in t o f  orig in  and 
again u po n  arrival at th e  d estin a tion . 
N um erical values fo r cu ts  w rap ped  in 
paper, p o ly e th y len e  o r polyvinyl ch lo 
ride w ere h igher in every case th a n  scores 
for u n p ro te c te d  cu ts. H ow ever, s ta tis tica l 
d ifferences w ere n o ted  on ly  fo r  lo ins and 
chucks in sh ip m en ts  3 an d  5, respectively . 
In  these  instances, cu ts  p ro tec ted  w ith  
p o ly e th y len e  bags o r po lyv iny l ch loride 
film  w ere s ign ifican tly  ( P < , 0 5 )  b righ te r 
in lean co lo r th a n  tho se  w hich  were 
u n p ro te c te d  during  sh ip m en t (T able 3).

Sides, chucks, ro u n d s, ribs and lo ins in 
te s t sh ip m en ts  2 , 3, 4 and 5 w ere assigned 
d esirab ility  scores fo r ap p earan ce o f  the  
su b cu tan eo u s fa t. U n p ro tec ted  cu ts  or 
sides d iffered  significan tly  fro m  those  
p ro tec ted  by p ap er bags in  2 o f  10 
co m parisons, from  th o se  in  p o ly e th y len e  
bags in  9 o f 10 co m parisons and from  
b eef w rap ped  in  po ly v iny l ch loride film  
in 7 o f  10 co m parisons (T able 4). W hen 
th e  p o ly e th y len e  bags and polyvinyl 
ch lo rid e  film  w ere rem oved  u p o n  arrival 
a t th e  d e stin a tio n , th e  surfaces o f  cu ts 
w ere m ore  m oist th a n  co rrespon d ing  su r
faces o f cu ts  th a t w ere tra n sp o rte d  u n p ro 
tec ted  o r in  paper bags. These cu ts  
ev idenced g rea ter freshness and less dis
co lo ra tio n  and  desiccation  o f th e  subcu
tan eo u s fat w h en  co m pared  to  th o se  th a t 
w ere u n p ro te c te d  o r in paper bags during 
sh ip m en t. D uring subsequ en t sto rage, the  
surface m o istu re  th a t  had accu m u la ted  on 
cu ts  th a t w ere w rapped  in  p o ly e th y len e  
bags and po lyv iny l ch lo ride  film  evapo
ra ted , leaving th e  surface firm , d ry  and 
w hite . M eat cu ts  w ith  firm , w h ite  fat 
surfaces and no d isco lo ra tio n  o f  exposed  
lean en joyed  price n eg o tia tio n  advantages 
w hen  q u arte rs  o r cu ts  w ere p resen ted  to  
p rospective buyers  in  a packer b ranch  
house receiving th e  cu ts  fro m  test sh ip
m en t 3. O f th e  20 cu ts  selec ted  as m ost 
desirable in appearan ce  by a buy er, 10 
had been w rap ped  in  po ly v iny l ch loride 
film  and 9 had  been  w rap ped  in p o ly e th 
ylene bags. These findings suggest th a t 
p ro tec tio n  during  sh ipm ents  o f 5 days or 
less w ith  e ith er p o ly e th y len e  bags or 
po lyv iny l ch lo rid e  film  w ould  resu lt in 
m axim um  p ro d u c t freshness and accep t
ab ility  o n  arrival at th e  d e stin a tio n  and 
th a t overall ap pearan ce  is a price d e te r
m ining fa c to r  in  d e te rm in ing  th e  u ltim a te  
selling price o f  b eef q u a rte rs  and  cu ts. 
T here was som e evidence th a t p o ly e th 
y lene bags and po ly v iny l ch lo ride  film  
should  n o t be allow ed to  rem ain  on  
q u a rte rs  o r prim al cu ts  longer th a n  7 days 
fo llow ing ap p lica tio n  due  to  th e  possibil
ity  o f  b acteria l increases th a t m ay occur 
in  th e  m oist en v iro n m en t crea ted  by 
these  p ro tec tiv e  packaging system s.

In d a ta  n o t p resen ted  in  tab u la r  fo rm , 
tim e  req u irem en ts  fo r ap p lica tio n  and 
rem oval o f packaging m aterials fro m  790  
p rim al cu ts  o r q u a rte rs  w ere o b ta in ed . 
M an-seconds fo r ap p lica tio n  and rem oval 
o f paper bags, p o ly e th y len e  bags and 
po ly v iny l ch loride film  fro m  prim al cu ts 
w ere 27 .6 , 10 .8 ; 2 7 .1 ,9 .7  and 2 3 .6 , 14.7, 
respectively . C orresponding  req u irem en ts  
fo r ap p lica tio n  and rem oval o f paper 
bags, p o ly e th y len e  bags and polyvinyl 
ch lo ride  film  fro m  b eef q u a rte rs  were
4 6 .0 , 17 .5; 56 .0 , 10.6 and 38 .7 , 13.9 
seconds, respectively . Packaging m ateria l 
costs fo r paper bags, p o ly e th y len e  bags 
and po lyv iny l ch lo ride  film  w ere 16, 22 
and 36 cen ts, respec tively , fo r prim al cu ts 
and 34 , 22 and 34 cen ts, respectively , fo r

T a b le  4 —M e a n  values fo r  a p p e a ra n c e a o f  su b c u ta n e o u s  fa t  in  te s t s h ip m e n ts  2 , 3 , 4  a n d  5

Treatment

Test
shipment Item Unprotected

Paper
bag

Polyethylene
bag

Polyvinyl
chloride

film

2 Chucks 2.6b 2.7b 3.7C 3.0bc
2 Rounds 3.5b 3.8b 4.0b 3.5b
3 Loins 3.0b 3.7bc 4.0C 4.0C
3 Rounds 2. l b 3.4C 4.9C 5.2d
4 Sides 4.8b 5 .1b 5.8C 5.5C
4 Chucks 3.6b 3.6b 4.4e 4.7C
4 Rounds 4.4b 4.7b 5.3C 5.6C
4 Ribs 4.7b 4.5b 6.0C 6.0C
5 Sides 1.7b 2. l bc 2.5C 2.2bc
5 Chucks 4.1b 4.4C 4.5C 4.6C

aBased on a 6-point scale in which 6 = very fresh appearance and 1 = severe or extensive
discoloration

kC(*Means
or desiccation 

on the same horizontal line bearing different superscripts differ significantly
(P <  .05).
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b eef quarte rs. Using shrinkage da ta  o b 
ta in ed  from  te s t sh ipm ent 5 and cu rren t 
p ro d u c t values fo r beef, net savings of 
$1 .88, $2 .15 and $2.14 per side; $0 .28, 
$0.58 and $0.69 per ro u n d ; and $0.27, 
$0 .48 and $0.48 per chuck  were realized 
by th e  use o f paper bags, po ly e thy lene  
bags o r polyvinyl ch loride film , respec
tively, during transit. These values include 
lab or costs fo r ap p lica tio n  and rem oval o f 
packaging m aterials, m aterial costs and 
b eef p ro d u c t values.

On th e  basis o f these studies, it is 
co nclud ed  th a t:
(1 ) T em pera tu re  co n d itio ns  w ith in  the 

five trailers used for these  test sh ip
m en ts  were generally  inadequ ate  for 
m ain tenance  o f q ua lity  in beef quar
ters  and prim al cu ts. T em peratu res 
w ith in  specific loads were affected  
by loading p a tte rn s, p rod u c t den
sities, positions o f palletized  p rod u c t 
o r paper p a rtitio ns, th e rm o sta t set
tings and the  presence o r absence o f 
air co nveyance ducts.

(2 ) The use o f po ly ethy lene bags or 
polyvinyl ch loride film  significantly  
(P <  .05 ) reduced  in transit shrinkage 
as co m pared  to  u n p ro tec te d  cu ts  or 
qua rte rs  in 7 o f 16 com parisons. It 
was d ifficu lt to  establish th e  effec
tiveness o f paper bags in reducing 
shrinkage in tran sit because o f exces
sive tearin g  during loading, sh ipm ent 
a n d  u n lo a d in g ,  bu t significant 
( P < . 0 5 )  reduc tions in w eight loss

w ere no ted  in 5 o f 16 com parisons. 
E conom ic feasib ility  co m parisons 
revealed th a t p ro tec tiv e  packaging 
resu lted  in net savings o f from  $0.27 
to  $0.69 per w holesale cu t and from  
$1.88 to  $2.15 per side in reduced  
shrinkage loss.

(3 ) Lean co lo r from  cu ts  p ro tec ted  by 
p o ly e th y len e  o r polyvinyl ch loride 
was significan tly  ( P < . 0 5 )  superior 
in brigh tness to  th a t o f u n p ro tec te d  
cu ts  in 2 o f 6 com parisons.

(4 ) Mean values for ap pearan ce  o f  sub cu 
tan eou s fa t revealed th a t cu ts p ro 
tec ted  by p o ly e th y len e  bags were 
m ore desirable th a n  u n p ro tec te d  cu ts 
in 9 o f 10 com parisons. C uts w rapped  
in polyvinyl ch loride film were co n 
sidered superio r ( P <  .05) to  u n p ro 
tec ted  cu ts  in 7 o f 10 com parisons.

(5 ) W hen p o ly e th y len e  bags and po ly 
vinyl ch loride film  were rem oved 
u po n  arrival at th e  d e stin a tio n , the  
surfaces o f cu ts  were m ore m oist 
th an  co rrespon d ing  surfaces o f  cu ts  
th a t were tran sp o rted  u n p ro tec te d  or 
in paper bags. Since an increase in 
Aw could  increase bacterial g row th , 
p rolonged storage in plastic w rapping 
m aterials is n o t feasible. M icrobial 
co u n ts  from  cu ts  o r qu a rte rs  in these 
test sh ipm en ts  were significan tly  d if
feren t on ly  in co m parison  1, bu t 
trended  tow ard  significance in sh ip
m ent 5. U ntil fu rth e r evidence is avail
able p o ly e th y len e  bags and polyvinyl

ch loride film should  no t be allowed 
to  rem ain  on q u a rte rs  o r prim al cuts 
longer th an  7 days fo llow ing applica
tion .
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DEVELOPMENT OF A PROCESS FOR PREPARING A FISH PROTEIN CONCENTRATE 
WITH REHYDRATION AND EMULSIFYING CAPACITIES

INTRODUCTION
THE PR O D U C TIO N  o f low  fat co n ten t, 
deodorized fish flou r (FPC ) is a possible 
means o f u tiliza tio n  o f vast quan tities  of 
low value fish for d irec t hum an co n su m p 
tion. M any processes fo r m aking FPC 
have been ad voca ted  (F in ch , 1970; 
Meade, 1971). A lthough  som e processes 
em ploying ho t-so lven t ex tra c tio n  to  m ake 
FPC for anim al feed have been co m m er
cially successful, p ro d u c tio n  o f  FPC for 
hum an co n su m p tio n  has no t fu lfilled  its 
promise (H old en , 1971).

Extensive reviews by F inch  (1 9 7 0 ) and 
Meade (1 9 7 1 ) ind icate  th a t com m ercial 
efforts to  m ake FPC fo r hum an  co n su m p 
tion have co n cen tra ted  on solven t ex tra c 
tion processes w hich em ploy  isopropano l 
(IPA) e th y lene  d ich lo ride , and to  a lesser 
ex tent, e th an o l and hexane as ex trac tin g  
solvents. In general, these processes result 
in a p ro te in  w ith  good n u tr itio n a l p ro p e r
ties, little  o r no  offensive o d o r and taste , 
and no fu n c tio n a l p ro pertie s  (w ate r re
gain, em u lsifica tion ). A lthough m uch 
effort has been ex p en d ed  to  m ake food  
products from  FPC, particu larly  that 
made by IPA ex tra c tio n , it appears tha t 
FPC w ith o u t fun c tio n a l p roperties  is 
mainly relegated to  the role o f food  
supplem ent (H olden , 1971). FPC m ight 
be m ore valuable if it cou ld  be ea ten  as a 
food on its ow n m erits  o r used as a m eat 
substitute. If the  p ro te in  could  be m ade 
to regain w ater to  the original co n ten t in 
the fish (ap p ro x im a te ly  80% ), a m eat 
substitute m ight be m ade fo r a reasonable 
price from  a co m parativ ely  high priced 
powder. R e ten tio n  o f the  b ind ing  pow er 
of the original fish m uscle w ould fu rth e r  
increase the  value o f the p ro te in  (Devan- 
ney and M ahnken, 1970).

An ideal FPC process in ad d ition  to  
being econom ical w ould  p roduce a p ro d 
uct w ith the fo llow ing a ttr ib u te s : (1) 
nutritive p ro p e rtie s  sim ilar to  the  original 
fish m uscle; (2 ) w a te r regain to  the 
original co n ten t o f  the  fish m uscle; (3) 
bacteriologically s te rile ; (4 ) odorless and 
tasteless o r else possessing a pleasing odo r 
and taste ; (5 ) stab le  to  a tm osp heric  co n 
ditions; (6 ) no  to x ic  residues. In ad d itio n , 
it would be highly desirable if the process 
resulted in the  recovery  o f  a high grade 
oil. The purpose o f th is investigation  was 
to develop a p ro cedu re  fo r m aking an 
FPC with all o f these p rop ertie s.

A prelim inary  rep o rt o f th is  process

was m ade a t th e  Jo in t Texas Shrim ping 
A ssoc ia tio n—G ulf S tates M arine F isheries 
C om m ission M eeting (C obb and H yder, 
1971).
T heore tica l

A m ple evidence ex ists th a t in the 
norm al o r u n d en a tu re d  s ta te , a p ro te in  
m olecule is arranged  in such a m anner 
th a t hy d ro ph ilic  o r ionic groups are o ri
en ted  tow ard  the  aqueous env iro nm en t 
while h y d ro p h o b ic  groups are o rien ted

tow ard  the  in te rio r  o f  the  m olecule (B u t
ler, 1971). During the various h o t solvent 
ex trac tio n  processes w hich have been 
p roposed  fo r the  p repa ra tion  o f FPC the 
p ro te in  m olecule is exposed  to  a m ore 
h y d ro p h o b ic  solven t m edium  (e th an o l, 
iso p rop an o l, e th y len e  d ich loride, hexane) 
than  its norm al aqueous en v iro nm en t. 
Such solven ts low er the  free energy o f 
un fo ld ing  o f the  p ro te in  m olecule (Tan- 
fo rd , 1962). Also, the h ea t energy is 
su ffic ien t to  b reak  hyd rogen  and hyd ro -

FPC

Fig . 1 —F lo w  d ia g ra m  fo r  th e  p re p a ra t io n  o f  T A M U -F P C . D e c a n ta t io n  

o f  h e x a n e  w h ic h  w o u ld  c o m e  p r io r  to  f i l t r a t io n  o r  c e n tr i fu g a t io n  is n o t  

s h o w n  as a  s e p a ra te  s tep .
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phobic bonds w hich help  m ain tain  the 
s tru c tu re  o f the  m olecule. W hen possess
ing b o th  positive and negative charges, 
the d en a tu red  m olecules in te ra c t to  form  
m icelles w ith  som e o f the  hyd ro p h o b ic  
side chains o rien ted  tow ard  the  ex te rio r 
o f the m icelle. T he reo rien ta tio n  o f the 
h y d ro p h o b ic  groups causes a co rresp o n d 
ing reo rien ta tio n  o f the  hy d ro ph ilic  
groups tow ard  the  in te rio r  o f the m icelle, 
form ing relatively high energy ionic 
bonds. The resu lting  m icelle has a hydro - 
phobic surface w hich blocks p en e tra tio n  
o f w ater to  the  ionic groups. The resu lt is 
a very stable p ro te in  m icelle w hich ac tu 
ally repels w ater.

In o rd er fo r the  p ro te in  m olecule to  be 
soluble o r to  re ta in  reh y d ra tio n  capabili
ties, p ro te in -p ro te in  in te rac tio n  m ust be 
prevented . The sim plest app ro ach  to  p re
vent p ro te in -p ro te in  in te rac tio n  is by pH 
ad ju stm en t. If p ro te in  m olecules have 
only  positively or negatively charged 
groups, e le c tro s ta tic  repulsion  will di
m inish p ro te in -p ro te in  in te rac tio n  and, 
hence, the fo rm atio n  o f m icelles. If m i
celle fo rm ation  does occur, charged 
groups should  be o rien ta ted  tow ard  the 
surface. T he result should  be a m olecule 
or m icelle w hich can in te rac t w ith  an 
aqueous m edium , the reby  retain ing  som e 
reh y d ra tio n  p roperties.

A t acid pH below  3.5 only  C -term inal 
ca rb oxy l groups should  be ionized. The 
rem ainder o f the charges on the m olecule 
will be positive, i.e ., N H 3+ type . A sim ilar 
s itu a tio n  ex ists at basic pH above 13.5 
(p K 3 o f arginine) ex cep t the m olecule is 
negatively charged. Because o f the  dis
tinc t possib ility  o f d estruc tio n  o f cysteine 
and racem ization  o f som e am ino  acids at 
high pH (Hill, 1965; Levene and Bass, 
1928), an acid pH appears to  be best for 
prevention  o f ionic in te rac tio n . H owever, 
co nd itions m ust be su ffic ien tly  mild to  
prevent destru c tio n  o f try p to p h a n  so th a t 
the p ro te in  retains its  nu tritive  value.

EXPERIMENTAL
Materials

Atlantic croaker (Micropogon undulatus) 
10-30 cm long were collected from boats dur
ing shrimp trawling operations in Galveston Bay 
and the Gulf of Mexico. Fish, not utilized im
mediately, were treated as follows: (1) scales, 
viscera and heads were removed from the fish, 
the carcases were then covered with distilled 
water in sealed plastic bags and stored at -20°C  
until used. Ethanol (95%) was obtained from 
several contmerical sources. Hexane was ob
tained from two different sources: n-hexane, 
ACS reagent grade from J.T. Baker, and was 
used without further purification; hexanes, 
ACS reagent grade obtained from Fisher Scien
tific, were redistilled to reduce off-flavored 
impurities. Sodium chloride, food grade, was 
obtained from Morton Salt Co., Chicago, 111. 
Preparation of FPC (TAMU-process)

Fillets were removed from larger fish (above
20 cm long) and ground or minced into small
pieces. Sodium chloride (5% by weight) was

added and the material was blended in a Hoover 
blender until a smooth jelly was obtained. The 
pH of the jelly was adjusted to 2.5 with IN HC1 
and 2 ml of ethanol per gram of fish were 
added. In an alternate procedure the ethanol 
was added and the pH of the resulting mixture 
was then adjusted with HC1 until it stabilized at
2.5. The mixture was transferred to a round 
bottom extraction flask equipped with an effi
cient reflux condenser. Hexane equal to the vol
ume of the ethanol was added. The mixture was 
rapidly stirred and heated in a water bath until 
the hexane began refluxing (approximately 
70°C). After 30 min at reflux temperature the 
hexane was decanted and the ethanol was re
moved by filtration or centrifugation. The pro
tein was returned to the extraction flask and 
amounts of ethanol and hexane equal to the 
original volumes were added. The procedure 
was repeated from two to four times depending 
upon the fat content of the fish. Figure 1 pre
sents a flow diagram of the process. Because the 
hexane was decanted through the same filter 
employed to remove the ethanol, decantation is 
not illustrated as a separate step in Figure 1. A 
final ethanol rinse was necessary to remove 
odoriferous residues remaining from the hex
ane. The FPC was air-dried or vacuum-dried at 
70°C in a desiccator connected to a water aspi
rator.
Effects of salt content

The effect of salt content on fish protein in 
acidified ethyl alcohol were measured on three 
different batches of fish. Fillets were removed 
from each batch and comminuted with a sau
sage grinder. The comminuted material was 
carefully mixed and two lOOg portions for each 
salt level were removed. Each portion was 
blended in a Waring Blendor with an appropri
ate amount of salt. Then 200 ml of ethanol 
were added and the pH adjusted to 2.5 with N 
HC1. The material was rinsed with 300 ml of 
ethanol into extraction flasks fitted with con- 
densors and heated in a water bath to 70°C for 
30 min with slow stirring. The material was 
rinsed into 500 ml Nagalene bottles with an 
additional 100 ml of ethanol. The bottles were 
sealed, and the mixture was then centrifuged 
for 30 min. The total volume was measured. 
The supernatant was carefully withdrawn, 
measured and checked for protein content.
Methods of evaluation

Analyses of fish muscles and FPC were con
ducted in duplicate on samples randomly drawn 
from the homogenous mass of each batch or 
several batches pooied together. Fish muscles 
requiring dehydration prior to analyses were

freeze-dried at 5°C for 55 hr in an Industrial 
Dynamics Pilot Plant Freeze Dryer Model 
CPF20.

Chemical analyses. Protein determinations 
w ere based on Kjeldah! nitrogen content 
X 6.25. Initial determinations were made by 
the AOAC (1965) method. However, sulfuric 
acid digestion with a mixture of selenium oxide 
and potassium sulfate as catalysts (Willard et al. 
1956) was found to give higher and more repro
ducible values than the AOAC procedure and 
was subsequently used. Soluble protein in 
supernatants was estimated by the biuret pro
cedure of Snow (1950).

Moisture and/or volatile substances were 
determined by heating to a constant weight in a 
drying oven at 100°C (AOAC, 1965).

Fat content was determined by extraction 
with diethyl ether in a Soxhlet extractor for 8 
hr (AOAC, 1965).

Ash content was determined by ashing in a 
muffle furnace at 550°C (AOAC, 1965).

Amino acids were analyzed in a fully auto
mated Beckman 120 Model C Amino Acid 
Analyzer. Samples were saturated with nitrogen 
and then hydrolyzed with 6N HC1 under vac
uum at 110°C (Stein and Moore, 1954). 
Tryptophan was determined by the alkaline 
hydrolysis procedure of Kohler and Palter
(1967). Cysteine was analyzed by the performic 
acid oxidation method as described by Hits
(1967).

Microbiological examination. The detection 
of salmonella, staphylococci, clostridia and the 
enumeration of coliform, aerobic and anaerobic 
viable organisms were according to the Recom
mended Methods for the Microbiological Exam
ination o f  Foods (APHA, 1967). Presence of 
putrefactive anaerobes and Clostridium botu- 
linum was further determined on the basis of 
the recommendations of the Center for Disease 
Control, Atlanta, Ga. (USPHS, 1968).

Determination of protein yield. The yield of 
FPC was determined as percent protein re
covered. Kjeldahl nitrogen values were used and 
periodically checked with true protein values 
calculated from amino acid analyses. The loss 
of protein during processing was computed by 
difference or by determining the amount of 
protein lost in the solvents.

Titration curve. A titration curve was devel
oped by adding 0.0197N NaOH solution to the 
FPC solution (2g/100 ml) and measuring the 
corresponding change in pH.

Rehydration capacity of FPC. Estimates of 
the water holding capacity of FPC were made 
by rehydrating it in water at different pH and 
ionic strengths. Duplicate samples of FPC, 0.2g

T a b le  1—E f f e c t  o f  N a C I o n  e th a n o l re c o v e ry  fro m  th e  e x tra c t io n  a t  

7 0 ° C  fo r  3 0  m in  o f  1 0 0 g  o f  fish  m u s c le  w ith  6 0 0  m l  e th a n o l a t  p H  2 .5

NaCI
(g) Nature of protein

Volume of 
supernatant 

(ml)
Appearance of 
supernatant®

0 Gel 68-48 8 Turbid
1 Gel 333-516 Turbid
2 Gel and granular 448-502 Turbid
3 Gel and granular 514-647 Turbid
4 Granular 492-510 Turbid
5 Granular 503-526 Clear

aTotal protein lost in supernatan t ranged from 0 .3 -2 .7  mg/IOOg 
based on Kjeldahl nitrogen determ ination
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each, were rehydrated with 10  ml of distilled 
water in a 50 ml centrifuge tube for at least 1 
hr at room temperature (25°C). The pH was 
adjusted with 1M NaOH or 1M HC1. The ionic 
strength was adjusted to the same value in each 
tube by adding 1M NaCl and distilled water 
until the final volume of the liquid was 15 ml. 
The rehydrated I'PC was then centrifuged at 
2400 X G for 30 min. The supernatant was 
removed very carefully by capillary pipette and 
its volume was measured. The amount of water 
retained by the FPC was calculated by subtract
ing the volume of supernatant from the total 
volume of the rehydration medium (15 ml). 
Correction for the evaporation loss during cen
trifugation was made by using water blanks.

The rehydration capacities at pH 2 and 5 
were estimated in a similar way at the ionic 
strengths of 0.13, 0.3, 0.6, 0.9 and 1.2. The pH 
was adjusted with 1M NaOH. The solution was 
adjusted to desired ionic strength with NaCl.

For routine checks of rehydration capacity 
of FPC, approximately 0.5g samples were 
placed in 12  ml graduated conical test tubes. 
Water was added until swelling ceased. The tube 
was allowed to set for several minutes. The vol
ume of the protein provided a good estimate of 
rehydration capacity.Emulsifying capacity estimation. The emul
sifying experiments were conducted accord
ing to the scheme of Carpenter and Saffle 
(1964). Concentrations of FPC ranging from 
1 — 2.5g/100 ml of water were emulsified in a 
blender by adding corn oil continuously at 12 
ml/min. The results were plotted as concentra
tion of protein in water against ml of oil in the 
emulsion at the inversion point.

For routine checks of the emulsifying prop
erties of the FPC lg samples were rehydrated in 
1 0 0  ml of water, 1 0  ml oil were added, then the 
resulting mixture was blended until smooth.

RESULTS
Process developm ent

Table 1 presents the data on the 
extraction o f  pro te in  from  fish muscle at 
pH 2.5 with e thano l  and d ifferent con

T a b le  2 —E ffe c ts  o f  p H  a n d  h e x a n e  o n  p r o 

tein re c o v e ry  fro m  10O g o f  fish  m u s c le  b le n d e d  

w ith 5g  o f  N a C l a n d  e x t r a c te d  f o r  3 0  m in  a t  

7 0 ° C  3 x  w ith  2 0 0  m l  o f  e th a n o l o r  2 0 0  m l  o f  

e th a n o l p lu s  h e x a n e .

Hexane Protein recovery3 ’*3
(ml) pH (%)

- 2 .0 54
- 2.5 61c
- 3.0 50
- 4.0 49
- 7.0 48

2 0 0 2.5 8 6 ± 1
aBased on percent nitrogen recovery from fish muscle“Recovery values are presented for the same batch of fish. Recovery values for the ethanol extracts are for two determinations with < 5 % variation. Ranges for recovery values of five preparations for the ethanol-hexane extracts are presented.'Recovery values from fish yielding 8--10 ml of oil per I OOg of fillet ranged from 23-4 I % (5 samples).

cen tra tions  o f  NaCl. Gel fo rm a tion  was 
observed when the NaCl co ncen tra t ion  
was less than  3% o f  the weight o f  fish 
muscle. The prote in  residue o r  pellet 
ob ta ined  af ter  centr ifugation  tended  to  
be more granular as the NaCl co n cen tra 
tion increased. At the 5% level o f  NaCl, 
separa tion  o f  solvent by fi ltra tion  was the 
easiest as the prote in  residue was granular 
and the  supe rna tan t  was clear. T urb id i ty  
in the su perna tan ts  persisted from  0 —4 
percen t NaCl. The material responsible 
for the tu rb id i ty  appeared  to  clog the 
filter, thus  making solvent removal diffi
cult . The volume o f  recovered superna
tan t ,  which varied considerably with the 
low er salt concen tra tions ,  had an inverse 
relationship to  the  volume o f  the gel. The 
reason for  the variation in gel fo rm ation  
has no t  been established. However, there 
was som e evidence th a t  gel fo rm ation  
may have depended  up o n  the am o u n t  of 
w ater  in the  starting material. When water 
was added  to  the s tarting  material gel 
fo rm ation  was more evident.

Protein  recoveries at pH 2, 2 .5, 3, 4 
and  7 are p resented  in Table 2. When 
e thano l  and 5% NaCl was used as the 
ex trac ting  m ed ium , the  highest protein  
recovery was 61% at pH 2.5 and the 
lowest was 48% at pH 7. Recoveries-from 
five samples o f  fa t ty  fish yielding 8 - 1 0  
ml o f  oil per lOOg were even lower, 
ranging from  2 3 - 4 1 % .  This low recovery 
appeared  to  be caused by (1) a possible 
de tergent effect o f  the lipid and (2) the 
need for  additional ex trac t ion  steps for 
lipid removal. T herefore ,  use o f  a second
ary solvent was indicated. Hexane, an 
immiscible organic solvent which has 
been considered as a suitable solvent for 
the prepara tion  o f  FPC by several w o rk 
ers (Pariser and O dland, 1963; Yanez et 
al. 1967) was used to  increase the  rate of

ex trac t ion  o f  neu tra l  lipids. The addit ion  
o f  hexane to  the system increased protein  
recovery, fo r  this b a tch  o f  fish, from
6 1 - 8 6  ± 1 %  (Table 2). Recovery values 
fo r  some batches o f  fish appeared  to  be 
d i f f e r e n t .  F o r  some unfrozen  fish 
8 8 —95% pro te in  yields were ob ta ined  and 
for several batches o f  frozen fish yields as 
low as 76% were obtained.

When NaCl (5g /100g) was blended 
with com m in u ted  fish prior to  pH adjust
m ent ,  the  muscle was converted to  a jelly 
(o r  paste). The jelly had been separated 
from  bones and scales by a filter press. 
This required  coarse screening, then  fine 
screening with a 60-mesh screen. Rinsing 
o f  the residue with a small volume o f  5% 
NaCl recovered additional p rote in . The 
addit ion  o f  a small volume o f  5% NaCl to  
the jellied fish did no t  appear to  affect 
subsequent protein  yields.

The fish had  to  be co m m inu ted  in to  
very small particles prior to  pH adjust
m ent.  If particles size was more than  2 or 
3 m m , fishy odors were n o t  removed by 
the ex trac t ion  process. In add it ion ,  these 
particles became very hard  upo n  drying 
and did n o t  grind easily. The conversion 
o f  the muscle in to  a jelly reduced this 
p roblem . Inadequate  stirring during ex 
trac tion  also resulted in large particle 
fo rm ation  and incom plete  removal of 
lipid. Sieving o f  the final p ro d u c t  to 
remove larger particles usually removed 
any residual fishy odors.

If the prote in  was acidified prior to  
the add it ion  o f  e thanol,  the pH could be 
adjusted rapidly. However, if the ethanol 
was added  prior to  pH ad jus tm ent,  the 
pH con tinued  to  change for ab o u t  30 
min. In o rder  to  ob ta in  proper  pH adjust
m ent ,  the p rote in  had to  be stirred 
vigorously. A pproxim ate ly  19—20 meq of 
HC1 were required to  adjust the pH of

Fig . 2 - R e h y d r a t e d  T A M U - F P C  g e l, p H  2 .5 ,  1g <0 .8 7 g  p r o t e in l /1 5  m l.
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T a b le  3 —P ro x im a te  a n a lys is  o f  fish  m u s c le  a n d  fish  p r o te in  c o n c e n tra te  

Fish muscle

Analysis* Batch I Batch II Batch III

100g of fish muscle to  2.5.
During the ex trac tion  process, the 

hexane remained as a distinct layer on 
top o f  the e thanol-w ater (from the fish) 
layer. The hexane layer appeared to 
contain most of the lipid while the 
protein remained in the ethanol-water 
layer. In preliminary experim ents  using 
100g o f  fillets, 8 —10 ml o f  oil were 
recovered from the com bined hexane 
extracts. When fish did no t  show signs of 
oxidat ion  (i.e., rancid odor) ,  the  oil was 
straw-colored and transparent with a mild 
fishy odor. The oil from rancid fish 
ranged in color from orange to red. 
Distil lation of the ethanol (com bined 
extracts)  left a creamy residue o f  6 —7g. 
A djustm ent o f  the pH of the ethanol to
9.0 with Ca(OH)2 prior to  disti llation 
produced a precipita te  (2.3g) which had 
a strong fishy odor and orange color, 
even when the fresh fish were used. Pre
liminary analysis indicated that the pre
cipitate contained 38 -  40% prote in  (N x 
6.25), with  the rem ainder presumably 
Ca, moisture  and lipids. Following re
covery of the precipitate the residue re
maining after disti llation o f  the ethanol 
and water appeared  to  be largely crystal
line, probably  NaCl. In the later experi
ments where more accurate recovery of 
lipid was a t tem p ted ,  the neutral lipid 
level o f  the fish was so low (less than 
0.5%) that accurate recovery o f  the oil 
was no t possible. Distil lation of the h ex
ane extrac ts  o f  fillets (100g) from these

Protein 18.80 18.77 17.88
Fatc 0.45 .59 0.42
Volatile 80.02 79.82 81.11
Ash 0.73 0.82 0.59

lean fish left s traw-colored oil residues 
estimated at less than 0.5g. Distil lation of 
the ethanol p roduced  approx im ate ly  the 
same am o u n t o f  residue as from fatty  
fish.

Properties o f  FPC
The FPC (TAMU-FPC) prepared by 

the acid-ethanol-hexane ex trac tion  pro
cedure (TAMU-process) from M . u n d u -  
la tu s  was off-white in color, had no 
detec table  odor  and an almost u n d e tec t
able sour taste prior to pH adjus tm ent.  
The material is hydrophilic , i.e., readily 
takes up water and forms a gel (Fig. 2), 
but no t hygroscopic. Samples have been 
left open up to 1 yr w ithou t odor  
reversion. The material was usually o d o r
less bu t three minor problems with odor  
in the final p roduc t were en co u n 
tered: (1) a petro leum  od o r  from fish

Fish protein concentrate

Batch lb Batch II Batch 111

86.18 87.74 87.08
0.36 0.31 0.35

10.36 9.20 9.06
3.10 2.75 3.51

which had been con tam in a ted  with petro
leum prior to  arrival at the labora to ry ; (2) 
a pe tro leum  od o r  from some lots o f  low 
grade hexane; and (3)  fishy odors from 
samples which were no t  adequate ly  ex
tracted or else had large particles. Once 
the protein  had been co n tam ina ted  with 
the petro leum  odors ,  they were difficult 
to remove.

