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In stitute o f

The Institute of Food Technologists is a professional so-
ciety of scientists, engineers, educators and executives in the
field of food technology. Pood 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 times its modest cost,
reflecting positive benefits, stimulation and opportunities for the
individual and 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. A Il of these activities have the ultim ate
objective of providing better and adequate 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
9,500 (1908). It is world-wide in scope, with members in the
Americas, Scandinavia, England, Holland, Germany, France,
India, Australia, New Zealand, and Japan, among others.

QUALIFICATIONS FOR MEMBERSHIP

Professional Members. Any ethically qualified person who
lias 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 three years experience in food technology.

Members. Any ethically qualified person active in special or
limited aspects of food technology, who is an Administrator,
Director or Executive under whose jurisdiction operations in
food technology are conducted; or those engaged in the dis-
semination of knowledge of food technology; or one whose
work requires a general knowledge of the broad principles of
food technology as it applies to the products, processes or equip-
ment with which he or she is concerned; or a recent graduate
in food technology, or applicable branches of science and engi-
neering who has entered a career in food technology; shall be
eligible to become a Member.

Student Members. Any ethically qualified person who s
registered as a full-time student in an educational insti-
tution with at least Junior (third year) standing, who is a
candidate for a Bachelor's or higher degree in one or more of
the sciences or branches of engineering associated with food
technology, shall be eligible for membership as a Student Mem -
ber. That classification shall be his status only until the end
of the calendar year in which he completes his schooling.

DUES

Professional Members and Members— $20.00 a. year; Stu-
dents— $2.50. Includes subscription to Food Technology, An-
nual Directory (and Journal of Food Science if requested).

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 of
Food Science, issued bimonthly, is devoted exclusively to
papers presenting original investigations and basic research in
fundamental food components and processes. In addition, an
IFT woRrRLD Directory & Guide is published annually.

REGIONAL SECTIONS

W here 25 or more members live within commuting distance
of a given point, a regional section may be established. Meet-
ings can be held at more frequent intervals by such groupB.
Presently, there are 40 regional sections.

Food

Technclogists
AFFILIATE ORGANIZATIONS

Affiliate certificates may be granted to food technology
organizations outside the U.S.A. There are currently five
chartered affiliate organizations.

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 to Food Technology that have
improved public health through some aspects of nutrition or
more nutritious food.

IFT INTERNATIONAL AWARD. Purpose of this award
(Silver Salver sponsored by Awustralian Institute of Food Sci-
ence and Technology, and $1,(100) 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.

IFT AWARD FOR RESEARCH. Purpose of this award
($1,000 and Plaque) is to recognize a research scientist 35
years of age or younger, who has demonstrated outstanding
ability in Food Science or Technology research.

FELLOWSHIPS

e Florasynth— $1,000 and plaque

e General Foods— Three, each $4,000 and plaque

« IFF—$1,000 and plaque

* Monsanto— $1,000 and plaque

* Nestlé— Two, each $1,000 and plaque

e Pillsbury— Two, each $1,000 and plaque

¢« Samuel Cate Prescott— (donors: various industrial firms)—
$1,000 and plaque

Purpose of IFT-administered 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

« R. T. French (donor: R. T. French Co.)— Two, each $1,000;
accompanied by plaque

e Fritzsehe’s F. H. Leonhardt Sr. Memorial (donor: Fritzsche
Brothers, 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 & Co.)—=
$1,000 and plaque

¢ Mexico (donor: Mexico Section of IFT)— $1,000 and plaque

Purpose of IFT-administered Scholarships is to focus atten-

tion on the 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. Awvailable to incoming Juniors and Seniors who have

completed at least one term of study at the institution from

which they expect to earn a baccalaureate degree.

IFT SCHOLARSHIPS

« IFT Freshman/Sophomore Scholarships— Thirty, each valued
at $500 and including a complimentary subscription to
F ood Technology 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,
Engineering or Food Science. Available to incoming college
freshmen, and sophomores.
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THEME:

DISCOVERY’&DE VELOPMENT

ADD THE THIRD DIMENSION

... Discipline. It’s at the root of growth in knowledge,
in application, in personal stature. Food professionals
continually ask themselves: how much do we really know
about the substance and tools of our profession! We need
to know more about the disciplines at the base of the
processes we use. We need to rub gray matter with the
high-caliber minds that roost in the speakers, the listeners
at IFT’s upcoming Annual Meeting. There the word will
be BASIC, but for disciplined use—by you in reaching
and keeping professional maturity and know-how; by your
company or organization in gathering helpful information
on accomplishments and, more important, trends in the
food world. Add the third dimension of Discipline to
your discipline—go, gather ye wisdom while ye may. It’s
disciplined sense to be present at the

IFT 28th ANNUAL M EETING

IFT

PHILADELPHIA, PA. MAY ]9—24, ]968

P hiladelphia Civic Center
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Memo from the Scientific Editor

O A YEAR AGO was published in this Journal my only previous Memo. Today,
one year later, | feel even more strongly the sentiments expressed in that first
Memo, namely, that a publication such as this comes into being only because of
concerted efforts of a dedicated team of individuals. The experiences of 1967
amply demonstrated this.

The papers are the work of the authors and to them must go the primary
recognition for what is published. But beyond the authors there are many who
contribute. W ithout slighting in any way the value of the IFT Staff in the total
team effort, | wish to acknowledge the enormous work of that large group of
volunteers who assist the Scientific Editor in determining the suitability of a paper
for publicaton . . . the reviewers. They and the Board of Editors are the ones
who examine manuscripts from the many points of view that need to be considered.
Generally each reviewer is selected because he is active in the field of the paper
in question. His review, therefore, is that of one who can speak from personal
knowledge on the significance of the work reported.

Several aspects of this volunteer effort are especially noteworthy: (1) Virtu-
ally all who are asked to review, do so; the few who refuse usually have other
commitments rather than a lack of interest. (2) The reviews are carefully done,
without bias, and often in great detail. (3) They are constructive and effectively
provide the Scientific Editor the needed guidance for making a decision on a
given paper.

Most authors, | find, are appreciative of the reviewer’s efforts and frequently
tell me this. They regard the review procedure as truly judgment by one's peers
and not by a narrowly constituted group. This Memo allows me to join the authors
in thanking the reviewers for their help and also to express the belief that our
use of a large group of volunteer reviewers rather than a select small panel is not
only a highly effective procedure but also is a good example of democracy in action.

We shall count on the large body of reviewers for continued help. We salute
them for their willingness to serve.

W ALTER M. URBAIN

Scientific Editor
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ABSTRACTS:

I'N

THE INFLUENCE OF SUGAR CONCENTRATIONS ON THE VAPOR PRES-
SURE OF FOOD ODOR VOLATILES IN AQUEOUS SOLUTIONS. A. G.
WIENTJES. /. Food Sci. 33, 1-2 (1968)—The addition of fructose
invert sugar in very high concentrations to aqueous
strawberry volatiles or synthetic compounds
components

or
solutions containing
respectively, results for some

in a decrease of peak heights in gas chromatograms of the

vapors over the solutions; the phenomenon is thought to be useful for
studying flavor retention in juice concentrates.

MOVING BOUNDARY ELECTROPHORESIS OF FOOD STABILIZERS.
J. HIDALGO & P. M. T. HANSEN. J. Food. Sci. 33, 7-11 (1968)-

A high degree of homogeneity was observed for carboxymethylcellulose,

arabic gum, alginate and X-carrageenan. In contrast, «-carrageenan
was composed of a mixture of migrating components. The colloidal frac-
tions of guar gum, locust bean gum, and corn syrup solids did not migrate
field. Mixtures of carboxymethylcellulose with guar gum
gum arabic could be separated at pH 7. Mixtures of carboxymethyl-
cellulose with carrageenan could be effectively separated at pH 2. Electro-
phoretic separation at 23°C of different

satisfactory and the patterns showed

in the electrical
or
stabilizer mixtures

was un-

evidence of interactions.

THE EFFECTS OF FREEZING, FROZEN STORAGE CONDITIONS AND
DEGREE OF DONENESS ON LAMB PALATABILITY CHARACTERISTICS.
G. C. SMITH, C. W. SPAETH, Z. L. CARPENTER, G. T. KING & K. E. HOKE.
J. Food Sci. 33, 19-24 (1968)—Freezing resulted in a highly significant
increase in force values for chops and highly significant de-
creases in flavor, tenderness and overall satisfaction scores for leg roasts.
The freezing of rib chops, in contrast to the results for loin chops and
leg roasts, in shear
indicating an
possible explanations
gested and discussed.

shear loin

force values
Several
are

resulted in a highly significant decrease
increase in tenderness as the result of freezing.

concerning these contradictory findings sug-

5'-ADENYLIC ACID DEAMINASE IN PORCINE MUSCLE. E. D. ABERLE
& R A. MERKEL. /. Food Sci. 33, 27—29 (1968)—There were sig-
nificant (P > .05) differences in adenylic acid deaminase activity within

no

or between the longissimus dorsi, gluteus medius or rectus femoris
muscles even though muscle morphology varied from dark, firm and dry
to pale, soft and exudative. Simple correlation coefficients between
muscle pH and adenylic acid deaminase activity indicated positive rela-
tionships between enzyme activity and muscle pH at 15 and 45 min
post-mortem in all muscles studied.

TH

viii

IS 1SS UE

STUDIES IN MEAT TENDERNESS. 4. Changes in the Extractability of
Myofibrillar Proteins during Meat Aging. C. L DAVEY & K. V. GILBERT.
J. Food Sci. 33, 2-6 (1968)—Approximately 52% the myofibrillar
proteins of unaged meat is extracted in 40 min at 2°C whereas from
aged meat as much as 78% The

changes determined ultimate
Similar
dence,

of
is extracted. extent of these
of the meat.

pH depen-
preparations.

rate and
are largely by the
protein extraction,

the

pH value
the same
aging of well-washed myofibrillar

increases in
during

displaying
occur

STUDIES IN MEAT TENDERNESS. 5. The Effects on Tenderness of Carcass
Cooling and Freezing Before the Completion of Rigor Mortis. B. B.
MARSH, P. R. WOODHAMS & N. G. LEET. J. Food Sci. 33, 12-18
(1968)—The tenderness loin is affected by the time-
temperature pattern imposed on the dressed during the
of rigor mortis. Very significant toughness the longissimus
dorsi muscle of carcasses exposed to low temperatures within about 16 hr
of slaughter. This "processing toughness" is to the lack of
aging. It appears to be due to muscle fiber shortening, earlier demon-
strated to be responsible for massive toughening

of lamb greatly
carcass

develops in

onset

unrelated

in excised muscles.

DEGRADATION OF INOSINIC ACID IN CHICKEN MUSCLE DURING
ASEPTIC STORAGE AND ITS POSSIBLE USE AS AN INDEX OF QUALITY.
A. W. KHAN, J. DAVIDEK & C, P. LENTz. /. Food Sci. 33, 25-27
(1968)—Analysis of chicken breast and leg muscle stored under aseptic
conditions at 0, 5, and 10°C showed over 75% loss of inosinic acid content
of both breast and leg muscle occurred in 3-5 weeks at 0°,
at 5° and in about 1 week at 10°C. These storage periods correspond to'
the lengths of time after which quality deterioration been detected
by sensory evaluation. During the same periods of storage, the hypoxan-
thine content of these muscles increased gradually to a value of 200-400
frg/g of muscle.

in 2-3 weeks.

has

DIELECTRIC PROPERTIES OF COMMERCIAL COOKING OILS. W. E. PACE,
W. B. WESTPHAL & S. A. GOLDBLITH. J. Food Sci. 33, 30-36 (1968)—
The differences in dielectric properties among fats and oils appear to be
attributable to the phase (solid VS. liquid) of the
correspond to the degree of unsaturation as evidenced by iodine values.
The differences in loss factors among these fats and oils at any given
temperature and frequency (within the range at which the measurements
were made) are too small to be of any practical importance in selecting
any one of them for use in heating processes using microwaves.

material and generally



DIELECTRIC PROPERTIES OF POTATOES AND POTATO CHIPS. W. E
PACE, W. B. WESTPHAL, S. A. GOLDBLITH & D. VAN DYKE. /. Food Sci.
33, 37-42 (1968)—Potato chips show a rapidly decreasing dielectric
loss as moisture content is reduced; the loss values of the chips approach
those of the oil used for frying them after moisture has been reduced to
approximately 3% and the oil content has been increased accordingly.
For finish drying of potato chips, a frequency of 3,000 megahertz (MHz)
will result in 3—4.5 times greater power production in the chips than will
the use of a frequency of 1,000 MHz (in the moisture and temperature
range at which the data reported were obtained).

A QUANTITATIVE AND MORPHOLOGICAL STUDY OF BOVINE LON-
GISSIMUS FAT CELLS. W. G. MOODY & R G. CASSENS. /. Food Sci.
33, 47-52 (1968)—The results indicate that traceable intramuscular fat
is not a good measure of total intramuscular fat. There did not appear
to be a consistent medial central and lateral marbling pattern among the
three marbling groups, however, significant differences were apparent
within groups. Fat cell size increased with increases in cell mass, marbling
and total chemical fat of the muscle. Fat cells were observed to accumu-
late and grow in close proximity to portions of the circulatory system.

CATHEPTIC ENZYMES IN MEAT TENDERIZATION. 1. Purification of
Cathepsin D and Its Action on Actomyosin. C. B. MARTINS & J. R. WHIT-
AKER. /. Food Sci. 33, 59-64 (1968)—A cathepsin has been purified from
chicken leg muscle by ammonium sulfate fractionation and by chromatog-
raphy on carboxymethyl- and diethyl-aminoethylcellulose. With respect
to the specific activity of the initial 2% potassium chloride extract the
catnepsin was purified 580-fold. The purified cathepsin hydrolyzed
denatured hemoglobin readily at pH 4.40, but it had no activity on
a-N-benzyloxycarbonyl-L-g luta my I-L-tyrosine, a-N-benzoyl-L-argininamide
and a-N-acetyl-L-tyrosinamide. The data indicate the preparation was
cathepsin D and that it did not contain cathepsins A, B and C. The cathep-
sin preparation had no activity on actomyosin at pH 4.95 and 5.90 as
measured by viscosity and gel-filtration methods.

urea-

ALTERATIONS OF BOVINE SARCOPLASMIC PROTEINS AS INFLUENCED
BY HIGH TEMPERATURE AGING. G. B. THOMPSON, W. D. DAVIDSON,
M. W. MONTGOMERY & A. F. ANGLEMIER. /. Food Sci. 33, 68-72

(1968)—Up to three days storage, extractability of water soluble protein
of the |I. dorsi muscle appeared to be greatest in meat held at the
elevated temperature. Thereafter, extractability was greater in muscles
held at 3°C. Absorbance ratios (422/280 m”) of extracts suggested
higher extractable levels of oxymyoglobin associated with the high tem-
perature treatment. Results of DEAE-cellulose ion exchange chromatog-
raphy of the sarcoplasmic proteins showed only minor variations in profiles
between aging treatments. Profile alterations appeared with time but

did not appear related to anticipated increases in tenderness.

IN THIS ISSUE

PHYSICAL AND BIOCHEMICAL PROPERTIES OF PORCINE MUSCLE AS
AFFECTED BY EXOGENOUS EPINEPHRINE AND PREDNISOLONE. E. D
ABERLE & R A. MERKEL. J. Food Sci. 33, 43-47 (1968)—Rate of post-
mortem muscle pH decline, ultimate muscle pH, Munsell value and trans-
mission value were not significantly (P > .05) altered by either epineph-
prednisolone plus epinephrine injection. Significantly (P < .05.
higher total phosphorylase activity and slightly greater phosphorylase cC
and % phosphorylase a (% of total phosphorylase activity) were observec
in the muscles of epinephrine injected pigs. Neither total phosphorylase
nor phosphorylase o was related to rate of pH decline or incidence of
pale, soft, exudative muscle development.

rine or

MEAT FLAVOR. 2. Procedures for the Separation of Water-Soluble Beef
Aroma Precursors. L L ZAIKA, A. E WASSERMAN, C. A. MONK, JR. &
J. sALAY. /. Food Sci. 33, 53-58 (1968)—Separations on the basis of
gel filtration, adsorption, and exchange resulted in a number of
roast beef aroma on pyrolysis, but differed in
phosphates or free sugars are involved in
phenylalanine, taurine and glutamic acid
A number of amino acids were
amounts, thus the

anion
fractions that developed
composition. Either sugar
aroma development. Tyrosine,
may be removed without affecting aroma.
present in the aroma producing fractions in trace
requirement for their presence may be questionable.

DIRECT SPECTROPHOTOMETRIC DETERMINATION OF FAT AND MOIS-
TURE IN MEAT PRODUCTS. I. BEN-GERA & K. H. NORRIS. /. Food Sci.
33, 64-68 (1968)—The near infra-red spectral absorption properties of
2-mm-thick samples of meat emulsions were measured by direct spectro-
photometric techniques. The difference in optical density between 1.80
and 1.725 fi gave a high correlation with moisture content and the
difference between 1.725 and 1.65 fi gave a high correlation with fat
content. Direct spectrophotometric ana ysis predicted fat content within
a standard error of + 2.1% and moisture content within £ 1.4%.

QUANTITATIVE METHODS FOR ANTHOCYANINS. 1. Extraction and
Determination of Total Anthocyanin in Cranberries. T. FULEKI & F. J.
FrRANCIS. J. Food Sci. 33, 72—77 (1968)—The method developed consists
of extracting the anthocyanins with ethanol-1.5N hydrochloric acid (85:15)
and measuring the O.D. of the extract, diluted with the extracting
solvent, at 535 nm. The total anthocyanin content was calculated in abso-
lute quantities with the aid of the extinction coefficients established for
the four major cranberry anthocyanins dissolved in the alcoholic solvent
system.



ABSTRACTS :

QUANTITATIVE METHODS FOR ANTHOCYANINS. 2. Determination of
Total Anthocyanin and Degradation Index for Cranberry Juice. T. FULEKI
& F. J. FRANcIS. J. Food Sci. 33,78-83 (1968)—The method developed
for total anthocyanin determination takes into consideration the interfer-
ence caused by brownish degradation products which accumulate during
storage. The method involves the measurement of absorbance at 510
nm on samples diluted with pH 1.0 and 4.5 buffers. The pigment content
is calculated in absolute quantities with the aid of extinction coefficients
established for the cranberry anthocyanins dissolved in the buffers.

VOLATILE FATTY ACIDS IN SOME BRANDS OF WHISKY, COGNAC AND

RUM. L NYKANEN, E. PUPUTTI & H. SUOMALAINEN. J. Food Sci. 33.
88-92 (1968)—Gas chromatography has been applied to eight differ-
ent types of whisky, two of cognac, one of brandy, and four of rum,
for determination of the relative proportions of volatile fatty acids, with
the lower molecular acids as free acids, but upwards from caprylic acid
as methyl esters. Rum contained the largest amount of volatile acids,
600 mg/L, while one of the brands of Scotch whisky contained the
least, 90 mg/L. Acetic acid represented 40-95% of the total amount
of volatile acids in the whisky; in cognac and brandy, the value was
50-75%, and in rum 75-90%.

DIFFUSION OF AFLATOXINS IN FOODSTUFFS. H. K. FRANK. J. Food
Sci. 33, 98—100 (1968)—Apple juice, sliced and pre-packed bread, soft
cheese and a model substrate with high water content were inoculated
with toxic strains of Aspergillus flavus, isolated from Brazil nuts, and the
migration of the aflatoxins into the substrate was determined. After 14
days apple juice showed the highest content of free aflatoxin B,, which
decreased remarkably in the next 12 days. In bread we could detect
aflatoxins only in parts with visible mycelium; outside these parts toxins
could not be estimated. In Tilsit cheese, however, aflatoxins were detect-
able after 6 days at 30°C at a depth of 10 mm below the fungus.

EFFECT OF CHLOROPHENOXYACETIC ACID GROWTH-REGULATOR
SPRAYS ON RESIDUES IN CANNED APRICOTS AND GRAPES. Y. N. LEE
& B. s. LUH. J. Food Sci. 33, 104-108 (1968)—A gas-liquid chromato-
graphic method coupled with an electron capture detector has been
developed for the analysis of chlorinated phenoxyacetic acid residues in
canned fruits. The technique involves the conversion of the acid to its
methyl ester with diazomethane, chromatography on a 5% silicone grease
SE-30 column at 210°C, and subsequent detection of the compound by
an electron capture detector. As low as 0.02 ppm of the residue could
be detected. The method is superior to the colorimetric method because
para-chlorophenoxyacetic acid, 2,4-D, and 2,4,5-T can be separated and
quantitatively determined simultaneously.

FACTORS AFFECTING THE STABILITY OF CHLORTETRACYCLINE, TYLO-
SIN AND FURYLFURAMIDE AGAINST LOW LEVEL OF IONIZING RADIA-
TION. T. KAWABATA, T. KOZIMA, N. SHIMURA & E. YOSHIMURA.
/. Food Sci. 33, 110-113 (1968) Tylosin (Tl) in the phosphate buffer of
pH 6—8 was very sensitive to low-level radiation, while either furylfur-
amide (FF) or chlortetracycline (CTC) exhibited fairly high resistance at
the same levels. Removal of dissolved oxygen in the test solution by
aerating with nitrogen gas enhanced the inactivation of Tl and FF at
0.05-0.1 Mrad of radiation, but it had an opposite effect on the inactiva-
tion of CTC. Much higher Tl and CTC activities were retained after irradi-
ation at 0.1 or 0.2 Mrad when the drugs were added to aloumin,
gelatin, broth or minced meats of five species of fish, while the retention
of FF did not change.

A COMPARISON OF THE LIGHT AND DARK PORTIONS OF A STRIATED
MUSCLE. G. R BEECHER, L L KASTENSCHMIDT, R G. CASSENS,
W. G. HOEKSTRA & E. J. BRISKEY. J. Food Sci. 33, 84-88 (1968)—
The levels of physiologically related muscle constituents were determined
in the light (white) and dark (red) portions of a striated muscle from
the pig (SUS domesticus). Myoglobin level, percent red fibers and suc-
cinic dehydrogenase activity were two-fold higher in the semitendinosus
dark portion whereas ADP and inorganic phosphate levels were similar
in both portions. Phosphorus levels were higher and sodium levels
lower in the semitendinosus light portion than in the semitendinosus dark
portion.

ACTION OF MICROORGANISMS ON THE PEROXIDES AND CARBONYLS
OF RANCID FAT. J. L SMITH & J. A. ALFORD. J. Food Sci. 33, 93-97
(1968)—The effects of 26 species of bacteria, molds, and yeasts on the
hydroperoxides and monocarbonyls in rancid fat have been determined.
All of the cultures were capable of decomposing the hydroperoxides.
The activity of microorganisms on the monocarbonyl content of the rancid
fat was quite varied and could be divided into; 1) microorganisms which
produced large increases in at least two monocarbonyl classes; 2) micro-
organisms which removed 2,4-dienals; 3) microorganisms which removed
2,4-dienals and 2-enals, and 4) microorganisms which caused decreases
in at least two classes of monocarbonyls (without destroying completely
any class).

POST-MORTEM DEGRADATION OF ADENINE NUCLEOTIDES IN MUSCLE
OF THE LoBsTER, HOMARUS AMERICANUS. J. R DINGLE, J. A.
HINES & D. I. FRASER. J. Food Sci. 33. 100-103 (1968)-Thin-layer
chromatography showed that post-mortem degradation of adenine nucleo-
tides in the tail muscle of lobster (Homarus americanus) followed the
route; adenosine 5'-triphosphate (ATP) -» adenosine 5'diphosphate (ADP)
-» adenosine 5'monophosphate (AMP) -* inosine 5'-monophosphate
(IMP) -» inosine -> hypoxanthine. KCI extracts (0,6M) also degraded
ATP by this route. Such extracts contained a weak AMP-aminohydrolase
activity that was activated by ATP, but no adenosine aminohydrolase could
be detected. Neither of these aminohydrolases were found in extracts
made with water or 0.02M K-succinate.

ADAPTATION OF BIPHASIC CULTURE TECHNIQUE TO THE SPORULA-
TioN oF CLOSTRIDIUM BOTULINUM TYPE E. MARY K. BRUCH,
C. W. BOHRER & C. B. DENNY. J. Food Sci. 33, 108-109 (1968)-
An improved method for producing high-yield spore crops of two strains
of Clostridium botulinum type E was developed. Biphasic culture em-

ploying agar-water or agar-broth systems are described for two different
types of culture vessels.

NOTICE: Page Charges for Publication
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O AT ITS October 1967 meeting, the Executive Commit-
tee of IFT voted to establish a page charge for research
articles published in “Food Technology” or in the “Jour-
nal of Food Science.” The page charge of $30 per printed
page will be effective for research manuscripts received
AFTER April 1, 1968. The page charge shall NOT con-
stitute a bar to acceptance of research manuscripts be-
cause the author is unable to pay the charge. See com-
plete Notice on page ii.



The

of Food Odor

SUMMARY—The addition of fructose or invert sugar in very

high concentrations to aqueous solutions containing straw-

berry volatiles or synthetic compounds respectively, results

for some components in a decrease of peak heights in gas
chromatograms of the vapors over the solutions; the phenome-
non is thought to be of interest for studying flavor reten-

tion in juice concentrates.

INTRODUCTION

T he addition of inorganic salts to increase the vapor
pressure of volatile components in dilute aqueous solutions
is often applied in headspace aroma analysis (Dobry-
Duclaux, 1952; Bassette et al., 1962 ; Kepner et al., 1964).
Nawar (1966) in a more detailed study of the matter,
reported the same effect—if to a lesser extent—occurred on
the addition of glucose. Nawar, for the first time, sounds
a warning against the incorrect interpretation of results
obtained when using the technique for quantitative studies.

Experiences in our laboratory confirmed Nawar’s ob-
servations on increased vapor pressures after the addition
of NaCl—in concentrations up to saturation—and of differ-
ent sugars (glucose, sucrose, fructose, invert sugar)—in
concentrations up to the 40% w/w level. However, experi-
ments on the use of sugars at concentrations that were
considerably in excess of these and of the ones used
by Nawar, showed that with some types of volatile com-
pounds no increase but a marked decrease of peak heights
in gas chromatograms of vapors over aqueous solutions
may be observed.

EXPERIMENTAL METHODS
Preparation of samples

From a batch of commercial strawberry juice about 10%
was stripped off (Weurman, 1961) and to each of two
samples of the distillate equal amounts by weight of water
and of an oversaturated solution of invert sugar (Nulo-
moline, SuCred Corp., N. Y.) were added to produce an
aqueous solution of strawberry volatiles and a solution of
these volatiles at the same concentration (w/w) containing
73.1% w/w invert sugar.

By diluting a synthetic mixture two more solutions were
prepared. One of them contained the compounds listed in
Table 1 at the concentrations indicated. The other con-
tained 79.1% w/w fructose (D (—) Fructose, Merck,
Darmstadt) in addition to the same compounds at the same
concentration by weight.

With an Abbe refractometer np was measured and
sugar concentrations were calculated to percentages by

‘ Present address: Shell Nederland Chemie N.V., The Hague,
The Netherlands.

Influence of Sugar

A. G. WIENTJES *

Department of Food Science, Agricultural University
Wageningen, The Netherlands

Concentrations on the Vapor Pressure

V olatiles in Agqgueous Solutions

Table 1. Composition of dilute aqueous synthetic mixture (Fig. 2).

No. Conporent ppmviv
1 propanal 3
2 ethyl formate 2
3 ethanol 120
4 3-pentanone 4
S ethyl butyrate 2
6 n-butanol 120
7 4-heptanone S
8 3-heptanone S
9 ethyl caproate S
10 3-octanone 8

weight (ICUMSA, 1956). At 30°C invert sugar is satu-
rated at 69.7% and fructose at 81.5% (Bates, 1942).

Gas chromatographic-measurement of headspace volatiles

Fifty ml samples of the above four solutions were
brought under nitrogen in 130 ml infusion flasks, closed
with a serum cap, and equilibrated in a 30°C waterbath for
40 min. Sugar-containing solutions were stirred slowly by
magnetic stirrers. A 5 ml gas-tight syringe was used for
direct headspace sampling. The vapor samples were ana-
lyzed on a Carlo Erba, model C, gas chromatograph,
equipped with a hydrogen flame detector.

A5m X4 mm id Al column packed with 10% LAC
I-R-296 on Chromosorb W and operated at 90°C, was
used. N2 H: and air flow rates of 20, 17 and 140 ml per
min were used throughout.

RESULTS AND DISCUSSION

From the peakheights in the Figs. 1and 2 the increase
of the partial vapor pressure for a number of components
in the solutions, and the decrease for others, is seen, when

“ 30 20 70 mmutes 0

Fig. 1. Solution of strawberry aroma: | without invert sugar;
Il ivith 73.1% invert sugar.
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Fig. 2. Solution of synthetic mixture: | without fructose; 11
with 79.1% fructose.

oversaturating (invert sugar) or almost saturating (fruc-
tose) the solutions with sugars.

The results are thought to be of interest for the study
of flavor retention in juice concentrates.

Studies

M yofibrillar

SUMMARY—Changes during aging in the extractability of
the myofibrillar proteins of meat from beef and rabbit car-
casses have been examined, using a buffer which dissociates
the actomyosin complex of the muscle cell. Approximately
52% of the myofibrillar proteins of unaged meat is extracted
in 40 min at 2°C whereas from aged meat as much as 78%
is extracted.

The rate and extent of these changes are determined
largely by the ultimate pH value of the meat. Similar in-
creases in protein extraction, displaying the same pH depen-
dence, occur during the aging of well-washed myofibrillar
preparations.

The increase in the percentage of myofibrillar protein

extracted during aging results from either a progressive
weakening of the fibrous protein linkages with the insoluble
stroma of the meat cell, or from a disintegration of the

insoluble stroma itself.

INTRODUCTION

T he tenderizing of meat occurring during storage at
above freezing temperature—so-called aging—is usually
considered to be a consequence of changes within the fibrous
components of muscle. For this reason most studies of the
aging mechanism have been concerned with changes during
storage in the properties both of connective tissue and of
myofibrils.

in Meat Tenderness. 4.
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Changes in the Extractability of

Proteins During M eat Aging

There is a convincing body of evidence, based on
changes in the mechanical properties across and along the
grain of meat, that aging is not related to alterations in
the connective tissue (Steiner, 1939a, 1939b, 1939c). Al-
though this conclusion is contrary to the work of Moran
et al. (1929), it is substantially supported by the chemical
studies of Prudent (1947), Ramsbottom et al. (1949),
Winegarden et al. (1952), Wierbicki et al. (1954, 1955)
and Bouton et al. (1958).

Changes during aging in the properties of the meat pro-
teins, especially proteins of the myofibrils, have been
extensively studied. Fujimaki et al. (1965) have shown
that both the actomyosin-forming ability and adenosine-
triphosphatase activity of myosin extracted from bovine
muscle decrease during aging. They have proposed that
aging is a result of a decrease in the interaction of actin
and myosin, although many workers do not favor this
view (Wierbicki et al., 1956; Marsh, 1954).

Hamm (1960) and Fujimaki et al. (1958) have investi-
gated the increase that occurs in the water-binding capacity
of meat during aging. Similar studies of changes in
metal-ion binding have been made by Arnold et al. (1956).
It is to be expected that these changes occur largely in
the myofibrillar component of meat, since extensive shifts



in metal-ion and water binding occur within the myofibrils
with the onset of muscle activity (Needham, 1960).

As a guide to structural alterations in meat during
aging, the pattern of extractability of myofibrillar pro-
teins has been studied by a number of workers using
solutions of high ionic strength (I > 0.5). Weinberg et al.
(1960) have observed that the amount of protein extracted
from chicken muscle is greater 24 hr post-mortem, than
it is immediately after the death of the animal. The extra
protein was considered to consist of actin and actomyosin.

As an extension of these studies, Kahn et al. (1964)
have shown that the proportion of myofibrillar protein
extracted from chicken muscle decreases rapidly to a
minimum value 4-8 hr post-mortem, increasing thereafter
to a maximum value after aging at 0° for 2—4 days. Aberle
et al. (1966), using bovine muscle, have observed an in-
crease of 10% approximately in the amount of myofibrillar
protein extracted during a 14-day period of aging at 4°.

In contrast to these findings Fujimaki et al. (1965) have
shown that there is no increased content of actin in the
actomyosin fraction extracted from rabbit muscle aged
for 7 days at 4°. Similarly no increase was observed in
the amount of actomyosin extracted from turkey muscle
aged for 48 hr at 5-10° (Scharpf et al., 1964), or from
bovine muscle aged for 312 hr at 4° (Goll et al., 1964).

In this paper the chemical changes associated with aging
occurring both in the myofibrillar component of meat
in situ and in the isolated myofibrils from meat have been
studied as a first step in elucidating the mechanism of the
tenderizing process.

EXPERIMENTAL
Meat sampling

Meat was obtained from beef animals slaughtered at
the local meat works, and from mature domestic rabbits.
Sections of longissimus dorsi (LD) muscles adjacent to
the 10th-14th ribs from a variety of beef animals were
removed after the halved carcasses had been held for
24 hr at chiller temperature (2—4°).

Bovine sternomandibularis (SM) muscles obtained
within 30 min of slaughter were trimmed and stored at
15°. Rabbit LD muscles, excised as soon as possible after
decapitation, were stored at » ° for 16 hr in a moist nitro-
gen atmosphere. Zero time of aging for the muscles from
beef and rabbit carcasses were taken to be 24 hr and
16 hr post-mortem respectively. In these times the ulti-
mate pH values of the samples had been reached.

Composition of the extracting buffers

The buffer used to extract myosin selectively from the
myofibrillar preparations (H-S buffer) had the composi-
tion 0.6M KC1, 0.1M phosphate, 1.0mM magnesium chlo-
ride, 10mM sodium pyrophosphate, pH 6.4 (Hasselbach
et al, 1951). Weber-Edsall (W-E) buffer (Haga et al.,
1965), used to extract actomyosin from the myofibrillar
preparations, had the composition 0.6M KC1, 0.04M so-
dium bicarbonate, 0.01M sodium carbonate, pH 9.20.

Preparation of myofibrils

Well-washed myofibrils were prepared by a method
closely similar to that described by Perry et al. (1956),
all manipulations being carried out at 2°. Chilled, minced
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meat (200 @) was homogenized for 1 min with 5 vol
0.1M KC1, 0.039M boric acid pH 7.1 (KCl-borate) in a
Waring blendor, and the homogenate centrifuged for 15
min at 600 G. The residue, resuspended in 5 vol KCI-
borate, was poured through nylon mesh (mesh diameter
1.2 mm) to remove the major portion of connective tissue,
and additional coarse material was removed by discarding
the sediment produced on centrifuging the suspended myo-
fibril? for 3 min at 400 G.

The myofibrils remaining in suspension were sedimented
by centrifugation (15 min at 600 G) and were washed
by a further suspension in KCl-borate (1.5 L). In some
experiments samples containing large numbers of bacteria
(> 106 Organisms/g) were obtained by resuspending myo-
fibrillar preparations in the KCl-borate supernatant of a
previous preparation which had been stored for 10 days
at 10° to allow build-up of micro-organisms. Contraction
of the myofibrils did not occur during homogenization as
the meat used in the present studies was in a state of
rigor mortis.

Microscopical examination showed that satisfactory
preparations were obtained in which the | and A bands
of the sarcomeres were clearly visible. Apart from the
discrete myofibrillar units present, the preparations con-
tained a small proportion of fiber pieces consisting of
laterally aligned myofibrils of up to 40 in number. In
some experiments these coarser fiber pieces were separated
from the fine material by settling them for 20 min from
dilute suspensions of the myofibrillar preparations at »°
in KCl-borate.

The myofibrils, including the coarse and fine materials
obtained by the settling procedure, were freed from excess
washing solutions by centrifuging for 30 min at 2,000 G.
All preparations were resuspended in 0.16M KC1, adjusted
to the required pH with HC1 (0.01AT) and compacted by
a further centrifugation for 30 min at 2,000 G. The myo-
fibrils were aged at either 2 ° or 10°

Extraction of myofibrils

A sample of the compacted myofibrils (s g) containing
approximately 10% protein was made into a thick slurry,
free of lumps, with 0.16%/ KC1 (10 ml), and 80 ml of
either H-S buffer or W-E buffer was added. Samples of
the gently stirred suspensions were removed for total
protein determinations with a graduated pipette from
which the end had been cut (Davey et al, 1966). To
determine the amount of protein extracted, portions of the
suspensions were removed at intervals and centrifuged
for 30 min at 10,000 G. The concentrations of extracted
protein in the supernatants were expressed as percentages
of the total protein concentration of the suspensions.

Protein and pH determinations

The total protein concentrations of myofibrillar suspen-
sions were determined by a micro-Kjeldahl method
(AOAC, 1955). The concentration of protein extracted
from the myofibrillar suspensions was determined by a
biuret method (Gornall et al., 1949). Estimations of pH
were made, using a glass electrode, on homogenates
(Marsh et al. 1950) of meat samples (1-2 g) in 10 ml
neutralized sodium iodoacetate solution (. mM).
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Bacterial control

In order to limit bacterial spoilage, the meat samples
were prepared under aseptic conditions, stored in a nitro-
gen atmosphere and sprayed with aureomycin (200 ppm)
at intervals during the storage period (Davey et al.,
1966). The KClI-borate buffer used for washing myo-
fibrillar preparations was boiled for 20 min. The extent
of bacterial growth was determined on meat samples (1 @),
1 cm from exposed surfaces, and on : g samples of the
compacted myofibrillar preparations.

After shaking the samples with sterile peptone water
(10 ml, 0.1%), portions of the resulting suspensions were
plated on yeast extract nutrient agar and incubated at 25°
for 5 days. Strict adherance to these procedures ensured
that bacterial numbers were maintained at the low level
of < 10. organisms/g for meat aged 30 days at 2° and for
myofibrillar preparations aged either 21 days at 2° or
3 days at 10°.

RESULTS

Fig. 1 shows the time-course of protein extraction
by W-E buffer of myofibrils prepared from bovine LD
muscle at intervals of aging. Approximately 75% of the
protein was released in 10, 30 and 60 min from myofibrils
of meat aged 17, 10 and 2 days respectively. No relation-
ship could be shown on prolonged extractions (> 10 hr)
between the time of aging and the percentage of myofibril-
lar protein dissolved (78%-87%). Similar results were
obtained using samples of the LD and SM muscles from
six beef carcasses and the LD muscles from two rabbits.

Fig. 2, typical of 20 such experiments, shows the time-
course of protein extraction with H-S buffer, from myo-
fibrils of bovine LD muscles aged for different times. A
rapid phase followed by a slow phase was observed in the
time-course of extraction. In ¢ min the degree of maximal
extraction was 0.95, in 40 min it was 0.98, and in 200 min
1.00. At maximal extraction (200 min) 54%, ss % and
75% of myofibrillar protein had been released from meat
aged 1, 10 and 17 days respectively.

An increase in the percentage of protein extracted by
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Fig. 1. The time-course of extraction with W-E buffer of
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H-S buffer in 40 min at 2° (percentage extractability) is
observed to occur during the aging, not only of myofibrils
in situ, but also of well-washed isolated myofibrils.

Fig. 3, characteristic of numerous such experiments,
shows the change in the percentage extractability of myo-
fibrils which were aged under isotonic conditions (I =
0.16) and at the ultimate pH of the meat from which
they had been isolated.

Fig. 3 also illustrates the effect of storage time on the
percentage extractability of myofibrils prepared at inter-
vals during aging from bovine LD muscles. The meat
from one carcass gave values which increased during
aging from 53% to 60% in 4 days, reaching 72% in 10
days. In contrast percentage extractability values obtained
for meat from the second carcass, increased very little
during the 10-day period, from 53% to 56%.
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Fig. 3. The relationship between the percentage extractability
and the aging time of the isolated myofibrils, A-—— P; and the
whole meat, o — o ; from two beef carcasses. Curve I, ultimate
pH 6.03. Curve Il, ultimate pH 5.50.
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Although the curves were similar, the percentage ex-
tractability at a given time of storage was usually 1-5%
higher for the isolated myofibrils than for myofibrils aged
in situ. This difference was further emphasized after 15
days aging by the onset of a more distinct drop in the
values of the latter. No departure has been observed from
this pattern of increased percentage extractabilities during
the aging of myofibrils isolated from the SM and LD
muscles of 50 beef carcasses.

It is important to show that the extractability changes
observed to occur during aging are not due merely to
bacterial action. This is illustrated in Fig. 4 which com-
pares the effect of high and low levels of bacteria on ex-
tractability values. These values increase during aging in
the virtual absence of bacteria (< 102 organisms/g), and
initially at least the rate of increase is independent of the
level of contamination. During the second half of the
aging period, however, higher extractability values are
associated with the higher levels of bacterial contamination
(> 107 organisms/g).

It is apparent from Figs. 3 and 5 that ultimate pH
values determine largely the rate of increase in the per-
centage extractabilities observed during the aging of LD
muscles from beef carcasses. Values for maximum per-
centage extractability appear also to depend upon the ulti-
mate pH of meat, rising from 57% for meat of ultimate
pH 5.45 to 72% for meat of ultimate pH 6.30. A small
decline from the maximum values obtained occurs on pro-
longed aging, especially at the lower values of ultimate pH.

The change in the percentage extractability values during
the aging of the LD muscles from a rabbit carcass (ulti-
mate pH 5.63) is also shown in Fig. 5. Higher values
(> 70%) were achieved in much shorter storage times
than for bovine LD muscles.

It has been established that there is a progressive
increase in the percentage extractability of myofibrils aged
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either in situ or as isolated myofibrillar components. It is
important to demonstrate that this increase is not due
merely to a greater permeability of the aged myofibrils to
the extracting buffers. This is illustrated in Fig. s, one of
several experiments in which the effect of size of myofibril-
lar pieces on the time-course of protein extraction was
determined.

Ninety percent of maximum extraction was achieved
more quickly with fine myofibrils (4 min) than with coarse
myofibrils (10 min). However, the percentage extract-
abilities of both preparations were the same, although
permeability factors would be likely to be more significant
when extracting the coarser myofibrils. It is concluded,
therefore, that permeability factors do not determine values
of percentage extractability.

The pattern of extraction of the myofibrillar preparations
may be determined to some extent by changes during aging
in the properties of the extracted proteins themselves. In
this respect the viscous rather thixotropic proteins released
from the myofibrillar preparations may act as a barrier
limiting further ready extraction. However, in several
experiments using both unaged and aged myofibrils no
difference was observed in the time-course of percentage
extraction at the myofibrillar concentrations of - mg/ml
and 10 mg/ml. It is concluded, therefore, that the pattern
of protein extraction obtained was not affected by the
concentration either of the myofibrils or of the solubilized
proteins.

DISCUSSION

The results have shown that during aging, in the
virtual absence of bacteria, an increase occurs in the percen-
tage extractability of proteins from the myofibrillar com-
ponents of meat. The properties of the extracting buffers
determine whether such increases are observed. In this
respect W-E buffer, which is used to extract actomyosin
from muscle minces (Haga et al., 1965), was shown to
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Fig. 6. The time-course of extraction ivith H-S buffer of
myofibrils prepared from bovine LD muscles; coarse myofibrillar
preparation, @ — Q; fine myofibrillar preparation - Curve
I, unaged myofibrils; Curve Il, myofibrils aged 5 days.

extract less myofibrillar protein from unaged meat than
from aged meat during short periods of extraction (1o
min). On longer extraction (10 hr), however, the per-
centages of protein extracted from both unaged and aged
material were shown to be approximately the same.

On the other hand, H-S buffer has been used to extract
specifically myosin from the myofibrillar components of the
muscle cell. The present results have shown that 52%
approximately of the protein from unaged myofibrils is
extracted in 40 min at 2°. This buffer is ideal for observing
changes in percentage extractabilities as there is a slow
increase only (}«—4+ %/hr) hi protein extracted over a
further period of 50 hr. The ultimate pH values of meat
and the pH values of myofibrils prepared therefrom deter-
mine not only the rates of increase in the percentage ex-
tractabilities but also the maximum values attained.

The small decline in extractability on prolonged aging
(> 17 days), especially pronounced at relatively low pH
values (pH 5.4—5.8), is due probably to incipient denatura-
tion of myofibrillar proteins during storage. It has been
shown that if the pH values of meat and of the myofibrils
(1 = 0.16) prepared therefrom are the same, then the pat-
terns of percentage extractability of both materials during
aging are similar. The leaching out of a small amount
of protein (1-5%) during the washing of myofibrils pre-
pared from meat during aging is assumed to account for
the differences encountered. However, it is emphasized
that changes in percentage extractabilities are more use-
fully studied by aging myofibrillar preparations than by
aging whole meat.

A more ready solubilization of the myofibrillar proteins
might be due to an increased permeability of the myo-
fibrils, which have disintegrated in some way during aging.
This disintegration in whole meat would manifest itself
as an increase in tenderness of the cooked meat. In this
respect Hasselbach et al. (1951) claimed that the regularly
aligned filaments of rabbit myofibrils prevent ready buffer
penetration, thus making actin seemingly resistant to ex-

traction. The present results have shown, however, that
percentage extractabilities are independent of both the size
and the concentration of myofibrillar pieces. The increases
observed during meat aging are not due, therefore, to a
higher permeability of the myofibrillar structures.

The more extensive and ready release of myofibrillar
proteins into an extractable form during aging is consistent
with the view that there is a progressive weakening of the
linkages of these proteins with relatively insoluble com-
ponents of the meat cell (Weinberg et al., 1960). Alterna-
tively, a relatively insoluble component such as Z-line ma-
terial or the sarcoplasmic reticulum disintegrates in some
way.

Future studies will be concerned with the nature of the
proteins released from the myofibrils during aging.
Changes in the insoluble components of the muscle cell
will also be examined.
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Wi ierbicki, E., Kunkle, L. E., Cahill, V. R. and Deatherage, F. E.

M oving Boundary Electrophoresis

SUMVARY—The electrophoretic characteristics of locust bean
gum, guar gum, arable gum, carboxymethylcellulose, k and
\-carrageenan, alginate and the non-dlalyzable fraction of
comn syrup solids were studied by moving boundary electro-
phoresis. The physical properties of these colloids require
the use of modified techniques in order to eliminate boundary
disturbances which otherwise might be interpreted as heter-
ogeneity of composition.

A high degree of homogeneity was observed for carboxy-
methylcellulose, arable gum, alginate and X-carrageenan. In
contrast, x-carrageenan was composed of a mixture of migrat-
ing components. The colloidal fractions of guar gum, locust
bean gum, and comn syrup solids did not migrate in the
electrical field.

Mixtures of carboxymethylcellulose with guar gum or gum
arable could be separated at pH 7. Mixtures of carboxy-
methylcellulose with carrageenan could be effectively sepa-
rated at pH 2. Electrophoretic separation at 23°C of different
stabilizer mixtures was unsatisfactory and the patterns showed
evidence of Interactions.

INTRODUCTION

Interest in the characteristics and mechanism of
stabilizer action prompted an examination of the electro-
phoretic purity and behavior of a number of hydrocolloids.
Published findings indicate that =zonal electrophoresis
(Lewis et al., 1967) as well as moving boundary electro-
phoresis (Asano, 1966; Colvin et al., 1952; Northcote,
1954; Smith et al., 1954; Smith et al., 1955; Ward et al.,
1947; and Whistler et al., 1965) can be used for this pur-
pose. Lewis et al. (1967) employed electrophoresis on
glass-fiber paper and reported that gum arabic, carragee-
nan, and agar are heterogeneous polysaccharides. Colvin
et al. (1952) examined a number of polysaccharides dis-
solved in alkali by the moving boundary technique. They
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found inherent difficulties in the resolution of the patterns,
but reported that this technique may be applicable for
characterization and fractionation of the class of polysac-
charides which are soluble close to neutrality. Whistler
et al. (1965) suggested moving boundary electrophoresis
as useful for the determination of polysaccharide homo-
geneity and for the determination of polysaccharide mix-
tures. Northcote (1954) measured the mobility of neutral
polysaccharides, including starches and glycogens of differ-
ent origins, in borate buffer. Apparently these colloids
acquire a negative charge by interaction with the borate
ion and, consequently, move in the electrical field. Excel-
lent patterns were reported for this buffer system, whereas
less satisfactory results were obtained with veronal and
glycine buffers.

Smith et al. (1954) used free boundary electrophoresis
in their study of carrageenan. Abnormalities associated
with incipient gelation were encountered with concentra-
tions higher than o . % for mixtures of the « and /.-frac-
tions, but even at this low concentration they were unable
to obtain a definite electrophoretic separation into com-
ponents. Ward et al. (1947) have reported a detailed
electrophoretic investigation of pectinates. Recently, Asano
(1966) studied the interaction between milk protein and
carboxymethylcellulose in fruit-flavored milk by moving
boundary electrophoresis.

The present investigation was undertaken in order to
study the electrophoretic behavior of common food stabi-
lizers as single entities and as related mixtures.

PROCEDURE
Instruments

Electrophoresis was performed with a Perkin-Elmer
Model 38-A electrophoresis apparatus employing a 2 ml
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Tiselius cell of open design. The conductivity was mea-
sured with an L & N portable electrolytic resistance indi-
cator using the Perkin-Elmer conductivity cell. The viscos-
ity was measured with a Brookfield L.V.F. viscometer.

Sample preparation

The following materials were used: sodium alginate
KGHV and KGLV (Kelco Company, San Diego, Cali-
fornia) ; potassium salts of A- and «-carrageenan (Marine
Colloids, Inc., Springfield, New Jersey) ; sodium carboxy-
methylcellulose, 7-HP and 7-LP, with a designated substi-
tution range of 0.65 to 0.85 (Hercules Powder Company,
Wilmington, Delaware) ; and commercial grades of gum
arabic, guar gum, locust bean gum, and corn syrup solids
type 36 DE (10% nondialyzable matter). The samples
were prepared by dissolving at 60°C a weighed amount of
dry stabilizer in buffer. The high viscosity of stabilizer
solutions limited the sample concentration to approximately
0.5%.

After cooling, the solutions were dialyzed against 20
volumes of buffer for at least 24 hr at 5°C. Insoluble
material, if present, was removed by centrifugation at
1000 G for one hour. The amount of insoluble material
was estimated by weighing the sediment after drying at
110°C until constant weight (12 hr). Only locust bean
gum and guar gum contained significant amounts of insolu-
ble material (7 and 18% respectively).

Preliminary investigations revealed that the use of con-
ditions similar to those commonly employed for the study
of protein systems gave rise to considerable boundary
disturbances. These consisted mainly in the appearance
of a large number of peaks in the sample side of the
Schlieren patterns which did not reproducibly reflect a
heterogeneity of composition. Inspection of the patterns
revealed the presence of both positive and negative refrac-
tive index gradients, similar to those observed if the sys-
tem has not attained temperature equilibrium.

It is questionable, however, that unequal temperature
arising from slow heat dissipation was the responsible fac-
tor, since the abnormal patterns did not occur when electro-
phoresis was performed on equally viscous solutions of
neutral stabilizers (guar gum and locust bean gum) in
which Joule heating would also be generated. The phe-
nomenon appeared to be related to the rate of electro-
phoretic migration, and was particularly pronounced for
stabilizers of high electrophoretic mobility. It was found
that a reduction in the field strength to a value below
2 volts/cm effectively prevented these disturbances in most
cases. These conditions were achieved by using an auxil-
iary power supply delivering 2 to 5 ma at 10 volts for a
buffer of a specific resistance of 125 ohms.

Electrophoresis at 0—2°C

The electrophoresis cell was filled according to the usual
procedures and then mounted in the tank of the instrument.
The boundaries were moved into view at room temperature
(23°C) at a slow, constant rate by injecting buffer into
the descending-side buffer bottle. This was accomplished
by means of a capillary tube connected to a closed glass
bulb, equipped with platinum electrodes and filled with
buffer, in which gas pressure was produced electrolytically.

The time requird to move the boundaries into view by
this technique could be regulated conveniently by adjusting
the flow of current between the electrodes, and a rate of
movement of 1+ cm/hr was sufficient to prevent initial boun-
dary disturbances. After the boundaries had been shifted
into position, the temperature was reduced to o-2°C by
ice water, and approximately 60 min were allowed for the
system to reach temperature equilibrium.

The field strength used for electrophoresis was calcu-
lated from the relationship -—— ,

K X 3
where | = current (amperes)
k = specific conductance of sample (ohms-1
cm-1)
a = cross sectional area of cell (cm2).

This value did not exceed 2 volts/cm.

Electrophoresis at 23°C

For a number of samples, which were either highly
viscous or showed tendency towards gelation at 0-2°C,
it was possible to perform electrophoresis at room tempera-
ture, if the field strength was reduced drastically. A simi-
lar procedure has been used successfully by Johnson et al.
(1948) for analyzing colloids which were only sparingly
soluble at lower temperatures. No special thermostat was
necessary, since the instrument was located in a constant-
temperature room at 23 + 1°C, and the resulting tempera-
ture fluctuations of the water bath during electrophoresis
were negligible. The field strength used did not exceed
.2 volts/cm. Mobility measurements obtained at this tem-
perature were corrected to 0°C by multiplying the observed
values by the ratio of buffer viscosity at 23°C to buffer
viscosity at 0°C (Johnson et ... 1948; and Ward et a.
1947).

The expected linear relationship between solute mobility
and buffer viscosity was confirmed by the experimental
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Fig. 1. Relationship between electrophoretic mobility of alginate
and buffer viscosity at 0-2°C (sodium phosphate/sucrose buffer,
pH 7, ionic strength 0.2).
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Fig. 2. Electrophoretic patterns of selected food stabilisers (so-
dlum phosphate buffer, pH 7, ionic strenght 0.02. Mobility scale:
cm® volt ' sec~* x 105)
. Corn syrup solids (nondialysable fraction: 10-15%)
. Locust bean gum (0.3%)
. Guar gum (0.3%)
. Arabic gum (0.25%)
. Carboxymethylcellulose (0.25%)
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values in Fig. 1 which were obtained for alginate in sodium
phosphate buffer containing different amounts of sucrose.

RESULTS

The patterns for a number of different Stabilizers,
including corn syrup solids, are shown in Fig. 2. At pH 7
the colloidal fraction of the corn syrup solids did not pos-
sess any net electrical charge since it did not move in the
electrical field. Locust bean gum and guar gum did not
contain components of appreciable net charge either, and
the slight separation observed in the descending patterns
for these neutral stabilizers was apparently caused by a
displacement of the false boundary. No electrophoretic
migration could be detected in their ascending patterns,
which showed a hypersharp peak at the initial position.

No gross electrophoretic heterogeneity was revealed by
the remaining stabilizers, although abnormal spreading of
the descending patterns always occurred and, in most cases,
precluded accurate mobility measurements. The ascending
boundaries remained sharp and appeared to be more suit-
able for mobility calculations except that, at low ionic
strength, the ascending mobilities were considerably higher
than those calculated from the descending side and were
sensitive to small changes in the ionic strength.

The effect of variations in the ionic strength of the buffer

on the electrophoretic patterns of sodium alginate at 0-2°C
is illustrated in Fig. 3. At increasing ionic strength, the
inequality of the mobilities from the ascending and descend-
ing patterns decreased. For both patterns, the higher ionic
strength suppressed the electrophoretic mobility, but the
effect was most pronounced for the ascending pattern.
Apart from the influence of buffer salt upon the electro-
phoretic mobility, the shape of the peaks remained the same
at all salt concentrations.

Electrophoresis of A-carrageenan presented special prob-
lems which were manifested by gross disturbances in the
descending pattern arising when the initial boundary was
moved into view. Inspection of the cell image revealed a
penetration of buffer into the sample solution during boun-
dary displacement, causing a blurred Schlieren pattern
with false peaks (Fig. 4A). In contrast, the ascending
side displayed a sharp and well-defined initial boundary at
all times.

Attempts to perform electrophoresis on A-carrageenan
without shifting the initial boundaries into view did not
prevent the gradual deformation of the descending boun-
dary ; nor did the addition of a surface active agent (o .01 %
sodium lauryl sulfate). The disturbances were completely
eliminated, however, by performing the analysis at elevated
temperature (23°C) or by reducing the pH of the buffer
to 2 at 0-2°C. Patterns obtained under these conditions
are shown in Fig. 4B and 4C and show that clearly-defined
patterns were resolved at sample concentrations as high
at 0.5%. In both cases, the stabilizer appeared electro-
phoretically homogeneous. The mobilities observed at pH
2 were significantly lower than at pH 7.

Electrophoretic patterns of «-carrageenan are shown in
Fig. 5 For this stabilizer, consistent data could not be
obtained in neutral buffer at 0-2°C, because at this pH and
temperature the mobilities were found to be dependent
upon the concentration of the sample. Thus, the «-carra-
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Fig. 3. Effect of buffer ionic strength on the electrophoretic
mobility of 0.5% alginate (sodium phosphate buffer, pH 7. Mobility
scale: — cm’ volt'lsec).

A. lonic strength 0.02
B. lonic strength 0.10
C. lonic strength 0.20
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Fig. 4. Electrophoretic patterns of 0.5% X-carrageenan (buffer

ionic strength 0.2. Mobility scale: — cm! volt'l sec’l x 10s).

A. Electrophoresis at 0-2°C. Sodium phosphate buffer, pH 7

B. Electrophoresis at 23°C. Sodium phosphate buffer, pH 7 (@ —
mobility at 23°C; b — mobility at 23°C, corrected to 0°C for
buffer viscosity change)

C. Electrophoresis at 0-2°C. Sodium chloride buffer, pH 2.

geenan exhibited a mobility of close to 15 electrophoretic
units at low concentration (o .2 %), but only - electro-
phoretic units at the concentration of 0.5% (Fig. 5A). A
similar behavior was not found for the other stabilizers
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Fig. 5. Electrophoretlc patterns of 0.5% K-carragccnan. (Buffer

ionic strength 0.2. Mobility scale: — cm' voltsec'l x 109).

A. Electrophoresis at 0-2°C. Sodium phosphate buffer, pH 7

R. Electrophoresis at 23°C. Sodium phosphate buffer, pH 7 (a —
mobility at 23°C; b — mobility at 23°C, corrected to 0°C for
buffer viscosity change)

C. Electrophoresis at 0-2°C. Sodium chloride buffer, pH 2.

investigated and it is possible that incipient gelation at the
higher concentration may have retarded the migration of
«-carrageenan.

