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ABSTRACT 

The influence of sex on muscle , fat  and bone growth from b ir th to  

maturity was investigated by complete d issection of a half carcass of 

18  female and 2 1  male Jersey cat tle . In addition , the cellular 

growth of f ive muscles : mm .  rhomboideus, splenius, longissimus 

capitis, longissimus and semitendinosus, and of three fat depots : 

subcu taneous ,  intermuscular and perirenal , was examined . Transverse 

sections of the five muscles were stained for myosin adenosine 

triphosphat ase (ATPase ) act ivity . 

Muscle development ,  especially in the forequarter , is greater in 

males than in f emale s .  In males , the allometric growth of the n( �k 

mus cles , mm .  rhomboideus, spZenius and longissimus capitis, relative 

to total muscle weight , was in two phases with two s ignif icantly 

different regression slopes , which describe the growth be tter than 

a s ingle regress ion equation . The second phase had a s ignif icantly 

higher regression coefficien t .  I n  contrast , the growth o f  the neck 

muscles In females , and the growth of mm. longissimus and semiter�inosus 

in both males and females� could be described satisfactorily by a 

single regression equation� 

The transverse sectional area of whole muscle and the mean fibre area , 

which was determined in fresh frozen s ec t ions, enabled the e s t imation 

of  total f ibre number in each o f  the f ive muscles . Fibre number did 

not change significantly during growth . Males had about double the 
number of f ibres as compared with females ; 

functional differences be tween sexes were reflected in the difference 

in number and the rate of lncrease in size of myos in ATPase high fibres. 

These  results support the concept that sexual dimorphism of overall  

muscle growth and muscle distribution in all species ,  is  attributa�le 

to differences in prenatal development of fibre number , which 

determines the potential of a muscle to grow. 

Differences in fat growth between sexes were due to  the overall 

rate  of fat deposition ; the order of  partitioning was in general 
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similar between sexes . The allometric growth of the three fat depots 

rela t ive to total side fat shows that in both sexes , subcutaneous 

fat was the fastest growing , intermu scular was intermediate ,  and 

perirenal was slowest. Between sexes , the growth ratio s of  all three 

depot s  were higher in females than in males ;  a significant d ifference 

was observed for subcutaneous fat . 

De terminat ion of total lipid content of  each depot,and lipid content 

of an adipocyte , allowed estimation of adipocyte number . Adipose 

t is sue growth in all three depots  of both sexes is characterised 

by a greater increase in the size of adipocytes than an increase in 

their number . However , the increase in size of ad ipocyte.s did not 

explain differences in the rate of  fat growth between sexes and I . 

between depots� The rate of increase in adipocyte number was higher 

in females than in males for all three depot s; the order of the 

rate 0f increase in number parallels the order of the growth ratios 

of  the fat depot s. Thus sex differences in the rate of fat growth 

can be attributed to differences in the rate of increase in the 

numb�c of adipocytes. 

Sex differences in bone weight distribut ion were small . In both 

sexe s ,  there \oJas a proximodistal gr>.dient of decreas ing growth in 

the limb s ;  craniocaudally,  there was a fluctuating growth grad ient 

in the vertebrae , ' and an increasing gradient in the rib s. Growth 

ratios of individual bones sugges t  a fas ter developing forequarter 

in males than in female s ;  the forel imb may be more important  for 

propulsion in males than in females . 

External and internal pelvic measurement s indicate differences 

in shape between sexes . From this  model , it was suggested that 

problems of dystocia may ar ise when female adaptive changes in the 

ver ticQl.plane do no t occur postnatally . 
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1.0 INTRODUCTION 

Males and females differ in their rate, range and quality of 

growth . In meat production, the quality of growth is judged by 

a grading system which assesses the suitability of a carcass 

1 

for a particular market. The influence of sex on carcass composition 

and �u�lity (Preston and Willis, 1974), is recognised in the New 

Zealand beef export grading system which has three separate 

. classifications for bulls, cows, and s�eers and heifers (New 

Zealand Heat Producers Board, 1975). Thus the sex of an animal 

is a relevant consideration in animal production. 

The influence of sex on carcass compositicn has been investi0�ted 

in cattle (BrHnn�ng, 1966, 1971; Berg and Mukhoty, 1970; Mukhoty 

and Berg, 1971, 197 3, 1974; Bergstr�m, . 1978; Jones, Price and 

Berg, 1980), sheep (Fourie, Kirton and Jury, 1970; Lohse, 197?; 

Jury, Fourie and Kirton, 1977) and pigs (Fowler, Taylor and 

Livingstone, 1969; Hansson, Lundstr�m and Malmfors, 1975; 

Davies, Pearson and Carr, 19 80). These studies have compare] and 

described the growth patterns of muscle, fat and bone of different 

sexes, but have not provided an underlying mechanism to account 

for any differences observed. The functional explanation given 

for the growth of neck and abdominal muscles (Berg and Butterfield, 

1976) answers the question 'why?' but does not answer the question 

'hOtv?' In order to elucidate the mechanism, the biological 

aspects of growth must be investigated. 

Growth is achieved by a change in cell number and/or size. Through 

the process of cell differentiation and secretion of extracellular 

substances, different tissues are produced. The carcass 

composition of an animal at birth is therefore the result of 

antenatal cell growth and differentiation. In animal producti0n, 

the number and size of muscle, fat and bone cells anu the extent 

to which these cells multiply postnatally, determines the potential 

of an animal to grow and also the carcass composition of the 

animal at any stage of its growth. Carcass composition is the 

manifestation of complex genetic and environmental factors 



inte�acting on cells. Therefore, a study of cellular growth should 

provide a better understanding of growth patterns, especially if 

investigated in combinatiun with a growth study, using a total, 

carcass dissection method (Walker, 1961; Butterfield, 1964a) . 

This thesis examines the cellular growth of certain muscles and 

fat depots in conjunction with the carcass development of male and 

female 'cattle, from birth to maturity. Males and females were 

co�pared because. the effects of sex are best demonstrated in animals 

with clear cut gen6type and phenotype. Castrated males are omitted 

as they do not represent a true sex, having a genotype of a male and 

a phenotype simil�r to a female. Inclusion of castrates would 

demonstrate the effects of castration rather than of sex • 

. / 
The time-independent allometric equdtion, y = a.xb (Huxley, 1924, 

1932), where. b is the differential growth ratio, has been used to 

study carcass composition (Elsley, McDonald and Fowler, 1964; Tulloh, 

1964; Butterfield and Berg, 1966a, b; Seebeck, 1967, 1973a, b; 

Seebec.,< and Tulloh, 1968a, .b; Fourie et aZ� 1970; Mukhoty and Berg, 

1971, 1973; Davies, 1974a,b; Jury et aZ� 1977). This empirical 

equation recognises the multiplicative nature of growth (Huxley, 

1932; l1edawar, 1950). It is especially useful in its logarithmic 

form of log y = a + b log x because in this linear form it allows 

comparison of b values (Seebeck, 1968). Statistically a double 

logarithmic regression, is used here to show the effects of sex 0n 

the change in tissue and cellular proportions over a complete 

range of postnatal growth. 

Sex differences in external appearance between adults are more 

evident in cattle than in shee'p or pigs. Of the cattle breeds, 

Jerseys subjectively show this differen�e particularly well. The 

change in shape of a calf at birth to sexually dimorphic adults at 

maturity is simulated by Cartesian transformation (Thompson, 19 17) 

in Fig 1. The neck region is especially dimorphosed and this is 

associated with differences in muscle weight distribution between 

sexes (Mukhoty and Berg, 197 1, 1973; Bergstrom, 1978). The recent 

results of Bergstrtlm (1978) indicated which neck muscles are 

2 
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Jury et al� 1977), deer (G . Y. Tan and P F .  Fennessy, unpublished) 

3 

and castrated cattle (Br�nn�ng, 1971) indicated that mm .  rhomboideus, 

spZenius and longissimus capitis et atlantis are muscles affected 

by sex, semitendinosus are unaffected. 

In.this experiment, the overall growth of carcass muscles was 

studied, but special attention was given to these five muscles. 

Also, m. Zongissimus capitis was dissected singly and not as 

m. longissimus capitis et atl.antis� as both muscles are separable 

( Smu t; s , 1 976) • 

The relative growth of muscles does not necessarily show constant 

allometry (Butterfield and Berg, 1966a, Lohse, Moss and Butterfield, 

1971; Lohse, 1973; Jury et al� 1977; Bergstr�m, 197 8). Biologically, 

a change in allometry signifies a change in the internal 

environment of the animal (Bertalanffy, 1960). In this study, 

examination for breaks in the allometric growth of the five musclrg 

may demonstrate a difference in internal environment between the 

bull and the cow; some or all of the difference may be due to the 



effect of sex on cellular growth. An estimation of cellular content 

is therefore relevant to the understanding of the growth of these 

muscles. The present work attempts to relate differences in muscle 

fibre number and rate of increase in fibre size with differences in 

muscle growth between sexes. The use of the myosin adenosine 

triphosphatase (ATPase) histochemical technique provides further 

information on any functional differences (Davies and Gunn, 1972) 

in these muscles between males and females. 

4 

The growth of fat varies between regions in the body (Callow, 19 48; 

1962; Seebeck and Tulloh, 1968a; Johnson, Butterfield and Pryor, 1972; 

Kempster, Cuthbertson and Harrington, 1976; Kempster, Avis and Smith, 

1976; Berg, Anderson and Liboriussen, J.978c) and is influenced by the 

number and growth potential of adipocytes present in each region. 

Disse.ctible fat is the visible product of lipid accumulation in 

substantial numbers of adipocytes. The appearance of dissectible 

fat must arise from pockets of cells representing centres of growth. 

As such, subcutaneous fat originates from various centres which expand 

and encroach on one another, as the animal becomes fatter. It was 

necessary to identify these centres, using anatomical landmarks, 

before each could be dissected and the growth changes in the 

distribution of subcu�aneous fat determined. There has been no 

previous anatomical description of the development of subcutaneous 

fat growth centres over the entire carcass surface for any species. 

Sex differences in fat deposition has been investigated in heifers 

and bulls (Berg et aZ, 1979; Jones, Price and Berg, 1980). However 

differences in cellular growth of fat between males and females have 

not been studied in meat animals. Meat animal studies (cattZe,: 

Hood and Allen, 1973; Sch�n. 1978. Truscott, Wood and Denny. 19 80; 

sheep: Haugebak, Hedrick and Asplund. 1974; Hood and Thornton, 1979; 

Broad, Davies ano Tan. 19 80; pigs: Lee, Kauffman and Grummer. 1973a,b) 

have been limited to comparisons of fat cellularity between fat depots, 

and at the same bodyweight or age. Lemonnier (19 7 1. 1972) has shown 

that male and female rats differ in adipocyte number and size; 

Sj�st:bm et aZ. ( 1972) and Krotkiewski et aZ. (1975) have demonstrated 

regional differences in adipose cellularity in biopsy samples fron 



men and women. In the present study, samples representing 

subcutaneous, intermusc1llar. and perirenal fat depots are estimated 

for adipocyte number and size. The relative importance of 

increasing adipocyte number and size with increasing fatness was 

examined for each depot and sex. 

It is expected that any sex effect on the muscular system will 

also affect the skeletal system. Jones, Price and Berg ( 1 978 )  

did not demonstrate a sex difference on the growth of individual 

bones relative to total bone. The present study, however uses a 

single breed, covers a wider postnatal growth range and studies 

individual vertebrae and ribs. In this way any sex differences 

in growth gradjents, craniocauda1ly. along the vertebral �olumn 

and ribs, could be demonstrated. Linear measurements of bones, 

in particular those of the pelvis, are investigated for sexual 

dimorphism. 
.' 

In summary, the present study attempts new �indings on cattle growth. 

1 .  It investigates changes in tissue distribution in cows and 

bulls from birth to maturity in a single breed. 

2. It combines studies of gross anatomical and cellular growth 

of muscle·and fat. 

3.  It examines the cellular growth patterns of muscles known 

to be sexually dimorphic. 

4 .  It assesses the functional differences between sexes in 

those muscles using a relevant histochemical technique. 

5 

5. It identifies the location of subcutaneous fat growth centres. 

6 ,  It examines the cellular growth patterns in samples from 

subcutaneous, intermuscular and perirenal fat depots and 

compares these patterns between sexes. 

7. It studies the growth gradients in limbs and axial skeletons 

of both sexes. 

8. It compares the growth changes in bone dimensions and in 

particular the pelvic dimensions between sexes. 

An abstract on the work on muscle growth has been published as 

Tan and Davies ( 1 980).  



2.0 MATERIALS AND. METHODS 

2.1 NUMBER OF CATTLE AND SOURCES OF ANIMALS 

Between May 1 9 7 7  rlOctober 1978 , thirty-nine Jersey cattle were 

slaughtered at various weight s to cover a logarithmic weight range 

f rom b irth to mat urity ;  these included twenty-one males ranging 

from 20 to 673  kg l iveweight and nineteen females ranging from 20 
to 414  kg l ivewe ight . The individual livewe ight s are given in 

Appendices 4 and 5 .  

Animals were ob tained from pasture based farms within a 25 km radiu s 

of Palmers ton Nqrth , New Zealand . Of these animals , twelve of each 

sex were from a dairy herd belonging to Massey Univers ity  and four 

males were from the Artif icial Breeding Centre at Awahuri . All 

animaL: were in good condit ion on ante-mortem inspection . Since the 

author had n control  over the environment of the animal s ,  this study 

compares the growth of body component s  relat ive to each o ther , rather 

than lheir time rate.of growth . 

2.2 LINEAR MEASUREMENTS 

Immediately prior to slaughter , the following linear measurements were 

carried out on the animals ,  using a �ape measure . 

1 .  Crown-rump = from the intercornual protuberance o f  the 

skull  to the sacrococcygeal j o int 

2 .  Minimum neck circumference 

6 

3 .  Height at withers = the highest point of  the thorac ic region 

4 .  Width between tuber coxae 

5 .  Width between tuber ischii 

These measurements  are given in Appendices 4 and 5 • .  

2.3 SLAUGHTER PROCEDURE AND DIVISION OF THE CARCASS  

Except for  unweaned calves which we!e slaughtered on the day of  

delivery , all animals  were starved overnight in a pen with readily 

available water prior to slaughter . The slaughtering procedure 



differed from that used in an abattoir . It  was designed with the 

following obj ectives ; 

1 .  The right s ide of the carcass 'vas to  .be used for 

dissect ion · while the left side was to be u sed for the 

sampling of muscles and fat depots . 

2. The vertebral column , sternum and pelvis were not to be 

bisected . 

7 

3 .  Damage in the neck , especially the muscles to be sampled) 

was t� be avo ided. 

4. Subcutaneous fat depots  such as the perianal depot which 

might.be lost in commercial slaughtering should remain 

on the carcass . 

. : 
Animals were stunned with a captive bolt and then bled by severing 

the left carot id and left jugular vein . During skinning and 

eviscerat ion� muscle and fat samples for histology and chemical 

analysis were taken from the left s ide of the carcass , as described 

belcw �  The skin was not removed from the head , manus and pes . 

Only two coccygeal vertebrae were left on the carcass ,  while the 

other · coccygeal vertebrae were removed along with the skin. 

Appendix 1 is the worksheet used and indicates the various structures 

that were removed and weighed at slaughter.  The boundaries of  the 

udder or cod fat were as follows : 

Cranial l imit 

Caudal limit 

Lateral  limit 

::: 

= 

lumbosacral j unction 

caudal edge of the symphysis pubis 

ventral border of m. cutaneus trunci 

The weight of  this depot was later halved .  

The left thoracic limb was removed by severing mm . trapezius> 

omotransversapius� brachiocephalicus> latissimus dorsi> pectoralis 

superficiaZis> pectoralis profundus, serratus ventralis and rhomboideus. 

The left  pelv ic l imb was detached by cutting mm . gluteus medius� 

gluteus profundus, biceps femoris, semimembranosus> semitendinosus� 

'tensor fasciae latae, sartorius> gracilis, adductor and pectineus> 

followed by severance of  the ligament of the head of  the femur and 

disarticulat ion . The left rib cage ,.,as removed at the costochondral 



junct ions and disart iculated from the vertebral column . The left 

abdominal wall  was separated from the right , along the Zinea aZba. 

8 

Thoracic , abdominal and pelvic viscera were dissected into various 

organs (Append ix 1 B) . Subtraction of the weight of gut content from 

livewe ight gave an estimat ion ' of empty body weight . The weight of the 

gut inc.luded the weights of omental and mesenteric fats . 

As much as possible of cavity , perinephric and pelvic fats was 

removed at slaughter , the remainder was dissected later. Cavity fat was 

all the fat removed from the thoracic cavity . Demarcation between 

perinephric (kidney) and pelvic (channel ) fats wa.s the transverse 

planejust passing through the ventral edge of the symphysis  pubis 

apd the caudal ventral corner of the last lumbar vertebrae (Williams 

and BergstrHm , 1 9 76 ) . Fat from both left and right s ides was dissected 

out and their weights  halved for  each of the depots . 

Carcasses were not spl it longitudinally , but were divided into 

'forequarter ' and ' hindquarter ' by cutt ing along the caudal edge of 

the twelfth rib and cont inuing in the same plane to sever both left 

and right m. Zongissimus. The vertebral column was then sawn at 

right angles through the twelfth lhoracic vertebra .  The 'forequarter' 

and 'hindquarter ' were weighed , covered with plast ic and stored between 

OOC and 4°C awaiting dis section. 

2 . 4  CARCAS S  DISSECTION 

2 . 4 . 1  DISSECTION OF SUBCUTANEOUS FAT 

The distribut ion of subcutaneous fat on the right side of the carcas s  

is described below and shown in Fig.2 . The d�marcat ions into different 

regions were in general based on the muscles over which the fat was 

deposited . The weight s of fa t and fascia dissected from the regions 

in the forequarter and hindquarter were recorded 011 worksheets shown 

in Appendices 2 & 3. 
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Subcutaneous fat 

II 
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VI 

Hindquarter subcutaneous fat 

Cutaneus trunci - t ensor fascia l a tae 
Hedial pelvic l imb 
La t e ra l  pelvic limb 
Abdominal 
Longissimus 
Per ianal 

Perirenal fat  

i 
Foreq'uar t e r  subcutaneous fat 

I Trapezius, 
2 Thoracic limb 
3 Latissimus dorsi 
4 Cutaneus t runci - abdominal 
5 Pectoral 
6 Neck 

Figure 2: Distribu tion of  subcutaneous fat depot (M. cutaneus trunci has been remove d ) .  Inset is the 
media l view of  the pelvic limb to show t he location of subcutaneous fat II. 

2 . 4 .1 . 1  Forequarter subcutaneous fat 

1. Trapezius subcutaneous fat 

This was fat found on m .  trapezius and was often deposited along 

the dorsal border of the muscle where the muscle originates .  

Uccasionally , some fat was present dorsal  to the scapular spine 

where the mus cle inserts by a f),at aponeurotic sheet . 

2 .  Thorac ic limb subcutaneous fat 

All this fat was found on the lateral aspect of  the proximal 

thoracic l imb and espec ially over m. tensor fasciae antebrachii 

and the caudal edge of m. triceps brachii caput longwn. Also , 

occasional deposits of fat were observed on the aponeurotic 

origin of m .  deUoideus, covering m .  infraspinatus. 

3 .  Latissimus dorsi subcutaneous fat 

Fat on m. latissimus dorsi was concentrated dorsally along the 

ventral edge ofm . trapezius pars thoracica and cranially along 

m. tensor fasciae antebrachii. 



4 .  �utaneus trunci -- abdominal subcutaneous fat 

M. cutaneus trunci was removed and cleaned of fat . Included in 

this fat was any dis sected from the area delimited by the ventral 

e dge of m. latissimus dorsi� dorsal border of m. pectoralis 

-·ascendens and the cut edge where the carcass was divided into 

'quarters ' .  ' The fat deposits were usually diffuse in 'a network 

of subcutaneous fascia. 

5. Pectoral subcutaneous fat 

Fat on the surface of rrnn . pectoralis superficialis and profundus 

occurred as a firm solid layer i? very fat animals . In carcasses 

with very little external fat covering , fat was absent or 

scattered �andomly over the surface of the muscle . 

6.  Neck subcutarteous fat 

1 0  

This was fat from the neck region which had not yet been dis sected 

of subcutan80us fat. Usually there lvas no dissec . ble fat 

a�though occas ionally some was found along the jugular groove . 

2.4.1 .2 Hindquarter subcutaneous fat 

I Cutaneus trunci - tensor fasciae latae subcutaneous fat 

This was fat found beneath m. cutaneus trunci> immed iately ventral' 

to the tuber coxae and cranial to m. tensor fasciae latae. Fat 

�as present in this location in all carcasses . 

II ' Medial pelvic limb subcutaneous fat 

Most of this fat was proximal , especially around the origins of  

rrnn . sartorius� gracilis and semimembranosus. Fat was  present 

in this  locatiqn in all carcasses . 

III 'Lateral pelvic limb subcutaneous fat 

A11 this  fat was found proxima11y espeda,Uy in the reKion 

immediately cranial to the dorsal edge of the secrotuberous 

ligament . 
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IV Abdominal subcutaneous ' fat 

S imilar to the forequarter (Region 4), the fat deposits were 

sparse and diffuse especially for carcasses with little external 

fat cover . 

V Longissimus subcutaneous fat 

Deposits on' m. Zongissimus wel,'e in general not heavy . When present , 

the deposits were heavier medially than laterally. 

VI Petianal subcutaneous fat 

This fat , .. as  dissected caudal to the sa crotuberous l igament and 

around the anus . 

Following dissection of subcutaneous fat , each quarter was dissected 

into its individual muscles ,  individual bones and fat groups . 

Identification of  muscles was base� on the description by Butterf ield 

and May ( 1 966)  and Getty ( 1 975 ) . 

2 . 4 . 2  DISSECTION OF THE FOREQUAR1ER 

' Individual  muscles were dissected and grouped in the order shown in 

Appendix 1 C to F .  They were placed in covered trays , lined with 

damp paper towels . As soon as possible , muscles were cleaned of 

intermuscular fat , fascia and tendon , and were weighed . The 

intermuscular fat was partitioned and weighed into groups (Appendix 2), 

which corresponded in general to the muscle groups from which they 

were dissected . Fascia , tendon and scrap (blood vessel s ,  nerves ,  

lymph nodes and gtands )  were collected in polythene bags for weighing 

on completion of the forequarter dissection . 

Sternal fat� considered a special type of intermuscular fat , was 

dissected from the external and ventral surface of the sternum . Fat 

remaining in the thoracic cavity wa,s dis sected out and weighed as 

cavity fat .  
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Bones were cleaned of . remaining muscle and fat , and weighed (Appendix 

1 G) ; the weight of muscle const itu ted the scrap muscle of the 

respective muscle groups (Appendix 1 C to F), while the fat was \"eighed 

into three groups (Appendix 2), depending on the bones from which it 

was dissected . As the ver tebral column and sternum were not bisected, 

separat ion .into scrap muscle and fat was carried out only on the right 

hand s .ide. · (RHS) of the bones . On the left hand side (LHS) > all t issues 

were indiscriminately dissected and weighed as the LHS scrap .  

The vertebral column was separated into cervical and thoracic regions 

and the lengths of these were recorded . During dissection into individual 

cervical and thoracic vertebrae for weighing , the spinal cord and fat 
. i 

were removed from the ver tebral canal and weighed separately . 

Linear measurement s  using vernier calipers and tape measure were 

carried out on some bones (Appendix 1 G). The width is the minimum 

craniocaudal dimension, while the length is as follows : 

Cervical vertebrae : From the cran.l.al edge of the ventral arch of 

the first  cervical vertebra to the caudoventral 

edge of the body of the seventh cervical vertebra 

Thoracic vertebrae : From the cranioventral  edge of the body of the 

first thoracic vertebra to the caudoventral edge 

of the body of the transected twelfth thoracic 

ver tebra 

Firs t  and eighth ribs : Articular surface of the tubercle to the 

sternal end 

Scapula : 

Humerus :  

Radius : 

Ulna : 

Dorsal edge of cartilage to glenoid cavity 

Apex of tuberculum majus pars cranialis to the 

distal articular surface of lateral condyle 

Proximal to distal extremity 

Tuber oZecrani to processus styZoideus 

Metacarpus III and IV : Proximal to distal extremity 

Following dissection of the neck muscles , the head was removed and 

weighed . Muscles of mast ication were . d issected from the skull . 

Using a sharp scalpel, mm. pterygoideus medialis and pterygoideus lateralis 

were partially detached from their origins and insertions. 



Disarticulation of the temporomandibular joint , by depressing the 

mandible, permit ted enough exposure of the muscles for complete 

detachment . The weights of the head and muscles of mastication 

were not included in the estimat ion of total side mu scle (TSM ) . 

The mand ible was cleaned and weighed , and then measured linearly as 

follows : . 

Height : Apex of processus coronoideus to the ventral edge of the 
I 

angle of the mand ible 

Length : Caudal edge of the ramus to  the symphysis, 

2 . 4 . 3  DISSECTION OF THE HINDQUARTER 

13 

As for the forequarter , individual muscles , dissecu' Ie fat depots and 

bones were dissected and weighed (Append ices 1 & 3 ) .  Perirenal and 

channel fat were removed from both the left and right side of· the 

carcass; the mean weight of  each depot was used to reduce errors due 

to asymmetry . 

The lengths of thoracic , lumbar , sacral and caudal regions were measured . 

The sacrum was left fused with the os  coxae, The following bone 

d imen sions were measured : 

Thoracic vertebrae : Cranioventral edge of the body of  the t�ansected 

twelfth thoracic vertebra to the caudoventral 

edge of the body of the thir teenth thoracic 

vertebra 

Lumbar vertebrae: 

Sacrum : 

Caudal vertebrae: 

Os coxae: (a) 

(b ) 

Cranioventral edge of  the body of  the first  

lumbar to the caudoventral edge of the body 

of the sixth ]umbar vertebra 

Cranial end of the first and caudal end of the \ 

f if th sacral vertebra 

Total length of the first two caudal vertebrae 

Direct distance between tuber ischii 

Direct distance between tuber coxae 

(c ) Conj ugate diameter which is from the cranial 

end of the pub ic symphysis to the promono t6ry 

of the sacrum 



Femur: 

Tibia: 

(d ) Transverse diameter which is the greatest 

width of  the cranial pelvic aperture 

(e ) Vert ical diameter which is the vert ical 

distance from the cranial end of the pubic 

symphysis to the roof of the pelvic cavity 

Apex of  trochanter major t o  distal articular 

surface of lateral condyle 

. 

Medial tubercle of  intercondyloid eminence to  

medial malleolus 

Metatarsus III and IV: Proximal to  distal extremity 

The raw data of the dissections are given in Append ices 4 and 5, 

, i 

2 . 5  MUSCLE SAMPLES 

2.5 . 1  POSITION O F  MUSCLE SAMPLES 

The approximate  pos it ions where the left mm .  rhomboideus, splenius, 

Zongissimus, capitis, Zongissil17Us a.nd semitendinosus were transected , 

their transverse whole muscle area (WMA) traced and samples taken for 

enzyme Listochemistry , are as follows: 

M. ;r:>homboideus: Between the sixth and seventh cervical vertebrae 

M. splenius: Between the third and fourth cervical vertebrae 

M. longissimus Between the fifth and s ixth cervical vertebrae capitis: 
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M. Zongiss'imus: Between the twelfth and thirteenth thoracic vertebrae 

M. semitendinosus: Immediately distal to the tendinous intersection 

The WMA of each mus cle was drawn on paper and was determined by a 

paper weighing method . Muscle samples of  up to  2cm2 in transverse 

sect ional area were removed from the same superficial region o f  each 

mus cle . They were packed in plastic bags and immediately deep frozen 

at -20°C . Sect ioning was carried out within one month of  storage . 

2. 5 . 2  ENZY1ffi HISTOCHEMISTRY 

For sectioning, the· frozen samples were thawed' over 2. period of  up to 



15  

20 min , t r immed and t:hen rapidly frozen by plunging i.nto 2-methylbutane 

( BDH , CSH12) ,  which had been cool�d with liquid nitrogen, 10pm thick 

sect ions were cut at �200C , tran sferred to slides and allowed to th�w 

and dry rapidly at  room temperature . Myosin ATPase activity in these 

sect ions was demonstrated using the modified calc ium-cobalt method of 

Padykula and Herman ( 1 9 55 )  as  descr ibed by Davies and Gunn (1 9 72 ) .  

2.5 . 3  ESTIMATION OF MEAN FIBRE AREA 

Sections were examined using a projection microscope . The outlines of  

a micrometer scale and areas conta ining high and low myosi� ATPase fibre s ,  

totalling about 400. individual fibres ,  were ba.ck proj ected and trac.ed on 

transparent paper. The number of fibres of each fibre typ� were counted 

and the proportions calculated . The areas of paper containing each 

f ibre type were weighed to give an estimate of the proport ion of the 

IRMA occupied by. each fibre type. From the above information it wa s 

possible to  calculate the mean fibre area (MFA) , the mean ATPase high 

fibre area and the mean ATPase low fibre area . 

2.6 FAT SAMPLES 

FAT SAMPLING SITES 

Approximately 1 cm3fat samples , represent ing subcutaneous ,  intermuscular 

and perirenal depots , w�re taken from three s ites , ident ified as  

follows : 

(a )  Subcutaneous fat : Fat beneath m. cutaneus trunci immediately 

ventral to tuber coxae 

(b ) Intermuscular fat: Fat immed iately cranial to the scapula , beneath 

mm. trapezius� omotransversarius and 

brachiocephaZicus 

(c) Perirenal fat : 

2.6.2 FAT HISTOLOGY 

Fat overlying or adj acent to the cranial pole 

of  the left kidney 

The fat samples were fixed for 7 min in 35% formaldehyde at room 



1 6  

teIllperature. and then w'ashed with and stored in Krebs-Ringer 

b icarbonate solu t ion (De Luca and Cohen , 1 964), but containing half 

of the suggested concentrat1.on of calcium ions . The saulples were 

froze� , sect ioned on a cryostatic microtome ( Sj �str�m ,  Bjtlrntorp , 

Vrana. 1 971);  the sect ions were transferred to slides where they 

were mounted in a water-based mountallt and covered with a coverslip . 

The thickness of the sect ions were 50 , 1 00-150 or 200-250 pm, 

'depending on the size' of the fat cells. 

The l ipid contents of cell from selected sect ions of fat at 

different stages of growth were demonstrated with Sudan black and 

o il red 0 stains (Culling,  1 974 );  their nuclei 1.;ere observed on I 

counter-staining oil red 0 sect ions with Maye
'
r'  s haematoxylin , 3.nd 

were also shown in other sect ions stained with acridine orange and 

vil"llalised with UV-fluorescent microscopy (Lorch and Rentsch , 1 9 69 ) . 

2 . 6 . 3  ESTIMATION OF MEAN FAT CELL VOLUME 

With a proj ect ion microscope, fat sect ions were examined and the 

outlines of over 200 randomly selected adipocytes were traced on 

tratlSparent paper . At the same magnificat ion , an obj ective 

microme ter scale was traced to provide a ready ruler for measuring 

adipocyte diameter . The mean diameter (d) of the adipocytes and its  

standard devia t ion (s )  were calculated . The mean adipocyte volume 

was obtained using the formula of Goldr ick ( 1967 ) : (TI/ 6 ) (3sL+d2 )d . 

The lipid cont ent (�g)  per adipocyte (LIPA) was thus  calculated 

assuming a lipid density of  0 . 92 g . cm-2 for bovine fat (Fidanza, 

Keys and Joseph , 1 953 )  .. 

2 . 6 . 4  CHEMICAL ANALYSIS  OF FAT 

Fat samples representing the three fat depots were analysed for 

lipid cont ent by a modif ied method of Atkinson,Fowler , Garton and 

Lough ( 1 9 72 )  as described by'Clark and Tarttelin ( 1 9 76 ) . Dupl icate 

samples each we ighing about 1 g were freeze-dried , weighed and 

lipid extracted . The percentage of fat in the freeze-dried sample 

was calculated,as follows: 



. . • • . . . .  v .  . x .Wf · . ) 00% c x 
(V . - (Vf x Wf

» x W s s 

where V = volume of c chloroform in solvent mixture ( 7 , 5  ml ) ;  

Wf weight of · fat after evaporat ion of sample  

Vs = volume of chloroform sample after fat extract ion 

(about 5 ml ) ;  

Vf 
= volume of 1 g of fat dissolved in chloroform 

( 1 . 08 ml ) ;  and 

Ws 
= . weight of freeze-dried sample . 

If the d ifference between duplicates  was no greater than 5% ,  the 

mean of the two values was taken ; otherwise  further analyses were 

made . 

2 . 7  ANALYSIS  OF DATA 

All data were transformed into  �oga�ithms and examined by 
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standard linear regression analysis . The regression coef ficient b , 

in a double logarithmic regression , is the different ial growth rat io 

(Huxley , 1 924 )  of a component y relative to another , x .  Using the 

test quot ient t and at the 5 %  or 1% level of signif icance , values 

of b were tested for :  

( 1 )  the signif icance o f  the dif ference between b and 1 ;  and 

(2) the signif icance of the difference between sexes in their 

values of b for the same two body components . 

Where appropriate ,  values of  log y and its  variance for a given 

value of log x were est imated in each sex from their respect ive 

allometric equat ions . The signif icance of the d iffe:rence between 

the two values of by comparing the 95% or 99%  

conf idence l imits for  the values of log  y ;  when these l imit s do not 

overlap , the values of  log y and therefore y are signif icantly 

d ifferent (Barr , 1 969 ) . 



In addit ion , the growth of ' eo , "  and of mrT/. X'homboideus� sprenius� 

Zongisstmus capitis� longissimus and semitendinosus
' 

in mal e  and 

female cattle , relat ive to TSM were examined as follows: 

( 1 )  For each relat ionship ,  a single regression was fit ted . The y 
values were plotted again st the x value (TSM) on a double 

logarithmic scale and inspected for l inearity .  

(2) ' Wh'�re a break in allometry was suspected on inspect ion , two 

regressions , were fitted in order to reduce the residual sum 

of squares .  
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(3 ) In each case , an F test , comparing the mean squares of the single 

regression ",i,th that of the two regressions , was used to det ermine 

whether two regressions were significant ly better th9n a single 

regress ion in represent ing its relative growth . The mean squares 

of the single regression was obtained by dividing its  residual 

sum of squares by its  number of degrees of freedom , d t ;  
d l  = n-l - 2 ,  where n l  i s  the number of observat ions in the 

s ingle regression . The mean squares of the two regressions was 

obta ined by dividing thei;:- tot.:! l  residual sum of squares by tl:eir 

total number of degrees of freedom , d 2; d 2 = n 2 + n 3 - 4 ,  where 

n '2 and n 3 are the number of observations in each of the two 

regressions . 

(4 ) If the F rat io was s ignificant at 5% or 1 %  level of sign ificance , 

then the two regress ions were significantly bet ter than a single 

regression and were therefore used to describe the allometric 

relat ionship ; if not significan t , then a single regression was 

u sed . 



3 . 0  RESULTS AND DISCUS SIONS 

3 . 1  CARCAS S GROWTH 

3 . 1 . 1  RESULTS 

3 . 1 . 1 . 1  Relative_ gtdwth df fat , muscle and 'bone 

The allometric growth equat ions relating total side fat (TSF) , 

mus cle (TSM)  and bone ( TSB) to half carcass \-leight (HCWT) and total 

side muscle plus bone (TSMB ) , in ma le and female Jersey cattle are 

given in Table 1 and Fig . 3 .  Regardless  of the independent variable , 
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the order of tissue growth was s imilar for each sex . All t1,.ree t issues 

Table 1 :  Doubl .e  logarithmic regressi:ms compar ing t he growth o f  total 
side fat  ( TSF) . t o t al side musc le (TSM) . t o t a l  s ide bone (1'SB) , 
forequar t e r  f a t  ( FQF) , fcrequar t e r  muscle (FQH) , forequarter bone 
(FQll) , h i ndquarter fat (HQF) , h indquarter m·.lscle (HQM) and h i nd
quarter bone (HQB ) . relative t o  half  carcaS5 weight (HCWT) and 
total s id e  muscle plus bone (TSMB) , be tween � l  male and 18 fer.lale 
Jersey c a t t le , from bir th to maturit y .  Weights are in grammes . 

Mal e  Female 

Var iabie Tissue Growth 
x !i Rat io b$ 

Constant Sex Growth sb 
Dif f .  Ra t io b$ 

'''' I 
l 

TSHIl 

TSF 1 . 3 7 4*** 

TSM 1 . 049*** 

TSB 0 . 7 7 9*** 

rQF 1 . 4 4 5*** 

rQH 1 . 0 7 4*** 

FQS 0 . 82 7*** 

HQF 1 . 30 7 *** 

HQM 1 . 0 1 5  
HQS 0 . 7 1 3*** 

Tsr 
TS�I 
TSS 

1 . 399* * *  

1 . 0 7 2 *** 

0 . 796* ** 

. 054 

. 008 

. 0 14 

. 052 

. 0 1 2  

. 0 1 5  

. 062 

. 0 1 9  

.016  

. 062 

. 00 5  

. 0 1 4  

-2 . 8 2 3  
-0 . 4 1 8  

0 . 3 39 

-3 . 44 0  
-0 . 80 1  

-0 . 1 1 4 

-2 . 8 3 3  
-0 . 60 5  

0 . 26 3  

-2 . 84 4  
-0 . 4 5 3  

0 . 3 1 4  

rQr 
rQ�l 
rQs 

1 . 4 7 3*** . 05 9  - 3 . 46 7  

H�F 
HQM 
HQII 

1 . 098*** . 0 1 2  -0 . 8 3 5  
0 . 84 5*** . 0 1 5  -0 . 1 4 1  

1 . 330*** 

1 . 0 3°* 

O .  L E*** 

. 070 

. 0 1 7  

. 0 1 6  

-2 . 84 8  
-0 . 6 4 \ 

0 . 2 39 

ttt 
ttt 
NS 

tt 
ttt 
NS 

ttt 
NS 
NS 

ttt 
NS 
NS 

ttt 
tt 
NS 

ttt 
NS 

tt 

� Regress ion c oe f f ic i en t  b� stand a rd error sb ' 

1 . 8 7 1 *** 

0 . 9 76 "  

0 . 7 70*** 

1 . 902* ** 

0 . 9 66** 

0 . 803* ** 

1 . 862"** 
0 . 9 88 
0 . 7 2 7**" 

. 1 1 5  

. 009 

. 020 

. 1 22 

. 0 1 1 

. 0 2 1  

. 1 2 5 

. 0 1 6  

. 0 2 1 

2 . 07 7 *** . 1 39 

1 . 062*** . 006 
0 . 8 39*** . 0 1 6  

2 . 0 50" "* . 1 49 
1 . 0�0" ** . O i 2  
0 . 8 7 5 *** . 0 1 7  

2 . 0 1 2* '> *  . 1 4 7  
1 . 0 '16* ** . 0 1 4  

0 . 79 3* ** . 0 1 7  

Constant 

-4 . 8 74 
-0 . 1 2 5  

0 . 35 8  

- 5 . 2 9 7  
-0 . 3 72 
-0 . 030 

- 5 . 1 0 1  
-0 . 4 8 3  

0 . 1 80 

- 5 . 3 5 1  
-0 . 40 7  

0 . 1 2 8  

-5 . 703 
-0 . 6 50 
-0 . 268 

- 5 . 5 8 2  
-0 . 7 7 1  
- 0 . 038 

* Valu2s of [. bea r ing chis super-sc r i pt are sign i f ican t l y  (P < 0 . 0 5 )  different from 1 .  

t S.ign i f i can£ l y  (P < 0 . 0 5 )  d i f f e ren t in b between sexe s .  



grew significantly (p < 0 . 05 )  dif ferent from one another , with fat 
having the highest growth ratio (b) and bone having the lowes t .  
Relative to 1SMB , b values for fat and muscle in both sexes �lere 
significan t ly greater than 1 and that of bone significantly less than 
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1 .  In  males , forequarter muscle (FQM) an d bone (FQB) grew significantly 
(P < 0 . 05 )  faster than their respective hindquarter t issues (HQM and HQB) ; 
in females , only FQB grew s ignificantly (P < 0 . 05 )  faster than HQB . 
In both sexes , the most variable t issue was fat . 

