Journal of FOOD SCIENCE

SEPTEMBER-OCTOBER, 1966

CONTENTS
BIOCHEMISTRY AND BIOPHYSICS:

R. VINCENT, W. D. POWRIE, AND O. FENNEMA

Volume 31, Number 5

Surface Activity of Yolk, Plasma and Dispersions of Yolk Fractions 643
FREDERICK J. KING

Ultracentrifugal Analysis of Changes in the Composition of Myofibrillar

Protein Extracts Obtained from Fresh and Frozen Cod Muscle 649
KI SOON RHEE AND BETTY M. WATTS

Evaluation of Lipid Oxidation in Plant Tissues 664
KI SOON RHEE AND BETTY M. WATTS

Effect of Antioxidants on Lipoxidase Activity in Model Systems

and Pea (Pisum sativum) Slurries 669
KI SOON RHEE AND BETTY M. WATTS

Lipid Oxidation in Frozen Vegetables in Relation to Flavor Change 675
L. G. SCHARPF, JR.,, W. W. MARION, AND R. H. FORSYTHE

Post-Rigor Changes in Selected Physicochemical Properties of

Myosin B Fraction of Turkey Muscle 680
C. T. MORROW AND N. N. MOHSENIN

Consideration of Selected Agricultural Products as Viscoelastic Materials.........n. 686
F. SHAMA AND P. SHERMAN

The Texture of Ice Cream. 2. Rheological Properties of Frozen Ice Cream ..., 699
P.  SHERMAN

The Texture of Ice Cream. 3. Rheological Properties

of Mix and Melted Ice Cream 707
M. A. KATZ, L. R. DUGAN, JR., AND L. E. DAWSON

Fatty Acids in Neutral Lipids and Phospholipids from Chicken Tissues 717
J. O. RODIN, DALE M. COULSON, ROBERT M. SILVERSTEIN, AND ROBERT W. LEEPER

Volatile Flavor and Aroma Components of Pineapple.

I11.  The Sulfur-Containing Components 721
A. PINTO AND C. O. CHICHESTER

Changes in the Content of Free Amino Acids During Roasting of Cocoa Beans........... 726

(Continued on next page)

An Official Publication of the Institute of Food Technologists
Suite 2120, 221 North LaSalle St., Chicago, lllinois 60601, U.S.A.

Scientific Editor Board Editors
Walter M. Urbain E. J. Briskey B. S. Schweigert
B. F. Buchanan John H. Silliker
Director of Publications George E. Felton George F. Stewart
Karl O. Herz Willis A. Gortner H. L. A. Tarr
M. Ingram Damazy J. Tilgner
Production Manager M. A. Joslyn J. R. Vickery
Jon Day Irvin E. Liener Erik von Sydow
C. F. Niven, Jr. Betty M. Watts
Publisher Tetsujiro Obara Emily L. Wick

Calvert L. Willey Gerald Reed Virgil O. Wodicka



B. K. NORTJe
Some Catechins and Proanthocyanidins in the Cores of Bartlett Pears 733

TERUHIKO MORIMOTO

Studies on Free Amino Acids in Sponges, Doughs, and
Baked Soda Crackers and Bread 736

KIN WA CHENG AND WENDELL W. KILGORE

Gas Chromatographic Determination of Pentachlorophenol and
Sodium Pentachlorophenate Residues in Fruits 742

EDWARD H. COHEN

Protein Changes Related to Ham Processing Temperatures. |. Effect of
Time-Temperature on Amount and Composition of Soluble Proteins 746

R. L. HOFFMANN, G. R. LIST, AND C. D. EVANS
Enrichment of Volatile Samples by Syringe Collection 751

CHIEN-ME CHUI AND Y. POMERANZ
Changes in Extractability of Lipids During Bread-Making 753

A. LAURENCE CURL
The Carotenoids of Muskmelons 759

MICROBIOLOGY AND MICROBIAL TOXICOLOGY:

C. B. DENNY, P. L. TAN, AND C. W. BOHRER
Heat Inactivation of Staphylococcal Enterotoxin A 762

ROBERT E. LEVIN AND REESE H. VAUGHN

Desulfovibrio aestuarii, the Causative Agent of Hydrogen Sulfide
Spoilage of Fermenting Olive Brines 768

W. W. SADLER, R. E. CORSTVET, H. E. ADLER, and R. YAMAMOTO

Relative Prevalence of Bacterial Agents and Histopathology in Passed and
Condemned Poultry Carcasses and Livers.... 773

NUTRITION AND CHEMICAL TOXICOLOGY:

M. L. KAKADE AND ROBERT JOHN EVANS
Effect of Soaking and Germinating on the Nutritive Value of Navy Beans.........c.. 781

SENSORY EVALUATION AND CONSUMER ACCEPTANCE:

HERBERT STONE
Factors Influencing Behavioral Responses to Odor Discrimination— A Review.

LINDA MAY BELE, HELEN H. PALMER, ALVIN A. KLOSE, AND THEODORE F. IRMITER

Evaluation of Objective Methods of Measuring Differences in Texture
of Freeze-Dried Chicken Meat 791




R. VINCENT*“W. D. POWRIE, and O. FENNEMA

University of Wisconsin, Madison, Wisconsin 53706

Surface Activity of Yolk, Plasma and Dispersions

SUMMARY

Undiluted yolk, plasma, and a 4.8% livetin
solution had surface tensions of about 44
dynes/cm and interfacial tensions of around
5 dynes/cm. Extensive dilution of the yolk
and plasma with either water or 10% NaCl
did not bring about marked decreases in the
activity of the surfaces. Rehydrated dried yolk
had surface energy values similar to those for
yolk. Granule suspensions, diluted with water
and 10% NaCl, had high surface and inter-
facial tensions. A yolk phoPhoIrprd fraction
reduced the surface energy of sols to very low
values. The contributions of proteins in a
livetin fraction and of phospholipids to the
surface properties of yolk are discussed.

INTRODUCTION
srfre?gf

olk is regarded as an efficient emul-
r the prep aratron of stable food
emulsrons
emulsifying agents” such

Actually, go contarns man
a5 phospholip rs
choIesteroI and. roterns The contrrbutron
of these adents yolk to the formation and
stabrlrty of food emuIsrons has not been ex-
Eore extensrveIP/ Sell et al. 1935) hﬁve
uggested that a fipid-protein complex rather
than lecithin is the emulsifying agent of yolk.
The reductron of interfacial tension is pre-
sumabl L}i the rnrtra step rn the formation of
an em sron Harkins and Zollman (1926
Indicated that an interfacial tension of less
than 10 dynes/cm will tend to enhance emul-
srfrcatron whrle an rnterfacral tension of less
than 1 dyne/cm may, rrng about spontane-
ous emulsification. T ese concents are rn
Cdreement with those of Kin
ayton and Morse (1939). hus surface
actrve agents n yolk_are probably essential
for effective emulsification. 1t hould be
noted, however, that surface-active agents
may_not stabilize an emulsion. Y ea on et al,
) showed that, with highly purified
lecithin, stable emulsions could not be
prepared.

*Research assistant. Present address: M and M
Candies, Hackettstown, N. J.

of Yolk Fractions

Up to_the present, little information has
been available on the surface activity of yolk
and 1ts fractions. Amar 1924) rndrcated
that the surface ensron 0 Iyok was ahout
that for_albumen o approximately
dynes/cm Powrie (195 gfound that a
2% volk lecithin sol ‘had a Surface tension
of 23,3 dynes/cm.,

This study was done to examrne quantrta
trver the surface properties of yolk, plasma,
and "yolk fraction_dispersions.” Data_from
such “an investigation should be useful . to
understand more< clearly the emulsifying
powerloe ts indicated that

Preliminary_experiments indicated tha
moderate drld/tro pfe oIkan plasma did not
Tnprecra ly influence the surface tension.

hus considerable dilution of all sam les in
this stud Was desrraé)e s0 that cha %\es n
fhe surrdce activit rIutron curves would
e aloparent and the emulsifying. potential
of diluted samples could be assesséd.

MATERIALS AND METHODS

Materials. All eggs were less than 24 hr old at
experimentation and were laid by hens on a diet
consisting of 14-45% protein and about 3.4% fat

Liquid."yolk (about 53% solids) was prepared
by washing the yolk in cold water, rolling the ?/olk
on absorbent paper, and puncturrn? the vitelline
membrane to allow_ the fluid yolk fo flow into a
container.  Bromelain-treated yolk (0.5% brome-
lain) was prepared b{ mixing bromelain_powder
bromelain~ concentrate F-26-1, Miles Chemical
ompany) with liquid yolk af about 27°C and
aIIowrn% the mixture to Stand for 4 hr.

Liquid yolk was dried by spray drying in a
Prlot plant-size Niro dryer with an atomrzer r0-
ating at about 40,000 r Pm The air inlet tempera-
ture was maintained_at 145-155°C and the outlet
air temperature at 75-85°C. The solids content of
the spray- drred sample was 96.9%. A sample of
commercial l}/spray ried yolk with a solids content
of about 97% was used for comf)arrson For rehx
dration of each dried yolk sample, an equal werg
of water was added” with stirring o the
sample, and the fluid was held overanht at a out
6°C  for optimum hydration. The sofids contents
of the original reconstituted yolk samples were
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48.0% for the commercially spray-dried, 48.4%
for the laboratory sgray-dned and"48.4% for the
bromelain-treated, laboratory spray-dried, all on a
weight basis. _
Granules and plasma. (about 52% solids) were
seyarated bYB centrifuging yolk at a high' speed
(78,000 X G) according” to the method “of Saari
et al. (1964). The granules were washed three
times with water to remove residual plasma. The
solids content of the washed granules was 40,5%
on a weight basis. The moist granules were mixed
with either water or 10% NaCl to form a uniform
suspension containing 50% moist granules.
The crude acetone-insoluble phospholipid fraction
Was pregaredb a method similar to that of Pang-
born (1951). To preﬁar_e_a 10% (w/w) phospho-
lipid sol, crude phospholipid dissolved in gther was
added slowly to rap|dl% agitated water. The ether
\t/\r/]as rlemoved by bubbling nitrogen gas through
e sol.
. The crude livetin fraction was prepared accord-
ing to the method of Martin et al. (1957) and
yophilized. A solution containing 48% livetin
Was Frepared by dissolving the powdered livetin in
distilled water.

Methods.  Yolk, plasma and_dispersions con-
taining yolk constituents were diluted with either
water”or 10% sodium chloride solution. The de-
gree of dilution is termed “% of the original sam-
ple," which is defined as:

All surface and interfacial tension measurements
were made with a Cenco du Nouy dlrect-_readlng
tensiometer.  Each liquid sample ‘was maintaine
at 25°C in a wat_er-g]acketed glass container with
a diameter of 3 inches. Pure cottonseed oil was
used as the liquid hydrophobic phase for interfacial
tension  measurements. -~ Preliminary — experiments
indicated that the surface tension of diluted yolk
samples did not change over a period of 1 hr.
Apparently the surface-active agents in yolk mi-
(Hate rapidly to the surface to form an equilibrium
iim,

The moisture content of samples was determined
bg drying an aliquot in a vacuum oven at about
70°C and"a vacuum of 29 inches Hg.

RESULTS

The surface-tension values for undiluted and
water-diluted yolk, plasma, and dispersions con-
taining yolk components are shown in Figs. 1 and
2. Undiluted samples of yolk, plasma, and 4.8%
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tension of yolk and plasma. did not change appre-
ciably upon extensive dilution with watér to 1%
of the original sample. _Apé)arently diluted yolk
and plasma samples contained surface-active mole-
cules in concentrations much higher than were
needed for maximum_ surface adsorption. The sur-
face tension of the livetin solution increased after
the original sample was diluted to less than 25%
(1.2% “livetin solution). With the dilution value
of 1%, the surface of the diluted livetin solution
apparently  was not completely saturated with
surface-active agents, and as & consequence the
surface tension Was fairly high, 55 dynesicm.
Both of the surface tension-dilution curves for
crude phosPhollpld and_ qranule suspensions have
minima at the 12.5% dilution value. " Such minima
are typical of solutions with more than one surface-
active agent (Miles and Shedlovsky, 1944).
The surface tension-dilution curves in Fig. 2
for rehydrated sPray-dned yolk  (both_ commer-
cially- and laboratory-prepared) are similar to the
curve for native yolk. “Apparently drying does not
modify the_availahility of surface-active molecules
for adsorption at the ‘surface of reconstituted yolk.
When proteins in yolk were h droIYzed_ by brome-
lain prior to drying, the surface tensions of the
diluted, renydrated Yolk were lower than the un-
treated, rehydrated Yolk with_corresponding dilu-
tions, Presumably Surface-active comFoun S such
as phospholipids “or peptices were released more
readily from Tipoprotein complexes when their pro-
tein moieties were de?raded Dy enzymic proteolysis.
A 10% NaCl solution was selected as a diluent
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because it was expected that the salt would bring
about dissolution of Broteln aggregates qr weaken
electrostatic bonds Dbetween ‘Surface-active lipids
and proteins in the yolk lipoprotein complexes. As
a consequence, the " surface achth could be en-
hanced. ' The surface tension of the_10% NaCl
solution used for dilution was about 74 dynes/cm
at 5°C. As shown in Fig. 3, sodium chloride did
not have any marked effect on the surface tension
of diluted samples of yolk or plasma. On the other
hand, the surface-tension values of the granule
suspension diluted with sodium chloride were at
least 5 dynes/cm higher than those of the corre-
_slpondlng giranule suspensions diluted with water.
he granules. in suspension were dispersed in the
sodium chloride solution to form a clear, yellow
solution. Perhaps the dissolved Rroteln molecules
of the granules competed with otner more efficient
surface-active . molecules at the surface and thus
caused a rise in the surface tension. The phospho-
lipid sol diluted with 10% NaCl solution had higher
surface tension values than corresponding water-
diluted sols. In Fig. 4, the surface tension curve
for spray-dried bromelain-treated  yolk diluted
with 10% NaCl has a pattern similar to that for
the same sample with water dilution (Fig. 2).
Comparison of curves for comme_rmallg_ spray-dried
yolk™ (Figs.. 2, 4) reveals the slight divergénce of
surface-ténsion values at the 1% dilution “Tevel.
As_ shown, in Fig, 5, yolk and plasma had very
low interfacial tensions, “around 5 d}/nes/cm,_e_ven
when diluted with water to 1% of the original
weight.  From these data, it is now apparent
why an emulsion_can be formed easily when egg
olk is an mzqgedlent._ Accor_dm% to_Harkins an
ollman (1926), an interfacial tension below 10
dynes/cm i indicative of excellent emulsifiability.
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It is apparent in Fig, 5 that crude_livetin markedly
reduced the interfacial tension. The gradual rise
of the interfacial tension-dilution cuive for the
livetin solution was probably caused by a decrease
In the concentration of specific surface-active com-
Bounds at the interface as dilution progressed.
robably crude livetin has a small amount of a
specific “protein with a very hI?h surface actiity.
rude phosphohlmd, even “at fow concentrations,
was exceptionally —effective m_reducm% surface
energy. On the Other hand, all interfacial tensions
between water-diluted granule suspensions and oil
were above 10 d¥nes/cm. _
The dilution of plasma and granule susFensw_n
with 10% NaCl solution rather than water did
not have any apE[emabIe influence on their inter-
facial tensions %lg. 6). When yolk was diluted
below 50% of the ongmal sample, the interfacial
tension increased markedly.
sions between recopstituted yolk (diluted with
10% NaCl) and oil ranged between 85 and 9
(Fig. 7). Sltgnlf_mantly lower interfacial tensions
%el{(e apparent with bromelain-treated reconstituted

DISCUSSION

It is apparent that the surface activity of
yolk, undiluted and diluted with either water
or 10% NaCl solution, is exceptionally high
for a biological fluid. The surface tensions
of native yolk samples ranged between 42

The interfacial ten-
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and 45 dynes/cm. These values are some-
what higher than the surface tension for
yolk of about 35 dvnes/cm reported by Amar
(1924).

The contribution of granules to the sur-
face activity of yolk can be considered minor,
since yolk without granules, namely plasma,
has surface properties similar to those of yolk.
Although granules do possess surface-active
agents, they are not as effective as the plasma
surface-active agents for the reduction of
surface energy.

Some proteins in the livetin fraction prob-
ably contribute in part to the low surface
energy of volk. The livetin content in yolk
solids has been estimated to be about 7.5%
(Sugano and Watanabe, 1961). Even when
the original livetin solution was diluted to
12.5% of the original sample, the surface-
energy values (Figs. 1 and 5) were near
those for yolk. It is of interest to note that
protein fractions in milk have the ability to
lower surface and interfacial tensions. As-
chaffenburg (1946) reported that a-proteose,
constituting only about 3% of the total milk
proteins, was found to be the surface-active
component of milk. The surface tension of
cr-protecse solutions reached a minimum of
around 54 dynes/cm. According to Jackson
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and Pallansch (1961). a protein from the
fat-globule membrane reduced the interfacial
tension in a butter oil-water system to about
9 dynes/cm.

Phospholipids may also contribute to the
low surface energy of yolk and plasma. As
shown in this study, yolk phospholipids have
the ability to lower surface and interfacial
tensions markedly. Even though large
amounts of phospholipids are present in yolk,
only a small amount may be available for
surface adsorption since the tensions of yolk
and plasma are higher than that of the phos-
pholipid sol. In pure lecithin sols, oriented
phospholipid molecules in micelles are in
equilibrium with molecularly-dispersed phos-
pholipids in solution and at the surface or
interface (Bangham, 1963). The low surface
energy of a phospholipid sol is due to the
adsorption of phospholipid molecules at the
interface, with micelles as reservoirs for
surface-active molecules. Robinson (1960)
indicated that lecithin is in the micellar form
even at concentrations as low as 5 x 1CP5
g/ml. So far, no phospholipid micelles have
been found in yolk. In fact, no mention has
been made in the literature on molecularly-
dispersed phospholipids. Phospholipids in
yolk are considered to be bound in lipopro-
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teins such as lipovitellins and low-density
lipoproteins (Cook and Martin, 1962). Per-
haps the lipoprotein complexes in yolk act
as reserves for phospholipids to be released
for interfacial adsorption. The migration of
phospholipids from some lipoprotein com-
plexes has been demonstrated. Kunkel and
Bearn (1954) have shown the transfer of
radioactive phospholipids from serum /3-lipo-
proteins to ~-lipoproteins. According to
Greenbank and Pallansch (1961), any form
of milk agitation can cause the migration of
phospholipid from the fat-globule membrane
to the skim milk.

Preliminary experiments have been con-
ducted on the surface activity of solutions
containing low-density lipoprotein, isolated
from yolk plasma by a flotation procedure
similar to that of Saari et al. (1964). This
yolk fraction lowered the surface tension of
water to about 42 dynes/cm when the con-
centration was between 15 and 0.25%. Ap-
parently the solutions contained surface-
active agents. In all probability, these agents
were phospholipids released from the low-
density lipoprotein.
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FREDERICK J. KING
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Ultracentrifugal Analysis of Changes in the Composition of
Myofibrillar Protein Extracts Obtained from

SUMMARY
Extracts prepared from stored frozen cod
muscle showed that the extractability of com-
ponents detected by ultracentrifugal analysis
changed at different rates from the extracta-
hility of total myofibrillar protein. Analogous
results were obtained by storing extracts as
“model systems.” The results consistently sup-
ported the postulated reaction equilibria: F-ac-
tomyosin i=; G-actomyosin #= G-actin plus myo-

sin  inextractable protein.

INTRODUCTION

Previous investigators have found a corre-
lation between the textural quality of stored
frozen fish muscle and the extractability of
its myofibrillar protein. Their results have
prompted several other investigations of com-
ponents in the myofibrillar protein system.
These subjects have already been thoroughly
discussed in several reviews (Connell, 19623,
1964; Dyer and Dingle, 1961; Love, 1960,
1962a; Hamoir, 1955).

However, there have been relatively few
frozen-storage studies to characterize the
specific myofibrillar component whose sensi-
tivity to freezing-induced denaturation was
responsible for the observed effects of stor-
age on the extractability of total myofibrillar
protein from fish muscle. In a series of
frozen-storage studies of cod muscle, Con-
nell employed selective extraction technigques
for actin and myosin as well as extraction
of “actomyosin” (measured as total myo-
fibrillar protein). LTsing these techniques,
he found no significant change in the amount
of “native” actin that could be extracted
from frozen cod muscle during a storage
period in which the amount of total extract-
able myofibrillar protein fell from its initial
value to a minimum (Connell, 1960). This
result suggested that myosin was more sensi-
tive to freezing-induced denaturation than
actin. In a subsequent study, Connell
(1962b) did find a decrease in the amount
of myosin selectively extracted from frozen
cod during the storage period. However, the
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amount of selectively extractable myosin was
greater than the amount of total extractable
myofibrillar protein. For example, almost
20% of the amount of myosin that was
extractable at the beginning of the storage
period was extracted from frozen cod muscle
after a storage period had elapsed in which
the amount of total extractable myofibrillar
protein had decreased virtually to zero.
Since neither myosin nor actin alone could
have accounted for the observed effects of
storage, Connell postulated an actin-myosin
interaction in a hypothesis concerning the
sensitivity of total myofibrillar protein to
freezing-induced denaturation (Connell,
1962b). However, there was a possibility
that one or both of the selective extraction
techniques for actin or myosin might have
reversed at least partially the unknown
process of freezing-induced denaturation
since this process was identified only on the
basis of a different extraction technique to
measure total extractable protein.

A more direct approach for characterizing
the protein component which is responsible
for the observed effects of storage on the
textural quality of frozen fish muscle is to
study the protein composition of the same
extracts that have been used to measure the
amount of total extractable myofibrillar pro-
tein from stored frozen fish muscle. Other
workers have presumably considered this
approach since they have used analytical
ultracentrifugation for characterizing the
components of myofibrillar protein extracts
obtained from pre-rigor (Dingle et al., 1963)
or post-rigor (Ellis and Winchester, 1959)
fresh cod muscle. Their schlieren patterns
of post-rigor extracts contained two large
peaks which were tentatively identified as
actomyosin (fast moving peak) and myosin
(slow moving peak). Their laboratory has
also reported that dissociation of actomyosin
was found in extracts from frozen stored
cod muscle (Anon., 1962) as well as under
conditions similar to frozen storage (Anon.,
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1961; Dyer and Dingle, 1961), but these
brief reports did not include experimental
results. However, the results of very recent
studies of stored frozen fish (Suzuki et al.,
1964) and stored unfrozen fish (Suzuki,
1965)
do support the Canadian view that actomyo-
sin dissociated before it became inextractable.
The complex of actin and myosin that these
Canadian and Japanese workers referred to
as actomyosin is identical with F-actomyosin
as defined in this paper. It should be distin-
guished from Connell's (1962b) postulated
“actin-myosin” complex. Connell (1962b)
has presented several reasons why the molec-
ular characteristics of the actin and myosin
components may be different in these two
types of complexes.

The studies, based on myofibrillar protein
extracts as well as selective extraction tech-
niques, pointed to F-actomyosin or another
type of “actin-myosin” complex instead of
either myosin or actin alone as the compo-
nent responsible for the observed rate of de-
crease in extractability of total myofibrillar
protein during frozen storage of fish muscle.
Both “actin-myosin” and F-actomyosin rep-
resented interactions of actin and myosin.
However, it was difficult to reconcile Con-
nell's interpretation that an actin-myosin
interaction stabilized these proteins with the
rapid dissociation of F-actomyosin as ob-
served in storage studies by Canadian and
Japanese workers.

Therefore, the present investigation was
undertaken to: 1) characterize the compo-
nents of myofibrillar protein extracts by
guantitative as well as qualitative analytical
ultracentrifugation techniques; 2) study the
effect of storing extracts containing cod
myofibrillar proteins by ultracentrifugal
analysis; and 3) study the effect of storage
on the amount of total myofibrillar protein
in extracts of frozen cod muscle and to
characterize the components of these extracts
by ultracentrifugal analysis.

PART I. ULTRACENTRIFTIGAL ANALYSIS
OF COD MYOFIBRILLAR PROTEINS
EXPERIMENTAL METHODS
Material. Gutted cod (Gadus morhita) was ob-
tained commercially. By ‘the time it was used in
an experiment its muscle was post-rigor, and it

, although based on different species,
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had been stored in ice for 24-48 hr after capture.
Buffer solution 60.05 T) was made from 0,0033844
KH-$g4 plus 0.01554/ "Na«HPOI. Its final pH
was 75,
Buffer solution 10.5_ fi) was made by adding
KC1 (final  concentyation 0.454/)7 to the 0.05-g
buffer ‘solution. Its final pH was 7.2

_ Method. All 8reparat|ve Operations were done
in a 34°F (1°C) cold room using pre-chilled
equipment and  solutions. Muscle samples were
blended with buffer solution in a Waring blender
using a blender jar fitted with a rigid Ioose-flttmﬁ
Teflon haffle (Anderson ct al.. 1965). Before eac
extraction, the jar was checked for air hubbles
by “blending” the buffer solution alone with the
baffle in place. If air bubbles formed, the blending
assembly” was, replaced with a new unit. If the
jar passed this test, slices of muscle tissue were
added and homogenized at reduced speed

r tn5) for 90 sec "in nine 10-sec_periods separated
byt -_selc intervals to allow settling of undissolved
material.

_PreParatlve centrifugations were done for 30
min at 1000 X G in an International PR-2 Centri-
fuge refrigerated at 1°C using a type-284 rotor
operated at 2400 rpm.

All extractions were based on a 1:19 flesh-solvent
ratio to improve the yield of _actom¥05|n. When
a more_dilute extract ‘was desired, it was diluted
with 0.5 fi buffer solution to the desired final con-
centration of total nitrogen (Anderson et al., 1965).

Total protein extract. A 20.0-g sample of cod
muscle myotonies was blended with’ 380 ml of 0.5-g
buffer sofution and left overnight (18 hr). 1t was
then centrifyged at 1000 X G'to remove insoluble
material. The upper portion of 150 ml was care-
fully removed and used as a total Erotem extract,

Myofibrillar protein extract. The principle of
this method was to remove sarcoplasmic proteins
by washing the s_am_FIe of muscle tissue before dis-
solving its” myofibrillar protein instead of precipi-
tating” myofibrillar protein from a total protein
extract, A 20.0_-% sample of cod muscle myotomes
was blended with 380 ml of 0.05-g. buffér. The
residue obtained by centrifugation at™1000 X G was
resusgO nded by blending in"370 ml of 0.05-fi buffer
for 30 sec i three 10-sec periods separated by
5-sec intervals, and then reccntrifuged. This opera-
tion was repeated one more time. Then the residue
was blended for three 10-scc periods in 360 ml of
0.5-m buffer and left overnight (18 hr). It was
then centrifyged at 1000 X G {o remove insoluble
material. The upper portion of 150 ml was care-
fully removed and used as a myofibrillar protein
extract,

Total protein nitrogen Of an extract was deter-
mined without further centrifugation by a biuret
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Procedure_ (Anderson et al, 1965), assuming that
he protein contained 16% nitrogen.

Ultracentrifugal analysis. A Spinco analytical
ultracentrifuge, model E, was operated at 50740
rom using the schlieren optical system with the
rotor temperature control s¥ste_m_ set at 2.0°C
(35.5°F). " The operations of filling the 12-mm
or 30-mm cells with aliquots of protein extracts
and placing the cells into the An-E rotor were
performed ‘in a cold room at 34°F (1°C) using
precooled equipment,

Sedimentation coefficients were calculated by the
method of Svedberg and Pedersen (1940) Using
the relationship s = d In x/w" dt. Values of X
were obtained from measurements of distances on
phqto?raphs of the schlieren patterns with @ Nikon
optical comparator, model 6. The outer hole of
the rotor was used as a reference point from which
all distances were measured. _

Peak areas were measyred by enlarging the
schlieren pattern in the optical comparator; tracing
the area on paper, and weighing a cut-out of the
area. Lower portions of these areas were drawn
from the schlieren pattern obtained by centnfu%mg
the huffer solution alone under identical operating
conditions of the centrifuge and comparator. The
area of peak 111 (slow moving peak) was measured
from a photograph taken aftér 40 min of centrifu-
gation at 50740 rpm to Prowde a constant position
of the peak relative to the meniscus. The area of
the fast-moving, hyﬁe_rsharp peak 11 was measured
from any Photogr_ap in which the shape was clearly
defined. " The weight of a known area measured in
the, comparator from a photograph of the 306386
calibration cell taken in the centrifuge was used to
cor{vert grams of a peak area into square centi-
meters.

Calculation of protein concentration from peak
area measurements was based on the method re-
viewed by Svedberg and Pedersen (1940) and
Schachman (1_9593: All concentrations were cor-
rected for radial dilution. However, no Johnston-
Ogston corrections (reviewed by Schachman, 1959)
were made, because of insufficient data for applying
the theoretical assumptions underlymg the correc-
tions to mixtures of cod myosin and actomyosin
and the pragmatic observatign that, in the case of
rabbit myosin and actomyosin at [east, there was
no significant difference in results whether John-
ston-Ogston corrections were applied (Chiancone,
1962) or were not (Johnson and Rowe, 1964).

Some mvestuf;ators have developed a factor to
relate total profein concentration Ebluret or Kjel-
dahl). to total area in the schlieren pattern of a
?rotem extract. This type of factor has been used
or cod myosin to average out variations between
extracts arising from the contribution of contami-
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nants such as lipids and nucleotides to the refractive
index increment (Connell, 1963). Since his myo-
sin extracts were" ultracentrifugally homageneaus,
Connell develoged an accurate valug for this factor,
However, in the present study, different types of
extracts were used which were obwously{ etero-
geneous in the ultracentrifuge. To relate biuret
Values of these extracts to ‘variations in area of
each of the peaks seen in their schlieren patterns,
one should separate the Brotems In these extracts
so that each schlieren peak can be studied individu-
ally. Attempts to perform this type of fractionation
have not yet been completely successful. For this
reason, a” more empirical ratio was developed.
Thth total and myofibrillar protein extracts ivere
used to calculate a atio_of total protein concentra-
tion as determined by biuret. An average value of
472% was obtained. No attempt was made  to
increase this value by subtractm? the contribution
to the biuret values ‘of the ([;el raction or sarco-
lasmic protein in case of fotal protein_ extracts.
0 convert concentration units of g/ml into units
of ?_protem nitrogen/ml it was asSumed that the
proteins contained™ 16% nitrogen.

RESULTS

Since the extracts used in this |nvest|Fat_|on
usually contained a mixture of proteins, analytical
ultracéntrifugation was, employed to identify the
protein components.  Since the schlieren ﬁa temns
of these extracts, usuall¥ contained more than one
Beak, the following sections describe the evidence
y Which the protéins responsible for the size and
position of each peak are identified. In this de-
scription, a numerical system (Ellis and Win-
chester, 1959) is used to relate_ the results tq the
Pubhshed liferature. This numerical system is illus-
rated in Fig. 3 _ _
The sedimentation data by which the schlieren
eaks are classified came from several experiments,
ata_from myofibrillar protein extracts and total
protein extracts were combined since there was
no significant difference between these extracts in
the size, shape, or position of the myofibrillar pro-
tein peaks on the schlieren pattern. A similar
observation was made by Ellis and Winchester
(1959). Since there is also no significant difference
In sedimentation data based on”extracts prepared
from fresh or frozen post-rigor cod muscle, the
data from these extracts have also been combined.

_Peak 1]. This component has a characteristically
high sedimentation rate which 1S very deEendent
o its concentration, Therefore the ddta (Fig. 1
were plotted from the equation ; = Jo/(l + Kc
instead of the simpler_equation s = 0 (1 — K¢
%Schachman, 19_595). The Sat 2°C of 55 is almost
the same as Ellis"and Winchester’s (1959) value
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sen, 1940), an o, wof 92 is obtained. This value
Is comparable to reported values for F-actomyosin
from other species (Table 1).

The concentration dependence of sedimentation
rate is_expressed as the slope of the i versus con-
centration line at low concentrations (Schachman,
1959). The slope of the line in Fig. 1 corresponds
to a value of 0.18 at 20°C. Comparison of the
results presented in Table 1 su?gest_s that the
slope is almost doubled if concentration is _exFressed
as total protein (biuret determination) instead. of
the more spemflc determination of concentration
from the ultracentrifugal data.

The sedimentation rate of concentrated F-acto-
myosin is only slightly dependent on its concentra-
tion as indicated "hy” the dashed line in Fig. 1
Similar results were” obtained from cod F-actomyo-
sin (Ellis and Winchester, 1989% and carp F-acto-
myosin _(Hamoir, 1955). In these special cases,
the sedimentation rates of peaks Il and Il are
nearly similar, so boundary effects (Schachman,
19592 may decrease the calCulated concentration of
F-actomyosin squlcantly. However, the sedi-
mentation rate of F-actomyosin is also dependent
on its tendency to form a gel-like physical state in
concentrated solutions (Johnson and Rowe, 1964).

Table 1 Sedimentation data for F-actomyosin.

Slope of line
) relating 1/S.°20,\v

S°20,w in Vs. protein
Svedberg unfts  concentration

protein
concentration

Method ysed

to obtain

Species Reference

Cod 92 018 Schlieren peak of Present investigation
F-actomyosin

Cod 92 030  Total soluble protein Present investigation
of heterogeneous
extract

Cod 101 025  Total soluble protein Calculated from Ellis
of heterogeneous and Winchester (1959)
extract

Carp 0 016  Total soluble protein Calculated from
of homogeneous Hamoir (1955)
extract

Rabbit % Hamoir (1955)

Mixed rabbit and _

pigeon extract 99.0 0.196  Schlieren peak of Fig. 1of Chiancone (1962)

F-actomyosin

Homogeneous rabbit _

or pigeon extract 730 0181 Schlieren peak of Fig. L of Chiancone (1962)

F-actomyosin

Rabbit 0 018  Schlieren peak of Calculated from Johnson

F-actomyosin and R

owe (1964
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Therefore, until more data are available, the con-
centration dependence of sedimentation rate for
concentrated F-actomyosin 15 represented tenta-
tively by the dashed ling in Flg'.: L _
~Some” of the concentrated -act0m¥05|n solu-
tions contained two instead of one ast-movm%
peaks which were almost superimposed on eac
other. Ellis and Winchester Fl 59) presented
similar data and classified the slower’ peak as 1l
and the_faster peak as I. However, evidence from
rabbit F-actomyosin studies suggests strongly that
the only difference between 11 and | is in thé degree
of polymerization of the F-actin component of
F-actomyosin (Johnson and Rowe, 1964). There-
fore, whenever such peaks were encountered, the
average sedimentation rate and, the total area were
used fo measure the sedimentation rate and concen-
tration of F-actomyosin, _

peak Ilia, S0Me Of the schlieren patterns of
the extracts had a small peak sed_|ment|ngi hetween
peak | and peak III." The size of this peak
depended principally on the extraction technique
instead of the soufce of muscle used to extract
myofibrillar protein. - Specifically, the size of this
péak depended on a rise in temperature during
extraction or if air was incorporated when the
muscle is, homogenized. Therefore, no attempt was
made to |dent|fY this peak. However, its sedimen-
tation rate and the temperature effect of the extrac-
tion suggest a similarity with Martonosi’s (1962)
7-component. _
peak 111 This component had a characteris-
tically moderate rate of sedimentation in contrast
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to peak 1. Another dlstlngulshmgz feature of this
peak is that its rate of sedimentation is almost
|ndePendent of concentration (Fig. 2). The sedi-
mentation rate for similar concentrations of peak
[l in all of the extracts studied also remains
essentially constant over a wide ranqe of F-acto-
myosin  concentrations.  Similar results were ob-
tained by Ellis and Winchester (1959). When
the data 'in Fig. 2 are extrapolated to zefo protein
concentration an a of 38 at 2°C is obtained, which
corresponds to an S°Qyw of 64. Ellis and Win-
chester (1959) obtained a slightly lower value
of 6.0 for peak II] in similar extracts, but the
difference is_probably not sqnlﬂcant consicering
the scatter of experimental data.

peak 1v. I preliminary ultracentrifugal analyses
of total protein extracts, a small peak appeared
when the boundary of peak 111 had moved almost
halfway across. the cell. Since this peak was very
broad “(an indication of heterogeneity) and since
Its area was always small in comparison with peaks
[11 and 11, it was not studied in detail. Neverthe-
less, the analyses of peak 111 were based on meas-
urements in which peak 111 is near the meniscus,
to minimize any Bossmle contribution of the pro-
tlelllns represented by peak 1V to the shape of peak

Gel fraction. S0me of the properties of the gel
fraction have been reported (Dingle et al., 1963
Ellis and Winchester, 1959; Johnson and Rowe,
1964: Mommaerts, 1952), but its composition was
not investigated in the present study.
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DISCUSSION

. The identification of peak 11 as F-actomyosin
IS reasonably certain. ItS sedimentation rate and
the pronounced dependence of this rate on_its cop-
centration are in-excellent agreement with pub-
lished data for mammalian as well as fish F-acto-
myosin. However, one should not infer that this
component represents a sm?Ie molecular species
since Johnson and Rowe (1964) have sugg*ested
that it may contain at least two different

of F-actin.” _

|dentification of the protein represented by dpeak
[l is complicated by the fact that the evidence
sugfqe_sts that it includes at least two m;{oﬁbnllar
Prq ein components, The ultracentrifugal charac-
eristics of peak 111 differ from thos¢ of homo-
geneous myosin selectively extracted from cod
muscle (Connell, 1963). This difference could be
due either to mistaken ‘identification of peak III as
myosin or that peak 111 really represents a mix-
ture_of myosin ‘and another myofibrillar protein.
Obviously,” a decision between “these possibilities
has to bé made. _ _

One_ portion of the evidence is related to the
possibility that_myosin sediments as a component
of peak 11I. The S%. ,» value of 6.4 is close to
that for authentic myosin monomer (Connell,
1963). so that any myasin_present in the extracts
contributes to this peak.. The. results of our ultra-
centrifugal experiments in which adenosine tnphos-
phate, was added to m¥of|br|llar Protem extracts
are similar to the results of Dm%e et al. (1963
and Johnson and Rowe (1964), who suggested that
a myosin-like {Jr_otem Was ‘representéd in their
myofibrillar protein extracts.

Other lines of evidence squest that the appear-
ance of peak Il in the schiieren Ratterns IS not
due to myosin alone. Peak [II has a broader
shape thari homogeneous myosin monomer (Con-
nell, 1963), and “its conceritration dependence of
sedimentation is different. It is unlikely that this
behavior is; caused by significant interference from
sarcoplasmic proteins (albumins”), because the
area of peak 111 was the same in total protein
extracts and in myofibrillar protein extracts pre-
Fared from similar samples of either fresh™ or
rozen cod muscle. The low concentration of tropo-
myosin in _cod myofibrillar protein extracts (re-
viewed by Connell,” 1964) and the low sedimentation
rate of cod tropomyosin” (Dingle and Odense, 1959)

orms
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rule out the possibility of this Erotem also signifi-
cantly affecting the area of fea 1. .
Johnsgn and Rowe's. (1964) _ ultracentrifugal
study of rabbit myofibrillar protein extracts pro-
vides strong supporting, evidence for their hypothe-
sis that they containéd myosin bound to @ rela-
tively unpolymerized actin.” Since this component
was “not isolated, they described it as “G-acto-
myosin” on the basis of its ultracentrifugally simi-
larity to myosin and to distinguish it from F-acto-
myosin. Evidence for the existence of G-actomyosin
was also derived from an experiment similar td tha
of Johnson and Rowe (1964) usmg cod_instead of
rabbit muscle éAnderson ct al, 196S). This ultra-
centrifugal study demonstrated that when the ionic
strength” of the extractant was increased from
05 % to 0.8 n the size of peak Il (called “myosin”
in that paper) increased at the expense of Feak Il
(then called *“actomyosin”) since” the total quan-
tity of extractable “protein remained essen |a_IIK
constant. This result 1s in excellent aﬁre_ement Wit
Johnson and Rowe’s (1964) hypothesis that. an
Increase in jonic strenFt displaces the equilibrium
F-actomyosin  G-acfomyosin toward an increase
in the concentration of G-actomyosin which is ob-
served as an increase in the sizé of peak I1.
In_an ultracentrifugal study of myosin extracts
obtained from frozen™cod muScle, Connell (1962b
found other components that were, derived from
the fraction known as “extra-protein” and which
were seen as small peaks sedimenting at almost
the same rate as the m¥_osm peak. The “extra-pro-
tein” fraction was defined in Connell’s (19 2_b?1
Faper as_protein that is extracted together wit
he myofibrillar protein from muscle that has been
previously washed with dilute buffer solutions, and
after exfraction it remains soluble when myosin
and actomyosin are_precipitated by dilution. * The
extracts examined in the present work will also
contain_ the “extra protein” fraction, and there Is
a definite possibility that one major component is
G-actomyosin. Perry and Zydowo’s (1959) stud-
les of tfie composition of “extra-protein” revealed
that it is a heterogeneous mixture, but the com-
ponent present N largest concentration is a
‘globulin” which they did not comgletely charac-
térize. They found ‘that this “globulin® gave a
weak resporise when assayed for mrosm adenosine
trlfhosphatase activity, and essentially negative re-

sults when tested for the presence of actin or

CEIIS, . .
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myosin by applying either_solubility criteria or
viscometry t0 measure ability to Combine with
authentic m¥osm or actin. These results show
that neither Tree actin nor free myosin was in this
“globulin” fraction, but G-actomyosin as defined
by Johnson and Rowe (1964) should react in this
way. Connell’s (19620) _ solubility criteria for
“extra-protein” give the' impression that G-acto-
myosin cannot be a component of “extra-protein,”
bécause Johnson and Rowe’s (1964) definition of
G-actom¥osm is. based on their experimental pro-
cedure of precipitating myofibrillar protein at 0.2 g
or less and then dissolving the precipitate at a
higher ionic strength. JohnSon and Rowe (1964)
have alreadg suggested that an F-actomyosin pre-
mﬁltate_ at 0.2 (i can dissociate into. G-actomyosin
when it is solubilized by increasing the “ionic
stren[qth. Thus, it is reasonabje to propose that
G-actomyosin is soluble at low ionic strengths even
though it can also be present in F-actomyasin solu-
tions that have been Prewously purified Dy precipi-
tation at low ionic strengths.

In view of all the evidence from the other investi-
?atlons as well as the evidence presented in the
ollowing sections, it is postulated that the pro-
tein observed as peak III during, ultracentrifuga-
tion of the extracts used in this mvestl?atlon, in-
cludes myosin and G-actomyosin. No attempt was
made to Oetermine specific concentrations of myosin
or G-actomyosin by ultracentrifugal methos, ‘since
It was anticipated "that these proteins had similar
sedimentation rates (Johnson™ and Rowe, 1964).
However, the results of the storage studies pre-
sented_below provide a rough estimate of changes
In their relative concentrations.

PART Il. STORAGE STUDIES OF PROTEIN
EXTRACTS AT 34°F (1°C)
EXPERIMENTAL METHODS

Six total protein extracts were reBared from
fresh cod myotonies and diluted u'ith 05-u buffer
solution to @ final fotal protein concentration of
04-0.5 mg protein mtrogen per ml. These extracts
were stored for up to 2 days at 34°F #1°C) ina
cold room. An aliquot was removed from’ each
extract at each of five reqular intervals during the
storage period for ultracentrifugal analysis™ and
determination of fotal soluble protein nitfogen on
Its sug(ernatant after centrifugation for 30 min_at
1000 X G, The, storage. period was not carried
beyond 25 days, since, during the period 20-25 days,
the extracts developed a slight odor of putrefaction.
The analytical methods were the same as those
presented”in Part | of this paper.

In a subsequent study, four myofibrillar protein
extracts were stored and analyzéd in the manner
as described above.
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RESULTS

The results were essentially the same whether
actomyosin extracts or total protein extracts were
stored at 34°F (l°C2. The ultracentrifugal_schlie-
ren patterns demonstrated that the composition, of
these extracts changed during the storage period
(Fig. 3). The conCentration ‘of the F-aCtomyosin
componént decreased linearly by an average of
0.4410.08 mg protein mtro%en pér 100 ml per day,
and the concentration of the myosin plus G-acto-
m¥osm component increased linearly at the same
rate (Table 2). However, the total ‘measured area
of these schlieren peaks as well as the total soluble
protein nitrogen content of each extract (04-85
mg per ml) “remained essentially constant “during
the storage period.

DISCUSSION

The results of these studies clearly indicate dis-
sociation of _F-actom&osm. They do not support
the hypothesis that F-actomyosin dissociates into
F-actim_and myosin at an ionic stren?th of 05,
There is no uftracentrifugal evidence for a peak
corresponding to F-actin. There is no evidence that
F-actin is inCorporated into the gel fraction or that
It s precipitated, since the total ‘area of the. schlie-
ren patterns as well as iuret determinations of
total Protem mt_roogen remained constant throughout
the storage period.

The results do provide_additional, evidence for
the dissociation reaction F-actomyosin  G-acto-
myosin as postulated by Johnson and Rowe (1964).
Slpporting evidence consists of the equal_rates of
change in‘the areas of schlieren pafterns.  The total
area of the two peaks and the total protein congen-
tration remained constant during the storage period.
Since Feak Il was identified &S F-actomyosin and
peak 111 as a mixture of m%/osm and G-aCtomyosin
éPart | of this paper), the results suggest™ that

-actomgos_m was Slowly dissociated 0~ G-acto-
myosin during storage.

To fit the postulated reaction F-actomyosin
G-actomyosin to the results, it s also necessary to
assume that the ultracentrifugal component identi-
fied as myosin plus G-actomyosin contained more
G-actomyasin and less myosin at the end of the
storage period. Under similar storage conditions,
a homogeneous extract of monomeric myosin aggre-
%ated spontaneously at a rapid rate (Connell

963). However, no evidence for the occurrence of
this aggrega_tlon reaction was obtained in the pres-
ent stuay, since a separate schlieren peak corres-
ponding to an agPrega_ted myosin was never ob-
served. This result is in agreement with Connell’s
(1962h) observation that the Fresence of actin
stabilized myosin against aggregating spontaneously.
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Tfable 2. UItra%entrif gal analysis of the effect of storage at 34°F (1°C) on the composition
of cod muscle protein” extracts.

Rate of change in ultracentrifugal
concen tration
Area in
Myosin plus Storage ultracentrifugal
F-actomyosin G-actomyosin time schlieren patterns
Sample (Mg protein nitrogen per 100 ml/day) (days) (arbitrary area units)

Total protein
ext'rAacts

-0.47 +0.50 3 252
6 243
10 2
13 23
18 236
B -0.45 +0.45 4 290
6 248
10 254
13 209
18 258
C -0.39 +0.47 4 236
6 234
10 218
13 28
18 228
D -0.44 +0.42 4 20
6 23
10 209
A
E -0.49 10.51 4 21
6 242
10 20
i3
F -0.50 +0.53 4 207
6 21
10 239
I 230
o 18 22
Myofibrillar
protein extracts
1 -0.56 +0.57 3 293
5 2%
1 2%
14 2%
il 20
2 -0.41 +0.41 4 29
il 29
14 29
il 293
3 -0.40 +0.37 5 285
1 28
14 28
4 0.29 027 2% %88
-U. + , ,
il 193
Average rate of change 1044 $0.08 14 193
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The extent. to which F-actomyosin was dissoci-
ated at 05N is also_analogous t0. a previous study
In which higher ionic strengths dissociated more of
the F-actomyosin immediatély (Fig. 2 of Anderson
ct al, 1965). Since the onlkl ditference between
these experiments was the extent to which F-acto-
myosm dissociated, it is evident that soluble F-
ac om&osm_ in a low-ionic-strength medium can in
time dissociate to the same extent as It can immedi-
ately in a hlgher-wnlc-_stre_ngth medium. I all, of
these cases, -ac_tomyros_m I presumed to dissociate
into G-actomyosin. This concept may_ also be ap-
?Ilcable to the results of storage studies pased on
rozen cod muscle since freezing results in an in-
crease in the ionic strength of “those tissue fluids
which remain unfrozen.

PART III.
STORED FROZEN COD MUSCLE

The following procedures, were adopted in two
separate frozen-storage studies. For each study, a
very large cod (25-30 Ib) was filleted. The paired
fillets were wrapped securely in polyethylene” bags
frozen in a plate freezer, and then Stored at +3 F

-16°C). At intervals during the storage period

uplicate 20.0-g samples of frozen flesh were'sliced
from the anterior midsection of each fillet and used
immediately to prepare total protein extracts, Total
soluble protein”nitrogen determinations and ultra-

EXTRACTS PREPARED FROM

MYOFIBRILLAR PROTEIN OF COD

centrifugal analyses were carried out on these ex-
tracts.  The analytical methods were the same as
those in Part | of this paper. _

Two other_frozen_ storage studies were also
carried out. Their prmmFaI value was to demon-
strate that the fillets should be wrapped securely to
inhibit desiccation and that more. samBIes should
be obtained especially during the first 100-150 days
of storage.

RESULTS

During the period of frozen storage, total ex-
tractable protein decreased at a steady rate (Fig. 42.
Similar results have been widely uSed to ‘indicate
the effect of storage on specific extractability of
myofibrillar_protein” from frozen cod (reviewed b
Dyer and Dingle, 1961; Love, 1962b). Such re-
sults have also” demonstrated that extractability. of
the water-soluble sarcoplasmic protein fraction
from frozen cod muscle” does no change during
frozen storage (reviewed by Dyer and . Dingle,
1961). Sincé the total extractable protein from
fresh’ cod muscle contains about 22% v'ater-soluble
protein  (reviewed b?; Dyer and Dmﬂle 1%1), it
is assumed that all the extracts on which Fig. 4 s
based contained an average of 0.3 mg water-soluble
protein nltrogzen per ml.“The total protein content
of the extracts had dropped to almost this |evel by
the end of the storage period. It is assumed, there-

TOTAL EXTRACTABLE PROTEIN -mg protein nitrogen per mi.

1 | |

0 50 100

150 200 250 300

DAYS AT +3°F (-16°C)

A Wrd 4'storage S

Changsetuwy?rﬁ\ou%u% tgttgrlageé(tr%ﬁ(t]@ple protein from cod flesh stored at +3°F (—16°C).
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fore, that the data given in Fig. 4 satisfactorily rep-
resent a storage_period during which the extract-
ability of myofibrillar protein from frozen cod
decreases almost to zero.

The extracts obtained during this study were_also
examined in the ultracentrifiige. Their schlieren
patterns reveal that the areas of the fast peak
éF-actomyo_sm) and the slow peak (myosin plus

-actomyosin) " are related to storage time of the
frozen cod from which the extracts were prepared
(Fig. 3). These peak areas were converted into
units of protein_concentration which_ are shown in
Figs. 5 and 6. Fig. S shows a rapid initial decrease
in"extractability_of the F-actomyosin component
until about the 75th day of storage, Fllg. 6 shows
that the extractability of the mydsin plus G-acto-
myosin component increased until a maximum was
reached after about 75 days. Extractability of this
component then, decreased” steadily until thie end of
the storaé;e period, A peak that would have cor-
resPonde to F-actin was never observed.

he protein concentrations; shown in qus._ 5and 6
were not converted from units of mg protein nitro-
gen per nil of extract into mg protein per 100 g of
muscle, because there was to0 much uncertainty in
relating effects of lipid and nucleotide contaminants
on the“size of the schlieren peaks from which these
protein - concentrations were calculated (Part |
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of this paper). However, a rough estimation of the
absolute extractability of these components may be
useful.  Extracts prepared from fresh cod muscle
(zero time in Fig. 4} contained about 15 mg pro-
tein nitrogen per mil, equivalent to 30 g protein
nifrogen per 100 g muscle. About 47% of this pro-
tein Nitrogen was detected ultracentrifugally as F-
actomyosin (0,72 Ig per 100 g, calculated from Fig.
5) and myosin plus G-actornyosin (0.64 g per 1
g, calculated from Fig. 6% he remainder (1.6.9
Der 100 g) includes about 22% sarcoplasmic protein
(Dyer and Dmple 1961), or 0.6 ¢ per 100 g and
about 20% gel’ fraction ([E”IS and Winchester,
19592, or 0.6°g per 100 g. These calculations leave
about 04 g per 100 g, or 13% of the total extrac-
able protein, still unaccounted for. Included in this
13% are the small amounts of other myofibrillar
proteins such as tropomyosin and errors in the ex-
perimental methods (Part I of this paper).

DISCUSSION

The observed rate of decrease of total extractable
protein from frozen cod_ muscle can_ be partly ex-
plained on the basis that it is due to direct formation
of aggregated and inextractable F-actomyosin. This
concept as already been discussed in”a previous
repor gAnderson ¢t al, 1965). Direct formation of
aggregated F-actomyosin can account for part of

PEAKII COMPONENT OF TOTAL EXTRACTABLE

PROTEIN -mg protein nitrogen per ml.
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the raE|d loss in_ extractability of the ultracentri-
fugal F-actomyosin component™ (Fig. 51, However,
thé possibility of F-actomyosin aggregating directly
into inextractable protein” fails o provide a safis-
factorY cause-and-effect explanation for the differ-
ent rates of change in extractability of F-actomyosin
(Fq. 52, myosii plus, G-ac_tomxosm (Fig. 6), and
total extractable protein (Fig. 4). _ _

A more inclusive reaction scheme (Fig. 7). is
Propos_ed to integrate all of the results. "In"addition
0 a direct aggrégation pathway it provides a dis-
sociation, patfiway for the conversion of F-acto-
m%_osm_mto_ other forms of myofiprillar protein.
This dissociation pathw%v was on%lnally postu-
lated  in Johnson. ‘and Rowe’s (19%4) stud¥ of
myofibrillar protein extracts obtained “from Tresh
%unfrozen) rabbit muscle and has been adapted. to
the present investigation. According to this reaction
scheme, the rapid decrease in amount of F-actomyo-
sin (Fig, 5) with_the slower. increase in the amoUnt
of mY03|n plus G-actomyosin gHé] 6) during the
initial storage period (0. to 7> days) suggests a
relatively rapid dissociation of F-actomrosm into
G-actomyosin_followed by a slower rate of dis-
sociation” of G-actomyosin into components which
then aqgregate to_form inextractable protein. The
assumption”that G-actomyosin is more stable than
F-actomyosin, even though it eventually dissociates

( , : .
sin, plus G-actomyosin”) component in total protein
E%f?e#ejw p!ﬂ oI pus Gbacsté))meYé)S'n c(?n;cent[r]fao lofs

Fig. 6., Change_in amount of the peak |l #;‘ y
Pl

erns. "Athird stordge study:

into inextractable protein, also provides an . ex-
planation for the observed rate of decrease in big. 6
during the storage interval of 100-300 days in
which™ only a minimum amount of  F-actomiyosin
was extracted (Fig. 5). This reaction scheme is
also consistent with the failure to observe an ul-
tracentrifugal schlieren peak which would have
corresponded to F-actin. o
The postulated participation of G-actomyosin in
this stepwise series of myofibrillar Protem reactions
Is also suggested bY the ‘results of the extract stor-
a?e stydy™(Part 11 of this paper). Althou%h that
study is"hased on protein extracts prepared from
fresh muscle, the ionic strength of the system Is
similar to those likely to occur in the cellular fluid
of frozen cod (Anderson_ ct al, 1965). In addition,
the study on extracts is similar to the: frozen muscle
stu }( In that it Prowdes similar evidence for the
greater stability of G-actomyosin over F-actomyosin
Under the storage conditions used. = . "
Comparison of the results of this mvestqanon
with Connell’s (1962b) work presents additional
evidence for the involvement of G-actomyosin, The
basis for comparing these studies is the similarity
of results in" measurement of total extractable
myofibrillar protein (Fig. 4, compared with Flt[1. 2
of Connell, 1962b). By Using a selective extraction
method, Connell obtained a significant amount of
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F- ACTOMYOSIN
I

HIGH IONIC STRENGTH
1

G-ACTOMYOSIN

AGGREGATION
THROUGH
REACTION

WITH
FATTY ACIDS

G-ACTIN  + MYOSIN

LOW pH I

G-ACTIN POLYMERS ~ MYOSIN AGGREGATES

( PSUEDO F-ACTIN)

—  AGGREGATES

INFXTRACTABLE MIXTURE \
POLYMERIZED ACTIN ,
GGREGATED MYOSIN AND
GGREGATED F-ACTOMYOSIN)

B TS
ed mrom ri

(iag%ﬁ 091 19"0r 5Rnson and Rove,

extractable monomeric r_nYosm from frozen-stored
cod that contained very little total extractable myo-
fibrillar protein, However, since selective extrac-
tion of myosin is based on the capacity of adenosine
triphosphate or pyrophosphate, to split the, actin-
tyosin complex, this extraction method is pre-
sumaply incapable of distinguishing between_myo-
sin derived from F-actomydsin, G-actomyosin, “or
m>603|n not previously hound to actin.” Connell
(1962b) proposed that the myosin observed in his
extract prepared from frozen-stored cod was par-
tially derived from myosin bound to actin. The re-
sults of the present investigation sugPest that the
components of this complex are G-acfin_ and myo-
sin rather than F-actomyosin, especially in extracts
prepared from aged frozen-stored cod. _
\lthough the “evidence suggests a gradual dis-
sociation ‘of F-actomyosin intd G-actomyosin during
frozen. sforage, it is still speculative whether this
dissociation Occurs entirely in situ. Procedures used
to measure extractability of actomyosin from frozen
muscle are relatively non-selective even though they
are commonly used In investigations of deterioration
of texture in"stored muscle. During such extraction
processes, it is ﬁossmle that some actin and_ myosin
molecules, which  were not combined in Situ mar
form actin-myosin complexes in_ vitro (Connell,
1962b.) During extraction, there is also an oppor-
tunity “for denaturation of actomyosin by reaction
with” fatty acids that are extracted t%geth_er with
the protein (Anderson et al, 1965). Considerably
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more work is needed to determine the effect of
{roze_n s_ttorage on alterations of myofibrillar pro-
ein in situ.

CONCLUSIONS

The results of this jnvestigation and those
of a_previous stud %Anderson et al, 1965)
consistently sug_pot the postulated  series of
stepwise dissociation, and aggregation reac-
tigns, illystrated in Fig. 7. Soraqe condjtions
which decreased the amount oF soluble F-
actomyosin displaced these reactions in favor
of dissociation and aqgregatlon Into insoluble
ﬁ)roteln. The present”evidence complements
ohnson and Rowe’s $1_964) findings In pro-
vugmg strong hs,uRp(%htmg e\_/ldenlcle fg_r t_G-
actomyosin which™ they™.origin Istin-
uished from F-actom))c/)sm ogn ﬂmy basis of
e molecular form of its actin comﬁonent.
The present results also suggest that G-
actomyosin 1s @ more stable Torm of agto-
moysin than F-actomyosin. The ]prlnupal
weakness In this. su Eestlon Is, of course,
that, to the best of our knowledge, no one has
yet developed a specfic test for G-actomyosin
In the presence of myosin, F-actomyosin, or
other _m]yoflbn,llar rotein,. We also need
more_information about the nature of the
complexes that actin and myosin can_ form
both In situ and In vitro, and the relation of
the environments to their formatjon and sta-
ility.  Nevertheless, by co_n_%ld_ermg mtyo-
ibrillar protein_as an ~equiliorium s¥s em
which includes G-actomyosin instead of as a
simple mixture of actin, myosin, and F-
actomyosin, a reaction scheme such as that of
Fig. 7may provide a useful working hypoth-
esis to explain consistently the effect of sey-
eral commercial storage or processing condi-
tions of fish muscle on myofibrillar~protein
denaturation, in terms of how these, conditions
dls(s)lace equilibria between the actin, myosin,
and actomyosin components.
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DEFINITIONS

lonic strength of a solution is indicated by the
symbol ji. o .

