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CHAP'rE.-.( I 

GE;~ErtAL INTr<ODUCTIOh 

d:uscle. characteristics have long been a· subject of 

intense study. Through the years various aspects of mus

cle have been examined, including; myofiber type, pr~-. . . 

natal myofiber formation, prenatal myofiber innervation, 
. . . 

postnatal m~ofiber development, total rnyofiber number, 

rnyofiber size, muscle concentration of D~A and hNA and 

muscle protein, moisture, f~t and ash. 

Past studies by many investigators have perfected 

techniques of measurement and shown characteristics of 

these various muscle paramet~rs; however, most of the work 

has been done using laboratory animals. Without a basis 

of cbmparison it is difficult· to tell whether the traits 

of these small animals relate to .the much larger meat 

producing animals: Eherefore it is necessary to study 

these animals themselves. Some recent work has been done 

using the ovine and the porcine, but comparatively little 

work has been done using the bovine as the experimental 

species, 
' . 

For man~ years ii has been the goal of meat producers 

to· market their animals quickly· and efficiently as a 

1 
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product tpat the consumer desires. Selecting animals with 

fast ~rowth rates and acceptable muscle quality, there

fore is a primary concern of producers~ If some muscle 

parameter could be easily examined and used·as a predictor 

of growth without. adversely affecting the. animal, this 

could serve as a valuble .selection tool to the producer. 

With this in mind, this study was. undertaken to study 

several muscle parameters in two breed-types of cattle at 
.. 

three different ages. It was beyond the scope of this 

thesis to report on all data collected, so presented h~re 

are data from 25 day old Angus and Charolais c~lv~s born 

in two different seasons. It was the goal of this research 

to determine the following: 

.1. 

2. 

J. 

Do differences exist betw~en.these two breed
types of cattle with respect to myofiber num
ber; myofiber type; myofiber size; live body 
weight; carcass weight; muscle weight; total 
body lean, fat and bone; total lean and indi
vidual muscle protein, m~isture, fat and ash; 
and muscle DNA and RNA concentrations. · 

If difference~ exist between the two breed
types for the above parameters, are they 
detectable at.an early age. 

If differences 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 potential) and be used as a selection 
tool. 



REVIEW OF LITERATURE 

ll!yofi ber rl'ype Descriptions 

For many years it bas been known that muscles are 

made up of uniqu~ types of c cell.s .which are· characterized· 

by their elongated shape and multinucleation. According 

to Ogata (195ts), differences in the contraction rates and 

general color of muscles have been known to exist since 

1830 when Ranvier ob~erved red and.white muscles in rab

bits. Later, it was discovered that these color and con-
"., ' 

traction differences were due to relative proportions of 

different types of individual muscle cells. In 1929, 

Denny-Brown described two fiber types as being either 

opaque or clear, and related these to muscle contraction 

rates. 

Some early studies of muscle fiber.types were con

ducted in the 1950•s and 1960's, but it was not until t~e 

lat~ 196P's that a real, i~-depth study of the individual 

myoi'iber types was begun. 

Many parameters have been used to classify myoribers 

into different types. The number of nomenclature classifi

cation schemes used for these fibers has been as numerous 

3 
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as the scientist& conducting the studies. Even today, a 

common system of nomenclature has not been established, 

nor have scientists agreed on the number of fiber types in 

existance. 

Staining Procedures 

A basic knowledge of some common staining reactions · 

is necessary for understanding classification of myofibers 

into types. Some of the more common stains used for fiber 

type determination are1 Adenosine r:I:'riphosphatase (ATPase), 

Nicotinamide Adenine Dinucleotide-Tetrazolium Reductase 

(NADH-TR) and Succinic Dehydro~enas~ (SDH). Some fiber 

parameters also used are fiber size and contr~ction speed. 

A brie.!" description of the common staining reactions fol

lows. 

ATfase. The actomyosin ATPase reactiori has been 

shown to be related to speed of contraction of muscle 

fibers (8uth and Samaha, 1969). 'I'hese authors found two 

qualitatively different actomyosin ATPases in the muscle 

fibers of rats, rabbits and cats. Low activity fibers had 

actomyosin ATPase which was acid-stable and alkali-labile, 

while high activity fibers had actomyosin ATPase which was 

alkali ... stable and acid-labile. When secti()ns were sub

jected to fixation in formaldehyde prior to staining, a 

third fiber type of intermediate stai~ing was observable. 
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Therefore, in muscle tissue sections stained with this pro-

cedure, generally three fiber types are distinguishable. 

NADH-T.R and SD:t. These two stains work on the same 

general principle.; they are both indicators of oxidative 

enzyme activity. 1l 1he method of action is the reduction of 

Nitro-Blue Tetrazolium (NrlT), a tetrazolium salt, which 
. . 

results in a blue colored pattern of diformazan granules 

in the mitochondria and sarcoplasmic reticulum of fibers. 

'I'he oxidative enzyme acts. on its normal substrate, .however, 

NBT is the end point of the pathway and is reduced to the 

colored diformazan (Brooke and Engel, 1966). The intensity 

of color and/or the pa.ttern of diformazan granule deposi

tion determine the fiber type. 

Myofiber Types 

Ogata (1958) studied. muscles of £ish, frogs, birds 

and mammals using the SDH rea6tion. He found SDH activity 

to be high in red muscle fibers, low in white muscle fibers 

and intermediate in medium muscle fibers. ~e concluded 

that the observed variation in SDH reaction between fiber 

types was due to differences in.number Or activity of 

mitochondria in the fibers. Later, Ogata and d.ori (1964) 

used, in addition to oxidative enzyme activ~ty, fiber size 

and contraction speed to d~termine fiber type. Red fibers 

were small in size, displayed a high pxidative enzyme 



activity and contracted slowly anO. tonically. White 

fibers were large in size' displayed a low. ox ida ti ve 

6 

enzyme activity and contracted quickly for phasic movement. 

Intermediate fibers were medium in size; displayed inter

mediate oxidative enzyme activity a~d. their function was 

unclear. 

Stein and Padykula (1962) described three fiber types 

in the rat as A, B or C based on SDH activity (both pat- . 

tern of diformazan granule deposition and intensity of 

reaction). The type A fiber contained a network of small 

granules distributed throughout the fiber rorming long 

streaks; .the intensity was low. ~he type B fiber con

tained small diformazan granules arranged in small poly-

gons. rl1he type C fiber containe.d large diformazan parti

cles, many of which were located beneath the sarcolemma. 

These authors suggested that the type A fiber was the 

"classical white fiberu while types B and C were bpth 

forms of red fibers. 

1rwo types of myofi bers were. described by Dubowi tz 

(196J). One had high oxidative enzyme activityand low 

phosphorylase activity while the other had low oxidative 

enzyme activity and high phosphorylase activity. (Phos-- ~ : ', . ' ' 

phoryla.se activity is an indicator of glycolytic capacity; 

Cassens and C~oper, 1971.) 

Dubowitz (1965) described red fibers as being gener
ally adapted for sustained activity with a slow speed of 
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contraction, while white fibers were capable of short 

periods of activity but had fast contraction speeds. He 

called red fibers type I, white fibers type II and he al~o 

observed an intermediate fiber. 

Small red, large white and intermediate were the 

names used by Gauthier and 1-'adykula (1966) to describe 

the three fiber types which they identified in diaphragm 

muscle of several mammalian species. 

Brooke and Engel (1966) used the nomenclature of 

type I and type II fibers and described type I fibers as 

high in oxidative enzyme activity while type II fibers 

were low in oxidative enzyme actiVity. 

3rooke and Kaiser (1969) showed that the ATPase 

reaction was inhibited in type I fibers when sections were 

preincubated above pij 10.Q Type II fibers retained their 

normal staining pattern (strong positive reaction) during 

this preincubation. 

Three fiber types, based on size and oxidative enzyme 

activity were detailed by Edgerton and Simpson (1969) in 

rats and guinea pigs. . they maintained that red fibers 

were intermediate in diameter and had coarse diformazan 

crystal.s located primarily beneath the sarcolemma; white . . 

fibers had large. diameters and low oxidative enzyme acti-. · 

vity; intermediate fibers were small in diameter and had 

a moderate amount of fine diformaza.n crystals located 

throughout the cells. With the myosin A?Pase reaction 



they could only identify two types of fibers. ned and 

white fibers had high ATPase activity while the inter-

mediate fiber had low myosin ATPase activity. 

Yellin and Guth (1970) stated that most studies have 
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shown there are three basic m~scle fiber types. They con

cluded, based. on studies o!· rat and cat muscle, that they 

could not use a single classification of fibers based on 

S~H and actomyosin ATPase (pH 10.4) to describe the fiber 

types in both rat and cat muscle. 

According to Guth and Samaha (1970) the actomyosin 

ATPase reaction allowed muscle to be divided into three 

fiber types. Cl. fibers had acid-labile, base-stabl.e ATP

ase; {) fibers had base-labile, acid-stable A'l'Pase; and 

()( fJ :fibers had intermediate stability in acid and base. 

Cooper et al. · ( 1970) used the NADH -'h~ stain to deter

mine t•i ber type. 1.L1hey reported that red fibers had high 
. \ ' ' ' 

NADH-TR activity located uniformly throughout the fiber; 

intermediate fibers had moderate .NADH-TR activity located 

more beneath the sarcolemma; and white fibers had no NADH-

'l'R ac ti vi ty. 

Bainard et al. (1971) recommended nom~nclature of 

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 fibers 

stained dark with mycisin ATPase and had many dark difor~ 

mazan crystals lotated beneath the sarcolemma with NADH-
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diaphorase; white fibers stained dark with myosin AT~ase 
and had few diformazan crystals located beneath the sarco
lemma with NADir-diaphorase; and intermediate fibers stained 
light with myosin ATPase and had small, uniformly dispersed 
diformazan c-rystals with r-JAD:i-diaptwrase. However, the 
guinea pig and the rat ~re somewhat different from other 
species. Ashmore and Doerr (1971a, b) found that in chick, > < • ' 

' ' ' 

bovine and porcine muscle, light staining with ATPase did 
not correlate with intermediate SDH activity. 

Ashmore and Doerr (1971a) stated that several factors 
such as, specific animal, muscle, age and experimental 
conditions, must be consider•d when determining muscle 
fiber types. Several author~ also concluded that to ade
quately describe a myofi ber type, one must show both A'l'Pase 
activity and metabolic character (Ashmore and Doerr, 1971a; 
Edgerton and Simpson, 1969). 

In their investigation of newly hatched and young 
chicks, Ashmore and Doerr (1971a) described two types of 
red fibers which could be distinguished by their AT~ase 
activities. One of thesered fiber types had the ability 
to convert to a third fiber type, a white fiber. From 
these observations, theY developed.a new nomenclature sys
tem for describing myofiber types. ~ red fibers st~ined 
lightly for ATPase at pH 10.0 and had a hi~h ·concentration 
of diformazan crystals with the SDH reaction. ·0( red . 
fibers stained darkly for ATPase and had a high concen- · 
tration of diformazan crystals with the SDH reaction. (X 
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white fibers stained darkly for ATPase and.had a low con

centration of small diformazan crystals with the ~DH re

action. 

In a later investigation, Ashmore and Doerr (1971b) 

sou~ht to apply their new nomenclature system to other 

species. They examined muscle- tissue fr6m chick, mouse, 

bovine and porcine and concluded that their dual nomen

clature system was applicable .to these other species. 

Romanul (1~64) described ~ight types of muscle fibers 

in rat gastrocnemius and plantaris muscles, however, he 

found only three of these typ~s in.rat soleus muscle. 

Guth and Yellin (1971) stated that there were three 

major types of mu:3cle fibers but when serial sections were 

sta.iped for several different enzymes, more fiber types 

became visible. 

Davies (1972) observed six types of muscle fibers in 

. the pig. His classific~tions came from varying degrees of 

reacti~ity with myosin ATPase, ~DH and glycogen phosphor

ylase. Ee admittedf however, that there were three main 

fiber types. 

Burleigh (1974) described four fiber. types. fhe 

first, called fast-phasic had high myosin ATFase activity, 

fast contraction speed and anaerobic metabolism. Another 

fiber, unnamed, had active myosin ATPase, f~equent con

traction, high mitochondrial content, aerobic metabolism 

and small size. ~he next fiber, called slow-phasic, had 



low myosin ATPase activity, aerobic metabolism and was 

conceined with maintairtirig posture. The last fiber had 

low myosin ATPase and was moderately aerobic .. 

ll 

2ngel (1974) recommended using the myofibrillar A~P-
' ' ". ' ' ' ' 

ase stain at p...-I 9.4 to determine fiber type as type I 

(light staining) or type II (dark staining). He then used 

a secondary procedure (ATPase at pH 4.J5), which reverses 

the staining pattern, to confirm fiber type. 

3eermann et al. (1977) chose to classify fibers into 

only t-vvo fiber types; type I and type II. 'i:'hey described · 

type I fibers as being high in acid ATPase and NADH-TR 

activity and low in alkaline ATPase and phosphorylase 

activity while type II fibers were low in acid A'rPase and 

NAD::r-'rR activity and high in alkalinE! A'I'Pase and phos-

phorylase activity. (With the alkaline ATPase stain they. 

found that some typ~ II fibers stained darkly while others 

stained with intermediate intensity; all were classifi~d 

as type II fibers.) 

Mature bovine muscles stained with ATPase and ~ADH-TR 

were examined by Hunt and Hedrick (1977aJ. ~ith the AfPase 

stain they classified fibers as ()( red, /3 ·red or C( white. 

With the NADH-TR stain they classified fibers as only red 

or white. IJ:'hey found that the percentage of ex red p::Lus. 

{3 red fibers was positively correlated (r=0.91) with the 

percent red fibers as determined by the. NADH-Tri reaction. 

Khan (1978) grouped muscle fibers of rat~ into three 



major groups, but also found subtypes of these major 

groups. While Pool et al~ (1979); reported that fiber 
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typing based on visual determtnation of staining intensity 

might be biased, however, if large samples were used, the 

results seemed to be reproducible. 

;1Jore recently, Suzuki and Cassens ( 19b0) examined 
" ' ' 

five porcine muscles. from birth to 16, weeks of age using 

ATPase stain. They classified fibers as follows: type I 

acid-stable, alkali-labile; type II alkali~stable, .acid

labile, subdivided into type IIA~unstained after preincu-

bation a·t pH 4.~ to 4.5 and type liB-stained weakly or 

moderately after preincubation at p!1 4.4 to 4.5; and three 

intermediate fiber types, type SM-stained strongly for 

acid-stable ATPase and moderately or weakly after preincu

bation at pH 10.4 to 10.5, type SS-stained moderately or 

strongly after either acid or alkali preincubation, type 

oos~stained weakly or mode~ately after preincubation at 

pH 4. J to L~. 4 and strongly afte"r alkaline preincubation. 

From the above information, the diversity of the 

fiber-type classification schemes is readily apparent as 

is the classification differences between species. 

Against ·this ~ackground, myofiber type development will 

now be described. 



13 

Prenatal ~yofiber Development 

Prenatal Fiber Formation 

Understanding prenatal myofiber development is essen~. 

tial to the study of postnatal fiber type development with 

age. According to Allen et al. (1979) and others, prenatal 
~ ' ~ 

muscle growth is a period composed largely of cell hyper-

plasia. Muscle develops from the middle layer of embry-
. ' 

onic cells, ·the mesoderm. From mesenchyme cells of the 

mesoderm arise myQgenic cells which, af.ter a period of 

prolirerative mitosis, give rise to myoblasts. These myo

blasts are mononucleated cells which eventually fuse to 

form myotubes, the multinucleated primative muscle fibers 

(Forrest et al., 1975). 

Prenatal Fiber TyRe Development 

Currently, there·exist two major theories of'prenatal 
' ' 

muscle fiber-type development. The first, called the 

stemline theory, ~was reported by Ashmore and Addis (1972). 

J1hese authors maintained that prenatal development of 

myofibers is "biphasic"! From studies of chick embryo 

(Ashmore et.al., 1973), fetal lamb (Ashmore et al., 1972), 

fetal pig (Ashmore et al., 197Ja)' and fetal bovine muscle 

(Ashmore et al., 19'l4) the authors concluded that first 

there is formation of the presumptive {3 fiber which has 

at least one large vaccuole in the center and myofibrillar 
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material around the periphery. From these presumptive 

fibers arise a secondary fiber type, smaller than, and 

many in direct contact with, the original fibers. These 

secondary t•i b ers are destined to become the ex fibers. 

These morphological differences in the fibers were observed 

before the fibers could be distinguished histologically 

and have also been described by Beermann et al. (197~) 

and Swatland (197J), 

Asnmore.and .Addis (1972) regarded the presumptive fJ 
fibers as serving as the fra~~work updn which further 

myoblast fusion and proliferation occurred, ultimately 

resulting in the secondary myotube (or ex fiber) forma

tion. ~watland and Cassens (197J) believed that secondary 

myofibers were formed from myoblastQ .on the surface of 

primary .myotubes brought into contact with one another 

through contraction of the primary fibers~ 1'he newly 

formed secondary myqtubes were then released and pushed 

toward the periphery of developing muscle bundles by more 

.new ex fibers. 

Ashmore and Addis ( 1972) · report.eq that {J fiber 

generation was completed rel~tively quickly prenatally 

while ()I. fibers continued to proliferate from the surrace 

of the pr-esumptive {3 1·1 bers for extended periods. Indeed, 

in an earlier piper (Ashmore and Doerr, 197ia), it was 

suggested from observations of young chicks that the rela

tive uniformity of size of the. {l fibers indicated they 
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were formed at the same time during development; while 01. 

fibers, being among the smallest and t~e largest iib~is, 

were formed at di,:fferent times during development. 

Ashmore et al. (197Ja). suggested that muscles or por-. 

tions of muscles with a high pr~portion of ~fibers 
developed earlier. in prenatal life than those .with not) 

fibers. _;In mul;icles with a large. prpportiqn of {3 fibers 

on which the OL fibers could· .. form, 'formation of the s~con

dary ( 01.) 1'i bers. proceeded q~ickly. . On the other hand, 

in muscles with no {3 fibers, the initial a,ppearance of Q! 

fibers was delayed and OL· fiber~ probably formed· on other 

01. f~bers. · They therefore concluded that muscle develop

ment mir,ht be accelerated by the presence of t? fibers. 

The seconq theory, descr~b~d by Beermann et al. (1978) 

using fetal pig muscle agrees in part with the ste~line . . . 
theory: that primary inyofibers are the :t'irs;t to form; . 

they tend to be locat~d in th~ center of developing faci

culi and .sec.ondary myofibers are formed from fusion of 

myoblasts upon these primary myofibers and tend to.be lo

cated around ihe periphery of dev~loping muscle b~~dles. 

The two theories part here. Ashmore and Addis (1972) 

• maintain· that all primary fibers (or presumptive f3 fibers) 

will become t1 muscle fibers_ and all. secondary fibers will 

become 01. muscle ·fibers. .Beermann et aL. ( 1. 978) o [?served . 

in fetal pig muscle that primary fibers could become 

either type I ( {3). or type II ( OL) fibers and that. 
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secondary fibers could remain type II (CI.) or change to 

type I C{3) fibers. Furthermore, Ashmore and Addis (1972) 

stated that, initially, all :t'ibers were aerobic or "red" 

(either Ci. red or fJ red) fibers and near birth some a 
:t'ibers changed from aerobic to anaerobic metabolism (be

coming DC white) while Beerrnann et al. · ( 197e) ·observed 

conversion of secondary fibers from type II (~)to type 

I ( f3) , prenatally. 

Swatland (t'973) also studied fetal pig muscle and 

found a reduction or disappearance of prim~ry fetal myo

fi bers, which he attributed to a. morphological change in 

the primary fiber. As fetal developmertt proceeded, the 

central vaccuole of primary myofibers filled with myofi

brils and disappeared (Ashmore and Addis, 1972; ~watland, 

1973). Therefore, Swatland (1973) included the changed 

primary myofibers in his count of secondary myofibers. 

concluded that two distinct populations of myofibers were 

formed during fetal porcine development and that primary 

myofibers underwent,a metamorphosis to be included as 

secondary myofibers. 

1~ole of :Prenatal Muscle l<'iber Innervation 

It has been stated that oxidative enzyme activity in 

muscle does not occur sufficiently to distinguish fiber . 

types prenatally until late gestation (Ashmore and Addis, 

1972) or during early post-natal development (Ashmore et 



al., 197Ja; Jeermann et al .• 1978; Coope~ et al., 1970). 

3urleigh (1974) suggested that this time gap might be 

required for com~lete innervation to be accomplished and 

that innervation might be a factor in determining muscle 

1? 

fiber type. rl'his view was also shared by :beermann e t al. 