, I 

LOG 

TISSUE 

WEIGHT 

I 5 . 5  

I 
5 . 0  

4 . 5  

4 . 0 

(g)  1 . 5  

3 . 0  

2 . 5  

2 . 0  

Figu re 1 .  

-' 

Male Female 

0 
muscle 0 a • 0 r;f 

• I A A bone 

0 • fat  

• 
3 . 5  4 . 0  4 . 5  5 . 0  

LOG TOTAL SIDE }1USCLE PLUS !lONF. (g) 

Al lome t r  Ie growth of muscle . bone and fat 
relat ive to t o ta l s i de mus c l e  p l l!s bone in 
2 1  male and 1 8  female v 'rsey cat tle ,  f rom 
b i rth to mat u r i t y . 

5 . 5  



On the basis of HeWT, s igni ficant sex dif ferences w'ere observed for 

the growth of fat (TSF ,  FQF , and HQF) , FQM and TSM . Fat grew faster , 

and muscle slower , in females . When comparisons ,\Tere made on TSMB , 
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sex differences for fat  growth were increased and for muscle growth 

decreased ;  significant differences were observed for fat (TSF ,  FQF and 

HQF) , FQN and HQB .  

3 . 1 . 1 . 2 ' Muscle : bone rat io 

Using the double logarithmic regressions in Table 1 ,  predictions were 

calculated at various values of TSMB for TSF , TSM, TSB and muscle: bone 

rat io . These tog�ther wi th their 95%  confidence limits , are shown in 

Table 2 .  A "hypothet ical"  female at 140 kg TSMB was included in order to 

demonstrate t�e growth of fat to obese proportions as compar.ed with the 

mature ( 1 4 0  kg TSMB) male . The cr.anges; inmuscle: bone rat io with TSMB 

are plotted in Fig 4 on arithmet ic coordinates . 

Table 2 :  Pred i c t ions o f  t o t a l  s ide f a t  (TSF) . t o t a l  side musc l e  (TSM) . 
t o t a l  side bone (T5B) and musL l e : bone ra t i o  (M : B) a t va r ious 
values o f  t o t a l  s id e  mu sc le plus bone (TS�IB) and st ages of 
mat u r i t y  in male and female Jersey catt l e ,  us ing t he equa t ions 
o f  Table 1 .  

At B i r t h  Ha l f Ma t u re �Ia t u r e  Obpge 

T5MB (kg) 5 . 0 5 . 0  3 5 . 0  7 0 . 0  70 . 0  1 4 0 1 4 0  

Sex Fema l e  Ma l e  Fema l e Ma l e  Fema l e  Ma l e  Female 

TSF (kg)  0 . 1 4 a 0 . 2 1 b 7 . 24C 8 . 60c 2 9 . 5d 2 2 . 7d 1 2 0e 

* Range 0 . 1 2  0 . 1 7  6 . 5 7 6 . 98 2 5 . 5  1 7 .  I 93 . 0  

0 . 1 6  0 . 2 7  7 . 99 1 0 , 6  34 , 2  30 . 0  1 4 8  

TSM (kg )  3 . 3 3a 3 . 26a 26 . 2b 5 5 . 1 e 54 . 8 e  1 1 6d 1 1 4d 

* Range 3 . 2 6  3 . 2 1  2 5 . 9  5 4 . 2  53 . 7  1 1 3 I I I  
3 . 1,0 3 . 3 7  2 6 . 6  55 . 9  5 5 . 9  1 1 8 1 1 7 

TSB (kg ) 1 . 7 1 a  1 . 82a 8 . 7 2 b  1 4 . 8e 1 5 . 6e 2 6 . 2d 2 7 . 9d 
* Range \ . 6 2  1 . 72 8 . 4 1  1 4 . 1  1 4 · 8 2 1 . 3  2 5 . 9  

1 . 80 1 . 9 1  9 . 04 1 5 . 5  1 6 . 5  32 . 2  30 . 1  

M: B 1 . 95a 1 . 80a 3 . 0 1 b 3 . 7 2c 3 . 5 1 e  1i . 4 2d 4 . l Od 
* Range 1 . 84 1 .  70 2 . 89 3 . 5 3 3 . 3 1  4 . 1 2  3 . 78 

2 . 07 1 . 9U 3 . 1 3  3 . 9 1 3 . 72 4 . 7 3 4 . 44 

*95% conf idence l imi t s ;  probab i l i t y  of a value o u t s i d e  these 
l im i t  s < O. OS . Va l ues of we ight wi t h ln each t is sue , aI:d r a t i o .  
not followed b y  t he same l e t t e r  a r e  outs i d e  e a c h  others 
confidence l im i t s .  
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Figure 4 :  The change i. n  muscle : bone ra t i o with t o t a l  side musc l e  p l u s  bone in male and fema l i!  Jersey 
cat t l E  ( p resent study)  and in H e r e f ord and F r i e s i a n  s t ee rs (data c i t e d  by Berg . But t e r f ield , 
1 9 6 6 )  . 

In both sexes , muscle : bone rat io increased as they grew .. At the 

same weights  of TSMB , muscle to bone ra t io was similar between sexes 

but this was not so when compared .It different stages of maturity . 

3 . 1 . 2  DI SCUSSION 

This discuss ion is limited to the few experiments which compare male 

and female growth in one breed of cattle . Also , in experiments where 

anatomical dissect ion techniques are not used , the data are of ten 

in a form that  cannot be compared to those of the present study . 

3 . 1 . 2 . 1  Environmental condit ions 

The growth of the catt le used in this study occurred under normal New 

Zealand dairy-farming conditions . In order to minimise the effects  of 

different environmen tal conditions on body composit ion , all animals 

were slaughtered in good body conD it ion and both males and females of 

similar bodyweight and age group were obtained from the same source 

and within the same time period . 
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Opinions on the  effect s  of  nutrition on body composition of meat 

producing animals differ (Tulloh , 1 964 , Elsley , McDonald and Fowler , 

1 9 6 4 ;  Allden , 1 9 7 0 ;  Black , 1 9 74 ) . Nevertheless many of  the effects  

reported can be  attribu ted to variat ion in the fat  content of the 

body . In an allometr ic re-analysis of various experimental data ,  

Tulloh ( 1 964)  noted that body composition was independent o f  nutrit ional 

history , although fat showed the greatest variation from the regressions . 

Studies on Angus (Seebeck and Tulloh , 1968a , b ) , and Brahman cross and 

Africander cross steers (Seebeck, 1973b) subj ected to , respect ively , 

a 1 3% and 16%  bodyweight loss , at a rate of about 0 . 5  kg/day and 
i 

from a bodyweight of  about 400 kg , concluded that essent ially ,  the 

loss was a reversal of the pat tern during developmental growth . The 

nut rit ional study by Murray , Tulloh and Winters ( 1 974 )  on 'Angus steers 

grown , vlithout bodyweight loss , f rom 300 to 440 kg , at three diff",rent 

rates (0 . 8 ,  0 . 4  and 0 . 8  followed by 0 kg/day) , also ind icated no 

treatment effects on the carcass compos it ion . In the context of the 

present study , where a wide postnatal growth range was used , 

differences in nutrit ional history ,  within and between sexes would 

have to have been even more extrem,,": than the condit ions of the 

above studies , in order to affect the results of a sex comparison . 

3 . 1 . 2 . 2 Influence of fat on sex dif ferences 

In order to remove the effects of fat on the interpret at ion of growth 

data ,  Elsley et aZ . ( 1 964)  suggested the use of fat-free carcass 

weight as an independent variable . Although the present data were 

influenced by the independent variable chosen (Table 1 ) , the grow�h 

of fat (TSF,  FQF and HQF)  and FQM, consistently showed a sex difference . 

This reinforces the general observat ions that females are fatter than 

males (cattle : Berg e-t aZ " 1 9 79 ; sheep : Fourie , Kirton and Jury , 1 9 7 0 ;  

�: Hansson , Lund strBm and Malmfors , 1 9 75 ; Davies , Pears on and Carr 

1 980)  and that muscle development in the forequarter is greater in 

males than females (cattle : Berg and Mukhoty , 1 9 7 0 ;  Mukhoty and Berg , 

1 9 7 3 ;  Bergstr8m ,  1 9 78 ; sheep : Lohse , 1 97 3 ;  Jury� Fourie and Kirton , 

1 9 7 7 ) . Fat had its greatest inf luence on muscle and bone growth , 

using HCWT as  an independent variable , when its  growth was highest , 

as  for females . For example , the b values for TSM and FQM relat ive 

to  HCWT in females were signif icantly less than 1 but became 



s ignificant ly greater than 1 when x was TSMB . Other trends in 

muscle and bone growth are also changed when the influence of fat 

is  removed . Sex differences observed for the growth of TSM relative 

to HCWT, disappeared when related to TSMB '''hile differences in b 

values for I-IQB became apparent . The significantly higher growth 

ratio of HQB as well  as the generally higher b values for  bone in 

females reflected the faster rate  of  skeletal development achieved 

by females . 

3 . 1 . 2 . 3 Gtowth chartges irt tis sue propottions telat ive to TSMB 

On the basis of TSMB , males had s ignificantly more fat at birth than 

females , but at heavier weights females were fatter (Table 2 ) . 
" I 

Therefore on this basis of body s ize , females had a signif icantly 

faster r�te of fattening than males (Table 1 ) . This concurs wi t� 

the f indings of Berg et aZ . " ( 1 9 7 9 ) but differs from those of 
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Mukhoty and Berg ( 1 9 7 1 ) , who reported that the rate of fat tening was 

not " significantly different between bulls , steers and heifer s .  Their 

failure to show significant differ.ences between males  and females in 

Hereford and Shorthorn Cross ,  was possibly because their experiment 

was restricted to a narrow range in slaughtered weight s and that ea�h 

sex was represented by no more than 13 animals ;  their standard errors 

for the b values for fat in each l:>reed " and sex were higher than 

those reported here . 

Sex influences on the growth of  total muscle and bone were not 

significant , al though growth rat ios for TSM and TSB relat ive to  TSMB 

were higher and lower , respect ively,  in males than females . This was 

similar to the findings of Mukhoty  and Berg ( 19 710 ) • However , their 

growth ratio for bone in Jersey bulls were lower and had a larger 

standard error (0 . 64 ± 0 . 1 2 )  than that of  the present study . T"he 

median division of the vertebral column in their study would have 

introduced an additional error . Because their growth rat io for bone 

was lower , predicted mu scle �bone ratio of their Jersey bulls with in 

their range of slaughter weight s ,  would be  h igher than tha t of the 

present study . 
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3 . 1 . 2 . 4 Musc1e : bone rat io and matu1:'ity 

Muscle : bone rat io has  been used as an index of  one aspect of carca�s 

composit ion (Hankins �  Knapp and Phillip s �  1 943 ; Carroll , Clegg and 

Kroger , 1 964 ; Berg and But ter.field , 1 9 66 , ] 968) . I t  has also been 

suggested as an index of · "musculoskeletal maturity " . (Davies and Kallweit , 

1 9 79 ) . In a hypothet ical calculat ion of mu scle : bone rat io for cattle , 

sheep and pigs , Davies ( 19 7 4a) noted similar.it ies in muscle : bone 

rat io within newborn animals and within adult s  in the three species , 

and suggested that "maturity" had a greater effect on muscle : bone 

rat io than body size . Davi es and Kallweit ( 1 9 7 9 )  in their study on 

the Gel'man Landrace and G8t tingen Miniature pigs , of differing mature 

body s iz e ,  showt=d that breed d ifferences in muscle and bone distribut ion 

were absent when comparisons were made at the same muscle : bone ratio , 

which represented l'musculoskeletal maturity".  This is valid only for 

a model in which the muscle : bone rat io is  similar in mature animals  

of · each group . 

"Maturity" implies constancy of  bo::!y compos::i.t ion . "Chemical maturityH 

is  attained when water , protein and minerals approach constant 

proportions in the fat-free body (Moulton , 1923) . Anatomically , maturity 

occurs when muscle and bone approach constancy in the fat-free {arcass 

(TSMB) . This can be observed as a constancy in muscle : bone rat io . 

While Davies and Kallweit ( 1 979 ) suggested that the musc1e : bone rat io 

is constant in a musculoskeletally mature p ig ,  they d id not present 

evidence that the two breeds of  pigs s tudied achieved constant 

muscle : bone ratios at mature weights .  Berg and Butt erf ield ( 1 968)  

reported that the  muscle ·: bone ratio of steers plateaus at mature weight s 

(Fig 4 ) . In this study , muscle : bone ratios of male and female Jersey 

cat tle increased from birth and appeared to plateau at 140 kg and 

70 kg TSMB , respcct iv2ly .  However , more animals between 70 to 180 kg 

TSMB are required to show a plateau �ore conclusively . In the case 

of the oldest bull a relat ively low bone weight resulted in a very 

high muscle : bone rat io , perhaps due to an ageing effec t . Tne muscle : 

bone rat ios  of female Jersey cat t le were plotted on a d ifferent s�ale 

because throughout growth,  there was a close overlap of their poiqts 

with male Jersey cattle . This suggests that females and males follow 
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a s imilar , pattern of  musculoskeletal development . In  this study , 

maturity was Laken to  be  wnen m;:lles achieved 140 kg and females 70 kg 

TSMB weights .  In terms o f  l iv8weight , these weights approximate �o 

a 640 kg male and a 400 kg female . At half maturity, both sexes would 

have half the TSMB weight at maturity .  

When compareJ to  the same TSMB , females  and males were similar in 

muscle and bone we ight , and hence were similar in muscle : bone rat ios  

at various stages of growth (Table 2 ) . However , when compared at 

the same maturity ,  significant differences a t  the 95%  confidence 

limits for muscle ,bone and muscle: bone rat io , but no s ignif icant 

diffet'ence for fat , were  observed . Th is implies that fatness between 

male and femal� Jersey catt le can be attributed to differences in 

matur ity . In the same way McClelland , B9qaiti and Taylor ( 1 9 76 )  

observed that maturity accounted for a large proportion (28 . 6%) o f  

the total variat ion i n  dis sectable fat between breeds and sexes of 
sheep ; even though sex con tributed significantly (P < 0 . 00 1 )  to  this 

var iation , it was only a relat ively small contribut ion (3 . 2%) . 

Thus in a fat f ree carcass , musculoskeletal development bet�veen sexes 

was similar . But in the whole carcass , which includes fat (Table 1 ) , 

females would have a slower rate of musculoskeletal development than 

males . Al so ,  because they mature at a heavier 'veight they can 

achieve a higher mus cle : bone rat io than females . In Table 2 ,  a 

hypothet ical "over mature " Jersey cow of 1 40 kg TSMB and 1 20 kg 

fat has a similar muscle : bone rat io to a bull of the same TSMB weight , 

but the "over maturity" is shown as a 46% proport ion of carcass  fat . 

The concept that the muscle : bone .rat:io represents  musculoskeletal 

maturity "las not true for sex differences in these Jersey cat tle .  

Jnstead , fat  appeared to  be  similar in animals  of s imilar maturity .  

3 . 1 . 2 . 5 Breed differences in muscle : bone ra t io 

Fig . 4 sugge3t s  a breed difference between Hereford , Friesian and 

Jerseys at each level of musculoskeletal development . Studies on 

different cat tle breeds (Mukhot y  and Berg ,  1 9 7 1 ;  Broadbent , Ball  and 

Dodsworth,  1 9 7 6 ; Berg , Anderson and Liboriussen , 1 978a):' imply :a  



genetic basis for the differences observed in muscle : bone rat io . 

However , these studies d id not consider the effects of maturity . 

Berg e t  a l .  ( 1 9 74a)  found no significant sire breed dif ferences in 

2 7  

the regressions o f  muscle , bone o r  fat on various size d iffiensions , but 

breeds differ ed s ignif ican t ly in amount of muscle , · fat and bone \.;hen 

compared at standa rd weights . They also noted that breed differences 

in muscle: bone rat ios �vere clearly estab lished at birth . 

All too l ittle  is  known about the manner in which both sex and 

breed d ifferences in cattle  are expressed in terms of anatomical 

development . Many breed differences may in fact be sex linked . 

3 . 1 . 2 . 6  Conclusion s  

The overall pat tern of  growth indicated that fat was the fastest 

growing and most variable of the three t issues ; bone was the 

s lowest  growing . Forequarter t issues were faster growing than 

hindquarter t issues in both sexes , except for muscle in females . 

Fat grew faster in females than males ; this accounted for much )f  the 

difference in muscl e  and bone between sexe s ,  although forequarter 

muscle in males and hindquarter bone in females were faster growing 

th ·�.n the corresponding t issues in the opposite  sex . 

Males and females followed similar patterns of growth for muscle 

and bone when compared at  the same fat free carcass ,veight . Males 

however were able t o  reach higher values of  musc1e : bone rat io 

because they attained higher body weight s on maturity , than females . 

At the same level of maturity (mature or half mature ) the t,vo sexes 

had s imilar fat content , but females had a lower musc1e : bone ratio 

than ma les .  



3 . 2 HUSCLE GROWTH 

3 . 2 . 1 RESULTS 

3 . 2 . 1 . 1  Relat ive growth of muscle groups and individual muscles 

The allo)lletric equations from b irth to ma turity for the muscle groups 

1 to 10 are given in Table 3 and those for the individual muscles 

which make up these groups are given in Table 4 .  The topographical 

distribution of muscle groups and individual muscles according to 

their growth ratios are depic ted for each sex in Figs 5 and 6 ,  

respect ively . Of 'the 1 09 individual muscles studied , 25 muscles 

showed signif icant differences in their b values between s:exe s .  The 

weights of these muscles for both sexes at 55 . 0  kg TSM weight are 

given in Table 5a & b .  The eleven muscles \.,hich grew significantly 

slower in males than females (Table �a) were found in the pelvic , 

spinal , sublumbar ,  brachial and antebrachial muscle groups . At 

55 . 0  kg TSM, these muscles totalled about 7 . 4 kg in males and 8 . 7  kg 

in females , which is a sex differen ..:e of 1 . 4 kg . The fourteen 

muscles which grew significantly faster in males than females 

(Table 5b) were found in the brachial , extrinsic and int rinsic 

(neck) muscle groups ; all these groups are found in the forequarter . 

At 55 . 0  kg TSM, these muscles contributed about 8 . 6 kg in males 

and 6 . 1  kg in females , \vhich is a sex difference of 2 . 5 kg . 

Table 3 :  Double logari thmic r�gress ions comparing the growth o f  musc l e  group weight relat ive t o  t o t a l  
s ide musc l e  we ight , i n  gramm e s ,  between 21  m a l e  a n d  18 f emale Jersey ca t t l e ,  from birth t o  
matu r i t y .  

1 
2 
3 
4 

5 
6 
7 
8 

9 
1 0  

Male Femal e  

Muscle Group Growth sb Constant Sex Growth sb Ra t i o  . b, Dif f . Ra tio b4> 

PELVIC 0 . 965* . 0 1 6  -0 . 380 NS 0 . 994 . 0 1 6  
CRURAL 0 . 825*** . 0 1 8 -0 . 5 6 0  N S  0 . 85 1 ** *  . 0 1 1  
SP INAL 1 .  028* . 0 1 3  - 1 . 1 2 8  NS 1 . 059*** . 0 1 2  
SUBLUMBAR 0 . 9 1 9** . 02 7  - 1 . 2 1 9  t t  1 . 042 . 0 2 2  
ABDOMINAL 1 . 1 2 3*** . 0 1 5  -1 . 649 NS 1 . 145*** .025 
BRACHIAL 0 . 98 7  . 0 1 0  -0 . 890 NS 0 . 9 7 8  . O D  
ANTEBRACHIAL 0 . 806*** . 0 1 2  -0 . 7 1 3  " NS 0 . 844*** . 0 1 5  
EXTRINSIC 1 . 062*** . 0 1 4  - 1 . 0 76 t 1 . 0 1 6  . 0 1 1  
INTRINSIC (NECK) 1 . 077* . 028 - 1 .  302 tt 0 . 956 . 024 
THORACIC 0 . 925** . 02 3 · -0 . 95 7  t 1 . 0 1 0  . 024 

, Reg.ression coe f f ic ient b ,  s t andard error sb 
* Values of b bearing this supersc r i p t  are s i gn i f ican t l y  (P < 0 . 05 )  d i fferent from 1 .  

t Sign i f icantly (P < 0 . 0 5 )  d i f f erent in b between sexes 

Constant 

-0.485 
-0 . 655 
- 1 . 2 35 
- 1 . 6 74 
- 1 .  69 7 
-0 . 85 7  
'- 0 . 890 
-0 . 925 
-0 . t-S8 

- 1 . 283 
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Table 4 :  Double loga r i thmic regressions compa ring the growth of indivi du�l muscl.e  weight relat iv e  
to t o t a l  s ide mus c l e  weigh t ,  i n  grammes ,  b e t,,,,,,en 21 male a n d  1 . 8  female Jersey c a t t l e ,  
from b i r th to  matur i t y .  

Individual mus c l e  

PELVIC 

Tensor fasciae latae 
Biceps femorl s 
Sem i t endinosus 
Glut eus medius 
Gluteus accessorius 
Gluteus profundus 
Gemel l i 
Sartorius 
Grac i l is 
Pec t ineus 
Semimembranosus 
Quad ratus femori8 
Adduc t o r  
ReC' t u s  femoris 
Va st l ls  lateral  i s  
Vas t u s  intermedius 
Va s t us media l i s  
Ob turatorius ext ernu s 

(et  int ernus) 

2 CRURAL 

Growth 
Ra t io 

1 . 076*** 

1 . 005 
1 . 047* 
1 . 02 2  
0 . 9 87 
0 . 9 3 7 *  
0 . 7 7 1 *** 
0 . 807*** 
0 . 9 36** 
0 . 9 1 9<: 
0 . 950 
: . 030 
0 . 9 6 5  
0 . 904*** 
0 . 895*** 
0 . 890* 
0 . 794*** 
0 . 9 55 

Gas t rocnemius 0 . 855*** 
Flexor d i g i t orum superf icialis  0 . 730*** 
Peroneus t e r t ius et extensor 0 . 8 1 9*** 

d i g it orum longus 
Tibia l i s  cranial is 0 . 7 1 5*** 
Peroneus longus 0 . 769*** 
Ext('nso r  d i g i t orum la t e r a l i s  0 . 84 1 *** 
Pop l iteus 0 . 84 1 *** 
Flexor digi torum profundus 0 . 82 7*** 

3 SPINAL 

Longissimus thora c i s  
Longissimus lumborum 
Longissimus ( t o t a l ) 
Ilicos t a l i s  thoracis 
Iliocos t a l i s  l umborum 
Il iocostal i s  ( l o t a 1 )  
Mul t i f i d i s  thorac is 
Mul t i f id i s  lumborum 
Mul ti fi dis (total ) 
Spinal is cervicis e t  thorac is 
Sac rocauda l i s  ven t ra l i s  
Sacrocaudalis  dorse l i s  

4 SUBLUMBAR 

Psoas minor 
11 iopsoas 
Quadratus 1umborum 

5 ABDOMINAL 

Cutaneus t runci 
Rec t us abdominis 
Ob1 iquus externus abdominis 
Ob1 iquus int e rnus abdominis 
Transversus abdominis 

1 . 02 5  
1 . 06 1 
1 . 04 2  
1 . 034 

0 . 7 1 4** 
0 . 9 7 7  
0 . 96 8  
0 . 96 3  
0 . 964 
1 . 066** 
1 . 001 
0 . 9 53 

0 . 8 7 7* 
0 . 922** 
0 . 950 

1 . 1 62*** 
1 . 075*** 
1 . 082** 
1 . 2 1 5 *** 
1 . 1 2 8*** 

Male 

. 0 2 3  

. 0 1 7  

. 0 1 9 · 

. 0 1 8  

. 02 7  

. 029 

. 05 5  

. 02 9  

. 020 

. 02 9  

. 02 7  

. 0 74 

. 0 3 9  

. 020 

. 02 2  

. 04 �  

. 03 3  

. ;)26 

. 0 2 2  

. 0 3 7  

. 0 1 9  

. 02 5  

. 0 30 

. 02 7  

. 039 

. 02 6  

. 0·19 

. 034 

. 0 2 1 

. 02 8  

. 0 7 7  

. 0 34 

. 0 6 6  

. 0 3 1  

. 0 3 7  

. 022 

. 0 70 

. 05 4  

. 04 5  

. 02 6  

. 06 2  

. 02 7  

. 0 1 9  

. 028 

. 0 5 1  

. 0 2 7  

� Regression coef fic ient b, standa rd error s b' 

Constan t  

-2 . 2 2 9  

-1 . 2 25 
- 1 . 850 
- 1 . 59 2  
-2 . 5 1 1  
-2 . 1 2 7  
-2 . 1 1 0  
- 1 .  6 2 2  
- 1 . 648 
- 1 . 89 5  
-1 . 09 3  
- 3 . 1 3 9  
- 1 . 6 1 7  
- 1 .  269 
- 1 . 1 7 1  
-1 . 682 
- 1 . 248 
-:2 . 0 1 8  

- 1 . 0 7 7  
- 1 . 1 9 6  
- 1 . 39 8  

- 1 . 66 5  
- 1 .  9 7 1  
- 1 .  9 5 2  
- 1 . 84 4  
- 1 . 2 8 1  

- 1 . 6 52 

- 1 . 7 9 5  
- 1 . 4 1 7  
-2 . 455 
-1 . 798 
-2 . 1 2 7  
-2 . 2 34 
- 2 . 2 1 0  
- 1 . 906 
-2 . 0 1 3  
-3 . 282 
-2 . 5 1 5  

- I .  987 
- 1 . 3 1 6  
-2 . 5 33 

-2 . 546 
-2 . 06 7  
-2 . 1 1 8  
-2 . 780 
-2 . 4 6 5  

Sex 
Diff . 

NS 
NS 
NS 

t 
NS 

tt 
NS · 
NS 
NS 
NS 
NS 
NS 
NS 

tt 
NS 
NS 

tt · 
NS 

NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 

NS 

NS 
NS 
NS 
NS 

NS 
NS 
tt 

t 
NS 
NS 
NS 

NS 

tt 
NS 

NS 

NS 

NS 
NS 
NS 

Growth 
Ra t i o  

1 . 1 44*** 

1 . 005 
1 . 0 32 
1 . 073*** 
1 . 070 
1 . 069 
0 . 804** 
0 . 89 3  

0 . 962 
0 . 94 3  
0 . 9 5 6  
0 . 928 
0 . 995 
0 . 9 9 7  
0 . 94 9  
0 . 82 1  
0 . 9 30 
0 . 9 87 

0 . 863*** 
0 . 8 1 9*** 
0 . 839*** 

0 . 682*** 
0 . 738*** 
0 . 890* 
0 . 803*** 
0 . 904** 

1 . 0 1 5  

1 . 1 4 1*** 
1 . 082*** 
0 . 984 

0 . 904 . 
0 . 964 
1 . 053 
1 . 1 39* 
1 . 089* 
1 . 009 
0 . 92 6  
1 . 0 1 1  

0 . 9 7 2  
1 . 04 2  
1 .  1 4 1  

1 . 1 3 3*** 
1 . 040 
1 . 1 7 2*** • 
1 . 1 9 5*** 
1 . 20 7 *** 

Female 

. 02 7  

. 020 

. 024 

. 0 1 7  

. 04 3  

. 029 

. 0.14 

. 0 5 3  

. 04 6  

. 02 8  

. 029 

. 05 7  

. 035 

. 0 1 6  

. 024 

. 036 

. 035 

. n34 

. 0 1 7  

. 0 2 3  

. 02 2  

. 06 4  

. 050 

. 0 38 

. 058 

. 0 3 2  

. 020 

. 020 

. 0 1 6  

. 0 38 

. 09 9  

. 038 

. 039 

. 05 1  

. 03 3  

. 0 2 8  

. 06 5  

. 048 

. 04 6  

. 0 2 2  

. 084 

. 028 

. 03 7  

. 04 1  

. 0 36 

. 0 4 2  

* Vdlues of b bea r ing this supe rs r r f pt a r e  s igni fican t l y  (P < 0 . 05 )  d i f f e rent f rom 1 .  

t Sign i f ican t ly (P < 0 . 0 5 )  d i f f e rent in b between sexes . 

Constant 

- 2 . 4 7 5  
- 1 . 206 
- 1 .  794 
- 1 .  776 
-2 . 7 9 7  
-2 . 6 6 1  
- 2 . 2 1 1  
- 1 . 984 
- 1 . 7 6 7  
-1 . 9 6 0  
- 1 . ODS! 
- 2 . 8L5 
- 1 .  7 1 0  
- 1 . 6 36 
- 1 . 396 
- 1 . 3 1 2  
- 1 .  7 9 7  
-2 . 1 0 7  

- 1 . 09 3  
-LSI!'  
- 1 . 1 7 1  

- 1 . 5 7 0  
- 1 .  874 
-2 . 1 68 
- 1 .  635 
- 1 .  583 

- 1 . 60 3  

-2 . 0 76 
- 1 . 555 
-2 . 286 
- 2 . 6 5 9  
- 2 . 1 2 4  
-2 . 5 1 1 
- 2 . 88 7  
-2 . 36 6  
- 1 .  795 
- 2 . 960 
-2 . 66 2  

-2 . 348 
- 1 .  760 
- 3 . 248 

-2 . 386 
- 1 . 88 3  
- 2 . 48 1  
- 2 . 604 
-2 . 74 4  
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Jab l e  4 cont inued 

Ma l e  

(, 

. 7 

8 

9 

1 0  

Ind ividual muscJ e Growth 
Ratio b4> 

BRACHIAL 

Del toideus 1 . 036 
Infraspinatus 0 . 9 9 7  
Supraspina tus 0 . 933*"* 
Coracobrachialis 0 . 986 
,Subscapularis 1 . 087** 
Teres maj or 0 . 975 
Bi�eps brachH 0 . 9 33** 
Te'res mino, 0 . 9 34 
Tensor fasc iae antebra c h i i  1 . 008 

_ Triceps brach i i :  Capu t l a t e rale 0 . 883*** 
Caput Ion gum 1 . 040* 

, CajJu t nk·d .i.He 0 . 756*** 
Brachia l i s  0 . 83S *** 
Anconeus 0 . 82 1** 

ANTEBRACHIAL 

Extensor carpi rad ial i s  0 . 852*** 
Extensor d i g i torum l a teraris 0 . 7 79*** 
Extensor d i g i t o rum con�unis 0 . 826*** 
Abdu c t o r  po l l ic i s  longus 0 . 675** 
Ulna r i s  l a t e r a l i s  0 . 825*** 
Flexor carpi ulna r i s  0 . 7 76*** 
Flexor carpi r a d i a l i s  0 . 72 3*** 
Flexor 1 l gitorum superf ic i a l is 0 . 755*** 
Flexor d ig i t o rum profundus : 

Caput u ] na re 0 . 890*** 
Caput radiale 0 . 673*** 
Caput humerale 0 . 779*** 

EXTRINSIC 
Trapezius 1 . 106* 
Brach' ocephG l ic u s  0 . 994 
Omot ransversarius 1 . 1 1 5*  
Rhomboideus 1 . 106** 
La t issimus d o r i s  1 . 068** 
Serratus ven t ra l i s  cervicis e t  1 . 1 0 1 *** 

thoracis 
Pectora l i s  p l u fundus 1 . 0 1 0  
Pec t ora l i s  supe r f i c i a l  i s  1 . 038 

INTRINS I C  ' .,ECK) 

Sternoman d i b u l a r i s  1 . 105* 
S t e rnoma s t o ideus 0 . 9 7 5  
S t e rno thyrohyo ideus 0 . 95 7  
Omohyoideus 1 . 096 
S p l en i u s  ca p i t i s  e t  c e rv i c i s  1 .  2 79*** 
Longissimus cerV1C1S 1 . 102* 
Longissimus c a p i t i s  1 . 1 2 3* 
Longi s s imus a t l a n t i s  1 . 2 74** 
Semispin a l i s  c ap i t i s ,  cerv i c i s  1 . 1 26** 

e t  thoracis 

·Sca lenus dorsa l i s  1 . 209** 
Sca l enus ven t r a l i s  1 . 028 
I n t e r t ransver s a r i i  cerv i c i s  0 . 965 
Inter tr�nsversarius longus 1 . 088 
Longus c a p i t i s  1 . 032 
Longus c o l l i  1 . 098* 
Ob l i quus cap i t i s  cauda l is 1 . 045 
ObUquus cap i t i s  c ranialis 0 . 76 7*** 
Rec t u s  c a p i t i s  dorsa l is ma jor 0. 941 
Rec t u s  c a p i t i �' dorsa l i s  minor 0 . 633 
Rec tu s  c a p i t i s  ven t ra l i s  0 . 94 8  
Re ctus c a p i t i s  l a t e r a l i s  0 . 984 
Mu l t i f i d i s  cervlcis 1 . 008 

THORAC IC 

In terspinales 0 , 769*** 
Rec tus thorac is 1 . 030 
Serra t u s  dorsa l i s  c rania l i s  0 . 9 36 
Serratus dorsa l i s  cauda l i s  0 . 996 
Re t ra c t o r  costae 0 . 994 
Interco s t a l e s  0 . 959* 
Transversus tho rac i s  0 . 96 3  
Diaphragma 1 . 0 1 4  

--- � ---.---

sb 

. 023  

. 0 1 2  

. 0 1 5  

. 038 

. 030 

. 024 

. 020 

. 04 9  

. 046 

. 02 1  

. 0 1 5  

. 04 5  

. 0 1 3  

. 06 1  

. 020 

. 032  

. 040 

. 094 

. 0 1 6  

. 036 

. 028 

.033  

. 02 7  

. 064 

. 030 

. 0 4 1  

. 038 

. 04 7  

. 035 

. 020 

. 0 1 3  

. 0 1 9  

. 032 

. 04 7  

.045 

.067  

. 1 2 1  

. 058 

. 048 

. 053 

. 090 

. 039 

. 06 1  

. 038 

. 044 

. 04 2  

. 053 

. 04 3  

. 02 2  

. 04 1  

. 04 7  

. 1 06 

. 096 

. 088 

. 04 3  

. 055 

. 024 

. 069 

. 069 

. 064 

. 0 15  
. 035 
. 028 

30 

--- �----
Femal e  

------ - ----
Constant Se!: Crc;,th sb CGnstant 

D if f .  Rat" io b.p 

-2 . 467  t 0 . 95� . 024 -2 . 1 7 .3  
- 1 .  7 1 8  t 1 . 056H . 0 1 9  - 1 .  940 
- 1 . 5 37  NS 0 . 929B . 024 -1 . 41l7  
-2 . 834 NS 0 . 929 . 0 76 -2 . 584 
-2 . 3 1 6  NS 1 . 054 . 028 -2 . 1 9 3  
-2 . 2 35 NS 0 . 984 . 03 2  -2 . 300 
- 1 . 928 t 0 . 999 . 020 -? 185 
-2 . 388 NS 0 . 926 . 058 -2 . 389 
-2 . 868 NS 0 . 935 . 033  -2 . 588 
- 1 . 671, NS 0 . 9 27** . 0 2 1  - 1 . 840 
- 1 . 674 t 0 . 984 . 0 1 5  - 1 . 4 6 1  
- 1 . 9 35 NS 0 . 707*** . 044 -1 . 683 
- 1 . 604 NS 0 . 8 7 3*** . 0 1 8  - 1 . 755 
-2 . 164  N S  0 . 823** . 045 -2 . 224 

-1 . 4 6 1  NS 0 . 824*** . 0 1 4  - 1 .  379 
- 1 .  893 N S  0 . 830*** . 032 -2 . 1 5 7  
- 1 . 9 1 0  NS 0 . 783*** .026 - 1 .  543  
-2 . 249 NS 0 . 735*** . 055 -2 . 4 °  
- 1 . 749 NS 0 . 95 1  . 065 -2 . 3 1 0  
- 1 . 8 7 7  t, 0 . 877*** . 026 -2 . 305 
-1 . 74 3  NS 0 . 705*** . 0 3 1  - 1 .699 
-1 . 375 t 0 . 868** . 038 - 1 . 8 1 6  

-2 . 4 2 1\  N S  0 .926 . 045 -2 . 595 
-2 . 24 6  t 0 . 936 . 083 - 3 . 335 
':' 1 . 3 1 7  NS 0 . 82 7** .034 - 1 .  5 2 1  

-2 . 398 NS 
-

1 . 040 . 026 -2 . 1 9 7  
- 1 . 799  N S  0 . 928* .025 - 1 . 59 8  
-2 . 794 t 0. 9 5 1  . 049 -2 . 1 83 
-2 . 298 tt 0 . 9 10* .036 - 1 . 63� 
- 2 . 002 NS 1 .  049* . 0 1 9  - 1 .  94  7 
- 1 . 824 NS 1 . 1 22*** . 0 1 4  - 1 . 884 

- 1 . 5 1 0  t 0 . 958** . 0 1 3  - 1 .  3 2 9  
-2 . 0 1 5  NS 0 . 9 70 . 033  - 1 . 8 1 2  

-2 . 760 tt 0 .837*** . 038 - 1 . 77 1  
- 2 . 1 5 9  NS 0 . 965 . 069 -2 . 1 � 6  
-2 . 505 N S  0. 932 . 089 -2 . 4 3 1  
- 3 . 805 NS 1 . 059 . 195  - 3 . 868 
- 3 . 203 t'!' 0 . 935 . 03 7  - 2 . 03 3  
-2 . 739 N S  1 . 000 . 050 - 2 . 354 
- 2 . 949 tt 0 .867** . 035 -2 . 066 
-4 . 2 1 6  t 0 . 837 . 1 46 -2 . 626 
-2 . 203 tt 0 . 958 . 026 - 1 .  581 

- 3 . 40 1  tt 0 .• 9 36 . 075 - 2 . 466 
- 2 . 446 NS 0 . 9 6 1  .038 -2 . 1 8 3  
-2 . 101. NS 1 . 046 . 067  - 2 . 440 
-2 . 8 38 NS 1 . 0 1 4  . 066 - 2 . 600 
-2 . 605 NS 0 . 85 7  . 069 - 2 . 02 1  
-2 . 525 NS 1 . 096* . 038 - 2 . 490 

-2 . 555 t 0 . 960 . 0 2 7  -2 . 20 1  
- 1 . 908 NS 0 . 73 7*** . 057 - 1 .  742 
-2 . 54 3  NS 0 . 907* . 039 -2 . 39 8  
-1 . 940 NS 0 . 660* . 1 20 -2 . 124 
-3 . 034 NS 1 . 097 . 0 9 1  - 3 . 659 
-2 . 962 t 0 . 7 1 1 ** . 086 - 1 .  735 
-2 . 4 7 8  t 0 . 8 1 8* . 0 8 1  - 1 . 7 1 6  

- 1 . 67 3  �!� 0 . 84 3* *  . 0 4 1  - 1 . 9 5 1  

- 3 . 0 1 0  NS 1 . 057 . 045 - 3 . 1 3 7  

-2 . 624 NS 0 . 9 73 . 09 1  -3 . 004 

-2 . 9 5 1  NS 1 . 1 48* .063 -3 . 568 
-3 . 086 NS 1 . 14 3  . 1 22  -'-3 . 766 

- 1 . 347 NS 0 . 949 . 0 38 - 1 . 287  

-2 . 542 NS 1 . 078 . 049 -2 . 966 

- 1 . 9 9 2  NS 1 . 086** . 02 7  -2 . 21.4 



b s ignificantly (p < 0 . 05 )  less than 1 

Cow 

2 muscle groups 5 muscle groups 

b not signi ficantly (P < 0 . 05 )  different from 1 

:�----------------

Cow Bul l  

6 muscle groups 1 muscle group 

b significantly (p < 0 . 05 )  greater than 1 

o 

Cow 

D 

2 muscle groups 4 muscle groups 

c 0 

c <> 

Figure 5 :  Differences i n  muscle wei ght distribution between the cow and bul l  as 
observed in the growth rat ios b of the muscle groups . given in Table 3 .  

