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INTRODUCTION

The factors that alfect t&w tenderness of beefl have been
investigated by many workers, but only a few of these studies
have been concerned with the effect of aging on tendernsss or
with the varlation in tenderness among the &ifi’arént muscles
of the carcass. The more recent papers in the literature
which have dealt with these factors have been limlted to one
‘mascle from several animals or to certein muscles from one
animal, Aging hes long been cﬁmiﬁérec‘l a process which Im-
proves the tenderness and flavor of beef; thus, 1t was
deemed worth while to study the histological, physical, and
©organcleptice changes during the aging of several muscles from
three grades of animala, There is variation in tenderness
among the muscles from a given carcass, therefore, the muscles
were chosen to represent different degrees of ten&emesa with=
in the carcass.

The desirability of aroma, flavor, julciness and tender~
ness of the cooked meat was determined by judges! ascores. In
addition juiciness and tenderness were determined by press fluld
‘an& shear force, respectlvely. FPhysiesl changes upon which date
were recorded were chan{:és In length, width, thiclkness, and
welizht of the béa.f during cocking; and changes in weight
during storage. Histological sectlions of both raw and cooked



meat were used to observe the changes in the structure of the
muscle fibers and the proportion of collagen and elastin in
the various muscles.

Connective tissue has been reported as a factor contri-
buting to the tenderness of ﬁﬁat» Collagenous connective
~ tissue ls said to contract, swell, and soften when cooked,
but elastic comnnective tissue is considered to be little
affected by cooking. Strips of tendons (which were mainly
collagen) end ligements (which consisted chiefly of elastin)
from each of the carcasses used in the study were treated in
hot water at given temperatures for definite periods of time
end changes in length, width, thickness, and softening of these
tissues were recorded. It is probable that such information
might be helpful in explaining sowe of the physical changes
of meat during cooking,.

The specific objectives of this 3£udy were to study: (1)
the histologlcal, physlcal, and organoleptic changes which
occur during the aging of beef; (2) the proportion of con-
nective tissue in certain muscles of beef; and (3) the effect
of moist heat on collagen and elastin. Chemicel determinations
of the collagen and elastin content of the‘muéclas used in
this study are being determined by Inez Prudent and the re-
sults will be reported in her thesis. |



REVIEW OF LITERATURE

Structure and Composition of Beef lMuacles

General structure

Skeletal muscle 1s an organ made up of fibers held to-
gether by connective tissue and surrounded by a sheath of
heavier connective tissue. The fibers are arranged parsllel
to each other in bundles called fasciculi. Each fiber is
elongated, cylindrical, and multinucleated with elliptical
shaped nuclel; some flber ends are tapered, others fcunded,
The fiber may run the length of the muscle with both ends
terminating in a tendon; one end of the {iber may terminate
in a tendon and thé other within & muscle; or both ends of
the fiber may terminate in the nuscle. Each fiber is encased
in a thin colorless, elastic membrane, the sarcolemmsa. The
connective tissue around the fasgecicull is called the peri-
mysium and the sheath of connective tlssue around the entire

muscle 1s the epimysium (18).

The proportion of connective tissue

The connective tissues consist mainly of two proteins,
elastin and collagen. Mitchell et al. (20) determined chemi~
cally the amount of these two substances in several cuts of

beef. No constant or significant differences in connective



tissue content were found between heifer and steer beefl.

Eye muscle of rib and the tenderloin in calves gave the low=-
est percent of collagen, whereas next Iin order and dis-
tinguisha@lé from each other were round, porterhouse, and
sirloin. Foreshanks, chuck ribs, and navel showed the high-
est percentages éf collarens. The percentage of elastin in
muscle wag reported to be small and usgaliy'insignifieant
when compared to the percentage of collagen. Inéonclusive
results indicated that age of the animasl does not greatly
Influence the content of comnective tlssue in muscle.

Smith (30) stated that in most of the muscles of the body,
connective tilssue, In which collagen predominates, nakes

up 12 to 15 percent of their dry weight.

Proteins of muscles fibers

Szenﬁmﬁygrgyi (34, 35) summarized the blochemical studies
on muscle proteins. He stated that striated muscle contains
about 20 percent protein. I the miscle is minced and ex-
tracted with water, half of this protein goes into solution.
The soluble muscle protein 1s called myogen., The insoluble
fraction contains several enzymes lnvolved in oxidation and
the contractile substance of the fibril, actomyosin. Acto-
myosin is composed of two proteins, actin and myosin which
are hydrophiliec colloids.



The Aging of Beef

The term "aging" as applied te fresh beef refers to the
practice of halﬁing the meat at temperatures just above
freezing, u@uafi?“ﬁ@? to SBQ Pey Tor various periods of
time. The purpose 1s to improve the quality of the meat,
particularly the tenderness. The published studles have re-
ported physical, organoleptic, chemical, and histologlcal
chenges in meat held for different periods of time.

Physical changes

éna of’ the early investigations on the aging of beefl
wasg carried out at the United States Department of Agri-
culture (12). The principal effects of storage on the physi-
cal characteristics of beef were 1a$§ of weight and a harden-
ing and darkening of the exposed muscular and fatty tlssues.
Thbse changes were great enough to lower the market value of
the meat when the storage time was 177 days, bubt the physi-
cal changes which took place in 2 to 4 weeks were not marked
and did not lower the market wvalue of the product.

Paul, Lowe, and McClurg (23) found that the externsal
fat on roasts cocked without storage was soft and oily,
whereas that on roasts refrigerated 1 day or longer was firm
and brittle. The muscles were cut from the csrcass, after

chilling 24 hours, cut into roasts, and wrapped in cellophane



for aging. Roasts stored O and 1 days were quite dry on the
surface; those with 2 and 4 days storage were qulte moist,.
By the 9th day the surface of the meat was again falrly dry,
but the molsture had collected in the paper in which the
roasts were wrapped, and with 18 days of aging the roasts

were sticky.

Organcleptliec changes

Arome, flavor, julciness, and tenderness are the factors
which contribute to the palatablility of a plece of meat.
Judges scores for aroma smd flavor usually follow much the
same pattern. In the work of Paul et gl, (23) aroma and
flavor scores improved up to 9 days but with further storage
the roasts were graded lower on these factors. The less de~-
sirable scores were atiributed to development of "gaminess"
in the lean end rancidity in the fat. Hoagland et al. (12)
stated the opinion that storage did not improve the flavor
of the meat used in their study. There was a gradual change
in flavor to the extent that beef stored over long periods
was described as "old" and was less appetizing than fresh
meat. Similer changes were noted in the odor of the freshly
cut surfaces of the stored meat.

The Julciness scores given by Paul et al. (23) show a
gradual increase in Julciness with increased aging, but the

press fluld values first decreased then increased sharply.



In general, the moisture content of the beef aged by Hoag-
land et al. (12) decreamsed as storage increased. This was
in keeping with the loss of weight in the meat during
storage. Paul's roasts were wrapped for aging, whereas the
‘beef in Hoagland's study was not wrapped.

The principal effect of aging on the organcleptic pro-
perties of beef is usually considered to be a marked in-
crease in tenderness. Paul et al, (23) found a decided in-
erease in tenderness with storage up to ¢ days as indicated
by both scores and shear readings. The data of Hoagland
et al. (12) showed & similar change in the meat bubt the ex~
tent of this change did not besr & direct relation to the
length of the storage pariod; Beef stored 2 to 4 weeks
wag almost as tender as beefl stored for a much longer time.

Deatherage and Harsham (10) were puzzled by the fact
that they had obtained what seemed to be y&radcxiél re-
sults in various studies on tenderization of beef. Such
results could be duplicated and were beyohd the errors ex-
pected by the testing technique used. The dlscrepancies
were contrary to the idea that tenderness increases linearly
with postmortem age of meat. The heterogensous structure of
meat probably contributes to the fact that beef does not
tenderize regularly with increased aging time. In a recent
stﬁdy conducted by these men tenderization curves of the

loins from 14 carcasses indicated variastion in the asnimals



used, At a given time steaks cut from the loln of some
carcasses were more tender than those cut from other car-
casses, In addition the maaﬁ from some of the animals
bescame less tender at aertain times during the aging
period, whereas some of the meat progressively increased

in tenderness throughout the aging period. In general,
tenderness Increased until 17 days. At 24 days there was

o improvement or a slight drop in tenderness, and finally
at 31 days ﬁhére was some improvement beyond the 17 day
' tenderness meesurement. It wes concluded that unless beefl
is to be aped at 33° to 35a;F* beyond approximately 4
weeks 1t need be aged only 2 1/2 weeks.

These same authors (10) discuss some interesting specu-

lations underlying the results of the investigation reported.
A summary of these speculations follows:

1. Cooked meabt consists of cosgulated mascle
plasma and connective tissue.

2. Before coocking and during sging the pre-~
cursors to coagulated nuscle plasma seem to dls-
integrate at a faster rate than the connective
tissues, Therefore, Ifrom the tasterts point of view
toughness contributed to connective tilssue is
changed only a small degree as aglng progress, where-
as that owing to cosgulated muscle plasma may approach ze-
ro. If this condition continued for & period of time,
the taster observes no tenderigation during this
period, S8till further aging might disintegrate the
commective tissue to the point that the comnective
tissue Tibers lose thelr strength, and toughness
owing to connective tissue diminishes. This could
account for a plateau.



3« To explain toughening during certain periods
of the aging process 1t was stated that connective
tissues may maintain thelr strength for some time
during aging wheresas muscle plasma autolyzes so that
on cooking it 1s weaker. Thus if connective tissues
malintain thelr elastilclty snd muscle plasma loses
tensile strength but remains firm or brittle, the
muscle plasma gives the taster s mechanical advantage
in chewing the comnective tissue by shearing. With
such mechanical advantage the conhectlive tissue may
be effectively masticated by the taster, thus to
him the meat is tender. If agling proceeds further
to the point where the comnective tissue 1s not yet
effectively reduced bubt where the plasma is autolyzed
to glve stlll less firmmess, then the connective
tissue has lost the supporting substance, Since the
mechanlical advantage is lost to the taster the meat
seems tough and chewy to him. @With still further
aging the connective tissue find ly loses strength
and the meat again becomes more tender..

Moran and Smith (21) attributed an increase in tender-
ness during the aging of beef to chemlcal changes 1n the
proteins of the muscle fibers and connective tissue. The
alterstion of the proteins of the muscle fibers was con-
sidered moét important durlng the first few days of storage,
but with a longer time of storage the increased tenderness
was attribubed to a softening and swelling of the collagen.

Steiner (33) stored beef muscles ot 0° C. and above for
definite lengths of time, and measured btenderness changes by
a mechanical devlce. He was interested Iin determining the
lowest storsge temperature above freezing which would give
the least growth of microdrganisms and still not retard the
maturation processes. He concluded that mmscles stored at

0° ¢. were superior to those stored at higher temperatures.
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He also Tound that the rate at which ripening took place at
a given temperature depended on age, sex, and other indi-
vidual characteristics of the animals. Muscle of old animals
ripened more slowly than that of younger animals and steer

muscle ripened more slowly than cow muscle.

Histological changes

Moat of the inveatigations on the apging of meat have
not dealt with the histologlcal picture. However, Paul
et ol. (23) reported histologlcal observations, Paul et
a2l, {23) found that in freshly killed beef the fibers were
poorly differentlated and were straight to slightly wavy.
After one day storage the fibers were much more distinct
- with contracture nodes, kinks, and crinkles. The nodes
persisted through 18 deys storage but the kinks and crinkles
disappeared after 4 to 9 days storage. DBreaks or disap-
pearance of the cross striase in the flbers appeared on the
second day and became more numerous as storage time progressed.
The semlitendinosus muscle behaved differently from the other
rmuscles studled. In the semltendinosus, after ons day of
storage the fibers were thrown into pronounced waves which
were observed microscopleally. These waves were present
for 4 days bul had disappeared by the ninth day of storage.
It was speculated that éimae the semlitendinosus muscle
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showed eppreciable amounts of elastin when examined micro-
scoplcally, the elastin content of the muscle may have had

a role in the formation of the microscopic waves.

Chemical changes

Kichardson (25) gave a good review of the chemical
and biochemical deterioration of flesh foods. The bio=-
chemical reactions were considered as those reactions
" brought about by miaregrganiﬁms while hydrolysis and oxida-
tion were given as chemical reactions. The chemical changes
were accelerated by énxymss naturally present in the food,
by aclds and salts, and by chemical causes under the influ-
ence of micragrganismsg Richardson bellieved chemical
methods should be raiied upon for the main evidence of
change in stored foods, and that any change of histologilcal
sort should be confirmed and s upported by chemical analysils.
He also stated that taste, odor, texture, and appearance of
the meat are Ilmportant, but he cautioned that the senses
detecting odor and flavor are far less developed in the
average individual than he supposes them to be. The re-
sult of this 18 apt to be false observations and deductlons.

The chemical changes that took place in the muscular
tissue of beefl held in cold storage at temperatures above
freezing for periocds ranging from 14 to 177 days were re-
ported by Hoagland and co-workers (12) to consist chiefly
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of increases (1) in acidity, (2) in oroteose, noncoagul-
able, amino, and ammoniacal nitrogen, and (3) in soluble
inorgenic vhosphorus; whereas decreases occurred in
coaguable nitrogen and in soluble organic phosphorus. These
ehangéa were progreesive in nature, and had no apprecliable
effeet unon the nutritive vslue or the wholesomenese of the
edible portions. They were regér&eﬁ 28 largely due to
enzyme sction becausa basecteriologieal studlesgs ghowed no
aporeciable nenetration of bacteria into the meat during

storage.

Varistion in Tendernasg of Beef Yuscles

The faetors thet contribute to the tenderness of beef
have been revorted by maeny suthore. The age and grade of
the animals,.tke glze of muscle flbers, the amount of con-
nective tissue, and the amount of fat have all been studied
in relation to the tenderness of beef. The litersature on
these subjects has been reviewed by Ramsbottom et al. (24)
and by Paul et al. (23).

Very 1ittle work has been published on the relative
tenderness of different muscles in beef carcasses. Paul
{22) used palred peoas major muscles and several muscles
from a palr of rounds. The tandernesa’varied slignificantly

according to the muscle being judged. The »nsoas major was
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more tender than the other muscles. The gastrocnemius was
more tender than the vasti, semimembrancsus, and the bilceps
femoris, the differences being signifiecant for the first two
and highly significant for the last one. The adductor was
significéntly more tender than the semlimembranosus and the
biceps femoris. The semitendinosus was more tender than

the vasti, semimembranosus, and biceps femoris, but less
tender than the psoas major and gastroenemius. These re-
sults were obtained by analysis gf'ju&gaa scores for tender-
ness. When the muscles were ranked according to shear force
they rated in tenderness as follows: psoas major > adductor>
gastrocnemius > vastl > biceps femorls > semimembranosus >
semitendinusus.

Ramsbottom et al. (24) compared the tenderness of 25
mascles from each of three heifer carcasses. The compari-
sons were based on shear readings of the cooked muscle,
Judges scores, and a 3ubjectiv9.histolagical rating. They
ranked the muscles studied according to decreasing tender-
ness. Abundant connective tlssue tended to increase the
shear readings, but there appeared to be other important
factors affecting tenderness because the histologlcal rat-
ings of some muscles were widely dlvergent from the shear

values.
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The Effect of Cooking on the Tenderness of Beef

T@nderneas in cooked meat 1s the total effect of aging
the meat before cooking, heat coagulation of the musele
fiber proteins, and the changes which take place in the
connective tissues. The comnective tissue 1is composad:
chiefly of the fibrous protein, collagen, whichJiS'partia14
ly converted to gelatin during cooking. Elastic connective
tissue may be slightly softened when meat is cooked. Bell,
Morgan, and Dorman (3) pointed out that the degree to which
tenderneas 1s affected by these two Influences is very
different In different cuts. Tender cuts such as sirlein
steaks and prime rib roasts contain little connective
tissue and are probably little imprevéd by the collagen to
gelatin transformetion, but Instead may be toughened by the

heat coagulation of the muscle fiber proteins. Less tender

cuts such as shoulder, sirlein butt or rump which are usually

cooked for & long time by molist heat contain a great deal
more connective tlssue and are made tender by the hydrolysis
of collagen to gs}.atin. :

Ramsbottom et al. (24) determined tenderness by shear
tests beflore and after cooking the 25 muscles studied. The
mnﬁalés w%ré cooked to an internel temperature of 76.7° C.

in deep fat held at 121.1° ¢. Most of the migscles became
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less tender umon eooking, some 4id not change significantly,
and others became more tender. The tenderness of the in-
ternal obllique muscle deereagea 168 nﬁiﬂent by cooking.

The ghear readings for the deen peetoral muscle were about
the same before and after cooking and the cutaneous muscle
wag an examnle of imnroved tenderness by the given method
of cooking. vais gume gtudy included obhservatims on the
effect of cooking on white collagenous connective tissue
and on yellow elastie connective tiseue. The yellow con-
nective tissue improved relstively less on cooking than 4id
the collagenous tissue. Thris is in acecord with the work of
Mitehell et al. (20) who found trhat in the raw condition
white fibrous eonnective tissue was almonst twlice as tough
a8 yellow elastic connective tissue, but when eooked the
former lost most of 1ts toughness, whereas the latter re-
mains vpractically unchangsed in this resveot.