The p rox im ate  analysis o f  the boneless 
fish muscle and the TAMU-FPC made 
from the muscle are presented in Table 3. 
The fish used for these studies were taken 
during the post-spawning period when 
they had very low fat con ten ts .  Prelimi
nary data indicated tha t  p rote in , moisture 
and fat co n ten t  o f  FPC produced  from 
fish with up to  10% fat were very similar 
( 8 6 - 8 8 % ,  9 - 1 0 % ,  <  0.5%, respectively) 
provided tha t  tw o additional extrac tions 
were used to  remove the excess lipid. The

Êxpressed as percentagebBatch number of FPC corresponds to batch number of fish muscle from which the FPC was made.cDiethyl ether-extracted

AMINO AGIO SPECTRA 
OF

ACID AGIO ALANMC
F ig . 3 —C o m p a ra tiv e  h is to g ra m  o f  a m in o  a c id  c o n te n t  o f  fish  m u s c le  a n d  T A M U -F P C . F o r  m o re  a c c u ra te  c o m p a ris o n  a m in o  a c id  c o n te n t  w as c a lc u 

la te d  o n  th e  basis o f  res id u e  w e ig h ts  (m o ! w t — 18).
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volatile con ten ts  o f  these samples were 
high. F ro m  the odors  evolved w hen the 
FPC was heated  to  105°C some o f  the 
volatile residue appears to  be e thanol.  
The prote in  co n ten t  ranged be tw een  86 
and 88%. Ash co n ten t  fo r  samples pre
pared from  boneless muscle ranged from 
2 .7 5 -3 .5 1 % . When the samples were 
dried u nder  the same cond it ions  to  a 
constant weight, the yield of the dry FPC 
provided a good estim ate o f  p rote in  
recovery.
Amino acid analyses

The essential am ino  acid spectra of 
fish muscle and FPC made from  the 
muscle were similar (Fig. 3). Of the 
essential am ino  acids, lysine was the only 
one with a lower level in the FPC than in 
the fish muscle. This suggested tha t  a 
protein or peptide rich in lysine was lost 
during processing. T ry p to p h an ,  which 
might be destroyed  by the acid cond i
tions, was preserved.
Bacteriological exam ina t ion  of fish 
muscle and FPC

Duplicate samples o f  the three batches 
of fish muscle were exam ined  for m icro
bial flora prior to  processing in to  FPC. 
Im mediately  after  p repara tion  of FPC, 
duplicate samples from each batch  were 
removed aseptically and exam ined  for the 
change in the bacterial flora. The results 
are presented  in Table 4. No grow th  in 
the lowest dilu tion  is repor ted  as <  5 per 
gram. Anaerobic  agar plate coun ts  per 
gram of  fish muscle were higher than the 
aerobic plate coun ts  in Batch I and 111 
and in Batch II they  were almost equal.  
This suggested tha t  there were very few 
strict anaerobes which was confirm ed by 
fur ther incubat ion  o f  the anaerobes under 
aerobic conditions. Processing o f  the m us
cle in to  FPC destroyed  m ost o f  the 
microorganisms. No viable organism was 
observed in any o f  the d ifferent batches

20 --------- 1--------- 1--------- r

___ i___ i___ i___ i___ i___ i___
2 4 6 8 10 12 14

pH
Fig. 4—Water holding capacity of TAMU-FPC
at different pH. Each point represents the aver
age of duplicate analyses with < 5% variation.

T a b le  4 —B a c te r io lo g ic a l e x a m in a t io n  o f  fish  m u s c le  a n d  fish  p r o te in  

c o n c e n tra te

Batch3 Agar plate count/g Coliform
Sample No. Aerobic Anaerobic MPN/01.g

Fish muscle 1 2.2 X 104 7.1 X 104 3.6
I 7.0 X 104 8 .6  x 1 0 4 <1 .8
11 1.1 X 105 8.9 X 104 <1 .8
II 1 .0  x 1 0 5 9.8 x 104 <1 .8
III 5.6 x 104 6 .0  x 1 0 4 <1 .8
III 5.4 x 104 1 .0  x 1 0 s 3.6

FPC I <5 <5 <1 .8
I <5 25 <1 .8
II <5 <5 <1 .8
II <5 <5 <1 .8
III <5 <5 <1 .8
III <5 <5 <1 .8

aBatch numbers of fish protein concentrate (FPC) correspond to batch numbers of fish muscle from which ihe FPC was made.

except in one sample o f  Batch I. This 
p robably  was due to  con tam ina t ion  du r
ing analysis since the duplicate sample did 
no t  produce grow th , and no  grow th  was 
evident in en richm ent media (trypticase- 
soy agar). In general , the process ap
peared to  yield sterile FPC. This was no t 
unexpec ted  since solvent and pH cond i
tions were n o t  conducive to  bacterial 
survival.

Func tiona l properties  of TAMU-FPC 
R ehydra t ion  capacity .  The rehydra

tion properties o f  TAMU-FPC depend 
upon  pH and ionic s trength. Figure 4 
shows the w ater holding capacity  of three 
pooled  samples o f  FPC at low ionic 
s trength  (0 .1 3 )  u nder  d ifferent conditions 
o f  pH. The lowest w ater  holding capacity 
was in the region of pH 5 —8. The water 
holding capacity  decreased from 16 to  7 
ml per gram as the  pH increased from  2 
to  7. As the pH was increased from  7 to

10 the w ater holding capacity  increased 
from 7 to  20 ml per gram. In the pH zone 
o f  5 —8, which covers the  pH o f  m ost 
sausage emulsions, the w ater holding 
capacity  varied from  10 to  7 ml per gram. 
This was approx im ate ly  twice the am o u n t  
of the original w ater in the fish muscle 
(7 0 —80% depending upo n  the  fat con
tent) .  R ehydra t ion  of FPC to  the a p p ro x 
imate original w ater co n ten t  of fish m us
cle (20% FPC, 80% water) be tw een pH 5 
and 8 yielded gels having the consistency 
o f  a th ick  paste.  The w ater holding 
capacity was markedly  increased when 
the ionic s trength  was increased from 
0.13 to  0.4 at pH 5 and then there was a 
gradual decrease w ith  fu r ther  increase of 
the ionic s treng th  to  1.2 (Fig. 5). At pH 2 
there was no  change in the  w ater holding 
capacity  w ith  the  change o f  the ionic 
s trength  from  0.13 to  0.4. Then the w ater 
holding capacity  decreased as the ionic 
s trength  increased to  0.9, a fter  which it

/ x , Ionic S trength  of Solvent
F ig . 5 —W a te r  h o ld in g  c a p a c ity  o f  T A M U - F P C  a t  d i f fe r e n t  io n ic  

s tre n g th . E ach  p o in t  rep resen ts  th e  averag e  o f  d u p lic a te  an a lyses  w ith  

<  5 %  v a r ia t io n .
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appeared to  increase. The water holding 
capacity  may be affected  by heat,  as 
some rehydra ted  samples appeared  to  lose 
a small am o u n t  of w ater upon  heating to  
100°C in a boiling w ater  bath. This was 
evident with only a few samples and did 
no t  occur if  the samples had been emulsi
fied with oil prior to  heating.

Change of pH and salt co n ten t  had a 
marked effect on the FPC which had 
been fully rehydra ted  at acid pH. E x p u l
sion o f  w ater occurred  when the pH was 
changed from 2 to  5. An increase in the 
w ater holding capacity  at pH 5 was 
evident w hen a small am o u n t  o f  salt was 
added to  the rehydra ted  FPC. The reh y 
drated  FPC changed from  a translucent 
gel to  a pasty, cream-colored material as 
the pH was increased from 3 —5.

The pH o f  FPC prior to  drying appears 
to  be critical fo r  its rehydra tion  capacity. 
Samples o f  FPC which were adjusted to 
pH 5 —7 prior to  drying did n o t  swell 
when placed in water,  suggesting tha t  
much o f  the rehydra tion  capacity  was 
lost. F o r  many uses ad jus tm ent of pH of 
the FPC may be necessary. This has been 
accomplished by adding N NaOH to  the 
rehydrated  material or a calculated 
a m o u n t  o f  N a2 C 0 3 , N a H C 0 3 , or 
C a H P 0 4 to  the FPC prior to  rehydra tion . 
In experim ents  to  make sausage em u l
sions with the FPC, which will be p re
sented in detail in subsequent co m m u n i
cations, a m ixture  o f  6g of beef and 4g of 
rehydra ted  FPC (1 part dry FPC to 4 
parts w ater)  had a pH o f  5. A ti tra tion  
curve o f  TAMU-FPC is p resented  in Fig
ure 6.

Emulsifying capacity . The emulsifying 
capacity of TAMU-FPC was studied  by 
rehydrating  FPC in water and blending it 
with Wesson oil to  the inversion point at 
which the emulsion could no  longer hold 
any more oil. The inversion point was

difficult to  observe when low concen tra 
tions o f  FPC (below 0.75g o f  FPC on 100 
ml o f  w ater)  were used. Figure 7 shows 
the variation in the  percen t o f  oil with 
different concen tra tions  o f  FPC in em u l
sions at the  inversion point.  At pH 3 the 
m ax im um  oil co n ten t  in the emulsion was 
150 ml when the FPC co ncen tra t ion  of 
lg /1 0 0  ml was used. The addit ion  of 
more FPC reduced ra ther than  increased 
the oil uptake . The emulsions were th ick, 
creamy and sm o o th  (Fig. 8).

A study  o f  the emulsifying properties 
at different pH was co nduc ted  with a 
concen tra tion  o f  FPC o f  lg /1 0 0  ml of 
water. The am o u n t  o f  oil in the emulsion 
varied from  a m ax im um  of  155 ml at pH 
2 to  a m in im um  o f  60 ml at pH 5 (Fig.
9). When the pH o f  the sa tura ted  em ul
sions made at pH 2 or 3 was changed to  a 
more basic pH, a loss o f  oil and w ater was 
evident. If the emulsion was n o t  fully 
sa tura ted  with oil, milky suspensions 
were often  form ed when the pH was 
adjusted to  the  region o f  7. T em peratures  
up to  100°C did n o t  appear to  affect the 
emulsions.

Protein  solubility. Protein  solubility 
was to o  low for  m easurem ent in the  pH 
range o f  2 —9.

DISCUSSION
FINCH (19 7 0 )  states tha t proteins may 
be used in foods for their functional 
properties ra ther  than  their nutritive 
properties. He adds tha t FPC may be 
made by processes, which in o rder  to  
secure desired physico-chemical p rop
erties,  reduce protein  quali ty . One such 
commercial process is the Wiking Eiweiss 
process in G erm any (Shenstone, 1952) 
which produces an egg white substi tu te  
from fish protein . The p ro d u c t  has good 
whipping properties bu t the m an u fac tu r
ing condit ions o f  solubilization with hot

alkali suggest tha t  the prote in  is degraded. 
In con tras t ,  the process developed in this 
s tudy  provides no t  only a pro te in  with 
rehydration  and  emulsifying properties 
bu t it also preserves m ost o f  the essential 
amino acids originally present in the fish 
m u s c l e .  Preliminary feeding studies 
(Hyder,  1972) indicate tha t  TAMU-FPC 
has a PER of  b e t te r  than  3.0. The  slight 
loss o f  lysine tha t  occurs during process
ing suggests tha t  lysine rich proteins, 
possibly his tones, o r  peptides are lost.

An extensive t re a tm en t  o f  the th eo re t
ical approach  which was used in develop
ing this process is n o t  possible at the 
present time. However, some evidence is 
available to  suppor t  the concepts  advo
cated. The sand-like character and resist
ance to  rehydra t ion  o f  isopropanol- 
ex trac ted  FPC would be consis tent with 
the theory  advanced. As predic ted  by the 
theory ,  a h y d ro p h o b ic  “ m em b ran e” with 
perhaps some exposed  polar groups and 
peptide bonds would be expec ted  to  be 
developed on the surface o f  the molecule. 
Such a surface m em brane  or shell has 
been proposed  by A ckm an et al. (1967).  
Initially, a condensed  protein  shell was 
proposed, bu t was later modified  to a 
h y d r a t e d  m em b ran e  (A ckm an and 
Odense, 1968) on the basis o f  a tm os
pheric w ater  adso rp tion  by the FPC and 
the failure to  d em ons tra te  a condensed 
zone o f  p rote in  by eosin staining. A 
predom inate ly  h y d ro p h o b ic  mem brane 
with some exposed  polar groups and 
peptide bonds which can hydrogen  bond 
with w ater (T anford ,  1962) would be 
expec ted  to  behave in the same manner.

W hether or no t this process will be 
economical will depend  upo n  a num ber 
of factors. It would be desirable to 
eliminate salt from the p re t rea tm en t 
phase. Preliminary results suggest that 
this step may be elim inated  if f iltration is

Fig. 6 — T it ra t io n  c u rv e  fo r  T A M U -F P C .

Fig . 7 —E m u ls ify in g  c a p a c ity  o f  d i f fe r e n t  c o n c e n tra tio n s  o f  T A M U -F P C  

(1 g  F P C  =  0 .8 7 g  p r o t e in ) a t  p H  3 .0 . E ach  p o in t  rep re s e n ts  d u p lic a te  

analyses  w ith  <  5 %  v a r ia t io n .



F IS H  P R O T E IN  C O N C E N T R A T E  PROCESS- 749

F ig . 8 — T A M U - F P C  c o rn  o i l  e m u ls io n .

Fig . 9 —E m u ls ify in g  c a p a c ity  o f  T A M U - F P C  ! Ig  

F P C  = 0 .8 7 g p r o t e in )  a t  d i f f e r e n t  p H . E ach  

p o in t  rep resen ts  d u p lic a te  a n a lyses  w ith  <  5 %  

v a ria tio n .

avoided bu t longer ex trac t ion  tim e and a 
greater solvent-to-protein  ratio  may be 
needed. S implification o f  the solvent 
system in order  to  use isopropanol ra ther 
than e thano l would probably  be neces
sary in the United States and o th e r  
countr ies  which tax e thanol .  The use of 
isopropanol,  however, will also depend 
upon the degree o f  reaction  with acid in 
the solvent m edium . The presence of 
heavy metals such as zinc would be 
expec ted  to  increase the rate o f  reaction 
o f  alcohol and acid (Noller, 1958).

The use o f  hexane in the process has 
bo th  advantages and disadvantages. Lov- 
ern (1 9 6 6 )  has emphasized the im p o r
tance o f  oil recovery by po inting  o u t  the 
fact tha t  “ it is the oily pelagic fish tha t  
can be most cheaply caught in greatest 
quanti t ies .”  The econom ics o f  FPC m an u 
factured  from  oily fish makes oil recovery 
a very im p o r tan t  factor. Hexane p ro 
motes the removal o f  neutral lipids but 
apparen t ly  does no t  readily ex trac t  polar 
lipids from fish (F inch ,  1970; Pariser and 
Odland, 1968). The processing o f  fish oils 
for edible p roduc ts  usually consists of 
degumming, refining, bleaching, h y d ro 
g en a t io n  and deodoriza tion  (Chang,
1967). The very low level o f  residue 
observed in the hexane ex trac ts  from the 
lean fish con tras ted  to  tha t  from  the  fat 
fish also suggested tha t  hexane was ex 
tracting largely neutral lipids and, hence, 
a largely degum m ed and partially refined 
oil. Weighed against these advantages are 
the disadvantages o f  flam m abil i ty ,  pos
sible off-flavor residues, and the d ifficulty  
of using a dual solvent system. It should 
be po in ted  ou t tha t the Q uin te ro  process

uses an ethanol-hexane solvent system for 
the m anufac tu re  o f  FPC from  fish meal 
(Yanez et al. 1967).

In o rder  to  develop this process for 
commercial exp lo i ta t ion  much  more 
s tudy  is needed. The m ajor advantage of 
this p rocedure  lies in p re t rea tm en t  to  give 
funct ional properties  to  the final p roduc t .  
Considerable s tudy  needs to  be devoted 
to  drying the product .  A lthough lower 
volatile levels have been achieved in some 
samples the usual level (ap prox im a te ly  
10%) is n o t  low enough. Preliminary 
experim ents  indicate tha t  hum idif ica t ion  
and redrying, as has been used to  reduce 
solvent residues in isopropanol-extrac ted  
FPC (F inch ,  1970), may possibly allow 
replacem ent o f  organic solvent with 
water. F u r th e r  drying o f  TAMU-FPC may 
be com plica ted  by the probable  availabil
ity o f  polar residues which can form 
hydrogen bonds with w ater  (T anford ,
1962). A comprehensive s tudy  o f  solvent 
and b y -p roduc t recovery is required  to 
de term ine: (1 )  o p t im u m  solvent ratios;
(2) am o u n t  o f  solvents lost per u n it  of 
FPC p roduced ; (3) removal o f  undesirable 
odors from  solvents during recovery; (4) 
if su bs ti tu tion  o f  isopropanol fo r  e thano l  
is possible; and (5) w he th e r  hexane would 
be used during the entire process or initial 
stages.

Mattil (1971) ,  discussing the fu n c t io n 
ality o f  proteins, has emphasized tha t  a 
protein  should  be soluble u nder  the con
ditions o f  pH, ionic s trength , e tc.,  at 
which the protein  will be used. At first 
glance this s tudy  appears to  con trad ic t  
these conclusions. TAMU-FPC, a lthough 
no t soluble, emulsifies oils. However, it

should be po in ted  o u t  th a t  the gel-nature 
o f  the rehydra ted  prote in  indicates tha t  
its state may be very similar to  th a t  o f  a 
protein  in solution. The anom alous  be
havior o f  TAMU-FPC in n o t  increasing oil 
up take  as the  protein  level increased is 
more difficult to  explain. Perhaps, lg  of 
FPC per 100 ml o f  w ater represents the 
o p t im u m  co ncen tra t ion  for this protein. 
The emulsions at this co ncen tra t ion  were 
quite  thick.
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TEXTURE MEASUREMENT OF IN D IV ID U A L COOKED DRY BEANS
BY THE PUNCTURE TEST

INTRODUCTION
THE M A JO RITY  of  objective te x tu re 
measuring devices and m eth o d s  are de
signed to  obta in  some average measure
ment of the textura l p roper ty  o f  the 
food. In the case o f  foods tha t  occur in 
small size units, a large n u m b e r  o f  units 
are usually used in a single test in o rder  to  
obtain this averaging effect. An example 
is the well-known T en d e ro m e te r  tha t  is 
widely used for grading the textura l 
quality  o f  fresh, green peas. The advan
tages o f  this type  o f  test are tha t  it is 
much quicker to  perform  one test,  for 
example, on 200  peas at one tim e than 
200 tests on 200  peas and also tha t  there 
is less calculation required to  analyze the 
results. As a recent exam ple, Voisey and 
Larmond (1 9 7 1 )  s tudied  the tex tu re  of 
canned baked beans using the T en d er
ometer,  Shear Press and several extrusion 
cells. There are times, however, when it 
becomes desirable to  measure the tex tu re  
of each individual piece o f  food in o rder 
to determ ine  how  widely single units vary

from the average value. When o u ts tan d 
ingly hard units  are present, an ins tru 
ment such as the  T en d ero m ete r  fails to  
detec t them , bu t  their  presence can be 
painfully evident when chewed.

The p unc tu re  test is a simple test tha t  
can be perform ed quickly, and it is a 
good index o f  tex tu ra l  quali ty  for a 
n u m b er  o f  com m odit ies .  Bourne (1966) ,  
reviewed p unc tu re  testing techniques and 
their application  in measuring tex tu re  of 
m any different foods. In studies on the 
cookability  o f  dry p in to ,  lima, and  white 
beans, Morris (1 9 6 3 )  and Burr et al.
(1 9 6 8 )  m o u n ted  100 metal punches 
1/16-in. diam, each weighing 90g, over 
100 dry beans th a t  were held in small 
metal cups. The appara tus  was immersed 
in boiling w ater in o rder to  cook  the 
beans. When the  beans reached a certain 
degree of softness , the punch  pene tra ted  
the beans. The n u m b er  o f  beans tha t  had 
been p u nc tu red  was recorded at regular 
intervals. A graph o f  the percentage of 
cooked  beans (i.e., soft enough to  be 
punc tu red  u nder  a s tandard  force o f  90g)

vs. the cooking tim e was sigmoid in 
shape. The time required  for  50% of  the 
beans to  be p unc tu red  was taken  as the 
cooking time. This appara tus was used to  
s tudy  the effect o f  various storage condi
tions on the rate o f  cooking o f  dry beans 
(Morris, 1964) bu t  n o  a t t e m p t  was made 
to  evaluate the  tex tu re  o f  th a t  small 
p ro p o r t io n  o f  beans tha t  cooked  slowly.

The Pabst T ex tu re  Tester (R .E . Pabst 
Co., 5115 Westheimer, H ouston ,  TX 
7 7 0 2 7 )  is specifically designed for  repe t i
tive m easurem ents  on a large n u m b er  o f  
“ bite-size” units  o f  food. In this machine 
a set o f  small shearing blades or a circular 
punch  is caused to  shear or punc tu re  a 
small u n it  o f  food  and  the force required 
to  punc tu re  each un it  is recorded on a 
small strip-chart recorder. The machine is 
designed for autom atica lly  feeding units  
th a t  are approx im ate ly  spherical in shape, 
such as peas and peanuts . It can be 
supplied w ith  an au tom atic  digital read 
ou t  which coun ts  the n u m b er  o f  units  in 
each o f  five force ranges. P roc to r  et al.
(1956)  measured the m ax im um  force to

Fig. 1 —Photograph o f  co o ke d  bean se t in a lum i
num b lock in readiness for p un cture  test. Spare 
aluminum b lock a t side show s countersink hole  
that centers the bean.

F ig . 2 —P h o to g ra p h  o f  p o r t io n  o f  In s tro n  c h a r t  s h o w in g  fo rc e  p e a k s  fro m  p u n c tu re  tests o n  s ing le  

beans. T h e  m as k  focuses a t te n t io n  o n  a  5 0 -g  ran g e  o f  fo rc e . N o te  th e  c h e c k  m a rk s  o n  th e  fo rc e  

p e a k s  in s id e  o f  m a s k e d  area . F u l l  scale  lo a d  =  1,0 0 0 g .

V olu m e 3 7  (1 9 7 2 1 -J O U R N A L  O F FOOD S C IE N C E - 751
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crush single peas in the M.I.T. Denture 
T en d ero m ete r  and found  tha t  ap p ro x i
mately 1 h r  was required to  test 72 peas.

The Instron Universal Testing Machine 
has been adap ted  for  use in measuring 
various tex tura l  aspects o f  foods (Bourne 
et al. 1966). This paper describes how  it 
was used for simple, rapid rou t ine  punc
ture m easurem ents on cooked  dry beans. 
The procedure is n o t  as au tom atic  as the 
Pabst machine, because it requires the 
full-time a tten t io n  o f  one opera tor.  On 
the o th e r  hand , the 10-in. wide chart of 
the Instron enables data to  be recorded 
more accurately than the 2-in. wide Pabst 
chart.

EXPERIMENTAL
A CIRCULAR, flat faced steel punch 1 /8  in. 
diam is attached to the inverted load cell of the 
Instron. Centered directly beneath it is a small 
aluminum block that has a 7/32 in. diam hole 
drilled through it. A countersink on the upper 
side helps to center a cooked bean and hold it 
in place (see Fig. 1). The B load cell set to 
lOOOg full scale load is used. Crosshead speed is 
30 cm/min and chart speed is 5 cm/min. In this 
test the only parameter needed is peak force. 
Running the chart at a slower speed than the 
crosshead speed reduces the quantity of chart

paper used and enables the data to be picked 
off more quickly because the peak heights are 
closer together. The extension cycle controls on 
the Instron are adjusted until the punch moves 
between a lower point just below the counter
sink and an upper point about 1 - 2  cm above 
the upper surface of the aluminum block. The 
lower point is set by manually operating the 
Instron until the punch face is in the desired 
lower position and adjusting the lower exten
sion cycling control to zero. The desired upper 
position is then manually set and the upper 
extension cycling control is adjusted to zero. 
The machine is then switched to EXTENSION 
CYCLE. When the Instron is started the punch 
automatically moves in a reciprocating stroke 
between the two pre-set distance limits and the 
operator is not required to touch any of the 
controls until he wishes to stop the machine.

When the machine is running, the operator 
simply places one bean in the countersink hole. 
When it has been punched, he removes this 
bean and replaces it with another bean before 
the punch descends again. A small brush or a 
piece of wire with a small hook in the end often 
facilitates removal of the punctured bean. Once 
the machine has been set up, one operator can 
puncture 1 0  beans per minute. If the operator 
finds he has insufficient time to remove the 
punctured bean and position the next bean in 
place before the punch descends again he has 
three ways in which to give himself more time: 
(a) lengthen the stroke by adjusting the upper

distance setting on the Instron cycle control;
(b) run the crosshead at a slower speed; or
(c) puncture a bean on every second stroke.

Pea beans, marrow beans and soybeans were
size-graded on a set of bean sieves in manner 
described previously (Bourne, 1967) and one 
sieve size only was used for each test. The beans 
were soaked overnight in tap water at ambient 
temperature, then cooked in live steam for 30 
min at 250°F in a pressure retort. When cool, 
500 intact beans from each sample were punc
tured by the technique described above.

In the study on the rate of softening of pea 
beans, size-graded beans were soaked overnight, 
then cooked for various times by immersion in 
boiling water, followed by immediate cooling in 
cold water. 1 2 0  intact beans from each cooking 
time were punctured.

RESULTS & DISCUSSION
F IG U R E  2 is a pho to g rap h  o f  a portion 
of the  chart o b ta ined  in one o f  these 
tests. The usual m e th o d  to  obtain the 
required data  from the chart  is to  read off 
the peak heights from each curve in units 
o f  force. However, since the purpose of 
this type  o f  experimentáis usually to find 
the n u m b er  o f  peaks in each force range, 
there is a more rapid way o f  extracting 
the data  from  the chart with  very little 
loss in accuracy. The force scale of 100 
units is divided in to  20 sections, each 5 
force units  wide. (The n u m b er  of divi
sions can be more or less if desired but we 
find 20 sections gives suffic ient accuracy 
and high read-off speed.)  T w o long rulers 
are laid along the chart to  expose only 
the first section o f  5 force units. The 
n u m b er  o f  peaks in this section is count
ed o ff  w ith o u t  recording the actual force 
of each curve. The tw o rulers are then 
moved up to  expose only the second 
section o f  5 force units  and  the number 
of peaks in this section is coun ted .  This 
process is repeated  unti l the entire force 
range has been covered. A small check
mark is made near each peak as it is 
coun ted .  This prevents coun ting  a peak 
twice and also helps to  locate any peaks 
tha t have been missed. The technique is 
simple, and it allows the data from  many 
beans to  be read off  quickly.

Figure 3 shows the n u m b er  of beans in 
each punc tu re  force range. Every peak in 
excess o f  l ,0 0 0 g  has been show n as 
lOOOg on this graph. The n u m b er  of pea 
beans and m arrow  beans reaches a maxi
mum betw een 300  and 400g  force, while 
the n u m b er  o f  soybeans peak between 
200 and  250g force. The curve for soy
beans approx im ates  the shape o f  a normal 
d is tr ibution  curve. The pea beans and 
marrow beans also app ro x im a te  a normal 
d is tr ibution  curve, excep t tha t  there is a 
small long tailing off  o f  a small num ber of 
beans in to  the higher force range. The 
presence o f  this small p ro p o r t io n  of 
harder beans would no t  be detec ted  in 
any test such as the T end ero m ete r ,  Shear 
Press, or extrusion  cells which measures 
the average tex tura l  quali ty  o f  a large

T a b le  1 - P u n c tu r e  te s t o n  in d iv id u a l c o o k e d  p ea  beans

Puncture force Ratio:
Cook time Highest Lowest Mean highest-lowest

(min) (g) (g) (g) mean
30 1525 280 523 2.38
60 503 6 8 2 0 1 2.16
90 372 70 165 1.84

1 2 0 262 39 139 1.61
150 236 32 123 1 .6 6
180 301 52 129 1.94
240 2 0 0 35 96 1.71
300 207 30 89 1 .8 6

PUNCTURE FO RCE [ g r a m i )

Fig . 3 —N u m b e r  o f  beans in  each  p u n c tu re  fo rc e  ran ge  using 1 /8  in. 

d ia m  p u n c h :  5 0 g  fo rc e  ran ge  in c re m e n ts  fo r  p e a  beans a n d  m a r r o w  

beans;  2 5 g  fo rc e  ran g e  in c re m e n ts  fo r  soybeans.
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n um ber o f  beans in a single tes t;  however, 
these few hard beans are easily de tec ted  
in the m o u th  because only  2 o r  3 beans 
are chewed betw een the tee th  at any  one 
instant.

Table I shows the range o f  punc tu re  
force and the calculated mean punc tu re  
force for pea beans cooked  in boiling 
w ater for various times. The mean value is 
calculated as a weighted average from the 
n um ber o f  beans and m id-point force in 
each force range. The mean force values 
show the average softening o f  the beans 
as cooking time is prolonged. The force 
range shows th a t ,  on an absolute  basis, 
the difference in p unc tu re  force be tw een 
the firmest and softest beans narrows as 
cooking continues. A fter  30 min o f  co o k 
ing there is a difference of 1 2 4 Sg o f  force 
between the softest and firmest bean; 
after  60  min the span is reduced  to  435g 
force; and af ter  240 min it is 165g. 
However, on a p ropor t iona l  basis there is 
little narrowing o f  the range betw een the 
firmest and softest bean af ter  90 min o f  
cooking time. This is show n by the ratio

o f  range to  mean  force w hich is fairly con
s tan t a f te r  90  min cooking time (Table 1).

We have used the same basic procedure 
for rapid p unc tu re  testing o f  a n u m b er  of 
c o m m o d i t i e s  in c lu d in g  strawberries 
(O urecky  et al., 1968), raspberries, 
grapes, green peas, roasted  dry soybeans, 
cherries, peanuts  and sliced vegetables. 
Foods tha t  have a larger d iam eter  than 
pea beans require a longer stroke length 
which results in a testing rate lower than 
ten units  per minute .  When nonspherical 
p roduc ts  are tested (e.g., sliced beets and 
carrots)  it is preferable to  use a flat plate 
w ith o u t  a coun te rs ink  to  suppor t  the unit 
o f  food. This technique is very useful in 
any studies in which the piece-to-piece 
variation o f  tex tu re  in a food is w anted  
w ith o u t  expend ing  an excessive am o u n t  
o f  time to  ob ta in  the data.
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RATE LIM ITING MECHANISMS IN CAUSTIC POTATO PEELING

INTRODUCTION
CAUSTIC PEELING of  fruits and vegetables has been e m 
ployed in commercial food processing for many years. 
However, like many industrial processes, relatively little is 
know n concerning the fundam enta l  mechanisms which govern 
the rate at which peeling takes place. While it is always better  
to be aware of fundam entals ,  it is no t always necessary in 
order to  develop a commercially feasible process. Such is the 
case with caustic peeling operations.

Added incentive for fundam enta l  research in to  this area has 
been recently provided by the necessity o f  solving water 
pollution problems (Mercer et al., 1971). This has been a 
particularly vexing problem for the p o ta to  processing industry 
in Idaho where a significantly large portion  o f  the pollution 
load can be a t t r ibu ted  directly to  the peeling operation . 
Forced to  reevaluate the caustic peeling process, G raham et al.
(1969) reported  on the developm ent of the so-called “ dry 
peel” process which has resulted in significant reductions in 
the pollution load. Nevertheless there still does not seem to  be 
any insight in to  the mechanisms which govern the peeling 
rates. Thus this work was initiated with two end goals in 
mind: (1) to  determine the rate limiting mechanisms in 
caustic p o ta to  peeling; and (2) to  dem ons tra te  the feasibility 
of utilizing standard  m athematical modeling techniques to 
commercial food processing operations. It was hoped that the 
achievement o f  the first goal might suggest changes in the 
“ w e t” peeling process which would be of value to those 
processors who cannot presently afford to  install the dry peel 
process.

As might be expected ,  most of the research connected  with 
caustic p o ta to  peeling was conducted  prior to  1960 and is 
summarized by Talburt and Smith (1962).  Basically the wet 
process consists in immersing the po ta toes in a hot 
( 1 8 0 - 2 2 0 ° F )  concentra ted  ( 1 5 - 2 5  wt %) solution o f  sodium 
hydroxide (NaOH). The peel is apparently  loosened as a result 
of starch gelatinization with the dep th  o f  the loosened peel 
determined by the residence time o f  the pota toes within the 
caustic bath. Typical residence times range from 3 - 8  min 
(Harrington et al., 1956). Early workers such as Olsen (1941) 
and Lankier and Morgan (19 4 4 )  claimed that  wetting agents 
improved the peeling rate bu t to  our knowledge they are not 
used in any commercial process. Most o f  the research results 
are reported  in the form o f  “ peel loss” as a function  of caustic 
concentra tion , tem pera ture  and time. Peel loss is o f  course the 
most im portan t variable for a processor but its subjective 
nature is less than desirable from a research point o f  view 
since it does not provide in form ation  on the mechanisms 
involved.

The success o f  the dry peel process does provide some clues 
to the rate governing mechanisms however. In this process the 
po tatoes are dipped in a less concentra ted  solution for a short 
time, held at room  tem pera ture  for 3 - 5  min and then heated 
with infrared radiation for 2 - 3  min at 1600°F. The result is 
that the peeling is confined to  the ou te r  regions o f  the po ta to ,  
resulting in less peel loss and in a peel which is much easier to 
remove mechanically. The sensitivity of the process to 
tem perature  suggests a rate due to  chemical reaction while the 
necessity for “ holding” the p o ta to  for 3 — 5 min prior to 
heating suggests a penetra tion , or mass transfer, problem. The

developm ent o f  the equations  o f  the next section are based on 
a model which considers s im ultaneous mass transfer and 
chemical reaction. The model is then tested by experim ents  to 
determine which rate process is governing.
Analysis

We restrict ou r  analysis to  a single p o ta to  immersed in a 
caustic solution at constan t tem pera tu re .  Since typical peel 
times are usually less than 8 min only the ou te r  region of the 
p o ta to  is affected  and the geometry  can be taken , to  a first 
ap prox im ation ,  as a slab. We shall also assume that the process 
can be described by a shrinking core model (Denbigh and 
Turner,  1971) as show n in Figure I. In this model the 
chemical reaction is assumed to  take place o n l y  at the ou te r  
edge o f  an unreacted  core and the rate is de term ined  by the 
rate o f  the reaction itself an d /o r  the rate at which caustic can 
be delivered to  the unreacted  core by diffusional mechanisms. 
At this point we should point o u t  that we are assuming that 
gelatinization is a chemical reaction between the caustic 
(hydroxyl ion) and the starch. The correct mechanism of  the 
gelatinization is probably  a com bina tion  of physicochemical 
phenom ena (Whistler and Paschall, 1965) bu t such micro
scopic details are no t necessary for ou r  analysis.

