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INTRODUCTION

It has long been the practice of the better-grade meat
handlers in this country to age or ripen beef from one week to
- 8ix months before selling 1t. This 1s done hy hanging the
dressed carcass 1ln a storage room 8t teuperatures just above
freezing. The storage is intended to make the meat more
tender and to develop & more desirable flavor and odor. Howe
ever, not all beef la ripened before cooking. In meny places,
the necessary cold-storage facilities are not available; so
the animals are killed end the meat used as soon as possible,
to prevent loss by spoilage. This has glven rise teo the
frequently heard statement that freshly killed beef is more
tender then beef which has heen yzpanaé*’ fome people lay
stress on the 1dea that the meat should be cooked before 1t
has & chance to go into rigor.

This study was undertaken to check whether or not une
pipened beef actually was more tender then ripened, and to
determine if it would be possible to handle the meat so
rapldly as to cook i1t before 1%t héé gone into rigor. Studles
on chickens had shown that even 1f the chicken were placed Iin
the oven before rigor set in, the muscles were in rigor by the
time the cooking was finilahed.

The specific objectives of this study were as follows:



w P o

1) to follow any changes in palatability with onset and
passing of rigor and ripening of beef;

2) to sscertain any Ghﬂngﬁﬂ &ﬁ cooking time and losses
in volume of the meat with ripaaing;

3) to éetevmiae the hisﬁwlagieal ahanges éuving starag@
of beef; | |

4) to aarralaba any hiatalagia&l changes with ahangea in
pnlatahiliﬁy, if possible; anﬁ

5) to cheok the a@mparability of the dirfarant muscles
for each measurement Qm?iaymﬁ.' . -
o Th&‘éanaiuaiana reached were based on both subjective and
objective messurements. The subjective determinations in-
cluded the grain snd marbling of the raw meat snd any develop-
ment of undesirable odors or stickiness with storege, and the
flavor, aroma, tenderness and juleciness of the cooked meat.
The objective bma%a‘imaluéaé electrical resistance and pE of
the raé‘mﬁat, sheay and press fluid values for the cooked meat,
and histologlcal studies of both the raw and cooked meat.
Supplementary studlies were maﬁa‘en the effect of massage on
the meat before it had gzone into rigar and of sudden heat
treatment in inducing hiataxegiﬁal changes.



REVIEW OF LITERATURE

Muscle

This discussion is eﬂnaarn&ﬁ:wiﬁh the voluntary, cross-
striated, skeletal muscles, since these are the ones which are
chiefly used ss food. The terms "striation” and "striae"
refer to the ceross striations of these muscles. Whéﬁ longitue
dinal striation is intended, this will be specifically
indicated.

Gross structure

The voluntary muscles are made up of long oylindricsl
muscle fibers supported by a& thin fibrous network of connec-
tive tissue, the endomysium. The fibers are grouped in bun-
dles defined by layers of connective tissue known as the
perimysium. The muscle 1tself ls enclosed in s heavy connec-
tive tissue shaath, the epimysium, The size of bunéie varies
with the kind of animal, and with the age, muscle and activity

of the specifie animal, and determines the grain of the meat.

Mieroscopic structure

Fibers: Stristed muscle fibers vary in length from 1 to
41 millimeters and in dismeter fram 1ﬁ to 100 microns, or more,

the diameter depending not on the length of the fiber but on
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discs are approximately the same height, the ratioc being given
as 55 to 45 by Langelaan (71).

The I disc is bisected by a thin dark line~~the Z (T)
lines The Z line is generally regarded as continuous through-
out the diameter of the fiber, being attached to the sarco-
klwmma; During contraction, the A dise¢ is bisected by a thin
light line known as Hensen's disc. This disc is regarded as
signifying a state of contraction or stretch as it is not
found in relsxed musole.

The muscle fibers ar@kbirafringsnt¢ Buchthal and
Enappeis (22) state thet this birefrigence is partly caused by
a parallel arrangement of mlcelles within the fibrils, and
partly by the ary&t&li&n&yatrmatura of these micelles. Von
Muralt and Edsall (131) agree with this theory.

Qagnaatiéa tissue: The connective tissue is made up of

two aamp@nants, white and yellow. The whita; or collagenous,
fivers are non-elastie, colorless, and under high magnification
ahéw'diatimat'aﬁriatiﬁngg They ocour as long, straight or

wﬁvy threads or ribbons, made up of fine, uniform, parailsl
collagenous f£ibrils. They are very flexible, but show great
raaiataﬁc@ to a pulling force. The yellow, or elastlc, fibers
are very long and appear brilliant and highly refrastile.

Thay ocour in cylindrical threade or flat ribbons, and arse

highly elastic.



Constituents

et

| Flbers: The protoplasm within the muscle fibers is an
aqueous mixture containing proteins, fats, carbohydrates and
ethef organic and inorganic gﬂmpounés. _?he proteins of muscle
| fivers, according to Smith (115), consist of 68 per cent myésin,
21 paf cent globulin X, 10 psr cent wmyogen, asnd 1 per cent
- myoalbumin. The myosin occurs chiefly in the myofibrils and
the other proteins in the sarcoplasm.

Myosin 18 one of ﬁha moat intareating constituents of mus-
cular blssue, as it ls béliﬁveé to be the substance which
actually ocontracts and relaxes during activity. It is a
globulin, being insoluble in water, but soluble in neutral
salt solutions. However, between pH & and 6 it has been found
by Edsall (38) and Salter (108) to be insoluble in any of the
salt solutions customarlily employed in the study of proteins.
Edsall (38) found & marked incresse in solubility of myosin in
solutions of loniec strength from C.2 to 0.4. This increase
was eéspeclally marked in the range from 0.25 to 0.3, which 1s
probably very celose to the lonlc strength of muscle plasma.

Solutions of myosin were found by von Muralt and Edsall
{130, 131} to exhibit the phenomenon of double refraction of
flow, a property indlcating an asymmetrical micellar shape.

In fact, the myosin micelles are believed to be rod~ or needle-
shaped. ﬁ@wavar, 1t has proved Iimposgsible so far to obtain
native myosin éryatala, because of the high affinity of myosin

for water. This affinity for water may arise, at leaust partly,
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from the fact that about one~half the amine acids known to
occeur in myosin are either écidie or basic, making a highly
polar aempaﬁaé.

Xeray studies of myosin by Astbury aﬁﬁ co=workers (6, 9,
10) indicate that the micelles sanai$§ of long chains of amino
acids arﬁangaé parallel to one another, being held together
by cross linkages between reactive R groups, hydrogen bonds,
and van der Waala' forees, These chains are conslidered to be
folded in some manner, the folds Eﬁiﬁg,&a arrangsd and held in
poaitiwﬁ that under atress they can elther stretch aﬁ become
increasingly folded., Woods (135) and Boehm (17) proved that
these x-ray ploctures were those of the ﬁruaraléaﬁie substance,
not samﬂ‘aﬁu@adarg histological component.

Myéain is emsily éan&huﬁ@ﬁ by all th@ usual protein de-
naturingxaganka. th,haat denaturation is given by Mirsky
(87) as ocourring in two steps, one at 37°C and the second at
40-45%C, which correspond to veversible and irreversible
thermal contraction in muscle. He found that native myosin
contained some free sﬁlfhydryl groups, thét no additional sulf-
hydryl groups were llberated ln the first denaturation astep,
but that all the sulfhydryl groups in myosin became detectable
aftar the second denaturation step. Astbury (7), by x-ray
gtudies, confirmed the two-part denaturatlion of myosin.
| Moran (92) stated that denaturation decreased the amount

of water which ocould be bound by protein. This may account



-8 -

at least in part, for the increased csse with which fluld can

be expressed from cooked meat as compared to raw meat.

Connective tissue: The collagenous fibers are largely

made up of the albuminaiﬁ,‘aallagmn. It is inscoluble in water
and neutral salt solutions, but soluble in dilute acids and
alkalls, Collagen 1s broken down into gelatin under the in-
fluence of heat and water, particularly in an scld medium.
This is lmportant in meat preparation as the conversion of
collagen to gelatln is one of the chief factors in increasing
tenderness of meat by cooking.

Astoury (5, %); from x-ray studies, suggested a nearly
fully-extended configuratlon for the collagen micelle, the
only bends in the chain other than those inaia@mt to the
preservation of normal bond angles being those arising from
the necsssity af accomodating the Imino rings of the proline
and hydroxy-proline residues. This normal stretched configura-
tion he related to the facte that collagen sheared rather than
stretched under tension, and that when heated, tendons con-
tracted to approximately 20 per cent of their normal length.
Schmitt, Hell and Jekus (11l) agreed with Astbury that collagen
fibrils consisted of parallel columnar units, but suggested
that these linear elements were highly folded and that the
greater density of the dark striations was produced by greater
folding in these areas than in the 1light striations.

The yellow elastic fibers consist principally of elastin,
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whiech, like collagen, 18 classed as an albuminoid. FElastin ls
characterized by being extremely resistant to solution, and is
therefore little affected by normal cooking operations. How-
- ever, where ié ocours in bundles, the fibers may be separated
’by éisintagraticn,af the cementing substance by‘haat and water,
or by anzymia @ctian.

BElastin is eclassed by Astbury (5, 8) as having the
e -keratin configuration, a moderately-folded form like that
of myosin. This permits either extension by stralghtening the

chains, or contraction by additional folding.

Activity of luscle

Normal contraction

The normal contraction of muscle is of intersest here in
that the changes whiech take place may furnish some 1ldeas as to

the alterations found in rigor.

Physical changes: During contraction the muscle as a
whole shortens and thickens, there 1ls a decrease in birefring-
ence and in solubility of myosin, the bending of the myosin
chains is altered, and the location of the inorganic salts
shifts.

¥uscle, according to Fenn (42), has a high degres of ex-
tensibility with small coefficient of elastlcity, shortens

when warmed, gives off heat when stretched, and decresses in
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volume on shortening. These responses are simllar to those of
glightly stretched rubber. WHhlisch (134) explains the heat
changes as follows. The elastic force is re@resaﬁteﬁ by the
tendency of the oriented molecules to ﬁeturn to & more random
distribution by thermal agitation. The heat glven off on
stretehing 1s an orlentatlon heat rather than a heat of crystal-
lization. DBozler (18) agrees with this.

| The chenges in volume are attributed by Dubuisson (35, 36)
to hydrolysis of phosphocreatine and adenosine triphosphorie
acid, since the hydrolysis products have a smaller molécular
volume than have the combined forms.

Aceording to Bogzler (18), contraction is due to folding
of tﬁa long molecules in the actual contractile structures,
this folding being produced by electrostatic forces between
active side groups. Fischer (44) states that during isotonie
contractlion the ratio of the long to the short axis of the
myosin micelles decresses from the normal value of about
twelve to two or three. Dubuisson (35) states that diffrac-
tlon spectra indleate that musele {ibers possess a more or
less rudimentary aryatalliné structure whilch is reinforced by
stretehing and diminished by contraction or by heat. This is
paralieled by the work on birefringence of muscle.

Fiacher (43) found an increase in birefringence of smooth
muscle under incressing tension, probably indiceting a more
nearly parallel arrangement of the micelles, and possibly also

an elongetion. Buchthal and Knappeis (21) found a 26 per cent
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drop in double refraction of normai atriated‘muscla‘during a
series of contractions, paralleled by a 315 per cent increase
in lactic acid content. They found that in the resting fiber
the micelle bundles waré“ne% completely paf&llal, but became
80 on &t&etahing or on isometric céntractimn. Jordan (67)
also attributad the decrease in anisotropy during c&ntrﬁaﬁi@n
to disturbances in the orlentation of the partiélea as found

in the extended filbers.

Chemicel changes: The chemical reactions which occur

during the contraction and relaxation of muscle are exceedingly
complex, and much work remains to be done on the pathway of
the conversion of carbohydrate to energy. The most lmportant
factors are given by Sacks (102) as phosphocreatine, adenosine
triphosphoric acid, the hexose~phosphates, glycogen-lactic
acid, and &naymeﬁv

Sehaffer and Ronzoni (108) in & review of carbohydrate
metabolism state that the production of lactiec acld was former-
1y thought te be one of the most important steps In the con~
traction of muscle, the energy of its formation being regarded
as the 3ouraé of the work of contraction. ¥Yow, however, the
production of lactic acid is r@garded a8 merely an emsrgency
anaercbic reaction by which the normal muscle bridges the gap
in the oxygen supply when activiiy is first initlated, until
the respirstory and circulatory mechanisms are stepped up

sufficlently to supply the extra oxygen necessitated by such
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activity. A recent review of work on this phase ls given by
Millikan (84).

Smith (117) gives the pH of living musecle as 7.0~7.5, and
states that 1t may actually be slightly lower. Sacks (102)
glves the normal pH of mammalian tissue as 6.6~6.7, while
Vosgtlin et al. (129) give thé pH of 1living muscle as 7.55.

Dubuisson (35, 36) surmmarigzes the main physical and
chemical changes during contraction and relaxation as follows:

1. During contraction, hydrolysis of adenosine triphos-
phoric acid results in the initial heat of contraction, an in-
crease in acidity, a rapid decrease in volume, and an increase
in impedance.

2. At the mexiwum of contraction and beginning of relaxa-
tion, the hydrolysis of phosphocreatine causes the heat of
relaxation, & decresse in &eiﬁity, a slow decrease in volume,
an increase in impedance , and a decrease in transparency.

5; The productlion of lactiec aeld gives the anserobic
post~-contractile heat, an increase in mcidity, an increase in
volume, and an increase in transparency.

gimultaneously with these changes, the molecules of
myosin change in structure, these changes making possible the
mechanleal manifestations of muscular contraction. It has
besen suggested that contraction involves gelation of myosin,
which returns to the sol state on relsxation. Smith (114),
however, states that the natural environment of the protoplasm

1s such that at least 90 per cent of the myosin is in the gel
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state in resting muscle. Dubuisson (38) suggests that the
lso-electric poilnt of myosin shifts during contraction, while
Deuticke (34) states that contraction is accompanied by dehy~
dration of muscle proteins, as indicated by the decreased
solublility in certain salt solutions. These findings would
suggest that myosin may be denatured during contractlion, since
loss of solubility is one of the criteria of denaturatlon,
while Mirsky and Pauling (89) hold that the iso-slectric point
of proteins shifts toward neutrality upon denaturation.

-~ There has been much discussion as to whether or not the
changes in myosin whiech oeceur during contraction represent an |
sectual densturation of the protein. Part of the difficulty
arises from the various definitions of denaturation, which may
be based on solubllity, avallabllity of sulfhydryl groups, or
blological activity. Kendall (69) suggests that some term
other than denaturation be used to deslgnate the changes which
oceur in myeosin following activity of the muscle.

Mirsky (88) found that there was little or no denatured
myosin present in freshly minced muscle, Smorodintzev (121)
confirmed this finding. Saxl (107) first showed that pro-
longed activity decreased the solublility of muscle protein,
attributing the change to myogen. Deuticke (33, 34), Mirsky
(88), and Danielli (30) have shown that the change is in the
~solubllity of myosin, not myegen. This loss of solubllity is
not & case of preciplitation, as the myosin in resting muscle

is probably not in solution. The change involves & modification
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of myosin by aectivity such that when the structure of the
tissue 1s destroyed the myosin is not soluble in salt solue
tions which will ﬁis&alvg the myoslin of resting muscle., lilrsky
gaaa'an to say that this is not a true denaturation, as no
sulfhydryl groups are activated.

Whether or not this deecrease in solubility is a true de-
naturation, it must be reversible. Anson and Wirsky (3, 4)
have succeeded in reversing the denaturation of methemoglobin
and of globin. Weurath, ﬁéwﬁar and Erickason (97, 98) found
only an appaéant, not & true reversal of denaturation of horse
serum aibumin and pseudoglobulin. However, these proteins are
quite different Irom myosin, the micelles being globular
rather than raénﬁhayﬁdkaa the myosin micelles ave., So far,
the denaturation of myosin has not been reversed in vitro.

Marslsnd end Brown (80) suggested that the phosphoryla-
tion and dephosphorylation of myosin 1tself might be the final
| factor governing the actual contractlion and relaxation, since
| the degree of ﬁhms@hﬁryiétiﬁn of adenosine triphoaphoric acid
seemed closely related té myosin, ¥illikan (84) also stated
that on contraction myosin liberated phosphorus, while during
relaxation phesphorus was donated to myosin by adenosine btri-
phosphoriec acid. |

Deuticke (33) found a definite relationship between the
solubllity of the muscle protelns and the abllity of muscle brel
t0 use inargania,(?ﬂé}a‘iﬂ foyming hexosediphosphate. Iundsgeard

(78) also suggested a phosphorus compound as the direct



energy furnisher in muscle activity.

Neodham 8t al., (96) auggaét the following possible
sequence for the contraction of muscle.

