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IRTRODUCTION

The desirsable qualities in cooked poultry are tenderness,
Juleiness, good aroma aﬁé flavor. To be acceptable, frozen
poultry should retain these characteristics to as high a
degree as possible. The primary value of freezing poultry is
thﬁ maintenance of existing qnaliﬁy; hence the handling of
poultry before freezing should maintain maximum quality.

| Studies by Hanson (1941), Stewart, lLowe, Harrison and
McKeegan (1945) and Lowe et al. (1948) have contributed to
the knowledge of post-mortem changes in broilers, roasters
and fowl and have indicated desirable prsaticeé in handling
poultry to obtain maximum quality before cooking and freeg-
ing. Stewart, Hanson, Lowe and Austin (1945) showed that
freezing at -90°, -50°, and ~-5°P. d1d not produce detectable
differences in palatablility scores of brollers held two and
18 hours before freezing. Wills (1946) found fryers eviscer-
ated and frozen within three hours after killing were leas
tender then similar fryers held 24 to 48 hours. DuBols,
Tressler and Fenton (1942) indicated that various freesing
rates plus storage at -8%p, produced no differences in

palatability.
The changes that take place during the freegzing process

alone have not been studled. BSuch questions as the following

nesd to be studlied: does freezing tenderize chicken? what



‘-gﬂ

changes ocour in the connective tissues and muscle fibers of
roasters and fowl durihg aging and subseguent freazing?'

This investigation was undertaken to determine the effect
of freeszing per se on roasters and fowl. The effects of five
periods of aging before freezing at 0° and -30°F. on the
histological and palatability factors were studied.

The specific objectives of this study were as follows:

l. To determine the effects of the length of
aging plus the rate of freezing and thawing
on the palatability of rossters end fowl.

2. To determine the histological changes which
ocour in muscle tissues of roasters and
fowl during aging and freezing.

3. To correlate any histologlcal changes with
changes in palatabllity, especially in
tenderness and “"dryness.”

4. To compare the effects of the rate of freez-
ing on the distribution of ice crystals in
the muscle fibers of frozen poultry.

Birds were cut in half, and one helf was used as s con-
trol. This eliminated the varlation between birds. Hence
measurements and conelusions were based on halves of birds.
The rate of freezing was recorded by a Leeds and Rorfhrup
Micromax temperature recorder (using copper-constantan thermo-
couples). The subjective tests included scores of four Judges
on arome, flavor, tenderness and juilciness of the cooked
chicken. Objective measurements inocluded the use of the shear
machine 28 an indication of tenderness of the pectoralls majar
muscle and histologlcal studies on the raw, frozen and cooked

pectoralis major muscle of the breasst of chicken.



REVIEW OF LITERATURE

Structure of Muscle

The nature and action of muscle are problems that have
been studied from many different angles. Probably the struc~
ture of the muscle cell has baén spproached from so many
-different points of view because of its unusual appearancé
under the miereacopa and the changes caused by contraction
and yigor. Striated muaele, a@éorﬁing ﬁo Haximai and Bloom
{1944), consists of many long cylindrieal fibers which are
. bound together and surrounded by connective tissue. Each
fiver 1s an elongated, multl-nucleated cell composed of
sarcoplasm, fibrils and nuclel which are surrounded by a
cell membrane, the sarcolemma.

The individual muscle fibers vary 1# length from 1 to 41
millimeters and from 10 to 100 microns in diameter (Maximow
and Bloom, 1944). In small muscles, the fibers may continue
the length of the muscle. Xnklargar muscles, the flbers are
shorter than the muscle, one end may be connected to the
tendon and the other end terminate among the other fibers, or
both ends may be free in the muscle. The thickness of the
fiber varies with the animal and the muscle as well as with
the age of the animalvand the amount of exercise.

The parallel muscle fibers are held together by
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eonnective‘tiaauo composed of irregularly arranged collagen-
ous, reticular and elastic fibers, and many varieties of
connective tissue cells inecluding fat cells. The amount of
elastic fibers in the connective tissue varies with the type
of muscle.

The myofibrils, which run lengthwise in the muscle cell,
appear as long parallel threads composed of alternating light
and dark portions. Bremer (1944) states:

The most conspicuous characteristic of skeletal
muscle, which has caused it to be cslled striated,
is the marking with alternating light and dark
bands, seen only in longitudinal section. The
myefibrils are composed of alternating light

and dark portions, and are so arranged that ths
dark parts of one fibril are beside the dark
parts of adjacent fibrils. Aa & result of the
close crowding of the fibrils, alternating light
and dark transverse bands appear to pass from

one side of the fiber to the other, and these

are the strlations. When seen obliquely, the dark
and the light areas become superposed and con-
fused, and the langituﬁinal myofibrils became
consapicuous.

The faot that the appearance of the striated muscle fiber
depends on whether it is contracted, passively stretched or
relaxed and also on the focus of the microscope probably ac-
counts for the great amount of controversy in the literature
on the position of the bands and thelir relative size.

In working on fixed frog muscle, Carey (1940) found that
the cross strise are multiplied with increase in temperature.
He believed that the fine striastions which occurred in the
contraction nodes came from active multiplication of the

striae by splitting.
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In 1942 Carey reported further evidence uaing the
living muscle of the fresh-water shrimp. He observed a com-
plete revarsibility of the increasse in number of oross~
- striatlions with temperature. He concluded that "the sarco-
mere &s & ecnétant unit is a morphologic myth." He believed
the cross~atriation to be the expression of the functional
stete of the fibers, comparable to bands of inorganic pre-
cipitates In gelatin-filled micro-capillaries, a model in
whieh the spaecing of the bands depends on chemical concen~-
trations, heat and light influences. On the other hand,
Speidel and Jordan (1942) were convinced from their own ex-
perimental experience with various striated muscles, which
ineluded those of shrimps, that the number of sarcomeres
remalined constant. ,?hayrfeel that an examination of Carey's
photomicragraphs does not reveal incongistency of the sarco-
meres, and that Carey was misled by telophragmatic doubling
or tripling of the dark striee of the A-disec.

The exact nature of the finer structure of the myofi-
brils 1s stlll controversial. The most recent theory has been
advanced by Szent-Gyorgyl (1945,1946), who has developed a
molecular theory of muscle structure and claims that cross-
striations are non-existant. He believes that the fibril 1is
eomposed of a combination of qctia and myosin, called
astamyesin,‘and'ﬁhat these two proteins ere so combined that

one forms & long rod or thread while the other 1s wound



around it in a spiral.

That the dark and light discs are more than mere optical
1llusicns 1s evidenced by the fact that they react differ-
éntly to stains, These bands are soc conspicuous that it is
not surprising that many attempts have been made to explain
their genesis. For the purpose of this study the éxiatanee
 of bands or discs as described by Maximow and Bloom (1944)
is used, as this theory seems to be the most generally
accepted. One band is definitely refractile and appesars
dark and shining; it stains intensely with iron hematoxylin
and since 1t is anilsotropiec, or doubly refractile, it is
designated A disc (also Q). The light band is called the
J or I band, 1s isotropic and with the usual stains remains
colorless. The A and 1 discs are approximately the same
height in the resting fibrils. If the fibers are passively

stretched, the I dise appears taller.

Proteins of Muacle

The prétﬁpla&m in the muscle filber 1lg an agqueous mix-
ture contsining protein, fat, glycogen, pigments and other
orgenic and inorganic compounds. Moran and Smith (1929)
state the seml-liquid consistency of muscle is caused by the
presence of proteins in the colloldal state. The proteins
form the bulk of the muacle substance and are characterlzed

by a great sensitivity to changes in the concentration of
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salts and acids which are present in the muscle or which may
be formed as a result of activity or the changes brought
about by death.

The proteins of muscle can be separated into two main
groups, the intracellular and the extracellular proteins.

The extracellular proteins consist principally of collagen
and elaztin. The Intracellular proteins ara‘compoaed of a
mixture of proteins which are separated on the basis of their
solublility in water and salt sclutions.

One of the most recent contributions on muscle proteins
has been made by Sgzent-Gyorgyl and his assoclates (1946), 1In
their studles on the purification and interaction of musele
proteins, the principal proteln, myosin, was isolated in the
crystalline form as a potassium complex from soclutions con-
taining & low concentration of potassium chloride. Crystal-
line myosin is soluble in water and has a strong double re-
fraction of flow, which 1s due to association of myosin
particles since it is abéiiahad by salt. They deseribe
another protein, actin, a hydrophilic collold capable of
exlsting in globular ss well as In the flbrous form. Actin
solutions have a low viscosity and do not show double
refraction of flow. However, when dllute wsmlutiona of myoasin
and flibrous aetiﬁ are mixed, a viscous substance, flbrous
actomyosin, 1s formed whose properties vary with the propor-

tions of the components. The most striking property of
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fibrous actomyosin is its contraction and dehydration in the
presence of adenaainetripheaghats,\ A moleaul#r theory of
muscle contraction has been developed based on the properties
of myosin and actin and their interactians with adenosinetri-
phosphates and inorganic 1ena; |

The properties of proteins are clesely related to their
structﬁre. Recently there has been considerable wcrk‘dana‘on
the structure of protein using xmraj diffraction patterns In
an attempt to explain the structure and behavior of muscle.
Astbury offers the hypothesis that the contractlion of muscle
is due to the supercontraction of its myosin, and claims
that x«r&y plotures of both living and dead musele substan-~
tiate this. Astbury and co-workers (1934,1940) reported
x«ray'atuﬁieu of myosin show that the micelles conslist of
long chsins of amino acids arranged parallel to one another,
being held together by cross linkages between reactive R
groups, hydrogen bonds, and van der Wsals' forces. The
chains thus formed may Bﬁ considered to be folded in such &
way that unaar stress they cen be elither stretched or

incereasingly folded.

Relation between muscle structure and tenderness of meat

Each of the three constituents of mn#cle, the fat, the
connective tissue and the muscle fibers, will contribute to

the tenderness or toughness of meat. The collagen and
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elastin of connective tissue are affected differently by
aging and cooking. Thé amount and distribution of connective
tissue varies with the animal, also with the age and sex of
the‘animal and with different muscles. A few studles have
been made on the actual smount of connective tilssue in the
muscles of animals of different ages. Mitchell, Zimmermann
and Hemilton (1927} found that age éoaé not greatly 1nfluance
the connective tissue in muscle and that foreshank, chuck
ribs and navel of beef had the highest per eént of eollsgen.
Mackintosh, Hall and Vail (1936) reported that the collagen
nitrogen was higher in mature than in yearling beef, and as
the collagen nitrogen rose, the shear increased and the
tenderness score decreased.

According to Lehman {(1907) measurements on the mechanical
strength of muscle showed it to be directly proportional to
the amount or’cannective tissue present. He states that the
muscles that are most active and, therefore, subject to the
greatest strains have the largest amount of comnective
tissue and are the leaat tender. Ramsbottom, Strandine and
Koonz (1945), in studying 25 different major ruscles of beef,
found that tenderness varied from muscle to muscle with a
few Instances of varistion within the muscle. They state:
"Although abundant connective tissue tended to increase the
shear readings of wmuscles, there appear to be other

important factors affecting tenderness.” Harrison (1947)
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reported simlilar results on five muscles of beef.

The data of Reamsbottom, Strandine and Koong (1945)
showed that there was no relatlionship between the amount of
fat within the musole and the shear of the raw or cooked
- muscle; however, they felt that differences in the amount of
connective tissue associated with the intramuscular fat might
explain why there was not a positive relationship between
high fat content of muscles and low shear values. Stewart,
lowe, Harrison and ﬁcxaag&ﬁ (1945) found that the adductor
longus thigh musecle of chicken (one of the five muscles
'studied), which has large amounts of cannecfive tissue well
interspersed with fat, was the toughest muscle and showed
little incresse in tendernesa throughout the five-day aging
period.

There is some evidence which suggests that the connective
tissue 1s not the sole anatomical factor determining tender-
ness. Hammond (1940} has shown, according to histologilcal
measurements on young lamb, that the proportion of connective
tissue to muscle-substance 1is higher in the mature animal,
yet the muscle of the young animal 1s more tender. He is of
the opinion that tenderness is related to the sigze of the
muscle bundle or "grain of the meat." However, since fetal
lamb was used as the young animal, the differences in tenders
ness might be explained by the difference in texture between
embryonlic and mature connective tissue, Moran and Smith

(1929) investigated the relationship between the size of the
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vfib&rs, the number of fibers toc a bundle and the tenderness
of the muscle. In the process of development, an incresase
in the size of the fiber is accompanied by an increase in
the strength and amount of connective tissue and also in the
size of the muscle bundle. They concluded that in the adult
animal the slze of the bundie is necessarlly a function of
the connective tissue content and that a more credible theory
would be to consider the connective tissue content the chlef
determining factor in‘ténéerneas. Brady (1937) reported
the ém&llar the ribefé, the finer the texture and the more
tender the beef. |

There has been no;publiahad comparable work on the
correlation between the amount of connective tissue, the
amount of fat or size of fibers and ténderneas 15 poultry.
- Studies made on the optimum time of storage of poultry by
Lowe (1939), Hanson, Stewart and Lowe (1942) and Stewart,
Lowe, Harrison and McKeegan (1945) have shown that breast
muscle 1s more tender’than thigh muscle and slso that
younger birds, broilers and roasters, are more tender than
fowl. Lowe, who has made a very thorough histological
study of poultry, has observed, in & report on fowl, that
there was a larger amount of connective tissue between the
fibers of fewllthan between the flbers of broilers, which
may contribute to the toughness of fowl (Stewart, Lowe,
Harrison and McKeegan, 1945).
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Post-mortem Changes in Muscle

After death, the changes which occur in the muscles of
animals are brought about by enzymes, mieromérgaﬂiama and by
chemical and physical means that alter the structure and the
ehemiaal composition of the tissue. Parnas (1933) states

that:

« + » 811 the familiar metabolic changes (viz.,
lactic acid formetion, deamination, splitting-
off of phosphorus from phesphocreatine end
adenosine triphosphoric acid) are known to
oceur at & very fast rate In the traumatic and
postmortal decompositions. . .

Rigor

Grossly one may observe that the muscle which was soft
and pliant becomes stiff or rigld, a econdition known as
rigor mortis, and after some time the rigor passes and the
muscle becomes pliant agein. Moran and Smith (1929
deseribed the changes occurring during rigor of normal intact
musecle as

1) Hardening and stiffening; 2) shortening;

3) loss of elastlicity; 4) loss of transparency;
5) loss of powsr to contract when electrically
stimulated; 6) formetion of lactiec acid; and
7) production of heat {(heat of rigor).

Experimentally the forms of rilgor produced may vary
with the,methoﬁa used to ki1ll the tissues, such as heat,
freezing, sudden electrical shock, injectlon of toxin, or

exposure to volatile asnesthetics. Also the time of the



beginning of rigor appears to vary with 1) the species of
animal, 2) the age of the animal, 3) different animals of the
same specles, 4) different muaaiea of the sama‘animal, 5) the
extent of acidity in tha muscle, 6) the nutritive state of
the animal, and 7) the amount of physical activity just prior
to killing.  8m1th cbserved that an animal which struggled
violently both before and after stunning went into rigor
gsooner tﬁan & gqulet animal (1939).
Hanson (1941) reports that:

It was found that the development of rigor

varied wldely in the seme bird. In one bird

rigor hed passed from the muscle after 1 hour

and 40 minutes storage {or had never developed),

whereas other birds were atill in rigor after
15 hours of storage.

Chemical and physical changes during the onset of rigor

Tha chemical changes which accompany rigor in the
normal animal are an innfaaae of leoctlic acid, paralleled by
& drop in pH, a decreese in glycogen and hydrolysis of nearly
all the esterified phcaghates to orthophosphates. Some in-
vestigators, including Mirsky (1935), have found that as much
as 70 per cent of the myosin of muscle becéme insoluble in
neutral selt solutione during rigor, but Smith (1937) was
unable to confirm this loss of solubility unless the tempera-
ture of storage was high enough to produce heat denaturation.

Callow (1935) followed the changes in muscle after

death by measurement of the electrical resistance. He found
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that the electrical resistance of muscle tissue is rela-
tively high after death, but is reduced toc one-half or one-
third of the iInitial value when mest is ready for curing
(approximately 48 hours). The resistsnce aoross and parallel
to the fibers became the ssme. Callow explained this change
from high to low raaiat&n&é by 8 change in the muscle struc-
ture from a closed to an open structure. This apen’strucw
tﬁre fits in with the histological picture described by
Hanson (1941). Callow also found a correlation between pH
and electrical resistance; that is, low electrical
resistance was aaaoeiatﬁé with low values for pH and vice

yersa.

Histological changes during rigor

The microscople studles of the muscle fibers in rigor
reveal that there ls s varisble response of the fibers. Some
fibers develop & wavy or kinked appesrance which is inter-
preted by Carey (1840) as indicating that these fibers are
pasaiéely retracted by the contraction of the noded fibers
and that they are not under tension. Other flbers exhibilt
rigor nodes which have characteristic zones of contraction
and rarefaection. The appearance of the fibers variles ﬁith
the mesns used to induce rigor. When rigor was produced by
extreme heat, freezing an& electrical stimulation, the

fivers showed irregular transverse bands of dense material



having very fine striations, alternating with rarefied areas
having widely separated striations. Carey (1940) has pubé
lished excellent histological studlies on striated muscle in
frogas. He studied the heat rigor nsdaa'praéuced in nmuscle by
exposure to temperatures of 20 to 40°C. He described the
- characteristicas of the nodes and Internodes as follows:
The pressure nodes of the stristed fiber con-
traction waves have deep differential chemical
staining, wide dlameter, condensed cytoplasm
and rounded, compressed nucleil, multiplication
of fine strise and an increase of anisotropy
and mineral ash content. The tension inter-~
nodes stain relatively less deeply and have nar-
row dlameter, rarefied fibrillated cytoplasm,
greatly elongated nuclei, coarse strise and a
decrease of anisotrophy and mineral ash content.
¢« » « The numbers of light and dark cross atriae
appear to be related to an optimum range of
temperature and rate of chemical reaction.

Hanson (1941), working with brollers, confirmed Carey's
work on the microscople structure of skeletal muscle in heat
rigarQ The excellent phetomiaragragha, gsimilar to those of
Carey, are shown in & paper by Hanson, Stewart and Lowse
(1942). Paul (1943) also found a similar microscopic

appearance in beef muscle,

Aging

The term "aging" or "ripening” generally refers to the
practice of holding meat at temperatures of 34 to 36°F. for
the purpose of improving the quality, particularly the
tenderness, of the maa;. The length of time required for

ripening varies with the animal type, the degree of ripened
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flavor desired and the temperature of storage. MNoticesable:
changes are: altered flavor, increase in the ease with which
Julce may be pressed from the meat and increase in tenderness;
the last two are probably correlated with histological

ehanges shown by disappesarance of ¢ross striae.

Organocleptic changes with aging

A number of studies on the quality of ripened meat have
been reported over a perliod of years. The investligators seem
agreed that an aging perlod of from seven to 15 days is
naaeéaary for the grestest improvement in tenderness in
meat / loran snd Smith (1929), Tressler and Murray (1932),

Hiner and Hankins (1941), Psul (1943) and Harrison (1947)7.

Most of the studlies on the tendernsss of meat have béén
done on beef, and comparatively few have been reported on
the effect of aging on tenderness of poultry. The work of
Stewart, Lowe and Morr {1941) showed that broilers increased
in tenderness after the passing of rigor. During riger the
muscles were decldedly rubbery, tough, and diffieunlt to chew
even though the birds were young. After 24 hours at 35°F.,
the meat changed 1little in tenderness up to five days.
Further work by Hanson, Stewart and Lowe (1943) indicated
that the tenderness of the breast of brollers incressed
rapidly with storage until approximately three hours. The
thigh increased in tenderness more slowly; & comparable

score to that attained by the bresst in three hours was not
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reached until after 42 hours of storage. Julclness was not
affected by the time of storage. Stewart, Lowe, Harrison
and McKeegan (1945) reyartéd that breast muscles of fowl
ﬁanderized rapidly yith aging to six hours, after which the
tenderiging was at & much slower rate. As in the ca;; of
th@}braiiers, thigh muscles became tender at a slower rate,
The study included 13 aging periods varying from ten
minutes up to five days; the results indicated that fowl
should be aged 24 to 48 hours before cooking. Aging of the
fowl before cooking dld not have a significant effect on
‘the juiciness scores. In & later study on the effect of
aging on tenderness of roasters aged various periods of
time before cooking, Lowe et al. (1946) obtained results
similar to those obtained with heﬁa‘axcspt that the rate of

tenderizing was slower in the hens than in the roasters.

Chemical chaenges in aging

The prinaipalvahsmieai changes oceurring during the
ripening of meat include some evaporation of water, slow rise
in pﬁ,‘and changes in the proportions of the niltrogen frac-
tlons, with increase In the smcluble nitrogen. The extent of
the changes depends on the length of storage, as thers seems
to be no apprealabia change in the proteins of beef during
the first few days of storage. Emmett and Grindley (1909)
studied the Influence of storage on beef and poultry and
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reported that the real changes were & distinct increase in
the inorganic phosphorus snd & decrease in the non-
nitrogenous organic extractives. Hoagland, McBryde and
Powick (1917) carried out an extensive investigation on the
changes in beef dur&ng‘éalé storage. They found evidence of
increases In aclidity, in proteose, noncoagulable amino and
ammoniacal nitrogen, andyin soluble inorganie¢ phosphorus.
Decreases occurred in coagulable nitrogen and in soluble
organic phosphorus. All ch@ngea were of a progreasive
nature.

