January-February 1970
1 Volume 35

Paxes 1-102

JOURNAL
of FOOD SCIENCE

10
13

17

22

26

33

37

41

46

52

56

Pectin methyl esterase activity (Vigna

sinensis)—J. L. Collins

in Southern peas

Role of cuticle in spoilage of chicken eggs— D. V. Vadehra,
R. C. Baker and H. B. Naylor

Chicken myofibril fragmentation in relation to factors in-
fluencing tenderness— R. N. Sayre

Flavor components in cognac—J. Schaefer and R. Timmer

The effects of freezing on the survival of Salmonella and E.
coli in Pacific oysters— R. Digirolamo, J. Liston and J.
Matches

Free amino acids and other nitrogenous fractions in wine
grapes— W. M. Kliewer

Pasteurization of Pacific oysters by radiation: Post-mortem
changes in nucleotides during storage at 0-2°C—E. J.
Guardia and A. M. Dollar

Ethylene oxide resistance of microorganisms important in
spoilage of acid and high-acid foods— D. F. Blake and
C.R. Stumbo

Inhibitory effects of pseudomonas on selected Salmonella
and bacteria isolated from poultry—J. L. Oblinger and
A. A. Kraft

Metmyoglobin formation in beef stored in carbon dioxide
enriched and oxygen depleted atmospheres—D. A.
Ledward

Comparison of carbonyl compounds in moldy and non-

moldy cocoa beans— A. P. Hansen and P. G. Keeney
Anthocyanin pigments in Tinto cao grapes—F. W. H.
Liao and B. S. Lull

Respiration of potato mitochondria and whole tubers and
relation to sugar accumulation— L. E. Paez and H. O.

Hulun
Sodium chloride effect on autoxidation of the lard com-
ponent of a gel—R. EUis. A. M. Gaddis. G. T. Currie

and F. E. Thornton

Studies in meat tenderness. 8. Ultra-structural changes in
meat during aging— C. L. Davev and M. R. Dickson
MQ ' )IA

A PUBLICATION OF THE INSTITUTE OF FOOD TECHNOLOGISTS

Number 1

61

62

67

72

74

78

81

83

87

91

95

100

into chicken
Vadehra. R. C. Baker and H. B. Naylor

Infection routes of bacteria eggs—D. V.

Chemical destruction of Aspergillus niger conidiospores—
M. K. C. Chengand R. E. Levin

Factors affecting the distribution of lactate dehydrogenase
between particulate and soluble phases of homogenized
trout skeletal muscle—R. L. Melnick and H. O. Hultin

Physicochemical nature of banana pseudostem starch—

H. S. Shantha and G. S. Siddappa

Accumulation of starch in banana pseudostem and fruit—
H. S. Shantha and G. S. Siddappa

W ater-soluble flavor and odor precursorsof meat. 3.
Changes in nucleotides, total nucleosides and bases of
beef, pork and lamb during heating— R. L. Macy Jr,
H. D. Nattman and M. E. Bailey

W ater-soluble flavor and odor precursors of meat. 4. In-
fluence of cooking on nucleosides and bases of beef
steaks and roasts and their relationship to flavor, aroma
and juiciness—R. L. Macy Jr.. H. D. Naumann and
M. E. Bailey

W ater-soluble flavor and odor precursors of meat. 5.
Influence of heating on acid-extractable non-nucleotide
chemical constituents of beef, lamb and pork—R. L.
Macy Jr.. H.D. Naumann and M. E. Bailey

A reexamination of the two-stage triangle test for the
perception of sensory differences— N. T. Gridgeman

Resistance of Clostridium perfringens to varying degrees
of acidity during growth and sporulation— L. H. Fischer.
D. H.Strong and C. L. Duncan

Determining the sensory levels of aroma compounds in
alcoholic beverages— P. Salo

Physical and chemical characteristics of free and stretched
rabbit muscle— E. M. Buck. D. W. Stanley and E. A.
Comissiong

IFT



January-February 1970
Volume 35 : Number 1

JOURNAL
of FOOD SCIEKCE

Memo from the SCIENtIfiC EdITO T ..ottt il

Letters to the SCIENtific E ditOr ..o iv
ADSEracts: 1N thisS ISSUE .o 1
Research Papers Begin ..o 1
Page Charge Notice 102
Sdentific Editor O Board of Editors

Wal_ter_M. Urb_ain E. F. Binkerd M. A. Joslyn
ASt,'tDSJH"I]ﬁCEthCI" E. J. Briskey Lloyd L. Kempe

Mark T. Allen
- - - W. L. Brown Z. John Ordal
Du JO?]';R'SIIK“S as B. F. Buchanan Rose Marie Pangborn
Prodlction mr A. E. Denton James W. Pence

Jon Day Le Roy Dugan Gerald Reed
Adertisirgl\/amger S. A. Goldblith W. M. Roberts

M. Peter Johnstone Willis A. Gortner Wi illiam H. Stahl
RAblider R. H. Hartigan George F. Stewart

Calvert L. Willey John A. Holston William L. Sulzbacher

© Copyright 1970 by Institute of Food Technologists. All rights reserved. Journal of Food
Science (formerly Food Research) is published bimonthly by Institute of Food Technologists,
Suite 2120, 221 N. LaSalle Street, Chicago, Illinois 60601 USA. Printed in the USA. Second
class postage paid at Champaign, 111 and at additional points of entry.

* Address ALL correspondence and manuscripts to the appropriate person at
Institute of Food Technologists
221 N. LaSalle St., Chicago, IL 60601 USA
Manuscripts: Scientific Editor
Subscriptions, Change of address, loss claims: Subscription Department, Journal of Food Science
Orders for back issues and 100 or more reprints: Publications Office
Advertising Information, contracts and insertion orders: Advertising Manager

Member Subscriptions— $10 per year.

Non-Member Subscriptions—Accepted only on a calendar year basis—no refunds. Rates in-
clude postage. Payment must accompany order. Domestic and Pan American Union— $20;
all other destinations— $25. Reduced rates for 2- and 3-year subscriptions.

Change of address notice, with old address label, is required 4 weeks before issue date.

Claims for lost copies are allowed only if received within one month after publication (3 months
for foreign subscribers).

Single copies and available back issues: $5 each; remittance to accompany order.

Reprints: Request Single Reprints from Authors. Price schedule for 100 or more reprints
available upon request from Publications Office.

« NO RESPONSIBILITY is assumed by the Institute of Food Technologists for statements
and opinions expressed by the contributors to its publications.

e MANUSCRIPTS should conform to the style used in IFT journals. Authors should request
from the Publications Office the leaflet “Style Guide for Research Papers.” Journal of Food
Science reserves the privilege of editing manuscripts to make them conform with the adopted
style of the journal or returning them to authors for revision. Editing changes may be reviewed
by authors before publication.

AN OFFICIAL PUBLICATION OF THE INSTITUTE OF FOOD TECHNOLOGISTS



The Finnigan
Model3000 Gas Chrom atograph/
Peak Id entifier.

trom eter designed specifically for analyzing

....toplease gas

: GC effluents. The price of the Finnigan
raphers and their budget

chromatog M odel 3000 is under $15,000 com plete

adm inistrators. It’s available as a complete w ith an interfaced gas chromatograph; less
GC/M S combination. It’s available with inter- when you buy it to tie into your existing GC.
facing to tie into your existing gas chrom ato- W rite for a brochure on the new Fin-
graph. The mass range is from 10 to 500 amu; nigan M odel 3000. Place your order now and

resolution is greater than 500 (Am is meas- be among the firstto receive delivery.
ured at half peak height). Sound like a high

priced instrument? It’s not!

The new Finnigan Model 3000 gas fln n Igan

chromatograph peak identifier is a mass spec- FINNIGAN INSTRUVENTS CORPORATION

2631 Hanover Street, Palo Alto, California 94304 (415) 328-3730
Offices in Union, New Jersey; Chicago, Illinois; Hemel Hempstead, U.K.; Munich, Germany; Basel, Switzerland.



\ /
\ K
\ Iy
>zl

MemOo: WHERE ARE WE?

O AMONG THE |Institute members | believe it is more or less common knowl-
edge that we are having problems with the publication of research papers. We have
more papers to publish than we can provide journal pages for them. The situation is
being compounded by rising publication costs.

The Executive Committee of the Institute has declared a policy of publishing all
worthy papers offered for publication. Such policy recognizes that publications are
valuable means for:

(a) Giving outlet for those who produce the information
(b) Providing access for those who use the information
and (c) Recording advances.

As a scientific and technological organization, the IFT renders a valuable service
through its publication of research findings.

But a policy to publish all worthy papers received could demand more than is
possible with the financial resources of the Institute. Hence, the carrying out of this
policy requires that additional support for the publications be sought. This can
mean that some changes will be needed.

Those most involved are being asked to help support publication costs. Authors
of papers are asked to pay part of the cost in a page-charge. W ith this issue the Jour-
nal of Food Science is a subscription journal, even to regular Institute members, and
hence, readers also help in supporting costs.

Advertising in the Journal of Food Science is being accepted. Soon a less costly
printing process will be employed. Other cost reduction measures are being studied.

Other changes are possibilities. One that has much to recommend it, is to publish
all research papers received by the Institute in a single research journal and not to
divide them between Food Technology and the Journal of Food Science as is now
done.

A recent readership survey on Food Technology tells much about the wants and
dislikes of the readers of that journal. These expressions are of interest and provide
valuable guidance for action. They are not always, however, in accord with what is
possible in terms of the resources available. Some recognition of what is feasible and
adjustment to this feasibility must be a part of our thinking for today and the future.

Ours is an organization of diverse membership. Many interests and needs exist.
Practically all benefit from publication of research findings. W hile today we are in
a jam in our efforts to publish these findings, our determination to find a way is
strong.

We trust you are with us in this.

W alter M. Urbain
Scientific Editor
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Letter to the Editor
October 6, 1969

Dear Sir:

In a recent research note, Caldwell et
al. (1969) stated that in contrast to previ-
ous findings by other workers and myself
(Chajuss et al., 1962b, Gawronski et al.,
1967) they did not observe a decrease in
total sulfhydryl groups content in excised
chicken breast muscle during post mor-
tem aging. Caldwell et al. explained that
the differences in the observations are
probably due to different methods of test-
ing for thiol groups.

This is indeed the case. What Caldwell
et al. observed was definitely not the total
actual thiol groups present in the muscle
in any moment but only some of the
available thiol groups.

In order to estimate correctly the total
actual thiol groups, care should be given
first to prevent any possible oxidation of
the thiol groups during analysis (i.e., use
of sonic oscillator chamber under nitro-
gen instead of Waring blender), secondly
and most important to use an unoxidative
denaturing agent such as 8M wurea, or
similar dénaturant, to unmask all the
inner enclosed thiol groups. Without the
use of urea, or similar dénaturant, only
some of the thiol groups are available for
analysis and these probably are not in-
volved to any great extent in establishing
the strained protein network within the
muscle.

My observations have indicated a vast
difference between the number of reac-
tive and available thiols in muscle homog-
enates in water and muscle homogenates
in 8M urea. While such dénaturation is
not necessary with few soluble proteins, it
is definitely needed in the muscle pro-
teins. The use of urea not only changes
the gross physical structure of the muscle
homogenate, but it mainly causes an
unfolding of the structure of the proteins
by disruption of hydrogen bonds thus re-
vealing the enclosed thiol groups making
them available for analysis.

Muscle homogenates are highly com-
plicated mixtures wherein interchange
reactions between various sulfhydryl and
disulfide groups might continuously take
place. Thus a method which could cause
oxidation and conversion of certain thiols
(non-protein SH) to disulfides should

not, prima facie, be used to measure SH
groups (total or protein) in a system such
as muscle wherein the various types of
thiols exist. Such measurement and dif-
ferentiation is meaningless and mislead-
ing especially also as rapid oxidation of
the thiol groups could have occurred
under the condition of the experiment
(see Jocelyn et al.,, 1962).

The importance of SH-SS reactions
and their contribution to tenderness is in-
deed clearly evident (Chajuss et al.,
1962a).

DANIEL CHAJUSS
Hayes (ASHDOD) Limited
Ashdod, Israel

REFERENCES:

Caldwell, K.A. and Lineweaver, El. 1969. Sulfhy-
dryl content of excised chicken breast
muscle during postmortem aging J. Food
Sci. 34, 290.

Chajuss, D. and Spencer, J.V. 1962a. The effect
of oxidizing and reducin aﬁing media on
the tenderness of excised chicken muscle.
J. Food Sci. 27, 303.

Chajuss, D. and Spencer, J.V. 1962b. Changes in
total sulfhydryl group content and histo-
chemical_demonstartion of sulfonates in ex-
cised chicken muscle aged in air. J. Food

Sci. 27, 411,
Gawronski, T.H., Spencer, J.V. and Uubols,

M.H. 1967. Changes in sulfhydryl and di-
sulfide content of chicken muscle and the
effect of N-ethylmaleimide. J. Agr. Food
Chem. 14, 781.

Jocelyn, P.C. 1962. The effect of glutathione
on protein sulfhydryl groups in rat-liver
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Letter to the Editor
October 24, 1969

Dear Sir:

In reply to the letter of Dr. Chajuss, |
offer the following:

Chajuss makes two main

(1) that experimental
not controlled to exclude air and that,
therefore, autoxidation occurred during
experimental analyses and that the method
is inapplicable for study of oxidation of
thiol groups and (2) that proteins were
not denatured and were therefore not ac-
cessible to the sulfhydryl reagent.

In response to these:

assertions:
conditions were

1. Experiments were indeed carried out

under carefully controlled conditions that
would preclude oxidation as effectively as
the procedure used by Chajuss:
a) Samples were maintained at
—196°C until analyzed.

\Y%

b)

c)

d)

e)

f)

Homogenates were prepared from
the still frozen, pulverized tissue.
Air was excluded from the blender
by specially constructed baffles dur-
ing dispersal of the tissue in water
at 0°C.

Homogenates were maintained at
ICC and analyzed very soon after
preparation. The -SH content was
shown to be quite stable under these
conditions.

Jocelyn does not state or indi-
cate that his method permits unin-
rended oxidation to occur. He states
‘Non-protein SH and total SH de-
termined in this way are both pro-
portional to homogenate concentra-
tion when this is varied, provided
that an ice-cold homogenate is used
and the reagents are added immedi-
ately after sampling. Any delay
leads to a loss of non-protein SH.
This is shown in Table 1, which
illustrates the effect of a delay (15
min) between addition of the di-
sulphide for the total SH estimation
and addition of the disulphide for
the nonprotein SH estimation to
different samples of the same ho-
mogenate. Recoveries of GSH added
to the homogenate and estimated
as non-protein SH are very poor
whereas recoveries as total SH are
satisfactory, though this estimation
is completed much later. This dif-
ference is probably due to the rapid
oxidation of GSH by the homoge-
nate (Fig. 5), which is arrested as
soon as the disulphide is added.”

In our laboratory, we did not con-
duct experimental work until we es-
tablished satisfactory recoveries and
reproducibility in preliminary trials.
During these trial runs, we observed
that (1) the total and non-protein-
SH content of homogenates re-
mained unchanged when homog-
enates were maintained at 0°C
during the working day and (2) if
homogenates were frozen overnight,
re-homogenized to facilitate sam-

pling and subsequently analyzed,
the -SH content was still un-
changed.

Jocelyn applied the analytical pro-
cedure in much the same manner as
we—to measure total and non-pro-



tein sulfhydryl content of tissue
homogenates as a function of hold-
ing time— with the exceptions that
he used (1) liver rather than muscle
(2) time periods of 0-1 hrs rather
than 0-6 hrs and (3) incubations at

37 :C rather than aging (i.e., “in-
cubations”) at 0°C.
2. We know of no evidence to support

Dr. Chajuss' contention that critical sulf-
hydryl groups are not analyzed by the
procedure reported in our paper. The fact
that urea or other dénaturants alter the
tertiary structure of proteins and expose
sulfhydryl groups buried within that
structure does not mean that such groups
would be wunreactive to all chemical
agents. The reactivity of these groups will
vary depending upon the reagent used, its
concentration, the time course of reaction
and other experimental parameters. Joce-
lyn reports that both protein and nonpro-
tein sulfhydryls react with the Ellman re-
agent, 5.5'-dithiobis-(2-nitrobenzoic acid)
without prior dénaturation of proteins.
Jocelyn reports that total -SH val-
ues for undenatured proteins as deter-
mined by his method are in agreement
with the totals found for denatured pro-
teins determined by other methods. “W ith
bovine serum albumin there appears to be
nearly complete reaction with the avail-
able SH despite the fact that these groups
are not reactive enough to be oxidized
even by ferricyanide (Kolthoff & Anas-
tasi, 1958).” Reference: Jocelyn, C.P.
(1962). The effect of glutathione on pro-
tein sulfhydryl groups in rat-liver homog-
enates. Biochem. J. 85, 480.

As we have had no opportunity to eval-

uate either the data obtained or methods
used by Dr. Chajuss, we are unable to
comment on his results referred to in his
letter. The analytical method which we
used does not cause unwanted oxidations
to occur and analytical samples were ade-
quately protected from autoxidation.

K. A. CALDWELL

Albany, California

Letter to the Editor

Dear Sir:
| wish to make a correction to the pa-
per “A Comparison of Techniques for
Determining the Fat Content of Ground
Beef" by D. R. Beilis, J. L. Secrist and M.
J. Linsky. J. Food Sci. 32, 521 (1967).
The following changes are in order:
Page 253: The formulas for the curves
in Figure 2a. 2b and 2c. representing the
best fit of the experimental data in Table
1. were generated by our computer (GE
225). The matrixes obtained for the
fourth order polynomials are as follows:
Figure 2b
-0.0016480609
0.136/6634
—4.1224982

$4.432125
— 253.90246

Figure 2c
-0.0021054943
0.17792401
-5.4803314
73.831641
-355.41612

Figure 2a
-0.0010660514

In an effort to simplify the formulas for
publication, the values were rounded as

seen in Figure 2 of the paper. The usable
nature of the plotted curves was not af-
fected in any way. However, to recon-
struct the curves from the rounded values
will produce curves which are something
less than accurate. Likewise, the variance
and standard error values in Table 3 are
affected. Therefore, we present the follow-
ing matrixes for Figure 2a. 2b and 2c
which contain values rounded to the max-
imum extent and yet will reproduce curves
closely approximating those of best fit
found in this paper. The matrixes follow:

Figure 2a Figure Zb
-0.001066 -0.0016481
0.08%6 0.13677
-2.501 —4.1225*7
39 42
-138.3 -253.9
Figure 2c
-0.0021055
0.179
-5.48
73.83
-355.3
When using these rounded values in

the fourth order polynomial formulas, the

following variance and standard error
values are obtained:
Ground
Com- Lab- Lab-
mer- o o
cal tory oy
No. 2 No. 3
Fourth Order
Variance 0.10 0.08%6 0.177
Stadard Enor  0.48 0.30 0.58

DEXTER R. BELLIS
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PECTIN METHYL ESTERASE ACTIVITY IN SOUTHERN PEAS
(Vigna sinensis). J. L. cocLLINs. J. Food Sci. 35, 1-4 (1970)—
The optimum salt level for maximum PM E atcivity was 0.25 M. The
optimum pH depended upon the variety of peas. The Purple Hull Pink
Eye variety required a pH of 8.5 (Princess Ann, pH 7.5 to 8). Maximum
activity occurred at 50°-60°C. The QTOwas 1.35. The more
the higher the caused an
observed activity. Rinsing

immature
activity. Freezing increase in the
removed a significant amount of PME from
PM E activity of the slurries prepared from frozen peas con-
tinued to increase up to 3-4 hr.

the peas,

the peas.

ROLE OF CUTICLE IN SPOILAGE OF CHICKEN EGGS. D. v.
VADEHRA, R. C. BAKER & H. B. NAYLOR. J Food Sci. 35, 5-6
(1970)— The cuticle, a the egg shell,
found to play an spoilage of eggs.

mucilaginous
important role

layer
in preventing

on was

Eggs
spoiled at a much faster
protection afforded by cuticle

collected from
rate than

the uterus (devoid of cuticle)
the normally laid eggs. The
lasts at least up to 96 hr post lay.

CHICKEN MYOFIBRIL FRAGMENTATION IN RELATION TO
FACTORS INFLUENCING TENDERNESS. r. N. sayre. J. Food
Sci. 35, 7-10 (1970)— Susceptibility of
myofibrils to mechanical

chicken pectoralis
fragmentation was investigated after
periods of aging, as an index of tenderness. Treatments were used which
accelerated, retarded or prevented post-mortem glycolysis. Fragmenta-
tion, with breaks always beside the Z line, was measurd by microscopic

The

major
various

examination of homogenized muscle. fragmentation pattern of

glycolysing muscle showed a general correspondence to tenderness
changes but could not be used as an accurate index of tenderness.
Muscle in which glycolysis had been prevented exhibited changes in

fragmentation but no change in tenderness.

FLAVOR COMPONENTS IN COGNAC. J SCHAEFER & R. TIM-
MER. J. Food Sci. 35, 10-12 (1970)— Flavor components of a genu-
ine cognac were identified by means of CGLC/MS. The complex ex-
tract was fractionated on a packed column preceding further separation
on a capillary column. The identification of fatty acids, phenolic acids
of the compounds achieved by other
matographic methods. 81 components, of which 24 have not previously
been reported in cognac and other grape brandies, were identified.

and some carbonyl was chro-

THE EFFECTS OF FREEZING ON THE SURVIVAL OF SALMO-
NELLA AND E. Coli IN PACIFIC OYSTERS. R. DIGIROLAMO, J.
LISTON & J. MATCHES. J. Food Sci. 35, 13-16 (1970)— Salmo-
nellae showed 1.0 to 1.5 log reduction in count as a result of freezing
and were more sensitive than E. CO“, which showed a 0.5 log decrease.
The storage,
but the decline in E. coli was quite erratic and unpredictable during the
first seven days. When salmonellae and E. coli were suspended in shell-
fish homogenate which was then frozen, held in the frozen state and
tested for survivors, it was found that proportionately more organisms
survived than in the whole oysters. The bacteria died off more rapidly
when held in homogenates at 32°F than at —30°F. These results suggest
that it would be dangerous to apply bacterial standards derived for un-
frozen oysters to the frozen product or to use E. coli counts on frozen
samples as an index of the quality of the unfrozen oysters.

number of salmonellae declined steadily during frozen

ISSUE

FREE AMINO ACIDS AND OTHER NITROGENOUS FRACTIONS
IN WINE GRAPES. w. M. kLiEwWER. J. Food Sci. 35, 17-21
(1970)— The concentrations of eight free amino acids, total nitrogen,
amino-acid-fraction
the juices of 26

nitrogen, and nonamino-acid-fraction
and 23 white-wine varieties

nitrogen in
red- of grapes was deter-
mined at early and late stages of fruit maturity.
were the most prominent amino acids, followed
glutamic acid, and 7-aminobutyric acid.
nonamino acid fraction nitrogen in the juices ranged from 53 to 76%
and from 23 to 56% of the total Kjeldahl nitrogen, respectively. The
eight determined amino acids accounted for 29 to 72% of the total ni-
trogen and 47 to 96% of the amino acid fraction nitrogen.
contributed the most nitrogen of the amino acids, accounting for
44% in the juices of the various fruits.

Arginine and proline
in order by o-alanine,

The amino acid fraction and

Arginine
6 to
of the total nitrogen

PASTEURIZATION OF PACIFIC OYSTERS BY RADIATION".
POST-MORTEM CHANGES IN NUCLEOTIDES DURING STOR-
AGE AT 0-2°C.E. J. cUARDIA & A. M. DoLLAR. J. Food Sci. 35,
22-25 (1970— The nucleotides lower in the
adductor muscle of the oyster (1.64 (moles/g) than in the remaining
dark tissues of the oyster (2.75 urnoles/g), and the concentration was
less )2.87 /tmoles/g) than is usually found
invertebrates. In addition to the adenine
nucleotides and inosine monophosphate, uridine triphosphate,
triphosphate, guanosine diphosphate,
guanosine diphosphate-mannose were found
ples collected

concentration of was

in the whole oyster meats
in fish muscle, or other marine
guanosine
guanosine monophosphate, and
in the fresh oysters. Sam-

in the summer had greater concentrations of nucleotides

than similar winter samples. Inosine monophosphate formed rapidly
from adenosine triphosphate during storage at 0-2 °C, while the turn-
over rate of inosine monophosphate was slow and reflected low 5'-nu-

cleotidase activity.

ETHYLENE OXIDE RESISTANCE OF MICROORGANISMS
PORTANT IN SPOILAGE OF ACED AND HIGH-ACID FOODS.
D. F. BLAKE & C. R. stTumBo. J. Food Sci. 35, 26-29 (1970)—
Resistance values are presented for spores of Bacillus coagulans, conid-
iospores of Aspergillus niger, and vegetative cells of Lactobacillus
brevis, Leuconostac mcsenteroides, Hansenula anomala and Saccharo-
myces cerevisiae exposed to a mixture of ethylene oxide (12% ) and
dichlorodifluoromethane (88% ). The resistance parameter de-
termined to the resistance of organism displaying
logarithmic death. Values of z were determined for spores of B. co-
agulans. M ost resistant were the spores of B. coagulans, about 1.8 to o
times more resistant than the vegetative cells of L. mcsenteroides and
L. brevis. vegetative cells of H. anomala, S. cerevisiae and conidio-
spores of A. nigerdisplayed non-logarithmic death.

IM-

D was

characterize each

INHIBITORY EFFECTS OF Pseudomonas ON SELECTED Salmo-
nella. AND BACTERIA ISOLATED FROM POULTRY. I. L, OB-
LINGER & A. A. KRAFT. J. Food Sci. 35, 30-32 (1970)—A per-
pendicular streak technique was used as a preliminary screening pro-
cedure to determine relative degrees of inhibition exhibited by known
strains of Pseudomonas against sensitive Salmonella and known orga-
nisms isolated from poultry. Spectrophotometric analysis was also used
to measure inhibitory activity produced by different concentrations of
filtrates from Pseudomonas cultures against organisms. The
production of pigment appeared to be closely linked to the relative
ability of different Pseudomonas cultures to produce inhibition. Pseudo-
monas strains were inhibitory to strains of Salmonella, Staphylococcus,
Escherichia coli, and Streptococcus. None of the inhibition producing
strains of Pseudomonas isolated from poultry were mutually repressive.

sensitive

Vi



METMYOGLOBIN FORMATION IN BEEF STORED IN CAR-
BON DIOXIDE ENRICHED AND OXYGEN DEPLETED ATMO-
SPHERES. bp. A. LebpwaARrD. J. Food Sci. 35, 33-37 (1970)—

At 0 and 7°C and constant humidity, the formation of metmyoglobin

in beef was maximal at low partial pressures of oxygen (7.5 * 3
Hg at 7°C and 6 + 3 mm Hg at 0°C) for semitendinosus muscles.
Carbon dioxide concentrations of 10% and higher had negligible ef-
fect on the formation of metmyoglobin, provided the oxygen pres-
sure was above about 5% . At higher partial pressures of carbon di-
oxide, absorption of carbon dioxide increased and the pH of the
surface decreased. In air, the formation of metmyoglobin varied

widely from muscle to muscle.

COMPARISON OF CARBONYL COMPOUNDS IN MOLDY AND
NON-MOLDY COCOA BEANS. A. P. HANSEN &P. G. KEENEY,
J. Food Sci. 35, 37-40 (1970)— Carbonyl compounds moldy and
non-moldy cocoa beans were converted to dinitrophenylhydrazones and
Growth of mold was always ac-
concentrations. In-
20 500%
for the eight pairs of samples analyzed.
moldy cocoa beans contained greater con-
and 2,4-dienals, but saturated
aldehyde concentrations were quite often TLC revealed the
presence of C3 C,, CB§, Cn and unidentified methyl ketones.
M ost of the ketones detected in moldy beans were also found in non-
moldy beans but in lower concentrations.

in

into monocarbonyl classes.

large

separated

companied by relatively increases in carbonyl

creases in total monocarbonyl values ranged from to and

averaged almost 300%
pared to non-moldy beans,
centrations of methyl ketones,

Com -

2-enals
lower.
several

ANTHOCYANIN PIGMENTS IN TINTO CAO GRAPES. F. w. H.
LIAO & B. S. LuH. /. Food Sci. 35, 41-46 (1970)—The R, mea-
surement of the pigments and their hydrolysis products, together with
the alkaline degradation of the aglycone, confirmed the chemical struc-
tures of the anthocyanins as malvidin 3-monoglucoside, peonidin 3-mo-
petunidin 3-monoglucoside, pe-
3-mono-

noglucoside, cyanidin 3-monoglucoside,
tunidin 3-monoglucoside acylated with caffeic acid, malvidin
glucoside acylated with caffeic acid, malvidin 3-monoglucoside acylated

with p-coumaric acid, peonidin 3-monoglucoside acylated with p-cou-

maric acid, and cyanidin 3-monoglucoside acylated with caffeic acid.
M alvidin and peonidin were not present in the original sample. They
were formed during the extraction and purification procedures. M al-

vidin 3-monoglucoside and malvidin 3-monoglucoside acylated with
p-coumaric acid were the dominant anthocyanins present in Tinto cao

grapes.

RESPIRATION OF POTATO MITOCHONDRIA AND WHOLE
TUBERS AND RELATION TO SUGAR ACCUMULATION. L. E.
PAEZ & H. 0. HULTIN. J. Food Sci. 35, 46-51 (1970)— The
in sugar content of potato tubers with decrease in storage tem -
the decrease sugars with increase tem perature
in only a minor way by the corresponding decrease or
tubers. The possible
the changes content
depending on the particular storage
mitochondria displayed a tempera-
reaction with an apparent energy
The po-
of whole

in-
crease
perature and in in is
accounted for
maximal

sugar

in activity of the
activity
varied from to 13%
conditions. tubers,
ture response typical of an enzymic
of activation of 14,000 cal/mole with

activity would

increase respiratory
of respiratory
less than 1%

Unlike whole

contribution to in

succinate as substrate.

tential mitochondrial not limit respiration

tubers at any temperature studied.
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SODIUM CHLORIDE EFFECT ON AUTOXIDAITON OF THE
LARD COMPONENT OF A GEL. R. ELLIS, A. M. GADDIS, G. T.
CURRIE & F. E. THORNTON. J. Food Sci. 35, 52-56 (1970)—
Stable composed of and
water were used for the examination
of sodium chloride, other
additives. had the
lard of freezer-stored and dehydrated gels, but inhibited the oxidation
of hydrated gels at 20°C. sodium
chloride.

cellulose
the pro-

gels lard, sodium carbomethoxy
in

and

of factors involved
heme compounds

action

oxidant activities

Sodium chloride a direct pro-oxidant on

Heme catalysis was accelerated by

STUDIES IN MEAT TENDERNESS. 8. Ultra-Structural Changes in
Meat During Aging. c. L. DAVEY & M. R. DIcKksoN. J. Food Sci. 35,
56-60 (1970)— During the aging of beef, the external loading
quired to stretch stemomandibularis muscle to fullest extent
clines 5-10-fold from the maximum of 2 Kg/cm2 muscle attained
rigor onset. This loss of tensile strength is due to a weakening of the
myofibrillar at the junction of the | filaments with the Z
discs of the sarcomeres. The Z discs undergo progressive changes and
is no obvious structural
the
apparently

re-
de-
at

its

structures

lose ground substance as aging proceeds. There
change the | filaments during aging although
association of the of these

in a weakening in
constituent proteins structures

occurs.

INFECTION ROUTES OF BACTERIA INTO CHICKEN EGGS.
D. V. VADEHRA,R. C. BAKER &H. B. NAYLOR. J. Food Sci. 35,
61-62 (1970)— A study was undertaken to determine the route of
bacterial passage into chicken eggs and their consequent spoilage. The
blunt end was found to be most vulnerable to infection while the nar-
least vulnerable and the equitorial

row end was the region was in be-

tween the two.

CHEMICAL DESTRUCTION OF Aspergillus niger CONIDIO-
SPORES. M. k. c. cHENG & R. E. LEVIN. J. Food Sci. 35, 62-66
(1970)— Destruction of A. niger conidiospores at 20°C (68°F) by 20
ppm NaClO and 20 ppm iodine as iodophor yielded D values of 0.61
and 0.86 min, respectively at pH 3.0 and 1.31 and 2.04 min, respec-
tively at pH 7.0. On the basis of molar iodine was
slightly more effective than chlorine. A D value of 0.026 min was ob-
tained with 4% NaOH at 60°C (140°F) indicating 4% NaOH at 60°C
to be far more germicidal than 20 ppm of either halogen compound at
20°C. One per cent NaOH at 30°C resulted in an immediate and rapid
release of amino acids presumably from the spore wall during the first
two minutes of contact and a slower rate of release of RNA, with DNA

concentrations,

released at the slowest rate.

FACTORS AFFECTING THE DISTRIBUTION OF LACTATE DE-
HYDROGENASE BETWEEN PARTICULATE AND SOLUBLE
PHASES OF HOMOGENIZED TROUT SKELETAL MUSCLE.
RONALD L. MELNICK & H. 0. HuLToN. J. Food Sci. 35, 67-72
(1970)— Lactate dehydrogenase (LDH) of trout skeletal muscle was
solubilized from the fraction by high
high pH. Reduced diphosphopyridine nucleotide
effective solubilizing the enzyme. The oxidized form
zyme (DPN*‘) was much less effective. lactate had
effect in themselves but acted synergistically with the pyridine nucleo-

ionic strength and
(DPNH)
of the coen-

little

particulate
also was
in
Pyruvate and

tides. Although reduced triphosphopyridine nucleotide (TPNH) was
as effective as DPNH, several other metabolites structurally related
to DPNH were relatively ineffective. Solubilization by DPNH was de-

suspending medium; the lower
is solubilized by DPNH.

pendent on tissue concentration in the
the tissue concentration, the more readily LDH
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PHYSICOCHEMICAL NATURE OF BANANA PSEUDOSTEM
STARCH. H. s. sHANTHA & G. s. sipbaprprpa. J. Food Sci. 35,
72-74 (1970)— Starch was
properties were compared with those of potato, corn and tapioca. The
starch granules are irregular in shape and are bigger in size than those
of the fruit starch. At 60°C, the granules start swelling,
crease in size and attain their maximum
100°C. The

isolated from banana pseudostem and its

gradually in-
size at 75°C and do not rup-

ture even after heating to intrinsic viscosity of the starch

(2.05) is similar to that of potato starch (2.00). The amylose content
of the starch compares well with those of banana fruit and potato
(tuber) starch (21% ). In general, banana pseudostem starch resembles

potato starch.

ACCUMULATION OF STARCH IN BANANA PSEUDOSTEM AND
FRUIT. H. s. SHANTHA & G. s. SIDDAPPA. /. Food Sci. 35, 74-
77 (1970)— The rhizome, fruit of the
banana have a high starch higher in the
middle fleshy leaf sheaths and increases gradually toward the rhizome
downwards along the length of the pseudostem.

pseudostem and the wunripe

content. Its concentration is
During
in the pseudostem and
inflorescence and practically
thereafter until the harvesting of the mature bunch. A fter the
of the mature bunch,

the growth of

the plant, starch accumulates reaches its maxi-

mum at the time of remains constant
removal
there is a gradual decrease in the accumulated
starch, when the stem is allowed to stand in the field. If, however, it is
felled and stored in the shade, the decrease in starch content is rapid
and even after a period of two days, the starch content is reduced to

such a great extent that its extraction becomes rather uneconomical.

WATER-SOLUBLE FLAVOR AND ODOR PRECURSORS OF
MEAT. 3. Changes in Nucleotides, Total Nucleosides and Bases of
Beef, Pork and Lamb during Heating. R. L. MACY JR., H. D. NAU-
MANN & M. E. BAILEY. J. Food Sci. 35, 78-80 (1970)— Inosinic
acid was the predominant species and
degraded by heating.

nucleotide in all
Adenylic acid

three it was

increased during cooking in meat
from all three species. Cytidylic, uridylic and guanylic acids were pres-
ent in relatively
changed little

nucleotides

low concentrations
during cooking. A
resulted in greater
measuring individual nucleotides.

in meat from
rapid
variation

all three species and
method for estimating total

than a specific method for

WATER-SOLUBLE FLAVOR AND ODOR PRECURSORS OF
MEAT. 4. Influence of Cooking on Nucleosides and Bases of Beef
Steaks and Roasts and Their Relationship to Flavor, Aroma and Juici-
ness. R. L. MACY JR., H. D. NAUMANN & M. E. BAILEY. J. Food
Sci. 35, 81-83 (1970)— Cooking resulted in significant
adenylic acid, total purine nucleosides and bases of eighty beef roasts
of eight different cuts. It decreased the
guanylic acid and sum of individual

increases in

inosinic
(adenylic,

contents of
nucleotides

acid,
cytidylic,
inosinic and these

the various

uridylic, guanylic acids) in
differences were also found between
and cooked samples of the beef cuts.

samples. Significant
constituents of raw

viii

WATER-SOLUBLE FLAVOR AND ODOR PRECURSORS OF
MEAT. 5. Influence of Heating on Acid-Extractable Non-Nucleotide
Chemical Constituents of Beef, Lamb and Pork. R. L. MACY JR.. H.
D. NAUMANN & M. E. BAILEY. J. Food Sci. 35, 83-87 (1970)—
Changes constituents during cooking of the various beef
cuts were greatest in Choice clod and Good calf clod followed
by round roasts and smallest changes occurred in rib Cooking
caused significant increases amino and
non-amino nitrogen, Creatine-creati-
nine was a better chemical

in chemical
roasts,
steaks.
in creatinine and decreases in
creatine and total carbohydrates.
index of sensory quality than

other con-

stituents studied.

A REEXAMINATION OF THE TWO-STAGE TRIANGLE TEST
FOR THE PERCEPTION OF SENSORY DIFFERENCES. N. T.
GRIDGEMAN. J. Food Sci. 35, 87-91 (1970)— A review of the
theory and practice of the two-stage triangle test for the sensory per-
ception of small differences leads to the conclusion that its disadvantages
usually outweigh its advantages. W hen the test is used its information
method, based
on a scoring scheme and statistical significance procedures, is here pro-
posed.

content is difficult to assess, and a “least objectional”

RESISTANCE OF Clostridium perfringens TO VARYING DEGREES
OF ACIDITY DURING GROWTH AND SPORULATION. L. H.
FISCHER, D. H. STRONG & C. L. DUNCAN. J. Food Sci. 35, 91-
95 (1970)— The level length of exposure of the
growth medium employed and the phase in the growth curve influenced
the survival of C. perfringens. Exposure of cells grown in DS-sporula-
to buffer pH 6.0 had little effect on the survival over the
8 hr test period, with somewhat greater sensitivity of cells being dem-
onstrated at pH 4.5. Exposure of cells, similarly produced,
pH 1.0 or 2.0 was much more effective in
survival,
lation.

of acidity, cells, the

tion medium

to buffers
reducing the percentage of
particularly during early log phase and at the onset of sporu-
Incubation at temperatures of 37° or 0°C, during the time of
treatment with the test buffers pH 1.0 or 2.0, produced no

percentage of survivors when the

consistent
change in the
FTG.

cells were grown in

DETERMINING THE SENSORY ODOR LEVELS OF AROMA

COMPOUNDS OF ALCOHOLIC BEVERAGES. p. saLo. J. Food
Sci. 35, 95-99 (1970)— Sensory odor thresholds of four alcohols,
five esters, seven acids and diacetyl found in alcoholic beverages were

determined by triangular test. Among alcohols threshold
from 5 to 8 ppm

levels ranged
alcohol which had 75 ppm, three
14-17 ppm, four acids had 4-9 ppm,
had 0.7 ppm. Diacetyl had
made percentage-above-
tested. Results showed a
perception varied with the
and distribution of scores followed the

except for isobutyl
esters had 0.2-0.6 ppm, two had
two had 15-20 ppm and
0.0025 ppm.
chance-scores;
fair

isovaleric acid
Standardizations
usefulness of the
goodness-of-fit to the
logarithm of stimulus,
probability function.

were
panel
model.

using
was
Smell

normal

PHYSICAL AND CHEMICAL CHARACTERISTICS OF FREE AND
STRETCHED RABBIT MUSCLE. E. M. BUCK. D. W. STANLEY &
E. A. COMMISSIONG. J. Food Sci. 35, 100-102 (1970)— Stretched
muscles were significantly more tender as evidenced by lower shear val-
ues. They also exhibited significantly longer sarcomeres as
to their paired controls allowed to pass through
of total protein were extracted from
cles in all trials except one.
sin were extracted from

compared
rigor without restraint.
Greater amounts stretched mus-
Significantly greater amounts of actomyo-

stretched muscles in all trials. The actomyosin

results were unexpected since it has been suggested by several work-
ers that actomyosin formation is directly related to toughness in mus-
cle. Some possible explanations for the results obtained in this study

are discussed.
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Pectin Methyl Esterase Activity in Southern Peas (Vigna sinensis)

SUMMARY— Pectin methyl esterase (PME) activity was investigated in vitro in Southern

peas (Vigna sinensis). Experiments were conducted tO determine the effect of NaCl con-

centration, pH, temperature, maturity, frozen storage and rinsing the peas on PME

activity.
the

salt level for maximum Hull

was

The optimum PME activity in Purple Pink Eye (PHPE)

Ann varieties ascertained to be 0.25 M. The pH were:

using peas of

and Princess (PA) optim a

PHPE, 8.5; and PA, 7.5 to 8. The remaining studies were made the PHPE

variety which were harvested at 3 stages of maturity. Maximum enzymatic activity oc-

curred at 50C-60°C Partial inactivation occurred at 65°C. The mean Q,, was 1.35 over

the range of 30°-50°C

PME activity was dependent upon the maturity of the peas. The most immature peas

had an activity level about 2.5-times that found in the most mature peas. Peas sub-

jected to frozen storage had a higher activity than the fresh peas; the increased ac-

tivity was more pronounced in the more mature peas.

Rinsing the peas removed significant amounts of the enzyme. A greater proportion
of PME was removed from the more immature peas than from the more mature ones.
W ith the immature, frozen peas PME activity was reduced 22.7% by rinsing; whereas, in
the fresh counterpart the reduction was 11.1% . The rinse water from frozen peas
contained more PME activity than did rinse water from fresh peas. Also, the activity in
rinse water LOrn the most immature peas was about 2.7 times that from the most ma-
ture ones. Upon standing, PME activity in the slurries prepared from frozen peas con-

tinued to increase up to 3 -4 hr.

INTRODUCTION for snap bean PME is 1.4 (Van Buren et
al.. 1962) and for tomato PME, 1.43

PECTIN methyl esterase (PME, 3.1.1.11) (Hills et ah, 1947).
is widely distributed in higher plants Generally, freezing and frozen storage
(Lineweaver et al., 1951) and is associ- do not destroy PM E activity appreciably
ated with the de-esterification of the pectin in plant tissues (M anabe et al., 1965; Van

substances in the tissues (Hsu et al., Buren et ah, 1962).
1965; Kertesz, 1951; McColloch et al., M aturity of the plant tissue may in-
1949; McCready et al.,, 1954). As a re- fluence the relative PM E activity (Line-
sult of the activity of PM E and its influ- weaver et ah, 1951). An increase in
ence on texture, this enzyme has received enzym atic activity upon m aturity has been
considerable attention. demonstrated in tomatoes (Hills et ah,
Presently it is difficult, if not impos- 1947). cherries (Al-Delaimy et al.,, 1966),
sible. to study the action of PM E in situ. oranges (Rouse et ah, 1962), and per-

Consequently, research has dealt prim arily simmons (Nakayamaet ah, 1966).

with ascertaining in vitro the response of Although the functions of PME in
PME to various chemical and physical plant tissues has not been elucidated,
conditions. These studies have included there are reports which indicate that
edeterminations of the effect of salt con- PME demethylates component pectic sub-

centrations, pH, tem perature, frozen stor- stances of plant tissues under certain con-

age, and maturity of the fruit on PME ditions. Deshpande et ah (1965) studied
activity (Aung et al.,, 1965; Hills et al., the effect of heat treatments and poly-
1947; Hsu et al.,, 1965; MacDonnell et al., valent cations on texture of canned to-
1945; Van Buren et al., 1962). m atoes. They showed that tomatoes sub-
NaCl. the most widely used salt, pro- jected to mild heat reacted more favorably
motes maximum activity of PME from with cations than did raw tomatoes. The
many sources at concentrations of 0.15- authors concluded that this condition was
0.2 M when the pH is in the range of 7-8 probably due to enzymatic action, result-
(Deuel et al., 1958; Kertesz, 1955; Line- ing in some de-esterification during the
weaver et al.,, 1951; MacDonnell et al., transient period of heating.
1945: Rouse et al.. 1955). PME of many O ften changes take place in Southern
plants is most active at temperatures be- peas during the post-harvest and process-
tween 45° and 55°C (Hills et al., 1947; ing periods which produce an undesirable
M anabe et al., 1965; Van Buren et al., toughness that is not overcome by pro-
1962). The temperature coefficient for longed cooking. The reason for the de-
PME is fairly low (Lineweaver et al., velopment and persistence of this hard-

ness is not known, but it may result from

1951); the Q1M under specified conditions

Volume 35

the bonding of various polyvalent cations
the substances

(Ker-

w ith demethylated pectic

within the cotyledons or seed coat

tesz, 1939). The amount of polyvalent
cations within the peas (Howard et al.,
1962; W ade et al.,, 1951) and in the water

(Bigelow et al.,, 1923) used for processing

could be sufficient to produce insoluble
pectic substances and toughening.
Literature was not available concerning
PM E in Southern peas. Therefore, before
PM E activity to
ture, the nature of the enzyme should be
The of this
were to determine in the

of PME to variations of NaC|l

attem pting to relate tex-

determined. objectives study

vitro response
concentra-
the

cold

tion, pH and

influence of

tem perature; to study

rinsing, freezing and
storage of the peas on enzym atic activity:
the

tion on PM E activity.

and to ascertain influence of matura-

MATERIALS & METHODS

Source and maturity of peas

Southern peas of the Purple Hull Pink
Eye (PHPE) and Princess Ann (PA) varie-
ties were raised on the University Plant Sci-
ence Farm
of Horticulture.

at Knoxville by the Department
The former variety
harvested by hand at 3 stages of maturity.
The stages, as determined from the color of
the seed pods, green pods,
mature; green-purple pods, intermediate ma-
turity and glossy reddish-purple pods, most
mature. The maturity range represented that
of the peas (mature, dry peas excluded)
normally harvested for freezing. The matura-

was

were: most im -

tion rate was such that the green pods be-
came purple within 3-4 days. Peas of the
PA variety were harvested by hand and com -
bined to provide a composite of different
stages of maturity. No mature, dry peas were

included.

Handling and freezing of the peas

The
vided
for

peas were
into two

shelled by hand and di-
One lot was designated
assay as possible in the fresh
state and the other lot was frozen for assay
at a The peas to be frozen were
packaged in polyethylene bags (each Ca. 1 Ib
capacity) and placed in an air-blast freezer
(—25°C) overnight. After freezing, the peas
were moved to and held in a still-air freezer
(—18°C) for at least 84 days.

lots.
soon as

later date.

Factors considered in assay of PME

PME of fresh peas of the PHPE and PA

varieties was studied to ascertain the effect

(1970)— JOURNAL OF FOOD SCIENCE— 1
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of different levels of NaCl and pH on enzy-
matic activity. The additional effects of tem -
perature. maturity and rinsing of peas were
evaluated for the PHPE variety.
PHPE peas were used for determining the
maturity and rinsing

Frozen

effect of frozen storage,
on PME activity.

Sample preparation for PME assay

The source of PME was
peas. The slurry was
the peas with a 2%
w/v) in a Waring blendor for
peas were blended in distilled water when
the level of salt was the variable under
study). A small amount of Antifoam A spray
(Dow Corning Corp., Midland, Mich.) was
added to the mixture before blending to re-
duce foaming. Before the frozen peas were
mascerated. they were allowed to reach the
melting point, thus permitting satisfactory
blending.

For the test mixture in which PM E activity

a slurry of the
prepared by blending
(1:2,
(the

solution of NacCl
4 min

was measured, 30 g of the enzyme-containing
slurry, 50 ml 2% (Sun-
kist Growers, Inc., 70 ml
amount of
the de-
concentra-

pectin N.F. (w/v)
Calif.),
sufficient

Corona,
distilled water and a
NaCl to bring the concentration to
sired The final
tion of pectin was 0.67% .

level were mixed.

Procedure for PME assay

The temperature of the mixture was raised
to 30°C (used for convenience) by placing
the beaker containing the mixture in a water
bath of 75°C and stirring the contents vig-
orously. The pH of the mixture then was
adjusted to the desired level with 1 N NaOH.
W ith the aid of an automatic titrator, the
pH was maintained during the
riod of 5 min. The
tained by holding
temperature water bath. The
continually stirred by a magnetic stirrer.
Enzymatic activity is reported as PM E units,

reaction pe-
temperature was main-
the beaker in a constant

mixture was

ments were conducted to determine the con-
centration of NaCl and the pH which would

promote maximum enzymatic activity for
the PHPE (intermediate maturity) and PA
varieties. To ascertain the level of salt, the
concentration of NaCl in the test mixture

was varied from 0 to 0.75 M. The pH and
temperature held at 7.5 30°C.
Next, the pH which would promote maxi-
mum activity at the optimum
viously determined was ascertained by ad-
justing the mixture to and titrating at pH
values from 5 to 9.5. Again, the temperature
was held at 30°C.

were and

salt level pre-

Further studies of PME activity

Further experimentation using the PHPE
variety was conducted under the “optimum?”
conditions (0.2 M NacCl and pH 7.5) de-

termined by the
experiments

initial study. The additional
included determinations of the
effect of temperature, frozen stor-
age and
PME.

Temperature. The effect of different tem -
peratures ranging from 25° to 65°C on the
activity of PME was studied, utilizing the
intermediate stage of maturity. Adjustments
in temperature were made by the procedure
previously given.

Maturity. The investigation of the effect of
conducted by wutilizing fresh
and frozen peas of the 3 stages of maturity.

Frozen storage of peas. peas of the 3 stages
of maturity were the freezer
after 84 days of storage and assayed for
PM E activity. An additional study was made
to determine if the PM E activity changed in
the slurries of previously frozen peas (in-
termediate maturity) upon standing. 30-g
aliquots of the slurry were added to beakers
and allowed to stand up to 4 hr at 6° and
24°C. At 1 hrintervals the test mixtures were

maturity,

rinsing of peas on the activity of

maturity was

removed from

prepared and titrations were conducted.
Rinsing of the peas. This experiment was

Each test mixture contained 30 ml of the
solution as the source of the enzyme. The
reaction period was extended to 10 min.

For this study one PME unit is the activity

which produced 1 megq of acid per ml of
rinse water.

A fter peas
again with running water (cn.
remove the
These

termine the

were rinsed
500 ml) to
remaining external soluble pro-
peas then were utilized to de-
residual PM E activity.

decantation, the

tein.

Determination of moisture and
protein contents

The moisture content of the peas was de-

termined by freeze-drying 25-g samples it

duplicate to constant weight. The protein
content (dry basis) of 2 g of wet peas was
measured by the Kjeldahl method X x

6.25) (AOAC, 1965).

Statistical analyses

Samples were assayed in duplicate fo
PM E activity when the effect of salt concen
tration, pH, temperature, rinsing of the pea;
on PM E activity in rinse water and standing
of frozen peas slurries on the enzymatic ac-
determina-

tivity were considered. All other

tions (maturity, freezing and residual PME
activity after rinsing) were made in tripli-
cate. The data were analyzed by the analysis

of variance
VAR
computation by the

arrangement, using the ANO-
program (Bone, 1963) adapted for
IBM 7040 computer a'
the University Computing Center. The Dun
can’s Multiple Range Test and the Least Si{
nificance Difference Test were used to aval'
ate differences among mean values (Li,
1959).

RESULTS & DISCUSSION

THE PROTEIN content of the most im-
mature peas (PHPE variety) was 23.4%

eac_h unit indicating that am o_unt of af:tivity conducted in 2 parts. 100 g of peas (fresh and, Of the most mature peas, 26.7%.
which produced 1 meq of acid per min per and frozen stored peas of the 3 stages of Since the peas represented a maturation
g of peas (dry weight) (Rouse et al.,, 1955). maturity) were covered with 100 ml distilled . . -
] period of 3 to 4 days, the daily mean in-
i . - water in a 500-ml Erlenmeyer flask and .
Initial study to determine optimum : , : crease of protein was c.. 0.94%. The
conditions for PME assay placed on a wrist action shaker for 30 min. . : o
After the period of shaking, the solution was ~Moisture level decreased from 75.8% to
At the beginning of the study, experi- decanted and assayed for enzymatic activity. 62.5% durlng this perIOd.
I 12.5 ~—
O /
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Fig. 1— Activity of pectin methyl esterase of Southern peas at
different concentrations of NaCl. Conditions of assay: pH 7.5 and Fig. 2— Activity of pectin methyl esterase of Southern peas at

30°C.

pifferent pH levels.

Conditions

0.2 M Naci and 30°C.

of assay:



Figure 1 the PME
of the

different

presents activity
w hich
of NacCl.
the PA

NacCl.

of salt

values test mixtures con-
concentrations
PME in

0.25 ™

tained

M aximum activity for
obtained at

the

variety was

Raising or lowering level re-

duced activity. A similar response was
observed for the PH PE variety, with max-
imum activity salt concen-
trations between 0.2 and 0.3 M. A 0.2 M
selected
PME.
concentration would probably
this

the

occurring at

concentration was for assaying

subsequent for However,
a 025 M

have

samples

been more practical, since at

level a small inadvertent variation in

concentration of salt in the assay mixture

would not have produced a significant

difference in activity when other variables

were being tested.

The effect of pH on PME activity is
presented in Figure 2. PME in the PA
variety was most active at pH 7.5-8.
W hen the pH was altered from this level,

the activity decreased. PM E activity in
the PHPE variety was maximum at pH
8.5. The pH value of 7.5 selected fo
assay of PME in subsequent treatments
was erroneously taken from the results
obtained by analyzing peas of the PA

variety. A . pH of 8.5 would have been a
'more suitable level.

The PME activity of peas of the PA
variety was higher than peas of the

i’HPE variety. This could be due to vari-
etal differences or to a greater proportion
of immature peas in the PA sample.

PECTIN METHYL ESTERASE ACTIVITY

Table 1— Effect of maturity, frozen storage,
and rinsing on activityl of pectin methyl
esterase in Southern peas.

Frozen
Maturity storage Rinsing
Treat-
Stage Mean Days Mean ment  Mean
Un-
Green 483 a 0 31.5p rinsed 33.9 X
Green- 27.7b 84 31.9n Rinsed 295y
purple
Purple 192 ¢

1PME Units (X 103.

Means within a variable not followed by the
same letter are significantly different (Maturity
and Rinse, P <0.01; Storage P < 0.05).

between 50° and but at

the

found 60°C,

65°C activity was reduced
The Q 10 was 1.35
of 30° to 50°C.

Table

storage and

sharply.

mean over the range

1 shows the effects of maturity,

frozen rinsing of the peas on
enzym atic activity in the PHPE variety.

The maturity level was the major factor
The
the peas, the higher the activity. Peas with

about 2.5

influencing activity. more immature

green times as much
PME
There

pods had

activity as peas with purple pods.

(by
and

was an inverse relationship
PME
protein content in the peas.

Peas held at —18°C for 84 days had a
0.05)

increase was probably

observation) between activity

slightly higher activity (P < than

the fresh peas. The

The response of PME to changes in due to the liberation of PM E by mechani-
tempera:ure was similar to that reported cal disruption of the cellular materials
for PME from other sources. Enzym atic since PM E is adsorbed strongly to the
activity increased about 2-fold when the water-insoluble cellular constituents (Ker-
temperature was raised from 25° to 50°C tesz, 1955; M cColloch et al.,, 1949). Ac-
(Fig. 3). No difference in activity was cording to Newcomb (1955), PME ac-
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Fig. 3— Activity of pectin methyl esterase of Southern peas
(Purple Hull Pink Eye variety) at different temperatures. Condi-

tions of assay: 0.2 M Nacl and pH 7.5.

IN PEAS— 3

Table 2—Effect of maturity x frozen storage
X rinsing interaction on activityl of pectin
methyl esterase in Southern peas.

Maturity (pod color)

Rinse Green-

treatment Green purple Purple
Fresh, 0 days storage

Unrinsed 52.3 a 28.1 e 18.3 h

Rinsed 46.5 b 273 e 16.7 i
Stored, 84 days, —18'C

Unrinsed 53.2a 304 d 212 g

Rinsed 411 ¢ 25.0 f 20.7 ¢

1PME units (X 103.
Means not followed by the same letter are sig-
nificantly different (P < 6.01).

tivity appears to be localized at the sur-
face of the cell in intimate association
with the cell wall.

The interaction between maturity,
frozen storage and rinsing of the peas is

presented in Table 2. In all treatments

there was a progressive decrease of PME
activity with caused

the

maturity. Freezing

more mature, unrinsed peas (green-
purple and purple) to exhibit a higher ac-
than the fresh This

indicates that the enzyme might have be-

tivity counterparts.
come more strongly affixed to the cellular

constituents as the peas became more

mature and was subsequently released by
freezing.
the

peas

Rinsing did not lower activity in

the (purple
pods). Apparently, some of the PM E that

most mature, frozen

was “activated” was located well within
the cotyledons and was not subject to
dissolution. Rinsing had the greatest ef-
fect on green, frozen peas where the

enzym atic activity was reduced by 22.7% .

However, in fresh peas of the same ma-
turity level, rinsing decreased the activity
by 11.1% .

The PME activity values of the rinse
water from fresh and frozen peas of the
3 maturity levels are presented in Table 3.
The presence of active enzyme in the
aqueous solution shows that some of the

PME was dissolved from
The

the pea tissues.
rinse water from the frozen peas had

a mean activity that was 2.7 times that

Table 3—Pectin methyl esterase activityl
of rinse water from Southern peas of three
maturity levels.

Storage, Maturity (pod color)
—18°C, Green- Storage,
days Green  purple Purple mean
0 (fresh) 0.24c¢c 0.14d 0.08d 0.15y
84 0.59a 0.36b 0.27c 0.40 x
Maturation,
mean 041 m 0.25n 0.17p

1PME units (X tO3.
Means within a variable not followed by the
same letter are significantly different (P < 0.01).
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Table 4—Periodic changes in pectin methyl
esterase activitylof slurries prepared from
frozen Southern peas.

Duration, Temperature, °C Duration,

hr 6 24 mean
0 24.0 23.4 23.7 ¢
1 26.2 27.2 26.7 b
2 27.2 28.5 279 b
3 28.5 30.1 293 a
4 29.2 30.0 29.6 a
Temperature
mean 27.0 n 27.8 m

1PME units (X 103.

Means within a variable not followed by the
same letter are significantly different (Duration,
P < 0.01; Temperature, P < 0.05).

found in the rinse water of fresh peas.

The activity in the rinse water from both

fresh and frozen peas decreased as more
mature peas were utilized.
Table 4 the

of PM E activity when the slurries of pre-

shows periodic increases
viously frozen peas were allowed to stand

up to 4 hr. There was a progressive in-
crease for 3 hr, but no significant changes

occurred between the 3- and 4-hr period.