Total protein extract is defined b}/ the exPerl-
mental procedure as an extract containing all of
the muscle proteins that are soluble in neutral 05t
salt solution. _ o

Myofibrillar protein extract is defined by the
experimental procedure as an extract which™ con-
tains m%oflbnllar proteins but not 0.05-g. neutral
salt-soluble sarcoplasmic protein. _
_ Actomyosin suggests a particular fproteln but

IS , Usage pas reate c?ansmn. art of the
ambigurty stems from the tendency of some Inves-

tigators “to describe actomyosin “on a molecular
basis even though their extracts were a more or
less heterogenedus mixture of actomyosin and
other_proteins. However, even_ if the térm “acto-
myosin extract” were used to_ identify actomyosin,
there would stil] be an ambiguity in this paper
since it 15 essential to distinguish the more general
evidence for actomyosin from the more Specific
evidence for F-actonyosin or other forms of actin
myosin interactions. “Therefore, the more general
term “myofibrillar protein extract” is used instead
of “actoryosin extract” to refer to an extract con-
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taining actomyosin.  The term “F-actomyosin” i
used only when the intention is fo deScribe an
actomyosin in_which myosin has interacted with
the highly polymerized Torms of actin that ofher
Investigators recognize as F-actin.. Since a defini-
tion of actomyosin specific_for actin not as highly
polymerized as F-actin prejudges the result of this
Investigation, the term *“actomyosin” is used only

663

when there is. no reason to be specific about the
size of the actin component. _

Gel fraction is_protein that is soluble in 05«
neutral salt solution after preparative centrifuga-
tion (1000 X G for 30,m|n9 but is removed from
solution when the analytical ultracentrifuge is accel-
erated 10 ogeratmg speed (zero to 50,740 rpm or
187000 X G).
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Evaluation of Lipid Oxidation in Plant Tissues

SUMMARY

Essential to application of the TBA test to
plant tissues as a measure of prior lipid oxida-
tion is inactivation of lipoxidase in the blend-
ing procedure by a strong acid. The production
of TBA-reactive material during blending with-
out acid may give a useful measure of the
“lipid oxidation potential” of vegetahle materi-
als, as affected by their content of lipoxidase,
substrate and antioxidants. Comparative data
are presented on fatty acids and lipoxidase in
dried Blackeve and Green (Burpee’s blue ban-
tam) peas, and the data are related to the
TBA values in blending of these peas. Wide
distribution of lipoxidase in vegetables and
fruits has been demonstrated. Among the ma-
terials analyzed, the extracts of roots, tubers,
botanical fruits with edible seed portion, and
seeds usually showed a high lipid-oxidizing ac-
tivity. Comparing families, the extracts of
many vegetables belonging to Leguminosae,
Solanaceae, and Cruciferae had relatively
higher actrvrty

INTRODUCTION

Many Iant tissues are known to contam
teenzg EPoxrdas as well as the po%/
unsaturaed fatty acids whic serve as su
strates for th rs enzyme. Lipid oxidatjon,
resulting in rancid odors, might therefore
he ex ected under conditions Where raw or
ma e uateIR/ blanched vegetables are macer-
ated, roze or otherwise treated in such a
way hat enzyme substrate, an oxygen are
brought together. ~Unfortunately, objective
data " Plrcatmg lipid oxidation” are “sparse
In te Iterature

The lack of established methods for evalu-
atm [ rd oxidation. in Elant materials has
hampered [progres? in a sessm% the extent
and rmgor ance of this reactio Peroxrde
numbers have been_used. almost exclusjvel
for this purpose. Peroxr e determination
which fnvolve a preliminary extraction of
the small amounts of Jipid present, are cum-
bersome_and unsatisfactory In several re-
Spects. TheY are usyall Irmrted to the easrlry
ex fractable triglycerides. Furthermore
oxides, are only intermediates i the rnro uc-
tion of rancid end products, and in the pres-
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ence of peroxide decomposers they ma not
accumulgte even whenp lipid o%dat
far advanced.

Measurement of an end roduct of lipid
oxidation would seem to be preferable to
peroxide determination. In stu les of stored
eas It has heen sug(n;ested that gas chro-

atographic evaluation of hexanal might be
used as a measure. of ran drtP/ gBen tsson
and Bostind, 1962 but the reliability and
lercabrlrty of such a test have not heen
examined

Malonaldehyde, -measured either b rts
reactron wrth 2-thiobarbituric acrd TBA

Its ab sor tron m the uItravro et Kwon

atts, 1 f has rove hrgh y - useful
m obgectrve eval(ation of Ipid oXidation In
anrmI tissyes.  Malonaldehyde is derived
rrect ry under test condrtrons from the hy-

P oxides of fatty acids having three or
moedouble bonds (Dahle et al.. 1962) and
may arise from _secondary oxrdatrons of
other Ir rd oxrdatron prodcts 8L| lard and

Tests for malonal ehgde have

gv renty not een applied egetable
erras In making such an applrca jon jt
may be antrchated that Inactivation of lipox|-
dase In the blending step would be essential.

Ragd recise methods for determining
the rate of |

Id_oxjdation. by ve?etable ex-
tracts or ?y rr?unfred lipoxidase pe arations
are also ofint

erest 1 studies of enzyme sta-
brlrt%( antroxrdant effectiveness, etc Surre
964) recently rmproved t e met od oo

of [i oxrdase ass 50 ubr rzm
acid Substrates. A gnhe used aie eco
jugatron as a measure f the extent of Ir Id

oxid a]ron in his model mixtures, oaro
grap IC measurements of oxygen uptake are
impler and give a contintidus record of
rea tron rates.

This gaper descripes: 1{ malonaldehyde
8 a me sure of lipid oxidation In plant tis-
sues 6{p ?xr rzm% activities of various
vegefable and fruit extracts; and 3) varia-
tions I lipoxidase and substrate Detween
two vanetres of peas ag related t0 th%am unt
of malonaldehyde produced during blending.
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MATERIALS AND METHODS

_Lipoxidase and fatty acids. Purified soybean
lipoxidase was, obtained from_ Nutritional BioChem-
icals Corporation, and linoleic and linolenic acids
were from the Hormel Institute.

Procedure for TBA test on veqetables. A
distillation method developed by Tarladgis et al.
(1960) was slightly modified by the addition of
acid during blending, in order to" inactivate lipoxi-
dase. The” method “finally adopted for TBA test
in the presence of lipoxidase follows. A given
welqht of vegetable was blended for 2 min “with
S ml of HCL (1:2) plus distilled water to make
60 ml in a Virtis “45" homogenizes The mixture
was quantitatively _transferréd into a Kjeldahl
flask by washing ‘with 40 ml distilled water. The
remainder of the procedure was carried out as
described by Tarlad?ls et a. TBA numbers are
expressed as mg malonaldehyde per 1,000 g vege-
table tissue.

A polarographic method for lipoxidase assay.
Polarographic measurements  of "oxygen tension
were adapted for determination of lipoxidase ac-
tivity as follows. The rates of ongen consumgz)-
tion”of fatty acid solutigns or emuisions, pH 6.2,
in the presénce of purified lipoxidase or aqueous
crude vegetable extracts were measured with the
Beckman“oxygen analyzer, model 777, and recorder.
The decrease” of oxygen tension, in mm Hg per
minute, at the maximum slope is taken as a com-
parative measure of the rate of oxygen consumghon.

The detailed procedure was as follows. A 50-ml
Erlenmeyer flask with Teflon magnet was placed
on an ashestos-covered foam pad on a magnenc
stirrer. Then, 10 ml crude enzyme extracl was
%mckly mixed with 50 ml emulSion In a 250-mi

rlenmeyer flask and immediately transferred to
the 50-ml flask. The sensor was promptly inserted
Ento the neck of the flask, and measurement was
equn.

.Changes in oxygen tension could not be pre-
cisely translated into moles of oxygen consumed,
sincé the solubility of oxygen in" the reaction
mixture at any particular oxPI/gen tension is not
known. However, assuming_that the low concen-
trations of linoleic acid, "Tween 20, phosphate
buffers, and pea extract would not 5|?n|f|c_antly
affect the amount of dissolved ox gen, the figure
of oxyqen _squbH;tK of 84 ppm CP in pure water
In egm ibrium with water-saturated air at 25°C
and 760 mm Hg (160 mm POP maX be used as a
rough approximation. A fall of 1 mm in the
oxrgen ension measured is roughly equivalent to
a loss of 0.053 ppm oxygen or 17°X KP3 gmoles
of oxy?en per milliliter of reaction mixture.

Gas-liquid chromatographic (GLC? analysis of
fatty acids. Lipids were extracted from peas by
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the method described by Folch et al., &1957) usmg
2:1 (v/v) chloroform-methanol mixture. Drie
peas weré soaked in a small volume of distilled
water before lipid extraction, The extracted lipids
were saponified with a 1:1 (v/v) mixture of 50%
agueous sodium hydroxide and” absolute ethanol.
The saponification” procedure was similar_ to the
method of Ast (1963). After saponification and
acidification_the free “acids were extracted with
n-hexane. The solvent was removed and the fatty
acids converted to their methtyl esters with horon
trifluoride-methanoi reagent following the proce-
dure given by Metcalfe"and Schmitz (19615). _
GLC, analysis of the methyl esters was carried
out using a flame ionization gas chromatograph
& M "Model 609, with 6-ft "X 14-in. staifless-
steel. column gacked with 15% dleth%lene glyrcol
succinate on 80-100-mesh Chromosorb W.~ The
runs were isothermal, at 190°C, and the column
carrier_helium flow was 625 ml per minute. The
area of a peak was measured by a planimeter.
The gas chromatograph was Standardized, usmq
the model mixture of known pure fatty acid methy
esters, the esters of Palmmc, stearic, oleic, linoleit,
and linolenic acids, from Hormel Institute. Quan-
titative results on the standards agreed well with
the known composition.
Determination of lipid-oxidizing activity in
fruit and ve?etable extracts. EXxtracts were pre-
ared from fresh ve%etables_ and frujt purchased
ront the local market. V_arletY and harvest time
were not determined. Prior 10 choppmg,_v_e([;e-
tables and fruit were washed, rinsed with distilled
water, blot-gried, and weighed. Roots, stem ends,
cores of fruit, and other parts not commonly con-
sumed, were discarded unless otherwise ingicated.
Ten to fift g_ra_ms of minced tissue were blended
with. 100 mr distilled water for 2 min, using a
Virtis “45” homolgenlzer equipped with an ‘ce-
water bath. The surrx was filtered through a fat-
free filter paper, and the filtrate was used as crude
enzyme extract in Surrey’s method (1964) for
lipxidase activity.

RESULTS AND DISCUSSION

Malonaldehyde production in lipoxi-
dase-catalyzed oxidation of linolenic acid.
To determine whether malonaldenyde Is
P_roduced when linolenate 15 oxidiZed b
|goxldase, model systems were Rre re
cntamm(?_| lipoxidasé . (.025%), pnosphate
buffer _Ep 6.2), and lngreas_mg amounts_of
[inoleni¢ acid emulsified _with™ Tween 20,
Rate of oxxgen consumption was measured
on_each mixture with the oxygen analyzer.
Aliquots (20 ml) of the same Mixtures were
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allowed to react at room temﬁerature for 10
min, then t e enz me Was inactivated with

B (? the mrxure was
made up to 100 distilled or TBA

Tgble 1 demanstrates that malonaldehyde
Is produced n increasing amounts with”in-
creased linolenate oxidation under these con-
drtrons Saslaw and Waravdekar (1965),
on the other hand, found that linolenate hy-
drogeroxrde prepared by the action of lipoxi-

was Inactive in the TBA test. These
apparenly conflrctrng results canngt be rec-
onciled iri the absenc of more Qetailed infor-
mation on experimental procedure,

Inactrvatron of Irpoxrdase for TBA test
on ve etat% The most rmrfortant step In
alo” o e TBA test to plant tissues Is

clivation of lipoxidase, which catalyzes
lipid".oxidatjon in' the blending step. Since
l oxrdase like most enzymes, “can he easily
Inactivated at, low PH the exgerrment Was
designed. to, determine the extent of lipoxI-
dase”inhibition by acid iti the TBA test.” The
material used was fresh Whrte Acre peas.
Different amounts of HO (1:2) were added
0 g samples in blending. ” The results
are_shown in_ Table 2

The extensive oxidation of the_lipid mat-
ter of blended raw peas shown in Table 2
Wwas also _found b}/ ?enknecht and Lee
(1956). The addi |on of 25 m HCL (1:2
{0 8 0% portion of peas was_sufficient t0
Inhibit e zyme action. The TBA numbers
obtarned from enzyme-inactivated sam Ies

y he_ attributed arnI to autoxidatlo

b o e

during blen
in wrthou(s acrd as reIated 10 fa%t acid
content and lipoxidase activity. Since ex-

tensive lipid oxidation occurs during blend-
Ing of raw vetrretables In the absence O l1poxI-
dase inactivator, the amount of malonalde-

Table 1
consaubmeptron Fltne | thg ena{ Werérréggg“n%det sy%%ghesn

?ZCO”SUVH) o' (0 DEAle mhi)
a3 117
138 1.70
166 2.58
186 3.25
192 3.35

LIPID OXIDATION IN PLANT TISSUES

Table 2 Lipoxidase inhibition by acidity.

mlof HCL (1:2) pH ofblended TBA
to 10 g peas pea slurry no.

0 6.20
1.25 121
2.50 0.92
5.00 0.53

9.31
1.00
0.82
0.90

hyde formed during bIendrn? has some use-
fulness as an index of the tendency of the
ve%etable to undergo lipid oxidation ynder

ditions of tissie breakdown. . Polyun-
saturated fatty acid content, lipoxidase. ac-
vity, and antioxjdants present. would all
e expected to influence such oxidation,

Table Soemonstra&es that of two varieties
of peas dif errng markedly in malonaldehyde
Jroduced durr bendrn that with “the
nigher T num er was aIso hgher n
rpoxrdase actrvrty and in po Xuns tUrated
fatty acids, especially linolenic. ntroxrdants
In fhese peas' were not determrne arIrer
studies on cooked vegetable extracts by Cofer
(1964) showed reldtively little antioxidant
activity in legumes.

Lipid-oxi zrng activity in fruit and
vegetable extracts. Lrord oxidizing activity
Is expressed as the catalytic activity of an
aquer])us crude extract on oxidation” of ex-
ternally_supplied substrate, linoleate, usrng
Surrey’s spectrophotometric procedure. Th
concentration of vegetable tissue present in
the reactron mixturés ranged from 1to 9%,
depend rng on their lipid- oxrdrzrng activities.
Tfable 4 Shows. the data.in decreasing qrder

|£| -OXIdizing activity ﬁer fresh
tissu The actrvrtg ger gram protein is also
Presente The protein values were obtained
rom_food_composition tables (Watt and
Merrill, 1963).

The foIIowrn% vegetables and fruits did
not have lipid-0xid |zrnP activity; spinach,
mustard qreen collard, fettuce, white S uash
pu ple hull pea, banana pegper grae each,

cantalouge. The crud é ct of roots
tu ers, bota Ical frurts wrt eajh ese
tron and seesusua%/sowe '%4
%trc effect on rnoIeae oxidation.
[e leaty vegetables and many fruits h
ittle or' no actrvrt?/ Comparin famrlres
many vegetables_belonging to Leguminosae,
Solanacese, o Cruciferae had higher activ-

cata
OSt O
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Table 3 .ComParison of TBA numbers with lipoxidase activity and fatty acid composition

In two varieties or peas.
TBA no, Lipoxidase Linolenic
Pea after min ac?wnY of Polyunsat. % of tofal
blending a crude extractsn ratio ¢ fatty acids
Blackeye 55 116 15 226
Green 11 055 18 65

aBlended for 5 min in absence of acid.

gavd 3 e el i S e et

% Sot%r{ﬁg &3%&3 Polarographic measurements

¢ (Linoleic + linolenic)/ (oleic + stearic + palmitic) as determined from GLC.

ity. Sullmann (1945) showed high activity
of leaf extracts of Solanaceae: it”is evident

The lipid-oxidizing activities listed in Ta-
ble 4 do not represent a true measure of

fhat fryits of this family also have the cata-

ytic effect.

I oxidaée content, because of the fact that
the crude extracts were analyzed without

Table 4. Lipid-oxidizing activity of vegetable and fruit extracts.

Garden pea
Blackeye pea

Pole béan

Potato
Lima hean, immatured
Egg-plant

Teénder bean
Sweet potato
Asparagus

Hot pepper, whole
Squash, yellow
Green pepper pod
Radish

Rutabaga

Corn, immatured
Cabbage

Carro

Greenbean
Onion, yellow skin
Cauliflower
Apple, golden delicious
Apple, red delicious
Cucumber

Pear

Banana

Tomato

Celery

Rhubarh

Squash, acorn
Turnip root
Zucchini

Orange

Turnip green
Green Crowder pea

Family

Leguminosae
Leguminosae
Le?ummosae
Solanaceae
Le?umlnosae
Solanaceae
Leguminosae
Convolvulaceae
Liliaceae
Solanaceae
Cucurhitaceae
Solanaceae
Cruciferae
Cruciferae
Gramineae
Cruciferae
Umbelliferae
Leguminosae
Liltaceae
Cruciferae
Rosaceae
Rosaceae
Cucurbitaceae
Rosaceae
Musaceae
Solanaceae
LImbelliferae
Polygonaceae
Cucurbitaceae
Cruciferae
Cucurhitaceae
Rutaceae
Cruciferae
Leguminosae

Latin name” e e
Genus and species Iigsues pEote?n

Pisum sativum 853 135
Vigna sinensis 572 6.3
Phascolus vulgaris h48 2884
Solanum tuberosum 298 1419
Phascolus limensis 1.2 143
Solanum melongena 11 925
Phascolus vuIParls 107

Ipomoea hatafas 0.96
Asparagus officinalis 085

Capsicum annuum 0.79

Cucurbita pepo var. melopepo  0.66
Capsicum annuum var. grossum 062

Raphanus sativus 0.61

Brassica napobrassica )

Zea mays

Bragsica oleracea var. capitata
Daticus carota var. Sativa
Phascolus vulgaris
Allium cepa | _
Brassica oleraceo var. hotrytis
Malus sylvestris
Malus sylvestris
Cucumis sativus,
Pyrus communis

usa paradisaca
Lycopcrsicon esculentum
Aﬁmm graveolens
Rhcum Thaponticum
Cucurbita maxima
Brassica rapa
Cucurbita pepo var. medullosa
Citrus sinensis
Brassica rapa
Vigna species

—

OO = F2 N R N LO GO GO D ~oroion

“Makino (1956); Watt and Merrill (1963).
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further purification. Antioxidants_could be
resent " Inthe crude extracts. ~ Pratt and
atts 99642 and Cofer (1964) found that
hot-water extracts of many vegetables have
antroxrdant actrvrt%/

A spat check of the antioxidant activities
of several vegetablesin Table 4 showed
wide differences, Cold-water extracts of tur-
nip green and banana pepper, when added
n concentratrons of aﬁhroxrma elhr 4% fresh
tissue to_model systems_containi 8 purified
soybean Irpoxrdas and linoleic acid, showed
approximately 90/o ihibition of the reac-

tr n as estimated yOen consymption,
whereas with cucurh/be % g rﬁ

inhibition was, in the range 0

dently, asmrr[rht be expected the Irprd
oxidizing activity determined in a crude ex-
tract of vegetabe IS the result of the true
lipoxidase Content and concentration of en-
dogenous antioxidants.
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Effectlof Antioxidants on Lipoxidase Activity in Model Systems

SUMMARY

The antioxidants BHA, propyl gallate, quer-
cetin, gallic acid, turnip green extract, and
sodium tripolyphosphate were tested for their
inhibitory effect on linoleate oxidation cata-
lyzed by purified soybean lipoxidase or crude
pea lipoxidase, and on lipid oxidation occurring
In blending of peas. In artificial lipoxidase-
linoleate systems, most phenolic inhibitors,
especially BHA and propyl gallate, were very
effective, but sodium tripolyphosphate was
ineffective. The effectiveness of antioxidants
decreased with increase in lipoxidase concen-
tration. The relative effectiveness of the various
antioxidants was quite different in ﬁea slurries
from that in artificial systems. Higher concen-
trations of propyl gallate, turnip green extract,
and sodium tripolyphosphate retarded the pea
Irfrd oxidation, but no significant inhibitor

fect was found with other antioxidants tested.
Factors which might contribute to variations in
the behavior of antioxidants in pure model
systems versus raw pea slurries are discussed.
Hydrogen peroxide at concentrations of 0.005 %
or higher rapidly destroyed lipoxidase activity.

INTRODUCTION

Lipoxidase, present in J)Iant tissues, cata-
lyzes the peroxidation of _polyunsaturated
fatty acrs‘ roduce rancr% end roducts,
All"the publistied work on the inhibition of
lipoxid ase IS, however, confined to pure sys-
tems, and no attempt has beep made fo 1n-
hibit'the enzyme in’ complex food systems,
In the Rure lipoxidase stéstems certain
Phenolrc antioxjdants have een shown to
nhi d|t enzymatrc actrgn of Irpoxr aset Nor
roguararetic acid, propyl oallate, and
oy f?ero stron mhFr)br ed the oxrdatron
linoleate ythrs enzyme Tagge t.al,
953 Siddigi and Tappel, "1956). Since
nordih dro?uararetrc acid and tocopherols
are_ Insoluble or spanngy soluble water
their use is [imited in Too stuffs such . as
vegetables In which the naturally occurring
|p|ds are surrounded by an agueous phase
Sodium tripo y hosphate, water-soluble
retarded rancigi g/ of ' refrigerated cooked
beef when used &s a cover or dip solution

and Pea (Pisum sativum) Slurries

(Ramsgy and Watts, 1963). The mecha-
fism of its antioxigant action is ot known,
but presumably differs from that of the
phenolic antioxidants, which donate h d
gen to_ break chain reactrons Recently, t
antioxidant activity of aqueous egetable
extracts has been |nvest| ated |n heme-
cata zed and autoxr 1ZIng systems Ramsey
atts Cofer, 1964 Pratt and
atts 64) In most of these veg table
extracts, the flavonoid quercetin_ contributed
significantly to antioxidant_activity although
In" turnip “greens the amine fraction was
most effectrve with phenolic antioxidants of
secon ary Importance.
enolrc antioxidant butylated hy-
droxy anisole (BHA2l has appdrently not
been” tried in lipoxidase systems alt oudh
this is now the most widel sy used food antl
oxidant, While nat water-soluble, this fom
pound |5 commercially available in the form
of a stable agueous emulsion marketed under
the trade name of Sustane E (Universal O
Prodycts Chemical Company).. The emul-
sion has heen very successful in protectrn%
meats from rancidity. In view of these fact
the foIIowrng antroxrdants were teste
dium tripolyphosphate, gallic acid, rogry
allate, d‘ue Cetin, turnip “green extract, and
ustane
Peas were selected for antioxidant studies
because they are relatively high in lipoxidase
content and frozen (Pﬁas are of great economic
Importance, It Is difficult, how ver ) brrn%
an antroxrdant into contact with the ené
In intact geas For this reason antroxr nts
were added directly to the peas as they were
blended. This paper repo ts studres of the
effect of antroxrd nts% the following Vsy
emi urifieq soy eanI oxrdas% th
Inoleate; 2) Cruge pea |Poxr ase with lino-
leate ; 3) lipoxidase-catalyzed oxidation of
pea lipids during blending’of peas.

MATERIALS AND METHODS
Peas. Garden peas were purchased from the lo-
cal market when needed, without determining the
harvest time or variety.
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Composition, of Sustane E. Sustane E (Uni-
versal Oil Products Chemical Company) has the
foIIowran composrtron 10% BHA, 40% vegetahle

5% sorbitan, monostearate, 0.1% Iécithin
47 4% water. In using Sustane E as an antioxidant
the concentration is expressed as that of BHA.

Preparation of turan green extract. Hot-water
extract was prepared y the procedure emRIo ed
y Cofer (1964) and Pratt and Watts (1964).
¢ ercentage extract” denotes the grams of turnip
greens to prepare 100 ml of extract solution.

Crude enzyme preparation from peas. A ?lven
weight of Beas was, blended with 100 ml distilled
water for 2 min with a Virtis “45” homogenizer
riurpped with an_ice-water bath, The slurfy was
filtered, and the filtrate was used as crude enzyme
extract.

Effect of antioxidant on_lipoxidase activity.
For routine assay, the activity of lipoxidase was
measured by the p oaro%raghrc method  described
by Rhee and Watts é Antioxidants and
purified soybean lipoxidase (Nutritional Biochem-
Icals Corporatronb) dissolved in phosphate buffer
0.01M) of pH 6.2, or crude pea lipoxidase solu-
tion, Was incorporated as Indicated m each
experiment,

he spectrophotometric method of Surrey (1964)
slightly modified, was also used in some_ antioxidant
experiments. The concentration of linoleic acid
was 1%, and the reaction mixture consisted of
9 ml ‘substrate, 10 mi antioxidant solution, and 1
ml enzjme solufion.

For both methods the reaction was carried out
at room temperature, 26-28°C.

Determination of plienolase actrvrty in peas.
The colorimetric method used by Boscan et al.
(1962) was adapted. Phenolase activity of 1 ml
agueols pea extract (50 g/100 ml) was measured
at room_temperature’ with DOPA used as sub
strate. Distilled water was used as a blank
the 0ﬁtrcal density of the 0.05% DOPA squtron
and that of 100 ml distilled water plus 1 ml pea
extract were subtracted from sample readings.

RESULTS AND DISCUSSION

Effect of antroxrdants on i To%xrdase re-
actron In the model systems. Table 1shows
t e effects of the various antroxrdants on
ggen consumptron of soybean lipoxidase-
crude pea |goxrﬁtas linoleic acid emyl-
sron syste s Variable inhibitjons were 00-
tained” with the phenolic antioxidants and
turnr green extracts, whereas sodium tri-
os hate was Ineffective. Exceﬁt for
hos hate, all antioxidants showed

an | crease In effectiveness as the concentra-

ANTIOXIDANT EFFECTS ON LIPOXIDASE ACTIVITY

TabJe L 0%ffe]ot of nt| nts on. 8xy%en con-

lon IpoXi ase erc acid " emulsion
% inhibition
o Concentration Soyhean Pea
Antioxidant (M) lipoxXidase a Itpoxtdase
BHA 2.6 X 10* 99 69
78 X 10* 99 82
Propyl gallate 83 X 10+ g
25 X 10 93
Quercetin 8.3 x 10* 66 3
25 X 10% 86 48
Gallic acid 8.3 x 10* 13 15
25 X 10% 23 13
Sodium 5.7 x 10 6 13
tripoly-
phosphate 1.7 X 10 -3 2
Turnip g%reen 0.83(%) 31 28
extrac 2.6(%) 81 45
" 00670/ lipoxidas 04170 Irnolec acid
0|oFrJt m ﬁt {0 b og< ensron

I—‘-Q—ﬁ
C) ‘ab)

0
é T e

0.
rate |(_)| ensron eCrease OI' contro

tron increased. The antroxrdants themselves,
In the Tpresence of an even |g er concentra-
tion of pea extract (0.625% as fresh pea)
but wrthout linoleic acrd showed no measur-
ab eoxey%en Uptake.

Tablé 2 shows the jnhibitory effect of the
antioxidants on production 0f conjugated
dien fes in linoleate oxidations _catal ed bay
Pun led soybean lipoxigase. Diene ¢on {)u?
lon s meéasured at 234 mx was Inhi
t0 approxrmatelly| the same extent as oxygen
onsum tion. Hence, the simpler po aro
graphic method measuring oxygen consump-

Table 2 fect of antioxidants . (E otroH
n Ha |e es |n,,soy ean lIpoxi as -catalyze
oxr ato

Antioxidant Concentration (M) % inhibition
BHA 78 x 10* 100
Quercetin 25 x 10 87
Gallic acid 25 x 10¥ -8
Sodjum

tripolyphosphate 1.7 x 10* 8
Turnip %reen
extrac 25(%) 89

0 0
AP g s g 02
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tion, was used throughout the later inhibi-
tion studies.

Effect of lipoxidase concentration on the
effectiveness of anfjoxjdants. It was dem-
onstrated with purified soyhean lipoxidase
that a Plve,n concentration of antioxidant 1
less effective for higher concentrations of
lipoxidase (Table 3)." Therefore, the hlgher
Inhibitory effect of antioxidants on soybean
than oncrude pea lipoxidase systems, ob-
served in the precedm% exPerlment (see
Table 1), can be ascribed to the lower con-
?eegcttrlaotrl]on of soybean lipoxidase In the

Whereas Siddigi and Tappel =~ (1956)
stated that the inhibition of pea lipoxidase
IS_greater than that of soyhean lipoxidase
wit nordlhydro%ualaretlc cid, propyl gal-
late, and a-tocopherol, the¥ did not give the
activity, or concentration of these twg lipoxi-
dases “in the reaction system. Unless the
enzyme concentrations were similar, their
hypothesis that the antioxidants tested might
he more ef_fectlve_hg/d[ogen donors for pea
lipoxidase is not justified.

. Effect of antioxidants on lipid oxidation
in Eea slurries. The oxjdation of pea lipids
was, caused by a 5-min_blending of peas with
distilled water ang antioxidant.” After blend-
Ing, the extent of _|Igld oxidation. was mea-
sured by the 2-thiobarbituric acid (TBA)
test (Tarladgis et al, 1960). The results

o it s R e or o

% inhibition

Concentration 0.003% 0.012%
(M)

Antioxidant lipoxidasea lipoxidases
BHA 26X105 %9 9%
Quercetin 83X 105 T4 31
Gallic acid 83X U 10
Sodium

tripolyphos-

phate 57X 104 0 6
Turnip ggreen

extrac 0.83(%) s 5

jon decrease for control is
28ijate of Wﬁ]en tension

m : :
RAE gt bkygen tension degree for control is

?;Qegﬁﬁon Hintlres contained 0.417% (viv) lino-
goy%ean lipoxidase  (Nutritional  Biochemical
Corp:) used.

671

are glven in Taple 4. Among the antioxi-
dants tested, only turnlp,%re,en extract and
sodium_tripolyphosphate  inhibited lipid oxi-
dation in pea‘slurrigs. Since the TBA chro-
mo%en of the turnip green_samples had an
ora Pe color, Indicative of int rferm% ab-
sog) lon I, the visible region, malorialde-
m/e in distillates of those samples was
easured by the ultraviolet spectrophoto-
metric method of Kwon and Watts é 96%?.
BHA In Sustane E (1_uercet|n, an I%;al C
acid decreased in effectiveness or everl ac-
celerated the oxidation of pea Il_Rlds as the
concentration Increased. This fi dln? IS In
contrast with the observed effect of these
antioxidants in model lipoxidase systems.

To determine the effect of increasing and
much hlgaher concentratjons of turnip green
extract and sodiym trlpolyphosphate, and
to test the effectiveness of "propyl gallate,
which became available later, additional ex-
periments were performed. Since the stock
solution of sogiu #rlpolyﬁhos hate was hl?h
mIpH, the effect of pH-adjusted sodium tfi-
polyphosphate was "also determined. The

6,90, cloge to th (5 of

H’ was "adjusted to
Eontroflpea wurries (6.35 10 6.62) by adaing

. Table 4. Effect of antioxidants on lipid oxidation
in pea slurres.
Antioxidant Concentration (M) % inhibition
BHA 39 X 0% 9
16 X 106 2
31 XI10™ -2
Quercetin 15 X 10+ 7
5 X104 -8
1 X103 9
Gallic acid 125 X 104 3
? XlOJB 3
X 10- 16
i
ripolyphos-
ph%teyp 85 X 104
34 X109 2
68 X 103 21
Turnip qreen
extrac 15 (% 9
B % )b 43
0 (%)c 6L

A number of contro| is 30
A numper of congrol 15 20
A numper or control 1S IY
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droglets of concentrated HCL. The data are
presented in Table 5.
The Inhjbitory effect of very high concen-
trations of unad usted sodium tngot( -
phate was, In arge art, attributed 10 the
alkallnlty of the squ lon. The effect of the
ddusted olyphosphate was still con-
Siderale. Turni ﬁreen extract and
gallate were also shown to be good a '[IOXI-
ants at hldher concentrations for protecting
the Pea liprds from oxidation.
fect of peroxidase and polyphenol oxi-
dase on the inhibition of lipoxidase reac-
tion by antioxidants. Garden peas contain
enzymés other than lipoxidase, On blend-
mg peas with. phenolic antioxidants, enzy-
tic destryction of these antjoxidants was
assumed to be possible. Phenol oxidase, and
geromdafe plus HoO2. catalyze th% oxidation
phenolic c?mpounds T0 test the possible T
OX|dat|on no yp enol oxidase, or peroxidase
along with hydrogen peroxide, was added to
systems conS|st|n of Ilnolelc acld emulsmn
an antioxidant, and purified soybean lipox-
dase Horseradlsh peromdase 5200 units/
og phenol OX|dase obtained from
Nu r|t|ona lochemicals Co”d?ratl N were
dlssolved in 0.IM Phos phate bufrer o
ed polyphenol oxidase d not
affegt the |nh|b|tory effect of any of the antl-
0Xl antts an ft et resefnce of the oxidase
d not significantly influence  the ox
upta e otS %he ?I o>¥ dase reaction mlxtlt?
Phenolase actlvny of raw garden Deas Was
negligible. The thcrement of optical density

at 470 mix was only about 0.0004 per minute
with the reactlon mixture described under
Methods

|% level of peroxidase in raw
eas has been demonstrated
In attemptin
5. OfF peroxida
phenolic_ antioxidants added to,
It was discovered that H202. eit

Matenas an

atts, 196 b?
possible  effec

(Rhe

to assess the
e activity .on
Rea slutries,
er alone or

In the presence of peromdase rapid|

oxygen ¢

ditio

stroyed I oxidase act|V|
d/ d) nsumption (F

medsyréd by
. oimilar lev-
els of inhibition (over 9 /0 with 0.03% or
more H20n) of conjugated diene produc-
t|on were obtained.
In view of this destructive effect of H202
on Ilﬁomdase experiments mvolvmg h
of peroxigase plus HA) 2o

I%d systems become difficult to control:

ese experjments are not
tail, since their Interpretat
question. However, In several_such experi-
men%s at yarioys level
of te phenolic i
showed any marked loss of antioxjdant ac-
tivit a/ In_fhe presence of peroxidase and

202. The additjon of peroxidase

|I202 con5|stently Increased the antioxi ant
action of gallic’ acid

extra

b

of lipoxi

‘t

resented In de-
on IS open to

and turnip green

ct.
In addition to possible destruction of anti-
oxidants by peroxidase and H202, it was
thoudht nossible that some ant|OX|dants

ml?h Inhibit peroxidase action, thus
tecting pea phenolic antioxidants w

prog)?lbbeal?ateEon L J hi )ggagoncentratlor] of. sodium tripolyphosphate, turnip green extract and

10N 1n pea Slurries.

Antioxidant

Sodium tripolvphosphate 38
pH-adjusted sodium tripolyphosphate 44
Propyl gallate 49

Turnip green extract 50

TBA
number of Concgpyation
control aw

2.7 X103
27 X 10=
S4x 102

27 X 10-
21 X 0=
54 x 10

25 X10*
50 x l0*
15x 10~
(4]

. 0
150 E%t

El}dlrrot}(

6.40
7.50
8.21

6.40
6.48
6.50

6.50
6.50
6.53

6.43
6.40
6.33

% .inhi-
i

ition

21
%
90

21
46
57

R
37
61

36
49
18

X|d|2|n

ase acttvn
itors, only quercet
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PARTIAL PRESSURE OF OXYGEN

160 + : —

—_—

o] | 3

4 5 6 7

REACTION TIME (MIN )

itio |p s tjy o ;)_W 00/ H202 000
0(2}{ noée%é Eacgcbrrzr)cgn at'r-r?ngfrs H 17% %Efjv @y% Irg)é))z(rludase &Qn rr |ona nBlrso gmgrgg

might otherwrse have been oxidized b¥ per-
oxidase. The complete inhibition of tuynip
peroxidase by 2.7 X KUW propyl ?allate
Wwas reported b}r Tap Rel and Mar (1954)
but even muc ger concentrations  of
propyl gallate did not inhibit pea Peroxrdase
gueous extract, as measured by the method

Masrr and Campbell %1944 usrng 0.5%
uaraco in 50% ethyl alconol) “as sufistrate.
0d |um trr olyphospnate, In concentrations
Pt(? M (pH ‘adjusted to that of dis-
tr water by adding concentrated HCI
|d not %how anyvrnh ibition of pea #eroxr

dase. Tne ob se ed antioxidant effect of
sodrum trrpol s hate cannot be explarned

present, It is known to inhibit
hetne catalyzecl Irprd oxidation of meats very
effectively,

Other factors could contribute to. varia-
tions In the behavior of antioxidants in pure
model systems versus. raw. pea slurries.
Whereas"the substrate is uniformly distrib-
yted in soluble form in the moglel” systems
the polyunsaturated tatty acrds of peas would
be expected to remain largely bound to

%H2

formed elements in the pea tissues. Under
these conditions, there may be very limited
accessof some. antioxidants to the site of the
oxidation. This might ex Iarn the fact that

HA, which was extreme r% fective In
stopprng lipid oxidatjon_ i model systems,
was Uséless in pea slurries.

Increased protection in the raw pea sIurry
versus the model system, shown for exampl
b?]/ turan green extract and sodrum trip 0 rr¥
Bosp ate, may be an example of snerr%rs S

etween the added substances a
dants present in the pea.
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Lipid Oxidation in Frozen Vegetables

SUMMARY

The TBA test, adapted for vegetable material,
was useful in following lipid oxidation in frozen
peas. Gas-liquid chromatographic analysis for
the loss of unsaturated fatty acids was not
feasible for determining lipid oxidation in un-
blanched vegetables. This work has established
that rancidity is not a main cause of flavor
deterioration in frozen Blackeye peas fVigna
sinensis) and possibly in other frozen vege-
tables. The amount of lipid oxidation occur-
ring in frozen raw peas was too small to pro-
duce rancid odors. Lipoxidase was rapidly
inactivated by a short blanching time, and no
regeneration of the enzyme occurred durin
frozen storage of garden peas (Pisum satrvumg

INTRODUCTION

The deveIoPment of offflavor in un-
hlanched veg bles during frozen storage
has been asCribed to the Tancidification of
Irprd matter, catalyzed by lipoxidase, al-
? dh very IrttIe direct evidence Is avail-

s&ré)rﬁortt is. Wagenknecht anq Lee
519563 onstrated the resence of Irgoxr
ase In fresh and frozen peas and Increases
In peroxide number of lipids extracted from
the raw vegetable after extended periods of
frozen storage. A similar finding Was made
In underblanched frozen corn- on -the-cob

IS agenknecht, n? Lee and Wagen-
nect 1958? used odelsstems in which
teenz mes i oxr ase rpase catalase, and

geroxr ase were added to enzym?trcall
rt macerated bIanched £as Ater fozen
storage, examination Oy test panel_ showea
the production of mild off-flavor with cata-
ol 55 & T S
Wi X1das intensely disagree-
aple ofP odor, with lipase, Whrleythe re%?
of these studrgs demonstrate that Ir?oxrdase

resent and can function af freezer tem
pe atures, It Is not clear to what extent the
Products of lipoxidase activity contribute to
he dterroratron of flavor of the natural
vegetables I which various enzymes are
présent,

Further studies are needed for correlating
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in Relation to Flavor Change

objective tests for lipid oxidation with or-
danoleptrc evaluations of frozen vegetables,
he usefulness of the 2-thiobarbituric acid
(TBA) test for following lipid oxidation in
lant tissues has been described by Rnee and
atts (1966). Gas chromatorhr phic tech-
niques have simplified the qua trtatrve estr
matrons of pol unsaturate fatt acrs
t |f tech nrgue f been used s%rccessu
ollow oxidative loss of these attgr acld
stored vegetables only in a single stud ywrt
e%drated potato granules (Buttery ‘et d,

Al hou%h the enzymes causrnd flavor de-
terioration in unhlanched ver[r ables have
not been clearly identified, it IS common
practice to use tests for catal ase and Reroxr
dase as ind rces of aderwacrﬁ lanc rng
vegetab es fo b roze rPoxr ase could
be omeafa%tor in_flavor eerroratron If it
IS not completel ﬁ/ inactivated by blanching
procedures which destroy other enzymes.

This paper determines the role of Ii rd
oxrdatrorq ﬁr the f?avor eterroratron of fr

Zen ve eta les as measured by an adap tatron
of the TBA test, gas Irqurdc romatographrc
S el
scrrrbed are the effects o? bIanEhrng and freez-
rnﬂ storage on the activity of lipoxidase and
otfier enzymes in peas.

METHODS

Blanching _procedure. Blanchlng of the peas
Was accomglrshed by lowering 400 g peas in a
erforated basket info about 6L of boiling water.
he water temperature dropped to 89 or 90°C an
then gradually increased,_even to. hoiling wrth
longer” blanching time. ' The heatrn? conditions
were controlled for any one experiment but differed
somewhat between experiments. Time was deter-
mined from the moment peas rvere drogped into
boiling water, Blanched peas were Dlot-dried
withoUt crushing and immediately frozen at —L0°C,

Preparation of extracts for enzyme inactiva-
tion test. Each 30-g Fortron of peds was blended
for 2 min with 100 ml distilled water and p2 tea-
spoon of CaCOs in a Virtis “45” homogenizer,
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using an ice-water bath. The slurry was again
filtered after centrifugation, The filtrate was Used
as_crude enzyme preParat|on._ o

Peroxidase test. The semiquantitative method
of Masure and Campbell ("1944) for peroxidase
activity. was used. To each of two test tubes, 22
mi distilled water and 2 ml filtrate were added.
To one of the two, 1 ml of 0.08% H#=and 1 ml of
0.5% guaiacol 1(ln 50% ethanol) were added. The
time required for apgearance of color was mea-
sured. There should' be ng detectable color change
in 210 seconds in a negative test. This test has a
margin of safety. Extent of color is roughly pro-
portional to the” enzyme concentration.

Catalase test. A semiquantitative assay was
made by the fermentation tube method, fre?_uently
used in” the freezing industry. To 4 ml filtraté,
8 ml of 3% H202 was added. The contents were
umkIY_ mixed and immediately placed in a fer-
mentation tube. Three minuteS were allowed for
reaction. Less than 0.1 ml gas is considered nega-
tive. Amount of gas evolved i roughly propor-
tional to the enzyme concentration.

HESTILTS AND DISCUSSION

Lipid oxidation in stored frozen Black-
eye peas measured by the TBA test, Shelled
fresh Blacke%/e pTas (V|%na sinen |sg were
purchased af a local market, and Drujsed

£as Were s_ireen_ed out. As far CFS Eosmple,
eas of similar size were selected. For fro-
Zen storage, three treatments were carried
out: r? untreated raw peas: 2). 90-sec
blanchirg jn bmlmg water; 3) 10-min cook-
mg in bmlmP water. The TBA test, adapted
fof_veqetable material  (Rhee and Wats,

m extent of lipid oxidation dur-
mg stor(fge. TBA numbers of frozen raw,
blancheq,” and cooked peas are presented in
Table 1 The mc_rea_sm% TBA numbers of
frozen raw peas indicate that lipoxidase Is
still active at the low storage temperature,
—10°C. H?wever, the highest TBA num-
bers were low as compared to valyes . ob-
tained in animal tissues or to those obtained

cog gAeB?'ackTe)E/;éA pgausn}?lerfsro%nras%’ragle%mhed’ ond

TBA number
sample 0day 206 days 311 days 406 days
Raw pea 08 04 0% 0o
Blanched pea 012 017 018 014
Cooked pea 014 026 017 013

109662513 u¥eat?w%m HCL In blendlng, was (sed

LiriD OXIDATION IN FROZEN VEGETABLES

when lipoxidase was not inactjvated durmrg
blendln%. There are no 5|?n|f|cant differ-
ences I TBA numbers of frozen blanched
and frozen cooked peas. .
Fatty, acid changes. GLC analysis of
fatty acids in peas has been carried out as
esribed by Rhee and Watts 519_66). The
atty acids ” having Ionger retention times
than linolenic acid were identified with
the stabilized diethylene _%I col succinate
Sg_column (Analyticd Engmeerlng
Laborat _n_esr? at 210°C With other operaf-
mq conditions the same. Since there were
not enough standard unsaturated fatty acid
sam?les dvailable to plat accurate curves for
the ‘logarithm of retention times a%a_mst the
number of carbon atoms, the identification
of C 122 and C 14:1 acids is tentative.
Table 2 gives the fatty acids found in fresh
Blackeye Peas.. .
e
eve peas has als
aﬁd?\lletzier (f1963§. _Tth él(? nglt hov%lev [
|den_t|rf¥ any attay acids _avmgd shorter re-
tentiorf timgs than myristic acid and longer
ones than behenic acid.
~ Peas stored at —KEC were removed at
intervals to carry out GLC analysis of the
fatty acids. The  ratio of linoleic” plus lino-
Ienlg acid to palmitic plus stearic acid was
used to express the degree of oxidative loss,
In the nine analysés made on blanched

Table F&l]% acid. camposition of fresh Black-
eye peas by analysls.

Fafty acid mg/20 g peas Relative %
Laure Trace Trace
Tridecanoic . Trace Trace
Dodecadienoic 07 05
Myristic 09 0.7
Tetradecenoic a Trace Trace
Pentadecanoic Trace Trace
Palmitic. A5 266
Heptadecanoic 08 06
Stearic 4.7 36
Oleic = 45
Linoleic 416 321
Linolenic 314 288
Eicosadienoic Trace Trace
Behenic Trace Trace
Lignaceric 15 12
Cerotic race Trace
Octacosanoic 18 14

“|dentity tentative.
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and cooked peas, ranging from 0 fo 406 dax
of storage, this ratio"did not devrate beyond
the ran%e 2.0-2.2, demonstrating ng measur-
able los o r% nyunsaturated fatty acids. With
the raw frozen peas. the range was from 1.7
to 2,0, with no consistent trénd. These fluc-
fuations I the raw peas, though small, are
believed to be real r ther than"the result of
experimental or sampl rn% errors, and may
be_ ascribed to metabolic changes of

lipids even at this low temrierature of sor
é) Lee and Mafttrc g also observed
changes in the fatty aclds of frozen un-
blanc ed peas (Prsum sativum) stored at
—17.8°C, which could not be interpreted as
the oxrda Ive loss of unsatur ted fatt acrds
Similar changes were also oun rn frozen
untreated sprnach stored_ at the same tem-
Erature for prolonged times (Mattick and

In an case the TBA numbers of Iess
than 1 obtained | n the raw store geas
ble 1) corres ond to a mol ar rall
unsaturate at 0y acids to. malonalden
moretan 00 to trsunreytatthe
oxr dative oss of (o% unsaturatrid fatty acids
IS large enough to bé measurable

Organoleptic evaluation of frozen
Blackeye peas. After 206 and 311 days Of
storage the samples were presented to a panel
o trarned I{Iudﬁes for ratrn the Intensity of

ff-odor. erical val ues rangrn% from 6
(no off odora to 1 (very strono ff- odor)
were assrgne 0 Jud?ments averaP
sensorys ore was cafculated for each sampfe

des were encouraged to comment on

o ors arious commepits were made of
frozen raw pea odor, slich as “sour.” *beany
fermented,” or “spoiled or fermented.” The
frozen cooked peas were ud?ed to have a
normal cooked pea odor, lfe 3 shows the
sensory scores and statistical evaluation b
Wilcoxon matched-pairs - signed- ranks test
(Siegel, 1956). There was d sharp differen-
tiation between raw and_ blanched samples
or raw and cooked samples, although TBA
numbers on all frozen samples were well
below the approximate threshold level of 1.0
for rancid odor established for animal prod-
ucts. The judges definitely referred cooked
peas to blanched peas even though the TBA
numbers of the two samples drd not show
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o e SE1soy o b Ay of

IS of varl
With randomr%ed bock)desr d gCochran and
Cox, 1957) gave similar srgnrfrc nce of differ-
ences among the three samples.

The low magnitude of TBA numbers and
the r]udéres descrrptrons of frozen raw pea
odor In cate that rancidity was not the main
cause of off-odor In these”peas. In contrast,
the odor of peas blended in water, with, the
h%h TBA_ number of 7.8, was definitely
rancid, quite different from the odor of
frozen’ raw peas.

Comparative enzyme activities, after
blanching, Prior o the storage experiments
for the eftect of blanching and sora e on
the, enzyme actrvrt¥ g en peas (Pisum
satjvum) from a ditferént ot were bIanched
and tested for enzyme activity and lipid oxi-
dation In bIendrn? Determinations for en-
Yme actrvr%y were made Immediately after

blanching. The lipoxidase test was niade by
the method of Surre)‘ (1964). The results
are presented in Table 4

Peroxidase was obvrously the most heat-
resistant of the three enzymes fested. Heat
treatment required. for indctivation of lipoxi-
dase was intermediate befween that for cata-
lase and peroxidase. Walker ((11964a) found
[he heat sensrtrvrtres of Irﬁoxr ase and cafa-
ase of French beans (Phaseglus vu 8arrs)
to be srmrlar No catalysrs of Irprd oxidation
ocgurred In blend rnR/ I as eate
su rcrent to Inactivate rox ase.
sIrght l 0ord oxrdatron takrng place with more
than 60 sec of blanch may be ascribed  to
autoxidation of pea lipids”during blending
and distillation.

scgr%tsl%or frgtaetrrs ﬁal kar)t/alyrsrs of the odor rating
Mean sensory scorea
sample 206 days 311 days
Raw pea 14 ' 13
Blanched pea 45 b JC 45 b .

Cooked pea 55 ] 55

fBBaseri on a scaﬂe of 1-6 (very strong to no
Srlgn

ant differences.
C rcan erence
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Table 4. Heat inactivation of enzymes in garden peas and lipid oxidation in blending.

Time of hlanch .
(sec) Peroxidase"

0 +4+4+4

1 4-+++

20 o+

30 +4

60 .

90

120

+++ :c0lo |n55se + 4 C0lor in
++ ' more

Ewaawmw

Effect of blanching and freezmg storage
on the activity of enzymes in garden peas.
Table 5 shows 2CHVITIES, Of peroxmase cata-
lase, and_ lipoxidase during freezing storage.
Reacfivation of peroxidase occurred during
freezin stora%e of geas blanched 60 sec or
less. No reaCtivation has been shown In
frozen peas blanched 90 sec or more, the
time required to pass the commercial fest
Other Investig ators aIso observed peroxidase
regeneratl%n ;ast at had been blanched

f enough fo reduce the orlglnal peroxidase
act|V|ty Dietrich et al Pinsent,

should he pointed out that the
condltlons of blanching were sllghtly differ-
ent from the precedingexperimerit on Black-
eye peas, In which some flavor deterioration
occurred after a 90-sec blanch.

o ,Liapi,d
Catalase? Lipoxidase ¢ oxidation d
H-bh+ 100 100
++ 83 93
4 73 75
36 30
0 4
0 4
4
Sec + .+ color |n605 + .color in 210 sec.
an 2 ml gas; + . more ?ﬁanOIm?

NQ regeneration of catalase or I|p0X|dase
activity was found with anY of the blanching
times employed. Instead fOdease act|V|ty
of raw eas or 15-gec-blanched  peas e
creased urln% freezing storage, osslg/
because of gradual freezin denatur tion of
the enzyme protem at —

Significance of lipid OX|dat|on in frozen
vegetables for flavor deterioration. This
work, contrary to the concePt under which
It was. undertaken, has established that ran-
cidity is not a main cause of flavor deteriora-
tion In the frozen peas examined here, and
Rossml In other frozen ve%etables
b(Tahes thTB/tAﬁ nuhmberlobtlam Was mtuc
elow the threshold leve roximate
1.0 ) for rancid odor establlgrP%l for an|n¥al
prodlcts. In addition, the frozen raw pea

Table 5 Effect of blanching and freezing storage on activity of enzymes in garden peas.

ERme s 0 -
Peroxidase " 0" 50 17
30 50 25
70 50 33
100 50 kK|
Catalase 0 >5 2.9
30 >5 26
70 >5 2.1
100 >5 20
Lipoxidase 0 03 15 088
30 0.82 0.79
70 0.81 0.74
0.72 0.68

rane '[
asm

anfSll s
@%mﬁ

Time Of blanch (se2)
‘ &

) 120 600

8.3 0.91 0.31 022 <0.02
14 10 0.26 <0.02
20 13 0.35 024 <0.02
%5 13 0.29 022 <0.02
<0.1 <0.1
<01 <01
<0.1 <0.1
<01 <01
0.05 0
0.17 0
0.05 0
0.02 0

5 reuproca b X 100 for appearance of the color; 210 sec (.48

as |n ren %ﬂt ube; less than 0.1 ml gas set for a negative test.
n'? x?;resse ep Vd
PRUONS Made inmediate yaterbanc ng.
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odor is quite different from the rancid odor
which accompanies high TBA numbers of
aerobically blended raw pea slurries. Rapid
inactivation of lipoxidase by short blanching
time and absence of reactivation of the en-
zyme during frozen storage of peas make
it unlikely that this enzyme plays an impor-
tant role in off-odors of slightly under-
blanched frozen vegetables.

Other enzymatic pathways of flavor de-
terioration in frozen vegetables, involving
anaerobiosis and fermentative changes ac-
companied by increases in acetaldehyde and
ethyl alcohol, have been elucidated by several
workers (Joslyn and David, 1952: David
and Joslyn, 1953; Buck and Joslyn, 1956).
Our judges’ descriptions of the off-odors
produced in frozen peas suggest this type
of deterioration rather than rancidity. It is
finite possible, of course, that the relative
contribution of lipid oxidation versus fer-
mentative changes to flavor deterioration in
frozen vegetables may depend upon the
initial composition of the vegetable as well
as processing factors.

Based on his observations of chlorophyll
losses, Walker (1964b) postulated that lipids
of vegetables heated beyond the optimum
blanching period would show greater autoxi-
dation during freezer storage. This did not
occur in the present study with peas, even
after a 10-min cook.

REFERENCES

Kuck, P. A, and M. A. Joslyn. 1956. Formation
of alcohol, acetaldehyde, and acctoin in frozen
broccoh t|ssue J. Agr. Food Chew

Butterg C. E. Héndel, and M. M Bo&;

1%L, Automdatton of potato granules. J. Agr.

Food Chein. 9. 245.

Cochran, W. G, and G. M. Cox. 1957. “Experi-
mental De5|%ns" 2nd ed. Wil eg New York.

David, J. J., and M. A Josiyn. 1953, Acetalde-
hyde and related comgounds in frozen green
peas. Food Researchl 390

Dietrich, W. C, F. E. Lindquist, G. S. Bohart

H."J. Morris, and M-D. Nutting. 1955, Effect

679

of degree of enzyme inactivation and storage
temperature on “quality retention in frozén
peas. Food Research
Joslyn, M. A, and J. J. David. 1952 (Nov.).
Acetaldehyde and_alcohol in_raw or undef-
blanched peas. Quick Frozen Foods 15, 51
Korytnyk, B.. and E. A. Metzier. 1963 Comﬁ
S|t|on of I|§|ds of I|ma beans and certain other
ans Cl Foo ﬁ 841,
Lee, F and L R Matick. 1961 Fatty acids
‘of the I|p|ds of Wi 5getables |. Peas {Plsum
sativum).
Lee, F. A, and A C Wagenknecht 1958. En-
zyme action and off-flavor in frozen peas. 1.
e use of enzymes D 58fared from garden peas.
Food R esearc
Masure, M, P andH Campbell, 1944 Rapid
estimation of peroxidase in vegetable extracts—
an index of blanching ad quua% for frozen
vegetables Fruit Progs. J
Mattic R, and F. A Lee. 191 The fatty
acids of vegetables. II. Spinach. J. Food Sci.
Pinsent B. R, W. 1962 Peroxidase regeneration
and its effect on_quality. |n frozen” peas and
thawed peas. J. Food
Rhee, K, S, and B. M Watts 1966 Evaluation
of i Igld oxidation in plant fissues. J. Food

Sci. 31, 664.
Siegel, S. 19%. "Nonparametric Statistics for the
Behavioral Sciences.” McGraw-Hill, New

York.

Surrey, K. 194, SPectrophotometnc method_for
determination_of lipoxidase activity. Plant
Phﬁsml 39, 6.

Wagenknecht, A. C. 1959 Lipoxidase activity and
off-flavor' in underblanched frozen com-on-the-
cob. Food Research 24, 539,

Wagenknecht, A, C, and F. A Lee. 195 The
action of I|EOX|dase in frozen raw peas. Food
Research 21, 605

Walker, G. C. 1963, Color deterioration in frozen
French beans (Phaseolus vulgaris). J. Food

Sci.

Walker G. C. 1964h. Color deterioration in frozen
French beans (Phaseolus vulgansg 2. The
eﬁect of blanching. /. Food SCI. 29, 389.

Ms. rec'd 3/29/66.

Zv?t:k wgf) 8tta Inst| t?trets%\t ﬁtegmtn tUFSF %0]b||d



L. G, SCHARPF, JR.LW. W. MARION, and R. H. FORSYTHE
loiva State University of Science and Technology, Ames. lowa 50010

Post-Rigor Changes in Selected Physicochemical Properties
of Myosin B Fraction of Turkey Muscle

SUMMARY

Changes in selected physicochemical proper-
ties of the m(rosin B fraction of turkey muscle
were followed during a 44-hr post-rigor aging
period. Sedimentation patterns of myosin B
fractions prepared 48 hr after death indicated
a decrease in a high-molecular-weight compo-
nent thought to be myosin B gel. It is con-
cluded that myosin B fractions lose gel-forming
ability with resolution of rigor. Densitrgra-
dient centrifugal patterns showed small in-
creases in slowly sedimenting components of
myosin B fractions with aging. These com-
ponents were high in ATP-ase activity in the
presence of calcium ions and showed no reduc-
tion of viscosity with addition of ATP. Some
evidence favors the concept of dissociation of
myosin B into myosin A and actiu with resolu-
tion of rigor. This dissociation, however, may
also represent disruption of myosin B gel
formeld during and after extraction from
muscle.

INTRODUCTION

Toughness in meats is related directly to
the biochemical state of muscle proteins.
Fundamental research has thus been under-
taken to determine the nature of post-mortem
physicochemical changes that occur as the
meat becomes uniformly tender. The turkey
and chicken are ideal experimental animals
to be used in such study since they are easy
to handle and process, and undergo onset and
resolution of rigor quite rapidly.

The most obvious site of post-mortem
changes is the myofibrillar proteins, since
they are involved directly in the processes of
contraction and relaxation. Furthermore,
the individual myofibrillar proteins hi vivo
are associated at least to some extent as a
myosin B complex. This complex, therefore,
serves as a focal point for such study.

The extent and nature of involvement of
myosin B in the development and resolution
of rigor in skeletal muscle has not been
clearly elucidated. Rigor development has
been described as a combination of actin and
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myosin filaments resulting from the post-
mortem disappearance of ATP (Szent-
Gyorgyi, 1964; Bendali, 1964). The de-
crease in post-mortem solubilities of myo-
fibrillar proteins (Sayre and Briskey, 1963;
Khan and Van den Berg, 1964 ) supports
this hypothesis.

Resolution of rigor has been proposed as
a disorganization or a disruption of the myo-
sin B complex (Erdos, 1946; Szent-Gyorgyi,
1951). More recent work by Partmann
(1963 ) suggests that a partial dissociation of
myosin B can occur, in that ATP added to
post-rigor muscle resulted in contraction.
Deatherage (1963), however, indicated that,
during resolution, essentially no increase in
solubilization of proteins or dissociation of
myosin B into actin and myosin A occurs.
Fujimaki et al. (1965) recently showed that,
in rabbit muscle, the interaction between
myosin A and actin decreases with aging.