(1977); Lleermann et al. (1.978); and others. Many authors 

maintain that since myofiber type ratios can be changed 

by altering innervation to muscles, the motor neuron in

nervating a particular myofiber must influence its fiber 

type (Beermann et al., 1977; Beermann et al., 1978; 

Cassens and Beermann, 1977; Cooper et al, ~ 1970i Davies, 

1972: Guth et al., 1970). 

~ostnatal Muscle Developme~t 

General Muscle Growth 

' ' ' 

It is important to understand the concepts of general 

muscle growth and individual muscle growth before a~temp

ting to investigate their·component parts; the myofibers. 

In the f~tal pig at approximately mid-gestation, 

Swatland (1973) recorded a medium rate of'growth in the 

triceps muscle, a high rate of growth in three.hind limb 

muscles and a low rate of growth in the longissimus muscle. 

Shortly afte~ birth, he recorded decreased growth rates in 

all muscles except the longissimus which showed a substan-

tial increase in growth rate. 
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Johnson (1974) studied growth rates of several muscle 

groups in fetal·calves. He found that from 150-210 days 

gestation, muscle groups of the fore and hind limbs grew 

at significantly faster rates 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 day~ gestation to one day of age, 

the above mentioned muscles all grew at rates not signifi-

·cantly greater than total muscle. Over those same periods, 

Johnson (1974) found. that total muscle had a high growth 

impetus compared to total carcass, He stated that this 

could be understood in view of the hypothesis that tissue 

development is influenced by functional priority at birth. 

Dubowitz (196.3) investigated several species 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 

functional activity at birth. 

Berg and Butterfield (1976) stated that in general, 

large muscles grow proportionately faster than small mus

cles. Small muscles had a higher proportion of connective, 

tissue and fewer muscle fibers than large muscles and the 

growth potential for muscle fibers is higher than that of 

connective tissue. In general, the muscles most closel:y 

related to the skeleton are smallest and have the lowes~ 

growth impetus. 



These authors also reported that immedi~tely before 

birth muscle growth responds to genetic influenc~s which 
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insure that the animal is ready for its "usual" environ

.menta.l challenges. Immediately after birth there are.great 

changes in muscle related to actual functional demands. 

Berg and Butterfield (1976) classified all muscles of 

the bovine for growth impetus relative to weight increase 

in total muscle. The triceps brachii (lateral head) was 

classified as ·~ low impetus .muscle. I~ grew slower than 

total muscle throughout life. ~he semitendinos~~ and 

longissmus dorsi were both classified as high-average 

impetus muscles. fhey grew more rapidly than total m~scle 

in early life and about the same as total muscle in later 

. life. 

3endall and Voyle (1967) concluded that overall 
. . . 

growth rate was very similar for the longissimus dorsi 

and the semitendinosus muscles of calves from one to 24 

months of age. 

Joubert (1956) indicated that muscle growth rate 

(based on myoriber diameter iricrease in sheep), appeared 

to reach an early maximum in lower limb muscles which 

proceeded to a late maximum ~rowth rate in the loin re-

gion. , 

Berg et alL (1978) divided musriles intb groups and 

calculat~d growth coefficients ba~ed on total mtiscle 
g;-owth for bulls. I'heir coefficients reflect "centripetal 
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group impetus from distal to proximal limb muscles. There 

is a progressive rise in growth i~petus from rump to neck." 

rhey also found dirferences in muscle distribution between 

breedst however, they stated that these v~riation~ were 

probably due to dirferences in maturity and minor func

,tiopal influences. 

Causes for Increased Muscularity 

According to Burleigh (197~), larger animals have a 

tendency for longer gestation periods and thus an oppor~ 

tunity for a longer period of cell replication prenatally. 

11herefore, they· have the potential for a greater number at· 

muscle fibers at birth and thus larger ultimate body size. 

Holmes and Ashmore (1972) indicated that double mus

cled.~alves had more muscle fibers than normal calves at 

one month of age. 'l1hey noted. that average :fiber size was 

the same for the two phenotypes, but the double muscled 

calves had larger muscles. Holmes and Ashmore (1972) con

cluded, from a study of double muscled and normal cattle, 

that increased fiber numbe~ must be the cause of the in

creased muscularity in double m~scled animals, since the 

greater muscle size in the double mu~cled cattle could not 

be accounted tor bY increase in fiber size alone. 

Ashmore and Robinson (1969) suggested that an increase 

in the proportion of glycolytic-type fibers was the cause 

for the observed muscle hypertrophy in double muscled 
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cattle. Holmes and Ashmore (1972) found a larger propor

tion of "white" fibers (with the SDH reaction) present in 

muscle from double muscled cattle than from normal cattle 

at several ages. Holmes and Ashmore ( 1972) again observed 

double muscled and normal cattle and condluded that in

creasing muscularity was correlated with increasing con

version of ~ red to ()l white fibers. 

Dildey et al. (1970) found a "distinct linear assoc

iation between light fiber content and muscularity" in 

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

PSE condition might be the result of increased muscularity 

caused by increased proportion of white fibers in the 

muscles of these.animals. 

In normal animals, however, lTohnston et al. ( 197 5) ~ 

in their study of Angus and Charolais cattle, found that 

Charolais steers had the same percentage of Ol. red and 

about 0.75 percent fewer (X white fibers than Angus steers. 

}Jostnatal !Viyofiber 11ype Development 

,Alterations in E'iber 'l'ype. Many authors have obs.erved 

changes in the proportions of fiber types with increasing 

age or weight in several species. Most believe these 

changes to be the result of fiber type coriversion1:1. But 

the cause of these transformations is still·controversial 

and probably is not the result of a single factor. 

Guth and Yellin (1971) maintained.that fiber types 



are continually being changed throughout life due to 

changes in functi6nal demands placed on them. 

Stickland (1979) reported that many authors believe 

that the function of a given muscle determin~s the fiber 

type make-up of that muscle. 

Ashmore and Doerr (1971a) suggested that muscle use 

might prevent conversion of a red to ex white fibers. 

They had observed the· sa.rtorius and adductor leg muscles 

in chicks had h{gher percentages of red fibers than the 

pectoralis muscle (which is not ~sed in chicks). 

Cassens (1977) stated that fiber type composition 
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could be altered somewhat by exercise or training, but the 

alteration would not be significant. 

Ashmore and Doerr (1971a) studied muscle fiber types 

in three muscles of normal and dystrophic chicks. At 

hatching, in the normal pectoralis muscle, the ATPase 

stain indicated that all fibers were ex, however, with the 

SDH stain, two fiber populations were apparent. As age 

was increased to three weeks, the observed mitochondria 

rich.SDH fibers were rapidly changed to mitochondria poor 

fibers. In the sartorius muscle, Ashmore .and Doerr (1971a) 

oboerved two fiber types (Q:'. and /3) with the A11.fJase 

reaction at hatching. .Both 0!. and {3 fibers were classi

fied as red with the SDH stain. By four days of age, two 

populations of fibers could be distingui~hed with the SDH 

stain. fhese authors observed a conversion of some 
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mitochondria rich a 1'ibers to mitochondria poor ~ fibers 

which appeared to be nearly completed by two weeks Df age. 

In addition, Ashmore and Doerr (1971a) noted that 

the fiber type distribution pattern in the sartorius was 

different for opposite sides of the muscle. At hatching, 

fj. fibers constituted 20-t.~O pe:t·cent of· the :ri bers on one 

side of the muscle, . while they were completely absent on 

.the other side. The adductor muscle also had an uneven 

distribution of fiber types. The deep adductor was com

posed mostlyoJ:' a fibers while the superficial adductor 

had mostly F? fibers. 

Ashmore .et al. ( 1972) stated that in porcine, ovine, 

bovine and chick muscle, Ct. •. fibers were initially red but· 

had the capacity to· change to 0/. white. ·rhey also found 

that this change began earlier in calves and lambs than in 

pigs and chicks. They concluded that thi$ fiber type 

transformation could result in incteased muscularity~ 

Cassens et al. (1968b) believed there was a trans

formation of intermediate to white fibers, but red fibers 

stayed constant in porcine muscle. 

In studies of rat muscle, Dubowitz (1965) found no 

differentiation of fibers into types at birth. He stated . 

that differentiation 6ccurred gradually between one and 

1~ days of age. 

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

ferentiation in muscles of one-day old pigs with ATPase, 
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NAITi-TR or phosphorylase. However, clear differentiation 

was observed by four weeks of age and fibers were classi

fied as red, white .or intermed~ate. · Base~ on total myo-
' . 

fiber area, Cooper et al. (1970) ob~erved a decrease in 

the percent area composed of. red· or intermediate fibers 

and an increase in the.· percent area compqsed ot' white· 

fibers as age increased.. 11he authors suggested that this 

was due to a conversion of red anct/orintermediate to white 

:t'i bers, or to more rapid growth of the white fi l;>ers. 

Suzuki and Cassens ( 1980) b~lieved that type II t'i'pe.rs 

were c.onvertetl to type I f'i pers and the intermediate :fiber 

was a transitional state between them.. u·sing. acid anq 

alkaline ATPase to c'lassify fibers .iri. developing porcine. 

muscle, thes~ autho~s observed that. the propo.rtion of:· 

type II.fib~rs decreased·ant;t the proportion of type I 

fibers increased f:r;-om birth to eight weeks of age ·in the 

longissimus, rectus ~emoris, ID;asseter, trapezius and vas-

tus intermedius muscles .. The proport~on of intermediate 

t·~ bers in the longissimus, rectus !'emoris and. masseter 

muscles decr:eased from birth 'to eight we~ks while in the 
' . ' ' ' ' ' . 

trapezius and vastus intermedius thi~ proportion remained 
constant from birth to tour weeks and decreased from four 

to eight weeks of age.. Conversion' rate was dependent upon 

the muscle studied. 

Fiber Type Differences BetweenMuscles. Ashmore and· 
Robinson (t969), Ashmore and 'Doerr (1971b), Holmes and 
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Ashmore (1972) all agreed that the bovine triceps brachii 

muscle contained a majority of red fibers. Moreover, Ash~ 

more and Doerr (1971b) declared that the red fibers weie 

almost evenly divided between ex red and fJ red fibers. 

In addition, Holmes and Ashmore (1972) stated that the 

fiber type composition of the t:t;'liceps brachii did not 

vary much with age. 

Ashmore and kobinson (1969) determined that, iri one 

year old beef animals, the semitendinosus .muscle contait1ed 

a majority of white myofibers. Beermann et al. (1977) 

showed.that both the inner and outer portions of porcine 

semitendinosus had a majority of type II (white) fibers. 

~olmes and Ashmore (1972) maintained that all bovine mus-

cles became "whiter" with age, but this was especially 

pronounced in the semitendinosus muscle. 

hlelton et al. (1975) stated that the bovine longis-

simus muscle contained more white than red i"ibers and was 

.therefore considered to be a white muscle. Nevertheless. 

Eunt and Hedrick (1977a), in their study of choice, A-

maturity beef carcasses, found that the longissimus muscle 

contained 29.3 percent f3 red fibers, 24~7 percent ex red 

fibers .and 46 .. 0 percent CX. white fibers. Hunt and 

Hedrick (1977a) also studied the semitendinosus muscle of 

the above carcasses and found that the inner semitendin

osus had 35.e percent ~red fibers, 24.? percent ct red 

fibers and 39.2 percent 0!. white fibers, while the outer. 



semitendinosus had 12.2 percent fJ red fibers, 20.6 per

cent ct red fibers and 67.2 percent ~ white fibers. 

rleecher et al. (1968) also reported that there were more 

white fibers in the superficial portion of the porcine 

semitendinosus muscle and more red fibers in the deep 

portion. 

· Fiber Type Diff!rences Between 3reeds. Johnston et 

al. ( 197 5) examined the effect of .time on feed and breed 

on mustile fiber type. Breeds used were Angus and Charo

lais of ~imilar ~ges, weights and nutritional regimes. 
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~hey found, with increasing time on feed, a slight (but 

nonsignificant) increase in the ·percent fj red fibers. 

Nearly one-quarter ( 24.92 percent). o:t· the :t'ibers · we.re · /3 
red, one quarter·(26.71 percent) were Ci. red and one-half 

( 48. ~4 percent) were a. white •. 

Stull and Albert (1980) examined two musclas of 

several breeds of hor~Gs and determined_ that percentages 

o1· the three fiber types did not differ significantly 

·between breeds, even though data tended to shoW that 

Thoroughbreds had. more red fibers than other breeds. 

Fiber Type Diffe~ences Between Species. Gauthier 

and Padykula (1966) reported a study of diaphragm muscle 

in several mammalian species. '.i1hey used the albino rat 

as a standard and found that in the diaphragm, in which 

activity is inversely related to body size, animals of 
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intermediate size had a heterogeneous population of 

myofibers, 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 content. 

'l'hese authors :then examined hind limb muscles (gra

cilis or semitendinosus) of seven mammals and found that 

the same trend was present. With increasing body size 

there was a trend toward greater differences in fiber type 

in the gracilis and semitendinosus muscles. 

Fiber Type Differences With Age. Spindler et al. 

(19BO) examined the biceps ;femoris muscle of Angl_\s, Here

ford and Holstein steers and heifers for fiber type dif

ferences due ~o age, breed and sex. Samples were taken 

by biopsy beginning at 28 days of age and subsequently at 

56 day intervals until slaughter at J92 days or age. 

Percent white fibers tended to increase, percent red fibers 

decreased and percent intermediate fibers remained steady 

with increasing age. 

Judge (1978) found no significant difference in the 

proportion of NADH-TR negative fibers in the.cutaneous 

trunci muscle of pigs from 2J to 113 kilograms body weight •. 

l'[fyofi ber 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

fibers (Ashmore, 1977; Stickland and Goldspink, 1973; 

Eegarty,. 1971; Joubert, 19 56;. Swat land, 1976). 
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3onyea (1980), however, reported an increase in riber 

number in cats trained to lift weights for a·food reward. 

He attributed this increase to muscle fiber splitting. 

3endall and Voyle (1967) reported. a decrease. in fiber. num

ber in the longissimus and semitendinosus or cattle, 

accompanied·by a period of rapid increase in fiber area 

between 12 months and two years of age. 

Hegarty (1971) pointed out the difficulties which 

arise in determination of fiber number in large animals. 

In large·animals, most authors predict total fiber numbf!r 

through use of a fiber number per unit area technique .. 

Stickland and Goldspink (1973) counted number of fibers 

per unit area by superimposing a grid onto a projected 

image of a tissue section. Total. myofiber number within 

the muscle was calculated by multiplying fibers per unit 

area by the transverse .sectional area of the entire sec

tion. Ezekwe and Martin (1975) counted myofibers of mouse 

muscle within a micrometer grid and then used similar cal

culations to find total myofiber number in the muscle. 

Problems arise due to differences in intramuscular 

fat and connective tiss-qe along the length and breadth of 

the muscle and differences in extracellular space in dif

ferent parts of the muscle. According to Hegarty (1971) 
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any of these factors could influence myofiber count .. In 

addition, due to intrafacicularly terminating muscle fibers 

the plane of sectioning might not be representative of 

muscle fiber number in the whole muscle l~watland, 1976). 

3urleigh (1974) stated that larger mammalian species 

have greater numbers of cells than smaller species because 

although the cells probably divide more slowly in. prenatal 

life in larger species, they do oo for a longer perioa of 

time. 

Variation in muscle fibe~ number occurs between 

breeds of the same species (Hegarty, 1971). Stickland 

and Goldspink (197b) compared Large White pigs with a 

breed of miniature pigs at similar ages ~nd found that the 

Large White pigs had about 68 percent more fibers. 

Swatland (1973) counted myofibers in the sartorius 

muscle ot' fetal and neonatal pigs. He found that myofiber 

. number increased with age in the retus and continued in-

. creasing until about seven days postnatally. He concluded, 

however, that this increase in nwofibe•·· number postnatally 

might be the result or elongation of existing myofibers 

into sections where previously thay were not viewed. 

Ontell and Dunn (1978) observed in rats that all myo

fibers were present at birth, but not all were observable 

with the light microsco~e. Those not observable were lo

cated as "satellite myotubes or myofibers" which shared 

a basement membrane with a large primar~ fiber. They 
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called these occurrances "clusters'', Ontell and Dunn 

(197BJ observed ihat 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 

Determination Methods in Use 

Several methods have been used to determine myofiber 

size in various species. Common measurements are fiber. 

diameter and/or fiber area, but also in use is measure-

ment of sarcomere length. Joubert (1956) teased apart 

fibers from thinly sliced muscle sections, then measured 

fiber diameters of the free floating fiber cylinders with 

an ocular micrometer mounted in the ~ye-piece of a stan

dard light microscope. Other authors (Hanrahan et al. , 

1973; Stickland and Goldspink, 1973; Melton et al., 1974; 

Ezekwe and Martin, 1975) have used different fiber separ

ation techniques. but the same general measurement method 

for myofiber diameter determination . 

. Bendall and Voyle (1967) determihed fiber area by 

counting millimeter square~ within magnified myofibers 

from tis~ue sections. They then calculated fiber diameter 

(assuming a circular fiber) from their area.measurements. 

Cross sectional area of individual fibers has been 

obta~ned using photographs or tracings of fibers, then 

measuring the area with a Compensating Pola+ Planimeter 



(Stein and Padykula, 1962; Swanson et al. , 1955; Johnston 

et al., 1975). 
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Davies (1972) measured trans-sectional area of muscle 

fibers by use of a paper weighing method after tracing 

individual fiber types onto transparent paper. 

Myofiber diameter (Dildey et al., 1970; Johnston et 

al., 1975) and myofiber area (Cooper at al., 1970; Hunt 

and Hedrick, 1977a) have both been determined by use of a 

Ziess particle size analyzer. 

Problems in Fiber Size Determination 

Joubert (1956) examined the effect of 10 percent 

formalin fixation on myofiber size in rabbit ~uscle. He 

concluded that a slight but nonsignificant decrease in 

fi~er diameter occurred in prerigor samples stored over

night in 10 percent formalin fixative. Following this, he 

found no difference in fiber .size with storage up to six 

months. 

Hegarty ~nd Naude (1970), however, determined that 

separation procedures used prior to fiber size measurement 

could cause fiber di.stortion and therefore, erroneous 

results.· Furthermore~ Hegarty ( 1971) suggested that the 

small sample size available from muscles of farm ~nimals 

may not give results representative of the ~hole muscle, 

since fiber diameter had been shown to vary along the 

length of the longissimus dorsi muscle of pigs and cattle. 



Swanson et al. (1965) found in the longissimus muscle of 

market weight cattle that fiber size did, indeed, vary 

with location arong this muscle. 

Ultimate Fiber Siz~ 

According to Burleigh (1974) the ultimate width of 

fibers of different mammalian species does not vary 
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nearly as much as myofiber number or growth rate between 

species. He reported an adult fiber diameter range be

tween JO and 70 )l· Bendall and Voyle ( 1967) reported an 

increase in mean ·fiber diameter fpom 15 )1 at one month of 

age to 45 pat 24 months of age, in cattle. Joubert (1956) 

found that mean fiber diameter in different species was 

rated.pig, rabbit, cattle, sheep, from largest to smallest, 

at ma,turity .. 

Several authors have reported that myofiber size 

increased with increasing age .(Hegarty, 1971 in cattle; 

~pindler, 1980 in cattle). Joubert (1956) observed that 

fiber diameter increased 41 percent from birth to maturity 

in cattle.. Cooper et al. ( 1970), ih a study of pigs from 

one day to 26 we.eks of age showed th~t myofi ber size in-
. I 

creased· with increasing maturity. ·Stickland and Goldspink 

(1973) found an increase in fiber diameter with increasing 

muscle weight in a variety of pigs. 
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Size of Individual Fiber Type§ 

".Ked" muscle fibers are generally cons~dered as being 

small in comparison to white fibers (Ashmore et al., 1972ar 

Cassens and Cooper, 1971; Davies, 1972; 'Hunt and Hedrick, 

1977a; Melton et ~1. ~ 1974; Stein and Padykul~, 1962). 

Some. authors (.Ashmore et al., 1972a; ,Cassens and Cooper, 

1971; Davies, 1972) regard this smaller size (cross sec-. ' 

tional area) of .the red fibers as a factor whfch favors 

cellular exchange of nutrients and wastes and increased 

capacity for diffusipn n~ede~·for. function ~f. these fibers. 

Burl~igh ( 1974) stated that fib'e.rs riches.t. in mi tochon

dria had a tendency to be comparatively small. Cassens 

and Cooper (1971) 'maintained· that red ~ibers had a higher 

lipid content than white ·fibers. ~hey also stated that 

red fibers needed greater blood flow than white· fibers 
' ' ' 

since they depended on bl~od~~xygen tor-energy genetati6n 

while white fibers were ca,pable of glycolytic metabolism. 

