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CHAPTER I
GENERAL INTRODUCTION

Muséle characteristicslhave 1oné been a subject of
intense study. Through the years_varidgs(aspeCts of mus-
cle have beén\examined, inclgding:;.myofiber type, pre-
nétal myofibef formation, prenatal myéfibér innervatiqﬁ.
pbstnatal myofiber developméhf; total myofiber'nuMbef.
myofiber size, muscle cbncéntration of DNA‘aﬁd kNA and
muscle protein, moisture; fgt‘and ash.

Past studiéslby:maﬁy ihﬁéstigators have perfected
'techniquesfof measurement and shown characteristics of :
these various muscle parameters; however,‘host of the wdrk
has been done using laboratory animals. Withoﬁt a basis
of comparison it is diffiCultltd tell'whéther fhe traité
, of these small animais relate to the much larger meat
producing animals. Dhérefore it is necessary to study
these animals theéselvesi‘ Some»fecent work>hés been done
using the ovine and the porcine,‘but comparatively little
work haé beén done using thé bdvine as the expérimental
species, |

For many years’it‘has been the:goal 6f‘meat producers

to- market their animals qﬁickly'and efficiently as a



product that the consumer desires. Selecting animals wifh
fast growth rates and acceptable muscle quality, there-
fore is a primary concern of producefs} If some muscle
ﬁaramefer could be easily examined and used as a predictor
of growth without;adversely‘affecting the animal, this
- could serve as a Valubleuselection tool to the producer.
With this in mind, this study was undertaken to study
several muscle parameters 1n two breed- tyoes of cattle at
three dlfferent a e s, It was beyond the scope of this
thesis to report on all data collected, so presented here
are data from 25 day 0ld Angus and Charoleis célves born
in two different seasons. It was the goal of this research
to determine the following:

1. Do differences exist between. these two breed-

- types of cattle with respect to myofiber num-
ber; myofiber type; myofiber size; live body
welght; carcass weight; muscle weight; total
body lean, fat and bone; total lean and indi-
vidual muscle proteln. moisture, fat and ash.

- and ‘muscle DNA and RNA concentratlons

2. If differences exist between the two breed-
types for the above parameters, are they
detectable at an early age.

3. If difterences are detectable at an early age,
can one or any combination of these parameters
be used to predict ultimate muscle mass or
animal size (and therefore be an index of

“.growth Dotentlal) and be used as a selection
tool.



CHAPTER II
REVIEW OF LITERATURE
Wyofiber Type‘Descriptions

For many years it~has been»known‘that muscles are
made up of uniqug types of”cells.which‘are‘characterized‘
by their elongated shape and mﬁltinucléation Accordlng
to Cgata (1958). dliferences 1n the contractlon rates and
general color of muscles have been known to ex1st since
1830 when Ranvierrobservéd réd‘and ‘white muscles in rab-
bits Later. it was dlscovered that these color and con-
traction dlfferences were due to relative proportlons of |
dlfferent types of 1nd1v1dual muscle cells.r In 1929,
Denny-grown descrlbed two fiber types as being either
‘ opaque/or,clear, and related these to“muééle contractioh
rates.

Some early étudies of‘muscle fiber types were §6n-\
ducted in the 1950's énd 1960"s, but it wés(not until the

late 1960°'s that a real.'ih~depth étudy of the‘ihdividual‘
| myofiber. types wés beéUn.‘ | | “

Many parameters have been used to classify myotibers

into different types The}number of nomenclature classifi-

cation schemes used for these fibers has been as numerous



‘as the scientistsvoonducting the studies. Even today, a
common system of nomenclature has not been establlshed,
nor have scientists agreed on the number of fiber types in

existance.

Staining Procedures

A basic knowledge of some common steining,reactions'
is necessary for’understanding c]assification of myofibers
into types. Some of the more. common stains used for fiber
type determlnatlon are: Aden051ne Triphosphatase (ATPase)
Nicotinamide Adenine Dinucleotlde—Tetrazollum Reductase
(NADH-TR) and Succinie Dehydrogenaee (SDH). Some flber
parameters also used are flber 81ze and contractlon speed.
A brier descrlptlon of* the common stalnlng reactions fol-

lows.

ATPase. The.acfomyosin:ATPeée~reacﬁion has been
shown to be related to: epeed of contractlon of muscle
fibers (Guth and bamaha, 1969) These authors found two

qualitatively different actomy051n ATPases in the muscle
fibers of rats. rabbits and cats. ‘Low acthlty flbers had
actomyOSLn AlPase which was acid- stable and alkali-labile,
‘while hlgh act1v1ty fibers had actomy081n ATPase which was
- alkali~stable and a01d~lablle When sections were sub-
jected to,fixation in formaldehyde prior to staining, a

third fiber type of intermediate steining was observable.



Therefore, in muscle tissue sections stained with this pro-

cedure, generally three fiber types are distinguishable.

NADH-TR and SDH. These two gtains work on the same

general prinéiple; they are both indiéafors of oxidative
enzymé'activity. The methbd of action is the reduction of
‘Nitro—Blﬁe Tetrézolium‘(ﬂdT).‘é tefraiolium éalt;‘which
results in a blue colored‘ﬁatterh of diformaian granules

in the mitochondria and sércoplasmic reticulum of fibérs.
The oxidative enzyme acts on ité ﬁormal substfate,‘however;
'NBT is the end point of the pathway and is reduced to‘fhe
colored diformazah (Brooke and Lngel, i966)? The ihtensity
of color and/cr the pattern of diformaian granule deposi-‘~r

tion determine the fiber‘type.

Myofiber Types

Ogata (1958) studiéd,muscles of fish, trogs, birds
and maﬁmals using the SDH reaction. He found SDH activity
fo be high in red muséle.fibers; low‘inrwhité muscle fibers
‘and intermediate in medium muscle fibers. He concluded
that the observed variation in SDH reaction between fiber
types was due to‘differencés(in,number'ér activity ot
mitpchoﬁdria‘in the fibers. Later, Ogata and wori (1964)
used, in addition to oxidative enzyme actiQQty, fiber sizé
and contraction speed to determinevfibér type. :ﬁed fibers

were small in size, displayed a high oxidative enzyme



activity and contracted slowly and tonically;- white
fibefs‘were‘large in size, displayed a lowyoxidafive
enzyme act1v1ty and contracted quickly for phasic movement.
Intermedlate flbers were medlum in Slze. dlsplayed inter-
medlcte oxidative enzyme act1v1ty and. their functlon was
unclear. ‘ o A | ,

Stein and Padykula (1962) described three fiber types
in the rat as A, B or C based on SDH act1v1ty (both pat~,*
tern of dliormaZan granule depos1t10n and intensity of |
reactlon) The type A flber contalned a network of small.
granules distributed throughout the fiber Iormlng long
streaks; the 1ntenslty was 1ow. The type B fiber con-
tained small diformazan granules arranged in'small poiy~
gons, The type C flber contalned large dlformazan partl-
cles, many of whlch were located beneath the sarcolemma. ‘
’These authors sugvested that the type A flber was the
“cla531cal white ilber" whlle types B and C were both
forms of red fibers. A

Two types of myofibens were described by bubowitz
(1963). One had'high oxidative enzyme activitj‘and iow
phosphorylase activity<while‘the other had low oxidative
enzyme. act1v1ty and hlyh phosphorylase activity. (Phos-
phorylase aCthltJ is an 1ndlcator of Tlycolytlc capacity;
Cassens and Cooper, 1971‘) | |

uubow1tz (1965) deseribed red fibere as oeing gener-

ally adapted for sustained activity with a slow speed of



contraction, while white fibers were capable of short
periods of activity but had fast contfaction speeds. - He
called red fibers type I, white fibers type I1I and he also
observed an_intermeeiate‘fiber. - |

Small red, large white ehd intermediate were the
names used by Gauthier and Padykula (1966) to describe
the three fiber types whlch they 1dent1f1ed in dlaphragm
muscle of several mammallan species.

Brooke and Engel (1966) used the nomenclature of
type I ana type II fibers and described type I fibers as
hlgh in oxidative enzyme act1v1ty whlle type II ilbers
were low in ox1dat1ve enzyme act1v1ty

arooke and Kaiser (1969) showed that the AlPase
reactlon was 1nhlblted in the I fibers when sections were
prelncubated above pH 10 0. Type II fibers retained thelr
normal staining pattern (strong positive reaction) during
this preincubation. | o

Three fiber'types. based on size.and‘oxidativevenzyme
activityywere detailed by Edgerton and Simpson\(19b9) in
rats and guinea pigs. 1hey malntalned that red flbers
were intermediate in diameter and had coarse dlformazan
crjstals located primarily beneath the sarcolemma; white
fibers had large-diametere and low oxidativevenzyme acti-
vity; interhediafe fibers were small in diameter and had
a moderate amount:of fine diformazan cryetals‘located'

t hroughout the cells. With the myosin ATPase reaction



they could only identify two types éf fibers:“ﬁed and
white fibefs had hivh ATPase activity while the inter-
mediate flber had low myosin ATPase activity. |

Yellin and Guth (1970) stated that most studies have
shown there arc‘three baalc muscle flber types. Lhey con-
cluded, based on studles ot rat and cat muscle. that they
could not use a 81ngle classification of fibers based on
SUH and actomy031n ATPase (pH 10.4) to describe the fiber
types in Qggﬁ‘rat and cat muscle.d | |

According to Guth‘and‘Samaha (197Q)_the/éctomyosin
ATPase reaction allowed muscle to be divided into three
fiber types. (X fibers had aéid-lébile; base-stable ATP-
ase; ﬁ? fibers had base-labilé, acid-stable ATPase; and
C!f? tibers had 1ntermed1ate stablllty in acid and base,

Fooper et al (1970) used the NADd TR stain to deter-
nmine tiber type. ‘‘hey reported that red fibers had hlgh
NADH-TR act1v1ty located unlformly throughout the flber;
intermediate fibers had moderate‘NADH-xﬁ act1v1ty located
more beneath the‘sarcblemméa’and white fibers had no NADH-
TR activity.

Barnard et al. (1971) recommended nomenclature ot
fast-twitch red, fast-twitch white and slow-twitch red for
muscle fibers of guinea pigs based on contractile activi-
ties and staining patterns., They found that red flbero<
. stained dark w1th my081n ATPase and had many dark difor-

mazan crystals located beneath the sarcolemma with NADH-



dlaphorabe, white fibers stained dark with myosxn AlPase
and had few dlformazan crybtals located beneath the sarco-~
lemma w1th NADi[- dlaphorase, and 1ntermed1ate fibers stalned
llght with myObln AlPase’ and had small, unlformly dlspersed
dlformazan crystals with NADi~d1aphorabe. However, the
guinea pig and the rat are somewhat ditferent from other
species. Ashmore and boerr (19?1a. b) found that in CthkL
bovine and porcine muscle, light staining with ATPase" d1d
not correlate w1th 1ntermealate SDH. act1v1ty.‘ |

Ashmore and Doerr (1971a) stated that several factors
such as, spe01f1c anlmal. mubcle, age and experlmental
coadltlons. must be considered when determlnlng muscle
flber types. Several authors also concluded that to ade- )
quately descrlbe a myofiber type, one must show both AlPase
acthlty and metabollc character (Ashmore and Doerr, 1971a;
dgerton and blmpson. 1969). | ‘ |

"In their investigation.of newly hatehed and.young
chicks, Ashmore ahd Doerr (1971a) described two types ot
red tibers which could Bé distinguished bykfheir ATkase
activities. One of these red fiber types had-fhe-ability
to convert to a third fiber type, a white fiber. From
these observations, they developed a new nomenclature sys-
tem for describing myoflber types ﬁ? red fibers stained
llghtly ior ATPase at pH 10.0 and had a hlgh concentratlon
of diformazan crystals with the 3DH reactlon X red
fibers stained darkly for AlPase and had a high concen-‘

tration of diformazan crystals with the SDH reaction. (04
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white fibers stained darkly for ATPase and had a low con-
centration of small diformazan crystéls with the SUH're-
action.

In a later investigation, Ashmore and'DQerr‘(1971b)
sought to apply their néw‘nomenclature‘system tolother
species. They examined muécleftissue‘frém chiék. mouse,
bovine and pofcihé and,conc}uded that their duél nomen-
clature system was éppiicable‘to these other species.

Romanﬁl (196@)‘described’éight‘types;of huscle7fibers
in rat gastPOQnemius and plantarisymuséles;,however, he
found only three‘éf these types‘inlrét soleus muscle.

’Guth‘andYellin (1971) stated that there were three
major types of muscle fibers but when serial seéfions were
stained\fér’several different'enzymes, more fiber fypes
became visible. | | | | | |
)’Davies (19?2) observed six types of‘muSCIe fivers in
the pig.  His classifications came from Vafying‘degreeé of
reactivity with myosin ATPase, SUH and’glyqogen phosphor-
ylase. Ke admitted,\howéver.‘that there wefe three main
fiber types. | | | |

Burleigh (1974) described four fiber‘typés. The“
first, called fast-phgsid‘had high myosin ATrase activity,
fast contraction speed and anaerobic metabolism, Another
fiber, unnamed, had active myosin ATPase, frequent con-
traction,’high mitochondrial content? aerobic metabolism

and small size. fThe next fiber, called slow-phasic, had
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low myosin AT?ase activity, aerobic metabolism and was
concerned with méintaining posture. \The‘last fiber had
low myosin ATPase and was modefately aerobic.

tngel (1974) recommended using the mybfibriliar Alp-
ase stain at pd 9.4 to detérminé>fibef type as type I
(light staining) or type II (dark étaining). He then used
a secondary'pfocedure (ATrase at'pH 4.35), which reverses
the sfaihing‘pattern. to confirm fiber type. B |

3eermann et al. (19??) chose to classify fibers into
only two fiber typeS;typeIfand;typé II. “hey described
type I fibers as beihg high‘in acid ATPaseyandrNADH-TR
aétivity and low in alkaline‘ATPase and- phosphorylase
activityrwhile«type II fiberé:wére low‘inﬂacid‘ATPase and
NADI-TR activity and high in alkaliﬁe ATPase and‘phos— »
phorylase aétivity. (With the alkaline ATPése;stain they .
found that some type II fibers‘staihed‘darkiy while others
stained with intermediate intensity; all were classified
as type II fibers.) |

Mature boviﬁé muscles stained with ATPase aﬁd NADH=-TR
were examined by Hunt and Hedrick (1977aj. with the AlPase
stain they classified fibers as (¥ red, A?"réd or (Y white.
Nith the NADH-TR stain they classified fibers as only red
or whife. They found that the percentage of (¥ red plus
A? red fibers‘was poéitivély‘correlated (f=0.91) with the
percent red fibers as detérmined by the NADH-TK réaction.

Khan (1978) grouped muscle fibers of raté‘ihto three
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major groups, but also found subtypes‘of fhése major
groups.' While Pool ét‘al, (1979), reported fhat\fiber‘
typing based on visual determinatién of staining intensity
might be biased, however, if large samplesjwere used, the
results seemed to Dbe reproduciﬁle;‘
slore recentl&, Suzuki and . Cassens (1980) examined

five porcine muscles from blrth to 16 weeks of age u51nb
AIPdse staln, They cla381fled fibers as follows: type I
acid-stable, alkali-labile; fype,ii alkali-stable, acid-
lablle, sublelded 1nto type IIA- unstalned after prelncu—
batlon at pF 4,4 to 4,5 and type IIB stalned weakly or
moderately aIter prelnoubatlon‘at‘ph Yoy to 4.5; and three
intermediate fiber types, type SM—staihed‘stronviy for
acid-stable ATPase and moderately or weakly after prelncu»
bation at pH 10.4 to 10.5, type S5- stalned moderately or
strongly after either a01d or alkall preincubation, type |
‘Mb~sta1ned weakly or;modepately after‘prelncubation at
pH 4.3 to 4.4 and str@ﬁgly after alkaline preincubation.

o From the above information, the diversity of the
fiber~type classification\schemes is readily apparent as
is the classificaiion differences between species.
Agaiﬁstjthis ‘background, myofiberytype’developmcnt will

now be described.
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Prenatal myofiber Development

Prenatal "iber Formation

Understanding prenatal mjofiber'developmént‘is essen-.
tial to the study of postnatal fiber type development with 7
agé. Accordlng to Allen et al. (1979) and othérs, prenatal
muscle growth is a perlod composed laxgely of cell hyper-
plasia. wuscle develops from the mlddle layer of embry-
onic cells, the mesoderm.» From mesenchyme cells of the
mesoderm'arise‘myogenic cells,wﬁioh. after‘a périod of:
prollieratlve m1tosxs, glve rlse to myoblasts, These myo-
blasts are mononucleated cells which eventually fuse to
form myotubes. the multlnucleated prlmatlve muscle f;bers

(Forrest et al.;o1975).

Prenatal Fiber Type Development

Cﬁrrently. there“exist two major theories of prenatal
muscle fiber-type developmentr‘ The first, called the
stemlihe‘tﬁeory. was reported by Ashmore and Addis (1972).
These authors malntalned that prenatal development of
myofibers is "blphaSlc?, From studies of chick embryo
(Ashmore et al., 1973), fetal lamb (Ashmore et al., 1972),
fetal pig (Ashﬁore et al., 1973a) and fetal bovine muscle
(Ashmore et al., 1974) thé authoré‘coholﬁded that first
there is formation of the preéumptive A? fiber which has

at least one large vacouole in the center and myofibrillar
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matefial around the periphery. From these presumptlve
fibers arise a secondary flber tJDe. smaller than, and
many in direct contact with, the original tfibers. These
secondary fibers are destined to become the X fibers,
These morpholbgical diffefences in the fibers were observed
before the fibers could be distinguiéhéd‘histologicélly
and have alsc been described by Beerméﬁn ét al. (1978)
and swatland (1973). | - |

Ashmore and. Addls (1972) regarded the presumptlve K?
flbers as serv1ng as the iramework upon whlch further
myoblast fusion and prollieratlon occurred. ultlmately
- resulting in the secondary myotube (or & fibver) forma-
tion, Swatland and Cassens (1973) believed that secondary
myoflbers were formed from mJoblasts on the surface ot
primary myotubes brought lnto ~contact with one another
through contraCulon of the prlmary fibers. The newly
formed secondary myotubesvweré then released and pushed
toward the periphery‘of developing muscle bundles by more
new (Y fibers. | |

Ashmore and Addis (1972) reported that [ fiber
generatién'was completed:rélatively q&iékly‘prenatally
whilé (0" fibers contin&ed to ﬁroliferate from the surrace
of the presumpti?e‘xg tibers for'extgnded periods. 1Indeed,
in an earlier paper (Ashmore and Doerr, 197ia); it Was
suggestéd from observations of young chiéké that the fela—

tive uniformity of size of the ﬁ; fibers indicated they



were formed at the same time duriog development; while &Y
fibers, being among the smallest and the largest fibers.
were formed at dlfferent times during develonment. |

Ashmore et al. (197)&) susgested that muscles or por-"
tions of muscles with a hlgh proportlon of [3 fibers
developed earlier in prenatal life than those.w1th no ﬁ? '
fibers. lIn muscles with a large proportion of é? fibers
on which the (¥ fibers could. iorm, formation of the secon-
dary (X)) tibers proceeded qulokly.‘ On the other hand,
in muscles with no ﬁ? fibers,'the initial appearance of (¥
fibers was delayed and ¥ flbers probably formed on other |
0'4 flbers.' They therefore concluded that muscle develop-
ment might be accelerated by the presence of A? fibers.

The second theory; described by Beermahn et al. (1978)
using ietal pig muscle agrees in part w1th the stemllne
theory.r that prlmary myoflbexs are the first to form.
they tend to be located in the center of developing faci-
culi and‘seoondary myofibers are formed from fusion‘of
myoblasts upon these orimary myofibers and tend to be lo-
cated around the periphery of developing moscle bundles.