1. Stipulus sallows the enzyme, myosin, and the substrate,
adenosine triphosphoric acld, to come in contact.

2. Contraction occurs during linking up between the tri-
phosphate snd myosin, since both the (?@4)3 and the purine-
ribose ends of the former ave linked to the ana&m@,‘au& the
molecular length of the triphosphate is probably shorter than
the length of the myosin chain between the groups to which the
triphosphate must ettach. This 1s in line with the general
two-affinity theory of enzyme action.

5. Later splitting off of inorganic ( PO4)® from the sub-
strate provides the energy for relaxatlon and recharging of

the myesin fibril.

- Histologlcal chenges: The findings on the histclogical
changes which take place during contrsction and relaxstion arse
difficult to coordinate because of the great varlety of con-
ditions employed in the various studies, Jordan (66, 67) and
Speidel (124) speak of the formation of contraction bands,
produced by the migration of the éarklyﬁﬁtaining substance of
the A disc away from the M line to a position near the Z line.
This is termed rﬁvaraal of atriaﬁian‘ Speidel (124) states

The number of cross striations in a fiver
does not vary during contraction, relaxa-
tion, stretching, or retraction. Shorten-
ing of the fiber 1s accompanied by shori-

ening of individual sarcomeres, net by
multiplication of sarcomeres.
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ki1lling the tlssue. After the death of the anlmel, the tlssues
usually live on for varying lengths of time until the accumu-
latlion gf metabolic products polsons them. Thus, the indi-
vidual muscle fibers may die at varying times, resulting in
slow death of the muscle. This leads to the onset of normel
rigor. Variaus;axperimantal forms of rigor may be produced in
tissues kllled by methods inducing sudden axtansiva changes in
the protoplasm, such as heat, freegzing, strong electric shock,
exposure to volatile anesthetics, or injection of tebtanus

toxin.

Grogs changes: Rigor 1s menifest macfaaanpieally by a
stiffening of the muscle substance, with increasse in opacity.
Parnas (101) states that

« « » 811 the familiar metabollc changes

{viz., lectic soid formatlon, deamination,

splitting~off of phosphorus from phospho-

ereatine and adenosine triphosphoric acid)

are known to occur at a very fast rate in

the traumatic and postmortal decompositions.
‘Smith (118) states that it is unusual for s muscle to shorten
in normal rigor, but thet occasionally it does so when the
onset of rigor 1s exceptlonally rapld.

The length of time before normal rigor sets in, and the
duration of such rigor depends on the kind of animal, its
nutritive state, and the amount of physical activity just
prior to killing. It first affects the muscles of the head
and then spreads backward over the body.

Smith (118) states that temperature has little effect on
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the rate of onset of rigor, except at extremes. Temperatures
of 45°C or above cause heat rigor, while freezing will either
cause or delay rigor, devending on whether or not the muscle
is still alive when frozen, and on the freezing temperature
employed. In beef, normal rigor appeers in from three to
seven hours after death, ls maximum in from twelve to twenby-
four hours, and masy persist from one to three or more days.
Hangold (77, 78, 79) studied the onset of rigor in mice,
réta, and rabblts. He found that, In g@g@ral, an isolated
mascle went into rigor faster, tock longer to attain ma x4 rmum
stiffness, but began to lose rigor more quickly than 6id the
entire body of the animal. The muscles in rigor were approxi-
mately 67 per cent atiffep {more resistant to pressure) than

they were lmmedlately efter death.

Chemical and physical changes: In the normal enimal, the

onset of rigor is paralleled by a drop in pH, an increase in
lactic acid, a decrease in glycogen, and hydrolysis of nearly
all the esterified phosphates to orthophosphetes. There is
also e decrsase in double refraction. Liang (74) found no
fundamental relationship between the change in double refrac-
tlion and the incresse In lactlic acid content, bubt sugyested

a relation of the change In double refraction to the develop-
ment of tension. This, he concluded, indioated that the
decrease in double refraction arose from an alteration in the
atructure of the myosin micelles in the muscle fibrils. Thias

would be analogous to the change occurring in normal
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contraction of living muscle.

Smith (118) found that the onset of rigor in rabblt muscle
increased the modulus of elastlicity from 700-3000 to around
10,000, In the normal muscle containing not less than 0.7 per
cent glycogen, this stiffening was par&iial&d by the conver-
slon of glycogen to lactlc acid, by the heat production accom-
panying this reaction, and by a drop in pH. The pH of freshly
killed muscle varied from 6.6 to 7.6. In full rigor, the pH
hed dropped to B5.8. Above 6.8, the »H varied from point to
point in the same muscle, but when this pH was reached, the
muscle rapldly became uniform throughout. The time of onset
of rigor in normal muscle varied from zero to seven hours or
more, with violent aatiﬁity immedlately before killing
hastening 1ts appearance. Voegtlin gt al. {129) found that
noyrmal rigor in rats set in at pH 6.85-6.68, at which time the
lactic acid content was'aix times that of the living nuscle.
The lowest postmortal pH which they obtained wes 6{91, cCoOrre-
apenﬁihg hb twelve times the normal lactic acid content. This
was cbtalined by holding the’an&mala at 6°C for one to two days.

As with narmal contraction, the production of laectic acid
was formerly thought to be the most important factor in the
appearance of rigor, the stiffening of the tissue being at-
!tributaé to the denaturaticn of myosin by increasing acidlity.

<{ﬁaw$vaﬁ; Wacker (132) found that In animals depleted of
glycogen by starvetion or extreme physlcal sctivity just

before death, almost no lactlic acid was produced, The muscles
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remained alkaline, about pH 7.1, and went Into rigor very
quickly, teking from three to thirty minutes, while the nor-
mal muscle took one and one-fourth to two hours. Smith (118)
and Hoet and Marks (65) confirmed thils finding that rigor
would oceur in the absence of lactic asecid in glycogen~depleted
rugcles. JIundsgesard end coworkers (61, Vg) showed that muscles
containing glycogen would go into rigor without production of
lagctic acid if the muscle were poisoned with iadoacatié aclid,
which prevents the conversion of glycogen to lactic seid.
Voegtlin et al. (129) found that the pH of wuscles so polsoned
.inﬁrea&ad from 7.55 to as high as 7.96, with rigor setting in
et about 7.68. Parpas (100) summed up these findings with the
statement:

Rigor has nothing whatever to do with

lactic acid formation or with changes

brought about by the acidification of

the tissue.

Smith (118) found that the change in pH during rigor was
insufficient to have any effect on the elastioclity or length
of the collagen fibers, and concluded that the connective
tissue played no part in the stiffening of the muscles in
rigor.

It has been found by many investigators (33, 62, 86, 152)
that as much as 70 per cent of the myosin of muscle became in-
soluble in neutral salt solutions during rigor. Mirsky (88)}
attributed this to & denaturation analogous to the first step

in hest denaturation of myosin, since there was loss of
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solubility wilthout activation of sulfhydryl groups. Smith
{116), however, was unable to confirm the loss of solubility
unless the temperature of storage was high enough to produce

- heat denmturation. He atiributed the change in apparent
solubility to chgng&a in the psrmeabllity of the membranes
surrounding the fibrils, giving increasingly ﬂiffiault»szﬁraem
tion of the protein, rather than to any denaturation of myosin

iteelf.,

Histological changes: One of the common observations
in microscopic studles of rigor is the variable responss of
the fibers. ﬁﬁmﬁ'fibara d&valap the characteristic zones of
contraction and r&refaetian, others exhibit a wavy or kinked
appearance which is interpreted by Cerey (26) as indicating
that these fibers are not under tension but are passively re-
tracted by the contraction of the noded fibers. The appear~
ance of the contraction nodes also varlies with the means
employed in induelng rigor.

Most of the studies on the histological aspects of riger
have been done on material where rigor was induced by experl-
mental treatment such as heat, electrical stimulation, freez-
ing, and . so forth. |

Tn muscle where rigor was produced by extreme heat,
frsaxing, electrical aﬁimu;atien, and so forth, the~fibara
showed irregular transverse bands of dense material having

very fine striations, alternating with rarefied areas having
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: y
‘wiﬂaly«&eparmbed’&triatiena* Nageotte (95}‘exp1a1ned this
phenomenon as follows. The entire muscle, when killed sud~
denly, contracted from 60 to 80 per cent, became thicker, more
opaque, and rigld. The fibrils might contract as much as 90
per cent. However, the total fibrillar contraction could not
be greater than that of the muscle itself. This produced
alternate zones of high contraction and of stretching in the
fivrils« Where the fibrils were contracted to the maximum
degree, the fiber appaareé homogeneous and very dense. If the
contraction was not quite so great (ebout 70 per cent), very
fine striations war@,mtill apparent in these dense régiana*
The alternating sectlons were very much stretched by this con-
traction, and appeared thin with widely-spaced striatlons.
The fibrila in the contracted areas were so swollen that all
the liquld garcoplesm between them was sgueeged out inte the
strgtehaﬁ sections, The loss of liquid 1a@ﬁ3aaad‘thavd¢naity
‘of,tha coenbracted ara&a, while the increased liquld content of
tbs7rarafiaﬁ areas made them avan‘mﬂr@ trensparent. Hageotte
concluded:

The complete homogenelty of the fibrils in

8 state of extreme contraction and the new

characteristics which they aequire in that

state lemd one to believe that the striations

are not produced by the periocdle distribution

of distinct substances, but by periodic dis-

tribution of distinet molecular states in the

midst of a single substance; these states are

susceptible to multipls variations during the

gcourse of the contractlion, Thus i1t is possible

to explain . . + the multiplielty of forms of

contraction of muscle, depending on the means

of excitation, which the physiologists have
observed. {translation)
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Carey (26) studled the heat rigor nodes produced Iin mus-
cle by exposure to temperatures of 20 te«40°c. Such treatment
produced long compact nodes in the contracted fibers. These
nodes were longer and less compect than those found in rigor
produced by electric current or freezing, end exhiblted the
fine striations characteristic of less then meximal cmntrac*“q
tion. They slternated with areas of coarse, widely~spaced
gstriations Indlcating stretching. FHe belleved that the fine
striations cof the contractlon node arose frgm active multipli-
cation of the striaes by splitting.

Keneely (83) described contractures, similar to those
‘studied by Carey, produced in living fibers stimulated by
dilute caffeine sclution or by the applicstion of constant
currvent, The nedes produced by gentle stimulation were
awailan, with very c¢rowded striations. The adjacent regiena
wore stretched, with increase in distance from one Z line to
the naxta The straln somebtimes caused rupture of the fiber.
These nodes werse local, reversible, and not propagated, and
were formed by a ocrowding together of the striations. With
prolonged, or increased stimulation, the nodes beceme homo-
geneous, refractile, and irreversible, indicating injury of
the fiber. These latter nodes he believed to resemble those
of Zenker's hyaline degeneratlon.

Henson {ﬁﬁ).rauﬂé ﬁaat rigor nodes in chicken muscles
that were cooked before the onset of normal rigor. £he also

found sowme evidence of rigor néﬁas in raw chiak&h muscles that
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had gone into rigor under normel conditions.

in tha,straﬁah&é reglons, rigor increases the promin-
ence of the longitudinal striations of the fibers. There is
also some slipping of the fibrils, so that the bands which
give the arass~§triaﬁsd APPOArANIOce are no 1angar perfectly
aligned. This gives rise to 1rragg1aritiea'iﬁ the striations,
such as Vernier effects, zlggags, &3ﬁgana1 stripes, ané EO On.

Da?aapart gg‘gg, (31,j$$) desoribe the myostatic contrace
tures produced in situ by tetanus toxin or by section éf one
tendon of the muscle. This gave (1) inoressed diameter of the
muscle caused by éharﬁanimg, (2) more gfenaunéaﬁ longitudinel
stristions due to greater é?iﬂenae of the individual fibrila,
and {(3) blurred cross striations ococasloned by disruption of
the acourate transverse alignment of the myofibrils. Some
fibers exhiblited & wavy contour, similar to that attributed by
Carey (28) to passive retraction. The fibers contracted by
tenotomy showed lrregular condensed aress skin to the extreme
contraction bands found by Nageotte (98) in electrically

stimulated and in frozen mugole.

Dissolution of rigor

Physical changes: If muscle in rigor is stored at tem-
peratures above freezing, the gross aspects of rigor will pass
off, the muscle becoming pliable and soft again. The time of

passing will depend on the animal, the partiocular muscle, the
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time of onset of riger, and the temperature at which the
muscles were stored. In normsl rigor, the muscles which first
go into rigor are the first to lose it;; In the so-called
alkaline rigor where no lactic acid is produced, Hoet and
Marks (65) found that rigor passed off more rapidly than in
normal nuscles which became acid from increase in lactic acld
econtent. Also, the higher the storage temperature, the more
rapldly the state of rigor passes, Hanson {58, 59) found

that the hest of amakiﬁ@ accelerated the passing of rigor.

 Histological a"h;eas Henson (58, 59) found that holding

chicken muscle after death produced breaks in the fibers, some
as sharp cracks or ruptures in the fiber, others as long areas
where the ﬁrotaplaam of the fib&r had disintegrated. Cooking

hastened the appearance of these breaks.

Changes in electrical resistance: The electrical conduc-

tivity of eny medium depends on the number and mobility of the
lons present., Tt 1s usually measured In terms of resistance
rather than conductence, the one being the reclproeal of the
other.

Electrical conduction in meat takes place for the most
part through the extracellular fluid around the fibers, but
slso pertly through the intracellular materlial of the fibers
themselves. However, the cell mambr&nsﬁlimpaaa & barrier to
the passage of the current through the cells. And, in living

tissue, the extrecellular fluid is usually found In
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discontinuous pools or layers, rather than as a continuous
system, Therefore, the electrical reslstance of living muscle
tlssue ls usually fairly l&rgﬁ, gspeclially when measured across
the fibers rather thaen &1@&@ them.

Hemingway and Collins (60) studied the changes in resist-
ance in dying rabblt muscle, using a 1000~cyele current. They
found that the reslstance inereased 25 to 100 per cent over
that of the living muscle in from two to ten houra after death
of the animal, then steadily decreased, finally resching a
plateau at about the resistance of the cell sap. They consid=-
ored that these changes might be attributed to one of two
autolytic changes: (1) increase in the lonic concentration by
liberation of ions normally bound to protein, or (2) changes
in the permeability of the cell membrasnes. They concluded that
the‘changaa were in the cell membranes raﬁhar than in the ion
concentration.

gsterhout (99) found that the increase in ocell permeabils
ity which accompained death was parallelsd by a simultaneous
increase in electrical conductivity. He thought at first that
changes in reslestance could be explained by changes iIn viscos-
1ty, but found that viscosity changes did not parallel changes
in resistance produced by treating either living or dead tissue
with various reagents.

Callow (24) investigated the chenges in electrical re-
sistance of pork muscle. He found that immediately following

death, the resistance was greater across than along the fibers.
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After atorage for twenty-four hours, the difference was no
longer detectable.  He alsc found that the resistance decreased
after death, the time to reach the minimum varying with the
glycogen content of the muscles and the temperature of storage.
He suggested that high resistance indicated a "closed" strug-
ture, the cell membranes being poor conductors, and that the
decresse in resistance indicated the change to an "open”
structure, the membranes becoming permeable. The formetion of
kthe-”epéﬁ“ structure was favored by the inerease in lactile
‘ecid obtained when the muscles had & normal glycogen content,
and by slow cooling, too rapid cooling leading to persistence
of the "elosed" structure.

‘Hall (53}; sumarizing investigations on electrical re-
sistance as a possible indication of tenderness and quality in
beef, states that, in general palatable tender beef has a
resistance of around 150 to 200 ohms, as compared to values up
to 700-800 ohms for less desirable meat. However, he points

out that this is a very varlisble measure.

Effect of message: Callow (24) found that massage caused
a very rapid drop in the electrical resistance, especially
%na% across the fibers, the resistance decreasing as much as
50 per cent in thirty seconds. This he attributed to the
effect of massage in separating the flbers and favoring the
coalescence of the discontinuous interstitial fluld., The

magnitude of this change depended, of course, on the emount of
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fluid present in the ¢apillary spaces. So the effect of
massagé was less shortly after death than after some storage.

Stewart (127) has shown that message of chicken muscles
will prévant.thﬁ-devalegmant of rigor or cause very rapid
dissolution of rigor in muscles which have already attalned
that state. | |

Cold Storage of Meat

Purpose and practlces

1t is & common practice ameong meat handlers to chill meat
to tampara%u&@s Just above freezing iwmaﬁi&%&ly after the
animal ls killed and dressed, In the larger meat packing
houses, the carcasses are usually placed in a chill room for
about twenty-four hours until the exterior of the meat is
cooled to about 35°F, when they are tranaferred to atorage
rooms for at least another twenty-four hours until the inter-
ior of the meat has cooled. Purther storage will ﬁapénﬂ on
the type of meat and the Eﬁ@t? of the market.

Beef may be held in aalﬁ/aterag& from a few days to asv~
eral montha., It is generally considered that storage up to
two to four weeks improves the palatability of the meat, Hows
ever, if there is an unususlly heavy ﬁam&nﬁ, or refrigeration
facilities are not available, the beef way be sold with little

or no cold storage.
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The ohanges which occur in beef held at temperatures
just sbove freezing have two chief causes, one the autolytie
action of the enzymes of the tissue, the other the action of
various mioroerganisms with which the meat may be contaminated.
The first series of changes 1is desirahi&,"ﬁhe second usually
not.