The course and extent ef such complex reactions would
vary considerably with time and temperature. Practically no
studles on chemical changes have been made in over 20 years
and during this time there have been great mprovaménts in
methods of analysls, especially for proteins so that any

studles made now should yield interesting results.

Histological changes during aging

The autolytic changes which occur in tissues held at
temperatures jJust above fraexing;involvs the resolution of
~rigor and subsequent partial breakdown of the muscle flbers
and connective tlissue. Thaaevehangsa increase the tenderness
‘and ﬁay inerease the julciness and Iimprove the flavor of the
meat. An early study by Pennington (1908), investigating
the histological changes taking place in frozen poultry,
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reported the following for the fresh chickens used for
comparisons | |

‘There is s certaln amount of pulling éyart of

the individual fibers, due probably to desiccs-

tion, but &t no time is there seen the granular,

amorphous exudate between them. . . » One of

the most pronounced differences between the

appearance of the sections from cold-stored

chickens and from those whicg have decomposed

at ordinery temperatures (20°C.) is the com-

plete annihilation in the letter of certain

fibera leaving, &8s seen in the cross sections,

occasional empty spaces, though the surround-

ing fibers may be in a very fair state of

preservation.
Hanson {1941) reported a study in which the histological
samplea were obteined from both the cooked and the uncooked
muscle of brollers aged from slx to 40 minutes after killing
and up to 118 hours. This procedure would give a much better
histological plcture than that obtained by Pennington (1908},
who apperently used only samples of uncooked muscle removed
every 12 hours. Hanson described the histological appear-
ance of the cooked muscle of brollers stored at 1.7°C. for
varying lengths of time as being characterized by increased
replacement of the cross strise with granular material with
increased storage time. The disintegration occurred more
slowly in the uncooked than in the cooked fibers. These
changes appeared to be correlated with changes In tenderness
of the muscle. Fitzgerald and Nickerson (1939) reported
maximum tenderness of broilers stored two to three days at
. temperatures near freezing.

Stewart, Hanson, Lowe and Austin (1945) and Lowe et al.
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{194€6) have reported the effect of aging on tenderness of
roasters and fowl. They obaerveé that the onset and rate of
disintegration varled fram,biré to bird, but disintegration
was progressively more extensive with increased aging of the
birds. Disintegration in shnrt»tima aged carcessss was
characterized by short ztripé of granular material in one or
more flbers. As aging proceeded these strips became longer
and more frequent. Unlike the onset of rigor, disintegration
d1d not appear to be hastened by cooking. However, cooking
aeaﬁed to inerease the amount of granular material within the
disintegrated areas. Disintegration paralleled or closely
followed onset of rigor. It is not known whether dilsinte~
gration 1s dspendent on or independent of onset of rigor.

The ocause of ﬁisintégratien is probably autolysis by
proteciytic enzymes during the sging period. The increased
acldity would bring about a& more optimum pH for the action
of pepsin.

There was a wide variation in the time at which disinte-
gration of cross-striase was observed in different birds. In
general, it was earlier in the roasters than in the hens and
earlier in the breast muscles than in the thigh muscles.
Disintegration appeared as early (perhaps eariier) in
brollers as in roasters. The Increase in disintegration of
a particular nuscle was paralleled by the increase in

tenderness of that muscle. The comparative rate for



tendeéizing of muscles of birds of ¢different ages is shown
by the average tenderness scores. An average score of
eight was given for the pectoralis major muscle of brollers
aged three hours, for the roasters aged 12 hours and for the

~ fowl aged 48 houra (Lows et al., 1946).

Enzymes

In all living tissues the engymes present function as
prnmatara or catalysts af“tha 1arge number of different
chemical processes which occur in cellular metabéliam and
growth. The indivldual enzymatic reactions are controlled
in the intact cell in such & manner that the intermediate .
products do not accumulate. When the cells are damaged by
freezing or mechanical injury, these intermaéiateQ may
sppear. Furthermore, engymes, like catalase and parcxidasg,
may become activated and produce abnormal c¢changes. During
aging or upon injury, the naturally aéeurriug engzymes may
produce profound decomposition resulting In sclution of the
cell contents and even of the cell walls. This type of
decomposition is known as autolysis. For example, cathepsin,
whose probable role in the living cell is the synth&sis of
proteins, apparently induces autolysis of the proteins
during the ripening of meat, thus increasing the tenderness
of meat.

The enzymes which are involved in the degradation of
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proteins and their aplitmpradueta are called proteases.
Among the proteases, the proteinases, snzymes that hydrelyze
true proteins, are usually distingulshed from the peptidases,
which attack the protein decomposition products, such as the
dl- and polypeptides. The proteinases have been classified
into four general types by Ball and Kies (1048):

l. Proteinasea most active in neutral or
slightly alkaline media, the trypsinases
or tryptases.,

2. Protelnases most active In highly acid
media, pepsin.

3. Proteinases insctivated by oxidants, and
activated by reducing agents such as sulf-
hydryl and oysnide, papainsases,

4. Proteinsses of cellular origin, . . . with
hydrogen~ion optima at weakly aclid levels,
cathepsing . + « . being cell proteinases,
are endoenzymes as compared with the
proteinases of body fluid.

Smorodintsev and Nikolseva (1942) have reported re-
sults of experiments which indicate that the autolysis in the
tisaues does not continue at the expected rate after death,
They found that in the ripening of beef, the cathepsin, the
main proteinase of muscle tissue, activity decreases, even
though the ﬁH of meat is optimal for its action. These
same workers state in an earlisr report (1936} that the ac-
tivity of cathepsin is reduced 40-45 per cent in the first
24 hours of aging and an additional 20 per cent during the
next five days. The activity of trypsin, on the other hand,
increases for the first 24 hours, then drops shortly there-
after. Pepsin activity incresses steadily, reaching 2.5

times its initial value after the first ten days. The
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occurrence of autolysis In poulitry is shown by the increase
in tenderness with aging especially in the case of older
birds that are very tough but become more tender after aging
several days.

According to Maximow and Bloom (1944), the collagenous
fibers are acted upon by pepsin in acid solution but not by
trypsin in weakly alkalina.aalutian, The elastic fibers are
aiowly digested by pepsin and more rapldly by trypsin. The
amount of lactic acld produced post mortem, and hence the pH
attained, depend on the glycogen content of the tissues at
death. However, after an animal 1s killed the pH usually
drops from 7.4 to about 5.5 to 5.7. This increase in acidity
should favor the breakdown of connective tissue by pepsinases
irf autolyslis proceeds at the same rate after death as it
does in the living animal.

The functioning of enzymes at temperatures below 0°C.
has long been recognized by tha#a interested in cold storage
of foods where it appears that the chlef changes that occur
are enzymatic, Early literature on the Iinfluence of low
temperatures is summarized by Hepburm (1915). BHe reported
that a number of engymes survived prolonged exposure to
temperatures varying from sbout QGQ. to as low as -191°C.
(1iquid air), either in tissues or in solution. Sizer (1943),
in his review of the effects of temperature on enzyme

kinetics, called attention to the fact that enzymes are not
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inactivated by storage at temperatures as low as -186°C.

Smorodintsev (1943) reported that chemical changes which

- occur in storage of frozen meat at temperatures of -8% to

~-18°C. are due to enzyme action. Glucose progressively de-
creases, while lactlc acid accumulates. The enzyme activity
is more vigorous during defrosting than during the freezing
p@fioﬁ, with slow defrosting giving more intensive action.
In 1942 Smorodintsev and Nikolaeva reported that, in a study
using cow muscle for an incubation period of 24 hours, the
peptidase activity was increased 25 per cent at 3%. and 140
per cent at 37°C. After ten days at 3°C., the activity was
2,5 times that found at the time‘éf slaughter,
Although enzyme amctivity may continue in the frogen

atate, ice formation has & marked retarding effect.
Lineweaver (1939) and Sizer and Josephson (1942) pointed out
that, for the few cases investigated, the velocity of enzyme
reaction is fester in the supercooled state than in the
frozen state at the same temperature. The velocity greatly
aeareaées when the change of state occurs. They believe this
decrease must be due to increase in the concehtration of sub-
strate and to other changes which teke place In the physlical
and colloidal propertles of & system when it passes from the
- liquid to the =s0lid state.
ﬁany observations on enzymes have been of a purely

gqualitative nature, and there is & need for quantitative work
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on enzyme kinetice at low temperatures to furnish informetion
of funﬁémantal lmportance in the cold storage and freezing of
fooda. BSuch a study was made by Sizer and Josephson (1942)
on three typlcal enzymes--pancreatic lipase, trypsin and
yeast Invertase-~which attack fats, proteins and carbohy-
drates respectively, over the temperature range fﬁam 50° to
-70°¢. They found a sharp chenge in the temperature kinetics
about -2°C. so thet calculations of enzyme activity at low
temperatures based on measurements at higher temperatures

ere unrelliable. They states

The high actlvation energles for these engyme
systems at low temperatures should be of
apecial Iinterest to those concerned with the .
storage of foods and other biologlcal meterials
at low tempersatures, since it mesns that rele-
tively small decreasss In temperature below
freezing will be relatively very effective in
retarding undesirable enzyme sction. For
lipase, trypsin and invertase a unlt decrease
in temperature below -2°C. is roughly five
times as effective In retarding enzyme action
as & similar decrease in temperature above 0°C.
Studies reported in this paper clearly indicate,
however, that enzymes are not In any way de-
stroyed by very low temperatures, so that when
cold storage foods are returned to normal
temperatures, enzyme action will regain its
original rate.

In a study of frozen poultry (Hoffmen, 1939) which had
developed a very powdery texture, the microscopic examination
of the tissues showed that elastic fibers had been acted upon
by an enzyme erianﬁymsa and had fallen apart in tiny rodlike
shapes. Lowe (1943) has suggested enzyme action as a cause

of the partial disintegration. Since this type of partial
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disintegration has only been observed iIn frogen poultry, the
proteolytic enzyme acting on elastin apparently must be active

at low temperatures.

Rete of Freezing

Some of the early invesiigatars froze gels in an attempt
to determine the effects of freeaing'gn a hydrosol. Such an
experiment was performed by Moran (1929) in which he found
that freezing was intermittent, i.e., centers af‘crystalliza~
tion formed which were filled with & solid solution of ice
and gel and between these ap&aea were araaa of homogeneous
gel. This 1s éurpriéingly similar to the effect of freezing
on muscle tlssue, but the muscular syatem 1s much more com-
plex and requires study of the particular tissue involved as
apparently not all animal tissue behaves the same under
similar conditions of freezing. In a study of Iice formation,
Moran (1931) found that Iin the same pilece of meat frozen at
-4°P, large crystals were formed in the center of the sample,
whereas, on the outside layer, where time requlired for
freezing was shorter, the lce crystals were very small.

Moren (1932) slso reported that at ~5°C. approximately 82 per
cent of the water in meat was frozen; more water was frozen
at lower temperatures, but a smaller per cent in reletion to
the reduction In temperature.

. There are many factors whiech affect the time of cooling
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or the rate of freezing. Stiles (1922) grouped these factors
into two classes: internal factors depending on the nature

- of the cooled substance, the produet, and external factors
depending on the properties of the cooling medium., Any prop-
erty of the product affecting its heat capacity or conduc-
tivity will also affect the precooling time. Such factors

as thermal conductivity, specific heat, latent heat, specific
surface and the nature of the surface would be included under
the first class. Thus the initial tempersture and weight of
the bird can be estimated quantitatively and relsted to the
time required for both precooling and freezing. However,
other factors such as the shape of the bird, which would
affect the surface-to-volume retio, and the content and dis-
tribution of moisture and fat in the carcass cannot be
measured with sufficient precision to determine their influ-
ence on the cooling rate. In most cases the propertles of
the cooling medium are comparatively well understood and
more easily controlled.

In sddition there are a number of factors which affect
the rate of freezing of meat at any given freezing tempera-
ture. The fraazing‘r&te may be incressed by 1) using
peckaging materisls with low insulating valus, 2) preventing
air pockets within the package, 3) using methods which
accelerate the transfer of heat, and 4) reducing the size or

thicknesa of the product or removing any excess fat.
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The terms fast freezing and slow freezing have been used
vaguely and have no definite meaning. According to Moran
(1932) meat is quick frozen if it is chilled through the )
temperature range of 41°F. to 23°F. in one-half hour or less.
Quick freezing is defined by Poole (1935) as freezing by any
method in which the “"zone of maximum crystal formation” or
solidification (31° to 25°F.) is passed through in a short
time, about one-half hour or less for most desirable results.

Hence, the size and location of 1ce erystals in frozen
tissue will depend on tha rate at which the temperature of
the meat is dropped from Just above the freszing point {30°F.
for beef) to spproximstely 256°F. The ice crystals will be
smaller if the temperature of the meat is reduced through
this zone Quiekly, than if the temperature is reduced slowly.
In addition to the effect that the rate of freezing has on
the ice-crystal pattern, the length of time betwsen slaughter
and freezing is important. Ramsbottom and Koonz (1940) have
shown the microscopic appearance of lce crystals in steaks
frozen at -30°F. at six hours, one day and 35 days after
slaughter. The ice ﬂrystalé are pragrassivsly larger as the
time between slasughter and freezing is Iinocreased. They
attribute this phenomenon to the physicﬁ*ehemical changes
which take place in the muscle during eand following rigor
mortis. Chambers and Hale (1932), in an interesting study of
the formation of lce iIn protoplasm, concluded that the
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sarcolemma of the cytolysed muscle fiber may serve as an
obstacle to Internal freezing but not so efficiently as that
of a living cell. 36 the histological structure also enters
into the determination of the ice crystal formation. The
alaatiaity of the aargalamma apparently permits the indi-
vidual fibers of muscle to withstand considerable internal
pressure from lce columns, which sccounts for the difference
betﬁaan the effects of freezing on muscle and aﬁ vegetables
ahﬁ'fruita, in which the cali nalla are not slastic and
coﬁaaqu&ntly are eftenvrupturﬁé.,

Many cuts of meat, paerticularly atéaka and chope have a
‘large area of cut surface in relation to volume of meat. It
‘hes been found by a number of Investigators that raplid freez-
ing or intra-fibrillar fragsing,ia desirable 1f drip is to be
hﬁld at a minimum after these products are defrosted. However,
this is not true for poultry, as has been pointed out by Sair
and Cook (1938) and Koonz and Ramsbottom (1939). Poultry
meat does not drip noticeably unless the muscle has been
finely minced, & treatment that would hardly be used except
for experimental purposes. Apparéntly freezing rates are not
80 critical in the case of poultry as they are for some cuts

of meat snd for certaln fruits and vegetables.



Effect of Freezing on Tissue

In considering the effect of freezing on tissue, the
change in atructure is Important in determining how nearly
meat will resembls unfrozen meat when thawed. Plank (1925)
“pointa out th&vimyortanee of two effects of freezing: the
damage to the protoplasmic structure by formatlion of ice

‘eryatals and the consequent dehydration of the colloid.

Chemical changes

Aéaording to Moran (1935) freezing promotes denatura-
tion of tha muscle proteins and this denaturation of the |
muscle proteins is maximal at a temperature in the range -2°
to -3%C. Work reported by Smorodintasev (1943) indicated that
meet proteins are not cleaved or denatured by the freezing
process. The changes due to an#yma sction were progressive
decrease in glucose with an accumulation of lactlc acid.
Considerable enzymie c}aavéga of phosphatides occurred on
storage, but the cleavage did not reach the inorganlic phos-
phate stage. TUndoubtedly more work is needed along this line
and newer metheds of protein analysis should give more

reliable resulis.

Histological changes

As long ago as 1908 Pennington reported & histologlecal



study on chickens frogzen at -15°C. compared with fresh birds.
She found that simple freezing caused a slight pulling apart
of the fibers, but they retained their Integrity. However,
after only one month of storage at ~-10°C., she observed
indications of an sutodigestion which result&é’in the presence
of homogeneous protein material between the bundles of fibers,
and lster the sarcolemma ruptured, permitting the exudate to
atream from the end or sides. Later work by this same worker
(Pennington et al., 1217) reported the same characteristic
changes in histological structure. Sherrill (1928) showed
that slow freezing damages the muscle structure of haddock.
Vickery (1926) also emphasized the importance of the éffact
of freezing on the sarcolemma; his work indlicated that the
sarcolemma hes an important role in determining the amount of
reconstitution that will take place. Most of the early work
1s on slow freezing of food and the present tregd is toward
using temperatures of O°F. (-17.89C.) or below.

Are the changes in the tissue altered by the method of
freezing and is rapld or slow freezing better? One of the
early studies which attempted to answer these questlions was
made by Nuttall and Gardiner (1919) on the histological
changes in frozen fish. They found that in rapld freezing
a2 single colunm or a number of small colurmns of lce were
formed in each muscle fiber. The less fluld parts were

presased against the sarcolemma so the fibers simulated



hollow cylinders analeaing ice columns. There was no damage
to the sarcolemma, whereas in slow freezing it was ruptured.
Lampitt aﬁd Moran (l93$) sﬁudied the quality of slowly and
rapidly frozen beef and lamb. Although they observed a
marked difference in the appearance of microscopic cross
sections of the frozen meat samplaa, the palatability tests
/ahawcé that there was no marked preference for either the
rapld- or alow«frazan samples.

Dubois, Tressler and Fenton (1942) studied cross sections
of chicken after freezing with different methods and condi-
tions. Chickens were frozen with the Birdseye multiplate
fraezér, and in air with and without air blast at -10°, -8°
and ~259?; Large ice corystals ware found in the tissues
frozen slowly at ~lG°?., whereas the faster methods effected
‘the formation of & large number of very small crystals.
Koonz and Ramsbettaﬁ (1939) also studied frozen sections of
chicken muscle. They reported that if small pleces of
poultry muscle are frozen almost instantaneously, the water
fresezing within the flbers appears as minute, evenly
distributed ice columns. If the temperature ls raised, the
water will be displaced to the center of the fiber and will
appear as a single, large, centrally located lce column
parallel to the long axis of the fiber. When the freezing
is slow, the water will be lost by the fibers and will freeze
external to the fibers. Whole birds frozen at ~-32°F. showed
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Intra-fiber freezing in some of the fibers, whereas other
fibers lost water which froze external to the fibers. In
birds frozen at -15°F. extra-fibrillar freezing occurred ex-
clusively. The authors point out that very slowly frozen
poultry appears ﬁg§k, with very large ice cryataléycf the
extra-fibrillar type. When poultry is frozen at a tempera-
ture that Insures & rather naturel bloom, the ice crystals
are smaller and more numerous, but are still prinéipally of
the extra~fiber type.‘ /

The conditions and influences that may affect the dis-
tribution, size and number of i&é formations in frozen
| poultry are many. Shrewsbury et al. (1948) found that pork
tissue frozen at -29°F. presented a varled histelogieai
appearance from even distribution of undamaged cells, to
cells with small vacuoles and sarcolemma intact or distorted
cells with damege to their outer surfaces. From the evidence
" they concluded that freezing pork muscle at «~26°F. produced
both extra-fibrillar and intra-fibrillar freezing, and the
extent and type of tissue damage varied considerably within
and between animsals. One Important factor in determining
the size and location of lce crystals which has not been
considered by most workers is the time between slaughter and
freezing. Remshottom and Koonz (1940) showed that ice
erystels became progressively larger in beef steaks as the
time between sleughter and freezing increased. They state

that & microscoplc study of the tissues showed that
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intra-fibrillar freezing occurred in steeks frozen at -30°F.
six hours after slaughter. Howaéur, in steaks held one day
before freezing at the same tempersature, ~50°F., extra~
fibrillar freezing was predominant. This was also true for
all steaks frozen longer intervals. Further, they founé‘ﬁhe
extra-fibrillar ice crystals in the steaks were rather small
when frozen one day afteér slaughter, becoming progressively
larger as the time between slaughter and freezing increased.
They remarked that these findings were also true for poultry
but gave no experimental evidence. Stewart, Hanson, Lowe
and Austin (1945) have presented evidence to prove that time
between slaughter and freezing, as well as the freezing
temperature, affeots the histologlical appearance of muscle
fibers and the locatlon of lce crystals.

All birds frozen st -67.8°F. within two hours
after slaughter had vacuoles within the flbers
of breast and thigh muscles. The vacuoles
were very numerous in both rew and cooked sec-
tions from some brollsrs, less so in other
broilers. . . « These vacucles were considered
an indication of intra-fibrillar freezing, ice
erystals having formerly occupled the site of
the vacucles. Intra-fibrillar freezing also
occurred in all breast muscles and half of the
thigh muscles of broilers frgzen within two
houra after killing at -45.5 Ko intra-
fibrillar freezing occurred in broilers frazen
within two hours after killing st -20. 5°%. In
general, intra-fibrillar freezing d4id not occur
in any brollers held 18 hours before freezing,
regerdless of the freezing temperature used.