Cooper et al (1970), in a study·of porcine J11UScle 

from one day· to 26 weeks .of ag.e, stated- at four and five

weeks of age ·all fiber types were app~oximately the sa!pe 

size·. After this period, white .fibers increa·sed in size 

more rapidly than red or intermediate fibers. Ashmore and 

Doerr (1971~), however, observed-differences in size of 

individu.al fiber -:types before birth. 

Hunt· and.Hedrick (1977a) reported that although 

white f~bers .. were usually the largest fiber type in 



market beef animals, f] red fibers were not always the 

smallest fiber type. 
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Melton et .al. (1974) found that the cross sectional 

areas of fibers biopsied from bulls were ranked red, inter
mediate ~nd whit~, from smallest to largest. Stein and 

Padykula ( 1962) rf:l.nked fibers as C (corresponding to CX. 
red), B ( {3 red) and A ( Q' white), from smallest to larg
est. Stickland (1979), in a study.of several species of 

. East African wild game animals, found that in the longis

simus dorsi, fiber size was ranked red, intermediate and 

white, from smallest to largest (with the SDH reaction). 

F'actors Affecting Myofiber ;.;liz.e 

Variation in Fiber Size. Stickland and Goldspink 

(1973) found considerable variation in fiber size within 

several breeds of pigs which they attributed to differences 
in the herds from which pigs of the same breed came. 

Stickland et al. (1975) stated that "the variation 
in size of fibers increased as the mean fiber size in

creasedH, Bendall and Voyle (1967) observed the same 

phenomenon. 

Breed Differences With Respect to Fiber Size. ·Stick-
. land. and Goldspink ( 1. 9'78) studied difference~ be tween 
Large White pigs and a breed of miniature pigs. They 

concluded that there was no diff~rence in fiber diameter 
between the two breeds at. six to seven. months of age. 



Johnston et al. (1975) found that Charolais cattle 

had larger mean fiber diameters and areas for all three 

fiber types than Angus cattle at both feeding stages e~-

amine d. 

According to Stickland and Goldspink (197J), Staun 

· (1968) associated a large number of ·fibers with smaller 

fibers. Stickland and Goldspink (197J) found .this to be 

true in their study of a large variety of straight and 

crossbred pigs. 
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Hegarty (1971) reported that breed differences in 

fiber size have been shown in many species. Joubert (1956) 
. . 

found marked interbreed differences 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. semitendinosus at any stage 

of growth. 

Age Differences With Respect to Fiber Size. Corn~ 

forth et al. (1980) reported that at a given body weight* 

late maturing cattle would have smaller muscle fibers and 

~ss extensive fat cell development than early maturing 

cattle. However, if .muscles were examined from calves of 

equivalent maturity and differing body weights, these 

differences no longer appeared. 

Muscle Differences With aespect 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 variation of work loads 

on the particular muscles. 

Joubert (1956) associated increase in muscle fiber 

size in a particular m~scle with rate of growth of that 

musc~e. Therefore, at different stages of development, 

individual muscles have fibers of varying sizes. 

Bendall and Voyle (1967) reported that mean fiber 

diameter of longissimus and se~itendinosus muscles had 

about the same growth rate at all stages. 

Plane of Nutrition With Respect to Fiber Size. ~any 

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 £ibers to increase 

in size was impaired. 

Hegarty (1971) stated that alteration of the plane 

of nutrition would have a more noticeable affect during 

the period oi' rapid growth and that a low plane of nutri

tion generally decreased fiber diameter, while return to 

a high plane would restore fibers to their normal 

diameters. 

Joubert (1956) found that lambs of ewe~ on different 

nutritional levels during pregnancy showed no significant 

difference in fiber diameter at birth, but were signi%i

cantly dit:rerent at 60 and 290 days postnatally. 



Exercise 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 RHA 
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.The monitoring of changes in DNA and BNA concentra

tions and their relationships with other chemical compon• 

ents in the body are yet another method of observing dif

ferences in growth of muscle between species, breeds and 

even individual muscles. 

Prenatal Muscle DNA Concentration 

In prenatal rat muscle, Winick and Noble (1965) ob

served a rapid increase in total organ DNA which con

tinued through early postnatal life, then leveled off due 

to a decrease in the.rate of DNA synthesis .. 

Burleigh ( 197L~) .observed that muscle .ON A continued 

to increase in mammalian species postnatally, but at a 

slower rate th~n in prenatal development. 

According to ~llen.et al. (1979) the muscle cell 

cycle (prenatally) has four general phases. First, the ~ 

phase (also called the DNA synthetic phase) in which cells 

with a 2N compliment of DNA replicate .their D~A. ~ecopd, 

the G2 phase (or post synthetic gap) in which cells with a 

4N compliment of DNA (from the S phase) prepare for 
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mitosis and cytokinesis. 'l'hird, the lVI phase (mitosis) in 

which two, 21~ cells are produced for the last, or G1 

phase (the pre synthetic gap). F'rom·G1 , cells either start 

the cycle over again or remain without replicating. 

It appears that presumptive myoblasts are. the. last 

prenatal muscle cell precursors capable of DNA synthesis 

and cell division. After differentiating to the myoblast 

stage, muscle cells remain in the G1 phase and further 

DNA synthesiQ is thought to occur via satellite cell in

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

Satellite Cell Incorporation 

According to Cheek et al. (1971), Burleigh (1974) 

and Allen et al. (1979)~ the DNA concentration in muscles 

~f mammals increases during postnatal life. Burleigh 

(1974) concluded that some nuclei must be replicating 

their DNA during this period. He also stated that nuclear 

number increased postnatally due to satellite cell incor

poration. 

Satellite cells are mononucleated cells located be

neath the plasma membrane of muscle cells (Cardasis and 

Cooper,· 1975). Satellite cells have the capacity to re

plicate their DNA and fuse into existing myofibers. They 

have also been shown to decrease both in absolute· number 

and as a percentage of total muscle nuclei with increasing 

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

11otal amount of !U~A has been observed to increase 
with age (Burleigh» 1974; Winick and ~oble, 1965) in rats 
and mice. 

According to Goldspink (1977), 80 per~ent of the K~A 
in muscle is ribosomal Hi'-;A. ;larlick et al. (1976) .noted 
a proposal by Munro (1969) that the rt~A concentration in 
a tissue was related to that tissue's capacity for protein 
synthesis. ~inick and ~oble (1965) stated that the 
tissues which actively synthesize protein were high in 
kNA content. Cassens and Cooper (1971) found that "red" 
muscles synthesized more protein and had higher rlNA con
centrations than "white" muscles. 

::urleL;rh (1974) stated.that during growtho accumu-:
lating protein diluted the RNA concentrntion .i.n muscle 
and in individual myofibrils. He commented that Munro 
and Jray (1969) found a decrease in concentration of HNA 
as body size increased from mice to horses. but attributed 
the decrease to increased tissue per unit hNA in the 
larger species. 

DNA Concentration Qer Nucleus 

Many authors maintain that the amount o_f DNA per 
diploid nucleus in ~ammalian species is constant for 
individual species (Enesco and LeBlond, 1962~ Ashmcire and 
Robinson, 1969; Moss, 1969; Cheek, 1968: hobinson and 
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Lambourne, 1970a; ~obinson, 1971; Cheek et al., 1971; 
LaFlamme et al., 197J), Ashmore and rlobinson (1969) and 
Moss (1969) used a value of 2.5 x 10-9 milligrams DNA per 
diploid nucleus which goss (1964) established in chickens; 
while several other authors (Enesco and le~lond, 1962; 
Cheek, 1968; rlobinson, 1971; Cheek et al., 1971) used a 
value of 6.2 x to-12 ~rams per nucleus to calculate nuclear 

number. 

Nuclear l\umber 

The established constanty of DNA concentration per 
nucleus allows estimation of nuclear number in muscle 
tissue (Enesco and LeBlond, l962i .fuoss, 1969; Che~k et al., 
1971; aobinson, 1971). Enesco and LeBlond (1962) offered 
the following equation for the calculation of .number of 
diploid nuclei: 

nuclear number 
(millions) 

= mg Di1JA in whole organ or tissue x 1 o3 
6.2 X 10-12 g 

Enesco and Puddy (1964) found that total nuclei in 
muscle tissue of rats consisted of approximat~ly 65 per
cent muscle fiber nuclei, 25 percent endomysial nuclei and 
10 percent perimysial nuclei. 

Cheek et al. (1971) stated that in addition to muscle 
cell nuclei, histocytes. fibroblasts, neuronal cells and 
adipocytes contributed D~A (from their nuclei) to muscle 
tissue. They further suggested that one-quarter of the 



DNA in a muscle sample was located outside the muscle 
fiber. 

Enesco and LeBlond (1962), after studying many dif
ferent tissues, found that the number of nuclei in muscle 
tissue increased with age and that m~sble fiber size in
creased more rapidly than nuclear number as skeletal mus-: 
cles gained we~:ght. 

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

Cardasis and Cooper (1975) observed muscle of mice 
from the 19th day of gestation· until bJ days of age. They 
found that the number of nuclei per fiber increased from 
84 to 354 during that period.· }'urthermore, it appeared 
that the greatest increase in nuclei per fiber occurred 
just prior to birth and the next greatest increase, just 
~fter birth. fhey concl~ded that the observed increase 
in nuclear number could be accounted for by the satellite 
cells associated with each fiber. 

Moss (196~) found that in the muscles of most chick
ens the number of nuclei increased in proportion to the 
2/J's power of the weight or the muscle. 

Harbison et al. (1976) found that the number of nu
clei in the longissimus dorsi muscle increased more rapid
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 

animals • 

. •rrenkle et al. ( 1978) found an increase in number of 

nuclei and in cell size betwe~n 110 and J60 kilograms body 

weight in steers sired by either an Angus or a Charolais 

bull. After J60 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 oy· the Angus bull. 'I'renkle et al. ( 1978) 

Weight per Nucleus 

Cytoplasm (or weight) per.nucleus is equal to the wet 

weight of muscle divided by total DNA content (Enesco and 

LeBlond, 1962; Moss, 1968; Ashmore and .Robinson, 1969; 

Moss, 1969; Robinson, 1971)~ Enesco and Leblond (1962) 

gave this· equation: 

muscle weight 
per nucleus 

= weight or fresh tissue or organ (gl x 10J 
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 
~nesco and Puddy (1964) on rat muscle. ~hey noted that 
the muscle weight per nucleus was fairly .uniform in three 
of the four muscle~ studied from 16 to 86 days of age. 

Munro and Gray ( 1969) fqund .that weight per nucleus 
varied by two-fold or. less between mammalian ~pecies 
ranging in size from mice to horses. 

According to some authprs, muscle tissue reaches an 
~ltimate maximum size because each nucleus can support 

. only a given amount of tissue (Robinson, 1971; Cheek et al~, 
1971; Allen et al., 1979). Burleigh (1974) and Harbispn 
et al~ (1976) stated that the number or nuclei determin~ 

. ' total muscl~ mass; Increase in muscle mass per unit DNA . . 

is respons~ble for some of the growth of skele~al muscle 
postnatally (LaFlamme et al.·. 1973). 

LaFl~mme et·al. (1973) found that DNA concentration 
decreased with increasing. body weight and muscle size in 

' . cattle of dairy and beef breeding. 

Harbison et al. ( 1976) stated, "Increase in total 
muscle DNA (or a higher amount of total muscle U~A) has 
been shown to be related to increased (or ·a greater amount 
of) muscling in pigs. mide and· cattle."-·,;\ ' 

Goldspink ( 1977) .found in diaphragm o1' normal hamp-
. sters that DNA per gram of tissue decreased with increas-

ing age. 

~cco~ding to Trenkle et al. (1978). if nuclear 



number in muscle continued to increase for a longer period 

of time, then skeletal muscle would have an increased 

impetus for growth. 

RNA:DNA katio 

Increase in the rU~A: DI~A ratio in muscle is an indi

cation of increased protein synthesis ( 110pel, 197.1; Ez~kwe 

and Martin, 19? 5; Harbison et al. , 1976). 

·Munro and Gray ( 1969) stated that the RNA: DI~A 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 ratios in the longissimus 

muscle than the fat strain between 22.7 and 137 kilograms 

body weight. 

Ezekwe and l't.artin ( 197 5) compared Yorkshire pigs to 

the feral obese pig (Ossabaw) and found that the Yorkshire 

pigs had a greater RNA1D~A r~tio than the obese pigs, 

However, when they compared mice selected for increased 
J 

body weieht with control mice, they found that the controls 

had greater KNA:DNA ratios. 

rn·comparison of a muscular line and an obese line 

of pigs, Harbison et al. (1976) found that in both lines 

the HNA: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 ratio than the 
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obese line. 

Protein:DNA Ratio 

Increased protein:DNA ratio indicates larger muscle 

cells, since the ratio of cell protein to cell water is 

constant (Cheek, 196B; Robins on, 1971; Cheek et al. , 1971; 

Ezekwe and Martin, 1975). hobinson and Lambourne (1970a) 

used the ratio of cellular nitrogen or protein to DNA to 

indicate cellul~r hypertrophy. 

Winick and ~oble (1965) stated, in rats, that during 

early prenatal growth the increse in protein is propor

tional to the inciease in DNA. After this time, protein 

increases more rapidly than DNA until the animal. is full 

grown. These authors observed an increase in the protein: 

DNA ratio near maturity in rats which they attributed to 

a slowing of DNA synthesis, not an increase in protein. 

Cheek et al. (1971) stated that urotein:DNA ratio . - . 

changes during growth w~re due mainly to changes in D~A, 

not protein. · They also found that the protein:DNA ratio 

appeared to be. consistant between muscles of an individual 

rat: In addition, there appeared to be agreement between · 

muscle groups for the protein:DNA ratio in 2.5 year old 

monkeys. 

According to Cheek et al. (19?1), Munro and Gray 

(1969} found that the horse had twice the amount of pro

tein:DNA as the mouse. Ezekwe and Martin (1975) found 



that Yorkshire pigs had greater protein:DNA ratios than 
feral obese pigs. 

Breed Differences in DNA 

'+6 

A muscular line of pigs was compared to an obese line 
by Harbison et al. (1976). They found that between live 
weights of 23 and 68 kilograms, DNA and R~A concentrations 
were not significantly dif!erent between genetic lines. 
However, between .68 and 118 kilograms, the muscular line 
had a significantly (P<.05) greater concentration of.both· 
DNA and RNA than the obese line. 

LaFlamme et al. (1973) found that breed-type (dairy 
or beef) in cattle had no significant effect on DNA con
centrations at several live weight.. {However, the breed
types were compared at a constant live weight, not at a 
constant age.) 

Nutritional Effects 

Robinson (1971) found that rest.ricted nutrition in 
pregnant .sows and later in their neonatal pigs, caused a 
permanent decrease in accumulation of· rl!'lA, 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) reported that certain types of exer

cise could cause an increase in muscle growth, but the 

protein:DNA ratio did not change. 

Carcass Composition 

At birth, carcass composition of the calf consists 

of about two parts muscle to one part bone. bone is 

essential for function at birth and therefore develops 

early during prenatal development. iv'luscle, on the other 

hand, is needed at birth but does not reach peak usage 

until the young adult stage and therefore has an inter

mediate development rate between fat and bone. Fatty tis

sues are the least essential ~nd thus develop latest. At 

birth the bovine carcass contains very little fat (~erg 

and Butterfield, 1976)~ 

.Oerg and Butterfield (1976) maintain that with in

creasing age, the ratio of muscle to bone in the bovine 

increases because m~scle grows more 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; wit~. increasing weight after birth, bone de

creases slowly and continuously, muscle increases slightly 

and then begins to decrease as the fattening period begins. 

Berg and Butterfield (1976) stated that breed dif

ferences in the onset of fattening and in muscling occur 



in the bovine. 'l;hey, as well as Lawrie (1961), found 

that early maturing cattle have a smaller mature size and 

generally enter the fattening pha';;~ at lighter weights 

than later maturing cattle. In ad~ition, heavier muscled 

animals generally have higher muscle to bone ratios 

throughout life. 

Chemical Composition 

Berg and Butterfield (1976) stated that the major 

chemical components of the bQdy are water, protein, fat 

and ash. Cassens (1977) described muscle composition as 
7.5 percent water, 20 percent protein. less ·~han one per

cent carbohydrate and the rest fat and organic and inor-. -
ganic substances. 

Berg and Butterfield (1976) found that the bodies of 

calves are high in water and low in fat. With increasing 

age there is a decrease in percent protein, ash and water 
and an increase in percent ~at. ~he muscle composition of 
the steer at more than one year of age consisted of 74 

percent water, 21 percent protein, 4 percent fat and 1 

percent ash. They also stated that the percent fat varied 
with the muscle examined. According to Hunt and Hed.riqk 

(1977a), "red" muscle generally contains more lipid than 
"white" muscle . 

. Lawrie (1961) described a decrease in the moisture 
content of the bovine longissimus muscle with increasing 



age. ~e said that it was accompanied by an increase in 
fat content. 

I.J-9 

Hunt and Hedrick (1977a) observed, in five muscles of 
the mature bovine, that percent moisture wa~ inversely re
lated to percent ether extractable material. 

Link et al. (197Ua) noted an increase in intramuscular 
lipid with increasing age inbovine steers and heifers. 
Under the same conditions, Link et al. (1970b) observed 
a decrease in the relative amount of muscle protein and 
moisture. 

Dickerson ana Niddowson (1960) described a decrease 
in percent water and an increase in percent protein in 
skeletal muscle during development. 

In pigs selected for increased body weight, Ezekwe 
and Martin (1975) observed greater total protein in the 
muscular line or pigs than in the obese line of pigs. 

Winick and Noble (1965) found in rats that total 
6rgan protein increased until maturity. They stated that 
protein increases linearly with maturity. 

Cheek et al. (1971) stated that early in postnatal 
life, protein per unit muscle reaches a stable level. 

Tr~nkle et al. (1978) examined steers from Hereford 
x Angus dams which were sired by either an Angus or a 
Charolais bull. They found that overall growth rate was 
15 pe~cent faster. 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 lipid in 

the longissimus dorsi muscle and total muscle p~otein in

creased with each larger body weight examined. 



CHAl)'~ER III 

GENERAL lVlArrERIALS AND MSTHODS 

Animals 

This project was designed to study several muscle 

parameters in two breed-types of cattle at three stages 

of development. ~he breeds selected were Angus, repre

senting a smaller framed, "early maturing type" and Charo

lais, representing a larger framed, "late maturing type", 

Cattle used in this study were obtained from two purebred 

herds (one Angus and one Charolais) within the state of 

Oklahoma. 

The initial group of calves sampled were to be 25 

days old, however, exact birth d~tes were not available 

for some calves and thus ages were approximated. ~he 

first slaughter group consi~ted or three Angus and three 

Cha.rolais calves, all .born in the spring of 19?8 (spring

baby calves). The second.slaughter group consisted or 
three Angus and three Charolais calves, all born in the 

fall of 1978 (fall-baby calves). Thus, a total of 12 

approximately 25 day old calves .were used irr the study. 

(See table I, appendix C.) 

These baby calves, all intact males, were brought to 

the O.S.U. meat laboratory directly from their respective 
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farms. They were held overnight, weighed and slaughtered 

the next morning. 

The second ag~ ~roup of calves were to be 240 days 

old (or weanling age). Again exact birth dates were not 

available for all calves and th~s some ages were approxi

mated. The first calves slaughtered from this group were 

born in the spring of 19713 (same.as the spring-baby calves) 

and consisted of six Angus and six Charolais (spring

weanling calves). fhe second set of 6alves for this group 

consisted of.six Angus and six Charolais calves born at 

the same time as the fall-bab~ calves (fall-weanling 

calves). Thus. a total of 24 weanling calves were sam

pled. (Table I, appendix c.) 

The weanling calves had.been weaned at their respec

tive farms and then transferred to the Experiment Station 

at El HenoJ Oklahoma. From there, calves were transported. 

to the 0. S. U. meat laboratory' in Stillwater in their re

spective groups at the appropriate ages. All calves at 

this stage were castrated males. Again, they were held 

overnight, then weighed and slaughtered the next morning. 

The third age group of calves w~re 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 

group were not necessary killed on the same day (as they 
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were in the baby and weanling groups). Calf numbers per 

group differed in this slaughter group, because some ani-

mals died before reachin2 market weigh~ therefore, there - "· ' 

were six spring-barn Angus, five spring-barn Charolais, 

four fall-born Angus and five fall-born Charolais calves. 

Thus, a total of 20 market weight calves were sampled. 

The market weight calves.had been weaned and trans-

fared to the El .Reno facility at the same time as the 

weanling calves. Transport and pre-slaughter procedures 

were· the same as for the weanling calves. 

