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CHAPTER I
INTRODUCTION

Many factors affecting the tenderness attribute of beef
have been elucidated and extensively reported. Connective
tissue content, fiber size, aging, ionic balance, water
retention, temperature, and timehduring storage are listed
among the most impoftant factors in“tenderness‘of beef. In
recent years, post mortem muscle contraction has also been
linked with the tenderness. Reiaxed muscles were reported
to be more tender than partially contracted muscles. This
was thoqght to be evident in the muscles low in total con-
nectlve tissue. MNuscles excised prior to the onset of rigor
mortis are subjected to greater contraction than the muscles.
chilled intact on the skeleton during the onset of rigor
mortis. The evidence for a direct relationship between the
tension on muscle and the microstructural changesbin its
muscle fibers have not been:reporteda

Separating the mﬁsples or meat from the freshly
slaughtered earcass and then chilling the parts would appear
to be more economical than the present conventional chilling
of the muscles on the skeleton° If muscle excision from
the hot carcass followed by chllllng has no effect on

tenderness, then 1t seems llkely that the industry will



adopt this more economical practice.

This study was designed to learn the effect of excision
on muscles removed immediétely after slaughterv(pre~rigor
excision) on fiber size, fiber contraction, and tendernessa
Release of tension on muscles by removiné them from bones
was éonsideredito affect the physical nature of its fiber.
Hence, the emﬁhasis in this investigation was to learn the
exfent of structural change when influencgd by the amount of
connective tissue and fiber orienfationaﬂlln this experimenf,
longissimus dorsi was considered as a musclé low in con-
nective tissue with its fibers mostly oriented in one
direction, glﬁteus medius aumuséle containing fairly high
amounts of comnnective tissue with the majority of its fibers
oriénted in differentvdirections, andbsemitendinosus as a
musqie.containing high amount of connective tissue With the

majority of its fibers running parallel.



CHAPTER TII
REVIEW OF LITERATURE

Bovine skeletal;muscle fiber is elongated, cylindrical,
and multinucleated, the‘nuclei being elliptical in shape. |
Fiber length has not been reportea; however, the fiber
diameter ranges fromv10 tb‘150;4 depending upon the muécle
andvage.df the animal atvélaughter; Muscle fibers are
encased in'a‘layer of connective tissue referréd to as the
sarcolemma ahd confain fibrils bathed in a fluid calied
sarcoplasm. The fibril shows dark and light bands which
constitute a sarcomere,.thé.contractile unife 

| Four méjorvtopics are considered in this review. They
are; A)bmuscleAfiber, B) degree of rigor in fibers, C)length
of sarcomere, and D) shear fofce° AInformation giveh hasf
been confined to the cohditions which relate directly to the

problem.

Muscle Fiber Size

Species Influence

The effect of specie on body weight and muscle fiber
dismeter at birth and maturity for rabbit, pig, sheep, and.
cattle was reported by Joubert (1956a). When absolute

measurements were used, no consistent relationship appeared

3



to exist between body weight and mean fiber diameter among
the spécies'af,birthJ Despite éppreciable differences in'
weight, the rébbit had but slightly smaiier fiberbén aﬁ
average than sheep. Though intermediate in weight betweén
-sheep and cattle, pig on thg csntrary, had,appfeéiably
thimner fibers, whilé cattle poséeséed larger muscle fibers
than fhbée of the sheep; yvet not prdportional to differenceé
in body weight. . At maturity, the rank of fibef diameter had
altefed ﬁoticeablye The thickest muscle fibers were those
of‘pig, folléwed in decreasing order of magnitude, by rabbit'
and cattle»with.rather similar sized fibers, and sheep with
the smallest fibers. | B
The felative increase in fiber diameter varied greatly
with Specieﬁat maturity. - In these four species; iﬁcrease in
average fiber diameter from birth to maturity‘wére shown as

‘_followsé

Specie Birth Maturity
rabbit 10 77
pig 5 90
sheep 11 50
cattle 14 73

He concluded that fiber diameter had no clear relationship
to size of species. However, increase in fiber diameter

was closely associated with relative increase in body weight



Though the investigation on the effect of specie on
muscle fiber diameter was based on too limited number to
allow‘for intra—species variétion, inter~speeies differences
appeared to be feirly distinct. In absolute measure, the
results on fiber diameter at both birth and maturity for
rabbit were compareble with those reported by Meara (1947).
Differences in fiber size among pig,“sheep, and cattle again
were comparable with the data of Waffingshollz (1903). His
investigation showed no relationship between size of the
animal and size of muscle fiber when different species of
farm animals were compared. The pig, cattle, horse, and
sheep forming a series, possessed decreasing diameter of
muscle fiber when Qeasured at a mature agecv Similarly
Paff (1930) found the fibers of the guineapig cqnsiderably
larger, in general, than those of rat end cate Fibers‘of
the latter two species were approximately equal in cross |
sectlon area. o

Francky(1914) first suggested in this connection that
the difference between species may be partly determined by
degree of post—natal development for while adult. the plg
reaches about 100 tlmes its blrth welght sheep redches only
about thlrteen times, and cow about fifteen times.

The general pr1n01ple_1nvolved agreed with the results
of Janeba (1933) who compared muscle fiber development
between cattle and pigs. Though fibers 1ncreased w1th the
age in both species, the increase was much more marked in

swine.



Breed Difference

Using cattle, Joubert (1956a) studied the effect of
breed on fiber dlameter. Cattle included were Dairy Short-
horn, and British Friesian, plus Angus and Hereford crosses
on these two breeds,.making six groups. Only steers were
used to eliminate the effect of sex. All cattle were fed to
a constant grade; therefore, dlfferences in age, 28 to 32
-months, and dlfferences in size were not ellmlndteda '

“ Friesian groups, 1nclud1ng pure breds as well as Angus and
-Hereford crcsses,.had significantly greater fiber diameter
than Hereford corssbreeds. This breed difference was.not;
shown to be independent of hody weight. Friesian cattle
had significantlywheavier body ﬁeight than the Shorthorn
cattle. | |

Adametz (1888) reported breed dlfferences in respect to
muscle fiber diameter, but data strictly reldted to this
work are not avallable, Hammond and Applleton (1932) found
that muscle flbers of four year old Suffolk rams were larger
(49 20p) than those of the sem1—w1ld Shetland (45.504) at!
the age of five years. Comparlng muscle fiber size between
two Rumanian breeds of sheep, Strateciuc (1933) found h
greater individual variaﬁﬁon within than between breedse
Gleblna (1952) found that large White X Berkshlre cwossn
breed plgs had larger muscle fiber on an average at a1l ages
than eltﬂer of the parent breeds.

Interbreed differences in muscle fiber size in fowlri

were studied by Mehner (1938). His investigation included



(twelve:racesand.crossesof 90 chickens which revealed distinct

breed differences, almost parallel todifferencesjjlbody'512&

Sex Reletionship

A review of early studies caused Joubert (1956a) to
conclude that males generally have thicker fibere than
_femaleeo' These references, he observed, did not consider
the differences in size due to sex. From his studies in
both newborn lambs and their post-natal development, he
concludedvthet differences in fiber thickness codld be
accounted for largely by body weighto He found that with
body weight held constanf, there was a slight’tendency for
females to have thicker fibers than males@ Thus, he postu—
lated that males might possess a greater number of fibers.