Effect of Freezing on Tenderness

The results of most of the studies on the influence of
freezing on the quality of meat have shown that freezing
tenderizes meat. As early as 1907 Lehmann noted that freez-
ing increased the tenderness of beef and that the effect was
greater in the less tender muscle or "flank" than in the
loin muscle. Tressler, Birdseye and KMurray (1932) found
that quick freezing of beef and subsequent storage at -0.4°F.
had a tenderizing effect. Paul and Child (1937) reported
that beef frozen at ~2,2°F. was not tenderized. However,
the longissimus dorsi muscle from rolled rib roast aged ten
deays was used for thair study so that a comparstively tender
mugcle may have raaaha& its meximum tenderness before it was
froz&n. Henkins and Hiner (1938) found that freezing short
loin steaks, aged 96 hours, at 20°, -10° or -40°F. increased
- the tenderness when cémparad with those held at 34°F.

The time of aging before freesing will condition the
tenderizing effect, so in any study of the effect of freeg-
ing on tenderness the time between killing and freezing
should be considered as an important factor affecting the
final result. Hiner and Hankins (1941) reported that beef
samples stored at 33° to 35%. for five, 15, 25, and 35 days
became more tender with aging. The tendernsass was further

increased by subsequent freezing, but to a decreasing degree
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with increasing storage time.

Most of the studles on the effect of freezing on tender-
nesa have been made on beef, and raiatively little information
exlsta concerning the influence of aging before freezing on
the tenderness of chickens. In a study on the effect of
drawing before freezing on the palatability of poultry,
Hoffman (1939) found that roasters chilled overnight were
more tender than those frozen within two hours after killing.
In a review of this study Lowe (1939) remarked that the mean
scores for tenderness 1ndiaated that the birds frozen a
second time were somewhat more tender than those frozen only
once before drawing. In thelr study on the effect of rate
of freezing and the tamperatura}er storage on the quaiity of
frozen bcultry, Dubois, Tressler and Fenton (1942) did not
discuss the effect on tenderness. However, an examination
of the scores given in their report reveals that nine out of
thé 11 freezing methods employed had scores from 0.4 to 1.5
higher than the 5.]1 score for tenderness of the fresh |
chicken (7.0, highest possible score)., Stewart, Hanson, Lowe
and Austin (1945) reported that freezing broilers at -5°,
-60° and ~90°F. caused no significant differences in the
tenderness of the breast muscle. However, the thigh muscles
of the fresh controls were rated less tonder than the
corresponding muscles in the frozen birds.

Wills (1948) found fryers eviscerated and frozen within
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two hours after killing were less tender than similar fryers

held 24 to 48 hours before eviscerating and freezing.



METHOD OF PROCEDURE

History of the Birﬁé

The 50 chickens used for this study were obtained at
the Iowé State College farm. The roasters, 24 Rhode Island
Reds and six Bsrred Rocks about five to elight months old at
the start of the study, weré killed, frozen and cooked
~ between Jenuary 6, 1947, and February 10, 1947. The 20 fowl,
White Zegherna rangiﬁg in age from 20 months to two years,
‘one month, were killed, frezén and cooked betwesn February 17,
1947, and March 12, 1947. All the chickens received similar
rations of 18 per cent protelin mash and grain, consisting
of one-half corn and one-half ocats. Thus any differences

between birds would be due to factors other than feed.

Preparation for Qooking and Freezing

XKilling and aging

The birds were kllled at the Poultry Laboratory with
the exception of & few in the 30-minute group killed in the
Home Economics Laboratory. After killing, the chickens were
held firmly by the neck and legs, head down, while they bled
for one minute. They were immediately scalded by plunging
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In two gallons of water at 138°F. (58.9°C.) In which they
were agitated for one and one~half minutes., Next the birds
were dressed and eviscersted and, after washing inside and
outside with lukewarm running tap water, were placed in
pliarilﬁ bags for aging. The agling perlods (time between
killing and freezing) used were 30 minutes, and one, two, six
and 24 hours. The 30-minute and the one~ and two-hour groups
were aged at room tempersture, and the six- and Z24-hour
groups were aged in the refrigerator at 59,2°F, (4.0°.).

Thirty minutes before the end of the aging period, the
chickens were cut in half priar to freezing and cooking with
the exception of the 30-minute group, which were halved 15
minutes before coocking and fresezing. The birds were cut in
half in an attempt to eliminate some of the differences

resulting from the great variation between individual birds.

Cutting the chicken in half

Since the keel bone could not be cut in half, the cut
was made as close to the bone as poassible. Thus one side of
the chicken had the keel bone intact which protected the
breast muscle, whereas on the other half of the bird the
breaat muscle was cut and exposed, To provide a covering
to protect this cut surface, the neck was cut off close to
the body and the skin from the neck was brought down over

the body cavity and sewed to the skin on the breast. (The
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half of chicken with the bone in was treated similarly.)
See Figure 1. Another factor to consider in cutting the
birds in half was the effect of cutting the muscle a short
time after slaughter, Studies by Lowe and Stewart (1946)
have shown that if breast muscles of rossters are cut soon
after slaughter, a toughness often develops along the cut
surface which persists even after ag;ng and cooking. In
order to minimize the effect of cutting the muscle and of
having the keel bone only on one side, the treatment of the
cut slde was alternated so that approximately one half of
the cut sides were used as fresh controls and an egual num-
ber of out halves were frogen. However, when both sides of
the bird were frozen, the cut side was frozen at -30°F.
After the bird was cut in half, a small histologloal
sample was removed from the pectoralis major muscle about
one inch anterior to the sternal crest of each half of the
b;rd. Then the neck skin was pulled down over the body
cavity, and both halves were sewed as shown in Figure 1., A
constantan~copper thermocouple for recording the rate of
freezing was placed in the thigh of the half to be frozen.
This half was then put in a pliofilm bag, the sides of the
bag were pressed against the chicken to exclude all air
possible, and the bag was tied securely with string. See

Figure 2.
At the end of the aging period, one hslf of the bird was

used as a fresh control and was cooked. The other half of



Fig. 1. Showing a half of chicken ready for
cooking. :



Filg. 2. Showing a half of chicken with the
thermocouple in the thigh and in a pliofilm
bag ready for freezing.
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the bird was frozen. At the end of 24 hours, the frozen half
of chicken was thawed (24 hours) and then cooked. In this
study no attempt was made to separate the effects of freezing

from the effects of thawing.

Freezing and Thawing

All the halves of birds were frozen in the Iowa State
College experimental freeging unit. They were held for 24
hours either in the sharp freezing unit st -30°F. (-34.490.)
or in the 0°F. (-17.89C.) room. Two roasters and two fowl
- were cut in half, and one side was frozen at each temperature
for each of the five aging periods, making a total of four
replications for each treatment. For this part of the experi-
ment & total of 40 halvea of chicken were frozen and 40 halves
were cooked. This meant that each half of chicken that was
frozen could be compared with the corresponding fresh half of
chicken for palatability, shear force and histological
appearance. In the case of 10 roasters both sides of the
pird were frozen, one at ~-30°F. and one st O°F. Two replica-
tions were made at each-aging period. 1In this part of the
study, the half of bird frozen at -30°F. could be compared
with the half frozen at 0°F. |

These treatments were randomized so no particular ae-
quence was followed for aging or freezing. Also the halves

of birds were given a& code number so the Jjudges were not
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aware of the treatment the birds received.

At the end of 24 hours, the frozen half of chicken was
taken from the freezer locker to the Home Economics labora-
tory. A histological sample was sawed out about one inch
anterior to the sternal crest, a spot corresponding aé nearly
as,posaible to the place where the sample had been removed
from the other half of the bird used as a fresh control.

See Flgure 5. As soon as the sample was removed, the half of
bird was put in the refrigerator to thaw for 24 hours at
39.2°%F. (4.0°.).

Rate of freezing

The drop in temperature occurring during the freezing
of each of the birds was measured by means of a Leeds and
Northrup Micromax {calibrated in degrees Fahrenheit). Each
freezing room had six sets of poles connected to the Micromax.
The constantan-copper thermocouple, placed in the thigh of
sach half of bird before wrapping, was attached to one of the
sets of poles and the temperature was automatically recérdad
every six minutes on & moving roll of paper calibrated in
degrees Fahrenhéit, Freezing curves were made from these

detailed data.

Cooking

The weight and tamperature of each half of chicken were
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Fige 3. Frozen half of bird showing location
from which histological sample of the un-
cooked breast muscle was obtalned.



recorded just before cooking. A thermometer, six inches

long with & short bulb, was Inserted into the center of the
thigh parallel to the breast bone. The half of bird was
placed breast side down on a wire rack about one-half inch
above the bottom of a shallow, uncovered pan. The dimensions
of the oval-shaped pans were: long diameter, 15 inches;
short diameter, 12 Inches; haight; 1.75 inches. All halves
of birde were roasted in the oven at a temperature of 150°C.
(approximately 300°F.) until the thermometer in the thigh "
registered 195°F. Ordinarily fowl are braised {covered and
cooked slowly with some added moisture), but for this study
roaéting Qas used because 1t was a more uniform method in
whiqh the procedure was easier to standardize and the tempers-
ture regulation more accurate. Temperatures of the oven and
the bird were raecrdad‘evary 20 minutes. When the thermome-
ter in the thigh read 195°F., the halves of birds were
removed from the oven. The weizht of the half of bird was
recorded and then the weight of the pan, rack and drippings.
From these welghts the coocking losses were calculated.

The total cookling losses of all samples were calculated
a8 the difference between the welzhte of the raw and the
'caoked halves of chickan, The loss as drippings was taken
as the differences in welght hetween the roasting pan and
rack containing the drippings and the empty pan and rack.

The volatile loss was cglculated as the difference between
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total cooking loss and the drippings. The percentages of all
logses-~total, drippings and volatile~-were calculated on the

weight of the uncooked chickens.

Methods of Testing

saoring

The pectoralis major, the large breast muscle (Figure 4),
and the pectoralls secundus, just under the pectoralis major
(Figures 5 and 6), were the two muscles used for scoring by
a group of four Jjudges. ?alat&hility of the chickens was
consldered to be dependent upon the four factors: aroma,
flavor, tenderness and Julciness. Each of these four \factors
was judged on a basis of ten points so that a perfect bird
would have a score of 40 points. The scores were recorded
on a score sheet similar to the one included in the appendix.

In removing the muscles for judging, the skin of the
cooked bird was pulled back and the muscles removed by cut-
ting as close as poasible to the keel bone and the wish bons.
See Flgure 4 or 5. The anterior tip ends of both muselea}
were slways discarded because of their heavy connective
tissue. Each judge was always glven the same section of the
muscle to judge; that 1s, the first cut from the anterior
portion of the muscle was always given to one judge, the

second judge received the second cut, and so on. After the
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Fig. 4. Pectoralis major muscle of the breast.



Fig. 5. The pectoralis secundus muscle. The
pectorallis major muscle has been removed
entirely.
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Fig. 6. The pectoralis major muscle partlially
removed, showing the pectoralls secundus
muscle beneath 1t.



nglu

Judges' samples were taken from the pectoralls major, a
small histologlcal sample was cut and the rest of the muscle
was carefully wrapped in wax paper and stored In the refrig-

erator until sheared the following day.

Shearing

~ Shearing, as used for an objective test of tenderness,
is the forcé in pounds required to cut across the muscls.
The rsmginder of the pectoralis major muscle was used for
shear tests. The firast shear was made on the tip or
posterior end of the muscle where it is only about 1/2 to
3/4 of en inch wide. Each shear was about 3/8 of an inch
above the pravioun one. It was possible to obtain & total
of s8ix shears. The pounds required for shearing Iincreased
as the muscle increased in width and thickness. The. shear
strength readings for one muscle were averaged and the mean
score of the force required for shearing In pounds was taken
a8 an indication of the tenderness snd compared with the
judges' scores for tenderness. Hoffman (1939) has a com-
plete description of the construction and operation of the .
shearing apparatus. A picture of the shearing apperatus is
shown in Flgure 7.

Histological studles

Four histological samples of the pectoralis major muscle
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Fig. 7. The shearing apparatus.



of each bird were obtained for the histological studies:

1) from the fresh half of the bird to be cooked and from the
half to be frozen, 2) from the cooked fresh control half,

3) from the frozen uncooked half of bird, and 4) from the
frozen-thawed half of bird after cooking. The muscle samples
were fixed In a solution composed of physiological salt solu-
tion and ten per cent formalin and stored in small bottles.

All the sectioning of the chicken tissue was done on the
freezing microtome. The cooked muscle was cut 15 microns
thick and the uncooked wes cut at 25 microns. The muscle was
stained with Herris' alum hemastoxylin for studying the muscle
fibers. Fach sasmple was slso stained with Harris! alum
hematoxylin and Van Gelisen's mixture of acid fuschin and
pieric acid so the distribution of the collagenous fibers and
its effect on the muscle could Se studied. Samples from each
age group were stalned with Welgert's modified elestic stain
and then with Harris' alum hematoxylin and Ven Celsen's
stain. BSome of the fowl sectlions were steined In Herxheimer's
scarlet R solution to show the distribution of fat.

After the frozen sections were cut, they were trans-
ferred to & small wire basket in which ﬁhsy were carried
through the various solutions. The sections were sxtremely
frisble and had to be handled with great care. Glycerine

jelly was used for mounting the sections.
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RESULTS AND DISCUSSION

Size and Welight of Birds

A1l the fowl were from an inbred line of White Leghorns,
which were very small. The roasters were Rhode Island Reds
and Barred Rocks and were quite large birds.

The welight before cooking of the individual halves of
roasters varled from 681 grams (1.5 1lbs.) to 1215 grams
(2.7 1lbs.). The fowl were noticeably smaller. Their weights
varied from 412 grams (0.9 1lbs.) to 1048 grams (2.3 1lbs.).
The deteiled data on weights are given in Tables C and D of
the Appendix. The aversge weight of the fresh control and
frozen halves of roasters and fowl for the different aging
pericds are given (Table 1). The difference in weight
between the fowl and roasters 1s quite evident.

Taﬁla l. The average wﬁighb before cooking of halves of

roasters and fowl aged varying periods of time
before cooking or freezing.

time Roasteras Fowl Roasters Fowl Roasters Fowl

' gms - @lﬁa gma. gﬂlﬂ. glns. gn!s.

30 min. 871.8 661.8 904.0 - 659.0  954.0 593.0
2 hours 807.8 734.8 883.3 626.0 822.3 7935
6 hours 864.5 654.3 022.3 BE76.5 8l12.8 543.0

24 hours 952.83 633.5 951.3 701.5 887.5 615.5




The average welght of all the halves of chlckens used
for fr@ah.oontrala was 777 grams (1.7 lbs,) as compared with
805 grems (1.8 1lbs.) for the halves of carcasses frozen at
0°F, and 841 grams (1.9 1bs.) for those frozen at -30°F.

See Table 4. Although there was considerable variation in
welght from bird to bird, the mean weight for each treatment

was practically the same.

Cooking Time

Studies have shown that the factors which affect the
time required to cook poultry meat to a certain temperature
aro: a) the cooking temperature; b) weight of the chicken;
¢) the shape of the bird, short and thick or long and thin;
d) fat deposition; e) the initial temperature of the bird;
f) the composition of the meat; and g) the degree of post-
mortem changes.

The average cooking time for the halves of roasters and
'fowl is given in Table 2. The shorter cooking time for the
halves of fowl was to be expected because they weighed less
than the roasters. The average cooking time given iIn
Table 4 for all control halves of chicken was 114.5 minutes,
furltha halves frozen at O°?., 128.7 minutes and for the
halves frozen at ~30°F., 136.35 minutes. The initial tem-
perature at the start of cooking was lower for the thawed

halves than for the control halves; hence they required a
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Table 2. The average cooking time of halves of roasters
and fowl aged various periods of time before
cooking or freezing.

Aging Frogen O°F, Frozen -30°F.
time Roasters Fowl ‘Roasters PFowl = Roasters Fowl
mine. min. min. min. min. min.

50 min,. 133.3 99.0 150.8 96.5 166.2 120.0
1 hour 138.8 86.3 157.8 103.b6 131.0 101.5
2 hours 121.8 87.0 151.3 85.0 140.8 115.0
6 hours 124.2 830 149.2 120.0 128.2 95.0

24 hours 142.5 105.5 136.2 140.0 133%.8 101.0

longer cooking time. The variation in cooking time within
each group indicates that aging did not have any appreciable
effect on cooking time.

Cooking losses

, 'Tha d&ta oﬁ the cooking losses are presented in Table 3.
The average values Indicate that freezing did not appreciably
affect the péreantnga of cooking loss for eiﬁher the roasters
or the fowl. The changes attributable to aging or freezing
are either too small or too variable to be significant.
However, it should be noted that for both roasters and fowl
the cooking loss for those aged slx hours Is less than for
the Z24-hour group. However, the halves aged 24 hours
weighed more, hence required a longer cooking time.

Since the birds in this study were halved, there was a
- large cut surfsce on the breast muscle of the half of bilrd

from which the keel bone was separated., This increased the
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Table 3. The average total cooking losses of halves of
roasters and fowl aged varying perioeds of time
before cooking or freezing

time Roasters Fowl Roasters Fowl Roasters Fowl
% % 4 % % %
30 min. 28.5 27.5 28.4 24.3 29.3 30.3
1 hour 28.8 30.4 23.2 27.4 24.9 28,0
2 hours 28.4 251&3 28&1 2700 2906 26.4
& hﬁul"ﬁ 2540 27.8 28.1 31.6 21l.2 27.6
. 24 hours £298.6 30.5 29.6 35.9 28.0 27.8

opportunity for 10856& by dripping and evaporation. However,
as stated previously, the cutting was planned so that an
aquai number of halves without keel bones were in each group
and also the neck skin was sewed over the breast to minlimize
any losses. All birds were halved In a similar fashion;

thus comparisons between groups would be valid.

Cooking losses and cocking time

Losses in welght during cookling showed a llinear
relationship with the total cooking time.

The data on welght, total cooking loss, cooking time
and temperature relationships are summarized in Table 4.
Under the conditions of this study, the average values
indicate that the total cooking loss was not appreciably
affected by freeéing. Contrary to the usual finding, the
cooking time did not decrease with aging; however, Paul
(1943) found that the cooking time of beef did not decrease



Table 4. Summary of the average weight before cooking, the total cooking loss, and
. cooking time-temperature relationships for halves of all chickens aged
varying perlods of time before cooking or freezing and cooking
Tim Welght Total Time Initiel Total Tempera~

of before cooking of tempera~ temperature ture rise
aging cooking ~loss cooking ture riase per min.
: £ma . ‘ min. d‘ﬁo d—f‘- vﬁq
Fresh controll
30 min. 766.8 28,0 116.1 88,7 106.3 0,960
1 hour 795.9 29.6 117.5 75.6 119.4 1.046
2 hours 821.2 26.8 106.1 T7.9 117.1 1.183
6 hours 709.4 28.4 108.6 60.1 135.0 1,336
24 hours 792.9 30.0 124.0 491 145.9 1.285
Average TT7.2 28.6 114.5 T0.3 - -
Frogen ~30°F.% , ‘
30 min. 833.6 29.5 150.2 3246 l62.4 1.108
1 hour 705.% 25.9 121.2 35,3 159.,7 1.361
2 hours 812.7 £28.5 132.2 377 1573 1.265
6 hours 789,.5 26.0 117.2 55.9 189.1 1.410
24 hours 796.8 28.6 122.8 42.2 152.8 1.283
Average 806.2 R7.5 128.%7 3647 - -
Frozen 0%F.%
30 min. 822.3 7.7 132.7 3549 159.1 1.268
1 hour 852.3 24.6 136.56 35.0 160.0 1.248
£ hours 857.5 87.7 132.5 34.2 160,8 1.274
& hours 807.0 20.3 1365 38,9 166.1 10188
24 hours 868.0 31.7 137.5 41.3 153.7 1.121
Average 841.4 28.2 136.3 370 - -

Average of 4 halves of roasters and 4 halves of fowl.
2Avers.ge of 4 halves of roasters and 2 halves of fowl.

- 8g -



with increased storage. The cooking data Indicated that

the muscle fibers in the frozen-defrosted birds were able to
retain the reabsorbed water as the enaking loases were
similar for the frogzen and fresh control chickens. This is
in agreement with the results of Koonz and Ramsbottom (1939).
' The detail date for individual birds, including the
'volétile,and dripping 163335, are given in Tables C and D of
vths Appendix. The volatile loss accounted for a large part
of the total cooking losa. The average volatile loass ranged
from 17.3 to 23.3 per cent as compared with 6.3 to 9.0 per
cent for’dripﬁing loss.

Appearance

The rate of freezing did not affect the appearance of
the birds as there was no indication of loss of bloom in

the halves of chickens frozen at 0° or at -30°F.

Palatability Factors

mhe pectoralis major’ané the pectoralis secundus muscles
of the'haivas of chickens were judged for tenderness, julci-
ness, flavor, and aroma. Each factor was scored from cne to
ten with the exceptlion of tenderness in the fowl in which
case minus scores also‘wéfa‘uaad; This was necessary because
some of the fowl were guite tough and the range of one to ten

used for scoring tenderness in the roasters did not allow
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sufficlently low scores to adequately indlcate the toughness
in the fowl. The values assigned for tenderness scores were
based on the number of "chews" necessary for complete masti-
cation of a plece of chicken meat. Each judgg set up‘har own
atandard. The data for palatability scores for individual
birds are given in‘Tablas A gnﬁ B of the Appendix.