It is well know n that the hydroxy l ion prom otes  gelatiniza
tion (Whistler and Paschall, 1965) and thus we would expect 
caustic to  be consum ed as the process continues. While this is 
no d o u b t  true, experim ents  co nduc ted  by McFarland (1971)  
failed to show  a measureable change in caustic concentra tion  
even under  the most severe conditions. As a result, experi
mental d e te rm ina tion  o f  peeling rates could not be based on 
changes in caustic co ncen tra t ion  since it was imperceptible. 
However, it is also well know n that during caustic p o ta to  
peeling the so lu tion  (and  the po ta to )  turns a yellow color. 
Although Talburt  and Smith (1 9 6 2 )  claim that this is probably  
due to  the reaction between the caustic  and flavinoids, we are 
of the op inion tha t  it is actually due to  a reaction  betw een the 
caustic and chlorogenic acid. We base this conclusion on the 
fact tha t  when caustic and pure chlorogenic acid are brought

I

reacted layer

C0

concantration
gradient

potato
surface

Fig. 1 —S k e tc h  o f  s h r in k in g  c o re  m o d e l.
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together in the same approx im ate  concen tra tions  as exist in 
the peeling process,  the so lu tion  acquires a yellow color. In 
addition, it is know n that chlorogenic acid is more heavily 
co ncen tra ted  in the ou te r  skin (Talburt and Smith , 1962) 
which is consistent with our ow n experim ents  which will be 
discussed later in the paper.

In view o f  this discussion the pert inen t reactions can be 
writ ten  in simplistic form as

[CAUSTIC) + [STARCH

C

[CAUSTIC] +

C +

[PRO DU CTS]
(G E L A T IN IZ A T IO N )

+ a St -» bP (1)

[ c h l o r o g e n i c "] 
[  ACID J [SALT!

| (yellow) [ h 2 o ]
m A -»• n Y + . . (2)

Since we were unable to  m o n i to r  co ncen tra t ion  changes in 
reaction ( I ) ,  we based o u r  experim enta l  work on reaction  (2) 
where the progress o f  the yellow p roduc t  could be followed by 
colorimetry. We assume that the rate o f  reaction  (2) is first 
order with respect to  caustic  and tha t  it is given by

r = k ” C™ Cc (3)

where k ” is a reaction rate constan t based on surface area 
( Bird et al., 1960).

With the kinetics in mind we are now  in a position to 
analyze the rate processes in the co n tex t  o f  the shrinking core 
model. As is typical in shrinking core analyses we shall assume 
quasi-steady state condit ions  which merely states tha t  there is 
no accum ulation  o f  mass in the reacted layer o f  Figure 1. A 
differential mass balance on the caustic gives,

3£c
d x

) = 0 (4)

Nc
Co

(R  -  s) _____I___
D k "  C £

(7)

For experim enta l  purposes we are in terested  in the concen tra 
tion o f  the yellow p roduc t o f  reaction  (2) in the bath  
surrounding the po ta to .  F rom  the assumed s to ich iom etry  the 
flux o f  the yellow p ro d u c t  leaving the p o ta to  is

N y = - n  Nc (8)

and the time rate o f  change o f  the co ncen tra t ion  o f  the 
p roduct in the b a th  is given by

dC8
v ^ T = n Y A (9)

with V the volume o f  the bath ,  and A the surface area o f  the 
po ta to .  Substitu ting  (7) and (8) in to  (9) and integrating

p B  _ . n C0 k "  C f  A dt
1 -  P(S -  R)

(10)

In eq u a t io n  (10) s is a funct ion  o f  time and j3 = k ” C ^ /D .
T o com plete  the integration o f  (10 )  we must have an 

expression for s as a funct ion  o f  time. Assuming tha t  the 
chlorogenic acid is evenly dis tr ibuted  th ro u g h o u t  the ou te r  
port ion  o f  the p o ta to ,  a mass balance gives

CA
ds
dt

m C0 k "  C g  

1 -  0(s -  R)
(11)

which, up o n  integration, yields

where D is an effective diffusivity o f  the reacted  po ta to .  The 
boundary  condit ions applying to  (4) are the chemical reaction 
rate at x = s and constan t caustic co ncen tra t ion  at x = R. That 
is

9C
at x = s : D —----  = k "  C T  C (5)ax A l

1 — |8(s — R) = ( 1 + a t ) 1/2 ( 1 2 )

w h e r e  a  =  m ( k " ) 2 C ^ m ‘ 1 C Q/D .

Subst i tu ting  ( 1 2 )  in to  ( 1 0 )  and completing  the integration 
we arrive at an expression for the concen tra tion  o f  the yellow 
salt p roduc t in the ba th  as a funct ion  o f  time.

at x = R : Cc = C0 (6)

The solu tion  for the flux o f  caustic th rough the reacted layer 
can be ob ta ined  from equations  ( 4 ) —(6) as

2 n C k" C ?  A _
Cv = —————------à -  A  [(1 + a t ) K _ !]a (13)

Equivalent reaction and mass transfer rates. The result in 
equa tion  (13) was arrived at by giving equal weight to 
chemical reaction and mass transfer rates. Thus if CY V/A CQ 
were p lo t ted  versus (1 + a t ) 1/2 the result should be a straight 
line o f  slope 2 n k "  C ^ / a  if b o th  rate processes were equally 
im portan t.  However since we have no  way o f  p redeterm ining 
a , this is n o t  possible. Instead, if (13 )  is d ifferent ia ted  with 
respect to  time and evaluated at time zero we obtain

V
AC0

= n k ” (14)

Thus the initial slope should be a constan t at a given 
tem pera ture  and would probably  be expec ted  to  vary ex p o 
nentially with tem pera tu re  since it is p ropor tiona l to  the 
reaction rate constan t (Denbigh and Turner,  1972).

Mass transfer lim ited. If we assume tha t the  reaction rate is 
much larger than the mass transfer (diffusion) rate, then  in the 
limit k" -*  °° and the concen tra tion  o f  caustic  at the reaction 
site, s, would be zero. Return ing  to  (13) we see tha t  a  is 
p roportional to  k " 2 , or

ot =  0( k " ) 2F ig . 2 —S c h e m a tic  o f  e x p e r im e n ta l a p p a ra tu s . (15)
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and (13) can be rewritten
2 n C -

[(Ti75 + 0t )* (16)

As k" -*■  °° then, equation ( 16) reduces to
VC
AC

BY
oVi

4 n2 DC,
m t'/2 (17)

Consequently if the process is mass transfer limited, a plot of the left hand side of (17) versus t'A should yield a straight line. Note also that the slope of this line should only be w eakly  dependent on temperature (i.e., only to the extent that D depends on temperature).Reaction rate limited. If only the chemical reaction rate is important, then the shrinking core model is not necessary. In this case we can consider the reaction to take place on the outer surface of the potato and the time rate of change of C  ̂is given by
dCy

v 'd T  = (nk” c° ca ) a

Integration then yields
VCBT F - = nk"Cjnt (18)

Equation (18) predicts that, for a reaction rate limited process, a plot of VC^/AC0  versus time should yield a straight line of slope n k" CA .
EXPERIMENTAL

AS ALREADY MENTIONED, our preliminary experiments were directed to the determination of changes in the caustic concentration as a function of time (by titration). However it was found that there were only minute changes in caustic concentration (McFarland, 1971) and thus we were forced to look for some other result of the process which could be measured more readily. The approach we finally chose was to monitor the color change of the bath as a function of time. Since the yellow product is probably not a direct product of the gelatinization process [see equations ( 1 ) and (2 )], we are implicitly assuming that reaction (2 ) will have the same tim e  
varying characteristics as reaction ( 1 ).The experimental equipment is shown schematically in Figure 2. The reactors were pyrex glass and dimensioned to minimize the volume of caustic required to totally immerse the potato. The reactor was maintained at constant temperature by a fluidized sand bed heater and the caustic was continually circulated through the reactor by a peristaltic pump. A tee connection in the pump line provided a continual flow of fresh solution to the spectrophotometer flow cell. The cell volume was approximately 1 0  cc and the estimated lag time of the colorimeter measurements was 5 sec. Colorimeter measurements were made by a Beckman Spectronic 20 at a wavelength of 350/a and recorded as a continuous function of time on an Azar recorder. Assuming a Beer’s Law dependency (Marron and Prutton, 1958) of light transmission on concentration, the concentration of ‘Y’ in the bath can be calculated from

CB = —K ln(l/I0) (19)
where K is the absorbancy index multiplied by the path length

(a constant for a given temperature, species and path length).The potatoes used in the experiments were Idaho Russetts supplied by the Aberdeen Experimental Station. A wide variety of sizes and shapes were studied with post harvest times ranging from 1 — 6  months. Prior to peeling they were stored at 45°F. Although NaOH is used commercially, all our experiments were conducted with reagent grade potassium hydroxide (KOH). KOH was chosen in order to complement another project being conducted in the Food Science Dept, at the University of Idaho (Shen, 1972). A few of the experimental runs were duplicated using NaOH and it was concluded that the results were essentially equivalent to those obtained with KOH. This is also consistent with Shen’s (1972) conclusions.Experimental conditions ranged in temperature from 105-170°F and in caustic concentrations (by weight) from5—25%. Measurements included the volume of caustic employed, the surface area of the potato and the weight of the potato before and after immersion. Surface areas were determined by a method developed by McFarland (1971).

RESULTS
IN VIEW OF the analytical and experimental approaches described above it is immediately apparent that a quantitative verification of equations (14), (17) or (18) would be near impossible. Considering equation (18) for example with Cy given by equation (1 9), we do not have values for n, k”, CA, m or K. Moreover some of these parameters will vary from potato to potato. The same is true of the parameters in (14) and (17). Consequently our analyses were restricted to determining how C  ̂ varied with time. That is, to see if the appropriate straight lines developed when either mass transfer or reaction rate limitations was assumed. The slopes of the resulting lines would then be lumped parameters which included all of the unknown values.Figure 3 shows the results of assuming that the process is reaction rate limited. According to equation (18), the ordinate should vary linearly with time at a given temperature. As can be seen from the plot, a straight line does develop between times of 1 and 6  min. What is more, the slope of the line is steeper as temperature increases which would also be expected since reaction rate constants are strongly dependent upon temperature. At times greater than 6  min the caustic must penetrate deeper into the potato and diffusion becomes a problem, causing a departure from the linear lines of Figure 3.

tion.
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Fig. 4 -V e r if ic a t io n  o f  A rrh e n iu s ' Reaction  
R ate Law .

Of more in terest however is the  fact th a t  none  o f  the straight 
lines go th rough  the origin, indicating tha t  som eth ing  o th e r  
than the chemical reaction is affecting the  rate. Since during 
the first m inute  or tw o the caustic is primarily in co n tac t  with 
the ou te r  skin, o f  the p o ta to ,  we can conclude tha t  the 
composit ion o f  the o u te r  skin presents a very d ifferent 
environment to  the  caustic than  does the p o ta to  benea th  the 
skin. This could possibly explain the previously repor ted  
success o f  Olsen (1 9 4 1 )  and Lankier and Morgan (1 9 4 4 )  in 
utilizing w etting  agents to  increase peeling rates.

Since it appears tha t  the process is reac tion  rate contro lled  
over the  m ajor port ion  o f  the processing time, the data  were 
also tested  to  de term ine  the dependence o f  the reaction  rate

Fig. 5 —Test o f  sh rin kin g  c o re —d iffu s io n  c o n tro lle d  assum ption I T  =  
150° F).

constan t on tem perature .  According to  A rrhen ius’ Law 
(Denbigh and T urner ,  1971) the rate cons tan t  should  vary 
exponentia lly  w ith  tem pera tu re  according to

k "  = k Q exp -  [E * /R T ]  (20)

Referring to  equations  (18) and (19) ,  the slopes o f  the straight 
lines in Figure 3 should  equal n k ” C™/K. Thus a plot o f  the 
slopes o f  Figure 3 versus 1/T on semi-log paper should  yield a 
straight line o f  slope —E */R . Figure 4 shows the results of 
such an analysis and as can be seen an excellent straight line is 
ob ta ined  corresponding  to  an energy o f  activation, E*, equal 
to  34.6 Kcal/g mole.

The results o f  assuming the opposite  ex trem e, mass transfer 
rate limited, are show n in Figures 5 and 6. All th e  data  p lo t ted  
in Figure 5 correspond  to  a tem pera tu re  o f  approxim ate ly  
150°F and reflect experim ents  co nduc ted  on po ta toes from 
tw o different crops. According to  equa tion  (17) a straight line 
should develop when the  ordinate  is p lo t ted  versus t'^2 if the 
process is mass transfer rate limited. Over the first 3 or 4 min 
this is certainly the case a lthough the slopes are quite different 
for the tw o crops. F rom  equa tion  (17)  the pert inen t p aram 
eters which might be expec ted  to  vary from  crop to  crop are 
the concen tra tion  o f  chlorogenic acid and the diffusivity (the 
la tter  because it is an “ effective” value which depends on the 
com pos it ion  and porosity  o f  the ou te r  po ta to ) .  However the 
results o f  Figure 5 would require the p ro d u c t  o f  these two 
param eters  to  differ by a fac to r  of ten betw een the tw o crops. 
Since litt le  quanti ta t ive  in fo rm ation  is know n concerning the 
concen tra tion  o f  chlorogenic acid in po ta toes ,  it is difficult to  
judge w he th e r  this might explain the discrepancy. It should  
also be kep t in m ind tha t  the co ncen tra t ion  o f  acid in the 
p o ta to  is n o t  un iform  as we have assumed in the m odel and 
perhaps a d ifferent d is tr ibution  within the p o ta to  also con
tr ibutes to  the problem.

One additional characteristic  which should separate mass 
transfer problems from  chemical reaction  problem s is their 
dependence on tem perature .  As we have already seen the 
tem pera tu re  dependence o f  chemical reaction  rates is ex p o n en 
tial whereas it is only a weak influence on mass transfer rates. 
Figure 6 provides a d ram atic  illustration o f  these effects. All 
the data, corresponding to  tem peratures  betw een 1 28—167°F, 
fall on the  same straight line for the first 3 min o f  the  process, 
indicating mass transfer limitations. A fter 3 min, however, the 
run w ith  the highest tem pera tu re  shows a rapidly increasing

Fig. 6 —E ffe c t o f  tem perature  on the shrinking  c o re —diffu s ion  co n 
tro lled  assum ption.
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Fig. 7 —E ffe c t o f  tem perature  on the shrinking co re—diffusion  con
tro lled  assum ption Ipre-peeled potatoes).

slope indicating a large rate o f  p roduct ion  of the product ,  Y. 
This is clearly representative o f  a chemical reaction rate.

At this point the results all tend to  point to  the same 
conclusion. The process is mass transfer limited over the first 
few minutes o f  con tac t  with the caustic and subsequently  
becomes reaction rate controlled. Since the caustic  is primarily 
in contac t with the ou te r  skin during this initial time period 
we decided to  subject “ prepeeled” potatoes to this same 
analysis. The experim ents  were run in the same m anner as 
those described above except tha t prior to  immersion, the 
ou te r  skin was carefully scraped off. The results of these 
experiments are shown in Figures 7 and 8. The data  are 
p lo t ted  according to  the shrinking core mass transfer model in 
Figure 7 but there is no one straight line which would 
correlate the data over the first 2 or 3 minutes. However, when 
chemical reaction rate limitations are assumed, as in Figure 8, 
the data plot on almost perfect straight lines. Not only are the 
slopes dependent on tem pera ture  but they all come very close 
to going through the origin. Contrasting these results with 
Figure 3 where the slopes did no t go through the origin, we 
can conclude that mass tranfer limitations are e liminated by 
prepeeling the pota to .

DISCUSSION
IT IS WORTHWHILE at this point to  consider the implica
tions of these results and to  reconsider the various assumptions 
and limitations tha t were built in to  the analysis. Dealing with 
the latter first, the key to  our approach is the assumption that 
the reaction between caustic and chlorogenic acid is in some 
way representative of the gelatinization which loosens the 
po ta to  peel. There is no way to  prove this a  p r io r i  and we 
know of  no work where the subject has been considered. This 
is not surprising when one realizes tha t  there are still a num ber 
of controversies concerned with the chemical and physical 
nature o f  starch granules. Whether chlorogenic acid is an active 
part o f  chemically induced gelatinization or merely a co m 
peti tor in the various caustic reactions, cannot be answered at 
this time. Assuming the worse, it is still an excellent indicator 
of the ability of the caustic to penetrate  the po ta to .  This alone 
validates our approach and is probably very representative of 
the mass transfer problem if not qualitatively representative of 
the chemical reactions.

An additional question which always arises when dealing 
with a biological system is the repeatability  o f  the data. A

Fig. 8 - E f f e c t  o f  tem p era ture  on the reaction  
rate co n tro lle d  assum ption (pre-peeled p o ta 
toes).

good exam ple  of this is the variations no ted  between the two 
crops in connec t ion  with the plots in Figure 5. Our approach 
circumvents many o f  these problems by com bining as many 
variables as possible and looking at qualitative c h a n g e s  with 
time (i.e., linear or nonlinear) . Variations from po ta to  to 
po ta to  within the same crop were accoun ted  for by careful 
measurem ents of surface a r e a - th e  most sensitive potato 
variable in our analysis. Many experim ents  were run for 
repeatability  checks and most data were within a 10% spread 
which is ab o u t  as good as can be expected .

The im plications o f  these results may have far reaching 
consequences. We are o f  the opinion tha t the success o f  the 
“ dry peel”  process can be explained by ou r  findings. Namely, 
caustic peeling is a mass transfer limited process until the outer 
peel has been penetra ted . At this point it becomes a chemical 
reaction rate controlled process. Thus, in the dry peel process 
the original “ d ip ” and holding time correspond to  the mass 
transfer process. Once the o u te r  skin is pene tra ted ,  the process 
becomes very sensitive to  tem pera tu re  and thus infrared 
heating is o f  great benefit at this stage o f  the process. Of 
additional significance is the fact tha t  the diffusion o f  the 
caustic in to  the po ta to  is fairly insensitive to  tem pera tu re  and 
thus one wonders about the advantage o f  heating  the caustic 
solution. One possibility is tha t  there is a wetting  problem 
which is aided by higher tem peratures .  If so, it might be 
advantageous to  use w etting  agents in com bina tion  with low 
tem perature  caustic  baths prior to  the infrared heating 
operation. These and o th e r  questions which have been raised 
by this work should be tested by some careful pilot plant 
projects to  determine w hether  additional savings can be 
garnered from the dry peel process or w hether  there is no t  a 
more economical way to  wet peel.

NOTATION
A surface area of potato cm2

concentration of chlorogenic acid, g mole/1 
Cc concentration of caustic, g mole/1
C„ concentration of caustic in bath, g mole/1
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c?
D

I/Io
K
k"
m
Nc
Ny
n
R
r
s
T
t
V
x
Q

0

concentration of yellow salt in bath, g mole/1  
effective diffusivity of caustic in potato, cm2/min 
fraction of light transmitted 
absorbancy index, 1/g mole - cm
surface reaction rate constant, (g - mole)'m/cm2 -  min
stoichiometric coefficient, equation (2 )
molar flux of caustic, g mole/cm2 - min
molar flux of yellow salt, g mole/cm2 -  min
stoichiometric coefficient, equation (2 )
outer radius of potato, cm
reaction rate, g mole/cm2 min
radius of unreacted core, cm
temperature, ° R
time, minutes
volume of caustic solution, cc 
spatial coordinate, Figure 1 
m k" 2 CA2m"‘ Cc/D, (g moles)2 /cm4 
k" C^/D, 1 /cm4
parameter defined by equation (15)
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SURVEY OF FOOD INGREDIENT—DDT REACTIONS 
UNDER THERMAL PROCESSING CONDITIONS

INTRODUCTION
THE PERSISTENCE of DDT [1,1,1-tri- chloro-2 , 2 -bis-(p-chlorophenyl)ethane] and its transformation products in the environment mean that much of the material applied for crop protection and the control of disease-transmitting insects still contaminates soil, air and water. Even with the restricted use of DDT and TDE [ l,l-dichloro-2,2-bis-(p-chlorophen- yl)ethane] (DDD) programmed for the future, all types of food and feed will contain measurable amounts of these compounds for many years to come. DDT was the first organic compound to be used on a large scale for insect control. In the twenty-seven years of its use, the total amount of DDT introduced into the environment has been estimated at 3.05 billion pounds (Woodwell et al., 1971).The subject of the effect of processing on pesticide residues in foods has been reviewed by Liska and Stadelman (1969). The loss of DDT during thermal processing of food was first demonstrated by Tressler (1947): He reported essentially complete recovery of DDT in water or pH buffer on heating at 100°C for 4 hr in sealed glass tubes; the same conditions in tin cans gave a 20% reduction in DDT levels. When DDT was heated with tomato juice at 100°C for 20 min in tin cans, the DDT content was reduced 69%. A 25 min heating of DDT with peaches, applesauce and green beans gave reductions of 49, 58 and 25%, respectively. The most definitive study of the effect of thermal processing on DDT residues in food was that reported by Farrow and co-workers(1966). These workers established that TDE (DDD) was the major transformation product from DDT during thermal processing of spinach. A study of the relation of the material of construction of cooking vessels to the changes in DDT during heating has been reported by DeLoach and Hemphill (1971).It is desirable to obtain more information in order to define which food components are responsible for the transformations of DDT to other compounds during thermal processing. This report describes the results of a preliminary investigation of the changes in aqueous solutions or suspensions of DDT during heating with vitamins, amino acids, peptides, casein, yeast nucleic acid and di- phosphopyridine nucleotide.

EXPERIMENTAL
THE DDT STANDARD used was prepared 
from a sample of carbon-14 ring-labeled materi
al purchased in 1963 ( 6  yr of storage in a 
crystalline state before use in the experiments 
summarized in this report). The purity of the 
radioactive DDT was found to be 95.3% p,p'- 
isomer by thin-layer chromatography. A mix
ture of 78.8 mg of the radioactive DDT (specif
ic activity 8.475 juc/mg) with 620.8 mg of pure 
p,p'-DDT was dissolved in acetone and made up 
to a volume of 100.0 ml. The calculated radio
activity from the label statement on the storage 
vial was 6.67 pc/ml of solution; the measured 
radioactivity of 50 qliter portions of the stand
ard solution was 6.46 p c /m \.

A 5-liter round bottom Pyrex flask, heated 
by a Glascol mantle, was used for the thermal 
reactions of this survey. The flask was partially 
filled with 2 liter of water or phosphate buffer 
and the food ingredient(s). Four porous stone 
boiling chips (Hengar granules) were used to 
promote smooth boiling. 2  ml of the acetone 
solution of radioactive DDT was added to the 
solution (or suspension) from a pipette in such 
a way that a finely divided suspension was 
formed. The weight of DDT added was 13.98 
mg which corresponded to a concentration of 
7.0 ppm. The suspension was heated in a uni
form way for each experiment by setting a volt
age regulator at I 15/140 volts. The vapor from 
the boiling suspension was passed through a 
Kjeldahl trap to keep particulate material out 
of the distillate. The distillate was cooled in a 
long water-cooled condenser and the conden
sate collected in a graduated cylinder. The heat
ing period was 2 .0  hr during which time 1 0 0 0  ± 
50 ml of distillate was collected. The trap and 
condenser were rinsed with petroleum ether 
and the distillate extracted with four 150 ml 
portions of petroleum ether. The combined 
rinsings and extracts were dried over anhydrous 
sodium sulfate and concentrated to a volume of 
1 0 - 2 0  ml by distillation through a fraction
ating column. Liquid scintillation counting of 
1-ml portions of the distillate from the final 
stages of the concentration demonstrated that 
no radioactivity had been carried over to the 
distillate. The pot residue liquid was cooled, the 
pH taken, and extracted with three 150 ml por
tions of chloroform. The chloroform extract 
was dried and concentrated in the same way as 
described for the petroleum ether extracts.

Separations of the components in the DDT 
standard and in the extracts of the distillate and 
pot liquid were made using thin-layer chroma- 
tographv. A slurry was prepared by mixing 60g 
of aluminum oxide G, type E (E. Merck AG) 
with 95 ml of distilled water and 3g of lead- 
manganese activated calcium silicate phosphor 
(Sylvania Electric Products, Inc., Towanda, 
Pa.). The mixture was shaken manually in a 250 
ml Erlenmeyer flask for 1.5 min. A Kensco 
applicator (Kensington Scientific Corp., Oak

land, Calif.) with a 2 5 0 m gate was used to apply 
the slurry to six 8  X 8  x 0.25 in. glass plates. 
After air drying for approximately 4 hr, the 
alumina was activated by heating 16 hr at 
130°C in an oven.

The following standards were applied in 
petroleum ether solution to the origin line of 
the thin-layer plates using glass capillary tubes:
1 ,1  -dichloro-2 , 2 -bis-(p-chlorophenyl)ethene 
(DDE) was synthesized from p,p’-DDT by the 
method of Grummett et al., 1945; the purity 
was found to be 99% by gas chromatography. 
1 -Ch loro-2 , 2 -bis-(p-chlorophenyl)ethene 
(DDDE) was synthesized from TDE under the 
same conditions used for the preparation of 
DDE and its purity was found to be 97% by gas 
chromatography. DDT was a ESA Pesticide 
Reference Standard purchased from City Chem
ical Corp., New York, N.Y., Code WB 22; no 
impurity could be detected in the DDT stand
ard by gas chromatography or thin-layer chro
matography. TDE was purchased from Aldrich 
Chemical Co., Milwaukee, Wis. (Catalog No. B 
3953-3); it was 99% pure by gas chromatog-
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Table t - R f  values fo r  separation o f  D D T
and re la ted  com pounds b y  
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th in -laye r chrom a-

Compound symbol Rf

DDE .77
DDDE .62
DDT .54
TDE .28
DCB .1 0
DDOH 0 .0 1
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raphy. p,p'- Dichlorobenzophenone (DCB) was 
synthesized from DDE by the method of Grum- 
mett et al., 1952, After crystallization from 
ethanol, the DCB melted at 145-146°C and 
was 98% pure by thin-layer chromatography.
1,1,1 -T richloro-2,2-bis-(p-chlorophenyl)ethanol 
(DDOH) was a purified sample (WSZ 25:38 C) 
supplied by Rohm and Haas, Philadelphia, Pa. 
and the material was 99% pure by gas chroma
tography. The amount of standard applied was 
5-25 pg depending on the intensity of quench
ing found for each standard compound. The 
concentrate of the extracts of the heated solu
tions (or suspensions) were applied with a 50 /al 
syringe in small increments so that the spot size 
did not exceed 5 mm in diameter. The plates 
were developed by immersing the bottom 0.5 
in. of the plate nearest the origin line in n- 
heptane contained in a covered rectangular glass 
jar. After air drying, the plates were examined 
under ultraviolet light of 253 nm wavelength. 
The pesticides appeared as blue spots on a pink 
background. All of the compounds used as 
standards, except DDOH, showed strong 
quenching. A schematic representation of a 
typical thin-layer plate separation is shown in 
Figure 1. The Rf values measured for the sepa
ration of the compounds used as standards in 
this survey are tabulated in Table 1.

The region of the plate where the radio
active standard or the extracts of heated mix
tures showed quenching were ruled off into 10 
sections. A division of the region was made 
according to the position of standard com
pounds on each developed plate. In general, the 
plate sections corresponded to known com
pounds as follows: 3, DDF; 4, DDDE; 5, DDT;

7, TDE; 9, DCB; and 10, DDOH. The alumina 
represented by each plate fraction was picked 
up and transferred to a 2 0  ml counting vial by a 
vacuum device. The adsorbent mixture was sus
pended in 10 ml of toluene and 1 0  ml of a 
solution of 7.5g of 2,5-diphenyloxazole (PPO) 
and 0.15g of 1,4-bis-2-(5-phenyloxazoyl) ben
zene (POPOP) in 1 liter of toluene was added. 
The samples were counted in a Packard Tri- 
Carb Liquid Scintillation Spectrometer Model 
3202 for 10 min. A channel ratio quench cor
rection curve was used to determine counting 
efficiencies and the DPM were calculated and 
recorded.

RESULTS & DISCUSSION
THE RESULTS of analysis of the relative percentages of radioactivity in five thin- layer plate fractions from chromatog

raphy of the standard solution are tabulated in Table 2.The precision for five sets of analyses of the radioactive DDT standard was good as shown by the data in Table 2. These results established a confidence level for the results of the analyses of extracts obtained from the single experiments of heating DDT with food com- ponent(s). The total radioactivity was not always accounted for in the regions corresponding to the five thin-layer chromatographic plate areas assigned to the DDT transformation products. Radioactivity found in other plate areas than those used for estimation of the five transformation products was due to traces of unidentified compounds. The composition of the

Table 2 -C o m p o s it io n  o f  s tandard  D D T  so lu tion  a t  tw o  stages in p ro je c t p e rio d

Percent of radioactivity in region of

analysis applied DDT DDE TDE DCB DDOH

Start of project 143,476 94.7 1.28 0.33 0.85 1.64
Start of project 81,124 95.5 1.28 0.36 1.13 1.50
Start of project 143,892 95.7 1 .2 2 0.31 1.08 1.47
Finish of project 14,611 93.0 1.49 0.90 1 .2 1 1.95
Finish of project 14,018 93.3 1.63 1 .0 0 0.96 2.04
Average 94.4 1.38 0.58 1.05 1.72
Std Dev 0.62 0.086 0.18 0.071 0.14

Table 3 —Therm al reactions o f  D D T  a t various p H  values fo r  2  h r  a t  1 0 0 °C

pH Percentage of radioactivity in region of

ingredient Start Finish Concentration Extract DDE DDDE DDT TDE DCB DDOH

None 3.30 3.03 0 .1 0  molar phosphate Pet. ether 1 .8 0 .0 95.0 .62 1 .6 .74
None 3.30 3.03 0 .1 0  molar phosphate CHC13 0.52 0 .0 92.6 0.97 0.49 4.9
None 6 .8 6 6.91 0 .1 0  molar phosphate Pet. ether 2 .0 0 .0 94.7 0.63 1 .2 0.89
None 6 .8 6 6.91 0 .1 0  molar phosphate CHC13 1.3 0 .0 89.4 1 .8 1 .0 4.1
None 8 .0 0 8 .1 0 0 .1 0  molar phosphate Pet. ether 4.9 1.3 89.1 .35 2 .6 0.70
None 8 .0 0 8 .1 0 0 .1 0  molar phosphate CHC13 3.1 0.90 93.2 0 .6 6 0.40 0.77
None 8 .0 0 8 .1 0 0 .1 0  molar phosphate Pet. ether 4.8 1.3 89.3 0.35 2.5 0.60
None 7.02 7.52 Distilled H20 Pet. ether 2 .2 0 .0 93.4 1 .8 1 .2 1 .0

Table 4 —Therm al reactions o f  D D T  w ith  various fo o d  constituents fo r  2  h r  a t  1 0 0 °C

_ pH „  . Percentage of radioactivity in region of
Food r __________ Concentration — ---------------

ingredient Start Finish ppm Extract DDE DDDE DDT TDE DCB DDOH

Yeast nucleic 7.10 7.12 50 Pet. ether 2 .0 1 .2 91.0 3.2 1 .2 0.3
acid

Yeast nucleic 50 CHC13 1.5 1.3 90.8 2.3 0 .0 2 .6
acid

Diphospho- 7.10 7.15 125 Pet. ether 2.9 2 .0 89.9 0.95 2 .6 1 .2
pyridine
nucleotide

Diphospho- 125 CHCI, 1.1 1.3 91.4 1 .6 1 .0 2.3
pyridine
nucleotide

Casein 6.85 6 .8 8 2500 Pet. ether 2 .0 0 .0 91.0 3.4 1 .6 0.83
(suspension)
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radioactive DDT standard solution changed with time during the 1 0  wk active experimental part of the survey. Presumably, this change was due to the effect of light, beta emission from the carbon-14 labeled compounds and wall catalysis during storage of the acetone solution in a glass volumetric flask exposed to interior room light. The loss of DDT in the standard solution during the storage period was 2.3%.The results of the heating of radioactive DDT in distilled water or phosphate buffer solutions of various pH are tabulated in Table 3.The experiments using buffer solutions or food ingredients were usually single determinations and, therefore, no statistical analysis of results is possible. The values reported are for extracts of the collected distillate or the pot residue. An independent check of the results of the distillate extract analysis was frequently carried out by analyzing the chloroform extract of the pot residue. Due to differ

ences in steam volatility among the various DDT analogs and transformation products, the results of the analysis of the distillate extract and the pot residue extract were different. The pattern of results for the petroleum ether and the chloroform extracts were quite consistent. In the two cases where the thermal reaction part of the experiment was repeated (Table 3, pH 8  lines; Table 5, arginine lines) the agreement of results was good for the four most abundant components of the mixture.It should be stressed that the identity of the compound in each thin-layer plate section was assigned by Rf values alone. The assignment of DDE, DDT and TDE was made with considerable confidence as these compounds are ubiquitous to most environmental samples of DDT and have been detected and confirmed by gas chromatography in our Laboratory many times. The other regions of the thin-layer plates contain compounds which can only be assigned a description of “chromato

graphic polarity similar to DCB and DDOH, respectively.” The very small quantities of material represented in the plate regions for compounds other than DDT made it impractical to obtain more positive identification by infrared or mass spectrometry.From the data in Table 3, it can be concluded that in the pH range of 3-8 (in which almost all foods fall), pH alone is not a major factor in DDT transformations during thermal conversions.The effect of heating DDT with three types of food components is summarized in Table 4.The results of the survey of the reactions of DDT with four amino acids and two peptides are tabulated in Table 5. The most remarkable result of this survey is the higher level of conversion of DDT to TDE shown by cysteine and glutathione compared with the other food ingredients examined. It appears that the sulfhydryl hydrogens can participate in the hydrogenolysis reaction involved in

Table 5 —Therm al reactions o f  D D T  w ith  am ino  acids a n d  peptides fo r 2  h r  a t 100° C

Food pH Concentration
Percentage of radioactivity in region of

ingredient Start Finish ppm Extract DDE DDDE DDT TDE DCB DDOH

Arginine 7.10 NRa 1 0 0 Pet. ether 3.1 0.5 93.8 0.70 1.3 0.40
Arginine 7.10 NR 1 0 0 CtlClj 2.9 0 .8 93.5 0.98 0.67 2.5
Arginine 7.10 NR 1 0 0 Pet. ether 2.7 0 .0 94.6 0.95 0 .0 0.73
Arginine 7.10 NR 1 0 0 CHCI, 2 .6 0.50 93.1 0.92 1.3 1 .2
Lysine 7.10 NR 1 0 0 Pet. ether 2 .2 0.52 92.1 1.1 0.85 2.7
Lysine 7.10 NR 1 0 0 CHCI, 2.1 0.53 92.6 l.l 0.84 2.7
Histidine 7.10 7.12 1 0 0 Pet. ether 1.5 0 .0 91.5 3.9 0 .8 6 l .l
Cysteine HCl 7.10 6.42 1 0 0 Pet. ether 1.7 0 .0 84.6 9.6 1.3 0.84
Glutathione 7.10 6 .8 8 1 0 0 Pet. ether 1.3 0.52 8 8 .6 2.7 3.1 2.4
Aspartylphenyl- 

alanine methyl ester 7.10 6.84 1 0 0 Pet. ether 2 .0 l.l 92.8 0.79 0.84 1 .8
aNot recorded

Table 6 —Therm al reactions o f  D D T  w ith  several w ater so luble vitam ins fo r 2  h r a t 1 0 0 °C

pH Concentration Percentage of radioactivity in region of

ingredient Start Finish ppm Extract DDE DDDE DDT TDE DCB DDOH

Thiamine HCl 7.10 6.85 5 Pet. ether 2.1 1.3 92.6 0.90 1.7 0 .0
Thiamine HCl 7.10 6.85 5 CHCI, 1.3 1.5 90.4 1.5 0.91 2 .0
Folic acid 7.10 6.93 25 Pet. ether 2.1 0.9 91.2 1.5 2 .0 0.30
Folic acid 7.10 6.93 25 CHCI, 2 .2 2.1 92.9 l.l 0 .0 1.9
Riboflavin 7.10 7.15 10 Pet. ether 3.4 1 .0 89.2 1.7 1.9 0 .0
Riboflavin 7.10 7.15 10 CHCI, 2.3 0 .0 81.0 2 .0 3.6 5.9
Choline chloride 7.10 7.13 150 Pet. ether 1 .8 1.4 90.4 l.l 0 .8 6 3.5
Niacin 7.10 7.11 30 Pet. ether 1.5 0.90 91.3 1.7 1.7 2 .0
Niacin 7.10 7.11 30 CUCI, 0.76 0 .0 91.9 2 .0 0.69 3.4
Ascorbic acid 6.87 6.83 2 0 0 Pet. ether 2.1 0.36 92.5 0 .8 8 1.3 1.3
Ascorbic acid 2 0 0
Ferrous sulfate 6.45 6 .8 8 40 Pet. ether 1 .6 0.73 93.3 0.32 0.62 0.63
DiNa EDTA 2 0
Hydrogen peroxide 1 0g/liter
Same 4 components Same as above CHCI, 1.3 0 .0 92.4 2.4 1.7 2 .2

mixture as above
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Table 7 -T h e r m a l reaction  o f  D D T  w ith  a n ine  co m p on ent m ix tu re  fo r 2  h r  a t  1 0 0 °C

Food pH Concentration
ingredient Start Finish ppm Extract

Riboflavin 10
Thiamine HCI 5
Folic acid 25
Yeast 50 Pet. ether

nucleic acid 
Cysteine HCI 6.43 6.34 too CHC13
Niacin 30
Choline chloride 150
Ascorbic acid 2 0 0
Glutathione 1 0 0

Percentage of radioactivity in region of

DDE DDDE DDT TDE DCB DDOH

1 .8 1.3 89.1 3.6 1 .0 1 .8

1.3 1 .0 76.0 5.9 1.4 5.3

the conversion of DDT to TDE. Histidine also appeared to have some activity in this conversion. A combination of these individual reactions of amino acids residues may be the basis for a possible role for proteins in DDT transformations during thermal processing of foods.The changes in DDT by heating with water soluble vitamins as summarized in Table 6  were small with the possible exception of riboflavin. It is interesting that the ene-diol hydrogens of ascorbic acid do not appear to be very effective in the DDT to TDE tranformation when compared with the results found with cysteine.The results of the reaction of a mixture of nine components with the radioactive DDT at 100°C for 2 hr are tabulated in Table 7. The heating of DDT with nine components did not result in a completely additive decrease in DDT content. The DDT level was reduced by 20% and not by 40% as might have been predicted by a summation of the conversions caused by the individual com

pounds. This result is due to two factors: first, all nine compounds are competing for the same quantity of DDT and, second, possible interaction between various pairs of the nine components may have changed their state of reactivity toward DDT.In a commercial situation when a canned food is heated at 120°C (248°F) the rate of reaction for each individual ingredient-DDT reaction would be increased approximately 4 times over the rate at 100°C used in this survey (Getman and Daniels, 1945). In a complex food mixture, there would be many individual ingredient-DDT reactions taking place simultaneously. Even if each individual reaction reduced the DDT content by only 1—5%, the cumulative result would be almost complete conversion of DDT to other compounds.Further work to provide a better understanding of the significance of the conversion of DDT to other compounds during food processing should be devoted to a more precise identification of each

compound formed and to determining the toxicology of the transformation products.
REFERENCES

D e L o a c h ,  H .K .  a n d  H e m p h i l l ,  D .D .  1 9 7 1 .  E f-  
f e e t  o f  c o o k i n g  u t e n s i l  c o m p o s i t i o n  a n d  
c o n t e n t s  o n  t h e  r e d u c t i v e  d e c h l o r i n a t i o n  o f  
D D T  t o  D D D .  J .  A s s o c .  O f f .  A g r ic .  C h e m .  
5 4 :  1 3 5 2 .