Well-defined electrophoretic patterns which were not
affected by the sample concentration within the range of
0.2-0.5% were obtained for «-carrageenan in phosphate
buffer of pH 7 at 23°C (Fig. 5B), and in sodium chloride
buffer of pH 2 at 0-2°C (Fig. 5C). Multiple peaks in
both patterns revealed this stabilizer fraction to be a
heterogeneous mixture.

Solutions containing mixtures of stabilizers were sub-
jected to electrophoresis to explore the conditions under
which the individual components may be identified by this
technique. The patterns for a mixture of carboxymethyl-
cellulose and arabic gum in Fig. s A revealed that a sepa-
ration of the pair was achieved. A comparison of the
mobilities calculated from this pattern with those obtained
singly (Fig. 2), show some decrease in the mobility of
carboxymethylcellulose with a corresponding increase in
that of the arabic gum.

A similar effect was also observed for other pairs of
stabilizers. Therefore, effective separation can be achieved
only if the individual mobilities are sufficiently different. In
the case of carboxymethylcellulose, alginate, and carragee-
nan, the individual mobilities at pH 7 did not permit a
definite separation of their mixtures; however, as shown
in Fig ¢« B and « C, a complete separation of carrageenan
from carboxymethylcellulose was possible at pH 2, because
at this pH carboxymethylcellulose did not migrate.

The low concentration of individual components in
mixtures of stabilizers made an accurate evaluation of their
electrophoretic patterns difficult. An apparent increase in

DESCENDING ASCENDING

Yo —
20
Fig. 6. Electrophoretic separation of mixtures of stabilisers at
0-2°C. (Mobility scale: — cm' volt'lsec'l x 10s).
A. Guar %m and alginate (concentration: 0.3%.
phate buffer, pH 7, ionic strength 0.02)
B. Arabic gum and carboxymethylcellulose (concentration: 0.3%.
Sodium phosphate buffer pH 7, ionic strength 0.02)
C. Carboxymethylcellulose and X-carrageenan (concentration: 0.3%.
Sodium chloride buffer, pH 2, ionic strength 0.1)
D. Carboxymethylcellulose (concentration: 0.15%. Sodium chloride
buffer, pH 2, ionic strength 0.1).

Sodium phos-
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Fig. 7. Electrophoretic separation of mixtures of carboxy-

methylcellulose, carrageenan and guar gum at 23°C. (Sodium

phosphate buffer, pH 7, ionic strength 0.2. Mobility scale: — cm’

volblsec X 109).

A. e-carrageenan, carboxymethylcellulose and arabic gum (concen-
tration 0.3%)

B. \-carrageenan, carboxymethylcellulose and guar gum (concen-
tration 0.6%)

viscosity or tendency towards gelation in some of the com-
binations imposed a further limitation upon the maximum
sample concentration for which electrophoretic patterns
could be obtained at 0-2°C. Analysis of such mixtures at
elevated temperature (23°C) permitted the use of higher
sample concentration but gave evidence of interaction under
these conditions.

The ascending patterns for the two mixtures in Fig. 7
show multiple peaks, while only one peak was apparent in
the descending side. Such lack of enantiography may possi-
bly be explained by a reversible binding of undissociated
buffer acid to the colloids (Cann et al., 1965) or by an in-
teraction between the colloids in the mixture. The irregu-
lar patterns obtained in Fig. 7B illustrate the analytical
difficulties encountered when gross interaction occurs.

DISCUSSION

The results obtained In this study suggest that free
boundary electrophoresis may be useful in studies on food
stabilizers. However, the method is of limited value for
neutral stabilizers, except in analysis of their mixtures
with colloids containing ionized groups.

The examination of corn syrup solids was included in
order to compare this material with other stabilizers, since
Wolfmeyer (1963) has pointed out that the higher poly-
saccharides present in these products may have attributes
similar to some of the vegetable gums. According to our
analyses, the particular sample investigated contained ap-
proximately 10% of non-dialyzable polysaccharides, which
at the levels of corn sweetener used in many foods could
exert an important influence on their texture. The electro-
phoretic neutrality of the material suggests its action would
be similar to guar gum or locust bean gum.

The patterns obtained for single entities of stabilizers
revealed these were, in general, homogeneous, except for
A-carrageenan. Such homogeneity is surprising, since a
considerable range of molecular weights has been demon-
strated for a number of stabilizers (Smith et al., 1954;
Ward et al., 1947). Therefore, the observed electropho-
retic homogeneity suggests that if different molecular sizes
occur, these would either possess a uniform electrical
charge per unit surface or would be complexed in a man-
ner that would not permit electrophoretic separation. The
electrophoretic analysis of mixtures of stabilizers gave evi-
dence of some interaction, particularly at 23°C, but even
for these patterns heterogeneity could be demonstrated on
the ascending side.

The homogeneous patterns for A-carrageenan obtained
under different conditions (Fig. 4) are of interest because
Smith et al. (1954) have reported heterogeneity of this
fraction and assumed it occurred as the result of compo-
nents possessing different hexose-sulfate ratios. Although
heterogeneity cannot be discounted, the present study does
not support that it would be due to components of varying
ester sulfate content. There can be little doubt that the
electrophoretic technique would detect differences in the
degree of sulfation of carrageenan. Other studies showed
that the heterogeneous patterns for «-carrageenan reflected
the presence of components of different ester sulfate
content.
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Cooling

SUMMARY—The tenderness of lamb loin is affected greatly
by the time-temperature pattern imposed on the dressed car-
cass during the onset of rigor mortis. Very significant tough-
ness develops in the longissimus dorsi muscles of carcasses
exposed to low temperatures within about 16 hr of slaughter.
This "processing toughness” is shown to be unrelated to the
lack of aging. It appears to be due to muscle fiber shorten-
ing, earlier demonstrated to be responsible for massive
toughening in excised muscles. Both cold shortening and
thaw shortening are capable of toughness production, the
latter type becoming prominent when meat, previously frozen
before rigor completion, is cooked without a preliminary
thawing.

INTRODUCTION

Very appreciable shortening may take place follow-
ing the exposure to chilling or freezing temperatures of an
excised muscle which is still in a pre-rigor condition. The
length change may be due either to cold shortening or to
thaw shortening; the former is the shortening observed
when a pre-rigor muscle is cooled toward 0°C (Locker
et al. 1963), while the latter is the shortening which ac-
companies the rapid thawing of a muscle earlier frozen
before rigor completion (Perry, 1930).

Recently, Marsh et al. (1966b) have demonstrated that
very significant changes in tenderness accompany the
length change, and have suggested that toughening of this
shortening-induced type might occur even when the mus-
cles are still attached to the skeleton.

It is the purpose of the present paper to extend these
observations on excised muscles to the carcass. Until this
has been done the earlier results are of little more than
academic interest, for only rarely are muscles stripped
from the skeleton before rigor onset. The previous study
employed beef as its primary experimental material, but in
the early stages of the present exercise it was suspected
that the effects of muscle shortening on tenderness might
be demonstrated more readily on the lamb carcass than
on the side or quarter of beef.

The small size of a dressed carcass of lamb ensures a
relatively rapid fall in its deep meat temperature toward
that of the environment. Its longissimus dorsi muscle
(LD) is large enough for tenderness evaluation both by
taste panel and by tenderometer (Marsh et al., 1966a).
The LD is known to be capable of appreciable cold shorten-
ing (with accompanying toughening) when exposed to a
cold environment after excision in a pre-rigor condition
(Marsh et al., 1966b). Furthermore, lamb as produced
in New Zealand is relatively uniform in breed, nutrition
and age at slaughter, these factors being of some impor-
tance when interanimal variability is to be minimized.
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EXPERIMENTAL

Lamb carcasses were taken from the normal through-
put of a large export meat-works. Whenever possible, all
lambs for one experiment were taken from a single flock,
but in a few cases (for instance in a series involving
slaughter in both December and March) this was imprac-
tical. Lambs followed routine slaughter-house procedure
to the time of weighing the dressed carcasses, 20-30 min
post-mortem, but beyond this point several different experi-
mental time-temperature patterns were imposed; these
will be described later in the paper. Following freezing,
the carcasses were stored at —12°C.

Cutting, pre-cooking and cooking procedures were de-
scribed earlier by Marsh et al. (1966a). In addition, some
experiments required the meat to be cooked without a
preliminary thawing; in these cases the loins (pin-bone
to ribs 5-6) were placed in the pre-heated ovens within
1+ hr of their removal from the frozen store.

Sensory assessment of the LD was carried out as de-
scribed by Marsh et al. (1966a), and objective assessment
of tenderness was made on the mid-section of the cooked
LD using the tenderometer of Macfarlane et al. (1966).

The pH attained by the muscle before the virtual arrest
of glycolysis by freezing was measured by glass electrode
on homogenates (Marsh et al., 1950) of 1-2 g in 10-15
ml cold neutralized iodoacetate solution (2mM ). The
sample was removed from the frozen LD by a modified
cork-borer, and was immersed in the iodoacetate solution
before being cut finely with scissors and homogenized.

RESULTS

Plan of presentation of results

The first part of this report (experiments I, 11) demon-
strates the effect on lamb tenderness of a relatively rapid
freezing of the carcass soon after slaughter and dressing.
This is followed by an experiment (111) designed to estab-
lish that it is the time post-mortem at which freezing
temperatures are applied, rather than the rate of freezing,
which determines the tenderness of the meat. Two experi-
ments (IV, V) are next described to show the effect on
tenderness of increasing the delay between slaughter and
the commencement of the freezing operation. Finally, it
is demonstrated that both thaw shortening (experiments
VI, VII) and cold shortening (experiments VIII, 1X)
are capable of producing excessive toughness in lamb
carcasses.
Tenderness in relation to early rapid freezing and
delayed slow freezing

The first major experiment (1) was designed to assess
the relative effects on tenderness of weight, grade and



freezing pattern. Carcasses were selected for treatment at
the time of weighing according to the following scheme.

Weight: 26 and 33 Ib dressed weights, chosen for study
because the average export lamb carcass weighs about
30 Ib.

Grade: Prime and Y, defined respectively (Anon, 1965)
as “good flesh content and finish,” and “not graded as
prime lambs because of conformation, less flesh or smaller
fat coverage.”

Freezing Pattern: Early rapid freezing (air at about
—18°C with a velocity of about 500 ft/min, within 1 hr
of weighing) and delayed slow freezing (24 hr at 15-20°C
followed by exposure to relatively still air at —10°C).

All s (23) possible combinations of these variables were
studied, 12 carcasses being allocated to each of the s
blocks. The experiment was first undertaken on lambs
killed in December (early summer), and was later re-
peated in its entirety on March-killed lambs; in all, then,
192 carcasses were involved. Following frozen storage of
the carcasses, the left loins were removed by band-saw
and were cooked after a standard thawing period of 24 hr
at 5°C.

Within the assessment of the December-killed lambs
(subjective only) and, later, of the March-killed lambs
(subjective and objective), samples were randomized in
order that panel members should not become aware of any
developing trend or pattern. However, because of the
desirability of storing the carcasses for comparable periods
of time, December and March lambs could not be assessed
together. No direct estimate can be made, therefore, of the
effect of age, since we have earlier established the existence
of minor fluctuations in the sensory assessment of tender-
ness (Marsh et al., 1966a). In view of this element of
uncertainty it would be unwise to compare sets of sub-
jective evaluations made some months apart.

The results of the assessments of the 192 loins are
shown in Table 1. Each score (+ standard deviation, SD)
is the mean of 72 evaluations (s tasters X 12 loins) on
a scale of 1 (very tough) to 9 (very tender).

The most obvious feature of the Table is the very great
difference in tenderness between the lambs frozen rapidly
soon after slaughter and those frozen slowly after a delay
of 24 hr. For the 96 December-killed lambs the difference
between mean tenderness scores for the two groups was
1.7 units, with a standard error (SE) of difference of

Table 1. Effects on sensory tenderness score of grade,
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0.24. For the 96 March-killed lambs the corresponding
values were 1.95 and 0.18. In each of the age-groups,
therefore, the difference in post-mortem treatment caused
a very highly significant difference in tenderness.

These differences due to post-mortem treatment were so
great that possible effects of grade or weight might have
been obscured. Consideration of only those groups which
were frozen slowly after a delay of 24 hr does, in fact,
indicate that these factors may have some effect on tender-
ness.

In the 48 December-killed slow- and delayed-frozen
lambs, composed of equal numbers of Prime and Y grades,
there was no significant difference between the scores of
the two grades (Y 6.0, Prime 5.65, SE of difference 0.26).
However, in these same lambs the mean tenderness of the
26-Ib group (6.25) was significantly higher (p < .01)
than that of the 33-lb group (5.4).

Later in the season, however, this situation was reversed.
In the 48 March-killed slow- and delayed-frozen lambs
no significant tenderness difference was found between
the 26- and 33-Ib groups (respectively 6.55 and 6.3 ; SE of
difference 0.24). On the other hand a significant difference
in tenderness ( p < o1 ) due to grade was apparent in the
same 48 carcasses, the Prime group scoring 6.75 and the Y
group only s .1.

The methods of cooking and assessment used in this
study were quite capable, therefore, of detecting significant
differences in tenderness in early lambs due to weight (or
perhaps to rate of growth) and in later lambs due to grade
(or possibly to fat content, since fat cover partly deter-
mines grade). Completely overshadowing these differ-
ences, significant though they were, was the effect of post-
mortem treatment, the two variations of which produced a
tenderness difference significant at far beyond the .oo:
probability level.

The magnitude of the effect is illustrated in Fig. 1 (com-
bined December and March results, panel assessment of
192 lambs) and in Fig. 2 (March results only, tender-
ometer assessment of 96 lambs). It is clear from these
histograms that the application of early rapid freezing has
caused a mean fall in panel score of about . units relative
to the values recorded for lambs frozen slowly after a
delay. It has, in fact, introduced a degree of toughness
(sensory scores 1-3, tenderometer values 40-80) not en-

carcass weight and post-mortem treatment.

Experiment | : 192 lambs.
Decenberkilled
Freezing Early and rapid Delayed and slow
Grade Prime Y Prime Y
W eight 26 33 26 33 26 33 26 33
Score + SD 40+1.0 46 +1.3 3.9+0.9 41 + 2.0 6.0+ 08 53 10 6.5+* 05 55+ 1.0
Varch-killed
Freezing Early and rapid Delayed and slow
Grade Prime Y Prime Y
W eight 26 33 26 33 26 33 26 33
Score * SD 51 +0.6 44 +£1.2 44 +0.8 4.0+ 0.9 6.9+0.7 6.6 £1.0 6.2 +0.8 6.0 + 0.7
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countered at all among lambs frozen only after a delay
of 24 hr.

In a small experiment (I1) designed to confirm this
effect of early rapid freezing with greater precision, 1o
dressed lamb carcasses were halved longitudinally by band-
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Fig. 1. The effect of post-mortem treatment on mean panel
score for tenderness.
----------------------------- Early rapid freezing; ------------------er-
Delayed slow freezing; 96 lambs in each treatment.
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Fig. 2. The effect of post-mortem treatment on shearing-force
requirement.
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Delayed slow freezing; 48 lambs in each treatment.

saw within an hour of slaughter. During and after sawing,
considerable twitching of the musculature occurred. The
effect was short-lived, however, the muscles returning to
a relaxed condition within a few minutes of the treatment.
In any case both sides of each carcass were stimulated to
the same extent by the sawing operation which, therefore,
could not have introduced a systematic difference between
opposite sides.

The left sides were transferred immediately to a freezer
(—18°C, air velocity 500 ft/min) and the right sides were
held at about 20°C for 24 hr before being frozen in rela-
tively still air at —10°C. After 3 months’ frozen storage
the loins of all 20 half-carcasses were removed, thawed
(24 hr at 5°C), cooked and assessed by both panel and
tenderometer. The mean difference (+ SE) between
paired loins in panel score was 2.0 = 0.23, and in tender-
ometer value was 28 = 5.0 units, the early-frozen sample
being tougher in every case. These differences are very
highly significant (p < w0o1).

Comparison of delayed rapid freezing and delayed
slow freezing

The two post-mortem treatments applied in the above
experiments differed both in length of delay before entry to
the freezer (1 and 24 hr) and in rate of freezing (—18°C,
500 ft/min, and —10°C, still air). To ascertain which of
these differences was responsible for the great tenderness
difference between groups, a small experiment (Il1) in-
volving 10 lambs was undertaken. The Y grade carcasses,
all of 25-27 Ib dressed weight, were left at about 20°C for
24 hr before being halved longitudinally. One side of each
carcass was then frozen rapidly (—20°C, 500 ft/min)
while the opposite side was frozen slowly in still air at
-10°C.

After standard thawing and cooking the loins were
assessed by panel in paired comparisons, and also by ten-
derometer. All loins from both groups were judged moder-
ately tender to tender, the mean difference (£ SE) in score
between opposite sides being 0.0 £0.13 units. By tender-
ometer the mean difference in shearing force requirement
between opposite sides was 3 + 1.3 units, the rapidly
frozen loins being more tender, though not significantly
so (p < .10). It may be assumed that the large difference
in tenderness caused in the first large experiment (1) by
variations in post-mortem treatment was due to the differ-
ence in the delay period before application of freezing
temperatures, and not to the difference in freezing rate.

Effect of varying delays before freezing

At this stage of the investigation two obvious explana-
tions could be invoked to account for the great effect of
post-mortem treatment on tenderness: aging and fiber
shortening. A period of 24 hr at a temperature of about
20°C might well be expected to cause very considerable
meat tenderizing, but there are serious objections to an
aging hypothesis in the present work, as will be discussed
later. The alternative explanation, fiber shortening
(Locker, 1960), is a relatively new concept in meat tender-
ness research, but already much evidence has accumulated
to show its relevance and importance (Marsh, 1964;
Herring et a1, 1965; Marsh et ai1, 1966b), particularly



when pre-rigor meat is exposed to temperatures capable of
inducing cold shortening (Locker et al., 1963).

To gain further information on this question of lack of
aging or fiber shortening as the cause of toughness, two
large experiments were carried out. In the first of these
(1V), 49 lamb carcasses of 26-30 Ib dressed weight were
divided randomly into 7 groups of 7. Each group was held
for a different period (y2, 3, s, 9, 12, 16 and 24 hr) at
18-24°C before being frozen fairly rapidly (—18to —15°C,
500 ft/min). After 5-6 months’ storage at —10°C one
loin was removed from each carcass, cooked after a stan-
dard thaw at 5°C for 24 hr, and assessed by taste panel.

The results are illustrated in Fig. 3. The mean scores for
the y2, 3 and s hr groups were virtually identical, and
toward the tough end of the scale; delays of these lengths
before entry to the freezer were equally ineffective, there-
fore, in tenderizing the meat. Carcasses delayed for 9 hr,
however, had a distinctly higher tenderness rating, and
this trend continued through the 12 hr group to the lambs
delayed for 16 hr. No significant difference was detected
between the groups delayed for 16 and 24 hr, all LD
samples being at least acceptable to the panel even though
several were still considered to be only moderately tender.

This pattern of a progressive improvement in tenderness
was confirmed in another experiment (V) involving 3
groups each of 24 lambs (Y grade, 24-31 Ib dressed
weight). Mean tenderness scores for groups held 9, 12
and 16 hr at 18-21°C before entering the freezer were
respectively 3.6, 45 and 5.1. The difference between the
first - groups was very highly significant and between the
last pair was highly significant (SE of differences 0.22).

It may be concluded from these two experiments that the
insertion of a sufficient delay between slaughter and entry
to the freezer causes a very real increase in tenderness, but
the improvement does not occur gradually or steadily dur-
ing the entire delay period. Rather, a three-phase picture
is obvious, with little or no tenderizing during the first
¢ hr of delay, a rapid and considerable change from then

Ny . )
6l J
w

S

O 5f7 T
hry

pu}

]

z4 | / ‘
a

3t i
2. L 1 1 1 1 i

% 3 6 9 12 16 2%

DELAY (HOURS)

Fig. 3. The effect on panel tenderness assessment of delaying
carcasses at 18-24°C before entry to freezer. Seven lambs per
time-group. Vertical lines: Standard deviations.
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till 16 hr or less, and finally a plateau extending to at least
24 hr. This pattern seems incompatible with any aging
scheme which might be advanced. On the other hand it
appears to run parallel to the physical changes of rigor
mortis in lamb (Marsh et al., 1958).

We suggest that lamb LD will be tough if cold-treated
during the strictly pre-rigor phase, progressively less tough
if exposed to cold with increasing delay into the rather
prolonged rapid phase of rigor onset, and reasonably tender
if the contractile muscle proteins are “locked” in full rigor
before refrigeration is applied. This proposed relationship
between tenderness and the rigor state at the time of cold
exposure resembles that found in experiments with excised
muscles (Fig. « of Marsh et al., 1966b), with the differ-
ence that LD muscles on the carcass are unable to shorten
to the high values attained very early post-mortem by iso-
lated beef neck muscles.

Effect of thaw shortening

In the earlier study it was established that shortening
and resultant toughening of excised muscles could be pro-
duced both by cold shortening and by thaw shortening. At-
tempts were made in the present investigation, therefore,
to verify that the production of either type of shortening
would cause toughening.

Experiment VI was designed to minimize or eliminate
cold shortening in both LD muscles of a carcass and to
permit thaw shortening to occur in only one of them. A
suitable procedure was suggested by earlier observations
on excised beef neck muscles, where it was shown that
the shortening response to cold application becomes more
delayed and more sluggish with the approach of rigor
onset (Fig. 3 of Marsh et al., 1966b). A rapid freezing
applied at the right stage, therefore, should permit little
or no cold shortening because of this diminishing response.
At the same time it should arrest almost completely the
glycolytic process at a point still far removed from full
rigor, the muscle still being capable of appreciable shorten-
ing during later thawing. Thus in the first part of this
experiment s lamb carcasses (Y grade, 24—31 Ib dressed
weight) were held at 20°C for s hr after slaughter and
were then frozen rapidly (—21°C, 500 ft/min, no wraps).
Both loins were then removed from each of the frozen
carcasses.

The next phase of the treatment was based on the
work of Marsh et al. (1958), who showed that, during
a few days’ storage of lamb LD (earlier frozen before
rigor onset) at a temperature just below freezing point,
normal glycolytic changes and rigor go to completion.
The & left loins were held, therefore, at —3°C for 15 days
before being returned to storage at —12°C, while the cor-
responding right cuts were stored at —12°C continuously.
All loins were then cooked without a preliminary thaw
in order that the rapid thawing during the first few minutes
in the oven would accentuate any thaw-shortening ten-
dency. No significant shortening would be expected in the
cuts which had received treatment at —3°C since the chem-
ical changes would have gone to completion during storage
at that temperature. On the other hand, in the cuts held
only at —12°C we would anticipate extensive shortening
during the rapid oven thawing, since the chemical changes
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leading to rigor had been prevented from reaching com-
pletion by the low storage temperature.

In each pair of cuts the left loin (treated at —3°C)
was more tender than the right (untreated) loin, the mean
differences (+ SE) between pairs being 1.« £ 0.21 panel
units (p<.001) and 23+ 6.0 tenderometer units
(p < .01). Since the possibility of cold shortening was
small, and in any case equal in the two groups, it is con-
cluded that thaw shortening in one group only has been
responsible for the large tenderness difference between
treatments.

To confirm this finding, Experiment VIl was carried
out, using Y grade lamb carcasses of 25-27 Ib dressed
weight. Eleven of these were held at about 20°C for
periods ranging from 1to 9 hr (mean 5.3 hr) before being
frozen fairly rapidly (—18°C, 500 ft/min). From the
results of Experiments IV and V some degree of cold
shortening would be expected in this group, and in addi-
tion the carcasses would have been frozen well before
rigor completion, so appreciable thaw shortening might
be anticipated with rapid thawing. In a second group, 7
carcasses were frozen at the same rate after a delay of 16
hr at 20 °C; in these, cold shortening would not be expected
at all (Experiment 1V), but the possibility remains of
freezing before the completion of rigor onset, so a small
degree of thaw-shortening might occur with rapid thaw-
ing. In athird group 18 carcasses were frozen after a delay
of 24 hr at 20°C. Neither cold shortening nor thaw
shortening would be expected here, regardless of the rate
of thawing, since the contractile proteins would be
“locked” in full rigor before cold application.

Both loins were removed from all the frozen carcasses.
The left cuts were thawed for 24 hr at 5°C before being
cooked, and the right cuts were cooked with no preliminary
thaw. By varying both the delay before freezing and the
rate of thawing in this way, we would expect to produce
wide variations in the extents of cold shortening and thaw
shortening, with a consequent extensive range of tender-
ness values.

The results of this experiment are shown in Table 2,
together with a summary of the shortening effects believed
responsible for the evaluations in each treatment. In the
1-9 hr group, the mean difference (+ SE) in shearing
resistance between cuts capable of thaw shortening and
those unable to thaw-shorten was 48 + 6.3 units on paired
cuts, a result of very high significance (p < .001). In the
group delayed for 16 hr, the mean difference between

Table 2. Effects of delay before freezing and rate of thawing
on tenderometer evaluation of lamb LD (Experiment V I1).

Delay (hr) 1-9 16 24
No. of cuts per
thawing treatment 11 7 18

Slow thaw:

Tenderometer (£ SD) 41 +23 32+ 6 34+ 9

Type of shortening cold — —
Rapid thaw:

Tenderometer (+ SD) 89 + 16 40 + 11 34+ 9

Type of shortening cold -f- thaw slight thaw —

paired samples—one thawed slowly and one rapidly—
was s + 2.6 units (p < .05). In the third group, all
carcasses of which were delayed for 24 hr before freezing,
the rate of thawing had no detectable effect; all cuts were
satisfactorily tender, and obviously neither cold-shortening
nor thaw-shortening had occurred at all.

This experiment therefore offers further evidence of
the effect of shortening on tenderness, and in particular
confirms the previous conclusion that thaw shortening
alone can produce very appreciable toughening. At this
point it is also appropriate to point out that, if the rapidly
thawed 1-9 hr sub-group had been tough because of a
lack of aging, we would be forced to postulate a remark-
ably rapid and peculiar aging pattern in the corresponding
slowly thawed sub-group. A delay of up to 9 hr at 20°C
would be virtually ineffectual in promoting tenderness; yet
a thawing period of 24 hr, with internal temperatures
mostly below freezing, would be very effective in the
tenderizing process. Clearly the shortening-toughening
hypothesis fits the facts much more readily than the aging-
tenderizing theory.

Effect of cold shortening

The experiments just described have demonstrated that
thaw shortening, uncomplicated by cold shortening, can
produce tough meat. Two final experiments were under-
taken to establish the converse: that cold shortening alone,
with precautions taken to prevent thaw shortening, can
also induce toughness.

In the first of these (VIII), s lamb carcasses (29 Ib,
Y grade) were used. To induce cold shortening, 3 of them
were exposed to air at —18°C and 300 ft/min only 1 hr
after slaughter, while the remaining 3 were frozen at the
same time post-mortem but at a very fast rate obtained
by applying crushed dry ice to both the internal and
external surfaces. Thermocouples embedded deep in the
LD muscles of this latter group established that the tem-
perature fell through the zone of likely cold shortening
(+ 10 to —2°C) in only 20 min, a period known from
unpublished experiments on excised muscles to be too
brief to cause significant cold shortening.

The loins of all ¢ carcasses were removed after tempera-
ture equilibration at —10°C. The possibility of thaw
shortening was eliminated or minimized in both groups
by cooking only after thawing for 24 hr at 5°C. Thus the
two groups, equally lacking in aging and both thawed
slowly before cooking to prevent thaw shortening, differed
only in the likely extent of cold shortening.

The tenderness values of both LD muscles of all s car-
casses were assessed by panel and tenderometer, and a
large difference was found between the 2 groups. Those
frozen extremely rapidly, and therefore without cold
shortening, were scored 5.6 + 0.6 (SD) by panel, and
required a mean shearing force of 35+ 4 tenderometer
units, while the more slowly frozen (and therefore cold-
shortened) were scored only 4.4 + 0.7 and required a
mean force application of 59 £ 9 units. The panel differ-
ence was significant at the o1 level and the tenderometer
difference at the .001 level. Cold shortening alone, there-
fore, without the complication either of thaw shortening or
of differential aging between the groups, caused a very
appreciable toughening of meat still attached to the carcass.



In a related experiment (1X), 20 Y-grade carcasses of
25-30 Ib dressed weight were held at about 24°C for 5 hr
after slaughter to retard the tendency to cold-shorten. Ten
of them were then placed, unwrapped, in a freezer
(—21°C, 500 ft/min), while the remaining 10 were lightly
insulated (a polyethylene bag sandwiched between . cloth
bags) to lengthen the cooling phase, and were then trans-
ferred to the same freezer. One loin from each frozen car-
cass was thawed at 5°C for 24 hr before cooking to
eliminate thaw shortening during the early stages of
cooking.

The two groups were thus equally aged and equally
incapable of thaw shortening. They differed only in their
freezing rates, which would have determined the extent
of cold shortening in their musculature; little or no short-
ening would be expected in the group frozen rapidly after
a 5-hr delay (compare Experiment V1), but considerably
more could take place in the slower-frozen group because
of the longer exposure to temperatures in the cold-
shortening zone before ice-crystal formation arrested fur-
ther length changes.

To verify indirectly that different freezing rates had
in fact been achieved, the pH values of samples of the
frozen LD muscles from 5 carcasses of each group were
measured. The faster-frozen group had attained a mean
pH value (x SD) of only 6.00 + 0.20, while the slower-
frozen group had reached 5.67 £ 0.07.

The LD muscles of the more rapidly frozen lambs
received mean tenderness ratings (£ SD) of 51 0.8
(panel) and 33 + 7 (tenderometer), while the correspond-
ing values for the slower-frozen group were 3.7 + 1.0 and
54 + 10. The respective differences are both highly sig-
nificant (panel p < .01, tenderometer p < .001). Tender-
ness was affected very considerably, therefore, solely by
the extent of cold shortening just before freezing, the
other influences (aging and thaw shortening) having been
equalized in the two groups.

DISCUSSION

The beneficial effect of aging has been established
absolutely in many studies of meat tenderness, and it is
logical therefore to seek an explanation of the results of
the current investigation in terms of aging treatment. For
a number of reasons, such attempts fail entirely to account
for the observations.

If aging during the first few hours post-mortem were
indeed responsible for the large effects found here, it
would be necessary to assume that unaged lamb LD is very
tough. These lambs were young, however, and had been
raised on a fairly high plane of nutrition, so two important
factors favoring tenderness—youth and rapid growth
(Hammond, 1932)—had been met. Furthermore, many
of the LD muscles of lambs frozen without delay were
acceptably tender. Of the 48 early-frozen lambs used in
preparing Fig. 2 for instance, 27 required shearing forces
of less than 30 units, and forces of 40 or more were needed
in only 13 cases. Thus in this group, frozen with no aging
at all, more than half could be regarded as very acceptable,
and only just over one-quarter as undesirable on the
grounds of toughness. This result tells strongly against
the suppositions that lamb is naturally very tough unless
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aged and that our observations can be interpreted in terms
of aging or its lack.

The results of other experiments in this project give
further support to the rejection of aging as a valid expla-
nation of the observed effects. The pattern of increasing
tenderness seen in Experiments 1V and V is incompatible
with any aging scheme which might be advanced. If, for
instance, aging commenced at slaughter, a steady tender-
izing would be expected from the start, perhaps with a
decrease in rate as the internal temperature fell toward
ambient and as the ultimate degree of tenderness was
approached. If, on the other hand, aging commenced only
with the completion of rigor, no tenderizing would be
apparent for probably at least 12 hr, and the process would
not be expected to cease abruptly at some time less than
16 hr post-mortem with a substantial degree of possible
tenderizing still unachieved.

Evidence of a different kind is provided by Experiments
VIl and IX, in both of which great differences in tender-
ness were found between groups which had received identi-
cal aging treatments. It is obvious, then, that aging is
quite unable to explain the effects observed in this investi-
gation, just as it failed completely to account for those
detected in our earlier study on excised muscles.

The primary aim of this paper has been to extend our
earlier work on tenderness from a scale using only excised
muscles to one employing complete dressed carcasses. Al-
though this object has been achieved, it is realized that the
present report is not entirely self-supporting, for at several
points it has been necessary to account for the observed
effects in terms of the results of the previous laboratory-
scale experiments. It was impractical to attempt the
direct measurement of changes in LD fiber length produced
by toughening treatments. We have chosen to link our
observations on carcass lamb LD with the shortening-
toughening relationship earlier established with some pre-
cision for excised beef neck muscle, and rather qualita-
tively, for excised lamb LD. In all cases the very great
effects on tenderness which can be caused by variations
in the normal time-temperature pattern are capable of
ready interpretation by reference to the earlier study.

Only in one small respect—a failure to detect in lamb
LD a second tender zone corresponding to beef neck
shortening of 55-60%—do the two studies appear to di-
verge from parallel courses. We feel that this is due simply
to the inability of LD muscles still attached skeletally to
achieve shortening values of this magnitude, and presents
no obstacle to the general supposition relating fiber short-
ening. meat toughening and the early post-mortem appli-
cation of low temperatures.

Since cold shortening and thaw shortening can occur
readily in the excised muscles of both sheep and beef
animals, it might be supposed that the very appreciable
toughening of meat on the carcass, as described in this
work, could occur also in carcass beef. Before our results
are extended from one species to another, however, con-
sideration must be given to a most important relationship:
that between the cooling rate of meat on the carcass and
the time-course of rigor onset. The cooling rate is deter-
mined not only by ambient temperature, humidity and air
velocity, but also by the size of the cooling body and the



18— JOURNAL OF FOOD SCIENCE— Volume 33 (1968)

depth below overlying tissue of the particular muscle
being considered. The pattern of rigor onset is determined
by the species (Lawrie, 1960), the characteristics of indi-
vidual muscles within a single carcass (Lawrie, 1953), the
ante-mortem treatment of the animal and the temperature
treatment of the carcass after slaughter but before expo-
sure to low temperatures (Bate-Smith et al., 1949). The
range of possible inter-relationships between cooling rate
and rigor onset is therefore wide, and it would be unwise
at this stage to assume the likelihood of toughness produc-
tion in carcasses other than lamb.

Conversely, however, it would be equally unwise to
assume that the phenomenon could occur only in lamb.
Clearly, the introduction of earlier or faster chilling or
freezing of the carcasses of any species (pn the grounds,
say, of speeding through-put or improving hygiene)
should be preceded by an extensive and well-controlled
study designed to detect any sign of the “processing
toughness” described in this series of papers.
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The Effects of Freezing, Frozen Storage Conditions and
Degree of Doneness on Lamb Payability Characteristics

SUMMARY—Comparisons involving fresh versus frozen chops
and roasts from 190 lamb carcasses indicated significant
though nonconformable treatment effects on cooked-sample
palatability characteristics. Freezing resulted in a highly sig-
nificant increase in shear force values for loin chops and
highly significant decreases in flavor, tenderness and overall
satisfaction scores for leg roasts. Freezing rib chops, in con-
trast to the results for loin chops and leg roasts, resulted in
a highly significant decrease in shear force values indicating
an increase in tenderness as the result of freezing. Several
possible explanations concerning these contradictory findings
are suggested and discussed. In other paired-chop compari-
sons, higher final cooking temperatures resulted in increased
shear force values for rib chops; wrapping samples prior to
freezing appeared to have little effect on chop tenderness
comparisons. In all comparisons, variance ratios between
chops treated differently were not significantly altered.

INTRODUCTION

M odern meat merchandising procedures employ
freezing and frozen storage to preserve meat products in
a condition which closely approaches that of the fresh
product. Such preservation is accomplished by some de-
gree of enzyme and/or microorganism inactivation and
retardation of deterioration through the use of low storage
temperatures. The effect of freezing on lamb palatablity
has not been extensively studied, therefore, it is important
from both industrial and research standpoints.

Recent consumer surveys by Lester et al. (1966) sug-
gest that the housewife is increasingly aware of the advan-
tages and disadvantages of frozen retail meats. Based on
housewife interviews to determine product acceptance
opinions, 44 to 50% of the homemakers preferred fresh
lamb roasts, 27% frozen lamb roasts, and the remainder
exhibited no preference. However, 82 to s s % of the inter-
view group said they would purchase frozen lamb roasts
if they were only available in that form.

Batcher et al. (1962) and Paul et al. (1964a, 1964b,
1964c) made important contributions to the knowledge of
factors affecting lamb quality using frozen lamb samples.
The use of frozen samples in such research emphasizes
the need for greater understanding of the real effects of
freezing meat on palatability traits and their measurement.
Weir (1960) states that various investigators have .re-
ported no effect, increased tenderness, and decreased ten-
derness for freezer storage of beef. There is considerable
variation in opinion regarding the tenderizing effects of
freezing on the palatability of meat.

Unfortunately, much of what is now known concerning
the effects of freezing applies to beef and pork and direct

“Market Quality Research Division, ARS, USDA.

application to lamb cuts is not necessarily a direct conse-
quence of their zoological relationship.

Hankins et al. (1940) reported significant differences in
beef tenderness attributable to the temperature at which
the meat was frozen. It seems probable that meat juiciness
and cooking loss differences are also a consequence of the
temperature at which freezing is accomplished. Birkner
et al. (1960) concluded that the size, location and ex-
pansiveness of ice crystals is a consequence of the temper-
ature at which freezing is accomplished. Yet, Child et al.
(1937) reported that the overall palatability of meat was
unaffected by freezing treatment.

Superimposed upon any objective or subjective attempt
to measure the palatability traits of meat samples are dif-
ferences in cooking technique. Weir (1960) reported
differences in tenderness, juiciness, flavor and overall
palatability ratings of beef steaks as a result of differences
in the final degree of doneness to which the meat was
cooked. The conclusion that increased degree of doneness
decreases beef tenderness ratings is supported by the work
of Cover et al. (1960).

In addition to the need for technical information of a
practical nature applicable for lamb cuts, the advisability
of storing research materials under frozen conditions for
subsequent analysis needs to be ascertained. Many times in
the process of performing routine organoleptic or shear
force analyses for research or comparative purposes, in-
sufficient attention is paid to the details of meat storage
and cooking procedure. The actual effects of varying
treatments upon meat samples are, as a whole, unknown.
However, the implications drawn from previous investiga-
tions justify more thorough studies of sample handling and
processing procedures.

This study was undertaken to investigate the effects of
freezing lamb chops or leg roasts and the degree of done-
ness to which they are cooked upon palatability character-
istics and their objective evaluation.

EXPERIMENTAL PROCEDURE

General procedures

Paired leg roasts from 47 lamb carcasses and either rib
or loin chops from 190 lamb carcasses were utilized for
sensory panel organoleptic analysis and Warner-Bratzler
shear force determinations, respectively. A taste panel
composed of eight semi-trained members was assembled
and given preliminary training and instruction prior to the
initiation of the actual testing sessions.

The technique referred to by Cover et al. (1960) as
“oven-broiling” or “air cookery” was adapted for use in
cooking the loin and rib chops in this study. Leg samples
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were prepared by standard oven-roasting procedures. The
data were collected and subsequent phases of the study
were contingent upon ideas developed as a result of pre-
vious stages of investigation.

Phase |

Forty-seven lamb carcasses ranging in weight from 25.8
to 67.9 Ib and in grade from average choice to high
prime (USDA standards) were stored for s days post-
slaughter in a 1°C cooler. The carcasses were individually
moved directly from the abattoir to the 1°C cooler for the
ensuing s -day storage period, so that the total time lapse
from exsanguination to cooler entry was standard and not
greater than 1 hr in length. Upon cutting, these carcasses
provided 94 paired roasts (modified American leg roasts
from the right and left sides) and 94 paired loin chops
(1)« in. thick chops from the anterior end of the right
and left loins).

The leg roasts and the loin chops from the left sides of
the carcasses were allotted to the frozen treatment group.
Both cuts were double-wrapped in freezer paper and
stored for 18 hr at —18°C (legs) or from 3 to s weeks
at —23°C (loin chops). Following storage periods as de-
scribed above, the legs and loin chops were thawed under
1°C cooler conditions to a uniform internal temperature
of 1°C and the cooking and palatability tests performed.

The leg roasts and loin chops from the right sides stored
for 18 hr after cutting at 1°C prior to cooking and subse-
quent analyses. Leg roasts representing fresh and frozen
treatment sample pairs were roasted to an internal tem-
perature of 70°C in a 177°C oven in groups of either four
or six legs (two or three leg pairs) per cooking and tasting
session. One-inch cores from the same anatomical posi-
tion in each leg were presented to the sensory panel mem-
bers for evaluation and scoring. A nine-point hedonic
rating score ranging from 1 (dislike extremely) to 9 (like
extremely), was assigned to each sample by the individual
panel members for the following characteristics: flavor,
juiciness, tenderness and overall satisfaction.

Each roast was then given a composite rating for each
of the four palatability characteristics by averaging the
eight independent scores assigned by the individual panel
members. Each leg roast was weighed to the nearest gram
prior to cooking (frozen legs were thawed at 1°C to a
uniform internal temperature of 1°C and then weighed)
and after cooking to facilitate measurement of evaporative
and drip losses. After allowing the cooked roasts to cool
to 22°C, three )4 in. diameter core samples taken from
the semimembranosus muscle were used for shear force
determinations.

The 94 paired loin chops were handled in a similar man-
ner (i.e., weighed uncooked, oven-broiled to an internal
temperature of 70°C in a 177°C oven, and weighed after
cooking), but the tenderness evaluation consisted only of
shear force determinations based on the average pounds of
force necessary to shear three j+ in. diameter cores from
the longissimus dorsi muscle.

These evaluations were conducted to achieve a compari-
son of: subjective flavor, juiciness, tenderness and over-
all satisfaction scores; proportionate cooking losses; and

shear force value ratings for paired fresh versus frozen
lamb cuts.

Phase I

Fifty-two additional lamb carcasses slaughtered and
handled in the manner previously described for the phase |
group of lambs and stored at 1°C for s days post-slaughter
provided 208 chops which were used to compare their
tenderness when handled by the following four methods:
(a) fresh rib chops, unfrozen and stored at :°C; (b) un-
wrapped chops frozen at —23°C (placed in a waxed card-
board container without having been wrapped) ; (c)
wrapped chops frozen at —23°C (double-wrapped with
freezer paper and placed in a waxed cardboard container) ;
and (d) wrapped chops frozen at —34°C (double-wrapped
with freezer paper and placed in a waxed cardboard con-
tainer). The chops within cardboard containers were lay-
ered (two-deep) and spaced to insure as nearly uniform
freezing rates for individual samples as possible.

Four rib chops taken from the 11th and 12th rib posi-
tions of the right and left sides of each carcass were ran-
domly allotted (one chop from each carcass) to each of
the four treatment groups. The fresh chops were stored for
11 to 14 days following cutting at the freezer temperatures
required by the experimental design. Upon cooking to an
internal temperature of 75°C in a 177°C oven an objec-
tive evaluation of muscle tenderness was achieved by shear-
ing three )s in. diameter core samples from each of the
chops.

Phase Il

To determine the effects on lamb tenderness of differing
degrees of doneness as a result of final cooking tempera-
tures, paired i11th and i2th rib chops from an additional
group of 91 carcasses were obtained. These chops, from
adjacent positions on the posterior end of the rack, were
used to compare the tenderness of fresh rib chops oven-
broiled to different final internal temperatures. The 12th
rib chop from each lamb was cooked to an internal tem-
perature of 75°C (well-done) and the 11th rib chop to an
internal temperature of 65°C (medium-rare) in 177°C
ovens. Three J4 in. diameter cores were used to objec-
tively evaluate tenderness by utilization of the Warner
Bratzler shear.

RESULTS AND DISCUSSION
Phase |

Statistical analysis of mean shear force values for fresh
versus frozen loin chops indicates a significant (P < .1)
decrease in tenderness as a result of freezing. Freezing
did not affect cooking losses, however, and on the basis
of the variance ratio test, freezing had no significant effect
on the ratio of fresh versus frozen variances for either
tenderness rating or proportionate cooking loss (Table 1).
From these results one can conclude that although the
actual value for shear force is affected by freezing, the dif-
ferences between chops (i.e., the variation from chop to
chop) is not significantly altered.

The 0.76 pound difference in shear force values and the
2.14 percent difference in cooking loss between treatments
may be sufficiently large to warrant consideration from the



EFFECTS OF VARIOUS CONDITIONS ON LAMB PALATABILITY— 21

Table 1.
data for lamb loin chops.

Trait
Fresh loin chop shear value (lb)
Frozen loin chop shear value (lb)

Fresh loin chop cooking loss (%)
Frozen loin chop cooking loss (%)

** p < .01

standpoint of merchandising and industrial application.
However, when considered from the standpoint of its
application for research purposes, the lack of significant
differences in variance between the two treatments implies
that lamb chops maintain inherent structural differences
and can be stored in a frozen state for subsequent analysis
with little or no effect on the relative cooking loss per-
centages or tenderness scores.

The variance ratio test value for mean cooking loss per-
centage approached significance, and the values listed in
Table 1 indicate a lower mean cooking loss percentage
but an increase in cooking loss variance for frozen as
opposed to fresh loin chops. In both cases, the results
could be reasonably explained if moisture loss or dehydra-
tion occurred to a greater extent for some chops than for
others in the frozen state. The degree to which such
moisture loss occurred in this study is not known.

Statistical analyses of sensory panel scores, shear force
values and cooking losses for fresh and frozen lamb leg
roasts are reported in Table 2. In contrast to the results
using loin chops, shear force values recorded for leg roast
samples were not significantly affected by freezing. How-
ever, the mean shear value for frozen legs was 0.51 pounds
greater than that for fresh leg roasts, indicating a trend
in the same direction but of slightly less magnitude than
that reported for frozen loin chops.

Cooking losses sustained by frozen legs were greater
than those for fresh leg roasts, although the actual differ-
ence was again nonsignificant. When compared with loin

Table 2. Means, variances,
values and cooking losses for lamb leg roasts.

N

47
47
47
47

and statistical analyses of sensory panel ratings,

Means, variances, and statistical analyses of shear force values and cooking loss

. StaiamiF[ical

Mean Variance SIS
5.25 1.2844 t= 4.17**
6.01 1.6161 F = 1.2583

20.41 11.5320 t= 1.36
18.72 17.4315 F = 1.5116

chops, leg roasts have a much greater unit volume and
much less proportionate surface area of exposed lean. As
a result, it appears that if dehydration occurs during
frozen storage it would not affect leg roasts to the extent
that it would loin chops.

Many researchers believe that freezing affects meat
juiciness in a negative manner, depending upon the degree
of water crystallization and the size, location and expan-
siveness of the ice crystals formed (Birkner et al., 1960).
All of these factors are considered a direct consequence of
the temperature at which freezing is accomplished.

Probably the most important factor influencing juiciness
of cooked meat is the cooking procedure. Cooking pro-
cedures which result in the greatest retention of fluids and
fat generally yield the juiciest meat. Cover et al. (1960)
have reported that beef loin steaks broiled to the well-done
stage (80°C internal temperature) are less tender as indi-
cated by shear force values than are those cooked to the
rare stage of doneness (61°C internally). The changes
in tenderness and juiciness produced by cooking are closely
related organoleptically since meat which becomes less
juicy due to extended cooking and greater cooking shrink-
age usually seems less tender.

In this study leg juiciness scores did not differ sig-
nificantly between treatments. This evidence supports
that elucidated from the cooking loss data. It would ap-
pear that little or no additional drip or evaporation loss
resulted from the freezing-thawing procedure although

shear force

FelRe

Traits Fresh3 Frozen3 F value4

mean 6.23 5.96

Flavor scorel variance 0.2516 0.2603 3.10** 1.0346
mean 6.04 6.00

Juiciness scorel variance 0.3103 0.3651 0.27 1.1766
mean 6.27 5.72

Tenderness scorel variance 0.6026 0.8728 3.08** 1.4484
Overall mean 6.21 5.84

Satisfaction score 1 variance 0.3827 0.4358 3.16** 1.1388
Shear force mean 5.16 5.67

value2 (lb) variance 1.7609 1.4567 1.97 1.2088
mean 20.91 22.07

Cooking loss2 variance 25.1967 21.4147 1.46 1.1766

** P o< 01

1Higher numerical mean values indicate more desirable quality attribute.
2Lower numerical mean values indicate more desirable quality attribute.

3N = 47.

“All ratios computed as higher value ratios.

lower value
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such losses have been reported as a consequence of freez-
ing by Birkner et al. (1960).

The nature and intensity of meat flavors depend in part
on the type, length of time and temperature of cooking.
Weir (1960) reported that lamb leg roasts cooked to an
internal temperature of 65°C have an aroma and taste
more distinctive of lamb than similar roasts cooked to an
internal temperature of 75°C.

No explanation can be advanced concerning the highly
significant differences in panel leg flavor scores in the
present study since so little is presently known about this
palatability trait. The release of volatile flavor compo-
nents or fractions concurrent with some chemical or
physical mechanism occurring during either the freezing
or cooking processes might constitute a reasonable conjec-
ture. Storage time appears to have been so brief that oxi-
dative rancidity was not possible. At any rate, frozen legs
were given significant (PC.o1) lower ratings than were
fresh leg roasts.

Subjective tenderness values for the leg roasts support
those obtained from the analyses of shear force data for
loin chops and the cooked semimembranosus. In this
study, subjective and objective measurements of tender-
ness were apparently highly related. This is in agreement
with the results of Ramsbottom et al. (1945), Cover et al.
(1956), and Paul et al. (1956) in beef comparisons.

In our data, freezing significantly (PC.01) decreased
leg tenderness scores but did not significantly alter the
ratio of fresh to frozen leg roast variances. Since the vari-
ance ratio was not significantly affected by treatment, these
data indicate that leg roasts can be stored in a frozen state,
at least for brief periods of time prior to cooking, with rea-
sonable confidence that variation between legs will not
significantly change.

From a nonstatistical observation of overall satisfaction
scores, they appear to lie midway between the values for
flavor, juiciness and tenderness. The overall satisfaction
score is no more closely related to tenderness than to
flavor. Wider sample differences in any of these traits or
the use of different panel members might result in overall
ratings which were more closely associated with one or
the other of these factors.

The highly significant difference in overall satisfaction
scores in favor of fresh leg roasts does not agree with the
findings of Child et al. (1937), who reported that palata-
bility was unaffected by freezing treatment. It is apparent
that differences in flavor and tenderness observed by the
taste panel members are largely responsible for their
preference for fresh as opposed to frozen leg roasts.

Lester et al. (1966) reported no differences in labora-
tory or consumer panel palatability ratings between fresh

or frozen lamb roasts. Their results are not in agreement
with those of the present investigation. While the range
in weight of carcasses used in this phase of the study was
rather wide, no attempt was made to relate carcass weight
to tenderness values.

The reports of Marsh et al. (1966a and b) suggest that
“cold shock” effects ascribable to differences in weight may
affect palatability ratings. This plausible source of varia-
tion was not investigated in the present study, but no such
trend appears in visual examination of these data.

Phase I

The divergence of opinion among researchers concern-
ing the tenderizing effects of freezing may have resulted
from the utilization of differential rates of freezing—that
is, different speeds and/or temperatures employed for
freezing. Hankins et al. (1940) reported significant dif-
ferences in beef tenderness as a result of the temperature
at which meat was frozen. Since rate of freezing has pre-
viously been implicated as an important factor in deter-
mining the effects of freezing on meat palatability, the data
obtained from 208 lamb chops subjected to different freez-
ing temperatures might help clarify the assumed relation-
ship. The means and variances for shear force values by
treatments are shown in Table 3. A complete randomized
block design was used and the analysis of variance,

employing orthogonal treatment contrasts, is shown in
Table 4.
In this data, fresh lamb chops were significantly

(P<.01) less tender upon cooking than chops subjected
to frozen conditions. Nonsignificant differences were ob-
served when wrapped chops frozen at —23°C or the mean
of all chops frozen at —23°C (treatments B and C) were
compared with wrapped chops frozen at —34°C. These
data are in agreement with Hankins et al. (1940), who
reported that frozen steaks were more tender than fresh
(unfrozen) steaks and that freezing at —23°C and —40°C
had significantly greater tenderizing affects than freezing
at —7°C. However, they found no significant difference in
tenderness between the steaks frozen at —23°C as opposed
to those frozen at —40°C.

Table 4. Analysis of variance for rib chop shear force values.

Source of variation df Mean square F values
Replications Sl 14.85
Treatments 3 37.47 22.17**
A versus B, C, and D 1 103.87 61.46**
C versus D 1 3.93 2.33
B and C versus D 1 461 2.73
Error 153 1.69
Total 207
** p o< .01

Table 3. Treatments, treatment means and variances for rib chop shear force values

Fresh'%l" 0
N 52 52
Mean 9.36
Variance 5.3274

Frozen E—23°C) Frozen

5.6235

Treatment1

(@) Froz&&%@

52 52
7.42 7.80
4.6614 4.3259

1Statistical analyses for means and variances are shown in Tables 4, 5, and 6.
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Table S. Variance ratio (F test) values by treatments for lamb
rib chop shear force values.

Treatmentl
Frozen Frozen Frozen

Treatmentl L{%d z% m
Fresh 1.05562 1.14292 1.2315 2
(bc)

Frozen

unwrapped 1.20642 1.30002
(—23°C)

Frozen

wrapped 1.07762
(—23°C)
1IN = 52 for each treatment.

“ All ratios computed as higher value ratios, All ratios were

lower value
non-significant at the 95% probability level.

Variance ratio values for all possible treatment combi-
nations indicated no significant change in variance as a re-
sult of treatments (Table 5). Duncan’s multiple range test
(Duncan, 1955) was used to compare treatments means
at .05 and .01 significance levels (Table s). Fresh chops
were significantly (P<.01) less tender than chops from
any of the frozen treatments. Differences between freez-
ing treatments were small and although significantly dif-
ferent at the lower significance level (PC.05), displayed
nonsignificant differences at the higher (PC.01) sig-
nificance level.

Although it would appear that these results are in direct
contrast to the data presented formerly (Phase I) in this
report, the two groups of data are not necessarily contra-
dictory. At least three variables must be considered in
attempting to resolve the apparent disagreement. First,
the time in frozen storage differed, being 21 to 42 days
in the data from 94 chops and 11 to 14 days for the 208
chops utilized. Secondly, the temperatures used for stor-
age and for cooking the two sets of chops differed. Until
such time as the real effects of time and temperature of
freezing are known, we can conclude only that tenderness
appears to be altered by changes in one or both of these
variables to an undetermined degree or extent. Finally,
the two sets of chops were from different anatomical loca-
tions. The 94 chops were from the loin, while the 208
chops were from the rack. Since these two locations are
adjacent anatomically (last rib chop-i2th rib and the first
loin chop-13th rib) and from the same muscle (longissi-
mus dorsi), it is usually assumed that this variation would
have negligible effect on the characteristics examined if the

Table 6. Multiple range test for lamb rib chop shear force values.
Treatmentl
Fr 0zen Fro%en Frozen .
S|gw|ﬁaame level 2% Tipé?)
P < 7.422 7.803 7.96s 9.364
P<.01 2.42s 7.80s 7.96s 9.366

1IN = 52 chops per treatment.
2,34 Mean values followed by the same superscript are not sig-
nificantly different at P < .05.
6'6 Mean values followed by the same superscript are not sig-
nificantly different at P < .01.

chops were taken from the same carcass. However, the
magnitude of the difference observed (9.36 Ib for rib chops
and 5.25 Ib for loin chops) for samples from different
lambs suggests that the contrasting results may have been
affected by sample location.

Phase M

The data collected from the 91 pairs of rib chops were
analyzed using the paired-t test and the variance ratio test
in order to compare degree of doneness effects on shear
force measurements. The means and variances by treat-
ment and the analyses are included in Table 7. Lamb rib
chops cooked to 75°C internal temperature required 2.14
pounds of additional force to accomplish shearing than did
those cooked to 65°C. The magnitude and direction of
this difference compares favorably with that reported for
beef loin steaks cooked under similar conditions by Cover
et al. (1960).

A significant (P<.001) decrease in tenderness was ob-
served when chops were cooked to the well-done stage
(75°C internally). A nonsignificant increase in chop-to-
chop variation occurred when chops were cooked to a
higher degree of doneness. It seems apparent that a 10°C
increase in final cooking temperature adversely affects
shear force values. The effect of a smaller increase in
final internal temperature is not presently known, but one
can assume that even small temperature differences are im-
portant when comparing data from chops cooked at differ-
ent times or under different cooking and temperature
conditions.

In a recent study comparing fresh versus frozen lamb
roasts, using both sensory and consumer panel analyses
Lester et al. (1966) found no significant difference be-
tween overall palatability scores for fresh as opposed to
frozen leg or shoulder roasts. They concluded that freez-
ing had no significant effect on lamb roast palatability
differences but that cooking method significantly affected
palatability ratings.

These data also lend credence to the widely held theory
that differences in cooking techniques or conditions may
be as important in explaining meat tenderness differences
as are handling, storage, quality or heritability. In com-
paring palatability characteristics of samples derived from
different sources, extreme care must be exercised to elimi-
nate obvious errors in analysis such as differences in cook-
ing technique.

CONCLUSIONS

The increased utilization Of frozen Storage for the
preservation of meat justifies attainment of a more com-

Table 7. Means, variance and statistical analyses of shear force
values for rib chops cooked to different degrees of doneness.

Treatment1
65°C C
mﬁs}}sm
N 91 91
Mean (lb) 7.70 9.84 t= 10.24%**
Variance 4.2776 5.4113 F = 1.2653

1Final internal temperature achieved during cooking.
**% (P < .001)-
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plete and comprehensive understanding of the effects of
freezing on muscle tissue palatability characteristics. Be-
cause of time and labor requirements, meat cuts are often
stored in a frozen state for analyses at some future date.
Because such storage includes a multitude of procedural
differences, faulty or even grossly incorrect conclusions
could be made, inadvertantly, as a result of tissue changes
occurring as a result of only minor differences in proce-
dure. It is hoped that this study will promote further and
more complete studies into meat handling technology.