The increase in PME activity was 1.25-
fold. The gradual increase in available
PME might have resulted from a con-
tinuous release of PME from the cell
wall constituents or even from within
the cells. Further experimentation is
needed to elucidate the site within the
tissue where PME is located.

The question arises concerning the role
of PME within the intact peas. Although
it is generally assumed that the enzyme

in the uninjured plant tissue is essentially

inactive (Van Buren et al.. 1962), there
are several ways by which PM E in South-
ern peas may become activated. First, the

shelling operation may initiate enzym atic

reactions by bruising the tissues. It s

possible that the enzyme and the substrate
into

could be brought intimate proximity

within the damaged areas, permitting the

enzyme to function al.,
1951).

In addition,
held,

conditions which often

(Lineweaver ct

the sometimes

and/or

peas are

before after shelling, under

cause the peas to

35 (1970)

reach relatively high temperatures. These

elevated due

the

tem peratures, primarily to

heat of respiration, often reach the

PME

maximum

function in
At the peak

point where would

vitro at the rates.

of the harvest season, facilities are usually

inadequate for processing the large vol-
ume of peas without undue delay. As a
means of alleviating this situation, the

peas are placed in large tanks filled with

water and held until they can be pro-
cessed. W ith a portion of the PME being
water-soluble (the relative amount would

depend on the stage of maturity), condi-
tions would favor dém éthylation of pectic

substances of the peas.

Southern peas are subjected to many
conditions during the harvest, post-har-
vest. and processing operations which
favor partial dém éthylation of the inher-
ent pectic substances. Reaction of these
products of déméthylation with cations

could permit subsequent adverse textural

changes to take place within the peas.

In view of these possibilities, further stud-
ies are planned to ascertain the action of
PM E on the methylated pectic substances
this action to textural

and to relate

changes of Southern peas.
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SUMMARY — The role of cuticle (mucoprotein

age of eggS by microorganisms was studied
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Role of Cuticle in Spoilage of Chicken Eggs

layer on the egg shell) in preventing spoil-

collected

Eggs from the uterus or eggs
treated with 5 % EDTA solution to remove cuticle spoiled at a much faster rate than
the normally laid eggS The weight of the egg shell and its membranes did not affect
the spoilage of eggS collected from the wuterus The protection provided by the cuticle

was found to last at least up to 96 hr after the eggS are laid.

INTRODUCTION

THE ABILITY of eggs to resist spoilage
by microorganisms is largely due to the
exterior structures of the egg, including
the shell and the inner and outer shell
membranes. The egg albumen proteins,
including lysozyme, conalbumin, avidin
and others, also have bacteriostatic prop-
erties. The role of the shell and its mem-
branes has been studied by Lifshitz et al.
(1964), Garibaldi et al. (1958), Kraft et al.
(1958) and Brown et al. (1965). No exact
mechanism of bacterial penetration has
been postulated, but it has been generally
agreed by these workers that the inner
shell membrane offers the greatest re-
sistance to bacteria.

The role of the cuticle (bloom) in pre-
venting spoilage has not been fully
studied. There is a common belief that
the protective action of the cuticle, if any,
prevails for just a few hours after the
eggs are laid. This study was undertaken
to determine the role played by the cuticle
in the spoilage of eggs and the length of
time such a protective action is available.

MATERIALS & METHODS
Eggs

To study the effect of the cuticle on spoil-

age, eggs were collected in a commercial

dressing plant from
the birds
lection

the uterus of hens while
eviscerated. The
the early part of the
morning so that the eggs were of the same
A portion of the eggs tested to
make sure the eggs were devoid of cuticle. A
eggs was obtained from the
University All of the eggs
used in the study were from one strain of
W hite Leghorns. The eggs from the uterus
were dried at room temperature for 6-8 hr
before washing as were the control eggs.

were being col-

was done in

age. was
set of control

Cornell farm.

Shell-less eggs

At the slaughter house, a number of imma-
ture eggs which had no shell were also ob-
tained, and these eggs will be referred to as

shell-less eggs.

Removal of cuticle

For this part of the experiment, the cuticle
was artificially
5%
dium

removed by dipping eggs in
Ethylenediamine
salt) solution for
laginous layer was removed by rubbing the
surface of the shell.

tetra acetic acid

10 min.

(so-
The muci-

Testing the cuticle

The eggs were dipped in 5% EDTA solu-

tion. The solution was then tested for the
presence of protein by the procedure of
Lowry et al. (1951).

Washing of eggs

The
type

eggs were washed in an immersion

of egg washer using a sanitizer-deter-

Table 1—Effect of cuticle on spoilage of eggs after infection with Pseudomonas aeruginosa

Treatment Trial 3 5
Normally laid 1 -
Eggs from
uterus 1 8 35
2 43 61
3 38 50
Shell-less eggs 1 100
2 100
EDTA Treated
eggs 1 - 12
2 — 18

Spoilage time, days
7 9 n 15 20 25 30

Percentage of spoilage

_ _ 7 28 57 80 93

3 8 22 37 71 91 100
41 47 64 98
74 89 100
68 86 91 100
28 45 62 82 100
32 51 70 86 100

Volume 35

gent according to the directions of the man-
ufacturer. The washing time was 3 min and
the was 45°C. The eggs were
then rinsed with water at 40 °C to remove any
residual sanitizer-detergent.

temperature

Exposure to infection

Eggs were exposed to infection with
Pseudomonas aeruginosa. The dip
was 15°C and had a count of approximately
100,000 P. aeruginosa per m1. The eggs were

left in the dip water for 5 min.

water

Spoilage

The infected eggs were incubated at room
temperature (21-23°C). The spoilage
determined by candling eggs using ultraviolet
light. Eggs showing a greenish fluorescence
were considered spoiled.

was

Length of protection by cuticle

The afforded by the
cuticle was studied by collecting eggs from
three different strains of W hite Leghorn
hens. 20 eggs were collected at 0, 1, 3, 6, 24,
48, 72 and 96 hr post lay. Except for 0 hr
eggs, all the eggs were heated in an
at 42°C for 1 hr to bring
the same temperature as eggs when laid. The
eggs were and were not washed
before exposing to infection.

length of protection

incu-

bator them to

nest clean

RESULTS & DISCUSSION

DATA PRESENTED in Table 1 show
the importance of cuticle on the spoilage
of eggs artificially exposed to infection
with P. aeruginosa. Normally laid eggs
which had the cuticle showed a spoilage
of 28 and 37% in two trials after 15 days
of incubation following infection. When
normal eggs were treated with 5% EDTA
solution to remove the cuticle, the spoilage
rate increased to 92 and 100% after 11
days of storage at room temperature.
Eggs collected from the uterus behaved
very similarly to EDTA treated eggs and
the spoilage was 98, 100 and 100% in
three trials after 15 days of storage.

The eggs collected from the uterus or
the ones treated with EDTA solution had
a more rapid rate of spoilage. After 3
days of infection, these eggs showed a
spoilage of over 20% while none of the
normally laid eggs showed any spoilage.

The difference between normal eggs
and eggs collected from the uterus were
essentially due to cuticle. Romanoff et al.
(1949) reported that the cuticle is de-
posited on the egg in the vagina just be-

(1970)— JOURNAL OF FOOD SCIENCE— 5
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Table 2—The influence of weight and thickness of egg shell and membranes on spoilage by

Pseudomonas aeruginosa.

5.1-5.5

Thickness of shell

and its membrane, mm

0.25-0.30

Numbers showing spoilagel

Incubation Weight of shell
time (days) and its membrane, g
at 21-23°C 4.0-4.5 4.6-5.0

5 9 7

7 1 2

8 - 2

9 1 5

un — 1

1A total of 54 eggs were studied.

fore it is laid, which means the eggs from

the uterus should not have any

This was confirmed by dipping

cuticle.
the

eggs

in 5% EDTA. The test for cuticle as de-

termined by the presence

negative.

The importance of the
further confirmed when the

were treated with EDTA s

olution,

cuticle

normal

of protein was

was

eggs

and it

was observed that these eggs spoiled much

faster than the untreated eggs. The EDTA

solution was tested for calcium
result showed that such a treatment

not remove any calcium

weaken the shell structure.

Table 3—Effect of strain in
monas aeruginosa.

Strain 0 1
A 3 0
C 4 2
K 4 1
Total for

all strains 1 3

120 eggs for each group.

and

the
did

and thereby

14

[

The
a protective agent

=
P WELNO

0.31-0.35

N
= © NN

importance of shell

is clear

from

obtained with shell-less eggs.

the spoilage was

incubation

to be

incubated

100 %
while normally

for

over

similar degree of spoilage.

0.36-0.40

and cuticle as

the data

In two trials
within 3 days of
laid

eggs had

30 days for a

Since the eggs were collected from the

uterus,

fully developed.

posited

affect

on

could be

spoilage.

different and
This

was

it was possible they may not have
The amount of shell de-
thus may
studied by

determining the effect of weight and thick-

ness of egg shell and

spoilage of eggs collected from

its membrane on the

the uterus.

post-lay time on spoilage of eggs when infected with Pseudo-

Time elapsed after eggs were laid, hr

3

6

24

48

74

Number showing spoilage after 15 days1

5
10
8

23

3
13
9

25

2
7
2

u

5
n
n

27

9
15
8

32

96

11

18

Total
for each
each

strain

28
83
54

Table 2 shows that the weight of the shell
and its membranes varied from 4.0 to
5.5 g, while the thickness varied between
0.25 and 0.400 mm. These values are
comparable to normally laid eggs.

N o definite correlation was observed
between the weight of shell and its mem -
branes and spoilage, indicating that the
eggs obtained from the uterus were ma-
ture. The egg shell weightwas not a factor
in spoilage and the differences in spoilage
were due to cuticle alone. The egg shell
and membrane thickness showed similar
results.

The length of time the cuticle affords
protection is shown in Table 3. Using
three strains of birds, no definite pattern
of spoilage was observed. It appears that
the protection afforded by the cuticle s
not altered at least up to 96 hr after lay.
However, the eggs laid by three strains of
birds showed considerable differences in
spoilage. Strain A was most resistant to
spoilage while C was the most sensitive to
spoilage.
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SUMMARY— Susceptibility of chicken pectoralis major myofibrils to mechanical frag-

mentation was investigated, after various periods of aging, as an index of tenderness.

Treatments were used which accelerated, retarded or prevented post-mortem glycolysis.

Fragmentation, with breaks always beside the Z line, was measured by microscopic ex-

amination of homogenized muscle. Fragmentation of pre-rigor muscle produced small,

contracted and poorly defined particles. As rigor mortis developed, fragments became

longer, more rigid and clearly defined. With additional aging after full rigor, homogeniza-

tion produced progressively smaller myofibrillar fragments consisting of 1 to 6 sarco-

meres.

Muscle was least tender (as measured by shear force) when it was in full rigor

and tenderized with subsequent aging. Retardation of the onset of rigor mortis extended

the time -equired for tenderization.

Although the fragmentation pattern generally cor-

responded to changes in tenderness in g/yco/ys/ng muscle, fragmentation was not found

to be an accurate index of tenderness.
period after rigor mortis developed.

INTRODUCTION

TENDERNESS changes in muscle during
rigor mortis development and post-mor-
tem aging have been the subject of ex-
tensive research. However, an understand-
ing of the mechanisms involved in these
changes, particularly after rigor develop-
ment, has not beer, reached. Radouco-
Thomas et al. (1959) found that ante-
mortem epinephrine injection retarded
muscle finer disintegration during aseptic
storage. Sharp (1963) reported that mus-
cle broke up into short segments of fibers
and fibrils after long term aseptic storage
(up to 65 days). He indicated that the
degree of disintegration during homog-
enization was related to the degree of
intracellular proteolysis.

Phase contrast micrographs by Davey
et al. (1967) of beef muscle aged 4 days
at 15°C showed that the Z line disap-
peared and that the myofibrils distinte-
grated into individual A bands upon brief
homogenization. A recent paper by Tak-
ahashi et al. (1967) reported that myo-
fibrils of chicken muscle were fragmented
into progressively smaller segments when
homogenized after increasing periods of
aging. The rate of increase in fragmenta-
tion was most rapid during the first s hr
post mortem which corresponds with the
period of most rapid tenderization (Pool
et al., 1959).

The degree of toughening and of sub-
sequent tenderization in poultry muscle is
dependent on the rate and extent of post-
mortem glycolysis (de Fremery et al..
1960). The resistance to shear of fully
aged (24 hr) muscle was increased by
subjecting pre-rigor birds to increased
time or temperature of scalding and to

Sarcomeres did not lengthen during the aging

beating with mechanical pickers (Pool et
al., 1959), Conversely, prevention of post-
mortem glycolysis with either cpinephr ne
or iodoacetate eliminated toughening dur-
ing the development of rigor mortis (de
Fremery et al., 1963).

The purpose of this study was to investi-
gate the effect of acceleration, retardat on
and prevention of glycolysis on the me-
chanical fragmentation of myofibrils. The
possibility of using myofibrillar fragmen-
tation as an index of tenderness was also
investigated.

EXPERIMENTAL

Slaughter and chilling

Commercial, meat type fryers, approxi-
mately 2 kg live weight, were used in these
expeniments. All birds were killed by a throat
slash, and the thoracic region without the
skin wes separated from the remainder of
the carcass in such a way that the att..ch
ments of the pectoralis muscles to the bone
structure were not broken. The thoracic re-
gion wes placed in a plastic bag in a 15°C
bath at 15 min post nortem. After aging 2
hr, it wes transferred to a 3°C cold room
The initial chilling temperature of 15°C was
wed to prevent possible low tenperature
stimulation and cold shortening of the mus-
de (Locker et ah, 1963).

Alteration of glycolysis

In addition to the control procedure just
described, glycolysis was accelerated, re-
tarded or prevented by six methods. Heating
or beating the muscle was used to accelerate
glycolysis. The muscle was heated by placing
the excised thoracic region in a 50°C bath
at 5 min post mortem until the intermal tem:
perature rose to 45°C (6 min). The muscle
was then removed from the bath and held
at room temmperature until the start of the

Volume 35
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standard chilling procedure at 15 min post
nmortem

Muscle wes beaten by placing the breast
area of an unscalded, intact carcass on a
rotary drum picker (30 sec per side). Glycol-
ysis wes retarded by either sodium pento-
barbital injection (35 mg/kg intravenous) 5
min before slaughter or electrical stunning
for 5 sec before throat slash. In either case
there was no death struggle. Neutralized so-
dium iodoacetate (1 mmole/kg intravenous)
injected 3 to 4 min before slaughter was used
to block glycolysis. Epinephrine (15 finiole/
kg subcutaneous) injected 16 hr pre-slaugh-
tar, depleted the glycogen stores in the mus-
ce and prevented post-mortem glycolysis.

Sampling procedure

Portions of the pectoralis major were re-
moved from the thoracic region after speci-
fied aging periods without disturbing the at-
tachment of the surrounding muscle. Part of
the muscle wes cl between two alu-
minum plates held apart with 1 cm spacers
and cooked 10 min in boiling water (de
Fremery et al., 1960). After the cooked mus-
de wes chilled, it was cut into 1 cm square
strips and shear force measurements were
mede with a Warner-Bratzler type shear ap-
paratus. The remainder of the muscle sanple
was minced with scissors and the pH wes
measured on a slurry of 2 g
minced muscle and 5 vol of 5 mv Na
iodoacetate (Marsh, 1952).

Fragmentation

Mechanical fragmentation of the myo-
fibrils was accomplished by homogenizing 2
g minced muscle with 20 vol of 0.25A7 su-
crose, 0.04M imidazole and 2 mv  ethylene-
dinitrilo tetraacetic acid (EDTA), pH 7.2
for a total of 45 sec with two 30 sec cooling
periods (Stromer et a., 1967). Photomicro-
graphs were made of the suspension using a
phese contrast microscope.  Sarcomere
lengths were measured from these pictures,
and a subjective score was given for frag-
mentation.

Subjective scores

Five subjective scores were given for me-
chanical fragmentation of myofibrils (Fig.
1). The A score was given for mydfibrils
from muscle considered to be in a pre-rigor
condition at the time of homogenization.
These suspensions contained a large propor-
tion of amorphous material and the myo-
fibrillar ments were short, heavily con-
tracted poorly defined. Myofibrils scored
as B were long, curved, somewhat poorly
defined and in various stages of contraction.

(1970)— JOURNAL OF FOOD SCIENCE— 7
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Fig. 1.—Representative micrographs of the five fragmentation scores (each division

equals 3.1 u).

The B score appeared to cover muscle just
going into rigor at the time of homogeniza-
tion.

M yofibrils that were long, rigid appearing
and well defined with relatively wuniform
sarcomere lengths were scored C. No amor-
phous material was present in these suspen-
sions, and
present.

very few short segments were
Suspensions given a D score were
similar in appearance to those scoring C ex-
cept that they contained a mixture of about
equal proportions of short and long myo-
fibrils. predomi-
nantly short fragments of 1 to 6 sarcomeres
in length were scored E.

Preparations containing

RESULTS
Control

Control birds (Fig. 2) killed by a throat
slash and allowed to struggle freely,
yielded muscle averaging pH 6.3 at 30
min post mortem and pH 6.0 after 2 hr
of aging. The standard deviations of the
means were large, reflecting the different
degrees of excitement and struggling of
the individual birds. Sarcomere lengths in-
creased from 1.5 # in muscle homogenized
at 30 min and 1 hr post mortem to 1.9
when homogenized at 6 hr. Shear force
values increased to a maximum of 5.3 kg
at 1 hr post mortem then declined rapidly
to 2.7 kg at 6 hr reaching 1.2 kg after 24
hr of aging.

The time course of changes in the above
three factors indicates that full rigor was
established between 1 and 2 hr post mor-
tem. The appearance of the fragmented
myoafibrils also indicates that rigor mortis
developed during the above mentioned
time interval. Samples were scored as A
(short pre-rigor fragments) or B (long,
flexible myofibrils) through 1 hr post
mortem. By 2 hr. in addition to the B
score, one third of the samples were given
a C score (long, rigid myofibrils). Subse-
quently, the degree of fragmentation in-
creased until all samples were scored as E
(fully fragmented) at 24 hr post mortem.

Fast glycolysis

Acceleration of glycolysis by either
heating or beating the muscle (Fig. 3)
resulted in pH values near 6.1 within 30
min after slaughter. Average sarcomere
lengths of the homogenized myofibrils ap-
peared to be slightly shorter during the
first hour post mortem but did not change
appreciably throughout the 24 hr aging
period. Shear values were maximal 30
min after death at 5 to 6 kg but were ap-
proaching 2 kg after 6 hr of aging. Frag-
mentation scores were primarily B at 30
min and 1 hr reflecting the more rapid
onset of rigor mortis. However, frag-
mentation scores at subsequent sampling
times were similar to those of the control
muscle. An exception was the high pro-
portion of D scores in heated muscle aged
24 hr. Myofibrillar preparations from this
muscle contained a relatively few long
thick particles composed of many myo-
fibrils in side by side aggregation.

Slow glycolysis

Both anesthetization with sodium pen-
tobarbital and electrical stunning resulted
in high pH values 30 min after slaughter
(Fig. 4). The muscle of pentobarbital
treated birds was pH 7.1 at 30 min and
fell gradually to pH 6.1 after aging 9 hr.
Some tetanic contractions were produced
by the electrical stunning procedure and
consequently at 30 min the muscle aver-
aged pH 6.6. Subsequently, the rate of
pH drop was similar to that of anesthe-
tized birds, and by 6 hr post mortem, the
muscle had reached pH 6.0.

The short sarcomere lengths of the
homogenized myofibrils indicated a pre-
rigor condition in the muscle of anesthe-
tized birds until after 6 hr of aging. Con-
versely, the onset of rigor in muscle of
electrically stunned birds was well under-
way by 2 hr post mortem. The high initial
pH and consequent later development of
rigor delayed attainment of maximum
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shear forces and subsequent tenderization.
The shear force for muscle from anesthe-
tized birds increased slowly from 2 kg at
30 min post mortem to 5.7 kg at 9 hr
then decreased to 1.6 kg after aging 24 hr.
Electrically stunned birds yielded mus-
cle which followed a similar patten of
shear force changes except that the maxi-
mum was reached between 2 and 6 hr
post mortem. Changes in fragmentation
score were retarded by the delay in rigor
development. Homogenates of pre-rigor
muscle always yielded small, contracted,
poorly defined myofibrils and were given
an A score. However, once the muscle
began to lose extensibility, the usual pro-
gression of fragmentation scores was ob-
served. After aging 20 to 24 hr, the myo-
fibril preparations from both groups were
completely fragmented and scored E.

No glycolysis

Pre-slaughter glycogen depletion with
epinephrine and blocking of glycolysis
with iodoacetate were both effective in
preventing a pH drop post mortem and
in establishing rigor mortis soon after
death (Fig. 5). Values for pH, sarcomere
length and shear force did not change ap-
preciably during the 24 hr aging period.
However, fragmentation scores did
change. There were no A scores since the
muscle was in rigor immediately after
death, but the progression of fragmenta-
tion through the other scores was similar
to that noted in any of the other treat-
ments after the establishment of rigor
mortis. An exception was that some sam-
ples of both iodoacetate and epinephrine
treated muscle retained a mixture of long
and short myofibrils (D score) after aging
24 hr.

DISCUSSION

THE DELAY in development of maxi-
mum toughness due to slow onset of rigor
mortis was noted previously by Stadelman
et al. (1961). Sodium pentobarbital was
administered orally in their experiment
and produced a less pronounced but
longer period of toughness than noted in
the present experiment. Electrical stun-
ning is used commercially particularly in
turkey processing, and the results of this
investigation implicate it as a factor which
might lengthen the aging period required
for tenderization. The onset of rigor mor-
tis appears to initiate the tenderization
process. Thus early development of rigor
was found to speed tenderization. It
should be noted that the muscles of elec-
trically stunned birds were not subjected
to either heating or beating as would be
the case in normal processing. A com-
bination of the treatments might tend to
cancel the effects.

The heating and beating treatments

CHICKEN MYOFIBRIL FRAGMENTATION— 9

used in this study accelerated the onset of
rigor mortis but did not produce the
residual toughness previously found to
result from scalding and beating in me-
chanical pickers (Pool et al., 1959: de
Fremery et al.. 1960; Wise et al., 1961).
The probable explanation is that relatively
mild treatments were used in these experi-
ments. Muscles were not subjected to both
heating and beating as in a scalding and
picking operation. Also, the temperature
of the heated muscle was not elevated
for longer than 10 min before being
lowered rapidly to 15°C.

Observations in this study support the
findings of Fukazawa et al. (1963) that
breaks in the myofibrils always take place
in the | band region of the sarcomere and
that the A band is never broken. Likewise
the present observations do not indicate
that breaks are the result of complete dis-
integration of the Z line. Although Davey
et al. (1967) found that the Z line dis-
appeared in 4-day-aged beef muscle, it
was present in short term aged (<24 hr)
chicken muscle. Observations with the
light microscope indicated that the bulk
of the Z line was either attached to the
broken end of a fragment with no | fila-
ments protruding on the break side or
absent from protruding | filaments at a
break. This would support the suggestion
of Takahashi et al. (1967) that fragmen-
tation is due to a weakening of bonds be-
tween the thin actin containing filaments
and the Z lire.

Although fragmentation takes place at
the same time as tenderization in muscle,
they may not have a direct cause and
effect relationship. As previously reported
by de Fremery et a. (1963), prevention
of post mortem glycolysis renders muscle
tender without aging. Muscle, in which
glycolysis had been blocked and in which
rigor developed immediately, did not ex-
hibit a change in shear force values during
the aging period. But, this muscle did
offer appreciable resistance to mechanical
fragmentation during the first 2 hr after
slaughter, as indicated by the subjective
scores.

The apparent delay in fragmentation
when rigor mortis developed slowly as in
the muscle of anesthetized birds may
have been due to masking of fragmenta-
tion changes by the pre-rigor condition of
the muscle. Almost all of the treatment
groups show examples where changes in
shear force are not reflected by changes
in fragmentation score. The results of
this study do not indicate that mechanical
fragmentation of myofibrils offers a re-
liable index of tenderness. Mechanical
breaking of the myofibrils during homog-
enization is very likely a manifestation of
the structural weakening that takes place
during tenderization. However, either lo-
calized areas of weakening or widely dis-
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tributed breaks in myofibrils may cause

appreciable tenderization and not be de-
tected by microscopic examination.

In contrast to the findings of Takahashi
(1967), no

contraction

et al. indication of reversal of

was found during the aging

period. The short sarcomere lengths noted

in the early stages of aging were consid-

ered to have been established during ho-

mogenization of pre-rigor muscle. Con-

siderable wvariability was noted in sar-

comere length, particularly at the time of

rigor onset. However, once the muscle

was in rigor, the average sarcomere length

remained constant regardless of the de-

gree of fragmentation. Attachment of all
muscle samples to the bone structure until
the time of sampling, in the present study,
different find-

ings of the two investigations.

probably accounts for the

SUMMARY— Flavor components of a

CGLC/MS. The complex extract was fractionated on a packed column

separation on a capillary column. The

some of the carbonyl compounds was achieved by other chromatographic

components,

brandies, were identified.

INTRODUCTION

THE AROMA of cognac has previously
been studied by a number of investigators.
(1961) identified

some of the alcohols and esters by means

Baraud and quantified

of gas chromatography in a pentane/-
ether extract of the liquor. The same au-
thor (Baraud, 1964) published a survey
of these compounds in cognac, calvados
and rum.

Bober et al. (1963), Deluzarche et al.
(1967) and Fouassin (1959) analyzed
cognacs for their most abundant consti-
tuents, such as alcohols, esters and car-
bonyl compounds, with the aid of GLC.
Otsuka et al. (1965) isolated the phe-
nolic constituents from <cognac from a
precipitate by lead acetate and identified

vanillic acid and cllagic acid.
The
aldehydes,

identification of some of the fatty

arom atic hydroxyaldehydes

genuine

identification

of which 24 have not previously been
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cognac were identified by means of

preceding further

of fatty acids, phenolic acids and

methods. 81

reported in cognac and other grape

and furfural as their 2,4-dinitrophenyl-

hydrazones by paper chromatography and
thin-layer chromatography was carried
(1958)

Recently,

out by Lichev et al. and Ron-
(1962).

of whisky,

kainen et al. various

brands cognac and rum were
analyzed for their fatty acids by Nykéanen
(1968).
the retention times of the free fatty acids
C2-C10 and of the

free fatty acids c 8-c 18.

et al. Identification was based on

methyl esters of the

Apart from the analytical studies on
cognac, data are available in the litera-
ture on the composition of the aroma of
other grape brandies and grape brandy
fusel oils (Dzhanpoladyan. 1962; Frey
et al.,, 1956; Otsuka et al.,, 1965; Rodo-
pulo et al., 1963; Singer et al.,, 1965;
Webb et al, 1952). Identifications of

components were mainly based on chro-

m atographic retention parameters, though

at times results were supported by chem -

ical group separations.

This paper
analysis of a genuine cognac,
with the aid

presents the results of the

carried out
of a

coupled capillary gas

chromatography and mass spectrometry
arrangement (CGLC/M S). This tech-
niqgue was previously used by other in-
vestigators (Buttery et al.,, 1963: Day et
al., 1964; Me Fadden et al.. 1963. 1965;
M aarse et al.. 1966). An extract of the
cognac was separated into fractions on
a packed GLC-column preceding the
analysis of these fractions by means of
CGLC/MS. The identification of the dif-
ferent components was therefore mainly

based on their mass spectra.
W here sufficient amounts of pure com -

pounds could be collected from the

packed column, the identification was sup-

ported by infrared spectrometry. Car-

bonyl compounds were isolated from the

cognac in the form of their 2.4-dinitro-

phenylhydrazoncs and analyzed by thin-

layer chromatography. The phenolic acids
identified

and fatty acids were separately

by comparing their
paper

tography

retention values in

chromatography and gas chroma-

respectively with those of au-



thentic samples.

EXPERIMENTAL

Cognac

A genuine cognac was investigated. Sam -
ples were obtained in bottles of 0.75 1 and

were found to contain 38.3 vol % ethanol.

Cognac extract

The cognac was diluted with water to 15
vol % ethanol to reduce the
ethanol in the extract. 1.5 10of diluted cognac
was extracted with pentane/ether (2:1) for
16 hr in a modified Kutscher-Steudel extrac-
tion apparatus. After drying over NaiSCh the
solvent was removed by careful distillation

amount of

through a Vigreux column.

Identification

Mass spectrometry and infrared spectrom-
etry. so fi. sam ples of the extract were sep-
arated into fractions on a Becker gas chro-
matograph (Delft, Holland), equipped with
a katharometer and fitted with a 4 m Al
column (i.d. 4 mm), packed with 20% LAC-
I-R-296 on Chromosorb W 60-80 mesh. The
oven operated isothermally at appro-
priate temperatures and H» was used as the
carrier gas with a flow rate of 50 ml/min.
The
traps
cooled in solid CCL.

The collected samples were injected on a
capillary column, coated with polypropylene
glycol. The effluent of the ad-
mitted directly to the inlet of a conventional
single focusing 60° magnetic sector field
mass spectrometer (Atlas, CH4 Bremen,
Germany). Whenever sufficient quantities of

was

collected in
(1965).

fractions
Badings et al.

emerging
according to

were

latter was

pure compounds were available, mass spec-

tral analysis was supplemented by infrared

spectroscopic measurements on a Perkin-
Elmer spectrometer, model 13.

Fatty acids. Free fatty acids Ca-C« were

separated from cognac wusing a modified
method of Nordstrom (1963). To 100 ml
of cognac, previously diluted to 20 vol %

ethanol, a solution of 1 g NaHCCL in 10 ml
of water was added. The mixture was ex-
tracted with 40 pentane/ether (2:1).
A fter the addition to the aqueous phase of
2 ml of concentrated HsPO., and 10 g NaCl,
the solution was distilled under atmospheric

m

pressure until a residue of 15 ml remained. ‘
The distillate, which contained the acids, |
|
SN
N
— » — ;ﬂfi } w0 " mme—tme 0 L L
0 40 50 40
Fig. 1— Chromatogram of a COQNacC extract. Packed column,
4m X 4 mm— ID filled with LAC-I-R-296 (20% by weight) on Fig. 2— Chromatogram
Chromosorb W 60-80 mesh. Temperature 150°C. The shaded 1). Capillary column

area indicates one of the fractions (Fig.

trap.

2) condensed in a cold

was made alkaline with 0.1 A NaOH.
A fter
acids

until the
regenerated from the salts by
the addition of 10 drops of 10 Ar HASOJj, and
extracted with 2 ml of ether. The acids in
the extract were identified gas chroma o-
graphically by comparing their
times with those of a mixture of
acids.

Fatty Cs-C«
cognac, following
son (1966).

vacuum distillation dry,

were

retention
known
acids were separated from
the procedure of Nicker-
This method leads to the isola-
tion of the acids present in the free state
and in the form of their esters. 100 ml of
diluted cognac (20 vol % ethanol) were ex-
tracted times with portions of 50 ml
pentane. To the joined extracts was added a
1 g NaOH in 25 ml
The pentane was removed by distillation and
the remaining ethanolic
fluxed for Vs hr to saponify the esters. The
acids were liberated by the addition of 3 ml

HiPO, and 75 ml of water and subsequently

three

solution of ethanol.

solution was re-

extracted with pentane. A fter the conversion
of the acids into their with
methanol/H..SOi, the analyzed
gas chromatographically on a LAC-I-R-296

methyl esters

esters were
column.

Carbonyl compounds. From the cognac,
which had previously been acidified to 2 N
by the addition of HCI, carbonyl compounds
were isolated in the form of their 2,4-dinitro-

phenylhydrazones and analyzed by thin-layer
chromatography according to Dhont et al.
(1966).

Phenolic acids. 500 ml of cognac were
vacuum distilled at room temperature until
dry. Phenolic acids were isolated from the

residue by extraction with a solution of 10%
NaHCO., in
achieved by two-dimensional paper chroma-
tography according to Yang et al. (1962).

water. Identification was

RESULTS & DISCUSSION

FIGURE 1 shows a chromatogram ob-
tained by injecting 50 M of a cognac ex-
tract on a packed LAC-I-R-296 column.
The shaded portion of the chromatogram
indicates one of the collected fractions.

FLAVOR COMPONENTS IN COGNAC— 11

Figure 2, showing the chromatogram ob-
tained on reinjecting this fraction on a
polypropylene glycol coated capillary' col-
umn, illustrates the complexity of the
fractions trapped.

The components, identified by means
of CGLC/MS in the various fractions
are listed in Table 1 Also shown are
the components identified applying the
other methods as described under “Ex-
perimental.”

81 components were identified with
certainty; of these, 24 have not been
previously referred to in the literature as
occurring in cognac and other grape
brandies.

The isolation of fatty acids Cs-Cis in-
volved the saponification of the esters of
these acids. In cognac, they will be pres-
ent in the free state as well as in the form
of their esters. The ethyl esters will be
prevalent as ethanol is by far the most
abundant alcohol.

Concerning the acetals identified in
the extract, it should be realized that
conditions during the extraction proce-
dure are very favorable for their forma-
tion since the amount of water in the
organic medium is very low (Galetto
et al., 1966; Weurman, 1966). Their
amount in the original cognac will be
considerably lower than in the extract.
However, the amounts of aldehydes and
acetals in the original cognac are gov-
erned by the equilibrium constants. Con-
sequently. both acetals and aldehydes
are present. Therefore the mass spectral
identification of the acetals in the ex-
tract was accepted as proof of the pres-
ence of the aldehydes in cognac.

Cognac is stored in oak barrels for a
number of years before it is released to
the market. It is therefore likely that the
phenolic acids identified in the cognac
originate from the barrels. They are
probably formed by alcoholysis of the

solvent

propylene glycol;

140°C at 1.25°/min.

starting

10 mun<—time 0

AJTOGD

Jo 20

of a fraction of cognac extract, (Fig.

.50 m X 0.25 mm—ID coated with poly-

temperature 70°C, programmed to

¥
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lignin in the wood (Otsuka, 1965.)

The methyl furfural and furfural could
be formed from sugars during the dis-
tillation of the wine or during the storage
in the oak barrels (Dzhanpoladyan,
1962).
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Table 1—Flavor components identified

Component MS' GLC1 other2 Ref.
Alcohols

Ethanol + +
Propanol-1 + + +
Propanol-2 + +
/i-butanol + —
2-methyl-

propanol-1 + + +
«-butanol-2 — + +
3-methyl-

butanol-1 + + +
/i-hexanol-I + + +
n-hexenol (+) -
«-octanol-1 + + +
2-phenyl-ethyl-

alcohol + + IR
a-terpineol + + —

Carbonyl compounds

Acetaldehyde + + TLC 1
Propionaldéhyde + 3 - +
n-butanal + 3 — +
n-pentanal — TLC -
2-methyl-

propanal + 3 + +
2-methyl-butanal + 3 + +
3-methyl-butanal + * + r
2-pentenal - - TLC -
/t-hexanal — + TLC —
/i-dodecanal — — TLC —
Acrolein - - TLC +
Butanone + — —
Hexanone-2 (+) - —
Nonanone-2 + — —
Furfural + TLC +
5-methyl-

furfural + + TLC +
Benzaldéhyde + + -
p-hydroxy-

benzaldehyde  — - TLC
Carvomenthone (+) — —
An ionone (+) — —

Acids

Acetic acid a +
Propionic acid - + +
i-butyric acid — + TLC +
ii-butyric acid — + +
i'-valeric acid — + +
Caproic acid — + TLC +
Caprylic acid — + TLC +
Capric acid - + TLC +
Laurie acid - + +
Myristic acid — + +
Palmitic acid — + +
Palmitoleic acid — + 1
Margaric acid - + +
Stearic acid — + +
Linoleic acid — + +
Oleic acid — + +
Al-hydroxy-benzoic

acid — PC
Vanillic acid — - PC +
Syringic acid — - PC +
Ferulic acid — — PC —
Gallic acid — - PC +
Protocatechuic

acid — — PC +
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SUMMARY— A mixed inoculum

coli | was injected into the intestinal region of Pacific oysters

were then frozen by four methods.

the inoculated bacteria was determined over a period of two weeks.
inoculated oysters were homogenized and

ments,
—30°F (frozen). Routinely,

during the course of experiments.

Both species of Salmonella proved to be highly sensitive to freezing,

freezing method,
sensitive,

storage, with survival ranging

showed a decline comparable to that of salmonellae after two weeks' storage.
in E. co.'i counts after freezing,
col:in frozen shellfish with the count in

of the fluctuation
of E.
inappropriate to apply coliform

In separate studies using inoculated oyster homogenates

168 hr,
— 30°F.

a higher swvival rate of E.
However,

possible to say with certainty that these

homogenates against the adverse effects of freezing.

experiments did not agree with

of Salmonella derby or S.

Frozen oysters were stored at 0°F,

bacterial counts and pH

and showed a survival of 1%

standards for fresh oysters to the frozen

coli and salmonellae was noted in
since results obtained were based solely on bacterial

results

typhimurium and Escherichia

(Crassostrea gigas) wnich
and survival of
In separate
at 32°F and

readings were taken of all samoles

experi-

then stored, unfrozen,

regardless of the

or less after 48 hr. E. coli proved less

showing a wide and capricious variability of survival during the first week of
from 10 to

30% .

Generally, however, most samples
Because
it is difficult to correlate the numoers

unfrozen shellfish. Therefore, it would be
product.

and —30°F for
held at

it is not

held at 32°
samples
counts,

indicate a protective effect by oyster
Significantly, the results of these
results obtained with whole oysters, thus indicating the

inadvisability of attempting to apply results of homogenate studies to the whole oyster.

INTRODUCTION

OYSTERS exposed to water polluted with
domestic sewage can accumulate popula-
tions of human enteric bacteria which
may include enteropathogenic types. A
number of studies have shown that such
organisms will persist and may even
multiply within the oysters during storage
and transport at temperatures between
32° and 48°F. Thus, Tonny et al. (1926)
showed that typhoid bacilli survive during
the transport of shellfish. Later, Kelly et
al. (1954) demonstrated that Shigella
species could survive for up to five days
in artificially polluted oysters and soft
clams held at 32°F. Presnell et al. (1961)
noted that Salmonella species in Gulf
Coast oysters held at 39°-44°F were able
to survive for at least six days with only
a gradual decrease in numbers (one log
or less)

Fecal coliforms display essentially the
same picture. Hoff et al. (1967) studied
the sanitary quality of Pacific oysters held
at various temperatures. They reported
that numbers of fecal coliforms in oysters
held at 0° and 37.4°F for a 20-day period
did not increase and may have decreased
slightly. Both groups of workers con-
cluded that the fecal coliform count was
a good index of bacterial quality in shell-
fish when the animals were stored and
transported at the proper temperatures.

However, with the advent of modern
rapid freezing techniques and the use of
low storage temperatures which make it
possible to ship frozen shellfish, new
problems arise. How well do enteropatho-
gens. such as Salmonella derby or S.
typhimurium survive freezing and subse-
quent storage of shellfish at low tempera-
tures? Is the fecal coliform MPN a true
index of the sanitary quality of frozen
shellfish? Finally, can the fecal coliform
count of the frozen shellfish be used as an
index of the sanitary quality of the shell-
fish before freezing? This paper presents
findings on the various aspects of these
problems so far as oysters are concerned.

MATERIALS & METHODS

Sample preparation

Shucked, medium sized. Pacific oysters
(Crassostrea gigas) were purchased from
local markets in lots of 50 to 80 oysters for
each experiment. The oysters were packaged

in polymylar pouches, 3 to 5 animals per

pouch, and inoculated. The pouches were
heat-sealed and frozen by four different
methods. Uninoculated control samples were

heated in the identical manner.

Test organisms

Salmonella derby A.T.c.c. 6966, S. ty-
phimurium A.T.C.C. 6994 and a stran of
E. coli type | freshly isolated from human

feces were wused. The salmonellae were

chosen because they had been shown to grow
at low temperatures on seafood material
(M atches et al., 1968). The inocula
prepared by making serial decimal dilutions
of 24 hr trypticase soy broth cultures in
sterile phosphate buffer (0.003A7, pH 7.2).

were

Inoculation

The oysters artificially polluted by
injecting 1 ml of a mixed culture inoculum
into the gut region. The inoculum contained
approximately 2.75 x HP per ml each of E.
coli 1 and either S. derby or S. typhimurium.
Zero hr samples were tested for E. coli and
Salmonella levels. pH readings were also
taken. The pH of the gut varied from 5.5 to
6.0. with an average of 5.8. The samples were
divided into four lots. One lot was frozen in
a plate freezer at —30°F. Another lot was
frozen at —10°F in a chest freezer. Of the
remaining two lots, one was frozen on the
shelves of a sharp freezer at —30°F and the
last was frozen in storage
held at 0°F.

were

a walk-in room

Storage

Samples were removed from the freezers
after 24 hr and stored at 0°F. E. coli and
Salmonella counts were carried out 24, 48,
168 and 336 hr after freezing. E. coli counts
were determined according to standard meth-
(1962) and Salmonella
Raj-Liston technique (1965).

ods levels by the

Homogenate studies

Inoculated oysters were homogenized and
aliquots representing 10 g samples of oyster
meats were pipetted into sterile screw-capped
tubes for freezing and storage.

The oyster
“walk-in”

stored in
+32°

were

homogenates were

refrigeration wunits set at
—30°F. Assays of homogenates
conducted at 24, 48 and 168 hr. The pH
readings of homogenates were taken at the

same time.

and

RESULTS

Freezing-temperature experiments

Because of the small size of each unit
sample, the temperature decline was
equally rapid in each freezing method.
These results are shown in Table 1. It is
doubtful, therefore, whether any valid
conclusions can be drawn concerning the
effect of freezing rate on survival as a
result of these experiments.

Figure 1 summarizes the results of
studies conducted with S. derby. These
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Table 1—Time in hr required for oysters to
freeze and temperatures attained.

Freezing method

0°F
Time, Storage
hr Plate Chest Sharp room
Temperature, G5

0 50 50 55 55
1 30 34 28 40
2 0 5 15 30
3 -30 0 -10 18
4 -30 -10 -30 3
5 -30 -to -35 0
6 -30 -10 -30 0
7 -30 -10 -30 0

results represent the average of s repli-
cate runs at each temperature. There ap-
peared to be an initial rapid die off, re-
gardless of freezing method employed,
with a 3-4% survival of S. derby after
24 hr. Between 24 and 48 hr there was a
continued, but more gradual decline, with
1% survival at 48 hr and less than 1% at
168 hr and none detectable after 336 hr
by the assay method used.

To investigate the possibility of a spe-
cies difference in resistance, a series of
identical experiments was conducted using
S. typhimurium. The results of these stud-
ies are summarized in Figure 2. which
presents the average of s replicate runs
at each temperature.

The results were similar to those ob-
tained with 5. derby. There was an initial

Table 2—Survival rates of Escherichia coli
I in individual freezing-storage experiments.

Freezing Method, °F

Time, Plate, Chest,
hr -30 -10 0 -30
Log no. bacterialunit time

0 3.4 3.4 3.4 3.4
24 3.4-2.7 3.4-2.7 3.4-3.0 3.0-2.3
48 3.0-2.0 3.0-1.1 3.4-25 30-1.9
168 3.0-1.9 3.0-1.1 3.0-1.4 3.0-1.9
33 2.3 14 2.5-1.4 24-1.0 2.2-1.3

rapid decline, with a 4% survival at 24
hr, and 1% or less at 168 hr. Statistical
analysis of data indicated no significant
difference between the responses of the
two species (r = wt, etc.).

Data from E. coli experiments are sum-
marized in Figure 3. They represent an
average of ¢ replicate runs at each tem-
perature. There was approximately 5%
survival, in all cases, at the end of 336 hr.
Average values for all experiments show
a gradual decline in numbers during stor-
age. with about a 40% survival of E. coli
in the first 48 hr. However, the actual
values within experiments and between
experiments varied widely at each test
point. This contrasts with the very close
accord in salmonellae counts. This can
be seen very clearly from Table 2, which
gives the results of individual E. coli ex-
periments, and Table 3, which presents
the results of individual salmonellae ex-

Table 3—Survival rates of Salmonella in
Individual freezing-storage experiments.

Freezing method, °F

Time,
hr Plate Chest 0 —30
Log no. bacteria unit time
0 3.4 3.4 3.4 3.4
24 2.2-1.5 2.2-1.6 2.2-1.7 2.2-1.3
48 1.4-1.0 1.51.1 1.6-1.2 1.6-1.3
168 0.8-0.3 1.0-0.7 1.2-1.0 1.1-0.8
periments.

From these experiments it would ap-
pear that freezing has a more profound
and more consistent effect on Salmonella
than on E. coti | in the naturally con-
taminated oyster.

Homogenate studies

The results of these studies are sum-
marized in Figure 4 which represents the
average of ¢ replicate experiments.

Samples stored at both temperatures
displayed a consistent two-phase decline
in the number of surviving test bacreria.
However, the decline in numbers of fecal
E. coli held at —30°F was noticeably less
than in samples held at the higher tem-
perature. At the end of 48 hr, survival
of Salmonella was greatest in samples
stored at —30°F. Overall survival of the
test bacteria at the end of 168 hr was 4%
or better for samples held at —30°F and
1% or less in samples maintained at 32°F.
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frozen by four methods and stored at 0°F.



Table 4—Average pH readings of homog-
enates held at 32°and —30°F.

pH
Time, hr + 32°F —30CF
24 6.75 7.1
48 6.30 7.0
168 5.85 6.95

Average pH readings of homogenates held
at both temperatures are given in Table 4.

DISCUSSION

Freezing storage study

Previous reports in the literature have
indicated that salmoneliae, though highly
sensitive to freezing, can survive in vari-
ous foods in reduced number and can sur-
vive subsequent storage in the frozen state
for considerable lengths of time. Thus,
Liston et al. (1962) noted that salmo-
nellae, although more sensitive to freezing
than E. coli, were able to survive for two
months or more in frozen fish fillets held
at 0°F. Georgala et al. (1963) observed
that salmonellae were less resistant to
freezing than staphylococcus aureus, but
would survive storage in the frozen state
for a considerable length of time, depend-
ing upon the nature of the food in which
it was held.

Results of the present study, however,
indicate that saimonellae in oysters are
highly sensitive to freezing and subse-
quent storage in the frozen state. Freezing

SURVIVAL OF SALMONELLA AND E. COLI

the oysters at extremely low temperatures
and storing the frozen product at 0°F for
24 hr causes a 95% or greater reduction
in the number of salmonellae. At the end
of one week's storage, the number of
salmonellae in the oysters may be reduced
as much as 99% from the original ievel
present in the unfrozen oysters.

This finding can have public health sig-
nificance. since it is clearly impossible to
determine from the level of salmonellae
in the frozen oyster the original level of
contamination in the unfrozen oyster, nor
can this low level of salmonellae be taken
to indicate the absence of other enteric
pathogens. Therefore, as a precautionary
measure, the presence of even extremely
low numbers of salmonellae in frozen
oysters should be assumed to indicate the
possible presence of a high level of con-
tamination by salmonellae in the unfrozen
product.

There was no significant change in the
pH of samples stored at —30°F. However,
there was a steady decline in pH in the
32°F samples. Concomitant with this pH
change was an increase in total bacterial
counts, as shown by Table 5. Quite pos-
sibly. interpopulation competition may
have accounted for some of the die off of
test bacteria at 32°F.

Escherichia coli seem to be somewhat
less sensitive to freezing in oysters than
salmonellae. However, their resistance is
highly variable. Variability of E. coli to
the effects of freezing has been noted by
other workers. Thus, Weiser et al. (1945)
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Table 5—Total plate count and pH change
in oyster homogenates stored at32°F.

Time, hr Total count pH
0 175,000 6.9
24 280.000 6.75

48 480,000 6.3
168 530,000 5.85

noted the accelerated death of E. coli
when grown in peptone blanks and sub-
jected to freeze-thawing. Panes et al.
(1959), working with milk samples in-
oculated with the coli-aerogene group and
held at 37.4°-41°F. reported a 100-fold
increase in the number of coli-aerogenes
present in 35.2% of all samples at the
end of 72 hr, but few. if any, E. coli sur-
vived. Raj et al. (1961b) noted that the
test for E. coli was by no means specific
when applied to frozen seafood. They re-
ported that to obtain satisfactory results,
a second passage of E. coli in E.C. media
was required.

Since the sensitivity of E. coli to freez-
ing is highly variable, the number remain-
ing in the oyster during the first week or
so of frozen storage is largely unpredict-
able. This raises a problem of bacteriolog-
ical control, since it is clearly impossible
to use the coli count in the frozen oyster
as an index of the original coli count in
the unfrozen oyster. As a safety measure,
it might be possible to apply a 10x factor
to the frozen counts, but this would re-
sult in a large overestimation of counts
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in many cases.

It may be possible to use the coli count
of the frozen oyster as an index of the
bacterial quality in the frozen state, since
salmonellae appear to be more sensitive
to freezing in oysters than . coli. How-
ever, it would be unwise to apply these
counts as an index of the presence of
other enteropathogenic organisms, par-
ticularly the viruses which readily sur-
vive the frozen state for prolonged lengths
of time (Andrewes et al., 1967). Metcalf
et al. (1965), in fact, found that viruses
in contaminated shellfish stored at 41°F
retained their viability for at least 28 days.

Since the coli counts of frozen oysters
are unpredictable, it would seem advis-
able to find a more reliable indicator or-
ganism. Larken et al. (1956); Raj et al.
(1961); and Liston et al. (1962) have all
demonstrated that enterococci do survive
freezing and storage, particularly of sea-
foods, better than does . coli. Perhaps
the enterococci would make suitable indi-
cator organisms for the sanitary quality of
frozen shellfish.

Results of blending experiments indi-
cated that the loss of viability by saimo-
nellae and E. coli was slower in those ho-
mogenates held at 32°F than in samples
held at —30°F. However, the general
trend in these experiments was towards a
loss of viability and a reduction in the
number of the test bacteria during the
entire period of storage, regardless of
temperature. Since bacterial counts were
the only index employed, it is not possible
to say with certainty if the slower loss of
viability by the test bacteria in samples
held at 32CF truly represents a protective
effect by the homogenate.

In these studies the . coli counts dis-
played a distinct regularity in decline and
tended to closely parallel the drop in
Salmonella counts. Shifiett et al. (1967)
found that the loss of viability of saimo-
nellae in blended oysters held at 44.6°F
was in three stages: A rapid initial stage,
a gradual reduction and a final rapid re-
duction. In the present study using lower
temperatures, the loss of viability by E.
coli and salmonellae Was in two stages, a
rapid initial stage, followed by a con-
tinued gradual decline.

Presnell et al. (1961) observed that
with a decrease in pH from s.6 to 5.5 in
whole oysters held at 35.6°-47.6°F for
11 days there was a decrease in fecal E.
coli and an increase in total plate counts.
Similar results were noted in the present
study with oyster homogenates stored at

32°F. However, the decrease in E. coli
was more rapid, occurring over a 7-day
(168 hr) period, but the total decrease in
number (about 90°) was comparable to
the decrease observed by Presnell et al.
(1961).

The “homogenate” method has been
widely used to determine the survival of
enteric bacteria in oysters and other shell-
fish. It has been thought that results ob-
tained with this method are a valid repre-
sentation of what ensues in the whole
oyster. However, a comparison of data
from whole oyster and homogenate sam-
ples frozen at the same temperature
(—30°F) reveals a marked difference in
results. E. coli in frozen homogenates
show a predictable loss of viability which
tends to parallel the loss of viability by
salmonellae. In frozen whole oysters the
loss of E. coli viability is capricious and
unpredictable. The loss of viability by
salmonellae in frozen homogenates tends
to be slower than their loss of viability in
frozen whole oysters.

Thus, it is inadvisable, and perhaps
even dangerous, to generalize from ho-
mogenate studies to the whole oyster.
Since the results of homogenate and whole
oyster studies can and do differ, some
doubt must be cast on the reliability of
the homogenate method.

CONCLUSIONS

SALMONELLAE in oysters are highly
sensitive to freezing. Fecal coliforms, on
the average, are less so. However, the re-
sistance to freezing of E. coli | is highly
variable. Due to this variability, fecal
coliforms are not satisfactory indicators
of sanitary quality in frozen shellfish.
Therefore, it would seem advisable to use

as an indicator another fecal bacteria
which possesses greater resistance to
freezing.

Raj et al. (1961a) found the entero-
cocci to be more reliable indicators of
fecal contamination in frozen seafoods
than E. coli. Liston et al. (1962) noted
that, as compared to . coli. the entero-
cocci showed little or no decrease in num-
bers in frozen processed foods. Therefore,
since the enterococci have been shown to
be consistently more resistant to freezing
than . coli, they may serve as better in-
dicator organisms of contamination in
frozen shellfish.

The use of an oyster homogenate may
give salmonellae and E. coli Some protec-
tion against the adverse effects of freezing.

Nevertheless, both types of bacteria die
out in frozen homogenates and in homog-
enates heid unfrozen at 32°F. Signifi-
cantly, the results of frozen homogenate
studies did not agree with results of frozen
whole oyster studies, thus suggesting the
inadvisability of generalizing from ho-
mogenate studies to the whole oyster.
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SUMMARY— The
nitrogen,

concentration of eight

fraction and

white-wine varieties of grapes was determined at early and

Proline was the most prominent amino acid

free

nonamino-acid-fraction

amino-acid
and 23

amino total nitrogen,

of 26

acids,

nitrogen in the juices red-
late stages of fruit maturity.

In 31 of the varieties at early harvest and

in 45 of the varieties at late harvest while arginine was the main amino acid in 16 and 3

varieties at early and late harvest,

varieties in which ct-alanine was the

total nitrogen

and the amino-acid fraction nitrogen ranged from 26 to 171 m g/100 ml juice.

acid fraction and ncnamino acid fraction
and 23 to 56% Kjeldahl

aspartic acid, glutamic acid,

of total
arginine,
72% of the total nitrogen and 47 to 96 %

contributed the most nitrogen of the amino acids,

nitrogen in the juices of the various fruits.

INTRODUCTION

PREVIOUS investigations (Nassar et al.,

respectively.
predominant

in the juices of the various varieties

nitrogen
nitrogen

proline,
of the amino acid fraction

“Scarlet"”
amino The
ranged from 44 to 256 mg/100 ml
The amino

“Salvador” and were the only

acid. concentration of

ranged from 53 to 76%
y-aminobutyric

in the juices

respectively. Alanine, acid,
serine and theronine accounted for 29 to
nitrogen.

of the total

Arginine

accounting for 6 to 44%

trogen in the juices of 28 table varieties
of grapes at early and late stages of fruit
maturity. He found that 60-90% of the

The concentration of the latter increased
very rapidly during the later stages of
fruit maturation. For reviews of the lit-
erature pertaining to amino acids in
grapes and grape products, the reader is
referred to Kliewer (1969) and Amerine
et al. (1967).

The present report concerns the con-
centrations of eight of the predominant
amino acids, total nitrogen and amino-
acid-fraction nitrogen in fruits from 26
red and 23 white-wine varieties free from
all known viruses.

EXPERIMENTAL

THE FRUITS of 26 red-wine varieties and
23 white-wine varieties of grapes (Vitis

1966; Kliewer et al.. 1966; and Kliewer. total nitrogen was accounted for by vintfera L.). all grown under the same cli-
1967b) have dealt with identifying and amino-acid-fraction nitrogen, and that 59-  matic, cultural and soil conditions, were
quantitatively determining the concentra- 96% of this nitrogen was attributable to sampled in duplicate twice— once when the

tion of free amino acids in various parts
of grapevines at different stages of devel-
opment. Kliewer f1969) very recently
determined the concentration of eight
amino acids, total free amino acids, total
nitrogen and free-amino-acid fraction ni-

eight amino acids.

Arginine contributed the most nitrogen,
accounting for 15-50% of the total. De-
pending on the maturity of the fruits,
the predominant amino acid in the table
varieties was usually arginine or proline.

fruits were slightly to moderately ripe, and
again when they were ripe to overripe— by
the procedure described previously (Kliewer,
1967a). (The varieties “Salvador” and “Scar-
let” have some American species in parent-
age.) The samples are referred to as early-
and late-harvested fruits (Tables 1-5). The

Table 1—Total soluble solids, total nitrogen and amino-acid and non-amino-acid fraction nitrogen of red-wine varieties of grapes harvested
at early or late stage of fruit maturity.

Nonamino-acid-
fraction nitrogen,

Amino acid

Date harvested. Total soluble Total nitrogen, fraction nitrogen,

1966 solids, cBrix mg/100 ml juice mg/100 ml juice mg/100 ml juice

Variety Early Late Early Late Early Late Early Late Early Late
Aleatico 9-1 10-12 20.2 22.4 134.3 165.4 83.5 96.6 50.8 68.8
Alicante Bouschet 8-30 11-3 17.0 24.6 74.5 80.0 54.0 61 .3 20.5 18.8
Cabernet-Sauvignon 8-30 9-30 21.0 25.5 62.5 86.6 49,0 65.6 13.5 11.0
Calziti 8-30 9-30 21.0 24.6 55.0 69.1 39.4 47.5 15.6 21.6
Carignane 9-1 11-3 18.7 27.3 50.0 116.1 335 85.4 16.5 30.7
Early Burgundy 8-30 9-20 24.0 26.1 80.0 87.2 57.0 64.0 23.0 23.2
Gamay 8-30 9-30 21.0 24.4 79.0 88.6 50.5 51.8 28.5 36.8
Gamay Beaujolais 8-19 9-20 18.4 25.2 114.5 161.4 73.0 93.1 41,5 68.3
Grenache 9-1 10-12 19.7 24.1 46.5 94.2 26.0 61.6 225 32.6
Grignolino 8-30 9-30 21.9 24.2 108.0 137.8 80.8 83.6 27.2 54.2
Malbec 8-30 10-12 20.2 24.6 109.0 155.6 72.5 96.8 26.5 58.8
Mataro 9-8 10-12 19.6 26.2 61.0 94.7 41.0 60.8 20.0 33.9
Merlot 8-30 9-30 22.3 24.2 75.6 97.0 50.3 64.0 15.3 33.0
Mission 9-1 10-12 19.5 23.5 69.0 123.0 40.0 78.6 29.0 44 .4
Petit Bouschet 8-30 10-12 16.8 20.1 89 0 127.0 52.5 79.2 36.5 47.8
Petit Sirah 8-30 10-12 19.2 27.0 71.5 129.2 41.5 88.7 30.0 40.5
Pinot noir 8-19 9-20 20.0 27.1 126.0 213.6 77.0 143.1 49.0 70.5
Pinot Saint George 8-30 10-12 17.4 22.3 91.5 194.5 54.5 122.9 37.0 71.6
9-1 10-12 21.0 23.8 62.5 137.1 44.5 80.1 18.0 57.0

Rubired 9-1 11-3 20.4 25.1 56.0 90.4 35.4 61.6 20.6 28.8
9-1 9-30 21.6 25.4 110.0 149.1 70.1 108.0 39.9 41.1

9-1 10-12 16.9 22.3 69.5 108.6 44.1 72.0 25.4 36.6

9-1 11-3 19.6 243 119.0 256.2 81.2 163.4 37.8 92.8

8-19 9-20 17.9 26.5 1111 144.8 71.3 104.0 39.8 40.8

8-19 9-30 19.5 23.8 123.2 189.9 81.2 105.9 42.0 84.0

Zinfandel 8-30 10-12 19.3 23.1 81.5 96.2 52.0 72.5 29.5 23.7
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Table 2—Total soluble solids, total nitrogen and amino-add and non-amino-acid fraction nitrogen of white-wine varieties of grapes harvested

at early or late stage of fruit maturity.