With reference to farm animals, Adametz (1888) found
that muscle fibers of bulls are appreciably‘largerth&htﬁﬁse
of cows, but that only slightjdifferences'existed between
bulls and steers. His results have since been_confirmed'by
He.mmqnd and Appleton (1932) in the sheep, by Mehner (1938)
in the fowl, and Ishihara et al. (1953) in their studies on
the carcasses of Japanese Black cattle. | B

Contradicfory evidence has been presented by Brady
(1937), and Sartorius and Child (1938) who found that cows
had significantly thicker muscle fibers than steersm

Work on a more comparable basis by Eliot et al. (1943)
revealed no marked differences in size of muscle fiber in

soleus muscle of male and female rats.



Age Effect

Age changes in fiber diameter in pigs from birth to
28 weeks were reported by NcMeekan (1940~41). Significant
increases Were found fqr each Qf the four week intervals at
which animals were slaughteredo According to his data,
Tiber diameter in the pig incfeésed from 2,48 4 0.17 p at
birth to 21.35 ng.77 o at,28 weekSa |

»Post—natal;ﬁuscular growth in the rabbit was studied by
Meara (1947). He found considerable fiber thickening from
birth to maturity. In general, after a period of marked

increase from birth to 600 g. body weight, the curves flat-
tened out progressively in the subsequent groups so that
only avslight increase . between 3000 g. and maturity was
observed. The slope at which the flattening became apparent
differed between musclesg, depending upon their degree of
post-natal development.

Hiner et al. (1953), in a study of veasl and beef
carcasses, found that as the age of the animal increased,
fhe diameter‘of the muscle fiber increased,‘in”most‘cases
the difference between consecutive age groups being signifi-
cant at the five per cent level. |

Joubert (1956&) studied the effect of_ége on fiber
diamefer in sheep. ,He.usedfobservatibhs_from gastrocnemius,
rectus femoris, and longissiﬁus dorsi-to show effects on
individual muscle. At birth the gastrocneﬁius possessed the
largest fibers and the longissimﬁs dorsi developed most, but

fibers of the rectus femoris were still slightly larger on



the average. PFibers of the gastrocnemius increased least
and were smallest at maturity.

Thompson (1942) pointed out that the individual muscle
fibers appeared 10 possess a maximum capacity for develop-
ment which could not be exéeededn But despite the relative
reduction in variations with age, even in the mature animal;
the dispersion remained considerable in abéolute terms. The
factors controlling ultimate size of single fiber in re-
lation to the population as a whole would be difficult to
assess. He also concluded that as the animal increased in
weight from birth to maturity, the muscle fibers increased
in size until their maximum capacity was reached. |

Hiner et al. (1953) studied the average diameter of the
fiber for nine muscle; from 52 animals consisting of eight
cows that averaged approximately five and one-half years of
age; eight three-year old barfen heifers; twenty-five 14-
month 0ld 900-pound steers; eight seven-month old 500-pound
steer calves; and three veal calves of two months of age.

An increase in the fiber diameter with the increase in age
was noticed in all the muscles studied.

He also found that the difference in muscle fiber
diameter from veal calves and 500-~pound steer calveé was not
significant at the five per cent level. However, the dif-
ference between steer calves and 900-pound steers was
highly significant. Other highly significant differences
were found between cows and 900-pound steers; cows and

500-pound steer calves; and heifers and 500-pound steer
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calves. These analyses for fiber diameters indicated that
the greatest change occurred between eight and 14 months of
age. |

Studies were made by Tuma et al. (1962) to examine the
muscle fiber diameter-tenderness and muscle fiber diameter-
meatiness relationship. Herefords of five age groups,
between six and 90 months old, were used. A gradual in-—
crease in fiber diameter with increasing animal age was
noted for the longissimus dorsiumuscle° The fiber diameter
in semitendinosus muécle increased at six, 18, and 24 months,
then léveled off.

Carpenter et al. (1962) found an increase in the muscle
fiber diameter with increasing age. A positive association
was noticed between fiber diameter and thickness of the
connective tissue and bundle size.

Henrickson et al. (1963) studied.mean fiber diameter
as influenced by agetand aging in boviné longissimus dorsi
and semiténdinosus muscles. They concluded that there was
an increa;e,in fiber digmeter with advancing animal age in
both muscles. The bulk of muscle fiber diameter_de?elo?ment
was ﬁoticed at six months of age. .Growth continued during
the ensuing months and tended to plateau prior to age
42 months. The actual age at which muscle fiber growth
plateaus_was not evident from their studies; however, it
appeared fo be between 18 and 42 months.

Studies were made by Henrickson et &al. (1965) on thirty-

six Hereford heifers to investigate the effect of édvancing
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age on the changes in carcass tissues. The heifers at six
months of age were randomly assigned to six age grdups°
Average fiber size of the muécles of one.side of the carcass
was taken as muscle fiber size of that animal. It was shown
that the major changes in muécle fiber size occurred with
advance in age. At nine months of age, the cross sectional
fiber area was 1533.1 square micréns, whereas at 24 months

- the area increased to 3512.3 square microns.

Weight Difference

Joubert (1956a) observed a change in fiber diameter
with corresponding changes in the carcass weight, indicating
muscular growth as primafily a function of physiological age
and not sgstrictly one of chronological age. In lambs, cor-
relations were'found between average fiber diameters from‘
the longissimus dorsi and body weight (r = + 0.826), as well
as fi£ef'diameter and carcass weight (r = + 00760); In each
case, 41 lambs were included ih the analysisoj Fiber di= |
ameter was found to be m&st closely related to the weight
of the iﬁdiﬁiduai muscle (r = + 0.856). When the cross
sectional area of the fiber was estimated by the square of
the diameter (dz), the correlation with muscle weight was
+ 0,936, |

Henrickson et al. (1965) revealed that the muscle
weight and fiber area were closely related to one another
'and that increases in cross sectional fiber area might

account for the change in total muscle weighto.
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Tuma et al. (1962) estimated total muscle in the car-
‘cass using the ninth, tenth and eleventh riB separation
data. The total pounds of carcass lean when correlated with
the average fiber diaméter of the longissimus dorsi muscle
gavé a correlétion-coefficient_of»0.83° The average fiber
diaméter.of the~seﬁitendincsus muscle,When correlated with
the total carcassAlean-gave~a correlation of 0.73. When. the
aniﬁal age effecf was removed, the correlations were 0.00
and 0.35 for the lohgissimus‘dOrsi and semitendinosus,
respectively. With these data, they suggested that fiber
diameter was not a good indicator of total‘carcass lean or

muscle size.

Nutrient Intake

The effect of level of nutrient intake on fiber size
was studied by Joubert (1956a) in both lambs and mature
ewes, and was -shown totihfluence;muséle fiber diameter‘
appreciably in both age groups. Muscle fiber diemeter of
mature ewes on a supér—ﬁéihfenanée diet increased in pro-
portion to increases in total muscle while on a submain-
tenance diet, the opposite was found. He observed that the
fiber diameter of the high plane group at 60 days was |
comparable to those of the low plene group at 290 days. He
also observed that continuation of the super-maintenance
treatment‘would have resulted in but little additional
changes in the diémeter of fibérs,.while prolongation of

the sub-maintenance treatment probably could have caused
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considerable shrinkage of individual fibers.