Satorius and Child (28) noted that the semiterdinosus
musele of beef increased ‘n tenderness during cooking until
an interior temnerature of 6?@ C. was obtained, beyond that
temperature the muscle beeame lees tender. The longissimus
doreil became more tender by heating to an internal tempera-
ture of 589 C. but the triceps brachiil snd adductor musocles
d1d not change in tenderness when hested %o 580 C. In

another naper (8) these seme authors nresented dats which
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showed & greater shear force was required for roasts cooked
at_?@ﬂa Ce than for those cooked at 1860 Ce

work of _ Cover (9) indicated that 1t was the length
of the cooking time rather than the oven temperature that
affected the tenderness of less tender cuts of meat; the
longer cooking time produced a more tender roast. Her
investigations also showed that the use of skewers or any
other means for shortening cooking time for the less tender
cuts of beefl may be of doubtful value when tenderness is

important,

The Connectlive Tissues of Heat

Structure and composition

The connective tlssues form & soft skeleton which sup-
port the other tissues snd the organs of the body, In meet
they are most evident as tendon or gristle but they are also
distributed in & finer state of subdivision throughout
mugcle. | |

There are varistlons in the forms and microscopie
appearance of connective tissue. Some is loose like that
between organs; some is compact as thet wisible to the eye;
and scme is dense such as that in tendons. The loose

collagenous tissues have filbers which run in all directions.
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The fibers are straight or wavy and are grouped parallel
to each other in bundles. In tendons the collagenous
fibers are collected into dense, lﬁﬁgitu&inally striated
bundles, united into a thick compact network. Because
the tissue appears white in large masses it is called
waite fibrous connective tissue. ZElastic tissues contaln
non=-striated fibers which may branch and which are very
slastic. When massed together they have a yellow color,
hence they are called yellow elastic connective tissue (18).
At the present time the available information on the
chemical composition and sitructure of most protelns is
limited, and collagen and elastln are no exceptions even
though there are many papers in the literature which deal
with collagen from this standpoint. Comparatively speak-
king elastin has not fared nearly as well as collagen,
There 1z some knowledge of the amino acid composition
of collagen (1, 7), but complete data cannot be expected
untll more preclse analytical methods are developeds
Chibnall {?} is confident, even though there 1s much work
shead Toy the analyast, that the difficulties will be over-
come in the next few years and then it wlll be possible to
apply an accepted routine procedure to a few groms of
protein,

Chemical and X~ray data have strongly indicated that
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for the most part protelns are made up of amino acid residues
bound to each other through carbonyl-imino union. Thus the
formula of a polypeptide chein making up any protein might

be illustrated:

g HRBR H 0
IXi
)% ‘\¥// \%// \\G//'\$/

RH H 0 ﬁAH H
it thé‘giﬁﬁ chains or E»greuya are short such as hydrogen
atoms or methyl groups the polypeptilde chains.may be pilc-
tured as being linked by the so-called "hydrogen bond" as

followss:

C ;

\ . Cf\
\C\/ K/ \C \ H/
/ ! { /\ I
FE B 0 HH K

"ER 0 H HER O
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Using data obtalned by Bergmann, Astbury (1) showed
that about one third of all amino acid residues of gelatin

are either proline or hydroxy proline:
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Gﬁé CHOH
AR /N
W o T

— CH N— CH
H — M —

CO—- co—
proline hydroxy proline

He believes that the chemical compesition of collagen

is similar to that of gelatin and that it must be the
preponderance of these amine acid reslidues which accounts
for the construction of the backbone chains of collagen.

He plctured the general sequence of amino acid resldues

CH; ¢
Ege/\iﬁﬁ H, fgcﬂg
[ 2 21
GC}" _m%ﬂa—ﬁiﬁ Ao “er-o¢” . —G\ﬁgg_
’
fiber axis

It was suggested the chains run in essentially straight
lines parallel to the filber axis, but the length of the
average residue is less than that In other fully extended
protein chaslins because the high concentraticn of proline
and hydroxy proline residues constricts the chains. The
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glycine, proline, and hydroxyproline residues lie on one
side of the chains,vhereas all other residues lle on the
other side of the ¢hains (1). Huggins (13) disagreed with
this view &n&}suggesﬁed that the main cheins are spirally
coiled which ﬁa attributed to NHO bridges between the
chains.

According to Thels and Steinhardt (36), upon hydrolysis
end subsequent analysis, collagen or gelatin show quite
large quantities of both basic and acid anino acld residues.
Thus, these partieular amino acids may be bound in the
polypeptide chain by the oCw-amino and o< -carboxyl groups
but with rather long extending side chainsg

CH . GH
\ec’, S ‘ec%\ ¥H

(Ba He

THz Ol

?Hg or Co0™

+
NH ;
iysine residue glutemle acld resldue

Such side chains terminating in an amino or carboxyl
group, especially if exlisting as dipoles, would create
certain charged centers. If a charged amino group of one

slde chain stood opposite & charged carboxyl group of
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another side chain, en attraction would result and give an
electro~-valent linkege or the so called "salt linkage" as
demonstrated by the glubtemic acld residue of one chain
and the epsilon amino lysine group of another chain:
€O co
/’, ot G- (CH.) \
RH hricd

With strong dehydration or other drastic chemlcal effects

this salt linkage may chenge to give & carbonylimino link:
+ —_
i-ﬁﬁﬁ 006$ —_—> i-ﬁﬂp gemf

X-ray studies Indicated the fibrous protelns fall into
two main groups of diffraction patterns {1 ). These groups
were called the keratin-myosin group and the collagen
groups The keratin-myosin group gave an X-ray photograph
that corresponded to a system of regularly folded poly-
peptide chalns running the direction of the flber axis.
This was observed as the equlilibrium form of keratin and
was called oX «keratin. When such a fiber was stretched the
molecules changed to a form about twice as long in which the

polypeptide ehains were fully extended. The stretched form
was called f3 -keratin. X~rays on collagen revealed amino
acld residues that were shorter than those of the fully
extended polypeptide chains of £ ~keratin, but longer than
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those of the folded chains of o< ~keratin. This suggested
thet in some way the collagen chalns are folded, but to a
smaller degree than those in X «keratin. It was not pos-
sible to stretch collagen into a fully extended form like
B =~keratin,

T,rough the use of the electron microscope Hall,
Jalous, and Schmitt (11) found single collagen fibers showed
a cross striated appearance. The relatively opaque and
transparent bands extend uniformly across the Tiber, The
interband distance is independent of the fiber width and
varies conaiderably from one fiber to another. Extremes
measured were 902 and 552 A units {accuracy 3 percent). A
statistical study showed that the most frequently ocouring
spacings lie between 620 and 660 2 units; the average was
644 K.

Bear (2) used X-ray diffraction investigations to
show the presence of a fiber axis perlodicity of 640 E
units which seemed to be characteristie of collagen iﬁ
Intact tissues. The coincidence of thls value with that
of the electron microscope indicated that both methods show
the same regularity of structure. Dear also studled single
collagen fibers which had been treated with water, 5 per-
cent tannic acid, 5 percent chromic aecid, and 10 percent

formaline, In such cases there was & variation in the fiber
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axis periodlcity from 675 to 550 & units, depending on the
treatment of the collagen.

Senmitt (27) pointed out that if rellable data were
available for all amino aclds from pure collagen a periodl-
city theﬁry'basgd on stoichiometric relations might sug-
gest but could not directly show a specific sequence of
amino acids in the proteln chains. It is not certain that
the amino acids follow an exclusively linear course. How-
ever, the 840 E unit periodic axlal structure is chafaatey-
igtic of all types of collagen, from vertebrates and in-
vertebrates, thus far examined. S&%& 30 X-ray orders were
obaerved, thus, such regularlity must reflect some specific
molecular sgstructure and amino acid pattern. Before such a
pattern can be related to the chemical composition of
collagen it will be necessary to have more knowledge on

both subjects.

The Contraction, Swelling, and Gelatlnization
of Collagen
The contraction, swelling, and gelstinization of
aollagén are’impartant in meat cookery research Ifrom the
standpoint of thelr effect on the tenderness and shrinkage
of the meat. These characteristics of collagen seem to be

related to the fundementsl structure of collagen. Therefore,
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until there is mare available information on structure the
processes of swelling and contraction wiil not be entirely
clear. The effect of heat, acids, alkalles, salts, and
orgenic compounds on the swelling end contraction of
collagen have been studied and the rgsﬁlts obtained were
explained on the baaia‘ef the knowledge of structure. The
factors heat, aci&, alkali, and salts are of interest in
meat cookery.

Dorothy Jordon Lloyd (16) divided her general explana-
tion of the swelling of structural tissue such as callagan
into two types of swelling: ﬁh@ first is brought about by
the drawing in of water by osmotic or cther forces sgainst
t&e restraining forces of structure. The second type 1s
contributed to a weakening of the 3trueturé, allowing water
to pass Iin sim@ly'frem its own diffusiaﬁ pressure. The
osmotic swelling lsads to a shortening of the swollen fiber,
a turgld condition and a glogsy ag@earanée, while swelling
attributed to weakened structure gives an increase in
dlameter, a flaccid condition, and an opague appearance.

The water Imblbed under the second condition is closely
assoclated with or “Sauad“ to the protein molecule. The
"bound" water is thought to be linked to positions in the
molecule by a coordinate link or hydrogen bond, but it may
be merely held in dynamic equilibrium around the charged
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centers of the protein zwitterion. Im closely packed
structures, such ag tendon, the centers of hydration in
two molecules may be linked to each other with the re~
duction in the amount of weter which may be held In this
w&y. The rest of the water in the system is held by the
osmotic equillbrium.

The effect of heat

Bendall (4) considered the swelling and contraction
of collagen as part of the process of converslion of collagen
to gelatin. He stated the conversion takes place in three
stages: (1) the conversion of collagen A to collagen B
which occurs at 56° to 60° Cay and results in shortening
of the collagen fiber; (2) the uptake of water by
collagen B and the consequent swelling and softening of
the connective tissue; and (3) the dissolution of collagen
B to form a gelatin sole. The latter occurred during cook-
ing at 100° C. only 1f the cooking wes sbnormally prolonged,
but during pressure cooking at 3.15G to 1260 Ce dissolution
was complete.

Cherbuliez et al. (6) described a reversible and an
irreversible process which occurred during the treatment
of collagen fibers with warm water. The reversible process

congisted of loogening the parts of the crystal lattice of
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collagen byea tvb dimensgional solution of the chains in the
water aﬁsarﬁﬁd~¢aring swelling. This gave the flbers
elastic properties, but cold water reversed the process.
‘The irrevaraible process was actually hydrolysis resulting
in a decrease in meehan;eal strength, appearancaief plasti-
city, and finally shlutisn into gelatin,

Hall, Jakus, and Schmitt (11) reported beef tendons
to contract to 20 percent of thelr original length when
heated. Under the contracted condition the X-ray spacings
disappeared, which suggested considerable disorientation
of the Iibrils. The phenomenon was assumed to Indlcate a
super-folding of the polypeptide chains when the hydrogen
bonds of the chaln backbone waa‘diS?u@te& by heat.

Astbury (1) expl&ins&‘ﬁhﬁ X-ray interpretation of the
thermal comtraction of collagen shows the contraction to be
spontaneous at rather specific temperatures, generally in
the neighborhood of 60° C. The X-ray photograph is an
amorphous p&ttern which led Astbury to agree with Hall et
&al. that the thermal contraction of collagen iz a super-
contraction or folding. He explained that the shortening
of the filbers is a result of a shortening of the chaln
molecules. When the thermal agitation is sufficient to
e#ercama the inter-chain attractions, the chain bundles

were sald to "melt" and the chains collapse upon themselves.



The effect of acid, alkelies, and salts

Acids and alkalies form salt linkages with the protein
zwitterion and lead to the setting up af a Donnan equilibrium.
The swelling in ascld solutions begins when the pH 1s below
the iso~electric point of collsgen and reaches a maximum
at pH 1.7 to 1.9. There is no sharp minimum swelling at
the 1so-electric point of collagen bubt there 1s a zone
from pH 5.5 to 9.0 in which swelling is uniformly small,.

In alkeline solutions swelling begins at pH 9.5 and reaches
a8 maximum at pH 100 to 10.5, Destructlon of the fibers
occurs at higher pH values (15)«

Bendall (4) found that one of the changes accompany-
ing the coagulation of proteins when meat was cooked was
& shift in pH to the alkeline side. It affected the btexture
of the meat by its effect on the colloidal swelling of the
éystama To an exaggerated degree this effect was demonstrated
by cooking meat in a slightly alkaline medium (pH 7.0 to 7.5);
the cooked meat was bulkier and softer than meat cooked at
~the natural pH (pH 5.5 to 6.0). Bendall also reported that
hydrogen ions end phosphate lons have a marked accelerating
effect on the rate of conversion of collagen to gelatin.

Lloyd (15) stated that salts will not weaken a direct
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carbonyl~imino linkage between the backbones of adjacent
molecules. She attributed the swelling of protein in salt
solutions to a solvent action, which is brought about by
the influence of the salt ions on the multipolar nmolecule
of the protein. This leads to & rearrangement of the
interionic forces of the systen.

The report of Smith (31) agreed with that of Bendall
In that the presence of phosphate ions powerfully acceler-
‘ates gelatinlzation. The effect was noticeable at 0.02 ¥
concentration and in a 0,2 M phosphate solution the half
conversion perlod was reduced by 80 percent. The arsenate
ion had an analogous but less marked effect. No other ion

sxcept the hydrogen and hydroxyl ions gave similar results.
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EXPERIMENTAL PROCEDURE

Grades of Animals

The carcagsee of four animals of three different
graﬁes were uged in this study. Animal I wse a yearling
steer, ocarcass grade, grod: animal IY was slso & steer,
carcass grade, good, but was slightly older than animal
I. Animal III was a large steer, carcass grade, com-
merecial, which dressed to only 50 percent of his weight.
Animal IV was an elght year old dalry cow, carcass grade,
cutter. The muscles of the cow were smaller than those
of the other animsls, and the fat and connective tissue
were s bright yellow. |

The psoas major, longlesimus dorsi, semetendinosus,
and bicens femoris muscles were chosen for use. Rams-
bottom et al.r(ﬁé) have demonstrated that these muscles
vary in tenderness. The nsoas major and longissimus
dorsi muscles are known as the tenderloin and loin re-
spectively and the other two muscles are in the round of
the carcass. A detalled deserintion of these muscles is
given by S8isson and Grossman (28).

Palred muscles were divided so that 30 roasts were

obtained from each animal. Esach longissimus dorsil was



divided between the 12th and 13th rib into the ridb portion
and the loin vportion, and each vortion was cut into three
roasts. All other muscles were cut into three roasts each.
See Pigures 1 to 10 for nilctures of the muscles and dla-
grams of the division of the muscles. The réasts varied
in welght from about 0.7 pounds to 4.5 pounds. Roasts
from the bicepe femoris muséles were the largest with

the other museles in the following order: longlssimus

dorsl > semitendinosus > psoas major.

S8laughtering, Storage Conditions, and Aging Perilods

The animals were slaughtered in the Iowa State Col-
lege Animal Busbandry abattoir, dressed, cut into right
and left sides and hung in the cooler at 34° to 26° F.
The following day the carcasses were cut between the 4th
and 5tk ribs and the muscles used in the study were
trimmed, and ecut into roasts. The roasts were labeled,
placed unwrarped on ensmel trays with about one inch
gpace between them and were then stored on open shelves
in the cooler for the desired aging veriods. Paul (22)
found that roasts wravped in cellophane and stored at
34° to 569 F. for 18 days became slimy. In or&sr to
keep the roasts in this study for veriods longer than 18
days they were stored unwranned, even though a loss in

weight through evavoration during storage was antieipated,



Fig. 1. The Semitendinosus Muscle (above)
and the Psoas Major Muscle (below) Before
Dividing. (Reduced approximately 8 x)

Fig. 2. The Semitendinosus Musele (above)
and the Psoas Major Muscle (below) After
Dividing. (Reduced approximately 8 x)
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Fig. 3. The Langisamua-mmi Musele

B;f@}m Dividing. (Reduced Approximately
x ,

Pig. 4. The Longissimus Dorsl Muscle
After Dividing. (Reduced approximately
9 x) -
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Mg. 5. ?hg_ Bicens Femoris Musocle
x

Pig. 8. ’r’ha‘ Biceps Femoris Musele
1;!:)& r Dividing. (Reduced approximately
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The sging periods used were 1, 2,5, 10, 20, and 30
days, thus the roasts in the liday series were taken to
the foods laboratory and cooked immediately after the
dissection and division of the muscles was completed.
For all animals one roast from each muscle was included
in every aging veriod. The statistical pattern for the
aging perlods consisted of a 5§ x 6 téble for each animal
in which the storsge periods were determined from s
table of random numbers. The vattern was outlined as

glven in Tables 1, 2, 3, and 4.