F a r r o w ,  R .P . ,  E l k i n s ,  E .R .  a n d  C o o k ,  R .W . 
1 9 6 6 .  C o n v e r s i o n  o f  D D T  t o  T D E  i n  c a n n e d  
s p i n a c h .  J .  A g r ic .  F o o d  C h e m .  1 4 :  4 3 0 .

G e t m a n ,  F .H .  a n d  D a n i e l s ,  F .  1 9 4 5 .  “ O u t l i n e s  
o f  P h y s i c a l  C h e m i s t r y , ”  p .  3 6 3 .  J o h n  W ile y  
a n d  S o n s ,  I n c . ,  N e w  Y o r k ,  N .Y .

G r u m m e t t ,  O . ,  B u c k ,  A .C .  a n d  J e n k i n s ,  A . 
1 9 4 5 .  l , l - D i ( p - c h l o r o p h e n y l ) - l , 2 , 2 , 2 - t e t r a -  
c h l o r o e t h a n e .  J .  A m e r .  C h e m .  S o c .  6 7 :  1 5 5 .

G r u m m e t t ,  O . ,  M a r s h ,  D . a n d  S t e a r n s ,  J .A .  
1 9 5 2 .  A n a l y s i s  a n d  p r o p e r t i e s  o f  b i s - ( p -  
c h l o r o p h e n y l ) - m e t h y l c a r b i n o l .  A n a l .  C h e m .  
2 4 :  7 0 2 .

L i s k a ,  B . J .  a n d  S t a d e l m a n ,  W .J .  1 9 6 9 .  E f f e c t s  
o f  p r o c e s s i n g  o n  p e s t i c i d e s  i n  f o o d s .  R e s i d u e  
R e v .  2 9 :  6 1 .

T r e s s l e r ,  C . J .  J r .  1 9 4 7 .  T h e  r e c o v e r y  o f  D D T  
f r o m  c a n n e d  f o o d s  a n d  i t s  s t a b i l i t y  d u r i n g  
p r o c e s s i n g .  J .  A s s o c .  O f f .  A g r ic .  C h e m .  3 0 :  
1 4 0 .

W o o d w e l l ,  G .M . ,  C r a ig ,  P .P .  a n d  J o h n s o n ,  H .A .  
1 9 7 1 .  D D T  i n  t h e  b i o s p h e r e :  W h e r e  d o e s  i t  
g o .  S c i e n c e  1 7 4 :  1 1 0 1 .

M s  r e c e i v e d  3 / 3 / 7 2 ;  r e v i s e d  5 / 2 8 / 7 2 ;  a c c e p t e d
5 / 3 0 / 7 2 .



K. L O R E N Z , W. D IL S A  V E R  a n d  J. LOUGH  

D ept, o f  F o o d  Science &  N u tr it io n , C olorado S ta te  U n ivers ity , F o r t  Collins, CO 80521

EVALUATION OF TRITICALE FOR THE MANUFACTURE OF NOODLES

INTRODUCTION
PASTA PRODUCTS such as macaroni, spaghetti and noodles are very popular in Europe and the Western Hemisphere. In the Eastern world they are relatively rare, but again can be found in various forms of noodles in Southeast Asia, China and Japan (Irvine, 1971).Durum wheat is the preferred raw material since the wheat is very hard and can be processed into semolina. It also requires little water compared with other wheats to form a dough. The lower the absorption the less water needs to be removed from the pasta products during the drying operation (Irvine, 1971).Wheats other than durum are used in many parts of the world to produce pasta products. In Asia and the Far East, noodles are produced from wheat flour rather than semolina. Japan uses domestic soft wheat varieties. In Italy, everything from the best durum to the softest common wheat has been used.Besides semolina or flour, a number of other food ingredients are sometimes added to pasta products (Irvine, 1971; Paulsen, 1961). The most common is egg. Eggs are used in the manufacture of noodles in the German-speaking countries of Europe and also in the U.S. and Canada. In some countries, such as India, high protein additives have been used with wheat flours (Paulsen, 1961; Irvine, 
1971).With the rapid increase in population, especially in developing countries, there is a need for cereal grains with a higher yield and also a higher protein content compared to wheat (Knipfel, 1969). Triticale, a polyploid hybrid cereal produced by cross-breeding wheat and rye was found to have such qualifications (Unrau and Jenkins, 1964; Villegas et al.,1968). The amino acid composition of triticale and the results of animal feeding experiments indicated that this cereal has a higher protein value than wheat. The lysine and sulfur amino acid content of triticale has been found to be higher than that of wheat (Kies and Fox, 1970a, b). It has recently been shown that this new cereal grain can be used for the production of breads (Lorenz et al., 1972). Another important question is whether it can be used for the production of pasta products.Evaluation techniques for pasta products have been of primary concern to

those in industrial and quality laboratories. The quality of cooked pasta products depends upon several factors-how the product holds up to cooking, how much water is absorbed, the loss of solids in the cooking water, the color of the products and their firmness (Walsh et al.,1969).Several spaghetti-quality factors have been shown to be related to protein composition (Walsh and Gilles, 1971). Matsuo and Irvine (1970) demonstrated the influence of gluten strength on spaghetti cooking quality. Gluten quality was shown to be the major factor determining cooking quality.Color is one of the most important considerations in assessing durum wheat quality. Small differences in pasta product color are most readily detected by visual observation, but optical reflectance data are preferred (Irvine, 1971; Corne- luissen et al., 1962; Matsuo and Irvine, 1967). Statistical analyses showed a high correlation between visual and optical

reflectance measurements of color (Walsh et al., 1969).This paper evaluates the possibility of using triticale in the manufacture of noodles through a comparison with semolina and durum flour which are used commercially in pasta products and allpurpose flour which is normally used in home-made noodles.
MATERIALS & METHODS

Preparation of noodles
Noodles were prepared with an Imperia 

noodle machine (Tipo-Lusso, Italy) using all
purpose flour, durum flour, triticale flour as 
well as semolina. The flours and the semolina 
which was used as the control, were analyzed 
by AACC procedures (1962) for moisture, pro
tein and ash. The dough absorption was 40% 
for all flours on a 14% moisture basis. Regular 
noodles were made from flour or semolina and 
water only. Egg noodles were prepared from 
flour or semolina, whole eggs and salt; the 
whole eggs contributing all the necessary mois
ture. The doughs were mixed in a Hobart N-50

Table 1—K ey  fo r pane/ evaluation o f  firmness a n d  flavor o f  noodles

Firmness Flavor

Mushy..................................... .....................1 Like .......................................... . . . 1
Soft .......................................... . . . 2-3 Like slightly ..................... . . .  2
Slightly s o f t ..................... .....................4 Undecided.......................... . . .  3
Preferred firmness . . ..............5 Dislike slightly . . . . . . .  4
Slightly f irm ..................... . . . 6-7 D islike ..................................... . . .  5
Too firm ................................

ON100

Tough ..................................... . . . .  10

Table 2 —F lo u r  com position a n d  nood le  characteristics

Uncooked noodle characteristics

Flour composition Color Texture

%
Moisture

%
Protein*

%
Ash**

Reg
Noodles

Egg
Noodles

Reg
Noodles

Egg
Noodles

All-purpose flour 9.0 11.9 0.51 off-
white

grayish
yellow

brittle hard

Semolina 12.3 1 2 .2 0.62 yellow deep
yellow

hard hard

Durum Hour 1 1.5 12.1 0.58 grayish
yellow

yellow hard hard

Triticale Hour 9.3 13.3 0.53 off-
white

grayish
yellow

brittle hard

*N x 5.7 
* * o n  14 %  m.b.
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mixer with bowl and paddle for 30 sec at speed 
1 followed by 1 min at speed 2. The dough was 
sheeted with the noodle machine to a thickness 
of 2 mm and allowed to rest for 15 min before 
being processed into individual noodles, 4 mm

1 2
S E M O L I N A

D U R U M

Fig. 1—Com parison o f  regu lar noodles a n d  egg 
noodles m ade w ith  the e x p erim en ta l flours: 
Column 1 =  regular noodles; C o lum n 2  =  egg 

noodles.

10

8

6

4

2
O  semolina
a  durum 
□ all purpose 
x  tnticale

° 0  5  10 15 20  25  3 0
COOKING TIME (MIN)

wide and 2 mm thick. The noodles were dried 
overnight at room temperature and placed into 
plastic bags till needed.

Quality tests
The firmness and flavor of the regular 

noodles and egg noodles were evaluated by 
panels. The panel for evaluating the regular 
noodles consisted of 1 0  untrained college stu
dents and the panel for evaluating the egg 
noodles consisted of 15 untrained college stu
dents. The samples were randomized, coded 
and cooked for 10, 15, 25 and 30 min, respec
tively, on different days, just before considera
tion by the panels. Codes for each sample were 
visable to each panel member by marking the 
plates on which the samples were presented. 
The panel members were asked to determine 
firmness by cutting the noodles with a fork and 
also to taste the noodles to arrive at a flavor 
judgement. The panel was instructed to dis
regard color in the evaluation of firmness and 
flavor. The firmness and the flavor of the 
noodles were evaluated using the key given in 
Table 1. Two replications of each test were 
done on different days.

Cooked weight of noodles was determined 
by cooking 40g of noodles in 600 ml of tap 
water for 10, 15, 25 and 30 min, respectively 
draining the noodles for 2 min and recording 
the weight of the drained noodles.

Cooking loss was measured by centrifuging 
the water, recovered during the cooked weight 
determination, at 2 0 0 0  rpm for 2 0  min using an 
IEC International Centrifuge, pouring off the 
supernatant and weighing the residue.

Cooking loss and cooked weight of both 
regular and egg noodles were determined every 
time noodles were prepared for a panel evalua
tion.

For the determination of percent transmit
tance of the cooking water 2 0 g of noodles were 
cooked in 300 ml of water in a porcelain-lined 
Flex-Seal Pressure Cooker sauce pan at atmos
pheric pressure for 10, 15, 25 and 30 min, 
respectively. The water was poured into the 
sauce pan and brought to boil after which the 
noodles were added. After cooking, the noodles 
were drained for 2 min and the liquid was cen
trifuged in an IEC International Centrifuge at 
2000 rpm for 15 min. The percent transmit-

r e g u l a r  n o o d l e s

c o o k i n g  t i m e  ( m i n )

tance of the liquid was read with a Bausch and 
Lomb spectrophotometer at 400 m/u.

The data of this study were analyzed by 
two-way analyses of variance and have been 
combined in Table 4.

RESULTS & DISCUSSION
Flour composition and noodle characteristics

The analyses of the flours and the semolina as well as the characteristics of the uncooked noodles are given in Table2. The triticale flour was higher in protein than the other samples. The ash contents were similar.Regular noodles prepared with the all-purpose flour and the triticale flour showed an off-white color in contrast to the yellow color of the semolina and durum noodles. The addition of eggs to the noodle recipe narrowed this color difference as seen in Table 2 and in Figure 1.The all-purpose flour and the triticale flour produced regular noodles with a brittle texture compared with the hard texture of the semolina and durum noodles. The addition of eggs eliminated noticeable texture differences among the noodles prepared from the different flours.
Sensory evaluation

The change in firmness of regular noodles with cooking times is illustrated in Figure 2. Generally, the noodles became softer as cooking times increased. After 10 min of cooking, the triticale noodles were considerably softer than the semolina noodles indicating a shorter cooking time for the triticale noodles. The firmness of the triticale noodles changed less with longer cooking than that of the noodles produced with the other flours. This would indicate a greater cooking tolerance for triticale noodles,

e g g  n o o d l e s

c o o k i n g  t i m e  ( m i n )

Fig. 2—The effect of cooking time on the firm- Fig. 3 —The effect of cooking time on the cooked weight of noodles
ness of regular noodles. (40g of noodles cooked in 600 ml of water).
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which would be an advantage in large- 
scale food preparation. The firmness 
score of semolina noodles changed ap
proximately 40% extending the cooking 
time from 10 min to 30 min. For the 
triticale noodles this change in firmness 
amounted to only l 5%.

Average firmness scores of both the 
regular- and the egg noodles are given in 
Table 3. The regular noodles were signifi
cantly different (a = 0 .0 1 ) in firmness 
due to the flours used and also due to 
increased cooking times. Triticale had the 
shortest cooking time, while semolina had 
the longest. The firmness of the egg 
noodles was not significantly different 
among the four flours. Differences in

cooking time, however, produced a signif
icant difference (a = 0 .0 1 ) in firmness.

A statistical analysis of the flavor 
scores of the regular noodles indicated no 
significant differences (a = 0.05) among 
flours. Cooking times also had no effect 
on flavor scores. However, the data 
shown in Table 3 demonstrated a trend 
towards a better flavor with longer cook
ing times except for the triticale noodles 
which showed an opposite trend. The egg 
noodles showed no significant differences 
(a = 0.05) in flavor due to the choice of 
flour in preparing these noodles. Cooking 
times, however, produced a significantly 
different (a = 0.05) flavor score. The fla
vor of all egg noodles was best after only

1 0  min of cooking, generally, and then 
became slightly less acceptable with long
er cooking times.

Cooked weight

The effect of cooking time on the 
cooked weight of regular and egg noodles 
is illustrated in Figure 3. The longer the 
cooking time the higher the cooked 
weight. Regular noodles made from triti
cale flour had the highest cooked weight 
after 10, 15, 25 and 30 min of cooking, 
respectively, while the semolina noodles, 
which were regarded as the control in this 
study, showed lower cooked weights 
comparing corresponding cooking times. 
The cooked weight of the regular noodles

Table 3 —Sensory evaluation scores, pe rcen t w eight gain, cooking  loss an d  transm ittance o f  noodles

Percent weight gain, cooking loss and 
transmittance of noodles

Sensory evaluation scores________________Cooked weight Cooking loss % Transmittance
Firmness scores Flavor scores (% wt gain) (% of cooked wt) of cooking water

Cooking
time

Regular
noodles*

Fgg
noodles*

Regular
noodles**

Egg
noodles**

Regular
noodles

Egg
noodles

Regular
noodles

Egg
noodles

Regular
noodles

Egg
noodles

10 7.8 8.1 3.3 2.4 127 1 2 2 1 1 .6 6 .8 85.4 70.6
All- 15 6.9 6 .8 2.9 2 .8 161 183 10.7 5.4 84.0 70.2
purpose 25 5.1 3.9 2.5 3.1 206 242 9.2 5.0 74.5 6 8 .2
flour 30 5.1 4.3 2.7 3.0 251 242 8.5 4.8 72.4 60.2

10 8.9 7.4 3.0 2.9 113 145 10.4 8 .8 6 6 .2 65.5
15 7.9 6.5 3.0 2 .8 154 187 10.4 7.0 59.6 63.7

Semolina 25 6.4 5.0 2 .8 3.1 2 0 2 230 8.4 6.3 38.3 32.1
30 5.5 4.0 2 .6 3.5 224 224 7.9 6 .1 36.1 30.0

10 8 .2 8 .0 3.0 2.5 109 123 9.5 6 .2 55.5 65.6
Durum 15 5.7 7.0 2.4 2.3 174 175 8.5 5.2 38.5 59.1
flour 25 6 .2 4.8 2.3 2 .8 193 234 9.4 4.7 34.5 45.5

30 4.2 5.3 3.2 3.0 271 215 8.1 4.8 33.7 44.2

10 6 .2 7.7 2.9 2 .8 133 131 14.8 9.0 77.1 67.5
Triticale 15 6 .2 6 .1 3.3 3.0 181 194 13.9 6.5 73.3 59.3
flour 25 5.6 4.3 3.3 3.1 236 258 1 2 .2 6 .2 67.6 58.3

30 5.2 4.6 3.4 2 .8 277 238 11.4 7.3 47.0 54.6

*The higher the score the firmer the noodles **The lower the score the better the flavor

Table 4 —S tatis tica l data (A O V )-re g u la r -  a n d  egg noodles

Source of Firmness Flavor Cooked weight Cooking loss

variation df MS F df MS F df MS F df MS F
Regular noodles 

Flour 3 28.4 1 1 .2 * 3 3.5 3.1 n.s. 3 4284.3 134.1* 3 9.7 4.1*
Cooking time 3 124.6 49.1* 3 1 .8 1 .6  n.s. 3 239.3 7.5* 3 59.3 25.2*
Flour x cooking 

time 9 9.5 3.8* 9 2 .0 1 .8  n.s. 9 46.7 1.5 n.s. 9 1 .0 0.4 n.s.
Error 304 2.5 - 304 1.1 - 16 31.9 16 2.4 -

Egg noodles

Flour 3 7.6 2.7 n.s. 3 2.9 1.9 n.s. 3 3400.7 2 2 . 1* 3 1.7 1.5 n.s.
Cooking time 3 284.4 101.4* 3 6.7 4.4* 3 80.6 0.5 n.s. 3 13.7 12.5*
Flour x cooking 

time 9 5.3 1.9 n.s. 9 1.3 0 .8  n.s. 9 26.4 0 .2  n.s. 9 0.4 0.4 n.s.
Error 432 2 .8 - 432 1.5 - 16 153.5 • 16 1.1 -
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Fig. 4 - T h e  e ffe c t o f  cooking  tim e  on cooking  
loss o f  regu lar■ a n d  egg noodles.

and egg noodles expressed as percent weight gain is presented in Table 3. There is a significant difference (a = 0.05) in cooked weight among flours with both the regular- and the egg noodles. The triticale noodles showed a considerably higher cooked weight than the other samples. Cooking the regular noodles for longer times produced significant increases in cooked weight (a = 0.05) in each sample. Cooking times did not affect cooked weight of egg noodles.
Cooking loss

The effect of cooking time on cooking loss of regular- and egg noodles is illustrated in Figure 4. Cooking losses increased as cooking time increased. Of the regular noodles, those made from triticale showed considerably higher cooking losses than any of the others. Producing egg noodles, however, greatly reduced these cooking losses when using triticale due to the binding effect of the eggs. Egg noodles made from semolina and triticale flour had approximately the same cooking losses for up to 2 0  min of cooking. After 30 min of cooking, the cooking losses of the triticale noodles were slightly higher. Egg noodles made from durum- and all-purpose flour had the lowest cooking losses. The statistical analysis of the cooking loss data revealed that the choice of the flour and the cooking

time produced significant differences (a = 0.05) in cooking loss. The egg noodle data showed no differences in cooking loss among the flours. Cooking times, however, caused significant differences (a = 0.05) in cooking loss.The cooking losses expressed as percent of cooked weight are given in Table3. As can be seen, the percent cooking losses actually decreased with longer cooking times since cooked weight increased more, percentage-wise, than cooking loss with longer cooking times. The regular triticale noodles had the highest percentage loss while the durum noodles had the lowest. This cooking loss, however, was considerably reduced by adding eggs to the noodle formulation.Among the regular noodles those made from the all-purpose and the triticale flour showed the highest percent transmittance of the cooking waters. The average percent transmittance of eight determinations per noodle sample are given in Table 3. The yellow color of the regular semolina- and durum flour noodles produced darker cooking waters. The percent transmittance decreased with longer cooking times. While the color of the uncooked regular noodles varied considerably depending on the flour used (Table 2) this difference was only slight after 30 min of cooking for all but the all-purpose flour noodles. This was due to the loss of color pigments on cooking as indicated by a lower percent transmittance. The addition of eggs to the formula showed a slight decrease in the percent transmittance of the cooking water from noodles made with the allpurpose flour, semolina, and triticale flour but stabilized the color of the durum flour noodles.
CONCLUSIONS

A COMPARISON of triticale flour with durum flour, semolina and all-purpose flour for the manufacture of noodles indicated that regular triticale noodles had the shortest cooking time and the greatest cooking tolerance as determined through firmness evaluations by a panel. There were no flavor differences among the different regular- and egg noodles due to the choice of flour.Both regular- and egg triticale noodles showed considerably higher cooked weights than the other samples. The regular triticale noodles, however, also showed a higher cooking loss than other

noodles. Producing egg noodles greatly reduced these cooking losses when using triticale.While the color of the uncooked regular noodles varied considerably—the all- purpose- and triticale noodles having the lightest color-this difference was only slight after 30 min of cooking due to the loss of color pigment from the durum- and semolina noodles. The addition of eggs to the noodle recipe narrowed this color difference in the uncooked noodles. It was concluded that triticale can be used for the manufacture of noodles.
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COLORIMETRIC FURFURAL MEASUREMENT AS AN INDEX OF 
DETERIORATION IN STORED CITRUS JUICES

INTRODUCTION
THE FRESH taste of orange juice is a difficult property to preserve over long periods of storage. Unless juice is kept refrigerated at temperatures close to freezing, a disagreeable odor and off- flavor develop. Many chemical changes in citrus products occurring during storage have been identified in work covering two decades. From the early work of Huskins and Swift (1953), Blair et al. (1952) and Kirchner and Miller (1957) to recent studies by Rymal et al. (1968) and Nagy and Nordby (1970), a considerable range of chemical, chromatographic and spectroscopic methods have been successfully applied to terpene and lipid constituents. Nevertheless, there has remained a need for an analysis which would serve as a useful index of overall deterioration, in particular by showing some correlation with other evidence of deterioration, such as off-flavor, and by having the sensitivity to detect its onset at a very early stage.Of the various known chemicals formed when juice deteriorates-perox- ides, aldehydes, oxygenated terpenes and furfural-the last of these has perhaps the most satisfactory features for the desired analysis. The furfural content of fresh juice is virtually zero, whereas large amounts have been recognized in temperature aged juice by Rymal et al. (1968) and by Dinsmore and Nagy (1971). The volatility of furfural is sufficiently high to

permit its rapid removal from juice by distillation or stripping procedures, moreover by these methods the low levels in juice can be considerably concentrated. Finally, high analytical sensitivity is available by means of direct ultraviolet spectrophotometry or by colorimetric determination. In recognition of these factors Blair (1965) made an exploratory study of stored canned orange juice, using colorimetric furfural determination as an index of deterioration. That study dealt with relatively long storage periods and high furfural levels, and although the results did not clearly show furfural detection at the onset of off-flavor, they indicated that with some further refinement this should be possible.
The present work incorporates those refinements needed for a sensitive and reliable analysis. The more sensitive color reaction of furfural with aniline has replaced the reaction with benzidine used by Blair, and the rapid distillation procedure of Scott and Veldhuis (1966) has been exhaustively tested for recovery efficiency on samples of juice reinforced with known amounts of furfural. It was felt both these developments should increase applicability of the furfural reaction considerably. As an illustrative application we have made colorimetric furfural determinations on orange juice samples stored at five temperatures at approximately 2 -wk intervals over a

1 2 -wk period, and the results have been correlated with taste evaluations. Where degradation was negligible after 1 2  wk, additional furfural measurements were made on equivalent juices, not necessarily of the same batch, after 6  months and 15 months of storage.
MATERIALS & METHODS

Juice
Commercially-processed orange juice from 

the late-season orange crop was obtained from 
Citrus World, Inc., Lake Wales, Fla. The late- 
season orange crop used for processing was 
composed essentially of the Valencia variety. 
Chemical analysis showed this juice to have a 
“Brix/acid value of 14.2. The juice was pasteur
ized according to the following procedure. The 
juice was brought from ambient temperature to 
80°C in 4 sec and kept at 80°C for 6  sec. It was 
then brought up to pasteurization temperature 
of 96-99°C and kept at this level for 2 sec. 
Following the short pasteurization treatment, 
the juice was brought to 5°C in 4-6 sec and 
finally filled into 1-qt glass containers. This 
glass-packed orange juice was then taken direct
ly from the assembly line and placed in lockers 
at 5, 10, 16, 21 and 30°C.

Flavor evaluation
The juices were tasted when freshly opened, 

after having first been brought to room temper
ature. Four experienced tasters were instructed 
to rank the randomly arranged juices in se
quence from best to worst.

Furfural standards
A 1.00 x 10"J molar solution was prepared

Table 1—R ecovery o f  fu rfu ra l b y  d is tilla tio n : percentage o f  to ta l fu rfu ra l fo u n d  in consecutive 5 -m l fractions o f  d is tilla te  fro m  aqueous samples

Recovery from 100 jug/liter samples Recovery from 1000 qg/litcr samples

vol Fraction (run 1 ) (run 2 ) (run 3) (run 4) (run 1) (run 2 ) (run 3) (run 4)

1 0 0  ml 1 40% 41% 45% 47% 40% 40% 37% 35%
2 2 0 25 25 25 27 25 23 23

(1 + 2 ) 60 6 6 70 72 67 65 60 58

2 0 0  ml 1 27 21 24 24 2 2 2 2 23 24
2 2 0 15 17 15 16 18 15 13
3 12 13 14 13 12 11 12 11
4 8 8 12 11 10 11 11 9

(1 + 2 )a 47 36 41 39 38 40 38 37
(1 + 2 + 3 + 4) 67 57 67 63 60 62 61 57

aNote that the fraction 1 from 100 ml sample and the sum of fractions 1 and 2 from 200 ml sample amount to identical 5% by volume proportions 
of the original sample.
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Fig. 1- F u r f u r a l  recoveries b y  d is tilla tio n  from  aqueous samples Iu pper  
curve) a n d  fro m  orange ju ic e  Ilo w e r curve). Range o f  fo u r  results is 

shown

by dissolving 96 mg of freshly distilled furfural 
in 1 0 0  ml of distilled water and was kept refrig
erated at 5°C. Calculated volumes added to 
water or to juice gave standards in the range 
10"4 to 10' 6 molar. For convenience, note that 
the following relationships are equivalent at low 
furfural levels: 1 0 '5 molar = 1 mg/liter = 1 part 
per million.

Furfural determination
Four widely used methods were studied and 

were standardized as follows:Ultraviolet absorption. Measure peak at 275 
mg against base line drawn approximately from 
240-310 mg. e = 1.4 x 10" M' 1 cm'1.10% Aniline color. Prepare reagent by dilut
ing 5 ml of freshly distilled aniline to 50 ml by 
volume with glacial acetic acid. Combine 2 ml 
sample, 2 ml ethyl alcohol and 1 ml reagent at 
room temperature. Measure maximum color at 
515 mg after 15-20 min, after which the color 
fades, e = 1.7 X 104 m" 1 cm"1.2% Aniline color. Prepare reagent by 1:5 
dilution of 10% reagent with acetic acid. Com
bine 1 ml sample, 2 ml ethyl alcohol and 2 ml 
reagent. Read color at 515 m u after 1 hr at 
room temperature. Slow fading commences 
after 1 -1*4 hr. e = 6.2 X 103 M' 1 cm'1.2% Benzidine color. Weigh lg of benzidine 
(free base) into 50 ml of acetic acid. Combine 2 
ml sample, 1 ml ethyl alcohol and 2 ml reagent. 
Run blank on 2 ml water. Read color at 550 
mu after 1 hr at room temperature, e = 1 X 104 
M' 1 cm'1.

Basic directions for the above-named color 
reactions were adapted from prodecures of 
Snell and Snell (1953) and AOAC (1965). 
Distillation

The apparatus is that described by Scott and 
Veldhuis (1966). The heater control was adjust
ed to obtain a distillation rate of about 3 
ml/min. Cooled water (ca. 18°C) was circulated 
through the condenser, and previously chilled 
tubes, marked at 5 ml, were used for collecting 
the distillate. In routine determinations a 
2 0 0 -ml sample of juice, containing about 1 ml 
of Dow Corning Antifoam C, was distilled only 
long enough to collect two 5 ml fractions. 
Stripping

The apparatus consisted of a 1-liter flask 
equipped with fritted tube for nitrogen bub
bler, 30 cm Vigreux column for water conden
sation and a single trap containing about 4 ml 
ice water for capturing furfural.

RESULTS & DISCUSSION 
Furfural determination

Colorimetric reaction with aniline proved to be the best analysis, combining high sensitivity with negligible “blank.”

Trace amounts of furfural, which were lost against the UV background absorption of other juice volatiles or against the appreciable benzidine color “blank,” were easily recognized by the aniline reaction. The 10% aniline reagent gives more intense but less stable color than the 2 % reagent and so is particularly useful for furfural levels below 1 0 ' 6 molar, the usual range in our juice distillates.
Distillation efficiency

Close to 30% of the total furfural in a sample collects in the first 5% by volume of distillate. The concentration of furfural in this distillate is therefore enriched
6 -fold relative to the original level, permitting an easy calculation of furfural in the sample. The consistency of the 30% recovery, is independent of sample size and holds without change over the practical concentration range of furfural in juice.These results were established by two series of experiments which were carried out in quadruplicate: the first, with aqueous samples, to determine the best

volumes of sample and distillate to take for analysis, and the second to establish a value for percentage recovery from juice. From the analysis on consecutive 5 ml fractions in Table 1 it is seen that close to 38% of an aqueous sample’s total furfural collects in the first 5% by volume of distillate—that is, in the first 5 ml of distillate from a 1 0 0  ml sample and in the first 10 ml from a 200 ml sample. A 
1 0 -fold change in the amount of furfural does not change the average percentage recovery significantly. Out of all 16 results 13 are in the range 35-41% recovery. As would be expected, the reproducibility is poorer for the distillations involving smaller amounts. Seven out of eight of the distillations from 2 0 0  ml samples gave recoveries of 36-41%. Statistical analysis of these eight results shows that the 47% value can be rejected with better than 90% confidence and that the other seven have a median and 95% confidence interval of 38 ± 1.6. Although continuing the distillation increases furfural recovery, it does so at greater dilution and so works against obtaining a high enrichment factor.