In light of the conflicting views, the pres-
ent investigation on turkey muscle has been
carried out with the following objectives:
1) to follow changes in selected physico-
chemical properties of the myosin B fraction
associated with resolution of rigor; 2) to in-
vestigate the fundamental nature of the ob-
served changes. It is likely that the extrac-
tion and preparation procedures induce some
changes in the proteins differing from their
native state. Although it is difficult to assess
the degree of alteration, the use of mild ex-
traction techniques perhaps minimizes the
amount of damage to protein components.

Since myofibrillar proteins have frequently
been a subject of inconsistent use of termi-
nology, the following nomenclature will be
used : Myosin A denotes myosin free of ac-
tin. Myosin B denotes the natural complex
between actin and myosin obtained by
direct extraction from muscle.

EXPERIMENTAL

Chemicals. All chemicals were anal¥t|ca| rade
where obtainable. The disodium salt of ATP was
obtained from Nutritional Biochemicals Corp,,
Cleveland, Ohio, and was stored at 0-5°C.
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Stock and age of turkeys. Muscle samples were
taken from Keithley V\/_h|{e females approximately
10-12 months of age, raised at the lowa State Uni-
versity Poultry Science Center,

_Method of exsapgujnation. Slaughter was car-
ried out as previously described “(Scharpf and
Marion, 1964). _

Storage conditions.  Turkeys were placed in
plastic bags and were held for 48 hr in a walk-in
cooler maintained at 3-5°C. Skin, depot fat, and
membranes were carefully. replaced over muscles
after sampling to minimize changes in muscle
proteins.

Preparation of muscle proteins. Muscle_samp_les
weighing 15 g were taken from the pectoralis major
muscle and Wwere trimmed free of visible fat, ten-
dons, and connective tissue. Samf)les were cut into
small, pieces Blaced in a_Servall Omni-mixer jar
containing 250 ml of distilled water, and were
homogenized at high speeds for 1 min and at low
speedS for 9 min. “Low speeds §25-30 rpm) were
adjusted so as to achieve a gen le stirring “action.
_Homo?enates were centrifuged 10 min at 7000 X G
In an International Model HR-I centrifuge with a
No. 856 head, and residues were washed with dis-
tilled water to remove traces of water-soluble_ pro-
teins. Myosin B was extracted. from these residues
with 1.03/ K.CL/0.013/ NaHCO.i, pH 7.2, by homag-
enization at low speeds in the Omni-mixer for
30 min. Following centrifugation of the homoge-
nate at 20,000 X "G_for 30 min, the supernatant,
containing myosin B, was filtered through two
layers of cheesecloth to remove lipids. All Steps in
the preparation, including centrifugation, were car-
ried out at 0-5"C. _ o

Protein estimation. Protein determinations were
carried out by the biruet method (Layne, 1957).

Erjzgmic assays. ATPase determinations were
carried out at 25°C for 5 min. _Incubation mixtures
contained 2 ml of protein solution, Smili ATP, and
|OmM of either CaCl» or MgCL, and total volumes
were 30 ml. Reactions werg stopped by the addi-
tion of 10 ml of 15% %w/v_) trichloroacetic acid
and Pi liberated was determined by the method of
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Taussky and Shorr (1953). All determinations
were made in duplicate. _ _
Ultracentrifugal analyses. Sedimentation be-
havior of myosm B fractions was observed in a
Spinco model E analytical ultracentrifuge equipped
with schlieren optics. The temperature” was regu-
lated at 20°C téy a rotor temperature indicator and
control unit. Sedimenting boundaries were photo-
graphed at 8-min.intervals at 44,770 rpm, anq sedi-
mentation coefficients were calculated according to
Schachman (1957). No corrections were made for
the Johnston-Ogston effect or for radial dilution of
the protein. An”An-D rotor with a 12-mm standard
cell was used with all protein solutions.
Density-gradient centrifugation. LInear sucroge
radients were prepared at room temperature in
03/ KC1/0.013/ NaHCOa. The device for Ere-
paring gradients consisted of two 50-ml heakers
conngcted at bottom outlets by a short piece of
Tygon tubln? containing a screw clamp. An out-
flow tube extended fron the mixing beaker, which
was stirred with a small magnetic Stirrer. Stirrin
speeds were adjusted to give_good mixing withou
isturbance of the meniscus. The less dense sucrose
solution was added to one chamber and, by adjust-
ing the. screw clamp, was allowed to flow throu%h
the tubing to the outlet of the mixing beaker. The
more dense solution v'as,added to the mixing beaker,
and the stirrer was adjusted. The tip of the out-
flow tube was placed af the top of centrifuge tubes,
and the flow was started by simultaneously adjust-
Ing the clamps on the outflow and connection tilbes.
FIuid levels in the two heakers were kept equal
during emptying to assure linearity of the gradients.
Tube$ co_n_tamlng the gradient, as well as the rotor,
were equilibrated at 5°C for several hours. Samples
containing 10% or less of total protein were layered
over the ‘gradient. Centrifugation was carried out
in 3 Spinco_ model L-2 preparative uItrac_entrlfugze
equipped with a swinging bucket rotor fitted with
cellulose nitrate centiifuge tubes. Other experi-
mental conditions_ concerning the centrifugation and
sampling of fractions are given in Table'L
Viscosity measurements. Relative viscosities

Table 1 Experimental conditions for sucrose gradient centrifugation and sampling of fractions.

Range of
sucrose Vacuum chamber
concentra- .
Spi del “gt?iemt Maxgg " TemPera- Pressure
i e el et s sy
SW 5 4.92-20.99% 23,000 10 <50
Tim,$ of
centrifuga- Volume
i 458 Ok forPcetagrr]]
Sﬂfﬁd Gnaeuegdele0 trra%ti n EEml)
23 20 5 25
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were determined at 3°C on 5-ml samples in an
Ostwald viscometer with an outflow time for water
of 70 sec. Viscosities in the absence and presence
of ATP were determined from the average of three
consecutive readings made before and immediately
after the addition of 0.1 ml of 60mM ATP. =
Ultraviolet extinction. Ultraviolet extinction
ratios were obtained at room temperature with a
Beckman DK-2A recording spectrophotometer.

RESULTS

Ultracentrifugal analyses. - Myosin B prepara-
tions showed considerable turbidity at temperatures
of 0-20°C. Much of the turbidity was removed
during acceleration in the ultracentrifuge, and a
distinCt shoulder in the fn_ctures indicated” consider-
able sedimented material in the_ bottom of the cell.
Some '[Ufbldl'[%, however, remained after attainin
the set speed, but this was essentially removed half-
wag_ through each run. An interface between the
turbid and” clear solution appeared to move down
the cell as shown clearly In Fig. 1A. From the
photographs, 1t is obvious that Considerably more
of this high-molecular-weight material was present
in the 4-ir myosin B preparations.

- Only small “qualitative differences in sedimenta-
tion patterns of individual components were ob-
served hetween fractions prepared 4 and 48 hr after
death. Essentially three peaks were seen during
sedimentation for' 80 min." In both preparations a
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small, rapidly . sedimenting component ag%regate_d
or interacted’ in some way with the already “sedi-
mented material which resulted in the formation of
an ultra-sharp boundary at the hottom of the cell.
A smaller, s_Iower-va_mq component followed with
a sedimentation coefficient (S»0) of 15S. The major
component sedimented at a rate of 7.9S. Significant
amounts of slowly sed|men_t|rég components - re-
mained at the end of runs, as indicated by shoulders
in the left portion of frames.

Density gradient centrifugation. T plcal_ re-
sults of sucrose gradwnt_centn%u ation of myosin B
preparations areshown in Fig. Z One major com-
ponent was observed in all gradient Patterns. This
component, about one-third™ the distance between
the meniscus and the hottom, made up, a variable
proportion of the total protein. In addition to the
major fraction, gradients frequently contained sig-
nificant amounts™ of 280-m"-absorbing material at
the top of tubes. A minor, rapidly sed|ment|nﬁ
fraction was present near the botton, and a sma
ellet was aIwaY_s found in the bottom of tubes.

nly small qualitative differences were observed
between the 4- and 48-hr myosin B fractions. The
major component of the 48-hr preparation was
sllghtly displaced from that of the 4-hr preparation,
and component | showed slight increases in the
amount of slowly sedimenting material. _

Analyses of the individual fractions are shown in
Table 2 ATPase activity of material near the
meniscus (1) was gune h|%h, particularly the
calcium-activated ATPase. The major component
showed comparatively low ATPase activity. In
this fraction, activation by magnesium ionS was

4 HRS ©o—o—

48 HRS -o—e

075

EXTINCTION AT 280 mu
o
.

o
N
&

iy
atlor at 23,000 rptn... Total. protein_in 4-
?saa;ﬁfe“%sggag:rat%-eguﬁa@t'()&g%@ L
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Table 2. Analyses of fractions from sucrose gradient ultracentrifugation of myosin B fractions.
Adenosine
triphosphatase L
o idens o W
Fraction “Yteg™ M "betcent” (AR
i 372 2.28 0 0.57
it 0.09 0.16 ]5» 156
In L7 110 071

aﬁl;ncubation mixtures were 5SmM in adenosine triphosphate and [OmM in either MgCb
or Cg la. o )
Inal adenosine triphosphate concentration, SmM.

greater than activation by calcium ions, Material
near the bottom of tubes (I11) exhibited moderate
enzymic activity, in which the calcium-activated
en_sze gave highest values. The fall in viscosity
with the addition of ATP was hlghest in the major
fraction, while values for I and TII fractions were
negligible. Ultraviolet extinction ratios were lowest
in“fractions 1 and 111.

DISCUSSION

Ultracentrifugal analyses. Concentrated
myosin B fractions exhibited considerable
turbidity before runs, which was partially re-
moved during the early stages of acceleration.
The high rate of sedimentation suggests that
these components are probably cellular frag-
ments and/or particulate cell particles not
completely solubilized during extraction.
Large protein aggregates or gel forms were
perhaps responsible for the turbidity remain-
ing after attainment of set speeds.

The first, small, rapidly sedimenting com-
ponent obviously interacted in some way with
material already sedimented as shown by the
formation of the ultrasharp boundary partic-
ularly evident in frame 4 of Figs. 1A and IB.
The formation of this and another smaller
component near the bottom of the cell possi-
bly represents the formation of large aggre-
gates of myosin B, perhaps corresponding to
90S to 280S sedimenting components ob-
served by Portzehl (1950). According to
Johnson and Rowe (1964), these higher
values probably refer to the typical gel com-
ponent of myosin B solutions first observed
by Snellman and Erdos (1948). The mate-
rial sedimented during acceleration may have
consisted in part of this gel component,
which, on interaction with the 15S myosin B
species, gave rise to yet another sedimenting
component.

Immediately to the right of the ultrasharp
boundary near the bottom of the cell in
frame 4 of Fig. 1B, a small but distinct com-
ponent was observed which was absent in the
corresponding frame of Fig. 1A. This peak
may represent an additional gel component
not present in the 4-hr myosin B fraction.
The slowly sedimenting material observed in
the myosin B fractions is similar to small
amounts of polydisperse material observed by
Johnson and Rowe (1964) in natural acto-
myosin systems. Those workers are of the
opinion that the material must be derived
from the formation of an equilibrium system
between actin and myosin, since the sedimen-
tation rate of its broad peak changes with
the weight fraction of myosin A.

It would be difficult to make any further
assumptions as to the nature of the sediment-
ing species without assessing relative concen-
tration dependencies of each component and
the extent of Johnston-Ogston effects com-
mon to such multicomponent systems.

Density-gradient centrifugation. Ultra-
centrifugation of myosin B fractions in a con-
tinuous sucrose gradient provided a degree
of resolution similar to that obtained with
the analytical ultracentrifuge. Although
density-gradient patterns lacked the detail of
schlieren patterns, the major features of
sedimentation were comparable. The small
fraction near the cell bottom, the major
ultraviolet-absorbing fraction, and the mate-
rial remaining near the meniscus of gradient
tubes, correspond favorably with schlieren
patterns of the same preparation.

The high-calcium-activated ATPase activ-
ity of slowly sedimenting material (I of Fig.
2) suggests the presence of myosin A. The
presence of myosin B in the major fraction
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Il is indicated by the high-magnesium- and
low-calcium-activated ATPase and the 15%
fall in viscosity with addition of ATP. The
relatively high-calcium- and magnesium-
activated ATPase in material near the bot-
tom of the tube (111) is perhaps (hie to the
presence of both myosin A and myosin B.
This material may correspond in part to the
myosin B gel observed in moving-boundary
ultracentrifugation. Some myosin B is pres-
ent, as indicated by the small drop in viscosity
of fraction 111 with the addition of ATP.

Calcium ions exert a strong activating
effect on myosin A ATPase, while magne-
sium ions (Mommaerts and Green. 1954)
inhibit the enzymic activity. Myosin B pos-
sesses ATPase activity which is highly accel-
erated by magnesium ions and to some extent
by calcium ions (Weber and Herz, 1963).
In solutions of high ionic strength, ATP dis-
sociates myosin B into myosin A and actin.
The result is an immediate fall in viscosity
back to the sum of the viscosities of the indi-
vidual components. Accompanying this dis-
sociation is the appearance of the characteris-
tic myosin A ATPase activity (Hasselbach
and Schneider, 1951). Endo (1964), how-
ever, showed that at concentrations as high
as ImM in ATP, only a partial dissociation
of myosin B occurs. Apparently some myo-
sin B remained in the undissociated form in
fractions showing high ATPase activity in
the presence of magnesium ions. Since high
ionic strengths were used, however, a part
of the high-calcium-activated ATPase (myo-
sin A) may have been a direct result of the
dissociating action of ATP in incubation
mixtures.

As in schlieren patterns, only small dif-
ferences were apparent between density-
gradient ultracentrifugal patterns of 4- and
48-hr myosin B fractions. The increase in
the highly active ATPase (l) suggests either
a change in degree of aggregation or an in-
crease in myosin-A-containing material.

Aging for 44 hr causes a decrease in
the amount of rapidly sedimenting high-
molecular-weight material and increases in
lower-molecular-weight components posses-
ing high specific ATPase activity. This evi-
dence perhaps favors the concept of dissocia-
tion of myosin B into myosin A and actin

OF TURKEY MUSCLE

with resolution of rigor. On the other hand,
the high-molecular-weight material as ob-
served in the analytical ultracentrifuge, may
be myosin B gel, and the decrease in this
component may be due to depolymerization
as well as dissociation into myosin A and
actin.
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Consideration of Selected Agricultural Products

SUMMARY
A demand currently exists for information

on the mechanical behavior of foods and agri-

cultural products during handling, processing

and quality evaluation. Many of t e older sub-

jective tests have now been replaced by various
technigues from which empirical and partially

objective measurements may be obtained; how-

ever, the majority of these measurements are
not well-defined in terms of accepted physical
constants, thereby making their interpretation

difficult. To provide consistency between vari-

ous investigations, all mechanical properties

may be evaluated in terms of common engi-

neering parameters as the first approximation.
From the point of view of mechanics, many
products such as fruits, vegetables, and cereal
grains in their natural state may be considered
as convex bodies for which classical solutions
can be applied for evaluation of compression,
shear and tension properties.

In this paper previous and current investiga-
tions in which the engineerin apBroach to me-

chanical property evaluation een used are
reviewed. In all of these investigations, the

common methods for product testing are hydro-
Instrumenta-

static and uniaxial compression.
tion and techniques are described for obtaining
and interpreting data from these tests in terms
of physical constants.

The mechanical behavior of most agricultural

products is time dependent. Therefore, charac-

terization of mechanical behavior requires the
application of viscoelasticity principles in which
hoth viscous and elastic resronses are combined.
The fundamental Frmmp es of wscoelastlmtr
are presented brief

oped for relating the observed behavior to well-
established mechanical systems.

~ To illustrate the application of the engineer-
ing approach to mechanical property evalua-
tion, a study on MclIntosh apple fruits is de-

scribed. This study demonstrates that many of

the principles of classical mechanics are appli-

cable to selected agricultural materials.

INTRODUCTION

Man%/ agricultural products are subjected
to. mechanical treatments in harvestlng
dling and processing. To establish an effl

y and analogies are devel-

as Viscoelastic Materials

cient mechanical process and at the same time
have a minimum degree of product dama?
and highest quality, the behavior of the vari
oUS products when subjected to stress and
strain must be fully understood. Knowledge
of the general stress- s&ram -time. behavior of
the products Is needed_ In addition fo Infor-
mation regarding the critical levels of stresses
and strains at wnich_damage will result.

In these respects it apﬁears that many of
the techmques used |n the en?meermg SCI-
ences to sty % the beh aV|or 0 engmeermq
materials might be applicable to agricultura
prodycts. THe critical stress and strain Jevels
may. he considered from the same standpoint
as Yield strength, ultimate strength, and simi-
lar’ parametef’s are for common engineering
materials.

Any mechanical propertles which are eval-
uated” for an agricultural product must e
Pemfled as bemg assomated with a particular

stage of the material’s living process, such
as maturlt level. This, means that proper-
ties must eevaluated for the same_ product
at varioys stages In order to_ specify com-
pletely its mechanical behavior. A" large
numper of tests will be needed to compensate
fordmter replicatory variations for a given

roduc

P Considering the above limitations, if it is
Rosslble {o show that the stress- straln be-
avior of a selected groduct IS S|m|ar |n
form to that of engme rmg materlas It WI
be possible to evaluate tiie mechanical b
havjor of that Product by using establlshed
testing and analysis procédures.

LITERATURE REVIEW

Only a few investigators have studied the me-
chanical behavior of agricultural products by using
engineering terminology and techniques. ~ Many
difrerent ifstruments are available witnin the food
industry for qualifative study of the texture of
products such as fruits and ve?etables These in-
struments, although more useful than subjective
panel evaluations, ‘do not characterize the products
or provide data usable in engineering analyses.
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Shpolyanskaya (1952) has studied the structural-
mechanical ﬁropertms of the wheat grain. She
found that the wheat grain behaved as an elastic-
plastic-viscous hody which exhibited creep, stress
relaxation, and elastic after-effects. She also Pro-
posed a rather. complicated mechanical model to
represent the time-dependent behavior of a grain
subjected. to uniaxial compression. Of particular
Interest is the fact that she utilized the  classical
Hertz solution for contact stresses to evaluate the
moduli of deformability for the grain.

Zoerh and Hall (1960) have also studied the
mechanical and rhe_oIoPlcaI properties of cereal
rains, using a variable-speed festing apparatus.

ompressive tests were conducted in"two series:
1) the whole kernel was subjected to load; 2) core
specimens, made by cutting off each end, were
tested. The load-detormation curves obtained were
converted to stress-strain curves by utilizing the
measured, cross-sectional area and ifitial length of
the specimens. Information derived from ~these
studies was used for evaluation of hysteresis losses,
modulus of resilience, and modulus of elasticity.
They also conducted stress, relaxation studies on
pea “beans, using varying loading rates. A sig-
nificant variation was® found to exist between ré-
laxation time and Ioadm(l;h rate, thereby indicating
the viscaelastic nature of the seeds. In reality, only
force-deformation studies were conducted, because
stress and strain distributions for the seeds have
not yet heen established. The relaxation data were
fitted to a two-glement Maxwell Model, giving a
close approximation of real behavior. _

.Mohsenin and associates have been studying the
viscoelastic behavior of fruits and vegetableS for
several years. Realization of the viscoelastic na-
ture of such products has been shown in several
of their early re_?otts. Mohsenin et al. (1963)
proposed a qualitative model to represent the
viscoelastic nature. of creep hehavior for fruits
subjected to uniaxial compression. At that time,
no attempt was made to evaluate the model param-
eters quantitatively. _

Finney et al. (1964) and Finney (1963) have
considered the potato as a linear viscoelastic body.
They derived a [Jhysmal basis for this considera-
tion”by study|n1q hé constitutive components of the
Potato tuber. They also studied the stress relaxa-
ion properties of the tubers when axially loaded
between parallel plates. The relaxation times were
found_to var¥ with initial rate of mechanical load-
ing. The data obtained from the relaxation tests
were fitted to mechanical models which simulated
the viscoelastic behavior of the force relaxation
rocess. While _Flnne¥ proposed the Hertz and

oussinesq techniques Tor evaluation of the visco-
elastic compression moduli, no attempt was made to
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interpret the relaxation process in terms of modu-
lus changes.

Su%gs and SEIm_ter (1965) studied the behavior
of tobacco stalks in bending. They found varia-
tions between compression” and _ tension moduli.
They also ohserved a viscoelastic effect as ex-
hibifed in the stress relaxation behavior of the
stalks. This effect was observed to be predomi-
nant at low strain rates.

Halyk and Hurlburt (1964) applied materials-
testing. procedures. to alfalfa” stems in order to
determine their ultimate tensile and ultimate shear
strength. The% did not _conduct time-dependent
studigs, but they did utilize testing procedures
which ‘had previously been accepted for common
engineering ‘materials.

Timbers et al. (1965) and Timbers (1964) have
studied some mechanical and rheological properties
of the Netted Gem potato, They studied both
creep and stress relaxation behavior. The 3|%n|f|-
cance of this work was in recognizing the need for
an analysis of viscoelastic changes of moduli and
g?rggsliances (compliance = 1/modulus = strain/

Although Timbers recognized the need for
studying ‘actual modulus changes, his stress relax-
ation sfudies on whole tubers“were analyzed from
the viewpoint of force relaxation. He also ﬂroposed
a suitable mechanical model to represent the tuber
behavior, but did not attempt to actually evaluate
viscoelastic parameters as are commonly specified
for polymeric materials.

Recent work at Penns;{_lvama State Universit
has indicated the feasibility of considering bull
corn silage as a viscoelastic material.  Investi-
9ated in the work was the variation of relaxation
Ime constants with_ the density and composition
of corn silage. The information derived from these
studies may” prove useful in_designing a maximum
compaction system.  Investigations ‘i the same
laboratory on”com %ralns, subjected to bulk com-
pression, ~have led to the evaluation of certain
viscoelastic bulk parameters for this product.
Morrow (1965) studied the viscoelastic nature
of Mclntosh” apple fruits subjected to both uniaxial
and bulk compression. Mechanical models were
chosen to represent both. creep and relaxation
behavior. The viscoelastic parameters derived
from these studies were based upon apparent
moduli in all instances. It was possible to obtain
good agreement between the model response and
experinental creep and relaxation behavior.

EXPERIMENTAL METHODS

Techniques for determining viscoelastic param-
eters. Examination of procedures used by various
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investigators of mechanical behavigr of a?rlc_ul-
tural products indicates a wide varlet}[/) of testing
and analysis techniques. For results fo be meaning-
ful and “comparative, it is imperative that some
attempt _at procedural standardization be made.
While it is realized that testing procedure is
often dictated by available facilities, a more uniform
method of data_analysis may be adopted. The
techniques described “herein are suggested as a
nossible means_for achieving. such standardization.
Certainly, considerable moditication of these meth-
00s is required when working with such complex
bodies as agricultural products, As a first approxi-
mation, however, many_ familiar solutions may be
applied verbatim to agricultural products _
_Choice and preparation of_srecimens. This
discussion will be concerned mainly with products
as_found in their natural state. No preparation
will be used other than to cut or slice a uniform
specimen, if the natural state of the material is
not disturbed. With complex products in the form
of convex bodies, it is desirable to test the intact
product. = With fruits, for example, while useful
Information ma_Y_be_o_btamed usmP samples cut
from the flesh, it is difficult to correfate mechanical
Fropertle_s derived for the flesh specimens with
he predicted properties of the intact product. This
problem of testing of the product in its natural
state has been J)omted out by Mohsenin (1965).
It is realized that an intact product such as a
fruit violates all of the fundamental assumptions of
homogeneity, isotropy, and continuity that are nor-
mally™ required in _solvmg_elementar)( ‘materials
science problems, Disregarding the violation, how-
ever, 1t is possible to consider a “black-box” ap-
proach to modulus, evaluation. Such an approach
IS often utilized in electrical network analysis,
Wwhere on!}/ |rHJut parameters and output quanfities
are _considered, with intermediate behavior disre-
garded. By using such an approach, it is more
valid to consider moduli for agricultural products
as apparent rather than actual parameters. Tim-
bers F1964) has suggested the use of such termi-
noIogY. It may be noted that the term “apparent
modulus” is often used for comparing the plastic
behavior of common engineering materials.
Testing methods. In studrmg_wscoelastlc be-
havior, it is possible to apply either a constant
load or a constant deformation to the material.
If a constant load is applied, creep behavior is
studied; with a constant deformation, stress relaxa-
tion results. When deriving viscoelastic param-
eters, it is often desirable to study both forms of
fundamental behavior.
~ There are three fundamental methods of strain-
ing specimens for testing purposes: 1) bulk com-

P_ressmn; 2) uniaxial compression; and 3) applica-
jon of sheéaring forces, ‘Of these methods, only
the first two are easily adapted to agricultural
products in their natural form. Very uniform
specimens with special shapes are required for
conducting shear studies, Several other techniques
are guailable for general materials science testing.
Tension testing. seems to be difficult to utilize,
because of Specimen shape and size requirements,
and gripping problems,

Of the many dynamic techniques which are
available, wave propagation appears to be an excel-
lent approach to thie evaluation of viscoelastic
Barameters. Transducer techniques also appear to
e very applicable. Very few studies have been
conducted on agriculturdl products utilizing dy-

G — TO AIR SUPPLY AND
\ PRESSURE GAGE

AIR BLEED

) CHAMBER
Fig. 1. Low-pressure bulk compression apparatus
used for obtaining data reported in this paper.
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namic measurement. methods, but such an approach
appears highly desirable for future investigations.
_ Bulk compression. When static bulk compression
Is utilized, either creep or relaxation studies mar
be Performed. Two Instruments have been built
in the Pennsylvania State University _Rheology
Laboratory for studying bulk behavior.” The device
shown in"Fig. 1 is used for applying low hydro-
static pressures to fruits and vegetables. Its design
IS such that it may be utilized only for bulk cregp
studies. A similar apparatus has been used by
Flrtmtey (1963) for bulk compression studies of
potatoes. _ _
An, alpparatus designed_for studylndq the com-
e\rles_smll of cereal “grains is fully described b?]/
hite (1966). This device is suitable for bot
cree{) and stress_ relaxation. By using this instry-
ment, It Is Possmle to simultaneously” record bulk
stress and_strain for a product. o
Constrained compression characteristics of un-
consolidated - materials such as forage, silage, or
grouped grains_may be studied by usm% a device
Such as “described” by Mohsenin  (19%3). The
studies performed with this device could be con-
ducted on any commercially available testing ma-
chine, but at a much higher cost. _
Data obtainedfrom Dulkcompression  studies
may be analyzed by considering either moduli or
compliances at various time increments. In terms
of bulk modulus :

K(t) = - [
The bulk compliance or compressibility is equiva-
éer]lt t% the inverse of the bulk modulus”and may be
efined as

B(1) = -t ° i

Uniaxial compression. Many_different devices
have been used for applylnq uniaxial compressive
oads to agricultural products, Creep studies may
be conveniently conducted with a device similar
to that in FI%. 2. A dead load is applied to the
specimen, and time-dependent deformations are
recorded. Relaxation studies may be performed
with any universal testing maching. The Instron
testing ~ machine and environmentalcontrol  unit
are found to be very suitable. The P.S.U. testing
maching, as previously described _b}{ Mohhenin
(1963), is also suitable for uniaxial relaxation
studies and creep at higher pressures.

Regardless of the type of loading instrument
used, a choice must be made as to the most desirable
form of loading head to contact the fruit. Both
flat plates and cylindrical plungers have been used
in the past, but very few attempts have been made
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at analyzmﬁ_ the stress distribution within the
product. This information is very important if
meaningful parameters are to be derived. The
approximate solutions presented in the followin
sections have also been proposed by Finney (1963
and Timbers (1964), but few attémpts have been
made at their proper application.

Plunger loading. Stress-strain relations for con-
vex hodies loaded b)( cylindrical plungers . require
the use of classical thedry of eIasUutY_ principles,
Finney (1963) su %ested using a solution derived
by Boussinesq (1885) for analysis of potato tubers
sibjected to plunger loadings.” The oanaI solu-
tior, as proposed” by Bous_smes% developed rela-
tions for semi-infinite bodies (_aIf-sFaces) sub-
jected to concentrated compressive loads, This
solution has_heen expanded by Timoshenko and
Goodier (1951) to include thrée-dimensional con-
siderations of a half-space loaded by a cylindrical
lunger. Using the elastic solution proposed by
ouss_mesq1 and modified by Timoshenko and
Goodier (1951), it Is necessary to assume homo-
geneity and isotropy. It is "also, necessary to
assume that a half-space exists. It is realized that
because of the small radius of curvature of certain
products, the latter assumption may not be com-
pletely valid. - Examination oi _the constitutive
equations of the Boussinesq solution, .as discussed
in the following, will provide an |n3|?ht into the
validity of assuming such products fo be semi-
infinité bodies.

1 LEVER ARM
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Establishing a cylindrical coordinate system in
which the z direction is parallel to, the longitudinal
axis of the cylindrical plunger, it is possible to
evaluate normal stresses in the z direction at
various points below the surface of the_half-space.
These normal stresses are shown by Timoshenko
and Goodier to be of the form

coo e [ 14 (Vo+ u)3=] 3]

where the origin of the s direction is at the
surface of the half-space. Considering a cylindrical
plunger of radius 0.125 inch and a depth of two
inchés below the surface of the product, the above
expression shows that stress — at this level is
approximately zero. The reverse pressure effect
caused by the product’s support may be neglected
If the product is supported over a very large con-
tact area. Under these conditions, it iS permissible
to consider the product as a half-space from the
viewpoint of <s normal stresses. Using the same
type of procedure, it is possible to show that the
assumption of a half space is also valid for « and
40 stresses. Note that the product diameter was
equal to at least ten times the plunger diameter
in this illustration. _

For an absolutely rigid plunger in the form
of a circular cylinder pressed against the plane
boundary of a Semi-infinite elastic solid, the dis-
placement is constant over the circular base of the
cylinder. The distribution of pressures, p, at the

ARV VANANA
Or

3. Theoretical stress distributiﬂn. unqer a

Hggégwlrjgr%erﬁr%lery ﬁgg’ﬂﬁ a semi-Infinite elastic
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surface of the semi-infinite body is not uniform,
and its intensity is given by the” equation:

— - F—

" v — 12 &
The closed form of this pressure_distribution is
shown in_Fig. 3 as obtained from Finney (1963).
Plastic yiel mq will; occur along this ‘r = a
boundary, but This yielding will not greatly affect
the presSsure distribution.” At points beyond the
outerboundary of the Pflunger, the pressure dis-
ggt;uhog will “not be atfectéd by the singularity
The relationship between the deformation, o of
the material beneath the plunger_and the applied
force. F, has been shown by Timoshenko and

Goodier to be of the form

F(I =)

where E and n are respectively Young's modulus
and Poisson’s ratio_for the material. _

Under the conditions stated above, the Boussi-
nes%solutlon appears fo be a good approximation
to the stress distribution in aPncuIturaI products
loaded by small cylindrical plungers. As shown
by Finngy (1963)," it does not aPpea_r valid for
Cases in which the plunqer diameter is of nearly
the same magnitude as the loaded hody. Recent
studies by Timbers et al. (19652_ neglected the re-
striction of the Boussinesq solution.

Flat-plate loading. Evaluation of stress-strain
relations for convex bodies subjected to uniaxial
compression by means of flat plates also requires
the use of classical theorg-of-elastlcny techniques,
Assuming deflections to be small when compared
with, the" dimensions of the convex body, it is
ossible to use a technique proposed b){ Heinrich

ertz (1896) for evaluating contact stresses be-
tween two convex bodies. This solution may be
generalized to_flat-plate compression by taking
orthogonal radii of curvature of a_ flat glate a
being” Infinite.  Such a generalization has Dbeen
shown by Timoshenko and Goodier (1951) and
Kazma and Cunningham (1962).

The form of the solution proposed by Kazma
and Cupningham requires that eight fundamental
assumptions " be satisfied. In addition to normal
requirements of homogeneity and isotropy, these
spemfx that the contacting bodies are infinitely large
and that the radii of curvature of the contracting
solids are large when compared with the dimen-
sions of the Contacting area. These assumptions
aﬁpear approximately justified for normal sizes and
shapes of convex agricultural products. Morrow
i19d6e5t21ilhas discussed the fundamental assumptions
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Kozma and Cunningham ?ive the following
relation for the, deformation of two convex bodies
subjected to uniaxial compression :

I n 1/3
(gt )] g
where: 0 = 4(1—R)IE

1 denotes primary convex hody
2 (enotes Secondary convex body

Considering a product compressed between two
flat steel plates and assuming a spherical shape for
the product

w=m:%m:m@4)
Eq. 6 may be simplified into the following form :
- 16(1-292 F2
T UM ¥ 7

which permits computation of Young’s modulus
for the products usmttl experimental” parameters
and a known or calculated value of Poisson’s ratio.
Evaluation of Poisson’s ratio, Both the Bossi-
nesg and Hertz solutions require knowledge. of
Poisson’s ratio for the material being stdied.
Direct measurement of this ratio is very difficult
for convex bodies such as most agricultural prod-
ucts. However, it is possible to calculate the ratio
based upon consideration of elastic parameters,
The relation between elastic bulk modulus and
Young’s modulus is of the form
E
KO = reeeciee 8
3(1-21») 9
Eq. 8 can be solved simultaneously with either
the Hertz or the Boussinesg solution, using the
linear portion of a_tygmal load-deformation; dia-
gram, and the elastic’ bulk modulus_ to gbtain an
approximate  valug for Poisson’s ratio. Assuming
that the Poisson’s ratio s not of a viscoelastic
form such as that shown by Theocaris (1964), it
may be used as a “constant” in evaluating all com-
pliances and moduli. _
Model representation. After the moduli and
compliances “have been evaluated at incremental
times, it is necessary to consider their composite
behavior for characterization of the material. By
utilizing classical elasticity and Newtonian theory,
It is, possible to formulate_an approximate theory
of viscoelastic behavior, One method of develop-
Ing such theary is by the use of model representa-
tion of elastic’ and iscous elements combined_ in

such a way as to resemble the viscoelastic behavior. igics
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An elastic element will exhibit a strain which is
directly proportional to the applied stress. Such
a behdvior may be reﬁresente_ by a spring. If a
load is applied” to_such. a spring, “a deflection will
result. This condition is analogous to the, relation
between aPpI_led stress and resulting strain in an
elastic material. _ _ _

For a Newtonian material, stress is proportional
to the rate of strain and Is independent of the
strain itself. Such a relationship Is analogous to
the, behavior of a dashpot consisting of & loose-
fitting F|ston moving through a Viscous fluid.
Physical understanding of viscoelastic behavior is
made much easier by using mechanical models
consisting of elastic springs and viscous dashpots.
Mechanical models have Teen proposed b)é many
researchers, mclu_qu FerrIy 1961), Sharma
(1964%, and Mohsenin et al. (1963). _

In the past, many objections have been raised to
the use of mechanical ‘models to represent visco-
elastic behavior of engineering materials. It should
be noted that agricultdral products with high water
content are very similar to the actual mechanical
models. The cells behave in what is believed to he
a nearly elastic manner while the cellular fluids
are actual liquids representing the viscous element
in the model. Therefore, it seems to be logical to
represent the mechanical behavior of selected agri-
cultural products by using mechanical models.

Time.t Time.t

STEP FUNCTION STRESS HISTORY STEP FUNCTION STRAIN HISTORY

Strain, € (1) Stress, Sy

8,6,

Time,t
[} ) ° )
STRAIN VS. TIME RELATIONSHIP STRESS VS. TIME RELATIONSHIP

CORRESPONDING TO STEP FUNCTION ~ CORRESPONDING TO STEP FUNCTION
STRESS HISTORY STRAIN HISTORY

Fig. 4 Kelvin and Maxwell model character-




692

Simple viscgelastic models, By. combining an
elastic and a viscous element in series, a Maxwell
moclel is obtained as. described by Ferry (1961)
and others. By combining an elasfic and a viscous
element in parallel, a Kelvin or Voigt model is
obtained, as described by those researChers, Both
the Maxwell and the Kelvin models are raéJhlcaIIy
depicted in Fig. 4 as given by _Sharma_g(l 65)..

_ The behavior of most real viscoelastic materials
is too complex to be adequately  represented br
either a simple Maxwell or_a simiple Kelvin model.
For_ complete characterization of many materials,
an infinite combination of elastic and Viscous ele-
ments is_ required, As a first approximation, how-
ever, finite combinations are suggested for use.

De?enerate_ Kelvin model. A degenerate Kelvin
model as defined by Sharma (1964?15 very useful
for representing Some types  of Viscoelastic be-
havior.. This model as shown_in Fig, 5 consists of
a_Kelvin element_in series with a Viscous and an
elastic element. The same model is defined as a
Burger’s model by Mohsenin et al. (1963) and
Reiner (1960).

If this model is assumed to represent shear he-
havior, elastic and viscous components may be
assigned to each of the four elements as shown in
Fig.” 5 Examination of the model will show that

. § =PI
l——__+
Sx i
DEGENERATE THREE ELEMENT KELVIN MODEL REPRESENTATION
Stress, Sx
So
OA
0 00

Strain, ex

So /Ge

Time, t

0 (-]
STRESS AND STRAIN AS FUNCTIONS OF TIME FOR THE DEGENERATE
THREE ELEMENT KELVIN MODEL

Fig. 5 Degenerate Kelvin model characteristics.
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the total strain (ex) will be the sum of the strains
In each of three sections, A, B, and C. By New-
ton's third law, it is easily shown that the Stress in
each of these sections must be equal. Therefore
the following relations are known to exist:

X=gi+ et e

Sa_SX_GDGA

* A
C — AX "—7’\ft—|—Gg-b
SC_SX_HQ

These differential relations can now he solved
for any stress and strain_ history to which the ma-
terial is subjected.. Considering a creep experiment
in which the specimen is subjected to a constant-
stress history, the total solution will be of the form

e = ---1--Ao+ 1 (1-e-,J0) So + S [101

Go G

Defining a compliance as the ratio of strain to
stress, Eq. 10 can be written in the form

H(t) =HO0+ H(1 - en + t/v. [11]

which defines the response of a degenerate Kelvin
model to an application of constant stress. Be-
havior of this sort is shown in Fig. 5.

The above expressions are _glven for shear pa-
rameters, but are equally valid for tension, com-
pression, or bulk functions, except that 5]\/W|II be
Infinitely large for a_specimen subjected to bulk
compression.” While Eq. 9 could have heen solved
for a constant-strain history, it is, much easier to
study relaxation behavior by considering a degen-
eraté Maxwell moel.

Degenerate Maxwell model. A degenerate Max-
well "model s useful for studying viscoelastic
behavior of materials subjected fo"a Constant-strain
history (stress relaxation), This model, as shown
in_Fig. 6, consists of an élastic element in parallel
with ‘a simple Maxwell model. The response of
this model can be shown to be functionally equiva-
lent to placing a limiting stop in the viscous dashpot
of a simple Maxwell model.

As in the degenerate Kelvin model, the degener-
ate Maxwell model will be developed for “shear
relations having elastic and viscous constants as-
signed as shown in Fig. 6. The elastic constants
G and Ge do not have the same magnitude as in
the Kelvin model, as will become apparent after
examination of the constitutive equation.

F|g|. 6 indicates that the total strain rate of the
model is equal to the sum of the strain rates of
the elastic and viscous element in the simple Max-
well model, as shown by
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S X

B = —x-t -z
G ]
If the_model is subjected to a constant-strain

history, Eq. 12 can be solved to yield the following
relation

G(f) = Ge-ll + G. [13]

This  relation PIVGS instantaneous values of the
relaxation modulus for a material subjected to a
constant strain history. Most real materials require
the use of several Maxwell elements to completely
describe the viscoelastic behavior. It must be en-
phasized that only an aBproxlmatmn to Visco-
elastic behavior i made by using the precedln(i
three-element model. The response of such a mode
to a constant-strain history is shown in Fig. 6.

RESULTS AND DISCUSSION

The pr,eceding techniques for evaluation
of moduli_and omgllances_ and viscoelastic
model fl'[_'[lng lhav_e een utilized In a stud
(

[12]

of ‘he viscoelastic properties, of_Mclntos
ap(ljoe fruits (Morrow, 1965?_. This study
did not contain sufficient replications to es-
tablish statistically valid viscoelastic garam-
eters ; however, several interesting observa-

% ﬂz
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(sx)

e K

Ge &
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o]
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STRESS AND STRAIN AS FUNCTIONS OF TIME FOR
THE DEGENERATE MAXWELL MODEL

Fig. 6. Degenerate Maxwell model characteristics.
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tions were made concermn% the viscoelastic
nature of the material and the validity of the
techniques being used. _

Poisson’s ratjo for the apple fruits was
calculated by using the ayera§ bulk modulus
and the avera?e oun%s modulus, as found
In plate and plunger creep tests using Hertz
and Boussinesq solutions as previously given,
For the plate loadings, x = 0.22; and for
the plunger Io,adlndgs, k= 037 The latter
value was believed to be the more reliable
and was used in the analysis, of all moduli
and compliances. Investigations are now
being conducted to re-evaluate the, Poisson’s
ratio. Actually, Poisson’s ratio is entered
as a second-power term and has no great
effect on the magnitude of moduli and com-
pliances determined by the Hertz or Bous-
sinesq solutions.  Sincé its value varies_ from
0.0 to 0.5, the extent of modulus variation
will be from 100%, when j, = 0.0, to 75%,
when & = 05,

_All compliances for hydrostatic compres-
sion tests were fitted to de%enerate Kelvin
models having the behavior shown by Eq. 11,
The mean behavior of these models was
found to be

B(t) =0.00196+0.0003L (L - <¥38) [14]

This behavior is depicted in Fig. 7. The de-
viation between the experimental creep be-
havior and that predicted by a_particular
model is shown for one specimen in Table 1
The deviation could have been reduced, by
mcorporatm% additional Kelvin elements intd
the model, thereby obtaining a better fitting
curve 1o the expefimental data.

Specimens were subjeﬁted to, uniaxial
compression using hoth” plate and plunger
Ioadmg{s. The compliances were obtairied
using the inverse of Egs. 7 and 5 for plate
and pIu_n?er loading, respectively. All results
were fitted to dégenerate Kelvin models
having the behavior shown by Eq. 11 The
mean” behavior of specimens subjected to
plate loading was

W2 s
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Fig. 7. Mean creep compliance versus time relations for Mclntosh apples.

Table 1 Typical moduli and compliances versus time for Mclntosh apple fruits.

Axial criep compliance

Bulk creep compliance (— X 10v) Axial relaxation modulus
A X 3) - , n
psi— Plate loading Plunger loading Plate loading
E T E T E T E T E
1.87 1.87 1.26 1.26 2.53 2.53 476 392 329
2.05 1.89 1.82 1.37 3.55 2.80 400 389 268
212 191 1.90 1.47 3.65 3.02 388 386 253
2.14 1.92 1.96 1.56 372 3.01 380 382 247
2.15 1.94 200 1.65 3.7 3.38 373 379 242
1.06 1.72 3.52 376
220 2.03 2.14 1.99 4.09 3.96 350 362 228
2.26 2.09 221 2.15 4.25 4.20 337 350 222
2.27 2.13 2.28 2.25 4.38 434 328 338 219
2.01 2.17 231 4.45 313 319 212
2.27 2.0 2.39 2.36 4.55 4.54 300 302 208
2.23 2.40 4.63 291 289 204
2.29 2.25 2.46 2.43 4.76 472 284 278 202
2.2 2.46 4.80 278 269 198
2.31 2.28 2.49 2.48 487 4.88 270 262 195
2.30 2.50 4.97 264 256 193
2.32 2.31 2.53 2.53 5.05 5.05 258 251 190
Perimen I vgl s, .
Ues predicted by mechanical models.

Plunger loading

T

252
251

249

248
246

245

238
232
71
218
200
205

200
196
193
191
189
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The mean behawor of specimens subjected
to p}Jnfger loading was
= 0,00254. + 0.00167
(e 022 e i
Comparison of Eqs. 15 and 16 indicates
that the difference between the res onse Was
he Fsult of vanatlon between ethods of
calcu atlng compliances. The retardatlon
times of 6.61 min for plunger loadings and
0.5/ min for plate Ioadln(T; Wwere_approxi-
mately equal. The form of the viscoelastic
decay s therefore the same for poth types
of loading, as ?an be seen from Fq In
general e solutions for pIunger oadings
re beljeved to be more nearly correct than
those for p e loadings usm? the Hertz
method, of ‘analysis. Addltlona experimen-
tation is_needed In order to determine the
nature of the stress dlstnbun?n within the
convex poay of the fruit. Until the distribu-
tion 15 fully understood, it is not possible to
combine ffie Hertz solution and the Bous-
sinesq solution for the fruits into one repre-
sentative creep behavior,
Moduli for" specimens subgected to axial
relaxation studies using both plate and

600 —
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R/Iunger Ioadln?s were fitted to degenerate
axell modefs havmg the behavior shown
by Eq. 13 The repreSentative behavior of

spemmens subjected to plunger loading Is

E(t) = KMirss6s + 134 [17]

The mean behavior of specimens subjected
to pIate loadings Is
[18]

E(t) = 213e-i/525 + 200

Comparison of Eqs. 17 and 18 indicates
that the differences between the responses
were the result of_variation between the
calculated modull The relaxation times of

0 m|n for plunger oadlnqs and 525 min
for late loag ns Indicate that the visco-

astlc %eca fun |on Wwas of the same form
or o éJes o oadln as can e seen
from F As for th creep tests, the
stress dlstnbutlon needs to be more fully
understood before the comparative merits of
t e ertz and Boussinesq solutions may be
fu By evaluated.

oth the Kelvin and Maxwell models
used to represent the viscoelasti¢. hehavior in
this study were simplified sufficiently that
only smaoth curves resulted. The refations

500
- .
‘»
[- %
9 400 F@\
=] A
J \,
8 A\
2 A
z \
z 300& A\A\ )
?_ A\-A PLATE LOADING
< ~
4 200 A
w A\A\
® A /A PLUNGER LOADING
2
ul
Z 00

B A——A—A MEAN EXPERIMENTAL VALUES
e——e——e VALUES AS PREDICTED BY MEAN
MECHANICAL MODELS
0 1 1 1 1 1 1 L .|
o] 10 20 30 40 50 60 70 80

ELAPSED TIME

(minutes)

Fig. 8. Mean relaxation modulus versus time relations for Mclntosh apples.
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plotted in Figs. 7 and 8 represent only a

mean behavior and are not indicative of an

particular specimen. For any individugl

s ecrmen the three elements In the models
only 4 trend curve and not necessarily
est itting one.

Interconversron of viscoelastic func-
tions. Table 2 summarizes the methods for
evaluatrng each of the viscoelastic param-
eters, I real viscoelastic materjals 1t Is
Possrble to transfer from one viscoglastic
unction fo another by using LaPlace Trans-
forms, Heaviside Unit Functrons gerator
notation, or similar tech nr%ues It behavior
has been represented by co trnuous models.
Such conversrons were”not made In the in-
vestigation, for several reasons.

The quantity of Fata which was obtained
for bulk”creep, axial creep, and axial relaxa-
tion was rnsuffrcrent to establish a_complete

spectrum of relaxation or retardation trmes
f r each of the tests Many more replica-
tions would be needed at varyrngw)res ures,
loads, and eformatron levels. Within the
regions studred there was no apparent varl-
ation of vrscoelastrc \})Frameters Frfferent
stress and strain leve uttere rcatrons
were rnsuffrcrent to verr 3erva 1o
comPeteg It must be remem ered that all

l0ads must be small enough not to
exc ed the hio-yield point as defrned by
Mohsenin et al. 19633

Another obstacle t0 inter-conversion of
creep and relaxation parameters results from
the manner in which the relaxation param-
eters were obtained. The use of a testing

AGRICULTURAL PRODUCTS AS VISCOELASTIC MATERIALS

machine re%rurred a finite time_for initial
strajning of the specimens. During this
loading “period, it is probable_ that the”speci-
mens were_actually undergorn viscoelastic
changes. The elastic reldxation modulus
EQ, i such a situation will not correspond
to the inverse of the elastic creeg com I itnce
which was obtained by Instantaneous applica-
tion of load.

From the results obtained in studying the

McIntosh apple fruits, the following” conclu-
sions appear to be justified :

13 Mcintosh apple fruits can be consid-
ered as viscoelastic bodies with an approxi-
mately linear viscoelastic behavior.

2) “The vrscoelastrc behavior of the frurts
can be adequate X ap’&oxrmate by three-
element e?nen(? te Maxwell and” Kelvin
mechanical

g Relaxation and retardation times are
e%r for fruits subjected fo either plate or

nger uniaxial compression.

{ It is rritrstn‘rable 0 consrder an aﬁ)
fruit as a se rrnfrnrte or?/w enitis lo
punBneerans of a 0.025-Inch-diameter rrgrd

5) Hertz and Boussinesq solutions do
not_'yield comgletely compatible results for
fruits subjected to Uniaxial compression,

ri% Relaxatr?n studies in apple frurts must
utilize a very fast rate of load application In
order to obfain a true representation of the
relaxation benavior.

7) Hydrostatic compression is a verY con-
venient “and useful method of analyzing

Table 2. Summary of methods for analysis of viscoelastic parameters of MclIntosh apples.

Hydrostatic
compression
Creep Creep
Viscoelastic
parameter B (4 )
Model Delgenerate Delgeherate
representation elvin elvin
Method for
experimental -AM ol
Method for .
teoretical  Bo+n-uAgfii O (ﬁ/f/rf\)/ '
values

Uniaxial compression

Plunger loading Plate loading
Relaxation Creep Relaxation
E {1 J(0 E (1)
Degenergte De}generate Degenerate
axwell elvin axwell
345F JOOT|TUY i0.824F2
I D~ds
£o-mg, JoKl-e-UA



MORROW AND MOHSENIN

viscoelastic behavior of certain agricultural
products.

LIST OF SYMBOLS

_ instantaneous bulk modulus in psi

- Bressure inpsi;

_ pulk strain in |n,/|n.3 o

— instantangous_bulk .compliance in psi'l

—compressive, force in [bs

— plunger radius in inches

— d|stanceh.frorq the , center .of the area
v resW ich th

K(t)
VIVo
(t

P
80
E
a
r

e plunger is acting in

— axial deformation in inches

— Poisson’s ratio ..

—unjaxial modulus in psi
uniaxial compliance in psi"L

verPcaI .cooerate below specimen
surface in-inches

—normal stress in psi

- {adlal normal strfss inpsi .
—transverse normal stress In |DS|_

—constant, determined from elliptic inte-
conpant determined from elliptic int

— Mmajor radius of curvature in inches

— minor radjus of curvature in inches
—mean product diameter in_inches
—elastic bulk modulus in psi
~elastic uniaxial modulus i psi

— (eviatoric stress In psi.

—(eviatoric strain ininfin.
= instantanequs  shear compliance in psi'l
- 149? = Initial shear compliance i

e o

Vo ~20]

I oo §:

R —
—
~

=

1/G = decay shear.compliance in psi'l
= 11/G = retardation time in shear in min
— time after load application in min

Kelvin viscosity coefficient .in psi-min

HFrwtonlan viscosity coefficient in psi-

2.718 = Naperian logarithm base
decay shear modulus™in psi
. elastic shear modulus in psi .

Instantaneous shear modulus in psi
egmhbnum shear modulus in psi
4/G = relaxation time in shear in min
instantaneous uniaxial modulus in psi
Hg?tantaneous uniaxial compliance "in

< < —~o -

RO

= O
morane

—_—

—
—

[ -
—_

REFERENCES

Roussinesq, J. 1885 Applications des potentiels
a |étude de I%8quilibre et du mouvement des
solides élastiques. Paris, France.

Ferry, J. D. 1961 Viscoelastic Properties of Poly-
mers. John Wiley and Sons, New York.
Finney, E. E. 1963, The_Viscoelastic Behavior of

the Potato. Solanum Tuberosum Under Quasi-

697

Static  Loading. Unpublished Ph.D. thesis,
Department ~of Agricultural - Engineering,
Michigan State University.

Finn_%, E.E, C. W. Hall, and G. E. Mase. 1964

eory of lingar viscoelasticity a Ehed to the
potato. J. Agri. Eng. Researc QE ), 7.

Halyk, R. M., and L. W. Hurlburt. 19%4. Tensile
and shear strength characteristics of alfalfa
stems.  ASAE . a{)er No. 64-816. American
Society of Agricultural Engineers, St. Joseph,
Michigan. _

Hertz, Heinrich. 18%. Miscellaneous papers, Mac-
millan Co., New York.

Kozing, A., and H. Cunningham. 1962 Tables for
calculating. the. compressive surface stresses
and deflections in the contact of two solid elas-
tic bodies whose ernc&pal planes of curvature
do not coincide. J. Ind. Math. 12(1), 3L

Mohsenin, N. N. 1963. A testing machine for de-
termination of mechanical ~and  rheological
gropertles of agricultural products._ Penna.
tate Agr. E.vpt” Sta. Bull. Number 70L

Mohsenin, N. N. 1965. Physical properties of
agsncultural products. Transactions of the
ASAE 8(1), 5

Mohsenin, N. N., H. E. Cooper, and L. D. Tukey.
1963, An engineering approach to evaluating
textural _factors in~ fruits and vegetables.
Transactions of the ASAE 6(2), 8.

Morrow, C. T. 1965 Viscoelasticity in a Selected
Agricultural Product. Unpublished M,S. The-
siS. Department, of Agricultural_ Engineering,

~The Pennsylvania State University.

Reiner, M. 1960. Deformation, Strain, and Flow.
Lewis and Company, London.

Sharma, M. G. 1965. Testing of Polymers. J. V.
Schmitz, ed. Interscience” Publishers, London.

Shopolyanskaya, A. L. 1952, Structural and me-
chanical pro§)ertles of the wheat grain. Col-

loid J. (US R?. 14%), 137. Engfish transla-

tion by Consultants Bureau, New York.

Suggs, C. W., and W. E. Splinter, 1965. Mechani-
cal ﬁropertles of tobacco stalks. Transactions
of the ASAE 8(3), 3L

Theocaris, P. S, 1964. Creep and relaxation con-
traction ratio of linear Viscoelastic materials.
[. Mcch. and Fhys. Solids 12, 125.

Timbers, G. E. 1964. Some Mechanical and Rheo-
logical Properties of the Netted Gem, Potato,
MS,A. thesis. - Department of Agricultural
Engineering, University of British "Columbia.

Timbers, G E, L, M. Staley, and E. L. Watson.
195, Determining modulus of  elasticity in
agricultural products by loaded plungers. ‘Agr.

ng. 46(5), 274,



698 AGRICULTURAL PRODUCTS AS VISCOELASTIC MATERIALS

Timoshenko, S., and J. N. Goodler 1951 Theory  Ms. rec’d 12/27/65.

of Elasticity. McGraw-Hill
White, R. K. "1966. Swelling
Kernel “as Influenced b
M.S. thesis. Department of Agricultura

Zoergmeenrlg The

New York.

C. W, Hall
|. Agr. Eng. Research 5

Stress in the Comn
Moisture Sor'onon.
En-
ennsylvanla State University.
. Some me-
chanical and rheologlcal frogﬁrtws of grains.

HE Fved Y Journﬁl Paper N 3099 of the

mve s}éagmlgark grAut ghazed Pem%ﬂcatlon E B
FOEH' aar s S ”edm%y NP.E'O iR ergﬁ
Ejeennps epartment e Pe syvanla t



F. SHAMA and P. SHERMAN

Unilever Research Laboratory, Welwyn, Hertfordshire, England

The Texture of Ice Cream

2. Rheological Properties of Frozen Ice Cream

SUMMARY

The creep behavior of frozen ice cream can
be re‘presented satisfactorily by a six-element
model. The ‘parameters involved are the in-
stantaneous elasticity (EQ), two elastic moduli
(Ei and EI), and two viscosity components
(vi and m) associated with retarded elasticity,
and a Newtonian viscosity (vs). From the
effect of fat, overrun, and temperature on the
magnitude of these parameters it is suggested
that Eo is affected primarily br the ice crystals,
Ei and 2. by the weak stabilizer-gel network,
E2by protein-enveloped air cells, vi by the fat
crystals, and s by both fat and ice crystals.
When ice cream mix is whipped and frozen, the
fat globules undergo some coagulation from
rupture of the protective protein-emulsifier
layer around the globules. Coagulation is hin-
dered hv the simultaneous conversion of water

to ice.
INTRODUCTION

In Part 1 of this series the structure of
frozen ice cream was discussed in terms of a
solid foam in which a network of coagulated
fat plays an important part (Shérman,
196n2. Fat_ globules coaPuIate when ice
cream_ mix is” frozen at_ [ow temperature.
Agitation and whipping distribute the solidi-
fied fat particles throughout the liquid phase
between the air cells and ice crystals.” The
fat globules are held together b¥ strong
London-van der Waals’ aftraction Torces.

Part 2 ﬁ_rowdes additional eyidence in sup-
port of this theory. [t describes structural
%han e occurnnq when Ice_cream mix 1
rozen, and also the rheological assessment
of frozen ice cream texture, Rheologlcal ex-
aminations of ice cream mix and thawed ice
cream are described In Part 3,

EXPERIMENTAL

Ice cream mix recipes. The standard 10% vege-
table-fat mix_had the same composition as before
(Sherman, 196S).  Mixes containing 0-8% fat were
Prepared by redicing the fat content to the desired
evel, and either mcre_asm% the water content ac-
cordmgI%, or increasing the total proportion of
water ‘phase (i.e. including milk, sugar, vegetable
gum). The rheological properties of frozen ice
cream prepared from mixes of a given fat content
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blended in either of these ways were not signifi-
cantly different,

The influence of overrun levels of 2, 5 and 110%
on the properties of frozen ice cream containing
10% fat was investigated.

Also |nves_t|9ated was_ the influence of small tem-
perature variations within the range —11 to —15°C
on ice cream containing 10% fat and 110% overrun,

AIl mixes were pasteurized 15 sec bg the HTST
process at 795°C, homogenized at 2500 psi, and
cooled to 45°C.

Overrun determination. Overrun content was
checked quantitatively in the following, way. A
small sample of frozén ice cream was “Introduced
into a flask contamm? weakI%/ alkaline water, and
the flask was then aftached fo an inverted micro-
burette. The neck of the flask and the upper end
of the micro-hurette were fitted with _(I;rour]d-glass
joints of opposing types so that one fifted into the
other. Below thé' ground-glass joint the flask had
a narrow side-arm-which was connected by rubber
tubing to a wider glass reservoir of alkalirie water.
The Whole apparatus was filled with alkaline water
and inserted in a water bath, When the tempera-
ture of the bath was slowly raised the sample
melted, and the released air Collected at the, upper
end of the micro-burette. The volume of air was
corrected to NTP. _ _ .

Structural changes during the freezing of ice
cream mix and model O/W emulsions. Ice cream
mixes, and liquid Earaffm-m-water_emulsmns stabi-
lized with 2.5-10.0% s&ra}/-drled milk Powder, were
frozen on a Reichert-Kofler micro-cold stage Sup-
ported on a microscope stage. The temperature
was reduced slowly from 45° C to about —7°C.

