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~both limbs and in neck and thorax.’

SYNOPSIS

'Eighteen Double Muscledx(ﬁM),v18 Beéf Synthetic’(SY)”
and 18 Hereford (HE) bulls were serially slaughfered from
approximately 25b to 800 kéﬂlive weight fo'éetermine the
influence ofv'Double Muscling' and maturipy type on ti;sue
growth‘pattefns and compoSitiopal éﬁfferences, pissue
distributioh\éha tﬁé interdependence of thé serial
de&elopment of muscies\and\bones.

| Relative»té carﬁass'wéighf and total Bone, thé DM bulls

had a higher Qrowth rate for total muscle than did the HE

and SY bullé. Cbmpared with the more normal breed types, DM

was charaaterized by a high muscle:liVe weight ratio, a high
proportion of muscle in the carcass, high muscie:bone;and
muscle¥fat ratios and a low proportion of fat.

, Bréédwtypés differed significahtly in the relative

- growth rate-of 5 of the 95 muscles_énd’in 1 of the 9 muscle

groups. Individual muscle growth patterns revealed an
increasing disto-proximal gradient along the limbs and an.

increasing caudo-cranial gradient along the whole body.
N » . !

However, within any anatomical region considerable variation

with well defined growth gradients was found for individual

muscles. In the proximal region of both limai idbréasing

medio-lateral growth.gradiehf§\#eng\igparent. 2

At the same totalvmuscle weight, céhpared with the

" other breed types, DM tended to have more of their muscle in

the hip and stifle region But less in the distal parts of

. ) . - ' |



[

\

'Double Muscling" preferénfihlly ajfeéts thé'f

\

superficial, large, fleshy muscles and those which'exib%t

large contour areas. Muscular'hypertrophy;falloéed a
disto—pfoximal gradient Along the limbs andran fnﬁe;fo§ter
éfadieht across the muséle layérs with the suberficiél and‘
bulkiest muscles being the mos hypert:bphied. At the:same
total side muséle, DM had heavier expeﬁsive or 1qury..
muscles than normal cattle. \

Relative to.tOFal side fat, DM did not differ

\ 4
significantly from the other maturity types in growth rates

. [ R . .
of subcutaneous fat (SCF), intermuscular fat (IMF)* and

\N\gsrcass cavity fat (CCF), but relative to fat percent in the

side DM tended to. have much lower growth rates for

s%pcutanous fat and carcags cévity fat.

At equal total fat, HE bulls tended to partition'more
of their -fat to the subcutaneous depot, whereas DM énd SY
bulls.tended to partitiqn more of Eheir fat to the

v - ,
intermuscular and carcass cavity fat depots. As fattening
proceeded, fat partitionihg'index { SCF/(IMF+CCF) }
ﬁncféased,‘with HE having a higher fat partionining index
than either SY or DM. Principal component ahalyses were
applied to derive aalindgx of fat partitioniqg independent

of fatness. After the effect. of fatness had"béen removed HE

still had the higher multivariate fat partitioning index

than either SY or DM, which would suggest that fat

partitioning among the depots is a breed specific feature

even ifter effects of fatness or mature size are accounted

vi



for. '
Relatlve to total 51de bone, breed types tended to have
51m11ar growth coeff1c1ents for all bone or bone groups
except the vertebral column where HE fended to have “a higher
growth coeff1C1ent than elther SY or DM Compared w1th the
more normal breed types, adjusted to the same total slde e
bone, DM had proport1onately less bone welght in the |
~prox1mal h1ndl1mb and total long bones, but they had
proportionately more bone WE1ght in costae and sternum The
hypodevelopment of bones in the mUScular hypertrophled
animals followed a disto- proglmal gradient whlch was most
: pronounced in the pelvic 11mb N A L e
| Relatlve to total side bone, Dmghad 51gn1f1cantly
higher growth rate for muscles in the all reglons which
exhlblted gross muscular hypertrophy i.e. proximal hindlimb
and»prox1mal forelimb. The superior muscling in Dh,animals
is manifested primarly by a generalized increase in regional
muscle growth.relative to total bone or regional bone

weight.

)y

e Ry
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GENEﬁAL INTRODUCTION

Cattle exhibiting.extreme muscular appearance express
what is known agf:DoublerMuscling' or muscular hypertrophy.
Depending upon the degree of 'hypertrophy and the area of
enlargement, the conditién is known under a variety of names
uch as culard, doppellender ( double 13in ), a groppa
éoppia, double rumpgd, horse rumped, bottle thighed and
greyhound bélly. Depending upod geographical locatibn it 1is

known éggYorkshire, Teeswater etc. ( Shrode and Lush, 1947 )

and depending on the reductiontof fat it is known as

half-fatted. The degree of the muscular hypertrophy varies

~with breed dépending on the genetic background, environment,

sex and stage of maturitf. >
Thié»phenomenon has[been recognised in many breeds of
cattle; in North America its greatest occurrence is in the
Angus breed ( Thiéssen,l1982‘); 'Double Muscling' is an.
inherited character which isvdétérmined by one major gene |
(m) whose éxpression isAinfluenéed by polygenic ( modifying
genes ) and non—genetic ( enviromental ) effects ( ﬁott et
al., 1979 ). Howéver, Menissier (1982) suggested the
possibility of é'polygenic determination of 'Double
Muscling' as an a1;~or-ﬁothing traif. The genetic
determination of 'Double Muscling' varies wit% breed and
evolutionary histoty. The mode of inheritance might be
explained by fﬁe hypothesis ogf evolution of dominance

proposed by Fisher‘(1930) as noted by Lauvergne et al.

41963). Vissac (1972) poinfedlout that Ehe penetrénce of
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. 'Double Muscling' varied with breed depending upon .selection
emphasis, that is, selection\épr or selection against muscle

A

- development. In European bteeds or those selected for
thicknesswor fer araft usage, the 'Double Muscling'
phenotype has a selectlve advantage over the normal,
therefore tHe tra1t becomes dominant whlle in dalry breeds
and Amer#:an beef-bréeds the trait tends to become

X
recessive, since the selection strategies considered the
trait as undesirable and therefore it is seiected against.

Since there are some diEficulties in discriminating

between culard and well-muscled animals on one hand and

L] N

between pure conventional and heterozygous animals on the ¢

“.

other hand ( Hanset, 1982) the exact genetic determination
of 'Double Muscling' in particu&ar cases remains uncertain.
The penetrance of the 'Double Muscling' gene ranges from
almost completevor cemplete in the homongous state to
variable expressivity in the heterozygous state. The
variability of the expression is attrlbuted t% dlfferences
in genetic background and environmental 1nfluence
Therefore, the mode of expression of the 'Double Muscling'

» gene lies between recessive to dominant for homozygoue,
whereas for heterezygous it varies f:omlnartial recessive,
partial dominance or incomplete dominance depending on the
breed and its selection and genetic.baquround.

Compared with normal cattle, Double Muscled cattle have

more muscle, less bone, less total fat and very much less

fsubcutaneous fatg( Mason, 1963; Oliver and Cartwright, 1968; .



'West, 1974 and Dumont, 1982). Thiessen (1974) réported that
Double Muscled carcasses can_producé as much 35% higher
muscle:bone ratio than normal ones.

\*\\ngpared with normal c;ttle, at the same live weight or
carfass weight, Double Muscled have mére muscle and superior
muscle weight distribution ( Viésac, 1968; Vissac et al.,
1971; Ansay a;deanset, 1979) ..

Vissac (1973) and Dumont (1982) demonstrated that the
infiuence of 'DouSle Muscling' on the skeleton was not the .

same for all parts of the skeleton. They'DoublebMuscling‘
condition has resulted iﬁ some morphological dffgerencgs in
size and shape of long bones. Wrigdt (1929) found the limb
bones in DM to be shorter than normal and of decreased
density. Vissac (1962) reported that the shafts:of the long
bonés were more slender but the epiphyses were larger than
normal. Hendrick et al. (1973) found gyat Double Muscled

v ' .
.~ animals possessed lighter, shorter bones that have ‘thinner

. cortices.

Most previouslstudieé regarding the effect‘of,'DQuble
Muscling' on carcass composition were carried out on very
small numbers. No studies on 'Double Muscling'’ involved a
range in weight which could allow the study of relative
growth patterns of Tuscle, fat and bone and éomparisons with
the more normal maturity types~are very limited. |

" The main objectives of this study were to determine the
influen@e.of 'Doublé Muscling' compared‘ﬁg more normal

maturity types, on: growth patterns of majbr carcass
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t£55ues, carcass composition, growth patterns and
distribution of anqtﬁmically.defined muscle groups, growth
patternghand distribution.of indiQ}dual muscles;Tfattening
patterns, fat partitioning among the depots, bone growth- |
'pattefns and distribution and the interdependence of the
serial development of muscles and bones. |

Further objectives of this study were to deveiép
methods to identify the 'Double Muscling' condition by
application of the discriminant analysis technigue and to
attempg by use of principal component analyseé'to deri&e an

" index of fat partitioning'whic@'is independent of fatness.

o~



I. GROWTH PATTERNS OF MUSCLE, FAT AND BONE AND CARCASS
E . . !
COMPOSITION OF DOUBLE MUSCLED AND NORMAL CATTLE

»

- ABSTRACT

Eighteen Double Muscled (DM), 18 Beef Synthetic (SY)
and 18 Hereford (HE) bulls were serially slaughtered from
approximately 250 to 800 kg live weight to determlne the
influence of maturity type and 'Double\MUScling' on tissue
growth patterns and compositional aiffetences whicn were
examined by using the allometric equation Y = aXbaftet
transformation to ‘common logarithms (logio). As live weight

(LW) increas ‘the proportions of total side”fat (TSF) and

subcutaneous fay{ (SCF) increased, the proportions of total

n ’ ¥

side muscle (TSM) and intermuscular fat (IMF) remained

relatively constant and the proportion of total side bone

(TSB) decreased. Relative to LW, DM had similar growth rate

for TSM and 1ower,grcwth_rates for TSF, SCF and IMF than HE
and SY. All breed types had similar growth rate for TSB on
LW. Relative to dissected side weight (DSW) and TSB, the DM

bulls had a\higher growth rate for ESM than d}a the'HE~and

SY bulls. Differences existed between DM and the more-normal

genotypes‘ﬁn carcass composition. DM was characterized by a

o

high'muscle*live weight ratio, a high proportion of muscle
in the carcass, high muscle: bone and muscle: fat rat1os and a
low proportlon of fat compared to the more normal genotypes.

Objective criteria to discriminate between HE and DM were

SCF, muscle:bone and TSM:IMF ratios, ‘and between SY and DM

5
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were TSB and muscle:bone ratio. s

i NTRODUCTION
Carcass composition is'characterized by the proporﬁioo/

of muscle, fat aod bone in the carcass. The felati@e
proportion of muscle and the‘relationShip_between the major
oarcéssﬂtissueé (i.e. muscle:booe, muscle:fat and fat:bone
ratios ) and the'amoUnt and distriobtion of the'faf are the

. . . . . - . .
major factors determining carcass value. Carcass composition

varies with species, breed, slaughter weight, sex, plane of

nutrition, stage of development, rate of growth, body weight

loss;énd rocovery; ekteroal appoaraoce and 'Double Muscling'
( Butterfield, 1974 ). Carcassycomposition is influenoed by
the differential growth of thé'major tissues, muscle, fat,
ahd'bohé. An undenstanding ofAthe magnitude and sequence ofﬁ
tissue deposition isra\prerequfSte.to exercising control
over oarcass composition. e

‘With ever grow1ng demand for lean meat and a decllnlng
demand for fat, more 1nterest is developing in the 'Double
Muscling' condition in cattle which is characterized by
nyperdevelopment of muscle and hypodevélopment of fat, oone
anc a high muocle;bone ratio ( Johnéon, 1981 and Dumont,
1982 ).

Most pfevboos studies regarding-the effect of 'Double
Muscling';on carcass composition were carried opt on very
few animals, sowetimes-only one DM animal was‘u§ed, and most

of the time no statistical analeis was used. The only

>



comparisons made have been at fixed age or live weights. No

studies on 'Double Muscling' have been reported where

Y

3

enatomical dissection was parried out over a range of
~veights allowing examination of tissue growth and
sdevelopment patterns. ' \

This part of the study was designed to 1nvestlgate the
influence of 'Double Muscling‘ compared to more ndrmal breed.
types, on growth patterns of carcass tissues and on car'cass
‘comp051t10n and to develop methods to identify the ‘Double

Muscling' condltlon by appllcatlon of the discriminant

analysis technique.

MATERIALS AND METHODS
~The experlment was designed to permlt comparlson of a*

Double Muscled breed tyge w1th the Hereford, as a /.
représentatlve of an-early maturing breed, ind a Beef
Synthetic, as a representative of an intermediateé maturing
type. Maturity type refers to tue propensity;of different ?n
_breedsrto'ley down fat. Each breed type'was represented by
elghteen anlmals obtained from The Unlver51ty of Alberta s
beef research’ herd at Kinsella, Alberta. The Herefords (HE)
were purebred Beef Synthetlcs (SY) were a‘coméos;te of
approx1mately 43% Angus, 30% Galloway, and 25% Charoldis
with minor contributions of other breeds. 'The Douule Muscled
animals (DM) were a combosite of 54% Angus, 19% Galloway,

10% Limousin, 9% Hereford and 7% Charolais wi'th minor

contributions of other breeds. Figure I.1 shows the average

LY

O



breed percentages for the DM population. The DM group had

been bred as a closed populatxon where sires were selected
on the basis of extreme manlfestatlon of the 'Double
Muscling' condition. Within this group the diagnosis of
Double Muscled or non—Double Muscled was based on
morphological appeatance ( phenotype ) using subjective -
scores (1 to 5.with 1 and 2 classified as normal and 3 to §

T

as moderate to extreme DM). A description of the Double

Muscled population was given by Basarab {(1981).

The management and breeding plan of the Kinsella beef
breeding project were reported in detail by Berg (1978).
Briefly all‘bulls were born in April-May, nursed on their
dams without creep feed and weaned in October -November at an
average age of approx1mately 5 months, They were then
adjusted to high concentrate test ration ( 71% barley, 24%
oats and 5% pelleted high protein trace mineral supplement )
fed ad Jibitum plus 0.9 kg chopped brome-alfalfa

hay/head/day on which they remained until they reached the

f’idesignated slaughter weight,

The eighteen available animals from the Double Muscled
populatlon were all 51red by homozygous bulls and cla551f1ed
as moderate to extreme for the 'Double Muscling' condltlon.
They were serlally slaughtered over a range of live weight
from 259-753 kg; slaughter time had to be adjusted to
accomodate the,capacity of ‘the Meats Laboratory and to
available animals, however slaughter weights fell fairly

uniformly over the total range of live weights, From a
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Figure I.1.
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largerwnumber of contemporary dissected HE and SY bulls 18
of each group were chosen to correspond as nearly as
possible to the range in weight of the DM group and to have
an aver§$9‘51mllar to the DM group for total muscle ( Table
I. Tge range in slaughter weights was 322-821 kg for SY
and 268-785 kg for HE, Figure I.2 shows the range in live
weight at slaughter for each breed type.

On the hornlng of slaughter each aglmal was welghed
without sh;ink ( fatm weight ), transported 150 km to a
commercial packing plants and reweighed ( plant weight or
live weight ) immediately before slaughter. The head was
removed at the atlanto-occipital articulation. The carcass
was dressed according to normal commercial practice. After

dressing, hot carcass weight was taken after the kidneys

‘with surrounding fat and channel fat were removed from the

carcass. The.carcass was halved immediately after dressing
and stored at 2°C for approximately 24 hr. The left side was
transported to The University Meats Laboratory where it was

dissected into muscle, fat, bone and 'other tissue' using

the totgl anatomical technique described by Butterfield and

‘May ( 1966 ). The sum of the dlssected muscle, fat, bone and

'other tissue' was used as dissected side weight ( DSW ).
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1.1, Unadjusted means (kg) and standard deviations
.(s.D.) for live weight, carcass weight, dissected side
and major carcass tissues

11

i

required to bring total to dissected side weight.

Beef Double
Hereford Synthetic Muscled Overall
Mean S. Mean S. Mean S. Mean S.ﬁ.
Age 569.5 116.1 497.2 117.9 530.6 206.5 532.4 152.8
Live weight 612.5 119.9 544.3 128.0 523.2 137.7 556.0 132.0
ﬁcw* | 364.8 7?.0 332.1 84.8 '324.1 101.6 340.3 87.0
DSW 176.4 34.9 158.6 41.6 154.2 49.8 163.1 42.8
ngor carcass
tissues*
 TSM 100.3 18.4 106.4 25.4 107.7 39.2 104.8 128.9
' TSF 55.5 16.5 32.0 14.4 28.6 12.5 38.7 18.7
SCF 26,2 9.2 11.7 7.0 10.4 5.7 16.1 7.4
IMF 21.5 5.5 .16.2 5.8 13.7 5.5 17.1 6.4
CCF 7.8 3.2 4.1 2.1 45 1.8 5.5 2.9
TSB 19.2 3.3 19.1 4.1 16.6 4.4 18.2 4.1
Ratios | |
Muscle:bone  5.21 0.39 5.59 0.64 6.35 1.11 5.71 0.90
Muscle:fat 1.94  0.53 3.82 1.69 4.47 2.76 3.40 2.15
SCF : IMF 1,20  0.25 0.68 0.23 0.72 0.19 0.87 0.32
SCF: (IMF+CCF) 0.88 0.17 0.54 0.17 0.55 0.15 0.65 0.22
TSM: SCF .29 1.56 13.18 12.61 14.43 12,26 10.63 10.99
TSM: IMF 4.89 1.11 7.06 1.99° 8.94 4.87 6.96 3.48
* The abbreviations are defined in the text
* The remaining components ( i.e. tendon, waste, etc. ) are
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Figure {. 2. Range and mean of live weight at slaughter
\ for each breed type.



 STATISTICAL ANALYSIS
To assess genetié influence on growth patterns and
carcass composition, ﬁhe data were analysed by one-way
.analysis of covariance ( Snedecor and Cochran, 1967 ).‘The
allometric equation Y = awahere a is a éon;tant and b 1
the growth ratio ( Huxley, 1924) formed the bésis of‘the

model. The statistical model was as follows:

logY;,~=Ao-+B;+(b+(Bb')i)IogXij”feij,

* < -
Where Y, ; = the weight in kilograms of the-component Y for
the\;jth'animal; A, = the intercept; B, = the effect of ;th
breed-group; X;; = the weight in kilograms the control

component for the ;;th animal; b = the regression
coeffiéient for Y on X; ( Bb); = adjustment to slope b due
‘to ;fh breed-group and e€,; = error, assumed to be NID
(0, ot ). * |
Individual‘breed éroup regressibn coefficients were
compuﬁed and. compared and in'casés where the regressions
were homogeneous ( P > 0.05 ) the common slope was used to
adjust the breed-group means of the dependent variate (Y )
~to the gedmetric mean of the independent variate.( X ).
Differences between adjuéted means were fested for

significance using Duncan's multiple range test ( Steel and

Torrie, 1980 ).
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To study the 1nfluence of DSW and fat% in the 51de on
muscle:bone ratio, the follow1ng power function was used Y
= a Cnd? where Y = muscle:bone ratio a = constant, C = DSW,
D = fat%, by, = the regression coefficient between
muscle:boné_ratio and DSW with fat% held constant and b, =
is the regression coefficient between muscle:bone ratio and
fatx with DSW held constant, formed the basis of the model,

Step-wise discrimiﬁant énalyses procedures were‘uéed to
disériminate between the DM and normal (HE, SY )
populations. Tlte purpose of discriminant analysis is to
establish functions based on quantitative méasureﬁents which
will enable allocatlon of a new individual to the correct
populatlon even though it was only known that the individual
was either one or another breed type ( Kendall and Stuart,

1976 ). The general function used was:
] * '-- a1X1'-+ 82Xz t......F AnX,

Where a,, a;, a, are the weighting coefficients to be

applied. The derivations of discriminant functions are

summarized in Appendix 1.
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RESULTS

In Table I.1 are presented unadjusted means and
standard déviations for iive weight (LW), th'carCasg (HCW) ,
dissected side weight (DSW), total side muscle (TSM), total
éide fat (fSF), subcutaneous fat (SCF), intermuscular fat
(IMF), carcass cavity fat (CCF), total side bone (TSB), and
various rétioswinvolving.these coﬁponents.

Table 1.2 gives resu%}s of analyses of covariance for
weights of muscle, fat and bone. Although there were no.
'significant breed differences between slopes of TSM on LW;
the DM bulls had the highest growth coefficient followed by
SY bulls, whereas the HE bulls had the lowest (Figure ;.3).
The rates 5f inérease of TSM relative to that of bSW, bone
plus fat (B+F) and TSB were significantly different among
breed types. Thé breed differences in growth rate of TSM'
re}ative to TSB.a?e shown graphically‘in Figure I.4. As DSW
and TSB increased, the-proportioﬁwof TSM remained relatively
constant in SY and increased an DM. In HE, as DSW increased

the proportion of TSM decreased and as TSB increased it
remained relatively cénsténg!; |
Comparisons of means adjuéted to fixed LW showed DM to

have 22.7% more muscle than HE ( P < 0.01, Table 2').

~Estimates of weights of TSM at minimum and mgximum
weight ( 12, 20 kg\) of TSB, were calculated using
individual breed regressions. At 12 kg TSB, DM had 11% and
1.1% mbre muscle than HE and SY respectively, while at 20 kg

TSB, DM had 30.6% and 22.7% more muscle than(HE and SY,
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respectively.

Fat regressed on LW, DSW and TSM showed_homogenegus
growth coefficients among breed.gpoups. Although there were
no significant differencés among glbpes for any of the fat
depots, the HE"and SY had the higher values, while the DM
-haa’the lower ones. The common growth coefficients of TSF "
and SCF relative to LW were}gfeater than 1 (-P { 0.05 ) ,
whereas the cdmm6n'gr5wth coefficient of IMF was not
different from 1 ( P > 0.05 ) .

At the same LW, DSW and TSM, the HE had more TSF, and
more fat in each depot ( P < 0.01 ) ﬁhan\SY and DM which did
not differ ( P > 0.05 ) from each other.lAt the same DSW, -
the DM had 60% as much TSF as’ the HE, 72% as much IMF but
only 46% as much SCF ( Téble 2 ).

' Breedbtypes had similar iess than unity slopes of TSB
on LW, DSW or TSM.

At the same LW and DSW, DM had less.TSB (P <0.01)
tﬁan SY, but did not.differ significantly from HE in this
' respect, whereas at the sape_TSM, DM had much less TéB than
:either HE or SY which did not differ from each otherl

The allometric equations for individual breedltypes
were used to estimate values of TSM; TSF, and TSB and
TSM:TSB at DSW of 70, 100, 130, 160, 190, and 220 kg ( Table
I.3 ). In HE and“SY as DSW increasea, the proportion of TSM~
| and‘TSB decreased and the proportion of TSF increased; while-

in DM the g -ion of muscle ( TSM ) increased, the

propor; éaa decteased and the proportion of fat
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Table I.3. Estimated* Carcass Composition and Muscle:Bone Ratios

at Six Dissected Side Weights

Hereford Beef Synthetic Double

Muscled
Dissected
side
weight :
(kg). Component * (kg) % (kg) % (kg) %
/ - |
70 Muscle 46.21 66.0 '50.01 - 71.4 45,84 65.5
Fat - 13,76 19.7 . 9.17 13.1  13.26° 18.9
Bone 9.91 14.2 . 10.55 15.1 9.63 13.8
Muscle:bone 4,66 o 4.74 - 4,76
100 Muscle- 62.37 62.4 69.50 69.5 67.14 67.1
’ ‘ «. Fat - 23.39 23.4 15.45 15.5 18.32 18.3
Bone 12.82 12.8  13.65 13.7 12.36 12.4 -
Muscle:bone :4.87 5.09 5.43
130 Muscle 77.80 59.9 88.55 68.1 88.90 68.4
' Fat - 34,56 26.6 22.68. 17.5 23,25 17.9
Bone 15.50 11.9 16.49 12.7 14,86 11.4
Muscle:bone ~ 5.02 5.37 5.98
160 - Muscle 92.61 57.9 107.25 67.0 111.02 69.4
: . Fat 47.07 29.4 30.73 19,2 28,06 17.5
Bone | 18.00 11.3 19.16 12.0 17.18 10.7
Muscle:bone 5.15 - 5.60 6.46
190 Muscle 106.91 56.3 125.69 6.2 133.44 70.2
Fat - 60.78 32.0 - "39.52 20.8 32.80 17.3.
Bone 20,38 10.7 21.70 11.4 19.38 10.2
Muscle:bone 5.25 , 5.79 6.89
220 Muscle 121.06 55.0° 143.90° 65.4 156.10 71.0
' Fat 75.60 34,4 48.97 22.3 37.46 17.0
Bone . 22,66 10.3 24,11 11.0 21.48 9.8
Muscle:bone 5.34 ‘ 5.97 . 7.27

* Derived from the appropriate regressions given in’
Table 2, weights then converted to percentages.