1 = Pelvic 2 
6 = Brachial 
10 = Thoracic 

Crural 3 = Spinal 4 = Sublumbar 5 = Abdomina� 
7 = Antebrachial 8 = Extrinsic 9 = Intrinsic ( neck) 
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b signi ficantly IP < 0 . 05 )  less than 1 

Cow Bul l  

3 3  muscle� 40 muscles 

b not significantly IP < 0 . 05 )  different (rom 1 

Cow 

60 muscles 46 muscles 

b significa�tly IP  < 0 . 05 )  greater than 1 

Cow Bul l  
16 muscles 2 3  muscles 

Figure 6 :  Di fferences in muscle weight distr ibutio" between the cow and bull as 
observed from the allocation of individual muscles d':cording to their 
growth ratio b (Table 4 ) . 
The number of muscles within each of the three allocations is indicated . 

32 



These resul t s  show that the forequarter , espec ially the neck, is 

better developed in males than females . There is a marked effect 

(over 50% increase ) in six muscles , all in the neck . Otherwise , 

muscle distribution is not greatly different  between the two sexes . 

Tabl e  5 :  Weights o f  muscle in grammes for male and female Jersey c a t t l e ,  a t  5 5 . 0  kg total side 
muscle (TSH) , as calculated f rom the regressions given in Table 4 .  

(a ) Muscles whose b values are sign i f i cantly lower in males than fema les 

Muscl.., group 

Pelvic 

Spinal 

Sublumbar 

Brachial 

Antebrachial 

(b) 

Muscle group 

Brachial 

Extrinsic 

Intrinsic 
(neck) 

MusCle 

Gluteus medius 
Gluteus profundus 
Rectus femo r i s  
Vastus l a t e ra l i s  

Mult i f i d i s  

I l iopsoas 

Infraspinatus 
Biceps brach i i  

Flexo:c carpi ulnaris 
Flexor d i g i torum supe rfic ial is 
Flexor digi to rum profundus : Caput radiale 

Tot a l  
Total expressed as % TSM 
Total expressed a� ;; HCW+ 

Musc l es whose b values are sign i f i cantly higher 

Muscle 

De l t oideus 
Triceps brach i i : Caput l ongum 

Omot ransversarius 
Rhomboideus 
Pec toral is profundus 

Sternomandibul a r is 
Splenius 
Longissimus c a p i t i s  
Longissimus a t lan t i s  
Semispina l i s  
Scalenus dorsalis 
Obliquus capi t i s  cauda l i s  
Rec tus cap i t i s  latera l i s  
Mul t i f idis cerv icis 

Total 
Tot a l  expressed ·as % TSM 
Total expressed as % HCWTt 

* Weight o f  muscle in male /Weight of musc le in female 

in 

Mal e  

1 788 
206 

1 038 
1 1 78 

46 1 

1 1 33 

1 0 1 8  
3 1 2  

6 3 . 3  
1 60 

5 . 8  

7 3 6 3  
1 3 . 4  

8 . 9  

ma les 

Male 

2 7 8  
1 80 1  

3 1 0  
880 

1 894 

300 
724 
237 

66 . 5  
1 3 6 2  

2 1 4 
2 5 0  

50 . 4  
200 

8566 
1 5 . 6  
1 0 . 4  

Female 

2042 
2 5 5  

1 2 3 0  
1 266 

625 

1 5 1 0  

1 1 6 3  
3 5 �  

7 1 . 1  
1 9 9  

1 2 . 6  

8728 
1 5 . 9  

9 . 0  

than females 

Fema le 

2 2 3  
1 5 9 7  

2 1 1  
480 

1629 

1 5 7  
2 5 1  
1 1 1  

2 1 . 9  
9 1 2  

9 3 . 5  
2 24 

4 3 . 2  
1 4 5  

6098 
1 1 . 1  

6 . 3  

t Hal f  carcass weight (HCWT) , as e s t imated f rom the regressions i n  Table I ,  
is 82 . 6  kg for males and 96 . 5  kg f o r  females . 

• 

Sex ratio* 

0 . 88 
0 . 8 1  
0 . 84 
0 . 9 3 

0 . 74 

0 . 75 

0 . 88 
0 . 88 

0 . 89 
0 . 80 
0 . 4 6  

D i f ference 

1 365 
2 . 5  
0 . 1  

Sex rat io* 

1 . 2 4  
1 . 1 3 

1 . 4 7  
1 . 8 3  
1 . 1 6 

1 . 9 1  
2 . 89 
2 . 14 
3 . 04 
1 . 49 
2 . 29 
1 . 1 2 
1 . 1 7  
1 . 38 

D i f ference 

2 4 6 7  
4 . 5  
4 . 1  
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3 . 2 . l . 2 . ,  Relat iVe 'growth o C the test is 

A break in the allometric growth of  the test is relative to total side 

muscle (TSM) is observed in Fig . 7 .  Two regressions , one including 

the f irst  eight and the other , the ' next eleven males , s ignificantly 

(P < 0 . 01 )  reduced the residual mean square s  of  the single regression 

for these nine teen animals . In the f irst  phase the testis  grew at 

a l ow growth ratio of  0 , 658  (Table 6) and in the second phase , 

assumed a higher 'growth ratio of ' 1 . 8 1 6'. The two heaviest and oldest 

bulls ,  aged 5 and 7 years , were omitted in the calculations of the 

. second phase regression because test icular growth in these mature 

bulls appeared to have assumed another phase , lower in growth rate 

than that in phase 2 (Figs . 7 & 20 ) . The heaviest calf in phase 1 

had a l ive�vEdght of about 50 kg and a TSM of 9 . 2  kg (Fig . 20 , 

Appendix 4 ) , The l ightest calf in phase 2 had a liveweight of  about 

60 kg and a TSM of 9 . 7 kg , The pos it ion of the break in allometry 

was s imilar when other independent variables such as l iveweight 

(Fig . 20 ) , empty body weight , half  carcass weigh t ,  total s ide muscle 

plus bone a�d total side bone were used instead of TSM. 

3 . 2 , 1 . 3 ,  Relat ive growth of  mm . rhomboideu s ,  spl eni u s  and l ongi ssimus 

capi t i s  

The monophasic equat ions of mm . rhomboideu s ,  spl eni u s  and l ongi ssimus 

capi ti s in Table 4 ,  indicate that these muscles are faster growing 

in roales than females . Figs . 8 ,  9 & 1 0  show that the allometric 

growth of each of these neck muscles is in two phases .  Based on 

the evidence on the position at  which the break in the relat ive 

growth of the testis occurred , two regressions were f it ted , one to 

the f irst  eight animals  and ancther to the next  thirteen animals . 

The two :regressions were signif icantly (P < 0 . 005 ) better than a 

single regression in representing the relat ive growth of  these 

muscles in males .  On the other hand , the allometric growth of  

these muscles in females d id ,not show obvious breaks and was  

each adequately described by a sinbLe regression ;  two regressions 

d id not significantly (P > 0 . 05 )  reduce the residual mean squares 

of the single regression of each muscle . 
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3 . 0  

0 0 

2 . 5  
I 

2 . 0 
LOG 
TEST I S  
�JE I GHT 
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1 . 5  
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/ 0 . 5.� ______ � ______ � ________ � ______ � ______ � 
3 . 0  3 . 5  4 . 0  4 . 5  5 . 0  5 . 5  

LOG TOTAL S I O E· �lUSCLE I'JE I GHT ( 9 )  

Figure 7 :  Allometric growth o f  mean testis weight relative to total side 
muscle weight in male Jersey cattle,  from birth to maturity . 
The two heaviest bul ls . aged 5 and 7 years,  have been omitted 
from the second phase regression . 

Table 6 :  Double logarithmic regressions o f  the growth o f  testis relative to total side muscle 
(TSM) , in two phases . 

x TSM (g)  !/ weight of testis (g) 

Growth 
Ratio M s

b Constant 

" " Phase 1 # 0 . 659a .079  -4 . 757 

Phase 2 # 1 . 8l6b" " "  . 112 -6 . 04 1  

� Regression . coefficient b ,  standard error sb ' 

* Phase 1 includes the f irst 8 males;  phase 2 includes the next 11 males . 
" Values of b bearing this superscript are significant.ly (P < 0 . 05 )  different 

from 1 .  Values of b in phase 1 and phase 2 not fol lowed by the same letter 
are significantly (P < 0 . 001) different from one another . 
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5 . 0  

Figure B :  Allometric growth o f  m .  rhomboideus relative t o  total side 
muscle weight in ma le (0) and fema le (e) Jersey cattle ,  from 

3 . 5  

3. 0 

LOG 
MUSCLE 

WE I GHT 2. 5 

(9)  

2. 0 

1 . 5  

birth to maturi ty . ./ 

o . " , 
e / .' 

/ 
," / / e  

1 . 0 L-______ � ________ � ______ � ________ � __ _ 
3 . 0 

Figure 9 :  

3 . 5 4 . 0  4 . 5  5 . 0  

LOG TOTAL S I DE MUSCLE WE I GHT ( 9 ) 

Allometric g rowth �f m. spl enius relative to total side 
muscle weight in male (0) and female (e) Jersey cattle, 
from birth to maturity.  
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LOG 

MUSCLE 
�IE I GHT 

( g )  

3 . 0 

2. 5 

2. 0  

1 . 5 

1 . 0  
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0 . 5 � ______ � ______ � ________ � ______ � ___ 
3 . 0 3 . 5 4 . 0 4 . 5 5 . 0  

LOG TOTAL S I DE MUSCLF WE I GHT ( 9 )  

Figure 1 0 :  Al lometric growth of m .  longissimus capi tis relative t o  total 
side muscle in male ( 0 ) and fema le ( e ) Jersey cattle, 
from bi rth to matur ity . 

The allometric equat ions of  these muscles in males are given 

in Table 7 .  The growth of the three muscles was signif icantly 

faster in phase 2 than in phase 1 with m .  spl eni us showing the 

greatest and m .  rhomboideus the smallest change in allometry . 

Table 7 :  Double logari thmic regressions o f  the growth o f  mm .  rhomboideus, longissimus capi t i s  

and spl enius re lative to total side muscle (TSM) in two phase s ,  for 2 1  male Je!Csey 
cattle, and compared to the single regression of each of the musc l e s ,  in 18 females . 

Muscle 

RHOMBOIDEUS 

LONGISSIMUS 
CAPITIS 

SPLENIUS 

x ; TSM (g)  y ; weight o f  muscle ( g )  

Males Females 

Phase# 
Growth Sex Growth Constant 
Ratio M> s

b 
Constant 

Diff.  Ratio b$ 
s

b 

1 O .  786a * * . 051 -1 . 080 NS 0 . 910* . 036 - 1 .  632 

2 1 .  262b** * . 03 3  -3 . 008 +++ 

1 0 . 702a* . 082 -1 . 33 9  NS 0 . 867 * ' . 035 - 2 . 066 

2 1 .  372bu *  . 05 2  -4 . 092 +++ 

1 0 . 712a ' . 095 -1 . 05 3  + 0 . 935 . 03 7  - 2 . 033 

2 ' I . 540b' "  . 049 -4 . 395 +++ 

$ Regression coe fficient b, standard error s
b

' 

# Phase 1 includes the first 8 males ; phase 2 includes the other 13 males. 

Values of b bearing this superscript are significantly ( P  < 0 . 05 )  di fferent from 1 .  
Values o f  b in phase 1 and phase 2 not follo�ed by the same letter are significantly 
(p < 0 . 001) di fferent from one another . 

+ Significantly (P < 0 . 05 )  di fferent in b between sexe s . 
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3 . 2 . 1 . 4 Relat ive growth of mm . longissimus and semitendinosus 

The allometric.: equa tions for mm . longissimus and semitendinosus 

in Table 4 and Figs . 1 1 & 12 , show no signif icant sex dif ference in 

the growth of these muscles . In both sexes , breaks in allometry 

were not evident and a single regression adequately descr ibed the 

growth of .each . muscle ; two regressions did no t significantly 

(P > 0 . 05 )  improve the relationship . 

3 . 2 . 1 . 5  • Growth ' changes in measurements ' o f  muscle area relative to 

" weight df musCle ; estimation ' of ' f ibre number 

Table 8 gives the allome tric equat ions for the change in various 

measurements of muscle area relative to weight of muscle . The area s 

are all transverse sec tional area : 

(a)  whole muscle area (\VMA) and mean fibre area (MFA) , 

(b ) total area occupied by myosin ATPase high fibres (TAH) and 

mean myos in ATPase high f ibre area (MAH) , and 

(c )  total area occupied by myosin ATPase low fibres (TAL) and 

mean myosin ATPase low f ibre area (MAL) . 

The change in WMA and MFA relat ive to weight of muscle for 

mm . rhomboideus, splenius, longissimus capitis, longissimus and 

semitendinosus is shown in Figs . 1 3  to 1 7 . Predictions of each of 

the above mentioned areas allowed estimation of  total fibre number (N) , 

number of  myosin ATPase high fibres (NAH) and number of myos in ATPase 

low fibres (NAL) at two muscle weights , representing two stages of  

growth, as shown in  Table 9 .  Comparisons between sexes , using 95%  

conf idence limits , were made at  the same muscle weight , for  each of  

the values . 

Sex differerices in muscle growth were exemplified by the neck muscles , 

mm . rhomboideus, splenius and longissimus cap�tis. When contrasted 

with the growth of , mm. longissimus and semitendinosus , which appeared 

to be similar between sexes , it  is possible to make some observations 

on the mechanism of muscle growth ,  upon which differences and 

similarities of muscle growth between sexes can be ba 3ed . Both sexes 
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Allometric growth o f  m .  l ongissimus relative to total side muscle 
weight in male ( 0 )  and female ( 0 )  Jersey cat"f1 e ,  from birth to 
maturity . 
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Figure 1 2 :  AllornetI"ic growth o f  m .. semi tendinosus rel3.tive to total side 
muscle weight in male ( 0 )  and female ( . )  Jersey cattle , from 

. birth to maturi ty .. 
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T8ble 8 :  Double logari thm ic regressions compar ing �he changes 0 f  various measuremen ts o f  t r ansverse 
sec t ional muscle a rea ( in "m2 ) r e l a t ive to the weight of the respec t ive musc le (in g) , 
b�Lween 2 1  ma l e  and 18 female Jersey c a t t l e ,  f rom b i r th to matur i t y .  x is the weight of 
muscle and y i s  one o f  the f o l lowing : (a )  who l e  mus •. le area (WMA) and mean f ibre area (HFA) ; 
(b ) t o t a l  area occup ied by myosin ATPase high f ibres (Tlla) and mean myosi:1 ATPase h i gh f ibre 
area (HAH) ; and (c) t o t a l  area occup i ed by myosin · ATPase low fibres (TAL) and mean myosin 

) 
ATPase low f ibre area (HAL) . 

. _----_._------ -------- -------

Huscle 

Rhombo ideus 

Splenius 

Longi £ s imus 
c a p i t i s  

Longiss imus 

Sem i t endinosus 

y Growth 
Ra t i o  bcf> 

(a ) WMA 0 . 793*** 
HFA 0 . 807*** 

(b) TAH 0 . 8 5 2*** 

HAH 0 . 8 7 8*** 

(c) TAL 0 . 674 
HAL 0 . 669 

( a )  WMA 0 . 797*** 
HFA 0 . 82 1 ** 

(b) TAH 0 . 874*** 

HAH 0 . 895*** 

(e)  TAL 0 . 6 70 
HAL 0 . 700 

( a )  WMA 0 . 838*** 
MFA 0 . 824** 

(b) TAH 0 . 874** *  
HIIH 0 . 85 1 *  

(c ) TAL 0 . 7 5 4  
HAL 0 . 775* 

(a) WMA 0 . 64 8  
MFA 0 . 69 1  

(b) 

(c) 

TAH 
MAH 

TAL 
MAL 

0 . 64 4  
0 . 69 7  

0 . 700 

0 . 6 7 2  

(a ) WMA 0 . 707* 
MFA 0 . 762 

(b) TAH 0 . 736** 
MAH 0 . 769 

( c )  TAL 0 . 54 4  
MAL 0 . 707 

Male 

Constant 

. 02 8  7 . 0 1 9  

. 036 1 . 2 2 0  

. 039 6 . 69 3  

. 01, 2 1 . 055 

. Ot. 3 6 . 82 7  

. 042 1 . 52 5  

. 02 7  7 . 25 1  

. 04 1  1 . 264 

. 030 6 . 85 8  

. 04 3  1 .  079 

. 034 7 . 1 1 9 

. 040 1 .  554 

. 039 7 . 4 2 i  

. 054 1 . 4 6 7  

. 050 7 . 1 3 2  

. 065 1 .  3 7 1  

. 056 7 . 1 6 7  

. 049 1 .  620 

. 02 5  7 . 589 

. 042 1 .  1 7 9 

. 02 9  

. 044 

. 0 6 7  

. 05 2  

7 . 5 2 1  
1 . 1 84 

6 . 65 5  
1 . 1 1 9 

. 0 1 8  7 . 52 7  

. 0 5 7  1 . 406 

. 02 1  7 . 3 9 1  

. 05 8  1 .  400 

. 1 08 6 . 984 

. 05 9  1 . 4 5 3  

cf> Regress ion coe ff icient b, �tandard e=ror s
b

. 

Sex 
Dif�  . 

t 
NS 
NS 
NS 

t 
NS 

tt 
t 

t 
t 

NS 

t 
NS 
tt 
NS 
NS 
NS 

NS 
NS 
NS 

t 
NS 
NS 

NS 
t 

NS 
t 

NS 
t 

Growth 
Ra t io bcf> 

0 . 645 
0 . 7 1 4  

0 . 7 3 5  
0 . 7 8 7  

0 . 488* 

0 . 584 

0 . 636 
0 . 6 70 

0 . 749 
0 . 73 1  

0 . 505** 
0 . 6 14 

0 . 664 
0 . 7 5 1  

0 . 54 7  
0 . 663 

0 . 7 8 3  

0 . 8 1 9  

0 . 664 
0 . 5 7 7 *  

0 . 65 8  
0 . 5 70* 

0 . 7 1 0  

0 . 63 3  

0 . 686 
0 . 594 

0 . 735* 
0 . 602 

0 . 4 3 8  
0 . 5 1 7 *  

Female 

. 05 4  

. 04 8  

. 059 

. 05 8  

. 0 73 

. 049 

. 0 4 1  

. 049 

. 0 5 2  

. 059 

. 055 

. 044 

. 06 3  

. 079 

. 08 1  

. 08 7  

. 0 74 

.081 

. 0 34 
. 03 8  

. 036 

. 04 1  

. 070 

. 04 4  

. 02 7  
·
. 0 5 1  

. 02 8  

. 052 

. 1 5 0  

. 0 5 3  

* Values marked w i t h  an as terisk a re s ij:tni f ican t l y  (P < 0 . 05 )  d i f ferent f rom 0 . 66 7  and 
therefore ind ic a t e  dispropor t iona l i t y .  

+ Sign i f i cantly (P < 0 . 05 )  d i f f e rent in b between sexe s .  

Constant 

7 . 250 
. 1 .  6 14 

6 . 854 i 1 . 4 3 6  

7 . 1 4 7  

1 . 9 2 3  

7 . 4 7 3  
1 .  7 7 2  

6 . 984 
1 .  6 1 6  

7 . 383 
1 . 924 

7 . 634 
1 .  763 

7 . 507 
1 . 79 5  

7 . 1 4 6  
1 .  784 

7 . 5 1 7  
1 . 580 

7 . 4 7 4  
1 . 628 

6 . 4 8 7  
1 . 26 5  

7 . 542 
1 . 862 

7 . 34 7  
1 . 859 

7 . 2 7 5  
1 . 960 
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share the following common features of muscle growth,  from birth to 

maturity : 

1 .  Total number of  muscle fibres remains constant . This could be 

inferred from the non-s ignif icant difference (P > 0 . 05 )  in b 

values for the regress ions of WMA and of MFA relative to muscle 

weight (Table 8 ) , within each sex and each muscle . Table 9 

also shows no significan t  change ' in N at t, .. o stages of  growth . 

2 .  Muscles grow by increasing muscle f ibre size (MFA) . Both myosin 

'ATPase high (AR) and myosin ATPase low (AL) fibres increase in 

size . 
I , 

3 .  The total number of  fibres of each type remains rela t ively 

constant . This suggests  that a change in myosin ATPase 
I 

characteris t ics  did not occur . 

These basic features of  postnatal muscle growth in cattle ,  delimit 

the ways by which sex differences in muscle growth can be achieved . 

Thu s ,  differences are effected in the following ways : 

1 .  A sex difference in the number of muscle fibres is already 

established at birth . Males have more fibres than females for all 

the five muscles . A s ignificant  difference in N ,  amount ing to 

males  having about twice the number of  fibres than in fe1l1ales , fs 

observed throughout the growth of  the neck muscles . M. Zongissimus 

is not s ignificantly different in N between sexes at any stage . 

In the case of  m. semitendinosus the initial value of N is 

signif icantly grea ter in males then females , but differences are 

not observed at a later stage of  growth . 

2 .  The increase in muscle fibre s ize is faster in males than in 

females , and s ignif icantly so for mm .  spZenius and semitendinosus . 

In males , the b, values of the regression of  MFA relative to  the 

weight of each of the neck muscles �as significantly (P < 0 . 00 1 )  

greater than 0 . 667 , but not signiiicantly ( P  > 0 . 05 )  different 

from 0 . 667  in fe�ales (Table 8 ) . A value of 0 . 667  indicates 

proportionality . Comparisons between males and females of 

predicted MFA values at the same weight of muscle for all muscJ �s 

indicated that males started with s ignificantly smaller fibres 

which, however , grew to s imilar fibre size at heavier weights .  ntis  
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increase in fibre size was greater for the neck muscles than for 

the other t\vO muscles  

However , the increase in  fibre size  in all  three neck muscles at' 
males could not ent irely account for the signif icantly faster 

growth of  WMA in males than in females � because only m. sp lenius 

showed a s ignificant sex difference in the rate of growth of MFA . 

In fact , at  the heavier weight , the predicted MFA values for 

�. rhomboideus 0 was significantly less in males than females and 

similar for the o ther two neck muscles . Hence , a signif icantly 

greater number of muscle fibres results  in b igger neck muscles 
I 

of  bulls . For � imilar reasons , although MFA of  m. semitendinosus 

increased signif icantly faster in males than females , it did not I 

result in a significant difference in muscle size between sexes . 

In the case of m. longissimus , both the rat e of  increase of MFA 

and the number of  f ibres are not  significant ly different between 

sexe s .  Hence this muscle o does not differ in size between sexes . 

3 .  Males have significan tly more NAH as well as NAL than females in 

all the neck muscles . 

In males , AH fibres contribute more than AL fibres to the increase 

in s ize of the neck muscles . The b values for TAH are greater o�han 

for TAL and s ignificantly so for mm . rhomboideus (P < 0 . 0 1 )  anu 
splenius (P < 0 . 001 ) . This is because ( i) there are significantly 

more NAH than NAL (Table 9 ) , and (ii )  the rate of increase in  size 

is faster in the AH fibres than tbe AL f ibres in each muscle ; the 

b values for MAH are higher than for MAL and s ignificantly 

(P < 0 . 0 1 )  so for mm . rhomboideus and sp Zenius . 

In females , the growth pattern of  histochemical fibre types is less 

consistent  than as seen for the three neck muscles in males . The 

contribut ion by AH fibres to the growth of neck muscles is  not as 

much or as  evident a s  in males . The b values for TARo and MAR are 

significantly greater than 0 . 667  in males but not so in females . 

Although in females the growth of  m. rlwmboideus can be  attributed 

more _to the signif icantly (p < 0 . 05 )  faster rate of increase in 

s iz eo and greater number of AH than AL fibre s ,  these two reasons 
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. cannot be given for the growth of the other two neck muscles . 

For m .  splenius , the increase in s ize  and the number of AH fibres , 

although faster and greater , respectively , than AL fibres ,  are 

not signific3ntly (P > 0 . 05 )  d ifferent . Overal l ,  the growth of 

mm .  rhomboidp-us and splenius is faster in TAR than TAL ; the 

b values for TAR are significan tly (P < 0 . 05 )  higher than for 

TAL in both muscles . In contrast , the growth of m .  longissimus 
. .  

capitis is not due to AR more than AL fibres . In fact , the rate 

.of increase of TAR is signif icantly (P < O .  OS ) slOvler than TAL . 

This is  because AH f ibres grow slower t han AL f ibres . Thus , 

although AR fibres are in greater numbers than AL fibres , their 

f ina.l contributi.on to  the total area of the muscle is about 43% , 

as opposed .to 57%  by AL f ibres . 

In both sexe s ,  AH f ibres occur in greater numbers than AL f ibres 

in both mm. Zon..gissimus and semitendinosus � In these t1'70 muscles , 

there are no signif icant differences between sexes in the number 

of  AR and AL fibres . AR fibres in both muscles and AL f ibres in 

m .  semitendinosus grow signif icar.tly faster in males than females . 

�hotomicrographs of the transverse sect ions of the five muscles of 

both sexes , stained for myosin ATPase , are shown in Figs . 1 8  & 19 . 

Subj ec tively , the histochemical conf igurat ion at birth is  s imilar 

b etween sexes (Fig . 1 8 )  but as the animal grows , some differences 

between sexes become discernible in the neck muscles of adults 

(Fig . 1 9 ) . AR f ibres in the neck muscles appear to  occupy a larger 

area of the muscle than AL fibres in males , than is seen in females . 

AR f ibres also appear larger in males than females . These  sex 

differences in histochemical fibre conf igurat ion are most  evident in 

m. longissimus capitis . 

3 . 2 . 2  DISCUSSION 

Males are able to deposit muscle at a faster rate than females relative 

to carcass weight (Sect ion 3 . 1 ) . Nales have better forequarter mu!"cle 

development than females , as is also 'suggested in Figs . 5 & 6 .  
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Table 9 :  Estimation o f  total fibre number (N) , number of myosin ATPase high fibres (NAH) 
and number of myosin ATPase low fibres (NAL) at two weights of muscle,  from 
predictions of (a) WM!\ and MFA , (b) TAil and MAH , and (c) TAL and l-lAL, respectively,  
using the regress ions given in Table 8 .  

Muscl e  RHOMBOLDEUS 
Weight (g) 

N 
·Range 

TAH (vmL) 
• Range 

NAH 
• Range 

TAL (�mL) 
·Range 

NAL 
· Rang , 

Muscle 

Weight (g)  

N 
·Range 

NAH 
"Range 

NAL 
· Range 

68 
Male 

2 . 96x108a 
2 . 69xl08 

3 . 21x108 

5 . 00xlO?a 
4 . 42xl0L 

5 . 66xl02 

5 . 93xl05a 
5 . 06xl05 

6 . 94xl05 

1 .  79x108a 
1 . 57xl08 

2 . 05xl08 

4 . 61xl0La 
: 3 .  99xl02 

5 . 32xl0L 

, 3 . 89xl05a 
3 . 20xl05 

4 . 74xl05 

1 . 15xl08a 
9 . 92x107 

1 . 34xl08 

5 . 63xl0La 
4 . 86xl0L 

6 . 52x10L 

2 . 05xl05a 
1. 66xlO 5 

2 . 52xl05 

39 
Male 

3 . 26,,108a 
2 . 93x10B 

3 . 62x108 

3 . 68xlOLa 
3 . 12xl0L 

4 . 35x10L 

� . 85xl05a 
7 . 27xl05 

1 . 08x106 

1 . 75xl08a 
1 .  5 5xl08 

1 .  97x108 

3 . 15xl0La 
2 . 65xl0L 

3 . 74x10L 

5 . 5 5x105a 
4 . 49xl05 

6 . 85xl05 

1. 52xl08a 
1 . 33x108 

1 . 74xl08 

4 . 61xl0La 
3 . 93xlOL 

5 . 42x10L 

3 . 29xl05a 
7 . 67xl05 

4 . 06x 1 05 

68 
Female 

2 . 70x108a 
2 . 39xl08 

3 . 05x108 

8 . 36xl0Lb 
�51XiQ2 
9 . 3 1xl0L 

3 . 23xl05b 
2 . 75xl05 

3 . 80xl05 

1 .  59x108a 
1 . 39xl08 

1 . 81xl08 

7 . 55xl0Lb 
6 . 62xl0L 

8 . 61xl0L 

2 . 10xl05b 
1 .  74xl05 

2 . 53x105 

1. 10xl08a 
-

9 . 33xl07 

1 : 29xl08 

9 . 84xl0Lb 
8 . 82x10L 

1 . 10xl03 

1 . 12xl05b 
9 . 17xl04 

1 .  36xl05 

Sex 
Ratiot 

1 . 10 

0 . 60 

1 . 84 

1 .. 13 

0 . 61 

1 . 85 

1 . 05 

0 . 57 . 

1 . 83 

SPLENIUS 
39  

Female 

3 . 03xl08a 
2 . 77 . 108 

3 . 3 1x108 

6 . 82 . lOLb 
6 . 14x10L 

7 . 58xlOL 

4 . 44xl05b 
3 . 87xl05 

5 . 09xl05 

1 . 48xl08a 
1 .  33xl08 

1 .  66xl08 

5 . 96xl0Lb 
5 . 25xl0L 

6 . 75xl0L 

2 . 49xl05b 
2 . 11xl05 

2 . 95x105 

1 .  53xl08a 
1 .  36xl08 

1 . 72xl08 

7 . 90xl0Lb 
7 . 18xl0L 

8 . 68xl0L 

1 .  nxl05b 
1 . 66x10 5 

2 . 25x105 

S " 
Ratiot 

1 . 08 

0 . 54 

1 . 99 

1 . 18 

0 . 5 3  

2 . 23  

0 . 99 

0 . 58 

1 .  70 

410 
Male 

1 .  23x109b 
1 .  13xl09 

1 .  34x l 09 

2 . 13xl03c 
1 .  92xl03 

2 . 37xl03 

5 . 77xl05a 
5 . 05xl0 5 

6 . 60xl05 

8 . 29xl(,)8b 
7 . 39xl08 

9 . 29x108 

2 . 23xl0 3c 
1 .  97xiiJ3 
2 . 52x l 03 

3 . 72xl05a 
3 . 14x105 

4 . 39x10 5 

3 . 8"1x108b 
3 . 4lx108 

4 . 39x108 

1 .  87x10 3c 
1 .  65x103 

2 . 12x103 

2 . 07x105a 
1 .  7 3x105 

2 . 47x105 

292 
Male 

1. 64xl09b 
1 .  50)(109 

1 .  79x109 

1 .  95x103c 
1. 69x10 3 

2 . 24xl03 

8 . 42x105a 
7 . 12x105 

9 . 95xl05 

1 . 02xl 09b 
9 . 24xl08 

1 .  13xl09 

1 .  93xl03c 
1 . 66x103 

2 . 24y.103 

5 . 31x105a 
4 . 4 3x105 

6 . 35x1 05 

5 . 90xlCRb 
5 . 26xl08 

6 . 61x108 

1 . 90xl0 3c 
1 . 6Fxl03 

2 . 18xl03 

3 . 10xl0 5a 
2 . 59xl05 

3 . 7 1xl0 5 

410 
Female 

8 . 60xl08c 
7 . 34x108 

1 . 00xl09 

3 . 01x�03d 
2 . 62xl03 

3 . 47xl03 

2 . 85xl05b 
2 . 3 1xl05 

3 . 52x105 

5 . 94xl08c 
4 . 99x106 

7 . 07x108 

3 . 10x103d 
2 . 61xl03 

3 . 68xl03 

1 .  92xl05b 
1 . 50xl05 

2 . 45)(105 

2 . 64x108c 
. 2 . 13xW 

3 . 27x108 

2 . 81xl03d 
2 . 43x103 

3 . 24x103 

9 . 40xl04b 
7 . 27x104 

1 . 22xl05 

292 
Female  

1 . 10y.109c 
9 . 45x108 

1 .  27xl09 

2 . 65x103c 
2 . 2 2x103 

3 . 16x103 

4 . 14xl03b 
3. 28xl05 

5 . 21xl05 

6 . 77xl08c 
5 . 61x108 

8 . 16x108 

2 . 62x103c 
2 . 12x103 

3 . 2 3x103 

2 . 58x105b 
1 . 95x105 

3 . 43xl05 

Sex 
Ratiot 

0 . 7 1  

2 . 02 

1 . 4 0  

0 . 72 

1 . 94 

1 . 47 

0 . 67 

2 . 20 

Sex 
Ratiot 

1 . 49 

0 . 74 

2 . 03 

1 . 50 

0 . 74 

2 . 06 

1 .  39 

0 . 69 

2 . 00 

4 . 24x108 

3 . 49xl08 

5 . 16>:108 

2 . 74x10 3d 
2 . 34x103 

3 . 2 1xl03 

1 . 55xl05b 
1 . 20xl05 

1 .  99xl05 
""--------
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Table 9 continued 

Muscle 
Weight ( g )  

WMA (I1m� ) 
"Range 

MFA (11m2 ) 
*Range 

N 
"Range 

TAli (11m2) 
"Range 

MAli (11m2) 
" Range 

NAil 
* Range 

TAL (\1m2) 
*Range 

MAL (\1m2 ) 
" R3nge 

NAL 
" Range 

Muscle 
Weight ( g )  

WMA (\1m2) 
" Range 

MFA (\1m2 ) 
" Range 

N 
"Range 

TAli (11m2) 
"Range 

MAli ( \lm2 ) 
"Range 

NAil ( \1m 2 )  
:*Range 

TAL ( \1m2) 
" Range 

MAL (11m2 ) 
" Range 

NAL (\lm2) 
" Range 

18 
Male 

, 
8 3 . 05x10 a 

2 , 67x10""8 
3 . 49xl08 
3 . 22xl02a 
2 . 67xl02 
3 . 89xl02 
9 . '. 7x105" 
?:'52xlO5 
1 .  19x106 
1 .  n x 1 08a 
1 .  45xW 
2 . 05x108 
2 . 79xl02a 
� . 23xl02 
3 . 51xl02 
6 . 17xl05 -'--

S 4 . 63",10 
8 . 2 1xl0S 
1 . 32xl08a 
1 . 08xl08 
1 .  60x108 
3 . 97x102a 
3 . 35x102 
4 . 71xl02 
3 . 32x105a 
2 . 55x10S 
4 . 30x10S 

269 
Male 

1 .  46xl09a 
1 .  34xl09 
1 . 59x109 
7 . 19y102a 
6 . 2 3xl02 
8 . 31xl02 
2 . 03xl0Ga 
1. 70xl0G 
2 . 40';106 
1 .  :i2xl09a 
1: 11xl09 
1 . 34xl09 
7 . 54xl02a 
�2 
8 . 77xl02 
1 . 62xl06a 
1 . 36x 106 
1 . 93xl06 
2 . 2 7x10Ba 
1 . 81x108 
2 . 85Y.l08 
5 . 65xl02a 
4:7lxlO2 

6 . 7 7>:102 
4 . 02xl0Sa 
� S 
5 . 36x105 

�NGISSIMUS CAPITIS 
18 Sex 

Fema le Ratiot 

2 . 97xl03a 1 . 03 
2 . 61x108 
3 . 38x108 
5 . 1 5x l 02 b  0 . 6 3 
4 . 38x102 
6 . 05x102 
5 . 7 7xl05b 1 . 64 
4 . 69x105 
7 . 09x105 
1 . 58x10�a 1 . 09 
1 . 34x108 
1 . 86x108 
4 . 29xl02b 0 . 65 
3 . 59xl02 
5 . 13xl02 
3 . 68xl05b 1 . 67 
�5 
4 . 69x l0S 
1.  37xlOSa 0 . 96 
1 . 17x108 
1 . 59x108 
6 . 59x102b 0 . 60 
5. 5 7x102 
7 . 79x102 
2 . 07x10Sb 1 . 60 
1 . 75xl0S 
2 . 45xl0S 

WNGISSIMUS 
269 

Femal e  Sex 
Ratio 

1. 35x109a 1 . 08 
1 . 2 1x109 
1 . 50x109 
9 . 59x102b 0 . 7 5 
B . 4Bxl02 
1 .  01xl02 
1 . 4 1xl06a 1 . 44 
1 .  20xl06 
1 . 70xl06 
�9a 0 . B4 
1 . 06x l09 
1 .  32xl09 
1 . 03xl03b 0 . 7 3  
9 . 07x102 
1. 17xl03 
1 . 15xl 06a 1 . 4 1 
9 . 69x10 S 
1 . 36x106 
1 . 6 3x�a�9 
1 .  31xl08 
2 . 03xl08 
6 . 35xl02a 0 . 89 
5 . 54x102 
7 . 29x102 
2 . 57xl0Sa 1 . 56 
1 . 98xl05 
3 . 33x10S 

105 
Ma le 

' 1 .  3 1xl 09b 
1 . 17xW 
1 . 47x109 
1 . 36xJ. 03e 
1 . 15x103 
1 . 59x103 
9 . 69x J, 05a' 
7 . 94x10'5 
1 . 18x106 
7 . 89xl08b 
6 . 80xl08 
9 .  17x108 
1.  2 3x103e 
1. 01xl03 
1 . 4 9x10 3 
6 . 42xl 05a 
5 . 02xlOS 
8 . 2 1xl0S 
4- . 90x1 0Bb 
4 . 14x108 
5 . 79x108 
1 .  53x103c 

---3 1 .  32x10 
1 . 77xl03 
3 . .20x10Sae 
2 . 56xl0S 
3 . 99xl0S 

1 7 03 
Male 

4 . B3x109b 
4 . 51xlCi9 
5 . 18x109 
2 . 57xJ 0 3c 
2 . 28x103 
2 . 90x103 
1 . BBx10Ga 
1 . 63xl0G 
2 . 1 5xl06 
4 . 00x l09b 
3. 69,,109 
4 . 34xl09 
2 . 73x103c 
2 . 4 1 x10 3  
3 . 09xl03 
1 . 46x106a 
1:26x106 
1 . 70xl06 
8 . 26xl0Bb 
6 . 84 ,, 1 08 
9 . 97xl08 
1 .  S:,,103b 
1 . 69x l03 
2 . 26xl03 
4 . 2 3xl0Sa 
3 . 33x105 
5 . 37xl05 

105 
FeLlale 

9 . 4 3x108c 
7 . 8 2xl08 
1 .  1 4x109 
1 .  90xJ 03 e 
1 .  51xl03 
2 . 4 1x103 
4 . 96x105b 
3 . 67x'1 05 
6 . 69,,105 
4 . 09x108c 
3 . 2 1x108 
5 . 21x108 
1. 36xl03e 
1 . 05x103 
1 .  76xl03 
3 . 00xl05b 
2 . 11xl05 
4 . 28xl05 
5 . 34xlOEb 
4 . 28xl08 
6 . 66x108 
2 . 74x103d 
2 . 1 5x10 3 
3 . 49xl 0 3  
1 . 95xl05bc 
1 . 40x1QS 
2 . 70xl0S 

1703 
Female 

4 . 59x109b 
4 . 2 1x109 
5 . 01x109 
2 . 7Bx103e 
2 . 52xlOT 
3 . 07 x 1 0 3  
1 . 65xl0Sa 
1 . 45 xl06 
1 .  88,,106 
4 . 4 4 x l 09b 
4 . 05xl09 
4 . B6xl09 
2 . 95xl03c 
2 . 66x103 
3 . 28x103 
1. 5Ox l06a 
1 . 31x106 
1 . 7 3x 1 06 
6 . 04x109b 
5:'05xlQ8 
7 . 23:<108 
2 . 04x1 03b 
1 . 82x103 
2 . 29xl03 
2 . 96x10Sa 
2 . 39x105 
3 . 66xl0S 

45 

Sex 
Ratiot 

1. 3 9  

0 . 72 

1 . 95 

1 . 93 

0 . 90 

I 
2 . 14 

0 . 9 2 

0 . 56 

1 . 64 

Sex 
Ratio 
1 . 0� 

0 . 92 

1 . 1 4  

0 . 90 

0 . 9 3  

0 . 97 

1 . 37 

0 . 96 

1 . 4 3  



Table 9 continued . 