Aroma and flavor

The average aroma and flavor scores for the two cooked
breast muscles of the halves of the fresh control and frozen
birds are given in Tables § and 6 and are shown graphically
in Pigure 8. There is practically no difference in the
aroma scores. In general the flavor scores were‘similar to

the aroma scores, showing little variation between treatments.



Table 5. Average palatability scores of pectoralis major
muscle of the halves of all the chickens aged
various perlods of time before cooking or freezing

b e s e

Time of Ho. of Tender-  Julei=-
aging halves Aroma Flavor ness ness

Fresh control

30 min. 8 8.9 8.7 1.2 T2
1 hour 8 8.8 8.2 1.6 5.6
2 hours 8 8.7 Bed 1.6 6.2
€ hours 8 8.7 B.6 6.6 8.3
24 hours 8 8.9 T 8.4 8.7 5.2
Frozen O°F. .
30 min. 6 9.0 8.7 8.6 6.2
1 hour & 8.9 8.8 7.2 5.9
£ hours 6 8.9 8.5 8.0 Ged
6 hours 6 8.9 8.6 8.2 5.0
24 hours é 8.9 B.4 Bed PR
Frogen -30°F.
- 30 min. 8 9.0 8.6 8.0 DabH
1 hour 6 8.9 8.4 8.2 6.0
2 hours 6 8.9 8.7 7.8 5.9
€ hours 6 9.0 8.7 7.0 6.1
24 hours -] 8.8 3.6 8.2 5.4
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Juiciness

The amount and state of free and bound water in the
muscle would affect juilciness. Johnson (1946) determined
by vapor pressure methoda the amount of bound water in the
pectoralis major muscle of roaatara¢ She found that there
was a greater binding of water with longer storage and at
higher storage temperatures. Also the quantity of bound
water was noticeably 1ngreaaaé by cooking. The factors
affecting juiciness also include feed, finish and fat distri-
bution, extent of éaekiag and the treatment of the blrd, such
as aging or freezing. 1In view of these and other factors,
it is apparent that the only way to obtain vaiié comparisons
between_treatmeﬁta 18 to divide the birds in half.

The average éaerea for julciness of the two cooked
breast muscles ¢f the halves of all the’freah control and
frozen birds are given in Tables 5 and 6. The julciness
scores are shown graphically in Figure 9.

The pectoralis major. The julciness scores of the fresh
control halvés decreased from 7.2 at the 30-minute aging
period to 5.2 after aging 24 hours, an over-all decrease or
two poinﬁa, However, there were some variations in the
juieinéaa scores for the aging perlods between 30 minutes
and 24 hours. The juiciness scores of control halves aged
one hour decressed to 5.6; then the julciness inersssed with

aging until six hours (6.3), when it decreased agein to 5.2
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for the birds aged 24 hours. Stewart, Lowe, Harrison and
McKeegan (1945) found & downward trend in julcineass scores of
the pectoralis major muscle with aging of fowl, but the varia-
tions were not significant. Lowe, Stewart, Harrison and
HeKeegan (1946) found a trend for julciness scores of
roasters to inéraaas with aging. 8ince julciness of the
muscle is affected by fat distribution in the carcass, the
time of cooking, cooking losses and other factors, it is not
surprising that results are not in agreement in different
studies, particularly when the varlation in results has not
been statistically significant.

The julciness scores of the pectoralls msejor muscle of
the halves frozen at O°F. showed a steady decrease as the
ripening or aging periocd increased from 30 minutes (6.2) to
24 hours (4.3). The juiéinaaa gcores for the halves frozen
at 0%, were lower théﬁ the fresh control scores except at
the ana-haar~aging p$riéd, |

Freezing the halves of chickens at =-30°F. had little
effect on the julciness scores for any of the sging periods.
The julciness scores of the halves frozen after aging one-
half hour averaged 5.5 compared to 6.1 after six hours of
aging and then freezing, and 5.4 after 24 hours of aging.

The pectoralis secundus. The pectoralis secundus was
rated less julcy than the pectoralls major. Stewart, Lowe,

Harrison and McKeegan (1945) reported similar results for
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Table 6. Average palatabllity scores of the pecteralis
secundus muscle of the halves of all the chickens
aged various periods of time before cooking or

freezing :
fmélg;W;;MwwmeQ;;w$fwwNfMW5WWWUWMfmwwm.Mww;;;;;;:wwmsﬁgéi;
aging halves Aroma  Flavor ness ness
Fresh control
30 min. 8 8.9 7ed 3.7 5.6
1 hour 8 8.7 ' 7.6 4.4 4.2
2 hours 8 8.7 Bed 5.1 4.6
6 hours 8 8.7 8.2 7.6 5.0
24 hours 8 B.8 8. ~ B.5 37
Frozen 0°F. ,
30 min. 6 8.9 Be.4 8.7 4.4
1 hﬁur 6 8.9 8.2 ) 7.8 4.4
2 hours 6 8.8 8.1 7.2 Se9
6 hours 3] 8.9 8.3 8.2 3.5
24 hours ] 8.7 8.1 8.6 3.6
Frozen =30°F. ~
30 mino 6 9.0 8.4 8.1 4.3
1 hour 6 8.8 7.8 7.6 4.6
2 hours 6 8.9 7.9 7.8 4.1
6 hours 8 809 8D 8.4 4.4
24 hours é B.7 7.8 6 3.8
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the fowl., The decrease in juieciness scores with aging of
the halvea of chicken followed & pattern quite slmilar to
that of the pectoralis major.

In general freeging at «30°F. had the least effect on
the Julciness scores of both muscles. Also it is interesting
that the Jjulclness scores of the halves of birds frozen at
«30%F. were more nearly like the fresh controls than those
frozen at O°F. There is a trend for the higher freezing
temperature to increase the dryness of both the pectoralis
major and pectoralls secundus muscles. The greatest de-
crease in juiciness scores for halves of birds frozen at O°F.

was for the groups aged two, six and 24 hours before freezing.

Tenderness

Tenderness of the pectorslis major muscle was determined
by two methods, a subjective one, consisting of the ratings
of four judges, and an objective measurement of the force iIn
pounds required to shear the muscle. In the case of the
pectoralis secundus muscle only the subjectlive test of
judges'! scores was ussed.

After freezing, all halves of rossters and fowl, were
defrosted for a 24~hour perlod in the refrigerator before
cooking. Enzymes are not ééntrayed during freezing. It 1s
possible that part of the tenderizing effect for the frozen

halves was due to the action of enzymes dgring the defroating
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period. All studles 1n thils laboratory indicate the rapid
increasse in tenderness during aging for the first three hours
pa#t mortem. Even when the carcassa 1s chilled rapidly, there
is a rapid tenderlzing with aging during the first three
hours. As the frozen halves of the birds defrosted, an
opportunity was offered for tenderizing action by the enzymes.
Hence in the following discussion the tenderizing of frogzen
talves is sttributed to the freezing and the defrosting prior
ﬁo cooking. This treatment is referred to as the freezing-
thawing treatment. |

Pectoralis major muscle of fresh control halves of

chickens. The average tenderness scores for the pectorslis
major muscle of the halves of all the chickens are shown in
Table 5. The varlation in tenderness between roasters and
fowl was so great that it seemed advlisable to present the
mean tenderness scores of rossters and of fowl separately.-
A comparison of the tenderness of the psctoralis major muscle
of the halves of rossters as determined by shear force and
tenderness scores is shown in Flgure l0.

The average scores for the fresh control roasters aged
30 minutes before cooking was 4.6; the average shearing
force was 1?.1 pounds. The tenderness decreased at the one-
hour aging period, but then inareasad rapidly with aging to
six hours, as is shown graphic#lly by both the scores and

the shear force in Figure 10. This rapid increase in
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tenderness up to a certaln aging period and then a gradusal
leveling off confirms the wcr?‘of Hanson (1941) on tenderness
of broilers, of Stewart, Laﬁe, Harrison and McKeegan (1945)
‘on fowl and of Lowe ggkg;t (1946) on roasters. Lowe et al.
{1946) eall#ﬂ attention to the fact thnt an average score of
8 was réauhad for the paéturaiia major‘musela of brailera‘in
thfeé houré, of roasters in 12 heurs,‘and of fowl in 48 hours
of aging. In the present study an average score of 5.6 was
reached for the peetaralia major or roasters in six hours

and for the fowl a score df 8.1 in 24 hours of aging.

The tenderness scores for the fresh coﬁtrol halves of
both roasters and fowl follow the shear force curve; see
Figures 10 and 11. A study of the data for individual birds
in Tébles'A and B of the Appendix reveals the wide variation
from bird to bird in the same aging period. The histological
study also shows there l1ls considerable varlation between
birds aged the same period in the onset and resolution of
vrigor and the amount of disintegration of the mﬁsole fibers.
It is interesting, therefore, that In spite of the variation
from bird to birﬁ,'thera is & consistent increase in the
-a#erage tenderness scores with inecrease in aging time.

The tenderness scores for the fresh control halves of
fowl follow essentially the same pattern as thoae for the
roasters, the differences being merely of degree. Since

the fowl were tougher than the roasters, minus scores were



used. Thus the average tenderness score for the fresh con-
trol halves of fowl aged 30 minutes was -2.3; the shearing
force was 29.3 pounds. See Figure l1ll. There was & slight
decrease In tenderness at the two-hour aging period. The
average shear forece for the fresh contrel halves of fowl
aged one hour was 23.9 pounds, with the score 0.5, but the
shear force for the two-hour aged group incresased to 26,0,
with the score 0.4. 3tewart, Lowe, Harrison and McKeegan
(1945) found a similar decrease in tenderness of fowl after
three hours of aging. With the exception of & slight de-~
crease in tenderness at the two-hour agling period, there was
a rapid increase in teﬁdernass of the fresh control halves
of fowl up to 24 hours of aging. The tenderness score after
24 hdurs of aging was 8.1, the shear force 7.1 pounds.
Stewart, Lowe, Harrison and McKeegan reported a similar
score of B.1 for fowl, but after 48 hours of aging.

Pectoralis major muscle of frozen halves of chickens.

The tenderness curves for the halves of roasters frozen at
0°F. and =-30°F. present an entirely different picture from
that of the controls (Figure 10). There is little variation
in tenderness with increase in aging time. A comparison of
the curves for the fresh control halves of roasters {(upper
graph, Figure 10) and those for the halves frozen at O°F.
(lower left graph, Figure 10) shows that after aging 30

minutes the tenderness of the former was rated 4.6, the
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latter 9.1, an increase of 4.5 points in tenderness score;
the shoaf}feree decreased 13.8 pounds. The increase in
tenderness in the one- and two-hour aging periods was
aéually great. For exampls, at‘the twcmhonr’aging period
the tenderness score for the frash control halves of roasters
was 2.8, for the halves frozen at O°F., 8.7; an increase of
5.9 points in tenderness éeare due to thé freezing-thawing
traatment. At slx and 24 hours of aging, hovaééf, th@
tinerﬁasa in tenderness resulting freg aging,‘és indicated
5y the scores for the fresh control halves (8.6 at six hours
and 9.3 at 24 hours bf aging} was not further 1n§r¢as¢d by
the freezing-thawing treatment (8.8 #né 8.9}). Apparently
the muscle had reached its maximum tenderness before freezing.
The tendermess scores for the halves of roasters frozen
at -30°F. followed s pattern similar to that of the halves
frogen at O°F., as shown by the shear férea and tenderness
scores {lower right graph, Figure 10). At the two- and six-
hour aging periods there was a slight decrease in tenderness
of the halves frozen at’wSGaF‘, but the tenderness increased
again in the 24-hour agaﬁ group. Since the tenderness scores
for the fresh control halves ef”reaateéa agéd short periods
' of time were low (4.6, 2.7 and 2.8 for the 30-minute, one-
hour and two<hour aging périoda respectively) the increase
to scores of 8.3, 8.8 and ﬁ‘? for the frozen halves for the

same aging periods indicated marked increase ln tenderness.
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For longer aging perliods a similar increase was not found.
The average score for the fresh control halves after six
hours of aging was 8.6, for the halves frozen at ~30°F., 7.1;
the fresh control halves aged 24 hours received a score of
9.3, whereas the frozen halves aged 24 hours were rated 9.0.

The freezing-thawing also increased the tenderness of
the pectoralis major muscle of the halves of fowl as indi-
cated in Figure ll. The greatest Increase was in the group
aged 30 minutes then frozen at QQF., which had a tenderness
acore of 7.7, an incresse of 10 points above the fresh
control for the same aging period; the shear force decreased
from 29,3 to 7.4 pounds. The fowl aged 30 minutes and
frozen at -30°F. showed an 1naraése in tenderness of about
the seme magnitude with an Inecrease of 9.6 In score and a
decrease in shear force from 29.3 to 7.5 poundas. Up to the
six-~-hour aging peried, the freezing-thawing tréatment
inereased the tendernesa of the halves of fowl frozen at
both temperatures above the scores for the paired fresh
control halves. Th&lhalvas of fowl azed 24 hours and then
frozén had tenderness scores that were lower (6.4 for 0°F.
and 7.0 for —50°?.) than the score of 8.1 for the paired
fresh control halves alsoc aged 24 hours. A possible explana-
tion 1s that the iInjury to the muscle filbers due to freezing
plus the enzyme action during thawing does not tenderize the

chicken to the same extent as the disintegration resulting

from aging alone.
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The effect of aging and sging plus féeesinguthawing
on the tendérnasa of the pectoralis muscle of roasters and
foﬁi..ia presented in a bar graph, Figure 12. An examination
of these graphs shows that tharo‘ia an over-all increase in
tandernesa'dus to éging of the fresh control halves of both
roasters and fowl. The more tender the chickens the higher
the columns representing the Judges scéres and the lower the
shear test value column in Figure 12. Freezing at 0°F. and
*30%. followed by thawing at 39.2°F. (24 hours) dermiﬁely
Increased the tenderness of the halvgs of all birds ovaf
those of the fresh controls except the birds aged 24 hours.
In other words, app&rently freezing~thawing tenderizes
poultry ageﬂ short pariﬁéa of time, but the tenderizing
affect diminishes with increased éging up to six hours, and
with ripening for 24 hauruwthe effect of aging 1s as great
if not greeater. |

Pectoralis secundus. The sverage tenderness scores for
the pectoralis secundus muscle of the halves of roasters and
fowl aged various periocds of time befar# freezing or cooking
are given in Table 7 and shown in the bar graph, Figure 13.
The tenderness scores and hence the height of the columns
indicate that the pectoralis secundus muscles of the fresh
(control halves of both fowl and roasters were never so tough
as the péctoralis major; see Figure 13. However, the

tenderizing of the pectoralis secundus muscle of the fresh
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Table 7. The average tenderness scores for the pectoralis
secundus muscle of the breast of halves of
roasters and fowl aged various paricda of time
before cooking or freezing.

,féig;wé}wmmmefmwﬂwgééggfwwmwmmMmgégégiwMWNWMwiMW§;;£;£w‘“m
aging control at 0°F. " at -30°F.

30-minute aging

Roaster 6.4 Ded 9.0

Fowl ‘ 1.1 "V.ﬂ 6.6

Average De7 8.7 8.1
l-hour aging

Roaster 6.1 8.5 8.5

Fowl 546 5.8 5.9

Average 4.9 7.6 : 7.6
2«hour aging'

Roaster 5.8 8.0 8.7

Fowl 4.5 5.7 5.4

Average 5.1 7.2 7.6
6~-hour aging

Roaster 2.0 Ded 8.8

Fowl - 8.8 6.4 7.9

Avemgﬁ 7.8 8.2 8.4
24-hour aging

Roaster 8.8 8.8 7.6

Fowl . 8.1 8.3 7.7

Average 8.5 8.6 7.6
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control halves of both roasters and fowl followed a pattern
similar to that of the pectoralis major muscle. The tender~
nesa of the pectoralis secundus muscle of the fresh control
halves of fowl showed a rapid increase with aging up to 24
hours, but the roaster halves showed a alight decresse from
30 minutes to two hours éf sging and then a& large increase
in tenderness up tg‘aix hours er aging.

8ince the aiaraga xcaréa for the fresh control halves
were higher fgr the paataralis.aaaanéua than for the peéto~
raiia méjcr, the inaréasa in tenderness due to the freeging-
thawing treatment waa.ﬁot quite so starﬁling. 'Eewavar, the
effect of the‘two freezing t&mparaﬁuras and the dafrcsting
prior te‘eéeklag on the tenderness of the pectoralis secundus
muscle of the frozen halves follaﬁad the asme pattern as with
the paoteralia major Quaela.l Beth miscleg show an increase
in tenderness due to the freezing-thawing treatment at
shorter aging periods, and very little if any increase in
tenderness after 24 hours of aging.

The results of the present study indicate that, when
birdﬁ aged two hours and then frozen are compared with
paired halves of fresh controls agcd two hours, there is an
increase in tenderness due to the freezing-thawing treatment.
For example, when the comparison is made between the score of
7.7, for the halvea of roasters aged two hours and then frozen

at -30°F., and 2.8, the score for the fresh control halves
aged a similar period of time, then the effect of freezing-
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thawing is very evident. But, if the tenderness acore for
the pectoralis mejor muscle of the halves of roasters aged
two hours and frozen st ~30°F. (7.7) were compared with the
score for the fresh control aged 24 hours (9.3), there
would be no tenderizing effect.

Stewart, Hanson, Lowe and Austin (1845) reported that
the three freezing rates used {-90°, -50° and -5°F.) did not
produce detectable differences in the tenderness of brollers
held two and 18 hours befors freezing, compﬁred to fresh
controls aged 24 hours. W1lls (1946) reported that fryers
eviscerated and frozen within three hours after killing were
less ténder than‘aimilar fryers held 24 to 48 hours before
eviscerating and freezing. |

An axaminétian of the tendermess scores for indiviﬁual
birds given in Tables A and B in the Appendix shows that
there 18 a wide variation in the amount afitendérizing dus to
freszinguﬁhsving on the paired halves of birds aged the same
length of time; The indivi&ual varistion between birds shows
how important it 1s to use paired helves in a study on
tandornsaa. Even with this wide variation between birds,
~the averages of the tenderness scores of the muscles of the
frozen halves of the birds aged short perlods of time show
a highly significant Increase in tenderness due to the

freezing-thawing treatment. See Table 8.
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Table 8. Average tenderness scores and average shear force
for the pectoralis major muscle of roasters and
fowl aged various periods of time before freezing
and cooking.

Time ; Fresh control ?rQ§an at 09F. Frozen at ~-30°F.
of Shear Tenderness Shear Tenderness Shear Tenderness
aging force score force score force score
ibs. T iD8. B 1bs.
Romnsters
20 min. 1?u1 4&6 403 9;1 5.0 8‘5
1 hr. 19.4 2.7 5.8 77 4.8 8.8
2 hra. 20.5 2.8 H5e3 8.7 6.2 77
8 hx‘ﬂo '7.4 8.6 4.6 B.8 G5 7.1
24 hra. 506 8.3 4;'7 8.9 5.5 8.0
Fowl
30 min. 29.3 -2ad 7ed 7.7 75 73
1 hr. 23.9 0.5 B.3 8.0 10.9 7.1
2 hra. 26.0 Q.4 8.9 6.8 10.1 8.0
6 hrs. 14:4 4.7 6&5 ?’0 8.2 606
24 hrs. 7.1 8.1 9.0 7.0 6.7 6.4
Average of
roasters and fowl
30 min. 22.0 1.2 H.9 8.6 6.5 8.0
1 hr’ 21;7 1’6 7*1 7&2 7.8 8.2
2 hrs. 23.3 1.6 T+l 8.0 8.2 7.8
6 hrs. 10.9 6.6 605 8.2 75 7.0
24 hrse. S.4 8"7 6*9 3‘-5 601 B.2
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To determine whether the differences in mean tenderness

scores for the pectoralis major muscle of the halves of

roasters and fowl were due to the freezing-thawing treatment,

freezing temperature or to other factors, such as variation

in the birds or variation between judges, an analysis of

variance was made.

Table 9,} Anslysis of variance of tenderness scores of halves
of roasters and fowl aged various perlods of time

before cocking or freezing

Source of variation frotdom Sduares square
Freezing temperature 1 2.81 2.81
Aging 4 775.18 193.80%%
Freezing temperature x aging 4 77.88 19.47
Age of birds , 1 366405 396,064
Freezing temperature x age of

birds 1 5.00 5.00
Age of birds x aging 4 44.76 11.18
Freeging temperature x aging x

age of birds 4 98.31 24.58
Chickens treated alike (error a) 20 231.50 11.57
Fresh vs. treated 1 1058.51 1058.51u#
Fl x freeszing temperature 1 1.02 1.02
F x aging , 4 694.556 173,645+
F x freezing temperature x aging 4 60.04 15.01
F x age of birds 1l 61.25 61.25%
F x freezing temperature x age 1l 12.80 12.80
F x aging x age of birds 4 88.31 22.08
F x freezing temperature x agling

x age of blrds _ 4 129.27 32,32
F x chickens treated alike 20 258.75 12.94

(error b)

iF fresh va. treated.