The two theories part here. Ashmoxe and Addis (1972)
- maintain that all primary flbers (or presumptive ﬁ? fibers)
will become 6 muscle flbersr and all secondary Tfibers will
become (y muscle fibers. Beermann et al. (1978) observed
in fetel pig muscle that primary fibers could become

elither type I (ﬁ?)_or type II (¥) fibers and that .
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secondary fibers could remazin type II () or change to
type 1 (ﬁ§) flbers.A purthermore. Ashmore and Addis (1972)
stated that, initially, all fibers were aerobic or "red"
(either (¥ red or ﬁ red) fiberst and hear birth some (Y |
fibers changed from aéfobic to anaerobic metabolism (be-
coming (X white) while Beermann et al. (1978) observed
conversion of secondary fibers‘from type II () to type
I (ﬁg), prenatally. o |

bwatland (1973) also studled fetal plv muscle and
found a reduction or. dlSdppearance of prlmary fetal myo-
flbers. which he attrlbuted to a morphologlcal change in
the primary flber. As ietal‘developmentrproceeded, the
central vaccuole of primarj myofibers filied with myofi-
brils and disappeared (Ashmore'and‘Addis; 19?2;;5Watland.
1973). Therefore, Swatland (1973) included the changed
primary myofibers in his count of ~secondary myofibers. %é
concluded that two distinct populatlons of myoilbers were
formed durlng fetal por01ne development and that prlmary
mJoflbers underwent a metamorph051s to be included as

secondary myofibers.

zole of Prenatal juscle Fiber Innervation

It has been stated that oxidative enzyme activity in
muscle does not occur sufficiently to distinguish fibef:
tyves prenatally until late gestation (Ashmore and Addis,'

1972) or during early post -natal development (Ashmore et
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al., 1973a; Seermann et al., 1978; Cooper et al., 1970).
Zurleigh (1974)'suggeéted thét this time gab might be
‘required for complete innervation to be accomplished and
that 1nnervatlon mlght be a factor in determining muucle
fiber type. This VLew was also shared by beermann et al.
(1977)s Beermann et al. (1978); and otnerb. Many authors'
maintain'thatASince myofiber type‘ratioé can be changed
by alterlng 1nnervatlon to muscles, the motor rneuron in-
nervating a partlcular myoflber must: lnfluence 1ts fiber
type (Beermann et al., 1977; Beermann et al., 1978;
Cassens and Beermann, 1977;»Coobef et‘al,, 1970; Davies,

1972; Guth et al., 1970).

Postnatal Huscle Development -

Jeneral Muscle Growth

Nl
It is important to understand the concepts of‘géneralv
muscle growth(aﬁd individual‘muscie'gfowth before attemp-
fing to investigate theirrcomponent parts; the myofibers,
In the fetal plg at approx1mately mld—gestatlon.
" Swatland (1973) recorded a medium rate of" growth in the
triceps muscle, a high rate ofvgrowth in three hind limb
muscles and a. low rate of . growth in the longlsslmun muscle.
Shortly after birth, he recorded decreased growth rates in
all muscles except the lon51531mus whloh‘showed a substan~-

tial increase in growth rate.
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Johnéon (1974} studied growth rates of several muécle1
groups in fetal calves. He‘found that from 150-210 days
gestation, muscle éroups of the foré and hind limbs grew
at significaﬁtly faster rétes‘than total muscle, while the
muscles surrounding the spinal column (including the lon-
gissimus) grew at rates not significantly‘different‘from .
total muscle. ‘From 210 days gestation tO'dne‘day'of ége;
the 'above mentioned muscles all grew‘at rates not signifi-
cantly greater'thén total ﬁuscle. Over those{samé periods,
Johnson (1974) fdund fhat total muscle had a high growth
impetus compared to total carcass, He stated that this
could be understood in view of thé hypdthesis that tissue
development is influenced by functional'priority at birth.

Dubowitz (1963) invasfigated several speciés to
determine the extent of muscle differentiation at birth,
He concluded that muscle differentiation at birth might be
partly influenced by length of gestation and need for
functlonal act1v1ty at birth.

Berg and Butterfield (1976) stated that in Deneral
large muscles grow proportionately iaster than small mus-
cles. Small muscles had a‘hlgher proportion of’connectlve
tissﬁe and fewer muscle Tibers than large muscles and the
growth potential,for musclelfibers is higher than that of
connective tissue. In general, the muscles most closely
related to the skeleton are smallest and have the lowest

growth impetus.
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Thése authorswélso reported that immediately before
biffh muscle growth responds to genetic influences which
insure that tﬁe énimal is ready for its "usual” environ-
‘mental challenges. ‘Immédiatély after birth there are great
changes in muscle related to actual functional demands

Berg and Butterfleld (1976) classified all muscles of
the bov1ne for growth 1mpetus relative to weight increase
in total muscle. The triceps brachii (lateral head) was
classified as a low impetﬁs muscle.A it grew slower than
total musclé throughout 1life. The semifendiﬁoéus\and
longissmus dorsi‘were both\classified as'high-average
impetus‘muscies; They grew'more’rapidly than total muscle
in early life and about thé‘same as totai‘muscle in later.
life. |
| Bendall and Voyle (1967) concluded that 6verall
growth rate was very similér‘for the longissimus dorsi
and the sen1tend1nosus muscles of calves from one - to 24
months of age

Joubert (1956) indicated that muscle growth rate
(based on‘myofiber diameter increase in sheep), appeared
to reach an early maximum in lower limb muséles which
proceeded t9 a late maximum growth rate in the loin re?
gion.

Berg et al. (1978) divided’mﬁsdleé into groups and

calculated growth coefficients based on total muscle

growth for bulls. Their coefficients reflect “centripetal:,
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group impetus from distal to proximal limb muécles. There
is a progressive rise in growth impetus from rump to neck."
‘They also found differences in muscle distribution between
breeds, however, they stated‘that,these‘variations were
 probably due to dirferenées in maturity énd minor tunc-

tional influences.

Causes for Increased Muscularity

Aécording‘to Burleigh‘(1974), largér énimalé‘have a
tendency for longer gestation pefiods and thus an‘oppore
tunity for a‘ldnger ﬁeriod Qf‘cell replicatibn prenatally.
Therefore, they'héve'the poténtial for‘é greéter number ot
mugcle tibers at birth and thus larger‘ultimate body size.

Holmes and Ashmore (1972) indicated that double mus-
cled calves had ﬁoré‘musclé‘fibers than ndrmal calves at
one month of age. They noted that average fiber size was
the same for the two phenotypes, but the double muscled
calves had larger musclés. Holmes and Ashmore (1972) con;
cluded, from a study of double muscled and normal éattle.
that increased fiber number must be the cause of the in-
creased muscularity in double mUscied animals, since the
greater muscle size in the déﬁble-@uScled cattle could not
be accounted tor by increase in fiber size alone.'

Ashmore and Robinson (1969) suggeéted that an indreése
in the propo:tion of glycolytic-type fibers was the cause

for the observed muscle hypertrophy in double muscled
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cattlé,’ Holmes and Ashmore (1972) found a larger pfopor—
tion of “white" fibers (with the SDH reaction) présent in‘
muscle from double muscled cattle than from normal cattle 
at several ages. Holmes andfmmmore‘(1972) agéin 6bserved
double musclea and normal éattlé‘and ¢oncluded that in-
creasing muscularity was correlated thh‘incréasing con~
version of (¥ red to (¥ white fibers. |

Dilaey et al. (1970) foﬁnd a "distinct linear assoc-
iation betweeﬁ light fiber content éﬁa muscularity" in

P35 pigs. . Cassens and Beermann (1977) suggested that the

PSE condition might be the result of increased muscularity
caused by incréased proportion‘owahife fibers in the
muscles of these animals. |

In normal énimals.'howéyer. Johnston et al. (1975),
in their study of Angus and Charolais cattle, found that
Charolais stegfs.had the'sémérpercentage of & red and

about 0.75 percent fewer‘Cz‘white fibers than Angus steers.

FPostnatal myofiber Type Development

AlteratiOns‘in Fiber lype. llany authors have‘observed
changes in the proportiéns of fiber types wifh ihcreasihg
age or weight in Several épebies. Most believe these |
changes to be the reSult‘of fiber type cohversions. but
the cause of these transfqrmatioﬁS‘is still‘contrbversial
and probébly is not the result of a single factor.

Guth and Yellin (1971) maintained that fiber types
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are continually being changed throughout life due to
changes in funcfioﬁal'demands placed on them.

Stickland (1979) reported that many authors believe
that the function of a given muscle determinee the fiber
type makeQup of fhat'musele, |

Ashmore and Doerr (1971a) suggeéted thatlmuscie use
might prevent conver81on of cy red to X whlte fibers.

Lhey had observed the sartorlus and adductor leg muscles
in chicks had higher percentages of rea‘flbers than the
pectoralis muecle (which is‘hot"uéed in chické).

Cassens (1977) stated that fiber type composition
could be altered‘eomewhat by exercise‘or training, but the
alteration would not be sigﬁificent. | o

Ashmore and Doerr (1971a) studied muscle fiber types‘
in three muscles of normal and‘dystroﬁhie chicks. At
hatching, in the normal pectoralis muscle, the ATPase
stain indicated that all fibers were C¥.\however, with the
sDH stain, two fiber populations were apparent. AsS age
was incfeased'to‘three weeks, the observed mitochbndria
rich SDH'fibers were fapidiy changed fovmitochondria poor
fibers. In the sartorius muscle. Ashmore and Doerr (1971a)
observed two fiber types (¥ and ﬁ?) w1th the ATkase
reaction at hatchlng. Both ¥ and A?lflbers were classi-
fied as red with‘the SDH stain. By four days of age, two
populations of fibers could be distinguished with the SUH

stain., “These authors observed a conversion of some
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mitochondria rich (¥ fibers to mltochondrla poor CY fibers
which apneared to be nearly completed by two weekb of age.

In addition, Ashmore and Doerr (1971a) noted that
the fiber type distribution pattern in thé sartorius was
different for opposite sidés'pf tﬁé.musclé. At hatchihg.
A;‘fibersA00nstifuted‘20—%0 percent of the fibgrs on one
side of the muscle, while the& were completglyvébsent on |
the other side. ‘The addudtoftmuscle‘also had an uneven
- distribution of fiber types. The’deep adductbr was com-
posed mostly or ¢ fibers while ﬁhe superticial adductor :
had mostly ﬁ? fibers.

Ashmore et al. (1972) stated that in porgihe. ovine,
bovine and chick muséle. ¢ fibers were'initially‘fed but
had the capac1ty to change to 6% whlte.;‘fhey also‘fbund
that this change began earller in calves and lambs than in
Aplgs and chicks. They concluded that thig fiber type
transformation cbuldﬁresult inrincreased muscularity.

Cassens et al. (1968Db) bglieved'the:e was‘a trans- .
tormation ofiintermediate'to white fibers, but red fiﬁers
stayed constant in porcine muscle.

In otUdlLS of rat muscle, Dubow1tz (1965) iound no
dliierentlatlon of ilbers lnto types at blrth. He stated
that dlfierentlatlon occurred gradually between one and
14 days of age. | | | ' 4

Cooper et al; (1970) could find no fiber type dif-

ferentiation in muscles of one-day old pigs with ATPase,



NAD'{=TR or phosﬁhorylase. However, clear ditferentiation
was observed by four weeks of age and fibers wefe classi-
fied as red, white or intermediate.‘ Based on total myo-
fiber area.'Cooper et al. (1970) observed a decrease in
the‘percent area cehpqsed of red or intermediate fibers
and an increase in‘the‘ﬁercent area composed o1 white
fibers as age increased.‘ The authors suggested that thle
was due to a conversion of red and/or intermediate to white
t'ibers, or to.more rap;d growth of the white fibers. |
Suzuki and Cassens (1980) believed that type II fibers
were converted to type I fibers and the intermediate fiber
was a transitional state befween‘them., Us1ng acid and
alkaline ATPase to cla331fy flbers 1n develOplng porclne
muscle, these authors observed that the proportlon of "
type II. ilbers decreased and the proportion oi type I
fibers increased from blrth to eight weeks of age ‘in the
longlsSLmus, rectus femorls,‘masseter. trapezius and vas-
tus intermedius muéples.; The\proportion of intermediate
fibers in the longissimus, rectus temoris and masseter
muscles decreased from birth to eight weeksbwhile in the
trapezius and vastus intermedius thishproportion remained
constant from birth tp'four weeks an"q decreased irom tour
to eightlweeks of age. Convers1on raue was dependent upon

the muscle studied.

Fiber Type Differences Between iluscles. AShmore and-

Robinson (1969), Ashmore and Doerr (1971b), Holmes and
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Ashmore (1972) all agreed that the bov1ne triceps brachii
muscln conta Jned a maJorlty of red fibers. oreover. Ash-
more and Doerr (19?1b) declared that the red fibers were
almost evenly alv1ced between Ci red and f} red flbers.
In addltlon, Holmes and Ashmore (1972) stated that the
fiber tyDe com0031tlon of the trlceps braohll did not
vary much with age.. 7 | |

Ashmore and kobinson (1969)'determined that; in one
year old beef animals, the semitendinosus muscle contalned‘
a maJorlty of white myoflbers Beermann et al (1977)
showed that both the inner and outer port;ons of Qorcine
semitendinosus had a Majority of‘tyée II (white) fibers.
Holmes and Ashmore (1972) maintained thaf all bovine mus-
cles became "whiterﬁ with age, but this was GSpeCLally
~ pronounced in the semltendlnosus muscle.

kielton et al. (1975).stated that the bovine longis-
simus muscle contained more white than red Iiberé and was.
-therefore considered to be a white muscle. lNevertheless,
Hunf éhd Hedfick‘(1977a). in thelr study of choice, A =~
.;maturity beef cércasseé. foUndifhat the longissimus muscle
contained 29.3 percent‘ﬁ?'red fibers, 24,7 percent O red
fibers.and 46.0 percent (X white fibers. Hunt and
Hedrick (1977a) also studied the semitendinosus muscle of
the above carcasses and found that the iﬁnér semitendin-
osus had 35.8 percent ﬁ?rred fibers, 24.7 percent (Y red

fibers and 3912‘percent Q! white fipers, while the outer
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 semitendinosus had 12.2 percent AS réd fibers, 20.6 per-
cent Cyvred fibers and 67.2 perceﬁt‘cv white‘fibers.
seecher et ai. (1968) also reported that there were more
white fibers in‘the superficial portioﬁ of the porcine
semitendinosﬁs muscle ana'more red fibers in fhe deep

portion.,

- Fiber Type‘Differenéés 3etween ﬁfeeds. Johnston et
al. (1975) examined the foéct of.timeron»feedﬁand'breed
on muscle fiﬁer type. Breeds used wefe Angus and Charo-
lais of similai éges, weights and:hutfitional regimes.'
They tfound, with increasing time on feed, a slight (but
nonsignificant) iﬁcrease in thé'percent ﬁ? red fibers.
Nearly one-quarter (2@.92 pefcent) ot theiibers were't?
‘red, one gquarter (26.71 percent) were Cx'rad and one-half
(48.84 percent) were (Y white. 7 | |

Stull ahd Albérf (1980) examined two muscles of
se§eral breeds of hoiées/and'determinedvfhat percentagés
oI the three tiber fypes did not differ significantly
‘between breeds, even though data tended to show that

Thoroughbreds had more red fibers than other'breeds."

Fiber Type Differences Setween Species. Gauthier

and Padykula (1966) reported a study of diéphragm muscle
in several mammalian species. fhey used thé albino rat
as a sténdard and found that in the diaphragm, in which

activity is invefsely‘related to body:Size} animals of
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intermediate size had a heterogeneous population of
myofibefs,’small animals had a homogeneous population of
‘small fibers with abundant mitochondria and very large
animals had a homogeneous population,of large fibers with
a low mitochondrial ooﬁtent.

These authors then,éxamined hind limb muscles (gra-
cilis or semitendinosus) of seven mammals and found that
tﬁe same trend was present. With increasing body size
there 'was a trend toWard greater”differeﬁces in fiber type

'in the gracilis and semitendinosus muscles.

Fiber Type Differences With Age. 'Spindler et al.

(1980) examined the biceps femoris muscle of Angus, Here-
fora énd Holstein steers“and heifers for fiber type dif-
ferénees due to age}‘breed’and sex. Samples were taken o
by biopsy beginning at‘28 days of agé and subsequently at
56 day intervals until slaughter at 392 days ot age.
‘Percent white fibers tendedvto incréase; percent red fibers
‘decreased and percent intermediate fibers remained steady
with increasing age.

. Judze (1978) found no significéht difference in the
proportion of WADH-TR negative fibers in the{cutaneoué

trunci muscle of pigs from 23 to 113 kilograms body weight.

Myofiber Number

Many authors believe that myofiber number is fixed

at or shortly after birth and that any increase in animal



size must come from an increase in size of existing myo-
fivers (Ashmore, 1977; Stickland and Goldspink, 1973;
Hezarty, 1971; Joubert, 1956; Swatland, 19?6).

Jonyea (1980), however; repqrted an increase in fiber
number in cats trainednto 1ift weights for a food reward.
He attributed this increase fo muscle fiber splitting..
3endall and Voyle (1967) reported a decrease‘in fiber num-
ber in the longiséimus and semiﬁendinosus of cattle,
accompanied by a pefiod of)rapia‘increése in fiber area
between 12 monﬁhs‘andftwo years of age.

Hegarty (1971) pointed out the difficulties which
arise in determination of flber numbei in large anlmals.
In larve anlmals. most authors predlct total flber number
through use of a f;ber number per unit area technique.
Stickland and Goldspink (1973) counted nu@ber of‘fiberé
per unit area by.superimposihg a grid‘ontb‘a projected
image oif a tissue Section.‘ Totaleyofiber,number’withiﬁ
the muscle was dalculated by mﬁltiplying fibers per‘unit
area by the transverse,seétionalyafea of the entire sec-
‘tion. Zzekwe and Martin (1975) counted myofibers of mouse
muscle within a micrometer grid ahd then used similar cal-
culations to find total myofiﬁer hdhber in tﬁe muscle. |

 Problems arise due fo differences in intrémuséular
fat and connectlve tlssue along the length and breadth of
the muscle and dlfferenceb in extracellular space in dif-

ferent parts of the muscle. According to Hegarty (1971)
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any of these factors‘could influence‘mycfiber count, In -
addition, dﬁe td intrafacicularly términating muséle‘fibers
the plane of sectioning might not be representative of |
muscle fiber number in the whole muscle»(bwétland.'1976).
Burieigh'(1974) stated‘fhat larger mammalian species
have greater numbers of cells,tﬁan sméllerrspecies because
although thé celIS\probably,diQide more Sléwlj in,prenatai
1life in larger species, they do so'for a longer perioa of
time, | | .
Variation in muscle fiber number occurs’between
breeds of‘the séme species (Hegarty. 1971). Stickland
and Goldspink (1978) compared Large White piés with a
| breed of miniature pigs at similar ages and found that the
Large White pigs had about 68 percent more fibersg
Swatland‘(1973)'q6unted myofibers iﬂ thé sartorius
muscle ot fetal and neonatal pigs. He found thaf_myofiber
number increased‘with age in the fetus and continued in-
‘creasing until about seven days postnatally. He concluded,
however, that this increése in rr,xz/,r‘m‘.’ibe‘w numbér bostnatélly
might be the result or elongation‘of‘éxisting myofibers
into sections where previously they were not viewed.
Ontell and Dunn (1978) observed in ratS‘thét all myo-
fibers were present at‘birth; but not all were observable
‘with the light microécopeo Those not observable were lo-
cated as "satellite myotubes or myofibefs“ which shared

a basement membrane with a large primary fiber. They



called these occurrances “clusters". Oﬁtell and Dunn
(1973) observed that these clusters rapidly broke up dur-
ing early postnatal life and could account .for most of an

observed increase in fiber number in rats, postnatally.

Myofiber Size

pDetermination Methbds in Use .

Several methods have[been uséd to determine myqfiber
size in various species. Coﬁmon‘meaéﬁreﬁents aré fiber
diameter and/or fiver areé, but also in use 1s measure-
ment of sarcomere length. Joubert (1956) teaSed‘apart'
‘fibers from thinly sliced muédle sections, then measufed
fiber diameters of fhé free:floating fiber'cylinders Wifh
an ocular micrometer mounted in the eye-piece of a stan-
dard light microscope. Other authors (Hanrahan et al.,
19733 Stickiand and Goldspink, 1973; Melton et al., 1974;“
Ezekwe and Martih, 1975) have used different fiber sépaf~‘
ation tgchniques. but the éame general measuremenf metﬁod
for myofiber diameter determination.

| iBendall and Voyie (196?) determined fiber areavby

counting millimeter squares within magnified myofibers

- from tissue sections. 'T[hey then calculated fiber diameter

(assuming a circular fiber) from their area measurements.
Cross sectional area of individual fibers has been
obtained using photographs or tracings of fibers, then

measuring the area with a Compensating Polar Planimeter



(Steln and Pddykula. 1962; Swanson et al., 1%5; Johnston
et al., 1975) |

Davies (1972) méasured trans-sectiohai area of muscle
fibers by use of a paper weighing method after tracihg
individual fiber types onto transparent paper.