* The remaining components ( i.e. tendon, waste, etc.)
are required to bring totals to the dissected side weight
(or to 100%). ‘§~
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remained relatively constant. At all side weights the

P . : o
estimated percentages of fat were higher and percentages of
muscle were lower in HE than in the DM and SY. TSM:TSB

ratios favoured the DM over HE and the SY were 1ntermed1ate

>

e

and the ratio 1ncreased w1th 1ncrea51ng side’ welght At 220
kg DSW, the DM carcass had 36.0% and 21.8% larger |
muscle:bone ratios than HE and SY, respéctively (Figuree
1.5).

The influence of carcass weight.and fat percentage on
muscle:bone ratio is shqwn in Table 1.4. In this analysis,
breedvhad a highly significant:effect'on muscle:bone ratio.
There was a significant‘felationship betweeh muscle:bone
ratio and_DSW, with;fat% held constant, but there was no
significant relationship between muscle:bone ratio and fat¥%
at constant DSW. In this set of data, muscile:bone ratio wae
relatedvto DSW and’not to fat percehtage.

Table I.5 presents a summary of the stepw1se
dlscrlmlnant analysis between DM and HE and SY. The best
discrimination function between DM and HE was based on SCF,
T§M:IMF ratio and musclé:bone ratio and the analysis shows
that the above mentioned traits are satisfactory
diScriminators for these daﬁa, providing complete.
discrimination between the two genotypes. The percentages of
correct classification were 94.4% for HE and 100% for DM. No
error Qas made iﬁfclassifing DM using these-objec;ive
slaughter eriteria. The best discriminant function between

. DM and SY was based on TSB and muscle:bone ratio. The

— i )

e LRI
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}‘percentage'of_correct classification was 72% for SY and 78%

¢ for DM.
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DISCUSSION
GROWTH PATTERNS
The major carcass tissSes ( i.e. muscle, fat and bone )
grow and develop at relatlvely dlfferent rates This occurs
in three overlapplng phases with maximum bone growth

preceding that of muscle, which in turn precedes fat

deposition ( Hammond, 1932 ). The common growth coefficients

~for. the major carcass tissues in the present study indiCaté;j
that bone inereased in weight‘at a slower rate, muscle at
the same rate and fat at a faster rate relative to live
weight. The breed homogeneity of muscle, fat and bone on
live weight'is tonsistent with the results of Berg et alt
(1978). |

MUSCLE .

Results of the present study showed that DM bullg
differed significantly from HE and SY ih the growth rate of
TSM on DSW and TSB. The‘differences among breed types is
attributed to differences in maturity‘( i.e. Hereford bulls.
fattening at lighter w;ight ). Heterogeneity of TSM growth
coefficient were also reported by Berg and Bﬁtterfield
>(1966) inftrials involvinélfour-breed groups and Mukhety and
Berg (1974) ‘with six breed groups. The latter authors used
linear regreséion models and the former used log
transformations. Berg et al. (1978) found no significant
"sire_breed differences in ‘the regressions of muscle on bone

However, they concluded that the apparent homogenelty of the

allometrlc coefficients might have been due to the llmltEd
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range of slaughter.weightsf Robelin et al. (1978) reported
significant differences between Friesian and Charolais and

" Limousin breeds in the rate of muscle deposition'relative to
carcass weight.

The ratio of muscle growth to bone growth for different
species and fof different breeds, calculated from the
literature, are shown in Table 1.6, It is interesting to
note tﬁag, Ehe Buropean breeds ( i.e. Charolais, Limousin )
or DM had higher coefficients for muscle growth relative to
bone than those selected for 'traditional meat
characteristics' ( i.e. Hereford, Angus ) which in turn had
higher growth coefficieﬁts than dairy ( i.e. Holstein )
breeds. The results from the present study fall within the
range of literature reports. |

The present results showed that the‘pooled within-group
coefficient of variation ( a component of variance which is
not explained by the regression of muscle on bone ) was |
13.4%. This relatively high coefficient suggests that there
are other factors whicﬁ might influence muscle growth or in
other words muscle growth.is somewhat independent of bone
growth, which independency offers the possibility to examine
~the effect of breeds on muscle:bone ratio.

FAT | |

The DM bulls fn the present study had non significantly
lower relative~growth rates fof TSF, SCF Snd IMF than did |
the.bulls in other breeds; the {elatively low gfowth

coefficients for fat in DM indicated a tendency to slower
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Table 1.6. The Regression Coefficient of Muscle' on Bone

Regression

Species Breed coefficient Source
Cattle 'Héregard 1.165  The presént study - -

Beef’Synthetic 1.278 'y

Double Muscléd 1.526 '

Mixture 1.308  Tulloh (1964)

Angus 1.222  Seebeck & Tulloh (1968)

Mixture 1,190 Berg et al. (1978)

Limousin.j 1.400 Robelin et al. (1978)

Charolais 1.587 ,,

Friesian 1.165 ,,

Angus (H) 7 1.16; Fortih et al. (1981)

angus (L) 1.109  ,,

Holstein (H) A1.125 ,,

Holstein (L) . 1.068 ',

Mixthfe“ 1.388  Thompson & Barlow (1981)
Buffalé Egyptian 1.440 Abdallah et al. (1981)»
Pigs Large White 1.230 TUllohv(1964)‘ |

| Pietrain‘ 1.252 Daviés (1974a)
\‘ Large White 1.155 . , o
| Lanarace Cross 1.377 Cole et al. (1976)

Sheep S. Black face 1.360. Jackson (1967)‘ |

Southdown | 1.338 Fourie et al. (1970)

Romney 1.260 -

Merino 1.264  Wynn & Thwaites (1981)

= High energy; L =

~ . Derived from ratio of coefficients of muscle and bone
on carcass weight. H

Low energy diet,
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fattening. The lack of significant differences among
regressions, might be due to the relatively high standard
errors of_the regression coefficients and is probably
related to the high variability of fat. These results.agree
with those of Berg et al. ( 1978 ) who found the .most
muscular group ( Blond d'Aquitaine ) tended to have lower
growth*coeffigients for fat. Significant differenceé among
breeds in relative rate of fattening have been reported (
Charles and Johnson, 1976 and Berangér and Robelin, 1977 ).
Berg and Butterfield (1976) suggested that breed differenéés
in carcass composition could result from breed differences
in the ﬁime of onsef of fattening as‘Qeil as differences in
the rate of fattening or both., In the present'study the
differences between DM and the other breed types seemed to
be more influenced by‘time of onset\of the fatgening phése

‘rather than the rate of fattening.

BONE : A -

The preésent study showed that DM bulls tended to have
somewhat similar growth coefficients to the more ﬁbrmal
breed types for total bone in the side. The homogeneity'of
the growth coefficients for TSB implies there is no
differential effect of the génotypé on the relative growth

~of TSB. Thus any diffe:ences between adjusted means reflects
either breed type differences established earlier in |
develOpment than thé start of the present.experiment or
differences in growth coefficients might not have been

"detected in the analysis used.
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COMPOSITI ONP:L DIFFERENCES
MUSCLE !i
‘Muscle as a proportioniof live weight or carcass weight
varies’with breed. According’tovtallow (196]) in all beef
animais, muscular tissue 1s about one third of live weight.
In the present study at the same LW muscular tissue as a
bercentage‘of/Lw was 32.7%, 39.1%. and 40.1% for HE, SY ana
DM, resbectively. In the HE.grOUp as LW incrgased, the
proporﬁion of muscle Qecfgésed, in the SY it remained
relatively constant, whiié in the DM it increaséd ( Figure
1.6 ). The decrease in the proportion of muscle in HE is
related to higher fat content and earlier fattening
patterns. Muscular tissue as a proportion ofhlive weight was
proposed by Beré et al. (19585 as a net index for béef
productidn. They reported significant differences among
'breeds in muscle weight rélative to live weight and found
that the Blond d'Aquitaine sired bulls had the highest
proporfﬁon of muscle at 41% followeé by thevLimousin at 39%,
whereaé the Hereford had the lowest pfoportion at 35 per
‘cent. These differences are comparable to the range of the
results in the present study. The Blond d'Aquitaine éires
‘used in the study of Berg et al. (1958) were considered to
be Double Muscled.
In normal’cagtle, significant differences among breeds
in the propoftioh of TSM in the side ‘have been reported by
| Callow (1961) and Berg.et af. (1978). At\125.2 kg side

weight. in the present study, the Herefords bulls had an
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eséimated§60.2% muscle, the same as the value for the
Herefords steers of Thompson and Barlow (1981a).

Many workers ( Raimondi and Auxilia, 1973; Hanset ét
al.,']977;(Boccard 1981; Michaux et al., 1983 ) have shown
that Double Muscled carcasses are characterized by |
hyperdevelopment of muscle. Most of these studies repofted
that muscular tissue 1n Double‘Muécled animals repfesented
about 80% of the cold carcass weight. At 220 kg DSW, the DM
bulls ﬁh the present study had an estimated 71% muscle,
whereas in the DM Ma;ne-Anjou bulls of Dumont et al. (1982)
the corresponding value was 59.9% in a,side of 217 kg.

" Johrfson: (1981) reported muscle proportion'és 73% in Double
~ Muscled Santa Gertrudis steers.

'_ The DM in the ﬁreseet study'had somewhat iess muscle as
a percentage of carcass Qeight than some results cited.
However, at heavier weights the pre;entdresults are
comparable'to extremes reported, and we do have some cases
in which muscle"represented about 80% of»carcass weighﬁ. As
was stated“vin materials and methods eur animals represented
moderate to EXtreme maﬁifestation“of the 'Double Muscling'
eondition. Also the proportion#Of:fat will ‘influence the
proportion of'musele in a carcass but haS‘less inf1uence
when tissues are related to live weight or when muscle:bone

ratios are compared. In these criteria’our DM animals are

quite comparable to others reported.
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FAT

L4

Many worke . ( Kidwell et al., 1952; Butterfield,

1966a; Johr.o-~, 1981 and Dumont, 1982 ) have shown that

compared w: ncrmal, DM had less fat and the effect of

fDouble_Mu,f 1{1' on the hypodevelopment.of fatty tissue was

|

more prohOuifed :n SCF than on IMF.

|
|

Results from the present’study showed that at the same
'DSW, DM had significantly less TSF, less IMF and less SCF
than HE, but did not differ significantly from SY in this

respect. Results of discriminant analysis indicated that SCF

can be used as a diagnostic discriminator between DM and HE

\

carcasses.

' Callow_j‘ M ) suggested that the subcutaneous

faf&interﬁu; bi‘ratio reflects the degree‘of intensity
of selectioit qualities of species or breeds within

| )féo this concept the HE have been more

.55 for 'traditional meat charaéteristics',
:jthe other end of the spectrum'being~5eavy in

muscling

BONE -

is are often not consistent between reports.
Pomeroy and Williams 1962; Rollins ét al.,
1969 ) havei?éported no significant difference between
Double Musclec and normal cattle in the amount of bone ‘in
the carcasé. w

;%;ers (‘Butterfield, 1966a; Vissac, 1971 and

Johnson, 198;1
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the present study, there were significant breed type
differences ( P < 0.01 ) in total side bone. At the same
DSW, SY had more bone weight than DM and HE which did not
differ significantly from each other, but at the same side
muscle, DM had lower bone weight than both HE and SY, whiéh
were not significantly different. So it is clear that the
diffgfence depends on the basis of comparison ( e.g. at,
constant live weight, side weight, fat-free carcass or TSM
). Therefore it is very ihportant that any statements about
bone content in Double Muscled animals should be-gualified
by tﬁe basis on which ﬁomparisons were made.
. 3
MUSCLE :BONE RATIO x
Davies (1974) suggested that between species, stage of

Jmaturity has aigfeater effect on muscle:bone ratio tﬁan body
size. However;"ﬁérg and Butterfield.(1966a) suggested that
within breeds, éércass'weight was the true determinant of
muscle:bone ratio father.than-fatness whicﬁ agreeslwith the
present study where fat had no effect on muscle:boﬁe ratio
when DSW was held constant. o

' Breed.difgerenceS‘in muscle:bone rétio might be dué to
differences in muscle weight and dihensions,'differenéés in
bone weight and dimensions, differehées in méturity,
differences in intensity and direction of selection for
muscling. Berg and Butterfield (1976) poinfed’out that
breeds selected for thicknesé or for draft usage Qenérally

have higherimuscle:bone ratios than those selected for dairy

characteristics.
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Results of the present study showed that DM had higher
muscle:bone ratios than either HE or SY and that.this ratio
can be used as a diagnostic discriminating feature of the
'Double Muscling' condition. The high muscle:bone ratio in
DM is dué to muscle hypertrophy as well as-a lesser
. development of the skeleton. Butterfield (1966a) found
muscle:bone ratio of 5.2 for a Brahman hybr?d'Double Muscled \\
steer. Dumont and Boccard (-1967) reported a ratio of 6.8 in fu—
Double Muscled anih@ls of 200 kg muscle welght At 220 kg}(.)L
side weidht, the DM bulls in_ the present study had. an
estimated77.3 muscle:bone ratlo, whereas in the DM
Maine—Anjon bulls of Dumont éf al. 01982) the correspondlng
value was 6.2 in a side of 217 kq. | |

Results of the present study showed that relative to
DSW and TSB, DM had much higher growth rates for TSM than
»either HE or SY. DM~was characterized by a high muscle'live
‘we19ht ratio, a hlgh proportlon of muscle in the carcass
hlgh muscle: bone and muscle fat. ratios and a low proportlon
of fet compared to more normal genotypes. Ob)ect1ve criteria’
to discriminate between HE and DM were SCF, muscle:bone and |
TSM;IM% ratios, and between SY and DM#were”TSB and

2

- muscle:bone ratio.



&; II. GROWTH AND DISTRIBUTION OF MUSCLE WEIGHT IN DOUBLE

MUSCLED AND NORMAL CATTLE

ABSTRACT

- Eighteen Double Muscled (DM), 18 Beef Synthetic (SY)
aﬂd 18 Hereford (HE) bulis, serially slaughtered.from
aéproximately 250 to 800 kg live weight, were used to
determine the influence of maturity type and 'Double
Muscllng upon muscle growth patterns and dlstrlbutlon The
left 51de of each carcass was dissected 1nto ma‘jor carcass
tissues and the welghts of individual muscles were obtained
and grouped into nine stanaaré’anatomical groups.

Relative to t&tal side muscle (TSM), breed types tended
to have similar grgwth;coefficients for all muscle groups
except muscles suttounding tfe spinal column where HE tended
to have ;‘higher'growth coefficient than either DM or SY.

As TSM increased the proportion of muscle found in the
proximal'hindlimb, distal ﬁindlimb and distal forelimb | |
decre;;ed (b<1; P<0.05), the proportioﬁ of muscle in
abddminal wall and pro%imal forelimb remained relatively
~constant ( b =1 ; P> 0.05) and the pgbportion of;muscle
in thorax to forelimb, neck to forelimb and intrinsic
muscles of neck and thorax incréased (b>1,;p < 0.05 ).

At the”same TSM, coﬁpared with the other breed types,
DM tended to have more of their muscle in the hip and stifle

region but less in the distal parts of both limbs and in the

neck and thorax. The ‘hyperdevelopment of the large

36
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superfitNal muscles of the pfoximal part €thigh) and the
hypodevelopment of the distal part in the hindlimb gives the

DM animal the typical 'bottle thigh' appearance.

INTRODUCTION

The external appearahce‘of ény given animal is a
function of muséle and bonelquantity, distrighfion and
dimensions and fat qUantity.and distribution. Double Muscled
shape or externélkappearance is characterized by an
appearance éf hypefdevelopment of muscle 1in buﬁtocﬁ, thigh,
brachiﬁm, thorax and muscles responsibleufor weight support
of th;-cranial end of tﬁe'animal. Depending<6n‘the degree in
muSculaf hypertrophy and the areas in which the enlargement
of muscles occurred, different workefg,haVe described this
phenomenon under several names such as Double Muscledﬁl
doppellender ( which means in German duplicate or dbuble),
horse rump, bottle thigh, croupe de poulain, culara andv
'viandeux' (beefy) and depending on the relative increase. in
muscle;fibers and diqmeter, some workers described this
condition as muscular hypertrophyror muscular hyperplasia.

Generally breed differences in musclé weight
distribution have been found to be relatively small and
probably of little economic importance. Howe&er, very heavy
muscled breeds in pigs and cattle, and Continental beef

. .

breeds have relatively more of their muscle in the expensive

parts of the carcass ( reviewed by Berg and Walters, 1983 ).
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Genetic improvement in muscle growth and distribution
‘depehds upon genetic diversity among andﬂwithin breeds in
these traits ( Berg and Walters, 1983 ). Butterfiéld and
Berg (1974) suggested that @pécle weight distribution could
be improved by breeding met;ods. They.suggested that
selection for 'Double Muscling' would alter muscle weight
distribution in the more fleshy muscles. If there is genetic
varlation in muscle weight, it may be possible to increase
the propor£ion in éhe regions of the expensfve muscle groups
through selective breeding;

Many studies have been }eported on 'Double Muscling'.
No studies on 'Double Muscling' involved a range in weight
which would allow the study of relative growth patterns of
muscle grbups duriﬁg growth and development and comparisons
with ﬁore normal maturity types are very limited. Therefore
this study was undertaken to examine the influence of.
maturity fype and ;Double Muscling' on the relative growth
patte?ns and distribution of anatomically defined muscle
gfoups during growth and development. In Chapter I,

comparisons of growth and development of the major carcass

. . 1’ N
tissues using the same animals have been reported.

MATERIALS AND METHODS
The animals used for this investigation were the»same
as thdse.described.in Chapter I. Details of their feeding
regimen, management and dissection procedure were described

in Chapter I. All breed types had approximately the same
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average weight bf total muscie (Figure II.1). The muscular
tissue was‘disseéteé into 95 individuai muscles, and after
dissection the individual muscles were grouped into }nine
anatomical groups' based on their anatomical location (
Butterfield and Berg[ 1966 ) : G,, proximal hindlimb; G.,
distal hindlimb; G;, muscles surrounding spinal column; G,
abdominal wallf-ng proximal forelimb; Ge, distal forelimb;
G,, thorax to forelimb; Gg, 'neck to forelimb and G,
intrinsic muscles of neck_énd thorax. Two groupings of
expénsive mus;le were made. Tﬂe sum of G, and G, waé used as
G1§, and the sum of G,,‘G3 and Gs was used as G,,;. The G, .
and G,; muscles represent high:priced'éuts in most:
countries. Three other groups were made acc?rding to tHe‘
articulations over which théy passed. The sum of the m.
vnhomboideus, m. irapeéius, m. omotransversarius, ﬁ.
brachiocephalfébs,.m. Jatissimus dorsi, mm. serratus
ventralis cervicalis et thbracis, m. pectoralis profundus,
m.,ﬁectoralis superficialis Qas‘used as fotal pécforél
girdle. The sum of the m..biceps femoris, m. semitendinosus,
m. semimembranosus and m. Pectus_femorié was used as hip and
stifle. The sum of m. tensor fasciae antebrachii, m. triceps
brachii ( caput longum ) and m. biceps bnéchii wvas used as

total shoulder and elbow. The sum of the individual muscles

‘was used as total side muscle (TSM).
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Figure II.1. Range and mean of total side muscle weight for

each breed type.
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STATISTICAL ANALYSIS
. The aata were analyzed by one way analysis of
covariance ( Snedecor and Cochran, 1967 ), according to the
following model.
. 5

IOgY;j=Ao+Gi+DIOQX;j+(GD)i ]ngij+éljl

il

where:
Y = weight (g) of a group of muscles of the i ith animal;
Ao = the intercept; _

G = fixed effect of the .th breed group;

Xi; = total weight (g) of the total side muscle of the

i th animal; | |

b = regressioh coefficient of Y on X:

(Gb): = interactions effect (breed x regression
coefficient)} ’ \

€ = error, assumed to be normaily,and independentlyi

distributed ( 0, o2e ).

vIndividuai breed type regression coefficients were
computed and compared and in cases where the slopes were
homogeneous ( P > 0.05 ) the common regression coefficient
was used for adjustment. Howevé;, if among slopes
differences were significant, adjusted means were computed
using the appropriate breed type regression but means were
not statistically tested for significance. Duncan's multiple

range test ( Steel and Torrie, 1980 ) was used to test for

{
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significant differences between adjusted means.

The residual coefficient of variation. (RCV%) was
c&léulated as: RCV% = 100 ( 105 = - 1), Where ™ - * is the
square root of the error variance ( standard error ) and

105 % = antilogarithm of standard error.
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RESULTS
Presented in Table II1.1 are unadjusted feans and

standard deviation for veight of muscle groups as well as_

PR e
— e
Ly

DSW and TSM.
Relative to TSM, breed types did not differ in growth?}
Y

rate of muscle groups except G, ( Table II.2 ). As TSM ,

increased, the propOrtiop*bf muscles in G, remained ///
relatively constant in HE, while it decreased in DM éﬁd SY (
Figure II1.2 ). As TSM inéreased the proportion of muscles in
G}, G;f and Gg deereased ( b <1 ;‘Pf< 0.05 ), the
pfoportion of muscle in G,, and Gs remained reiatiyely
constant ( b =1 ; P > 0,05 ) and the pfoportion bf muscle
in G;, Ge and Gy increased ( b > 1 ; P < 0.05 ). Although
there were no differences ( P > 0.05 ) amongvslopes for Ge
the HE and SY hadjhigh values whilé‘the DM had low ( Figure
I1.3 ). The proportion of 'expensive grogps' (,e.g. Gy, Gio,
G,; ) decreased ( b <1 ; P < 0.05 ) as TSM increased.,in
Figures II.4 and II1.§Jare illustrated changes in growth
- patterns of proximal hindlimb (G,) and in hip and stiflé. As
TSM increased the prOporfion of muscle in tthese groups
decréased[ bﬁt the rate of decrease in HE and SY ( though
not significant ) tended to be gfeater,ghan in DM.
Differences existed between DM and HE and SY in muscle
weight distribution at standard muscle weight ( Table II.2
and Figure 'II1.6 ). At the same TSM,'DM had hore muscle in Gg .

and in Gg and less muscle in Gg than SY. HE and SY had more

~muscle in G, and Gy than DM. SY had less muscle in G, than
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Table II.1. Unadjusted Means (kg) and Standard Deviations
(s.D.) ” '

of the Weights of Muscle Groups, DSW and TSM by Breed Group

Hereford. ﬁéef Double Overall
‘ Synthetic Muscled

&

. MUSCle‘ ' ‘
_Groups Mean ' S.D. Mean . S.D. Mean S.D. Mean S'D%

G, 28.14 4.96 30.07 6.89 30.89 11.45 -29.70. 8.20

G, 3,90 0.71 4.14 0.84 3.85 1.20 3.96 0.96
G, 12.36 2.84 12.90 2.97 13,10 4.303 12.78 .3.28
G, 10.19 2.15 10.03 2.49 10.98 4.14 10.40 3.02
Gy 12.47 2.28 12.92 3.10 13.40 4.9612.93 3.58
G. 2.20 0.37 - 2.31 0.47 2.21 066 7 2.24 0.51
G, 10.46 2.00 11.18 3.02 11.52 \ﬂékv11.06 3.33
G, 6.04 1.27 6.41 1.86 6.81 6.42 2.10
G, 12,19 2.58 13.04 3.84 12.35\ . W.53 3.81
Go 40.50 7.36 42.96 9.82 43.99 15.62 42.48 11.34
G,, . 52.97 9.57 55.88 12.89 57.39 20.53. 55.41 14.88
DS 176.4 36.9 158.6 41.6 154.2 49.8 163.1 42.8

TSM  100.3 18.4 106.4 25.4 107.7 39.2 104.8 28.9

* The symbols are defined in the text

4



1{5

» . T80 > d o0 00 > d .
‘91BWINEA] JoU  SEm  SISA[BUR  3DUBIIEAQD UBaW “sanfea Juissiy - —
SO0 > 4 e Apuedjiudis 1agnp  sidudsiadns Warayyip 3uileaq MmOI B Ul Supaw paisn{py
duy  uoissa1dal uowwod jo adojs ayr 3uoje 8y 9'ggr = osnWw 9pIs [BJ0T uBdwW Oowo09f 0} paisnfpy ..
SO0 > d ' 1 woij WA p Anuesiyudis a1e  adAy PIOG Ul SUADIIJ0D YImO1n

.:w..m; ¥y 0 - Q888ST BSOEST BZ8IST A £0°0 6v6°0 £0°0 £9670 S0°0 vmo.c. S0°0 £68°0 3quns pue diy
. esbt'S 0 S Iy mmccv qepp Oy 6t Nc,.c €L0°1 £0°0 6L0°1 2070 €607 Y §0°0 6£0°1 . moqpa v.:n lapmoyg
ITYN €61 BISHRT 4e68L1 qaep7sl 9t | 007 W 000 14408 $0°0 811 ¥0°0 780°1 2pIID  [B10YIIY
181 0ro ZE8ES 90ES 149439 817 . 1070 L¥6'0 | w00 0S6°0 (0 - LEGTD o 6¥6°0 9
97’1 90°0 OtEly 1£80¥ 0190y 8t . o 1€6°0 €070 £€6°0 €00 .og.c w0 LE6™0 o
+99°¢ S6°0 qLeeTt m.o\.cmﬂ BpCITT 9'6 v0'0 (4348 Lo Lot 80°0 . w1 80°0 L8171 )
o0t - 610 qiy19 BpLoS.  QBTHO9 Y 200 ari P00 L1z S0°0 448 S0°0  6LT'T . )
$8°1 611 £1901 LEPOT €601 (Y wo 660°1 €00 880° 1 & SO0 091°1 yo'0 .mmo,ﬁ : ‘D
IL°E (U] 4911z ¥ 12T BEOTT y'9 [N 16L°0 00 88L°0  L0°0 09L°0 . SO0 80 o)
P p 0z o mm\.vm.ﬁ q50zT1 LIS L't o 900°T £0°0 v::, mc..c 200° 1 $0°0 $86°0 ‘D '
SOy 970 EBYTOT q09t6 BILTIOT 't 00 £s0° 1 900 . 7801 Lo'o L6 0 o1’ o £950°1 . "D
—— $66°€ feLl o 6€€Tl Sy CO0 6E60 €00 TI60 €00 9760 - YO0 pSOT i)
L9 Nm..c q189¢ BOB6E BL06E L £0°0 9LL™O - vc.o.\ 8LLG  LOO 67L°0 . LO°0 7£8°0 )
91 oﬂc L168T SLS8T SSTYT ¢S o LT6°0 PO v 00 cI16°0 500 L88°0 )
c%%%r<wvmmm,_w T Wa AS B eAd TS g B 3|mlm a«  ws  a as 4 | g
Juowry o . .
SON|BA - .{ (8) Sonue . uowwo) P3IISON - 2[qnO(]  dM1IBYIULS  Jasg plojaiay

. SUBdN  paisnipy . . . .