Date harvested,

1966

Variety Early
Burger 8-30
Chardonnay 8-19
Chasselas doré 8-30
Chenin blanc 9-1
Emerald Riesling 9-1
Feher Szagos 9-8
Flora 8-30
Grey Riesling 8-30
Gewurztraminer 8-30
Green Hungarian 8-30
La Rienha 9-1
Malvasia bianca 8-30
Melon 8-30
Orange Muscat 8-19
Palomino 8-30
Peverella 9-1
Pinot blanc 8-30
Pinot gris 8-30
Red Veltliner 8-30
Sauvignon vert 9-1
Sauvignon blanc 9-1
Semilion 8-30
White Riesling 8-30

location and juice extraction procedure has
been previously described (Kliewer, 1967a).
Total dissolved solids (degree Brix, °B) In
the juice were measured with an Abbé re-
fractometer at 20°C.

A 10-ml portion of juice from each sam-
ple was applied to a column of Dowex
50W-X8 (H* form), and the amino acids
and other positively charged substances were
eluted from the column with NH,OH and
concentrated as described by Kliewer $1969).
This fraction was used for further analysis of

Total soluble

Total nitrogen,

solids, “Brix mg/100 ml juice
Late Early Late Early Late
11-3 16.6 22.6 90.0 109.0
9-20 18.6 25.2 88.6 133.6
10-12 20.3 24.8 92.7 124.4
10-12 19.5 24.0 101.7 154.8
9-30 215 25.9 57.5 74.6
10-12 16.6 20.2 99.0 127.7
9-20 23.9 27.1 171.0 189.0
9-20 235 24.1 149.5 183.1
9-20 21.8 23.4 236.5 238.7
11-3 17.8 22.0 58.0 92.7
11-3 16.4 23.9 72.0 103.6
9-30 21.8 27.4 85.5 1475
9-20 24.0 24.6 104.4 115.5
9-20 19.5 25.6 72.1 94.0
9-30 20.8 23.9 44.0 106.4
10-12 19.5 25.2 108.0 123.2
9-20 18.3 23.8 92.5 120.1
9-30 20.6 243 79.0 89.0
9-30 21.4 25.3 94.5 116.2
10-12 19.6 24.7 775 135.8
9-20 22.7 24.9 86.6 98.9
9-20 22.4 24.1 128.0 152.5
11-3 21.2 24.9 74.5 138.9

Amino-acid

fraction nitrogen,

mg/100 ml juice

Nonamino-a;id
fraction nitrogen,
mg/100 ml juice

Early Late Early Late
65.0 75.6 25.0 33.4
58.0 95.0 30.6 38.6
55.0 86.8 37.7 3T6
65.0 107.8 36.7 4t.0
36.0 50.0 215 24.6
69.5 91.7 29.5 36.0
110.0 131.0 61.0 58.0
112.0 129.5 375 53.6
167.0 170.8 69.5 69.9
36.0 70.0 22.0 22.7
47.5 70.3 24.5 33.3
60.0 98.0 25.5 49.5
72.2 81.0 32.2 34.5
49.5 69.2 22.6 24.8
31.7 68.6 12.3 3T 8
62.0 83.5 46.0 39.7
55.3 82.6 37.2 37.5
51.0 57.0 28.0 32.0
60.1 73.5 34.4 42.7
52.5 86.4 25.0 49.4
54.5 71.0 32.1 27.9
79.1 91.0 48.9 61.5
56.8 88.2 17.7 50.7

individual amino acids and is hereafter re-
ferred to as the amino acid fraction.

Arginine was determined by the Sakaguchi
reaction as modified by Gilboe et al. (1956).
Proline was determined by the acidic ninhy-
drin photometric method of Chinard (1952),
which was later modified by Ough (1969).
Alanine, - -aminobutyric acid, aspartic acid,
glutamic acid, serine and threonine were
analyzed by paper chromatography (Nassar
et al., 1966). Total nitrogen and amino-acid-
fraction nitrogen were determined by the

Kjeldahl method on 5-ml portions of the
original juice sample and of the amino-acid-
fraction extract, respectively. The nonamino-
acid-fraction nitrogen is the difference be-
tween total nitrogen and amino-acid-fraction
nitrogen.

RESULTS

BOTH TOTAL nitrogen and amino-acid-
fraction nitrogen increased in the fruits

Table 3—Concentration of several free amino acids (m moles per 100 ml juice) of red-wine varieties of grapes harvested at early or late stage

of fruit maturity.

7 -amino- Sum of
butyric Aspartic Glutamic amino
«-alanine acid Arginine acid acid Proline Serine Threonine acic s

Variety Early Late Early Late Early Late Early Late Early Late Early Late Early Late  Early Late Early Late
Aleatico 460 474 189 222 649 584 180 234 226 660 535 917 115 248 198 348 2552 3687
Alicante Bouschet 245 257 294 288 382 532 151 142 398 360 571 667 123 128 146 140 2410 2514
Cabernet-Sauvignon 335 244 130 176 256 190 89 112 92 95 1024 2650 128 90 120 112 2174 3669
Calzin 192 172 143 220 275 156 5 61 82 244 272 518 103 116 177 255 1299 1742
Carignane 355 412 184 410 188 227 88 92 190 287 363 2000 106 170 184 230 1658 3828
Early Burgundy 423 262 147 200 368 478 110 146 126 174 736 940 175 133 201 200 2286 2533
Gamay 187 560 61 200 349 413 38 26 121 241 339 583 58 144 88 98 1241 2265
Gamay Beaujolais 242 210 205 190 484 382 47 52 160 212 642 1086 12C 110 125 140 2025 2382
Grenache 135 280 78 125 186 363 41 45 180 298 131 59 90 104 107 116 948 1926
Grignolino 280 320 234 220 389 408 58 72 166 245 1027 1667 108 142 152 190 2414 3264
Malbec 478 352 170 163 386 454 153 108 204 200 672 815 151 120 255 139 2469 2351
Mataro 240 290 120 216 228 310 7187 160 342 278 1071 98 136 122 175 1317 2629
M _erl_ot 306 271 138 228 198 105 65 82 125 134 1057 2506 130 122 85 112 2104 3560
Mission 211 265 115 143 136 351 70 76 147 298 265 1336 64 82 107 115 1115 2666
Petit Bouschet 255 287 148 230 228 483 60 72 174 267 276 952 127 135 103 111 1371 2537
Petit Slrgh 205 298 136 205 195 374 72 69 179 293 282 1793 176 220 128 143 1373 5395
Pinot noir 285 385 150 280 450 1062 84 100 217 410 315 1076 207 285 173 250 1876 3848
Pinot Saint George 233 298 139 165 338 867 75 83 208 336 200 1016 146 188 117 129 1456 3081
Royglty 209 265 125 171 238 61 79 82 115 147 495 2017 118 109 110 102 1489 2954
Rubired 288 301 161 185 304 499 63 70 122 156 292 631 105 122 92 113 1427 2077
Salvador 739 1130 265 278 289 490 70 62 268 349 729 1589 146 125 134 150 2638 4173
Sgarlet 520 980 205 256 243 250 59 73 244 205 89 262 98 117 105 92 1563 23
Tinto Cao 359 460 167 295 499 827 70 92 196 370 351 1255 132 150 134 166 1908 3615
Trousseeiu 330 410 122 172 475 583 49 52 175 230 538 1168 112 115 92 98 1893 2828
Valdepefias 305 440 148 237 385 677 57 70 143 295 402 1118 119 132 128 120 1686 3'J89
Zinfandel 147 195 187 233 261 314 88 72 105 102 818 1324 148 116 97 107 1851 2463



of every variety between early and late
harvest (Tables 1 and 2). The nonamino-
acid-fraction nitrogen also increased in
most varieties with increase in fruit ma-
turity. The concentration of total nitro-
gen in the juices ranged from 44 to 236
mg/100 ml in the lightly to moderately
ripe fruits (early harvest), and from 69
to 256 mg/ 100 ml in the ripe to overripe
fruits (late harvest. Tables 1 and 2).
“Aleatico,” “Flora,” “Gamay Beaujolais,”
“Grey Riesling,” “Gewurztraminer,” “Pi-

not noir.” “Tinto cao" and “Valdepefias”
were relatively high in nitrogen (greater
than 160 mg N /100 ml) at the time of
late harvest, while “Alicante Bouschet,”
“Calzin” and “Emerald Riesling” were
relatively low in nitrogen (less than 80
mg N/ 100 ml.

The amino-acid-fraction nitrogen
ranged from 26 to 167 mg N/ 100 ml
juice in the early harvest to 48-171 mg/,
100 ml juice in the late harvest. It ac-
counted for 53-76% of the total Kjeldahl
nitrogen at both harvests with a mean
of abou: 66% for all varieties (Tables 1
and 2). Total nitrogen and amino-acid-
fraction nitrogen were usually greater in
the white-wine varieties than in the red-
wine varieties. The nonamino-acid-frac-
tion nitrogen, which includes ammonia
nitrogen, constituted 23-56% of the to-
tal nitrogen in the juices of the red- and
white-wine varieties, with average con-
centrations of 31 and 43 mg N/ 100 ml
juice for the early and late harvests, re-
spectively.

The concentrations of the eight de-
termined free amino acids varied greatly
from one variety to another (Tables 3

NITROGENOUS FRACTIONS

and 4). Generally there was an increase
in the levels of the acids with increasing
ripeness, although there were some no-
table exceptions, especially for arginine.
The change in the concentrations of pro-
line and glutamic acid was especially pro-
nounced in some varieties, with increases
as great as two- to sixfold between the
early and late harvests (Tables 3 and 4).

On the basis of the predominant amino
acid present, the varieties were div ded
into three groups (Table 5). Proline was
the main amino acid in 31 of the vari-
eties at early harvest and in 45 varieties
at late harvest. Arginine was the princi-
pal amino acid in 16 varieties at early
harvest and in 3 varieties at late harvest,
«-alanine was predominant in the variety
Scarlet at both harvests, and also in the
variety Salvador in the early harvest.

The percent of the total nitrogen ac-
counted for by the eight ammo acids
(Tables 3 and 4) ranged from 29 to 66%
and from 31 to 72% at the early and
late harvests, respectively (Table 6).
These amino acids also accounted for
47-93% and 52-96% of the amino-r.cid-
fraction nitrogen at the early and late
harvests, respectively. Arginine contrib-
uted by far the most nitrogen of the
amino acids, accounting for 11-33% and
6-44%. respectively, of the total nitrogen
in the juices of early- and late-harvested
fruits, with a mean of about 22% for
both harvests.

The data in Tables 3 and 4 indicate
that the variety and degree of maturity
of the fruits strikingly affect the concen-
tration of free amino acids in grape ber-
ries. This is especially true for arginine
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and proline, in which the concentrations
differed by as much as ten- to twelvefold
among varieties and from two- to sixfold
between the early- and late-harvested
fruits of the same variety.

Proline and arginine were the pre-
dominant amino acids in all varieties
at early and late harvests except for Sal-
vador and Scarlet, in which «-alanine
was present in largest amounts at the
early harvest. Both of these varieties have
some V. tabrusca in their parentage, and
this species may carry the gene responsi-
ble for the large amount of «-alanine.
This postulation is supported by the
finding that two table varieties, “lsabella”
and “Niagara,” both of which have V.
labrusca in their parentage, also have a
preponderance of «-alanine in their ma-
ture fruits (Kliewer, 1969).

Generally, «-alanine, glutamic acid,
and «-aminobutyric acid were the next
three most quantitatively important amino
acids in the various varieties. Kliewer
(1969) recently reported that arginine,
proline, glutamic acid and «-alanine were
the most prominent amino acids in 28
table varieties. Castor (1953) and Cas-
tor et al. (1956) measured the free amino
acids in seven varieties grown in Califor-
nia and found proline, glutamic acid and
arginine present in largest amounts. La-
fon-Lafourcade et al. (1959) reported ar-
ginine, glutamic acid, proline, serine and
threonine to be the major amino acids in
the musts of France. Tercelj (1965)
from Yugoslavia found a preponderance
of arginine plus histidine in grape must,
followed, in turn, by proline and glutamic
acid. In five grape varieties investigated

Table 4—Concentration of several free amino acids (n moles per 100 ml juice) of white-wine varieties of grapes harvested at early or late stage

of fruit maturity.

7 -amino-
butyric
cx-alanine acid

Variety Early Late  Early Late

Burger 460 492 190 220
Chardonnay 600 660 166 295
Chasselas doré 295 240 106 248
Chenin blanc 520 650 162 180
Emerald Riesling 289 315 161 175
Feher Szagos 320 340 172 190
Flora 182 350 121 420
Grey Riesling 328 345 53 140
Gewdlrztraminer 282 360 190 257
Green Hungarian 152 225 105 195
La Rienha 143 255 102 140
Malvasia bianca 305 350 148 192
Melon 246 308 180 206
Orange Muscat 242 295 208 277
Palomino 205 290 180 272
Peverella 194 265 133 187
Pinot blanc 350 368 202 244
Pinot gris 162 222 127 195
Red Veltliner 130 166 175 189
Sauvignen vert 157 238 142 195
Sauvignen blanc 179 285 120 177
Semilion 185 297 166 198
W hite Riesling 258 272 195 188

Sum of

Aspartic Glutamic amino acids

Arginine acid acid Proline Serine Threonine determined
Early Late Early Late Early Late Early Late Early Late Early Late Early Late
534 418 120 70 258 215 738 1580 143 153 230 245 2673 3393
257 536 88 120 208 438 993 2405 210 264 262 234 2784 4952
528 556 91 80 245 180 407 916 143 147 256 184 2071 2551
521 681 128 180 192 208 449 1071 214 262 265 312 248! 3544
294 368 28 34 138 235 283 880 101 144 128 170 1422 2321
463 405 32 35 255 310 862 1167 243 252 150 180 2497 2879
670 1025 58 66 135 295 286 910 130 362 117 152 1699 3580
625 1038 105 114 182 197 618 761 192 160 210 195 2313 2950
1211 1355 115 108 260 332 580 738 210 250 300 280 3148 3680
250 242 61 88 212 266 264 960 104 115 84 80 1232 2171
258 282 74 70 160 310 1212 1875 65 76 58 65 2072 3073
360 574 3B 42 171 218 618 1615 88 102 78 112 1803 3205
511 386 113 81 230 274 744 940 165 185 128 146 2317 2526
324 417 41 45 256 285 848 988 86 94 145 152 2150 2553
132 557 65 70 285 330 203 750 180 258 156 210 1406 2737
225 487 58 66 210 327 494 1310 108 136 102 153 1524 2931
321 718 32 51 250 372 350 964 194 212 155 190 1854 3119
182 322 44 52 226 265 395 1354 128 162 135 118 1399 2690
483 631 53 44 221 247 354 668 68 77 104 115 1588 2137
320 632 46 55 115 269 270 1414 74 91 97 108 1221 3002
413 657 55 67 137 162 594 839 103 120 95 113 1696 2420
357 629 49 62 184 287 375 804 128 142 147 160 1591 2579
350 402 40 44 146 174 364 1547 155 170 108 130 1616 2927
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in South Africa by Van Wyk et al.

(1965), arginine, proline, alanine and
valine were the predominant amino acids
present.

Lafon-Lafourcade et al. (1962) and
Kliewer (1968) investigated changes in
the concentration of free amino acids in
grapes during fruit ripening. They ob-
served that the concentration of arginine
usually increased rapidly during the early

ripening period, and then often decreased
as the fruits became ripe to overripe.
During this latter period of fruit matura-
tion, proline increased markedly, indi-
cating that the synthesis of proline may
occur at the expense of arginine during
this phase of fruit development. Such
changes in the concentrations of arginine
and proline occurred in several varieties
in the present study (Tables 3 and 4).

Table 5—Classification of red- and white-wine varieties of grapes according to the predom-

inantfree amino acid in the juice.

Proline Arginine a-Alanine
Slightly to Slightly to Slightly to Very ripe
moderately Very ripe to moderately Very ripe to moderately to overripe
ripe fruit overripe fruit ripe fruit overripe fruit ripe fruit fruit
Red varieties Red varieties Red varieties White varieties Red varieties Red varieties
Alicante Aleatico Aleatico Flora Salvador Scarlet
Bouschet
Cabernet- Alicante Calzin Grey Riesling Scarlet
Sauvignon Bouschet
Carignane Cabernet- Gamay Gewiirztra-
Sauvignon miner
Early Burgundy Calzin Grenache
Gamay Carignane Pinot noir
Beaujolais
Grignolino Early Pinot St.
Burgundy George
Malbec Gamay Rubired
Mataro Gamay Tinto Cao
Beaujolais
Merlot Grenache
Mission Grignolino White varieties
Petit Bouschet Malbec Chasselas dore
Petit Sirah Mataro Chenin blanc
Royalty Merlot Emerald
Riesling
Trousseau Mission Flora
Valdepefias Petit Bouschet Grey Riesling
Zinfandel Petit Sirah Gewiirztra-
Pinot noir miner
Red Veltliner
Sauvignon vert
White varieties Pinot St.
George
Burger Royalty
Chardonnay Rubired
Feher Szagos Salvador
Green Hungarian  Tinto Cao
La Rienha Trousseau
Malvasia bianca Valdepefias
Melon Zinfandel
Orange Muscat White varieties
Palomino Burger
Peverella Chardonnay
Pinot blanc Chassclas doré
Pinot gris Chenin blanc
Sauvignon blanc Emerald
Riesling
Semilion Feher Szagos
White Riesling Green

Hungarian
La Rienha
Malvasia

bianca
Melén

Orange Muscat

Palomino
Peverella
Pinot blanc
Pinot gris
Red Veltliner

Sauvignon vert

Sauvignon
blanc

Semillon

White Riesling

Boulter et al. (1963) found that when
CH-arginine was fed to bean seedlings,
label was first found in proline and sub-
sequently _n ornithine and citrulline, indi-
cating that proline may be synthesized
by reversal of the ornithine cycle. Hen-
nig (1955) and Nassar et al. (1966) have
found both citrulline and ornithine in
the juices of grapes, indicating that the
ornithine cycle may exist in these fruits.

In addition to the scion and degree of
fruit maturity, other factors such as root-
stock, climate, mineral nutrition, crop
level, trellising system and disease un-
doubtedly influence the concentrations of
amino acids in grapes. However, since all
data in this communication were obtained
from fruits harvested from virus-free
vines grown under the same climatic, cul-
tural and soil conditions, the reported
values shoald indicate relative differences
among varieties when compared at the
same degree of fruit maturity. The sig-
nificance of the above environmental fac-
tors on the level of free amino acids in
grapes must await further studies made
under closely controlled conditions.

The amino acid composition of grape
must may be of considerable economic
importance in regard to the rate of fer-
mentation by yeasts and bacteria. Pey-
naud et al (1961) reported that proline
and threonine are difficult for yeast to
assimilate, while arginine, glutamic acid
and a-alanine are readily utilized sources
of nitroger. Moat et al. (1965) indicated
that glutamic acid and aspartic acid are
equal to ammonia as a nitrogen source
for yeast growth. Ough et al. (1966)
found that multiple correlation and re-
gression analysis of fermentation rates
was considerably superior when total
nitrogen was used in the equations rather
than ammonia nitrogen, thus indicating
the importance of the amino-nitrogen
fraction for fermentation. Peynaud et al.
(1961) found that as grapes ripen, there
is an increase in forms of nitrogen that
are less easily utilized by yeast. This may
explain why must of overripe grapes
sometimes ferments slowly.

Comparison of the concentrations of
the different free amino acids in the
various varieties indicates that a close
genetic relationship may exist among
some varietal groups. This can be seen
by comparing the levels of amino acids
in the “Cabernet”-type varieties (“Car-
bernet-Sauvignon” and “Merlot”) with
the levels in those varieties that contain
some V. labrusca in the parentage. Va-
rieties in both of these groups are qualita-
tively and quantitatively similar in amino
acids.

Total nitrogen and the amino acid
fraction were, on the average, higher in
the white-wine varieties than in the red-
wine varieties, especially at the early har-



vest (Tables 1 and 2). This may have
been due to the fact that usually fruits
from white varieties are earlier maturing
than fruit from red varieties. Conse-
quently, the white varieties generally
reached veraison earlier, and had a longer
ripening period to accumulate nitroge-
nous substances.

Comparison of the concentrations of
total nitrogen, amino-acid-fraction nitro-
gen (Tables 1 and 2) and individual
amino acids (Tables 3 and 4) with con-
centrations of titratable acidity, tartrate
and malate, determined on the same va-
rieties in an earlier investigation (Kliewcr
et al.. 1967a), failed to show any rela-
tionships. These results are in contrast to
those of Peynaud et al. (1953), who re-
ported a direct relationship between ti-
tratable acidity and amino nitrogen con-
tent of musts.

The amino acid fraction and the non-
amino-ac d-fraction nitrogen accounted
for 53-76% and 23-56% of the total
Kjeldahl nitrogen, respectively, of the
various grape varieties. All nitrogeneous
substances retained by Dowex 50 cation
exchange resin are included in the amino
acid fractions. Preliminary investigations
indicated that, in addition to free amino
acids, low-molecular-weight peptides were
complete.y retained by the cation resin;
and consequently these substances would
be included as part of the amino-acid-
fraction nitrogen. The eight amino acids
in Tables 3 and 4 accounted for 47-96%
of the amino-acid-fraction nitrogen. The
nonamino acid fraction includes proteins,
high-molecular-weight peptides, ammonia
and nitrate nitrogen. The range in concen-
tration of these substances in grapes has
been reviewed previously (Kliewer,
1969).
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Table 6— Percentage of total nitrogen and amino-acid-fraction nitrogen accounted for by

eight amino acids.1

Percent of total N
accounted for by 8
determined amino acids

Variety Early
Red Wine
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Pinot St. George 37.8
Royalty 49.3
Rubired 58.5
Salvador 445
Scarlet 46.2
Tinto Céo 40.1
Trousseau 41.3
Valdepefias 32.3
Zinfandel 45.2
White Wine

Burger 66.5
Chardonnav 56.2
Chasselas doré 55.2
Chenin blanc 55.7
Emerald Riesling 56.1
Feher Szagos 54.9
Flora 30.4
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Gewiirztraminer 40.1
Green Hungarian 47.3
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Palomino 57.3
Peverella 28.5
Pinot blanc 425
Pinot gris 34.5
Red Veltliner 45.0
Sauvignon vert 39.4
Sauvignon blanc 47.4
Semilion 29.1
White Riesling 50.1

1Amino acids were those given in Tables 3 and 4.
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Late Early Late
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Pasteunization of Padific O/&ters by Redatiot
Rost-Mortem Ghanges In Nudleotices Duning Storage at 0-2°C

freezing the meats in liquid nitrogen im-
mediately after they were shucked. These
samples were transported to the laboratory
in solid C02and kept at —50°C unt 1 they
were extracted for analysis. The adductor
muscles from 10 oysters were separated
from the rest of the tissue, and both por-
tions were frozen in liquid nitrogen. These
portions were subsequently treated as the

SUMMARY— The concentration of nucleotides was lower in the adductor muscle of the
Oyster(1.64 /nmoles/g) than in the remaining dark tissues of the oyster (2.75 /nmoles/g).
The concentration was less in the whole oyster meats (2.87 /(,mO/eS/g) than is usually
found in fish muscle, or other marine invertebrates.

In addition to the adenine nucleotides and inosine monophosphate, uridine triphos-

phate, guanosine triphosphate, guanosine diphosphate, guanosine monophosphate and

guanosine diphosphate-mannose were found in the fresh oysters. Samples collected in
summer had greater concentrations of nucleotides than similar winter samples. Inosine
monophosphate formed rapidly from adenosine triphosphate during storage at 0°—=2°C,

while the turnover rate of inosine monophosphate was slow and reflected low 5'-nucleo-

tidase activity.

Hypoxanthine, inosine, guanosine,

guanine and uracil were formed during ice storage.

The nucleotide breakdown in oysters was not changed by 2 mrads of radiation dose.

Total nucleosides and free bases increased during storage of both unirradiated and ir-

radiated samples. During the

nucleosides and free bases were considerably greater in the irradiated samples.

latter part of the storage period the concentrations of

This

difference probably is due to the utilization of these compounds by bacteria in the un-

irradiated samples.
organisms per g,
perg).

INTRODUCTION

POST-MORTEM changes in muscle nu-
cleotides are intimately associated with
the events of rigor. Some products of their
degradation are believed to contribute to
typical flavors of flesh products (Jones,
1961; Wagner et al., 1963; Kuninaka et
ah, 1964; Shimazono, 1964).

The specific biochemical pathways of
nucleotide breakdown and the accumula-
tion of their products are of considerable
interest in studies of post-mortem change.
Some products of ATP catabolism have
been proposed as indices of freshness for
fish (Jones et ah, 1964; Spinelli et ah,
1964).

In recent years, a great deal of progress
has been made toward explaining the
specific reactions involved in the post-
mortem nucleotide degradation in fish and
other marine animals (Kassemsarn et ah,
1963; Creelman et ah, 1960; Tarr et ah.
1962; Tarr et ah, 1964; Tarr, 1955, 1958;
Saito, 1961; Arai, 1966a, 1966b, 1966c).
However, there is very little knowledge of
the post-mortem nucleotide changes in
oysters and a few other shellfish of com-
mercial importance.

Oysters are rich in glycogen. This gly-
cogen may serve as an energy source for
regeneration of ATP during storage. In

1Present address: General Foods Corp., Tech-
nical Center, Tarrytown, N.Y. 10591.

bPresent address: State of Hawaii Dept, of
Agriculture, 1428 So. King Street, P.O. Box
5425, Honolulu, Hawaii 96814.

After 15 days of storage bacteria had increased to more than
while the counts for irradiated samples were very low

10"
(less than 10s

one study, Wylie et ah (1964) determined
the composition of the nucleotide fraction
of Pacific oysters (C. gigas) when they
were frozen in liquid nitrogen imme-
diately after shucking. These studies were
limited in scope, as only a small propor-
tion of the total nucleotides present was
recovered. A more complete examination
of oysters would provide valuable data on
the changes during post-shucking storage,
providing comparison with fish muscles,
which have poorer glycogen stores.

The present study sought to provide
data on the concentration of nucleotides
in oysters. Other objectives were to de-
termine effects of sexual development and
post-mortem changes in the nucleotides of
Pacific oysters (C. gigas) during ice stor-
age and the effect of radiation pasteuriza-
tion on these changes.

METHOD & MATERIALS
Oysters

All oysters used were obtained from a
commercial culture in Burley Lagoon, near
Purdy, Washington. Oysters from these
waters are known to reach sexual maturity
during the summer months but they sel-
dom spawn. Oysters collected in May were
used for the study of changes in nucleotide
composition during ice storage. “Summer
oysters” were collected in August and “win-
ter oysters” in November. These were used
to describe the effects of sexual maturity.

Sampling
The zero day samples were prepared by
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previous samples.

For the storage experiment, whole shucked
oysters were stored at 0-2"C. Samples were
withdrawn periodically, frozen in liquid ni-
trogen, and kept at —50°C until ready for
analysis.

Extraction of nucleotides, nucleosides,
purine, and pyrimidine bases

The frozen oyster samples were combined
with two vol of chilled 0.7 N perchloric acid.
The mixture was blended at high speed in
a Waring blendor for 60 sec. It was then
centrifuged for 20 min at 20,000 X G in
a Servall refrigerated centrifuge. The super-
natant was quantitatively decanted and neu-
tralized with 20% KOH to pH 6.S. The
neutralized extract was centrifuged after 30
min of storage at —15°C to allow the po-
tassium perchlorate (KCIO,) to crystallize.
The resulting solution was somewhat turbid
compared to the clear extracts obtained from
fish muscle.

Determination of nucleotides

The neutralized extract, corresponding to
10-20 g of oyster, was analyzed by column
chromatography, using Bio-Rad analytical
grade AG1-X8 200-400 mesh formate resin
(Calbiochem, Los Angeles, California) by
the method of Jones et al. (1960). The resin
was used directly as delivered, after the re-
moval of fine particles. The reference nucleo-
tides were obtained from Sigma Chemical
Company, St. Louis, Missouri. The eluent
was monitored continuously at 260 w.fi, us-
ing a Vanguard automatic ¢v analyzer,
Model 1056, and collected into 10-ml frac-
tions. The fractions corresponding to one
peak were pooled, adjusted to pH 2.0 with
HC1, and their concentrations determined
by reading against appropriate formate
blanks (corrected for HC1 addition) in a Hi-
tachi-Perkin-Elmer Model 139 spectropho-
tometer.

Determination of nucleosides and free bases

The effluent from the formate column,
which absorbed at 260 mu when eluted with
distilled water, v/as frozen immediately and
retained for later analysis of nucleosides,
purines and pyrimidines. These samples



were lyophilized to reduce their volume.
Aliquots corresponding to 5-10 g of oyster
were analyzed by the method of Jones
(i960), using the chloride analytical grade
AG1-X8 200-400 mesh (Calbiochem, Los
Angeles. California).

The concentration of the individual com-
pounds was determined by pooling the frac-
tions corresponding to one peak and read-
ing directly vs a proper effluent blank, using
a Model 139 Hitachi-Perkin-Elmer or a
Beckman DB spectrophotometer. Inosine and
guanosine eluted superimposed. Their con-
centrations were determined by reading this
peak at 251 and 275 m”i and using simul-
taneous equations. The molecular absorb-
ancy indices used were those reported by
Beaven et al., (1955).

Methods used in the confirmation of
nucleotides and nucleosides

The samples were concentrated under vac-
uum in a rotary evaporator to remove for-
mic acid and ammonium formate. Alter-
natively, they were concentrated by lyophi-
lizing under an infrared source (Hurlbert
et ah, 1954) for removal of formic acid or
ammonium formate. The samples containing
excessive amounts of ammonium formate
were treated with activated carbon (Bad-
diley et ah, (1956).

The UV spectra were determined with a
Beckman DK or DB spectrophotometer and
compared with published spectra (Circular
O R-10, Pabst Laboratories). The spectra of
nucleosides and bases were read against a
corresponding effluent blank from the chlo-
ride ion exchange column. AIll nucleotide
peaks obtained from the ion exchange col-
umns were confirmed by chromatography on
paper and thin-layer plates. Whatman No. 1
paper was used in the solvent systems de-
scribed in Circular OR-10, Pabst Laborato-
ries, and thin-layer plates, using a tertiary
amylalcohol-formic acid-water solvent sys-
tem (Randerath, 1963).

Identification of adenosine, inosine,
and guanosine

The fractions absorbing at 260 m,u which
were not retained by the formate or chloride
columns were concentrated. The samples
were spotted on Whatman No. 1 filter pa-
per and developed, using a normal butanol-
glacial acetic acid-water (100:22:50) solvent
system (Ammann et ah, 1964).

Adenosine was detected by spraying with
a solution of 0.25 g of mercuric acetate dis-
solved in 100 ml of 95% ethanol contain-
ing 0.6 ml of glacial acetic acid, and a solu-
tion of 0.05 g diphenyl carbazone dissolved
in 95% ethanol. (Ammann et ah. 1964).
This method was sensitive and effective for
the detection of 10 fig of adenosine. In addi-
tion, the fractions were analyzed for ade-
nine compounds by the colorimetric method
of Davis et ah (1963).

The combined inosine and guanosine
peaks eluted from the chloride column were
hydrolyzed by the method of Kalckar et ah,
(1947). HC1 was substituted for Hi-SO.,.
The acid was removed from the sample by
placing it in an evaporating dish over pellets
of NaOH in a vacuum desiccator. The hy-
drolyzed sample was chromatographed on
the nucleoside column to separate the gua-
nine and hypoxanthine products.
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Chromatography of sugars

Paper chromatography for the identifica-
tion of sugars was essentially that of Jermyn
et ah (1949). The samples were spotted on
Whatman No. 1 paper and developed, using
an ethyl acetate-water-pyridine (2/2/1) sol-
vent system. The chromatograms were dried
overnight. The sugars were detected by
spraying with a reagent prepared by dissolv-
ing 0.5 g of benzidine in 10 ml of acetic
acid and adding 10 ml of 40% (w/v) aque-
ous trichloroacetic acid and 80 ml of eth-
anol (Bacon et ah, 1951), and then heating
the chromatogram for 5 min in an oven at
100°C.

Studies of the structure of the compound
absorbing at 320

Amino groups were estimated by the nin-
hydrin method (Block et ah, 1956). Peptide
groups were estimated by the biuret method
(Hawk et ah, 1949). Phosphorus was de-
termined by the method of Fiske et ah (1925)
after of the samples (LePage,
1957).

The fraction containing the 320 m” peak
was hydrolyzed with 2 and 0.1 N HC1 at
100°C for 15, 30, 60 and 240 min. The hy-
drolysates were analyzed for sugar as de-
scribed above, after the HC1 was removed
by evaporation under vacuum.

hydrolysis

RESULTS

A COMPOUND having a maximum ab-
sorbancy at 320 (pH 2, 7 and 12) was
eluted from the formate column (Jones
et ah. 1960) between fractions 1 and 50.
The elution peak for this fraction varied.
When the nucleosides increased (samples
held in ice over 4 days) these peaks were
superimposed. This compound was pres-
ent in all the samples of oyster meats.
Fractions containing this peak were iso-
lated and rechromatographed on the for-
mate column, using only distilled water
for elution. In some samples it was pos-
sible to separate this compound from the
nucleosides and bases, using this proce-
dure. In these cases, the fractions con-
taining the unidentified compound were
combined and lyophilized to reduce the
volume and were used for spectrophoto-
metric study. Hydrolysis in 1.5 N HC1 for
15 min at 100°C shifted the maximum
absorbancy to 328 m”. Hydrolysis in 2 N
NaOH for 15 min at 100°C destroyed all
absorption. However, these results could
not always be duplicated.

Qualitative tests for phosphate and
biuret were negative, and the ninhydrin
test for amino groups was strongly posi-
tive. No amino sugars or other sugars
could be detected by paper chromatogra-
phy. The unknown compound could be
dialyzed through 18/32 Visking tubing,
suggesting a low molecular weight. Fur-
ther testing is necessary before identifica-
tion is possible.

GDPM was identified on the basis of
the following criteria: It eluted from the
nucleotide column similarly to com-

mercially obtained GDPM. Maximum ab-
sorption at pH 2 was 255 m”. When hy-
drolyzed for 15 min at 100°C in 0.01 N
HC1 (Cabib et al., 1954), it yielded GDP
(column chromatography) and a spot at
the position of mannose (paper chroma-
tography).

Nucleosides and free bases eluted from
the chloride column in fractions differing
from those described for the same system
by Jones (1960). Routinely, the peaks
eluted 20 fractions (100 ml) later than
described. This shifted pattern of elution
did not affect the recovery or the resolu-
tion of the system. The inosine and guano-
sine peaks were superimposed and were
hydrolyzed and rechromatographed, yield-
ing hypoxanthine and guanine, thus con-
firming the presence of their correspond-
ing nucleosides.

The fraction not retained by either the
formate or chloride column was chro-
matographed on paper and no adenosine
was found. Colorimetric determmations
for adenine containing compounds were
negative. There were no further attempts
to identify compounds contained in this
fraction.

DISCUSSION

IN MOST WESTERN countries only the
skeletal muscle of fish and selected parts
of marine mollusks are considered edible.
The overall nucleotide composition and
the accumulation of their breakdown
products were studied in the whole oyster,
since they are generally consumed in this
form and these changes would affect their
eating quality. Comparing post-mortem
changes in oysters with similar events oc-
curring in the edible portions of other
marine animals, oysters present a more
complex system, since their edible por-
tions include organs, muscle, glands and
stomach contents.

The concentrations of nucleotides
found in oyster tissues are low as com-
pared to fish muscle or to any of the
several marine invertebrates reported by
Arai (1966a). The values found are con-
siderably higher than those reported by
Wylie et al. (1964). The latter authors
recognized that nucleotides are incom-
pletely extracted by ethanol and acknowl-
edge that there would be low recovery
using their chromatographic technique.

The nucleotide concentrations found in
summer seem to be somewhat higher than
in winter (Table 1). This difference is due
to the summer rise of energy-rich adeno-
sine nucleotides, perhaps in the gonadal
tissue. The adductor muscle tissue was
lower in nucleotides than the correspond-
ing dark tissues (Table 2).

No UDPG or any other nucleotide
glucose derivative, known intermediates
in glycogen synthesis, were found in any
of the samples analyzed. This finding is
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Table 1—Nucleotides in whole oyster
meats—seasonal effects of sexual develop-
ment (¢¢moles/g meat).

Summer,
Full sexual
development

Winter,
no sexual
development

ATP 0.68 0.55
ADP 0.96 0.67
AMP 0.50 0.26
IMP 0.26 0.12
GTP tr 0.06
GDP tr 0.18
GMP 0.10 0.07
GDPM 0.34 0.32
UTP 0.03 0.10

Total 2.87 2.33

ir = trace.

similar to that reported by Wylie et al.
(1964).

The only uridine nucleotide found was
UTP. Neither UDP nor UMP, expected
intermediates in the dephosphorylation of
UTP, was found despite repeated attempts
to identify these intermediates. Significant
amounts of uracil detected in oyster meats

Table 2—Nucleotides on oyster meats—
distribution between adductor muscle and
remaining tissues ("moles/g meat).

Adductor Remaining

Whole muscle tissue

ATP 0.55 0.16 un
ADP 0.67 0.71 0.68
AMP 0.26 0.50 0.23
IMP 0.12 0.17 0.12
GTP 0.06 tr 0.17
GDP 0.18 tr 0.17
GMP 0.07 0.07 0.06
GDPM 0.32 0.03 0.21
UTP 0.10 ND ND
Total 2.33 1.64 2.75

ND = not detected,
tr = trace.

stored in icc for even one day (Table 3)
suggests that the complete degradation of
UTP to uracil occurs very quickly. The
concentrations of uracil during the latter
part of storage exceed the levels expected
from the original concentration of UTP.
At present, there is no reasonable explana-
tion for this increase.

Table 3—Concentration of nucleotides and nucleosides (Mmoles/g).

Controls 0

Unirradiated

ATP 0.68
ADP 0.96
AMP 0.50
IMP 0.26
GTP tr
GDP tr
GMP 0.10
GDPM 0.34
UTP 0.03
Total nucleotides 2.87
Inosine tr
Hypoxanthine 0.11
Guanosine 0.11
Guanine tr
Uracil 0.04
Total nucleosides &

free bases 0.26

Total 3.13

Recovery as % of

initial concentration 100

Irradiated 2 Mr

ATP 0.68
ADP 0.96
AMP 0.50
IMP 0.26
GTP tr
GDP tr
GMP 0.10
GDPM 0.34
UTP 0.03
Total nucleotides 2.87
Inosine tr
Hypoxanthine 0.11
Guanosine 0.11
Guanine tr
Uracil 0.04
Total nucleosides &

free bases 0.26

Total 3.13

Recovery as %

of initial concentrations 100

Days in iccl
1 2 4 7
tr ND ND ND
0.25 0.22 0.18 0.08
0.83 0.52 0.10 0.09
1.04 1.26 1.23 151
ND ND ND ND
0.05 tr ND ND
0.24 0.15 0.11 0.10
ND ND ND ND
ND ND ND ND
2.41 2.15 1.62 1.78
0.03 tr 0.20 0.12
0.17 0.40 0.32 0.16
0.29 0. 17 0.23 0.23
ND ND tr tr
0.11 0.04 0.22 0.13
0.60 0.61 0.97 0.64
3.01 2.76 2.59 2.42
96 88 83 77
ND ND ND ND
0.27 0. 14 0.30 0.15
1.19 0.60 0.15 0.16
1.30 1.38 1.34 1.41
ND ND ND ND
ND ND ND ND
0.10 0.12 0.09 0.08
ND ND ND ND
ND ND ND ND
2.86 2.24 1.88 1.80
0.16 0.49 0.66 0.29
0.02 0.16 0.18 0.62
0.29 0.38 0.20 0.53
tr 0.05 0.06 tr
tr 0.08 0.07 0.12
0.47 1.16 1.17 1.56
3.33 3.40 3.05 3.36
106 108 98 107

1Pooled samples representing 3-5 shucked Oysters,

tr = trace; ND = not detected.

The adenine nucleotides were cephos-
phorylated and deaminated rapidly to
IMP. In contrast, IMP disappears very
slowly from oyster tissues (Table 3). This
indicates a slow action of the oyster
5'-nucleotidases when compared with the
rates of IMP disappearance from fish
muscle in ice.

This pattern of breakdown differs from
that proposed by Arai (1966a,b,c) for
several other marine invertebrates which
show little or no accumulation of IMP
due to the low adenylic acid deaminase
activity in their muscles. Furthermore, no
adenosine was found in the oyster meats
at any time during storage. The formation
of this nucleoside via the déphosphoryla-
tion of AMP does not seem to occur in
oyster tissues.

The changes in nucleotide composition
of oyster meats during ice storage (Table
3) were not affected significantly by ir-
radiation at 2 mrads. This leads to the
conclusion that neither the nucleotides
themselves nor the enzyme systems re-
sponsible for their post-mortem catabo-

15 20 35
ND ND ND
0.12 0.08 0.08
0.14 0.11 0.08
1.02 0.67 0.64
ND ND ND
ND ND ND
0.10 tr 0.1
ND ND ND
ND ND N D
1.38 0.86 0.91
0.34 0.58 tr
0.27 0.37 0.23
0.43 0.58 0.86
tr ND 0.06
0 09 0.07 0.12
1.13 1.60 1.27
2,51 2.46 2.18
80 75 70
ND ND ND
0.14 0.14 0.07
0.18 0.11 0.08
0.99 0.57 0.39
ND ND ND
ND ND ND
0.10 tr tr
ND ND ND
ND ND ND
1.41 0.82 0.54
0.10 0.17 0.09
0.24 0.33 0.67
0.87 1.34 1.16
tr tr tr
0.16 0.33 0.39
1.37 2.17 2.31
2.78 2.99 2.85
89 96 91



lism were affected by this level of radia-
tion. Lower doses of radiation would not
seem to affect these same systems. These
findings are similar to results obtained
with fish (Guardia et al., 1965).

The recovery of nucleotides, nucleo-
sides and free bases originally present did
not decrease for the irradiated samples
throughout the storage period, but de-
creased steadily for the unirradiated sam-
ples (Table 3). There were no differences
in the concentration of nucleotides them-
selves between the irradiated and unir-
radiated samples during 20 days’ storage
in ice. The decline in the total amount of
nucleotides, nucleosides, and free bases
in the unirradiated samples was probably
due to utilization of nucleosides and free
bases by bacteria, which were present in
very high numbers (more than 10° per g)

(Chung and Dollar, 1965, unpublished
data. College of Fisheries, Univ. of
W ash.).

Guanosine accumulated rapidly with

simultaneous reduction in the amounts of
hypoxanthine and inosine in both irradi-
ated and unirradiated samples through 15
days of storage. The concentrations of
guanosine exceeded the combined con-
centrations of all guanine-containing nu-
cleotides in the freshly shucked oyster.
Thus, based on stoichiometric relations,
the formation of guanosine cannot be
limited to the breakdown to guanine-con-
taining nucleotides.

The absence of a proportional increase
in other purine or pyrimidine-based com-
pounds suggests that degradation of ribo-
nucleic acid cannot be responsible for the
increased levels of guanosine. Probably
guanosine was formed from hypoxan-
thine-containing compounds through en-
dogenous oxidation and amination. These
systems are known to be present in mam -
malian tissues and have been suggested
as responsible for the accumulation of
guanine in ice-stored cod and plaice mus-
cle, where equivalent concentrations of
the corresponding guanine nucleotides
were not found (Kassemsarn et al.,, 1963).

The variable hypoxanthine concentra-
tions found during ice storage rule out the
feasibility of using this compound as a
quality index for either irradiated or un-
irradiated oysters.

Nishita et al., (1966) have reported the
presence in abalone muscle of unidentified
substances which show the absorption
maximum at about 330 m”. These sub-
stances eluted with the initial water efflu-
ent from the formate Dowex 1 column,
as did the fraction from the oyster extract
which absorbed strongly at 320 mA.. This

PASTEURIZATION OF OYSTERS:

interesting similarity deserves closer study.

The concentrations of IMP and GMP
in oyster tissues during early storage were
considerably above their reported thresh-
old levels for organoleptic detection
(Kuninaka et al, 1964; Shimazono.
1964). They could contribute significantly
to the flavor of fresh oysters. W ater solu-
tions of GMP have been described by
some organoleptic panel members as hav-
ing an “oyster-like" flavor. Halibut mus-
cle, in which significant amounts of GMP
have been found, is sometimes said to
have a “shellfish-like” taste.
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INTRODUCTION

THE USE of vapor phase sterilants dates
back to the late 1800’s when such gases
as formaldehyde and sulfur dioxide were
used to fumigate sick rooms. This practice
was discontinued due to an apparent lack
of effectiveness and not until recently
(over approximately the last 30 years)
has renewed interest occurred in the use
of vapor phase sterilization. This interest
has risen primarily from the needs of
the food, agricultural, medical and space
industries for methods of sterilizing items
that cannot be subjected to excessive heat,
liguid chemical sterilization or radiation.
Since sterilization with chemicals in the
vapor phase may be carried out at rela-
tively low temperatures and moisture
levels and because most sterilants can
diffuse through plastics, paper or fabric,
and are easily removed, the use of this
method offers advantages not afforded by
other means of sterilization.

Of the many vapor sterilants, ethylene
oxide meets many of the requirements
for an ideal gas sterilant. The chief dis-

advantage of flammability is overcome by
dilution with inert gases such as carbon
dioxide, nitrogen and chlorofluorohydro-
carbons.

Most of the work involved with defining
ethylene oxide sterilization parameters has
been with resistant spore forming bac-
teria such as Bacillus subtilis and Clos-
tridium botulinum. This paper deals with
resistance parameters for a select group
of organisms of lower resistance. This
group contains representatives of those
most significant in the spoilage of either

aPresent Address: Beech-Nut Life Savers, Inc.
Port Chester!\ij %(o

Aspergillus niger, ve
;rews Leuconostcc mesenteroides, Hanse uI

s exose toamlx reo e
nP Suregw a e of organisms deposit
at|v hu 0° ressu e tg 0qlve é; Esr
gtermine fo characterize t e r S|stance of each organism
ermined

. cerevisiae,dll

fnan tﬁe vegetgtl e ce g
A niger was the most re5|stant 0 t € three.

nomala

Saccharom ces C%{ VISIae
ene oxide 5 lupro

312% %0? er scs
éﬂero etgﬁ e oxide.

The resi é|sg a}%’%

organism were apprOX|mate
?entemldea or, L. brevis.
|ospore&% A niger Qisplayed non-

or,spores of B. coagulans.
ores 0 ?

acid foods (pH 4.0-4.5)
acid foods (pH less than 4.0), (Sturnbo,
1965). Though the group has received
far less attention than more resistant or-
ganisms, Kirby et al. (1936), Whelton et
al. (1946) and Rauscher et al. (1957) re-
ported the effectiveness of ethylene oxide
against various yeastsj molds and vegeta-
tive cells of several species of bacteria. It
was thought that further work to define
more closely the resistance parameters of
members of the group would greatly aid
in the establishment of procedures for the
sterilization of containers and equipment
to be used in conjunction with aseptic
packaging of foods with pH wvalues
below 4.5.

or most high-

MATERIALS & METHODS

Microorganisms

Selected for study were Bacillus coagulans
(var. thermoacidurans) ATCC 8038, Lacto-
bacillus brevis ATCC 83057, Leuconostoc

>

rcentage of mature spores (approximately
Eﬁ was evident. (Approximately 48 hr
was required to obtain maximum sporula-
tion.) Growth was then removed from each
bottle with 2 ml of cold sterile distilled
water. Washings so obtained were combined
as they were filtered through sterile cheese
cloth into a sterile polyethylene centrifuge
tube. The filtered culture was stored over-
night at 4°C.

After refrigeration, the crude suspension
was washed four times with cold sterile dis-
tilled water. It was centrifuged between
washings at abcut 1000 G for 5 min. each
time the supernatant being discarded and the
cells resuspended in 20 ml of cold sterile dis-
tilled water. The viable count of the suspen-
sion was adjusted to approximately 10" spores
per ml with sterile distilled water and the
suspension stored at 4°C. To prepare a test
spore suspension, 1 ml of the thoroughly
agitated stock suspension was placed in 9 ml
of sterile distilled water and heated for 10
min at 80°C in order to kill vegetative cells
and activate the spores for germination. The
test suspension contained approximately 10s
spores per ml.

L. mesenteroides and L. brevis. For each
organism, a 50-ml quantity of lactic broth
in a 250-ml cotton-plugged Erlenmeyer flask
was inoculated and incubated for 20 hr at
30°C. At the end of the incubation period
the lactic broth culture was placed in a
sterile 50 ml centrifuge tube. The cells were
washed four times. Each time the suspension
was centrifuged at about 7710 G for 5 min,
the supernatant discarded and the cells re-
suspended in 10 ml of sterile M/10 phos-
phate buffer. After the final washing the cells
were suspended in 50 ml of sterile M/10

mesenteroides ATCC 83060, Aspergillus phosphate buffer. The test suspension con-
niger, Saccharomyces cerevisiae (var. tetra- tained approximately 107 cells per ml. This
sporus) and Hansenula anomala. procedure was repeated prior to each series
. i of exposures.
Preparation of test suspensions A. niger conidiospores. 50 ml of tryptone
B. coagulans. A 50-ml quantity of thermo-glucose yeast extract broth in a 250-ml cot-

acidurans broth in a cotton-plugged Erlen-
meyer flask was inoculated and incubated
for 18 hr at 45°C. Following incubation, a
10-ml quantity of the culture was aseptically
removed and placed in a sterile screw-capped
test tube, heated in a water bath at 80°C for
10 min and cooled rapidly to room tempera-
ture with cold tap water. 1 ml of the culture
was then aseptically transferred to each of
several screw-capped bottle slants (150 ml
capacity containing 50 ml of thermo-
acidurans agar with 10 ppm added man-
ganous sulfate) and spread evenly over the
surfaces of the agar. The inoculated bottle
slants were incubated at 45°C until a high

26— JOURNAL OF FOOD SCIENCE— Volume 35 (1970)

ton-plugged Erlenmeyer flask was inoculated
and incubated for 5 days at 30°C. The spent
broth was then discarded leaving the mat of
growth intact. 10 ml of a 0.01% solution of
sodium lauryl sulfate were added and the
flask agitated to separate the condiospores
from the mat. The crude conidiospore sus-
pension was then placed in a sterile 50 ml
centrifuge tube and washed four times. Each
time the suspension was centrifuged at about
7710 G for 5 min, the supernatant discarded
and the cells resuspended in sterile distilled
water. The final suspension was diluted to a
concentration of approximately 107 cells per
ml as determined using a Petroff-Hauser



counting chamber. This procedure was re-
peated prior to each series of exposures.

S. cerevisiae and H.
plates were streaked with a small amount of
culture suspended in 1 ml of sterile distilled
water. The inoculated plates were incubated
at 30°C for 24 hr. After incubation, growth
was removed from each plate with approxi-
mately 10 ml of cold sterile M/10 phosphate
buffer and combined in a sterile 50 ml cen-
trifuge tube. The yeast cells were washed
four times. Each time the suspension was
centrifuged at about 7710 G for 5 min, the
supernatant discarded and the cells resus-
pended in 10 ml of cold sterile M /10 phos-
phate buffer. The suspension was then
syringed vigorously five times through a
number 23 hypodermic needle to break up
clumps of cells. The resulting suspension
was diluted with M /10 phosphate buffer to
give approximately 107 cells per ml as de-
termined using a Petroff-Hauser counting
chamber. This procedure was repeated prior
to each series of exposures.

Preparation of inoculated discs

Pyrex glass discs (1 cm diameter and 1
mm thick) and circular paper discs (1 cm
diameter) placed on other of the glass discs
served as the two carriers for the test sus-
pensions. The discs were sterilized in Petri
dishes and dried at 55°C. Each disc was then
inoculated with 0.01 ml of the test suspen-
sion.

Exposure system

The apparatus and gases used for exposure
were the same as described by LIU et al.
(1968). The apparatus consisted of three
stainless steel anaerobic jars contained in
thermostatically controlled baths.

Exposure conditions

All organisms were exposed to a mixture
of ethylene oxide (12%) and dichlorodi-
fluoromethane (88%) at 33% R. H., 30°C
and a pressure to give 700 mg of ethylene
oxide per liter of exposure atmosphere. B.
coagulans spores were also exposed at 40°,
50° and 60°C. The accuracy of exposure
conditions were discussed by LIU et al
(1968).

Exposure procedures

Discs inoculated with test suspensions con-
taining 5. cerevisiae, H. anomala, L. brevis or
L. mesenteroides were exposed immediately
after inoculating. Those discs inoculated with
spores of B. coagulans or A. niger were
allowed to equilibrate at about 33% R.H. for
18 hr prior to exposing. A desiccator con-
taining a beaker of saturated magnesium
chloride solution served as the equilibrating
chamber. Small beakers of saturated mag-
nesium chloride solution were also placed in-
side each petri dish and the desiccator cooled
to 4°C to prevent spore germination. The
following procedure was used in exposing the
inoculated discs:

1) The water and oil baths were adjusted
to the desired temperature. Adjustment re-
quired at least 1 hr prior to the beginning of
an exposure.

2) The heating tape, surrounding connect-
ing lines and controlled by a thermal regu-
lator, was turned on V. hr prior to the be-
ginning of an exposure.

anomala. Wort agar
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Table —Summary of media and conditions used to determine viable count of survivors.

Media and L brevisand H. anomdlaand
Conditions B aoeglars L. meserierddes S cevsee A nger
Media Thermoacidurans Lactic agar Wort agar Orange serum
agar agar
Incubation time  4C-48 hr 72 hr 48 hr 36 hr
Incubation 45°C 30°C 30°C 30°C
temperature
Dilution fluid Distilled H'O, (10 ml Lactic broth 0.1 Mphosphate 001 % sodium
blanks contained buffer lauryl sulfate

1% Darvan
No. 1)1

1Used as a dispersing agent.

3) When the baths were controlled at the
desired temperatures, the entire system was
evacuated to approximately 30 in. Hg with a
vacuum pump.

4) Carbon dioxide was introduced into the
system to a pressure of 15 psig. The system
was again evacuated. This procedure was
repeated three times to remove moisture that
might have collected inside the apparatus.

5) The preconditioning chambers were then
separately evacuated to approximately 30 in.
Hg. The sterilant gas was introduced into
these chambers until the pressure was 15
psig. The chambers were then sealed from
the rest of the system.

6) The exposure chamber lid was removed
and a petri dish containing the inoculated
discs was placed inside the chamber on an
inverted glass beaker serving as a stand. The
Petri dish cover was then removed and the
exposure chamber lid replaced.

7) The exposure chamber was evacuated
to about 29 in. Hg.

8) Sufficient sterile distilled water was in-
troduced into the exposure chamber, by
means of a syringe through a rubber septum
on the inlet line, to maintain a relative hu-
midity of 30-35% throughout the exposure
period. The relative humidity in the exposure
chamber was checked by means of an elec-
tric hygrometer.

9) The sterilant gas was allowed to pas

from the preconditioning chambers into the
exposure chamber until a pressure was
reached that corresponded to 700 mg of
ethylene oxide per L under the conditions of
the test. Timing of the exposure period was
then started.

10) During the exposure period, the pre-
conditioning chambers were refilled with the
sterilant gas to a pressure of 15 psig.

11) At the end of the exposure period
pressure was relieved by means of a water
aspirator.

12) The exposure chamber lid was re-
moved and the discs were taken out.

Determination of survivors

After exposure the discs were immediately
placed in individual 10 ml dilution blanks.
The dilution pour-plate technique was used
to determine the number of survivors of all
organisms. Media and conditions used for
each organism are presented in Table 1
With the exception of B. coagulans, diluting
and plating was conducted immediately after
the discs were exposed. (The 10 ml dilution

blanks containing discs from B. coagulans

exposures were held overnight at 4°C prior
to dilution and plating.)

All 10 ml dilution blanks into which the
exposed paper discs were initially placed also
contained three sterile glass discs. These
blanks containing the discs were agitated
(usually 15-30 sec) at maximum speed on a
shaker until the paper discs were pulverized.
This technique was used to release cells en-
trapped in the paper. AIll 10 ml dilution
blanks into which the exposed glass discs
(without paper discs) were initially placed
were shaken at maximum speed for 15 sec.
Dilutions were then made from the 10 ml
blanks and plated in triplicate (using the ap-
propriate agar) and the plates incubated at
the designed temperatures and times. A so-
dium lauryl sulfate solution was used as the
diluting fluid for discs containing A. niger
conidiospores to aid in dispersing any cells
in clumps.

RESULTS & DISCUSSION
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as much as 200,000 times more than that
of L. brevis or L. mesenteroides.
Survivor curves for M, cinomala, S. cere-
visiae and A. niger (Figs. 5-7) were not
straight lines. Hiatt (1964) generalized
the reasons for such departures as due
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either to heterogeneity of the microorga-
nisms or to factors operating during the
reaction causing death. It has been re-
ported (Church et al., 1956) that the
spores of some aerobic bacilli are hetero-
geneous with respect to ethylene oxide rc-

6.0+

Glass o
Paper -

Log Number Survivors

2.0

1.0 T T T
[0} | 2 3 4

EXPOSURE TIME IN MINUTES

4—SurV| é)r curves for L brevis, 0N
%asf and PQ@% Iscs, exposed to the Steri-

o~

sistance. The shape of these three sets of
curves indicate deviations were not due
to heterogeneity of the organisms. If the
organisms were heterogeneous with re-
spect to ethylene oxide resistance the first
portion of a curve would recede compara-
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tively rapidly, indicating death of the
lower resistance cells, followed by a
flatter portion of the curve indicating

death of the higher resistance cells.
Several possibilités for non-logarithmic
nature of the curves can be postulated
from the data, e.g.: (1) a complex reac-
tion, i.e., other than first order, is re-
sponsible for death of the organism; (2)
cumulative damage to a sensitive site or
sites within the cell was required to cause
death of the organisms; (3) the lag or in-
duction period evident in each of the
curves indicated a sterilant gas penetra-
tion time to reach the sensitive site or
sites within the cell. Additional data will
be required to determine the true cause of
the noted deviations from straight lines.
The type of carrier material has an
effect on the resistance of L. mesenie-
roides, L. brevis and B. coagulans. The
resistance of B. coagulans deposited on
glass was greater. It has been theorized
(Phillips et al., 1949) that when suspen-
sions of microorganisms are desiccated,
hard crusts are formed, thicker crusts
being formed on impervious surfaces and
thinner crusts on surfaces of absorbent
materials. This would account for the
greater resistance on glass of B. coagulans,
as spores buried under thicker crusts
would be more protected from the steri-

lant gas.
The opposite was evident with L.
brevis and L. mesenteroides, i.e., cells

deposited on paper had the greater re-
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sistance. Since these discs were not pre-
conditioned, exposures of microorganisms
were actually of 0.01 ml suspensions.
Thus either or both of the following could
account for such an effect (1) a greater
concentration of sterilant gas was present
in the small bubble on the glass due to its
solubility, thereby resulting in greater
killing or (2) the paper offered some
protection for those cells below the sur-
face resulting in a greater number of sur-
vivors for equal exposure times. No ten-
dency toward greater resistance on either
carrier was evident for those organisms
displaying nonlogarithmic death.