Cooking Method snd Observations Made on the Roasts

The wide variation in the weight and shape of the
roasts created a problem in standardizing a cooking method.
A modification of the procaﬁure suggested by Ramsbottom
et al. (24) was used. The roasts were vlaced on a rack
in a kettle th@t wag deep enough to cover them with bland
lard which was held at a temnerature of 96  to 98° C, and
cooked to anlinteraal temnerature of 706 C. As the roasts
were immersed into the fat the initlsl internal tempera-
ture of the roasts and the elock time were recorded, and
the rate of heat transfer through the roasts was de-
términed by recording the time for every 50 C. rise in

internal temverature throughout the cooking period. When

1 Swifta "Bland" lard



39

Table 1.

Statistical Pattern for Aging Periods
in Days for Roasts from Animal I.

Musele A B* c#

Left Right Left Right Left Right

Psoas 2 5 1 10 20 20
¥a jor
Longiesimus 1 20 5 10 2 20
dorsl :

{ribs)
Longissimus 10 20 2 30 1 5
dorsi

{loin)
Bemitend- 2 10 5 20 1 20
inosus
Biceps 5 20 1 2 10 30
femoris

®#A, B, C for the psoas majlor and longissimus dorsi
muscles refer to roasts from the anterior end,
middle nortion, and posterior end of the muscles
respectively. For the semitendinosus these numbers
refer to the ventral end, middle portion, and dorsal
end of the muscle, and for the blceps femoris to
the ventrasl anterior and nosterior (lower vart),
the dorsal posterior, and the dorsal anterior.



Table 2.

Statistical Pattern for Aging Periods
in Days for Roasts from Animal IT.

Muscle A% B# Cw
Left Right Left Right Left Right

Psoss 2 10 5 30 1 20
Major
Longissimus 10 20 1 5 2 30
dorsi

(ribs)
Longissimus 1 2 5 20 10 30
dorsl

{1oin)
Semitend~ 2 20 1 30 5 10
inosus
Bicens 2 5 1 10 20 20
femorils

#* See Table 1.



Statistical Pattern for Aging Periods

Table 3.

in Days for Roasts from Animal ITI.

Muscle AW B# %
Left Right Left Right Left Right

Peosas 1 5 2 30 10 20
Hajor
Longissimus 1 30 5 10 2 20
dorsl

{ribs)
Longissimus 2 <] 1 10 20 30
dorsi

{loin)
Semitend- ;] 30 2 10 1 20
inosus
Bicens 10 30 1l 2 5 20
femoris

# Bee Table 1.



Table 4.

Statistical Pattern for Aging Perlods
;n Days for Roasts from Animal IV.

Muscle A% Be c#
Left Right Left Right Left Right

Psoas 1 20 5 Z0 2 10
Malor
Longissinmus 1 5 2 30 10 20
dorsi ,

{ribs)
Longissimus 10 30 5 20 1 2
dorsi

{1oin)
Semitend- 2 5 20 30 1 10
inosus ‘
Ricens 1 30 5 10 2 20.
femoris ‘

# See Table 1.
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the roasts were removed from the fat the internal tempera-
tures continued to risge, reaching a temmerature 20 to
50 C. higher than the temverature upon removal from the
fat. |

Other data obtained were: (1) the percentage loss
in weight during aging snd cooking, (2) the percentage
deoresse in length and width and the nercentage 1nc#easea
in thickness of the roasts during cooking, (3) shear
force, (4) percentage of press fluid, and (5) palatability
gsocores. The change in weight during aging and cooking were
determined by weighing the roasts when first cut and at
the end of each aging veriod and before and after cooking.
Changes in length, width, and thickness were determined by
taking these measurements of the rossts before and after
cooking.

Shear force samples were obtained by boring through
the meat in the place specified rcr,each‘musele with a
sharp edgea metal ceylinder, one inch in diameter. Each
oeylinder was cut 3 times by a modified Warner-Bratzler
shearing anparatus and the readings, which indicate the
nunber of nounds force requlired to cut thrnugh‘the sample,
were averagea.}

Press fluid determinations were run on samples taken
from given aress in the roasts. The samples, which
weighed between 1 and 2 grams, were wrapped in 2 thick-

nesses of unsized cotton cloth with nieces of blotter
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between the 2 layers of cloth. The wranped samples were
subjeeted to 250 vounds pressure for 5 minutes, unwranped
and welghed. From these weights the nmercentage of vpress
fluld for each sample was calculated.

The meat was scored for aroma, flavef, tenderness,
and Jjuicinese by four judges. The outside slice was ais-
carded, then the next two s8lices were used for'palatability
scores except in the case ef'roasts from the biceps
femoris muscles where only one slice was used. Each Judge

was given a samnle from the same position in every roast.

Histological Studies

Histologlical studies were made to determine the
microscopic changes during the storage of beef and the
- proportion of connective tissues in the musecles used.
Sampnles from the raw and cooked roasts were preserved in
a2 physiologieal salt solution and formalin. Longitudinal
gections were cut 15 to 25 micerons thick on a freezing
microtome, stalned with Van Geisson's, Welgert's and
hematoxylin stains to differentiate collagen, elastin,
and muscle fibers, and mounted in glycerine Jelly. After
this treatment the collagen was a dbright pink, the elastin
a blue black, and the musecle fibers varied from greenish
yellow to yellow orange. The following arbltrary numeri-

cal evalustiong used by Ramsbottom et al. (24) were used



se compare the relative amount of connective tissues in

the musecles:

Relative amount of Elastin Collagen
tissue present
None 1 1
8mall 3 -3
Medium 5 5
Large 7 7

pHE Measurements

The pH of a sample of musele from the fore-part of
the chuck was determined soon after each animal was
slaughtered and at variable intervals after the first
meggurement was made. Also the pH of raw and oooked
samples from each of the roasgsts was determined. The nH
measurements were made on the samnles from the foreqart
of the chuck within a few minutes after the sample was
removed from the carcass. Samples for pH measurements
of the raw and cooked roasts were removed from the roasts
Just before and immediately after cooking. The samnles
were wravped in waxed paper and stored in the fefrigeratar
until the measurements were made.

A 15»gram'aamn1§ of meat was ground with 1 teaspoon
of washed sea sand in a mortar and pestal. Distilled

water, 30 ml., was well blended with the mixture of meat



and sand. For sll pHE measurements on samples from animal
I the mixture was filtered and the pH measurements were
made on the filtrate. All other pH measurements were
made on the mash immediately after 1t was prepared. The
process of filtering was omitted to avoild any excess
oxldation which might take vlace.

Because of mechanleal difficulties with the oH
meters 1t was necessary to use 3 different pH meters.
The pH of each sasmple from animals I and II was measured
on a Coleman vH meter, whereas the pH of each sample which
was determined on the day of slaughter of animal III was
measured on & MacBeth pH meter, and the pH of each sample
from the roasts of animal ITI and from all sampleg from

animal IV was measured on a Leads-Northrup nH meter.

Tendons and Ligaments

Strips of tendons from around the anterior end of
the longissimus dorsl muscle of each animsl were heated
in distilled water for 156 and 30 seconds and for 1 and 2
minutes at temperatures of 60°, 650, 700, and 95° C.
Strips from the Achilles tendons were heated at the same
temperatures for 1, 2, 3, 5, 10, 15, 20, and 30 minutes.
A few additionsl samnles from animal IV were heated for

o
5 and 10 minntes st 956 C. in the case of the tendons
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from around the anterior end of the longissimus dorsl
muscle and for 1 and 2 hours at 980 C. in the case of
the Achilles tendons, The treated samples were examined
for change in length, width, and thickness and for the
degree of softening as compared to the untreated samvples.

Samples of ligamentum nuchae, which 1s mostly
elastic connective tissue, were heated in distilled
water at ?90 and at 950 C. for 30 minutes and for 1 and
2 hours. The same data were recorded on these samples
as were recorded on the collagenous tlssues.

The samples from the two types of tendons were
gtripe from C.1 %o 0.F gentimeters thick, 0.5 and 1.5
centimeters wide, and 10 to 20 centimeters long. The
strips of ligamentum nuchse were about the same in length
and width a8 those of the ocollagenous tissues but varied
from 0.3 to 0.8 gentimeters in thickness.
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DISCUSSION OF RESULTS

Rossts

Welght lost during aging

The roasts were welghed when the muscles were divided,
after 24 hours aging, and again at the end of each of the
remaining storage veriods., The data showing the average
percentage of the initial weight lost by the roasts during
aging sre given in Table 5. These data were not recorded

for the roasts from animal I until the 20th day of storage.

Table 5.

Averaga Percentage Welght Loss of Roasts During Aging
(Averages of Four Roasts from Each Muscle).

Muscle Days Aged

1 2 5 10 20 30

Psoas malor 0 1.8 3.0 X7 11.7 17.5
Longiseimus

dorsl (ribs) 0 1.1 2.2 4.6 8.1 12.2
Longissimus

dorsl {1loin) 0 0.9 2.2 3.1 8.8 11.5
Semitendinosus O 0.8 1.2 2.5 9.9 11.6
Biceps femoris O 0.7 1.5 2.8 10.2 11.5
All muscles 0 1.0 1.8 2.8 9.9 12.9
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The weight of roasts from each muscle gradually de-
creased as storage time ineressed. In general, the roasts
from the msoas majlor muscle lost the greatest amount of
welght and those from the bicens femoris muscle lost the
leagt welght at the various storage periods. Roasts from
the psoas major muscles were the smallest, whereas those
from the blcens femoris muscles were the largest of all
the roasts. Thus, grestest weight loss occurred when the
amount of surface area of the roast was large in proportion
to the weight of the roast and vice versa. Sincas the
roasts were stored, unwrarped, on enamel trays which were
nlaced on open shelves in the cooler, the loss in weight
éuring aging was largely caused by evanoration of moisture.
Gradually the exnosed surfaoee.of the roasts became dark
and dry. By the end of the 30-day aging neriod these sur-
faces were covered with a dry crust about 1/4 inch thick
and occasionally had small areas of mold on them. The
surfaces of the mesat whichlwere\next to the trays were
moist and sticky from the 5th day through the 30th dsy of
storage.

The more detailed data, Table 24. (Appendix), show
that by the 2nd day of aging, excent in the case of the
biceps femoris muscle, the roassts from animal II had lost
more weight than those from animal III, and those from

animal III had lost more weight than the roaste from animal
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IV. 8Since the carcasses of theee animals were graded good,
commercial, and cutter, respectively, it may be stated that
at 2 days storage the welght loss according to grade was:
good > commercial > ocutter.

Welght lost during cooking

' ?he loss of fats and flulds accounts for most of the
decrease in weight of the cooked roasts; however,»there is
also some loss of exuded nroteins and salts. The average
nercentage weight losseg of the roasts during cooking are

given in Table 6.

Table 6.

Average Percentage weight Loses of Roasts During Cooking.
(Averages of Four Roasts from Rach Muscle).

Musecle Days Aged
B | 1 2 3] 10 20 30
Peoas major - 20.2 21.8 20.4 16.4 14.3 16.1
Longlesimus
dorsi (ribs) 25.8 23.2 25.86 21.8 20.9 20.2
Longissimus :
dorsi (loin) 25.1 25.1 23.9 21.0 20.1 20.6

Semitendinosus 27.6  20.9 2.2 24,3 19.7 23.5
Biceps femoris 27.9 25.7 23.7 20.4 2%.8 20.7
All muscles 25,3 22.3 23.3 20.7 19.7 20.4
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In general the weight lost during cooking deoressed
8lightly as the aging period inoressed. Also at each
storage period the roasts from the nsoze major muscle
lost a smaller vercentage of weight during ocooking than

the raasts from other muscles,

Changes in length, width, and thickness during cooking

Averéges of data on the decrease in the length of

the roasts during cooking are given in Table 7.

Table 7.

Average Percentage Pecerease in Length
of Roasts During Cooking

Days Aged

Huacle 1 2 5 10 20 20

Psoss najor 40.1 43 .3 7.1 20.0 27 .6 26.8

Longissimus
dorsi {ribs) 32,0 28.0 29.6 21.9 18.2 25.1

Lonsissimus
dorsi {(loin) 28.2 30.0 25.4 3.1 19.0 22.7

Semitendinosus 18.7 31.4 14.5 22.2 18.7 22.7
All muscles 28.3 31.8 25.4 24.8 20.3 22.7

In genersl, the decrezsge in length of the roasts dur-

ing cooking wss not linearly related to the time of aging



the roaste before cooking. Thue, the decresse in length
was greater for the roasts aged 2 days before cooking
(31.8 percent) than for those aged 1 day (28.3 vercent).
With longer aging veriods, 5, 10, and 20 days, the de-
crease in length of the roasts during cooking decreased
with longer storage before eaekiﬁg. However, the roasts
aged 30 days decreased more in length (22.7 percent) than
those stored 20 days (20.3 percent). The decresse in
length of roasts unon eeekihg do not fbllow guch a regular
pattern when 1na1v1dua1 muscles are followed through the
aging veriods, but it is interesting that with one ex-
ception the decrease in length was always greater during
cooking for roaets aged 2 days than for those aged 1 day.
The percentage changes in width and thickﬁess of the
roasts during cooking are given in Tables 27 and 28
(Appendix). The data were not averaged because the varis-
tion within the roastes from a given muscle was so large
thet average values would have little meaning. However,
all excent one of the 120 roasts decreased in width during
cooking, and all but one roast increased in thickness dur-
ing cooking. It 1s rprobable that these changes in width
and thickness as well as the decresnses in 1eng§h, whi eh
occurred during cooking, are influenced by the contraction
and swelling of the connective tissue which will be dis-

cussed in another section.
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Palatability factors

Each roast wae scored by four Judges ﬁér afema,
flavor, Jjuiciness, and tenderness. 4 score card (Appendix)
with a range of from 1 to 10 vnoints was used to evaluate
the first three factors. Thies same score card was used to
rate tendernese, but since the variation in tenderness was
greater than the variation in the other factors, the judges
were permitted to give minus values for tenderness in
order to increase the scoring range. Tenderness gscores
were glven on the basis of the number of chews 1% took to
completely masticate a bite of meat of a certain size.

The lower points in the scoring range were assigned to

the roasts from animale I and II which were aged a short
time before cooking. BSince the roasts from animals III
and IV were less tender than trose from animals I and II,
it was necessary to increase the scoring range in order
to keep the tenderness scores for roaste from animals III
and IV consistent with the tenderness scores of the roasts
from animals I and II.

The averages of the means of four Judges scores for
each of the palatability factors are nresented in Table 8,
There was little varlation in aroma and flavor scores of
roasts between the 1st{ and 20th days of eging, but on the
30th day there was a decrecase of about 1 roint in the

scores. The lower scores given for aroma and flavor on the
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30th day of storage are accounted for by the musty odor
and acid or "high" flavor which the roasts had develoved.
There was little variation among the muscles 1h aroma and
flavor scores. The aroma and flavor scores sre differ-
entiated mccording to animals in figures 11 and 12. At
each aging period roaste from animal IV ranked deocidedly
lower in aroma and flavor than the roasts from other
animals. Roasts from animals I, II, IIT rated about the
same in aroma, but thoae.frmm’animal IIY scored slightly
lower in flavor than snimals I and II.

In the main there wse 1ittle variation in Julciness
gcores of the raaats up to the 20th day of storage.
After 30 ﬁaga aging the Juliciness scores drovped slightly
below those of the earlier aging veriods. By this time
the evanoration of the fluids in the roasts during stor-
age was great enough to reflect in the seores of the
cooked roasts. Usually the Juiciness of beef cuts left
An the carcass increases with storsge. In Paul's (22)
study the julciness of the roasts showed a gradual in-
crease with aging, the change being highly significant.
However, the roasts in her study were wravped for stor-
age, thus there wasimsslaaﬂ of moleture by evaroration.

The Julciness scoree in Table 8 1ndieate that the
roasts from the psoas maj)or muscle were the most Juley,

whereag those from the semitendinosus were the least
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Table 8.

. Averages of the Means of Judges' Beores for
Aroma, Flavor, Juleciness, and Tenderness,.
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jutey. Roasts %?aﬁﬂthavlongisaima& dorsi, rib and loin
portiong, and thﬁse from the biceps femoris were simlilar
in juiciness and were rated between those roasts which
were scored the most Jﬁisy and thésa which were scored
the least Juicy. Paul (?2) found highly significant daif-
ferences in Julciness among the roasts from 4l fferent
'muselea;/the roaste from the semitendlnosus, semimem-
branoéus,‘énd adduotor muscles were the least Julcy, where-
ags those from the psoas major were the most juley.

| Tenderness scores, which re@resent an average of gll
muscles at each aging veriod, show a gradual inecrease in
tenderness as aging time vprogresses with greatest increase
in tenderness taking vlace during the lst 10 days of
aging. %Yhen each muscle 1is consldered senarately, roasts
from the psoas msjor were scored slightly less tender at
20 and 30 days of storage than roasts from the same muscle
after 10 éaya of storage. Average scores of roasts from
the semitendinosus muscle decreased only at the 30-day
storage neriod, whereas average scores of roasts from the
loin vertzon of thé longissimus dorsi muscle were less
tender a?tér 20 days of aging. However, aftab 30 days of
aging the average tenderness scafe for the roasts from
this muscle increased beyond what 1t was at_th@ 10-day
period. The low tendernees score for the roast from

animal IV accounts for the low average score for roasts
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from the longissimus dorsi (loin) at 20 days of storage.
These results are similar to those of Deatherage and
Harsham (10). These workers explained toughening during
certain pneriods of the aging'nrueesa by speeulating thgt
eanneetivavﬁissues may maintain théir gtrength for some
time during aging, whefeas muscle plasma autolyzes and
loses tensile strength, but remains firm or brittle. Thus
the muscle nlasma glves the taster a mechanical adwéntage
in chewing the ‘connective tissue by shearing. With such
mechanical advantage the connective tissue mﬁy he effeo-
tively masticated by the taster, hence to him the meat is
tender. If aging proceeds further to the point wheré the
connective tissue 18 not yet effecﬁivaly reduced but where
the rlasma 18 autolyzed to give still less firmness, then
the connective tissue has lost the suoporting substance.
S8ince the mechanical advantage 18 lost to the taster the
meat seems tough and chewy to him. With still further
aging the connective tissue finally loses strength and the
meat again béesmes more tender.