. . -

JPSAN IPIS- [BI0L 03 ey sdnoin apsay  jo mzwma I0] SUBd pAISAlpY puUE (9) SHUALPO) QIMOID TII IqEL



S
b
g

46

HE

SY

N

Z

= 12.949

)

1

(@)

O

-

I 1274

Z

a

v

T

= 12.51

o

z

a

Z

S5 12,34

O

@

o

)

n

0 12.1

fad

Q.

B

N

D*'f\

=" 1.9
Figure IT.

T T —T T T T
60 70 80 90 100 110 120

TOTAL SIDE MUSCLE (Kg)

2. Growth patterns of muscles surrounding’ thé

spinal column in three groups of young bulls.
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neck and thorax in three groups of young bulls.
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MUSCLES OF THE PROXIMAL HINDLIMB %
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DM and HE. No differences ( P> 0.05 ) among breed types
were found for any other muscle group.

Double Muscled animals exceeded the other breed types
in percentage of muscle in the hip and stifle region. DM had
" more muscle in the pectoral girdle and the shoulder and
elbow thanJSY but did not differ from the HE in these
regions., DM had a higheg proportion of muscle in the
"expensive muscle groups' ( e.g. Gyo, Gyy , P > 0.05 ).

Since breed types differed in growth coefficients for
G;, estimates of weights of muscles of G; at 60 and 120 kg
of TSM weré calculated using the individual breed L
regressions. At 60 kg TSM, DM had 8.1% and 1.7% more muscle
in Gy than HE and SY, respectively, while at 120 kg TSM, DM
had 2% less than HE and 0.6% more than SY for this muscle
group. §

The’highest RCV%'s were found in Gy and G4 while the
lowest ones were found in G,, and G11-( Table 11.2 ). ’
Generally the RCV% for the large standard muscle groups (
e.g’. Gy, Gy0, Gy, ) were lower than for smallergnes (e.qg.
G,, Gs ). The variability among anatomical regions was
relati§ely low, the variability within certain anatomi;al
regions was relatively high.

In Table I1.3 rétios of weights of muscle groups from
DM vs HE and SY are presented. At the same TSM, DM.showed 1
and 2% hypertrophy for G,;, 1 and 2% for G,, 2 and 4% for Gg,
| and 3% for muscles of shoulder and elbow and 4 and 5% for

muscles of hip and stifle, whereas they showed 6 and‘7%
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“hypotrophy for muscles in G,, 4% for muscles of Ge¢ and 6 and
7% for muscles of the heck and fhorax‘( Gg ). The effect of
"Double Muscling' on the rest of the muscle groups was not
consistent, since the DM was s;milar in percentage to one or
the other breed types in all cases.

Also in Table 3 are given the ratios of muscle group
weights of DM to HE and SY derived from means adjusted to
fixed dissected side weight (DSW), and mugcle plus borne
weight (M+B). At the same DSW, compared to HE, all muscle
groups in DM showed hypertrophy, whereas when comparison Qas
made at the same M+B or TSM; some muscle groups showed
hypertrophy, others showed either hypotrophy or no
difference. At the same DSW, compared to HE, DM had 21% more
muscle weight-in G, 27% more muscle weight in G; and 38% |
more in Gs. The hyperdevelopment of muscle in DM was most
conspicuous when they were compéred at the same DSW, but

when they were compared at the same TSM differences were

minor.
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DISCUSSION.
MUSCLE GROWTH PATTERNS. |
Each muscle or group of muscles grows and develops
relative to functional démands. In general the main
functions of the muscles are movement ( i.e. locomotion,

grasping, striking and lifting ), posture aﬁgﬁheat

P

g
N

production. Movement and stature functions a manifest by
flexionh extension, abduction, adduction, rotation, |
levitation, depression, tension, pfotraction and retraction.
The main function of the hindlimb is propulsion of the body
or pushing the body forwards, while the main function of thé
forelimb is to support the body rather than propellit. The
muscles and bones in the pelvic girdle and vertebral column
form a 'girder' for the support of the whole body; the back
as a whole acts as a.loaded beam ( Young and Hobbs, 1975 ).
The main function of the abdgminal muscles is to hold and
support the viscera acting aé a sling attached to the ribs,
lumbar vertebrae and pelvic girdle ( Young and Hobbs, 1§7S
). Also these muscles aid in respi;ation.

Berg and Butteffield (1976) showed that individual
muscles and muscle groups, undergo a period of diverse
"growth rate immediately after birth, until the birth weight
of the musculature has approxima£ely doubled, after that
time they tended to grow at é similar proportional.rate and
then a further phase of change in muscle weights occurs"
during sexual maturing. Also Bergstrom (1978) pointed out

that the most important changes in growth intensity of

N,
N
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“muscles takes place in thé very young. In the present study,
\;H}ch\qi? not include the early stages of growth, breed
types diéfﬁétxdizfer significantly in the.relative growth
rate of 8 out of fgé\g\fggndard muscle groups. The
homogeneity of the growth c;éfficignts for muscle groups,
implies there was no differential efzéétuof the genotype on
the relative growth rate of.these muscle groups. The commoh
growth coefficients indicated that muscles in the proximal
hindlimb and the distal parts éf both limbs increased 1in
weight at a slower rate, abdominal muscles and prokimal
 forelimb muscles at the same rate, and muscles of the thorax
and neck at a faster rate relative to total muscle. These
results are compatible with those of Butterfield and Berg
(1966b) and Andersen (1975).

The common growth coefficients of muscle groups
revealed an increasing disto—proximal gradient along the
limbs, and revealed an increasing-posterio-anterior ( caudal
to craniél ) gradient'along the trunk. These results are in
general agreement with Butterfield and Berg (1966b) and Berg
et al. (1978). In pigs Davies (1974b) found that there was a
disto-proximal gradient of increasing muscle growth in the
limbs and a.cranio—cauaal gradienf in the trunk.

The lowest growth coefficients were found in the distal
muscles of fore and hind ;imbs. The muscles within these
anatomical regions_are essential for locémotion, so it seems

logical these muscles attained most of their growth in the

prenatal phases and early postnatal phases of growth. These

\
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results are in agreement with Butterfield and Berg (1966b),
Bergstrom (1978) and Butterfield et al. (1983).

The highest growth coefficients were found in the
thorax and neck region. The late’maturity of thorax muscles
could be related to the weight support of the cranial end of.
the anlmal while the late maturity of neck musgles could be
related to sexual maturity of the anlmal These results are
in agreement with Butterfield and Berg (1966bD), Ahdersen 5
(1975) énd Butterfield et al.i(1983).

Significant breed dif&erenceé in the relative growth
rate of muscles surrounding the spinal column, have bélen
reported in sheep by Jury et al,\(1977), in pigs by Davies
(1974) and in cattle ( the present study ). In young animals
this muscle group seems to be reéponsible for weight support
and thus it tends to grow at a faster rate than total muscle
immediately after bifth. Suppogtfhg~this assumption, Jury et
al! (1977) reported that in sheep the mu5cles-sgrrounding
the spinal column grew faster than total muscle ég\wa—
welghts of total muscle, ‘but tended to grow at a slower raﬁé\
than total muscle at heavy total muscle welght Similarly
Butterfleld and Berg ( 1966b ) showed that spinal muscles
tended to grow at a faster rate than total muscle
immediately after birth and tended to grow at the same or a
slower'rate thereaftefl In the present study which does not
include the early post- natal stage, splnal muscles tended to
grow at a slower rate than TSM in SY and DM. The early

maturity of these muscles in SY and DM, is in general

+
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agreement with Robelin et agJ. (1977). Also, it can be argued
that differences in growth rate of spinal muscle might be
related to mature size, i.e. it seems more likely that
fheavy, latef maturing beef breeds tend to have slightly
lower gréwth coefficients for these muscles as noted by Berg
and Butterfield (1976),’Robelin et al. (1978)_found tha£ the
growth cbefficienp for this group in;ﬁimousin bulls was
0.88. Butterfield and Berg (1966b) and Andersen (1975)
reported that spinal muscles tended to gfow at the same rate
as total muscle. |
Studies have shown that in prenatal phases of growth,

abdominai muscles tended to grow at a slower rate than total
muscle ( Johnson, 1974 ), thle in postnatal phases of
.growth they had either high growth coefficients ( |
Butterfield and Berg, 1966b ) or average growth coefficients
( Andersen, 1975; Butterfield et al., 1983 and the present
study ). Generallx‘in bulls, this muscle group seems tolgrow
at the same rate,aé TSM since there is less functional
demand for faster growth. In steers Seebeck and Tulloh
(1968) reported abdominal muscles as iate developing, while
in bulls, Robelin (1978)~found it an average méturing group.
;\\_\w.In_fgmales}#abdominal wall musclesnin‘(Gu) seem to grow
at a relati;éiy\fastén_g@telthan in bulls. Lodge and Heap
(1967) working with pigs repoftéd”that~du:ing pregnancy
muscles of the abdomen increased in weight, Gray (1968)
pointed out thaty if tﬁe body is long and heévy very

considerable effort is required by the abdominal muscles to
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' keep the body from Sagging ventrally between the shoulders
and hips. Anthony (1967) repé}ted that muséles of the”
abdomen play an important postural function by puiling the
pelvis dorsally, thereby flattening the lumbar curve of the
spine. Lohse et al. (1971) pointed out that the growth of
muscles in G, was dependent on size and weight of the
contents of the abdéminal cavity. Murray et al. (1974) found
that muscles in G, increased at a slower rate on a
high-medium (HM) and low (L)’ plane of nutrition than on a
high (H) plane. Berg and Butterfield'(197é) suggested that
the growth of muscle in G, is depeqdeﬁt on functional
§timuli of weight of gut contents. Badoux (1975) pointed out
that the growth of the gbdominal muscles might be related to
the constructionvof the body axis. - u

The decrease, in pfoportionvof "expensive groupé' as
total side muscle increased, supports the commonly knan
fact that muscle weight distribution becomed less favourable
from a meat production point of view as a cgfcass increases
in weight and/or becomes fatter ( Berg et al., 1978 and

* Robelin, 1978 ).

MUSCLE WEIGHT DISTRIBUTION

'Mﬁscle weight distribution as used hére refefs-to the
proportions of anatomically distinct musclé groups in
~relation to the total muéculatufe.‘cbmpariéons of muscle
weight diétributioﬁ has been made at the same weight of TSM.,

However it is necessary to consider possible differences in
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maturity and ma-ure weight of differeﬁt b}eéd types at the
same TSM. The b: ed type whikh has reached a gfeater degree
of maturity at  :andard TSM will have a relatively higher
proportion of late developing muscle groups. In the present
study breed types differed significantly in adjusted mean -
weights of 7 of the 9 muscle groups. Compared with the more
normal breed types, DM tended to have more of their muscle
in the hip and stifle region but less of their muscle in the
disﬁal parts of both limbs and ;n neck and thorax. Somewhat
similar findings have been reported by Boqcard and Dumont
(1974), Johnson (1981) and Dumont et al. (1982).

As was mentioned earlier breed types differed
significantly in the felative growth fate of muscles
Surrounding the spinal column. This difference implies that
‘the adjusted means of thlS group of muscles are’ condltlonal
on the welght of TSM At lighter weights of TSM DM had more
splnal mug;le than HE, but at heavier weights of TSM, HE was
heavief for this muscle group. Johnson (1981) found.thgt
Double Muécled'Santa Gertrudis steers had less spinal muscle
than Brangﬁs and heterogenous crosses of Hereford,‘Angus,
Friesian and Chardlais.

The differences among breed types in .abdominal wall
muscles reported in this study may be due to differences in
the way'the Weight is distribubed over the body; in a well
balanced animal little strain falls .on the abdominal region

and the abdominal muscles are thin ( Young and Hobbs,‘1925

). Differences in visceral content or differences in
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intramuscular fat also could influence this group. Berg and
Butterfield (1976) reported that domestication had a
profound effect ‘on mﬁscle welght diétribution with domestics
characterized by greater proportion of muscle of the
abdominal wall. Examining the individual muscles within this
group in the present study showed that the bnly significant
differences betweén breed types were found in m. ‘cutaneus
trunci, that of the DM being'heavier by 5.6% and 20.é% than
HE and SY, respectively. Thérefore; the differences observed
in the abdominal group seemed to be due to SY having °
proportionately less m. cutaneus tﬁunéi.

The differences in intrinsic muscles of neck and thorax
may be due tO'differencés in the stage of maturity, HE and
SY being earligr maturing than DM. This group contains mdst
of the muscles responsible for sexual features ( e.g. crest

formation ) and this group also contains some muscles which

act to elevate and extend the head. The hypodevelopment of

‘the muscles within this group in DM, could be related to

sexual immaturﬁty and/or to the félatively small head of
these animals. w'tﬁin this group: DM had propor£ionately
less weight in the muscles associated with respiration‘(
_i.ei. m. intercostales interni and m. intercostales externi

). Similar findings have been reported by Boccard and Dumont

(1974) .

In the present study at the same disseéted‘sidé weight,
compared with the more ﬁormal breed types, there was general

but not uniform hypertrophy, being greater‘in proximalklimb-

o
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in distal limb muscles. However, when
'2a.at the same total side muscle, there
rtrophy in different anatomical
fiy pertrophy revealed an increasing
disto-prox:mal gradient along the limbs, in agreement with
Butterfie%? (1966a), Rollins et al. (1969) and\Vissacﬁ

(1972). Igi&hu hindlimb the contrast between $he
L Y

hyperdevelopment #i the large superficial muscles of the

J

proximal part (thigh) and the hypodevelopment of.the‘distal

part, gives the DM éﬁimal the typical 'bottle thigh'

- appearance which agrees with Dumont et al. (1982). The

present study showed ‘Déuble Muscling' had a greater

hypertrophic effect on muscles of the hindlimb than the

forelimb which agrees with Vissac (1968) and Boccard and /

<
~—

Dumont (1974) who studied 'Double Muscling' in Continenta? 
N

breeds. Rallins et al. (1969) studying 'Double Muscling' in ,

. T : ’ ' '/..a

Angus did not find a similar effect. ; '
‘ . -~ . ~ ‘

In summary, relative to total side muscle, DM did" not

differ from the more normal breed types in the rate Qﬁ////

muscle depositidn'in all muscle groups except those

v

surrounding the spinal column. At the same total side

- muscle, in DM carcasses there were shifts in muscle weight

distribution towards the more fleshy, expensive muscles. DM .

V'had proportionately less muscle weight in the distal parts

of both limbs, and in neck muscles. Differences were more

pronounced when comparisons were made at the same dissected

'side weight than when comparisons were made at the same

e
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pgggl/sidefmuéélé'weight. This is a reflection of the

generally higher proportion of muscle in the carcass of DM's

g

compared with more normal breed types ( Chapter I ).

-



IT11. GROWTH AND DISTRIBUTION OF THE WEIGHT OF INDIVIDUAL -

MUSCLES IN DOUBLE MUSCLED AND NORMAL CATTLE

’ ' ABSTRACT - AR
Eighteen Double Muscled (DM), 18 Beef Syﬁthetic (sy)
and 18 Hereford (HE) bulls, serially slaughteredefrom
approxiﬁately 250 toZBOO kg live Qeight, vere used to
examine the iﬁfluence of maturity type and Doubie Musciing_
onfindividual muscle growth patterns and distribution.
Breed'types diffefEd eignificantly invthe relative
growth rate of 5 of the 95 mﬁscles Individual muscles grew
and developed at relatlvely different rates with muscles
assoc1ated w1th locomotion being early developing followed
by those associated w1th'structure or posture and flnally ]
ﬁhose which respond td‘eexuallm;turétion or luxury muscles .
“which were late developiﬁg.,lndividual muscle growth . |
patterns reVealed ap,ihcreasing distq:pfoximalvggadie%t
“along the limbs and an idcreasing caudo-cfanial gradient
along the whole body;-However; within anyrahatemical region

censiderable variation with well defined :growth gradients o
were found for individual muscles. In the proximal region of
both limbs inpreasihg medio—laterél growth gradients were

apparent.

I

Breed -types .differed 51gn1flcantly in adjusted mean

weights of 33 of the 95 muscles. When comparlson was made at

the same total side muscle, DM showed a range of hypertrophy

of +28% to -28% when compared td;the more normal breed J o \

o
1%
%
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types.

Muscular hypertrophy followed a disto-proximal gradient
albng tﬁe limbs and an inner-outer gradient écross the
muScle layers with the superficial and bulkiest muscles

beihg the most hypertrophied. At _the same total side muscle,
DM had heavier expensive or luxury muscles thgn normal

cattle..

INTRODUCT 10N

Cattle exhibiting extreme muscular appearance are
characterized by sbectacular‘bulging conformation most
visible in thé posterior part of the proximal hindlimb and
in the brachium where mdséles appear. extremel$y enlarged. The
_.general nature of animals displaYing muscular hypertrophy
was described in chapter I;

Stuaies with Double Muscled cattle leave uncertainties
about the effect of .double muscling on muscle weight
distribution. Pomeroy and Wiliiams, 1962, Butterfield,
19664, Oliver and Cartwright, 1968 and. Lohman et al., 1971
found no diffefences betweén Double Muscled and normal

animals in muscle weight distribution. On the otheyp’hand,

\

Vissac, 1968; Rollin et al!, 1969; Hansétkan' Say, 1972;

! 3

Pumont et al.;, 1982 and Michaux et al., 1?8i\ggégﬁétrated
differences in muscle weight distribution in Double Muscled
- cattle when éompared‘to normal cattle.

Although muscle weight distribution of Double Muscled

animals is well documented at specific ages and live

-
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weights, there are no reports where serial slaughter over a
wide range of live weights has been used to study the '
influence of ‘Déuble Muscling' on growth patterns and
distribution of individual muscles could be characterized
and compared to other genotypes. Chapter II dealt with
anatomical muscle groupings and in the'present Chapter
growth patterns and distribution of individual muscles of

Double -Muscled arimals are examined and compared to more

normal breed types.

MATERIALS AND METHODS

Details of the animals, and of their feeding regimen,
management and dissection procedure were described in
Chapter 1. |

" The left side of each carcass was dissected into
muscle, bone and fat ( Butterfield and May, 1966 ). The
muscular tissue was dissected into 95 individual muscles.
For convenience the individual muscles were grouped into
nine anatomical groups based on their anatomical locétion (
Chaptef I1 ). The}sum of the individual muscles vas used as.

[

total side muscle (TSM).
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STATISTICAL ANALYSIS
The data were analyzed by one way analysis of
covariance ( Snedecor and Cochran, 1967 ), according to the

following model.

logYi; =A0c + G +blog Xi, +( Gb ), log Xi; + e,
where:

Yi = weight (g) of individuél muscle of the ;;th animal;
Ao = the intercept;

G = fixed effect of the ;th breed type;

X = total weight (g) of the total side muscle of the

i th animal,

b = regression coefficient of Y on X;

(Gb), = interactions effect (breed x regression coefficient)
e = error, assumed to be NID ( 0, o2e ).

Individual breed type regress;on coéfficients were
computed and compared and in cases where the slopes were
homogeneous ( P > 0.05 ) the common regression coefficient
was used for adjustment. However, if among slope differences
were significant, adjustea means were computed using the
appropriate breed type regreééion but were not statistically
tested for signficance. Duncan's multiple range test ( Steel
and Torrie, 1980 ) was used to test the significant

differences between adjusted means,



The residual coefficient of va ia;;;;\?EQV%) was

calculated as: RCV% = 100 ( 105y - ). Wher Sy). x is the

square root of the error variance ( andard egfor ) and

105 -* = antilogarithm of standard error.

67
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RESULTS

In Table II1.1 are presented unadjusted means and
standard deviationsvfor dissected side weight‘(DSW), total
side muécle (TSM) and the proportion of muscle in the side
for each breed type.'

| Growth coefficients and adjﬁsted means are presented in
Table iII.2 for individual musqies within anatomical
groupings for éach'bré;d type. One muscle within the
proximal hindlimb group Y m,_tenéoh FaSCiae latae 5 tended
to grow faster than TSM, while other muécles tended to grow
at the same rate ér at a slower rate thah fSM?’DM bulls had
a higher growth coefficient than did the bulls in the other
‘breed types for m. sartorius while all breed type; tended to
have somewhat similar growth coefficients for all other
muscles within this group.

Almost all the extensor and flekor muscles of the
distal hindlimb had low growth coefficients and there wefe
nd breed type differences 'in growth coefficients ‘for any of
the muscles of this gfoup.'

Along the dorsal line most muscles had either low or
average.gréwth coefficients., HE had a ﬁigher growth
coefficient for m. longissimus thoracis et Jumborum (
formerly m. longissimus dorsi ) than either SYV or DM ( 1.076
vs 0.910 and 0.920 fespecti&ely ).

Within the abdominal group,.only 2 muscles tended to
grow faster than TSM ( b > 1 ; P <‘0.05 ), while the |

remainder had average growth coefficients. Breed types

ra
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Table II1.1. Unadjusted Means and Standard Deviatibns of
Side Weight, Total Side Muscle Weight and Muscle Weight as %
of Side Weight by Breed Type

Hereford Beef Double
” Synthetic Muscled

Mean S.D. Mean S.D. Mean S.D.

side weight (kg)* 176.4 34.9 158.6 41.6 154.2 49.8

Total side muscle - 100.3 18.4 106.4 25.4 107.7 39.2
(kg) L
Muscle in side (%) 57.3 4.2 67.5 3.5 69.2 6.2

*Excluding kidney knob and channel fat. .

S.D = standard deviation ‘ . ' ‘ .

L
nF
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v#dlfferences between breed types were found for any. other

: muscles were 1ess varlable than the small ones.

<Y

77~

tended to have somewhat similar growth coefficients for all.
abdominal)muscles../
Two muscles in the proximal forelimb ( m. tensor

fasciae antebnachli and m. triceps DPaChII ( Caput longum ))

_ tended to grow faster than TSM, while oaaer muscles tended

to grow at the same rate or at a slower rate than TSM DM
and normal cattle tended to have somewhat 51m11ar growth

rates for all muscles within this group other than m

psupPasplnatus for which DM had a higher growth rate than the

‘more normal breed types

Most muscles in the distal forelimb had low growth

*

coeff1c1ents and breed types did not dlffer in thlS respect

In the cranlal end of .the anlmal all muscles w1th1n

Vthe neck attached to the forelimb had ‘high growth

coeff1c1ents, while those of the thorax to the forelimb and

,the 1ntr1n51c muscles of neck and thorax had e1ther very

high or average growth coeff1c1ents Breed types differéﬁ

51gn1f1cantly in growth rate of m. tPapGZIus thOPaCls of

which DM had a hlgher growth coefficient tHan both HE and

SY. SY had s1gn1f1cant1y higher growth coeff1c1ent for m. %

\s

pectoral is supenffcra]/s than DM and HE ( 1.461 vs 0.962 and..