Muscle SEMITENDINOSUS 

Weight (g)  109 109 648 648 
Male Female Sex 

Ma le Female Ratio t 
WMA (�m2) 9 . 26xlOBa 8 . 69xlOBa 1 . 07 U1xl.Q.9b 2 . 96xl09b 
"Range 8�lxl0B 8 . 06xl08 3 . 11xl09 2 . 76xW9 

9 . 85xlOB 9 . 38xlOB 3 . 45xl09 3 . 17xl09 
MFA (�m2) 9 . 06xl02a l . 18xl03b 0 . 77 3 . 5 3xl03c 3 . 42xl03c 
"Range 8 . 53x102 1 . 02xl03 3 . 36xl0 3  2 . 99xl03 

9 . 62x102 1.  37xlO� 3 . 7 1xl03 3 . 90xl03 
N 1 . 02xl06a 7 .  36xlO Sb 1 .  3 9  �Sab 8 . 66xlO Sab 
" Range 9 . 38x105 6 . 24xl05 8 . 63 x l 0 5  7 . 47xl05 

1 . llxl06 8 . 68xl05 9 . 97x105 1 . 00xl05 
TAH (�m2) 7 . 76xl08a 6 . 98xlO8a 1 . 11 2.89xl09b 2. 59xl09b 
" Range 7 . 23x108 6 . 43xlOB 2 . 72xl09 2 . 4 lxl09 

8 . 32xlOB 7 . 57xl08 3 . 06x l 0 9  2 . 79xl09 
MAH (�m2) 9 . 24xl02a 1 . 22xlO3a 0 . 75 3 . 65xl03b 3 . 56x 103b 
"Range �2 1 . 05x103 3 . 10x103 3 . l lxl03 

1 . 12x103 1 . 4 1xl 0 3  4 . 30xl03 4 . 07xl03 
NAH 8.39xl05a 5 . 74xlOSa 1 . 4 6  7 . 91x105a 7 . 28xl05a 
"Range 6 . 82xl05 4:84xl05 6 . 65xl05 6 . 24xl05 

1 . 03x106 6 . 80x105 9 . 41xlOS 8 . 48xl05 
,!AL (�m2) 1 .  24xl08a 1 . 47xlOBa 0 . 84 3 . 2 6xl08b 3 . 21xl08b 
" Range 8.60xl07 9 . 57xl07 2 :41x1OB 2 . 18xlOB 

1 . 77xlOB . 2 . 25xl08 4 . 42xlO8 4 . 72xl08 
MAL ( �m2 ) 7 . 81x102a 1 . 03xl 0 3 a  0 . 7 6 2 . 76xl03b 2 . 59xl03b 
"Range 6 . 4 1xl02 8 . 86xlO2 2 . 34x103 2 . 26x103 

9 . 51xl02 1.  20x! 0 3  3 . 26xl03 2 . 97xl03 
NAL 1 . 58xl05a 1 . 43x1OSa 1 . 10 1 . 18xlOSd 1.24xl05a 
"Range 1 .  05xl05 9 . 05x104 8 . 36xl04 8 . 23x104 

2 . 39xl OS 2 . 25x105 1 . 67xl05 1 . 86xl05 

" 95% confidence l imits; probabil ity of a value outside these l imits < 0 . 05 .  
Values o f  area and number ··within each row , r,ot followed by the same letter are 
outside each others confid.ence limit s .  

t Value i n  male/Value in femal e .  

Sex 
Ratio t 

1 . 10 

1 . 03 

1 . 07 

1 . 12 

1 . 03 

1 . 09 

1 . 02 

1 . 07 

0 . 95 

Fig . 6 ,  based on the b values of  individual muscles ,  provides a more 

accurate representation of muscle distribut ion in both sexes than 

Fig . 5 ,  which shows muscle groups . The grouping of individual 

muscles according to anatomical location (Butterfield ,  1 964b , 

But terfield and Berg , 1966b ) and the consideration of each group 

as a funct ional uni t , obscures the fact that the growth patterns  

of  individual muscles ,  as clas s if ied by  their b values , within each 

anatomical /functional group are of ten d ifferent from one another . 

This is apparent from the results  of the present f indings and that of  

Butterfield and Berg (1966a  & b )  and BergstrHm ( 1 9 78)  for  cattle ,  

Lohse , Mos s  and Butterfield . ( 19 7 1 )  for sheep , and Davies ( 1 9 74b ) for 

pigs . 
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Figure 13 : Allometric change in transVerse sectional whole muscle area 
and mean fibre area relative to the weight of m. rhomboideus 

in male ( 0 )  and female  ( . )  Jersey cattle , from birth to maturity. 

Where differences in muscle distribut ion are small ,  such as between 

breeds (Butterf ield ,  1 9 64b ; Mukhoty and Berg , 1 9 7 3 ;  Truscott , Lang 

and Tulloh , 1 9 7 6 ;  Kempster , Cuthbert son and Smith , 1 9 7 6 ; Berg , 

Anderson and Liboriussen , 1 9 78b ;  BergstrSm ,  1 9 7 8 )  and between male 

and female cattle (Berg and Mukhoty ,  1 9 70 ;  Mukhoty and Berg, 1973 ; 

BergstrSm ,  1 9 78 ; Jones , Price and Berg , 1 9 80 )  the growth ratio of 

individual muscles is likely t o  be more informat ive than that of  

muscle groups . The manner in which groups of muscles are assembled 

for comparison is thus likely to affect the conclusions . of  an 

experiment . It could also affect the validity of comparison between 

experiments ,  espec ially when these have been designed for  different 

purposes , such as breed , sex or nutrit ional comparison . 
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3 . 2 . 2 . 1 Sex differences in the growth of mu scle groups and 

irtdividual muscles 

Males have better developed neck muscles than females as suggested 

by the growth rat io s ,  when expressed either as a muscle group 

(Table 3 )  or as individual muscles (Table 4 ) . Although significant 

sex differences in growth ratios are observed for the sublumhar and 

thoracic muscle groups (Table 3 ) , it should be noted that the 

sublumbar group comprised only three muscles and that the int rinsic 

muscles of ' the thorax when considered individually (Table, 4 )  showed 

no significant sex difference . 

10. G -
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9 . 0  

MUSCLE 
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Figure 14 : 
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3 . 0  

2. 5 
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1 . 0  1 . 5  2 . 0 2 . 5  3 . 0 3 . 5  

LOG WE I GHT O F  MUSCLE (9 ) 

Allometric change in transverse sectional whole muscle area and 
mean fibre area relative to the weight of m. splenius in male 
( 0 )  and female ( . )  Jersey cattle. from bi rth to maturity . 
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Fi']ure 1 5 :  Allometric char.ge in transversE' ;ectional whole muscle area and 
mean fibre area relative to the weight of m. longissimus capi tis 
in male ( 0 ) and female ( . )  Jersey cattle, from birth to maturity . 

Berg and But terf ield ( 1 976 )  . discussed the effec t of sex on the gro� �h 

patterns of muscle groups ,  based on the work of Berg ( 1968 , cited by 

Berg and Butterf ield , 1 9 7 6 ,  p . 10 1 )  and Berg and Mukhoty ( 19 70) . Two 

sets of allometric growth ratios for nine s tandard muscle groups for 

Shorthorn-cross cattle were given . The set which omit ted the four 

calves is shown in Table 1 0 .  This is because the use of these calves 

as  a common group to represent bulls and heif,ers  may not be valid 

because it ignores the influence of sex on muscle weight at  that stage 

of growth.  Evidence that changes related to sex occur very early 

postnatally will b� given in the following sect ion (3 . 2 . 2 . 2 ) . 

Table 1 0  also includes the results of BergstrHm ( 19 7 8 ) . These earlier 

studies conf irm that any signif icant differences in muscle growth 

between males and females are most  l ikely to occur in muscles of 

the forequarter and in the neck in particular . 
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Figure 16 : Allometric change in transverse sectional whole muscle area and 

mean fibre area relative to the weight of m .  longissimus in male 
( 0 )  and female ( . ) Jersey cattle ; from birth to maturity. 
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Figure 17 : Al lometric change i n  transverse sectional whole muscle area and 
mean fibre area relative to the weight of m .  semi tendinosus in 
ma le ( 0 )  and fema le ( . )  Jersey ca tt 1e. from birth to maturity . 
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MALE FEMALE 

(a )  M. :rhomboideus 

25  kg l ivewe"ight 20 kg l ivewe ight 

(b)  M. spZenius 

20 kg l iveweight 20 kg li vewe ight 

( c )  M. Zongissimus capi tis 

20 ' kg liveweight 20 kg liveweight 
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MALE FEMALE 

(d ) M. longissimus 

75 kg l ive\oJeight 20 kg liveweight 

( e )  M. semitendinosus 

50 kg liveweight 20 kg livewe ight 

Figure 18 : Photomicrographs of transverse sections o f  mm. rhomboideus., 

splenius, longissimus capitis, lor�issimus and 

semitendinosus, stained for myo s in ATPase (magnification 

X 190) . The muscl e s  are from male and female Jersey cattle 

a t  stages of growth when histochemical sex d ifference s in 

the neck muscles (a) to (c)  are not obvious . 
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MALE FEHALE 

(a)  M. rhomboideus 

220 kg l ive�eight 220 kg l iveweight , 

(b}  M. spZenius 

220 kg l ivewe ight 220 kg l iveweight 

( c )  M. longissimus capitis 

180 kg liveweight 310 kg l iveweight 



54  

MALE FEMALE 

( d )  M. longissimus 

310 kg l ivew'eight 310 kg l iveweight 

( e )  M. semitendinosus 

180 kg l i  vewe ight 180 kg l iveweight 

Figure 19 : Photomicrographs of transverse sections of mm. rhomboideus, 

sp lenius� longissUm�s capi tis� longissimus and 

semitendinosus� stained for myo s in ATPase (magni fication 

X 190) . The muscles are from mal e  and female Jersey cattle 

at s tages of growth when hi stochemical sex differences in 

the neck mu scles (a) to ( c )  become apparen t . 



Table 1 0 :  Allometric growth ratios (b), and their  s tandard errors for 
standard mU5cle groups of mal e  and fema le (a )  Shorhorn-cross 
(Berg , 1968 ,  ci ted by Berg and Butterfield , 1976) and 
(b) Dutch Fri esian .:a ttle (Bergstrtlm, 1978 ) . 

( a )  Shorthorn-cross cattle 

Standard muscle group Male Fema le Sex 
Diff.  

Proximal pelvic l i mb 0 . 84± . 03 0 . 93± . 06 NS 
Distal  pelvic l imb 0 . 92 ± . 0 3  l . OS±  . 06 NS 
Spinal column 0 . 97± . 02 l . 1O± . 06 NS 
Abdominal l . 12± . OS 1 . 28± . 08 NS 
Proximal thoracic l imb 1 . 00± . O:; 0 . 92± . 04 NS 
Distal thor;>cic limb 1 .  OO± . 04 0 . 83± . 06 P < . 05 
Thoracic l imb to thorax 1 . 49± . 03 1 . 06� . 04 P < . 001 
Thoracic limb to nec[<. 1 . 28± . OS 1 . 18± . 07 NS 
Neck and thorax 1 . 2l± . 06 0 . 97 ± . OS P < . 05 

(b)  Dutch Fr iesian cattle 
Sex 

Standard muscle group Ma le Female Ditf.  

Proximal pelvic l imb 0 . 98± . 008 0 . 99± . 008 NS 
Distal pelvic l imb o . S3± . 009 0 . 82± . 009 NS 
Back mid loin 1 . 03± . 005 1 .  05± . 009 NS 
Sublumbar 1 . 01 ± . 008 1 .  03± . 011 NS 
Thorax and abdomen l . ll± . 008 1 . ll-± . O I  NS 
Proximal thoracic limb 0 . 97± . 00S O . 9S± . 008 NS 
Di stal thoracic l imb o . 82± . 010 O .  82± . 016 NS 

1 .  03± . 016 O.  98L 014 P < . 0 5  Neck 
Shoulder girdle 1 . 04± . 006 l . 04 ± . 010  NS  

Jones et al . ( 1 980)  showed no differences in b ratio in their j o int 
groups ,  be tween male and female Hereford and ' Dairy Synthe tic ' cattle 
breeds .  However , j o inting may not be sufficiently sens itive to 
demonstrate sex dif ferences because the neck group was included with 
the ' chuck ' group , which also comprised the extrinsic muscles of the 
shoulder and brachial and cranial thoracic muscles . In the present 
study , the brachial and thoracic muscle groups did not grow as fast 
as  the neck and extrinsic shoulder muscles (Table 3 and 1 0 ) . It  is 
also relevant to note that there are dif ferences in the grouping of  
muscles between the present s tudy and those referred to  in  Table 10 . 

Bulls are said to have a higher proportion of muscl e s  in the neck 

and shoulder regions , but a lower propor tion of muscles in the proximal 

hind l imb region than heifers (Berg and Mukhoty,  1 9 7 0 ;  Mukhofy and Berg , 

1 973 ) . However in any analysis  where percentages are used or values 

are expressed in relat ion to a total , an increase in proportion in 

one r.egion mus t mean a decrease in some other regions . I t  is therefore 

difficul t to distinguish between real and apparent effects . As observed 
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, . 

by Berg and Mukho ty ( 1 9 70) , v isual j udgement would sugges t  a higher 

proportion of proximal hind l imb muscles in bulls than heifers , although 

their results  using percentages show�d otherwise . In this s tudy , because 

y was part of x, then any increase in rela t ive growth of some muscles 

would mean an apparent decrease in relative growth of some other muscles . 

This  is illus trated in the topographical distribution of muscle groups 

5 6  

in the male where on'ly the brachial muscle group grew similar to TSM (Fig . 

5 ) . SimilarlY , Fig . 6  showed that while more them half the total number 

of  the muscles studied , (60 muscles ) grew at  similar rate to TSM, in 

females , less tha.n half the total number (46 muscles) was similar in 

their growth rate to TSM, in males . Hence , the greater growth of some 

of the extr insic muscles. of the shoulder and intrinsic muscles of the 

neck in males could have contributed to the apparent low growth �atiop 

of some muscles , such as those found in the pelvic and thoracic regions . 

The converse argument that the low growth of the musc ies in the pelvic 

region causes the apparent high growth of some forequarter muscles could 

not be substantiated because the b values of the pelvic (proximal pelvic 

limb ) muscle group were no t signif icantly different between male and 

female cat tle in the present (Table 3 )  and the o ther two studies 

(Table 1 0 ) , each of  which used a different breed . Therefore ,  the neck 

development in males is real . 

The results  on Dutch Friesian cattle (BergstrHm , 1 9 78)  showed only the 

neck muscle group growing s ignificantly differently between males and 

females . When the muscles which grew signif icantly slower in male than 

fema le Jersey cat tle (Table 5 )  were compared between sexes in the 

Friesian ,  it was observed that none of these mu scles was s ignificantly 

dif ferent in the ir b values between sexes in the Friesian . However , the 

muscles which grew signif icantly faster in male than female Jer sey 

cattle ,  namely mm. spZenius, Zongissimus capitis et atlantis and tl?iceps 

brachii, showed signific'ant differences in their b values in the Friesian . 

It  is  possible that the Dutch Friesian breed is less sexually dimorphic 

in muscle development than the Jersey breed . 

At 55 . 0  kg TSM, male Jersey cattle produced 1 . 2 kg more muscle than 

females , from the muscles showing a sex difference in growth ratios 

( Table 5 ) . Males are more ef ficient in producing muscle than females 



because they develop 55 . 0  kg TSM at  a lighter weight (82 . 6  kg HCWT) than 

do females (96 . 5  kg HCWT)".  Fur thermore , when the to tal weight of the 

muscles which grew signif ican tly slower in males than females is 

expressed as a percentage of HCWT , the difference between sexes is only 

0 . 1 % HCWT, compared with a difference of 2 . 5% TSM weight . In the case 

5 7  

o f  the muscles which grew s ignificantly faster in males than females ; . the 

d ifference between sexes was 4 . 1 % HCWT which is about similar to the value 

of 4 . 5% TSM weight . Addit ionally, males have a higher po tential than 

females. to produce muscle because at 55 . 0  kg TSM, male Jersey cattle are 

approximately at  half maturity (see Table 2 ) , while  females are at  about 

full maturity . 

Table 5 shows tha t at 55 . 0  kg TS11, males have bigger mm . splenh(.s.T 

Zongi.'Jsimus capitis and rhomboideus than females , in order of 2 . 9 ,  2 . 1  

and 1 . 8 t imes , respect ively . At maturity , there will be an even bigger 

weight difference between sexes . Hence these muscles are good examples 

to illustrate  the differences in the potential of cer tain muscl es to 

grow between males and females , and for an invest igation into the 

mechanism by which differences in muscle growth can be achieved betwe �n 

sexes . This mechanism may also explain the manner in which o ther 

geno typic varian t s ,  namely  individual s ,  breeds and species ,  may differ 

in mu scle distribution . 

3. 2 . 2 . 2  Biological significance in the breaks in allometry of  the 

t es t is and mm . rhomboideus, splenius and longissimus capitis . 

Breaks in allometric plot s  are not accidental but are connected with definable  

changes in underlying processes , such as  sexual maturation (Bertalanffy , 

1 9 60 ) . The break in allometry of  the testis show� here for Jersey cattle 

(Fig . 7 )  has also been reported for the mouse , rat , elephant and human 

(Brody , 1 945 ; Bertalanffy , 1 960 ;  Spencer , 1968) . The breaks for each 

species were considered to occur a t  a ' pubertal ' weight . In this study, 

the break in allometric growth of  the three neck muscles relative to TSM in 

males (Figs . 8 ,  9 and 1 0 )  occurred a t  about the same point as the break in 

allometry of the tes t is ; -approximating to when the calves were 50 kg 

l ive weig,�� t (Fig . 20 ) . 
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Figure 20 :  l\llometric growth o f  testis relative to  liveweight in  four breeds of  cattle . 

The test is has basically two func t ions ,  namely , spermatogenesis and 

steroidogenesis (Faulkner , 1 9 7 1 ) . Puberty is defined in cattle on a 

spermatogenetic basis by the appearance of mature spermatozoa in the 

epididymis or ej aculate (Hooker , 1 944 ; McDonald ,  1 9 7 1 ) . In a study 

involving Jersey , Ayshire , Guernsey and Holstein bull s ,  Hooker ( 1944)  

indicated that puberty occurred at around 9 months . Thi s  approximates 

to a bull of about 150 kg bodyweight . However , this definit ion of 

puberty does not consider the growth promoting effects of androgens . 

Hooker ( 1 944)  concluded tha t because the rapid growth of  the tes t is 

was accompanied by only a small increase in androgen levels ,  the 

increased growth might be due to an increased respons iveness of the 

testicular tissues to androgens . Similarly,  the significant 

increase in allometry in phase 2 from that in phase 1 for testis 

(Table 6)  and the neck muscles (Table 7)  can be explained by an increase 

responsiveness of the tissues of  these structu res to s teroids , arising 

from the interstit ial cells in the testis or other sources such as the 

adrenal cortex .  Hence ,  a break in allometry signifies the beginning 

of soma t ic ' prepubertal ' changes and when secondary sex characteris t ics , 
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such as an increase in muscle development in the neck , begin to  manifest . 

In Jersey cattle , the process of becoming sexually dimorphic begins at 

a l ight l iveweight of about 50 kg (Fig _20)  corresponding to an age of 

about 35 days (Appendix 4 ) , which is ' prepubertal ' .  

In Fig . 2 0 ,  the data of  Hooker ( 1944)  on the weight of testis and 

bodyweigh t s  9f the four cattle breeds was plo t ted  on double logarithmic 

coordinates ,  together with the data of the present s tudy . Although 

Hooker t' s  data d id no t include calves f rom b irth , it showed that I 

regardless of breed the growth of testis was related to body weight 

More s ignif icantly, it confirmed that in bulls of five years and older , 

the relative growth of ' the testis declj nes . The testis of the bull 

appear to reach a determinate  size at  about 5 year s .  An equivalent I , , 

decl ine in relative growth was however ,  not evident for the neck muscles 

(Figs . 8 1 to 10 ) . 

Breaks in relative growth of muscles have been reported for cattle 

(Butterf ield and Berg , 1 966a ; Bergstr8m , 1 9 7 8 )  and sheep (Lohse et at . ,  

19 7 1 ;  LQ�se , 1 9 7 3 ;  Jury , Fourie and Kirton , 1 9 7 7 ) . These  breaks were 

arbitrarily set at various points during growth . Their b iological 

s ignif icance was not , however , discussed . 

3 . 2 . 2 . 3  Sourtes of varia ti6n in mustle growth sttidies 

In this study , samples were removed before rigor mortis and were assumed 

to have contracted fully after removal . The procedures of muscle sampling 

and the general processing of the muscles for enzyme histochemistry was 

similar for all muscles and between sexes . Sampling sites for each of 

these muscles were defined anatomically in order to reduce errors arising 

from site variation 'vithin a mu scl e ,  as ha s been discussed by Johnson 

and Beattie ( 1 9 73) . The re sul ts - obtained are specific to this study and 

are used in a comparative way to demonstrate differences or similarities 

between male and female cattle ,.,ithin a single breed . The wide 

postna tal growth range and the use of  logarithmic regressions reduces 

the contribution of  errors arising from individual variation , sampling 

and proces sing , to the overall pattern of  growth . 
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3 . 2 . 2 . 4  Change in area measurements  relative to the weight of  individual 

muscles . 

During the growth of a muscle there is a change in size and perhaps , in 

shape , both of which can be charac terized , in part , by  measuring the 

change in areas (WMA , MFA , TAR ,  MAR, TAL and }�L) and the weight of  

mu scle . This study considered these changes and differed from o ther 

studies on ·muscle growth (Table 1 1 )  in many ways . The grovJth chan
,
ges 

of  each muscle in area dimensions , which represented y components , were 

related to the weight of the muscle (x ) , using double logarithmic 

regressions .  In relat ing changes to the weight of the muscle s tudied , 

i t  was possible to make compari sons between sexes of the y values as 

well as  estimated values of f ibre number (N, NAH and NAL) at the sa�e 

muscle we ight . This method of compari son was adopted because the weight 

of · a mus�le is a more precise ind icator of the stage of grm-Jth of the 

particular muscle than the age or bcdywe ight of the animal . No o ther 

studies h�ve compared muscle dimensions between groups on the ba sis of 

ind ividual muscle weight . Thi s  basis of  comparison is also useful for 

studies of �utritional effec ts  on muscle f ibre growth , because appare�t 

differences in fibre size due to nutrition (cattZe: Robertson and Baker 

1933 ; Yeate s �  1964  sheep : Joubert ,  1956 ; pigs : Staun , 1963)  may be due 

to differences  in muscle weigh t . 

Because growth is a multiplica t ive process , the variance of x is 

multiplicative and no t additive . Logayithms therefore stab ilize the 

variance (Snedecor and Cochran , 1 9 6 7 )  such that the covariance of x 

and y becomes independent of x .  The increasing covariance in 

mea surement s ,  such as MFA or WMA ,  during growth of mm .  Zongissimus 

and semitendinosus is  not accounted for sta tistically by Bendall  and 

Voyle ( 1 9 6 7 ) . Therefore , their  conclusions of  a decrease in f ibre 

number , which is not demons trated here in either sex , should be 

re-examined .  In addition , thei r  use of MFA as  the x variable 

statist ically implies that no errors will arise from the measurement of  

area . Less  error is  involved in  Vleighing a muscle than in measuring 

the area . Therefore muscle weight is a better covariate to use than 

HFA . 
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Table 1 1 :  Re ferences o f  cat t le and sheep s t u d i.es on muscle s i z e t  where a t  least two sexes were used , to 
shov the muscles studied, the d i f f e rent ages or we i ghts a t  which samples were taken and the 
absence of informat ion on total f ibre number and ra te o f  change in fibre s i ze . Information 
on the present study is also included in this table for comparison . 

( a )  CATTLE 

Refecences* 

Brady 
( 1 9 37 ) .  

Holmes & 
Ashmore* 
( 1 9 7 2 )  

Cornforth 
et ai . 
( 1 980) 

Spind l e r ,  
Mathias & 
Cramer 
( 1 98 0 )  

Tan* 

(Present 
study) 

(b ) SHEEP 

References* 

Jou!:>ert* 
( 1 9 5 6 )  

Moody, 
Tichenor, 
Kemp & Fox 
( 1 9 7 0 )  

tloody 
et ai . 
( 1980) 

Breed , number of 
, animals' & sex t 

Hereford & 
Shorthorn (6e) ; 
:lo l s t e in O F ) . 

Culards (3M, 3F) ; 
Het erozygous 
(8M, 8 F ) ; 
Normal s  (5M, 8F) '. 

Angus ( 6 F  , I 4 C ) ; 
Hereford ( S F ,  
2 C ) ; Holstein 
(6F, 6C ) .  

Angus ( 2 F ,  4 C ) ; 
Hereford ( 2 F ,  
8 C ) ; Ho l s t e in 
( 4 F ,  4 C ) . 

Jersey ( 2 1M, 
1 8 F )  

Bree d ,  number o f  
an imals & s e x  t 
Suffolk x Border 
Leicester -
Chev io t  (20M, 20F) 

Crossbreed 
(6M, 6G) 

D i f ferent 
crossbreeds 
Experiment 1 ;  
( l 6F ,  1 6 C )  
Experiment 2 ;  
( l 8M, 1 8 C )  

Range Muscle 

Unknown Triceps brachi i ;  
Long iss imus 
dors i ; 

4 to 
66 
weeks 

40 to 
3 1 8  kg 
l ive
weight 

Adduc tor ; 
Semitendinosus .  

Triceps longu s ;  
Cutaneus trunc i ;  
Semi tendinosu s .  

Biceps femoris 

28 t o  Biceps femoris 
397. days 

Birth Rhomboideus; 
to Splenius ; 
maturity Lon g i s s imus 

Range 

B i r th 
to 290 
days 

capit 'iis ; 
Longi s s imu s ;  
Semi tendino · ,us . 

Muscle 

Longissimus 
dors i ;  
Rectus femor i s ;  
Gast rocnemius . 

36 t o  Longi s s imu s ; 
54 kg Semi tendinosus . 
slaughter 
weight 

41 to SO Longi s s imus 
kg 
slaughter 
weight 

* References "here mal e s  and females o f  one breed were used . 

t Male = M; Female = F ;  Castra t e  = C .  

Measuremen t s  

Samp l ES pooled from the 
d i f ferent muscles to give 
mean d iameter o f  muscle 
f ibres and number o f  
f ibres per bundle . 

Basis o f  
comparison 

UnknOl .. '11 ( carcass 
gra de ? )  

Me.an area o f  ' red ' & ' wh i t e ' Biopsies a t  
f ibres and a l l  f ibre s .  % 4 ,  1 6 ,  26 & 6 6  
fibres & '  % a r e a  o f  ' white I .  weeks o f  age 
Ratio of area of ' whi te I fibres 
to a rea o f  ' red ' fibr e s .  

MeRn t ransverse sect ional 
area o f  ' red ' f ibre , 

Mean transverse 
sect ional area o f  ' red ' ,  
whi t e  & intermediate 

Whole muscle area ; 
mean f ibre area ; total 
area of ATPase high f ibres ; 
mean AH f ibre area ; total 
area o f  ATPase low f ib r e s ;  
mean AL f ibre area . 
Est imated number of total 
f ibre s ,  & total AH & AL 
f ib re s .  Mu scle weight . 

Measurement s  

Samples pooled from the . 
d i f f e rent muscles to give 
a mean d iame ter of muscle 
f ibre s .  

Mean f ibre diameter 

Mean f ibre d iameter of ' 8R '  
' a R '  & 'aW' Fibre type 

number as % of total number 
of f ibres per 10 cm2 area . 

Biop s i e s  at 
liveweights of 
40, SO, 8 5 ,  1 8 1 , 
3 1 8  kg & a 
f inal salughter 
weight which 
d i f f e r  between 
sexes 

Biop s i e s  at 28 
1 1 2 , 1 6 8 , 2 2 4 ,  
280 , 3 3 6  & 392 
days 

Log t rans
formed da t a ;  
regre s s i on 
equa t ion s ;  at 
the same 
muscle weight . 

Bas i s  o f  
comparison 

Birth, 1 3 . 6  kg 
carcass weight 
& 290 days 

3 6 ,  4 5  £, 54 kg 
slaughter 
weight 

Unknown 
(pooled f rom 
d i f f e rent 
slaugh t e r  
we i gh t s ? )  
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The presentation of  the growth changes in WMA and MFA relative to muscle 

weight  as a double logarithmic regression allowed grovlth to  be vie,vE'd 

as  a cont inuous process and no t in a staccato manner , as observed in 

constant endpoint analys is . More importantly , the rate of change in y 
components is defined here by their b values which can be statistically 

tested for significance between sexes and between components within 

each sex . 

In u study of  muscle or muscle  fibre shape where the dimension , 

area , is related to another dimension, weight , double logarithmic 

regressions permit a stat ist ical analysis determining whether 

dimensionally the muscle or f ibre has maintained its shape . For 

propor tionality,  a structure must  increase its area by the 2 / 3  power 

of its we ight (Brody , 1 945 ) . Therefore , logarithmically , if the 

regress ipn coefficient (b ) is s ignif icantly different from 0 . 66 7 , then 

a change in shape may have occurred . Hence , in the present study b 

values of  WMA and MFA , which are s ignificantly greater than 0 . 66 7  means 

a change in shape of the muscle and muscle f ibre , respec tively , 

sugges t iug that muscle and fibre ' hypertrophy ' has occurred . Furthermore , 

if these values are also s ignificantly different  between sexes , they 

suggest that the muscles such as mm. rhomboideus3 splenius and longissimus 

capitis (Table 8 )  are sexually rl imorphic . An increase in size is not 

necessarily hypertrophy ; dimensionally ,  it  may merely represent  a more 

advanced stage of normal growth . 

Mm .  �homcbideus3 splenius and longissimus capi tis differ bet�een male 

and female Jersey catt fe in their allometric growth patt ern . No previous 

studies have been made on the cellular growth of these muscles . In 

male  and female Jersey cat t le , WMA, MFA , TAH , MAR, TAL and MAL increased 

with increasing we ight for each muscle . The references in Table 1 1 ,  

where growth changes in muscle  dimensions were studied , as well  as 

other studies (Staun ,  1 963 ; Hegarty , 1 9 7 1 ;  Goldspink , 1 9 72 ;  Malina , 1 978 )  

agree that these dimensions will  increase during positive growth . 

However ,  authors , differ in their conclusions a s  to whether there is  a 

sex dif ference in muscle or muscle f ibre size , probably because of the 

different basis of comparison , muscles studied , growth range investigated , 

breed or species . The present resul ts show that , depending on the stage 
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of growth , muscle fiQre size may be smaller , equal or bigger in males 

than females (Table 9 ) . It is less important to know whether there 

is a difference in size at a certain point  of growth , than it is tq 

know the mechanisms by which this difference is achieved . 

The most signif icant findings,  explaining differences between sexes 
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in muscle growth , were the differences in total number of muscle fibres 

in the neck muscles (Table 9) and the different ra te of increase in 

mu�cle and fibre size (Table 8 ) . Kochakian ( 1 966 ) showed that the 

sexual dimorphi�m of growth of the muscles of mastication of the 

guinea pig is androgen dependent . Presumably the effect of androgen 

is to increa�e f ibre size .  

A difference be tween sexes in total fibre number as  well as in the 

number of fibres of each type has not been reported previously . The 

impor tance of fibre number account ir.g for sex difference can be implied 

from the sex ratios for MFA at the heavier weight (Table  9) showing 

values between 0 . 7 1  and 0 . 74 for the neck muscles , as compared to the 

ratios of 0 . 92 and 1 . 03 for mm. lor�issimus and semi tendinosus, 

respec tively . Yet the sex ratios for ,� showed values of 1 . 39 to 

1 . 49 for the neck muscles and 1 . 05 and 1 . 1 0 for the other two muscles . 

The results on the number of each fibre type also show that males 

have significantly more AH and AL fibres in the neck muscles than females . 

However ,  the AH f ibres in the neck muscles contributed more to the 

increase in size of the muscles than AL fibres in males ,  and also to 

the difference between sexes , in terms of area and rate of increase . 

In the study by Holmes and Ashmore ( 1 9 7 2 )  (Table 1 1 ) , males had bigger 

mean areas of ' white f ibres ' ,  ,,,rhich would be AH fibres , than females 

at 66 weeks of age,. However , because they did not compare at the same 

muscle weight , the difference of 1 8% reported could be explained by 

a difference in the stage of muscle development .  

Findings based on myosin ATPase histochemis try provide some indica tion 

of function (Cassens , Cooper and Morita , 1 969 ; Davies and Gunn , J 9 72 ; 

Davies , 1 9 7 2 )  and in this study provided evidence as to the degree of  

functional difference in the neck muscles of  males and females (Table 9 ) . 



Thus the neck muscles of  males appear better adapted than females for 

very rapid movement ,  such as in aggressive behaviour , because AH 

f ibres generally have a high intrins ic speed of shortening and compared 

to AL f ibres is less su ited for a postural funct ion (Gauthier , 1 9 7 1 ;  

Peter , 1 9 7 1 ;  Close ,  1 9 7 2 ;  Hol loszy and Booth , 1 9 7 6 ) . This difference 

in f ibre type morphology is androgen dependent ; direct evidence of the 

influence of hormones on fibre type , and on myosin ATPase act ivity in 

particular ; · was observed in m. soZeus of the mouse (Vaughan et a Z .  1974 )  

and in  m. fZexOl? carpi radia lis of  the frog (Melichna e "/;  a Z .  1 9 7 2 ) . In 

m. soZeus of the mouse , males had a s ignif icantly higher percentage of 

AH f ibres than f!=males and castrates , the last two sexes having s imilar 

percentage of AH f ibres . However , whether m .  so Zeus is funct ionally 

different between sexes in any species is doubtful . M. fZexor carpi 

radia Zis in the frog is associated with the ' clasping reflex ' of  the 

male dur�ng mat ing . Mel ichna e t  a Z .  ( 1 9 7 2 )  observed that seasonally 

in the male frog, f ibres with low ATPase activity were present while 

in females , all fibres had a relat ively "high ATPase activity . 

the male frog showed slower contract ion 

t ime than females .  These f indings support the tonic funct ion of the: 

muscle during clasping by the male . 
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The studies in cattle (Holmes and Ashmore , 1 9 7 2 ;  Cornforth et aZ , 1980 , 

Spindler et aZ . 1980)  and in s4eep (Moody et aZ . 1 980)  l isted in Table 1 1 ,  

are inconclusive and incons istent in demonstrating a sex difference in 

f ibre type morphology . The use of peccentages for certain measurements  

did no t allow estimat ion of the number of fibre types and their actual 

contribut ion in terms of area during growth . Also , if one f ibre type 

increased in size signif icantly faster than ano ther (Table 8 )  

express ing the fibre type number as a percentage of total number of  

f ibres within a certain area (Moody et aZ . 1 9 80 )  would mean a decrease 

in percentage per unit area for the fibre type , al though total number 

for each f ibre type may be constant (Table 9 ) . 