Yeates (1964) studied starvation changes and subse-
quent reéovery of adult beef muscle. Two pairs of identical
twin steers and_six other adult cattle were killed and their
carcasses and tissues examined as necessary to study:

(a) the muscle changes resulting from severe weight loss
from starvation; (b) the reversibility of such changes, as
shown at various stéges in recovery of the animal's weight.

The experiment_reveéled that with starvation of the
adult animal the shrinkage in cross sectional areas of the
muscles, after allowing for the loss of some intramuscular
fat, was associated with the reduction in diameter of the
individual fibers. There was no suggestion of the complete
loss of any fibers; thus, with repair of liye weight,
recovery both of whole muscle dimensions and muscle fiber

diameter appeared to be complete.

Muscle Variation

t al. (1953) to determine

Studies were made by Hiner
the relationship between tenderness and fiber diameter in
beef muscles that varied widély in tenderness. Nine muscle
samples from each of 52 beef animals were used. The animals
ranged in age from tenweek-0ld veal calves to nine-year-old
cows. The carcasses were aged approximately 14 days at
0.6 to 1Q7OC, sectioned into primal cuts and from these
nine samples were prepared. |

Diameters of the fibers from the nine samples classi-
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fied themselves into four general groups in increasing
magnitude as follows: (a) tenderloin,(ﬁsoas major); (b) the
two chuck samples (longissimus dorsi and triceps brachii),
eighth fib‘(longissimus dorsi), shortloin and loin end
(longissimus dorsi and gluteus medius); (c) round (semi-
membranosus, semitendinosus, and biéeps femoris); (d) neck-
and foreshank (serratusventralisand deep digital flexor).
Tuma‘gi-g;o‘(1962) studied the fiber diameter in
relation fo tenderness and meatiness in two bovine muscles
using different age groups. - The longissimus dorsi and semi-
tendinosus muscles from both‘sides‘of each carcass were
sfudied° The averaéé fiber diameter for longissimus dorsi
muscle was reported to be higher than semitendinosus muscle

(64.4 and 62.4 microns respectively).

Within Muscle Variation.

Swanson et al. (1965) investigated the variation in
muscle fiber size of ten bovine longissimus dorsi muscles
taken froﬁ the right and ieft gsides of five animals, using
two different methods. The longissimus dorsi muscle was
sampled at five positions along its length and at five cross
sectional locations within each position. A great deal of
variation“wasvfound in muscle fiber size both among different
positions along the 1ongissimus dorsi muscle and among
differenf loéations within each position. The smallest
fibers were found over the 12th rib and at the lateral"edge

of the muscles.
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Tuma et al. (1963) studied the variation in fiber size
in longissimus dorsi muscle. A significant‘dorsal, middle,
and laterél "position" effect for fiber diameter was.ob-
‘served in the longissimus dorsi muscle. Fiber diameter

decreased from the dorsal to lateral position.

Carcass~Muscle Position

Herring et al. (1965b) in a study of the effect of
carcass position on the sarcomere length and fiber diameter
of various bovine muscles found a greaf variation in the
fiber diameter among muscles in vertically suspended sides,
with mean diameters Varying by. 30 microns, rangihgbfrom 34.5
10 64.5 ue Thesé values were in general agreement with
those of Hiner.gj.gio (1953). However, when sides were
placed horiZontally this variation.amohg means Wasbreduced‘
to 7.1 W. DPsoas major, rectus femoris,vand latissimus
dorsi had smaller fiber diameters when the sides were sﬁsf
pended vertically than when they were placed horizontally.
Conversely, fiber,diameter.increased (P < 0.05) in semi-
tendinosus, biceps femoris, Semimembranosus, and triceps
brachii. Nonrsignificant differences (P < 0.05) between
sides for fiber diameter were noted in.theserratus'ventralia;
longissimus dorsi, adductor, gluteus medius, and infragpindtus.
They.also concluded that‘differeﬁces in fiber diameter

between sides were due to muscle shortening or lengthening.
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Degree of Rigor in PFibers

Harrison et al. (1949) in their study of hisfological
changes ih‘beef during aging reported that, as aging pro-
gressed beyond two days, there was a tendency for the flbers
to become stralghter, with fewer waves, Z Z contractlons,
_tw1sts, and kinks. These. changes were not always lineéarly

related to the tlme of aging.

i

Sarcomere Length

Tension on Muscle

Herringvgi al. (1965a) studied the sarcomere length of
- free and reetrained bovine muscles. Tﬂe peoas.major and
semitendinosus muscles were excised pre-rigof (45 minute:
post—mortem)‘from one side of each of sixirandomly selected
bovine carcasses of U. S. choice grade. ZEach muscle was
freed‘of external fat and connective tissue and was divided
longitudinally into two identical 18 cm.-long portions of
approx1mately parallel fibers. One portion of each muscle
was stretched with a force of 15 kg/kg° of muscle welght
dnd held in stretched state for 48 hours. The other portion
of each muscle was allowed to contract. 'Post-rigor excised
muscles! were excised 48 hour post-mortem from the opposite
sides of the,verticaliy suspended carcasses and were used
as controls in these studies.

Unfixed samples (48 hour jpost-mortem) were blended for

one minute in 0.08 MfPotassium chloride in a chilled blenden
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The suspension of myofibrils was examined directly under a
phase contrast microscope with the sarcomere length de-
termined as an average frqm 25 mybfibrils of each of the -
strefched—restrained, free (contracted) and post-rigor
excised (control) muscles. The contfbi psoas major had a
sarcomere length of 3.8 compared with 2.4 microns for the
control semitendinosus.  In semitendinosus;muscle sarcomere
lengths were.shortened as a result of pre-rigor excision and
subsequent shortening especially when compared to the
stretchéd—restrained samples. Pre-rigor excised, stretched-
restrained semitendinosus muscle exhibited longer sarcomeres
than the control samples, in all but one instance. Excised
'free' psoas major muscles had sarcomere lengths of approxi-
mately 50 per cent of the confrol post—rigor excised @uséles
(1.8 versus 3.5 p). Pre-rigor excised samples which Were

stretched-restrained had sarcomere lengths of 2.2 to 2.4 u.

Carcass Position

Herring gi,gio'(1965b) studied the interrelationships
of fiber diameter, sarcomere .length, and tenderness in
12 bdvine muscles of horizontally placed and vertically sus- '

pended carcass sides. Two pairs‘of similarly treated fra-—

ternal twins were used for the experiment, All right sides
were suspended vertically accqrding to normal,procedure.
- The 1eft‘sides were placed horizontally, bone down, on a
flat surface; the flexible flank was supported with metal

supports to facilitate cooling; and the limbs were oriented
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and fixed perpendicular to the long axis of the sides.
Carcasses were’bhilléd 48 hourévat 4°C and samples were
taken from all 12 muscles for sarcomere length and fiber
diameter determination. |

In cbmpgrison wifh the horiZontally placed sides, the
vertically suspended sides had longer sarcomeres in the
psoas major, latissimus dorsi, and rectus femoris muscles.
Conversely, vertical éusgension permiﬁted the sarcomere
length to shérten in the longiésimus dorsi,)glufeus medius,
adductor, bicepsmﬁemoris, and semitendinosus muscles. In
genera;, the‘differencés in sarcomeré'length of muscles“
(between sides) were associated (r = - 0382, P < 0.01) with
the differences in fiber diameter. When muscles shoftenéd,
there was a corresponding decrease in sarcomere length, 

increase in fiber diameter, and decrease in tenderness.
" Mechanical Shear Force

Piber Size

Studies were made byFHiner et al. (1953) to determine
the relationship between'fiber diaméter and tenderness. To
- study this relationship, correlation coefficieﬁts between
diameter of fiber and valﬁes for resistance: to shearing
were calculated. |