1.278'respectively ). No Significant (P> 0'05 )

Cor
¥

Ry

muscle w1th1n these régions

The re51dual coeff1c1ents of varlatlon for 1nd1v1dual

_ muscles are preSenteé 19 Table III 2. Generally, the: large

. . . - 4



Breed typespdiffered signifjoantly in adjusted Tean
weights of 33 of the 95 muscles ( Table‘fII.Z).i
In Table 3 ratiosdof weight's ot muscles adjusted to the-
~.same TSM from DM vs HE and SY are presented In DM some
muscles showed hypertrophy and others hypotrophy which is
inevitable when comparison is made at a standard TSM. Degree
of muscular hypertrophy in DM depended on whether they were
compared with HE or SY. When compared\pith\HE, DM ranged
from +28%-( Q. sca?enusvdonEaIis ) to -28% ( m. articularis
genu ). COmpared with SY, DM ranged from.t21%‘for m.
cutaneus trunci to -24% for m. gemellus.

« _ - )
'Compared with phenotypfcally more normal cattle,\QMthad

quite different muscle weight distribution. In muscular }
hypertrophied aniéals 10 muscles constituting approximately
'19%éof TSM were grossly hypegarophyed, 23 muscles _
r-conStitutfng approximately 13% of TSM showed hypotrophy and’
the remaining 62 muscles ( constituting 68% of TSM ) were
not 51gn1f1cantly dlfferent (. Tables II1.2 and*111.3 )
‘the same TSM, DM had significantly higher proportlons than
‘HE and SY for m. tensor fasciae latae, m. semitendinosus, m.
semimembranosus, m. cutaneus tnuncrhh7 rhomboideus. DM had a
higher proportion of m. gracilis and m, SCalenUS dorsal i's
than HE but did.not differ ( P > 0.05 ) from SY for this
muscle. DM had significantly higher proportion than SY of m.
psoaa major, m. rpiceps brachii ( caput longum ) and m.
tensor fasciae-antebrachii but did not differ signifidﬁntly

from HE for these muscles.

iy
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Table I11.3. Ratios of Weight of Muscles from DM VS HE or SY

at Equal Total Side Muscle

| Ratios*
“DM/HE DM/5Y -

Group 1. Muscles of the proximél hindlimb
M. tensor fasciae latae . 1.058+% 1.062%
M. biceps femoris ' ' 1.031 1.028
M. gluteus medius v 1.031 - 1.062
M. vastus lateralis 4"6 0.997 0.934
M. gluteus accessorius 0.911 0.953
M. rectus femoris | , 1,031 1.022
M: semitendinosus | 1.056% 1.066%
M. gracilis - 1.068%  1.023
M. .semimembranosus R 1.071% ;; 1.044%
M. adductor femoris : - '0.958 0.973
M. pectineug ' | KL” 0.975  0.990
Mtjsantoriﬁs ' o ‘ 1.120 - 1:055
M; quadratus femoris | | _ 0.808%%. 0.824x%x
Mm._ébfupatonii externus et interus 1.012 ., 0.926
M. vastus medialis‘ o ‘ ©0.887%x  0.895%x /
M. articularis genu | ‘ 0.719%%  0.722% /.

L S o Cont ineed

g.f’
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Table I111.3. Contd.

. Ratios*

DM/HE BN/ST
M. iliacus - 0.943 ° 0.885%x
M. gluteus profundus | 0.846%x 0.846%%
M. gemel Tus S - 0;8?9** 0.758%x%
M. vastus intermedius 6.841%%  0.920 -
Group -2 Muscles of the distal hindlimb
M. gastnocﬁémius E o 1.017 "0.935*
Mm. extensores - ‘' - - 0.834x%x 0.909%%
M. peroneus Iongus . ' - 11,033 0.939,
M. extensor digitorum lateralis - 1.250 . - 0.847%x
M. tibialis cranialis | 0.775  0.921
M. tibialis caudalis ' | O.?S?* 1.105
M. popliteus : | 0.941 0.959
M. flexor digitérum Jongus | _ ;.051i. 1.087 ‘
M. flexor digitorum superficialis o 40.883**' 0.850%*
M. flexor hallucis longus B 0.834x%  0.876%*

Cont intied



Table I1I11.3. Contd.

. ' Ratios”

DM/HE DM/SY

Qrdup’3.'Musc1es surrounding the spinalfcdlumn

= X = x = x = =

psbas'majorﬂ\ | 1.052% 1.067%
quadratus Jumborum - . 0.902 0.985
iliocostalis thonécis‘- , ‘ 0.855** 0.820%%
Jongissimus thoracis et lumborum 1.018 1.014
multifidus thoracis et Tumborum 0.938 .1.090‘
Jongissimus cervicis i 1,055 0.833%
spinalis cervicis et thoracis - 0.964 0.987
psoas minor - - ' ‘ 1.049 1.045

o . {

}Group 4. Muscles of the abdominal wall

M. cutaneus trunci . 1.056 1.208%
M. serratus gOPsaIis caudal is 1;144 - 1,159
M. obliquus “externus abdominis &9 ‘ 1.086
‘M. retractor costae ' .882 0.781
M. obliquus internus abdominis ‘ 0.988 1.028
M. transversus abdéhinis 0.979 1.006
M. rectus abdominis 0.946 0.998

Cont inued



Table 111.3. Contd.

_ Ratios* N
. - DM/HE DM/SY
Group 5. Muscles of the prox‘im‘al forelimb
M. deltoideus - 0.949 1,059
. Mt infraspinatus - 0.946% 0.994
triceps brachii (Caput laterale) ©0.977 . 1.041
teres minor R 0.847% 9.339;:--
triceps brachii (Caput longum) , 1.029 'ff633*
tensor fasciae antebrachii 1,040 C1.107%
suprasp inatus : 1,.038 1.006
biceps brachii ¥ " 0.977 1.000
‘teres major : .. 1,088 ﬂjio43m;_mmm
brachialis | F, : 04956 0.910%#
conacobnachiéIiS' : | 0.991 1.076
subscapularis 0.979 0.971
triceps brachii (Caput mediale! 0.849 ’ _0.96é

T T xx 3= 3x 3z x xox

Continued
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Table III1.3. Contd.

.Ratiqs*‘~
- DM/HE DM/SY
!G}oup 6. Muscles of tﬂe distal forelimb
M. extensor carpi radialis | . 0.981 ,i.OOO
M. extensor diéftorum tertji - 1,01 1.02
M. exténsoﬁ di&itopum communis 0.868%%  0.880%*
M. extensor digitorum lateral is 0.948 1.019
M. ulnaris lateralis | | 0.918 ©  0.882
M. abductor pollicis 7ongu5- 1 ; : 1.045 0.855"
M. flexor carpi radialis | ‘ " 0.920. 0.929
. M; flexor carpi ulnaris | : ' 1.010 0.951
M. flexor digitorum pPofundUs . 0.909%% 0.780%x
Mtqancbneug ¥¥¥¥¥¥ - O.fgg;ﬂ“vfa:§§3
M. ffexon digitoﬁum sublimis}” - 1.028 1.;44
-4 ;t’ . Cont inued

8

F‘m\ ‘ - . , . ‘ ! . .
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“Table I11.3. Contd.

Ratios* |

DM/HE DM/SY

Groﬁp 1. Muscles-cqnnecting the thorax to-:the forelimb

M. trapezius thoracis - - 0.987 1.026

M. latissimus dorsi : | 1.057 1.036.
: o . : ‘
M. serratus ventralis thoracis > 0.999 0.96 .
At / s tho ) S\\\\/
M; pectoral is profundus . 0.994 1.088
Mm. pectoralis superficialis '0.983 0.925

Group 8. Muscles connecting the neck to the fqrelimbA

i

trapezius cervicalis 0.'974 1.138

M.
M. omotransversarius IR 1.093 1.04é
A M. rhomboideus .  1.068x  1.061%
‘M. serratus ventralis cervfcié ‘ .0.972 0.993
M.

brachiocephal icus ‘ . 0.998 1.106

Group 9. Intrinsic muscles of the neck and thorax

. )
‘ ) 4 .
M. intercostales (externi e¥% .interni) 0.9065% 0.879x%
. 8 ;
M. serratus dorsalis cranialis - \q.j46 1.006

~.

Cont inued



Table 111:3. Contd.

M
M
M.
M.
M
M

‘ Ratios*
\ DM/HE =~ DM/SY
_ \\ -
scalenus dorsalis i E 1.280%+ 1,155
splenius S | 0.897 ~ 0.945
intertransversarius longus 1.Qp§:a 0.904
longus capitis - 1.067 1,185«
longissimus capitis et atlantis - 0.942 0.857
intertransversarius cervicis ° 0.948 ‘1.176
(dorsalis et ventralis) o »
M. cohplexus | B 0.893 0.929
M.:obfiquds cébitis caudalis o - 0.857#% 0.884xx g
M. rectus thoracis _\ _ S 1.151 - 1.140
M;-tnansvensus thoracis h 1.005 - 0.975
M. cervicohyoideus 1.043  1.263
M. scalenus ventralis ‘ 1 . 0.853 0.925
M. longus colli S 0.943  0.910
M. multifidus cervicis : 0.910 1.018

* P < 0.05; #+ P < 0,01, - o :
" Weight of muscle in DM shown as ratio of weight in HE and
sYy. - S
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DISCUSSION

MUSCLE GROWTH PATTERNS \

Hammond (1932) pointed out that the growth of the
indiyidual ﬁdsoles varied with age and he suggested that
these variations in growth might be due to changes in the
relative points of attachment as a coneequence’of
differential rate of growth inlthe bone. Berg and
- Butterfield (1976) concluded that individual,muscles.and
muscle groups, undergo a perlod of diverse growthbrate
1mmedlately after blrth until} the blg%h welght !? the
musculature has doubled, after that time they tended to grow
at };51mller proportional rate and then a further phase of
change in muscle growth occﬁrS»following puberty. It should
be‘mentioned that the values of growth d%e%ficients ( b)
‘depend upon the range of slaughter weights and‘tde stage of
ﬂ maturity. Data osed in this study do not embrace the early
post-natal stage, thus, growth patterns of muscles reported
in this study might be quite different from those whlch
1ncluded*th1s stage. )

Growth rate of 'various hus:&es in the ‘proximal hindlimb
varied considerably from é hrgh of b = 1.113 for m. tensor
fasciae latae to a low of b = 0.511 for m. articularis genu.
- The common growth‘coefficients of dusclee of the proximal |
hindlimb revealed an increasing medio-lateral growth
gradient. DM had a higher relative rate of muscle growth for

m. sartorius than HE and SY. Hammond (1932) reported that .

the greatest difference between large and small breeds.in
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development of the thigh‘mnscles lay in m. séPtaPius of
which the Suffolk exceeded both Southdowsf and Welsh breeds.
Within the shoulder muscles the growth coefficients | ‘
revealed incréasing medio—latefalxérowth gradients. The
| highest growth coefficients were found>in m. tensOﬁ fasciae
Vantebr*achii and m. triceps bnachi.i ( caput longum ) an. the
lowest was'found 1n m. triceps 'br*ac'hii ( caput }r)ediale ).
Within this group the only significant differences amﬁég
breq@ fypes was in m: supraspinétus, which tended to grov at .
a slower rate in SY and similar rate to TSM in HE and DM.
.Butterfield and Berg (19663)-reported that m. SUpPaspinatus
hadaa low growth coefficiént while Lohse et al. (1971%{
Qorking with shee%, reported an average-low growth
coefficient. Da%ies £1974) reported that at the same total
muscie, La;ge White pigs had a significantly higher growth y
coefficient for m. SupPaSpjnatus than Pietrain ( double .-
-muscléd f. Aléo, Jury et al. (1977) reported §ignificant
breéd aifierengeg in the relative growth rategof the m.
g _ | &
supraspinatus in sheep. ' : v
Signifiéantfbreed differences in the relative growth
rate of m. longissimus thoracis et lumborum, have b;en\
reported»in sheep by Jury et al. (1977), in pigs by Davies
(1974) and in cattle ( the present study ). Breed
differences in groﬁth rage of this muscle céuld be related
to differences in the shape éf the %pmbafvvertebrae,

differences in the way the weight is distributed over the

body or differences in mature size and stage of maturity. In
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. . N\ \ ST N
young animals this muscle seems to' be. responsible forgwelght
support and thus it tends to grow at a faster rate than
total muscle 1mmed1ately after birth. Supportlng this

-

assumption, Jury et al. (1977) reported that in sheep the’
muscles surrounding' the spinal colum& grew fastef than total
muscle at.low weights of TSM, but tended to orow at a slower
7»rate than total ‘muscle at heavy total muscle weight.
Slmllarly ( Butterfield and Berg, 1966a; Jury et al., 151{
showed that m longissimus t/ponacis et lumborum tended to
grow at a faster rate than total muscle immediately after
birth and tended to érow at the same rate or a slower rate
thereafter. In the present study which does not include the
early post-natal stage;/it tended to grow afha'sloner.rate
than TSM in‘SY-ande&. Similar findings have been reported ).
by auteerfield et al. (1983) with sheep.

In prenatal phases of growth abdomlnal muscles tend to
grow at a slower' rate than total muscle (»Johnson, 1974 ),
while in postnatal phases of growth they have either high
growth coefficients ( Butterfield and Berg, 1966a ) or
average growth coefficients (. Andersen, 1975; Butterfield et
al., 1983 and the present study l, a | \v

Almost, all muscles of the distal limbs had loblgrowth'
coefficients. The relatively low growth coefficients for
these muscles could be related to .ueir anatomical locations
or to their hfgher proportion of connective tissue relative
to muscle fibers. These results arevsimflar to those of
Andersen (1975) and Butterfield et al. (1983). Berg and
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Butterfield (1976) suggested that‘the,énatomical location of
the muscles within the carcass' is the major factor

determinihg their growth potential. They reported that the o
extensors and flexors were tightly bound' by connéct%ve R

r

tissue which would impede their grow:zh, consequently they
, ) - =

had low growth rates. . “
! ‘ ‘ :
Results of the present study. showed that the highest |
growth coefficients were located in the cranial end of the

animal. However, within these anatomical regions there was
. '\1 »

-

. considerable variation in the telative growth rate for

-individual muscles. These results are consistent‘with the

reporis of Bptterfield et a?% (1983). In HE and SY, m..

[ p— )

pectoral is superficialis tended to grow at 'a ’;faster» rate

than TSM, while in DM, it tended to grow at the same rate

which might be related to greater fat deposition in’'HE and
) . raee =T .

{

SY. The high growth coefficients for this muscle in HE and

14

SY are in agrgement with Jufy et al. (1977), while the
averagé'growgi coefficient in DM is in agreement’with Befg
and Butterfield (1976).fHowéver, Lthe'etjﬁl. (1971)
repo‘ied that the above mentioned muscle grew'at a
relatively‘slower'réte than»tot;l muscle in sheep. Jury et -
al. (1977) reported significant breed differences in_éhe
_relative.growth rate of this muscle in‘sheepfj' -
Relative to TSM, DM and éY Lulls had nonsigﬁificéﬁtlf
higher growth rate for miJSp7eniUs than did the HE bulls

perhaps reflecting the later maturing patterns for the

¢

N . -~
1 ~

former breed types. Mf\splenius ( crest formation ) was

)
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and developed«gt relatively different rates with muscles

shown by»Brannang'(1971)‘to be the muscle in the whole
carcass most inhibited by castration.

The present study showed that individual muscles grew

assoc1ated with locomotlon being early developlng followed
by those associated with structure orﬁpo%ture and finally

those ‘whi¢h are influenced by sexual differentiation“or
luxury muscles which were late develqpiné, The lowest growth
. f+ 2N o . B . .
coefficients were found in the muscles of thé distal parts
e - _

/

of ‘both limbs and those located verytdeeply within the

carcass or those-containing a higher proportion of

connective tissue, whereas the highest growth coefficients

-

were found in the sucerfiéial muscies‘or iT the more fleshy,

.and bulky muscles and in the cranial end of the animal.

/
MUSCLE WEIGHT DISTRIBUTION

Muscle weight distribution as used here refers to the

,proportlons of anatomlcally dlstlnct muscles or muscle

)

- .groups in relatlon to the total musculature Comparisons of -

A}

muscle we1ght dlstrlbutlon'ha@e been pade*at the same weﬂght
of TSM.'However }t is necessary to consider;possible .
differenceslin maturity-and mature wefght cf different breed
types at the same TSM. The breed type which has reached a
greater degree‘of maturity at a standard TSM wrll have a
relatiyéiy higher proportion of late developtng mUscle!.

However, with 'Double Muscling' other factors besides that

of rate of maturity may.affect'the‘proportiops'of muscles.

Lo
3

3 .
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Studies have shown that compared with normal, at the

. | same livé weight or caggcass weidht, ﬂM had more muscle in
the carcass and'heavier muscles, based on these observation
Oliver and Cartwright (f968) reported that in DM all the |
muScles'wére hyﬁertrophied and’ the proportion of one muscle
tb another was similar in DM and ;ormal ( i.e. generalized
hypertrophy-). In a previous chapter it wésvaund fhat at
the same\diséected side we;ght,‘compa:ed with more normal -
%reed types, there was ggneri} but‘not uniform hypertrophy,
being greater in proximal limbs and lower‘in distal limbﬁfr
‘However, when comparisons were made at the same TSM, there

:waé-differential‘hype:trophy in differéntfénatomical
fegidns. So it is cleéj thatft%e tefm'generalizedv
hypertrophy or localized and differential hyper trophy
depends on the basfs of comparison (‘e.g.hat Eonstant'live

weight, side weight.or Eotal}mustle weight ). Therefore it

ig“very,importént that‘ény statemepts about the effect of

oﬁble Muscling' on muscle devélopment should be qualified
by thesbasis on which comparfsons are made. ) ,

sent study showed that 'ﬁouble'Muscling'naffects
the various muscles in a differential manner related to |

~

their maturity, size, “dimensiong, n?mber of joints crossed

by a muscle, anatomical location within the carscass, and of

their muscle fiber or connective tissue content. In 'ures

»

IT11.1 and II1.2 are iilustrated relati development of

those muscles differing significantly in DM ompared. to HE
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early maturing pennate muscles, fibrous, non-fleshy muscles
.or those closely attached to the bones, deep mqscles-of thet
thicker parts of the\cercass, rotators of the hip, and |
muscies of the ribe were most hypotrophied, while the
relatively late matur{ng or large, heavy mul}isided muscles

- or those which had large contour areas wege.most |
hypertrophied. Somewhat 51m11ar flndlngs have been reported
by Vissac (1968), Lohman et al (1971), Johnson (1981) and
Dumont et al. (1982). Boccard and Dumont (1974) propesed .
that the hypertrephy of the peripheral muscies 1s considered
to be a seéuence of the general collagen deficit which
allows certain muscles to expand. Bergvand ButtEffield
(1976) suggested that the differential hypertrophy was due
to varlatlon in musclL fibers:connective tissue ratio in
muscles.¥ M

From these .observyation, it should’be restress that \
there was localized, differential and peripheral hjpertrophy
which tended to increase from inner to outer muscle layers
which is illuetrated in Figﬁres ITI.3 and IIL.4. Similar
findings have been reperted by Pomeroy and Williams (1962)
and Dumont et al. (1982). .

In ‘the present study,iin the proximal hindlimb, the
lateral and medialethigh muscles we}e betfer deveIOped in
DM, while the cranial thigh ﬁﬂécles were poorly @eveioped in
DM as compared with the more nogpal breed types ( Figures |1

" and 2 ). The relatively lesser “development of the cranial

thigh muscles could be related to a smaller fémur in DM, It
& ‘



95

2ybram a708nw jv307
puvs o3 pagsnlro (15) oiq2yqufly faag sda (WQa)
pairosmy o7 quog ui mmNWw:E Jo qusrpralb asino—~wauus ¢ II] 2anba g

E)

: A8/NA , -
ort ost 11 ot 001 oe os oL
5 L 1 d H

1 . 1 1

. . snyjowab py [9¢]
stop4oyy s1ypysooonr ‘i [z

Y , 4ourw sasaz " py fre]

snpunjfosd snainyb 158

b snovr i |98

sPPNoo s111dod snnbijqo i 90

(yuiaur 32 1UL23x3) Sa)DIS0043 UL "y B

- snzajdwoo "y (28]

sniuards " g [ca]

sr40waf sdaosrq py a

ts4sop snwissyioy m froi]

. sniipsisansuvszowo jy [sol

- aDID] aD1ISDS L0oSuU3}l (901
wﬂmo:.ﬂﬁﬁm:»swrn A |201]

\@vcodsodhomwﬁd md@o.mdk, +osuay " fin]
S1PPNDI sy vsiop snyossas  feul]

tounsy snaunvino x iy




-

aybreon »yo08nw
1P203 Qwrs 07 p23snulpp.(gj) paofadasn sa (Wa)
pejosny 2] quog ul ,wwNom:E Jo quorpral aegno-asuuyr pr11 2dnbiy

, dH/NQg
o oel 1 1% ot oot oe os 0L L]
e i i | L

d ri 4 - |

snyrawab "y el

snpunjfosd snagnib - pr (o]

Loutwe uukuv A ]se]

stapLoyy syovysoaor "j. [9e]

s ppnovo s111dpo snnbryqo B

A

. snzardwos “j [es]

sniwards ' Jos]

(tusagur Nm 1u131z3) sayogsossrarur " |i6]

. u:oa:@. A |re]
stiowaf sdasrq ' [eol

1YoDLQDLQIUD 3DIISDS LOSuUA} .3., a
snsoutpuarrueag -
Tsi0p Snwissiioy

1oun L} snauonino

L

S I

aDiv) avLIsDS 4osuay -
sniivsiaasuviiowo K [40i]

S11DPNDO 51DSLOP SNIDLLAS *fy [vii]




97

‘éhould be mentioned that of the cranial thigh muscles m.
quadriceps femoris is the most powerful extensor of the
stifle joint; if this muscle is non-functional the limb
collapses. However, the 1nterdependence of the ser1a1

B

development of muscles and bones will be dealt with in a
subsequent chapter. Holmes et al. (1972) reported thqﬁ one
DM heifer collapsed after coverlng two miles, her m. g
quadriceps femoris felt very hard, and she become moribund

- and was destroyed nine hours.later.
p .

g

As was mentioned earlier m, tensor fasciae latae and m.
: tehson fasciae antebrachii in DM were proportionately
heavier than in norﬁal cattle, The main function of the
former i; to tense the fasciae lata, and to extend the
stifle joint, similarly the main function of the. latter is
to extend the elbow jdint, tﬂﬁs, the'higher proportions%of
these muscles in DM could be related to specific functions.
Also compared with the more normal genotypes, DM had a
higher‘proporfﬁoe of m. péoas Major. The chief function of
this muscle is to flex the hip joi?;, :otate the thig§ en%
to flex and stabilise the curvature of the bow ( vertebral
column and the spinal muscles) thus, the higher weight
distribution for this muscle in DM could be related to
construction of the body axis ( Badoux, 1975 ). Bogcard and
inymont (1974) reported that DM hadma higher propo?tion of m.
péoas major than normal, but Johnson (1981) reported no

significant differences between DM and normal animals.
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Swiezynski et al. (1981) found the angle of the humeral
joint in males in muscular hypertrophied animals vere
\/gréater thaﬁéig normal cattle. In\the present study compa'fed~
with SY, DM had proportionately higher m. triceps brachii ,
?Caput Iongum)4'The relatively higher proportion of tﬁis
muscle in DM could be‘related to a greater anglemof the
séépulo—humeral,join;, since it occupies the angle formed by
the scapula and humerus.tl‘ |
| Compared with the more normal breed types, DM had
proportlonately less welght in. the muscles associated with
respiration ( i.e..m. intercostales mtennr and m.
intercostales exteLni ) ( Figures 1 and 2 ), but ‘at the same
time, they had proportionatel mbre bone Yeigh%.in the ribs
( chapter V ). Dumont (1 suggested th;tIDM animals do
not have the same potential to breathe as do normal (i.e.
they breathe less ) because they have less muscle equipment
to do. so. . |
In the present study comparedeith HE and SY, DM had
proportionately less weight for m. flexor digitorum )
superficialis. Lawrie et al. (1964) found this muscle in DM
had a léwer potassium/sodium ratio'as.gompareﬁ'w1th normal.
Thqhhypertrophy in DM of m. Phomboideusiagrees with
Johnson }1981)_and Dum;ﬁt et al. (1982) buE_Bbccard and
Dumont (1974) reported it among those whféﬁ showed
hypotrophyf It is a Iafe developing mﬁscle énd’cbmparfsons

[¥ . - . ‘35
¢ould be influenced by relative maturity.
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In the present study DM had non51gn1f1cant1y lower
proportlon of m. splenius than normal cattle which agrees
- with Boccard and Dumont (1974) who reported this muscle
among the most hypotrophied, but Johnson -(1981) reported it
'ghong those wh1ch showed hypertrophy ‘The dlfferences
between reports could be related to differences'in the
gender ( bulls and steers) or differences in maturity.