The autolytle changes whlch ocecur involve the resolution
- of rigor and subsequent partial breakdown of the muscle fibers
and connective tissue: These changes inerease the tenderness
and juleiness of thé meat, and may improve the flavor.

The microorganisms which may grow on meat lnolude bac~
teris, mélas end yeasts. Pathogenie bacteria ara; of course,
uﬁﬁéaira%lﬁi‘.ﬁawsvar, thﬁy usually are not a great problem,
as most of them do not grow at temperatures below 5°C. Many
other bacteria will, however, grow at lower temperatures, and
may cause sliminess of the surface, bad odor, and eventually
putrefaction of the meat. They grow principally on the sur-
face of the meat, but may penetrate into the body along blood
vessela, connective tissue, or bone, Molds and yessts usu-
ally grow on the surface of the meat only. If not allowed to
go too far, they can be wiped or trimmed off with very little
damage to the meat iteself. Yeasts, however, may causs ferlu-
mentations which impart unﬂéairable flavors and cdors to th&i
meat. ‘

The two processes--ripening by autolysis and changes by

microorganisns«~ are independent of one another. The purpose
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of cold storage 1s to discourage the growth of microorganisms
while permitting the enzymic changes to proceed. Enzyme
activity will continue 1n beef held just above freegzing, but
1t 1s very much slower than at higher temperstures.

 The cold storage life of beef depends on the character of
the bheel and the temperature and humidity of the storage room.
In general, the higher the quality of the beef, the longer it
can be stored. This is because high quality beef has a
heavier, more nearly continuous covering of fat than does poor
gquality meat. This fat inhibits the growth of many miero-
 organisms and prevents the meat from drying out. The temperaw
ture aﬁd humidity must be bslanced between discouraging the
growth of microorganisms on one hand, and lessening the qual-
ity of the beef on the other. The temperature must be near
freezing to prevent rapld multiplication of microorganisms,
‘yet too low a temperature will freeze the meat so that it must
be sold as frogen rather than as fresh besf. Low humidity dis-~
courages the growth of mlcroorganisms, but will also cause

excessive drying of the meat with consequent loss of quality.
Studies on storage of meat

The studles on cold storage of meat prior to 1809 have
been summarized by Emmett and Grindley (39). Since that time,
guite a few studies have been made, centering chiefly on
chemical and palatability chaenges. Very few histologlcal

studies have been made, however.
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The following criteris for ripening performance are given
by Hall and Mackintosh (54), for beef rib cuta: .

1. Ends of cut should remain smooth and compact with a
light covering of filamentaceous mold having & mild inoffenw
sive odor; discoloratlon should not p&m&trate more than 1
gentimeter.

2. The normal expectancy of shrink in the 6-12 rib cut
welighing 10 kilograms is ab&at 500 grams.

3. The slectrical resistance should drop from 300-500
ohme for the fresh meat to 150-250 ohms for the ripened meat.

4, The reaction of the meat usually becomes about 0.1 pH-
- unit more alkaline.

6. The collagen may be changed very little if the orig~
inel content was below 4 per cent. When originally 8 to 10
per cent, the collagen may be reduced by half, and correspond-
ingly less between 4 and 8 per ocent.

The prineipal chemicel changes which eceur during ripene
ing of beef include seme evaporation of water, slow rise in pH,
ah&ngaa in,$h$ prapﬂrtiéns of the nitrogen frections, with
increase in the soluble nitrogen, end, if ripened long enough,
oxidation of the fat. The physical changes include increase
in electrical conductivity end in tenderness, brought about

by breakdown of the muscle fibers and connective tissue,

Changes in pH: It le usuelly considered that in meat ob-
tained by normal practices, there will bs & drop in pH, brought
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Changes in tenderness: Most investigators agree that

cne of the most importent palatabllity changes during ripening
of beef is increased tenderness. FHowever, there is some dilse
agreement as to the magnitude of the change in any glven tinme,
probebly arising from differences in experimental materials
and conditions. |

Lek  (73) found a 20 to 40 per cent incresse in tender-

neas from the second to the elghth day of storage. FHosgland,
HeBride and Powlok (64) found thet unripened beef was tough
and ﬁnwﬁwww and that the greatest change in tenderness occourred
in two to four weeks of storage, with flavor deteriorating
after six weeks. Hiner and Hankins (65) found that tenderness
inecreased up to thirty-five days, the grestest change occur-
ring from the fifth to fifteenth day. Criswold and Wharton
(62) found no increase in tenderness between the ninth and
thirty-seventh day of storage, and Beard (15) obtained this
same result in a comparison of ten end thirty days of storage.
Horen and Smith (94) found the tenderness increased from the
w%wwa to seventeenth deay. The concensus seems to be that
beef should be held in cold storage from ten days to two weeks
to allow for increase in tenderness. Beyond this point,
flavor changes occur which may be desirable or undesirable,
depending on the market for which the mest is intended.

Ewell (41) and Griswold and wwaawaa (52) found that two
to three days' storage at 60°F had the same tenderizing effect

as three or more weeks at 34-36°F., However, careful handling
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to minimize bacterial contamination was necessary to avoid
heavy trimming and aenaequaﬁ% sconomic loss.

- There are two theories as to the mechanism of the tender-
izing action during cold storage. Stelner (125, 126) states
that the decrease in toughness 1s caused chiefly by changes in
the muscle fibers, making them brittle and inelsstic, whille
Ewell (41) helds that the principal chenges occur in the con-
‘nective tissue rether than in the muscle fibers., It seems
reasonable to suppose that both changes occur, the magnitude
of each depending on the make-upr and condition of the meat.

Winkler {133) and Duisberg and Killer (37) have shown
that the tenderness of meat increased with increase in pH
above 5, with a8 pH above neutrality causing undesirable soften-
ing. They attributed this increased tenderness to changes in ‘
the state of the proteins and actlivation of proteolytic anzymaat;
rather than to actual hydrolysis of connective tlsgsue during

storage.

Changes in cooking losses: Emmett and Grindley (40),
Moran and Smith (94), Alexander and Clark (1), snd Beard (15)
2ll agree that storage decreased the total cooking losses by
decreasing the evaporation loss, glving more juley meat. OStor-
age also decreased the cooking tiwme per pound in most c; these
atudies, although Beard found no difference between ten and

thirty days' storage.

Chenges in palatability: The changes in tenderness and
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ju&@in&sa«havavmlréaéy been mentioned. fThe other principal
factors in determining palatability are the flavor of fat and
of lean. In these factors too long storage mey be undesirable.
Investligators ave agraaé that after about six weeks of storage,
the lean of baef-ﬁavaleﬁs é-“high“ or "gamey" flavor. This is
undesirable to most people although 3@nnaiaaenr$'ganarslly
prefer well-ripened beef. FProlonged storage may also lead to
rancidity of the fat. Australisn workers (45, 46, 47, 48, 118)
found that many of the microorganisms contaminating beef car-
casses were capable of liberating fatty acids from the neutral
beef fat. This was confirmed by Lea (72). lMoran (93) states
that rancidity in beef fat stems chiefly from the breakdown

of the connective tlssue framework of the fat by mlercorgenisms.

 Ghmngas in microscopic structure asnd electrical conduc-
'ti?itz: The &héngea in these factors during anaaﬁ and resolu~
tion of rigor ha?a already been discussed. Little work has
been éoné on the effect of further storage on them.

Hoagland, MoBride and Powick (64) found no noticeable
change in histological structure of beef after seventy-seven -
days'! storage. However, they did notlce an increased ease in
thé separation of the mﬁacl@ bundles., Hanson (58) has shown
that there is a definite change in chicken muscle with storage,
characterized by incresse in the number of breaks in the
muscle fibers. Brady (19, 20) found that the diameter of

musgcle fibers of beefl triceps brachil, longissimus dorsi,
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adductor and semitendinosus decreased during ten days' cold

storage.
Cookling Studies

Palatability

The palatabllity af beef depends chiefly on the tender-
ness, Juleiness, anﬁ»ﬁhe flavor of lean and fat. The ultimate
eriterion of any food is the reaction of the person who eats
1t‘ Therefore, any final judgment on the worth of various
treatments of beel depends on the &aaetieﬁa of the judges who
sample 1t. |

Many attempts have been made to reduce the Jjudgling of
meat to objective terms. 8o far, the only one which has been
sucoessful is the use of mechanlcal devices Lo measure tendere
ness. Julcineass apparently depends not only on the quantity
of fluid in the meat, but also on the amount of fat, and the
response of the salivary glands during chewing., This latter
depends on the texture, flavor and aroma of the meat. Flavor,
also, is difficult to gauge objectively, sinece 1t is com~
pounded of many fectors--taste, aroma, and "feel" in the
moﬁth, the latter depending on texture and tenderness.

The literature on palatability has been summarized by
Towson (128) and by Hanson (58).
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Tenderness

Tenderness 1s considered as one of the palatability face
tors, but seems to warrant separate discussion, since it 1s
one of the most important faectors In the éhang&a occurring
during storage.

- The inhsrent tﬂughaaﬁs or tenderness of meat seems to
depend largely on the amount of connective tissue present. A
high correlation between connective tissue content and tender-
ness msfamébynemmm(v&}, #itehell (90), and Mackintosh,
Hell and Vail (76). The connective tlasue content is appar-
ently intimately related to the slze of the muscle bundles, or
texture, as each muscle bundle is surrounded by a connective
- tissue sheath, so the smaller the bundles, ﬁha-graéter the
amount -of sheathing in the muscle. Beard (14) states: "The
inherent properties of the endomysium contribute to the tough-
ness of meat more than does the size of fiber." Hammond (65)
and Brady (20) found that the grain (gize of muscle bundls)
was closely related to tenderness. _

It has been suggested that the amount of intramuscular
fat or marbling in beef may affect tenderness. Hankins and
Bllis (56) found no evidence of such relationship. Beard (14,
15), however, found that tenderness increased with inecreasing
intramascular fat content.

in the cooking process, there are two opposing factors
#ffeatimg tenderness. One 1s the change in connective tilssue,

the other the change in the fiber proteins. The elastio
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tissue is not changed by the normal cooking processes, bub
part of the collagen 1s hydrolyzed, the extent of hydrolysis
increasing with longer cooking time. Mitchell, Zimmerman and
Hamilton (91), and Bell, Norgen and Dorman (16) have shown
that the collagen content of beef decreased during cooking.
This 6@@@3&&3'&&3 paralleled by sn increase in tenderness.
Cover (28, 29) found thet long slow roasting of besf increased
the tenderness. She attributed this to increased hydrolysis
of collagen. However, Satorius and Child (105) found that
the tenderness decreased 1f the meat were cocked to internal
temperatures above 67°C. This they attributed to the toughen-
ing effect of heat in coagulating and hardening the fiber

proteins.

Cooking losses

The effect of storage on cooking losses has already been
mentioned. The mhh@rmimpartant factors in determining losses
are the degree of fatness of the meat and the cooking time and
temperature. |

The affect of degree of fatness on cooking losses 18 twoe
fold, and is principslly governed by the thickness and extent
of the extermal fat layer. A layer of external fat increases
the dripping losses, since the melted fat collects in the pan.
This fat layer, however, helps to decrease the evaporstion
losses, ag 1t reduces the external area from which water can

be losbe
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It has been definitely established by many studies that
high oven temperatures increase the cooking losses .by speeding
up evaporation of water and by increasing the amount of fat

melted off the surface.

Comparability of Various Cuts

ne of the major problamﬁ of meat research is thﬁt of ob-
taining comparable material with whioch to work. It has long
been considered thet similar cute from the right and left
sldes of th& ﬁaﬁe animal are cowmparable. This hes been con-
firmaé in such studies as ﬁhmaa of Hankins end Hiner (57) and
Aiéxanéar and Qlark {2). lHowever, the use of only two cuts
per carcass for any given study would ereate s serious economie
problem. Therefore, much consideration has been given to the
ammpawability‘hatwaan different cuts and muscles of the same
side of the carcass. Proper statistlcal design will amssist in
eliminating much of thé difference abttributable to variation
between muscles, bult to be able to consider the muscles as
truly comparable would often simplify the working out of meat
problems,

Hankins and Hiner (57), studying besf short loin, found
that the cuts from the rear portion were more tender than
those from the front portion.

Satorius and Child made extensive studies of the com-

parability of beef ocuts. Working with the adductor,
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longlsslimus dorsi, and triceps brachii, they obtained the
following results (104):

1. There was no ﬁiffarena@ in press fluld among the three
mascles, | |

2. The triceps brachil had great@rvtctal moisture than
the other two, which did not differ from each other.

by The adductor received the lowest judging scores for
texture, tandernéaﬁ; quality and quantity of juice. The longis-
simus é@rsi aﬁﬁ triceps brachil received about the same scores.

4, The adduetor had the greatest cooking losses, and least
fat--both internal and external, |

5., The adductor required the greatest shearing force, had
the smallest number af fibers per bundle, and the largest fiber
diameter of the three, The other two were comparable in these
factors.

Theyvebnalndsé from thease findings that the longlissimus
dorsl énﬁ triceps brachii could be considered comparable for
wany tests, but that the adductor was quite different from the
other two muscles, |

In & étuéy utilizing the different rib roasts of beef,
the 7-8, 9-10, and 11«12 rib cubts, they found the folleowing
(108):

1. The 11«12 rib h&d‘highar press fluld and lower cooking
losses than the other two,. |

2. All three were the same in tenderness.

S« The 7«8 rib cut had the highest content of ether-

extractable material.
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4. In total molsture, the 7-8 cut was highest, 9-10 next,
11-12 lowest. |

They concluded that the 7-8 and 9-10 rib cuts could be
congldered comparable ln tests of preéss fluid, tenderness, and
cooking laaaég‘

These studles illustrate the possibilities of variation
between muscles and even between different positions in the
same mmscle, since the tests on the rib roasts were all done
on the longlesimus dorsi muscle. They also show that the come
parability must be determined in terms of each measurs to be

employed.
Muscles Employed in This Study

Semltendinosus

The semitendinosus 1s & long narrow muscle, roughly tri-
angular in cross sectlon, which runs down the back of the
‘hhigh from the proximal end of tharfamur to the upper end of
the tibila. It is an external muscle,so has a layer of fat on

one side.

Semimembranosus

The semimembranosus 1s & large, thick musecle, lying on
the medial side of the thigh. It is covered by the gracilis,
80 has no external fat. It is approximately rectangular in

¢rogeg section, being nearly as thick as it is wilde.



- 48 -
Biceps femorls

The bilceps femorls 1s a very large external muscle which
lies on the lateral surface of the thigh. 1ts upper end is
attached to the sacral and coccygesl portions of the spine.
It then curves down over the ocutside of the thigh and ends in
attachments at the slde and back of the jolnt between the
fermur and tibla. The biceps is rather rectengular in cross

gaction, being mueh wilder than it is thick.
Vastl

The vastus muscles ineclude three dlvlisions, the vastus
lateralis, vastus intermedius, and vastus medialis. These
muscles lie on the front of the thigh, partlally surrounding
the femur. They extend from the top of the femur tolths patel-

la, and are rather difficult to separate,.
Gastrocnemiug

The gestrocnemius is a thick-bellled muscle extending
from the lowsr third of the femur to the point of the hool,
It has two sections whiah surround the superficlal digltal
flexor. This latter muscle is usually included with the
gastroonenmius in cubting beef for cooklng, and 1s very tough

because of the large smount of tendinous material in 1t.

Adductor

The adduetor iz a smell fleshy interlor muscle, lyling
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close to and just in front of the semimembrancsus. It extends

from the pelvic bone to the lower part of the femur.

Pﬂﬁ*&& major

The psoas major iz a fleshy muscle extending from the
last two ribs to the pelvic reglon. It 1s somewhat triangular
in eross sectlion, and the proximal portion is smaller then the

distal end.