Myofibe:vdiameter (Dildey et al., 1970; Johnston et
al., 1975) ahd myofiber area (Cooper at al.; 1970; Hunt
and Hedrick, 19?7a) have both been determined by use of a

Ziess particle size analyzer.

Problems in Fiber Size Determination -

Joubert (1956) examined the éffeét of‘10 percent
formalln fixation on myoflber size in rabblt muscle. He
concluded that a slight but non81ﬁn1f1cant decrease in
fiber diameter occurred in prerlgqr samples stored over-
night iﬁdlo percent formalin fixative. ‘Following this, he
found no differénce in fibér(éize With storage up to six
months. |

Hegarty and'Naude (19?0), howevep, determined that-
separation procedures used prior to fiber size measurement
could cause fiber”distoftion and therefore, erroneous
results. Furtherﬁore; Hegarty (1971) suggested that the
small sample size availablé from muscles of‘farm animals
may not give results representativé ofdthe whole muscle,
since fiber diaméfer had been shown to vary along the

length of the longissimus'dbrsi'muscle of pigs and cattle.
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~swanson et al. (19635) found in the longissimus muscle of
vmarkét weight cattle that fiber size did, indeed, vary

with location along this muscle.

Ultimate Fiber Size

According to Burleigh (19?4) the ultimate width of
fibers of different mammaliah‘species doés not vary
nearly as much aé_myofiber number of growth réte between
'species. He rebdrted an adult fiber diameter range be-
~tween 30 and 70 u. Bendall and Voyle (1967),reported an
increase in mean fiber diameter from 15 u at one month of
age to 45 pn at 24 months of age, in cattie. Joubert (1956)
found that meah fiber diameter‘in differént specles was
rated pig, rabbit. cattle, sheep, frOm‘lafgest to smallest,
atrmaturityt |

Several authors have réﬁorted that myofiber size
increased with ihcreasing age,(Hegarfy, 1971 in cattle;
Spindler, 1980 in cattle). Joubert (1956) observed that
fiber diémeter incfeased 41 perﬁént from birth to maturity
in cattle. Cooper et al. (1970), in a study of pigs from
one day to 26 weeks of age showed that myofiber size iﬂ—
creased with increasiné\maturity,“‘Stickland an& Goldspink
(1973) fdund an increase in fiber diameter with increésing

muscle weight in a variety of pigs.
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Size of Individual Fiber 'l'vpes

"Ked* muscie fibérs are generally coﬁsidgred as being
small in comparison to white fibers (Ashmore et al., 1972a;
Cassens and Cooper, 1971; bavies, 1972; Hunt and Hedrick,
1977a; Melton et al., 19?#; Stein and Padykula, 1962).

Some authors (Ashmore et al., 1972a; Cassens and Cooper,
1971; Davies, 19?2) #egard this smaller size (crossisec~
tional area)‘pf,the red fibers as a féctor‘which favors
cellular exchange of nutfiénts,and wastes énd‘increased
capacity‘for diffusion needed £or‘function Of_these fibers.
Burleigh (1974) stated that fibefs richest in mitochon-
dria had a féndency to beAcomparatively small. Cassens
and Cooper (1971)'maintained that red fibérs had a higher
lipid content than white fibers. They also stated that
red fibers needed gréater\bloodﬂfldw fhan white fibers
since they depended on blbod{bxygen for energy zeneration .
while white fibers were‘CAbablé of glycblytic metabolism.

”  Cooper et al (1970), in a study of porcine muscle
from one day to 26 weeks of age, stated at four and five
weeks of age‘all fiber types were épp;oximately’the same
éize;/ After this period, white,fibers‘increaSed in size
more raﬁid1y than red or intermedigte fibers. Ashmore‘and
Doerr (1971a), however, observed differences in size of
individual fiber types before birth.

Hunt and Hedrick (1977a) reported thét althoﬁgh

white fibers were usually the largest fiber type in
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narket beef animals, A? red flbers were not always the
umallebt fiber type. ‘

llelton et al. (1974) found that the cross, sectlonal
areas of fibers biopsied from bulls were ranked red, ;nter- 
mediate and white, from smallest to lar~e)t. Stein and
Padykula (1962) ranked flbers as C (correspondlng to Y
red), B (ﬁ? red) and A (X white), from smallest to larg-
‘ast. Stigkland (1979), in a study of‘éeveral Species of |
East African wild game animals, found/that in the longis=-
~ simus dorsi, flber size was rdnked red, lntermedlate and

whlte. from smallest to largest (w1th the bDH reaction).

Pactors Affecting Myofiber size

Variation in Fiber Size. stickland and Goldspink

(1973) found considefable variation in fiber size within

several breeds of pigs whlch they attrlbuted to dlfferences

in the herds from whlch pigs of" the same breed came.
Stickland et al. (1975) stated that "the variatioh

in size of fibers 1ncreased as the mean ilber size in-

creased”. Bendall and Voyle (1967) observed the same

phenomenon.

Breed Differénces With Réspecf‘to,Fiber Size. - Stick-
‘land and Goldspink (1978) studied differénceg between
Large White pigs and a breed of miniature pigs. They
concluded that there was no difference in fiber diameter

between the two breeds at six to. seven months of age.
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Johnston et al. (1975) fbund that Charolals cattle
had larger mean fiber diameters and areas for all three
fiber types than Angus cattle at both feeding stages ex~-
amined. |

Acéording'to Stickland and Goldspink (1973), Staun
(1968) associated a‘lérge>number of tibers with smaller
fibers. Sticklaﬁd and Goldspiﬁk‘(1973) found this to be
true in their study of a‘largeivariety of straight and
crossbred pigs. . | | |

Hegarty (1971) reported that breed differences in
. tiber size have been shown iﬁ many species. Joubert (1956) .
found marked interbreed differen&es in fiber diameter be-
tween Dairy and Friesian cattle. Bendall and Voyle (1967)
.found that Friesians had larger fibers than Herefords in
both the longissimus and the‘semifendinosﬁs at/any stage

of growth.

Age’Differences With Respect to Fibef Size. ‘Corh4
forth et al. (1980) reported that at a given body weight.
late maturing cattle‘would have smaller muscle fibers and
- less extensive faf cell development than early maturing
cattle. However, if muscles’were examined from'caives of
equivalént maturity and differing body weights, these - |

differences no longer appeared.

luscle Differences With iespect to Fiber Size.

Stickland and Goldspink (1973) reported that differences
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in fiber size between muscles was quite common and that
the difference was probably due to varlatlon of work loadé
on the particular muscles.

Joubert (1956) associated increase in muscle Tiber
size in a péfticular muscle with rate of growth of that
muscle. Therefore, at different sfages of development,
individual muscles have fibers of varying Sizes.)

Bendall and Voyle (1967) reported that mean fiber‘
diameter of‘longissimus and.semitendihosus muscles had

about the same growth rate at all stages.

Plane of Nutrition With Respect to Fiber:size. Many

authors have'fOund‘that nutritional state can alter myo-
fiber size in different species. Stickland et al. (1975)
found, in young nutritionally deprived pigs, that myofiber
number was unchanged, but the ability*of‘fibéfs to increase
in size was impaired. | |
Hegarty (19?1)13tated that alteratién of the plane
of nutrltlon would have a more noticeable affect durlng
the period oi rapid growth and that a low plane of nutr1~
tion geaerally decreased flber‘dlameter. whlle return’to
a high plane‘would restore fibers to their ndfmal
diameters. | 7 |
Joubert (1956)-found that lambs of ewes on different
nutritidhal levels dufing pregnancy showed no significant
difference in fiber diameter at birth, but were signifri-

cantly difterent at 60 and 290 days postnatally.



Zxercise With Respect to Fiber Size. According to

Hegarty (1971), exercise can increase fiber diameter and
some authors believe duration is more important than the

intensity of the exercise.

Muscle DNA and RNA

¢

The monitorinﬁ of changes in‘DNA and’RNA concentra~
tions and their relatlonshlps w1th other chemlcal componu
ents in the body are yet another method of observ1ng d1f~
ferences in growth of muscle between‘spec1es, breeds and

even individual muscles.

Prenatal Muscle DNA Concentration

In Dfenatalrrat‘muscle. Winick and loble (1965) ob-
’ seived a rapid 1ncrease in total organ DNA which con-
tlnued through early postnatal life, then leveled off due
to a decrease in the rate of DNA synthesis..

Burleigh (1974):0bserved that muscle ONA continued
to increase in mammalian specieé postnatally, but‘at a
slower rate than in prenatal development;

According to Allenyet al. (1979) the muscle cell
cycle (pranatéllj) has four generalkphases. First, the S
phase (also called the DNA synthetic pﬁase) in which cells
with a 2N compliment qf DNA replicate‘their.DNA. Second,
the G, phase (or post‘synthetic gap) in which cells with a
4N compliment of DNA (from the S phase) prepare for |
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mitos 1s and cytokinesis. Third, the M phase (mitosis) in
which two. 20N cells are produced for the last, qf Gl
phase (the presynthetic gap). From”Gl. cells either start
the cycle over again or reméin withcut replicating.
It‘appearS'that pfesumptive myoblasts are the last
prenatal muscle cell precursors cépablé of DNA synthesis
and cell division. After differentiatinv to the myoblast
staﬂe, muscle cells remain in the G1 phase and further

DVA synthe31s is thought to occur via satelllte cell in-

cozporatlon (Allen et al., 1979 and others).

Satellite’Céllrlncorporation

Accofding'td Cheek ét al. (1971), Burleigh (1974)
and Alleqret al;\(1979), the DNA concentfaticn in muscles
of mémmals increases during postnatal life. Burleigh‘
(1974) concluded that some nuclei muét be replicating.
their DNA during this period. He also stated that nuclear 7
number increased postnatally'due to satellite cell incor-
poration. | |

Satellite cells are mononucleated cells locafed be-
neath the plasma ﬁembrané of muscle cells (Qardasis and
Cooper,’1975)., Satellite cells have the capacity to re-
plicate their DNA and fuse into existing myofibers. They
have also been shown to'decreése both in absolute'nQMEer
and as a percentage of total muscle nuclei with increasing

age (Cardasis and Cooper, 1975; Allen et al.,‘1979)u
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Muscle RNA Concentration

Total amount of RNA has been observed to‘increase
with age (3urleigh, 19745 winick,and‘moblg, 1965) in rats
~and mice. ‘ | _

According to‘Gdldspink (1977), 80 percent of the KNA
in muscle is ribosomal RNA. darlick et al. (1976) noted
a proposal by Munro (1909) that the nwA concentration in
a tissue was related to that tlssue S capacity for proteln
synthesis. winick and Noble:(1965) stated that the
tissues which actively sjnthesizekprotein were high in
RNA content. Cassens and r‘ooper (1971) founa that “red"
muscles synthe81zed more proteln and had higher RNA con-
centrations than "white" muscles.

Surleigh (1974) stated that during growth, acéumuf
lating protein diluted the RNA concentration in muscle
and in individual myofibrils. He commented that lunro
and Jray (1969) found a decrease in concentration of KNiA
és body size increased from,miée to horses, but attributed
the decrease to lncreased tissue per unlt KNA in the

larger bpe01es

DNA Concentration per Nucleus

Vany authors malntaln that the amount of DNA per
- diploid nucleus 1n mammalian spe01es is constant for

individual species (Enesco and LeBlond, 1962; Ashmore and

Robinson, 1969; Moss, 1969; Cheek, 1968; Kobinson and
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w
Lambourne, 1970a; xobinson, 1971; Cheek et al., 1971;
LaFlamme et al., 1973). Aéhmore and Kobinson'(1969) and
yoss (1969) used a‘value of 2.5 x 1077 milligrams DNA per
diploid nucleus which lioss (1964) established in chickens;
wﬁile_sever31 other authors (Enescé and Leslond, 1962;
Cheek, 1968; robinson, 1971; Cheek et al., 1971) used a
value of 6.2 x 10"12‘grams pér‘nucleus to calculate nucleaf

number.

Nuclear humber

The establlshed constancy of DNA concentratlon per
nucleus allows estimation of nuclear number in muscle
tissue (¥nesco and LeBlond, 1962. loss, 1969; Cheek et al.,
1971 iobinson, 1971). Enesco and Leslond (1962) offered
the following equation fdr the.calculatidn of;numberrof

diploid nuclei:

nuclear number = D& DNA in whole organ or tissue x 103
(millions) V 6 2 x 10 -1z g

Znesco and Puddy (196#) found that total nuclei in
muséle tissue of ratslconsisted of‘approximatély 65 per-
cent muscle fiber. nuclel, 25 percent endomysial nuclei and
10 percent perimysial nuclei. .

Cheek et al. (1971) stated that in- addltlon to muscle
cell nuclei, hlstocytes, flbroblaqts. neuronal cells and

adipocytes contributed DNA (from thell nuclei) to muscle

tissue. ihey farther suggested that one-quarter of the
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DNA in a muscle sample was iocated outside the muscie
fiber. |

Znesco and Le3lond (1962). after studyin5 many dif-
ferent tissues, found that the number of nuclei in muscle
tissue 1ncreased with age and that mubcle flber size in-
creased more rapldly than nuclear number as skeletal mus-
cles gained werght.

Enesco and Puddy (1964) reported that the number of
muscle fiber nuclel in rats increased between suckling
and young adult stages. but the rate of increase was
different for different muscles.

Cafdasis and Cooper (1975) obsérﬁed muscle of mice
from the 19th daylof gestatibnjuntil 63 days of age. They
found that the number of nuclei per fibef increased from
84 to 354 during that period,' Furthérmore3 it appeared
that the greatest 1ncrease in nuclei per flbcr occurred
just prlor to birth and the next greatest 1ncrease. Jjust
after birth. They concluded that the observed increase
in nuclear number could be accounted for by the satellité
cells associated with each‘fiber. | |

Moss (1968) found that in the muscles of most chick-
ens the humBer 0f nuclei increased'in proportion to the
2/3'3 power of the weight of the muscle.

| Harbison et al. (1976) fdund that the nﬁmberlof‘nu~
clei in the longissimus dorsi muscle increaséd more fapid~\

ly in a muscular line of pigs than in an obese line from



68 to 118 kilograms live weight.

In a study of double muscled versus normal cattle;
Ashmore and Robinson (1969) found that the double muscled
animals had more nuclei and cytoplasm than the normal
,animalé. |

Trenkle et al. (1978) found an incfease in number of
nuclei and in cell size between 110 and 360'kilograms body
weight in steers sired by either an Angus or a Charolais
bull. Affer 360 kilograms; cell.size continued to increase
without further increase in nuclear number. The steers ’
sired by the Charolais bull reached slaughter weight sooner
than those sired by the Angué'bﬁll. Trenkle et al. (1978)
attributed this to a more rapid accretion of DNA causing

a faster muscle growth.

Weight per Nucleus

Cytoblasm (or weight) per nucleus is equal to the wet '
weilght of muscle divided by total DNA content (Enesco and
LeBlond, 1962; Woss, 19683 Ashmore and Robinson, 1969;
ljoss, 1969; Robinson, 1971). Enesco and Leblond (1962)

gave this equation:

muscle weight _ weight of fresh tissue or organ (g) X 107
per nucleus number of diploid nuclei (millions)

Enesco and LeBlond (1962) stated that there was a'
steady rise in muscle weight per nucleus with increasing

age.
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Cheek et al, (1971) reported on a study conducted by
Znesco and Puddy (1954) on rat muscle. ‘hey noted that
the muscle weight per nucleus was fairly uniform in three
of the four muscles studied from 16 to 86 days of age.

#unro and Gray (1969) found‘that weight per nucleus
varied by two-fold or'less between mammalian species
ranging in size from mice to horses.

According to some authois. mUScle tissue reaches an
ultimate maximum size because each nucleus can support
~only a given amount of tissﬁe (Robinson, 1971; Cheek et al.,
1971; Allen et al., 1979), Burléigh (19?4)yand Harbison
et al. (1976) stated that the‘humber ot nuélei determine
total muscle méss; Increase in muscle mass per unit DNA
is responsible for some of the growth of skeletal muscle
postnatally (LaFlamme et al., 1973).

LaFlamme et al. (1973) found that DNA conéentration
decreased with increasing body welght and muscle size in
cattle of‘dairy andibeef breeding.

Harbison et ai. (1976) stated, "Increaserin total
muscle DNA (or a higher amount of total muscle LNA) has‘
been shown to be related to increased (or a greater amount
of ) muscling in pigs, miéé and cattle.®

Goldspink (1§7?)_fouhd in diaphragm of normal hampF
sters that DNA per gram of tissue decreased With increas-
ing age. | | | |

According to Trenkle et al. (1978), if nuclear
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number in muscle continued to increase for a longer period
of time, then skeletal muscle would have an increased

impetus for growth.

RNA:DNA Ratio

Increase in the RNA:DNA ratio in muscle is an indi~
cation of increased protein synthesis (Topel, 1971; Ezekwe
and Martih, 1975; Harbison et al., 1970) | |

itunro and Gray (1969) stated that the RNA:DNA ratio |
was the same in horses as it was in mice.

In a comparison of genetically muscular or fat pigs,
Topel (1971) found that the muscular strain of pigs had
consistantly higher RNA:DNA fatios in the longissimus
muscle than thé fat strain between 22.7 and 137 kilograms
body weight. | |

- Ezekwe and lartin (1975) compared Yorkshire pigs to
the feral obese pig (0Ossabaw) and found that the Yorkshire
pigs had a greater RNA:DNA ratio than the obese pigs.
However, when they compared mice selected for 1ncreased
body welight w1th control mice, they found that the controls
had greater KNA:DWNA ratios.

In' comparison of a muscular line and an obese line
of pigs, Harbison et‘al. (1976) found that in both lines
the XNA:DNA ratio increased up to 104 kilograms live
weight. However, between 23 and 91 kilograms live weight,

the muscular line had a higher RNA:DNA ratioc than the
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obese line.

Protein:DNA Ratio

Increased prbtein:DNA rétio indicates larger muscle
cells, since the fatio of cell protein to cell water is
constant (Cheek, 1968; Robinson, 1971; Cheek et al., 1971;
Ezekwe and Martin, 1975). kobinson and Lambourne (1970a)
used the ré%io of cellular nitrogen or protein to DNA to
indicate cellular hypertrébhy.

Wwinick and hoble (1965) stated, in rats, that during
early prenatal growth the incrése in pfotein‘is propor-
tional to the\incfease in DNA. After this fime. protein
increases more rapidly than DNA until the animal is full
‘grown. 'These authors obsefved an incréase in the protein;
DNA ratio neér maturity in rats which they attributed to
a slowing of‘DNA synthesis} not an increase in protein.

Cheek et al. (1971) stated that protein:DNA ratio
changes during growth wére dué mainiy to changes in DNA,
not protein; " They also found ﬁhat the protein:DNA ratio
appeared to be consistant between mﬁscles of an individual
rat. Iﬁ addition, there appeared to be agreement between
* muscle groups fdr‘the protein;DNA ratio in 2.5 year old
monkeys.

According to Cheek et al.‘(1971), wunro and Gray
(1969) found that the horse had twice the amount of pro-

tein:DNA as the mouse. Ezekwe and Martin (1975) found -
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that Yorkshire pigs had greater protein:DNA ratios than

feral obese pigs.

Breed Differences in DNA

A muscular line of pigs was compared to an obese line
by Harbison et al. (1976). They‘fodnd that between live
weights 6f 23 and 63 kilograms.‘DNA and RNA>concentrations
were not 31gn1flcantly different between genetlo lines.
However, between 68 and 118 kilograms, the muscular line
had a significantly (P<:.O5) greater concentration ofkboth'
DNA and RNA than‘fhe obese 1ine. |

LaFlamme et al. (1973) found that breed- type (dairy
or beef) in cattle had no qnvnlflcant effect onvDNA con=-
centrations at several live weight. (However, the breed-
types were compared at a constant live wetht, not at a

constant age. )

Nutritional ZEffects

Robinson (1971) found that restricted nutrition in
pregnant sows and later in their neonatal pigs} caused a
permanent decrease in accumulation of XNA, DNA and protein ‘

in muscle tissue.