The results of the present study and an earlier study
of carcass composition ( Chapter I ) indicated that compared
with more normal breed‘types, DM had quite different parcass
composition and muscle-weight aistribution In DM carcésses\
there were shifts in muacle weight dlstrlbutlon towards the
more fleshy, luxury, multldlmenslonal thick muscles. DM had

proportionately less muscle weight in the distal muscles of

both limbs, deep muécles, and neck muscles.

KN . .

A

GENERAL C(;NS IDERATIQNS

vMany hypotheses have been proposed by different workers
concerning the origin of muscular hypertrophy. Dumont and
Schmitt (1973) showea th;t the perimysium was less abundant
in the hypertrophied animal. Boccard and Dumont (1974)
‘proposed that hypertrophy of the peripheral muscles is
considered to be a consequence of the general collagen
deficit which allows cert;in muscles to expand. Pomeroy and
Williams (1962) suggested that an endocrine-enzyme
imbalance, ultimetely under genetic control, may have o

[\

[
resulted in specific acceleration of muscle growth. Other
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workers reported that the enlargement of muscles was due to

a relative increase in production of anabolic hormones ( i.e -

GH\i\gpd a relative reduction in catabolic hormones such as

adrenocorticotrophic hormone (ACTH). Strath et al. (1982)

(N

concluded that the Double Muscled animal is characterized by

hyperthyroidism. Lawrie et al. (1964) reported that compared AN

to normal, Double Muscled animals had higher nitrogen -
cohtept, é higher potassium:sodium rati? J.K/Na‘) but a
lower hydroxyproline per cent. The size of any given ﬁuscle
is a function of }ts cell size and number, the eplargement

of‘some muscles in the muscular hypertrophied animals was

~due to more muscle fibers. Ouhayoun\and Beaumont (1968)

‘showed that the muscular hypertrophy was due to 11 s

hyperplasia. Holmesland.Ashmomﬁ’(1972) reported thpt gross

muscular hypertrophy was due - to hyperplasia and’hy ertrophy

of muscle fibers. Also, Swatland and Kieffer_(}974) working

on Double Muscled fetuses concluded that 'Double Muscling'
was due.to real myofiber hyperplasia during the early
development of muscles. King et al. (1976) and King ahd

Basrur (1979) proposed the hypothesis of defective cell

" membranes and Basarab et al. (1980) showed that the extreme

Double Muscled cattle had an increased erythrocyte osmotic

fragility as compared to carriers and normal cattle.

b

.

\



IV. FAT GROWTH AND PARTITIONING AMONG THE DEPOTS IN DOUBLE

' MUSCLED AND NORMAL CATTLE

’ ABSTRACT

Eighteen Double Muscled (DM), 18 Beef Synthetic (SY)
and 18 Hereford (HE) bulls were serially slaughtered from
approximately 250 to 800 kg live Weight to de%ermine the
influence of maturity typevand"pouble Musciing' on fat
growth, partitioning ana distribution. The fatty tissue was
dissected into subcutaneous fat (SCF), infe;muscular fat
(IMF) and carcass cavity fat (CCF), the sum of these depots
' was used as total side fat (TSF). |
Relative so TSF, DM did not differ significangly_frbm
- the other maturity types in growth rates of SCF; IMF and
CCF, but relafive to fat percent in the side DM tended to
have much lower growth ratés for SCF and CCF. The common’
~growth coefficients {ndicated that as TSF increased the
proportion of SCF increased.( b>1,;P<0.05), thé
proportion of IMF decreased ( b < 17; P < 0.05 ), and the
' proportion of CCF:remained relst{vely'cohstant (b=1;PpP>
0.05 ). At eQual TSF, és expected, HE tendea to partiﬁion
. more of their fat to the subcutaneous depbt, whereas DM and
SY tendedéfo partition more of their fat to the
‘intermuscular and carcass cavity fat depots. Relative to HE,
DM fslloweé late deveioping fat partitioning patterns.

The hypodevelopﬁent of fat depots in the carcasses of

the muscular hypertrophied animals followed an inner-outer
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gradient which was most pronounced in the subcutaneous fat

depot. "\
INTRODUCTION
The fattening patterns of the American, British and"
; s ,

European beef and dairy breeds and the manner in which fat

v N

is’' partitioned among the various depots and distributed (

throughout the carcass is well documented. The ideal carcass

should contain a maximum amount of muscle, a minimum amount

flo give 1its form and an optimum amount of fat ( Berg
and Buttvrfield, 1976 ). In North America, consumers no
longer want excéssive amounts of fat, The total amount of -
fat, partitioning among the maj&r depots and distribution
within each depot also influence carcass value.

The 'Double Muscling’ conaition in catfie is

E

characterized by hyperdevelopment of muscle and
'hypodevélopment of fat. The hypodevelopment of. fatty tissues
especially subcutaneous fat are diagnéstic discriminators of
the 'Double Muscling' condition ( Dumont, 198£ and the .
present study ). . | |

‘There are many factors which might influence fat
growth, partitioning and distribufion. These include
species, bregd, domeséication, sex, endocrine sfstem,
aétivity, ratelpf growth, plane 6£ nutrition, metabolic
sﬁatus, environment, slaughter weight, mature size, ! "

, chronological and physiological agezand 'Double Muscling'.

) 7 .
Some of these factors are well known. whereac atharae nead
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more investigation to clarify their influences.
Although considerable research hag beén done on carcéss
_composition of Double Muscled cattle, there has been no
r;search reported on drowth andldevelopment.of this type of
catﬁle. This study was undertaken to determine the influence
- of maturity type and 'Doublé Muscliﬁg' in-cattle, on the
fattening patterns, fat partitioning among the depots and

distribution of fat throughout the carcass as growth and

development proceeds.

y 1

MATERIALS AND METHODS

The stddy‘was designed to permif comparison among early
(HE), intermediate (sY) énd.late (DM) maturing breed types.
Details of the experiment dnd description of thé‘animals
were given‘in,ChapEerbi. The fatty‘tisssues in foﬁ@ﬁuartef
and hindquarter were dissected into subcutaneous fat,
intermuscular fat and carcass cavity fdt.

The following abbreviations and definition of terms
_wére'used.to designate each of the fat depots;
Subcutaneous fat (SCF): Fat on the surface of the
su?erficialvmusclés.and and also included fat under the
cutianeus wmusc]e ( m. cutaneus et omobrachii ).
Inteﬁmusculér fat (IMF): Fat between the muscles and in the
indentations of the origin and insertion of‘the muscles.
Carcass cavity fat (CCF): Fat lying directly belgw fhe)

endothoracic and;transverse fascia of the thora;fc,

abdominal and pelvic cavity but excluding kidney knob and
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channel fat which were removed during slaughter,

Total side fat (TS?): The summation of SCF,rgMF and CCF in

the side.. " ' ‘ LA

The weigpts of forequarte; subcutaneous«fét,
forequafter infermuscuiar fat, forequarter carcags cévity
fat were recorded éndlthe sum bf'these'three débo%s was used
as forequarter total fat. In a similar manner, the weights
of hindduarter.subcutaneous fat, hindquarter intermuscular -
fat, hindquarter carcass cavity fat were recorded and the ’
sum of thése three depots was used as hindquafter total’fat.
The weightsAof the three fat depots ranged from 1.8&—47.29
kg for SCF; 4.51—@3.05 kg for IMF and 1f37—1}.17 kgi@or CC?;A
Fi;uresvlv.l and Iv.é show the range of total side fat andj

the ranges of fat depots for each breed type.
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Figure IV.1. Range and mean of weight of total fat for
each breed type.
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Figure IV.2. Ranges and means of fat depots for each breed

type.
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STATISTICAL ANALYSIS

X o .
% The data were analyzed by one way analysis of
)
“covariance ( Snedecor and Cochran, 1967 ). The statistical

model was as follows:v

]OgYij = A, + G, +b]OgX.J"m|\( Gb ), ]OgX,J T e

L
&

* where: )

Y = weight (kg) of a fat depot of the ;;th animal;
Ao = the intercept;
G; = fixed effect of the ,th breed group;

Xi; = total weight (kg) of the total side fat or fat

percent in the side of the ;;th animal;
~

b\\\\\i\i;gfession coefficient of Y on X;

(Gb); = 1 tg{iition effect (breed x rejression coefficient)
e = error, assumed to be NID ( 0, o%e ).

'\ .

Individual breed\EFouQ\zfgression coefficients were
computed and compared agd in 55§es\zﬁére the rggressions»-
were homogeneous ( P > 0.05 ) the comﬁBh\{ggrgssion
coefficient was used for adjustment. However\}T\bngeen
slopes wefe significént, adjusted means were computéé\ﬂsing
thé appropriate breed group regression but not statistically’"
tested for significance. Duncan's multiple range test (

Steel and Torrie, 1980 ) was used to test the significant

differences amohg adjusted means.
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RESULTS |
Unadjusted meansvand sﬁandard‘deviations for DSW,
weights and percentages of TSF, SCF, iMF and CCF are
presented in Table IV.1. Means of the major depots. are
presented graphicéllf in’Figure Iv.3for each breed type.
There were no sighificant'differences among breed types ?
" in the slopes ( fate of fat deposition ) of each fat depot .
whehbregressed on TSF ( Table IV.2 ). From the common
allometric coefficients.;éjsee thatxas TSF increased the
proportidh of SCF increased (b > 1 ; P < 0.05 ), the
proportion of IMF decreased ( b < 1 ; P < 0.05 ) and the
proportion of CCF remained relatively constant ( b = 1 ; P>
0.05 ). Fattening patterns of the three breed types are
1llustrated in Figure IvV.4. |

Among the major fat depots, CbF wés the most variable
depot ( CV = 20.1% ) followed by.SCF ( CV = 13.4% ) and then
IMF ( cv‘= 9.0% ) ( Table IV.2 ).

At the same TSF, the rate of forequarter total fat and
forequarter SCF deposition weré similar to those of
hindquarter, but the rate of fbrequarter IMF deposition was
somewhat higher than that of hindquarter IMF, whereas the
hindquarter CCF deggiition was somewhat higher than that of
forequarter CCF ( Table 1V.2 ).

l

Among the forequarter' and hindquarter depots, only for
hindquarter SCF did breed type have an influence on relative
growth (Table 2). As TSF fncreased the proportion of SCF in

forequarter and hindquarter increased ( b > 1 ; P < 0.05 ),



109

TIXS1 BUY UL pBuUL ISP aue S| OQUAS ayy .

zzo $9°0 S0 S50 L+ O vS°0 L0 - 88°0 - (4D0+4WI) : 40S
zZe' 0 - L8O 61°0 zZL'0 €270 89°0 Sz°0 oz r 4WI: 40S
: ; mo_amm
5z v Ol ‘Lz L6 o't L0l 81 bz . % dWI
T v'e o€ 89 Lz oL voe b % 498
z'v bET z'9 8 84 8 v G 61 b'g 6 0OE % 4S1
sabejuasuay
6°¢ . &'sg 8t S'v Lg [ (A 8 L 400
9 oL s°g L' Et 8" G Z 94 S°G S'ic )
YL b9 LG v Ot o L Ly 6 z 9z 408
L8l L 8€ szt 9-8e’ vy ‘0°ze T 5°Gg 4s1
8°Zv L E9L 8 6v Z vsi 9ty 97851 6 vE v 9L Msa
o°Lg £ 0ve 9 104 b vZe 8 v8 l “ZEE o zL 8 t9e - . +MOH
O0-zElL 09565 L LEV z €25 0821 € vvg 6 641 S°Zi9 3uBram aatn
m,wmp v ZES S 902 9°0€g W.nwv z L6V L9k} \ S 695 aby
‘a’'s ueay ‘a‘s uesy ‘a's ueoay ‘as ueay
LLedaAQ -palosny agnog 01384y uls jaag ULO&OLUI

L8303 ‘apis pajioassip ‘1ybiom sseades:

8PS 8y} ut sjodap ey pue jey

“3yBiam aaL] uoy ('a°s) suoijetaap puepueys pue (B%) sueaw Paysnfpeun | A1 aiqey



110

SO0 > -d 1 AnuesNwudis

AIBWINZS] 10U SBM  SISA[EUR  2DUBL
Jip syduosiadns qualeyjip Sulieaq moI B u

1000 > 4
BAOD uBsW sanjeA Suissipy —
suesw pasn{py

e SO0 > d .

‘aull -uolssaifar uowwod jo adojs ol 3} g'¢¢ = 1B apIS [B101 JO UBAW SuawW0sd 03 paisnipy .,
S0°0 > d ' T woiy wasoypp 4pueotjiudis a1k adA1 ploq ur  sIuaIdNyJa0d ymoiny
.% 610  “H998ST BLIL 9T BL6991 e 10°0 1101 wo - oot wo 910°1 00 810°T 41 Ieuenbpury
#6701 uzco Q668°LT BSEO'LT ®BIYOLT §¢¢ 10°0 066'0 00 6660 T00 9860 w0 £86'0 41 Jeuenbaiog
BLILAS
96'0 §To Leo'e 9L9°C 82L°C 0L 1g 80°0 61670 010 0T6°0 LT0 886:0 9T'0 $€8°0 43D I191renbpuiy
T4 vm:.c B6ST'T  G96€° T BLEE'T LL"8T Lyo £€E8°0 01’0 ' 880 810 . €060 010 LEL'D d42) 1s1enbaoy
’ ’ : 18] Ljaed sseore)
#4596 - ¥6'0 B0 agr1'9  BGESH .i.HN 9070 0L°0 P00 T6L70 LT°0 0.9°0 LT'0 €650 JWi- 12uenbpuly
se¥1°9 1290 r69'01 a866'01 ®.LES6 LS 11 £0°0 106°0 00 96’0 S0°0 ¥s8'0 80°0 LT6'0 ANWI Jaienbazog
. ye] Is[nosnwiajuy
= 7€ 965°L (L3 ¥09°8 8v'CI €00 8ST°1 S0°0 Pit't L0°0 SLE'T 00 SIT°1 408 Ieuenbpuiy
1344 660 818'v 86T v 12189 v 9z L0 €671 IT°0 SLT1 1490 60t°1 o ST 42§ r191enbasog
. : : j¥] snodueindgng
«eC0°9 o |2.7419 q6t°v B8V 90°0¢ 90°0 y16°0 L0 6980 o 6560 tro 9260 1By LlAaBd ssease)
+:95°91 0TI SLLST  Q9TL1 eZTvl y0°6 £0°0 6£8°0 wo £€88°0 S0°0 88L°0 900 6£8°0 1gJ  IB[MOSNWIAIU]
187 qQ6v'C1 nwb.? BI8" €1 LEET #0°0 PLTT 900 6£T1 80°0 t6e’ 1 S0°0 eI 18] snoeueinsqng
o SSEaIEd  Jrey
sueaws sadoys Wa AS dH %AD s q s q ‘'S q s -q 91ELIEA
paisn{pe 3uowy [enpisay uspuada(q
3uowy :
. SON|BA -.] (3%) ww:Em uowwo) pajosniy wS:oC 213YIUAS  Joag pP10Ja1aH ,
LSUBON  paisnipy
(X) 384 opiS EloL 0} aanEppy sjoda(q B4 Jo sjyBam o] suealy pajsalpy pur (g) SJUaI 0D

#

Vol

aorn “T°AI SIqElL



S "l e

@
X\

QU

RIS RS ISTSIRSD
¢ SRS
VAN AN IS LN NN

HE

192970-0.02020.0 0.

.' SA ‘.’\'/;'\ ‘.' ‘}
,03‘,. S

XN

SY
BREED TYPE

EL ]

DM

30

1 I
o . 2}
N —

(9}1) LHOIIM

254

111

fat.

95}
.0
v,
R
=3
DR
R IN
NS
ey 3
P )
Q
N
Ry
NG
8 0 &
3
RN e =
QO RN 03
ISR B
¥ o
S| =
> OB
D P&
)
SRR
RS & B
L9 e
>
'“\UJ'\
Qo
O M~
gy
38 T
oo o
3
T A
S o R
Ny v g
=0 4

Figure IV. 3,

=



112

754 ~
70
= | 65
&.
- 4. -DM
60
<
O
- 55
L -
S HE
o
5 50
(/‘) .
< HE
TV 454 -—-
— —
Ne) -
o R - -
lé-' 40 - - s
L<E 3\5" DM //’/
’
- / -
.3()# - - .
.~
7
25 o MF %
, SCF %
T T . T T T T
15 20 25 30 35 40 45 50

Figure IV.4.

TOTAL SIDE FAT (Kg)

Fattening patterns of Hereford (HE), Beef
Synthetic (5Y) and Douwble Muscled (DM) bulls.



113
the proportion of forequarter IMF, forequarter CCF and
hindgquarter IMF decreased ( b < 1 ; P < 0.05 5 and the
,proporrion of hindquarter CCF remained relatively constant (
b=1;:pP>0.05). |

There were differences ( P < 0.05 and P < 0.01 ) among
breed types in the adjusted means of SCF; IMF and CCF at
equal TSF (Table IY.Z).'HE hg?‘more SCF than;SY and DM,
which did not differ froﬁ each other ( P > 0,05 ). All breed
groups differed in their adjusted weighrS'of‘IMF; SYFhad
more IMF than either DM or HE and DM had more IMF than HE.
For adjusted CCF,'SY had less than either HE or DM, which
did not differ from each other. At the same TSF, DM had
approximately 10% ;ess SCF and 10% more IMF and CCF than HE.
Compared to S§Y, DM had 6% more SCF, 26% more CCF and 9% les§.
IMF. Sihce breed types had common slopes for fat éeposition
in each‘depot these percentage differences would be
consistent over the range of weights studied.

In Table IV.2 are'presented mean weights of SCF, IMF,
CCF and total fat in the forequarter andbhindquerter |
adjosted to the geometric mean of TSF. DM had more‘
forequarter total fat but less hindquarter total fat than
.either HE or SY, which did not differ from each other. They
had more forequarter IMF than HE, but did not.differ from SY
in this respect. SY had significantly more hindquarter IMF,
but less forequarter CCF than both HE and DM, which dié not
differ from each other for these fat depots. Breed types did

not differ in the weights of forequarter SCF and hindquarter
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CCF.

The breed‘type differences in growthbcoefficients for
hindquarter SCEjonxTSF did not permit the comparison of
their means. Estimates of weigﬁﬁs‘of hindquarter SCF at 15
and-50 kg of TSF, were calculated using individual breed
regressions. Af 15 kg TSE, DM had 19.5% less.hindquarter SCF

and at 50 kg TSF,;bM had 14.5% less hindquarter SCF than HE.
Irrespective of bfeed the propertion of IMF found in the

fofequarter was greater than that in the hindquarter, wvhile
the reverse was true for SCF (>Figures IV.5 and 1V.6 ). |

As 'was found for the total carcass, within the
forequarter and hindquartef, HE.tended to partition more of
their fat subcutaneously, while DM and SY Eendedtgp f
partition more of their fat intermusculafly.

Growth patterns and adjusted means of SCF, IMF and CCF
relative to fat.percent in the side are presented in Table
IV.3, For‘IMF‘the DM bullé had a non significantly 1owér
growth coefficient than the SY and HE bulls. Breed types
differed in growth rate of SCF, CCF, forequarter total fat,
‘hindquarter- total fat, forequarter SCF and hindquarter SCF.

The relatively low. growth coefficients for these depots in

v

DM bulls indicatedVa tehdency to lay down SCF and CCF at a
relatiiely slower rate than normal bulls. DM had the same
forequarter IMF as HE aﬁa SY, and they had less hindquarter‘
IMF and more forequarter CCF than SY, but did not differ

from HE in this respect.
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‘Table lV.4-givesvthe ratios of fat depot weights in'the
side, forequarter and hindguarter of DM to'%ormal ( HE and
SY ) derived from means adjusted to same DSW, total slde
muscle (TSM) or TSF. Compafed to HE all fat depotsdin DM
showed hypotrophy when comparlson was made at the same DSW
- or TSM, whereas when comparison was made at the same é;P’/
some fat depots showed hypertrophy, others showed
hypotrophy. At the same bsw, the DM had 60% as much total~
fat as the HE[vapproximately 7O%Ia5"much IMF and .CCF but' ‘
only 46% as much Scf Compared to SY at the same DSW, DM had
only sllghtly less total fat ( 94% ), nearly the same SCF' (
98% ), somewhat less IMF ( 87% ) and higher proportion of
CCF (_120% ).'Comparisons'at the same TSM reduced the‘DM'fat
ratios when compared to HE but were similar todthose at
standard DSW for DM/SY ratios. |
Correlatlon coefficients among the major fat depots
were calculated within each genotype as well as for overall
ignoring genotype ( Table;IV,S ). The lower off—diagonal
elemenes were computed from fat depots as a percentageiof‘
TSF, while the'upper off—diagonal elements were computed -
from welght of the major fat depots Irrespective of breed
_SCF% was pos1t1vely correlated w1th TSF and negatively
'correlated with IMF%, CCF% and (IMF+CCF)%. IMF% and
(IMF+CCF)% were negatively correlated with TSF. Within the
DM group, IMF% and CCF% wefe positively oorrelated whereas

~in normal ( HE}‘SY ) cattle they were negatively correlated.
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Table IV.5.

Phenotypic Correlation Matrix for Majer Fat

120

Depots”®
Breed = ;
.group SCF IMF CCF IMF+CCF TSF
"HE 0.843 0.678  0.866 0.971
Sy 0.915- 0.879 '0.933 0.982
DM 0.899 '0.834 0.894 0.966
SCF#* " 0 0.878 0.842 0.909 0.980
HE ~07777 0.603 0.946 0:921
sy ~0.933 0.852 0.990 0.970
DM ~0.929 10.930 0.996 0.979
IMF 0 -0.927 0.787 0.979 ~ - -0.946
] HE | ~0.375 =-0.292 0.829 0.773
~ gy 20.116 =0.250 0.917 0.915
DM ~0.795 0.514 0.960 0.929
CCF 0 -0.288  0.094 0.896 0.887
HE ~1.000 0.777 0.375 0.960
Sy ~1.000 0.933 0.117 . 0.984 .
DM ~1.000 0.929 0.795 0.979
IMF+CCF O -1.000 0.927 0.288 0.974
HE 0.615 -0.615 -0.027 -0.615
8y 0.772. -0.736 -0.046 ~0.772
DM 0.679 =-0.693 -0.439 ~0.679
TSF 0 0.813 -0.779 -0.167 ~0.813

* Above diagonal based on welghts, below diagonal based on

percentages of TSF.

* The symbols are defined in the text.

&0
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DISCUSSION

Generally any tissue within the body attains its mature
size by h§pefplasia.and hypeftrophy. In prenatal phases of
gfowth al% tissues grow by increasing in number and size of
cells whereas in postnatal phases of growth some tissues
increase by hypér;rophy, others by hyperplasia. As far as
the fatty tissue is concérned, Enser aha Wood (1978) shqwed
that the growth of fat depots up to slaughter is accompanied
by an.increase in size and number of faf cells. As early as
1909 Waters suggestednfhat fattening was due to both
hyperpiasia and hypertrophy of adipocytes.

The major fat depots>( i.e. SCF, IMF, CCF ) grow and
- develop at relatively different rates.rThe common growth
éoefficientS'for the major fatldepots indicate that IMF égd
CCF increased in weight at a slowerkrate and SCF_at a féster_
rate relative to TSF. These results are in general agreement
with Kempster et al. (1976), Thompson and Barlow (1981b) and
Abdallah et al. (1982) who reported that the contribution of
subcutaneous fat to total fat increased while that of
intermuscular fat decreased as fattening progressgd. On the
other haﬁd, Cianzio et al. (1982) reported that
intermuscular fat is’not an_early déveloping depot and its
contrigution to total fat does not decrease as fattening
progresses.

Undoubtedly there are many significant differences
among breeds in their capacities to synthesize and to store

fat. Some breeds have the cépacity'to synthesize and store
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/fat at lighter and younger ages ( f.e. Hereford, Angus ),
~whereas others have this'capacitgfét heavier weight and
older ages_(pi.e. Charolais.)._Agvfar,as DM is concerned, -
Novakofsk and Kauffman (1981) claimed that the DM"cattle
have the capacity to store fat, but that fattening is
delayed because of later méﬁuring characteristics. This was
confirmed in Chaptef'I using thé same animals.