On the basis of these studies it is concluded that:

a. Highly significant changes in meat palatability char-
acteristics occur as a direct result of differences in handling
procedure.

b. Freezing lamb loin chops resulted in a highly sig-
nificant increase in loin chop shear force value. Freezing
leg roasts resulted in highly significant decreases in flavor,
tenderness and overall satisfaction scores. Leg roast shear
force values, though nonsignificant, support the conclu-
sions reached from loin chop data and the sensory panel;
that freezing decreases lamb palatability.

c. Cooking loss differences favor fresh leg roasts but
frozen loin chops result in lesser drip and evaporation
losses during cooking. In both instances, however, the
difference between treatments was nonsignificant.

d. Freezing lamb rib chops, in contrast to the results
from leg roasts and loin chops, resulted in a highly sig-
nificant decrease in shear force values, indicating an in-
crease in tenderness as a result of freezing. Differences in
anatomical location, time in frozen storage, temperatures
employed in freezing, and cooking temperatures may have
contributed to these contrasting results.

e. Wrapping meat samples does not appear to be essen-
tial to achieving accuracy in shear force determinations;
but it is believed necessary if other palatability character-
istics (such as juiciness or cooking losses) are to be evalu-
ated. Similarly, whether meat is frozen at —23°C or
—34°C does not appear to affect tenderness comparisons
to the extent that freezing at any temperature affects com-
parisons with unfrozen samples. However, based on treat-
ment mean comparisons at the .05 level of significance
both wrapping as opposed to storing meat unwrapped and
the temperature at which freezing is accomplished (—23°C
versus —34°C) display significant differences in resulting
tenderness measurements and are important sources of
variation in chop comparisons.

f. A difference of 10°C in the degree of doneness to
which meat samples were cooked resulted in highly sig-
nificant (P<.001) differences in shear force values. Such
results make it imperative that this source of variation be
precisely controlled in intra- or inter-animal or carcass
comparisons.

Rather large differences in shear force variances values
are evident between groups of carcasses utilized in the
three phases of this study indicating that the lambs in

phase | were a much more uniform group than those used
in phases Il and Ill. Throughout the course of these
studies, the ratio of the variances between treatments has
been evaluated. Such analysis was considered necessary
because from a research standpoint, the investigator is
usually more interested in the differences between samples
than in the actual magnitude of the values per se.

If the sample-to-sample variation is not increased or de-
creased by some procedure difference, the actual values
become of secondary importance and can be sacrificed
when circumstances necessitate the use of a given proce-
dure. In every instance in this study, the variance ratio
(F test) values indicate nonsignificant changes in variance
as a result of the treatment employed. Therefore, meat
samples can be handled under a variety of conditions with
little danger of significantly affecting sample-to-sample
variation.
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Degradation of

Storage and

SUMMARY—Analysis of chicken breast and leg muscle stored
under aseptic conditions at 0, 5, and 10°C showed that the
breakdown of inosinic acid and formation of hypoxanthine
depended on storage temperature and time. Over 75% loss of
inosinic acid content of both breast and leg muscle occurred
in 3-5 weeks at 0°, in 2-3 weeks at 5° and in about | week
at 10°C. These storage periods correspond to the lengths of
time after which quality deterioration has been detected by
sensory evaluation. During the same periods of storage, the
hypoxanthine content of these muscles increased gradually
to a value of 200-400 pg/g of muscle.

Since the level of inosinic acid in fresh muscle is fairly
constant and related to flavor, the results indicate that an
objective method of quality assessment of chicken meat based
on inosinic acid content is feasible. A similar test based on
the hypoxanthine content is also possible, but not likely to
be as satisfactory, because losses occurring as a result of
"weeping" and leaching in hypoxanthine content would
show an apparent quality that is higher than it should be.
On the other hand, an index based on inosinic acid would
reflect similar losses by lowering of quality.

INTRODUCTION

W ork on taste-producing substances hes shown tet
ribonclecticss eart a mjor influe on tre flaar of
fieh fooks (Kazenlec, 1961). The most abundant riko-
rnucleotice N chiden muscle B Irosinic acid which after
the death of the bird cuickly acounulates as a realt of
cegradation and  ceaminattion of adaosire tripgogtate
QavideKet al., 1967 ;TerasaKi et al., 1986). Inosinic acid
B then sloMy degraded to inosire and  hypoanthire,
mainly as a reault of action of intrirsic muscle empymes.

Sine tte degradation of iosinic acid o hypoanthine
hes been associatad with a loss of desireblle flaar and wirth
tte develogmat of biter “off” flaar (Joes, 1963;
Kazeniec, 1961; Sorelli, 195), the measurement of 1no-
snic aoid and iits breakdown products aould form the
kesis of a ussful dojective test Tor the determination of
meatt qality. This peper desaribes danges N inosinic acd,
inosire and hypoanthine aontent of chidken muscle during
storage a 0%, 5° and 10°C under asptic croitias.

EXPERIMENTAL

Samples were obtained from oe flok of chidas
(qalas, Ottawa Meat Control Strain) that were raisd
and processd intre laboratory (Khan et al, 1964). After
aging Tar 24 hr indrained crnushed e, the carcessss were
ait ino hehes. These halves were dipped N agueous
dilotetrapdire soludan (10 ppm) far 10 sec and then
stored in dailke plestic begs a0, 5 or 10°C for up ©
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in Chicken Muscle During Aseptic
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6 wesks. Miadhiolagical examination of samples (van den
Berg et al, 1963) shoned no kecterial cottamination n
most s, Results from exquerinents with sanplles fourd
1 be cottaminated were discardsd.

Analysss were made on pectoralis major and bicgs
fororis. Preparation of sarples for aslysis, and tre ex-
tractin, sgaration and estinatian tedmigues found st
able for the rautiire determinattion of inosinic acid, Inosire
and hypoanthine have been described in detaill elsanere
Qavidek et al., 1967).

In rief, 20 g ofF minced sanplle was extracted with per-
chloric acd, and tte Inosinic aad, irosire and  hypoxan-
thire in the edract were sgoarated by pgper chromatog-
raphy and estinatad by ultraviolet spectrosay. A ohatt
system antaining isgorgoaol zanmonia veter (7:1:2,
VAY) was used for sgarating incsinic acid; and a sohvatt
system antaining rHutaol -acstic acid -water (4: 135,
VvA) was used for sgarating inosire and hypoxenthine.
All analysss were made in dplicate and four sanples
were amalyzed at a tine.

RESULTS

The amount of inosinic acid in both bresst and leg
muscle dearessad with storege tire and  tamperature
Hg. D). Over 90% lkoss of the it irosinic acid con-
tant of both bresst and leg musclle ocoocurred i 1-2 weeks
at 10°C, N34 weeks at 5°C and in 5-6 weeks at 0°C.

The irosire antant of both bresst and leg muscle In-
creasd rapidly during tte il 2-3 weeks ofF storace
a0, 5and 10°C, and decressd ttereafter inmuscle stored
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Fig. 1. Effect of storage on inosinic acid content of chicken
muscle, a, pectoralis major; b, biceps femoris; ¢, stored at 0°C;
Q, stored at 5°C; A, stored at 10°C.
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Fig. 2. Effect of storage on inosine content of chicken muscle,
a, pectoralis major; b, biceps femoris; #, stored at 0°C; O, stored
at 5°C; A. stored at 10°C.

a0and 5°C (Hg- 2) Inosire Ban intemadiate product
formed during the degrecation of irosiinic acid 1o hypoxan-
thire, and s cooatration in mcle, ttarefae, degpends
on tre rate of breakdown of inosinic acid 1O irosire and on
tre rate of formation of hypoxanthine from Insire.

The rates of formation and breakdoan of inosire gpear
0 vary with storae te. Terasd et al. (1965) have
shown that there Bno goparant relatian betveen the 1o~
sire aortant of mscle and the flaar of meat.

The amount of hypoxanthine incressed wirth storage tine
and tenperature in both bresst and leg muscle (Hg- ).
Hypoxanthine B known 1o inpart a bitter “off” flaar in
fih (Joes, 1963; Kazeniac, 1961; TerasaKi et al., 1965),
andﬁefymaﬂneantmttfﬁmscleﬂsssmsbeen
used N an index of qality (Joes et al., 1954; Sowrelli
et al., 1985). Itaqmrsﬂ‘atmmlatim(flymmmire
iscommon in fishas vell as inchiden mecle.

DISCUSSION

The results show that measurements of the anounts
of incsinic acid and hypoanthine presat inchiden musclle
can =ne as ==ful indicatias of fredress and flaar, and
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Fig. 3. Effect of storage on hypoxanthine content of chicken
muscle, a, pectoralis major; b, biceps femoris; «,
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O, stored at 5°C; A. stored at 10°C.
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stored at 0°C;

hence of qAllity, of poultry meat.  Measurement of ircsire,
honever, canot be used as an 1Index of these attriutes.
The irosinic acid antatt B higest in fresh muscle and
varies itk with age of the bird, but deoreesss steedily
during stoege. Conparisons shauld be made  between
same muscle fram birts slagiterad and aged under simillar
arditias QavideK et al,, 1967).

The hypoxarthine anteant, on tre otter hard, was reglli-
gible N fresh chiden meat but inoreessd gradially duriing
storage as a reault of degrackation of inosinic acd.  Reac-
M rale stiudiss idicats] tet tre reectios casig tre
disggpearance of insinic acd, and the accumulation of
hypoanthine during storage at dove-freezing tempera-
tues are of tre Tt oy, and thet both of these param-
etars depend directly on storage tenperature.

Most of tre asillcble demnical irdicss essmtally meas-
ure kecterial gooilage; but the assay of irosinic acid and
hypaxanthine woulld nonitor both autolytic deteriaratian,
as it by the presat study, and kecterial deteriora-
1 as sugpested by Kassemsam et al. (1963).

A aoparison of tte reaults rported here with those
dotainad by aaolgptic tests on chiden muscle stored
uder similar acaditias (van den Berg et al, 1964
shoned that qality deterioration fast cetected by sasory
ealuation after aout are week of storage at 10°C, 2-3
weeks of storege at 5°C and 3-5 weeks of storage at 0°C,
correspods o tre lagth of tine required for Iaess of 75%
or more of tre it Iosinic ecid cocetradan. This
illstraiss tre relation between irosinic acid disgopearance
and gality as determined by the testearel method.  Dur-
ing the useful storee i of pouttry, besed on this ai-
tarian, a0.20-0.40 mg of hypoaxanthine accumullates per g
of mcle.

The value of an dojective method besed on the detectian
and measurement of degradation compounds produced by
auohysis ar miadhiolagical grovth s often limited by tre
fat tret when sigificat amouts of these compounds
have been produoed, the meat i already N an icipiet
stae of goilee. Therefore, an dojecitve method besed on
the Irosinic acid aotant of mscle, which s directly re-
lated to the flaar of meatt, woulld gopear to be more ussful
1o evaluatirg gAlity in chiden meat then ane besed on
the hypoanthine aottat which depends on the extant of
Cegracktion of incsire.

Also, hypoxanthine s degraded further to uric ecid ad
allantoin N avian mcle, and B shjected O ks b~
leeching and “Wweeping.” The measurement of hypoxan-
thire In ciiden mecle, traefae, would be abject ©
nanymusardmmldsfmmamretqalrgﬂats
higher then itshould ke, The measurement of inosinic acid,
on tre otrer hard, would fumish direct information on
fresh”essardfhcr,ardv\mld reflat losses ocoourring &s
a reauit of leeching and “Wweeping.”
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-Adenylic Acid

SUMMARY—The 5'-adenylic deaminase activity and AMP and
IMP levels of several porcine skeletal muscles were deter-
mined on samples from 14 Poland China pigs excised immedi-
ately following exsangulnation. There were no significant
(P > .05) differences In adenylic acid deaminase activity
within or between the longlssimus dorsl, gluteus medlus or
rectus femoris muscles even though muscle morphology varied
from dark, firm and dry to pale, soft and exudative. Like-
wise no significant (P > .05) differences in AMP or IMP
levels were observed K the longlssimus dorsl and gluteus
medlus muscles. Simple correlation coefficients between mus-
cle pH and adenylic acid deaminase activity Indicated positive
relationships between enzyme activity and muscle pH at 15
and 45 min post-mortem In all muscles studied. IMP concen-
tration was negatively related to pH of the muscle.

INTRODUCTION

Rate of post-mortem aneerthic glyolysis hes been
shown 1o have a profound effect upon tre fhysical and bio-
demnical prgerties of porcire muscle @ridey et al,
1961; Sayre et al., 1963). A rapid m(fglwxﬁ’olyss
ad low pH—hlgh tEperature aadrtios N the muscle
have been inplicated in the develgoment of e, sft, ad
eubtive (PSE) porcire muscle @ridey et al., 1961;
Badall et a1, 1932). Honever, tte fectas requosible
far tre rgpid ghyoolytic rate have ot been elucicated.

It B recogized tet AMP - aonoentration influaess tre
atimvity of cartain gholtic eynes.  Notebly, phos-
poylese b B dle O degrade glyoogen o gluoose-1-
phosphate In the presence of sffidet gentities oF AMP

@i et a-, 1943). Passomeau et al. (1962) tet
prosdhofructokinese ectivity s inoreesed by AMP .
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Deaminase in Porcine Muscle

_Although tte post-mortem ansercoic ghyoolytic reec-
Tfructokirese have been shown 1 be rate limiarg @o,
1956; Coril et al., 1956; Passomeau et al., 1962; Mansour

et al, 1962; KarFHﬁ(Inet al., 19649), SEQ/I’Eet al. (1963
b, c ad 0) reported no sglﬁcsrt relatiaehip between
atiMity per se OF these two enzymes and the ultinate mus-
denophology. Stettenet al. (1980) reported that phos-
poylese » sBadtive in limig muscle only in tre presence
of AMP .

Sayre et al. (19638) foud most of the phogdorylase
actmity In porcire muscle was In tre » form at 10 min
post-mortem, and Morgan et al. (1963) suggested et
AMP activation of the v form gopears 1o ke an inportant
fector intte rapid rate of of glycoogolysis under aneerdoic
aditios. Additiaelly, adaylic acid deaminese B re-
gasible far the degracation ofF AMP 1 IMP inmusclle
and activity of this enzyme aould thus irtirectly affect tte
rate of post-mortem areercbic giyolysis. Abnormal ade-
nyliic acid deaminase adtimMity hes been dosernved in deletal
muscle of dystrgohic mice (Femington, 1961) and n hu-
mans afflided with periadic hypdalemic paralysis (BEel
et al., 1%4)

This inesticgtiin was initiated o study the adanylic
acid deaminese aotavity of porcire nuscle and 1o determine
ifthe adnylic acid deaminese atomMity was related 1o rate

of post-mortem glyolysis and ulanate nuscle prgerties.

MATERIALS AND METHODS

Muscle samples from 14market-weigt (200-20 b)
Poland China pigs of similar breeding were used In this
stuy Samples of tre laygissins drxdl, glutas medius

and rectus faroris muscles were ecisd within 10 min
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TollovMing ecaguination and frazen imediately in hiquid
nitragmn. Muscle pH was determined at 15 and 45 min
post-mortem, at 1 hr and a 30 min intenals tereafter
wntal 3 hr postnortam.  Ultimate pH wes determined at
24 hr postmortem.  Approximately 5 g of muscle were
hamogenized with 25 ml of 0.005M sodiun  iaccbecetate
and pH of tte was determined. Values ob-
taind with this proosdure compared favorsbly with those
dotainsd using the proocedure of Marsh (1952).

Muscle samples were stored a maximum of 7 days a&
—20°C before being assayed far adenylic acid deaminese.
Frozen storage Tar this legth of tine did not affect activity
compared 1o ttet of frsh mscle. The enzyme was ex-
trected from frazn muscle tisse as desoribed by Lee
(1933). The muscle was homogenized with 3.5 volures of
uffer 0.3 KC1, 0.0v KHZ2P04and 0.06M KHP04)
a pH 65. The deaminese was extrected by stimirg &
3°C for 1hr. Assay of egymatic adtiMity was determined
by the method of Lee (1963) wirth modirficatios sLgpested
by Snileyet ai. (1967)-

The reection was caried aut n a oAl wolure of
3ml inte presae of 0Iv sucite and 1 X 10
AMP, pH 65. Rate of disggoearance of AMP was deter-
mined by folloving te rate of decrease N aosorbance at
265 in a Beckman DU gpectrgdhotareter equipped
with a GiHord Model 20 absorbence ticator.  Protein
aoentration wes detexmined by the 280/260 mabsorb-
ae raio. Jeafic of te deaminese (*m AMP
deaminated/min/ing protein) wes determined by te for—
mulla Snileyet al., 1967) :

absorbance wniits decreese/in
pci cactlvny (0g9) (protein antent per assay NMY)

AMP ad INP cetemretias

Ncleotides were extractsd fran frazen muscle as de-
soribad by Danrert (1966) with slight nodificatian. Ten
g of frazen nuscle were homogenized with 50-60 ml of
hot water ina VirTis hanogenizer at maximum speed for
2min. The homogenate was diluted to 100 ml, then aantri-
fuged and tre syparmatant adjusted © pH 80. Ten mll of
the supermatant were placed on an anion exdhange colum
and the nucleotidss sgoarated as desaribed by Macy et al.
(1S%).

The eluted pedks were ealuated by te
2 4—d|n|trophenylhydrazme (2 4-DNPH) dernatine
method of Lertto et al. (1964). The quntaty of 5™-moo-
ruclectick was clailated from a stadard aune
prepared for pure 57 -AMP  rather then by use of extanctian
aeffidets of tre 2,4-DNPH derivatives.

St adlyaes
Analysis of variane, stadhard errar of the means and

arrelatin asffiiaaets were alaldated acooding © te
methods of Shedecor (1956).

RESULTS AND DISCUSSION

The adenylic acid deaminase activity of the lor
gissinus drsi, glutess medius and rectus faroris as vell

Table 1. Means and standard error of the means for adenylic
acid deaminase activity, AMP, and IMP in porcine muscle.

Al e P2

MEen SE Men SE Men SE

0.031  0.001 0.60 0.11 6.15 0.42
0.031  0.002 050 0.06 6.03 0.14
0.027  0.002

Mede

Longissimus dorsi
Gluteus medius
Rectus femoris

1Adenylic acid deaminase activity =
min/mg protein.
2/tM /g fresh muscle.

/(M AMP deaminated/

aste AMP ad IMP leds of tre lagissims dosi ad
glutaus medius nuscles are showmn inTable 1. There were
no_sigificat (P > () differaes in adylic acid de-
aninese activity wirthin ar between any of the three mscles
studied, even though ulinate muscle morphology varied
fran dak, fimand dry (DFD) 1 PSE (Qbjective soae,
as cesoribed by Bridey, 1959).

Honvever, the mean adtmity (.:m AMP  deaminated/
min/mg protein) n te rectts faoris muscle (0.027)
was dligtly loer then tret dosened in tre Idglssms
dosi (003D or glutas medius muscles (0-BD).
three muscles were gedfically dhosen because cfttelr
varying aszptibility t© developrent of PSE morphology.-
The gluteus medius B most sSLsaptible to development of
PSE nompology, while tte lagissims dxsi B inter-
mediate and the rectis faoris BoUite resisat

The leels oF AMP and IMP at 15 min post—-mortem
were not sigifientdy (P> (b)) diffaat within or be-
tween laygissins daxsi and glutess medius muscles
(Tdble D). The AMP aoxattratias in tre lagissinus
cosi and glutess medius mscles vere 0.80 and 0.50
v-M/g, and tte correspoding IMP - concen-
tratias were 6.15 and 6.8Bpm /g, regectively.

Few data conceming parcire muscle ncleotice leeks
are aaildble ntte Iterature and those values which have
been rgported were for muscle which had been held for
varying lagts of time postHmortan. Nucleotice lkeels
in such nuscle woulld undoubtedly vary greatly due to en-
zyme dgradation.  For exaple, Daert (1966) foud
48r’rpost—m)rtemIMP kdsofF3.12, 3.23and 2.Bim /g
in porcire bicgs faroris, lagissinus dasi and semimem-
braoaus mucles, reotinely, and corvespording AMP
lkedsof090, 0.3B ad 0.Bpwm /g Tor thoe same nuscles.

Simple aoxrelation aefficats were calaulated between
aderylic ecid deaminese adtimaity and musclle pH at 15 and
45 min post-mortem 1 evaluate tre relatiaehip between
enzyme adtivity and rate of pH Hll (Teble 2). Rsitive
aorrelation aceflicatswere dotained between adenylliic acid
deaminese actimity and nuscle pH at extter 15 or 45 min
post=mortem in dll thvee nusclles studied. The axrelatias
aeffidats between deaminese adtivity and pH at 45 min
@ = 0.7) i te glutess medius and betiween enzyme
atmtyand Pl at Lmin (= 0.55) intte rects faroris
nmuscle were satidically sigifiat (P < Qlad P < (5,
reqectively)

These relatioships idicaie tret mscles with more
rapid post-mortem pH declire had loner 5™-edanylic ecid
deaminese actimity and sugest the inplication of this en-
zyme In cditias which faor rgpid post-mortem ghy~



Table 2. Simple correlation coefficientsl between pH, adenylic
acid deaminase activity, and AMP and IMP levels in porcine
muscle.

pH 15 min pH 45 min

Longissimus dorsi

Adenylic acid deaminase 0.29 0.41

AMP 0.23 0.00

IMP 0.11 -.41
Gluteus medius

Adenylic acid deaminase 0.48 0.71

AMP 0.17 0.12

IMP -.64 -.84
Rectus femoris

Adenylic acid deaminase 056 0.43

1Correlation coefficients > 0.53 are significant at 5% level and
those >0.66 are significant at 1% level.

absts. In some asss, pH had deareasad measurably et
10 min post=mortem when the muscle sanplle was dotairned.
Whether this dclire npH had any effect on activity can-
ot ke ealuated fron ttese ciia. It shauld be roted,
hovever, tret tre assay was camied aut et pH 65, slb-
stentially belov physiolaical ledks.

Sinple anelation aeffidats between  postHmortem
nmuscle pH and AMP  ledls raealed no gooarent relatia
ship sine dl of tre \alues were lov and osigiificat
(P > (®). This deenation seems o be antradictory
1o the relatiaehip found between deaminese activity ad
post-mortem pH dedlire. The reesn Tar tree differaes
B ot goparent from these dila. IMP concanratian wes
recatively aonrelated wirth post-ortem pH exogpt far tre
low positive corellation (r = 0.11) dotained between IMP
ad 15 min pH in te lagissins daxsi mecle. The
recative relatiaship was most in tre glutas
medius mscle with the corelatian between IMP and 45
min pH being sigifiat r = — 8, P < Q). This
relatiaehip would be expected sine Brigkey et al. (1961)
reported thet pH decllire in porcire musclle was conoomi-
ant with tre dearease In EHailke phosphate canpounds.

Deficiaties N abylic acid deaminese activity In dele-
Hl muscle have been reported in aartain pattolagical con-
ditios. Pemington (196D reported thet 5™-adnylic acid
deaminese was rearly 3 times loner in deletal muscles of
dystrgchiic mice then in muscles from normal mice.  Bel
et al. (1964) found a markedly loner activity of this en-
zyme In human deletal muscles of patiats aufferirg from
hypakalemic paralysis.

Adenylic acid deaminese activity difffaraess of thismag-
nitLce were ot dosened in this study with porciine mus-—
des, even though a wide rage of muscle morphology
(DFD o PSE) ad rates of post mortem pH declire
existed among tre pics.  The absence of arsistently high
positive relatiaehips between adnylic acid deaminese ac-
tMty and post-mortem pH values In porcire deleta
muscle syports the aaclusion that activity of thils enzyme
B ot highly related o te etiolay of Ele, soft ad
eustive porcire meulature.
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Dielectric

SUMMARY—The finished drying of potato chips represents
the first large-scale use of microwaves in the food industry
on a continuous basis. Hence it was deemed desirable to
study the dielectric properties of various types of commercial
cooking oils.

The dielectric constant (eh) and loss tangent (tanS) of 11
commercial fats and oils have been determined at three
different temperatures and at three different frequencies in the
microwave range. The differences in dielectric properties
among these fats and oils appear to be attributable to the
phase (solid vs. liquid) of the material and generally corre-
spond to the degree of unsaturation as evidenced by iodine
values. The differences in loss factors among these fats and
oils at any given temperature and frequency (within the range
at which the measurements were made) are too small to be
of any practical importance in selecting any one of them
for use in heating processes using microwaves or in choosing
an optimal frequency (300, 1000 or 3000 megahertz, MHz).

Data for one of the oils (number 9) were obtained ever a
wider range of frequencies and indicate that the loss factor
peak(s) is/are found in the frequency range of 100 to
1000 MHz. Furthermore, from the data obtained for the
other oils, it should be safe to assume that this oil is repre-
sentative of dielectric properties of the entire group. The
dielectric properties of bacon fat rendered by microwaves
are almost identical to those of bacon fat rendered by con-
ventional means.

INTRODUCTION

In any problem related to heatiing, one of the first itas
of concem B tte anount of energy nesded.  Regardlless of
the type of energy usd, the besiic anser can be sinplified
L (0]

ENERGY NEEDED = POWER x TIME
in which energy needed B INnvatthors and 1 BTU =
0.238 vatt-Hours.

Poner, trerefare, becares tte real determining oo,
and tte poner which can be gererated N a non-conductor
placd in an electraregetic fidd i shown by the followv-
ing equation (Goldblith, 1967) :

P=EYtaSx 56l x IEY [So Pl |
in which P = power inwatts par abic meter

i = frequey In
tr= relatne didectric aastait of tte naterial
and

It Bnow evidat that the poner which can be
in a dieledtric B dependent upon the woltece (B) aplied,

*Major in the U. S. Air Force Veterinary Corps. Presently on
the staff of the Division of Biology and Medicine, U. S. Atomic
Energy Commission, Washington, D. C.

" Laboratory for Insulation Research, Massachusetts
of Technology, Cambridge, Massachusetts 02139.

ODepartment of Nutrition and Food Science, Massachusetts
Institute of Technology, Cambridge, Massachusetts 02139.
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Properties

of Commercial Cooking Oils

tte froey () s, te relaie deledric aostat
€1 and didlectric loss tagent (taS) of tre naterial being
heated. The product € x tat) of thee It two fec-
tors stte didedtric Ioss fedor EY).

A amlicating factor in predicting heat geneyatian by
tre u= of micronave a|ryy, hovever, B tet both te
€rand a5 (ee €Y) Tar any naterial are fuctias of
the goerating frequency and of the anbilent tenperature.
It now becames diear ttet the frequency and tenperature
dependence of the didledtric Iess fector of any given ma-—
e must be known Inorder 1o pradict its actual behavior
& a dedetric. While tere B a arsidarable amount of
chta aaillicble on the didledtric prgperties of food materials,
very itk B on fraqacies in the micronave rate.

A major use of micronave heating in the food indstry
B for finkh drying of potato dips.  This method hes te
tremendous advantege (Over more aonventiaal  heating
methods) of resulirng in no adbitical darkening of the
chips vwhille they are being dried by the micronave ereryy.
The work reported in this pgper was undertaken in an
efiat 1 determire the didlectric prgeertaes of nire com-
nercial fats and dlkwhich are rqresatative of the typess
used inthe indstry and to determine whether any of these
possessad dieledtric prgoerties which would, per se, make
s u=e for fryirg potato chips which were
o be finish dried by micronaves.

EXPERIMENTAL MATERIALS

The 11 fats and oils for which didledtric prgerties
are rgorted were ypllied by the Food Research Division
of Armour and Camparty, Oak Brook, o, A desorip-
o of tre saples B presattied In Table 1. Nine of the
saples are camercial fas and ails; tte other two are
sanples of baoon fat rendered by aonventiaal means and
by tte use of micronaves.

EXPERIMENTAL METHODS AND
EQUIPMENT

Dielectric measurements

Dielectric measurements on the 11 saples were made
wsirng the precision slotted e tedmiqe desoribed by
Raerts et al. (1946), Dakin et al. (1947), anonymous
(950), von Hippel (199, Ginzton (1957), Soderman
(9B), Westphal (1953), Beatty (19%5), Gilnore
(1966) ,and Westphal (1955). Details of tre procedure
ad of tte clalatios have been desoribed by Pace
(1967) . This procedure makes use of a caxial tras-
missian lire, limiirg the electraregetic fiedd o the ircllo-
aue of tre lireand reuling in the production of a stand-
ingwave when the trasmitted wave s reflected back o the
souree by some temirating suface such as a netalllic
bamier (Rg. D).

The fied stragth at any given point inthe transmiission



Table 1
fats and oils.

Sple

1 Soybean salad oil

List and descriptions of samples of 11 commercial

.

Refined, bleached and deodorized

Corn oil Refined, bleached and deodorized
Cottonseed Refined, bleached and deodorized
cooking oil
4 Lard Deodorized
5 Tallow Deodorized tallow used for deep-fat
frying
6 Tex 425 Blend of meat and vegetable fats
Especially suitable for deep-fat frying
7 Kremit Hydrogenated all-vegetable shortening

The standard all-purpose vegetable
shortening

Partially hydrogenated cottonseed oil.
Designed for deep-fat frying

Selectively hydrogenated all-vegetable
shortening. Designed especially for
deep-fat frying

8 Specification 522

9 Kremax

10 Conventionally
rendered
bacon fat

11 Microwave-
rendered
bacon fat

Ire ssinply trevector sum of tre stragtis of tre Incidat
A ad refleted (B) waves at tre particular oint. A
point intte lire can be found where this vector sum Bat
a maximum and likeMse, where it B a£ a minimum.
These two phenamena ginve nie 1o the starding wave ratio
(SWR)

Eqrex A + B
Eniin A - B
inwhich Emax = voltege atmaximum, and
Emin = voltage at minimum.

The Insrtian of a didledtric ino te tramnissin Ire
will result na dhange ntte SWR due to inpedance ©
tewave and evidenced by danges in tte posittian and tte
width of tre starding wave nodes (Hg- 2)- These danges
aretre besis for alalatirg crand &b,

Dielectrometers

To make tte measurements (noce laatias, node

SWR = - 2]

DIRECTION OF PROPAGATION

() ®

Fig. 1. TEM mode as a traveling wave (A) and as a standing
wave (B). E is the electric field strength and H is the magnetic
field strength.

DIELECTRIC PROPERTIES OF COMMERCIAL COOKING OILS—31

POWER SOURCE

POWER SOURCE

—Najy
1o
AMXg D41 t—Noy
izt RN
Il ng2
11 2
HE . SHORTING
ol e PLUG
2E E
A 2E E B
Fig. 2. Change in wave length and node width of the standing

zvave as a result of inserting a dielectric sample (with loss) into
the line.
A. Air-filled line (closed off by shorting plug)

N »—first minimum above the terminus

Alat—second minimum above the terminus

A°y  half \ivave length

E—minimum power point
E—twice minimum power points
AAT—width of minimum as measured at the twice minimum
power points
B. Line zvith sample holder (containing sample) attached.
N ,—first minimum above the terminus

half zvave length

X,—distance (cm) of the first minimum above the front face
of the first dielectric
E— minimum power point
2E—twice minimum pozver points
AX,—width of minimum as measured at the twice minimum
pozver points
di—distance (cm) from top of sample holder to front face
of first dielectric (sample cover)
dt—thickness (cm) of the first dielectric
di— thickness (cm) of the second dielectric (sample)
B,—boundary between air-filled portion of line and front
face of first dielectric
Bi—boundary between bottom face of first dielectric and
front face of second dielectric.

widths, ec) upon which tre caladation of the didledtric
pragcerties of amaterial s besxd, a dielectroreter B usad
Hg- 3. The anplete it arsists of:

1. Power supply. The poner suply draws eledric
pover from tre Ire ad, f resssary, aonverts Ko te
voltage needed by the micronave garerators.

2. Microwave generators. Qscillators or kiystron tuoes
are us=d o anert tre syplied pover N micronave
earyy a the gedfic fragacies far which they ae
cesigad.

Fig. 3. Block diagram of a complete standing wave measuring
system. A —power supply; B—microwave generator; C—attenu-
ator; D —precision slotted line; E—sample holder; F—-carriage for
traveling probe; and G—detector.
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3. Attenuator. An attEnator s used © regulae te
poner led of tte sigel pided up by the prae.

4. Precision slotted line. The precision slotted lreginves
te name o tre tadmige nwhich kB used and asists
of a precisiavmilled coaxdial Irewrth a skt alag are sice
of tre auter coductor runing aalldl  te ads.

5. Sample holder(s). Thesmplemlobrsarepa:ism
cbvicss which hold the saple whose prgoerties are o ke
cetermined.  They attech to the micronave trasmissian
Ire nsuch away astobecome an integal part of e Ire

6. Traveling probe. The prdee B a fire micraneter
driven wire which protrudes through the sat in the auter
wave guice. It B usad 10 saple tte wave 0 tet 1S
relative stragth can be measured atany given oint, sup-
plying data needed 10 determire the stading wave ratio
and the positias and widths of the wave nocks.

7. Detector. The detectr, an ampmeter atteded o tre
prde, affods tte gerator a knowledge of tte relatne
wave stragth at the aite of the prae.

In tte work rgoorted in this pgper, dieledtric measure-
ments at 1000 and 3000 MHz (megahartz) were made
on a Model 1 Micronave Dielectrareter (Hig. 4) manu-
factured by Catral Rescarch Ldoratories, k., Red
Wing, Mimesota. Measurements at 300 MHz were made
on a similar piece of equipment aostructed by parsael
of te for Insulation Research of tte Massa-
dus=tts Irstatute of Tedvology.

Saple ol

The sample holder (Hg- 5 used with thee fais ad
ak sBa sald it 1t s filld by ligefyirg tre aks ad
then introdlcing them a 15 gauge hypodermic
resdle made into the top of the hollder at ane edoe of te

Fig. 4.
(Courtesy of Central Research Laboratories, Inc.)

Photograph of a Model 1 Microwave Dielectrometer

Fig. 5. Sample holder used for dielectric measurements on oils
at 300 M Hz (holders used at other frequencies were similar except
for length).

sample aaty. The saple canty hes a volure of 30 cm3.
A secod hypodermic redle, similarly positiced at tre
edge of tte tp, alloas escae of air as tte saple
cvity sfillel The vall of tre holder s jadeted o allov
pessace of vater fraom a aorstant tarperature bath 0 tret
tte tenperature of tte saple can be dhanged as desired.
A thermooouple in tte bottom of the holder allons a atss
dheck of saple tenperature apirst the tanperatures of
tre water etterirg and leavig tte jadet. The top of e
rolcer, aove tte Iimits of tre sarple, B surrounded by
ik for tre pessage of colimg vater 1© prevant heatig
of tre ar-filled portaon of the micronave tramsmnissian lire
The major problem encountered in using this holder B
N assrirg et air podets do ot form over the upper
sufae of tre saple due 1o dhrinkage of tte sarple when
it 5 ool o taperatures belov tet at which it was
introcdboed ino tie holder (egoscially when such aoolling
relits n prtalHoEl olidificaion of tre saple). The
bestway 1o prevent this i 1o aol the saople quite slody
while maintaining a positive pressure on tre entry e
(edle) and asarig tet tre air edat Ire (eadie)
ramains gon.
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Table 2. Dielectric data on 11 commercial fats and oils &

IDVHz

T2 1013 B8 W axs)

I & 2.853 2.879 2.862 2.612
tanfi 0.0559 0.0480 0.0322 0.0644

er 0.159 0.138 0.092 0.168

2 €r 2.829 2.868 2.861 2.638
tanfi 0.0615 0.0468 0.0359 0.0664

e'r 0.174 0.134 0.103 0.175

3 € 2.825 2.859 2.834 2.629
tanfi 0.0606 0.0463 0.0363 0.0660

er 0.171 0.132 0.103 0.174

4  €r 2.718 2.779 2.770 2.584
tanfi 0.0564 0.0493 0.0394 0.0612

ér 0.153 0.137 0.109 0.158

5 €T 2.603 2772 2.765 2.531
tanfi 0.0485 0.0509 0.0381 0.0582

er 0.126 0.141 0.105 0.147

6 €r 2.681 2.723 2.765 2.596
tanfi 0.0543 0.0525 0.0402 0.0578

er 0.146 0.143 0.111 0.150

7 € 2.683 2.777 2.772 2.530
tanfi 0.0524 0.0505 0.0371 0.0582

er 0.141 0.140 0.103 0.147

8 er 2.755 2.804 2.793 2.622
tanfi 0.0573 0.0497 0.0391 0.0625

er 0.157 0.141 0.109 0.164

9 €&r 2.693 2.765 2.760 2.550
tanfi 0.0523 0.0512 0.0392 0.0616

er 0.141 0.142 0.108 0.157

10 €r 2.753 2.799 2.767 2.615
tanfi 0.0622 0.0533 0.0356 0.0625

er 0.172 0.149 0.099 0.163

1n €r 2.742 2.796 2,772 2.601
tanfi 0.0576 0.0460 0.0354 0.0624

er 0.158 0.129 0.098 0.162

1076 B8 V(a33) 1018 K>
2.705 2.715 2.506 2.590 2.594
0.0645 0.0517 0.0551 0.0648 0.0617
0.174 0.140 0.138 0.168 0.160
2.703 2.713 2.526 2.567 2.587
0.0643 0.0538 0.0566 0.0645 0.0630
0.174 0.146 0.143 0.166 0.163
2.669 2.673 2.515 2.536 2.554
0.0641 0.0547 0.0568 0.0651 0.0627
0.171 0.146 0.143 0.165 0.160
2.651 2.656 2.486 2.527 2.541
0@D 0.0516 0.0509 0.0608 0.0583
0.159 0.137 0.127 0.154 0.148
2.568 2.610 2.430 2.454 2.492
0.0567 0.0512 0.0487 0.0582 0.0576
0.146 0.134 0.118 0.143 0.144
2.650 2.662 2.491 2.529 2.546
0.0575 0.0519 0.0497 0.0583 0.0573
0.152 0.138 0.124 0.147 0.146
2.654 2.665 2.420 2.534 2.550
0.0576 0.0514 0.0482 0.0578 0.0571
0.153 0.137 0.117 0.146 0.146
2.620 2.628 2.497 2.499 2,515
0.0588 0.0522 0.0533 0.0600 0.0587
0.154 0.137 0.133 0.150 0.148
2.649 2.657 2.466 2.521 2.546
0.0557 0.0507 0.0511 0.0568 0.0570
0.148 0.135 0.126 0.143 0.145
2.655 2.637 2.498 2.539 2.526
0.0606 0.0547 0.0532 0.0597 0.0588
0.161 0.144 0.133 0.152 0.148
2.655 2.660 2.487 2.536 2.546
0.0607 0.0549 0.0507 0.0599 0.0590
0.161 0.143 0.126 0.152 0.150

1Descriptions of these oils may be found in Table 1 and chemical data in Table 3.

2Temperature
“Temperature
'Température
“Temperature
“Temperature
1Temperature
8 Temperature
“Temperature

range 77°F-79°F.
range 118.4°F-123°F.
range 169.6°F-179.4°F.
range 77°F-80.6°F.
range 121°F-127.4°F.
range 172.9°F-184°F.
range 121°F-127.4°F.
range 172.9°F-184°F.

Chemical methods

The determination of noisture and \olatikes was made
by the Vacuum Oven Method as described N Section
26.02 oFAOAC (1990).

RESULTS AND DISCUSSION

Dielectric data for tre 11 fats and dks are presated
inTeble 2. Chemical data (iadire valles, solids-at index
\aless, gesliquid chramatography  determinations of
straight dain legth of fatty acads, and moisture and vola-
tks antent) are inTable 3

Each al s made up of a sxies of varias fatty acics
differig in relative guentities depending on tre arigin ad
tye of al (ad/or fa) as shown in Table L Thus a

pcal aralysis that one might make besed on data for pure
fats and fatty ecics s ot pssible.  Honever, tre diffa~
aes nmegnitude of eftter the diddedtric aostatt or ks

tagent between tte maximum or minimum \alues ob-
snad uder any aodition of frequency or tenperature
are rot very gest

Buchanan (19%4) measured tre ks daradteristics of
tpical fatty acis (@ric, litic, and stearic ackk).
He als measured the didlediric aostant and Ioss fedar
over a frequency rage from aoout 600 1 23,800 MHz
and foud both crand €1 1o be lov and costat. When
ligud palmitic and lauric ecics were meesured, tre reallts
were similar but shoned a higer Ioss and a “‘suggestion
of a region of relaation ks (or pesk Intre €rplot as a
functdan of frequecy) between 1and 3 cm” (23,800 ad
9,40 MHz, regectinvely).

Morgan (1934) measured the didledric aostat ad
loss of ghyaerol as a fuction of freguency and of tenpera—
ture and shoned tret far pure giyaarol (0ver tre rage
0.38 ©' 98,000 KHz) , there Ba pesk In the dieletric loss
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Table 3. Chemical data on 11 commercial fats and oils.12

1 2 3 4 5
lodine value 129.8 129.5 113.6 66.8 42.7
(W 1JS)

SFI3 50°F None None None 253 37.2

70°F None None None 17.5 26.3

92°F None None None 4.3 19.1

104°F None None None 18 10.7

GLC5 C-14 1.2 12 2.6

C-15 0.9

C-16 10.1 11.0 22.7 23.9 24.9

C-16' 0.6 2.6 2.0

C-17 0.2 1.3

C-18 4.3 1.9 2.1 12.3 24.5

C-18' 24.6 26.6 18.9 46.3 41.2

c-18" 52.8 59.6 54.5 11.9 1.8

c-18"'" 8.2 0.9 TR*® 1.6 0.8
Moisture and 0.040 0.32 0.053 0.093

volatiles (%)

1Descriptions of these oils may be found in Table 1.

0.075

6 7 8 9 10 11
58.2 78.5 81.2 76.2 68.4 67.6
NA4 30.0 19.2 NA 23.6 25.4
NA 20.0 9.6 NA 171 18.6
NA 12.5 1.6 NA 3.0 3.3
NA 6.5 Nil NA 1.3 1.5
1.9 0.4 0.7 0.9 1.2
0.2

219 14.9 22.4 12.6 24.9 25.8
2.2 0.5 2.3 2.2
0.5

18.3 11.8 5.1 111 12.0 114

46.5 63.9 50.1 70.8 47.8 47.9
7.2 8.1 20.0 4.8 10.6 10.1
1.3 0.9 1.2 0.7 1.5 1.4
0.410 0.018 0.207 0.032 0.06 0.04

2Data in this table (other than moisture content) supplied by Food Research Division, Armour and Company,

Oak Brook, Illinois.

8SF|l—Solids-Fat Index, the amount of solids in relation to liquid at the given temperature.

4NA— Not available.

5GLC— Gas-Liquid Chromatography determination of straight chain length of fatty acids.

“Trace.

factor which decreases slightly in value as the temperature
and the frequency increase. In addition, the increase in
frequency seems to result in a broadening of the peak of
the curve, with a maximum value showing up at higher
temperature levels as the frequency increases.

Although not on pure compounds, the studies carried out
in the work cited herein do suggest certain trends. First
of all, the differences measured in loss factors (e"r) among
these fats and oils are greatest in measurements made at
the lowest temperature (~77°F) and at the lowest fre-
quency (300 MHz) (Table 4). This is due to the greatest
difference in phase of the components of the individual
samples occurring at the lowest temperature. For instance,
at 175°F most, if not all, of the material of all the samples,
e.g., the samples of lard, tallow and Kremit, are in the solid
phase. The losses are generally greater in the more liquid
samples, e.g., corn oil and cottonseed oil (samples 2 and 3)
vs. lard, tallow and Kremit (samples 4, 5 and 7). This is
confirmed if one ranks the loss factors as a function of
iodine values of the samples. These data confirm the work
of Buchanan (1954) with fatty acids.

At constant temperatures, the dielectric constants de-
creased as frequency was increased. This change is in
accord with the Debye equations for dependence of the
dielectric constant on frequency which show that dielectric
constants decrease from & to ex as frequency is increased,
with most of the decrease occurring within a 2 log cycle

Table 4. Upper and lower limit of loss factor values (e"r) for
the 11 samples.
Frequency
Temperature 300 MHz 1000 MHz 3000 MHz
~ T17°F 0.126-0.174 0.147-0.175 0.117-0.143
~120°F 0.129-0.149 0.146-0.174 0.143-0.168
~180°F 0.092-0.111 0.134-0.146 0.144-0.163

change in frequency (Hennelly et al., 1948; Smyth, 1955).

€0, the static dielectric constant, is the maximum dielec-
tric constant and exists when there is equilibrium between
the orientation of the molecule and the electrical field at
all times during a given cycle (Fuoss, 1943). ex, the
optical dielectric constant, is the square of the index of
refraction and is a measure of the electronic displacement
current; the electronic displacement current, present at
all frequencies in all materials, is superimposed on any
other current-carrying mechanism (Fuoss, 1943).

The change referred to is in accord with the statement of
Singleton (1960) that generally, as frequency is increased,
it becomes more difficult for the molecules to reorient
against the viscosity of the medium, and the dielectric
constant decreases.

The changes in loss factors (at constant temperature)
which were observed are partially explained by the Debye
equations which require that loss factors change from a
small value through a maximum and then to a small value
again as frequency is increased and temperature is main-
tained constant (Hennelly et al., 1948). Schmidt et al.
(1948) state that if dielectric absorption is due to dipole
orientation, the value of the loss factor decreases slightly
as temperature is increased. Their own work with Halo-
wax produced the opposite effect which they explained,
“Such a behavior can be accounted for in heterogenous
dielectrics either by a change in the conduction of one
component relative to that of the other or by a change in
the relative proportions of the compounds.”

This might also account for the changes in loss factor
observed in this work when temperatures were varied
while frequency was maintained constant at 3000 MHz.
White et al. (1933) reported that the loss factor begins to
increase with temperature at about the same temperature
at which the dielectric constant begins to increase; that
the loss factor passes through a maximum and then de-



creases to a low value at temperatures where no further
rotation of dipoles is possible. They further stated that a
second increase in the loss factor might be noted at still
higher temperatures but that here it would be due to an
increase in ionic conduction.

At a constant frequency of 1000 or 3000 MHz, the
dielectric constants increased as temperatures were in-
creased over the range used. At 300 MHz, however,
dielectric constants showed a slight increase as tempera-
ture was increased from ~77° to —120°F and then de-
creased slightly as temperatures were further increased to
~180°F. Fuoss (1943) stated that as temperatures in-
crease, the dielectric constant goes through a sigmoidal
increase (at any given frequency) as follows.

At low temperatures, high internal viscosity produces
long relaxation times and, hence, little dipole orientation
and low values for the dielectric constant and the loss fac-
tor. As temperature is increased, viscosity decreases and
relaxation time decreases with it. When relaxation times
get to the order of milliseconds, partial orientation within
a cycle is possible and the dielectric constant and loss
factor start to increase.

When the temperature has been further increased to a
point where the relaxation time is small compared to the
period of the field, polarization approaches synchrony with
the field and one finds a relatively high dielectric constant
but a decreasing loss factor. If the values reported in this
paper are in this range, they could be explained on this
basis. Lack of values over a wide enough frequency range,
however, fails to give knowledge of specific locations on
the over-all frequency curve.

In an effort to gain a clearer view of the changes occur-
ring in the dielectric values with changes in frequency, a
more detailed examination of one oil (9) was made. Di-
electric values at 77°F were determined at 10 frequencies
ranging from 100 Hz to 8000 MHz (s GHz). The results
of these determinations are shown in Figs. s and 7. Over
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g. 6. Dielectric constant curve for oil No. 9 at 77°F.
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Fig. 7. Loss factor and loss tangent curves for oil No. 9 at 77°F.
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this frequency range, the dielectric constant shows a gen-
eral plateau from 1 KHz to 10 MHz and then a sharp
decrease as frequencies are increased further. The loss
tangent (Fig. 7) shows a decrease as frequency is in-
creased from 100 Hz to 10 KHz, reaches a minimum, and
then increases as frequencies are further increased to
-1000 MHz (1 GHz).

The curve of the loss factor closely follows that of the
loss tangent. Between 10 MHz and —1000 MHz, a double
curve is shown for both the loss tangent and the loss factor.
This has been done because the value for the loss tangent
at 100 MHz is either slightly in error or else there is a
double peak in this area. The heterogeneity of the oil
makes it entirely possible that a double peak does actually
exist. Again, the changes noted are in accord with the
explanation of Fuoss (1943).

At constant temperatures of —77°F, loss tangents in-
creased with an increase in frequency from 300 to 1000
MHz and then decreased as frequency was further in-
creased to 3000 MHz. At constant temperatures of —120
and —180°F loss tangents increased over the entire fre-
quency range covered. It is possible that at —77°F, the
internal viscosity in the molecular system is too great to
allow complete reorientation at frequencies as high as
3000 MHz.

At constant frequencies of 300 and 1000 MHz, loss tan-
gents generally decreased as temperatures were increased.
At a constant frequency of 3000 MHz, however, loss tan-
gents increased as temperatures were increased from —77
to —20°F and then decreased as temperatures were fur-
ther increased to —180°F. This finding seems to agree
with the earlier statement of Fuoss (1943) regarding de-
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creases in loss factors after a temperature has been reached
where the relaxation time is short compared with the
period of the field and polarization approaches synchrony
with the field.

Moisture content of the various samples (included in
Table 3) ranged from a low of 0.018% to a high of 0.410%,
but there was no apparent correlation between moisture
content (at these low levels) and dielectric values.

It is difficult to draw further conclusions from a theo-
retical analysis of these data, because the samples are made
up of a mixture of fatty acids of different types and pro-
portions.

Nevertheless, from a practical point of view in terms of
power absorption, there is little difference between an
unsaturated vegetable oil, such as cottonseed, and an animal
fat such as lard or tallow. Moreover, as one increases the
temperature of the sample (as during heating of a fatty
food material in a microwave oven), although there is a
tendency for the loss factor to increase slightly at the
higher frequencies, the magnitude of the increases is too
small to be of any practical significance at all in terms
of power absorption by the fat.

The samples of bacon fat rendered by microwaves vs.
conventional means show little difference in dielectric loss
characteristics or in chemical properties.
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Dielectric

SUMMVARY—Dielectric properties (dielectric constant, e'r; loss
tangent, tanS; and dielectric loss factor, €"T) were determined
for raw potatoes and for potato chips, using the precision
slotted line technique. Measurements on raw potatoes were
made at 77°F (25°C) and at frequencies of 300, 1,000, and
3,000 MHz (megahertz). Measurements on potato chips
were made at three moisture levels; at 77°F (25°C), 125°F
(51.6°C), and 180°F (82,2°C); and at frequencies of 300,
1,000, and 3,000 MHz. Moisture, total lipids, and nitrogen
contents are reported for both the raw potatoes and the
potato chips.

As would be expected from their high moisture content
and the presence of various dissolved salts, the raw potatoes
possess extremely high dielectric values.

Potato chips show a rapidly decreasing dielectric loss as
moisture content is reduced; the loss values of the chips
approach those of the ail used for frying them after moisture
has been reduced to approximately 3% and the oil content has
been increased accordingly.

For finish drying of potato chips, a frequency of 3,000
MHz will result in 3~t.5 times greater power production in
the chips than will the use of a frequency of 1,000 MHz (in
the moisture and temperature range at which the data were
obtained). However, this difference in power production
is due almost entirely to the difference in frequency since the
difference in dielectric loss values at the two frequencies is
quite small.

INTRODUCTION

Color is one of the important factors iNn processing
and marketing potato chips. In potato chips processed by
conventional frying, color formation is determined pri-
marily by the reducing sugar content of the raw potatoes
(Davis et al., 1965). Successful “chipping” by conven-
tional means requires potatoes with a glucose content of
0.1% or less (O’Meara, 1966). Darkening of the chips
occurs at the terminal stage of frying, after the moisture
level has been reduced to s-& %; it is accelerated if reduc-
ing sugars are present.

When microwave heating is used to accomplish finish
drying, the potatoes can be removed from the fryer while
6-10% of the moisture is still present and browning has
not proceeded to a point where it would be objectionable
(Davis et al., 1965).

A knowledge of the dielectric properties of raw potatoes
and of potato chips at different frequencies and at differ-
ent moisture contents was deemed essential to select the
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on the staff of the Division of Biology and Medicine, U. S. Atomic
Energy Commission, Washington, D. C.

bLaboratory for Insulation Research, Massachusetts Institute
of Technology, Cambridge, Massachusetts 02139.

c Captain in the U. S. Air Force Veterinary Corps. Currently
on student status, Department of Nutrition and Food Science,
Massachusetts Institute of Technology, Cambridge, Massachusetts
02139.

Properties

Cambridge, Massachusetts 02139

of Potatoes and Potato Chips

optimum frequency for use and to determine the range of
moisture content in which microwave energy can be uti-
lized most efficiently. Measurements were made at 1,000
and 3,000 megahertz (MHz) as most of the data available
in the literature on dielectric properties of various materi-
als have been made at these frequencies. These two fre-
quencies are quite close to the values which have been
assigned by the Federal Communications Commission for
industrial, scientific, and medical purposes, namely 915
and 2,450 MHz.

EXPERIMENTAL MATERIALS

The raw potatoes With dielectric properties reported
in this paper were “street purchases” of California, Maine,
and ldaho white potatoes of unknown variety.

The potato chips with dielectric properties reported were
prepared from a single “street purchase” of Idaho white
potatoes of unknown variety. The potatoes were thinly
sliced to a uniform thickness and were then fried in a
commercial soybean oil at 350°F. Color development, pre-
viously correlated to approximate moisture content, was
used as a guide in determining when to remove the chips
from the oil.

When the slices had developed the desired level of color,
they were removed from the oil and were finely crumbled.
The crumbled chips were thoroughly mixed to give the
best possible distribution of any variation in moisture and
lipid content and were then tightly packed into the sample
holder.

EXPERIMENTAL METHODS AND
EQUIPMENT

Dielectric measurements

Dielectric measurements on both the raw potatoes and
the potato chips were made by the precision slotted line
technique. This technique has been described by several
authors (Roberts et al., 1946; Dakin et al., 1947; Anon.,
1950; von Hippel, 1954; Ginzton, 1957; Soderman, 1958;
Westphal, 1963; Beatty, 1965; Gilmore, 1966; and West-
phal, 1966) and is the same as used in determining the
dielectric properties of certain commercial fats and oils
(Pace et al.,, 1968). Details of the procedure and of the
calculations have been described by Pace (1967).

Dielectrometers

Dielectric measuring equipment was the same as was
used in work previously reported on fats and oils (Pace
et al., 1968). Measurements at 1,000 and 3,000 MHz
were made on a Model 1 Microwave Dielectrometer
(manufactured by Central Research Laboratories, Inc.,
Red Wing, Minnesota). Measurements at 300 MHz were
made on a similar piece of equipment (constructed by
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personnel of The Laboratory for Insulation Research of
the Massachusetts Institute of Technology).

Sample holder for raw potatoes

The sample holder used for measurements on samples
of raw potatoes is shown in Figs. 1 and 2. This holder
consists of two separate sections (top and bottom), and
the sample is positioned between them. The extension of
the center conductor is permanently attached to the bottom
section of the holder. The sample is positioned on the
bottom section of the holder by slipping it down over the
center conductor. The top section of the holder is then
added on top of the sample in a like manner. The two
sections of the holder are fastened together by a Whitley
clamping ring.

The center conductor of the holder is solid copper with
a in. outside diameter. The outer conductor is milled
from solid copper to an inside diameter of 1 in. Polysty-
rene, a material with dielectric properties constant over
the temperature and frequency range used, is used as a
base for the sample and as a sample cover.

This holder allows the use of extremely thin (0.050 in.,
50 mils) samples. The use of such thin samples is desirable

Fig. 1. Sample holder used for dielectric measurements on rate
potatoes at 1,000 MHz.

CENTRAL CONDUCTOR, 3/8" OD. COPPER

INNER CONDUCTOR, 1" I.D. COPPER

REXOLITE 1422

SPACER RING

:

Fig. 2. Construction detail of sample holder used for dielectric
measurements on raw potatoes. (Lower section shown here is for
use at 3,000 MHz; longer sections were used at 1,000 MHz and at
300 M Hz.)

n
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DETAIL OF SAMPLE

when dealing with materials as lossy as raw potato. Sam-
ples of any appreciable thickness could result in a node of
the standing wave actualy being present in the sample
itself; measurements of the “apparent” first node above the
sample would then be totally in error. A disadvantage of
using such thin samples is that very minute variations in
sample thickness result in sizable errors in the final values
(a variation of £ o0.020 in. resulted in errors as great as
20 % when making some of the initial measurements on raw
potatoes).

While in the holder, the sample is surrounded (circum-
ferentially) by a brass spacing ring 0.050 in. in thickness
(same thickness as the sample). The ring prevents any
compression of the sample by the holder when the top and
bottom sections of the holder are fastened together. The
sample must be cut so as to exactly fit the cavity provided
for it in the holder. If the sample is too thin, air gaps will
be present above and/or below the sample (dielectric con-
stant of air = 1). If the sample is too thick, it will be com-
pressed by the holder and errors in measurement will re-
sult from the increase in sample density. Because of the
importance of sample preparation with respect to the accu-
racy of the data, this is gone into in some detail.

Samples for measurement in this holder are prepared by
slicing the potatoes to the desired thickness and then
punching the samples from the slices.

Initially, the raw potatoes were sliced on an electric food
slicer. This method was abandoned when it was discovered
that individual slices varied in thickness by as much as
+ 0.050 in. An attempt was then made to slice the potatoes
with stainless steel razor blades. To hold these parallel,
they were fastened to opposite sides of a 0.045-in. thick
strip of brass. This method was also abandoned because
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the double bevel of the cutting edge resulted in an increase
of 0.020 in. over a cutting distance of 1 in. Finally, a
sample sheer was fabricated by soldering two shop-made
blades (beveled only on one side) to a 0.050-in.-thick brass
frame.

After the potato has been sliced, the samples are punched
out with a “doughnut cutter” which has the same dimen-
sions as those of the inner and outer conductors. As with
the sheer, the cutting edges of the “doughnut cutter” must
be beveled on only one side (the side away from the
sample) in order to produce a sample whose opposite sides
are parallel.