A detalled description of the origin, insertion, asction,
structure, and relatlons of these muscles may be found in

Sisson and Grossmen {(113).
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WATERIALS AND METHODS EMPLOYED

‘Materials

The meat used in this study consisted of a pair of
rounds and a pair of psoas major muscles from a yearling
steer obtalned through the Animal Husbandry department. The
steer had been on a feeding experiment for two months before
slaughter, and was graded "good." The rounds weighed 48 and
50 pounds, and the psoas muscles 1-1/2 pounds each. It had
been hoped to ubtilize the same cuts from at least two or poas-
sibly three animals, bubt the present rationing program and
scarelity of bgaf made 1t impossible to obtaln more than one
animal. |

The animal was killed on February 18, and was dressed
immedlistely, The psoas mejor muscles and the rounds were oub
off as soon as the animel was drsssed. The roasts cooked with-
out storage were cut off at once, and the remainder of the
meat stored in the Animal Husbandry cooler at 34-36°C until
the next day, at which time the rest of the muscles were
separated and c¢ut into rossts. Each roasst was labeled and
wrapped in pliofilm. Then the five cuts for each storage time

were wrapped together and returned to the storage cooler.
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Storage

The meat was stored in the Animal Fusbandry meat cooler
at 34-36°F, The cuts were so dlvided as to give five roasts
for each storage time. One group was cooked without any
storage. For these cuts, the time betwsen killing the snimel
and putting ths roasts into the oven was three hours. The
storage times used for the other groups were one, two, four,
nine, and eighteen days. It was originally planned to hold
the last group for at least three weels befors cooking (longer,
1f possible), but, since the cutting and handling increased
the rapldity of ripening and also the bacterial contamination,
the cuts ﬁmul&,nﬁt be held longer than eighteen days without
loss of palatability through undesirabls changes in the flavor
of the lean and fat, especially the latter,

Methods
Statlstical design

A balanced incomplete block design was employed, to yleld
as many tests as possible from the one animal., The following
muscles were utilized: 'a$mmmambrammaua, semitendinosus,
biceps femoris, the vastus group, gestroonemius, adductor, and
pasoas major. The flrat four were large enough to yleld three
roasta from each muscle. The last three muscles were combined

into one group. However, it was recognized that this last
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group would not be as homogeneous as the first four, and allow-
ence was made for this in certain parts of the analysis of
date. These last three muscles were deliberately chéaen to
represent a rﬁng@ of tenderness, ﬁﬁa psocas major or tenderloin
being considered as the most tender muscle, the adductor as
intermedliate, and the gastroonemius as one of the toughest
muscles of the beel carcass.

The raasta were paired throughout; that is, the corre-
sponding outa from the i@ft and rigzht sides wére matched for
direct comparison., The assignment of treatment to the varlous
roasts was made at random, giving the following pattern for

the five muae}as and slx storage times.

Table 1. Statistical Pattern for Storage Times (in daya).

_Pairs

tuscle Teft Right Left Right Left Fight
Semitendinosus 1 9 4 18 2 0
Semimembranosus 9 4 18 0 2 1
Blceps femoris 2 4 g 18 1 0
Vasti 4 ] 1 18 9 2
Gastroenemius i8 2
Psoas major 0 9

Addustor 1 4

The data were analyzed by analysis of variance. Adjuste~
ments were msade for any possible difference baﬁws&n pairs, but
these turned out to be unnecessary, so were omitted. The
values for ranking the muscles in order of tan@&?naag were

adjueted for the gestrocnemius, adductor, and psoass major to
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eliminate the effect of treatment, as these did not have all
treatmsgtm for each muscle. This adjustment proved unneces-
sary for dlameter of muscle fibers, as these values wére not

affected signiriaantiy by treatment.

- Electrical conductivity

After removal from storage, the rossts were taken to the
?hﬁ#&ea bui&ding’fer ﬁeaauﬁ&m@nh of the aleetriaal‘aoﬁdumti#ity
of the vaw meat. The conductivity was measured with a Wheat-
stone bridge, using a two-meter alide wire, a coil-type re-
aistanﬁa hﬁx, a vaauum~tube osclllator supplying 1900~cyela
aurrant, telephone receiver to detect the end paint, and
electrodes pattarneﬁ af%er tha probe electrodes used by
Eanfialﬁ (11).

The use of 1mﬁﬁmay¢1& current follows the work of Ban~
field and Callow (11, 12, 13, 24). Landis (70) found that the
uge of direct current when weasuring the electrical conduce
tivity of flesh permitted polarization of the electrodes.
Banfield (11) found that a fifty-cycle current also gave irreg-
ular results due to excessive polarization, while Hemingway and
Collins (60) found that with frequencles greater than 10,000
ayalaa the membrane resistence became negliglible, the measured
resistance representing that of the cell interior only.

The electrodes consisted of two brass points five milli~
meters long, mounted five mil&im&tera apart 1n‘a circular

plastic disc two and one~half centimeters in diameter and one



BYJ *3¥ew 8y3 JO SIOQTJ UL JO WoTI0eILp eyl ©9 Tetrexewd weusy
Uesm]s0 DPOMOTJ JUSJIND U3 38UJ OR pelJesur edem sjutod eyjg
‘greqil oy FuoTe eoUBLSISed SUY eInswew o5 *8I8qT) oYy Juotm
puB £80108 U30Q POINSBOW SBM OOUBLETEX TBOTII00TE BUJ
sxoxxe qued Jod eug emfwiulw oq ‘orgtresocod 88 SATM
8PITS oUg JOo Jejuso syj Jveu se jutod Byys Bulag oq pessnfps
gBA YOO S0UB3STERI 6UJ UL S0URISTIS6S JO junows eyl *JI0AT00
«8x oyg YBnoays @wwaﬁ oq ae8U0T OU PTNOD JUGIINO U JO PUNOE
Y3 1i3um pegenlps oA SpPITE o3 UHo 3083U00 oUj pus ‘gno
perTInd exesm e¥nyd eouwisimed oYz JO “OUO SNOTJILEBA UYL *g4Bew
oys oqul peswvajzeued Lrywea Leyz 38yl InJedwo Buteq ‘erosnm
U3} 03UT pegaesurl eJem sjujod epodl0eTe OYlL ‘enssElj elosnm
oUq JO 38U UBYY SOTLTATIONPUOD JEMOT Yonm wpﬁﬁ ensgty SATS
~0sutod puw 387 sv ‘Lasegeseu svm uorinwoexd sTUL ﬁawausnﬁ«
exon gjutod epoxjoere o) eJojeq TedTH08 ® UITM Desowex umisluw
~tde ey; pue ‘pejoetes ssm 3880L U3 uo enEe}] OATOSUOO puw
38J Sn0oTAq0 JO @oa] evwrd v *JJo pedim euanjsiow evejans Lue
pue ‘peddeamun sem 980w oyy ‘L1TATIONDUOD SYL SJINEWAW OF
*g0BJaANSE
ous Jo Butlap pioaw og ‘Bupzturserd geqJw Jerem ul gded eq 0%
pey sautod eyg eouls ‘Iurgsna juesssd o0g sysed [wiew @yl J0J
PO100Te8 SUA §SBAY *3BOW PUYY JO SJUENJTISUOD U3 UITM UOT0BLI
pus uoL3eZiIeTod 98BOIVED PUB SVBVIANE VUL SEBOIOUT 01 *HOYTQ
wnuigerd Jo Jedsy ¥ Yl Ta pe3voo oxem sjuiod eyl r*peuejssvy eq
PINOO seatm Fuljoeuuoo oyl YOTUM o3 ‘sqeod Buipulq sewaq 09

081p 6yl YSnoayy pejoeunod eaem sjujod eyl YHOTUS S838UTiued

-8y -



- 49 -

resisteance across the fibers was measured by turning the disc
through ninety degrees and reinserting the points so that the
current flowed between them at right sngles to the direction
of the meat fibers. The two resistances were measured at as
“nearly the same place in the meat as posslible, to minimize the
variation within the same cut.

This g@s&aﬁ.&a measurement did not give w&m absolute con-
ductivity of the meat, since the meat surrounding awm points
-would permit the trensmission of the current in elliptical or-
bits between the two electrodes, as well &8 in & stralght line
between them. However, the results would be comparable as
long as the same equipment was employed.

The temperature of the meat at the time of messuring the
conductivity was determined by inserting & thermometer paral-

lel to, and one-half inch below, the surface of the meat.

Cookin

After measuring the conductivity, the roasts were brought
to the Home Economlecs bullding and prepsred for cooking.
Samples were removed for pH measurement and for histologleal
sections. Then the roagts were welghed and measured. The
measurements were used to determine the placement of the ther-
mometer. Right sngle thermometers registering from -10° to
90°C wers used. The weighed thermometer was inserted so that
the bulb was 1n the cenbter of the muscle. Speclal care was

needed with the gastrocnemius, sinece this muscle consists of
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two heads which nearly surround the superficial digital flexor.
In this muscle, the thermometer was inserted to reach the
center of the medial head,

After the thermometer was In place, string was tied around
each roast to facilitate handling in measuring the volume. The
volume was determined by water displscement. A straight-sided,
deep pan was used. The welght of the pan full of water was
recorded; then the rosst was aagﬁwaw@vw immersed in the water,
removed, and the pan and remalning water weighed, The differ-
ence between the two weights gave the weight of the water dis-
placed and consequently the volume of the roast.

After measuring the volume, the roasts were placed on
racks in a@aﬁ.ae&aawﬁ&pwmﬁmu and roasted in gas ovens at 1509
until the internal temperature of the roasts was 63° to 669C.
The temperature of the oven and the rossts was checked every
15 minutes during the cookling process.

The semimembrancsus, biceps femoris, and gastrocnemius
were cocked to m@aan as they were rather large cuts and at
least partially covered with exterior fat, so that the inter-
nal tempsrature continued to rise after the roasts were
removed from the oven. The highest temperature attained by
these roasts varied from 65° to 67°C. The other cuts were
small and, swww the exceptlon of the semitendinosus, had no
exterior fat; so very few of these showed any temperature rise
after removal from the oven. For this reason, these roasts

were cooked to an internal temperature of 66°C. A few of them
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Pauline Paul, graduate students in Foods. The roasts were
Judged for aroma, flavor of lean, julciness and tenderness.
Each factor was scored from 1 to 10, 10 belng the highest
possible score. For sample samring sheet, see page 163.

4 slice fraﬁ.ana half of the roast was used for scoring,
and the other half of the roast was reserved for shearing
tests, press fluid determination, and hlstologlecal studles.
| The thermometer was removed snd the roast out through
the thermometer hols at right angles to the dlrection of the
meat fibers. A slice approximately one-fourth inch thick ﬁaa
éut from one side of the center. This sllce was divided into
four guarters by two cuts through the center at right angles
to each other., Xach judge was glven one guarter, the pieces
being selected from the seme location for sach judge. Whene
ever possible, the fat on the roasts was also Judged. However,
only the semitendinosus, the blceps femoris, and gastrocnemius
had sufficlent external fat for judglng.

The scores were recorded each day, and the average of the
four judging figures used as the expression of the factor

being conslidered.

Cbjective meassursments

pH: The pH of the raw meat was measured with a Coleman
electrometer, style R00. A five-gram sample of the meat was
mineed, then triturated with flve grams of washed sea sand.

Forty cublce centlmeters of distilled water were added and the
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mixbure transferred to a bealer, covered, and allowed to stand
fifteen minutes, with frequent stirring. The supernatant

1iquid was then decanted and used for the pH determination.

h@&ring t@st;‘ A metal borer one inch in diameter was

uaed to remove aamylaa of meat for the shearing tests. The
ayliudara of meat war@‘cut pawall&l to thﬁ éiraatien\af the
meat fibers, and every effort was made to avold obvious
deposits of fat and connective tissue. |

The eylinﬁaré of meat were sheared mechanieally, using a
modifieﬁ\faém of ﬁhﬂ Wﬁrnernﬁratzler shear stress machine.
From thr&é to fﬁva'raaﬁiﬁga were obtained fér each oylinder,
thﬁ number dapaﬁding on the length of the aylinﬁar, At least
8lx readings were obtained for each roast. i

The measurements were mede from the center of the roast
outward and the readings recorded in thet order to make possi-
ble a ah@ék on any effect of difference in position of the
ra&ﬁing, since the exterior of the roast attalned a higher

temperabure than the interior during the roasting process.

Preps fluld: Two samples for press fluld determination
were taken from the center of the roast next to the thermome-
ter hole, Dach sample was welghed, wrapped in canvas, sub-
jected to 250 pounds pressure for five minutes, and reweighed.
The dlfference between the two welghts, divided by the
original weight, gave the per cent press fluld.
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The samples of meat for histologieal study, both raw and
cooked, were placed lmmediately after removal from the roast
in 10 per cent formslin, in which they remained for at least

eighteen hours in order to fix the tissue.

Paraffin sectlons: For the raw tissuves, a series of

graded sloohols and xylol was used for dehydration and clear-
Ing. The dioxane method was used for the cooked tissues.
'é@taila of these methods are gilven by Hanson (58},

After lmbedding and chilling, the blocks were trimmed,
mounted on wooden carrisrs, and sectlions 10 miar@ﬁs in thick-
ness ocut on & Spencer rotary microtome. Both longiltudinal and
eroas secbions were made, the btwo samples of tissue being
imbedded In the same block, sectioned, mounted and stained
together. The sectlons wér@ mounted on albuminized slides,
and allowsd to dry at least twenty-four hours before stalning.
The staining method employed was the same ag that described
by Hansom (58), using Prench's modifilcation of Weigert's
elastio tissue stelin, Harris' slum hematoxylin, and van Glesen's
mixture of acid fuchsin and pleric acld.

The stained sectiona were mounted in Canada balsam. It
was necessayy to have the final series of alcochols completely
cover the slides and to change the absolute alcohol frequently

to prevent carrylng any water over into the =xylol, since any
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traces of water remaining in the aamﬁﬁaw sectlions caused the
stains to fade.

The muscle tissue stained a aaaﬁ.ﬁawwaﬁca&sﬁ&wy the col-
lsgenous connective tissue magenta, and the elastic tissue
dark bluee-green. In the cooked samples, some of the collagen
hed been so cheanged that it stained the seme color as the

mugcle tissue.

Frogen sectlons: The fixed tissues were imbedded in gela-

" tin before sectioning. The tissue blocks were lmmersed in 10
ﬁaw‘aaﬁwmm@wmwwﬁ m@pﬁwwmﬁu held in the paraffin oven at 54-56°C
for four saﬁamy then removed and the wwwﬂﬁmﬁ allowed to harden.
The dwamﬁw were then ﬂwwaaawu,waaqpﬁm ¢@@aau%ﬁmamww one=
uwg&waﬁww,wﬁwv‘aw %&wwﬂww around the tissue. The trimmed
blocks were placed on a ﬁuam;em gun arable uapﬁ&»@ﬁ on the care
wwaw of the freezing microtome, and frozen with carbon dloxide
,aaaaa pressure.. The wawmwﬁﬁa»www sections were cut 5 microns
thiek, and the cross sections 15 miocrons thiek. The sections

wore aaﬁw¢am wﬂwﬁ wa.wwpw& with a molistened camel's halr brush

. ‘and floated on distilled water.

For mwmwﬁwsm‘ the seetions were floated into a small wire

basket and run awmammw the ﬁawwws»mm set of solutions:

qaﬁ aloohol - 5 geconds
Herzheimer's Scarlet m solution -~ 3 minutes
704 alechol V - 5 seconds
distillied water -10 seconds
Harris alum hematoxylin « § minutes
tap water ~10 seconds

The sections were then floasted on tep water, a slide lmmersed

in the water end the sections oriented on the slide with a



w 56 =

brush. The gelatin mounting made 1t possible to stretch and
flatten the sections with a teasing needle after removing the
slide from the water. The excess water was then wiped off and
the sections mounted in glycerine Jelly. The cover slips were
wéightaﬁ with small viale full of shot until the jelly had set.
‘This trestment stained the muscle tissue blue and the fat
red. The gelatin mounting aleo steined blue, but could be
differentiated easily from the wuscle by the difference in

structure.

The

Fiver dlameters and number of fibers per bundle
measurements of fiber diameters and counts of the number of
fibers per bundle were made on cross sectlons prepared on the
freezing microtome. This method was chosen as 1t caused much
less distortion of the fibers than did the processes involved
. in the preparation of paraffin~imbedded sections,
| The measurements were made with the eid of a bellows en-
larging deviece, This consisted of an extendible camera
bellows with a ground glass plate at the top, mounted on a
vértical post with adjustable clamps so that the helght of the
glass soreen egulﬁ be varied. This was set over the micro-
scope 8o that the beam of light coming through the microscope
pasged wartiaaily through the bellows and was projected on the
ground glass éﬁr@an; A Bausech and Lomb ph@tagraphy lamp with
a ribbon-filament bulb was used to provide sufficiently powerw

ful illumination to compensate for the bellows extension.
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With the aid of a stege micrometer, the ground glass
plete was adjusted at such & height thet the 16 millimeter
microscope objective plus the eyepiece and bellows gave o mag-
vnlfiaatia& of exactly 100. Then the prepared slides were sub-
atituted for the micrometer slide, and the fiber diameters
_measured on the glass sér@am with a millimeter ruler, The mag-
nification of 100 made the conversion of the measurements very
simple, as 1 millimeter on the glass screen corresponded to
10 mierons on the slide.

The diameters of fifty fibers of each sample were measured
for both the raw and the cooked meat. The fibers were not
truly round; so it was srbitrarily decided to use the 1engest
dimension, avolding eny very distorted fibers. This is in
sccord with the practice of the Veterinary Anatomy department
here, The {ifty measurements were averaged and the resulting
value used as the fiber diameter of that particular sample in
the statistical esnalysis.

4 ground glass plate ruled in one-inch squares was super-
imposed on the glass screen of the enlarging device to facili-
tate counting ths‘numher of fibers per bundle by dividing the
field into smaller unité. The number of fibers in a primary
bundle was counted in each of ten bundles per sample. Wha
counts were averaged to give the number of fibers per bundle

for statistlical analysis.