Exercise Effects

Burleigh (1974) stated that satellite cells increased

in number during work induced hypertrophy. However,



Cheek et al. (1971) revorted that cértain types of exer-
cise could cause an increase in muscle growth, but the

protein:LNA ratio did not change.
Carcass Composition

At birth, carcass composition of the calf consists
of about two'parts muscle to’oﬁe pért bone. [one is
essential fpr function at birth andvtherefére develops
early duriné‘prenatal developmeht. Muécle, on the other
hand, is needed ét\birth but does nbt reach peak usage
until the young adult‘sﬁage and'thereforé has an inter-
mediate development rate between fat and bone. Fatty tis=-
sues are the least essential and thus develop latest. At
birth the bovine carcass épntains very little fat (bérg
and Butterfield, 1976). |

serg and Butterfield (1976) maintain that with in-
creasing age; the ratio ofbmuscle to bone in the bovine
Increases because muscle gfows moré rapidly than bone
postnatally. Fat increases slowly during growth until the

fattening phase sets in. During this phase, with adequate

nutrition, fat deposition increases. As a percentage of
carcass, with increasing weight after birth, oone de-
creases slowly and continuously, muscle increases slightly
and then begins to decrease as tne fattening ﬁeriod begins,

erg and Butterfield (1976) stated that breed aif-

ferences in the onset of fattening and in muscling occur
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in the boviné. They, as well as Lawrie (1961), found
that early maturing cattle have a_smaller mature size and
generally enter the fatteningphage ét lighter weights
than later maturing cattle. 1In a&dition; hea?ier muscled‘
animals generally have higher muséie fo bone ratios

throughout life.
Chemical Composition

serg and Butterfield (1976) statéd that the major
chemical components of the body are water. protein, fat
and ash. Cassens (1977) deacrlbed muscle compOSLtlon as
75 percent water, 20 percent protein, less than one per-
cent carbohydrate and the rest fat and organic and inor-
ganic substances.

Berg and Buttertield (1976) found that the bodies of
calves are hlgh in water and low in fat. With 1ncrea51ng
age there 1s‘a decreaseAin prercent protein, ash and water
and an increése in percgnt‘fat} The muscle cémpqsition of
the steer at more than one year of age consisted of 74
percent water, 21 percént protein, 4 peréent fat and 1
percent ash. " They also stated that the percent fat varied
with the muscle examined. According to iunt and 1earlck
(1977a), "red" muscle generally contains more lipid than
"white" muscle. “

Lawrie (1961) described a decrease in the m01sturb

content of the bovine lon91b31mus muscle w1th increasing
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age. He sald that it was accompanied by an increase in
fat content.

Hunt and Hedrick (1977a) observed,'in five muscles of
the mature bovine./that percent moisture was inversely re-
latéd tb percent ether eitragtable materiél.

Link et al. (19%03) hotéd an increase in intramuscular
‘lipid with increasing age in;bovinevsteers and heifers.
Under the same conditions, Link et al. (1970b) observed
a decrease in tﬁe relative amount of muséle protein and
moisture. -

Dickerson ana widdowson (1960) described a decrease
in percent water and an 1ncrease 1n percent proteln 1n
skeletal muqcle during development.

In pigs selectedvfor'increased body weight, Ezekwe
and Martin (1975) obéerved greater total protein in the
muscular line of pigs than in the obese llne of plvs

Winick and Noble (1965) found in rats that total
organ protein increased until maturity. They stated that
protein increases linearly with maturity. l‘ |

Cheek et al. (1971)/stafad:thaf eafly in poStnatal
life, protein ber\unit muscle reaches a stable 1evei.

Irenkle et al. (1978) examined steers from Hereford
X Angus dams‘which were sired Dby either an Angus or a
Charolais bull. They found that overall\gréwth rate was
15 percent taster for steers sired by the Charolais bull.

Futhermore, at‘four'different slaughter weights, the
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steers sired by the Angus bull had greater muscle 1lipid in
the longissimus dorsi muscle and total muscle protein in-

creased with each larger body weight examined.



CHAPZTER III
GENERAL MATERIALS AND METHODS
Animals

This project was designed to‘study several muscle
parameters in tw0‘breed~types'of cattle at three stages
ot development. '‘he breeds sélebted,were Angus, f&pre»
senting a smaller framed. Jeafly maturingvtype" and Charo-
lais, reéresentingra larger framed. "late maturing typé".
Cattie used in this study were obtained from two purebred
herds (one Ahgus,and one Chérolais) within the state of
Ok lahoma. | - |

The initial group of‘calves sampled were to be 25
days old, however, exact birth dates were not available
for some calves and fﬁus ages’were approximatéd. Qhe
first slaughter group consisted ot three Angus and three
Charolais calves, all born in the spring of 1978 (sprlng-
baby calves). The second slauvhter group con31sted ol
three Angus and three Charolalsvcalves, all born in the
fall of 1978 (fall-baby calves). Thus, a total of 12
approximately 25Aday old calveé‘wére used in the study.
(See table I,‘appendik‘c.) | |

These baby célves, all intéct‘males. were broughﬁ’to

the 0.5,U. meat laboratory directly from their respective

51
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farms. They were held overnight, weighed and slaughtered
the next morning. | |

" The second age zroup of calves Were’to be 240 days
old (or weanling age). Again exact birth’dates were not
available for all calves and thus some ages were apbroxi-
mated. The firsf caives sléughfered‘from this group were
born in tﬁe spring of 1978 (same asrthe Spriné~baby calves)
and consisted oflsix Angus‘and six Charolais (spring~
weanling calves). The second’set ofJCal§es for this group
cbnsisted of six Angus and six'Charolaiskcalves born at
the same time as thé fallQbaby calves (fall-weanling
calves). Thus, a fotal of 24 weanling calves were sam-
pled. (Table I, appendix C.) 

‘The weanling calves hadibeen weaned at their respec-
tive farms and then transferred to fhe Experiment Station
at E1 Reno, Oklahoma. Ffrom there, calves were transported.
to the 0.3.U. meaf labératory‘in Stillwater in their re-
épecti?e groups at the appropriate ages. All’calves at
this stage were castrated males. Agaiﬁ. they were‘held
‘overnight, then weighed and siaughtered the next morning.

The third age group of calves were approximately 650
days old. Once more, exact birth dates were not avail-
able for all calves in this group, as reflected in‘table
I, appendix C. In addition, due to the larger animal size
and thus greater work load, all calves in a slaughter

‘grqup were not necessary killed on the same day (as they



were.in the baby and weanling groups). Calf numbers per
group diffefed'in this slaughter group, because some ani-
mals died'before reaching market weight:thérefqre,rthere
were six springuborﬁ Angus, tive spring-born Charolais, |
four fall-born Angus and five fall-bbrn Charolais calves.
Thus, a totai of 20 market weight calVes were sampled.
The market weight calves had been weanéd and trans-
fered to the ElvReno‘facility at the same time as the
weanling calves. Trahsport and pre-slaughter procedures

were the same as for the weanling calves.
Sampling Procedures

" Within 30 minutes postmortem, carcasses were‘Weighed
(by side) and the Longissimus dorsi (LD) (a section from
the twelfth ribwtd the fourth lumbarAvertébrae){ the Semi-
tendinosus (ST) and the‘ffiqeps brachii-lateral head (TBL)
were removed from each side. Following removal from the
81de, each muscle was trimmed of v1%lble fat, weighed and
measured for length, Additionally, a water WEtht was
determined in 2°¢ water for later calculat:on of muscle
specific gravity. Muscles were then wrapped in aluminum
foil.'ffozen by immeréion‘in liquid nitrogen'and placed

in storage at -20°C until analyses could be performed.
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Determination of Total lyofiber Number

and Myofiber Type

In preparation for cryostat sectioning each muscle
was removed frdm freeZer storage and croésésectioned at
50 percent of its length in the frozen state. (For the
1D and TBL muscles this was the antefior-posterior.orienta¥‘
tion and tor the SI muscle it was’the‘dorsal-ventral |
orientation - figure 1.) A one centemetér wide section
was removed from the posterior (ventfal for ST) surface
and its circumference traced’onto paper for muscle cross
sectional area determination. Cfoss secfional area wési
later measured from the papef'tracings usihg aVCompen-
sating PolarAPlanimeter.

The frozen musclé sections were‘then placed posterior
(or ventral for ST),side‘down on a board and visually di-
Vided into quadrantsa A 6.35 milliméter diameter core
was taken frdm each quadrant using a drill and a specially‘
made coring deviée (see rigure 2). Cores (still in the
frozen state) were then placed in separate beakers of
phySLOloglcal saline solutlon and allowed to thaw. when
thaw1ng was completed. cores were orlented lonvltudlnaily,
arfixed onto mlcrotome chucks using 0. C T. compound and
quick-trozen with Cryokw1k They WGLE then placed in a
Slee Cryostat at =15 to -20°C for acclimation’to tempera-
ture. Throughout this‘procedure the orientation of the

cores was maintained.
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Anterior

Posterior

ST luscle

et R P

TEL Muscle
L)

Posterior Anterior

' Section Use Kéy

Section used for nucleic acid analysis
Section used for fiber type and proximate analysis
Section used for myofiber width determination
#NOte: All sections one centimeter wide, section two
taken at 50 percent of transverse length.

Figure 1. iuscle Orientation for Sampling



Figure 2. Coring Uevice and Procedure for
lfaking Cores for lycfiber Type
Letermination
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Four, 12 p transverse serial sections were made from
each core and mounted on room temperature microscope
slides. The first and third sections were stained using
a NADH-TR method (modification of the method of Engel and
.Brooke, 1966) (see appendix A) and the second and fourth
sections were stainedvusing an alkallne ATPase method
(modification bf'the‘method of Guth and Semaha, 1969) (see
appendix A)t"SLides were then examined for myofiber type
and number. « |

| myoflber type was determlned in one random field from
each slide. Therefore. two fields per core were counted
for each stain; or a total of eight fields perﬂmuscle for
each stain.~‘l |

Slides were placed under,the‘micrOSCOpe and a random’
field selected. (The same miCroscoperwas not available
for all fiber type determinations, therefore. the slides
weren't all examined at the same magnlilcatlon. Sections
from spring-baby calves were examlned at 20x w1th an
American Optics mlcroscope. sectlons from fall-baby calves
were examlned at 10x w1th the same A/O microscope; and
sections from both spring and fall-weanling calves were
examlned at 16x w1th a Ziess microscope. All data, how—
ever, were corrected to/a tandard bas1s for statlstlcal
analysis.) The 1mage of this field was progected onto a
Visoepan screen which contained a grld of known area.

Fiber type was determined for each fiber within the grid



as follows. NADH-TR stain:  darkly stained, high activity
fibers - ﬁ? red; medium stained fibers - (¥ red; light or
‘no NADH-TR activity - & white (Cooper et al., 1970; Ash~-
more and Doerr, 1971a; Beermann et al., 1977). ATPase
(alkaline) stain: darkly stained, high activity fibers -
¢ white; medium activity fibers - (¥ red; no activitj
fibers - Kg red (Guth and Sémaha. 1970; Ashmore and Doerr,
1971a; Beermann et al., 1977). Fibers located pattially
within the grid were counted as in thé grid area if they
touched the top or right-hand border of the grid and out
if they touched the bottom or left-hand border. Total
myofiber number was expressed'as,fhe sum of the three

fiver types for each field examined.
Myofiber Width Determination

For myofiber width-détermination a second transverse
muscle_sectibn was taken adjacent and posteridr (or ventral
‘for ST) to that used for myofiber type (see figure 1). A
6.35 millimeter diameter core was rémoved from each of
two randomly selected.quadrahfs of the muscle section,
Cores were identified, placed in indifidual containers of
10 percént buffered formalin solution and stored for 48
- hours at 2.8°C., After this time, individual cores were
placed in fresh, cold 10 percent‘buffered formalin in a
Waring blendér equipped with inverted blades. Individual

myofibers were dispersed from the‘cores by blending for
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two minutes,Y The containers of aispersed fibers were
stored at 2.8°C untii fiber width measurements could be
made.

In preparation for measurement, fibers in solution
were pipétted from their containers into a watch glasé.
The watch glass was placed under the 10x objective of an
American Optics light Mic:pScbpe and fiber widths were
measured using an occular microméfer (Joubert, 1956;
Hanréhan et éi.; 1973; Stickland and Goldspink, 1973;

- Melton et al., 1974; Zzekwe and Martin, 1975). Fibers
measured were selected at randdm and measurements were
made within the body of éach fibef,(not neér the'ends)Q
Care was taken tb avoid measuring‘any obViously damaged
or broken fiﬁers.‘ Twenty—fiVe fibers were measured per

core or a total of fifty fibers‘per muscle.
Nucleic Acid Analysis

For nucleic acid analysis a:%ﬁird,tradsverse section
was taken from eaéh muscle. ‘“'his section was iocated
ad jacent and anterior (or dorsal for the ST to the sec-
tlonaused for . Ilber type determlndtlon (see flgure(i).
Four random cores were taken from the muscle section to
insure enough tissue for duplicate extractions. Nucleic
acids were extracted and DNA and RNA concenffations were

determined accordlng to procedures described by LSCOHbaS

(1977) (appendlx B).
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Proximate Analysis

Muscle Composition

For muscle composition, the remaining portion of the
transverse muscle section pfe?iously used for fiber type
determination was finely minced andlthen Omni;mixed. The
Omni-mixed muscle was used rorvdetermination ofrmoiSture.
ash and ether egtract by standard A.1O, A.. C. methods and

protein by the Kjeldahl method.

Carcass Composition

For carcass composition analyéis 6nly'the right side
of each carcéss was used. Sides were éhilied at least
24 hours ahd not longer than seven days’beforevcarcass
analysis was begun. The chilled right sidés were welghed
tﬁén separated into bone, soft tissue (muscle and fat),
kidney tat and kidney components. Each portion separated
was weighed. ' |

Following separétion, the sor't tissue was ground
using a commercial meat‘grindef equipped with’é 3/8's
inch plate. The ground side was then hand mixed and
ground agaih through a i/8 inch piate. During the second
grinding, beriodical grab samples were taken so that upon
completion there were two, approximately‘one.poundﬂsamples.
These samples were each hand mixed and a smaller grab

sample removed for Omni-mixing. Duplicate aliquots were
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then taken from each Omni-mixed carcass sample for deter-
mination of moisture, ash, ether extract and protein in

the carcass by the methods described previously for muscle

composition.
Total Carcass lean, Fat and Bone

Calculation of total carcass lean, fat and bone was
not readily available since the LD, ST and TBL muscles
were removed from the carcass prior to grinding for car-
cass composition éstimates{ To build back to the total
carcass, the pounds of protein, moisture, ash and ether
extréctable compohénts were calculated'using‘the proximate
analysié data and air weights of the muscles removéd from
the right side of théicarcass, Then, the pounds of pro-
tein, moisture, ash and ether extractable components were
calculated using:the‘proximéte ahalysis from the ground
right side (minus the removed muscles) and the soft tissue
‘Weight as boned from the cércass.

| Right side lean weight was determined by adding to-
gether the protein, moisture and ash components of the‘
individual muscles and the ground side. Kight side fat
welight was determined by adding together.the ether extrac-
table components trom the individual muscleé and from the
ground side ahd the kidney and pelvic fét. gight side

bone weight was measured directly from the boned carcass.

To arrive at respective total carcass lean, fat and



bone percentages, the above wéights were divided by total
right side weight. (It waé éssumed that the right side

lean, fat and bone were representitive of the total car-
cass lean, fat and boﬁé, since time and personnel allowed

only for boning and analysis of one side of the carcass. )
Statistical Analysis

This experiment was designed as a Completely Random-
ized Design with‘multipie fédtorial arranéeﬁent of treat-
ments. Analysis of variangé.were‘provided by the SAS 72
system. Comparisons between muscles for statistical sig-

nificance were done using Duncan's kultiple kange Test.



CHAPTER IV

TOTAL MYOFIBER NUMBER AND MYOFIBER TYPE
PER MUSCLE IN TWENTY-FIVE DAY |
OLD BEEF CALVES

“Introduction

It is bélieved that myofiber nﬁmber is essentially
fixed at birth and that increase in muscle mass after
birth is primarily due to muscle cell hypertrophy (Joubert,
1956; Hegarty, 1971; Stiéklahd and Goldspiﬁk, 1973; Swat-
land, 1976; Ashmére, 1977). It hasjbeen reported that
individual species, as weil as individual bréeds or animals
within speciés vary with regard to total myoriber number
(Hegarty, 1971; Stickland and Goldspink, 1978). Lhese
observed variations in total myotiber number cén influence
ultimate muscle‘mass. Additionaily, it has been shown
that there are several different types of muscle fibers.
These myofiber typés differ not only in certain histo-
che@ioal and biological reactions, but also in size and
relative proportions in individual muscles; breeds and
~species. All of these factors can influence the ultimate
muscle mass of the animal.

This study was undertaken to determine it differences

63
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exist with regard to total myoilber number, myofiber type
and myoilber size between the two breed-types of cattle
examined. Furthermore, lt was de51rea to learn 1f examin-
ation of these parameters at an early age coula be used to

‘predict ultimate muscle nass.
Materials and Methods

Cwuscle seCtions were obtained (tlansversely) from the
longissimus dorsi (LD), the bemltendlnosus (31) and the
tricens brachii—lateral head (13L) of 25 day old Angus and
Charolais calves as'previously n§ted. VA 6.35 millimeter
diameter core was taken from eacﬁ of four quadrants of
each muscle section.  The cores were allowed to thaw in
phyéiological éaline'solution. then @ounted on microtome
chucks and quick-frozen. Atfter acclimation at -15 to
—2OOC in a Slee Cryostat, the corés were sectioned. Four,
12 p transverse serial séctions were made from each core
and mounted (at room temperature) on glass micrqscope
slides. Sections were then stained using either an Alkal-
ine ATPase or a NADH TR method (Chapt@r lll)

The stained oeCthNS were microscopically examined
and total myofiber number and myofiber number vy type were
determined. liyofiber type was determined in one random
field which was projected onto a Viso~pan screen containu»
ing a grid of known area. Myofibers were enumerated with-

in the grid as follows: Alkaline ATPase Stain (a) darkly
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Xsfained, high activity fibers = ¢ white; (b) medium
activityrfibers = (¢ red; (c) no activity fibers = ﬁ? red
{(Guth and Samaha, 1970; Ashmqre and Doerr, 1971a; Beer-
mann et al,, 1977).. NADE-TK sStain (a) darkly stained,
high activity fibers = K? red; (b) medium stained fibers
= (X red; (c) light or no NADH-TR activity = (¥ white
(Cooper et al., 1970; Ashmore and Loerr, 1971b; Beermann
et al., 1977). Total myofiber ﬁumber was*expressed as the
sum ot the threé myofiber types for each field examined,
Myofibef type count per muscle crOss‘sectional area
was determined by: (1) counﬁing the fibers of‘éach fiber.
type in the projected grid,and’correcting this count for
differences,in magnification; (2) multiplying fhe myofiber
count per grid by the area of the tissue slice on the
microscope slide (the area ot the tissue slice was calcu-
lated by assuming'an ellipse\andkmeésuring the long /A {

A/ and short /B + B'/ axises of the tissue slice and then

applying the formula v +»ﬁ;7ZE L B‘Z to determine the
area of the tissue slice‘é?igure 3/)s (3) the resulting

myofiber count per thawed tissue slice was mulfiplied by
the muscle cross sectionéi area (Chapter III)‘and diviaéd

by the area of the standard rrozen core (see below).

myofiber count per grid
correction for magnification ~ area of tlssue slice

myofiber count per thawed tissue slice.
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Area = TIAB
A = % long axis
B = 3 short axis

90° from long axis)

—~ -

Figure 3. Area Determination of Tissue Slice
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myotiiber count per - e e o
thawed tissue slice X muscle cross sectional aresx _

area of frozen cofe (constant = 31.669 mmd)

myofiber count per muscle cross sectional area.

These calcﬁiatiéns were necessary to adjust the thawed
tissue slice area back to the originai muécle Ccross sec- |
tional area.’ The thawed tissue slice was measured in the
post rigor thawed stateybecause the muscle cores were al-
lowed to thaw prior to mountihglon microtome(chucks tor
sectioning (Chapter III) and measurements of muscle cross
sectional area were taken WLth the muscle in the prerlvor
Irozen state.

As previously explained.‘twd stains wefe‘uéed in this
study for the determination of myériber type., several
authors have noted the necessity for use of more than one
staining procedure for myofiver typing‘(ﬁdgerton and
Simpson, 1969; Ashmore ana Doerr, 1971a) and have reported
methods for simultaneous determination of myofiber‘type
with more than one stain. Due to lack of appropriate
equipment, the present study was not pzepared Tor simul-

- taneous determlndtlon of myoilber type with both the ATP-
ase and ‘NADH-TR stalns,’thereiore, myoflber Type was deter-
- mined separately with each sﬁain. bxhis procedure lei't .
discrepancies with regard’to,enumeration or'myofiber type
between stains. these discrepancies caused a signiricant

difference in the enumeration or myofibers between stains.
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It was therefore decided to analyze. data from the two
stains separately.