In the present study using TSF as a ;ovariate for
evaluating fattening patférns no breed type differences}were,
detected in growth patterns of fat depots. But, when fat
‘percent‘in the side was used as a covariate breed types
differed in the growth rate of SCF and CCF in the side with
DM bulls showing the lowest rate, while HE had the highest |
with SY intermediéte.fKempster (1981) recommended. fat
percent as a covafiatevfor examining breed differences in
fat partitioning, especially if the breeds aifféfed greatly

’

in maturity. This is because fat percent takes into accbunt
differences in maturity allowing comparison at someﬁhat |
similar matﬁrity. The relatively low-growth coefficients for
SCF and CCF depots in the DM bulls indicated a tendency to
lay down thqse depots at a relativély slower rate than
normal bulls. ‘e

~ The total amount and partitioning of fat in‘the carcass
‘may bgﬂmanipulated‘by controlling‘céloric input‘dUriﬁg the
finish;ng phase. Leat (1974 )>suggested that fat'synfhesis

"could be depressed at critical phases of development,

partitioning dietary energyvin3favouf of tissues other than:
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fat. Johnson et al. (1969) suggested.possibilities to
suppress waste fat but allow intermuscular fét to be
‘deposited by dietary regimes. The present study examined
genetic influences in fat partitioning.

Breed differences in the partitioning of fat émopgi
depots have been 6bserved. Late maturing cattle or thzzé
selected for muscling or for draft usage generally tended fo
have more of their fat in the intermuscular fat depot ¢
Robelin et ‘al., 1977 ), those selected for dairy
characteristics.tended to have more of their fat in the
interﬁuscular and kidney, knob and channel fat f BQtler—Hogg
and Wood, 1§82 ), whil; those selecfed'fér the blocky
conformation and early maturity of traditional British
breeds df cattle tended to have-more fat in tﬁe_subcutanepus
depot ( Charles and Johnson, i976; Truscott et al., 1983 ).
In the7present study HE tended to partition more of their
fat to the SCF depot, whereas DM and SY tended to partition
more of thei: fat to the IMF and CCFbéépqts. If the ratio of
'SCF:IMF reflects intensity of selectidn for 'tﬁaditional
~ beef characteristics' as Callow (1961) suggested or reflects
intensity of selection againét SCF as Kempster and Evans
(1979) and Kempster (1981)‘suggested,,then,,we might say HE
have béen more intensely selected for 'traditional beef
characteristics', while DM have been intehsely selected fdrﬂ
mﬁscling,-Breed differences in fat partitioning may have
iﬁpact'on.séleable meat yield and may‘affect predictability

of carcass composition,
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Berg.and Butterfield (1976) suggested that the muscles
and body shape may have an influence on fat distribution by
creating variable pressures with fat being deposited in the
least resistant regions. The results of the present study
pro&ided additional confirmatory eviden¢e to the Berg and
ﬁutterfield hypothesis. The tendeqcy to accumulate fat
differentiaL;y in foregquarter and hindqu;rter could be
'reiatedlto changes in function with maturitjmof the animal (
I.e. changes in musﬁle metabolism or metabolic status of the
animal ), or as'total muscle ihcreased, the proportion of
muscle in the cranial end of the animal increased and since
the natural location of IMF is between the muscles, the
increasing muscle weights_gnd dimensiops in forequarter is
accompanied by greater accumulation of IMF. Hammond (1932)
pointed out fat is deposited in large quantity in those
‘parts of the body which interfere least with the movements
of the muscles.

| The negative correlation’bétween SCF% and IMF%.suggest
that selection against subﬁutaneous fat% ( ;.e. reduction of
SCF ) may result in a relative increase of fat deposition in
intermuscular and carcass cavity fat depots. Cuthbertson and
Kémpster (1976) réported that kidney knob and channel fat
and IMF were closély‘positively reiated. Olsen et al. (1976)
found negativé genétic‘éorrelation between fat fhickness ét
12 th rib ( adjusted for skinning variation ) and percentage
of kidney fat in the carcass which supports a hegative

relationship between proportions of SCF and CCF.
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The present study and that of chapter 1 showed that
matuglty types did not differ in the rate of fattening, but
did differ in the onset of fattening. However, relative to
-TSF, all maturity types tended to have somewhat similar
growth rates for fat depots, but tended to be quite
different in fat partitioning. As one would expect, when
comparisons were made at somewhat similar maturity i.e. at
same fat percent in the 51de maturity types differed in
regre551dﬁs coefficient of SCF and CCF, which 1nd1cated
substantial genetic differences in the proportional increase
in these depote re#lative to fat_percent. The effect of
'Double Muscling' on the hYpodevelopment of fat especially'
SCF was mere conspicuoue when comparisons were made at the
same DSW or TSM than when cbmparisonsAwerermade at the same
TSF whiqh reflects the geheral,late fattening tendency df

this maturity type.



V. A MULTIVARIATE ANALYSIS OF FATNESS AND FAT PARTITIONING

"IN DOUBLE MUSCLED AND NORMAL CATTLE

.- ABSTRACT

. -

Eighteen each of Doﬁblé Muscléd (DM); Beef Synthetic
(sY) and Hereford (HE) bullé, serially slaughtered from
approximatély 250 to 800 kg live weight were used to compare
fathéss and fat partitioning in‘DM and more normal bfeed
types. As fattening proceeded, fat partitioning index {
suchtaneousbfat/(intermuscular fat + carcass cavity fat ) .}
inc;eésed, Qith HE having a higher fat partionining index

‘than'either SY or DM. Principal component analyses were

~applied to derive an index of fat partitioning independent

of fatness. The first &mincipal component.(PC,,'é size or
fatness index) in DM b:lls accounted for a larger proportion
of variation than it did in either HE or SY bulis, The
percent of variancevexpléined by PC, ranged from 8§ to 95%.
Contrary to PC,,‘the second aﬁd thifd principal compoﬁénts
(PC:, PC;) in normal cattle explained much more of the. |
variation than 1in DM.APCZ in DM and PC,; in normal cattle
contrasted subcufaneoué fat (SCF),with other fat depots. PC,
in HE and SY and PCabinrDM con;ra;ted carcass cavity fat
with SCF and intérmuscular fat. PC, in DM and PC; in normal
cattle can be termed multivariate fat partitioning indices
(MVFPI) and were fatness-independent. After the effeét of

fatness had been removed HE still had a higher MVFPI than

either SY or DM, which would suggest that fat partitioning

126
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among the depots is breed specific even after the effects of

fatness or mature size have been removed.

INTRODUCTION

Traditional British beef breeds show relatively higher
subcutaneous:intermuscular fat ratios as well as different
patterns of . fattenlng compared with dairy .or Continental
beef breeds. Callow ( 1948 1961 ) suggested that the
)subcutaneous:intermusclar fat ratio reflects the degree of .
intensity of selection for meat qualities of species or-
breeds within species, and Ledger ( 1959 ) suggested that
this ratio varied by adaptation in hot climates.

Studies have shown tnat, differences among breeds in
_fat partitioning among the depots were gfeater than
differenees in fat weight distribution within the depots
which was largely controlled by the t;tal amount of fatness
achieved ( Kempster, i981 and Berg and Walters, 1983 ). A
fat partitioning index f{ ?PI, subcutaneousi |
fat/(intermuscular fat +’perinephric + inguinal fat ) } has
been proposed by Lister (1976) as an objective criterion of
" estimation ef earliness or lateness of fatteniné, fer
distinguishing between different physiological types df
cattle and as a means of identifying superior animals for
efficient neat production However, Truscott et al (1983)
have shown that FPI increases as fattening proceeds, thus if
FPI is to be used, corrections will have to be made for

differences in fatness’and age.
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i ‘ &
< Since FPL-does not remain constant, but changes with

maturity and fatness, the ob]ectlve of this study was to
attempt by use of p&gnc1pal component analyses to derive an

index of fat partltlonlng which is independent of fatness,

MATERIALS AND METHODS
Details of the anlmals, and of their feeding regimen,
.management and dlssectlon procedure were descrlbed in

Chapters I and IV. The ratioc.of { SCF/(IMF+CCF) } was used

as a fat partitioning index (FPI)

‘STATISTICAL ANALYSIS
The data were analyzed byiprincipal compohent

techniques after transformation to common logarithms
(logio). Separate analyses were done for each breed type and
for the total ignoring dreed type. The’analysis was carried- -
out on the correlation matrix of the fat depots.

\Ql‘brincipal component analysis is a transformation of a
set of N correlated variables into another set, which are
independent ‘linear functions of the oriq}nal. These new
functions are uncorrelated with each other ( i.e. orthogonal
). Thus, principal eomponents afe compdsites of the origihal
veriebles. The fifst.princibal component (PC,) is that ¢
weighted combination of all the oriddnal variables_which
accounts for the largest possible proportion of ﬁhe total

- variation, the second, and further components.are similarly,

the weighted combinations of the original variables which

~
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are uncorrelated with all of the previous components, and
~representing the next largest portion of the remaining
variance ( Anderson, 1958 and Morrison, 1967 ).

The general model in the analysis was:

/

,PCj=a1jZ1+a2jZZ+...+aann (j=1v,2,...,n)

Y
§]

z
&

\

Where PC; is the ;th principal component of the observed
veriables 2y, Z22,++.., Z,, and a:j, 82j,..., @an; are the
elements of chaﬁacteristic vector -(weighting coefficients).

Each component may be given a descriptive name to
suﬁmarise'the'majof variation and signs of the coefficients
'in it. The anount of variance for each componentbis
designated as an Eigenvélue (X;) and the sum of Eigenvaiues
(ZX;) represents an estimate of the cotal variance. The
ratio of x//zx glves an estimate of the variance explained
by each P incipal component

Step w1se multlple regre551on was used to predict FPI
from prlnc1pal component scores derléed from pr1nc1pal
component analy51s. Principal component scores were analyzed

&

by least sguares analysis of variance ( Harvey, 1975 ).
Duncan's-multiple range test ( Steel and Torrie, 1980 ) was
é&

used to test for 51gn1f1cant differences between means.



130

RESULTS

5gjqure V.1 fat partitioning indices are illustrated
j 7ﬁbA d type. Regardless of breed Eype; as TSF
increa;ed F?I increased. Moreover, the rate of incfeaée in
this irdex was more rapid in HE than 1in éY and DM, and at
all levels of fatness studied SY and DM had lower FPI's than
HE.

Principal éomponents analysis ( no rotation ) of fat
depots by breed type is presented in Table V.1, Irrespective

of breegatype the first prinéipal component (PC,) was .

;1ponent accounted for 89, 91, and 95% of the
>“e'6riginai variables in HE, SY and DM,
:g; Since this componentvhad high loadings on‘all
%‘{aepots,;it_can.bé interpreted as a size or

findex'. The second principal component (PC.) in DM

¥ft contrasted (SCF and IMF) and CCF, while in DM it
ed SCF and (IMF and CCF). These compénents-were not
ed withFPCf..The third princfﬁal component PC; in HE
.and SY ccntraéted SCF with the other fat depots, thle in DM

it contr

gted IMF with ( SCF and CCF). PC, accounted for the

remaini{ iation in the fat depots. PC, in DM and PC; 1in

normal cuttle can be termed 'multivariate fat partitioning

indices (MVFPI)'. HE varied more in PC, and PC, and less in

PC, (fatness) than the other breed types. When the analysis

w
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was done for éach breed ignoring breed type the same trend
~was found. -

'The correlation coefficients between the ,th original

" variable and the jth.‘compo'nent scores are preéénted in Table
V.2. These correlations were computed after varimax
rotation. PC, was highiy correlated with CCF ( r=0.824j

N

54; P < 0.01 ); PC, was highly correlated with IMF ( |
r=0.808, N=54; P <}0.01 ), and PC; was highly correlated
with SCF ( r=0.686, N=54; P < 0.01 ).

FathpartitiOhing Qndex (FPI) was highly correlated with
PC; (MVFPI) ( overall, r=.920, N=54; pooled within group,
r=.849; N=51; 5M, r=,993, N=18; P f 0.0t1, Table 2 ).

In Taglé V.3 fegressioh of FPI on principal component
scoreﬁfgre présented. PC3 alone accounted for 84.6% of the
variation in'Fél. The R? progressed from .846, to .969, to
.999 as the orthogonal PC,, PC, and PC, were added. The
‘standard error of the estimate decreased frpm .063 to .006.
In Table V.3 also, are presented a corresponéfhé‘anélysis
predicting FPI from the‘origiﬁal.fa£ depots. Subcutapeous
fat was predominant on FPI, in fhat it accounted for:81% of
the variation,

Least squares analyses of variance of principal
componen{ scores of pooled data indicated that there were
highly significant differences among breed types for all the
cémponents ( untaﬁdlated). The mean of each component score
vector was”ze;o anq the standard deviation was 1.0 (pooled

data). Least squares means for principal component scores
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Table V.2, Correlation Coefficients between Principal - i

Components and Fat Depots and Fat Parﬁé;ioning Index (FPI).

- PC, PC,  PC,
SCF o 0.505%%  0.524%%  0.686%%
P 0.426% 0.648%x% 0.520%%
IMF 0 0.436%  0.808%x © 0.396% '

' P 0.428% 0.880%% 0.205%
. CCF - 0 0.824%% = 0.423%%  0.378%#*

, P - 0.813xx  0.559%% 0,100
FPI 0 0.350%x 0.172 0.920%*
p 0.114. = 0.193 . 0.849%x*

0 = Overall; P = Pooled within group. ’
* The symbols are defined in the text.
* P < 0.05. *x P < 0.01.,"

i
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Table V.3. Regression Analysis for Predicting Fat
Partitioning Index

Al 4

Independent Standard
. Variable* R? Error b
Overall
PC, 0.846 0.063 0.146
" PC,, PC, 0.969 0.028 0.056 °
PC,, PC,, PC, _ 0.999 0.006 0.027
Constant . ) - =0.212
Hereford
PC, 0.992 0.008 0.083
~ PCs;, PC, 0.995 0.006 0.005
PC,, PC,, PC, 0.998 0.005 0.004
Constant . \ . -0.065
Beef‘Synthetic
PC, 0.839 - 0.063 0.139
PC,;, PC, 0.968 0.029 0.055
PC;, PC,, PC, 0.999 0.003 . 0.027
Constant - =0.,292
. .
Double Muscled
"PC, ~0.985 0.015 0.119
: PCz_, PC3 ‘, Oo999 - 0.001 - _0.015
PC,, PC,, PC; 0.999 0.001 -0.0002
Constant’ ‘ ~0.278
Overall
SCF 0.806 0.071 1.003
SCF, IMF - : 0.976 0.025 - -0.782
SCF, IMF, CCF : 0.999 0.006 -0.226
Constant . -0.230

* The symbols are defined in the text.
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for each breed type are presentéd in Table V.4. HE tended to
"have higher PC, and.PC, scores than either SY or DM. DM
tended to have a lower PC, score than HE and SY which did
not differ significantly from each other. In Figure V.2 are
1llustrated pibts bf the first and second component scores

for each breed type.
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Table V.4. Least Square Means for Component Scores by Breed
~Type ,‘ -

~

4 Beef Double
~ - Hereford Synthetic Muscled

. \ ’ N

PC, - 0.521a ~0.637b 0.116a 1
PC, © 0.065a 0.427a -0.491b
PC, 0.802a ’~0.381b -0.421b

' The symbols are defined in the Text.
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DISCUSSION

Lister (1980) concluded that fat, partitioning indices

WP
were associated with total fat in the carcass and with
‘genotype of the animal. Wood L1982) pointed out that fat
partitioning between carcass fat and abdominal fat is not
influenced by maﬁure size but rather by breed itself; In
Chapter I it was found that QE had morevtotgl'fat aﬁd more
fat in each depoté‘than eithér SY or DM. In fhe present
Chapter, breed types differed‘in fat partitioning, with HE
having a hiéher F?I than -.either SY or DM. Also, it was found
as fattening progfessed FPI increased. These results arevin
.general.agreement with Callow (1948) and Truécott'et al.
(1983). Thus, if FPI is to be uséd to characterize bfeed
differences, corrections have to be employed'for differences
in fatnessﬂ Principéi componenté analysis offer the s
: experimentér a means to derive indices which are independent
of fatnESSvas noted by Tfuscdtt et al. (1983).

In the present stﬁdy the girst~component iﬁ all bréed
types had high positive loading§ on the fhree fat depots.
'The similar signs of the‘coefficients implies that all fat
dépot were increasing together. The first component in DM
accounted fér a»larg;r pféportion of variance than in HE and
SY. It should be mentioned that, the proportion of Qariance .
explained by any component is influenced by the ‘degree of
correlation among the original variables. The higher the
correlation, the greater the amount of variance which can be

explaihed_by that component. If there are perfect
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correlations.among theloriginal variables, the first
principal component will explain all the variance. Thus, the
relatinely high proportion of variance accounted for by PC,
in DM was due to tﬁa relatively high cortelations among fat
depots Unlike PC,, Péz‘and PC; in DM explained much less ofj
th& varxance than in the other breed types (HE and SY). DM/
showed more variance in fatness and less in fat | |
partltlonlng - |

In DM, the seconé principal component was de51gnated a
multlvarlate’fat partltlonlng.lndex’ whlle 1n HE and SY, the
third pr1nc1pa1 component was the multlvarlate fat
partltlonlng index. The multivariate fat partltlonlng index
in the present study differed from that of Truscott et al.
(1983) in that it contrasted SCF with IMF and CCF, as
opposed to carcass (SCF and IMF) with intta-abdominal depots
for those authers, | o

Since prlnclpal component scores were uncorrelated it
was of interest to use them in multlﬁle regression analy51s
to predict FPI.VWhen this was done it was found that the
third component (MVFPI) accounted for approximately 85% of
the variance. These data‘fndicatéd that FPI can be predicted
with a high degree of accuracy from MVFPI and supports the
use of MVFPI as a measure of fat partitioning. MVFPI'has'the
advantage over FPI of being ind%pandent of fatness which
agrees with Truscott et al. (1983) who reported that at 20
months of age the FPI was strongly oorrelated with the MVFPI

( r=-.95: N=28 ),
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In the present study HE had highér MVFPI than SY and DM
\\w»mw_YhiCh supports the assumption that the fatter breed type
tended to have a_higher fat partitioning inaex than the
‘leaner ones. Even after the effect of fatness had been
7removed, there were‘stili differences among breed types 1in
fat paftiﬁioning which would suggest that fat partitioning’ _
among the depots is a breed speciﬁic_trait and not only >
related to total fat or mature size which agrees yith |
Truscott ét al. (1983). Similarly, Gérn (1955) studied
humané and reported that relative fat gatterning is a stable
or individual characteristic ( may be genetically determiﬁed
) in contrast to fatness.

In summary, as fattening proceeded, fat pértiﬁioﬁing
index { SCF/(IMF+CCF) } increaséd, with HE having a higher
fatvpartioninihg indéx_than either SY or DM. Principal
component analyses were applied to derive "an index of fat.
partitioning independent of . fatness. After the effectrofv
fatness had been removea HE still had a higher multivariate
fat'partitioning index than either SY or DM, which would
suggest that fat partitioning among the depots is a breed

specific trait even after the effects of fatness or mature

size are removed.



VI. GROWTH AND DISTRIBUTION OF BONE WEIGHT IN DOUBLE:MUSCLED

AND NORMAL CATTLE

» ABSTRACT
Eighteen Double Mhscled (DM), 18 Beef Synthetic (sY)
and 18 Hereford (HE) bulls, serially slaughtered from
approximately 250 to 800 kg live weight, were used to
determine the influence of 'ggﬁble Muscling' and maturity
type on bone growth patterns and distribﬁtion. : |
| Relative to total side bone (TSB), breed types ﬁended
to have similar growth,coefficients for all bones orwbone
groups except the vertebral column where HE tended tg havevé
<;/”higher/gpowth coefficiént than either SY or DM. As TSB
increased the proportion'qfvbone,in scapula, costae, |
vertebrée lumbal;s and os coxae increased €"b~> 1 ;P < 0.05 .
), the proportion _of bone in humerus, fédius et ulné, tibia, =
cérpus and.atlas decreased ( b < 1 ; P < 0.05) and the
proportion of boneé'in vertebrae cervicales with atlaé,
vertebrae thoracicae,‘sternum and femur remained relatively
constant ( b = 1 ; P> 0.05 ). The appendicular skeleton’
followed an increasing disto-proximal growth gradient,
whereas the vertebrae followed an increasing cranio-caudal
gradient.
Compared with the more normalkbreed types, adjusted to

N : _ .
the same TSB, DM had proportionately less bone weight in the

A

" proximal hindlimb and total long bones, but they had

proportionately more bone weight in costae and sternum. The
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hypodevelopment of bones in the muscular hypertrophied
animals followed a disto-proximal gradient which was most

pronounced in the proximal pelvic limb

INTRODUCTIOﬁ ‘

Quantitative'growth and development of bone is known
for various species., The effect of'breed sex, slaughter‘
weight and rate ofugrowth on bone growth has been
described Increased muscling in cattle and the most extreme
’example Double Muscling, results in a relative decrease in
the skeleton ( Vissac, 1973 and Chapter 1 ). Howevery the
reduction in bone{is not the same for all parts of the
skeleton as shown by Dumont (1982). '

Although the influenceuot 'Double\Muscling' on bone
~distribution has been described at fixed live weights and
ages,'because.of paucity of animals and absence of serial
slaughter little information is available on relative or
differential growth gatterns of the parts of the skeleton of
these unique genotypes Therefore this study was de51gned to
1nvest1gate the consequences of Double Muscling on bone |
growth patterns and distributlon as- well as on

~interrelationships among skelétal constituents.

S e
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MATERIALS AND METHODS
Details of the animals, and of their feeding regimen,
management and- dissection procedure were described in |
Chapter I.”The weight of bones in the axial skeleton,
forelimb and hindlimb were recorded. The axial skeleton‘
included the following bones: vértebrae‘lumbales) vertebrae

thOracicae,vertebrgxhcepyicales, costae ( ribs ) and

“ sternum. The forelimb ( pectoral or thoracic limb )

included: Scapﬁla, humerus, radius et ulna and carpus. The
Hindlimb ( pglvic limb ) included: Os coxae, femur,‘§étella,
tibia et fipulé, and ossa tarsi ( tarsus ). The sum of the
weight of the humerus;.:adius et ulna, femur and'tibia’was
used as 'total fong‘bone‘weight' and the sum of all 
vertebrae was used as 'total vertebra weight'., The sum of
the weight of individual bones-was used as the wéi§ht_of
'total side bone' (TSB). Eigufe VI.1 shows.range and méan

fof TSB for each breegftype.
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Figure VI.J.vRange,and“mean’of total gide bone weight for

each breed type.




égf E 146

The data were analyzed by one way analysis of

STATISTICAL ANALYSIS

covariance ( Snedecor and Cochrah; 1967 ), according to the

following model:

10g Y1, = Ao + G, + b log Xy + (Gb ), log Xi; + e,

where:
. . _ . :
Yi; =.weight (g) of individual bone of the i jth animal;
Ao = the intercept; ’
Gi' = :ixeq effect of the th bre$d.tfpe;
Xij = total weight (g) of the total side bone of the ;;th
animal |
b = régréssiOn coefficient of.Y on X;
(Gb),; = interaction effect (breed x regréssidnbcoefficient),
and
e;ror'assumed to be NID (10, o%e ).

o
"

Individual breed type regfessidn,coefficiénts were
computed and compared éﬁd in cases wheré the differe ceé
‘among slopes w;re-not 51gn1f1cant (P>0. 05}) theligﬁmon
'regre531on coeff1c1ent was used for adjustment. Howevef 1f
the differences among slopes were’ 51gn1f1cant, adjusted
vmeans were computed u51ng the approprlate breed group
regresslon but nqt statlstlcally tested for significance.
_Duncan's‘mﬁitiple rangé test ( Steel and Torrie, .1980') was

used to test for 51gn1f1cant dlfferences among adjusted |

means.

o~
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RESULTS

In Table VI.1 are presented unadjusted means and
stqndard deQiations foF weights of individual bones, bone
groups and total side. bone (TSB).