Extreme care must be taken in handling the raw potato
slices and the samples to prevent changes in moisture con-
tent. The high surface-to-volume ratio allows rapid loss of
moisture from the sample if environmental relative humid-
ity is much different from the water activity of the sample.

As noted in the legend for Fig. 2, different bottom
sections for the sample holder are used for making mea-
surements at different frequencies. Changing the length of
the line below the face of the sample is necessary in order
to keep exact multiples of A/4 distance between the face
of the sample and the reflecting surface.

A better method than changing the lower section of the
holder, however, would be to have the lower section made
in two parts so that only the part not adjacent to the sample
would have to be changed when changing frequencies.
This design would have the advantage of allowing mea-
surements at all frequencies within the range of the dielec-
trometer without disturbing the sample.

Sample holder for potato chips

The sample holder used for measurements on potato
chips (Fig. 3) is a one-piece unit with an open top. This
holder is heated electrically and is fitted with a thermo-
couple for determining temperature of the sample. Coils
around the top of the holder, above the limits of the sample,
allow passage of cooling water to prevent heating the air-
filled portion of the line.

The sample is put into the holder in finely crumbled
form. A length of polystyrene tubing, with diameters
closely matching those of the conductors, is used to con-
tinuously pack the sample as it is being added. After the
sample is in place, it is topped with a thin teflon washer
whose diameters match those of the conductors. The
washer is pressed tightly against the surface of the chips
to give them the smoothest possible top surface.

This means of sample preparation and of filling the
sample holder has two significant shortcomings:

1. Lack of a perfect fit (a) between the sample and the
conductors, (b) between the sample and the bottom of
the holder, and (c) between the sample and the sample
cover presents a possible source of error in measurement.
This deficiency is not a major problem in measuring low
loss samples but could not be tolerated in working with
samples having a very high loss. It is minimized by
assuring that the sample is firmly packed as it is added
into the holder.

2. Samples vary in density. This deficiency is minimized
(a) by using the same weight of sample in all cases and
packing it as nearly as possible to the same thickness and,

Fig. 3. Sample holder used for dielectric measurements on po-
tato chips at 1,000 and 3,000 MHz.

more important, (b) by making all measurements on the
same sample (of a given moisture content) without re-
moving it from the holder. There is also a variation in
density of any given sample as its temperature is changed,
but this is a relative matter and so far we have found no
manner of overcoming it. Since sample thickness changes
with change in temperature, measurements of the sample
thickness must be made each time the temperature is
changed.

Sample thickness, while in the holder, is measured as
follows:

1 The sample holder is removed from the dielectrom-
eter.

2. A section of aluminum tubing, having an inner diam-
eter slightly larger than the outer diameter of the center
conductor, is slipped down over the center conductor until
the aluminum tubing is in contact with the sample cover.

3. A solid piece of aluminum in the shape of a very
thick in.) washer is slipped down over the alumi-
num tubing until it is in contact with the top of the sample
holder.

4. The “washer” is locked in place on the aluminum
tubing by use of a set screw.

5. The aluminum tubing and the “washer” (secured
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in place by the set screw) are removed from the center
conductor, and the distance from the bottom of the
“washer” to the tip of the aluminum tubing is carefully
measured.

6. The measurement determined in “5” is the distance

from the top of the sample holder to the top of the sample
cover. Knowledge of this distance, plus knowledge of the
thickness of the sample cover and of the total depth of
the sample holder, allows easy determination of the sample
thickness.

Chemical methods

Moisture and volatiles, mineral content (ash), and
nitrogen content were determined in accordance with Sec-
tions 26.002, 29.012, and 38.009-38.011, respectively, of
the Official Methods of Analysis (AOAC, 1960). Total
lipids were determined by the Chloroform-Methanol Ex-
traction Method of Bligh et al. (1959). Values reported
are the average of duplicate analyses in all cases.

RESULTS AND DISCUSSION

T he dielectric properties of a number of samples of
raw potato were determined in accordance with the meth-
ods previously described. All measurements were made at
77°F and at 300, 1,000, and 3,000 MHz. The results of
the measurements, together with certain chemical data,
are reported in Table 1

Dielectric constants, loss tangents, and loss factors all
decreased as frequency was increased. This is in accord
with the statements of Singleton (1960) and with the
Debye equations pertaining to dependence of dielectric con-
stant on frequency (Hennelly ct al.,, 1948). The values
obtained closely approximate those given by von Hippel
(1954) for 0.1 Molal aqueous sodium chloride solutions.

Attempts were made to determine the dielectric proper-
ties of raw potatoes at lower moisture contents but results
were not satisfactory. The measuring technique used re-
quires a “perfect” fit of the sample in the sample holder and
we have not yet been able to obtain such a fit with samples
whose moisture content has been markedly reduced.

Table 1.

Sampie2 IOMHz 1,000MH 300 MHz

620-C e 80.0 65.1 57.3
tan s 0.597 0.301 0.274

er 47.8 19.6 157

620-M  €r 82.6 74.7 69.1
tans 0.736 0.351 0.247

er 60.9 26.1 17.0

620-1 er 77.4 70.3 62.9
tans 0.756 0.368 0.274

er 58.5 24.8 17.2

Data reported are the average of four determinations
made at each frequency, each determination being made on
a different sample. Initially, an attempt was made to mea-
sure a single sample at all frequencies, but this procedure
was abandoned when it was discovered that loss of mois-
ture from the sample during transfer from one sample
holder to another resulted in changes which rendered the
measurements meaningless. Use of a holder designed as
previously described would circumvent this problem be-
cause one could then change the lower sections of the
holder without exposing the sample.

The dielectric properties of 13 samples of potato chips,
having various moisture and lipid properties, were made
at -77, -122, and -178°F and at 1,000 and 3,000 MHz.
The results, together with certain chemical data, are shown
in Table 2.

With the sample holder used, it was possible to make
measurements at both frequencies and at different tempera-
tures without disturbing the sample in any way. All data
shown for a given moisture content are, therefore, from
measurements of the same sample, thus providing precise
knowledge of the changes occurring strictly as a result of
change in frequency and/or temperature. However, this
precise interpretation is not possible for changes occurring
as a result of change in moisture content. In this case,
the data are from measurements of different samples and
are influenced to some unknown degree by other variables
such as lipid content and packing density in the sample
holder.

The data show that the loss factor of chips with 15.3%
moisture content is somewhat higher at 3,000 MHz than
at 1,000 MHz and increases as a function of temperature.
This temperature phenomenon decreases as the moisture
content becomes less and it becomes nil at —3% moisture
content. No further conclusions appear possible. This is
probably due to the opposing effects of moisture content
and lipid content; one decreases as the other increases. As
the moisture content is reduced, the loss values of the chips
approach those of the oil used for frying them after the
moisture has been reduced to approximately 3% and the

Dielectric and chemical data on raw potatoes.1

o

Ash
(%) (%) (%) (%)
79.5 0.192 0.340 0.116
83.3 0.239 0.357 0.113
81.2 0.211 0.348 0.113

1Dielectric measurements were made at 77°F ; data reported are the average of four deter-

minations at each frequency (total of 36 samples).

Initially, an attempt was made to measure a

single sample at all frequencies but loss of moisture from the sample during the procedure
(as a result of handling the sample when changing it from one sample holder to another) made
the results unreliable, and this procedure had to be abandoned.

2 ldentification of samples :

620-C— California white potatoes, “street purchase”
620-M — Maine white potatoes, “street purchase”
620-1— ldaho white potatoes, “street purchase.”
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Table 2. Dielectric and chemical data on potato chips.1

THR"

Sanple 1000 MHz 3000 MHz
10-19-1 er 5.76 518
ta éf 0.357 055
r 2.06 285
10191 €r 6.74 5.74
tanfi 0373 0.66
e'r 252 378
10-19-1 er 7.30 6.48
tanfi 0425 0.72
e 310 466
10-4-1 er 790 586
tanfi 0.202 0257
e'r 159 151
10-26-1 er 388
tanfi 0299
el 1162
10-17-2 er 390 380
tanfi 0156 O 1
e'r 061 071
10-17-2 er 439 404
tanti 0.257 0184
e’r 113 0.74
10-17-2 er 461 423
tanfi 0.287 01%
er 133 083
10-4-2 er 326 2.88
tanfi 0208 0.102
e'r 0.68 029
10-17-3 er 1.888 1.860
tanfi 00344 0 0367
e'r 0.065 0.068
10-17-3 er 18% 1860
tanfi 0.0405 0.0440
e'"t 0.077 0.082.
10-17-3 er 1980 1910
tanfi 00458 00515
e'r 0.090 0.098
104-3 er 2.04 1775
tanfi 0073 00383
e'r 015 0.068

(°F)

v

122

178

716

122

178

707

122

176

l\/g‘%ﬁe Nitr
les oor%g%n Ash
)

)

(% (%) (%)
153 191 124 33
153 191 124 33
153 191 124 33
132 05 130 336
11.8 161 189 386

83 270 139 312

83 270 139 312

83 270 139 312
6.25 270 129 354
2.6 369 135 343
26 369 135 343
26 359 1% 343
125 B7 127 4.06

1Dielectric data reported here are the averages of duplicate measurements made on samples
of ldaho white potatoes fried in a commercial

of chips prepared from
soybean oil.

“street purchases”

oil content has been increased accordingly. For example,
from Table 2, the dielectric constant, the loss tangent, and
the loss factor of Sample 10-4-3 (finished potato chips) at
1,000 MHz are 2.04, 0.073, and 0.15 respectively. At the
same temperature of measurement, for soybean oil the
respective values are 2.612, 0.0644, and 0.168 (Pace et al.,
1968).

The dielectric loss factors of the 8.3% moisture chips are
higher at 1,000 MHz than at 3,000 MHz at 122°F and at
178°F. This is not in accord with accepted theory and
has not been explained. As can be seen from the data
in Table 2, it is brought about by a more rapid decrease
in the loss tangent at the higher frequency.

The selection of a better frequency (915 or 2,450 MH2z)
for finish drying of potato chips has been a subject of
considerable controversy in the microwave industry. By
using the data in Table 2 and the formula for power

developed, some calculations are possible. The formula

(Goldblith, 1967) is as follows:
P = E:le'tans x 55.61 x 1014

in which

P is the power dissipated, in watts/cm3,
E is the electric field strength, in volts/cm,
f is the frequency in hertz/sec,
e'T is the dielectric constant of the material, and
tanS is the loss tangent of the material.
(e'tanS = loss factor = €'r).

In comparing the data available at 1,000 and 3,000 MHz,
the only factors which change are the frequency and the
loss factor. Therefore, the data in Table 3 will be suffi-
cient to compare the relative effectiveness of the two fre-
quencies. From these figures, it is readily seen that more
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Table 3. Relative effectiveness of two frequencies.

%e Temperature Hr ta®

(%) «« - °F @100 MHz @300 MHz

15.3 25 77 2,060 8,550
50 122 2,520 11,340
81 178 3,100 13,980

8.3 22 71.6 610 2,130
50 122 1,130 2,220
81 178 1,330 2,490

2.6 21.5 70.7 65 204
50 122 77 246
80 176 90 294

heat per unit time per unit volume would be produced at
3,000 MHz than at 1,000 MHz, particularly in chips at the
higher temperature and higher moisture content. Also,
higher input temperatures give more rapid heat production
at both frequencies; thus, this may be a pragmatic con-
sideration in the design of the conveyor from the fryer to
the microwave tunnel.

At the lower moisture contents (8.3% or less) the
dielectric properties are closer at the two frequencies and
thus the geometry of the tunnels, rather than the product
characteristics, may become the limiting factor in deter-
mining which frequency to use. The 915 MHz frequency
would permit larger entry and exit ports, important from
the point of view of industrial practice. The data herein
show relatively little to be lost from the standpoint of
loss factor.
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Physical and Biochemical

A ffected by Exogenous

SUMMARY—The effects of intramuscular ante-mortem epineph-
rine of prednisolone plus epinephrine injection upon some
physical and biochemical properties of porcine longissimus
dorsi muscles were studied. Rate of post-mortem muscle pH
decline, ultimate muscle pH, Munsell value and transmission
value were not significantly (P > .05) altered by epi-
nephrine or prednisolone plus epinephrine injection. Signifi-
cantly (P< .05) higher total phosphorylase activity and
slightly greater phosphorylase a and % phosphorylase a
(% of total phosphorylase activity) were observed in the
muscles of epinephrine injected pigs.

Neither total phosphorylase nor phosphorylase a was re-
lated to rate of pH decline or incidence of pale, soft, exuda-
tive muscle development. Muscle concentrations of AMP and
IMP were not significantly (P > .05) different between treat-
ments. IMP concentration was highly related to rate of pH
fall. Correlation coefficients between longissimus dorsi mus-
cle pH and IIVP levels were —93 and —94 at 15 and 45
mn post-mortem, respectively.  Prednisolone treatment re-
sulted in higher initial and ultimate muscle glycogen levels
than those from the control or epinephrine injected pigs.

INTRODUCTION

Recent research has indicated mﬁemcala"d
biodemical prgerties of porcire nuscle may ke celetari-
asly affedted by coditias of lov pH and high tenpera—
ture during the il post-mortem period @Briskey et al.,
1961; Bachll et a1, 19620) with tte develogp-
ment of e, sit, excative (PSE) muscle (Sayreet al.,
19653). It hes been shown that rapid post-mortem gy~
ohsis B regasible for tte lov pH vallss.  However,
te fedors regosible for the rpid ghyoolytic rate have
ot been esteblidad.

In deletal mscle, gholytic rae cn ke
regullated at sveral disarete metaolic stgs.  Phosphoryl-
ae an be converted from tre kess active v form o te
more ediivea form (Cori, 1956). Epingohrine affedts gy~
mlysnsbyprcmjtlngﬂEb 0 a aonversian of phosahoryl-
1%6 [H’Tﬁ)rﬂ’]et al.,

kirese may be inportarit n regulating tre rate at which
hexase monophosphate isoonverted 1o ldtic acid (Passon-
neeu et al., 1962; Karpatkin et a1, 1964).

The aj]vrly(fﬁradnﬁu:uquse B stragly nflu-
eced in vitro by dhanges in cocantratian of a variety of
cllulr arstituatts such as AMP, ADP, ATP, A, NHp,
K+ ad Whether thee fectors are
qmrati\einﬁedevelqtnmtofPSE porcire muscle hes
rot been estebliged.

Ate-mortem stress and ecriterent Gridey, 194) ¢

*Present address : Department of Animal Sciences, Purdue Uni-
versity, Lafayette, Indiana 47907.

E. D. ABERLE aand R. A. MERKEL

Departments of Food Science and Animal Husbandry
Michigan State University, East Lansing, Michigan 48823

Properties of Porcine M uscle as

Epinephrine and Prednisolone

vell as dgpressad searetion of adreocorticosteroids (Lud-
\/lg:‘en 1967; Judge et al., 1966; Topel et al, 196/0) have

been inplicated in tre develgprent of PSE  porcine muscu-
Hue. Topel ct a. (19678) rgoorted loner adreral glad
weights and suyjoressed 17 icsteroid lkeels n
tte plasma of pigs sbjected © prologed prechisolae

The dojective of this eqperiment was 1 study the effedts
of ante-mortem epingdhrire or prechisolae plus epingph-
rire injectian upon post-mortem damical eats, muscle
ﬁgﬁrﬁes and progdorylase adtimvity of porcire deletal

e.

EXPERIMENTAL
Sources of animals and preslaughter treatment

Twenty-two market weight (200-220 b)) Poland Chima
pigs were purdnesed fram a koal bresder. The pigs were
divided randomlly among three treatnentt grayss. Group 1,
composed of exgit pigs, sened as arols.  Each pig n
growp 2 (et pige) ves injected intranusaularly (bicgs
Tenoris) with 5mg of epingdrine (1:1000 solutdian) per
100 Ibbody weight 10 min prior 1© ecaguiretion.

Group 3 (six pigs) each received a daily intranusaullar
(icgs faoris) injectian of 100 mg of prechisolae
(Cete-hdroortisoe) for 10 days prior © slagter.
The pigs were slagiterad 24 hr after tre kst prechiso-
loe jedtion. Ten min prior © slagier, te pigs n
grouwp 3 alo reenad an intrarusaular epingdrire Injec-
i as desoribed far group 2

Sampling and muscle pH

A 50 g saple was removed from tte Ht lagissinus
corsi nuscle 10 min after ecaguiration and frazen 1mme-
diately n hiquid nitrogen. This frazen sarplle was pow-
dered inaWaring blendor and stored at — 20°C for future
ashsis. Muscle pH was determined on samples removed
sailly fron tte logissinus dasi muscle at 15 min, 45
min and 1 hr post-mortem and at 30 min intenals there-
after utal 3hr postmortem.  Approximately 5g of muscle
were homogenized far 1 min n 25 ml of 0.005M sodium
ickeetate. The pH of the hanogenatte was determined
with a Coming Model 12 expanded salke pH neter.

Munsell value and transmission value

Lightress or carkness of tte lagissinus dorsi musclle &t
24-hr post-mortem was dojectinvely determined using a
Protovolt Aotcelectric Reflection neter, Model 610, The
instrurent was stadardizad egpinst magnesium  oxack.
Percentage reflectane was measured at three positias in
the atss-sctian of tre lagissinus darsi muscle; the three
reedings were aeraged and the average converted o tte
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aunalet Munsell valle acoording o the aonversion
values of Nidkerson (1946).

The trasmissian value desaribed by Hart (19682) was
determined as an dojective measurement of muscle gality
a 24 hr post-nortan.  Ten g of firely ground nmuscle were
placsd in a clibrated tuee and cold distilled water added
toatoEl volure ofF 40 ml. The aotartts were thoroughly
mixed and held at 2°C far 20 fr, aftarwhich the mixture
was cairifuged and tre sypermatant filaadthrogh S & S
No. 583 fillapger. One ml of the diear filiaie wes mixed
with 5 ml of atric acid-sodiun uffer @3 ml
ofo.2m NaZHPO04 plis 106 ml of 0.1M dtric acid),
pH 46.

This mixture wes held at 20°C far 30 min. Folloning
this inkatian, tre trasmission valle (% trasmissian)
of this mixture was reed Ina Bausch and Lomb Soectranic
20 oolorineter with the Instrurent standardized agpirst a
blark of 1 ml of tre muscle edract n 5 ml of distilled
vater. Normal muscle will give a trasnissian value of
0-20 vhile savere PSE muscle will have values of 80-100

Hart, 1999).
Phosphorylase assay

The fiazn muscle powder was extracted and assayed
for pogdorylase within 12 hr post-mortem uwsing tre
methods desaribed by Posrer et al. (1965). This method B
desiged 1© measure tte ratio of pogdorylase a O b
presat nmscle. The assay Bocoducted In the presace
of 0.00lm AMP 1o determire tolal phogdorylase adtivity
and iIn the absenoe oF AMP for phosgorylase . adtiMity.
Phogohorylase . actiMity was also eoressed as a paroatt-
ae of oAl phogdorylase adtiMity.  Phosphorylase b aould
ke dotained by diffaate.

AMP and IMP determinations

AMP and IMP were extrected by placing 10 g of frazen
pondered muscle in 50-60 ml of boiling deionized water
and allosing tre mixture to koil far 10 min. The sluny
was then aooled and brought to a total volure of 100 ml,
aftarwhich itwas cantrifigd, tre fillasd ad
tre filtate adjusted o pH 8.0with In NaOH. A 10ml
aliqot was placed on an anian exahange colum and tte
rucleotidss were eluted and gentatatinely evaluated usig
the methods previasly desoribed (Boerle et a1, 1938).

Glycogen

Glyoogerl\/\/asatra:lajfruntrefrmmﬁcle ponder
using tre method oFHansen et al. (1982). The anly modi-
fiatin was B redissohe ad 100 tre olated
glyaogn. The pgraol-auHuric acid method desoribed by
Dubois et al. (1956) was employed to assay Tar glyaog.

RESULTS AND DISCUSSION
Muscle pH

Ultinate musclle pH (24 hr post=mortem) was rnot sig-
niicdy (P > .(p) affedted by eitter epingdrire or
prechisolare plus epingdhrire injectian (Teble ). Epi-
ngdhrire injectian & 24 and 12 hr ante-nortem N tte
bovire (Hedrick et al.. 1957) ad at a 4 hr ante-nortem
in tre rabit @Eadall et al., 19628) hes been shown ©
sigificnty raise tre ulaimate nuscle pH.

Radouco-Thomas et al. (1959) found that suboutaneous

Mreell \ale ad 1 valle 0 otrd, egdrre, ad
pechesoloe s r]ajed ]
w1 e S
15 min 6.5 65 620 o®
min 538 5% 53 0k
24 r 546 58 52 0.02
Alisdivele2 53 50 548 ou
Trasnissian
valle3 D8 B4 44 87

%cﬁfﬁmmﬂedﬁa\mm

ZH-gg&:a'% kI S

adninistratdian of 250 gg of epingdhrine per kg body weight
a 4 hr ante-mortem resulted in higer ultinate pH In
porcire mecle. These sane authors alo tet
epingchrire adhinisterad &t leds of 100 /agAg and 250
filg had alnost rtifical effedts upon ulaimate pH of
rabit mscle. The 100 Aghg dose compares favorably
with that used In the present sty

The higrer uitarete pH \alues reported by other authors
B readt fron ante-nortem epingdrire injecian reflet
tte dgpletion of nuscle glyoogen priar o slagiter, thus
dearessing the amount of ledtic ecid formed during aneero-

dpletion o coour between epingphrine adninistration and
slagiter of tte aninel. This B Sustantiatd by te
rearly idntical ultinate pH \aluss for the varias treat-
ment graups (Table 1) and the fact trat muscle glyoogen
was ot sigifieantdy lonvered a 15 min post-mortem by
epingtrire treatment (Teble 4 and Ag. D).

Rate of post-mortem pH dedlire during the farst hour
wies ot affected by epingahrine injectaan since muscle pH
values did rot diffar between treatnentt groups at etter
15 or 45 min after ecsaguiretdon (Teble 7). In antrast,

DIotal Phosphorylase
Adenylic Acid Deaminase
Eﬂ Glycogensmin Glycogengqp,

o |

40 .8

w
O

Adenylic Acid Deaminase
S
Total Phosphorylase

(3/8u) ""WSTyagookn

=]

0
PREDNISOLONE
& ADRENALIN

Fig. 1. Total phosphorylase, adenylic acid deaminase and 15
min and 24 hr glycogen levels in porcine longissimus dorsi muscle
of control pigs and those injected with epinephripe and prednisolone
plus epinephrine. Phosphorylase activity = ¢¢M Pi released/min/

mg protein. Adenylic acid deaminase activity = ,UMAMP deami-
nated/min/mg protein.

ADRENALIN

CONTROL
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Baxhll et a. (19622) foud fester rates of pH €&l In
raboits injected with epingahrire 4 hr ate-nortem. How -
egr, these sane authors reported thet cortisoe adninis-
tratin 20 hr prior t©© epingdrire injectin protected
apirst the glyoogen westiing effect of exogenous epineph-
rire and restored a normal  rate of post-mortem pH Hl.

Topel et al. (19678) have shown trat pigs Sbjected ©©
prechisolae treatment (0 mg/100 I/day) for 10 days
had loner plasma leds of 17-hydroyoorticosteroids
(17-0HCS) ; these gluoorticoics are known to play an
inportant role N an animal’s regoonse o sress. There-
fae, twes thought trat the effect of exogenous epingan-
rire upon gholytic rate in muscle from prechisolae
treated pigs (low plasma 17-0HCS  leels) might be more
asxptible o the develgoment of OSE musaulature. The
fact that more rpid glyaolysis was ot doserved does ot
honever, precluce adreral involverent in other agoects of
tre etiokayy of PSE musaulature.

Munsell value and transmission value

Munsell valle did not diffar sigifiantly (P > () be-
tween antrol, epingdrire or prechisolae plus epineph-
rire injected pigs (Teble ). Much greater \ariation was
foud within then between treatmait goys. Musell
valle was recatively conelated with pH at eitter 15 or
HAmn, r=—-—@adr= -0 CF < Q) resectnely
(Table 3). These cata idicate thet light colorad muscles
were associated with fastar rates of pH =l and B Inagree-
ment with tre reallts of otter workers @Brigey et al.,
1961; Sayre et al.. 19630). Muscle olor INEEIty was
a0 pitively relatsd o Oty of water edracizble
proteirs as shown by e corelatian (r = 0.8, P < QD)
between Munsell valle and trasmission \alLe.

Tranamission valle wes ot sigifiadly (P > (B
affected by epingdhrire or prechisolae plus epingdrire
traatmat (high tramamission valle indicates musclle with
lov protein edractzbility, Table 1). As eqected, tras-
mission value was recatively conrellated with pH at 15 ad
45 min post-mortem (— .G ad — 8B, P < (0l regec-
tnely). Thus, more rapid rates of pH Ell resulted n loner
protein edrajrbllny These reallts ilkstrae the Inpor-
tane of tre rate of post-mortem pH declire 1o the ultimate

porcire muscle qality.

Phosphorylase

Total phosphoryllase adtivity wes sigifiantly (P < (B)
inoreesed by epingphriire injectian s shown i Table 2
and Hg. 1L Enzyme actimity in muscles fran antrol pigs

ggstachderrdcfteneers_gr
a

Prednisolone  Standard

Control Epinephrine  -f- epinephrine error

Toal gpogdoylace
amty2 04n 05b 057" 03B
Fogdoylesea
atMty2 (0]¢] (0165} (0107 001
% Frogdoyl-
Oaie a 7 10.2 12.0 24
1Means with diflaet ae I < ®.
2Hotoviase =iim Pi relmjmm D

was 0.40+im Pi released/min/hg protein campared 1© 0.53
and 0.57 far epingdhrine and prechisolare plus epingdrine
injected pics, regectively. Honever, the incressed ol
progdorylase adtimity was ot entarely acoounted far by
higer phogthoryllase 2 atiMity.

This may have been due 1o the fact thet phogdhorylase a
B more adtive N te presece of AMP (Uussd Tor ol
phosporylase assy) then in the dsace oF AMP a5 ex-
plaired by Cori (1956), ths casing oAl phosphoryllase
 gpear gaer. Alo, sine gooroxinately 10 min
elasd between exsarguiration and ecisian of the musclle
saple, arsicerable breakdomn of phogdorylase a by
phosphoryllase phosphates could have coounrad.

Posrer et al. (1965) rorted a2 o 4 fold ineese n
phogporylase 2 b ratics infrog and rat muscles 12 min
after epingdhrire injectio.  In the presat study, mean
pogdorylase - adtimity was higer In epingadhrine treated
pigs and the inoreese goproached sigificae (P < 10).

Low, mnsignificat conelation aeffidets (P > ()
were dotained between oAl phogdhoryllase adtivaty and pH
at 15 min and 45 min post-mortem (Teble 3). This BN
disagrearent with Wismer-Pedersen (1959) but aonours
with the reaults of Sayre et al. (19630) ;tre At authors
fwﬁmsnmﬁaartreleﬂcrﬂmpbeﬂmenmmﬂdwyl—
ae adimity and rate of pH ddire. The lov conrelatian
axefficats foud between pH and phogdorylase a activilty
o % phogdorylae a ad between Mnsell valle ad
trasmissian valle and the variass measures of phospho-
nese aotimity ted 10 negate any postulation tret some
aoromality in the phosphorylase system B resaasible far
developrent of PSE porcire mscle.

AMP, IMP and glycogen

AMP kd n tte mscle was ot highly anelated
(P > ®) with nuscle pH at eitter 15 or 45 min post-
mortem, but IMP aooentration was recatinely aonrellated
P < @ withpH — SAa15minand — Bat4s min
post-mortem, reqectively, Teble 3). This alost Irer,
inerse relatiaehip between pH and IMP irdicates tet
in porcire muscle with rgpid post-mortem ghaolysis, a
conoonitant. rapid  lilkeration of ammonia aors, 1 nole
of ammonia keirng relessed Tar eech nole of IMP formed.
Briskey et al. (1961) regported very rgpid ammonia libera-
tm in nuscle which ultnately becare Ele, <oft ad
euhtie.

The mean AMP aooentratias dosened were 1.2,
1. 2and 2.10 jm /g of fresh muscle inantrol, epingahrine
and prechisolae plis epingdrire treated pigs, regec-

Teble 3 Siple andlation aeffigais] betven \arias dsr-
\elios npoare mske.

H. g)H, Munsell  Transmission
min 45 min value value
Mreell \ale -® - D0
Trarsnissin \alle -Bb - 3B 0.8
Total L) b -6 - b
a 0.20 0B - 2 - 3
vo a 0.22 0D - 2 - 3
AMP o2 B -5 - D
IMP -9 - 3B (0F3) (0133
1G]rehincce_lfi_ias>0428re$";iﬁata:5% bd ad
toe >0.4 ae sgyhat a te 1%
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tivdly. Ithes been reportad thet rabit musclle phogdoryl-

ae » B athad mximally in te presene of
1x I¢sm AMP (@i, 196). The AMP coxentratias
reported above Tor porcire muscle are sistantally greater
then this b dl.

Morgan et al. (1963) dosened a 20 fold inoreese Intte
rate of glyoogen breakdoan by ratmuscle phosphoryllase b
when the reectin was caried at in tte presene of
aeardbic lkeds of AMP, ATP and P{as gyposed to con-
ducting the reection in aarthic leeks of these abstaes.
They stated that phogdhorylase v activatian woulld gopear
tobe an Inportant factor inthe rgpid rate of givoooaolysis
uder aeerthic aditios.

Based upon tte deenatias N rat and radort mscle,
te AMP ledls foud in porcire muscle would be siffi-
caat for progdorylase b 1o be active duriing post-ortem
aearcbic ghalsis. Hovever, tte AMP  requirerants
of porcire muscle mjsmarylase b a:tlvnymay possibly
be quite differet then those rgoorted Tar this enzyme N
retbit or rat muscle.

Prechisolae plus epingdriire treated pigs hed sigifi-
cady (P < (B geater anounts of nuscle glyoogen &
15 min and 24 hr posthortem then eitter arol or
epingchrire injected pigs (Teble 4 ad Ag. D). Mean
15 min glyoogen was loner N epingdhrine injected pigs
then in antrols but te diffarae was ot sigficat
P > ®. Lower Al muscle glyoogen n tte eoi-
nepchriine injected pigs was praoebly a reflecion of the
higher total phogdhorylase actimity, Vet tre rate of pH
was ot differat from antrols,  idicating et the more
rapid glyoogen breakdown did not resit in fester i
acid production.

These data sugest tre possihility of intemediate rate
limiirg reectias N post-ortem glyoolysis affectirg otic
acd prodcaon. Further work B needed to determine
the effledts of and possible syrergism between the otter
gholytic enzymes upon the uldnaete pocire muscle

Whi le gluoooortacoics are inportant in pranotiing gluo-
necEresis they are alo keliead o intarfare with gluoose
utiliatin at tre cliular led (Zarrow et al, 1964). Con-
aomirtant wirth incresssd gluoonecgeresis, they cause aoca-
nulation of Ina ghoogen.  Prechisolae, a synttetic
staroid, hes 10 10 20 ties the gluooneageniic potency of the
returally coourring glunooorticoid, artisoe.  Tharefare,
te higer glyoogen leels dosened in the muscles from

pigs sbjected © prologed predhisolae injecion (10
ctsys) would beepecled

Even though tre prechisolae plus epingdrine trest-

Table 4. Meansl and standard error of the means for AMP,
IMP and glycogen in control, epinephrine and prednisolone plus
epinephrine treated pigs.

i i Prednisolone Standard
Control Epinephrine  -f- epinephrine error
AMP2 1.82 1.72 2.10 0.16
IMP2 2.53 2.74 2.54 0.46
Glycogen-15 min“ 8.27¢ 5.85“ 11.66b 0.87
Glycogen-24 hr3  0.34“ 0.21¢ 3.14* 0.18

'Means with different superscripts are significant (P<.05).
2iiM /g fresh muscle.
“mg/g fresh muscle.

ment produced higher glyoogen resenves and greater phos-
porylase atmity, tre rate of pH dedlire, Munsell value
(mscle lidtress or darkess) and protein olubillity
(ramsnissin vale) were ot irdicative of PSE muscu-
Hue. These data irticate the need for further study of
tre inplication of hypoglucocorticoidisn and physiolagical
stress upon tre etiolagy of PSE musclle morphollogy .
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A Quantitative and M orphological

SUMMARY—A quantitative and morphological study was made
of bovine fat cells from three marbling groups of longissimus
muscle. Tracings on acetate paper were made of the visual
marbling depots and the area measured at three positions
with an ocular grid for both size and distribution of fat cells.
Comparisons were also made of subcutaneous. Intermuscular
and Intramuscular fat cell size. Intrafiber lipid accumulation
was observed and the average number of red fibers per
bundle determined. These results Indicate that traceable Intra-
muscular fat Is not a good measure of total Intramuscular fat.
There did not appear to be a consistent medial, central and
lateral marbling pattern among the three marbling groups;
however, significant differences were apparent within groups.

Fat cell size Increased with Increases in cell mass, marbling
and total chemical fat of the muscle. Fat cells accumulated
and grew In close proximity to portions of the circulatory
system. Lipid deposits adjacent to the muscle contained larger
fat cells than was evident In the extrafasclcular spaces within
the muscle. Intrafiber lipid was readily apparent In approxi-
mately 35% of the muscle fibers and probably represented
either mitochondria or triglyceride. The Interrelationship of
subjective marbling scores, chemically determined fat, fat cell
size, fat cell distribution and Intraflber lipid characteristics
are complex and require complete investigation before the
association of muscle fat and meat quality can be resolved.

INTRODUCTION

The accumulation of intramuscular fat INmMeat
animals Ban area of concemn far many ressarders. Intra-
muscullar fat hes been studied in regard to meat gelity
(Tuma et al., 1963 ; Romans et al., 1956 ; and Pearsm,
1955), and the qentaty of intrarusoular fat hes been an
inportant fedor In determining caresss grace Briskey
et al., 1964; Romans et al., 1965; Walter et al, 195).
Cosanendy, saeral dojective methods far determining
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Study of Bovine Longissimus Fat Cells

intrarusaullar fathave been develgoed (Schoonover et al.,
197; orme et al., 1%3; Blumer et al., 1%9; CookK et al.,
1961, hut te variatios I qentity and distribution of
intramusaullar fat within a muscle ginve nie o a nurber
of prdblers.  Such variatias have been vwell documented
for tre logissinus (Meir, 1963; Wang et al, 1964;
Lawrie, 1961; Doty et al., 1961; Blumer et al.,, 1962; Cook
et al., 1964), ad ttere B alo evidae ttet gecie ad
breed diffraes edast (Hammond, 1932; McMeekan,
1990; Carpenter et al., 1961).

The elucichtion of fat snttesis, dgositian and metabo-
lisn nmuscle B a more fudkmental problem and Ban
area which nmust ke Tully exlored before the assooiatiin
of intranuscullar fat with meat gality can be well under-
stod. Kauffman et a1, (1967) have proposed a theory
regarding the influeee of nuscle achitecture on pattem
of fat dgositian, and other workers &1, 1909; Vaters,
1909; Hammond, 193?) have measured fat cl diareter
in ovire and bovire muscle during varias steges of
gromth. Allen et ai. (196/b) have studied some enzymes
inohad n Ipid synthesis and degradation inmuscle vhile
other workers have inestigated tte role of intranuscullar
Ik inerergy production (Masoro et al,, 1985).

The research rgoorted here was ob5|g‘edtosuﬂyﬁt
adl morphology.  Secific dgjectives were: 1) to carpare
histolagical estimates of intramscular fab antent with

and danical determiretias, 2) 1 study te
influae of intramusaular fat gentity and distributian on
fadl s ad 3) t make additicel dosenatias on
intermuscular and suboutaneouss &t cll morphology and
on Iyd accumulation within muscle fias

EXPERIMENTAL
Forty-five 25 cm thick steaks Trom the 13th rb
portion of bovire lors of the same goproxinate physio-
kil maturity vwere selected from a laal padking plant
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Fig. 1.
central and lateral core locations.
locations for subcutaneous and intermuscular fat.

Steak from the 13th rib section showing the medial,
The arrows show sampling

O represat equal nunbers of trasss, srall and moderate
degress of marbling.  Tracings on acetate peper were made
of tre visLal marbling cgaosits, muscle perimeter and histo-
koAl core loatios on tre aut surface of each Stede. Sub-
sy atly, the area of intranusaullar Tt (lage dgots) ad
muscle area were determined with a carpensating polar
planimeter. Three 1.27 cm coes from tre lagissinus
were slected at nedial, aantral and Heal posiaas simi-
b 1o the procedure desaribed by Veneble et al. (1932)
ad ilkstrated inFAg. 1 The ramainder of tre lagissins
fram tre steek was frazen in liquid nitrogen and pondered
aooording to the procedure of Bordert et al. (1985) ad
used for etter edract determinatios acoording to tte
AOAC (199) nmethod.

About 0.6cm of tissewas removed (@terior portaan of
loagissins steek) from each of tte 1.27 cm thidk aores
and was frazan on dry ke blods 0 that sectias aould ke
ait perpardiaular o tte lag adas of tre ae. After sam-
ples were aompletely frazn they were mounted on a cryo-
stat soirdle, alloned o equilibrate at — 20C, and secticed
164 thid< One ssctian fram each of the three positia sl
lcatios (edial, atal, |laa) was mounted on a
precoled, celatin coated ik The three tisse sctios
were allored 1o air dry for 45 sc and then placsd ina
aplin ja aattaining 30% formalin for 0 min.  Sscdas
were stairsd with all red O and hematoxylin according o
tie procedure of Lillie (19%).

An cwlar grid method (Lemis et al., 1983; Herring
et al., 1967) was usad to gentatate the amount of &t
presat in ssctias as Bt k. This &t measure was ex-
pressd as the paroant of grid souares coaypied by Tt na
tse aea 1.27 cn in diaeter  (Veghrficatdon 25x) .
Three aress of fat were dhosen 1O rgoresant three degress
of fat dl mass acounulation on tte kesis of the nurber
of dk prest n eech mess. The maess with te kst
number of ks cottained from 5o 10 ds, tte intemedi-
ae 11 ©20 dkad tre lagest ontained dove 20 dks

Fat cl aconullations represatative of the three graups
are illstraed In Ag. 4. Fat dll sie was determined in
tte antral core only and 15 ks per muscle ineach of tre
mass arees Were measured by counting the number of grid
sares (f tte souare was aetalf or more filkd, twes

outted as ae) presatt n eech dl a a neghrfication
of 430X .

Five atiticel steds, dl with the same degree of
rrarbling (moderate) and similar slbautaneous fat thide

ress (1.27 o 1.77 an), were proocessed hslolcgcallyas
previasly desoribed and used 1o compare suboutareous,

intermsaUlar and intransaular Tt &l sie. The subou-
taeos fatwes taken from e auter laer ad the inter—
nmuscular fatwas sapled between the lagissinus and the
lagissinus costarun (&= Hg. D). In addiion some
nmuscle ssctias were staired with Sudan bladk B n Pro-
pylee Giyool iffeliect ai., 1961) Inoter to study the
intrecellular &t nnuscle flas

Photomicrographs were taken with a Zeiss Photomicro-
soge usiing Ansco Versapan (ASA 100) 3 mm film

Means and stanchrd deviatias were determined on each
group and anallyzed statistically by amelysis of \ariae,
sinple avelatias and Duncan’s new nuliple rance &t
(Slmlet al., 1%)).

RESULTS AND DISCUSSION
Quantitative aspects of intramuscular fat

Fg. 2 ilkstaes represtative ssctios from trasss,
srall and moderate marbling grayps.  Muscle budle struc-
ture ot deardy distiruiseble because ssctias were ait
directly fran tte arfae of tte cores (Fig- D with no
attept o adat filr directio. This procedure was
adopted to give amore direct comparison of the histolagical
picture with s.bjective estimates of marbling then if filars
had been oriented for more eect atss sdtios. An iIn-
aesx I area coapied by fat ks B dearly shown with
higer marbling sooes.

Qeatatative data for histolgically determined fat a
each of the three positicel loatios N tre three diffaat
marbling groups are shown N Fig 3. The mean fat value

wes lorest in the tracss group (114 + 4.7) and higest
nﬂemjeralegmp (8.2 + 8.0), being significantly
diffeat (P < QD). The histolagical fat aotent folloned
te sare tras as the mean \alues Tar tre ether edradts
N eech of tte thvee marbling groups but was higher then
the etter edvact \alles.  This dosenation agress wirth tte
work of Verable (1963) who reported thet intranuscular
&t eqressad a5 a paroatt aea was higher then when
expressed by veigit.

Fig. 2. Photomicrograph showing typical intramuscular fat
pattern for traces (A), small (B) and moderate (C) degrees of
marbling. Arrows indicate fat cells which have a positive contrast
following oil red O staining (oil red 0, Hematoxylin; 5.1X).
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Fig. 3. Bar graph illustrating fat content at three locations in
each of three marbling groups. Fat zvas expressed as the percent
of grid squares occupied by fat in a tissue area 1.27 cm in diameter.

There was no sigwhicat differee In hisoloically
determined fat in the medial position for tre traes, sl
ad moderate marbling groups (124, 138 ad 132, re-
geoinely). Likevise, therewas no gprecieble differae
between te traces and srall group (12.5 s 13.6) for tte
atral psiton, but for moderate marbling the antral
position was extrarely high. A review of sare of tte
trecirgs made of the visal marbling dgoots \aified tte
late treelile marbling dgoosits i tte aanral portion of
tte lagissins as previasly desoribed by Hammond
(1932, and Verable (1963). Inafew irstacss tree fat
csits were attaded 1o the epimysium and gqyosite the
rib bore as reported by Blumer et a1 (1982).
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The traces group had sigifiatly (P < (D) kesfatin
tte lad core posian then did ertter of tre other two
gas. No sigifiat differae was noted between tie
mean \alles far tte srall and moderate graups at this
lcatin. From thee realts ttere does ot gopear o be
a asistat redial, anral or EEal marbling pattem n
bovire lagissims e of tre three marbling
goys. Hovever, on a within marbling group lesis te
trass growp had tre kst anount of &t n tre bHaal
positian, wheress tte moderate group hed the most fat n
the antral position wirth about eqal amounts N each posi-
ton for tre sall gop.

The lae stadard chviatias at sore of tre positiaal
loatios give futher evidee ©© the \variation in &
distribuion of tre lagissims.  This variation  resulted
when fat was measured a a precice aatomical loation
among stedls with the same aubjective marbling sores.
The variation in anterio—osteriar marbling pattermn of
bovire lagissinus hes been demostrated (el l-
ingon et a1, 1969; Blumer et a1, 19682) and the presait
blreajls_ point aut tte medial o HEal variation of mar-

-

Sinple conelation aefficets between  histolagically
determined ot and etter edracteble fat are given In
Table 1. The neptive corelatios for the tracss group
may have resulted from tre foct tret sraller fat s vere

presait (Teble 2) tren n other marbling grouss ad
oum;mtlyﬁemdrreﬂndwasbn&l Because a grid
areawas coutted as are if itwas Felf or more filledl by
H, te gull cdk may have been given eqal raking
conpared o sliddy lager dk

Gorrelatias were rasigificat in tre sall group but
sigifiat n te moderate gop. It gypears tat te

method far estimating muscle fat Emore aoou-
rate when more fat s pest. Honever, the method B
praoebly more weeful Tar studying fat all morphollogy and
distribution then for estinvating total muscle B4

Correlatias vere also claulated between etier exdract-
eble material and visel f&t detemiratios fron te
tracings made on acstate pgper (Table D). The oall

Teble 1. Sinple arelatios of inranslar &t pararetars with etter edradizole natarial 1

Fat cell masses

Hstolapcal are kitios
Medial are
Grtral e
latedl ae

a2
Total rae (@n)2
Total Btamas v ofF L dod as
Area of bt srge Hness
Fat clll messes
510dk
11-20 b
> Db

Marbling score

Traces Small Moderate Over-all

-A47 3B = B

-3 12 5igad &

.11 a /el pisy
B D -.21 5B
.02 o) -.20 57
) b/ 3B D
o 01 /a8 ot
3B 2 iStiad 2
21 ) 83 (5%l

zmw&ﬂs%m astate prer ad meesured with a aopersating
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Tehle 2. Relatine sial of etk fran thee rarbling gays
ofoare bogsanms.

Marbling groups

Traces Small Moderate

Fat cell masses Mean2 S.D. Mean S.D. Mean S.D.
510dk 73R 14 83+ 23 99+ 26
11-20 b 93+ 36 na+2.2 nr+£2.1
> Db Pra+ 45 76+ 47 D5+ 51
Mean 99+ 22 ra+ 22 10+ 30
l\/eers 1(s9) t)coe’
te ac W‘ﬁ:%g&%ﬁ e
zAny morraansnxurthmmj by tre sare lireae agifi-
caﬂ%cifﬁert P< M.
3l o b dk

arrelatias were arsidarably lager then within group
arrelatios, hut the conparisons irdicated tret the trecing
procedure was ot sfficetly sssciated with ether ex-
tractzble naterial to be of any practical inportance.

Fat cell size

Table 2 axttairs means and stadard deviatias for &t
al sz from tre three marbling groups and from the tree
&t dl mess dasifictios. Fat cl sie inessd &
marbling score Inressd, bengsug”rﬁcaﬂy P <
smaller in the tracss group then in the moderate group far
each of tre fat cll mess dessifictios. A distict inoreese
n fadl sie was alo foud as the number of fat clls
per mass inreesad.  This dosenation B deardy illustrated
in Fg. 4 where an ineeee In it dll si2 B s s te
number of fat cks per mass Inreesss.

The firding tret fat Al siz inoeesss both with in-
aeased marbling and inoreesad number of clks per &
al mass may be inportant.  ltoould be reesoned, tret n
orter fora facdl o attain a late siz ithes o be presat
ina group of ks rather then as an isolated ane or few
dk Furthermore tre higher marbling dessificatios
must be a reflection of inoreesed fat Al size rpprdiless of
the number of ks ina given el ness.

Axarently, ae a mscle Boomitted o inoeese &t

Fig. 4. Photomicrograph showing typical fat cell mass classifi-
cations. A represents 5-10 cells, B represents 11-20 cells and C
represents above 20 cells. The increase in fat cell size &5the num-
ber of fat cells per mass increases is obvious (oil red O, Hematoxy-
lin; 55.2X).

antatt, both the siz2 and nurber of fat ks imese. This
prooess cauld be intiated by tuming on or off an enzyme
or hormone system (&= Allenet al, 196/M0). Fat dl siz
B sithvely arrelated with etrer extract \alies in dl
three marbling graups (Teble ). Al three Tt &l mass
dasificatios had higer anelatias in the moderate
marbling group then in tte other marbling groups ad it
Bsaarat that fat ks associated with the largest fatmess
gave the higest anrelation with demical B These &
adk are tre lagst and this provides further evidence ttet
tre Al siz may be important when tre grid method B
amployed. o

If tree lae fat Al messes are indicative of coarse
marbling patters, then these datawould agree with earlier
work by Blurer et al. (1962) who found in gareral ttet
bovire stesks whiich gopeared to have coarse marbling also
had a relatinely large amount of demical B Converely,
Carpatter et al. (1961) found a significant necaitive core-
lation between sjective fat il sie and demical ot
n tte lagissinus fram liht weight porcire aninals.

Tablle 3 shons the carparison of intranusaular, subou-
taneous and intermusaullar el diareter. Fecan be seen
thet tte sie of fat dll depends on locatian with subcu-
taneas fat having lager it ks then intemusaular £
and ttet both suboutaneous and intermuscular fatk ks are
much later then intranuscular 8L These reaults agree
with eerlierwork of Waters (1909) who reported thet the
sie of fat ks within a nuscle B sall canpared with
that of thre kidney fat or even the suboutaneous or inter—
muscular £ Waters (1909) thet the relatinely
sall s of inransular &t ks may be due O
medhenical pressure and he drew an anallogy to the sl
fat dis distrituted in the tough whirte comectinve tisae of
te ridet
Intrafiber lipid

Intrarusaullar Ipd sfound N the form of fat ks situ-
aed In tte perimysial plaes, ss nraEliular free Ipd
drplets and as an integral aastatuent of merbranes. The
fat ks acamulate and grow In the edrafesciallar eces
in near praximinty o portias of tre airaulatory system.

Ag- 5 ilkstraes tte gopearance of a bovire nuscle
sotian reected wirth tre lipad dye Sudan bladk B ; itshows
clearly thet the fibas can be diffaedated Inb two typess
on tre tesis of tre histodemical resctin.  The unreected
fias are tre dassical vwhirte nuscle fias while te posi-
thely reected filars (dark) are tte dessial red filas.

Muscles are composed of a mixture of red and white
fias with the predominant fiber e givilg nie © tte

. Tdle i (gggansm of E %Im3 n te shotaws,
Mean 1 S.D.
Fat depots *
S boutarens? 165 126
IneEmesvular2 1®5 u7
Inransiar
5410 &l ness ¥i310) 89
11-20 &l ness 66.2 B7
> 20l mess g0 B3
Mean F 5k



gtss dassification of the muscle as red or vhite.  In tre
presant study, gopraxinetely 35% of the filas par nuscle
budle were Sudanophillic or red fimas, campared with
aoout 25% for porcire lagissinus (Beeder et al., 1956).
The lagissins B arsiderad a tpial white muscle-
most red nuscles are camposed of greater then 50% red
fias

Red muscle maintains a more prologed tmic furctian
conpared 1o white muscle which B usad far dort bursts
of atimty. Beatty et a. (1963) have desoribed strikirg
differass in tre relative distribuion of varias netaolic
pathiays Inred and whirte nuscle and Moody et al. (1967)
have desoribad in detaill the reciprocal rellataaehip between
reduced  diphosdhopyrridine nuclectice tetrazoliunm  reduc-
tee and anylgphosphorylase in porcine muscle.

The red filas in bovire lagissins ae araged n
cdstas throughout tte budle (Hg- 5), ad te fire
aopearance of a typical red fill Bshown i high megnirfi-
i nHg. 6. The positively reected Sitess most prob-
ably rgoresent ertter mitodhondria or trighycarice (Pady-
kula et al, 1963), and tre ljppd or lpd antaining

atprelles are resasible for the positive reection of red
filaswith Sudan blak B. The adjacent vwhite fias give
aweak or negative reection.

Fig. 5. Photomicrograph showing red and white fiber distribu-
tion in bovine longissimus. Sudanophilic fibers are classified as red
and nonreactive fibers as white (Sudan black B; 64X).

Fig. 6. Photomicrograph showing intracellular detail of a red

fiber. Positive reaction sites are clearly visible and probably
represent mitochondria or triglyceride (Sudan black B, 640.2X).

BOVINE LONGISSIMUS FAT CELLS— 51

Fig. 7. Photomicrograph of bovine intramuscular fat deposits.
Portion A shows an arteriole surrounded by fat cells and portion B
shows a nerve coursing through fat cells (oil Red O. Hematoxylin;
52.7X).

This disassin B o emphesize the presanee and poten-
= inportance of such intrecelliular s, Most cartainly
a portion of this intracelular lipd B detected I demical
cetemiratias of Tt and the assciatin of such s
with problems of kegping qality, role In post-mortem
dhange and aotribution 1o pellatzbility should not ke over-
ladad. Allen et ai. (19672) have examined the lipd
aomposition of three different nuscles and rgported same
diffaraes in fatty acid coposition.

Adipose tisae s nidly yplied with a vesaular system
(Bloom et al, 1964) and ithes been diearly daronstrated
Blurer et al, 1982) tat the main marbling dyosits
are doe 1 or within a heawy vesadlar retwork.  In the
presat stdy, blood vesels of some siz were alweys
goparent in or near nesses of it k. An ateridke n
the oatex of a large mass of fat ks Bshown N Fg. 7A
and smaller ves=ls are roacesble 1N Hg. 4A. Figure 7B
illstratss tte gopearance of a nene aoursirng through a
&t dqrsit
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Meat Flavor.
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INTRODUCTION

Precursors of the characteristic aroma of meat are
low molecular weight, water-soluble compounds that are
easily extracted from muscle tissue. Solmany individual
components are present, however, that it has not been pos-
sible to identify the compounds most directly associated
with aroma development. Separations on ion exchange
resins have given promising results (Batzer et al., 1960,
1962; Wasserman et al.,, 1965).

Since our previous study on the fractionation of flavor
precursors on strong ion exchange resins (Wasserman
et al,. 1965), we felt that the strongly active resins, as well
as acid and alkali solutions needed to elute compounds
from chromatographic columns, might induce alterations
in the structure of some molecules, thus introducing arti-
facts into the study. To investigate milder separation tech-
niques we turned toward gel filtration, which involves
separation of molecules on the basis of molecular weight
(Porath et al, 1959; Gelotte, 1960). Small molecules
which diffuse into the gel particles are retarded, while
large molecules which are completely excluded from the
gel phase will migrate through the column without reten-
tion in the interstitial fluid.

Gel filtration on crosslinked dextran, Sephadex G-25,
has been mentioned previously in connection with fraction-
ation of beef muscle components (Batzer et al., 1960;
Wasserman et al., 1965). However, we employed a cross-
linked polyacrylamide, Bio-Gel P-2, a comparatively new
gel filtration material of smaller pore size than previously
available, which suggested that separation of lower molecu-
lar weight compounds may be possible.

W hile our studies involving separation of sugars, amino
acids and purine derivatives were in progress, three papers
on the use of Bio-Gel P-2 appeared. Schwartz et al.
(1966) reported on the desalting of peptides and amino
acids. From their data possible separation of several amino

U. S. Department of Agriculture, Philadelphia, Penna. 19118

2. Procedures for the Separation of

W ater-Soluble Beef Aroma Precursors

acids can be inferred.
Uziel et al.

Schwartz et al. (1965), as well as
(1965) reported on the use of P-2 gel for
desalting and separating nucleic acid components on the
basis of molecular weight.

A new adsorbent has recently become available for
separating water-soluble organic compounds.
linked polystyrene resin, Amberlite XAD-2, contains no
functional groups ; separations on this resin are based pri-
marily on hydrophobicity. Molecules containing nonpolar
groups or aromatic nuclei are adsorbed on the resin and
are eluted at a slower rate than highly polar molecules.
To our knowledge there are no publications dealing with
the uses of Amberlite XAD-2. However, on the basis of
information in the manufacturer’'s technical bulletin we
felt this resin could give a series of useful separations of
the meat components.

The weak anion exchange material,

The cross-

DEAE-Sephadex,

It has been em-
peptides from the pituitary
(Porath et al.,, 1961), amino acids and peptides (Carnegie,
1961) as well as glycogen, sugars, sugar phosphates and
adenine nucleotides from blood cells (Ockerman, 1963).

Results reported in this paper describe the use of Bio-
Gel P-2, Amberlite XAD-2, and DEAE-Sephadex in the
separation of water-soluble compounds in a continuing
study on the isolation and characterization of meat aroma
precursors.

is useful for selective removal of anions.
ployed to separate basic

EXPERIMENTAL

Preparation of beef diffusate

One kilogram of frozen beef muscle was partially
thawed, cut into small pieces and homogenized with 4 L
of cold deionized water for 2 min in a blendor. The ho-

mogenate was allowed to stand for 2 hr and the solids were
then separated by centrifugation. The supernatant was
dialyzed against deionized water for 72 hr with three
changes of water of 3 L each, using Visking dialysis tubing,
prepared by exhaustive washing with water to remove
glycerin. The entire operation was carried out at 4°C.
The combined diffusates were lyophilized, dissolved in
deionized water to a final volume of 250 ml and stored at
—18°C until used.

The dry weight of the diffusate (96 mg/m 1) constitutes
2.4% by weight of the raw beef muscle.

Chromatography on Bio-Gel P-2

Bio-Gel P-2 (100-200 mesh), purchased from Bio-Rad
Laboratories, was washed exhaustively with ethanol to
remove ultraviolet absorbing impurities. The gel was hy-
drated with water and fines were removed by decantation.
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A chromatographic column (2.4 X 75 cm), pretreated
with 1% trimethylchlorosilane in carbon tetrachloride to
reduce “wall effects,” was packed with hydrated gel to a
height of 68 cm. Beef diffusate (1.7 ml) was diluted to
5 ml with water and applied to the top of the gel bed.
Components were eluted with water at a flow rate of 27
ml/hr and 6.9 ml fractions were collected.

Chromatography on DEAE-Sephadex

DEAE-Sephadex A-25 (Pharmacia, Uppsala, Sweden)
was washed and converted to the formate form as sug-
gested by the manufacturer. The gel was equilibrated with
0.1A formic acid and packed to give acolumn 1.5 X 87 cm.
Beef diffusate (1 m1l), diluted with 1 ml 0.1A formic acid,
was applied to the column and eluted with 0.1A formic
acid at a flow rate of 0.5 mI/min. Four ml fractions were
collected. After analysis, appropriate fractions were com-
bined, lyophilized and redissolved in a minimum quantity
of water.

Chromatography on Amberlite XAD-2

Crosslinked polystyrene polymer Amberlite XAD-2
(20-50 mesh, Rohm and Haas Co.) was washed exten-
sively with methylene chlorine-methanol (1:3 v/v), meth-
anol, and finally water to remove soluble impurities. The
resin was suspended in water and poured into a chromato-
graphic column to give a resin bed 2.9 X 34.5 cm. Beef
diffusate (5 ml) was applied to the column and eluted
with water at a flow rate of 1 mI/min while 4 ml fractions
were collected. After analysis, appropriate fractions were
combined, lyophilized and redissolved in a minimum quan-
tity of water.

Analytical methods

Chromatographic column effluents were collected with a
Model 132 Fraction
5-10°C. The ultraviolet absorbance of the effluents was
monitored at 248 m/i with a Gilford Model 2000 Multiple
Sample Absorbance Recorder. Fractions were analyzed
for total amino acids by the ninhydrin method of Cocking
et al. (1954) and for carbohydrates with the anthrone
method used by Toennies etal. (1964). Ultraviolet spectra
were recorded with a Bausch and Lomb Spectronic 505
and absorbance in the visible region was measured with a
Beckman Model B Spectrophotometer. Amino acid analy-
ses were performed according to Spackman et al. (1958)
using a Phoenix automatic amino acid analyzer.