%
it

slgnificant,
highly significant.

H 8N
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The results of this enalysis confirmed what has been
stated previously. The differences in tenderness scores due
to the effect of freezing-thawing were highly significant.
The differences in the means of tenderness scores for the
halves frozen at 0° and -30°F. were not significant. The
differences in tenderness between the roasters and fowl were
highly significant. The effect of aging on tenderness was
highly significant for the fresh control halves of chicken.
These points are illustrated graphically in Figures 10, 11,
12 and 13. VWhen the judges' score means were introduced as
an added component, the results of the analysis were the same.
There was a variation in the judges' scores, but they were
asgreed on the factors affecting t&ﬁéernasa. The varlatlon
between judges wes Iin the degree or amount of tenderizing.

Effect of cutting the muscle on tenderness. In cutting

the birds in half it wss necessary to c¢ut the breast muscle
on one side of the keel bone. This meant that one half of
the bird had no keel bone and a cut breast muscle and the
other half had the keel bone and the muscle was intact. The
troatﬁent given the cut side was altarnﬁteé so any effect of
cutting would be equalized. In the part of the study in
which only one half of the bird was frozen and the other half
was used as a fresh control, approximately half of the birds
ugsed a3 fresh controls were the cut sides of the bird and an

equal number of cut sides were frozen. To determine the

effect of cutting on the tenderness, the tenderness scores



- 84 =

for the cut and uncut sides were averaged separately. It is
interesting to note that the average tenderness scores for
the cut sides of the birds are generally lower than for the
uncut sides for both the fresh controls and the frogen halves.

See Table 10.

Table 10. Average tenderness scores for the cutl and uncut

pectoralis major musele of the breast of halves
of birds. (Cut and uncut sides not from same bird.)

O

Fresh contrei ' giééggmf;ééég;):

Aging Cut  Uncut Cut  Uncut Cut  Unout
period side  side side side side side
30 min.  =0.1 2.5 7.7 B.5 7.1 8.8
1 hour 0.7 2.3 8.8  7.0% 7.6 8.3
2 hours 0.3 2.8 6.9 8.2 7.8 8.4
6 hours 8.0 5.8 7.3  B.5 6.8 7.7
24 hours 8.3 8.8 7.9  8.5% 8.4  6.3%

1Th3 cut side of the bird dﬁaa not contain the keel bone.
2pversge of 4 halves of birds.
Saverage of 2 halves of birds

40n1y one helf of bird.

In the part of the study ln which both halves of the
birds were frozen, the cut side of the bird was always frozen
at ~-30°F. The tenderness scores for the group of ten roasters
in which both sides of the bird were frogzen (the cut side at
-30°F. and the uncut side at O%F.) are shown in Table 11.



(a)

Taeble 11l. The average tenderness scores for two halvss of
the same bird, the cut sids frozen at -30°F. and
the uncut side frozen at O°F.

om———
ot

Treatment

e — S e
"No. of Aging perlods
halves L pr, 1 hr. 2 hre. 6 hrs. 24 hrs.

Frozen at Gaﬁ.
uncut side’ 2 9.7 9.2 9.1 9.4 8.8

Frozen at -30°F.
Out side 2 8.1 8.8 Te' 6.3 8.7

#rre uncut side conteined the keel bone.

The date in Table 11 indicate that the uncut sides of the
bird (frozen at 0°F.) are tenderer than the cut sides (frozen
at ~30°F.). In spite of the fact that an analysis of variance
{see Table H in tha\&ppanﬁix) indicstes the differences in
tehﬂarneas scores of halves of cut vs. uncut sides or freez-
ing at O°F. vs. -30%°F. are highly significant, the data are
presented only for a record. After further work théir
validity may be questioned.

There were only two replicatlions for each aging period,
and bird veristion is grest. Through a mistake in plans, the
uncut sides were all frozen at QoF,, whereas they should have
veen frozen at both 0% and -30°F. As has ﬁeen indicated
previously, there was a longer time during the precooling
period for autolysis to oceur in the halves frozen at 0° than
for those frozen at -30°F. How long the halves were de-

frosted before the end of the 24-hour refrigsrator storage
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(b)

for thawing is not known. Presumebly, the halves at =-30°F.,
since they were colder than those at O°F., would take 1bnga£
to defrost. The last point to consider is that the effect
qf‘cutting of the mﬁasl& upon the tenderness of the muscle
should decrease with longer aging of the halves. The differ-
ences in scores for the uncut and cut sides after one-half,
one, two, s1x and 24 hours of aging are 1.6, 0.6, 1.4, 3.1,
énd 041,-r&spectivély. 1f»th@ one-~-half and 24-hour aged |
groups are not included, the difference in scores becomes
greater ﬁith longer aging.

| For freezing one-half hour after killing, the birds were
cut in halves 15 minutes after killing; For the remaining
aged-groups the division of the blrd into halves was one-half
hour before freezing. Previous work in this laboratory has
indicated that waiting an hour after k1lling before cutting
the breast muscles has little effect upon the tendérness of
the cut muaclas.

On the other hand, the data {Table 10) from different
birds (one-half used as a fresh control and thé other half
frozen) could be used as an argument that cutting rather
thﬁn freezing caused the differences in tenderness aéaras.
For this group of helves the difference in tenderness scores
was not significant, yet the freszing of the cut slde was

randomized between 0° and =30°F,



Rate of Freeszing

The drop in temperature occurring during the freezing
of each of the birds was measured by a recording lLeeds and
Northrup mierumnx* The constantan-copper thermocouple,
placed in the thigh of each half of bird before wrapping for
fraezing, was attached to & set of péles in the room in
which the bird wss pl#eeé for freezing. Tha poles were
aaneoted to the Micromax and the temperature was automatic-
ally recorded every six ﬁinutea on & moving roll of paper
calibrated in degrees Fahrenheit. Freezing curves were made
from tlese detailed data. |

There are many factors which affect the time for cooling
or the rate of freezing. AceerQing to Stiles (1922) such
factdrs as thermal eanduativity, specific heat, latent‘hcat,
specific surface and the namm of the surface would ha‘
included under 1ntefnal faetdrs which depend on the nature
of the cooled product. In this study thﬁ initial temperature
and weight of the bird were recorded and related to the time
required for both precocling and freezing. However, factors
such as the shape of the bird, which would affee# the sur-
face volﬁme ratio, and the content and dilstribution of
moisture and fat in the carcass cennot be measured with
sufficient precision to determine their Influence on the

cooling rate.



In additlion there are s number of other factors which
affect the rate of freezing of poultry at any given tempera-
ture. The freezing rate may be increased by 1) using
packaging materials with low insulating value, 2) preventing
alr pockets within the package, 3) using methods which
accelerate the transfer of heat, such as contect with metal,
air blast or immersion in brine, and 4) reducing the size or
thicknesa of the product or removing any excess fat. With
these factors in mind, the procedure was standardized to
control as many of these factors as possible. Thus, the same
packaging material, a pliofilm bag was used for sll birds.
Before tying the bag, the sldes of the bag were preased
against the halves of birds to eliminate air pockets. The
birds were cut in helf and placed cut slde down on a metal
shelf In the freezing room, so the heat was absorbed by the
metal surface and the alr.

With the opportunity for wide variation in all these
factors, especially the variation from blrd to bird, it is
surprising that the curves for individual birds were as much
alike as they were. The frﬂeaing gurves for the individual
halves of roasters frozen at 0° and -30°F. for the five aging
periods are shown in Figures 14 and 15. The freeging curves
for the individual halves of fowl frozen at 0° and -30°F.
for the five aging periods are presented in Figures 16 and

17. The temperature was recorded every six minutes by the
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Micromax and the curves were made using all the points. The
striking thing about these curves is the similarity between
the freezing curves for the halves of diffarent birds aged
the same length of time and frozen at the same temperature,
especially considering the large number of uncontrollable
factors. Another outstanding feature is the difference
between the curves for the two freezing temperstures at the
 same aging period. Obviously the birds frozen at O°F. took
longer to reach 10°F. than the birds frozen at -30°F. The
thermal arrest (flat part of the curve) is longer for the
higher freezing temperature. Also there is an interesting
difference in the thermal arrest in the freezing curves of
birds frozen at the same temperature but aged different
lengths of time. Chickens aged six and 24 hours required
less time to freeze than those aged 30 minutes, one hour and
two hours.

Average curves for all birds aged the same period of
time and frozen at the same temperature were constructed by
calculating the average temperature for the birds receiving
the same aging and freezing treatment at lZ2-minute intervals.
The freezing curves for the halves of chickens frozen at
«30°F. are shown in Figure-18. There is & noticeable differ-
ence between the chickens aged 30 minutes, one hour and two
hours, and those aged six and 24 hours and frozen at -30°F.

The freeszing curves for the halves of chickens frozen at o°r.

after aging various periods of time are shown in Figure 19.
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The deta for the halves of roasters and fowl frogzen at
,-3G°F. after aging for various periods of time are presented
in Table 12; similar date for the halves frozen at O°F.
after the five aging periods are shown in Table 13. These
data bring out some very interesting facts and emphasize the
effect ef welght, initlael temperature, and aging on the
total cooling time. An examination of the initlal tempera-
ture and the éooling period shows that as the initial
temperature decreases the time required for cooling decreases.
This is to be expected.

A comparison of‘fhe average time required for the
temperature to drop from 28°2 to 10°F. for both the roasters
ahd fowl rér all aging periaés reveals that the fowl frozen
at -30° and 0°F. took less time than the roasters. As noted
before, the fowl weighed less than the roasters, which would
explain the sharter cooling time although ethaf factors
prubabiy would influence 1it.

Another comparison is between the time of freeging at
the two temperatures. This information was calculated on
the baais of the aversge time required by all the birds to
drop f&om 28° to 10°F. at each temgefature. An average of
appruximateiy throa hours; 24 minutes, was required tc cool
from 28° tebﬁgF* for all the halves of chicken frozen at
-30°F. This would be & cooling rate of approximately 5.5°F.
per hour. In the case of the chickens frozen at 0°%F., it
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Table 12. Freezing dats far halves of roasters and fowl
frozen at -30°F. after various pariods of aging
before freezing

Cooling Time Time

Aging . Initial period from from
period Weight  temp. initial initial 28°F.
tempé temp. to
; to 28 to 10°F. 10°F.
gms . OF. hre. min. hrs. min. hrs. min.

30 minutes 7

Roasters 0b4,0 €69 1l 54 5 36 3 42

Fowl 593.0 67 1 30 4 30 3 00

Average 833.6 68 1 42 5 3 3 21
1 hour

Romaters 817.8 €5 1 24 4 42 S5 18

Fowl 745.0 66 1 30 5 00 3 30

Average 793.5 65,5 1 27 4 b5l 3 24
2 hours

Roasters 822.3 55 1 18 5 18 4 00

Fowl 793.5 61 1 24 4 18 2 54

Average 812.7 58 1 21 4 48 3 27
€ hours

Hoasters 912.8 45 42 3 42 S 00

Fowl 543.0 48 54 3 30 2 36

Average 789.5 468.5 48 3 36 2 48
24 hours

Reoasters 887.5 40 , 36 4 00 S 24

Fowl 615.5 42 42 3 54 3 12

Average  796.8 4] 39 3 87 3 18
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Table 13. Freezing data for halves of roasters and fowl
frozen at 09F. after various periods of aging
before freezing

Aging Initial period from from
period  velght 4.  1nTtial initisl 28°F.
tempé tomp, tg
T Ems . OF.  hrs, min. Ars. min.  Ars. min.

30 minutes \

Roasters 904.0 71 2 30 12 00 2 30

qul ‘ 65950 65 2 00 10 38 8 36

Average B22.3 68 2 15 11 18 %] 3
1 hour |

Roasters 968.5 62 1 48 11 24 9 &6

Fowl 620.0 61 1 30 9 00 7 30

Average 852.3 6l1.5 1 39 10 12 8 3
2 hours

Roasters  983.3 55 1 30 11 48 10 18

Fowl 626.0 62 1 42 o 48 8 6

Average 85%7.5 58.9 1 36 10 48 9 12
6 hours

Roasters 922.3 41 54 10 00 9 6

Fowl 576.56 42 1 6 ) 24 8 18

Average 807.0 41.5 1 co 9 42 8 42
24 hours

Roasters 951.3 40 48 9 12 8 24

Fowl 701.5 39 54 8 12 7 18

Average 868.0 395 51 8 42 7 51
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took eight hours and 40 minutes for the temperature to drop
from 28° to 10°F. This would be an averaga’aaoling rate of
approximately 2.1%. per hour, or less than one-half the

rate at ~30°F. Although the data are not comparable, it is
interesting to note that Brady et al. (1942) reported a
cooling rate of 5.3°F. for steaks 0.6 inch in thickness
frozen at 0%F. and a cooling rate of 2.5°F. for steaks frozen

at -15°F.

Quick vs. fast freezing

The terms fast freegzing and slow freezing have been used
vaguely and have no definite meaning. Moran (1932) atates
that meat is quiek frozen 1f it is ehill&d through the
_ﬁamparature range of 41° to 23°F. in one-half hour or less.
The range of 41° to 23°F. was chosen because at the latter
temperature 82 per cent of the water in muscle ls frozen.
Quick freegzing is defined by Poole (1935) as freezing by any
method in which the meat 1s chilled through the tampefatura
range 31° to 25°F. in 25 minutes. He states that in 1925
Plank reported that between the temperatures of 31° and 25°F.
approximateiy 76 per cent of the total water content is
frozen, anﬁrthia temperature range was termed "the zone of
maximum orystel formation." 1In the zone of crystal formation
the latent heat which must be absorbed from & given area of

meat during the solidifying of most of the liquids is greater



than at any other time in the freezing; hence the curve
tends to flatten out, especially In slow freezing. Probably
in this zone the large crystals may be formed; hence 1f the
poultry passes through the crystal-formation zone rapidly,.
the 1ce crystals formed may be less destructive. For beef
the zone of crystal formation is from 31° to 25°F. The data
obtained in this study indicate that this "zone of maximum
crystal formation" is 1awarvf@r'peu1try, from 26° to 20°p.
approximately.

Studies have shown that each food product has its own
typical freezing curve. Many Tfactors may influence the time
required for freezing. Short and Bartlett (1944) have pub-
lished some interesting results of a study on the specifies
heat of foodstuffs. Of the 18 foodastuffs studied, they report
that the initial freezing point may vary from 24.3° for grapes
to 31.8° for eggs, whereas complete freezing ocours between
-20 and ~40°F. Other factors than the per cent of water
determine the initlal freezing point. For example, beef with‘
71.5 per cent wate? hes the same Initlal freezing point of
31.3%°7. as fresh ham with 52 per cent water. They also
point out that in the frozen reglion, the sugar or salt or
starch content of the substence has an appreciable effect on
the freezing range and hence will cause a large variation in
the region between the Initial and final freezing points of
the substances. In the present study the data indicate that
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the initial freezing point for chicken is 23.5%F.

DuBols, Tressler and Fenton (1942) in a study of the
effect of the rate of freezing on the guality of frozen poul-~
try show curves indicating the rates of drop in temperature
teken in the thigh of five-~pound roasting chickens in air
blast and still alr at different temperatures and in Birdseye
plate froster. They report a total time of approximately
four hours required for the temperature to drop from the
initial temperature 55° to 10°F. when frozen by the double
contact method in a Birdseye multiplate froster; approxi-
mately 10 hours was required for the same temperature drop
when the chickens ware\rréz&n at 25°F. in still air. 1In the
present study, four hours and 40 minutes were required for a
similar drop in temperature (856° to 10°F.) for halves of
chickens frozen at -30°F. in still air in contact with a
metal shelf, and 10 hours and five minutes for those frozen
at 0°F. The varistion between the two studies can be
sccounted for in part by the difference In the size of the
frozen product, whole birds vs., halves of birds. However,
other factors mentioned previously would affect the rate of
freezing as well as the freezlng temperature. This would
help to eliminate some of the confusion that now exlsts in

the literature between the effects of slow and fast freezing.

Thawing

Any study on the effect of freezing on tissues of
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necessity includes thawing if the final results are judged

on the cooked product. The rate of thawing can be varied by
varying thg tempersture at which the food 1s thawed, which
would in turn varj the length of time required for defrosting
and hence the perliod during which enzyme actlivity could occun.
In this study the thawing was accomplished at 39.2°F, (4°C.)
for a period of 24 hours. Some enzyme actlion would occur

but much less than at hilgher temperaturaa. Smorodintsev and
Nikolaeva (1945) reported that in cow muscle Iincubated for

24 hours the peptidhaa activity was increased 35 per cent at
37.4°F. and 140 per cent at 98.6°F.

Defroating poultry in the oven would increase the rate
of thawing, but would 1t affect tﬁe tenderness of birds
frozen only 24 hours? This might be an interesting sequel
to this study. To test this 1& & preliminary fashion, one
bird was cut in half and both sldes were frozen. After 24
hours one half was cooked and the other half defrosted in
the refrigerator for 24 hours and then cooked. Of course,
no conclusions eén bé drawn, but 1t 1s interesting to note
~that the half defrosted in the oven was rated 8.0 in tender-
ness by the judgeé' scores and requlired 5.8 pounds shear
force, whereas the half defrosted in the refrigerator was
fatéd 9.5 for taﬁdarneaa‘aeore and needed 6.3 pounds shear
force. In‘thia instance the judges scores and the shear

force values did not correlate. Hoffert (1947) studied the
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effects of defrosting methods on paired halves of frozen and
stored roasters. She reported that the defrosting treatments,
thawing at room temperature, in the oven and in the refrig-

erator did not appresiably affect the palatability scores.

Histological Studies

~ Histologloal samples

Samples for the histologlcal studles of the pectoralis
major muscle of eaeﬁ_half of bird were obtalined as follows:
1} from the fresh half of the bird to be cooked and from the
half to be frozen, 2) from the cooked fresh control half,

3) from the frozen uncooked half of bird, and 4) from the
frozen-thawed half of bird after cooking. After the birds
were cut in half, a small sample of tissue was removed from
the pectoralis major muscle about one inch anterior to the
sternal crest of both halves of the bird. The sample from
the frozen half was sawed out immediately after removing the
chicken from the freezer. The tissue was taken from a spot
corresponding as near as possible to the place from which the
sample haé been removed from the other half of the bird used
as a fresh control. After cooking, a sample was obtalined
from each half about one inch posterior to the cut made by
removing & sample from the uncooked muscle. All samples were

immediately placed in the fixing solution. This meant that
the frozen sample thawed in the fixing solution.
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Descriptive terms used

Some of thé descriptive terms used originated in the
foods research laboratory at Iows State College; others are
found in the literature.

Turbulence as used by Carey (1940) denotes a disturbance
of the cross striase caused by a violent shock and is charac-
terized by & disorganization of the strise.

Rigor nodes 1s a familliar term found in the litaréture
to describe a contraction of & muscle in rigor. In the con-
traétad part of the node the fibsr’bulgas and the oross striae
are exceedingly close togsther. In strong contraction, nodes
are greatly compressed with homogeneocus cytoplasm. The |
length of the contracted ares varies. On each side of the
contracted area is a rarefled area in which the cross striase
are much wlder than usual or sometimes are thrown out of
alignment. Often the fiber is narrow in this ares.

Rigor ridges is a term used to describe a very narrow
area in which the oross striae are condensed. Only a few
cross striations form the rigor ridges ingtsad of many, as
in the rigor nodes. In some of the birds the rigor ridges
often cover all the fibers forming an interesting rhythmiec
pattern. The edpges of the ridges are often curved and occur
rather close together with prominent longitudinal or
turbulent strise between them.

The term waves is self-explanatory; however, the
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character of the waves differs. Sometimes they are dsep,
sometimes shallow, long smooth and rolling, or they may be
angular at the‘bend, short and rather closely packed. Fibers
in the waves mgyvhava kinks and twists. Often all the fibers
in a certain area may bé involved in the waves or the wavy
pattsrn may be repeatad along & fibéﬁ rar some dlstance.

Disintegration 1s the term applled to loass of the
dharactariatic structura of muscle fiber pfctoplasm, in which
the longitudinal and cross striéﬁions are replaced by granu-
lar material. If the sarcolemma is not broken, the granular
substance remains within the fiber. Such a fiber exhibits a
segmental arrangement of gr&nuinr substance alternating with
nermai pratapiasm with striations. OSometimes thegsarcalemma
is broken and some or all of the granuler material may.have
exuded, leaving clear syaaaé in the fiber.

Vacuoles 1s the term used to denote the small cavities
or spanea’in the muscle fiber which are assumed ta>1ndicats
the spaces farmarly occupled by the ice crystals. Indenta-
tion 1s the term agylied to the small dapreséions or notches
along the sides éf‘the muscle fibers which are presumed to ‘

result from the pressure of ice orystals between the [lbers.