Table 2 —C om parison o f  fu rfu ra l recoveries b y  d is tilla tio n  from  
water a n d  from  sp iked  orange ju ice

Furfural added % Recovered in 10 ml of distillate3
to 2 0 0  ml sample from water from juice

200 Mg 35-36 30-32
100 36-38 30-32
60 36-37 27-30
30 34-36 26-31

aRange of four results

Table 3 —F u rfu ra l levels in  glass-packed orange ju ic e : re la tio n  to  
storage tim e, tem p era ture  an d  o ff-f la v o r (fu r fu ra l c o n te n t in  ug /H ter)

Storage °C 2 Wk 4 Wk 7 Wk 9 Wk 12 Wk

10 None None None None Possible trace
16 - None - 30 35*
21 - Trace 30* 50* 1 0 0 *
30 40* 00 o * 160** 2 1 0 ** 400**

‘ Mild off-flavor 
“ Considerable off-flavor
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Table 4--S ta b ility  o f  glass-packed orange
ju ice  on the basis o f  firs t discernible fu rfu ra l

Storage °C Onset of 30 Mg/liter furfural

5 Well over 1% yr
10 Probably 6  -9 months
16 9 wk
21 6 wk
30 Under 2 wk

The results of the second study are shown in Table 2 and in Figure 1. Parallel distillations from water and from orange juice show consistently lower recoveries from juice, with no significant variation over a wide range of absolute furfural levels. The graphical slope of 0.30 establishes 30% as the best recovery value to use with juice, with a 95% confidence interval of less than ± 2 .Preliminary work with a nitrogen stripping procedure showed it to be less efficient. Recoveries amounted usually to only about 10% of the furfural in a 500 ml sample, held at 60°C, and stripped by nitrogen for 1 -1 Vi hr at 40 ml per minute How rate.Tables 3 and 4 show the appearance and progressive increase of furfural in juice with severity of storage conditions. The parallel development of furfural and of off-flavor over a 1 2 -wk period are documented in Table 3: higher storage temperatures lead to earlier recognition of off-flavor and to earlier colorimetric detection of furfural. The development of 30 fXg/liter of furfural is used as the criterion of “first discernible furfural” in Table 4. The estimates of storage stability at 5°C and 10°C were obtained from the observation that there was still no detectable furfural after 15 months at 5°C,

while an unmeasurable colorimetric trace was detected after 6  months at 10°C;the other results follow from Table 3. Since tasters could not always recognize off- flavor in samples which had developed furfural at this low a level, it seems certain that furfural measurement possesses more than sufficient sensitivity to reveal the onset of sufficient deterioration to cause off-flavor. Moreover the furfural values provide a useful index of the progress of deterioration beyond this point and enable various samples to be compared as to overall storage abuse.The storage results just described are included here primarily to illustrate potential uses of furfural indexing and are in every respect a preliminary study. Storage studies with adequate replication and with far more elaborate organoleptic evaluation are now in progress on a variety of citrus juices.
Off-flavor

Despite the correlation which seems to exist between off-flavor and furfural, the latter must be regarded strictly as an index of those substances possessing the off-odor of temperature-aged juice. Furfural itself added to a control juice at the 
2 0 0 - 2 0 0 0  ixg/liter level was not recognizable by the taste panel. If rancidity of meat, fish and dairy products, as reviewed by Schultz et al. (1962) is any guide, lipid degradation is often a chief source of malodorous products. The origin of furfural in citrus products is thought by Huelin (1955) to derive from decomposition of ascorbic acid. A more direct involvement of furfural in off-flavor is the proposal of Blair (1964) that furfural combines with hydrogen sulfide, also present in juice, to form highly odoriferous thiofurfural. Our investigation of the actual presence of thiofurfural has not progressed far enough to yield conclusive

results. It is our opinion that a direct off-flavor connection with furfural is not a necessary postulate to accepting furfural in its own right as a useful index of juice deterioration and concomitant off- flavor development.
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NITROGEN EXTRACTABILITY AND MOISTURE ADSORPTION 
CHARACTERISTICS OF SUNFLOWER SEED PRODUCTS

INTRODUCTION
SUNFLOWER MEAL and protein isolate offer considerable potential for use as protein supplements in human nutrition. Uses of these products include the addition of sunflower meal in bread making and tortilla chips and the preparation of textured vegetable protein from the protein isolate (McGregor, 1970; Talley et al., 1970).Conventionally prepared sunflower meal develops a dark color during baking and a green color under alkaline conditions (Clandinin, 1958). The sunflower protein isolate obtained from this meal also has a dark green defect. Polyphenols such as chlorogenic acid have been implicated in the pigmentation of these products by Sechet-Sirat et al. (1959). A method using sodium sulfite and aqueous iso-proponol to remove polyphenols from sunflower meal has been reported by Gheyasuddin et al. (1970). More recently, Sosulski et al. (1972) demonstrated that these pigments could be diffused from intact kernels in an aqueous acid system.To determine the potential of any protein concentrate or isolate a study of its functional properties is essential. In the present investigation the usefulness of sunflower kernels, treated and untreated sunflower meals and isolates has been evaluated through measurements of nitrogen extractability and moisture adsorption.

EXPERIMENTAL
DEHULLED SUNFLOWER kernels, obtained 
from a commercial supplier (Co-op Vegetable 
Oil Mills Ltd., Altona, Manitoba) were ground 
to an 80 mesh size, extracted with hexane and 
desolventized under vacuum at 45°C. Soybean 
meal was prepared by the same process from 
Altona soybeans. Another portion of the sun
flower kernels was treated with 0.00IN HC1 at 
80°C for 6 hr to diffuse out phenolic com
pounds from intact kernels according to a 
method described by Sosulski et al. (1972). The 
treated seeds were air dried in an oven at 40°C 
for 4 hr, ground and extracted with hexane. 
The resulting meal was called 80° diffusion ex
tracted meal (DE meal-80). A second diffusion 
extraction procedure was developed in which 
the seeds were treated at 60°C for 12 hr and is 
referred to as 60° diffusion extracted meal (DE 
meal-60).

Protein was isolated from the meal and DE

meal-60 by extraction with 0.02% NaOH fol
lowed by iso-electric precipitation as described 
by Cater et al. (1970). The protein isolate was 
washed twice with acidified water (pH 4.5) and 
then re-suspended by adjusting the pH to 7.0 
with 0.02% NaOH prior to freeze drying. The 
protein isolate obtained from the meal was 
termed isolate and that prepared from DE 
meal-60 was designated diffusion extracted iso
late (DE isolate).

The meals and isolates were analyzed for 
moisture, oil, protein (N x 6.25), ash and crude 
fiber according to AOAC (1970) methods.

The nitrogen extractability values were 
determined in duplicate over a pH range of 
1-12 according to the method of Cater et al. 
(1970). The nitrogen content of the super
natant was measured by a semi micro-Kjeldahl 
method suggested by Bremner (1960). The 
results were expressed as percent of total nitro
gen extracted from the sample and were plotted 
against pH to obtain the nitrogen extractability 
profiles. Soybean meal, prepared in a manner 
similar to sunflower meal, was used as a refer
ence in this experiment.

Moisture adsorption of the meals and pro
tein isolates was determined by holding these 
samples at temperatures of 5, 20 and 30°C. At 
each temperature, five different relative humidi
ties ranging from 11-98% were produced by 
using concentrated salt solutions as recom
mended by Rockland (1960). 25 ml of a satur
ated solution were added to 12 oz battery jars. 
Aluminum weighing dishes containing 2g sam
ples were set on top of inverted beakers pre
viously placed in the jars. The containers were 
sealed with ground glass covers and kept at the 
specified temperatures. To determine the equi
librium moisture contents (EMC) the samples 
were weighed at 0, 24 and subsequently at 48 
hr intervals until no further change in weight 
was observed. Equilibrium was usually estab
lished in about 168 hr except for the meal sam
ples which required about 236 hr. The percent 
EMC was plotted against equilibrium relative

humidity (ERH) to determine the moisture 
adsorption isotherms. A soy protein isolate 
(Supro-610 obtained from Ralston Purina Ltd.) 
was used for comparison purposes.

To study the adsorption of dehulled oilseeds 
(meats) about 40g each of sunflower, rapeseed 
and soybeans were soaked in excess water (ca. 
500 ml) at 50°C in a beaker. This high tempera
ture was maintained in an attempt to delay 
germination. Samples were removed at intervals 
of 15 min during the first hour and then at 
hourly intervals for a total period of 4 hr. At 
each sampling, about 4g of seeds were removed 
from the beaker and placed on a 1 0 0  mesh 
screen for 10  min to allow for drainage of free 
moisture. The samples were then weighed and 
the moisture content determined at 100°C for 
16 hr. The percent moisture was plotted against 
time to determine the moisture uptake by the 
seeds.

RESULTS & DISCUSSION
THE PROXIMATE composition of sunflower kernels (meats) untreated and diffusion-extracted meals and protein isolates are reported in Table 1. While sunflower kernels contained 55% oil, the residual oil levels in the meals were less than 5% with the isolates being essentially free of oil. The crude protein contents of the meal and DE meal-80 were more than 60%. The slightly lower level of protein in the DE meal-60 sample could be due to nitrogen losses which occurred during the 12 hr diffusion process. The isolate and DE isolate contained over 90% protein. The diffusion extraction process resulted in lower amounts of ash and smaller levels of nitrogen-free extract in the two DE meals due to losses of minerals and soluble sugars during the treatment. Consequently, the percent of crude fiber in

Table 1 —P ro x im ate  analysis o f  samples

Sunflower Untreated Treated (Diffusion-extracted)

Constituents kernel Meal Isolate Meal-80 Meal-60 Isolate

Moisture 1 .8 7.5
(%)

4.1 6 .0 3.7 1.4
Oil 55.4 1 .2 0 .0 4.2 4.5 0 .6
Protein (N x 6.25) 28.2 60.1 94.3 60.4 55.1 93.0
Ash 3.6 8.3 1 .6 6.3 5.4 3.8
Crude fiber 2.4 5.2 0 .0 9.3 14.8 0.9
Nitrogen-free extract 8 .6 17.7 0 .0 13.8 16.5 0.3
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the treated meals was higher than that in the untreated meal.Sunflower kernels were grey to off- white in appearance and the meal was grey colored. Sunflower isolate, prepared under alkaline conditions, developed a dark green color which is attributed to the oxidation of chlorogenic acid. The diffusion extraction process improved the color of the meal to an off-white shade, whereas the DE-isolate was tan colored.The nitrogen extractability curve for soybean meal (Fig. 1) was similar to that obtained previously (Smith, 1958), with relatively high solubilities being observed below pH 3.0 and above pH 6.0. While a narrower curve would be desirable, the profile for sunflower meal does show good extractability at pH 8.0 and above, being over 90% soluble in this range as compared to 80% for soybean meal. The point of minimum solubility for sunflower meal appeared to be near pH 4.0 and at lower pH values was less soluble than soybean meal. This loss of solubility can possibly be due to the peptide-poly- phenol interactions as reported by Loomis and Battaile (1966). The profile for sunflower meal is in close agreement with data obtained by Cater et al. (1970). The sunflower isolate was more soluble than the meal and showed a sharp minimum solubility point at pH 4.0. The maximum extractability for the isolate was observed at pH 6 , while that for the meal occurred only at pH 8  and above.In general, diffusion-extraction at

Fig. 1—Nitrogen extractability profiles for un
treated sunflower meal, protein isolate and soy
bean meal.

elevated temperatures appeared to denature a portion of the meal proteins and thereby lowered their nitrogen extract- ability. The extractability curve for DE meal-60 (Fig. 2) was lower than that of the untreated meal (Fig. 1), with a broader range of insolubility between pH 3 and 7. The 80° diffusion process denatured the proteins to such an extent that solubility was less than 1 0 % over the entire pH range of 1 — 11. The DE isolate prepared from DE meal-60 showed solubilities of near 100% at pH 7.0 and above but these proteins were also generally insoluble between pH values of 3 and 7.0. This was in marked contrast to the sharp minimum solubility point obtained for the isolate in Figure 1. The profile for DE meal-60 compares favorably with that for soybean meal. Protein isolates were not prepared from DE meal-80 as poor yields were obtained on a bench scale. The profile for DE-isolate (Fig. 2) is similar to that of the 50% aqueous iso-propanol isolate prepared by Cater et al. (1970). Thus the 60° diffusion-extraction procedure could be considered as an alternate method to remove undesirable color from sunflower products.The moisture adsorption isotherms for the various samples at 5, 20 and 30°C are presented in Figure 3. Little difference was noted in the moisture contents of samples between relative humidities of 1 0  and 55%. However, marked changes were noted between 60 and 98% ERH, with the meal adsorbing the most moisture.

F ig .  2 —N itrog en  e x tra c ta b ility  pro files  fo r  
d iffu s ion -ex tracte d  su n flo w er m eal a n d  p ro te in  
isolate.

Treatment received by DE meal-60 reduced its capacity to adsorb moisture when compared to the untreated meal sample. An opposite trend was observed for the isolates as the DE isolate showed greater moisture adsorption than the untreated isolate. Due to changes in vapor pressure at each relative humidity, moisture adsorption was inversely related to the sample temperature. All samples tested showed better moisture adsorption characteristics than those reported by Rasekh et al. (1971) for fish protein concentrate. The meal adsorbed more moisture than soy protein isolate (Supro- 610) which could be due to the presence of the carbohydrate fraction in the meal. The increase in moisture content at higher relative humidities according to Caurie(1971) could be due to the product being in a zone of exclusively condensed water molecules. In the lower humidity zones of exclusively gaseous, or mixed gaseous and condensed water molecules, however, the differences in moisture uptake would be less.The information from this study on moisture adsorption would be useful in evaluating the storage life of sunflower
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Fig. 3 —M o istu re  adsorption isotherm s fo r  the 

meals a n d  isolates a t  various tem peratures and  
relative hum idities.
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Fig. 4 —M o istu re  u p tak e  b y  d e h u lled  oilseeds a t  5 0  °C . ( Results repre
sent data o b ta in e d  from  three tria ls .)

meal and isolates. According to Jay(1970) a water activity of 0.6 or less is necessary for control of microbial growth. Safe moisture contents corresponding to a water activity of 0 . 6  or 60% ERH can be calculated from Figure3. For example, at 5°C sunflower meal could be stored with 15% moisture without suffering microbial action, whereas at 30°C the safe moisture content for the meal would only be 1 1 % or less.Preliminary work was carried out to study the hydration properties of sunflower kernels in relation to those of rapeseed and soybean meats (Fig. 4). Oilseeds were observed to adsorb water rapidly during the first hour of soaking before reaching an equilibrium. This rapid hydration was indicative of moisture uptake by carbohydrate or protein fractions. Since seed proteins do not hydrate rapidly within 30 min (Wall, 1964) the increase in moisture content was due

presumably to the carbohydrate fraction of the seed. Sunflower was unique in that water absorption was slower in the initial phase and much lower total water uptake was achieved after 4 hr. The sunflower sample absorbed 40% of its seed weight with water while rapeseed and soybean took up 60%. These variations may be due to differences in type and quantity of carbohydrate material.The present data on nitrogen extract- ability for treated and untreated meals should be of assistance in devising technology for commercial preparation of sunflower flour, concentrate and protein isolate. Sunflower proteins have a desirable narrow minimum solubility point and relatively high nitrogen extractability above pH 8.0. Unfortunately, the specific treatments to remove pigments have adverse effects on protein solubility. While the 60° process resulted in improved color, the meal and isolate thus obtained

showed evidence of protein denaturation. Further studies on processes which can be conducted at lower temperatures are continuing to produce sunflower products which could increase their use in formulated foods.
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V a n  N o s t r a n d  R e i n h o l d  C o . ,  N .Y .

L o o m i s ,  W .D . a n d  B a t t a i l e ,  J .  1 9 6 6 .  P l a n t  p h e 
n o l i c  c o m p o u n d s  a n d  t h e  i s o l a t i o n  o f  p l a n t  
e n z y m e s .  P h y t o c h e m i s t r y  5 :  4 2 3 .

M c G r e g o r ,  D . 1 9 7 0 .  F o r m u l a t i o n  o f  n e w  s u n 
f l o w e r  s e e d  p r o d u c t s .  P r o c .  4 t h  I n t i .  S u n 
f l o w e r  C o n f . ,  M e m p h i s ,  T e n n .

R a s e k h ,  J . G . ,  S t i l l i n g s ,  B .R .  a n d  D u b r o w ,  D .L .
1 9 7 1 .  M o i s t u r e  a d s o r p t i o n  o f  f i s h  p r o t e i n  
c o n c e n t r a t e  a t  v a r i o u s  r e l a t i v e  h u m i d i t i e s  
a n d  t e m p e r a t u r e .  J .  F o o d  S c i .  3 6 :  7 0 5 .

R o c k l a n d ,  B . 1 9 6 0 .  S a t u r a t e d  s a l t  s o l u t i o n s  f o r  
s t a t i c  c o n t r o l  o f  r e l a t i v e  h u m i d i t y  b e t w e e n  
5  a n d  4 0 ° C .  J .  A n a l .  C h e m .  S o c .  3 2 :  1 3 7 5 .  

S e c h e t - S i r a t ,  J . ,  M a s q u e i t a r ,  J .  a n d  T a y e a y ,  F .  
1 9 5 9 .  P i g m e n t s  i n  s u n f l o w e r  s e e d s .  I .  C h lo -  
r o g e n i c  A c id .  B u l l .  S o c .  C h i m .  B io l .  4 1 :  
1 0 5 9 .

S m i t h ,  A .K .  1 9 5 8 .  V e g e t a b l e  p r o t e i n  i s o l a t e s .  
I n  “ P r o c e s s e d  P l a n t  P r o t e i n  F o o d s t u f f s , ”  e d .  
A l t s c h u l ,  A .M . A c a d e m i c  P r e s s  P u b l .  I n c .  
N e w  Y o r k .

S o s u l s k i ,  F .W . ,  M c C le a r y ,  C .W . a n d  S o l i m a n ,
F .S .  1 9 7 2 .  D i f f u s i o n  e x t r a c t i o n  o f  c h l o r o -  
g e n i c  a c i d  f r o m  s u n f l o w e r  s e e d .  I n  p r e s s .  

T a l l e y ,  L .D . ,  B r u m m e t t ,  B . J .C .  a n d  B u m s ,  E .E .  
1 9 7 0 .  U t i l i z a t i o n  o f  s u n f l o w e r  i n  h u m a n  
f o o d  p r o d u c t s .  P r o c .  4 t h  I n t i .  S u n f l o w e r  
C o n f . ,  M e m p h i s ,  T e n n .

W a l l ,  J . S .  1 9 6 4 .  C e r e a l  P r o t e i n s .  I n  “ S y m p o s 
i u m  o n  F o o d s :  P r o t e i n s  a n d  T h e i r  R e a c 
t i o n s , ”  e d .  S c h u l t z ,  H .W . a n d  A n g l e m i e r ,  
A .F .  A v i  P u b l .  C o .  I n c . ,  W e s t p o r t ,  C o n n .

M s  r e c e i v e d  4 / 2 3 / 7 2 ;  r e v i s e d  6 / 2 6 / 7 2 ;  a c c e p t e d  
7 / 9 / 7 2 .
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PALATABILITY OF PANCAKES AND COOKED CORN MEAL 
FORTIFIED WITH LEGUME FLOURS

INTRODUCTION
IN THE LAST few years, much attention has been focused on the nutritional adequacy of the American diet. Frequent references have been made to “empty” calories particularly with regard to snacks and breakfast foods, which are most frequently consumed by young people. When consumed with milk, however, the breakfast foods obviously provide useful nutrition. The reasons for the success of such foods may be many including convenience, ease of preparation, etc., but probably the principal reason is palata- bility—taste, aroma, texture, appearance, etc.In general, people tend to select their food on the basis of what they enjoy eating rather than on its nutritional value. The most nutritious food in the world is ineffective unless it is accepted and consumed by the population for which it is intended. Therefore, it would appear that the most painless and effective way of improving the nutrition of groups who need it is by upgrading the nutritional value of foods they like. However, nutritional fortification must be accomplished without reducing acceptability of the products. This paper explores the possibility of blending cereal products such as cornmeal and pancake mixes with laboratory prepared navy and pinto bean powders to improve protein quality without significant reduction in palatability. Comparative studies with commercial soy flours were also made.

MATERIALS & METHODS
THE EFFECT OF nutritional fortification on 
sensory acceptability was conducted on pan
cakes and corn meal products. These foods 
were not selected for their significance in the 
diet but illustrate the principle of fortification 
without loss of acceptability.

Pancake mix
The basic dry mix consisted of the fol

lowing:
All purpose white Hour 1 0 0 g
Sugar 1 2g
Nonfat-dry milk solids 1 0g
Baking powder 1 0 g
Salt 3g

The batter was prepared by mixing the dry 
mix with one egg, one tablespoon of salad oil 
and 180 ml of cold water in a kitchen mixer 
operated at low speed until the mixture was 
thoroughly hydrated and smooth. This repre

sents the standard or control pancake mix. 
When the mix was fortified with varying 
amounts of dry legume powders, the Hour con
tent was reduced by the amount of legume 
powder added.

The “cakes” were cooked in an oiled elec
tric fry pan set at 420° F. Each cake consisted 
of 1 tablespoon of batter. The cooked cakes 
were served to the judges on oven-warmed 
plates coded with random numbers. Each indi
vidual booth where the testing was done con
tained a supply of maple syrup and butter to be 
used according to individual taste.

Cornmeal mix
50g of whole ground cornmeal was slowly 

added to 360 ml of boiling water, with constant 
stirring until the mixture reached a full boil. 
The mixture was then cooked for 30 min over 
boiling water in a double boiler. After cooking, 
3 tablespoons of tomato sauce and 3 table
spoons of dry grated Parmesan cheese were 
uniformly stirred into the cornmeal. This repre
sents the standard or control cornmeal mixture. 
The effect of fortification with dry legume 
powders was determined by replacing varying 
amounts of the dry cornmeal with an equal 
weight of legume powder.

Legume powders
Legume powders were chosen as the fortify

ing agents because of our interest in the in
creased utilization of beans and bean products, 
and because they are a reasonably good source

of protein and other nutrients (Watt and Mer
rill, 1963). Replacement of 25 -50% wheat 
Hour or cornmeal with dry bean powder signifi
cantly increases the protein content of the food 
mixtures described above.

The bean powders were prepared from 
whole dry navy and pinto beans according to 
the process described by Morris (1961). Some 
of the powders prepared by the process des
cribed by Kon et al. (1970) were fortified with 
0.6% methionine. Other powders were prepared 
by grinding dry whole peeled beans in a ham- 
mermill and sieving through a 1 0 0 -mesh screen. 
The soybean Hours (S,-bakers defatted, S2- 
defatted toasted, S3-full fat, S4 -defatted) and 
pancake mixes were obtained from commercial 
sources.
Sensory evaluation

The unfortified products described above 
served as the standard or control for all levels of 
fortification with legume products.

Most of the sensory tests were conducted 
with a panel of 2 0  experienced judges selected 
on the basis of acuity and reliability. Some of 
the tests were conducted with larger groups of 
untrained laboratory personnel for the purpose 
of estimating relative acceptability of some of 
the fortified products.

The sensory tests used were paired com
parison, duo-trio and hedonic scale (ASTM, 
1968). Significance of the results obtained in 
the paired tests was determined by the sign test 
(Gueula et al., 1971).

(%  C O R R EC T  R ESP O N SES  -  5 0 ) x 2

Fig. 1 —R ela tion  betw een percentage o f  legum e in  co rn m eal m ix tu re  
(d ry  w eight basis) an d  de tec tion  o f  flavor d iffe ren ce  betw een m ix tu re  

and 100%  cornm eal c o n tro l (d uo -trio  test). a—d e fa tted  toasted soy 
(S . j ;  » —ground, co oked  w h ite  navy beans; u—acid  processed freeze- 
dried  w h ite  navy bean p o w d e r fo rt if ie d  w ith  m eth ion ine. Thresholds 
and 95%  confidence lim its : ' — 25% , 2 0 —32 % ; » - 2 4 % , 2 2 -2 7 % ;  
o -2 3 % , 2 0 -2 7 % .

l i b —JO U R N A L O F FO O D S C IE N C E -V o lu m e 3 7  (1972)
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All sensory tests were conducted in a room 
containing individual booths and supplied with 
air passed through a bank of granular charcoal 
cannisters and maintained at a constant 
74 t 2°I and 50% R.H. The room was main
tained under slight positive pressure to prevent 
outside unconditioned air from entering. Each 
judge was presented with one pair of samples 
per session with a score sheet giving appropriate 
information and instructions for each of the 
different tests. Pancakes were served hot from 
the griddle and the corn meal was held at 
160“I until served. The tests were conducted 
under subdued lighting (7.5 watt green bulbs) 
to prevent possible color or appearance differ
ences from intluencing flavor judgments. Forti
fied and unfortified samples were presented 
first in each pair an equal number of times to 
prevent first sample bias. The judges were al
lowed to swallow the samples if they wished, 
and running water was available for rinsing 
between samples.

RESULTS & DISCUSSION 
Corn meal mixtures

The relation between percentage of dry legume powder in corn meal and detection of flavor difference between 
1 0 0 % corn meal control and legume-corn meal mixture is shown in Figure 1. The duo-trio data were corrected for guessing the correct answer by subtracting 50

from the percentage of correct responses and multiplying by 2. When the product of this transformation was plotted against percentage of legume in mixture on log probability paper, reasonably good straight lines were obtained for the various legume products. In this form, the data appear to meet the requirements of the dose-response procedure described by Litchfield and Wilcoxon (1949). In this case, the LD5 0  or point where 50% of the responses actually detect the additive is considered the threshold or amount of legume that causes a noticeable difference in taste. This degree of discrimination corresponds to 75% correct responses in the uncorrected duo-trio data. Thresholds for the different legume products in corn meal varied from 23-25% of the final mixture with 95% confidence intervals ranging from 20-32%. Data obtained from the duo-trio test indicated that many of those who correctly matched duplicates considered the sample with added legume as having a better flavor than the unfortified control. To explore 
the possibility of improved flavor in the sample containing legume powder, the tests were repeated in the form of a paired comparison in which the subjects were asked to indicate which sample in

the pair had the better flavor. Percentage of the subjects indicating better flavor in the sample containing legumes was plotted against percentage of legume in the mixture (Fig. 2).It is interesting to note that a significant proportion of the subjects considered samples with 12.5—25% toasted defatted soy or ground cooked white navy beans as having a better flavor than the legume-free control. Even when the proportion of these two bean products was raised to 50% of the mixture, 60% of the subjects still considered the bean products as having a better flavor. Samples containing acid-processed legume powder gave nonsignificant results over the entire range of 12.5—50%. However, in the 12.5—25% range, preference was in favor of the bean sample while at the 50% level it was slightly in favor of the control samples. The lower flavor preference for products with the acid processed legume powder were probably due to the 0 .6 % added methionine in this powder. In order to obtain a general overall estimate of the relative acceptability of the control and 25% legume fortified corn mixtures, the products were evaluated on a 9 to 1 like-dislike hedonic scale. Figure 3 shows the cumulative percentage of responses

Fig. 2 —R ela tio n  betw een  percentage o f  legum e  
in corn m eal m ix tu re  td ry  w eight basisI an d  p e r
centage o f  responses ind icating  b e tte r  flavor in 
m ix tu re  com pared  to 100%  co rnm eal co n tro l 
Ip a ired  com parison test, n = 4 0 ). • —ground  
co oked  w h ite  navy  beans; o —ac id  processed  
freeze-dried w h ite  navy  bean fo r t if ie d  w ith  

m eth ion ine; —d e fa tte d  toasted  soy I S , !.

Fig. 3 —C um ulative percentage o f  panel res
ponses as a fu nction  o f  hedonic rating o f  
legum e-cornm eal m ixtures. 9 —lik e  ex trem e ly , 
8 —lik e  very m uch, 7 —lik e  m odera te ly , 6 —like  
s lightly , 5 - n e it h e r  like  n o r dislike, 4 -d is l ik e  
slightly , 3 —dislike m odera te ly , 2 —dislike very 
m uch, 1 —dislike ex trem e ly , • —co n tro l, a l l  corn- 
m e a l;  o —25%  defa tted , toasted soy (S 2);  
' . —25%  acid  processed freeze-dried  w h ite  navy  
bean p o w d e r fo r t if ie d  w ith  m eth io n in e ; a —25%  

d ru m -d rie d  p in to  beans. Average hedonic  ra t
ing: » - 6 .7 ,  0 —7.4 , 0 - 7 .2 ,  n—7 .1 ; •  vs. o sig
n ific a n t a t  P  < 0 .0 0 3 , o thers N.S.

Fig. 4 —R elationsh ip  betw een flavor responses 
fro m  pancakes p repared  from  m ixes con taining  
various percentages o f  d ry  g rou nd  legumes or 
legum e products (p a ired  test, N  = 4 0 ). • — 
d e fa tte d  toasted soy flo u r (S 2) ;  o —d e fa tted  

bakers soy f lo u r  (S l i ;  ' . - a c id  processed freeze- 

d ried  w h ite  navy bean p o w d e r fo r t if ie d  w ith  

m eth ion ine, a -d r u m  d r ie d  p in to  beans.
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Table 1 -N u tr ie n t  changes in cooked  pancakes and  corn m eal resulting from  p a rtia l rep lacem ent o f  w h eat f lo u r an d  corn m eal w ith  navy bean 

and d e fa tted  soy flours

Cooked pancakes Cooked com meal

Wheat flour fortified with: Corn meal fortified with:

Unfortified 30% navy 30% defatted Unfortified 30% navy 30% defatted
Nutrients8 control bean flour soy flour control bean flour soy flour

Protein 7.0 8 .1 10.5 4.1 5.1 6.9

Calcium 57 69 82 62 72 81
Phosphorous 1 0 0 138 158 103 116 133
Potassium 111 199 283 78 146 192

Iron 0.7 1.3 1.7 0 .6 1 .0 1 .2
Thiamin 0.05 0.13 0.15 0 .1 0 0 .1 2 0.15

Riboflavin 0 .1 2 0.14 0.15 0.07 0.08 0.09
Niacin 0.34 0.48 0.52 0.51 0.54 0.56

“ P r o t e i n - g / 1 0 0 g  c o o k e d  p r o d u c t ;  a ll  o t h e r  n u t r i e n t s - m g / 1 0 0 g  c o o k e d  p r o d u c t

assigning values from 9 to 4 for like extremely to dislike slightly. The graph readily shows the percentage of responses which assigned a given hedonic rating or higher. Thus less than 10% of the panel assigned values of 9, but 65—95% of the panel assigned values of 7 or higher. The mean hedonic ratings varied from
6 .7-7.4. The largest difference in acceptability of the samples was between control and 25% defatted toasted soy. This difference was significant at P ^  0.003 in favor of the legume product and appears to confirm the results obtained in the paired tests. The other legume products were not significantly different from the

Fig. 5 —C um ulative percentage o f  pane l res
ponses as a function  o f  hedonic rating o f  p an 
cakes p rep ared  w ith  various am ounts o f  toasted  
soy IS 2). • —u n fo rtifie d  m ix ; o — 12 .5 /2%  (S 2) 
in  m ix ; '  —25%  IS 21 in  m ix ; a —50%  (S2) in  
m ix. •  to □, n =  2 0 —22. + [5 0%  (S 2) in  m ix ] , n 

=  52. Average hedonic rating: • —7 .0 , o—7.2, 
& -7 .0 ,  a - 7 . 1, + - 7 .0 .

control even though all were rated somewhat higher. All legume-containing products received ratings of like slightly (6) to like extremely (9) by 90-100% of the panel.Results from three different types of sensory tests suggest that at least 25% legume can be added to this particular cornmeal product without adversely affecting the sensory characteristics of the mixture. Even more surprising is the fact that this particular panel appeared to prefer the samples with 25% defatted toasted soy over the all cornmeal control. The approximate nutritional improvement which could be achieved in such

mixtures can be calculated from the tabular nutrient values listed for the individual components of the mixture (Watt and Merrill, 1963). Table 1 gives calculated values for a limited number of nutrients and mixtures. Considering protein, it is readily apparent that the greatest improvement is obtained by the use of defatted soy products since they contain over twice as much protein as ordinary dry beans.
Pancake mixes

In pancake mixes, as little as 10% legume addition to the basic mix was significantly detectable by the duo-trio

Table 2 —F lavo r com parisons o f  pancakes p rep ared  fro m  lab o ra to ry  m ix , com m ercia l m ixes and  
the same m ixes fo rt if ie d  w ith  soybean products

No. of judgments 
indicating better 

flavor for:

First Second
Comparison8 N sample sample Probability

LM vs 25% S2 in LM 40 12 28 0.017
LM vs 50% S2 in LM 52b 24 28 -
LM vs 25% S3 in LM 40 9 31 0.0007
LM vs 50% S3 in LM 40 12 28 0.017
25% S2 in LM vs 25% S3 in LM 40 16 24 0.268
50% S2 in LM vs 50% S3 in LM 40 10 30 0 .0 0 2
LM vs 25% S4 in LM 40 13 27 0.038
LM vs 50% S4 in LM 40 10 30 0 .0 0 2
25% S2 in LM vs S5 2 0 10 10 -
50% S2 in LM vs Ss 2 0 10 10 -
25% S, in LM vs S5 40 12 28 0.017
CM, vs 25% S2 in CM, 40 18 2 2 -
CM, vs 50% S2 in CM, 40 15 25 0.154
CM2 vs 25% S2 in CM2 40 14 26 0.081
CM2 vs 25% S2 in LM 40 12 28 0.017
CM2 vs 50% S2 in LM 40 16 24 0.268
CM3 vs 50% S2 in LM 2 0 2 18 0.0004
CM„ vs 50% S2 in LM 40 12 28 0.017

aLM—laboratory mix; S. —commercial bakers defatted soy; S2 —commercial defatted toasted
soy; S3—commercial full fat soy; S4 —commercial defatted soy; S5 —commercial pancake mix con-
t a i n i n g  s o y ;  C M , t o  C M 4 —c o m m e r c i a l  p a n c a k e  m ix e s

' ’ R a n d o m  s a m p l e  o f  5 2  l a b o r a t o r y  e m p l o y e e s  n o t  o n  t h e  r e g u l a r  p a n e l
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Fig. 6 —E f fe c t  o f  storage at 7 0 ° F  on flavor o f  p an cakes p re p a red  from  
m ixes w ith  an d  w ith o u t 25%  d efa tted  toasted  s o y  I S 2) In = 40).

test. Since results from  the cornm eal 
experim ents ind icated possible flavor 
im provem ents by certa in  levels o f legume 
fo rt if ica tio n , the sensory tests on pan
cakes were p rim arily  by paired com pari
son and hedonic rating.

Resu lts from  the paired tests were 
plotted against percentage o f legume in 
the m ix  (F ig . 4 ) . S ign ificant proportions 
o f the panel ind icated that 1 2 .5 —25% 
addition o f both soy products to the m ix  
gave the fin ished cake a better flavo r.

As the percentage o f soy in  the m ix  
was increased to 50 and 75% , the percent
age o f responses in  favor o f the additive 
dropped sharp ly  in  linear fash ion . Even  at 
50% ad d itio n , how ever, the panel was 
about evenly divided in the ir judgm ent as 
to w h ich  sample had the better flavo r. 
The m ixes contain ing o rd inary  dry bean 
products were not s ig n ifican tly  preferred 
at any o f the levels tested , but neither 
was the co n tro l, even when the bean level 
was raised to 75% . E xcep t fo r the acid- 
processed legume powder, at least 50% or 
more o f th is particu la r panel considered 
the cakes made from  m ixes contain ing up 
to 50% legume powder as having a better 
flavor than the co n tro l.