Sampling Procedures 

. . ' Within JO minutes postmortem, carcasses were weighed 

(by side) and the Longissim~s dorsi (LD) (a section from 

the twelfth rib to the fourth lumbar vertebrae), the Semi-

tendinosus (ST) and the Triceps brachii-lateral head (TBL) 

were removed from each side. Following removal from the 

side, each muscle was trimmed of visible fat, weighed and 

measured for length. Additionally,, a water weight was 

determined in 2°C water for later calculation of muscle 

specific gravity. Muscles were then wrapped in aluminum 

foil, frozen by immersion in liquid nitrogen and placed 

in storage at -2o9c until analyses could be performed. 



Determination of fetal ooyofiber Number 

and ~yofiber Type 

In preparation for cryostat sectioning each muscle 

was removed from freezer storage and cross-sectioned at 

50 percent of its length in the frozen state. (For the 
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LD and TBL muscles this was the anterior-posterior orienta~ 

tion and ror the St muscle it was the dorsal-ventral 

orientation - figure 1.) A one centemeter wide section 

was removed from the posterior (ventral for ST) surface 

and its circumference traced onto paper for muscle cross 

sectional area determination. Cross sectional area was 

later measured from the paper tracings using a Compen

sating Polar Planimeter. 

The frozen muscle sections were then placed posterior · 

(or ventral for STJ .side down on a board and visually di

vided into quadrants; A 6.35 millimeter diameter core 

was taken frdrn each quadrant using a drill and a specially 

made coring device (see figure 2). Cores (still in the 

frozen state) were then placed in separate beakers of 

physiological saline solution and allowed to thaw. #hen 

thawing .was completed, cores were oriented longitudinally, 

a1'fixed onto microtome chucks using 0. C. T. compound and 

quick-frozen with Cryokwik. They were therr 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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Section used for fiber type and proximate analysis 
Section used for myofiber width dete~mination 

*Note: All sections one centimeter wide, section two 
taken.at ~0 percen~ of transverse length. 

Figure 1. Muscle Orientation for Sampling 



Figure 2 . G orin~ Device a~d Procedur e for 
akin~ Cores for Mycfioer Type 

lJe t errnina tiott 
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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 NADll.-:TR method (modification of the method of Engel and 

.Brooke, 1966) (see appendix A) and the second and fourth 

s~ctions were stained using an alkaline ATPase method 

(modification ofthe method of Guth and Samaha. 1969) (see 

appendix A). Slides were then examined for myofiber type 

and numoer. 

Myofiber type was determined in one random field from 

each slide. Therefore, two fields per core were counted 

for each stain; or a total of eight fields per muscle for 

each stain. 

Slides were placed under the microscope and a random 

field selected. (The same microscope was not available 

for all fiber type determinations, therefore, the slides 

weren't all examined·· at the same magnification. Sections 

from spring~baby calves were examined at 20x with an 

American Optics microscope; sections from fall-baby calves 

were examined at lOx with the same A/0 microscope; and 

sections from both spring and fall-we~nling calves were 

examined at 16x with a Ziess microscope. All data, how

ever, were corrected to a standard basis for statistical 

analysis. ) The image of this field was projected onto a 

Viso~pan screen which contained a grid of known area. 

Fiber type was determined for each fiber within the grid 
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as follows.· NADH-TR stain: .darkly stained, ~igh activity 

fibers - fS red; medium stained fibers - a red, light or 

no NADH.,..TR activity- ()( white (Cooper et al., 1970; Ash

more and Doerr, 1971a; Heermann ~t al., 1977). ATPase 

(alkaline) stain1 darkly stained, high activity fibers -

Cl. white; medium activity fibers·- ot. red; no activity 

fibers - {3 red (Quth and Samaha. 1970! Ashmore and Doerr, 

1971a; Beermann et ali, 1977). Fibers located partially 

within the grid were counted as in the 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. r.i•otal 

myofiber number was expressed·as the sum of the three 

fiber types for each field examined. 

Myofiber Width Determination 

For myofiber width determination a second transverse 

muscle section was taken adjacent and posterior (or verttral 

!·or srr) to that used for myofi bar type (see figure 1). A 

6.J5 millimeter diameter core was removed from each of 

two randomly selected quadrants of the muscle section. 

Cores were identified, placed in individual containers of 

10 percent 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 blender equipped with inverted blades. Individual 

myofi.bers were dispersed from the cores by blending for 



two minutes. Th~ containers of dispersed fibers were 

stored at 2.8°C until fiber width measurements could be 

made. 

In preparation far measurement, fibers in solution 

were pipetted from their containers into a watch glass. 

The watch glass was placed under the 10x objective of an 

American Optics light microscope and fiber widths were 

measured using an occular micrometer (Joubert, 1956; 
... 

Hanrahan et al., 197J; Stickland and Goldspink, 197J; 

Melton et al., 1974; Ezekwe and Martin, 1975). Fibers 

measured were selected at random and measurements were 

made within the body of each fiber (not near the ends). 

Care was taken to avoid measuring any obviously damaged 

or broken fibers. Twenty-five fibers were measured per 

core or a total of fifty fibers per muscle. 

Nucleic Acid Analysis 
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For nucleic acid analysis a third transverse section 

was taken from each muscle. ~his section was located 

adjacent and anterior (or dorsal for the ~T) to the sec-

tion used for fiber type determination (see figure. 1). 

Four raridom cores were taken from the muscle section to 

insure enough tissue for duplicate extractions. Nucleic 

acids were extracted and DNA and RNA concentrations were 

determined according to procedures described by Escoubas 

(1977) (appendix B). 
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~roximate Analysis 

Muscle C.9JTIJ20sition 

For muscle composition, the remaining portion of the 

transverse muscle section previously used for fiber type 

determination was finely minced and then Omni-mixed. fhe 

Omni-mixed muscle was used for determinatiori of moisturep 

ash and ether extract by standard A. 0. A. c. methods and 

protein by the Kjeldahl method. 

Carcass Composition 

For carcass composition analysis only the right side 

of each carcass was used. ~ides were chilled at least 

24 hours and not longer than seven days before carcass 

analysis was begun. The chilled right sides were weighed 

then separated into bone, soft tissue (muscle and fat), 

kidney fat and kidney components. Each portion separated 

was weighed . 

.Following separation, the so!·t tissue was ground 

using a com~ercial meat grinder eq4ippea with·~ J/8's 

inch plate, The ground side was then hand mixed and 

ground again through a 1/8 inch ylate. During the second 

grinding, periodical grab samples were taken so that upon 

completion there were two, approximately one pound samples. 

These samples were each hand mi~ed 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, ~T and TBL ~uscles 

were removed from the carcas~ prior to grinding for car

cass composition estimates. To build back to the total 

carcass, the pounds of protein, moistureJ ash and ether 

extractable components were calculated using the proximate 

analysis data and air weights of the muscles removed from 

the right side of the carcass. Then, the pounds of pro

tein, moisture, ash and ether extractable components were 

calculated using the proximate analysis from the ground 

right side (minus the removed muscles) and the soft tissue 

weight as bonea from the carcass. 

Right side lean weight was determined by adding to

gether the protein, moisture and ash components of the 

individual muscles and the ground side. Hight side fat 

weight was determined by adding together the ether extrac

table components from the individual muscles and from the 

ground side and the kidney and pelvic fat. rlight side 

bone weight was measured directly from the boned carcass. 

To arrive at respective total carcass lean, fat and 



bone percentages, the above weights were diyided by total 

right side weight. (It was assumed that the right side 

lean, fat and bone were representitive of the total car-

cass lean, fat and bone, since time and ~ersonnel 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 multiple factorial arrangement of treat-

ments. Analysis of variance were provide4 by ~he SA~ 72 

system. Comparisons between muscles for statistical sig-

nifica.nce were done using Duncan • s !v,ul tiple Range 1I'est. 



CiiAJ?T:Srt IV 

TO.'rAL MYOFIBER ,NUMBER AND MYOr'IBER TYPE 

PER MUSCLE IN -TNENTY-FIVE DAY 

OLD BEEF CALVES 

-Introduction, 

It is believed that myofiber number is essentially 

fixed at birth and that increase in mu~cle mass after 

birth is primarily due to muscle eel+ hypertrophy (Joubert, 

1956; Hegarty, 1971; Stickland and Goldspink, 1973; ~wat

land, 1976; Ashmore, 1977). It has been reported that 

individual species, as well as individual breeds or animals 
within species vary with reg,ard, to total myo1'iber number 

(Hegarty, 19711 Stickland and Goldspink, 197B). ~hese 

observed variations in to,tal myo:t'iber number can influence 
ultimate muscle mass. Addit~onally, i~ has been shown 

that there are several different types of,muscle fibers. 

These myofiber types differ not only in certain histo
chemical· 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 if differences 

6J 



exist with regard to total myofiber number, myofiber type 

and myofiber size between the two breed-types 'of cattle 

examined. Furthermore, it was desired to learn i~ examin

ation of these .Parameters at an ea~ly age dould be us~d to 

predict ultimate muscle mass.· 

Materials and Methods 

· ~uscle se6tions were obtained (transversal~) from the 

longissimu~ dqrsi (LD), the semitendinosus (~1) and the 

triceps brachii-lateral head ( '11~1) o1' 25 day old Angus and 

Charolais calves as previously noted. A 6.J5 millimeter 

ctiameter·core was taken from each of four quadrants of 

each muscle section. · 'l'he cores wer'e allowed to thaw in 

physiological saline solution, then mounted on microtome 

chucks and quick-frozen. After ·acplimation at -15 to· 

-20°C in a Slee Cryo~tat, the cores were sectioned. Four, 

12 p transverse serial s~ctions were made tram each core 

and mounted (at room temperature) on ~lass microscope 

slides. Sections were then stained using either an Alkal

ine ATPase or a NADH-TR method (Chapter III). 

The stained sections were micro~copically examined 

and total myofiber number and myofiber number by type were 

determined. Myofiber type was determined in one random 

field which was projected onto a Visa-pan screen contain

ing a grid' of known area. t.·Iyofi bers- were enumerated with

in the. grid as follows~· Alkaline ATPase Stain (a) darkly 
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'stained, high activity fibers= ex white; (b) medium 

aotivity fibers= 01. red; (c) no activity fibers= {3 red 

(Guth and Sa~aha, 1970; Ashmore and Dqerr, 1971a; Beer

mann et a.l. , 1977) ._ . i~ADE-Tlt Stain (a) darkly stained, 

high a.ctivi ty fibers = {3 red;. (b) medium· stained fibers 
' ' = Ci red; (c) light or no NADH-'fR ·activity = (){ white 

{Cooper et al., 1970; ·Ashmore and I.Joerr,. l971b; Beermann 

et al., 197'lJ. Total myofiber number was expressed as the 
' ' sum or the three myofiber types for each fiela examined. 

i·v1yofi ber type count. per ·muscle cross· sectional area 

was determined by: (1) counting the fibers of each fiber

type in the projected grid-and 'correcting this count tor 

differences in magnification; (2) multiplying the myofiber 

pount per grid by .the area of the tissue slic~ pn the 

microscope slide (the area of the.tissue slice was calcu

lated by assuming a.n ellipse .and measuring the long /A + 

A:J and short LB -1- B:J axises of the tis~:;ue slice and then 
' ' 1fLA + A.JLB + B'7 applying the formula . . _ 4 s to determine the 

area of the tissue slice Lfigure J7); (J) the resulting 

myofiber couht per thawed tissue slice was multiplied by 

the muscle cross sectional area (Chapter III) and diviaed ' ' ' 

by the ~rea of tbe standard rroz~n coie (see below). 

myofiber count per grid · correction for magnification x area of tissue slice -

myofiber co~nt per thawed tissue slice~ 
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myo!iber count per thawed tissue slice x muscle cross sectional area 
= 2 area of frozen core (constant = 31.669 mm ) 

myofiber count per muscle cross sectional area. 

These calculations were necessary to adjust the thawed 

tissue ~lice area back to the original muscle cross sec-

tional area. The thawed.tissue slice was measured in the 

post rigor thawed state because the muscle cores were al-

lowed to thaW prior to mounting on microtome chucks for 

sectioning (Chapter IIIJ and m~asurements of muscle cross 

sectional area were taken with the muscle in the prerigor 

:t'rozen state. 

As previously explained, two stains were used in this 

study for the determination of myofiber type. Jeveral 

authors have noted the necessity for use of more than one 

staining procedure for myofiber typing (Edgerton and 

Simpson, 19b9; Ashmore a.nci Doerr, 19?1a.) and have reported 

methods for simultaneous ctetermina tion o1· myofi ber type 

with more than one stain. Due to lack or appropriate 

Squipment, the present study was not prepared ror simul-

taneous determination of myofiber type with Doth the ATP-

ase and ·l~ADH-TR stains, therefore, myofiber type was deter-

_ mined separately with each stain. ~his procedure left 

discrepancies with regard to. enumeration of myofiber type 

between stains. ~hese discrepancies caused a signiricant 

di:t'ference in the enumeration or myofibers between stains. 



It was therefore decided to analyze,data from the two 

stains separately. 
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As noted in ~he general materials and methods, half 

the calves for this study were born in the spring of the 

year and half were born in the fall. Nhen data for both 

seasons were pooled it was readily apparent that signifi

cant differences ~xisted between the two calving seasons 

t·or individual myofi ber types and for total myo:fi ber num

ber in the 25 day old calves. It was therefore decided 

to examine the two seasons se~arately. 

Results and Discussion 

Total Myofiber Number - ATPase_Stain 

Season I results 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 enough to be statistically 

significant. Season II results show the same trend as 

season I, except that the total number of myofibers in the 

LD muscle was significantly greater.(P<.05) in the Charo

lais cal,'ves than in the Angus calves (tables II, III and 

IV, appendix C). 

1_otal IVIyofiber Number -· NADH- 1.rR Stain 

In each muscle of season I the Charolais calves had 

a greater total number of myofibers than the Angus calves. 



In the LJ muscle the tot3l number ot myofiber~ was si~nifi

cantly greater (P<. 05) for the Charolai~-> calves. :...;irnilar 

results were apparent in season II. ~otal myofiber number 

in the LD muscle was significantly greater (P<.05) for 

the Charolais calves (tables II, III and IV, appendix C;. 

Discussion 

It was readily apparent from.table v~ appendix C, 

that the Charolais calves were larger in both .seasons than 

the Angus calves. rlurleigh (1974) hypothesi~ed that 

larger animals may have the potential for a greater num

ber of muscle fibers at birth due to a tendency for longer 

gestation periods and thus increased time for prenatal 

muscle cell replication. Though statistical significance 

was not obtained in all comparisons, the results shown 

in tables II, III and IV, appendix C, certainly would 

support ~urleigh's hypothesis. 

In addition to having a greater total number of myo

fibers, the Charolais calves had heavier mean muscle 

weights (table VI, appendix C) in both seasons than the 

Angus calves (with the exception of the TBL muscle in sea-. 

son I which had the same mean weight for both Angus ana 

Charolais calv~s). A greater total number of myofibers in 

already heavier muscles indicated that even at this early 

stage of postnatal development, the Charolais calves 

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 __ 'l';ype - . .&'l'.Pa~e Stai~fl: 

As can be seen in table VII, appendix C, the LD mus-

· cle of Charolais calves in season I tended to have a 

greater number of both (X, white ana (3 red fi bars and 

·!'ewer Ct. red !'i bers than the Angus calves. Hesul ts of 

season II in the same muscle showed a different trend in 

that the Charolais calves .had a greater number of myo

fibers or each fiber type than the Angus calves. This 

number was significantly greater (P<.o5) ;for the 0( red 

fibers. 

Upon examination of th~ ~T muscle of season I (table 

VIII, appendix C) it can be seen that the Charolais calves 

tended to have a greater number of myofibers of each fiber 

type than the Angus calves .. Although breed differences in 

()( rea 1'i bars were only very slight, the breed difi'erences 

in /3 red 1'ibers wer.e significant at the P<. 05 level. 

Season II re.sul ts show a similar tendency for· C( white 

fibers and Ci red :t'i hers, however, the number o:r /3 red 

ribers was ~lightly greater for the Angue calves than for 

the Charolais. 

Results for the TBL muscle (table IX, appendix C) 

indicated the same trends in both seasqns as the LD muscle; 
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the Charolais calves had greater myof:l.ber numbers i"or each 
' myo1'i ber type except the ~ red fibers in season I. 

Myofiber Number by Type - NADH-~k Stain 

In both season I and season II for the LD muscle the 

Charolais calves had a greater nuciber of myofibers of each 

fiber type than the Angus calves (table VII, appendix C). 

Fiber number was significantly greater (P<.o5) for all 

fiber types except the (X white fibers of season I. 

In the S~ muscle. the trend was the same (table VIII, 

appendix C). In both seasons, for each myofiber type the 

Charolais calves had a greater number of myofibers. How

ever, in this muscle only the.· number O·f fJ red fibers o.t' 

both seasons was significantly greater in the Charolais 

calves (P<. 05). 

Results for the TBL muscle (table IX~ appendix C) 
.. were similar to those of the LD and ST muscles. For both 

seasons and each myoiiber type the Charolais calves 

possessed a greater number of myofibers than the Angus 

calves. .I' he {3 red fibers o:t' season I and the ex, red 

fibers of season II were significantly greater (I)<. 05) 

for the Charolais calves. 

Discussion 

Reviewing the above results, it can be seen tha~ the 

Charolais calves had a greater number of myofibers of each 
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fiber type in both seasons with these exceptions1 the 

N.PPase stained ot red fibers of season I in the LD and 'r.dL 

muscles and the A'rPase. stained {3 red i'i-bers of season II 

in the s~ muscle. 

fossible reasons for the observed greater number of 

Ot. red fibers in-Angus calves follow: 

Exact birth_ dates were unavailable on some of the 

calves examined (especially the "25 day old" Angus calves). 

Considering this and the fact that ()( red myofibers pur

portedly differentiate to ex white myofi ber·s with increas

ing age (Ashmore et al. , - 19?2); it may be possible that 

slight age differences between br~eds in the two seasons 

was responsible for the observed greater number of 0! red 

fibers in the LD and '.i'BL muscles of the Angus calves of 

season r. 
Noting the dii'rerences in staining procedures and the 

myofiber~ which they are m~re likely to identify clearly,_ 

the diff'erence observed between stains in counting ()(, red 

ribers could be due to the subjective assignment of myo-

fi ber type. oased on staining intensity. r~t must be noted 

that in determining myofiber number by type, a dirferent 

microscopic field was counted for each stain. Thererore, 

it might be that the counts for the ATPase and the NADH-TR · 

stains would not· be the same due to rar1dom error and/or · 

animal to animal. variation. Finally. perhaps there is a 

real dirrerence in the prenatal development of beef calves 



born in the spring vs those born in the fall. 

~ossible reasons for the observed greater number of 

{3 red :fibers in the ST muscle of Angus calves of season 

II follow: 
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In taking cores for tissue sectioning and myofiber 

typing it is possible that a random distribution of myo

fibers was not achieved due to sampling error since accord

ing .to Beerm.enn et al. t 1977) and others, the. inner and 

outer portions of the ST muscle contain different propor

tions of myofiber types. It is also possible that a par

ticular field counted happened to have. a greater number 

of /3 red myofi bers. · 

#ith the above exceptions it can be noted that most 

or the aata indicated that the Charolais calves had a 

greater number of myofi bers of each fiber type. 'l'his, in 

addition to the earlier stated greater total number of 

myofibers in each muscle for the Charolais calves indi

cates a greater muscle growth potential in the Charolais 

calves. 

Summary 

Live weight, carcass weight, muscle weight for each 

muscle examined, and total myo.ti ber number in each muscle 

examined.all appear to be greater in 25 day old Charolais 

calves than in 25 day old Angus calves. The greater total 

myofiber number compounded with larger muscle size and 



larger body size at a constant ag~ all point to a greater 

growth potential in the Charolais calves which is evident 

even at this early age. 

The somewhat inconsistant re~ults between stains for 

myofiber typing indicates (as previously ~uggested by 

several authbr$) the necessity ror simultaneous determin

ation ot· myo.t'iber type with more than one stain us.ing. the 

same microscopic field on serial sections. Even with the 

above inconsistancies, however, a trend was detected indi

cating a greater number of myo:fibers of each l'iber type in 

the Charolais calves. 

Cost factors involved in purchas1ng animals at this 

young age led to a limited sample size available !'or this 

study. This, in addition to problems in determining exact 

animal age and the staining inconsistancies above, may 

limit the conclusions that can 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 into a 

useful technique in determining potential muscle growth 

in cattle. 