Beckman Collector maintained at

The phosphorus analysis was carried out by a modified
molybdenum blue spectrophotometric method (AOAC,
1965).

Thin-layer chromatography

Qualitative analytical determinations of fraction compo-
nents were carried out by thin-layer chromatography on
plates of Silica Gel G (Merck), Cellulose MN 300 (Mach-
eray and Nagel), and DEAE-Cellulose (Serva), and
Eastman Chromagram sheets (type K301R2).

The following solvent systems were used:

A. n-propanol-ammonia (70:30 v/v)

B. 88% phenol (Mallinckrodt)-water (100:10 v/v)
C. i-propanol-ammonia (70:30 v/v)

D. n-butanol-acetic acid-water (74:19:20 v/v)

E. Formic acid-2-butanone-t-butanol-water (15:30:-

40:15 v/v)
F. i-propanol-pyridine-acetic acid-water (40:40:5:20
v/iv)

G. diethyl ether-90% formic acid
rated with water

(7:1 vl/v), satu-

Amino acids were separated on Silica Gel G plates or on
Eastman Chromagram sheets with solvent systems A,
B, C or D and detected with 0.2% ninhydrin in 95%
ethanol.

Carnosine and histidine were detected with Pauly’s diazo
reagent (Rockland et al., 1964) on chromatograms devel-
oped with solvent A or C. To detect creatine and creati-
nine the chromatogram, developed in solvent A or C, was
sprayed with 1% aqg. picric acid solution, heated at 110°
for 1 hr, then sprayed with 4% sodium hydroxide solution
(Block et al., 1952).

Sugars, phosphates, and purine derivatives were chro-
matographed on Cellulose MN 300 with solvent E or F.
Sugars were revealed with 0.1M p-anisidine phthalate in
95% ethanol (Randerath, 1963), and phosphates with
Hanes-Isherwood reagent (Bandurski et al.,, 1951).

Lactic acid was detected with a spray reagent consisting
of 0.3% bromphenol blue and 0.1% methyl red in 95%
ethanol after chromatography on Cellulose M N 300 devel-
oped with solvent E, or on Silica Gel G developed with
solvent G. Lactic acid was also detected with Hanes-
Isherwood reagent on Silica Gel G (Ting et al., 1965).
derivatives were also separated on DEAE-
cellulose with 0.01A hydrochloric acid as solvent and

Purine

detected as dark, absorbing spots under ultraviolet light
at 257 nr/* (Randerath, 1962). Quaternary ammonium
compounds were separated on Silica Gel G with solvent A
or C and detected by exposure to iodine vapor (Brante,
1949).

Aroma

Separation of the beef aroma precursors was followed
by the development of meaty aroma on pyrolysis. Samples
(0.25 ml) in 10 ml beakers were heated on a hot plate
(surface temperature 150-160°) until completely dry. The
aromas obtained were compared to the aroma produced on
pyrolysis of the diffusate in a similar manner.

Four to six members of the Meat Laboratory evaluated
the aromas informally. Since only major changes in odor
were of interest to us at this time, formal, statistical taste
panel procedures were not followed and the subjective,
descriptive analyses were used. The panel responses were
in agreement in differentiating meaty aromas resembling
those of the diffusate control from others also produced
on pyrolysis.

RESULTS AND DISCUSSION

Our chromatographic experiments indicate that con-
siderable separation of the low molecular weight compo-
nents of beef muscle may be achieved by mild treatment.
Fractions that gave desirable meat-like aromas on pyrolysis
were obtained by separation of the diffusate on Bio-Gel
P-2, Amberlite XAD-2, and DEAE-Sephadex, thus ex-
cluding a number of compounds from
aroma precursors.

consideration as



Table 1. Elution sequence of beef diffusate components from
a Bio-Gel P-2 column.

1. Sugar phosphates, peptides, amino acids (most), lactic acid,
quaternary amines

. Free sugars, creatine, glycine, taurine, serine, urea

Inosinic acid, phenylalanine, inorganic salts

. Creatinine

Tyrosine, unknown abs. max. 260 m,u

Inosine

. Hypoxanthine

. Unknown, abs. max. 265 m/i

® N o v~ w N

The elution sequence of components of the diffusate from
Bio-Gel P-2 is shown in Table 1 and Fig. 1.

Most of the amino acids were eluted together, but pre-
liminary experiments indicated that some separation may
be achieved within this group. Glycine, taurine and serine
were eluted somewhat later followed by phenylalanine.
Tyrosine, the last amino acid to be eluted, was well sepa-
rated from the others. The sugar components were sepa-
rated into two peaks containing sugar phosphates and free
sugars, respectively. The amino acid and sugar peaks
essentially overlapped, although the elution of sugars
tended to be slightly retarded with respect to the amino
acids. Inosinic acid, inosine and hypoxanthine were well
separated, emerging from the column in that order.

The order of separation of components on Bio-Gel P-2
indicates that two major mechanisms are in operation:
(1) exclusion from the gel on the basis of molecular
weight, and (2) adsorption on the surface of the gel. In
this respect the principles of separation on P-2 are similar
to those on Sephadex (Gelotte, 1960). The elution order
of purine derivatives was similar to that observed by Uziel
etal. (1965) and Schwartz et al. (1965) who claimed that
the movement of these compounds was governed by adsorp-
tion rather than by exclusion (or gel filtration).

Other factors affecting resolution on Bio-Gel P-2, be-
sides column dimensions and flow rate, may be the pH of
the eluting medium as well as the presence of other compo-
nents in the sample. A mixture of six amino acids, carno-

sine, and sodium chloride was chromatographed using
water as eluent.
T T i T T T
I
| | ABSORBANCE
/AT 248 mu
w |
(S
z |
< | -
& l
[« 4
o
2 I
@
<<
| |
i A
e
PN amino acios
wiow
v oA
] AN \./\ | ]
20 40 60 80 100 120
ELUTION VOLUME, ml
Fig. 1. Beef diffusate chromatographed on Bio-Gel P-2 (100-

200 mesh).
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Although the individual components were not completely
resolved, the following elution sequence was clearly visible :
(1) aspartic acid; (2) alanine, valine and leucine; (3)
cysteic acid; (4) carnosine; (5) phenylalanine; (6) so-
dium chloride. However, during chromatography of the
diffusate, carnosine was eluted together with alanine, valine
and leucine. The presence of acids and bases in the diffu-
sate may have caused this shift in the elution of carnosine.
Schwartz et al. (1966) in their studies on desalting of
amino acids on Bio-Gel P-2 reported that the elution
volumes of glutamic acid and arginine were dependent on
the pH of the eluting medium.

To obtain sufficient material for organoleptic evaluation,
we chromatographed 25 ml of beef diffusate on a 5 x 75
cm column of Bio-Gel P-2 (20CM-00 mesh). The separa-
tion of components was similar to that shown in Fig. 1.
The aromas obtained on pyrolysis of the eluted fractions
were compared with the aroma of pyrolyzed beef diffusate.
The most intense odors were obtained from fractions
containing both amino acids and sugars. The composition
of the fractions corresponding to the two sugar peaks
(Fig. 1) are shown in Table 2.

The first fraction, containing glucose-6-phosphate,
yielded a meaty aroma very similar to that of the diffusate.
The odor from the second fraction, containing the free
sugars— glucose, fructose and ribose— was also meat-like
but had a pronounced plant-like or grassy character.
Fraction 1, which yielded the most meat-like aroma thus
could be regarded as containing aroma precursor com-
pounds.

Among the components identified in this fraction are a
number of amino acids, carnosine, anserine, phosphate
sugars, quaternary amines and lactic acid. Trace amounts
of creatine and inorganic salts were also found in this
fraction, although the bulk of these compounds was found

Table 2. Composition of flavor fractions of beef diffusate sepa-

rated on Bio-Gel P-2.
Fraction 1 Fraction 2

Aroma-—meaty Aroma—meat-like, grassy

I-methyl-histidine Cysteic acid 1 Taurine
Lysine Taurine 1 Urea
Histidine Serinel Aspartic acid
Anserine Asparaginel Glutamic acid
Carnosine Glutaminel Serine
Threonine Argininel Threonine

Proline
Glutamic acid
Glycine
Alanine
Valine

M ethionine
Isoleucine
Leucine

1Trace amount.

Glucose 6-phosphate

Unknown sugar
phosphate

Lactic acid

Creatinel

Choline

Carnitine

Organic phosphates

PO M1

Asparagine
Glutamine
Glycine

M ethionine
Phenylalanine
Alaninel
Carnosinel
Inosinic acid
Creatine
Creatinine

P 0 4=
Organic phosphates
Glucose
Fructose
Ribose
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Fig. 2. Beef diffusate chromatographed on Amberlite XAD-2
(20-50 mesh).

in other fractions. The odor precursor fraction was free
from purines and their derivatives as well as from other
aromatic compounds.

Another type of separation of the components of beef
diffusate was afforded by chromatography on crosslinked
polystyrene polymer, XAD-2. Three
violet absorbing peaks were obtained when the diffusate
was separated on an XAD-2 column (Fig. 2). The
bulk of the material, listed in Fraction 1, Table 3, was
located in the first UV-absorbing peak. This fraction con-

Amberlite ultra-

tained most of the amino acids, all sugars, inosinic acid,
and other polar compounds.

The subsequent fractions contained compounds which
possess a high degree of aromaticity or nonpolar groups.
The presence of a large hydrocarbon chain in leucine and
isoleucine or of an aromatic ring in phenylalanine and
tyrosine resulted in the retardation of these compounds on
XAD-2 resin, making the separation of these amino acids
possible.

The order of elution of hypoxanthine and inosine from
the XAD-2 resin was the reverse of that observed from
the P-2 gel. This may be due to the decreased ionic
character of inosine as a result of substituting the sugar
moiety for the N-9 hydrogen of the purine nucleus.

Table 3. Composition of fractions of beef diffusate separated
on Amberlite XAD-2.

Fraction 1 Fraction 2 Fraction 3

Aroma: meaty Aroma: pungent, grassy ~ Aroma: none

Amino acids (all Leucine Inosine
except those in
Fraction 2) Isoleucine

Sugars Phenylalanine

Phosphates Tyrosine
Lactic acid Hypoxanthine
Creatine Unknown, abs. max.
26S Mg
Creatinine
L . Unknown, abs. max.
Inosinic acid 283 Mg

Inorganic salts

On pyrolysis Fraction 1 gave a meaty aroma, similar to
that of the diffusate.
was pungent and plant-like; Fraction 3 gave little or no

The odor of pyrolyzed Fraction 2

aroma.

Since the meaty fractions from the separations on P-2
gel and XAD-2 resin contained sugar phosphates or ino-
sinic acid and these compounds were implicated in flavor
development (Wood, 1961; Batzer et al, 1962), it was
of interest to observe the effect of the removal of these
anions on aroma. The diffusate was washed through a
column of DEAE-Sephadex [HCOCU] with 0.1A formic
acid. The total material eluted contained no phosphorus
and gave on pyrolysis a meaty aroma quite similar to that
of the diffusate.

In subsequent separations of the diffusate on DEAE-
Sephadex, fractions of the eluate were collected. The
absorbance of the eluted fractions monitored at 248 mg.
is shown in Fig. 3. Of the four peaks obtained, the first
had an absorption maximum at 260 m g; the second peak,
with a maximum at 247 mg, contained hypoxanthine and
inosine. Peaks 3 and 4 showed absorption maxima at
265 nv<. and 283 mg respectively. The compounds respon-
sible for the ultraviolet absorption in peaks 1, 3 and 4 are
at present unidentified. (The spectra referred to were
measured in 0.1A formic acid.)

The amino acids were eluted from DEAE-Sephadex in
(Cohn
They were distributed into five groups:

the order expected from their isoelectric points
et al.,, 1943).
basic, neutral and phenylalanine, tyrosine, taurine, and
glutamic acid in the order of their elution. On the basis
of these separations, and the analysis of other components,
the effluent was divided into seven fractions as shown in
Table 4.

Factors other than ion exchange also influence the
separation of compounds on DEAE-Sephadex. Adsorption
and molecular sieving effects most likely govern the elu-
tion of aromatic and non-ionic substances. The retardation
of purine derivatives and tyrosine is probably due to ad-

sorption effects. Free sugars are considerably retarded

on DEAE-Sephadex emerging together with tyrosine,
probably as a result of gel permeation effects. Ockerman
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Table 4. Composition of fractions of beef diffusate eluted from DEAE-Sephadex [HCOCE] with 0.1AT formic acid.

Fraction number

1 2 3 4 S 6 7

Aroma Aroma Aroma
Carnosine Creatine Threonine Tyrosine Taurine Glutamic acid Glutamic acid
Anserine Creatinine Serine Glucose Inosine Unknown, Unknown,

abs. max. abs. max.

Lysine Asparagine Fructose Hypoxanthine 265 m/x 283 ttilu
1-methyl- Glutamine Ribose

histidine Proline Inosine
Histidine Glycine Hypoxanthine
Arginine Alanine
Ammonia Valine

Creatinine M ethionine

Choline Isoleucine
Carnitine Leucine
Unknown, Phenyl-
abs. max. alanine
260
Creatine
(1963) reported that glucose emerges after glycogen

(polysaccharide) from DEAE-Sephadex and attributes
this separation to residual molecular sieving properties of
unsubstituted Sephadex.

Three of the fractions yielded odors on pyrolysis. How -
ever, these odors did not closely resemble the aroma from
the diffusate. Fraction 1, containing the basic compounds,
yielded an amine-like odor reminiscent of lamb. The odor
from the neutral amino acid Fraction 3 was pungent and
potato-like. The sugar-containing Fraction 4 produced a
fainter sweet, acrid odor. Combination of Fraction 4 with
either Fraction 1 or 3 resulted in more meat-like aromas,
while combination of Fractions 1, 3 and 4 resulted in an
aroma very similar to that of beef diffusate. Apparently
the components in Fractions 2, 5, 6 and 7 do not contribute
significantly to the meat aroma.

CONCLUSION

The separations of beef diffusate ON Bio-Gel P-2,
Amberlite XAD-2 and DEAE-Sephadex yielded
tions that gave good meaty aromas on pyrolysis, each
containing variations in the constituent components. W hile
we still have not identified the precursors of the character-
istic meaty aroma, it is possible to eliminate a number of
meat components that do not play an important role in
flavor development. Components separated from meat
aroma-producing fractions were considered not to contrib-
ute significantly to the basic meaty aroma. However, these
compounds could contribute to the overall odor of broiled
or roasted meat.

Although amino acids and sugars are present in all

frac-

flavor fractions, there do not appear to be any requirements
for specific components. In the flavor fraction from P-2
gel only sugar phosphates were present, while the free
sugars were equally effective in producing a meaty aroma
in the DEAE-Sephadex fractions.

The separation of the amino acids in the flavor fractions
is not sufficiently clear at present to evaluate their indi-
vidual contributions to the meat flavor; but tyrosine,

phenylalanine, taurine and glutamic acid may be removed
without seriously affecting the aroma. Creatine and cre-
atinine may not be involved in aroma development; they
can be removed almost entirely from the flavor fractions
by passage through the Bio-Gel P-2 or DEAE-Sephadex.

Purines and purine derivatives have been implicated in
the development of meat flavor and aroma (Batzer et al,,
1962) inosinic acid, inosine and
hypoxanthine from the aroma fraction by chromatography
on Bio-Gel P-2. Hypoxanthine and inosine also can be
removed by separation on XAD-2 while treatment with
DEAE-Sephadex removes inosinic acid. It appears, there-
fore, that these purines are not involved in the development
of meaty aroma.

: however, we excluded
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Catheptic Enzymes and Meat Tenderization.
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INTRODUCTION

Attempts to obtain evidence fOr the role of proteo-
lytic enzymes in post-mortem tenderization of meat are
numerous. The methods used have included changes in
nonprotein nitrogen (Hoaglund et al., 1917; Husaini et al.,
1950a,b; Wierbicki et al., 1954; Davey et al, 1966),
degradation of the fine structure of muscle fiber (Carey,
1940; Paul et al.,, 1944; Zender et al.,, 1958; Sharp, 1963),
solubility changes (W ierbicki et al., 1956; Weinberg et al.,
1960; Scopes, 1964), end group analysis (Locker, 1960),
electrophoretic changes (Zender et al,, 1958; Maier et al.,
1966) and determination and/or isolation of cathepsins
from muscle (Balls, 1938; Sliwinski et al.,, 1959; Bandack-
Yuri et al, 1961; Bodwell et al, 1964; Doyle et al, 1964).

W hile the majority of the data would indicate there is
some change as measured by the parameter used, there is
not complete agreement in this respect. Another difficulty
has been finding a correlation between the measured
parameters and changes in tenderness (for example, see
recent report of Davey et al, 1966).

These difficulties are the result of using methods too
insensitive to measure the changes expected and/or being
unable to interpret the observed changes in the complex
system which muscle is. W hitaker (1959, 1964) has previ-
ously pointed out the difficulties in this connection and has
suggested that the techniques of zone electrophoresis, gel
filtration and ion-exchange chromatography would supply
the sensitivity needed. The second difficulty is interpreta-
tion of results. This difficulty may be partially overcome
by using isolated components of the muscle. Recent work

*Present address: University of Ceara, Brazil.

Its Action on Actomyosin

by Bodwell et al.
used such systems.

(1964) and Scharpf et al. (1966) have

In the present investigation actomyosin and cathepsin
were isolated from the muscle and recombined in a model
system. The effect of cathepsin on actomyosin was mea-
sured by two very sensitive methods, viscosity and gel-
filtration. Since the formation of actomyosin is responsible
for the rigor state of muscle, it would appear most logical
that changes in actomyosin might be responsible for
changes in tenderness on aging. It is necessary to have
the cathepsin as pure as possible so that the results can be
interpreted unambiguously.

EXPERIMENTAL

Materials

Actomyosin. Actomyosin was prepared from the skeletal
muscles of a New Zealand white rabbit as described
below.

Cathepsin. The cathepsin was prepared as described
below from Arbor Acre adult broiler-type chickens.

Other reagents. Carboxymethyl cellulose (CM-cellu-
lose) was prepared in this laboratory by the method of
Peterson et al. (1956). Diethylaminoethyl cellulose
(DEAE-cellulose; Lot No. B1780, 0.76 meq exchange
groups per g) was from Bio-Rad Laboratories, Richmond,
California. Agarose (Lot No. 119, suspended in water
and stabilized with NaNg) was from Pharmacia, Uppsala,
Sweden. Hemoglobin “substrate powder,” a-N-benzoyl-
L-argininamide, a-N-benzyloxycarbonyl-L-glutamyl-L-ty-
rosine, a-N-acetyl-L-tyrosinamide and twice crystallized
trypsin (10,000 BAEE wunits of activity per mg) were
from Mann Research Laboratories, Inc., New York, N. Y.
Dithiothreitol (Cleland’s reagent, Lot No. 50241) was
from CalBiochem, Los Angeles, California. All other com-
pounds were reagent grade. Deionized water was used
throughout the investigation.

Methods

Protein determination. The protein content of fractions
from columns was determined at 280 mg. in a Beckman DU
spectrophotometer. Protein content of all other prepara-
tions was determined by the biuret method (Gornall et al,
1949). Crystallized bovine plasma albumin from Armour
Pharmaceutical Company, Kankakee, Illinois was used as
the reference protein.

Enzymatic activity. The hydrolysis of hemoglobin by
cathepsin and trypsin was performed by a modification of
the method of Anson (1938). Sufficient hemoglobin was
dissolved in water to give a 10% solution. The solution
was exhaustively dialyzed against deionized water before

Volume 33 (1968)— JOURNAL OF FOOD SCIENCE— 59
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being denatured in an alkaline solution with urea. The pH
was then adjusted with glacial acetic acid to 7.85 for tryp-
sin assay or 4.40 for cathepsin assay.

The reaction mixture consisted of 2.50 ml of 2%
tured hemoglobin adjusted to the appropriate pH and
sufficient water to bring the total volume to 5.0 ml when
the enzyme solution was added. Sixty seconds after add-
ing the enzyme a 2-ml aliquot was removed into 3 ml of
5% trichloroacetic acid (TCA) to serve as the blank. At
a later appropriate interval another 2-ml aliquot was also
removed into TCA. After 1 hr the samples were centri-
fuged and the increase in absorbance of the supernatant
liguid was determined at 280 m/*. One unit of activity is
defined as that amount which causes a change in absorb-
ance of 0.001 per hr.

The effect of cathepsin on a-N-benzoyl-L-argininamide,
a-N-benzyloxycarbonyl-L-glutamyl-L-tyrosine and a-N-
acetyl-L-tyrosinamide was determined at pH 4.40 and
35°C, a substrate concentration of 0.024/ and in the pres-
ence and absence of 1 X 10~34/ mercaptoethanol. The for-
mation of products was determined by the ninhydrin
method (Moore et al,, 1954).

The effect of trypsin at pH 7.90 and cathepsin at pH
5.90 on actomyosin was measured at 4°C in a 5 ml Ostwald
viscosimeter. The effect of trypsin at pH 7.90 and cathep-
sin at pH 4.95 on actomyosin was also determined by gel
filtration on a 1.70 x 110-cm column of agarose equili-
brated against Weber-Edsall solution (0.60M KC1, 0.014/
Na2C 03 and 0.04M NaHCO03, pH 9.0).

Preparation of actomyosin.

dena-

The first steps in prepara-
tion of actomyosin were identical to those of Szent-Gyorgyi
(1951). A New Zealand white rabbit (obtained from
Experimental Animal Resources, University of California,
Davis) was stunned by a blow on the head, decapitated,
skinned, and the muscle from the dorsal part removed.

The muscle was washed with cold water (0°C) and
immediately transferred to a cold room (4°C). One hun-
dred g of muscle, cleaned of visible fat and connective

tissue, were ground in a chilled meat chopper. Three
hundred ml of Weber-Edsall solution were added to the
ground muscle and the suspension was permitted to stand
overnight in a cold room. The next day the viscous sus-
pension was diluted with 500 ml of 0.604/ KC1 and the
suspension then was centrifuged in a Servall centrifuge at
13,200 G at 4°C for 1 hr.

The precipitate, mainly meat particles, was discarded.
The white, viscous supernatant liquid was diluted with five
volumes of cold water. On decreasing the concentration of
KC1 to 0.10M the actomyosin was precipitated as a white
voluminous, flocculent precipitate. After centrifugation
and decantation of the supernatant liquid, the precipitate
was dissolved in 600 ml of Weber-Edsall solution. This
process of precipitation and dissolution was repeated three
times. The white, viscous solution was then centrifuged at
59,000 G at 0°C for 30 min. The clear, opalescent solution
in plastic containers, was frozen and stored at—20°C.

Cathepsins. The initial parts of the method for extrac-
tion and purification of the cathepsins was essentially that
of Doyle et al. (1964). Unless otherwise noted, the puri-
fication was carried out at 4°C. The purification procedure
is outlined in Table 1.

Five hundred g of leg muscles from chickens, cleaned of
visible fat, was ground through a coarse plate of a food
chopper and mixed with 1000 ml of cold 2% KC1. The
mixture was homogenized for three min in a Waring
blendor and then allowed to stand overnight. The thick,
slimy homogenate was centrifuged at 13,200 G for 150
min and the precipitate was discarded. Solidified fat par-
ticles were removed by filtration through eight layers of
cheese cloth. The supernatant liquid (Fraction ) was
clear and slightly reddish in color.

The pH of Fraction I, initially 6.00, was adjusted to 5.10
with glacial acetic acid. The temperature of the solution
was then raised rapidly to 35°C by placing it in a 50°C
water bath. The solution was stirred continuously. After
the temperature reached 35°C, the solution was removed,
and placed in a 35°C water bath for 10 min.
cooled rapidly to below 10°C and centrifuged.
supernatant liguid (Fraction Il) was saved.

The pH of Fraction Il was adjusted to 4.20 with glacial
acetic acid and sufficient solid (N H 4)2S 04 was added to
make the solution 5% saturated at 4°C with respect to
(NH4)2504. After 1 hr. the solution was centrifuged
at 13,200 G for 30 min. The precipitate was discarded.
Sufficient solid (N H 4)2S 04 was added to the supernatant
liguid (Fraction I11) to make it 45% saturated at 4°C
with respect to (NH4)2504. After 1 hr, the solution
was again centrifuged for 30 min at 13,200 G. The pre-
cipitate was discarded. The supernatant liquid (Fraction
IV) was brought to 70% saturation at 4°C with solid
(NH4)2S04. After 1 hr, the solution was centrifuged
as above. The supernatant liquid (Fraction V) was dis-
carded and the precipitate was dissolved in 100 ml of 2%
KC1 (Fraction V).

After dialysis overnight against 0.014/ sodium acetate
buffer, pH 5.20, followed by centrifugation the clear, super-
natant liquid (Fraction V I1) was chromatographed on
a column (1.2 x 25 cm) of CM-cellulose which had been
prepared as described by Sgarbieri et al. (1964) and
equilibrated against 0.014/ sodium acetate buffer, pH 5.20.
Separation on the column was carried out using a step-
wise increase in the concentration of acetate buffer, pH
5.20. Better purification was obtained when chromatog-
raphy was performed at room temperature. The flow rate
was approximately 450 ml per hr.
fication step are shown

It was then
The clear

The results of this puri-
in Fig. 1. Peak E, eluted with
0.304/ acetate buffer, was saved for further purification.
The solution comprising peak E was dialyzed against
0.014/ phosphate buffer, pH 7.00. It was then chromato-
graphed on a column (1.2 x 40 cm) of DEAE-cellulose
prepared and equilibrated against 0.014/ phosphate buffer,
pH 7.00 (Kon et al, 1965).
formed at 4°C and at a flow

Chromatography was per-
rate of 50 ml per hr. The
1. All the proteolytic activity
was eluted from the column with 0.02M phosphate buffer,
pH 7.0.

The majority of the protein, which had no proteolytic

results are shown in Fig.

activity, was eluted from the column at a much higher
buffer concentration (not shown in Fig. 1). The final
material, representing 3% of the total original activity,

KC1
This purified material

was 580-fold purified with respect to the initial 2%

extract of the muscle homogenate.
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Fig. 1. Chromatographic purification of the cathepsin prepared
by precipitation between 45 and 70% saturated ammonium sulfate
on CM-cellulosc and DEAE-cellulose columns. Elution from CM-
cellulose was performed by a step-ivise increase in acetate buffer
concentration, all at pH 5.20. The acetate buffer concentrations
were: 1, 0.01M; 2, 0.10U; 3. 0.20M; 4, 0.30M; 5, 040 M; 6,
A59M. Peak E was dialyzed and rcchromatographcd on a DEAE-
cellulose column. The column zoos equilibrated in 0.01mM phosphate
buffer, pH 7.0 and eluted in a step-zoise manner with 1, 0.01M ; 2,

0.02M; and 3, 0.03M phosphate buffer, pH 7.0. The protein,-------- .
teas determined at 280 mg, and the activity,--—----- , on hemoglobin
at pH 4.40.

with a specific activity of 10,700 units/mg protein was
used in all subsequent work.

RESULTS AND DISCUSSION

Purification of cathepsin

The increase in purity due to a combination of pH
adjustment, heat denaturation of unwanted proteins, and
ammonium sulfate precipitation was less than five-fold
(Table 1). There is an indication that some of this in-
crease in specific activity was the result of removing
inhibitors of catheptic activity. The majority of the cathep-
tic activity was precipitated between 45 and 70% satura-
tion of the solution with (NHASO” and at pH 4.20.
Chromatography of the fraction precipitated with 70%
saturated (NH4)2Sos on a CM-cellulose column at pH

Table 1. Purification of cathepsin rom chicken leg muscle.

Activity
Purification recovered Specific Purification”
step (%) activityl (fold)

Fraction | 100 16.4-48.23 1.00
Fraction 11 94.5-18634 46.6-81.2 1.86-2.843
Fraction 111 43.7-244%* 59.2-122 0.795-2.98
Fraction 1V 5.3—61 44.2-212 0.915-7.74
Fraction V 1.2-8.0 18.4-93.4 1.12-3.78
Fraction V1 3.92-82 20.9-197 0.465-5.98
Fraction V II 3.04-1301 38.2-200 0.790-12.2
CM -cellulose column 14.2 1660 40.5
DEAE-cellulose column 2.86 10,700 580

1The specific activity is defined as the increase in absorbance
at 280 m/i times 1000 due to the trichloroacetic acid-soluble prod-
ucts produced from hemoglobin in one hour at 25.0° and pH 4.40
by 1 mg of enzyme protein per milliliter.

2The range of values for fold purification are calculated from
the results on individual purifications and cannot be derived directly
from the range of specific activities presented.

3A number of preparations were carried through these steps
and the results indicate the lowest and highest values obtained.

4In a number of preparations more than 100% recovery of
activity was obtained in these steps. This suggests the presence of
inhibitory material which was removed during the purification.
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5.2 resulted
Table 1).

A component with the highest specific activity was
eluted with 0.30M acetate buffer, pH 5.2 (peak E). Ap-
preciable catheptic activity was also eluted with o.20M
acetate buffer (peak D). The relationship between the
catheptic enzymes in peaks D and E was not determined.
Chromatography of the material from peak E on a DEAE-
cellulose column at pH 7.0 gave an additional 14.5-fold
increase in purity of the material. The catheptic activity
was all contained in a peak eluted with o 02 M phosphate
buffer, pH 7.0 (Fig. 1).

The purification procedure resulted in a 580-fold in-
crease in specific activity as compared with the specific
activity of the 2% KC1 extract. However, the total fold
purification is higher. The major part of the proteolytic
activity of muscle is extracted with 2% KC1 but only 0.1
to 0.2 of the total protein of muscle is extracted. There-
fore, the over-all purification is some 2500 to 6000-fold
with respect to the original muscle. Measured on hemo-
globin at pH 4.40 and 35°C, the cathepsin preparation
had a specific activity of 1.07 x 10« units/mg protein.
Under comparable conditions but at pH 7.85, twice crystal-
lized trypsin had a specific activity of 1.03 x 10s units/mg
protein.

The classification of the cathepsins is based on their
ability to hydrolyze certain synthetic substrates (Tallen
et al.,, 1952). The activity of the purified cathepsin prepa-
ration was determined on the three synthetic substrates,
a-N-benzyloxycarbonyl-L-glutamyl-L-tyrosine (for ca-
thepsin A), a-N-benzoyl-L-argininamide (for cathepsin
B) and a-N-acetyl-L-tyrosinamide (for cathepsin C), in
the presence and absence of 1 x 1(P3M mercaptoethanol.
No activity on any of these substrates was found even
when the incubation time was increased 4-fold over that
normally used when determining the activity of a crude
preparation (for example, Fraction I).

Increasing the enzyme concentration to several hundred
times that normally found in a crude preparation did not
cause any hydrolysis of the substrates. We must conclude,
therefore, that the purified cathepsin preparation did not
contain cathepsins A, B and C. Cathepsin D has been
shown not to hydrolyze the synthetic substrates used here
(Press et al.,, 1960). Therefore, our results, while not
entirely conclusive since there are reports of other cathep-
sins, indicate that we have purified cathepsin D from
chicken muscle.

Press et al., (1960) concluded that the major catheptic
enzyme of beef spleen is cathepsin D. Doyle et al. (1964)
have previously found that cathepsins A (high activity)
and B (low activity) appear to be present in crude extracts
of chicken muscle while no cathepsin C activity was found.

in a 20- to 40-fold purification (Fig. 1,

Activity on actomyosin

Trypsin. Five ml of actomyosin solution, which con-
tained 16 mg protein per ml and which had been adjusted
to pH 7.90 with acetic acid, was treated with 0.20 ml of
a trypsin solution (9.0 x 10-s3 mg; 920 units of activity
on hemoglobin) at 4°C. The reaction was carried out in
an Ostwald viscosimeter. The decrease in relative viscosity
as a function of incubation time is shown in Fig. 2. There
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Fig. 2. Effect of trypsin on the viscosity of actomyosin. Five
milliliters of actomyosin solution (16 mg protein/ml) at pH 7.90
was mixed, with 0.20 ml of trypsin (9.0 X IF 3mg trypsin; 920 units
of activity on hemoglobin) at 4°C in an Ostwald viscosimeter. The
outflow time was determined at various intervals.

was a rapid decrease in the viscosity of the actomyosin
solution.

When there was no further change in the viscosity of
the solution, a one-ml aliquot of the solution was placed
on top of an agarose column equilibrated with Weber-
Edsall solution. Columns packed with agarose will sepa-
rate molecules with molecular weights of several million
(Hjerten, 1962). Dextran Blue-2000, with an average
molecular weight of 2 x 10s is separated into at least two
components on the agarose column used here.

Chromatography of actomyosin on the agarose column
before and after treatment with trypsin is shown in Fig.
3A and 3B, respectively. The major peak (a) of untreated
actomyosin completely disappeared and there was the for-
mation of two new peaks, (b) and (c). The center of the
major peak of untreated actomyosin was at 102 ml of
eluting fluid while the centers of the new peaks formed by
trypsin hydrolysis were at 165 and 243 ml, respectively.
Since a relationship between the elution volumes and
known molecular weights of several solutes was not estab-
lished for the agarose column, we do not know the molecu-
lar weights of these components.

However, we can say that they are considerably smaller
than the original actomyosin. Therefore, chromatography
on an agarose column, as well as decrease in viscosity,
indicates there is a rapid hydrolysis of actomyosin by
trypsin at pH 7.90. Hydrolysis of myosin [MW ~500,000
(Weber et al., 1965) ] by trypsin has been shown to result
in the formation of two smaller units, heavy meromyosin
(MW ~232,000) and light meromyosin (MW ~96,000)
(Mibhalyi et al., 1953; Szent-Gyorgyi, 1953).

Cathepsin. If the ionic strength of an actomyosin solu-
tion is maintained at 0.6 with KC1, the pH may be lowered
to 4.4 with the formation of only a trace of precipitate.

o B (c)
QO.l6r 1008
0.12\' (b) 1006
g 008 H004
004+ 40.02
[¢] L 1 L ' X 1 [¢]
0] 80

80 0 40
FRACTION ND (3.0 ml)

Fig. 3. Chromatography of actomyosin on a 1.70 X 110-cm
column of agarose before (A) and after (B) treatment with trypsin
at pH 7.90. Two ml of actomyosin solution (16 mg protein/ml)
were added to the column before trypsin treatment and one ml
after trypsin treatment. The column was equilibrated with 0.60M
KCI, 0.01M NaZXZOs and 0.04M NaHCOs, pH 9.0 and the same
solution was used for elution of the column at 4°C.

However, viscosity studies could not be carried out at
this pH or at pH 4.95 because the actomyosin tended to
form aggregates (long fibers) on flowing through the
capillary tube of a glass viscosimeter. For this reason,
viscosity studies were performed at pH 5.90, close to the
pH of rigor muscle. Even after 72 hr no change in the
viscosity of the solution could be detected. In these studies,
2.50 ml of purified cathepsin solution and 2.50 ml of acto-
myosin solution were combined and incubated at 4°C. The
amount of cathepsin used had 2230 units of activity on
hemoglobin at pH 4.40.

The cathepsin was maximally active on hemoglobin at
4.4 and had less than 10% maximal activity at pH 5.9.
However, the combination of amount of enzyme and length
of incubation should have resulted in some change in the
viscosity of the actomyosin solution if the cathepsin were
able to hydrolyze actomyosin. To further substantiate the
inability of the purified cathepsin preparation to hydrolyze
actomyosin, incubation of actomyosin with cathepsin, both
in the presence and absence of dithiothreitol at pH 4.95,
was carried out for 72 hr at 4°C.

Incubation was performed in plastic tubes because glass
caused an aggregation of actomyosin at this pH. After
72 hr, an aliquot of the solution was chromatographed on
an agarose column equilibrated with Weber-Edsall solu-
tion. The results are shown in Fig. 4. There is no evi-
dence for the hydrolysis of actomyosin by the purified
cathepsin preparation. In the presence of 1 X 10-3M di-
thiothreitol the reaction mixtures remained clear through-
out the incubation period. However, in the absence of
dithiothreitol, approximately 60% of the actomyosin
precipitated during the 72 hr incubation period.

The relative amounts of cathepsin and trypsin used in

these experiments should be compared in order to present
a true picture of what these results mean. As indicated
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Fig. 4. Chromatography of actomyosin on a 1.70 X 110-cm
column of agarose before (control) and after treatment with
cathepsin for 72 hr at 4°C and pH 4.95 in the presence and absence
of dithiothreitol. Chromatography was performed as described in
Fig. 3.

above, 920 units of trypsin (as determined on hemoglobin
at pH 7.85) or 2230 units of cathepsin (as determined on
hemoglobin at pH 4.40) were added to the actomyosin
solutions. Therefore, considering the difference in time of
incubation of actomyosin with the two enzymes, the ratio
of potential enzymatic activity was 50- to 70-fold in favor
of the cathepsin. Yet, no hydrolysis of actomyosin by the
purified cathepsin preparation could be detected.

The results presented here do not give a complete
answer to whether some of the cathepsins may be involved
in meat tenderization. Our data indicate that the purified
cathepsin was probably cathepsin D and that it was free
of cathepsins A, B and C. At least two other cathepsins,
cathepsins A and B, are present in chicken muscle (Doyle
et at., 1964) and their ability to hydrolyze actomyosin was
not determined in this work.

Bodwell et al. (1964) could not detect any activity of a
crude cathepsin preparation (considered to be cathepsin
A but cathepsin D could also have been present) on actin,
myosin or actomyosin. They used as criteria of hydrolysis
a change in absorbance at 280 mg of TCA-soluble material.
This technique is a much less sensitive assay to determine
proteolysis than the two methods used in the present study.
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Determination of Fat and Moisture

SUMMARY—The near-infrared spectral absorption properties
of 2-mmthick samples of meat emulsions were measured by
direct spectrophotometric techniques. The resulting spectra
are interpreted in terms of absorptions from O-H and GH
stretching vibrations combined with scatter losses. Optical-
density differences are correlated with fat and moisture con-
tents. The difference in optical density between 1.80 and
1725 n gave a high correlation with moisture content and
the difference between 1.725 and 1.65 ji gave a high corre-
lation with fat content. Direct spectrophotometric analysis
predicted fat content within a standard error of + 2.1% and
moisture content within £r 1.4%. The possibilities of this tech-
nique are explored and the problems to be solved in develop-
ing a rapid, accurate method are discussed.

INTRODUCTION

Fat and moisture contents Of meat products are
important to both the consumer and the producer. In
certain products, the upper limits of water and fat content
are regulated by the Meat Inspection Division, Consumer
and Marketing Service, U. S. Department of Agriculture
(1965). With the industry’s desire to maintain optimal
level of fat and water in meat products and the control
exercised by the Federal Government, the need for a
rapid accurate analysis is emphasized.

The conventional methods for determining moisture
(distillation and oven drying) and fat content (ether ex-
traction) are too slow for many purposes. Many tech-
niques for a rapid drying analysis have been explored
(Everston et al.,, 1965) but to date an adequate method
has not been developed. Davis et al. (1966) recently
reported on a rapid extraction for simultaneous determina-
tion of fat and moisture, but this still requires two hours.

Norris et al. (1965) have shown that moisture content
of grains can be determined by direct spectrophotometry,
so this technique was studied for application to meat prod-

aPresent address: Department of Horticulture, University of
Maryland, College Park, Maryland 20740.

Agricultural Research Service, United States Department of Agriculture

Beltsville, Maryland 20705

Direct Spectrophotom etric

in Meat Products

ucts. Spectral absorption curves of different types of meat
samples were recorded for the 1.5- to 1.85-/* region and
the results were related to composition as determined by
conventional techniques.

MATERIALS AND METHODS

M odel samples of meat emulsions WEre prepared in
a simulated factory operation, from lean, fat, and water.
Some of the samples were cooked in a hot-water bath to an
internal temperature of 156°F, and some were kept raw.
Samples of bacon, ham, all-meat franks, and bologna were
of commercial origin. The samples were passed through a
meat grinder twice and were refrigerated prior to the
spectrophotometric studies. Information regarding fat,
protein, and moisture content of all the samples was
obtained according to AOAC methods (1960). For the
spectrophotometric studies » g of the sample material were
packed into a - -mm-deep metal cell having a glass bottom.

Absorption measurements were made with a recording
spectrophotometer designed for analysis of light-scattering
samples (Norris et al., 1961). Monochromatic radiation
from a double-prism monochromator is reflected down to
the sample which is mounted directly above a large-area
lead sulfide cell as shown in Fig. 1L The energy trans-
mitted through the sample is measured by the lead sulfide

SAMPLE

_’// CELL

LEAD SULFIDE
CELL

Fig. 1. Sample mounting for special spectrophotometer.



cell and, after suitable amplification and signal conditioning’
is recorded on the Y-axis of an X-Y recorder. The X-axis
records a signal proportional to the wavelength.

The Y-axis signal is recorded on a logarithmic scale so
that absorption differences can be read directly from the
recorded curve. The wavelength range from 1.5to 1.85 g
was recorded for each sample four times with the sample
rotated 90° between each measurement. The average
differences in optical density between 1.725 g and 1.65 g
and between 18 Xand 1.725 /x were computed and tabu-
lated.

The absorption spectra for a thin layer of water, a thin
layer of pure beef fat, and a thin layer of defatted beef were
recorded with a special Cary 14 Spectrophotometer incor-
porating an integrating sphere for measurement of diffuse
transmittance. The sample, of a thickness chosen to give
a reasonable absorption, was mounted close to the entrance
port of the sphere for measurement. The operating con-
ditions provided a spectral bandpass of less than 0.005 g.

RESULTS AND DISCUSSION

E xploratory absorption measurements WEle made
over a wide wavelength region and the region from 15
to 1.85 /x appeared to be the most promising. Measure-
ments at longer wavelengths required such a thin sample
that it was difficult to obtain a suitable preparation. The
absorption spectrum of a sample of all-meat frankfurters
shown in Fig. 2 is typical.

This curve was recorded with the Cary Spectropho-
tometer on a sample approximately 0.2-mm thick. The
strong absorption bands at 1.93 and 1.45 /x are from O-H
vibrations of water. The sharp bands at 1.725 and 1.76 X
are from C-H vibrations. The small group of bands at
12 K include O-H and C-H vibrations. The radiant
energy, scattered and reflected by the particles without
being absorbed, introduces a general absorbance of ap-
proximately 0.3 on this sample.

For quantitative work a thicker sample must be used,
but the absorption is too great for measurements with the

ABSORBANCE

o i | I L1 ! | I 1 ) L I L R ]
1.5 20

1.0
WAVELENGTH — microns
Fig. 2. Absorption spectra of a thin layer (0.2mm) of all-meat

frankfurter as recorded with a Cary 14 Spectrophotometer incorpo-
rating our integrating sphere.
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Fig. 3. Absorption spectra of ham, bacon, and all-meat frank-
furter as recorded with special spectrophotometer. Sample thick-
ness—2mm; spectral bandpass—0.020 /x. Recorded curves include
system response. Absorbance at 1.65 g, on sample of bacon rvas 1.5.

Cary Spectrophotometer because of the low efficiency of
the integrating sphere. Measurements with our special
spectrophotometer on »-mm-thick samples of different
meat emulsions, as shown in Fig. 3, show the same absorp-
tion bands at 1.725 and 1.76 g. The bands are not clearly
defined because the spectral bandpass of the instrument is
0.020 X

The absorption curves for pure fat, defatted beef, and
water for this limited wavelength region, as recorded with
the Cary Spectrophotometer (Fig. 4), provide adequate
description of the character of the curves for the meat
emulsions. Other components of the meat contribute to
the overall absorption, but the fat and the water appear
to be the main components contributing to the differential
absorption. The defatted meat shows weak absorption
bands at 1.70 and 1.74 kand the strong absorption of water
as the wavelength approaches 1.9 K&

Absolute absorbance is not suitable for compositional
analysis on scattering samples, but absorbance differences
can be used. The curves of Fig. 4 indicate that the best
wavelengths for fat determination should be 1.725 and
1.65 /x The water absorption band at 1.93 g is too strong
for measurement on a 2 -mm sample, but a measurement of
the difference in absorbance at :.s and 1.725 / should
be sensitive to water. Therefore, these wavelengths were
chosen for study.

Compositional analyses and optical-density differences
for 17 samples of commercial origin and 17 samples of meat
emulsion models are presented in Table 1 The relationship
between fat content and A O. D. (1.725-1.65) /X (Fig. 5)
is nearly linear over the total range of samples. The same
is true for water content and A O. D. (1.80-1.725) g, as
shown in Fig. 6.
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Fig. 4. Absorption spectra of pure fat, zvater, and defatted beef
as recorded on Cary 14 Spectrophotometer. Sample thickness ad-
justed to provide a reasonable absorption on each sample.

All adequate treatment of absorbance vs. composition
for scattering samples has not been developed, but the
Kubelka-Munk analysis (1947) indicates that the relation-
ship is not linear. Since the deviations from linearity are
small, a linear regression analysis was made. Correlation
coefficients of 0.974 between fat content and A O. D.
(1.725-1.65) g and of 0.977 between water content and
A O. D. (1.80-1.725) g were obtained. A multiple corre-
lation using all three wavelengths improved the correla-
tions to 0.976 and 0.978, respectively.

The relationship of the absorption measurements to pro-
tein content was also studied. A correlation coefficient of
—0.751 was obtained between protein content and A O. D.
(1.725-1.65) g. Most of this relationship can be explained
by the correlation between fat content and protein content
(—0.745). Thus the C-H vibrations of the protein appar-
ently do not contribute to the absorption at 1.725 g in the
same way as the fat. This agrees with the results on
defatted beef shown in Fig. 4. The a O. D. values pre-
dicted the fat content and water content within a standard
error of + 2.1% and 1.4%, respectively, if the one sample
of very high fat content is omitted. The standard error
is reduced to £ 1.6% and 1.3%, respectively, if only the
commercial samples are considered.

The major source of error in these measurements is

Table 1. Compositional analysis and absorbance—difference values for meat emulsions.

Sample %
No. Sample type Fat
1 Commercial processed sausage 19.9
2 325
3 25.7
4 36.3
5 33.7
6 30.2
7 33.9
8 28.8
9 32.4
10 35.6
11 325
12 35.3
13 33.0
14 29.4
IS 33.6
16 33.7
17 2 33.2
18 Commercial ham 19.9
19 Commercial bacon 53.4
20 Comm, all-meat franks 33.6
21 Model emulsion—raw 13.8
22 12.8
23 21.6
24 9.1
25 5.5
26 12.5
27 lf 335
28 Model emulsion—cooked 21.4
29 22.0
30 22.5
31 9.7
32 15.9
33 23.7

30.4

w
N
<

% %

AO.D. AO.D.
W ater Protein Residue (1.725-1.65)m (1.30—1.725),,
60.5 16.4 3.2 0.520 0.160
54.4 10.5 2.6 0.788 0.040
58.1 12.6 3.6 0.672 0.100
48.8 11.3 3.6 0.820 -0.012
51.9 11.2 3.6 0.828 0.036
55.0 11.7 3.1 0.756 0.064
50.4 12.6 3.1 0.848 0.016
55.8 11.8 3.6 0.692 0.092
52.7 11.3 3.6 0.768 0.076
49.5 10.8 4.1 0.832 0.024
51.0 13.3 3.2 0.764 0.048
49.9 10.7 4.1 0.828 0.000
53.1 111 2.8 0.744 0.056
53.9 13.6 3.1 0.704 0.068
52.6 10.6 3.2 0.752 0.068
50.5 12.0 3.8 0.736 0.036
51.2 121 3.5 0.728 0.056
60.3 14.4 5.4 0.588 0.152
31.3 6.4 8.9 1.272 -0.284
49.5 11.7 5.2 0.824 0.000
63.2 16.4 6.6 0.508 0.204
66.2 15.2 5.7 0.464 0.208
61.6 11.6 5.2 0.640 0.150
76.1 10.4 4.4 0.368 0.276
72.5 14.5 7.5 0.312 0.264
68.9 13.4 5.2 0.468 0.232
53.5 8.7 4.3 0.860 0.028
62.6 13.4 2.6 0.600 0.152
61.1 14.3 2.6 0.656 0.132
60.1 15.4 2.0 0.648 0.128
70.2 17.7 2.1 0.372 0.240
65.3 15.9 2.9 0.504 0.188
59.3 14.1 2.9 0.652 0.120
53.9 12.8 2.9 0.784 0.040



found in a sample preparation.. It is difficult to pack a cell
with a - -mm-thick sample in a reproducible, uniform layer.
A second major source of error is the low signal-to-noise
ratio obtained because of the low transmittance of the
samples. The signal-to-noise ratio can be improved by use
of a more efficient source of monochromatic energy.

It may also be possible to improve the detector and

60 /
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r=0.974
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Fig. 5. Relationship betzveen fat content and absorbance differ-
ences at 1.725 and 1.65 g for different meat emulsions. Circled
point not included in regression analysis.
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Fig. 6. Relationship between water content and absorbance

difference betzveen 1.80 and 1.725 a for different meat emulsions.
Circled points not included in regression analysis.
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electronic amplifiers, although we believe that this improve-
ment will be small unless the detector is cooled to dry-ice
temperature or lower. It should be possible to construct an
instrument using interference filters for these measure-
ments and a four-filter instrument is under development
in our laboratory.

We do not have a solution to the sample-preparation
problem, but a sample cell in which the sample is com-
pressed between two windows might be effective. Dilution
of the sample with a non-absorbing liquid is another pos-
sibility. Norris et al. (1965) chose carbon tetrachloride
for use with grain. The ideal material for dilution would
be a non-absorbing liquid having an index of refraction
matching that of the sample. Such a liquid would greatly
reduce the scatter losses and permit the use of a larger
sample.

We have shown that a direct spectrophotometric analysis
for fat and moisture content is possible on meat emulsions.
Packing of the sample cell is the only sample preparation
required. Special instrumentation is required, but we be-
lieve that a direct-reading instrument and suitable sample-
handling technique can be developed to provide an accuracy
within £0.5% for both fat and moisture.
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Alterations of Bovine Sarcoplasmic Proteins as

SUVIVIARY—Fffects of high temperature aging upon certain
characteristics of bovine | dorsi muscle were studied. Paired
wholesale ribs of carcasses were obtained subsequent to
slaughter. The left rib of each pair was held at 30°C for
24 hr, then stored at 3°C. Analogous right ribs were imme-
diately stored at 3°C. A sampling schedule of 0, 1, 2, 3 4,
7 and 10 days was followed.

There were minor variations in moisture, pH, tyrosine-
tryptophan indices of non-protein nitrogenous compounds and
expressible moisture ratios between treatments and with time.
These differences were not statistically significant.

Up to three days storage, extractability of water soluble
protein was greatest from muscles held at the elevated tem-
perature. After the third day, however, extractability was
greater for muscles held at 3°C.

Color differences between muscles treated via the two
storage temperatures were marked. Absorbance ratios (422/
280 nfi) of extracts showed that muscles held at the high
temperature had higher extractable levels of oxymycglobin
than ribs held at 3°C. This difference remained apparent
throughout the aging period.

Results of DEAE-cellulose ion exchange chromatography
of the sarcoplasmic proteins showed only minor variations in
profiles between the two aging treatments. Alterations did
appear with time. Profile alterations did not appear related
to anticipated increases in tenderness.

INTRODUCTION

Tenderness of meat IS generally believed to be influ-
enced by the state of the myofibrillar proteins which form
the contractile mechanism of muscle (Donnelly et al,
1966). Sarcoplasmic proteins, however, have also been
implicated in meat tenderness. Bendall et al. (1962) pos-
tulated that sarcoplasmic proteins can be adsorbed on the
myofibrillar proteins during post-mortem changes in pork
thus altering their functional properties. While sarco-
plasmic proteins make up only 20-25% of total muscle
protein, they do contain many muscle regulating enzymes
which could contribute to their importance in tenderness
(Kronman et al.,, 1960). Fujimaki et al. (1964) also con-
cluded that sarcoplasmic proteins may reflect some aspects
of post-mortem changes in meat.

Cellulose ion exchange chromatography has provided
a tool to fractionate the many proteins in the sarcoplasm.
Fujimaki et al. (1964) and Rampton et al. (1965) studied
the fractionation of sarcoplasmic proteins but presented
data only at the beginning and the final stages of the aging
process.

This study was intended to elucidate the changes that
occur in sarcoplasmic extracts of beef animals from the

aPresent address: Food and Drug Administration, Bureau of
Science FSA/FTB, 200 C Street, Washington, D. C. 20204
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Influenced by High Temperature Aging

pre-rigor state through a normal and high temperature
aging process using diethyl-aminoethyl-cellulose (DEAE-
cellulose) ion exchange chromatography.

EXPERIMENTAL PROCEDURE

Rib sections (sth through 13th ribs inclusive) were
removed from both sides of three beef carcasses subse-
quent to slaughter. Carcasses were representative of three
different quality grades (good, commercial and utility)
according to U.S.D.A. beef grading standards. Rib sec-
tions from the right side of the carcasses served as con-
trols and were aged at 3°C throughout the study. Rib
sections from the left side of the carcasses were initially
held in a tunnel dryer at 35°C for 45 min to dry partially
the exterior surfaces to retard microbial growth. These
sections were then held at 30°C for 24 hr before being
stored at 3°C for the remainder of the aging period.

One-inch steaks were removed from rib sections at 2 hr
and 1, 2, 3, 4, 7 and 10 days post-mortem. Samples from
the 1. dorsi muscle were removed for the determination of
expressible and total moisture. Fifty g of tissue were
homogenized with 50 ml of distilled water in a water-
cooled Waring blendor for 90 sec. Homogenate pH was
measured, adjusted to 7.0 with IN NaOH, and homoge-
nized for an additional 30 sec. After centrifugation of the
homogenate at 30,000 X G for 20 min, the supernatant
was filtered through Whatman No. 12 filter paper to
remove fat particles.

One ml of each filtrate was removed for tyrosine-trypto-
phan index determinations. The remainder of the sarco-
plasmic extract was dialyzed against a 160-fold volume
of the chromatographic starting buffer (0.04M Tris ad-
justed to pH 9.0 with concentrated H:P 04) for 22 hr at
4°C and used for chromatographic analysis.

Tyrosine-tryptophan index determinations were made in
duplicate on sarcoplasmic extracts (Zender et al., 1958).
One-half ml of the extract was placed in a 25 ml volu-
metric flask and brought to volume with 0.5 ml of 0.12V
NaOH and distilled water. Absorbance was measured at
280 mu. with a Beckman DB spectrophotometer. Another
0.5 ml of the extract was placed in a test tube to which 9.5
ml of 15% TCA were added. After mixing, the extract
was filtered through Whatman No. 42 filter paper and the
absorbance of the filtrate was read at 280 niju.

A spectrophotometric scan from 750 to 245 m[i was made
on the diluted dialyzed extract with a Beckman DB record-
ing spectrophotometer. The maximum absorbance of a
characteristic peak at 422 m™ was used to indicate the
amount of oxymyoglobin present (Mackinney et al., 1962 ;
Theorell, 1934). A ratio of absorbance at 422 to 280 mix



was used to express the amount of oxymyoglobin on a
protein basis.

Filter paper moisture absorption determinations were
made by the procedure of Briskey et al. (1960). Moisture
was determined by drying samples for 24 hr at 80°C under
partial vacuum (43 cm), and measuring loss in weight.

Chromatography

Four 2 X 50 cm DEAE-cellulose ion exchange columns
(Schleicher and Schuell, Selectacel Type 20, 0.83 meq/g)
were prepared, washed, re-equilibrated and operated ac-
cording to procedures described by Rampton et al. (1965).
The columns were prepared simultaneously to minimize
column variation. Sarcoplasmic extracts of the 0, 2, 4, 7
and 10 day sampling times were chromatographed.

The elution procedure consisted of 130 ml of starting
buffer followed by a gradient mixture at pH 9.0 (0.04M
Tris-phosphate) and ending with a final buffer at pH 3.6
(0.5M Tris-phosphate). Elution was completed by placing
300 ml of the final buffer in the last chamber of the vari-
able-gradient mixer followed by elution of 500 ml of 0.1V
NaOH. Columns were washed and re-equilibrated after
each run.

RESULTS AND DISCUSSION

Although there were minor variations in moisture,
pH, tyrosine-tryptophan indices of non-protein nitrogenous
compounds and expressible moisture ratios between treat-
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ments and with time, these differences were not statisti-
cally significant. Hence, for the sake of brevity, these data
are not presented and will not be discussed.

The tyrosine-tryptophan index obtained on the meat
extracts prior to TCA precipitation served as a relative
measure of the extractability of proteinaceous substances
(Zender et al., 1958). Results of this determination are
shown in Fig. 1 The high temperature aged meat had a
higher index level for the first three or four days post-
mortem after which the normal aged meat showed higher
index values. Statistical analysis failed to reveal any sig-
nificant differences in the indices between the two treat-
ments.

Sayre et al. (1963) found that the solubility of sarco-
plasmic proteins was greatest immediately after death.
Goll et al. (1964) reported similar findings and proposed
that the protein solubilities were altered by post-mortem
physiological conditions. The variation in protein solu-
bility observed in this study was probably due to standard-
ization of the homogenates to pH 7.0 during extraction.
Thus the pH was constant for all extracts rather than
being carried out at variable physiological pH’. This
difference alone would greatly influence the extractability
of the proteins.

Observed ratios (422/280 mg) presented in Fig. 2
graphically depict the oxymyoglobin levels in relation to
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protein content. These ratios were used to verify color
differences observed visually. After freshly cut muscle sur-
faces were exposed to the air for 20 min, high temperature
aged meat showed a brighter cherry red color than the
normally aged meat. There was little difference in the
ratios for the two aging treatments during the first two
days post-mortem. The heifer and cow extract ratios
showed marked differences at the third day post-mortem
and the mature cow on the fourth day post-mortem. The
differences between the color-protein ratios appeared to
remain constant thereafter.

Statistical analysis showed significant differences (P <
o. o1) between the two aging treatments for the heifer and
the cow samples and significant differences (P < 0.01)
between the ratios with time for the heifer. Spectrophoto-
metric data were initially collected for the cow samples at
three days post-mortem when the color differences were
first noted. Consequently, there were not sufficient data
for statistical treatment of this sample although the differ-
ence was observed visually.