Thefe vere nO'significanf differences among breed types
inbregresséon of individual bones and bone éroups, except
for total vertebrae, on TéB ( Table VI.2 ). As TSB increased
the proportion of bone in scapula, costae, vertebrae. |
lumbales,, and Os coxae increased ( b > 1 ; P < 0.05), the
proportion of bone 1in ﬁumerus, radius et ulna, tibia,
cérpus, and atlas decreased ( b < 1 ; P-< 0.05 ), and the
lproportion of bones in vertebrae cervicales with atlas,
vertebpae thoracicae; sternum, and femUr remained relatively
Eonstanti( b=1;PpP>0.05). The DM bulis had higher
relative growth rate coefficients for scapula and femur than
eiﬁher HE or SY bulls ( P > 0.05 ). Relative to TSB, fhe HE
bulls had a higher growth rate for total vertebrae than did
fﬁe SY and DM bulls ( P < 0.05 ). The SY bulls had a ﬁon ’
significantly higher relative growth rate for Os coxae than
did the bulls in the other breed types. The apparently
‘ higher growth rate for femur.in DM or Os.coxae in SY was. not
associated with larger proportions of these bones in those
breed types. |

At é common TSB there were significant differences
among breed types’ih'bone weight of ééapula, sternum, Os
coxae,’femur; costae and total long bones. Double Muscled

bulls had significantly less bone in femur than either HE or
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SY ( Figure VI.2 ); they Qére significantly less than HE for
Os coxae ( Figufe Vl.g ) and significantly greater than HE
for sternum but did not differ from SY for this boﬁe. The DM
bulls had significantly‘less bone in the total long bones |
but more bone in costae than SY, but did not differ from HE'
in this respect., There were no diffefences (P >0.05)
among breed types in the weight of humerus, radius et glna,
atlas, Qertebrae cervicales and thoracicae, patelia, tibia,
tarsus or vertebrae lumbales. | |

Since growth coefficieﬁts for total vertebrae differed
significantly among breed types, estimates of weights of
total vertebrae at 12 and 22 kg of'TSB,.were calculated
using individual»breed regressions. At 12 kg TSB, DM bulls
had 14% more and 3% less‘bone in total vertebrae, while at
22 kg TSB, DM had 4% less and 2% more than HE and SY buils,
respectively.

Table VI.3 gives the ratios of bone weights of DM bulls
to HE and SY bulls derived from unadju§€éd, eans and méans
adjusted to same TSB and TSM (total side muscle ). At the.
same TSB, DM bulls showed 7 and 11% hypotrophy for the
femur, 4 and 8% for the Os coxae, and 2 and 3% for the
patella, whereas they showed 2 and 4%\hypertrophy for
~vertebrae lumbales, 0 and 3% for vertebrae thoracicae, 2 and
6% for costae and 7 and 17% for the sternum., The effect of
'Double Muscling' on the rest of the skeleton was not
consistent, since the DM was similar in percentage to one or;

the other breeds in all cases. All individual bones, or bone
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groups in DM bulls ShOWed h&potrophy when comparison vas
made at the same total muscle or when unadjusted means were
' used, whereas when comparison was made at the same TSB; some‘
bones showed hypertrophy ( Figure VI.4 ), others éhowed
effher hypotrophy, or were not significantly different from
normal, |
The pooled within group phenotypic correlation matrix
as well as the 1nd1v1dual within breed phenotyplc
correlatlon matrix for individual bones of fore and hind .
llmb are presented in Table VI.4. The upper off-diagonal
Nelement; were eomputed from the\weight of individual'bones,
while the lower off-diaqonal elements were computed;from
individual bones as a percentage of TSB. In HE the highest
correlation coefficient ( r=0.925 ) was“ound between femur
and tieia%, and the lowest ( r=-0.289 ) was between humerus
and Os coxae%. In SY the highest correlation ( r=0.724 ) was
found»betyeen femur% and 'radius et ulna%, while the lowest (
r=-0.659 ) was between Os coxae% and humerus%. In DM the
highest correlation (r=0.823 ) was found between humerusy
and raé&us ef ulna¥%, while the lewest (‘r=-0.727) was
between femur% and tibii%.\lt is interesting to note that
IQithin DM, the femur% was positively correlated with Os
coxae% and scapula%, while in the normal ( HE,SY ) cattle
femur% and®0s COXae%Aan&/scapuia% were negatively
correlated. 1
In Table VI.5 growth relationships of selected

individual bones are examined .by analysis of covariance.

¢
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Legend
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LONG BONES

Figure VI.4. Comparative bone development in Double Miscled
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a differential effect on the relative growth

v

ulna, Os Lokae and the tibia than did the bulls in the other:

 breed types. There were differences among breed types in the

regressions of the radius et ulna relative to tibia ( P <
A .

0.05 ). No significant differences were found among breed
groups in the regressions of radius et ulna on humerus and
of scapula on Os coxae. As the humerus increased the
proportion of bone in the radius et ulna decreased ( b-< 1 ;
P < 0.05 ) while as Os coxae increased the proportion of
bone in the scapula remained relatively constant ( b = 1 : p

> 0.05 ). v
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DISCUSSION
Bone Growth Patterns

Each tissue in the body performs certain specialized

@

functions. Bones serve as anchorages for the attachment of
skeletal muscles, provide a framework for the softer tissues

and give protection to certain delicate or important

1

structures in the body and with muscles and tendon provide a

‘means of locomotion ( Wasserman, 1977 ). Bones are sites for

\

manufacture of the red blood cells ( or'erythroéytes ) of |

the body. Bone growth rate reflects the structural _.“A {’X,
requiremeﬁts of the maturing animal and in the adult, its
internal conformation can change in response to new
mechanical stresses and strains ( Waséérman,\1977 ).

Breed typesbdid‘not)differ significahtly in the
~relative growth rate of each bone or bone groups excépt the
vertebrai column. Somewhat similar findings have been
repofted by ‘Berg et al._(1978)jandeo§bs et al. (1978). The
homoééneity of the growth coeffi ientsvfér each‘indiVidUal

-

bone and bone group invz€; present—study, implies there is
- ‘ , v S _
no differential effect of the genotype on the relative

growth of these bonés{'Thus any differences among adjusted
means reflect bréed'type»differences established earlier in

development than the start of the present experiment or the

lack of sensitivity of ‘the statistical test used. %
Hammond (1932) suggested the theofy of growth A

gradients. According to his theory, the,growth of the axial

skeleton.folldws anterio4posterior, while the growth of
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limbs follow disto-proximal gradieqts} He showed that the

cranium is the earliest maturing part in the axial skeleton,
: ‘ ! : "
while the metacarpus and metatarsals are the earliest >

maturing parts in the fore and hind limb and the costae are .

the latest maturing bones of the skeleton as a who& . Iff the
N P .
ptesent study, the common growth coeff1c1ent§ of th%

. appendlcular skeleton oﬁ/fore and and hind limb, relatlve to
s
total 51de bone reveaTed an 1ncrea51ng disto- prox1mal and

L~

those of the veftebrae revealed an 1ncrea51ng cranlo caudal
gradlent in ageement w1th Hammond's theory. Dav1es (1975)

‘ - worklng with pigs, had 51m11ar flndlngs, but Jones et al

\

(1978) and R1chmond et al. (1979) had results at’varlanoe

with Hammond's theory, since the anterlo posterior or _ \
. ‘ » . ¥ \
'distO*proximal gtadients were not'ev1dent The late maturaty
|-
of bones in the prOXLmal peIV1c and proxlmal thorac1c limbs

v

reflect‘changes in function Wlth maturlty of the. animal, "
. : 4 : oy
while the late maturity of costae'refleet»increased weight\
4 \

support requ1rment of the thoracic and abdom1nal reglons \
Results are often not consistent among spec1es and |
among reports. The 1ncon51stancy m1ght be due .to dlfferences
in the wvay. the welght i's dlstrlbuted the maturity of
.tanlmals studied, the raqge %f slaughter welghts of the
experiment the startlng welghts or in dlfferencesfln
_dissection technlques. Var1at10n4might be contributed hy
}inaccuracfés ih'splittingigertebrae during halving_the__
carcass‘especiallyrin the‘eervical region. If should be:
mentioned ‘that. the values of é@owth ceefficients_depend'upon

N a . ‘ ‘Vi'}f'
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the range of slaughter weights and the stage of maturity,
and the number of observations; thevsmaller number of
observations, the larger the variation expected in the
resulté and the larger will be the standard error of the
estimate. In order to make precise or meaningful
interpfetatioﬁs fér growth coefficients, it is desirable to
-have véry low standard errors.

In Table VI.6 growgh coefficients from the literature .
for various species are summarized as greater than ( > ),
1e§s than ( < ) or equal to unity. In the present study
vertebrae luﬁbales (VL).ﬁad high or.ave;age growth
coefficients, while vertebrée thbrééicae.(VT) gﬁd vertebrae
cervicales (VC) grew proportional to total bone. Other
reports and other species show generally similar results for
vertebrae.lumbales and vertebrae théracicae, but results for
vertebrae cervicéles were a little more inconsistant with |
most reports for species othef than cattle showing highef
gro&th coefficients. Shahin ( unpublished ) found all
vertebrae groups of buffalo to have.growth coefficients

\W\¥g§eater than 1 ( b=1.27 + 0.02 for vertebraeélumbales,
b=}.24 + 0.04 for vertebrae thoraéicae, b=1.09 + 0.03 for
'Qertebrae cérvicales ). With vertebrae lumbales generally
haviﬁg higﬁef growth coefficiehts than other vertebrae

grbups in cattle,‘fhe antero-posterior graéﬁent of the axial
ékeleton is in agreement with Hammond's theory.

The'growth coefficient of costae seems to be high in

most species with a few reports indicating an average



162

-
_ 1Sl BSSO = LO ‘Bingly 12 eiqip = g
PEX0D $Q = DO ‘Buin 2 snipey = Y 'S9BIAAIZ) 3RIGAIIA = DA ‘9EDIIBION]  JBIGIIIA = A ‘SOIBQWINTT JBIQIIIAA = A e
- (9L61) o 12 soma - f.frl;Iifl?!i:{‘JJ‘,J,E "< 1 > < 3qqey
4 sy -p
(8L61) 1P 15 ueypig > > ) > g > > > < < < I < soursop dadyg
BIpUE]
(UB61) v 12 saaeq I < I I I 1 < X auym 981
(6,L61) 10 12 puowyory > | < > 1 1 > I I [ < < 1 < paxiy
(SL6T) sameq > i I > > I < uenatg sdig
(paysyqndun) umeys > > [ > < > > I < 1 < < < < o[ejng
’ (8L61) '/ 12 ssuof > > > > < > > > < I < > 1 1 paxIW
(8L61) v 12 313g > > 1 > > ._ 1 < PIXIN
(Leet) "o 1asdway > > 1 I > > 1 I < I < paxip
(8961) qounp » ¥23qass > > 1 > g I 1 > I 1 I 1 I 1 - snduy .
Apmis quasslgy | > > I < > > > < 1 < I 1< uowwo)
dpmis wesayy 1 > > 1 1 > > > < I <. I T < papsnp siquog
) Apmis qussald 1 > > > < 1 > > 1 ! 1 I I 1 2nayqiudg jaeg
) ipmis juasary | > > > 1 > > > i T 1 1 < pI0jol1oy ED
. SDUIRJAY L0 AL ElRIEd  1nwag HO sndie) Dz_ saiawnpy -r.:‘&u&oWi ._.,=::u.m oryﬁou JA IATA PRy Mg

quirjput}y

pue ipmg jiasargy ay;

woly saadg snouey

quijai04

sU013[3YS [BIxYy

oI T oy qeaby 10 (<) uEW) IHBAD (>) ueyy SSIT ST PANSSHD S0 yimorn

amsINy g
‘9°IA diqElL



163

coefficient. The sternum grew proportional to total bone (
b=1 ) for all species from all reports. Although there are
differences in the magnitude of growth coefficients reported
for the limb bones, most reports for aii'species indicate
disto-proximal gradients. Ekceptiohs are the patella in some
studies and the ossa tarsi in the éresent study.

Since the effect of 'Double Muscling' is mainly on the
- limb bones, an examination was undértaken to see what
morphological changes had occurred and the interrelationship
among limb bones as a consequence of selection forﬂﬁuscling.
In the DM, the correlation between femur and tibia was
negative 1in spite of the fact that théy are in the same
limb. When growth rates of selected bones relative to the
femur were examined, a -differential effect was found with DM
bulls having a lower relative growth rate for the radiﬁs et
ulna, the humerué, Os coxae and the tibia than did the bulls
in the other breed types. Thus the covariance analysis of
bones relative to the femur provided additional evidence of
the influence of 'Double Muscling' on relative bone growth?
The differences in the size and shape‘of some bones in the
proximal pelvic limb in the muscular hypégfrophied animal
could be a cqgrelated response to the increasing load they
have to bear. | .
Bone Weight Distribution

When cbmparing breed types one must consider.

differences in their size and maturity, because as Hammond

(1932) pointed out, early maturing breeds are characterized
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by greater development of the Os coxae, vertebrae lumbales,
costae, and uUpper parts of the limbs, whereas the large,
late maturing breeds are characterized by'tﬁé greater
development of their limbs as compared to the later maturing

bones ( vertebrae lumbales, costae, scapula, os coxae ).

—

Also he showed that the early maturing breeds have a thicker
femur than the late maturing. In the present study compared
with HE, DM tended to have more of their bone in the
sternum, but less in Os coxae and femur, but compared with
SY, DM tended to have more of their bone in cbstae énd the
scapula, but lets En fhe_femur and total long bones. On the
other hand, compared with HE, SY tended to have more of
their bone in total long;bones, but less in the scapula and

Os coxae. From these observations, HE was earlier maturlng

than e1ther SY or DM. Assuming that costae are late g
developing bones, “the dlfferences betw;en DM and SY reflect
dlfferences in the stage of maturity, DM being skeletally
more mature when compared at the same total bone weight,
Chapters I, II and 1V provided evidence of the late maturity
of Double Muscled as compared with eifber HE or SY in teras
of éarcass Composition, fat and muscle development.

In chapter II it was found with 'the same animals as iﬁ<
the present study that compared with DM, SY had
| proportionately less muscle in the‘agdominal wall and in
i pectoral gi%dle and shouldervand elbow. These findings and
those of the present study on. costae and scapula, provide an

anatomical explanation of similarities in muscle angd bone
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diétribution. Alsq, 1t may be argued that the relatively
heavier costae in bM could be due to compensatory
hypeftrophy. This is becausg in DM there is a reduction in
muscles associated with respifation, and the increasing
physiological demands fot respiratioﬁ led to hypertrbphy of
costae. Seebeck;(1973) founq that Africandeﬁ cross steers
had heavier costae than Brahman crosses. Truscott et al.
(1976) found that Friééiahs had Iess~bbne in the thoracic
region than Angus érosses. Berg et al. ??978) found that at
same total bone weight Hereford-sired bulls ( early maturing
) tended to have more of their bone‘weight in vertebrae |
thoracicae and vertebraerlumbales whereas the Chianina;
Charolais or Romagnola sired bulls ( late maturing breeds )
were heavier in thé hind sﬁank.

As was mentioned earlier breed tybes differed
significantly in the relative growth.rate of total vertebrae
which implies that the aéjusted means of this group of bones
are condifional'on the weight of total béne. At lighter -
weights of total bone, DM had more weight of ﬁhe vertebral
columnlthan HE, but at heavier weights of total bone, HE wés
heavier. In chapter II using the same animals as in the
present study found that muscles surrounding the‘spinal
column behave in the same way. These similarities in muscle
and bone distribution in back and loin might iﬁply‘
functional peculiarities between breed types.

DM had prbportionately larger sternum than HE, but did

not differ from SY in this respect. It is not known whether
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this difference is related to excessive subcutaneous fat in
‘this area ( i.e. subcutaneous fat accumulating at the

P

expense of sternum in HE), or to special breed : IS

]

characteristics peculiar to DM or to other factors. Jones et

)
LAl

al. (1978) found thatlaf tﬁe same total bone, Charolaié
_crossbreds had 8% heavier sternum than British beef types (
P > 0.05 ). Hammond (1932) reported that the late maturing
breeas of sheep have a longer stérnum‘than tﬁe earlier

| matﬁrihg breeds.

Studies have shoﬁn'that comparedrwith ﬁorma;, at the °
same live weight or carcass wéight,-DM had lighter limb.
Bones..ﬁowever, there is little available informa;ion in the
literature’regarding the effect of 'Doubie'MuscliEQ; on
axial skeleton é@&élopmeht. In the prééent Study at the same
total muscle, companedfwith the more normal breed types,
there was:general but not uniform bone hypotfophy; beihg 
greater in proximal limb bones and iower in distal limb
bones. However, when comparisons wefe made at the same total
bone, there was differéntial hypotrophy in/different‘parts
Of the skeleton. 'Dodbleiguscling' had a éreater,hypotroéhic
effect on. bones of the hindlimb than the forelimb. Along the
limbs hypotrophy followed a disto-proximal gradient iR
agreement with observations of Vissac (1968); Hanset and
‘Ansay (i972),and Ansay and Hahset (1979). It may be argued
“that the relétively lower ‘proportion of bone in the proximal

hindlimb in DM, might be related to rapid growth rate of

muscle in this area rather than to thre maglfunctioning of
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endocrine glands. On the axial skeleton Boyaijean et al.
| _(1971) showed that hypodevelopment of bones seemed to follow
an antero-posterior gradient, similar to the preseht study
whep-comparisons were madé at the same total.muscle.

- In summary, relative to total side bone, DM did not
differ from the more normal breed types in the growth rate
in}all bone§ or bone groups‘except»thoserf the‘verfebra;

*

column. At the same total side bgne, comparefl with thé more
normal breed typé,'in DM carcasses there\were shifts in bone
weight distribution towards tﬁe thoracic region. DM had
propor%iohately less bone in the proximal hindlimb. There

was general but not uniform bone’hypoterhy when'compariigps

were made atytha same total muscle; but when compar;éons

were made at the same total side bone, there was

_differential and localized bone hypotrophy and the

‘ hypoaevelopmeht of bones in the muscular hypertrophiéd

"animals followed‘F disto-proximal gradient which was most

pronounced in the proximal pelvic limb.
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VII., INFLUENCE OF BONE éROWTH ON MUSCLE GROWTH AND
BONE-MUSCLE RELATIONSHIPS IN DOﬁBLE MUSCLED AND NORMAL
CATTLE
~ ABSTRACT

Eighteen each of Double Muscled (DM), Beef. Synthetic
(SY)‘and Hereford (HE) bulls, Serially.siaughtered from
approximately 250 to 800 kg live weight, were used to
determine the inflﬁence of bone growth én muscle grohth and
muscle bone relationships in Dhuble Muscled and normal breed
types. ‘

Relative to totai‘sidé hone (TSB), DM had significantly
higher growth rate for muscles’in the ‘all areas which
exhlblted grass muscular hypertrophy, i.e. proximal hlndllmb
and proxlmal forelimb. The superlor muscl1ng 1: DM animals
is manifested primarly by generallzed.1ncrease in reg1onal
muscle g;owth relative to bohg.wThe pooled within-group
coefficient of variation ( a component of var{fnce which is
not‘being explained by the regreséion of muscle groups on
bone ) ranged from 10 to 19%.‘These relatively high
coefficents suggest that there are other factors which
influence muscle growth relétive fo bone growth or phat
muscle growth is somewhat independent of bone growth and
makes suspect the bellef that animals must possess large
bone in order to produce large muscles,

At equal bone‘weight in the same anatomical region DM

;‘l
’ i

 had significantly higher proportions of muscle in the
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-proximal parts of both limbs, back and loin and expensive
regions of the carcass when compared witﬁ the more normal
breed types.

The superiofity of the DM bulls over normal in
muscle:bone ratios was most pronounced in the proximal
hindiimb, and least proﬁounced in the distal fofelimb and_
distal hindiimb. The hyperdevelopment of muscle and the:
hypodevelopment ofwbone or the increase‘of muscle:bone
ratios in the musculér hypertrbphied anihals followed a -

disto-proximal gradient alohg the limbs.

INTRODUCTION

Cattlé ménifesting heavy or 'Double Muscling' show,
relative to normay éattle, an increése in muscular tissue, a |,
decrease in the skeleton and ékhigher muscle:bone ratio. In
Chapters I, Il and VI, I have shown that the relative
hypertrdphy of‘muscles and the relative hypgtrophy of bdngs
are not the same for all parts of the muscular tissue or of
the skeleton. | ! 2

Many breeders believe that animals must possess‘l;rge
bones in order to produce large muscles. Nathusfﬂs‘aé cited
by Hammond (1932f suggested that the tissues derived from
‘the same embryonic layer are correlated in their devélopment
and since muscular tissue and bone are derived from the same -
embryonic layer ( i.e. mesoderm ), the growth of muscle and

bone would be corfe&atéd.'According to Hammond (1932)%bone

size and shape ( dimensions ) are the true determinators of
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& : _
the size and shape of muscle rather than vice versa. He
also, showed that.the degree of development of an individual .

bone affects the &¥ze of the attached muscles, a more hlghly

developed bone having larger égéles attached to it.
Tulloh and Romberg (1963) suggested that the dimensions

of the long bones in the leg are affected by the weight they

“support. Stewart (1972) suggested that the development of

bone and‘muscle weight night not be indep%ndent and that

muscle development follows bone development rather than the

reverse, | | |
Butterfield (1966b) did not agree with the proposition

" .
that animals must possess large bones in order to produce

large muscles.'Arguing this hypothesis from a functional

point of view, he claimed the'functional necessity for such:

a relationship does not appear to have been establlshed and

it seems doutful if it does exist. Butterfield (1976)

: clalmed there is little evidence of’any constant relation

between bone weight and muscle welght He based his opinion

»

on hlS observation of the Double Muscled animal where very
heayy muscle can be grown on light bone.‘ T

“Although the superiority of‘DM for nuscle'bone ratio
and differential proportlonlng of muscle over ‘the body has . »
heen well established, there is little 1nformat1on on '
muscle:bone ratiosvand growth relationships of muscle and
bone in different anatomical regions. Tbe present study was

designed to assess the influence of bone growth on muscle

‘growth and bone-muscle relationships in Double Muscled and..
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more normal cattle,

MATERIALS AND METHODS

Details of the animals, and of theif feeding regimen,
| management and dissection procedure were described in
Chapter I, A dés&}iption of muscle groups was given in
Chapter 1I1I. | |

The weights of bones-in the‘axiél and-appehdicular
ékeleton were groupea-based.on their anatomical location:
P+F ( pelvis and femur ), proximal hindlimg; tibia, distal‘
hindlimb; LUMTHV ( lumbaf + thoracic vertebrae ), back and

-

ibin; S+H ( sCapﬁié“aHﬁ“Bpmerus ), proximal forelimb and

N

radius et ulna, distal forelimb. The sum of pelvis, femur,

~lumbar and thoracic vert?Lrae (PFLUMTHV) were used as total
bones in G,, and the sum of bone in Gio plus scapula and

humerus were uséd'as total bones in G,,;. The sum ofathe
N

- individual bones was used as total-side bone (TSB). The

ratios of muscle groups to bones in the same region were

'lcalcu;ated and used as.indices of muscle:bone relationshibé.

3
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STATISTICAL ANALYSIS : | ‘

" The data were analyzed by one way analysis of

" covariance ( Snedecor and Cochran, 1967 ), accoraing to the,

following model. A

IOg Yi\j = Ao + G, + b }OQX'J + ( Gb ), ]og Xij + ey,

-

where:
Yij' = weight (g) of a specific muscle group of the i ith
animal; ° |
- Ao = the intercept; |
G = fixed effect of»thé ;fh'breed group;
*Xi; = total weight (é) of the total side bone or weight of

wassociatéd bones of:the i jth animal;

b ;-regression coefficient of Y on X;
(Gb); = interactions effect (breed x regreséion coefficient)
€i; = érror, assumed to be NID ( 0, o%e ).

Individual breed group regression coefficients were
computéd and compared and in_cases where the difference.
'émong slopes"was not signifieant_( P > 0.05 ) the common
regression coefficient was used for adjustment. However if
the diﬁﬁerence among slopes was significant, édjusted means
were computed using the appropriaté breed §rqup'regressiqn"
bit not §tatistically/testéd for sYgnficance. Duncan's
mulﬁiple range test‘£.Steel and Torrie, 1980 ) was used to

test the significant differences~betﬁeen adjusted means.
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RESULTS

In Table VII.! are presented the analyses of covariance

. . . B
for muscle groups regressed on TSB No significant breed

type differences were found in the regressions of muscle -
groups G2, Ga, Gs, G7 and Gg. At the same TSB,there were’
significant differences among breed tyoes (P <0.01) in
adjusted‘muscle weight in G@,*Gg, Gs, G; and Gg. DM.had more
muscle in G;, G and G7 than ‘both.HE and SY which did not
differ from each other in this respect However, for muscle
in Gq all breed types differed 51gn1ficantly -
Breed type had a differential effect on the relatiye:
growth rate of'mhscle“relative to TSB‘in G,, Gu,:Gg, Ge; Gio
- and G1, ( between slopes'were significant ). Relative to'
TSB, the DM bulls had a higher growth rate in all above j

»
mentioned muscle groups than did the HE and SY~bulls,

N

Coefficients of variation ( CV% ) of muscle group# when

adjusted to TSB ranged- from 9 6~ 18 7% ( Table 1 ); the

'lowest coeffiCients were found in the early maturing muscle

groups of the distal limbs while the highest coeffiCients

were found in the late maturing muscle groups (_i.e.‘Gq, Gg,&L?ﬂ

. ) - ‘:ﬁf\v.’-.‘.
Gy and Gs ). | R ;ﬂ L e

Analysis of covariance.( Table VII.2 ) showed no

Significant differences between breed types in the

regreSSions of all muscle groups on the assoc1ated bones in
[

- the same anatomical. region As* P+F increased the relative
amount of muscle in G1vremained relatively:constant (b % 1
op > 0.05‘%; as tibia increased the relative amount of -

\

-\ .