CHAPTER V 

DNA AND RNA li~ MUSCLE OF TWENTY-1-'IVE 

DAY OLD BEEF CALVES 

Introduction 

Muscle DNA and rll~A are important components in the 

study of muscle growth. 3ecause muscle cells are multi

nucleated, DNA and ~~NA play a special role in muscle tis

sue during growth and development. 

· lvJuscle Dl~A is accumulated very quickly in prenatal 

muscle, but seems to increase more slowly in postnatal 

development (Winick and.hoble, 1965; Burleigh, 197~). 

Postnatal increase in DNA concentration in muscles is 

thought to occur via $atellit~ cell incorporation into 

existing myoribers thus inc~easing the DNA content (or 

nuclear number) of these cells (Cheek et al., 19~1; Bur~ 

leigh, 197~; Allen et al., 1979). 

It is generally accepted that the amount of Dl'~A per 

diploid .nucleus is a constant value which can be used to 

. calculate nuclear number in multinucleated. muscle tissue. 

Enesco and LeBlond. (19b2) used the following equation for 

the calcul~tion of nuclear number in muscle tissue: 
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nuclear number 
(millions) 

m_g DNA in whole organ or tissue x 103 
6 .. 2 X l0- 12 g 

Many authors have report~d an increase in nuclear number 

in muscle tissue postnatally~ 

Burleigh (1974) and Harbison et al. (1976) have re-

'!6 

porte~ that nuclear number d~termines ultimate muscle mass. 

In addition, Enesco and LeJlond (1962) observed a steady 

rise in muscle .weight per nucleus with increasing age. 

Some authors (kobinson, 1971; Cheek et al., 1971; Allen et 

al., 1979) have stated th~t muscle tissue reaches an ulti-

mate maximum size because each pucleus ca:n support only 

a given amount of tissue, and Harbison et al. (1976) have 

related increased muscling in pigs, mice and cattle to 

increase in total muscle DNA. 

The RNA:D~A ratio has ~een related to the protein 

synthetic capacity o~ musdle. topel (1971), Ezekwe and 

Martin (1975) and Harbison et al. (1976) reported that an 

increase in the kNA:DNA ratio in muscle is an indication 

of increased protein synthesis. Futhermore, it has been 

noted th;;:~.t an increci$e in the ratio or· cellular nitrogen 

or protein to DNA is an indication of cellular hypertrophy 

(Cheek, 1968; Robinson and Lambourne. 1970af clobinson, 

1.971; Cheek et al., 1971; Ezewke and Martin_, 1975). In an 

attempt to rurther characterize muscle differences between 

two breed-types of cattle, DNA and RNA were extracted and 

compared from muscle tissue of 25 day old Angus and 
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Charolais calves. 

Materials and Methods 

Fat D~A ana rtNA analysiH, a transverse section was 

taken from each muscle at 50 percent of its length in the 

frozen state (adjacent to the section used ror myofiber 

type. determination,· figure 1). 1'hen, four random cores 

were taken from the muscle section to insure enough tissue 

ror duplicate extruct1ons. ~ucleic acids were extracted 

and DI"~A and RNA concentrations were determined according 

to procedures described by Escoubas ( 19T1) ( appenaix B). 

rlesults and Discussion 

DNA Concentration per Muscle 

Data in table X, appendix C, show that in each muscle 

in both seasons, the DNA conc~ntration was significantly 

greater (P .01) in the Cij~rolais calves than in the Angus 
' •' 

calves. ~n addition, in ~ltH breeds and in both seasons 

the DNA concentration was greatest in the LD muscle.and 

lowest in the 'r.BL muscle with the :J.L' intermediate. 

RNA Conbentration ~er Muscle 

Results or the ~NA concentration per muscle show.the 

same trends as the DNA concentration per muscle. It can 

be seen in table XI, appendix C, that the Charolais calves 

had significantly greater (P<.01) RNA concentrations for 



78 

each muscle in both seasons. Furthermore, the ranking or· 

muscles from high to low RNA concentrations were similar 

to the DNA conc~ntrations: LD>S'l'>·rBL. 

Number of Nuclei per Niuscle 

As can be seen in table XII, appendix C, in all mus-

cles in both seasonst the Charolais calves had a greater 

number o:f nuclei than the Angus calves. In season I, in 

both the LD and Sf muscles this difrerence was signiricant 

at the P <. 01 level. In season II, in the LV and ST mus-

cles the difference was significant at the P<. 05 level. 

In both seasons in both breeds .the ranking of muscles rrom 

highest to lowest nuclear number was LD> S'i' >J!BL. 

Grams Tissue Sup~orted per Nucleus 

In season I, it app~ars that in all muscles the Angus 
' ' calves had a greater amount of 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 greater amount ot· tissue supported per nucleus. In-

deed, in the Sf muscle this difference was statistically 

signLt'ic'ant ( P <. 05). 

Grams Protein ~er Gram DNA 

Results from season I indicate that the Angus calves 

had a greater protein:DNA ratio than the Charolais calves 
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in each muscle. In season II, on the other hand; in the 

I~D and S'L' muscles the Charolais calves had a greater pro
tein:DNA ratio while in the TbL muscle the Angus calves 

had a greater protein10NA ratio. None of these differ

ences, however. were statistically significant (table XIV, 

appendix C). 

Rl~A: DJ~A !{a tio 

the kNA:DNA ratio in season I appeared greater for 

the Angus calves in the ST and TBL muscles and greater for 

the Charolais calves in the LD muscle. In season II, the 

RNA:DNA ~atio was greater for the Charolais calves in each 

muscle. ~one of these differences were statistically sig

nificant (table XV, appendix C). 

Discussion 

From the above results, it appears that the Charolais 

Calves had a greater capacity .for muscle growth than the 
Angus calves. 'l'his statement is supported by the greater 

number or nuclei per muscle in the Charolais calves which 
is based on the greater DNA concentration per muscle in 
this breed .. If each nucleus is capable of supporting only 
a given amount of tissue (Robinson, 1971; Cheek et al., 

1971; Allen et al., 1979) then the muscles with the great

est number of nuclei should·reach the largest ultimate 

size. rhe current data suggests that those muscles would 
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be from the Charolais calves. 

Upon examinGtion of data for grams of tissue supported 

per nucleus it appeared in .season I that the Angus calves 

might be further along in rnu~cle development than the 

Charolais calves, since they appeared to have more tissue 

associated with each nucleus in ea.ch muscle than the Charo-· 

lais calves. In sea~on II. howeve~, the Charolais calves 

tended to have more tissue as~ociated with each nucleus, 

but they also had a greater number of nuclei, so again 

there appears to be support for greater muscle growth 

potential in the Charolais calves. 

Examination of individual muscles indicated both 

through DNA concentration and nuclear number that the LD 

~uscle in both breeds had potential for th~ greatest 

growth, followed by the ST and the T3L muscles respec

tively. The grams tissue supported per nucleus followed a 

similar trend with several exceptions (the S~ muscle of 

both breeds in season I and the ST of the Charolais calves 

in season II). ~hese exceptions may have been caused by 

differences in removing the muscles from the carcass. 

Since the entire LD muscle was not removed, it is possible 

that weight differences in LD muscles due to excisement 

technique caused the above discrepancies. 

Examination of the muscle RNA concentration data 

showed that the Charolais palves appeared to have a great

er capacity for protein synthesis than the Angus calves. 
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This is based on the proposal by ~unro (1969) that the KNA 

cone en tration in a tissue is related to th<;it tissue's 

capacity for protein synthesis. With two exceptions (ST 

and '1131 muscles of season I)~· the RNA: DI~iA ratio data 

supported the above conclusion. It has been stated by 

several authors that increase in the ratio of HNA to DNA 

in muscle is an indicatlori of increased protein synthesis, 

fhe presence of increased protein synthesis in the Charo

lais calves is especially apparent in season II which 

might account for the. observed greater grams tissue sup-

pqrted per nucleus in table XIII. appendix c. 
The grams protein per gram DNA data indicated that 

in season I the Angus calves had larger muscle cells and 

in season II the cells appeared to be mucb the same size 

between breeds. fhis is supported by the greater grams of 

tissue per nucleus ob~erved in table XIII, appendix c. 
Eventhough the Charolais calves in season. I had more nu

cilei~ they had smaller cells; this further enhanced their 

greater growth potential. In season II it appeared that 

the increased protein synthetic activity of the Charolais 

calves, as previously discussed, caused the similar cell 

size ob~erved in table XIV, appendi~C. however, a greater 

nuclear number clearly indicated that even at a similar 

cell size at this time, the Charolais cal~es had the paten-

tial for greater cellular growth than the Angus calves. 

(Examination of myofiber.width Ciata [table XVI, appendix 
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.Ql supports the above conclusions about season I, however, 

in season II the Charolais calves had significantly larger 

myofiber widths for each muscle L.'P<. 01 for LD anci S'I' mus·-

cles and P<. 05 for 1'B1 muscl§]than the Angus calves.) 

Summar;~ 

1J:'he re$ul ts discussed in this chapter seem to point 

to a greater growth potential in the Ch~rolais calves than 

in the Angus calves. ~he Charolais calves appear to have 
' ' R ' 

the potential to"accumulate a greater amount of cyto-

plasmic material in entire :nuscles based on their g;reater 

nuclear number and higher DhA concentra.tion. On the o_ther 

hand, the muscles of the Angus calves appeared in a more 

advanced state of maturity than the ~harolais as indicatea 

by the greater amount of tissue per nucleus at a similar 

age in season I and less tissue per nubleus ~ut fewer 

nuclei in season II. If nuclei support only a given 

amount of tissue and if tissue accumulation continues at a 

si~ilar rate then it would follow that the muscles of the 

Angus calves would reach the maximum tissue supported per 

nucleus state more quickly than the Charolais calves. 

The.se data appear to be quite useful in predicting 

growth potential and possibly even ultimate size. With 

muscle biopsi as a.method for collecting tissue for D~A 

and RNA analysis, s~mples might be taken with minimum 

damage to the animal. Data could then be useful to 
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determine the future use for breeding or marketing of in

dividual animals. 

Again, it must be pointed out that a very small number 

of animals was u~ed in this ~tudy and further work in this 

area is needed. 



CHAFPER VI 

GENE.iAL SUMMARY 

flesults have been presented here on live weight, car-

cass weight, muscle weight, myofiber number, myofiber type, 

myo!'iber width and· DNA and Rr~A analyses on three muscles 

of 25 day old Angus and Charolais calves born in different 

seasons. 

It was apparent from theae data that live weight, 
' ' ' ' ~ 

carcass weight, muscle weight and total myofiber number 

all appeared to be greater in the 25 day old Charolais 

calves than in the 25 day old Angus cialves {though rarely 

was a statistically significant difference observed). Al~ 

though there were some inconsistancies in myofiber typing 

results, there also appeared to be a tenaenc~ for the 

Charolais calves to exhibit ~ greater number or myofibers 

for each myofiber type in the three muscles examined. 

Based on the DNA and RNA analyses, it appeared that 

the 25 day old Charolais calves had the potential to accum-

ulate a greater amount of cytoplasmic material in their 

muscles than. the 25 day old Angus calves. Furthermore, 

the Angus calves tended to be in a more advanced state of 

maturity than the Charolais calves at this early stage of 

·. development. 



85 

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 or this research, 

results indicated that the two breed-types did differ with 

respect to the various muscle parameters. examined. 1l'hese 

differences can be detected at an early age and myofiber · 

number; myofiber type; myo:fiber size; live body weight; 

carcass weight; muscle weight; total body lean, fat and 

bone; total lean and individual muscle protein, moisture, 

:rat ana ash; ·and muscle DNA and RNA concentrations might 

be used in systems analysis equations to predict ultimate 

muscle mass of the animal. riegarcting ease of use as a 

selection tool; as used in this study, none or these 

methods would be practical :for use as a selection tool at 

the current tim~ .. But, perhaps biopsy sampling using one 

or more of the parameters examined here coulcl prove to be 

an effective selection tool. 

¥inally, it must be remember~d that due to costs 

associated in working with large animals the sample size 

for this study was limited~ This coupled with ~he obvious 

large degree or.animal to animal variation in the data no 

doubt limited the attainment 6f statistical signii1cance 

of some or the results. Further study with a larger num

ber or animals would certainly seem to be in order. 
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MODIFICATION OF D~NH-TR STAINING PROCE
DURE OE' ENGEL AND £HOOKE (1966) 
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Nicotinamide Adenine Dinucleotide-?etrazolium Heduc-
tase (l'l"ADH-TR) was used in place of Reduced Diphospho
pyridine Nucleotide-Tetrazolium Reductase (DPNH-PR). 

MODIFICATION OF ALKALINE ATPase srrAINil~G 
PHOCEDURE 01" GU'fH AND SAl'iiAHA ( 1969) 

Frozen sections were immediately affixed onto micro
scope slides and fixed for five minutes in buffered form
aldehyde (sodium acetate replaced sodium cacodylate in the 
buffered formaldehyde solution). 

The fixative was not removed (only blotted) before 
sections were placed in the alkali preincubation solution 
of 0.1 M Tris containing 0.018 M calcium chloride at pH 
10.3 for 15 minutes. 

From the preincubation solution, slides were blotted 
and transferred to the staining s6lution which consisted 
of 0.1 lVI 'l1ris containing 0. 018 lVJ calcium chloride and 
0.027 M ~TP at pH 9.4. Sections were incubated in this 
solution for JO minute~ at 36°0. 

Following the three, 30 second rinses ih 0.07 & 
calcium chloride, the sections were placed in two percent 
cobalt chloride for six to eight minutes. They were then 



rinsed i~ 0.1 M Tris buffer at pH 9.4 for approximately 
two minutes and placed in one percent dilute yellow 

ammonium sulfide for three minutes. 

Final procedures·consisted of washing sections for . . 
three to five minut~~ in distilled water followed by 

mounting in glyoerogel. 
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T01'AL DliA AND hhA 

Nucleic acids were isolated and quantitated by modi-

fied procedures of Schneider (1945), Ceriotti (1955), and 

Burton (1956). Duplicate muscle tissue samples (0.4 to 

0.6 grams) were sectioned from frozen muscle homogenates, 

weighed and immersed immediately into ten volumes (5 milli

liters) of ice cold deionized., glass distilled water. The 

samples were homogenized at 0°C for 10 minutes at a low 

speed. in the Sorvall Omni-mixer, micro attachment, appara-

tus. 'l1he resulting suspension was acidified with· appro-

priate quantities of 0.6 N perchloric acid (PCA) to a 

final concentration of o. 2 IJ PCA. The acidified suspen

sion was mixed thoroughly on the Vortex mixer and centri-

fuged for 15 minutes in a clinical centrifuge at a Variad . . 

setting of 75. The supernatant was discarded and the pre

cipitate re-extracted 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. 

1. 95 Percent Ethanol• Extracted 10 ~inutes, Centri-

fuged 15 minutes 

2. Ethanol:Chloroform (3:1): Extracted 10 minutes, 
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Centrifuged 10 minutes 

J. EthanolrEther (3:1): Extracted 10 minutes, Cen

tri:t"uged 10 minutes 

4. Ether: Extracted 10 minutes, Centrifuged 10 

minutes 

The resulting precipitate from the ether extraction and 

centrifugation was extracted in 0.2 N PCA and centrifuged, 
after the extraction, for 10 minutes as noted above. This 

·procedure was performed twice. The final precipitate was 

air aried under convection in the laboratory hood for 15 
minutes. Note should be made that all extractions, mix~ 
ings and centrifugations were accomplished in. a 1.1°C 

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 incubation, the tubes and contents were 

chilled in icewater for 10 minutes and centrifuged at 1.1° 

C in a clinical centrifuge at a Variad setting of 75. The 
supernatants obtained were decanted through glass wool 

into 10 milliliter acid washed volumetric flasks. The 

residues were washed with 1.5 milliliters, each, of 0.2 N 
PCA and"the suspension~ centrifuged according to the above 
indicated method for 10 minutes. The supernatants were 

decanted through glass wool into the appropriate volume

tric flasks and the glass wool washed with se*eral 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 determined on the solutions 

by a modified procedure of Ceriotti (1955) at a wavelength 

of 660 millimicrons using the orcinol system. DNA was 

also quantitated from these solutions by modified proce

dures of Burton (1956) using a wavelength of 600 milli

microns and utilizing the diphenylamine system. Standard 

stock solutions were prepared at a concentration of 1.0 

milligram DNA and RNA per milliliter in 0.01 N potassium 

hydroxide. 

Working standard.s of 100 micrograms per milliliter 

D~A and RNA were prepared from the stock solutions using 

0.01 N potassium hydroxide. The .DNA was obtained from 

Sigma Chemical .Company as the highly polymerized sodium 

salt from calf thymus and the· i~l~A was also obtained from 

Sigma Chemical Company as baker's yeast core rlNA, Type II 

C. Calculations for the quantification'of RNA and DNA 

were made based on an assay curve of the standard stock 

solutions. 
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TABLE I 

ANIMAL AGES Arr SACRIFICE AND SACHIFICE DNJ:l.ES 

-
Season I (Spring Born) Season II (Fall Born) 

Animal Age Sacrifice Animal A.ge Sacrifice 
Breed No. (days) date No. (days) . date 

Angus 106 rv25 4/26/78 97 ""'25 9/28/78 
76 tv25 4/26/7!.1 !.19 N25 9/28/78 

113 f'J25 4/26/7t5 72. tv25 9/2!.1/78 

Charolais 75 N2.5 4/28/7t5 8lV111 39 10/19/78 
866 ~V25 . 4/28/78 811110 41. 10/19/78 

58 tv25 4/28/7e 8B1.24 .31 10/19/?U 

Angus .32 N240 11/27/78 141 tvJ10 7/10/79 
1.3 tv240 11/27/7(5 1.39 rvJ10 7/10/79 
2.3 . r-J240 11/27/Td 127 tvJ10 7/10/79 

6 tv240 11/27/78 . 1.37 N)1.0 7/10/79 
'21 N240 11/27/78 114 rv)lO 7/10/79 

2 N240 11/27/7e. 116 ~J10 7/10/79 

Chax'olais 55 222 12/ 4/7ts 94' 257 6/llj/79 
45 214 12/ 'Ll-/78 W72 259 6;18/79 
51 ' 230 121 4/7e ee 220 6/18/79 
41 ,._; 225 12/ 4/78 108 N2J9 6/18/79 
50 .v225 12/ 4/7!.1 74 244 6/18/79 

wse 224 . 121 4;7e 90 rv2J9 6/18/79 

Angus 25 ~'~64t! 1/ · e;eo ::!.17 !""' 604 4/29/eO 
'12 N64ts · 1/ 8/tjO 131 tv604 LV29/80 

16 tv662 1/22/80 14-2 ~V606 5/ 1/tlO 
22 I'V662 1/22/tiO 138 ~606 5/ 1/80 
28 'f'J662 1/22/80 
20 rv662 · 1/22/t!O 

· Charolais 59 626 1/ 8/80 73 57.3 .5/20/80 ' 
62 624 1/ 8/80 .· lV176 tv575 .5/20/tW 
44 62ts 1/22/80 105 . N575 5/20/tiO 
J5 716 4/ 8/8d' ljJ 61.3 5/27/80 
52 ..v716 Ll/ e;eo 87 595 5/27/80 
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TABLE II 

EFFECT OF STAIN, SEASOl\f AND BREED ON TOTAL Iv;YOFIBER COUN':Pa IN 'LD MUSCLE OF 25 DAY' OLD BEEF CALVES 

ATPase Stain NADH-T~ Stain 
Breed Season I Se~son II Season I Season II 
Angus 

L7?0b · 2. 475° d Mean 2.503 1. 628- -
·tsEM (0.115) co. 099) (0.116) (O.Ots9) 

Charolais 
Mean 2.7)2 2~ 582 b. 2.9t:S2° 2. 664d ' 
tsEM (0.151) (0 • .195) (0.170) (0.196) 

aMean count in millions. 
b • c .dMeans with same. supe;rscrlpt in same column are statis-· tically different (P<·· 05). 
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'fABLE III 

EFF'ECT OF S~eAIN ~ SEASON AND BREED ON 'fOTAL MYOFIBER 
COUNTa IN ST MUSCLE OF 25 DAY OLD .BEEF CALVES 

ATPase ·Stain NADH-TR Stain 

Breed Season I Season II Season I Season ... - -
Angus 

Mean 1. 676 1.)40 1.562 1.184 
tsEIVI (0.070) (0.043) (0.051) (0.038) 

Charolais 
Mean 2.020 1. 66.5 1.895 1.5JJ 
±sEM (O.Oti4) (0.075) (0.072) (0.068) 

aMean count in millions. 