Spores of B. coagulans were the most
resistant of the organisms studied. Com-
pared to spores of other bacteria tested
under similar conditions, B. coagulans
spores were more resistant than spores of
P. A. 3679 (Haurand, 1966) but less re-
sistant than spores of either B. subtilis
(L1U, et ah, 1968) or C. botulinum, Type
A (Kuzminski, 1967). In order to assess
the relative resistance of B. coagulans at
various temperatures. D values were also
determined at 40°, 50° and 60°C. The
log of these D values were plotted against
exposure temperatures to obtain the ther-
mochemical destruction curves in Figure
8. The straight lines of best fit were again
determined by the least squares method
and the z values, or number of deg
Fahrenheit required for these curves to
transverse one log cycle, were deter-
mined from the regression coefficients.

1.3
Glass e
12 Paper +
[
1.0+
2 o9
>
o «Z=83.3°F
s 089
3 o
0.6
054 Y
04— — : ;
86 104 122 140
EXPOSURE  TEMPERATURE °F
— Thermochemical destrucllion
spore dSS

HI 0 B. coagulan
paper, expose to the Sterilant gas.

REFERENCES

Church, B.C., Halvorson, H. and Ramsey, D.,
1956, Population hetero enity in the re-

astarjce ot erot()J orgs to th&leite 0X-
Haurand CL 1966 In t%p nce of nature of cul-
ture and subculture media on resistance of

79 sp oreﬁ to e%hyene oxide. Master's

Hi ttTh(%SBWSmV OfK ti th tivati
a INetics O e inactivation
ologcal 5 28 0

ofvnuses og
G.W., Atkins, L, and Fre
cent pro ress |n e" an mold control.

Kuzminski, LN B&U %(Id(iath kmettcs f

spores 0
%ﬁ)dsure a d|ch|0rod|f|uor8methane
et ylene OXI e _mixture at elevate tempera-
ures Ph.D. Dissertation, Univ. of Mass.

1

LIU. S Howard Gloria L. and Stumbo. C.R.,
1968, D|ch|0r0d|lu0rotpethane thylene ox-
|de mtxture as a sterilant as_elevated tem-

peratures. Food Te ogp( 68.

Phillips, CR 1952. The stefllizing action of
aSeous e11h lene ordde [X. Relative re-
istance of Dacterial spores an

vegetative
bacterta to d5|5|nfectants Bactenol gczaltf71
and Kaye, S, 1949. Th ster|||z-
b t oot

Phl”lﬁ]g ac_ﬁqg f] as OUS ene OXI Re-
IEW

Rauscher H.  Mayr. r' H..
hyl ney OXId foggco?d stertltzatton
Stumbo. C.R.. 1965 "Thermobacterlology in
Food Prgce%ssséng Academic Press,” New
. Pp,
Whelt Phaff Mra M., an
orh C D, 1946 Control o§ mE:rowaog?—
cal fo 0| ge b fumtgatlon with epox-
Ms. recetv 25 69 accepted 1/9/70

h|s |nv tigation was supported in part b
Publ (ﬁ] %erwce Researgﬁ Grant U|p00092y
06 f rom ational Center for Urba d In-
gu tﬁa Hea It was also su orte art
y the Glass Container Manuf act rers Insttt te.



Department of Food Technology,

Ity

SUMMARY— The inhibitory effects of Pseudomonas on selected Salmonella and poultry
isolates were investigated. Two methods of demonstration of the inhibitory effects were
used. A perpendicular streak technique was used as a preliminary screening procedure
to determine relative degrees of inhibition exhibited by known strains of Pseudomonas
against sensitive Salmonella and known organisms isolated from poultry. Spectropho-
tometric analysis was also used to measure inhibitory activity produced by different
concentrations of filtrates from Pseudomonas cultures against sensitive organisms.

Inhibition of sensitive organisms was more pronounced with agar plates than with
cell density methods which employed broth. The production of pigment appeared to be
related to the ability of different Pseudomonas cultures to produce inhibition.
tration of sensitive cells did not appear to be a limiting factor, since inhibition was
demonstrable at both high and low levels of inocula. Pseudomonas strains were
hibitory to strains of Salmonella, Staphylococcus, Escherichia and Streptococcus.

None of the inhibitory strains of Pseudomonas isolated from poultry were mutually
repressive. However, one strain of Pseudomonas aeruginosa not isolated from poultry
did cause inhibition of growth of all of the Pseudomonas isolated from poultry. The
public health significance of this work in relation to potential pathogens on processed
poultry is discussed.
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Table I—Combinations of components used in spectrophotometric analyses.

Buffer in
Culture BHI Butler controll Filtrate Filtrate
Tube (ml) (ml) (L ml) (ml) (ml) (%)
1 0.1 1.9 — 0.1 8.0 80
2 0.1 1.9 1.0 11 7.0 70
3 0.1 1.9 2.0 2.1 6.0 60
4 0.1 1.9 3.0 3.1 5.0 50
5 0.1 1.9 4.0 4.1 4.0 40
6 0.1 1.9 5.0 5.1 3.0 30
7 0.1 1.9 6.0 6.1 2.0 20
8 0.1 1.9 7.0 7.1 1.0 10
Control = tube minus inoculum

30— JOURNAL OF FOOD SCIENCE— Volume 35 (1970)

Hiedts of Psaudomoes an Hedso
Anodla ad Bdaa Isdaso

J. L. OBLINGER and A A. KRAFT
lowa State University, Ames, lovia 50010

fiom RoLitry

Streptococcus jaecalis (M-18), S. faecium
(7), Staphylococcus aureus (196 and 20a),
and the following Salmonella strains: S.
pullorum, S. bredeny, S. typhimurium, S.
anatum, S montevideo, S. thompson, S.
lexington, S. infantis, S. give, S. tennessee
and S. heidelberg. With the exception of s.
anatum and Staph, aureus 196, all of these
organisms were from the departmental stock
culture collection and previously isolated
from poultry products. S. anatum was ob-
tained from the Central Public Health Lab-
oratory, London, England. S. aureus 196
was obtained from M. S. Bergdoll, Univer-
sity of Wisconsin, Madison.

Survey techniques

Three techniques for the demonstration of
inhibition were employed. A perpendicular
streak metnod was used for preliminary
screening to assay for inhibitory effects of
various Pseudomonas strains against other
organisms. A streak, approximately 1 in.
wide, of the suspected inhibitory organisms
was made on brain heart infusion (BHI)
agar (Difco) anc the plates were incubated
for 48 hr at 30°C. At this time, swabs of
suspected sensitive organisms were made
perpendicularly to the original streak. The
plates were then incubated for an additional
24 hr at 30°C and the length of the resultant
clear zones adjacent to the producer growth,
indicating inhibition, were measured in cen-
timeters with a vernier caliper.

A cell density procedure was also used to
measure the inhibition of various concen-
trations of Pseudomonas filtrates against or-
ganisms previously found to be sensitive by
the perpendicular streak survey technique.
In each analysis, 0.1 ml of a 12 hr BHI
broth culture of sensitive cells was introduced
into tubes containing a combination of 0.1%
peptone (Difco) buffer, 5 strength BHI
broth (37 @g/200 ml), and Pseudomonas
filtrate. The final volume in each case was
10.0 ml per tube. Table 1 provides a de-
scription of the quantities of each component
used in the spectrcphotometric analyses.

The mixtures were read in Bausch and
Lomb cuvettes (% in. X 6 in.) at 540 nm
in a B and L Spectronic 20 colorimeter
(Bausch and Lomb, Inc., Rochester, N.Y.).
Plate counts were made on BHI agar to de-
termine numbers of sensitive cells used as
inocula. Counts were also made to deter-
mine relative degrees of growth of sensitive
cells during exposure to Pseudomonas fil-
trate.

The inhibitory effects of Pseudomonas fil-
trates were demonstrated by an additional
method. This involved the saturation of a
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RESULTS & DISCUSSION

THROUGH THE USE of the streak tech-
nique, strains of Pseudomonas were
shown to be inhibitory toward strains of
Salmonella, Staphylococcus. Streptococ-
cus and Escherichia coli. Figure 1 and
Table 2 give results obtained in a typical
experiment using the streak technique.
The diffusion of pigment produced by the
Pseudomonas strains through the agar

medium appeared to play a role in the
degree of inhibition demonstrable.

Lim-
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Table 2—Measurements (in cm) of zones of inhibition produced by Pseudomonas strains

on various bacteria.1l

Sensitive organisms Pyo Gotze
E odli b 3000 No growth
Srepfaerﬂls(M 18) Iq.90
Srep, fasaungg 0.54
Sah aras 1 1.78
Saoh areus(20a) 2.85
SHordlla typhimium 1.09
SAmordla pullorum 1.92
Ssgmml{a celberg %%g

a .
Samdla%?&me 1.49
%mﬁ{aﬁaﬁs 1.78

a thompsm 0.90
SAnondla areum 1.40
SAnordla lexdingion 1.44
SAmordla motaliceo 115

1With the exception of P. aeruginosa
were previously isolated from poultry products.

ited studies were then undertaken to de-
termine the optimum time and tempera-
ture conditions necessary for maximum
inhibition. After evaluating several com-
binations of time and temperature, it was
found that for all of the Pseudomonas
strains tested, incubation for 36-48 hr at
30°C provided maximum diffusion of pig-
ment and resultant inhibition of sensitive
organisms.

When Pseudomonas strain F-21, which
produces pigment at 30°C, but not at
37°C, was surveyed against sensitive or-

Producer Pseudomonas strains (cm)

F-21 2a 2
123 1.36 137
12 1.00 122
i3 1.25 132
111 126 136
LT6 L7 1.83
----- 113
- 1.74 133
1.02 116
123 131
091 0.80
129 1.05
0.60 118
114 118
1.45 154
114 118

(Pyo Gétze), E cdli b 3000, and SAmondllaanetum all organisms

ganisms, inhibition was not demonstrable
at the higher temperature, but was clearly
evident at the lower temperature.

Simultaneous inoculation of both in-
hibitory and sensitive organisms resulted
in the absence of any visible inhibition.
Further investigation in this area showed
that the inhibitory Pseudomonas strains
required an 18-24 hr growth advantage
before any significant zones of inhibition
were noticeable.

None of the inhibitory strains of Pseu-
domonas isolated from poultry were mu-
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tually repressive. However, Pseudomonas
aeruginosa strain Pyo Gotze not isolated
from poultry did cause inhibition of
growth of all of the Pseudomonas isolated
from poultry.

The inhibitory activity measured by cell
density methods employing Pseudomonas
culture filtrates showed that, in most
cases, a level greater than 30% filtrate
(by volume) produced marked inhibition.
Figures 2, 3 and 4 present curves for
typical turbidimetric analyses.

The inocula ranged from 10° to 10s
sensitive cells per ml. The various dilu-
tions of filtrate were maintained at pH
values of 7.2 to 7.4 in tubes 1 through 8,
so pH did not appear to be a factor in the
inhibition observed.

Inhibition was demonstrated by means
of the cell density procedures, even after
autoclaving (121°C for 15 min), with the
filtrate from P. aeruginosa (Pyo Gotze).
However, the degree of inhibition was not
as pronounced as with the filtrate not
autoclaved. It is anticipated that examina-
tion of other Pseudomonas filtrates will
yield similar results. Additional work is

Fi(rr 3—Intt)rbrtron of salmonella pullorum by Various
Pseudomonas fluorescens

C?[B

needed to determine if the fluorescent pig-,
ment produced by pseudomonads is in-
hibitory per se. Purification and concen-
tration procedures are desirable before the
nature of the inhibitory substance may be
exactly determined. Lx

Preliminary studies of the nature of the
component(s) responsible for inhibition
indicate that the inhibitory material docs
not appear to be protein in nature; in-
frared and ultraviolet spectral analyses
failed to demonstrate protein. Also, no
precipitate was obtained upon treatment
of the filtrate with ammonium sulfate (to
saturation). Biuret determinations were
also negative. Electrophoresis of concen-
trated (20x) filtrate showed migration
toward the anode but no typical protein
reaction upon staining overnight.

Further investigations of the properties
of the filtrate are in progress.

The antibacterial activity exhibited by
various Pseudomonas isolated from poul-
try and from other sources in this study
may help in understanding the mecha-
nisms whereby development of potential
pathogens is suppressed. Additional work

IZby VO

4 5 6 14 8
HOURS INCUBATED AT 30 C

?tap IoFoccus aureus (20a) by V?EB

Ume) O Pseudomonas fluorescens

will be directed toward public health im-
plications in poultry processing and uti-
lization.
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in the range 5.3 to 6.8 with M HC1 and M
NaOH before the pigments were converted
to 100 or 0% metmyoglobin.

Gaseous atmospheres

A continuous flow of air or nitrogen
(both containing 10% carbon dioxide),
maintained at a relative humidity of 99.3%
by bubbling through towers containing
0.2M sodium chloride solution, was passed
through the container holding the samples.
The whole system was sterilized before use.
Microbial contaminants in incoming gases
were removed by passing the gases through
cotton wool plugs. Each system was stored
in a room kept at the appropriate tempera-
ture (0 or 7°C). Air controls were stored
under similar conditions. At least 9 samples
were stored in each container.

In some experiments meat slices of radius
38 mm were stored in closed, sterile, plastic
containers leaving a headspace of 18 + 1
cc. Headspace samples were removed
through sub-a-seals. A flushing arrangement
through the seal allowed the gas composi-
tion in the headspace to be adjusted at will.

Spectral analysis, gas analysis and pH

The reflectance spectra of the meat sam-
ples were recorded against a magnesium ox-
ide standard on a Hitachi Perkin-Elmer
Spectrophotometer, Model 139, with reflect-
ance attachment. The range scanned was
380 to 770 nm. After storage all samples
were exposed to air (R.H. 99.3%) for 2-
3 hr, at the storage temperature, so that any
reduced myoglobin at the surface was oxy-
genated while avoiding any detectable change
in the surface concentration of metmyoglo-
bin. Spectra of the exposed meat surfaces
were then recorded at 8 + 1° C. Samples
were contained in stainless steel cups of ap-
propriate dimensions.

Gas analyses were performed at regular
intervals using a 25V Fisher Gas Partitioner

IC Titrator and pH meter.

Heme pigment concentration was mea-
sured according to the method of Hornsey
(1956).

RESULTS & DISCUSSION

Determination of metmyoglobin at the
surface

In preliminary experiments, minced
semitendinosus samples, of known pig-
ment state and different pH values were
analyzed. In these the ratio of K/S at 572
nm to K/S at 525 nm, for 100% and 0%
metmyoglobin varied and there was
slightly better consistency in the K/S
values at 572 nm when Rv at 525 nm
was adjusted to 1.0 absorbancy units. Re-
sults obtained with several intact semi-
tendinosus samples of known pigment
state were consistent with those obtained
on minced samples.

For 18 samples the K/S values at
572 nm, after adjustment of RAto 1.0 at
525 nm, were respectively 2.41 + 0.19
(range 2.15-2.62) and 6.05 + 0.18
(range 5.80-6.30) for 100% and 0%
metmyoglobin. Assuming the linear rela-
tionship between the adjusted K/S value
at 572 nm and the percentage metmyo-
globin. it was possible to calculate met-
myoglobin as a percentage of the total
surface pigments to within 5% . The
ratio of K/S at 572 nm to K/S at 525
nm yielded values of 1.450 + 0.061 and
0.615 + 0.050 respectively for 100%
and 0% metmyoglobin, enabling the met-
myoglobin at the surface to be calculated
to within 6 or 7%.

method the adjustment technique was
used in the present study. The values ob-
tained were independent of the area of
illumination, whether the surface pre-
sented to the integrating sphere was flat,
convex or concave.

Differences in spectra due to variations
in total pigment concentrations are not
eliminated by this technique, but calcula-
tions showed that differences by a factor
of 2 in total concentration should lead to
errors within the range of those found ex-
perimentally. Pigment concentrations
were always within the range 4.6-6.9 mg
per g of wet tissue for the different mus-
cles studied.

Another error can arise from the fact
that intramuscular fat has a characteristic
spectrum. Thus it is unlikely that muscles
with different fat contents can be com-
pared by this technique, as the “pigment-
free” meats will not yield the approxi-
mately parallel reflectance curves (in
absorbancy units) that are necessary for
this method to be valid. All the spectra
determined, on meat of known pigment
state, were found to be superimposable,
to at least +4% of RA in the range 470-
650 nm, and so it would appear that vari-
ations in the fat contents of the lean mus-
cles studied were not of major importance.

In meat, oxymyoglobin and metmyo-
globin have an isoshestic point at 474 nm
(Stewart et al.,, 1965b) and all the above
arguments were found to be valid, en
abling the percent reduced myoglobin at
the surface to be determined. The ad-

justed K/S values at 474 nm were 2.00
+ 0.09 (range 1.90-2.12) and 3.88 %
0.10 (range 3.70-4.05) for

100% and

calibrated with purified gases. One tenth As errors, determined by standard de- 0% of the reduced pigment respectively.
ml samples of gas, extracted with SGE gas viations. were greater using the ratio This enables percent of reduced r.iyo-
tight syringes, were used. Average equilib-
rium concentrations are reported.
Surface pH was measured with a sur-
face electrode and Radiometer Model TTT 50¢
40t
40 [ +
2 30t
=
o~
30
. 20t
2 pH | €O, | N, | 0.
~ TM. ] GAS pHA“ L o 5_80 . J AIR
o
7C | AR 10 * 580(84t0.6/90t2|0.8t0.3
o} ¢ 7C AIR +121CQ,
, o 574 —— AIR
* O°C AR
. gC | AR +i21co o » 574 |9.0t0.2| 90t2] 0502
), A s A f
o . R R N s . N
o 2 4 6 8 10 12 14 o 4 6 8 10 12
STORAGE  TIME  (DAYS) STORAGE TIME (Davs)

Fg. 1—The §

oeffiogeap

8% co20n th?eformaﬁ of qu

t of 12
e%mdéy of addeA)C on a stet

muscie H vari

Was

2— The formation of Mb* at on sterile myscle
s atmosphere atarelatjg Tw 84»% g ﬁ
Iscontinued when unavoidab

umidity of 9

pling
e contamination occurred



globin to be determined to an accuracy of
about 5%.

Effect of storage on formation of
metmyoglobin

Figure 1 shows the change in surface
metmyoglobin concentration as a func-
tion of time for samples from the same
muscle (pH 5.58) stored in air or 12%
CO02air at0or 7°C and a R.H. 0f 99.3 %.
Figure 2 is a similar plot for samples of
two muscles (pH 5.80 and 5.74) stored

in the atmospheres indicated, at 7°C. At
0°C metmyoglobin formation in these
samples was also greater at the lower

oxygen partial pressures.

From Figure 1 it is seen that the pres-
ence of 12% carbon dioxide had negli-
gible effect upon the formation of met-
myoglobin. This was in accord with the
observation of Brooks (1933). The in-
creased oxidation found at the lower
oxygen partial pressures (Fig. 2) was in
general agreement with data obtained by
Brooks (1935) and George et al. (1952h)
with aqueous hemoglobin and myoglobin
solutions.

Figures 1 and 2 both indicate that con-
centration of metmyoglobin was virtually
constant after storage for 5 days.

When the freshly cut meat slices were
sealed in the containers, concentration of
carbon dioxide rose to between 10% and
15% while concentration of oxygen fell.
Equilibrium was established within 48 hr.
To ensure equilibrium, samples were
stored for 12 + 2 days, actual storage
time governed by practical expediency. In
a few instances pressure in the container
was reduced by removing a measured vol-
ume of gas. In one experiment, muscle
was sliced and packed in a nitrogen at-
mosphere so that the final atmosphere
consisted solely of nitrogen and carbon
dioxide.

METMYOGLOBIN FORMATION

Table 1—"Equilibrium" concentration of
metmyoglobin for different muscles after
storage in air for 12+ 2days.

“Equilibrium” percent Mb-1 at the

Surface surface

pH of the

muscle 7QC 0o

1 5.58 35+ 4 31 —5

2. 5.60 22+ 4 ISt 4

3. 5.60 2 335+ 5

4. 5.70 38+ 5 315+ 5

5. 5.74 20+ 4 22+ 4

6. 5.80 26+ 4 315+ 5
5.70 — 38.5 + 43
5.72 — 28 + 33

Av. 28.2+ 8 Av. 263 =6

1Mb: = metmyoglobin.

2 Not measured—sample contaminated.

3Values not included in the average as these
muscles were not used in the experiments reported
in Figures 3 and 4.

bin concentration and partial pressure of
oxygen, at 7 and 0°C, are summarized in
Figures 3 and 4. All values are the means
obtained for duplicate samples from the
same slice.

The lower equilibrium concentrations
of surface metmyoglobin on samples
stored in air, were independent of pH
(Table 1).

Brooks (1931) found that rate of oxi-
dation of different samples of ox-blood, at
25°C and constant pH and ionic strength,
varied greatly. The present results on
meat (Table 1) show similar differences
in that the equilibrium concentrations of
metmyoglobin vary for different samples,
the variation not appearing to be a func-
tion of pH. These differences may be ex-
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plained by differences in rate of enzymatic
reduction of metmyoglobin. Stewart et
al. (1965b) have shown that the metmyo-
globin reducing activity of different sam-
ples of ground beef can vary consider-
ably under identical storage conditions.

The data reported by Stewart et al.
(1965b) were obtained on metmyoglo-
bin formed by ferricyanide oxidation and
may not represent the true reduction of
naturally formed metmyoglobin as fer-
rocyanide forms a complex with ferric
heme pigments, this complex catalyzing
the enzymatic reduction (Hegesh et al,
1967).

Recently several studies on the enzy-
matic reduction of ferric heme pigments
have been reported and present evidence
indicates that NADH plays a vital role
(Hegesh et al.,, 1967), (Watts et al.,
1966). Therefore the differences may
represent different “NADH  ferrihe-
moglobin and ferrimyoglobin reductase”
activities in the muscle. No corrections
have been applied to the experimentally
determined metmyoglobin concentrations
in Figures 3 and 4 to allow for the vari-
ations found in the air controls. If, how-
ever, corrections were made the funda-
mental character of plots was unchanged.

Figures 3 and 4 indicate that forma-
tion of metmyoglobin was maximal at a
partial pressure of oxygen of 7.5 % 3
mm Hg at 7°C and 6 £+ 3 mm Hg at
0CC for the semitendinosus muscles stud-

ied. George et al. (1952b) found, for
pure myoglobin solutions, that rate of
autoxidation was maximal at about 1

mm Hg of oxygen at 30°C and pH 5.69.
Brooks (1931) found rate to be maxi-
mal at 20 mm Hg of oxygen for ox-

The relationships between metmyoglo- 80¢
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Table 2—Effect of C02air concentrations on the formation of metmyoglobin, during 14

days storage, at 0°C.

pCo02 p02 pCoO.
Pack init. init. final
no. mm Hg mm Hg mm Hg

i 79 106 63
2- 167 82 46
3 190 84 127
4 273 68 167
5 312 61 209
6 403 53 244
7 471 38 283
8 578 30 307
9 669 15 384
10 730 0 535

1ApH was the increase in surface pH of the samples upon removal from storage;

its original value within 2 hr.
- Pack 2 leaked slowly with time.

blood
5.69.

If the ratio of myoglobin to hemoglo-
bin varied to a marked degree between
the muscles studied, a comparison of
results would not be valid when expressed
as a function of the oxygen partial pres-
sure. It was considered unlikely that
such variations occurred. At low oxygen
partial pressures, rates of both the autox-
idation and enzymatic reductions are
increased (W atts et al., 1966). The pres-
ent results show that increase in rate
of oxidation, at 0 and 7°C, is greater
than any increase in the enzymatic re-
duction at the low oxygen pressures stud-
ied (Figs. 3 and 4).

This maximal formation of metmyo-
globin occurs in all samples, independ-
ent of external oxygen pressure, pro-
vided this is above the critical value.
However, with higher oxygen partial pres-
sures the formation will occur below the
surface, the depth at 0nC being about 5
mm in air and varying as the square root
of the external oxygen pressure (Brooks.
1929). At the lower oxygen partial pres-
sures the metmyoglobin layer will thus be
nearer the surface until, at the critical
partial pressure, it is at the surface.

When transferred from the oxygen de-
pleted atmospheres to air, samples with
high metmyoglobin contents tended to be
reduced with time. This reduction was
always very slow, the maximum reduc-
tion observed within 24 hr being from 72

(hemoglobin) at 25°C and pH

to 63% at 7°C with no measurable re-
duction within this period at 0°C (less
than 5% at 55% concentration).
Effect of increased carbon
dioxide concentrations

Sterile samples were packed in sealed
containers, in atmospheres of various

pO:
final Cone.
mm Hg ApH1 Mb+ %
86 0.03 26.0
109 0 29.5
84 0.05 32.0
74 0.06 32.0
68 0.06 315
64 0.07 31.0
59 0.08 36.0
50 0.09 40.0
41 0.07 63.5
(2.5 hr)
52.0
(24 hr)
22 0.12 70.0
(2.5 hr)
51.0
(24 hr)

the pH returned to

carbon dioxide partial pressures at 0°C.
Before packing the samples were left in
air for 3-4 hr at 0°C to allow most of
the physically bound carbon dioxide to
be released. The volume of meat was 25
cc and the total volume 85 cc. In all cases
the carbon dioxide concentrations fell
due to absorption while the oxygen and
nitrogen levels rose. Equilibrium was
reached at 24-48 hr. The results are
summarized in Table 2.

The values given for the percent of
metmyoglobin quoted for the two higher
concentrations of carbon dioxide are the
values obtained after exposure to air for
2 hr. as reduction occurred over 24 hr
(Table 2). AIl other values arc averages
of 4 readings, 2 on each of 2 samples, at
2.5 and 24 hr. These results indicate that
at the higher carbon dioxide and lower
oxygen partial pressures the formation
of metmyoglobin increased, presumably
due to the decreased oxygen pressures.

The reduction of metmyoglobin found
in packs 9 and 10 on exposure to air
was greater than any reduction that oc-

curred after storage in 10% carbon di-
oxide/nitrogen mixtures. Although vari-
ations between muscles are to be ex-

pected the decrease in pH during storage
in high carbon dioxide concentrations
(Table 2) may also help to explain this,
as autoxidation is accelerated at lower

pH values (Brooks, 1931) while enzy-
matic reduction is retarded (Stewart et
al.. 1965b).

The initial nonequilibrium of the gas

phase in these packs made interpretation
of results difficult due to the interrelation
between decreased pH and oxygen pres-
sure. In further experiments at 0°C vari-
ous equilibrium gas phases of carbon
dioxide/oxygen were used. The oxygen
pressure was always above the level neces-
sary to cause increased metmyoglobin

Table 3—Effect of GO, pressure on the
formation of metrryoglobin at 0°C.

pCO- poO. “Eq. Cone.”
mm Hg mm Hg ApH1 of Mb+
0 152 38.5
76 135 0.06 42.0
190 104 0.05 39.0
380 76 0.06 43.0
510 56 0.10 43.0
650 110 0.27 39.5

1ApH is as per Table 2.

formation. Increasing the carbon dioxide
pressure, at 0°C, had no effect on forma-
tion of metmyoglobin during 15 days
storage even though the pH of the meat
was marked.y decreased (Table 3).

No measurable change occurred in
the surface concentrations of metmyoglo-
bin on re-exposure to air, at the rela-
tively low concentrations of metmyoglo-
bin used in this experiment.

In the first experiment, the meat in
higher carbon dioxide atmospheres de-
veloped a greyish tinge, which masked
the natural “redness” of the meat. This
may have been due to decreased pH of
the meat causing some of the sarcoplas-
mic proteins to undergo post-rigor iso-
electric precipitation. In the second ex-
periment, even though the muscle was of
similar pH (5.72 and 5.70), the meat
appeared “normal” at all the carbon di-
oxide pressures studied. In subsequent ex-
periments this “greying” phenomenon has
been observed in samples stored for 14
and 28 days in 60% carbon dioxide at-
mospheres, but no explanation can be
offered for its occurrence in only certain
muscles.

From the results described in the pres-
ent paper it would appear that the storage
of sterile beef in carbon dioxide enriched
atmospheres leads to no increased met-
myoglobin formation, provided the oxy-
gen partial pressure is maintained above
a limiting value of about 5% .
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INTRODUCTION

CONDITIONS for mold attack in the
tropics are favorable in damaged or im-
properly dried cocoa beans. It would be
expected that beans are normally highly
infested with mold spores and with an in-
crease in moisture these spores may ger-
minate and cause undesirable changes to
occur.

Boyd, et al. (1965) in a study of the
monocarbonyls of chocolate suggested
that mold activity might have contributed
significantly to the observed variation in
methyl ketone content of cocoa beans.
Unfortunately, these investigators did not
have an opportunity to collect supporting
data by analyzing moldy cocoa beans. It
was envisioned that if Boyd’s suggestion
could be verified, a way might be opened
for the development of an objective chem-
ical procedure to replace the current sub-
jective “cut test” for determining mold
infestation. At present the cut test involves
cutting the cocoa bean longitudinally and
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visually observing for mold.

The research reported in this paper con-
cerns the differences in total carbonyls,
total monocarbonyls and relatively con-
centrations of the different monocarbonyl
classes in moldy and non-moldy cocoa
beans. The data collected were based on
the methods of Schwartz, et al. (1963)
as modified for chocolate products by
Boyd, et al. (1965). The techniques in-
volved the conversion of carbonyls to
2,4-dinitrophenylhydrazones  (DNP-hy-
drazones) followed by separation into the
following classes: methyl ketones, sat-
urated aldehydes, 2-enals and 2,4-dienals.
Thin layer chromatography procedures of
Schwartz, ct al. (1968) were used to
identify and assess the complexity of each
class of monocarbonyls.

EXPERIMENTAL

Samples

Several samples of moldy cocoa beans,
supplied by chocolate manufacturers, yielded

unusually high carbonyl values. Since many
variables affect carbonyl concentrations
(Boyd, 1965), it was decided that the best
experimental approach was to develop mold
on beans under controlled laboratory condi-
tions. This made possible comparison of
carbonyl values before and after growth of
mold, thereby minimizing the effect of many
interfering variables.

Aspergillus and Pénicillium were the two
main types of mold isolated from cocoa
beans and were used to inoculate non-moldy
beans for control-molded samples. The As-
pergillus and Pénicillium spores were re-
moved from moldy cocoa beans with sterile
water and then inoculated onto cocoa beans
using a sterile, platinum loop. The inocu-
lated cocoa beans were placed in a 1qt poly-
ethylene container with a small mat of filter
paper (1 in. x 1lin. X A in.) saturated with
sterile water to induce mold growth. The
beans were stored at approximately 24°C to
facilitate mold growth and simulate tropical
conditions. Cocoa beans from several of the
major producing countries were included in
the study.

Moldy beans were also obtained directly
from the tropics through the cooperation of
the Turrialba Experiment Station, Costa
Rica. A batch of fermented Matima beans
had been split and one portion dried under
normal conditions while the other half was
purposely kept from drying for several days
to allow mold to grow. These samples made
it possible to determine the changes which
take place as a result of mold growth during
the fermenting and drying stages.

Solvents

All solvents were freshly distilled and
rendered carbonyl free (Schwartz, et al,
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Table 1—Concentrations of total carbonyls and total monocarbonyls of moldy and non-

moldy cocoa beans.

Micromoles per 30 g of beans

Total carbonyls

Samples Non-moldy Moldy
Bahia A 34.8 44.8
Tabasco 31.0 60.0
Caracas 32.0 52.0
Sanchez 43.2 64.2
Accra A 26.7 47.8
Bahia B 32.0 60.3
Accra B 27.7 45.5
Matima 42.0 57. 1

1961). The use of freshly prepared solvents
was found to be absolutely essential.

Recovery of carbonyls as DNP-hydrazones

30 g of shelled, finely-pulverized beans
were ground in a mortar with Celite 545 and
4 to 8 ml of water, depending upon the ini-
tial moisture content of the beans (moldy
beans were characteristically higher in mois-
ture). The mixture was then packed firmly
in a glass column and the carbonyls and fat
were eluted with 300 ml of hexane. Recovery
procedures were almost identical to those of
Boyd, et al. (1965).

The effluent from the extraction column
was allowed to drip directly onto a Celite
column bed impregnated with DNP-hydra-
zine, H-PO, and HsO (Schwartz, et al.. 1963)
to convert monocarbonyls to DNP-hydra-
zones. The column was rinsed with 200 ml
of hexane to yield 500 ml of effluent. A
DNP-hydrazone concentration (total car-
bonyls) was obtained by finding the absorb-
ance of the solution compared to hexane at
340 m/r in a Beckman DBG Spectrophotom-
eter and converting the reading to micro-
moles (gM) using E = 22,500 (Jones, et al.,

1956).
The DNP-hydrazones were freed of lipid
material by passing the hexane solution

through a Celite 545-Sea Sorb 43 column as
described by Boyd, et al. (1965). Because of
the greater carbonyl content. 20 g of column
packing was used for the moldy samples
whereas only 12 g was needed for the con-
trol samples. The column was essentially fat
free after flushing with 250 ml of hexane.
Adsorbed hydrazones of monocarbonyls
were eluted with 150 ml of 3:1 chloroform:
nitromethane and after evaporation of the
solvent under N =the residue was dissolved in
5-10 ml of hexane.

Removal of ketoglvcerides and
class separation

Monocarbonyl derivatives were separated
from ketoglyceride DNP-hydrazones on a
column of weak alumina (Schwartz, et al..
1963). 20 g of alumina was used for car-
bonyls from moldy samples and 10 g was
employed for the non-moldy control. Mono-
carbonyls were eluted with 120 ml of hexane
followed by 120 ml of benzene. The mono-
carbonyl solution was taken to dryness under
Na and then adjusted to a 250 ml volume
with hexane after which a quantitative value
for monocarbonyls was obtained at 350 m,u.

Total monocarbonyls

Increase Increase
in jiMm Non-moldy Moldy in jiM
10.0 2.9 11.7 8.8
29.0 4.1 21.1 17.0
20.0 7.5 17.2 9.7
21.0 8.5 10.2 1.7
211 1.8 10.4 8.6
18.3 5.8 12.1 6.3
17.8 8.3 112 2.9
15.1 16.6 23.3 6.7

The solvent was again evaporated and the
monocarbonyl residue was dissolved in 10
ml of hexane and applied to a column con-
taining 12 g or 16 g of 1:1 Celite 545 (heated
for 24 hr at 1500C) and Sea Sorb 43 which
had been slurried in hexane and packed with
light air pressure. A thin column (V= in. X
18 in.) was used to favor good separation of
the monocarbonyl classes. Effluent was col-
lected in 10 ml aliquots using an LKB frac-
tion collector. Separation of the four DNP-
hydrazone classes (methyl ketones, saturated
aldehydes. 2-enals. and 2,4-dienals) was ob-
tained using the following sequence of sol-

vents: 100 ml quantities of 20, 40, 60 and
80% chloroform in hexane: 150 ml of 100%
chloroform: 100 ml quantities of 0.5. 1, 2.
5 and 10% methanol in chloroform: and
finally, 150 ml of 35% nitromethane in
chloroform.

Individual tubes from the fraction collector
were taken to dryness under N~ and then
adjusted to a 10 ml volume with chloroform.
Each tube was checked spectrophotometri-
cally for purity and class authenticity on the
basis of the following absorption maxima
(m,ii): methyl ketones, 365: saturated alde-
hydes; 355: 2-enals. 373; 2.4-dienals, 390.
The tubes were pooled and quantitative val-
ues calculated for each class with applica-
tion of the proper molar extinction coeffi-
cient (Jones, et al.,, 1956).

Separation of individual components
within a class

The separation of the individual methyl
ketones, saturated aldehydes. 2-enals and
2,4-dienals was according to the procedures
described by Schwartz, et al. (1968), with
modifications. Approximately 6.3 ml of poly-
ethylene glycol 400. 35 ml 1% KOFI in
methanol and 7.5 g of Micro Cel T-38
(heated 100°C for 24 hr) were vigorously
mixed together before the chromatographic
plates were prepared. The TLC plates (0.25
mm thick) were air dried for 5-10 min and
then placed in a desiccator over ascarite.

The carbonyl fraction, dissolved in ben-
zene, was spotted on the TLC plates and
separated using the following solvent sys-
tems: methyl ketones, hexane saturated with
polyethylene glycol 400 or 94% hexane and
6% benzene saturated with polyethylene gly-
col 400: saturated aldehydes, 85% hexane
and 15% benzene saturated with polyethyl-
ene glycol 400: 2-enals and 2,4-dienals. using
either 65% hexane and 35% benzene or

equal volumes of each saturated with poly-
ethylene glycol 400.

The different classes of hydrazones emitted
characteristic color on KOH treated plates:
rose-red for 2,4-dienal, pinkish-red for
2-enals, tan for saturated aldehydes and
brown for methyl ketones. With these color
differences it was possible to assess the purity
of a carbonyl class.

To obtain further evidence concerning the
identity of individual compounds. TLC pre-
parative chromatography was used to obtain
enough material for additional testing. The
preparative plates w'ere similar to those
previously described except that pure meth-
anol replaced the methanolic 1% KOH solu-
tion. Each DNP-hydrazone band from a de-
veloped plate was scraped and placed in a
pasteur disposable pipette over ’/« in. of
alumina. The DNP-hydrazone was extracted
from the TLC absorbent by elution with
benzene, and after concentration under N-.
the derivative was spotted along side of and
in mixture with (co-chromatography) the
suspected known on KOH plates.

For methyl ketones, if an unknown did
not separate from a known reference deriva-
tive by co-chromatography then additional
confirmatory evidence was obtained by spot-
ting the two compounds, individually ard as
a mixture, on AgNCL plates (Schw'artz. et
al., 1968).

Normal partition systems described in the
literature fcr separating a series of reacted
ketones will usually separate only up to
tridecanone (C,;;). To resolve the higher mo-
lecular weight methyl ketones, reverse phase
partition chromatography was attempted. Be-
cause of solubility problems associated with
higher molecular weight ketones, separating
by reverse phase chromatography was not
totally effective. However, despite its in-
adequacies, clues concerning the identity of
some members could still be obtained.

The plates for reverse phase chromatog-
raphy were prepared using a mixture of 15 g
of Micro Cel T-38 in 90 ml of hexane and
5 ml of Nujol (a brand of heavy mineral
oil). Since the plate was to be placed upside
down in the tank during an equilibration
period (1 hr) it was necessary to scrape
that portion which would be immersed in
the solvent. After equilibration the plate was
turned around and allowed to develop in
acetonitrile:water 85:15.

RESULTS & DISCUSSION

THE CONCENTRATIONS of total car-
bonyls in several varieties of moldy cocoa
beans compared to non-moldy controls
are recorded in Table 1. In every in-
stance, growth of mold resulted in strik-
ing increases in carbonyl values. “Total
carbonyls” represents the combined con-
tributions of ketoglycerides. monccar-
bonyls and those compounds retained on
the defattirg column such as keto acids
and dicarbonyls. For the eight samples
recorded in Table 1, the average for total
carbonyls of the moldy beans was 54

which was 20 pM or 59% greater than in
the control beans. Total monocarbonyls
for moldy beans averaged 14.6 /(M which
was double the average for non-moldy



control beans.

In normal cocoa beans most of the
total carbonyl value is contributed by
ketoglycerides (Boyd, et al., 1965). How-
ever, it is likely that other compounds
are primarily responsible for the great in-
crease in total carbonyls in moldy beans.
Referring to Table 1, it is readily appar-
ent that the contribution of monocar-
bonyls to the increase in total carbonyls
varied markedly among the samples ana-
lyzed.

For example, in Bahia A 88% of the
10 juM increase was contributed by mono-
carbonyls. whereas in Sanchez beans
monocarbonyls contributed less than 10%
of the difference in total carbonyls be-
tween moldy and non-moldy beans. It is
reasonable to expect that such factors as
pH of the cocoa bean, shell adherence to
the cotyledon and the proportion of dam -
aged beans in a sample could influence
the activity of the mold and the com-
pounds they produce.

Interestingly, the smallest increase ir
monocarbonyls occurred in Sanchez
beans, a variety which usually does not
undergo a fermentation. That the shell
can function as a protective barrier
against mold attack is suggested from the
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Table 2—Concentration of monocarbonyl classes in raw moldy and non-moldy cocoa beans.

Samples Methyl ketones
Moldy Bahia A 9.44
Non-moldy Bahia A 2.15
Moldy Bahia B 10.73
Non-moldy Bahia B 5.55
Moldy Accra A 9.82
Non-moldy Accra A 1.55
Moldy Accra B 9.65
Non-moldy Accra B 6.43

data showing greater increases in mono-
carbonyl values for Bahia A and Accra A
in comparison to Bahia B and Accra B.
In the “A” samples visual inspection indi-
cated that the shells were not as firmly
bound to the cotyledons as was the case
with the “B” samples.

Quantitative data from the class separa-
tion of the monocarbonyls into methyl
ketone, saturated aldehyde, 2-enal and
2,4-dienal portions are recorded in Table
2. Quantitatively, the most pronounced

change among the monocarbonyls oc-
curred in the methyl ketone fraction. In
every experiment the development of

mold on cocoa beans was accompanied
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Saturated
aldehydes 2-enal 2,4-dienal
1.77 . 138 .388
.70 115 .001
.72 .360 .290
21 .061 .028
.02 450 125
17 .110 .020
.83 .450 .265
1.30 .180 .400

by an increase in methyl ketone concen-
tration. For the four pairs of samples re-
ported in Table 2, the increases were 3.2,
5.2, 7.2 and 8.3 per 30 g of beans.
The greatest quantitative change in methyl
ketone concentration occurred in Bahia
A and Accra A which, as mentioned pre-
viously, appeared to have shells that were
not as firmly attached as in the “B:’ beans.

Methyl ketone synthesis probably oc-
curred via the same three enzymatic
mechanisms involved in methyl ketone
formation in mold ripened cheese as de-
scribed by Hawke, et al. (1966): (a)
liberation of free fatty acids from the
triglycerides of fat by lipase; (b) oxida-
tion of the free fatty acids to f$-keto acids;
and, (c) decarboxylation of /3-keto acids
to methyl ketones. Both cocoa beans and
Roquefort cheese have high concentra-
tions of fat which is an excellent source
of energy for the mold.
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The origin of the methyl ketones found
in cocoa beans which did not show visible
evidence of mold growth cannot be readily
explained. The use of the term non-moldy
is perhaps misleading since some mold
growth inevitably occurs during fermen-
tation of cocoa beans. While slight mold
infection may not be visually detectable
in beans as received by the chocolate
manufacturer, there may have been
enough activity to account for the methyl
ketones chemically detected in “non-
moldly” cocoa beans.

The effect of mold infection on the
concentration of saturated aldehydes in
cocoa beans was found to be less pre-
dictable than was the case for methyl
ketones. For the samples reported in
Table 2. mold activity resulted in an in-
crease in concentration of saturated alde-
hydes in the Bahia beans whereas a de-
crease was observed for the two Accra
samples. Other data collected during the
investigation but not reported herein in-
dicate that saturated aldehyde concentra-
tion is more likely to decrease when cocoa
beans become moldy.

The wunsaturated aldehyde concentra-
tion almost always increased when mold
was allowed to develop on cocoa beans.
Since the 2-enals and 2.4-dienals are po-
tent aroma emitting compounds, even a
small increase in their concentration could
have a significant effect on flavor.

The increase in 2-enals and 2,4-dienals
most likely involved the autoxidation of
unsaturated fatty acids. Cocoa fat con-
tains 1.2-2.8% linoleic acid and 0.1-
1.0% linolenic acid and upon oxidation
will yield 2-enals. 2.4-dienals and other
degradation products. As reported by
Dillard, et al. (1961 ), lipoxidase has great
catalytic activity for the peroxidation of
unsaturated fatty acids.

Figure 1 is a reproduction of a typical
thin-layer chromatogram of methyl ke-
tone fractions from equal amounts of
moldy and non-moldy cocoa beans. Most
of the ketones present in moldy cocoa
beans were also found in non-moldy beans
but in lower concentrations. In two of
the three samples shown in Figure 1 (C
and E), ketones with retention times near
pentan-2-one and heptan-2-one were
present in relatively large amounts. This
pattern was most typical of the numerous
samples analyzed in the investigations.
However, exceptions were encountered
(Sample B. Figure 1). This sample was
dominated by methyl ketones not present
in other samples.

The moldy sample Accra (E) was used
as source material for the identification of
individual methyl ketones. Identification
was confirmed by co-chromatographing

on AgNO:l or KOH treated Micro Cel
T-38 after recovering purified ketones
separated on preparative plates. Positive
identification by these procedures was
obtained for the following methyl ketones;
acetone, butanone, hexanone and hepta-
decanone. The two spots just above hex-
anone on the TI.C plates were most likely
branched chain ketones.

Figure 2 shows a typical TLC separa-
tion of the saturated aldehyde, 2-enal and
2.4-dienal fractions. As previously dis-
cussed, spectrophotometric measurements
revealed that, invariably, the concentra-

tion of saturated aldehydes in moldy
beans was less than in normal bean sam-
ples. This is readily apparent by visual

comparison of the saturated aldehyde sep-
aration of control (A) and moldy (G)
beans in Figure 2. In the moldy bean
sample only three saturated aldehydes
were present in sufficient concentrations
to be revealed by TLC. Two of the com-
pounds had Rf values corresponding to
acetaldehyde and pentanal. The non-
moldy control also showed the presence
of the above mentioned aldehydes and in
addition contained several others up to
C 1, with the greatest concentration being
in the region corresponding to pentanal
and heptanal. It is to be remembered that
the beans examined in this investigation
had not been roasted, a treatment which
leads to the formation of significant
amounts of aldehyde via the SLecker
degradation of amino acids (Bailey, et al.,
1962). Boyd, et al. (1965) in a study of
roasted beans found eight to ten saturated
aldehydes with the greatest concentration
being in the butanal to hexanal region on
TLC plates.

In Figure 2 the control bean sample is
shown as having a much lower concen-
tration of 2-enals than the moldy beans.
The 2-enal present in greatest concentra-
tion was 2-pentenal which could originate
from the autoxidation of linolenic acid.
Faint sopts corresponding to 2-hexcnal
and 2-heptenal were also evident and a
considerable amount of material migrated
to the solvent front indicating the pres-
ence of 2-enals greater than undecenal.
Difficulty was encountered with streaking
of the 2-enal fraction on the plate and
this precluded a more extensive identifica-
tion of these aldehydes.

As was the case with the 2-enal frac-
tions, moldy beans almost always con-
tained a greater concentration of 2.4-
dienals than did the control beans. The
only spot appearing in the 2,4-dienal
fraction of non-moldy beans corresponded
to 2,4-octadienal which was tentatively
identified by Boyd, et al. (1965). Moldy
beans also contained this 2,4-dienal and,

in addition, several other compounds
were presen: in appreciable concentration.
Using preparative plates and co-chroma-
tographing with the standard. 2.4-pe:ita-
dienal was identified. This was the only
2.4- dienal present in sufficient concentra-
tion to make possible this more rigorous
identification. Other 2.4-dienals were de-
tected and were concentrated on the tnin-
layer plate between the position occupied
by C];,and CM 2,4-dienal standards.

W hile the methyl ketone fractions of
most moldy cocoa bean samples separated
by TLC were qualitatively very' similar,
such was not the case with the 2-enal and
2.4- dienal fractions. Considerable varia-
tion was observed in respect to the com-
pounds present and their relative concen-
trations. The bean sample used for illus-
trative purposes in Figure 2 shows more
2.4- dienal than 2-enal. However, in other
samples the 2-enals were present in great-
est concentration and in others the two
unsaturated aldehyde fractions were al-
most identical with respect to amounts
present. In one sample, 2,4-pentadienal
was the only dienal detected. The reasons
for the considerable variation in the un-
saturated aldehyde fraction are unknown.
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INTRODUCTION

THE ANTHOCYANIN pigments con-
tribute to the visual appeal of many fruits,
juices, jellies and wines. Some grape va-
rieties are richer in anthocyanins than
others, and are used for amelioration of
color in wines and grape concentrates.

30 vitis vinifera varieties of grapes
were examined by Ribereau-Gayon et al.
(1955). They concluded that the pig-
ments were principally monoglucosides
with only traces of diglucosides. Ribereau-
Gayon et al. (1958) showed that digluco-
sides were completely absent in v. vini-
fera varieties. Rankine et al. (1958) sur-
veyed anthocyanins in 42 v. vinifera va-
rieties and found the same pigment as pre-
senting the major amount in all the va-
rieties with some variation in concentra-
tion of other pigments.

An additional 125 varieties of v. vini-
fera grapes were examined by Albach et
al. (1959). They reported s pigments, and
malvidin s -monoglucoside was present in
greatest amount. Other V. vinifera va-
rieties such as Flame Tokay, Emperor,
Red Malaga and Cabernet-Sauvignon
have been studied by Akiyoshi et al.
(1963) and Somaatmadja et al. (1963);
six anthocyanins were found in these va-
rieties as monoglucosides. Their results
are in agreement with the conclusion
given by Ribereau-Gayon et al. (1955;
1958). Reuther (1961) reported that
diglucosides were characteristic of v. ri-
paria and V. rupestris.

In these species, diglucosides served as
a dominant genetic marker, while mono-
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glucoside was a genetic marker in V. vini-
fera varieties. Albach et al. (1963) re-
ported that both caffeic and p-coumaric
acids were present as acyl components
of anthocyanidin monoglucosides. Chloro-
genic acid was found by Somaatmadja et
al. (1963) to be an acyl component of an-
thocyanin in Cabernet-Sauvignon grapes.
Smith et al. (1965) investigated the an-
thocyanin pigments in the hybrid grape
variety Rubired. Chen et al. (1967) in-
vestigated anthocyanins in Royalty grape,
a hybrid from crossing Alicante Ganzin
and Trousseau varieties.

The Tinto cao variety, which was orig-
inated in Portugal, has been chosen as a
breeding stock because of its vigor and
quality characteristics for port wine. The
chemistry of the anthocyanins in this va-
riety is not known.

This work describes the identification
of anthocyanin pigments in Tinto cao
grapes.

EXPERIMENTAL

Grapes

Ripe Tinto cao grapes were supplied by
Professor H. P. Olmo and A. Koyama of
the Viticulture and Enology Department of
the University of California. They were
harvested from 10-year-old vines grown in
the University Vineyard at Davis. The berries
were stored at 0°C for 48 hr, washed twice
with tap water, stemmed, sealed in plastic
bags and then deep frozen at —18°C. Analy-
sis of the mature Tinto cao grapes revealed
the following characteristics: weight per 100
berries, 157.1 g; Brix at 20°C, 19.8; pH,
4.05; total acidity, 0.89% as tartaric acid.

Davis, California 95616

ES

Extraction and purification of pigments

500 g of grapes were thawed. The skin
portion was macerated in a Waring blendor
with 200 ml of 0.1% (v/v) cone. HCI in
absolute methanol for 5 min under a nitro-
gen atmosphere. The macerate was filtered
in a Buchner funnel through Whatman No.
1 paper. The residue was extracted four times
with the same solvent. A sufficient amount
of Dowex 50W-X4 cation exchange resin in
the hydrogen form was added to the com-
bined extract with occasional stirring. Shortly
after the adsorption, the supernatant was
decanted, and the resin was washed several
times with distilled water to remove free
sugars, and then with absolute methanol to
remove organic compounds other than an-
thocyanins.

The pigments were eluted from the resin
with a total of 6 1of acidified methanol. The
concentration of HCI in the methanol was
increased gradually from 0.1 to 1% (v/v).

The combined eluate was concentrated in
a flash evaporator under vacuum to almost
dryness and then redissolved in a minimum
amount of 0.1% HCI in methanol. The crude
extract was stored at 0°F in the dark under
a nitrogen atmosphere.

Two-dimensional paper chromatography

The two-dimensional paper chromato-
graphic technique was used for separation of
the anthocyanins. 200 Whatman No. 3 MM
papers (67 X 46.5cm) were used to separate
the pigments. The paper was developed with
BAW solvent in the short direction and
AWH in the long one. The like spots were
cut from the almost-dried paper and eluted
several times in a beaker with the same
solvent used in extraction. The eluate was
concentrated to a small volume in a flash
evaporator and stored under nitrogen in the
cold room until needed for identification.

Some of the pigments did not separate
satisfactorily, especially the acylated ones.
So some of the pigments from the two di-
mensional chromatograms were separated on
the paper again with BAW solvent to get
sufficient purified sample for spectral mea-
surements and other studies.

The solvent systems used for separation
and identification of the pigments are listed
in Table 1.

For separation of anthocyanins, freshly
prepared «-butanol-acetic acid-water (BAW,
4:1:5 v/v) was used. For Rf measurement,
the solvent mixture was allowed to stand for
3 days after shaking vigorously.

Chromogenic reagents

The chromogenic reagent for the sugar
spots on the paper chromatogram was an
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Table 1—Solvent systems for paper chromatography of anthocyanins, sugars and phenolic

acids.
Abbreviation Composition
BAW «-butanol :HOAc :H>0
AWH HOACc :H»0:cone. HCI
1% HC1 cone. HCI :H:0
Forestal HOAc :H20 :cone. HCI
Formic Formic acid :conc. HCI :H >0
Et-HOAc-W Ethylacetatc :HOAc :H20
Bu-Py-W n-butanol :pyridine :H ;0
2% HOAc HOAc :H?0

Ratio Layer Compound Time,
(viv) used detected hr
4:1:5 Upper Anthocyanin 17
Aglycone 17
Sugar 17(Rf)
Acid 16
15:82:3 Miscible Anthocyanin 10
Aglycone 10
3:97 Miscible Anthocyanin 4
30:10:3 Miscible Aglycone 15
5:2:3 Miscible Aglycone 6
3:1:3 Miscible Sugar 15(R«)
Upper Sugar Sugar 36(7«)
2:98 Miscible Acid 3

Rt = Distance of substance from origin/distance of solvent front from origin.
/2« = Distance of substance from origin/distance of glucose from origin.

alcoholic solution of aniline hydrogen phthal-
ate (Partridge, 1948, 1949). DPNA (di-
azotized p-nitroaniline) was used as the chro-
mogenic reagent for the phenolic compounds
as described by Swain (1953). The reagent
was freshly prepared in an ice bath by mix-
ing 0.5% (v/v) p-nitroaniline in 2 iV HC1,
5% sodium nitrite, and 20% sodium acetate
in a ratio of 1:10:30.

Absorption spectra

The absorption spectra of the pigments in
methanol, both in the visible and ultraviolet
region, were recorded with a Beckman DB
recording spectrophotometer, using absolute
methanol as a blank. It is important to avoid
too much acid in the sample (Geissman,
1955). Spectral shift after adding 3 drops
of 5% AICh in ethanol was also measured
shortly after adding the reagent.

Partial acid hydrolysis

Partial acid hydrolysis of individual an-
thocyanins was done with 1 N HC1 after the
method of Abe et al. (1956). The detail of
this method was described by Chen et al.
(1967).

Identification of the acyl components

When the partial acid hydrolysis was com-
pleted, the remaining mixture in the flask
was cooled and extracted several times with
anhydrous ether. The ether extract was
spotted on Whatman No. 1 papers, along
with authentic samples of caffeic, p-coumaric,
ferulic and chlorogenic acids. The papers
were chromatographed in a descending di-
rection with BAW for 16 hr and with 2%
acetic acid for 3 hr. If the sample used for
hydrolysis contained two or more pigments,
two-dimensional chromatography of the ether
extract was applied, using BAW as the first
solvent and 2% acetic acid as the second.
The dried chromatogram was examined un-
der long wave ultraviolet radiation before
and after exposure to ammonia as described
by Swain (1953). The DPNA chromogenic
reagent was used to identify the individual
phenolic acids. (Lynn et al., 1964).

Sugar moieties of anthocyanins

Sufficient Dowex 50W-X4 cation exchange
resin in the hydrogen form and Dowex 1-X8
anion exchange resin in the acetate form

were added to the hydrolysate after extrac-
tion with ether. These resins remove the
aglycone and HC1. The clear solution was
spotted on Whatman No. 1 papers along
with authentic samples of glucose, arabi-
nose, galactose, xylose and rhamnose. The
chromatograms were developed with BAW
for 17 and 36 hr respectively, Bu-Py-W for
36 hr and Et-HOAC-W for 15 hr. The sugar
spots were visualized by spraying with ani-
line-hydrogen phthalate reagent and heat-
ing at 105°C for 5 min (Partridge, 1948,
1949). The Rf and Rs values of the sugar
moiety were compared with those of known
sugars (Luh et al.,, 1965; Chen et al., 1967).

Identification of anthocyanidins

The resin containing the anthocyanidin
was washed with distilled water, eluted with
methanol containing 3% cone. HC1 (v/v),
and then concentrated in a flash evaporator.
The anthocyanidin was chromatographed
on Whatman No. 1 papers with BAW for 17
hr, Forestal solvent for 15 hr, and Formic
solvent for 6 hr, respectively.

Alkaline degradation of anthocyanidins

The barium hydroxide degradation method
described by Hsia et al. (1965) was used to
study the chemical structures of the antho-
cyanidins.

Photodensitometric measurement of pigment

Photodensitometric measurements of the
pigments on Whatman 3 MM paper strips
cut from a two dimensional chromatogram
were recorded with a Photovolt Densitom-
eter Model 525 (Photovolt Corporation, 111
Broadway, New York 10, N.Y.). A green
filter was used. The areas under the peaks
were measured with a planimeter.

RESULTS
Two-dimensional chromatography

Figure 1 is a two-dimensional paper
chromatogram of anthocyanin pigments

in Tinto cao grapes. Spots outlined in
solid line were the major pigments while
those in dotted lines were present in small
amounts. Pigments 10 and 1: did not ap-
pear on all the chromatograms; they ap-
peared only when a higher concentration

Table 2—Color characteristics and alumi-
num chloride reaction of anthocyanins from
Tinto cao grapes.

Color
change
Pig- Visible Color under  uith
ment color UV radiation AICL
1 Magenta Dull mauve -
2 Orange pink Dull magenta —
3 Fair.t magenta Purplish pink 1-
4 Faint magenta Light purple 4-
5 Faint magenta Purple
6  Orange red Dull red -
7  Magenta Dull mauve -
8 Orange pink Dull mauve -
9 Faint magenta Purplish pink 4-
10 Magenta Dull mauve —
1 Orange pink Pink -

of acid was used in the extraction. Thus
pigments i10 and i1 might be degrada-
tion products of acylated pigments. Ac-
cording to Dodds et al. (1955) the bonds
between acyl groups and sugar moieties
are labile. They were readily hydrolyzed
to yield deacylated pigment.

Pigments 3 and 4 were present only in
small amounts. 200 sheets of chromato-
graphic papers were used to get enough
amounts for identification. Pigments 5, s
and 9 were also minor pigments. It was
extremely difficult to get a sufficient quan-
tity in purified form for chemical identifi-
cation. They were easily contaminated
with pigments 7 and s. On the two-di-
mensional paper chromatogram, pigments
land 2, 7 and s, 10 and 11 were adja-
cent, thus the second separation with
BAW solvent system was needed in order
to get the purified sample for chemical
identification.