At each aging pertéd the roasts from the psoas major
muscle were aéared from 45 to 62 percent more tender than
the roasts frnm any of t&e otier muscles. This ie in accord
with the work of Ramebottom et al. (24). The other muscles
ranked in téndernesa és'follews: longissimue dorsi (ribs))
semitendinosus > bicepns femoris > longissimus dorsi

(loin). The rank of the longissimus dorsi (lotn)‘may be
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accouﬁteﬁ for by the scores given to the roasts from this
&uscla on the 18t to 5th daye of storage. However, by
'the 10th day of aging thie muscle scored higher than the
gemi tendinosus or the biceps femoria; at the 20th day 1t
scored less than these mueclee, but after 30 days eging
it again rsted bigher than elther the semitendinosus or
the blcevs Temoris. See Table 32 {Appendix).

The results of snalysis of varisnce of the tender-
nese €cores are given in Table 8a. ’

The P wvalues ghow that change in tenderness with ag-
ing, the variation among the gnimals, pnd the variation
among muecles were sll great enough to be highly signifi-
cant. Also when the intersetion between days x snimsls,
animale » muscles, and days x muscles 18 considered, the
F. values were highly significent. When the effect of
individusl judges wag added to the nioture the F values
show that there wag a highly signifiéant difference among
Judges and the interasction factors jJjudges x days, Judges

x anlmalg, Judges ¥ museles, and Jjudpes x days x muscles,
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Table 8a.

Analysis of Variance of Tenderness Scores

Degrees

Variation of Sum of Mean F
Freedom Squares Squares

Days aged 5 1087.90 217.58 13, 71%%
Animals 3 969,50 323,17 10.01 #w
Muscles 4 2084.15 518.04 40 .48%%
DxA 15 223,20 14.89 2,67%
AxHM 12 309,43 22.29 6, 40%%
DxHM 20 348,20 17.3% 3. 330%
DxAxM 60 712.02 5.20(error)
Judges 3 572.%2 19,08 6.81n%
JxD 15 202.08 13.47 4, 8144
J XA 9 269.11 29.90 10.87%%
Jx¥ 12 96.36 8,02 2.86%%
JxDx A 45 245.79 5.46 1.95%e
XA XM 38 103.80 2.88 1.03
JxXDxM 680 152.49 2.54 1.10
JxXDxM¥MxA 180 503.55 2.80{ error)
Total 479 7548.00
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ObjJective tests

Shear force and press fluid values were determined
on the cooked rossts. The force in pounde required to
shear a cylinder of meat 1 ineh in diameter is given in
Table 33 (Appendix). Esech figure represents the mean of

3 readings. Aversages of these means are given in Table 0.

Table 9.

Averages of the Mean Shear Force Readings
of Cooked Roasts

Daye Aged
¥Musele 1 2 5 10 20 20
Psoas major 18.7 19.7 18.0 18.7 15.5 -

Longlssimus
dorel (ribas) 4.4 28.3 25,1 24.3 27.0 19.0

Longiesimus
dorsi (loin) 0.4 25.5 29.7 26.0 23.7 18.1

Semitendinosus 38.8 29.0 28.1 3.5 28,7 25.3
Biceps femorls 2£9.8 31.7 28.3 23.8 21.4 23.1

Average of ]
all muscles 0.4 28.8 26.7 25.3 24,0 21.5

¥hen the average shear force for all muscles 1s con-
sidered, the shear force, like the tenderness scores, shows
‘a gradual increase in tenderneee as the aging time pro-

gresses. The high shear force of the roasts cooked after
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ghort aging veriods checks with the low tenderness scores
for these romsts, since the higher the shear force the
less tender the meat. Thie 1s in accord with the work of
Paul (22), who found that the shear force of roasts varied
highly significantly with storage, and with the work of
Mackintosh, Hall, and Vail (17), who rerorted a signifi.
cant correlation between jJjudges scores and shear force
readings.

When each muscle le considered sevarately the de-
crease in shear force with storage was not linear, that
ie, at some time during the aging rrocess each muscle de~
ereased in tenderness. Similarly to tenderness scores,
the shear force rated the roasts from the psoss major
muscle the most tender. The other muscles ranked in
tenderness as follows: the longissimus dorsi (ribs) >
bicens femoris > longissimus dorsi (loin) > semitend-
inosus. This agrees with the.rawart of Paul (22) in
which shear force values rated the psoas majlor more
tender than the bicepns feméris and the biceps femoris
more tender than the semitendinosus. According to shear
. force values renorted by Ramsbottom et al. (24) the order
of decreasing tenderness of these musclee i8: psoas
ma jor, longissimus dorsi, biceps femoris, and semitend-
inosus.

A comparison of the shear force readings and the
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tenderness scores at each aging period is given for the
muscles from the individual animals in figures 13 to 20.
Three pressg fluid determinstions were made on each
roast. The means of these determinations are glven in
Table 34 (Avpendix). Averages of the means of the press

fluld determinatione are rrezented in Table 10,

Table 10.

Averages of the Mesns of the Percentage of Press
Fluid in the Cooked Roasts.

‘ Days Aged
. Muscle 1 2 § 10 20 %
Psoas major  38.8 40.0 39.3 6.3 36.9 35.6
Longlissimus

dorel {ribe) 6.9 35.5 6.4 40.6 46.1 %2.6

Longissimus .
dorsi (loin) 28.5 41.0 40.8 28.7 39.8 40.2

Semitendinosus 36.5 39.5 38.4 34.1 39.8 40.2
Biceps femoris 44.5 41.3 9.9 42.5 35.9 39.2

Average of .
ell muscles 39.1 39.5 28.9 8.4 z8.7 37.0

In pgerieral, there 1s little variation in the average
percentage of press fluld of the roasts during the 1lst
20 days of aging. With 30 days of aging the average per;
centage of-press fluld in the roasts decreassed slightly

below that found in the roaste aged from 1 to 20 days.
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Average Jjulciness scores followed the same pattern. BHowe
ever, when the differences inAjuiciness scores among the
mascles are considered, the results of julciness scores
and press fluld determinatione do not agree. Paul (22) also
found there was very little correlation between julciness
scores and press fluld. |

The pH measurements of samples of muscle cut from the
fore-part of the chuck of each animal soon after slaughter

and at various intervals thereafter are given in Table 11.

Table 11.

pH Readings of the Animals After Slaughtering
and at Vartious Intervals Therecafter

Animal Time Afterkﬁlaught&riag @ﬁ,neaaurem&nt
Hours Minutes
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The data for animals II, III, and IV show an scldifi-
cation 6f miscle rost mortem. The rate of acldification
varies‘aﬁeng the animalg. The pﬁlmeaﬁaremaﬁts made gt
apafmximétsly the same time after slaughtéring the animals
also vary fra@ animal to animai. Thase.resulta are in
line with those of Smith (29) who revorted extraordinary
variability in oF from animal to animal and from one area
to another in a given muscle.

The average pH resadinge of the cooked and uncooked
roastg are given in Table 12,

The results of the uncooked rossts indlecate s change
in oH #ith etorage of the roasste. The general pattern of
the change in nH was s slight drop in pH followed by a
slow rise. Paul (22) revorted similar results for pH
changes In aged beef. In her study the change in the pH
of the meat stored from O to 18 days was great enough to
be highly significant. The difference in pH among muscles
was very small. At any glven period up to 20 days of
storage the range in the vH of the musele with the lowest
pH to the musele with the highest pH was less than 0.2
of a point. Fowever, after 30 days of storage this range
was 0.55 of a point.

During storage the chsuge in the pH of the cooked
roasts 4ld not follow a regular nattern. However, at all

aging periods the average pH of the cooked roasts from
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Table 12.

Average pH Readings
of Cooked and Uncooked Roasts

. , Days Aged
Muscle 1 2 5 10 20 30
Psoas Malor ‘
Uncooked 5.58 5.51 H5.50 5.61 5,83 6.21
Cooked 5.82 5.74 5.79 B5.78 5.74 5.79
Longissimus
dorsi {ribs)
Uncooked 5.48 65.42 5.48 5.44 5,50 65.66
Cooked 5.80 5,77 5.78 5.886 5.78 5.89
Longissinmue
dorsi (loin)
Unecooked 5.48 5.44 5.44 5.47 65.45 5.98
Cooked 5.7 5.78 5.76 B. 5.70 8.
Semitendinosus :
Uncooked 5.41 5.468 5,51 B0 B5.52 5.74
Cooked 5.72 65.74 5.81 5.74 5.70 5.81
Bicens femoris
Uncoakeﬁ . 50{5? 5045 5t4$ 5~45 5‘48 5-%
Averace of alib
muscles
Uncooked 5.47 5.45 b5.47 5.49 65.51 5.88
Cooked 5.7 B5.74 B.77 .78 B5.73 5.87




every muscle was siightly higher (0.4 of a point or less)
than that of the uncooked roasts except in the cases of
the bilceps femoris and psoas ﬁajarvmuseles after 30 days
of storage., Bendall (4) found a considerable shift in pH
to the alksline side when beef was cooked at 100° ¢. for
one hour. He stated that this shift in pH 1g a reflection
of the molecular changes undergone by the proteins, of
whieh the formation of free gulfhydryl groups, abserved
during coagulation, 1s one example. There are alsc other
factors such as the loss of carbon dioxide during cooking

which may contribute to this change in pH.

The Conneative Tissues
Tendons.

8trips of tendone from around the anteribr}ena of
the longlesimus dorel muscle of each animal and strips
of Achilles tendons from each animal were heated in dis-
tilled_water at given temperatures for definite neriods
of time. The first type of tendons were all about the
eame width and thickness, but there was a little varia-
tion in the width and thilckness of the strips of Achilles
tendons because they had to be cut. The heated samples
were examined for change in length, width, and thickness

and for the degree of softening as compared to the



untreated samnles.

The nercentage decresse in length of the heated
gtrins of tendons is giveﬁ in Tables 13 gnd 14. The
data in Table 14 show that the strips of tendons from
around the anterior end of the longissimus dorsi muscle
decreased In length as the tempersture of the water in
which they were heated increased. Also at each tempera-
ture these strips decreased in length as the time of
treatment increased up to one minute. With two minutes
of heating at each temperaturs the decreasge in length
was always less than it was after one minute of heating.
At 60°, 65°, and 70° C. the samples gradually shortened,
whereas at ng C. the greater amount of the shortening
oceurred almost as soon as the samnle was surrounded
with water.

The strins of Achilles tendons were more dense than
those of the tendons from around the anterior end of the
longlssimus dorel musele. Hence, they were heated in
distilled water 2t the two higher temperatures and for
longer periocds than the strips of tendons from around
the anterlor end of the longlssimus dorsi musele. With
this modified treatment the strips of Achilles tendons
decreased in length similarly to the strios of tendons
from around the anterior end of the longlssimus dorsi

muscle. For both types of tendons and with a given
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Table 13.

Tendons from Around the Anterior End
of the Longliesimus dorsi Muscle: Percentage

Decrease in Length of Strips Heated in

Temperature of Water, © c.

Distilled ¥ater.

96

65

Animal

“Time

Heated

70

60

A, B - Bamples .from the same animal
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Table 14.

Achilles Tendons: FPorcentage Decrease
in Length of Strips Heated in Distilled

§§&t$ro
Time °
Heated Temperature of Water, =~ Ce.
{Minutes) 70 -
I IT III IV I IT  III IV
B 4540 3346 54.5 = 55,0 48,7 G344 =
g A 65,0 34.2 49.4 45,9 71.4 48.0 56.9 62,7
B 6749 42,5 51.1 = 72.2 48,5 60,0 =
A =~ 6l.4 59.1 52.4 - 41.9 59,0 64.8
3 B =~ 63,0 63.8 55,7 - 46,5 61l.6 64,9
5 A = 5B8.6 49.6 51.7 510 55.0 37.6 60.5
B = 63,0 6040 55,7 £8.2 59.2 57.1 81.7
10 A = 62.5 = 50,0 - 88,8 = 58649
B = 63,7 = 5l.1 - 60,5 = 82,9
, A = 52,1 - - 53.1 64.4 - -
15 B = 5644 = - 50.2 63.8 = -
A = B5,0 = 55,3 57,1 54.5 = 66.5
20 }3 ~ 65‘&@ - 56;9 553;3 55.0 bl -
30 B - B3.9 = = 45,8 59,1 = =

I, II, III, IV -~ Aniwnal numbers .
A, B - Samples from the seme snimal.
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treatment the#e was conslderable variation in the de-
crease in length batwéen two éamnles from the same animal
and smong aampiéa from 4ifferent animsls. This variation
ocecurred in snite of thﬁ faot that the twa samples, A and
B, from the same animal hed been aged the same period of
time and were heated simul taneously. ?hersfara, aieraga
valﬁas far'thg effect of hot water on the decrease in the
length of tendong would have‘little meaning unless there
were many more ssmples far’eaah treatmeut.

The tawperatur@s}naed in the heating of the tendons
were gelected for the following ressonsi

1. Tenmperatures of 60a and 655 C. were used

because the more tender muscles ara 0ften cooked

to the rare stage and at this stage of cooking the

interior temperature of the meat is 58° to 60° c. °

Also in preliminery studiés on tendong from lamb

that were heated in distilled water in which the

temperature of the water was gradually raiseﬁ‘rrnm

256° to 95° C., the first noticeable shortening of

tha tendons came over a temverature range of 550

to 70° C.

2. A temperature cf‘?GQ C. wag used becsuse
the roasts in this study were cooked to an internal

o
temperature of 70 C.
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Table 1b.

Tendong from Around the Anterior End of the
Longlssimus dorsil: Shear Force®® of Strips
Heated in Distilled Water.

{(The shear force of unheated tendons was
more than 60 pounds, the capacity of the
shearing spparatus)e.

0
Time Ani- Temperature of Water, Ce
Heated mal 60 65 70 o5
A B A B A B A B
15 I 2906 x X x 13;3 13:&5 611 r’uﬁ
Seconds II x x 176 17.8 7,8 8.9 4.4 6.6
III X X X % 10.5 1541 7.0 12.3
Iv X x x x X x 46.4 4840
30 I - - - - - - - -
S@C(}ﬁds II x X 12‘8 3.25«0 5:\"3 511 2«9 S8
I1T X 4 X X 18.4 20.4 Gald 8.8
Iv X x b 4 b4 X X 36.1 42.5
IIT X X 14.3 322 3.9 643 5.0 0.9
:fv X x A x 4‘7&9 52¢2 2614 &{305
2 I - - - - - - - -
Minutes II T X 1047 14.2 7.0 TWu6 3.2 7.0
I1I X % 10.4 1242 6.0 647 4.3 5.8
v x X X 5044 3C.2 53,3 14.6 15.9

# Averege Of © Shearss in pounds.
X - Samvles would not shear at 60 pounds.
A, B - Banples from the same animal,



Table 16,

Achilles Tendons: Shear Force™ of Strips

Hesated in Distilled Waters

{The shear force of unheated tendons was
more than 60 pounds, the capacity of

the shearing apparatug).