Nine samples of muscles from each of 52 beef animals
were used. The animals ranged in age from ten weeks to‘
nine yearéo The. carcasses were éged approximafély.14‘days

at 33 to 350F, divided inteo their primal cuts and from'thése
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the nine samples were prepared. All coefficients of cor-
relation except one were very highly signif‘icanto fhe
relationship between tenderness and fiber diameter for all
of the samples was shown to be curvilinear. The curvilinear
correlation was 0.83. All coefficients of correlation iﬁ—
volving sémples from any one age group were very highly
significz;nt° On this basis it was concluded that_meét
‘having small fibers is more tender than meat having larger
fibers. | |

Studies were made by Tuma et al. (1962) to examine
various muécle fiber diameter-tenderness and muscle fiber
diameter—meatiness relationships. Herefords of.five age
‘groups, between six and 90 months old, were used. Longisfi
simus dorsi and semitendinosus muscle‘samples were taken
from fhe left and right sides. = All correlations uncorrected
. for animal age were positive and significant (P < 0.05). ~On
thesé results it was concluded that, the larger the fiber
diameter the greater;the shear force. However, when the
effect of age was femoved the correlations ranged from - .22
to .47 which would leave doubt as to the effect of fiber
diameter on shear force within any one age group. Hence,
witﬁin age groups, they observed littie relationship between
fiber diameter and tenderness.

Carpepter et al. (1962) reported.correlatiancoéfficient
between fiber diameter and the raw shear and denture tender-
ometer values as — .20 and —~ .38 respectively. He explained

that cores taken from the muscles having small musclebfibera
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contained more fibers in the core. Therefore, more of the
sarcolemma and endomysial connective tissuéowere\present,
resulting in a less tender product. The»opposite results
with the cooked samples were explained as being due either
to the selective alteration and subsequent tendering of the
connective tissue in the cooked samplés or by a major de-
crease in tenderness as the result of denaturation of the

. Tibrillar proteins.

Tension on Muscle

Locker (1960) studied the degree of muscular contrac-
tion and tenderness in beef. He concluded thét the various
muscles of the ox undergo rigor in widely differing states
of contraction, and thenfinal étate of the muscle appears
to depend on the strain imposed on@rtin:ﬂuahangingmpositi9n=
might be modified by cutting or excising the muscle. No
correlation was found between the tenderness grading of the
muscle and their contraction state. He attributed this fact
to the dominant effect;of connective tissue. Taste tests
on psoas muscles, eXcisedlbne hour of the time of death and
allowed toushorfén, showed - that these muscles were tougher
than the muscles excised the following day. It was also
conciuded that relaxed muscles were‘more,tender tﬁan partly
contracted muscles and‘fhat this effect might be.significant
in the grading of_musclés of low connective'tissue content.

Herring gidgia (1965a) explained that a positive

association may exist between organoleptic tenderness and
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sarcomere length. Muscles possessing fibers with long sar-
comeres were more tender than those with short sarcomeres.
The state of contraction was therefore considered as a
factor contributing to tenderness where the effect of con-
necti%e tissue’was_small° |

They éiso concluded that tenderness was not affected by
2 single factor such as amount or kind of connective tissue,
amoupt of fat or marbling, or_sarcqmerelengtho Ikagxplained
that the sarcomere length, as a measure éf éontféction state,
was probably ohl& a gross indication of the molecular
changes occurring in the actin and myosin of muscle. A
large share of tendermess variation was attributed to mo-
lecular alterations associated with strong conlcraction°

They further postulated that post-mortem ftenderness
was due to the dissociation’of actomyosin into actin and
myosin. Further evidence that contraction affects tender-.
ness was shown with samples which had been allowed t§ under-
)go thaw rigor in a stretchéd§restrained condition. The
samples which had undergone thaw rigor and associated"v;
contraction were markedly less tendef than their fespective
controls or samples which had been allowed to undergo thaw
rigor in a stretohedwrestrained-Cdnditione In their experiw
ment, an‘atteﬁpt was made to learn the immediate effect of
the state of muscle contraction on téndérness° Contractions
observed were due to the excisiénjand femoval of. the muscle
from hot carcass, and Was.associated with the onset bf rigor

mortis. It also appeared that the contraction markedly
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affected the tenderness, and ﬁuscles under less tension =

would shorten generally along their length while'thdse hgld‘
under more fensionrcould not shorten as much or‘qould;mrhaps
shorten only in localized &areas.- Withfuuaaboye.postulations
they concluded that the effect 6f cpntraction was one of the

considerable factors affecting tenderness.



CHAPTER III
"MATERTIALS AND METHODS
Source of Materials

Five Hereford steers of similar breeding, ‘age, feedlng,
and management were obtalned from the Okldhomd Agrlculturdl
Experiment Station herd. The animals were received at the
meat laboratory approximately 15 hours prior to slaughter.
Feed and water were withheld for 12 hours prior to slaughter
The animals were slaughtered and dressed according to the
standard procedures followed in the laboratory (Deans, 1951
and Wellington, 1953). Each carcass was halved aﬁd the left
half was vertically suspended from a rail in a 349F cooler |
for 48.hourso The longissimus dorsi, semiteﬁdinosus, and
gluteus medius muscles were excised p$st-rigor (48 hbur
posfémoftem) from the chilléd side and used as the controlsa
Similar muscles were excised pre-rigor (one“houf post-mortem)
from the warm rightvhalfrof each carcass, éreed 6f external
fat and chilled for 48 hoursi suspended in vegetable oil
prechilled and maintained at 34QF° In all cases the 1ong~r
issimus dorsi muscle was excised from the hind gquarter,
startlng from the 12th thord01c vertebra@ The antérior
portion of the 1ong1s51mus dorsi was not used in this ex=:

periment.

23
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Sampling Method

Samples wefe taken from both pre-~ and post-rigor
excised muscles. The sampling locations for various
analyses in different muscles are shown in Figure 1. Each
steak was identified'bylanimal and work code number. All
shear samples were individually wrapped in aluminum foil,
quick-frozen in an air blast freezer, and then held at -20°F
until the time of evaluation. Thfée three-fourth inch cores
were removed from each of the steak for histological studies.
- Positions of these cores taken in different muscles are
shown in Figure 2. Care was taken to avoid pressing the
tissue or causing distorted fiber orientation by using a
newly honed bore.

Jars containing chilled buffefed physiological saline
with ten per cent formalin (36OF).were labelled for each
» mﬁscle and sample location. As the sample core was removed
from the muscle it was placed directly into the jar. After
24 hours the fixative was replaced by fresh fixative to
restore the formalin concentration to near ten per cent.