Fu rth e r in fo rm ation  on the re lative 
accep tab ility  o f pancakes made from  
m ixes contain ing 1 2 .5 -5 0 %  toasted soy 
flour is shown in Figure 5. It is clear that 
the average hedonic ratings o f all samples 
including contro l were very s im ila r, rang
ing from  7 .0 —7 .2 . A n a ly s is  o f the data 
did not show any sign ificant d ifferences 
among sam ples. Less than 10% o f the 
panel gave the samples a rating o f 9 , but 
8 7 -9 2 %  rated all p roducts at 6 or higher. 
The data, obtained from  52 untrained 
laboratory persons, are o f particu la r in ter
est in  that they are very s im ilar to that 
obtained by the sm aller regular panel, and

ind icate that 75%  o f th is group assigned 
the 50% fo rtified  cakes a rating o f 7 .0  or 
higher.

Tab le  2 shows results o f paired com 
parisons between cakes prepared from  
laborato ry and com m ercia l m ixes w ith  
and w itho u t soybean powder fo rt if ic a 
tio n . The S ! and S 2 defatted soy flours 
are the same as those used in all previous 
fo rt if ica tio n  tests and the other products 
are as described in Tab le  2.

S lig h tly  more than ha lf o f the 52 
untrained laborato ry subjects considered 
the 50% (S 2 ) fo rtified  laborato ry m ix  as 
having a better flavo r than the un fo rtified  
co n tro l. T h is  result is in  agreement w ith  
the hedonic ratings obtained from  a 
s im ilar untrained panel and indicates no 
sign ificant d islike or re jection  o f the 
fo rtified  sam ple.

The fu ll fat soy flo u r ( S 3 ) at the 50% 
level appears to im prove flavo r o f the 
laborato ry m ixes m ore than the defatted 
toasted sample (S 2 ). Defatted soy sample 
(S 4 ) appears to o ffe r flavo r im provem ent 
at both 25 and 50%  levels over the 
un fo rtified  laborato ry m ix . The labora
to ry  m ix  fo rtified  w ith  25 and 50% S2 
was not s ig n ifican tly  d ifferent from  a 
com m ercial pancake m ix  contain ing soy 
flo u r, but the com m ercial m ix  was sign ifi
cantly  preferred over the laborato ry m ix  
contain ing 25%  S [ .  A d d itio n  o f 2 5 —50% 
S 2 to un fo rtified  com m ercial pancake 
m ixes did not appear to cause sign ificant 
flavo r preferences, but a m a jo rity  o f the 
responses ind icated better flavo r in  the 
fo rtified  samples. The laborato ry m ix  
fo rtified  w ith  25 and 50% S 2 was s ign ifi
cantly  preferred over u n fo rtified  com m er
cial m ixes in  3 out o f 4 tests. Thus, it 
appears that fo rt ifica tio n  w ith  legume 
products to increase nu trit io n a l value o f 
pancake m ixes and cornm eal products

would not be hindered on the basis o f 
in tro d uctio n  o f objectionab le flavors. On 
the co n tra ry , the evidence seems to in d i
cate that flavo r o f  the fo rtified  products 
m ay be preferable to a substantial num 
ber o f persons. W hile these results do not 
necessarily represent those w h ich  would 
be obtained by consum ers in  general, 
they do ind icate the possib ility  o f legume 
fo rtified  products and illu stra te  the prin
cip le o f fo rt if ica tio n  w itho u t sign ificant 
loss o f p a la tab ility . Som ewhat s im ilar 
results were obtained w ith  soy fo rtified  
corn and wheat breads by B o o kw alte r et 
al. (1971 a, b ). Such fo rt if ica tio n  would 
not o n ly  increase protein  content o f 
re lative ly  low  protein  products, but 
would also raise the levels o f other 
nutrients such as ca lc ium , phosphorus, 
iro n , potassium , th iam in  and n iac in . A t 
the 50% level o f fo rt if ic a tio n , the per
centage o f some o f these nutrients would 
be more than doubled.

The sensory results up to th is point 
were all obtained either im m ediately or 
w ith in  a few  days o f fo rt if ic a tio n . To  
determ ine the effect o f possible ingredi
ent in teractions during storage at o rd i
nary tem peratures, laborato ry m ixes w ith  
and w itho u t 25%  S 2 were packaged in 
po lyethylene bags and stored at 7 0 °F . 
A fte r 1, 2 , 5 and 8 m onths o f storage, 
pancakes were prepared from  fo rtified  
and un fo rtified  m ixes and evaluated fo r 
flavo r. F igure 6 shows a s ign ificant prefer
ence fo r the fo rtified  cakes at 0 , 1 and 2 
m onths o f storage. Percentage o f the 
panel considering the fo rtified  sample as 
better in  flavo r declined to 60% after 5 
m onths and 55% after 8 m onths. Thus 
the preference fo r the fo rtified  sample 
becomes insign ifican t between 2 and 5 
m onths at 7 0 ° F , but even after 8 m onths 
at th is tem perature , no adverse flavor 
effects attributab le  to fo rt ifica tio n  were 
noticeable .
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EVALUATION OF A PROTEIN CONCENTRATE PRODUCED FROM 
GLANDLESS COTTONSEED FLOUR BY A WET-EXTRACTION PROCESS

INTRODUCTION
P R O T E IN  C O N C E N T R A T E S  are cu r
rently  finding u t ility  as a protein ingredi
ent in a wide variety o f foods. The 
quantity  o f soy protein concentrate (by 
de fin ition  containing a m inim um  o f 70% 
protein on a m oisture-free basis) used for 
food in Am erica in 1969 is reported to 
have been 33 m illion  pounds (Ham m onds 
and C a ll, 1970). These and other investi
gators predict an even brighter future for 
th is type food ingredient because o f its 
dual capab ility  o f providing im portant 
functional characteristics and good nu tri
tional properties and its cost advantage 
over protein isolate. F in ished products 
containing soy protein concentrates are 
em ployed p rinc ip a lly  in processed meat 
products, baked goods, breakfast cereals 
and dietary wafers (M eyer, 1971).

Protein concentrates from  glandless 
cottonseed have better flavor than corres
ponding soy products and it is anticipated 
that a substantial m arket w ill exist for 
them since their cost o f production 
should be com parable (S m ith , 1971). 
Preparation o f glandless cottonseed con
centrates has been demonstrated to be 
feasible by either wet or dry processing 
procedures (M artinez et a l., 1970). Each 
type process yie lds a concentrate that 
d iffers somewhat in com position and 
functio n a lity .

A  m ajor deterrent to using a wet- 
extraction  procedure has been the by
product liquid extract yielded . The 
u tiliza tio n  or disposal o f th is m aterial has 
posed processing and/or po llution prob
lems. R ecen tly , such an extract from 
glandless cottonseed flou r using the proc
ess under study was shown to contain  a 
whippable substance w ith  com m ercial 
potential as an egg white extender or 
substitute (Law h o n  et a l., 1972). Th is  
could greatly enhance the econom ic at
tractiveness o f this protein concentrate 
process.

In  the present stud y , wet-extracted 
concentrate spray dried at two pH levels 
was evaluated for use in protein-fortified 
bread and as a component in meat loaf to 
reduce ju ice  and fat cook-out during 
baking and reduce meat requirem ents.

1 O p e ra te d  by  th e  T ex a s  E n g in ee rin g  E xperi- 
m e n t S ta tio n  fo r  th e  N a tu ra l F ib e rs  & F o o d  
P ro te in  C o m m itte e  o f T exas.

EXPERIMENTAL
Wet extraction process

Protein concentrate was produced by ex
tracting 10 lb of glandless cottonseed flour with 
tap water adjusted to pH 4, the point of mini
mum protein solubility, with either hydro
chloric or phosphoric acid. The flour-water 
mixture was continuously stirred at 25°C for 
40 min (6:1 solvent to solids ratio by weight). 
The pH was readjusted with 85% phosphoric 
acid until stabilized. The slurry was then sepa
rated with a continuous centrifuge producing 
1800 gravities into a liquid extract containing a 
solubilized whipping substance and a solids resi
due. The solids residue was subsequently re
mixed with tap water at pH 4 (2:1 solvent to 
solids ratio based on original weight of Hour) 
until uniformly dispersed and recentrifuged to 
remove liquid extract not separated initially.

The solids residue (protein concentrate) was 
divided into two portions for spray drying. One 
portion was spray dried “ as is”  (pH 4.5 ca) and 
another was adjusted to pH 6.8 and spray dried. 
IN NaOH was used for pH adjustment.

The spray dryer used was a co-current, 
electrically-heated, cone-bottom type which 
utilized a two-fluid nozzle for feed atomization. 
Inlet air temperature was held at 300-310°F 
and outlet air temperature at 185-200°F dur
ing drying. Processing methods used to prepare 
the glandless cottonseed flour extracted are 
described in a subsequent section.
Nitrogen solubility profiles

Nitrogen solubility was determined at pH 3, 
4, 5, 7 and 9 on the parent flour and on spray- 
dried and freeze-dried protein concentrates 
using the following modification of a method 
by Lyman et al. (1953):
(a) lg of dry product was dispersed into 100 ml 

of water adjusted to pH of measurement.
(b) After stirring 5 min, the mixture was read

justed to the original pH. After an addi
tional 5 min of stirring, the pH was re
checked and adjusted if necessary.

(c) The mixture was heated for 30 min in a 
37.5°C water bath and then shaken for 30 
min at 25°C.

(d ) The mixture was then centrifuged at 2000 
rpm for 20 min, filtered, and a 70-ml ali
quot removed for determining soluble N by 
standard procedure (AOCS, 1971).

Analytical procedures
The amino acid analysis of protein concen

trates and cottonseed flours used in the study 
(with the exception of tryptophan and cystine) 
was quantitatively determined by the procedure 
developed by Spackman et al. (1958). Trypto
phan was determined by the method of Kohler 
and Palter (1967). Cystine was measured using 
a modification of the procedure by Schram et 
al. (1954).

Samples were hydrolyzed for determination 
of all amino acids except cystine and trypto

phan in constant-boiling I1C1 for 24 hr under a 
nitrogen flush. Procedures for preparing protein 
hydrolysate for cystine and tryptophan are 
specified in the methods cited.

Moisture, oil, nitrogen, crude fiber, ash and 
free and total gossypol were determined accord
ing to standard AOCS methods (AOCS, 1971). 
Sugars were determined by a standard AOAC 
procedure (AOAC, 1965).

Baking protein-fortified breads
The utility of wet-processed protein concen

trate for protein enrichment of wheat Hour 
breads was tested in a wheat Hour-concentrate 
blend proportioned to yield 17.5% protein on a 
14% moisture basis. Based on previous measure
ments by Rooi.ey et al. (1972), this level of 
protein in the blend increases the protein in the 
bread by more than 20%.

Experimental design and materials prepara
tion. A randomized complete-block design was 
followed in conducting baking trials. Seven 
treatments consisting of six cottonseed materi
als plus an all-wheat Hour control were included 
in the experimental design. One complete block 
of seven treatments (one loaf per treatment) 
was baked on a given day. Three blocks of 
treatments were baked during the experiment.

Processing methods used to prepare cotton
seed flours and concentrates compared in the 
baking trials and the treatment number assigned 
each product were as follows:

Treatm ent 1 was LCP glanded cottonseed 
flour which was prepared at the USDA South
ern Marketing & Nutrition Research Div., New 
Orleans, La. The process has previously been 
described in the literature (Gastrock, 1968; Vix 
et al., 1971).

Treatm ent 2 was the glandless cottonseed 
flour from which the wet-process protein con
centrate was produced. This flour was prepared 
from Rogers GL-7 glandless cottonseed. Coarse 
kernels conditioned to 150°F and 7.25% mois
ture were flaked with flaking rolls to 0.010 in. 
th ickn ess and extracted with commercial 
hexane in a scale-model Crown solvent extrac
tor at the Crown Iron Works pilot plant, Minne
apolis, Minn. Extracted flakes (“ marc” ) were 
desolventized at 150-160°F by indirect steam 
heat without sparge steam added. Makes were 
comminuted with a Fitzpatrick comminuting 
machine to pass an 80 mesh sieve.

Treatm ent 3  was wet-process protein con
centrate spray dried at pH 4.5.

Treatm ent 4  was wet-process protein con
centrate spray dried at pH 6.8.

Treatm ent 5  was protein concentrate pre
pared from glandless cottonseed flour by air 
classification. This concentrate was prepared at 
the Oilseed Products Div. (OPD) pilot plant 
using an Alpine Multi-plex Laboratory Zigzag 
Classifier 100 MZR. The classifier yielded 67% 
of its discharge as a high-protein fraction and 
33% as a low-protein fraction.

Treatm ent 6 was the glandless cottonseed

77 8 -J O U R N A L  O F FO O D  S C IE N C E -V o lu m e 3 7  (1972) }



P R O T E IN  CONO F R O M  G LA ND LESS C O TTO NSEED F L O U R -7 7 9

Table 1-D ata  on cottonseed flours and protein concentrates com pared in bread baking experiments

Protein Protein Gossypol Crude Total Color
Sample Moisture Oil (Nx6.25) sol. free total fiber Ash sugars readings

analyzed % % % % % % % % % %
LCP
glanded cs. 4.7 1.3 66.25 98.2 0.023 0.023 2.0 8.8 9.8 84.2
flour ( 69.5 2)a
Glandless cs. 
Hour used in 6.9 1.1 59.75 99.3 0.017 0.017 2.2 6.9 13.2 86.3
wet proc. (64.18)
Wet proc. 
prot. cone. 5.6 1.4 70.19 97.1 0.001 0.001 2.8 7.5 0 78.5
dried at pH 4.5 (74.31)
Wet proc. 
prot. cone. 6.1 1.4 69.00 97.4 0.005 0.005 2.8 11.1 0 70.3
dried at pH 6.8 (73.51)
Air classified 
prot. cone. 10.8 1.4 61.00

(68.35)
99.9 0.030 0.030 1.8 7.7 10.5 86.1

Glandless cs. 
flour used 11.6 1.0 56.00 97.6 0.043 0.043 2.1 7.1 12.4 84.1
in air dassif. (63.35)

aVa!ues in parenthesis are on a moisture-free basis.

flour front which Treatment 5 was produced. 
This flour was prepared front Watson GL-16 
glandless cottonseed at the OPI) pilot plant. 
Flakes rolled to 0.010 in. thickness were ex
tracted with commercial hexane without prior 
conditioning. Desolventization was with warm 
air at 90°F . Dry, defatted flakes were com
minuted with an Alpine Kolloplex Laboratory 
Mill 160Z to pass an 80 mesh sieve.

Treatm ent 7 was a strong gluten, straight 
grade, commercial wheat flour which was 
bleached, brominated and malted. The flour 
was used as a control in the experimental 
bakings. It contained 14% protein and 0.4% ash 
(14% moisture basis).

Baking procedure. Pound loaves of bread 
were baked by a straight-dough procedure using 
a baking formula previously published by 
Rooney et al. (1972). Doughs were mixed with 
a Model 120-A Hobart mixer in a McDuffy 
bowl. 1% of sodium stearoyl-2 lactylate (SSL) 
was added to each of the doughs except the 
control. After fermentation doughs were scaled 
to 540g., rested 20 min, moulded, proofed to 
height and baked for 30 min at 430°F in an 
electric reel-type oven. Loaf volumes after 
baking were determined by rape seed displace
ment. The loaves were weighed, stored over
night and measurements of crumb reflectance 
recorded.

A Photovolt Model 610 reflectance meter 
was used to measure lightness of crumb color. 
The meter was equipped with a green filter and 
calibrated against a magnesium oxide plate. 
Five observations were read for each bread loaf.

Dough mixing properties. A Brabender 
farinograph equipped with a 50g stainless steel 
bowl was used to study the mixing properties 
of doughs. Tests were conducted according to a 
standard A ACC procedure (1970). Water ab
sorption was taken as the amount of water 
required to center the curve on the 500 Bra
bender unit line. No SSL was added to doughs 
studied with the farinograph.

Color measurements on cottonseed materi
als. Objective measurments of lightness of color 
in dry protein concentrates and flours were 
made using a Model AC-1 Gardner Automatic 
Color-Difference Meter. Readings were taken 
using the L  scale of the meter after standard
izing it with a ceramic tile having a calculated L

value of 77.3. Two readings were obtained on 
each material.

Evaluation of protein concentrate 
for use in meat loaf

Five sets of two meat loaves each were 
baked to test the utility of wet-process protein

Table 2 —Am ino acid analysis o f  cottonseed flours and protein concentrates used in bread
baking

Amino
acids

L .C .P . 
flour 

g/16gN

Glandless 
cottonseed 

flour for 
wet proc. 
g/16gN

Wet process 
protein cone, 

dried at 
pH 4.5 
g/16gN

Wet process 
protein cone, 

dried at 
pH 6.8 
g/16gN

Air classif. 
protein cone, 

g/16gN

Glandless 
cottonseed 

flour for 
air classif. 
g/16gN

Lysine 4.2 4.0 3.6 4.0 4.0 4.2
Histidine 2.7 2.6 2.8 2.9 2.8 2.8
Ammonia 1.9 1.8 1.8 1.9 1.9 1.8
Arginine 12.1 11.7 10.8 11.3 11.3 11.4
Tryptophan 1.4 1.5 1.4 1.5 1.5 1.5
Cystine 2.2 2.4 1.9 2.1 2.5 2.5
Aspartic acid 9.1 9.1 9.2 8.9 8.8 8.7
Threonine 3.1 3.2 3.2 3.1 3.1 3.2
Serine 4.2 4.3 4.4 4.4 4.2 4.0
Glutamic acid ■ 21.1 20.5 20.0 19.7 20.0 19.7
Proline 3.7 3.8 3.9 3.7 3.9 3.8
Glycine 4.0 4.2 3.9 3.9 4.0 4.0
Alanine 3.7 3.9 3.9 3.9 3.7 3.7
Valine 4.4 4.5 4.9 4.9 4.4 4.4
Methionine 1.5 1.4 1.8 1.5 1.6 1.6
Isoleucine 3.0 3.1 3.4 3.2 3.0 3.1
Leucine 5.7 6.0 6.4 6.2 5.7 5.7
Tyrosine 3.1 3.3 3.4 3.4 3.3 3.0
Phenylalanine 5.7 6.0 6.3 6.2 5.3 5.3
Totals
Available

96.6 97.2 96.6 94.4 95.0 94.2

Lysine 3.6 3.8 3.1 3.1 3.6 3.5
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concentrate as a meat loaf ingredient. A  for
mula developed by Vegetable Protein Products 
Dept., Swift Chemical Co., Oak Brook, 1L 
60521 was used in the baking trials. In each 
trial, a meat loaf containing 2 lb of good qual
ity ground chuck beef was baked as the control 
loaf. In a second loaf, 25% of the meat was 
replaced by concentrate which has been par
tially rehydrated. Two levels of concentrate 
were tested with the quantity of water used in 
rehydration held constant. In trials with a lower 
level, 41 .3g of concentrate and 124 ml of water 
replaced 1/2 lb of meat. The higher level of 
protein concentrate was ultimately chosen to 
maintain the protein level in the cooked loaf at 
a level equal to or higher than the level in the 
all-meat control. Data presented in Table 4 are 
based on tests at the higher level. Ingredients in 
control and test loaves were similarly mixed 
and baked in the same oven at 350°F for 1-1/4 
hr. After baking, the loaves were removed from 
pyrex baking dishes and allowed to drain for 10 
min on a rack over a collecting pan. Cook-out 
drained from each loaf and cook-out from cor
responding baking dishes was poured into 250 
ml glass graduated cylinders for measurement 
of fat and water phases. The cook-out in each 
instance was strained through a 20 mesh 
strainer lined with three layers of cheesecloth 
to remove small meat fragments. Concentrate 
included in the test loaf was prepared by freeze 
drying at pH 6.8.

Fat phases were analyzed for fat and mois
ture and volatiles content. Water phases and 
samples of control and test meat loaves were 
analyzed for fat, nitrogen and moisture and 
volatiles content. Each type loaf was weighed 
before and after baking.

Formal organoleptic tests including statis
tical analysis of control and test loaf scores 
were not conducted. However, samples from 
two sets of loaves were submitted on three con
secutive days to an untrained taste panel of 10 
judges for their responses to the two meat loaf 
types.

cottonseed flo u r induced by the wet- 
extractio n  process. Sugars, fo r exam ple , 
were reduced to an insign ifican t am ount. 
Rem oval o f these carbohydrates and 
other soluble m atter increased the protein 
content by ap proxim ate ly  10% on a dry 
basis. A sh , crude fiber and o il contents 
were increased. The higher ash content o f 
concentrate dried at pH  6 .8  is a ttr ib u t
able to the add ition  o f N aO H fo r pH 
ad justm ent. The absence o f sugars in 
wet-processed concentrate is a notable 
d ifference between it and products pro
duced by nonaqueous processes.

Wet-process concentrate in  dry form  
was not as light in  co lo r as the other 
cottonseed m ateria ls as shown in  Tab le 1.

The co lo r o f a com m ercia l soy protein 
isolate (P rom ine D ) was read for use as a 
standard o f reference. The  soy isolate 
gave a reading o f 8 0 .1 . Concentrate dried 
at pH 4 .5  y ie lded a lighter-colored dry 
product than pH 6 .8  concentrate . How
ever, bread baked w ith  pH 6 .8  concen
trate gave a higher crum b reflectance 
reading than pH 4 .5  bread. T h is  is attrib
uted to the poor lo a f vo lum e and coarse
grained textu re  o f pH 4 .5  bread.

Com parison o f am ino acid composi
tions are possible using data in  Table 2. 
A vailab le  lysine  ( i .e .,  that lysine with 
epsilon am ino groups unbound) in the 
wet-process concentrate was somewhat 
low er than in its parent f lo u r.

Fig. 1—Nitrogen solubility at different p H  o f  measurement in wet- 
extracted protein concentrates and the parent glandless cottonseed  
flour.

RESULTS & DISCUSSION
Properties and y ie ld  o f protein 
concentrate from  the wet process

Tab le 1 contains ana lytica l data on the 
wet-process concentrate and other cot
tonseed m aterials compared w ith  it in 
bread baking experim ents. B y  the com
m only accepted d e fin itio n  o f a protein 
concentrate ( i .e ., 70% protein on a 
moisture-free basis) the L C P  glanded 
m aterial could more co rrectly  be referred 
to as a protein concentrate. How ever, 
since the orig inators o f the process refer 
to th is product as a flou r in  the literature 
(G astro ck , 1968; V ix  et a l., 1971) this 
designation has been used throughout. 
Conversely , the air-classified m ateria l as 
prepared fo r these experim ents fe ll slight
ly  below the 70% protein level. Neverthe
less, it has been referred to as a protein 
concentrate since it is produced by fu r
ther processing o f a cottonseed flour. 
Products containing 70% or more protein 
have been produced by this technique 
from  flours prepared from  a d ifferent 
variety  o f glandless cottonseed.

The data in  Tab le 1 reflect changes in

Table 3 —Properties o f  bread baked with wheat flour blended with cottonseed protein con-
centrate or cottonseed flour to 17.5% protein levela
Treat- Material Loaf Specific loaf Crumb
ment in blendsb volume* volume* reflectance*

no. Materials g cc cc/g %

i LCP glanded cottonseed 
flour

7.6 2983.3a 6.80a • 52.6C

2 GL-7 glandless cottonseed 
flour

8.5 2835.0b 6.37b 54.8b

3 Wet-proc. glandless protein 
cone, dried at pH 4.5

7.0 1900.0e 4.13c 50.1d

4 Wet-proc. glandless protein 
cone, dried at pH 6.8

7.1 2760.0b 6.1 l b 54.9b

5 Air classified glandless protein 
cone, from GL-16 glandless flour

7.8 3050.0a 6.89a 57.6a

6 GL-16 glandless cottonseed 
flour

8.7 2858.3b 6.27b 54.6b

7 Wheat flour control 0 3013.3a 6.79a 58.5a
a l% sodium stearoyl-2 lactylate added as dough conditioner
^Values are grams of cottonseed material required to make lOOg of wheat flour-cottonseed 

material blend expressed on 14% moisture basis.
‘ Property values shown to be significantly different by range tests at the 5% level are indicated by different alphabetical superscripts.
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Fig. 2 —P o u n d  loaves o f  b rea d  b a k ed  w ith  b lends o f  w heat flo u r  an d  
c o tto n se e d  p ro te in  co n cen tra te  o r  c o tto n se e d  flours a t 17.5%  p ro te in  
level w ith  1% S S L  added. L o a f  A  co n ta ins 100%  w heat flo u r  (T rt. 7 ); 
L o a f  B  co n ta in s G L - 7  g landless c o tto n se e d  f lo u r (T rt. 2 ! ;  L o a f  D  c o n 
tains w et-process p ro te in  co n ce n tra te  d rie d  a t p H  4 .5  (T rt. 3 ) ;  L o a f  E  
co n ta in s w et-process p ro te in  co n cen tra te  d rie d  a t p H  6 .8  (T rt. 4 ) ;  L o a f  
H  co n ta in s L C P  g landed  co tto n se e d  f lo u r (T rt. 1); L o a f  / co n ta ins  
G L - 1 6  glandless c o tto n se e d  f lo u r (T rt. 6 ) ;  a n d  L o a f  K  co n ta ins air- 
cla ss ified  p ro te in  co n ce n tra te  (T rt . 5).

Figure 1 shows the nitrogen solubility 
of the wet-process concentrate to have 
been changed substantially from that of 
the parent flour only at pH 9 or higher.

Y ie ld s  o f wet-process concentrate were 
calcu lated from  m ultip le  400g bench- 
scale extractio ns and a single 10 lb 
laborato ry ex tra ctio n . The weight o f con
centrate produced equalled 58 .5%  o f the 
weight o f f lo u r extracted . The concen
trate contained 72 .5%  o f the to ta l n itro 
gen in the source flo u r.

Eva lu a tio n  o f breads enriched 
w ith  protein concentrate

Tab le 3 shows properties o f breads 
baked. Values given are treatm ent means 
from  three rep lications. A n  analyses o f 
variance (A N O V A ) was perform ed on 
values obtained fo r each o f the three 
properties shown.

T reatm ents were s ig n ifican tly  d ifferent 
at the 1% level o f significance fo r each o f 
the three properties.

D uncan ’s new m ultip le  range test was

applied to compare among treatm ent 
means fo r each bread p roperty . P roperty  
values shown to be s ig n ifican tly  d ifferent 
by range tests at the 5% level are ind i
cated in Tab le 3 by d iffe rent alphabetical 
superscripts.

Loaves contain ing air-classified gland
less concentrate , 100% wheat flo u r and 
L C P  glanded flo u r were s ign ifican tly  
larger in  vo lum e than loaves from  other 
blends. There was no real d ifference 
among lo a f volum es o f breads containing 
these three treatm ents.

Perhaps, the most im portant observa
tio n  from  these data is the m arked effect 
w h ich  pH o f spray drying had on baking 
properties o f the wet-process concentrate. 
The poor q ua lity  o f bread baked w ith  
concentrate dried at pH 4 .5  is quite 
apparent in  Figure 2. Bread baked w ith  
the concentrate dried at pH  6 .8  was equal 
in  lo a f vo lum e to bread containing the 
glandless cottonseed flou rs . No attem pt 
was made to determ ine the optim al pH  o f 
spray drying wet-processed concentrate 
to give the best lo a f vo lum e.

Range tests results on specific  loa f 
vo lum e means were id entica l w ith  results 
from  lo a f vo lum e means at the 5% level 
o f sign ificance. Test results o f crum b 
re flectance , a measure o f co lo r lightness, 
showed the wheat contro l and air- 
classified protein  concentrate to be signif
ican tly  higher than a second group w hich  
again consisted o f pH  6 .8  wet concen
trate , G L-7  flo u r and G l-16 flo u r. L C P  
flo u r was darker in  co lo r than the second 
group but lighter than wet-process con
centrate dried at the low er pH . The 
poorer co lo r o f L C P  flo u r bread is a ttrib 
uted to the glanded cottonseed from  
w h ich  it was derived. The low  reflectance 
o f the pH 4 .5  concentrate was caused by

FARINOGRAMS FOR WHEAT FLOUR AND WHEAT -  COTTONSEED BLENDS

Fig. 3 -F a r in o g ra p h  m ix in g  cu rves o f  w heat flo u r-co tto n se ed  p ro te in  
co n ce n tra te  a n d  w heat flo u r-co tto n se ed  f lo u r b lends a t 17.5%  p ro te in  
level w ith o u t S S L  added. W ater a b so rp tio n  an d  m ix in g  to leran ce  tim es 
are sh ow n . C o n tro l is 100% w heat flour. Fig. 4 —Test a n d  co n tro l m ea t loaves a n d  the co o k -o u t from  each.
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Table 4 —Properties o f  meat loaves and liquids co o ked  out with 
and without wet-process protein concentrate in the loaves

Data description Control loaf Test loaf

Volumes and weights of cook-out: 
Fat phase volume, ml.
Fat phase weight, g.
Water phase volume, ml.
Water phase weight, g.
Total volume of cook-out, ml. 
Total weight of cook-out, g.

Sample analyses:
Fat phase

moist. & volatiles, % 
fat, %

Water phase
moist. & volatiles, % 
fat, %
protein (Nx6.25), %

its poor loaf volum e and coarse-grained 
texture .

M ixing properties o f doughs prepared 
from  the wheat flo u r contro l and wheat- 
cottonseed blends w ithout S S L  added 
are reflected in the farinogram s shown 
in Figure 3. The presence o f cottonseed 
concentrates or flours in the doughs had 
the effect o f increasing water absorption 
in all instances. The largest increases were 
in doughs containing wet-process concen
trate and sp ec ifica lly  the concentrate 
w h ich  was spray dried at pH 6 .8 .

M ixing tolerance or stab ility  o f the 
doughs as interpreted from  each curve is 
also shown. Wet-process concentrate 
dried at pH 6 .8  y ielded the most stable 
dough o f any o f the blends. Dough 
containing th is m aterial was on ly  slightly 
less stable than the contro l dough.
Evaluation o f meat loaves 
containing protein concentrate

Figure 4 shows test and contro l meat 
loaves and their respective cook-outs. 
Data shown in Tab le 4 are from  two 
sets o f loaves baked from  two batches 
o f good qua lity  ground chuck purchased 
approxim ate ly 1 wk apart at a com m ercial 
superm arket. The average weight o f cook- 
out from  contro l loaves was found to be 
2 .26  tim es the weight o f test loa f cook- 
out. The cook-outs (as may be seen in 
Fig . 4 ) divided into a fat phase and a

i
65.1 26.0
53.8 20.3

100.0 47.5
105.8 50.3
165.1 73.5
159.6 70.6

7.1 7.7
92.9 92.2

85.9 83.1
2.6 2.4
5.1 7.1

water phase. The fat phases from  contro l 
loa f cook-outs averaged 2 .67  tim es the 
weight o f the fat phases from  test loaf 
cook-outs. The contro l loa f water phases 
averaged 2 .10  times the weight o f test 
lo a f water phases. It is apparent from  the 
ana lytica l data on the cook-out fractions 
in Table 4 that the test loa f water phase 
was higher in protein than the contro l 
loaf water phase. How ever, because o f the 
lesser weight o f the test fraction  the 
overall loss o f orig inal protein in cook-out 
was reduced from  2 .35%  for the contro l 
loa f to 1.7% fo r the test loaf. The level o f 
protein concentrate added to the test loaf 
was chosen to im part to it the protein 
level o f the all-meat loaf. The m oisture, 
fat, and protein contents o f the two type 
loaves were essentia lly the same.

The consensus o f the panel tasting sets 
o f loaves on three consecutive days was 
that both loaves were quite acceptable 
w ith  the test loa f being m ilder or more 
bland tasting than the all-meat loaf. The 
panel expressed a slight preference for the 
contro l loa f. It tasted more highly sea
soned than the test loa f using the same 
fo rm u lation . The panel described the test 
loa f as being som ewhat so fter or sm oother 
in texture .

Fu rth e r investigations related to this 
w o rk  are contem plated in tw o specific 
areas:

(1 )  Preparation o f wet-process concen
trate spray dried at d ifferent pH to 
determ ine w h ich  pH gives optimal 
bread baking properties.

(2 )  W et-extraction o f d ifferent oilseed 
flours to produce protein  concen
trates w h ich  would then be blended 
to obtain  a concentrate o f enchanced 
q u a lity . Oilseed flours extracted w ill 
be selected so the am ino acid com
positions o f the concentrates pro
duced w ill com plem ent each other in 
a concentrate blend. The whippable 
extract is also enhanced in quality 
by synergistic effects o f oilseed pro
tein blends.
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A Research Note
SPORE COUNTS OF THERMOPHILIC AEROBIC BACTERIA IN SOIL

INTRODUCTION
T H E  N U M B E R  O F  spores o f aerobic 
therm op hilic  spore-form ing bacteria in 
soil is o f interest to the canning ind ustry . 
Spore counts were used by the National 
Canners A ssociation  as an ind ex o f the 
e ffic ien cy  o f washing asparagus (M ercer 
et a l., 1960) and tom atoes (M ercer and 
O lson, 1969). Spores entering the f in 
ished product m ay com e from  various 
sources including so il, ingredients and 
processing plants. O n ly  the la tte r two 
sources have received more attention  than 
the firs t , w hich has not been investigated 
as m uch by the food m icrobio log ist or by 
bacteriologists in general. The  density o f 
spores o f therm ophiles has not been 
studied in any detail nor have factors 
in fluencing  sporu lation in soil been inves
tigated.

The data reported herein were ob
tained as part o f our ecological studies 
w ith  therm op hilic  aerobic spore-form ing 
bacteria. Spore counts are correlated w ith  
organic m atter and soil pH .

MATERIALS & METHODS
Soil collection

The upper 2 -3  in. of soil were sieved (8 
mesh stainless steel screen) and then placed in a 
plastic bag. These samples were air dried.

Soil was collected from the following loca
tions: Hawaiian Islands (28 samples), Jamaica 
(29 samples), Majuro in the Marshall Islands, 
Moen and Ecfan in Turk Lagoon (Eastern Caro
line Islands) (17 samples), Muir Woods in Cali
fornia (11 samples), the Delta region in the 
Terminous-Lodi-Stockton, California area (9 
samples) and in the Sonora Desert near Tucson, 
Arizona (19 samples). Yugoslavian soil samples 
(20 samples) were collected by Dr. George 
Smith of the University of Missouri, Columbia.