Time

Hested Temperature of Water, © C.
(Minutes) 70 o5
I I  III IV I II  III IV
1 A x X x x 189.5 x x x
‘ B 48.8 x x - 21.8 x x -
2 A x x x X 40.4 25,5 27.0 43.2
B X X = - 58: 4 29: 8 27. 8 -
A - x x x - 18,0 1l.4 48,0
3 3 -« x x x - 1844 14.7 48.3
A = 46.4 46.8 x 6.8 13.2 13.1 43.6
5 B~ 46,9 51.1 =x X 13.8 15.7 44.2
A = Bl7  ~ 52.2 - 32,6 = 40,7
1o B = 52,5 = 53,9 - 47.8 - 42,0
5 A - 3@8 »r bl 1‘?*7 54:‘? bl Rad
15 B w4 5.0 = s B0e5 545 = =
A - 500 - ﬁ&n& 8&8 1&6 b 34%4’
20 B e BuB « 53,8 1le3 2.2 = -
" !3. bl 2’9 o 25‘*% 316 GQQ i 3{)‘8
o0 B w 3.2 - - B.3 0.9 = -

# Average of 3 shears, in pounds.
x - Samples would not shear at 60 pounds.
A, B - Samples from the same animal.



tendons decressed. This indicates a softening of the
tendons with an increase in the temperature of the water.
In general, there was an increase in the softening of the
samples as the time of heating at a given temperaturs

was increased. Bince most of the samnles heated in water
held at the two lower temperatures would not shear at 60
pounds (the capacity of the shesring spparatus) the
grenter softening with increased time of heating was more
ﬁ@ti&&éble at the two higher temperatures. The data also
show a wide variation in the shear force of samples with
a given treatment but from the different animals, and in
some cases there wss variation between the two samples
from the same animal which were treated identically. The
shear force of the gsamples from animsl IV, carcass grade
cutter, was from 3 to 12 times higher than the shear force
of the samples from animels I, II, and III. The dif-
ferencee in the shear force of the samnles from the same
animal and with the same treatment may be attributed to
the variation in the compactness of the bundles of collagen
fibers in the tendons. Also the method of handling the
samples before heating may have had some effect on the
shear force. The tendons and ligsments were removed

from the carcase and the visible fat and muscle scraped
from them. They were kept in the refrigerator in dis-
tilled water, which contained a crystal of thymol, to
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prevent dehydration. Previous experience had ghown that
if they‘dried out, they wer¢.exa¢ed1ngly tough and would
not hydrate well when heated in water. There was no
definite storage time before heating for the tendons and
ligamente, but the two samples, A and B, from the same
animal and with a gliven treatment were stored for the
same length of time. The tendonsg from around the aﬂtérier
end of the longlssimus dorsi, animal I, were treated after
a storage period of 5 weeks, and the Achilles tendons trom
this animal were heated 6 weeks after removal from the
carcass. For the samples from animsl II the storage time
was 1 to 3 weeks for the tendons from around the anterior
end of the longissimus dorsi and 3 weeks for the strips
of Achilles tendons. All esmnles of tendons from animel
II1I were treated 1 to 1.5 weeks after removal from the
carcass and thode from animal IV were heated after 3 weeks
of storage. The ligaments from all animals were heated
at the same time which was after 7, 4, 3, and 2 months
storage for animals I, II, III, and IV, respectively.

The shear force of strins of the dense Achilles
tendons treated at 70° ana 95° C. was greater than that
of the tendons from around the anterilor enﬁ'of the longis-
simus dorsi muscle which‘ware treated at the same fempera—
tures and for the same neriods of time (1 and 2 minutes).

However, after 20 to 30 minutes treatment the strips of
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the dense tendons required 1ittle force for shearing
excert in the oase of the samnles from animal IV. Strips
~of tendons from animal IV had somewhat less shear foroe
aftérrl and 2 hours treatment at 95° C. (23 and 14 pounds,
regpectively) than the samnles from this animal whieh
‘were treated for 30 minutes.

Bendall (4) explained that the softening of collagen
is the second of three steps which occur in the conversion
of collagen to gelatin. First, at 56° to 60° C. there is
a shift from collagen A to ocollagen B which brings about
a shortening of the fibar;‘ second, there is the uptake of
water by collasgen B and the consequent swelling and saftén-
ing of the connective tissue; and third, thé dissolution
of collagen B to form a gelatin sol. The last step ocours
under ordinary cooking conditione only after orolonged
cooking. Cherbuliez et al. {(6) desoribed a softening of
collagen as an irreversible process which was actually
hydrolysis resulting in a decrease in mechanical strength,
appearance of plasticity, and finally solution into gelatin.

Chemical analysis for the nercentage of collagen
and elastin in samples from the roasts used in this study
are now in progress. The data collected on the saﬁpleé
from animal I indicate that the amount of collagen and
elastin in the roasts d4id not decrease regularly during

aging and that there was not much transformation of
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collagen to gelatin during cooking. The latter finding
agrees with the revort of Bendall {(4),

There has been controversy in the literature as to
which i1e the more tender, raw or cooked meat. Moran and
Smith (21) stated: "It is a matter of general experience
amongst those sccustomed to raw meat that cooked meat is
tougher than raw meat"., Ramsbottom et al. (24) found
that 6 of the 25 muscles studled were more tender after
cooking; the other 19 muscles were legs tender after
cooking., The museles which were more tender after cook~
ing were muscles that eontained large amounts of con-
nective tissue. These investipgators also demonstrated
thaet both collagenous and elastic conneective tissue softens
when cooked, the collagenous tissue softening more than
the elastic tissue. The results of the present study ocon-
firm the work of Ramsbottom et ai. (24). The collagenous
tissues became softer as the time and temperature of heat-
ing in water inereased. Thus, cuts of meat containing
large amounte of connective tissue tenderize during cook-
ing because the connective tissue softens when the meat
18 cooked for several hours by moist heat. Since con-
nective tissue softens during cooking any decrease in the
tendernegs of meat that occurs during cooking 1s probably
asgociated with such factors as denaturation of the
muscle proteins and the shrinkage and hafdening of the

musele fibers.
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The data for the nercentage increase in the width
of the two typesg of tendons which were treated are
given in Tables 17 and 18, The increase in the width
of the treated samvles feil@w@&‘ne regular pattern ex-
cent that at Qﬁﬁ C. all eamples did inerease in wldth
and st ?ﬂo C. all but a few samnles increased in width,
Kowever, the range of the increases in width which occurred
at these temperatures was very great, A% 60° ¢. only two
sampleg of the tendons from around the anterlor end of
the longlssimus dcr@i muscle incoreased in width and at
f»656 C. about half of the treated samplee increased in
width.

The percentage increases in the thickness of the
treated samvles are given in Tables 19 and 20. None of
the samples heated in water held at a temnerature 6:
60° ¢. inereased in thickness during the treatment, where-
a8, 4 of the 26 samples treated at 65@ C. increased as
much as 200 and 400 percent of their iInitial thickness,

At 70° and 95° C. a larger number of the samples increased
in thickness. The strips of tendons from around the
anterior end of the longieseimus dorsi muscle showed a
greater increase in thickness after heating for 1 and

2 minutes than they d4id after heating for 15 and 30

seconds.,
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Table 17.

Tendons from Around the Anterior End of the Longlssimus
dorsi Muscle: Percentage Increase in Width of Strips
Heated in Dlstilled Water.

; o - =
Time Anl- Temperature of Water, Cs
4 ad o
Heated wal 60 65 70 85
' A B A B A a A B
15 I 0O O BBed B0 1543 18,1 1141 80,0
Seconds II O O - O O BB3eBd 66,7 4849 66,7
‘III O 0O 4] O 23:1 53000 gﬁgﬁ 38&5
Iv

Seconds IT 10a0 2540 7.1 11,1 25.0 5040 38.9 53.3

IIZ 0 0 0 0 0O 33,3 36.4 6646

IV. 0 O 33,5 50,0 25,0 25,0 33.3 7.5

1 T - - - - - - - -
Minute II 0 0 O 0 36.5 61.5 14.3 21,4
IV 0 0 33.0 40.0 2848 6040 6646 100.0

2 - T - - - - - - - -
Minutes II  ©0 0 0 11.1 15.4 15.4 25.0 25.0
il O 0 0 0 18,2 20,0 36.4 80,0

I o0 0

33540 D040 40,0 80,0 37+5 75.0

A, B - Samples from the same animal,
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Teble 18.

Achilles Tendons: Percentage Increase
in Width of Strips Heated In Distilled Water.

Time Temperature of Water, ° C.
Heated
(Minutes) 70 95
I II 111 Iy I II Iz Iv
1 A 10,0 O 0 22.2 10,0 33.3 60,0 25.0
B 25.0 0 O - 12.0 233 B7a9 -
o A 60,0 0 25.0 22.2 250 3.3 50,0 40.0
B 75.0 0 333 - 3343 IZBe3 500 -
3 A = 887 33.3 2846 - 33+3 40.0 50.0
5 A = G040 5040 10,0 3644 33.3 33,3 041
B - 133&8 58-0 2{)‘0 ??EQO 55&5 75.0 201@
10 A = 3BeB - 2.8 - BELT - 25,0
B - 33:;5 s 35.{) b 65»? - 36'4
15 ﬁk - 2316 ad - 1}.‘&2. CJO'O bl -
B o« B8040 - - L3e& 8040 - -
20 A = 6040 - 2040 375 80.0 - B2.5
B « 6060 - 2040 44,4 100,00 = -
30 A =~ 333 - 50.0 1842 5040 - 100
B . 5{}&0 - - 29*0 6000 - o

I, :{13 111, :{V bt Miﬁ%&l ﬁmﬂ%}@rt .
A, B - Samples from the same animal.
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Table 20.

Achilles Tendons: Percentage Increase
in Thickness of Strips Heated in Distilled Water.

| 7 ——
Tine ", ‘ ~ o s o R
Heated Temperature of Water, c
{(Minutes) 70 ; 95
I I III IV I I III IV
Al00 © 0 0 50,0 O 50,0 0
1 p150 0 O =~ 150 50,0 0.0 =
A 100 0 0 450 300 50.0 150 150
P B400 O O - 300 50,0 300 -
A - 200 100 100 - 0 133 100
3 3 - 300 200 100 - 0 133 150
5 A - 100 100 100 20,0 150 33.3 200
B -~ 200 100 100 100 150 75.0 200
' A - 100 - 150 - 100 - 150
10 B - 100 - 200 -~ 100 - 150
.5 A - 00 - - 20,0 200 - -
B - 100 = - 150 200 - -
40 A - 0 - 150 50 100 - 200
B = 100 - 150 100 100 - -
20 A - 100 - 200 100 100 - 300
B - 100 - - 150 100 - -

I, IT, IiI, IV - Animal numbers.
A, B - Samples from the same enimal.
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Ligaments

strips of ligamentum nuchae, which 1s mostly elastic
connective tissue, were hesated in distilled water at 70°
and 95“ Cs for 30 minutes and for 1 and 2 hours. The same
data were recorded on these samples as were recorded on the
collagenous tissues. The effect of the treatment on the
ahaﬁgge in the length of the samples is illustrated by the
data in Teble 21, |

Table 21.

Lipamentum Huchae: Percenbage Change in
Length of Stripe Heated in Distilled Water,
(All figures represent a decrease in length

except those indicatedt.)

Heated Tempersture of Water, ;G'

T 11 I o I II III IV

1/2 A " 6.l 6.7 448 3.8 6.1 6.9 12,5 11.5

b 3 A 840 5&5 Be7 ﬁqg +8e2 , ﬁ&g 10.1 1l.1
B 20.0 844 1642 12,0 +8.6 6.6 12.1 27.3

2 A 644 7.7 11.8 12.4 7.0 10.3 5.9 12.5
B

I, II, III, IV = Animal numbers
Ay B = Samples from the same animal



88

The strips of elastic tissue decreased in length
with the treatments, but the decrease was small when
compared %o that ocecurring in the collagenous tissuee
h&ateﬁ a2t the same temperatures for much shorter perlods.
In general, at 70° C. the effect of the treatment on
the length of the elastie tissues was greater as the
time of the treatment inereased, but this d4id not hold
trne at 95° C.

Shear force values for unireated and treamted strips

of ligamentum nuchae are given in Table 22,

Tabla 22,

Ligamentum Nuchae: Shear Force of Untreated Strips
and Strips Heated in Dietilled Water.
{Average of 3 Shears, in Pounds)

1 17 ‘xxx 1v
B 29 ] 41.5 ; 44 3 35;g=m:=$
?emner&tara of %ater c.
Heated 70 95
I 11 IIr 1v I Il III 1Iv
1/2 A l2.8 11,0 10.4 11.8 12.7 9.0 15.2 14.9
B 15.6 16.7 12.7 12.0 14.4 12.1 15.8 16.0
1 A15.1 12.92 10.9¢ 11.0 10.2 9.8 12.1 10.8
B 18.4 22.8 12.1 11.7 10.3 11.6 14.8 20.5
B 18.1 12.9 15 7 12 8 8.9 9.8 13.7 11.86

I, II, III, IV - Animal numbers
A, B - Samples from the same animal
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The most outstanding festure of these data is the
difference in the shear force values of the treated and
untreated samples. After heating in water the samples
were from 2 to 4 timee more tender than they were be-
fore they were treated. There was 1ittle difference in
sha shear force of the samples heated at ?09 and those |
treated at 95° C. excent that at 95° C. the samples
heated for the longer periods (1 and 2 hours) had lower
shear force values than #hoae-treateﬁ for ané»half hour.
The time of heating had no eff&e% én the shegr force of
gamples treated at 70° ¢. Th@ée résu1t§ are contrary
to the i1dea that cooking has #@ effect on elastie‘ecnn
nective tissue. However, the results of this study
agree with data reported by Ramsbettem et al. (24)
which showed that after cooking ligamentum nuchae was

twice as soft as 1t was before cooking.

Histological Studies

Explanation of descriptive terms

Part of the terms that will be used to describe the
microscovic observations made in this study have been
used by investig&tcrs»in the food research laboratory at
Jowa State College. Explanations of these terms will be
given in the following varagraphs.
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The term rigor node is used to deseribe a contrac-
tion of the muscle fiber. The oross strise are much
closer together than they are in a mormal fiber, and on
each side of the contracted area is a rarefled area in
which the crogs striae are much wilder than usual or
sometimes are thrown out of alignment. In the contracted
part of the node the fiber %ulgaa go that 1t ig wider
than the narmal.ribar.

A ripor ridge describes areag where only a few

¢rosgs striae are Involved in contraction rather than
the larger mumber of crogs strise which are involved in
a rigor node.

The term waves 18 self-explanatory. However, waves
may be macroscopic in gize with V or U bends. They may
be deep or shallow, or may be an indentation along the
edge like a scallop, or there may be many folds or #S%
twiste, each fiber showing variations. The waves may
be rhytbmic in that a pattern is repeated over and over
along a fiber, or in that all fibers in certain areas
of the sectiones are involved in the same nattemn.

A suddenly rounded curve is referred to as a kink
and multiplé.kinks as twists. Zig-zag (2z-z) contractions
daseribe sharp, angular bends in the fibers whieh give
an accordian pleated effect.

Disintegration is a term applied to loss of the
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histological characteristics of the protoplasm of the
fiber, that 13,'tha eross or longltudinal striae. 1If
the sarcolemmsa remains intact, the disintegrated materid
within the fiber anpears granular. If the sarcolemma

is entirely broken, the diaintegéatea material may have
disappeared leaving a blank space. With a slight break
in the sarcolemma granular material may eiuds and be

noticeable around the break.

Observstions

Longitudinal mieroscople sections were prepared
from raw and cooked samples of each of the roastes. In
this way the histologlcal changes which took place in
each muscle during aging and cooking could be observed.
In addition, the nroportion of collagen and elastin in
each muscle was determined ag nearly as nosslble frém

examination of the sections.

Genersl histologicel pattern of each muscle

Usually all sections from a given muscle had
certain characteristics peculiar to that musele. There
was some variation in the sectione for a glven muscle
from the different animals., Since these characteristiocs
ehanga& as aging progressed the following desoriptions

are those of the muscles after one day of storage.
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Psoas major: ?he_flbern of the psoas major muscle
from the first three animals wére thrown 1nto‘ﬁaep
macro-waves. In animal IV the fibers of this muscle
were #tralght to slightly wavy. Often there were kinks
or twists at the bends of the waves, and in the fibers
of the psoas majJor from animal I there were occasional
nodes in the stralght portion of the fibers. The fibers
were nsaglly slender with distinot and widely sraced
cross striase. ?his-mnsele‘haéxamall amounts of fat
and connective tissue excent for animal IV which had a
moderate amount of qallagen’and a large amount of fat
deposited between the fibers., See Figure 21, upper
pleture, for the genersl picture of the pattern of the
paoas msjor.

The vsoas major of animal IV was particularly 4if-
ferent from that of animals I, II, and III. The fibers
and stMae avpeared more gnarled, Just as older trees
may have bark of the trunk and limbs more gnarled than
that of younger trees of the same specles.