The samples were fixed for the minimum périod of one week

before being removed for histological studies.
Determination of Shear Values

Steaks used for shear force determination were per-
mitted to thaw for 24 hours at 40°F. These steaks were
cooked to an intermal temperature of 150°F by the deep~-fat-

frying method (o0il pre-heated to 275OF). Care was taken to
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Longissimus dorsi

Semitendinosus

fff”"—"——~——i *—ﬁ_‘~“‘-~\

T 1
3/4n
2 core

\/

Gluteus medius

Figure 2. Core Sampling Position From Three Bovine
Muscles for Histological Observations
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place the steaks fully immersed in the oil to ensure uniform
cooking of the muscle. Intérnal“temperature of each steak
was determined by the use of a meat thermometer, cérefully
placing the tip of the stem’in the. center of the sfeakq |
Each steak was moved occasionally to assure uniform degree
of doneness. | T

When cooking was complete each steak waé removed to a
tray, covered with-alumiﬁum foil, and placed in a cold room
at 40°F until the nexf daye. Coollng of the stedks was done
to enable the handling of meny samples without permlttlng
physlcal and chemical variation due to temperature.

Three one-inch diameter cores were removed from.each of
the steaks as shown in Figure 3. Care was taken in cuttiﬁg
eachycore to assure uniformity in thickness. Usiﬁg a
Warner-Bratzler shearlng device, each core was flrst sheared
in half and each half sheared again; thus, each core was |
divided into four equal parts. A total'of nine shear values
weré obfainedﬂfrommeach steak. The average df these nine

values was used in the statistical analysis.
Measure of MusclevFiber Diameter and Rigor Mortis

:.The fixative solutioh‘containing,ong paft formalin to
hine parts distilled water, 20 g.’liter sodium aéetate, and
9 g./liter sodium chloride was useful in maintaining the
éhape and size of the muscle fibers. Formalin and.éodium
acetate acted as a fiiative and ‘a buffering agent respec-

tively.
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Longissimus dorsi muscle steak

1" Core
B A C
Semitendinosus muscle steak
.  1" Core
I B B AC

Gluteus medius muscle steak

) ) A) Three shearing
Figure 3. Sample Locations for B) locations in the

Shear Cores C) cores
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Two sections were obtained from both ends of each
core (Figure 2) to prOV1de a representatlve sample for
histological observatlons. The two sample sections were
placed together in a micréblender with:enough_buffered ten
per cent formalin solution to cover the.bl,eunder.blad'es° The
_cutting~édges of the bladesAwere reversed to avoid chopping
the fibers. The blending processhfound most satisfacfory
was 30 seconds at a low speed. Fibers were seﬁérated from
one another without causing physical damage. A.Sméllrgu
.portion of the teased fibers and the fixative solutioﬁ
pouﬁed into a two inch diameter petri dish was taped to the
microscope stage. After one minute most of thetfibers sank
‘to.thg Iower iévels of the solution and measuremént was
éommenceda Measurement in:who;e microns wereimaqe by means
of aniocular microﬁéter inseffed into a 10X eyepiece of}ai'
...compou'n'd‘microscop‘ee A Stage micrometer was}uéed to )
~ determine the calibratibn of the ocular micrometer@ Each
oculér_micrometer uni%‘representedbten\micrpns when the
10X obgectlve was used with a 1OX eyeplecea The same micro-
- .scope, was used throughout the studya Artlflcial lightiﬁg ;
served asllllumlnatlon,whlle making the fiber measu}ementso

The.prbcedure followed in studying the fibersbéan Eest
be 1llustrated by means of a diagram (Flgure 4). When
measurlng the fibers, a fleld was fixed at p051t10n A, then
‘the receptacle was moved such that the field movement was
from position A to BQIVIf the.rgquired number ofbfibers Was

not observed with this field, a new field was fixed at
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V)

o

o

a. Receptacle
b. Field covered by
objective lense

Figure 4. Diagram Illustrating the c. Field covered by
Technique of Choosing the radius of
a Field for Muscle - the ocular mi-
Fibers Measurement crometer

d. Ocular microm-
eter
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position C and was moved towards position D. " As the field
was moved in the described manner all fibers within the
radius of the ocular ﬁiprometer,were measured. Care was
taken to accurately measure the diameter of kinky fibers.
This was accomplished by measuring the fiber frgﬁ one border
of its kink to the other border in the same plane.
‘TWénty7five intact muscle fibers were measured from
each core for the diameter and condition. Thus a total of
75 fibers per steak or 150 fibers per muscle sample were
measured. Each muscle fiber was classified according to the

degree of observed rigor as follows:

Shape of the fiber. ‘Rigor mortis valﬁev
1. Straight " 0
2;'Wavy - 1
3. Twisted 2
4., Kinky 3

The dppearance of the above classified fibers is shown
in Figure 5.

The number of fibers of each shape was multiplied by
the allotted rigor value and the degree of rigor(expressed
gn a percentage bésié° :Usiﬁg the allotted values, it Wés‘
assumed that the maximum cumulative rigor value of all the ‘
fibers 4n a coré would be 300 (if all the fibersgwerehkinky)
and minimum rigor value zeré (if al1 thexfibers were

straight).
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1. Straight fibers

2. Wavy fibers

Figure 5. Classification of Muscle Fibers According to the
Degree of Rigor Mortis
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3. Twisted fibers

4. Kinky fibers
Figure 5. (Concluded)



CHAPTER IV
RESULTS AND DISCUSSION

The longissimus dorsi, semitendinosus, and glgteus
medius muscles varied in fiberﬁdiameter, degree of rigor,
and shear force either among anlmals or by pre- and. post—
rigor ex01s1on of the musclesel

The data demonstrating these variations were resolved
by the analysis of variance method. Mean values and.stegdard
deviation of the means}wére calculated for pre- and post—
rigor excised musele samples. The,&iscussien and tables are-
seperated into“the effect of pre- and post-rigor muscle )
excision on: 1) the longissimus dorsi; 2) the semitendinosus;

.and 3) the gluteus medius.

Longissimus Dorsi

Muscle Piber

The longissimus dorsi muscle flber diameter means,
standard dev1atlons, and analysis of varlance for pre= and
post~r1gor excised muscles are shown in Table I? A larger
fiber diameter‘was noted in pre~rigor excised samples thanw

those excised post-rigor from the longissimus dors1° The

. standard dev1at10ns illustrate a wider: varlatlon in the

fiber diameter of post-rigor excised muscles than in those

34
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TABLE I

FIBER DIAMETER OF THE LONGISSIMUS DORSI AS
INFLUENCED BY PRE~RIGOR EXCISION

PRE—RIGOR EXCISED POST-RIGOR EXCISED

Animal No. Fiﬁer Diameter A- Fiber Diameter
M | M
10»: | 69.13 68.13
2 68.07 64.67
3. 6747 64.33
4. 60.93 59. 20
De 67087 73.67
Mean 66.69 | 65.99
St. Deve. 3528v 5.35

Analysis of Variance

Source af SS MS F-Test
Potal 9 158.306

Treatment 1 1.201 1201 0.17
Animals 4 1280797 320199 4056*
Error 4 - 28.308 7.077

* P < 0.1
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'excised,preurigorq ‘No uniformity was noticed in standard
deviations between the two treatments. The results are in
generai agreement with the work of Herring et al. (j965b)
who indicated that muscle fibers respond differently to the
tension imposed on the muscle and undergo different degrees
of rigor mortis. No significant effect on the fiber size
was observed by pre-rigor excision of the muscle. However,
the differepce (P < 0.1) in fiber diameter was attributed to
animal difference. These observationsrsupport,the state-

- ments by Herring et al. (1965b) and Swanson et al. (1965).