Agricultural as well as nonagricultural soils 
were collected in order to obtain a spectrum of 
fertility. The soils came from four large geo
graphical areas based upon temperature: trop
ics, Micronesia; subtropics, Hawaii and Jamaica;

desert, Arizona; and temperate, California and 
Yugoslavia.
Chemical analyses

The methods were those of Graham (1959) 
and Fisher (1968). Organic matter of California 
soils was determined in a muffle oven at 550°C.
Spore counts

Spore counts were made on the same sam
ples as the chemical analyses. lOg of soil (in 
lOOg of sterile water) were boiled for 30 min. 
The moisture lost during boiling was replaced 
with sterile distilled water. The samples were 
p la ted , (dextrose-tryptone agar) incubated 
(65°C for 24 hr) and counted.
Statistical analyses

The spore counts were converted into the 
log of the spore count + 1.0. This conversion 
permitted the inclusion of zero counts. Correla
tion coefficients were computed between spore 
counts, soil pH and % organic matter (Snedecor, 
1956).

RESULTS & DISCUSSION
Tem perate areas

Spore counts o f soil co llected in the 
Term inous-Lod i-S tockton  area o f C a lifo r
nia in w h ich  considerable asparagus is 
grown were not correlated w ith  either soil 
pH or organic m atter. The average spore 
count was 6 0 ,0 0 0  per g w ith  a range o f
2 ,0 0 0 - 2 1 2 ,0 0 0  per g. Even though the 
organic m atter was high in these peat soils 
(1 8 .2 - 6 9 .0 % ) , the num ber o f spores was 
not as high as in Yugoslavian so ils . The 
possible reason fo r th is was the soil pH 
w hich  ranged from  5 .4 —6 .9  w ith  a mean 
pH o f 6 .6 .

In  a forest environm ent (in  M uir 
Woods National M onum ent), the soil 
from  the forest flo o r had considerable 
organic m atte r; m uch o f th is was decom 
posing slow ly  because redwoods resist 
decay. The mean spore count o f 85 per g 
(w ith  a range o f 0 - 4 0 0  per g) was 
considerably low er in this environm ent

than the counts from  asparagus fie lds in 
C a lifo rn ia . T h is  low  spore count was 
probably due to the lo w  soil pH  (range
5 .3 —6.1 w ith  a mean o f 5 .8 ) and to the 
low  tem perature o f the soil on the forest 
flo o r, w h ich  is shaded m uch o f the day.

Organic m atter and pH were positive ly 
correlated (r= 0 .4 5 * ) w ith  spore counts o f 
soil from  Yugoslavia . The mean spore 
count was 3 7 3 ,0 0 0  per g w ith  a range o f 
3 0 - 5 ,0 5 0 ,0 0 0  per g. So il from  Yugo
slavia had the highest spore count o f any 
soil tested. The mean pH o f 7 .2  o f  the 
soil was ideal fo r sporu lation . A lso , the 
pH range (6 .3 - 8 .2 )  spanned p H ’s w h ich  
were good fo r sporu lation to occur. The 
spore counts were positive ly correlated 
w ith  soil pH (r=0.5 1 * ) .
Subtropical areas

So il pH was positive ly correlated w ith  
s p o re  c o u n ts  o f  H a w a iia n  soils 
( r= 0 .4 9 * * ) . The mean spore count for 
Hawaiian soils was 3 ,000  per g (w ith  a 
range o f 0 —7 3 ,000  per g). There was a 
considerable range (4 .2 —8 .4 ) in  the pH o f 
the so il. The more acid ic soils were void 
o f spores or were very low  in num bers of 
spores.

Th e  lim ited range o f pH (6 .3 - 8 .1 )  
w ith  a mean o f 7 .5 in  the Jam aican  soils 
was also ideal fo r sporu lation . How ever, 
neither pH nor organic m atter (range of
1 .0—7.5 w ith  a mean o f 4 .1 % ) was 
correlated w ith  spore counts (range o f 
8 2 —2 7 ,000  w ith  a mean o f 2 ,0 0 0 ) in 
these soils.
Tropical areas

In  order to obtain  soil w ith  a wide 
range o f pH , alka line samples from  the 
M arshall Islands (p H  7 .6 - 8 .0 )  were com 
pared sta tis tica lly  w ith  samples from  the 
Eastern  Caro line Islands, w h ich  were 
more acid (p H  4 .2 —7 .5 ) . When this was 
done, soil pH was positive ly correlated 
w ith  spore counts ( r= 0 .9 2 * * ) . As w ith
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the Hawaiian soils w ith  acid ic p H ’s, there 
were none or very few  spores. The mean 
spore count fo r th is area was 10 ,000  per
g. How ever, i f  o n ly  the spore counts o f 
the more acid soils from  Eastern  Caro line 
Islands are considered, the mean spore 
count was 250 per g.
Desert areas

Spore counts from  the Sonora Desert 
in A rizona were positive ly correlated w ith  
pH (r= 0 .6 3 * ) . The mean pH o f 7 .7  was 
good fo r sporu lation to occur but the 
low er pH o f 5 .5 (range 5 .5 —8 .3 ) was not. 
How ever, most p H ’s were greater than pH
7 .0 . The mean spore count was 1,000 
spores per g w ith  a range o f 0 - 3 ,9 3 0 .

A ll soils
When the data o f all so il samples (1 3 3 ) 

were considered, pH was positive ly cor
related w ith  spore counts, (r= 0 .6 0 * * ) .

Organic m atter is essential fo r growth 
o f bacteria. Accord ing to A lexander 
(1 9 6 1 ), B a c i l lu s  develop in large numbers 
on ly  in  the presence o f suitable carbona
ceous nutrients . I f  th is were true for 
therm ophiles, one would expect to find  
very high spore counts in the peat soil o f 
C a lifo rn ia  because o f the very high or
ganic m atter (w h ich  furnishes both car
bon and n itrogen). How ever, the soil pH 
ranged from  5 .4 - 6 .9 . The more acidic

soils tend to prevent the grow th o f such 
sporeform ers as B . s t e a r o t h e r m o p h i lu s .  
A ccord ing to B e r g e y ’s  M a n u a l  (Breed et 
a l., 1957), on ly  B . s t e a r o t h e r m o p h i lu s  
grows at 6 5 °C  and at tem peratures above. 
T h is  species does not grow at pH 5 .0 . 
W olf and B arker (1 9 6 8 ) , on the other 
hand, list type A  o f B . c o a g u la n s  as being 
able to grow at 6 5 °C  at pH 6 .2 .

O rdal (1 9 5 7 ) stated that pH  for sporu
la tion  is s im ilar to that fo r growth but the 
range is narrow er. A  strain  o f B . c o a g u 
la n s  he studied produced more spores at 
pH 7 .0  and produced very low  spore 
y ie lds at pH  6 .0 . V in te r (1 9 6 9 ), too , 
stated that pH optim um  fo r sporogenesis 
is close to pH 7 .0 .

Organic m atter was positive ly corre
lated w ith  spore counts in  on ly  the 
Yugoslavian soils. Even though the or
ganic m atter was high in m any so ils , the 
level o f spores found was re lative ly  low . 
F ro m  the data in th is stu d y , it appears 
that soil pH is m uch more im portant than 
the level o f organic m atter in determ ining 
if  sporu lation  occurs or not.
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A Research Note
NITROSAMINES AND THE INHIBITION OF Clostridia 

IN MEDIUM HEATED WITH SODIUM NITRITE

INTRODUCTION
P E R IG O  et al. (1 9 6 7 ) and Perigo and 
Roberts (1 9 6 8 ) described the fo rm ation  
o f an in h ib ito r fo r the grow th o f several 
species o f C lo s t r i d iu m  during the s te riliza
tion o f a cu ltu re m edium  in the presence 
o f N a N 0 2 . T h e y  concluded that n itrite  
reacted w ith  a com ponent o f the medium  
and the in h ib ito ry  ac tiv ity  d iffered from  
that o f n itrite  alone. The nature o f the 
in h ib ito r is not kno w n . It was fu rther 
shown by Johnston  et a l. (1 9 6 9 ) that in 
meat suspensions heated w ith  N a N 0 2 the 
in h ib ito ry  action was due to N 0 2 , al
though meat heated fo r 4 days at 8 0 °C  
required less N 0 2 to in h ib it C l. b o tu l i-  
n u m  than suspensions o f meat not receiv
ing the additional heat treatm ent. The 
extended heat treatm ent o f the meat may 
have caused decom position o f the pro
teins w ith  liberation  o f am ino acids, 
peptides, and possib ly , am ines. Fu rth e r
m ore, the medium  used by Perigo et al. 
contains yeast ex tra c t , beef extract and 
enzym ic digests o f meat thus m aking it 
rich in am ines and am ino acids. N itrite  
reacts w ith  am ines and am ino acids fo rm 
ing N-nitroso com pounds, e ither N-nitro- 
samines or N -nitrosam ides w h ich  are 
to x ic  and carcinogenic to anim als and 
mutagenic to various species o f m icro 
organisms (A de lberg  et a l., 1965 ; Mar- 
quardt et a l., 1963). We investigated the 
possib ility  that the “ Perigo in h ib ito r”  
might be certain  vo latile  N-nitroso com 
pounds.

MATERIALS & METHODS
TH E MEDIUM of Perigo et al. (1967) was used 
at pH 7.0 to reduce possibility of interference 
by HNOj at lower pH levels. Tryptone, pep
tone, yeast extract, and beef extract were ob
tained from Difco Labs. Sodium nitrite was 
added to tubes of medium so that, by doubled 
dilution, levels ranging from 640 to 1.25 ppm 
were obtained. In one set of conditions the 
NOj was autoclaved in the medium at 15 psig 
for 15 min; in a second set of conditions the 
medium and N 0 2 solutions were autoclaved 
separately, then mixed aseptically. Cl. botuli- 
num  B I 2 I 8  (USDA culture) was grown at 35°C 
for 24 hr in thioglycollate medium (D ifco), 
diluted 10-fold with water, and one drop added 
to each tube containing 4 ml of the Perigo 
medium. The medium was overlayered with 
Vaspar and gentle heating used to drive out 
excess air. The tubes were incubated at 35°C

for 18 hr and the minimum inhibitory concen
tration (MIC) taken as the tube in which there 
was no visible growth or gas production.

To analyze for the presence of nitroso com
pounds a batch of medium was autoclaved at 
15 psig for 20 min, NC^ added at 640 ppm and 
the whole re-autoclaved at 6 psig for 20 min. 
200 ml of heated culture medium was extracted 
2 x  with 200 ml each time of CH,C12 after 
saturation with NaCl. The combined extracts 
were treated with anhydrous Na2SOa and con
centrated to 5 ml in a Kuderna-Danish concen
trator using a steam bath. The solution was 
washed 2x  with 5 ml each 0.1M HC1 to remove 
some interfering compounds, dried with anhy
drous N a ,S 0 4 and concentrated to 0.5 ml. The 
concentrate was analyzed for certain volatile 
nitrosamines by gas chromatography, using a 
Varian Model 1740 instrument equipped with 
two 9 ft x  1/8 in. OD stainless steel columns 
packed with 15% Carbowax 20M-TPA on 
60-80  Gas-Chrom P. The standard flame ioni
zation detector was modified for use as an al
kali flame ionization detector as described by 
Howard et al. (1970). Flow conditions were: 
helium, 58; hydrogen, 45; and air, 188 ml/min. 
Injector port and detector temperatures were 
190° and 250°C, respectively. Column tempera
ture was programmed from 115-185°C at 
4°/min.

Confirmation of nitrosamines was carried 
out with the same gas chromatograph con
nected to a DuPont Model 21-492 mass spectro
meter. The GC column was maintained at 115° 
and injection port and detector temperatures at 
200° and 230° respectively. The column efflu
ent was split 1:1 and passed into the mass spec
trometer via an inlet line heated to 200°C. The 
mass spectra were obtained at an ionizing volt
age of 70 ev and an ion source temperature of 
200°C.

RESULTS & DISCUSSION
T H E  R E S U L T S  O B S E R V E D  on growing 
the C l. b o t u l in u m  in  the nitrite-treated 
media confirm ed the observations o f Peri
go et al. (1 9 6 7 ) and Perigo and Roberts 
(1 9 6 8 ). The  M IC  o f N 0 2 in the medium 
autoclaved w ith  N 0 2 was 40 ppm ; in  the 
medium  to w h ich  N 0 2 had been added 
asep tica lly , the M IC  was 640 ppm. An 
in h ib ito r o f the growth o f C lostridia was 
form ed under the conditions described.

A n extract o f a batch o f medium 
prepared w ith  640 ppm N 0 2 (subsequent 
testing w ith  C l. b o t u l in u m  showed the 
M IC was 10 ppm ) was exam ined fo r the 
presence o f n itrosam ines. The chrom ato
gram in Figure 1 shows peaks w ith

retention tim es s im ilar to those fo r N- 
n itro sod im ethylam ine , N-nitrosom ethyl- 
e thy lam ine , and N -n itrosom ethylpropyl- 
am ine. H ow ever, structure confirm ation  
w ith  the mass spectrom eter showed that 
none o f these com ponents contained a 
n itrosam ine.

The  in h ib ito ry  ac tiv ity  o f a num ber o f 
nitrosam ines against C l. b o t u l in u m  was 
exam ined . The fo llow ing  n itroso  com 
pounds were placed in to  so lu tion  (200  
mg in 10 m l w ater) and sterilized  by Seitz 
f i l t r a t i o n : N -n it ro s o d im e th y la m in e
(D M N A ), N -n itrosod iethylam ine , N-nitro- 
s o p r o l in e ,  N -n itro so m o rp h o lin e , N- 
m e th y  1-N -n itro so eth y lam ine , N-nitro- 
s o d ie th a n o la m in e , 1-n itrosop iperid ine, 
N -n it ro so d ip h e n y la m in e , N-methyl-N- 
n itrosoan iline and N -nitrosom ethylurea. 
These n itroso  com pounds were prepared 
and purified  in the labo rato ry . A ll pre
parations except the last three were 
added to the cu lture m edium , at pH 7 .0 , 
to give so lu tions containing 10, 100 and 
1000 ppm nitroso  com pound. The last 
three com pounds were too inso lub le so 
saturated so lutions were prepared and 
two lo g io  d ilu tions made. Inocu la tion

Fig. 1—Cas chromatogram o f  the extract o f  
culture medium. Arrow s indicate retention  
times for N-nitrosodimethylamine (DM N A), 
N-nitrosomethylethylamine (M EN A ), and N- 
nitrosomethy/propylamine (MPNA).
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and incubation were as described. None 
o f the nitroso com pounds showed in h ib i
tory action against C l. b o t u l in u m  even at 
the highest concentration tested.

The “ Perigo in h ib ito r”  does not ap
pear to be a nitrosam ine detectable under 
the experim ental conditions used, nor do 
the several nitrosam ines tested appear to 
be inh ib ito ry  to the growth o f clostrid ia .
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A Research Note
SOME REACTION PRODUCTS FROM NONENZYMATIC 

BROWNING OF GLUCOSE AND METHIONINE

INTRODUCTION
A R R O Y O  A N D  L I L L A R D  (1 9 7 0 ) re
cen tly  reported the reaction products 
from  nonenzym ic browning o f glucose 
and the su lfur-contain ing am ino acids, 
m eth ionine, cyste ine and cystine . The 
cystine-glucose system  yielded no sign if
icant odor, and the cysteine-glucose m ix 
ture gave an overcooked egg odor which 
was attributed  to the presence o f H 2S. 
The reaction m ixtu re  from  glucose and 
m ethionine exh ib ited  a characteristic 
boiled potato-like odor. On the basis o f 
their data and observations, they a ttrib 
uted the odor to m ercaptans. How ever, 
this conclusion  contrad icts previous lite r
ature , and results obtained in th is labora
to ry . The heating o f glucose w ith  am ino 
acids in itiates browning reactions w hich 
y ie ld  a varie ty  o f interm ediates including 
d icarb onyl com pounds, such as pyruval- 
dehyde (Hodge, 1967). D icarbonyls are 
then available to participate d irectly  in 
Strecker degradations o f am ino acids. In 
the case o f m eth ionine the expected 
p rim ary Strecker degradation product is 
m ethional (3-m ethylm ercaptopropana l). 
The odor o f th is com pound has been 
described as boiled potato-like . It also has 
been referred to as b ro th y , cheesey and 
cabbage-like, depending on available odor 
concentrations and chem ical p u rity . A l
though A rro yo  and L illa rd  (1 9 7 0 ) ob
served a potato-like aroma from  heated 
glucose-m ethionine m ixtu res, they did 
not isolate m eth ional. In  ad d ition , these 
w orkers reported the id en tifica tio n  o f 
propanal in the methionine-glucose m ix
ture , and stated that it was an expected 
S trecker degradation com pound from  
m eth ionine. T h is  com m unication  relates 
the results o f a reexam ination  o f the 
carbonyl products o f the glucose-m ethi
onine heat induced browning reaction .

EXPERIMENTAL
DL-METH10N1NE (Aldrich Chemical Co.) was 
twice recrystallized from a water-ethanol sys
tem to yield an odor-free dry crystalline materi
al. Equimolar amounts (0 .0 1M) of glucose (A l
lied Chemical) and methionine were dissolved 
in distilled water. Aliquots of the stock solution 
were heated in a boiling water bath for 2 hr, or 
were refluxed with continuous boiling for 2 hr. 
After cooling, 100-ml samples of the reaction

mixtures were reacted for 12 hr with equal vol
umes of saturated 2,4-dinitrophenyl-hydrazine 
(2,4-DNP) solution in 5 .ON HC1. The mixtures 
were exhaustively extracted with carbonyl-free 
hexane (Hornstein and Crowe, 1962) that sub
sequently was removed under vacuum after 
drying over anhydrous sodium sulfate. Magnesia 
adsorption columns (Schwartz et al., 1962) 
were employed to separate the monocarbonyl 
derivatives into characteristically colored bands 
which were collected, and each class was veri
fied by measuring the wavelength of maximum 
absorption (Day, 1965). Class fractions were 
separated into individual components by the 
thin-layer chromatography (T LC ) procedure of 
Badings and Wassink (1963). This technique 
employs a Keiscl-guhr G support coated with 
Carbowax 400, and the system is developed 
with light petroleum ether (bp 100-120°C). 
After development, plates were sprayed with

0.25M ethanolic NaOH to produce confirma
tory spot colors.

Additional aliquots of the stock glucose- 
methionine reaction mixtures were employed 
for odor assessments by four experienced 
judges. Series of samples were prepared with 
reaction mixtures and authentic methional. 
Appropriate samples were combined with equal 
volumes of (a) 3% HgCl2 to precipitate mer
captans and sulfides; (b) saturated 2,4-DNP in 
5N HC1 to remove carbonyls; and (c) distilled 
water to serve as a control. A ll samples were 
then shaken slowly for 1 hr prior to evaluation. 
The 2,4-DNP treated samples were neutralized 
with 5N NaOH to remove HC1 before odor 
assessment. In the case of HgCl2-treated sam
ples, representative samples were acidified with 
equal volumes of 4N HC1, and shaken for an 
additional 30 min to regenerate mercaptides 
before final evaluations.

Fig. 1 — T L C  separation o f  reaction m ixture 2,4-DNPHs from a magnesia 
adsorption column. Identification o f spots: A , acetone;  B, butanal; C, 
propanal; D, unknown; E , ethanal; F , methanal; G, methional; H, fur
fural; and !, 2-propenal.

Table 1 —Characteristics o f 2,4-DNPHs found in glucose-methionine 
reaction mixtures

2,4-DNPH
Figure

ref.
kmax CHClj 

(nm)
T LC  spot 

color
Acetone A 363 Tan
Butanal B 358 Brown
Unknown D 250a Pastel blue
Ethanal E 356 Brown
Methanal F 346 Brown
Methional G 355 Dark brown
Furfural H 376 Maroon
2-Propenal I 366 Rust red

“ A lso  Xm ax c H C l j  at 7 7 0  nm
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Table 2 —Odor evaluations o f  methionine-glucose browning reaction 
m ixturesa

Sample Odor

Heated glucose-methionine Cabbage-like, 
Boiled potato-like

Heated glucose-methionine + HgCl2 Odor eliminated
Heated glucose-methionine + HgCl2 Cabbage-like,

treated with HC1 Boiled potato-like 
Odor regenerated

Heated glucose-methionine + 2,4-DNP Cabbage-like, 
dimethyl disulfide-like

aAuthentic 0.5 ppm methional samples behaved identically to reac
tion mixtures, except the cabbage-like odor was not present.

RESULTS & DISCUSSION
T H E  S IM M E R E D  and re fluxed  reaction 
m ixtures both exh ib ited a characteristic 
cabbagey, boiled potato-like arom a, but 
the developm ent o f brown pigment was 
apparent o n ly  in  the re fluxed  sam ple. The 
re fluxed  samples had much more pro
nounced potato-like odors, and later were 
observed to contain  larger am ounts o f
2 .4- D N PH s. O n ly  three bands represent
ing alkanals, alk-2-enals and fu rfu ra l
2 .4- D N PH s, were obtained from  the mag
nesia adsorption co lum n. T L C  separations 
(F ig . 1) showed that acetone and an 
unidentified  com ponent moved w ith  the 
alkanal frac tio n . Acetone has been pro
posed as a product o f nonenzym atic 
browning (Baviso tto  and R o ch , 1960). 
M ethional was estimated to be the most 
abundant alkanal derivative present fo l
lowed in decreasing order by ethanal, 
m ethanal, butanal and acetone. Band 2 
from the magnesia co lum n contained 
on ly  2-propenal (acro le in ) and band 3 
contained fu rfu ra l. Tab le 1 presents con
firm ato ry  spectral and T L C  spot color 
data fo r the carbonyls recovered from  the 
reaction m ixtu res.

C ontrary  to the reports o f E l ’ode et al. 
(1 9 6 6 ) and A rro yo  and L illa rd  (1 9 7 0 ),

propanai was not found in the reaction 
m ixtu res. Instead abundant quantities o f 
2-propenal were recovered in agreement 
w ith  Ballance (1 9 6 1 ) who reported 2- 
propenal as a m eth ionine degradation 
product. The  im m ediate precursor o f 
2-propenal is m eth ional w h ich  is quite 
unstable. Upon rechrom atographing T L C  
purified  m eth ional 2 ,4 -D N P H , a second 
spot corresponding to the 2-propenal
2 ,4-D N PH  was observed.

The results o f odor evaluations are 
sum m arized in Tab le 2 . The absence o f a 
distinguishable odor after H gC l2 addi
tions dem onstrated that su lfu r com 
pounds were more im portant than the 
nonsulfurous carbonyl com pounds, and 
that these carbonyls contributed very 
litt le  to the arom a. A rro yo  and L illa rd
(1 9 7 0 ) isolated and regenerated mercap- 
tide derivatives, and w ith  gas chrom atog
raphy (G C ) characterized m eth y l, ethy l 
and propyl m ercaptan along w ith  d i
m ethyl sulfide and d im ethy l d isu lfide . 
M ethional, a su lfide , was not observed. 
Lo w  G C  operating tem peratures, 4 8 °C  
fo r a silicone rubber co lum n and 5 8 °C  for 
a Carbow ax co lum n, allowed the detec
tion o f the more vo latile  mercaptans and 
su lfides, but prevented the elution and

detection o f m eth ional. The  elimination 
o f the boiled potato-like odor with
2 .4 - D N P , w h ile  leaving a cabbage-like 
odor, indicates that m ercaptans and sul
fides could provide a m od ify ing  influence 
upon the overall flavo r. However, the 
s im ilar changes in  odor characteristics 
experienced by au thentic m ethional and 
reaction m ixtu res when treated w ith  se
lective reagents, com bined w ith  the char
a c te r iz a t io n  o f abundant methional
2 .4- D N P H , provide strong evidence for 
the role o f m ethional in the boiled 
potato-like aroma o f m eth ionine brown
ing m ixtu res.
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A Research Note
STABILITY OF INOSINIC ACID, INOSINE AND HYPOXANTHINE 

IN AQUEOUS SOLUTIONS

INTRODUCTION
M U CH  A T T E N T IO N  has been devoted to 
the changes o f 5 ribonucleotides especial
ly  in meat and vegetables during storage 
and d iffe rent technolog ical procedures 
(D av id ek  and K h an , 1 9 6 8 ; Jones and 
M urray , 1962 ; Khan  et a l ., 1 9 68 ; Schor- 
m iille r and G rosch , 19 6 7 ). D avidek and 
Khan (1 9 6 8 ) and Khan  et al. (1 9 6 8 ) 
found corre la tion  between the am ount o f 
inosin ic acid ( IM P ) and q u a lity  o f pou ltry  
meat during frozen storage and storage at 
aseptic ch illing  cond itions.

Postm ortem  S’ ribonucleotides are en
zym atica lly  degradated and the rate of 
this reaction is given by en zym atic  ac tiv i
ty  o f used m uscle tissue. In  frozen sam 
ples this ac tiv ity  increases w ith  increasing 
damage o f cells and subcellu la r mem
branes.

The changes o f 5 ribonucleotides dur
ing therm al treatm ent o f meat and meat 
products were studied by M acy et al. 
(1 9 7 0 a ,b ). During the heating o f meat 
sam ples, concentration  o f ad eny lic  acid 
(A M P ) increased w hile that o f IM P de
creased. The increase in A M P is due most 
probably to the decom position o f residu
al am ounts o f ad en o sin e tri- (A TP ) and 
di-phosphate (A D P ) present. The  decrease 
o f IM P concentration  precip itates higher 
enzym atic  ac tiv ity  during the beginning 
stage o f heat treatm ent. Som e exp e ri
ments w ith  the sta b ility  o f purine com 
pounds were done by A lb e rt and Brow n
(1 9 5 4 ).

Regarding the fact that the am ount o f 
IM P is in good corre la tion  w ith  the 
qua lity  o f m eat, we were interested in the 
behavior o f IM P and its degradation 
products in system s w itho u t enzym atic 
a c tiv ity . F o r  these studies we used model 
aqueous so lu tions o f IM P , inosine and 
hyp o xan th ine .

EXPERIMENTAL
TESTS  W ERE MADE on solutions containing 
IMP (1 mg/ml) or inosine and hypoxanthine (2 
mg/ml) in buffer solutions having pH values be
tween 2 -1 2  and ionic strength I < 0.20. All 
studies were made at 90°C. Estimation of IMP 
was carried out on Dowex 1 x  8 (formate, 
200-400 mesh) column ( 1 x 4  cm) using 10 ml 
of test solution according to Davfdek and Jan- 
icek (1971). The column was first eluted with 
water (50 ml) to separate the degradation prod
uct of IMP and then with HC1 (4N, 15 ml) to 
separate IMP.

Inosine and hypoxanthine were separated 
on Dowex 50W x  4 (Na+, 200-400 mesh) col
umn (1 x  20 cm) using formic acid and sodium 
formate buffer [pH 3.0, (Na+) = 0 .051 as des
cribed by Davidek et al. (1971).

The amounts of IMP, inosine and hypoxan
thine were determined by ultraviolet spectro
scopy at 248 nm.

RESULTS & DISCUSSION
W E FO U N D  that IM P is degradated by a 
series o f subsequent reactions o f the first 
order, as illu stra ted  in Figure 1.

In  F igure 2 the dependence o f loga

rithm  o f rate constants on pH is given. 
The  fastest decom position o f all com 
pounds studied was found in acid ic m edi
um . W ith increasing pH value the reaction 
rate o f decom position o f IM P , inosine 
and hyp o xan th ine  decreases (up  to pH 
ap proxim ate ly  10) and then increases 
again. F ro m  results obtained in bu ffer 
so lutions w ith  d iffe rent ratios o f bu ffer 
com ponents at constant pH value can be 
drawn the conclusion that these reactions 
are generally acid and base cata lyzed . 
The ca ta ly tic  e ffect decreases as fo llo w s:

k i k2

IM P

inorganic phosphate ribose

degradation products

degradation products

Fig. 1 —Degradation o f  IM P by a series o f  reactions o f  the first order.

Fig. 2 —Logarithm o f rate constants p lotted  Fig. 3 —Time dependence o f degradation o f
a g a in stp H :-------- IM P; —  in o sin e ;......hypoxan- IMP, inosine and hypoxanthine: •  IM P; o ino-
thine. sine; ® hypoxanthine.
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H 30+ >  OH" >  H A  >  A" >  H 2 0 ,  where 
H A  is a nondissociated weak acid and A 
its anion. The ca ta ly tic  effect o f H 30 + 
ions was approxim ate ly  100 times greater 
than OH ions.

No influence o f ion ic strength was 
found in acetate bu ffer so lu tion  (pH  4 .0 ) 
up to 0 .20 .

The substituent in  the 6 position o f 
the pyrim id ine cycle  had no in fluence on 
reaction rate ; the rate o f decom position 
o f guanylic acid (G M P ) was practica lly  
the same as that o f IM P.

The in fluence o f tem perature on de
com position o f IM P was studied in buffer 
so lutions pH 3 , 4 and 5 in the tem pera
ture region 6 0 - 9 8 ° C . The activation 
energy calculated was found to be 3 4 .0 ,
30 .4  and 28.1 kca l/m o l, respective ly .

The concentration o f IM P , inosine and 
hypoxanth ine are given by equations 1—3 
(Z ah rad n ik , 1959).

[ IM P ] = [ lM P ]0 e-k >r  (1 )

[ IN O ] = [IM P ] -r“ (e 'k |T  - ? ' k2 T ) ( 2 )" K 2 “K j

[H X ]  = 1 IM F l „ - k . - k ,  { ' (kT i h l k a - k U

e-k2r   ̂ e-k 3r

( k 2- k , ) ( k 3-k2 ) ( k 3-k2 ) ( k 3- k 1)

where [ IM P ] 0 is concentration  o f IM P in 
tim e T =  0 , [ IM P ] ,  [ IN O ] and [ H X  1 are 
concentrations o f IM P , inosine and h y 
poxanthine in tim e r  and k | ,  k 2 , k 3 , are 
rate constants o f decom position o f IM P, 
inosine and hyp o xan th in e , respective ly .

The achieved results proved the high 
stab ility  o f IM P , inosine and hyp o xan 
th ine, especia lly in w eak ly  ac id ic and 
neutral so lutions (F ig . 3 ). F ro m  these 
results the conclusion can be drawn that 
after the inactivation  o f enzym atic  sys
tems the 5 ribonucleotides, especially 
IM P are p ractica lly  stable.
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A Research Note
DETERMINATION OF BROMINATED VEGETABLE OIL CONCENTRATIONS 

IN SOFT DRINKS USING A SPECIFIC ION ELECTRODE

INTRODUCTION
B R O M IN A T E D  vegetable o ils (B V O ) 
have been w idely  used in the soft drink 
ind ustry  as “ weighting agents”  fo r flavor
ing o ils. As a result o f to x ic ity  studies by 
the Canadian Food and Drug D irectorate
(1 9 6 9 ), the Food and Drug A d m in istra
tion removed B V O  from  the list of 
G enerally  Recognized As Safe (G R A S )  
substances (A n o n ym o u s, 1970a) and 
established an in terim  usage level in soft 
d rinks at 15 parts per m illion  (pp m ) 
(A n o n ym o u s, 1970b ). A t th is tim e, it was 
considered desirable to develop a method 
for B V O  estim ation at low  concentra
tions.

Previous w ork on B V O  determ ination 
in soft d rinks has em ployed gas-liquid 
chrom atography and X-ray fluorescence 
spectroscopy (Conacher et a l., 1970). Fo r 
our purposes it was felt that a method 
determ ining total brom ide would provide 
the best in fo rm atio n . In ad d ition , the 
method had to be suitable fo r m ultip le 
routine analyses. It was found that a de- 
brom ination  procedure (a fte r Eg li, 1969) 
used in con junction  w ith  a brom ide spe
c if ic  ion electrode gave acceptable quanti
tation . The results o f this study are re
ported in this research note.

EXPERIMENTAL
Materials

All chemicals used were reagent grade. The 
titrations were carried out on a Corning model 
12 pH meter (expanded millivolt scale) with a 
Beckman fiber junction calomel reference elec
trode and a Beckman bromide Selection™  
indicator electrode (solid state crystal type). 
Procedure

Orange-flavored beverages containing 15 
ppm BVO (brominated soybean oil, sp gr 
1.3323, Br assay 39.5%, Swift and Co.) were 
prepared as test samples.

A 500-g sample of this beverage was ex
tracted with 3 X 100-ml portions of diethyl 
ether, the extracts washed with water, and the 
solvent removed on a rotary evaporator. To the 
residue were successively added 10 ml di- 
methylformamide (DM F), 50 mg palladium on 
charcoal (Pd/C:10%) and 10 ml sodium boro- 
hydride solution (3g NaBH4 in 100 ml 2N 
NaOH). The reaction mixture was relluxed 45 
min and the volatile amine produced by the 
reaction was absorbed in aqueous HC1. The 
solution was cooled and the excess NaBH4 des
troyed with the addition of 20 ml acetone. Fol
lowing this treatment, the solution was distilled

at atmospheric pressure to remove 20 ml of dis
tillate, which was discarded. Next, the cooled 
solution was filtered quantitatively (Whatman 
No. 1 paper) and diluted with 20 ml of IN 
H j S0 4 (total volume of filtrate about 100 ml, 
pH about 3.6).

Following cessation of effervescence, the 
sample was titrated with 0.0500N AgN03 and 
the titration monitored with a bromide Select
io n ™  electrode. A salt bridge junction (4% 
agar in saturated K N 0 3 soin) was employed to 
prevent the calomel reference electrode from 
being clogged with AgCl.

A “ blank”  sample was also treated accord
ing to the above method.

RESULTS & DISCUSSION
M IL L IV O L T S  graphed versus m illilite rs  
titran t gave a typ ica l potentiom etric t itra 
tion curve fo r brom ide ion. However, 
since the specific ion electrode potential 
proved unstable near the equivalence 
point and required 3 —5 m in to eq u ili
brate, G ran ’s Plot Paper (A no nym o us, 
1970c) was em ployed fo r end point 
extrapo lation  (see F ig . 1). The use o f this 
type o f graph paper required very few 
data points, and these were taken before 
the equivalence point at 0 .1 - 0 .2  ml

Table 1 —Determination o f B VO in a beverage

Sample
no.

Grams beverage 
extracted

ppm BVO 
added

ppm BVO 
found

% BVO 
recovery

1 500 15 14 93
2 500 15 14 93
3 500 15 14 93
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increm ents, thus e lim inating the region o f 
electrode in s tab ility .

Samples o f the brom inated soybean o il 
were treated according to the above 
procedure to determ ine the degree o f 
reaction com pletion . The dehalogenation 
ranged from  9 5 .1 —96 .1%  (five  sam ples), 
the average value being 95 .6%  ± 0 .8 .

A t a level o f 15 ppm B V O , the 
accuracy and precision o f this method 
were ± <  1 ppm and ± 1 ppm , respec
tive ly  (see Tab le 1).