The mechanisms by which differences and similarities in muscle 

growth are ac�ieved is summarised in Fig . 2 1 . At birth , males and 

females may start with the same WMA, but as they grow the neck 

muscles in males become bigger than female, and are hypertrophied in 



M U SCLE GROWTH IN MALE A N D  FE MALE CATTLE 
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Figure 21 : Diagramma tic summary of growth in five muscles in male and female Jersey 
cattl e .  Changes in muscle s i ze and muscle fibr e size is represented by 
whole muscle area and mean fibre area, respectively . 

males at  maturity . On the other hand , the growth changes in WMA do 

not differ between sexes in mm. longissi.1lus and semitendinosus . This  

increase in muscle size is dependent on the total f ibre number and the 

rate of increase in fibre size . Because the neck muscles in males have 

twice the number of fibres found in these muscles in females , the muscle 

f ibres in md1es therefore do not need to grow faster than those in 

females to r�su1t in a faster growing muscle . However , in general, f ibre 

growth is fa ster in males than females .  especially in the case of the 

neck muscles . Al though the f ibres are smaller at birth in males than 

in females , they grow faster such that �t l heavier weights  they may be 

equal or great�r in size than that in females . 

In conclusion ,  the bas is of sexual dimorphism of overall muscle growth 

and muscle distribut ion in cattle and perhaps for all spec ies is 

attributable to differences in antenatal �eve1opment of f ibre number , 
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which determines the potential of a muscle to grow . Factors l ike 

nutrit ion , castrat ion , "hormones and usage determine the level to  

which the potent ial can be  expressed and its  rate of expression . 
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3 . 3  FAT GROWTH 

3 . 3 . 1  RESULTS 

The growth of · fat in male and female Jersey cat tle  was invest igated in 

relation to the amount of fat in a half carcass or amount of fat in a 

depot . Comparison between sexes made at various levels of fatness . 

At the levels of fatness chosen ,  the 

b one (TSMB) weight and maturity were 

s ide muscle plus 

3 . 3 . 1 . 1  Relat ive growth cif fat depots  

The allometric equat ions relat ing fat  depot weight s to  total side fat (TSF) , 

for  male and female cattle are given in Table 1 2a . The relative growth of 

subcutaneous fat ( SCF) , intermuscular fat ( IMF) and perirenal fat (PRF) 

" 

Table I ? :  Double loga r i thmic regressions comparing the growth o f  fat depot weights ;lnd various 
subcutaneous and in termuscular fa t group weight s ,  in grarnme s ,  rela tive to total side 
fat (TSF) between 21 male and 18 fema le Jersey cattle, from birth to maturity . 

----_ .-------------------------------------------------------------------

Fat depot 

( a )  Subcutaneous 
Intermuscular 
Perirenal 
Ch2nnel 
Cavity 
Cod o r  udder 
Sternal 
Bone 
Spinal 

Fat group 

(b) Forequarter subcutaneous 
Hindquarter subcutaneous 
f'orequarter intermuscular 
Hindquarter intermuscular 

1 . 176** 

1 . 061** 

0. 977 

0 . 963 

1 . 1 1 5  

1 . 053 
0 . 8 1 4 * * *  

0 . 73 5 * * *  
0 . 500* * *  

1 . 4 56' * *  

1 . 107 

1 . 1 1 8 * * *  
0 . 975 

(c)  Cutaneus trunci -tensor fasciae 
] a tae �ubcutaneous (SCF I) 1 . 079 

Medial pel ':i c  l imb 
subcutaneous (SCF I I )  0 . 95 5  

(d)  Axial intermuscular 
Extrinsic int.ermuscular 
Intercostal intermuscu lar 
Abdominal intermuscular 
Sublurnbar intermuscular 
Brachial intermuscular 
Antebrach ial inte rmuscular 
Pelvic intermuscular 
Crural intermuscu lar 

1 . 2 0 1 ' -
1 . 1 2 1 * *  
1 . 2 20* * 

1 . 2 2 1 * * -
1 . 007 
0 . 97 0  

0 . 658* * '  

0 . 9 3 3 *  

0 . 87 3 * -

Male 

. 052 

. 01 9  

. 058 

. 052 

. 08 ]  

. 04 6  

. 04 0  

. 04 3  

. 060 

. 1 17 

. 05 3  

. 025 

. 02 1  

. 04 5  

. 06 0  

. 060 

. 035 

. 070 

. 04 9  

. 044 

. 0 38 

. 08 5  

. 03 2  

. 03 3  

4> Regression coefficient b ,  standard error s
b

' 

Consta!'t Sex Growth 

- 1 . 678 

- 0 . 652 

-0 . 74 5  

- 1 . 195 

- 1 . 905 

- 1 . 14 0  
-0 . 91 9  

0 . 006 
- 0 . 153 

- 3 . 24 5  

- 1 . 594 

- 1 . 07 1  
- 0 . 761 

- 1 . 82 3  

- 1 .  700 

-1 . 9 15 
- 1 . 564 
-2 . 325 

-2 . 166 

- 1 . 747 
- 1 . 445 

-1 . 04 8  

-0 . 89 3  

- 1 .  2 5 4  

DUf . Ratio b<l> 
+ 
NS 
NS 
NS 
NS 
+++ 
NS 
NS 
NS 

NS 
NS 
NS 
NS 

NS 

+ 

NS 
NS 
NS 
++ 
NS 
NS 
NS 
NS 
NS 

1 .  324 * * *  

1. 098 * * *  
1 . 09 7 *  

0 . 99 7  

1 . 29 5 * *  

0 . 7 97* * *  

0 . 8S1* 

0 . 7 1 3 * * *  
0 . 564 * * *  

1 . 47 9* * *  

1 . 2 3 3 * * *  

1 . 14 8 * * *  
1 . 04 0  

1 . 04 3  

1 . 106* 

1 .  3 1 3 * * -
1 . 1 16** 
1 . 1 6 5 * *  

1 . 488* * -
1 . 00� 
0 . 9 38 

0 . 7 3 4 * * *  

0 . 956 

0 . 93 8  

Female 

Constant 

. 034 -2 . 1 5 1  

. 0 18 - 0 . 8 35 

. 0 39 - 1 . 1 50 

. 054 - 1 . 328 

. 097 - 2 . 669 

. 033 -0 . 098 

. 058 - 1 . 07 7  

. 037 

. 069 

. 060 

. 034 

. 022 

. 029 

. 055 

. 04 2  

0 . 0 18 
- 0 . 4 7 2  

- 3 . 195 

- 2 . 003 

- 1 . 24 3  
-1 . 0 1 6  

- 1 .  7 3 2  

-2 . 187 

. 04 2  - 2 . 364 

. 0 32 - 1 . 603 

. 04 3 · - 2 . 20 1  

. 063 - 3 . 182 

. 04 6  - 1 . 769 

. 036 - 1 . 397 

. 058 - 1 . 4 80 

. 030 - 1 . 01 0  

. 060 -1 . 56 1  

* Values o f  b bearing t h i s  superscript are significantl ¥ (P < 0 . 05 )  different from 1 .  

+ Significantly '(P < 0 . 05 )  different i n  b between sexes . 
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depots is  shown in Fig 22 . . In both sexes , SCF grew significantly (male : 

P < 0 . 05 ,  female : P < 0 . 00 1 )  faster than IMF and PRF ; IMF and PRF did not 

d iffer signif icantly (P > 0 . 05 )  in their growth ratios  (b ) .  Of thE' nine 

depot s  dissec ted , only SCF and cod or udder fat showed 3 sex difference 

in b . SCF grew signif icantly faster in females than males , while udder 

fat in females was signif icantly slower growing than cod fat in male s .  

Us ing the equations of · Table 12a , the amount of  fat in each depot \-.'as 

predicted (Table 13)  for both sexes at  7 . 5  and 30 . 0  kg TSF ,  which as 

shown in Sect ion 3 . 1  (Table 2 ) , respec tively , approximate to half mature and 

mature Jersey cattle of either sex .  At the same fatness , females had less 

TSMB than males . In fact ,  a mal e and female of 7 . 5  and 30 . 0  kg TSF, 

respectively , each approximated to a TSMB of 70 kg . 

--

lOG 

� . 5  

4 . 0  

3 . 5  4 . 5  

3 . 0  4 . 0 

2 . 5  3 . 5  
LOG 
PRF 

IMP o 

IMF & (g)  
SCF 
(g)  

2 . 0  3 . 0  

1 . 5  2 . 5  

1 . 0 2 . 0  

0 . 5  

1 . 0 

0 . 5 
1 . 5  

4 , , 
6 " 

4 ' 

4 " 

2 . 0  

, / 

/ 

2 . 5  3 . 0  

LOG. TOTAL S IDE FAT ( g )  

3 . 5 4 . 0  4 . 5  

Figure 2 2 :  Allometric growth o f  intermuscular fat ( IMF) , subcutaneous fat (SCF) 
and perirenal fat (PRF) relative to total s ide fat (TSF ) , in male 
and female Jersey cattle . 

5 . 0  
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Table 1 3 :  Pred i c t i ons o f  the weights i n  grammes o f  the fat depots to show the pa rti tioning 
o f  these depots at 7500 and 30000 grammes to ta l side fat (TSF) i n  male and female 
Jersey cattl e ,  using the equations of Table 12a . 

rla 1 f  mature' Mature 

Female Male Female Male 

+Approximate TS�1B (g)  3 5000 I 70000 70000 I 140000 

To tal s ide fat 7500 7500 30000 30000 

----

Subcutaneous fat 950a 760a 5980b 3870b 

"Range 810 600 4730 2700 
1120 960 7560 5530 

_ .  I 
Intermuscular fat 2630a 2880a 12000b 1 2500b 

" Range 2420 2650 10700 11000 
2860 3140 13600 14 300 

Perirenal fat 1260a 1100a 5770b 4260b 

"Range 1050 844 . 4420 2840 
1 510 1430 7550 6380 

Channel fat 343a 344a 1370b 1 3 10b 

"Range 267 272 94 7 795 
440 435 1970 1870 

Cavity fat 2 30a 260d 1390b 1 2 20b 

" Range 146 181 716 697 
360 375 2690 2 140 

Cod or udder fat 978a 872a 2950b 3760b 

"Range 8 39 707 2360 2720 
1140 1080 3700 5180 

Sternal fat 166a l72a 540b 530b 

" Range 127 144 365 403 
217 206 801 700 

Bone fat 604a 7 1 5a 1620b 1980b 

"Range 507 588 1260 1470 
718 869 2 100 2670 

Spinal fat 5 1 . 7a 60 . 9a 113ab 1 2 2b 

" Range 37 . 4  4 6 . 5  70 . 3  8 0 . 6  
7 1 . 4  79 . 7  182 184 

. 

+ The TSF weights of 1500 and 30000 gramrnes are within the predicted range of TSF 
weight obtained at the indica ted weight of total side muscle plus bone (TSMB) , given 
in Table 2 . .... . 

95\ confidence limi ts ; probabi l i ty of a value outside these limits < 0 . 05 . 
Values of weight within each fat depot not followed by the same letter are outside 
each others confidence l imits . 
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At the same TSF .  males and females did not differ s ignificantly in the 

amount of fat present in each depot · (Table · 1 3 ) . Throughout the growth 

range (Fig . 2 2 )  in  both sexes , the intermusculal' depot was heaviest . 

For perirenal , subcutaneous and udder or cod fat , the order of importance 

70 

based on the weight of fat present in the depo t (Table 14 )  depended on the 

stage of fatness . At 7 . 5  kg TSF , the order in ranking was similar between 

sexes . However , because of the s ign ificant sex differenc e in the growth 

of SCF and cod or udder fa t ,  there were differences in the ranking order 

at 30 . 0 ' kg TSF between males and female s ,  especially for SCF . This 

difference was considered sma ll and in general the partitioning of fat 

into the various fat depots  followed similar pat terns in both sexes , 

when compared at  similar fatness . 

At approximately the same TSHB of · 70 kg , females had more TSF and 

signif icantly more fat  in each depot than ,males , except in the case of 

spinal fat (Table 1 3 ) . The partit ioning vf fat differed between sexes 
I . 

at  this stage of grm,.th because in males � the PRF and cod depot were 

bigger cont ributers to TSF than the SCF depo t ,  while in female s the SCF 

was the heavier depo t ,  after the IMF deput (Table 1 4 ) , 

Table 14 : Depots are ranked in decreasing order, according to the weight of fat predicted 

I 
35000 

7 500 TSF 

Female 

in Table 13 at 7500 and 30000 grarnmes total side fa t ( TSF) . Within each column, 
depots followed by the same number are �ithin each others confidence limits in the 
predicted amount of fa t given in Table 13 . 

t Approximate TSMB ( g ) 

I I I -, 
70000 7000lJ 140000 

7 500 TSF 30000 TSF 30000· TSF 

Male Female Male 

Intermuscular 1 Intermuscule.r 1 IntermuscuL3r 1 Intermuscular 1 

Perirenal 
, 

2 Perirenal 2 Subcutaneous 2 Perirenal 2 

Udder 3 Cod 3 Perirenal 2 Subcutaneous 2 

Subcutaneous 3 Subcutaneous 3 Udder 3 Cod 2 

Bone 4 L'.one 3 Bone 4 Bone 3 

Channel 5 Channel 4 CaviLY 4 , 5  Channel 3 

Cavity 5 Cavity 4 , 5  Channel 4 Cavity 3 , 4  

Sternal 6 Sternal 5 Sternal 5 Sternal 4 

Spinal 7 Spinal 6 Spinal 6 Spinal 5 

t The TSF we ights of 7500 and 30000 grarnmes are within the predic ted range of TSF weights 

obtained at the indica ted weight of total side Iimscle plus bone (TSMO) , given in Table 2 .  
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3 . 3 . 1 . 2  Subcutaneous and intennuscll iar fat in forequarter and hindquarter 

The allometric g�owth equations for SCF and IMF in the forequar ter (FQ) 

and hindquarter (HQ) , for male and female Jersey catt le are shown in Table 

12 b·'. Between sexes , the b value for each of the y component s  was higher in 

females than males and in par ticular , that of HQSCF . For both sexes , each 

depot grew significantly (P < 0 . 0 1 )  faster in the FQ than in the HQ . 

Predict ions of the amount of SCF and IMF in the FQ· and HQ at two levels 

of  fatness  are given in Table 1 5 . The distribut ion of these two depots  

into FQ  and HQ was similar in amount for  both sexes , when compared at  

the same TSF . At  appro.xlmately the same TSMB , females had more fat than 

males for each of the pred ic tions . In both sexes and throughout growth , 
I 

the order in terms . of amount of fat remained the same, namely , 

FQIMF >. HQIMF > nQSCF > FQSCF . 

3 . 3 . 1 . 3  Anatomical dis tribut idrt df  subcutaneous fa t 

Subcu taneous fat (SCF) was dissec ted from regions 1 to 6 in the FQ and 

regions I to VI in the HQ , as described in Sect ion 2 . 4 . 1 and shown in 

Fig . 2 .  In Jersey ca t tle , SCF did no t appear at  birth a s  a single 

continuous fat layer in the carcass . Instead , SCF concentrated in 

certain a reas within most  of the regionti and appeared to grow by extending 

the boundaries of these areas . Hence , SCF is variable in thickness on 

the carcass . Fig.  23 illustrates the growth and distribution of SCF.  
( 

In regions IV, 4 and 5 ,  fat growth is diffuse rather than arising from 

a part icular area \..rithin the region . Especially in region 5 ,  fat was 

usually found as an even continuous layer . 

Only in the HQ regions I and I I  was dissect ible SCF present at all stages 

of growth ,  from birth to maturity .  The allometric growth equat iohs for 

fat from these regions ( SCF I and I I )  are given in Table 1 2 c. SCF II  was 

signif icantly faster growing in f emales than in males . SCF I ,  which is 

the fat depot used to represent subcutaneous fat for histology · and 

chemical analysis , did no t differ signif icantly in b values between 

sexes . 



-{ 

Table' 1 5 :  Predictions of  the wei.ghts i n  qramrnes of  forequarter (FQ) and 
hindquarter ( f1Q) subcutaneous fat (SCF) and intermuscular fat ( 1Mi') 
to show the distr ibution of these depots at 7500 and 30000 grammes 
total side fat ( TSF) , in male and temale Jersey cattle ,  using the 
equations of Table 12 b. 

Hal f mature 
Perna 1 e:----r:ial e 

Approximate TSMB (g)  35000 70000 

TSF 7 500 7 500 

FQSCF 344a 249a 
-Range 260 147 

4 54 422 

HQSCF 594a 497a 
-Range 506 392 

6n 631  

FQIMF 1605 a 1825 a 
*Range 1447 1633 

1780 2040 

HQIMF 1 03 3 "  1010a 
-Range 904 945 

1 179 1 144 

Mature ...------------Fema] � Male 

70000 140000 

30000 30000 

2671 b 1878b 
1775 837 
4019 4216 

3280b 2307·b 
2594 1600 
4149 3327 

7883 b 8598 b 
6770 7246 
9179 10202 

4367 b 4020b 
3594 3471  
5306 4655 

t The �'SF weights of  7 500·and 30000 qrammes a re wi thin the predicted rar.ge 
of TSF weight obtained at the indicated >Ieight of total side muscle plus 
bone (TSMB) , given in  Table 2 .  

- 95\ confidence l imits ; probabil ity o f .a value outside these limits < 0 . 05 .  
Values o f  weight within e3ch fat depot not fol lowed by the same letter 
are outside each others confidence l imits . 

Table 1 6 ;  Predictions or  the wei0!lt in  grammes of  subcutaneous fat 
between mIn . cutaneus trunci and tensor fasiae l a tae ( SCF I )  
and that o n  the medial aspect of  the pelvic li�b (SCF I I ) , to 
show the distribution of  this depot at 7 500 and 30000 grammes 
total side fat (TSF) in male and female Jersey cattle , using 
th�. equations of . Table l2c . 

( 
Half ,mature 

Female Hale 
Mat,ure 

Femaie Male 

tApproximate TSMB (g )  35000 70000 70000 140000 

TSF 7500 7 500 30000 30000 

SCF 204 a 229a  866:0 1020 b 
-Range 158 187 594 750 

270 279 1 263 1 389 

SCF I I  126 a 100 a 582 b  376 b 
-Range 103 76 . 2  437 248 

153  1 3 2  774 572 

-rThe TSF weights of  7500 and 30000 granuoes are within the predicted 
range of TSF weight obtained at the indicated weight of total s ide 

. muscle plus bone (TSHB) , given in Table 2 .  

-95\ confidence l imi ts ; probability o f  a value outside these l imits 
< 0 . 05 .  Values of weight with i n  each fat depot not fol lowed by the 
same letter are outside each otr.<.. -s confidence l imts . 
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I I  

I I I  

I V  

V 

VI 

Hindqua rter· subcutaneous fat 

Cutaneus trunci - tensor fascia latae 
Medial pelvic l imb 
Lateral pelvic l imb 
Abdominal 
Longi s s imus 
Perianal 

Subc�t aneous f � t  

Perirenal f a t  

Forequarter subcutaneous fat 

1 .  Trapezius 
2 Thoracic limb 
3 Lat i s simus dorsi 

Cutaneus trunci - abdominal 
5 · ·Pectoral 
6 Neck 

Figure 2 3 :  Distribution and growth o f  subcutaneous fat from areas within the anatomical regions 1 to 6 
and I to VI . 

At the same TSF (Table 1 6 ) , males had more SCF · I but less SCF I I  than 

females,  though not signif icantly so . However ; at approximately the 

same TSMB , females had signif icantly more fat in both regions . 

In the other regions , SCF was not always present in either sex .  

Therefore , for these regions , doub le logarithmic analysis was not 

carried out .  However ,  i t  was observed that after SCF I and SCF I I ,  fat in 

region VI (per ianal)  was present in a more r.ead ily dissectable amount 

than the other regions , at 10\.] TSF values . There was generally very 

little fat in region 6 (neck) during growth . 

3 . 3 . 1 . 4  Distribut ion d f intermusculdr fat 

The allometric grm.]th equa tions of nine IHF groups rela t ive to TSF are 

given in Table 1 2 d . Only IMF from the abdominal muscle group showed 

signif icant difference in growth ra tio between sexes . At the same TSF 

(Table 1 7 ) , there were no signif icant differences between sexes in the 

amount of IMF in each of the groups . The largest difference in amount 

between sexes was observed in the abdominal IMF . 
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Table 17 , Predictions of the weights in grammes of intermlwcu1ar fat from 
variou·s muscle groups, to show the distribution of this depot at 
7 500 and -30000 grammes total side fat (TSF) in male and female 
Jersey cattle , using the equations of Table 12d . 

Approximate TSMB (g)  

TSF 

AXIAL 
'Range 

EXTRINSIC 
'Range 

INTERCOSTAL 
' Range 

ABDOMINAL 
'Range 

SUBLUMBAR 
' Range 

BRACHIAL 
* Range 

ANTEBRACHIAL 
' Range 

PELVIC 
'Range 

CRURAL 
' Range 

Half ,ma ture 
Femal e  Mare 

35000 70000 

7500 7 500 

53C,a 549a 
436 418 
643 721 

527a 602a 
453  515  
612 705 

206a 253a 
169 184 
251  347 

384a 368a 
287 294 
513  459 

131a  143a  
106 117  
162 174 

173a 206" 
146 174 
205 244 

2 3 . 1a 3 1 .  8ab 
17 . 7  2 1 .  6 
3 0 . 2  46 . 6  

495a 528a 
431  457 
568 610 

1 19a 135a 
89 . 6  116  

157 156 

Mature 
Female Male 

70000 140000 

30000 30000 

3269b 2903b 
2455 1912 
4353  4410  

2474b 2850b 
1985 2240 
3084 3624 

1035b 1371b 
771  842 

1 388 2 2 34 

3019b 1997b 
1969 1420 
4624 2809 

527b 577b 
385 425 
720 784 

635b 790b 
495 609 
814 1026 

64 . 0b 7 9 . 0b 
4 3 . 2  43 . 9  
94 , 9  142 

1862b 1924b 
1520 1542 
2281 2400 

435b 4 51b 
288 358 
656 569 

t The TSF weights of 7500 anJ 30000 grammes are wi thin the predicted 
range of TSF weight obtained at the indicated weight of total side 
muscle plus bene (TSMB ) , given in Table 2 .  

, 95% confidence l imits ; probahil i ty of  a value outside these l imits 
< 0 . 05 .  Values of weight within e?ch fat depot not followed by 
the same letter are outside each others confidence l imits . 

..,-, , 

At approxima tely the same TSMB , a signif icant difference between sexes 

was observed in the amount of IMF for each of the groups with the 

exception of the antebrachial group . 

3 . 3 . 1 . 5 Adipose t issue , lipid and a:dipocyte growth in three fat depots  

The results of the growth of subcutaneous , intermuscular and perirenal 

fat in terms of their total lipid content (LIPT) and l ipid content  per 

adipocyte (LIPA) are given in Tables 18 to 20 and Figs 24 to 26 . The 

est imated number of adipocytes (NA) at various weights of fat in each 

depot was obtained by dividing predic ted values of LIPT by LIPA (Table 20) . 

Fig . 2 7  illustrates the morphology and adipocyte s ize  changes in the 

subcutaneous fat of  males at birth and matur ity . 
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Figure 24 : Allometric growth change i n  the weight ( � g )  o f  total l ipid a n d  l ipid per adipocyte 
relative to the weight of subcutaneous fat depot (Jlg) . ir. male and female Jersey 
catt l e .  

In Table 1 8 ,  where x is LIPA and y is LIPT,  a growth ratio (b ) 

signif icantly greater than 1 suggests an increase in NA; this is 

observed for all three depot s in females ,  and for subcutaneous and 

intermuscular depots in males .  In cornmon to both sexes , the b. value 

is highest for the subcutaneous , intermediate for the intermuscular 

and lowest for the perirenal fat depot . This suggests that subcu taneous 

fat has the fastest rate of increase in NA and perirenal fat the slowest . 

However , females have higher values of b than males for all three depot s  

and significant ly s o  for subcutaneous and intermuscular fat . This  

suggests a faster ra te of increase in  NA .in females than males for  

each of  the depots . 
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Figure 2 5 ,  A l l ometric growth change in the weight ( � g )  of total lipid and l ip id 
per adipocyte re l a t i ve to the weight of i n teL'mu scular fat depot ( � g ) , 
in ma l e  and fema l e  Jersp.y catt l e .  

In Tabl� 1 9.a, y is LIPT and x is the wet weight of the depot . A b 

value s ignificantly greater than 1 ,  as is observed for both sexes in the 

regressions of all  three depots , suggests that lipid is accumulated at 

a faster rate than non-lipid components . Between sexes , the b . values for 

all three depots  is higher in females than males . 

In Table 1 9 b ,  where y is LIPA and x is the wet weight of  the depot , 

a b value less than 1 ind icates that the increase in size of  the 

adipocyte is smaller than would be expec ted if individual adipocyte lipid 

accumulation accounted for all the weight  increase of the depot . The 

increase in LIPA is slowest for subcutaneous fat and fastest for perirenal 

fa t ,  in both sexes . There are no significant sex differences in b values 

of LIPA relative to weight of the depot . for all three depot s ,  indicating 

that the increase in adipocyte lipid is similar be tween sexes . 
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Table 1 8 :  Double logari thmic regressions relating the change i n  weight ( p g )  

of lipid content per adipocyte (LIPA )  t o  total l ipid content 

(LIPT) o f  each o f  subcutaneous , intermuscu lar and perirenal fat 

depo t ,  in male and female Jersey cattle . 

Variable x = LIPA 

.
Fat depot 

Subcutaneous 

Intermuscular 

Perirenal 

Growth 
Ratio M 

Male 

1 . 4 l 2 * *a . 108 

1 . 304 * * a  . 084 

1 . 004b . 07 7  

y 

Constant Sex 
Di f f .  

9 . 056 

9 . 7 57 

9 . 168 

t 
t 
NS 

LIPT 

Growth 
Ratio bel> 

Fema le 

1 .  680* * * a . 069 

1 . 58 2 * * * a . 07 9  

1 . 168* * *b . 0 3 5  

Constant 

9 . 305 

9 . 835 

9 . 217 

eI> Regression coe fficient b ,  standard error s
b

' Values of b within eacll 
sex not followed by the same letter are s i gni ficantly (P < 0 . 05 )  d i f ferent 
b�tween depots .  

* Values o f  b bearing this superscript are sign i f i cantly ( p  < 0 . 05 )  
d i f ferent from 1 .  

t Signi ficantly (P  < 0 . 05 )  d i f ferent in b between sexe s .  

Table 19 : Double logarithmic regressiolls relating the change in weight ( p g )  

o f  total l ipid content (LIPT) and l ipid content p e r  adipocyte 

(LIPA) to the we ight of each of subcutaneous , intermuscular and 
perirenal fat depo t ,  in male and female Jersey catt l e .  

( a )  Variable x weight of depnt Y LIPT 

Male Female 

Fat depot Growth sb Constant Sex Growth sb Constant 
Ratio bq, Di f f. Ratio bol> 

Subcutaneous 1 .  282* * *a . OSO -2 . 573 NS 1 . 38 3 * * * a  . 07 9  - 3 . 4 88 

Intermuscular 1 . 180** *ab . 03 3  . - 1 .  809 i't 1 . 4 7 2 * * * a  . 080 - 4 . 4 7 3  

Perirenal 1 . 109* * * b  . 02 0  - 1 .  0 3 2  NS 1 . 2 1 1 * *b . 054 - 1 .  952 

( b) Variable x weight of depot y LIPA 

Ma l e  Female 

Fat Depot Growth s
b 

Constant Sex Growth sb Constant 

Ratio bel> D i f f .  Ratio bel> 

Subcutaneous . 8 3 S*a . 059 - 7 . 648 NS . 8D9**a . 049 - 7 . 503 

Intermuscular . 83 8 * a  . 060 - 8 . 284 NS . 908 ab . 053 - 8 . 851 

Perirenal . 97 9  a . 087 - 9 . 1 1 2  NS I . U 3 2  b . 042 -9 . 5 1 9  

41 Regression coefficient b ,  standard error sb o Values of b within each sex 
not fol lowed by the same letter are signi.ticantly (P < O . OS )  d i fferent 

between depots .  

Values o f  b bearing this superscript are signif icantly ( P  < O . OS )  

d i fferent from 1 .  

t Signi ficantly ( P  < D . OS )  d i f ferent i n  b between sexe s .  
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Figure 26 : Allometric growth change in the weight (�g)  of total lipid and lipid 

per adipocyte relative to the weight o f  perirenal fat depot ( � g ) , in 
male and female Jersey cattle . 

. 

When the b value for LIPA of each of the depo ts in Table 19b is compared 

to that for LIPT in Table 1 9a .  a signif icant d if ference in b values 

suggests  an increase in NA . Signif icant (P < 0 . 05 )  differences in b 

values were observed for all three depots  in females and for two depots , 

subcutaneous and intermuscular , in males . This  is  similar to the 

observations �ade from Table 1 8 .  

Table 2 0  contains predict ions o f  LIPT, LIPA and NA for each depo t ,  at 

three depot weight s ,  covering b irth to maturity . The two heavier depot 

weight s were chosen on the basis of Table 1 3 ,  ap�roximat ing to half 

mature and mature male and female Jersey cattle . A half mature male 

and a mature female have approximately the same TSMB of 70 kg (Table 2 ) . 

78  



�ble 2 0 :  Predictions o f  total l ipid content (LIPT) and lipid content per adipocyte (LIPA) and estimated 

number of adipocytes (NA) . at various depot weights for each of subcutaneou s .  intermuscular and 

perirenal fat depots. in male and female Jersey cattle . using the equations o f  �'able 1 9 .  

'Subcuta�'}eous 

:fa-t ( g )  

LIFT ( � g )  

"ilange 

LI.PA ( �g )  

"Range 

"Range 

Intermuscular 

fat ( g )  

LIPT ( � g )  

*Range 

LIPA ( �g) 

"Range 

"Range 

Perirenal 

fat ( g )  

LlPT ( � g )  

LIPA ( � g )  

"Range 

*Range 

llirth 

Female 

. 10 . 

1 .  55 x 106a 

0 . 85 oX 106 

2 . 85 .X 106 

. 015a 

. 01 0  

. 02 1  

. 107a 

. 052 

. 21 8  

50 

7 . 24 x Ib6a 

4 . 27 x 106 

1 . 2 3  x 107 

. 014a 

. 010 

. 019 

. 521a 

. 270 

. 984 

32 

1 . 36 x 1 07a 

9 . 87 x 106 

1.B9 x 107 

. 016a 

. 013 

. 02 2  

.8l7a 

. 530 

1 . 2 5  

Male 

10 

2 . 51 x 106 a 

1 . 84 x 106 

3 . 43 x 106 

. 016a 

. 01 1  

. •  023 

. 160a 

. 099 

. 260 

50 

1 . 91 x 107b 

1 . 57 x 107 

2 . 3 1 x 107 

. 015a 

. 010 

. 02 1  

1 . 29a 

. 870 

1 . 93 

3 2  

1 . 93 x 107a 

1 . 7 4  x 107 

2 . 13 x 107 

. 0l7a 

. 01 1  

. 02 7  

l . 13ab 

. 710 

1'. 7 9  

H a l f  mature 

Fema le Male 

750 

6 . 1 1 x 108b 

3 . 70 x 108 

1 . 01. ol'! 10 9 

. 4 75b 

. 348 

. 648 

1 . 29b 

. 7 13 

2 . 32 

2755 

2 . 65 x 109c 

1 . 7 5  x 109 

4 . 01 x 109 

. 525b 

. 398 

. 694 

5 . 04b 

3 . 05 

8 . 32 

llBO 

L OB x 109b 

B . 2 1 x 108 

1 . 43 x 109 

. 697a 

. 563 

. B64 

1 .  55ab 

1 . 09 

2 . 2 0  

t 7 5 0  

6 . 35 x 108b 

4 . 85 " 108 

8 . 32 x 108 

. 579b 

. 4 2 0  

. 797 

1. lOb 

. 72 2  

1 . 67 

t2755 

2 . 1 4 x 109c 

1 . 83 x 10 9 

2 . 50 x 109 

. 423b 

. 3 18 

. 564 

5 . 05b 

3 . 64 

7 . 01 

t1180 

1 . 07 x 109b 

9 . 7 5 x 108 

1 . 17 x 109 

. 588b 

. 392 

. BB 3  

l . B2ab 

1 . 2 0  

2 . 7 6  

Mature 
Female 

+5980 

L OB x 10 1 0c 

5 . 25 x 109 

2 . 2 3  x 101 0 

2 . 55c 

1 . 62 

4 . 00 

4 . 24c 

1 . 85 

10 . 2  

tl2050 

2 . 30 x 101 0d 

1 . 20 x 10 1 0  

4 . 20 x 101 0 

2 . 01c 

1 . 34 

3 . 01 

11 . 6b 

5 . 59 

24 . 0  

t5773 

7 . 40 x 109c 

4 . 91 x 109 

1 . 15 x 1 0 1 0  

3 . 57c 

2 . 60 

4 . 91 

2 . 07b 

1 . 3 1  

3 . 2B 

Male 

5980 

9 . 14 x 109c 

5 . 80 x 109 

1 . 44 x 101 0 

3 . 28c 

1 . 94 

5 . 61 

2 . 7 9bc 

1 . 3 8 

5 . 64 

12050 

1 . 2 2 x 1 0 1 0 d  

9 . 58 x 109 

1 . 5 5  x 101 0 

\ . 46c 

. 93 9  

2 . 26 

8 . 37b 

5 . 07 

1 3 . 8  

5773 

6 . 2 1  x 109c 

5 . 37 x 109 

7 . 20 x 109 

2 . 78c 

1 . 44 

5 . 39 

2 . 23ab 

1 . 13 

4 . 40 

These depot weights are within the predicted range of values for each of the depots , obtained at 
total side =at weights representing male and female Jersey cattle o f  approximately 70 kg total 
side muscle plus bone , as shown in Table 13 . 

.. 95\ confide�ce limits ; probabil ity of a value outside these limits < 0 . 05 .  Values of weights and 

number within each fat depot and row , not followed by the same letter are outside each others 
confidence l imits . 
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Birth 

Maturity 

Figure 27 : Photomicrographs o f  50 �m a nd 250 �m thick sections 

(magni fication X 1 9 0 )  of subcut.aneous fat at birth 

and at maturi ty ,  respectively , o f  male Jersey catt�� . 
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At the same depot weight , males and females do not differ significantly 

in LIPT , LIPA and NA , for each of the. depots . This suggests that adipose 

t issue growth in male and female cat tle fol.low similar cellular patterns 
, 

when related to the same level of  depot fatness . 

However , when compared at approximat ely the same TSMB of 70 kg , females 

have signif,icantly more LIPT and LIPA than males for all the three 

depots . Females also have greater NA than males , part icularly for the 

subcutaneous and intermuscular depot ,  and are signif icantly different 

in the case of subcutaneous depot . Hence , at the same TSMB , females 

have more depot fat , bigger adipocytes and more adipocytes than males . 

3 . 3 . 2  DISCUSSION 

3 . 3 . 2 . 1  Sources of error and assumptions 

I In the younger cat tle  of this study , 1m" levels of dissectible fat 

were encountered ; there was an absence of dissectible sub�utaneous 

fat from many regions on the carcasses of these animals . Another 

problem was that at birth ; adipose t issue boundaries within a connective 

t issue matrix were poorly defined b ecause of low lip id content . This 

introduces no t only dissec tion errors but also errors during chemical 

analysis for lipid . Figs . 24 to 26 illustrate the variat ion in LIPT 

and LIPA ; the variat ion is more noticeable for subcutaneous and 

int ermus cular fat  than perirenal fat , which shows an early antenatal 

development of well defined lobules (Bell ,  1909 ) . 

TSF weight or weight of  depot is used as a basis of comparison between 

sexes , in order to reduce variat ion which may arise from environmental 

factors disproport ionately affecting the growth of  fat free carcass 

components and fat . This basis of compar ison will enable the 

determination of the extent to which fat growth conforms to an 

organised pattern . 

The use of  small samples of adipose t issue for chemical analysis and 

histology , to repre sent the whole of a .depot , is a source of error . 

The b value for SCF relat ive to TSF is significantly higher in females 
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t.han males  (Table 12a) . However ,  the b value of SCF I (cutaneus trunci

tensor fasciae latae ) ,  from which samples were taken to represent SCF , is 

lower in f emale s than male s ,  al though no t significantly so (Table 1 2 c ) . 

Furthermore ,  SCF I i s  significantly (p < 0 . 00 1 ) "  slower growing than total 

SCF in f emales,  although not sign if icantly (P > 0 . 05 )  different in males 

(Table 12a ,  c ) . A slower growing adipose tissue suggests a slower ra te 

of l ipid accumulation . Therefore , samples of SCF I may underes timate 

LIPT present " in SCF depot , especially at higher SCF weights , and 

s ignificantly " so for f emales . The underestimation of LIPT in females 

may explain the results  in Table  1 9a ,  which shows that l ipid is  

accumulated a t  a slower rate  in  the SCF depo t than the IMF depot ,  even 

t hough Table 12a  indicates that SCF is a faster growing depot than IMF . 

As a consequence to lIPT underes t imat ion , NA in the SCF depo t wil l  

also be  uncerestimated for females . If the underestimat ion for LIPT is 

accounted for , then sex differences in which females have a grea ter 

NA than males (Table 20) , will be  enhanced for the SCF depo t . 