Rigor Mortis

Pre~rigor-excised longissimus dorsi muscle showed more
rigor in fibers. The standard deviation in both treatments
was high, thus eonsiderable variation existed in both pre-
~and post-rigor excised samples (Table II). This also sug-
gested that longissimus dorsi muscle fibers from different
"animals will undergo different degrees of rigor mortis. The
reason for this difference is obscure at present and further
~work is suggested. A significant increase (P<0.1) in per
cent rigor was attributed to pre-rigor excision of the muscle.
However, no significant effect (P'<Oo1) resulting from animal

variation was observed in this muscle.

Shear ¥Torce

Very little difference in shear force existed (P'<0.05)

between pre~ and post-rigor excised muscle. A slightly



37

TABLE II

o PER CENT RIGOR IN. THE.LONGISSIMUS DORSI
AS INFLUENCED BY PRE~RIGOR EXCISION

PRE~RIGOR EXCISED POST-RIGOR EXCISED
Animal No. Rigor Rigor
1o - T1.33 76.44
2 87433 66.22
3. 84.22 65011
4. 85411 67.78
De 80.89 75.56
Mean 81.78 T0.22

St. Devo 6.28. .49

Analysis of Variance

Sourge af 53 MS F-Test

Total 9 606.920

Treatment 1 333.841 333.841 5.360%
Animal 4 23.954 5.989 ' 0.082
Error 4 249.125 620281

¥ P < 0.1
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greater shear force in post-rigor muscle was attributed to
animal variation (Table III). The standard deviation-inbj
both treatments was large, but more variation was apparent 
in post—rigor exqised muscle. The analysis of vériance
indicated no association between the time of muscle excision

and the shear force.

Conclusions

The results of this work indicated that the longissimus
vdorsi has a great‘tendency to vary in its fiber size and |
shear force, but has little variation in the degree Qf‘rigor
due .to animal difference. The variation in per cent rigor
can be attributed to the imposed muscle treatments. The
slight increase in per cent rigor in pre-~rigor exciséd
muscle is in general agreement with the work by Locker (1960)
and Herring et al. (1§65a). A significant difference
(P < 0.1) in per cent rigor -with no significant difference
in fiber diameter and shear force due to pre-rigor excision
of the muscle indicated that, beldw certain levels, rigor
mortis in a mﬁscle will caﬁse little chénge in its Jt:enderv%-=
ness or fiber size. Variation in fiber diamétef and ‘shear
force due to animal differences suggest that fibers matﬁre
both physically and chemically at a different rate and  ‘

depend to some extent on the composition of the muscle.
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TABLE III

SHEAR FORCE OF THE LONGISSIMUS DORSI AS
INFLUENCED BY PRE-RIGOR EXCISION

PRE-RIGOR EXCISED POST-RIGOR EXCISED

Animal No. Shear Force * 4 Shear Forc§ *
1. 22.42 | 29.03
2a 2770 24 .40
3 25.49 22,25
4, 26.59 29,92
5'3 36001 . 37008
Mean | 28,04 ’ 28.53
Ste DeVo 4062' 5074

* Pounds of shear force for 1 inch cores.

_Analysis of Variance

Source df S5 - MS ~ P-Test

Total 9 218,718 »

Treatment ‘ 1. 1503 1.503 0.231
Animal 4 191.181 47.795 Te345 **
Error 4 26.034 6.509

*¥* P < 0.05
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Semitendinosus

Muscle Fiber

Mean fiber diameter was found to be significantly

affected (Table IV) by pre-rigor excisioﬁ of the muscle.

An increase in fiber diameter ih pre-rigor excised muscle
was associated ﬁith the pre-rigor excision of the muscle

(P < 0.05)., Variation due to animals was not significant
(P < 0.1) iﬁ this muscle as was indicated in the longissimus
dorsi and gluteus medius. Standard deviatiqns for both
treatmenté were fairly uniform but smaller in the pre-rigor
excised muscle. This supports earlier work by Henrickson
et al. (1963), Herring et al. (1965a), and Locker (1960),
and agrees with the explanation previously given for the

longissimus. dorsi.

Rigor Mortis

Rigor mortis in the semitendinosus was greatly in-
fluenced (P < 0.05) by pre—rigor excision of the muscle
(Table V) and was nearly doubled in the postwrigor excised
muscle. However, animal variation was not a contributing
factor (P < 0.1). Standard deviation was high in both cases
with wide variation between pre- and post-~rigor excised
muscles. A comparatively smalier staﬁdard deviation in
post=rigor excised muscles would indicate uniform stress on
most of the muscle fibers when the carcass wasbvertically

suspended. This was observed in this muscle due to the fact



TABLE IV

FIBER DIAMETER OF THE SEMITENDINOSUS AS

INFLUENCED BY PRE-RIGOR EXCISION

41

PRE-RIGOR EXCISED

POST-RIGOR EXCISED

Animal No. Piber Diameter Fiber_Diameter
’ (33 H”

1a 66.67 65.07

2, 67.87 56.93

3 65.99 56 .80

4, 65.93 61.13

56 61.53 61.93
Mean 65.59 60.37
Stm DeVo ‘2065 3°53

Analysis. of Variance

Source . af SS MS F4Test
Total 9 140,969
Treatment 1 88.257 88.257 13.25%%
Animal 4 26,069 6.517 0.98
‘Error 4 26.643 6.661

** P < 0.05
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TABLE V

PER CENT RIGOR IN THE SEMITENDINOSUS AS
INFLUENCED BY PRE-RIGOR EXCISION

PRE-RIGOR EXCISED POST-RIGOR EXCISED
Animal No. Rigor Rigor
% %o
1. 33.33 25,55 |
2. 61.33 33.99
3. 50,44 19,11
4. 40.88 25,99
5. 41,33 31.99
Mean 45.46 27.33
St. Deve 10.75 5.89
Analysis of Variance
Source art SS MS - F~Test
Total 9 1422.577
. Treatment 1 821.978 821.978 14, 48%x
Animal 4 373.544 93.386 1.65
Error ;W 227.055 56.763
*% P

< 0.05
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that a majority of its fibers are oriented in the same
direction. A uniform stress on the muscle fibers was not
anticipated in the longissimus dorsi and gluteus medius as

"many of their fibers are oriented in different directions.

Shear PForce

A significant increase in shear force (P < 0.05) was
noticed in the pre-~rigor excised muséle KTable Vi) és com—
pared with post-rigor excised muscle. These results are in
general agreement with the work by Ramsbottom and Strandine
(1949), Lowe and Stewarts (1946), Locker: (1960), Marsh (1963),
de Fremery and Pool (1960), Goll et al. (1964), and Herring
et al. (19658 . Animal variation was not a significant
- factor in accounting for the difference in sheaf value.
Standard deviations were small in both treatments. Thé
smaller standard deviation in the post-rigor excised sémples
~indicates some‘uniformity in the physical and chemical |
maturity of the muscle. A uniform stress on the muscle

fibers while the carcass was vertically suspended‘may also

account for the smaller standard deviations.