As noted in the general materials and mefhods, half
the calves for this study were born in the spring of the
yéar and halt were borﬁ in the fall. when data for both
seasons Were pooled it wés)readily apbarent that signifi-
cant difterences existed betwéen the two‘calving seasons
Tor individual myofiber types and for total myofiber num-
ber in the 25 day old calves. It waé theréfore decided

to examine the two seasons separately.
Results and Discussion

Total Myofiber Number - ATPase Stain

Seasdn I reéults show that the Charolais calves had
a greater number of total myofibers in each test muscle
than the Angus calves at 25 days of age. These differ-
ences, however, were not large enbugh to be statistically
significént. Seasbn‘II results show the same trend as
season I, except that the tbtal number of myofibers in the
LD muscle was significantly greater (£<<.05) in’the Char;—
lais calves than in the Angus calves (tables II, III and

IV, appendix C).

Total Myofiber Number - NADH-TK Stain

In each muscle of season‘I the Charolais calves had

a greater total number of myofibers than the Angus calves.
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In the LD muscle the total number of myofibers was signifi~
cantly greater‘(P<i.05) for the Charolais calves. Jimilar
results were apparent in season II.r Total myofiber number
in the LD muscle was Significantly greater>(P<:.05) for

the Charolais calves (tables IT, III and IV, appendix C).

Discussion

’It was readily apparent from table V, appendix C,
that the’Charolais calves‘were lafger iﬂ‘both‘seasqns than
the Angus calves. durieigh (1974) hypothesiZed that
larger animals may have the potential for a greater num-
ber of muscle fibers at birth due to a tendency for longer
gesfation periods and thus increased time for prenatal
muscle cell replication. ‘Though'statistical significance
was not obtained in all dompapisons. the results shown |
in tébles IT, IIT and 1V, appendix C, cerfainiy would
support Burleigh's hypothesis.

In addition to having a greater total number of myo-
fibers, the Charoiais calves had‘heavier mean muscle
‘weights (table VI, appendik C) in both seésonérthan the
Angus calves (with the exception Qf the‘TBL muscle in sea~A
son I Which had the same mean weight tor both Angus and
Charolais calves). A;greater total number of myofibers in
already heavier muscles indiéated that eveh ét this early
~stage of postnatal development, the Charolais éélveg

possessed the potential for greater overall muscle growth
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than the Angus calves (assuming that the individual myo-
fibers of the Angus and Charolais subsequently hypertrophy

to similar degrees).

Myofiber Number by iype - Al'Pase Stain

As can be seen ;h table VII, appendix C, the LD mus-
~cle of Charolais calves in season I tended to have a
greatér number of both (¥ white and)ﬁg red’fibérs‘and
I'ewer (¥ red fibefsvthan the Angus calves. Resglts of
season II in the‘same muscle showed a different trend in
that the Charolais calves had a greater number of myo-
fibers ot each fiber type than the Angus calves. This
number was significantly greater (Pii.dﬁ) for thé & red
- fibers.

Upon examlnatlon of the b muscle of season I (table
VIII, appendlx C) it can be seen that the Charolais calves
tended to have a greater number of myofibers oi each fiber
type than the Angus calves. ~Although breed differences in
X red ribers were only very slight, the breed differences
in ﬁ? red riﬁers were SignifiCant at thé E<(.05 lével.
Season 1T results show a’similar‘tendency for‘CM white
fibers and (¥ red fibers, however, the number ot ﬁ? red
1lbers was slightly greater for the Angus calves than for
the Charolais. ‘

Results for the TBL muscle (table 1X, appendix c)

indicated the same trends in both seasons as the LD muscle;
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the Charolais calves had greater myofiber numbers for each

myotiber type except the (¥ red tibers in season I.

Myofiber Number by Type - NADH~TK Stain

In both season I and season II for the LD muscle the
Charolais calves had a greater number of myofiberé of eaéh
fiber type than the Angus calves (table VII, appendix C).
Fiber number was significantly’greater (P<:.05) for all
fiber fypes except the‘cz white fibers of season I.

In the Si muscle the trend was the same (table VIII,
appendix C). In both seasons, for each myofiber type the
Charolals calves had a greater number of myofibers. How-
ever, in this muscle only the number of ﬁ} red’fibers of
both seasons was significantiy greater in the Charolais
calves (P<:;O5). |

Results for the TBL’mﬁécle (table IX, appendix C)
were similar to those of the LD and ST muscles. For both
seasons and each myotiber type the Charblais calves
possessed a greater number of myofibers than the Angus
calves. The ﬁ? red fibers or séasbn I and the (¥ red
fibers of season II were 51gn1flcdntly greater (P<<.05)

for the Charolals calves.

Discussion

Reviewing the above results, it can be seen that the

Charolais calves had a greater number of myofibers of each
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fiber type in both seasons with these exceptions: the
AlPase sfained ¢/ red fibers of season I iﬁ the LD and TsL
muscles and the ATPase stained ﬁ? fed fibers of season II
in the ST muscle;

Fossible reasons for the observed greater number of
‘cy red fibers in. Angus caives follow:

Exact birth dates were unavailable on some of the
calves examined.(espgcially the "25 day old" Angus calvgs);
Conéidering this and the fact that ¢ red myofibers pur-
portedly differentiate to (¥ wﬁite myofibers with increas-
ing age (Ashmore et al;.,1972i; it may be possible that
slight age differences between breéds in the two seasons
was responsible for the observed greater nuﬁber of ¥ red
fibers in the LU and YBL muscles of the Angus calves of
season I. - |

Noting fhe dirferences in staining procedures and the
myofibers which they ére mQre likely to identify clearly,
the difference obseryed betwegn stains in counting & red
Iivbers could be due to the subjective assignment of myo~-
fiber type based Qn‘staining intensity. It must be noted
that.in determining myofiber number by type, a ditrferent
microscobic field was counted for each stain. Thereiore,
it might be that the counts for the ATFase and the NADH-TR
stains would not be the same due to random error and/or‘
animal to animal variation. Finally, pefhaps there is a

real difterence in the prenatal development of beef calves
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born in the spring vs those born in the fall.

rossible reasons tor the obsefved greater number of
f; red fibers in the ST muscle of Angus calves of season
IT follow:

In taking cores‘for tissue seétioning and myofiber
typing it is poésible that a random:distribution of myo-
fibers was not achieved due to sampling‘error since accord-
ing to Beermenn et al. (19?7) and others, the inner and
outer poftions of the ST muscle‘contain different propor-
tions of myofiber types. It is also possible that a par-
ticular fieldvcounted happened to have a greater number
of ﬁ; red myofibérs.

~With the above exceptions it can be noted that most
ot the aata indicated that the Charolais calves had a
greater number of myofibers of each fiber type. fhis, in
addition to the earlier stated greater total number of
myofibers in each muscle for the Charolais calves indi-
cates a greater muscle gfowth potential in the Charolais

calves.
Summary

Live weight, carcass weight. muscle’weight f'or each
muscle examined, and total myofivber number in each muscle
examined all appear to be greater in 25 day.old Charolais
calves fhan in 25 day old Angus calves. 'The greater total

myofiber number compounded with larger muscle size and



174

larger body size at a constant age all point to a greater
growth potential in the Charolais calves whieh is evident
even at this early age.

The somewhat inconsistant results bgtween/Stains Yor
myofiber typing indicates (as previously suggested by
several authors) the neceSSLtj Ior simultaneous determin-
ation ol myofiber type with more than one stain using. the
gsame microscopic ileld on serial sectlpns. Even with the
above inconsistancies, however, a trend was detected indi-
cating a greater number of myofibers‘of'eéch Tiber type in
the Charolais calves. |

~Cost fadtors involved in purchaSLng animals at this
young age led to a limited sample size avallable Ior this
study. This, in addition to problems in determlnlng exact
animal age and the staln;ng inconsistancies aboye. may
Iimit thé cbnclusions that caﬁ be drawn from these data.
However, further study in this area is indeed indicated if
muscle sampling at an early age is to be developed\inta a
useful technique. in determlnlng potential muscle growth

in cat‘tlea



CHAPTER V

DNA AND RNA IN MUSCLE OF TWENTY-FIVE
DAY OLD BEEF CALVES

Introduction

MuscleﬂDNA and RKA are important components'ih the
study of muscle growth. Jecause musc;e cells are multi-
nucleated, DNA ahd ANA play a speéial role in muscle tis-
sue dﬁring growfh and development.

- duscle DNA is accumulated very quickly in prenatal
muscle, but seems to increase more slowly in postnatal
development (Nlnlck and noble, 1965; Burlelgh 1974). |
Postnatal increase in DNA concentratlon in muscles is
thought to occur viag satelllte cell incorporation 1nto
ex1st1ng myoilbers thus 1ncrea51ng the DNA content (or
nuclear number) of these cells (Cheek et al., 1971; Bur-
leigh, 1974; Allen et alf, 1979).

It is génerally aécepted that the amount of DNA per
diploid nucleus is a‘éonstaht value Whiéh‘can be used to
~calculate nuclear number in mdltinucleated muscle tissue.
Enesco and LeBlond (1902) used the following equation for

the calculation of nuclear number in muscle tissue:
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nuclear number - mg DNA in whole organ or tissue x 103
(millions) - : 6.2 x 10-12 g

Many authors have repofted an increase in nuclear number
in muscle tissuerpOStnatally, |

Burleigh (1974) and Harbison et al. (1976) have re-
ported that nuclear number’déterminesruitimate muscle mass.
~In addition, Enesco and Le3lond (1962) observed a steady
rise in muscle weight per nucleus with increasing agef
Some authors (kobinson, 1971; Cheek et al., 1971; Allen et
al., 1979) have Stated that muscle tissue reaches an ulti-
mate maximum size Because’each nucleus can support only
a given amount of tissue, and Harbison et al. (1976 ) have
related’increasedvmuscling in pigs, mice'and cattlé to
increase in. total muscle DNA. / | | |

The RNA:DNA'ratio has been related to the protein
synthetic capacity‘or muscle. ‘lopel (1971). Ezekwe and
Martin (1975) and Harbison et al. (1976) reported that an
,increase inrthe RNA}DNA ratio in.musdle>is an indication
of increased protein synthesis. Puthermore, it has been
noted that aﬁ in@rease~in'thé ratio or éellular nitrogen
or protein to DNA is an indication of cellular hypertrophy
(Cheek..1968; Robinson and Lambdurne, 1970a; sobinson,
1971; Cheek et al., 1971; Lzewke and Martin, 1975). In an
attempt to rurther characterize muscle differences between
two breed-types of cattle, DNAvand RNA were extracted and

compared from muscle tissue of 25 day old Angus and



Charolals calves.
Materials and Methods

For DNA and xNA analysis, a transverse section was
taken from each muscle at 50 percent Qf its length in the
frozen state (adjacent to the sectiqn used for myofiber
type determinstion, figure 1). ﬁhen.‘four random cores
were takenifrom the muscle section to insure enough tissue
for duplicate exfrucilons; Nucleic acids were extracted
and DNA and RNA‘concentrations were determined according

to procedures described by LIscoubas (1977) (appendix B).
fesults and Discussion

DNA Concentration per Wuscle

Data in table X, appendix C, show that in each muscle
in both seasons. the DVA concgntrdtlon was blgnlilcantly
greater (P 01) in the Charolals calves than in the Angus
calves. .In'addltlon,xln blth'breeas and in both seasons
the DNA concentration was greatest in the LD muscle ~and

lowest in the TLL muscle with the U7 1nte1medlate.

RNA Conéentration ner Muscle

Results of the &WNA concentration per muscle show. the
same trends as the DNA concentration per muscle. 1t can
be seen in table XI, appendix C, that the Charolals calves

had significantly greater (FP<{.01) RNA concentrations for
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each muscle in both seasons. Ffurthermore, the ranklng or
muscles from hlgh to low HWA concentratlons were smmllar

to the DNA concentrations: LD>>STS>THL.

Number of Nucleli per Muscle

As can’be‘seen in table XII, éppehdix Cy in all mﬁs-
cles in both seasons, the Charolais calves had a greater
number of nuclei than the Angus calves. In seéson I, in
poth the LD and ST muscles this‘difrerence waé signiticant
at the P<.01 level. In season II, in thé LD and ST mus-
cles the difference was significant at the P<{.05 level,
In both seasons in both breeds the ranking of muscles ifrom

highest to lowest nuclear number was LD>>ST>TBL.

Grams Tissue Supported per Nucleus

In season I, it appears that in all muscles the Angus
calves had a greater amount oi tissue supported per nucleus
than the Charolais calves (table XIII, appendix C). How-
ever, in season II it appeared that the Charolais calves |
had a greateb amount of tissue supported'perynucleus. In-
deed, in the ST muscle this difference was statistically

signiticant (P<C.05).

Grams Protein per Gram DNA

Results from season I indicate that the Angus calves

had a greater protein:DNA ratlo than the Charolals calves
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in eéch muscle. In season II; on the other hand, in the
LD and 3T muscles the Charolais calves had a greater pro-
tein:DNA ratio while in the T5L muscle the Angus calves
had 2 greater protein:uNA ratio. None of these differ~
encés. however, were'statistica;ly,significant (table XiV,

appendix C).

RNA:DNA Ratio

''he RNA:DNA‘ratio in seasdh I appeared'greatef for
the Angus calves in the 57 and ToL musc]es and greater for
the Charolais calves in the LD muscle. In season IT, the
RNA:DNA ratio was greater for the Charolais calves in each
muscle. None of thesé differences were statistically sig-v

‘nificant (table XV, appendix C).

Discussion

From the above results, it appears that the Charolais
calves had a greater capacitykfor muscle growth than the
Angus calves. This statement is supported by the greater
number oI nuclel per muscle 1n the Charolals calves which
is based on the greater DNA concentration per muscle in
this breed. If each nuéléus,is capable 6f supporting only
a given amount of tissue (Robinson, 1971; Cheek et al.,
1971 Allen et al., 1979) then the muscles w1th the great-
est number of nuclei should reach the largest ultlmate

size. The current data suggests that those muscles would
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be from the Charolals calves.

Upon examinafion of data for grams of tissue supported
per nucieus it appeared in,éeason I that the Angus calves
might be further along in muScle development than the
Charolais,calves, since théy_appeared'to have more tissue
assoclated with each nucleus in éach,ﬁﬁséle than the Charo-
lais calves. In season LI, however, the Charolais calves
tended to have more tissﬁe assocliated with each nucleus,
but they aléo_had a greater number of-nuclei, S0 agéin
there appears to be support for gréatér muscle growth
potential in the Charolais calves.

Zxamination of individual muséles'indicated both

through DNA concentration and nuclear number that the LD

‘muscle in both breeds had potential for the greatest

growth, followed by'the ST and the 13L muscles respec-
tively. The grams tissue supported per nucleus followed a
similar trend with éeveral‘exceptions (the‘sf muscle of
both breeds.in season I and the ST of the Charolals calves
in season II). “These exceptionsymay have been caused by
diffefencés in removing the musclés from the carcass.
Since the entire LD muscle was not removed, it is possible
that weight differences in LD muscles dﬁe to exclsement
technique caused the above discrepancles.

Examination of the muscle RINA cbncentratipn data
showed that the Charolals qaives appeared to have a great-

er capacity for protein synthesis\than the Angus calves.
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This is based on the prpposal‘by lunro (1969) ﬁhat the &NA
concentration 1in a tissue is felated to that tissue's
capacity for protein synthesis. With two exceptions (ST
and 13L muscles of season I), the RNA:DNA ratio data
supported the above conclusion. It has been stated by
several authors that increase in the ratio of KNA to DNA
in muscle is an indication of increased protein syntheéié.
The presence .of increased protein synthesis in the Charo-
lais calves is\especiélly apparent in Seasbn II which
might account for the observed greater'gramsvtissue sup-
ported per nuqleus in table XIII, appendik C. |

| The grams‘protein ber gram DNA data indicated that
in séason I thé Angus calves‘had larger muscle éells and
in season II the cells appéaréd to be much the same size
between breeds. This is supported by thé greater érams of
tissue per nucleus observed in table XIII, appendix C.
Eventhough the Charolais éalvés in season [ had more nu-
clei, they had smaller cells; this further enhanced their
greater growth potential. 1In season II it appeared that
the increased,prbtein‘Syhthetic activity éf the Charoiais
calves, as previously diécussed, causéd the similar céll
size obéerved in table XIV, appendixké} however, a greater
nuclear number clearly indicated ﬁhatveveh at 'a similar
cell size at this time, the Charolais calVeé had the poten-
tial for greater cellular‘growth thanﬂthe Angus calves.

(Examination of myofiber width data /Table XVI, appendix
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C/ supports the above conclusions about season I, however,
in season I1 the Charolais calves had significantly larger
myofiber widths for each muscle /P<C.01 for LD and ST mus-

cles and P<C.05 for TBL muscle/than the Angus calves. )
summary

The results dlscussea in thls chapter beem to point
to a vreater growth potential in the ”hqrolals calves than
in the Angus calve&.‘ “he Charolais oalves appear to have
the potentlal to accumu]até Jreater amount ol cyto-
plaémic material in entire muScles\based‘on their gfeater
nuclear number and higher DA concentration. On the other
hand. the muécles‘of {he Angus calvesHéppeéred in a more
advanced state of mafurity than the Charclais as indicated
by the‘greater amount of tissue per nucleus at a similar
age in season I and less tissue per‘nuéleus‘but fewer
nuclei in season i15 If nuclei support only a‘éiven
amount of tissue and if tissue accumulation continués at a
similar‘fate then it would follow that the muscles of the
Angus calves would reach the maximum tissué supported per
nuéleus state more quickly fhan the Charolais calves.

These data appear to be quite useful in predicting
‘ growth potential and pOSblbly even ultimate s1zen Wwith
muscle biopsy as a. method for collecting tissue for DNA
and RNA analysis, samples might be taken with minimum

damage to the animal. Data could then be useful to



determine the Iuture use for breeding or marketing of in-
dividual animals.

Again, it must be pointed out that a very small number
of.animals was used in thiS‘SfQQy and‘further work in this

area is needed.



CHAPTER VI
GENERAL SUMMARY

esults ﬁavé<beeﬁ presented here onflive_Weight. car-
cass’weight, muscle weight, myofiber number, myofiber type,
myotiber width and DNA and RNA analyses on three museles
ot 25 day old Angus and Charelais caiVes bern in different‘
seasons.

It was apparent from these data that live weight,
carcass welght. muscle WELght and total myoflber number
all appeared to be greater in the 25 day old Charolais
calves than in the 25 day old Angus calves (though rarely\'
was a statlstlcally significant difterence onserved) Al-
though there were some- lncon31stan01es in myotfiber typlnv
results, there also appeared to be a tendency for the
Charolals calves to eXhlblt a greater number o1 myorlbers
for each myofiberytype in the three muscles examined.

Based oﬁ the DNA and RNA amalyses; if appeared'that
the 25 day old Charolais calveb had the potentlal to accum-
ulate a greater amount of cytoplasmlc materlal in thelr
muscles than the 25 day old Angus calves. Furtnermore,
the Angus calveb tended to be in a more advanced state of
maturlty than the Charolais calves at this early stage ot

~development.
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The above results suggested that at 25 days of age
the Charolais calves showed a greater potential for muscle
growth and ultimate muscle mass than the Angus calves.
Thus, with respect to the original goals ot this research,
results indicateq that the two breedwtypes did differ with
respect {o the various muscle‘parémeters:examined. these
differenceé can be detected at an early age and myofiber
number; myofiber type; myofiber size; live body weight;
carcass welght; mﬁscle weight; total body lean, fat and
bone; total léan and individual‘muscle pfotein. moisture.
tat and ash; aﬁd‘musclé DNA and RNA'concentrations mighf
be used in systems analysis equations to predict ultimate
\muscle mass of the animal. regarding ease of use as a
selection tool; as used in this study, none of these
methods would be pfactical for use as a selection tool at
the current timé.j But, perhaps biopsy sampling using one
or more of the pafameterS*éxamined here could prove to be
an effective Selection tool,

Finally, it‘must be remembered that due to costs
éssociated in working with large animals the sémplé size
for this study was limitqu This cogpled with the obvious
large dégree of animal té animal variation in the data no
doubt limitéa the attéinment of statistical Signiflcance
of some or the results. [Further study with.a larger num-

ber of animals would certainly seem to be in order,
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HIODIFICATION OF DPNH«TR STAINING PROCE=-
DURE OF ENGEL AND BROOKE (1966)

Niéotinamide Adénine Dinucleotide-Tetrazolium Reduc-
tase (NADE-TR) was used in place of Reduced Diphospho-
pyridine Nucleotide—TetfazoliumAReductase (DPNH~R ) .