In fo rm ation  obtained from  four B V O  
m anufacturing companies indicated that 
the B r assay in  various brom inated oils 
( i .e ., soybean, sesame, o live , e tc .) o f 
m axim um  specific  gravity ranged from  
approxim ate ly  3 9 .0 —43 .0% . Thus, B V O  
determ ined in com m ercial beverages by 
the above method should be assigned a 
range by applying this percent facto r in 
the ca lcu la tion :

(mg Br" found) (1000)
ppm = --------------------------------------------

(%  dehalo- (g beverage (% Br assay) 
genation) extracted)

The B V O  range o f a 15 ppm beverage 
would be 1 4 -1 6  ppm.

Since the in itia tio n  o f th is investiga
tion  on the quantita tion  o f B V O  in soft 
d rin ks , a recent artic le  (W endt, 1972) 
indicates that the present to lerance level 
o f 15 ppm m ay be raised as the result of 
tests on B V O  levels three tim es higher 
than the no-effect level o f the Canadian 
Food and Drug D irecto rate . T h is  author 
has tested B V O  levels greater than 15 
ppm , and they can also be determ ined by 
the procedure reported here. Levels less 
than 15 ppm were not tested.

A dd itiona l w o rk  still needs to be done 
on the beverages w ith  B V O  levels greater 
than 15 ppm and on brom inated oils 
other than soybean.
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A Research Note
EFFECT OF SONIC ENERGY ON THE AIR DRYING 

OF APPLE AND SWEET POTATO CUBES

INTRODUCTION
S O N IC  E N E R G Y  has been shown to 
hasten the drying o f particu la te  m aterials 
(G reguss, 1963 ; Purdy et a l., 1971). 
Barto lom é et al. (1 9 6 9 ) found a three
fo ld  sonic energy induced increase in  the 
drying rate o f w h ite potato cy lind ers 3/8 
in . in  d iam eter and 1-1/4 in . long. Best 
resu lts were obtained during the early 
drying stages using 1 2 0 °F  a ir , flow ing  at
9.1 fps (feet per second) w ith  8 ,100  
H ertz sound at 118 d B , the m axim um  
level fo r th e ir equipm ent.

Sound energy was found to contribute 
litt le  or no heat. These w orkers con
cluded that the increased drying rate 
possib ly resulted from  im proved heat 
transfer and a pum ping action  by the 
sound waves in  the food , causing water 
vapor to be brought to the surface more 
rap id ly .

We attem pted to co n firm  the ca ta ly tic  
effect o f sound energy on increasing 
drying rates o f piece-form  foods and to 
develop a better understanding o f the 
m echanism  by w h ich  sound alters the rate 
o f dry ing over a range o f m oisture con
tents.

EXPERIMENTAL
F IG U R E  1 shows a diagram of the drying ap
paratus. Two types of pneumatic stem jet whis
tles (Branson Pneumatic Sound Generator, out
put 138 dB at 13,000 Hz; Astrobeam Model 
461 Sonic Generator, output 140 dB at 9,800 
Hz) and an electronically driven loud speaker 
(Model ID-60, University Loudspeakers oper
ated at 135 dB at 8,100 Hz) were evaluated as 
sound sources. The pneumatic sound generators 
were isolated by a 0.0015 in. polyethylene 
membrane to prevent air from the whistle from 
passing over the samples.

A centrifugal fan provided electrically heat
ed air at 5, 10 and 20 feet per second (fps) and 
125°F, 150°F and 1 75°F in the 4 in. ID sample 
treatment section. This section was fitted with 
a pitot tube, microphone port and metal sample 
holder. The holder, which could be located 
10-40 in. from the sound source, provided 5 
stiff prongs on a horizontal line across the 
diameter of the tube. The center prong was a 
thermocouple to measure piece temperature. 
Cubes of food were held stationary on the 
prongs during drying. The prongs were stiff 
enough to prevent sample vibration by air 
movement.

Sound levels were measured and monitored 
during drying with a Dynasciences Model 614 
Condenser microphone (Dynasciences Corp.,

Instrument Systems Div., Chatswourh, Calif.) 
and General Radio (General Radio Inc., Con
cord, Mass.) 1900A Wave Analyzer calibrated 
with a 1560-P Sound Level Meter. A micro
phone traverse along the test chamber showed 
the presence of standing waves. The sample 
holder was located at positions of maximum 
and minimum sound intensity in comparative 
runs.

Unblanched white potato, apple and yellow 
sweet potato were cut into 2 cc cubes using a 
jig. Drying rates were determined by weight loss 
versus time using air with an average moisture 
content of 0.0055 lb of water per lb of dry air. 
Replicate runs were made with and without 
sound energy with the sample holder located at 
the measured maximum intensity location.

Three air velocities and three temperatures were 
used. Weight loss was measured using the aver
age weight of 5 cubes for each point. New 
cubes were used for each drying interval.

RESULTS
S O N IC  E N E R G Y  from  each o f the three 
sources used did not appear to affect the 
drying rate o f unblanched w hite potato , 
apple, o r ye llo w  sweet potato cubes. 
Representative drying curves fo r apple 
and sweet potato fo r various treatm ent 
cond itions are shown in Figures 2 and 3. 
W hite potato com position was found to 
vary  too greatly from  piece to piece and

AIR
'S U P P L Y

Fig. 1 -A p p a ra tu s  fo r so n ic  energy drying.

■ Xh,0

DRYING TIME — MIN

Fig. 2 —D rying  cu rves fo r u n blan ched  2  c c  sw e e t p o ta to  cubes o f  25%  
solids. O pen sym b o ls  with so u n d  (1 3 8  d B , 1 3 ,0 0 0  H e rtz ) ; so lid  sym b ols  
w ith o u t so u n d : • • •  775°F , 10 fps; “ » 1 2 5 °F , 5  fps; 1 2 5 °F , 10 
fps.
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Fig. 3 —D ryin g  cu rves fo r u n blan ched  2  c c  apple cu b es o f  15% solids. 
O pen sym b ols  w ith so u n d  1138 dB , 1 3 ,0 0 0  H e rtz ! ; so lid  sym b ols  w ith 
o u t so u n d : • • •  175°F , 5  fps; 4 4 4  1 7 5 'F , 10 fp s; * * *  125 ' F , 5  fps; 
1 2 5 ‘ F ,  10 fps.

from  tuber to tuber to allow  use as a test 
m ateria l. The effects o f air ve locity  and 
tem perature on the drying rate o f apple 
cubes are clearly  illustrated in Figure 3. 
These curves ind icate that the system  had 
the precision to demonstrate small 
changes, if  present, in drying rate due to 
sound. Increasing air ve locity  from  5 to 
10 fps only increased the in itia l drying 
rate. Water vapor pressure at l 2 5 °F  tends

to make mass transfer the lim iting  step 
beyond 65% weight reduction . At 1 7 5 °F  
an increase in air ve locity  affected drying 
rates down to 75% weight reduction . The 
higher vapor pressure o f water required 
higher heat transfer rates to achieve a 
m axim um  drying rate. Sound frequency, 
in tensity and source had no effect on 
these curves.

We concluded that sonic energy did

not seem to affect drying rates in our 
experim ental apparatus under drying con
d itions lim ited by heat or mass transfer in 
piece-form foods. H o ff (1 9 7 0 ) explained 
that carefu l tuning o f the sound source 
and sample were required. I f  th is is true, 
then exposure o f a sample at a measured 
high in tensity  sound level at a given point 
is not su ffic ien t to obtain an increased 
drying rate. T h is  would expain  the d iffer
ence in our results and those o f Barto l
omé et al. ( 19 6 9 ).
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A Research Note
FILM OBSERVATIONS AT AN OIL-WATER INTERFACE

INTRODUCTION
C U M P E R  A N D  A L E X A N D E R  (1 9 5 0 ) 
proposed that film  fo rm ation  by proteins 
at air-water interfaces occurs in three 
stages: (1 )  d iffus ion  to and adsorption at 
the in te rface ; (2 )  surface denaturation by 
uncoiling o f the protein m olecu le ; and (3 ) 
protein coagulation . Fo rm atio n  o f in ter
fac ia l film s by em ulsifiers in o il-in-water 
em ulsions m ay have a s ign ificant effect 
on the sta b ility  o f the em ulsion (B echer,
1965). O sipow et a l. (1 9 5 7 ) stated that 
in te rfac ia l film s create an energy barrier 
against dispersed globule coalescence.

F . M. Ascherson in 1838 observed that 
on sim ple contact o f o il w ith  an aqueous 
protein so l, a protein skin  form ed at the 
in terface (B ikk e rm a n , 1958). F ilm  fo r
m ation at an o il-water interface has been 
reported to occur for a w ide varie ty  o f 
substances: gum acacia (Sh o tto n  and 
W hite, 1 9 6 3 ); tragacanth, saponin , sodi
um oleate and gelatin (B ikk e rm a n , 1958); 
soy sodium  proteinate , potassium  casein
ate and nonfat d ry  m ilk  (Pearson et a l., 
1965), serum album in (C o ckb a in  and 
M cRoberts , 1953) and salt-soluble pro
teins o f muscle tissue (S w ift  et a l., 1961; 
Helm er and Sa ffle , 1963; M eyer et a l., 
1964 ; Borchert et a l., 1967).

T h is  report describes an experim ental 
technique w hich a llows the researcher to 
substantiate and fu rther investigate in ter
facial film  fo rm ation  at the oil-water 
boundary.

EXPERIMENTAL
V IS U A L  O BSERV ATIO N  and photographic 
records of the characteristics of interfacial films 
were conducted with a modification of a micro
scopic technique developed by Shotton and 
White (1963). A 60 mm diam petri dish was 
placed on the stage of an A.O. Spencer Model 
635 Pathostar microscope equipped with a 35 
mm camera. Aqueous solutions of substances 
tested for interfacial film formation were 
placed in the dish. A stationary 1 ml syringe 
containing corn oil and equipped with a flat-tip 
24 gauge needle was used to introduce and age 
oil globules in the aqueous solution for 10 min. 
Following the procedure of Shotton and White 
(1963), the volume of oil was gradually de
creased from the initial volume and evidence of 
positive film formation identified by a wrin

1 P re se n t a d d ress : D e p t, o f  F o o d  S c ien ce , 
C lem so n  U n iv e rs ity , C lem so n , SC 2 9 6 3 1

kling and folding at the surface of the oil 
globule.

Proteinaceous substances tested were 1% 
salt-soluble protein of cow meat and beef 
hearts, 0.5% protein as sodium casemate and 
2.5% protein as soy sodium proteinate. Non
protein substances examined were 1.0% pro
pylene glycol alginate and 2.5% gum acacia.

RESULTS & DISCUSSION
IN T E R F A C IA L  F IL M  fo rm ation  by salt- 
soluble protein  o f cow  meat and beef 
hearts is shown in Figure la  and lb , 
respective ly . Exten s ive  fo ld ing o f the film  
occurred at the in terface when the o il 
globules were s lo w ly  reduced in volum e. 
Several observers in our laborato ry des
cribed the deform ation  as a “ w rin k lin g ”  
plastic bag e ffect. S im ilar results were 
obtained fo r sodium  caseinate (F ig u re  l c )  
and gum acacia (F ig u re  Id ) .  The  film  
appearance o f gum acacia is in  agreement 
w ith  that reported by Shotton and White
(1 9 6 3 ).

Fro m  photom icrographs o f em ulsions 
prepared using model system s, Sw ift et al. 
(1 9 6 1 ) and Pearson et al. (1 9 6 5 ) have

shown that both meat salt-soluble protein 
and potassium  caseinate encapsulate o il 
globules in  the em ulsion system . Both  
groups o f w orkers attributed th is fo rm a
tion  to denaturation o f protein  at the
oil-water in terface . The presence o f pro
tein m embranes in  sausage em ulsions have 
been recorded by Helm er and Saffle  
(1 9 6 3 ), M eyer et al. (1 9 6 4 ) and Borchert 
et al. (1 9 6 7 ). Heat processing the em ul
sions resulted in  rupture o f the fat- 
encapsulating protein  m a trix  (B o rche rt et 
a l., 1967).

Soy sodium  proteinate and propylene 
g lyco l alginate showed no evidence o f 
film  fo rm ation  (F ig u re  le  and I f ,  respec
tiv e ly ) . When o il droplets were slow ly  
w ithd raw n  from  so lutions o f these sub
stances, no fo ld ing or striations devel
oped. Pearson et al. (1 9 6 5 ) reported that 
in  o il-in-water em ulsions prepared w ith  
soy sodium  proteinate, protein layers 
form ed around o il globules when the 
so lution was at pH  10.7 but not at pH
5 .6 . The pH o f the soy sodium proteinate 
so lu tion  in  th is study was 7 .6 .

The ab ility  to form  in terfacia l film s

a b

Fig. 1 —Photomicrographs o f oil globules suspended in solutions o f  (a) 
1% salt-soluble protein o f  cow  meat; (b) 1% salt-soluble protein o f  beef 
hearts; lc) 0.5% protein as sodium caseinate; Id) 2.5% gum acacia; fe) 
2.5% protein o f  soy sodium proteinate; and (f) 1.0% propylene glycol 
alginate. 1x100)
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between o il and w ater phases m ay con
trib u te , as an additive fac to r, to overall 
stab ility  o f em ulsions prepared w ith  
in terfacia lly-active substances. The elas
t ic ity  and m echanical strength o f the 
film s and the effects o f pH , ion ic strength 
and concentration  o f substance in in ter
fac ia l film  fo rm ation  rem ain to be evalu
ated.
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A Research Note 
BIOCHEMISTRY OF

INTRODUCTION
T R A D IT IO N A L  b lack tea m anufacturing 
processes cause fresh green tea lea f to 
undergo conversion to b lack tea (M illin  
and Rustidge, 1967 ; E y to n , 1972 ; San
derson, 1972). T h is  process makes use o f 
endogenous tea leaf enzym es and me
chan ical m anipulation o f the tea lea f to 
effect this conversion to b lack tea in 2 to 
6 hr. A  most im portant part o f the tea 
conversion process is the fo rm ation  o f the 
characte ristic  arom a of b lack tea. An 
im proved understanding o f the chem istry  
by w h ich  b lack tea arom a is form ed is 
sought fo r app lication  in im proving b lack 
tea m anufacturing processes.

Stud ies have a lready shown that cer
tain b lack  tea arom a constituents are 
form ed from  am ino acids (Popov, 1956 ; 
N akab ayash i, 1958 ; Co and Sanderson, 
1 9 70 ; Saijo  and Takeo , 1970a, b ) and 
from  carotenes (Sanderson et a l., 1971). 
The m echanism  proposed (C o  and San
derson, 1970 ; Sanderson et a l., 1971 ; 
Sanderson, 1972) fo r these chem ical 
changes com prises the o x id atio n  o f b lack 
tea arom a precursors by ox id ized  tea 
flavanols w h ich  are form ed en zym ica lly  
during tea ferm entation . T h is  mechanism  
suggests that other com pounds present in 
fresh green tea lea f can, and do, serve as 
b lack tea arom a precursors. T h is  hyp othe
sis has now  been fu rth er tested using 
lino len ic  acid as a possible b lack tea 
aroma constituent precursor.

EXPERIMENTAL
Materials

U-' 4C-Linolenic acid was purchased from 
International Chemical & Nuclear Corp., Irvine, 
Calif. Unlabeled linolenic acid was supplied by 
Pfaltz & Bauer, Inc., Flushing, N .Y .

Fresh frozen tea leaf was obtained from 
experimental tea plantings near Charleston, S.C. 
The frozen leaf was cryogenically milled to a 
uniform particle size of about 0 .5 -1 .0  mm2 in 
a hammer mill.
Headspace volatile analysis by 
radio-chemical gas-liquid chromatography

The procedures adopted have been des
cribed by Co and Sanderson (1970). In all 
cases, 4.0g of dried tea, or the equivalent 
amount of tea leaf, were used in the analyses.
Preparation of black tea augmented 
with linolenic acid

Cryogenically milled fresh green tea leaf was 
sprayed with 0.5g linolenic acid containing 4/i

TEA FERMENTATION: FORMATION OF t-2-HEXENAL 
FROM LINOLENIC ACID

C: U-' 4C-linolenic acid in 10 ml diethyl ether. 
Subsequently, the tea leaf was warmed to room 
temperature and allowed to undergo tea fer
mentation for about 3 hr. During fermentation, 
the tea leaf was covered with a damp cheese
cloth to maintain high humidity around the 
leaf. The fermented tea leaf was dried in a 
forced-draft oven at 180°F for about 30 min to 
reduce the moisture content to about 3%. The 
dried product was black tea.

RESULTS
F R E S H  G R E E N  tea lea f was converted to 
b lack tea in  the labo rato ry  under condi
tions w h ich  sim ulated the trad itional 
b lack tea m anufacturing process except 
that rad ioactive ly  labeled lino len ic  acid 
was added to the fresh tea leaf. Samples 
o f the tea lea f were taken at d ifferent 
points in  the b lack tea m anufacturing 
process to be analyzed fo r the presence o f 
rad ioactive vo latiles by a GLC-headspace 
analysis system . Th e  results (F ig . 1) show 
that lino len ic  acid is transform ed to 
f-2-hexenal during the ferm entation  step 
o f the b lack tea m anufacturing process 
and that f-2-hexenal is the o n ly  vo latile  
com pound form ed from  lino len ic  acid 
during this process. Th e  fo rm ation  o f 
on ly one vo latile  reaction product is 
surprising in that we would expect all o f 
the double bonds in lino len ic  acid to 
undergo oxidative change: Perhaps the 
other possible products are nonvolatile  
w ith  the result that they were not de
tected in our stud y .

More t-2-hexenal was found in the tea 
leaves afte r ferm entation  (F ig . la )  than 
after firing  (F ig . lb ) .  The  loss o f t-2- 
hexenal during this fin a l step in b lack  tea 
m anufacture is undoubted ly due to vola
tiliza tio n  during the drying process. T h is  
driving o ff o f the “ green”  arom a notes 
may w ell be very im portant to the fo rm a
tion o f b lack  tea arom a inasm uch as it 
apparently leads to a balance o f aroma 
constituents w h ich  is more characteristic 
o f b lack tea (Y am an ish i et a l., 1 9 6 6 ).

C o n tro l experim ents were carried out 
w h ich  show  that the fo rm ation  o f t -2- 
hexenal is dependent on enzym ic changes 
since no i-2-hexenal was form ed when the 
tea leaf enzym es are inactivated by steam 
ing. How ever, the experim ents carried out 
do not allow  us to choose between the 
possib ility  that a specific  enzym e acted 
d irectly  on lino len ic  acid or whether

lino len ic  acid was o x id a tive ly  degraded 
by the action o f oxid ized  tea flavanols.

L in o len ic  acid is quantita tive ly  the 
most im portant fa tty  acid in tea lea f (D r .
L . J .  D u kke r, personal com m unication ) 
and i-2-hexenal is one o f the m ajor 
constituents o f tea aroma (Bondarovich  
et a l., 1967 ; M iiggler-Chavan et a l., 1966 ; 
T ake i et a l., 1937, V an  Rom burgh, 1920 ; 
Yam an ish i et a l., 1965). Fu rth e r , t-2- 
hexenal has a decided grassy odor w hich 
must have an effect on the overall flavor 
im pression o f a food when it  is present. 
A cco rd in g ly , the fo rm ation  o f f-2-hexenal 
from  lino len ic  acid during the m anufac
ture o f b lack tea must be o f some

Fig. 1—Gas chrom atogram s o f  volatiles in tea 
leaf augm ented  w ith  14 -C-linolenic a cid  at var
ious stages in the b lack  tea m anufacturing  
process. U p p er trace sh o w s response from  
rad ioactiv ity  d e te c to r an d  lo w e r trace show s  
response from  flam e ion ization  d etecto r, la) 
Tea leaf a fter ferm en ta tio n ; (b) Tea lea f a fter  
firing, i.e ., as b lack  tea. Peak A  id en tified  as 
t-2-hexenat b y  re ten tion  time.
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im portance in determ ining the qua lity  o f 
the fina l product. It rem ains fo r future 
w ork to rationalize the conditions which 
m axim ize the form ation and retention of 
black tea aroma.

It is notew orthy that M ajor and T h o m 
as (1 9 7 2 ) have shown that r-2-hexenal is 
formed from  lino len ic acid in G inkgo 
leaves.
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A Research Note
AN APPARATUS FOR MEASUREMENT OF CONTRACTILE PROPERTIES 

OF PORCINE SKELETAL MUSCLE

INTRODUCTION
T H E  T E C H N IQ U E  o f measuring the ten
sion and tim e course o f isom etric muscle 
contraction  has been applied to a num ber 
o f experim ental anim als (Jew e ll and W il
k ie , 1958 ; B u lle r et a l., 1960 ; C lose, 
1964 ; Barnard et a l., 1970 ; Mann and 
S a la fsky , 1970). The electrica l com po
nents for these d ifferent adaptations are 
s im ila r, requiring a strain  gauge, am pli
fie r, oscilloscope and e lectrica l stim u
lato r. The  type or design o f the holding 
apparatus, how ever, varies w ith  the 
experim ental anim al used. O b vio usly , the 
larger the anim al and the greater the mass 
o f the muscle to be tested, the larger and 
more durable the holding p latform  re
quired.

Such a technique, as applied to por
cine ske leta l muscle research, would have 
m any advantages, being useful in the 
study o f fatigue, blood flo w , blood elec
tro ly tes and m etabolites and their e f
fects on various physio log ical contractile  
parameters and how these effects might 
subsequently in fluence meat q u a lity . 
W ith this purpose in m ind , we have 
designed an apparatus and developed and 
tested a procedure whereby we can meas
ure the contraction  tim e (C T ) ,  one-half 
re laxation  tim e ( 'h  R T ) ,  net tw itch  ten- 
sion/g wet weight m uscle , net tetanus 
tension/g wet weight muscle and tw itch- 
tetanus ratio  in muscle o f porcine anim als 
weighing up to 100 kg.

fied by a bridge preamplifier and then displayed 
on the oscilloscope, from which the event can 
be photographed. The time relay is used to 
standardize the duration of a tetanus; i.e., the 
impulse train during tetanus is timed to last 490 
msec. The stimulator is used to excite the mus

cle via its nerve supply and also to trigger the 
electron beam sweep of the oscilloscope.

Experimentally, we have used porcine ani
mals from age 1 day to 6 wk. Choice of the 
tibialis anterior was based on several prerequi
sites. The distal tendon was small in diameter

Fig. 1—H old ing  apparatus. A r ro w  indicates iso m etric  fo rce  transducer. N ote  also the braces and  
b o n e  screw s.

EXPERIMENTAL
TH E HOLDING APPARATUS is constructed 
of aluminum (Fig. 1) except for the base plat
form which is oak. An essential feature is that 
the force transducer can be moved through any 
axis necessary to align it as close as possible 
with the direction of the natural line of pull of 
the muscle. A brace is placed between the struts 
which hold the bone screws and the transducer 
holding mechanism. On the other side an angle 
brace is positioned between this mechanism and 
the platform. These braces give added rigidity 
and thus minimize any compliance which 
would detract from the requirement for iso
metric conditions.

Figure 2 is a schematic diagram of the re
cording system. The physiograph is the power 
supply. The strain gauge is a Grass F T  10C iso
metric force transducer which was chosen be
cause it can measure tension linearly (± 1%) up 
to 10 kg. The output of the transducer is ampli-

SCHEMATIC OF CIRCUITRY 
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Fig. 2 —Sch em a tic  diagram  o f  electrica l co m p o n en ts.
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Table 1—P h ysio log ica l param eters o f  skeleta l m u scle  from  p o rc in e  a n d  o th e r  anim als

Twitch Tetanus
Age CT 'A R T tension/g tension/g Twitch-tetanus

(days) (msec) (msec) muscle muscle ratio
Porcine

Tibialis anterior 1
21

40
31

40
25

475
258

821
590

.58

.43
Cat3

Tibialis anterior 1
21

56
35

60
26

.23

.35
Ratb

Extensor digitorum 
longus 1 57 51 .53

Guinea pigc
Gastrocnemius plantaris adult 22.4 18.4 149 849 .17

a M ann an d  S a lafsk y  (1 9 7 0 )  
hC lose  (1 9 6 4 )  
c B arnard  e t al. (1 9 7 0 )

which mechanically made it much easier to 
make a secure connection between the iso
metric force transducer and tendon. The muscle 
and its nerve supply were easily isolated. F i
nally, this muscle has been used by previous 
researchers allowing for a basis of comparison. 
From the porcine muscles that satisfy these 
criterion the tibialis anterior was arbitrarily 
chosen.

Animals were anesthetized intraperitoneally 
with sodium pentobarbital, and the tibialis an
terior muscle was isolated by dissection leaving 
it attached at the proximal end. Care was taken 
to preserve the nerve and blood supply to the 
muscle. The common peroneal nerve was ex
posed and ligated. Screws were inserted into the 
distal end of the femur and the distal ends of 
the tibia and fibula. These screws in turn were 
bolted to the holding apparatus so that the pig 
was in a supine position and the tibialis anterior 
was in a horizontal position. The distal tendon 
was severed and connected by silk suture and 
metal wire to the transducer.

Throughout an experiment, the nerve and 
muscle were covered with saline soaked gauze.

200-watt light bulbs positioned over the tibialis 
anterior and chest were used to maintain the 
rectal temperature near 38°C and the muscle 
surface near 37°C. As shown by Gordon and 
Phillips (1953), to make comparative estimates, 
temperature control is important because the 
contraction time has a rather high temperature 
coefficient.

Stimulation via the common peroneal nerve 
was achieved by using supramaximal mono- 
phasic pulses of 0.2 msec duration. Resting 
length was established after the procedure of 
Buller et al. (1960). Contraction time and one- 
half relaxation time were measured according 
to Close (1964). Optimal frequency of tetanic 
stimulation was that frequency at which the 
tension was maximal 200 msec after onset.

After recordings were completed, the tibialis 
anterior was excised, freed of any surrounding 
connective tissue and weighed.

RESULTS & DISCUSSION
W H IL E  I T  would be u n lik e ly  that the 
data from  porcine tib ia lis  an terio r e xactly

paralleled data from  muscles o f other 
species, our results fo r porcine C T  and 'A 
R T  are in reasonable agreement w ith  the 
same experim ental data fo r cat tib ia lis 
anterio r (see Tab le 1).

Fu th erm o re , the frequency o f stim u la
tion necessary to achieve tetanus in the 
tib ia lis  an terio r m uscle o f the 6-wk old 
pigs was determ ined to be ap proxim ate ly  
125 im pulses/sec. T h is  value agrees well 
w ith  the value (120/sec ) found by G o r
don and P h illip s (1 9 5 3 ) fo r adult cat 
tib ia lis  anterio r.

Thu s it is concluded that the tech
nique fo r measuring muscle contraction  
isom etrica lly  as adapted fo r use on por
cine ske leta l m uscle has been achieved in 
the sense that our data on porcine muscle 
are com parable to the experim enta l data 
fo r other species that have been obtained 
by d ifferent researchers.
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A Research Note
SHELF LIFE STABILITY AND ACCEPTANCE OF FROZEN 
PACIFIC HAKE (Merluccius productus) FILLET PORTIONS

INTRODUCTION
T H E  S T A N D IN G  S T O C K  o f P ac ific  hake 
in waters o f f  Oregon and W ashington is 
estimated to range from  6 0 9 .5 - 1 2 0 6  
thousand short tons w ith  a sustainable 
y ie ld  o f 1 7 4 -3 4 9  thousand short tons 
(A lve rson  and L a rk in s , 1969). Hake o f 
the Pac ific  coast are regarded generally as 
a trash fish  having flesh o f poor keeping 
q u a lity . O n ly  sm all am ounts are used fo r 
anim al food . Hake o f the genus M e r l u c 
c iu s  are valuable hum an food in the 
U S S R , C h ile , Spain , Argentina and South 
A frica  ( F A O , 1967). T h is  species o f fish  
has considerable potentia l fo r f illin g  the 
expanding dom estic need fo r low-cost 
fish  b locks (D assow  et a l ., 19 7 0 ). T h is  
investigation was carried out to evaluate 
the acceptance and frozen shelf-life  char
acte ristics  o f portions prepared from  
frozen hake fille t b locks.

EXPERIMENTAL
IC ED  ROUND FISH  were obtained from local 
commercial sources one day post-extraction. 
The fish were filleted, exposed to the various 
t re a tm e n ts  and fro zen  at - 3 0 ° F  in 
1 x  3.75 x  21-in. ID stainless steel trays. One 
day post-processing the frozen blocks were 
sawed into approximately 0.5 x  3.5 x  3.75-in. 
portions, vacuum sealed in moisture-vapor 
proof film and held at -1 5 °F  prior to evalua
tion.

Antioxidant was applied to each individual 
fillet in an atomized spray of a water miscible 
solution containing lg of antioxidant solution 
(0.75g BHA, 0.75g BH T, 13.5g propylene 
glycol, lO.Og Tween 20) in 50 ml of water. 
Sodium tripolyphosphate (TPP) was aplied in a 
similar manner as a 10% aqueous solution. 
Based upon the weight added to three replicate 
lots of fillets, antioxidant additions ranged 
from  0 .0 0 1 3 - 0 .0 0 1 5 %  and T P P  from 
0.004-0.005% .

Flavor panels and 2-thiobarbituric acid 
(TB A ) analysis (Yu  and Sinnhuber, 1957) were 
conducted at 0, 3, 6, 9 and 12-months storage. 
For flavor testing, portions were battered and 
breaded in the frozen state using standard com
mercial products. The breaded portions were 
deep-fat fried from the frozen state at 375°F 
for 6 -7  min. and served hot in coded cups to 
judges seated in individual booths. Trained 
flavor panels judged portions for texture, ju ici
ness, flavor and overall desirability on an inten
sity scale ranging from 9, “ liked extremely,”  to

1, “ disliked extremely.”  A ll data were analysed 
by analysis of variance and the significance of 
means tested by the least significant difference 
(LSD ) method.

RESULTS & DISCUSSION
F R O Z E N  S T O R A G E  did not adversely 
affect the textu re  o f hake fille t portions 
(Tab le  1). Mean scores at the five evalua
tion  tim es did not vary  s ign ifican tly  
(P  <  0 .0 5 ) .

The app lication  o f an tiox id an ts and 
polyphosphates did not appear to im 
prove shelf-life w ith  regard to ju ic iness . 
M ean  s c o re s  v a r ie d  s ig n if ic a n t ly  
( P < 0 .0 5 )  o n ly  at the 6 and 12 m onth 
storage periods. On the 6 m onth storage 
tests a preference was show n fo r portions 
treated w ith  a com b ination  o f a n tio x i
dant and po lyphosphate, but th is prefer
ence was not sustained on the 9 or 12

m onth tests. A fte r  12 m onths storage, the 
ju ic iness o f  portions treated w ith  a n tio x i
dant was least preferred .

Mean panel scores fo r flavo r and over
a l l  d e s i r a b i l i t y  varied s ign ifican tly  
(P  <  0 .0 5 ) at 0-storage tim e w ith  an equal 
preference ind icated fo r contro l portions 
and those treated w ith  a n tio x id an t. Scores 
for portions treated w ith  polyphosphate 
alone or in  com b ination  w ith  an tiox id ant 
were s ig n ifican tly  (P  <  0 .0 5 ) lo w er. A fte r
12-months storage, flavo r and over-all 
desirab ility  mean scores did not va ry  sig
n ific a n tly  ( P < 0 .0 5 ) .

A p p lica tion  o f an tio x id an ts reduce the 
level o f ox idative  ran c id ity  occurring in 
frozen f ille t portions during the 12- 
m onth storage period (Tab le  2 ) . The 
sm all d ifference in  the level o f  oxidative 
ran c id ity  as measured by TBA -analyses 
between contro l portions and those treat
ed w ith  an tio x id an t was not read ily

Table 1 —F la v o r p a n el sco res  fo r  hake fillet p o rtio n s  s to re d  a t —1 5 °F

Mean score d
factor Treatment 0-mos 3-mos 6-mos 9-mos 12-mos

Control 6.85 7.62 7.62 7.62 7.96
Antioxidant 7.08 7.65 7.28 7.48 7.80

Texture TPP 7.33 7.58 7.10 7.90 7.60
A + TPP 7.07 7.23 7.13 7.88 7.27

NSD NSD NSD NSD NSD
Control 7.95 7.13 6.68a 7.10 7.40a -
Antioxidant 7.40 7.32 6.70a 6.95 6 .15b

Juiciness TPP 6.23 6.97 6.18a 7.18 7.17a
A + TPP 6.58 7.23 7.80b 7.22 7.55a

NSD NSD NSD
Control 7.38a 6.78 7.13 7.23ab 7.37
Antioxidant 7.48a 7.37 6.90 7.85bc 6.65

Flavor TPP 6.33b 7.15 7.07 7.92c 6.75
A + TPP 6.23b 7.40 7.10 7.10a 7.05

NSD NSD NSD
Control 6.95a 6.53 6.55 6.43 6.65

Over-all Antioxidant 7.05a 7.02 6.33 6.73 5.90
desirability TPP 5.47b 6.62 6.40 6.88 6.13

A + TPP 5.53b 6.88 6.53 6.60 6.27
NSD NSD NSD NSD

a> ,cAverage scores in a co lu m n  w ith  sam e e x p o n en t le tte r  did n o t vary sign ifican tly  (P <  0 .0 5 ) 
from  each o th e r; NSD: no significan t (P <  .05) d ifference

d n = 30; Range o f  scores: 9, “ liked e x tre m e ly ” to  1, “ disliked e x p re m ely ”
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Table 2 - TB A -va luesa fo r hake fillet p o rtio n s s to re d  at -7 5 °F
Storage 

time (mos) Control
Anti

oxidant TPP A + TPP

0 0.46 0.99 1.95 0.78
3 1.30 0.71 2.45 1.22
6 3.07 1.16 2.55 0.65
9 2.42 1.44 2.10 0.45

12 1.64 0.73 3.54 1.22
aMg malonaldehyde/kg

apparent from  flavor panel scores. The 
application o f T P P  appeared to produce a 
s lightly  pro-oxidative effect. App lication  
o f an tioxid ants in com bination w ith  T P P  
retarded this developm ent o f o x idation .

The results o f this investigation in d i
cate that fish portions prepared from  
frozen b locks o f Pacific  hake fille ts  pos

sess a re lative ly  high degree o f acceptance 
and frozen shelf-life stab ility  when stored 
under vacuum  in m oisture-vapor proof 
film . The application o f an tiox id an ts and 
T P P  to portions packaged in this manner 
does not appear to favorab ly enhance 
frozen shelf-life characteristics. The de
gree o f acceptance and shelf-life stab ility

observed seems to ind icate a good poten
tial fo r u tiliza tio n  o f th is species for 
human food.
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