——

O

1 2 3 4 5 €
— BAW

Fig. 1— Two-dimensional chromatogram
of anthocyanins from Tinto cao grapes.



Table 3—Rf values of anthocyanin pig-
ments from Tinto cao grapes.

Rf values of
ins at
C
Pi o BAW
me%-n Identification 1 HA AMH
1 Malvidin 3G 040 006 033
2 Peonidin 3G 041 009 033
3 Cyanidin 3G 040 007 0.26
4 Pétunidin 3G 037 004 022
5 Petunidin 3G
—caffeic aci 060 - 02
6 Mhalvidin 3G
—eaffeic acid 063 — 024
7 Malvidin 3G .
—-coumericacid 065 003 0.30
8 Peonidin 3G
—p—courmrlc aid 06 004 030
9 Cyanidin 3G
—eaffeic acid 0656 — 024
10 Malvidin 0.72
11 Peonidin 0.73
Reported (Harborne, 19583)
Nbl%lngG 038 006 029
Peonidin 3G 041 009 033
Cvanidin 3G 038 004 026
Petunidin 3G 035 004 022

Aluminum chloride reaction and
properties of anthocyanins
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Photodensitometric measurement
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Table 4—Relative density of anthocyanin

pigments in Tinto cao grapes.

) o Percent-
Pigment Identification ar
i Malvidin 3G 5295
> Peonidin 3G 031
3 %ﬂldln 3G 0.96
451 unidin 3G 047
Petunidin 3G—
caffeic acid
6 Melvidin 3G—
caffeic acid
7 Melvidin 3G— 4319
p-couneric acid
8 Peonidin 3G— 0.42
hcourreric acid
9 Cvanidin 3G—
caffeic acid
5+ 6 Petunidin 3G—
+9 caffeic acid
Malvidin 3G—
caffeic acid 170
Cvanidin 3G—
caffeic acid
Total 100.00
cumaric aad) vware peat n by e
amunts tren atters.
Absorption spectra of the anthocyanin
pigments
The asorpion gectraof tre rdivid el

The

m,
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& petunidin luoosice. The ab-
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53) 564 mp and tretof pigrent 4 fram
538 10562 nipwhen AlC13wes actid.
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Table 5—Absorption maxima of anthocyanin pigments in methanol from Tinto cao grapes.

adling AICL- wes koo studial Teblle
Ies asapan maxima of tte -
dvdal anthooenins in tte visidle ad
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Pigrment Identification
1 Malvidin 3G
4 Petunidin 3G
7 Malvidin 3G—
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8 Peonidin 3G—
Reﬁ%rftie)d (Harborne fr o cid
Malvidin 3G _
Malvidin 35G -
Peonidin 3G -
Peonidin 3,5G _
idin 3G _
idin 35G
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Malvidin 3G— -
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ODX44K) O.D. max
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Table 6—Rfand color characteristics of the acyl component of anthocyanin pigments from Tinto cao grapes.

Rt
Pigment BAW 2% HOAC

1 _ _
2 _ —
3 _ _
éag 0.80 031
7 8u 0.85 041
O L) extract 081 034

0.87 0.44
Reported )

-counaric acid 0.86 0.44
Cdffeic acid 0.80 0.33
Ferulic acid 0.82 0.39
Chlorogenic acid 0.58 0.62
1Huorescence.
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Bl Blue F Ta% e
Blue F Blue F Red
Blue Blue F Tan

Table 7—Rf values of anthocyidins from
Tinto cao grape anthocyanins.

Rf
. For- For-  Identi-
Pigment BAW estal mic  fication
'& 058 059 027 Malvidin
069 063 0.29 Peonidin
3 068 050 021 Cyanidin
4 055 048 0.20 Petunidin
7 058 060 027 Malvidin
8 069 063 0.30 Peonidin
Reported.
vidin 058 0.60 027
Peonidin 071 063 0.30
Cyanidin 068 049 022
Petunidin 052 046 0.20
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Table 8—Rfvalues and color characteristics of the alkaline degradation products of aglycones from Tinto cao grapes.

Rf

Pigment BAW  2%HOAcC
i 0.69 0.62
0.85 054
2 0.69 0.62
0.86 0.57
3 0.69 0.62
081 054
4 0.69 0.62
0.78 0.50
56,9 0.69 0.62
0.81 054
0.78 0.50
0.85 0x4
78 0.69 0.62
0.85 054
0.86 0.57
on 0.69 0.62
0.85 054
0.86 0.57
Phloroglucinol 0.70 0.62
\5>/r ic acid 0.83 0.53
anillic acid 0.88 0.56
Protocatechuic acid 0.80 054
3-O-methylgallic acid 0.79 0.50

soeble O assume that pigrent: J0ves an
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gﬁaggent]lma’uﬁctﬁ'on pigrent
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Respiration of Potato Mitochondria and Whole

Tubers and Relation

SUMMARY— We have made a quantitative assessment of the changes in reducing and
non-reducing sugar contents and respiration in stored White Rose potato tubers as a
function of temperature of storage. The increase in sugar content with decrease in stor-
age temperature and the decrease in sugars with increase in temperature is accounted
for in only a minor way by the corresponding decrease or increase in respiratory' activity
of the tubers. The maximal possible contribution of respiratory activity to the changes
in sugar content varied from less than 1% to 13% depending on the particular storage
conditions. The temperature-dependence of respiratory activity of potato mitochondria
was compared to that of whole tubers, and a quantitative comparison was made of the
potential respiratory activity of the mitochondria to respiration of the whole tubers. The
potential mitochondrial activity is such that respiration of whole tubers would not be
limited by this factor at any temperature studied although it is recognized that the
effect of mitochondrial activity could be an indirect one. Unlike whole tubers, mito-
chondria displayed a temperature response typical of an enzymic reaction with an ap-
parent energy of activation of 14,000 cal/mole with succinate as substrate. The tem-
perature-dependence of potato mitochondrial respiration is typical of that found for other
plant mitochondrial systems but differs markedly from that of mitochondria of mammals
and poikilotherms.
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EXPERIMENTAL

lov

Materials

Potatoes of the White Rose variety were
purchased through a local retail outlet. Only
sound tubers weighing between 180 and 250
g were used. The potatoes were held for 2
weeks at 55° to 60°F and a relative humidity
of 80-90% to improve or develop new peri-
derm (the curing process). After this pre-
liminary period of storage, the tubers were
divided at random into four lots of 40 Ib
each and placed at 34°, 40°, 55°, and 70°F.



Potatoes were removed at the time intervals
indicated below for respiratory studies and
chemical analyses.

In general, mitochondria were prepared
from tubers stored at 55°F. The only excep-
tion was when we tested to see if mito-
chondria from tubers stored at 34° or 40°F
were damaged during the period of storage.

Sodium succinate, bovine serum albumin
(BSA' Fraction V, cytochrome c, Type VI
from horse heart, and hexokinase Type Il
from yeast were products of Sigma Chemical
Co. ADP was purchased from P-L Biochem-
icals, Tnc. and labeled phosphoric acid (P3).
carrier-free, was obtained from New England
Nuclear Corp. All other reagents were the
purest commercially obtainable.

Methods

Determination of Respiratory Activity of
Tubers. Carbon dioxide production of whole
tubers was determined by absorption of the
gas in sodium hydroxide, precipitation of the
carbonate with barium chloride, and titration
of excess hydroxide with hydrochloric acid.

Sugar Analyses. Approximately 1.5 Ib of
potatoes were chosen at random from a given
batch peeled and pulped. The sugars were
extracted in boiling ethanol, the extracts
filtered and the ethanol removed by heating.
The ;queous extract was clarified with neu-
tral lead acetate and the excess lead removed
with sodium oxalate. After filtration, the
clarified aqueous extracts were analyzed for
reducing and non-reducing sugars fthe latter
after acid hydrolysis) by the Munson-Walker
technique. AIll procedures were carried out
according to methods described in the
A.0.A.C. (1960). Throughout this report we
make the assumption that the predominant
non-reducing sugar is sucrose (Schwimmer
et al.,, 1954), and we use the terms sucrose
and non-reducing sugar interchangeably.

Determination of pH. The pH was mea-
sured directly on the pulped potatoes using
the glass electrode of a Radiometer pH
meter, Model 28.

Isolation of Mitochondria. The mitochon-
dria were isolated by a procedure similar to
that used by Verleur (1965). Potatoes pre-
viously stored at 55°F were chilled for about
2 hr at 0°-4°C. AIll subsequent procedures
were carried out at this temperature. The
central core of the potato was used for ex-
traction of mitochondria after very thin slic-
ing. Tissue samples of 150 g were homoge-
nized in 300 ml of medium containing a final
concentration of 0.5A/ mannitol: 0.01M
phosphate. pH 7.2: 1 mM ethylenediamino-
tetraacetate (EDTA); and 0.1% bovine
serum albumin (BSA). The mixture was
blended in a Waring blendor at low speed for
23 see and at full speed for 7 sec.

After homogenization, the mixture was
filtered through cheesecloth: the pH of the
filtrate was maintained at 7.0 to 7.2 by the
dropwise addition of 5V NaOH solution
using a Radiometer pH meter. Model 28, to
monitor the system. The filtrate was centri-
fuged at 1000 G for 10 min and the sediment
discarded. The supernatant fraction was then
centrifuged at 12,100 G for 20 min. The
yellow sediment was resuspended in the same
medium as described above. Cysteine was
added to the homogenizing medium im-
mediately before use to a final concentration
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Fig. 1— Changes in reducing and non-reducing sugars and respiration with time for

potatoes stored at different temperatures:
Respiration, —¢ —e —; sucrose; - x

of 2 mM, and to the washing medium at a
concentration of 1 mM. The suspension was
recentrifuged at 12,000 G for 10 min and the
final sediment resuspended in a known vol-
ume of the washing medium (usually 7.5 ml)
to give the mitochondrial suspension used in
the experiments.

Mitochondrial Respiration

Mitochondrial respiration was measured
manometrically (Umbreit et al.,, 1959) using
succinate as substrate in a Gilson Differential
Respirometer. The reaction medium con-
tained mannitol, 0.5M; potassium phosphate
buffer, pH 7.2, 0.0IM; EDTA, 05 mM;
cytochrome ¢, 6 X 10~*M; succinate, 4 mM;
ADP, 0.1 mM; MgCh, 10 mM; and bovine
serum albumin (BSA), 0.1%. Generally 1
ml of the mitochondrial suspension was used
per flask (total volume of 3 ml), and the
readings were taken at 10 min intervals for
1 hr after equilibration and mixing of the
flask contents.

Phosphorylation

Esterification of inorganic phosphate was
determined by the procedure of Lindberg et

(1960) as modified by Penniall (1966).
Hexokinase and glucose were used as a
trapping system for the ATP formed (Slater,
1967). A Nuclear-Chicago Model 7200 liquid
scintillation counter was used for counting
the radioactivity. A 0.2 ml aliquot of sample
to be counted was blown into a counting vial
containing 10.8 ml of scintillation solution
(6 g of 2,5-diphenyloxazole (PPO) and 0.1

34°F (a);
reducing surgars,

40°F (b); 55°F (c); 70°F (d).
------- -

g of p-Wi2-(5-phenyloxazolyl)-benzene
(POPOP) in 1 L of toluene) and 4 ml of
absolute ethanol (Rapkin, 1963).

Determination of Protein

Protein in the mitochondrial fractions were
determined according to the procedure of
l.owry et al. (1951).

RESULTS
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Fig. 2— Changes in reducing and non-
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the difference in total respiration between tubers stored at those
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curve— 34°F.



Table 1—Possible maximal contributions
of differences in respiration to changes in
sugar contents of stored White Rose po-
tatoes.

Differential % Maximal sugar
terrperatures in  torespiratory differe all
storage Reducing sugars  Total sugars
440 0 4 0.1
A5H 47 17
3470 48 18
4055 11.0 3.7
40-70 9.6 3.8
55-70 130 4.0

oor;lparlson of the increase or decrease of
contertt to decrease Or Increase In respiration

mede or. the basis of both reducing and the
total of reducing and non-reducing sugars.
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Fig. 4— Respiratory rate of potato tubers
at 70°F after previous storage at low tem-
perature vs. sugar content of the tubers at
time of removal from the low temperature.
The highest respiratory rate corresponds to
the lowest temperature of storage (34°F),
the intermediate to 40°F, and the lowest
rate to the highest temperature (55°F).
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Table 2—Effect of temperature on respira-
tory activity of tubers and mitochondria and
P/O ratio of mitochondria.

Mitochondria
r&splratlon
Tubers respiration
Temper- _ (Mg CO2kghr) M

ature  Steady- proteln
(® stattl Maximal2 = N PO
A 1.3 3.8 48 0.9
40 1.3 35 % 10
5] %3} 2.8 18 10
0 -- 28 09
& — 50 10

1The steaoP/ ~state activities were determined at
the |nd|cated emperature after a constant rate wes

2The meximel activities were all determined
at 70°F, 24 hr after being placed at that tempera-
fure from the previous storage temperature &
indicated in the left-hand colurm.
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Table 3—Quantitative comparison of res-
piration of whole tubers and mitochondria.

Respiration (mg CO: per

Temperature of r hr
ereaSSc’ily (®  \Whole tubek%pe Mi)cocﬁonarlé]
A 13 25
40 13 2.8
% 2.3 55
0 2.3 106

70 3.8

1The respirato amvn¥ of the mitochondria is
calculated on the is of the weight of the potato
from_ which the mitochondria were derived and
utilizing succinate as oxidizable substrate.
conditions and methods of calculation are givén

in the text.
2Th|s value represents the peak of the resplra
burst after potatoes which had been stored
34 were to storage at 70 1. This V\es
the mexirmel respiratory rate which we observed.
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tremitcdodrial repiratay ac-
tMlyofhlglardIONaItlubplaIso.er



a of fran 2° ©
20°C. Mo fart tet nitca of
plets fran higer altittcss (lorer en-
viranental 5) hed higer ox-
Khie raes a loer ten
did ttose of plants fram loner altittas.
Althaugh tre dsolute repiratary \vallles
\eried with tte gecies ad tre Q Dvalluss
diffaed sorenhat, dl saples ehibited
an oeee oex tre rage of

siudied. Q Dvalussvaried fron2 o 3
Wl'l%lr I&E&s&l_la’ttgm rgpts

m ia &

sm]ngg?)\alLesad more

e gareral reture of te resction in thet
a angrnos ad relag\aely arstat
dape ooous oer awide tenperature
ae. ks tet tere Ba fudae-
mental betwean plat ad ani-
mal mitodhodriia which auld ke related
o apptehility o tenperatures and dality
1 cany aut metabolic furtias at\ar-
as teparatures. These resltsshoving a

oredter tet}narre-sersm\n% of
mitodhodriamight ke a nenr pla(}

loner arder of antrol of ntard evira-
ment by plants as compared toaninals.
_ Hoever, ae must Lse cautian inary
inapetatio inolvirg mitodhon-
e ﬂﬁa\l\te"rmm wntmtOfOb_
m ia eus-
grerg'mm Ban it of te =
\ere effedts caused by such plant aorstitu-
als as aymic ad tarws. IFte
agestin of Nenell et d. (1986) Boor—
et tet hsical arias o sketrae
ible for te lov
mitodadria at lov

sfiaetp amMty N
rcﬂxralmofvrmlettters.
of respiration a5 a fuctim
of tubars ad mitodhon-
diaae ot dile, ad we nust aoclue
tat tere B0 , direct relatio-

%eﬁl'?dttomlwbmogeoifhm
teperature mirtochon-
dria Brot a govemig face on te re-
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of wole tuas © teperatre.
Felatinvely siall dages n slstrae ar
ofector daratics ar N avira-
nmental aditics suh a8 pH or b
amtatios, whidh culd ke a re-
fletion of mitododnial  regose ©
taperature, jor efieds
on otter metaolic systars which migt
| spr camatatios. A mito-

L] auld
ths o affiect whole tuer repr-
ratio.

_The moese of repiday adtiMty
vrhldtv\ednser\ed

[otato mitodordria

§§

mm) aﬁﬁeﬁtttld(oisls(tptomem)
potato tthers where 02 difftsin B
rot rate-initig. Alo, tteoiffusmof(]_
Bot rae-dinitryg in respiration of whole
ters stoed nar d, 1967).
This doe anilrity betveen te re-
of mi 1a ad at t=se
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SUMMARY— Stable gels composed of lard,

R. ELLIS, A. M. GADDIS, G. T. CURRIE and F. E. THORNTON

USDA Eastern Utilization R&D Div.,

ARS, Meat Laboratory, Beltsville, Maryland 20705

Sodium (hlarick et an Autodcktion of tre
Lad Cnpoat of a (A

sodium carbomethoxy cellulose and water

were used for the examination of factors involved in the pro- and antioxidant activities

of sodium chloride,
additives.
terminations. The solid
were stored frozen,

other inorganic salts,

translucent gels,

heme compounds,
Autoxidation processes were evaluated by peroxide and monocarbonyl
in which additives
freeze-dried or allowed to oxidize without physical change. The

meat fractions and other
de-

had been incorporated,

hydrated gels were well aerated in preparation and oxidized in the dark at d convenient

pace at 20°C. When
which,

the gel

when stored at 20°C had an

Was freeze-dried,
after an induction period, autoxidized rapidly. Freezer-stored gels autoxidized at
a rate roughly similar 10 freezer-stored meat.
action on the lard of freezer-stored and dehydrated gels.

a sponge-like structure was obtained

Sodium chloride had a direct pro-oxidant
Hydrated gels containing NaCl

inhibiting autoxidation pattern somewhat similar to the

quantitative influence of NaCl on pH. Ethylene-diaminetetraacetate (EDTA) had a power-

ful antioxidant influence.
presence of antioxidant or chelator.
monocarbonyl/peroxide
gels were observed.

INTRODUCTION

THE MECHANISM of tte pro-odadant
efletofNaCl on tr ks nmeat hes
rot been aopletely eloachted. Back-
ad el ressadh efflats on
anomalas meat dat
(I\/abrouk e d, 190; \atts, 192
GeHll et ah, have bemn
reviensd @Iisetan, 195%9). His
(1938) praed fedos inolhed n ﬁe
actan on ajsardmlx—
tues of kbeddat ad Itves foud
tat NeCl, ;g;erg/nrg
oamw or
of d*erg seemedof e autoadstin
ing soe
dfaalmsr-%sofﬁe
atstme

The main :fgs
aomEtrae o iy dojectives:
(1) Inesticatin of e edstat®e of an
oacetive effect of NaCl on
ﬁs Qi ofiheeﬁa:tof
NaCl on ponerful uch as heme
pigets; ad Q) deenatian of ttre dar-
adastics of fet autoacstian praoted
tte heme pignats nlermsofhy—
ice breskdoan, s',mﬁaly
ﬁﬂya:ldaﬂakardmocal’oayl

ForadwastLWarzpldneansofﬁ

ﬁembtm nezl\/\hld\v\mld
it fedors reqositle
%errm aod breskdonn n
meat. Bidov et (1%0) ussd sodium
advantae | 1%' of sehle
n pqmratlm
aulsias far study of mocel  systers
uder dehydrated aditios. This mocel

Sodium chloride accelerated heme catalysis

regardless of the

Interesting differences in monocarbonyl patterns and
ratios as influenced by additives and moisture content of the

systen ves utilliz in tis inestigtion.

EXPERIMENTAL
Neterials
Sodium carbomethoxy cellulose gum
(CMC-7TH3SF) was donated by Hercules
Powder Co.
Hemoglobin (Hb), myoglobin (Mb), cyto-

chrome C,
tetraacetate

and tetrasodium ethylenediamine-
(EDTA) obtained from
N utritional Biochemicals Corp.
Lard was rendered as described by Gaddis

were

et al. (1966). Four lots were used in the ex-
periments discussed in this paper. The num -
ber of separate experiments carried out

amounted to 64.

Solid translucent gels were made up with
combinations of 1:2:40 by weight of CMC,
lard and water. The following sequence was
used in preparing the gels: W ater was placed
in a Waring blendor and additives, such as
NaCl or Hb. were combined with the water;
the lard was added and the mixture was
blended briefly. CMC was added the
components were blended thoroughly for 1
The resulting gel in the hy-
drated form or freeze-dried. The freeze-dried
products were ground in the W aring blendor
before storage. Controls were run in each
experiment and experiments repeated several
times to check reproducibility.

Oxidation of the
gels was followed

and

min. was used

freeze-dried and hydrated
by determination of per-

oxide values (PV) by the method of Kenas-
ton et al. (1955). PV's were calculated as
meq/1,000 g lard. Samples of fat for iodo-

metric measurement of PV were obtained by
extraction of the gel with chloroform.

Monocarbonyls were determined as 2,4-
dinitrophenylhydrazone derivatives. Fat and
oxidation products were extracted from the

52— JOURNAL OF FOOD SCIENCE—Volume 35 (1970)

oxidized gels with hexane. An aliquot of the
lard,
was reacted with 2,4-dinitrophenylhydrazone
on the Schwartz column (Schwartz et al..
1963). The resulting carbonyl
were separated from the lard
ated to simple monocarbonyl
described by Schwartz et al.

vacuum distillation (Gaddis et al..
1966) could because of the
tenacity of the gel which made quantitative

hexane extract, representing 5.0 g of

derivatives
and fraction-
derivatives as
(1963). Milder
methods
not be wused

removal of the free volatile

certain.

carbonyls
the method employed was
considered suitable for comparative purposes.

Recovery

un-
However,
experiments of known mono-
indicated
the range
hydrazones
alk-2-enal, and
classes by the method of Gaddis et al. (1959).
This data enabled determination of propor-
tions of classes of monocarbonyl compounds.

carbonyl compounds
micro quantities in
M onocarbonyl
into alkanal,

salvage of
of 85-90% .
separated
alk-2,4-dienal

were

Each class was separated into individual
compounds and the compounds were esti-
mated as described by Ellis et al. (1959).

RESULTS & DISCUSSION

Hydrated gels

& 20°C. Storege n tre dark wes neces-
say 1D dotain a noderate and _eqeni-
mally aonvenient rate of oadation.
Teble 1 rthicaies tre precision dotaired

Table 1—Precision of gel method: Ex-
pressed in variability in Peroxide values;
average deviation from mean.

Days of Peroxide
storage values
5 +0.31

10 +0.43
20 +0.85

30 +1.0
40 +1.17
50 +0.82
60 ~0.82



asin B Eliead much dicsr tten 1oi-
cied n Teble 1 The e esse of

N s 2.3 NCL. 9 12 ad 140@5;
4.5 NCI, 8 13 ad 16

10.80 NCI. 1. 5 ad 19
ruicﬂesﬁetlmmdammsoﬂ\bc

mdwbacbummmlsobesm
r’@l:oll w for higer coontratias of

A ssod iment with
anounts of NaC O Al -
dicied a ke in tre ribiton &
aromtratias of fran 8 1o 10% NeCl.
The saturated NaCl did ot aoelerate
&é@abmﬂofmlsdjesngt l%OW“'h

Chang et n
mhﬂ?f?&ermmﬁahasofNaC ac-
claated fit oadation.

Mabrouk et & (lgcli)) in studiies of
fered NeCll emlsnsofneﬁ'yl lickete
deened poyessive  rhioiaon  relatsd
B st aoatraton. 'meweeplamtlm
of tis wes a chasese N YN aal
daillity by NeCI.. Ssltmditsommrg
diet een it loas te pH
Colaren, 1%61: GeEl et A,

rook et d. (1990) dosened an
inreesdl oadadin raeofﬁelrdeae
with dearessirg pH \allues as regullated by

ful nfliee by NaCl N de-
aessirg te pH \ale of te gks hes
been dosenead I s work. As shon
in Aguae 1 pH of tte hydrated A de-
aesssd with inoressad NeCll up 0 aoout
8% amtat, aftar which \aluss
ledled di. The acadifyarg effect of NaCll

3_
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dhlarice N 2.9% cooentration irhibited
autoacation. A ¢ antainirg 2.9% KC1

hed a peroxice valle of 20 et 11 of
fﬁsg%

stoae with 8 days .
NaCl and 5 days for tte antrol . Amounts

of KC1 and NaCl usd here were nolar
Addrtaan of micro amountts of Ho. Mb

a2 s PV 40 &5
7CE;E5-KCI a0

ad PV antainirg
0.005% Hb hed PV 206t3(%5. PV
40 o 16 days ad PV 60 & 19 s,
Addition of 2.3% <iit © 0.008% Hb

Inoeesirg NaCll 10 10.4% irhibited tre
0.008% Hb This ¢ hed PV
Da3ds, PV 40 & 17 dys ad PV
& & 21 das. The aove relaiodEp
wes deenvad N rgeEated eqgparaits
Volerm(l%ll_?sm/\edl\baa:celeram
odadataan of Hb ad Mb 1o te farc
fam. The heme pigrets were used &8
recenad fron tre denical hoese ad
were ssibly intte odadizd (ret) fom.

Faric dilarice (FeCI3G1,0) hed a

it on te bxd n te
hydrated ogf and s inoreessd wirth con-
atration. In s saies of eqarimants
0.047% FeCI’\bHoormlpa:llc;iatlgtE
sae poodadiie effet s
0.0063% Mo. Huwever, abtiticn of
0.0047% and 0.012% FeCI364.,0 hed
n et on te odacatin
;Ieroted by 0.0063% Mb. There wes
0.0023%. 0.0047% ad
0.012% FeCISBHD on tte retardirg -
fllee of 2.3% NCI. It B
10 corpare s with tte of Mos-
loats et d. (199)) which shoned a
1 pro-oadnt effect of FeClI3 and
NaCl aloe ad N aybirtion on

Whenacbbdnmlcrogranarants
sall mess n heme |grmtspro—

of tre rate of autoadatian o much ks
then tret of tre atal. The
res s of an eqerinant of tis e ae
shonn n Agre 3 A vary rla@stg?
deenation here ves tret aonbination
tteﬂiormyamwtobevwml\bCI
procbced an e N te rae of
autoacttian. The_amounts of resctants
s N s iment <l
dﬁmmﬁm e o &
&8 uatalyzd cotrol.
iun diloice gyears taefoe
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have te poner of redcirg tre efflect of
odadcation rhiitirg arounts of Hb ar

haBrg'%gg‘Sd (1981) tet

otodyoe C N 1.5 X oonoen-
traln wes an atie bt &
hider cooratios G5 X 1030) &

rhioited avtoackian. The dflet wes
arsicred de O paroxice breakx:b/\n(’J|
tomdneompa.mb Lems et 1%3)
mr?hfm hemi and mmgem(les
in tse
ﬂwene(:rmmn'?.fataydﬁxofNacolf
N aunteract amuts
Hb smtmrrg'l‘mressmemicetm
tet te B te effect of
NaCl couldbe npartdee o ispH-loner—
|rgactn1|-b/\ever Baksetd. (19651)
hae dsened tet HsrmeC \/ée-o-s
prtickadly aive a& pHS dowe
Wills (19%) hes shonn tet pH hes
Itk infllexe on heme ctahas, ut a
marked efflect on netal
Umredneat,sluejnﬁeﬁm,
qentities hemeplgrmtsaepmt.
'ITeaoUitimofI\bClcasesaompara
tndy rapid e of astodadstian
ﬁafier—smejrreat.'l'heefﬁtofl\bcl
on unfrazen meatt hes rottbeen determined
because of masking ceteniaative derges

NaCl an Elelmal pro-oadant ciahdts
T Forogetes of iher, rert ard

V\erecaalyticoflmleucaadoa—
in N dilble sgEEIcs ad b
ngigwmmﬁaio's.
resilits pamit tre }
tet te pro-odicat efiect of NaCl an
meat may ke de n soe a
noorfication of tre rhibrtary ectian of
rektinvely hi aru—:rlrati(rsofheme
pigrents and otter coporents.
Freezer storage of hydrated gels
The remained haical
steble when ﬁm?ardapmaj Iy
dﬂeﬁ@asarmdelazste‘nhtre
study of autodadation fadars uder con-
ditios of fre=er Soae. A
wes made of tte rate of icaticn n
te o with and wathout 2.27%
NaCl & 5F Autoxicetion vwes ex-
treely slov ad reminisont of freear-
stored meat n ispae. Agoreciable P/ s
dldmtamea’ullldia'saaalrrmtrs
of At tte temiratian of s
moths, te NCl-treated le hed a
tPlgof45ascmparedloS te con-

Thus, frazirg anverted en odacatiat
rhibitig infllee of NaCl 0 a po-

de ly 1o micooregisis. The  odacitve fudtion, and this would seem
influae of NaCl on neat ise B mrq;resertaoira:tacnmg/tt“el\bd
ebly menifold; honever, adirect of Qch epaietal aditios daild
220 T | T T T Jv_r—f‘T
L ® 0.0063% Mb / .
X 0.057 % Mb /
© 0.057 % Mb, 2.3% NoCl /

160

PEROXIDES
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o
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@
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I

4
0 e d e Lol x2 1

Storage of freeze-dried gels
Aeeze iy te ¢gs produced a
ol which could e groud o
E/ﬁe psrudes. This nqmatlcn

obumofladnttefreaed’mgjd
A saple antainirg 25% NaCl (2.3%
Iasndated) reeded a PV of D
obgs$mrparedtoam1rolsme
9 ciys. This wes a direct effect un-
by any agat nless kvere trae
netals. Honever, te posidle nfllae
of trae netals © ke e ait

tte u= of EDTA. Useof259’/o

DTA (0.093% EDTA &
te atdl |mmjitet|rre10reech
PV 0 fran 9 o 14 das. BErployment
of 2.5% EDTA ad 24.5% NaCl re-
versd tre tine fran 4 o 10 das. This
caostrates tet te delator did ot
elimirete te effect of NeClL..

Trhus, whirtaan by NaCll eastsd i tre

form and aoeleration uder de-

arditios (rcudirg froan).
nfliee of pH would ot ke a fedtor
lae. These realts agee with tte re-
=hirbpoTeg s 6.

In vere es-
snelmly Hbardeacceleratejﬁgg
wbadal%%ardmeremﬂajtoa
gedter accelaratian by NeCl. These re-

9\5§

e

sits seem idicte tet pH
B ot te aly faaor inohad in te
adtian of NaCl on heme pigrents ad
nest.
An
V\asdJlalrmIWnen _uce,

pork len ageas edrat ad pork

lemmereurmmatedmﬂwﬁelad
. were st wp
mlyfcrihe o t aod
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Fig. 3— Effect of NaCl on oxidation inhibiting amounts of Hb

in a hydrated gel.
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4— Effect of meat fractions and NaCl on the autoxida-



Autoxidation characteristics and
monocarbonyl patterns

1
oS (BTt i ST OF 1 s
rTG"ItS.

(19530) notd tet, begiming with aoli-
poe tisse and inaeesiry gentities of
g]k Iesnt&ue, ﬁerev\asa

Slrrelterredmlsm ofgenecaalﬁs

ice breskdonn, £ B

ammt ofﬂedacmmsm' }
rmstbelomnuxxar‘mryllcsa:m:b?;

The eqarinental datla ae shonn N
Teble 2. When NaCl wes used O ac-
claae tte heme s, tte mono-
carboyl/PV rais inessed but il
V\erermch:tgé\erﬂmﬁemﬁds. Difl—
faaos n irdivicLal monocarbony/

V\eresrall,adnoretglammld

1 cetamire teir Sgu

corte The 1en Of EDTA. Wit WAt
NeCl-ectivated Mb a dramatic

n te mpjor lrdkeste el fron
C8toC9as shomn nTable 2. This migit
iicaie an infllee of trae netals on

hydrgperoxice raon.
e s of .06
dlBjﬁE%-d‘Bj oifhedfrcmtmse
of te As shon n
Teble 3, tte adl das wes n gedler
ad te C9 ed wes te
rra_jorompwnd n tat des. The C9

adl wes dominent. n te
heme pigrent oadtios. In
tee e, te of C9aul wes
reeriyas & tre C6 dladl. Both

fron liroksie hydro-
[EIO(ICE (Gadjls etd, 1961; Hisetd,,

Odirerily n tte oadatian of Iro-
ke, C6 adllkaal B formed n \ary
high perontegess with very srall genta-
s of C7,Csad C9auls ad CO -
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Table 2—The effect of additives on oxidation characteristics of hydrated lard gel.

Lard
O. S. backfat, Additive NacCl
hydrated (20 g) Heme (8) <%)
Experiment 45
16 days — -
81 mg Hb — —
“ — 2.27
Experiment 47
17 days 81 mg Hb 0.2 EDTA
12 days “ 2.27
4.54
6 81
Experiment 52
9 davs — — —
cytochrome C — —
" — 2.27
21 days — — —
cytochrome C — —
— 2.27

1tr—trace.

,um

Monocar M onocar- Enal /am

PV bonyl bonyl/PV c7 c8 ¢c9
51 11.11 0.22 0.38 1.21 0.43
57 4.92 0.09 0.11 0.56 0.16
60 9.79 0,16 0.35 0.80 0.24
31 1.45 0.05 - trl 0.23
28 2.37 0.08 0.09 0.15 0.24
36 2.80 0.08 0.16 0.20 0.26
46 3.71 0.08 0.15 0.20 0.31
41 4.26 0.10 0.19 0.46 0.20
50 2.68 0.05 0.09 0.16 0.14
52 2.83 0.06 0.07 0.14 0.12
186 23.26 0.13 tr 2.62 1.08
201 11.16 0.06 tr 1.02 0.54
215 12.16 0.06 — — —

Table 3—The effect of muscle and its fractions on autoxidation characterisitcs of freeze-

dried gel.
Lard
freeze-dried NacCl
(40 g) Heme Additive (%) PV
Experiment 40
6 days 34
8 days — — — 80
2 days 20 mg Mb — 2.27 73
3 days “ _ 2.27 136
Experiment 42
6 days - - 2.27 48
Experiment 34
4 days Muscle - 58
juice
7 davs - — 103
21 davs — Lean — 29
muscle
Experiment 55
18 days M uscle 30
extract
4 days — 2.27 82

gdls. A mechanism by which suh brge
amoutts of C9 edl migt be formed
sdfficit o eplain. This s
tretﬁepmreofv\amrdnrgam
cain ad hydrgpoeroxice  breakdonn
may have arsicdadble inflee on te

n'ancar‘oayl gerael.  Determine-
tin B nescd of tte effedts of plaity,
noisture ad e sk tee

arditios may dsoure tte nfliece of
pro- and antaoxicent achirtines.
1 cata in Teble 3

aouenLs
high ramoftbtermwatlm of te il
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loading required to stretch sterno-
the maximum of 2
is due to a weak-

| filaments with the Z discs

The Z discs undergo progressive changes and lose ground substance

as aging proceeds. There is no obvious structural change in the | filaments during aging
although a weakening in the association of the constituent proteins of these structures

apparently occurs.
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clamps, one of which was fixed while the
other was attached through a cord and pul-
ley to a vertically-hanging weight (10 g.).

consistency all extensions were measured 1

rnin after the application of each load.

Fiber-piece preparation

STUDIES IN MEAT TENDERNESS. 8.-57

Preparation of samples for
microscopic examination

Fixing and embedding. Fiber-piece sus-

W ith the onset of rigor mortis the meat . . .
pensions (10 ml) taken at intervals during
samples became set at the length (L) so that | . . 30 h h 50 d f st trif d 10
the term S = 1 — L/L> defined the de- Mus-ce set in rigor, : r PM Was- 0- i ays o storage were cen rluge- (-
. . . mogenized wunder aseptic conditions in a min. 600 X g) and the supernatant fluid dis-
gree of shortening (-j-ve) or stretching ) . . . . .
(—ve) W aring blendor for 1 min with 5 vol ice- carded. The sediment was resuspended in a
: cold 0.1 M KcC1 containing 0.04M sodium 2% solution of osmium tetroxide in 0.05M
Samples were taken for further study i R X
. phosphate buffer, pH 6.49. Microscopical cacodylate buffer (pH 7.4) for 60 min at
from pre-rigor muscle, 1.5 hr post mortem . X h d h ¢ h 20°C ith " itati ¢ t el
wi entle agitation to prevent clump-
(PM), and from muscle stored at 15°C for examlnatlonf s o-we tl?t except for tz | Deh dg - g Z ¢ P
ing. e ration was carrie out over a
30 hr PM. These latter were considered to prese_nce ° varlous_ ce com_ponents an g_ 4 . o .
. . . : debris, the preparations contained a small period of 60 min at 20°C in an ethanol
be fully in rigor mortis, (through attainment . ) L . .
. . . proportion of discrete myofibrillar units and series to 100% ethanol.
of the ultimate pH value) but with as little . ) A . . . . .
. A a larger proportion of fiber pieces consisting After brief centrifugation (5 min, 600 X
aging as possible. Samples were also taken ) o ) )
of laterally-aligned myofibrils up to 40 in the ethanol was discarded and replaced
from muscle stored at 15°C for 90 hr PM ) ! X . .
. A number. These fiber-piece suspensions were with acetone. Two mixtures of acetone and
and thus approached the maximum Ilimit of A . .
X stored at 2°C in sealed tubes containing araldite (1:1 and 1:9 by volume) were then
aging (Davey etal., 1967a). hi henicol d ) di to infiltrate the fib .
used in sequence to infiltrate e fiber pieces
Since samples stored for 90 hr PM were chloramphenico (_50 ppm) an aureomycin i a i A p
R . . . (50 ppm) for periods of up to 55 davs at which were finally embedded in 100% Aral-
prone to microbiological spoilage and to . .
R 2°C. dite as a shallow layer. The thin blocks of
dehydration, they were sprayed 24 hr PM
with aureomycin (100 ppm) and chlor-
amphenicol (100 ppm) and stored at 15°C
and 80-85% relative humidity in a con-
trolled-climate chamber. This procedure en-
sured that bacterial numbers, measured ac-
cording to Davey et al. (1966) were con-
tained at the low level of < 102organisms/g
muscle stored for 100 hr at 15°C.
Extension versus load determinations
Muscle strips of uniform cross section (at
least 10 cm long x 1.5 cm x 1.5 cm) with
fibers parallel to the long axis were cut from
the muscles at 1.5, 30 and 90 hr PM. Each
strip was hung vertically with a pan clamped
to the bottom end for the addition of
weights. A sample length for a given load
was measured between two horizontal strips
of golc. leaf placed on the muscle surface
one above the other and 2-3 cm apart. For
o _——e
10 { e—--——- ¢ —ce———————0— x
— o= 7-—‘
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0 200 400 G0o 800 1000 2000
LOAD  g/cm? muscle Fig. 2— Light photomicrographs of longitudinal sections from
aged meat, 90 hr PM, close to resting length, S = 0.13. (a) Not
Fig. 1— Extension versus load curves for strips of bovine subjected to extension, (b) After extending to approximately
sternomandibularis muscle at different times post mortem. S = —2.0. Although some oblique sectioning occurs in the
Curve I: Pre-rigor muscle, 1.5 hr PM; Curve Il: Unaged meat, 30 rather disorganized, extended samples, dear breaks are obvious
hr PM; Curve Ill: Aged meat, 90 hr PM; (Broken lines, return in the myofibrillar material of the fibers, which are still envel-

curves with reducing loads.)

oped in a thin sheath (arrow). (Magnification x350).
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embedded material (0.2 cm) were inspected
with a phase-contrast microscope and typi-
cal fibers selected and trimmed for section-
ing.

W hole muscle samples (1.5, 30 and 90 hr

PM) were fixed as thin strips of parallel
fibers (at least 6 cm x 0.2 cm x 0.2 cm)
cut from the body of the meat. Samples

subjected to a forcible extension were main-
tained at approximately 2 Lo by tying them
under tension to glass rods.
carried out in two changes of 5%

Fixation was
glutaralde-
hyde over a 4 hr period.

All samples were cut into small pieces,
in fresh glutaraldehyde
and finally washed in 0.1M phosphate buf-
fer (pH 7.4) for 12 hr. A further fixation

for 20 min was carried out in 2%

fixed for 2 hr more

osmium
tetroxide followed by
ment (20 min) in 2%
tate.

Sectioning, staining and microscopy. sam -

a post-fixative
aqueous uranyl

treat-
ace-

ples for electron microscopy were cut with
diamond knives on an LKB wultratome. A f-
ter expansion with a trichloroethylene va-
pour, the sections were mounted on carbon-
collodion films supported by 200 mesh
grids, or without a supporting film, on 483
grids. Thicker longitudinal sections for light
microscopy were cut from both unstretched
and stretched, embedded samples and af-
ter mounting were treated with Van Gie-
sen's stain. A Philips EM 200 with HT volt-

age of 60 Kv was used for the electron-mi-

croscopic study. Light micrographs were

obtained with a Zeiss photo microscope.

Sarcomere-length determinations
Clearly-resolved striations were observed

in the light microscope at a magnification of

(x 150) allowing sarcomere lengths to be
measured on the micrographic negatives
with a Nikon Comparator. Mean values of
sarcomere lengths, together with standard

deviation values determined from at
least 800 covering
graphs of eight randomly-chosen fields from

sections of each muscle sample.

were

measurements micro-
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SUMMARY— The area most prone to infection and consequent spoilage of eggs was lden-
tified. Different areas of the egg were coated with paraffin wax. The waxed eggs were ex-
posed tc infection by Pseudomonas aeruginosa and spoilage studied by ultraviolet light
candling. The blunt end was found to be most vulnerable followed by the equitorial re-

gion and the small end.

INTRODUCTION

IN RECENT YEARS, increased atten-
tion has been given to the mode of infec-
tion of eggs by bacteria. The organisms

used most often for inoculation have
been various species of Pseudomonas.
These organisms are primary invaders

and are relatively easy to detect.

Attempts have been made by several
workers to correlate egg shell porosity
with bacterial penetration (Walden et al.,
1956, Fromm et al., 1960, Reinke et al.,
1966). Romanoff (1943) states that the
blunt end of eggs are more porous than
the sharp end, however, Hartung et al.
(1963) reported no difference between
extreme porosity and indicated that capa-
city to resist penetration was not a func-
tion of porosity.

Tyler (1961a) determined the egg shell
thickness by several methods and reported
that the broad and narrow end of the egg
shell had a thickness greater than most
intermediate latitudes. The variation in
the shell membrane thickness over various
parts of the shell were reported to be con-

siderable by Tyler (1961b), however,
there was no relationship between mem-
brane thickness and shell thickness.

Reinke et al. (1966), using carbon diox-
ide penetration data, showed a low nega-
tive correlation between carbon dioxide
permeability and bacterial penetration for
top, bottom and equitorial shell sections
of chicken eggs.

This laboratory found that eggs artifi-
cially exposed to Pseudomonas aerugi-
nosa of:en reveal a definite greenish area
of bacterial growth at the blunt (air cell)
end. This study was undertaken to de-
termine if there is any preferential area
on an egg for bacterial penetration and
growth resulting in spoilage.

MATERIALS & METHODS
Eggs

All eggs used in this experiment were from
one strain of White Leghorn hens from the
Cornell University farm. The eggs were of
the same size and were one day old when
used.

Washing of eggs

The eggs were washed in an immersion
type washer using a sanitizer-detergent for 3
min at 45°C. The eggs were then rinsed in
water (40°C) to remove residual sanitizer-
detergent. They were dried at room tempera-
ture.

Dipping of eggs in molten wax

The washed, air dried eggs were dipped in
molten paraffin wax that the unwaxed area
consisted of the blunt end, small end, both
ends and equitorial region. The detailed
schematic for dipping is shown in Figure 1.
Extreme care was taken to expose a similar
amount of shell surface to paraffin wax
within each treatment. The eggs were stored
in a 35°C incubator for 1Vj-2 hr before ex-
posure to infection.

Exposure to infection

The waxed eggs were at about 35°C when
removed from the incubator. They were
dipped in water, infected with approximately
1 million cells of P. aeruginosa per ml. The
temperature of the dip water was 15°C and
the time of exposure to infection was 5 min.
After exposure to infection, the eggs were

removed and stored at room temperature

(21-23°C).

Spoilage study
The infected eggs were stored at room
A B C D
E F G H

[ ~]= waxed area

Fig. 1— Diagram of eggs showing differ-
ent areas covered with paraffin wax.

Infection Routes of Bedtena into Chiden Egs

temperature and the spoilage followed by
candling every day using ultraviolet light.
Eggs showing greenish florescence were con-
sidered positive for spoilage.

RESULTS & DISCUSSION

TABLE 1 gives the results of bacteriolog-
ical examination of the eggs that were
waxed in different areas and were exposed
artificially to infection by P. aeruginosa.
The eggs were incubated at room tempera-
ture (21-23°C) for a maximum period of
30 days. Spoilage was considerably lower
when the eggs were coated with wax at
the blunt end or when all the shell was
covered with wax except the small end.
Spoilage was also minimal when the
eggs were entirely covered with wax.
There was some spoilage even when
the shell was completely covered with
wax. This could be due to some minute
areas of the shell which were not cov-
ered with wax or due to some native
bacteria which were on the shell before
waxing. Spoilage was very high when the
small end was waxed. Similar results were
obtained when both ends were left un-
waxed or the blunt end was not waxed.

However, spoilage was in between the
two extremes when both ends were
covered with wax.

Results show the air cell end is the

area most vulnerable to infection. The de-

Table 1—FEffect of various treatments as
shown in Figure 1 on the spoilage of egg by
Pseudomonas aeruginosa.

Days of incubation

Treatment 10 15 20 25 30

Number showing spoilagel

A - - 7 14 17
- - 4 7 11

B — i 21 32
— 3 11 24 39

C — 1 4 7
2 4 9 12 18

D — 6 13 19 40
— 2 15 21 31

E — 1 11 24 35
1 3 13 26 39

F 1 2 4 5 7
— 3 7 9

G - "" 1 4 6
- - 5 9

H — 3 12 24 35
— 5 16 28 38

1Two trials, 40 eggs in each trial.
— No spoilage.

Volume 35 (1970)— JOURNAL OF FOOD SCIENCE— 61



62— JOURNAL OF FOOD SCIENCE— Volume 35 (1970)

gree of spoilage decreases considerably if
the blunt end is covered but it is not ab-
solute. The small end appears to be the
most resistant to penetration even when
this is the only exposed area. The three
regions rated according to their suscepti-
bility are as follows: (a) blunt end, (b)
equitorial region and (c) small end.
Kraft et al. (1958) and Reinke et al.
(1966) reported a poor correlation be-
tween porosity and spoilage. Reinke et al.
(1966) removed the membranes and were
primarily studying the effect of shell
porosity. However, in this study, the effect
of all the exterior barriers including cu-
ticle, shell and the two shell membranes
were involved. Hartung et al. (1963)
showed that membranes from eggs of
varied shell porosities did not differ in
their capacity to resist penetration by
Pseudomonas fluorescence. Walden et al.
(1956), indicated that shell at the blunt
end contain a greater number of pores
and was more permeable than the narrow

Jemica Destuction of A

end. It would appear that the mechanism
of bacterial penetration may not involve
permeability effect.

The data presented here indicate that
eggs spoil faster if infection takes place
at the blunt end as compared to other
regions on the egg. Thickness of the shell
and the membranes are not critical fac-
tors in penetration. Tyler (1961b) re-
ported that shell thickness was greatest
at the broad end, however, results indicate
that this area is most vulnerable to in-
fection. It is more probable that the air
cell causes a vacuum or suction effect,
thereby facilitating the passage of the
organisms. The blunt end may provide
better environmental conditions for
growth and multiplication of the orga-
nisms once penetration has taken place.
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SUMMARY — Destruction of A. niger conidiospores at 20°C (68°F) by 20 ppm NaClO and

20 ppm

iodine as iodophor yielded D values of 0.61 min and 0.86,

respectively at pH

3.0 and 1.31 and 2.04 min, respectively at pH 7.0. On the basis of molar concentrations,
iodine was slightly more effective than chlorine. A D value of 0.026 min was obtained

with 4%

NaOH at 60°C (140°F) indicating 4%

NaOH at 60°C to be far more germicidal

than 20 ppm of either halogen compound at 20°C. One per cent NaOH at 30°C resulted
in an immediate and rapid release of amino acids presumably from the spore wall during

the first 2 min of contact and a slower rate of release of RNA, with DNA

the slowest rate.

INTRODUCTION

IN THE ASEPTIC processing of single
strength orange juice two principal meth-
ods are presently in use for rendering
glass containers free of spoilage micro-
organisms. One method uses a 4% NaOH
wash followed by a chlorinated water
rinse (Lund et al., 1966): the second
method uses a rinse with 15 ppm iodophor
(Neeb et al., 1967). The purpose of this
investigation was to determine the relative
germicidal effectiveness of these two
methods for rendering glass containers
free of viable mold spores and to assess
the extent of marginal asepsis and po-
tential spoilage engendered by both
methods.

released at

MATERIALS & METHODS

Preparation of conidiospores

Frozen orange concentrate was reconsti-
tuted with distilled water and clarified by
vacuum filtration through a bed of Hyflo-
Super-Cel. Fifty ml of the clarified orange
juice were autoclaved for 10 min at 121 °C
in 250 ml Erlenmeyer flasks. They were then
inoculated with a stock culture of A. niger
and incubated statically for one week at
30°C for development of mature conidio-
spores. The spent juice was carefully poured
off leaving the mat of growth intact. Dis-
tilled water (100 ml) was slowly added be-
low the mat and then decanted to remove
remaining juice and solids.

Sodium lauryl sulfate (100 ml of 0.1%)
was added and the flask vigorously agitated

perglivs niger Gondics

Amherst 01002

00 (S

to separate conidiospores from the mat. The
spore suspension v/as then poured into a 250
ml Erlenmeyer flask containing glass beads
and the flask was agitated at room tempera-
ture for 15 min on a rotary shaker to dis-
perse clumps. The concentration of the
spore suspension was then determined with
a Petroff Hausser bacteria counting cham-
ber and adjusted to 3.3 x 10“ spores per
milliliter.

Determination of destruction rates

Conidiospores of A. niger were subjected
to 1, 2, 3 and 4% NaOH at six different
temperatures (20, 30, 40, 50, 60 and 70°C).
The destruction of A. niger conidiospores
by halogen compounds at concentrations of
1, 3, 6, 10, 15 and 20 ppm was studied at
20°C. A 500 ml three neck flask (Levine et
al., 1927) was used for determining destruc-
tion rates. One neck of the flask was equipped
with a thermometer, one with a stirring
rod and blade and the third with a stopper
to permit aseptic sampling of the flask con-
tents.

The flask was autoclaved, 299 ml of
sterilizing solution added and placed in a
Fisher Unitized Water Bath previously ad-
justed to the desired temperature, then 1 ml
of a spore suspension containing 3.3 X 10“



spores was added. One ml samples were
removed periodically and transferred to 9
ml of appropriate chilled chemical inacti-
vator (0.1 M NaiSjo3 for halogens and 0.1
M to 0.4 M KH-POj for NaOH solutions).

When destruction rates were too rapid to
allow sufficient time for germicidal inac-
tivation with the flask method tubes were
used for destruction studies. A series of 22
X 175 mm presterilized tubes were placed
in the water bath, 9.9 ml of germicidal agent
added, the temperature of the tubes allowed
to become constant, then 0.1 ml of a spore
suspension containing 1 X 10 spores per
milliliter was added and shaken vigorously
to give a uniform suspension.

After predetermined time periods, an
equal volume of chilled KHsP04 or Na-S2 3
solution was rapidly added to inactivate the
germicidal solution. Spore suspensions were
further diluted using 9 ml dilution blanks
of clarified orange juice at pH 4.0. One
ml of the 10\ 10“ and 103 dilutions was
plated in duplicate using orange serum agar
(Difco) to determine survivors. Plates were
incubated at 30°C for two days.

Preparation of germicidal solutions

The concentration of NaOH solutions in
distilled water was determined by potassium
acid phthalate titration (Horwitz et al.,
1965). Solutions of a commercial iodophor
(15% Butoxy polypropoxy ethanol-iodine
complex, providing 1.75% available iodine,
9% phosphoric acid and 75.5% inactive in-
gredients) and sodium hypochlorite were
prepared in buffer solutions. Mixtures of 0.1
M H;PO,, 01 M KH.POi and 01 ™
K»HPO, were used as buffers to maintain
the pH values (3, 5 and 7) of the halogen
solutions constant. lodometric titration was
used to determine the concentrations of free
chlorine (American Public Health Associa-
tion, 1965). Free iodine concentrations were
determined by starch-thiosulfate titration
(Hays et al., 1967).

Assays for cell leakage

The method of Lowry et al. (1951) was
used for the assay of ninhydrin positive
amino acids using bovine serum albumin
for a standard curve. Ribonucleic acid was
determined by the orcinol method of Mej-
baum (1939). Deoxyribonucleic acid was
determined with the diphenylamine method
of Burton (1956).

Leakage studies

Conidiospores were grown and harvested
as previously described, washed three times
with 100 ml of 0.1% sodium lauryl sulfate,
once with 100 ml distilled water, and then
adjusted to 1 x 10” spores/m| with distilled
water. A series of 22 x 175 mm tubes was
placed in a water bath, 5 ml of 1% NaOH
added, the temperature allowed to rise to
constant value (30°C), then 1 ml of the
pretempered spore suspension was added and
shaken vigorously to give a uniform cell
suspension.

After predetermined time periods, an
equimolar amount of chilled HC1 was rapidly
added to inactivate the NaOH solution and
filtered immediately through a 0.45 micron
porosity millipore filter. The filtrates were
refrigerated overnight before leakage as-
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says were performed. Zero time assays were
performed by adding 1 ml of the spore sus-
pension to chilled and previously neutralized
1 N NaOH prior to filtration. The use of
phosphate or Tris buffer to neutralize the
1.0% NaOH in which the spores were sus-
pended resulted in the release of consider-
able dark brown pigment from the spores
which necessitated the direct addition of
chilled HC1 without a buffer for neutraliza-
tion.

RESULTS & DISCUSSION

Destruction by sodium hydroxide

Destruction rates for A. niger conidio-
spores showed no lag and were exponen-
tial in 1. 2. 3 and 4% NaOH at all tem-
peratures used (Figs. 1-4). With 1.0%
NaOH the D value (time in min to de-
stroy 90% of spores) at 20°C was 81.09
min while at 60°C the D value was 0.26
min. With 4% NaOH the D value at
20°C was 0.34 min while at 60°C the D
value extrapolates to 0.026 mm (Table 1
and Fig. 5). The rates of destruction with

% OF SURVIVORS

LOG

2 4 6 8 10

MINUTES
Fig. 1— Destruction of A. niger conidio-
spores at various temperatures by 1%
NaOH.

2 °% NaOH

LOG % OF SURVIVORS

MINUTES
Fig. 2— Destruction of A. niger conidio-
spores at various temperatures by 2%
NaOH.

Table 1—Summary of D values for A. niger
in sodium hydroxide.

D values in min

Tem -

perature, 1% 2% 3% 4%
°C NaOH NaOH NaOH NaOH
20 81.09 2.66 0.66 0.34
30 31 .33 1.72 0.30 0.18
40 10.52 0.87 0.24 0.10
50 1.38 0.19 0.11 0.05
60 0.26 0.08 0.06 0.026t
70 0.12

10btained by extrapolation from thermal de-

struction curve (Fig. 5).

2 and 3% NaOH at 70CC and with 4%
NaOH at 60 and 70CC were too rapid to
determine experimentally with the meth-
ods used.

The z values (number of degrees Fahr-
enheit required to alter the D values 10
fold) for the destruction of A.
conidiospores in 1. 2. 3 and 4%
were 29.5. 45.0, 69.0 and 67.0,

niger
NaOH
respec-
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Fig. 3— Destruction of A. niger conidio-
spores at various temperatures by 3%
NaOH.
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Fig. 4— Destruction of A. niger conidio-
spores at various temperatures by 4%
NaOH.
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Fig. 5— Thermal destruction curves of A.
niger conidiospores for various concentra-
tions of NaOH.
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Fig. 6— Germicidal efficiency of NaOH
against A. niger conidiospores.
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Fig. 7— Release of amino acids, RNA
and DNA from A. niger conidiospores by
1.0% NaOH at30°C.
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Fig. 8— Destruction of A. niger conidio-
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at pH 3.0.
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Fig. 9— Destruction of A. niger conidio-
spores by various concentrations of NaClO
at pH 5.0.
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Fig. 10— Destruction of A. niger conidio-
spores by various concentrations of NaClO
at pH 7.0.
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Fig. 11— Destruction of A. niger conidio-
spores by various concentrations of iodine
at pH 3.0.
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Table 2—Summary of D values of A. niger conidiospores in halogen solutions at 20°C.

Concentration

ofhaloaens. PH 3

ppm NacClO y2i2 NacClO
55.56 40.82 69.40

3 10.10 10.37 13.50

6 3.20 3.76 4.17

10 1.49 1.41 2.00

15 0.78 0.94 1.21

20 0.61 0.86 1.04

tively (Fig. 5). Of interest are the nearly
identical z values obtained with 3 and 4%
NaOH which indicates a constant tem-
perature characteristic for destruction at
these two concentrations. This, however,
should not be interpreted as indicating
similar destruction rates with 3 and 4%
NaOH at a given temperature. At 20°C
the D value with 3% NaOH was 0.66 min
whereas with 4% NaOH the D value was
0.34 min; applying an identical z value to
these initial D values will not alter the
approximately twofold difference in de-
struction rates (D values) maintained at
any given temperature between the two
concentrations.

The relationship between the logarithm
of the concentration of NaOH and the
logarithm of the D values was found to be
linear (Fig. 6). This relationship was first
expressed by Watson (1908) in the form
O et = a constant, where t is the time to
destroy a specified number of organisms
by concentration C (of disinfectant) and
n is a constant. For purposes of calcula-
tion this expression may be written :

nlogC + logt= constant

and indicates a linear relationship be-
tween log C and log t. Equations express-
ing these relationships for 90% destruc-
tion by solutions of NaOH were found to
be:

at 20DC logt= 1.95-4.26 log C
at303C logt =1.36 — 3.651log C
at40°C logt=0.77 - 3.07log C
at 50'C logt=0.18-2.46 logC
at60°’C logt=0.43 - 1.781log C

Once established, these equations can
be used to calculate the time required to
destroy any number of the organism by
any specific concentration of germicidal
agent at the specified temperature.

Leakage studies

Studies on cell leakage were designed
to determine the extent of damage to the
spore membrane and cell wall by exposure
of conidiospores to 1% NaOH at 30°C.
This concentration and temperature were
chosen from previous destruction studies
so that approximately 50% spore destruc-
tion would result in 10 min. In this man-

D

values, min

pH 5 pH 7
i NacClo 10
56 .82 100.00 90.90
10 .89 22 12 19.23
4,00 4.85 4.77
2_56 2.38 2.81
i.61 1.71 2.32
P15 1.31 2.04

ner leakage of material would not arise
from extensive damage of the entire cyto-
plasmic membrane, outer wall and coat
but would reflect concurrent death of only
half the cells by controlled chemical de-
struction.

A rapid increase in extracellular nin-
hydrin positive amino acids during the
first 2 min of contact with the 1% NaOH
occurred followed by a slower rate of in-
crease (Fig. 7). Since there is no such
change in the rate of spore destruction it
is assumed that the release of protein or
amino acids during the first 2 min is from
the spore wall and external coat. This is
consistent with the work of Horikoshi et
al. (1964) who found the spore coat of
A. oryzae to consist in part of prctein.
The rate of release of RNA and DNA
from conidiospores in contact with 1%
NaOH was much slower than the release

of protein, with DNA released at the
slowest rate.