Cham&ea'ga‘mu§ala fibers: Langltuﬁinal and cross sections
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of the meat ssmples prepared on the freezing microtome were
inspected microscopically for changes in the fibers induced
by storage and by cooking. The paraffin sections were also

checked in the same manner.

‘Connective tlgsue: The sections made from paraffin-
imbedded samples ware ﬁhﬁﬁk@d for kinds and relative amounts
of connective tissue, as the stains used for these smections
differentiated very oclearly between musecle fibers, collagen-
ous fivers, and elastle {lbers. Lerge deposits of slastio
tissue could be observed in the frozen sections, but it was
sometimes diffioult to dlstingulsh between the collagenous
material and the gelatin used In Imbedding, as both stalned

the same color,.

Supplementaery studies

Effect of magsage: The psoas major muscles were large
snough to yield two rossts aplece. The distal sections were
used in the storage series, and the proximal portions used to
check the effect of massage on the meat before 1t had gone
into rigor. The left proximal cut was cooked without treat-
ment, while the right proximel eut was gently sgueesed and
rubbed for fifteen minutes bafore belng cocked. These two
cuts went into the oven one and one-half hours after the animal
was killed, They were cooked and tested just as the roasts in
the storage series except that the electrical conduectivity was

not measured on them.
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Heat rigor: FPleces of neck muscle from & freshly-killed
steer were obtained from the Animsl Husbandry department and
ﬁrgutaé within one-half hour after the death of the animsl,
to check the effect of heat in producing rigor. The meat was
cut into small strips approximetely one centimeter square and
three centimeters long. These strips were lmmersed in water
atv?baﬁ for two, five, fiftsem, and twenty-five seconds.

They were then placed in 10 per cent formalin and subsequently
_were imbedded in paraffin, sectioned and stained according to
the method used for cooked meat. The slides were inspected

miare&anp&aally for changes due to heat.
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been deposited along the comnnective tlssue between the muscles.

Texture: The grain of the meat varied with the muscle,

as shown in fipures 1 to 7. These are pictures of slices cut
from nesr the center of each roast, 7The psoas major had the
finest grain. The gastroonemius and vasti were next finest.
- The adductor and semitendinosus were medium in texture, and
the semimembrancsue and bloeps femoris were coarse, The graln
or texturs was @arha?a most obvious in the semitendinosus,
figure 4, the bunéiaa standing out very distinetly frém one
another. This may be related to the observation from the
microscopic slides that thls muscle was the only one which
’eanaixtaatly showsd large gquantities of elastic connective tils-
- gue. The grain was least distinet in the psoas major, figure 1,
the muscle having the lowest connective tissue content.

- The shining dark stripe across the gestroenemius, figure 3,
is a collegénous insertion. The shorter dark line is an ir-
regularity in the surface produced during the cutting of the

glice,

Marbling: The amount of marbling or intra-muscular fat
also varied with the muscle. The psoas major showed extenaive
ﬁarbling, the semltendinosus, semimembrancosus, blceps femoris,
vastl, and adductor slight to moderate, and the gsstrocnemius

very little m&rbilng.



8lices of Meat Showing Grain
{magnifioation 3x)

Figure 1. Psocas major. Figure 2. Vasti.

Figure 3. Gagtrocnemius. Figure 4. Semitendinosus.



Figure 1.

Figure 5.
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Figure 2.

Figure 4.



Slices of Meat Showing Crain
(magnification 3x)

Flgure 6. Semi-

Figure 5. Adductor. membranosus .

Figure 7. Biceps femoris.
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Effects of storage

Grose chenges: One of the most noticeable changes with
staragé wag the hardening of the fat. The external fat on
the roasts cooked without storage was soft and olly. After
one day of cold storage, the fat was firm and brittle.

The amount of julce exuded from the meat varlied with the
storage. The roasts with zero énd one day of storage were
guite dry on the surface., Those with two and four days of
storage were quite moist. By the ninth day, the surface of
the meat was agein fairly dry, but the julce had collected in
the folds of the wrapping paper. The raaats‘atgreﬁ elghteen
deys were stleky rather then wet. These changes indicated
that the forces holding the water had changed rather exten-
sively, and that the changes occurred feirly early in the
storage period.

Ho signs of bacterlal activity were observed until the
elghteen~day group was tested. The semitendinosus at that
time showed & small pateh of blue mold. Another sign of N
growth of bacteris was the stlcky surface of all the eighteen-
dey roasts. This was noticed on the externsl fat a&s well as
on the lean surfeces. All these rosste had rather "high"

aroma whon raw, which peraisted during and after cooking.

Rigor: With the exception of the psoas major, none of
the zero-storage roasts had gone into rigor before being

cooked, but they were definitely in rigor when taken from the
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oven. The psoas major was stiff and resistant before it was
cooked, but had lost the mecroscoplc appearance of rigor by
the end of thﬁ cooking period. All the stored cuts were out
of rigor when tested.

- The very rayiﬁ‘enaaﬁ and dissolublon of rigor found in
this study nﬁﬁ@ubkadly-rasultad;‘at 1gast partly, from the
extra handling the roasts received in the praaega»af disaec~
} tian &nﬁ wrapping. In aatmal practice, 1t is aua%amary to
rip@n.baef amrhalvaa or quarters of the carocass, not as 1lndi-
vidual roasts. Hawaver,'be %maure comparabllity of treatment
and to prévanb excessive drying of the cut surfaces, it was
necessary in ﬁhiﬁ work to cut up and wrap tha‘indiviaual
roasts early in thé storage period.

The preaanﬁé ﬁf rigar’waa very Qb?i@ﬂ&, as the rosats in
this condition were very stiff and hard, and difficult to cut-~
rather like trying teo eaﬁ & rubber sitopper.

Electrical conductlvit

The measurement of electrical conductivity was only par-
tlally successful, due to dlfficultlies with the apparatus,
The data obtained are given in table 3., The measurements are

glven as reslstance, which varles inversely with conductivity.
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Table 3. Electrical Reslstance of Raw Beef (in ohms)

Husole Piregtion _ mime of Storsge (in days)
’ . Heasurement c .1 2 4 9 318
Semitendinosus aoross 1528 261 14 66 611 78
along 801 Re67 13 385 581 565
Semimembranosus across 1782 411 28 1188 Blb 626
' along 28256 392 23 712 505 587
Bloeps femoris across 29081 906 12 490 492 936
, : ~ along 20583 895 12 464 493 TT79
Vasti across 2475 1463 54 1032 15564 546
‘along 1642 @78 39 736 1286 462
Gastrocnemliusg across 66 818
along 79 709
Pgoas major aoross 1180 499
along 1608 467
Adductor agross 412 141
’ along 4285 148

It was obvious from inspection of the figurss that part
of the data were not accurate. The measurements for zero
storage were probably fairly representative. And the general
sgresment among the figures for the nine- and eighteen-day
atorage periods suggested that these were all righﬁ; The fig-
ures which were usable Indicated a decremse in resistance
(inerease in condustivity) with storage. They also illustrated
the variability inherent in this type of measurement. Because
of this, many more data would be required before any conclu-

siong could be drawn.
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The changes in pH with storege are shown in table 4.

Table 4. pH of Raw Beef

Nuscle - ?

o R R a‘ ;.4 9 18

Semitendinosus 5,92 5.28 5.52 5.47 5.52 577

Semimembranosus 6.08 5.47 5,52 5,56 5,42 5,46

Bloeps femoris 5.98 B5.45 5.48 5.43 5.55  5.77
. Vasti ' 6.80 5.92 5.87 5,82 5,78 6,10

Gastroonemius U 5.56 B 5.66

Psoas major .33 5,562

Aﬁductar ) _ o 5@43‘ 535

ﬁnalyaia of ?arianeas ?ra&tmmnta, P afﬁﬁﬁﬁﬁ*;
) ) m&t@l@a}‘, F - 5!84 »

lzn th&m &nﬁ all subaaquant tables, hha harm ”muﬂ@laa“ refar&

to the five major groups, the first four muscles forming one
group each and the values for the last threes muscles being
combined for the fifth group.

The results showed that the change in pH with storage was
graaﬁ enough to be highly significant, The changes followed
the pattern ﬁ#u&lly‘faanﬁ in beef during storage~~a drop fol-
lowed by & slow rlse.

The Gifferences between the muscles were slgnificant, and
probably represented initial differences in glyceogen content,
in line with Callow's work (2B).

it was observed that the vastil group, with the highest pH
throughout of any of the museles, had the strongest "high"

odor of any of the aged raw roasts.
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Charaoterigtics of Cooked Roasts

Cooking losses

The cooking losses were made up of water, salts, sxuded
protein, and fat. The fat, proteln, and salts constituted the

dripping losses, while most of the water was lost by evaporation.

Total losses: The data on total cooking losses are given

in table bB.

Table 5. Total Cooking Losses (in per cent)

Romar e v,.n.».\..,.,...}; .iy-fm.wwg@w. ivmm«i%mwwqubir”l‘ln‘ﬁ e wrm w A A Y

\ fuscle ,. 0 1 g 4 S 18
Semltendinosus 9.9  7.85 8.55 10.76 7,02 8.08
Semimenbranosus 10.98 10,69 10.55 1l.11 18.35 10. 0@
Biceps femoris 10.02 11,87 11,88 10.40 8.92 7.61
Vastl . 11.6%7 .68 T+314 8.00 F+8B3 7o B3
Gastroonemius | 787 8.97
Psoas major 7.86 9.76
wgaﬁbﬁﬁﬁ . 12,26 15.39
Analysis of Variance: Treatments, F = 1.4;

= w - Q »

Muscles, ¥

The changes wwww@wﬁam@w@ elther to storage or to muscle
were too small and too variable to be significant. It was
noted, however, that the sdductor had the highest total losses,
in line with the results obtained by Satorlus and Chlld (104},

Dripping losses: The dripping losses are given In

table 6,
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Table 6. Dripping Logses (in per cent)

Time of Storage (in days)

Wuscle ‘ -

IR o 1 2 4 9 .18
Semitendinosus 1,756 1.18 Q.85 1497 0«18  B.OB
Semimembranosus - D.86 127 1«88 0446  1.30 44,63
Biceps femoris 2.21 3.00 B.,35 1.46 2,08 B 17
Vasti ‘  0x84 1,08 0.58 ‘6103 D87 0.86
Gastrocnemius 0.58 1.62
Psoas major 0.87 0.44

~Adductor - 1.06 - 1.33

Analysis of Variance: Treatments, F = 4.63)%;
S Muscles, = 4,047,

The &mmunt of loss by dripping changed in & highly sig-
'nirié&nb manner with treatment. The effect of treatment was
obvious in the greatly increased losses after eighteen days
of storage as opposed to the other storage periods. The rela-
tive amounts of fat and non-fat in the drippings were not
determined. However, both fractlions probably contributed to
the increased loss with storage. Noran tsa; stated that
bacteris break down the connective tissue framework holding
the fet, which would increase the ease with which the Ifat was
melted off during cooking. Also, 1t is held that some of the
proteins and the salts become more readily soluble with in-
creased storage. This would increase the loss of these
factors in the juice exuded from the lean during cooking.

The differences in dripping losses betwsen iha muscles
weré significant. The largest losses were found iIn the semle

tendincsus and biceps femoris, the only muscles which had
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appreciable amounts of external fat. This was in line with
the finding that the presence of external fat inoreased the

dripping losses, as reporbed by many workers.

Evaporation: The losses due to evaporation are given in
table 7.

Table 7. BEveporation Losses (in per cent)

_Time of Storage (in days)

Muscle .

| 0 1 2 4 o 18
Semitendinocsus 8,18 6.67 7 .88 8.79 6.83 5405
Semimembranosus 10.32 9.42 9,30 10,65 11.056 b5.48
Blceps femoris 7.81 8.37 9,18 8.94 8.87 4.44
Vasti 11.03 B.5 6,62 7.98 .16 6,47
Gas%waenamiua 6.88 755

- Psoas major 6,99 9.32

Adductor 11.280 ; 12.06

Analysis of Varisnce: Treatments, F = 4,85%%;
dusoles, F = 2,41,

The evaporation losses did not differ statistically
among the muscles. In general, however, the higher losses
occurred in the roasts which had little or no external fat to
protect them.

The change in evaporation losses with storage was highly
aigﬁifiaaah, the roessts stored eighteen days having, In general,
lower losses then st eny other time. This decrease in evapora-
tion losses balanced the increase in dripping losses so that

the totel losses were not affected by storage.
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Volume: The term shrinkage has been applied in meat
cooking sbtudies to the loasses just discussed and to the change
In volume, It is used in the latter sense here. The changes

in volume of the roasts during ccoking are given in table 8.

Teble 8. Decrease in Volume during Cooking (in per cent)

s of Storage (gg days) |

Muscle ~= \ |
| o 1 2 4 9 18

Semltendinosus 14,95 8.8B4 23,31 27.02 6.14 11.68
Semimembranosus 19.74 21,06 19.77 25,74 25.21 14.85
Blceps femoris 16,23 9.38 14,50 18,53 17.39 11.056
Vastl 24.19 10.R8 22.82 24.82 @.06 3.08
Gastrocnemius | 14,74 12,93
Psoas mejor 82.10 28.54
Adductor : 25,66 22.50
Anelysis of Variamaaa Treatments, F =z 5.2 3

S Muscles, F = 1,81,

The changes in valume,.daﬁ selther to treatment or to
\>musala; were too ranﬁém to be significant, However, there
‘was some indication that the shrinkage decreassed with longer
storage. This may reflect the small shrinkage and loss of

water which had already ocourred during the storage period.

Cooking time

The cooking times for the various roasts are listed in

table 9.
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Table 9. Cooking Time (in minutes per pound)

¥uscle .

USRI : 0 A 2 4 g 18
Semitendinosus 72.1  T1.2  T7.4  70.4 94.6 102.3
Semimembranocsus 44.7 B6.3 BR.]l B6.4 48.9 5349
Biceps Femoris 28.1 41.5 46.8 60.8 41.2 46.0
Vasti 57.0 119.2 €0.1 B4.,2 81,6 75.6
Gastroonemius : 59.3 43.8
Pasoas major 577 : 85.9
Adductor 6l.1 60.8
Analysis of Variance: Treatments, F = lizﬁéﬁ

Muscles, F o= 6,847,

Contrary to the usual finding, the cooking time did not
decrease with increased storage. The variation in cooking
timeé between the different muscles was, however, highly sig~
nificant, the larger, heavier muscles taking fewer minutes
per pound to reach the given temperature. This could be at-
tributed partly to the 1@wa#'inhaynal temperature to which the

;larger roasts were aéaked; and partly to the fact that the
Q&iaﬁanﬁa taf%ﬁa aantérbnr the r@aﬁﬁ did not incrsase in direoct
-ralatibn to tﬁa 1ncréaae intwaight; so that while the larger
roast might be twice as heavy as a smeller one, the heat did
not have to travel twice as far to reach the center of the

roast.

Palatabllity
The roasts were judged for tenderness, julclness, flavor
of lean, and aroma. Where sufficlent fat was present, the

flevor of the fat wae also scored.
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Iendernesa: One of the maln reasons for helding beef in
cold storage before selling isg the resulting increase in
tendernessa, Tharafmra, tamésrn@ﬁa‘waa one of the most impor-
tent factors in this study. The jﬁégas* aﬂcﬁé& for tenderness

are given in table 10.

Table 10. Aversge Tenderness Scores (maximum possible score, 10)

¥uscle :

0 i 2 4 ) 18
Semitendinosus 4,25 B.75  B.75 7.25  6.75 V.5
Semimenmbrancsus 2.75 6.0 5:?5 b B0 6.95
Biceps femoris 1.75 4.85 6.5 6.858 8.88 7.25
Vaati. 2.5 645 6.0 625 $¢5 G225
Gastrocnemlius 8.5 8.0
Psoas major 6.25 10.0

Adduector : ‘ , | 6.25 8.5

Analysis of Varilance: Treatments, F = 14.58
Muscles, F = 5.18%%,

There was & highly signlificent difference between tender-
ness for the variocus treatments. It was obvious that the ten-
derness incrsased up to the ninth dey of storage, but the change
between nine and eighteen days was variable, indicating that
most of the Inorease in tﬁnﬂ&?n&aa/w&a complete in nine days.
Thia.waa in line with the usuasl finding that the principal in-
~erease in tenderness tekes place In from ten days to two
#@aks of storage. And, of course, in these small @iaaaa,‘tha
ripening action was faster than 1t would be in the larger

sections of beef such as guarters or halves. The continued
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increass in tenderness of the vastil group was in line with the
higher pH which it attained, since Winkler (13Z) and Dulsberg

and ¥Willer (37) have shown thet tenderness increased with in-

creasing pH above B,

&llrthé roasts cooked without stafa@e were very tough, -
even the @aaaa major. This does not bear out the statement of
Ewell (41) that: "Meat is generally tehﬁar 1f cooked immedi-
ately after slaughter, before rigor has set iﬁ." Only the
'psaég major was in rigor before the roasts were cooked, but
2ll were in riger by the anﬁ of the cooking period, Thia wag
in line with Henson's finding (58) that chickena cooked within
- a8 short & time as slx minutes after killing were in rigor
when cooked. |

The tenderness of the roasts also varied significantly
according to the muscle being judged. The mean scores and

standard errors are glven in table 11 for each muscle.