II 
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'rABLE IV 

EFFECT OK' S'rAIN, SEASON AND BREED. ON TOTAL .N1YOFIBER COUNT IN TBL MUSCLE Of 25 DAY OLD BEEF CALVES 

ATPase Stain. NAD}f-TR Stain 
Breed . Sea~on I Season II Season I Season II 
Angus 

Mean 1.21? 1.018 1.1?2 O.tl)2 
tsEM (0.050) (0.04:2) (0.041) (0.035) 

Charolais 
Mean 1.4ts5 ' 1.317 1.464 1.209 
!:sEM ( 0 ~ 076 j ' (O~O?~j) (0.049) (0.085) 

2 Mean count in millions. 
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TABLE V 

EF'FECT OF SEASONbAND BREED ON LIVE WEIGHT8 AND 
CARCASS WEIGHT IN 2.5 DAY OLD BEEF CALVES 

8 Meari live weight expresse~ in kilograms. 
bMean hot carcass weight expressed in kilograms. 
c,dWeights with same superscript in same column are statis

tically different (P<.O.))~ 



TABLE VI 

E.F'FEC.T OF SEASON AND BHEED ON JVJUSCL'i: WEIGHTSa 
IN 25 DAY OLD BEEF CALVES 

Season I Season II 

Breed LD ST TBL LD ST ---QIJ' __ .. ,_ ..... 
Angus 

201}. 7 81.0 222.8b 1.74.?0 Mean J00.8 
+ -SEM (40.1) (23~1) (7.4·) (15.0) (1.5.5) 

Charolais 
JJO.Ob J01.2c Mean 313.2 240.2 81.0 

tsEM ( 5· 0) ( J. 7) (2.5) (22.1) (1J.7) 

106 

'J1BL 

5ts.O 
( 2. 7) 

92.? 
(4.5) 

alVIean weight (in grams) o!· right and left muscle !'or all 
animals in breed group. 

b,cMeans with same superscript in same column are signifi
cantly different (P<.Ol). 
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TABLE VII 

EFFECT OF STAIN, SEASON AND BREED ON MYOFIBER 
TYPE COUN·r8 IH THE LD l'ilUSCLE OF 

Breed 

Angus 

Myofiber 
Type 

~White 
Mean 
t$EM 

ct. Hed 
Mean 
!sE!Vl 

{3Red 
Mean 
tsEM 

Charolais ~White 
· Mean 

'±sEM 

at Red 
Mean 
!:sEM 

£iRed 
f.J Mean 

.±SEM 

25 DAY OLD 3EEF CAINES 

ATPase Stain 

Season I. 

1. 433 
{0.066) 

0. Ll-96 
(O.OJO) 

0._574 
(O.OJJ) 

1. 609 

(0.102) 

0.4J? 
(0~02b) 

Season II 

1. 061.~ 

(0.0'/6) 

o. 262b 

(0.016) 

O.J94 
(0.021) 

1.299 
(0.097) 

0.6b7b 

(0.054) 

O.b15 
(0.0.54) 

aMean count in millions. 

NADH-TH. Stain 

Season I 

1.203 
(O.OoJ) 

0.812d 
( 0. OL.j-9) 

1.369 
(0.079) 

o. 5H>0 

(O.Oj1) 

. 1. d94d 

(0.074) 

Season II 

0.212f 

(0.020) 

0.6J4g 

( 0. OJ8) 

1.0.57e 
(O.Od6) 

0.422! 

{0.02ts) 

b,c,d,e~f,g~ounts with same superscript in same column are 
statis·tically different ( P<. 05). 
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TABLE VIII 

EF'FECIJ:' OF S'l1AIN, SEASON AND BrlEED ON lVJY.'QJ:i"'IBER 
TYPE COUN'l1a IN THE s·r MJSCLE O.F 

25 DAY OLD BEEF CALVES 

- _ .. 
ATPase . Stai.n NADH-TR Stain 

Myofiber 
Breed Type Season I Season II Season 1 Season II 

Angus Ct.Whi te 
·Mean 0.899 0.??0 0.820 0.6)0 

:!:sEN! (0.014-0) (0.020) (0.028) (0.019) 

Ct'Red 
Mean 0.)86 0-.192 o. 36.5 0.14.5 
+ -SEM (0.026) (0.010) (0.023) (0.011) 

.{3Red .. 
Mean O.J91b 0.378 0.378° 0. Li·09 d 

!sEM (0.025) (0.027) (0.022) (0.023) 

Charolais Ct'Whi te 
Me;:1n 1. 013 0.986 0.910 0.659 
+ -SEM (0.046) (0.045) ( 0. 04·0) (0.023) 

()(Red 
Mean O.J89 O.J22 O.J85 0.188 
±sEM (0.020) (0. 023) . (0.018) (0.01J) 

fJRed 
Mean 0.618b· O.J58 o.6oo0 o. 686d .. 
tsEM (0.044) '(0.028) (0.042) (0.050) 

aMean count in millions. 
b,c,dcounts with same superscript in same column are statis-

tically different (P<.os). 
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TABLE IX 

EFFECT OF STAIN, SEASON AND BREED ON lv,YOFIBEi-t 
TYPE COUWfla IN THE T BL IiJUSCLE OF 

25 DAY OLD BEEF CALVES 

ATPase Stain NADH-~J.lR Stain 

lV!yofiber 
Breed Type Season I Season II Season I Season II 

Angus Q!Whi te 
Mean 0.)19 0.513 0.681 0. lj. )8 
±sE!Vl (O.OJ6) (O.OJO) (0.037) (O.OJO) 

· ot.Red 
0.077b 0.070d Mean 0.202 o. 21Lr 

!sEM (0.014). (0.009) (0.014) (0.006) 

fjRed 
Mean 0. l~97 0 •. 428 0.277c 0.324 
±sEM (0.029). (0.021) (0.021) (0.022) 

Charolais C¥Whi te 
Mean o. 67J . . 0. 571 0.705 o. 506 . 
!sEM . (0.065) (0.035). (0.045) (0.0)0) 

()!Red 
· Mean 0.182 . . 0.25Jb 0.246 0.199d 

tsENI (0.017) ·(0.028) (0~014) (0.026) 

fjRed 
Mean 0.6)0 o.49J ·o-.513c 0.505 
tsEM. ( 0.044) (0.037) (0.0)0) (O.Olt2) 

,. 
~-- .. 

aiVJean count in millions. 
b,c,dcounts with same superscript in same column are statis-

tical.J.y different (P<.o5). 
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TADLE X 

EFPEC'l1 OF BREED AND SEASON ON DNA CONCENTRATION 8 
PER lvJUSCLE IN 2.5 DAY OLD BEEF CALVES 

Season I Season II 

Breed LD . ST T:aL LD ST Tl3L -
Angus 

251b 16.5c 76d 204e 154f .55g Mean 
+S.'"'M - ~ (20) (J) (J) (14) (.5) (4) 

Charolais 
J60b 277c 99d. 2.5.5e 211f 84g Mean 

+ S"'M - .r!. ( 11) (26) ( 7) (22) ( 11) ( 4) 

aMilligrams DNA per muscle. 
b,c,d,e,f,gDNA concentrations with same superscript in 

·same column are statistically different. (P<. 01). 
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1fA.81E XI 

EFFECT' OF BREED AND SEASON ON riNA CONCENTRATIO~a PER MUSCLE IN 25 DA'l OLD .DE.Ef' CALVES 

Season I Season II 
Breed LD ST TBL IJD ST ':f.lBL 

Angus 
628b JLr8c 178d 571e J60f 16Jg Mean 

±sENI (62) ( 1~6) ( 14-) (86) ( 24) . ( 7) 
Charolais 

961b .5J2c. ·Mean 207d 10538 712f .350g + ··SEM .. ( 82) (39) (17) (49) ( 21) . (18) 

alVlilligrams RNA per muscle. 
b,c,d,e,f,gRNA concentrations with same superscript in 

same column are statistically different (P<.Ol); 



Angus 
Mean 

-- tsEM 

Charolais 
Mean 
!sEM 

TABLE XII 

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

Season I 
Season II 

LD ST TBL ill ST 
- a 

4.049x1o10 _ 2.666x1o10 
b 

1. 2.34xto10 ).290x1o10c 2.492xto10 
d 

(O,J17x1010 ) -(0.050x1010 ) (0.052x1010 ) ( o. 232x'to10 )_ 10 (0,08.2x10 .) 

- 5.807x1010a 4.46?xto10 
b 

1. 592x1 o1 0 - 4.107xto10c J,407x1010 
d 

(0.174x1o10 ) (0.425xto10 ) ( 0.109x1o10 ) (O.J64x1o10 ) (0.185x1o10) 
a ,,bNuclear numbers with the -same superscript in same column are statistically different (-P< .• 01). -C ,dNuclear. numbers with the same superscript in same 'column are statistically different (I'<. 05). 

TBL 

0.885x1010 

(0,072x1010 ) 

1. J64x1 o1 0 
(0.064x1o10 ) 

!-"' 
!-"' 
~ 
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Angus 
Mean 
ZsEM 

Charolais 
Mean 
tSEM 

TABLE XIII 

EFFECT OF BREED AND SEASON ON THE GRAMS OF TISSUE SUPPORTED 
PER NUCLEUS IN 25 DAY OLD BEEF CALVES 

Sea:son·I Season II 
. LD ST TEL LD ST 

.. 
6.982x10_9a ?.249x1o-9 ?.686x10-9 6.516x10~9 ?.120x1o-9 

(0.480x10-9) (0.871x10-9) (0.440x10-9) ( 1. 024x1 o-9) (0.510x10-9) 

5.417xlo-9 5·540x10-9 5.162x1o-9 . -9 . a 
8.121x10 .. 8.B81x10-9 

(0.18Jx10-9) (O,J47x10-9) (0.222x10-9) (0.257x1o-9 ) 6 -9 ( o. 3 2x10 ) 

aGrarns tissue with same superscript in s~me column are statistically different (:P<.05). 

TBL 

6.?65x10-9 
(0.6JJx10:..9) 

6.?9Jx1c-9 
(0.086x10-9) 

1-' 
1-' 
\.Fl 



Angus 
!VIe an 
+ . ..,l:;'M -;:;...., 

Charolais 
Mean 
±sEM 

Ill 

TABL3 XIV 

EFFECT OF BREED AND SEASON ON GRAiv1S PROTEil'~ FER GRAIV. DNA IN 25 DAY OLD BEEF CALVES 

Season I Season II 
~ · LD ST TBL LD ST 

242.97 255.JJ . 211.45 250.66 242.48 
{18.)8) (29.99) ( 14. 33) (J5.J7) (19.91) 

169.98 173.96 160.79 272.21 29.3.27 
(5.40) (10.20) (7.81) (8.50) (10.51) 

'TEL 

228.16 
(22.03) 

21].48 
(].11) 

!--" 
1--'-
0, 
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TAi3LE XV 

EI-,F~C T OF :3REED AND SEASON ON THE RNA:DNA RATIO IN 25 DAY OLD BEEF' CALVES 

Season I, Season II 
Breed , LD ST TBL LD ST 1rBL 

Angus 
Mean 2.51 2.1) . 2. )2 2.74 2.J.5 ).10 
tsEM (0~17) (0.)1) (0.14) (0.27) (0.20) (O.J1) 

Charolais 
Mean . 2. 68 1. 97 2.09 . 4. 27 J.4J 4.14 
tsEM (0.26) (0.17) (0.06) (O.JJ) (0.23) (0.12) 
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T,ABLE XVI 

EFFECT OF BREED AND SEASON ON l\llYOl''IBEH WIDTHa 
IN 25 DAY OLD BEEF CALVES 

...----

Season I Season II 
Breed LD ST TBL LD s~r TBL 
Angus 

J7.4b J5.?c J5.Jd Mean )2.8 ')2.1 JJ.O 
tsEM ( 1.1) ( 1. J) ( 1. 0) (0.8) ( o. 9) ( 1. 0) 

Charolais 
b lJ-2. 8c J7.5d Mean 28.8 29.1 28.5· 41.8 

!sEM (0.7) ( 0. 7) (0.6) (0.6) (0.9) ( 0. 4) 

8 Mean myofiber width in microns. 
b,cMeans with same superscript in same column are significantly different (P<. 01). 
dMeans with same superscript in same column are significantly different (P<. 05). 
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TABLE XVII 

ANALYSIS OF VARIANCE AND DUNCAN'S l'ilUL'l\IPLE RAI~GE TES':P FOR TOTAL. l11YOFIBER NUMBER PER diUSCLE 25 DAYS OLD, SEASON I, ATPase STAIN 

- ·-·-· 
ANALYSIS OF VARIANCE 

Source 

Side 
Breed x Side 
Animal x Side (Breed) 

Muscle 
Breed x lVluscle 
A X M (B)a 
Side x Mu~cle 
B X S X lVI 
A X S X M (B) 0 

Core (B A S M)d 
Duplicate (B A S lVI C)e 

Corrected Total 'f 
: 

aAnimal x Muscle (Breed) 
bBreed .x Side x Muscle 

df ·Mean Square 

1 40,537.7349000 
1 915.626,260,000 
L~ 271g564.5.50,000 

2 39,102,679,000,000 
2 81,977.)80,000 
8 755,696,200,000 
2 171,492,1.1-20,000 
2 .395,879-320,000 
8 546,821,060,000 

108 4JJ~JOJ,680,000 
144 J7,277,J9J,OOO 

287 528o288,520,000 

0 Animal x Side x Muscle (Breed) 
dcore (Breed Animal Side Muscle) 
~Duplicate (Breed Animal Side Muscle Core) 

DUNCAN'S MULTIPLE RANGE TES~P* 

Muscle LDc LDA STC S'J.l 
A TBL . c 

Mean** 2.7)2 2.503 2.020 1.676 1.485 
a a b be cd - ....--· 

*u.::t = .o.s> 
*•It . 

Mean myofiber count per muscle in mi.llipns. 

OSL 

.7166 

.1.395 

.0001 

.8979 

.7422 

.5172 

TBLA 

1.217 
d 

a,b,o,dMeans with 'same letter are not significantly different. 
A = Angus, C = Charolais 
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TABLE XVIII 

ANALY.SI~) 0? VARIANCE AND DUNCAN'S MULTIPLE RAHGE 11EST FOH 1Jl0TAI. lVJYOFIBER NUMBER PER MUSCLE 
~5 DAYS OLP, SEASON II, ATPase STAIN 

ANALYSIS OF VARIANCE 
Source 

Side 
Breed x Side 
Animal x Side (Breed) 

Muscle 
Breed x M):tscle 
A X M (B) ·. 
Side x Mu~cle 
B X S X M 
A X S x IV! (B) 0 

Core (B A S M)d . 
Duplicate (B A s M C) 9 

Corrected Total 

aAnimal x Muscle (Breed) 
bBreed x Side x Muscle 

df 

1 
1 
4 

2 
2 
8 
2 
2 
8 

108 
t44 

287 

c Animal x Side x M\lScle (Breed) 

Mean Square 

942t.32J,~JO,OOO 
20,3,162,100,000 

1,2J5,144,Joo~ooo 

24,018~97),000,000 
2,415,441,600,000 
1,256,J99.700,000 

754,447,470,000 
1,652,556.500,000 
2,254,927,)00,000 

270,856,270,000 
28,848,981,000 

502,537,640,000 

deere (Breed Animal Side Muscle) 
~Duplicate (Breed Animal .Side Muscle Core) 

DUNCAN'S MULTIPLE RANGE TEST* 
Muscle LDc LDA ST c s'r A fJ:'BL . c 
Mean** 2.582 1~720 1.665 1 .. )40 1. .317 

a b b be be 
*( 0! = • 05) 

**Mean myofiber count per muscle in millions.· 

OSL 

• 5651 
.7042 

• 0013 
.2075 

.?28.3 

.5133 

TBL A 

1.018 

c 

a' 0 ' 0 Means with same letter ar.e not significantly different. 
A = Angus. C = Charolais 
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1lABLE XIX 

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE TES'r 
FOR TOTAL MYOFIBEH NUMBER PEH lViUSCIE 
25 DAYS OLD, SEASON I, NADH-TR STAIN 

ANALYSIS OF VARIANCE -· 
Source df Mean Square OSL 
----------------~---------------------~----------------Side 
Breed x Side 
Animal x Side (Breed) 

Muscle 
Breed x lVI'Mscle 
A X M (B) 
Side x Mu~cle 
B X S X M 
A X S X M (B) 0 

Core (B A S M)d 
Duplicate (B A S M C) 8 

Corrected 'rotal 

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

1 · 29'7 ,J53, JOO, 000 • 5797 
1 99J,2J4,66o,ooo .1733 
4 J64,J81,650,000 

2 50,487~312.000,000 .0001 
2 310•774,290,000 .5795 
8. 525,194,420,000 

.2 5,146,235,000' .990J 
2 461,797,200,000 ·576J 
8 478,761,800,000 

108 420,)92.800,000 
144 29,J48,4J),OOO 

287 61),100,960~000 

0 Animal x Side x Muscle (Breed) 
dCore (Breed Animal Side Muscle) 
~Duplicate (Breed Animal Side .Muscle Core) 

· DUNCAN'S MULTIPLE RANGE TEST* 

Muscle LDc LDA STc ST A 

Mean** 2.982 2.475 1. 895. 1.562 
a b .C cd 

*(~ = .05) 

TBLc 

1. 46L~ 

de 

**Mean myofiber count per muscle. in millions. 
a,b,c,d,eMeans with same letter are not significantly 

different. 
A = Angus, C = Charolais 

TBL. . A 

1.172 
e 
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TAB.LE XX 

ANALYSIS Or' VARIANCE AND DUNCAN'::> iviUL'.riPLE RANG:t; 'rES1' 
F'Oii 110TAL iidOJ:i'I£)ER NUMBEH PErt ;vjUSCLE 
25 DAY:S OLD, SEASON II, NADH-'1!!\ STAIN 

-------------------------~~·-------------------------
ANALYSIS OF VAlUAHCE 

Source df 

Side 1 
Breed x Side. 1 
Animal x Side · (Breed) 4 

Muscle 2 
Breed x IVI}fscle 2 
A x lVI (B) . 8 
Side X MUi)lC le . 2 
B X S X M 2 
A X S X M (B) 0 8 

Core (13 A S M)d 108 
Duplicate (B A S 

. . e 
144 M C) 

Corrected ~rotal 287 

a . Animal x Muscle (Breed) 
bBreed x Side x Muscle 
0 Anirual x. Side x Muscle (Breed) 
dCo~e (Breed Animal side ~Gscle) 

Mean Square· 

1,)79,224,700,000 
585,945,4JO,OOO 
779,622,250,000 

.31,992,677,000,000 
.3t6J4,015.700,000 

9JJ,178.720,000 
1,162,012,200,000 
1,725t515,100,000 
1~986,552,100~000 

29L1- ,44·5, 760, ooo 
21,04J,J02,000 

579,575Q850,000. 

8Duplicate (Breed 'Animal S~de Muscle Core)· 

DUNCAN'S MUL'l'IPLE RANGE 'l1ES'.l'* - .. Q<IN.-1: 'l" 

Muscle LDc LDA ST . c TBLc. ST A 
Mean** 2.664 1. 628 1. 5JJ 1. 209 1.184 

a. b 'b be be ........,.._ __ 
* . 
(0!=.0.5) 

** . f'.b 1 . '11" ·Mean myo l. er count per muse e .l.n ml. J.cms. 

OSL 

.2540 
·5619 

.0003 

.065.3 

.5830 

.5415 

TBL A 

0.8)2 

c 

a,b,cooeans with same letter are not significantly different. 
A = Angus, C = !Charolais 



Source 

Breed 
Animal 

T~BLE XXI 

ANALYSIS OR VARIANCE .FOR LIVE. wEIGHT 
25 ·-DAYS OLD, SE-ASON . I 

df 14ea.n Square 

''1 .. 96.]20 
(Breed) 4 55.-32_2 

Corrected TQtal . 5.-. 6).521 

TAB:LE XXII 

. 124 

OSL 

< .1000 

ANALYSIS OF VARIANCE FOR HOT CArlCASS WEIGHT
_25 DA¥S OLD, SEASON I 

Sourc~ df .i'flean Square. OSL 

Breed 1 5J.402 . <.10'00 
Animal~- (Breed} 4 J0.208 

Corrected Total 5 )4.847 



Source 

Breed 
Animal 

TABI,E XXIII 

ANALYSIS OF VARIANCE l<,OR LIVE WEIGHT 
25 DAYS OLD,. SEASON II 

df Mean Square 

1 700.920 (Breed) 4 J1.729 
' Corrected Total · 5 165.567 

Source 

Breed 

TABLE XXIV 

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

Animal (Breed) 

Corrected Total 

125 

·-
QSL 

<.0100 
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TABLE XXV 

ANAI,YSIS OF VARIANCE AND DUNCAN'S 1V1ULTIPLE HANGE TEST 
F'OR lvJUSCLE WEIGHT, 25 DAYS OLD, SEASON I 

ANALYSIS 01~ VARIANCE 

Source df Mean Square 

Breed 1 2,288.028 
Animal (Breed) 4 12,414.528 

Side 1 )0.250 
Breed x Side 1 2).)61 
Animal x Side (Breed) 4 11.6)9 

Muscle 2 156,458. 028 
Breed x MJ:tscle 2 974.528 
A x M (B) , 8 2,116.278 

2 210.583 Side x Mugcle 
B X S X M 2 11.194 . 
Ax S X M (8) 0 

Corrected Total 

aAnimal x Muscle (Breed) 
bBreed x Side x Muscle 

8 

35 

0 Animal x Side x .Muscle.(Breed) 

12.722 

10,982.485 

DUNCAN'S MUL~IPLE RANGE TES'l'* 

Muscle LDc LOA STc 
Mean** :31).2 )00.8 240.2 

·a ab be 

*(0/, tested at .05 and .01 levels) 
**Mean· muscle weights in grams. 