Destruction of microorganisms by
NaOH can readily be attributed to the

lipoprotein nature of cytoplasmic mem-
branes and the chemical affinity of NaOH
for lipids. The structural aspects of lipids
in biological membranes are discussed by
van Deenen (1966) who observed the
lysis of trie cell membranes of Neurospom
crassa by polyene antibiotics due to their
affinity tor cholesterol in the membrane.
The drastic degradation in the cell wall
structure of microorganisms by NaOH is
evidenced from the results of Northcote
et al. (1958) who observed partial dis-
solution of the cell wall of Chlcrella
pyrenoidosa with 0.5-3.0% NaOH, re-
sulting in an unmasking of the structural
microfibrills of the wall.

Destruction by halogen solutions

Solutions of sodium hypochlorite and
iodophor were found most effective at low
pH values and high concentrations (Figs.
8-13, Table 2). On the basis of ppm free
halogen, chlorine was more effectively
sporicidal than iodine. The relationship
between the logarithm of the molar con-
centrations of the halogens and the loga-
rithm of the D values was found to be
linear (Figs. 14-16). The equations of
these lines were found to be:

for sodium hypochlorite (uM NaClO/l)

at pH 3.0
logt= 3.43 - 1.50log C
at pH 5.0
logt = 3.44 - 143 1logC
at pH 7.0
logt= 3.70 - 1.501log C
for iodine as iodophor (uM V., 12/1)
at pH 3.0
logt = 2.71 - 1.36 logC
atpH 5.0
logt = 2.73 - 1.28 log C
at pH 7.0
logt=2.89 - 1.301logC
At pH 3.0, 1 ppm NaClO and 1 ppm

iodine yielded D values of 55.56 and
40.82 min, respectively: 20 ppm NaClO
yielded a D value of 0.61 min and 20 ppm
iodine yielded a D value of 0.86 min. At
pH 7.0, 1 ppm NaCIO and 1 ppm iodine
yielded D values of 100.0 and 90.0 min,
respectively, while 20 ppm vyielded D
values of 1.31 min with NaCIO and 2.04

min with iodine (Table 2). These D
values are all greater than those obtained
with 4% NaOH at 20°C and above
(Table 1).

Calculation shows:

1ppm V., 1) = 7.9 jiM V., I,
1ppm NaClO"= 13.4 juM 'A, CL,

Applying the ratio of 13.4/7.9 = 1.7 to
the data in Table 2 indicates that on a
molar basis iodine supplied as iodophor is
equal to or slightly more effective than
chlorine in destroying A. niger conidio-
spores.

Tsukahara et al. (1965) in an electron
micrographic study of the structure of
ultrathin sections of A. niger conidio-
spores demonstrated the presence of a
thick-walled structure at the outer surface
termed the outer hull. The outer hull was
shown to vary in thickness from 0.1 to 0.5
microns. The authors suggest that the
function of the outer hull is to protect the
conidia from harmful physical and chem-
ical agents. The spore coat or wall lying
directly beneath the outer hull was ob-
served by the authors to vary in thickness
from about 0.05-0.10 microns depending
on the stage of maturation. A broad inter-
mediate space separating the spore coat
from the spore membrane was observed
to vary in thickness from 0.70 to 0.30
microns.

From the sum of the mean values of
these measurements the spore membrane
is found to lie at a mean distance of 1.2
microns from the outer surface of the
outer hull. This represents a considerable
distance for penetration of a germicidal
agent and may account for the greater

germicidal resistance of conidiospores
compared to vegetative bacterial cells
(Hays, 1967). Tanaka (1966) mentions

the difficulties encountered in fixing and
embedding mature conidiospores which
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Fig. 14— Germicidal efficiency of NaClO
and iodine against A. niger conidiospores
at pH 3.0.

are not encountered with immature spores
due possibly to the greater thickness and
density of the walls of older spores.

The similarity in sensitivity between
vegetative cells of S. cerevisiae and non-
sporeforming bacteria (Hays et al., 1967)
toward iodine and chlorine indicates fail-
ure of the thicker cell walls of s.
visiae to enhance germicidal resistance.
Since the cell walls of yeasts approximate
the thickness of conidiospore walls and
from the ease vegetative yeast cells may
be fixed and embedded (Bartholomew et
al., 1955) vegetative yeast cell walls ap-
pear far more permeable to germicidal
agents than conidiospore walls. Such a
difference in permeability may also be re-
flected in the far greater resistance co-
nidiospores exhibit toward ultrasonication
than do yeast vegetative cells (unpublished
data).

A. niger conidiospores were used
throughout this study as representative of
acommon mold encountered in glass con-
tainers. Molds with less frequently occur-
ring structures are known to be highly
resistant to germicides. The marked re-
sistance of Neurospora crassa ascospores
to NaClO allows the application of this
germicide at a concentration of 1.5% to
ascospores as a means of selectively killing
contaminating conidia in ascospore prep-
arations (Emerson, 1948).

cere-
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Fig. 15— Germicidal efficiency of NaClO
and iodine against A. niger conidiospores
at pH 5.0.

CONCLUSIONS

THE GERMICIDAL efficiency against
mold spores of halogen solutions provid-
ing 20 ppm or less of NaClO or iodine at
20°C appears marginal. The application
of 4% NaOH at 145°F followed by rins-
ing with chlorinated water appears to be
the best method of choice for efficient
destruction of A. niger conidiospores in
glass containers.
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SUMMARY— Skeletal muscle of brown trout contained one electrophoretically distinguish-

able lactate dehydrogenase
the enzyme

(LDH)

isozyme.
into the soluble phase was favored by high

release of
ionic strength and high pH.

In homogenates of the muscle,

DPNH solubilized the enzyme and prevented binding of soluble enzyme to particulate

matter at concentrations which contributed only negligibly to the

suspending medium. The other compounds

ionic strength of the
involved in the LDH-catalyzed reaction, DPN*,

pyruvate, and lactate, were less effective. The effect of the latter two was due chiefly to

their contribution to the ionic strength of

either DPNH or DPN* exhibited a synergistic activity. Effective solubilization showed

markable specificity for DPNH and TPNH.

the medium. Pyruvate, however, used with

re-
Solubilization by DPNH was also dependent

on the tissue concentration of the suspending medium. The lower the tissue concentra-

tion, the more readily LDH is solubilized by DPNH.

In addition to certain metabolic im-

plications, this information may be used to define assay conditions to allow the study
of the kinetics of LDH in bound and soluble forms.

INTRODUCTION

AS TARR (1966) pointed out in a re-
cent review, “the accumulation of lactic
acid in fish muscles after death is of con-
siderable importance technologically.”
Some important aspects include the effect

of the drop in pH on bacterial growth,
on struvite formation in canned fish, on
water-holding capacity and subsequent

drip, and production of a chalky condi-
tion in some fish. The sugars and sugar
phosphates from which the lactic acid is
derived will decrease concomitantly with
the increase in lactic acid. This may cause
a loss of sweetness in the flesh, and would
also have an effect on the tendency of the
fish to brown if it were to be canned or
dehydrated.

Another aspect of the problem
the accumulation of lactic acid

is that
is ap-

parently a result of an attempt by the
muscle cell to maintain a high level of
ATP. When the muscle can no longer

produce lactic acid, the ATP disappears
and eventually hypoxanthine is produced
with its corresponding bitter taste (Kas-
semsarn et al., 1963).

In post-mortem muscle, the principal
system for maintaining a high ATP level
(which at the same time produces the
lactic acid) is glycolysis. Lactate dehy-
drogenase catalyzes the oxidation of re-
duced diphosphopyridine nucleotide
(DPNH) to the oxidized form (DPN +)
utilizing pyruvate as substrate and pro-
ducing lactate. As such, it is an impor-
tant part of the glycolytic sequence. If
DPNH were not oxidized, it would

quickly accumulate to levels sufficient to
inhibit 3-phosphoglyceraldehyde dehydro-
genase and so stop glycolytic activity and
the many concomitant changes that ac-
company glycolysis in muscle.

The concept of the glycolytic enzymes
as soluble, cytoplasmic entities has been
subjected to re-investigation within re-
cent years. Green ct al. (1965) postulated
that all major metabolic pathways are
actually membrane bound in vivo and it
is the manipulative procedures leading to
cell rupture which are responsible for
the solubilization of the enzymes.

Paigen et al., (1962) found LDH in
the soluble fraction of tissue homogenates.
However, by reducing the ionic strength
of the medium the cell particles could ad-
sorb this enyme. The particulate nature
of LDH in vitro appeared to be the re-
sult of a reversible adsorption with the
point of equilibrium between the bound
and soluble forms to be dependent on
the salt concentrations of the immediate
environment. The authors reasoned that
the ionic strength prevailing in living cells
would thus result in almost complete
solubilization of the LDH. Amberson et
al. (1965) have concluded that LDH is
bound to the fibrous proteins of the myo-
fibrils since they found 98% of the LDH
activity associated with pressed muscle
and 2% with the press juice.

Binding of other glycolytic enzymes
has also been shown to have a pH and
ionic strength dependency. Roodyn (1957)
claimed that pH fluctuations in the ex-
tracting media were responsible for the
distribution of aldolase between particu-

Amherst, Massachusetts 01002

Batnam
Hnogenizd
Traut 3detd Mede

late and soluble fractions. By increasing
the ionic strength of the media he noted
a greater extraction of the enzyme. Her-
nandez et al. (1966) showed that the
equilibrium between the soluble and par-
ticulate fractions of hexokinase was de-
pendent on salt concentration and pH.

These workers demonstrated that salts
could induce a reversible solubilization
of this enzyme.

Rose et al. (1967) found hexokinase

to be solubilized by glucose-6-phosphate,
ATP or by salts with differing pH de-
pendencies. Magnesium caused rebinding
of the enzyme independent of the con-
formational change imposed by glucose-
6-phosphate.

In this laboratory the solubilization of
LDH in homogenates from chicken breast
muscle was shown to increase with in-
creasing pH and increasing ionic strength
(Hultin et al.,, 1966a). These basic fac-
tors can explain the difference in distri-
but:on of the enzyme between super-
natant and particulate fractions prepared
under different conditions such as con-
centration of tissue during homogeniza-
tion, time of post-mortem aging, etc.

Hultin et al. (1967) ruled out the possi-
bilities of isoelectric precipitation and en-
trapment as causative factors for the as-
sociation of LDH with cell particulate
matter. Retention and distribution of LDH
obtained directly from a muscle homoge-
nate were found to be similar to those
caused by binding soluble LDH to a par-
ticulate muscle fraction previouslv freed
of LDH (Hultin et al., 1966b). This led
to the speculation that the soluble en-
zyme may have been adsorbed to the
particulate fraction during homogeniza-
tion. Thus, LDH may exist in the cells:
(1) soluble in the cytoplasmic matrix,
(2) bound to the subcellular particles, or
(3) in equilibrium between soluble and
non-soluble phases of the cell.

This study characterized the factors
wh:ch affect the association of LDH with
cell particulate matter in homogenates
prepared from skeletal muscle of brown
trout. In addition to pH and ionic
strength, certain cell metabolites were
observed to influence this association.
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The purpose of this work was to (1) de-
termine the similarity of the fish muscle
to the avian (2) define conditions which
would allow control of the partition of
the enzyme between soluble and par-
ticulate phases of the homogenate (3)
provide data to hopefully allow extrapola-
tion from homogenates to conditions in
situ and (4) provide basic information
so that the kinetics of the activity of LDH
could be studied with the enyme in soluble
and bound forms. A preliminary report
of some phases of this work has been
made (Melnick et ah, 1968).

EXPERIMENTAL

Materials

Brown trout (Solmo Irnlta Linnaeus)
(9-in. length) were obtained from the M assa-
chusetts State Hatchery in Sunderland.

M assachusetts. Reduced diphosphopyridine
(DPNH), oxidized diphosphopyri-
(DPN+) and

(ATP) were purchased from

nucleotide

dine nucleotide adenosine tri-
P-1.
Pyruvate and oxidized tri-
(TPN™*)

Company.

phosphate
Biochemicals Inc.
phosphopyridine nucleotide were
Re-

duced triphosphopyridine nucleotide (TPNH)

products of Sigma Chemical

and adenosine were obtained from Nutri-

tional Biochemicals Corporation.

Methods

Centrifugation.
performed at 40,000
40 rotor of the
ultracentrifuge. This
mal force of 144.000 G.

Preparation of bound and soluble LDH.

Each day that a preparation was made, a fish

centrifugations were

rpm for 30 min in a No.
M odel L or L-2

is equivalent to a maxi-

Beckman

was removed from an
at 4°C and

tal muscle was

aquarium maintained

sacrificed by stunning. The skele-
immediately cut out. weighed
and placed in the

proper homogenizing

medium. AIl preparative operations were
carried out at 0-4°C. The whole homogenate
was obtained by blending the mixture of fish
plus medium for 30 sec
at full The
mogenate was 5%
of distilled water)

Samples of the whole homogenate were cen-

in a W aring blendor
ho-

(weight of tissue/volume

speed. level of tissue in the

unless otherw-ise stated.
trifuged.
The

was

bound LDH
portion of the
while the
portion of the
failed to
The

media

particulate or fraction
that
sedimented,
that

w'hich

defined as enzyme
LDH
ho-

under

w hich soluble

fraction was whole

mogenate sediment

such conditions. bound fraction was re-

suspended in equal in volume to the

decanted soluble portion.

LDH isozymic pattern

LDH

electrophoretic

isozymes were characterized by their

pattern on cellulose acetate
strips using phosphate-citrate buffer at pH 7.0
(0.067M in phosphate and 0.013A/ in citrate)

(Preston et al., 1965).

Influence of pH and ionic strength
on binding LDH

LDH -rich
of tissue/volume

sediments from a 5% (weight

of homogenizing medium)

homogenate were rehomogenized in solutions

buffered
values

with imidazole (15m M) at pH
7.5.
rehomogenized
ionic strength (0.010-

sodium

ranging from 6.3 to Particulate
LDH-rich fractions were also
in solutions of varying
0.100), w ith

calcium

chloride and
15 mM

rehomogenized

obtained
chloride as im -
buffer. pH

solutions

solutes, in
6.7. The

centrifuged to

idazole
obtain
with

were again

supernatant and sedimented fractions
LDH distributed

tion of pH or ionic strength.

between them as a func-

Influence of cell metabolites on LDH binding

LD H -rich
in 10 mM

following cell

sediments were rehomogenized
imidazole buffer, pH 6.7, with the
DPNH, DPN\
TPN*. ATP, ATP
nicotinamide, pyro-

DPNH.

metabolites:
TPNH.

adenosine,

pyruvate, lactate,
-f MgcCl.,
phosphate and
DPN*.
nized

combinations of
The

solutions were centrifuged,

pyruvate and lactate. rehomoge-

after which
fractions

the supernatant and sedimented

were assayed to determine the effects of these

agents on the solubilization of LDH from
cell particulate matter.

LDH-rich sediments were freed of LDH
by rehomogenizing them in 0.1 M NacCl and
centrifuging as above. The solubilized en-
zyme obtained after centrifugation was dia-
lyzed overnight against distilled water. The

dialyzed enzyme solution was rehomogenized
with LDH-free
DPN*. DPNH,
homogenized

w hich the

sediments in the presence of

pyruvate and lactate. The re-

solutions were centrifuged,

after supernatant and sedimented

fractions determine the ef-
fect of agents on the

rebinding of LDH

were assayed to

these prevention of

to particulate matter.

Assay for LDH

LDH
method

activity
of Wu et al.

was determined by the
(1959) at pH 7.4. It
was found that trout muscle LDH displays a
constant activity over the pH
7.4 when

used. The sum

range of 6.2-

saturating levels of pyruvate are
of the activities of the super-
natant and sedimented fractions

were com -

pared to the activity of the homogenate to

check on recoveries.

RESULTS & DISCUSSION
LDH isozymic pattern

From the electrophoretic studies it was
concluded that skeletal muscle of brown
trout contains only the muscle type of
LDH isozyme. This conclusion was based
on the observation of only one band for
the whole homogenate, the soluble frac-
tion and the particulate fraction, all tra-
versing an equal distance and all less
anodic than the LDH isozyme from trout
heart.

A mixture of LDH obtained from
muscle and heart tissue showed a definite
separation in the electrophoretic test.
Furthermore, electrophoretic determina-
tions of heart- and muscle-derived LDH
isozymes frozen and thawed together in
neutral phosphate buffer containing molar
NaCl failed to show the presence of the
intermediate hybrids.

Table 1—Retention of LDH on particulate
matter as a function of concentraticn of
tissue in homogenate.

Concentration of fish muscle

in whole homogenatel LDH in sediment-
(% )3 (% oftotal LDH)4

2 37

5 26

10 20

20 13

1Whole homogenate was prepared in distilled-
deionized water.

2Sediment fraction was obtained by centrifuga-

tion of whole homogenate at 40,000 rpm for 30
min.

3 Expressed as weight per 100 parts of added
water.

4This value was determined by dividing the

LDH activity in the sediment fraction by the LDH
activity in the supernatant and sediment fractions
and multiplying X 100. The recovery of LDH
in the separated fractions compared to the whole

homogenate was 100 + 10%.

This finding along with that of the sin-
gle isozymic form of LDH s in agree-
ment with the observation made by
Fondy et al. (1965) that species which did
not possess hybrids in vivo could not
form hybrids in vitro from the heart and

muscle isozymes of that same species.
Furthermore, Market et al. (1965) re-
ported that most trout species display

only two or three isozymic bands in elec-
trophoretic tests. However. Bouck et al.

(1968) have reported 15 isozymic forms
of LDH in rainbow, lake and brook trout
and 27 in a brook-brown hybrid. They

did not examine brown trout.

Distribution of LDH between fractions

Table 1 shows the relationship between
the % of muscle in the whole homog-
enate (exp-essed as g 100 ml water) and
the % of LDH retained on the particu-
late matter. The pH for whole homog-
enates varied between 7.05 and 7.25. and
there were no consistent differences with
tissue concentration. The greater the tis-
sue concentration, the greater was the
release (solubilization) of LDH from
the bound fraction. For further studies,
the 5% concentration was chosen since
it provided a desirable retention of LDH
in the sediment, with sufficient tissue and
enzymic activity to minimize experimental
error.

Influence of pH and ionic strength on
solubilization

The two factors in the homogenizing
media contributing most to the binding
of LDH to the particulate matter of
muscle homogenates are pH and ionic
strength (Hultin et al., 1966a). Particu-
late fractions containing LDH were re-
homogenized in media buffered from pH
6.3 to 7.5 with imidazole. The buffer
concentration was maintained at 15 mM
to keep the ionic strength of the media
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Fig. 1— Solubilization of LDH as a func-
tion of pH. Bound LDH fractions from a
5% whole homogenate were rehomoge-
nized in 15 mM imidazole buffered at vari-
ous pH values. The solutions were centri-
fuged for 30 min at 40,000 rpm. % LDH
in the supernatant expresses the LDH ac-
tivity in the supernatant fraction divided
by the sum of the LDH activities in the
supernatant and sedimented fractions.
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Fig. 2— Solubilization of LDH as a func-
tion of ionic strength. Bound LDH fractions
from a 5% whole homogenate were re-
homogenized in NaCl and CaCL solutions.
The solutions were centrifuged for 30 min
at 40,000 rpm to obtain supernatant and
sedimented fractions.
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Table 2—Solubilization of LDH by DPNH,
DPN+, pyruvate, and lactate.

Molar % in

Reagent concentration supernatant
DPNH 0.00 7.8
2 X 10 = 24.9
5 X 10 » 43.6
1 X 10 4 79.0
1 X 10 3 90.5
DPN* 0.00 8.6
1 X 10-= 18 3
1X 104 39.4
2 X 10 4 44.8
3 X 10-4 47.2
Pyruvate 0.00 7.5
3 X 10 3 22.8
Lactate 0.00 7.5
3 X 10-= 18.0
NacCl 0.00 4.5
3 X 103 14.4

LDH-rich sediments were rehomogenized in
10 mM imidazole buffer, pH 6.7, with the test
reagents. The reagents were made up in 0.02M
tris buffer, pH 7.4. The dilution of the reagents
was such that there was no effect on the pH of the
suspensions which remained at pH 6.7. The re-
homogenized solutions were centrifuged at 40,000
rpm for 30 min to obtain supernatant and sedi-
mented fractions. The percentage in the super-
natant fraction is the LDH activity in the super-
natant fraction divided by the sum of the LDH
activity in the supernatant and sedimented frac-
tions.
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Fig. 3— Solubilization of LDH at differ-
ent concentrations of imidazole buffer.
Bound LDH fractions from a 5% whole
homogenate were rehomogenized in solu-
tions of imidazole buffer (pH 6.7) at sev-
eral concentrations. The solutions were
centrifuged for 30 min at 40,000 rpm to
obtain supernatant and sedimented frac-
tions.
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Table 3—Solubilization of LDH by com-
binations of DPNH, DPN+, pyruvate and
lactate.1l

Reagent and Solubilization (%)

concentration Observed Expected2

2x 10-;MDPNH + 51.6 57.4
5 x 10-5M DPN+

2x 10 5M DPNH + 68.0 72.7
1x 10 4\f DPN*

2x 10~5MDPNH + 80.7 54.5
3 x IOW Pyruvate

2 x tO-5A/DPNH + 6l 1 53.5
3 x 10'-W Lactate

5x 10-W DPN* + 79.8 58.7
3 x 10 3A/ Pyruvate

5x 1 0 DPN++ 63 1 56.5
3 x 10“3A/ Lactate

1Same test conditions were used as described
in Table 2.

2 Calculated from solubilization values for each
reagent measured individually at the time of the
experiment.

percentages for release. The calculated
values are the values obtained by adding
the separate effects of each compound.

The combination of DPNH or DPN*
plus pyruvate or lactate caused more solu-
bilization than was expected. This effect
was especially pronounced for pyruvate.
Presumably the binding of DPNH (and
DPN +) to LDH results in conforma-
tional changes which affect the binding
of the enzyme to the particulate struc-
tures. Binding of substrate then leads to
further conformational changes in the en-
zyme which affect binding still further.
Pyruvate and lactate can probably only
affect binding in a significant way in the
presence of cofactor since it is necessary
for the pyridine nucleotide to bind before
the pyruvate or lactate can (Bolotina et
al., 1967). The greater affinity of the en-
zyme for pyruvate versus lactate probably
explains why the synergistic effect on
solubilization is greater with pyruvate.

The specificity of the solubilizing
agents and the correlation between bind-
ing affinities of these compounds with
LDH (Bolotina et al.,, 1967) and their
efficiency as solubilizers indicate that the
interaction of these compounds is with
the LDH enzyme rather than with sites
on the particulate structures.

To determine whether a portion or all
of the cofactor molecule was involved in
the solubilization, different cell metabo-
lites with structural similarities to DPNH
were tested for their effect on solubiliza-
tion of LDH. From the values in Table
4 it was concluded that the phosphate
groups of the DPNH molecule were more
involved than nicotinamide or the nucleo-

tide, adenosine. However, the phosphate
group alone gave only 20-25% release.
TPNH was as effective as DPNH in

causing solubilization. Thus solubilization
requires a structural configuration similar

Table 4—Solubilization of LDFL by cell
metabolites structurally related to DPNH.1

M etabolite2 % in supernatant

None 5.5
DPNH 87.7
TPNH 90.7
ATP 14.9
ATP + Mg*’ 23.2
Adenosine 6.2
Nicotinamide 6.8
Pyrophosphate 22.8
TPN = 32.2

1Same test conditions were used as described in
Table 2.

- All concentrations were 4 X 10 W .

to DPNH or TPNH, but is not so spe-
cific as to differentiate the two.

The charge on the solubilizing agent is
also important as seen by the different
solubilization patterns of DPN+ com-
pared to DPNH (Table 2) and TPN +
compared to TPNH. This difference may
be due to the firmer association of the

reduced nucleotides with LDH (Bolo-
tina et al.,, 1967). The level of TPNH in
skeletal muscle is low in comparison to
DPNH, and it takes part in the LDH-

catalyzcd reaction only one hundredth as

effectively as DPNH. However, the ef-
fectiveness of TPNH in causing solu-
bilization together with its possible in-

volvement in LDH catalysis (Navazio et
al.. 1957) may have implications in
metabolic control of the pentose shunt.

After finding that the binding of I.DH
was dependent on the level of DPNH in
the medium, further studies were con-
ducted to relate the solubilization of LDH
by DPNH at different tissue concentra-
tions. Information at low protein con-
centrations would enable us to judge
whether the enzyme remained bound dur-
ing the assay, while results at high pro-
tein concentrations might aid in extrapo-
lating results in vitro to actual conditions
in situ.

Figure 4 shows that as the tissue con-
centration was lowered from 36 to 0.5%,
LDH was more readily solubilized at
equal concentrations of DPNH. These
data strongly indicate that in the assay cu-
vette the enzyme is present solely in its
soluble state even in the presence of par-
ticulate matter and at a pH and ionic
strength which alone would not cause
solubilization.

In the assay, the range of DPNH con-
centration was the same as was used for
this solubilization study, but the enzyme-
tissue concentration was much less, by
as much as 500 to 1000 times relative to
the 5% preparation. The enzyme in the
assay was present at such low concen-
trations to insure that it would be satu-
rated with substrate during the course of
the reaction and give a reading which
was not too fast to be followed. To re-

Table 5—Rebinding capacity of LDH In the
presence of DPNH, DPN+, pyruvate, and
lactate.

Molar
Reagent concentration % Rebound
DPNH 0.00 80.8

2 X 1o"1 48.1

5 X 10"» 28.1

1X 10 4 8.5

1 X 10-3 4.4
DPN * 0.00 90.0

1 X 10-5 82.0

5 X 10 5 59.5

1x io-4 60.7
Pyruvate 0.00 84.5

3 X 10~3 77.7
Lactate 0.00 91.0

3 X 10-3 82.6
Enzyme solutions dialyzed against distilled

water were rehomogenized with LDH-free sedi-
ments in the presence of the test reagents. The
reagents were made up in 0.02AF tris-HCI buffer,
pH 7.4. The pH values for all of the rehomoge-
nized solutions were approximately 6.7. Tiese
solutions were centr fuged for 30 min at 40,000
rpm to obtain supernatant and sedimented frac-
tions. % rebound equals LDH activity in the
sedimented fraction divided by the sum of the
LDH activities in the supernatant and sedim eited
fractions.

tain greater than 90% of the enzyme on
the particulate structures during the as-
say, the tissue concentration had to be
kept at about 20% and the DPNH con-
centration below 0.01 mM.

The effect of tissue concentration on
solubilization by DPNH was directly op-
posed to observations on the effect of tis-

sue concentration in the original whole
homogenate (Table 1). It must be em-
phasized, however, that the conditions

were different in the two sets of experi-
ments. The molar salt concentration in
the experiments of Figure 4 was held
constant, while in the experiments of
Tabic 1, it varied directly with tissue con-
centration. This would indicate that solu-
bilization by salt was a greater factor
than solubilization by any DPNH (or
TPNH) in the tssuc in the latter case.
Further, one would expect that most of
the DPN in the homogenized muscle tis-
sue would be present in the oxidized
form (Long, 1961). This would make it
far less effective as a solubilizing agent.
We had previously shown that solu-
bilized LDH from chicken muscle could
bind to the particulate fraction washed
free of the enzyme (Hultin et al.,, 1966b).
We studied the effectiveness of the me-
tabolites involved in the LDH-catalyzed
reaction in inhibiting this binding. Table

5 compares the rebinding capacity of
solubilized LDH in the presence of
DPNH, DPN+, pyruvate and lactate.
DPNH inhibited binding at concentra-

tions which would cause only a negligible
contribution to the ionic strength of the
medium. The latter three agents were not



as effective as DPNH in preventing re-
binding. Again the effects given by py-
ruvate and lactate were small enough to
be the result of their contribution to the
ionic strength of the media.

Heat lability of bound and soluble LDH

Heat inactivation characteristics of
various forms of LDH were studied to de-
termine whether binding imparted in-
creased stability to the enzyme and thus
offered a reason for LDH binding in situ.
Figure 5 shows the heat lability of four
forms of LDH with time at 46°C.

The “soluble” fraction, as opposed to
the “bound” fraction, is that not bound
to particles during the original homogeni-
zation and centrifugation. The other two
fractions have been solubilized from the

“bound" fraction by DPNH or NaCl. The
LDH fraction solubilized by DPNH is
apparently the most stable while the
soluble and bound fractions are the least.
With respect to heat stability, DPNH
seems to make muscle-type LDH re-
semble the heart-type (Fondy et al,
1965) Thus, DPNH simultaneously in-

creases the heat stability and decreases
the binding ability of muscle-type LDH.
Presumably these effects are brought
about by conformational changes induced
by the DPNH. We have not been able to
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pared in distilled water. This b tiding
value could be changed by varying the
tissue concentration in the whole homoge-
nate. The greater the tissue concentra-
tion, the greater was the solubilization of
LDH from the particulate matter.

The limiting factor in the binding
noted above (25% ) was apparently not
the number of binding sites on the par-
ticulate matter since if a more concen-
trated enzyme solution (that obtained
from a 20% homogenate) is rebound to
LDH-free particles, greater LDH ac-
tivity is associated with the particulate
fraction.

Homogenized chicken breast muscle at
a 5% concentration retains 98-99% of
its LDH with the particulate fraction
(Hultin et al.,, 1966b) but has a lower pH
than that of the trout muscle homogenate
which is about 7.0. This lower pH is pos-
sibly caused by higher glycogen levels in
the chicken muscle since the fish ordi-
narily were fasted before they were sacri-
ficed. However, the pH of the whole
homogenate was ruled out as the cause
for the restricted binding in the trout
muscle homogenate since a whole homoge-
nate of fish muscle buffered at pH 6 4, the
pH of a typical chicken homogenate, did
not retain a higher percentage of LDH on
the particulate matter.

soluble. It appears that the LDH from
trout muscle is more easily solubilized
than that from chicken.

To study the kinetic behavior of LDH
when it is bound to particles, the tissue
level would have to be kept at about 20%
and the DPNH concentration below 0.01
mM. However, under these conditions the
standard spectrophotometric assay pro-
cedures cannot be employed. At such a
high ratio of enzyme to substrate, the
DPNH would be oxidized too rapidly to
permit accurate rate determinations and
the level of insoluble protein would be
too high to allow use of a standard spec-
trophotometer. The activity of bound
LDH will therefore have to be followed
by a method which will allow measure-
ment under these conditions.
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THE BANANA pseudostem contains 2-
3% starch of good quality and it can be
readily extracted (Subrahmanyan et al
1957). In view of the importance of meet-
ing the cereal food shortage in this and
other countries, any new source of starch
is welcome. The banana pseudostem,
which is otherwise a waste material after
the fruit is harvested, is a useful source of
additional starch. It was, therefore, of in-
terest to compare this starch with other
well-known cereal and tuber starches so
that it could be profitably utilized in vari-
ous ways. The data collected during this
investigation are presented in this paper.

MATERIAL & METHODS

STARCH was extracted from the pseudo-

stem of the Maduranga variety by the
method of Subrahmanyan et al. (1957). The
material was disintegrated in a Waring

Blendor and passed through a 100 mesh
sieve. The slurry was channeled, and the
starch collected was dried at 70°C. The
starch was defatted with ether and taken for
analysis.

Ash, moisture and starch were determined
by standard AOAC (1965) methods. Pro-
tein was estimated by “Kjeldahl’s method”
(Ma et al. 1942).

Swelling property. This was determined as
follows: 0.5 g of starch was suspended in
30 ml water, heated to different temperatures
(Fig. 1) and maintained at the desired tem-
perature for 15 min. It was then cooled to
room temperature (25-28°C), and the vol-
ume made up to 50 ml. The suspension was
then centrifuged in a graduated tube and
the volume of starch in the tube noted.

Volume of granules % =
Volume of centrifuged granules X 100

Total volume of suspension

Intrinsic viscosity. This was determined by
the method of Lansky et al. as mentioned by
Kerr (1950). An Ostwald pipette No. 1,
maintained at 35 * 1°C in a thermostat,
was employed for determining the specific
viscosity.

Alkali number. This was determined by
following the procedure given in Kerr, 1950.

Action of Takadiastase. To measure the
change in the blue color of starch-iodine re-
action during the enzymic breakdown of
starch by Takadiastase, 100 ml of 1%

starch suspension were prepared in a 250-ml
flask and its pH adjusted to 4.5 with acetate
buffer. The suspension was heated to 55°C,
0.1 g of Takadiastase added and the reac-
tion mixture maintained at 55°C in a ther-
mostat. At intervals of 0, 5, 10, 15, 20, 25
and 30 min, 5 ml aliquots of the reaction
mixture were removed, the enzyme destroyed
by boiling and the volume made up to 50
ml with water. To 10 ml of this, 2 ml of
N/500 iodine solution were added, the vol-
ume made up to 25 ml and its light trans-
mission measured a: 650 p in a Lumetron
colorimeter.

Fractionation of starch. 20 g of defatted
starch, suspended in 80 ml of water, were
slowly added with constant stirring to a
boiling mixture of butanohwater (1:10),
heated on a steam bath. The paste was auto-
claved for 3 hr at 18 Ib pressure. To the
suspension, a 1:1 mixture of butyl and
amyl alcohol was added, and the suspension
cooled slowly to 25°C, the beaker being
wrapped with cotton for slow cooling. The
supernatant was siphoned off carefully. The
precipitated amylose was separated by cen-
trifuging the left-over suspension. The pre-
cipitate was washed and centrifuged repeat-
edly with butanol-saturated water. It was
recrystallized from boiling water in the pres-
ence of butanol. Amylopectin was precipi-
tated from the supernatant by addition of
an excess of methanol and dried by treating
with fresh methanol.

A standard curve was drawn according to
the method of Kerr et al. (1943), using dif-
ferent ratios of amylose and amylopectin of
pseudostem starch. Composition of different
starches was determined by making use of
this curve.
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Fig. 1—Gelatinization of starch.

RESULTS & DISCUSSION
Microscopic structure

The banana pseudostem starch gran-
ules (Fig. 3) resembled those of Curcuma
starch, but were smaller in size (width
7 ju length 53 ji), many of them being in
the range of 30-50 ix. Their shape varied
considerably, some of them having qua-
drangular, triangular, pear-like, curved
and irregular shapes. Layers were not as
distinct as in the case of fruit starch,
whose granules were smaller (7-33 x) and
less irregular in shape.

Composition of isolated
pseudostem starch

The composition of this starch was as
follows: Moisture 11.30%, ash 0.30%,
protein (N x 6.25) 0.19 and starch value
87.8%.

£ ~

Fig. 3—Banana pseudostemn starch granules.
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Swelling property

The relative increase
increase in temperature
banana pseudostem starch is shown in
Figure 1. The starch granules, which
start swelling at 60°C, gradually increase
in size and attain their maximum size at
75°C and above. They do not, however,
rupture even when heated to 100"C

in volume with
in the case of

Intrinsic viscosity

Table 1shows that the intrinsic viscos-
ity of banana pseudostem starch (2.05) is
lower than that of tapioca starch (2.55)
and higher than that of corn starch T.55).
but nearly identical to that of potato

starch (2.00).

Fig.
pseudostem starch.

4— Butanol-precipitated

Table I—Intrinsic viscosity, alkali number
and amylose content of banana pseudostem
starch as compared with other starches.

Source of Intrinsic Alkali Per cent
starch viscosity number amylose
Banana pseudo-
stem starch 2.05 4.75 21.0
Banana fruit starch 2.05 2.05 21.0
Tapioca 2.55 6.00 16.5
Potato 2.00 6.00 21.0
Corn 1.55 10.60 26.0
Alkali number
In its alkali number (Table 1), the

pseudostem starch approaches tapioca and
potato.

Color with iodine

The change in the optical density of
the starch-iodine reaction color with the
progress of enzymic breakdown of starch
by Takadiastase is shown in Figure 2.
The pseudostem starch behaves practi-
cally the same as potato starch and
banana fruit starch in regard to enzyme
hydrolysis.

Starch fractions

The butanol-precipitated amylose frac-
tion of the pseudostem starch had a 6-
lobed petal-like structure and resembled
that of amylose in potato starch (Fig. 4).
Table 1 shows that the pseudostem starch
compares well in its amylose content with
other well-known tuber starches. Accord-
ing to the data reported in the paper,
banana pseudostem starch is similar to
potato starch in many respects, but dif-
ferent from that of tapioca and corn.
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INTRODUCTION

GREAT ECONOMIC importance is at-
tached to the growing of bananas in many
of the tropical countries of the Americas,
Africa and Asia. Annual production in
India varies between 1.7 and 2.0 million
tons. World production is about 20 mil-
lion tons. Once the plant has borne fruit,
the bunch is cut and the trunk is gener-
ally left to decompose in the field. It has

at Its

Table I—Distribution of starch in different
parts of mature banana plant—(Var. Rasa-
bale)—Age: 15 months.1

Fresh
weight
of dif- Total
ferent starch
por- present
tions in dif- on dry
of the Mois- ferent weight
plant ture parts basis
Sample (kg) (%) (@> (%.)
Leaf 12.00 68.7 147 3.90
Leaf base 2.00 91.5 17.5 10.30
Leaf sheath
(Pseudo-stem) 24.00 86.50 832 25.50
Central core 0.12 94.80 1.18 19.00
Rhizome 7.00 90.40 212 31.60
Flower 0.25 88.40 3.36 11.20
Bract 0.60 91.20 10.8 20.00
Fruit 9.00 66.80 1773 59.60

1 Data are the averages for 4 plants.
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recently been shown that the trunk or
pseudostem, which produces fibers of
good quality, is also a source of high

quality starch.

Production of starch from this source
is. therefore, an economically important
development. In view of the potentialities
of banana pseudostem as a basic raw ma-
terial for starch and paper pulp, a sys-
tematic investigation was undertaken to
study the course of development and dis-
tribution of starch in different parts of
the plant, to determine the time as well
as pattern of its maximum accumulation
and the changes that take place in the

stem ad Rut

starch content after the bunch is har-
vested. The effect of removal of inflo-
rescence at the very outset, on the ac-
cumulation of starch in the pseudostem
was also studied. The results of the in-
vestigation are presented and discussed

in this paper.

MATERIALS & METHODS

TWO VARIETIES of banana, Madiimnga
(Musa paradisiaca Linn) and Rasabale
(Musa sapientum Linn), were selected from
a 4-acre plantation in the local municipal
farm. The plants were cultivated under nor-
mal commercial conditions of cultivation.
The entire plant, including the rhizome and
leaves, was removed at each stage and the
different portions were sampled for analy-
sis. These included leaf, leaf stalk, leaf
sheath (which constitutes the pseudostem),
central core, bract, flower, fruit and rhizome.
The number of plants taken in each case is
indicated in the tables.

The fresh weight of a plant ranged from
1 to 30 kg, depending upon the age of :he
plant and variety, as is shown in Tables 4
and 5. Portions of different parts of the
plant were cut into small pieces and in each
case random lots taken for further cutting
into smaller pieces. From the latter, repre-
sentative samples were taken at random on

Table 2—Variation in starch content from the core to the outermost sheath (Var. Rasabale)

—Age; 6 months. Dry weight basis.

Plant No. 1 Plant No. 2
Fresh Total Starch Fresh Total Starch
Sheath weight starch content weight starch content
numbert © @) (%> @ @ %)
Centrall core 50 0.28 10.20 75 0.50 14.00
! 170 1.09 11.90 180 1.14 12.70
2 280 2.38 15.75 240 1.10 14.85
3 290 3.50 17.25 235 2.46 17.50
4 300 4.10 19.60 235 3.04 17.75
5 300 4.36 20.80 185 2.50 18.60
6 280 4.86 21.75 130 1.87 19.50
7 250 3.40 22.75 130 2.25 21.70
8 195 2.94 24.20 100 2.06 27.50
' Sheath numbers 1-8 represent the order of leafsheath, sheath 1, being the inner most and sheath 8,

outermost.



fresh weight basis.

Starch content of these was determined by
the Takadiastase method (Allen, 1948) and
sugars by Somogyi's method (Hodge et al.
1952). The analytical data are presented in
tabular form. Table 1 shows the distribution
of starch in different parts of a banana plant
of the Rasabale variety (age 15 months)

Table 3—Variation in starch content along
the axis of the plant. Var: Rasabale,1Age:

8 months.
M iddle
portion Base
Stalk of of the
of the pseudo- pseudo-
Leaf leaf stem stem
Fresh weight
(9) 595 327 590 640
Moisture (%) 79.90 91.90 92.80 91.20
Total starch
(9) 11.62 5.29 8.49 17.03
Starch (%)
(dry wt
basis) 9.83 20.70 19.90 30.10

1Data are the averages based on the analysis
of six individual plants.

Table 4—Variation in the starch content of the pseudostem with the growth of the

Fresh weight of
pseudostem (kg)

ACCUMULATION OF STARCH

bearing a bunch of mature fruit. Data re-
garding the starch content of individual leaf
sheaths in the case of two 6 months old
Rasabale plants are given in Table 2. In
Table 3. data are given for starch content in
different portions of the pseudostem along
its axis.

The starch content of the pseudostem at
different stages of its growth is shown in
Tables 4 and 5 for Maduranga and Rasabale
varieties, respectively. The starch was ex-
tracted by the Blendor method of sieving and
washing as described by Subrahmanyan et al.
(1957). The data show the range as well as
the mean values, based on the analysis of
2-6 plants.

In Tables 6 and 7, data are given for the
distribution of starch in the leaf, pseudostem,
rhizome and fruit at different stages of
growth, in the case of Rasabale and Mad-
uranga varieties, respectively. Table 8 gives
data for the distribution of reducing and
total sugars in the central core and sheath of
the Maduranga variety.

To study the effect of removing the in-

M oisture (o> Starch calculated (%)

Stage of

growth (mo) Range M ean
3 (Suckers) 1.10-1.37 1.19
6 (Suckers) 2.7-2.9 2.8
9 6.4-8.75 7.6
11 (Inflorescence stage) 15.4-25.4 19.8
13 20.5-25.4 22.3
14 17.0-20.5 18.5
15 (Harvesting stage) 18.0-21.1 19.8
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florescence on the starch content of the pseu-
dostem, 12 plants of the Maduranga variety,
which had just borne inflorescence, were se-
lected. In six of the plants, the inflorescence
was cut off and the remaining six, which
served as control, were allowed to bear fruit.
Two plants were removed in the case of
each treatment, at start, after one month
and after two months thereafter, for the de-
termination of starch content. Inflorescence
had just appeared on the plants 11 months
after planting the suckers. The data are given
in Table 9.

For the study of the post harvest varia-
tion in the starch content, 24 fully mature
plants, from which the bunches had been
harvested on the same day, were allowed to
remain in the field for varying periods. Data
are given in Table 10.

In the second series of experiments, the
pseudostem was cut down soon after harvest-
ing the bunch and stored in a cool place for
varying periods. Data regarding variation in
starch content in this case are shown in
Table 11.

banana plant (Variety: Maduranga).

Yield of starch

Starch extracted (%) per stem (g)

Table 5—Variation in starch content in the pseudostem

Fresh weight of

Range Mean Range Mean Range Mean Range M ean
93.6-95.0 94.3 8.6-9.8 9.4 0 0 0 0
92.3-93.0 92.6 13.0-13.1 13.05 8.5-9.0 8.9 19.0-20.0 20
89.1-89.7 87.4 19.4-20.2 19.8 18.6-19.0 18.8 130-190 180
87.1-90.5 88.9 28.7-39.8 32.95 27.7-37.1 29.8 480-730 653
89.3-91.7 90.5 24.1-31.50 27.9 19.00-21.2 20.06 410-430 424
89.3-91.5 90.4 21.5-30.7 25.43 15.2-20.3 17.7 250-320 314
90.1-91.4 90.7 21.8-25.5 23.7 17.0-20.8 18.8 340-350 345

with the growth of the banana plant. (Var: Rasabale).

Total yield of

Stage of pseudostem (kg) M oisture (%) Starch calculated (%) Starch extracted (%) starch (g)
grow th
(mo) Range M ean Range M ean Range M ean Range M ean Range Mean
11 20.5-31 0 27.4 86.4-89.0 87.5 24.5-32.7 27.7 21.00-32.50 27.06 700-1230 927
12 22.0-28 5 25.2 85.4-86.4 85.9 28.0-28.6 28.3 27.5-27.6 27.5 830-1162 977
15 21.0-26 0 22.5 84.8-87.3 85.6 26.7-39.2 33.40 23.0-37.50 30.00 880-1130 972
Table 6—Distribution of starch in different tissues of the banana plant during different periods of its growth (Variety: Rasabale).1
Age of the plant (mo)
12 15
Green Green
5 6 7 tender mau.Jre
fingers fruit
Pseudo- Rhi- Pseudo- Rhi- Pseudo- Rhi- Pseudo- Rhi- (1-mo- Pseudo- Rhi- (4-mo-
Samples Leaf stem zome Leaf stem zome Leaf stem zome Leaf stem zome old) Leaf stem zome old)
Fresh
weight
(kg) 0.59 1.46 0.67 0.49 2.19 1.15 0.81 2.90 1.18 11.00 24.00 5.00 4.00 12.00 24.00 7.00 9.00
Moisture
(%) 79.50 92.00 80.00 76.10 93.80 84.35 77.20 92.00 83.50 65.20 85.40 74.70 86.80 68.70 89.00 90.40 66.80
Starch (%)
(D.W.B.)2 5.80 8.90 14.20 5.70 8.30 15.50 3.50 7.30 26.10 2.22 28.50 34.40 14.20 3.90 29.09 31.60 59.60
Total starch
present
(9) 7.02 10.39 19.02 6.66 11.28 27.90 6.48 16.92 50.74 84.98 998 435 75 147 768 212 1773

1Data based on the mean for two plants.

2D.W.B. =

dry weight basis.
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Table 7—Distribution of starch in differenttissues of the banana plantduring different periods of its growth (Var: Maduranga).1

4
Age of the Young suckers
plant (mo) e
Samples Leaf Pseudostem Rhizome
Fresh weight (kg) 0.30 1.24 0.53
M oisture (%) 78.80 94.10 84.10
Starch (%)
(D.w .B.)1 3.96 9.13 21.38
Total starch
present (g) 2.50 6.66 18.02

1Data based on the mean for two plants.
2D.W.B. dry weight basis.

RESULTS & DISCUSSION

TABLE 1 shows that the moisture con-
tent of the different parts such as leaf,
fruit, leaf sheath, rhizome, etc., is vari-
able and so also their starch content ex-
pressed on dry weight basis. Regarding
the distribution of starch, the mature fruit
contains the highest amount (1773 g).
Apart from the fruit, the pseudostem
(832 g) is the richest source of starch in
the plant, while the rhizome (212 g)
comes next.

Variation of starch content

Table 2 shows that the central core of

12
Plant bearing small tender fingers
Tender
fingers
Leaf Pseudostem Rhizome (I-mo-old)
10.00 22.25 7.50 5.0
68.35 89.70 84.10 86.40
1.90 21.10 31.20 29.70
60.00 482 372 195

the pseudostem contains much less starch
than the sheaths that enclose it. The per-
centage of starch increases from the cen-
tral core to the outer sheath. The total
amount of starch present in the middle
sheaths is, however, considerably more
than in the inner or outer sheaths. The
percentage as well as the total amount of
starch increases from the leaf stalk down
to the base of pseudostem (Table 3).

Accumulation of starch in the pseudostem

As seen from Tables 4 and 5. the per-
centage of starch increases from the
sucker stage onward, reaches its maximum
when the plant bears inflorescence, then

Table 8Distribution of reducing and total sugars in the central core and sheath of banana

plant (var: Maduranga).1

Plant with infloresence
just set (11 mo)

initiation of inflorescence

30 days after
removing the inflorescence

30 days after the

(Control) (12 mo) (Control) (12 mo)
Central Pseudo- Central Pseudo- Central Pseudo-
core stem core stem core stem
M oisture (%) 92.60 90.00 92.50 93.70 94.70 93.00
Reducing sugars (%)
(D. W. B 25.40 11.30 23.70 25.20 18.00 18.30
Total sugars (% ) (as
reducing sugars)
(D. W. B)) 39.00 15.50 25.00 31.70 19.60 25.40
1Data based on the mean for two plants. 1D. W. B. = dry weight basis.

15
Plant with fully mature fruit
ready for harvest

Raw fruit
Leaf Pseudostem Rhizome (4-mo-old)
11.51 24.00 8.00 10.0
69.00 91.50 89.20 65.00
3.00 25.60 36.30 63.00
107 520 312 2200

decreases slightly thereafter and remains
practically constant until the time of har-
vesting the fruit bunch.

During the early period of growth (Ta-
bles 6 and 7). starch accumulates in the
rhizome, while it remains practically con-
stant in the pseudostem. After the initia-
tion of the inflorescence, there is no fur-
ther increase in the starch content of the
rhizome or of the pseudostem, while
there is an increase in that of the fruit.
Leaves contain very little starch, the maxi-
mum amount found being only about 6%
of their dry weight.

The starch, which accumulates in the
rhizome until the onset of inflorescence,
appears to be transferred, in the form of
its enzymic hydrolysis products, namely
sugars, for de novo synthesis in the de-
veloping fruit, with the result that there
is no further increase in starch content in
the rhizome.

The starco as well as sugar contents
are maximal at the time of inflorescence.
There appears to be subsequent transfer-
ence of starch in the form of sugars for
resynthesis in the developing fruit,
through the central core of the pseudo-
stem, as evidenced by the considerably
higher sugar content in the core than in
the outer sheath (Table 8). However, in
the case of plants from which the in-
florescence had been removed, soon af-

Table 9—Effect of removal of the inflorescence on the starch content of banana pseudostem (Var. Maduranga).

Fresh weight of
stem (kg)

Stage of maturity Control

1. Plant bearing the inflorescence 22.30
(11 mo) 15.40

2. One month after the appearance of 25.40
the inflorescence (12 mo) 21.00

3. Two months after the appearance of 20.50
the inflorescence (13 mo) 17.00

4. Three months after the appearance of 21.10
the inflorescence (14 mo) 20.30

1D.W .B.

dry weight basis.

Per cent starch
calculated (D.W .B.)1

Inflorescence Inflorescence

removed Control removed
22.30 30.00 30.00
15.40 39.82 39.82
26.00 24.10 30.80
21.00 28.00 32.30
12.00 21.50 15.00
11.5 21.50 13.00
14.00 25.50 4.30
9.00 24.10 1.40

extracted (D.W.B.)

Yield of starch
per stem (kg)

Per cent starch

Inflorescence Inflorescence

Control removed Control removed
27.13 27.13 0.68 0.68
37.16 37.15 0.65 0.65
24.10 28.42 0.41 0.89
28.10 32.30 0.42 0.88
17.60 9.40 0.30 0.17
15.10 7.00 0.27 0.13
18.60 Trace 0.34 Trace
17.00 Trace 0.35 Trace



Table 10—Post-harvest variation in starch content of banana pseudostem (Var:

ranga).l
No. of
days after Fresh
harvesting weight
of the of stem Moisture
bunch (kg) (%)
0 13.25 92.50
4 10.70 87.38
6 9.25 90.80
10 10.00 90.70
12 10.00 92.30
16 9.00 92.30

1D ata are the average values for 4 plants.

ACCUMULATION OF STARCH

Madu-

Starch content Yield of
(on dry basis) (%) starch

per stem
Calculated Extracted (9)
30.70 24.80 246
25.20 20.20 273
24.50 20.00 170
18 00 8.05 75
16 10 8.00 62
16 20 7.30 49

Table 11- Post-harvest changes in the starch content of pseudostem removed from the
field and stcred in the shade at R.T. (25-28°C) (Var: Maduranga).l

No. of
days after
harvesting2 W eight
of the of stem M oisture
bunch (kg) (%)
0 14.50 91.00
2 K .00 91.10
3 10.00 92.00
5 9.00 93.20
7 8.30 93.00

1Data are the average for four plants.

neither the starch nor the
sugar content increased (Tables 8 and
9). Further, the fresh weight of the
pseudostem decreased, indicating distur-
bance in the development of the plant.
The possibility of halting or arresting the
transfer of starch from the pseudostem,
by removing the inflorescence, does
not, therefore, appear to be feasible or
economical.

For the better utilization of the ba-
nana plant as a whole, the plant should
be allowed to bear fruit, and after har-

ter its onset,

Starch content

(on dry basis) (%) Yield of
- starch
Calculated Extracted per stem (g)

26.60 21 10 175
21.00 15.70 196
20.10 15.40 123
12.30 Trace Trace
7.50 Trace Trace

- Harvested after 15 months.

vesting the mature fruit, the pseudostem
removed for extraction of starch, in
which case starch will be an additional
factor of income to the grower.

It is of interest to note that Rasabale,
which is a highly prized table variety,
contains a higher amount of starch in its
pseudostem than Maduranga, which is a
cooking variety.

Post-harvest variation in starch content

fruit
cut

A fter
bunch,

mature
is either

harvesting the
the banana plant
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down shortly after, or allowed to stand
in the field for a few more days. It was,
therefore, of interest to study the effect
of these practices on the starch content of
the pseudostem. As shown in Table 10
there is a decrease in the starch content of
the pseudostem if it is allowed to remain
in the field after the bunch is removed,
perhaps due to the enzymatic degrada-
tion. Up to 4 days after the bunch is re-
moved, the decrease in starch content is
small. Beyond that period, this decrease
is so high that utilization of the pseudo-
stem for the extraction of starch would
not be economical.

When the pseudostems are cut soon af-
ter harvesting the bunch and stored in a
cool place to facilitate their handling for
the extraction of starch, there is a rapid
decrease in the starch content even within
a short interval of 2 days (Table 1). It
is, therefore, more economical to extract
starch from them soon after harvesting
the bunch.
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INTRODUCTION Batzer et al. (1962) found that in
i i addition to glucose and an unidentified
THE FIRST two papers of this se_}rles glycoprotein, inosinic acid (IMP) was
(MaFy et al., 1964a, 1964b) outllne?d necessary for development of meaty flavor
the importance of water-soluble constit- oot "\ cleotides and nucleosides are
uents as precursors of cooked mea-t also potential precursors of free ribose
flavor. It was assumed that the consti-

tuent molecules or their heat-degraded
products acted directly as flavorants of
this food.

During the last few years, however,
considerable interest has developed in
compounds which enhance these flavors.
Monosodium glutamate has gained wide-

spread acceptance as a flavor intensify-
ing agent for red meats and chicken.
More recently, sodium salts of certain

mononucleotides which have a hydroxyl
group at position 6 on the purine ring
structure have been shown to exhibit a
similar effect. The flavor enhancing prop-
erties of these mononucleotides (inosinic
acid, guanylic acid and xanthylic acids)
have been investigated (Wagner et al.
1963).

Kuninaka et al. (1964) reviewed the
history and development of nucleotides
as food flavoring substances in Japan and
further described their properties
(Kuninaka, 1966). A synergistic effect
with monosodium glutamate was reported.
Desirable flavors were enhanced by addi-
tion of disodium inosinate, regardless of
the type of meat or cookery employed.
Disodium inosinate consistently produced
an impression of greater viscosity and in-
creased flavor. The basic tastes (sweet,
salty, sour and bitter) were not changed
in any consistent manner. Suppression

of sulfury, fatty, burnt, starchy and hy-
drolyzed vegetable protein flavors was
apparent.

*Present address: R. W. Snyder Co., Battle

Creek, Michigan.

which have been
Maillard browning reac-

and ribose phosphate,
implicated in
tions.

The objective of these experiments was
to determine the stability of certain so
called flavor potentiators and related
compounds in beef, lamb and pork during
heating at various temperatures.

EXPERIMENTAL

Preparation and extraction
of beef round roasts

Five U.S. Good grade top rounds from
different animals were obtained from a com-
mercial source, excess fat was removed and
each divided into three approximately equal
parts. Portions from the same relative areas
were treated similarly. One portion from
each top round was not cooked. Another
portion was cooked to an internal tempera-
ture of 49°C in a 163°C oven. The remain-
ing portion from each animal was cooked to
an internal temperature of 77°C.

Each portion was wrapped in aluminum
foil prior to cooking and the exudate col-
lected. Following roasting, the portions were
quickly chilled, sliced and ground twice at
—3.3°C through a Vs in. plate. The juices
collected in the aluminum foil during roast-
ing were thoroughly mixed with the respec-
tive ground samples prior to the second
grinding. The uncooked samples were ground
in a similar manner.

Duplicate 30-g samples of each ground
roast were homogenized with 50 ml 0.61V
perchloric acid and filtered. The remaining
solids were re-extracted with 50 ml 0.61V per-
chloric acid, filtered and the residues washed
with two 10 ml portions of distilled water.
The extracts were neutralized with 30%
(w/w) potassium hydroxide, the precipitated
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potassium perchlorate removed by filtration
and the filtrates diluted to 150 ml with dis-
tilled water. The samples were also analyzed
for fat and moisture.

Preparation and extraction
of pork loin roasts

Three pork loins were boned out, ex-
traneous fat removed and divided into 3
nearly equal parts. One part of each loin was
not cooked. The other 2 parts were wrapped
in aluminum foil and roasted in an oven at
163°C. One roast from each loin was roasted
to an internal temperature of 49°C while the
remaining roast was cooked to an internal
temperature of 71°C. Temperatures of the
loin roasts were monitored with thermo-
couples. The tissue was ground and extracted
with perchloric acid as described previously
for beef.

Preparation and extraction of lamb muscle

Six hanging tenderloin muscles from
freshly slaughtered lamb carcasses were di-
vested of as much fat and connective tissue
as possible and ground 5 times through a
V, in. plate. Eight 20-g samples were packed
tightly into 20 X 183 mm test tubes and
heated in a water bath at 60"C. Samples
were removed at 0, 5. 10, 15, 20. 30, 45 and
60 min and cooled in an ice water bath be-
fore extraction. Two 40-mi portions of 3.6N
perchloric acid v/ere used to extract each
samples as described for beef samples.

lon-exchange chromatography of nucleotides

The method of Lento et al. (1964) as
modified by Macy et al. (1966) was used to
determine cytidylic, adenylic, uridylic, ino-

sinic and guanylic acids. 30 ml of each ex-
tract from beef and pork and 40 ml of the
extracts from lamb were analyzed for indi-
vidual nucleotides

Quantitation of the results was accom-
plished by separation and analyses of mix-
tures of authentic samples of the 5'-isomers
of the individual nucleotides. Mixtures con-
taining 0.5, 1.0, 1.5, 2.0 and 2.5 mg of the
nucleotides were chromatographed and frac-
tions containing the material for each ab-
sorption peak were combined and diluted to
200 ml with distilled water. The absorbance
for each compound was then determined at
its maximum as follows: cytidylic acid at
280 nm, adenylic acid at 257.5 nm, uridylic
acid at 260 nm, inosinic acid at 249.5 nm
and guanylic acid at 257 nm.

Absorbance of each compound wts a



straight line function of its concentration.

Concentrations of the nucleotides in the meat

extracts were determined by reference to
standard curves following appropriate dilu-
tions.

Absorbance maxima of the individual

nucleotides were obtained with a Cary spec-
trophotometer with authentic samples of the
nucleotides.