Perhang one of the most interesting polints about
the'pséas najor wae the striations. Even in the cuts
aged only one day, the longitudinal striations were
never or seldom apparent. The paaas major 18 a very
tender muscle; perhans the histologlesl structure has

considerable influence uron its tenderness. In other



Fig. 21, Upper Picture. Cooked Psoas Major,
One Day Storage. Animal II
(Magnification, 150x)

Note the deep macro-waves with kinks and twists
at the bends of the waves, the slender fibers
with widely spaced cross strlae, and the small

amount of connective tissue and fat,

Pig. 21, Lower Picture. Uncooked Longissimus
porsi (Ribs), One Day Storage.
Animal IT o 7
(Magnification, 150x)

Fivers with z-z contractions may be seen at the
bottom of the pleture. Just above the fibers with
2~z contractions is a fiber containing small node
or ridge. Still further toward the top of the
picture are other straight fibers; one fiber has
loose z-z conbractlons at the left end of the
fiver. Commective tissue 1s evident between the
fibers, particularly in the middle of the plcture.
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beef muscles and in museles of noultry which are tough
when agad,short neriods, the longitudinal striations
are more dlstinet during the period while the musele
is tougher than after 1t has been tenderized by aging.
The cause of the macro-waves 18 not known, Psul
(22) found the same type of waves in the semitendinosus
muscle. BShe considered that since the semi tendinosus
muscle containsg a large amount of elastin, it was
probeble that the elestin contracted and threw the
muscle fibers into waves. However, the pgoas major
musclee contaln less connective tissue than the other
mascles used in the present study. The psose major
fibers exhiblted deep macro-waves, whereas the fibers
of the semitendinosus muscle were much stralghter. Hence,
along with contraction of the connective tissues, other
factors, such as shortening of the moleeules of the musecle
fivers and the formation of rigor nodeg, are perhaps
respongible for inducing waves in the muscle fibers.
Szant»&ygrgyi {34) explaimd musele contraction on the
basig of the structure and characteristice of the two
chief proteins of muscle fibers, actin and myosin. Con-
ktraetien 1e an extreme colloldal shrinkage whieh takes
place in two stages; the loss of intermicellar water
and the loss of hydrate woter. Shrinkagé attributed to

the loss of intermicellar water is very large and that



'@ttributed to hydrate water very small. Szent-Gydrgyl
presented a model made up of & wooden aﬁiék, to revoresent
the actin part of actomyosin, and a rubber tube, to re-
presgnt}ths nyosin part. The wooden stick was cut into
cubes to renresent the smsll globulsr particules of the
aetin and the rubber tube was stretched to some extent
and its ends fixed to the zetin rod. The comnleted

model revnresented an sctomyosin thread. If the system
was released the rubber tube shortened somewhat, imltating
the dehydration of myoegin. Actin im 1Inert and not pre-
cinitated or dehydrated by neutral salt, but because of
1ts globular varticles it bends when the rubber shortens,
thus the model ocurls up.

Longisesimus dorsi: The most ocutstanding charscter-
istic of the ZengiaaimQa dorsi muscle wae the prominence
of longltudinal strise in the fibers. C(rose giriae of
the fibers were evident only under high power. Histologl-
eal noints of interest are shown in Figure 21, lower
gictﬁr&, and Figure 22, uvper picture. Flbers with z-2
contractions mayxbe seen at the bottom of Flgure 21, Just
above the z~-z contractions in the fibers is a straight
fiber containing 2 small node or a ridge. Stlil further
toward the top of the pleture are other straight fibers;
one fiber hae loose z-% contractions at the left end of

the fiber. Connective tissue ie evident between the



Mg. 22, Upper Pleture. Uncooked
" Longissimue Dorsi (Loin),
One Day Storage. Animal I
(Magnification, 150x)
This plcture shows the rather sharp kinks or turns which
were often seen in the Fibers of the longlsaimus dorsi.
In the lower right nand corner of the pleture there are
fat cells which lie on top of and between the fibers,
vhersas in the lower left hand corner a mass of elastic

connective tissue with some collagenous tissue may be seen.

Pig. 22, Lower Piloture. Uncooked
Semitendinosus, One Day
Storage. Animal I
(Magnifieation, 150x)

The heavy derk strip and the less compact strip of short
branched {ibers are elastic connective tissue. The fairly
straipght mascle fibers show both longitudinal and cross

5%&1&64
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fivers, particularly in the middle of the pleture. In
Figure 22 the rather sharp kinks or turne which were often
seen in the fibers of that muscle sre shown. In the lower
right hand corner of the pieture there are fat cells which
1ie on top of and between the fibers, whereas in the lower
left hand corner a mass of elastic connective tissue with
some collagenocus tissue may be seen. Areas like those
geen in Figure 21, lower pleture, and Figure 22, upper
-pilcture, were found initerchangeably in the longlssimus
dorsl from the rib and loin sections. Paul (22) differen-
tiated between asctive and rassive contraction. Rigor nodes
are a state of active contraction, whereas 2-2z contractions,
kinks, twists, and waves sre passive contraction. The ex-
planation deemed probable for the formation of waves, are
discussed under the pattern of the nsoas major, may also
be appllied to the other types of passive contraction.
Semitendinosus: The semitendinosus muscle was the
only muscle of those studled which had large amounts of
elastic tissue. Almost every section made from this
muscle had one or more dense string of elastin such as
the heavy dark strip and the less compact strip of short
branched fibers seen in Pigure 22, lower plcture. The
fibers of the semitendinosus muscle wara fairly straight
with some kinks and twists in them. The fibers of this

muscle from animal IV were thrown into ghallow waves,
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Both longitudinal and cross s'riase were observed in
geni tendinosus fibers, and the cross striae were very fine
and clocse together.

Biceps femoris: A tynlesal pleture of the sections
made from the biceps femoris muscles from animsls I and II
ig shown in Figure 2%. Bections of thlis musele fron
animale ITT and IV show less st?aight fihers and more z-2
and waved contractions. The dlstlincet oroes striae of the
straight fibers are 11lustrated in Pigure 23, A node may
be seen near the bottom and at the center of the nicture,
and a wide strip of dense collagenous tlssue, which was
prominent in thls muscle, rune aserose the middle of the

victure.

The effect of aging

All museles followed much the same pattern through-
out the storage neriods. 8Bections made from muscles stored
for two days were practically the same 28 those made from the
same muscles after one day of storage. Even after five
daye of eging the nicture had changed 11ttle excert in a
few cases in which dleintegration had started. In genersl,
as aging vrogressed beyond two dsyse there was a tendency
for the fibers to bheecome stralghter, with fewer waves, 2-2
contractions, twists, and kinks.

There were two types of changee 1n the muscle fibers
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which indioated disintegration; one was an inoreasing
fragility in the muscle fiber, like worn textile fibers,
the other wae a disintegration of the nrotoplaem over an
area in the fiber.' The diﬁintegration~might extend over
only a few or many cross striaa.r Bometimes the sarcolemma
remained intact, sometimes it broke. Sometimes only a
short ares or nart of the fiber (one or two cross strize)
was involved and sometimes a very long area or strip was
affected. The areas with protoplasmic disintegration had
lost all evidence of either longitudinal or cross striae,
and the material within the sarcolemma had a granular
appesrance. The short "etrip" of disintegration appeared
in the muscle fibers in the earlier storage neriods snd
the "strips" became longer and more numerous with aging.
Trhis type of disintegration wes common in all muscles,
excent the psoas major, after 10 days of aging. In some
sections there were 28 many dlsintegrated areas in the
fibers after 10 days of aging as there were for the longer
storage periods. In other seetiéns the disintegrated areas
incressed in number and length after 20 and 30 days of
sging. An example of a cooked section in which the ex-
tent of disintegration ies not large after 10 dsys of
storasge 1s shown in Pigure 24, uvper plcture. Under low
power the disintegrated areas arpeared as cracks in the
fibers. A section where the disintegrated areas came

frequent enough to break the fibers into extremely short
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Fig. 23. Uncooked Biceps Femoris,
One Day Btorage. Animal I
{Magnification 150x)

Note the distinct cross strise of the
straight fibers. A node may be seen near
the bottom end at the center of the picture,
and & wide strip of dense collagenous

tissue runs across the mlddle of the pleture.
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segments le sghown in the lower nilcture of Figure 24. In
Figure 25 the disintegration is shown at a higher magnifi.
cation than that of Figure 24. The higher magnification
brings out the rough edges of the striations in which dis~
integration has occurred snd the granuler exudate which was
often observed with fragments of broken fibers. By the
time disintegration was evident the fibers had lost most of
theilr waves, z-z contractions, kinks and twists which were
characteristiec of the short aging periocds. Thus as the
meat became more tender, the fibers became straighter and

more fraglle.

Gharaatériatias illustrated by Figures 26 and 27.

In Figure 26, upper picture, two stralght fibers with
nodes and s vartially disintegrated ares in one fiber are
shown. Kinked and twisted flbers 1lle on each side of the
straight fibers. A high magnification of a node is shown
in Figure 26, lower pilceture. In the contracted portion
of the fiber the orosa striae are very fine and dose to-
gether. On each glde of the contracted portion or node
the strise are out of glignment and the arezs have a
turbulent ampearance. The lighter area in which the
longitudinal striae run obliquely across the pleture in

Figure 27, upper picture,is dense collagenous tissue.



Pig. 24, Upper Ploture. Cooked Blceps
’ Femoris, Ten Days Btorsge.
Animal II
(Magnirieation, 150x)

This is en exarple of & cooked sectlion in which the
extent of disintegration is not large after 10 days
of storsge. Under low power the disintegrated areas

appear as cracks in the [ibers.

¥ig. 24, Lower Picture. Uncooked Blceps
Pemoris, Thirty Days Storage.
Animal II
(Magnification, 150x)

A sectlion where the disintegrated aress come [re-
quent enough to break the fibers ianto extremely

short segments is showmn in this picture.
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Fig. 26. Uncooked Riceps Femorie,
Twenty Days Storage.
Animal IT
(Magnifieation, 710x)

Disintegration is shown at & higher magnification
than that of Figure 24. The rough edges of the
striations in which digintegratli-m has occurred and
the gramilar exudate often observed between fragments

of fibers are brought out.
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Aress similar to this were frequently found in all the
muscleg of animale IIT and IV excent the nscas major.
The strins of dense collagenous tissue and the fat
gioﬁulea whieh are typical of the muscles of animal IV

are shown in Figure 27, lower pilcture.

Effect of cooking

The seections prepared from the cooked muscles were
more opaque and apneared thicker before stalning than
the seotions from uncooked muscles. The collagenous
tissue 4id not stailn as bright a pink a8 it did in the
uncooked seotions exsept in areas of dense collagen, The
connective tissue between the fibers appesred granulsr
and in muscles in which there were large amounts of
collagen a film of granular tissue often covered the en-
tire section. Usuplly c¢noked fibere were straighter with
less kinks, twists, and waves than the fibers in the raw
sections. Contrary to the findings of Paul (22) cooking
did not intensify the mieroscopic characteristics of
the fibers.
B%Lanxa oxoportion of ,W .sj.m in ihe muscles
The histologlieal r-ting of the proportion of con-
nective tissue In the muscles studied 18 glven in Table 23.



Fig. 26, Uvper Pleoture. Uncooked
Longiesimus Dorsel (Ribs),
Pive Days Storage.
Animal III
(Magnification, 300x)
Rote the two straight fibers with nodes and a partially
disintegrated area in one fiber. Kinked and twisted

fivbers lie on each side of the straight fibers.

Fig. 26, Lower Picture. Uncooked
Longissimus Dorei (Ribs),
Five Days 8torage.
Animal IV
(Magnification, 710x)
& high magnification of & node. In the contracted
portion of the fiber the cross strise are very fine
and close btogether. On each side of the contracted
portion or node the strise are oub of aligmment md

the areas have a turbulent ajg;peéranca*
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PMig. 27, Upper Pleture. Cooked
Longlssimus Dorsi (Rlbs),
Ten Deaye Storage. ‘
Animsl IIX
(Magnification, 150x)

The lighter sres in which the longitudinel strlae
run obliquely across the plcture 1s dense collagenous
cormective tissue. Areas similar to this were found
in all the muscles of animals IIT and IV except the
pasoas major. HMuscle Tivers lle on either side of the

collagenous tissue.s

Mg. 27, Lower Picture. Uncooked

Longissimue Dorei (Ribs),

Thirty Days Storage.

Animal)l IV .

{Magnification, 150x)
Strips of dense collagenous tissue, In the center of
the pieture, and the fat globules, near the bottom of
ﬁha'piatura, are typleal of sectlions from the nmscles

of animal IV,
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The ratings show a larger proportion of collagenous
tissue than elastic tissue in all muscles except the
gemitendinosus. Because of the large amounts of
elastin the semitendinosus had the highest average
rating. The psoas major rated lovwer than the other
muscles, whereas the longlissimus dorsi and biceps
femoris muscles rated between the two other muscles.
The histologieal rating is in accord with the shear
values obtained- for these muscles, that is, the
maseles with high shear vaiues had high histological
ratings. Thue the provortion of connective tissue,
particularly elastin, has an effect on the amount of
foree reouired to shear a plece of meat of a given

size, or in other words on the tenderness of mest.
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Table 23.

. Histolopgical Rating of ths Relative Amount
of Gowneative Tissue in Certain Muscles

from Four Animals

Muscle Gll%ﬁi laa Tmtal Ave.
- o 8 RE mb‘eo“sé"s&e

Psoas I 3 3 3 3 12 3
Ma jor II 3 3 & 3 12 3
III 5 5 3 & 16 4
IV 5 5 3 3 - 16 4
Longissimus I 5 5 3 3 16 4
dorsi IiT & 5 3 3 18 4
{ribs) I3 % 7 ) 5 24 6
Iv % 7 5 5 24 8

Longlssimus I 5 5 3 3 16 4
dorsi IT 5 o ) b 16 4
{loin) IXT % 7 5 5 24 6
v 7 7 5 5 24 6
Semitend~ I b 5 7 4 24 6
inosus II 5 -8B 7 7 24 6
Iz % 7 7 7 28 7
v 7 7 7 7 28 7
Blceps I b6 5 3 3 16 4
femorisa IT 5 5 & 3 18 4
IITI % 7 5 5 24 6
v 7 7 5 5 24 &

# Animal number

l = noney S = small, 5 = medium, 7 = I&rgs amounts

collagen and elastine
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SUMMARY

The histologlical, physical, and organoleptic changes
during varying storage veriods at 24° to 26° F. of four
beef muscles from the carcasses of four animaels were
gtudied. In addition the effect of moist heat on collagen-
ous and elastio connective tlssues was observed. Animals I
and IY were yearling stecers, careasces grade, good; animal
IIT wae & steer, carcass grade, commercial: and animal IV
was an eight year old dairy cow, ecareass grade, cutter.

The valred psoasg najor, longissimus dorsil, semitendinosus,
and bicens femoris museles were utilized. Twenty four
hours after slaughtering eaeh animel, the museles were
dissected from the carcass, most of the vieible fat re-
moved, and divided inte roasts. In the usual commerclal
nractice of dividine the csreass into cuts, these muscles
are nrotected to a greater or lesser extent by the fell,
fat, and bones. EachAlangiasimue dorsi was divided be-
tween the 12th and 13th rib inte the rib portion and the
loin portion, and each vortion was cut into 3 roasts. The
roaste were nlaced unwramnea on enamel traye and stored in
the Animal Fuchbandry meat conler. The aging perlods used
were 1, 2, 5, 10, 20, and 30 daye. The statistical pattern
for the aging perlods conslisted of a 5 x 6 table for each

animal and the aging periods determined from a table of
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random numbers. One roast from each muscle was 1ncluded
in every aging period.

For cooking, the roasts were placed on a rack in a
kettle deep enough to cover them with bland lard which
was held st a temperature of 96° to 98° ¢. They were
cooked to an internsl temnerature of 70° . Data were re-
corded before and sfter coocking the roasts to determine:
(1) the percentage loss in weight during aging and cook-
ing, {2} the vnerecentapge decresse in length and width and
the percentage ineresse in thickness of the roastc during
cooking, (3) shear force of the cooked roasts, (4) per-
centage of nresg fluld of the cooked roasts, (5) pK nmessure-
ments of the cooked and uncooked romsts, end (6) palat-
abhi11ty ecores for arome, flavor, tenderness, ané Juicli-
neeg of the cooked roasts.

Histological sectiones were made from samples of the
cooked and uncooked roasts to determine the microscopice
changes during the storagze of beef and the proportion of
connective tissue in the muscler studied. Longitudinal
sections wera cut 15 to 25 miceons thick on a freezing
mlcrotome and stained to differentiste collagen, elastin,
and muscle fibere. Arbitrary numerieal evaluations were
used to compare the relative nroportion of collagen and
elastin in the muscles.

In addition to the nH determinations made on the
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roastes, the pH of a samnle of muscle from the fore-nart
of the chuck was determined som after the slaughter of
each animsl and at varioue intervals thereafter for 6 to
8 hours. '

In order to #tudy the effeot of moist heat on con-
nective tissuee, strips of tendons from sround the an-
terior end of the longlissimus dorsil musele, strins of
Achillee tendons, and strins of ligsmentum nuchse were
heated in distilled water. Samnles of the first type of
tendons were heated for 15 and 20 seconde and for 1 and

® 720° ana 93° c.

2 minutes at temperstures of ﬁoa, 656
Sampnles of Achilles tendons were heated at the same tempera-
tures for 1, 2, 3, 5, 10, 15, 20, and 20 minutes, and the
strips of ligamentum nuchee at VOO &nd.ﬂﬁO €. for 1 end 2
hours. The two typee of tendons were from 0.1 to 0.3 centi-
meters thiek, 0.5 to 1.5 centimeters wide, snd 10 to 20
centimeters long. ‘The strineg of ligamentum nuchae varied
from 0.3 to 0.8 centimeters in thicknesg snd were nbout the
game width and length as thnge ot the collagenous tissues.
Bince the roasts were stored unwraoped on ensnmel

treys, evaporation of moisture csuced loss of weight. The
rosets from each muscle graduslly deeresased in welght as
gétorsze time inereased. Roassts from the peoas major lost

the moet welght, whereas those from the blcers femoris lost

the lesst. Gradually the exrosed surfaces of the roasts
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hecame &&yk and dry. After 30 days of storage these
gurfaces were covered with a erust about 1/4 inch thick,
and occaslionally had small areas of mold on them. The
surfaceg of the meat next to the trays were moist and
sticky from the &th day through the 30th dsy of storage.