&
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muscle ihG2 remained relatively constant ( b = 1 ; P> 0.05
); as LUMTHV increased the relative amount of muscle in G,

decreased ( b < 1 ; P < 0.05 ); as S+H increased the

relative amount of muscle in G; increased (‘b > 1 ; P <0.05

) and as radius et ulna increased the relative amount of
muscle in Gg remained felati&ely constant ( b = 1 7 p > 0.05
).

At standard bone weights in the respective regions, DM

e .

exceeded HE and SY in muscle weight in G,, G5, Gs, G5,~G1o 

and Gy, ( Table VII.2 ). At the same LUMTHV, DM bulls were

significantly greater than HE for m&che in G, blit did not

~

~differ from SY in this respect.

In Table VII.3 aré'presented muscle:bone ratios in
different anatomicéi‘regiohs in HE, SY.and DM. Within a
breed type, muscléﬁb%ne ratio varied with anatomical region,
generally it tended to be high.in the thicker parts of the

carcass i.e. G, and Gs and it tended to be low in the distal

parts of both limbs. DM had higher muscle:bone ratios in all

anatomical fegions. Superiority of DM in muscle:bqne ratio
over HE and SY, respectively was most pronounced ih\the
proximal'hindlimb ( 24 and 35% )'followed by the pgoxgmal
forelimb ( 17 and 25% ), thofax to forelimb ( 22% ) and back
and loin ( 10 and 20% ). Less hypertrophy was found for the

distal forelimb ( 5 and 11% ) and least for the distal

|

hindlimb ( 3% ),



177

"MSa By 0zz v .

‘QUL1SJO4 |BWIXOUd pUR ULO| PpuE 3oBQ ‘qWi|puty rewidouy

s "Uiol pue deQ puB qQW}|pPUlYy |ewLxodd
‘ "AtentLioadsad ‘AS pue 3dH 40 Oiieud suoqQ:a|osnw AQ pPapLALD WG 30 Otieu BuCqQ:&| DSNKW .,

. ‘uotBau aAiLiosdsaug ayl ui auoq |enbs 03 paisn{pe siybBiam dnoub aLosnNW .

(A T 9€ | ‘ \m.h ) 09 £°g - ¢9PLIS le3jol

61} . 8T} ! 89 LS - ,m.m . :uo1Bay aArsuadxy

(oY AN} oE"1 €L L9 9°g i ) (U0 163y @A }suadxy

S04 r—.—. bz o'z 671 . . quyladog peysig

Lb ‘ sZ'4  s°g LY vy Quil |3J04 ewixXodd
oL "} ONJ— g°'g 0'g w.v . S " U107 pue >oeg

€0} €0} Z°€ L E (9> . qQutpUiH Le3sig

vZ'i - 8E°) v'8 89 . £°9 ~ qQu! |PUlH [ew!lxoud

AS/KWa IH/KWA Wa AS 3aH

++Solyed AydodjuadAy

+Ol3ed BUOY:B|OSNKW

sdnouy pasug Aq soijey AydouyuaadAl pue soijey auog:alasnW £ IIA.aL1Qey



DISCUSSION

"§ince muscular growth is assumed by many workers to be
dependent on bone growth’it was of interest to éee tb what
‘ ~extent this supposition is true. Results of the present
study showed that,”relatiQe to total bOne}.breea“types
differed,signifiéantly in the éroﬁth raté of muscles iﬁl
afeas thch exh{bited* ross muscular hypertrophy ( i.e.
muscleslof the proximél\limbs ) with DM havihg higher growth

rate than the more normal breed types. Figure VII.1 -

illustrates the increase ofﬁmuscles in the proximal hindlimb

with increasing bone by breed type. In DM, growth
coefficients for mUSCIe groups otherlthan thosé'of the
distal limbs indicated that muscle_increéséd in weighf at a
proportionately fagter rate t?an béne, while in HE and SYV
Eﬁey increased in.pfdportion fo bone. It 5ecomes fairly
clear that superiof muscling in DM éHimals is manifested
pr}marly by the préportiOnatély greatér'growth rafe%of
muskle in those énatomical regions whiéh contained large
proportions of muscle to bone compared to those anatomical
regions which contained relatively smalllproportiong'of

| muécle to bone. |

gross muscular hypertrophy were the same as those which
showed bone hypotrophy ( Hanset and Ansay, 1972 and the
present study ). In Chapter VI it was found that the effect

of the "Double Muscling' on .bone growth and distribution was

mainly in the limb, and the hypodevelopment of bones in the

Studies have shown that in DM the regions which exhibit -

AN
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VII.I.
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- TOTAL SIDE BONE (Kg)

N

Increases of muscles in the proximal hindlimb

1

with increasing total. bone 1in three groups

- of young bulls.
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muscular hypertrophied animals folloued a disto-proximal
gradlent Whlch was most pronounced in the proximal hlndllmb
( femur and Os coxae ). The hyperdeyelopment of muscle and
the hypodevelopment of bone in the same region lead some |
'workers ( Berg and Butterfield, 1876 ) to believe that‘the
growth Of'muscle is independent of that of bone. It may be
argued that the relatively lower proportion of bone in the
proximal hindlimb in DM mlght be relateé to rapid growth
rate of musc le in this area ( i.e. to some extent excessive
" muscle growth in this anatomical region may interefere with .
gréwth of Sone rather than reflecting weightfbearing ).
However, the differences between DM and the’ more normal
breed types oould be related to difference;'in»the centres
of .gravity and weight distribution. Wise (1970) with poultry
reported that increased stress on bones might arise as a
a_ﬂmus_fi_sevg§wli,0f LDCIEBSADQ_Skeletal_loadlng‘or as-a- gesﬁgt.egmw.”_wm,hr
‘21 alteratlons in the. normal pattern- of body weight—- R
‘dlstrlbutlon |
L <
In the present stgﬁy the pooled Wlthln group
coeff1c1ent of variation ( a component of variance which is
not be1 g explalned by the regreSS1on of muscle gréups on
total side bone ) ranged from 10“to 19% These relatlvely
h1gh coefficents suggest that there are other factors wh1ch
mlght have 1nfluence on muscle growth relative to bone
growth or that muscle growth is somewhat independent of bone
growth. This agrees with the concept of Butterfield (1976)

e

# and makes suspect the belief that animals must possess large
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‘bones in order to produce large muscles.

Hammond (1932) pointed out that the growth of musoles'
varied w1th agé and he suggested that these varlatlons in
growth m1ght be due to changes in thewrelatlve p01nts of
attachment as a consequence of differential rate of growth
in the bone and to alteratlon in the relatlve proportlons
and angles of bones. Also, he has shown muscle. length to be
earlier maturlng than muscle thlckness or wldth also
studies have shown that bone weight or dimensions are
earlier maturlng than muscle\we1ght and dimensions.

Stewart (1972) suggested that 1n early stages of

~development, increases in bones length produce increases 1n‘

4

-passive ten51on on muscles or in other words in early stages

of developement pa551ve tens1on is the principal factor in

stimulating muscle growth while in post—natal ghases of

;gtowth;activeftension is the more important factor. Berg and

+ N

Butterfield (1976) concluded that in the ante-natal phase of
growth, differential muscle growth is probahly stimulated by

passive tension from skeletal elongation, while in the

. ’ Va 7
immediate post-natal, pre-pubertal and adolescent phases

functional demand imposed on muscle is the most important

»

factor stimulating muscle growth. | 4

In order to find”to what‘extagg\thevrelation between

~._

1

increases in muscle and bone weight in specific regions are

I

dependent or ifidependent, bone weight was used as a

covariate. "Breed types did not differ significantly in.

Lo R *
growth rate of m. semimembranosus and m. semitendinosus

- ’ ! - . \
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relative to that of femur and m. infﬁaspﬂnatus and m.

SupFaspinatus relative to scapula ( not tabulated ). At the

same femur welght DM had s1gn1f1cantly heavier welight for m.

jsemlmembﬁanosus and at the saye scapula weight DM had

significantly heavier weight for m. Infﬁasplnatus than the
more normal breed types ( Fioures VII.Z'and VII.3 7;Ain the
previous report it was found that DM had significantly ,
lighter femur weight than either HE or SY, but yet thby haa‘
heawier weight for m. Sémimembrénosus and m. semitendinosus.

It is clear that muscle development does not follow the

\*‘aevelOpment of the bone:it surrounds. - It would appear that

/

muscles of the muscular hypertrophied anlmals had increased
it welght without proportionate increase of bones. It seems
that orowth of muscle length follows that of bone wh1ch is
attached to or around it. However, once bone has reached its
mature 51ze and d1mens1ons (i.e, growth of bone nearly
ceased ), growth of muscle size and'dimensions might he
indeoendent of that of bone and continue with facters other
than bone growth having more stimulating effects on muscle
growth.

In chapter 2 lt was found that at‘the same total side
muscle, there was differential musculat hypertrophy. In the
present study at the same total'bone, there was general but
not uniform muscular hypertrophy, being greater in~proximal
limbs and lower in distal limbs.

Aﬁreeds selected for thickness or for draft usage

generally have higher muscle:bone ratios than those selected



183

¢ 3 3
. o X |
6.94 2 | N :
& 6.4
-~
b’ ! -
5.9
X |
'.g .
S 5.4
o
8 494
g 49
)
, § 4.4
£ 3.9- .
S .
m ’
:ﬁ 3.4
2.9 .
Legend
24 DOUBLE MUSCLED
. HEREFORD
1 L T T T
0.8 1.3 1.8 2.3 2.8

Fermmur (Kg)

Figure VIIL.2. Relationship between weights of

m. semimembranosus and femur in three

....... AL asmrirr Rad1T A ¥



184 -

. 8
. 3
. R !
- .
} a
L 4 .
. 2.9-
. | »*
e v‘
&, "
2.4
(7]
S
-~
.B
RS
& 1.9+
H !
&
LS >
N 1.4 v
0.9 B ‘ - Legend.
. DOUBLE MUSCLED
HEREFORD
T T T V
06 08 1 1.2 4.4
Scapula (Kg)
Figure VII. 3. Relaiioﬁship between weights of r

m. infraspinatus and scapula in

three gfoups of young bulls.



185

for dairy characteristics ( Berg and Butterfield, 1976 ).

P -
Studies have shown that compared with normal cattle, DM have °

higher muscle:bone ;ataos. In normal -cattle mgscle:béne, )
ratio seldom exceedsl5:1;‘5ﬁt‘in DM it often exceebs 7:1°
reaching as high -as 9:1 in extreme cases. Similar to results
of Hanset and Ansay (1972), in the present study,
irreépective of breed type, muscle:bone ratioS'@e}e highest
in thenproximal'parts of the fore ana hind "1imbs ana were
lowest im the'distal parts of ‘both limbs and the differences
between breeds in mqscle:bdne ratiés were most pronounced in
the proximal parts af hing and .fore limbs and were least

. , _ , .

pronounced in the distal hindlimbs (Figures*VII-4 and VII.,5

). The 35% higher muscle:bone ratio in the proximal hindlimb

]

shown by DM in the present study is similar to that reported -

pe

by Boccard and Dumont (1974). DM in 5he present study were

13

also similar to DM Charolais ovaOCCard and Dumont (1974)
' BN o

w

«

with hypertrophy qﬁ/11% and 25% for muscle:bone“ratio in the

distal forelimb and proximal forelimb, repectively. It is.
.very clear ‘that the hiéher muscle : bone ratios in DM ‘
carcasses is ascribed to é'regional as well as a generaL
difference in tissue dé§e10pmeﬁf.

: in summary, relative to total side bone, DM differed
signifiéantly from the more notmal breed types in the growth
rate of muscles in alt regions which exhibited ~ross
muscular hypertrophy; The superior muscling in DM animals is
maniﬁested primarly by generalized incréase in éegional

muscle growth relative to bone. At equal bone weight in the
' )

-

4
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Same anatom}cal region, DM had significantly higher\

proportions of muscle in the prox1mal parts of both limbs,
back and 101n and expensive regions of the carcass when
compared to the more normal breed types. Ih the muscular
hypertrophled animals, the reglons which showed gross
muscular hypertrophy were the same as those whlch showed
bone hypotrophy. Consequently muscle:bone ratios were most
visible in these regions, ;hlch would suggest . that muscles‘
1n these animals had increased in weight without
proportlonate increase of bones and makes suspect the

bellef that animals must possess Iarge bones in order to

produce large muscles.
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N SYNTHESIS

Céttle exhibiting extreme muscular appearance express
what is known as 'Double Muscling' or muscular hypertrophy
which is a;genetically controlled character and is quite
variable in phenotypic expression. This phenomenon is
' charactefized by spectacular\bulging cohformation most
visible in the caudal part of the proximal hindlimb and inl
the brachium where muscles appear extremely ehlagéed; It
presents a very interesting model for growth and development'
of cafcass tissues particularly of muscles.

Eighteen Double Muscled (DM), 18 Beef Synthetic (SY)
and 18 Hereford (HE) bulls seriélly slaughtered from
approximately 250 to 800 kg live weight were used iB this
study. \ -

The first study ( Chapter I ) was désigned to
inveétigate the influence of 'Double Muscling' compared to
more normal breed types, on growth patterns of carcass
tissues and on carcass composition and to develop methods to
identify the 'Double Muscling' condition by application of
the discri?inant analysis technique. It was found that,
relative to carcass weight .and total bone, DM had much
‘ higher'gfowth rates for total muscle than either HE or SY.
DM was characterized by a higﬂmusgle:live weight ratio, a
high proportion of muscle in the carcass, high muscle:bone
and muscle:fat ratios and a low proportion of fat compared

to more normal genotypes. 'Double Muscling' boosted

muscle:bone ratio by 22 and 36 per cent compared to SY and
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HE respectively. ,
Objective criteria to digcriminate between HE and DM were
subcutaneous fat, muscle:ane and muscle:intermuscular fat
ratios, and between SY and DM were TSB and muscle:bone
ratio.

The second study ( Chapter II ) was undertaken to
examine the influence of 'Double Muscling' and maturity type
on the relative growth patterns and distribution of h
anatomically defined muscle groups during growth and
.development. Relative to total side muscle, DM did n6£
differ from the.fore normal breed types in the rate of
muscle deposition in all muscle groips except those
surroundihg the spiqal column, At thé séme total sige
muscle, in DM carcasses there were shifts‘in muscle‘weight
distribution towards the more fleshy, expensive muscf%s. DM
had proﬁgrtionétély less muscle weight in.the distal parts
of both limbs, and in neck muscles. Differences were morgl
~pronounced when comparisons were made at-.the same dissected
side weighf than when compariso;gﬂwere made at the same
total side mu;;le. This is a reflection of the generally
higher proportion of muscle in the carcasses of DM's
compared to moré normal »reed types ‘as shown in Chapter i.
Muscular hypertrophy revealed an increasing
disto-proximal gradieng{along the limb. The hyperdevelopment
of the large superficial muscles of‘thg proximal parf

(thigh) and the hypodevelopment of the distal part in the

hindlimb gives the DM animal the typical 'bottle thigh'
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appeatence.

In Chapter 111 growthfpatterns and distribution of
ind%vidual muscle weights of.DMfs are examined and compared
- with more normal breed fypes.‘Breed tybes differed
significantly in the relative growth rate of § of the 95
muscles and in édjusted mean weights of.33 of the;95
muscles. Compared with more normal breed, types,lDM had quite
different muscle weight d1str1but10n In DM carcasses there

were shifts in muscle weight dlstrlbutlon towards the more

-

fleshy, luxury, multidimensional thick muscles. DM had
proportionately less muscle weight in the diseal'muscles of
both limbs, deep muscles, and neck.museles. MUchlar
hypertrophy tended to increase from inner to outﬁr muscle
layers. Also, fat depots hyoptrophy tended to increase from
inner to outer depots (i.e. subcutaneous fat hypotrophied
more than otheg depots Chapter v ). The lack of
subcutaneous fat especially over the hindquarter along w1th
excessive muscular development in this area is respon51ble
for the externally visible grooves on intermuscula; septa,

In the preSent study ;Double Muscling' had a greater
hypertrophic effect on those muscles that crossed more than
one joint than on those that crossed only one joint.
However, it should be mentloned that muscles with a high
proportion of red fibers usually unite adjacent segments of
the limb, while muscles with a high proportion of white
fibers often pass over one or more joint,
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In the proximal hindlimb, the lateral and medial thigh
muscles were better developed in DM, while theAcranial'thigh\
muscles were poorly developed in DM-as compared with the *
more normal breédvtypes; The relat{vely leSiFr development
of the ttanial thigh muscles could be related to a smaller
femur in DM. It.should-be mentioned that of the cranial
thigh muscles m. quadrfceps femonis-is the most powerful
extensor of the stifle joint; if this muscle is | \
non-functional the limb collapses. This Sﬁbports the
contention of Ol}ver and Cartwright (1968) "that Double
Muscllng was detrimental to range cattle, because it
~affected the animal’ s ab111ty to walk long distances.

Compared with the more nprmal breed types DM had
proportlonately less weight in the muscles assoc1ated with
respiration ( i.e.\mm. intercostales inte/;/;)i et extemi ),
but at the same time, they had proportionately more bone
weight in the ribs. It may be argued that the relatively
heav1er r1bs in ‘DM could be due to compensatory hypertrophy,
&1nce in DM there is a reduct1on in mu5c1es assoc1ated with
respiration, and the 1nctea51ng phy51olog1c§% demands for
respiration led to hypertrophy of ribs.

% Chapter IV was undertaken to determine the 1nfluence of -
maturlty type and 'Double Muscling' in cattle, on the

fattening patterns, fat partitioning among the depots and
distribution of fat thtoughout the carcass as gro;th and

development proceeds. Relative to total fat, DM did not!

differ significantly from the other maturity types in growtgﬁ

E]
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rates of subcutaneous fat, intermuscular fat and carcass
cavity fat, but relative to fat percent ih the side DM .
tended to have much lower growth rates for subcutaneoué fat
and carcass cavity fat. At equal  total side fat, HE tended
/
- to partition more of their fat .to the schutaheous dépot,
whereas DM and SY tended td partition more}of théir fat Eo o
the intefmuécular and carcass cévity fat depots. Relative fg
HE, DM followed late developlng fat partitioning patterns.
In Chapter V as fattenlng proceeded fat partltlonlng
index { subcutaneous fat/( 1ntermuscular fat + carcass cav1ty
fat ) } increased, with HE hav1ng a higher fat partlonlnlng
index than either‘SY'orbDM. Principalkcompbnent anélyses
were applied to derive an index of fatlpartitioning‘

independent of fatness. After the effect of fatness had been

removed HE still had the higher multivariate fat

\

partitioning ihdex than either SY or DM, which would sUgéest
that fat partitioning among the depots is breed specific
even after either fatness or mature size influences are
removed. | |

Chapter VI was desiéned to i vestigateithé consequencés
‘of 'Double Muscling' on bone growth patterné and |
distribUtioh as'well as on inter eléQiohships among skeletal
conétituents. Relative to total side %one} breéd types
tended to havg similar growth coefficients for all bone or
bone groups except the vertebral column where HE tended to

‘have a higher growth coefficiént than either SY or DM. At

the same total side bone, compared with the moye normal
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A Y

breed types, in DM carcasses there were shifts in bone -
weigﬁt distribution towards the thoracic region. DM had
proportionately less bone in the proximal hindlimb.‘There
was general but kot uniform bone hypotrophy when comparisons

were made at the same total muscle weight, but when

comparisonS’were made at the same total side bone weight,
" i
there was differential and locallzed bone hypotrophy and the:

~hypodevelopment of bones in the mu5cular hypertrophled Q
animals followed~a disto-proximal gradient which was most
pfonounced in the pelvic‘limb.

| Chapter VII was designed to assess the influence of

bone growth on nuscle growth and bone-muscle relationships

3

in Double Musclgd and more normal cattle, Relative to total
side bone, DM differed significantly from the Eore'normal |
breed types in the gréwth rate of muspies in all areas which
ekhibited gross muscular hypertrophy. The Superior muscling
in DM animals is manifestedygrimarly by generaliZéd ihcrease
in regional muscle growth relative to bone. At equal bone
weight in the same angtomical'region‘ DM had 51gn1f1cantly
hlgher proportlons of muscle in the prox1q,l parts of both
limbs, bacg and 101n and expensive regions of the carcass
Qheq compared to the hore normal breeégtypes. In the
muscular hfperfrophied animals, the areas which showéd gross
ﬁuscular hypertrophy were the same as those which showed
bone hypotrophy. Cohsequently muscle:bone,ratio differences

were most marked in these regions, which would suggest that

muscles in these animals had increased- in weight without

8
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proportionate increase of bones, and makes suspect the
bgliéf that animals must possess large bone in order to
produce large muscles.

\// General 6bservations from Chaptegs\II,Aand VI inaicate
/that at lighter weighﬁs of total bone, DM had more weight 6f
tWe vertebral column fhan HE, but at heavier Weights‘of
total bone, HE was heavier. Interestingly,‘muscles
surrounding the spinal column beﬁaQE in the same way;-These

e .

similarities in muscle and bone distribution in back and

~

loin might implyvfunctional peculiarities among breed types.
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) RETROSPE\é‘*f‘ AND PROSPECT
.Grading System
Unﬁér the current Canada grading system e#tremely lean

carcasses are bénalized ( downéraded to B of C or E,
Appendiggs 2 and 3\). It is apparent that grading tends to
give a‘gremium to t%e relatively fattler carcasses whﬁéh is
associated with relatively lower proportion of mugéle but
higher proportion of fat. Similarly Kieffer and Cartwright
(1980) reported that the redatively lower fat proportion in
the DM animals prevents the carcass from grading in the
choice and:.prime USDA grgdes];IfVDouble Muscled cattle arej
to be intfpduted into t%e beef industry) then, a special
graderénd cutting system is ne®ded for heavy $uscling
carcasses, -’

Calving Difficultfes

. Each segment of Eheubeef ipdustry has its own
particular reqﬁifements} the bugcher wants the maximum of
muscle and the'minimum of bone in the carcass, while the .
breeder must avoid an animal with too much muscle and too

- fine bone because of the poor overall fitness and’increasing
~ calving difficulties agsociated'with these traits (
Lauvérgne et'ai., ﬁ963; Vissac et al., 1973; Mckellar and
ouhayoun, 1973; Hahset and Jaudrain, 4979 ). ) -

In some countries i.e. Ita}yL Bélgium ;nd France,

Double Muscled cattle are sought after by sectors of the

“‘beef industry, but in the North‘America they are avoided.

. . . .f.
One of the limiting factors in the propagation of Double
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Muscled cattle is calvingdifficulty. To Utilize the
advantages of 'Double Muscling', we will have to.select
spaﬁialized lipes,'some for terminal cfossing ( slaughter
“aniééis\lj while for breeding females we will have to select
for calving ease or against calving difficulties. Double
Muscled sires may be used on mature small cows which are
known to calve easily. If we accomplish that, we will retain
the advantgges of 'Double Muscling' while at the same time

¥+

avoiding its major drawback. LR
l

¥
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APPENDIX I

COMPUTATION OF DISCRIMINANT FUNCTION
' Vector
of
Within groups covariance Weighting mean
matrix (dispersion) coefficients differences
— T r ; o e e
Wiy W2 Cees | Wia a, d}
W2,y W. W2, a; d,
wn1 an w}ﬁn an dn
or in matrix hotationv
Wa‘= d (N

The véctor a can be obtained by premulfiplication of both
sides by W'

a =W'd (2)

Where W' is the inverse of the within—group
variance—covariance‘('dispersioh ) matriXiand d

1s the vector of mean differences..

Standarized canonical digcrimiﬁant fﬁnctioh coeff}cients
can be obtained by multipling each caéffiéient by thé
standard deviation of the particular‘variable to which

the weightAis applied.
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Legend
KX BONE %
= FAT 7
W MUSCLE %

GRADE

)

Grades and percentage of carcass
composition.

Appendix 2.
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