McCarthy et al. (1942) showed that the press juice of
meat aged by the Tenderay® process (48 hr at 16°C) had
a greater color density than meat aged at 2°C. However,
they did not relate the color density to the protein concen-
tration of the press juice. Color differences observed in
the present study cannot be readily explained since the
myoglobin concentrations should be similar in both 1. dorsi
muscles of the same animal.

Chromatography

Chromatographic profiles are presented with the elution
volume shown in 10 ml fractions on the abscissa and the
absorbance of the eluant read at 280 m/i on the ordinate.
No attempt was made to quantitate the results by measur-
ing the profile peak heights or areas under the profiles,
although reference is made to peak heights in a relative
sense. Chromatographic profile peaks are referred to as
individual peaks with the understanding that a single peak
is not necessarily a homogeneous protein fraction, but can
consist of several distinct proteins that have similar elution
times (Fujimaki et al., 1964).

Results of the DEAE-cellulose ion exchange chromato-
graphic separation of the sarcoplasmic proteins from the
1 dorsi muscles of the cow are presented in Fig. 3. Differ-
ences between the elution profiles of the two treatments
at the various sampling times appear to be quite minor.
Marked changes, however, can be observed in the chro-
matograms as storage time increased.

Generally, the chromatograms were characterized by a
large breakthrough peak followed by three or four small
peaks, and then a large peak that was eluted between
fractions 64 and 105. This large peak contained most of
the muscle pigments, and was followed by s to 20 less-
defined peaks. These small, often poorly-separated, peaks
seemed to be eluted at about the same time for the two
treatments, although the heights of the peaks were not
constant with the different storage times.

Changes that occurred with increasing storage time were
manifested by changes in the elution profile in the region
of the breakthrough to pigment peaks. The most notice-
able change in profiles of the sarcoplasmic proteins between
zero day and two days.post-mortem was the appearance

of a double or split peak in place of the single pigment
peak. In addition, a very small peak near fraction 35
became more distinct.

The four day post-mortem profile indicates that the
breakthrough peak had decreased to about one-half of its
initial height. Moreover, the small peak at fraction 35 had
increased to form a large peak between fractions 30 and 46
while a small peak appeared near fraction 26. The pigment
portion also had been altered so that a smaller peak was
eluted before the main pigment peak.

The chromatograms for the seven and 10 day extracts
both showed an increase in the height of the breakthrough
peaks and a decrease in the peaks that appeared between
fractions 30 and 46 at the four day sampling time. The
seven day profile of the pigment proteins showed only a
main peak with one or two shoulders which appeared to
emerge as a distinct peak at 10 days post-mortem. The
profiles of the samples held at the elevated aging tempera-
ture showed some loss of peaks at fraction 26 and between
fractions 30 and 46.

Chromatographic profile patterns of the heifer were
similar to those noted for the cow. Breakthrough and pig-
ment peaks showed marked changes along with minor
alterations in the latter part of the elution profile. The
peak between fractions 30 and 46 that appeared at four
days post-mortem was not evident at 7 days while the
breakthrough peak disappeared completely by the 10 day
post-mortem sampling. The chromatograms showed very
small differences between the two temperature treatments.

Chromatograms of the sarcoplasmic proteins of the
1. dorsi muscles of the mature cow showed less variation
in the breakthrough and pigment peaks than was noted
for the other two animals. The profiles did seem to show,
however, more variation with the sampling times than
between the two temperature treatments.

As mentioned previously, most of the changes in the
chromatograms seem to have occurred in the first 120
fractions of the elution procedure. The changes in the
breakthrough and other peaks up to the pigment peak
might be due to changes in the extractability of the par-
ticular proteins involved. Such a change as dissociation
might cause a shift of one peak to another position. Some
differences in the elution times might be due to slight
inherent differences between the four chromatographic
columns, even though they were prepared as identically
as possible.

Changes in the pigment peak, however, are not clear.
There seemed to be a general shifting of this peak in some
cases, or possibly even the appearance or increase of peaks
that may have had similar elution times. Some change of
this type occurred in all of the three series of chromato-
grams. In all of these cases the bulk of the pigmentation
always appeared under the largest peak of this group. The
reasons for these changes are not clear and merit further
investigation.

The literature contains reports on the occurrence of vari-
ations in the chromatographic profiles of sarcoplasmic pro-
teins of beef and chicken muscle during post-mortem aging.
Fischer (1963) used DEAE-cellulose chromatography to
study changes in the sarcoplasmic proteins of chicken
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Fig. 3. Chromatographic profiles of sarcoplasmic proteins ex-
tracted from cow I. dorsi muscle at various aging periods. Legend:
Normal aging method on left; high temperature aging on right.

breast muscle. He found seven distinct protein fractions,
one of which increased with the aging time.

Fujimaki et al. (1964) used both cellulose-phosphate
and DEAE-cellulose chromatography to study the differ-
ences in beef sarcoplasmic proteins at one and 1. days
post-mortem. Using a stepwise elution scheme, they found
that some of the eluted fractions disappeared while others
decreased. Rampton et al. (1965) used DEAE-cellulose
chromatography with a concave gradient of pH and salt
concentration to show that some protein fractions of beef
sarcoplasmic proteins disappeared; others diminished,
while some new components appeared after 10 days of
aging.

The series of chromatograms obtained in this study not
only confirm the observations reported previously, but also
show clearly that definite changes do occur in the sarco-
plasmic proteins as measured by DEAE-cellulose chroma-
tography. Although these changes can be followed from
day to day during the aging period, they do not seem to be
significant as a measure of tenderness due to the variation
noted between the three animals.
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Fujimaki et al. (1964) analyzed certain chromatographic
fractions of beef sarcoplasmic proteins fractionated on
cellulose-phosphate columns for enzyme activity. They
found activities for aldolase, lactic dehydrogenase and myo-
kinase in seven, eight and three fractions, respectively, of
the 10 fractions studied. They concluded that the indi-
vidual chromatographic peaks do not contain a particular
homogeneous protein nor is all of any one protein found
in a single specific fraction.

In view of the report by Fujimaki et al. (1964), aldolase,
lactic dehydrogenase (band five) and myokinase were
fractionated by the DEAE-chromatographic procedure to
gain information about the elution profiles of these muscle
enzymes. These enzymes (grade A purity) which had
been extracted from rabbit muscle were purchased from
Calbiochem, Los Angeles, California. Approximately 20
mg of aldolase and :0 mg of both myokinase and lactic
dehydrogenase were chromatographed individually. In ad-
dition, a blank chromatogram was obtained by the chroma-
tography of 9 ml of starting buffer in place of 9 ml of
sample extract. The resulting chromatograms are pre-
sented in Fig. 4.

The chromatogram for the blank showed an absence of
UV absorbing material up to fraction number 250 when
a peak was observed followed by a very small peak at
fraction number 280. These two peaks appeared after
the elution gradient had been completed, and at the time
when the pH became strongly alkaline due to the addition
of 500 ml of 0.1IV NaOH at the start of the clean-up
procedure. The rapid increase in absorbancy at the end
of the chromatogram was due to the Triton X-100 deter-
gent used in the final wash solution.

The remaining chromatograms indicated that aldolase
was eluted as a breakthrough peak while lactic dehydro-
genase appeared as three peaks at the beginning of the
elution scheme. Myokinase appeared as a single peak
near fraction number 200, even though a stabilizer—
albumin—had been added to the myokinase by the supplier
during preparation of the purified enzyme. The peaks that
appeared on the blank chromatogram are also quite evident
on chromatograms for the enzymes. Although these en-
zymes were obtained from rabbit muscle, the results might
be indicative for similar enzymes found in beef muscle.
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Fig. 4. Blank and enzyme chromatograms.
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Quantitative Methods for Anthocyanins. 1 Extraction and Determination of

SUMMARY—The method developed consists of extracting the
anthocyanins with ethanol-1,5N hydrochloric acid (85:15)
and measuring the O.D. of the extract, diluted with the
extracting solvent, at 535 nm. The total anthocyanin content
was calculated in absolute quantities with the aid of the
extinction coefficients established for the four major cranberry
anthocyanins dissolved in the alcoholic solvent system.

INTRODUCTION

Cranberries (Cr) and many other fruits, as well as
products made from them, owe their attractive color to the
presence of anthocyanin (Acy) pigments. The total antho-
cyanin (T Acy) content of these fruits varies a great deal
depending on factors such as species, variety, growth con-
ditions, physiological state of the plant and fruit, size,
position of the fruit on the plant, application of chemicals,
etc. (Blank, 1958; Ribereau-Gayon, 1959). This investi-
gation was carried out as part of a project to develop
methods for the quantitative determination of individual
Acys in Cr.

LITERATURE REVIEW

The extraction of anthocyanins (Acys) is neces-
sarily the first step in the determination of total as well
aPresent address : Research Laboratories, Food and Drug Di-

rectorate, Department of National Health and W elfare, Tunney's
Pasture, Ottawa 3, Canada.

Total Anthocyanin in Cranberries.

as individual Acys in any type of plant tissue. The
extraction method should be such that a maximum amount
of Acy will be recovered with a minimum amount of ad-
juncts and the loss of Acy due to enzymatic and non-enzy-
matic changes will be kept at the minimum. This is
usually accomplished by repeatedly extracting the macer-
ated plant material with cold 1% hydrochloric acid in
methanol.

The extraction procedure employed previously for cran-
berry anthocyanins (Cr Acys) was that developed by
Francis (1957) and its slightly modified version (Servadio
et al,, 1963). The modified process improved the sampling
by blending the Cr with a small amount of water prior
to sampling. An aliquot of the slurry was blended with
ethanol-0.1A HC1 (85:15) and after a short settling
period a diluted aliquot at the supernatant was used for
the O.D. measurement. This extraction procedure did
not attempt to extract the Acy completely, but only to
reach an equilibrium in pigment concentration throughout
the slurry and the supernatant.

The T Acy can often be determined in crude extracts
containing other naturally occurring phenolic compounds
by measuring the absorptivity of the solution at a single
wave length. This is possible because the Acys have ab-
sorption maximum in the 510-550 nm region (Harborne,
1958). This is far removed from other common phenolics,



and the group of compounds with spectral maxima nearest
this range is the flavenoids with absorption maximum in
the 350-380 nm region (Sondheimer et al., 1948a).

Such a simple, direct T Acy determination method was
used in previous studies on Cr. A portion of the extract
was diluted with the extracting solvent and the absorb-
ance was measured at 535 nm. The pigment content was
expressed as mg Congo Red per g of fresh berries by using
the appropriate factors for the conversion.

The absorption maximum and molar absorptivity, used
in simple spectrophotometric methods, are markedly
affected by pH (Sondheimer, 1953; Ribéreau-Gayon,
1959), solvent (Harborne, 1958), presence of certain
metals (Jurd, 1962), time of standing, and temperature.
In addition to these, straight line relationships between
concentration and absorptivity can be expected only at low
concentrations, therefore, considerable dilution is usually
necessary.

It is desirable to express the results of the T Acy deter-
minations in terms which can be compared to results ob-
tained by different workers. Sondheimer et al. (1948b)
suggested that the results of the T Acy measurements

Table 1.
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could be expressed in terms of Congo Red equivalents.
The shortcoming of this method is that the absorbance of
the dye varies with each lot (Francis, 1957). Other au-
thors have used commercially available Acy or anthocy-
anidin to express their results. This practice can be also
misleading because of the gross impurities found in some
of the commercial preparations (Fuleki et al., 1967a).

The best way to express the results of T Acy determina-
tion is in terms of the absolute quantities of Acys present
in the particular mixture. For this it is necessary to
establish not only the identity of the pigments but also
their extinction coefficient (E) in the solvent used for
the T Acy determination and the ratio of each pigment.
It is sufficient to establish the E value only once but the
application of this method is hindered by the scarcity and
lack of agreement between the E values reported in the
literature (Table 1). This lack of uniformity is under-
standable if we consider the difficulty of preparing crystal-
line Acy, free from impurities, in sufficient quantities to
allow several weighings under optimal conditions.

The Acys are rather unstable, particularly in the pure
form, and are often contaminated with these polymeric

Molecular extinction coefficients on anthocyanins and anthocyanidins reported in the literature.

Ab%x&im

Pigment: {XRIZ Medium nm (gm References
Pelargonidin 3245 0.1% HCIl in EtOH 504.5 1.78 Schou (1927)
P1-3-G1 486.5 1.0% HCI in water 496.0 2.733 Jorgensen etal. (1955)
Cyanidin 340.5 0.1% HCIl in EtOH 510.5 2.46 Schou (1927)
0.1% HCIl in EtOH 547.0 3.47 Ribereau-Gayon (1959)
Cy-3-Ga 502.5 0.1% HCIl in MeOH 530.0 3.43 Siegelman et al. (1958)
01N HCI-EtOH (15:85) 535.0 4.49 Sakamura et al. (1961)
0.1A HCI-EtOH (15:85) 535.0 4.62 Zapsalis et al. (1965)
Cy-3-Ar 472.5 0.1IM HCI-EtOH (15:85) 538.0 4.44 Zapsalis et al. (1965)
Cy-3-RhG1 650.5 1.0% HCI in water 512.0 2.823 Jorgensen et al. (1955)
Cy-3,5-GI 664.5 0.1% HCI in EtOH 535.0 1.25 Ribereau-Gayon (1959)
Peonidin 354.5 0.1% HCI in EtOH 511.0 3.72 Schou (1927)
0.1AT HCI-EtOH (15:85) 532.0 4.08 Sakamura et al. (1961)
Pn-3-GI 516.5 0.1% HCIl-in MeOH 536.0 1.13 Somers (1966)
Pn-3-Ga 516.5 0.11V HCI-EtOH (15:85) 532.0 4.84 Sakamura et al. (1961)
0.12v HCI-HCI-EtOH (15:85) 532.0 4.84 Zapsalis et al. (1965)
Pn-3-Ar 486.5 0.1A HCI-EtOH (15:85) 532.0 4.61 Zapsalis et al. (1965)
Delphinidin 356.5 0.1% HCI in EtOH 522.5 3.47 Schou (1927)
PPht 547.0 3.244 Spaeth et al. (1950)
Dp-3-GI 518.5 1% HC1 in MeOH 543.0 2.90 Asen et al. (1959)
Petunidin 370.5 PPhT 549.0 3.464 Spaeth et al. (1950)
Pt-3-G 1 532.5 0.1% HCIl in MeOH 546.0 1.29 Somers (1966)
M alvidin 400.5 0.1% HCIl in EtOH 520.0 3.72 Schou (1927)
0.1 HCI in EtOH 557.0 3.62 Ribereau-Gayon (1959)
0.1% HCI in MeOH 547.0 3.16 Koeppen et al. (1966)
PPhT 551.0 3.714 Spaeth et al. (1950)
Mv-3-Gl 562.5 0.1% HCIl in MeOH 546.0 1.39 Somers (1966)
0.1% HCIlin MeOH 538.0 2.95 Koeppen et al. (1966)
Mv-3,5-GI 724.5 0.1% HCIl in EtOH 519.0 1.07 Schou (1927)
0.1% HCI in EtOH 545.0 1.03 Ribereau-Gayon (1959)
Mv-3-p-cou- 718.5 0.1% HCIl in MeOH 536.0 3.02 Koeppen et al. (1966)
maroyl-G 1
1Pl = pelargonidin, Cy = cyanidin, Pn = peonidin, Dp = delphinidin, Pt = petunidin, Mv = mal-
vidin, G1 = glucoside, Ga = galactoside, Ar = arabinoside, Rh = rhamnoside.

2Since most of the determinations were carried outin a HCIl-containing media, the molecular weights
of the chlorides are given and they include one molecular of water of crystallization.
3The authors expressed doubts in regard to the purity of the anthocyanin used in the determination of

extinction values.
4The authors used the organic phase of 10%

phosphoric acid-phenol-toluene (PPhT)

as solvent and

the extinction coefficient was determined at 550 nm instead of the maximum.
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degradation products. The presence of impurities, in most
cases, would result in a lower E value. In addition to
these factors, the absorbancy of the Acy molecule also
depends on the pH and the nature of the media (Ribereau-
Gayon, 1959). Lowering the pH and/or the use of alco-
holic media appreciably increases the E values of Acys.

The major Acys in Cr were identified by Sakamura et al.
(1961) and Zapsalis et al. (1965) as cyanidin-3-galacto-
side (Cy-3-Ga), cyanidin-3-arabinoside (Cy-3-Ar), peo-
nidin-3-galactoside (Pn-3-Ga) and peonidin-3-arabinoside
(Pn-3-Ar). The extinction values were established by
Zapsalis et al. (1965) on freshly prepared and highly puri-
fied pigments dissolved in ethanol-0.1 A HC1 (85:15).

A comparison of the values listed in Table 1 shows that
the highest extinction values were obtained by these au-
thors. This, and the fact that all Acys were obtained in
the crystalline form, indicates that these values are prob-
ably highly reliable.

MATERIAL AND METHODS

The Cr used in this work (Vaccinium macrocarpon
Ait., var. Howes) were grown at the University of Massa-
chusetts Agricultural Experiment Station, Wareham,
Massachusetts. The berries were stored at 0°F until used.

Solvents
The following solvents were used :
MAW Methanol-glacial acetic acid-wa-
ter (90:5:5)
Original Extracting 95% ethanol-0.1AT HC1 (85:15)
Solvent
Extracting Solvent 95% ethanol-1.5N HC1 (85:15)
The pH of the solvent was ad-
justed as required to obtain a
final pH of 1.0 in the Cr extract

diluted for O.D. measurement.

Spectral measurements

The absorption maxima and E values were established
using Cr extract and purified individual Cr Acys (Fuleki,
1967) diluted with the appropriate solvent. The measure-
ments were carried out on a Turner “Spectro” Model 210
spectrofluorometer (G. K. Turner and Associates, Palo
Alto, Calif.). A Hitachi Perkin-Elmer, Model 139 spec-
trophotometer (Perkin-Elmer Corp., Norwalk, Conn.)
was used for the T Acy determinations.

The appropriate media were used as blanks in the deter-
mination of the E values. For routine analyses, distilled
water was used as a blank after it was established that
there was no difference in absorption in the 250-650 nm
spectral region between distilled water and that of the
medium used in the T Acy determination.

Selection of the extracting solvent

The acidity of 85 :15 mixtures of 95% ethanol and aque-
ous solutions of hydrochloric acid in various strengths was
measured with a pH meter. The selected solvent was
checked by carrying out the standard extraction and dilu-
tion procedures with the solvent and measuring the pH of
the diluted extract.

Extraction procedure

One hundred g frozen Cr were macerated with 100 ml
extracting solvent in a Waring blendor at full speed. The
sample was transferred quantitatively to a 400 ml beaker
using approximately 50 ml of extracting solvent for wash-
ing the blendor jar. The beaker was covered with parafilni
and stored overnight at 4°C. The sample was filtered on
Whatman No. 1 paper through a No. 2 Buchner funnel.
The volume of the “first run” filtrate was about 215 ml.

The beaker as well as the residue on the filter was
washed repeatedly with the extracting solvent until ap-
proximately 450 ml of extract was collected. The extract
was transferred to a 500 ml volumetric flask and made up
to volume. To prepare the extract for spectrometric mea-
surement, an aliquot of approximately 25 ml was filtered
through a fine porosity sintered glass filter or a polyvinyl
chloride (Polyvic) millipore filter (Millipore Filter Corp.,
Bedford, Mass.), and made up to appropriate volume.

Evaluation of the extraction procedure

To evaluate the efficiency of the extraction procedure,
the extraction profile was determined. Six 100 g samples
were extracted as described previously with the following
exceptions :

a. The “first run” extract was collected separately and
made up to 250 ml.

b. The washings were collected separately until almost
250 ml were obtained and then made up to 250 ml.

c. A third fraction called “second washings” was ob-
tained by washing the residue with additional ali-
quots of the solvent until close to 100 ml were
collected and then made up to 100 ml.

The amount of T Acy present in each fraction was
determined using the method described for Cr extract.

Total anthocyanin determination

A small aliquot of filtered extract was diluted with the
extracting solvent to yield O.D. measurements within the
optimum range of the instrument. The diluted extract was
stored in the dark for 2 hr and the O.D. was measured at
the absorption maxima of Cr extract (535 nm). The T
Acy content was calculated with the aid of the appropriate
weight, volume, and dilution factors and E values.

Establishment of the extinction coefficients

The E values obtained by Zapsalis et al. (1965) were
used as a basis for the establishment of E values for the
Cr Acys dissolved in the media used in the T Acy determi-
nation. The purified individual Cr Acys were obtained in
the form of a concentrated solution in MAW, from the
final purification by paper chromatography (Fuleki, 1967).
The stock solutions of individual Acys were further
acidified with a few drops of approximately 4iV HC1 in
ethanol, and one ml aliquots were diluted to 25 ml using
calibrated glassware. After 2 hr standing in the dark the
0O.D. of the solutions in triplicate were measured at the ab-
sorption maxima.

Since the concentration of the pigment was the same in
the original extracting solvent (standard) for which the
extinction coefficients were available and in the medium
with unknown extinction coefficient, (sample), the differ-



ence between their optical densities could be directly re-
lated to the difference in their absorbancies using the
following equation:

E 1%/1 cm for sample = O.D. in sample/O.D. in stan-
dard X E 1%/1 cm for standard. Extinction coefficients
at the visible and UV maxima as well as 535 nm, were
established for the four pigments on triplicate samples.

RESULTS AND DISCUSSION
Extraction of anthocyanins

Extracting solvent. In previous work with Cr the Orig-
inal Extracting Solvent was used for the extraction of Acy
and also for the T Acy determination. However, to assure
high accuracy and sensitivity in the T Acy determinations,
it was essential that the acidity of the extracting solvent
should be such that the pH of the extract, diluted for
O.D. measurement was 1.0. The Original extracting sol-
vent resulted in a considerably higher pH (2.6) where
small changes in pH would introduce a large error. The
relationship between pH and absorbancy was shown by
Fuleki etal. (1967b).

It was desirable to retain the basic composition of the
Original Extracting Solvent. Ethanol is non-toxic, more
economical and its extracting power is almost as good as
that of the generally used methanol (Deibner et al., 1965).
The inclusion of water helps the extraction of the more
hydrophilic Acys (Deibner et al.,, 1965) which are present
as minor pigments in Cr (Fuleki, 1967) and it also allows
the use of ethanol recovered by distillation. The hydro-
chloric acid stabilizes the pigments and lowers the pH to
a level where the absorbance of the Acys is at their maxi-
mum. In view of the above considerations the original
composition (EtOH-aqueous HC1) and proportions
(85:15) were retained. The strength of the HC1 solution
was increased (1.52V) to attain the desired pH (1.0) in
the diluted extract.

Extraction procedure. The procedure previously em-
ployed for Cr (Francis, 1957; Servadio et al., 1963) did
not completely extract the Acy but only equilibrated the
pigment concentration throughout the macerated berries
and the extracting solvent. It was necessary to develop a
new procedure which would extract the pigments com-
pletely and provide a representative sample of the Acys
in a concentrated form for their individual determination
if desired.

The procedure developed was described in the “Materi-
als and Methods” section. The volume of the extracting
solution was kept low in the initial phase of the process in
order to have high Acy concentration in the “first run”
extract. The overnight submersion of the macerated ber-
ries in the extracting solvent allowed the Acy to diffuse
through the cell membranes. Some additional extracting
solvent was required to wash the residue free of Acys.

The new extraction procedure was evaluated by estab-
lishing an extraction profile (Table 2) which showed that
the Acys were almost completely extracted in the first
250 ml. Washing of the residue with an additional 250 ml
of Extracting Solvent removed essentially all the Acys.

Determination of the total anthocyanin
Absorbancy measurements. The O.D. measurements for
the T Acy determination were carried out in the extracting
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Table 2. Recovery of total anthocyanin from cranberries on
extraction with EtOH-1.51V HC1 (85:15).
Fraction Recovered T Acy
Cocke Nerre m Mg 100 g % of Total
A First run 250 48.04 £ 0.591 86.02
B First washings 250 7.81 + 0.53 13.98
Total A & B 500 55.85 £ 0.77 100.0
C Second
washings 100 0.11 0.20

1Standard error of the mean.

solvent. This ethanolic medium gave a dilute Acv solution
with a pH of 1.0. The 2 hrs standing period was sufficient
to attain equilibrium between the different forms of Acy
present at pH 1.0. The O.D. measurements were carried
out at 535 nm.

Extinction coefficients. Since E values for Cr Acys were
available only for the original extracting solvent it was
necessary to establish E values for the EtOH-1.51V HC1
medium (Table 3). In ethanolic media the peak of absorp-
tion in the visible range was 535 and 536 nm for the
cyanidins and at 532 nm for the peonidin glycosides. In
the long UV region, the maximum was found at 281-282
nm for all four pigments. These values agree closely with
those reported in the literature (Table 1) for these pig-
ments.

The absorption of Acys in alcoholic media at the ob-
served UV maximum was about 45% of that for the
visible maximum. The ratios calculated from the values
reported by Ribereau-Gayon (1959) for Cyanidin-3,5-
glucoside and Malvidin-3,5-glucoside were 40 and 52%
respectively. The data of Koeppen et al. (1966) showed
a similar ratio for malvidin-3-glucoside (46%) but the
ratio for malvidin-3-p-coumaroyl-glucoside was quite
different (approx. ss%). The greatly increased absorb-
ance at the UV marima in the last case is probably due to
the presence of p-coumaric acid in the molecule.

Most non-acylated pigments substituted in the 3-position
show a ratio approx. 63% whereas those in the 3,5 or 5
position show a value of approx. 42% (Harborne, 1963).
An increase in the pH greatly decreases the absorption at
the visible maximum while the absorbance is only slightly
affected at the UV maximum (Fuleki et al., 1967D).

The difference in pH of the media used by these workers
might be responsible for the discrepancies in the reported
ratios. A third very intense maximum occurred between
209 and 212 nm. A similar peak was reported at 210 and
211 nm by Ribereau-Gayon (1959) for cyanidin-3,5-
glucoside and malvidin-3,5-glucoside respectively.

The E values at 535 nm were used in the calculation of
T Acy content. Since the differences between the E values
of the four Cr Acys were rather small and the ratio of
individual Acys was not always known or determined, the
av E of the four major Cr Acys (982) can be used to
calculate the T Acy. The use of an average rather than a
weighted E will result in an error less than 0.2% for the
pigment ratios found in cranberries.

Calculation of the total anthocyanin content. The total
O.D. (T O.D.) is calculated first so the O.D. measured on
a small aliquot of the diluted extract will apply to a certain
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quantity (100 g or other) of berries. The T O.D. obtained
is transformed to mgs of Acy with the aid of the E value.
The T O.D. for 100 ml extract is calculated using the
following equation:
(1) TO.D.=0.D. x DV x VF where
O.D. = the absorbancy reading on the diluted sample

Previous data calculated as mg C.R./g can be recalculated
as mg Acy/100 g by multiplying the C.R. data by 0.5
(Fuleki et al., 1967a).

Example
To facilitate the calculation of the T Acy content an

(o cm cell). example is given as follows :

DV = Diluted A™piume or the volume in mis of The total volume of the extract obtained from 100 g
the diluted extract prepared for the O.D. mea- (Crw) of fresh berries was 500 ml (TEW). A 2 ml
surement. (SV) sample of the extract was diluted with the

VF = Volume Factor which corrects for the

difference in size between 100 ml, the Original
Volume (OV) for which the calculation is
made and that of the Sample Volume (SV)
or the volume of extract used for the absorb-
ancy measurement.

VE = ov 100

SV SV
Since the T O.D. for 100 g berries is desired the T O.D.
calculated for 100 ml extract should be brought up to this
level using the following equation:
(2) T O.D. per 100 g = T O.D. for 100 ml extract
X TEV/CrW where
TEV = Total Extract Volume. The total volume of
the extract in mis obtained from the Cr sam-
ple used for extraction.
CrW = Cranberry Weight or the weight of the Cr in
gms used for extraction.

The T O.D. value gives the absorbance as if all Acy
present in the berries was concentrated in 1 ml of solution.
Since it is more convenient to calculate the Acy in mgs
while the E values were given for a 1% (10 mg per 1 ml)
solution, the E/10 values are used in the calculation of
T Acy. The T Acy in mgs per 100 ml Cr extract is
calculated from the calculated T O.D. value using the av

1%

E 535 value for Cr Acys (982).

1 Ccm

Extracting Solvent to 100 ml (DV) and the O.D. at
535 nm was measured as 0.400 (O.D.). The T Acy
content should be calculated in mgs for 100 g Cr.
The T O.D. for 100 ml extract is calculated:

(1) T O.D. = 0.400 x 100 x 100/2 = 2,000
The T O.D. for 100 g berries is calculated :

(2) T O.D. per 100 g Cr = 2,000 x 500/100 = 10,000
The T Acy content is calculated with the aid of the
appropriate E value:

(3) T Acy = 10,000/98.2 = 101.7 mg per 100 g Cr.

The data presented in Table 3 show that there are differ-
ences in the E values of Cr Acys. Although these differ-
ences are negligible for general work they might be
important in cases where the highest accuracy is desired
as in studies on biosynthesis, etc. In such cases the quan-
tity of each anthocyanin present should be determined using
a calculation method employing successive approximation
as described in a later paper of this series. The sum of the
determined quantities for individual Acys will give the
amount of T Acy. The large difference between the E
values of Acys occurring in some plants (for example,
mono- and diglycosides) might be minimized by calculating
with molecular extinction coefficients (e).

Evaluation of the total anthocyanidin method. The pre-
cision of the method was evaluated by analyzing 10 iden-
tical aliquots of the same Cr extract. The variation was
found to be well within an acceptable level (1.4% Coeffi-
cient of Variability).

C3) T Acv, mgs per 100 = T ?'D' The extraction and T Acy determination method devel-
av E ég/é’ / /10 oped for Cr can be used for other plant material and solid

.cm/ or semisolid products as well. With samples containing

T O.D. chlorophyll the T Acy determination method can be applied

98.2 after washing the extract with ethyl ether to remove the

The above formulae reduce to:

(4) T Acy inmgs per 100 g = OD x DV x 100/SV x
TEV/CrW x 1/98.2

Table 3.

chlorophyll and pheophytin.
Plant materials for which the E values of the pigments
are not available present a special problem. If the absorp-

Extinction coefficients for cranberry anthocyanins in alcoholic media.

BOHOIA HCL (85:15) EOH-L5WHCI (85:15)
mexi mex: MmexXi  max:  mexXk mex:  mexi o max:  5%mm
nm E1°/0 nm El%

Pigment 1an 1am e5% (X 10
Cy-3-Ga 535 281 920 422 536 282 958 484 958 4.81
Cy-3-Ar 535 281 941 428 535 282 1002 421 1002 4.73
Pn-3-Ga 531 281 936 427 532 282 987 450 985 5.09
Pn-3-Ar 532 281 947 450 532 282 981 470 981 4.77
Average 982 4.85

W eighted av.

981

“As determined by Zapsalis et al. (1965).
2M olar extinction coefficient.



tion coefficients cannot be determined then the best ap-
proach is to calculate the T Acy content using one of the
E values established for the Cr Acys. The error introduced
by this substitution will vary according to the pigments
present but it can be neglected when comparative studies
are made.
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Quantitative Methods for Anthocyanins. 2. Determination of Total
Anthocyanin and Degradation Index for Cranberry Juice

SUMMARY—The method developed for total anthocyanin
determination involves the measurement of the absorbance
at 510 nm on samples diluted with pH 1.0 and 4.5 buffers.
The pigment content is calculated in absolute quantities with
the aid of extinction coefficients established for the cran-
berry anthocyanins dissolved in the buffers. An index of
anthocyanin degradation, based on a new concept, could be
calculated from the measurements obtained for the total
anthocyanin determinations.

INTRODUCTION

T he analysis of the total anthocyanin (T Acy) in juice
or other products stored for an appreciable length of time
introduces problems which prevent the use of the method
developed for cranberries (Fuleki et al., 1967). During
storage a considerable amount of brownish degradation
products accumulate. Although these degradation products
have an absorption maxima around 415 nm (Ponting et al.,
1960) they also absorb to some extent at 510 nm. This
would introduce an error if a simple direct T Acy determi-
nation method, similar to that developed for cranberry
(Cr) was used.

This paper describes the development of an improved
T Acy determination method which minimizes the inter-
ference due to these brownish colored degradation
products.

LITERATURE REVIEW

Frequently a simple direct T Acy determination
method cannot be applied because of interference due to
chlorophyll or its degradation products, as in ripening
fruits (Swain et al., 1959), or brown colored degradation
products formed either from sugar-amino acid reactions
(Dickinson et al., 1956) or from the degradation of Antho-
cyanins (Acys). In such cases, indirect methods are used
to determine the T Acy content.

The first method was developed by Sondheimer et al.
(1948). Their method is based on the fact that the absorp-
tivity of anthocyanin (Acy) is markedly dependent on pH.
They used differential measurements between solutions of
pH 2.0 and 3.4 to determine the concentration of Acy in
strawberries and strawberry products. A solution of Congo
Red was used as the standard of color intensity. Swain
et al. (1959) suggested the use of differential measure-
ments between solutions of pH 1.0 and 0.5.

If we call the above indirect determinations of T Acy pH
differential methods, then other available techniques could
be called subtractive methods. These methods are based on

*Present address: Research Laboratories, Food & Drug Direc-
torate, Department of National Health and Welfare, Tunney’s
Pasture, Ottawa 3, Canada.
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0O.D. measurements taken before and after destroying the
color due to Acy in the plant extract or removal of the
degradation products before measuring the concentration
of Acys.

Dickinson et al. (1956) bleached the color due to Acy
with sodium sulfite while Swain et al. (1959) destroyed
the Acy by oxidation with hydrogen peroxide. In both
cases pure Acy was used to establish the standard curve.
It was shown that the reagents used had no effect on the
interfering background material. Lempka et al. (1966)
developed a T Acy determination method for stored juices
based on removal of the degradation products on an ion
exchange column prior to the absorption measurement.

Ribéreau-Gayon (1964) compared the pH differential
method (difference between pH 0.6 and 3.5) with the
subtractive method using sodium bisulfite on red wines of
different ages. According to his findings, the two methods
gave comparable results. However, the sulfite bleaching
method always gave higher values (10-25 mg/L) which
could be significant in old wines where the Acy content
was rather low. The results obtained using the two meth-
ods were expressed in mg grape Acy per L of wine with
the aid of standard curves established using purified crys-
talline grape Acy.

The accumulation of brownish degradation products
increases the absorption in the 400-440 nm region, while
the loss of Acy is reflected in the decreasing O.D. at the
Acy absorption maxima. This phenomenon can be utilized
for the calculation of an index which is indicative of the
proportion of degraded Acy in the sample. Such an index
is quite useful when the original Acy content is not known
and a measure of the state of Acy degradation is needed.

Absorption ratios such as 535/415 for cranberry sauce
(Servadio et al, 1963), 515/415 for cranberry juice
(Francis et al,, 1963), 440/500 (Lukton et al., 1956) for
strawberry juice, 520/420 for grape and boysenberry
juices (Ponting et al., 1960), 420/520 for wine (Ribéreau-
Gayon, 1964), 520/430 for blueberry wine (Fuleki, 1965)
are widely employed. Another type of absorption ratio
method uses the accumulation of degradation products in
the UV range of the spectrum for comparison. Yang et al.
(1950) wused 515/340 ratio to measure the color and the
quality of various berry wines.

MATERIAL AND METHODS

The “Ocean Spray” brand cranberry juice cocktail
(CrJ) used was obtained in : pint bottles from the manu-
facturer (Ocean Spray Cranberries Inc., Hanson, Mass.)
as well as from the market.



Solvent's

The folloving sohvats were used:

pH 10Buffer 0. KC1-0.2IV HC1 (25:67)
pH 45 Biffer N~ Sodiunm astate— 1IN HCl-water
(100:60-90)

The pH of tre buffers was adjusted as recuired to dotain
afrd pH of 1.0and 4.5 ntre CrJ diluted with the respec-
e biffers.

The prggaration of tre otter sohvaits and the method
Tor gectral measurements,  including tre establismant of
edinrction aeffidgats for tte Aos, were desaribed Ina
previas peper (FUlekd et af, 1933).

Selection of the pH for the media

A stok solutian was prepared by dilluarg 200 ml Crd
© 1L with 01A HC1. Twenty-five ml aliqots of te
stok solutinvere measured into 50 ml voluretric fids.
The saples were made up 1© wolure with water and
were alloxsd to stad in tre dark at room .
After a 1 hr equilibration periad, tre pH and the O.D.
were determined. The O.D. measurements were caried
aut on a Hitachi Perkin-Elmer Model 139 spectrophotom-
eter at 510 .

The sty of Cr Acys a pH 45 was determined by
diluaig 5ml CrJ t©© 50 ml with pH 45Buffer. The O.D.
a 510 nm was measured at 1 hr nenals. CrJ diluid
0 tre sare extent with pH 1.0 Buffer and stored for tte
same periad of tine was used far conparison.

Changes during equilibration

To determire te tive required by tte Acys  reath
equilibrium, 5ml aliguots of Crd were diluted t© 50 ml
with each of tre pH 1.0 and 45 Buffars. The O.D. &
510 nm was measured at dort intenals on tte Hitachi
Perkin-Elmer -

The 0.D. change a 510 nm in tre frst 6 min after tre
adition of tre pH 4.5 Buffer was recorosd on a Beckman
DB gectrgdotoreter covected ©© a Speedomax H
(Leeds and Northrup @., Fhilackldia, Pa)) dart re-
QOrter queratiing at the speed of ae-half inch per min.

The pH differential method for the determination
of total anthocyanin

Ten ml aliq.ots of CrJd were diluted t© 250 and 50 ml
with the pH 1.0and 4.5 Buffers regectinely. The dilluted
saples were eguilibrated in the dark at room
far 2 hr. The 0.D. of tte sanplles was measured at 510
m, using dstilled veter as blak. The O0.D. differate
(A0.D.) wes dotaired by sbtrectirg tte tol O.D. a
pH 45 (T 0.D.Hs5 fron te tod O.D. a pH 10
(T 0.D.H ). Bothvalusswere calaulated from the O.D.
reedings wsing tte gopropriate diluion and calaulatian
fdas. The T Acy nmg was Glaulated with the aid of
teav e E (AE) \ale esteblised far tre Cr Agys.

RESULTS AND DISCUSSION
Determination of total anthocyanin content
The method used for CrJ shuld be such thet itoould
be used ot only for fresh but alo for stored products
axtaining broanish compounds develgpad during storace.
The varias Idirect T Acy determireitdon methods were
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arsicered for 1. The alotractive methods employing
hydrogen peraxice or sodium sifite were sugpected O
tboeae the dsorptian of some degredation products as
vell, resulig N an enror i tre positive directian’ (Rier-

Altering the pH does rot affet the aosorptian of te
degracation products  (Sondhelmer et al, 1948) while it
danges tre aosorption of tte Acys to a great edant. For
thee ree0s, dfats were directed tonard tte develgp-
ment of apH differetaal method for the determination of
T Acy n(d.

Selection of the pH for the media. The absorptio
maximum was determined for CrJ © be at 510 M.
This valle was used in tte followg as tte wave-
legth of measurement for tte T Acy determiretion.
The effect of pH on 0.D. a the wavelength of maximum
aeorptian N agueous and aladolic media GH Nm) B
presated n Ag. 1L The raaults show no ggarecigble
diffarae between tte two media. In both =S, tte
highest absorbance was dosened around pH 1.0and ss tte
pH Inoressd, a sharp deareese coaurred intte 0.D., leel-
ing dffaround pH 45. These reaults are Ingaeral agree-
ment with those given by Sondheiner et al. (1948),
Dickinsmn et al. (1986), ad Swain et al. (1990) far
agueous media.

In orter 0 esure tte higest ssitivity and acouracy
te pH valuss were sslected far tte pH  diffarantaal method
1o tre follomMng reasons:

1 The differate N 0.D. shauld be the greatest pos-
sk, between tre two pH values where the measurements
are mede.

2 Smll \ariatios in pH aroud tte valuss sleded
for the measurements shauld cause anly sligt danges
in0.D.

3 The Acy suld ke steble a te pH where tte mea-
urerents are mece.

0.6

- e, . .
N - —— ethanolic medium
. aqueous medium
B »
0.4+
o
o
0.2
I}
0.0
0 6

Fig. 1. Effect of pH on the O.D. of cranberry juice at the
absorption maximum in aqueous (510 nm) and ethanolic medium
(535 nm).
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Casidering tre above requirarents, pH 1.0 and 4.5 were
slected for tte pH diffaatial T Acy nethod. The data
presented in Hg. 1 show tet tte greatest diffferate In
0.D. at the asorption maximum ooors between ttese
two points, whille tre dange In0.D. with dlidt variatias
inpH Breligie.

The higest pH described in tre liteatue for T Acy
ceteminatias was 35 Ribereau-Gayon, 1964). This ad
tte garerally recognized rstshility of Acys at low acdity
requirad a study of the stehillity of Acy at pH 45. The
stehility cata dotained with triplicate saplles of Crd are
presented in Table 1. The variatian in O.D. a pH 45
was remarkably swll, partiaularly if the camparison was
made— as itwould coor intte T Acy determinetias- on
the diffara®e in 0.D. between pH 10 and 45. In eitter
Gee, the variation de to dage In tte pH 1.0 saple
was gregier then ttet ak pH 45. The prdseble reesn far
thiswas rot trat the Acy was more steble at pH 4.5, hut
the much higer sasitivity of detection &t pH 1.0, where
tte asoptian of Acy was gooroxinately saven tmes
geater then tet & pH 45. The realts in Table 1
demorstrate thet pH 4.5 can be used with anfidace far
tre lov-acid medium.

Other workers rgported measurementts at pH \valuess
which resutt in 0.D. valuss on the step part of the pH
6. 0.D. are. In such s, digt variatian of tre pH
reaults ina lage enmar inte 0.D. reddirg.  For eamle,
tte dessial pH diffaetal method of Sondheiner et al.
9498 enployed pH 2.0 ad 34 for the messurenents.
Ribereaur-Gayon (1964) inproved upon it by using a
more ecid medium (pH 06) but snll retaired pH 35
for tre lov-acid mediun.  Shain et al. (1999) noted tret
at the pH values used by Sondheimer et al. (1948), tte
dhange In olar on sligt variation of the acidity was il
1o late o esure the highest acaracy

To conter ths prablem, ﬁ’eyproposed pH O5ad 10
& tre high and lov acdity leds. Honever, tre O.D.
differaxe (Hg. 1) between pH 05 ad 10 for it
qetaty of Acy B \very sill, tacfoe tte gplication
of the Snaiin et al. (19599) modification on the pH diffa~
atial method would result in a geatly decreassd s9EI-
tMty. pH values which were t high have alo been
employed in tre sinple, sirgle pH T Acy determiretdas

Equilibration period. It takes dout one hour for tte
varias forms of Acy 1o reech a state of equillibrium after
the medium or the acdity of the medium hes been
dagad. The data in Table 2, dotained on
triplicte saples of Crd dilud 5 16 with te hiffas,
syport this achsion. Sine the time O reech el

Table 1. Stability of cranberry anthocyanins in pH 1.0 and 4.S

buffers.
Tie pH 108 pHASBfEa -
ns ™ OD. ™ QD.
| 1.05 0.387 4.49 0.055 0.332
2 1.02 0.392 4.47 0.055 0.337
3 1.00 0.391 4.49 0.054 0.337
4 1.00 0.396 4.49 0.052 0.344
6 0.053
24 1@ 0.397 450 0.049 0.348

Table 2. Change in O.D. at 510 nm of cranberry anthocyanins
in pH 1.0 and 4.5 buffers during the equilibration period.

T H 108fEr pHASBfEr
iy H OD. ™ OD.
| 0.370 0.080
1C 0.370 0.065
2 0.371 0.060
5 1.03 0.373 450 0.058
10 1.02 0.378 4.49 0.057
30 1.02 0.381 4.49 0.055
60 1.02 0.385 4.49 0.054
120 1.02 0.388 4.48 0.054

librium & pH 10 B somewhat loter, tte extersian of
thre equilibration periad o two hours B dssireble.

Ewas dosened thet a sudden intlesificaiin
of alar, accompanied by a dift in hue tonard tre ble,
ooourred when the pH 4.5 Buffer was added 1o the Ord.
The alar, honever, Taded alnost anpletely within 4 min.
This dosenation gives supoort 1o the theory (Qurd, 1963 ;
Bdey, 1990) ttet tre alarless carbiol bese s formed
through the vidlet anhydro kese. To \erify this phenome-
mn, te danges In trasnittiancee at 510 nm of a dilluted
CrJ were recorted in tre st 6 min after the addirtion of
tre pH 45 uffer (Ag.79). This tracing of the danges
N trarsnittance deronstrates the sudden intlesificaiion as
vell as tte gradlal fading of the clar.

Establishment of extinction coefficients. Hwas

1 establish E \aluss far the Cr Acys intte mediia sslected

Or

40f

—
3260‘

8 Of

lOG 1 1 1 1 !
O 2 4 6 8 10

TIME- MINS.

Fig. 2. Changes produced in the absorption of cranberry juice
at 510 nm after the addition of pH 4.5 buffer (buffer added ut
2 min).
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Table 3. Extinction coefficients for cranberry anthocyanins in aqueous media.

BfErpH 10

el nex2 mx1 nex?2

%' %

553
1324
604
702

™
Piget

Cy-3-Ga
Cy-3-Ar
Pn-3-Ga
Pn-3-Ar
Average

m

512
516
512
512

279
279
278
277

851
903
887
858

851
895
886
858
873

for the pH diffeetaal T Acy determiration method. The
differae InE \aluss between tre pH 1.0 and 4.5 Buffers
(AE \valles) for e Cr Acys was used o caladlaie tre
T Acy axtatt in asolute gqentities fraon the 0.D. mea-
surements dotained far tre Crd saple.

The E and AE values for the agueous uffars (Teble J)
were esteblided at tre sare tine as those for tte ettaolic
edracting sohait (Fulekd et a1, 1983). A oomparison
of tte E valuss Tar the agueous and aladolicmedia showed
tat the sohvatt had a arsiderable Influae on the posi-
tm of tre wavelegth of maximum asorptin In te
visitke rae of tte gectra. The two carparable sohvatt
systars, having the same pH (pH 1.0 buffer \s. Extract-
ing Solhvent), shoned that a change fram aladolic to ague-
os system reulted ina 19-24 nm hypsochramic duft in
the visile maximum of tre pigreits. This agrees dioely
with tte vallues reported intre Iiterature (Harbome, 1968 ;
Ribéreau-Gayon, 199). A smll hypsochromic dift
@ nm) ooourred in the positian of the UV maximum at
282 nm on a similar dange of the solhvat system.

The absorbancy of Acys was also affedted by the dhange
from an alddolic 1o an agueous systan. With both media
atpH 10, tre E values were decressad gopraximately 10%
at the visile maximum while a axsicerable Inreese was
desened at the UV maximum.  Ribéreau-Gayon (1959)
reported for celghinadin, a 34% dsareese of i at
the visitle maximum and a stell dearesse at tte lag UV
maximum on dhange of media fram 98% ettarol to vwater
antaining 10% etrerol, both aottainirg the same concen-
tration of HC1.

The dange in pH had no effect on the posiaian of tre
asoptian maxima of Acys in tte aladolic sohvatt (pH
10 w. 26) ad ithad very itk ifany infllulae In te
agueous media (pH 10 \ws. 45). As was eqected, a
deoresse In acdity reduced aosiderebly tte E values at
the vislemaximum.  In the agueous media where tte pH
differae was tte lagest, the change from pH 1.0 1045
resulted in gopraxinetely a tefold decreese In e exdtinc-
o aefhaats.

An Inoeeee intte pH of tte media resultied ina some-
what sraller deareese In the aosorbancy Idicss at e UV
maxima. The decreasad absorbancy at the visible maxima
on ineesd pH was rgported by several autiors (Sond-
heiner et al., 1948; Sordeimer, 1953; Dickinson et al,
1966; Swain et al, 19689; Ribéreau-Gayon, 198, 1954).
Less infomation s aaildble on te effect of pH on e
edinctin \valuss a tte UV maxima.  Ribéreau-Gayon
(19, 1999 rgorted a gradual but srall deareese N tte
edinction aeffidets at 280 nm as tte pH was inoressd.

BfErpH4S

mx.1l mxX.2 nxl nax?2 ﬁﬁ)

SR

m
517 279 86 460 86 765
521 280 122 1224 122 773
517 277 88 418 88 798
512 277 95 606 95 763
98 775
1%
The av AE510 valle for tte Cr Acys (7/5) was used
lcm

in tte pH diffaedal method develgped in this study.

However, iFa sinplified method 6 desired and no inter—

farae B anticipatad from varias degracation proolcts,

then it s aiffidet o measure tte O.D. at pH 10 aly

and clalate tre goproximate guantaty of tolal Acy using

1%
the av E5110 dotained ntte pH 1.0 Buffer (873) as o
cm

sribad previasly Tar aatermies (Ul et al, 1953).
Calculation of the total anthocyanin content. The oAl

0.D. (TO.D.) for 1 ml CrJatpH 10and pH 45was

clailate] using the folloving eguation -

(@ T 0.D. = 0.D. X DV X VF where

0.D. = the asorbancy reeding on the dilluted sam-
ple @ cm D).

DV = Diluted Volume or tte volume inmis of tre
diluted sarplle prepared for the 0.D. mea-
surenent.

VF = Volume Fectorwhich corredts for the diffa-
ae in size between tte Origiral Volume
(OV), wally 10ml, forwhich tre calar-
i B made and tet of tre Sanple
Volume (SV) or tte volure of tte Crd
used N preparing the diluted sample far
te measurement.

VF = OV/SV = 100/SV

The differaxe N T O.D. between tre CrJ atpH 1.0and
and 45 (A0.D.) was clailatd as follons:

@ AO.D. = T ODpnio T O.D.pH45

The T Acy antatt inmg for 100 ml OrJ, or for e OV,
B clailated from the A 0.D. vale with tre aid of tte av

19
AE510 \ale for Cr Aqys (75).

® T Ay, mg per 100ml = ———————— — ——— —

1% / 775
avAE510 /10
lcm 7/

Calculation of the total anthocyanin content in fresh,
cranberry juice. N juicss with no degraded pigrat, it
aifficet o use asigle pH T Acy determiration method
similar 1© tet desoribed for Cr edract (FUlEAT et al,
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Table 4. Results of the total anthocyanin determinations by the pH differential method on 10 identical cran-

berry juice samples.

[H10 H45
e op  Top oD. TOD AD. M D DISip
I B B 9@ B 7 B 99 08  no
2 = & o 18 4. ® 9B 0¥ 1D
3 ® &8 9 b B ® 9% 0oF 1D
4 ® 8 B B ® ® 92 08 1D
5 B B 9B B B & 97 0B 1D
5 T 88 9% 8 Z ® 92 o¥ 1D
; A w B 5 T DB oF 1D
8 F 8 9w® B ® ® 95 0B 1D
9 w 8 % B 7 ®m 9B 0B 1D
0 B 8 B B 7 W 9 08 1D
Mean &  9F B W 9B 08 1D
Coet. \AT-. % ® 0® >% 0B 0B 08 OO

1%

'‘Calculated from the results of the O.D. measurements at pH 1.0 using the av E510 value for Cr Acys in

pH 1.0 buffer (873).

198). The 0.D. B measured a 510 nm on a saple
diluted with tre pH 10 huffer. The T O.D. B clailated

using equation ). The T Acy B clallated as Tollons -
T O.D. T O.D.
T Acym ooml= ————————- =
@ Y9 1% / 8r.3
avE510 /10
lem /

The chta presated in Teble 3 show tret the differate
in both E and A E values between Cr Acys was regli-
gible for gzreral work.  If a higher acouracy B reguired,
then a method employing suoessive goproximattion ocould
ke gplied Fuleki, 1967).

Evaluation of the total anthocyanin method. The pre-
aisian of tre devellgped method was evalluated by aalyzing
10 il Crd saples (Table 4). The data show that
anly minor variatias ocoourred and tre isin of te
method was very hich. The methods developed for T Acy
determireition can be used far other fruat juicss and wines
wirthout difficlity. In casss where degradation prodLcts are
presatt tte pH diffaadal method (pH 1.0 and 45)
should be used, othermise the sirgle pH method (pH 1.0)
shauld be

When ﬁeAcyaraI;aasaeca‘na:lwtm <olid or sami-
lid plait material or prodcts, edvacdan of Acys B
recessrily tre first sip. The exdtractian procedure de-
it elserere (FUleKi et al., 1967) shauld be gpli
cble N most s,

Degradation index

A great advantage of the proposed pH diffaetial T Acy
cetermination method s thet the date dotained can ke
al= used Tor the calaulation of an incex, which s idicatine
of the proportion of degraded Acy Intte saple. Such an
inex B quite ==ful, prtaallaly In asss where tte
arigirel Acy antent s ot known and a measure of the
State of Acy degradation Bresced. .

Calculation of the degradation index. The T Acy aamtait
of tre saiple B determined wsing tte pH difflaataal
method. Using e T O.D.H i0 valle dotaired in tre

lcm

aove clalatio, tte T Acy antant s alo caladlatsd by
tte sirgle pH method (Bouation No. 4). The Degradation
Index (OI) B @lalate] as follos:

T Acy by tre sirgle pH method

G DI = E :
T Acy by tte pH diffaezal method
In most ceass partiadlardy where the Acys are unidenti-
fid or tte E values are ot known, a sinplified DI (DI
sip.) can be dotainad using the follloving equattion:

®) DI sip. = T 0.D.pH i.0/™0D.

The proposed DI B besed on tte prirciple tret tre
measurenents dotained at pH L.Owill incluck the absomp-
i due 1o the degraded as vell as the non-degraded Acy,
while tre differae iIn dsorptaon between tre pH 1.0ad
45 media will ke due anly to the non-degraded Acy.
Sarples not cattaining degraded pigment or other brown-
ish colored compounds, should gine allnost idntical reaults
for T Acy with tre sirgle pH and pH diffarential methods.
Honever, as the degrecatiion procesds, the amount of red-
dish brown pigrents will inoeese. teT
Acy determined wirth the sirgle pH method and e DI vill
be higer then ttet determined with tre pH diffaetal
method and the DI willl ke higher then 1.0

The sinplified DI value will be greater then 1.0 even
for fresh sanplles not antaiiniing degraded pigrent because
tte Acys have a sall dsopdon at pH 4.5 which B re-

19
flested by tre et tret the AE510 vales are sralller then
lcm
1%

the correspading E51{) valle ntte pH LOmedium.
cm

The DI and tte siplified DI valuss were calaulated
1. tre samples usad In establidment of the precision of
tte pH diffaetial T Acy determiretian method (Tablle
4). The lov DI \alues irdicated thet the CrJ used shoned
practically no degrachetion.

The DI should ginve a better measure of the actal clor
of tre sanple then eitter tte T Acy antait, tre T O.D.
or te AO.D. valle. The prircipal use foeseen far the



DI will be similar to tret of ion s, A
Imitvalle suld be esteblided for the DI aove which
the degraded colar becomes visible and tre products should
be rgjected.  itmay be possible 1o esteblish a direct corre-
st between DI and the per et of the arigiral pigrent
which s4ill presmit intte saple.

The proposed DI and/or sinpllified DI may be esily
adopted for otrer fruit and berry juicss and wires. The
advantage of this new index of degracation B that itdoes
rot require any additical measurement. The calalation
of tre DI vale shased on the measurements
tden for tre determiration of T Acy aotent by te pH
differetial method. The DI together with e T Acy con-
et shoulld give a measure of not anly the pigrent aoitant
and state of Acy degracation but thet of the collor of tre
saple as vell.
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A Comparison of the

SUMMARY—The levels of physio‘oglcally related muscle con-
stituents were determined in the light (white) and dark (red)
portions of a striated muscle from the pig (Sus domcsticus).
Myoglobin level, percent red fibers and succinic dehydro-
genase activity were two-fold higher in the semitendinosus
dark portion whereas ADP and inorganic phosphate levels
were similar in both portions. Phosphorus levels were higher
and sodium levels lower in the semitendinosus light portion
than in the semitendinosus dark portion. Zinc and iron con-
tents were greater in the dark portion than in the light
portion; calcium, nickel, boron and potassium levels were
similar in both portions. The semitendinosus light portion
also had more lipid and more sarcoplasmic nitrogen than did
the semitendinosus dark portion. These data suggest that
the light (white) and dark (red) portions within the semi-
tendinosus have physio-chemical properties similar to uni-
formly white and uniformly red muscles, respectively.

INTRODUCTION

Muscles which are uniform In clar waAlly have
metabolian relatied o teir colar inasity; red nuscles
are equipped far aardoic metabolism whereas white mus-
des deperd lartely on aneardbic metalolian (Beatty et al,
1963; Needham, 1996; Cgata, 1930). Work with tre ges-
troonamius of tte atand rat revealed trett intermal or deep
parts aottained a greater nurber of rad fibas then ex-
tamal or gprfical laas (Denny-Brown, 1929; Oata,

1983; Ogata et al., 19654; Sreter et al, 1963). These
deenatias inply thet diffaat parts of tre sare muscle
may have distirotly diffarent types of metabolism and may
even possess diffaat hysiolagical fuctias (Henneman
et al., ]%)

The samitedinoss of tte pig (sus domesticus) B a
uige mecle; itantairs a lage dark (aed) portian In
coe proximity o tre ferur and a lae Iigt (White)
prtimnaarltesmmarms Ind laer (Fig. 1B). Both

tre it and dark portaias, honvever, aorstatute the sare
nuscle (sanitedinas) and have tre sare arigin ad
sxrtin. On this besis a study was designed o daracter—
i tte composition of distirctly ligt (White) and dark
(red) portias within this mscle.