Conclusions

In a muscle like sémitendinosus, which is uniformly
matured (physically and chemically), where most of the fibers
are_ofiehted in & parallel direction, pre-rigor excision of
the muscle effects fiber size, degree of rigor, and shear

force of the fibers. Semitgndinosus muscle fibers would be
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TABLE VI

SHEAR FORCE OF THE SEMITENDINOSUS AS
INFLUENCED BY PRE-RIGOR EXCISION

PRE-RIGOR EXCISED POST-RIGOR EXCISED

Animal No. Shear Force * Shear PForce ¥
e 28.48 " 27.89
2. v 37921 28094
3a 320932 _ 27,90
4. 30.36 - 26.83
50 o 31o96 31093
Mean 32,18 28.69
St. Deve. 3.28 1.95

¥ Pounds of shear force for 1 inch core.

Analysis of Variance

Source af ss MS | F-Test
Total 9 88.726

Treatment 1 32.380 32.380 8.72 %
Animal 4 41.486 10.375 2.79

Error 4 14,860 3715

¥* P < 0.05
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under uniform tension when the carcass was vertically sus= -
pended due to the uniformity in .its fiber orientation. If
this muscle is excised before the onset of the rigor mortis
its fibers undergo a greater degree of contraction with the
increase in its fiber size and a decrease in its tenderness.

A significantly lower degree of rigor in fibers was
observed in the sémitendinosus when compared to longissimus
dorsi and gluteus medius muscles (Table III and VII). This
also provides evidence that different muscles in the same
animal have different potentials to undergo different de~:

grees of rigor mortis.
Gluteus Medius

Muscle Fiber

The small difference in the mean fiber diameter of the
gluteus medius (Table VII) was due to animal variation
(P < 0.1). However, pre-rigor .excision did not cause a
significant chénge (P < 0.1) in fiber size. These results
are compatible with those of Herring et al. (1965a) who =
noted a non-significant difference (P < 0.05) for fibér |
diameter in this muscle between vertically suspended and
horiiontally placed sides. Standafd deviations_were fairly
uniform with smaller variation in postfrigor“excised muscle

samples,
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TABLE VII

FIBER DIAMETER OF THE GLUTEUS MEDIUS AS
INFLUENCED BY PRE-RIGOR EXCISION

PRE-RIGOR EXCISED PQST»BIGOR EXCISED

Animal No. Piber Diameter Fiber Diameter
1. 67.07 6467
2a 65.27 ‘ ‘64007
3. ~ 60.80 -~ 61.93
4q 63,40 64.00
Do 69.40 ) §9o13
Mean ‘ =65a19> 64.76
St. Deva. 3.31 - 2.65

Analysis of Variance

Source af S8 M3 P~Test
Total 9 72.304

Treatment 1 . 0.656 0.656 0.73
- Animal 4 68.107 17.027 18.86 *x

Error 4 3.601 . 0.903

*¥%* P < 0,05
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Rigor Mortis

No. significant difference (P < 0.1) between pre- and
pest~rigor excised muscles was neticed, ihdicating little
effect due to either freatment or animal veriationslfor the
degree of rigor in this muscle. However, a slight increase
in per cent rigor in post-rigor excised samples was observed
(Table VIII). The increase in per cent rigor in the gluteus
medius when post—rigor»excised is contrary to the results
observed in both the lohgissimus dorsi and semitendinosus
mﬁseies° One explanation for the unrelatedvcondifion of
the gluteus medius muscles to longissimus dorsi and semi;
tendinosus may be due.to the -effect of carcass suspension.
Vertical cercass suspension tends to release fhe tension on
certain muscles, permitting them to shorten and produce a
more favorable condition for rigor mortis. A similar con-
dition was noted by Marsh‘(1954) and Sink et al. (1965).
Herring et al. (1965) also recorded the shortening of gluteus
medius when the carcass was vertically suspended. -

In both excised treatments, high standard deviations

with wide variations between them were noticed.

Shear Force

Analysis of variance for shear force (Table IX) indi-
cated that animal difference was a significant source of
variation (P < 001); However, no treatment effect for
tenderness was noticed'(P < 0.1)e Stendard devietions for

treatments were more uniform and low.
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TABLE VIII

PER CENT RIGOR IN THE GLUTEUS MEDIUS AS
INFLUENCED BY PRE~RIGOR EXCISION

PRE—RIGOR EXCISED POST-RIGOR EXCISED

Animal No. Rigor Rigor

(7] (]

1. 46.67 73.11

20 74,67 75,11
3 81.78 TTo11
4, 76,22 84,22
5 79.33 68.84
Mean 7142 75.91

St. Dev. 14,28 5.79

Analysis of Variance

Source af ' S8 MS F-Test
Total 9 987,347

Treatment 1 50,378 50.378 0.45
Animal 4 491.176 122.794 1,10

Error 4 445,793 111,448
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TABLE IX

SHEAR FORCE OF THE GLUTEUS MEDIUS AS
INFLUENCED BY PRE-RIGOR EXCISION

PRE-RIGOR EXCISION POST-RIGOR EXCISION

Animal No. Shear Force * Shear Force *

Ta 20.93 22.36

2o 23.27 26,33

3. 23.49 20,25

4. 23.88 24.56

5o - 27.78 27.64
Mean 23.87 “ 24,23
Sta MDGVQ 2047  2098

¥ Pounds of shear force for 1 inch core.

Analysis of Variance

Source -af 53 M3 FP-Test
Total 9 | 60.272

Treatment 1 0.331 0.331 0,12
Animal 4 49.058 12,265 4,51%

Error 4 10.883 2.721

Y% P o< 0.1
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Conclusions

) With the above results it can be stated that pre-rigor
excision of the gluteus medius has no significant effect on
its fiber diameter, pér cent rigor, or shear force. Varie. -
ation'due to animal differences supports the view that
muscléé‘differ_in their rate‘of reaching chemical and physi-
cal maturify° High standard deviations in pre-~ and post-
rigor excised samples indicate that different fibers in the
same‘musclé respond differently to the same>kind‘of treat-
ment. This leads one to postulate that there aredifferences
in the chemical composition and physical makeup of different
fibers in the same muscle causing high variations in rigor

mortis.



CHAPTER V
SUMMARY

Three bovine muscles, longissimus dorsi, semitendinosus, '
and gluteus medius, from five Hereford steers of similar
breeding, age, feeding and management were studied to de-

- termine the effects of pre-rigor excision of the muscles on
-theirgfibergdiameters,_degrees of rigor, and sheér_forces.