Adipose tissue samples were obtained from the brachial muscle group 

(Table 12d )  to represent the IMF depo t �  The b values of IMF and 

brachial group relative to TSF, do not " d iffer signif icantly between 

sexes . Because the brachial group is signif icantly (P < 0 . 05 )  slower 

growing than IMF in both sexes , the underestimation of LIPT, and 

therefore NA ,  is assumed to affect both sexes equally . If there is  a 

sex difference in underestimation , i t  is  more l ikely to increase the 

difference be tween males and females . 

In spite of the errors incurred from sampling procedures ,  the conclusions 

should not be affec ted , because the present resul ts are used comparatively 

between two sexes which have been treated in the same manner . 

In this s tudy an increase in NA must  be interpreted a s  an increase in 

detectable adipocyt� using histometric methods . Compared to.  the 

Coulter counting of osmium-fixed cells , a histometric me thod permits cells 

with a diameter below 25 �m to be detected ( Sj U8tr8m ,  Bj 8rntorp and VrMna , 

197 1 ) . In the experiment on f oetal sheep (Broa d ,  Davies and Tan , 1 9 80 )  

where the same histome tric method was used , adipocytes of about 5 lim 
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diameter could be detec ted . The adipocyte size range is therefore from 

5 to 250 �m which covers a 50-fold increase � 

3 . 3 . 2 . 2  The partitioning and distribution ' Qf carcass fat 

In general ,  at the same TSF, male and female Jersey ca tt.le are similar 

in the partitioning of TSF and in the distribution of the SCF and IMF 
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depots  (Tables 1 3  to 1 7 ) , from birth to ma turity.  Resul ts comparing males 

and females of Shorthorn-cross (Berg et aZ . 1 9 7 9 )  and of Hereford and "Dairy 

Synthetic" (Jones ,  Price and Berg , 1 980) cattle breeds also support this 

con�lusion . Dijkstra ( 19 79 ) , using butch cattle breeds , showed that a t  

equal fat percentage in , the carcas s ,  females have relatively less SCF 

and more IMF than males . Because comparison was made at , equal f�t 

percentage in the carcass , males and females can be expec ted to have 

differed in their total fat  weight and ma turity .  I n  sheep (Vezinhe t and 

Prud ' hon , 1 9 7 5 ;  Gaili ,  1 9 7 8 )  the partitioning and dis tribut ion of fat 

are similar in males and females when considered relative to the weight 

of total fat or depot fat .  

Differences be tween male and female cattle in the patterns of fatten ing 

are a consequence of dif f erences in rate of fat deposition on a par ticular 

site (Table 1 2 ) . Consequently , when compared at the same body size such 

as TSMB , the partitioning (Tables 13 & 1 4 )  and distribution (Tables 15  

to  1 7 )  of fat differ in  amounts between sexes , with females having more 

fat than males . However ,  the order of impor tance in terms of amount of 

fat for the fat depots and fa t groups , wi thin each sex (Table 1 4 ) , show 

few differences between sexe s .  Hence,  f a t  growth appears t o  occur in 

an ordered fashion . Further evidence will be given in the next section 

3 . 3 . 2 . 3  on the distribut ion of SCF . 

Common to  both male  and' female Jersey ca t tle , IMF is the largest depo t ' 

and SCF is the fastest growing depot , from birth to maturity .  That  IMF 

is the largest  depot was also observed by Johnson ,- Butterfie.ld and Pryor 

( 19 72 ) , Kempster , Cuthber tson and Harrington ( 1 9 76 ) , Berg et aZ . ( 19 7 9 )  

and Dijkstra ( 1 979 ) . Johnson e t  a Z .  ( 1 9 7 2 )  no ted a greater increase in the 

proportion of SCF than IMF , between two postnatal weight ranges , even 

though the linear regression equations encompassing antena tal and pos t

natal fat growth indicated that IMF i s  the fastest  growing depo t .  
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Nevertheless , re-inspection of their data by plotting on double logarithmic 

coordinates suggests tha t SCF depot is the fastest growing depo t .  Thi s  

conc.lusion was also reached b y  Davies and Pryor ( 1 9 7 7 )  and is consis tent 

with the general find ings that SCF contributes ' increasi�gly more than 

do the o ther depots in TSF as the animal grows (Berg and But terfield 1 9 76 ) . 

Kempster , Cuthbertson and Harrington ( 1 9 7 6 )  no ted that there were 

variations in fat distribution bet,.,reen fif teen breeds of cattle . Their 

results  showed that SCF was slower growing than perinephric and retro

peritoneal fat in four cattle breeds . Berg , Anderson and Liboriussen 

( 1978c ) observed small but significant s ire effects on eigh t  cattle 

breed s ,  in the amount of fat in each j o int at  a standard amoun t of  total 

fa� in the carcass . Hence , a sex comparison should preferably be 

carried ou t within . one breed . The results  of  Jones et  a l .  ( 1980)  pooled 

the resul ts from two breeds for a male and female comparison . 

3 . 3 . 2 . 3  Subcutaneous fat distribut ion 

Fig . 2 3  d�fines areas on the carcass in which subcutaneous fat first  

appear s .  These areas represent centres of  subcutaneous f a t  growth ;  

eacn of  these subcutaneous ' growth centres ' characterises the growth of  

the region delinea ted , by the rate  and amount of fat deposited . 

The concept of subcutaneous growth centres where fat concentrates and 

from which fat spreads , may explain the uneven distribution of subcutaneous 

fat: ( ' patchy fat t )  observed in carcasses in the higher fat classes (Meat  
. 

and Livestock Commission , 1 9 75 )  and which may be a source of  variat ion 

between breeds (Kempster,  Avis and Smith ,  1 9 7 6 ) . The present anatomical 

dissection of subcutaneous fat into regions is more  accurate than 

j ointing methods and may be useful for the purpose of def ining areas of 

f patchy fat ' . 

Cod or udder fat was dissec ted in the present study as  a separate depot 

from SCF , although it could also be considered as a special form of SCF . 

The s ignificantly lower b value of thi s  depo t in females than males 

(Table 12a)  illustrate s the presence oJ:. regional differences between 

sexes in the rate of fat depos it ion on the carcass surface . At birth , 



there was more cod or udder fat than SCF , while at maturity it  constituted 

about half as much · \oleight as SCF in females arid an amount abou t equal to that 

of  SCF in males (Table 1 3 ) . If this depot were incorporated into SCF, 

this wou ld lower the b value for ' SCF ,
relat ive to TSF , in females . This 

may explain similar b values for SCF between Shor thorn-cross heifers 

and bulls  (Berg et at . 1 9 7 9 ) , while a signif icant difference in b values 

for SCF was Qbserved be tween male and female Jersey cattle . The 

dif ferences in the results  of these studies could also be due to breed . 

Results of  the j oint dissect ion on 1 2  bulls and 1 2  heifers of two breed 

types Hereford and ' Dairy Synthe tic t (Jones e t  at . 1980)  are summarised 

in Fig . 28 . In this study , sexes differ in the rate of SCF deposition 

in various cuts . This  is further emphasised by ranking the growth rat ios 

for the cuts for · each sex (Fig . 28a ) ; the order of ranking d iffers 

b etween sexes . Fig . 28b shows that in terms of amount of SCF in the 

cu t ,  adj ubted to � standard to tal side fat weigh t ,  sexes appear similar 

in their distribution of fat .  The ranking order differed for the ' lo in ' 

and ' round ' ,  where heifers had respe c t ively , more and less fat than 

bu11s . hence , sexes differ in the rate of subcutaneous fat  deposit ion 

in various cuts but do not differ in the pattern of distribution when 

compared at the same TSF . Thi s is also the general conclusion of  

sect ion 3 . 3 . 2 . 2 .  

3 . 3 . 2 . 4  Adipose tissue growth in male and female cattle 

That an increase in size and an increase in number of adipocytes , both 

contribute to ad ipose tissue growth , has been shown for meat animals  

(Anderson , 1972 ; Allen , 1 9 7 6 ;  Allen et a t . 1 9 7 6 ;  Hood , 1 9 7 7 )  and for 

humans (Brook , 1 9 7 8 ;  Knittle , 1 9 78 ; Bulfer and Allen , 1 9 7 9 ;  Kirtland 

and Gurr , 1 9 7 9 ) . However ,  males and females may differ in the extent  

to which each of  the processes is  involved for  various fat depots . 

This effect of sex on adipose t is sue growth has no t been investigated 

in the previous studies of fat growth in cat tle (Hood and Allen , 1 9 7 3 ,  

Enser and Wood � 1 9 78 ; SchHn , 1 9 7 8 ;  Truscot t ,  Wood and Denny , 1 980 ) , 

sheep (Haugebak , Hedrick and Asplund , � � 74 ; Hood and Thornton , 1 9 79 ; 

Broad , Davies and Tan , 1980)  and pigs (Lee , Kauffman and Grumme r ,  1 9 7 3  

a & b ;  Wood , Enser and Restall , 1 9 7 5 ,  1 9 7 8 ;  Enser et a t . 1976 ) . 
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( a )  . Growt" ratio b for subcutaneous fat in a cut relat ive to total side fat .  
The d i f ference i n  b values between sexes are indicated i n  the figure . 

Female Male 

Cut b Cut b 
Prime rib 1 . BB Loin 1 . 37 

Loin 1 .  36 Prime rib 1 . 24 

Shank 1 .  36 Chuck 1 . 1 3 

Chuck 1 . 28 Sirloin 1 . 06 

in Flank 1 . 17 Flank 0 . 99 

Brisket 1 . 08 Shank 0 . 98 

Sirloin 1 . 00 Brisket 0 . 95 

Round 0 . 81 Round 0 . 94 

Ll Cuts whose b values are higher i n  fema les than ma les . 

0 Cuts whose b values are lower in females than ma les . 

( b) Weight of subcutaneous fat ( kg )  in each cut ad j usted to the mean of total 
side fat weight of 1 8 . 48 kg . The di fference in weight bet�een sexes are 
ind icated in the figure . 

D . -:-

0 

Femal e  Hale 

Cut Cut 

Flank 1 .  73 Flank 1 . 84 

Loin 1 . 00 Round 1 . 1 3  

Round 0 . 99 Loin 0 . 81 

Brisket 0 . 79 Brisket 0 . 7 2  

Prime rib 0. 68 Prime rib 0 . 7 1  

(Chuck 0 . 66 Chuck 1 . 62 )  • 

Sir loin 0 . 29 Sirloin 0 . 28 

Shank 0 . 20 Shank 0 . 2 3  

The va lue o f  1 . 62 kg g i ven for bul l s  appears 
unrea l i stica l l y  high . Therefore d i f ferences 
are not shown . 

Cuts where amount of subcutaneous fat i s  
higher in females than males . 

Cuts where amount o f  subcutaneous fat i s  
lower . i n  males than femdles . 

Figure 28:  Comparison between ma le and fema le Hereford and "Oairy Synthetic" 
cdttle breeds ( Jone s ,  Price and Berg, 1980) i n  the rate o f  subcutaneous 
fat d i stribution and amount of subc�taneous fat in each cut . 
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The present study examines the change in number and size of adipocytes 

for subcutaneous ,  intermuscular and perirenal depots in terms of 

a)  the  rate of increase in  number (Table 18 ) : 
b)  the rate of  increase in  size (Table 1 9b ) ; and 

c )  the extent o f  these increases from birth t o  maturity (Table 20) . 

The basis of comparison in adtpose cellularity between sexes is the 

weight of the depo t �  The weights  o f  each depot a t  which predictions in 

Table 20 were carried out ,  were chosen to represent three stages of growth , 

birth, half  maturity and maturity.  A half mature male and a fully mature 

female have approximately the same TSMB . 

Adipose tissue growth in all three depots  of both sexes , from birth to 

maturity, is character ised by a greater increase in size of ad ipocyte 

(LIPA) than in the increase in NA (Table 20) . While adipocyte 

enlargement is the predominant feature of adipose tissue growth , results 

suggest that differences between male and female cattle in adipose 

t issue growth are due to differences  in the rate of increase in the 

number of adipocyte s .  Evidence of  this ;.s discussed below for edch depot . 

The subcutaneous depot is s ignifican tly faster growing in females than 

males (Table 12a) . Thi s  sex difference canno t be explained by a 

s ignificantly faster rate of increase in adipocyte size because the 

rate of increase in LIPA relative. to the depot weight  is slower in 

females than males (Table 1 9b ) . On the other hand , the b value for 

LIPT relat.:ive to LIPA is signif icantly higher in females than males 

(Table  l8 ) � suggest ing therefore a greater rate of increase in NA in 

females than in males . Also , Table 20 indicates that the increas e  in 

size , from birth to maturitY, was smaller in females (about 1 70-fold ) 

than in males (about 200-fold ) ,  while the increase in NA is greater 

in females (40-fold ) than in males ( l 7-fold) . Thu s ,  the faster and 

greater increase in NA must have more than compensated for the slower 

and smaller increase in size of the ad1pocyte , in order to account for 

the overall ef fect of a significantly faster growing subcutane6us fat 

depot in females than in males . 

8 7  



I 

In t3e case of the inte�uscular depo t ,  the adipocyte size increase 

from birth to maturity was grea ter in females ' ( 140-fold) than in males 

( 100-fold) (Table 20 ) . However , the rate of increase in adipocyte siz� , 

al though faster in females than males , is not signif icantly different 

between sexes (Tabl e  19b) . On the other hand ,  Table 18 indicates that 

the ' increase in NA is significantly faster in females than males . 

Therefore of. s ignif icance is the observation , from birth to matur ity , 

of a 22-fold increase in NA in females compared to only a 7-fold 

increase in males � 

Perirenal adipose t issue cellularity :ap,p,:ea-rs similar in both sexe s .  

The ra te of  increase in size (Table 1 9b)  and number o f  adipocyte s 

(Table 1 8 )  is not ' signif ican tly dif ferent between sexes,  al though 

faster in females than in males . The increase from birth to matur ity 

in number of ad ipocy tes , is similar in both sexes (about  t\"o-fold ) .  

Hence the increase in the size of adipo,-,ytes in females (2 10-fold ) 

' and in males ( 163-fold) is  the main factor contributing to perirenal 

depot growth in both sexes . 

The overall trend in adipose tissue growth in subcutaneous , intermuscular 

and perirenal depot ' of both sexes indicates that adipocyte enlargement 

is the greater contributor to growth than the increase in adipocyte 

number � However � cellular enlargemen t does not consistently accoun t  

f o r  differences  in adipose tissue growth between male and females . 

Differences between sexes are attributable mainly to differences in 

the change in adipocyte number rather tItan ad ipocyte size . 

Previous studies involving males and females .do not pursue the above 

concept .  The study by Merkel et a Z .  ( 19 7 3 )  on Southdmvn and Suffolk 

ewes , wethers and rams showed that at  8 weeks ewes had bigger 

ad ipocytes in the subcutaneous depot than rams . As measurements  were 

made on an age basis , a sex dif ference in amount of fat in the depot 

a.....;;�...l not accounted for . Similarly, the study of  Sch�n ( 1 978 )  on the 

development of fat cells in different anatomical locat ion� , in bulls and 

heifers , categorised animals into different age groups . The results  

presented are therefore inappropriate f6r a sex comparison , although 
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inspection of the results  indicates that he ifers had bigger adipocytes 

than bulls at the common age group of 520 days . Evidence that a 

difference in the amount of fat in the depots between sexes contributes 

to differences  in adipocyte s ize is shown in' Table 2 0 .  At the same 

amount of depot fa t ,  representing similar stages of fat maturity , 

males and females do not differ s ignifican tly in adipocyte volume . 

However ,  in a comparison at  the same fat free carcass weight but at 

differe�t tatness , female s have bigger adipoc�tes than males for all 

three  depo ts studied . 

The trend whereby dif ferences in adipose tissue growth are due to 

differences in the rate of  increase in ad ipo'cyte number is also 

observed for a between depot comparison . In both sexes , the I 

subcutaneous depot is the fastest growing , intermuscular is intermed iate 

and perirenal is the slowest (Table 1 2a) . A similar order is  observed 

for th� ra te of increase in L IPT relative to LIPA (Table 18 )  and the 

i extent of the increase in NA (Table 20) , from birth to maturity . 

Adipocyte size changes do no t reflect the order observed in the 

relat ive growth of the depo ts . For in 2tance the rate of  increase in 

LIPA (Table 19b )  is fastest in perirenal and slowest in subcutaneous 

depot in both sexes . Furthermore,  the extent of the increase in LIPA 

from birth to maturity in females is greatest in perirenal and 

smallest in the subcutaneous depot , while in males , subcutaneous shovled 

the greatest increas �  and intermuscular the smallest . Hence differences  

in  rela tive growth of the fat may be attributed to a difference in  the 

rate of increase in number . A similar c onclus ion was reached by Broad 

et a Z .  ( 1 980) in an investigation of the growth of the subcutaneous ,  

intermuscular and internal cavi ty depots in sheep , ranging from 120-

day foetuses to 5-year old ewe s .  In Friesian and Hereford cattle , 

Truscot t et a Z .  ( 1 980)  observed that the perirenal depot grew solely 

by adipocyte enlargement whereas in the subcutaneous depo t ,  adipocyte 

' recruitment ' was also involved . 
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3 . 4  BONE GROWTH 

3 . 4 . 1  RESULTS 

3 . 4 . 1 . 1  Relat ive growth of  individual bones 

The allometr ic equations relat ing the growth of individual bones to 

total �i�e bone (TSB) wei ght in male and female Jersey cat t le are 

given in Table 2 1 . A trend is  observed in which males have higher 

growth rat ios (b ) than females in the cranial vertebrae and ribs ; 

s ignif icantly higher b values were observed for all the cervical 

vertebrae except the sixth , the first three thoracic vertebrae and 

the first f ive ri� s .  Females have sign i f icantly higher b values 

than males for the pelvic girdle and the sixth lumbar and second 

7.5 

7 .4 

7. 3 

GrONth rate 
1. 2 

of each bone 

relative to 
1. 7 

total bone 

1.0 

0.9 

o.B 

0.7 

0.6 

X 

o I 1 \  0 I \ , 0,; D 

.-.-.-. 
0"'0-0-0 

,0 0/ 
o I 

Female Jersey cattle (n= 18) 

Male Jersey cattle (n= 21) 

)( 
X 

�;'; 3� 5 6 ?; 2 3 4 5 6)8 9 70;'�� l 2 3.4 5� !j � � Cervical Thoracic vertebrae .  Lumbar n � vertebrae 
R'b 

ver tebrae � § J S 0 Q.. !!. 

\ I I I , 

Figure 29: Growth ratios at i ndividual bones showing the growth gradient pattern of bone in the carcass.  
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Table 2 1 :  Double logarithmic regressions comparing the g rowth of individual bene weights relative to 
total s i de bene weight , in gramme s ,  between 21 male and 18 fEmale Jersey cattle,  from birth 
to maturi ty . 

Individual benes 

Cervical vertebrae : 

Thorac ic vertebrae :  

Lumbar vertebrae : 

Caudal vertebrae: 

Rib s :  

1 
2 
3 
4 
5 
6 
7 

Total 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12  
1 3  

Total 

1 
2 
3 
4 
5 
6 

Total 

1 
2 

Total 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  

Total 

Growth 
Ratio M 

1 .  037* *  
0 . 931* *  
1 . 022 
1 . 001 
1 . 026 
1 . 033 
1 . 057* 
1 . 01 2  

1 . 1 19* * *  

1 . 133* * *  
1 . 143* * *  
1 . 144***  
1 . 150* * *  
1 . 142* * *  
1 . 093* * *  
1 .  062* *  
1 . 026 
1 . 001 
1 . 014 
1 . 031 
1 . 033 
1 . 094* * *  

1 . 020 
1 . 065***  
1 . 057* *  
1 . 061* *  
1 . 073* * * 

1 .  061* * *  
1 .  056* * *  

1 . 065' 
1 . 067* 
1 . 066' 

1 . 184* * '  
1 . 172* "  
1 .  228" *  
1 . 190* ., 
1 .  218 '**  
1 . 272' "  
1 .  292' "  
1 . 288' "  
1 . 31S '· ·  
1 .  367* "  
1 . 337 '" 
1 .  367* "  
1 . 195 
1 .  272" *  

Male 

. 012 

. 020 

. 026 

. 024 

. 017  
. 023 
.020 
. 018 

. 021 

. 015 

.013  

. 012 
.014 
. 01 5  
. 014 
. 018 
. 015 
. 016 
.017  
. 02 2  
. 018 
.013  

. 025 

. 014 

. 017 

. 016 

. 013 

. 01 1  

. 013 

. 026 

. 027 

. 02 5  

. 022 

. 02 3  

. 029 

. 02 1  

. 026  

. 034 

. 031  

. 034 

. 033 
. 037 
. 035 
. 040 
. 135 
. 025 

Constant 

- 1 .  747 
- 1 .  300 
- 1 . 792 
- 1 . 687 
-1 . 768 
- 1 .  770  
- 1 .  937  
-0 . S58 

-2 . 115 
-2 . 222 
-2 . 292 
-2 . 324 
- 2 . 364 
-2 . 371 
- 2 . 232 
- 2 . 154 
-2 . 045 
- 1 . 979 
-2 . 022 
-2 . 046 
-2 . 021  
-1 . 0S6 

- 1 . 912  
- 2 . 035 
- 1 . 969 
-1 . 974 
-2 . 014 
-1 . 974 
-1.  203 

- 2 . 717  
-2 . 7 14 
-2 .. 444 

- 2 . 707 
-2 . S19  
-2 . 988 
-2 . 772 
-2 . 809 
-2 . 957 
- 2 . 992 
- 2 . 982 
-3 . 141  
-3 . 403 
-3 . 37 7  
-3 . 570 
-3 . 081 
- 1 .  947 

Sex 
DiE. 

+++ 
+++ 
+ 
+ 
++ 
N3 
+++ 
++ 

+ 
++ 
++ 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
+ 
NS 

NS 
+ 
NS 

+++ 
+++ 
++ 
+ 
+ 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

Growth 
Ratio b� 

0 . 912' *  
0 . 835" *  
0 . 945* 
0 . 934" 
0 . 947* 
0 . 984 
0 . 948* 
0 . 926* "  

1 .  051" 
1 . 068" *  
1 .  OS5**'  
1 . 1 12' "  
1 . 125 '" 
1 . 126' * '  
1 . 090' " 
1 .  056" 
1 . 019 
0 . 992 
0 . 97$ 
1 . 016 
1 . 013 
1. 063* * *  

1 . 026 
1 .  053" 
1 .  060" 
1 . 074**'  
1 . 094' "  
1 . 108' "  
1 .  071' " 

1 . 131' 
1 . 185' "  
1 . 156" 

1 . 046 
1 .  056' 
1 .  099* *  
1 . 110' "  
1 . 143 '" 
1 . 2 14' " 
1 . 282 ' " 

1 .  304 • • •  
1 . 332 '" 
1 .  377' " 
1 . 367' " 
1 . <:16' "  
1 .  491' "  
1 . 251' "  

Female 

s b 

. 023 

. 017  

. 024 

. 022 

. 02 1  

. 022 

. 02 1  

. 017 

. 017  

. 012 

. 016 

. 015  

. 017  

. 017 

. 014 

. 016 

. 016 

.016  

. 021  

. 019 

. 013  

.012  

. 019 

. 017  

. 019 

. 018 

. 01 5  

. 01 5  

. 016 

. 046 

. 044 

. 043 

. 027 

. 022 

. 025 

. 022 

. 02 5  

. 026 

. 018 

. 030 

. 027 

. 034 

. 041 

. 059 

. 067 

. 023  

Constant 

- 1 . 308 
-0 . 983  
-1 . 514 
- 1 . 450 
-1 . 485 
- 1 .  592 
-1. 543 
-0 . 555 

- 1 . 875 
-1 . 971  
-2 . 064 
- 2 . 187 
-2 . 254 
-2 . 293 
- 2 . 210 
-2 . 121  
-2 . 016 
- 1 .  943 
-1 . 89 3  
- 1 .  994 
- 1 .  945 
-0 . 961 

- 1 .  932 
- 1.  979 
-1 . 979 
-2 . 019 
- 2 . 087 
- 2 . 140 
- 1 . 251  

-2 . 925 
- 3 . 159 
-2 . 73 3  

- 2 . 208 
-2 . 376  
-2 . 48 1  
- 2 . 470 
-2 . 518 
- 2 . 706 
-2 . 914 
- 3 . 005 
-3 . 146 
-3 . 387 
-3 . 436 
- 3 . 670 
-4 . 088 
-1 . 832 
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Table 21 (continued) 

Male Female 

Individual bones Growth s
b 

Constant Sex Grcwth s
b 

Constant 
Ratio M Diff l�tiG M 

Mandible 0 . 989 . 036 - 1 .  042 NS 1 . 071* . 033 - 1 . 272 

Sternum 1 . 165*** . 032 - 1 . 628 NS 1 .  20<\*** . 024 - 1 . 722 

Scapula 1 . 203*** . 014 -2 . 130 NS 1 . 162**·  .017 - 1 .  959 

Humerus 0 . 963· . 013 -0 . 944 NS 0 . 966* . 014 -0 .974  

Radius and ulna 0 . 878·** . 011 -0 . 738 NS 0 . 875*** . 013 - 0 . 746 . 

Carpus 0 . 756** * . 02 3  -0 . 958 NS 0 . 732·*·  . 028 - 0 . 911 

Metacarpus 0 . 647**'  . 015 -0 . 173 NS 0 . 674'** . 020 - 0 . 315 

Os coxae and sacrum 1 . 158* * ·  . 013 - 1 .  315 +++ 1 . 224*** . 013 - 1 . 527 

Femur 0 . 867*·* . 018 -0 . 4 5 5  NS 0 , 874*** . 015 -0 . 491 

Patel l a  0 . 797*** . 027 -1 . 407 NS 0 . 858* * *  . 022 - 1 . 665 

Tibia and fibula 0 . 790*** . 016 -0 . 342 NS 0 . 817*** . 014 -0.  4�4 

Talus 0 . 444*** . 035 0 . 201 NS 0 . 462* **  . 029 0 . 078 

Tuber ca1c i s  0 . 705** ' . 021  -0 . 706 NS 0 . 699* ** . 021 0 . 7 28 

Distal tarsus 0 . 651·**  . 033 -0 . 7 14 NS 0 . 631**· . 026 -0 . 688 

Metatarsus 0 . 635***  . 018 -0 . 096 NS 0 . 680·*·  . 022 -0 . 281 

� Reg ression coe f fic ient b ,  standard error s
b

' 

• Values of b bearing this superscript are sign i f i cantly (P < 0 . 05 )  di fferent from 1 .  

+ Significantly (P < 0 . 05 )  d i f ferent in b between sexes . 

caudal vertebrae . Males and females vary their growth rat ios in the 

same pa t tern generally , with undulat ing b values for vertebrae, 

a craniocaudal increase within the ribs ,and a proximodistal decrease 

within the l imb bones , as  illustrated in Fig . 29 . 
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The weight s of bones showing a significant sex difference in b values 

are predicted at three TSB weights of 8 . 7 ,  1 5 . 0  and 26 . 0  kg (Table 22 ) . 

The overall total weight of these bones is approximately 27%  TSB 

weight . At the same TSB weight , the differences between sexes in the 

overall weight s of these bones are smal l  (e . g .  35 , 48  and 70 g 

respectivE'ly , at the three TSB weights)  with females having heavier 

weights . 

The TSB weight s of a ha lf mature and mature male and female in 

Table 22 , are based on Table 2 (Sec t ion 1 . 1 ) .  At the same maturity,  

these bones make a lighter contribut ion in females than in males . 

Expressesd as a percentage of  TSB and as a percentage of half 

carcass weight (HCWT) , differences between sexes in these bones are 



Table 22 : Weights of bones in grammes for mdle and female Jersey cattle,  at various total s ide 
bone (TSB) weight, as calculated from the regressions given in Table 2 1 .  

(a )  Bones whose b values are  significantly higher in  males than females . 

Hal f  mature Mature 
Male Fem��e Fem�-'------MaJ.e 

TSB 8720 8720 15000 15000 26000 

Half cervical vertebrae : 1 109 97 192 159 339 
2 117 102 194 160 323 
3 B6 81 150 136 263 
4 91 85 156 141 270 
5 94 88 165 148 289 
7 85 78 150 131 269 

Half thoracic vertebrae : 1 99 93 181 164 335 
2 88 87 162 154 302 
3 82 82 152 147 284 

Ribs : 91 82 173 145 331 
2 63 (;1 119 108 227 
3 7 1  71 1 38 128 271 
4 83 80 158 146 303 
5 98 97 189 180 370 

Total bone weight 1257 1 184 2279 2047 4176 

(b)  Bones whose b values are s ignificantly lower in ma les than females . 

Ha l f  l"ature Ma�ure 
Male Female Male Female Male 

TSB 8720 8720 15000 15000 26000 

Half lumbar vertebra : 6 8 1  8 4  1 4 3  154 257 

Half caudal vertebra : 2 . 14 16 24 3 1  44 

Os coxae and hal f  sacrum B86 989 1659 1921 3138 

Total bone weight 981 1089 1826 2106 3439 

Overa l l  total (a )  + (b) 2238 2273 4105 4 15 3  7615 
'" TSB 2 5 . 7  26 . 1  2 7 . 4  27 . 7  29 . 3  
t HCWT (kg) 4 2 . 0  44 . 9  84 . 3  90 . 9  171 
'" HCWT 2 . 3  2 . 4  2 . 2  2 . 3  2 . 0  

t Half carcass weight (HCWT) as estimated from the regression in Table 1 ,  section 

Female 
26000 

262 
2 5 3  
228 
2 36 
249 
220 

291 
278 
266 

257 
193 
235 
270 
338 

3576 

Female . 
26000 

283 

59 

3767 

4109 

7685 
29 . 6  

186 
2 . 2  

3 . 1 .  

small ,  regardless of whe ther comparisons are made at the same TSB or 

maturity . 

3 . 4 . 1 . 2 Change in linear measurement s 

Table 23  gives the allometric equat ions of various l inear measurements 

made on live animals . When empty body weight (EBWT) was used as the 

x variable , sexes do not differ signif icantly in their b values for 

each of the measurements .  However ,  when TSMB was used as the x 

9 3  

variable , s ignificant  differences in b values between males and females 

were observed for the measurement s in crown-rump , height at withers 



and width between the ·· tuber ischii . Hence , females are longer ,  taller 

and wider at the hip than mal e s ,  at the same fat free carcass weight . 

The allometric equat ions relat ing linear measurements  of individual 

bones to their respect ive bone weight s are shown in Table  24 . In all 

measurement s ,  except for scapular and humeral length ,  females have 

higher b · values than males , and signif icantly so for the b values of  

humeral \.,idth,  metacarpal length , and the  conj ugate and ver tic.al 

diameters of the pelvis . 

Dur ing growth there
, 

are differences between sexes in the change in 
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shape of  the pelv is .  In females , the b values of all f ive ;::easurements  

of the pelvis were s ignif icantly greater than 0 . 33 3 ,  suggest ing that 

the pelvis is changing it s shape . In male$ ,  the b values of the 

conj ugate  and vert ical diameters do not differ s ignif icantly from 

0 . 333 , and are s ignificant ly different from the corresponding female 

values . In females , the order of  the b values of internal pelvic 

dimensions , from highest t o  lowest , was vert ical , transverse and 

conj ugate ;  in males , i t  was t ransverse , conj ugate and vert ical . Hence , 

Table 2 3 :  Double logarithmic regressions relating the change i n  linear measurement s ,  i n  mi l l imeters , 
to empty body weight (EBWT) and total side muscle plus bone (TSMB) weight, in grarnme s ,  in 
male and female Jersey cattle , from birth to maturi ty . 

Male Female 

Linear measurements 
Growth 

Constant Sex Growth Constant x 
Ratio M s

b Diff. Ratio M s
b 

EBWT Crown - rump . 3 19 . 01 1  1 . 463 NS . 3 34 . 014 1 . 388 

Minimum neck c ircumference . 330 . 014 1 . 138 NS . 293* . 019 1 . 283 

Height at withers . 22 3 * * *  . 01 0  1 . 86 3  NS . 24 2 * * *  . 01 3  1 . 7 73 

Width between tuber coxae . 4 3 1 * ' *  . 02 5  0 . 3 3 1  NS . 393* . 026 0 . 547 

Width between tuhEir ischii . 4 5 5 ' "  . 03 1  - 0 . 424 NS . 54 4 * * *  . 039 - 0 . 699 

TSMB Crown - rump . 3 1 2  . 014 1 . 68:; + . 369 . 017 1 . 463 

Minimum neck c ircumference . 3 27 . 01 2  1 .  3 5 1  N S  . 32 2  • . 02 3  1 .  353 

Height at "ithers . 21 9 * ' *  . Ol l  2 . 016 + . 266'" . 016 1 . 830 

Width betwjen tuber coxe-e . 4 2 3" . 02 6  0 . 625 NS . 4 27' . 035 0 . 659 

Width between tuber ischii . 449" . 03 1  -0 . 1 2 3  ++ . 598'" . 0 37 - 0 . 618 

� Regression coe fficient b, s tandard error s
b

' 

• Values of b bearing this supe·rscript are significantly (P < 0 . 05)  di fferent f�om 0 . 3 3 3  and 
therefore indicate dj sp·roportiona1 i ty .  

+ Significantly ( P  < 0 . 05 )  dif ferent in b between sexes . 



Table 24 : Double logari thmic regressions relating various l inear measurements of individual bones , 
in mill imeters , to the respective bone weight , in grarnrne s ,  for 21 male and 18 female 
Jersey cattl e ,  from birth to maturity .  

x 

Mandible 

Scapula 

Humerus 

Radius 
and 

ulna 

Metacarpus 

Rib 1 

Rib 2 

o� coxae 
and 

sacrum 

Femur 

Tibia 
(and fibula) 

Metatarsus 

Length 
Height 

Length 
Width 

Length 
Width 

y 

Ulnar length 
Radial length 
Radial width 

Length 
Width 

L�ngth 

Length 

Tuber ischii 
Tuber coxae 

Conjugate 
Transverse 
Vertical 

Length 
Width 

Length 
Width 

Length 
Width 

Growth 
Ratio b<fi 

. 309 

. 376 

. 3 3 9  
. 384 

. 3 12 

. 320 

. 3 2 5  

. 2 9 1 *  

. 36 3  

. 19 2 * * *  

. 386** 

. 348 

. 32 5  

. 4 98* * *  

. 4 5 3 * ' *  

. 340 

. 4 00* * *  

. 3 36 

. 370" 

. 388** 

. 3 3 0  

. 3 50 

. 2 1 0 ' * *  

. 4 10· * ·  

Male 

. 01 5  

. 01 8  

. 007 

. 03 1  

. 0 10 

. 02 3  

. 01 0  

. 01 0  

. 01 5  

. 01 0  

. 01 7  

. 008 

. Ol l  

. 028 

. O l l  

. 01 8  

. 01 3  

. 0 1 4  

. 01 0  

. 0 17 

. 01 1  

. 014 

. 01 0  

. 01 5  

Regression coefficient b ,  standard error sb
. 

Constant 

1 . 566 
1 . 1 38 

1 . 62 9  
0 . 592 

1 . 4 98 
0 . 564 

1 . 58 3  
1 . 568 
0 . 2 9 5  

1 .  7 9 5  
0 . 408 

1 . 6 5 3  

1 . 8 3 4  

0 . 26 3  
0 . 994 
1 . 028 
0 . 7 2 9  
0 . 9 1 7  

1 . 389 
0 . 3 1 3  

1 . 548 
0 . 405 

1 . 79 5  
0 . 374 

Sex 
Diff 

NS 
NS 

NS 
NS 

NS 
++ 

NS 
NS 
NS 

+ 
NS 

NS 

NS 

NS 
NS 
+ 
NS 
+++ 

NS 
NS 

NS 
NS 

NS 
NS 

Female 

Growth 
Ratio b <fi 

. 3 12 

. 400'" 

. 336 

. 4 07**  

. 3 12 

. 4 11 ** 

. 34 7  

. 31 0  

. 4 1 4 * '  

. 2 3 1 " *  

. 39 4 * * *  

. 387 

. 34 1  

. 54 9 * * '  

. 47 5 * * *  

. 399* * *  

. 4 34 * * *  

. 45 0 ' "  

. 382'" 

. 4 2 5 * * *  

. 3 5 3  

. 386 

. 2 39* * *  

. 4 4 5 * * *  

. 006 

. 0 1 1  

. 008 

. 0 1 9  

. 01 2  

. 02 0  

. 007 

. 01 0  

.024 

. 01 3  

. 0 1 5  

. 044 

. 014 

. 0 3 3  

. 01 3  

. 0 1 3  

. 016 

. 028 

. 010 
. 02 1  

. Ol l  

. 040 

. 0 14 

. 01 5  

Constant 

1 . 561 
1 . 084 

1 . 65 2  
0 . 558 

L 5 1 1  
0 . 308 

1 . 54 7  
1 . 5 38 
0 . 163 

1 .  729 
0 . 368 

1 .  5 �  � 

1 . 83 0  

0 . 266 
0 . 967 
0 . 90 3  
0 . 67 7  
0 . 644 

1 . 37 7  
0 . 2 10 

1 . 5�� 
0 . 294 

1 .  7 5 0  
0 . 278 

Values of b bearing this superscript are significantly ( P  < 0 . 005) di fferent from 0 . 3 3 3  and 
therefore indicate di sproportiona l i  ty. 

+ Significantly (p < 0 . 05 )  different in b · between sexes . 

Table 2 5 :  Predictions of l i near measurements of the pelvic g i rdle,  in mi l l imetres , and the i r  ratios 

a t  various weight of os coxae and sacrum, in gramme s ,  using the equations in Table 24 . 

Weight of os coxae 
and sacrum 

Tuber isc�ii 

Tuber coxae 

Conjugate 

Transverse 

Vertical 

Tuber ischi i : Tuber coxae 

Vertical : Conjugate 

Vertical : Transverse 

Conjugate : Transverse 

Male 

2 7 5  

3 0  
126 

72 
5 1  
5 5  

0 . 24 

0 . 76 
1 . 08 
1 . 4 1  

Female 

2 7 5  

40 
1 3 4  

7 5  
5 4  
5 5  

0 . 30 

0 . 7 3  
1 . 02 
1 .  39 

Male 

4000 

114 
4 2 2  
1 7 9  
1 4 8  
1 34 

0 . 27 

0 . 7 5  
0 . 9 1  
1 . 2 1  

Female 

4000 

1 7 5  
4 7 6  
2 1 9  
1 7 4  
184 

0 . 37 

0 . 8 4 
1 . 06 
1 . 26 

Male 

6310 

143 
· 519 

209 
177 
1 56 

0 . 28 
0 . 7 5 
0 . 88 
1 . l8 

Fema le 

6310 

225 
592 
263 
212 
2 26 

0 . 38 

0 . 86 
1 . 07 
1 . 24 
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it can be expected that there are differences in the shape of the 

pelvis between sexes during grmolth ,  especially for the vert ical 

measurement . 