Differences between frogzen and unfrozen tissues

Aslde from injury to the muscle tlissues by formation of

lce c¢rystals, which will be discussed later, the frozen
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ﬁuscle fibers were usually better differentiated and the
eross striae more evident than in the unfrozen muscle. The
characteristics of the cooked unfrozen tissue are shown in
the lower picture, Figure 20. HNote the prominence of the
longlitudinal striase and the small amount of granular material
along the edges of the fibers at the top and bottom of the
pictuya. The frozen cooked tissue shows the vscuoles in the
fivers filled with granular material and the rather prom-

inent oross striations {(upper picture, Figure 20).

Differences betwsen uncooked and cooked frozen tilssues

The sectlions of cooked muscle were cut 15 microns thick
and the uncooked were 25 mierons thick; however, the cooked
sections were more opague, appeared thlicker and were less
friable than the uncooked sections. The fibers, striastions
and vacuoles of the cooked frozen tissues differed in
appearance from those of the raw frozen ones. In addition,
the cooked tlssues were characterized by large amounts of
granular material. In general, the uncecoked tissues had more
waves, kinks and twists then the cooked tissues. This
generalization does not Imply that waves, kinks and twists
were never found in the cooked tissues. ©Some cooked tissues
were very wavy, but the reverse was true in a msjority of
the cases. (ooked fibers were usually, but not alwsys,

| hetter differentisted than the uncooked ones. Also the
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Fig. 20, Upper picture. Cooked pectoralis major
muscle. Frogzen at ~300F., l«hour rosster 21L.
(Magnification, 675x)
Showing the vacuoles In the fibers filled with
granular material and the rather prominent cross

stristions.

Fig. 20, Lower pie%ure, Cooked pectoralis mejor
muscle. Presh control, l-hour roaster Z21R.
(Magnification, 560x)

Hote the prominence of the longltudinal strlae and

the small amount of granular material along the

‘eéga& of the fibers at the top and bottom of the

plicture.
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Figure 20.
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striations, cross and/or long ones, were frequently more
distinct in the cooked tissues.

Granular material. The granuler material (with s polka

dot appearance) was found in the sections of the cooked
tissues. Granular materlal was found also In the vacuoles

of the cooked fibers. it was found between some‘fibers and
vadjuining indentations in the edges of some flbers. It was
usually more concentrated over or near the conneotivértisSues.
If the source of the granular m@teri&l.waa gelatin, its
distribution in most areas is explained by the penetration of
the muscle fluids containing gelatin into the crevices. The
amount of granular material varied in the sections from
different birds. Sometimes the amount was s0 great that 1t
hindeyed ahaérvatiens of tﬁe detalls of the tissues; some-
times very little granular maeterial was present.

Soures of the granular material. Becsuse of the distri-

bution of the granular material in the sections and 1ts
oceurrence in the eaéked, but not in the uncooked sections,
the logieal axplanatlon‘of its source is gelatin. It is
known that the muascle fluids contain gelatin. When the mus-
cles were cut for scoring, the fluids cozing from the muscles
would gel upon cooling.

" The amount of collagen transformed to gelatin would vary
with aeveral factors, and this could account for the varying

;-amaunts of granular material in sectlons from different birds.
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The amount of collagen transformed to gelatin varies, not
only with the temperature to whieh the collagenous tissues
are heated (90.5°C. for interior of thigh), but also with the
time held at a given temperature. The amount of gelatin
produced would very alaa/with the pH of the muscle tlssues
and with the kind and concentrations of salts present. It is
interesting to note that a direct relatlionship existed between
cooking time and the amount of granular material. The amount
of granular material was greater in birds in which the cook-
ing time wasg prolonged owing to a flattening of the curve for
the interior thigh tempérai;ura before 195°F. (90.5°C.) was
reached.

If the sarcolemma remained intast and gelatin was the
only source of the granular maeterial, then the gelatin would
have to penetrate into the fiber in order to be found in the
vacuoles. This penetration of the gelatin could be easily
accomplished 1f the fiber wall is broken, but less readily
otherwise, The liguld from the melted lce cryatals must.
contain some of the plasma proteins. The albumins and
globulins would be coagulated on heating and thus might be
a source of the granular material. See Figure 21 for
granular materlial in a vacuole. Note that the vacuole
stops at the kink in the fiber.

The extent of aging before freezing also seemed to

affect the amount of granular material found in the sections.
This will be discussed later.



Fig. 21, Cooked pectoralis major muscle.
Frozen at «30°F., 30-minute fowl S5L.
{Magnification, 676x)

Note the vacuole stops at the kink in the

fiber and slso the granular material in the

vacuole.
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Flgure 21.
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several smaller ice crystals. Fibers from birds frozen at
~17.8°C. (0°F.) had larger ice crystals which were located
cutalide and between the fibers, Inter-fibrillar freezing.

In intra-fibrillar freezing the ice columns formed parallel
to the long axis of the fiber. The fiber protoplasm was
displaced to the sides of the flber so it surrounded the ice
column.

‘Howevar, the prowadara used in the preliminary investi-
gation was not followed in the experimental study and the
ovidence of the location of the ice crystals is based upon
observetion of the histologieal longitudinal sections with
a few cross sections from frozen-thawed and frogen-thawed-
cooked muscles. The criteria for the location of the ice
erystals are the vacuoles and the visible injuries to the
fibers which remain in the thawed tissues. To be valid
eriteria, the evidence of the location of ice crystals should
not be found in unfrozen tissues. Vacuoles were the best
evidence of intra-fibrillar freeszing and were not found in
the unfrozen sections.

Vacuoles. Vacuoles were observed in the fibers of cross
sections {Figure 22) and iIn longitudinal sections (Figures
21 and 23). Note the lack of granular materisl in the
columnay vacuole of Figure 23. Usually the vacuoles were
columar in shape; sometimes they were bead-like or

lenticular in shepe (Figure 24). As shown in Figure 24, it
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Fig. 22. anoekeé pectoralia major muscle.
Frozen at 09F., 30-minute roaster 1-8L.
{Magnification, 225x)

Showing location of vacuoles in the fibers.



Pig. 25. Uncooked pectorslis major muscle.
Frozen at -30"F., 30-minute fowl 5L.
{Magnification, 675x)

Showing vacuole in an uncocked frogzen~thawed

fiber. HNote the lack of granular material in

the columner vacuole and the manner in which
the myofibrils have been pushed against the
sides of the fiber. The cross strise are very

distinet.
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Flgure 23.



Fig. 24, Cocked pectoralis major muscle.
Frozen at -30%F., 30-minute rosster 0-8L.
(Magnification, 675x)

Showing the bead-like and lenticular-shaped

vacuoles. Note the polka dot appearance of

the granular material and the prominence of

the c¢ross striase. Compare with Filgure 26

{the other half of the same bird frozen at

0°F.).
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Tl rk e,

Figure 24.
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is difficult to say whether the ice formed in short columns
or whether the lce columm assumed the alternating bulging and
constricted pattern remaining in the fiber, but they were
probably lenticular in shape. The size or width of the vacu-
oles varied from very small openings to spaces one-third,
ana»ﬁalf or three-fourths the width of the fiber. Sometimes
there were several small vacuoles in one fiber (Pigure 25).

The length of the lce space also varied from short vacuoles

to columns extending long distances in the fiber. Chambers

and Hale (1932) suggested that the fiber is dehydrated as the
water is evidently withdrawn from the fibers in advance of
the forming lce columm. This results in the ice colﬁmna
which do not extend the full length of the fiber.

Attention should be called to the fact that the appear-
ance of the size and shape of the vacuole would be partially
determined by the cutting of the fiber, that is, whether the
cut was oblique, across & wave or kink, on the edge or In
the middle of a fiber. |

It was often difficult under low megnification to deter-
mine whether a wvacuole was within a fiber or was a space
between two fibers. = However, when the ends of the vacuole
were found within a fiber (see lower part of vaaualé in
Figure 23) this was evidence of the formation of a vacuole

by forcing the myofibrils apart.

Vacuoles and histological structure. In general, the

RN

et NS
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vacuoles were found in straight parts of fibers, especilally
in birds aged a short period of time. An occasional vacuole
waa found In a wavy flber, but this was the exception instead
of the rule. No vacuoles were found in fibers with turbulent
strise or rigor nodes. These observations suggest, although
| ’rurthar work would be necessary before definite conclusions
can be drawn, that the histoleogical condition or structure

af the fiber may have some effect on the location of the ice
crystals.

Vacuocles in cooked tissues. Vacuoles were found in the
fibers of the cocked frozen tiaaﬁea far more frequently than
in those of the thawad; uncooked frozen tissues. Lowe (1947)
suggests the following ezplaﬁation:

When ice crystals of the frozen uncoocked
tissues melt, the resulting water may be re-
absorbed by the muscle tissues., Thus the
savity formed within the fiber from the lce
may practically close when the tlssues thaw.
However, some vacucles are observed in the
thawed uncooked tissues. But when poultry 1s
cooked from 20 to 40 per cent of the initial
weight may be lost. The average for this study
was about 28 per cent, a large proportion of
which 1s water. As the chicken tissues are
dehydrated during cooking some of this water

is changed to vapor. If the sarcolemma of the
fiber had not been broken during the freezing,
the expansion of this vapor during heating could
expand and f1l1 the collapsed cavity formerly
oceupied by ice. Since water, under suitable
conditions, in being transformed into steam may
increase in volume approximately 1600 times,
the initial size of the cavity formed by ice
may even exceed ita original size. The cooking
coagulates and sets the fiber protoplasm, so
that the vacuocle remains in the ﬁOled, cooled
tissue.
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If, in the expansion of the steam the
initial size of the cavity is expanded and the
-sarcolemma breaks, an sxplsnation is offered for
the appearance of soms tissues. In some fibers
vacuoles are found within the cocked fiber, but
ege wall of the fiber has burst, leaving jagged
edges. ‘

'~ Vacuoles and striations. Usually the cross striation

around the vacuoles were very distinet {Pigures 23 and 24}.
Sometimes both longitudinal and cross strise were evident as
in Figures 21 and 25.

Inter-fibrillar freezing. The evlidences of inter-

fibrillay freezing were difficult to detect in the thawed
uncooked fibers. Apparently the fibers which had been pushed
éaide by the ice crystals went back to their original position
when the ice melted. However, indentations were found aleng
the sides of fibers which had been frozen and cooked more
often th&n in the unfrozen cooked fibers. The indentations
along the sides of the filbers frozen at O°F. and then thawed
and eookad are shown in Figuwa-%é. Hote the granular
material in the indentations. These granular-filled inden-
tations varried in size and shape and oceurred in the frozen
tissues more frequently than in the unfrozen muscle. Occa-
sionally evidensces of 1n£ra~fibrillar freezing were found in
birds frozen at QOF., especially along the edges of the
sectlion where freezing would occur first and more rapidly.
The fibers from the frozen halves of chickens without
keel bones, the cut side, had more vacuoles and Injury to

the fibers than those from the uncut side. The variation
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Fig. 256. Cooked pectoralis major muscle.
Frozen at -30°F., 2-hour fowl.
(Magnification, 675x)

Showing several small vacuoles in one fiber.



Flg. 26. Coocked pectorslis major muscle.
Frogen at 0°F., 30-minute roasster 0-8R.
{(Magnifiestion, 675x)

Showing the indantatiaaa along the sides

of fibers fillled with granular material.
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between the amount of vacuoles occurring in roasters and
fowl was no greater than that occurring between individual
birds. FHowever, fowl frozen at 0°F. appeared to have more

fibers with indentations than the roasters frozen st 0°F.

Effect of aging before freezing on the charascteristics of

muscle tiague

Fibers. Waves, kinks and 5 twists were found throughout
the sections of roasters and fowl in all the aging periods.
However, there were more wﬁvy fibers, kinks, twists and
macro-waves in the tlssues of birds aged one and two hours.
As sptated previocusly, waves were not so characteriatic of
the cooked muscle as they were of the uncooked muscle, but
some waves and kinks were found. ’Zig~zags were observed
only in the uncooked muscles of birds aged short periods of
time. Waveg In flbers of a fowl aged 30 minutes and a roaster
aged one hour are shown in Flgure 27. Note iIn the bird aged
one hour the waves are deeper and all the fibers in the area
are lnvolved In the sesme pattern (Figure 27, lower plcture).
Kinks end twlsts can be secen at the bend of the waves. In
Figure 27, upper picture, the waves are not so deep and not
all the fibers are involved, as some of the fibers are
straight. In general, as aging progressed beyond two hours;
there was a tendency for the fibers to become straighter,

with fewer twists, kinks, waves and zig-zag contractions.



Fig. 27, Upper plcocture. Uncooked pectoralils
major muscle. Frogen at O°F., 30-minute fowl 15L.
(Magnification, 130x) ‘

Showing rather shallow waves and straight fibers

found in birds aged 30 minutes before freezing.

Fig. 27, Lower plcture. Uncooked pectoralis major
muscle. Frozen at -309F,, l-hour roaster 23R.
(Magnification, 90x)

Showing deep waves in which all the fibers of the

area are involved, found in birds éged oné or two

hours bvefore freezing.
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Figure 27.
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Striae. In the fibers of birds aged 30 minutes or one
hour there was s great deal of variation in the prominence
of tha‘sﬁriatiens. In awmavfibaraythe longitudinal striase
were distinct, in others the cross strise were clear, and
often both the cross and longitudinal striase were pronounced
80 the fibers looked like checked gingham. As aging progressed
the cross striations became inoreasingly more prominent and
in a greater proportion of the fibers.

Turbulent fibers were observed in some of the birds in
all the aging periods. However, only one bird aged 24 hours
showed this loss of salignment of cross stristions. The cause
of these turbulent fibers is not known. Turbulent fibers
did not exhibit any disintegration or vacuoles. In some
ssdtions large numbers of fibers are turbulent.

Nodes. In general, the number of nodes found In the
tissues increased as aging progressed. Uéually the nodes in
the’birda.aged short periods ef time were not quite the same
as the regular rigor nodes. Sometimes they were long or
samatimes the nadea were short but the fiber did not bulge
and very fine cross striae could bs seen in the contracted
area. The regular rigor nadesywith bulging areas and con-
stricted areas on either side became mors numerous as aging
progressed., Often these nodes were found along the edge of
the sections of tissues, but sometimes they covered rather

large areas. Regular rigor nodes are shown in Flgure 28.
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Plg. 28. Coocked pectoralils masjor muscle.
Fresh control, 24-hour roaster 91R.
(Magnification, 340x)

Showing rigor nodes in fiber at the top of the
pleture. Koté disintegration between nodes

and in the straight fibers.




- 130 -

A very Interesting pattern of rigor ridges was found in
the fibers of four birds aged 30 minutes, two birds aged one
hour and one bird in the two-hour aging period. All the
fibers Iin the sections made from four of the birds showed
rigor ridges, and the other three showed just s few fibers
involved in the rigor pattern. See Figure 29. The rigor
ridges were not evident in the cooked muscle in this study.

Dislintegration. Disintegration was evident in the
rarefied areas of rigor nodes, in the dlsappearance of
atriationa'(which were replaced by granular meaterial in
cooked tissues) over an area of a fiber or in actual fissures
in the fibers separating them into short segments. The
amount of disintegration varied greatly from bird to bird,
but was extensive in some birds of each sged group. This
extensive disintegration was not found in the fibers of the
pectoralls majar (the muscle used in histological sections
for microscopic obaservation in the present study) of the
unfrozen halves of birds after aging 30 minutes and one and
two hours before cooking. Nelther was extensive disintegra-
tion found in the fibers of the pectoralls major of broilers
aged less than three hours before cooking {Hanson et al,
1942) nor in fowl aged six hours or less (Stewart, Lowe,
Harrison and McKeegan, 1945). Since disintegration of the
muscle is belleved to be caused by action of proteolytie
enzymes, there must have been some period of time in whieh
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Filg. 28. Uncooked pectorslis major musele.
Frozen at -30°F,, 2<hour fowl 45L.
(Magnification, 150x)

Showing rigor rldge pattern with prominent
longitudinal or turbulent striae between the
ridges.
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autolysis occurred before the samples for histological
examination were removed and placed in the formelin solution
for preservation. If this period of time for enzyme action
occurred, was 1t long enough for the extensive disintegration
to have been brought about?

Stewart, Hanson, Lowe and Austin (1945) showed that the
pectoralis major muscle of broilers tenderized very rapidly
with aging prior to cooking. The average tenderness score
after three hours' aging was 8.0. Stewart, Lowe, Harrison
and MoKeegan {1945) also showed that tenaarizing of the
breast muscle occurred rapidly in fowl, but the rate was
somewhat slower than in brollers.

The samples from the uncooked blrd were sawed from the
frozen carcass just before the half bird was placed in the
refrigerator for thawing. Hence they were placed in the
formalin solution while still frozen. Presumably enzyme
action would stop soon after penetration of the formalin
into the tissues. The samples for sectioning from the
cooked bird were taken after cooking. During cooking enzyme
action could continue at 2 variable rate until the enzyme
was destroyed by heat. It is Interesting that the ratings
for extent of dlsintegration were, 1in gensral, from two to
four times more extensive in the sections from the cooked
than in the uncoocked ssmples from the same half carcass.

Examination of the freezing curves (Figures 18 and 19)
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shows thet a longer interval elapsed between the time the
half bird was placed in the freeger and the beginning of
freezing for the carcasses aged the shorter perlods of time
than for those eged the longer perlods. Thus for the halves
frozen at O°F. about two hours elapsed before the beginning
of freeging of the muscles of the 30-minute aged group. The
halves from the one-~ and two-hour aged groups began freezing
in about l.bH hﬁurs after beihg placed in the freezer. The
longer time for autolysis to occur before freezing started,
and the varlation from bird to bird, could account for the
extent of disintegration's being about the same in the
30-minute and in the one~ and two~hour aged groups.

The more extensive disintegration in fibers of cooked
halves of birds than in the uncooked fibers can be accounted
for during the thawing perlod. The frozen halves were placed
in a refrigerator {at approximately 4°C) for thawing before
cooking. They were left in the refrigerator for 24 hours,
but no record was kept of the time when defrosting was com-
pleted, All were thawed when removed from the refrigerator
for preparation for the oven. Autolysis could ocour after
the tissues were thawed until stopped by the heat of cooking.

All the birds sged 24 hours had considerable proto~-
plasmic disintegration and the fragility of the oross striae
which gave the appearance of worn textlle fibers. See .

Figure 30.
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Fig. 30, Cooked pectoralls major muscle.
Frozen at O°P., 24~hour roaster 8-8R.
(Magnification, 225x)

B8howing disintegration of striations of the

nuscle fibers.
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Vacuoles. In general, the number of vacuoles in fibers
and the number of birds having vacuoles in the filbers
- decreased as aging progressed. The number of vascuoles found
in the muscle fibers varied greatly from bird to bird and
from area to area in the histological sections from the same
bird. Hence, 1t is difficult to meke any definite statement
as to the examct number of vacuoles, but a decrease in approxi-
mate numbers of vacuoles waes noticeable as aging progressed.
Vacuoles were seen In all the cooked muscle fibers of birds
aged 30 minutes before freezing at -30°F. The frequency of
thelr cccurrence varied from & vacuole in every fiber to one
vacuole in 20 fibers, aspproximately. Certaln areas of a
section had many vacuocles; others had few. In the birds aged
one hour and frozen at -30°F,, some vacuoles were found in the
muscle flibers of all but one bird. In some of the birds
vacuoles were found in only one in approximately 50 or 100
fivers. Two birds in the two~hour aged group dild not have
vacuoles in the fibers frozen at «30°F., and the vacuoles
were not ss numerous as in the previcus aging periods. More
of the fibers in the two-hour aged group showed Indentationas,
the Injury to the side of muscle iIndicative of inter-fibriller
erystal damage. Only two birds sged six hours had many
vacuoles in the fibers end two others had just a few vacuoles.
After 24 hours of aging, it was difficult to find any vacuoles,
although & few were found. Thua, the location of ice

crystals is determined also by aging. Similar results were



~ 136 -

obtained by Stewart, Hanson, Lowe and Austin (1945) who found
that muscle fibers of brollers aged 18 hours before freezing
contained no vacuoles, wharaéa fibera of broilers aged two
hours and frozen at low temperatures contalned many vacucles.

As aging progresses there 1s less evidence of intra-
fibrillar freezing and & tendency for inter-fibrillar freezing
to increase. However, in birds aged 24 hours 1t 1s difficult.
to differentiate between disintegration and evidences of

injury due to ice crystal injury.

Effect of freezing temperature upon charssteristics of fiber

There appeared to be some differences in the uncooked
fibers frozen at 0° and at =30°F., but the strise did not seem
to be affected by the freesing temperstures used. Waves,
kinks and rigor ridges seemed to bs characteristic of the
fibers frozen at O°F., except those aged 24 hours, which
seemed to have about the same distribution of wavy and
straight fibers at both freezing temperatures. It might be
difficult to prove that these differences were due to the
freezing temperature as there is considerable variation in
the characteristics of fibers In different areas of the seme
muscle and from bird to bird. Fibers found in birds frozen
at ~-30°F. are shown in Figure 31.