ST A 
204.7 

c 

TBLc 

81~0 

d 

OSL 

.6891 

.1815 

.2290 

• 0001 
.6507 

• 0019 
.5458 

TBLA 

81.0 
d 

a,b,c,dMeans with same letter are not significantly dif-
ferent. · 

A = Angus. C ~ Charolais 
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TABLE XXVI 

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGI!: TES~P 
FOR MUSCLE WEIGHT, 25 DAYS OLD, SEASON II 

ANALYSIS Of VARIANCE 

Source df 

Breed 1 
Animal (Breed) 4 

Side 1 
Breed x Side 1 
Animal x Side (Breed) 4 

Muscle 2 
Breed x M~scle 2 
A X lVl (B) 8 
Side X MUf3Cle 2 
BxSxM · 2 
A X S X M (B) 0 8 

Corrected Total 3.5 

aAnimal x .Muscle (Breed) 
b . 

Breed x Side x Muscle 
0 Animal x Side x Muscle (Breed) 

DUNCAN'S MULTIPLE 

Muscle LDc s·r c . LDA 

Mean-tHt- JJO. 0 .. 301.2 222.8 
a a b 

*(~tested at .05 and .01 levels) 
-t~'*.Mean muscle weights in grams. 

l'I'Jean Square 

72,002.778 
6,080.1.94 

I lOW-

5.444 
0.000 

1'(9.139 

1)6,700.194 
7, 0.31. 694 

·1,0_52.)19 
11.194 
7·583 

183.181 

11,269.454 

RANGE TEST* 

ST A TBL c 
174.7 92.? 

c d -.... ~-....-

OSL 

• 0270 

W@ ..... ""'7"Wftif.!a"rt P-

.86)6 
1.0000 

.0001 

.0196 

• 9410 
.9601 

ti1t. 'il • 

TBLA 

58.0 
d 

·a,b;c,dMeans with same letter are not signif~cantly dif
ferent. 

A = Angu$, C = Charolais 
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TABLE XXVII 

ANAI.YSI !3 OF VARIANCE AND DUNCAN • S lVlUL'I'I.PLE RANGE TE~T 
FOH NUMBER OF 0< WHITE MYOF'IBERS PER MUSCLE 

25 DAYS OLD, SEASON I, ATPase STAIN 

ANALYSIS OF VARIANCE 

Source 

Side 
Breed x Side 
Animal x Side 

Muscle 
Breed x Muscle 
A X M (B)a 
Side xMu~cle 
BxSxiVJ , 
A X S X M (B) 0 

Core (B A S M)d 
Duplicate (B A S lVJ C)e 

Correc·ted Total 

aAnima.l x Muscle (Breed) 
bBreed x Side x Muscle 

df 

1 
1 
4· 

2 
2 
8 
2 
2 
8 

108 
144 

287 

0 Animal x Side x Muscle (Breed) 
dcore (Breed Animal Side Muscle) 

Mean Square 
"NNW"' ... 

16,075,6J6,000 
1J9.5J1;290,000 
100,084,6JO,OOO 

20,B7~,96~,ooo,ooo 
2 '' 145 ~ 874, 000 

404,626,470,000 
J8p209.158,000 
20,986,545,000 

255wJ4J,920,000 

184,9J4,JJO,OOO 
17,097,846,000 

252,101,910,000 

6 Dupliea tt,:~ (Breed Animal Side Muscl.e Core) 

..., ..... _..,.:ti' * l'i'**' M QP WI> . 
DUNCAN'S MULTIPLE RANGE TEST* 

Muscle LDC LDA ST0 STA ~['BL . c 
Mean** 1.609 1.4JJ 1.01J 0.899 o.67J 

a a b be cd - .... 
i~(Q! = • 05) 

,, _..,,.,.,... .. 

OSL 

.707J 
.• JOJ6 

• 0001 
.9424 

.. 86.31 
• 9214:, 

1J.1BL A 

0.519 
d 

**Mean myofiber count per muscle in millions. 
a.,b.c,dMeans with same letter are not significantly dif

ferent. 
A = Angus, C = Charolais 
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TABLE XXVIII 

ANALYSIS OF VARIANCE AND'DUNCAN'S MULTIPLE RANGE TEST 
FOR NUMBER OF (X WHITE MYOFIBERS PER MUSCLE 

25 DAYS OLD, SEASON II, ATPase STAIN 

. ANALYSIS OP VARIANCE 

Source 

Side 
Breed x Side 
Animal x Side (Breed) 

Muscle 
Breed x M}lacle 
A X lV1 (B) . 
Side x Mu~cle . 
B X S X M 
A X S X M (B) 0 

Core (B A S M)d . 
Duplicate (B A S M C)e 

Corrected Total 

aAnimal x Muscle (Breed) 
bB~eed x ~ide x Muscle 

df 

l. 
1 

.4 

2 
2· 
8 
2' 
2 
8 

108 
144 

287 

0 Animal x Side x lVIU$Cle (Breed) 
doore (Breed Animal Side Muscle) 

Mean square 

)05,186,160,000 
·19,118,068 

2~8,409,8Bo;ooo 

9,825.721,500,000 
22),765,000,000 
388,)27.700,000 
28.5,851,.520,000 
J16,6JS,J40,ooo 

. .588,~17-780,000 

95,6)5,976,000 
.12,?98,(26.000 

160,424,900,000 

9 ·Duplica te (Breed Animal Side Muscle Core) 

DUNCAN 1 S MULTIPLE RANGE TEST* 

Muscle LD' c LDA STc STA TBLc 
Mean** 1.299 1, 06L~ 0.:186 0.770' 0 • .571 

a ab · b be 9 

*(a! = • 05) 
**lYiean myofiber coun·t per 'muscle in millions. 

OSL 

.J6J4 
·9900 

.0006 

.5874 

.6)64 

.6076 

TBL A 
o.siJ 

c 

a' b' 0Mean~ with same letter are not signi.f icantly di.f'f~rent. 
A= Angus, Q,= Charolais 
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TABLE XXIX 
ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RAN~lE TES'l1 FOR rmMBER OF 01. WHITE I'IIYOFIBERS PER MUSCLE 25 DAYS OLD, SEASON I, NADl-I~TR STAIN 

Al'JALY~IS OF VARIANCE 
------~---------------------------------Source 

Side 
Breed x Side 
Animal x Side (Breed)· 

df 

1 
1 
4 

Mean Square 

288,251,620,000 
· J76,o4o,s4o.ooo 

132,257,8l.O,OOO 

OSL 

.21.33 

.166; 

----------------------·---------------------------------lVJuscle 
Breed x lVlltscle 
A X M (B) 
Side x Mu~cle 
B X S .X M 
A X S X M (B) 0 

Core (B A S M)d 
Duplicate (B A S M C) 6 

Corrected Total 

a Animal x Muscle tareE:Jd) 
bBreed x Side x Muscle .... 

2 8~937,755,800~000 
2 119,977,210,000 
8 167.973.280,000 
2 29~107,468,000 
2 176,160,690,000 
8 95,8JJ,741,000 

108 127,868~530,000 
144 15,)62,)10,000 

._' I 

287 ·. 1)4,546,2)0,000 

0 A.nimal x Side x Muscle (Breed) 
d,core (Breed Animal Side Muscle) 
6 Duplicate (Breed Animal Side Muscle Core) 

DUNCAN'S MULTIPLE liANGE ~rEST* 
-"'"''"" Muscle LDc LDA STC S'l, 
A 

MeaniH+ 1.)69 :1..203 0.910 0.820 
a a b be 

*(~ = • 05) 

TBL c 
0.?05 

be 

**Mean myofiber count per muscle in millions. 

• 0001 
.5215 

.7489 

.2198 

TBL A 
0.681 

c 

a,b,cMeans with same letter are not significantly different. 
A= Angust C = Charolais · 
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TABLE XXX 

ANALYSIS OF VARIANCE AND DUNCAN'S MULTIPLE RANGE 'l1EST FOR NUMBER OF 01. WHITE MYOFIBERS PER MUSCLE 25 DAYS OLD, SEASON II, NADH-TR.STAIN 

·ANALYSIS OF.VAHIANCE 

Source 

Side 
Breed x Side 
Animal x Side (Breed) 

Muscle 
Breed x Muscle 
A X lVl (B)a · · 
Side x !VIugcle 
B X S X M 
A X S X 1VI (B) 0 

Core (B A S .lVJ)d 
Duplica,t~ '( ~ A $ lVI c) e 

Corrected Total . , 

aAnimal x Muscle (Breed) 
bBreed x Side x Muscle 

df 

1 
1 
4 

2 
2 
8 
2 
2 
8 

108 
.144 

287 

0Animal x Side. x Muscle (Breed) 

Mean Square 

202,140,900,000 
81.833.691,000 

171,929,590,000 

4,890,962,500,000 
l~21, 059,900. 000. 
'246, 49J, 390,000 
199.098,490,000 
)2),206,)70,000 
)47,760,7JO,OOO 

56.946,076,000 
5.462,)55,800 

90,661,350.000 

d.core. (Breed Animal Side ·Muscle) 
9 Duplicate (Breed Anim~l Side Muscle Core) 

MUs91e 

Mean** 

*( Ol = • 0.5) 

· DUNC,AN' S MULTIPLE RANGE TEST*. 

· STC 

0.659 
be 

ST A 
o.6JO 

be 

T.BL0 

0.506 
c 

**Mean myofiber count per muscle in mil·lions. 

OSL 

• J404. 
·5316 

.0012 

.2407 

.5894 

.,5640 

TBLA· 

0~4)8 

c 

a,b,cM~ans with same·letter are not signi£icantly different. 
A = Angus, c = Charolais , .;~~-~, 

. ! \-
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.TABLE XXXI 

ANALYSIS OI•' VARIANCE AND DUNCAN'S J\!UliJ.liPLE HA1~GE 'J.lEST 
FOR NUMBER OF' ~ RED MYOFIBERS PER MUSCLE. 

2.5 DAYS OLD, SEASON I, A'r:Pase S1'AIN 

ANALYSIS OF VARIANCE 

Source 

Side 
Breed x Side 
Animal x Side (Breed) 

Muscle 
.Breed x l'tfJuscle 
A x lVl (B)a 
Side x Muscle 
B X s X M 
A X S X M (B) 0 

Core (B A S M)d 
Duplicate (B AS Nl C) 9 

Corrected Total 

aAnimal x Muscle (Breed) · 
bBreed x Side x Muscle 

df 

1 
1 
4 

Mean Square 

75.361,146,000 
126,268,520,000 
19,J67,196,ooo 

2 1j917,700,900,000 
2 2J,606,J27,000 
8 28,710,444,000 
? • 22,652,JJJ,OOO 
2 . 24,189.915,000 
8 21~092,822,000 

. 108 
144 

287 27,819~650,000 

0 Animal x Side x Muscle (Breed) 
dCore (Breed Animal Side Muscle) 
~Duplicate (Breed Animal Side.Muscle Core) 

DUNCAN'S MUL1'IPLE RANGE 1'ES'r* 
;-•..,..; ¢'i"l( '"P'!'"f' 

Muscle LDA LDc ST0 . ST ·A TBLA 

Mean** 0.496 0.4)7 0.)89 0.)86 0.202 
a ab b b c 

--·-
*( 0! ::::: .05) 

'**lVlean myofiber count per muscle in millions. 
a,b,cMeans with same letter are not significantly 
A = Angu~, C = Charolais 

OSL 

.1192 

.0630 

• 0001 
.5235 

.J878 

.)660 

TBL c 
0.182 

c 
""* ... "'*"'-

different'. 
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TABLE XXXII 

ANALYSIS 01" VARIANCE AND DUNCAN'S 1WLTIPLE RANGE 'l'EST 
l<'OR NUMBER 01~' Ci. RED MYOFII3ERS PER MUSCLE 

25 DAYS OLD, SEASON II, ATPase STAIN 

ANALYSIS OF 

Source 

Side 
Breed x Side 
Animal x Side (Breed) 

Muscle 
Breed x M}lscle 
A X M (B) 
Side x Mugcle 
B X S X M 
A X S .X M (B) 0 

S M)d Core (B A 
!Vi C) 9 Duplicate (B A S 

Corrected Total 

aAnimal x Muscle (Breed) 
bBreed x $ide x Muscle 

df 

1 
1 
4 

2 
2 
8 
2 
2 
8 ·--... --.. 

108 
144. 

287 

cAnimal x Side x Muscle (Breed) 

VARIANCE 

Mean Square 

106,256,840,000 
.318.956,280,000 

58,554,697.000 

2,271,857.000,000 
521 • .365,070.000 
?8,J62,2J8,ooo 
52,J62,J55,000 

192,280,200.000 
119,240,700,000 

18w962,9JJ.OOO 
J,08J,108,500 

52,7}1,821,000 

de ore (Breed Animal Sid.e Muscle) 
9Duplica·te (Breed Animal Side Muscle Core) 

**Mean myofiber count per muscle in millions. 

OSL 

• 2L~89 
.0?96 

.000.5 
• 0198 

.66)2 

.2577· 

a.b,cMeans with same letter are not significantly different*. 
A = Angus, C = Charolais 



TABLE XXXIII 

ANALYSIS OF VARIANCE AND DUNCAN'S £v1UVl1IPLE RANGE •rEST 
FOR NUMBER OF Ci. RED MYOFIBERS PEH MUSCLE 

25 DAYS OLD, SEASON I~ NADH-TR STAIN 

-------------------------ANALYSIS OF VARIANCE 

Source 

Side 
Breed x Side 
Animal x Side (Breed) 

df 

1 
1 
4 

·.Mean Square 

8J,5J2,817.000 
60 9 252 •. 780. 000 
5,195,265,200 

OSL 

.0171 

.0278 

-------------------------·------------------~----------Muscle 2 
Breed x M}lscle 2 
A X M (B) . 8 
Side x Mu~cle · 2 
B X S X M 2 
A X S X M (B) 0 8 

Core ( B A S M) d . 1 08 
Duplicate (B ~ S M C) 9 144 

1,616,607-JOO,OOO 
9 ,ll-]6, 591. '100 

14,2Jl,J4J,OOO 
1, JOB, 8L~9, 400 

16,611,280,000 
26,8)2,924,000 

21. , J.j-69 , 9 0 5. 0 0 0 
4,7J4,J69,JOO 

.0001 
• 54L~8 

.9529 

.5659 

------------------·------------------ ------~--Corrected Total 287 24·, 479, 1 JJ. 000 

aAnimal x Muscle (Breed) 
bBreed x Side x Muscle 
0 Animal x Side x Muscle (Breed) 
dcore (Breed Animal Side Muscle) 
el)uplicate (Breed Animal Side Muscle Core) 

-··· -
DUNCAN'S MULTIPLE HANGE ''I'ES1'* 

.Muscle . LDc LD A ST c ST A 

Mean** 0.518 O.lt59 O.J85 0.)65 
a b c c --

*((X ::::: ~ 05)' 

TBL c 
0.246 

d 

**Mean myofiber count per muscle in millions. 

TBL A 
0.214 

d 

a,b,c,dMeans with same letter are·not significantly different. 
A= Angus, C = Charolais 
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TA.rlLE ·XXXIV 

ANALYSIS OF VARIANC~ AND DUI\IC.Al\';:) Iv,UV:Pll-'LE RANGE 'l'ES'J 
FOH NUf'/BEi~ OF 0C RED NiYOi"IBEHS PEri MUSClli 

25 DAJ:"S OLD, SEASOl~ II, NADH-~'R :S'l1AII\J 

----------------------~-----------------------------ANALYSIS OF VA!UAJ.\JCE 

Source 

Side 
Breed x Side· 
Animal i Side (Breed) 

df 

1 
1 
4 

· Me an Square 

3 0, 1 9 8 ' 414 ' 0 0 0 
72,401,751,000 
27,579,409,000. 

OSL 

. 3559 . 

.1?98 

----------~~-----------·----·----~---------------------Muscle 
Breed x JVIuscle 
A x M (B)a 
Side x lV~u~cle · 
B X S X M 
A x·S X M·(B) 0 

. ·care (BAs M)d . 
Duplicat-e (B A S M C)e 

2 912r717,08D.OOO 
2 169,18J,960,000 
8 22,370,291,000 
2 4,h28,586,100 
2 . 24,?42,5?2,000 
8 J5,J52,054,000 

108 . 14,012.797,000 
144 J,165&18J,600 

.0002 

.0144 

.8'?86 

.5279 

--~--------------~------------------------------------Corrected Total 287 21,649,26)~000 
----------------. -----------·----------------------------a.Anima.l x·Muscle {Breed) 
bBreed x Side x Muscle . 
0 Anima.l x Side x Muscle (Breed) 
dcore (Breed Animal Side Muscle) 
8 Duplicate (Breed Animal Side Muscle Core) 

**Mean myofiber count per muscle in millions. 
a,b,c,dMeans with same letter are not significantly dif.. ferent. 
A = Angus, C = Charolais 
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1'ABLE XXXV 

ANALYSIS OJ:i' V AIUANCE )}ND DUNCAN'S MULTIPLE RANGE 'rES1r 
FOR NUIVIBEH OF p HED MYOFIBEl:iS PEH MUSCLE 

. · 2.5 DAYS Ol,D, SEASON I, ATPase STAIN 

---------·-------?'-·~---------------------------------··----ANALYSIS OF VARIANCE 

Source df Mean Square 

Side 1 J9,987,89),000 
Breed x Side 1 51,984,881,000 
Animal x Side (Breed) 4 17.52Jj497,000 

Muscle 2 J?9,989,46o.ooo 
:. Breed x M1fscle 
A x M (B) 

2 91,170,971,000 
8 7J,968,6J4~ooo 

Side x Mu~cle . 
B X S X Nl 
A X S x. M (B) 0 

2 11,460,077.000 
2 156,127,820,000 
8 117.785,540,000 

OSL 

• 2048 
.1594 

.0)64 

.)422 

.9077' 
• )186 

------------'"~--~-----------=-------------------,-----core (B A s M)d 
Duplicate (B A S M C)e 

108 6),J?2,7JO.OOO 
144 7,.511,9?8,100 

Corrected Total 287 

aAnimal x Muscle (Breed) 
bBreed x Side x·Muscle. 
0 Animal x Side x Muscle (Breed) 

45,570,559,000 

. de ore (Breed Animal S~de Mu.scle) 
9 Duplicate (Breed Animal Side Musc~e·Qore) 

- •- 'w . au;;"''-'•"~"'• -
DUNCAN'S MULTIPLE RANGE TES'r* 

~"$ -iltiU 

Muscle LD c TBLc ST0 LDA TBI1A 

Mean** OQ686 0.6JO o. 618 . 0.5?4 0.497 
a a.b ab ab be 

*(~ = .05). 

**Mean myof.iber count per muscle in millions. 

~ ==-..,. 

ST · 
A 

0.,391 

c 

a,b,cMeans with same letter are not significantly different. 
A = Angus, C = Charolais 
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TA3LE XXXVI 

ANALYSIS OF VAR.IANCE FOR NUMBER OF R RED MYOFIBERS PER 
MUSCLE - 25 DAYS OLD; SEASON If: ATfase STAIN 

ANALYSIS OF VARIANCE 

Source 

Side 
Breed x Side. 
Animal x Side (Breed) 

Muscle 
Breed x IViusc le 
A X IVi (B)a 
Side x IYluficle 
B X S X M 
A x·s x M (B) 0 

Core (B A S ~)d ~ 
Duplicate (B A S M C fe 

Corrected Total 

aAnimal x Muscle '.(Breed) 
bBreed x Side· x .M.uscle 

.df 

1 
1 
4 

2' 
2. 