The absorbance peak for cytidylic acid of
the meat extracts contained small amounts of
other UV -absorbing
thought to mainly of the 2'-
3'-isomers, and traces of some unknown ma-
terials. All of these UV absorbing materials
were reported as cytidylic acid.

m aterials which was

consist and

Analyses of total nucleotides and nucleosides

The batchwise method of Jones et al.
0964) as
analyses of total nucleotides and total purine

nucleosides and bases.

modified below was wused for

1 ml of each beef roast extract was mixed

with |-g of damp Dowex 1 x 8 (200-400
mesh) (formate form) for at least 15
with intermittent stirring. The extract
resin were washed quantitatively
funnel plugged with a small amount of glass
wool. The resin, held by the glass wool, was

washed with distilled water until a volume of

resin
min

and into a

25 ml was collected. The absorbance of the

material washed from the resin then
read at 248 and 260 Total
cleosides and bases were calculated from the
absorbance at 260 nm of the materials
washed from the resin using the molar ab-
sorbtivity for hypoxanthine.

Total nucleotides absorbed onto the resin
given by the
absorbances at 248 nm of the

was

nm. purine nu-

between the
resin-treated

were difference
samples and similar non-treated samples. The
molar absovbtivity of inosinic acid was used
to calculate total nucleotides.

The method was further modified for the
analyses of the pork and lamb samples. The
materials washed with water from the ion-
exchange columns used for determinations of
individual nucleotides were dfluted to 500 ml
with distilled water and the absorbances de-
termined at 248 and 260 nm.
tracts from pork and 40 ml of those from
lamb were diluted to 500 ml and the ab-
sorbances read at 248 and 260 nm for
samples not treated with ion-exchange resin.

30 ml of ex-

Analyses of fat and moisture

These analyses were carried
standard methods of the AOAC
tions 22.034 and 22.003).

out by the
(1960, sec-

RESULTS & DISCUSSION

Effects of heating nucleotides of beef
round roasts

Mean values and standard deviations
of nucleotides of 5 beef round roasts
cooked to 49° and 77°C internal tem-
peratures are tabulated in Table 1L Cyti-
dylic acid was not greatly influenced by
heating, although the mean for samples
roasted to 49°C was lower than that for
either the raw samples or those roasted
to 77°C. Heating at both temperatures
resulted in appreciable increases in
adenylic acid. This possibly was due to

WATER SOLUBLE FLAVOR AND ODOR PRECURSORS OF MEAT.

Table 1—Nucleotide content of raw and

Nucleotide Raw
Cytidylic acid 131 £ 2.0
Adenylic acid 122 + 35
Uridylic acid 7.1 £ 1.2
Inosinic acid 278.4 + 24.6
Guanylic acid 2.2 £ 49

'Results are given as means £S.D. of 5 top

hydrolysis of adenosine di- and tri-phos-
phates and pentose nucleic acid.

The concentration of uridylic acid was
relatively low in all beef samples and it
was decreased by heating at both 49° and
77°C. Heating decreased the quantity of
inosinic acid in the beef round roast, but
not below the quantities necessary for
human perception as reported by Wagner
et al. (1963) for disodium inosinate.
Guanylic acid, another nucleotide in beef
roasts with flavor enhancing properties,
was present in trace amounts.

The sums of individual nucleotides,
total nucleotides (batchwise method) and
total purine nucleosides and bases (cal-
culated as hypoxanthine) are presented
in Table 2. The sums of the individual
nucleotides decreased while the total
purine nucleosides and bases increased
progressively with increased heating.

Total nucleotide concentrations de-
termined by the batchwise method were
similar to the sums of the individual nu-
cleotides in the raw samples, but the
total nucleotides increased during heating.
This indicated that heating beef pro-
duced some materials which absorbed
UV light and was adsorbed by the ion-
exchange resin, but was not accounted
for among the individual nucleotides.
The nature of this unknown material was
not determined but it was unlikely that
it could be di- or tri-phosphonuclcotides,
as these compounds are easily degraded
by heating and heating caused the un-
known material to increase.

Effects of cooking on pork loins

To study the changes of nucleotides
and related compounds in pork loins dur-

Table 2—Effects of roasting on nucleotides
and nucleosides and bases of beef.1

Internal
tempera-  Sum of Total
ture individual Total nucleosides
(°C)  nucleotides nucleotides2 and bases2
mg/l00g dry, fat-free tissue
Raw 314 315 101
49 243 313 121
77 233 335 159

Results are given as means of 5 top round
roasts.
2 Batchwise method of Jones et al., 1964.
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roasted beef.1

Internal temperature (°C)

49 7

mgj100 g dry, fat-free tissue

106 =+ 2.2 13.0 £ 3.2
181 + 7.7 41.3 = 4.1
4.2 + 29 53 = 25
208.4 + 40.6 170.3 + 38.0
1.2 + 2.8 3.1 = 4.6

round roasts.

ing roasting, the data for each cooked
sample was divided by the corresponding
data for the raw sample from the same
loin. These results are tabulated in Table
3.

The influence of roasting on nucleotides
of pork was similar to that on beef roasts.
All nucleotides decreased during roasting
except adenylic acid, which increased in
quantity during cooking to 71°C as did
total purine nucleosides and bases. The
sums of individual nucleotides decreased
during heating. Total nucleotides mea-
sured by the batchwise method increased
during cooking to 49°C then decreased
during cooking to 71°C.

Effects of cooking on lamb muscle

Although certain trends were estab-
lished by the above data for pork, changes
during heating at specific temperatures
were not ascertained. The heating pro-
cedures described above for lamb tissue
afforded better control of the cooking
temperatures. Table 4 contains data on
the influence of heating at 60°C for
various lengths of time on nucleotides of
ground lamb muscle.

Guanylic and uridylic acids were de-
stroyed after 5 and 15 min heating,
respectively. Cytidylic acid increased
gradually throughout the heating period

Table 3— Ratios of sums of individual
nucleotides, total nucleotidesl and total
purine nucleosides and bases of cooked
relative to those of raw pork.

Ratio of chemical
constituents in cooked
and raw porkl

Internal
temp (3C)
Constituent Raw 49 71
Cytidylic acid 1.00 0.67 0 58
Adenylic acid 1.00 0.80 1.81
Uridylic acid 1.00 0.83 0 84
Inosinic acid 1.00 0.90 0.78
Guanylic acid 1.00 0.75 0.67
Sum of individual
nucleotides 1.00 0.87 0.83
Total nucleotidesl 1.00 181 1.29
Total purine nucleo-
sides and basesl 1.00 1.07 116

1Method of Jones et al., 1964.
1 Results calculated from averages of duplicate
analyses of 3 pork loin roasts at each temperature.
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and nearly doubled the initial value at
the end of 60 min. Heating caused
adenylic acid to double in quantity after
30 min, then to decrease in concentration
after 45 and 60 min heating. Apparently,
precursors of adenylic acid were present
in the tissue up to 30 min heating time,
then after their depletion, degradation of
adenylic acid occurred. Inosinic acid de-
creased very rapidly during the first 30
min at 60°C, then increased slightly
during the second 30 min heating time.
Data concerning changes in the sums

Table 4— Effects of heating at 60°C on nucleotides of lamb.1

(/luMoles/100 g wet tissue)

Heating Cytidylic Adenylic

time (min) acid acid
0 9.3 8.6

5 12.7 6.9

10 11.8 7.5

15 111 7.5

20 13.9 141

30 13.9 15.6

45 15.8 10.7

60 17.3 8.6

Uridylic Inosinic Guanylic
acid acid acid
14.5 209.1 21.8
13.3 150.8 19.5
11.7 88.5
12.0 54.0
— 39.9
— 28.1
— 31.3 —

— 33.3

1Results are from heating 1sample for each time period.
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Fig. 1— Effect of heating 60°C on nucleotides and total purine

nucleosides and bases of lamb muscle

of individual nucleotides, total nucleo-
tides, (batchwise method) total purine
nucleosides and bases (as hypoxanthine)
and the inosinic acid data in Table 4 of
lamb muscle are presented in Figure 1
Total nucleosides and bases increased
sharply during heating for 30 min, then
continued to increase at a much lower
rate during the second 30 min heating.
Data for sum of individual nucleosides
paralleled that of inosinic acid which de-
creased during the first 30 min heating
and remained unchanged thereafter.
Values for total nucleotides (batch-
wise method) also decreased during the
first 20 min heating. After this period,
total nucleotides (batchwise method) in-
creased slightly. This confirms that the

batchwise method measured UV-absorb-
ing material other than nucleotides and
that this unknown material was produced
by heating. This unknown material in
lamb was qualitatively similar to the un-
known UV-absorbing substance found in
beef and pork. The increase in total
nucleosides and bases during heating was
greater than could be accounted for by
the decrease in total nucleotides ana-
lyzed. This further supports the idea con-
cerning the production during heating of
some nonnucleotide base which absorbs
at 260 nm.

The data also indicate that heating at
60°C results in rupture of phospho-ester
and possibly glycosidic bonds of nucleo-
tides.
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Influence of Cooking on Nucleosides and Bases of Beef Steaks

and Roasts and Their Relationship to Flavor, Aroma and Juiciness

SUMMARY-— Cooking resulted in

nucleosides and bases of 80 beef roasts of eight different cuts.

of inosinic acid, guanylic acid and sum

uridylic, inosinic and guanylic acids)

significant

of individual

in these samples

increases in adenylic acid, total purine

It decreased the contents
cytidylic,

nucleotides (adenylic,

Significant differences were also

found between the various constituents of raw and cooked samples of the beef cuts.

INTRODUCTION

THE IMPORTANCE and interest in the
nucleoside content of meat was outlined
by Macy et al. (1970) and the subject has
been discussed comprehensively (Kuni-
naka, 1967).

The work described in the present
paper is a continuation of study of the
effect of heating on the nucleosides, nu-
cleotides and bases of beef roasts.

EXPERIMENTAL

Sample preparation and extraction

Ten cuts were studied in these experiments
(Table 1).

These cuts were selected randomly from
groups of 12 to 31 samples each of the eight
different cuts. These roasts had been stored
frozen approximately six months prior to
their study.

Raw samples from each frozen roast were
sawed in 2/2in. slices adjacent to the center
cut portion which was subsequently cooked
and analyzed subjectively. Lean portions of
the cooked samples remaining after organo-
leptic evaluation were ground twice through
a V8 in. plate immediately after cooking.
Raw samples were ground in a similar man-
ner.
Perchloric acid extracts were made of
these samples by a method similar to that
described by Macy et al. (1970). The differ-
ence was in the dilution volume employed.

ion-exchange chromatography of nucleo-
tides. The method of Macy et al. (1966) was
used.

lon-exchange chromatography and analy-
ses of total nucleosides, nucleotides and
bases. The method described by Jones et al.
(1964) was used for these analyses.

Analyses for fat and moisture. These
analyses were carried out by the standard
methods of the A.O.A.C. (1960).

Statistical analyses. Analysis of variance
was used to analyze the chemical data and

“Present address: R. W. Snyder Co., Battle

Creek, Michigan.

significant differences between means of var-
ious groups of samples determined by Dun-
can’s multiple range test (Duncan, 1955).
RESULTS & DISCUSSION
Effect of cooking on different beef cuts
Results of analysis of variance indi-

Table 1—Beef cuts studied.

Internal
tempera-
Type of U.S.D.A. Type of ture,
beef cut grade cookery °C
Rib Good 2 in. broiler 66
steak
Rib Choice 2 in. broiler 66
steak
Calfrib Good 2 in. broiler 66
steak
Clod Choice Pot roast 7
Calf clod Good Pot roast 7
Round Choice Roast 66
Round Good Roast 66
Calf round Good Roast 66

Table 2—Means of adenylic acid for raw
and cooked beef steaks and roasts.

Means of adenylic

acid2
(mg/100 g dry, fat-free
tissue)

U.S. grade and cutl Raw Cooked3
Choice rib steaks 17.8 FG 33.5C
Good rib steaks 21.3 DEF 36.2 ABC
Good calf rib steaks 24.4 DE 35.2 BC
Choice clod roasts 18.7 EFG 37.4 ABC
Good calf clod roasts 138 G 37.5 ABC
Choice round roasts 21.9 DEF 423 A
Good round roasts 159 FG 41.6 AB
Good calfround roasts 26.1 D 39.7 ABC

1Ten different samples of each cut were
analyzed.

2Means followed by the same letter are not
significantly different (P < 0.05).

3Rib steaks were broiled to 66°C; round and
clod roasts were roasted to 66° and 77°C, respec-
tively.

Volume 35

cated that no significant (P < 0.05) dif-
ferences existed between means of cyti-
dylic acid of the different cuts of raw or
cooked beef or between raw and cooked
samples of the individual cuts.

Cooking significantly increased mean
adenylic acid values in all eight beef cuts
studied (Table 2). This substantiates re-
sults from earlier experiments for beef,
lamb and pork (Macy et al., 1970). The
increase in adenylic acid of these samples
was probably due to availability of nu-
cleotides and also the inactivation of ade-
nylic deaminase. There was possibly some
phosphomonoesterase activity prior to
heat inactivation of indigenous enzymes.

The uridylic acid of the raw samples
was rather constant and did not change
appreciably during cooking (Table 3).
Cooking resulted in diminished content of
this nucleotide in samples analyzed but
this generally was not a significant de-
crease.

Mean concentrations of inosinic acid of
raw and cooked beef roasts are presented
in Table 4. Among raw samples, Choice
rib steaks contained less inosinic acid than
did other cuts but not significantly less
than Good calf clod roasts.

Cooking decreased the inosinic acid of
all samples and most of these changes

Table 3—Means of uridylic acid for raw and
cooked beef steaks and roasts.

Means of uridylic

acid'2
(mg/100 g dry, fat-free
tissue)

U.S. grade and cutl Raw Cooked3
Choice rib steaks 14.8 ABC 13.9 ABC
Good rib steaks 17.4A 15.6 AB
Good calf rib steaks 173 A 13.9 ABC
Choice clod roasts 11.2BCDE 8.1 E
Good calf clod roasts 13.0 ABCD 10.2CDE
Choice round roasts 15.2 AB 8.3 DE
Good round roasts 16.2 AB 8.5 DE

Good calf round roasts 12.9 ABCD 11.5BCDE
1Ten different samples of each cut were
analyzed.

2 Means followed by the same letter are not
significantly different (P < 0.05).

3Rib steaks were broiled to 66°C; round and
clod roasts were roasted to 66° and 77°C, respec-
tively.
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were significant. Inosinic acid of cooked
samples varied significantly. The cooked
rib steaks contained significantly more
inosinic acid than did the other cuts and
the clod roasts had less. The latter was

Table 4—Means of inosinic acid for raw
and cooked beef steaks and roasts.

Means of inosinic

acid4
(mg/100 g dry, fat-free
tissue)

U.S. grade and cutl Raw Cookedt
Choice rib steaks 269 DE 230 EF
Good rib steaks 322 BC 252 E
Good calf rib steaks 352 AB 250 E
Choice clod roasts 363 A 123 1
Good calf clod roasts 304 CD 1221
Choice round roasts 339 ABC 131 1
Good round roasts 3711 A 158 HI
Good calf round roasts 343 ABC 201 FG

1Ten different samples of each cut were
analyzed.

2 Means followed by the same letter are not
significantly different (P < 0.05).

3 Rib steaks were broiled to 66°C; round and
clod roasts were roasted to 66° and 77°C, respec-
tively.

Table 5—Mean values for ratios of adenylic
acid to inosinic acid of raw and cooked beef
roasts.

Mean values for ratios2

U.S. grade and cutl Raw Cooked3
Choice rib steaks 0.066 E 0.148 CD
Good rib steaks 0.067 E 0.145 CD
Good calf rib steaks 0.071 E 0.144 CD
Choice clod roasts 0.052 E 0.332 A
Good calf clod roasts 0.047 E 0.327 A
Choice round roasts 0.067 E 0.340 A
Good round roasts 0.048 E 0.343 A
Good calfround roasts 0.080 DE 0.207 BC

1Ten different samples of each cut were
analyzed.

2Means followed by the same letter are not
significantly different (P < 0.05).

3 Rib steaks were broiled to 66°C; round and
clod roasts were roasted to 66° and 77°C, respec-
tively.

Table 6—Means of guanylic acid for raw
and cooked beef roasts.

Means of guanylic acid4
(mg/100 g dry, fat-free

tissue)

U.S. grade and cutl Raw Cooked3
Choice rib steaks 16.5 CDE 10.3 EFGH
Good rib steaks 11.9 EFG 104 EFGH
Good calf rib steaks 271 A 22.2 ABC
Choice clod roasts 9.1 FGHI 4.4 HIJ
Good calf clod roasts 15.5 DE 8.0GHIJ
Choice round roasts 19.6 BCD 5.4 HIJ
Good round roasts 3.3 1 2.1
Good calfround roasts 24.3 AB 14.8 DEF

1Ten different samples of each cut were
analyzed.

2 Means followed by the same letter are not
significantly different (P < 0.05).

3 Rib steaks were broiled to 66°C; round and
clod roasts were roasted to 66° and 77°C, respec-
tively.

undoubtedly due to the higher cookery
end point.

The relationship between adenylic acid
and inosinic acid is important because
adenylic acid is the immediate precursor
of inosinic acid, and the latter, the most
abundant nucleotide in the beef tissue, is
believed to be an important flavor en-
hancer (Kuninaka et al., 1964; Kurtz-
mann et ah, 1964; Shimazono. 1964;
Wagner et ah, 1963). The mean ratios of
adenylic acid to inosinic acid for the dif-
ferent cuts of raw and cooked beef are
presented in Table 5. No significant dif-
ferences were found between these values
for the different raw samples.

The ratios of adenylic acid to inosinic
acid for the different cooked cuts could
be divided into three distinct groups. First,
values for rib steaks from Choice, Good
and calf did not differ significantly. Ratios
for these cuts were significantly lower
than those of the other cuts except Good
calf round roasts which were not signifi-
cantly different. Second, mean ratios for
Choice and calf clod roasts, and Choice
and Good round roasts were significantly
h'gher than those of the other beef cuts.
Third, ratios for Good calf round roasts
were intermediate between values for the
first two groups.

In all comparisons, ratios of adenylic
acid to inosinic acid were significantly
higher for cooked than for corresponding
raw cuts. This is a reflection of the in-
crease in adenylic acid and the decrease
in inosinic acid during cooking at these
temperatures.

Mean guanylic acid concentrations of
the eight cuts of raw and cooked aeef are
presented in Table 6. Significant dif-
ferences were observed in this constituent
for the various raw and cooked samples.
These differences were irregular except
that, in general, the calf samples con-
tained greater amounts of guanylic acid
than more mature beef. Guanylic acid
was low in concentration compared to
inosinic acid. This finding confirms pre-
viously discussed results (Macy et al.,
1970), where guanylic acid was found
to be low in concentration in beef, pork
and lamb as well as labile to heat. This is
an important finding since this compound
is thought to influence flavor desirability.

Means of the sums of individual nu-
cleotides (adenylic, cytidylic. uridylic, ino-
sinic and guanylic acids) of the eight raw
and cooked cuts are outlined in Table 7.
Since inosinic acid was the predominant
nucleotide of beef and was destroyed by
cooking, differences in total nucleotides
were similar to those of inosinic acid.
There was appreciable loss in nucleotides
of all samples during cookery, particularly
cooked to a higher point.

Total nucleotides of cooked and raw
beef determined by the modified method
of Jones et al. (1964) are presented in

Table 7—Mean values for sums of indi-
vidual nucleotides for raw and cooked beef
roasts.

Means of sums of
nucleotides?2
(mg/100 g dry, tat-free

tissue)

U.S. grade and cutl Raw Cooked3
Choice rib steaks 332 DEF 302 FG
Good rib steaks 377 BCD 330 EF
Good calfrib steaks 437 A 335 DEF
Choice clod roasts 419 AB 186 J
Good calf clod roasts 365 CDE 192 )
Choice round roasts 409 ABC 200 J
Good round roasts 420 AB 223 1J
Good round roasts 403 ABC 247 HI
Good calf round roasts 425 A 276 GH

1Ten different samples of each cut were
analyzed.

2 Means followed by the same letter are not
significantly different (P < 0.05).

3 Rib steaks were broiled to 66°C; round and
clod roasts were roasted to 66° and 77°, respec-
tively.

Table 8—Mear values for total nucleotides
of raw and cooked beef steaks and roasts.1

Means of total
nucleotides3
(mg/100 g dry, fat-free

tissue)

U.S. grade and cut2 Raw Cooked4
Choice rib steaks 299 CDE 313 BCDE
Good rib steaks 487 A 302 BCDE
Good calf rib steaks 370 BC 3C0CDE
Choice clod roasts 370 BC 206 FG
Good calf clod roasts 351 BCD 198 G
Choice round roasts 345 BCD 233 EFG
Good round roasts 341 BCD 244 EFG
Good calf round roasts 355 BCD 285 CDEF

1Batchwise method of Jones et al. (1964).

2Ten different samples of each cut
analyzed.

3 Means followed by the same letter are not
significantly different (P < 0.05).

1Rib steaks were broiled to 66°C; round and
clod roasts were roasted to 66° and 77°C, respec-
tively.

were

Table 9—Means for total purine nucleo-
sides and bases of raw and cookec beef
steaks and roasts.1

Means for total
purine nucleosides

and bases3
(mg/100 g dry, fat-free
tissue)

U.S. grade and cut2 Raw Cooked4
Choice rib steaks 252 GHI 269 FGH
Good rib steaks 231 1 273 EFGH
Good calf rib steaks 251 GHI 267 FGH
Choice clod roasts 289 DEF 289 DEF
Good calf clod roasts 302 CDE 296 CDEF
Choice round roasts 278 EFG 326 ABC
Good round roasts 247 HI 313 CD
Good calf round roasts 310 CD 351 A

1Batchwise metnod of Jones et al. (1964).

2Ten different samples of each cut
analyzed.

3 Means followed by the same letter are not
significantly different (P < 0.05).

1Rib steaks were broiled to 66°C; round and
clod roasts were roasted to 66° and 77°, respec-
tively.

were



Table 8 Total nucleotides of raw beef
samples were generally lower than the
sums of individual nucleotides for the
same samples. The exception to this ob-
servation was for Good rib roasts. Varia-
tion in total nucleotides of the cooked
cuts was similar to that for sums of in-
dividual nucleotides analyzed.

There was very little difference be-
tween means for total nucleotides among
the various groups of raw samples. Cook-
ing significantly decreased total nucleo-
tides in most samples analyzed. There
were differences in total nucleotides
among the cooked samples of the various
cuts but many of these were insignificant.

Results of total purine nucleoside and
base determinations of raw and cooked
beef are in Table 9. The three cuts of
raw rib roasts contained significantly less
total purine nucleosides and bases than
the raw clods, and Good calf rounds.
Highest quantity of purine nucleosides
and bases among the raw samples was in
Good calf rounds. This was significantly
higher than that found in other cuts of
raw'beef except clod roasts which were
not significantly different. Other signifi-

WATER-SOLUBLE FLAVOR AND ODOR PRECURSORS OF MEAT.

cant differences in total purine nucleo-
sides and bases existed among the cooked
samples; however, no particular trend was
evident.

In general, cooking resulted in in-
creased quantities of purine nucleosides
and bases. Significant increases in total
purine nucleosides and bases due to cook-
ing were found in the Good rib steaks and
in the round roasts. It has been thought
that larger increases in total purine nu-
cleosides and bases would be found in
the different cuts of beef and that in-
creases due to cooking would have been
significant in all cases, since rather large
amounts of inosinic acid were destroyed.
Degradation of all nucleotides should
contribute to increases in total nucleo-
sides and bases.
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SUMMARY — Studies of the perchloric acid-extractable nitrogen, amino nitrogen, non-
amino nitrogen, total carbohydrates, inorganic phosphate, free creatinine, creatine and
total creatine plus creatinine of raw and heated beef, lamb and pork were made Specific

changes that occurred in the various

tensive study of the influence

constituents

of heating on

during heating are discussed. An ex-

certain chemical constituents of 80 beef

chemical constituents

samples of eight different cuts was also performed Changes in

during cooking of the various beef cuts were greatest in Choice clod and Good calf
clod roasts, followed by round roastS and smallest changes occurred in rib steaks.
Cooking caused significant increases in creatinine and decreases in amino and non-

amino nitrogen,

creatine and total carbohydrates

Creatine-creatinine was a better irdex

of sensory quality than other chemical constituents studied

INTRODUCTION

RESULTS of previous investigations sug-
gest that numerous chemical compounds
are involved in the production of desirable
cooked meat flavor and aroma. It is also
generally accepted that many precursors

»Present address: R. W. Snyder Co., Battle

Creek, Michigan.

of cooked meat flavor and aroma are ex-
tractable from muscle tissue by cold water
or dilute acid solutions (Macy et al.,
1964). Certain compounds such as carbo-
hydrates and amino acids react to produce
meaty flavors and aromas. Certain other
compounds, such as nucleotides, act to
modify or intensify other flavors and
aromas.

The purpose of this work was to de-

Chemical Constituents of Beef, Lamb and Pork

termine the influence of cooking on cer-
tain non-nucleotide chemical constituents
of beef, lamb and pork and to compare
eight cuts of beef on the basis of their
contents of these compounds.

EXPERIMENTAL

Sample preparation and extraction

These procedures were the same as previ-
ously described (M acy et al., 1970a and b).

Analysis of total amino nitrogen

The method of Rosen (1957) was used
for this determination. Leucine standards
(0.2AT) were developed along with each

group of suitably diluted extracts and all de-
terminations repeated at least once.
Results the

were

were calculated as average of

the respective replicates.

Analysis of total extractable nitrogen

Total extractable nitrogen was determined



84— JOURNAL OF FOOD SCIENCE— Volume 35 (1970)

Table 1— Effects of roasting on acid-ex-
tractable chemical constituents of beef.1

Cooking
temperature (°C)
Chemical constituent Raw 49 7

mgl 100 g dry, fat-free

tissue

Total nitrogen 871 882 914
Amino nitrogen 126 136 148
Non-amino nitrogen 745 746 766
Total carbohydrates 1353 1628 1358
Reducing carbo-

hydrates 635 829 750
Non-reducing carbo-

hydrates 718 799 608
Inorganic phosphate 227 240 276
Free creatinine 53 95 232
Creatine 1006 918 815
Creatine plus

creatinine 1059 1013 1046

1Results are given as means of 5 top round
roasts.

on 10 ml portions of the extracts by the
standard Kjeldahl method of the A.0O.A.C.
(1960).

Analysis of total extractable carbohydrates

The (1952)
was used for this determination. All analyses
were repeated until replicate samples agreed
0.05 Transmission Glucose
standards were analyzed with each group of
extract samples and the

anthrone method of Loewus

within units.

tents calculated as glucose.

Analysis of simple reducing sugars

The method of Folin et al. (1920) was
used for this analysis in the preliminary ex-
periments. Suitably diluted samples of the
extracts were along

analyzed in duplicate

with glucose standards.

Analysis of total inorganic phosphate

The method of Fiske et al. (1925) was
used. Suitably diluted samples of the extracts
and standard phosphate samples

termined in duplicate.

Analysis of creatinine and creatine

The
(1947)
amino acids of raw beef extracts and samples
cooked to 77”C internal temperature in the
preliminary experiment involving five beef
top round roasts.

method described

used to

by Hawk et al.

was determine individual

Sensory evaluation of flavor,
aroma and juiciness

A trained panel consisting of six members
scored cooked samples of the different types
of beef cuts on an eight point desirability
scale with eight as extremely desirable and
extremely The average
score of each sample for flavor, aroma and
juiciness was compared with chemical data.

one as undesirable.

Statistical analysis

Analysis of variance and correlation analy-
sis was used to analyze data from
ical analyses and sensory evaluations
1960). multiple range
used to

the chem -
(O stle,

Duncan’s test was

examine significance of differences

carbohydrate con-

were de-

Table 2—Effects of roasting to 170°F in-
ternal temperature on amino acids of beef.1

Amino acid Raw Cooked
mgl100gdry,far-
ree tissue

Taurine 75.3 125.4
Aspartic acid 6.4 7.8
Threonine 2.6 1.9
Serine 1.4 11
Glutamic acid 38.0 9.9
Glycine 10.5 15.3
Alanine 33.7 45.3
Valine 4.8 111
Methionine 2.6 3.6
Isoleucine 3.1 6.0
Leucine 3.7 8.6
Tyrosine 5.7 10.8
Phenylalanine 5.0 5.9
7 -Armno-H-butyric acid 0.3 2.5
Ammonia 36.3 42.5
Ornithine 9.4 10.7
Lysine 12.1 19.3
Anserine 116.5 207.5
Histidine 21.4 141
Carnosine 869.1 1191.3
Arginine 0.9 0.0
TOTAL 1258.8 1740.6

1Results are given as means of 5 top round
roasts.

between means of the various

samples (Duncan, 1955).

groups of

RESULTS & DISCUSSION

Effects of cooking on beef round roasts

The effects of roasting on certain per-
chloric acid-extractables other than nu-
cleotides of five beef round roasts are
presented in Table 1. Total acid-extract-
ablc nitrogen slightly increased with heat-
ing, as did amino nitrogen and non-amino
nitrogen.

Total carbohydrate increased con-
siderably in the samples cooked to 49°C
compared to the raw samples. Subsequent
heating to 77° caused total carbohydrates
to diminish to about the same value as
that found in raw samples. These changes
were paralleled by the reducing sugars
and non-reducing carbohydrates. Heating
to 77°C resulted in an increase in reduc-
ing sugars and a decrease in non-reducing
carbohydrates.

Inorganic phosphate of the beef rounds
increased progressively with temperature.
This was anticipated since inosinic acid
and adenosine di- and tri-phosphates are
hydrolyzed during heating to inorganic
phosphate and nucleotides. Free cre-
atine decreased progressively during heat-
ing, and was apparently transformed to
its anhydride, creatinine, during heating
of the mildly acidic tissue. Total creatine
plus  creatinine  (creatine-creatinine)
changed little under these conditions.

Results of the analysis for individual
amino acids of raw beef rounds and those
cooked to 77°C are outlined in Table 2.
AH free amino acids of the beef roasts

Table 3— Effects of roasting on chemical
constituents of pork.1

Cooking
temperature (JC)
Chemical constituent Raw 49 71

mg/100 g dry, fut-free

tissue

Inorganic phosphate 99 127 105
Amino nitrogen 125 134 119
Total nitrogen 1566 1325 1496
Non-amino nitrogen 1441 1191 1337
Total carbohydrate 3682 3391 4059
Reducing sugars 2129 1718 1980
Non-reducing carbo-

hydrate 1554 1673 2089
Percent reducing sugar

of total carbohydrate 58 51 49
Free creatinine 68 7 96
Creatine 1215 872 932
Total creatine-creatinine 1283 939 1062
Percent free creatinine of

total creatine-creatininc 5 9 9

1Results are given as averages of duplicate
analyses of 3 pork loin roasts.

increased during cooking except threo-
nine, serine, glutamic acid, histidine and
arginine, which decreased. The over-all
effect of cooking was an increase of
38.3% in the total amino acids. Total
extractable amino nitrogen increased ap-
proximately 18% in the same samples
during cooking. These increases were
probably due to hydrolysis of protein
and possibly involved cathepsins or other
proteolytic enzymes in the tissue, since it
has been shown that most free amino acids
decreased during heating when isolated
from the protein by dialysis (Macy, et al.,
1964).

Taurine, anserine and carnosine in-
creased to the greatest extent during cook-
ing. These were also the major amino
compounds present in both raw and
cooked beef. Freeing of amino acids dur-
ing cooking is important to development
of meat flavor because they participate
in browning reactions involving amino
acids and reducing carbohydrate. In ad-
dition, some amino acids apparently con-
tribute to the over-all flavor of meat
(Macy, 1966).

Results previously reported (Macy et
al., 1969a; concerning the effect of heat-
ing on nucleic acid derivatives of pork
were in some cases paralleled by changes
in other chemical constituents reported in
this paper (Table 3). Inorganic phosphate
increased in the intermediately ccoked
(49°C) samples and was less in the well-
done (71 C) samples. Amino nitrogen
also increased in the intermediately
cooked samples, then decreased in the
well-done samples to a level slightly be-
low that of the raw samples. This probably
represented hydrolyses of protein due to
protease activity in the less severely heated
samples. Heat-denaturation of proteolytic
enzymes and browning reactions were



probably responsible for the lowered
values for amino nitrogen in the well-
done samples. Total acid extractable ni-
trogen decreased in the intermediate
samples, and increased in the well-done
samples. A large decrease in non-amino
nitrogen was observed in the intermediate
samples compared to either the raw or
well-done samples.

Total acid extractable carbohydrate of
intermediately cooked loins was less than
that of the raw samples but carbohydrates
of the well-done samples were higher than
those of raw samples. Reducing sugar de-
creased in the intermediately cooked
sample, and extractable non-reducing car-
bohydrates increased consistently during
roasting. The percent reducing sugar of
total carbohydrate decreased progres-
sively with increased cooking.

Free creatinine increased with increased
cooking. Creatine decreased considerably
in the intermediately cooked samples then
increased in the well-done samples. This
pattern was also followed by total ex-
tractable creatine-creatinine. These values
possibly reflect differences in the ability
to remove creatine and creatinine from
protein in the tissue rather than actual
change of total creatine and creatinine due
to heating (Hughes, 1960).

Effects of cooking on chemical
constituents of lamb muscle

Results from the previous experiments
indicated that heating conditions must be
carefully controlled.

Table 4 is a summary of data obtained
for changes in chemical constituents of
lamb muscle during heating at 60°C.
Inorganic phosphate increased during
heating and this was probably due to de-
phosphorylation of nucleotides, especially
inosinic acid, which decreased substan-
tially during heating.

The data for the individual heating pe-
riods were somewhat erratic, although a
trend toward increased amino nitrogen
was apparent. Total extractable nitrogen
decreased during heating for 15 min
then increased steadily during the re-
mainder of the experiment. The value for
total nitrogen at 60 min heating was
slightly less than that of the uncooked
sample. There was a small increase in
the percent amino nitrogen of total ni-
trogen and larger amounts of amino ni-
trogen-containing substances became ex-
tractable with perchloric acid as heating
times progressed.

Total extractable carbohydrate de-
creased steadily during the first 20 min
heating, then increased at 30, 45 and 60
min. This sequence was also followed by
the reducing sugar content. The percent
non-reducing sugar of total carbohy-
drates increased rapidly during heating.
Non-reducing carbohydrate, probably
glycogen, was rapidly degraded to re-
ducing sugar.

WATER-SOLUBLE FLAVOR AND ODOR PRECURSORS OF MEAT.

Free creatinine of lamb muscle in-
creased progressively during heating, but
the increase was most rapid between 15
and 60 min heating. This was anticipated,
due to the slightly acid conditions of meat
which catalyze the removal of a molecule
of water from creatine to form creatinine.
In spite of the increased formation of
creatinine, creatine increased slightly with
heating. This could have been a result of
extraction phenomena.

Total creatine-creatinine increased with
heating time. This indicated that e ther
a precursor of creatine was present in
the tissue or the acid-extractability of
these constituents was enhanced by heat-
ing. The former of these possibilities is
more probable since phosphocreatine is
present in muscle and this compound is
quite labile to heating. Percent creatinine
of total creatine-creatinine increased with
heating. The rate of dehydration of cre-
atine to creatinine may have been greater
than the rate of formation of additional
creatine from phosphocreatine.

Effects of cooking on eight cuts of beef

Data representing the acid-extractable
nitrogen in the various cuts of raw and
cooked beef are in Table 5. Raw Good
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calf clods contained less amino nitrogen
than other raw samples but not signifi-
cantly less than Choice rib roasts. Good
calf rib roasts or Good round roasts.

Among the cooked cuts, Choice clod
roasts had less amino nitrogen than other
cuts but not significantly less than Good
calf rib steaks or Good calf clod roasts.
Good calf round roasts contained a sig-
nificantly greater amount of amino nitro-
gen than other cooked beef except Choice
round roasts and Choice rib steaks. Cook-
ing at these temperatures resulted in sig-
nificant decrease in amino nitrogen of all
cuts except Good calf round roasts and
Choice rib steaks.

The non-amino nitrogen data in Table
5 were more revealing than those for
amino nitrogen. Raw Good rib steaks had
less non-amino nitrogen than the other
cuts but not significantly less than Choice
rib steaks and Choice clod roasts. Among
the cooked samples, the clod roasts had
less non-amino nitrogen than the other
cuts. Clod roasts contained significantly
less non-amino nitrogen than the other
cooked samples due to the higher cooking
temperatures. All cooked samples con-
tained significantly less non-amino ni-
trogen than their raw counterparts.

Table 4— Effects of heating at 60°C on certain constituents of ground lamb.1

Heating time (min)

Constituent 0 5 10 15 20 30 45 60
Mg!100 g wet tissue

Inorganic phosphate 18.8 19.3 20.5 20.3 19.9 22.5 22.7 23.3
Amino nitrogen 33.7 29.9 33.0 32.6 37.5 34.3 38.5 36.2
Total nitrogen 292.4 255.0 261.0 254.0 268.5 282.0 282.0 284.0
Percent amino nitrogen of total nitrogen 11.5 11.7 12.6 12.8 13.9 12.2 13.6 12.7
Total carbohydrate 574.5 550.5 450.0 300.0 237.0 319.5 307.5 2745
Reducing sugars 1147 131.2 1305 126.7 107.2 147.7 111.7 159.0
Non-reducing carbohydrate 459.8 419.3 3195 1733 1298 1718 1958 1155
Percent reducing sugars of total carbo-

hydrate 2C.0 239 29.0 422 452 463 36.3 58.0
Free creatinine 11.6 14.0 13.5 12.2 17.8 17.8 16.4 23.8
Creatine 199.2 200.5 201.0 191.8 200.2 212.7 205.6 206.7
Total creatine-creatinine 21C.8 2145 2145 204.0 218.0 230.5 221.0 2305
Percent free creatinine of total creatine-

creatinine 5.5 6.5 6.3 6.0 8.2 7.7 7.4 10.3

1Results are from duplicate analyses of samples from

each time period.

Table 5—Means of amino nitrogen, non-amino nitrogen and total extractable nitrogen from

raw and cooked steaks and roasts.l

Amino nitrogen2

Non-amino nitrogen2 Total nitrogen2

U.S. grade and cut Raw Cooked3 Raw Cooked3 Raw Cookedl
mg!100 g dry, fat-free tissue
Choice rib steaks 103.3 CDE 80.9 C 1140 C 962 E 1243 B 1043 C
Good rib steaks 108.3 BC 78.2 GH 1126 CD 1013 E 1247 B 1091 C
Good calf rib steaks 96.8 DEF 69.6 HI 1308 AB 970 E 1405 A 1040 C
Choice clod roasts 109.5 BC 62.9 I 1223 BC 731 GH 1332 AB 794 E
Good calf clod roasts 92.2 EF 69.2 HI 1250 AB 706 H 1342 AB 775 E
Choice round roasts 116.0B 91.8 F 1276 AB 843 F 1392 A 934 D
Good round roasts 101.2 CDEF 75.4 GH 1258 AB 814 FG 1359 A 889 D
Good calf round roasts 105.7 BCD 101.6 CDEF 1329 A 1032 DE 1424 A 1133 C

1Ten different samples of each cut were analyzed.

t Means of the individual chemical constituents
different (P < 0.05).

3Rib steaks were broiled to 66'C;

followed by the same letter are not significantly

round and clod roasts were roasted to 66° and 77°C, respectively.
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Table 5—Means of creatine, creatinine and total extractable creatine-creatinine from raw

and cooked steaks and roasts.

Creatine2
U.S. grade and cut’ Raw Cooked3
Choice rib steaks 1302 BC 902 E
Good rib steaks 1363 AB 1029 D
Good calfrib steaks 1416 A 829 E
Choice clod roasts 1310 B 531 H
Good calf clod roasts 1376 AB 614 G
Choice round roasts 1215 C 699 F
Good round roasts 1297 BC 825 E
Good calf round roasts 1338 AB 876 E

1Ten different samples of each cut were analyzed.

Creatine-
Creatinine2 creatinine2

Raw Cooked3 Raw Cooked3
mg!100 g dry, fat-free tissue
3791 1245 E 1340 CD 1027 F
51.8 HIJ 121.4 EF 1415 ABC 1150 E
55.1 HIJ 1329 E 1471 A 962 F
62.6 GHIJ 1938 A 1372 BCD 725 1
429 1) 162.8 ABCD 1419 ABC 777 H
72.1 GHI 171.4 ABC 1287 D 870 G
49.1 HIJ 181.7 AB 1346 CD 1007 F
78.0 GH 140.8 CDE 1416 ABC 1017 F

2 Means of the individual chemical constituents followed by the same letter are not significantly

different (P < 0.05).
3Rib steaks were broiled to 66°C;

Less total nitrogen was extractable from
cooked samples than from corresponding
raw samples (Table 5). Raw Choice and
Good rib steaks contained significantly
less total extractable nitrogen than other
cuts except the clods which were not sig-
nificantly different. The cooked beef
roasts were divided into three significantly
different groups according to total nitro-
gen. Cooked clod roasts contained sig-
nificantly less total nitrogen than the other
cuts. Good and Choice round roasts con-
tained significantly less total nitrogen
after cooking than the remaining cuts
cooked to 11 C.

Free creatinine of the roasts increased
significantly during cooking (Table 6).
This observation agreed with the pre-
liminary experiments for beef, lamb and
pork and confirmed results of Bendall
(1946). Creatinine of cooked rib steaks
was significantly lower than that of
Choice clod and round roasts and Good
round roasts.

Cooked beef also contained signifi-
cantly less creatine than uncooked beef
(Table 6). This difference may be due to:
(a) conversion of creatine to creatinine
by heating under slightly acid conditions
or (b) inefficient removal of these com-
pounds from raw tissue with dilute per-
chloric acid.

Choice round roasts contained signifi-
cantly less creatine than the other cuts
except Choice rib steaks and Good round
roasts which were not significantly dif-
ferent.

Cooked Good rib steaks contained sig-
nificantly more creatine than other cooked
beef. This was followed by cooked rib
steaks from Choice and calf ribs and
Good and calf rounds which had signifi-
cantly higher creatine than the remaining
cooked roasts. Cooked Choice clods had
significantly less creatine than other cuts
possibly due to their higher cooking tem-
perature. In genera], the cooked rib steak
had higher amounts of creatine than
rounds, and clod roasts had less creative

round and clod roasts were roasted to 66° and 771C, respectively.

than other cooked roasts.

The work of Hughes (1960) with her-
ring indicated that cooking resulted in in-
creased physical binding of creatine and/
or creatinine to the tissue protein. Heat-
processing of herring flesh at 115nC re-
sulted in conversion of about one-quarter
of the creatine to creatinine, but no over-
all loss of the two compounds was ob-
served. Bendall (1946) reported, how-
ever, that high-temperature processing of
beef resulted in destruction of creatine
and/or creatinine, but did not indicate
that this was due to lowered extractability
of these compounds due to heat-process-
ing.

Significant decreases in the amount of
extractable creatine-creatinine were ob-
served for cooked compared to raw beef.
Losses of these compounds due to cook-
ing reported by Bendall (1946) were rela-
tively small and his cooking conditions
were considerably more severe than those
used in this study.

Data concerning total carbohydrate of
raw and cooked beef roasts arc presented
in Table 7. Cooking resulted in significant
decreases in total carbohydrate of samples
in all cases except in Good rib steaks. The
average decrease of more than 300 mg
carbohydrate per 100 g dry, fat-frcc tis-
sue from the Good rib steaks was not
sufficient to attain statistical significance
due to the extreme variation of carbo-
hydrate within these samples.

Among the raw beef cuts, the Good
‘ound roasts contained significantly
higher amounts of total carbohydrates
than other samples. This was followed by
rounds from Choice and Good beef roasts
and Choice rib steaks. Raw Choice and
calf clods contained significantly less total
carbohydrate than other cuts of beef, fol-
lowed by the raw rib cuts. Raw rounds
contained the most carbohydrate. The ex-
ception was raw calf round, which had
less total carbohydrate than raw rib
roasts from Good grade beef. Calf roasts
contained less carbohydrate than more

Table 7—Means of total extractable carbo-
hydrate for raw and cooked beef roasts.

Means of total
carbohydrate

U.S. gradeland cut2 Raw Cooked

mg/100 g dry, fat-free tissue

Choice rib steaks 2163 BC 1837 D
Good rib steaks 1849 CD 1542 DE
Good calf rib steaks 1437 EF 802 HI
Choice clods 1369 EF 823 HI
Good calf clods 1050 GH 6301
Choice rounds 2329 B 1410 EF
Good rounds 2814 A 1623 DE
Good calf rounds 1622 DE 1152 FG

1Ten different samples of each cut were
analyzed.

2 Means followed by the same letter are not
significantly different (P < 0.05).

Table 8—Correlation coefficients between
chemical constituents of cooked roast and
flavor, aroma and juiciness.

Chemical Juici-
constituent Flavor Aroma n”"ss
Total extract-
able nitrogen —0.23* -0.20 -0.08
Non-amino
nitrogen —0.24* -0.20 -0.09
Amino nitrogen —0.04 -0.07 -0.02
Total carbo-
hydrate 0.08 0.15 -0l
Creatine —0.35*** .0.27** -0.26*
Creatinine 0.31** 0.29** 0.18
Creatine-
creatinine 0.32** -0.26* -0.23*
Percent creati-
nine of cre-
atine-creatinine  0.44*** 0.26* 0.23
N = 80.
* (P < 0.05).
** (P < 0.01).

**% (P < 0.001).

mature beef regardless of grade.

Correlations for cooked beef

Correlation coefficients between sen-
sory attributes and chemical content were
low (Table 8). The best relationships be-
tween chemical content and flavor was
the correlation between percent creatinine
of total creatine-creatinine in cooked
meat and flavor. The correlation was 0.44
(P < 0.001). The best relationship be-
tween aroma and chemical constituent
was between creatinine and aroma
(0.29; P < 0.01). The highest relation-
ship between juiciness and chemical con-
tent was that found for creatine (r =
0.44; P < 0.001). All other correlations
between results of sensory and chemical
analyses were lower than those cited and
most were insignificant despite the large
number of samples analyzed.

Correlation coefficients between accept-
ability scores of cooked roast beef and
ratios of N-containing compounds of



Table 9—Correlation coefficients between
acceptability scores of cooked roast beef
and ratios of N-containing compounds of
cooked to raw beef roasts.

Chemical Juici-
constituent Flavor  Aroma ness
Total extractable
nitrogen -0.24*  —0.16 o &S*
Non-amino
nitrogen -0.23* —0.15 -0.30**
Amino nitrogen —0.12 -0.17 —0.12
Creatine -0.30** -0.18 -0.34**
Creatine-
creatinine -0.25* —0 14 -0.35***
N = 80.
* (P < 0.05).
** (P < 0.01).

*% (P < 0.001).

cooked to raw beef roasts are outlined in
Table 9. All correlations between ratios
of N-containing compounds of cooked
beef roasts relative to those of raw beef
roasts and flavor and juiciness except for
amino nitrogen were significant. There
were no significant relationships between

WATER-SOLUBLE FLAVOR A

aroma and chemical constituents.

Data presented in Tables 8 and 9 indi-
cate that creatine and creatinine are bet-
ter indices of flavor, aroma and juiciness
of roast beef than other chemical con-
stituents studied.
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A Reexamination of the

SUMMARY— A review

sensory perception

of the theory and

of small differences
usually outweigh its

advantages W hen

difficult to assess; and a

statistical significance procedures,

INTRODUCTION

IN MANY CIRCUMSTANCES testing
for marginal sensory differences is better
carried out by way of simple paired com-
parison than by triangle test. This is well-
recognized. But special appeal resides in
the “modified” or “two-stage” triangle
test. A comparative assessment of the
flavor (or some other sensory characteris-
tic) of a pair of products done by two-
stage triangle test means that each indi-
vidual trial consists of three coded items,
two of one product and one of the other,
with the double request to the panelist:
“Which member of the triad, in terms of
the relevant characteristic do you think is
odd?” and, “Elaborate on the difference
in [the way specified].”

At its simplest, the “way specified” will

practice
leads to
the

"least objectional”

for the Perception

of the two-stage triangle test for the

the conclusion that its disadvantages
test is wused its information content is
method, based on a scoring scheme and

is here proposed.

relate to the direction of the difference
(e.g., a stronger or weaker flavor, or a
smoother or coarser texture). Addition-
ally, it may relate to degree of difference
on an ad hoc scale. In another milieu it
can relate to preference, either absolutely
or by degree. This basic scheme, which,
according to Bengtsson (1953), origi-
nated in the brewing industry in the
1920s, has the ostensible advantage of
winnowing out those subjects who can’t
discriminate the two products. That is, the
second-stage results of the correct oddity
identifiers only are considered.
Nevertheless, in practice the two-stage
triangle test often leads to interpretative
difficulties, particularly associated with
what may be called “the paradox of

“lssued as NRCC No. 11283.
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Two-Stage Triangle Test
of Sensory Differences”

discriminatory nondiscriminators,” some
examples of which will now be considered.

PARADOX OF
DISCRIMINATORY
NONDISCRIMINATORS

A PROBLEM to be faced is that “non-
discriminators” sometimes give non-ran-
dom answers at Stage Two. It is natural
to assume that a person who can’t iden-
tify the oddity ipso facto can’t discrimi-
nate, much less characterize, the differ-
ence between the two products. But re-
sults belying this assumption turn up
(Amerine, et al. 1965). An early re-
port of this nature is due to Byer et al.
(1953). Table 1 shows three cases in
which the comparative judgments of the
panelists who misidentified the oddity
were almost exactly the same, as regards
distribution between the two items, as
those of the rest of the panel. The three
tests are disparate enough to invite indi-
vidual comment.
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Table 1—Results of some two-stage tri-
angle tests.

Number of
selections of

putative Division of
oddity that judgments for
are items
Criterion and Cor- Incor-
material rect rect A B
Bitterness of 67 - 54 13
quinine sulfate — 75 58 17
solutionsl
Tenderness of 92 — 56 36
poultry meats2 — 154 95 59
Preference be- 30 23.5 6.5
tween recon- 30 21.5 8.5
stituted skim-
milk powders3
1Byer et al. .1953 in Ref. List; the solutions

were of known strengths, with A always stronger
than B.
2Gridgeman different

[1964]; two carcase

treatments were at issue.

3Courtesy of Mrs. Elizabeth Larmond, Food
Research Institute, Central Experimental Farm,
Department of Agriculture, Ottawa. Some

panelists unable to express a preference,

which accounts for the half-scores.

were

(1) The "bitterness" results are most
surprising, because of the intimately re-
lated decisions involved in the two stages
of the test. Yet more than half of the
panelists misidentified the oddity and
then went on to show themselves as good
as the others at sensing the bitterer item.
Clearly, the picking of the oddity was a
psychosensorily confusing task. Bradley
etal. (1964), following Ura (1960), have
developed a probabilistic model, based on
the formal variability of sensory response
to a given stimulus, that can accommodate
such results, but the amount of extra in-
formation so obtainable is small.

(2) The “tenderness" results could be
explicable in terms of sample variation
(poultry meat is far from homogeneous),
and this was attempted in the report. The
method of handling the data is, how-
ever, cumbersome and unrewarding. The
high proportion of incorrect selections
of the oddity in this experiment suggests
that the judgments were made virtually
at random.

(3) The “preference™ results also in-
dicate that the selection of the oddity
was a bothersome task, and that the pan-
elists behaved more rationally in a bi-
nomial than in a trinomial situation.

Of course, in some two-stage triangle
tests those panelists who fail to identify
the oddity behave with apparent con-
sistency in that, as a group, they do not
make significant distinctions in the sec-
ond stage. Yet even here no advantage
can be pointed to, because the panel
might just as well have concentrated on
paired comparisons instead.

Some side-by-side tests conducted by

Table 2—Results of parallel experiments,
one by two-stage triangle test, the other by
paired comparison, to check for preferential
difference between the odors of chicken-leg
meats from two treatments. (The same
panel of 7 subjects was used. Each carried
out 6 replicate two-stage triangle tests, and
9 replicate paired comparisons, all under
code.)

Number of

selections
of putative Division of
oddity judgments
that were for items
Cor- Incor-
rect rect A B
Two-stage triangles 15 - 10 5
— 27 14 13
Pre- Pre-
ferred ferred Un-
A B decided
Paired comparisons 33 22 8

Mr. van den Berg of these laboratories
are illuminating. Each member of a panel
of seven made preference judgments by
two-stage triangle test and, independently,
by paired comparison (with ties allowed),
the replications being so arranged that
the same number of samples was assessed
in each type of test. The results are shown
in Table 2. The number of nondiscrimi-
nators (27) in the triangle tests was
large, almost two-thirds of the total
(which again implies that the judgments
were made almost entirely at random).

Reference to statistical tables will con-
firm what is clear from inspection,
namely, that the paired comparison re-
sults more sharply distinguish between the
two treatments. A and B, than do the
triangle tests. In fact only the paired-
comparison difference (33 for A and 22
for B) is significant at the 5% probability
level.

A “LEAST
OBJECTIONABLE” SCORING
SCHEME

IN VIEW of the tendency of some non-
discriminators to make meaningful sec-
ond-stage judgments on the relation be-
tween the items, an inclination to take
these judgments into good account can-
not be avoided. In other words, should
not all the results be pooled? To do so is
not illogical or even unreasonable. How-
ever, it implies a rejection of the essence
of the two-stage triangle test, which is
thereby transformed to a set of ill-made
paired comparisons.

And there is another consideration.
Pooling necessarily means giving equal
weight to the decisions of both discrimi-
nators and nondiscriminators. Maybe a
realistic compromise would be to give
less weight to the nondiscriminators’ de-

Table 3—Basic scoring scheme for the
two-stage triangle test.

Number
of
forms
of the
Possible outcomes out-
of one trial come Score
ca = correct oddity i sca = 0
chosen; prefers A
ia = incorrect oddi:y 2 Sia = 1
chosen; prefers A
ib = incorrect oddiry 2 sib = X
chosen; prefers B
cb = correct oddity 1 sob = X *
chosen; prefe s B 6

1The quantity “x” has to be decided on: see

text.

cisions? But how? This question expands
to: What score scale should be attached
to the four distinctive results that any
one two-stage triangle trial can give rise
to? No clearcut answer exists; however, a
convenient one may be sought. More
specifically, the problem is to choose a
number to replace x in the end (score)
column of Table 3 (which is in prefer-
ence language, a though of course it ap-
plies to other criteria). The mean score
is, clearly. sm = (x + 1)/2, and the find-
ing of the weights implicit in the scale
must stem from the score deviations,
negative for A and positive for B, from
the mean, sm. The weights given to the
intermediate outcomes (“incorrect oddity
chosen™), as a fraction of that given to the
terminal outcomes (“correct oddity cho-
sen"), is therefore (sm — sia)/(snl — s,.J =
(x — I)/(x + 1). So a numerical value
for this fraction must be decided on.
First thoughts suggest V 2: that is, making
the nondiscriminators’ decisions half as
valuable as those of the discriminators.
This is achieved by the setting of x = 3,
so that the appropriate score scale is 0, 1,
3,4.

Perhaps this is overly generous; so
consider a smaller fraction, say 2+, ob-
tained by setting x = 7/3, the corre-
sponding score scale being 0, 1, 7/3,
10/ 3. Special mention is made of this
because it was, in effect, chosen by
Davis et al (1954) in a pioneer paper
on weighing schemes for the two-stage
triangle test. (Actually, their score scale
consisted of what they term “I values” of
1, 4, 8, 11, which set is a linear function
of, and therefore operationally equivalent
to, the score vector 0, 1, 7¥3, 10/ 3.)

Another possibility, here advocated, is
to make the weight fraction 1/3; cor-
respondingly, x = 2. The triadic nature
of the test lends intuitive attraction to this
figure. More importantly, it is statisti-
cally nice in that the resultant score
scale is maximally simple, namely, 0, 1.
2. 3, and easy to handle in distribution
contexts.



In all circumstances, it is desirable to
carry out two-stage triangle tests in-com-
plementary pairs (one with A the oddity,
the other with B) so as to cancel any
“item bias” that may exist in the per-
formance of single trials. To this end we
shall deal only in even numbers of trials
in replicated testing.

SIGNIFICANCE TESTING

THE DEVELOPMENT of tests of sta-
tistical significance is a little complicated.
To exemplify the scoring of a set of trials,

the data in Table 1 will be used. In the
first test (bitterness of quinine sulfate
solutions) there were (67 -f 75) = 142

trials, so that the maximum possible score
(if discrimination was perfect and every
vote cast was for item B) is three times
this, that is, 426. Now the observed score
is (64 X 0) + (58 X 1) + (17 X 2) +
(13 X 3) — 131; so the primary finding is
that a fraction 131/426 = 31% of the
vote went to item B, and the rest, 69%, to
item A. Likewise, (738 — 321)/738 =
56.5% of the test vote on poultry tender-
ness went to treatment A, and (180 —
58)/ 180 = 67.8% of the preference vote
on reconstituted skimmilk powders went
to product A.

In all three examples it is obvious that
the vote splits were significantly different
from the null hypothesis (of “no detect-
able difference between the items”) of
50% each for A and B. However, suppose
a statistical-significance test is asked for
on, say, the skimmilk results. The pro-
cedure rests on two facts: (1) that the
standard deviation of the mean (null hy-
pothesis) score, sn(= 3N/2), in a set of

trials is \/1 IN /12. and (2) that when N
is large the distribution of possible scores
may be regarded as Normal. So here

Sm= 3 X 60/2 = 90

and the standard deviation of this mean
score is

SD(Sm) = VI 1 X 60/12 = +7.4

Now the observed score is 58, which is
Sm— 12, and as 32/(7.4) = 4.3, it is ap-
parent that the observed result is not
fortuitous.

The statistical significances of the re-
sults of smaller numbers of trials (up to
30) are best ascertained from exact dis-
tribution data. This matter is discussed
further in the Appendix.

It would of course be helpful if limits
of error were assignable to any observed
score. Unfortunately this is not practical,
because any non-null score may involve
up to three parameters (the discriminator:
nondiscriminator split; and the A:B vote
split within the discriminators and the
nondiscriminators), which creates for-
midable difficulties. This is another limita-
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Table 4—Hypothetical details of resu ts (as numbers of judgments), by two-stage direc-
tional triangle test, on poultry tenderness (with real differences).

Stage 2:
Stage 1:

selection of M arkedly Slightly

putative oddity less less

Correct 16 38

56

Incorrect 23 68

95

judgment of oddity’s tenderness relative to other two items

Slightly M arkedly
Same more more Sum
4 28 6 92
36
8 41 14 154
59

Table 5—Hypothetical details of results (as numbers of judgments), by two-stage direc-
tional triangle test, on poultry tenderness (the compared items being actually indistinguish-

Stage 2: judgment of oddity’s tenderness relative to other two items:

able).
Stage 1:

selection of M arkedly Slightly

putative oddity less less

Correct ii 33

46

Incorrect 18 55

77

tion to the two-stage triangle test.

A SOURCE OF BIAS

THE TWO-STAGE triangle test is some-
times extended to embrace judgments on
degrees of difference between the (puta-

tive) oddity and the residual pair. The
kind of panel request involved is: “Do
you consider the item you have picked
as odd to be slightly, moderately, or

markedly more (or less) sweet than the
other two items?” Note that direction of
difference (ranking) is demanded (in this
particular case, “more” or “less” of the
attribute).