Table 1l. Mean Tenderness Scores and Standard Errors

vﬁuael&

Standsrd Error

Mean Score
Group 1 }
Pasosa major 8.85 + 0.718
Gastrocnemive 783 + 0718
Adduector 7.28 & 0.718
Group 2 | ;
Semitendinosus _ 6.38 2 0.358
Vastl 617 + 0.3568
Semimembranosus 5.88 x 0.558
®

Biceps femoris 5.71 0.358
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The muscles were separabted Into two groups, to indicate
the difference in the number of treatmente. In group two,
since sach muscle received all the treatwents, no adjustment
was necessary. In group bn&, however, singe each muscle re-
ceived only two mf,tha six treatmentz, 1t was ﬁaa@aaary to
adjust for the effect of the treatment.

Within each group, the standard error of that group was
nsed in assessing the aigﬁirieanee-ef the differences between
the muscles. Between the two groups, the standard error of
4 0.567 should be used. The "t" test was used to determine
the significance or non-significance of these differences.

Within each group, there was no signifieant difference
between the tenderness of the muscles. Between the two groups,
the psoas major was more tender then any of the muscles in
group two, the differences bsling highly significant in each
case., The gastrocnemius was more tender than the vastl,
semimembrancsus, and blceps femoris, the differences being
significant for the first two and highly so for the last one.
The adductor was significantly more tender than the semi-
membranosus and the blceps femoris.

The fact that the psoss major was the most btender muscle
of the lot was expected. However, most of the others were
somewhat out of line, as the adductor and semimembranosus are
vsuslly thought to be about the same, with the semitendinosus,
bilceps femorisg, and vasti less tender, and the gastrocnemlus

the toughest of all., Part of the toughness usually attributed
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to the latter is undoubtedly caused by the ineclusion of the
superflcial digital flexor, an extremely tough muscle, in the
gastrocnemius. The avoldance of this flexor in judging may

agcount for the higher score received by the aaatraeneﬁiusg

Juiciness: The average Julciness scores are given in
table 12.

Table 12. Average Juleciness Scores (maximum possible score, 10)

Time of §t@?%5# {1§ days)

¥uscle ,

o .31 2 4 9 18
Semitendinosus 6.0 7.85 75 7.2 72786 76
Semimembrancsus 8.75 T+8 T7+288 7.5 8426 B.75
Eiﬁ&ﬂﬁ femoris Teb 7B 8.0 7.25 2.0 8.5
Vastl 796 8.0 8,5 BsTH 8.3 B8.75
(astroocnemius , 8,786 8.75
Psoas major 8.0 9.0

Adductor 78 8.0

Anslysis of Variance: Treatments, F = 8,0Q§§;
Muscles, F oz 8.8477,

The juiciness of the roasts showed & pgradual increase
with aging, the change being highly significant. This
checked with the finding in most storage studles that julecle
ness lncreased with atorage.
N The muscles also showed highly slignificent differences in
julcinese, the semitendinosus, semimembrenosus, and adductor

being the least juley and the psoas major the most Juley.
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Flavor of lesn: The average scorea for flavor of the

lean meat are given in table 13.

Table 135. Average Lean Flavor Scores faximum possible score, 10)

8

Mu#ci& . Time of §§ﬂraga'(in da;

L | 0 12 4 9 18
Semitendinosus 6.87 TJU8 W5 7.5 8.0 B+25
Semimembranosus 6.35 8.0 T7.86 8486 8,75 B8
Blceps femoris 4.3 7.5 7:76 B.88 9.0 7.76
Vasti ‘ 6.0 ’ T95 5»@ 8.0 7.5 9#%5
Gastroonemius ‘ ' 8.8 . 9.0
Paoag major B.67 9.0
Adduector 6.25 Bgﬁ

»ﬁnnlysis of Variances Treatments, F = 12,87%%;
: ' ‘ lusocles, F = 0443,

variation in ﬁha(ﬁima of storage gave highly significant
differences smong these scores. The flavor score increased
steadily through nine days of storage, but showed no consis-
tent change thereafter. This inerease in desirability of
flavor was in line with the usual finding that the flavor was
impr#ved with aging. The variabllity on the last storage set
was principally sttributable to individual testes. After
eighteen days of storage, the roasts were found to be rather

"high" in flaver, and, while two of the judges liked this

| flasvor, two of them did not, considering the meat to be
8lightly spoiled. |

The flavor did not vary significantly emong the different

muscles.
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Aromsa: The aversge aroma scores are given in table 14.

Table 14. Average Scores for Aroms (maximum @éaﬁible score, 10}

Tgmé of Eteyagé (in &ays)- |

Husele \ ‘
, o 1 e 4 9 18
Semitendinosus 7.75 7.0 7,76 8,0 B.5  8.85
Semimembranosus T+76  TWRB  T4b B.25 9485 7.5
Biceps femoris TT6  TeRB Vb 8.0 8.5 7.25
Gastrocnemius 8.25 8.256
Paoas major 7.75 Bs75

Adductor . 6.8 , 7.75

Analysia of Variance: Treatments, F = 11.35%%;
’ ¥uscles, F=r 0«4,

The aroms scores roilawad the same pattern as the flavor
scores, showing no significant variation between muscles, but
a highly signifloeant one between trestments. The arome in=
ereased in desirabllity with storage up te nine days, then
dropped a little on ﬁha'aightemnth day. Here again, the de=-
area&a{in score with eighteen days was at least partly due to
- individual preferences, the juages'wh@ disliked the "high"

- flavor scoring down on arome also.

Flavor of fat: Since many of the roasts had insuffi-
clent external fat to allow judging its flavor, the fipures
were not complete enough to warrant statistical analysis.

Howsver, the scores which were obbalned are given in table 15.
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Table 15. Average Scores for Flavor of Fat
{maximum possible score, 10)

| %&m@ af utaraga &n days)

Muscle :

i o 1 = 4 9 18
Semitendinosus = 8.0  8.67 8.5 8.3 = 8,0  4.25
Semimembranosus S 7.0 840 - - 4.25
“Bieeps femorls 8,0 T+0 W87  B.D B.67 4.5
Vaati ‘ o —— 8.0 Ted e e 4,0
Gastromnnmins , 8.$V : 5,0
Psoas major 8,0 e

Adductor ‘ - -

Inspection of the figures indicated that the desirabil-
ity of the flavor of the fat dropped sharply between nine
and eighteen days of storage. This was caused by the devel-
opment of a definitely rancid flavor in the fat during this

| 1&35 ﬁtoraga period.

Objective tests

Shear: The force in pounds required to shear a oylinder
of musele one inech in diameter 1s glven 1ln teble 16. Fach
ingurajrapraaénts ths everage of from six to ten réadingﬁn
| The shearing force, like the tenderness score, vayio& in
a high;y signifieantjﬁay with ater&ga, the force required de-~
.’ereaﬁiﬁg with”inawwaéing atéwaga. i%h« very high shearing
farea for the roasts cooked without storage checked with the
lmw t@nﬁ@rm@aa scores for thﬁ&@ roasts, slince the highar tha

shear force, the less tender the meat.
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Table 16. Average Shearing Force for Cooked Meat (in pounds)

“wgma of Storage (in days)

¥uscle

: 0 1 2 4 L i8
Semitendinosus 98.0 20,35 2B.62 19.77 22,52 17.22
Semimembranosus B82.92 21.85 20,47 17.50 25.78 19.93
Biceps femoris 72,08 28.87 235,03 16.60 18.80 19,61
Vastl v e 14.62 32172' 20.58 21.18 16.586
Gastroenemius - 18,50 | : 12;10
Psoas major 17.6 | ‘ 9.98
Adductor ' 16,69 - 14.35
‘Analyaia of Variance: ?reaﬁmenta; F = 16.228%%

‘ Muscles, P 2,

67 .

The variation in shear between the different muscles was
not significant for the unadjusted figures, but when the
valueg for the gastrocnemius, psoss major, and adducitor were
adjusted for treatment, some of the diffﬂregaea woere highly
gignificant. The ranking of the muscles by shear force is
given in table 17.

Table 17. Neans and Standard Errors of Shear Force (in pounds)

Muscle Meam Shear . 8tandard Error

Group 1
Psoas major 8.00 + 7.87
Adductor 2&.,76 * 7.87
Gagstroonemius 24.43 & 7.87
Group & “ :
Vasti ‘ 28.81 x 3,94
Biceps femoris 29.97 + 3.94
Semimembranosus - 3143 * 5.94
*

S.94

Semitendinosus 33,06
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As with tenderness scores, the shearing averages were
divided into twe groups, with those of group one requiring ad-
justment for treatment. The stendard error for comparison
between the two groups was & 6.22. |

Because of the small number of filgures represented in the
first group and the high standard error, the éiff@raﬁﬁés in
shear between these three muscles were not signifiaant, 8l-
though th@ value for the psoas major was much lower than that
‘fﬁ?lﬁhﬁ cﬁh&r‘twmq Also, there was no significant difference
among the members of the second group. |

Between the two groups, the psoss mgjar was more tender
then any of the ones in group two, the differences being
highly ﬁignif&eaﬁtﬁ 'Tharﬂ was no significant difference be-
tween elther of the other two muscles of group one and eny of
the muscles of graﬁp two. |

The very low shearing force requlred for the géatrac*
nemius after eighteen days of storage was interesting because
one oylindey of this musecle had a heavy strip of connectlve
tissue in 1t. &és figure 8. By histologlicel study, this
strip was found to be principally collagenous connective
tissue. Apparently, storage and cooklng had changed the
collagen sufficiently so that 1t was no longer tough.

Shear force and tenderness score: The shearing force and

tenderness score showed & rather high negative correlation,

Txy ® -0.784"%. This wes in line with the values obtained by
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Pigure 8.

Sheared sample of gastrocnemius,
showing heavy strip of
oollagenous connective tissue.
(magnificetion &x)
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other investlgators. The negative sign came from the fact

that as the score inocreased, the shear force decressed.

Varietion in shear forge with position in the romst: The
shearing velues were measured and recorded from the center to
the exterlor of the roast. Analysis of the inﬁividﬁal values
ahawa& that the center part of the roast waa'méra tender than
the exterior, the differences being highly significant, See
page 164 for datm. The greater toughness of the exterior
portion was probably due to tﬁé higher tamparéﬁura attained
in thet region. T@wSQn (128) found that the exterior of a
roast reached temperatures 3 to 13% higher than the center,
and Satoriue and Child (105) found thet the tenderness de-

ereased at internal temperatures above 67%.

Pregs fluld: The figures for press fluld are given in
table 18, Each figure is the average of two determinations.

Table 18, Press Fluid {in per cent)

of Storage (gn_ﬁayslr

¥uscle T .
. 9] i 2 4 9 18

Semitendinosus 50.65 b4.656 50.286 44.17 46,80 59.64
Semimembranosus B3+24 B3.47 BO.B33 40.083 36.29 60,83
Biceps femoris BB.TT 52.16 5B3.753 44.51 44.16 68.24
Vastl BE.85 BT7.58 DBE,B3 43.7T9 44,08 84.53
Gaptroonemins 54,62 60.10
Psoas major 55.64 , 42.69
Adductor 56.95 435,93
Analysis of Varisnce: Treatments, F = 47.61%%;

® 7.61
luscles, Fz 2.64.

¥ g
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The cheange in quantity of press fluld with storage was
highly significant. The amount of expressible fluid dropped
sharply from the Qaaaﬁé'ﬁﬁ the ninth day of storage, then rose
to the highest values obtained with a further nine days of
5 $harage.' These changes undoubtedly reflected ahaﬁgas in the
waters-holding powers of the tlssue proteins and in the perme-
 ability of the connective timsue sheaths and cell membranes.

- The muscles did not differ significently in press fluid.

-,gggggggggig,ggﬁ_juiﬁigaag scores: The correletlon coef-
fi@iant bﬁ#ﬁnan'tha'yrssa fluld snd juloiness scores was only
~$«Q$4, a vamy smell value. This was expected ﬁrﬁm the con~
clusion of %ataria& and ﬁhil& {108) hhat ?r@aﬁ flui@ was not

a geeﬂ indicator of acariug Juleiness.

Histologloal Studies

‘Size of fibers

- The average diameters of the muscle fibers are given in
table 19. Each value is the average of {ifty messurements .
Cooking caused a definite shrink in the muscle fibers.
This was as expecited, and wes in line with the decrease in
volume of the roasts during cooking. The large muscle fibers

seemed to shrink more than did the small ones.
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Table 18, Nusole Fiber Diameters (in microns)

Muscle  Btate

Py

_Time of Storsge (in days)

1 8 4 g 18
Semitendinosus Raw  B8.8 45.4 BLl.8 49.7 56,2 47.4
Cooked B3.3 43,4 43.1 47.4 49,9 48B.5
Semimembrenosus Raw  58.3 64.8 61.€ 56.9 48.7 54.6
Cooked 45,8 B0.2 BR.B 49.9 47.1 4.4
Blceps femoris Raw BB,1 BB.B 63,5 67.0 60.7 707
Cooked 50.1 57,7 B3.5 53.9 48.0 54.2
Cooked BB« BO0.7 5HB.5 BOQ.S 'THe2 b4.d
Gastroenoemlus Raw T9.5 61.8
Cooked 6240 47.0
Psoas najor Raw 5648 4548
‘ Cooked  45.7 43.5
Adductor Haw 56.7 6245
‘ Cooked 46.2 453
Analysis of Varisnce: Raw vs. Cooked, F = 28.67%%;
For raw--Treatments, Fz Q. 66&
Muscles, F = 3.48
For cooked-~Trestmenta, F = ’Qqﬁéé*
Husgles, F =z 5.59

Treatment caused no significant chenge in the sige of

the muscle fibers. This was at variance with the work of

Brady (19, 20), who found that the flbers decreased in

- dismeter during bten days of cold storage.

The fiber diameters varled from musele to muscle, the

differences being significant for the raw muscles, and highly
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so for the cooked muscles.

The average flber diameters for the various muscles,
and their standard errors, are giéaﬁ in ﬁablﬁ 20, ¥o adjust=
ment for ﬁ?&atm@n@ was ﬁae&aaary; sinos tr@atm&nﬁ did not

change the diameters significantly.

Table 20, Average Fiber Diameters and Standard Errors
(in microns)

Raw , G@le&

Muscle : : ~
. . Diameter Se B Diameter S, By
Semitendinosus  51.5 ¢ 8.5 47,6 £ 2.2
Semimembranosus 57.4 % 5.5 48,5 £ 2.2
Bleeps femoris 62.6 & 5.8 52.9 * 242
Vastl , 69.2 2 3.5 58.8 & 2.8
Gastrocnemius 70.6 a 6,1 49.5 & 5.8
Psoas major BO.6 2 6.1 45.6 2 3.8
Adductor 54.6 & 6.1 457 £ 5.8

" The proper standard arfﬁrﬁ for evaluating the dlfferences
between the muse;@a having different standard errors were
2 5+0 for the raw and ¢ 3.1 for the cooked muscles.

Among the raw muscles, the blceps femoris, vastl, and
gastroonemius fibers were all larger then the semitendinosus,
":tha.ﬁifferaméﬁa belng highly'ﬁigniriﬁéntg Also, the biceps
femoris, vasti, and gastgeanamius fibsrs were larger than
those éf the psoss major, tha vastl and the gastyrocnemius
fibers were largaﬁ than these of the mém&mﬁmhranaaua, and the
gastrocnemius fibers were larger than @hﬁﬁ@faf the adductor,

. these differences being significant. Between the other
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possible pairs, there were no significant differences.

After cooking, the vastl fibers were larger than those
- of the semitendinosus, semimembrancsus, psoss major, aﬁm
adductor, the differences being highly significant. With sige
 nificant differences, the vasti fibers were larger thsn those
of the bloeps femoris and gastrocnemius, while the biceps
femoris fibers were larger than those of the semitendinosus,
psoas major, and adductor. None of the other possible palr-
ings showed significant &ww&a&mhaaa.

Throughout, the Iibers could be somewhat arbitrarily
grouped in silze as follows: swmallest, semitendinosus, psoas
,ﬁmmowu edduetor; medium, semimembrenosus, biceps femoris;
largest, vasti. The m&m&&agﬁ&&#ﬂm did not it well in group~
ing, as the raw fibers ww%a the largest found, but shrank the

‘most during cooking.

Fiber diameter and tenderness: The correlation coeffi-

‘gient between fiber dismeter for the cooked rossts and tender

ness score was only ~0.198, too small to be signiflcant.