EXPERIMENTAL

Materials

The samitadinosus of sus doviesticus Was used N this
stidy. A 200-250 g atssscim of tre semitedinosus
was ecisad from each aninal Imediately after ecan-
garation. The muscle was fred of ederral Ipd ad
arsctive tise ad divicded logitdirelly ino It
intermediate and dark portias. The  inteymediate portian
was discarced and the ligitand dark portias were imme-
diately frazen n ligud nitrogen and powdered acocording
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Light and Dark Portions of a Striated Muscle

SEMITENDINOSUS
LIGHT PORTION

SEMITEND INOSUS
DARK PORTION

SUBCUTANEOUS

FEMUR

Fig. 1. Macroscopic and microscopic appearance of the semi-
tendinosus light and dark portions, a. Cross-section of the semi-
tendinosus shozving the relation of the semitendinosus light and
dark portions to the femur, subcutaneous lipid and skin. b. Photo-
micrograph of the semitendinosus light portion stained for red
fibers unth Sudan Black B. 24x. c. Photomicrograph of the semi-
tendinosus dark portion stained for red fibers xvith Sudan Black B.
24x.

o tre procedures of Bordhert et al
aslyss.

Analytical methods

The red and white filr antants were determined N
muscle samples which were foed (10% calciun farmol),
Treee-sectiaed (18 A), and staired with Sudan Black B
Qata, 1983). The raadlts are reported as the peroant
red filas of tre ol fibar aotent n 10 muscle burdles.

Adenosine tripgogdate (ATP)  (Larpredit et al.,
19630), adbosire digoggate (ADP)  (Adam, 1963),
aderosire monophosphate (AMP)  (Adam,  1963) and
aadtire phosphate (CrP) (Laprechit et al., 19633) con-
oantratias were determined from mthlonc ad edracts

(195) for ber

of tre samitadinosus ligt and dark portias.  Inorgenic
an (Wahler et al., 1968), glyoogen (Dubois
et al., 1986), ktic ecid (Barkeret al., 1941) and myo-

gidoin (Reel, 1949) values vere alo determined.

Al mireral were conducted in collaboration
with the Wisconsin Alumi  Research Foundation with a
Jarrell-Ash direct reeding emission gectroreter. Muscle
saples were avlyzad for oAl noisture by weighing
before and after drying for 24 hr & 106°C.  Lipid (ether
extract) was determined as the weight kess resularg from



24 hr antiinuoss Sodlet extraction of driied saoples with
diettyl etter. Mohibrillar and sarooplasnic protelns were
extracted acocording o tre method of Helander (1967).
Nrtrogen amtent of the powdered tiss e and of protein ex-—
tradts was determined by the semimicro-Kjeldshl method
(A-0.AC., 199). Mohbrillarand saragplasmic nitrogen
are rgported as peront of tolal tiss e nitrogen.
Statistical analysis

Means, stadard ervor of tre mean (S.E-M) and paired
diffarae aalysis were calalated acoording © Steel et al.
(1x9).

RESULTS AND DISCUSSION

Association of myoglobin concentration, red fiber content
and succinic dehydrogenase activity

Myoglobin cocentratias, percent red filas and suc-
anic dehydrogenase adtimities were more then two-fold
higer n tte semrtedinosus dark portaon tren te sami-
tedinas Iigt portion (Teble 0). Ags, Iband ke ae

icrographs of the samiterdinosus it portion and
sanitedinosus dark portian, regectinely, slalredﬂ rd
fiEswith Sudan Black B.

The presait deenatias on a distirctly Iigt (hhite)
and dark (red) portion within tre same muscle
with previass firdirgs on uniformly red and  uniformlly
white muscles Bridey et al, 1990; Cassans et al,, 1963;
Casas et al., 1963b; Seler 1999 and further Sbstan-
tﬁeﬂed@relaﬁ@ipbew\een tre visal clar (myo-
gldoin antent), red fier aontent and suocinic dehydro-
gerese activaity of groups of nuscle filars (Dawson et al.,
19%4; Qgata, 1968; Romanul, 1964). Iruerralmrlscf
ﬁegastromanmsofﬂecatard rat have previasly been
desenad 1O antain a greater aocattration of red fias
then exdarmal or sparfical laas (Denny-Bron, 192%9;
Opta, 1958; Ogataet al., 1954; Sreter et al,

Henneman et al. (1985), working with Gis, have irdi-
aid et two muscles (gestrooenius and olas) of the
sane muscle conplex varying wicely in red filr antent
but furctionig paralllel and irsartirg into the same tedon
may provice for econany of eergy. The olas, with a
majority of red flas, syports aardbic metabolisn and

Table 1 Characteristics of the semitendinosus light and dark

portions.1

SritediEsEtn
CosriEic  O& gt Dk P2
Myoglobin (mg per
g muscle tissue) 5 149+ 0.36 4.00 = 043 .05
Red fibers
(% of total fibers) 6 148 #2.1 427 4.1 01
Succinic dehydrogenase
activity3 8 129+ 0.14 281 + 0.22 01
Glycogen (mg per
g muscle tissue) 5 340+ 081 385+ 0.97 10
Lactic acid (mg per g
muscle tissue) 8 466+ 037 368019 01

1Sample source was Sus domesticus. Values are means *
S.E.M.
2 Statistical analysis based on paired observations.

3Units of activity per g muscle tissue (Berman, 1961).
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antracts tically wheress tre gestrocemius anrects
teanically uder les dfidet aneerdbic aoditias when
bursts of gpead are required by e animel. The sami-
t|oinoas of sus domesticus, Similar to the Gt gestroc-
nemius, s also concermed with ndoility of the animal and
tre edstae of distirctly ligt (White) and dark (red)
portias may econanize erergy.-
Glycogen and lactic acid

Glyoogen aotratias were similar in the samitedi-

nosus ligtand dark portias (Table 1). Previous work-

as (Bar et al, 195; Beatty et al, 1963; Bocek  al,
1953,b; Drahota et al., 1963) ra,efwﬁﬂeglwogen
content of white mscles (sl laoratory aninals) ©
ke higer then red mucles. Gonvearsely, Beeder et al.
(1953,b) reported higner glyoogen cocenratias in e
seniterdimsusdaﬂqmrtim (sus domesticus) then inthe
sanrterdinoass gt poraon and Bocek et al.  (1960D)
reported higer glyoogen leels in rat red muscles then n
white mecles.

Beedher et al. (199A,b) and Booek et al. (19668) sug-
o=stad et glyaolysis, imediately post—mortam,  in white
muscle was aoelaraled 0 a greater degree then in tie
dark muscle by tre physiolagical stresses at tte tine of
cth. These presant firdirgs suggest trat enviromental
adiaos, a te tne of d=th, were not of siffiaet
stressr megnirtude o dplete tre glyoogen stores In tre
sanitedinoass lidt porian © \valles loner then in tie
samitedinoaus dark portian.

Lactic acid acocentratias were sigifiatly (P < .QD
higer In tte samitedinosls Iigt pordon then in tre
samiterdinoaus dark portion (Table 2). These data irdi-
Gie tat the samitedinosus  Tigt portion may have been
Iess able o netaoliz pyrwvate eardoically then the semi-
tedinss dark porin and as a realt bdic acid
acounullated.

Phosphate compounds

The covetratias of ATP ad CrP teded o ke
higer in tre sanitadinoas  ligt porian then in tre
dark portion but te differeoss were ot datistically
siguficat (P> .B5); ADP and PiI cooenratias were
similar nboth poras (Hg. 2). The AMP acotent was
siguhiiatdy (P < (D) higer in the sanrtedinosus dark
portion then in tte ligt portios.  Higher cooentratias
of ATP (Qoata, 1980) and CrP (Beatty et al., 1963;

Table 2. Composition of the semitendinosus light and dark

portions.1
Sritedimsmtn

Cosaitic 08 Lt Dark P2
Moisture (%) 9 02+ 14 B+ 04 a
Lipid

p(% ofdrywt) 9 32+ 50 189+ 19 0
Myofibrillar

(% of total N) 10 DO+ 25 25+ 36 D
Sarcoplasmic

(% of total N) 10 2.7+ 08 24+ 09 L)

1Sample source was Sus domesticus. Values are means *

S.E.M.
2Statistical analysis based on paired observations.
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Fig. 2. Concentrations of several phosphate compounds in the
semitendinosus light and dark portions.

Cpta, 1990) and loner cooatratias of Pi (Qoata,
1950) were previasly foud inwhite muscles then nred
mecles

Lawie (1952) idicated tat myoglobin aotat and
te restig led of eergy—rich bear an inerse
relaticehip In deletal mscle. The presat dsenvatias
futher abstentiate tret distirctly ligt (White) and dark
(red) portias within tte semiterdinosus have tre darec-

tastcs resectinely of iniformly whirte nuscles and uni-
fomly red muscles.

Minerals

The phosphorus aotet of e semrtedinoss Iigt
portion was sigifiatdy (P < (b)) geater then that of
the samiterdinosus dark portian wheress tre kel of po-
tassiun was simillar In both portias (Hg- 3)- Sodium
(Fg. 3 ametratios were sigifiadly (P< QD
geater In the sanitadinosus dark pordon then N tre
samitedinosus  Tidht portdon wherees the magnesium con-
=t was similar In both portias of the samitedinosls
Hg- 3. Sweral workers Oraota, 1961; Seter et al.,
1963; Smiftet a1, 19909) have doserved higer concentra-

s of potassiun and loner cocentratias of sodium in
white then in red muscles.

Similar denatias were made on the white portian
of the gastrocamius compared 1o the red portaion of tte
1953).

sare nuscle (Sreter et al., The intrecellular an-

¢ ) NO. OBsS.
[IID LIGHT SEMITENDINOSUS
DARK SEMITENDINQOSUS

I 1 | 1
| 2 3 4 5
mg/q MUSCLE TISSUE

Concentrations of major mineral elements in the semi-

Fig. 3.
tendinosus light and dark portions.

atration of potassiun B higer and tat of sodiun B
loner tten tte edra=liular ccoaratias, ad ik hes
been sugested tret red fiars have a sligtly loner rest-
ing potential then whirte filas (Qeter et a1, 1963). Phos-
phorus, potassiun and magnesium (Baldwin et al., 1952)
and potassiun, phosphorus and CrP (Kermen, 1%6) ae
ccely interrelatsd In tre AL
furtrer supported by the present study and enphesize
tet tre sanitedinoass ligt portion B hysiolagically
oriented 1 carry on twitch activity camnpared o the tmic
actmity of the samitedinosus dark portaon.

The coentratias of zirc and iIron were sigificantly

higer P< A ad P < &, resectinvely) and the con-
antratias of agper vere dlightly lut ot siguficantdy
(P> .® higer inte sanitadinosus dark portian then
intte sanrtedinosus Iigtportion (Hg- 4)- The clciun,

nidel and boron artats were similar in both sanitadi-
nosLs portias d. SMmft et a. (190), Berman
(@lS51D) and Cassers et al. (%53, 19%6530) have also noted
higher concentratias of zinc n distirctly red nuscles com-
pared 1o distirctly white nuscles.

Although zirc B knownn 1o be associated with saveral
eymes (e, 199), it B dootiul tet te lage
differaes in zinc antent dosened in e samirterdinosus
dark portian campared o the samiterdinosus Tidht portian
culd ke eqlained on tiskesis. A more plasible expla-
retion for tre late diffarate in zirc aoitat may be its
aillity to 1noeese the duratian of the actinve state of the
red nuscle filer membrane (Edman et al., 1961; Issacsn
et al., 1963; Mashima et a1, 1964). The action of zinc on
tre muscle merbrane Baqmenﬂyrredlated by a slaving
down of potassiun conductance during the rgolanizatian
process (Issecam et al, 1963). Mashima et al. (1964)
mvealsarqmrtedtmtridel, althaugh a divalet i,
had no effect on the muscle cl menbrane.

The assooiatian of iran with myoglldoin and aopper with
the cytochrare system of the mitochadria B pracebly
regasible for tre higer cooentratias of these two ele-
ments in tte sanitadinosus dark pordon then In the
saniterdinoss ligt portaon. Although callcium conoen-

1 LIGHT SEMITENDINOSUS
23 DARK SEMITENDINOSUS

1 1
3 4 5
yq/q MUSCLE TISSUE

Fig. 4. Concentrations of minor mineral elements in the semi-
tendinosus light and dark portions.



tratios were similar in both portias of the sanitadi-
mass, reatt firdings by Seter (1964)  indicated tret
iolated sarcotubular preparatdas fram whirte musclles of
ratbits had a callcium yotake activity 10-fold greater then
smillar preparatias fron red muscles of rdbits. These
deenatias, aloyg with the higher zinc cooatratia s,
eplain in part the tmic activity of red musclle fibas and
the tetanic activity of whirte nuscle filas.

Moisture and lipid

The moisture cotat was significeantly (P < .QD) loner
and tre lipid aotent sigiifiatly (P < () higher intte
saniterdinoss  ligt portion then i the samiterdinoas
dark pordan (Table 2). Lawrie et al. (1964) alo noted
higher lipd leeks and loner moisture vallues in distirctly
white muscles then in distirotly red muscles of sus do-
mesticus. INn antrast, previos workers (Smift et al,
1989; George et al, 1961) have noted higher lid concen-
tratias In tre red mecles then in tre vhite muscles of
saveral gecies of laboratory aninalls.  The high lipid con-
a1t of sus domesticus muscles alo mekes this study
unigLe.

Myofibrillar and sarcoplasmic nitrogen

Satstically, mohlrillar nirogen \aluss were simillar
in both samiterdinosus portias whereas  saroplasmic
nitragen values were dligtly but sigificadly (P < (B
higer in the samiterdinosss it portion tren in e
samiterdinoass dark portion (Teblle 4). These dosenva-
tas futher sugoort the work of Barany et al.  (1985).
Although mofibrillar nitrogen cocantratias were similar
in both sanitedinosls portias, the callcium activated
ATPase actimity In hanogenates fran the samiterdinosus
lidt pordan was aosicerably higer then In homoge-
retes of the samiterdinoaus dark portion (Beeder, G. R,
Unpublished data).

The aalciun activated ATPase adtivity of myosin
(Barany et al, 1986) and of actonyosin Geicel et al.,
19654) were alo arsidarably higer in uniformly white
mucles then inuniformlly red mecles.  These deenatias
furtter elucicate some of tte differacss between red and
white mscles.
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Volatile Fatty Acids in Some Brands of Whisky, Cognac and Rum

SUMMARY—Gas chromatography wes applied to eight differ-
ent types of whisky, two of cognac, one of brandy, and four
of rum to determine the relative proportions of volatile fatty
acids; with the lower molecular acids as free acids, but up-
wards from caprylic acid as methyl esters. Acetic acid and
the total amount of volatile acids were measured quantita-
tively. Rum contained the largest amount of volatile acids,
600 mg/L, while one of the brands of Scotch whisky con-
tained the least, 90 mg/L. Acetic acid represented 40-95%
of the total amount of volatile acids in the whisky; for cognac
and brandy, the value was 50-75%, and for rum 75-90%.
The relative amounts have been reported for 21 acids, with
acetic acid excluded. Capric, caprylic and lauric acid were
the mein components in whisky, cognac and brandy. Of the
beverages analyzed, rum contained the largest quantity of
lower fatty acids, particularly propionic and butyric acid; the
main component of Jamaican rum was propionic acid. The
mein components of the group of long-chain fatty acids were
myristic, palmitic and palmitoleic acids. Scotch whisky con-
tained equal amounts of palmitic and palmitoleic acid; pal-
mitoleic acid regularly appeared in smaller amounts in the
other beverages.

INTRODUCTION

Several researchers have analyzed the aroma of
whisky (Nykanen et al.,, 1963; Sihto et ai,, 1962; Suoma-
lainen et al., 1966a) of cognac and brandy (Baraud, 1961;
Egorov et al, 1964) and of rum (Baraud et al, 1963;
Maarse et al., 1966; Maurel, 1964; Maurel et a1, 1965;
Sihto et a1., 1962; Stevens et al., 1965). The aroma here,
as in other alcoholic beverages produced by fermentation
(Lawrence, 1964; Stevens, 1960; Webb et al., 1963),
consists to a significant degree of fusel alcohols and esters
of fatty acids. In fractions which contain only neutral
components, the esters form the most numerous group of
aroma components, with the ethyl esters of Ce-Ci. acids
as main components. Undistilled and distilled beverages
contain not only alcohols and esters, but also free acids.
Acetic acid is the acid found in greatest abundance in dis-
tilled beverages; moreover, grain spirits (Deckenbrock

et al.. 1958) and wine distillates (Frey etal., 1956) contain
propionic, butyric, valeric and caproic acid; brandy (Ego-
rov et al., 1964) contains propionic, isobutyric, isovaleric
and caproic acid; and whisky (Yamada et al., 1963),
butyric, caproic, caprylic, capric, lauric and myristic acid.
On study of the formation of aroma compounds in nitro-
gen-free sugar fermentation, a total of 19 volatile fatty
acids have been identified in alcohol distillates (Suorna-
lainen et al., 1966a).

The aroma of beverages such as whisky and brandy is
very similar in composition, as far as fusel alcohols and
esters are concerned, even if the beverages are produced
from quite different raw material: whisky from grain, and
brandy from grapes (Suomalainen et al., 1964). This fact,
coupled with the observation that in sugar fermentation
the yeast produces the same aroma compounds as those
found in these beverages, indicates that the metabolic
reactions in yeast play a central role in the formation of
aroma (Suomalainen et al., 1966a,b).

Fatty acid synthesis, of which the mechanism has been
elucidated particularly by Lynen (1967) and Wakil
(1964), represents such a reaction. Consequently, inter-
est was aroused in the proportions in which the volatile
fatty acids appear in distilled beverages of different origin,
especially in view of the volatile fatty acids being impor-
tant aroma factors.

EXPERIMENTAL
Isolation of free fatty acids

To determine the minor components by gas chromatog-
raphy, a sample of 500 ml was taken of the beverage to be
examined. The solution was evaporated to 100 ml; 1AT
NaOH was added before evaporation to an amount such
that after evaporation the pFl was 8.5. Sulphuric acid was
then added until the pH had fallen to 3, and the free fatty-
acids were separated by steam-distillation ; 700 ml distillate
was collected, made slightly alkaline (pH 8.5) and allowed
to evaporate to 50 ml at 35°C in vacuo. From the acidic



remainder (pH 1), saturated with NaCl, the fatty acids
were extracted three times with 50 ml of fresh distilled
ether.

The compounds disturbing the chromatography were
removed by three extractions of the acids back into the
water phase with 50 ml 5% NaOH. The combined alka-
line solution was washed with 50 ml ether. After the water
phase had again been acidified to pH 1, and saturated
with NaCl, the acids were finally extracted three times
with 100 ml ether. The combined ether solution was dried
overnight with anhydrous Na:So 4, and distilled using a
Widmer column until 10 ml remained. The remainder
was employed for the gas chromatographic determination.

Gas chromatography of free fatty acids

An injection was made of 5-10  of the ether solution
dependent on the acid content. Gas chromatography was
effected by an isothermal run at 152°C in a column 15 m,
0.D. s mm, of 20% butanediol succinate and 2.5% phos-
phoric acid on 60/80 mesh Chromosorb W HMDS. He-
lium, which had been passed through water-free formic
acid before the chromatography, was utilized as carrier
gas, and the velocity was 240 ml/min. The apparatus was
a Perkin-Elmer 116 E, equipped with a flame-ionization
detector.

Gas chromatography of methyl esters of fatty acids

After part of the ether solution had been carefully
evaporated in a test tube, the acids were esterified with
diazomethane. An injection of 5-10 /d of the solution was
made and the methyl esters were subjected to chromatog-
raphy in a temperature-programmed run, first for ¢ min
at 65°C isothermally, then with an increase in temperature
by 4°C/min, and finally isothermally at 210°C. A good
separation of methyl esters was obtained with a 2.4 m long
column, packed with 10% Carbowax 20M on 60/80 mesh
Chromosorb W HMDS, and helium as carrier gas with
a flow rate of 70 ml/min. The chromatograph was a

Table 1. Amounts of volatile fatty acids and acetic acid in
some brands of whisky, rum, cognac and brandy.

L

Beverages
Brands of whisky
Scotch | 90 40
Scotch 11 140 60
Irish 1 120 95
Irish 11 110 85
Japanese | 100 75
Japanese 11 120 60
Bourbon 410 90
Spanish 120 50
Brands of cognac
Cognac | (“Trois Etoiles™) 170 so
Cognac Il (“Trois Etoiles™) 210 50
South African Brandy 360 75
Brands of rum
Martinique | 600 85
Martinique 11 240 85
Martinique 111 300 75
Jamaican 300 90
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Fig. 1. Gas chromatograms of the free fatty acids of a brand
of cognac, one of Scotch whisky and one of rum. Sample 6 iil,
column 1.5 meters of 20% butanediol succinate and 2.5% phosphoric
acid on Chromosorb W HMDS 60/80 mesh, temperature 152°C,
helium flow 240 ml per min.

F & M unit, model 810, equipped with a flame-ionization
detector.

The technique presented has been applied previously
in our laboratories by Arkima (1965) for determining free
fatty acids in beer.

RESULTS AND DISCUSSION

T his method makes it possible to determine by gas
chromatography the fatty acids, up to capric acid, as free
fatty acids, except for formic acid. Thus, the first peak
appearing in the chromatogram is that of acetic acid
(Fig. 1), and according to the chromatograms obtained,
acetic acid is clearly the main acid component of the bever-
ages concerned. For this reason, the content of acetic acid
was determined quantitatively by comparison with solu-
tions of known concentrations. The results are presented
in Table 1.

The titrimetric determinations indicated that the various
brands of whisky examined contained 90-140 mg of vola-
tile acids per L, with the exception of American Bourbon
whisky, in which the amount of volatile acids was four
times as great. The brands of cognac, brandy and rum
contain volatile acids in greater abundance ; the content in
a Martinique rum was as much as 600 mg/L.

The proportion of acetic acid in the total amount of
volatile acids is very large. In Scotch whisky and Spanish
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Fig. 2. Gas chromatograms of higher fatty acids of a brand of
cognac, one of Scotch whisky and one of rum chromatographed as
methyl esters. Sample 8 jil, column 2.4 meters stainless steel, packed
with 10% Carbowax 20M on Chromosorb W HMDS 60/80 mesh,
temperature program, isothermal run 8 min at 65°G, temperature
upscale rate 4°/min to 210°C, isothermal run at 210°C, helium
flow 70 ml/min, injection port 280°C, detectors 330°C, range 10',
attenuation 4.

Table 2. Relative amounts of volatile fatty acids, excluding acetic acid,
Acics So%t/%hl S(x)g/co:h I In.g/t:l
Propionic 15 1.7 9.4
Isobutyric 4.9 4.5 6.2
Butyric 15 1.7 10.1
Isovaleric 5.9 6.1 7.8
Valeric 0.1 0.3 2.4
Caproic 4.2 5.2 8.6
Enanthic 0.1 0.2 0.4
Caprylic 26.7 28.8 175
Pelargonie 0.2 0.8
Capric 31.6 31.8 21.1
Undecanoic 0.1 Tr
Lauric 16.2 13.7 7.0
Tridecanoic 0.1
Myristic 2.2 0.8 1.2
Pentadecanoic 0.1 Tr
Palmitic 1.7 1.7 3.4
Palmitoleic 2.0 15 1.2
Heptadecanoic Tr Tr
Stearic 0.3 0.2 2.4
Oleic 0.4 0.5 13
Linoleic 0.2 0.5

whisky, acetic acid represents half of the total amount of
volatile acids; in the other varieties of whisky, the propor-
tion was even larger, 60-95%. In both brands of cognac,
the proportion of acetic acid corresponded to that in Scotch
whisky, while the brandy contained acetic acid up to 75%
of the total acid amount. In the four brands of rum, the
corresponding proportion was 75-85%.

The proportion of acetic acid will not be examined
further here, and thus the acid complexes discussed here-
after comprise only fatty acids above acetic acid. The rela-
tive proportions of acids are calculated from the peak areas,
the lower acids from the chromatograms of free fatty acids
(Fig. 1), and the higher acids from the chromatograms
obtained from the methyl esters of the acids (Fig. 2).
The methyl ester of caproic acid is the first distinct
component in the chromatograms of cognac and whisky
(Fig. 2). In the corresponding chromatogram of rum, an
unknown compound is apparent before the caproic acid
ester; it is of about the same order of magnitude, possibly
a branch-chained Cs-acid, although not isocaproic acid.

The acid content of each brand of whisky analyzed is
indicated in Table 2. If acetic acid is disregarded, capric
acid is the largest component, with a relative amount which
varies between 20 and 45%. Then follow caprylic, lauric
and caproic acid in descending order. Both varieties of
Scotch whisky, and the first Irish whisky, contain iso-
butyric and isovaleric acid to approximately the same
extent as caproic acid.

Propionic and butyric acid usually average 1-2.5%; but
in some cases, such as in the first Irish and in the Bourbon
whisky, these acids appear in markedly high amounts. The
former beverage contains up to 10 % of each of these acids,
and the latter about 5% propionic acid and 13% butyric
acid. Spanish whisky contains the lowest percentages of
lower fatty acids. Myristic, palmitic and palmitoleic acid
are the most abundant long-chain fatty acids in whisky.

Scotch whisky contains about equal amounts of palmitic

in brands of whisky.

Iri§2II Jam%selm%e]l&l%m Sggpolsh

2.4 2.2 1.0 5.3 0.7
2.6 2.4 2.8 2.4 1.6
2.4 2.6 1.3 13.2 0.8
3.5 4.7 4.3 9.2 2.5
0.6 0.6 0.6 0.8 0.2
4.0 5.8 4.6 14.0 3.3
0.2 Tr 0.5 0.8 0.1
19.9 24.8 27.3 19.3 25.0
0.8 15 0.7 0.4 0.2
45.0 40.8 35.8 20.0 43.2
Tr
13.8 12.0 16.2 7.0 17.3
Tr
1.2 0.7 1.3 2.3 2.2
Tr 0.1
1.8 0.7 1.1 3.2 0.8
0.6 0.2 1.0 0.7 1.4
Tr Tr Tr
0.6 0.4 0.5 0.4 0.1
0.6 0.2 0.4 0.9 0.2

0.4 0.6 0.4



and palmitoleic acid. In their study of the fatty acid
composition of yeast, Suomalainen et al. (1963a,b) have
found that baker’s yeast contains an abundance of palmito-
leic acid. The fact that in Scotch whisky the content of
palmitoleic acid attains the same level as palmitic acid
does not relate solely to the free acids ; the same proportion
is also apparent between their ethyl esters (Nykanen et al.,
1963; Suomalainen et al., 1966a), and, roughly speaking,
this is observable in respect to the proportions of other
acids and their ethyl esters. If a comparison is made
between the acid compositions of whisky and of beer,
analyzed by Arkima (1965), the most significant difference
is the appearance of caprylic acid instead of capric acid
as the main component in beer.

The acid compositions of the two brands of cognac, and
of the brandy, are indicated in Table 3. Caprylic and
capric acid are the main components of all three bever-
ages ; the caprylic acid predominates, whereas caproic and
lauric acid appear in a proportion about one-third that of
caprylic and capric acid. Brandy contains further iso-
butyric and isovaleric acid in abundance ; in the cognac,
the lower acids, Cs-i-Cs, are present in very similar pro-
portions. The acids with a longer chain than C:. are found
only in low percentages, and consequently no marked
differences are apparent between the compositions of the
beverages.

The acid composition of each of the kinds of rum is
indicated in Table 4. In this group of beverages, the
strength of flavor, determined by taste and smell, varied
appreciably in the four samples. Martinique | with the
strongest flavor had the highest content of volatile acids,
600 mg/L. However, strengthening of the flavor does
not seem to exercise a significant influence upon the acid
composition, and is thus not directly dependent upon an
increase in the relative amounts of individual components.

Some differences are observable between the acid com-

Table 3. Relative amounts of volatile fatty acids, excluding
acetic acid, in two brands of cognac and one of brandy.

g

Acics Qq‘ecb | ng% | ih
Propionic 2.7 3.4 1.3
Isobutyric 3.6 2.4 7.0
Butyric 3.6 2.3 2.9
Isovaleric 3.3 2.0 6.4
Valeric Tr 0.1 0.4
Caproic 8.2 7.7 8.6
Enanthic Tr Tr 2.1
Caprylic 35.0 36.8 28.6
Pelargonie Tr 0.4 Tr
Capric 30.4 32.8 21.9
Undecanoic Tr Tr
Lauric 8.6 9.4 10.2
Tridecanoic 0.1 Tr
Myristic 1.6 1.4 2.6
Pentadecanoic Tr
Palmitic 11 0.8 3.0
Palmitoleic 0.5 0.3 1.4
Heptadecanoic Tr
Stearic 0.1 0.1 0.4
Oleic 0.5 0.1 2.2
Linoleic 0.7 1.0
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Table 4. Relative amounts of volatile fatty acids, excluding
acetic acid, in brands of rum.

I\/hrti@;)qml I\/hrtirai/oquell I\/hrtin(i%uelll Jang;)can

Acids

Propionic 15.7 145 7.4 30.2
Isobutyric 3.6 2.9 4.1 4.3
Butyric 15.3 8.5 12.8 8.0
Isovaleric 4.7 6.2 3.0 6.5
Valeric 6.5 1.7 15 18
Caproic 5.4 5.3 45 6.6
Ethanthic Tr 2.4 0.3 0.3
Caprylic 14.5 13.5 24.1 8.9
Pelargonic Tr Tr 0.3 0.5
Capric 17.5 26.1 32.0 16.6
Undecanoic 0.3 0.7

Lauric 6.5 12.0 8.3 9.0
Tridecanoic 0.1 Tr
Myristic 11 15 0.4 17
Pentadecanoic 0.1 Tr 0.1
Palmitic 4.0 3.2 0.5 2.9
Palmitoleic 1.0 0.6 0.2 0.9
Heptadecanoic Tr
Stearic 0.3 0.4 0.2 0.5
Oleic 1.2 0.5 0.2 0.5
Linoleic 2.2 0.2 0.7

position of rum and that of whisky, and cognac or brandy.
It is noticeable that the lower acids, particularly propionic
and butyric acid, are very plentiful in rum. The large
proportion of propionic and butyric acid reduces the rela-
tive amounts of caprylic and capric acid, and thus it is
impossible to make such a definite statement about a main
component as in the whisky, cognac and brandy.

Rhum Martinique | contains almost similar amounts of
propionic, butyric, caprylic and capric acid, whereas Mar-
tinique Il and IIl contain more capric acid; the latter
also contains caprylic acid in abundance. In Jamaican rum,
the main component is propionic acid; moreover, the aver-
age proportion of valeric acid in the brands of rum exam-
ined exceeds that in the other two types of beverages. The
acids higher than valeric acid, and with odd numbers of
carbon atoms, appear in small amounts in rum, as in the
other beverages. Lauric, palmitic, and myristic acid appear
as quantitatively significant components in the rum.

The investigations described previously have proved that
in different types of beverages certain differences in the
acid composition appear. However, the limited material
does not enable examination of the extent to which the
variances are characteristic of each type of beverage. It
may be stated, however, that the formation of acids in all
cases occurs principally in the same way, and a change in
the raw material does not exert a marked influence upon
the composition of acids.

This confirms our previously expressed opinion (Suo-
malainen, 1965; Suomalainen et al.,, 1964; Suomalainen
et al., 1966a,b) that the aroma compounds, including vola-
tile acids, are formed in proportions which are prescribed
by the yeast used and the fermentation conditions, and
that the formation depends on the raw material to a minor
extent only. In this case, it appears to be a question of
fatty acids, synthesized by the yeast, as the same acids
have been found as components of yeast fat (Suomalainen
et al,, 1963a,b; Suomalainen et al., 1967).
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Action of Microorganisms on the Peroxides and Carbonyls of Rancid Fat

summARY—The effects of 26 species of bacteria, molds, and
yeasts on the hydroperoxides and monocarbonyls in rancid
fat have been determined. All of the cultures were capable
of decomposing the hydroperoxides. The activity of micro-
organisms on the monocarbonyl content of the rancid fat was
quite varied and could be divided into: 1) microorganisms
which produced large increases in at least two monocarbonyl
classes; 2) microorganisms which removed 24-dienals- 3)
microorganisms which removed 2,4-dienals and 2-enals, and
4) microorganisms which caused decreases in at least two
classes of monocarbonyls (without destroying completely any
class).

Two microorganisms produced methyl ketones, a mono-
carbonyl class which does not appear in rancid lard. There
appeared to be a relationship between the ability to decom-
pose peroxides strongly and the ability to produce a great
increase in the monocarbonyl content. There apparently is
no relationship between the ability to decompose peroxides
and lipolytic activity. The possible importance of micro-
organisms in controlling hydroperoxides and monocarbonyls
in fats is discussed.

INTRODUCTION

Microorganisms decompose hydroperoxides (Upde—
graff et al., 1958; Finnerty et al., 1962) and can utilize
aldehydes (Racker, 1950; Black, 1951; Seegmiller, 1953;
DeMoss, 1954). However, there are no reports concerning
the action of microorganisms on rancid fats which contain
hydroperoxides and carbonyls. Since carbonyl compounds
(formed by decomposition of hydroperoxides) have been
found to cause flavor changes in certain foods (Hoffmann,
1962; Day, 1966), we decided to investigate the effect of
microorganisms on the peroxides and monocarbonyl con-
tent of rancid lard.

METHODS AND MATERIALS
Preparation of rancid lard emulsion

Freshly rendered lard was spread in thin layers in bak-
ing dishes and exposed to ultraviolet light at 25°C until the
peroxide value was 90-100 meqg/kg fat (24-30 hr). Emul-
sions containing 20% rancid lard were prepared as
described previously (Alford et al., 1963), except that
the nitrogen atmosphere was eliminated.

Microorganisms and media

The microorganisms utilized are listed in Table 1 along
with the conditions of incubation. The cultures were ob-
tained from a number of different sources and were as-
signed numbers in our collection for ease of identification.
These strain designations are given in Table 1. The media
used in this study were:

Medium 1—Case peptone, 1.0 g;
(pH 7.0), 5 ml; water, 94 ml.
Medium 2—NH.Cl, 1.0 g; KH:P04, 15 g;

1M phosphate buffer

MgSQ4-

7HoO, 0.12 g; FeS047H 20, 0.01 g; ZnSO0.‘7H-0,
0.01 g; MnS04-H:0, 0.01 g: Edamin S (Sheffield),
40.0 g; glucose, 25 g (25 ml of a 10% solution was
sterilized separately) ; distilled water, 933 ml.

Medium 3—Bacto tryptose phosphate broth with additional
2 % tryptose.

Medium 4—Case peptone, 2.0 g; Difco yeast extract,
0.1 g; 1.0M phosphate buffer (pH 7.0), 5 ml; distilled
water, 93 ml.

Medium 5—Case peptone, 1.0 g ; Difco yeast extract, 0.1 g ;
1.0M phosphate buffer (pH 6.0), 5 ml; distilled water,
94 ml.

Medium 6—Difco veal infusion broth.

Medium 7—Case peptone, 1.0 g ; Difco yeast extract, 0.1 g ;
1.0M phosphate buffer (pH 7.0), 5 ml; distilled water
94 ml.

Medium 8—Difco nutrient broth plus 3% glucose (steri-
lized separately as a 10% solution).

Medium 9—Difco nutrient broth.
Medium 10—Difco tryptose phosphate broth.
Medium 11—BBL APT broth.

Wherever phosphate buffer was used it was equimolar
Na:K. All media were sterilized by autoclaving at 121°C
for 15 min. For static cultures, 500 ml of medium were
dispensed into 3-L, low-form culture flasks. For shaken
cultures, 125 ml of medium were dispensed into 1-L Erlen-
meyer flasks; after growth had occurred, 500 ml of growth
culture were dispensed into sterile 3-L, low-form culture
flasks.

Action of microorganisms on rancid fat

When lipase production had reached its peak (or when
cell growth was near the maximum if no lipase was pro-
duced), non-sterile rancid lard emulsion was added to the
cultures so that the final concentration of lard was 3%.
All culture-lard emulsion mixtures were incubated at the
appropriate temperatures (Table 1) as stationary cultures
until 80-100% of the peroxides had disappeared, or for
five days. Uninoculated medium-lard emulsion mixtures
were utilized as controls and were kept refrigerated at
4-5°C until needed. The rancid lard emulsion was not
sterilized because heat changed the monocarbonyl pattern
drastically (Gaddis et al., 1959a).

Assay of lipase

Lipase assays were determined as previously described
(Alford et al.,, 1963) with incubation at 35°C for one hour.
All cultures were assayed at pH 7.0 except Candida lipo-
lytica, Aspergillus niger, Rhizopus oligosporus, and Tham-
nidium elegans, which were assayed at pH 6.0.
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Table 1. Microorganisms employed and methods of producing cells for study of effect on
rancid lard.
Microorganisns Medium usech m%,%o&(% rgrm sion te
Static cultures

Pseudomonas jragi (43) ! 20°C, 3 days
Pseudomonas species (92) | 20°C, 4 days
Pseudomonas ovalis (36) | 20°C, 3 days
Streptomyces species (280 & 281) 9 25°C, 10 days
Streptococcus lactis (263) 11 20°C, 24 hours
Streptococcus cremoris (264) 11 20°C, 24 hours
Lactobacillus casei (266) 11 25°C, 24 hours
Pediococcus cervisiae (270) 1 25°C, 24 hours
Leuconostoc citrovorum (267) 11 25°C, 24 hours
Leuconostoc dextranicum (268) 11 25°C, 24 hours
Leuconostoc mesentcroides (269) 11 25°C, 24 hours

Candida lipolytica (181) 5 20°C, 4 days
Aspergillus niger (172) 4 35°C, 3 days
Aspergillus flavus (88) 4 25°C, 5 days

Rhizopus oligosporus (173) 5 20°C, 5 days
Thamnidium elegans (195) 5 20°C, 4 days
Pénicillium roqueforii (174) 7 30°C, 10 days
Geotrichum candidum (165) 2 20°C, 4 days

Shaker cultures

Serratia marcescens (279) 6 25°C, 200 rpm, 24 hours
Escherichia coli (107) 6 25°C, 100 rpm, 24 hours
Staphylococcus aureus (63) 3 35°C, 400 rpm, 24 hours
Staphylococcus aureus (66) 10 35°C, 400 rpm, 24 hours
Micrococcus cryophilus (90) 10 20°C, 200 rpm, 24 hours
Micrococcus freudenreichii (115) 10 20°C, 200 rpm, 24 hours
Sarcina lutea (112) 10 25°C, 200 rpm, 24 hours
Bacillus cereus (283 & 284) 6 25°C, 100 rpm, 24 hours
Hansenula anomala (282) 8 25°C, 200 rpm, 24 hours

1The composition of the various media is given in the text.

Peroxide determination

The peroxide value was determined by the cold method
of Lea (1952).

Monocarbonyl determination

At the end of the incubation period, the culture-lard
emulsion mixtures were centrifuged and the fat was ex-
tracted from the supernatant with petroleum ether (40-
60°C b.p. range). The monocarbonyl fraction was isolated
by column chromatography as described by Schwartz et al.
(1962, 1963), and monocarbonyls were further separated
into classes by the chromatographic techniques of Gaddis
et al. (1959b). The classes were identified by their Rf
values on paper and by their absorption maxima utilizing
a Cary recording spectrophotometer. To make it possible
to calculate concentrations on a molar basis, an average
molecular weight of 1000 was assumed for the lard.

RESULTS

T he monocarbonyl compounds isolated from rancid
lard consist of three classes: 2,4-dienals, :-enals, and
n-alkanals. Although the microorganisms studied in this
investigation varied widely in the extent of their action on
these monocarbonyls, the activity of any given culture was
consistent and repeatable. Each value shown in Tables 2-6
is from a representative run. Every experiment was re-
peated at least once and with most organisms three to six
times. Although initial values on the rancid lard varied
among runs, the percentage variation among runs for the
same microorganism was always within 10 to 20%. On

the basis of this activity the microorganisms could be
divided into five groups.

Group 1 produced relatively large increases in at least
two of the monocarbonyl classes. The data for this group
are recorded in Table 2. The activity of Aspergillus flavus
in removing peroxides coupled with the sharp increases in
2,4-dienals, alkanals, and methyl ketones made it the most
active culture in monocarbonyl production. Streptococcus
lactis was the only culture of the group which caused a
large increase in all three of the main monocarbonyl
classes.

The complete destruction of the 2,4-dienal class of the
monocarbonyl fraction of rancid lard was the most signifi-
cant action of the microorganisms that belong to Group 2.
At the present time, the products of the decomposition are
unknown. The data for the group are presented in Table 3.
Strong lipolytic and peroxide decomposing activity was
shown by Pseudomonas jragi; other members of the group
were non-lipolytic and possessed weak peroxide-destroying
capacity. P. jragi also produced a large quantity of methyl
ketones. It and A. flavus were the only two cultures of
the 29 examined which produced this type of mono-
carbonyl.

The microorganisms that decomposed completely both
the 2,4-dienals and 2-enals were placed together in Group
3, and the data for the group are presented in Table 4.
Cultures of Staphylococcus aureus, Rhisopus oligosporus,
and Geotrichum candidum were active lipase producers and
a majority of the organisms in the group possessed a
strong capacity to decompose peroxides. Eight of 10 orga-
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Table 2. Microorganisms producing relatively large increases in at least two classes of monocarbonyls in
rancid fat (Group 1).

. .. Peroxide value
Wlﬁ% IMonocarbonyls:
Microorganisis ieq r mea}ﬁg fat rm;[;%fat 24-Diendls 2-Erals  Alkanals  Methyl ketones

A. flavus (8s) 153.2 75.5 0.0 (3 days) 6.1 3.9 48.1 30.9
Control 75.5 74.3 1.5 3.6 21.3 0.0
S. lactis (263) 6.4 81.4 45.1 (5 days) 6.8 8.8 50.6 0.0
Control 81.4 75.8 1.6 3.8 30.4 0.0
P. cerevisiae (270) 5.0 80.8 59.3 (5 days) 3.3 5.3 29.1 0.0
Control 80.8 74.7 1.4 2.9 26.2 0.0
L. dextranicum (268) 8.6 77.4 29.8 (5 days) 3.6 6.0 19.9 0.0
Control 77.4 73.0 1.6 3.5 20.2 0.0
M. freudenreichii (115) 0.0 75.0 50.5 (5 days) 9.8 7.7 19.9 0.0
Control 75.0 76.4 1.4 5.1 38.2 0.0

1Expressed as /;M/10* NM fat.

Table 3. Microorganisms which completely remove the 2,4-dienals from rancid fat (Group 2).

. .. Peroxide value
WI IMonocarbonyls:
MicroorganisiTs & X)ﬁ%r meofafa  megR§fa  24Derdls 2Ews  Allanals Myl ketones
P. ovalis (36) 0.0 73.9 62.7 (5 days) 0.0 5.1 35.2 0.0
Control 73.9 76.8 2.2 5.2 39.2 0.0
Pseudomonas sp. (92) 10.4 78.2 65.7 (5 days) 0.0 2.5 23.2 0.0
Control 78.2 74.0 1.6 3.6 22.3 0.0
P. fragi (43) 111.1 82.1 25.6 (5 days) 0.0 7.7 45.4 36.5
Control 82.1 83.8 1.5 6.7 34.9 0.0
B. cerens (284) 9.0 77.6 57.2 (5 days) 0.0 2.0 16.9 0.0
Control 77.6 76.5 15 3.9 44.4 0.0
B. cereus (283) 10.0 77.6 55.6 (5 days) 0.0 2.5 23.7 0.0
Control 77.6 76.5 1.5 3.9 44.4 0.0

1Expressed as jiM/10* NM fat.

Table 4. Microorganisms which completely removed 2,4-dienals and 2-enals from rancid lard (Group 3).

. . Peroxide value
Wlﬁ% — Monocarbonyls:
IMicroorganiss £q r necsﬁg fat me% fat 24Dierdls  2-Enals Alkanals
E. coli (107) 0.0 82.8 11.7 (5 days) 0.0 0.0 22.4
Control 82.8 80.8 1.4 3.2 24.6
S. marcescens (279) 22.4 71.8 33.9 (5 days) 0.0 0.0 51.6
Control 71.8 64.5 1.2 3.4 20.1
M. cryophilus (90) 18.0 76.5 9.8 (5 days) 0.0 0.0 30.2
Control 76.5 75.1 15 3.5 40.0
S. aureus (63) 217.0 77.6 0.0 (3 days) 0.0 0.0 46.1
Control 77.6 66.9 1.1 2.7 26.4
s. lutea (112) 3.0 75.0 8.4 (5 days) 0.0 0.0 88.1
Control 75.0 76.5 1.4 5.1 38.2
5\ aureus (66) 310.4 73.7 8.1 (3 days) 0.0 0.0 58.3
Control 73.7 75.1 0.9 2.3 23.4
P. roquejorti (174) 2.1 68.3 27.9 (5 days) 0.0 0.0 60.4
Control 68.3 68.3 2.5 5.8 40.8
A. niger (172) 5.1 110.0 20.7 (3 days) 0.0 0.0 41.1
Control 110.0 106.9 1.6 4.7 24.9
R. oligosporus (173) 96.8 118.1 23.4 (4 days) 0.0 0.0 71.4
Control 118.1 115.9 1.7 5.7 33.6
G. candidum (165) 115.1 105.4 0.0 (3 days) 0.0 0.0 58.3
Control 105.4 97.4 2.0 4.3 18.7

Expressed as jIM/W jiM fat.
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Table 5. Microorganisms causing decreases in at least two classes of monocarbonyls but which do not com-
pletely remove any class (Group 4).
. . Peroxide value
Wlﬁ% Monocarbonyls:
Microorganiss 38| r mag}ﬁ'a fat megﬁg fat 24Dierdls  2-Erals Alkanals
C. lipolytica (181) 51.9 95.1 11.8 (3 days) 0.8 2.2 32.3
Control 95.1 94.9 3.4 6.6 39.8
Streptomyces sp. (281) 2.2 83.4 65.5 (5 days) 0.6 1.5 12.2
Control 83.4 80.0 17 3.7 29.8
Streptomyces sp. (280) 2.2 83.4 53.7 (5 days) 0.5 1.5 13.9
Control 83.4 80.0 1.7 3.7 29.8
H. anomala (282) 0.0 64.7 40.3 (5 days) 1.9 2.6 12.8
Control 64.7 68.8 1.3 3.2 20.0
L. casei (266) 0.0 79.1 37.1 (5 days) 1.1 3.3 24.8
Control 79.1 77.9 1.9 4.6 34.1
" Expressed as YM/W fiM fat.
nisms produced a large increase in the alkanal content, DISCUSSION

thus leading to an increase in the total monocarbonyl
concentration.

Those cultures which caused a decrease in at least two
monocarbonyl classes, but were not sufficiently active to
remove any one of them completely, are shown in Table 5.

The remaining cultures examined have been arbitrarily
combined in a single group that is characterized by rela-
tively weak ability to alter the monocarbonyl content of
rancid lard (Table s). Although the slight increases or
decreases were consistent in repeated trials, they did not
have a great effect on the total monocarbonyl content of
the rancid fat, and the activity in reducing the peroxide
level was moderate to weak.

It was obvious from observing the 2,4-dinitrophenyl-
hydrazone bands that developed on the Seasorb and alu-
mina columns that most of the microorganisms utilized in
this study caused changes in several types of polar car-
bonyls present in the rancid fat in addition to the changes
produced in the monocarbonyl fraction. Both strains of
A. aureus and A. flavus destroyed ketoglycerides so that
no ketoglyceride band was visible on the alumina columns.
None of the other cultures had any discernible effect on
the ketoglyceride band. With most of the microorganisms
utilized, the odor and taste of the rancid lard were changed
so that the typical organoleptic response to rancid lard
was not obtained.

H ydroperoxides are decomposed by both animal tis-
sues and microbial cells. A variety of microorganisms and
animal tissues decompose t-butyl, p-menthane, and cumeme
hydroperozides; however, none of the products were
identified (Updegraff et al., 1958). Micrococcus cerificans
metabolizes i-alkyl hydroperoxides (Ciz2, Cis, Cm, Cis) ;
1-octyldecyl hydroperoxide was transformed into stearyl
stearate (Finnerty et al., 1962). Although the hydroper-
ides present in rancid fat were decomposed by almost all of
the microorganisms we investigated, the differences in the
extent of attack ranged from a small percentage decrease
by Leuconostoc mesenteroides to 85-100% destruction by
A. aureus, A. flavus, and Candida lipolytica.

Corresponding increases in monocarbonyls were not
found, however. A. flavus produced an increase in all
monocarbonyl fractions including methyl ketones, while
C. lipolytica decreased the three main classes of monocar-
bonyls. There does not appear to be any relationship
between strong lipolytic activity and the ability to strongly
decompose peroxides; for example, Escherichia coli, Mi-
crococcus cryophilus, and Aspergillus niger had little
lipase activity, yet 80% or more of the hydroperoxides
were decomposed.

The development of a green flavor defect in mixed strain
lactic starter cultures is a serious problem encountered in
the manufacture of cultured buttermilk and sour cream,

Table 6. Microorganisms with weak activity relative to monocarbonyls (Group 5).
. . Peroxide value
%% it . Monocarbonyls:
Microorganisns e r me?n}ﬁg fat meg[zg fat 24-Dierdls  2-Erals Alkanals
S, Cremoris (264) 8.0 80.8 74.7 (5 days) 1.6 4.0 27.6
Control 80.8 74.7 1.4 2.9 26.2
T. elegans (195) 35.8 115.0 43.1 (5 days) 2.9 5.3 27.6
Control 115.0 121.0 2.2 6.8 27.1
L. mesenteroides (269) 5.4 79.1 76.0 (5 days) 0.7 41 33.9
Control 79.1 77.9 1.9 4.6 34.1
L. citrovorum (267) 5.6 79.1 58.0 (5 days) 0.8 4.0 30.2
Control 79.1 77.9 1.9 4.6 34.1

Expressed as fiM./10% jiM fat.



and acetaldehyde has been shown to be responsible for the
undesirable flavor (Lindsay et al., 1965). Certain Leuco-
nostoc species which can decompose acetaldehyde added to
the starter eliminated this defect (Keenan et al., 1966a;
Keenan et al.,, 1966b). Short chain aliphatic aldehydes are
oxidized to the corresponding acids by dehydrogenases
isolated from yeast (Black, 1951; Seegmiller, 1953), and
the existence of alcohol dehydrogenases capable of reducing
short chain aldehydes to the corresponding alcohols has
been reported (Racker, 1950; DeMoss, 1954).

The ability of microorganisms to selectively attack spe-
cific types of compounds is supported by the data reported
here. The apparently wide range of possible effects that
can be obtained by judicious selection of cultures indicates
that it might be feasible to selectively produce or remove
volatile carbonyl compounds in fats or fat-containing foods.

The production of methyl ketones from fat by micro-
organisms has been well established (Hawke, 1966).
Lipolytic fungi growing on fats containing low molecular
weight triglycerides liberate fatty acids which are converted
to /3-keto acids and then decarboxylated to form the methyl
ketones. Both of the cultures found to produce methyl
ketones in our study were lipolytic, and a similar route to
ketone production may have occurred.

It also has been shown that methyl ketones can be pro-
duced from alkanes by Pseudomonas methanica (Leadbet-
ter et al.,, 1960) and by Myobacterium smegmatis (Lukins
et al., 1963). Alkanes have been shown to be products of
rancidity (Evans, 1961) and, thus, methyl ketone produc-
tion by P. fragi and A. flavus may have been derived from
alkanes rather than products of lipase activity.

The use of microorganisms to remove monocarbonyls
and peroxides from rancid fat and to delay the onset of
autoxidation in fresh lard and other fats is being investi-
gated. Although no attempt was made to determine the
similarity of activity within taxonomic groups, three species
within the genus Pseudomonas were similar as were two
strains of S. aureus and two of B. cereus. Further investi-
gation of this activity may provide additional criteria for
their differentiation.
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A Research Note

Diffusion

The common domestic foodstuffs that frequently turn
moldy under household conditions in Germany are fruit
juices, sliced pre-packed bread and cheese.

Since aflatoxins are excreted by the mycelium, we exam-
ined the diffusion of these toxins in the moldy foodstuffs.
For this purpose, we followed the production of aflatoxins
in apple juice stored at room temperature by assaying the
aflatoxin content of the mycelium-free liquid as well as of
the harvested mycelium. We also demonstrated the diffu-
sion of toxins in whole-rye and whole-wheat bread, and in
Tilsit cheese. Subsequently, we studied the kinetics of the
diffusion of the toxins in a model substrate composed of
solid “Cream of Wheat” (300 g) and sucrose (25 g) in
tap-water (1000 ml). The matrix was cut into 3 cm
cubes and autoclaved.

ESTIMATION OF AFLATOXINS

For estimating aflatoxins the fermented substrates were
dialysed in methanol-water and the solution extracted with
chloroform, dried over sodium-sulfate, and the highest
dilutions of aflatoxin Bi and Gi, respectively, under UV
light on thin-layer silica gel plates determined (Frank,
1966).

Apple juice was filtered and extracted with chloroform.
Mycelia were extracted after drying and weighing.

RESULTS
Apple juice

One hundred ml juice in 500-ml Erlenmeyer flasks were
inoculated with a suspension of conidia of Aspergillus
flavus No. 373, and incubated at 22°C. After 6, 14 and
26 days, respectively, three flasks were examined inde-
pendently. Fig. 1 shows a linear increase in dry weight
of mycelium in the first 16 days. After this time, growth
slows down.

Although the dry weight of mycelium increases, as indi-
cated, the actual aflatoxin content of the whole mycelium
remains fairly constant until the end of 26 days. How-
ever, the aflatoxin content of the mycelium per dry weight
unit is at a maximum after 6 days, and at this time it is
present in almost the same amount in the liquid. The
concentration of the free aflatoxins in solution increases
rapidly to a maximum at 14 days at which time 6.7
jug/100 ml Bi is present. During the next 12 days Bi
disappears steadily, and at 26 days almost equals the 6-day
level. The concentration of aflatoxin Gi shows a steady
increase to 2.5 /,9/100 m1l at 26 days.

The causes for the loss of Bi are unknown. Perhaps it
is destroyed photochemically or by a decrease in pPl which
dropped from 4.5 to 2.8. It should be added that we could
not detect photoproducts of aflatoxins on thin-layer chro-
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of Aflatoxins in Foodstuffs
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Fig. 1. Aflatoxins by Aspergillus flavus strain No. 373 on 100
m | apple juice and dry weight of mycelium in relation to time of
incubation at 22°C.

matograms as they were recently observed bv Andrellos
et «1.(1967).

Using our strain 373 the content of aflatoxin in apple
juice is small: 10 ju.g/100 ml. A different strain isolated at
a later date from food produced a manifold increase in
this compound: 120 /;g/100 ml Bi. Infections with such
strains might become dangerous for the consumer.

Bread

Sliced whole-rye and wheat bread was inoculated on one
side in the opened package with A. flavus strain No. 373
and incubated for 6 days at 30°C. The single slices were
covered by a dense mycelium mat with conidiophores on
the crust of the bread, near to the point of inoculation.
The mycelium grew over part of the surface as shown in
Fig. 2. The slices were cut in pieces as shown and the
aflatoxin content estimated in the numbered parts. A small
edge along the inoculated side showed a remarkable light-
blue fluorescence with ultraviolet light of 350 nm. Part 1
with luxuriant fungal growth had 30 /tg of aflatoxin Bi
and 18 /¢g Gi per g of bread. Part 2 contained more than
twice the content, i.e. 61 /;g/g and 60 /;g/g, respectively.
The proportion of Gi to Bi is increased further in part 3.
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Fig. 2. Growth of Aspergillus flavus strain No.
and distribution of aflatoxins after 6 days at 30°C.

373 on bread

Here we found 4 /;g/g Bi resp. 6 /¢g/g Gi. No aflatoxin
was detectable in parts 4 and 5 which were always without
mycelium.

Cheese

Cubes of Tilsit cheese, 5 x 5 x 5 cm, were inoculated
with A. flavus strain 400 on one side and incubated at
30°C. The fungus grew well and formed a loose, yellowish
“turf” of conidiophores, less dense, however, than on most
After 6 days the cubes were cut into 0.5 cm
slices. The first slice with fungus contained 0.2 /;g/g
aflatoxin Bi and 0.6 /¢g/g Gi. The second slice contained
only 0.02 /¢,g Br and Gi, and in the layers below no afla-
toxin was detectable. The second slice was

other media.

free of
mycelium.

Experiments with other strains of A. flavus on cheese
and other animal products showed a lower production of

aflatoxins than on substrates with high carbohydrate con-

DIFFUSION OF AFLATOXINS IN FOODSTUFFS— 99

van Walbeek show that
this is not always the case (personal communication).

tents. However, the results of W.

Kinetics of aflatoxin diffusion

Fifteen cubes of the model substrate were wrapped in
aluminum foil with the exception of one side which was left
exposed and was inoculated with A. flavus strain 400.
Each day, three cubes were sliced into seven parts and the
aflatoxin content was estimated in each. The results are
shown in Table 1 and Fig. 3. The highest content of afla-
toxin was found in the first slice containing the fungus.
The maximum was found after 3 days at which time toxin
had diffused down to layer No. 4. On the fourth day
aflatoxin Bi had reached slice No. 6, and on the fifth day
was detectable in all parts of the cubes, i.e. at a distance of
30 mm from the fungus mat.

The consistency of substrate changed during the obser-
vation period. The whole cube was granular initially, but
became more and more cheese-like. After 5 days of fer-
mentation only the last slice was granular.

It is interesting to see the increase and later the decrease
of aflatoxin in the whole system. There is a steep rise in
the first 3 days to 248 /,g/g Bi and a decrease to 123 /;g/g
on the fifth day. A photochemical destruction therefore
can be excluded.

X 7=
/ 5\
™~ Q
.\
g p 4@@3
g0’ ‘ 3 4
g 100 2
c
= ! 1
s
S 017 0
b / /
1. 2. 3. 4. 5. 6. 7. Layer
Fig. 3. Distribution in a model substrate of aflatoxins produced

by Aspergillus flavus strain No. 400 growing on one side of a cube
of the substrate.

Table 1. Distribution of /;g/g of aflatoxin Bi and Gi from the site of growth of Aspergillus
flavus No. 400 on a cube of a model substrate during five days at 30°C.