Sometimes, however, degree without di-
rection is asked for, the kind of question
being: “Is the difference slight or
marked?,” or “Are you doubtful, reason-
ably sure, or confident of a difference?”
This innocent-looking simplification intro-
duces psychosensory bias. To be bias-free
a sensory test must yield results whose
long-run expectation, when the rival items
A and B are in fact undistinguishabie, is
unambiguous, no matter how careless or
prejudiced the panel may be. The null
hypothesis must be statistically well-de-
fined.

To illustrate the ambiguity introduced
by nondirectional degrees of difference, a
hypothetical example, based on an ex-
tension of the “poultry tenderness” results
in Table 1, may be useful. In that investi-
gation the second-stage question was: “Do
you think that the putative oddity is more
or less tender than the companion pair?”
Now suppose that two degrees of tender-
ness difference (with direction, that is,
“more” or “less”) had been asked for.

A suitable phrasing of the question

Slightly M arkedly
Same more more Sum
4 33 ii 92
46
8 54 19 154
77

Table 6—" Folded” results of tables 4 or 5.

Stage 2: judgments of oddity’s
Stage.l: degree of tenderness difference
selection relative to other two items
of putative
oddity none slight marked Sum
Correct 4 66 22 92
Incorrect 8 109 37 154
12

would have been: “Do you think that the
putative oddity is slightly or markedly
more or less tender than the companion
pair?” It would be advisable to add: “If
you feel that your selection of the ‘oddity’
was really arbitrary, so that you find no
difference in tenderness, register this.”
(The experiment is of course assumed to
be adequately balanced as regards codings
and the two triangles, AAB and ABB).)
Then the results might well have been as
shown in Table 4—which, so to speak,
collapse to those in the middle of Table
1 when the degrees (“slightly” or
“markedly”) are abandoned and when the

neutrals (“same”) are equally divided
between the two directions (“less” and
“more”).

The number of neutrals (12 in all) has
deliberately been made small under the
supposition that the panel is prejudiced in
favor of the existence of a real tenderness
difference. To show that this prejudice
cannot bias the results, consider how they
might most likely have appeared if in fact

no real tenderness difference existed
(Table 5). The inference from the experi-
ment would have been unequivocal,

namely, that the judgments pro and con
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cancel out and that samples A and B are
indistinguishable.

Some interest lies in a consideration of
what results would most likely have been
obtained (by the same prejudiced panel,
testing samples that are in fact indis-
tinguishable) if the second-stage question
had been concerned with nondirectional
degrees of difference, such as: “Do you
think that the putative oddity you have
selected is slightly or markedly different
from the other pair? If you feel that your
selection of the ‘oddity’ was really arbi-
trary, so that you find no difference,
register this.” The most likely results are
given in Table 6, which is in effect a fold-
ing of Table 4 or Table 5 about the verti-

cal centerline (the neutral frequencies),
and which is therefore consonant with
both. This is the ambiguity, rooted in

psychosensory bias, that can mar the non-
directional test.

Sometimes it is hard to tell from the
wording whether a two-stage triangle test
was directional or not— the examples used
by Bradley [1964], for instance, seem to
be nondirectional and therefore open to
bias. It is important to make abundantly

clear, in reportage, exactly how sensory
tests were conducted, with the instructions
to the panel spelled out.

CONCLUSIONS

AN UNQUESTIONABLE advantage of
the common triangle test is that it allows
the panel to be instructed in the most
general terms. A specific quality need not
be mentioned in the briefing; the panel is
merely asked if any one of the triad of
items appears to be sensorily different.
This property can be turned to further ad-
vantage with the ancillary question: “If
you think that one item is different, try to
characterize the difference.” This question
is preferably accompanied by a short list
of relevant possibilities, such as texture,
flavor, color, etc.

In practice, however, this sort of situa-
tion is less frequent than might be ex-
pected. Usually, the experimentalist has a
specific quality firmly in mind from the
start, and he wishes to restrict attention to
this. Here, again unquestionably, paired
comparison is the best design medium. It

is structurally the simplest and psycho-
sensorily the easiest.

Supplementation of the triangle test
with a second-stage question to elicit in-
formation on the kind or direction or de-
gree of difference between the nominal
oddity and the remaining companion pair
is an alluring notion. However, as has
been shown, it entrains many difficu ties,
some stemming from the psychosensory
situation itself, and some from statistical
considerations. Furthermore, intersubject
variability is likely to be greater in this
milieu than in a simpler one.

The two-stage triangle test is normally
something to be avoided. If it is used the
simple scoring scheme, plus significance
tests, described above, furnishes a mini-
mally objectionable method of assessing
the results.

APPENDIX

ONE TRIAL of a two-stage triangle test has
four possible outcomes and, as explained in
the text, the scores and the relative frequen-
cies of these on the null hypothesis are as
follows:

Table 7—Certain score probabilities (between 0.0000 and 0.3000) on the null hypothesis.

Score =
<X or
>(3N -
X) where
X s 2 4 6 8
0.0556 0.0015
0.2767 0.0139 0.0006
0.0633 0.0036 0.0002
0.1929 0.0159 0.0010
0.0519 0.0042
0.1347 0.0142
0.2890 0.0398
0.0951
0.1967

PR s e e
N RERBEBeon~voon rwnpmo

WowwwwwwwwwNNRNNNNDRN =
@mﬂmmpwr\)»—\o@m\:mm»wﬁmgmg

10 12 14 16 18
0.0001
0.0003
0.0011 0.0001
0.0039  0.0003
0.0116 0.0011  0.0001
0.0299  0.0034  0.0003
0.0676  0.0092 o0.0010 0.0001
0.1367  0.0222  0.0028  0.0003
0.2487  0.0485  0.0071 0.0008 0,0001
0.0963 0.0164  0.0022 0.0002
0.1749  0.0349  0.0054 0.0007
0.2925  0.0685 0.0121 0.0017
0.1242  0.0253 0.0041
0.2094  0.0490 0.0090
0.0888 0.0184
0.1508 0.0353
0.2406 0.0639
0.1090
0.1758
0.2686

O 0000000 oo o oo

20 22 24 26 28 30
0001
0002
.0005 0.0001
0013 0.0002
0031 0.0004
0066 0.0010 0.0001
0134 0.0023 0.0003
.0256 0.0049 0.0008 0.0001
0462 0.0098 0.0017 0.0003
0791 0.0186 0.0036 0.0006 0.0001
.1287 0.0335 0.0072 0.0013 0.0002
1992 0.0576 0.0135 0.0027 0.0005 0.0001
2940 0.0943 0.0244 0.0053 0.0010 0.0002
0.1476 0.0420 0.0099 0.0020 0.0003
0.2210 0.0693 0.0178 0.0039 0.0307
0.1094 0.0308 0.0072 0.0315
0.1658 0.0510 0.0130 0.0028
0.2413 0.0811 0.0226 0.0053
0.1242 0.0375 0.0096
0.1831 0.0602 0.0166
0.2603 0.0929 0.0277
0.1386 0.0446
0.1996 0.0695
0.2781 0.1047
0.1526
0.2154
0.2947



outcome; ca ia ib «cb
score: 0 1 2 3
relative frequency: 1 2 2 1

Now two replicate trials, each so scored, will
clearly have seven possible outcomes, with
scores ranging from 0 to 6, with the follow-
ing relative frequencies:

5 6
4 1

This set of relative frequencies, summing to
36 (the square of 6, the sum of the relative
frequencies in a single trial) can easily be
worked out from elementary considerations.
More formally, it is reached by a squaring of
the frequency vector (1,2,2,1).

Further replication, say N times, analo-
gously calls for the Nth power of the vector,
which will contain 3N -~ 1 frequencies, with
of course a score maximum of 3N. The set
of frequencies, summing to 6N can then be
expressed as cumulative probabilities. Thus,
for duplicate trials, N = 2, and the probabil-
ity, on the null hypothesis, of a score of

score: 0 1 2 3 4
relative frequency: 1 4 8 10 8

zero Of six is (1 -f 1)/36 = 0.0556, while
that of a score of unity or less Of of five or
more, is (1 + 4+ 4 + 1)/36 = 0.2773.

Observe that “two tail” probabilities must
be used, because the chances of a high score
are the same as those of the complementary
low score. (The direction of the score scale
is mathematically arbitrary in the sense that
“wins” for item A can be recorded as
“losses” for item B.)

The accompanying table (Table 7) gives
exact probabilities for all scores in the sta-
tistically critical regions for even N up to
and including 30. At N = 30 the score must
be <31 (or >59) for statistical significance
at a probability level of 0.01, and <34 (or
>56), correspondingly, at p = 0.05. If the
Normal approximation is used for the case
of N = 30 (as described in the text) the
critical scores will be found to be very close
to these (<31.4 instead of <31, and <34.7
instead of <34). so that the Normal approxi-
mation can be safely used for all N greater
than those tabulated.
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INTRODUCTION

THE POSSIBLE resistance of Clostridium
perfringens to the stress of acidic environ-
ments, as found in the gastric juice and in
foods, is important from the standpoint of
possible food poisoning. Although the

exact means by which C. perfringens

causes gastroenteritis is not fully under-
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stood. several volunteer experiments have
confirmed the pathogenicity of the oral
ingestion of large numbers of organisms
(Dische et al., 1957; Hauschild et al.,
1967b; Hobbs et al.,, 1953). If the il.ness
is due to the ingestion of cells, the cells
must exhibit an wunusual degree of re-
sistance to the acidic environment of the
stomach.

It seemed possible that strains of C.
perfringens might vary in their ability to
withstand acid stress. Such a difference
might account for any predisposition of
some strains to cause food poisoning,
while others are less likely to do so. This
study attempted to ascertain whether
there is a strain difference based upon sur-
vival subsequent to exposure to varying
degrees of acidity. Results permitted a
comparison of the percent survival of 6
strains of C. perfringens exposed, during
various phases of the growth cycle, to four
levels of acidity for pre-determined
lengths of time. Special consideration was
given to the possible effect of the growth
medium and the experimental design in-
cluded production of cells in 3 different
media.

Hauschild et al. (1967a) reported that
vegetative cells of strains of C. perfringens
isolated from materials associated with
food poisoning outbreaks varied during
the stages of the growth cycle in their re-
sistance to synthetic gastric fluid. They ob-
served also that the ability of cells of one
strain to induce food poisoning symptoms
in human beings was apparently related to
the age of the cells when ingested.
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Table 1—Percent survival of Clostridium perfringens cells of varying ages exposed to 4 levels

of pH for 200or 40 min12'5

pH 1.0
pH 6.0 pH 4.5 pH 2.0 Minutes
Minutes exposed Minutes exposed Minutes exposed exposed
(hr) 20 40 20 40 20 40 20
0 131.6 117.8 61.4 65.8 1.8 0.3 <0.005
\& 129.2 121.9 70.5 54.4 9.1 0.08 <0.005
1 103.5 106.7 42.2 21.0 0.3 0.02 <0.005
2 79.4 66.2 40.8 30.0 5.3 0.04 <0.005
3 107.6 94.9 333 34.3 21 0.01 <0.005
4 102.0 70.5 21.2 7.3 15 0.4 <0.005
5 52.6 45.9 19.8 12.8 0.03 0.005 <0.005
6 95.8 94.5 75.6 59.0 0.6 0.4 0.1
7 107.3 95.1 121.6 104.1 1.5 1.3 0.5
8 107.7 112.0 69.5 85.1 18.0 8.1 0.7

10riginal inoculum—approximately 105cells/ml.

2Cells grown in DS-sporulation medium.

3Values represent the average for six strains, except at pH 4.5 for which only two strains were tested

(NCTC 8238 and ATCC 3624).

MATERIALS & METHODS

Strains

Six strains of C. perfringens were em-
ployed for the acid resistance studies. The
four strains which had been recovered in
association with food poisoning outbreaks in-
cluded: National Collection of Type Cultures
(NCTC) 8238 (Hobbs” Type 2), isolated
from boiled salt beef; T-65, isolated in this
laboratory from cooked turkey; 214a, iso-
lated in the Health Department of Mil-
waukee. Wis.. from beef and gravy; and I1U-
1168, recovered by Dr. L. S. McClung from
the feces of a patient suffering front food
poisoning symptoms. The two strains not
known to have been implicated in food poi-
soning outbreaks were American Type Cul-

ture Collection (ATCC) 3624 (classical
Type A) and 215b, isolated from beef liver
at the University of Wisconsin.

Inoculum

Stock spore suspensions of each of the
selected strains were prepared in the sporula-
tion medium of Duncan et al. (1968) as
previously described. The three growth media
employed included Fluid Thioglycollate Me-
dium (BBL), subsequently referred to as
FTG; the CP-2V growth medium of Haus-
child et al. (1967a), and the sporulation
medium of Duncan et al. (1968). (The
latter medium will be referred to in this pa-
per as DS-sporulation medium.)

To obtain an active culture for inoculation

(Cells grown in DS-sporulation

into either DS-sporulation or FTG media,
0.1 ml of the stock spore suspension was
inoculated into 10 ml of FTG, heat shocked
20 min at 75°C and incubated 16-20 hr at
37°C. The inocu'um for the CP-2V medium
was prepared by adding 0.1 ml of the spore
suspension to 10 ml of the inoculum medium
described by Hauschild et al. (1965) and
heat shocking at 75°C for 20 min. After
cooling to room temperature, this suspension
was transferred to a larger volume of in-
oculum medium and incubated at 37°C for
16-18 hr. FTG and DS-sporulation media
were each inoculated with a 0.1% by volume
active culture, whereas a 7% by volume
inoculum was used with CP-2V medium. In
all cases, a magnetic stirrer was used to
distribute the culture evenly in the growth
medium and thus facilitated sampling from
the flask through a serum-stoppered side
spout. A water seal for gas evolution was
provided.

Sampling

Two 5-ml samples of a bacterial suspen-
sion were removed immediately after inocula-
tion of the respective growth media, and
additional samples were drawn hourly for 8
hr. The control samples were diluted 1:2
with citrate-phosohate buffer pH 7.0 or 7.3
(Colowick et al.. 1955), depending upon the
pH of the suspension at a given time interval.
The number of viable cells found to be
present on plating the control samples at
each of the time intervals provided the values
used in constructing the growth curve The
test sample was diluted 1:2 with the buffer
under investigation.

The pH values for the 4 buffers employed
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in testing the acid resistance of the selected
strains were pH 6.0, 4.5, 2.0 and 1.0. Buffers
of pH 6.0 and 4.5 were prepared from 0.1 AT
citric acid and 0.2A/ Na»HP04 m7H2, while
buffers pH 2.0 and 1.0 contained 0.2A/ KC1
and 0.2AT HC1 (Colowick et al., 1955).

The control and test samples of cell sus-
pensions in DS-sporulation medium, and one
series of those in FTG medium, were held at
ice-water temperature during the period of
exposure to the respective buffers. A second
series of samples prepared in FTG medium,
and the cell suspensions in CP-2V medium,
were incubated at 37"C during the time of
exposure to buffers of varying pH values.
Predetermined time intervals for acid ex-
posure were 10, 20 or 40 min. In all cases,
at the end of the time of exposure to acid, a
1.0-ml specimen was removed immediately
from the test sample and transferred to 4 ml
of buffer pH 7.0 or 7.3. Appropriate dilutions
of the neutralized test sample and the control
sample were made in 0.1% peptone water,
and each was plated in duplicate in SPS
agar (BBL).

Plates were incubated at 37°C under a gas
mixture of 90% nitrogen and 10% carbon
dioxide. Viable counts were made after 48
hr. All experiments were replicated twice.

To obtain the number of spores produced
in DS-sporulation medium, a 4-ml sample
was removed beginning 4 hr after inocula-
tion. a time interval at which previous ex-
periments in this laboratory had indicated
sporulation to begin. The samples were heat
shocked 20 min at 75°C and cooled before
plating in SPS agar as described above. This
time-temperature relationship has been rec-
ommended for destroying vegetative cells of
C. perfringens (Gibbs et al., 1956).

RESULTS & DISCUSSION

Survival of cells grown in
DS-sporulation medium

The 6 strains of C. perfringens grown
in DS-sporulation medium were each ex-
posed to varying levels of acidity during
which time they were held in ice water for
three different exposure intervals.

The survival of C. perfringens during a
10 min exposure to environments of vary-
ing pH values was influenced both by the
level of acidity and the phase of the
growth cycle (Fig. 1). Increased time of
exposure to acid stress decreased the per-
cent survival in most cases (Table 1). The
percentage survival of C. perfringens was
only slightly affected when exposed to
buffers of pH values 6.0 or 4.5. Survival
of cells exposed to buffer pH 2.0 or pH
1.0 decreased during 1 or 2 hr of growth
and then increased during the second or
third hr of growth, respectively. With the
onset of sporulation. the number of sur-
vivors again decreased and then increased
quite regularly during the next 2 or 3 hr.
This suggests that the presence of spores
increased the ability of the bacterial popu-
lation to withstand acid stress.

A comparison of the growth and sur-
vival of cells at pH 1.0 over an 8-hr pe-
riod for 4 strains of C. perfringens origi-
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nally associated with food poisoning, and
2 non-food poisoning associated strains, is
shown in Figure 2. When exposed to
buffer pH 1.0, the survival of the non-
food poisoning associated strains was
higher than the food poisoning strains
during the first 5 hr of growth. During the
last 3 hr of growth, the survival of the
food poisoning-associated strains was
higher than that of the non-food poison-
ing strains. A similar relationship was ob-
served in 2 of 3 samplings when strains
were exposed to buffer pH 2.0.

Any interpretation of the data pre-
sented in Figures 1 and 2 must include a
consideration of the variation in perfor-
mance of the individual strains when sub-
jected to acid treatment, as well as the
recognition of the low percentage of cell
survival, particularly at pH 1. Figure 2
attests to the difference between strains.
This variation is further emphasized in
that, at the point of greatest divergence
among the strains—hour 3, pH 1 (Fig.
I)—a 10.000-fold difference in number
of survivors was demonstrated among the
6 strains. Similar points of wide variation
included hour 8. pH 1. and hours 3 and
5. pH 2. when 1.000-fold differences oc-
curred in each instance. Thus, the cal-
culated survivor curves as presented rep-
resent, at some points, rather widely
divergent individual values.

Based on the limited number of strains
observed, it would appear that there is no
difference in resistance to stress of acid
environment between strains of C. per-
fringens associated with incidence of hu-
man food poisoning, and strains not so
associated. For the two groups the per-
centage survival at the varying time in-
tervals fell into no regular pattern, and
apparently merely reflected the individual
strain difference.

In no instance did a single strain, when
observed during different phases in the
growth cycle, respond to exposure to an
acidic environment in such a manner as to
produce a survival curve which would in-
dicate a regular relationship between age
of cells and ability to withstand acid treat-
ment. This latter situation persisted for all
strains at all times of acid exposure.

Survival of cells grown in FTG

Strains NCTC 8238 and ATCC 3624.
each grown in FTG medium (an asporo-
genic medium) and exposed to two dif-
ferent acidity levels, were held in ice
water or were incubated at 37°C for vary-
ing time intervals. The purpose of these
experiments was to test the effect of
acidity on only vegetative cells, and to
compare the effect of two temperatures of
incubation during the time the samples
were exposed to acid treatment.

Survival of vegetative cells exposed to
buffer pH 1.0 and held in ice water for 10
min is shown in Figure 3. The number of

survivors decreased rapidly and was at a
minimum after V2 hr of growth and in-
creased during the next V 2 hr. A decline
in survival was observed after 4 hr of
growth followed by an increase during the
next 3 hr. Between the 7th and 8th hr,
percent survival again decreased. A some-
what comparable relationship was ob-
served when cells were exposed to buffer
pH 2.0. The percent survival was at a
minimum after 2 hr of growth and maxi-
mal after 7 hr of growth, with variable
percentage survival at the intervening time
periods. Increased exposure times to acid
reduced the number of survivors in most
cases.

Similar experiments were carried out
utilizing FTG as a growth medium, but
substituting an incubation temperature of
37°C during the buffer treatment, since it
seemed possible that the incubation at ice
water temperature might have placed a
double stress on the organisms. Over the
8-hr growth period, however, there was
no regular difference exhibited by cultures
when incubated at the two temperatures.
Erratic but non-parallel curves represent-
ing approximately similar magnitudes of
survivors were obtained.

When percentages of surviving cells
grown in DS-sporulation medium and in
FTG medium and exposed to buffers pH
1.0 or 2.0 were compared, a higher num-
ber appeared to remain viable among
those produced in the DS-sporulation me-
dium. However, in all cases, the percent-
age remaining viable was small and the
differences were of doubtful significance.

Survival of cells grown in the CP-2V
medium of Hauschild

C. perfringen strains NCTC 8238 and
ATCC 3624. grown in the CP-2V medium
(Hauschild et al. 1967a), were exposed
to buffers pH 1.0 or 2.0 and incubated in
a 37°C water bath for 10, 20 or 40 min.

Comparison of the results for growth
and survival of vegetative cells of C.
perfringens produced in CP-2V medium,
and exposed to simulated gastric juice
without pepsin, as reported by Hauschild
et al. (1967a), or exposed to buffer pH
1.0 is presented in Figure 4. The survival
curves resulting from these two treatments
are quite dissimilar in shape. When buffer
pH 1.0 was employed, the maximum per-
cent survival occurred during early log
phase and survival was at a minimum at
the end of the growth phase. This result
is in direct contrast to that obtained when
simulated gastric juice without pepsin was
present.

The irregularity in the shape of the cal-
culated survivor curve obtained in the
present studies when the cells were ex-
posed to acid buffers is further under-
scored by the fact that although 3 differ-
ent growth media were utilized for pro-
ducing the cells, survivor curves, espe-
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dally following exposure to pH 1.0 and
2.0, were always erratic in shape, except
subsequent to the initiation of sporula-
tion when the curves became quite regu-

confirm that the survival of cells of C.
perfringens exposed to conditions of low
pH varies with the growth phase, but that
the influence of specific age of the cells is

vegetative cells of C. perfringens repre-
senting different ages were consumed just
previous to lunch.
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Detamining tre Gor Threddlcs far Sove
Gopouncs in Aladdlic Baaragess

STUW ter{mnatmns have been. made fthe sen'fs %odor tr ehhold est|mates all those accepted could smell three out of
our acofgo Ve esters, seven aC| s ﬁcet ound In alcoho l%e\{er Six combinations (AAO AOGA OAA OOA
means of the tran?u rtst hﬁl eV s ranged among co 0AO A0O (A = sample with a studied
5t0 8 ﬁcﬁg) %ty 0 0 Wlt e eVe ? n eSterS ere compound added, O = blank i.e. alcohol/
I}] e eve n tWO Wlt _% O 141. ?m mon water solution), when pure chance would
aC' S t ree evels Were Ound One g One Wlt amount to 32% . In the other selection, with
and Isovaleric a(h Wh |ce elw |ve 0.0025 p T de- Supra-thresholds, the rejection limit was
trmmaﬂon of thres as st cacuaﬂon of the dpetgcenta eabove 16/24. and chance remained below 10%.
C a Ce- ECOT S y teStlng t e US@UHESS 0 t e amateF gane SB ||Cat|0P Personal thresholds were determined for 20
P et resg ates |n lStatlsthaJ termS The eSU tta"}]e a. ‘arg 0 neSSﬂ selected persons and, on the basis of these
to te mog Per eﬁtlon a.S fOUﬂ to t Oga |thm Of and the selection tests, the panel members
StlmU|US The |Str UthﬂO SCO eS OWSt enorma prO rglllty fUﬂCth were ranked in order of superiority so the
groups of 10 persons making daily judg-
INTRODUCTION was to develop a method for the deter- ments »vv.ere comparable, despite different

. mination of sensory odor threshold of °¢°mPositions.
THE DEVELOPMENT of analytical some common aroma compounds of al- The following substances were chosen:
methods has made it possible to isolate coholic beverages, with concentration at diacetyl (Fluka AG), ifsobutyl alcohol (&
and identify many volatile compounds first on the sense ef smell alone. The pur- Merek), isoamyl aleomol (3. T. @Baken,
related to aroma. The mere identification pose was to get information o.n sensory nl'he:y: a:oDhoHl (Fluhkal AG). /S‘Ephe’\:yle”;yl
of cempounds does not reveal important odor perception in a situation adequate :t;iloca(pry.la.te .)(.Felfjkya aAce;ta)t’e e(lh-yl Iearcctat)e
qualitative features. Aroma—a character- ., . naryral use of alcoholic beverages. (B.D.H.). isoamyl acetate (Fluka AG),

istic, pleasant smell—is the response of
the sense of smell to stimulating volatile
compounds. Intensity of stimulation de-
pends on a combination of the potency
of the substance and its concentration in
the inhaled air space (Harrison, 1967).
Some knowledge must be gained of both
these factors. In practice one must mea-
sure the minimal levels at which sub-
stances can be detected by a panel of
judges. Berg et al. (1955) and Keith et
al. (1968) have determined flavor thresh-
olds: Patton et al. (1957) and Gua-
dagni et al. (1963) odor thresholds when
the solvent is liquid. With respect to al-
coholic beverages, Harrison (1963, 1966.
1967) studied the sensory odor thresholds
of compounds of beer which had been
analyzed by gas chromatography and
were chemically different, by application
of the pair test and the use of a profes-
sional panel.

To make it possible later to correlate
gas chromatographic data with sensory
flavor, a beginning was made with rela-
tively few compounds involving some of
the most important peaks of chromato-
grams (Powers et al.,, 1968). The aim

/3-phenylethyl acetate (Fluka A G ), propionic
acid (Fluka A G), butyric acid (Fluka AG),

The work is preliminary in nature, with
an amateur panel. An endeavor has been

. - . isobutyri id E t , i leri id

made to find the origin of variance and the 's°Putyric acid (Eastman), isovaleric aci

L . (Fluka A G), caproic acid (Fluka AG),

nature of the standard deviation and if ) ; ) ;

R K i caprylic acid (Fluka AG) and capric acid

practicable, to appraise the sensation and (Fluka AG). All the compounds were com-

proposeamodel for it. mercial preparations and of the highest de-
gree of purity available; at least 91.5% .

EXPERIMENTAL Highly rectified grain spirit with an alco-

hol content of 94.4% (w/w) was used as the

THE TRIANGULAR test was used in the solvent. The compounds were diluted with
selection of panel members, in determination strong spirits to stock solutions of 10.000
of the threshold proper and in testing the ppm and diluted further with water, purified
reliability of the results obtained. The tri- with ion exchange columns and active char-
angular test has proved to be statistically coal. to solutions of 1000 ppm, and then to
most advantageous (Hopkins et al.. 1955); test solutions by addition to the solution of
it has also proved advisable for panel selec- water and spirits 9.4% (w/w ), i.e.. strong
tion (Bengtsson, 1953, Helm et al., 1946) spirits diluted with water in the ratio 1:10.
and is suitable for threshold studies (Daw - On every test day, the fresh samples were
son et al., 1963). As the panel was an am a- presented to the panel and pure ones were
teur one, moreover, the triangular test was substituted if any smell of impurity was
selected to ensure that the part played by identified. The smelling was conducted in the
chance would remain moderate. laboratory at a temperature of 20°C and a

Those composing the panel were selected relative humidity of 50% . The test liquids
from among the laboratory staff, to provide were served in colorless aroma glasses of
members who possessed an average sense of 150 ml covered with watch-glasses. Before
smell. For the purposes of selection, use was the liquids were portioned out, the glasses
made of obviously perceptible and supra- were rinsed with the solution of water and
threshold concentrations of isoamyl alcohol spirits to ensure the same conditions on
and p-phenylethyl alcohol. In the first selec- each occasion. The volume of the sample
tion, with clearly perceptible concentrations. was 30 ml.
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rig. 1 Response J.eliabi’ity of smell as function of concen- Fig. 2— Response reliability of smell as function of concen-
tration; alconols and diacetyl. tration; esters.

Five members of the panel were chosen ethyl alcohol and ethyl acetate were given where
to search for the concentrations which would to the panel, and each judge had to indicate Po = the percentage of correct judgments
be studied from a series of 5-8 dilution whether the odd sample he selected was pure observed in the test
samples. The concentration w hich they alcohol or contained some added aroma Pc= the percentage of correct judgments
could just identify was ca.'ed the start con- compound. The probability of chance was over and above chance, expressing
centration. In the determination proper of then Ve. When the judge had selected cor- the score of the intensity of smell
thresholds, the panel received this start con- rectly at least two consecutive concentra- sensation, and wused as a relative
centration— and dilutions 2. 5 and 10 times tions, the lower one was regarded as his score for comparison of the threshold
stronger and lighter— until every substance daily test threshold level. The panel had 10 levels.
had five tested concentrations. In every test replications and the judges 5 to 8.
situation, the test series of four triangular In the triangular test the number of odd Attention has been given to the significance
sets, drawn from six possible combinations, samples correctly identified can be regarded of differentiation, along with the percentage-
was passed to each judge. Every set con- as the test score, i.e. the percentage of cor- above-chance-scores.
tained one or two samples of a studied com - rect judgments can be a measure of the in- It is expected that the smell perception,
pound with the concentration in question in tensity of sensation and a measure of the according to Fechner's law (Amerine et al.,
water/alcohol solution and one or two blank difference in intensity of sensation between 1865) varies with the logarithm of the stim -
samples— pure water/alcohol solution— the two samples (Lockhart et al.. 1952, Berg ulus value and it is assumed that the distri-
relation of which was determined by ran- et al., 1955). When no detectable sensory bution of scores around the halfway point
domizing of triads. Every judge was re- difference exists, it is probable that a chance follows the normal probability function.
quired to check odd samples with the knowl- percentage of correct identifications equal to When a graphical model in which the con-
edge that two samples were the same and 33.3 will be scored by a panel working with centrations were plotted against percentage-
one different. A judge was advised to guess a triangular system. Consequently, it is more above.-chance-scores on log-probability paper
if no difference could be found. The proba- meaningful to calculate the percentage-above- (Harrison et al., 1950, Lockhart et al.. 1952),

o chance-scores. In binomial designs, the fol- was applied to these data, it seemed to fit a
bility of chance equaled '/3- . . .
lowing formula can be applied: straight line. Thus the regression of the per-

To explain the standard deviation and centage-above-chance-scores on loganthmic

personal variation, 5-8 dilutions of p-phenyl- Pc = 3/2 (Pc - 33.3) concentration of the studied compounds was
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Fig. 3— Response reliability of smell as function of concen- ﬁ% 4_Fumu|ative frequency functions of da||y rep”cations
of the panel.

tration; acids.
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calculated. Furthermore, the regression lines
were tested for measures of the goodness of
fit of the line to the data with the analysis of
The direction of the
tested by comparing the slope of the lines.
Since the standard deviation proved to be
large, the homogeneity of
tested by the Bartlett test. To compare repli-
cations in testing the reliability of the results,
t-values were also calculated. All the calcu-
lations were effected on a GE 415 computer
owned by the Finnish State Alcohol Mo-
nopoly (Alko).

variance. lines was

variance was

RESULTS & DISCUSSION

TABLE 1INDICATES the judgments ob-
tained for the concentrations of sub-
stances studied, along with the calcu-
lated percentage-above-chance-scores and
the significance in the triangular test. In
Figures 1-3, the concentrations have been
plotted against the percentage-above-
chance-scores on the log-probability pa-
per. The regression lines formed appear
to describe the response of smell per-
ception as a function of logarithmic con-
centration. The correlation coefficients of
the lines were as high as r = 0.78 —
0.995 (Table 2), but the judgments of
some compounds (diacetyl, ethyl ace-
tate, /J-phenylethyl acetate, propionic acid
and isovaleric acid) could not be ex-
plained as statistically significant lines.
Nevertheless, the major proportion of
judgments gives statistically significant
goodness-of-fit of the line, and the fig-
ures relating to //-phenyiethyl alcohol and
caprylic acid are highly significant. Since
the F-values (Table 2) of even unsignifi-
cant lines were relatively high (0.1 < P
< o0.20), and since the explanation of
the model will always be above 60%
(100r2), the percentage-above-chance-
scores, representing the response of smell
perception, may be regarded as a linear
function of the logarithmic concentration.

The plots of the response of smell per-
ception have been selected in an effort to
obtain criteria similar to those commonly
used in the determination of sensory
threshold levels. Swets (1961) studied
sensory thresholds and plotted the pro-
portion of right responses to signals
added to a background stimulus against
the responses obtained to the noise alone.
The plots of the psychometric function
form a curve of one or more line seg-
ments, and the threshold can be calcu-
lated from these. Swets arrived at the
result that a two-line curve fitted the
yes-no data reasonably well and described
best the relations between stimulus and
sensation. In this work, so few estimates
were determined for every substance only
five concentrations—that it was impossi-
ble to test whether a two-line-model would
give a better explanation of the results.
The results in regard to some compounds
(hexanol, ethyl acetate) suggested that

the plot of smell response might be com-
posed of more than one line segment.

For explanation of the origin of the
variance, replications made with ~-phenyl-
ethyl alcohol and ethyl acetate have been
observed, first with individuals and sec-
ond with test days as variables. The dis-
tribution of the replications indicates that
the cumulative frequency values of the
replications plotted on the log-probability
paper form a linear function of logarith-
mic concentration (Fig. 4). As the cu-
mulative sum curve significantly ap-
proaches a straight line, the logarithmic
values of concentration can be considered
to be normally distributed. Ethyl acetate
proved to be interesting, because the
curve of the sum function was formed
by two line segments, so that the distri-
bution has two peaks. This result could
be expected, as the threshold levels of
ethyl acetate determined by different per-
sons were divided into two quite differ-
ent groups.

The daily replications of the panel in-
dicated that although the standard devia-

tion was rather large (1008/x = ca 30%),
different replications could be considered
reliable, as no statistically significant dif-
ference was demonstrable between repli-
cations tested on different days (ethyl ace-
tate F = 1,06 df. 9/96 P < 0.20, {3
phenylethyl alcohol F = 1.74 df. 9/98
0.05 < P < 0.10). Moreover, the vari-
ance notwithstanding, its magnitude
proved to be homogeneous on the applica-
tion of Bartlett’s test (ethyl acetate x2 =
3.73 df. 9 P > 0.90, /J-phenylethyl al-
cohol x. = 4.01 df. 9 P > 0.90). One
replication of /J-phenylethyl alcohol dif-
fered from the others, giving statistically
significant t-values, but with ethyl acetate
there were none. The reason for the dif-
ference with /-phenylethyl alcohol was
found to be the participation on the same
day of too many judges insensitive to this
particular substance.

When the individuals were variables,
with /J-phenylethyl alcohol there were
very significant differences between judges
(F=279df. 16/91 0.001 < P < 0.01)
and with ethyl acetate highly significant
differences between judges (F = 11.61 df.
17/88 P < 0.001). Nevertheless, the vari-
ance was still homogeneous (“-phenyl-
ethyl alcohol x> = 6.81 df. 16 P > 0.95,
ethyl acetate x» = 16.81 df. 17 P < 0.30).
The order of superiority for the judges
equals the results as far as /J-phenylethyl
alcohol is concerned, but inequalities were
revealed with regard to ethyl acetate. One
judge smelled /J-phenylethyl alcohol “too
well” if no attention is paid to his values,
the significance between individuals di-
minishes to 95 %.

The results with ethyl acetate divided
the judges into two groups, but the ability
of some persons to smell alcohol varied
significantly from their ability to smell

Table 3—Sensory odor threshold levels of
studied compounds, with percentage-above-
chance-scores of 50% in grain spirit solutions
of 9.4% (w/w).

Odor threshold

Compound (ppm) (mM)
Diacetyl 0.0025 0.000035
Alcohols
Hexyl alcohol 5.2 0.05
Isoamyl alcohol 7.0 0.08
/3-Phenylethyl alcohol 7.5 0.06
Isobutyl alcohol 75.0 100
Esters
Ethyl caprylate 0.25 0.0015
Isoamyl acetate 0.20 0.002
/3-Phenylethyl acetate 0.65 0.005
Ethyl lactate 14.0 0.11
Ethyl acetate 17.0 0.20
Acids
Isovaleric 0.7 0.007
Butyric 4.0 0.045
Isobutyric 8.1 0.09
Capric 8.2 0.05
Caproic 8.8 0.075
Caprylic 15.0 0.11
Propionic 20.0 0.27

acetate. Consequently, it is possible to
have panels on different days which are
so unequal that the results can no longer
stand comparison, although the selection
of judges can noticeably restrict this haz-
ard. However, there is evidence of so
large a variation in ability to smell differ-
ent substances that the order of superior-
ity found for ore substance does not ap-
ply to others.

Before it is possible to consider a
threshold as a characteristic of a sensory
system, the threshold value of a stimulus
has to be specified in statistical terms, as
abundant evidence exists of continuous
physiological change in large numbers of
receptive and nervous elements in various
sensory systems (Swets, 1961). The con-
centration of a particular flavor or odor
which, on the average, can be detected 50
percent of the time, is known as the
threshold concentration (Guilford, 1936).
Table 3 contains estimates, made on this
basis, of the thresholds of the compounds
studied, read from the intersection of the
regression line at the 50 percentage-above-
chance-score. On examination of the val-
ues, it can be said that the esters have
the lowest threshold levels. Diacetyl has
the lowest level. Isobutanol has the high-
est.

The order of thresholds does not fol-
low any systematic order of acids or es-
ters and the isomeric compounds, such
as butyric and isobutyric acids, have dif-
ferent thresholds. According to the sen-
sory odor thresholds determined in this
work, and the quantities of these com-
pounds found in alcoholic beverages, it
seems that isoamyl alcohol and isobutanol
can be considered as large components
among the alcohols. The threshold level
of isoamyl alcohol is about one tenth that
of isobutanol. In turn, /J-phenylethyl al-



cohol can be a small but very significant
compound. The importance of hexanol
would perhaps remain of no consequence.

In regard to the quantitative values
and odor threshold values of the esters
studied, it seems that ethyl acetate would
also be a large component, with its im-
portance dependent on its quantity. Ethyl
caprylate, isoamyl acetate and /J-phenyl-
ethyl acetate comprise a rather homoge-
neous group. The importance of ethyl
lactate is doubtful.

Nykanen et al. (1968) have deter-
mined in some distilled beverages 90-600
mg: total volatile acids calculated as ace-
tic acid, when acetic is approximately 40-
95% of the volatile acids. Comparison of
the threshold levels of the acids studied,
and their average relative amounts, indi-
cates that by reason of the smell percep-
tion of humans the small component iso-
valeric acid may be more important than
the large components capric and caprylic
acids. Isovaleric acid seems to be a sig-
nificant component for both Finnish beer
(Arkima, 1968) and distilled beverages.
Butyric, isobutyric and caproic acids may
be less prominent.

The importance of propionic acid is
probably significant as regards odor per-
ception. When these odor threshold values
were compared with the flavor values
found by Harrison (1963, 1967) in Irish
beer, these proved to be about one tenth
of the flavor threshold values. But the
interrelations of the compounds in nearly
all the groups were apparently the same,
even if the values were not quite com-
mensurable.

It has been observed in sensory tests
that 2-4 mg/1 diacetyl in pure spirits can
cause an impure flavor or odor (Wessel,
1955). On comparison of the threshold

ODOR THRESHOLDS

level found in the test (0.0025 ppm) with
the values given above, it seems likely
that the odor contamination might be
more significant than flavor contamina-
tion, particularly in pure spirits. In 1963,
Harrison reported a taste threshold of
0.005 ppm in Irish beer, which is close
to the level obtained in this test; in later
studies however, Harrison (1967), gives
the higher value of o.: ppm for the same
kind of beer.

With respect to the method employed
and its utility, it must be observed that
every regression point is composed of 40
sample points, and a regression line is
determined by 200 judgments. Conse-
quently, the material can be considered
adequate. If the odor threshold values
are criticized on the basis of the numeri-
cal values alone, some inaccuracy can be
found, as there were regression lines with
a slope which did not attain statistical sig-
nificance under all circumstances. Never-
theless, the explanation of the model was
quite good, and the regression lines of
different substances differed from each
other. So it seems possible that this
method might be suitable for the deter-
mination of sensory thresholds and, at
least, the relations between the substances
can be considered to be significant.
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Greater amounts of total protein

except one. Significantly greater

stretched muscles in all trials. The acto-

been suggested by several workers that

toughness in muscle Some possible ex-

planations for the results obtained in this study are discussed.

INTRODUCTION

MEAT, the post-mortem aspect of
muscle, has been the subject of many in-
vestigations primarily because of its varia-
tion in tenderness. Efforts to elucidate
causative factors have resulted in the
study of various ante-mortem and post-
mortem conditions known to influence
tenderness.

Interest in the effect of the contractile
state of muscle, during rigor, on ultimate
tenderness was somewhat neglected until
Locker (1960» reported that relaxed
muscles were more tender than partly
contracted muscles, and suggested that
certain muscles might be improved in
quality by altering contraction states
during rigor. Subsequently there were
several reports on the interrelationships of
carcass position or restraint, sarcomere
length, fiber diameter, cold shortening,
and tenderness of muscle (Herring et ah.
1965 a.b: Eisenhut ct ah, 1965; Marsh et
ah, 1966: Buck et ah, 1967).

Changes in sarcomere lengths as-
sociated with different contraction states
offer strong evidence that mechanical
forces during rigor can result in a dis-
placement of actin and myosin filaments.
It has been suggested that post-mortem
molecular alterations, as influenced by
contraction state during rigor, may be of
prime importance in the ultimate ten-
derness or toughness of meat (Herring
et ah, 1965 a.b: Buck et ah, 1967;
Howard et ah, 1968).

Since the changes which take place in
muscle after death favor the formation of
a complex between the actin and myosin
filaments, it might be concluded that the

3Present Address:
University of Toronto.
ada.

Faculty of Food Sciences,
Toronto, Ontario, Can-
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amount of actomyosin formed during
rigor is related to the amount of inter-
digitation of filaments and, ultimately to
toughness.

This study was designed to investigate
the post-rigor differences in actomyosin
content, sarcomere length, and shear
strength of paired muscles allowed to
pass through rigor in free and stretched
states.

EXPERIMENTAL

Origin and preparation of samples

Five trials were conducted using five pairs
of longissimus dorsi (LD) muscles obtained
from s-month-old. male, Dutch Belted rab-
bits.

Animals were anesthetized by exposure to
chloroform vapors for 1-2 min. They were
then immediately exsanguinated, skinned and
eviscerated. One of the pair of LD muscles
was removed from the area bounded by the
4th rib and the anterior edge of the hips. The
excised muscle was placed on a moistened
glass plate and covered with plastic film to
prevent drying.

The rabbit carcass containing the remain-
ing LD muscle was draped, ventral surface
down, over a hook placed perpendicular to
its long axis. The hook gripped the spinal
column approximately behind the last rib.
The front and rear legs were drawn together
on the ventral side and tied in this position
in order to maintain a positive stretch on the
LD muscle.

The excised, free LD. and the stretched
carcass were held at 1-2°C for 24 hr at
which time it was assumed the rigor process
was complete. Right and left LD's were al-
ternated between the two treatments.

At the end of the storage period, the LD
remaining on the carcass was excised using
the same skeletal reference points mentioned
earlier.

A 20-g sample was removed from the an-
terior end of each LD by making a cut per-
pendicular to the long axis of the muscle.

(1970)

This sample was divided, longitudinally, into
two 10-g portions, one of which was used for
the protein assay. The other 10-g portion was
used in conjunction with another experiment,
the results of which are not reported here.

A 3 mm thick slice was removed from the
anterior end of each remaining muscle and
was immediately fixed in a :10% formalin
solution and stored for future microscopic
analysis.

The unused portions of LD were used for
shear strength measurements.

Sarcomere length determination

A 3 X 3 mm strip was removed from :he
formalin fixed slice and blended for 5V.j min
with distilled water in a chilled blender. The
suspension of myofibrils was examined di-
rectly in a phase contrast microscope, and
sarcomere length was determined as an aver-
age of 25 myofibrils for each of the muscle
samples.

Shear force measurements

The sample for shear force determination
was clamped loosely between '/, in. th ck
aluminum plates and immersed in a bath of
corn oil held at 127CC. Sample temperature
was determined continuously by means o: a
thermocouple, placed in the center of the
sample, and a recording potentiometer.

The sample was removed from the oil bath
when the internal temperature reached 7LC.
Maximal internal temperature reached after
removal from the oil bath was 90°C.

The sample was allowed to cool to room
temperature and strips for shearing were pre-
pared with a device consisting of two surgical
scalpels taped together so that the distance
between the cutting edges of the blades was
exactly 7 mm. Beginning at the posterior end
of the muscle, five 7 mm thick slices were re-
moved by cutting perpendicular to the long
axis of the muscle. A 7 mm strip was then
removed from the center of each slice by
cutting in a dorsal-ventral direction. Tais
produced a strip with muscle fibers diagonal
to the long axis of the strip.

An Allo-Kramer Shear Press, equipped
with a single-bladed meat shear cell, was used
to determine the force required to shear the
strips perpendicular to their long axes. Op-
erating parameters were as follows: proving
ring. 100 Ib; pressure. 90 Ib; ram speed. 21.5
sec. full stroke. The recorder range switch
was set at 20 % so that full scale on the re-
corder chart equaled 20 Ib.

Protein extraction and fractionation

Actomyosin and myosin were determined
by a modification of the method developed



by Weinberg et al. (1960). Ten g of sample
were homogenized in 200 ml of a solution
of KCl, 04A/, and potassium phosphate
buffer, pH 7.5, 0.05M. This solution had an
ionic strength of 0.55.

The KCL extracted samples were centri-
fuged at 750 x G for 5 min and the sedi-
ment was discarded. An aliquot of the super-
natant fraction was removed for protein
determination. A second aliquot was diluted
to an ionic strength of 0.225 by the slow ad-
dition of distilled-deionized water to pre-
cipitate the actomyosin. The suspension was
centrifuged at 1000 X G for 15 min and the
actomyosin precipitate was resuspended in
KC1 and saved for protein analysis.

An aliquot of the supernatant fraction was
diluted to an ionic strength of 0.05 and the
myosin fraction removed by centrifugation
as indicated above. The protein content of
the myosin fraction was also determined as
was that in the final supernatant or non-con-
tractile protein fraction. All extractions were
conducted at 0-5°C. The protein content of
samples was estimated by a biuret method
(Gornall et al., 1949.)

RESULTS & DISCUSSION

THE MUSCLES allowed to pass through
rigor without restraint were approximately
17 cm in length at the time of excision.
These muscles did not show any mea-
surable cold shortening or cold contrac-
tion at the end of the storage period. This
is in agreement with Locker et al. (1963)
who reported a cold shortening effect for
certain beef muscles but reported the cold
contraction was absent in rabbit LD and
psoas. The post rigor excised muscles
were approximately 20 cm long when
measured after excision. The carcass
stretching technique employed was ef-
fective in increasing muscle lengths ZV.,
to 4 cm over paired controls.

Sarcomere lengths of free and
restrained muscles

Several reports have been published

CHARACTERISTICS OF RABBIT MUSCLE— 101

Table 1— Protein extractability of paired muscles allowed to pass through rigor in free and

stetched conditions.

Free Stretched
ACTO. ACTO.
as % of as % of
Trial Total total Total total
no. protein ACTO: MYO: NCP4 protein  protein ACTO MYO NCP protein
i 48.1 14.9 6.4 17.5 31.0 87.8 53.8 1.2 24.6 61.0
2 64.6 28.9 3.3 29.5 45.0 98.8 49.0 18.7 31.8 50.0
3 86.4 38.8 3.9 19.0 45.0 80.4 43.5 1.4 22.1 54.0
4 62.6 25.6 2.4 37.0 41.0 88.9 52.0 1.7 35.6 58.0
5 66.3 26.8 2.7 25.2 40.0 82.6 43.8 0 23.7 53.0
X's 65.6 27.0 3.7 24.0 40.0 87.7 48.4 4.6 27.6 55.2

" All figures, except those indicated as percentages,
> ACTO = Actomyosin.

s MYO = Myosin.

+ NCP = Non-contractile protein.

demonstrating a relationship between state
of contraction during rigor and sarco-
mere length (Herring et al., 1967; 1965
a,b; Howard et al., 1968). In this study,
sarcomere length was determined to mea-
sure the effectiveness of the stretching
treatment to be sure that the paired
muscles did have different average
amounts of overlap of the actin and myo-
sin filaments.

The average sarcomere lengths of the
muscles used in the five trials are shown
in Figure 1. The sarcomere lengths of the
free muscles were relatively uniform
ranging from 1.74 to 1.95/x. These values
are similar to those reported by Paul
(1965) who found an average sarcomere
length of 1.76™ for raw rabbit LD after
24 hr cold storage.

The effectiveness of the stretching treat-
ment employed was variable, producing
sarcomere lengths in post-rigor excised
muscles ranging from 2.27 to 3.17”. This
represents increases in sarcomere lengths,
over paired free muscles, ranging from 16
to 82%. The paired differences were
tested for significance by means of the

Free

reported as mg/g of fresh tissue.

paired t-test (Snedecor, 1956) and were
found to be significantly different (P <
0.02).

Shear force measurements

The average force required to shear 5
strips prepared from each of the free and
stretched muscle samples used in the five
trials is shown in Figure 2.

Greater force was required to shear
samples prepared from free muscles in
all trials. Application of the paired t-test
revealed that the differences in shear force
between free and stretched muscles in
this study were statistically significant
(P < 0.01).

The differences in shear force between
muscle samples were consistently large
with the exception of Trial 2. It will be
recalled, however, that the stretching
treatment employed was least effective in
this trial producing only a 16% increase
in sarcomere length.

The interrelationships of shear force,
sarcomere length and muscle restraint re-
ported in this study were expected and
have appeared in the literature previously
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(Herring et al., 1965 a,b Herring et al.,
1967; Cook, 1967; Buck et al., 1967).

Protein extraction

The results of the protein extractions
are shown in Table 1. Greater amounts of
total protein were extracted, post-rigor,
from stretched muscles in all trials ex-
cept Trial 3. Although these differences
did not prove to be statistically signifi-
cant, they were approaching significance
(P < 0.1) and are similar to those re-
ported by Cook (1967) who found
stretching significantly increased the post-
rigor extraction of protein from bovine
muscle.

The increased protein extraction as-
sociated with the stretched, more tender,
muscles offers support to the work of
Hegarty et al. (1963) who found a posi-
tive relation between myofibrillar protein
solubility and tenderness of bovine
muscle. These results are not in agree-
ment, however, with Goll et al. (1964)
who stated that protein solubility did not
appear to be related to tenderness.

The longer sarcomeres associated with
the stretched muscles from which greater
amounts of total protein are extracted
offer additional support to Cook (1967)
who suggested a relationship between pro-
tein solubility and the contractile state
of the proteins.

The results of the actomyosin extrac-
tion shown in Table 1were completely un-
expected. Greater total amounts of acto-
myosin were extracted from stretched
muscles in all trials. This was associated
with the greater amounts of total pro-
tein extracted from stretched muscle.
However, when actomyosin is expressed
as a percent of the total protein ex-
tracted, it is still greater in stretched
muscles. These differences proved to be
statistically significant (P < 0.01).

It is generally agreed that linkages are
formed between actin and myosin fila-
ments during rigor. The amount of acto-
myosin formed during rigor may be af-
fected by state of contraction and tender-
ness could be improved by physically in-
hibiting the formation of actomyosin

New Subscription Rates

during rigor mortis (Herring et al., 1965
a,b; Buck et al.,, 1967; Cook, 1967).

The results of this study do not offer
any support to this theory and it would
appear that stretching increases the acto-
myosin content of muscle and that in-
creased tenderness is associated with in-
creased amounts of actomyosin rather
than decreased amounts.

One must interpret these results cau-
tiously, however, since the extraction
techniques employed may not present a
true picture of the proteins as they exist
in muscle prior to extraction.

One possible explanation for the un-
expected results of this study is that
stretching may stimulate muscle so that
it uses ATP more rapidly and more com-
pletely, forming actomyosin which does
not dissociate upon extraction. Free
muscle, on the other hand, may contain
greater amounts of residual ATP which
would tend to dissociate the actomyosin
during extraction.

Evidence has been offered by several
workers (Valin, 1968; Davey et al., 1968)
that the tenderizing effects of aging are
associated with the weakening and final
dissolution of the Z-band structures. They
also found that extraction of myofibrillar
protein increased as aging progressed.
Another possible explanation for the
greater extraction of total protein and
actomyosin from stretched muscle, there-
fore, may be that the stretching causes a
similar disruption, perhaps even detach-
ing actin from the Z-band membranes, re-
sulting in the extraction of greater
amounts of complex.

The results reported in this investiga-
tion do not necessarily contradict those
who have suggested that actomyosin
formation is related to tenderness. They
do, however, point out the importance of
understanding more clearly the changes
taking place in muscle during rigor and
the reliability of present procedures for
actomyosin extraction.
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The Institute of Food Technologists is a professional so-
ciety of scientists, engineers, educators and executives in the
field of food technology. Food technologists are professionals
who apply science and engineering to the research, production,
processing, packaging, distribution, preparation and utilization
of foods. Individuals who are qualified by education, special
training, or experience, are extended an invitation to join in
professional association with the select group of the food in-
dustry’s scientific and technological personnel who are Institute
members. Membership is worth many tunes its modest cost,
reflecting positive benefits, stimulation and opportunities for the
individual in his business or profession.

OBJECTIVES

The Institute, as a non-profit, professional, educational so-
ciety, has several major aims: to stimulate investigations into
technological food problems; to present, discuss and publish the
results of such investigations; to raise the educational standards
of Food Technologists; and to promote recognition of" the
scientific approach to food and the basic role of the Food Tech-
nologist in industry. AIll of these activities have the ultimate
objective to provide the best possible foods for mankind.

ORGANIZATION AND PROGRESS

Organized July 1, 1939, at Cambridge, Mass., with a mem-
bership of less than 100, the Institute has grown to more than
10,000. It is world-wide in scope, with members in the Ameri-
cas, Scandinavia, England, Holland, Germany, France, India,
Australia, New Zealand, and Japan, among others.

QUALIFICATIONS FOR MEMBERSHIP

Professional Members. Any qualified person who has had
training and experience in food technology, or who in the
opinion of the Council is recognized as distinguished in the
contributing sciences as they apply to foods, shall be eligible to
be a Professional Member of the institute. The minimum train-
ing which shall qualify a candidate for such membership is, in
general, graduation from a college, university or similar insti-
tution in which he has majored in one or more of the sciences
or branches associated with food technology. The minimum ex-
perience shall be live years experience in food technology.

Members. Any qualified person active in any aspect of
food technology.

Student Members. Any qualified person who is registered
as a student in an educational institution who is actively pur-
suing candidacy for a degree of Associate of Arts or higher
in one or more of the sciences or branches of engineering asso-
ciated with food technology shall be eligible for membership
as a Student Member. He may remain a Student Member un-
til the end of the calendar year in which he completes his
schooling.

Fellows. Any Professional Member who has been active
for at least ten years and who has been nominated by the IFT
Committee on Fellows for outstanding contributions to the
field of food science/teehnology is eligible to be elected a
Fellow of the Institute by the IFT Council.

DUES

Professional Members and Members—$20 a year; includes
subscription to Food Technology and Annual Directory. Stu-
dent Members—$5 a year; includes subscription to one IFT
journal.

PUBLICATIONS

The Institute publishes two journals. Food Technology, is-
sued monthly, is the official journal of the Institute. Besides
covering many fields of interest to food technologists throughout
the world, it publishes the results of research in food technology
and their practical application to industry. The Journal op
Food Science, issued bimonthly, is demoted exclusively to
papers presenting original investigations and basic research in
fundamental food components and processes. In addition, an
IFT WORLD,'Directory & Guide is published annually.

REGIONAL SECTIONS

Where 25 or more members live within commuting distance
of a given point, a regional section may le established. Meet-
ings can be held at more frequent intervals by such groups.
Presently, there are 40 regional sections.

AFFILIATE ORGANIZATIONS

Affiliate certificates may be granted to food technology
organizations outside the U.S.A. There are currently six
chartered affiliate organizations.

Food

Technologists

ANNUAL MEETINGS

An Annual Meeting of the Institute provides a specially-
organized technical program, awards banquet, and industrial
exhibit of equipment, services, processes and ingredients. The
program is designed to emphasize current trends and techno-
logical developments. Special guest speakers are invited.

AWARDS

The Institute administers the following, awards:

NICHOLAS APPERT AWARD. Purpose of this award
(Medal furnished by the Chicago Section, and $1,000) is to
honor a person for pre-eminence in and contributions to Food
Technology.

BABCOCK-HART AWARD. Purpose of this award ($1,000
and Plaque sponsored by The Nutrition Foundation) is to
honor a person for contributions :0 Food Technology that have
improved public health through some aspects of nutrition Dr
more nutritious food.

IFT INTERNATIONAL AWARD. Purpose of this award
(Silver Salver sponsored by Australian Institute of Food Sci-
ence and Technology, and $1,000) is to recognize an IFT
Member for promoting international exchange of ideas in Food
Technology.

FOOD TECHNOLOGY INDUSTRIAL ACHIEVEMENT
AWARD. Purpose of this award (Plaques to company and
individuals) is to recognize and honor the developers of an
outstanding new food process and/or product representing a
significant advance in the application of Food Technology to
food production, successfully applied in actual commercial
operation.

WM. V. CRUESS AWARD FOR EXCELLENCE IN TEACH-
ING. Purpose of this award ($1 000 and Medal sponsored by
the Northern California Section) is to recognize the teacher’s
role in food technology advances

SAMUEL CATE PRESCOTT AWARD FOR RESEARCH. Pur-
pose of this award ($1,000 and Plaque) is to recognize a re-
search scientist 35 years of age or younger, who has demon-
strated outstanding ability in Food Science or Technology
rescarch.

FELLOWSHIPS

* Florasynth—$1,000 and plaque

e General Foods— Three, each $4,000 and plaque
« IFF—$1,000 and plaque
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e Nestle— Two, each $1,000 and plaque

e Pillsbury—Two, each $1,000 and plaque

Purpose of IFT-administercd Fellowships is to encourage
graduate work in the field of Food Science and Technology-
directed to extending or improving knowledge in some phase
of food conservation, food production, or food processing.
Available to graduate students.

SCHOLARSHIPS

e R. T. French (donor: R. T. French Co.)— Two, each $1,000;
accompanied b} plaque

¢ Fritzsche-D&O s F. Il. Leonhardt Sr. Memorial (donor:
Fritzsche-D&O, Inc.)—$1,000 and plaque

e Gerber (donor: Gerber Products Co.)—Six, each $1,000;
accompanied by plaque.

« Alexander E. Katz Memorial (donor: F. Ritter & Co0.)—-
$1,000 and plague

e Mexico (donor: Mexico Section of IFT)—$1,000 and plaque

_Purpose of IFT-administered Scholarships is to focus atten-
tion on Ilie need for more young people in Food Science and
Technology, and to encourage deserving and outstanding stu-
dents to take undergraduate work leading to a Bachelor’s
Degree in Food Science, Food Engineering, or Food Tech-
nology. Available to Juniors and Seniors who have completed
at least one term of study at the institution from which they
expeet to earn a bachelor’s degree.

IFT SCHOLARSHIPS

* IFT Freshman/Sophomore Scholarships— Thirty, each valued
at $5(il) plus a complimentary subscription to Food Tech-
nology during the tenure of the scholarship.

Purpose of the IFT Scholarships is to attract and encourage
worthy students to enter the fields of Food Technology, Food
Engineering or Food Science. Available to incoming college
freshmen, and sophomores.
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