·8 
2· 
2 
8 

108 
144 

287 

0 Animal x Side x Muscle (Bre~d) 
dcore (Breed Animal Side Muscle) . . 

Mean Square 

8' .524, 1'19. 209 
12,024,14),901 

121,3.50,836,862 

469,291,73.5.646 
J61,872,J92,086 
149,7JJ,864,J6J 
?4,164,849,6)4 

10),675,212,702 
162,96,5,28.5,91.5' 

37.728,264,7.51 
8,?7J,80J,816 

J7,89.5,400,016 

~Duplicate (Breed Animal Side Muscle Core) 

OSL 

.7976 

.?637 

.0982 

.1,504 

.8642 
·5576 
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TABLE XXXVII 

ANALYSIS OF VARIANCE'AND DUNCAN'S MULTIPLE RANGE TEST 
FOR NUMBER OF fi. RED MYOFI BERS PER MUSCLE 

2.5 DAYS OLD, SEASON !, NADH-TR STAIN 

ANALYS.rs· OF· VARIANCE 

Source df' . Mean Square 

Side 1. 78 .·741,990, 000 
Breed x Side '1 19~02),.507,000 
Animal x Side (Breed) 4 82,104.692,000 

Muscle 2.' 8,S?S.9?0,SOO,OOO 
· Breed x Niuscle 
A X lV1 (B)a 
Side x Mugc le. 
BxSxlVI 
A X S X M (B) 0 

Core (B A' S M)d 
M C)e Duplicate {B ,A. S 

Corrected Total 

aAnima1 x Mu~cle (Breed) 
bBreed x·Side x Muscle. 

2 
a. 
2· 
2 
8 

108 
144 

287 

0 Animal x Side x· Muscle t Br~ec;l) 
dcore (Breed Anlmal Side Musc.le') - - . ,' -

•2J,562,4)J,OOO 
148,158,.550,000 

40,017,167,000 
5J,0.51,614,000 

108,799,130,090 

' 7 8 '406, 040. 000 
10,81.7,647,000 

.12.5,119,1(0,000 

eDuplicate '(Breed Animal Side Mu~cle Core) 

DUNCAN'S MUL'l'IPU 'RANGE TEST* 

Muscle LDc LDA STc , TBLc . ST A 
Mean** 1 .• 094 0.812 0.600 0.513 O • .J78 

a b c cd de 

*( Ci = .0.5) 
**Mean myo:fibei" _count per muscle in millions. 
a • b ' 0 'd ~ eMeans with· same letter are not significantly 

different. 
A = Angus,. C ~ Charolais 

OSL 

.61.51 

.6563 

• 0001 
.8555 

.?069 

.6)52 

TBLA. 

o. 2?7· 

e 

: 
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TABLE XXXVIII 

ANALYSIS OF VARIANCE AND DUNCAN • S MULTIPLE RANGE TES1.' 
.FOR tWIVlBER OF f3c RED lVJYOFIB:EkS PER MU$CLE 

25 DAYS OLD, SEASON II, NADH-TR STAIN · 

ANALYSIS OF VARIANCE 

Source 

Side 
Breed·x·side 
Animal x Side -'(Breed). 

IViuscle. 
Breed x ~J1~sc.le 
A X M (B) 
Side X MUf1Cle 
B X S X M 
A X S X M (B) 0 

Core (B A S M)d . 
(B A S _M .C.)e Duplicate 

Corrected Total 

· a Animal x Mus.cle ( Bre~d) 
bBreed x Si4e-x Muscle. 

df' Niean Square 

1 J0),629,900,0QO 
1 ' 44, 238 • .333. 000 
4 169.952,.)20,000 

2 6,29.5,298,600,000 
2. 88J' .337 '?6:0 .. 000 
8 26.),698,550,000' 
2' 329,949,)90,000 
2 40J' 2'04, 270' 000 
8 i.t60,948,)60,000 

108 7·7, 085. 8J6, 000 
i44 7.129.705,500 

287 t4o. 652,.300. ooo· 

cAnimal x Side x Mus6ie (B~eed) 
dcore (Breed Animal si.de Muscle) 
~Duplio~te (Br~ed Animal 'Side Muscle Core) 

'DUNCAN 1 S MULTIPLE RANGE TEST*. · 

Muscle . LD0 STc LDA TBLc. · STA 

Mean** . l ~ 185 ' ·o. 686 0•634 0 . .505 0.409 
a b' be bed cd 

*(~ c .05) 
**Mean myofib~~ count per muscle in millions. 

OSL 

.2.520 

.6J8J 

.000? 

.0871 

• 5208 ' 
.54.39' 

TBL A 
0 • .)24 

d 

a_, b' 0 ' dMea~s with same letter are n·ot significantly dif. ferent.·-
A ::: ·Angus. C .= Charolais- · · 



'l'ABLE XXXIX 

ANALYSIS OF VAHIANCE AND DUNCAN'S !V~ULTI.PLE RANGE TES'I' 
FOR DNA CONCEWrRATION PER MUSCLE 

25 DAYS OLD, SEASON I 

ANALYSI~ OF VAHIANCE 

Source 

Bread 
Animal (Breed) 

Side 
Breed x Side 
Animal x Side (Breed) 

Muscle 
Breed x Muscle' 
A X LVI (B)a 
Side x Mu~cle 
B X S X M 
A X S X fill (B) 0 

Corrected Total 

aAnirnal x Muscle (Breed) 
bBreed x Side x. Muscle 

df 1\·:ean Square 

1 .0.058987326 
4 0.00)62590.5 

. 1 0.0004686.31 
1 0.0010)6880 
4 0. 00.0251624 '<1?"'--·--
2 0.1L~4919680 
2 0.007777441 
8 0.001788026 
2 0.000991395 
2 0.0005.)6698 
8 o. 0004)7:1.04 --

.35 0.011492984 
'· 

0 Animal x Side x Muscle (Breed) 

OSL 

.0168 

.2437 

.1116 

. 0001. 

.0522 

• .1652 
.)435 

**Mean DNA concentration per muscle in milligrams. 
a,b,c,d,e,fMeans with same letter are not significantly 

·different. 
A = Angus, C = Charolais 



141 

TABLE XL 

ANAI,YSIS OF VARIANCE AND DUNCAN'S MULTIJ1LE RANGE TEST 
FOi\ D~A CONCENrrHA'l1I ON I)ER IVIUSCL.E 

25 DAYS OLD, SEASON II 

----'-.-u-·~----------------------------------------ANALYSIS OF VARIANCE 

Source 

Breed 
Animal (Breed). 

Side 
Breed x Sid~ 
Animal x Side (Breed) 

Muscle 
Breed x M}iscle 
A x M (B) 
Side X M~t}cle 
B X S X fl/1 .· 
A X S X M (B) 0 

Corrected 'J:otal 

aAnimal x lVJuscle (Breed) 

df 

1 
4 

'-"""""' .. -

1 
1 
4 

2 
2 

·8 
2 
2 
8 

35 

bBreed x Side x Muscle . 
0 Animal x Side x Muscle (Breed) 

· r~Je an Sq uar a 

0.0187875.30 
O.OOJ1J1646 

0.000029440 
0.000057515 
0.000459165 

0.080829711 
0.000602386 
0.001230531 
0.0001,29740 
0.000168443 
0.000292601 

0.005968096 

DUNCAN'S r.mL'l'IPLE RANGE 'rEST* 
-GPI or---
Nluscle IJDC ST ' c LDA STA TBL 

Mean** 255 211 204 154 gJ,~ 

a b c· d e 
it(().! = ".01) 

c 

OSL 

.0703 

.80.59 
•, 737'7 

• 0001 . 
.6J41 

. 6606 

.5877 

T.BLA 

55 
:f 

**Mean DNA concentration per muscle in mi.lli~rams. 
a.b,c~d,e.fMeans with same letter are not significantly 

different. 
A.= Angus, C = Charolaia 



ANALY31S OF v AIUAI~CE AlW JUl'~CAN Is lVlULTI.t'LE riANGE Tl:!;ST 
FOR HNA CONCENTrtA'I'ION PEH l'•lUSCLE 

25 DAYS OLD. SEASON'I 

-·e~--·-·-·----·---------------------w--------------------------%---ANALYSIS OF VAHIANCE 

Source 

Breed· 
Animal (Breed) 

Side 
Breed x Side 
Animal x Side (Breed) 

Muscle 
Breed x Muscle 
A x M (B)a 
Side x lVIuBcle 
B X S X lVI 
A X S X M (B) 0 

Corrected Total 

8 Animal x Muscle (Breed) 
bBreed x Side x !IJuscle 

df 

1 
4 

1 
1 
4 

2 
2 

·8 
2 
2 
8 

.35 

0 Animal x Side x Muscle .(Breed) 

DUNCAN'S MUI;TIPI .. E 

Muscle LDC LDA ST c 
Mean** 961 628 532 

a b c 

*(a! = • 01) 

Mean Square 

0.29728897 
0.0?056734 

0.00051871 
0.000000.33 
0.00135770 

1.09844718 
0.06898909 
0.0158.3280 
0.00160371 
0.00001697 
0.002787.34 

0.08778809 

HANGE rl1ES·l'"* 

"'T ...;) A 

J48 
d 

TBL 

207 
e 

c 

OSL 

.1 088 

.5?30 

.9855 

. 0001 

.0_520 

._5879 

.9946 

'l'BL A 

178 
f 

**Mean RNA' concentration per muscle in milli~rams. 
a,b,c,d,e,fMeans with same.letter are not significantly 

different. 
A = Angus, C = Charolais 



'f A.DLE XLI I 

ANALYSIS OF' VARIANCE AND DUfWAl~' S l'WI/riPLE .H.ANJE TES'i' 
FOR HNA CONCE!~'rH.ATICN PEH MUSCLE 

25 DAYS OLD, SEASON II 

-----------------·------------~--------~------------ANALYSIS OF VAHIANCE 
-Source ·df ivlean Square OSL 

Breed 1 0.04132149 . 0082 Animal (Breed) 4 0.0)971757 

Side 1 0.00194033 . 2408 Breed x Side 1 0.00299707 .1620 Animal x Side (Breed) Lj, 0.00102655 , _____ 
Niuscle 
Breed x !v1}lscle 
A x M (B) 
Side x Mu~cle 
B X S X lVJ 

A X S X lVl (B) 0 

Corrected Total 

aAnimal x Muscle (Breed) 
bBreed x Side x OCuscle 

2 
'2 

8 
2 
2 
8 

35 

0Anirnal x Side x Muscle (Breed) 

0.92628474 
0.065814?0 
0.01886260 
0.00030186 
0.00069133 
0.00195146 

0.09605523 

DUNCAN'S MULTIPLE HANGE 'I'EST* 

Muscle J.,Dc S'I' c LDA ST A '11BL ' c 
Mean** 105.3 712 5?1 )60 350 

a b c d e 
---~ ... -

*(a!:::; • 01) 
**Mean RNA concentration per muscle in milligrams. 

• 0001 
.0808 

.8590 

.7155 

r.rBL 
A 

16J 
f 

a, b,c td.E!hfMeans with same letter are not. signLficantly 
different. 

A = Angus, C = Charolais 



TABLE XLIII 

ANALYSIS OF VARIANCE AND DUNCAN 1 S 1\llULriPLE kANGE 'I'ES11 

FOR NU11L8EH Qlr NUCLEI PER lVJUSCLE 
25 DAYS OLD, SEASON I 

ANALYSIS OF VARIANCE 

Sourc.e 

Breed 
Animal (Breed) 

Side 
Breed x Side 
Animal x Side (.Breed) 

Muscle 
Breed x Muscle 
A X IV1 (B)a 
Side X Mu;3cle 
BxSxM · 
A X S X M (B) 0 

Corrected Total 

df 

1 
:l. . 
4 

2 
2 
8 
~ 
2 
8 

35 

Mean !:Jquare 

1.534.5298 E+21 
9.l}J26J56 E+19 

.1. 2191245 E+19 

. 2. 6973991 E+19 
6.54.58779 E+18 

3.7700229 E+21 
2.0232678 E+20 
4. 6.514'722 E+19 
2.5790712 E+19 
1.39619.57 E+19 
1.1371080 E+19 

2.9898500 E+20 

.2437 

.1116 

.0001 

.0.522 

.1652 

.J4J5 

------------------------------------------~----------aAnimal x Muscle (Breed) 
bBreed x Side x Muscle 
0 Animal x Side x Muscle (Breed) 

DUNCAN'S MUL'l1IPLE RANGE 

Muscle LDc ST · 
. c 10. Mean** 5•807x1o10 4.467xl0 

a b 
.. 

Muscle ST . A . TBLc 
Mean*1" 2.666xto10 1. .592x1 o1 0 

c d 

TEST* 

LD 
4.049~to10 

b 

TBLA 
1. 2JlJ.x1 ol 0 

d 
------------~----------------------------------------*(01. tested at • 05 and .01 levels) 
**Mean number of nuclei per muscle. 
a,b,c,dMeans with same letter are not significantly dif~ 

ferent. 
A = Angus, C = Charolais 
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'rABLE XLIV 

ANALYSIS OF VARIANCE Af'iD DUNCAN'S ivJUL'I'll)LE RANGE 'I'EST 
FOH l~Ulvi.BEH OP NUCLEI PER fvjUSCLE 

25 DAY~ OLD, SEASON II . 

---------------------------------·---------------------ANALYSIS OF VARIANCE 

Source df l/lean Square OSL 

Breed . 1 4. 8874947 E·t-20 .0703 
Animal (Breed) 4 8. 14684·25. E+l 9 - -
Side 1. 7.6585529 E+17 .80.59 
Breed x Side 1 L 4962)76 E+18 ·7377 
Animal x Side {Breed.) 4 1.194l}990 E+19 

Muscle 2 2.1027.500 E+21 • 0001 
Breed x M}tscle 2 L .5670813 E+19 • 6.341 
A x M (B) 8 ).2011727 E+19 
Side x Mu~cle 2 J,J7512JO E+18 .6606 
B X S X M 2 4 . .3819783 E+18 • 5877 
A X S X M (B)c 8 ?.6118895 E+l8 

Corrected Total J.5 1 • .552.57.43 E·r-20 
a . 

Animal x Muscle (Breed) 
bBreed x Side .x Muscle 
0 Animal x Side x Muscle (Breed) 

DUNCAN'S MULTIPLE HANGE 'rEST* 

Muscle LDC STC 
Mean** 4. 1 o~7x1 o1 0 J.407~1o10 

a ab 

Muscle 'rBL STA 
Mean** 2.492xto10 

c 

TBLC 
1. J64xto10 

d 

A 
o.885x1o10 

d - ....--

*( ()( tested at .05 and 0 01 levels) 
.**Mean number of nuclei per muscle. 
'a,b,o,dMeans with same letter are not significantly dif

ferent. 
A = Angus, C = Charolais 
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1'ABLE XLV 

ANALYSIS OF VAiUANCE !<'OR GHA;v',::; TI~SUf.i SUl:JPORTED PE.K 
NUCLEUS - 25 DAYS OLD, SEASON I 

~--------------------------------------··-----~·------

Source 

Breed 
Animal {Breed) 

ANALYSIS OF VAriiANCE 

df 

1 
4 

Mean Square 

2.8425325 E-17 
7·9938747 E-18 

OSL 

.1317 

----------·--·-------------·--·----·---------------------Side 
Breed x Side 
Animal x Side (Breed) 

l. 
1 
4 

2.8929260 E-20 
4.9680535 E-19 

. 9.51?6499 E-20 

.61Jl 

.0840 

------------------------------------------------· ----Muscle 
Breed x IvJuscle 
A x M (B)a 
Side x IVJu~cle 
B X S X IV1 
A X S x M (B) 0 

Corrected :rotal 
' 

.. 
aAnimal x Muscle (Breed) 
bBreed x Side x Muscle 

2 
2 
8 
2 
2 
8 

.35 . 

0 Animal x Side x Muscle (Breed) 

1.8433535 E-18 
4.7751871 E-19 
8.8261389 E-19 
).2932796 E-19 
1. 8219312 E-19 
7.646744) E-20 

2.1327057 E-18 

.1857 

.6059 

.05JJ 

.1536 



TABLE XLVI 

ANALtSIS Of' VARIANCE AND DUI\C.AN' S MULTIPLE RANJE TES'r FOR GHAJVIS TISSUE SUPPOHTED PER NUCLEUS 
25 DAYS OLDr SEASON II 

-----------------------------------------------------ANALYSIS OF VARIANCE 

Source 

Breed 
Animal (Breed) 

Side 
Breed x Side 
Animal x Side (Breed) 

Muscle 
Breed x M}lacle 
A X lVI (B) 
Side x Mutscle 
B X S X M 
A X S X M (B) 0 

Corrected Total 

aAnimal x Muscle (.Breed) 
bBreed x Side x Muscle 

df 

1 
4 

1 
1 
4 

2· 
2 
8 
2 
2 
8 

.35 

0 Animal x Side x Muscle (Breed) 

Mean Square 

8 • .5726959 E-18 
1.1)51~690 E-17 

6. 8978674 ·. E-21 
.4.1048.357 E-19 
2.0077877 E-19 

4.2686164 E-18 
2. 6301842 E~;18 
9.4889791 E-:-1.9 
J.J547995 E-19 
2.5106049 E-'19 
1. 00581.33 E-19 -
2.2450990 E-18 

DUNCAN*£ MULTIPLE RANGE TEST* 

Muscle ST 

. OSL 

.,5629 

.8552 

.2255 

. 0486. 

.1211 

• 0878 
.14)1 

... "' "··--

LDc LDA . . c 
Mean** 8.88lx1o-9 8 . -9 ?.120x10-:-9 .121xl0 

a ab b 
Muscle ST · ·11BL r.f'BL A . c A Mean**· 6.982xto-9 6.79Jx10- 9 6.765x1o-9 

b b b -*((.\! :llil .05) 
**Mean grams·tissue supported per nucleus. 
a,bMeans with same letter are not significantly different .. 
A = Angus, C = Charolals 



. TABLE XLVII 
.. 

ANALYSIS _OF VARIANCE l''OR JVJYOFIBER WIDTJi 
· ~5 _DAYS OLD,: SEASON I 

ANALYSIS ·o.£1' ·VARIANCE: 

Source . df IVJ~an Square 

Breed 1 . 
Animal (Breed) '4 

Side . ·t 
Breed x Side 1 
Aninie3.l x·Side (Breeq) 4 

Muscle 2 
Breed x Muscle .2 
Animal x Muscle (Breed) 8 
Side ·x l'v!uscle . 2 
B x S x Ma 2 
A X S X M (B)b 8 

Duplicate (B .A S Ivl}c )6 
Resid1.,1al 1728 

Corrected Total 1799 

aBreed x Side x Muscle 
bAnimal ~ Side x Muscle. (Bre'ed) 
~.Duplicate (Breed.Anim§ll side iVlusqle) 

6555.1'25 
2641.708 

21.~25 
17.014 
56.15.3 

7. 542' 
92.62.5 
42.104 

218· . .375 
464.847 
82~257 

115.514 
58.29.3 

.. 
'69 • .391 

148 

·osL 

.1896 

. 5758 -. 

.61.36 

.8)95 
• 1726 -. 

.1299· 
• 0293 . 
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ANALYSIS OF VARIANCE A~D DUNCAN'~ MULTIPLE RA~~E TEST 
FOR MYO?IBER WIDTH - 25 DAYS OLD, SEASON II 

ANALYSIS OF VArtiANCE 

Source df tVJean ~quare 

Breed 1 
Animal {Breed) 4 

Side 1 
Breed x Side 1 
Animal x Side (Breed) lj. 

NJuscle 2· 
Breed x Muscle 2 
Animal x lv!uscle (Breed) .8 
Side x Muscle 2 
B x S x Ma 2 
Ax S X M (B)b 8 

Duplicate (B A S M) 0 .36 
Residual 1728 

Corrected Total 1799 

aBreed x $ide x ~uscle 
bAnimal x Side x Muscle (Breed) 
0 Duplicate (Breed Animal Side Muscle) 

94J0.222 
994.90.3 

144.500 
8.000 

140.9.58 

1898.?92 
890 . .51L~ 

63. 44Lr 
36.292 
11.292 

16.5.000 

16?.611 
84.824 

96.8.52 

OSL 

• OJ'?lt 

.J704 

.816.5 

.0004 

. 0029 

. 8 08L~ 
·9.341 

------------------------------------------------·--·-·-----DUNCAN'S MULTIPLE HANGE TES'J.H~ 
• mt\Sl r• 

!Vluscle ST0 LDc TBLc I,DA s~r · A THLA 

Mean'~H~ 42.8 41..8 J7 . .5 .J?.4 35·7 35·3 
a. a b b c c 

*(OL tested at .05 and . 01 levels) 
· **Mean myofiber width per muscle in microns. 
a.b.aMeans with same ~etter are not significantly different. 
A:; Angus, C = Charolais, 
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