Rheology of frozen ice cream. Creep. behavior
under shearlng stress was studied at various tem-
peratures (—7 to —15°C) in an insulated cabinet
using an |mi)roved_ version of the ?arallel- [ate
viscoelastometer originally designed for stu ylng
the viscoelastic behavior of polymers (Holde an
Williams, 1953). The present e3|gn iffers from
the original modification (Shaw, 1963) in the fol-
lowing “paints, The teeth on all parts of egmpment
in contact with the test sample were reguced in
size to 1/16 In. and increased In number; the or_lgr%-
nal EJuIIey carrying the cord to which the weignt
s attached was Teplaced by a system of hall-
bearing ﬁulle 5 50 as to elimiinate continued lubri-
cation Wnen the instrument is at a low temperature,
and a device was incorporated. to ensure that the
sample was compressed 1/64 in. when the frame
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was tightened. The ice cream samples were
clamped between the heavy plates of the frame and
left overnight (18 hr) atthe approprrate tempera-
ture before testing. Low cabinet temperatures were
achieved by blowing air cooled by CO» through it
with a reffigerator unit.

RESULTS AND DISCUSSION

Chanﬁes in emulsion, structure on freez-
ing. When ice cream mix, or liquid paraffin-
In-water emulsions contarnrng milk “powder,
are frozen there is ng marke chan%e in the
size, or size distribution, of the globules. If
the emuIsron is remelted, the globules move
0 et er and coalesce.

Protectrve protein-emulsifier layer
around he globules ruptures during freezing,
but coagula lon in the absence of agrtatron IS

revent g the simu taneous deve opment
o an ice crystal barrier. When the ice cream
melts coa%ulatron L Ion%er hindered, and

|gtou S Increase In Size but ecrease In
ther number per unrt vqume This latter
process, which will_ be much more an
hounced when freezrng IS accompanie
agitation, should influence subjective assess
ment of texture on the palate,

If the freezing process Is followed micro-
scopically through' an oil-immersion lens, the
VISCosity of. the Immersion oil deposited on
the coversIrP Increases as the temPerature
falls, By re ocusrn% now ataslrgh y lower
level, the gentle preSsure applied to the emul-
sion r? sufficient to rupture the rotein-
emuIsr ler frIms around some of the o Ules,

gacent Tgo ues link up throurgh narrow

cks” of all or fat, and sometr es several
connectrons of this type may develop within
a cluster of globules.

Wrth vr 0rgus cgndrtrons prevaifing in a

? % neck™ Tormation and rlpture
er e accelerated, Ieadrnrg to more " pro-
nounced coagulation or churning.

Rheology of frozenice cream. All sam-
Bles sh wed vrscoelastr? behaviar, .. the(y
ehave lnart resorsand rn art Ik

flujds “in the sense th atewor of searrn%

deformation IS .not com teIIy conserved, a
In solids, nor is it complete 1y rssrpated ars
Withi

rn fluids” I(Fredrrckson
shearin str 5SS u ‘o 4000

t e ran e 0
2 the strain Was rnearly related to

aynesic
SUEss.
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CREEP (STRESS » 0p)

| RECOVERY (STRESS O)
0 1

= L
I %

CREEP COMPUANCE B(U

o=

A L
Fig. 1 Model creep curve.

The rheological parameters were calcu-
lated Dy the mgthod Bescrrbeg In Appendix 1
Part 3" Fig. Zshowsatyprcal cr pcom II-
ance time. plot, and the way m which this Is
treated will now be descrrbed In detail,

thrckness of each sam Ie (h) = 250 om.
tota we tagglred = {weight of pan

50 thatm 250,80 X 981 dynes
area (A ) of ?bbed late placed b%tween 2
samples = 31.82 cm2

)

CREEP COMPUANCE  (CM2/DrNeE x 105
o ~

TIME (HOURS)

Fig. 2. Typical creep curve for 10% fat ice cream.
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reciprocal magpnification factor (f) of mi-
croscope = 0.57
50 éh)atlrn accordance with eq. ¢ of Appen-
jt\ _ &X057 X2 x 31.82
2502?32508“981 "X

591 X 10~5 cm

whelglet 315 the drsplacement of the ribbed
From Fig. 2

J{AB) = (- =05 x 10-°cm2dyne
s0 that Eo = 2.0 x 105 dynes/cm?

Analysis of retarded glastic compliance is
carried out by Inokuchi’s procedure (eq,
Appendix 1), Table 1?rves detals of
for different time Interva g) When this
data 15 plotted in the form |n"Q against t a
straight line 15 qbtained which™ clirves up
war s at values of t below about 10 (Fig.

Extrapolating the linear part of the graph
back to theordinate axis gives Ji, “since

2= 5 /i<r/Tialso, and in this case

In Q3 InJt —tri ofj = 219 X 1gB
cm2(d ne and from the gradient of t
strarthOIrsneen = 3Ll min"and = 850
Srnce these data do not adequately re-
roduce the whole grap a second plot rs
ssarX In this cdse In [Q —Jie'ITi
Iotted Igarnstt TabIe 13 Astrar?ht rne
resu Its r1g 4) so that n furtherrﬁ)ots are
requrred he rnterce ton the ordinate axis
yields Js = § (R cm2/dyne, and the

gradrent of the (%r%%hseleads to r2= 2.4 min, so

r2=1

/7J

Frg 3. Plot of NnQv fne,
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byT?rtr)rl)iuléhfé\sn?h%?h% det retarded elastic compliance

@ Ino-.
(nin) (om2dyRe X 10) Ino
0 290 115518
2 24S 11,3832
4 212 11,2385
6 190 11.1290
8 17 11,0464
10 160 129510
D 150 12.89%5
14 14 12,8586
16 130 12.74%
18 12 12,6859
2 118 12,656
2 110 125824
24 106 12539
2 0% 124358
28 090 12.3817
3 0.8 12.346
R 0.80 12,2639
A 0.5 12.1994
% 0.70 121304
3 0.65 12.0563
40 0.62 12,0090

When a less detailed analysis of the re
tarded elastic complrance suffices e_ce
and n in Appendix 1 are used. Tah ple
shows the refevant data derived from Fig. 2.

me FI%F _ 240 x 10-
X 105
— TOPF T 4 (pop T WX DR
so N= 6.0 X 105 poise
Inserting the calculated values of Jo and

9

\\

n(Q-Tie %)

7 —— —
33 5 & 7 %
TIME (MINS)

Fig. 4 Plotof In Q —Ji 'A v. time.
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Table 2. Analysis of retggded(glastrc comPlrance by Inokuchi's method.

(mins) fin
| 0.0321
0 0.0642
3 0.0963
4 0.1284
6 0.1926
8 0.2568
10 0.3210
2 0.3852
fsin eq. 1leads to Ea= m
dynes /cm ¢
y 258 min, and

The P
rather than

cause of the difficulty, at
AB accurately.

ducer meter.

The curves for creep compliance J(t) ver-
sus time t at —11°C for Ice creams contarn

ing 0-10% fat, and Erepared with

overrun, are shown in

corre

o

pon

10

6. IfJ
ted agarnsarnl]%gt g aacglrrr]r%l% Hlateau

l1a

20 3o

=35 X 104

= 5.34 X 107 poise

arameter Jais derrved by calcylation
by measurrnﬁ] Fi be-
e time, of defining
Thrs difficulfy has now beer
eliminated by using a transddcer and trans-

ce of '~T0-6 cmZ

°rs

-0-2

IrgS PIo

J

(f

f | TIME (MINS)
n .
+Jo+ Ja+ [/flﬂ

_Ie-.

(emz‘)dyne & 1@ (cm2dyn® X 10°) (cdeyne I%”)
21252 2.71500 0.6248
20623 24500 0.3877
19815 22900 0.2685
19230 2.1200 0.1970
1.8109 1.9000 0.0881
1,688 17500 0.0615
15901 1.6000 0.0099
14903 15000 0.0097

V‘)l/ne (Fig. 7). The curve then rises steeplr
hen the elastic art of the creeﬁr com
ance J(t) — /ijrs loted agarnst ogft tvvo
Platean are 0 bserved gFr Irst, a(!
ow values of t, corre ponds to a retarde
elastic process with a compliance ~ 10 cmﬂ
dyne, whereas f[he second 2rilarstrc gr %s 6\
a-compliance 0 CPr>cm ne at
ues of t. Both compliances rncrease I\%l %/
as fat content Increases (Table 2 It
the resent experrmental technrque It was not
P/o?sr le to derive an ac%urate value of J(tg
fort—>o L.e. for the Instantaneous élas-
ncwmrm%
The “retarded eIastrcrty region of creep
curves can be analyzed mg réater detail b
the graphical procedure of Mokuchi (1955

CREEP RECOVERY

x 05)

"

cReep comreiamce (cad/ orne
a @
L

A e e

z
u(ot/)

compliance curves for ice creams

WIIn orrrerenr rar conrents.
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¥—X 6°/o FAT

0—0© /0°/o FAT

3 ¢ cmzﬂiyne x 10%)
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A—-A 8°/o FAT 0-0 0°/ FAT

o ' T

™ —T

LOG (MINS)

1 —T T T T

Fig. 7. Influence of time on creep compliance at —11°C.

as, descrlbed in Ap endlx 1 of Part 3. De-

tale anal sesb his method mdma&e that

on two rétardation times are involved. The

va ueso T3, T4, etc. were far too small to he

? Ognlflcance Creep compliance can be de-
therefore by

J(t) = Jo+ Ji (L—etir0 +
h (i elr)+- 1 2]

Theoretical curves derived using eg. 2,

and introducing the calculated values of all
relevant paramaters, showed excellent agree-
ment with the experimental creep-complj-
ance time curves (examples given in Fig. 6).

The influence of fat content, overrun, and
temperature on £ If E2, 17, ux n, 12, are
shown_ respectively in"Figs. 9, 10 and 11,
With increasing fat content, Elt E2 and 1
do not change, Whereas \I increases. When
the fat content exceeds 7-8%,  shows a

Table 3 General analysis of creep-compliance time: curve.

f (R A
(mins) T J, % Ja
1 0.203 172 00034
2 0.301 ) 0.0078
4 0.387 : 0.0136
8 0519 . 0.0272
}g 0.601 ) 0.034
0.713 ' 0.051
20 0815 ) 0018
P 0.907 ) 0.085
3) 1008 : 0.102
5 109 f 0.119
4) 1110 ! 0.13
1 1162 ) 0.153
5 1216 0.170

[-

L

;-

Ko +j.+j.+fins np- (D+J,,+J,,+|/U\/)
J. J o

0971 0.029
0.879 -0.129
0.799 -0.224
0.680 -0.386
0.605 -0.502
0.510 -0.673
043 -0.832
0.350 -1.050
0.266 -1.324
0.262 -1.339
0.198 -1.619
0.163 -1.814
0.126 -2.071
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O—O /0°/o FAT

TEXTURE OF ICE CREAM—II

*—o
2% FAT

8 °/o FAT A—A 6% FAT

X—X 0—0 0% FAT

Iarge increase, On the other hand, when the
ovérrun is rased from 2% to_110%,  de-
creases slightly whereas ES E2 and r
all increase, Lowering the temperature fro
—11 10 —15 C produces little change_in b
and N but E2 i and v2 increase uite ap-
IeCi bIY The low values of Et and EZSug
est th bonds broken during shear are rel

Ively weak bonds. _
Comparison of creep data fo rf zen Ice
cream and ice. The values of Et, E2 \f, 7

and Jjs are several orders of magn tude Tower
for ice cream than for pure ic For ice at
E, ~ 101 dynes /cm2 101
dyneslem? Q ~ 1011 poise, and r/N~ 10w
poise I(Jellrn k and Brill, 1956g If we re-
qard frozen [ce cream as a do crvstal n t
work which has been modrfre primari X
mtroducrn? fat and air, then arr contert
causes by far tne greater ‘change In the mag-
nitude of the 1c& crystal parameters. At
@&, ~ 75% of the water In ice cream is
frozen, so that this degree of supercooling

Tablef4 Influence of fat con{ 0%n creep coSnp

élﬂ(leJ of frozen 'Ice “cream overrun
AOHHTE e,
content low values of t t---

10 58 x 10" 3.4 x 10"

8 3.6 X 10" 26 X 10"

I 1T

x x 10"

0 21 X 10" 11 X 10"

LOG t (mins)
Fig. 8. Influence of time on the elastic component of creep compliance.

cannot itself explain the difference.  When
Ice cream contains no fat ifs oarameters are
several orders of magnitude lower than for
Ice nresoectrve of overrun content, and the
Introduction of up to 10% fat groduces a
rse In the former vaIues of less than one
order of magnrtude With rncreasrn over
run the air cels Ice ¢ r%/stars and fat ce Is
become _smaller ~ (Sherman, unpublished

datag Their num?er per unit vqume In-
creases as result of this change, and more
honds are established. so that the structure
hecomes stronger This is re ected In_the
rse in Eu E and i A q The
apparent lack of change i w h increasing
overrun is more difficult to explain.
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The viscous component of creep can be
represented by an equation of the form

W= GeE/RT [3]
where G is a constant, E is the activation
energy for plastic flow, R is the gas constant,
and T is temperature according 1o the abso-

lute scale. Over the temperature range —I1
to —15°C, where the transformation rate of

N 7))

\f\

/ SINABYZT
/SINAaY 1T

X (07 X A0,

(00 X ),

-Is ) -a

F|[9 (ﬁ.) Inﬂuenc? of tema{aeratures on the visco-
elastic parameters of ice credm.
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water to ice is low, E — 5,200 cals/mole for
a 10% fat ice cream with 110% OVerrun.
The correspondlng value for pure ice is
195%6,100 cals/mole (Jellinek " and Brill,

A ‘mechanjcal model can be derived for
e%. 1 using the convention described in Ap-
pendix 2° Part 3. It can be r_eﬂresentd
(Fig. 12) by a spring in series with a dash-
pot™ (Maxwell body), and two upits each
comprising a spring In parallel with a dash-
pot (Kelvin-V |fgt ody). By examining the
relative effect of fat, overrun, and tempera-
ture on tne rheological parameters associated
with this m?del, ong can deduce vv,hlfih
components of jce cream structure are likely
to be the principal factors influencing these
parameters.

_The ﬁresent mvestl(l;htlon supports the
view (Sherman, 1965) that frozen ‘ice cream
Is essentially an aerated ice crystal structure
which is modified in textural”properties by
a_superimposed fat network. The resgonse
of this st uctur? Wwhen Sh?flfﬁd de\Ben s .0n
the strength of the lamellae between the
nregular air cells. Within the protein coated
laméllae are the Ic c(riys_tals and g fat crystal
network 15 enmeshed” in the unfrozen ’ma-
terial, viz, a concentrated sugar solution-
stabilizer gel.

E, [cE CAYSTALS
Fat crystoss

E l
smowsser ! T, FAT CRYSTALS
GeL l

PROTEIN ENVELOPED
AR CELLS %
WEAK STABIISER
U e
Protein enveloped
air cells
J. ICE AND FAT

7” CRYSTALS

Fig. 12 Sir element model for fro%ﬁn i?e Crea
showing rheological associations with  structura
comporents.
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In %eneral there are few points of contact
betwe nic crystals the rntervenrn distance
being _Several microns, SO tere I ittle
oss ility of bonds formrng hetween them.
he marn Interactions must be between fat
ystas srtuated In the spaces between the
ystas and around the air cells, and
ossrb between ice crystals and fat crystals
rn therr immediate vicinity, The moduli
2are p robably assocrated with the gel
structure and the air cell grotern interfa
E21s very much more infly
than Et "so Et ma(y eassocrate wrth the
retarded elastic pr Ioertres of the stahilizer
gel whereas E 2woud be associated with the
air_cell-protein interface,

The viscosity i is influenced to a greater
extent by fat content than by overrun.
garametr IS assocrate with the onset o

ow fol owrngT bond rugture In the fat crys-
tal network. “The valu is affected b
overrun put not by fat content, thus suggest-
rng a vrsc?us amBrn effect which arises

rom te oam_structre and_surroundin
% . Since the increase I with Increasin
verrun rs not very large, the geI structur
ma1y be the main cOntri utory factor.

he effect exer%ed by rncreasrn% fat con-
tent on N\ arises from ‘Increased teractron
between fat crystals during viscoys f
Fat crystal size Js very much smaller than
Ice crystal srze—I?ss than 5 as opposed to
an average size of 20-40 n.

EOQ decreases when either fat content_or
overrun 15 Increased, fat content exertrng
the much greater effect The ice-crystal con-
tribution to EO must be of primary impor-
fance therefore, since the. ice cr sta content

BCreases as fat content increases.

The components of ice cream structure
which rgpear fo exert m?Jor and minor
eff(ectrs 0 tge guénrheorln%grca earraémeet(ers are
show ds . TeS
In Fig. 1g this rep resentlzftron rspsubsta
tially correct _creep tests on ice cream of
“good” and “poor” texture should indicate

nced by OVerrun

TEXTURE OF ICE CREAM—II

which parameters, and_ their related struc-
tural components, conribyte mast to texture,

Inan ce-crystal [attice, mnstantaneous
elastic_deformation when sheared I attrib-
uted to distortion of the lattice structure
(JeIIrnek and Brill, 1956% With rncreasrng
strain, _flow " occurs, within the inividua
crystallites, grvrn rise to a_retarded elastic
response. At still’ rgher strain, flow between
rain boundaries is responsible for the linear
ewtonian viscosity region of the creep-com-
plrance curve. Thé strain per unit areq de-
veloped in the ice cream_samples was within
the range 102 to KTL This rs much greater
than the strain observe when f o curs
within 1ce crystallites. On the other han the
energy of activation E, for viscous flow be-
fweell grain boundaries has been shown fo
be much greater than E for viscous flow In
Ice cream at the same temperature. It is
possible that the shear developed in the
present tests causes, flow within the ice
crystallites; it 1s unlikely that viscous flow
occurs between grain boundaries.
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3. Rheological Properties of Mix and Melted

SUMMARY

Fat coagulation begins when ice cream mix
is frozen and whipped. The effect is hindered
by the simultaneous conversion of water to
ice. When frozen ice cream thaws, the ice
crystals disappear so that coagulation is able
to continue. It leaves a melt with a weak
structure which differs from the fat network
present in the original mix. This is substan-
tiated by the comparative creep behavior of
mix and melt at low rates of shear. The creep
behavior of melted ice cream is represented by
a mechanical model containing 4 elements:
instantaneous elastic compliance, Jo; a retarded
elastic compliance, /., comprising an elastic
modulus, EI and a viscosity, jji; and a New-
tonian compliance, t/vs, where t is time and
Vs is the Newtonian viscosity. Ice cream mix
requires « elements since an additional elastic
modulus, Es, and a second viscosity, =, are as-
sociated with retarded elasticity. These addi-
tional elements are attributed to globules of
0.5 or less, which are separated by only a
few Angstroms after flocculation rather than
the 50 A or more separating larger globules.
Structure recovery in mix after it has been
subjected to high shear indicates pronounced
flocculation in the static emulsion. Weak
forces of attraction hold the globules together
within the flocculate.

INTRODUCTION

Part 2 of this series (‘Shama and Sherman,
1966}_ showed that fat globules _coa%ulated
to a limited_extent during the whipping and
freezm% of ice cream mix. The restriction is
Impose bsy ?lmultaneous,conversmn of water
to 1ce crystals. Coagulation results from. the
rupture “of the protective protein-emulsifier
membrane around the fat globules.

If frozen ice cream is allowed to melt at
room temperature, or on the palate, the ice
crystals melt and fat coagulation can now
continue.  The subjective assessment of ice
cream on the fnalate is presumably related tg
m_e (il(eg(rjee of fat coagulation 1 a melt of

IS kind.,

The rheologelcal apropertles of melted ice
cream have been examined over a wide range
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The Texture of Ice Cream
Ice Cream

of shear conditions, and compared with the
rheological properties of unfrozen mix.

EXPERIMENTAL
Ice Cream mix recipe

% composition
ws7w)

Oil phase  Vegetable fat 100
Commercial-grade
glyceryl mondstearate  0.53
Water phase  Water 606
Milk 131
Sugar 156
Vegetable gum 0.8

The mix was Hoasteurlzed_ IS sec by the HTST
process at 17S°F, homogenized at 2500 psi, and
cooled to 45°C. S
Influence of temperature on mix viscosity.
Viscosities were measured with a Haake Rotovisko
coaxml-cYImder viscometer over a wide range of
s(rie?rlzr% oeé (14.1-1142 ‘sec-1) and temperatures
Stress development in mix and melted ice
cream at constant rate of shear. The change in
shearlntIJ stress with time at —5.5°C as a function
of constant low rate of shear was studied with the
Rotovisko at 0.133 sec-1and 1197 sec-l. The frozen
ice cream was allowed to melt at 20-21"C for a
few hours before cooling to the test temperature.
Structure recoveryrln mix after supjecting to
high rate of shear. The rate of viscosity recovery
at™45°C was followed in the Rotovisko after sub-
ecting the mix to one of two high rates of shear.
he shear conditions employed were:

1) 544 sec-Lafter shearing for Smin at 4406 sec-l
2) 705 sec-Lafter shearing for Smin at 1142.1 sec-
3) 141 sec-lafter shearing for Smin at 1142.1 sec-L

~ Creep compliance of ice cream mix and melted
ice_cream at very low rate of shear, A specially
designed coaxwl-gémder viscometer (Fig. 1) was
used” at 20.0£0.1°C. It operated at mdch “lower
rates of shear than the lower limit of the Rotovisko.
The cylinders were roughened to prevent slippage.
The radius of the inner cylinder was 180 cm; the
radius of the outer cylinder was 2.20 ¢m, thus pro-
viding a gap width of 040 cm. For creep measure-
mentS the outer cylinder was kept stationary and the
inner cylinder was rotated slowly by a pulley-and-
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i el GO CYer iscometer, o Shudying

weight mechanism. The displacement was measured

optically. - Shear strain (/) was calculated from
the angular rotation (w)
ri
* = .
=t —n [+]

where - and r2are the radii of the inner and quter
cyImdebrs respectively. The shear stress (S) s
given by

- mgD
t(ri + f2) 1

where D is the pulley diameter, and | is the length
of inner cylinder immersed in the test sample.
Creep conipliance was calculated as shown in
Appendix L _ _ _

ce cream mix was introduced directly into the
gap between the two cylinders. Frozen “ice cream
was melted at room témperature and then trans-

[2
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ferred to a separating funnel. 1t was allowed to
stand_ in this condition for about 1 hr so that any
remaining air bubbles could rise to the surfacé.
Test liquid was drawn off from the lower part of
the separating funnel. . _ _

In the early tests with melted ice cream it was
noticed that the inner cylinder showed little or no
recovery when the shear stress was, removed. This
phenomienon was_due to the formation of a skin of
coagulated protein at the, air-liquid interface. No
such skin formed when mix, from which the frozen
ce cream was made, was tested. When a thin
layer of henzene was deposited on the surface of
the melted ice cream a protein skin did not form
during the test period.

RESULTS AND DISCUSSION

Temperature dependence of ice cream
mix viscosity. VISCOSIty-temperature rela-
tionships can"be represented by an equation
of the ‘Arrhenius form:

= a~EkT 3]

where %I_S wsco,mR/, E is the potential
energy Of Interactior] between fat globules,
a is a constant, k is the Boltzmann Constant,
and T 1S absolute t%mperature.

Replacing E/KT by B,

logr=1loga+B/Tlge [4

| At alllf/oTur ratehs of shea}r employed, t2he
0g. 77— 1/T graphs were linear (Fig. 2).
THIS mdlcatesg tﬁat within tne raglgg l.;-
12.8°C the type of association between the
fat globules ‘does not alter. When similar
measurement% were made at 4.0 to —5.0°C,
the slope of the graph rose. steeply when the
temperature fell oelow —2°C, because of ice
formation and fat crystallization.

0J:

02

1067
°
[} <
+ hE
\Q\\
3 3 I T
S SR
5 & °

L L
0-00350 0-0Q357 000364

-L ABSOLUTE

.Figv. 2. Influence of temperature on ice cream
miX “Viscosity.
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The average value derived for B was
1.24 X 10s, Which s not very different from
the value for water, The valUe obtained for

E was 45 kT, or 17X erg, which Is
also very much lower than values for highly
associatéd systems.

These observations supgort the view that
the attraction forces between fat globules in
Ice cream mix are weak (Sherman, 1965).
Stress development at low shear rate.
At rates of shear less than about 1 sec-l a
short time elapses before iteadx Viscosity
readln?s are obtained. The %g INCreases as
the rafe of shear decreases, For a constant
rate of shear, the stress rises rapialy to a
maximum, and then it falls away to an ap-
Brommatel}/ steadg/ valu% FFlg. 33. Bonds
etween flocculatéd ?Io ules “stretch elas-
tically at low rates of shear so that stress
Increases. A point Is reached when the stress
can be supported no longer and honds rup-
ture to an extent which depends on the
applle rate of shear. Steady, but lower,
stresses are established when equilibrium i
reached. between bond rupture and bond
restoration.
_ The stress. evelogment curve for frozen
ice cream which has been thawed shows that
both the maximum and equilibrium stresses
are lower than for ice cream mix which has
not been frozen. Microscopic examination
shows that globule size is much larger in the

T—/CE CREAM Mix
————— MELTED ICE CREAM

Joo

200 197 secs™

1197 secs”’

SHEAR STRESS (DYNE[cM?2)

0133 SECS™

0./33 SECS™

K 0 15
TIME ( MINUTES)

Fi% 3. Stress development in ice cream mix at
low Shear rate.
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CREEP COMPLIANCE (CMJOYNES X 10T)

A—A /CE CREAMMELT

8 /CE CREAM MIX

C/RCLES AND TRIANGLES ARE THEORETICAL POINTS

0 2

T v T T T v T
6 8 10 12 4 © /8
TIME (MINS)

P]
Fig. 4. Creep.compliance v. time for ice cream
mix %nd meftedp ice cPeam.

thawed ice cream o ifs lower viscosity must
resylt frform a weakenlrrn]%1 of the fat stfucture

during freezing and thawing.

Creep compliance of ice cream mix and
melted ice cream. BOth ice cream mix and
melted ice cream, glve a creep-compliance
time curve indicatjve of viscoelastic hehavior
(Fig. 4).  Very little instantaneous or re-
tarded elasticity is shown, however, and
Newtonian flow consjtutes the main contri-
bution to the oqverall comPhance. Conse-
aluently thﬁre IS no substantial rgcovery

hen ‘the shearing stress IS removed.

Melted ice cream. shows a %reater creep
compliance at an glven time than unfrozen
[ce Cream mix. The Creep curves were ana-

zed b¥ a graphical method _ (Inokuchl,

955). Table "1 gives the _rheolo%lcal param-
eters—instantangous elastic modulus (E_()g,
retarded elastic moduli (EIt E2), viscositiés

Table L Rheological parameters for ice cream mix.

Sample
Rplgergln?g{g?l M ix ok gpeeadm A
at 20°C at20°C  at—11°C
Eo(dynes/crrf) 200 143 105106
Fi(dynes/cm 01 %6 45X 104
Ef(dynesicm? 143 X 103 112 X 104
Ih(poise 134 X103 52X 10s 85X 107
Ipoise 83 X 103 16 X 107
sec} 448 334 1866
rZsec 58 14
vs (Poise) 54 X104 37X 14 60X 10
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associated with retarded eIastrcrty an, ),
retardaéron imes (n, t?? ;osrtya
soclated with Newtonia >—rele-
vant to ice cream mix and melted Ice cream.
It 15 clear that both mix and melted ice cream
have very weak structures compared with
frozen icé cream, and that mix has a stronger
fat globule network than melted_ ice cream.
A" very significant point which emerges

from these dnalyses. is that the creep De-

havior of mix Is defined in terms of a Six-
component mechanical model as for frozen
ice cream (Shama_and Sherman, 1966),

whereas the model for melted ice cream ré-

quires only four components. The benavior
of mix Is tepresented by a spring and dash-
pot which are connected rn seriés vith two
upits (Kelvin-V c?gh X eachcnsrstrng
oasprrngand ashpot In"parallel Ig .
In the madel for melted rce cream only one
Kelvin-Voigt body is involved.

éﬁ

a) /CE CREAM MIX

£o

by THAWED iCE CREAM
£

| -
Ll_r'z

angl%'reﬁe d ercrgoéoe%{cal models for ice cream mix
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The, equation defining the creep-compli-
ance time curve for ce Cream mix'is:

N g

+Ji(l- e'N)+ W

Where y IS the shear strain, a is the shear
stress, 0 = 1/E0) Is the Instantaneous Iaf
fic com rance and J (=1/ET) an
(=1/£0) are the compliances associated
with retarded elastic behavior,

For melted ice cream eq. 5 reduces to:
. =0+ Ji(l—e M) -|----~W [6]

5and 6 %ive theoretical values for the
cree% complran e which are in good_agree-
ment with the experimental findings (Fig. 4).

Structure recovery |n ice cream mix
following high shear. [N an unsheared
el e  gobsfeale nd forn

W,
g?éqssrglely Iar?er with qrgmeg and t%ey |mrrno
ilize. paft of the aqueous phase between the
constituent globules. As a result, the ratio
disperse phase/effective free volume agueous
Ph se increases, and o does the viscosity of
he emulsion.

In polar media, the volume of continuous
phase which s held within the globule ag-
%regates depends to some extent on the mag

|tude oftechar? ?n the %I obules, Glo
ules pack more. cfosely when the electrical
double-layer thickness rs reduced. In rce
cream mrx the a re ated gobue are sepa
rated by an ave istance of about 50 A
(Sherman, 1

Globul srze |s ot Fnrform in_ice cream
miX, so the atraction torces—which are dI-
rectly proportional to globule diameter—will
cover a range of hond strengths. At very
low rates of shear, the weak "bonds, mainly
Inter- aggre ate, rupture. buf may " reforn,
Higher “Tates of shear brea the stron er
bonds, marnIy intra- a%%regate also,
data In Table 'L indicate that there Is no reaIIy
stroncrr bonding between the fat globules in
Ice cream miX. This is confirmied by the
recovery rate of relative viscosity " (r/re
where - zm, and = 15 the vISCosity of
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the emulsion and_ s the viscosity of the
agueous phase) after shearing at 440.6 sec“l

or 114 sec-1. The time interval for complete
r(ec,over Is 20-30 sec at 5.4-14.1 sec”l

Fig. 6).

Fgrom_ these data one can calculate the ap-
parent increase In volume fraction dlsPere
ghase due to globule aggregation at the lower

hear rates. ‘The apParen volume fraction
ﬁi@ IS reIaE)ed to the theoretical volume
action (<p) by
w—1
(fa — < (| + uy [7]
where w is a swelling factor defined by
"= 5 g

and 2, is the volume of an aggregate con-
talnln% n %Iobules, V_is the average volume
of each glohule, b — GNt where Gs the rate
of floccllation, and Nt is the number of ol
obules per unit volume of mix at time t
Mooney, 1946). , o
When” the mean globule size (Dm) in ice
cream mix is 19 ™ the potential "ener
barrier to flocculation (Vnm) 1S ~ 6 K

4-

11

(Sherman, 19659 s0 that not all collisions
between globules lead to flocculation. As

a result
G = 44D DmW 9]

where D is the_diffusion constant, and W is
the stability rafio, or factor by which floccu-
Iatlor] IS rétarded.

Following Einstein (1905)
= 37I56Dm (10;
s0 that
W— w—1

ANtkTW 1
ot a0 ) _[ ]
The value of W cannot be deter nined
easily for emulsions because flocculation is
followed by coalescence. ~An agprox_lmate
value (Verwey and Overbeek, 1948) is de-
rived as follows

W= 2pexp (VKT) ®

XD (exp Emax/fc-t)

vIscos/Ty (POISE)
N

S minutes during
which high shear is
applied

O—OMV II 440-64~544 SECS™

A-A MVI 142-/0+14-098 SECS™

X=X MVI //42-/0~7.08 SECS™

0 /10 20

T n

30 40 50 60 70 80

iME (SECS )

Fig. 6. Structure recovery in ice cream mix after subjection to high shear.
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where i = 2HJD m, H 0 is the distance be-
tween flocculated oil globules, and ~ is the
thickness of the diffuse part of the electrical
double layer. Verwey and Overbeek (1948)
quote data for solid dispersions where W =
5.4X104 when Vmax = 15kT. In conjunc-
tion with eq. 10 this leads to W = 100-s when
Vmax = 6 kT, ie. 1 in every 6 collisions re-
sults in flocculation. To determine <{a, one
uses an equation relating 9 to rfe at high
rate of shear (Vv —» 00) such that all aggre-
gates have been broken down and the glob-
ules move independently of each other. An
empirical equation proposed for this purpose
(Mooney, 1946) is

V 1+0.5#» 1.25<p\H
R EXp ( 1 ip ?I [13]

The value of 9 derived by introducing the
experimentally determined 7.4 on to the
w6 ip curve calculated according to eq. 13
represents ipa.

Eqg. 11 suffers from one serious defect. It
does not account for the influence exerted by
globule size on viscosity. For example. 1
increases at high shear rates as D m decreases
(Sherman, 1963) while keeping ” constant,
but applying eq. 13 it would appear that 9
increases. Consequently eq. 13 is applicable
only to emulsions showing the same globule
size (~ 2.7 (i) as the emulsions for which it
was originally designed. All the mixes stud-
ied in the present investigation had values
of T)A, 0 2 p.

A semi-empirical equation which repre-
sents viscosity data more accurately (Sher-
man, 1963) is

|00y
1

=C 0.15 [14]

Dnl ({/ ‘plllﬂx; _ 1>
®

where C is a constant related to Dm and
p mex is the maximum volume of disperse
phase which can be incorporated in the emul-
sion (~ 0.74) ; when D m exceeds 1 p. C ~
0.036 DJ.

Applying eq. 13 to the present data, Va is
0.34, while eq. 14 suggests that <a is 0.47.
If one allows for the fact that at v —» oo each
globule behaves as if it is surrounded by a

TEXTURE OF ICE CREAM—III

hydration layer of 0.3 p thickness (Sherman,
1961) the ratio p & Qis L.55 or 2.14. Intro-
ducing these values into eq. 11 leads tow =
2.2 or 3.2. In either case, a greater volume
of aqueous phase appears to be held within
the globule aggregates than would be antici-
pated from a mean distance of separation
between the globules of 50 A.

The calculated W values are probably larger
than the true values. If water is bound to
the protein emulsifier layer around the fat
globules by weak electrostatic and/or weak
hydrogen bonds, the hydration sheath around
each globule will be thicker at low rates of
shear than at high rates of shear. Further-
more, eq. 11 applies only for globule sizes,
or for D m values, greater than 1 p. Little is
known about the relationship between vis-
cosity and globule size for smaller globules.
The only reliable data on this point (Saun-
ders, 1961) suggest a progressively greater
effect as size decreases from 1 p to o1 .
Studies on the stability to coalescence (Sher-
man, 1962, 1964) indicate that freshly pre-
pared ice cream mix undoubtedly contains
globules of 0.5 p diameter or less. These
globules will exert a greater effect on 77x
than the globules exceeding : p in diameter,
thus increasing the value of ip,,.

The components of frozen ice cream struc-
ture which are associated most directly with
its six rheological parameters (Shama and
Sherman, 1966) are £0, ice crystals; fat
crystals to a lesser extent; £ 1, vegetable gum
stabilizer gel: £ 2, protein enveloped air cell
interface; 771, fat crystals; 72, stabilizer gel
and air cell interface; and 7., fat crystals
and ice crystals.

When ice cream melts, the ice crystals dis-
appear, the overrun is lost, and the fat crys-
tals melt, leading to further coagulation. The
anticipated net effect is that E 0 and fjx will
be reduced substantially; Er will decrease
appreciably because the vegetable gum sta-
bilizer is now dispersed in four times the
guantity of water as in frozen ice cream, thus
drastically weakening the gel structure. The
viscosity 72 will show an even greater reduc-
tion for the same reason since it also depends
to some extent on the now nonexistent foam
structure. £ 2 should disappear completely.
The viscosity 771 will decrease because the
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attragtion forces between flocculated fat dl
ules In an aqueous medium are weaker th
In a solid ice medium. In frozen ice cream
the fat_crysfals are bound together by stron
attractron forces in the primary minimu
of te potential ener%y curve (Sherman,
DurrnP melting, sufficient energy
presumaby enfers the sYstem as latent heat
of fusion, ‘for the fat obules to pass over
vmax—whrc h is not lar e—and foccu ate )
the secondary minimum, as in the original
unfrozen mrx The decrease in the ronrc
concentratron of the aqueous phase when ice
crea]m melts will also promote flocculation
at the greater distance of separation.

The 4-component rheoloprcal mode| for
melted ice cream therefore Tollows logically b
from the s-component model for frozen. ice
cream Pursurn the same line of reasonrn?

?wou expect. a 4-component model
define the rhe Io ical hehavior of rce cream
mrx alth ou eac arameter would now be
larger. Tr assumption is not supported bg
the experimental data. Nevertheless, e 2 an
w2 fOT I8 Cream mix cannot be ascribed the
sgme orrgrn as for frozen ice cream, because
of their Structural differences.

The essential difference between ice cream
mix and thawed ice cream should be that the
fat globules are larger in the latter. How-
ever, ice cream miX also containg globules
which_are 05 in diameter or less. The
potentral ener%y curves for these very small

globules will Tiave a v max N0 greatér than
~ 2kT, s0 that they are able to roccuIate In
the primary minimim at a distance of sepa-
ration which does not exceed a few Angs-
troms. A flocculate of this kind would show
a greater degree of elasticity than a floccu-
late in the secondary minimum, where the
globules are separated by 50 A or more. If
?Iobules of 05 p diameter_flocculate with
ar%er size gobufes v max Will increase pro-
portionately.

Ei and i for both ice cream mix and
melted ice cream can be attributed to the
retarded elastic properties of globules which
flocculate in the secondary minimum. & 2 and
o reflect properties of those globules which
IJ'IoccuIate in the primary minimum. Since
the latter constitute a smallish proportion of
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the total number of globulesice, €2 and r2
are not as Iarqe as Eivand i\

Creep-compliance data for melted ice ¢ream
at very low rates of shear have been offered
?evr ence for a structure in which fat %I ob-
ules are linked tolget er by protein molecules
(Shaw, 1963). Protein bridges are foymed
only when thie protein concentration 15 S0
low that a reasonably condensed monoIa){er
cannot be formed around the fat lobules
Krag an LarE,gston 196 er and
Healey, g rotein concentratron In Ice
cream mrx IS érffrcrentt allow the formatrp
of an adsorbed layer which is several mole
cules thick ESher an 19652 Furthermore,
rt has recently been shown that the protein-

%rn mechanism may not operate even

protern concentratron IS low.

Charge stabr ization can arise by adsorption

of nonRoIar ?rou s of the protein molecules

onto the faf globule surface so that the

charged polar grou prorect outward into
the dqueous phase (Gutoff et al,

Even if one assumed that protern brrdges
are formed during emuIsrfrcatron of the “ice
cream rn?redrents they would be very weak.
[t 15 un klg that they would be ‘able 0
withstand the vigorous agitation and whip-
prng to. which the mix is subjected, lead
) eartraI coagulation, during the freezin

s

P When frozen ice cream melts, the fat crys
tals melt, thus promoting further coapua
tion. The residual materfal retains littfe of
the faﬁ network strycture present in the
original 1ce cream mix. The rate, and de-
gre of coagulatron depend on the extent to
which the agsorbed emulsifier-proten [ayers
around the fat globules are r tured durrn
reezing, and the efficiency o fat drspersro
duringthe Initial emuIsrfrcatron and homog-
enization of the mix.
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APPENDIX 1

Creep compliance of frozen ice cream.

The creep curve for viscoelastic materials has
an overall creep compliance J(t) at any time t,
where J is the ratio of strain 7(t) to stress (<?)

Strain is given by

TEXTURE OF ICE CREAM—TTI

B
" = [a]
where /3 is the displacement observed with g trav-
elling microscope havmﬁ]_a reciprocal magnification
factor f, and h is the thickness of each “sample.
The stress is given by

- g

where m is the weight applied, g is the acceleration
due to gravity, and” A is the cross-Section area of
each sample.

Therefore, -

. The creep. compliance curve can be subdivided
into three distinct regions :

a) A region of instantaneous elastic compliance
Jo (in the”region A-B of Fig. 1 in Part 2) in
which bonds are stretched elastically. If shear does
not continue beYond this point the recovery s
complete when stress is remove(d).

- 1 Tot
=g - % [d1

b) A time-dependent retarded elastic compliance
Jr (B-Cg, associated with a retarded elastic
modulus Er. viscosity yR and retardation time «

=7)rE, durmg hich bonds break and re-
orm. Al bonds o not break and reform af the
same rate, so that . should be replaced by a
spectrum of retardation times. Consgquently,” € r
and fir_should be replaced by a distribution” spec-
trum of retarded elastic moduli Ex, E2 ES ..... Ef,
and viscosities ip, g5 43 ... yi. assuming I com-
ponents.

In its simplest form

b= Llopg-em=J g

where /, is the average retarded elastic compliance.
In"the expanded form—

M= dif-e"T=F/- (- ij

where %i is the number of viscosity components
associated with retarded elastic compliance.

A(\f&lgin% terae /,gﬁ%Ph'Cal procedure of Inokuchi

0- Z:: P 7na(t) q

This corresponds to_the distance between the ex-
trapolated straight line DCP and the curve DCB
at any time §, becatll_se of the exponential decay or
relaxation of compliance.
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In addition, therefore,

Q=]Ljie-"T U

When In ?Js plotted against t a straight ling
should be obtained at large values of t, from which
a single retardation time (n) and creep compliance
(Ji) Can be,_calculated. These values arg inserted in
eg. e and if it does not adequately define the form
of the experimental curve, a secorid plot is required
of In(Q— against t to determine the mag-
nitude of the second”retardation time é}a and the
second creep compliance Jt. Eq. h indicates that
this second plot should also be lingar at large values
of t é)rowded r > 12 Similarly, if it is neCessary a
third_ retardation_time r3 can_be determined by
plotting In_ (@ —Jie~M —/ 2,T2) against . This
procedure is repeated until such time that sufficient
retardation times and compliances have been cal-
culated for eg. / to represent adequately the form
of the experimentally "determined retarded elastic
compliance.

¢) A region of Newtonian flow (C-D) with
compliance “Jx. Once the honds have ruptured, ie.
the time for them to reform is much longer than
the test period, individual particles or units flow
past one another. _ _

Newtonian_ flow is proPortlonaI to the time of
loading in this region of the curve, so that

ot
. N a W .

where 7vis the shear strain in the linear region of
the creep curve. Thus, the gradient of this region
equals \yx. _

_When the stress is removed recovery follows a
similar pattern to_compliance. An inistantaneous
elastic recovery (D-E) is followed by a retarded
elastic recovery (E-H). Since bonds were broken
in the c-p region of the compliance curve a part
of the structure is not recovered. This is repre-
sented by F—&, which is equivalent to D-H.

The total creep compliance is defined as

At) = To+ il (L- <70+ Jn 0l
when t > (0, eq. j reduces to
n
J(t) = Jo+ 2C-A + Jif [k]
When t -» 0

At) = 3o _ 1
From eg. k and | the Value of Ja in eg. e can be
determined.
Eq. j can be written in the simpler form:

iy =do+ do.(L- <rr)+ W [m]
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if one is interested onlr in the average value of the
retarded elastic compliance.
Rearranging eq. m leads to

()

—-J0-1.

so that if the right hand side of eg. n is [i}otted
'gll%amst_ t, the slope of the line represents 1Jaya

us 1jo and t can be calculated Since /0 can be
derived from eq. k.

. APPENDIX 2. _
Mechanical model analogs for viscoelastic
behavior.

. The most generally used convention represents
instantaneous “elastic “compliance under a shearing
stress by an elastic spring, which stretches imme-
diately When a force is applied to an extent de-
pendm? on the magnitude of the force. No time
Interval is involved. Similarly when the force is
removed the spring returns instantaneously to its
unstretched condition. Pure viscous flow IS repre-
sented by a dashpot consisting of a cylindrical con-
tainer filled with a fluid of high viscosity in which
a plunger is loosely fitted so'that it can move up
or down. The rate of movement of the Plunger
depends on the ?thed force. These two elements
In"series, referred to as a Maxwell body, represent
regions (a) and_ (c) of the creep-compliance time
curve discussed in Appendix 1 _

The retarded elastic compliance, i.. region {b)
of the c_reep-conyllance Ccurve, can be represented
by a spring and dashpot in parallel, which ‘is known
as a Kelvin-Voigt body, when defining g, e in
ATppendlx 1. This latter’ model depicts the behavior
of a solid since the maximum extension depends on
the force applied and is independent of the time for
which 1t is applied. The viscosity component de-
picted by the dashpot is a solid” viscosity which
damps the extension and contraction of the elastic
spring. To represent eg. f In Ap?enmx 1, and to
derive, more detailed information of retarded elastic
compliances, the single Kelvin-Voigt body is re-
placed by i Kelvin-Voigt bodies in ‘series.

NOMENCLATURE

area of ribbed plate between ice cream sam-
ples in parallel plate viscoelastometer (cm)

B = EIKT _
constant related to mean globule size

D diameter of pulley in coaxial cylinder vis-
cometer (cm)

pm  mean fat globule diameter (g)

potential - energy of interaction between fat
globules (ergs Or kT)

>

(o]
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Et,  instantaneous elastic modulus (dynesicmd

Ei, E2 elastic moduli associated with retarded elas-
ticity (dynesicm?)

Ea  Mean retarded elastic modulus (dynes/cm2
G rate of flocculation

Ho  distance between flocculated globules 2}A)
Joinstantaneous elastic compliance (cm2dyne)

Ji, H compliances associated with retarded elastic
compliance (cm2dyne)

Ja  mean retarded elastic compliance (cm2dyne)

- Newtonian compliance (cm2dyne)

J(t)  total compliance at time t (cm2/dyne;

Nt number of fat ([;Io_bules per unit volume of
ice cream mix at time t

Q  distance between extrapolated linear portion
of creep curve and curved part (cmadyne)

R ('FS constant (=1.9865 cals/°C, or 8.3144 X

07ergs/°C)

S shear stress in coaxial cylinder viscometer
Ldynes/cma

T absolute temperature

I'nx

pot?(r+tial energy barrier to flocculation (ergs,
or

W fraction of collisions leading to flocculation

b =GN,

[ reciprocal magnification factor of travelling
microscope

h thickness of each ice cream sample inserted
In parallel plate viscoelastometer (cm)

I length of inner cylinder of coaxial cylinder
viscometer which is immersed in test sample

k  Bolzmann constant (138047 X 10-16ergs/°C)
m total weight applied as shearing stress (9)

ri,r2 inngr and  outer cylinder radii in coaxial
cylinder viscometer

TEXTURE OF ICE CREAM—III

5 = Mo,

t time (sec)

v average volume of each fat globule (cc)

v, \(/Cocl)ume of aggregate containing n globules

w swelling factor
a  constant in Arrhenius equation
S

displacement of ribbed plate in parallel plate
vfgcoeieastometer (cmﬁ d d d

7 shear strain (cm2dyne)

W1 viscosity components associated with re-
tarded elasticity (poise)

Ja  mean viscosity _component associated with
retarded elasticity (poise)

I viscosity. of continuous phase inicecream
mix (poise)

Tri  relative viscosity

. 12 retardation times associated with retarded
elasticity (ec)

mean retardation time associatedwith re-
tarded elasticity (sec)

j—

& theoretical volume fraction of fat in ice cream
mix, or thawed ice cream

4 apparent volume fraction of fat in ice cream
mix, or thawed ice cream

X thickness of diffuse part of electrical double
layer fcm)

p strain developed in coaxial cylinder vis-
cometer

w

anFuIar rotation of inner cylinder in coaxial
cylinder viscometer (°)

diffusion constant
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Fatty Acids in Neutral Lipids and Phospholipids

SUMMARY

Lipid material from skin, depot fat, and dark
and white meat from broiler-type male chickens
was fractionated into neutral lipids and phos-
pholipids by column chromatography. The
fatty acids of these fractions were analyzed by
gas-liquid chromatography.

Muscle tissues contained relatively larger
guantities of phospholipids than did skin and
epot fat. Neutral lipids and phospholipids
had similar percentages of unsaturated fatty
acids. Some 18 different fatty acids were found
in the neutral lipids, and .. fatty acids were
found in the phospholipid fraction. The com-
position of fatty acids in the neutral lipids was
similar in the four tissues. Phospholipids from
muscle tissues contained more long-chain fatty
acids than phospholipids from skin and depot
fat. Arachidonic acid was found to be one of
the major fatty acids in the phospholipid

fraction.
INTRODUCTION

An increasing quantity of poultry meat is
being processed and used as boneless and
cooked meat, much of which is used in com-
minuted or freeze-dried products. In addi-
tion to problems related to the use of accu-
mulated poultry fat per se, the remaining
lipids in the meat are often responsible for
problems related to product utilization and
stability. The main problem in processed and
stored meat is flavor stability. Since oxida-
tive rancidity is a major cause of flavor
changes, the lipids in both fatty and muscle
tissue may affect flavor quality and product
stability.

The metabolism of fatty acids and lipids
in chickens has received considerable re-
search attention. Major analysis, however,
has been related to laying hens, eggs, body
fluids and organs, and depot fat. Detailed
fatty acid analysis of broiler muscle tissue
has received little research attention. Reiser
(1951) found that in chicken the fat reserves
are much more similar to general body fats
than is the case in swine and cattle. Fingen-

*Plresent address: Hebrew University, Rehovot,
Israel.
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from Chicken Tissues

baum and Fisher (1959) and Marion and
Woodroof (1962) showed that the dietary
fat affects and reflects body fat composition.
Chang and Watts (1952), in agreement with
others, found that poultry fat is much more
unsaturated than beef, lamb, and even pork
fat. Hilditch et al. (1934) reported that
65% of the fatty acids present in poultry
were unsaturated.

Of the workers who have studied fatty
acids in poultry meat, Marion and Woodroof
(1963) identified the largest number of fatty
acids. They reported fatty acids with chain
length up to 20 carbon atoms and five double
bonds in skin and adipose fat, and fatty acids
with chain lengths of 24 carbon atoms with
6 double bonds in lipids from thigh and breast
meat. They did not, however, separate the
neutral lipids from the phospholipids.

Polyunsaturated fatty acids are synthesized
in the chicken body, and therefore the body
fat composition may vary from that of the
dietary fat. Machlin and Gordon (1961)
suggested that arachidonic acid can be syn-
thesized from linoleic acid, which is an essen-
tial fatty acid for the chicken. Reiser (1951)
found that linoleic acid can be converted to
a number of polyunsaturated fatty acids with
2-6 double bonds.

Miller et al. (1962) observed most of the
arachidonic to be in the phospholipids. Wid-
mer and Holman (1950) found phospho-
lipids to be more unsaturated than neutral
lipids, and to be the cause of rancidity.
El-Gharbawi (1964) showed that the un-
saturated fatty acids in the phospholipids
oxidize more rapidly than the fatty acids in
the neutral lipids in freeze-dried beef.

The fatty acids of the phospholipids and
other long-chain fatty acids seem to play a
major role in lipid oxidation. Yet little work
has been done, to our knowledge, to compare
specifically how much and what kind of fatty
acids are present in the phospholipids and
the neutral lipids of poultry tissues. This
study was conducted to determine the
amounts and percentages of fatty acids pres-
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ent in neutral and phospholipid fractions in
|flap[ld5 from chicken skin, muscle, and depot

EXPERIMENTAL METHODS

Twelve 14-week-old male fryers were obtained
from a commercial source for” this study,  These
birds were reared under a proqram in Wwhich the
composition of the diet was altered four times.
During the last two weeks f|n|sh|nE stage) the
diet contained a calculated 3.8% fat. Four Uniform
2-kg birds (eviscerated weight) were_ selected from
the 12 for this experiment; and their dark meat,
white meat, skin, and depot fat (taken from the
abdominal cavity after the removal of the viscera)
were anal)(zed 0 determine the fatty acid compo-
sition of the neutral lipids and the” phospholipids
from these tissues.

The lipids were extracted by the method devel-
oped by Folch et al. (1957)." Each lipid sample
was separated into neutral lipids_and {Jhosphoh 1ds
by the method suggested by Borgstrom (1952)
modified by using a silicic acid Column System
escribed. by Katz and Dawson, 1965) and “dried
for gravimétric measurement of these lipids. A
second sample, was separated into neutral and phos-
?hol|p|d fractions, and the fatty acids of each
raction were methylated and used for analysis of
the fatty acids by gas-liquid chromatography.

_The silicic aci 380-100-mesh) was washed with
distilled water to remove the fines. Water was
removed under vacuum on a Buchner funnel. The
silicic acid was then washed with methanol and
activated overmght at 105°C. After packing the
column, 2 cm of dehydrated sodium Sulfate were
prlaced on. top of the silicic acid-chloroform slurry.

otal lipids dissolved in chloroform were addéd
to this column. The sample was eluted from the
column under nitrogen pressure at the rate of
2 drops per second, into drying flasks. The chloro-
form eluant of the samplé was taken as neutral
lipids, and the methanol eluant as phospholipids.

eutral lipids were eluted by chloroform " and
monitored by the Salkowski test (Kuchmack and
Dugan, 1963) until negative, and the elution of
phaspholipids’ was folloived bX the ninhydrin test
until ne_tf;atlve (Rouser et al., 1961). Double check
for (Purl y was accomplished by checking the neutral
lipias with niphydrin, and ttie phospholipids were
checked by micro-plate thin-layer chromatography.
New column packing was used for each Sample,
and the nonlipid material present in the lipid frac-
tion was discarded.

The eluant for gravimetric analysis was dried at
40°C in a round-bottom flask on a Rinco rotary
vacuum evaporator, After vacuum drying, the
sample was placed in a 105°C oven for 10 min and

FATTY ACIDS IN CHICKEN LIPID MATERIAL

brought o a constant weight by holding ovemight
In a desiccator at room temperature.

Fatty acids, were esterifie b{ the method devel-
oped by McGinnis and Dugan (1965). This method
Involves hgdrolysw and methylation of the lipids
from FRSQi and methylation of the fatty acids at
—60°C. RecoverF of .the methyl eSters was
achieved by extraction with 30-60° petroleum ether.
The ether solution containing methyl ester was
evaporated to 0.2 ml (or 0.1 in"the case of phospho-
lipids) over a 60°C bath and under nitrogen. The
concentrate was transferred with a Syringe to a
tube made out of No. 4 capillary _gla_ss tube to
minimize the surface area and to aid in handlmg
such minute quantities. These tubes were store
at 0°C in the dark for not more than 12 hr before
GLC analysis, and were checked by . thin-layer
chromatography for complete esterification.

Fractionation of the methyl esters was accom-
plished on a dual column F &M 810 GLC, utilizing
a flame ionization detector. Helium was used as
a carrier gas at 3 mimin. A 72 X Li-inch
column was used isothermally at. 190°C with de-
tector temperature of 260°C and injector tempera-
ture of 250°C. Acid-washed chromogorh W, 80-100-
mesh, was used as solid support with 15% DECS
plus 3%, phosphoric acid as liquid phase. The
phosphoric acid helped to obtain well defined and
slréwﬁrgetrlcal peaks, as was suggested by Metcalf

Fatty acids were identified by comparison with
standards from the Hormel Institute, and by com-
parln? the unknown peaks to the sem|I0([1n plots
of retention time vs. carbon number to that of
the known fatty acid esters. To improve separa-
tion of the fatty acids, the DEGS column was used
at different temdperat_ures and gas flow rates.

The combined weight of the neutral lipids and
phosRhollplds was taken as the total lipid content
of the tissue. Neutral lipids and . phospholipids
were calculated as a percent of this tofal. The
attxf acids were calculated as a percent of the
totdl fatty acids in the neutral lipid or the phospho-
lipid fractions. This was done by calculating the
peak area with the help of the disc chart integrator,
and expressing it as a percent of total ared from
all peaks of the methyl esters. At least two repli-
cate Ianalyses were determined from each of four
samples.

RESULTS AND DISCUSSION

_ The fotal lipids, ghos_pholipids and neutral
lipids found In each tissue are reported In
Table 1 (fn.d the Tatty acid composition of
eac I|§)| In each tisse 1S given In Tables
2and 3. The fa_ttg acid composition of lipids
from different tisSues depends both on com-
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ip bclgnt%entTM llP'phu thos holrgrd and neutral

Tisste il Wik Tipidt
White meat 10 43 5

Dark meat 25 il I
Skin 5 20 %R
Depot fat 6080 09 9.1
A PEEAde of fa) stk
Woodroof

posrtron of diet I\/Iarron and]

962) and on synthesis witnin the
(Machlrn and Gordon, 1961), The rate and
extent of development of oxidative rancrdrtg
In meat _(or separated fat) during extende
storage is influenced markedly bg the degree
of unsaturatron of those fattg i0s resent
S0 ad%rtrona data on composition o lipi d
In each major portion of the chicken should
be of vau In" the manufacturing of meat-
contarnmg roducté and controlling the sta-
brIrty of 'stch products,

As ewected total I rd cont nt was lowest
in the hrte meat, followed Dy dark meat
and skin, and was highest in epot fat. The
vaIues for white and"dark muscles are rela-
tivel g/ low, However the muscle tissues were
excre and all apoarent fﬁtty tissues re-
move rior.to analysis, The'1:2 ratio of
lipids in white and “dark meat was as ex-

t]aetlejablaega goaettc/en 58% Oc];fﬂt?renepafayl ld]curjjss (rcnalthje'
rk
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pected. This type of information has been
used In the past to indicate that rancidity
develo ment should occur rimarily in_dep ot
fat and skin, with less chance that it wr
o in e e O e, N g
IpIds were S r spholipids
gutral frprds phowever a Fd f(teFr)ent Fr)e(tjatron
ship W?Sh B ﬁren Th egresent results show
that alt o W |te meat and gark meat
contained only 1and 2,5% total Irprds 48%
and 21% resp ectrveIX of that tofal was in the
phos orpr fractio Prevrousg/pornte
out (El Gharbawr 1%4) tty acid
Phor pids. oxidized more rapidly than the
tty acids in neutral lipids. On a weight
Percentage basis, aII trssues contarned abput
he samé amount of g rprd matenal
Therefore the hroh percentage of phospho-
lipids in muscle ssues may make mu cIes
as susceptible to oxidative rancrdrty as are
depot and skin fat.

Since oxidation depends on the resence
of unsatyrated fatt acids, an an ysrs of
Individual fatty acids was made for each
tissue, The ercenae of each fatty acid
was similar among thé four tissues, with the

tieo?g %F)%tet cen adse ngtrt]ﬁepp ?Bh()“fds in t?rle

Eéfd’a it W@latf skin DR
iV tr tr tr tr
14 32 18 35 19
141 03 01 05 11
5 07 08 07 09
16 146 230 21 190
16:1 16 09 31 48
16:2 05 03 07 0.7
17 04 05 10 06
18 166 99 118 93
181 135 163 195 58
182 198 170 148 217
18:3 06 05 10 18
20:1 06 06 08 11
20:2 08 08 09 0.7
20:3 12 15 16 09
20:4 168 551 114 47
22:2 04 10 11 09
22:3 03 07 06 05
22:4 2.4 30 21 13
24:1 09 10 17 16
22:5-24:2 15 17 09 03
22:6-24:4 34 39 14 13

o

Number of carbons: number of double bonds.
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greatest variation in arachidonic acid ‘20 4)
in the pho?pholl iq fra%tlon, as reported by
Miller et al. (1962). T eperce_ntage of this
acid was highest in the low-fat tissués (white
and dark meat) and lowest in the high-fat
tissue &delpot fat?. Arachidonic acid IS syn-
thesized from lingleic acid  (Machlin 4nd
Gordon, 1961). The lipid fraction in the
diet of the birds in this study (Table 4
contained only traces of arachidonic acid byt
ag roximately 50% linoleic acid. This indi-
cates that these hirds rob,ab(lly synthesized
arachidonic_acid, and d gosne_ . lower per-
centage of it in_the phospholipid fraction of
the lipid rich tissue és In and depot fat)
than in the white and dark meat.