Humber of fibers per bundle

The date on the number of fibers per bundle are given in
table 21, Hach figure represents the average of ten counts.
The variablility between counts for any glven secblon was quite
high, due, at least partly, to difficulty in dlstinguishing

between primary and secondary bundles.
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Table 21, HNumber of Fiberas per Bundle

Mascle
Semitendinosus Baw B6.B €7.8 B84.2 113.0 B7.9 95.3
Semimembranosus Raw  93.4 100.4 88.5 118.4 108.0 92.7
' Cooked 119.5 127.5 127.7 90.4 104.7 130.5
Biceps femoris Raw  195.3 74.9 109.2 T7.9 71.8 71.5
Cooked 59,0 108.1 94.7 73,7 96,92 73.5
. Vesti , Raw 89.0 Bb.3 75.6 117.8 58,1 88.6
' i : Cooked 1356.6 78.4 81.0 130.2 63.4 97.4
Castrocnemius Raw 61.0 62,9
| ~ Cooked | 11245  75.8
Psoas major Raw  1287.2 181.7
o Cooked 189.0 162.8
Adduoctor Haw 67.8 100,.8
~ Cooked 96,4 118.6
Analysis of Veriance: Raw vs. Cooked, ¥ = 1.27;
Treatments, F =z 1.54;
Muscles, F oz 1.96.

The number of fibers per bundle did not vary significantly
for different treatments, fmr muscles, or between the raw and
the cooked., This was at variance with the work of Brady (19,
20), who found a&gnﬁf&aaﬁt‘&iff&ranaaa between the muscles in
this respect. However, the finding that the paocas major
consisbently had a large number of fibers par.handxa was in

agreement with Brady's work.
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Fibers per bund

and tenderness: Brady also found a
high correlation between the number of fibers per bundle and
‘the tenderness of the meat. This was not borne out in this

-8 tudya

Histologiocal CObservations

- Effect of storage and of cooking

General: The general picture of the microscopic changes
which occurred with storage was as follows. The fraéhly
killed meat had very poorly differentiated fibers which were
straight to slightly wavy. These showed the longitudinal
striations more prominently than they did the cross stria-
tions. After one day of storage, the flbers were much more
éisﬁinct, adma of them showing contracture nodes, others the
kinks or orinkles of passive retraction. The nodes seemed to
 be very dense and resistant, as they persisted all through
the eighteen days of storage. The kinks and orinkles disap-
'paaraﬁ after faur'to nine days of storage. B@aaké began to
appear about the second day of storage, becoming more numerous
as at@raga ﬁxmﬁ increased. Fligures 9 to 14 illustrate the
-changes in one muﬁala,‘the semimembranosus. These pictures
are, in general, characteristlic of all the muscles.

%h@ change from a ﬁightlywpaﬁk@d to a more open structure
with eging could also be seen in the cross aaatianu, as shown

in figures 15 and 16.



Unoooked Semimembranosus, Showing Changes with Storage
Longitudinal Frozen Sections
(magnification 48x)

Filgure 9. %ér@ storage. Figure 10. One-day
- ' T o ' storage.

Figure 1l. Two-day Figure 12. Four-day
atorage. atorage.

Pigure 13. Nine-day Figure l4. Eighteen-
storage. , day storage.
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aﬁw Frogen Sections

(magnification 48x)

Figure 16. 3emitendinosus,
zero storage,
cross section.

Figﬁra 17. Semimembranosus,
one~dey storage,
longltudinal section,

Figure 16. Semitendinosus,
elghteen~day storage,
eroas section.

Figure 18. Psoas major,
zero storage,
longlitudinal section.
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The time of appearance of the breaks or ruptures in the
tissue was variable, some sections showing them as early as
the first day of storage. See Llgure 17. Hone were found,
however, 1n‘tha unstored tissue. Filgure 18 shows th@ appear-

ance of the tissue which was fixed first after the death of
‘thé*animal, 8o represented the nearest to the 1ivimg tissue.
It was found that the £1berm:wer®*atraig§t, poorly éiffaran“

tiated, and showed no signs of nodes or breaks.

»Ghangsaég the aemiﬁﬁnﬂingggggwltﬁ Btorage: The raw’semi«
rténéinc&ng wﬁiah was not stnr@é/pré&@atéé very much the same
piotﬁra ag the other musélaslwiéh this tr@atmank, as can 5&
"aaahiin f&gur& 19, &f%éé one day of storage, however, a
deeidéé éhaﬁge 1a’ﬁﬁia muscle was'netiaaa, 'Tha entire cut had
contracted, throwlng the fibers into proncunced waves much
larger than thé erinkles praﬁaﬁeérby differences in contraction
among the individual fibers. These waves could be observed
mﬁarﬁsaayiaallyn Figure 20 ahaws the appearance of a surface
area of the roast, while fligure 21 shows a mi&roadcpia section
made from this same roast. This waviness made 1% difficult
to prepare proper longltudinal or cross sections, as the waves
were more or les: spiral rather than in one plane. Figure 23
is a higher magnification of one section of the slide shown
in figure 22, illustrating that, where a longitudinal section
could be obtained, the charscteristic nodes and kinka4ﬁf rigor

were visible, Flgure 24 is & close-up of such & node. These



Semitendinosus, Showing Changes
with Storage

Flgure 19. Uncooked longl~ Figure 20. Cooked surface,
tudinal frozen section, . - one~day storage,

, zero storage.
(magnification 20x) {magnification 3x)

Figure Bl. Cocked longltu~ Figure 2. Cooked longitu-
dinal frozen section, dinal frozen section
ong~day storage. eightesn~day storage.

(magnification 2Ox) (magnifioation 2Ox)
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Flgure 20.

F’igﬁ!‘& 1@ *

Flgure 28,



Flgure 25, Cooked semi- Figure 24. Raw seml-

o - tendinosus, o tendinosus,
longitudinal - longitudinal
frozgen section, : frozen section,

~ one-day storage. one~day storage.
(magnification 42x) (magnification 200x)

Figure 25+ Cooked seml- Figurs 86. B8ame alide
membranosus, ~ as flgure 28.
longltudinal ,
frozen section, (megnification 180x)
onew«day storage. -

(magnification 42x)
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Figure 23. Pigure 24.

Figure 25. Plgurs 26,
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macro-waves were stlll present after four days of storage,

‘but had disappeared by the ninth day., Flgure 22 shows how the
fibers straightened out. The broken appearance of the fibers
was typieal of ripened tissue.

| - The cause of these macro-waves could not ﬁa determined
definitely, but it seemed likely that they were due to contrac-
tian.mf h&a aanuaa%ivé ﬁiaau@, since all the muscle fibers were
IWavaé, while the bands of connective tissue appearsd to be
mwré~¢r less straight, ?évh&pa th@ elastie tisaaakwan the
‘causative agent, since the aamitamdin@sua:waa the only muscle
having large amounts of this type of eénnaative tissue in all

ﬁh&ya@@tiﬁﬁa, and the only one ahawiﬁg these macro-waves,

Effect of cooking: In general, the effect of cooking
was to inorease the microscoplec manifestations of whatever
stata wes observed in the raw roast. In the zero-atorage
roasts, cooking increased the definlition of the fibers and
produced slgns of heat rigor. In the one- and two-day storage
roasts, the indlications of rigor were made more prominent by
cookings The roast stored four days showed little change
after cooking, while those stored nine and elighteen deys had
more of the breaks characteristic of aged meat than had the
raw samples.

The change in the collagenous conmective tissue was one
of the most interesting affé&t& of cooking, and was readily

observed Iin fh@'muaﬁlma having heavy deposits of this material
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around the muscle bundles. In the raw meat, all the collagen~
ous tissue stained a bright magenta from the acld fuchsin of
the van (lesen stain. However, much of this tissue in the
aaékeﬁ mest wauid no longer take this stain, baiﬁg colored
yellow by pieric acid in the staining procedure., This yellow-
‘stained connective tiamu§ wes broken and somewhat grannlur,

while the magenta-ptained was fibrous.

RElgor

anges produced by normal rigor--one active, the other pas-

chenges: There were two distinet mioroscopic

. #8lve. ?hﬁvaativa change was the appearance of alternate
zones of condensation and rarefaction in the fibers under ten-
sion from ocontracture. The passive phase waﬁ found in the
erinkled or kinked appearance of the fibers which Carey (26)
sald were not contracted themselves, but were drawn up by the
contraction of the noded flbers.

| The nodes which ocourred in normal rigor were quite char-
geteristic. ‘They are i1llustrated in figures 25 to 38, These
nodes were swollen and dense. Occasionally one was observed
in which the striations could still be seen, as in figure 32.
Suech nodes appeared to be less completely contracted than the
very dense ones. The completely contracted nodes were too
dense to show sny stristions, as in figure 31.

The disitance between the nodes varied. Sometimes two or

more nodes ocourred in a short space, while others were wldely

separated. Compare the nodes In figures 25 and 27.



FPigure 27. Haw semi~ Flgure 28, Same slide
‘ membranosus, a as flgure 27.
longitudinal |
frozen section, , - {magnification 180x)
~ onew-day storage. ,
(magnification 48x)

re 20, Raw vastl, longitudinal
frogen section, nine-day

storage.

{(magnification 200x)



w 104 =

Figwé 27,  Pigure 28.




Plgure 350. Haw semimembranosus,
| longitudinal frozen
sectlon, one-day storage.
(magnification 800x)
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Filgure 30.



Figure 351, Haw semimembranosus,
longitudinal frozen
section, one-day storage.
{(magnification 1870x)
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Figure 31.



Figure 32. HRaw blceps femoris,
longitudinal frozen
section, nine~day storage.
(magnification 1870x)
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Figure 32.
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The chéngaa in the striations around the nodes were very
definite. The stretched areas lmmecdiately adjacent to the nodes
in the same fibers were narrower and stained less deeply than
the nodes themselves, as shown in figure 26, These rarefled
areas showed wldely separated cross atriatians and prominent
zangituéinaifxtria%imﬁa, indicating stretching. The A discs
often showed a light middle line, ﬁam&sn*skdisa, characteriastic
of fibers under tension. Close to the node, the striastions
becanme very fine and much closer together. See figure 30 for
theas changes. It was aifficult to decide whether the nodes
arosé by condensstion of the striae, as stated ﬁy Jordan and
Speidel (68), or by eplitting of the strise, as bellieved by
Carey (£6). However, the striations were very close together
in the nodes, and the change in apacing wes continuous from
the contracted to the stretched regions, which would seem to
be more in accord with the theory of Jordan and Spiedel than
that of Carey. Also, where apparent splitting ﬁf the stris-~
tions was obgerved, 1t emulé also be interpreted as belng pro-
duced by the slipping of the fibrils so that the stristions
were no longer continuous. It seoms likely that thﬂ.aatual
formation of the node wnﬁlﬁ have to be fallawea under the
microscope to arrive at a conclusion on this point.

In the higher magnifications, figures 30, 31, and 52, the
Vernier and zlgzag effects produced by slipping of the flbrils
are apparenb.

The ¢rinkles and kinks which occur in the passively
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Effects of Passive Retraction

on Muscle Fibers .

Raw semimewmw
branogus, longl-
tudinal paraffin
section, one~day
storage.
(magnification 48x)

¥ilgure 35.

Flgure BB. Cooked vasti,
longitudinal
paralffin section,
nine-day storage.
{magnification 48x)

Figure 34, Same alide

aa figure 33.
(magnificatlion 180x)

Figure 36. Same alide

aa figure 36.

(magnification 180x)
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Figure 35. Figure 36.



Pigure 37. BRaw vastl, Figure 38, Raw psoas
longitudinal major, longltu-
~paraffin section, dinal frogen
one~day storege. - spection, zero
o . storags.
(magnification 48x) (magnification 48x)

Flgure 38. Cooked semimembranosus,
~ longitudinal frozen
section, zero storage.
(magnification 400x)
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Flgure 37. Figure 38.




Flgure 40,

Pigure 41.

Cooked biceps femoris,
longitudinal frozen section,
zero storage.

{(magnification 400x)

Cooked vastl,

longitudinal frogen section,
zero storage.

(magnification 200x)
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Figure 42, BSame glide as figure 41.
(magnification B00x)

Figure 45, OUooked psoas Figure 44, 8ame sllde
major, longitu- as figure 43.
dinal frozen : »
section, zero ~ {magnifieation 180x)
atorage.

{(magnification 48x)
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Figure 43. Flgure 44,
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strlase of the condensed area and the atretched strise in the
rarefled area. These fibers appeared to be in en sarly stege
of the extreme heat rigor discussed later.

Flgures 43 and 44 show the crinkles and kinks in fibers
passively retracted by heat rigor. These were similar to

those produced in normal rigor.

Bresks in the fibers: There were two types of breaks
which appeared in the stored meat fibers, one a fracture, the
other a disintegration of the muscle pretaplaam over a falrly
long ares within the fiber. These disintegrated aress had
loat both the longltudinal and oross striations, and the mater-
il remaining within the sarcolemma jhad a granular appearance.

The fractures seemed to occur chilefly in the crinkled or
kinked fibers. In figure 44, constrictions can be seen along
the periphery of some of the erinkled fibers. Flgure 45
shows the progress of these c@natrietioﬁﬁ to actusl cracks in
the fiber, and figure 46 shows an ares having meny oracks and
breaks in the pessively-retracted fibevs.

The disintegrated areas were observed most frequently in
the portions of the fiber between two nedea of contracture.
Flgure 47 shows the narrowing of such an ares, while figure 48
shows & s&milar reglon where the rarefied part has disinte~
grated, Figures 49 and 5O show very aleawly the long granular
areas between the nodes. Figure 51 is & cross section from
the same semple as figure 50. The few clear spots within the

mascle bundles are places where the fiber fell out during



Figure 45, Raw bloceps
femoris, longl-
tudinal frozen
gection, nine-
day storage.
{magnification 200x)

Flgure 47. Raw vasti,
longitudinal
frozen section,
four-day storage.
(magnification 180x)

Figure 46. Raw blceps

‘ femoris, longi-
tudinal paraffin
sectlon, four-
day storage.
(magnification 42x)

Figure 48. Bame as

figura' 47,
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Figure 45. ' Figure 46.

Fligure 47. Figure 48,



Slides Showing Powdered and Fractured Flbers

(magnification

Figure 49. Cooked biceps
femoris, longitu-
dinal frozen sec-
tion, one-day
storage.

42x)

Fligure 50,

Cooked semi«
membranosus,
longltudinal
paraffin section,
nine-day storage.

Figure 8l. Same ss filgure B0
except cross sesction.

Figure 5£. Kaw bilceps
femoris, longl-
tudinal frozen
section, nine~
day storage.

Flgure

55. Raw bloeps
femoris, longi-
tudinal frozen
section, elightesn~
day storage.
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Figure 50,
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preparation of the slide. There are many small granular areas
surrounded by the endomysial reticulum which represent sec-
tions whaﬁ& the muscle @rat@yiaﬁm has disintegrated.

| Figures 52 and 53 show both the fractures in the passively~
rétraatad fibers and the ar&aévef disintegration around the
nodes in the seme section. |

" The cause of thesa breaks in the fibers 1e unknown.

’Thﬂr& may be two pﬁﬁﬁiﬁl&'@ﬁpl&ﬁﬂﬁi@ﬁa* one the sutelytic

| aﬁtian of the tlssue aﬂ&ym#a, the other ths physical stresses

on the stretched énﬁ twisﬁéd fiherﬁiangandarad by contraction

| in the noded fibers.

Shrinkege of fibers: Figures 54 and 55 illustrate the
‘ghrink in the fibers caused by cooking. In the cooked sections
{figure 55) thﬁ-@nﬁ@ﬁyaiai reticulum which surrounds and sup=-
pﬁrta each fiber is clearly visible.

Figure 56 shows the Ilnoreased fiber shrinkage caused by
the solutions used ln making paraffin-imbedded sections. If
figure 56 is compared with figure 855, 1t becomes obvious why
the frozen seations were used for the fiber dlameter measure-
ments, since they were more nearly representative of the true
size of the fibers. Figures bH4 and 656 also indilcate some of
the difficulties inherent in measurement of fiber size by the
method amgiayﬁﬁ; S8ince none of the flbers were truly round,
1t was perhaps & misnomer to apaakvaf fibver dliameter, but the
term was used td correspond with the custom in this type of

work.



Effect of Cooking and of Dehydrating Rﬁagﬁnta‘
on Flber Diameters. Cross Sectlons.

(magnification 48x)

Pilgure 54. Raw semie Figure 55, Cooked semle
membranosus, membranosus,
frogen section, frozen sectlion,
cne~day storage. one~-day storage.

Flgure B6. Bame as fligure 55
except paraffin
section.
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Figure 56.
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Pifferences between muscles

Varistion in size and shape of fibers: Figures 57, 58,
and 59 i1llustrate the variation in size and shape of the fibers
from the ﬂifﬁafenb muaeleég Figure 57 is8 a c¢ross asctlion of
the adductor, showlng the many tiny Tibers which result in the
smell average fiber diameter found for this muscle. Figure 58
shows the uniformly large fibers of the gastrocnemius.