MODIFICATION OF ALKALINE ATPase STAINING
PROCEDURE OF GUTH AND SAMAHA (1969)

Frozen sections were immadiately affixed onto micro-
scope siides and fixed for five minutes in buffered form-
aldehyde (sodium‘acetafe replaced sodium cacodylate in the
buffered formaldehyde solution). |

The fixative was not removed‘(oﬁly'blotted) before
sections were placed in”the/alkali preincubation solution
of 0.1 M Tris confaining 0.0lB‘M galcium‘chloride at pi
10.3 for 15 minutes.

From the preincubation soiution. slides were Dblotted
and transferred to the staining solution which consisted
of 0.1 WM Tris containing 0.018 M calcium chloride and
| 0.027 M ATP at pH 9.4,  Sections were incubated in this
solution for 30 minutes at 36°C. o A |

;Following the thrée, 30 second rinses in 0.07 W

caleium chloride, the sections were placed in two percent

cobalt chloride for six to eight minutes. They were then



rinséd in 0.1 ¥ Tris buffer at p4 9.4 for approximately
two minutes and placedlin one perceni«diluté yellow
ammonium sulfide for three‘minutes}

Final procedures-qonsisted of washihg sections for
three to five minutes in distilled water followed by‘

mounting in glycerogel.
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TOTAL DNA AND ERNA

Nucleic acids were isolated énd quantitated by modi~
fied prdcedures of Schneider (1945), Ceriétti (1955), and
Burton (1956). Duplicate muscle tissue samples (0.4 to
O.b grams) were sectioned?from frozen muscle homogenates,
weighed and‘immérsed,immediately into ten volﬁmes (5 milli-
iiters) of ice cold deionized, glass distilled water. The
samples were homogenized at 0°¢ for 19 minutes at é low
speed in the Sorvall OmnimmiXer. ﬁicro attaéhment, épparaw
tus. The resulting suspension was acidified with appro-
priate QQantities‘of 0.6 N perchloric acid (PCA) to a
final concentration of 0.2 W PCA. The acidified suspen-
gion was mixed thoroughly”on the Vortéx mixer and céntri«
fuged for 15‘minutes in a clinical centrifuge at a Variad
setting of 75. The supernatant was discarded and the pre-
f cipitate rewextracted in 0.2 N PCA and centrifuged as
above for 10 minutes. The resulting precipitate was ex-
tracted in the following solvents, in the indicated order
and centrifuged in:the(clinical centrifuge at a Variad"
setting of 75 after each extraction.

i. 95 Perbent Ethanol: Extracted 10 minutes. Centri-

fuged 15 minutes

2. Ethanol:Chloroform (3:1): Ixtracted 10 minutes,
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Centrifuged 10 minutes
3. Ethanol:bther (3:1): Extracted 10 minutes, Cen-
trituged 10 minutes
4. Ether: Extracted 10 minutes, Centrifuged 10
mingtes
The resulting‘precipitate from the ether éxtraction~and
centrifugation wés extracted in 0.2 N~PCA‘ahd centrituged,
afterrthevextraction, for 10 minutes as noted above. This
" procedure was pérformed twicé.‘ The final precipitate was
air dried under convectién in the laboratofy hood for 15
minutes. Note should be made that all extractions, mix-
ings and centrifugations were accomplished in,a 1.1%
environment.
The air dried precipitate was incubated at 90°C for
46 minutes in seven milliliters of 0.2 N PCA with periodic
mixing. After‘inéubation, the tubes and contents were
chilled in idewater for 10 minutes and.centrifuged at 1.1°
C in é‘clinical centrifuge at a Variad setting of 75. The
supernatants obtained were decanted through glass wool
intoﬂlo milliliter acid washed volumetric flasks. The
residues were washed with 1.5 milliliters, each, of\O.Z N
PCA éndlthe suspensions centrifuged according to the above
indicated method for 10 minutés. The supernatants were
decanted through glass wooi into the appropfiate volume-

tric flasks and the glass wool washed with seVeral drops,

each, of 0.2 N PCA. The combined\supernatants and washes
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were finally made to 10 milliliters.

RNA concentrations were determihed on the solutions
by a modified procedure of Ceriotti (19%5) at a wavelength
of 660 mllllmlcrons uslng the orc:nol system. DNA was |
also quantitated. flom these solutlonu by modified proce-
dures of murton‘(195é) using a\wavelengtn of 600 mllll—
microns and utilizing the diﬁhenyléming system. 3tandard
stock solutions weré prepared at a concentration of 1.0
milligram DNA and KNA per milliliter in 0.01 N potassium
hydroxide. | VV | |

Working standards of 150 micrograms per milliliter
DNA and RKA were prepared from the stock solutions using
0.01 N pota331um hydrox1de ) The DNA was obtained from
Sigma Chemical Company as the highly polymerlzea sodium
salt from~calf thymus andvthe‘mNA was also obtained from
Sigma Chemicél Cbmpany‘as baker's yeast core rNA, Type II
Ce Calculations for the quantlflcatlon of RNA and DNA
were made based on an assay curve of the standald stock

solutions.



APPENDIX C

TABLES OF MEANS AND STANDARD ERRORS

102



103
TABLE I

ANIMAL AGES AT SACRIFICE AND SACRIFICE DATES

Season I (Sprinngorn) oeaSOn II (Fall Born) =
Animal Age  Sacrifice Anlmal Age  Sacrifice
Breed No. (days) date No. (days)  date
Angus 106  ~25 4/26/78 97  ~25 9/28/78
‘ 76 ~25 h/26/78 89 ~25 9/28/78
113 ~25 Ly/26/78. 72 n~25 9/28/78
Charolais 75 . ~25 L/28/78 8M11 39 10/19/78
866 ~25  L4/28/78 0 8M10 41 10/19/78
58 . w~25 4/28/78  8Blz24 31 10/19/78
Angus 32 w240 11/27/78 11 ~310 0 7/10/79
‘ 13 ~240 0 11/27/78 0 139 ~310 7/10/79
23 - ~240  11/27/78 127  ~310 7/10/79
6 w240  11/27/78 137 ~310 7/1.0/79
21 ~240 11/27/78 114 ~310 7/10/79
, 2 ~2h0  11/27/78 0 116 ~310 7/10/79
Charolais 55 222 12/ W/78 o4 257 6/18/79
45 214 12/ 4/78 . W72 259 6/18/79
51 230 12/ L/78 88 220 6/18/79
41 ~225 12/ 4/78 0 108  ~239 6/18/79
50 w225 12/ 4/78 74 24l 6/18/79
ws8 - 224 12/ L/78 90 ~239 6/18/79
Angus 25 w648 1/ B/80 117  ~604 L/29/80
.12 ~6L8 1/ 8/80 131 ~604 4/29/80
16 ~662 1/22/80 142 ~606 5/ 1/80

22 w662 1/22/80 138 ~606 ~ 5/ 1/80
28 . ~662 1/22/80 o
20 = ~0662  1/22/50

* Charolais 59 626 1/ 8/80- 73 . 573 5/20/80
S 62 624 1/ 8/80 ‘M76  ~575 5/20/80 :
uy 628 1/22/80 105 ~ ~575 5/20/60 -
35 716 4/ 8/80- 83 613 5/27/80

52 w716 4/ 8/80 - 87 595 5/27/80
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EFFECT Og STAIN, SEASON AND BREED ON TOTAL MYOFIBER
’ COUNT®™ IN LD MUSCLE OF 25 DAY OLD BEEF CALVES

ATPase‘Stain_

NADH-TR Stain

Breed Season I Season II  Season I  Season II
Angus : b‘ o q

Mean 2.503 1.720 2,475 1.628%
EsEM O (0.115) (0.099) (0.116) (0.089)
Charolais o b 4

‘Mean = 2.732 2. 582 2.982¢ 2. 664"
*SEM (0.151) (0.195) (0.196)

(0.170)

i

qean count in millions.
b,e

tically different (P<C.05).

'dMeans with same superscript in same coluy

mn are statis-



105

TABLE III

EFFECT OF STAIN, SEASON AND BREED ON TOTAL MYOFIBER
COUNT® IN ST MUSCLE OF 25 DAY OLD BEEF CALVES

. ATPase Stain NADH-TR Stain

Breed Séasbnll Season II Season I Season II
Angus ‘ ‘ B

Mean 1.676 1. 340 1,562 1.184

tsEm (0.070) (0.043) (0.051) (0.038)

Charolais ' '
Mean 2.020 | 1.665 1.895 1.533
tsEM (0.084)  (06.075) (0.072) (0.068)

qMean count in millions.
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TABLE IV

EFFECT OF STAIN, SEASON AND BREED ON TOTAL MYOQFIBER
COUNT™ IN TBL MUSCLE OF 25 DAY OLD BEEF CALVES

ATPase Stain " NADH-TR Stain

Breed Season I Season II  Season I Season II
Ahgus ‘ ‘ : v

Mean 1.217 1.018 . 1.172 - 0,832

ISEM  (0.050) (0.042) (0.041) (0.035)

Charolais | o |
Mean 1,485 T 1.317 1. 4ol 1,209
ISEM  (0.076)  (0.078) - (0.049) (0.085)

aMean count in millions.
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TABLE v

VFFELT OF bPAbONbAND BREED ON LIVE WEIGHT® AND
CARCASS WEIGHT™ IN 25 DAY OLD BEEF CALVES

Season I. : - Season II
Breed ‘Live Wt. Carcass Wwt. ‘Livé wt. Carcass‘Wt,
Angus - | , : R d,A
Mean - 44,6 26.7 39.0° 24,2
IsEM (5.1) (40) (3.3) . (1.8)
Charolais. | ) . - . 4
Mean 52,6 32.7 60.6° 39. 4
IsEm (3.2) (1.9) (3.2) (2.8)

8Mean live weight expressedvin kilograms.
bMean hot carcass welght expressed in kilograms.

“’dWelghts with same superscript in same column are statls—
tlcally different (P<: 05)
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TABLE VI

EFFECT OF SEASON AND BREED ON MUSCLE WLlGHT‘a
IN 25 DAY OLD BEEF CALVES

Season I ‘ - Season II

Breed LD ST TRL LD ST TBL

Angus ' , b c’ '
Mean 300.8 204.7 81.0 222.8 ,174.?‘ 55.0

TSEM(40.1)  (23.1) (7.4) (15.0) (15.5) (2.7)

Charolais .
Mean 313.2  240.2  81.0 330.0° 301.2° 92,7

tomm (5.0)  (3.7) (2.5) (22.1) (13.7) (%.5)

b

qMean welght (in grams) ot rlght and left muscle Ior a]l

'~ animals in breed group. ‘

b,e ®Means with same superscrlpt in same column are signifi-
cantly different (P<C.01).
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EFFECT OF STAIN, EEASDN AND BREED ON MYOFIBER
TYPE COUNT® IN THE LD MUSCLE OF

25 DAY OLD 3EEF CALVES

NADH-TR Stain

ATPase Stain

- Myofiber . ‘ ‘
Breed Type Season I Season II Season I Season II
Angus Qwhite \ o
Mean 1.433 1. 064 1.203 0.782
TSEM  (0.066)  (0.076)  (0.063)  (0.046)
Q(Red . b c £
Mean  0.496 0.262° 0.459 0.212
ISEM - (0.030)  (0.016)  (0.023)  (0.020)
ﬁ?ﬁed | N 4
Mean 0. 574 0.394 0.812 0.6348
ISEM  (0.033)  (0.021)  (0.049)  (0.038)
Charolais (¢White - |
Mean = 1.609 1.299 1.369 1.057%
TSEM  (0.102)  (0.097)  (0.079)  (0.0u6)
X Red ' ‘ b o ¥
Mean  0.437  0.667 0.518 0.422
ISEM  (0,026)  (0.054)  (0.031)  (0.028)
Red : ' , d
Mean 0. 686 0.615 1.094 1.1858
ISEM  (0.044)  (0.054)  (0.074)  (0.092)

qMean count in millions.

b,e,d,e;,

statistically different (P<{.05).

f'g00unts with same superscript in same column are
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bhAbON AND BREED ON MYOFIBER
IN THE ST KUSCLE OF

ATPase Stain.

NADH-TR Stain

NMyofiber
Breed Type . Season I Season II Season 1 Season II
Angus QY White ‘ |
| “Mean  0.899 0.770 0.820 0.630
ISEM  (0.040)  (0.020)  (0.028)  (0.019)
({Red R
Mean  0.386 = 0.192 0.365 0.145
¥sEm (0.026)  (0.010) (0.023)  (0.011)
‘ﬂgRed | b i . d
Mean 0.391 0.378 0.378° 0. 409
ISEM  (0.025)  (0.027)  (0.022)  (0.023)
Charolais (XWhite :
| Mean  1.013  0.986 0.910 0.659
ISEM  (0.046)  (0.045) (0.040)  (0.023)
((Red | -
Mean 0. 389 0.322 0.385 0.188
ISEM (0.020)  (0.023)  (0.018)  (0.013)
Mean 0.618 0.358 0.600° 0.686
tsem (0. 044) (0.050)

2Mean count in millions.

b,c,d

(0.028)

tlcally different (P<<.05).

(0.042)

Counts with same superscript in same column are statls~
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EFFECT OF STAIN, SEASON AND BREED ON MYOFTB3ER
TYPE COUNT® IN THE TBL KUSCLE OF

25 DAY OLD BEEF CALVES

ATPase Stain

NADH-TR Stain

Myofiber
Breed Type season I  Season II Season I  Season II
Angus  (¥White -
Mean  0.519 0.513 0.681 0,438
ISEM  (0.036)  (0.030) (0.037)  (0.030)
‘(YRed ‘ ‘b d
Mean 0.202 0.077°  0.214 10,070
ISEM  (0.014)  (0.009)  (0.014)  (0.006)
A?Red ‘ % ‘ - -
Meari 0. 497 0.428 0.277¢ 0.324
ISEM  (0.029)  (0.021) - (0.021)  (0.022)
Chardlais CMWhite ‘
Mean  0.673 0.571 0.705 0.506 .
ISEM  (0.065)  (0.035)  (0.045)  (0.030)
Red L . ‘ ;
& Mean  0.182  0.253° 0.246 0.1994
- EsEm (0.017)  (0.028) (0.014)  (0.026)
Red S )
Mean 0.630 0.493 0. 513° 0.505
(0.042)

TsEm  (0.044)  (0.037)

(0.030)

qMean count in millions.

b,c,d

tically different (P<C.05).

Counts with same superscript in same column are statis-
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TABLE X

EFFECT OF BREED AND SEASON ON DNA CONCENTRATION®
PER MUSCLE IN 25 DAY OLD BEEF CALVES

| Season I ' Season II
Breed D ST TBL LD ST TBL
Angus A \ - -
NMean 2510 165¢ 769 2048 1suf 558
Tsem (20) (3] (3)  (14) (5) (4)
Charolais ‘
Mean 360°  297¢ 999 2558 211f  gu8

tsum (11) (26)  (7) (22)  (11) (&)

8Milligrams DNA per muscle.

b'c'd’e'f’gDNA concentrations with same superscript in
~ same column are statistically different (P<C.01).
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TABLE XI -

EFFECT OF BREED AND SEASON ON ANA CONCENTRATION®
'~ PER MUSCLE IN 25 DAY OLD SEEF CALVES

Season I ‘ Season II
Breed LD ST TBL LD ST TBL
Angus E . B | o :
Mean 628"  348° 1989 spge 40T 1638
ISEM S (62)  (46)  (14)  (86)  (24)  (7)
Charolais o ‘
‘Mean 961°  532° 2079 1053°  p12f 3508

tsEy - (82) (39)  (17)  (49)  (21)  (18)

dMilligrams RNA per muscle.

b'c’d’g’f'gRNA concentrations with same superscript in

same column are statistically different (PL.01),



TABLE XII

EFFECT OF BREED AND SEASON ON THE NUMBER OF NUCLEI
PER NUSCLE IN 25 DAY OLD BEEF. CALVES

Season I Season II
LD ST TBL ‘ ) ST TEL
Angus a - b o , «nC Y- 7
Mean 4, o049x10%° 2.666x1010 1.234x1010 3.290x10%0 2.492x1010 0.885x1010
S EsEM (0.317x1010) (0.050x10%%) . (0,052x1010) - (0.232x1010) (0.082x1019) (0.072x1019)
Charolais a b ) ‘ . nC d ‘
Mean 5.807x1010 b 467x1010 1.592x101% 4. 107x10%0 3.407x1010 © 1.364x1010
tsEm (0.174x1019) (0.425x1010) (0.109x10%)  (0.36ux1010) (0.185x10%%) (0. 064x1010)
a"bNuclear numbers with the same superscript in same column are statisticall

'°’°Nucléarqnumbers with the same superseript in same column are statisticall

y different (P<.01).
Yy different (F<<.03).

"!7“1 T



TABLE XIII

EFFECT OF BREEb AND SEASON ON THE GRAMS OF TISSUE SUPPORTED

PER NUCLEUS IN 25 DAY OLD BEEF CALVES

Season-I ' Season II
1D ‘ ST : TBL LD ST TBL

Angus - ' S ) - - e -0
Fean 7.249x1079 7.686x1077 6.516x1077 . 7.120x1079 6.982x1077 © 6.765x1077
tsem (0.480x10"7) (0.871x1077) (0.440x107%) (1.024x107%) . (0.510x1079) (0.633x10°9)

C- l 2 N vv' : ’ - - ~ . _ ' ) 3 _ a ;
narl?rxe:rlzs 5.417%1077 5.540x1077 5.162x1077 8.121x1077 8.881x1077 6.793x1¢™%
IsEM . (0.183x107%)  (0.347x1079) (0.222x1077)  (0.257x107%) (0.362x1077) (0.086x1077)

8Grams tissue with same superscript in same column are statistically different

(P<.05).

G1T .



TABLE XIV

EFFECT OF‘BREED AND SEASON ON GRAS PROTEIN FER
GRAK. DNA IN 25 DAY OLD BEEF CALVES

Season II

il

Season I
- LD ST T3L 1D ST T5L

Angus A ' - ‘ ‘ ,

NMean 242,97 255.33 211.45  250.66 242,48 228.16
-~ Zszm (18.38)  (29.99)  (14.33)  (35.37)  (19.91)  (22.03)

Charolais S o S o
Mean 169.98 173.96 160.79 272.21. 293.27  213.48
IsEM (5.40)  (10.20) (7.81) (8.50) - (10.51)  (3.11)

9T
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TABLE XV

EFFECT OF BREED AND SEASON ON THE RNA:DNA
RATIO IN 25 DAY OLD BEEF CALVES

Season I, : .. Season II

‘Breed LD S? TBL LD ST TBL

Angus | -
- Mean 2.51 2:.13 - 2.32 2.74 2:.35 3.10

ISEM  (0.17) (0.31) (0.14) (0.27) (0.20) (0.31)
Charolais \ ‘ | .