Hodes. The variation observed in the occurrence of
nodes in the fibers of birds frozen at 0° and -30°F. may or

may not have been due to the difference in the freezing
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Fig. 31. Uncooked pectoralis major muscle.
Frozen at -30°F., 30-minute fowl 5L.
(Magnification, 150x)

Showing wavy, kinky fibers found in birds

frozen at "=50°Fa
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temperature. However, it is of interest to note that the
number of nodes observed varied somewhat in the uncooked
fivers of birds In the different age groups up to the six-
hour aging period. Also there was & grest variation in the
number of nodes found in bird# receiving the same treatment.
Birds aged 24 hours had about the same number of rigor nodes
regardless of the freexzing temperature. After cooking, the
halves frozen at -30°F. seemed to have more nodes in the
fibers. This may have been eireumatantial because when the
roasters which had both sides frozen were compared, there was
an approximately equal distribution of nodes for the two
freezing tamparatureu.

Disintegration. There was an obvious difference in the

amount of disintegration found in the flibers of birds aged

30 minutes and then frozen., The larger amount of disintegra-
tion found in the birds frogzen at O°F. might be accounted for
by the fact that the enzyﬁea had a longer time to act in the

cboling periocd preceding freezing, and in the thawing period,
because of the higher freezing temperature.

Vecuoles. Many mefa #aaubles were found in the flbers
of birds frozen at -30°F. although occasional vacuoles were
seen in the birds frozen at OC°F. It is possible that a
fiber in which a longitudinal cut was m@ﬁa near the edge con~
taining an indentation might resemble a fiber with a vacuole;

however, the few croses sections that were made showed a very
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few fibers frozen at 0°F. with vacuoles in the center of

the fivers, which was evidence of intra-fibrillar freezing.
The vacualea found in fibers frnxen at ~§0°F. are shown in
Filgure 32. This phatamicrmgraph was taken at a lower magni-
ficatlon to giva some i&aa of how frequently the vacuoles
occurred in fibers. Only an cccasional vacuocle was found in
‘a few of the sections of the birds aged 24 hours. After
‘aging 24 hours and then freazing,'tha appearance of the
fxbers was aimilar in all the birds. The appesrance of
fibers frozen at 0°F. after aging for 24 hours 1s shown in
Figure 33, and the fibers of the other half of the same bird
frazan at =30°F. are shown in Figure 34. Thus the rate of
;frauzing, aging before freezing and the histologilcal
atruature are factara which may affsat the slize and location
of ice crystals in frozen muscle fibers.

Indentatlions. Indentations were found more frequently

in the fibers of the birds frozen at 0°F. However, some
fibers with indentations were seen in the flbers of birds
frozen at =30°F. The number of fibers showing this injury
increased somewhat as sgling progressed up to six hours of
agings As in the case of fibers frozen at ~50°F., theré was
little evidence of ice crystal Injury in the fibers of birds
held 24 hours before freezing at 0°r.

| An interesting seriss of photomicrographs of fibers

taken from the same bird after various trestments are
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Fig. 32. Cooked pectoralis major muscle.
Frozen at ~30°F., two~hour fowl 45L.
(Magnification, 150x)

Showing vacuoles found in fibers frozen at

-30°p.



Pig. 38, Cooked pectoralis major muscle.
Frozen at O°F., 24-hour roaster 8-8R.
{Magnification, 675x)

Showing the éiaintegfation of cross stria-

tions found in birds aged 24 hours.
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Figure 33.



Fig. 34. Cooked pectoralis major muscle.
Frozen at -30°P., 24-hour roaster 8-8L.
(Magnirication, 875x)

Showing disintegration of oross striae.

Note the ragged appearance of the croass

striae similar to a worn fabric.
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presented 1n Figures 35, 36, 37 and 38. The histologlcal
appearance of flbers taken from the fresh half of bird
before freeging 1s shown in Figure 35. The varied appesr-
ance of the striations 1s typleal of fresh chicken muscle.
The fibers shown in Figure 36 were obtsined from the half of
the bird frozen st -30°F. after aging for six hours. Note
the vacuole in the top fiber which extends 1n-from the left,
then appears to stop at the conatriction in the fiber and
another vacuole seen in the right-hand side of the same
fiber. There is an interesting vacuole in the fiber at the
bottom of the plcture. Apparently the sarcolemma was able to
withstand the pressure exerted by the ice formation. In
Figure 37 the cooked fibers of the same bird aged six hours
and frogen at -30°F. are shown. The fiber containing a
vacuole has fibers with disintegrated areas on either side.
Kotice the rough edges of the striesiions In which disintegrs-
tion has ocourred and the granular exudate which replaced the
fiver strliations. Fibers from the other half of the bird
which had been frozen at O°F. after aging six hours are shown
in Pigure 38. Indentations in the fibers filled with granular
material (typical of the injury due to inter-fibrillar
freegzing) are evident.

From the evidence presented, 1t may be concluded that
freezing poultry muscle at -30°F. produces some intra-

fibrillar freezing and some inter-fibrillar freezing, whereas



Fige. 35. Uncooked pectoralis major muscle.
Fresh control, 6-hour roaster 7-BR.
{Magnification, 340x)

Note that the striae, which are prominent,
vary In the different fibers.
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Flg. 36, Uncocked pectoralis major muscle.
Frozen at =-30°F., 6«hour rosster 7~-8L.
(Magnification, 340x)

Note the vacuole in the top fiber which extends

in from the left and appears to stop at the

constriction in the flber; also vacuole in

bottom fiber with sarcolemms apparently intact.



Fig. 37. Cooked pectoralis mejor muscle.
Frozen at ~30°F., 6~hour roaster 7-8L.
(Magnification, 675x)

Showing fiber contalining a vacuole and two

fibers with disintegrated aress on either

slde.
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Fig. 38. Coocked pectoralis msjor muscle.
Frogen at OSF,, 6-~hour roaster 7-8R.
(Magnification, 675x)

Showing indentations in the fibers filled

with granular material (typical of the

injury due to inter-fibrillar freezing).
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freezing at O°F. results in inter-fibrillar freezing. The
size and location of the lce crystels ls determined also by
the extent of aging and the histologlcal structure of the
muscle tissue at the time of freeging.

These results are in agreement with the findings of
Ramsbottom and Koong (1938). They reported that in poultry
muscle frogen st -15°F. (-26.1°C.) "extra-fiber" freeszing
occurred exclusively. When similar muscles were frozen at
-32°p. (-35.6°C.), "intra-fiber" freeging occurred in some
of the fibers, whereas others lost water which froze external
to the fiber. Shrewsbury et al. (1942) reported that freez-
ing pork muscle at a temperature of -26°F. (-32.29C.)
produced both "extra-fiber" and "intra-fiber" freezing.
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SUNMARY

A study was made of the histological and palatability
changes In roasters and fowl which ocourred during freezing
at 0%F. (-17.89C.) and‘-ae%, (-34.4°C.). The birds wére aged
30 minutes, one, two, six, or 24 hours prior to freezing.

The 50 chickens used in this study were 20 White Leghorn fowl,
24 Rhode island Red roasters and six Barred KRock roasters.

The chickens were killed and eviscerated warm. After aging,
the birds were cut In half. In one part of the experiment

one half of the carcass was used as a fresh control and the
other half was frozen. In this part of the study two roasters
and two fowl were cut in half and one side was frozen at 0° or
-30°F. in still air for each of the five aging periods,

meking a total of four replications for each treatment. In
the other part of the experiment both sldes of the roaster
were frogzen, one at OPF. and the other helf at -30°F. Two
replications were made at each aging period.

A constentan-~copper thermocouple to be used in recording
the rate of freezing was placed ln the thigh of each half of
bird. The halves of chickens were wrapped in pliofilm bags
and placed,cavity side down,on a metal shelf in the freezing
room, where they froze in still air at 0° and -30°F. They
were left in the freeszing compartments 24 hours. The rate

of freezing was recorded automatically every six minutes by a
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Leeds and Northrup tamperaﬁureurecording ﬁieromax. The
frczan balf of bird was thawed in the refrigerator st approxi-
mtoly 39.2°F. (4.@% ); each helf bird remsined 24 hours in
tha rarrigaratar.
| All the chickens were roasted in uncovered pans at an
oven tamperature of 302°F. (158 C ) until the thermcmeter in
the thigh of the bird registered 195%F. (90.5%.).
wha results were datarmiaﬁd by both abjective And sub-~
Jective tests. ?alatability scores of ﬁhﬁ Judges gave an
indication of the aesirability'éf‘fhe aroms, flavor, juiei-
néss and tcndsnneaa Ofkthﬁ birds. ?ﬁe shaﬁring appﬁratus
| iaa‘uéed to ma#suré‘the tenderness of the paﬁtoralis mﬁjor
muscle of tﬁe branat‘éf the chicken. Curves 1ndicating the
rate of rreesing of the chickens unﬁar the various condi-
tions were obtained from the data recorded by the Micromex.
Samples of tha raw fresh halves, the coocked fresh control
halves; thé raw frvsan‘anﬁ the cooked frozen halves of birds
were prepared for micrasaﬂpic examination.
An average of approximataly three hours, 24 minutes
was requirsd for all halves of chickens frozen at -30°F. to
ccol from 28° to 0°P. This was 8 freazing rate of apprax1~
mately 5.5°F. per hour, where as the halves frozen at OCF.
requifed aight hours, 40‘minutaa for the tempersture to drop
from 28° to 0°F. This was a freezing rate of approximately
2.1°F. per hour, or less than one half the rate at ~30°F.

The fowl frozen at O° and -30%p. usually took less time to
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freeze than the roasters. This might be explained partly by
the fact that the fowl weighed less than the roasters. There
was an interesting difference in the thermal arrest in the
freezing curvea of birds frozen at the same temperature but
aged different lengths of time. Chickens aged six or 24
hours required less time to freeze than those agéd‘ao minutes,
one or tvo‘hdurs.A | o |

| The total cooking 1oaaes at sach aging period varied as
much for the frozen halves bf birds as for the fresh control
halves. A slightly greater total cooking loss was found in
birds frozen at O°F, aftérfaging s1x and 24 hours prior to
freeziﬁg. Losses in weight during cabking showed a linear
relationship with the total coaking time, except for the
halves of birds frez&n at OaFg

In general the flavor and aroma scores showed lilttle

variation batween treatments. The flavor scores for the peé—
toralls major ranged from 8.2 to 8.8, the aroma scores from
8.7 to 9.0. | |

The julciness scores of the fresh control halves of birds

| aged 24 hours were rated two points lower than the halves aged

30 minutes. Ebwav#r, thewd&creése was not linear with aging;
between the one- and six-hour aging periods the Jjuiciness
acérea increased somewhat and then decreased again at 24
hours. The halves of birds frozen at O°F. and then thawed
shéwed a very definite linear decrease in julciness with

aging. The julciness scores for the halves frozen at O°F.



were lower than the fresh controls except In the one-hour
aging period. Freezing the halves of chickens at -30°F. and
thawing had little effect on the juicineas scores at any of
the aging perlods. After 24 hours aging, the juiciness
scores of the fresh control halves and those frozen at -30°F.
were practically the same. The pectoral secundus was rated
less juley than the pectoralis major; however, the variation
with aging was surprisingly similar. In general, freezing at
~30°F. and thawing had the least effect on the julciness
scores of both muscles. There is a trend for the higher
freezing temperature to increase the dryness of both the
pectoralis major and the pectoralis secundus muscles,

After the 50~miﬁuta aging period there was a noticeable
decrease in tenderness of the birds aged one or two hours;
then the tenderness Iincreased rapidly up to 24 hours of aging.
Except for an incresse in tenderness between the 30-minute
and one-hour aging perlods, the tenderness scores of the
fresh control halves of fowl followed essentially the same
pattern as for the roasters, the difference being merely one
of degree. Since the fowl aged 30 minutes were rated -2.5
in tenderneas, the increase to & score of 8.1 in the halves
of fowl aged 24 hours was most strlking. An average tender-
nesa score of 9.3 was reached for the pectoralis major muscle
of fresh control halves of roasters 1n 24 hours and a score

of 8.1 for the fresh control halves of fowl in 24 hours of
aginge.
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The pectoralls secundus muscle of the fresh control
halves was rated more tender than the pectoralis major. The
\effeet of aging on the tenderness of the pectoralis secundus
muscle was similar to that found for the pectoralis major
muscle of the fresh control halves of both roasters and fowl.
An average tendernssa score of 9.0 was reached for the pec-
toralis secundus muscle of the roasters in six hours and of
8.1 for the fowl Iin 24 hours of aging. Aging of the fgﬁsh
control halves of ehiekan produced variations in tenderness
- which were highly slgnificant.

The tenderness curves for the halves of birds frozen at
0° and -30°F. showed an entirely different plecture from that
of the fresh eontrals; There was little variation in the
tenderness with increase in aging time. The differences in
tenderness scores between the fresh control halves and those
receiving the freezing-thawing treatment were highly signifi-
cant. Freezing at O°F. and -30°F. followed by thawing at
39.2°%F. (24 hours) definitely increased the tenderness of all

thﬁ frozen halvaé of birds except those aged 24 hours.
Apparently in birds that have been ripened 24 hours prior to
freezing the effect of aging on tenderness 1s as great as, if
' not greater than the effect of the freezing-thawing treatment.
Thus, tenderness was increased by freezing and thawing but to
a decreasing degres with increase in aging time. The differ-

ences in the tenderness scores for the halves frozen at 0°F.

and «30°F. were not significent.
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Histologleal studies of the fresh control musele fibers
showed that in general as aging progressed there was a ten-
dency for the flbers to become straighter with fewer waves,
kinks and twista. The cross striations became more dlistinct
with aging, but disintegration of the cross striae increased
as aging progressed. These mlecroscopic changes in the fibers
were accompanied by an Increase in the tenderness of the
mascle.

The frozen musecle flbers were usually better differenti-
ated and the cross striae more evident than in the unfrozen
muscle.  The amount of disintegration varled greatly from
bird to bird, but was obvioualy more extensive in the fibers
“of birds frozen after short periods of aging than In the
fibers of the fresh control paired halves. Here, again, the
changes in histologlcal structure were accompanled by increasse
in tenderness. That is, in general, birds in which the muscle
fibers have rather prominent cross striations, fewer waves
‘and kinks, and considerable disintegration are rated higher
in tenderness.

Vacuoles, the small cavitles or spaces assumed to indi-
cate the space formerly occupled by the ice crystal, were
found most fregquently in the cooked muscle flbers of blirds
aged 30 minutes, one or two hours before freezing. This
evidence of intre~fibrillar freezing varied from bird to bird,
but was usually found in the stralght part of the flber. The

width of the vacuoles varied from & very small opening to
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spaces three-fourths the width of the fiber. The length
varied and also the shape of the opening. in the cooked
fibers the vacuoles were filled with a granular substance.

From the evidence obtalned In this study, it appsars ‘
that freezing poultry muscle at -30°F. results in some intra-
fibrillar and some inter-fibrillar freezing. The extent of
the intra-fibrillar freezing also varies with the length of
the aging pericd and the histological condition of the muacle
fibers. Indentations, the small notches or depressions in
the sides of the muscle fibers presumed to result from the
pressure of ice crystals between the fibers, were found more
frequently in the fibers of birds frozen at 0°F.

The size and location of ice crystals are determined by
the rate of freezing, the extent of aging and the histological

structure of the muacle'tissus at the time of freezing.
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CONCLUSIORS

The conclusions from this study were drawn on the basis
of halves of roasters and fowl aged 30 minutes, one, two, six
or 24 hours prior to cooking ai to freezing at 0° or ~30°Fa,
 then thawing and cooking. Bialcgicalrvariaéion must always
be kept in mind in evaluating the results of this investiga-
tion. .Differences In palatablility end histological changes
between the fresh control and the frozen halves of chicken
are the result of the freezing-~thawing treatment.

Under the conditions of this study the following conclu=~
‘slons can be drawn: ,

1. The freezing rate of birds frozen at 0°F. was approxi-
mately one-half of the freezling rate at -30°F.

2. The length cf aging the bird before freezlng affected
~the freezing rate; those aged shorter periods of time re-
gulred longer to freegze. .

3. No differences iIn tenderness of poultry owing to the
freezing temperature were noted.

4. Freezing at the higher temperature tended to produce
less juicy breast muscle then freezling at the lower
temperature.

5. The tendermess of poultry aged six hours or less is

definitely Increased by freezing and thawing.
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APPERDIX



POULTRY COOKING RUCORD
GRADING CHART FOR COOKZD rPOULTRY

Scorer

Sample No. Kind of Meat (Thigh or Breast) Date
10 9 8 7 61 5 A 3 2 1
: dxtremely| Very Good Mediuwm Fair Poor Very | Extremely
Factor > ¢ : . Remarks
- £004 good nius minus : DOoY pOOY
Aroma
Fat
Flavor
- {Lean _
Zxtremely | Very Tender Mediuwa , Fair Tought Very | Zxtremely
. - tender 1| tender LUS ninue : tough Lough
Tenderness
Extremely | Very Juicy Hedium Fair Dry - Very | sxtremely "
_ Julcy Juicy plus minus ary dry '
Juiciness . ' Y3
o
%
DESCRIPTIVE TERES
Flavor Aroma Breast Light Lledium Dark
1. Flat g. 01d 1. 1ild 1. White
2, Ldid ) 9, Bitter 2, Sharp 2, Pinkish white
3. Mellowed 10, Foreign 3. Strong 3. Grayish white
4, High, gamey 1l. Acid 4. Faint . vo Yellowish vhite -
5. Rich 12. Sweet 5. Foreign o 5. Grayish yellow
6., Raw , Normal or abnormal? 6. Sour Thigh
7. Strong Normzl or _abnqrmal? 1. Yellowish white
2. Hed brown
3, Pinkish white
(28 . Preference |
‘:Il* . Lamong sarplcs judged at one time ‘
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Table A. Flavor and aroma scores for the breast of halves
of chicken aged varying periods of time before cooking or
freezing and cooking.

Time Ro. Fraazing ?aatcralia Pactovalia
of of tempera~ Major Secundus
aging bird ture Aroma FPlavor Aroma Flavor
30 min. HRoaaters '
lL "‘50 Q.O 898 9'0 805
1R 8.0 9.0 9.0 9.0
3L 9.0 8.3 8.0 8.0
33 ) “50 QQQ 8«5 9.9 803
11L 0 9.0 8.8 8.8 8.5
11R 8.8 9.0 8.8 8.8
13L h 8.8 8.8 9.0 8.8
13R 0 8.0 8.8 2.0 9.0
0"813 *39 9@9 805 900 8.5
1"'8IJ 0 9..6 8;5 9.0 84;5
1"83 "’39 gﬁe 818 900 8'5
Fowl
5L 30 9.0 8.5 9.0 8.3
BR 9.0 8.3 9.0 8.5
8L 30 9.0 8.5 9.0 8.5
6R 8.8 8.8 8.5 8,3
16L Q .0 8.8 9.0 8.8
18R 2.0 - B8 9.0 8.8
16L 0 9.0 8.5 9.0 8.8
18R 8.8 8.5 8.8 8.5
1 hour Roasters
21L «30 9.0 8.5 8.5 7.8
21R 8.3 7S 8.5 7.0
23L 8.8 8.5 8.5 8.3
31L C 9.0 9.0 9.0 9.0
31R 9.0 8.8 8.5 7.8
33L 8.0 9.0 8.0 8.3
S3R 0 2.0 8.5 9.0 7.8
2-8L 0 8.8 8.3 8.8 8.3
2-8R -30 8.5 8.6 8.5 8.3
S=81 -S0 9.0 8.7 8.0 8.0
-8R ¢ 9.0 9.0 9.0 8.3
{continued)
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Table A (continﬁad}

Pecth’&}.:{a S— _

of er - tempera- Hajor. \ Secundus
aging bird ture Aroms  Flavor  Aroma  Flavor
1 hour Fowl | |
25L «30 8.8 7.3 9.0 6.0
25R , 9.0 B.5 9.0 8.3
26L -30 8.0 B.5 8.0 8.5
26R 8.8 8.5 8.5 8.3
35L -0 8.8 B.8 8.8 75
SBR 8.8 7.5 8.8 6.5
S6L ) 8.8 9.0 8.8 8.5
38R | 8.8 7.5 9.0 7.3
2 hours ERoasters ,
42L 8.8 . B.3 8.8 8.0
42R ~-30 840 BebH 9.0 8.3
44L -30 9.0 8.8 8.8 8.8
44R ; 8.5 8.0 8.3 B.3
B2L ' B.8 5.8 8.0 8.8
52R 0 9.0 8.8 2.0 7.8
53L : 8.8 B.5 8.5 8.3
B3R ¢ 8.8 8.3 8.8 8.0
4"815 “ﬁg 9#@ 940 9.0 8:5
4-8R & §.0 8.5 8.8 8.0
5-8L 0 9.0 8.8 8.8 8.5
5~8R -30 8.8 B+b 8.8 €.5
Fowl f j “
45L -30 8.0 8.8 9.0 7.3
45K 8.8 8.3 8.8 8.3
46L "‘50 8.8 868 8'8 805
46R 8.5 7.8 8.5 8.3
55L 0 8.8 8.0 8.8 7.8
B8R 8.8 8.5 8.5 8.3
58L 0 8.8 8.8 8.8 8.5
58R ’ 8.0 8.8 9.0 8.3
6 hours Roasters '
6211 gt{) @nﬁ 9&0 805
63L 8.5 7.8 B.5 7.8
63R «30 9.0 B.7 9.0 8.0
71iL 0 9.0 8.7 9.0 8.0
{continued)
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Table A (continued)
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Table B. Tenderness and julciness scores for the breast of
halves of chicken and shear force in pounds for the
pectoralis major muscle of the breast of halvea of chicken.
Grouped according to time of aging, i.e., time between