In general, the welght lost during cooking decressed
¢lightly as the aging period increased. At each storage
-period roasts fﬁom the ngoss major musele lost less weight
during cooking than roasts from other muscles.

The deerease in length of the roaste during cooking
wag not slways lineerly related to the time of aging the
roasts before ocooking. The decresse ln length of the
roagts, after 2 daye of aming, was less thsn after 1 day
of storage, and the length decrcased gradually with 5,
10, and 20 days of storage, but incressed slightly after
30 days of storage.

All but one of the 120 roscts deoresansed in width
Guring cooking, and all but one roast incrensed in thick-
nesg during cooking. %eeéu&e o* the wide variation of'
these data within the roasts of a given muscle the per-
centage changeg in width and thicknese during cooking
were not averaged.

The average of four Judges' scores for aroma and
flavor of the roasts varied only slightly among the muscles

but varied considerably among the animals., Likewise the
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aroma and flavor scores for a given animal varied 1ittle
during the 1lst to 20th days of aging, but drorped slightly
after 30 days of gging. The less deslirable aroma and
flavor in the roaste stored 20 days were attributed to a
musty odor and an scid or "high®' flavor.

The Julciness scores of the cooked roasts remained
about the seme (arproximately 7.0) for the first 20 days
of aging, then droppred slightly (to 6.2) after 30 days
of aging. The average prese fluid values followed the
same pattern ae the julciness scores. |

Tenderness escores obtailned by averaging the scores
for the roasts from all muscles indicated a gradual in-
crease in tendernees ass aging time progressed, mith the
grentest increase in tenderness taking place during the
first 10 days of apging. However, when each muscle was
considered separately the increase in tendernesgs with
aging wee not alwaye linear, that is individual muscles
toughened at certain neriods during the asging vrocess. At
esch aging perliod the vngoag major muscle was scored from
45 to 62 vereent more tender than the other muecles. The
tenderness rating of the other museles deeressed in the
~order given: longissimus dorsi (ribs), semitendinosus,
blceps femoris, and longissimus dorsi (loin). Howvever,
after 20 days of storsge the longisesimue dorsi (loin)

rated higher than the semitendinosus and the bicens
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femoris muscles. Anslysis of varliance of scores showed
that the change in tenderness with aging, the variation
anong muscles, and the variation among snimals were high-
ly significant.

The average shear force, llke the tenderness scores,
of all museles showed & gradual incresse in tenderness
=1th aging, but shear force of individual muscles 4id
not always change linearly with aging. As determined by
shear force the muscles became increasingly tougher in

,the order given: vgoas msjor, longissimus dorsi {rivs),
\bicepa feﬁafis, longiesimue dorei (loin), and semitend-
inosu i//

Acidification of muscle ocourred post mortem. The
rate of this acidification varied among the animals,
but was rarid during the first 1 to 2 hours. During
gtorage the genersl pattern of the change in the pH of
uncooked muscle was a slight dron in pH followed by a
glow rise. The difference in pH among muscles was ex-
ceedingly small., The ¢ooked rosste were slightly more
alkaline than the uncooked roasts,

S8tripe of tendons heated in distilled water pregres-
sively decrezsed in length ss the temperature of heating
wag increased. They also decreased in length as the time
of heating was incressed to one minute for tendons from

around the anterior end of the longissimus dorsi muscle,
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and to five minutes for Achilles tendons. Further heat-
ing caused no additional decrease in iength of the
tendona. With a glven treatment there was considerable
variation in the decrease in 1ength hbetween two samples
from the same animal snd among samples from different
animals.

Shear force of heated tendsnsyindicated a softening
of tendons with an increase in the temperature Qf’heatlng.
Also, there was an Ilncrease in the softening of the tendons
a8 the heating time at s given temperature wag increased.
The shesr force of tendons from animal IV was from three
to twelve times higher than the shear force of tendons
from the other animale. In some casee there was also
varistion between 1dentlcally treated samples from the
same animsl. The differences in shear force were probably
influenceiby the variation in the compactnese of the bun-
dles of collagen fibers in the tendone and by the me thod
of handling the samples before heating.

The inerease in width and thiwkﬂess.of the tendons
varied trememdously and followed no regular nattern ex-
cept that the higher the temmersture of heating, the
greater the number of samples whieh increased in width.

Btripe of elastic tissue deorensed in length when
heated but the decrezase was small when uamnared to that

which occurred in the collagenous tissues. At 70° ¢. the
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effeot of heating on the length of the elastic tissues
wag greater ss the time of the trsatmant‘increaseé,

Bhear force values of ligamentum nuchae showed that
under the conditions of this study, samgles heated for
one to two hours were from two to four times more tender
than they were before heating. At 95° C. the shear force
decresped as the time of heating incressed, but at ?Gg
C. the time of the treatment had no avpreociable effect
on the shesr force. These resulte are contrary to the
idea that cooking does not effect elastiec connective
tissue.

Miorogseonic examination of sections of the coocked
and uncooked roasts revealed that h&xtelégical character-
isties of muscle followed a general pattern during the
first B days of storage. @hé most tender muscle, the
pgoas major, differed from the other muscles in that in
general, 1t did not exhibit longltudinal striae and it
contained small amounts of conneective tissue. The fibers
of this muscle were slender and the cross striase widely
spaced and distinct. The longissimus dorsl muscle fibers
varied from straight fibers with nodes to fibers contain-
ing z-z contractims, kinks, and twists. The fibers of
the semitendinosus were falrly straight with a few kinkas.
A large number of string of dense elastin occurred between

the musocle fibers. The bilceps femoris exhibited stralight,
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wavy, kinked, and trvisted filbers. The last three muscles
eontained moderate to large amounts of collagen. 8Since
the psoas major differed in histological pattern from the
other muscles 1t wae considered vrobable that the histolo-
gieal structure of muscle fibers 1s related to the tender-
ness of beef.

The muscle fibers of animal IV, particularly those
of the psoas major, appeared more gnarled and worn with
age than the fibers from the muscles of the other snimals,
Sections made from the muscles of animals ITII and IV con-
tained large nroportions of collsgen and in addition those
from aﬁigal IV contained large smounts of fat between the
muscle fibers.

Disintegration of the muscle fibers started at about
10 days of storage and became more evident as time of
storage progressed. The dlsintegration consisted of a
destruction of the striae in strins of the muscle fibers

resulting in fragility of the fibers.
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CONCLUBIONS

The conclusions drawn from the results of this study
must be considered in terms of the number of c¢arcasses of
each grade that were used, and the way the roasts were
handled during storage. Blologliecal variation 18 too great
to permit unlimited statements about any one grade of
earcass. With these restrioctions the conclusions from
this study were:

1. The greatest imnrovement in the palatability of
beef comes during the first 10 days of aging at 340 to 369
P, \ After aging for 20 and 30 days the beef is a little
more tender, but 1t also develons a musty odor and an acid ~
or "high* flavor. The *aff“ flavor wag nrobably greater
in thie study than 1t would be if the entire carcass had
been stored. The increcse of tenderness during aging is
not linear.

2. Collagenous connective tiesué eontracts, swells,
and softens when heated in water, and elastic connective
tissue contracts and softens in the nresence of molst heat.
In geﬁeral,.tha degree of such changes in the two con-
nective tissues increased as the temperature and time of
heating 18 inereased. Thus, cuts of meat containing a

large proportion of conneetive tissue tenderize as the
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cormective tissues soften during long slow cooking.

3. Aged beel loses less welght during cocking
than freash beef loges durlng cooking.

4. There is an acldification of beef muscle post
mortem and the rate of acldification varlies from animsl
to animal. During storage at 34° to 36° P, the pH of
uncoocked muscle &&cmésaa slightly, then slowly rises.
Beef musc¢le becomes slightly more aikaline during cook=
ing than 1t was before cookings

B, It is probable thet the histological atructure
of muscle fibers Is related to the tenderness of beefl,
There 1a histoleogicsl disintegration of the muscle
fibers during aging at 34° to 36° F.



2.

4,

B.

9.

SELECTED REFERENCES

Astbury, ¥. T.

1940. The first Proctor memorial lecture. The
molecular structure of the fibers of the
collagen group. J. Intern. Soc. Leather
Trades Chem. 24:69-90.

Bear, R. 8. »
1942 Long X-ray diffration spacings of collagen.
J. Amer. Chem. Soc. 6431727,

Bell, E. V., Morgsn, A. F,, and Dorman A.
1941. Collagen determination in cooked meat,
Food Ree. 6:245-283.

Bendsll, J. R.

1948. The effect of cooking on the creatine
cereatinine, vhosrhorus, nitrogen, and pH
values of raw lean beef. J. Soc. Chem.
Ind. 65:;228-230,

Cellow, %, H,
1938, The "ultimate pH' of muscular tissue.
Gt. Brit. Dent. Bei. and Indus. Res. Tood
Invest. Board Rept. 1937: 48-490.

Cherbuliez, E., Jeannerat, J., and Meyer, K. H.
1938, Uber Xollagen und verwandte Substanzen.
Z. fur Physiol. Chem. 255:241-.254.

Chibnall, A. C.
1946, Becond Proctor memorial lecture. The
contribution of the analytical chemist to
the vroblem of protein structure. J.
Intern. 8oc. Leather Trades Chem. 30:1-19.

Child, A. M., and Satorius, M. J.

1938, Effect of exterior temperature upon press
fluid, shear force, and cooking losses of
roasted beef and pork muscles. J. Agr.
Hes. 57:865-871.

Cover, S.

1937, The effect of temperature and time of
cooking on the tendernegs of rossts.
Texas Agr. EBxn. S5ta. Bull. 542,



10.
11.

12,

13.

14.

15,

16.

17.

18.

19.

20,

126

Deatherage, . E., and Harsham, A.
1947. Relation of tenderness of beef to aging
time at 32-35° P, Pood Res. 12:164-172.

Hall, C. E., Jakus, M. A,, and Schmitt, ¥, O.
1942. FElectron microscope observations of
collagen. J. Amer. Chem. Soc. 64:1234.

Hoagland, R,, McBryde, €. N., and Powick, 7. C.
"1917. Changes in fresh beef during cold stor-
age sbove freezing. U. 8. Dept. Agr.
Bull, 433.

Hugginsg, M. L. :
194%. The structure of fibrous proteins. Chen.
Rev. 32:1985.

Lloyd, D. J., Marriott, R. H,, and Pleass, W. B.
1933. The swelling of protein fibers I. The
swelling of collagen. Trans. Faraday
Boe. 29:1554-563.

Lloyd, D. J., and Harriott, R. H.
1938. The swelling of protein fibers. Part V.
‘ The swelling of single collagen flber
bundles under load. Trans. Faraday Soec.
32:932.939,

Lloyd, D. J.
1928, Protein structure and water absorption.

Mackintosh, D. L., Hell, J. L., and Vail, G. E.
1926. Bome observatione nertaining to tender-
ness of meat. Proc. Amer. Boc¢. Animal
Production. 29:285-289.

Maximow, A. 2., and Bloom, W,
1942. A textbook of histology. 4th ed., p.
157-178. w. B. Saunders Co., Philadelphis.

Mitechell, H. H., Zimmerman, R. L., and Hamilton, T. 5.
1927. The determination of the amount of con-
neotive tissue in meat. J. Blol. Chen.
71 : 5?9"' 587 .

‘ , Hsmilton, T. 8,, and Halnes, ¥. T.
1928, Some factors affecting the connective
tissue content of beef muscle. J. Nutr,
1:165~178.



21.

22,

23.

24.

25.

26.

27.

HMoran, T., and Smith, E, C, B,
1929, Postmortem changes in animal tissues,
The conditioning or ripvening of beef.
Gt. Brit. Dept. Sei. and Indus. Res.,
Pood Invest. Bosard Specisl Rept, 36,

Paul, P. C,

1943, Changes in palatability, mieroscople
anpearance, and electrical resistance in
beef during the onset and passing of
rigor and during subsequent storage.
Unpublighed Ph. D. Thesis. Ames, Iowsa,
Tows 8tate College Library.

s Lowe, B., and MeClurg, B. R.

. Changes in histological structure sand
palatability of heef during storage.
Food Res., 9:221-233.

Ramsbottom, J. M., S8trandine, E. J., and Koonz, C. H.
1945. Comparstive tenderness of representative
beef muscles. Food Res. 10:497-509.

Richardson, W. D.
1908. ?he cold storage of beef and poultry.
Rapporte I-IIX. Intern. Congress Refrig.
2:12681-325,

Satorius, M. J. and Child, A. M.

1@38. Effeset of eoagulatiaﬁ on pressg fluié
ghear force, muscle cell dlsmeter, and
composition of heef muscle. Food
Res. 3:619.626.

Semitt, F. O.
1944. XY-ray and electron microscope studles
on the structure of collagen fibers.
J. Amer. Leather Chem. Assoc., 32:1430-441.

8%sson, 8., snd Grogsman, J. D.
1838. The snatomy of the domestie animals. 3rd
ad. 2 221-351. ¥, B, Saunders Gﬁt,
Philadelphia.

Smith, E. C. B. ,
1939. Physiology of rigormortis. Gt. Brit,
Dept. Sei. snd Indus. Res. Food Invest.



20,

31.

33.

34.

35.

127

15%5. Changes in elasticity of mammalian muscle
undergoing rigor mortis. J. Physiol.
96:176-193.

T938. The scceleration by the nhosrhate ions of
the conversion of collagen %to gelatin.
J. 8oc. Chem. Ind. B57:82-47

T 1542, The nation'e food. V., Meat as a food.
2. Chemical comnoeition of mammalian
and avain meat. Chem. and Ind. 61:373-
277 . -

8teiner, G.

1839. Die nostmortslen Veranderungen des
Rindermuskels bel verscheidenen Tempers-
turen, gemessen an seinen mechaneschen
Verhalten. Archiv fir Hygiena 1121:193-
208.

nzent‘Gynrgyi, A,
1945. Studies on mussle. Acta Physlologica
Scandinavica. 9: (Supnlementum XXV)

T048. Contrasction snd the chemical structure of
the muscle fidbril. J. Collold Seoi.
1:1-18.

Theis, E, R, and Steinhardt, R. G., Jr.
19842, Animal skin proteine. IV. The theoretical
gignifieance of the shrink temrerature.
J. Amer. Leather Chem. Assoc. I7:433-
449,



128

ACKHOWL EDGMENTS

The writer wishes to express her sincere anpre-
ciatlon to Professor Belle Lowe for her suggestion of
the study and her guldance throughout the laboratory
work end the preparation of the manuseript. To Pro-
fescor Budford MeCGlurg of the Animal Husbandry Devart-
ment arpreciation is expressed for his cooperation,
Also, the writer 18 grateful for the help of Migses
Georglia Amick, Frances Carlin, Anna Dora Dale, gradu-
ate students in foods, who scored the roasts for
palatability, and for the assistance of Annsa Dora Dale

who determined the pH values,



129

APPENDIX



130

Table 24.

Percentage Welght Loss of Roasts
During Aging

| Days Aged |
¥acle LS| 2 5 10 2 30
I 0% - % -% - %12.8% 20.4%
Peoas I o 2,8 2.8 4,1 9.8 17.0
IV_0 0.8 1.6 =, 1.1

Ave. O 1.6 3.0 2.7 11.7 17.5

Longissimus I o - - - 10.2 16.3

dorsi II o 1.9 2.9 4.8 8.2 10.5

{ribs) III o ‘1.3 1.5 4.3 5.1 8.5

IV .o 0.0 2.1 4.7 8.7 132.5

Ave. O 1.1 2.2 46 8.1 12,2

Longissimus I o - - - 15.3 18.4

dorsi 11 o 1.7 1.5 1.0 8.9 7.5

{(loin) IIT o 0.9 3.1 4.1 6.4 8.1
IV o 0.0 2.0 4.2 10.7 14.0

Ave. O 0.9 2.2 =231 9.6 11.5

Semi tend- I 0 - - - 16.1 14.5

inosus IT o 1.4 0.8 1.0 8.1 9.3

III o 0.9 2.4 3.6 4.5 8.1

Iv_o 0.06 0.5 3.0 _10.9 14.4

Ave, O 0.8 1.2 2.5 9.9 11,6

Biceps I 0 - - 4 20.0 16.3

femoris 11 o 0.54 1.5 3.7 7.6 10.8

III o 1.3 1.6 2.0 4.8 7.3

IV_o 0.15 1.5 2.7 8.5 11.4
Ave, O 0.7 1.5 2.8 10.2 11,5

Total : 14.96 27.2 50.2 197.6 257.0
_Ave, , 1.0 1.8 2.3 9.9 12.9

# Animal number

—
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Table 25.