In the past, when onlg whole birds were
stored, oxidation occurred, first in the skin
and depot fat tissues, mainly because the
Were more exposed to the air.” Man gresen -
dag products are cut-up parts or boneless
méat’ tissues, and their lipids, were found,
In this stydy, to_contain sufficient polyun-
saturated fatty acids to _tf,e of maaor concern
In maintaining the stability of stch poultry
meat products.
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Volatile Flavor and Aroma Components of Pineapple

SUMMARY

Methrl [3-methylthiopropionate and ethyl
[3-methy

fied from pineapple flavor concentrate. These
are the major volatile sulfur-containing com-
pounds present. Also detected were two minor
sulfur-containing compounds. The total vola-
tile sulfur content of pineapple flavor concen-
trate was found to be 0.4-1.0% (13-32 ppb
hased on whole pineapple).

Methgl Lmeth}/Ithropro |onate CHaSCH.-
CHs was |dentified in Hawal-
|an Uprneap(p agen- Smltet al., 1945?

oxidation of an'im ure su furcontarnrng rac-

tron fo the corresponding sulfone; a mixture
melting point determination with gn authe-
tic s pIe of the sulfone served for confir-
mation of identity.

For a number-of years, these results were
treated with some feservation because pre-
liminary gas chromato?raphy mvestrgatrons
on crude “instruments failed"to confirm the
presence of |, and taste-fests on a synthetic
sample. elicited very unfavorable responses
(“foreign” taste) d wn fo the lowest detect-
able level (unpublished results, Pineapple
Research Institute).

In the course of our work on Hawaiian
pineapple (Rodin, e a1, 1965; Silverstein
et al, 1969), we fsolated, in pure form, and
|dent|f|ed two squur contarnrn compounds,
I an etg met )(_lthr pro ionate CH3

). Thelr infra-
red and NMR spectra were congruent with
those of authentic samples (Figs. °L 2). This
work was done on a 1963 winter crop . A
Carius. sulfur microdefermination gave” 1.0%
sulfur | |n the distillate from the flavor concen-
trate (32 ppb based on whole prneapple?

A “sulfur profile” was run on a distillate
of a flavor concentrate regresentrng one-
tenth of a pineapple from a 1964 summer
crop, by passin the gas chromatograpny

thiopropionate were isolated and identi-

The Sulfur-Containing Components

effluent directly and contrnuously into an
electro gtrc con uctrvrtgl fur detector
(Coulson, 1 The qu etector re-
cording Is shown in Iﬁ epeaks at 3.2
min and 5.4 mrn matched those of authentic
[ and |1 run un er |dent|cal conditions, Be-
srdes the met}/ S) and ethyI 14
g S) peaks ere are tvvo smaller “sulfur-
contarnrng peaks /g This corre-
s e t%taba%fedo o Srtrr e
| w
In fair aﬁre%rrnent with the Carius 3 eprmr

nation or the winger crop.

The presence of | and Il in Australran
pineapple was reported recentl by Connel
(1964), who matched ga omato rap Vy

retentron times of peaks, whrch have
een comp Ietelp resolved agarns those of
auth entrc sam es His value of . % sulfur
In his Iprnea eorI difters from ours by
an orde agnitude.

Taste tests were carried out on gure au-
thentic samples of both esters. Th sourri
of the “for |Pn taste in the earI?/ sample
of the methyl ester | was tra? p 0 appre-
clable conta |nat|onb meth merca to-
proprionate.  The, purified “samp es Were
ace gtable EN addrtrves to “stripped” pine-
alp] gurce n"high_concentrations, they

partdan overripe” taste.

n this connecti n we mr%ht speculate on
the bro enesrs of the squur ontarnrng com

e o i

sent In grne
rpple un&r tBF onset of ri nrn sent
consr erable amounts therea er ortner

Ingleton, 1965). Fully mature, but not
orgerp(npegned fru?t vr)ras use)d in the present
W

ISOLATION AND IDENTIFICATION

This study was carried out on a flavor. concen-
trate prepared from 230 freshly-picked pineapples
(winter crop 1963). Preparation of the concen-
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Fig. 1 Infrared (isolated) and NMR (synthetic) spectra of crsscHzcHzcoocHs (1).

trate was described in paﬂer No. | (Rodin et al,  Silicone QFL column from 32 to 41 min, and re-
1965). Preparation_ of the gas chromatography chromatographed on a LAC 446 column (25% on
fractions was_described in paper No. Il ‘ ilver-  Chromosorb” W, 30/60-mesh, 6 ft X 5 mm ID,
stein_ et al., 1965) ; the same numbering system for  130°C, 30 cc helium/min, on-column mgectmn% t0
fractions is used'in this paper. give fraction 3E3 (4 mg, retention fime 32-36

(Gas chromat%%raphg raction 3D (4L mg) was min), This fraction was dentified as [l by com-
collected from 23 to 3L min from a Silicone QSFl parative retention times and IR and NMR spectra.
column as described in J)aper No. Il. Fraction 3D~ The NMR Spectrum of | (F|9. 1) shows_the
was rechromatographed on a LAC 446 column  cHss— protons as a singlet at r 7.92 the cu ®—
(15% on Chromosorh W 30/60-mesh, 12 ft X 5 protons as a singlet at . ©.37, and the - CHLH2—
mm D, 161°C, 34 cc helium/min, on-column injec-  protons as two closely-spaced, distorted triplets
tion) to give fraction 3D3 (8 mg, retention fime  Ccentered at about t 7.3 and t 75 The NMR
19t0 22 min). The IR spectrum and retention time ~ Spectrum of [1_(Fig. 2) shows the c+3— protons
of this fraction agreed with those of an authentic  as a sm?Iet at T7.93, the CFLCFLO— protons as a
sample of 1. triplet at T8.77, the cHacH20 — protons as a quar-

Fraction 3E (40 mg) was collected from the tet at T 588, and the —cracH2— protons as
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two closely-spaced, distorted triplets centered at
about r 7.3 and ¢ 75. In addition to distortion, the
quter peaks of the triplet show second-order split-
ting because of the small difference in shift positions.

SULFUR PROFILE

A Coulson Instruments Com,oan gas chromato-
graph, model 1, containing a CIC feniperature pro-
grammer, model 30, was used for the selective
Blectrolytic conductivity detection of sulfur-contain-
ing organic compounds. The column was a coiled
Pyrex tube 4 ft X 2 mm ID, packed with 80/100-
mesh Gas Chrom-Q coated with 10% DC 200 oil

123

(12,500 centistokes). The helium carrier gas flow
rate was 35 cc/min, and the oxygen flow rate into
the 800° combustion zone was “approximately 100
cc/min. The temperature_program for the sulfur
component analysis was 10 min isothermal at 80°C
followed by a linear increase of 9°/min for 18 min,
The atteniator setting on the detector bridge was
X200, which represents a sensitivity of 13 fig of
sulfur per square inch on a strip-Chart recorder
with a chart speed of 05 in./min and a sensitivity
of 01 mv/in. o

Most of the smaller peaks, including the peak
between 1 and 2 min and the group between 22 and
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Fig. 2 Infrared (synthetic) and NMR (isolated spectra of CHaSCH-CH.COOCH.CHa (I1).
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Fig. 3. “Sulfur profile” of distillate.

28 min, were halogen-containing - contaminants,
based on a separate analysis under” conditions spe-
cific for halogen detection. _

The flavorconcentrate used to obtain the “sulfur
profile” was prepared from 10 pineapples from a
summer 1964 crop, translucence 4.4 (see papers
Nos. | and Il of this series). This concentrate
was transferred to a short-path distillation appara-
tus (distance from pot to_cold-fmt[}er cooled "with
dry ice was 20 mm) and distilled af 60°C/0.0L mm
for 1 hr. The distillate was rinsed from the cold-
f|R/?er_W|th 1 ml of freshly-opened tetrahydrofuran
(Mallinckrodt AR). A1 A1_Port|on of thie solution
was used for the sulfur profile shown in Fig. 3,

PREPARATION OF AUTHENTIC SAMPLES

Methrl-|3-methylthiopropionate (1) was prepared
by treating the sodium salt of methyl-/3-mercapto-
propionate” with methyl iodide, The product was
distilled at 10S-107°C/35 mm (lit. bp 69°C/10 mm,
Haagen-Smit et al, 1945) and purified by gas
chromatograﬁhy through an Apiezon L column
(20% on” Chromosorb W, 30/60-mesh, 6 ft X 8
mm 1D) at 166° and 30 cc helium/min, retention
time 135165 min.

Ethyl-(3-methylthiopropionate II)5 Wwas ﬁrepared
by the method of Protiva et al. (1957). The prod-
uct was distilled at 192-197°C (lit. bp 192°C, Bar-
ger and Coyne, 1928) ; it showed a_ symmetrical
peak on gas chroma ogra(Phy at 125 min and a
minor peak at 5 min (<" 1%) ona Carbowax 20 M
column (10% on Chromosorb W, 60/80, 5 ft X
2 mm ID) at 100°C and 13 cc helium/min.

T0-535,522-3

SPECTRA

The infrared spectrum of | was qbtained
as a film with a Beckman IR5. The Infrared
spectrum of 11 was obtained in carbon disul-
fide solution with a Perkin-Elmer 221.

The NMR spectra of | and 1 were qb-
tained_in carbon tetrachloride solution, with
a Varian HR60.

REFERENCES

Barger, G, and F. P. Coyne, 1928, The amino
acid methionine; constitution and. synthesis,
Connell, D. W. 1964 Volatile flavoring constitu-

i%s of the pineapple. Australian J."Chan. 17,

Coulson, D. M. 1965, Electrolytic conductivity
detector for gas chromatography. J. Gé&s
Chromatog. 3" 134 _

Gortner, W. A, and V. L. Singleton. 1965. Chemi-
cal and |ohy3|cal development of the pineapple
fruit. 111, "J. Food Sci. 30, 24.

Haagen-Smit, A. V., J. G, Kirchner, A, N. Prater
and C. L. Deasy. 1945 Chemical studies of
pineapple. J. Am. Chem. Soc. 67, 1%L

Protiva, M., V. M chajlgszxn L. Novak, M. Bo-
rovicka, J. D. Jilek; E. Adlerova, and V. Hach.
197 Synthetic antispasmodics. Ccskoslov.
farm. 6, 425. Chan. Absir. 52, 9944 g (1958).

Rodin, J. O, C. M. Himel, R. M. Silverstein, R, W.
Leeper, and W. A, Gortner. 1965. Volatile
flavor and aroma_components of pineapple. .
J. Food Sci. 30, 280.



RODIN, COULSON, SILVERSTEIN, AND LEEPER 725

Silverstein, R. M., J. O. Rodin, C. M. Himel, and rector of PRI as Technical Pa er No. 310.

R. W. Leeper, 1965, Volatile flavor and aroma ?_lauthors N Indebted to illis A, org
components of pineapple. 1I. J. Food Sci. 3, fﬁ)eeft ol*maﬁ]ncuﬂmtteloge tsﬁf%m ¥ISIH i
668.
d t;
Ms. rec'd 2125/66. gr((ef rrqpnﬁil %)\?Jreairenrgﬁtg W?th trrje sylfur aéstgﬁrcl\;%

andhl'JSR ha§) {Sftlg %Lﬂ easapsgl)J v%rltegf Wes&l- spectra. nderson, o the




A. PINTO and C. O. CHICHESTER

unnebat 6 Sl En Cadrsa G

Changes in the Content of Free Amino Acids

SUMMARY

The major changes noted in the roasting of
cocoa beans are the destruction of amino acids
and reducing sugars, followed by the production
of volatile carbonyl compounds. The relation
between these reactions was demonstrated by
means of amino acid analysis, titrimetric deter-
mination of the reducing sugars, and gas
chromatography. It is postulated that the ma-
jority of the carbonyl compounds produced
during the course of the roasting process are
the result of the oxidative deamination of free
amino acids.

INTRODUCTION

. Changes in the composition of the vola-
ti e? of "cocoa beans during roa,stmg were
analyzed, since this operafion. induces the
reatest changes In aroma durln% the usual
rocessing of beans for chocolate manufac-
ure. Experiments were also conducted to
determine the nature of the precursors of
the_aroma developed durin roastlng. .
The formation of low-temperaturé-boiling
Idehydes from free amino acids is not un-
nowh. In a research note,. Casey et al.
(19652 _analyzed the factors influg cm? the
Pro uction of Iow-bomn% volatiles from
oods, Linko. and Johnso (1963# studjed
the changes in amino acids and formation
of carbofyl compounds durlng the bakin
of b_reaéi. Herz and Shallenb r?er 9960
optained chocolate aroma by heafing Ieucine,
lutamine, and threonine at "100°C, and valine

gt 180°C with glucase.
' 119 23 analyzed the chemi-

Bailey et al
cal composition of the aroma present in the
r?asted cocoa beans and Postrlat d that the
aldehydes present are the resuylt of a Strecker
degradation of the free amino acids.

_ eW|tt_(1955-56g observed an mcrefase
in free amino acid concentration quring fer-
mentation, and Rohan (1964) found” that
the amount of free amino_ acids present In
c?%oa beans increases during fermentation,
although the Increases were”confined prin-
cwgll}/ o leucing, phenylalanine, alanine,
ana valine.
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During Roasting of Cocoa Beans

Rohan (1963 ) extracted and concentrated
the aroma precursors Present in fermented
cocoa beans. This extract was made up of
amino acids, sugars, and flavonoid com-
pounds.

MATERIALS AND METHODS

. Materials. - Four types of cocoa beans were used
in this investigation.” The follpwm? descriptions of
each type are given. in the literafure:

Bahia &good uality) has a sharp, acid flavor.
Itst_aroma Ic quality is very poor, or hardly aro-
matic.

. Lagos has a hasic chocolate flavor, sometimes
incliried toward a trace of fruitiness and nuttiness.
Not aromatic. o _

Puerto Cabello is used for making hlgh-_qualltP/
ﬁroducts; its flavor is sharp and penetratln(i. t
as a nutty flavor and is considered one of the
best-qualltx €0c0a heans. _

Arriba has an unusual floral aroma; a typical
aromatic type of cocoa bean. _

The samples were obtained from different manu-
facturers of chocolate and cocoa, but the majority
were supplied by the Guittard Chocolate Coripany.

Methods. Roastmﬁ. A modified Yabez-Burns
roaster was used. The equ_l?ment was set up fol-
Iowmgf the procedure of Little et al. (1959) with
the following modifications: a) The diameter of the
tube feedlnF the gas to the burner controlled by
the proportioning™ Robertshaw-Fulton valve was
reduced. This was done to lower the heat output
of the burner. The modified burner was then
requlated to maintain the temperature near 130°C.
b)” The heat supply was controlled by changes in
the temperature of the input air entering the
roasting chamber. ~The temperature-measuring
thermoCouple controlling the burner, operated %y_a
General Controls valve, type B650, was placed” in
the hot air flow entering the roasting chamber. In
this way the temperature of the air was kept con-
stant at” 130£0.5°C. This temperature was selected
following the recommendation of Cook El 63
although it is somewhat lower than tha used
commercially. _ _

The roaster was loaded with approximately
300 g of cocoa beans. A 100-g sample of the
same "ot of raw heans was stored ‘In a hermetically
sealed lass 6ar for other analyses.

After 15, 30, and 45 min of roasting, the chamber
was opened and a sample of approxXimately 100 g
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was taken out. The samples were stored in glass
jars similar to the one used for the unroasted Sam-
ple, and allowed to cool at room temperature.

Samples far the gas chromatographic analysis.
The method used was basically” that of Bailey
et al. (1962). After the shell and germ were re-
moved, 30 g of the roasted or unroasted beans
were ground in a small_laboratory blender and
immediately placed in a 250-m filtefing flask. The
mouth of the flask was sealed with a rubber cork
wrapped with aluminum foil. The lateral tube was
sealed with a small serum cap.

After remaining at least 2 hr at room temPera-
tures to reach equilibrium, 2.0-ml samples of the
headspace over the ground cocoa beans were
removed through the Serum cap with a gas-tight
Hamilton syrm?e, model 1002, and introduced into
the gas chromatography instrument.

_Extraction of water-soluble substances for analy-
sis of free amino acids. One gram of the grourd
roasted or unroasted cocoa beans (shell removed)
was mixed in a small laboratory Waring blender
with, 100_ml of distilled water,” and blénded for
5 min. The blender was stoEped at least two
times, so the walls of the flask could be washed
with small amounts of distilled water, to dislodge
Partlcles adhering to the walls. The susEensmn ob-
ained was then “poured into a 250-m| Erlenmeyer
flask. The blender was washed with distilled water,
and the wash water added to the original extract.

The suspension was heated to boiling in 10 min
to coagulate the proteins and_peptides and after
cooling the suspension was sterile filtered. A clear
and brilliant solution was obtained, whose volume
was adjusted to 250 ml.

Photometric determination of total free amino
acids. The method of Moore and Stein 51954) for
Photometrlc determination of amino acids and re-
ated compounds was used to estimate the amount
and variation_in quantity of the free alpha-amino
acids Fresent In roasted and unroasted cocoa beans.
Samples of the aqueous extract of roasted and
unroasted beans were used (0.5 ml), and the results
are expressed as leucine. S

Quantitative determination of free amino acids.
The sample was adjusted to pH 19 with citrate,
and a 0.5-ml sam{)e of a concentrated _aqueous
extract (concentrated from 250 ml to 27 ml by
!Xophll|zat|on) was analyzed in the Technicon Aut

nalyzer, using an internal standard of norleucine
and compared against a Technicon 20 amino acid
standard. _

Gas chromato%raphlc method. Two-ml samples
of vapor from the headspace over the roasted or
unroasted ground material were injected into a
Perkin-Elmer gas chromatograph’, model 226,
equipped with a flame ionization detector. After
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mam{ assays with different column materials, tem-
peratures, ‘and flow rates, the following conditions
were selected and used in all analyses.

Column : Packed column. Coating (liquid phas\ﬁ)
Bolypropyl_ene 8%chol. Support material chrom. W.
article 'size 80-100-mesh. Length 15 ft. OQutside
diameter % in. Coating wt. 15%.

Block temperature 160°C
Column temperature 100°C
Detector temperature 190°C
Chart speed 30 inches/hr _
Helium pressure (carrier) 30 psi
Hydrogen pressure 12 psi
Compressed air pressure 45 psi

_Identification of compounds in the aroma. Vola-
tiles were identified on the basis of retention times
compared with those of samples of known alde-
f&ydes, using the standard conditions given. above.
ompounds “for comparison were seleCted initially
on the basis of Bailey (1962).

Determination of reducing sugars. The extract
Was grepar_ed for analysis by the method of Hassid
(1936), with the following' modifications: 1I) the
extraction was made with™80 ml of 80% alcohol
over 1 of ground cocoa beans by using a Wa_rlnP
blender,” and” letting the extract stand™ overnight.
The next day the extract was filtered iWhatman
No. 1 paper) in a Buchner funnel. Afterward it
was concentrated by evaporation under vacuum to
20 ml. Then, after wash|n8, the volume was ad-
*usted to 30 ml, and a 10-ml portion was used
or analysis. In the final clarification, 05 g of
decolorizing carbon was used in order to obtain
an extract™ devoid of any coloring matter. The
extract was then adjusted"to Oml,"and 5.0 ml was
used for determination of the _reducing sugars,
using the method of Hassid (1937).

RESULTS

Variations in composition of aroma during
roasting. Fig. 11is an example of the gas chro-
matograms obtained when the aroma of Unroasted
and foasted (15, 30, and 45 mm& cocoa beans of
four different kinds were analyzed.

Table 1 gives the values of the areas under each
peak of the gas chromatograms. _

Figs. 2. 374, and 5 show the change in surface
areas of the peaks undergoing the greatest changes
with roastln% time. _ _

1) Peaks 18 12, and 10 increase rapidly as roast-
ing time increases. In the first 30 min the increase
IS almost linear with time, _ _

2) The increase in area of peak 18 is three times
that of peak 12, and many times greater than that
of é)eak 10o0r6 _ _

) With roasting, peak 6 increased rapidly at
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f|rst8but_ the increase was only for the first IS
or 18 min.
4) Peak 14 increased with roasting up to IS min,
and then decreased. _
5) The other peak slowly decreased with
roast|n1g. _ _
6) The aromatic types of cocoa beans &Arrlba
and Puerto Cabello} do not have ﬁeak 4, and
have only very small amounts of peak 13

Variations in the total_amount of free amino
acids dunng roasting. Table 2 gives the total
amounts of Tree amino acids, expressed in mg of
leucine Ber_g of beans, found In unroasted “and
roasted Bahia, Puerto Cabello, Lagos, and Arriba
cocoa heans. .

As the roasting time increases, the total
amount of free amino™ acids decreases and _ the
rate of change is almost linear with roasting time.

45 winutes {

FIGURE 1

30 minutes
roasting

Fig. 1 Gas chromatogram of the unconcentrated
lavor from, unroastéd “and roastéd Bahia cocoa
eans oog guw .
cetalde
|o|na exfie
ethyl alc
r% ehyde

.

sg\?ggryaldehyde

AMINO ACID CHANGES FROM ROASTING COCOA BEANS

.2)  Lagos cocoa heans have a lower concentra-
tion of free amino acids, but the rate of change
is the same as found in the other types.

Changes in the concentration of “the individual
free amino acids during roasting, Table 3. and
Fig. 6 show the concentration 0f the individual
frée_amino acids found in unroasted and roasted
Bahia (good-quality ) cocoa heans.

1) Except tor methioning (almost no change),
the ‘amount of each free amino acid present became
less as roasting time lengthened.

2) Glutamic acid, leucine, phenylalaning, and the
unknown Xz decreased markedly ‘with roasting.

.3) The decreases in unknown” X,. threonine, ala-
nine, lysine, tyrosin, proline, valine, argining, iso-
leucine; and histidine with r_oastm% were significant,
but not as large as those in 2, above.

4) Aspartic acid, serine, and glycine showed only
small decreases. o

5) The increase in the content of ammonia in
cocoa beans due to roasting is of appreciable mag-
nitude. The reactions of ‘the ammonia with the
cocoa butter on other compounds present in the
bean are probably important in the generation of
chocolate flavor.

FIGURE 2

hes)

inc

107

of the peaks (square

face

0 15 30 45
Roasting time (min,)

AR e 0 P
nev reifés €0Ccoa Deans.

u%r 0 Cabello

’ééh'(ga



PTNTO AND CHICHESTER 729

dis EF%% 1 Surface areas (sst% dm.% under the eaksbobtamed in the gas chromatographic analy-

aroma from unroasted and roasted cocoa beans.
Variety peak 0 15 30 45
Arriba 0.165 0213 0.243 0151

{(IJ 00t 0161 0 01
12 0283 1146 3% 25T

13

14

B8 0.567 3858 0.862 7.826
Lagos 6 0'%2 0319 0.307 0.252

1 0165 0634 0551 1017
1 0472 2394 10.267 1212

Puerto Cabello 6 0.038 0113 0.165 0.165
0.040 .

14 00 0.118 0.189 0.276
18 0.227 2.764 8,563 9.574
Bahai 6 0.087 0.198 0.187 0.154

(good quality) 10 0.004 0.161 0.189 0.205

18 051 2645 6.141 6.299

Identification of the compound in the aroma. T%bl g Am('no gcid rejent in u roaste{i ar)d
Table 4 gives the tentative Identification of some [)%%Sngsf ahia- (good-quality) cocoa beans  (ym/g
of the peaks found in the gas chromatograms. '

1) The same chemical compounds were found in o aid Roasting time (min)
varying amounts in the aroma of unroasted and Lyéinﬁéno U5 123054 16‘550
rogsted cocog beans ) Histidine 493 455 343

2) Peak 13 was not N-butyraldehyde, as was Arginine 147 e VR
thought (Bailey, 19622 because the retention time  Achartic acid 0% 1003 838
differed slightly'from that measured when the ﬁure Threonine 55 138 1041
chemical compound was injected in the ﬂas chro-  Serine 1310 1204 119%
matograph, and could be separated when both  Glutamic acid 16.76 950 655
were injected simultaneously. Proline 1578 1238 2.3

L Glycine 8.16 .11 1.3

Table 2 Total amount of alpha-amino acid pres-  Alanine 2.8 2.3 2830
ent in unroasted and roasted cocoa beans (mg of \/gline 179 17.02 15.37
leucine per g of beans). Methionine 204 19 1%

Roasting time (min) Isoleucine 1197 10174 9.8

Variety 0 5% 4 Leucine 900 He 09
Bahia T%rosme _ 1388 1213 1058
(good quality) 1580 1450 1215 1140  Phenylalanine 26.24 2381 20.10

Puerto Cabello 1516 1470 1169 1040  Unkriown A4 8.72 5.22 393
Lagos 915 650 618 545 Unknown X2 2344 1960 1607
Arfiba 438 1430 1266 1200 Ammonia 30.08 29.18 3117
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Table 4 |dentity of the peaks present in gas
R e
Peak no. Chemical compound
Acetaldehyde
10 Proplonal ehyde
1 Methyl alcohol
D Isobutyraldéhyde
1 Diacetyl
18 Isovaleraldehyde

Changes in reducing sugars, during roasting.
Table 5 éuves the average reducing sugar contents
expressed as dextrose eguivalent, In ufiroasted and
roasted Bahia cocoa beans &%ood quality). 1t also
shows the degrees Brix of the extract and Fig. 7
shows these changes as a function of roasting time.

With roasting, the amount of reducing ‘sugars
present in the cocoa beans decreased. The raté of
decrease was constant and linear, and the amount
of soluble solids present in the aqueous extract
%mea_sured in degrees anJ remained constant for
the first 30 min, ‘and then decreased.

DISCUSSION

During roasting the free aming acids are
transformed mtogstructurally re?ated alae-

T Al
0 15 30 45

Roasting time (min.)

éisFJIgUt?ralﬁeanggj I(Pulelrjlga(rzgas rﬁ% %r}d%uf T felrz-
At Varteties of Cocoa bears.

e coa
%gso Cabello
hiat

f 4

AMINO ACID CHANGES FROM ROASTING COCOA BEANS

roddg o SEAD S e 0t e
| Roasnnglgme (m;g) B
Reducmgf sugars
dextrose per

0
g(o?cocoabeans) 1762 122 804 3%
Dégrees Brix of

extract at 20°C 30300 300 18

hydes br a process of deamination and de-
carboxylation. These volatile compounds are
Important constituents of the aroma present
In the roasted cocoa beans and chocolate
liquor, and are partlallyr responsible for the
final chocolate aroma. The a_Idethes cauise
the pungent odor present In the freshly
roasted Deans.

The chemical reactions involved in _this
process are not completely understood. Two
nossibilities exist: 1) A thermal degradation
deamination and Qecarb xxélatl%n? of the
ee amino_acids induced by the' heating
under roasting temperatures; or, more likely,

:’; )
5‘0.}1
3
z (2)
2 o
Roasting time (min.)
6aEé -|é‘éh¥%%j” 3nn'n”g Syl e ynder ek, 9
arlejles acocoa ears.
U Efo Cabello
érH a
ania
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Roasting time (min,)

L

\Sgro 10na|$ h@ogei Hrlsnugrf?ggst?rr\%ao ”%%rr g% eren?
%ﬁ 0 Cabello
ania

2) the reactions of the amino acids with re-

ducing sugars to form Amadori rearrange-
ment “products . (Anet, 1957), which uPon
contlnued heating will de é)mpose to %
des and other” compounds derived  from
tesu ar molety. Acommon feature in the
ormatlon of these volatiles, from the amino
acids 1s ammonia production as a conse-
quence . of the deamipation ;[)rocess The
ammonia liberated In this reaction can react
With reducmq su%ars Schonberg et al,
1948) and with ot er substances \Bresent in
the cocoa beans to yield products which may
Influence the aroma and flayor of the chocgd-
late. The Dutch process of alkalization, al-
though somewhat more Severe In its action,
gives evidence of th? flavor and color changes
which can result from basic treatment™ of
cocoa liguor.
The fact that this mcrease in ammonia
a ears at between 30 and 45 minutes roast-
times can be mterPnreted ither that after
§ much time the compounds reacting with

131

the ammonia become saturated, or that the
rate of ammonla release 1S S0 Iar%e that It
aﬁgears as free ammonia. 1t is also possible
the deamination fo produce ammonia

does not occur until the critical concentra
tion of Intermediate is produced, e.g., late
In the roastlng Process

The large Telease of ammonia after lon
roasting would explain the formation of off-
flavors when the cocoa heans are roasted
longer than the conventional times.

e characteristics of the cocoa lipids
must have a definitive influence in the reten-
tion of the aldehydes produced; for example
the amount of acetaldehﬁde roduced IS Rro
ably equal to or larger t an Isovaleraldenyde,
but' its retention i smaller because of its
volatility, or poorer adsorption.

401 FIGURE 6

ans)

be.

2)
30-‘

x

7
104 8)

\ 9
(10)

—r 1
0 15 30 45

of cocoa

Amount of each amino acid (micromoles per gram

Roasting time (min.)

gurlrgg 10aS tlng ttgeaﬁmoup ood e mocg&l)g
eans

mmonia
?ucme

eV alan
L
i

onine

15 Gl

:'a‘m




£ PIGI
3 URE 7

Brix of the

1)

0 15 45

30
Roasting time (min,)

Fig. 1 .Vari%tions i{] the a@ unt of redbucin
suga dﬁ]_{l % fhe roas meg( of Bahal cocoa. beans.
ﬁ) eex rgérgg sugar expressed as mg of

(2) %egrees' Brix of the extract.

It is interesting that during the fermenta-
tion of cocoa beans there is an increase in
the amount of those free amino acids that
form isobutyraldehyde and isovaleraldehyde
in roasting.

The simple techniques used in the present
investigation for the determination of the
amounts of free amino acids and reducing
sugars can be useful in evaluating the quality
of unroasted cocoa beans in order to specify
chocolate blends at least partially.
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Some Catechins and Proanthocyanidins in the

SUMMARY

Two catechins and two proanthocyanidins
were isolated from the cores of Bartlett pears.
The catechins, (+)-catechin, and (—)-epicate-
chin were obtained in crystalline form. Pro-
anthocyanidin P-1 was found to be identical
with the major proanthocyanidin of cacao
beans. Proanthocyanidin P-2 was found to con-
sist of at least three flavan units. Treatment
of proanthocyanidin P-2 with sulfurous acid
yielded proanthocyanidin P-1.

INTRODUCTION

The discoloration of Bartlett pears durln?
canning was Investigated by Luh et af.
f(1960). The pigment isolated from such
ruit was found to0 resemble cyanidin. Poly(-
phenolic compounds which aré converted to
anthocyanidins by acid treatment are usu-
ally referred to as “leucoanthocyanins,”
Since these compounds can be classified in
different groups, the term “proanthocyani-
din,” which has no explicit structural’ im-
plication, has been Broposed by Freudenberg
and Weinges &196 ). - _

The group of proanthocyanidins, of which
the known' examples aré C30 compounds
formed by coupling two flavan units, have
been mvestl?ated recently, but there seems
to be uncerfainty as to the exact chemical
structure of these compounds (Forsyth and
Roberts, 1960; Freudenberg and eln[gl,es,
1962; Hsia et al., 1964; GeiSsman and Ditt-
mar, 1955). _RecentI}/, MaKer et a. (1966)
Presented evidence, that the two units of
he proanthocyanidin present in the seeds of
Aesculus hippocastanum are joined at two
positions. Ny .

Polymeric proanthocyanidin. material has
previously been found present in perry pears
(Williams, 1960%. The present study pro-
vides details of the isolation and character-
ization of two proanthocyanidins and two
catechins from the cores of the fruit of
Pynts communis L. cv. Bartlet.

733

Cores of Bartlett Pears

EXPERIMENTAL

Reagents and materials. Whatman no. 3 MM
P_aper Sheets. (46 X 57 cm) were used for prepara-
ive separations. Whatman no. 1_pai)er sheets
(46 X 57 cmz_ were used for analytical purposes.
u-Butanol-acetic acid-water (20:5:11, by vol.),
hereinafter referred to as BAW, and aquéous 2%
acetic acid were used as solvent systems. All
chromatograms were developed by downward mi-
gration. "Ammoniacal silver nitrate reagent and
alcoholic 3% toluene-/>-sulfonic acid were used as
spray reagents (Roux and Maihs, 1960).

_Spectrophotometry.  Absorption spectra in the
visible region of the’ spectrum were recorded with
a Carl Z&iss PMQ 11 spectrophotometer. Infrared
spectra were recorded with a Beckman IR-9 infra-
red spectrophotometer by the KBr pellet technique.

Distribution of catechins and Proanthocyanl-
dins in Bartlett pears. The peels, flesh, cores, and
seeds of Bartlett pears were examined by extract-
mz% 5 g of each part of the fruit with 95% ethanol
% m2 and spotting different concentrations of
the exfracts on Whatman no. 1 paper sheets.
After two-way chromatography with BAW and
agueous 2% acetic acid as solvent systems, the
major_polyphenolic constituents were detected un-
der” ultraviolet light and by treatment of different
chromatograms_ Wwith ammoniacal, silver nitrate
and ethariolic 3% toluene-/>-sulfonic acid.

“Isolation of the catechins and proanthocyani-
dins. Bartlett pear cores (3 Kg) were macerated
with acetone (5'L) _in a blender and filtered through
Biichner funnels.” The material on the filters was
washed with aqueous 50% (v/v) acetone until
nearly colorless. The combined extracts (10 L)
were. evaporated under reduced pressure to aP-
proximately 15 L and continuously extracted with
chloroform™ for 12 hr. The aquedus solution was
then extracted with ethyl acetate (5 X 300 ml) to
yield a total of 43 (IJ extractables. This material
was dissolved in acetone (50 ml) and applied in
4-cm hands on the shorter sides” of 24 Whatman
no. 3 MM paper sheets, which were developed
with BAW. "After drying in a current of air at
30-35°C, the. individual bands were located hy
cutting a_strip from the side of one paper and
tre_atmE it with alcoholic 3% toluene-/>-sulfonic
acid. Four brownish-red bands were produced by
this treatment. Bands I, 1I, III, and IV (num-
bered in descending order of mobility) were eluted
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separately with aqueous 70% ethanol. Each cluate
was concentrated under reduced pressure and re-
chromatographed on 20 paper sheets with aqueous
2% acetiC acid as solvent system. The final eluates
were concentrated to small volumes and extracted
with ethyl acetate d(6 X 50 ml). This solvent was
removed” under reduced pressure.

[dentification of the catechins. The materials
from bands | and 11 crystallized as white needles
from water. After recrystallization, from water
the respective isolates wiere identified as (+)-
catechin and, (—)-epicatechin by melting point,
specific rotation, infrared spectrd, and chromato-
ﬂ]raphm properties of the free compounds and of
elr penta-O-acetyl derivatives (Weinges, 1964).

Purity of the proanthocyanidins. The light-
brown amorphous powders obtained from bands
[11"and IV were respectively named proanthocyani-
dins P-1 and P-2.~ When"chromatographed “with
BAW and aqueous 2% acetic acid as solvent sys-
tems, both substances migrated as single spots,
with a slight degree of tailing.

Hydrolysis of the proanthocyanidins with
hydrochloric acid. The Isolated proanthocyaniding
were h drolgzed %y heating 15 mq of the material
with 2N HCL (10° ml) for 60 min on a boiling-
water bath. After coolmttl, the solution was ex-
tracted with a small quantity of »-butanol and the
pqment in the organic layer was compared with
authentic cy{_amdm by paper chromatoqraphy. A
small quantity of the butanol extract, stitably
diluted ‘with ethanol containing 0.1% HCI, was
used for determination of the d sorP_tmn spectrum
over the range 360-570 my. Alcoholic AICIs (5%
05 ml) was added to this solution (25 ml), and
the shift in the position of the absorption maximum
at 546 m/i was noted to establish the presence of a
free o-d|hydro>%l q_rlouplng in the molecule (Geiss-
man cl at, 1953; Harborne, 1958).

The aqueous phase, after extraction of the pig-
ment, was neutralized and desalted electrolytically.
Chromatographic analysis of the resultant Solution
failed to reveal the presence of sugars.

Treatment with sulfurous acid, Oxidative con-
densation of the proanthocyanidins durln? acid
hy_drol¥3|s was counteracted bg the use of suffurous
acid (Forsyth and Roberts, 1960). Proanthocyani-
din material (100 mg) was dissolved in water
10 ml), and sulfur dioxide was bubbled through
orseveral minutes, followed by heatlnq_ on“a
boiling-water bath with continued _bubbling of
sulfur” dioxide.  After heating for 45 min, about
5 ml of the solution was witfidrawn and cooled to
room temperature. The, remainder of the solution
was heated for a total time of 2 hr before cooling.
The two fractions were extracted separately wi
ethyl acetate (6 X 10 ml). The ethyl acetdte and

CATECHINS AND PROANTHOCYANIDINS IN PEAR

aqueous fractions were examined by paper chro-
matography using BAW and aqueous 2% acetic
acid as solvent Systems. The major components
present in the et Yl acetate fractions were then
separated on Whatman no. 3 MM paper. sheets,
using BAW as solvent system, and identified by
paprer chro_matographx and infrared spectroscopy.

he m_a(;or SJroant ocyanidin of cacao (cacdo

leucocyanidin 1

was treated in the same way for
comparison.

RESULTS AND DISCUSSION

The preliminary examination of the peels,
flesh, cores, and seeds of Bartlett Peas re-
vealed two catechins and two proanthocyani-
dins in all these parts. These components
were present in relativel hlgh concetra-
tions in the peels and corés, Because of the
presence of flavonol glxcosmes In the Bveels
(Nortje and Koeppen, 1965), the cores were
considered more slitable for jsolation of the
catechins and proanthocyanidins.

Though catechins have been reported
present “in _the fruit of various plants
on the hasis of their detection bg naper
chromatography, (+) -catechin and (—)-
epicatechin have Deen isolated from “only
a limited number of fruits. (+)-Caté-
chin has been isolated from the fruit of
Castanea vesca (Schmidt and Hiill, 19472,
Cola acuminata Freu_denberg and Oghler,
1930), Gleditschra triacanthds, Vaccinium
vitls-idaga, Rosa, spp, Primus amygdalus,
and  Wisteria _sinensis (Wem?es, 1964).

—)-Epicatechin has been isolafed from the

uit of Theobroma cacao (Freudennerg
et al, 1932), Malus spp. (Nakabayashi
19522, Cola’ acuminata (Freudenberg and
QOehler, 1930), Cratae([;us oxyacantha, Cra-
taegus monogyna, Crataequs ‘lavallel, Pyra-
cantha, cocciriea, Primus amy%dalus, and
Wisteria sinensis (Weinges, ~1964).  The
isolation of (0\4; -calechin and (—)-epicate-
chin_in_crystalline form from Bartlett pears
IS ?lg%nlflcant since these com oHnds_ have
so far been found to occur together in the
fruit of only three other species.

The two_proanthocyanidins isolated from
the cores of Bartlett pears aPpeared on chro-
matograms as separate, (ﬂ)os free from im-
purities. Proanthocwm n P-1 had Rf val-
ues of 0.47 in BAW and 051 in ngq?ueous

2% acetic acid. Proanthocyanidin P-2 had
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Rf values of 0.37 in BAW and 0.41 in aque-
ous 2% acetrc acrd Differences in the Infra-

gectra of the two compounds were ob-
serve partrcuIarIy In the region of 840

Proanthocyanrdrn P-1 was found to he
chromatog raphrcall¥ identical with the maéor
proantho R/anrdrn of cacao beans (cacao leu-
coca/anrdr 1), which has been foun to be

imer co srstrnd of a 57,3 4-tetrah
droxyflavan-3,4-diol unit and an ( )-g
catec In unrt ‘(Forsyth and Roberts 19 g

The et&/ acetaté extract obtarned aft

treatment f groanthocyanrdrn P-2 with sul-
furous acid for 45 min”showed, the resence
of four companents when examrne aper
chromatography. After puri rcatron te rn
dividual Substances were rdentrfre s %

catechin, (—)-epicatechin, proanthocya idin
P-1, and Unchanged Rroan hoe anrdrn P-2.
Treatment of proant o%anrdrn -2 with
sulfurous acid Tor 120 min results in_ an
ethyl acetate extract which contained mainly

(+7)-catechin and I)ercatec In, present
rn a proxrmately equal ¢ ncentratron Ex
amr ation of the a Ueous phase, ater ex-
traction with ethyl acetate revealed the
presence of only a srnge S0ot,. whrch corre
sponds to substance A, described
Srt]’th and Roberts (1960). Thrs rndrcated

that the p roanthoclyanrdrn P-2 molecule con-
Sists of at Ieast three flavan units which can
be. separated by treatment with sulfurous
acid. At present It 1S uncertarn how the
different unrts of proanthocyanidin P-2 are
linked, p J titrther Investigation. of J
structural details of this compound IS needed
In view of the proposed mechanism of dimer
formation (Geissman and Dittmar, 1965).
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Studies on Free Amino Acids in Sponges, Doughs, and

SUMMARY

Free amino acids decreased markedly during
an 18-hr cracker sponge fermentation or during
a 6-hr straight dough bread fermentation. No
commercial proteases were used. However, the
free amino acids increased after 48 and 72 hr
of cracker sponge fermentation, respectrvelg

This suggested that the amino acids were metah-

olized bv mrcroor%anrsms during active growth
at a faster rate than they were being formed
from the protein hv natrve proteases. Later,
the amino acids accumulated as the rate of
active fermentation and growth subsided. Pro-

teolytic activities did not change with fermenta-

tion time, suggesting that microorganisms did
not release additional proteases. The amino
acid content of soda crackers made with a
long spongL fermentation decreased during
haking. Likewise, the free amino acid content
of bread crust decreased during baking, while
the free amino acid content of the crumb re-
mained essentially constant.

When a commercial protease was added to

a soda cracker sponge and the sponge fer-

mented for 18 hr, the free amino acids in the
baked products increased to a level equivalent
to that of the soda crackers made with a 72-hr

sponge fermentation without the use of com-

mercial protease.

INTRODUCTION

The chemistry of br wnrn S reIatd to
the Maillard re ctron MarII has
been revrewe g 5) he
relationshi o e Maillar reactron to the
row ? fbkdg ducts as een tg led

el et al |eI 196

and Johnson and Mil er 1 Lrn 0 a

Johnson (1963) reported on t e chan e |n
amino acids and the formation of ca ongl
compounds durrng bread bakrnc{r Wisebl tdt
and Zoumut 99 3) reported that a brea
lavor constrtu nt was R oduced by the reac-
tion of proline and dihydroxyacetone. The
above studres were mad fro

the viewp ornt
t)hat amino acids serye as

recursors for

read flavor produced by the akrnd Process.
Since amino_ acids are rt)recurs s of the
Maillard reaction, Horva (1962)
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Baked Soda Crackers and Bread

studied the free amino acids in a bread dou h
and concluded that brownrnﬁ; of brea mig
he related more highly to tfie insoluble ro
tein fraction than to the presence of free
amino_acids, _ Ivretovich and Ponomareva
(1961), stud mg the amino acid change in
Iye. a d wdhre hreads concluded that™ free
amino acids can ppreciably m rye
dou hs but onl %f ? in whyte bregd
ugns. No stu has enmade concernrng
amr o acid changes In soda cracker.
resent mvestrfgatron was made to
stu y C an&res in the feg amrno acids dur-
Ire making, of soda crackers. The amino
acrds were of interest because of their rela-
tion to the Maillard reaction durrn% hakin
of the soda crackers, The effect of Commer-
cial protease was |ncIuded ecause of the
creation of freg amino acids during  fer-
mentation as a function of proteolysis of the
protein. Also included were changes in the
amino acids of a French bread formulation.

EXPERIMENTAL METHODS

Sponge and dough preparation of soda cracker.
The sponge of soda crackers was made by mrxrn
of 700 g 0f wheat flour, 30 g of shortenin ér Og
compressed _yeast, Zg ‘of yeast food and 27
of water. The dough was mae %/mrxrn te
above sponge with 300 ? of wheat flour, 70°g of
shortening, “1S ¢ 0 16 g of sucrose, and
varigble amounts of sodrum bicarbonate.

Rhozyme A-4 (Rohm and Hass Co,) was used
in the “sponge in_experiments requiring greater
amounts of proteolysis.

Straight dough preparation of bread. A kind
of French bread dough was made by mixing 1000 (\1
of wheat flour, 20 ? of sugar, 20 ¢ of salt,” 10
sfortenrng, 00 compressed yeast and 625 ml
of water

Fermentation. The soda cracker sponge was
fermented at 27°C for various periods, The dough
was fermented at 32°C for 5 hr before sheeting.
The bread dough was given a primary fermentation
ot 6 hr, followed by 30 min of final proof. All
fermentation of bread was done at 26°C.

Extraction and concentration of free amino
acids. The cracker sponge, cracker or bread dough
or baked products thereof were broken into small
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pieces, and 100 g were extracted three times with
500 ml of 70% ethanol at 65°C. The extracts were
recovered by centrifugation. The supernatant was
concentrated at 65°C wunder vacuum of a water
pump. The concentrate was dialyzed against 40
times volume of distilled water for 24 hr at 10°C.
The dialysate was concentrated at 65°C under
vacuum of a water pump.

Quantitative analysis of amino acids. The con-
centrated amino acids solution was analyzed by an
amino acid autoanalyzer KLA-Type Il (Hitachi
Co.). lon-exchange resin Amberlite CG-120 Type
Il (Moore & .1, 1958; Spackman <. ... 1958)
was used. For chromatography of the acidic and
neutral amino acids, a 0.27V citrate buffer, pH 3.25
and pH 4.25, was used. For alkaline amino acids,
a 0357V citrate buffer, pH 5.28, was used.

Replication determinations of the amino acids
were made in most instances, and although the
results varied slightly, the trends of changes in
amino acid composition with fermentation and
baking were consistent.

Proteolytic activity of sponges. A preliminary
experiment indicated that the proteolytic activity
of sponge was stronger at pH 3 than at pH 4 and
pH 7. The proteolytic activity of sponges, there-
fore, was estimated by extracting the proteases
from 100 g of sponge with 100 ml of O.liV lactate
buffer at pH 3 for 1 hr and allowing the extract
to act on a casein substrate (pH 3). The extract
was diluted 5 times with the lactate buffer before
it was added to the casein. A digestion time of
3.5 hr at 38°C was allowed. The assay of protease
activity was followed by Folin’s method (Folin
and Ciocalteu, 1927). Proteolytic activity was ex-
pressed in arbitrary units as optical density ac-
cording to Folin’s method.

Viable counts of microorganisms. one hun-
dred grams of sponge were added to 500 ml of
sterilized phosphate buffer (0.02537, pH 7) and
homogenized in a homo-mixer for 5 min. After
dilution of the homogenized suspension to 10° or
103 times, 1 ml was used for plate cultures. To
determine viable counts of yeast, a medium con-
sisting of 1.5%; glucose, 1.0% peptone, 0.5% yeast
extract, and 2.5% agar-agar was used. Used to
determine viable counts of bacteria was the medium
“Daigo” (Takeda Chemicals Co.), containing the
antibiotic Eurocidin, which depresses growth of
fungi and yeast. By keeping the plate cultures at
37°C for 2 days, using both kinds of media, counts
of colonies of both yeast and bacteria were possible.

RESULTS AND DISCUSSION

Change in amino acids during sponge
and dough fermentation of soda’cracker.
In the cracker sponge, all amino acids except

137

cystin and cystein were found at the be-
gmmng of fermentation ‘Table 1?. It was
stalished by a preliminaty experiment that
the free amino acids were derived from the
flour and not the yeast. Naturally, the com-
Pressed, east coritained a small” amount of
ree amino acids, but this amount was neg-
ligible in the sPonge compared to those pr
vided by the flour” Only 0.2% of yeast was
used in"the sponge of Soda Ccracker.

Serine, alaning, and as'nartlc acid were
Present In comparatively farge amounts In
ne 0-hr s onge. Table” 1 shows, however,
ta} the amin0 acids decreased after 18 hr
of termentation. Certain amino acids could
not be expressed, ({uantltatlvely, because
they were epresen%m ocf small aguantlt to
be estimated by tne analyzer. The tendéncy
of the amino acids to decrease with fermentd-
tion time sugzgeests that free amino  acids
were metabolized by m,|croor%an|sms in the
cracker sponge. As Micka (1955) showed,
the soda cracker fermentation Is a°symbiosis
rather than a fermentation by a sinle orga-
nism. The changes in the bacteria dnd yeast
Populat_lon in soda cracker sponge are illus-
rated In FI%. L Viable yeast counts in the
sponge could be. estimated at the begmnm%
of the fermentation, but the bacteria count
could not be estimated until arter 10 hr of
fermentation. The number of yeast cells in

Table 1. Change of free amino acids during
fermentation of cracker sponges and doughs.

BM/g (dry basis)

Sponge Dough

Amino acids Ohr 18 hr 0hr 5hr
Aspartic acid 0.215 0.020 0.050 0.050
Threonine 0.075 0.020 0.040 0.045
Serine 0.525 0.045 0.105 0.095
Glutamic acid  0.195 0.055 0.033 0.085
Proline 0.135 0.108 0.060 0.080
Glycine 0.145 0.090 0.060 0.055
Alanine 0.535 0.155 0.130 0.145
Valine 0.150 0.025 0.038 0.035
Methionine 0.025

Isoleucine 0.108 0.018 0.020
Leucine 0.127 0.015 0.022 0.025
Tyrosine 0.074 0.010 0.010
Phenylalanine  0.062 0.010 0.010
Tryptophan 0.150 0.020 0.020
Lysine 0.030 0.055 0.015 0.030
Histidine 0.026 0.008

Arginine 0.040 0.005 0.010 0.012
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Fig. 1. Change of viable counts of micro-
organisms during fermentation of soda cracker
sponge with fermentation time. Viable counts were
expressed per g of sponge.

the cracker sponﬂe rncrea?ed up tQ 19 hr
of fermentation and_thereafter remained es-
sentially constant. The number of bacterra
ncreased markedly between 10 a
of fermentation and then decreased shar %
These data agree with those of Micka
(1955R The Dacteria_were derived from
hoth the east and the flour. These bacteria
WETE Sl COuLE 2 S ety
| W Iflv
Produceg lactic a/crd |n a I? urd ir)nedrum con-
arnmge arabinose, xyl ose %ucos% actose
SUCros maltose or” glycerol, These bac-
teria did not develop |n a liquid_medjum
contarnmg1 6.5% sodium chloride. Based on
these characteristics and those drven by
Bergey’s Mapual, 1t was assumed thaf the
belonged to the genus Pediococcus ar.d were
neithér Streptocqccus faecalis nor Leuco-
nostoc mesenteroides.

Because of these resylts, it was assumed
that the ?ree amrn? aclds in Ehe S ongge de-

o
T

)

o

VIABLE COUNTS (1076G)

creased as a result of metabolism oy the
microorganisms which continued to increase
until affer 18 hr of fermentation.

The dafa in Table 1 mdrcat? that the
ammo acrd content of the douHh after mrxm%
wrt tesgo%nge Was essentra same. a
a%r thce ntentroS i edo I EWI ¥ ntote ch?d”"

Id U
e%/en a?ter 5hr ot fermen(tlatron in the dough

stage.
gmce thg evidence indicated that the free
amino acid In_cracker sponr%;es decreased
after 18 hr of fermentation afd did not In-
crease in the dough, It is likely that the
ehmrno acids would “not contribute dreatl to
flavor of soda cracker. In an attempt to

FREE AMINO ACIDS IN DOUGHS

Table 2. Increase of free amino acids of soda

cracker sponge during long fermentation.

fiM g (dry basis)

48-hr sponge 72-hr sponge
0.079 0.090
0.188 0.392
0.565 0.890
0.395 0.408
0.650 0.782
0.615 0.920
2.100 3.292
0.290 0.660
0.050 0.170
0.100
0.320
0.150
0.190
0.080
0.510
0.080
0.390

Amino acids
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tryosine
Phenylalanine
Tryptophan
Lysine
Histidine
Arginine

0.280
1.020
0.288
0.505
0.140
0.755
0.165
0.695

increase the amount of free amino acids at
the ena of the dough stag ermentatron of
the sponges was extended to 4
respectivély. As shown by the data In Table
2, Termentation of the sponge for 48 or 72 hr
increased the amino acid content. Alanine
content mcreased the most Serme prolme,
glycine, valine, leucine, lysine, and arginine
increased srgmfrcantl event -two "hours
of fermentafion Increased te amino acid
content more than did 48 hr of fermentation.

It apgeared that, after the active growth

period hr, the free amino acidS could

accumua in the sponge because the orga
late In th b th

niIsms nQ longer metaholized the amino a rd

at a rapid rate.

Amino acids in soda cracker. The amino
acid content of the baked ?oda cracker after
18 and 72 hr ofsonge followed b)rr
dough fermentation was compare he ata
are summarized in Table 3. Comparing the
amino_acid content of the dough made ‘with
an 18-hr sponge fermentation (Table 1
with the aming” acid content of the bake
soda crack? gTabIe it 15 evident that
there was littlé or no change. Apparently,
the aminp acid content of the doug h after
18 hr of fermentation was. so ?] | that
little remarned to react during the baking
Process With 72 hr of sonﬁ ermentatron
he amino acid_content Of the Soda cracker
decreased significantly during the baking



MORIMOTO

Table 3. Comparison of free amino acids content
in soda crackers made from 18 and 72 hr fermented
sponge.

fiM/g (dry basis)

Amino acids 18 hr 72 hr
Aspartic acid 0.110 0.020
Thr'eonrne plus 0.170 0.345
Serine t
Glutamic acid 0.110 0.050
Proline 0.120 0.248
Glycine 0.090 0.080
Alanine 0.230 0.720
Valine 0.085 0.165
Methionine 0.025 0.025
Isoleucine 0.030 0.070
Leucine 0.045 0.142
Tyrosine 0.025 0.048
Phenylalanine 0.030 0.068
Tryptophan 0.060 0.070
Lysine 0.050 0.082
Histidine 0.012 0.025
Arginine 0.050 0.032

process. Even so, the amino acid content
was more than that of the crackers made
witn 18 hy of sRonqe fermentation. It was
also srr_}nrfrcant that The fIavor of the cracker
after 72 hr of sponge fermentation was
much improved over the flavor of crack-
ers produced with only 18 hr of sponge
fermentation.

Activities of proteases in the sponge.
Tire exact reason for the rncrease In the free
amino acids In the 48- and 72-hr cracker
gonge IS not clear. It could h Ve een ue

elease of proteases either geas
or bacteria, or to proteases norm Ig/ present
in the flour. Measurement of th proteo-
Iytic activity in the sponges at various stages
of fermentatron summarized In Table™4,
indicated that the activity remained essen-
traIIy constant. The profeolytic activity in
our dou%hs when Iyeast was eliminated “was
the same as for 0-hr cracker s onges |t was
concluded therefore that release. of pro
teases in the sponge by IICTO0MgaisMS A
[ikel not an rm ortant factor. [t would
aro péar th at th e ee amino acids Increased
the 48- and 72-hr srfonges because the
organisms metabolized less of the amino
acrds whereas greater amounts of the amino
acids were being produced b
teases with the extended fermentation time.

Effect of commercial protease enzymes

flour pro-
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Table 4. Relationship between fermentation time
and protease activity in soda cracker sponge.

Fermentation time (hr) Protease activity

0 0.205
24 0.196
48 0.176
P 0.193

on amino_acid content of crackers. Previ-
ous experiments had demonstrated that free
amino aclas Iincrease in 48- or 72-hr sponges,
However, jt |s not economical or practical
t0 yse stch long fermentation times. Ac-
cordrnglg an experrment was designed In
which™a commercial protease (Rhozyme
A-4) was added tq the cracker Sponge. to
hasten the release of free amino acids, d rrn%
fermentation, . The data of Table 5 indicat
that the addrtron of 200 m% of protease per
100 g of flour caused the Tree aming acrds
contént of the, 18-nr sponge to he equivalent
to the free amino acrps content of the cracker
made with 72 hr ot fermentation. In con-
trast, the addrtron of 10 mg of the protease
to 700 g of flour did not Increase the free
amino a%rds content of the cracker made
with 18 hr of fermentation.,

It is of interest that addition of 200 mg
of Rhozyme A-4 with 18 hr of fermentation,
or 72 fir of fermentafion without addition
of the protease, caused a particular increase

Table 5. Free amino acids in soda cracker pro-
duced by using a commercial protease with 18 hr
of sponge fermentation.

riw g (dry basis)

Amino acids 10mg protease Z(Dmg protease
Aspartic acid 0.040 0.117
Threonine 0.015 0.110
Serine 0.100 0.270
Glutamic acid 0.100 0.175
Proline 0.160 0.540
Glycine 0.062 0.190
Alanine 0.310 1.090
Valine 0.040 0.208
Methionine 0.030
Isoleucine 0.020 0.120
Leucine 0.025 0.320
Tyrosine 0.015 0.075
Phenylalanine 0.010 0.126
Tryptophan 0.098
Lysine 0.035 0.225
Histidine 0.070
Arginine 0.035 0.390
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in alaning and Frohne The increased in-
tensity of the flavor of the soda crackers
made with the protease or the, extended fer-
mentation time may be due, in fact, to the
Increased amount o proline which is known
10 Produce a specific cracker flavor Wtse
blatt and Zoumut, ; Morimot
Johnson, 1966). According to those work
ers the’ crafker flavor roduced from r0-
Ine 1 htgh)( olar an h/ bound to
anP( sites ‘In the cracker or the bread. It Is
belleved that cracker flavor “is somewhat
dtfferent from bread flavor. Naturally, ale-
X es a[so may be produced in sod% cracker
bktn by Matllard tytr)e reaction, out these
ro ucts may escape rom crackers readily
urtn% at a %h temﬁerﬁture even
thou theractton occurs. In this connec-
tion, the ﬂoecn‘tc flavor produced from pro-
line should be studied further in the future.
Chan?es in the amino acids dyring bread
dough fermentation and baking.. Since
bread dongh fermentation and baking are
different fiom those in cracker production,
a few experiments were performed to follow
chan es In the %mtno acjd content ofbread
and tne_nakedbread. The data are
summartzed In Table 6. Exception for gro
I|ne and lycing, the amino acids decreased
urtng “hr fermentatton of the French
g read. The situation may be different
from that with other types of bread using
Table 6. Changes of free amino acids during
fermentation and baking of a French-typebread.

ftM /g (dry basis)

Dough Bread

Amino acids hr hr Crumb Crust
Aspartic acid 0.550 0.050 0.067 0.028
Threonine ) 0.060 0.075 0.027
serine (2015 g0es 0100 0.042
Glutamic acid  0.577 0.108 0.280 0.098
Proline 0078 0102 0132 0075
Glycine 0.172 0.258 0.320 0.142
Alanine 1.075 0.065 0.177 0.078
Valine 0.205 0,050 0022
M ethionine 0.040 0008 0010 0002
Isoleucine 0100 0.025 0012
Leucine 0.140 0040 0052 0022
Tyrosine 0.077 0.015 0.005
Phenylalanine  0.090 0.017 0.008
Tryptophan 0.288 0.048 0.032 0.015
Lysine 0028 0112 o177 o0as
Arginine 0142 0100 o060 0052

FREE AMINO ACIDS IN DOUGHS

different formulation and fermentation times
that do not exceed 4 hr.

~In baked bread, the amino acids decreased
|n the crust comHared to the crumb.