Predictions of the pelvic dimensions at various weight s of as coxae 

plus sacrum, ranging from b irth to maturity , are given in Table 25 . 

There is  a greater increase in each of the measurements , from b irth 
. . 

to  maturity,  in females than in males � The ratio of the widths 

between t uber ischii and tuber coxae indicate that females have a 

wider pelvis externally. 

HALE FEHALE 

Lateral View 

Cranial View 

Figure 3 0 ,  Differences i n  shape o f  pelvic cavity between maie and fema le Jersey cattle . a t  maturit.y. 
v = vertical d i ameter; c = conj ugate d iameter ; and t = transverse d i amete r .  
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The internal change in shape of the pelvic cavity is described by 

the vertical , transverse and conJuga te  diameters and their ratios . 

As the animal grows � the rat io of vertical : conj ugate increases in 

females (0 . 73 to 0 . 86 )  but not in males (0 . 7 5 to 0 . 74 ) . In female s ,  

the faster increase in vertical than in conjugate diameter (Table 2 4 )  

shows that the caudal end of the sacrum becomes raised relative to 

the hip b9nes and therefore the pelvic inle t  becomes direc ted 

cranioventrally during growth (Fig . 30) . In males , this angulation 

of the sacroilia.c j o int remains relatively constant as suggested by 

the vertical : conj ugate rat io (Table 25 )  and the growth ratios of 

the two measurements (Table 24 ) . 

In female s �  the vertical : transverse rat io incr�ases and is more than 

1 at all stages of growth ,  while in males this rat io decreases to 

0 . 88 .  Therefore , in females , the pelvic cavity expands more vertically 

than transversely , while in males , the converse is true (Fig . 30) . 

The conj ugate : transverse rat io is greater than 1 and decrease from 

b irth to maturity in both sexes . This  is  because the transverse 

diameter is  faster growing than the conj ugate diameter (Table 24) . 

Thus t�m processes , o c cur simul taneously to produce sexual dimorphism 

of the bovine pelvis ; the sacroiliac j o int changes its  angle and 

the shape of the pelvic inlet changes . 

3 . 4 . 2  DISCUSSION 

3 . 4 . 2 . 1  . Grdwth �att�rns artd diStribtit i6rt df bortes 

The present study i�d icates that in both sexes , there is a proximo

d istal grad ient of decreasing growth in the limbs (Table 2 1  & Fig . 29 ) . 

This  agrees with the general pattern of  growth described in ca t tle 

( Seebeck and Tulloh , 1 9 6 8b ;  Seeb�ck , 1 9 73b ; Robelin , 1978 ; Jones , 

Price and Berg ,  1 9 78 ;  Berg , Anderson and Libor iussen , 1 9 78d ) , sheep 

(Hammopd , 1932)  and pigs (McMeekan , 1 940 ; Davies , 1 9 7 9 ) . Cranio

caudally,  there is a f luctuat ing growth gradient within the ver tebrae 

of · both sex�s (Fig . 2 9 ) ; this pattern has not been reported in cattle 

or sheep but has been notErl in barrows (Davies ,  1 9 7 9 ) . Not previously 
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described for any spec ies is the craniocaudallY ' increasing growth 

gradient observed in the r ibs of both sexes . The general similarity 

in growth gradient pat terns between mal e  and female Jersey cattle  

implies a funct ional similarity for  each bone bet�een sexes , but 

because of variation in cervical , cranial thoracic and pelvic regions 

(Fig . 29 ) ,  some bones must differ in their ability to perform their 

respective funct ion between sexe s .  

At the same TSB we ight , sex differences in bone weight distribut ion 

are small (Table 22 )  and commercially unimportant . This agrees with 

. the conclusion of Jones et aZ . ( 1 9 7 8 )  based on three cat tle breeds 

and three sexes . Although Robelin ( 1 9 78 )  found that in the Charolais 

x Salers and Ltmous in cattle b reed s ,  males have signif icantly more 

bone than females at the same empty  body \\Feight (EBWT) ; differences 

between sexes were only 1 . 0% and 0 . 8% of EB�.rr , respect ively , for the 
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two bt'eeds . These comparisons were made at  the  same EBWT ; the sex 

differences may therefore be due to  differences in fatness and maturity . 

In Table 22 , predict ions of bones whose b values are signif icant ly 

d ifferent between sexes , indicate that at the same maturity,  females 

have less bone than males . When expressed as percentages of TSB and 

HeWT differences  between sexes are small . 

Examinat ion of the growth rat ios of ind ividual vertebrae and ribs 

(Table  21  & Fig . 28 )  suggests  a faster developing forequarter in males 

than in females . The \\Feight of each o f  these bones is only a small 

part  of TSB . Therefore , a s ignif icant difference in b values ind icates 

a real effec t  in this region , rather than reflecting differences 

elsewhere in the skeleton . ' The b value for the total cervical 

vertebrae is signif icantly higher in males than females . This differs 

from the conclusions of Jones et al . ( 1 9 78 ) , that sex regressions for 

these bones were homogenous relative to TSB . Tables 2 1  & 22 indicate 

that males have a faster growing rib cage and heavier ribs , especially 

for the first f ive rib s ,  than those in females . This diff�rs from 

that reported by Jones et al . ( 1 9 7 8 ) , where bulls have l ighter r ibs 

than heifer s ,  at the same TSB weight . 

, The general s imil?rit ies between sexes in bone distribut ion indicate 

that bones are funct ionally s imilar in males and females . Davies 



( 1 9 79 )  observed that "growth centres" in the musculoskeletal sys tem 

of  the pig are located at the pivot s  of the forelimb and hindlimb 

pendulums . In the pig , the hindl imb , pivot appears to be 

progressively more important for propulsion than the forelimb pivot , 

as  the animal grows . In cattle , the · forelimb peak , which occurs 

within the first eight thoracic vertebrae , and the hindlimb peak , 

which occurs xl1i thin the la st five lumbar and f irst two caudal 

vertebrae , ha:ve grml1th ratios signif icant ly greater than 1 (Table 2 1  

& Fig . 2 9 ) . This suggests that the two limbs have s imilar importance 

for propulsion . The forelimb may be more important for propulsion 

in. males than in females . 

3 . 4 . 2 . 2  Growth pa tterns for pelvic · dimens ions and other 

measurement s 

Lineal body measurement s  have been used to  describe growth in cattle 

(Brody , 1 945 ; Hil son , 1 973 ; Russel , 1 9 75 ) , and metacarpal and 

metatarsal measurements  have been used as indices of growth and 

carcass characterist ics in steers and heifers (Hilson et a Z .  1 9 7 7 ) . 

In the present study , the purpose of linear measurements  is t o  examine 

the shape of males and females . Table 23  indicates that females grow 

longer and taller,  and have wider r. �ps than males . At the same TSMB , 

this would mean that male carcasses will be blockier in t erms of 

9 9  

muscle presentat ion , than female carcasses . As noted by Colomer-Rocher , 

Bass and Johnson ( 1980)  in t erms of consumer 

preference for a "thick and p lump"  steak . 

Table 24 shml1s that there are only small differences in the leng.th, 

width and height of bones in males and females . I t  is in the pelvic 

d imensions that phenotypic differences between sexes are most apparent 

(Table 2 5 ) . External pelvic measurements indir.ate that females have 

broader hips than males . The internal pelvic measurements show that 

postnatally , the pelvic girdle in females changes its  shape. to 

facil itate parturit ion ; the pelvic inlet becomes more ventrally 

directed towards the abdominal flo('1:' , . probably through movement about 

the sac roil iac j o int ; the vert ical , conj ugate and transverse diameters 

have b va lues  significantly greater than 0 . 33 ;  and the vert ical 
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diameter is  the fastest changing dimension . Although pelvic 

dimension s in female cat tle have been studied in relat ion to dystocia 

(Bellows et a Z . ,  1 9 7 1  a & b ;  Laster ,  1 9 74 ;  Neville et aZ . ,  1 9 7 8 ) , 

none have examined these dimens ions in ma les . These studies were 

also concerned with pelvic area (he ight x width of pelvic opening) 

rather than pelvic shape ,  which is an addit ional critical factor in 

dysto�i� . The present result s on males indica te that the pelvis does 

not alter its sacroil iac angu lat ion , and the vert ical and conj ugate 

diame ters do not " show disproport ionality;  the vert ica] diameter has "_ 

the lowest b values . Hence ,  a problem of dystocia may arise when 

female adaptive changes ,  espec ially in the vertical plane , do no t 

occur postnatally . 



4 . 0  GENERAL CONCLUSIONS 

Muscle f ibre number is the critical trait in determining sex 

differences in muscle growth . The rate of increase in the number 

of adipocytes account s for differences in the rate of fat deposited 

between sexes . . Because sex differences in growth are genet ically 

based , , the evidence from this particular model suggests that 

differences in cell number and in the abi lity to increase cell 

number arise as � result  of  genetic difference s .  

Postnatally , growth o f  muscl e and fat is largely by increasing cell 

size because the number of muscle fibres remains constant and the 

increase in npmber of adipocytes is small compared to the increase 

in size of adipocyt es . Presumably , therefore ,  non-genet ic growth 

modif icat ions will involve cell size ; it  should be easier to alter 

cell size than to alter cell number , postnatally .  

10 1  

Genet ic and non-genet ic factors , opera ting from concept ion to b irth , 

wil l  determine the number of  muscle f ibres in individual muscles 

and the adipocyte characterist ics of  each depot . These traits 

determine the ceiling to which these t is sues can grow . Postnatally,  

environmental  factors such as  nut l it ion , exercise and 

the level of expression . In this experimental model , males and 

females superficially do not appear sexually dimorphic in the neck 

at birth but become dimorphosed postnatally ; the potential  to grow 

is present at birth but is not expressed by a difference in t issue 

quantity . This pattern of growth is favourable to  the survival 

of a cal f because a large foetus is a cause of dystocia . Hence , 

antenatally , the establishment of  the potentials of  t issues to  

grovl should be the prime concern while postnatally , it  should be 

to  provide the necessary cond itions for the expression of these 

potentials . 



APPENDIX 1 :  JERSEY CATTLE CARCASS DISSECTION WORKSHEET 
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I .  D .  No . . . . . • • • • .  

Department o f  Anatomy & Physiology , Faculty of Veterinary Science 
Ma ssey Universi ty 

A .  SLAUGHTER DATA -------

Sex . . . . . . . . . . . . .  

Age . . . . . . . .. . . . . .  

Skin including tail 

Left forelimb 

Le n h indl imb 

Le ft thoracic wall 

Left abdominal wall 

Udder 

Date of slaughter 

Liveweight at s J.aughter 

Udder fat/Cod fat 

Testes : r ight left • • • . . • • .  total 

Peni s  

Preputial rom .  

M .  retractor peni s  

M .  cremaster 

M .  ischiocavernosus 

M .  bulbospongiosus 

M .  urethral i s  

1 .  Diaphragm : muscular part 

tendinous part 

Cavity fat 

Thoracic visc era 

Abdominal and pelvic viscera 

Mi sc e l l aneous ( sc rap etc ) 

Forequarter : at slaughter 

at dissecti.on 

Hindquarte r : at slaughter 

at dissection 

TOTAL WEIGHT AT SLAUGHTER 

PERCENTAGE LOSS FROM LIVE'V'lEIGHT 

( date . . . . . . . . . . . . . . ) 

( date . . . . . . . . . . . . . .  ) 



B .  NON-CARCASS COMPONENTS 

Thoracic viscera 

Heart 

Lungs 

Scrap 

TOTAL THORAC IC VISCERA 

Abdominal and pelvic viscera 

Liver 

Spleen 

Left kidney 

Right kidney 

Diges tive trac t :  

Stomachs 

I ntestine 

Total 

Perirenal fat 

Pelvic fat 

uterus 

Left ovary 

Right ovary 

Scrap 

ful l  

2 

eropty 

TOTAL ABDOMINAL AND PELVIC VI SCERA 
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3 I .  D .  No . . . . • . . . . . • • . . . .  

C .  FOREQUARTER SPINAL MUSCLES 

1 Sternomandibularis 

2 S ternomastoideus 

3 S ternothyrohyoideus 

4 Omohyoideus 

5 Spl enius capitis et cervicis 

6 I l iocostalis thoraci s  

7 Longiss imus thoracis 

8 Longissimus cervicis 

9 Longi s s imus capitis 

10 Longi s s imus atlantis 

1 1  Semisponalis capitis ,  c ervic i s  e t  thoracis 

12 Spina l i s  cervicis et thorac ic 

1 3  Scalenus dorsal i s  

14 Scalenus ventrali s  

15 Intertransversarii c ervic i s  ( dorsal  a nd ventra l )  

1 6  Intertransversar ius longus 

17 Lon9uS capi tis 

18 Longus col l i  

19 Obl iquus c api t i s  cauda l i s  

2 0  Obl iquus capitis crania l i s  

2 1  Rectus capitis dorsalis ma jor 

2 2  Rectu s  capitis dorsalis minor 

23 Rectus capi tis ventralis 

24 Rectus capitus lateral i s  

2 5  Multifidis cervicis 

26 Multifidis thorac is 

2 7  I nterspinales 

28 Scrap muscle 

TOTAL FOREQUARTER S�INAL MUSCLES • <III • • • • •  -.
.

. . . . . .  .. 
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D .  FOREQUARTER ABDOMI NAL AND THORACIC MUSCLES 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1G 

cutateus trunci (part) 

Rec tus abdominis (part) 

Ob liquu s externus abdominis (part)  

Transversus abdomin i s  (part) 

Rectus thoraci s 

Serratus dorsalis cranial i s  

Serra tus dorsa l i s  caudal i s  (part) 

Intercostales (part) 

Transversus thora c i s  

Scrap mu scl e s  

TOTAL ABDOMINAL AND THORACIC MUSCLES 

E .  FOREQUARTER EXTRINSIC MUSCLES 

1 Trapez ius 

2 fi�dchiocephalicu s  

3 Omotransversarius 

4 Rhomboideus 

5 Latissimu s dors i  

6 Serratu s v entralis cervi c i s  e t  thorac i s  

7 Pectora l i s  profundus 

8 Pectoralis superficia l i s  

TOTAL FOREQUARTER EXTRINS IC MUSCLES 

TOTAL ABDOMINAL , THORACIC AND EXTRINSIC MUSCLES 
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I .  D. No • . • • . • • • • • • • • • •  
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F .  FORE L H1B MUSCLES 

1 Del t.oideus 

2 Infraspi.natus 

3 Supraspinatus 

4 Corace brachial i s  

5 Subscapulari s 
6 Teres maj or 

7 Bi ceps brachii 

8 Teres minor 

9 Tensor fasciae antebrachii 

10 Triceps brachi i :  lateral head 

11 Tri ceps brachi i : long head 

12 Triceps brachi i : medial head 

1 3  B�achialis 

14 A nconeus 

15 Scrap muscles 

TOTAL PT<DX IMAL THORACIC LIMB lvlUSCLES 

16 Ex�en sor carpi radia l i s  

17 Extensor digitorum latera l i s  

18 Extensor digi torum communis ( 3  heads )  

1 9  Abductor pol l i c i s  longus 

20 Ulnari s latera l i s  

2 1  Flexor carpi ulnaris 

2 2  Flexor carpi radialis 

2 3  Flexor d igitorum superfic ia lis 

24 Flexor digitorum profundus : ulnar head 

2 5  radial head 

26 humeral head 

27 Scrap muscles 

TOTAL DISTAL TROP-ACIC LIMB MUSCLES 

TOTAL FORELIMB MUSCLES (PROXIMAL + DISTAL) 
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I .  D .  No • . . • • . . . . . . • . . .  

· . .. . . .. . . . . . . . .  . 

· . . . . . . . . . . . . .  . 

· . . . . . . . . . . . . .  . 



G . ?OREQUARTER BONES 

Cerv ical vertebrae 

Thoracic vertebrae (part) 

Costal carti lage & sternum 

SUB TOTAL 

Ribs (part) 

SCCipu lCl. 

Humerus 

Radius and ulna 

Carpal bones 

Me tacarpus 

TOTAL FOP£QUARTER BONES 

6 

x � = 

x � = 

WEIGHTS OF INDIVIDUAL VERTEBRAE AND RIBS 

C l  Tl 

C 2  T2 

C3 T3 

C4 T4 

C 5  T5 

C6 T6 

C7 T7 

C8 T8 

Total T9 

'1'1 0  
TIl 

(part) T12 

Total 

Spinal cord (part)  

LINEAR t-1EASUREMEN'rS 

Cervical vertebrae 

Thoracic vertebrae (part)  

1 st r ib 

8th r ib 

Scapula 

Humerus 

Ulna 

Radius 

l:1etacarpu s 

Mandible : Height 

. . . .. .. .. .. .. ..  Rib 1 

.. .. .. .. .. .. .. .. ..  Rib 2 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  Rib 3 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. Rib 4 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. Rib 5 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  Rib 6 

.. .. .. .. .. .. .. .. .. ..  ., .. .. .. ..  Rib 7 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  Rib 8 

. � .. .. .. .. .. .. .. .. .. .. .. .. ..  Rib 9 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  Rib 10 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  Rib 1 1  
.. .. .. .. .. .. .. .. .. .. ..  Rib 1 2  

.. .. .. .. .. .. .. .. .. .. .. .. .. ..  Total 

Spina l fat (part ) 

LENGTH 

Length 
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I. D .  No • . • • • . • • . .  

WIDTH 



H .  FOREQUARTER FAT 

Subcu taneous fat 

Intermuscular fat 

Cavity fat 

Sternal fat 

Fat remaining on bone 

TOTAL FOREQUARTER FAT 

7 

Fat thickne ss at the 1 2th rib 

I .  FOREQUARTER MI SCELLANEOUS 

Forequarter scrap : 

Fasc iae 

Tendons ,  l i gaments 

Ligamentum nuchae 

RHS scrap 

LHS scrap 

M .  interos seus 

Head 

Trach�a , oe sophagus ,  etc . 

Thymus 

Hoof and skin 

TOTAL I'OREQUARTER MISCELLANEOUS 

J .  FOREQUARU:R TOTALS 

Total muscle (C + D + E + F )  

Total bone 

Total fat 

Total miscellaneous 

TOTAL FOREQUARTER 

Fo�equar.ter at slaughter ( A )  

Percentage dissection loss 

K .  HEAD (not included in the forequarter tota i s )  

1 Mas seter 

2 Digastricus 

3 Temporal i s  

4 pterygoideus medial i s  

5 P terygoideus lateralis 

6 Other musc le s :  buccinator 

zygomaticus 

Mandibl e 

depressor labiimaxi l lari s 

caninus 

l evator labii maxillaris 

108 

I .  D .  No • • • . . . . • • • . • •  

. . . . . . . . . . . � . . . 

• • • • • • • • • • • • •  l' 
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I, . HINDQUARTER SPINAL MUSCLES 

-
1 Longissimus 1 umbo rum 

2 I liocostalis lLwborum 

3 Multifidus 1 umbo rum 

4 Coccygeus 

5 Levator ani 

6 Sacrocaudal i s  ventra l i s  

7 Sacrocaudal s i  dorsalis 

8 Sublumbar mus cles : P soas minor 

9 Il iopsoa s  

10 Quadratus lumborum 

1 1  Scrap muscle 

TOTAL HINDQUARTER SPINAL MUSCLES 

M .  HINDQUARTER ABDOMINAL AND THORACIC MUSCLES 

1 Cutaneus trunci (part) 

2 Rectus abdomini s  (part ) 

3 Cbliquus inte rnus abdominis 

4 Obliquus externus abdominis (par t )  
5 Transversus abdominis (part) 

6 Intercostals (part ) 

7 Retractor costae 

8 Serrat.us dorsali s cauda l i s  (part )  

9 Scrap muscle 

TOTAL H INDQUARTER ABDOMINAL AND THORACIC MUSCLES 

109 

I .  D .  No . . . . . . . . . . . .  . 

,. . . . . . . . . . . . .  . 
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N .  HINDLIHE WJSCLES 

1 Tensor fasciae latae 

2 Biceps femoris 

3 semitendinosus 

4 Gluteus med ius 

5 Gluteus acces'sorius 

6 Gluteus profundus 

7 Gemelli 

8 Sartorius 

9 Graci l i s  

10 Pectineus 

11 Semimembranosus 

1 2  Quadratus femoris 

13 , Adductor 

14 Rectus femoris 

15 Va stus lateral i s  

16 Vastus inter.nediu s 

1 7  va stus med i a l i s  

1 8  Obturatorius externus (et internus ) 

1 9  Scrap mu scle 

TOTAL PROXIHAL PELVIC LIMB HUSCLES 

20 Gas trocmemius 

2 1  Flexor digitorum superficial i s  

22 Peroneus tertius et extensor digitorum longus 

2 3  Tibial i s  crania1is 

24 Peroneus longus 

2 5  Extensor d ig itorum lateral i s  

26 Popliteus 

27 Flexor digitorum profundus 

28 Scrap muscle 

TOTAL DISTAL PELVIC LIMB MUSCLES 

TOTAL H INDLHm HUSCLES (PROXI1vlA.L + DISTAL) 
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I .  D. No . . • • . . • . . . . . . .  



O .  H I NDLI�B BONES 

Thoracic vertebrae (part ) 

Lumbar vertebrae 

Os coxae and sacrum 

Caudal vertebrae ( 1  to 2 )  

SUB TO'l'AL 

1 3 th rib 

FAmur 

Patella 

Tibia 

Talus 

Calcaneus 

Distal tarsal bones 

Metatarsu s  

TOTAL HINDQUAR'l'ER BONE 

10 

WE!GH'rS OF INDIVI DUAL VERTEBRAE : 

T12 (part ) 

T1 3 

Total 

Spinal cord (part ) 

LINEAR MEASUREMENTS 

Thora : ic vertebrae (part)  

Lumbar vertebrae 

Sacrum 

Caudal vertebrae ( 1  to 2 )  

Ll 

. L2 

L3 

L4 • • • •  , • • • • • • •  

L5 

L6 • . . • • • • • . • . •  

Total • • • . . • . • .  

Spinal fat 

LENGTH 

Os coxae : ( a )  Between tuber. i schii 

(b)  Between tuber coxae 

x � 
x � 
x � 
x � 
x � 

Crani a l  pelvic aperture : ( a )  Conj ugate diame te r  

( b )  Transverse diameter 

( c )  Vert ical diameter 

Femur 

Tibia 

Metatar sus 

1 1 1  

I .  D .  N o  . • • • • • • • . . • • • • 

-

= 

_. 

= 

Cal 

Ca2 

Tota l • • . • . . • • • . . •  

WI DTH 



P .  HINDQUARTER FAT 

Subcutaneous fat 

Intermuscular fat 

Left a nd r ight perirenal fat 

Left and right channel fat 

Fat rema ining on bone 
TOTAL H INDQUARTER FAT 

Q .  H INDQUARTER MI SCELLANEOUS 

Hindquarter scrap : 

Fasciae 

Tendon s ,  l i gaments 

RIfS scrap 

LHS S c rap 

M .  extensor digitorum brevis 

M. i nteros seus 

Hoo f a nd skin 

TOTAL H INDQUAF.TER MI SCELLANEOUS 

R .  HINDQUARTE R TOTALS 

Total mus cle ( L  + M + N )  

Tota l bone (0)  
Total f a t  ( P )  

Total mi s c e l laneous ( Q) 

TOTAL H INDQUARTER 

H i ndquarter at slaughter ( A )  

Percen tage d i s section l o s s  

S .  HA LF  CARCA SS COMPONENTS 

1 1  

Total mus c l e  (]1,1 + C + E + F + L + M + N )  

112 

I .  D .  N o  • • • . • • . . . • . • • • •  

x l:! 
x l:! = 

Total bont:: ( G-!j. v<:!rtebrae + 0 - l:! vertebrae - � o s  coxae ) . • . . . • • . • . • . . .  

Total fat ( H  + P - � perirenal - l:! c ha n n e l )  . • . . • • . . . . • • • . . 

Tota l miscel la�eous ( I  + Q ;  only F Q + H Q scrap ) • • • . . • • • . • . . . . •  

TOTAL HALF CARCASS 



APPENDIX 2 : . DISSECTION WORKSHEE'r FOR FOREQUARTER FAT 

113 

I .  D .  N o  . . • . . . . . . • . . . . . .  

SUBCUTANEOUS FAT 

1 Trape zius 

2 Thora c ic l imb  

3 Lat i s s imu s dors i  

4 Cutaneus trunc i -abdominal 

5 Pectoral 

6 Ne ck 

TOTAL FOREQUARTER SUBCUTANEOUS FASCIA & FAT 

INTERMUSCULAR FAT 

1 Ax ial mus c le s 

2 Extrin s i c  mus c l e s  

3 Thorac ic rib cage ( intercosta l s )  

4 Abdomina l mu s c l e s  

5 Prox ima l thora c i c  l imb 

6 Di s ta l  tnoras ic l imb 

FASCIA 

TOTAL FOREQUARTER INTERMUSCULAR FASC IA & FAT . . • . . . • . • • . 

FAT RElvlAINING ON BONE 

1 Cervi cal and thorac i c  vertebrae 

2 Sternum and rib 

3 Forequa rter long bon e s  

TOTAL FOREQUARTER FAT ON BONE 

FAT 



APPENDIX 3 :  

1 1 4  

DIS SECTION WORKSHEET FOR H INDQUARTE R FAT 

1 .  D .  No • • . . • . . . . . • • . . .  

SUBCUTANEOUS FAT , 

I .  Cutaneous trunc i - ten sor fasciae latae 

I I .  Medial pelvic l imb 

I I I . LCI.teral pe lvic l imb  

IV . AbdoI!lino. l  

V .  LCing- i s s imus 

IV . Periana l 

INTERMUSCULAR FAT 

1 Axi a l  musc l e s  

2 Sub lumbar mus c l e s  
I 

3 I ntercostal mu s c l e s  

4 Abdomi nal muscles 

5 Prcximal pe lvic l imb 

6 Di stal pelvic limb 

(part ) 

FASC IA 

TOTA� H INDQUARTER INTERMUSCULAR FASC IA & FAT • • . . . • • . . • .  

FAT REMAIN ING ON BONE 

1 Vertebrae 

2 Pelvic g irdle and sacrum 

3 Hindquarter long bon e s  

TOTAL H INDQUARTER 

Right perirena l fa t 

Le ft peri renal fat 

TOTAL PERIRENAL FA'l' 

FAT ON BONE 

Le ft and ri ght c hannel fat 

FAT 



APPENDIX 4 :  MALE JERSEY CATTLE CARCASS nISSECTION nATA (g) 

* Age in days or number of inc isor teeth in parentheses 

Iden t i f icat ion Number 2 3  2 4  25 40 4 1  2 6  2 7  28 29 32 33 
3 7  3 9  3 6  2 1  3 5  3 4  2 2  38 30 3 1  

Age* I I 1 I 5 30 30 35 6" 1 00 1 36 (2 ) ( 2 )  ( 2  ) 540 ( 2  ) (2 ) ( 4 )  ( 5 )  2 520 1000 
Liveweight at slaughter 2 4 1 00 20000 28200 22000 29000 46400 50900 46400 6 1 700 7 5 500 74 500 

109000 1 2 2000 1 7 2 000 1 7 3000 1 7 7000 2 2 3000 2 9 1000 3 1 4060 6 1 4000 6 7 3000 

Empty body weight 2 3 700 1 9 600 2 7 700 2 1 000 2 8000 4 3700 49300 44800 55400 6 5 700 63900 
9 7 300 1 1 6000 1 50000 1 52000 1 53000 1 9 3000 2 59000 2 7 9000 585000 6 1 0000 

Half carcass weight 6 1 08 5093 7544 6399 8094 1 3 7 9 9  1 4 6 2 0  1 4 2 7 8  1 6 3 4 2  1 7 1 8 7  1 64 2 3  
2 2 690 3 4 1 2 8  44839 4 7 5 1 4  4 5 1 6 1  5 1 262 76289 80 5 1. 7 199822 186695 

Total s ide muscle + bone 5395 4563 6623 5597 7 1 9 3  1 2 2 2 5  1 2 888 1 2 8 1 4  1 38 1 1 1 50 4 1  1 4 5 9 8  1 9 4 1 8  2 7 50 1 39093 4 1 5 3 2  3 9 3 1 2  4 4 1 4 6  6 5 7 7 6  69342 1 6656 1 1 4 5 35 2  

Tot a l  s ide musc l e  3383 2862 4397 3 7 3 4  4878 8540 9244 9 1 63 9 7 3 5  1 0 4 7 5  10203 1 34 3 2  2 0 7 3 4  2 9 8 5 9  3 1 5 4 7  29099 3366 1 5 1 64 2  54 2 2 1  1 4 2 1 4 0  1 1 60 8 7  

Total s ide bone 201 2 1 70 1  2 2 2 6  1863 2 3 1 5  3685 3643 3650 4 0 7 5  4 56 6  4 39 5  5986 6 7 6 7  9 2 3 3  9984 1 02 1 3  10485 1 4 1 3 3 1 5 1 2 1  244 2 1  29264 

Total s ide f at 2 8 7  1 8 3  3 6 2  302 2 7 3  4 6 9  7 3 5  484 1 3 29 987 724 1 7 3 2  4464 3 1 5 5  3497 3 39 6  4 5 4 1  7868 6 2 7 7  2 504 1 3 3284 

Total side misce l laneous 4 2 7  346 5 5 7  498 626 1 1 04 996 979 1 2 0 1  1 1 58 1099 1 5 39 2 1 6 1  2 590 2485 2 4 5 1  2 5 7 3  2645 4897 8 2 1 9  8058 

Total forequar ter musc l e  1 908 1602 2424 2049 2 639 4 3 1 6  4636 4728 4892 5 1 8 5 5044 6953 10665 1 6099 1 6 6 5 6  14958 1 7 6 7 i  29908 29057 86345 7 1 86 3  

Tot a l  forequa r t e r  bone 1 0 8 7  923 1 2 00 1008 1 2 4 6  1 9 4 4  1963 2008 2 2 9 2  2 5 1 0  2442 3469 3896 5450 5849 596/, 6226 8848 8805 1 5 5 9 5  1 82 6 6 · 

Total forequarter fat 1 00 8 1 . 2  1 4 2  1 5 0  1 2 6  244 340 235 6 7 1  4 8 6  3 6 9  8 9 6  2 2 7 0  1 666 1 8 4 3  1881 2 373 4 7 6 5  3 5 78 1 3 4 4 7  1 56 1 1  

To tal forequarter miscellaneous 2 4 2  202 252 2 8 2  3 0 6  587 5 2 5  6 2 3  5 6 1  6 3 2  5 3 5  744 1 1 24 1 3 2 1  1 4 3 6  1 32 5  1 36 9  1 407·. 2 689 4040 3482 

Tot a l  hindq: 1arter muscle 1 4 7 5  1 2 59 1 9 7 3  1 684 2339 4224 4608 4434 4843 5 2 89 5 1 58 6478 1 0068 1 3 7 60 1 489 1 1 4 1 4 0  1 5989 2 1 7 3 3  2 5 1 6 3  5 5 7 95 41, 2 2 4  

Tot a l  hindquarter bone 925 7 7 7  1 0 2 5  8 5 5  1068 1 7 40 1680 164 1 782 2055 1 9 5 2  2 5 1 6  2 8 7 1 3 7 8 3  4 1 3 5  4249 4 2 5 8  5 2 8 5  6 3 1 5  8826 1 0998 

To ta l  h indquart e r  f a t  1 8 7 1 0 2  2 1 9  1 5 2  1 4 6  2 2 4  395 24 9 6 5 7  500 3 5 5  8 3 5  2 1 9 3  1 488 1 65 3  1 5 1 5  2 1 68 3082 2 699 1 1 594 1 76 7 3  

Tot a l  h indquarter miscellaneous 1 85 1 4 3  304 2 1 6  3 1 9 . 5 1 7  4 7 1  355 640 5 2 5  5 6 4  795 1 0 3 7  1 2 6 9  1 048 1 1 2 5  1 2 0 3  1 2 3 8  2 2 08 4 1 7 8 4 5 7 5  

St andard Musc le Groups 

1 .  Pelvic 9 1 7  8 1 5  1 30 5  1 0 7 3  1 4 2 5  2 8 0 1  3069 2 9 7 2  3039 3 4 1 8  3 2 3 1  4095 6 2 7 2  8 3 9 4  9 5 4 6  9 0 7 7  1 0 1 03 1 404 1 1 5988 3 5 5 7 2  2 7 5 4 4  

2 .  Crural 2 1 0  1 7 1  2 4 6  2 35 2 8 6  4 9 6  524 564 560 595 553 755 1 0 6 7  1 4 2 3  1 50 7  1 38 1  1 6 38 1 9 8 1  2 2 56 38 1 3  404 1 

3 .  Spinal 3 2 1  248 369 3 3 9  5 0 5  7 8 5  8 5 3  8 1 8  9 4 3  9 7 7  1 042 1 3 7 7  2295 3029 3 1 3 1  3009 3 2 4 5  5 0 7 4  5 7 84 1 4 7 7 1  1 0 2 4 7  

4 .  Sublumbar 8 7  7 6 . 5  1 1 9 1 0 2  1 5 5  2 59 2 7 0  2 5 7  2 9 6  3 4 0  329 4 1 8  6 2 5  805 936 863 894 1 1 8 2  1 588 2R52 1 9 3 6  

5 .  Abdominal 1 9 2  1 70 2 6 1  209 306 562 6 3 7  5 72 7 2 1  780 807 929 1 558 2609 2 5 60 2 3 2 2  3024 4 2 5 3  3948 1 2 500 1 0 8 5 7  

6 .  Brachial 4 2 1  355 5 1 6  4 3 8  548 9 1 8 1044 1 0 30 1 0 5 1  1 1 3 1  1 1 07 1469 2 2 2 5  3 0 7 4  3 4 30 3 1 38 3 75 9  6 3 1 1  6063 1 5980 1 3 388 

7 .  Antebrachial 1 3 7  1 1 1  1 6 7  1 4 8  1 7 8  2 9 4  305 3 2 7  32 1 324 286 4 3 7  5 8 5  7 8 4  8 5 2  7 2 8  9 0 6  1 2 5 5  · 1 2 5 2  2 4 1 7  2 5 2 8  

8 .  Extrinsic  4 9 9  4 2 3  6 4 6  5 6 3  6 9 5  1 2 4 9  1 3 1 9  1 329 1 4 1 8  1 399 1 389 1 788 304 1 4963 4882 4 1 9 7  5 1 9 3  86 5 1  8 2 8 7  2 6 2 0 0  2 3 3 1 0  

9 .  Intrinsic (neck) 3 9 1  2 9 7  4 8 6  4 0 7  4 7 3  7 1 9 752 827 8 1 7  945 908 1 4 2 8  1968 3 2 2 6  3095 2 9 7 0  3 1 68 7 2 1 4  6 3 0 1  20506 1 6 2 1 5  

1 0 . Thorac i c  206 192 2 7 7  2 1 5  3 0 1  4 54 468 463 5 1 6  562 546 7 3 1  1 094 1 5 4 8  1 606 1 409 1 72 6  1 6 76 2 74 9  7 5 2 8  602 1 

1 .  P e l v i c  

Tensor fasciae latae 3 2 . 1  2 6 . 0  4 6 . 6  3 5 . 2  5 0 . 3  1 1 1  1 09 1 1 5 1 3 8  1 4 7  144 1 7 5 2 4 8  3 5 3  3 6 2  3 8 7  3 9 5  7 2 3  7 5 9  1 9 1 7  1 4 5 4  

B iceps femo r i s  1 74 1 6 3 262 2 1 0  2 8 7  6 1 7  609 637 6 1 8  692 634 808 1 3 9 1  1 80 3  2 0 9 1  1 9 4 3  2 2 1 1  3 1 39 3 3 6 7  7 9 1 0  6 4 5 5  

Semitend inosus 6 0 . 6  52 90 . 9  7 5 . 4  1 0 2  1 9 7  2 1 3  2 34 2 2 2  2 6 3  2 2 3  2 6 0  4 6 5  6 8 2  7 5 2  6 3 2  7 1 8  1 0 9 1  1 1 0 2  3980 2 6 3 4  

Gluteus medius 9 9 . 5  72 1 2 1  1 0 8  1 5 2  2 8 0  325 289 300 356 3 2 7  4 1 3  662 899 1 1 3 7  1 0 3 8  1 089 I S 70 1 9 0 5  4 4  \ 3  3 1 2 6 

Gluteus accessorius 7 . 7  7 . 0  1 5 . 8  1 0 . 0  1 2 . 6  2 5 . 2  2 2 . 9  2 5 . 5  2 6 . 5  2 4 . 8  2 4 . 5  39 . 8  6 2 . 8  74 . 6  7 3  1 0 2  9 8  1 4 2  1 5 9  3 3 4  2 5 5  

Gluteus profundus 1 9 . 1  1 5  1 9 . 2  1 3 . 9  20 . 8  3 5 . 5  34 . 1  26 . 1  3 3 . 7  4 5 . 3  39 . 1, 59 . 2  8 1 . 1  1 09 1 39 1 2 0  1 3 4  2 3 3  2 2 1  4 1 5  4 0 7  

Gemell i 2 . 35 2 . 64 4 . 10 5 . 2 7  6 . 6 1  1 0 . 1  8 . 74 7 . 66 1 1 . 4  9 . 7 2 8 . 92 1 3 . 9  1 8 . 7  2 8 . 3  1 5  2 8 . 1  2 5 . 5  34 5 3 . 0  4 5  4 6  

Sartor i us 1 4 . 1  1 2 . 5  2 2 . 7  1 5 . 8  2 1 . 5  3 3 . 4  45 . 1  4 3 . 8  4 5 . 5  5 0 . 7  47 . 2  3 5 . 1  7 6 . 8  9 3 . 4  1 1 6  9 2  . 4  1 1 3  1 4 4  1 59 329 2 4 8  

Gra c i l i s  38 . 1  32 5 6 . 4  4 6 . 8  60 . 3  1 1 2  1 2 8  1 2 7  1 30 1 3 0  1 3 2  1 6 3  2 7 5  3 9 6  3 4 2  3 5 3  4 2 5  5 6 2  5 7 3  1 18 1  9 8 6  

Pec t i neus 2 0 . 2  1 8 . 5  24 . 1  2 2 . 2  32 . 4  5 6 . 3  5 6 . 3  5 3 . 5  5 4 . 2  66 . 6  65 . 2  8 7  1 7 5  1 6 5  1 80 1 8  .. 2 0 5  288 3 6 7  • 493 4 2 9  

Semimembl"ano..�uS 1 5 1 . 1  1 3 3  1 9 . 5  1 7 5  2 3 0  494 5 4 3  504 5 8 7  5 8 7  588 722 1 1 2 3 1 3 80 1 6 1 7  1 6 70 1 7 7 7  �004 2 5 9 8  5 2 4 6  4 369 

Quadra t u s  femoris 4 . 8 5 . 0 5 . 10 2 . 6 5  4 . 5 2 5 5 . 55 6 . 4 7  9 . 0 1  7 . 44 9 . 92 1 2 . 3  1 3 . 7  28 . 8  66 1 9 . 8  3 1 . 3  69 32 . 3  2 1 6 1 2 7  

Adduc tor 36 . 1  4 6 . 0  74 . 3  6 3 . 3  R3 . 8  1 4 1  2 4 1  1 8 1  1 7 2 2 3 1  209 2 5 8  3 1 5  4 9 3  569 5 5 7  569 887 9 79 1 866 1 362 

Rectus femor!s 7 5 . 1  7 1 . 0  1 0 3  80 . 1  106 2 1 6  230 1 6 7  2 1 6  2 5 4  245 . 5  3 3 2  /· /, 8 5 3 5  5 9 6  563 651 9 76 1 1 8 1 2 1 48 1 902 

Vastus la t e ral is 7 3 . 6  78 . 0  1 2 0  I D S  � 10 243 259 322 244 263 2 5 1  3 3 7  1 .82 6 2 5  705 6 5 9  8 3 3  1 0 5 2  1 2 7 5 2469 2 1 00 .  