Mean — 2.68  1.97  2.09 427 343 4.1k

ISEM  (0.26) (0.17) (0.06) (0.33) (0.23) (0.12)
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TABLE XVI

EFFECT OF BREED AND SEASON ON MYOFIBER WIDTH®
, IN 25 DAY OLD BEEF CALVES

Season I ‘ Season IT

Breed LD ST TBL LD ST TBL

Angus : T | | :

Mean  32.8  32.1  33.0  37.4°  35.7° 35,39
tsEn (1.1)  (1.3)  (1.0) (0.8) (0.9) (1.0)

‘Charolais ' L b . q
Mean — 28.8  29.1  28.5  41.8°  42.8° 37,5
Tspm (0.7)  (0.7)  (0.6) (0.6) (0.9) (0.4)

#Mean myofiber width in microns.

b'cMeans with same superscript in same column are signifi-

cantly different (P<Z.01).

dMeans with same superécript in same oolumn are signifi-
cantly different (P<<.05). :
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TABLE XVII

ANALYSIS OF VARIANCE AND DUNCAN' b MqulPLﬁ nAh E TEST

FOR TOTAL MYOFIBER NUMBER PER WUSCLE
25 DAYb OLD SEAoON I, ATPase STAIN

ANALYSIS OF VARIANCE

Source | df 'Mean Square 0SL
Side ' 1 40,537,734,000 7166
Breed x Side 1 915 626,260,000 . 1395
Animal x Side (Breed) 4 271,564,550,000
Muscle 2 39,102,679,000,000 .0001
Breed x Nuscle 2 81,977,380,000 .8979
A x M (B)® ‘ 8 - 755,696,200,000
Side x Mugcle 2 171,492,420,000 L7422
Bx S x M e 2 395,879,320,000 . 5172
Ax S x M (B) 8 ‘ - 546,821,060,000
Core (B A s m)d o 108 433,303,680,000
Duplicate (B A S M C) 144 37+277,393,000
Corrected Total ' 287 528,288, 520,000
fpnimal x Muscle (Breed)
bBreed,x Side x Muscle ,
®Animal x Side x Muscle (Breed)
dCare (Breed Animal Side Muscle)
®Duplicate (Breed Animal Side Muscle Core)

DUNCAN'S MULTIPLE RANGE TEST#*
Mugcle LDC . LDA STC STA TBLC TBLA
Mean** ~ 2.732 2,503 2.020 1.676  1.485  1.217

d

a - a b , be cd

(Cz’~ - 05)

Mean myoflber caunt per muscle in millions.
a.bucp

- ent.
A = Angus, C = Charolais

dyeans with same letter are not significantly differ-



TABLE XVIIT

ANALYSIS OF VARIANCE AND DUNGAN'S MULTIPLE RANGE T

FOR TOTAL MYOFIBER NUMBER PER WMUSCLE
25 DAYS OLD, SEASON II, ATPase STAIN

23T

ANALYSIS OF VARIANCE

5%
Mean myofiber count per muscle in millions.
ybye

A = Angus, C = Charolais

Source af Mean Square 0SL
Side 1 942,323,830,000 . 3651
Breed x Side 1 203,162,100,000 .70L42
Animal x Side (Breed) Y 1,235,144,300,000
Muscle | 2 24,018,973,000,000 .0013
Breed x Myscle 2. 2,415,441,600,000 .2073
Ax M (B) , 8 1, 256 399,700, 000 ,
Side x Mugcle 2. 754,447,470,000 .7283
Bx S x m 2 1,652,556,500,000 .5133
Ax S xM(B)SC 8 2,254,927,300, 000
Core (B A S % 108 270,856,270,000
Duplicate (B A S M ¢)®© 144 - 28,8L8,981,000
Corrected Total 287 502,537,640, 000
8Animal X Muscle (Breed) |
bBreed X Side x Muscle '
Animal X Side x Muscle (Breed)
dCore (Breed Anlmal Side MNuscle)
Dupllcate (Breed Anlmal Side Muscle Core)
DUNCAN'S MULTIPLE RANGE TEST#
Muscle ,ch‘ LD, ST ST, TBL TBL,
Mean*#* . 2,582  1.720 ° 1.665 1.340 1.317 1.018"
a b b be be ¢
(O = .08) '

®Means with same letter are not s;gnlflcantly different,.
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ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE4RANGE TEST

FOR TOTAL MYOFIBER NUMBER PER MUSCLE
25 DAYS OLD, SEASON I, NADH- TR STAIN .

ANALYbIb OF VARIANCL

Mean myofiber count per MUaClE 'in millions.
a,b,c,

different.
A = Angus, C = Charolais

ds '®Means with same letter are not s;gnlflcantly

/ Source o df  Mean Square OSL -
Side 1 297,353,300,000 « 5797
Breed x Side 1 993,234,660,000 1733
Animal x Side (Breed) 4 - 364,381,650,000 ‘
Muscle o 2 50,487,312,000,000 .0001
Breed x gscle , 2 310,774,290,000 .5795
AxM(B) ( . 8 525,194,420, 000
Side x Mu%cle 2 -~ 5,146,235,000 .9903

"Bx S XM o 2 461,797,200,000  .5763
Ax S xM(B) 8 - 478,761,800,000
Core (B 4 S m)% . 108 420,392,800,000
Duplicate (B A S M C)~ 144 = 29,348,435,000
Corrected Total = 287 613,100,960, 000

Anlmal x Muscle (breed)
Breed X Slde X Auscle
cAnlmal x Side x Muscle (Breed)
Core (Breed Animal Side Mubcle)
®Duplicate (Breed Animal Side Muscle Core)
| * DUNCAN'S NULTIPLE RANGE TEST*
Musele LD, LD, K ST, ST, - TBLg TBLA\‘
Mean** 2,982  2.475 ~ 1.895  1.562 1.464  1.172
_ a . . b e cd de e
*(OL = .05) |
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‘TABLE XX

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLD RANuP TEST
FOR TOTAL wYOFIBER NUMBEX PER wUSCLE
25 DAYS OLD, SEASON II, NADH- =Tr STAIN

 ANALYSIS OF VAKIANCE

Source = o df . Mean Squate» 0SL
side 1 1,379,224,700,000 L2540
Breed x Side 1 '585,945,430,000 . 5619
Animal x Side (Breed) L 779,622,250,000 ‘
Muscle | 2. 31,992,677,000,000 0003
Breed x Myscle 2 3,634,015,700,000 . 0653
Ax M (B) 8 - 933,178,720,000

Side x Mugcle 2 1,162,012,200,000 . 5830
Bx S x M e 2 1,725,515,100,000 <5415
Ax S xM(B) 8 1,986,552,100,000

Core (B A 5w 108 294,445,760,000
Duplicate (B A S M ¢)F 144 - 21,043,302,000
Corrected Total = 287 579,575,850,000 .
4animal x Muscle (Erééd)

bBreed X Side x Muscle

cAnlmal x. Side x Muscle (dreod)

d

Core {(Breed Animal blde Muscle)
Dupllcate (Breed Anlmal Slde Wubcle,CQre)‘

DUNCAN S MULTIPLE RANGE TESI*

Muscle  ID, LD, ST, TBLC - sT, TBL,

Mean®* 2,664 - 1.628  1.533  1.209  1.18%  0.832
a v b be be ¢

(CE = .05)
Nean myofiber count per muscle in millions.

2,01 Cyeang with same letter are not 31gn1f1cantly dlfferent.
A = Angus, C'= Charolals
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TABLE XXI

ANALYSIS OF VARIANCE FOR LIVE WEIGKT
25 DAYS OLD, SEASON I

Source : B - df . Mean Square O3L
Breed - B 96.320 <<.1000
Animal (Breed) . 4 55.322
 Corrected Total . - 5. 63.521
 TABLE XXII

ANALYSIS OF VARIANCE FOR HOT CARCASS WEIGHT
’ 25 DAYS OLD, SEASON I

Source ' | Car ‘Mean Square 0SL
Breed : | 1 53.402 <. 1000
Animal’ (Breed) B by - 30.208 o

Gorfected,Totél | i j. 5 34,847
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TABLE XXIII

ANALYSIS OF VARIANCE FOR LIVE WEIGHT
- 25 DAYS OLD,. SEASON II

Source | | af ’MeanVSquare OSL
Breed 1 700,920 <. 0100
Animal (Breed) : : 4 31.729
Corrected Total - 5 165. 567

TABLE XXIV

ANALYbIS OF VARIANCE FOR HOT CARCASS WEIGHT
25 DAYS OLD, SEASON II

Source | ‘df A Mean Square ~ 0SL
Breed I o 1 - 345.194 <, 0250
Animal (Breed) : 4 : 16.858

Corrected Total ‘ 5 82.525
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TABLE XXV

. ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE KANGE TEST
FOR MUSCLE WEIGHT, 25 DAYS OLD, SEASON I

ANALYSIS OF VARIANCE

Source - df Mean Square OSL
Breed 1 2,288,028 . 6891
Animal (Breed) 4 12,414,528

Side 1 © 30.250 .1815
Breed x Side 1 23.361 62290
Animal x Side (Breed) 4 11.639

Muscle | | 2 156,458,028 . 0001
Breed x Mgscle 2 974.528 . 6507
A x M (B) . 8 2,116,278 :
Side x Mugcle 2 210. 583 0019
BXSXM e 2 1101914‘ -5458
AXx S x M (B) 8 12.722

Corrected Total 35

10,982,485

qAnimal X Muscle (Breed)

bBreed x Side x Muscle

CAnimal x Side X Muscle (Breed)

DUNCAN'S MULTIPEE RANGE TEST#¥

Muscle LDC LDA STC : STA TBLC TBLA
Mearn*# 313.2 © 300.8 240.2 204.7 . 81.0 81.0
-a ab | be c . d d

*((! tested at .05 and .01 levels)

*¥Mean muscle weights in grams.

2+DyCedyeng with same letter are not significantly dif-

ferent,-«
A = Angus, C = Charolais



TABLE XXVI

ANALYSIu OF VARIANCF AND DUNCAN'S MULTIPLE RANGE TEST
FOR WUSCLE WEIGHT, 25 DAYS OLD, SEASON II

- ANALYSIS OF VARIANCE

Source af Mean Square OSL
Breed ' 1 72,002,778 . 0270
Animal (Breed) y 6,080,194
Side e R .8636
Breed x Side -1 0. 000 1.0000
Animal x Slde (Breed) 4 179.139
Muscle v ' 2 136,700,194 . 0001
Breed x Myscle 2 7,031,694 - .0196
A x M (B) 8 1,052.319
Side x Mugcle 2 11.194 <9410
BxSxM c’ 2 7.583 . 9601
AxSxM(B) 8 183.181

35 11,269,454

Corrected Total

Bpnimal X Muscle (Breed)
bBreed X Side x Muscle
CAnimal x Side x Muscle (Breed)

DUNCAN®’S MULTIPLE RANGE TEST#*

Muscle LDy STq 1Dy 8T, = TBL, TBL,
Mean**  330.0 = 301.,2 222.8 - 174.7 92,7 58.0
a a b ' c - d ‘ d

*(O¢ tested at .05 and .01 levels)
¥#Mean muscle weights in grams.

a,by c'dMe&ns with same letter are not significantly dif-
ferent.

A = Angus. C = Charolals
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ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TEST

FOR NUMBER OF (X WHITE MYOFIBERS PER MUSCLE
25 DAYS OLD, SEASON I, ATPase STAIN

 ANALYSIS OF VARIANCE

a b be . ed

Source - o . af . Meah.Square - 0SL
side 1 16,075,636,000 .7073
Breed x Side 1 139,531,290,000 . .3036
Animal x Side 4 100, 084,630,000
 Muscle : 2 20‘87 ,969,000,000  .0001

Breed x Muscle ) 2 s 145,874,000 coU2Yy
Ax M (B)® 8 404 626,470,000
Side x Mugcle 2 38,209,158,000 .8631
Bx S x M K 2 20;986;545,000 L9214
A xS x M (B)S 8  255,343,920,000 |
Core (B A-SM)® 108 184,934,330,000
Duplicate (B A S M C)® 144 - 17,097,846, 000
Corrected Total . 287 252,101,910,000
®Animal x Muscle (Breed)

bpreed x Side x Muscle

CAnimal x Side x Muscle (Breed)
anre (Breed Anlmal Side Muscl@)
®Duplicate (Breed Anlmal Side Muscle Core)
DUNCAN'S MULTIPLE RANGE TEST*
Mgscle LDy | LDAV ST - sT, TBLy TBL,
Mean** 1.609  1.433 1.013  0.899  0.673  0.519
| d

*(= .05)
*#Mean myofiber count per muscle in millions.
nbl@vd
- ferent.
A = Angus, C = Charolais

Means with same letter are not ﬁlgﬂlflcantly dif~
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TABLE XXVIII

ANALYSIb OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TEST
FOR NUMBER OF (X WHITE MYOFIBERS PER MUSCLE
25 DAYS OLD, SEASON II, ATPase STAIN

ANALYSIS OF VARIANCE

Source ‘ - af . Méan sguare 0SL
Side 1 '305 186,160,000 <3634
Breed x Side 1 19,118,068 « 9900
Animal x Side (Breed) b 288,409,880,000

Muscle 2 9,825,721, 500,000 . 0006
Breed x Muacle 2 223,765,000,000 . 5874
AX M (B) 8 388,327,700,000

Side x Mugcle 2 285,851, 520,000 6364
BxSx M 2 316,635, 340,000 L6076
AXxSxM(B)SC 8 588,817,780,000

Core (B 4 S m)9 . 108 95,635,976 ,000
Duplicate (B A S M C) 144 12,798,726,000
Corrected Total 287 160,424,900, 000

fpnimal x Muscle (Breed)

bBreed x Side x Muscle

Anlmal X Side x Muscle (Breed)

daore (Breed Animal Side Muscle) ,
Dupllcate (Breed Animal Side Muscle Core)

DUNCAN'S MULTIPLE RANGE TEST#*

Muscle LDC‘ LDA - STC | STA ‘ TBLC - TBL

A
Mean®** 1,299 1.064  0.386 0.770  0.571 0.513
a ab b be c. ¢
(X = .05)

#*Mean myofiber count per muscle in mllllons.

asb, cMeans with same letter are ng# s1gn1flcantly dlfferent‘
A = Angus. C = Charolais



TABLE XXIX

ANALYSIS OF VARIANCL AND DUNCAN'S MULTIPLE RANGE TEST
FOR NUMBER OF X WHITE MYOFIBERS PER MUSCLE
25 DAYS OLD. SEASON I, NADH=TR STAIN
ANALYSIS OF VARIANCE
Source ar  Mean Square OSL
side 1 288,251,620,000  .2133
Breed x Side , 1 3?6 040,540,000 1663
Animal x Side (Breed) 4 132,257,810,000
Muscle 2 8g93?p?5558001000 0001
Breed x Méscle 2 119,977,210,000 .5215
Ax M (B) 8 167.9?3.280.000
Side x Mugcle, 2 29,107,468,000 . 7489
BxSx M c 2 1?6.160.690.000 2198
AXx Sx M (B) 8 95,833, 741,000
Core (B A S M3 . 108 127,868,530,000
Duplicate (B A S M c) 144 15,362, 510,000
Corrected Total | 287 134,546,230, 000
#Animal x Muscle (Breed)
bBreed X Side x Muscle
Anlmal X Side X Muscle (Breed)
Core (Breed Animal Side Muscle)
Dupllcate (Breed Animal Side Muscle Core)
DUNCAN'S MULTIPLE RANGE TEST*
Muscle LD, LDA - ST, ST, TBL, | TBLA
Mean##* 1,369 1.203 -~ 0.910  0.820 0,705 0,681

a a b . be be

(Y = 005)

*#Mean myofiber count per muscle in millions.
a;b

A = Angus, C = Charolais

®Means with same letter are not significantly different.



TABLE XXX

131

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TEST

FOR NUMBER OF X WHITE MYOFIBERS PER MUSCLE

25 DAYS 0LD, SEASON II, NADH-TR STAIN

ANALYSIS OF VARTANCE

Source | : . 4f Mean Square 0SL
Side 1 202,140,900,000 3404
Breed x Side i 81,833,691,000 . 5316
Animal x Side (Breed) 4 171,929,590, 000
Muscle 2 4,890,962,500,000 0012
Breed x Muscle 2, 421,059,900, 000 . 2407
Ax WM (B2 8 246,493,390, 000
Side x Mugcle 2 199,098,490, 000 . 5894
Bx S x M 2 323,206,370, 000 . 5640
AxSxM (B 8 347,760,730,000
Core (B A S m)% . 108 56,946,076,000 .
Duplicate (B A S M C) 14y 5,262,355,800
Corrected Total .- 287 90,661,350, 000
qpnimal x Muscle (Breed)
bBreed X Slde x Muscle
“Animal x Side x Muscle (Breed)
dcore‘(Breed Animal Side Muscle)
®Duplicate (Breed Animal Side Muscle Core)
'DUNCAN'S MULTIPLE RANGE TEST#

Muscle LD, LD, ’S?c ST, 5L, TBL,
Mean®** 1,057 0.782. 0.659 0.630  0.506 0.438

a b be be e c
*(Q = .05)

##*Mean myofiber count per muscle in millions.
apb

W

Yo

A = Ahgus, C = Charolais

‘CMeans with same letter are not significahtly different.



TABLE XXXI

CANALYSIS OF VARIANCE AND DUNCAN'®S MULTIPLE RAnuh TEbT
FOR NUMBER OF (X RED MYOFIBERS PER MUSCIE
25 DAYS OLD, SEASON I, ATPase STAIN

ANALYSIS OF VARLANCE

Source - df | Mean Square‘ OsSL
Side | 1 75,361,146,000  .1192
Breed x Side 1 126,268, 520,000 . 0630
Animal x Side (Breed) 4 119,367,196,000

Muscle ‘ 2 1, 917,700,900,000 .0001
Breed x lMuscle. 2 23,606,327,000 . 5235
Ax M (B)® 8 28,710,444,000

Side x hugele 2 226521333, 000 .3878
Bx S x M . 2 - 24,189,915,000 . 3660
AxSxM (B) 8 219092g8229000 .
Core (B A5 MW 108 22,085,140,000
Duplicate (B A S M C) 144 W, 346,747,600
Corrected Total = 287 27,819,650,000

qnimal x Muscle (Breed)

PBreed x Side x Muscle

Animal X Side x WMuscle (Ereed)

doore (Breed Animal Side Muscle)
eDupllcate (Braed Anlmal Side Muscle Core)

DUNCAN'S MULTI PLE RAN(:E TEST*

Muscle LDA ’ LDC ' ‘STC‘ bTA TBLA -TBLG

Mean®** 0,496 0,437 0.389 0.386  0.202 0.182
' a . ab b b c c
R (Ol = .05) - |

*%Mean myoflber count per muscle in mlllthSa
b‘CMeans with same letter are not slgnlflcantly different.
= Angus, C = Charolais
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TABLE XXXII

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TEST
FOR NUMBER OF (X RED MYOFIBERS PER MUSCLE
25 DAYS OLD, SEASON II, ATPase STAIN

ANALYSIS OF VARIANCE

Source ’ daf Mean Square O5L

Side 1 106,256,840,000  .2489

Breed x Side | 1 318,956,280, 000 . 0796

Animal x Side (Breed) L 58, 554,697,000

Muscle 2  2,271,857,000, 000 . 0005

Breed x Myscle 2 521,365,070,000 . 0198

A X M (B) 8 78,362,238,000

Side x Mugcle 2 52,362,355,000  ,6632

BxS x M 2 192,280,200, 000 .2577

AxSxM(B)C 8 119,240,700,000

Core (B 4 s m)d 108 18,962,933, 000

Duplicate (B A S M ¢)® 144 3,083,108, 500
Corrected Total 287 52,731,821, 000

qpnimal x Muscle (Breed)

bBreed x Side x Muscle ,
CAnimal x Side x Muscle (Breed)
dCore (Breed Animal Side luscle)

®Duplicate (Breed Animal Side Muscle Core)

" DUNCAN'S MULTIPLE RANGE TEST#

Muscle LDC STC LDA TBLC ‘STA EL‘BLA

Mean%#* 0.667 0.322 0.262 0.253 0.192 0.077
‘a b b | b be c

#(O = .05) |

#*Mean myofiber count per muscle in millions.

aibp

®Means with same letter are not significantly different.
‘A = Angus, C = Charolais.
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| TABLE XXXILI

ANALYbIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TEST
FOR NUMBER OF (X RED MYOFIBERS PER MUSCLE
25 DAYS OLD, SEASON I, NADH-TR STAIN

" ANALYSIS OF VARIANGE

Source - df . Mean Square OSL
 Side | 1 83,532,817,000  .0171

Breed x Side ‘ 1 ‘60,252,780.000 0278

Animal x Side (Breed) 4 - 5,195,265,200

Muscle IR 2 1,616,607,300,000  .0001

Breed x Muscle 2 9,436,591,700 . 5448

AxX M (B) N 8 - . 14,231,343,000

Side x Muﬁcle 2 1,308,849,400 . 9529

Bx S x M ‘ 2 16,611,280,000 . 5659

AxSxM (B . 8 - 26,832,924,000

core (BAS MY 108 21,469,905,000

Duplicate (B A S M C) e 4,734,369,300

Corrected Total = 287 24,479,133,000

@pnimal x Muscle (Breed)

bBreed x Side x iMuscle

Anlmal X Side x Muscle (Breed)

Core (Breed Animal Side Muscle)

eDupllcate (Breed Anlmal Slde Vuscle Core)

DUNCAN'S MULTIPLE RANGE TESD*

Muscle LD, LD, STC A A
Mean*¥ 0,518  0.459  0.385  0.365 0.246  0.214

a b c ¢ 4 4

*(O{ = 305)»
¥#Mean myofiber count per muscle in millions.
a,bsc,

ST TBLC I'BL

dMe%ns with same letter are not signlflcantly dlffer»\

A= Angus, C = Charola:s



TABLE XXXIV

##Mean myofiber count per muscle in millions.