In‘thevlongiSSimusvdorsi,'variation in §iber:diamefer.x
(P'< 0.1) and:shear forcé (P < 0.05) was adéountédvfbr by
carcass differences. VDegreevof rigor was the oniy Qariéble
significantly affected (P < 0.1) by pre-rigor exciéion Qf
the muscle; The amount of variation observedjjrrigérwmdrtis
,wdue to:pre—rigor excisiOn‘of the muscle had no significant
.effect on the shear.force and fiber diameter. Prewrigori
excision exerted a significant influence (P < 0505)‘in the
sémitendinosus muscle, resulting in an increase in the fiber
diameter, rigor mortis, and shear force. Non—éignificant |
variétion among animals suggesté uniformity in musclé :
matﬁrity° Uhiformify inlfiber,orientation in thersemiw
tendinésus muscle exerted a great and uniform stress on the
fiberé»in a vertically suspended‘carcéssfcauSing aﬁdecréase,
in fiber diameter, degree of rigor, and shear fdrcea Pre-

rigor excision showed no effect on fiber diameter, degree of

51
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rigor, and shear force in gluteus medius muscle. The sig~
nificant vafiation in fiber size (P < 0.0%) and shear force
(P < 0.1) in pre- and post-rigor exciéed ﬁuécles was due 1o
animal difference. A non—significant‘increase in the'degree
of rigor in poét—rigbr excised muscle can be attributed to
the vertical carcass sﬁspensioﬁ, releasing the tension on
the muscle. The slightvincreaSe/in the dégree of rigor in
post—rigor excised gluteus medius muscle indicated no sigéi

nificant influence on the fiber diameter and shear force.
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TABLE X

INFLUENCE OF PRE~ -AND POST-RIGOR EXCISION
ON THREE BOVINE MUSCLES*

Muscle Fiber Diameter Rigor Shear Force**

Longissimus dorsi

Pre-rigor excised : 66,69 81.78 28.0
Longissimus dorsi ’

Post-rigor excised 65.99 70.22 28.5
Semitendinosus

Pre-rigor excised 65.59 45, 46- 3202
Semitendinosus |
Post-rigor excised 60.37 27.33 28.7

Gluteus medius
Pre-rigor excised 65.19 T1.42 23.9

Gluteus medius :
Post~rigor excised 64.76 75.91 24 .2

* Mean values observed for five animals.

*¥ Pounds of shear force for 1 inch core.
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TABLE XI

INFLUENCE OF PRE—AND POST-RIGOR EXCISION
ON- THE MUSCLES  FROM FIVE ANIMALS*

Animal No. State of Excision  Fiber Rigor Shear Forcet*

Diameter
oo %

1. Pre-rigor  67.62  50.44 24,6
Post rigor T 65,96 58.89 26.4

2. Pre-rigor 67.07 73.93  29.4
Post-rigor 61089‘ 58.44 26,6

3. Pre-rigor 64.75 - T72.15 27.3
foét—rigor 61.02 53@78 23.5

4. Pre-rigor 63.42  67.40 26.9
Postmrigbr , 61.44 59.33 _ ‘é7o1

5e Pre-rigor 66.27 67.18 31;9
 Post-rigor <~ 68.24 58.67  32.2

* Mean values observed for longissimus dorsi, simi-
tendinosus, and gluteus medius muscles.

¥% Pounds of shear force for 1 inch core.



TABLE XII

EFFECT OF PRE- AND POST-RIGOR EXCISION ON THE LONGISSIMUS DORSI

" PRE-RIGOR EXCISED

Animal Fiber

POST~RIGOR EXCISED .

Animal TFiber

Position Rigor Shear * Position Rigor Shear ¥
of the No. . Diameter force - of the No. Diameter force
steak o b % steak o %
Anterior 1 64413 7733 2471 Anterior 1 68.93 82.22 28,02
_ o 2 70.00 90.67 29.11 " 2 63.87 61.78 25.46.
o 3 6720 85+.78 26«12 n 3 66,27 77«78 25.23
u 4 64413 88:89 25.91 " 4 58440 59+11" 3351
" 5 65.33 79,99 _38e10, " 5 7587 75.56 40,06
Mean } 66.16 84.53 28,79 Mean 66,67 71929 30.46
S3t. Dev. 2.49 572 ~13o5 _ St. Deve 6.45 10.23° 6.32
Posterior 1 74,13 65.33 24,12 Posterior 1 67.33  70.67 30.48
: i -2 66.13 83.99 . 26.29 oHe 2 65.47 70.67 23.34
" 3 67.73 82.67 . 24.84 " 3 62.40 52.44 19.27
" 4 5773 81.33 27.21 s 4 60.00 76.44 26.33
" 5 70.40 81.78 33.91 " 5 T1.47 75.56 34.09
Mean 67.23 79.22 27.28 Mean 65.33 69.15 26.70
St. Dev. 6.11 7.72 . -3.89 4.44 5.19 5.82

St. Deva.

¥ Pounds of cghear force for 1 inch éore.

09



TABLE XIIT

EFFECT OF PRE~ AND POST-RIGOR EXCISION ON THE SEMITENDINOSUS

" PRE-RIGOR EXCISED

Position Animal PFiber

of the
steak

No.

v

66.27

Diameter

Rigor Shear *
Force

%

¥

i

POST-RIGOR EXCISED

Position Animal Fiber
of the No. =~ Diameter

Rigor

21.78

Shear ¥
Force

29.68

' St.. Deve

1.93

Ta24

Anterior 1 35.99 27.63 Anterior 1 68,67
" 2 70.80 64.00 40.57 " 2 58.80 31.11 30.64
" 3 67.06 35,11 - 32.90 . 3 56.93 19.99 27.84
" 4 64.80 32.44 30.42 " 4 6333 23.56 28.59
" > 62.53  46.67 33.36 " 5 62.40 29.33 "34.54
Mean 66.29 41.78 32.98 |Mean 62,02 25.16 30.26
St. Dev. 3.05 13.90 4.82 St. Dev. 4.53 4.83 2,62
-Posterior 1 67.07 35.99 29.28 Posterior 1 61.47 29.33 26.09
u 2 64.93 - 58.67 33.85 noo 2 55.07 36.89 27.24
" 3 64.80 -~ 65.11 32.96 u 3 56.67 18.22 27.96
. 4 - 67.07 49.33 30.29 M 4 58.93 28.44 25.07
" D 60.53 35.99 30.56 S 5 61.47 34.67 29.33
Mean 64.88 49.02 31.39 Mean : 58.72 29.51 27.14
2.66 13.15 St. Dev. 2,86 1,65

¥ Pounds of shear force for 1 inch core.

L9



TABLE XTIV
EFFECT OF PRE- AND POST-RIGOR EXCISION ON THE GLUTEUS MEDIUS

PRE~RIGOR EXCISED - POST~RIGOR EXCISED

Position Animal Fiber Rigor Shear * Position Ahimal Fiber B Rigor Shear *

of the Noa Diameter _Force . of the No. Diameter Force
steak . W % S steak _ : e %

Anterior 1 67.87  49.33 20.81  |Anterior 1 65.07  83.55 23.24
" 2 61:87 - "62.22 24.03 R 2 66.80 83.99  25.97
" 3 59,87 80.89 26,86 " 3 62.53 80.89 22.30
o 4 61.60 63.99 24.42 n 4 62.40 86.67 27.36
" 5 70.67 - 81.33 30.85 " 5 ‘66°4O 65@33m-30.57
Mean : 64,37  67.55 25.39  |Mean | 64.64  80.09 25.89
~ St. Deve. 4.64 13.61 ° T.47 St. Dev. 4.17 o 8550 3.31
Posterior 1 66.27 43.99 21905 _APostérior 1 64.27 65.78 21.47
o 2 68:s67 - 84.44- 22.51 . "o 2 61,33 66.22 26.69
u 3 : 61073 82066 _v;20912 u 3 61333 73033 18919
" 4 65.20  88.44 23.34 " 4  65.60 81,78 21.82
" 5 68.13 T7-33 24.70 " 5 _71287 . T1s55 24:70
Mean © 65.99  75.38 22.34  |Mean — 64.88  T1.73 22,57
»Ste.lDeVe . 2o77 ) “"37016/ 3063 sta‘ Dev«: . 4'033 6@‘54 < '3@26

¥ Pounds of shear force for 1 inch core.
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