%ht be expected since the Maillard reac-
tjon Is much_ more pronounced in the crust
Linko and Johnson. 1963). Kretovich and

onomareva 1961? observed little changes
In the free amino aclds jn white bread doughs
fermented 3 hr, but they did observe that
the amino acids decreased more in the crust
than in the crumb during baking of hoth
white and rye breads.
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Gas Chromatographic Determination of Pentachlorophenol
and Sodium Pentachlorophenate Residues in Fruits

SUMMARY

A sensitive procedure for the determination
of pentachlorophenol and sodium pentachloro-
phenate residues on fruits by electron-capture
gas chromatography is described. In this
method sodium pentachlorophenate is con-
verted to pentachlorophenol in acid solution
prior to analysis. The pentachlorophenol is
then methylated with diazomethane, and is
analyzed as the methyl ether by electron-capture
gas chromatography. As little as 0.01 ppm can
he detected, with recovery values ranging from
76 to 90%.

INTRODUCTION

Pentachlorophenol EPCP) and sodium
Bentachloro phenate (SPCP)” are Htsed ona
ariety of “food crops to “control various
ngs diseases. These chemicals, particu-
y PGP, are also Used In some dreas as
preplanting herbicides, Several colorimetric

procedures are available for detectlnﬁ;
P re3|dues Monsanto C emlcal

Co 1961% hut these method 1§fare not
tlcu arly sengitive and it 1s difficult to a a t
them in the laboratory for large numbers of

sam
Cihli)ro henols are readi convelrted to
methyl ethers by reactlngtem with diazo-
methane These” methyl derivatives are then
ﬁ %detected by thérmal-con uctl Ity 1gras
ato raJ) éKanazawa, %
Present [ des ribes a simpfe but sensi-
rocedure. for the extraction and gas
c ro ato raphlc determination_of PCP dnd
reS| ues on a variety of fruits, In this
method the water-soluble SPCP s first con-
verted to PCP In_an acid solution. The re-
su tlng P residues, are extracted with
benze e, methylated with diazomethane, and
lyzed t&y elect ron capture, Pas chromatog-
P residues are extracted direct
W|th benzene followed by methylation an
aanpl sis by electron-capture gas chromatog-

"Present address: Department of Agricultural
Engineering, University of California, Davis, Cali-
fornia 95616.

142

MATERIALS AND EQUIPMENT

Gas chromatograph and recorder. used lor all
analyses was an Aerograph Hy-Fi gas chromato-

graph (Model 600R, Wilkins Instrument and Re-
search, Inc.) equipped with an electron-capture
detector. The detector, which is partially exposed

to the outside of the instrument, was covered with
a small wide-mouth vacuum bottle to avoid extreme
temperature fluctuations. The signal from the de-
tector was supplied to a 1-mv Brown recorder
having a 1-second pen response. Recorder speed
was 1 inch/min.

Column and operating conditions. spiral-shaped
Pyrex glass, (fs-inch-O0D x 5-ft-long column pur-
chased from W ilkins Instrument and Research
Inc., was packed with s'y Dow 11 (w./w) silicone
oil on acid-washed 60/80-mesh Chroinosorh W.

Column temperature was maintained at 180°C,
the injection port at 195°C. The nitrogen carrier
gas was passed through a small molecular-sieve
filter (W ilkins Instrument and Research, Inc.) and
was requlated to provide a flow rate of 25 cc/niin
through the column.

Planimeter. a compensating polar planimeter
(Keuffel and lesser Co., model Xo. 620015) was
used to measure the area within the boundaries of
the recorder response curve.

Reagents. Reagents were redistilled reagent-
grade benzene ; redistilled, reagent-grade hexane ;
sodium pentachlorophenate standard; pentachloro-
phenol standard; diazomethane— prepared by the
method described by Marquardt 6t al. (1964).

PROCEDURE

Preparation of standard, curve. Prepare a
standard stock solution containing 5 nanograms, ml
of PCP in benzene. A 1-ml portion is transferred
to a test tube and evaporated to dryness in a water
bath at 60-70°C. If necessary, direct a fine stream
of pure dry air into the tube to accelerate evapo-
ration.

Add diazomethane, drop by drop, to the test
tube until the vyellow color persists. Shake the
tube gently and then evaporate to dryness again
in the water hath. Make separate injections of
1, 2, 3, 4, and 5 ;] respectively containing 50, 100,
150, 200, and 250 peg of the methylated PCP. The
area under the curve :s then determined and the
average area of three injections for each aliquot
is plotted against the concentration. The methyla-
tion of PCP with diazomethane is quantitative
(Kanazawa, 1963).
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A PCP methyl ether standard can also be pre-
pared from SPCP. This can be accomplished as
follows: Prepare a solution containing 5 nano-
grams/m| of SPCP in deionized water. Transfer
10 ml of the solution to a 125-m| separatory funnel,
and add 1 ml of 0.1x sulfuric acid. Shake well.
In this step SPCP is converted to PCP. Extract
the PCP thus formed from the solution with 10 ml
of benzene. Remove and discard the lower layer
(water). Decant the benzene (upper phase) into
a small Erlenmeyer flask and dry the solvent ex-
tract with about 5 g of anhydrous sodium sulfate.
Transfer 1 ml of the solution to a test tube and
evaporate to dryness. Subsequent treatment of the
standard is the same as described above for PCP.

In preparing a PCP methyl ether standard from

SPCP, some loss may occur during the extraction
process. If this method of preparing the standard
is used, the solution should be compared directly

to a known sample of PCP methyl ether to deter-
mine if any loss due to the extraction process does
occur. However, repeated comparisons in this
laboratory have shown that any such loss is usually
insignificant.

Extraction method. macerate a representative
sample of approximately 500 g in a food chopper.
In this laboratory, crop samples are macerated in
a Hobart food chopper, although any type of
homogenizing or chopping equipment would prob-
ably be satisfactory. Transfer 100" g of the chopped
sample to d L1-gallon tin can equipped with a metal
baffle for mixing. W et the sample thoroughly with
acidified distilled water (0.1 ml H.SOi in 100 ml
distilled water), followed by the addition of 2 ml
benzene for each gram of sample in the can. A
ratio as great as 4 ml benzene to 1 g of sample can
also be used. After the addition of benzene, seal
the can tightly and roll on a mechanical roller
(35 rpm) for 30 min.

For recovery studies, fortify the samples with
SPCP (or PCP) before wetting them with the
acidified distilled water. After the rolling proce-
dure the cans should not be opened for at least 10
min, in order to permit dispersion of any emulsion
which may be formed during the extraction pro-
cess. After the 10-min waiting period, decant the
mixture into a heaker containing 200 g of anhydrous
sodium sulfate and mix thoroughly. Filter the
mixture through fluted filter paper and store the
eluate in a tightly sealed bottle until analyzed.

Removal of interfering substances. since ex-
tracts of apples do not contain any substances which
interfere in the gas chromatographic analyses of
the samples, no cleanup procedure is required prior
to analysis. However, almond extract has pre-
sented a somewhat greater problem. For these

samples it is necessary to use sulfuric acid for the
removal of interfering substances.

Sulfuric acid treatment. Transfer a portion of
the extract equivalent to 10 g of crop to a 120-inl
separatory funnel and add 3 ml of concentrated
reagent grade sulfuric acid. Stopper and shake
gently for 1 min. Allow ample time, about 10 min,
for the phases to separate, and then remove and
discard the lower (acid) layer. The emulsified
upper layer is retained in the funnel. Repeat this
step twice using 3 ml of sulfuric acid for each wash-
ing. Then waslt the upper phase successively with
four 10 ml-portions of deionized water. Shake the
funnel vigorously and discard the water which
collects at the bottom after each addition. Decant
the upper phase into a 125-ml Erlenmeyer flask
containing 15 g of anhydrous sodium sulfate and
mix thoroughly.

Evaporation and determination. Transfer 1 mi
of the benzene extract to a test tube and evaporate
to dryness in a water bath held at 60-70°C. If
necessary, direct a fine stream of clean dry air into
the solvent to accelerate the evaporation. Add the
diazomethane ethereal solution drop by drop into
the test tube until the yellow color persists. Shake
the test tube gently and then evaporate the solvent
again in the water bath. When the evaporation is
complete, add 1 ml of hexane and shake well
Inject 1-5 /gl of the resulting hexane solution into
the gas chromatograph. The peak area for each
sample is measured and compared with the standard

curve.
RESULTS AND DISCUSSION

In this procedure the water soluble salt
of pentachlorophenol (PCP), sodium penta-
chorophenate %SPCP Is converted in acid
solution to pentachlofophenol Prlor to its
extraction with benzene. This Step was nec-
esFary t0 avoid usmq water as the extra?tm%
solvent, which would have removed arg

uantities of |nt?rfer|n% substances.

the conversion 0 SPC to PCP, foIIowed
X} extraction with. benzene, reduced the
amounts of interfering Plant su stances In
the final extracts. . The loss of SPCP resi-
dues In the conversion and extraction process
was less than 5%.

The response of the el?]ctron carpture de-
tection sy tem to the metnyl ether of PCP

%s meaiure over a wide range and ex-

hibited a linear curve (area vs. concentration
pIoU) rom 50 to 350 picograms.

se of the electron capture rather than
the thermal conductivity detector extended
the quantity of PCP methyl ether which
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FUNGICIDE RESIDUES ON FRUITS

could be detected from several micrograms
to a few picograms.. This reduced the quan-
tity of material which had to be extracted,
Hexane
a
Hexane
PCP
| | | l | I ._J L L L L L
0 1 2 3 4 5 6 7 1 2 3 4 5 6
TIME IN MINUTES TIME IN HINUTES
Fig. 1. Chromatogram of PCP methyl ether b
standard. The response represents 10 picograms
of PCP methyl ether.
Hexane
Hexcne
PCP
SPCP
Unknown oo | | 1 | | L
1 2 3 4 5 6 7
e L 1 TIME IN MINUTES
TNE'NMWUTES 1 Fig. 3. Chromatograms of almond extracts:
) ) a) untreated control sample; b) untreated control
Fig. 2. Chromatogram of PCP methyl ether in  sample fortified with 0.04 ppm of PCP. A 1-fd
apple extract. Sample fortified with SPCP and

aliguot of each

converted to PCP methyl ether. almonds,

extract,
was chromatographed.

equivalent to 500 /tg of
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ant{hrr(rjcreased the overall sensitivity of the
m

Recoveries of SPCP residues ranged from
76 to 90% when fortified contro samples
Wwere ana ed {babe 1).
eraerec rall frits (almon
nes each es Prunes a rrcots and apples)
was 84%. As [ittle as 0.0, ppm was detected
with consrderable reliability. Fig. 1 shows

Table 1. Recovery study of SPCP from various
fruits.”

. ppm Recovery Av. ree.
Fruit Added Found ™)
Drake almond 1 1) 0.50 0.40 80
2) 0.50 0.42 84 80
3) 0.50 0.38 76
Bing cherry 1) 0.50 0.44 88
2) 0.50 0.46 92 89
3) 0.50 0.44 88
Peach 1) 0.50 0.42 84
2) 0.50 0.43 86 84
3) 0.50 0.41 82
French prune 1) 0.50 0.45 90
2) 0.50 0.44 88 88
3) 0.50 0.43 86
Royal apricot 1) 0.50 0.41 82
2) 0.50 0.42 84 81
3) 0.50 0.39 78
Apple 1) 0.50 0.41 82
2) 0.50 0.41 82 83
3) 0.50 0.42 84
Overall av. 84%

*SPCP determined as PCP methyl ether by gas
chromatography.
"Required sulfuric acid cleanup procedure.

The overall av-
gs cher-

the response %rven by 10 prcograms of PCP
after ) nvers)r n to IS meth the

A negligible amount of |nter errnq sub-
stances was found in untreated control sam-
g cf of chernes peaches, prunes, apricots

Gp les. These samples were analyzed
drrect foIIowrnP the methylation step wrth-
out a drtronal cleanup. T he response curve
of an apple extract, fortified_with 0.2
SPCP Is shown In Frg 2. The aliquot | |n-
jected into the ?as chromatograph contained
an equivalent of 20 picogranis of SPCP.

Addjtional cleanup was required for the

almond, extracts ?rnce they containgd large
%ruantrtres of |nter enn% Su stances The sll-
uric acid washing procedure_was adequate
to remove these substances (Fig. 3a). The
small geak which_has the Same retention
time F min) as PCP methyl ether regre-
sents ess than 0004 ppm of mterferrn%r ub-
stances. %r b shows the results obfained
with a fortitied control sample treated with
sulfuric acid.
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Protein Changes Related to Ham Processing Temperatures
I. Effect of Time-Temperature on Amount and

SUMMARY
Knowledge of protein changes produced bv
heat is basic to the development of a needed
analytical method for determining whether
canned meats have been pasteurized at high
enough temperatures. Ground cured uncooked
barn was heated, with different programming,
to temperatures up to 165°F; and the influence
of the treatments on the amount and composi-
tion of proteins soluble in 0.9% NaCl solution
was determined. Rate of heating as well as
the temperature reduced the amount of ex-
tractable protein. Fractionation of soluble pro-
teins by disc electrophoresis showed five com-
ponents to be relatively resistant to heat coagu-
lation. One of these components was identi-

fied as an acid phosphatase.

iy |NrRo|oucgrou " )
uality control and regulator wor
there (Lrstsaneed ?or an easr? Ipno?e srm
Pe laboratory technique for détermining
emperature 'to which a heat-treated meat
product has been rocessed. This s very im-
ortant with products imported into the
nited States to ensure that the tempera-
tures agrb led are rg enqugh to meet re
uirements.  With domestic groducts also,
there are reguIatrons which r durre eatrnP
f0. or above, specified temperatures. Qua
|t¥ controI la rfrtorrs in mdustry should
ten make simifar determinations, both to
assure complrance wrth regulatrons and to
mamtam %ua rtfy standards.
etermrnrn% maxrmum tem-

gerature attained In heat processing has been
evised in this country, although” not pub-
lished, and %pplred both here and in some
Euro ean |aboratories. It depends on heat-
Ing so |ution Preooare extractm ihe
mé&at product with 0.9% NaCl and ob servrng
the te Perature at which a foccu]lent rech
tate 15 formed. Within limits, this tempe
ture corresponds to the hrghest temperature
reached internally when th Broduct IS proc-
essed. Improvenient of the anove method, or
the develdpment of a new method, to obtain
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Composition of Soluble Proteins

cIoTer correlation between analysis and ac-
tual processing temperatures” is highly
OlesTlhaeblce mponents of meat m scIe have been
. u Vi
desgrrbegl? smith (1934, 93.)5 Szen
Gyorgyi 519513 Dubuisson _ (1954),
ommaerts 130 19581, Ra bt m%%srn
i reported 10 denafure rn 50 utron
heated to 105-115°F
actomvosin whe(n heated 113 12713 for
3-12 min { er, 1950). GIobuIrn X has
been reported t0 denature on stan mg at
room temperature (Smjth, g/o gen,
whrch containg man)( of the enz mes -
R/srs and_ of the Tricarbox Irc acid cce
tures In part, upon standing. However,
some of these enzymes are known to Jie rela-
trvelg heat-stable.  Myoalbumin, which has
not been studied fo. any great extent m the
last 30 years, exhrbrtedaserres of denatura-
tron‘l‘:p ints” at 120 145, 161, 176, and
(Smith, 1937; Jacob 1947). Tn these
mvestrgatrons ‘the solutjon was flltered free
of coagulum (denatured rotern after each
temperature was rea he eatrnq
Was contrnue {0 hig er tem eratures unt
a further coagulum was reached. The mult-
'C'% of denaturation temperatures could
possibly he explarned by the fact that the
myoaloumin used was “contaminated with
groterns Rossrbly those generally referred to

S myo

Th)e gbove backdround rndrcates that m¥o
sin. actomyosin, gobu In X, and Par of
mey ?en group afe denatured at lower tem-

ratures than those used |n heat- Ororooessrng
meat A more accurate knowledge of the
heat dénaturation of the reIatrveI heat stable
Protems would he useful In devel obrn%
ndex  of thermal rocessrng In prelimi
experiments, resu ts showed that fem erature
and coptent of protems soluble in low jonic
strength SO 15) were closely related. If not
these™ proteins coIIectrveI%/ rdentrfroatron of
one which denatures on heating in the tern-
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perature raane of processing should be a
oss|b| Ity. For example, phosphatase activ-

|n |ca N the processlng time- temPeratur

lied to_ milk "(Sanders and Sager, 1

ta available on_ the acid Phosphatase f
meat suggest that it is similarly denatured as
a function of time and temperature (Kor-
mendy and Gantner, 1960). Accordlngy an
Invesfigation of the heat denaturatlon f'pro-

teins soluble in 0.9.. nas een con
ducted, of which the resent reIporte study
was the initial esent pap er

deals with changes |n the SO|U8I|Ity 0
feins on eatlnq cured uncooked ham to df
ferent temperatures W|th various rates of
heatlnP The eIectrop oretic analysis of un-
coa? ated (relatively heat-stable) compo-
nents was conducted. One of these com-
ponents was identified as a muscle acid
phosphatase.

EXPERIMENTAL PROCEDURE

Sample preparation. A 15-Ib boneless ham was
cured at a local processing plant for five days. The
arterial pumping method was used to inject 10%
by weight of 68° pickle ; this was also the strength
of the covering pickle. The meat was trimmed free
of all but the interstitial fat, ground in a meat
grinder in a cold room at 37°F, and then thor-
oughly mixed. Ground meat was used to minimize
the differences in composition and variation of
heat penetration that could be expected if samples
for analysis were taken from either the whole ham
or the individual muscles.

Twenty-five-gram samples, in duplicate, were
placed in individual stainless-steel centrifuge cups
(approximately 1 X 6 inches), packed tightly, and
covered with aluminum foil to minimize evaporation.
These samples were heated to an internal tempera-
ture of 165°F and samples were withdrawn for
analysis at 120, 130, 140, 150, 160, and 165°F.
These temperatures correspond to the range that
would produce undercooked, properly cooked, and
slightly overcooked products in processing. Five
heating programs were obtained by starting the
cooking bath at 84, 100, 120, 140, and 170°F (Pro-
grams A-E, respectively, i« Fig. 1), then increas-
ing the bath temperatures to a maximum tempera-
ture of 170°F by setting the temperature-control
unit to maximum, and heating until the above-
mentioned internal temperatures were obtained.
The cooked samples were ambient-air-cooled (room
temperature 84°F) for 10 min, removed from the
tubes, and placed in a 500-ml-capacity two-speed
blender with an equal weight of 0.9% NaCl. Each

160

140

N
o

MINUTES
<)
o

TIME,
e o]
o

23
(=]

40

20

o] 1 L L 1 L B B
90 100 1o 120 130 140 150 160

INTERNAL TEMP. OF MEAT, °F

Fig. 1. Time required to obtain selected internal

temperatures in cured meat samples », varying
initial bath temperatures. Heating for programs
A, B, C, D, and E, respectively begun at 84, 100,

120, 140, and 170°F.

mixture was homogenized for 20 sec (10 sec high
speed, and 10 «.. 1ow Speed), transferred to a
beaker, covered with polyethylene film, and held at
room temperature for a 30-min extraction. The pH
was recorded at this time with a single-probe elec-
trode calibrated at pH 6.5 and 84°F. The mixtures
were then centrifuged at 32,800 X G in a refriger-
ated centrifuge for 30 min. The supernatant frac-
tions, which contained some fat floating on the sur-
face, were removed with a long cannula, and then
further clarified in a refrigerated centrifuge at
32°F at 130,000 X G for 30 min. The clear ex-
tracts were used for protein determinations and
disc electropharesis.

Protein determination. one-m! fractions were
used for protein determinations by the biuret
method (Gornail <« .1, 1949). The biuret standard
was a solution of bovine serum albumin (BSA)
calibrated by micro-Kjeldahl analysis (Ogg, 1960).
The protein was determined by spectrophotometry
at 540 mg after 30 min of color development. Two
different concentrations of the BSA, in duplicate,
and a biuret blank were read against a distilled-
water blank. The color was stable for several
hours. The calibration curve (containing six
points) was linear to 0.650 absorbance units on an
instrument calibrated to be linear from 0.000 to
3.000 absorbance units. Each fraction of meat ex-
tract, containing 3-26 mg protein, was run in dup-
licate, and the results are reported as the mean,
with standard deviation of £0.03 mg.
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Disc electrophoresis. Extracts of several sam-

ples which had been heated to various temperatures
were fractionated by disc electrophoresis on poly-
acrylamide gels according to techniques of Orn-
stein (1964) and Davis (1964). These included
extracts from unheated samples and samples heated
to 150°F at different programs (A,D ,E,) ; also in-
cluded were samples heated to different tempera-
tures: 120, 1SO, and 160°F at the same pro-
gram (D).

Lower gels 2 inches long were used in place of
the standard 192-inch gels, to obtain better separa-
tion. The extracts, each containing 200 p,g pro-
tein, were mixed w'ith upper gel solution at 1:1 in-
stead of the standard 1:50 dilution. This was done
because the protein solutions were already dilute
and it was necessary to restrict the volume of ex-
tracts added to the top of the electrophoretic tube.
The 1:1 mixtures were placed on top of the spacer
gels and then photopolymerized for 20 min. Elec-
trophoresis was conducted for 30-50 min, depend-
ing on the progress of a tracking dye which pre-
ceded the fastest-moving protein. To minimize
diffusion, the gels were immediately removed from
the electrophoretic bath upon completion of the
run, placed in an ice bath, removed from the tube
with a probing needle, and stained for 1 hr. For
complete destaining, the gels were soaked in a
large test tube containing 7.5% acetic acid which
was changed three times in 36 hr, and were then
destained electrophorctically at 10 nta per tube for
40 min. The upper chamber contained a small
amount of staining dye to prevent excessive de-
staining. This destaining method produced a back-
ground almost as lightly colored as that found in
the area in front of the tracking dye. The absorb-
ance of stained gels was scanned with a recording
microdensitometer.

In addition to staining gels for protein (aniline
black 0.5% w /v in 35%- acetic acid), a specific
stain for phosphatase was used on duplicate gels of
unheated samples and samples heated to 150°F
(program E). A modification of the simultaneous-
coupling azo-dye method (Barka, 1961) was used.
After the gels were removed from the glass tubes,
the gels were immersed twice in a pH-5.0 acetate
buffer for 15-min periods. The gels were then
placed into tubes containing Fast Garnet GBC salt,
Lntg/ml, in pH-5.0 acetate buffer for 30 min. This
allowed the dye to penetrate to the center of the
gel. Finally, the gels were placed into tubes con-
taining 2 mg/m1 of a-naphthol phosphate salt, made
in pH 5.0 acetate buffer, for 24 hr at 35°F. The
reaction was stopped by placing the gels in 7.5%
acetic acid. The sites colored dark red were com-
pared with the gels stained with aniline black to
determine the position of the phosphatase. These
gels were photographed by transmitted light with

PROTEIN CHANGES IN HAMS—I

a Mazda lamp through a series B filter. High-
contrast film and standard development was used.

RESULTS AND DISCUSSION

t[; 1 shows the time in minutes required
to atfain various Internal temp?ratures In the
heated samples, The curves plotted |nd|cate
that the pr cedure used in heatlng A)ro uced
f|ve dtfgerent programs of heating > A (slow)-
E (rapi

1 relates to temperature the amounts
of roteln that remalned soluble in
NaCl when Jhe samples of ham were heated
at the five different rogirams Heattn%
duced the content of soluble protelns r

A 120mFg ml of extract to 5.10 ?at 15%F

and to 2,60-4.48 m?
The proteins remalnln? soluble after n/egglnug

were a small fraction of those original
ble. However, more significantly, the rapid
rates of heatln% tended to increase . the
amount of protein insolubilized. This 1s indi-

mg PROTEIN /ml EXTRACT

1 I 1

1 ]
120 140 160
INTERNAL TEMP OF MEAT, °F

Soluble protein
heating at different rates and to different tempera-

Fig. 2. in meat as affected by

tures (¢r. Fig. 1). The protein content of the ex-

tracts from the uncooked meat samples at 84°F
was 26.75 myg/m| extract. Heating curve: A =
= X— X C = 0 e v D =
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cated by comparison of the protern remain-
ing soltble at corresponding samp |ng tem-
peratures on curves A-E ? The
results show that the amount of "profein
extractable after heatrng t0a 5%rven termrnal
temperatyre—for examg

varied with the time-t
tion rather than internal emgerature For
example, 3.8 mg soluble prot niml sampe
was extractable” from samples heated with
the five drfferent %rograms at temperatures
of 133, 45, and 161°F.

These results mdrcate that simply determin-

ing the protein content of extracts of heat-

rocessed meats can indicate apevroxrmate

E(rgcessrng temperature, but not” with high
ura

ﬂated were within the normal range of cured
eated ham: otherwise, ad] ustment would
have been advisable. The effect of time and
temperatyre on the change of nH of the meat
extracts Table 1) shows tha rr)H mcrgased
on eatrn as revrousl repo te an
arne (T {) Hamm and
eathera%e 51960% he onserved £H chan e
was not more tha 03unrt not S | g
reported previous (H . This may be
accounte for by differences |n the buffenng
ca acity of cure and uncured meat, sinc
mm s studies werg, primarily, on uncyred
meats. Over 65% of the chanoe occurrgd on
heatrng to 120°F, and differences Bro uced
by mcreasrng temperature above, 120°F were
%_rfrt or less.” The results indicate that
tee ects of varying temperature 10-30°F
wou be expected to prodyce small pH
Fnbges that measurabl Influence rt)rotern
solu |t¥ und er unusual circumstances
a shows a disc electropharetic scan
of proterns extractable with a solution having

Table 1. Time and temperature effects on the
change of pH of meat samples.”

pH of meat at given temperatures (°F)

r%erature combrna-

The r))/H values of the ham sa IPles rnvestr-

eX-

Program o't

heating b 120 130 140 150 160 165
A 596 596 6.02 6.02 6.02 6.04
B 595 595 595 6.02 6.04 6.05
C 595 598 6.02 6.02 6.05 6.05
D 595 595 598 6.00 602 6.02

E 595 595 6.02 6.02 6.02 6.02

apH of uncooked meat was 5.75.
i Fig. L

FIG. 30

Fig. 3a. Disc electrophoretic pattern of proteins
in extract from uncooked meat.

Fig. 3b. Disc electrophoretic patterns of proteins
in extracts from meat heated to 150°F at different
rates, programs A, D, and E.

an ionic stren th of 0.15 from uncooked cured
nam, while 3b shows scans mdrcatrn%
the proteins that remained Jn samPIes tha
were cooked to 150°F with ditferent rates of
heating. These electrophoretic patterns show
that protein components that were a major
fraction of the extract from unheated ham
were not pre?ent In the heated samples to
g reciable extent. In contrast, there IS
an increase in the peaks_desi nated as 15
after heating to the 150°F range at
tern re res%nts fractionation of 200 / g pr
tein. The heat-stable proteins represen an
Increasingly Iarger portion of the proteins
remaining as he trnﬁ removed thatp rtion of
protein which was heat- coagulabe
The relative size of peaks. 1-5 diminjshed
in the order A, D, E, reflecting the tendency
of rapid heating rates o heat coagu late more
protern than com arafively fsowe rates.
. 4 shows the ect of Increasing sam-
Prng tem erature on heating at the” same
ate”(Program D). The scans Indicate that
el 2 40 e o oy, i
|
160° Fg thus Indicating a heat Iagrlrty In the
150-160°F range, Peak 5 increases with n-
creased heatrng indicating a heat- Btable r0-
tern which, bécause of its fast mobility, may

——Dire n of migration — Anode

Cathode

F1G. 4
2 4
- I}

120°
N
_[ 150" 600 A ,’/\‘- 5
—- — A |
‘_—[— —[= ;—q,._.\\.,// YN ',_3 A

[ A 2N

Fig. 4. Disc electrophoretic patterns of proteins
in extracts from meat heated to 120, 150, and 160°F
at the heating rate of program D.
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Fig. 5. Gels prepared by disc electrophoresis of
meat extract stained (left gel) with aniline black to
show location of protein, and (right gel) with Fast
Garnet GBC-o-naphthol to show location of aCd
phosphatase.

be an aloumin or a low-molecular-weight

frapment derived from one of the proteins

Inifjally present. The comparative size of
peaksylpang ;

3 reduced as temperature
Increased.

Peaks 1-5 contain protelns apparently of

reIatlveI high heat stabili
g/ g %raj)h o¥ disc electropho-
retlc gels of un extracts staned to

Iocate rotein or hosphatase The Ioca%on of
the area reactin OPosmve for E osp atase
act|V|ty corresponas t gea 41n

wm tot e rélative Insen |t|V|ty of

t{‘g%ld% i s%.%te' raecés EPM%%%%% o

were bare |scern| le and not mtense
enough oo% hy Furth erc haracter-
|zatlQ |n ctetemusce% ghatase
|dent|f|ed the present work’ to entica

trﬁentde preparatlons Investigated by Kor-

Fu¥ther Investigation is concerned W|th the
identity and propérties of the remalnlnfq heat-
stable comﬁonents fractionated Qle e rOtP
resis and the correlation of thelr” heat la I|ty
with time-temperature conditions in heat
processing.
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L. HOFFMANN, G. R. LIST, and C. D. EVANS

Enrichment of Volatile Samples by Syringe Collection

SUMMARY

Volatile samples for gas chromatographic
analysis can be collected and enriched by slow
passage through a gas-syringe barrel packed
with solvent-dampened cotton. Then the con-
densate can be injected into a gas chromato-
graph directly from the same syringe.

Volatile odor_constituents from autoxidiz-
ing fats are_difficult to collect. Although
vacuym drstrllatron Into traps cooled with
dry 1ce or liquid nitrogen 15 effective for
sample collection and™ enrichment, ~this
method requrres extensrve equipment (Law
r%y Cerato, 1959: Nawar and Fagerson

60 Rhoades, 19588 Also, dunng trans-
fer the samnle may_become degradéd, a
often, some Is lost. “To achieve conom and
srm%hcrty, direct headspace sampling 1S pre-
ferable even thou h odorous- sam Ie on-
stituents are usuall oresent In low concen-
trations. Lar%e mgcrons of headspac Pas
either upset chrom ogragh baseline’ stabifit
|net§klgra ly or cause broad, poorly resolve
P We have developed a collecting technique
that combines the advantages of enrichment
trapping with the simplicity and economy
R %ll“plllgamrl%"s.%f P opecng
g A few arops of liqui fr%m which

voIatrIes are t0_be collected are absorbed on
a Whatman filter accelerator held in the
center of a close- frt(srng Teflon annulus The
e "a 40-mm-OD

annulus  rests Insi Pyrex

Flowmeter

Rubber Stopper

Fig. 1. Collecting apparatus for autoxidative
volatiles from oils.
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filter funnel sealed with a polyethylene milk-
bottle cap. |rooen Swe ri gas IS admitted
to the funnel th oug . x 20- auHe
needle that pierces a septum in the Dot
P Volatiles are_swept from. the funnel
througn a 2-in. x 20-gauge delivery needle,
Into & 2.5-CC gas syringe barrel Th snnge
IS suRForted In a aer cu filled with dry
Ice rtroHen orn? vo tre re condensed
on a smafl tuft g retv ether-dampened
cott%n |oosel Al/ ﬂoacked in the nefdle end of
arrel. A flow rate of 10 cc/min IS syf-
ficient to sweep volatiles from the filter disc
to_the syringe. Enrichment time varies for
drfferent concentratrrl)ns of volatiles in the
sample. It 15 difficult to specity accurately
the Ien th of irme necessary 1o collect 2
ls: R fusefu concentration without pre-
Iminary trials.
When a sufficient sample has been col-

lected, as determrned y trial, the syringe
and attached needle are ﬂurcklgr wrthdrawn
rom the filter-funnel serum ¢

aper
Wrth the pIun?er In place the coIPected
sampe IS injected trom th synnge direct]
Into" the gas' chromatograp cotton
not removed for the rn ectron Ra
ression of the sgnng roun er qu ng
ection warmst fto release the
condensed odor constituents.

Blank anal ses made with the same col-
lectin apP tus but without a sample will
accout or an chromatographic’ peaks
caused by the so vent or contamination from
the cotton. With clean apparatus and pure
solvent, ng extraneous gea S were evident,

g 215 a chromat gram of volatile hy
droc rbons from autoxjdized methyl lind-
enate that were collecteq with the a{) aratus.
Direct headspace mrrectron without “syringe
ennchment yielded no peaks. The chiroma-

oram wa? roduced from - 6-ft x.  -In-

vated alumina column o erated isother-

ally. No solvent or polar vo air es were
evrdent hecause aIumrna ureversrb adsorbs
these materials. Between ?ampe rn jections,
[ e column was relieved of Its solvent over
oa bgr Rurgrng It with carrier gas at 300°C
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o
I ‘i‘ / \ a
| (! | Y
AN AV AN,

Retention Time

Fig. 2. Chromatogram of volatile hydrocarbons
from autoxidized methyl linolenate. The various
steps included a sample collection time of 5 min at
a flow rate of 10 cc/min; diethyl ether as the sol-
vent; an activated alumina column; and a flame
ionization detector.

Chromato rams fr?m ga? Ilgvld chroma-
togra phic c lumps, free o vent eaks
Y be obtamed from all volatifes (polar
Include % It carbon  disulfide is us? 0
dampen the cotton and 1f the column effluent
Is_monitored. by a flame. onization detector

. This “solvent is not d%tected g/
1D, “Volatile constityents from liquid m
terials other than oils may be collected

similarly. Solid samples loosely packed into
the filter funnel yield equally " convenient

chromatograms.

This coIIectlnfq agroaratus assembled from
mexpenswe ma% s readily available in a
laboratory, can be used for routlne aroma-

gram ceterminations.
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CHIEN-MEI CHIU and Y. POMERANZ

eed M illing Industries

Changes in Extract-ability of Lipids During Bread-Making

SUMMARY

Free lipids were extracted with petroleum-
ether, and total lipids with a chloroform-
methanol mixture from flour, dry milk solids,
yeast, dough, fermented dough, bread crumb,
and bread crust. Dough formulations used in
bread-making included— in addition to a basic
formula of flour, water, yeast, and sodium
chloride— either sugar, commercial vegetable

shortening, and dry milk solids, or their com-
The extracted lipids were fraction-

binations.
ated by thin-layer chromatography (TLC). Pe-
troleum-ether-soluble flour lipids were reduced

to one-third during dough mixing or fermenta-

tion; subsequent baking lowered the residual
free lipids to half. Petroleum-ether-soluble

free lipids were affected little by dough com-

position. Only small amounts of hydrogenated

vegetable shortening were bound during dough-
mixing, but about 1/3—L/2 of the added short-

ening lipids became bound during baking.
Processing flour into bread had no effect on
the amounts of total lipids extractable by the
chloroform-methanol mixture. Fractionation of
extracted lipids by TLC showed that much
more polar wheat flour lipids than nonpolar
components were bound during dough mixing.

INTRODUCTION

Lipids play an rmportant role n determin-

Ing the rheological ropertres of douEh and
rn t 4 rmrr)rov r action ‘of oxidants (Fisher
aniels, 1963 : Mecham, 1964). Bread
a ed with 2-4% shortenrn% has a Iar%er
Ionaf volume. mThe ngShted tt)r ad has a more
uniform crumb grain _structur IS more
tenr? I the fIavoq rs richer anr? fa resh
tention is rmprove Recent studies (Pom-
eranz ¢ al., GbR show that polar
Wheat fl?url rds are hr%
rovrnrrr olume, cru
ess refention of bread. Nonpolar wheat flour
lipids have no improving effect

The reasons for differences in bread-im-

provrnq effects of varjous wheat flour lipids,

and between liquid o] and vegetable short-

ening, conginue fo_ Intrigue “many cereal
chemiists. Yet, [ittle is known of changes that

ness re-

ly eff ectrver rm-
é;rarn and fresn-

hakin 5 echam, ~ Olcott and
Mecham (1947) found that the amount of
free flour lipids (ether- extractableg was re-
duced to one-third as a result of dough mix-
rr;ﬂ Phospholipids determrned fr m the

ount of extracted ] 0phosp orus) were
bound referentially. t of the "hound
lipid was assocrate wrth the glutenrn frac
tron rnte [uten. In a later stld 3/ Mecham
an%Wernst In ( 19523 eortdo the effe {s

fbread In redrents n lipid binding and the
ormatrono lipoprotein durrn% doug mix-
Ing. Baldwin ‘et al. 21963 965) “studied
lipid binding in’ doughs and_ bread” made bsy
the conventional and contrnuous roces
After submission of our paper for pub rcatron
we learned about the studies of Danjels, et al,
(1960), who rnvestrgated the distribution, of
Irprt%sdrn hread pro Hcef bylthreehmﬁxrng
methods, U rmulae which in
cluded Tow Ie\9els ? added shortening and
full-fat soy flour,

This investigation was made to study the
effects on “E S of dough mrxrnq fermenta-
tion, and baking. Ljpids were extracted with
Petroleum ethrfr and'a polar solvent (chloro-
orm-methanol  mixtyre).  Extracts were
fr%rEré:JStated by thin-layer chromatography

8/ occyr in flour Irprds durrnlg fermentation

MATERIALS AND METHODS

Flour. untreated flour, used for the baking tests,
was milled experimentally on an Allis mill from a
composite grist of several hard winter wheat va-
rieties grown in 1964 at a number of locations
throughout the Great Plains. Expressed on a
14% moisture basis, the flour had an ash content
of 0.42% and protein (N X 5.7) content of 13.1%.
The bromate requirement of bread baked by the
complete formula was 3.0 mg per 100 g flour, and
without nonfat milk solids was 1.5 mg. W ater
absorption was 61.8%, and mixing time was 3%
min. )

Bread-making. The basic bread formula in-
cluded 100 g flour, 1.5 g salt, 2 g yeast, water as
needed, and optimum potassium bromate. This
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formula was varied to include 3 g commercial veg-
etable shortening, 4 g nonfat dry milk solids, 6 g
sucrose, and combinations of the optional ingre-
dients. An optimum mixing time with the straight-
dough procedure and a 3-hr fermentation time at
30°C were employed. Punching and panning were
performed mechanically. Baking time was 24 min
at 218°. Loaf volumes were measured with a Na-
tional Manufacturing Co. volumeter, employing
seed displacement. After the loaves had cooled,
they were cut and their crumb grains evaluated.
The following code was employed S = satisfac-
tory Q: questionable, U = unsatisfactory.

Llpld extraction. samoples of dough were re-
moved at the end of mixing and of fermentation,
and frozen immediately on a block of dry ice. The
frozen dough and baker's yeast were lyophilized.
One hour after baking, bread was separated into
crumb and crust, divided into small pieces, and
dried under vacuum below 60°. All samples were
ground to pass a 40-mesh sieve on a micro-W iley
mill and stored at —20° in dark bottles until
analyzed.

Lipids were extracted exhaustively with petro-
leum ether (bp 35-60°) in a Goldfish extractor.
In addition, lipids were extracted with a chloro-
form-methanol mixture by the method of Bligh and
Dyer (1959) as modified by Tsen .. al. (1962).
Yields of lipids were equal to or slightly lower
than yields obtained by direct extraction with
water-saturated butanol or by the acid hydrolysis
method. Results of lipid extractions are means of
at least two determinations.

Thin-layer chromatography. Extracted lipids
were fractionated by thin-layer chromatography
(TLC) as described previously (Daftary and
Pomeranz, 1965a,b). The solvents used for one-
dimensional ascending development of 100 iy lipids
were: chloroform for nonpolar, and a mixture of
chloroform-methanol-water (65:25:4) (chloroform
mixture) for polar lipids.

The spots were visualized by exposure so iodine
vapor, or by spraying with a saturated solution of
KoCrsO? in 70% volume of aqueous sulfuric acid.

LIPID EXTRACTABILITY DURING BREAD-MAKING

More specific spraying methods included ninhydrin,
modified Dragendorff reagent, and molybdenum
spray. In addition, TLC plates were sprayed with
a-naphthol for identification of glycolipids (Feld-
man . .., 1965). For identification of polar lipids
separated by TLC, phosphatidyl choline, phospha-
tidyl ethanolamine, and phosphatidyl serine (from
Applied Science Labs., State College, Pa.), and
mono- and digalactosyl glyceride (gift from Dr.
D. H. Hughes, Procter and Gamble Co., Cincin-
nati, Ohio) were used as standards.

RESULTS AND DISCUSSION

Table |st the effects on loaf volume
and orea ((fua Ity of ad mH milk_solids, su-
Crose and hortening to the pasic formula.

Crust color depended primarily on addm%
suerose the contrlbrtlon to crust color fi
k solids was small. The Iargest loaf vo
ume Increase resulted from adding sucrose.
Determinations of proof he 0g ht and”examina-
tions.of crust color |nd|cate that dough com-
gosmons 12 and 3 conéalned inadequate
mounts of s ar for proauction of carbon
IOXI de during the proof and baking periods.
Th e&(are mcluded or comparatlve urﬁoses
ng shortening to the basic d had
|t e effect : loaf volume was increased from
5 to 740 cc by adding shortenlnﬁ to a
dough which confained 60 sugar. Tfie best
bread in terms of crumb gram Wwas_obtained
OQ!P’ after both sugar andl shortening were

The |Iﬁ]ld contents_of the dou%h |n%€ed|ents

are sum arlze In Table 2 V|e
rea|v z amoun‘ f wheat flour and
sma eeI mlks and yeast In the

formulatlon wheat flour contrlbuted
muc more than the o(sher mgredlents to the
Hp contents, of th urd r bread
the contribution of shortening was Iarger

Table 1. Effects c¢f dough composition on bread quality.

hPro
Dough composition mr%%
1) Basic" below 5.8
2) Basic fi- shortening below 5.8
3) Basic -]- milk solids below 5.8
4) Basic + sugar + shortening 6.5
5) Basic + milk solids + sugar 7.1
6) Basic -|- milk solids -f-

shortening + sugar 7.0
7) Basic + sugar 6.5

Loaf

volume Crumb CrFst
(cc grain color
345 u Pale
355 u Pale
360 u Lightbrown
740 Q-S Brown
695 Q Rich brown
765 Q-S Rich brown
675 Q Brown

“Flour, water, sodium chloride, yeast, and potassium bromate.
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Table 2. Lipid contents of dough ingredients.

Petroleum- Chloroform-

ether methanol

. extract extract
Ingredient (%) (%)
Flour 0.88 1.25
Nonfat dry milk solids 0.10 0.84
Yeast 0.58 3.44

%han of wheat rour lipids. The rRolar chloro
orm-methanol. solvent  syste extracte
much more lipids than petraleum ether. T
Increase_was respectively 8- and 6fo|d |n
milk solids and | eait Bound. lipids com-
posed 30% of the otal flour lipids, This Js
In aPreement with the flndln?s of Daniels
et a Ql 66&. Balawin et a. (1963)  re-
Borted hat 62% of flour lipids were”in a
ound. form. Extensive studies in our Iab
oratories showed that onI}X % of flour I|P| 5
were not extracted with petroleum ether
(Pomerfnz et al., 196
Petroleum ether an hIoroform methanol
extracts showed little difference In amounts
and kinds of nonpolar lipids fractionated by
TLC with chloroform " (Fig. 1).  Clearly
s own |s the p resenf two klnds of tri-
% cerides in milk gls as described
ank and Privett (1964) and Cerbulis an
Zl‘te (1965). F| com ares TLC 0
chloroform-methandl extract flour and
dough with standard polar lipids. The lipids

"fISPlipil
i
Loyt m‘O
F.w - b
soe e

ig. 1 TLC of lipids in dough ingredients. Sam -
ples 1-4 extracted with petroleum ether, 5-8 with
chloroform-methanol. Samples 1 and 5, flour; 2
and 6, nonfat dry milk solids; 3 and 7, yeast; and
4 and 8, shortening lipids. Developed with chloro-
form ; spots visualized by charring with sulfuric
acid. Picture taken under UV light, a) Triglycer-
ides ; b) Mono- and diglycerides;c) Unfractionated
polar lipids.

155

» 00«
12 3 4 5 6 7 8

Fig. 2. TLC of polar lipids. From left to right:
monogalactosyl glyceride, digalactosyl glyceride,
phosphatidyl ethanolamine, phosphatidyl chaoline,
phosphatidyl serine, mixture of all standard lipids,
flour lipids, and dough lipids. Flour and dough
lipids were extracted with chloroform-methanol.
Standard and mixture of all standard lipids con-
tained 25 ,ug of each lipid. Flour and dough lipids
were applied at 100-gg levels. TLC plate devel-
oped with chloroform mixture.

vere fractionated by TLC wmh the chloro-
orm mixtyre. Petroleum ether extracted
ess polar |IpIdS from flour than did chloro-
orm-methanol. There was, however, no dif-
erence in the kinds of polar lipids extracted
rom flour by petroleum ether or by chloro-
orm-methanol ﬁ OnI [our con-
tained substanti amounts? g?lar om o
nents g)hospho Ipids and g%/ g

free and In a bou dform I the case fmllk

Fig. 3. TLC of lipids in dough ingredients. Sam-
ples as in Fig. 1 but developed with chloroform
mixture, a) Nonpolar lipids; b) Monogalactosyl
glyceride; ¢) Digalactosyl glyceride; d)

Phospha-
tidyl choline.



756 LIPID EXTRACTABILITY DURING BREAD-MAKING

Table 3. Lipid contents * of dough and bread.

Dough composition

Basic

Basic + shortening

Basic -p milk solids

Basic -p sugar -p shortening
Basic + milk solids -p sugar

Basic + milk solids -p short-

ening + sugar
Basic -p sugar

*In lyophilized sample,

Dough

0.28
2.87
0.20
2.66
0.18

2.57
0.29

Petroleum-ether

extract

Fer-

mented

dough

0.25
2.95
0.16
2.83
0.16

2.82
0.30

Bread
crumb
0.12
1.47
0.09
1.44
0.12

1.45
0.13

Bread
crust
0.09
1.81
0.09
1.79
0.10

1.62
0.18

Dough

1.30
3.52
1.35
3.51
1.29

3.60
1.20

"Flour, water, sodium chloride, yeast, and potassium bromate.

solids and rueast little polar lipids were_ex-

tracted wrt

hosphatid Iethanolamrne hos

ne, and phos hatr
onI mtechIoFrofo
ma or_components of the
milk_lipids are, In_decreas

phatidyl ethanolamrne phos
sphingomyelin, 5 osphatid

amounts o sterols
ocarbons, a nymh er of, ph
i cholme
atrdXd ethariolamine, and phos hatid

rneg | SthﬁOr r@ldr!rlgﬁocoa

(pMo ison et al, 1965
tam Hrgdplcerrdes smal

mainl y phosphatidyl

glyceride were

etroIeum ther, and most of the
Eolar DI swrt low Rf values
r

resyma Ig/

serrne were
-methanol extract. The
olar fraction of

unds

p(ﬁatr e Pr

resent

order, phos-
atrd I choline,
serme

| S con-

ho-
|?ros-
ser-

Edd

|a ctosl

resent in re atrve

gncentrations In rour lipids only. The verlr
etable shortenrng con(!arned no” measurale

amounts of
oroform mixture.
Table 3 su

bakmg
solubl

Ides co
Reductron In amounts of fr
sult of d

rnmarrzes the etfects
mixing and fermentation, and
on the extractability of lipi
mrxrng owered the amounts 0
etroleum ether to one-tn
value |n u treated flour. Four [
tain a 1:1 ratio of nonpolar-
nents (Pomeranz et al., 1966
nose the ma{or nong

h. mixing Indicates,

Tri

e

| Prd

0la

oIa lipis fractionated by the

O{ regrq
ol

d the
con-
compo-
yCer-
oldr component.
[ipids as a re-

therefore,
partral msolubrlrzatron of ponpolar flour ip-
ds. There was no significant difference In

mounts of petroleum-ether-spluble lipids
% o] ough [)e[tween Ltjhe Eegemn?na andI Ie enlg

of fermentation.

dough,

amount In the dou h
pinding ,o
flour lipids, only

lipids were bound

?p

enin
and

however, reduce

of non

oar flo

Chloroform :methanol

extract

Fer-
mented
dough
1.40
3.90
1.31
3.50
1.35

3.55
1.23

Bakin

dth

J-p2 of the shortenrn%

substantial Increases in |j

the bakin

i

found that only

were bound ddrin
feem to eSUrP

r rds ar

i

dwin et al.,
Addin

t e levels
[ s somew

of fl our
~ Bingin
ing mixi

drates.

faPe

O? tEXUI’ or

ort th
rate rtnboun)db -mixing and
s durl ugh-mixi
tatron and cang funotl !
meltin
cell st

stage. Dani
g bakin

H

conce

it

Bread
crumb
1.12
3.74
1.33
3.60
1.42

3.58
1.37

the fermented

Bread
crust
1.35
3.94
1.33
3.81
1.48

3.68
1.33

e amount of pe
troléum-ether-soluble flour lipids to half

Both our da

lon advanta
In the oven and strengt
ucure (Baker and Mize, 1942 Bal-

g ‘nonfat_dry milk solids
sugar) t the basic formula seems t
frofeum-ether-extractaple |
rndrcatmg a possible bindi
roteins.
hortening lipids dur-
rq fermentation, or bakr g
to result from relafively weak bonding f
between Irprds and flodr proteins and carbo-
g There was no consistent effect of
dough-mixing, fermentation, or baking on

I

rndrc tmg additional
ur lipids.” Unlike the
less than 5% of the short-
dyring dou
ermentation. At the blakrgg
Ipi

ractable m petroleum e her.
of bound |
plete formula were_20%
Ing. with results of Baldwin et al. " (1963
and Daniels et al. (1966).
and those of Baldwin et’al, (1963
id binding
s et al
10% of the doug h Ir IdS
Our find |n
that shorten)
proteins an carbo-

~——
o
=

1966

erlmen
eolsly by
ening the

-mixin
e, aho
WETE Inex-
The amounts
Ipids in ougsmae ythecom

6% of the total, a

Sbut not
red uce

Seems
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Fig. 4. TLC of petroleum-ether-soluble lipids in
bread crumb. From left to right, from crumb of
bread baked by formulae 1 to 7 (Table 1). De-
veloped with chloroform.

the amounts of chloroform-methanol-extract-

able total lipids.  Small differences are ex-

licabl variations |n moistyre contents
gnd reﬁatrtre concentratrons of H Ids In the

% In keep mg with bak mg ractices
sho enrn was added on a rour srs and
kept uniform athper 0 g flour,
quently, the level 0f shortening was smaller

In rich formulae than in lean formulag. Fer-
losses make It diffi-

entatron and ba mg

cult to express the reSults with precision on
a_common  hasis, Elg 1 shows, TLC o
petroleum-ether-soly 10 in_ brea
crumb. . The nongolar Irg
ated with chlorgform. S ﬁ 4, and 6,
from bread baked with shortening, differ
from the odd-numbered samples, haked

Conge-

s were fraction-

“2-3-4-5-.;. :
TLC of chloroform- methanolsoluble

s,

Fig.
lipids in bread crumb; samples as in Fig. 4 but
developed with chloroform mixture.

%

I O R

tItfllifl

TLC of lipids extracted from flour (1
and 6), complete dough formula (2 and 7), fer-
mented dough (3 and 8), bread crumb (4 and 9),
and crust (5 and 10). Samples 1-5 extracted with
petroleum ether, 6-10 with chloroform-methanol.
Developed with chloroform.

o 0
. |
1

Fig. 6.

without shortening. It should be stressed
that in al| chromat %raphs the total_lipid
concentration was Kept constant. Conse-
quentl¥ In the crumb that contained short-
enrng he relative amounts of flour Irprds are
requced. For similar reasons, TLC_ of chlo-
roform-methanol-extracted. lipids, in” which
fractronatran Was )made with 1 hhehchlor(ifrt)rm
mixture (Fi sno er_relativ
concentrahon% o? polar f \Afour rgrds in breag
baked without shortenin than with It

Acom arison of FrrIr with Fig. 7 shows
clearly t at whereas he nPolar W eat four
lipids”are bound during mixing and baking
0 dou%h contarnrnf% shgrtenrng the nonp oIar
components are affected little during process

Fig. 7. TLC of Irprds descrrbed in legend of
Fig. 6, but developed with chloroform mixture.
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mg of flour into bread. Results were similar
when lipids were extracted at various stages
rocessmg from dough containing, “no
s 0 tenmg hanges in various wheat flour
lipids an commermal fats and oils durin
the bread-making process are being studied.
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SUMMARY

The carotenoid mixture of orange-fleshed
muskmelons consisted predominantly of 13
carotene. f-Carotene was the next most abun-
dant constituent. Small amounts of phytoene,
phytofluene, a-carotene, lutein, zeaxanthin, vi-
olaxanthin, luteoxanthins, and apparently ne-
oxanthin were found. Monols and monoepoxide
diols were found in small amounts, and a frac-
tion, perhaps monoepoxide maonols, in very
small amount. In the ripening of the fruit
there is a considerable buildup of /3-carotene,
and to a lesser extent of C-carotene.

INTRODUCTION

Orange-fleshed  muyskmelons écommonly
called cantaloups in the United States) are
known to be a good source of carotene
. Vavich and Kemmerer
found "that .. carotene amounted to
at least 94% of the total carotenes, and
regorted the presence of one additional un-
identified E ent. Rabourn and Quacken-
bush (1953) reported the presence of
ph toene an LP/ofluene In the cantaloups,
sstemattc X has now een made of
the carotenot f orange-fleshed musk-
% ns, usin countercurrent distribution to
achieve a preliminary fractionation,

EXPERIMENTAL

The muskmelons used, which were the common
orange-fleshed variety, were obtained in September
ata local market. Two 1000-g batches of the edible
portion were each blended with a mixture of 1 L
of water, 1 L of methanol, and 10 g of magnesium
carbonate. Filter aid (Celite, 10% by weight of
the fruit used) was added, and the mixture filtered
on a Buchner funnel. The filter cake was worked
up essentially as previously described (Curl, 1961),
including saponification by potassium hydroxide in
a one-phase system of ether-methanaol.

Countercurrent distribution runs were carried out
in a Craig apparatus, using solvent systems I, 1l
(Curl, 1953), and IV (Curl, 1960). Solvent system
| is hexane and 99% methanol, 1.8:1 by volume;
Il is benzene, hexane, and 87% methanol, 1:1:1.15
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by volume; IV is hexane and 73"4% methanol, 1:1
by volume. The fractions obtained were chromato-
graphed on columns of magnesia (Sea Sorb 43),
14 by ¢.. 90 mm, and the various constituents
eluted by a graded series of eluants (Curl, 1959).
Spectral data for the various bands eluted were
obtained in a Beckman DK-2 recording spectro-
photometer.

RESULTS AND DISCUSSION

The total caratenoid content of the edible
gortton of the fruit use was found fo be
quivalent to 20.2 m kfgge caroteneg

Dunngf evaporation of th acetone extract
of the filter cake are attveg ré;e amount
of crystals of /3-Carotene seo rat

Countercurrent distribution. One-fourth
of the carotenoid extract was used in a 1Q0-
transter countercurrent distribution run with
solvent system 1. The results (Table 1
show the Preat prepron erance of the hy-
?rocarbon raction he diol- oI%/oI fract |on
Tom this run was use masco |str| U-
tton with SP/stem Z
drocarbon fraction as o tatned 3 ove Was
examined chromatographically; the other
fractions were not, Since they occurred in
such small amounts,

Table 1. Composition of the muskmelon caro-
tenoids as determined by countercurrent distribution.

Approximate
J/opof total

Fraction carotenolds a iVioob
System |
I (Hydrocarbons) 96.5 91
ITA (Monols) 0.7 59
I1B (Monalepoxides ?) 0.07 38
Il (Diols and polyols) 2.1 8
System IV
I11TA (Dioals) 1.3 90
I11B (Monoepoxide diols) 0.16 64
I1IC (Diepoxide diols) 1.1 23
IV (Polyols) 0.21 1

°Color measured at 440 mg in an Evelyn photo-
electric colorimeter.

6 Position of maximum per 100 transfers.
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Table 2. Carotenoid constituents of muskniclons as obtained by countercurrent distribution

and chromatography.

) Spectral
Fraction and absorption Apgrox.
constituent maxima (m*3) Y%
| Phytoene (297), 286, 276 1.5
Phytofluene 367, 348, 331 2.4
a-Carotene 472,441, (417), 332 1.2
(3-Carotene 477,447, (423), 339 84.7
t-Carotene 422,398, 376 6.8
ITA (Monals)" 0.7°
I1B (Monoepoxiclc monaols ?) 0.07*
ITA Lutein 484, 453,428,338 1.0
Zeaxanthin 485, 457, (432), 342 0.08
I11B (Monoepoxide diols)" 0.16
ILIC Vialaxanthin 481,449,423,336, 320 0.9
Luteoxanthin a 457,428, 404 0.07
Luteoxanthin b 455, 427, 404 0.08
IV (Polyols)" 0.23
Neoxanthin-like 479, 447 0.20
Sinensiaxanthin-like 424,402, 376

*Fraction | constituents in hexane, others in benzene
"Not chromatographed, because too small amount of material available.

"From countercurrent distribution.

The remaining three-fourths of the
carotenoid extract was used In a 10%—transfer
coutnterclulrre_nt |%|tr|btit|onbrtun wit sf?_lv_en%
system 11, in order to qbtain a sufficien
q%antlty of the diol an(? diepoxide §IO| ?rac-
tlon?] for chromatog{aﬁhy. .

The composition Of the cartoenoid mixture,
as far as could be determined chroma-
tographically, s given in Table 2

_ ¥dro_carbons élz Chromatogra hy of
this fraction showe hegreat prepdnderance
of / -carotfne, which wa accomﬁanled bH
much smaller amount of f-carotene, and Stil
smaller amounts of phytoene, phytofluene,
ik (11A). The mond fc

onols . The, rnonol fraction wa
not c,hroma‘o ra)ph,ed, because of the sm,ali
3uant|tg of . ?terlal available. The A,m
alue 0f this fraction was near that pre-
viously found for cryptoxanthin (56-57).

Fraction IIB. This ve_&y small fraction
may have been monoepoxi ? monpols; frac-
tions with similar NTW values have been
found in-a number of fruits. _

Diols d(IIIA). This _fraction contained
lutein and" zeaxanthin, in the approximate

ratio of 12:1- this relative proportion is
similar to that found In this fraction from
green leaves.

Monoepoxide diols FIIIB). This fraction
occurred n quite small amount, so that no
chromatography was attempted.

Dleﬁgomde diols (II1C).  Thjs fraction
was found to consist “of violaxanthin
zeaxanth|H-5,6,?',6'-d|epom?e%, togethe
ith a.much smaller amount of the 5,6,5' 8"
diepoxide isomers, the luteoxanthjns, On
tr tmfnt of fxn aliquot of the_solution in
ethanol of violaxanthin with HCL, the spec-
tral absorption maxima changed to those
of the corresponding S.BT'.S-iepoxide iso-
mers, the auroxanthins (423, 398, 377 mjj.),
confirming the identification as violaxanthin.
_ Polyols (IIV). This fraction was present
in too' small amount to chromatograph, so
the spectral absorption of the entire fraction
was measured. Maxima in benzene were
present at 479, 447, 424, 402, and 376 mix
mdmatmgi the presence of at [east two com-
Bonents, he longer-wavelength one_probably
eing neoxanthin. The othér maxima were
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S|m|Iar to those of sinensiaxanthin, a plﬂment
of unknown stru ture found_ qrigina
oran?es Curl an Bailey, 1954). "On treat-
ment of the solution In ethanol Wwith a drop
of h}/drochlorlc acld, the wavelen?th of the
% ral a sorptlon maxima shifted from

5, and 394 mp to 445, 418, 394,
and 370 m’x indicating_ tflat the major com-
ponent, at |east, was a'5,6-monoepoxide such
as neoxanthin.