a'b'?’ ‘Means with same letter

ferent.
A = Angus, C = Charolais

ANALYSIS OF VARIANCE AND DUNFAA'S BULTIPLE RANGE TEST
FOR NUMBER OF O{ RED WYCFIBERS PER MUSCLE
25 DAYS OLD, SEAS ON I, NADH-TR bTAIN
ANALYSIS OF VARIANCE‘
Source | ar ‘Mean Square OSL
Side 1 30,198,414,000 .3559
Breed x Side A 1. 72,401,751,000  .1798
Animal X side (Breed) b 27,579,409, 000 :
Muscle o 2 912,717,080,000  .0002
Breed x Nuscle 2 169 183,960,000 . 0144
Ax M (8)2 8 22,370,291,000 ‘
Side x hugele 2 k,628, 586’100 . 8786
BX S x M o 2 724_974235729000 '5279
A XS x M (B) 8 35,352,054,000
‘Core (B A s m)¢ o 108 14,012,797,000
Duplicate (B A 8 M C)° 144 3,165,183,600
Corrected Total = 287 21,649,263, 000
FAnimal x Muscle (Breed)
bBreed X Side x Muscle
Anlmal X Side & Muscle (Breed)
Care (Breed Animal Side Muscle)
QDupllcate (Breed Animal Side Muscle Core)
DUNCAN'S WULTIPLE RANGE TESI* ‘
Muscle LD, ‘LDA TﬁLC ‘STC ST, TBL,
‘Mean®*  0.422  0.212  0.199  0.188 0.145  0.070
a b be be ¢ d
#(Q = ,05) ’ |

are not significantly dif-
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TABLE XXXV

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TEST
FOR NUMBER OF RED MYOFIBERS PER MUSCLE
‘25 DAYS OLD, SEASON I, ATPase STAIN ‘

ANALYSIS OF VARIANCE

Source o | df Mean Square OSL
Side 1 39,987,893,000 2048
Breed x Side. 1 51,984,861,000 1594
Animal x Side (Ereed) h 17,523;497,000
Muscle 2 379,989,460, 000 L0364
:Breed x gscle 2  91,170,971,000 . 3422
A XM (B) 8 73,968, 634,000 -
Side x Mugele 2 11,460,077,000 .9077
BxSxM 2 156,127,820, 000 .3186
AxSxM(B)S 8  117,785,540,000
Core (B A S MY 108 63,372,730,000
Duplicate (B A S M ¢)® 144 7,511,978,100
- Corrected Total 287  45,570,559,000

2 pnimal X Muscle (Breed)
,bBreed x Side x Muscle.
.cAnimal x Side x Muscle (Breed) ,
dCore (Breed Animal Side Muscle)
eDuplicate (Breed Animal Side Muscle Core)

DUNCAN'S MULTIPLE RANGE TEST*

Muscle LD TBL, ST, LD,  TBL, ST,

Mean**  0.686  0.630  0.618  0.57%  0.497  0.391
a ab ab ab be c
" = .05) | '

#%Mean myofiber count per muﬁcle in millions.

a.b ®Means with same letter are not signlflcantly different.
A = Angus, C = Gharolais
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ANALYSIS OF VARIANCE FOR NUMBER OF
MUSCLE -~ 25 DAYS OLD, SEASON II, ATPase STAIN

137

RED MYOFIBERS PER

ANALYSIS OF VARIANCE

Source . arf Mean Square OSL
Side ' 1 8y524,179,209 .7976
Breed x Side. ‘ 1 12,024,143,901 7637
Animal x Side (Breed) b 121,350,836,862

Muscle , 2 U469,291,735,646 . 0982
Breed x luscle 2. 361,872,392,086 L1504
A x M (B)? '8 149,733,864,363

Side x Mugcle 2. 24,164,849,634 L8642
Bx 3Sx M 2 103,675,212,702 . 5576
AxSx M (B)C 8 162,965,285,915

core (B AS W 108
- Duplicate (B A S M C)® 144

37:728,264,751
8,773,803,816

Corrected Total | ' 287

37,895,400,016

BAnimal x Muscle (Breed)

bBreed X Side x Muscle

CAnimal x Side x Muscle (Breed)
dCore (Breed Animal Side Muscle)

?Dupliaate (Breed Animal Side WMuscle Core)
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TABLE XXXVII

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TEST
FOR NUMBER OF RED MYOFIBERS PER MUSCLE
25 DAYS OLD, SEASON I, NADH-TR STALN

ANALYSIS OF VARIANCE

Source ‘ . . df - Mean Square OSL
Side 1. 78,741,990,000 .6151
Breed x Side 1 19,023, 507,000 .6563
Animal x Side (Breed) 4 82,104,692,000
Muscle 2 8,575,970,500,000 . 0001
Breed x liuscle 2 '23,562,433,000 .8555
Ax M (B)? 8 148,158,550, 000

Side x Mugcle. 2 40,017,167,000 . 7069
BxSx M 2 53,051,614,000 6352
AXxX S x M (B)C 8  108,799,130,000 -

core (B 4 s Mm% . 108 78,406,040,000

Duplicate (B A S M C) 144 10,817,647,000

Corrected Total 287 125,119,170,000

pnimal x Muscle (Breed)

Pireed x Side x luscle

CAnimal x Side ¥ Muscle (Breed)
,dCore (Breed Animal Side Muscle)

®Duplicate (Breed Animal Side Muscle Core)

DUNCAN'S MULITIPLE RANGE TEST*

Muscle LDC LDA ‘STC : TBLC - ST 8L

| A A
Mean®*#  1.094  0.812  0.600  0.513 0.378  0.277
a . b c cd de . e
*(O = .05) |

*#Mean myofiber count per muscle in millions.

a'b’c'd?eMQans with same letter are not significantly
different. ’ \

A = Angus.,QA“ Charolals



TABLE XXXVIII

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TEST
FOR WUMBER OF RED mYOFIBERS PER MUSCLE
25 DAYb OLD, SEASON II, NADH ~TR STAIN

 ANALYSIS OF VARIANCE

Source S df - kean Square \ 0SL
Side 1 303,629,900,000 . 2520
Breed x Side i Uy, 238,333,000 .6383
Animal x Side- (Breed) 4 169,952,320,000 '
Muscle 2 6,295,298,600,000 . 0007
Breed x ﬂuscle 2 883,337,260,000 . 0871
Ax M (B)® 8 ' 263,698,550,000

Side x Mu%cle 2 329,949,390,000 . 5208
BxXS ¥ M 2 403,204,270,000 - ,5439
AXSxM (B)c 8  460,948,360,000 '
Core (B A s )¢ . 108 77,085,836, 000

Duplicate (B A S M ¢)” 144 74129,705,500

Corrected Total 287 140,652,300,000

®Animal x Muscle (Breed)

bBreed X Side x Muscle

CAnimal x Side x Muscle (Braéd)

doore (Breed Animal Side Muscle) ,
e~J;I)upl:imcfzaﬁ;a (Breed Animal Side Muscle Core)

'DUNCAN'S MULTIPLE RANGE TEST¥

Muscle . LDC STC‘ LDA TBLC ‘ STA - TBL

A
CMean®* 1,185 0,686  0.63%  0.505 0,409  0.324
, a b’ ~ be - bed cd d
*(Q = .05) B | |

*¥Mean myofiber count per: muscl@ in millions.

arb,c, dMeans with same letter are not &1gn1f1eantly dif-
- ferent. .

A = Angus, C = CharglaLS“
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TABLE XXXIX

ANALYSIS OF VARIANCE AND DUNCAN'S WULTIPLE RANGE TEST
FOR DNA CONCENTRATION PER MUSCLE
25 DAYS OLD, SEASON I

ANALYSIS OF VARIANCE

Source | df  Nean Square .~ 08L
Breed 1 0.058987326 . 0168
Animal (Breed) 4 0.003625905

Side 1 0.000468631 . 2437
Breed x Side 1 0.001036880 .1116
Animal x Side (Breed) L 0.000251624 :
Muscle : 2 0.144919680 . 0001
Breed x Muscle 2 0.,007777441 0522
Ax M (B)E 8 0.001788026

Side x Mugcle 2 0.000991395 1652
BX S x M 2 0.000536698 L3435
Ax Sxm(8)° 8 0.000437104

Corrected Total 35

0.011492984

@inimal x Muscle (Breed)
bBreed x Side x Muscle ’
®Animal x Side x Muscle (Breed)

DUNCAN'S HULTIPLE RANGE TEST*

Muscle LD, ST, LD, ST,  TBLy = TBL,
Mean** 360 277 . 251 165 99 76
‘ . a b c .d e f

*(a & .01)

 *#)Mean DNA concentration per muscle in milligrams.

a'b‘c’d'e’fMeans with same letter are not significantly

‘different.
A = Angus, C = Charolais
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TABLE XL

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TEST
FOR DNA CONCENTRATION PER MUSCLE
- 25 DAYS OLD, SEASON II .

ANALYSIS OF VARIANCE

Source ~ df  Mean Square 0SL

Breed | 1 0.018787530 « . 0703

Animal (Breed) 4 0.003131646

Side | 1 0.000029440. .8059

Breed x Side 1 0. 000057515 <7377

Animal x Side (Breed) L 0.000459165

Muscle B | 2 0.080829711  .0001
Breed x Myscle 2 © 0.000602386 - ,6341

Ax M (B)* -8 0.001230531 .
Side x Mugcle 2 . - 0.000129740 . 6606

BxSxM 2 0. 000168443 . 5877

AxSxN(B)° 8 0. 000292601

Corrected Total

)
n

0.005968096

8pnimal x Muscle (Breed)
PBreed x Side x Muscle ‘
 ®Animal x Side x Muscle (Breed)

DUNCAN'S MULTIPLE RANGE TEST#
 Muscle LDC o STC LD S

| n Ty ,rBLC ~ TBL,
Mean* - 255 . 211 = 204 154 84 . 55
a b c d e £
#(O = ,01) L |

**Mean DNA concentration per muscle in milligrams.

aibscsdiesfyeng with same letter are not significantly

- different.
A = Angus, C = Charolais
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TALlE XLI

ANALYS1S OF VARIANCE AND OUNCAN'S MULTIPLE RANGE Tk
FOR RNA CONCENTRATION PER MUSCLE
25 DAYS OLD, SEASON'I‘

=
1%
=

ANALYSIS OF VARIANCE

Source o ‘ af Mean Square . 0SL

Breed 1. 0.29728897 . .,1088

Animal (Breed) I 0.07056734

Side 1 0.00051871 . 5730

Breed x Side 1 0.00000033 . 9855

Animal x Side (Breed) i 0.00135770

Muscle 2 1,09844718 ., 0001

Breed x Muscle 2 0.06898909 - . 0520

A x M (B)® -8 0.01583280

Side x Mugcle 2 0.00160371 . 5879

Bx S x M 2 0.00001697 . 9946

A XS xM(B)C 8. 0.0027873L -
35 ' 0.08778809

Corrected Total

fpnimal x Muscle (Breed)
bBreed x Side x wuscle
CAnimal x Side x Muscle (Breed)

DUNCAN'S MULTIPLE RANGE TES[*

:Muscle LDC ' LDA sTC' ' ‘S?A TBLC ‘ TBLA
Mean** = 961 628 532 - 348 0 207 178

a b ¢  d e £

Q¢ = .01)
##Mlean RNA concentration per muscle in milligrams.

aybycydiesfy o ns with same letter are not significantly
different. ‘

A = Angus, C = Charolais
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TABLE XLII

ANALYSIS OF VARIANCE AND DUNCAN'S WULTIPLE RANGE T&sT
o FOR RNA CONCENTKATICN PER MUSCLE
25 DAYS OLD, SEASON II

ANALYSIS OF VAKRIANCE

Source . : df ean Square 0sSL
Breed , 1 0.04132149 . 0082
Animal (Breed) b4 0.03971757

Side 1 0.001940373 . 2408
Breed x Side 1 0.00299707 1620
Animal x Side (Breed) 4 0.00102655

Musele 2 0.92628474 . 0001
Breed x Mgscle 2 0.06581470 . 0808
A x M (B) 8 0.01886260

Side x Mu%cle 2 0.00030186 . 8590
BxSxM 2 0.00069133 7155
AxSxwmM(B)E '8 0.00195146 =
Corrected Total .35 0.09605523

BAnimal X Muscle (Breed)
bBreed X Side x Nuscle
®Animal x Side x Muscle (Breed)

DUNCAN'S MULTIPLE RANGE TEST#*

A TBLy TBL

Mean** 1053 712 §71 360 350 163
a b ¢ d e f

(Y = .01)

**Nean RNA concentration per musele in milligrams.

a’b'c'd‘e'fMeans with same letter are notisignifioantly

different. '
A = Angus, C = Charolais
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TABLE XLIII

ANALYSTS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TEST
FOR NUNMBER OF NUCLEI PER MUSCLE
25 DAYs OLD, SEASON I

ANALYSIS OF VARTANCE

sSource a df - Mean Square OSL
.~ Breed 1 1.5345298 E+21 0168

Animal (Breed) L 9.4326356 E+19

Side | 1 1.2191245 E+19 2437

Breed x Side - 1 2.6973991 E+19 L1116

Animal x Side (Breed) 4 6.5458779 E+18

Muscle 2 3.7700229 E+21  .0001

Breed x Musclé 2 2.0232678 E+20 L0522

AxM(B)?® 8 L.6514722 E+19 |

Side x Mugcle 2 2.5790712 B+19 . .1652

BxSxM » 2 1.3961957 B+19 L3435

Ax S xMn (B)° 8 1.1371080 E+19

Corrected Total 35 '2.9898500 E+20

nimal x Muscle (Breed)
bBrged ¥ Side x Muscle
CAnimal x Side x Muscle (Breed) -

DUNCAN'S MULTIPLE RANGE TEST#

‘Muscle ) E ST, LD
| e aanls 10" AT b ono 010
Mean¥**  5,807x10 L h67x10 L, 049x10
a ‘ b b
Muscle ST TBL - TBL
' A 40 C 10 A 40
Mean¥*# 2.666x10 1. 592x10 1.234x10+"
' oc o d

*(X tested at .05 and .01 levels)
##iean number of nuclei per muscle,

8s0,Cs Ay ans with same letter are not s;gnificantly dif-
ferent.

A = Angus, C = Charolais
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| TABLE XLIV
ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE KANGE TEST
FOR NUKBER OF NUCLEI PER WNUSCLE
25 DAYS OLD, SEASON II

ANALYSIS OF VARIANCE

Source .- daf  llean Square . 0S8SL
Breed 1 4.8B7LOLY B420 . 0703
Animal (Breed) 4 8.1468425 E+19 '

Side 1 6585529 E+17 L8059

Breed x Side ‘ i l 49623?6 E+18 <7377

Animal x Side (Breed) 4 1.1944990 E+19

Muscle 2 2.1027500 E421 . . 0001

Breed x Mgécle 2 1.5670813 E+19 L6341
A x M (B) 8 3.2011727 E+19

Side x Mugcle 2 3.3751230 E+18 . 6606

Bx S x 2 4.3819?83 BE+18 . 5877

Ax S x M (B)C 8 7.6118895 E+18

Cnrrected Total

(o
(V3

1.5525743 E+20

8Animal x Muscle (Breed)
Breed x Side x Muscle
CAnimal x Side x Muscle (Breed)

DUNCAN S MULTIPLE RANGE TEST#*

Muscle LDy STq o LD,
' ¥ 10 10 A 10
Mean## ,107%10 3.407x10 3.290x10
- a ab b
Muscle ST TBL , TBL
A 10 .S 10 10
Mean## 2.492x10 1.364x10 0. 885x10
¢ ' ) d d

*( tested at +05 and .01, ievels)
F¥NMean number of nuclei per muscle.

‘a,byc.d ¥S%Q§ with same letter are not significantly dif-

A = Angus, C = Charolais
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ANALYSIS OF VARIANCE FOR GRANS TISSUR SUPPORTED PER

NUCLEUS - 25 DAY3 OLD, SZASON I

ANALYSIS OF VARIANCE

OSL

Source arf Mean Squaré

Breed 1 2.8425325 E-17 ,1317
Animal (Breed) 4 7.9938747 E~-18

Side 1 2.8929260 E-20 . 6131
Breed x Side . 1 4.9680535 E-19 . 0840
Animal x Side (Breed) . i 9. 5176499 E«ZO‘

Muscle 2 1.8433535 E-18 .1857
Breed x Muscle 2 L.,7751871 E-19 . 6059
A x M (B)® 8 8.8261389 E-19

Side x Mu 2 3.2932796 E-19 L0533
BXS XM i 2 1.8219312 E-19 .13536
AxsxM(B)E 8 7. 6467443 E-20

Corrected Total 35 2.1327057 E~18

4Animal x Muscle (Breed)
bBreed X Side x Muscle

CAnimal x Side x Muscle (Breed)
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TABLE XLVI

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANZE TEST
FOR GRAMS TISSUE SUPPORTED PER NUCLEUS
25 DAYS OLD, SEASON II

ANALYSIS OF VARIANCE

Source , df iiean Square - OSL
Breed 1 8.5726959 E-18 . 5629
Animal (Breed) 4 1.1354690 E~17

Side 1 6.89?8674:E°21 ‘ 8552
Breed x Side : 1. 4,1048357 E-19 2255
Animal x Side (Breed) L 2.0077877 E-19

Muscle 2. 4,2686164 E-18 . 0486
Breed x Mgacle 2 2.6301842 E-18 1211
A x M (B) 8 9. 4889791 E-19

Side x Mugele 2 3.3547995 E-19 . 0878
Bx S x WM o 2 2.,5106049 E~19 1431
AXSxHN(B) 8 1.0058133 E-19
_Corrected Total 2.2450990 E~18

\w
En

Zpnimal x Muscle (Breed)

bBreed % Side x Muscle

Canimal x Side x Muscle (Breed)

DUNCAN'S MULTIPLE RANGE TEST*

Muscle ST ‘ LD o LD

Mean*# . 8,881x10 8.121x10 o 7.120x10°
- a v ab b
Muscle ST, TBL, . TBL,
o -9 . -9 ‘ ~9
Mean## 6.982x10 - 6.793x10 6.765x%x10
, b | ” b ’ b
%(0{ = ~05)

- *¥Mean grams tissue 3upp0rted per nucleus. ‘
a’bMeans with same letter are not significantly,differento,
A = Angus, C = Charolais
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' TABLE XLVII

ANALYSIS OF VARIANCE FOR MYOFIBER WIDTH
25 DAYS OLD, SEASON I

ANALYSIS OF VARIANCE

Source df  Mean'Square 0SL
Breed | 1 6555.125 .1896
Animal (Breed) 4 2641.,708
. Side 5 9 21.125 L5758
Breed x Side . 1 17.014 .6136
Animal x Side (Breed) 4 56.153 o
Muscle 2 C 7.542 .8395
Breed ¥ Muscle 2 - 92.625 L1726
Animal x Muscle (Breed) 8 42,104
Side x Muscle 2 218.375 .1299
Bx S x M b 2 464.847 ’ - . 0293
Ax Sx M (RBR) / 8 82,257 . :
Duplicate (B 4 S M)C 36 115,514
Residual - 1728 58.293
Cofrected Total 1799 69.391

Breed X Slde X Muscle ,
bAnlmal x Side x luscle. (Breed)
dDupllcate (Breed Animal Side duscle)
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TABLE XLVIII
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ANALYSIS OF VARIANCE AND DUNCAN'S WMULTIPLE RANGE TEST
FOR MYOrIBER WIODTH - 25 DAYS OLD, SEASON II

ANALYSIS OF VARIANCE

Source daf llean square OSL
Breed 1 9430,222 . 0374
Animal (Breed) b 994,903
Side 1 144, 500 L3704
Breed x Side 1 - 8,000 .8165
Animal x Side (Breed) 4 140,958 ‘
Muscle 2 1898. 792 . 0004
Breed x luscle ~ 2 890. 514 . 0029
Animal x kuscle (Breed) 8 63. 44l
Side x Muscle 2 36.292 . 8084
Bx S x M b 2 11.292 L9341
AxSxM(B) 8 165,000
Duplicate (B A S M) 36 167.611
Residual , 1728 8L, 824
Corrected Total 1799 96,852
®Breed x Side X Muscle
bAnimal x Side x Muscle (Breed)
®Duplicate (Breed Animal Side luscle)
" DUNCAN'S MULTIPLE RANGE TEST#

Muscle STG ; LDC TBLG LDA STA ‘TBLA
Mean#s b2.8 4¥1.8 - 37.5 37.4 35,7 35.3

a a b '

b C C

# (O tested at .05 and

.01 levels)

#*Mean myofiber width per muscle in microns.

b

A = Angus, C = Gharclai

s

23+ Cyeans with same letter are not significantly different.
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