Tay 2ay

¥ B 6 B G B
| 41 6 220
2 3.2 0.5 27
3 1.4 0.2 1.3
4 1.3 0.2 0.1
5
6
7
Total 46.9 6.9 248.4

ey

Ady Say

G B G B G
33 59 9 30 4.5
4 29 4.3 49 7
0.2 16 2.4 42 6.3
tr 0.1 tr 15 0.2
0.02 tr 0.15 tr
tr 0.03
0.02
37.2 104.1 15.7 122.7 18"
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DISCUSSION

A ll these results show a possible danger for consumers
who eat foodstuffs with closely cut-off moldy spots. The
content of aflatoxin below the fungus mat in the depth of
a food depends on the strain growing on the surface, the
water-content of the food, its physical properties, and the
storage time and temperature.

Post-mortem Degradation

Muscle

SUMMARY—Thin-layer chromatography showed that post-
mortem degradation of adenine nucleotides in the tail muscle
of lobster (Homarus americanus) followed the route: adeno-
sine 5'-triphosphate (ATP) -» adenosine ('-diphosphate (ADP)
-» adenosine 5'monophosphate (AMP) -> jnosine ¢'-mono-
phosphate (IMP) -* inosine (Ino) -» hypoxanthine (Hx).
KCl extracts (0.6M) also degraded ATP by this route. Such
extracts contained a weak AMP-aminohydrolase activity that
was activated by ATP, but no adenosine aminohyd'olase
could be detected. Neither of these aminohydrolases were
found in extracts made with water or 0.02M K-succinate.

INTRODUCTION

Adenosine s-monophosphate aminohydrolase (E.C.
3.5.4.6.) has been found to occur in aqueous extracts of
muscle of carp and mackerel (Hidaka et al., 1960), ling-
cod (Tarr et al., 1964), and pre-rigor cod (Dingle et al.,
1967). Several marine invertebrates, however, were re-
ported to lack this enzyme (Kitagawa et dl., 1957 ; Saito
et al.,, 1958; Arai, 1966). We have found that post-mortem
degradation of adenosine 5'-triphosphate (ATP) in lob-
ster muscle proceeds by way of adenosine 5'-mono-
phosphate (AM P) and inosine 5-monophosphate (IM P),
but that the extractability and apparent activity of the
AMP-aminohydrolase involved in the degradation differ
from those found in cod.

METHODS

Rested and feeding lobsters from the local fishery
held in running seawater at 15°C in laboratory aquaria,
were semi-immobilized by slicing through the carapace
just behind the eyes. The excised tail muscle was stored
in polyethylene bags at 0°C. Extracts for enzyme assay
were made by homogenizing samples of the muscle in a
W aring blendor with 17 parts of a) water, b) 0.02M
K-succinate (pH 6.8), or ¢c) 0.6M KCI, and then centri-
fuging for 20 min at 13,000 G. All operations were carried
out at 3°C in a cold room.
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of Adenine Nucleotides in

of the Lobster, Homarus americanus

Enzyme reaction mixtures contained 1.2mM nucleotide,
1.5mM MgClo, and one-tenth volume of extract, and were
incubated at 0-3°C. Continuous stirring was not used
since even in the presence of precipitated protein, it had
no significant effect on the results. Aliquants from the
mixtures, after removal of protein with one-ninth volume
of cold 30% perchloric acid and neutralization with KOH,
were assayed for inosine-type compounds by ultraviolet
absorption spectrophotometry, and for inorganic phosphate
by the method of Rockstein et al. (1951).

Thin-layer chromatograms of nucleotides and deriva-
tives were run on PEl-cellulose. Details of preparation of
samples from muscle and of development of the chromato-
grams were described by Fraser et al. (1967). Neutralized
perchloric acid supernates from reaction aliquants were
spotted directly on the plates.

RESULTS

The changes in the nucleotides of lobster tail
muscle during storage at 0°C were determined by thin-
layer chromatography. The results, summarized in Table
1, show a pattern similar to that found for cod (Fraser
et al., 1967), namely, a gradual conversion of ATP
through ADP and AMP to IMP, with only alow accumu-
lation of the intermediates. The IMP was eventually
further degraded to inosine and hypoxanthine. The com-
bined amounts of IMP and inosine, estimated from the
ultraviolet absorption spectra of the extracts and expressed
as percent of the total nucleotides, are shown in Fig. 1
Corresponding data for relaxed cod, calculated from Fig.
2a of Fraser et al. (1967) are included for comparison.

The results of incubation of ATP, ADP, AMP, and
adenosine with aqueous and 0.6M KCI extracts of pre-
rigor lobster muscle are given in Table 2. The aqueous
extract gave no significant reaction with any of the sub-
strates up to 72 hr at 3°C. This finding was confirmed
with other aqueous extracts, even in the presence of 0.1M
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Table 1. Degradation of nucleotides in tail muscle of a lobster during storage at 0°C.

asaC ATP ADP
0 +++++ +
| +++++ +
2 +++ ++
3 +++ +
7 + ++
9 ++
1 _ —

AP WP o Hx
2 ] ] _
_ ? _ _

++ e+t — -
+ e+t + -
+  ++++ +++ ++
- - - +++

Perchloric acid extracts of muscle samples were fractionated by thin-layer chromatography

on PEl-cellulose.

The relative amounts of the components were estimated visually from the

intensities of the spots revealed by ultraviolet illumination of the plate.

KC1 which had been found to activate AMP-amino-
hydrolase in aqueous extracts of pre-rigor

(Dingle et al.,, 1967).

The amounts of inorganic phosphate (Pt) formed from
ATP and ADP by the 0.644 KC1 extract approached the
amounts to be expected from these substrates in the pres-
ence of ATPase (myosin) and adenylic kinase which
presumably occur in such extracts. The amounts of IMP
formed, however, showed that deamination was far from
complete in most cases. The formation of IMP from ATP
and from ADP was usually greater than from AMP in the
presence of KC1 extract; this was shown in other experi-
ments to be due to an activation of the AMP-aminohydro-
lase by ATP (Fig. 3). Pi had no activating effect on the
AMP reaction.

Centrifugation of 0.6M KC1 extracts at 13,000 G usu-
ally yielded soft residues so poorly packed that only
about two-thirds of the extracts could be decanted free of
undispersed material.

cod muscle

This residue was estimated to con-
tain about 16% of the total protein nitrogen of the muscle
in unextracted form. The undispersed material did not
appear to contain an important amount of the muscle
AMP-aminohydrolase, however, because when equal vol-
umes of the residue and of the supernatant solution were
incubated with AM P, the extents of reaction in the two
cases did not differ significantly.

Ultracentrifugation of the KC1 extracts (45 min at

Table 2. Enzymic activities of pre-rigor lobster tail muscle

extracts with adenine derivatives.
Ralds, fi noless

By (Y swee A B

ATP 226 0.65
_ ADP 120 93
om  Kei 0.06 AMP 061 57
Adenosine .011 .10
ATP  2.00 0.33
ADP 123 63
0.6M KCl 0.6 AMP 11 44
Adenosine .074 .10
ATP 0085 0
ADP 014 02
Water 0 AMP 044 06
Adenosine .004 .08

Substrate concentration, 1.2mM ; MgCfi, I.SmM ; pH 7.
bation for 72 hr at 3°C.

Incu-

140,000 G) removed most of the enzyme activities but
the results were not reproducible between extracts.

The fates of the nucleotides in the presence of a 0.644
KC1 extract were followed with time by thin-layer chroma-
tography (Fig. 2). The stock solutions of ATP and ADP
evidently contained some ADP and AMP as impurities,
respectively. After 5 min of reaction, traces of IM P were
discernible in the ATP, ADP and AMP + ATP reactions,
but not in the reaction with AM P alone as substrate. The
formation of ADP in the ATP and AMP + ATP reac-
tions, and of ATP and AMP from ADP are also clearly
shown. After 3 hr, only traces of ATP and ADP remained
in any of the mixtures. It can further be seen that the
extent of deamination of AMP was least in the reaction
with AMP alcne, in which neither ATP nor ADP was
present at any time.
by assays for Pf and inosine-type compounds, and the
results (Fig. 3) confirm those already noted.

A KC1 extract readily dephosphorylated ITP, but not
IDP (Table 3). The activities of this extract with the
adenine nucleotides are given for comparison.

These reactions were also followed

100+

90

801

60

40

LOBSTER

IMP + INO AS PER CENT
OF TOTAL NUCLEOTIDES

L 1 1 1 1 1 1 1 1 1 I
0 | 2 3 4 5 6 7 8 9 10

STORAGE TIME (DAYS AT 0°C)

Fig. 1. Production of inosine-type compounds in muscle of a
lobster tail and a relaxed cod during storage at 0°C. Data for the
lobster were calculated from ultraviolet absorption spectra of per-
chloric acid extracts of the muscle. Data for the relaxed cod were
calculated from Fig. 2a of Fraser et al. (1967).
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STD ATP ADP AMP | 3 A

‘ 5 MIN. ,iu

Fig. 2. Degradatlon of adenine nucleotides by a O.dM KCI extract of pre-rigor lobster tail muscle. Thin-layer chromatograms on
PEIl-cellulose. STD, standard mixture; ATP, ADP, and AMP, stock solutions of nucleotides; 1, 2, and 3, reaction mixtures with
ATP, ADP, and AM P, respectively, each at 1,2mM; 4, reaction mixture with both ATP and AMP, each at 1.2mM. Incubation at
3°C. Samples withdrawn for analysis at the times shown.

Table 3. Enzymic activity of a 0.6M KCI extract of lobster
tail muscle with inosine and adenine nucleotides as substrates.

Ralds,
Shstice SISAE A .
ITP 0.933
IDP .071
ATP 0.605 1.23 18-
ADP .687 .955
AMP 351 .079 1Ak
Mixtures contained \.2raM nucleotides, 1.5mM MgCh, one-tenth ~
volume of extract, and were incubated for 19 hr at 3°C. 5’ 2k
wn
DISCUSSION u
The thindayer chromatographic evidence IdiGIES g \or
thet the post-mortem degrecation of nuclectices r- ldster 3
il mscle follos te sare pattway as_ in mscles of o8-
fides and higer \atdyates. Rossible altarale roiEs, ~
inolvirg te desmiretion oF ATP_or ADP for eaiple, 5
gpear ©be nuled aut by te fallue of teedracts © §
dephosporylate IDP. Moreover, no sigifiatamount of &
an adaosire anindhydrolase adtivity wes foud in tre 04+
nuscle edrads. In this reppect tre Idster diffas from
some otter inertdarates which employ this enzyme ratrer ook
then AP-aminohydrolase (Arai, 1955). '
There are, reatrelesss, arias diffaass between the
muscle of kdster and tret of cod Qirngle et al., 1967). o-
Virtally no AvP-aminohydrolase a:tmlyowld ke ex- — L L 1 — !
trected with water or 0.02V succirete from preriigor 0 ‘ 2 3 4 23
Idstar mecle, wheress thee edractants removed a lage REACTION  TIME IN HOURS
[]’qxl’tlm of it from []e—ng:r ood mecle. Moreover, Fig. 3. Production of inorganic phosphate and inosinedtysyi\; com-
ﬂ‘e m/"yd:ﬂE ”H-Er amra-j i (o) m mUCh pounds from adenine nucleotides in the presence of a 0.< KClI

extract of pre-rigor lobster tail muscle. The concentrations of each

IO/\erﬁmthitofGIi. A O-_(B\A S,[Clrﬂtee(trmtd:_c_nj of the nucleotides was 1,2mM in all r.eactions; 1.5ntM MgCh was
mucle, far eamle, when diluted 3-fold, had an adtiMity ~ also present. Incubation at 3°C, pH 7. Solid lines, inorganic phos-
cfoz/oM/mI/min 12°C A Q.6M KCI m&”ﬂﬂ’ phate; broken lines, inosine-type compounds. Q, ATPms[ ADP m

A, AMP; ¢, AMP + ATP.



mecle, which aotained most of tre asildble eryme, had
an adimity of 0.0022 /:;Wmil/min at 3°C when diluted
1040ld, and anly 0.Q27 fim/ml/min even when activated
by ATP.

The data of Ag- 1, honever, sugpest thet the formation
of IMP in tte two muscles coours et rates of the sae
orter of megnituce. It s possible tet the goparent dis-
crepacy may ke due o an irectivation of the Idster
enzyme by adsorption on some arfae. We had previasly

thet edvactants of lov ioic stragth might
cae selling and disryptdan of some membranous struc-
tue nod ad releee tte enzyme In an
adive fom. Bvidently this does rot coour with Idster
mecle. A study of tte effedts of some other treatnants,
such as frezirg and iradiatian, known o be caeble of
disrypting mitodhodria and otrer intrecelular partidles,
ould interestiry.
Although IMP, an inportant flavor-ehancing substance
(Kuninaka et al., 1964), B produced in Idster muscle
during post-mortem stoae, it s dootful whether Tl
advantage B taken of this in the cooking methods now In
e, Laster suaally cooked while il dline, <0 thet the
enzymes degrading the nucleotices may ke destroyed be-
foe much IMP B fomed. This matter B now under
study.
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Effect of

Residues in

SUMMARY—A gas-liquid chromatographic method coupled
with an electron capture detector has been developed for
analyzing chlorinated phenoxyacetic acid residues in canned
fruits. The technique involves converting the acid to its
methyl ester with diazomethane, chromatography on a 5%
silicone grease SE-30 column at 210°C, and subsequent detec-
tion of the compound by an electron capture detector. As
low as 0.02 ppm of the residue could be detected. The
method is superior to the colorimetric method because para-
chlorophenoxyacetic acid (PCPA), 2,4-D, and 2,4,5-T can be
separated and quantitatively determined simultaneously. How-
ever, separate standard curves are needed for each, because
they differ in chlorine content and in sensitivity toward the
electron capture detector. Levels of 2,4-D and 2,4,5-T residues
in canned apricots, and of PCPA in canned grapes are
reported.

INTRODUCTION

Chlorophenoxyacetic acids have been used as growth
regulaiors.  Aplicatan of 2,4-dichlorgdeoyecstic acid
2,4D) ad 245trichlogdaoyecstic acid (2,4,5-1)
0 goricot tress at the pit-hardaning stege can preventt pre-
harvest fruit drp, Inoreese fruit &, and hesten naturity
Grae, 195). Para-chlorgdheaxyacstic acid (PCPA)
was usad o ineeee tre sie and vield of boysaberries
(Brurgturst et al., 1966). Widespread use of tte dhloni-

iC acids as growth regulators recessitates
ﬁedevelqrrmtofnetkajs for determining resides n
te fluts.

BEridamet al. (1962) used gas dhraratographic method
for detemiration of2,4-D reside ndts it Quantita-
the aslsis of bazere heatloride, akdin, dieldrn,
DDT, dilotae, edrin, togdae, and otter chlorirated
orgenic pesticidss can be made I a sirgle deteyminatian
within one hour.

Beverue et al. (1982) and Yip (1952) determined
2,4-D in dry ages ad walnuts usirg a microcoularetric
s dramatograoh. Gutenmann et al. (1963) worked on
pesticick residle aalysis by ges chramatography with an
electron affinity cdetector. Daoud et al. (1962) gplied tre
alorimetric method of Marguardt et ai. (1955) O deter—
mine 2,4,5-T reside incaned gricot. Luh et al.
used a gesliquid chraratographic method O determine
PCPA reside as a CU-ldE methyl ester in boysen-
bamies. A liqud sconallision conter wes used o deter—
mine the radicectivity.

Hagin et a1 (1985) develgped amethod for determining
4-2,4-dichlorgohenoxy) butyricecd (2,4-DB) and 2,4-D
in forage plants by electran capture ges dhraratography .-

*Present address: Libby, McNeil and Libby Co., 1724 Stockton
Blvd., Sacramento, California 95820.
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Chlorophenoxyacetic
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Acid Growth-Regulator Sprays on

Canned Apricots and Grapes

Recowvery of tre herbicice exoests 96%.

Thiis study reports a procedure far extraction and purifi-
atian of 2,4-D and 2,4,5T resides in caned griaits,
and of PCPA i caed Thompson sadless grgpes which
were gorayed with dhlorgdenoecetic ecid as gronth
reglators.

EXPERIMENTAL MATERIALS AND METHODS
Apricots

Groups of three Blenheim gariicot tress grown at Brent-
wood, Sata Clara, and Winters were gorayed between
April 10 and 20 with 6 gall of 25 ppm 2,4-D (trietheol-
anine sali) soluion per tree. Equal number of unsprayed
tress were usad as arol. The fruits were harnvested at
caming ripeess 80 days after the gxay.  Six Blenheim
goriaot trass grown at Winters, CGalifomia were fartilied
withNH4aNO3ataraeof 05 bN per tree, and three at
15 b N per tree. Groups of three griaot tress were
rayed on Aprill 10 with 6 cal of 2,4,5T (trietteol-
anine sal) olutdan per tree. Three unsprayed tress (05
bN per tre) were used as the antrol.

The goricots were hanvested at camniing riparess on June
3. One hundred bofFgoricots from each treewere washed
with ocold vater, halhved, and pitted In an goriicot pittiry
mechire. To eech No. 2 canwas added 195+ 05 az
of prtied fruit and 105 az 40° Brix suaose synp. The
caswere ssaled under 16 n of vacuum and heatt prooessed
a 212°F na rotary codker far 19 min and then aoled n
a rotary water aoler. Each sample arsisted of 48 No.
21 @B

Thompson seedless grapes

Twenty 10year-old Thompson ssdless vines were used
for the inestiggion.  Siix plants were sprayed on Jure §,
198 with 15 ppm PCPA (ammonium salif) solutian con-
taining 0.1% “Tween 20 asavetting aggit. Seven plants
were sprayed with 40 ppm gilderlin A3 (potassiun salit)
olutian aottaining 0.1% “Tween 20 as a wetting et
The vires were Sorayed with the growth regulators to drip,
aqunalat © 200 gal per aae. Seven plants were EHtun-
Forayed o serve as a anrol.

The grgpes were hanvested on August 18 and agaiin on
Septenber 8 Pramptly after henest, tte grapes were
weighed, stemmed and washed with cold water~ To each
No. 2)% can was added 20 az grgpes and 10 az 20° Brix
suooe 9np. The cas were s=ald uder 16 L of vac-
uum, proosssaed at 210°F for 23 min na contdinuous rotary
ader, and aoled N a rotary aoler.
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Ten b of ripresantative graee leaes and petiokes were
pided from sprayed and unsprayed vires on August 18
and Septenber 8. The leaes and petickess were washed
wirth vater, sgarated, fraeze dried, pulverizd nanmortar,
and kept intaghtly covered bottles at 0°F untill needed far
aslsis.

Determination of PCPA, 2,4-D and 2,4,5-T

A nodfication of the method descariibed by Daoud et al,
(19%52) and Luh et al. (1964) was wssd. One hundred g
of the drained griaots or grapes were nmecerated with 250
ml of recistillled chloroform and 20 ml 3n HC1 for 5 min.
The slunry was trasfared to a 500-ml Erlermeyer flask
ad deken on a rolary deker far aetalf hor. The
product was antrifiged. The chloroform layer wes used
far colum chramatograghy.
A chramatography  colum

Column chromatography.

was paded with 40 g of Woelm grade number 1 lesic
aluminum axice (Research Secialties Cap., Ridmond,
Glif). The dgless colum @5 x 24-am) wes fitted with
a frtied gless il a vacuum He-dff, and a 24740 stan-
dard tger male jort. A vacuum was gplied © tte ool-
umn to fdlitate doe padding, and the A120 3 was washed
wirth 50 ml dhloroform. The chloroform exdrect was con-
antrated ina flash egoorator, and then trasfened o tre
AI20 3 colum wirth chloroform.

The ocolum was washed with 300 ml of chloroform,
arected o a vacuum source far 20 min O remove
dilooform. The dl ic aads were elutd
fram the colum with 40 ml of 1% NaHCO3 follonad by
20 ml ofvater. The eluate was acidified with v HC1 t©
apH ksthen 1, and the soluionwas extracted three times
ina ssaratory furel with 50 ml eech of chloroform. The
dloroform edracts were corbined and aocentrated ©
aoout 5 ml n a fleh egooator. The cooarate was
trasfarad 1 a graduated hematocrit e and concen-
trated furtter under an air stream © 1 ml. One ml of
diazarethare solution was added t aonvert tte acics I
nmethyl estaars (Luh et al., 1954). The soluian was evapo-
rated 1 dryness and the reside dissolhvad 1n 20 ml of
recistilled bazere.

Gas chromatography. AN Aerogram, Model A-600-C
Hy-Fi (Wilkens Instrurent and Research, Inc.) equipped
with an electran cgpture detector was usd. Nitrogen &t
10 psiawas used as a cariier ggs. The flav rate wes 60
ml/min. The colum acottained 5% SE-30 siliare greese
on 60780 mesh firdrid ina 5 ftaopper twbing of % N
diaeter. Hewas alloned to eqilibyvate at 210°C for 24 hr
with nittagen ges floving at 60 mi/min. The unit was
geerated at rage 10, attenetdan 1, and at a dart spead
of )& n per min. Aligots of 05, 10, and 2.0 A were
. The area under the pesk was measured with a plan-
eter. The gqentities of PCPA, 2,4D, and 245-J were
calaiated from tre e stadard anes.

The detector may show diminished sasitivity due 1O
fauling or ackopaan. I this hgpas, the source may ke
cleered with 10% netherolic KOH  inan ultraamic gerer—
aor, and then rinssd fine tines with recistilled aladol.

Determination of retention time
Five nanograms of PCPA, 24D, ad 24,5T (@
methyl estars) per Al of benzere were injected Ino tre

Aerograph with a Hamilton miatsyringe. The retenian
time was measured on the recording dert rotatdrg at a
soeed of 0 N per hr. The area uder each peak was
measured with a planineter-.

Preparation of standard curves

Samples of 25, 50, 75, and 10.0 nanograns of the
stahard 2,4-D and 2,4,5-T methyl estars were chromato-
grapned on tte colum. A stadard aune was also con-
structed, wsing 0, 05, 0.8, 0.5, and 1.0 /g of PCPA
methyl estar. The aress uder the peaks were measured
with a plenineter. A stadard aune was plotted for eech
conpound, with the area In souare Indes as the adirate
and nanograms of chlorgohenoyacetic acid es the dsciss=a.
The stadard aunes were made on tte sare day as tte
unknown samples.

RESULTS
Gas chromatography of methyl esters of chlorophenoxyacetic acids

A gesHigud chromatograpgh of tte methyl estars of
PCPA, 2,4D and 2,4,5T sqarated on a 5% siliae
geae colum (60780 mesh firdrid) at 210°C s shown
inAg. 1 One miaoliter of the methyl ester solutian con-
tainirg 0.5 /g each of tre three acids was injected ato
the colum with the respoese of tre cetector attenuated
a IX. A distit sgaratian of the three compounds was
acooplished. The retentian times for the PCPA, 2,4D,
and 2,4,5T methyl estars were 12, 24, eml40m|n re-
gectively. The peak shown by the 2,4,5-T methyl ester
was somewhat broeder and dorter. The lireer resoose
of the recorter 1o varying qentities of PCPA B shown

in Ag. 2

SOLVENT

PCPA

2,4-D

RESPONSE

1.2 2,4,5-T

24

4.0

TIME (MIN)

Fig. 1. Gas chromatography of PCPA, 24-D and 245-T as
methyl esters on a 5% SE-30 silicone grease columm (60/80 mesh
firebrick) at 210°C.




106— JOURNAL OF FOOD SCIENCE— Volume 33 (1968)

PCPA

o o o -
D ()] 0 (@]
. . T 7

Peak Area, sq.in.

o
N
T

0 0.25 0.50 0.75 .00

Wt, fig

Fig. 2. Calibration curve for gas chromatography of PCPA as
methyl ester on a 5% SE-30 silicone grease column (60/80 mesh
firebrick) at 210°C.

Determination of 2,4-D in apricots

The residue in canned apricots which received 25 ppm
2,4-D sprays at the pit-hardening stage was determined.
Apricot trees grown at Brentwood, Santa Clara, and
Winters were used in this investigation. In each set, the
control sample was fortified with 0.1 ppm 2,4-D in the
laboratory to determine the percentage recovery. Table 1
shows the 2,4-D residues in the canned apricots. The con-
trol samples contained 0.10 to 0.23 ppm of 2,4-D. The
average 2,4-D residue in the canned product ranged from
0.66 to 0.70 ppm. The recovery of 2,4-D from the ex-
traction, purification, and esterification procedures was
90-94%.

Determination of 2,4,5-T in canned apricots

Three sets of apricot trees differing in nitrogen fertilizer
treatments were sprayed with s gal of 75 ppm 2,4,5-T
solution per tree at the pit-hardening stage. The 2,4,5-T

Table 1.

residue in the canned product is shown in Table 2. The
residue in the canned product ranged from 0.66 to 0.77
ppm. Nitrogen fertilizer was not a factor that affects the
level of 2,4,5-T residue in the canned product. The recov-
ery of the residue was 90%.

PCPA residue in canned grapes

Thompson seedless grape vines were sprayed to drip on
June s, 1965, with 15 ppm PCPA containing 0.1% “Tween
20” as a wetting agent. The grapes were harvested 72
and 92 days thereafter. Table 3 shows the levels of PCPA
residue in the canned product. The sample harvested 72
days after spray contained 1.08 ppm PCPA residue, and
that harvested 92 days after spray contained 0.98 ppm.
The recovery of added PCPA was 83 to 87%.

PCPA residues in the freeze-dried leaves and petioles
of the grape vines are shown in Table 4. The leaves
harvested 72 days after spray contained 0.267 ppm PCPA,
and that 92 days after spray contained 0.188 ppm. The
corresponding petioles contained 0.523 and 0.408 ppm
respectively.

It appears that the leaves contained less PCPA residue
than the petioles, and the petioles contained less PCPA
residue than the fruits. The difference may be explained
by their positions on the vines and their structural differ-
ences. The leaves were thin, and received more sunlight
which can cause photolysis of PCPA. The PCPA can
penetrate the leaves and be relocated into the petioles and
fruits, causing a higher residue in the latter.

From the above results, the chlorophenoxyacetic acid
residue was present in the fruit. The quantity of residue in
the product may vary with the type and quantities of
growth regulators used and the harvest dates. Crops har-
vested at a later date contained smaller amounts of residue.

DISCUSSION

The chlorophenoxyacetic have been used
either as growth regulators or weed killers. Their actions

acids

Gas chromatography of 2,4-D residue in canned apricots as methyl ester on a

S.E. 30 silicone grease column (5% on 60-80-mesh fire brick) at 210°C.

Sample Growing area Growth regulator

2,4-D residue, ppm (80 days after spray) Recovery
1 T ITI Ave. %

i Brentwood Control .26 23 .20 23

2 Brentwood Control + 0.1 ppm 2,4-D 35 32 29 32 90

3 Brentwood Sprayed with 2,4-D, 25 ppm .64 71 67 67

4 Santa Clara Control A1 .13 .10 11

5 Santa Clara Control + 0.1 ppm 2,4-D .20 .23 .19 21 94

6 Santa Clara Spray with 2,4-D, 25 ppm 71 72 .67 .70

7 W inters Control .10 12 .08 .10

8 W inters Control + 0.1 ppm 2,4-D .19 21 17 .19 90

9 W inters Sprayed with 2,4-D, 25 ppm .66 .62 .70 .66

Table 2. Gas chromatography of 2,4,5-T residue in canned apricots as methyl ester on a

S.E. 30 silicone grease column (5% on 60-80-mesh fire brick) at 210°C.1

Nitrogen fertilizer 2,4,5-T residue, ppm (80 days after spray)
| I I Ave.

Sample  Growing area Growth regulator Ibs N /tree
1 W inters Control 0.5 11 12 .09 A1
2 W inters 2,4,5-T, 75 ppm 0.5 .66 .70 62 .66
3 W inters 2,4,5-T, 75 ppm 1.5 .78 72 81 77

1The recovery was 90% when 0.1 ppm 2,4,5-T was added to the control sample.
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Table 3. Gas chromatography of PCPA residue in canned Thompson seedless grapes as methyl ester on a S.E. 30 silicone grease

column (5% on 60-80-mesh fire brick) at 210°C.

Sample PCPA spray Harvest dates

i Control Aug. 18 (1st harvest)

2 Control + .1 ppm Aug. 18 (1st harvest)
PCPA

3 Sprayed with Aug. 18 (1st harvest)
15 ppm PCPA
+ 0.1% Tween

4 Control + .1 ppm Sept. 8 (2nd harvest)
PCPA

S Sprayed with Sept. 8 (2nd harvest)

15 ppm PCPA
+ 0.1% Tween

are specific to certain plants. When applied in right
amounts and at the right time, they can increase the size
and yield of the fruits (Bringhurst et al., 1956; Crane,
1955 ; Luh et al,, 1964). Recent interests on spray residues
and consumer safety have produced a pressing need for
sensitive and reliable tests by which residues of these com-
pounds can be identified and determined. The gas chro-
matographic method coupled with an electron capture
detector appears to be a useful tool for analyzing chlori-
nated phenoxyacetic acid residues as methyl esters in
canned fruits.

It is interesting that the control samples show small
amount of spray residue. This may be caused by the
presence of the residual growth regulators in the soil from
previous applications, or by the presence of other electron
affinitive constituents in the extract. This problem needs
to be investigated.

The colorimetric method for determining chlorophenoxy-
acetic acids described by Marquardt et al. (1955 and 1961)
and Daoud et al. (1962) could detect residues only in
amounts greater than 1 ppm. The method described here
is more sensitive and reliable. Furthermore, it can sepa-
rate PCPA, 2,4-D, and 2,4,5-T as methyl esters quanti-

Table 4. Gas chromatography of PCPA
Thompson seedless grape vines.

Days PCPA residue, ppm Recovery
after spray | 1 11 Ave. %
72 0 0 0 0
72 .08 .08 .09 .083 83
72 1.12 .98 1.14 1.08
92 .09 .09 .08 0.087 87
92 .88 1.05 1.01 .98

tatively on the column and determine them simultaneously.
However, separate standard curves are needed for each
since they differ in chlorine content and in sensitivity
toward the electron-capture detector.

Luh et al. (1964) pointed out that environmental condi-
tions of the plant and the ripeness level of the fruit are
important factors influencing the level of spray residue in
the fruit. This was determined by weathering of the
growth regulator, photolysis, and biological changes of
the chemicals in the plants. Maxie et al. (1962) found
accumulation of Cis in Tilton apricots sprayed with car-
boxyl labeled 2,4,5-T. This work indicates the transloca-
tion of 2,4,5-T from the leaves of the fruit.

Crane et al. (1965) reported on 2,4,5-T residue in apri-
cot fruit by the gas chromatographic method. They found
a gradual decrease in 2,4,5-T residue in the fruit during
maturation. Their results are comparable to those reported
here except that the levels of residue found were slightly
different. The difference may be explained by differences
in climatic and environmental conditions which affect the
stability of the chlorophenoxyacetic acids toward weather-
ing and biological transformations.

residue in freeze-dried leaves and petioles of

PCPA residue (Freeze-dried

Days ppm1l sample)
Sample PCPA spray Harvest dates after spray Leaves Petioles
i Control Aug. 18 (1st harvest) 72 0.025 0.020
2 Control + 0.1 ppm Aug. 18 (1st harvest) 72 0.079 0.086
PCPA
3 Sprayed with 15 Aug. 18 (1st harvest) 72 0.267 0.523
ppm PCPA +
0.1% “Tween 207
4 Control Sept. 8 (2nd harvest) 92 0.010 0.025
5 Control + 0.1 ppm Sept. 8 (2nd harvest) 92 0.075 0.096
PCPA
6 Sprayed with 15 ppm Sept. 8 (2nd harvest) 92 0.188 0.408

PCPA + 0.1%
“Tween 207

The samples were analyzed 7 days after harvest.
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Blackberry

Research Note

A daptation

INTRODUCTION

number of cells Obtained in a given
volume of fluid culture when it is incubated over a layer
of agar medium containing nutrients was reported first
by Hestrin et dl. (1943). The term, biphasic culture
technique, has been used to distinguish this system from
the concentrated cell mass that can be obtained by dialysis
sac culture (Tyrrell et dl., 1958 ; Gerhardt et al., 1963 ; and
Schneider et al., 1963).

Some recent work by Tyrrell (1962) with biphasic
systems has pointed up some of the factors that influence
the yields of cells, e.g., variations in volume and compo-
sition of the agar and fluid layers. In an attempt to find
a production method that would yield high numbers of
clean clostridial spores, a biphasic culture system (liquid-
agar) was adapted for the sporulation of Clostridium
botulinum type E.

The increased

MATERIALS AND RESULTS

Two different types of flasks containing agar layers
were satisfactory (Fig. 1). In the first system a large

“Present address: Clean Assembly and Sterilization Labora-
tory, Goddard Space Flight Center, Greenbelt, Maryland.

of Biphasic Culture Technique to

Luh, B. S., Gutnick, D. L. and Bringhurst, R. S. 1964. Effect
of parachloropheonxyacetic acid (PCPA) spray on composi-
tion and residue in boysenberries. J. Food Sci. 29, 744.

M arquardt, R. D. and Luce, E. N. 1955. Determination of
2,4-dichlorophenoxyacetic acid (2,4-D) in grain and seed.
/. Agr. Food Chem. 3, 51.

M arquardt, R. P. and Luce, E. N. 1961. A new basic procedure
for determining phenoxyacid herbicides in agricultural products.
J. Ag. Food Chem. 9, 266.

M arquardt, R. P., Burchfield, H. P., Storrs, E. E. and Bevenue, A.
1964. Analytical methods for pesticides. In “Plant Growth
Regulators and Food Additives,” ed. Zweig, G., IV, p. 95. Aca-
demic Press, New York.

M axie, E. C., Bradley, M. V. and Robinson, B. J. 1962. The
accumulation of C14 from carboxyl-labeled 2,4,5-Trichlorophe-
noxyacetic acid in fruit of Tilton apricot. Proc. Amer. Soc.
Hort. Sci. 81, 137.

Yip, G. 1962. Determination of 2,4-D and other chlorinated
phenoxyalkyl-acids. J. Assoc. Offic. Agr. Chem. 45, 367.

Ms. accepted 10/9/67.

This study was supported by the U. S. Public Health Service,
N ational Institute of Health, Division of Environmental Engineer-
ing and Food Protection, Grant EF-00157. The authors thank
Dr. J. C. Crane of the Department of Pomology and Dr. R. J.
W eaver of the Department of Viticulture and Enology of the
University of California, Davis, for supplying apricots and grapes
for this investigation.

MARY K. BRUCH,* C. W. BOHRER and C. B. DENNY

National Canners Association, Research Foundation
Washington, D. C. 20036

the Sporulation

of Clostridium Botulinum Type E

3200 ml Fernbach-type culture flask (Arthur H. Thomas
Cat. No. 4372 F) was used with a fluid layer of 500 ml
overlaying an agar base of 1200 ml.

In the alternate

Fig. 1. Fernbach-type flask and screw cap Blake bottle used
in biphasic culture system (liquid-agar).
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approach, a 1-L, screw-cap Blake bottle (Bellco Cat.
No. 3204) with 250 ml of agar covering each of two
opposite vertical surfaces of the bottle with 400-500 ml
of fluid medium in between them was successful.

This latter system is more feasible for fastidious orga-
nisms that require very low levels of oxygen tension but
is more laborious to execute. No precautions were taken
to reduce oxygen tension other than to add sodium thio-
glycollate to the agar layers and tightly cover the cotton
plugs on the Fernbach-type flasks with heavy aluminum
foil.

The procedure finally developed for the sporulation of
“Saratoga” and “Beluga” strains of C. botulinum type E
was carried out as follows. Five hundred ml of distilled
water was inoculated with a small volume (5 ml or 1 %)
of a 24 hr broth culture and placed over 1200 ml of TPG
medium (trypticase, 5%; peptone, 0.5%; glucose, 0.4%
and sodium thioglycollate, 0.2% at pH 7) solidified with
3% agar (Schmidt et al., 1962).

TPG broth is a commonly used sporulation medium
for C. botulinum type E. Incubation temperature was
30°C. Maximum sporulation occurred between 24 and
48 hr after inoculation depending on the strain being
sporulated.

The development of the spores was followed using a
Petroff-Hauser counting chamber with phase microscopy.
A 95% or better sporulation was obtained with both
strains. Counts of viable spores after heating an aliquot
5 min at 60°C ranged from 1 X 10 to 5 X 10s per ml of
water culture (500 ml total) of the two strains.

As a comparison, spore crops were produced in TPG
broth using deep culture technique with 1500 ml of TPG
broth in 2-L Povitsky bottles. Spore development was
followed as previously with phase microscopy. Maximum
sporulation again occurred in from 24 to 48 hr but it
never exceeded 60% of the total microscopic count. Counts
of viable spores after heating an aliquot for 5 min at
60°C ranged from 1 X 10s to 5 X 10® per ml of the
liquid TPG medium (1500 ml total). Assays for the
number of viable spores after the heat treatment in both
instances were made in TPG agar in Prickett tubes.

The flasks were refrigerated (2°C) at least 24 hr to
allow for autolysis of vegetative cells before the spore
crops were harvested finally by centrifugation and washed.

In sporulation studies with other organisms the choice
of distilled water or nutrient broth as the liquid phase,
as well as the choice of type of flask to be used must be
determined by preliminary tests. Both systems produced
good results with the C. botulinum strains tested in our
laboratory. The highest percentage (95% or better) of
sporulation as well as cleaner spore crops was produced
when the inoculation was made into distilled water in the
Fernbach-type flask. The often relied upon procedure of
inoculum build-up of vegetative cells as outlined by Reed
et al. (1951) and Collier (1957) terminating with 10-20%
inoculum into the sporulation flask may be used for sporu-
lation of organisms other than type E in a biphasic system.

An intriguing aspect of this method as applied to sporu-
lation of anaerobic organisms is the possibility of including
particulate material in the agar phase which will stimulate
spore production, e.g., soil, vegetable matter, meat chunks,
or in the case of type E, pieces of fish. Preliminary tests
showed that a clean spore crop could be produced in the
fluid layer when whole peas and soil were incorporated
in the agar layers.

REFERENCES

Collier, R. E. 1957. An approach to synchronous growth for spore
production in Clostridium roseum. In “Spores,” ed. Halvorson,
H. O. AIBS, Washington, D. C.

Gerhardt, Philip and Gallup, D. M. 1963. Dialysis flask for con-
centrated culture of microorganisms. J. Bacteriol. 86, 919-929.

Hestrin, S., Avineri-Shapiro, S., and Aschner, M. 1943. The
enzymic production of levan. Biochem. 3. 37, 450-456.

Reed, J. M., Bohrer, C. W. and Cameron, E. J. 1951. Spore
destruction rate studies on organisms of significance in the
processing of canned foods. Food Res. 16(5), 383-408.

Schmidt, C. F., Nank, W. K. and Lechowich, R. V. 1962. Radia-
tion sterilization of food. |Il. Some aspects of the growth,
sporulation and radiation resistance of spores of Clostridium
botulinum type E. /. Food Sci. 27, 77-84.

Schneider, M. D., Grecz, N. and Anellis, A. 1963. Sporulation
of Clostridium botulinum types A, B and E, Clostridium per-
fringens, and Putrefactive Anaerobe 3679 in dialysis sacs.
/. Bacteriol. 85, 126-133.

Tyrrell, E. A.,, MacDonald, R. E. and Gerhardt, P. 1958. Biphasic
system for growing bacteria in concentrated culture. J. Bac-
teriol. 75, 1-4.

Tyrrell, E. A. 1962. Concentrated culture of microorganisms in
a biphasic system. Ph.D. Thesis, University of Michigan,
Ann Arbor.

Ms. accepted 11/10/67.

This investigation was supported in part by Public Health Ser-
vice research grant No. UI1-00286 from the National Center for
Urban and Industrial Health.



TOSHIHARU KAWABATA
Department of Food Research, National Institute of Health, Tokyo

and TSUNEO KOZIMA, NAOHIKO SHIMURA and EIZO YOSHIMURA

Factors A ffecting

Furylfuramide A gainst

SUMMARY—Effect of low levels of ionizing radiation (0.01-
0.2 Mrad) on the stability of chlortetracycline (CTC), furyl-
furamide (P and tylosin (Tl) were investigated. Tl in the
phosphate buffer of pH s-s was very sensitive to low-level
radiation, while either A= or CTC exhibited fairly high resis-
tance at the same dose levels. Removal of dissolved oxygen
in the test solution by aerating with nitrogen gas enhanced
the inactivation of Tl and F- at 0.05-0.1 Mrad of radiation,
but it had an opposite effect on the inactivation of CTC
Much higher Tl and CTC activities were retained after irradia-
tion at 0.1 or 0.2 Mrad when the drugs were added to albu-
min, gelatin, broth or minced meats of five species of fish;
the retention of H- did not change.

The remaining activity of T at 0.1 or 0.2 Mrad of radia-
tion was more or less influenced by adding various sugars and
amino acids. The presence of sugars (mono- or disaccharides)
did not change retention of Tl markedly, but gave a weak
protective effect. Tryptophane, histidine, phenylalanine, me-
thionine and tyrosine exhibited a fairly high protective action
on the inactivation of Tl after irradiation.

INTRODUCTION

Fish meat treated With an excess radiation dose may
cause changes in odor, color and flavor and lower the
acceptance of the treated fish. Kawabata et al. (1966a)
have investigated the radiation threshold, i.e. the levels
of irradiation which would not impart a significant change
in quality to the IS species of fish and six species of shell-
fish tested. In most of the fish, undesirable changes caused
by irradiation were almost inevitable when fish were
treated with more than 0.2 Mrad.

Kawabata et al. (1966a) also compared the storage life
of fish fillets which had been treated with different doses
of radiation, and the changes in the decomposition pattern
between treated and untreated fish samples. A lowered pre-
servative effect was noted at low levels of radiation which
would not impart a significant discoloration, off odor or
off flavor. These results strongly suggest that it would be
difficult to extend the storage life of fish only by treating
with a lower radiation dose. Such a treatment would not
impart any appreciable change unless it is aided by other
adequate means, e.g., low temperature freezing during
irradiation to minimize the effect on quality, a combination
of radiation with appropriate chemicals to increase the
lethal effects of radiation, an increase in the storage life of
irradiated food by use of a food preservative, etc.

A low level of radiation in combination with chlortetra-
cycline has been reported to extend the storage life of
shrimp markedly (Awad et al., 1965). Cain et al. (1958)
reported that the tetracycline antibiotics retained sufficient
activity at radiopasteurization dosages of 0.18 to 0.72 Mrad
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to offer protection to meat during storage; however, before
forming a general conclusion on the effectiveness of the
complementary effect of a drug, further fundamental stud-
ies should be carried out to elucidate factors affecting the
stability or inactivation of a drug against radiation
treatment.

In the present study, the following three drugs, chlor-
tetracycline (CTC), tylosin (T1) and furylfuramide (FF)
were employed, and the rates of inactivation of the three
drugs were examined at low doses of gamma radiation
under various conditions. In addition, the protective effects
of certain food components on the inactivation of Tl were
investigated.

CTC is permitted for preserving such perishable food
as fish or chicken in several countries. The antibiotic is
also approved in Japan for preserving raw fish for fish
paste products as “Kamaboko,” and for canned or salted
salmon.

Furylfuramide, 2-(2-furyl)-3-(5-nitro-2-furyl) acryl-
amide is a new preservative permitted in Japan since May
1965, and it has been substituted for nitrofurazone and
nitrofuryl acrylamide. FF has a wide spectrum in anti-
bacterial activity and is fairly stable to heat, its use is per-
mitted in fish sausage at 20 ppm, “Kamaboko” at 2.5 ppm
and in similar types of semi-preserved food.

Tylosin, an antibiotic of the macrolide class having a
narrow range antibiotic spectrum with low toxicity, has
not yet been approved for use in Japan. It does not inhibit
the growth of Gram-negative bacteria, but it exhibits a
fairly high antibiotic activity to Gram-positive organisms
including Bacilli and Clostridia (McGuire et al., 1961).
Many trials have been undertaken in Japan using TI in
the preservation of such semi-preserved food as fish sau-
sage (Shibasaki et al., 1963; Shibasaki, 1964; Y okoseki,
1966), packaged bean curd cake in plastic film (Suzuki,
1966) as well as certain canned foods (Tanaka, 1966;
Tanikawa, 1966). Obviously, Tl can not be a preservative
for raw fish, since it is ineffective to Pseudomonas, the
principal organisms causing spoilage in raw fish.

Masurovsky et al. (1963) reported that a decided change
occurred in the constitution of the microbial population in
haddock fillets and shucked soft-shelled clams before and
after treatment with doses of from 0.05 to 0.8 Mrad, and
the great majority of surviving microorganisms were
micrococci, sporeforming bacilli, and certain yeasts, molds
and actinomyces.

Similar experiments have been done by Kawabata et al.

(1966a) showing that a marked change in the microflora
in fish fillets (halibut and swordfish) occurred after irradi-
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ation with doses of from 0.1 to 0.75 Mrad. Whereas radio-
sensitive Pseudomonas-Achromobacter flora diminished
markedly, comparatively radio-resistant Gram-positive
cocci and sporeformers, and certain yeasts survived to be-
come predominant in the treated fish meat during refriger-
ated storage. Both cocci and sporeforming bacilli are
sensitive to the test drugs, but especially highly sensitive
to TI, which is one of the reasons T1 is included in the
present study.

MATERIALS AND METHODS
Drugs to be tested

Tl (tylosin lactate) prepared by Eli Lilly & Co., FF
manufactured by Ueno Pharmaceutical & Co., Osaka, and
CTC (chlortetracycline-HCI) produced by Lederle Japan,
Ltd. were used in this experiment. A 1,000 ppm aqueous
solution of each test drug was prepared as the original
solution, distributed in 5 ml portions in small polyethylene
tubes with plugs and kept in a freezer before use.

Radiation source

The 60Co source of 1,400 curies at the Tokyo University
of Fisheries was employed throughout the present study.
Samples were set on the turntable (1 rotation/5 min), and
the dose-rate of the equipment was 6.6 x 10« r/hr at the
distance of ¢ cm from the source. The radiation dose
actually exposed to the sample was controlled by distance.

Preparation and irradiation of samples

Each test solution to be irradiated consisted of 1 ml
of a test drug solution (1,000 ppm) and 9 ml (g) of one
of the various substrates placed in a test tube of 16 mm
inside diameter.

The temperature in the radiation chamber was kept at
20° + 1°C during the time when all samples were exposed
to radiation except in one case of samples irradiated at 0°C.

Assay procedure for the antibiotic activities of the drugs

Potencies of the drugs were determined microbiologically
by the cylinder-agar diffusion plate assay technique (cylin-
der-plate method). TI activity was assayed with Sarcina
lutea ATCC 9341 (Kawabata et al, 1966b), CTC was
assayed with B. cereus var. mycoides ATCC 9634 (Tomi-
yama et al.,, 1957), and FF with B. natto (Matsuda et al.,
1965). The initial concentration of the drug in each test
solution was 100 ppm, therefore, figures of residual activi-
ties indicate directly the percent retention.

RESULTS AND DISCUSSION

Effect of pH and gaseous environment on the inactivation
of the drugs after irradiation

A 1 ml aliquot of each drug solution (1,000 ppm) was
added to 9 ml of M/ 15 phosphate buffer of pH 6.0, 7.0 or
8.0. The test solutions of different pH were aerated for
5 min, then were irradiated at 0.01, 0.05 or 0.1 Mrad, and
the residual drug activities were measured microbiologi-
cally. At the same time, changes in the potencies of the
test solutions, which had been bubbled with nitrogen gas
for 15 min and tightly sealed, were determined in the same
manner as described above. Results obtained are shown in
Table 1

Table 1. Percent retention of tylosin, furylfuramide and Chlor-
tetracycline in the phosphate buffer of different pH after irradiation.
(Initial concentration of test drug: 100 ppm.)

Remaining activity, %

Drug pH ment 0.01 Mrad 0.05 Mrad 0.1 Mrad
Aerobic 72 17 1.0
6.0 Anoxic s3 4 0.6
T 70 Aerobic 63 25 1.3
Anoxic 79 13 0.5
8.0 Aerobic 75 16 0.5
Anoxic 76 16 0.3
Aerobic 85 60 19
6.0 .
Anoxic 61 51 16
FE 7.0 Aerobic 78 48 36
Anoxic 63 44 12
8.0 Aerobic 76 60 31
) Anoxic 71 43 16
Aerobic 90 60 34
6.0 .
Anoxic 100 65 36
A bi
cTC 70 erobic 80 48 24
Anoxic 90 40 28
80 Aerobic 50 20 10
Anoxic 80 36 15

Tl in the phosphate buffer was very sensitive to radia-
tion. At a pH of s or 7, the retention decreased to about
1% after irradiation at 0.1 Mrad, and in test solution of
higher pH values, less residue remained. After irradiation
at 0.1 Mrad, it was noted that the inactivation of Tl in
the buffer solution was enhanced under anoxic conditions,
and this tendency was much more conspicuous in acidic
than in neutral solutions. However, the reason the re-
moval of free oxygen enhances the destruction of Tl during
irradiation remains to be solved in future studies.

FF in the phosphate buffer was more stable against
radiation than TI, and after irradiation at 0.1 Mrad, the
stability of FF was lowered by aerating with nitrogen to
coincide with the results observed for the TI solution.

CTC was more stable against radiation than the other
two drugs. The stability of CTC, however, depends much
on the pH, and after irradiation at 0.1 Mrad, the higher
the pH of the test solution the less residue remaining;
probably due mainly to the nature of CTC itself. The
antibiotic has been reported to be quite unstable at an
alkaline pH, especially at high temperatures (Kawabata
et al., 1960).

Effect of gelatin, albumin or nutrient broth on the
stability of test drugs

One ml aliquot of the original test drug was added to
9 ml of M/15 phosphate buffer of pH 7.0, 10% albumin,
10% gelatin or nutrient broth (Difco, 10/9 concentration),
and each test solution (100 ppm equivalent of test drug)
was irradiated at 0.01, 0.05 or 0.1 Mrad. The pH values
of gelatin, albumin and nutrient broth were 6.3, 5.3 and
7.0 respectively. Results obtained are shown in Table 2.

As mentioned in the previous experiment, Tl in the
phosphate buffer is quite labile to radiation, however, its
stability increased markedly when added to gelatin, albu-
min or nutrient broth. TI activity was retained markedly
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Table 2. Percent retention of the test drugs in different media
after irradiation. (Initial concentration of test drug: 100 ppm.)

Remaining activity, %

Test

drug Medium 0.01 Mrad 0.05 Mrad 0.1 Mrad
Buffer, pH 7.0 66 18 1
Albumin, 10% 88 80 60

m Broth, pH 7.0 92 90 80
Gelatin, 10% 100 70 70
Buffer, pH 7.0 88 74 38

FE Albumin, 10% 72 40 19
Broth, pH 7.0 94 65 30
Gelatin, 10% 95 69 33
Buffer, pH 7.0 80 46 18
Albumin, 10% 72 72 65

cTe Broth, pH 7.0 98 78 55
Gelatin, 10% 100 95 70

in the nutrient broth consisting of comparatively low
molecular weight substances. No marked difference in the
remaining activity of FF was observed among the four
kinds of test solutions. The residual activity of CTC in-
creased apparently in albumin and gelatin solution and
even in the nutrient broth.

Inactivation of the drugs in fish meats after irradiation

One ml aliquot of each original drug solution was added
to 9 g of well minced and homogenized meat from horse
mackerel, big-eyed tuna, mackerel, halibut and skipjack;
and the meats treated with doses of 0.05, 0.1 or 0.2 Mrad.
The residual drug activities were measured microbiologi-
cally. Results obtained are shown in Table 3.

As shown in Table 3, fairly high levels of T1 activities
were retained in the fish meats after irradiation at o.1
Mrad which almost coincided with that obtained in albumin
solution. In addition, about 60 to 70% of T1 activities
were retained in the fish meats even after irradiation at
0.2 Mrad. Considering the error in the microbiological
assay of the drug, there was no marked difference in the

Table 3. Percent retention of the test drugs in minced fish
meats after irradation. (Initial concentration of test drug: 100

ppm.)
Remaining activity, %
Drug Name of fish 0.05 Mrad 0.1 Mrad 0.2 Mrad
Horse mackerel 88 82 74
Big-eyed tuna 76 75 68
T1 M ackerel 88 73 55
Halibut 93 82 55
Skipjack 81 70
Horse mackerel 71 45 3
Big-eyed tuna 52 30 9
FF M ackerel 42 28 7
Halibut 62 44 7
Skipjack 90 68 15
Horse mackerel 85 85 SO
Big-eyed tuna 68 55 42
CTC M ackerel 60 47 37
Halibut 86 86 66
Skipjack 70 66 43

protective action for retaining T1 activity among the fish
species so far tested.

As to the stability of FF, almost no appreciable differ-
ence was observed in the FF residue between that remain-
ing in the phosphate buffer and that in the fish meats,
except for the case in which higher FF residue was
detected in the muscle of skipjack. A marked inactivation
occurred in the fish meats which had been exposed to
0.2 Mrad. CTC added to the fish meats remained at fairly
high levels, and about 50% of the activity was retained
even after receiving 0.2 Mrad.

Effect of temperature on the inactivation of the drugs
during irradiation

Previous experiments have been conducted at 20° + 1°C,
and in this experiment, the effect of temperature on the
rates of inactivation of test drugs were examined. One ml
of each drug solution was added to 9 ml of M/ 15 phosphate
buffer of 7.0, 10% gelatin or the nutrient broth of pH 7.0
(Difco, 10/9 concentration), and these test solutions were
subjected to 0.1 Mrad of radiation at either 19.2° or 0°C.
The remaining drug activities were compared with each
other. The results obtained are shown in Table 4.

The velocity of a chemical reaction depends much on
temperature. However, as far as the present experiment
is concerned, no marked difference was observed in the
residual levels of test drugs irradiated at 0° and 19.2°C,
except the one case with T1 in the phosphate buffer. T1
in the phosphate buffer of pH 7.0 after being irradiated
at 0°C remained 4 times as much as that at 19.2°C, while
in the other media, slightly higher residues were measured
in the samples which had been irradiated at 0°C. Concern-
ing the remaining activities of both FF and CTC, only
slightly higher residues were detected in the samples which
had been irradiated at 0°C.

Effect of sugars or amino acids on the inactivation of
tylosin by radiation treatment

It has become clear that T1 in the phosphate buffer is
rather sensitive to radiation, while the same antibiotic is
fairly stable when added to gelatin, albumin, nutrient broth
or fish meats. The protecting effect on the inactivation of
T1 was observed not only in such protein substances as

Table 4. Effect of temperature on the retention of test drugs
in different media after irradiation at 0.1 Mrad. (Initial concen-
tration of test drug: 100 ppm.)

Remaining activity, %

Test

drug Medium 0°C 19.2°C
Buffer, pH 7.0 4 1

1 Albumin, 10% 75 60
Broth, pH 7.0 95 80
Gelatin, 10% 85 70
Buffer, pH 7.0 42 35

FE Albumin, 10% 36 32
Broth, pH 7.0 49 39
Gelatin, 10% 39 32
Buffer, pH 7.0 17 1S
Albumin, 10%

cTC (] 55 48
Broth, pH 7.0 55 50

Gelatin, 10% 70 68
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Table S. Effect of various sugars and amino acids on the reten-
tion of tylosin after irradiation at 0.1 Mrad. (Initial concentration
of T1: 100 ppm.)

Sugar aFifir\T/]iiinirbg i i Ryt
y, 70 Amino acid activity, 70
Control (without Glycine 1.2
sugar or amino DL-alanine 2.8
acid) 2.0 DL-valine 8.0
Leucine 6.9
Glucose 9.4 Serine 8.5
Fructose 100 DL-threonine 2.2
Galactose 10.3
Arabinose 7.8 L-phenylalanine 211
Xylose 8.1 L-tyrosine 225
DL-tryptophane 39.7
Sucrose 12.1
M altose 8.6 Cystine 10.6
Lactose 111 Cysteine 3.8
DL-methionine 21.0
Starch 1.1
Dextrin 11 L-proline 55

L-hydroxy proline 4.1

Aspartic acid 2.6
Glutamic acid 4.8
Histidine 29.3
Arginine 3.9
Lysine 7.2

albumin, fish meats or gelatin but also in the broth medium
consisting of comparatively low molecular weight sub-
stances such as amino acids, peptides and sugars, etc.

In this experiment, the effects of various sugars or amino
acids in the test solution on the inactivation of T1 during
irradiation were examined. All amino acids and sugars
(mono- and disaccharides) were prepared at 1+ mM concen-
tration in M/ 15 phosphate buffer of pH 7.0. And the
concentration of starch and dextrin were at 300 ppm with
the same buffer solution, respectively.

A 1 ml of T1 solution (1,000 ppm) was added to 9 ml
of each sugar or amino acid solution, and the test solutions
thus prepared were subjected to 0.1 Mrad of radiation.
The temperature during irradiation was fixed at 21°C. A
mixture consisting of 1 ml T1 solution and 9 ml of phos-
phate buffer of pH 7.0 was used as a control which was
treated in the same manner as the test solutions. The
results obtained are shown in Table 5.

Either mono- or disaccharides in the test solutions re-
sulted in an increase in T1 residue to 10% and corre-
sponded to 5 times as much as that remaining in the control
buffer solution. Adding starch or dextrin did not affect the
residual level.

Among amino acids belonging to mono-amino mono-
carboxylic acid, valine and serine increased the T1 residue
from 2 to 7-8%, but seemingly the protective effect of these
amino acids are comparatively weak. However, neither

glycine nor DL-threonine exhibited significant increase in
T1 residue. Aromatic amino acids, such as phenylalanine,
tryptophan and tyrosine showed a fairly high protective
effect on the inactivation of TI, especially tryptophan gave
the highest retention of Tl to 40%.

Cystine and methionine in the test solution gave TI
residues to 11 % and 21 %, respectively; a very weak effect
was seen in the solution containing cystine. Also weak-
protective effect was observed in the solution containing
such imino group compounds as proline or hydroxyproline.
Mono-amino dicarboxylic acids, such as aspartic acid and
glutamic acid, exhibited a weak protective effect. A resid-
ual Tl as high as 29% was retained in the presence of
histidine; arginine and lysine showed a rather weak effect,
and residual values of 4% and 7%, respectively.
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