- kiXling and :eeaking or ,i‘reazmgg.

| F’raezmg o PS%tﬁI‘&l 5.6 Ml OI‘ H 333 .

of tempera- force  Tender- Juici- Tender- dJuici-
bird ture (1bs.) ness ness ness ness
30 min.
Rogsters ' '
1L # =30 Y 7.8 6.3 9.5 4.0
18 . 12.4 5.8 TeB T8 4.8
SL % 23.3 145 5.8 2.5 4.5
3R =30 S¢B 9.3 B3 8.8 4.3
1iL 2 0 7+5 8.0 6.0 8.5 3.8
11E ‘ 18.5 6.8 Teb Bed 5.3
13L # , 18.0 4.3 7.5 7.5 7.8
13R 0 4.0 9.0 6.8 9.3 5.0
0-8L # =30 4.4 Bed 5.8 9.3 4.5
0=8R 0 2.8 9.8 6.0 9.3 4.5
l-8L ¢ 3.0 9.5 £e5 2.5 4.0
1-8R # «30 4,9 7.8 543 8.0 5.0
Fowl ; : ,
5L # -30 7.5 6.3 5.5 4.8 4.3
5R X, 26.6 4.5 6.8 7ed 4.0
6L -30 7.4 8.3 3.5 Be3 345
6R # 29.0 (a8 7.8 1.8 4.8
1s5L % .0 T2 7 ,5 6.8 8.0 4.5
15R 25.0 7B 7.8 0.8 8.3
16L 0 746 8.0 6.3 7.3 4.8
16R % 36.7 =~5.8 7.8 -5.5 6.5
1 hour _
Roasters ' ’ ‘
21L # S0 54 B3 8.5 8.8 T 4.8
21R 27 .0 2.8 B5.D 6.8 5.8
23L % 18.6 2.3 7.3 2.5 5.3
23R 30 248 C B.d 6.8 2.5 5.0
S1L % 3] 6.9 43 8.8 8.3 Hed
B1R 1543 4.0 €ed 8.0 SeDH
33L 16.6 1.7 5.8 7.0 4.3
S3R # O 6% Bed 4.3 2.6 2.5
2”814 . O 4;9 9.9 2&8 948 205
2"‘8&* «30 5»1 848 51»0 94&5 2.»8

{continued)

*cut side.
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Table B (continued)

No. Freeging  Shear Pectoralis Major Pectoralis Sec.
of tempera- force  fTender- Juici- Tender- Juici-
bird ture {1bs.) ness ness  neas ness
=Bl 30 5.9 8.7 Ted 6.0 5.7
S“BR O ‘ia? 9&5 800 6.5 7.0
Fowl :
25L% ~30 14.3 6.8 2.8 7.0 3.0
25R 11.3 1.8 4.8 4.5 4.0
26L «30 75 Ted 7eb 4.8 6.0
26R# 26.5 A 4.0 §.0 3.0
SHBL4# 0 10.3 5.0 6.3 5.8 43
55R 3540 Qud EeS 240 Bed
S6L 0 6.2 7.0 70 5.8 4.5
S6R# 22.7 25 4.8 S0 4.0
2 hours
Roasters
42L 23.3 2.0 5.8 6.5 4.0
QQR‘* "50 5&9 ?v& 505 915 4:.0
44L -0 5.3 B.8 5.8 8.0 4.5
44R% 16.9 2.0 5.8 1.8 5.8
652L 19.3 5.0 Tad Be3 5.3
B52R % 0 6.7 7.8 Bad 7.0 4.0
&53L. 283 2.0 5.8 6.5 S5
53R 0 5.4 8.8 4.8 7.5 3.8
4-8L# 30 6.5 8.0 7.0 9.3 348
4«8R 0 Se7 9.8 4.5 95 Se3
5"'81: 0 5&5 805 b.S 7’8 3;8
5"‘83* *30 7#0 6.5 4.5 8’0 5-3
Fowl
451&’* "30 9-'7 8;0 5’5 505 5.0
45R 28.2 2.0 6B 4.5 5.0
48L -30 10.5 B.0 Ted Ted 5.0
46R%* 25.9 5.8 6.5 6.0 b .
55L % 4] 7.8 6.0 5.0 5.5 2.8
55R 23.6 2.3 4.8 4.0 5.3
&8L 0 0.9 T+5 5.8 5.8 5.5
56K s 26.3 1.0 6.8 3.8 4.8
& hours
HRoasters
62L 7+0 9.3 6.8 8.8 4.8
EZR# 30 6.5 78 7.8 8.8 5.5
63L % 8.8 9.0 4.8 8.8 Jed
&’5}:{ ""39 7*4 8-0 4.7 8.7 5&7
Til# o 746 7.0 Haed Ded 2.7

{continued)



No. Freeging  Shear Peotoralis Major Pectoralis Sec.
of tempera- force Tender- Juici- Tender~ Juici-
bird ture {lbs.) ness ness ness ness
6 hours )
Roasters
(eont.) ’ ‘ ‘ ‘
71R 8.0 7.0 7«5 8.8 5.8
72L 6.3 9.0 T - G5 4.0
723* 0 2 q& 913 5t»9 9 - 5 5'8
6~-8L - Q 59 9.8 4.3 8.3 4.3
€-BR 4 . =30 5.9 6.5 Hed 8.5 4.3
7-8R (4] 4.4 9.0 545 8.5 4.0
Fowl ‘ ' ' : .
65& ﬁﬁuﬂ *103 8»5 509 7.5
561& "50 5;? '?.3 5»8 81»8 5’.0
'75L.§. N Q g&4 ﬁgf} ﬁ;ﬁ 400 40{)
76R 12.8 540 75 4.5 7.0
T6R 5 8.1 B845 5486 848 4.8
24 hrs.
Roasters ‘ : : :
8lLg 30 ST G.8 7.0 9.8 4.8
81R 4.1 9.3 - BT 9.0 2.3
82L 6.7 Qe 4¢3 840 2.7
. 82Rx 30 6.8 9.0 4.3 4.8 4.5
911‘4% .0 4*2 9*5 ‘%;;5 9:5 5.8
91R . 3.9 B.5 4.5 9.8 5.0
92L , o Te6 9.0 B3 8.7 Bed
92K+« ¢ 3+5 9.0 4.0 8.0 b P
8~8Ly -0 6.4 8.5 6.3 8.5 Sad
8~8R Q 6.5 8.5 5.5 8.3 36
9~8L 4] 4.7 8.0 5.0 9.0 4.5
9-8Ea 30 4.9 8.8 4.0 9,3 2.8
Fowl - o : ~
BS5L g B0 6.4 6.5 5.6 Ted Seb
B5R 4.7 8.3 Tl 8.8 5.5
861‘ ) ""'30 ’74.(3 655 6&0 8‘»8 400
86R 4% 6.3 8.3 5.8 8.8 3.8
95Lg 0 11.2 8.5 3.5 7.8 2.3
95R Ted 7.5 4.8 5.8 3.3
96L o 6.8 8.5 3.5 8.8 4,0
S6R % 10,1 B.3 3.0 9.0 2.0

*Gut side.
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Table C. The losses in weight (volatile, drippings and
total) during cooking of halves of roasters aged
various periods of time hetween killing and
freezing or cooking

Welght ﬁooking losaes Total

Bird Breed before Vola- Drip- Total cooking
cooking tile ping ° time
No. diﬁn g8 . %7 g % min.
30-minute aging
1L 30 RIR: 825 22.8 3.9  26.7 140
1R 892 27.1 2.6  29.7 138
3L RIR 1032 27.4 4.0  31.4 175
3R ~30 1025 25.9 4.0  27.9 178
11L  © RIR 817 21.4 5.1  26.6 135
11R 853 24.6 6.1  30.7 130
13L RIR 710 18.6 3.4 28,0 80
13R ™Mo  21.8 5.1 26.9 120
0-8L =30 RIR 1012 25.2 6.8 32,0 171
0=8R O 1046 20.6 6.7  27.2 168
1-8L O RIR 983 25.1 T4 32.6 180
1-8R =30 954 25.2 5.3  30.5 172
l«hour aging
21L -30 - RIR 748 26.2 4.8  31.0 110
21R 800 25,9 5.3  31.1 140
23L RIR 881 23,3 2.9  26.3 108
23R =30 733 24.6 3.4 28,0 148
31L © BRZ 920 25.1 3.5  2B8.6 170
31R 807 27.3 3.5  30.8 167
33L RIR 1222 -— — 26.8 140
33RO 1065 20.3 5.3  25.6 210
2-8L O RIR 1215 19.4 7.4  26.8 155
2-8R ~30 1152 22.0 7.3  29.3 160
3-8L -30 RIR 638 5.6 5.5  1l.1 106
3-8R O 674 5.6 5.9 11.6 95
2-hour aging ,
42L RIR 737 26.7 5.0  31.8 137
42R =30 712 26.4 4.4  30.8 127
441 =30 RIR 752 25.4 6.9  30.3 120
44R 730 22.8 4.5 27.4 110
{continued)

1RIR = Rhode Islend Red 2BR = Barred Rock
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Table ¢ {continued)

“Welsht . Cooking losses . Total

Bird . Breed Dbefore ?Eia—‘ 1 - Total cooking
, : cooking tile ping time
ﬁ@n wf&u ’ ’ Ems . % % % mnin.
2-hour sging (cont.)
52L BR 1043 25.1 3.9 29.1 140
52R O 942 23.6 37 27.3 140
53L RIR 1121 18.8 6.4 25.2 - 100
53R O , 1087 19.9 75 27 .4 140
4-8L =30 RIR . 931 19.2 6.1 25,3 139
4-8R O 942 25.4 5.0 30.4 170
5-8L O RIR 082 23.1 4.1 27.2 155
5=-8R ~30 894 26.2 5.8 31.8 177
: 6-hour aging :
62L ~ RIR 806 25.2 3.0 28.2 137
62K =30 ‘ 757 - - 23.0 110
63L RIR 923 18.9 5.9 24.7 130
63R ~30 797 13.0 = 3.8 16.8 145
71L O BR 685  15.2 2.5 17.7 127
71R 1 l 820 13.8 3.0 16.8 80
72L RIR 909 23.0 7.2 30.1 140
TR O 840 24.2 6.3 30.5 143
6-8L O RIR 1156 23.6 8.4 32,0 167
6«8R =30 1112 19.9 7.8 27.5 130
T=8L =30 RIR 985 17.4 10.2 27.5 128
7-8R O - 1008 23.9 8.4 32.3 160
24~hour aging ; ,
81L -30 BR 935 20.9 3.4 24.3 135
81R 940 22.4 4,0 26.5 130
82L : BR 866 . 23.0 6.4 29.3 135
82R 30 798 26.4 5.6 32.1 160
91L O RIR 1120 25.4 79 33.3 140
91k 1086 26.3 5.7 32,0 167
92L RIR 917 24.3 6eD 30.6 138
92r © 780 24.8 5.7 30.5 150
8=-8L =30 BR 862 21.2 5.5 28,7 120
8-8R 0 835 25.9 3.0 26.9 135
g-8L O RIR 1070 6.9 10.9 27.9 120
9-8R =30 955 22.4 10.6 33.0 120
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Table D. The losses in weight (volatile, drippings and
total) during cooking of halves of fowl saged
various periods of time between killing and
freezing or cooking

mw%;iéﬁgwwmﬂ —

Birad before Vola- Drip- cooking
cooking tile ping Total time
Wo.  OF. gms. A 4 4 min.
30-minute aging
5L =30 605 19,5 8.6 27.8 123
SR 6856 18.1 8.4 27.7 108
8L -30 581 23.1 9.0 32.0 117
6R 611 19.3 9.0 28B.3 9%
15L O 640 18,0 10.5  28.4 100
15R 700 13.3 13.3  26.7 98
1L O 678 15,9 B.7 24.6 903
16R 651 20.0 Tel 27.2 86
l-hour aging .
25L =30 704 , 16.1 13.8 29.8 103
2BR 755 19.7 13.4 33.1 102
26L ~30 . 786 9.1 17.2 26.2 100
26R 708 16.4 17.9 34.3 108
35L O 765 14.9 14.6  29.5 100
S6R : 874 16.8 11.8 28.6 85
SBL 1 ¢ 4% 18.5 6.7 26.3 107
36K 470 18.1 8.5 26. a2
2«hour aging :
45L =30 - 1012 , 16.6 13.5 301 150
45R 1048 14.6 12.1 26.7 115
46L «30 575 13,7 8.9 22.6 80
46R ‘ 628 14.2 1l.8 26.0 T3
65L O 619 16.6 11.0 27.6 100
56R 650 13.2 10.3 25.5 80
561 0o ‘ 833 158.5 11.1 26.5 290
66R - 813 1l.8 13.9 2544 80

{continued)
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Table D {continued)

S Weight Cooking losses  Total
Bird before ola- Dripe cooking

, cooking tile ping Total ~ time
Fo.  ©OF. ams . % T % T min.
6-hour aging |
65L =30 412 17.0 7.8 24,8 V4
65R 423 2.1 8.0 20.1 60
66L «30 674 19.9 10.4 30.3 113
66R 660 , 25.8 8.9 34.1 104
8L © 461 18.9 7.2 26.0 80
78R 450 15.1 10.0 25.1 83
76L O 692 25.5 11.6 37.1 160
76R 684 20.8 11.3 32.0 125
24-hour sging
88L -30 565 16.3 11.7 28,0 a7
85R 570 20.2 10.7 30.9 117
B6L -30 666 17.4 10.1 27.5 115
86R 604 13.2 2.8 23.0 67
98L O 5656 25.3 10.6 36,9 140
95R 805 19.2 10.7 29.9 93
g6L O 838 21.2 14.7 . 35.9 140

96R 775 25.8 12.3 38.1 145
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Table E. The welight, initisl temperature, and total rise
in temperature of roasters aged various periods
of time before cooking or freeszing

Bird Freaiing Welght Initial Total Temp. rise

no. . temp. ; temp. temp. rise per min.
(5-14%’ ZmS . é?q @‘ dFo
30-minute aging
iL -30 826 35.6 159.4 1.009
1R =30 892 93.2 101.8 0.738
3L 1032 - 84.2 110.8 0.629
3R -30 1025 - 30.2 164.8 0.926
11L 0 - 817 33.8 161.2 1.194
11R 853 9l.4 = 103.6 0.797
13L 710 93.2 101.8 1.131
"13R 0 770 30,2 184.8 1,373
0-8L -30 1012  30.2 1164.8 0.964
0-8R o 1046 - 30.2 164.8 - 0,981
1-8L 0 983 39.2 155.8 0.8686
1-8R =30 954 30.2 164.8 0.958
1-hour aging ‘
21L -30 748  33.8 161.2 1.465
21R 800  63.0 132.0 0.943
23L 681 82.4 112.8 1,043
23R -30 733 35.6 159.4 1.077
31L 0 920 33.8 161.2 0.948
31R ' 807 58,0 137.0 0.820
33L 1228 63.0 132.0 0.943
33R 0 1065 30.2 164.8 0.785
2-8L 0 1215 30.2 164.8 1.083
2-8R -30 11562 - 30.2 . 164.8 1.030
3-8L -30 638 39.2 155.8 1.470
3-8R 0 674 39.2 155.8 1.640
2«hour aging } : :
42L 737 73.4 121.6 0.888
42R =30 712 33.8 161.2 1.269
44L -30 752 46.4 148.6 1.238

44R 730 82.4 112.6 1.024
{continued) '
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Table E (continued)

Bird Freezing Initial  Total = Temp. rise
no. temp.  Welght temp.  temp. rise per min.

oF. ome . OF, ~ OF, CF.
2-hour sging (cont.)
52L 1043 82.4 112.8 0.804
52R 0 942 - 30.2 164.8 1.177
53L 1121 50.0 145.0 1.450
B3R (¢ 1067 32.0 163.0 1.164
 4-8L -30 931 35.6 159.4 1.147
4-8R 0 942 35,86 159.4 0.938
5-8L 4] 282 30.8 164.2 1.059
5-8R -30 894 55.8 161.2 0.911
6~hour aging -
621, 806 57.2 137.8 1,006
62R 30 767 33.8 161.2 1.465
63L 923 60,8 134.2 1.032
63R -30 797 35.6 159.4 1.099
71L 0 685 37.4 157.6 1.241
71R 820 59.0 136.0 1.511
72L 909 53.6 141.4 1.010
72R 840 D92 155.8 1,090
6-8L (4] 1156 35.6 159.4 0.954
6~8R -30 1112 37.4 1567.6 1.212
7-8L ~30 988 - 30.2 164.8 l.288
7T-8R 0 1008 32.L0 163.0 1.019
24~hour aging
81L -30 935 3b+6 159.4 1.181
81R 940 44.6 150.4 1,157
82L 866 42.8 162.2 1.127
82R ~30 798 7.4 157.6 | 0.985
91L 0 1l20 35.6 159.4 1.139
91R 1086 42.8 152.2 0.911
92L 917 44.6 150.4 1.090
92R o 780 41.0 154.0 1.027
8-8L -30 862 37.4 167.6 1.313
8«-8R o 8356 - 41.0 154.0 1.141
8-8L 0 1070 53.6 141.4 1.178

9-8R «30 9565 57.2 137.8 1.148
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Table F. The weilght, initial temperature, and total rise
. in temperature of fowl aged various perioﬁa of
time before ceoking or freezing.

no. temp. Waight temp. temp. rise per min.
‘ — OF, gms . " OF, OF. OF.
30-minute aging
5L =30 605 30.2 164.8 1.340
"SR 685 80.6 105.4 0.976
8L S0 581 39.2 165.8 1.332
6R . 611 86.0 109,0 1,147
16L 0 - 840 392 155.8 1.568
156R 700 B88.0 109.0 1.112
16L 0 678 42,8 152.2 1.637
lﬁﬁ 651 86’9 1098.0 1,147
l-hour aging |
25L =30 704 42.8 152.2 1.478
25R 755 86.0 109.0 1.0869
26L «30 786 30.2 164.8 1.648
28R 708 B4.2 110.8 1.045
35L Q 765 358 l16l.2 1.612
35R 874 88.0 109.0 1.282
36L 0 475 42,8 152.2 1.422
S6R 470 82.4 1l12.8 1.224
2-hour aging | ‘
45L «30 1012 320 163.0 1.087
45R 1048 86.0 109.0 0.948
46L -30 876 44.6 150.4 1.880
46R 628 78.8 116.2 1.592
55L 4] 619  33.8 161.2 1.812
5BR ‘ 850 86.0 100.0 1.373
56L 0 633 42.8 182.2 1.691
56R 613 84.2 110.8 1.3856

{continued)
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Table F (continued)

e

Bird

no. temp. & temp. temp. rise per min.
oF. gma. Uﬁ‘ OF. %,
| 6-hour aging ‘
&65L 30 412 41.0 154.0 . 2,000
85K : 423 64.4 130.6 2.177
66L -30 674 37.4 167.6 1.395
66K | 660 59.0 136.0 1.308
76L ) 461 46.4 148.6 1.858
75R 450 62.6 132.4 1.596
76L ¥] 692 42.8 152.2 0.951
78R 684 64.4 150.6 1.045
: 24-hour aging o

85L -30 - B6b 42.8 152.2 1.749
85R : 570 44.6 150.4 1.285
86L «-30 666 42.8 152.2. 1.324
88R 604 57.2 137.8 2.057
95L ¢ 665 41.0 164.0 1.100
95R ‘ 605 59.0 136.0 1.462
96L ¢ 838 35.6 159.4 1.139

96R . 775 B7.2 137.8 0.950
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Table G. Tenderness of the halves of roasters frozen at
0°F. and -30°F. after aging various periods of
time as determined by tenderness acores of the
pectoralis major and pectoralls secundus muscles
of the breast and shear force of the pectoralis
major muscle.

, m”éhggéuf;;;;mwwmwm«pﬁw.‘Tendernaaéﬂﬁcoresmwmmm
Aging Pectoralis " Pectoralis Pectoralls
period major - _major secundus
‘ %P, '*WQF . 0%F, =30 F- Oon 'EOOFo
Iba. 1bs. ibs. 1ba. Ibs. 1ba.
30 minutes = 2.9 4.7 9.7 8.7 9.4 8.7
1 hour 4.8 5.2 9.2 8.8 8.1 8.0
2 hours 4.7 6.8 e TS 8.7 8.7
6 hours 4.2 6.1 9.4 8.3 8.9 8.5

24 hours 5.6 5.7 ’ 8.8 8.7 V 8.7 7.9
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Table H. Analysis of veriance of tenderneas acores of
: paired halves of roasters frozen at 0° and -30°F.
after various periods of aging.

o o ——
aamaee ——

Source of variation Degrees Sum of Mean
of freedom squares square

Aging 4 14.80 - 3.70
Chickens (error a) 5 12.25 2.45
Freezing temperature 1 42.05 42,05%%
Freezing temperature x aging 4 22.70 5.68%#
Freezing temperature x chlckens

treated slike (error b) B 1.00 0.20

#% = DIghly Bigniticant