Aside from the_hydrocarbon fraction, the
fractlonal composition of the carotenoids, was
aﬁ er like that of green leaves or green fruit.

ecom onents obtained on chromatography
were aso S|m|Iar to those to he ex e ted
from green leaves or fruit, On ripening
turnln orfx L?e of the |nter|or there is ave
reat of the carofenoid conten
ainly /1-carotene, and to a lesser extent
;-carotene.  The ‘other hydrocarbon con-
stltuents usuaIIy occur as minor constituents
In green leaves or fruit, and there may have
beeh some Increase here on ripening.

REFERENCES

Curl, A. L. 1953. Application of countercurrent
distribution to Valencia orange juice carote-
noids. /. agr. foo 1, 456.

Curl, A. L. 1959. The carotenoids of cling peaches.
Food Researcn 24, 413,

Curl, A L. 1960. Two new solvent systems for the
countercurrent distribution of carotenoids.
Voohgr. Foo 8, 356.

Curl, A. L. 1961. The xanthophylls of tomatoes.
). Foos sci. 26, 106,

Curl, A. L., and G. F. Bailey. 1954. Polyoxygen
carotenoids of Valencia orange juice. .. -
Food cnen. 2, 685,

Fraps, G. S. 1947. Vitamin A and carotene in
human foods. rexas nor expt sts. sur. 690.

Rabourn, W. J.,, and F. W. Quackenbush. 1953
The occurrence of phytoene in various plant

d Chan

d Chem

materials. arcn siocnen Biophys 44, 159.

Vavich, M. G., and A. R. Kemmerer. 1950. The
carotenes of cantaloupes. rfooe receare v 15,
494,

Ms. rec'd 4/23/66.

Reference to a company or product name does
not imply endorsement.



C.
iation,

B. DENNY, P. L. TAN, and C. W. BOHRER

00000

Heat Inactivation of Staphylococcal Enterotoxin A

SUMMARY

A large batch of enterotoxin A from Staphy-
lococcus aureus strain 196-E was prepared in
easamino acid medium and concentrated 13.5
times by dialysis under polyethylene glycol.
Concurrent tests on heat inactivation of this
toxin were conducted with monkeys and cats.
The heat inactivation curve based on the cat
emetic reaction to intraperitoneal injection can
be expressed as a straight-line semi-logarithmic
curve with a slope (z) of 48°F to traverse one
log cycle of time and a resistance at 250°F of
11 min (F29= 11 min). The heat inactivation
curve based on the monkey emetic reaction to
oral feeding was FZ0= 8 min. The heat re-
sistance tests based on the two test animals arc
in remarkable agreement. Cats were found to
be considerably more susceptible to the toxin
by injection than were monkeys by feeding.
The implication of these tests in relation to heat
processing of foods is discussed, and prelimi-
nary indications are that the processes given
commercially canned foods in which the orga-
nisms will grow are sufficient to destroy the
toxin.

INTRODUCTION
Enterotoxm |s a substance eIaborated by
the growth of cerfain ase-positive

coa
staphylococci in a suitable %no%/th sunstrate,
If the enterotoxin IS Ingested, a severe byt
non-lethal food poisonifig can occur. 1t IS
probabl the, most common cause of food
|nt xication in this ¢ untn{) Unlike te e
ta toxin of Costn lum “botulinum, which
IS destroyed rap ty ﬁt temperaures below
the boiling poin Sap yoco cus enterotoxm
ek Sé’meneegét%nt of ety g
b|I|t has %een cIouded h the fact that varl-
ous test animals and types of enterotﬁxm
have been used In diverse substrates without
ﬁdequate document tion of the amount of
eat actua h/ Casman ct al. 1963?
reported that Several serologtc? types 0
enterotoxm exist and that moSt food poison-
Ing. from enteratoxin occurs with the entero-
toxin A 196 E prototype strain).  Because
enterotoxin B is easily produced in ﬂuan
tI'[P/ most reported work "has been with en-
terotoxin B. Recently, Read and Bradshaw
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(1966% defined heat inactivation of entero-
toxin B, with both catf] ana s rologtcal means
used to determine the. endpont.  To our
knowledge, their work is the first thorough
study of the heat mnactivation of enterotoxin
B réported in the literature, and the authors
state' that caution should be exercised in at-
tempting to use the data In predicting the
fate of enterotoxin A in a food dUring
processi %
et rechty T vl it
U Inactiy XI
h A by heat shoul% be va?uable to all food
han ers, processors, and public health au-
thorities in_ the control of food poisoning.
The test animals that can be used in sucha
study are limited to man, monkeys, and cafs.
The use of nematodes was tested by the
authors, Fnd reIJected ecause of. fal %e poiJ
tive results Peltmtnary work_in this Ja
orato g was done using mtrapentoneal mgev
|on cats Denny™ and Bohrer, 1963).
unns%t e Inv sttgatton WhICh was initiated
In 1959, 1t was_found, that cats may develop
an emetic reaction within 2 hr of Intraperl-
toneal pjection of a vanety of matenals
t?ome of these matenas are staph a/o%occa
emolysins liquids, cts, of
rowth roduced by schenc IEP coIFandb
roteus stratns and a combination of trypstn
and egq white inhibitor. Preliminary Work
In Jhts aboratorg |nd|cated that enJerotoxm
a Neat resi tance which could be ex-
presse as Foi) = 100 min, but this resis-
ance appeared so high that the cat test was
uestton d as to Its sunabtltt for use in such
a test, and prelimipary monkey feeding tests
did not conftrm thts extremelv htgh resis-
tance Mone feeding tests preV| usly re-
ported, also difl not confirm fhis hi h heat
re5|stance for enterotoxin (Laing an
Human feeding tests é kand
a, 1953) also contradicted this high

hea reastance

At about this time, Manohar et al. (1964)
indicated that sta hglococcal hemolysms were
reacttvate neat. . Sub se%uent r¥
both alpha- an beta-hemolysins were found
to be present In the samples giving the high
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heat resistance results by cat mIJectlon tests.
et 003 were investigated for_eliminating
the hemolysins, and a colony of Staphylacoc-
cus aureus 196-E was |soIa ed that produced
|tte or no hemolysins when_grown and d|a
c}/ze under specific conditigns. . Also
ctlon o the mcubatlon period from 96 | n-
r helped eliminate the hemolysins.
Slnce monkeys are_affected by enterotoxin
but not by hemolysins when fed, this ex?erl
ment was designed. whereby duplicates of the
heated sampleS injected into cats were fed
to monkeys.

MATERIALS AND METHODS

A culture of stapnyiococeus aurews NO. 196-E
was obtained from Dr. M. S. Bergdoll of the Food
Research Institute of the University of Chicago.
This strain is known to produce enterotoxin of
the type A variety only. A single colony isolate
which was found to produce very little hemolysin
was chosen for study. An 18-hr 98°F culture in
brain heart infusion was added to sterile bead-like
insulators  (part no. 40882-005, Minneapolis-
Honeywell Regulator Co.) in a sterile container
and dried under vacuum and silica gel at 38°F.
Two of these inoculated dried insulators were
placed in a sterile vial with a cotton stopper, and
this vial was placed in a screw-capped tube con-
taining silica gel. All the beads were stored in
this manner at 38°F wuntil used. Cultures were
activated by adding two beads to a tube containing
6 ml of sterile brain heart infusion and incubating
at 98°F for 18 hr. Then, 4 -1 o1 sterile water was
added to the growth material, and the contents were
mixed (on a Vortex Jr. Mixer). Viable counts
have ranged from 30 million to 3.4 billion per ml
One ml of the growth material was inoculated into

500 ml of completely dialyzable sterile casamino
acid medium (Casman, 1958) in a 2-L Erlenmeyer
flask. Eight flasks (4 L) were prepared each
time. The flasks containing the inoculated medium
were attached to a mechanical shaker (Burrell
Side Arm) at a 45° angle and shaken at 320
strokes per min during incubation at 98°F for
18 hr.

At the completion of the incubation period, the
growth from each flask was examined microscop-
ically for contamination and discarded if contami-
nated. The liquid was centrifuged at 9,000 rpm
for 60 min in a refrigerated (34°F) centrifuge.
Because this treatment cleared the growth material
but did not completely remove all the staphylococci,
the centrifuged growth liquid was passed through
an FL1A Millipore filter. The filtered liquid was
then placed in washed dialysis sacs (average pore
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radius of 24 A) and both ends knotted. The sacs
were placed in plastic buckets and covered with a
hydrophilic colloid (polyethylene glycol, 20,000).
The buckets were stored at 38°F for 48 hr or until
the sacs were essentially without liqguid. The out-
side of the sacs was washed thoroughly with dis-
tilled water, and the material inside the sacs was
removed by washing with two rinses, using the
smallest amount of sterile water possible (about
10 to 15 m1). The concentrated material repre-
sented a 13.5-fold concentration, with a final vol-
ume of 1,850 ml. The concentrated toxin contained
very little alpha- or beta-hemolysin as determined
by hemolysin assay with washed sheep cells.

A volume of 2.25 ml of the enterotoxin was sealed
in each Pyrex thermal-death-time tube (7 mm 1D,
9mm OD ). Heating of the tubes was accomplished
in an oil bath controlled by a Thermocap relay ad-
justed for accuracy with a thermometer standar-
dized (at each temperature wused) against a
mercury-in-glass thermometer calibrated by the
National Bureau of Standards. Variation was
+0.2°F from the desired temperature, and the
time was controlled with a stopwatch. Lag in
heating time was determined by thermocouple
measurements, and all times mentioned are cor-
rected for the lag time. Tubes were immersed in
cold water immediately upon removal from the
bath and stored under refrigeration until used.

'Phe treatment, care, and method of injection of
cats or kittens were similar to those described by
Matheson and Thatcher (1955). In brief, the cats
were quarantined for 21 days, during which time
they were wormed, given immune serum, pneu-
monitis vaccine, and distemper vaccine (twice),
and checked for ringworm. At the time of the
test, the cat injection area was sponged with 70%
alcohol and the test material injected with a 21-
gauge needle just below the rib cage in the right
intraperitoneal section. The cat test was accepted
as positive for enterotoxin if decisive vomiting
occurred between 10 min and 2 hr after injection.
Individual cats were used only 4 times at 10-day
intervals. No immunity was detected with this
procedure, and no cats died.

Monkey feeding was done at the Food Research
Institute of the University of Chicago under the
supervision of Dr. M. S. Bergdoll. Known entero-
toxin-sensitive young rhesus monkeys were admin-
istered the enterotoxin preparation in 50 ml of
water through a rubber catheter directly into the

stomach. The monkeys were observed for 5 hr
for emesis.

It was found that 2 ml of a 1:6 dilution of the
concentrated stock enterotoxin A elicited emetic
response when injected intraperitoneally in cats.
However, 6.75 ml of the unheated toxin was re-
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quired to obtain a 100fc emetic response in monkey
feeding. Consequently, the contents of three heated
tubes (6.75 ml) were fed to each monkey, whereas
a 1:6 dilution of a single heated tube was made and
2 ml of the dilution injected intraperitoneally into
each cat. This was equivalent to feeding about 47
we to each monkey or injecting about 2.3 /iy into
each cat, based on the serological assay (7 ng/ml)
reported by Bergdoll (1965b). This assay also
positively identified the enterotoxin used in this
study as type A.

(RESULTS AND DISCUSSION

Endpoints of heat |_nact|vat|?,n of entero-
toxin A were determined at five tempera-
tures : 212, 220, 230, 240, and 250°F. "Fig.
1 shows the results of the heat inactivation
of enterotoxin A as indicated by_the cat
emetic reaction #135 cats tested), “The end-
P_omts were confirmed by determinin nega-
Ive reactions, of five cats at each of three
consecutive time intervals above the last

INACTIVATION OF STAPHYLOCOCCAL ENTEROTOXIN A

time interval _of heatmg which showed at
least one Posmve cat reaction. Anly single
gosmv_e,ca at anY time interval was fecorded
S positive even though there was the slight
possibility of a false”positive reaction. On
seml-log paper, a Straight-line curv? Was
drawn above all positive points and below as
many negative points as possible. The heat
inactivation curve based on the cat emetic
reaction can e expressed as a straight-line
semilogarithmic curve with a slope " (s) of
48°F 10 traverse one Iog;lcyc,le of time and a
resistance at 250°F of I min (F'w = 11).
This, method, of interpreting results is com-
monly used in expressing feat resistance of
bacterial spores In the “derivation of heat
processes for canned foods (Townsend ct ah,
1938). Results on this enterotoxin A hatch
as Indicated by monkey feedings are shown
in Fig. 2. Because morkey-feeding is expen-
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Fig. 1. Thermal inacti-
vation curve of entero-
toxin A based on the cat
emetic reaction.

.
/

LAl

I

200 210 220 230

TEMPERATURE

240 250



DENNY, TAN

Sive, Onl){, a three-monkey emetic reaction at
each of the five temperatures was tested (93
monkeys). In other words, the endpoints
were confirmed by obtaining ne?atlve reac-
tions .of three morikeys at each of three con-
secutive time intervals. above the last time
interval of heatln? which showed ong gosr
tive monkey-reaction. The heat-inactivation
results in this monkey test show close agree-
ment_ with the results of the cat test. “The
heat inactivation curve based on the monkey
emetic reaction can be expressed as a
s[ralgh -line, semilogarithmic “curve with a
soE),e zg of 46°F 10 traverse one log cycle
of time and a resistance at 250°F for’8 min
éFzsgz 8), The final ?osmve_reactlon at
12°F was"found only after testmg 6. mon-
keéls. The authors conduc;]ed the additional
testing at 212°F because the monkeys were
much™ more inclined to give negaive re-
sponses than were the cats, and™all other

, AND BOHRER
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results, with the possible exception of those
at 230°F, indicated that the 40-min inter-
val at 212°F should give a positive test,
One of 6 cats at_the interval of 40 min at
212°F ‘was positive, . Indicating that the
straight-line semilogarithmic curve could be
used: Testing a large number of monkeys
with enterotoxin A "heated for 15 min at
230°F would quite likely éproduce a positive
reaction. The extensjve Series of time. inter-
vals tested at 240°F indicated that toxin was
definitely reduced in strength by heating and
that the’ curve is very néar the maximum
which might be achieved by additional mon-

keyr tests. _ _

he cat results (Fig. 1) on enterotoxin A
show substantially leSs heat resistance. than
the preliminary cat results mentioned in the
Introduction, ‘where large amounts of he-
molg/sms Wwere pre_s%nt. he valjdity of the
lattér cat tests with a preparation” free of
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Fig. 2. Thermal inacti-
vation curve of entero-
toxin A based on the
monkey emetic reaction.
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hemoI sins is confirmed by tire monkeY tests
because the monkeys do” not react 1o the
staohylococca hemalysins.

his work wags complete when Read and
Bradshaw (1966) published their heat in-
activation f|gures on enterotoxin B deter-
mined Dy serological assay (a comparison
with the Cat emetic test was’made only at one
temperature). Their results can be expressed
as a straight-line semlloganthmlc curve with
a_Slope {A) of 58°F and a resistance at
250°F of 164 min (FJJJ = 16.4). Entero-
toxin B is not a common cause of food poi-
sonlng whereas enterotoxin A has been re-
ported in almost all ‘human food poisoning
cases (Bergdoll. 1965a

Initial testlnﬁ with cats and monkeys with
the batch of e terotoxm used In these stud-
les demonstrated that most cats were sensi-
tive fo unheated toxin When the concentration
reached about 2.3 yﬂ] wh ereas most monkeys
were sensitive to”the un eate toxin onlv
after 47.25 %g were fed. In other words,
208 times 3 much unheated toxin was
needed for monkeys as for cats. This entero-
toxin A was concentrated b% a factor of 135.
and it took' 6.75 ml for most monkeys. to
%lve an emetic reaction. The concentratlon
f this toxin necessary to elicit a response
In man IS not known. However, if & man
were affected t0 the same dgree 8 a
mon eX about 91 ml of the ong owth
material, formed under conditions most a
vorable for enteratoxin production, waould
have to be consumed to produce a reaction.

Thefe results indicate that enterotoxin A
is fairly resistant to heat. However, If in-
terpretéd against the commercial heat pro
cesses used In still retorts for low- aC|d
canned foods the preliminary indications are
that even |gh concenératlons of ent rotoxm
A would % e gge unless afforae

tection by te fenterotoxmA ere
present |n a high concentratlon inaraw low-
acid food, thICh 15 extremely unlikely under
commerma cannln? conditl n52 It IS con-
celvable that some toxin might survive high-
temﬁerature short-time processing, becatise
of the slope of the heat’ nactivation”curve,
However, only one or two cats or monkeys
of tho?]e fes t]d reacted o enterotoxin "A
given the higher heat treatments. [n canned

IXACTIYATIOX OF STAPHYLOCOCCAL ENTEROTOXIN A

acid foods, such as tomatoes %pH 43} and
peaches ER 33 Segalove ct al 9432
showed that fodpmsomng staphylococc
could not grow and that these cannéd_ foods
therefore Could not contain enterotoxin.

The heat inactivation results are on en-
terotoxin A heated af a pH of 7.8, which
resulted after growth In the culture medium.
Tests are currently under way on toxin ad-
justed to lower pH levels. Bécause acid de-
natures Proteln and enteratoxin Is a simple
Proteln he heat requned for toxin Inactiva-
lon at lower pH levels might Ioglcall be
less. Heat inactivation studiés in food pro
ucts at thejr natural pH levels are  also
contemplated.

REFERENCES

Bergdoll, M. S. 1965a. Part Il. Research achieve-
ments. The enterotoxins. Chemical-physical
properties, purification, production, and iden-
tification. Annual Report for 1964, The Food
Research Inst., Univ. of Chicago, 1.

Bergdoll, M. S. 1965h.

Casman, K. P. 1958. Serological studies of staphy-
lococcal enterotoxin. v s Public Health Repts.
73, 599.

Casman, E. P., 51. S. Bergdoll, and J. Robinson.
1963. Designation of staphylococcal entero-
toxins. /. Bacterial. 85, 715.

Personal communication.

Dack, G. M. 1956. Food Poisoning. Univ. of
Chicago Press, Chicago.
Dack, 0. M., and M. J. Surgalla. 1953. Thermal

destruction of Staphylococcus enterotoxin ex-
perimentally inoculated into fresh pork. Food
Techno!. 8. 307.

Denny, C. B., and C. W. Bohrer. 1963. Improved
cat test for enterotoxin. . Bacterial. 86, 347.

Laing, M. L., and B. M. Shinn. 1940. Preliminary
studies in heat resistance of bacterial toxins.
Canner 90 (12), Part 2, 85.

Manohar, M. S. Kumar, and R. Iv. Lindorfer.
1964. Heat reactivation of the alpha hemolytic,
dermal necrotic, and lethal activities of crude
and purified staphylococcal alpha toxin. Bac-
terial. Proc. 61 (M 95).

Matheson, B. H., and F. S. Thatcher. 1955. Stud-
ies with staphylococcal toxins. 1. A re-
appraisal of the validity of the kitten test as
an indication of Staphylococcus enterotoxin.
Can. ». Microbial. 1, 372.

Read, R. B., Jr., and J. G. Bradshaw. 1966. Ther-
mal inactivation of staphylococcal enterotoxin
B in veronal buffer. Uppi. Microbiol. 14. 130.



DENNY, TAN, AND BOHRER 767

Segalove, M., E. Davison, and G. M. Dack. 1943. tion of safe processes for canned foods. oo
Growth of a food poisoning strain of Staphy- Researen 3, 323,
lococcus experimentally inoculated into canned Ms. rec'd 2/23/66

foods. foos rResearcn 8, 54,

Townsend G T, R Esty and ECss S IO S0 LD
1938. H.eat resmancel StUd'?S on sporesl of from the Environmental Engineering and Food
putrefactive anaerobes in relation to determina-  protection Division.



Desulfovibrio aestuarii,

ROBERT E. LEVIN 1 and REESE H. VAUGHN

cod Science an ¢ Technology, University of California

Davis, California 95616

the Causative Agent of Hydrogen

Sulfide Spoilage of Fermenting Olive Brines

SUMMARY
Desulfovibrio aestuarii was found in concen-
trations as great as 2 x 10 per ml in ferment-
ing malodorous sulfureted olive brines. Of
268 commercial brine tanks randomly sampled,
46 (17.6% ) yielded positive enrichments for
D. aestuarii.

INTRODUCTION

The use of mrcrobrolo icall )/ selectrve con-
centrations of solar salt for the stor-
age and fermentation of oIrves is well_estab-
lished In the California olive processrng In-
dustry. The presence of sulfate In the” im-
pure “salt_(Shewan, 19513 the ensurng for-
mation of Tactic agid a] the resu trng an-
aerohiosis with an initjal pH above 55 Create
Ideal conditions for the development of hy-
drogen sulfide from the growth and metabp-
lism of the halophilic DeSuylfovibrio aestuaril.
orran? %955) was the first to isqlate me
bers of the genus Desulfovibrio from olive
brines which™had undergone the malodorous
fermentation termed “Zapatera.” The odor
of hydrogen sulfide, however, is not h)
nounced rn zapatera” ‘norlae Furt er
more %por alr_gie rs avoide letel
when t of the Dbrine IS ecreae
careful c? roI ho a Value of about 3
Growth of all of the cultures described herein
farled at less than pH 55 Therefore, it
%r E ear 10 be very doubtfyl that the
sultate-r ucrng bacteria“are capa Ie of pro-
ducrnﬁ;te oul, caI stench found Z Kawa-
tomarl and Vaug 1956) to be caused by
the clostrrdrft ssoclated wrt]h “zapatera”
sporlage of olives in brine. The present in-
vestrg tion was Initiated folllowing a Severe
outhreak of hydrogen sulfide s
brined  Sicilian-style fermented ‘olives in-
volving all storage brines In an mdustrral
plant in the Iowe Sacramento Valley. Sub-
sequently, 1solated examples of this sporlaqe
were dtectri]d In othe rocessing  plan
trouq outtemaﬂor olive growing regions
of California in the upper "as wefl as the
aPresent address: Department of Food Science

and Technology, University of Massachusetts, Am-
herst, Massachusetts 01003.

orIa%e of

lower Sacramento Valley and throughout
the San Joaquin Valley.

EXPERIMENTAL METHODS AND RESULTS

Culture media. Cultures were grown at pH 7.0
in a medium containing: yeast extract (Difco),
0.50%; (NHIUHPOIi, 0.30%; sodium lactate,
0.30% ; NasSOi, 0.20%; IGHPCh, 0.17% ; and
sodium thioglycollate, 0.05% ; in distilled water,
with and without 1.5% agar as required.

H,S determinations. Hydrogen sulfide was de-
termined according to Standard Methods of Chem-
ical Analysis (Scott, 1925) except that 5-10 ml of
a broth culture were transferred by hypodermic
syringe to a 250-rnl ground-glass-stoppered Erlen-
meyer flask containing 5 ml of 0.1.V iodine, 25 ml
of distilled water, and 1 ml of IV HCI1. The flask
was stoppered and allowed to stand for at least
2 min before titrating with 0.1V sodium thiosul-
fate. Two drops of 1% soluble starch indicator
were added just before the end point was reached.

Phase microscopy. Dark-phase microscopy was
performed with a Carl Zeiss standard model GFL
microscope with a neofluor 100x dark-phase ob-
jective. Photomicrographs were taken with Kodak
panatomic X film with a Nikon camera back at a
magnification of 1,200x and developed in Kodak
DK60A for 7 min.

Electron microscopy. Electron micrographs
were made with an RCA electron microscope model
EMU-3E.

Dry cell weight. Cell densities were determined
with a Bausch and Lomb spectronic 20 at 620 mg
using 13 X 100-mm tubes. The dry cell weight of
cultures and cell suspensions was based on a stan-
dard curve prepared by plotting the OD (optical
density) of cell concentrations against dry cell
weight.

Enrichment cultures. One-ml brine samples

were transferred to 9 ml of sterile broth containing
0.05% ferrous ammonium sulfate and 4% NacCl in
screw-capped test tubes. Of 268 brine samples ob-

tained from seven processing plants, 46 yielded
positive enrichments for o . aesiwarii (Table 1)
from which pure cultures were obtained.
Enumeration of sulfate reducers in fermenting
brines. To obviate the possibility that positive
enrichments resulted from the chance occurrence
of a floral minority, most-probable-number deter-
minations were performed on malodorous brines.
Tubes containing 9 ml of broth with 4% NaCl and
0.05% ferrous ammonium sulfate were inoculated

768
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Table 1. Incidence 0f o esuiroviorio aestvarii iN
commercial olive fermentation brines.
. ) No. of No, of
Processing Brine tanks P,U?]nwe
plant process sampled  enrichments
A Salt stock for
black ripe 35 0
Spanish style 10 0
B Salt stock for
black ripe 26 8
Spanish style 6 0
C Salt-stock for
black ripe 44 0
D Salt stock for
black ripe 12 0
E Salt stock for
black ripe 26 18
F Salt stock for
black ripe 60 1
G Sicilian style 50 19
Total 268 46
% 100 17.2
with 1 ml of serial dilutions of brines. The forma-

tion of H=S and black FeS accompanied by the
microscopic demonstration of vibrio cells was re-
garded as indicative of the presence of o esuiro-
The results (Table 2) indicate that mem-
bers of the genus oecviroviveio can constitute a
major population in fermenting brines.

[solation of pure cultures. Enrichment cultures
were serially diluted in broth, and 1 ml of several
dilutions was transferred to tubes containing 20
ml of melted agar media at 48°C and then poured
into petri plates. The plates were then placed in
brewer anaerobic jars along with a mixture of 6 ¢
of pyrogallic acid and 20 ml of 20% NasCOs. The

vibrio

jars were sealed with plastacine clay and alter-
nately evacuated and filled with nitrogen three
Table 2. Enumeration of o esuitovivrio aestuarii

in fermenting brines by three-tube MPN.

No. of
D. aestuarii
per ml of

brine

No, of
positive
tubes

Brine o
sample Dilution

L 6-J 107
10°
103
L6-31 107
10°
105
VR-189 107
10*
105
VR-170 10s
104
103
TK-77 10s
104
103

2 X 10°

2 X 10"

2 X 10°

4 X 104

2 X 104

WO N WO W NEe Wwwo wwo
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Isolated colonies of o

Fig. 1.
agar medium containing 0.003% ferrous ammonium
sulfate under anaerobic conditions in brewer jar.

sestuacii Qrown in

times. Typical colony growth is shown in Fig. 1,
and characteristic cell shape in Fig. 2. Pure cul-
tures were obtained by picking well isolated colo-
nies from plates free of microscopic satellite colo-
nies and immediately inoculating into broth. The
entire purification procedure was again repeated
twice. Since pure cultures failed to utilize dex-
trose, final purity was established by lack of
aerobic or anaerobic grow'th at pH 7.0 in a me-
dium consisiing 0f yeast extract (Difco), 0.50% ;
dextrose, 0.30%.; and distilled water. A number
of presumably pure cultures produced growth in
this medium, which was always found to be due
to contaminants. Cultures were identified as mem-

bers of the genus o esvirovinrio on the basis of cell
morphology, gram-negative

staining, obligate an-

sestvarii taken with
X4,500.

Fig. 2. Typical field of »
dark-phase microscopy.
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Table 3. Effect of NaCl on EOS production.
bation at 30°C.
Culture 0 5 1 2 4 6
138 484 464 396 350 86 41
F6 43 46 420 - 570 317
30 10 114 95 432 433 394
BRIO 0 0 0 0 333 337
Tkl4 0 0 0 61 455 477
L36 0 0 0 212 444 -
M AD 0 0 0 312 262 244
P51-2 0 0 391 367 4317 423
L35 0 0 0 405 465 374
VR133 0 0 242 44 452 435
VR189 0 0 442 417 442 173
H8 0 0 463 436 449 432
Al 0 0 218 261 310 409
0B 249 0 0 102 300 316 298
Br2 0 0 446 423 415 291
RHS 0 534 549 - 425 418
P51-1 0 364 364 260 233 242
VR4S 0 148 421 431 423 414
1 0 413 451 452 465 435
19 0 316 398 427 457 428
48 0 380 409 442 446 430

- Tube lost.

aerobiosis, polar flagellation, and formation of EES
from lactate plus sulfate (Breed .« .1, 1557).
Tolerance to NaCl. one ml of each actively
growing culture was inoculated into 80 ml of broth
of various NaCl concentrations contained in 25 X
250-mm tubes. The tube? were sealed aseptically
with rubber stoppers and incubated for 30 days at
30°C. After incubation, H?S determinations were
performed (Table 3). Culture 138 was obtained
from black ripe olives which had been allowed to
remain at room temperature for several weeks in
the final wash water. This culture showed a pref-
erence for a salt-free environment, growing only
marginally in 6 and 8% NaCl, thus identifying it
as a representation of the non-halophilic species
Gesuljuricans The remaining 20
cultures were all obtained from fermenting brines.
From Tabhle 3, the organisms studied may be
placed into two general groups'. 1) optimum
growth without NaCl (Fig. 3) ; and 2) obligately
halophilic growth, requiring at least 0.5% NaCl
(Fig. 4). The low HCS concentration formed by
strains F6 and 30 in the absence of NaCl appears
anomalous since no detectable turbidity was ob-
served in the tubes. To preclude obligate halophily
being due to osmotic shock when cells were trans-
ferred to salt-free media, progressive training at
low salt concentrations was attempted. Cultures
19 and 48 were allowed to grow in continually de-

Desuljovibrio

SPOILAGE OF OLIVE BRINES

H=S determinations performed after 30 days of incu-

9t salt
8 10 12 14 16
HsS mgm/L

36 0 0
372 412 0 0
302 204 0 0
258 0 0
212 0 0

395 51 0 0

163 0 0
400 405 20 0 0
174 240 0 0
408 2178 78 0 0
11 0 0
383 194 0 0

153 49 0 0

- 243 252 0 0
289 0 0

- 495 388 346
- 168 220 188 65
405 383 170 0 0

102 112 0 0
416 291 0 0
428 385 0 0

creasing increments of 0.50% NaCl at each trans-
fer until both cultures failed to grow, at concentra-
tions below 0.50% NaCl.

Osmotic sensitivity. Halophilic strain 30 was
grown in 4 L of broth with 4.0% NaCl. After one
day’s incubation, the cells were centrifuged at
6,000 X G for 20 min and suspended in 40 ml of
2w NaCl containing 0.01% K=HPO04at pH 7.0
and allowed to equilibrate for 30 min. The concen-
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Fig. 3. Effect of NaCl on cell yield and H =S pro-

duction of o wecuiruricans Strain 138 after 30 days
of incubation at 30°C.
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Fig. 4. Effect of NaCl on cell yield and FLS pro-
duction of o . aestuarii strain Tkl4 after .50 days of
incubation at 30°C.

tration of suspended cells was then adjusted to
yield an optical density of 0.200 on dilution to 1:100
with buffered 2« NaCl. One ml of the adjusted
cell suspension was then shocked by the rapid addi-
tion of 99 ml of buffered solutions of various NaCl
concentrations. The results (Figs. S and 6) indi-
cate pronounced sensitivity to osmotic shock. These
observations are in contrast to the failure of Little-
wood and Postgate (1957) to observe lysis of
halophilic and non-halophilic cultures of oesvito-
viveio When the cells were suspended in distilled
water after growth in 10 and 4% NaCl, respectively.

DISCUSSION

There is considerable evidence to date n-
dicating tnat members of the genus Desulfo-
vibrio_tan no Ionder be regarded as autotro-

hic in thejr metabolism (Postgate 1953;
adota and Miyoshi, 1961; M&chalas and
thtenberg, 1960). The requirement for or-

Fig. 5. Cell of o
to osmotic disruption.
tion. Cells were harvested from 4%

strain 30 subjected
Uranium-shadowed prepara-
NaCl broth
culture, washed, and equilibrated in 2« NaCl, then
rapidly diluted 1:100 with distilled water. X11.600.

L | -
k 10 15 20
CONCENTRATION OF NoCL USED FOR SHOCKING, MOLES/liter
Fig. 6. Effect of osmotic disruption of » e
thari strain 30 on optical density of cell suspensmn
Cells v'ere equilibrated in .w NaCl, then rapidly
diluted 1:100 with varying concentrations of NaCl.

%anlc growth factors, low redox potential
Pm u% te, 1959; Stiarke 960% aoility 1o

0

H2S from lactate and Sulfate, “and
high ?opulatlon in PRS-containing olive
bnne implicates D, aestuarli as the calisative
or%anls responsible for H2S formation.
SI ce the growth of squate reducers IS fa
vored rya neutra 195

smce owth below EPI 55 falled with aII
cu tures reported. herein, a faltering or slow
fermentation which fails to. lower pH rap-

dly serves a? an Ideal environment for the
ascendency of D. aestuaril.

Unfortunately, there is, to our knowledge,
no authenticated record of the first h drogen
sulfide fermentation occurring in Clifornia
olive bnnes athough theY were first ob-
served %/ the junior au hor dunng the
1937-38 arvest season mteupg acra-
mento Vae Te fact that e of us

Vaughn his assomates were able, be-
tw en 1940 and 1948, to majntain Sulfate-
re ucmg enrichment cultures of bacter|a from
samP ?f of hI9h|ﬁ sulfureted ?IVG hrines In
carefully controfled “mineral” enrichment
media for up to d;hree transfers but were
never able to produce pure autotropic cul-
tures serves fo emphasize this conclusion.
The “mineral” media used In the earlier
studies lacked essential nutnents NOW recog-
nized as necessar Perpetuatm the
growth of most, 1 not all, strains o De
ulfovibrio.

The seventh edition of Bergey’s manual
reco nizes %two species ?f esulfoviprio
iic D.” desiilturicans and the

alo ﬁﬂlca%a” aestuarij. [he abundance o
n] aloph| IC species In d|st|nctR/ Su fureteJ
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olive brines and its failure to grow in the
ahsence of NaCl agpl)ears to lend"credence to
the taxonomic distinction between the two
1pecres based on ecology and salt tolerance.
his differentiation is au%mented by the fail-
ure In this study to train halophilic Strains 48
tI 49dto g(rjovg rnt thte absence of NaCtId Lit-
ewood and Postgate in stu
the salt tolerance %f se\Sera? gtrarns of hotﬂ
types, found a complete gradation of hehavior
toward NaCl within the genus Desulfovrbrro
They were able to traina nonha Phrlrc cul
ture that was orrtrr\lnally capable 0 growrn
helow 5 aC to grow above 99
Na |, an ue tioned teiaxonomrc drstrnc
tion based s Iey on salt to erance Saunaers
et al. (1964), In a study of the base deoxy-
ribonucleic acid SDNA compasition of sul-
fate- red%crng bacteria establrshed thre+e
roups base reent of quanine
gyto Ine. AFhou h b(Pt marine %nd fresh
Water strains appear In their groups |
I1,.all strains in group 111 are obligate han
liiles. These results' indicate a fu damen[al
enetic difference distin urshrnq certarn ha
phrlrc strains fram nonnalophilic and . inter-
me late t}/ Des. The nonhal &hrlrc strain 138
isolated from the final wa water In t
absence of NaCl |s ca\Pa le o margrna
growt from 4 to 8% NaCl
ould be expected to ergrst throu hout the
processing, ernq favore % low sat con-
centratrons That such a non alophilic strain
might arise from a halophilic ro enitor is
doubtful In view of the stable DNA base ra-
tlos observed when a nonhalophilic stran
was adaPted to salt %Saunders tal, 19641)
In rcatr ga stable genotype with respect
satt olerance.
he origin of D. aetuarii in fermentin
brings rem; r]s uncertarn since nu?teroufs a
tempts to Isolate Sulfate reducers from 1res
Ives, olive orchard soil..and solar salt faileg.
owever, posrtrve enfic ments were Qb-
taned from mud aongd the banks of solar
salt pongs; and, considering the halophilic
natyre of the implicated orgamsms the most
likely source. would a Pea ﬁo be solar salt.
This conclusion 1S R ticularly tenaole from
a consideration oft e 105halophilic bacteria
per ram reporte or solar salts (Shewan,
. Th eorr in of the nonhalophilic strain
138 lay also esolar salt since numerous

SPOILAGE OF OLIVE BRINES

nonhalophrlrc cultures were also isolated from
shore mu adjoining the solar salt ponds In
the San rancrscoB areateprrme source
of salt for the California olive industry.
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Relative Prevalence of Bacterial Agents and Histopathology
in Passed and Condemned Poultry Carcasses and Livers

SUMMARY

Although postmortem inspection (organo-
leptic examination by seeing, feeling, and
smelling) of market poultry contributes sig-
nificantly to the assurance of wholesomeness
of the meat, such assurance is relative and not
absolute. A significantly higher incidence of
salmonellae in the cecal area of the intestines

of condemned carcasses than in passed car-

casses was found in chicken fryers but not in
chicken hens or turkeys. Although no single
genus of bacteria in the liver was correlated
with disposition, the presence of “one or more
species” of bacteria In livers was significantly
correlated with gross patholoPy sutficient to
cause condemnation. Each of eight separate
species of organisms in livers was significantly
correlated with condemnation of the carcass

for septicemia-toxemia or inflammatory pro-

cess. Certain isolates were found in a signifi-

cantlﬁ greater percent of normal livers, suggest-
at these are “normal” flora and not asso-

ing t
ciagted with disease. Livers that were grossly
normal were found to have significantly fewer
histopathologic lesions than livers condemned
for gross pathology, which, in turn, had fewer
lesions than livers from condemned carcasses.
No single histopathologic process in the liver
was correlated with its condemnation, whereas
the category of “one or more lesions” was so

correlated. The presence of each of three his-

topathologic processes as well as “one or more
lesions” in the liver was also significantly cor-
related with condemnation of the carcass. The
Bresence of at least one or more species of
acteria was correlated with at least one or
more forms of histopathologr,

species of bacteria was corre
histopathologic lesions.

but no specific
ated with slpecific
Inspection failed to

detect numerous livers with hrstoEathologrc le-

sions of varying degrees of unwholesomeness,
and, conversely, resulted in condemnation of
livers in which no histopathologic evidence of
unwholesomeness was detected. Inspection did
not detect livers harboring a variety of bacteria
of unknown significance.

INTRODUCTION
In 1957, the Congress of the Unrted States

enacted a law stating that “It is here
clared to be the poIrc?r of Congress to prgvrrfe

73

for the inspection of poultrg and r[)oultrey
products by the Inspection Service—to
vent the movement in interstate or forer%
commerce orina desrﬁnated consuming area
of pou try products which are unwholeSome,
adulterate or otherwise unfit_for
fnes ﬁU?rmon relsesso%tgewgs heing sound,
r W ng sou
health%f ?ean ang otherwise fit for human
food. It defines unwholesome, in part, as
being unsound rmurrous t0 health or other
wise: unfit for human food, and consrstrn9
whole or in art of any il thz/ utrid, ord
comp osed ubstance. * These " terms Pre
suma Oy cover such abnormalrtres a5 patho
eni, or other a norma acterra agents In
e tissues as well as ab norma morﬁ) 0] oaqc
and physiologic changes searc
literature hag’ not revéaled any study of the
extent to which postmortem rnsPectron of
Poultry by 0rgano elotrc methods (1.e seerng
eeIrng and ~ smel ng) (etects " microbial
agents or abnormal m ghologrcal structures
I the tissues of carcasses at Slaughter or an
grban%rmearl physiological state " prior to
laughter.

EXPERIMENTAL PROCEDURE

This report is based on data accumulated during
a random sampling of market poultry for salmonella
infection (Sadler .. .1, 1961; Sadler and Corstvet,
1965a), a random sampling of market poultry livers
for the presence of bacterial agents (Sadler <« o1,
1965), and a study of the relationship of hushandry
practices and disease problems to condemnation
rates of selected flocks at slaughter (unpublished
data). Although neither the flock itself nor the
individual carcasses were selected randomly in the
last study, most of the carcasses and tissues from
which the data for this report were drawn, were
chosen on a commercial slaughter line regardless of
gross pathology or condemnation status.

All samplings were made in large processing-
plants of hirds examined by qualified personnel of
the Lhiited States Department of Agriculture. Im-
mediately after an inspector had made his decision
as to the wholesomeness of the carcass or tissue,
samples were taken for bacteriological and/or
histopathological examination. The liver was chosen

human
This law de-
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Table 1. Relative frequency of isolation of Salmonella spp. or Paracolobactnnn arisonac
from intestines of passed and condemned turkeys, chicken fryers, and chicken hens.

Chicken Chicken
T'urkeys fryers hens
Status of
carcass Number % Number % Number %
Total sampled Passed 1572 1351 806
Condemned 158 485 329
Salmonella spp. Passed 199 127 14 1.0* 14 1.7
isolated Condemned 26 16.5 28 &8 4 1.2
Salmonella spp. or Passed 209 13.3 55 41 14 17
Paracolobactrum
arisonac isolated Condemned 26 16.5 29 6.0 4 1.2
"Difference is significant (chi-square = PC.OI).

for tissue examination because it is an important
gauge of disease for the inspector and is the edible
tissue most likely to contain endogenous bacteria.
Of condemned livers, only those condemned because
of a disease process rather than because of contami-
nation, etc., were taken for sampling. Because of
the recognized role of fecal contamination in dis-
seminating Salmonella spp. and Paracohbactrum
arisonac, the cecal area of the intestine was excised
with sterile instruments, placed in a half-pint ice
cream carton and sealed for bacteriological exami-
nation. Livers for bacteriological culture were also
placed in half-pint ice cream cartons and sealed.
W hen histopathology was to be examined, a small
segment of the liver was first excised with sterile

ology, if any was present, and dropped into a 10%
formalin solution. Cartons containing the cecal
area of the intestines and/or the livers were covered
with ice and taken to the laboratory. Intestinal
samples were opened with sterile instruments, and
portions of cecal tonsils and intestinal contents were
placed in a tube of selenite enrichment bhroth. The
largest surface of the liver was seared with a hot
spatula, a stiff inoculating loop was inserted through
the seared surface, and a piece of tissue of approxi-
mately 2-3 cubic mm was removed for culture. Cul-
tural procedures for both intestines and liver have
been described (Sadler and Corstvet, 1965a; Sadler
et al., 1965). Sections for microscopic examinations
were prepared by standard procedures, stained with

instruments from

Table 2.

the area exhibiting gross path-

Frequency of isolation of salmonella serotypes from

demned turkeys, chicken fryers, and chicken hens.

hemotoxylin-eosin, and examined by a pathologist,

intestines of passed and con-

Turkeys Chicken fryers Chicken hens
Passed Condemned Passed Condemned Passed Condemned
Serotypes isolated
V. anatun 27 2
S. bredeney 29 3 3 h
§ chester-san dicfio 21 8
S. derby 16 5
S. (live 4 1
S. heidclberg 1 1 0 |
S. infantis 5 0 3 4 13 3
Sonew o 45 2
S. oranienberg 3 0
S. son diego 3 0
S. schwarsengrund 2 1
S. senftenberg i 0
Sociran [ 0
s, thompson 6 2
S. typhimurium 25 3 2 g 1 1
S.W orthington 0 1
saimoneiia SPECies 6 0
Paracolubactrum arisonac 10 0 41 1
Total isolates 209 26 55 29 14 4
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who recorded his findings in a series of categories
chosen in an attempt to develop sufficiently objec-
tive observations for meaningful analysis. Histo-
pathological and bacteriological findings were re-
corded qualitatively rather than quantitatively.

RESULTS AND DISCUSSION

Table 1 shows the reIatlve fre uenc
solation of Salmonella sR Tao
pactrum arizonae rom the Ihtestines o 4701
turkes chlcken ryers and chicken hens
classed |n vidyal 3/ 1fse or condemned.
The 1solation ofS Im rom the In-
testines of chicken r ers 5|gn|f|cantly cor-
related with the “wholesomeness” stdtus of
the. carcass, This su?gests one of three POS
sipilities with this class of market poultry:

Salmanella spp..in the intestinal tract dre
associated with disease processgss which
render (she carcass, unwholesome; Zg chicken
fryers debilitated by disease are more prone

Table 3.

Status of livers from
passed carcasses

17

to infeci |on with Salmonella spp. 5 of 3?]
Salmonella spg proliferate moré readily |

the Intestines of chicken fryers debilitated by
dlsease and thus are ea5|er to detect. Nelther

the Salmonella s p nortbe Paracoo actrum
arisonae ap pea e corre ated with
disease processes in either_the turkeys or

chicken Rens at slayghter. The serotgé)es of
SaImoneIIae |solated from the pass
condemned birds are listed In Table 2.
chicken fryers, each serotype found, excet
S, thornpson, was consistently more prevalent
In condemned carcasses tan I passed
carcasses.  Obvious Sy the numbers of an
one serot pe are Insufficient to make mean-
ingful statlstlca anﬁgl IS of the relationship
ofIts presence to thé condemned or passed
status of the Carcasses.

LIVers o

5524 turkeys, chicken fryers,
and chicken hens were examined bacterio-
logically. Tables 3, 4, and 5 show the rela-

Percentage of turkey livers from \vhielt bacterial agents were isolated.

Cause of condemnation
of carcasses

Liver Liver Sept.*1 Inflm. . Other or
passed condemned tox. proc. Leucosis unknown
Total number sampled 1160 673 64 51 6 46
Percent of total yielding
one or more isolates 39.1 40.7 54.7 49.0 50.0 28.3
Isolate Percentyielding each isolate
Aencamobacicr SPP. 0.8 0.4 0 0 0 0
sacitius SPP. 4.4 3.9 7.8 0 0 2.2
Clostridium spp. (not perfringens) 0.08 0.3 0 0 0 0
Coliform group 9.5 8.4 17.2 11.8 16.7 6.7
Diphtheroids 2.8 3.0 3.0 20 16.7 2.2
Lactobacillus SPP. 5.9 6.4 9.4 7.8 16.7 2.2
Paracolobactrunm SPP.

(notarizonae) 0.7 0.4 1.6 0 0 4.3
pasteurerts SPP. (gallinarum) 0.08 0.1 0 0 0 0
pasteurciia SPP. (hemolytica) 0.5 0.1 0 20 0 0
pasteurdia SPP. (multocida) 0.08 0.1 1.6 5.9 0 0
Proteus SPP. 0.4 0.6 1.6 20 0 2.2
Preudonons . spp. 0.5 13 0 20 0 8.7
sainonetts SPP. (typhimurium) 0 0.1 1.6 0 0 0
H phylococcus aureus

(coagulase-positive) 2.1 18 4.1 3.9 0 4.3
Staphylococcus aureus

(coagulase-negative) 12.0 9.7 7.8 2.0 0 43
Streptococcus spp.

(beta hemolytic) 2.2 1.3 0 0 0 0
Streptococcus spp.

(alpha & gamma hemolytic) 8.4 10.0 3.1 11.8 0 43
streptococcus SPP. (anaerobic) 1.2 1.0 3.1 2.0 0 2.2

' Sept. tox. = septicemia or toxemia; Inflm. proc. = inflammatory process.
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Table 4.

Total number sampled
Percentof total yielding

one of more isolates
Isolate
Achromobacter SPP.

sacilius SPP.

ciostrigivn SPP. (perfringens)

Coliform group

Diphtheroids

Lactobacillius SPP.

Paracolobactrum SPP.
(notarizonae)

pasienreria SPP. (gallinarunt)

pastesrcna SPP. (hemolytica)

spp.

Pseudomonas

Proteus
spp.

(typhimurium)
H \apnvlncnnc?\iaureus

(coagulase-positive)
Ttaphy\ncﬂunui

(coagulase-negative)
streptococcus SPP.

(beta hemaolytic)
Streptococcus SPP.

(alpha & gamma hemolytic)
streptococcus SPP. (anaerobic)

Salmonella spp

aureus

*Sept. Tox. =

Table 5. Percentage of chicken hen livers from which bacterial agents were isolated.

Total number sampled
Percent of total yielding
one or more isolates

Achromobacter SPP.
Bacillus SPP.
Coliform group
Diphtheroids
Lactovacillus SPP.
pactesrcna SPp. (hemolytica)
Proteus SPP.
Pseudononas SPP.
Staphylococcus aureus
(coagulase-positive)
Staphylococcus aureus
(coagulase-negative)
strepiococcus SPP. (beta hemolytic)
Streptococcus SPP.
(alpha & gamma hemolytic)
streptococcus SPP. (anaerobic)

- Sept. tox. = septicemia or

septicemia or toxemia ; Infirm Proc. =

POULTRY CARCASS AND LIVER CONDEMNATION

Percentage of chicken fryer livers from which bacterial agents were isolated.

Cause of condemnation
of carcasses

Status of livers from
passed carcasses

Liver Liver Sept.a Inflm. .
passed condemned tox. proc. Leucosis
1520 25 215 170 24
66.6 56.0 76.0 59.4 66.7
Percentyielding each isolate
1.3 0 1.8 1.2 4.2
4.3 4.0 4.4 1.2 8.3
0 0 0.4 0 0
40.7 44.0 54.5 34.7 29.2
3.9 4.0 2.2 2.4 0
8.4 0 5.1 2.4 0
0 0 1.1 2.9 0
0.1 0 11 0 0
0.1 0 0 0 0
11 4.0 11 4.7 0
0.6 0 1.8 3.5 0
0 0 11 0 0
3.6 8.0 4.0 1.8 0
21.9 32.0 18.5 4.1 0
3.5 0 1.8 0.6 4.2
24.1 4.0 14.9 11.8 16.7
0.3 0 0 0.6 0

inflammatory process.

Cause of condemnation
of carcasses

Status of livers from
passed carcasses

Liver Liver Sept.1 Inflm. .
passed condemned tox. proc. Leucosis
913 49 148 105 50
45.1 49.0 60.1 457 58.0
Percent yielding each isolate
3.2 0 8.1 7.6 2.0
41 6.1 20 0 20
7.9 20.4 19.6 13.3 18.0
2.8 20 2.7 0.9 4.0
7.8 8.2 6.8 3.8 0
1.0 0 20 1.9 0
1.2 20 0.7 Lo 4.0
1.0 20 1.4 0 0
3.6 20 1.4 1.0 6.0
19.4 24.5 12.2 5.7 14.0
20 0 1.4 0 0
12.9 6.1 14.9 13.3 26.0
0 0 0 1.0 0
toxemia ; Infitti, proc. = inflammatory process.

Other or
unknown

134

70.3

0.7

12.7

Other or
unknown

in

54.1

1.8
1.8
28.0
0.9
2.1
0.9

3.6

2.7

3.6

22.5
3.0

9.9
0.9
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tlonshgg of thf_ resence of the indicated
bacterig. in the livers to either the disposition
of the livers from passed carcasses or fo the
cause of condemnation of condemned car-
casses. . The categories of livers taken from
eacn of thf market classes of poultry were :
normal (passed) livers from carcasses
P ssed as wholesome ; 2) condemned ljvers
rom such carcasses; and ||v?rs, of un-
known atholo%cal state themselves, from
carcasses conde nfd for one of the Indicated
conditions. _In the latter categories, there w?s
no Information as to whetherthe livers would
or would not have been condemned on the
basis of their own gross dpathologz/ it thesy
had not come from condemned ~Carcasses.
There was no_ev_léience of a 3|gn|f|cant dif-
ference In the incidence of any Of the organ-
1sms isolated from the various categories.
To provide adequate numbers for statis-

1

tical evalyations, data from all three market
classes .of p?ultv were combineg in three
categories of liver or carcass disposition:;
assed [iver from passed carcass; 2
condemned liver from passed carcass; and
liver  from  carcass condemned for

S Rtlcemla-toxemla or inflammatory Ero,cess.
Since certain_bacterial agents are assocjated
m?st often with either septicemia-toxemia or
Inflammatory process (which cayse con-
demnation of the carcassg, the combined data
from these categories aré compared with the
passed-carcass passed-liver cate(I;ory for each
isolation. Since certain bacteria agents have
been found fo be associated with pathological
P,rocesses of the liver, combined condemned-
IVer passe-carcass data are also compared
with passed-liver Passed-carcass data.. These
dfata nd the resylts of tests for significance
of observed differences are presented In

Table 6. Bacterial isolations from selected categories of livers from turkeys, chicken fryers,

and chicken hens.

Total livers in selected categories
Total yielding one or more isolate

Achromobacter SPP.
gacitius SPP.

crostrigivn SPP. (not perfringens)
Coliform group
Diphtheroids

spp. (not arizonae)

Pseudomonas spp.

s + spp. (typhimurium)
(coagulase-positive)
(coagulase-negative)
Streptococous spp. (beta hemolytic)
Streptococous spp. (alpha & gammahemolytic)
spp. (anaerobic)

Streptococcus

"Chi-square test indicates significantly higher (P < .01)

Number yielding isolate from liver of indicated
status

Liver from
carcass con-
demned for
. ) septicemia-
Fr%srr?edalslsvee({ Coglrgsranmned I|a/er .t?l em|ator
cargass carggsssse " Srrgcrrégsory
3593 147 813
866 298" 197
57 3 21"
153 30 22
1 2 1
801" 78 269"
118 22 18
268 47 42
14 3 9"
3 1 3b
17 1 6
1 1 4"
32 6 16”
24 10 14"
0 1 2
111 15 22
649" 85 88"
96" 9 8
640-a 7 105
19 7 5

number of isolations, comparing

passed livers from passed carcasses and condemned livers from passed carcasses.

"Chi-square test indicates significantly higher

(P<.01) number of isolations, comparing

passed livers from passed carcasses and livers from carcasses condemned for septicemia-toxemia

or inflammatory process.
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Table 7. Occurrence of histopathology in passed and condemned chicken and turkey livers.

Histopathology

Fibrosis

Inflammation granulomatous
Inflammation nonsuppurative
Inflammation suppurative

Lipidosis (degeneration or excessive infiltration)

Necrosis
Neoplasia
One or more lesions

Total examined

Percent of category with lesion

"Significantly greater frequency than in either of the other two categories of livers (chi-

square = P < .01).

bSignificantly greater frequency than in passed liver category

Table 6. As would be expected, significantly
e atrveIP/ more condemned livers than passed
wers elded at least one or more Isolates
There was no evidence of a i gher rate of
oIatron of an srn Ie genus fr m the_con-
emned livers assed wers Three
organrsms—CoIrform up,. Staphylococcus
aureus (coa Mse negative), and ?tre to-
coceus spR pha and"gam a hemo X“
were eac oIated srﬁnrfrcfanmr mor ten
rom passed wers than con emne
ﬁestrn? that these maly normal”

nfabitants of the liver. hrs |s not sur-
pnsrng, since these are all ubiquitous In
either” the Intestinal tract or the external
envrronment Erght hacteria w?re Isolated
dnrfrcantl Yy mor é)ften from livers from

casses condemned for se trcemra toxemia
?r inflammator 3/ DrOCess tan from Rassed
Ivers from passed carcasses. These findings
are not sdr rrsrnd In vrfw of the Penﬁra a d
species o bacteria Involved. As In the
wous comparrson there were 0rganis s—
(na heta, and gamma hemol trc Stre?to
cccussfrt)g—that ere oundp or |onaelly
more often in normal livers than In Irve
from condemned carcasses, suggesting that
these are n?rmal flora.

|stopathoo caI examrnatron Wwas made

661 lvers: Jaassed Ivers from passed

carcasses 190 condemned livers from passed
carcasses, and 101 livers from carcasses con-
demned because of disease processes. Algarn
here was no mformatron sto whethe the

Ivers in this last cateqor ave. heen
condemneg on their % X V\haracterrstrcs If

Passed livers Condemned livers Livers from
from passed om gass d condemned
carcasses carcasses carcasses
1.4 0 4.0
1.4 4.7 1.0
7.6 11.0 377"
1.4 1.1 4.0

14.1 21.6 7.9
3.8 7.4 20.8"
0.3 0.5 59"
22.2 47.4" 67.3"
370 190 101
(chi-square = P < .01).

they had not come from condemned carcasses.
Table 7 nresents the reIatronshrp of the
various categories of hrstonatho 0gic chanig
In the three drsgosrtron ca %orres of live

The hrstopathol IC categon S Were chosen
ar rtrarry as re rgsenta ve of the tyPe of
at ooIdP/ oh ser In these market Classes

g The descriptiveness. of the re-
corde thoIogPr had to b%lrmrted 50 that
enough observations could be made in each

categor 0 &ermrt even a cursory analysis
of the data. No attempt was made to quantj-
tate the hrstopathology, since the numbers In
each category were o small. In comparin
passed livers with condemned livers' fro
Passed Carcasses, the only sigpificant drf
erence found was the greater fr uen%
“one or more Iesrons in the condenned than
n the Rassed Ivers. There was no significant
ifference d 3/ one txgeo lesion. How-
ever when wer from condemned carcasses
were compared wrth each of the other two
categories, several differences were signifi-
cant” Non- surfsruratwe mflawngatrog necrg-
SIS, and neoplasia were each found- signifi-
cantly more offen |n livers from conde ned
carcasses than In ejther passed or condemned
livers from passed carcass?s As would be
expected, the category of “one or more
[esions” ‘applied significantly more often to
livers from condemned carcasses, than to
either of the other two groups. Histopatho-
ogical and bacterrologrcal frndrn?s in the
b1 livers are compared in Tap
srngle bacterial agent was srﬁnrfrcanth/ cor
related with a specific histopathologic change.
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Table 8 Relation of presence of bacterial agents to presence of histopathology in chicken

and turkey livers.

For,more
pathological lesions

Total yielding each
|solé¥te g

Total with on

Total with each pathological

process 661 240 9
Total yielding one or

more isolate 237 103" 3
Achromobacter SPP. 7 4 O
Bacities SPP. 28 IS 1
ciostrigive SPP. (not

perfringens) 2 0 0
Coliform group 97 36 1
Diphtheroids 14 10 1
Lactobacillus SPP. 66 19 0
Ndceardia SPP 1 1 O
Paracolobactrunm  SPP.

(not arizonae) 3 1 0
Pasteurella multocida 2 2 0
Protens spp. 6 4 1
Pievdomona . spp. 14 4 0
almonella SPP.

(typhimurium) 1 0 0
taphylococcus auvreu s

(coagulase-positive) 23 9 0
5 phylococcus aureus

(coagulase-negative) 73 32 1
Streptococcus spp.

(beta hemalytic) IS 4 0
Streptococcus spp. (alpha

& gamma hemolytic) 66 26 1
Streptococcus spp.

(anaerobic) 2 1 0

Fibrosis

Inflammation
granulomatous
Inflammation
nonsuppurative
Inflammatjon
suppurative
Lipidosis (degeneration
gr excesgwg |nf|ﬁrat|0n)
(=53]

!
a £
5 8 o 0 4 8

Number with both lesion and isolate

6 38 6 3H 23 4
0 3 0 0 0 1
0 4 0 8 2 0
0 0 0 0 0 8

% 18 21 8 8
2 2 1 0
1 6 1 8 2 1
0 1 0 0 0 0
0 0 0 1 0 0
0 1 | 0 1 0
0 1 0 1 1 1
0 1 0 1 2 0
0 0 0 0 0 0
2 4 1 1 1 0
2 9 3 il 7 2
1 1 0 0 2 0
1 0 8 6 0
0 0 0 1 0 0

Significant correlation (chi-square = P < .01).