Figure B9 illuatrates the elliptical shape of the fibera of
the vastl group.

Variation in amount gg connective tissue: The varietion
in amount of connective tissue could not be agsessed on a
truly quantitative basls from microscoplc slldes, since each
slide represented only & very small area of the muscle, and
thé possibilities wf variation were large. However, it was
puaaibla by this means to group the muscles rather broadly as
having small, medium, ar’lawga amouvnts of connective tliasue.
The psoss major had the smallest amount, only a few fragmenis
beinz visible in figure 60. 7The semimembranosus and biceps
femoris showed heavy bands of connective tiasue sround the.
fiver bundles, as illuétrat&é in figure 8l. The other muscles
might be classed between these two extremes as having moderate
amounts of connective tlssue, as shown in figure 62.

It was observed, during study of the slides atained to
differentiate the two types of connective tilssue, that only

the semitendinosus consistently showed large deposits of



Cross Sections Showing Veriation in Size of Flbers.

All raw; frogen sections.

(magnification 48x)

- Figure 87. Adductor, Figure 58.
four-day
storage.

FPigure BS. Vasti,
four-day
storage.

Gagtrocnemiug,
two-day
storage.
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Fﬁ.gﬁrﬁ 57, ?ﬁ.%ﬁr’ﬁ 58,

Filgure 5.



Cross Sections Showing Eelative aAmount of
Connectlive Tissue.
Paraffin sections, zero storage.

(magnification 42x)

Figure 60. Cooked psoss Figure 61« Cooked semi~
major., membrancsus.

Figure 62. Cooked semli-
tendinosus.
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Plgure 60, Pigure 61.

Filgure 62.
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elastic connective tissue. The soemimembranosus, blceps femoris,
and gastroonemius showed a little elastle tissue in some of

the sections, Ilione was fsﬁnéuin the other mnsales, The slas-
~tic tissue content of th@'aamit&nﬂinaaue may aeccount for the

high force required to shear it, since ﬁlaﬁtiﬁ 18 considered

-~ to be unaffected by ordinary cocking operstions.

‘Supplementary Studies
 EBffect of massage

‘8ince only two roasts--one experimental and one controle~
were used in studying the effect of massage before ithe muscle
had gone into rigor, the figures obtalned could not be define
itely evaluated, However, the data aré given in table 22, as
an Indicatlion of the effect of such treatment. The two roasts
tested were the left and right proximal portions of the psoas
major. Both were cooked without astorage. |

Inspection of the slldes made from these two roasts

showed that there was little ﬁifferaﬁaa in their ﬁierasaayia
‘apyagyanaa¢ Thé raw mﬁﬁtkhaﬁ poorly~defined fibers, most of
them being straight or slightly waved. The massaged muscle
had some signs of beginning riga?, with paaﬁivmly»ratrasted
fivers surrounding straight fibers in which tenslon was indi-
cated by the prominent appearance of lensen's disc. The |

covked sections had more clearly deflned fibers, most of which
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showed the tight orinkle characteristic of passive retractlon,
~with a few heat rigor nodes in the unmessaged muscle, and many

“in the massaged muscle.

Table 22, Data on Effect of Massage on Beef Not Yet in Rigor

Pactor

b A S SO U e oot M A R S e o e i e e iR g oy 2ot e B

_ﬂﬁntrﬁl Cut

¥assaged Cut

Condition beforse
cooking

Condition after
sooking

Cooking time

%mﬁal'aawking
losses

- Decrease In
volume

Tenderness Score
Juleiness score

Flavor score-~lean

Aroma score

Shear force
Press fluid

Fiber diameter
Number of fibers
per bundle

S80ft, not in
rigor

Hot in rigor

80.6 mim/ib .

&3,*?1%

22.,47%

5758
70
643
T75

27.18 1bsa.
47.71%

Raw Cooked

Soft, not in
rigor
In rigor

95.4 min./1b.
9.25%

32.31%

2.5
6.5
&.87
786

45.13 1lbs.
52 . 15%

5%a%” &?»if.
115.4 124.6

Raw Cooked

5ﬁw8fk Eﬁiﬁﬂ-
146.1  124.2

The resulits scemed to indleate that the control musecle

was cooked quickly enough to prevent the full sppearance of

rigor before the proteins were cosgulated by heat. However,
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in the treated cul, the ap@&aranea of ripor was hastened by
massaging a0 that the nmuscle had stiffened before the heatb

became grest sn&ugh‘te stop the action,

- Extreme hest rigor

Subjectlion of small samples of fresh meat to sudden heat
(70%) gbﬂéuaﬁd the maximum contraction bands of heat rigor
discussed by Negeotte (85). The samples heated for two sec~
@ﬁaa ahaw&ﬂ this only around %hﬁiadga&, as seen in figure 63.
After ten seconds' heating, these rigor bands were observable
‘all through the sample, =&s iﬁ‘figara 84. Longer heating, up
to twenty-five seconda, yra@aaad ne farther chenge.

The appearance of the nodes of alternating condensation
end rarefaction can be better seen in figure 65. The higher
m&gnifiaaﬁi@n shows the denslity of the contracted are#s, and
the thinness and widely-spaced striations of the stretched

portions.

Suggestions for Further Studles

Einae it was only p&aaiﬁla to obtain one animal for thls
study, it would seem advisable to have the work repeated in
toto, to cheek on the animal-to-animal variation. Other
gquestions which arose during the course of the investigation

were as follows.



Longitudinal Paraffin Sections of Samples
Subjected to 70°C for Different
Lengthes of Tine.

Figure 63. Two seconds Flgure 64. Ten ﬁgeonda
at 70°C. at 70°C.
(magnification 42x) (magnification 42x)

Figure 65, Ten segconds
a"h vygg{: »
(magnificetion 180x)
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Figure 63. Figure 64.

Figure 65.
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l. What were the quantlitative asmounts of collagen and
elastin present in the diff%rént muscles?

2, What was the actual extent of the change in collagen
;ﬁuring cooking indioated by its fallure to take the acid fuchsin
stain? |

3. Was the aan&wnﬁr@tian of elastin in the semltendinosus
characteristic of this oclass of beel enimal or merely of this
one animal? The more usual histologicsl finding seemed to be
that all muscles of the round contained some elsstin.

4. What was the true histologlcal basis of the formation
of rigor nodes? Did it differ in hest rigor from that in
narmal.rxg@r?

B, Was 1t possible to obtaln a tender roast by eoakimg
bveef lmmedlately after killing? There seemed to be some idesa
that this could be done, but no such result was obtained in
thle study.

6. How much of the breaking of the fﬁb#ra during aging was
caused by action of enzymes, anﬁ how much by the physical
stresses &riaimg from the contraction of some of the fibers?
Wae there any other reason for the occurrence of these breaks?

7. What changes ocourred in the water~holding capacity of
the proteins and the permeability of the c¢ell membranes and
connective tissue during sging and cooking?

The answers to these and other simllar questions would
afford a better foundation for the explanation of the changes

which ocour during aging and cooking of beef.
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SUMMARY

A study was made of the effect of storage at 34-36°C on
& yearling beef-steer,’an@vaf the differences between the
principal muscles of the round of this animal. The Qtorage
ﬁiﬁ@a used were zero, one, two, four, nine, and eighteen days.
The muscles utlilized were the semitendinosus, semimembranosus,
bleeps femoris, the three vasti, adductor, and gastrocnemius
of the round, and the psoas major from the loin, A balanced
incomplete block design was employed in assigning the storage
times to the wvarious cuts and In analyzing the éataa

The muscles werse separated, cut into roasta, wrapped in
pliofilm and stored in the Anlmal Enabanﬁry,maaﬁ aﬁelar. After
the appropriste period of storage, they were baken 6ut for
testing. The raw rﬂasts were inspected for any changes due to
- storage and for ﬂiffarenéas between the smscles, The electri-
eal conductivity and the pH were determined for the raw meat.
The cuts were then roasted in 150°C ovens. The maximum
internal temperature of the roasts averaged 66°C, with s range
of 65 to 87°C. The appfaprzaﬁa welghts and measurements were
taken 820 that the total, dripping, and evaporation losses,
change in volume, and cooking time per pound eould be calculated.

After the internal temperature started to drop, the

roasts were sampled for judging snd objective tests. The
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palatabllity factors of tenderness, julciness, aroma, and
flavor of lean and fat were scored by four judges. The objec-
tive tests included the foree required to shear a cylinder of
meat one incﬁ in diemeter, and the amount of fluld expressw
ible by 250 pounds pressure in five minutes.,

| Samples of both raw and cooked meat were made into micro-
scopic sliden for hisﬁa;ﬁgiaal study. Cross and longitudinal
sections ﬁﬁrs,maﬁﬁ of gelatin-imbedded tilssues, naing the
freezing microtome, end of paraffinwimﬁaadaﬁ tissues, using
the rotary microtome. The frogen sections were stalned to
Aifferentiste between the muscle fibers and the fabt, while the
paraffin sectione were stained to show the muscle fibers and
the two types of connective tissue~~collagenous and elastic.

The slides were inspected for ahaﬁgéﬁ produced by cooking
muscle not yet in rigor, by normal rigor, and by aging in cold
atmragé. The frogzen cross sectlions were used for measurement
of the fibver éiamat@r@ and counts of the number of fibers per
bundle in the various muscles.

Supplementary studies wers made on a palr of psoss major
cuts to check on the effect of mmasape hefore the muscle went
into rigor, and on amall-gtripa of neck muscle to check the
effect of ax@aaura to 70°C for various times in producing
heat rigor. | |

Inspection of the raw roasts showed that the amount of
leakage of julce was greatest during the second to fourth

days of storage. By the elighteenth day, the rossts were
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sticky on the surface and rather "h;gh“ in aroma, indicating
bacterial activity. This was most noticeable in ﬁhe vaati,
which also ahtainaé the highest pH.

. The grain and amount of axtarnai end internal fat varied
fram.muxcla to muaalﬁﬂ Thﬁ paoas mﬂjcr was the finest in btex-
tﬁye and showed the most marbling. '@h@ g&strmanamiua‘anﬁ vasti
ware next in taxtur%, the a&mihanﬁimaau& and adductor were
m@&ium gralned, and the samim@mbransaua and blceps femoris wera
coarse. ﬁﬂly the semitendinosus and the blceps femoris had a
eamtinuwus aavaring of external fat on one side. ?hé'gaatrma~
n&miua had some, ané the other muscles very little external fat.

The electrical resigtanaa of the raw meat dropped sharyply
wiéh storage, whii@'th& pH first &eéraaﬂad, then 1n§iaaae& as
the storage time7ieﬁgthenaé, ‘

“Omly one of the fresh roasts, the psoas major, weni into
rigar before being covked., It haﬂ_?&aa&é through the stage of
mﬁkimnm stiffness by the end of thaiamﬁking period. ’Thﬁ
ather fresh raasta were not in rigmr before cooking, but were
‘im rigor when a@mkaﬁw &11 the atored roasts had passed out
of rigor before %eiﬂg cooked.

The total aaaking 1@5&@3 did net vary significantly with
1nar@aaed storage or between the muscles. The smount of
driyping less incraaa&d aharﬁly from the ninth to the eight-
| senth day of storage, but this was offset by & corresponding
decrease 1n the loss by evaporation., The muscles with lerge

amounts of external fat had somewhat higher dripping losses
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than those with little or no outside fat covering.

The volume of the roasts decreased with cooking. The
cooking time was not changed by storage, but the smaller
roasts required more minutes per pound than the larger ones.

- The judging seores for tendernsess, juiaiﬁaaa, flavor of
lean, aﬁé sroma increased generally from zero te nine days of
storage, then either remsined about statlonary or decreased
somewhat. The desreass in scores for flaver of lean and eroma
after eizhteen days of storage was due to the development of
"gaminess™ in the mest which was considered definitely un~-
desirable by some of the judges. Vhere judgments of the flavor
of the fet were possible, the scores indicated 1little change
up to ﬁina'@ayn of storage, with a decided decresse in desir-
abilihy after eighteen days of storage. This decrease was due
to the development of rancidity.

The force requivred to shear the meat decreased with stor-
age, the drop being especially marked from the fresh roasts
to those stored one day. The press fluid dropped during the
early part of the storage period, then increased decildedly
during.the last nine days.

The variation in tenderness between the different muscles
28 indicsated by Judging scores and by ﬁh&af showed that the
psoas mejor was the most tender muscle used, the gastrocnemius
and adductor being next. The four large muscles of the round,
the semitendinocsus, semimembranosus, vasti, and bilceps femoris,

did not differ significantly from easch other in tenderness,



w 144 =

The dismeter of the muscle fibers decreassd with cooking
~but not with storage. The variation between the muscles was

quite large, the biceps femoris, vastl, and gastrocnemius

- having the largest fibers and the semitendinocsus and psoas

major the am&ll@a£, The number of fibers per bundle was too
vearisble to show any consistent change with storage or be-
tween the different muscles.

Mieroscopleally, the freah&yekillaﬁ meat had straight to
slightly wavy fibers, which were poorly differentiated.
Btorage for one deay led to the appearance of rigor nodes and
erinkled or kinked fibers. The nodes persisted throughout
 the storage time, but the crinkles and kinks tended to dls-
appeay, being replaced by sharp bresks in the fibers. The
stretched areas of the fibers immediately adjacent to the
rigor nodes frequently disintegrated, leaving a granular resi-
due. Cooking brought on the appearance of rigor in the fresh
meat, and inereased the number of broken fibers in the meat
stored nine and sighteen days. The rigor nodes produced in
the fresh meat by cooking were not as dense as those found
in the stored meat.

The chesnge in collagen caused by cooking could be ob-
gerved in the slides, as a loss of abllity to take the acld
fuchsin stain and a change from the normal fibrous state to
- a2 somewhat granular residue.

Maspaging the freshly-killed muscle before cooking ap-
parently speeded up the onset of rigor, but caused little |
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other change exvept in tenderness, the score of the massaged
#maat being 3.25 points lower, and the shearing foree 18
pounds higher, than that of the control,

Exposure of small strips of fresh muscls to 70°C gave the
typlcal ploture of extreme heat rigor, the fibers showing
alternate bands of maximum conbraction and rarefaction. Two
seconds exposure to this heat affected only the outer Libers,
but within ten seconds the fibers were changed throughout the

sample of tissue.
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CONCLUBI ONB

The conclusions listed below should be evaluated im"
terms of the definite limitation that the tests were made on
only one animsl. Bilologic variability is too great to permit
any’ésfin&ta statements concerning an entire class, baaaﬁ‘mn
only one animel. Within this restriction, the conclusions |
possible fr@m this study were as follows. |

1. The findings on th@'ahangaa induced by storage indi-
aatwé‘khat tﬁe‘graah$3€ increase in pelatability in the indi-
vidual roasts was obtained with 2 nine~day storage period.
Further storage led to the development of "high" or "gamey"
odors and flavors, and to rancidity of %hé fat. The handling
of the fresh meat incldent to cutting up the muscles inte
individual roasts was considered to h&stan the sppearsnce and
dissolution of rigor. Therefore, beef hung as helf- or gquarter-
carcssgses would probably requlre a longer time in cold sbtorage
for the same changes to oceur.

2, Rigor was shown histologleally by the formation of
dense nodes of contracture bordered on elther side in the same
fiber by areas of extreme stretch. Fibers which did not con-
tract were drawn intoc waves and kinks by the ahw#t&n&ng pro-
duced by the contracted fibers. HNormal rigor produced denser

nodes than those csused by the heat of cooking meat not in rigor.
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The paéaing of rigor and progress of ripening was indl-
cated by the appearance of bresks in the fibers. Sharp frac-
tures usually occurred inﬂth@kpaaaivﬁlymrstrmmtaé fibers, and
granular areas and fractures appeared Iin the stretched portions
of the fibers aﬁjaaént to the rigor nodes.

3. The comparison between the muscles indicated that, for
many of the tests ampiﬁysd,-thé,faar iérga mugcles of the
round were qulte amm@arabiau These, the semitendlnosus, semle
membranosus, bloeps femoris, and vasti, furnished six roasts
per animal from each pair of muscles from the right and the
left sides. There was no significant difference among these
four muscles as to bobtal cooking losses, tenderness (score or
shear), flavor of lean, aroma, press fluld, or number of
fibers per bundle. They also appeared to have about the same
amount of marbling. but ahly the semltendinosus and bleeps
femoris had appreclable guantlities of external fat. These last
two also had greatsy dripping losses, balanced by lower losses
from evaporation. The juiciness varied, the semitendinosus
snd semimembrancsus gooring lower than the bilceps femoris and
the vesti. The latter two had larger muscle flbers than the
former two. The other three muscles used, the psoas major,
Aaadmc£en and gastrocnemius, differed significantly in many
factors from the four large musecles of the round.

Desplte the rather good comparabllity between the four

large round nmuscles demonstrated for this experiment, 1t would
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probably be advisable to retaln statistical control of the
muscle~to-muscle variation, at least until more animals have

been tested,
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