Percentage Welght Loss of Roaste
During caaking

, - Days Aged
iuscle 1 2 5 10 20 30
Psoas I 17.2%4 18.24 17.6% 12.64 15.5% 16.3%
Ma jor IT 21.8 23.2 20.4 1.6 18.1 16.2
III 24.9 20,3 25.9 13.3 13.0 -
Iv 17.0 925.3 17.7 20.0 10.5 15.7
A'Va. ﬁa .§ grog 5546(% lggﬁ 1403 13:1
Longissimus I 19.8 18.6 19.1 14.9 15.7 17.1
dorsi II 30.8 21.5 26.5 20.7 23.3 19.2
(ribs) IIT 25.8 23 9 25.? 24 ? 22.1 25.7
IV _2o7 ‘ 9 _22.56 18.6
v - % : (3 g ‘: I2
Longissimue I 26.2 33.9 18.1 12.6 15.7 1l1.8
dorsl II 20.3 21.4 27.0 2%.4 15.2 18.9
(loin) IIT 19.4 21.86 22.0 27.9 25.9 28.3
IV _23.8 23.4 gg,g 13&9 22,5 23.4
Ave., 25,1 25.1 23.9 21.0 20.1 20.6 .
Semitend- I =21.6 16.3 17.0 18.2 15.1 21.8
inosus II 28.7 17.2 22.6 23.86 16.8 21.4
IIT 22.9 268.8 26.1 29.3 22.3 26.2
IV _272.2 23,& 27.0 26.0 24.6 24.9
Ave, 27.6 20.9 23.2 24,3 19,7 22,5
Bicens I 24.9 25.0 18.5 22.2 17.1 12.7
femort s II 5.8 30.7 24.1 11.6 25.9 24.5
I%% 26.8 20 g 30.3 2? 9 28. 6 20.6
Ave. 570 o0 937 aggg 2;.5 20,7
Total 506.7 466.3 466.7 415.2 394.2 388.2
Ave. 25'3 23.3 23.3 20.7 19.7 30.4
# Animsal number
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Table 26.

Percentage Decrease in Length of Roasts
During Cooking

Days Aged
{ *
tugsls 1 2 5 10 20 30
Psoas B T 8 6% 34.8% 2%6.4% 12.6% 15.5% 16.3%
Ma Jor II 40.7 47.4 44.0 17.8 27.8 16.2

I§I 1.3 41.1 32.1 34.1 232.4 35 3
vV _50.9 50,0 35,7
Ave. 40.1 43.3 37.1 gg,g 27.8 28 5

Longissimus I 18.4 13.3 26.3 14.9 15.7 17.1
dorsi . II 33.3 25.0 £21.9 17.9 23.3 19.2
{ribs) III 32,2 25.9 25.8 21.7 19.1 22.7

Longiesimus I 8.7 23.8 8.3 12.8 15.7 11.8
dorsi IT 29.2 28.0 42.8 33.3 22.7 18.9
(1o0in) III 324.6 25.2 20.2 32.3 20.8 320.2
, 28,7

Semitend- I 20.5 23.5 14.3 18.2 15.1 21.6
inosus IT 18.7 3.0 16.8 18.8 30.0 21.4
III 18,7 40.9 8.9 22.2 14.1 20.4

IV _18.8 25.0 17.8 29.5 15.4 27.3

Ave. 18,7 31.4 14.5 22.2 18.7 28.7 .
Bicens I 10.4 21.7 5.8 22.2 17.1 12.7
femo¥ris II 28.0 486.4 15.0 23.1 17.9 24.5
I%% 22 2 19 2 25.8 29.2 52.8 11 3

% £ Yir %8 Lo PR 8

Totsl 566.8 636. l 508 l %96 2 465.9 454 8

# Animal number
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Table 27.

Percentage Ghangel in Width of Roasts

nays4Aged

During Cooking

20

10

*

Mugcle

3

.

3% 21.1% 1

14.3
37.5 13

11.1 -41.8

I
II

I11
Iv

Psoas
Malor

Longissimus

7.7 12.0

16.7 12.1

1

11
111
v

(loin)

Longissimus
dorsl

0.0 12.5

8.9 18.3

23,1 12.5 1

5.8
9.1 11.0 13.0

23.8

Semltend-
inosus

femoris

joosy

Bicerns

All numbers renresent a cecresse in width excent the

one deeignated -.

*Animal number

1
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Table 28.

Percentage Changel in Thickness of
Roasts During Cooking

Muscle - Days Aged
1 2 5 10 20 20
Psoas I - % - % 44.0%¢ 332.3% 37.5% 22.2%
Major 11 55.5 O 57.1 22.5 55.6 30.4
: I1X 28,0 21.8 B52.0 46.7 13.6 60.5
Iv 3500 .0 m7«5 60.0 70;6 7101
Longissimus I - - z.0 33,3 57.1 50.0
dorsi II 10.0 0 44.7 756.6 44.4 62.5
{ribs) III 8.8 17.3 15.4 18.2 25.9 49.1
' Iv 66.7 . 25.9 5B5.86 20.0 95.0
Longissimus I - - 11,1 11.1 37.5 25.0
dorsl I 20.0 23.3 35,4 77.8 44,4 15.4
- {1loin) IIT = 18,7 3.4 7.7 25.0 17.2 31.7
Iv 56.3 84.2 28,3 55.6 17.6 33.3
Semi tend- I -~ - 7.1 6.0 50.0 18.2
inosus IX 290.0 40,0 18.1 6.3 40.0 31.0
: I1I 18.3 z.5 23,3 32.9 15.8 28.8
Iv 14.3 25.2 13.3 27.4 2.3 18.7
femoris I1 0.0 44.4 21.1 -9.5 38.9 17.6
. 111 17.4 7.7 40.9 45.0 25.0 18.7
v 40.0 0.0 10.0 8.3 27.8 50.7

1A11 numbere repregent an increase in thickness except
the one designated -.
*Animal number
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10

kA

Days Aged

1325
Table 29.

7.7

of Roasts (Maximum score possible, 10)
.. 8.5

Average of PFour Judges' Scores for Aroma

Musele

Semi tend-

Longissimus
inosus

Longissimus

Bicens
femoris

6.8

7.8

8.2

8.0

7.9

165.4 157.4 160.9 163.7 155.5 135.1
8.3

?VAnimal number

Total
‘Ave.
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Table 30,

Average csf Four Judges* Scores for Flavor of Roasts
(Maximum score possible, 10)

HMuscle #* | Days Aged

1.2 5 10 20 30
Psoas I 940 8.0 7.5 8.8 B.5 8.8

Ma jor ’ II Be8 8.8 Ba7 S0 Bad e ]
. II1I 845 8,0 Be5 8.5 Be3  Ba3
Iv Tad 6.5 Tl £.8 Ted B3

Ave, 8.4 7.9 7.0 8.5 B 7.4

Lﬁngis&imus I 748 7«5 8.5 8.8 8.0 8.8
dorsi IT  7aB  Be0 TS 848 643 6.8
IV 5,8 B.3 B.8 6.5 D58 643

AVBs  To&  TaD  Teb  Bed el Ba0

Longlssimus I 7«3 Te3 7«3 8.8 8.5 8.0
dorsi II 743 8.0 8.0 8.5 7.3 6.8
(loin) IIT 8.0 8.8 8.3 8.5 8.0 5.8

' IV 4.5 4.0 6.0 6.0 5.8 5,8

Ave., BB 7.0 7.4 8,0 7.4 6.6

Semitend~ I 743 6.5 6.8 7.8 8.0 8.5
inosus . II 8.5 843 7.0 8.8 B840 5.8
IIT 845 8.8 8.8 8.0 7.3 6.0

IV  BeB 5.8 543 5.0 4.8 6.3

AVEe TWod  TWT 7.0 Tad 6.8 BT

Eiﬁﬁpg I 7.8 78 (290 8#3 8.8 8.8
f"@iﬂo‘ris II 608 7@3 8# 3 815 vi?a 5 5{': 8
III 843 9.0 0.0 8.5 8.0 6.5

zv 548 5.0 6.8 s‘sv 5.8 6.0

Total 15043 150.0 151.4 158.1 146.6 138.2
Ave. '?‘5 7‘5 ‘?‘6 ‘ ’7&9 7’5 8«1@

¥ Animal number
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Table 3l.

. Average of Four Judges! Scores for Julciness

of Roasts (Maximum score possible, 10).

 Days Aged

Muscle o A
| 1. 2 5 - 10 2 30
Psoas T Bu5 7.0 8.8 8.3 8.3 7.0
Ha jor II T+ - 8.3 8.0. 8.0 6.8 840
- III = 5.8 Bs0 - TW5 Geb  Bed 5.8
IV 9.0 5.5 Be3 8.0 7B 745
. Ave. wt? . el W 8.1? ’7&‘7  n !
C Longlssimus I 6.3 7.5 7.8 8.8 7.8 7.8
dorsi I 7.0 8.3 8.0 G 8.0 5.8
(I‘iba} II1 8.0 8.5 Be8 648 7.8 5.0
o IV 7.0 6.5 7.0 643 4.8 6,0
Ave. !?;l 5&? }7&4 5&2 m . m :
Longlsesimus I 4.8 6.5 648 8,58 7.8 7.8
dorsi II 6.8 7o 8&9\ ’?.3 PR BeH
(}Qin) IIT TeD . Bud S I Ta0 Ted 5«8
v Teb Fed 5.5 B.8 S5 64,0
AVQ'&’ 6 * 7 ‘?.*3 m ] ??as 5«? : ’7.@
Semitend- © T 6.0 6.5 4.8 6.5 7.5 6.3
inosus II 7.0 8.0 Bed 643 TS 6.0
III : 7;8 ‘ 81@ 8.0 5‘9 ‘7»@ 5.5
Ave. gtg . 714 g;g 3 15 g:g 5:5
Biceps I 5.0 5.5 7.5 7.5 7.5 7.0
- femoris iI 80 765 T 5.8 5.8 4.5
: IITI = 8.0 b T Y Bed 7 o3 5.8
Ave, mﬁil “9?‘2 . m . ??t’? m ; 5.8
Total  140.3 147.5 139.2 14643 136.9 124.1
AV&Q ‘7!0 Ted 740 ’?~.5 6.8

F AnTmal number
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Table 32,

Average of Four Judgest! Scores for Tendernesgs

of Bossts (Meximwm

. score possible, 10).

Muscle %

Days Aged

ﬁ"?

$d
o

90

Peoas
Vajor

I 8.0 £

II B0
IIT 7.3
IV 78

Be5

IR
ey

WD

*

?.8

Terd
2.8
B8
D

éma*‘”éiﬁ

:.1

T

Longlssinmus I 4.0

dorsi
{ribs)

II 2.0
IXI "’ga‘t}
IV 3.5

613 4 =3
LI
SO WO

L

Ded
e
648

Aﬂ‘\?é i 2 A

:

s

L@ngiﬁsimu& I 23

dorail
{loin)

IT 2.8
IIX “‘}.mﬂ
Ey ““%‘ E

Bad

ﬁaﬁ

Aves :ﬁ*g

Semitend~ I

Inosus

I
III
Iv

Blceps
femoris

Avee o0

I
II

AvBe =UeD

§$§

w;%

Tobal

Ave.,

& }g}’wﬁ

a4

Ca7

FAnimal mmber



Table 33.

Shear Force (Pounds) of Roasts
t 8ix Aging Periods

{Average of 3 shears).
Muscle ® - Days Aged .
| 1 2 5 10 20 30
Psoas I 15.9 2044 =~ - - -
Major II 16,9 '16.0 1B.7 1646 - -
IIX 1549 32;3 173 1640 15. e
! - ; ; i:} - - - -
Longissimug I 84,3 - = = 10,0 - -
dorsi - "IT 468.0 23.28 27.2 12,3 28.7 13.9
{ribs) 1] O 36. , 27, 6o
xv 4 A o
Longlssimus I K 25.? 18.9 24.4 - -
dorsi II 3342 3846 2348 1764 19,0 19.2
(loin) IIT 2443 39.7 31.2 21.8 22.0 15.0
- Iv 33 7 37:9 45.0 4042 30.1 202
Semitend- I 2%.5 - - 200 - -
inosus IT 27.8 2841 25.8 3l.2 27. E2ed
IITI 39.0 29.6 27.6 25.4 25.9 22.6
Iv 80 20.4 30,9 44,4 32,9 30.9
AVQ.. % wé ggtﬁ 2801 . Ly i 25:.3
Biceps I 1403 20.2 27.6 20.3 25.0 25.3
ITTI 3949 34.9 315 24.1 21.8 28.8
IV 42,8 20.0 30.2 25,2 18.8 24,0
}‘Lva - - : - , qB ﬁa’é g?;gl
Total 577.8 S518.1 427.7 455.4 312,85 270.4
Ave. 304 28.8 26.7 25.3 24.0 21.5

#Animal number
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T &b le 341 »

Percentage of Press Fluld in Cooked
Roasts (Averages of 3 determinations)

>
Muscle * Days Aged

1 2 5 10 20 30
Psoas I 42,87 35.4% 41.8% 38.0% 34.4% 35.5¢
Ma jor II 3440 4043 41e0 5645 3642 4047
IIT  35.5 4444 41.6 37.9 34.2 34,2

IV _42.9 30,9 32,9 32.8 42,90 31.8

Longissimus I 37.6 32.2 29.8 37.1 36.6 28.2
dorsi II  36.1 33.7 40.8 48.5 45.2 36.7
(ribs) IIT 40.6 39:8 39.9 37.6 40.9 3J7.7
IV _33.3 36a.4 34,9 41.0 41.8 31.8

Longlssimus I  33.0 42.2 37.8 36.1 44.4 45.3
dorsi II 39,7 42.3 49.0 46.9 38.2 3I7.3
(loin) III 40.8 37,8 43.0 32.4 34.4 33.8
IV 40.6 42.1 32.7 39.4 41.9 44.5

AVE. w Sl » & I a8 4‘0;2

Semitend~ I  3Bs7 649 40.9 3342 41.4 26.8
Inosus IT 42,1 46.7 30.5 I7.0 38.7 38.1
IIT 32.6 3244 B3.7 33,0 3.6 37.9

IV 35,7 42.1 39,5 33,0 42.4 41.7

4Ve. “EZB.5 0.5 20.4 4.1 0.8 30.1

ITT 354,28 3349 41.9 379 37.9 33.9

IV Bl.7 42,9 35.8 42,8 38.9 32.9

Ave. 44,5 21,3 B0.0 42.5 05.0 o028

Total T81lal 7883 T78.,3 76845 T7Z.6 739.0
Ave, 3941 3045 8.9 3B.4 38,7 3I7.0

#Animal number
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Table 35,

pH Readinge of Uncooked ﬁeaéts

; Days Aged
Muscle ¢ 4 2 5 10 2 30
Peoas I
Major )

Longiseimus I
dorsi Il
{ribs) III
v

Laggi831mus II

dorsi 4
(loin) III |

IV _5, 4¢

Semitend-

inosus

Bicens

femoris 11

| III

IV

Total 109.33108.99 109,42 100,83 110.29 117.50

AVQ' 5.*? 5.%5 5.*? 50*9 5501’ 5;88
#Animal number '
#¥# See Cooked Ronsts
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Table 38.
vH Readings of Cooked Roastis

S ‘ Days Aged
Masele % 4 2 5 10 20 20
Psons I 5.72 5.62 5.68 5.76. 5.88 5.74 _
Ma Jor II 5.91. 5.72° 5.79 5.70" 5.82 5.85¢*
| 5.89 - 5 5.73 5.78 5.
Longiseimus I 5.76 5.68 '5.72 5.73 5.80 5.90
(ribs) I%%v 5.72 5.73 5.85 5.84 5.93 5.82

| Lang&ssimﬁs I

5.70 5.70 5.68 5.79 5.78 5.70
{loin) xzx 5.82 5.83 5.88 5.91 5.82 6.03

Semitend- I B
inosus IT s

Biceps
fenovris
IV _5, 87 5,70 5.68 5.69 5.95
Maug*~§421, 5-?5““§-?@ 5.7 5,73 5,78
Total 115.16 114,98 100.65 98.26 114.62 111.53
Ave., 5,76_5.74 5,77 5,78 5,73 5,87

énimal nunber
#*"Run 3 daye late on different pﬁ meter (same buffer).
Kent in refrigerator.
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Sample No. * Date
SCORE €ARD FOR MEAT
_ 10 9 8 7 | 6_. 5 L 3 2 1
Factor Extremely Very _ | Good Med ium Fair Poor | Very |[Extremely | Remarks
good good ‘plus ninus Jpoor poor '
Arona '
Flavor
Fat
Lean y o
‘Extremely fer, Tender Med lum Fair .Tough Very Extremely.
tonder ¥énzer : plus minus ' . tough | tough '
Tenderness | |
Extremely Very Juicy Med ium Fair Dry Very | Extremely =
Juicy Julcy - plus minus : dry . dry pir}
Juiciness ‘ o
Degeriptive Terms
- Aroma Flavor Color of Lean , Texture
1, Mild ——— 1, Flat ——— 1. Light brown: ———— 1. Stringy : ———
2. Sharp =--- 2., Mild ——— 2. Dark brown ——— 2. Dense, compact ———-
5. Strong =-=« 3, Mellowed --«- 3. Red and brown ———— 3. e ————
Lk, Faint -~--- 4, Rich ---- 4, Gray -—-- ho _ — ———=
5« Foreign --- 5. Strong  ~--= 5. Irridescent - ———— 5. ___ ———
6. . ———— - 6, 014 ———
Te ———— 7, Bitter ~~==
8e e 8. Acid ——
9, Salty -————
10. Sweet ————
Preference - Scorer

(among samples jJudged at one time)
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