However, the presence _?,f one or more
bacterial a%ents was significantly correlated
with the presence of ond or more” histopatho-

logic lesions. .
gbfbwousl - the results of the hIS_'[OpfSl'[hO-
logical, observations are weighted in favor
ofa hI%h correlation between gross observa-
t|?ns and mlcrOSfO IC fmdln%s. The portion
of the liver usyally selected had the rTatest
gross_ _athologlc_ hange, so the patfolo

ISt
xami mg the tissue microscopically hag a
marked advantage in detecting cellular altera-

tions. Although the correlation between iso-
lation of 3 bacterial agent from a liver and
mlcr?scopl lesions was sgnlflcan‘ at the
1% level (chi square = %.2 2( the lack of a
stronger correlation may be explajned on the
basis of the paucity of acute Iinflammatory
i or catsaotes of e, eIl
| | \)

wmﬁg not Ke exgoge?tedS 0 g/leIJ gr anm%g
uPon bacteriglogical culturg.  Eve Pran-
ulomatous Inflanimation of the liver, a esufn
seen most commonly In turkey livers, would
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have viable organisms since these lesions are
usuaIIy the result of parasitic invasion. Pos-
sibly, ‘the. significance of the data, favonn
he isolation” of bacteria where hrsto ir
0gic changes were o serve may e related
to the relativel Cy rncr lence o necrotrc
lesions in_the condémned livers (Table 7
Inspection passed livers of whrch 22.2%
had varying degrees of histopathologic
processes, condemned livers of which 52.6%
were without evident histopathologic proc-
esses, and condemned carcasses ~(beCause
of disease processes) .from which® 32,7%

of the livers were Without evident histo-
pathologic processes. The fact that histo-

pathologrc processes were detected in 22.2%
tected assed livers and were not de

?ests either that there 1 (? no stron %cor
re lon hetween gross ang nistop ath logic
groce%ses In this organ or tha drsco oratron
r other apparent abnorma rtres are easr?/
mistaken f pathologrc esrons In the_live
Because only a very” small ortron of each
liver was examrne mrcrosco ical ¥ histo-
pathologic Iesrons may have been esent In
other areas. However, as revrous?/ men-
tioned. all tissues for histopathological exam-
Ination were taken from the ared exhibitin
r0ss patho gfy resent, thus werqhtrn
e results Infavor of a correlation hetwee
ross and MICrosco rc Iesrons Certain histo-
at oo IC ﬁ]rocesss found In passed Irvers
mation ecro% neo(o asra)
ender trssue unwholesome by the acc #
definition. Thus rnsloectron can, alppare
only assure a refative degree o eve of
wholesomeness of the Irver and Ero atfg
of other tissues as well. This conclusion als
?p Ies to.detection of [jvers harborin genera
hacteria wr(sh varying, associations with
abnormaI conditions” and to detectron of
0arcasses harborrn? Salmonella spp. ?rther
rn their rn estinal tracts or on thel suraes
reysrtpe lothrix Insi rosa was not Isolate
o les rert)orted ere, but with _experi
menta Infected turkeys, this organism as
heen rso ated rom. bone marrow” and liver
of lesion-free carriers in which the livers
yielding the or?anrsm were themselves with-
out goss lestons (Sadler and Corstvet,
19560). In market poultry, “absolute™ as-

h2.6% of the condemned Irvers

surance of wholespmeness is an unattarnable
goa particularly_in view f thef jectivit
the very definition of wholesomeness.
Each term Used In 1ts definition 15 subject
to various definitions by different ethnic,
social, and econgmic oroups as well as by
personal taste éesthe ics). . However, the
signficant contributi nthai inspection makes
to the assurance of wnolesomeness IS In-
dicated by the frndrn s fhat hrstogathologrc
processes were found In onl
passed livers, but were found rn 474% of
%ondemned livers, and in 67.3% of fivers
1M Carcasses condemned because of disease
Processes The contribution of rnsRectron 5
urther indicated by the frndrn%s that a srg
nrfrcantly greater number of condemned live
lelded “one or more” bacterial 1solates than
ne passed livers and that livers from con-
demned, carcasses yielded 8 species of or%
nisms srgnrfrcantl more often than did livers
from passed carcasses.
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Effect of Soaking and Germinating on the Nutritive

SUMMARY

The effect of soaking or germination on the
ﬁrotern content, trypsin inhibitor activity, and
emagglutinin actrvrty of navy beans was stud-
ied. Soaking navy beans for 1-4 days de-
creased the trypsin inhibitor activity, and espe-
cially the hemagglutinin activity. The decrease
in protein content due to soaking did not ac-
count for all of the decrease in anti-trypsin
and hemagglutinin activity. No significant
changes were observed in hemagglutinin activ-
ity due to germination, although some decrease
in the trypsin inhibitor activities of germinated
heans was noticed. Protein content increased
progressively in beans germinated 1-4 days,
and decreased in beans soaked 14 dags. Rats
fed raw, soaked, and germinated navy beans as
a source of dietary protein lost weight and
died 8—16 days after the beginning of the
experiment. It is concluded that soaking prior
to heatin? is not necessary to eliminate the
toxicity of navv beans.

INTRODUCTION

Peas and. beans constrtute an important
source ?f dretar}/ Pr maont f
the world’s populatjon Patwardha
Mast beans ontain _ “toxic” subsfance(s
(L1ener, 1962% Besides the isolation and
characterization of the_ toxic factors present
In the edible beans their elimination pr[)ears
to be of particular interest from the stand
Pornt of public health and safety. Most of the
oxrc substances |n beans can be Inactivated
or estro edbbP/ er heat treatment (Llie-
ner, 1962), but'i ecases treatments ‘such
as soaking o dermrnatron a?] well as_heating
are necessary 1o _eliminate the toxicity com-
Dletely, Jarfe d(1 49) and Honavar et al
$196 ) showed that s?akrn prior {0 h%at
freatment 1S an essential step to abolish t
deleterious effects of peans (Phaseolns vul-
arrs) Varioys workers (Everson et al,
9447 Desikachar and De, 1947: Chattopa
hay and Banegee 1953) ‘have demonst ated
that germination improved the nutritive val-
1Present address: Department of Biochemistry

and Nutrition, University of Nebraska, Lincoln,
Nebraska 68503.

Value of Navy Beans

ties of certain beans. The resent investiga-
tion was undertaken therefore, to determine
the effect of soak mg "and agermrnatrng on the
nutritive value of navy

EXPERIMENTAL

Navy beans (e naseotvs vurgaris) were first
soaked overnight in tap water at room temperature.
Then they were soaked 1-4 days and the water
changed every day.

Germination was carried out by spreading the
soaked beans (soaked overnight) on the trays at
room temperature for 1-4 days. At the end of the
desired period the beans were dried before a fan
and ground into fine flour.

Protein (AOAC, 1960), trypsin inhibitor activity
(lvunitz, 1947), and hemagglutinin activity (Liener,
1953) were determined on germinated and soaked
beans.

Rat feeding experiments were conducted to evalu-
ate the growth-promoting property of soaked and
germinated beans. Raw and heated navy beans
were included in the diets to furnish a 10% protein
level. The composition of the basal diet and the
details of rat feeding experiments are described
elsewhere (Kakade and Evans, 1965a).

RESULTS AND DISCUSSION
The tr d/ psin mhrbrtor activity and hem-
agglutinir “activity of raw, soaked, and Per
mrnﬁ fed navy beans are Presented in Tabje 1
Soaking for' a Ionger tme decreased these
activIties progressive X Soaking te beans
for 4 days destroyed about_28% o th etrgllﬂ
sin Inhibitor actrvrty and 75% of the h
gglutrnrn activity. “The decrease in protein
tent could not account for all the observed
decrease In these activjties, since_ the trypsin
inhibitor and hema glutrnrn actrvrtY values
per %ramo protein gave essentray he same
valufsast 0Se per gram of la}e ns. Ita ears
there ore that t et srn |n Itor an
gutrnrns were es royed or mactrvate or
g Ss(;g laneached out of the beans as a result
Germrnatron had the foIIowrngn effects:
1 rncreased the protein content of the eans
first decreased and then jncreased the
IXSIn inhibitor activity; and 3) did not
chiange the hemagglutinin activity.

781
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Table 1. Influence of soaking and germination on the trypsin inhibitor and hemagglutinin

activities of navy beans.

i *
Treatment prfffe)'" leuean/g

None (raw beans) 23.60 23.25
Soaked 1day 21.88 22.50
Soaked 2 days 21.63 22.00
Soaked 3days 20.31 19.75
Soaked 4 days 20.00 16.75
Germinated for 1 day 24.88 21.25
Germinated for 2 days 25.31 21.50
Germinated for 3 days 25.63 24.00
Germinated for 4 days 26.31 24.50

Trypsin_inhibitor
ypactivny

Erlot{e/i%
98.5
102.8
101.7
97.2
83.7
85.4
84.9
93.6
93.1

H lgje a?lg
X

0 0 0N >~ 0o

[ee]

Hen i

HU/,%
protei
X 103
33.9
36.5
37.0
19.7
10.0
32.1
31.6
31.3
30.4

“Trypsin inhibitor unit expressed in terms of tryptic units inhibited, the tryptic unit being
defined as the increase of one unit of extinction at 280 m,u./min of digestion under the experi-

mental conditions.

bHemagglutinin unit defined as the least amount of hemagglutinin that will produce positive

evidence of agglutination
after 1 hr of incubation at 37°C.

The biological implications of soaking and
germmatlon_as reflected Jn t.h%. ecrease and/
r Increase in the trypsin mhibitor activity,
and hemaggilutmm activity of navy beans are
very difficult to rationalize at present.
able 2 shows the effect on the growth of
rats of feeding soaked or germindted navy
egns as a source of dletarg protein. Rafs
ed raw, soaked, or germingted nava beans
lost weight and died within the experimental
period, "Since heated and spaked heans gave
essentially the same growth rate as heated
beans gak,ade and” Evans, 1965a), no
growth Studies were made 1n the present in-
vestlgatlon mvoI_vmg} the soaked and germi-
nated’ beans, which ad received heat’treat-
ment. The fact that rats fed the heated navy
bean diet supplemented with methioning

(1+) of 0.2 ml of 4% suspension of washed chicken red blood cells

Erew as Well as rats fed the casein diet (Ka-
ade and Evans, 1965a) seems to Indjcate
that heating algne could completely eliminate
the toxicity. These results are In Contrast to
thos? obtaine %Jaffe g1949a and Honavar
et al. (1962), Who observed that soakin
beans (Phaseolus vulgaris) prior to_ heatin
was necessary to_destroy or Inactivate a
the toxic effects of Phaseolus vulgaris, One
explanation for these ifferences may be the
use of different varieties of P. vulgdris. .
Accordln% to Ligner 81962), the” causative
factor f?r {he toxicity fth% P. vulgarl IS
hemagg1 utinin, which’ could be destryed or
inactivated only by preliminary soaking fol-
lowed by heating. “In the light of the present
results, “it appears that thie hemagglutinin
may not be the only active factor Tor the

Table 2. Effect on growth of rats of feeding soaked and germinated navy beans.

W_ei/ght
) gainfday
Protein source (0)
Heated beans* 1.50
Raw beans -0.92
Soaked 1day - 100
Soaked 2 days - 111
Soaked 3 days -1.06
Soaked 4 days - 110
Germinated for 1 day -0.99
Germinated for 2 days -0.96
Germinated for 3 days -1.05
Germinated for 4 days -1.09

*Autoclave at 121°C for S min.

Food in- )
take/day M ortality
(©) (days)

8.75

2.95 9-14
2.90 11-15
3.00 10-16
2.92 12-16
3.10 10-14
3.02 8-16
2.94 8-16
2.99 10-16
3.10 10-16
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toxicity of navy beans, a conclusjon_ sup-
p(%tseéz)by work o? Kaiade ana Evarﬁ)s
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Factors Influencing Behavioral Responses to Odor

Numerous suggestrons and h%potheses
have been ro 080l to account for emec
anisms % o actor etecttron and |scnm|
natron owever 0 satls actory theoni as
X/elt een ormuated (Jones andJones
oulton and Tucker, 1964). One reason |s
t e aucrtu of good, reliable expenmental
ata on olfaction, .considered both as apy
chophysical experience and as a psycl olog
|caI one—that |Is, from the pornt of view 0Of
both quantrﬁotrve and u lItative measure-
ment—and the Interactior etween these two
response modes Thrs IS es|pecra y im or
tant In view_ of the more recent "research
findings relating to moIecuIar propertres and
odor quality. (Amoore, 1964; Beets, 1964;
Davies, 1965; Schitz et al, i

In an attem& to meet this chaIIenge we
have grven some thought to the idividual
ster%s involved In oIfactron the stimulus,
st qus presentation, the discrimination pro-
cess (perceptual task), and how the data’ are
interpreted.
From, the work of Thurstone, as re orted
b Gurlford (19543 Torgeson S
wets rg} and_ others, jt Is. rec rtrnrzed
that stimulus detection and drscnmrna on |s
confounded by numerous and unrelated
tors. For example, it has been shown ex
Bvenmentally that In the resting state there
% Ingiscriminate frnng of receptors

from the oIfactor mucosa as recorded b
eIectro n]ysro ogical technigues. In olfactor
th resh |d” experiments wrth man, one con-
trnua encounters S Aectrve comments of
te présence of something different from the
I rﬁund tyet nott Identifiable atrﬁ tthe]c stimu-
us us Jt'Is not surprising that for an
individual the threshotjdpm ?show consr
erable variation. The str uus might not
elicit the_same response from the same sub-
{ect at drfferent test sessions. Furthermore
he behavjoral res onse at suorat reshold
concentrations usu y bears little relation to
the response at the “threshold.” While it Is
trug that both are part of éhe same discrimi-
nation process, there are differences (in the
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form of background, frame of reference, and
hedonic contiuum) which vary in’ impor-
tance S one Tgé)roaches the detection thresh-

There also exists confusion as to whrch
odor threshold one |s consrdenng absolyte
or reco% nition and/or te matfiematically
derived 50, 67, or 75% value.

In drscussrng the significance of sensory
thresholds, Swets 519 1) “emphasized the
dificulties encountered with_measuring the
threshold™: the“‘oroblem of the srgnal 0
noise ratio, the “likelihood-ratio criterion,
ang éherr effect on_ the discriminal process
and data interpretation. According to Swets
there may be a sensory threshold, but it |s
a very low value and rr])robabl directly. re-
Iated fo the mean for the nqisé distribution.

This i esgecrally |mé)ortant In its a%olrc tjon
to study of the ol atrng)rocess Y ern
Ing the oIfactor threshold mathematically,

IS possible to use these data In eveloprng a
theory of ﬁlfactron It also Permrts aPplrca
tions“of these data to. mare sophisticated
methods of analysis whrch have been deveI
oped as a part of information theo %/
knowledge of the behavioral aspects o oIf
tion and'means of transmitting t IS informa-
tion into a uieful form increases, it is possible
to better utilize these data.

(Stone, 1964:

Several recent ex8enments
% have ?monstrated

tone fnd Bosle c¥

the value of Including behavioral data from
threshold and ?uprat resnold tests to estab-
[ish a more realistic and accurate measure of
the Weber fraction for olfactron This rela-

Eanshrp, shown In Fig. 1 15 described by

Ye= -2.05+ 28lr [1]
and was based on the Weber fraction, Eq. 2:

Where Al is the difference threshold, | is
the reference stimulus_concentration, and It
represents the  experimentally  determined
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Fig. 1. Regression equation for difference thresh-
old data, where A/ is the difference threshold at 1.
the stimulus concentration, and . is the experi-
mentally determined 50% threshold (Stone and
Bosley, 1965a).

50% Jhreshold The 50% threshold is deter
mined from probjt analysis of data collected
In a_ forced-choice, constant-stimulus test
situation. These data have added advantag
srnogfg/ou can obtain any threshold  desiréd
tr)on would permit one to predict either 11 or
Al from kn wIedg f the other Rrovrded Its
valrdrty can be tested, Experiments are now
ro ress wrth different stimulj to de-
ve og IS Information (Stone and Bosley,
965a.0). However, the utilization of this
information in"developing a reliable theory Y
of olfaction remains to be developed. AS
mentioned earlier, establishment of a dd
threshold represents a task not entrreIY
Earable to the task In the 50% threshold test.
or examole at suprathreshold concentra-
trons unpleasant stimuli may evoke a re-
sponse drfferent from r%Ieasan stimull which
ight influence drscrr Ination : I some ex-
errm nts, It has been shown thad fsu ects
ere Detter able to discriminate e NCes
hetween unpleasant stimuli, whilg Peasant
stimyli seemed to cause 9qﬁreater difficulty n
drscrrmrnatron ( tone, 1 A recent ex-
periment K ﬂen and McBue (1964|)
rndrcated t at the hedonic scale for odo
was much %reater than the intensity scale
for different concentrations of theé same
odorants. In order to make better use of
such Information, 1t 1S important to. know
what factors influence oddr discrimination
and how behavioral data can hest be used In
developrng a theory of olfaction. The fol-
dorrvrng sections discuss these problems in
etail

rence to the plotted curve. This equa-
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The Stimulus

Presentation of a stimulus to a subject can
evoke a number of different types of re-
sponses, dependent on stimulus concentra-
tion, hedonic properties, and the_ perceptual
task. When we reduce the stimulus concen-
tration and apProach the 50% threshold, the
subject soon. loses the ability_ to recognrze
the ‘Characteristic qualrty associated wit the
stimulus. He then re 165 0n a varret¥
vices and cues, in order to detect a i ference
from the backoround which brings up . a
number of problems associated with™the dis-
crimination” process and the response matrix.

Typically, the strmulus IS presented to the
subject rn avarret of ways. as a S0 ute In
a non-odorous sovents em adsore on
cotto]n -palls, or in a contro eq-alr system.
Each technique has certain limitations. The
most important factor here IS the experi-
menters abrlrty to control concentration for
EN ong as the e Eerrment IS in " progress.
All three techniques are used, although there
has heen some recent evr ence to suggest an
air-difution sstem 8 ern more “feliable
(Ben amin et al, 1962/ was also, dem-
onstr ted that some solvent systems do not
d 1deal solutions at concentratrons ap-
roachr Ogthreshod Stone 1963a).. These

ata idicated minetal ~oil-propionic acid
mixtures were non-ideal even at threshold
congentrations, Some of these data are shown
In Table L Clearly, care should be used in
the selection of an grpro riate so vent SyS

tem. If one is conc ned with the quanti-
tative aspects of ol acéron eg, thr shoId
measurements or the adaptive Process, It is

timulus con-
centratio s— problem that has been given
some attention.

It may be that only certain solvents lend

extremely Im ortarttji to control

Table 1. Calculated and observed concentrations
of propionic acid-1-C ¥4 in the vapor of mineral oil-
propionic acid solutions.”

Concentration (mg/L air)

Calculated Obsel
0003 025
00016 0067
000079 00136
000016 00069

“Stone (1963a).
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themselves 0 use in odor testing. Thrs might
be based ontego arity or non-polarity” of
the solvent and of the ‘odorant. Many “sol-
vents have an odor, thus introducing another
variable In” the “progedure. Engen et al
1963 ) managed fo circumvent this problem
through the use of * Qtrﬁs sef In test tubes
cntarnrn a few coo the urrfre]d odorant,
Te subject merey rernoves the stop er
odrn the stem of the “Q-tips™ and snrffs
the co on hal| containing the strmulus This
et hod pfrmrts a wider range_ of stydies in-
volving ofactron However,” If one 1S Inter-
ested Jn studying the basic. mechanisms, of
the oIfacto%/ process, the ajr-dilution olfac-
tometer, with precise control of air flow_and
odor concentratron necessary.  This
method provides raprd presentatro and re-
moval of the stimulus.

The Perceptual Task

In, some srtuatrons the eroeptual task is
relativel srmB 9 1 te%t where the
subgect s reqUired 10’ indicate the sample of
a pair havrnﬁ the most intense odor. In other
situations, the subsject mrdht be required to
describe a stimulys in reIa lon to some iden-
tifled standards 8., mu |ti-dimensional scal-
rng B odor qua Ith/ and quantity are
equally rm ortant rn any sensor roblem,

whether we are dea rn?nwrth a srnge stimu-
Ius oracomﬁlex 000 atena In"most ex-
periments, the degree of difficulty of the
peicep ptual task wif
rarnrn and famrlrarrzatron the response
gn tpeo rsonse and the paximum num-
er of tests the su l) %t can effectrveIIy handIe
per test sessron nfortunatel now
dge to date does not Permr s t0 make
sg cific ryles for each test method. We must
rely. on rnformatronal feedback during_the
Prelrmrnary stages of the experiment.” The
heoretical asBects of this area of psycho-
physics have been adequately reviewed else-
Where (Garner and Hake, 1951: Guilford,
1954: Tanner and Swets, 1954; Torgeson,
1958). Recently, several studres have been
published which have application here,

Qugh et al. (1964) found that subjects
could”judge a. quantity difference slightly
better when a time_limit was imposed, While
taste quality was judged better when time

affect the amount of

BEHAVIORAL RESPONSES TO ODOR DISCRIMINATION

was not a factor. The peroeptual task 1
more difficult for a quality judgment and
requires more information rom e subject.

rom_anotner experiment, Ou%h and Ba-
ker 5196) reported that subg cts, when
required to scale odor drfference responded
similarly as far.as scale stru?ture wfas con-
cermed,” Intensity ratrnd or drf erences
yielded .as much “information as the paired-
comparrson method, but in a shorter time,

Eerrments N our |aborator Stone and

19650), while not rrect B

ca yielded ‘opposing results. Our s
jects’ were req urred to make Intensity rat-
rngs urrn% or after th eé nd test. Resuts
Indicated that subjects wére not using tne
entire scale and were not capable of djs-
crrmrnatrn% differences as measured by the
Intensity ratings.

Hedonic Properties

Engen and McBumey (1964) studied
ma%nrtude and category scales of odor pleas-
antness. The study evolved from sveraI
earlier experiments by Engen 1901
who attempted to deveIo a g oho sical
scale for odor Intensit by th ractro ation
method. In that P icular stuy it was
found that the scale for odor pléasantness
Was muo greater than thf Intensity scale
1vs, 31, respeotrveyg These data
uggest that hedonic scales should e, used
fo sensory problems, since this would per-
mit the_ determination of much finer dis-
criminations.

Adaptation

AdapAatron to odorf occurs rapidl 0y in man
and 1S dependent, at least in part, on stimu-
lus' concentration and,_exposure time,  Ac-
cordrng to Stuiver (1958), adaptatron 1S

Errmarr y a central %omenon which re-
ults nan increase, in the stimulus detection
threshald byt not in proportion to the con-

centration of the ada trn? stimulus. Recov-
ery appears to occur in wo phases: 4 fast

entral and a slow peripheral process. Stud-
fes by Schitz et gl d?l%l)prndercate the
ifferent for different

atda tfrtron rate was

Xperiments rn our laboratory, while not
com arable, are Pertr ent to this

drrecﬁ
tone and Bosley, 1965h). The

discussion
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procedure involved continuous stimylation
with timed intervals for judgment of odor
Intensity In an attempt tq investigate adapta-
tion and r_ecoverg as a function“of stimulus
concentration an exPosure time. .

Fig, 2 shows results of some preliminary
experiments to _establish the appropriate
time Interval with n-propyl alcohol as the
stimulus. In this exRerlment the subject was
Instructed to_breatne normally, and at a
pre-set time interval of 5 10, 0r 15 sec a
5|%nal_llght would direct the subject to rate
the stimulus intensity. The scale was 0 to
10, from no getectabe odor to most intense
odor. The subjects received identified warm-
up samples of 10 and 0 intensities. Experi-
ments were carried out for as long as 10
min; however, as these data show, adapta-
tion ‘was very rapid, especially during the
first 1.5 min. N

Flg.. 3 shows the results of two additional
experiments Iinvolving adaptation wit prop()!l
alcohol and serves to demonstrate the kinds
of Rroblems_we_are dealing with. The data
with the solid circles were based on 9 repli-
cations b ea?h of 2 subgects,at the 10-sec
timed interval, The opén circles indicate
responses obtained In a somewhat ditferent
experiment. The sub{ects were presented
with the first sample after 70 sec of ‘exposure
to the stimylus, and then a?ke to rate the
Intensity; the second sample followed 100
sec later, The purpose of the experiment
was tQ determine the reliability of the data
from the set-interval test.
. After the first few experiments, the sub-
jects quickly realized that the stimulus con-
centration Wwas decreasing with time. It

010A | A I

M N-PROPYL ALCOHOL
12*10"3mg/l
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Fig. 2. Adaptation to n-propyl alcohol at three

time intervals: A, S sec; Q, 10 sec; O. 15 sec;
followed by a 5-sec test period.
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would be possible_ for the sub#ect to intro-
duce a bias by Indicating the g esence of the
stimulus when, in fact, "he was adapted. In
this particular experiment no such problem
was encountered.” Flowever, Fig. 4 shows
the results of an experiment on” adaptation
and recovery with another subject. Obser-
vation of these data_ indicated that adapta-
tion occurred in 6 min, although the subgect
never indicated “no odor” (0"on the score
sheet). The recovery experiment was_ car-
ried out at 30-sec intervals for an additional
2.5 min, at which time the subject was ap-
proximately 80% recovered. - Inferestingly
Wwhen the su 6ect was retested 5 min later at
70, sec and 100 sec, the scale values did not
coincide with the previous results. It ap-
peared that the subjlect experienced no adapt-
mg effects of the stimulus for the first min-
uté, followed b)( adaptation much the same
a5 In previous tests.” While the line is dis-
placed, it Is quite obvigus that the slope Is
steeR, and equally so, for recovery. ,

These data aré preliminary, and experi-
menﬁs are now In' progress o studP/ this
problem_more thoro th with severaf stim-
uli, at high and low gtinulus concentrations.
To overcome the scaling error, a 5|%nal sgs-
tem has been installed 1o replace the score
sheet, 0 s_utiﬂects will not be confronted by
their previoys scores. Adapting at longer
time intervals for sp?t checks 15 also pro-
%ramr_ne . Flowever, from these preliminary
ata It seems that continugus exposure to a
stimulus for longer than 30 sec will lead to
acaptation,

|
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Fig. 3. Rate of adaptation to «-propyl alcohol
for 2 subjects. The arrows refer to repeat experi-
ments at more prolonged time intervals.
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Fig. 4. Rate of adaptation and recovery to «-
propyl alcohol. Arrows refer to repeat experiments
at more prolonged time intervals.

Other types of studies involying adapta-
tion and ddor interaction have been carried
out by several methods.

ada tatron an groun od or Cheesman

Townsend reported that when
a rﬁtm g and tet stimuli are t]he same or

the same ¢ emrcal class, t e threshod
for the test strmu us_Is reduced ?/a factor
of 0.7. When the stimuli are different, the
reduction in threshold 1s not the same.” While
the data are not extensive, the results are
suggestive.

tRosenetal i estiggted
ive ang synergistic etfects produced by mix-
tures o? d/tanoq -Cresol, and p rrdrney Both
ag rtrve and synergrstrc effectS were found
dt these stimuli When teshed at the thresh-
ol Unfortunate suprathreshold concen-
trations of te IXtures were not tested.
More recentl rh/ Baker 21963?W found simifar
results In a more extensive | vestrgatron In-
voIvrnrq a larger number of odorants. Binar
mixtures were studied, as well as an eight-
component myxture. In the latter stud¥ the
mixtures roduced a sl nrfrcant olfact y
Sponse, wrt most sy gects detecting
qdor or requiring furthér dilution to reach
threshold.

19582

Schiitz et al. studre% the rfroblem
of cross-adaptation a su rat reshod con-
%ntratrons nd conc (u ed t at there was no

ect The)( suggested that the odorants may
have been 1oo ssrmrar or that adaptation

may be a central phenomenon, and, with

One area of con-
sicerable rnterest rs the phenomenon of Cross-

(1962) investigated the addi-
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introduction of a new stimulus, a new pat-
tern occurs in the brain,

Jones and Woskow (1964) also studied
the jntensity of odor mixtures at suﬁra
threshold concentrations. Their data ihd
cated neither an additive nor a simple aver-
age effect: instead, responses fell between
ffiese two_fimits. It one considers these data
In line with conclusrons reached by the pre-
VIous workers, it IS evident that gur know
edge of odor Interaction s quite ncomp ete
However, there are aspects of these data
which need to be mentioned and which do
Ive Us a further rnsr?ht Into_ this Rroblem

aker’s data were obfained from threshold
experiments of aqueous solutions, while
those by Schitz and Jones and Woskow
were_suprathreshold measurements using an
air-difution t}/pe of apparatus. Finally,” the
selection of stimuli can be very important In
Influencing the results.

Temperature and Humidity

Evrdenog for the influence of temPerature
and humidity on olfactory perception and
drscrrmrnatron has been reported elsewhere;
however, there are uestrons whrch re urre
addrtronaI rnvest L}] lon  (Tucker, ;
Stone, Tucker’s experrments wrt
the t%rtors rndrcated that variations In rela-
tive humidity and temperature had_ little If
any effect on recorded response. The data
reported by Stone were from experiments
using man 1n the olfactometer. Odor thresh-
olds “were_determined for acetic acid from
5 10 35°C. No significant difference was
found between the 50% thresholds af 12.5,
30, and 35°C, for the panel. “To
or the_behavioral rnformatron tempera-
e recordrn S were obtained at the [nferior
tur inate. The recordings revealed that the
turbrnat%s provided not’ onl gh sical pro-
tection but maintained the olfactory regron
at body temperature. Thus, under normal
Ysrologrcal conditions, temperature does
no have a significant role in odor detection.
0. 515 a simmation o: these temperature
recordrngs
The information_ on relative humidity is
not as clearly defined; however, Tucker’s
data indicated no effect. Tt Is reasonable to
assume, for the moment, that, provided ex-
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Fig. 5. Summated tem-
perature recordings made

JJJ 3r°c

in the nasal cavity for
subjects sitting in the
odor hood exposed to 15,
20, 22, 25, 30, 32, 35, and
37°C  environments.
and o refer to the nostril
tested. Chart speed was
30 in./hr, and each re-
cording required 15 sec.
The thermistor was lo-
cated approximately

in. into the nares, just

treme. conditions are not encountered, no
5|%n|f|cant chanﬁ_es In olfactory sensitivity
would occur. This also applies for the ten-
perature experiments, since both Tucker’s
?nd%o%one studies went only from 10
0 35°C.

Summary and Conclusions

While it is evident that there are other
factors which Inflyence the behavioral re-
sponse to odors, the aforementioned prob-
lems—stimulus presentation, perceptual task,
the solvent system, stimulus concentration
temperature and humidity—were considered
most important and timely. Increased re-
search in olfaction, coupled with the use of
more_ sophisticated experimental tools, has
Permltte Us to better understand the oIfaﬁ-
ory process. However, much hasic knowl-
edPe IS needed 1f we are to develop a work-
able theory of olfaction. At present, there is
a scarcity of quantjtative data on odor thresh-
olds, the rela |onsh|g between threshold and
suprathreshold concentrations, and the ap-
propriate handling of behavioral data.

ertainly, the sense of smell has been
considered s, one of our less useg sensory
channels. 1t is b_ecomlnq evigdent that man’s
oI_fac_tor%/_ sense s, capable of very fine dis-
criminations and is able to perform reliably
over long periods.
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Evaluation of Objective Methods of Measuring Differences
in Texture of Freeze-Dried Chicken Meat

SUMMARY

Breast and thigh meat of nine-week-old
fryers from a commercial source was processed
as frozen or freeze-dried raw or cooked meat.
Objective methods were compared with sensory
evaluation of texture and juiciness differences
in the meat. The effect of freezing tempera-
ture (—23° and —191°C) on the quality of
freeze-dried poultry meat and the differing
effect of freeze drying on raw and cooked
breast and thigh meat were also determined.

Freeze-dried chicken meat was readily dis-
tinguished from frozen. Freeze-dried meat had
poorer texture and less juiciness, higher shear
resistance, and more expressible liquid than
frozen. Cooked chicken meat had significantly
higher shear resistance (Allo-Kramer and
Instron) after freeze-drying than after freez-
ing. The shear resistance tests agreed well with
paneld'udgments of texture and could be sub-
stituted for them. However, for meat that was
frozen or freeze dried before cooking, the
differences in shear resistance were not con-
sistently significant. Freeze-dried breast meat
had larger amounts of expressible liquid (Suc-
culometer) than the frozen. For breast meat
this objective test agreed well with panel judg-
ments of juiciness and could be substituted for
them. Although the panel consistently distin-
guished differences between frozen and freeze-
dried thigh meat, little or no liquid could be
expressed from any of the thigh meat; thus the
test could not bé substituted for the panel
judgments. No significant differences in “water-
holding capacity” (Grau-Hamm press) were
found between frozen and freeze-dried meat;
this test could not be substituted for the panel
tests under the conditions used.

Freezing temperature (—23° and —191°C)
had no significant effect on meat freeze-dried
before cooking. The freezing temperatures re-
sulted in detectable differences in meat freeze
dried after cooking, but the differences were
too small to be of practical importance.

Freeze drying adversely affected breast more
than thigh. The breast meat was less tender

*Present address: Michigan State University,
East Lansing, Michigan 48823.
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and juicy, and had higher shear resistance, and
more expressible liquid.

Meat cooked after freeze drKing had better
texture and juiciness, lower shear resistance,
and less expressible liquid than meat cooked
hefore freeze drying.

INTRODUCTION

At present, freeze-dried poultry meat is
not uniform_in rehygration,_reconstitution,
texture, juiciness, or flavor, To expedite the
development of improved freeze-dried po g
try products, means are needed to measure
the effect of treatment variations on the meat
ualty Since testing foods by panels 1s
usua y time- consumlng and expensive, sup
8 ementatlon or reétlacement of sensor?/ eval-
ation by objective methods of measufement
IS desir bIe [fartlcularly for routine com-
mercial contro

The main purpose of this mvestlg ation
was to determine whether ob[|ect|ve méthods
of measuring the texture, tenderness and
juiciness of “freeze-dried Roultry could
substituted for sensory methods. “Also deter
mined were the effects of freeze drying on
the qualltY of cooked and raw breast and
thigh rrlteﬁ gnd of freezmg the meat at —23°

an

Research on freeze-
reported by Auerhach
and Decareau
Harper and T
(19 5, 1957) W

Yao et al. (1956). Connel (1957
rehydration as ffie total uptake of water b
the dried sample, and recopstitution as the
actual water- ndln capacity of the dried
sample such that It |s Indisti l%;mshable from
th e orl m(a r% f The re I){dratlon level
of freeze-(ried peet has genera beenaove
80% of the original water corftent.
et al. #19542 folnd that all samples, re ar
less of free mg? rate, rehydrated to '85-90%
of the original moisture” content, and that

‘>
?D:.
— O
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muscIe frbers returned to 89-98% of therr
original diameter.  Suden et al, $1964)
P ed that freeze-dried pork ehydrated
In sensory evaluations the freeze-dried
food could be differentiated from the frozen
control and usually had a drier texture,
Brook 1958), "Burke and = Decareay
](1 4? arper and Tappel E1957) and
8 et al. (1955) reported that reconsti-
tute freeze dried meat was tougher and had
drrer texture than frozen control meat.
Ham et a ( 9&39 reported that th Iosa
of tenderness an urcr ess of rehyarate
freeze dried meat samples is aRiﬂarentI

cause a Ioss of the water ho ng Ca-
muscle proterns a% taﬁ]d

paCIS% 0 e g | rPt Sut that dr%/

Hamd et al, g1959g
texturé and poor rehy ratron are the pri

cipal proble s In freeze-dried meat
Rehydratron levels for freeze-dried poul-
try have been low. Tappel et al. (1957) re-
Ported that pre- cooked freeze dried Eoultr
rated oor¥ ydration was 689
2°F water Tor 15 mrn at atmospheric
Pressure and 63% under 690-mm vacuum
or2mm For serving-size pieces (1% X
2x ™) of pre -cooked freeze-dried poul-
trP/ Yao ef al, (1956) reported a low reu
dration of 57-/4% ‘and" a sensory quality
comparable wrth that of controls which had
not_been freeze-dried. o
Commercial cold-air blast and liquid -
mersion freezrn? 1., sodium chloride,
uid pitrogen, POP Iene ?y ? have made
possrble Very rap reez ng 0 meat Both
methods are bernlg used witfi p utry (Barrie
et al, 1964; Marion and Stadelman, "1958).
Deatherage and Hamm f(1960) “showed
that rapid freezm?I of bee muscle trssue
neither “decreases the retlt%dratron of musce
nor denatures protejns. They concluded that
the effect of freeze dehydratron on the water-
holding capacity of meat Is due not to the
freezing process, but to the orocess of Sehy

dration” "Meat frozen quick S [e-
conitéttéted better than meat frozen slowly

Barrre etal ( 19643 reported that blast vs.
liquid reezmg difference to the
general accepfability of turkey, and that the

MEASURING FREEZE-DRIED CHICKEN TEXTURE

freezing method had no significant effect on
the shéar resistance of lignt or dark meat.
Marion and Stadelman (195 82 found that
the method of freezing (liquid at 10°F, plate
at —b°F, and moving air at —15°F)" did
not chan?e percentage”drip, percentage total
cookrng 0SS, 0r ten erness of turk e breast.
get al, (1954) found that relf dratron
of bedf muscle does ot depend on the reez-
ing temperature (—150, —80, and —17°C

PROCEDURE

Sample processing. Breasts and thighs from
nine-week-old mixed-sex fryer chickens, commer-
cially processed and chilled for 24 hr, were divided
into two lots, half deboned raw and the other half
steamed before deboning (“Steamcraft” steam
cooker, Cleveland Range Co., Cleveland, Ohio,
direct steam, two-compartment model). Breasts
were cooked 15 min, and thighs 20 min. Skin and
subcutaneous fat were removed from the muscles.
Deboned meat was held on trays overnight at
—7°C (20°F) to make it firm enough for dicing.

The meat was diced into % X % X %-in. pieces
with a Urschell dicer (model F, Urschell Labs,
Inc., Valparaiso, Ind.) and weighed into polyethy-
lene bags. Half of each lot was rapidly frozen in
liquid nitrogen at —191°C (—320°F) and held at
—34°C (—30°F) ; the other half was slowly
frozen in an air flow of approximately 50 ft/min
at —23°C (—10°F) and held at —23°C. Testing
was completed within 2% months.

Half of the frozen breast and thigh meat tested
each day was dried in a freeze dryer (RePP Sub-
limator, RePP Industries, VirTis Co. Gardiner,
N. Y. model 11-15) during the 20-24 hr imme-
diately prior to wuse. Throughout the freeze-
drying operation the condenser was at —51°C
(—60°F), the chamber pressure 25-50 ;i Hg, and
the shelf heat was automatically shut off when
the product temperature reached —15°C (5°F).
Because some of the diced meat stuck together and

HM-UC HALC  HZSC HAZSL

Cr-23 D CH-23)

CH(-1911)D CH-191%

Fig. 1. Diagram of experimental design.
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froze in large clumps, some raw samples required
longer than 24 hr to dry. Fig. 1 is a diagram of
the experimental design. )

Sample preparation and rehydration. The fro-
zen meat was thawed, or dried meat was cooked
or rehydrated, according to the following plan:

FC: frozen (—23 or —191°C), cooked

FDC: frozen (—23 or —191°C), dried, cooked

CF: cooked, frozen (—23 or —191°C)

CFD: cooked, frozen (—23 or —191°C), dried

Based on pilot tests of rehydration time (10-30
min) and water temperature for rehydration (25,
47, 56, 76, 100°C), the freeze-dried samples were
rehydrated in 6% parts by weight of distilled water
for 20 min with stirring at 5-min intervals. Re-
hydration ratios of freeze-dried meat were not
affected by the length of time of reconstitution.
The temperature of the rehydration water was
25°C (77°F) for raw meat (FDC) because higher
temperatures reduced reabsorption of water due
to coagulation of surface protein (case-hardening).
The cooked, dried samples (CFD) were rehydrated
in boiling water. The cooked, thawed meat (CF)
was just covered with boiling water and held for
5 min, which brought the meat to serving tempera-
ture. The raw reconstituted (FDC) or thawed
samples (FC) were steamed for 5 min, which was
adequate to cook the raw diced samples. The
samples were drained and reweighed, and the rehy-
dration ratios calculated.

Samples for the panel were held in covered
dishes in a water bath at 52°C (126°F) for a
half-hour to ensure uniform serving temperature.

Sensory evaluation. Eight persons from the
Poultry Laboratory with previous experience in
judging texture and tenderness of poultry served

Each day the panel had two triangle tests. The
panelists removed the blindfold between the tests
and indicated the odd sample on a score sheet (Fig.
2). They also indicated whether the selection was
based on texture, juiciness or flavor.
Comparisons by the panel were made according
to the following plan :
Frozen vs. freeze-dried meat
Breast meat
F(=23°)C vs.F(—=23°)DC
F(—191°)C vs. F(—191°)DC
CF(—23°) vs.CF(—23°)D
CF(—191°) vs. CF(-191°)D
Thigh meat
Same as for breast meat

Freezing at —23°C vs. at —191°C before freeze-
drying
Breast meat
F(—23°)DC vs. F(—191°)DC
CF(—23°)D vs. CF(—191°)D
Thigh meat
Same as for breast meat
Freeze-dried breast meat vs. freeze-dried thigh
meat
Breast CF(-23°)D vs. Thigh CF(-23°)D
Breast CF(-191°)D vs. Thigh CF(-191°)D

Each comparison was repeated four times, and each
triangle test was randomized independently. One
complete set of tests (two triangle tests for each
comparison) was followed by a second set of tests.
Both sets were randomized independently.

Objective evaluation. Allo-ICramer shear press.
A recording Allo-Kramer shear press (KSP, model
SP-12 Imp), equipped with an automatic recorder
(Varian strip-chart recorder, model G 11A-F1),
measured shear resistance. The conditions for this

Each set of samples will contain 2 like and 1 odd sample.

as the panel. Panel members were blindfolded.
Check 0dd
Sample Sample
Flavor
A
B
C
Fig. 2.

Juiciness
(dry, juicy, rapid
moisture release)

Please indicate basis for selection of odd sample

Texture Comments
(soft, hard; stringy,
rubbery . tender,

tough, friable)

Score sheet, triangle test.
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test were based on information by Kramer (1961)
and on preliminary tests with the diced chicken.
Use of a weighed sample rather than a full cell
improved precision. Preliminary tests with samples
weighing 30-100 g gave shear resistances which
were high. As the sample size increased, the shear
resistance (kg force per g sample) decreased.
Samples of 120-140 g (wet weight) were used
because they gave most consistent results.

Samples were poured into the standard cell with
random orientation of the meat fibers with respect
to the slots of the shear press. Meat samples cut
with or against the fiber grain yield different values
depending on orientation in the test cell. However,
orientation of diced chicken is impractical; the
product did not tend to pack or form cavities.

The faster the blade descended through the
sample, the higher was the peak reading. For ex-
ample, two 66-g samples, on 3000-Ib recorder range,
had shear resistance of 6.7 kg/g with a [S-sec
downstroke and 5.5 kg/g with a 30-sec downstroke.

Samples were sheared only once, since repeated
shearings on the same sample had lower readings
for a constant sample weight (i.e., first pass: S.4
kglg; second pass: 4.7 kgl/g; and third pass:
45 kglg). Average of the successive passes is not
a true indication of the texture of the test sample.
Wells .« «i. (1962) sheared each sample several
times, whereas other investigators report shearing
the sample once.

A calibration of 3000-Ib full-range scale, 3000-Ib
proving ring, and 15-sec downstroke was main-
tained for all tests on samples of 120-140 g. The
maximum shear resistance was recorded and then
divided by the weight of the sample to obtain the
resistance per gram. This value was used as the
mechanical index of shear resistance for the samples
tested. Representative curves of shear resistance
for the different test samples are presented in
Fig. 3.

INSTRON SHEAR PRESS

—— FORCE (kg) —

Tough
meat

Tender
meat

Tender
meat

Tough
meat

-——- TIME (sec)

Fig. 3. Typical shear-resistance curves.

MEASURING FREEZE-DRIED CHICKEN TEXTURE

iasteon . A standard test cell for holding the
meat and a plunger adapted from the Allo-Kramer

test cell were constructed and mounted on an
Instron (Model TM, Instron Engineering Corp.,
Canton, Mass.). This instrument makes a con-
tinuous recording of the force-penetration curve.
The plunger consisted of 20 uniformly spaced
metal dowels (6.35 mm in diameter, 25 mm in
length) which were forced down through the

sample in a cell having holes 3 mm apart, spaced
to match the metal dowels (Fig. 4).

Samples of 10 g wet weight were randomly
oriented as to meat fibers in the cell, and sheared.
Initial studies indicated that a calibration of 200-Ib
full scale, 5-Ib full load, and downstroke of 2-in.
per sec would be most suitable. Two samples of
each treatment were sheared once. Calculation of
shear resistance was the same as for the Allo-
Kramer. Representative shear resistance curves
are presented in Fig. 3.

Expressible liquid was determined
in the Succulometcr cell supplied with the Allo-
Kramer. A 70-9 sample, wet weight, was randomly
orientated in the cell. A standard calibration of

Succulometcr

3000-1b full scale, 3000-Ib proving ring, and 30-sec
The full force was

downstroke was used. main-

Fig. 4. Instron test cell: A) component parts;
B) assembled.
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tained on the sample for 30 sec, and liquid ex-
pressed through the sprout in the cell was collected
in a graduated cylinder. Expressible liquid was
calculated as the percent of the known weight of
material squeezed out as liquid under established
conditions of pressure and time,

Grau-Hanom pres In the method of Grau and
Hamm (1957), 300 mg of meat tissue was placed
on a piece of filter paper and compressed between
two plexiglass plates. The pressure on the plates
was exerted by turning down two hand screws.
The pressure was applied to the plates for 5 min.

The method has been used in combination with
the Carver press to determine expressible liquid
in beef and turkey (Sanderson and Vail, 1963;
Barrie ¢« ... 1964). The method reported by
Barrie < a1 (1964) was modified for this study,
on the basis of preliminary experiments, by using
a pressure of 1000 Ib instead of 10,000 Ib for 5 min.
The meat (300 mg) was pressed to a thin round
film, and the expressed juice was absorbed by the
filter paper. The area of the outer ring of expressed
juice and the area of the inner meat disc were de-
termined with a planimeter. The "water-holding
capacity" was expressed as a ratio of the area
of the outer circle to that of the inner circle.

Statistical analysis. pata from the Allo-Kra-
mer, Instron, Succulometer, and Grau-Hamm press
were subjected to analysis of variance (Guenther,
1964) using a one-way classification. Significant
differences for the taste-panel triangle tests were
determined by the method of Roessler Ct al. (1948).
Correlations were calculated between the Allo-

195

Krarner vs. Instron for frozen breast, freeze-dried
breast, frozen thigh, and freeze-dried thigh.

RESULTS AND DISCUSSION

Correlation between taste- Ranel and ob-
jective tests. Panel tests. The taste pane|
Was able.to distinguish between frozen and
freeze-dried meat tnder all condrtrons tested

(Table 1), Drﬁerences were highly signifi-
cant (p < 0.01) for all comparisons. “The
Banel indicated that the frozen samples had
etter sensory roperties than_ the freeze-
dried samgl exture and juiciness were
usually the basis for distinguishing between
the samples. This a rees with Tesults of

Brooks (1958) ang
1957) that reconstituted freeze-dried” meat
poultry were tougher and had a drier
texture than the control meat. A flavor dif-
ference was noted bey % of the Juoﬂes In one
comparison of frozeén and freeze-dried thigh
meat (F-191°C vs. F191 DC) (Table

The texture of breast meat frozen before
cookrng (FC) .was_described by the panel
as more cohesive, firm, tender,” and etter
than the texture of the freeze-dried (F S
which was generallr(] descrrbed as hard arld
sr?hty more tou 8 meat frozen
before” cooking (FC) was described as ten-
der, firm, andgood or outstanding, compared

appel et al, (1955,

Table 1. Ability of panel to distinguish freeze-dried from frozen poultry meat.

No. of
correct
Freezing odd sample
T}/npe of temp
(°C) out of 32b
Frozen and freeze dried before cooking
Breast -23° 29%*>
-1910 27***
Thigh —23° 18**
_191‘7 28***
Frozen and freeze dried after cooking
Breast -23° 27xx
191° 27
Thigh - 32%%x
-1910 3‘***

a8judges, 4 replications of each test,
b *** respectively, p <) 0.0l and 0.001

Triangle test a

% of correct 0dd sample
selections having comments on

Texture Juiciness Flavor
<) (%) <% )
34 62 28
70 52 11
39 50 44
SO 29 68
81 63 30
67 67 11
84 63 34
90 65 35
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wrth the freeze-dried (FDC), varjously de-
scn bed as tough or ‘tender, stringy,” and
|gr htly more rdbbery.

exture of meat ‘frozen after cookrng
(CF) was usually described as softer, mor
tender and better than the texture of the
freeze-dried CFDR %h was described
ﬁ% gry, grainy, stringy, ruobery, tough, and

Breast and thigh meat frozen_before cook-
ing (FC) was generally described as more
Juicy and having sustaineg moisture release
during chewing comBared with the freeze-
dried (FDC) described as releasing water
more Tapidly and bein soggg waerg/
mealy, wet, or dry (a conflict probably baséd
on the initial Presence of IooseI held water
and Its raprd lease on chewing).

A similar difference in juicine3s was found
between the samRIes frozen or freeze-dried
after cookrn% The CF samples were gen-
erally described as more juicy and the CFD
Srﬁg]rg ersa a%l Imorg gr)elsﬁnadk aest raelleasrng water

| 20ZesN|
served tRat yrehydrated freeze- dngd beéf re-
leases most of {ts moisture quickly (on the
first two_chews),

The flavor of breast meat frozen before
cookrng (FC) was described as goog-to-
superigr, compared with the freeze-driecl
(FDC), described as flavorless, flat, bland
off, stale, and watery. - The FC thigh meat
had t¥ﬁ|cal desirable chrcken flavor compared
with C meat, which was described as
slightly off or rancid, cardboard, bland, and
having . less chrcken fIavor However, srn?e
appro |mate¥ equal numbers of favorab
and adverse tlavor comments were made on

ob- the frozen breast +
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chicken meat frozen or freeze-dried after
cooking, It was apparent that flavor was not
responsible for the ease with which CF and
CFD samples were differentiated.

Shear resistance. The shear resistance of
the freeze-dried meat was consistently
greater than that of the frozen meat (Table

. For all_comparisons of CF vs.' CFD

eat the differences between AIIo Kramer
va s Were srﬁnrfrcant at p< 001 or p<

0.001 level: differences between Instron val-
Ues were srgnrfrcant at r_p or < 0.001.
Differences” between FC and FDC Allo-
Kramer values were not srPnrfrcant except
r the breast meat frozen af —191°C (p <
01), D| erence between F(—23°)C. vs.
(—2 C Instron values were significant
p< -0 %)i but not those for F(—=191°)C
The correlatrons hetween the shear values
from the Allo-Kramer and Instron tests
were high. The carrelation coefficients be-
tween these two obdectwe methods, were for

975 freeze dried breast
+0.940, frozen trgr 0.995, and freeze
drred thrgh +0.964. The shearv lues &k %)
or frozén breast meat rand ro

.3 on the Allo-Kramer and Trom 3674 on
the Instron for freeze dried hreast, 2.9-9.6
%- ) and 4. Instron) : for frozen

igh 1328 (A and 2.5-4.8 (In-
strong for freeze ried thigh, 1.2-6.2

and 3.0-6.8 {Instron
Drfferences in texture defected by the
panel were reflected in Allo-Kramer or In-
stron measurements at the same or nearly
the same IeveIs of statistical si nrfrcance for

f0
0
F
(
\S.

Table 2. Shear resistance of frozen and freeze-dried meat.

reezi

Type of temp. Raw or
meat CC) cooked

Breast -23° Raw
Cooked

-191° Raw
Cooked

Thigh -23° Raw

Cooked

Raw
Cooked

CF vs. CFD meat. However, the instru-
Shear resistance a (Kg/qg)
Kramer Instron

Frozen Dried Frozen Dried
3.2 3.9 4.6 6.1
4.1 8.1 5.4 8.4
3.1 45 55 6.2
4.5 6.7 6.1 7.5
1.7 1.9 3.1 3.6
2.1 5.0 3.7 5.4
1.7 19 3.1 3.6
2.2 4.9 3.4 5.2

*Kg of force per g of sample; the lower the value the more tender the meat. Each value
is an average of 3-4 samples of frozen meat, 7-8 samples of freeze-dried meat.
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Table 3. Summary of significant differences'™ between frozen and freeze-dried poultry meat.

Freezing
tem

Type of p.
meat (°C) Panel b Kramer " Instron & Succulometer p Grau-Hamm f
Frozen and freeze dried before cooking
Breast -23° 0001 N.S. 0.05 001 N.S
191° 0.001 0.01 N.S. 0.05 NS
Thigh -23° 0.01 N. 0.05 N.S. N.S
191° 0.001 N. NS N.S. N.S
Frozen and freeze-dried after cooking
Breast 23° 0001 0.001 0.001 001 N.S.
191° 0.001 001 0.05 0.05 N.S.
Thigh 23° 0001 0001 0001 N.S. NS,
191° 0.001 0.01 0.001 NS, NS

“Expressed as probability levels.

bTriangle test: 8judges, 4 replications of each test.

cNo.ofsamples: 3-7
ANo.of samples: 4-8
°No.of samples: 2-8
INo. of samples: 3-6

ments, were not as consistent as the panel in
recording texture differences In the FC vs.
FDC méat (Table 3).

Good correlations hetween the Allo-Kra*
mer and tenderness Judgments of comgetent
taste panels have been reported by Shannon
et al. (1957) on cooked breast uscle, a
bx Sosebee ‘et al. (1964) on freeze- drred

chick en However, Wells et al. (1962) re-
oorte that Allo-Kramer measurements con-
radrcted taste-panel frndrngs on the tender-
ness of freeze-dried chicken breast meat,

The shear resistance of meat freeze dried
after cooking was 49-168% higher on the
Allo-Kramer™ test and 21-52% hrdher on
the Instron test than the shear resistance of
meat freeze dried before cooking.  Thus,
freeze-drying the cooked meat was more
damaging than freeze- Er%/rnga the raw mea
Meat frozen after cookl so had hig
shear values than meat frozen efore cook-
rng These differences ran ed 24-43% for
the Allo-Kramer and 10-19% for the In-
stron tests. Similar results have been found
for freezrng of raw vs, gre -cooked furkey
meat (Googwin et al.. 1 96g and for chicken
meat (Mickelberry and_Stadelman, 1

Processing losses. . Three factors cofld
contribute o the juiciness differences be-
tween frozen and freeze dried meat detected
g/ ne panel: 12 differences in the moisture
|ost durrng processing; 2) the amount ab-

sorbed during rehydration; and 3) the ex-
pressible maisture “of the cooked meat.

The cooking loss from diced FC breast
meat was 25% ; the decrease in yield after
re y ratron of diced FDC breast’meat was

Table 4?] Comparable losses for FC
gﬂg I3:9/C thigh meat ‘were respectively 37
The cookrng losses from the CF and CFD
breast and thigh meat were not determined
because the breasts and thrdhs were cooked
hefore debonrng However r¥re |d of CF
breast meat after rehydratio was 22%
Iower than that of the CF meat; the yield
D thigh meat was 30% lower than
that of the meat.
Expressible liquid and “water- hoIdmrIr ca-
iacrt " The étr erences in the fluid release
ffozen an freeze ried chicken breast
meat that were detected by sensory judt[r-
ments of juiciness were reflected in"tes
with the Succulometer. Much of the water
absorbed by the freeze-dried meat was not
firmly held” More water could be pressed
from’the freeze-dried breast meat than from
the frozen breast meat The difference was
srgnrfrcant at for meat frozen or
fréeze dried b fore cookrn and for the meat
frozen or freeze dried after cooking. Litt
or no measuranle water could he” pressed
from either the frozen or freeze-dried thigh
meat (Table 5).
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Table 4. Meat weight after processing steps (percent of weight of frozen meat).

Condition

fmdele?ed T}/npe of Frozen
Raw Breast 100
Thigh 100
Cooked Breast 100
Thigh 100

'here were no significant differences in
> fluid from frozen vs. freeze-dried meat
tested by the Grau-Hamm press method
é Table Srnce the method drp not show
ifferences between frozen and freeze-dried
samples that were detected by the taste
Pnartﬁlrsagqr Succulometer, it was of little value
Effect o¥ freezing method on quality of
freeze-dried poultry, Panel tests. The faste
Panel detected no difference due to freezrng
emperature used for the chicken meat freez
dried before cookrnﬁ (F-23°DC vs.
. However, fhe freezrnq tem erature
did result m a difference in the popertres
of meat frozen vs. dried after cookin
°D vs. CF-191°D). The panel btected
this difference at P< 0.001 for the thigh
meat and p < 0.01 Tor breast meat. Texture
and juiciness were the characteristics men-
tioned by the panel to distinguish between

Processing steps

Pressed
meat

s (a{ter (

Fdrrei?eée Rehydrated ~ Cooked LICCtgs(t))me 4
75 69
25 87 68 54
63 63
25 89 61 61
85
28 78 62
100
30 70 10

samples However, since comments

comiparable for samples frozen at the
temperatures, the difference between the
freezing temperatures was judged to be
unimportant,

Shear resistance. The freezing tempera-
tures used did not have a srgnr icant effect
on the shear resistance of the FDC meat.
Howgver, for CFD meat, breast meat sam-
ples frozen at —191°C had lower shear re
sistance than those frozen at —23°C,
difference was signi rcant at p< 001 for
the Allo-Kramer and p < for the In-
strop; the drfference in thigh meat was not
srgnrfrcant (Ta

Ho panel comparrsons were made of
chrcken meat frozen at the two temperatures
(h ot:rectrve evaluations
show ng sr nrfrcant differences. These data
?ree with those of Marion and Stadelman

958) and Barrie ct al. (1964).

Table 5. Expressible liquid of frozen and freeze-dried meat.

Treatment
before Freezing
freezing temp. Frozen
or drying e or dried
Raw -23° Frozen
Dried
-191° Frozen
Dried
Cooked -23° Frozen
Dried
- rozen
191° F
Dried

“Percent of sample weight.

Expressible liquid
Succulometer a Grau-Hamm Press b

Breast Thigh Breast Thigh

6.4 00 44 35
16.0 00 39 34
116 0.0 39 34
21.2 04 4.6 34
171 0.7 49 36
238 05 37 31
155 00 56 3.6
195 0.0 9.6 33

bRatio of area of outer circle to area of inner circle. Each value is an average of 2-4 sam-
ples of frozen meat, 6-8 samples of freeze-dried meat.
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O!oressrble liquid. About 4% more liquid
base ercent 0 sampe wergt Was
ressed f rom the CF —3°)D bredst meat

an_from the CF(— meat during
the Succulometer test. About 5% more lig-
uid was pressed from the F(—191°)D
meat than from the F(—23°)DC meat. "The
differences were unimportant, however, since
the panel’s comments on juiciness did” not
Indicate an consistent difference due to
freezing temperature.

Littlé or no liquid could be pressed out of
any of the freeze dried thigh meat subjected
to any of the processmg variables (Tahle 5).

Ditferential effect™ of freeze drying.
Panel tests. The panel distinguished gp<
0.001) hetween breast and thigh meat freeze
dried"after cooking, primarily on the basis
of fexture and juiciness gable 6).

—2 D meat was correctly drstrngurshed
n 84% of the panel jfud gments, CF-
—191°)D meat in 81% of the [Jnud%ments
he freeze-dried thr%h meat was more desir-
able than the breast eat. Although adverse
comments were made about the texture and
juiciness of both samples, the breast meat
Was %enerally consrdered to be more r}/
h) owdgry, stringy, hard, and tough 0
ave more raprd morsture reIease than the
thigh meat. 'No panel comparisons  were
made between breast and thigh meat freeze
dried before cooking,

Shear resistance. “Freeze-dried thigh meat
had lower shear resrstance than freeze-dried
breast meat, w fet er the meat was freeze
dried before or after cooking (Table 2). T
shear valyes were si mfrcanty different at

1 for all com arrsons iwith both the
AIIo Kramer ang th (e nst1
Expressible ~ liquid. ~The Succulometer

799

pressed little or no water from the thigh
meat compared with that pressed from the
breast meat mdrcatmg that the liquid ab-
sore bz/ % was held more frrmI by
te musCle cell Structure (

difference was sr nificant ngp<0001 for the
FDC and fort CFD
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