Vas t u s  int ermed ius 2 3 . 0  2 6 . 0  2 8 . 1  2 4 . 4  30 . 7  83 7 1 . 1  7 6  7 6 . 7  7 0 . 4  88 . 1  1 �6 1 1 7  2 59 2 B  2 1 0  256 4 1 1. 3 2 7  4 7 7  5 1 4  

Vastus med i a l i s  3 7 . 4  .'10 . 5  38 . 6  3 7 . 6  4 1 . 4  6 3  9 1 . 9 74 . 5  1 0 6  1 1 5 86 . 7  1 1 0 1 36 1 4 1  204 226 2 2 2  2 5 7  4 1 5  7 8 1  5 J  1 

Ob turator ius externus 2 2 . 8  1 8 . 0  28 . 1  2 1 . 7  32 . 7  35 49 . 4  5 2  52 . 7  64 . 4  6 7 . 9  89 1 34 2 1 4  2 1 2  2 C 3  1 9 4  3 3 4  3 68 654 489 

( e t  i nt ernus) 
Scrap 1 5 . 4  1 0 . 6  3 1 . 0  1 8 . 5  1 7 . 0  2 3 . 3  26 . 1  2 9 . 7  30 . 4  39 . 2  30 . 6  54 . 3  9 7 . 0  1 1 4 100 90 . 2  1 6 6  1 20 1 4 6 498 1 30 

...... 
...... 
� 



APPENDIX 4 :  MALE JERSEY CATTLE CARCASS DISSECTION DATA (g) 
Identification no . 2 3  24 25 4 0  41  26 2 7  28 29 3 2  3 3  3 7  39 36 2 1  35 34 2 2  3 8  30 3 1  

2 .  Crura l  
Gas t rocnemius 79 . 6  64 . 5  89 . 8  90 . 8  105 204 222 238 2 2 0  240 238 307 450 609 626 554 700 8 1 1  9 30 1 689 1 605 
Flexor digit orum superficia l is 22 . 1  1 7 . 0  24 . 4  2 1 . 8 28 . 3  48 . 3  48 . 1  52 . 9 56 . 1 6 6 . 3  4 8 . 4  84 . 4 106 1 32 1 3 1  1 3 4  1 74 1 6 6  2 0 1  2 3 8  242 
Peroneus tert ius et  32 . 6  2 7 . 5  4 2 . 8  34 . 1  39 . 7  6 3 . 1  76 . 4  7 1 . 1  69 . 5  7 2 . 1  6 5 . 0  94 . 5  1 4 5  1 84 1 80 1 78 194  2 78 3 1 7  564 7 2 6  

extensor d i g itorum longus 
Tibia l is crani a l  i s  7 . 59 5 . 5  6 . 6 1  8 . 76 9 . 4 6  1 3 . 8  1 4 . 5  1 5 . 6  1 8

'
. 9  1 4 . 1  1 5 . 8  19 . 3  2 7 . 0  2 9 . 8  44 . 5  3 3 . 6  4 1 . 3  45 46 . 3  9 7  9 2  

Peroneus longus 5 . 1 3 4 . 5  5 . 3 7 5 . 7 1 6 . 80 1 5 . 7  1 2 . 1  1 5 . 4  1 3  . 6  1 2 . 4  1 0 . 3  1 5 : 6  2 2 . 9  3 1 . 7  2 9 . 5  3 5 . 0  2 8 . 7  3 5  4 8 . 7  90 83 
Extensor digttorum lateralis 1 3 . 9  7 . 0 1 1 .  9 1 2 . 3  1 5 . 0  20 . 3  2 5 . 6  2 3 . 4  1 9 .  e 2 4 . 2  2 5 . 5  3 3 . 9  46 . 1  59 . 4  7 9  69 . 5  7 5 . 6  1 0 1  100 206 2 2 9  
Pop l i teus 1 1 . 2  8 . 0  1 1 . 0 1 5 . 1  20 . 1  30 . 9  3 5 . 2  4 1 . 4  36 . 1  36 . 1  4 2 . 7  44 . 5  6 7 . 2  84 . 9  6 1  7 5 . 5  9 1 . 7  1 2 8  1 5 1  2 3 3  2 6 5  
Flexor d igi t o rum profundus 34 . 5  3 3 . 5  50 . 3  4 5 . 2  5 9 . 9  94 . 9  88 . 0  99 . 7  1 1 5  1 2 3  103 1 5 6  1 9 5  2 8 2  3 3 1  2 9 0  3 2 6  3 8 1  4 54 1) 6 1  7 7 4  
Scrap 2 . 1 85 40 3 . 7 3 1 .  74 1 . 7 3 5 . 1 2 2 . 08 7 . 06 10 . 5 7 6 . 5 2  3 . 5  0 7 . 0  9 . 98 2 5 1 0 . 7 J  6 . 82 3 6  6 . 5 3 5  2 5  

3 .  Sp ina.!. 
Longi ss imus thorac ls 80 . 8  7 7  1 1 2 9 1 . 6  1 4 7  2 59 2 7 2  2 9 6  2 5 1  2 6 2  260 370 6 8 1  799 990 892 962 1 405 1 5 7 4  4 34 1- 2870 
Longiss imus lumborum 8 1 . 8  54 1 00 9 8 . 7  1 4 8  208 2 4 3  2 1 7  3 1 5  3 2 0  3 3 2' 407 7 7 6  1 0 1 6  962 1 0 1 4  1082 1 4 5 3  1 8 2 8  4388 

"
. -? 4 30 

I l iocost a l i s  t horacis 1 7 . 7  1 5 . 5  2 4 . 4  1 9 . 6  2 1 . 3  42 . 8  3 5 . 9  38 . 8  36 . 9  4 1 . 0  4 3 . 3  68 . 0  9 6 . 8  1 5 2 1 4 8  1 34 . 6  1 3 2  2 9 5  2 7 2 3 9 3  658 
I l iocos t a l i s  lumborum 1 1 . 1  7 . 5 6 . 35 4 . 5 5  6 . 46 5 . 34 8 . 1 2 1 2 . 1  5 . 88 9 . 1 8 9 . 39 1 4 . 2  2 3 . 7  3 7 . 4  1 9 . 0  1 7 . 5 4 1 . 6  52 . 0  3 2 . 5  5 5 . 0  102 
Mul t i f id i s  thora c i s  2 2 . 9  1 4 . 0  9 . 65 1 5 . 1  3 1 . 7  36 . 2  3 6 . 4  2 3 . 3  4 3 . 1  5 5 . 4  3 1 . 2  9 3 . 0  98 . 0  1 28 96 . 0  1 5 1  1 04 299 304 588 3 1 9  
Mul t i f id i s lumborum 1 2 . 5  1 5 . 0  1 9 . 0  1 7 . 5  2 2 . 0  34 . 0  36 . 4  3 1 . 3  48 . 9  5 1 . 6 50 . 3  65 . 0  64 . 1  1 3 7 1 1 4 . 1 59 1 6 3  1 78 2 1 4  5 4 3  4 7 7  

Spina l i s  c e r v i c i s  e t thoracis 56 . 6  50 6 7 . 6  6 9 . 0  9 3 · 0  1 44 1 6 1  1 3 5  1 59 1 5 2  2 1 6  2 5 0  3 9 1  5 2 3  544 468 582 1032 1 1 9 5  3 1 1 6  2 7 2 1  
Saerocaudal i s ven t ral is 3 . 09 1 . 6 2 . 9 5  1 . 50 1 . 00 4 . 1 4 3 . 84 3 . 4 0 5 . 2 1  4 . 04 8 . 30 6 . 40 1 2 . 7  2 1 . 9 1 4 . 0  1 8 . 2  2 6 . 5  2 4 . 0  36 . 1  50 52 
Sac rocaudal i s  dorsal is 4 . 2 4 3 . 3  9 . 1 2  7 . 9 3  1 l . 8 1 7 . 7  1 7 . 4 2 1 . 6  24 . 3  2 2 . 6  2 9 . 3  36 . 3  40 . 9  6 1 . 3  58 . 0  6 2 . 4  3 9 . 5  96 . 0  1 1 8 208 1 44 
Scrap )0 . 1  1 0 . 7  1 7 . 8  1 3 . 8  2 2 . 2  3 3 . 6  39 . 1  39 . 2  5 3 . 6  58 . 7  6 1 . 6  6 7 . 4  1 1 0 1 5 2 1 84 9 1 . 8  1 1 2 2 3 9  209 583 4 7 4  

4 .  Sub l umbar 
Psoa;- minor 1 2 . 6  8 . 5  1 3 . 9  1 0 . 3  1 8 . 1  30 . 9  28 . 8  3 5 . 6  ,jO . O  46 . 0  30 . 4  49 . 3  6 8 . 7  79 . 3  1 09 1 3 1 . 5  1 00 ) 3 7 1 5 7 . 9  3 2 7  1 5 1  
I l iopsoas 69 . 0  64 . 0  9 5 · S  86 . 3  1 2 6  2 1 6  2 2 6  2 1 1  7 .9 2 7 6  ? 7 6  325 5 1 5  655 7 7 7  6 7 1  7 2 6  9 6 1  1 2 7 3  2 3 7 5  1 6 7 8  

Quadratus lumborum 5 . 33 4 . 0 9 . 86 5 . 80 1 1 .  3 1 2 . 8  1 � . 3  1 0 . 8  1 7 . 3  1 8 . 0  22 . 6  44 . 5  4 1 . 3  70 . 8  50 . 0  60 . 9  68 . 3  84 . 0  1 5 7  1 50 1 0 7  
5 .  Abdomi n a l  -----
Cl.! taneus t runc i 34 . 2  2 9 . 5  52 . 2  3 7 . 2  4 2 . 8  1 20 1 2 5  1 06 1 30 1 3 7  1 4 5  1 3 2 363 460 434 4 1 4  564 !! 5 7  68 1 2 � 8 1  2 4 � 2  
Re� tus abdomin i s  6 0 . 9  4 7 . 0  6 2 . 2  4 9 . 9  8 1 . 7  1 3 7  1 5 8 1 5 1  1 7 2 1 8 9  1 8 5  2 2 2  349 6 1 6  464 5 1 8 6 4 1  90 1 1 1 76 3030 2 4 2 6  
Obliquus externus abdominis 4 7 . 9  4 1 . 5  7 2  . 4  5 5 . 5  68 . 8  1 2 5  1 4 5  1 2 6  1 5 2  1 7 1  1 8 5  1 8 1  3 3 3  580 688 561 7 1 7  993 6 6 1  2 654 2 3 7 6  
Obl i quus i n t e rnus abdominis 1 3 . 6  2 4 . 0  3 5 . 6  36 . 1  6 2 . 0  103 1 2 2  1 0 1  1 4 7  1 4 9  1 5 7  2 0 4  2 8 3  5 2 7  4 7 2  4 5 6  646 8 3 7  7 9 1  2 2 09 1 9 2 5  
Transversus &bdominis 35 . 4  2 8 . 0  38 . 6  30 . 9  50 . 6  7 2  . 9  84 . 3  8 6 . 2  1 1 7 1 3 1  1 3 3  1 8 8  2 2 7  426 5 0 1  3 7 3  4 5 6  6 6 5  639 2026 1 688 

6 .  Braell i a l  
De I to1delli.- 1 6 . 6  1 6 . 0  1 8 . 6  1 9 . 5  1 9 . 7  38 . 2  4 2 . 4  4 2 . 7  4 7 . 0 4 1 . 0  48 . 5  5 5 . 0  9 7 . 5  144 1 4 9  1 1 4 1 50 240 305 826 6 8 6  
Infraspinatus 68 . 0  5 4 . 0  80 . 8  69 . 5  89 . 5  1 4 3  1 7 5  1 6 7  1 7 3  190 1 7 5 2 6 7  368 472 595 553 644 878 1008 2805 2 1 29 
Supra s p inatus 58 . 7  5 1 . 5  6 7 . 2  6 1 . 1  83 . 0  1 3 4  1 36 148 1 3 3  1 6 3  1 4 1  2 0 5  3 3 6  3 8 3  4 1 5  4 1 9  507 840 7 5 8  1 7 50 1 5 2 7  
Coracobrach ial is 5 . 1 7  4 . 00 6 . 1 5  4 . 6 3 7 . 5 3 1 2 . 2  1 0  . 0  7 . 88 1 2 . 9  9 . 3 3 9 . 68 1 6 . 0  2 9 . 9  3 1 . 0  4 6 . 0  3 6 . 9  54 . 4  7 6 . 0  7 7  . 3  1 5 5  1 3 1  
Subscapu l a r i s  4 1 . 0 3 0 . 0  4 6 . 9  44 . 8  49 . 6  79 . 3  74 . 2  88 . 5  7 9 . 3  1 05 90 . 0  1 4 0  246 342 356 3 7 6  372 834 753 1 908 1 50 5  
Teres maj o r  1 3  . 9  1 6 . 5  1 9 . 0  1 5 . 6  2 2 . 4  34 . 5  4 3 . 9  3 5 . 0  48 . 7  4 7 . 5  54 . 1  64 . 0  90 . 0  1 4 5  1 33 1 30 1 28 2 4 1  289 6 1 1  4 0 7  
Biceps brachii 2 2  . 5  1 7 . 5  28 . 8  24 . 5  3 1 . 4  54 . 4  66 . 5  54 . 9  59 . 2  6 2 . 5  6 3 . 4  9 7 . 0  1 1 2 1 7 4 1 9 9  1 76 2 1 8  3 5 6  3 3 1  606 542 
Teres m i nor 9 . 3 3 1 1 . 0 1 0 . 9  8 . 5 6 1 2 . 05 20 . 2  1 7 . 0  1 6 . 5  1 6 . 9  2 0 . 4  1 6 . 3  2 8 . 0  40 . 4  48 . 9  62 . 0  4 9 . 3  68 . 2  1 9 6  9 5 . 7  362 1 84 
Tensor fasciae antebrachii 4 . 88 5 . 50 7 . 36 5 . 1 9 5 . 44 1 2 . 7  1 2 . 3  1 7 . 2  1 5 . 5  1 4 . 9  1 6 . 2  1 2 . 0  1 8 . 9  4 3 . &  4 3 . 0  4 7 . 6  35 . 8  7 6 . 0  7 1 . 5  2 1 9  2 6 4  
Tr i c e p s  brachi i : Caput latera le 29 . 1  3 1 . 0  2 9 . 0  2 8 . 6  3 3 . :a  62 . 3  6 7 . 4  69 . 7  70 . 6  7 5 . 1  7 2  . 9  84 . 0  1 3 1  1 8 1  1 7 7  1 5 9  229 359 3 1 3  7 7 0  6 2 4  

Caput longum 108 82 . 0  1 3 7  1 1 4 1 44 2 4 7  302 288 2 9 5  2 8 7  309 3 6 7  6 1 3  849 9 7 0  830 1 0 34 1 8 7 6  1 6 79 5 1 08 4 4 3 8  
Caput med iale 4 . 99 4 . 00 5 . 4 2  6 . 82 6 . 74 1 1 . 1  9 . 26 9 . 7 5 8 . 35 1 7 . 4 1 3  . 9  2 0 . 0  2 4 . 5  4 6 . 9  35 . 0  2 6 . 0  3 1 . 4  30 . 5  4 1 . 2  7 6  69 

Brachia1 1 .1 2 3 . 1 1 9 . 0  28 . 6  2 1 . 6  29 . 3  4 7 . ! 5 1 . 5  52 . 9  5 7 . 4  6 3 . 6  60 . 5  7 3 . 0  103 1 2 2 . 6  1 6 3  1 4 3  1 5 9 2 2 9  2 2 4  4 6 1  4 5 6  
Anconeus 6 . 63 4 . 0  1 4 . 1  4 . 59 5 . 60 1 0 . 3 9 . 63 1 0 . 5  1 4 . 8  1 2 . 2  1 3 . 5  1 3 . YJ 30 . 6  2 3 . 8  3 7 . 0  3 1 . 4  5 3 . 5  38 . 0  4 1 . 5  86 1 7 1  
Sc rap 1 0 . 5  9 . 0  1 6 . 4  8 . 6 1  8 . 3 6  1 l . 3  2 6 . 1  2 1 . 7  1 9 . 2  2 1 . 2  2 1 . 8 2 7 . 9  2 6 . 6  66 . 8  50 . 0  4 6 . 6  74 . 3  40 . 0  7 6 . 1  2 3 7  2 55 ..-..-0\ 



APPENDIX 4 :  HALE JERSEY CATTLE CARCASS DISSECTION DATA (g) 

Ident i f icat ion No . 2 3  2 4  2 5  4 0  4 1  2 6  2 7  2 8  2 9  3 2  3 3  3 7  3 9  3 6  2 1  3 5  3 4  2 2  3 8  3 0  3 1  

7 .  Antebrachi a l  
Extensor c a r p i  rad ial is 4 1 . 8  2 9 . 5  4 5 . 3  4 3 . 8  4 9 . 6  7 3 . 8 82 . 0  89 . 8  7 6 . 1  79 . 1  7 7  . 1  1 00 1 56 2 4 2  2 12 1 9 9  2 4 6  3 6 6  3 7 3  8 7 5  840 
Extensor d i g i t orum lateralis  7 . 6 3  6 . 00 1 3 . 3  8 . 1 5 9 . 2 9  1 1 . 5 1 5 . 9  1 6 . 4  1 5 . 0 1 3 . 8  1 5 . 6  1 9 . 1  2 7 . 0  3 4 . 9  4 5 . 0  3 3 . 3  39 . 3  6 1 . 0 5 7 . 4  1 2 4  1 59 
Ext ensor d i gitorum communis 5 . 2 2 1 1 . 0 1 5 . 2  1 4 . 4  1 3 . 3  2 3 . 7  2 3 . 2  2 5 . 8  2 4 . 3  2 3 . 4  2 3 . 9  3 2 . 3  4 4 . 2  5 5 . 4  5 7 . 0  5 5 . 4  6 2 . 6  9 5 . 0  9 1 . 1 202 256 
Abductor po 1 1 ie is longus 1 .  7 5  1 . 00 2 . 03 1 . 72 1 .  3 7  2 . 45 3 . 74 3 . 2 5 2 . 36 3 . 4 6  2 . 5 3 3 . 64 1 . 9 5  1 .  39 8 . 00 8 . 08 1 0 . 4  6 . 00 8 . 5 3  1 8 . 0  2 8 . 0  
Ulna r i s  l a t e ra l i s  1 4 . 2  1 1 . 5  1 8 . 0  1 6 . 1  1 7 . 4  34 . 8  3 5 . 2  34 . 6  38 . 3  34 . 7  2 9 . 6  5 0 . 6  70 . 3  8 2 . 7  99 . 0  82 . 4  88 . 9  1 36 1 4 2  302 2 6 4  
Flexor carpi ulnaris 4 . 6 9 7 . 50 9 . 3 1  6 . 69 8 . 8 1 1 7 . 4 1 5 . 2  1 9 . 1  1 6 . 4  2 0 . 8  1 3  . 8  2 5 . 3  2 3 . 3  4 0 . 4  4 8 . 0  3 7 . 0  4 5 . 8  6 7 . 5  62 . 1  9 8 . 0  1 1 1  
Fl exor c a r p i  rad i a l i s  6 . 2 9  7 . 00 7 . 5 1  6 . 2 2 8 . 94 1 1 .  1 1 1 . 8 1 3 . 1  1 2 . 2  1 3 . 0  1 2 . 1  1 7 . 0  2 2 . 2  40 . 0  39 . 0  3 1 . 2 4 1 . 1  39 . 0  4 6 . 7  76 . 0  9 1 . 0  
F l e xo r  d i g i torum supe r f i c ia l is 1 7 . 1  1 4 . 00 1 9 . 8  1 7 . 9 2 6 . 9  4 7 . 1  38 . 9  4 2 . 7  4 8 . 5  45 . 5  3 8 . 5  7 2  . 6  86 . 8  9 3 . 1 1 3 7 9 7 . 8  1 3 3 1 5 7  1 5 3 2 62 2 0 7  
Flexor d ig i torum prof un du s :  

caput ulnCtre 5 . 6 5 4 . 50 5 . 5 5  4 . 90 7 . 2 4  1 2 . 8  1 1 . 9  1 5 . 1  1 4 . 7  1 1 . 5  1 2 . 0  1 6 . 6  2 2 . 9  36 . 0  3 7 . 0  34 . 1  5 3 . 3  60 . 0  5 5 . 7  1 1 3 1 3 6 
c apu t ra d i a l "  1 . 4 7  1 .  50 1 . 6 1  1 . 0 5  1 . 86 2 . 8 1  3 . 88 2 . 84 2 . 28 2 . 83 2 . 1 7 2 . 48 3 . 9 3  2 . 38 7 . 00 7 . 2 2  4 . 6 1  1 1  . 5  12 . 4  1 2 . 0  2 1 . 0  
c a pu t  humernle  26 . 2  1 8 . 0  28 . 8  26 . 9  3 3 . 4  54 . 1  6 1 . 6  64 . 7  70 . 9  7 3 . 3 '60 . 0  9 7 . 9  1 2 6  I S S  1 5 7  1 4 1  1 8 1  248 2 4 6  3 2 3  4 0 7  

Scrap 2 . 85 0 1 . 1 7  0 0 . 4  2 . 70 1 . 7 7 0 0 . 66 2 . 5 3 1 . 04 0 0 0 6 . 04 0 . 99 0 8 . 0  4 . 5 6  1 2 . 0  8 . 00 

8 .  Ext r i ns i c  
Tra pez ius pars c e rv i c a l i s  

e t  thoracis 39 . 3  3 1 . 5  5 1 . 8  4 1 . 1  4 7 . 8  86 . 3  1 00 82 . 0  1 0 2  86 . 1  9 5 . 0  1 1 1  2 1 1  3 1 9 384 293 3 0 7  695 493 2668 2466 
Brachiocephal icus 5 5 . 0  54 . 0  86 . 1  7 0 . 3  7 � . 3  1 20 1 1 6 1 4 5  1 1 7  1 40 l l 5 1 5 2  309 4 5 0  4 1 1  3/;0 4 85 7 8 5  7 0 0  2 5 7 3  2 4 60 
Omot ransv� rsartus 1 7 . 7  1 5 . 0  1 7 . 9  1 1 . 6 2 6 . 8  35 . 5  3 3 . 7  42 . 0  6 3 . 0  36 . 8  5 1 . 4 4 4  98 . 5  1 04 l S I  1 34 1 4 2  3 6 1  3 38 1 06 3  860 
Rhombo ideus c e rv i e i s  

e t  thorae l s  5 0 . 0  40 . 0  62 . 5  5 1 . 8  6 9 . 4  109 98 . 9  1 04 1 2 5  1 0 6  1 1 2 1 5 6  2 3 4  4 5 5  3 9 9  3 70 502 962 867 3 1 89 2 384 
Lat i s s imu s dorsi 6 5 . 4  48 . 5  8 1 . 5  6 7 . 5  7 8 . 6  1 6 7 1 74 1 6 8  1 82 1 8 6  1 8 2  200 408 6 7 7  586 505 670 l O l l  9 5 8  3432 3009 
S e r ratus ven t ra l i s  cerv icis  

e t  t horads 1 1 3 87 . 0  1 3 1  1 38 1 8 6  3 1 9 340 3 2 4  3 7 5  3 9 0  3 7 2  6 1 1  8 3 5  1 2 84 1 39 1  · 1 2 3 1  1 440 2 3 38 2 4 5 5  6 3 7 7  5 5 7 7  
Pec tora l i s  profundus 1 0 1  1 0 1  1 4 1  1 3 1  1 5 6 305 340 359 3 3 6  3 3 5  3 4 7  3 7 1  6 6 7  1 1 3 2  1 1 2 3  885 1 1 76 1 6

'
1 1  1 688 4 7 2 6  4 7 :' 3  

Pec tora l i s  sllpe r f i c i a l l s  5 6 . 7  46 . 0  7 2 . 9  5 1 . 1  5 5 . 0  1 06 l l 5 1 04 1 1 7  1 1 8 1 14 I I .)  2 79 5 4 2  4 3 6 . 5  4 3 9  4 7 1  888 788 2 1 7 2 1 8 1 1  

9 .  I n n i n s i c (neck) 
S t e rnomand ibula r i s  1 4 . 5  1 7 . 0  2 3 . 7  1 9 . 6  1 9 . 2  2 7 . 4  3 2 . 9  4 3 . 3  38 . 5  36 . 0  40 . 9  54 . 0  96 . 1  1 7 6 1 3 1  '1 1 7  1 2 7  334 250 1 096 9 7 0  
S ternomastoideus 2 3 . 9  1 7 . 0 2 7 . 5  2 3 . 3  2 7 . 5  3 6 . 1 3 5 . 2  5 1 . 6  40 . 5  5 7 . 8  4 5 . 5  8 1 . 0  1 0 7  1 39 202 1 3 7 1 6 8  5 1 8  2 2 4  6 5 2  620 
Ste rnothyrohyo fdeus 9 . 94 6 . 00 7 . 54 1 4 .  I 1 7  . 5  1 2 . 3  1 2 . 9  1 6 . 4  1 1 . 4 1 8 . 6  2 7 . 7  3 2 . 0  43 . 9  7 6 .,4 38 . 0  5 5 . 1 4 2 . 4  94 . 0  1 2 2  365 2 8 1  
Omohyo i d  .. us 1 . 50 0 . 7 5 2 . 30 3 . 06 1 .  4 7  1 . 09 1 .  79 2 . 3 5 2 . 00 3 . 39 6 . 29 8 . 9 3 1 2 . 0  30 . 3  7 . 00 I • •  5 3  2 3 . 5  1 6 . 0  4 1 . 2  1 1 3 34 
Splt'ni l ls  cap i t i s  e t  c e rvicis 3 2 . 0  2 2 . 0  4 1 .  5 30 . 3  3 2 . 6  5 3 . 7 5 7 . 4  58 . 9  5 5 . 7  6 2 . 3  5 2 . 5  89 . 0  1 66 3 5 5  2 8 3  3 1 8  303 9 1 9 840 3 5 6 1  1 9 5 0  
Long i s s imus cervic i s  1 9 . 6  1 5 . 0  2 3 . 4  1 9 . 5  2 3 . 2  3 1 . 3  36 . 9  30 . 6  38 . 0  3 2 . 5  32 . 3  64 . 0  82 . 3  1 5 2  1 6 7  1 6 3  1 2 8  3 7 3  326 900 9 3 7  
Lon R i s s lmus capt t t s  1 3 . 0 1 1 . 0 1 8 . 4  1 6 . 5  1 6 . 4  2 8 . 4  2 7 . 2  2 4 . 7  2 6 . 8  2 6 . 4  2 7 . 2  38 . 0  6 1 . 0  1 09 88 . 0  83 . 9  1 1 6  3 0 1  2 2 8  9 3 6  808 
Longissimus a t l an t i s  1 . 50 1 . 50 6 . 8 1 3 . 9 8 1 . 48 3 . 82 3 . 5 1  8 . 7 5 6 . 30 4 . 55 5 . 96 1 1 . 0 1 9 . 7  2 5 . 0  4 4 . 0  3 0 . 7 5 9 . 3  1 1 5 60 . 1  1 83 1 1 5  
Semisp i na l is cap i t i s ,  cervicis 

e t  thorac i s .  7 5 . 4  60 . 0  9 1 . 0 8 3 . 3 87 . 6  1 4 7  1 46 1 5 6 1 7 9 1 83 1 7 7 2 5 2  3 7 9  7 3 3  5 6 9  5 9 2  5 3 9  1 50 1  1 2 70 5 4 1 8  4056 
Scalenus dnra l i s  6 . 62 9 . 00 1 2 . 7  6 . 8 1  1 2 . 6  1 8 . 5  2 7 . 7  29 . 0  2 0 . 4  2 4 . 7  3 5 . 3  3 7 . 0  4 3 . 3  9 4  9 1 . 5  5 3 . 6  83 . 2  302 1 5 3 1 1 90 580 
S c a l enus ven t ra l i s  1 9 . 9  1 0 . 5  1 5 . 1  2 5 . 1  2 1 . 3  4 5 . 7  44 . 0  39 . 9  38 . 4  4 4 . 8  4 1 . 8  5 3 . 0  1 09 1 0 3  1 5 7  1 1 8 1 4 3  2 5 1  289 9 4 7  5 0 2  
I n t e r t ransve rsa r i i cervlcis 2 4 . 2  22 . 5  2 1 . 8 2 6 . 7 28 . 6  5 3 . 0  4 5 . 6  39 . 4  5 2 . 2  62 . 2  38 . 0  85 . 0  8 6 . 6  1 58 1 35 1 6 4  2 1 3  2 3 3  34 1 6 5 4  963 
I n t er t ransversa r i i  longus 1 0 . 1  7 . 00 2 1 , 6  9 . 39 2 3 . 6  2 1 . 9  24 . 7  2 6 . 7  2 4 . 3  30 . 1  34 . 1  4 7 . 0  64 . 3  1 2 1  80 . 0  1 09 1 4 0  1 9 8  200 6 5 2  4 7 4  
Longus c a p l t i s  1 5 . 0  1 0 . 0  1 6 . 8  1 1 . 9 1 4 . 3  1 7 . 4  1 8 . 8  2 1 . 3  3 0 . 1  3 3 . 5  3 1 . 1  59 . 0  88 . 7  1 09 99 . 0  1 22 1 04 299 228 448 307 
Longus col l l  20 . 7  2 1 . 0  1 7 . 0 3 1 . 3  4 5 . 7  6 1 . 4  44 . 6  60 . 3  7 0 . 6  80 . 5  7 3 . 1 1 2 4 1 5 1  2 2 1  286 2 1 7  2 52 5 2 4  6 1 5  1 0 3 3  1 1 2 2  
Ob l i quus cap i t i s  cauda l i a  1 6 . 0  1 2 . 5  1 7 . 0  1 5 . 5  1 9 . 2  3 1 . 0  3 3 . 9  3 5 . 6  40 . 5  4 3 . 0  3 7 . 2  5 7 . 0  7 6 . 4  1 2 2  1 2 5  1 3 3 1 3 2 302 2 5 8  6 2 3  585 
Ob1tquus capi t i s  c ra n i a l i 8  4 . 9 6 6 . 00 5 . 5 5 5 . 96 8 . 08 1 2 . 4  1 1 . 6 1 7 . 9  1 6 . 2  1 8 . 0  14 . 4  2 2 . 0  2 1 . 8  28 . 3  50 . 0  4 2 . 5  4 2 . 3  3 7 . 0  4 4 . 5  9 3  9 3  
Rec t u s  c ap i t i s dorsa l is maj or 1 1 . 0  3 . 50 9 . 69 7 . 66 8 . 40 1 0 . 3 1 0 . 6  1 4 . 8  1 5 . 4  1 7 . 6  1 7 . 7  2 0 . 0  30 . 2  5 1 . 1  3 7 . 0  39 . 4  4 4 . 1  7 9 . 0  83 . 2  2 2 6  2 1 5  
Re c t us ca p i t i s d o r sa l i s  minor 8 . 05 2 . 00 3 . 3 1 1 . 1 1  1 .  5 7  4 . 7 6 6 . 62 2 . 40 1 . 82 2 . 8 1  2 . 06 5 . 00 9 .  I I  6 . 44 8 . 00 7 . 08 4 . 1 9 1 0 . 0  1 5 . 5  24 29 
Rectus ca p l t ' s  ven t ra l is 2 . 00 3 . 00 1 .  6 3  2 . 6 5 2 . 5 1 2 . 4 3 4 . 78 2 . 5 3 8 . 32 4 . 09 5 . 0 1  2 6 . 0  10 . 1  1 8 . 1 1 2 . 0  1 6 . 4  1 4 . 4  38 . 0  5 1 . 2  40 62 
Rec t u s  c a p i t l s l a t e r a l is 1 . 5  1 .  50 5 . 7 9 4 . 1 6 7 . 6 7  9 . 8 1 1 0 . 1 7 . 4 8 9 . 88 1 2 . 1 1 0 . 4  1 1 . 0 2 1 . 5  6 :' . 9  1 0 . 0  2 5 . 2  4 7 . 4  3 2 . 5  3 5 . 4  1 20 1 1 5 
Mll 1 t i f i d l s  c e rvi c i s  1 0 . 4  1 1 . 0  1 4 . 5  1 5 . 7  1 7 . 6  24 . 7  3 3 . 5  49 . 1  39 . 9  3 7 . 1 2 5 . 1 36 . 0  7 2 . 8  7 4 . 6  1 29 1 0 3  1 5 5  1 6 6  1 8 1  4 3 2 . 5 9 7  Sc ra p 50 . 4  2 8 . 0  8 1 . 7  29 . 0  34 . 9  64 . 2  8 1 . 0  8 ;  . 1 1 00 1 1 0  28 225 2 1 5  2 5 7  34 6  3 1 8 2 8 5  5 7  4 4 2  800 1 0 0  --

-...J 



APPENDIX 4 :  MALE JERSEY CATTLE CARCASS DISSECTION DATA (g) 

Ident ificat ion number 2 3  2 4  2 5  4 0  4 1 2 6  2 7  2 8  29 32 33 37 3 9  3 6  2 1  3 5  3 4  2 2  38 30 3 1  

1 0  Thoracic 
Interspinales 1 2 . 0  1 1 . 0  1 6 . 7  9 . 9 6 1 5 . 6  2 7 . 7  1 7 . 1  2 0 . 1 2 1 . B  2 2 . 1  2 1 . 2 3 0 . 0  3 7 . 2  7 9 . 7  5 7 . 0  84 . 5  6 B . 4  9 4 . 5  5 B . B  3 4 7  9 9  
Rec tu s  thora c i s  3 . B2 3 . 00 6 . 45 5 . 56 6 . BB 9 . 80 9 . 6 7 1 0 . 4  1 l . 5  1 2 . 9  1 4 . B  1 5 . 4  2 7 . 6  3 9 . 1  44 . 0  35 . 3  3 7 . 7  84 . 0  7 0 . 6  1 9 0  1 6 0  
Serratus dorsalis cranialis 3 . 99 7 . 00 1 4 . 2  4 . B5 8 . 1 9 6 . 85 B . 96 1 0 . 7  8 . 7 2  1 2 . 0  9 . 76 1 4 . 8  2 1 . 4 4 6 . 6  2 9 . 0  38 . 7  42 . 1  5 1 . 0 7 3 . B  1 4 4  2 3 7  
S e r ratus dors � l i s  caudalis 4 . 30 2 . 00 5 . 85 4 . 02 7 . 74 8 . 1 4 1 0 . 6  tl . 4 2  12 :4 8 . 54 1 0 . 4  1 6 . 1 2 8 . 7 1 6 . 9  42 . 0  2 1 . 5  38 . 3  2 2 . 0  1 9 . 8  1 7 9  1 8 1  
R e t rac t o r  costae 3 . 60 3 . 00 2 . 43 2 . 63 7 . 40 6 . 89 4 . 1 7 8 . 70 6 . 89 5 . 54 5 . 05 9 . 74 9 . 1 7  2 1 . 3  29 . 5  2 5 . 6  2 1 . 7  4 4 . 5  4 9 . 6  1 4 7  7 7  
I n t e rcostales 1 1 2 l O S  140 1 2 8  1 6 7  2 5 1  259 2 68 2S2 303 305 4 1 8  526 866 874 825 968 1 600 1 5 5 5  420/. 3465 
Transversus thoraci s  6 . 7 0  8 . 00 9 . 2 2  8 . 30 8 . 9 5 I S  . 2  I S  . 3  1 4 . 9  1 5 . 5  2 1 . 3  2 6 . 9  2 6 . 0  4 6 . 6  6 1 . 2  4 6 . 0  6 1 . 3  7 3 . 9  1 3 7  100 258 1 82 
D i aphragma 34 . 0  36 . 0  50 . 0  36 . 0  6 1  88 . 4  1 0 5  92 . 5  134 1 3 3  1 1 0 1 8 1  2 2 8  3 6 1  424 269 408 7 9 1  5 3 3  1 8 34 1 1 30 
Scrap 2 5 . 9  1 7 . 5  3 2 . 2  1 5 . 9  1 8 . 6  40 . 2  3 7 . 5  29 . 7  42 . 1  4 3 . 6  4 2 . 7  20 . 0  1 6 8  56 . 1  5 1 . 0 4 7 . 1  6 7 . 6  2 1 1  2 2 8  205 490 

Musc l e s  of  the Jaw 
Ma sseter 2 3 . 9  20 . 1  2 2 . 8  2 0 . 8  2 2 . 7  48 . 4  50 . 6  48 . 6  68 . 6  8 1 . 5  82 . 9  1 1 7  1 4 1  2 1 0  305 2 2 9  2 8 2  396 4 1 8'  536 573 
D i gast r icus 3 . 78 4 . 0 1  5 . 00 4 . 7 8  6 . 07 9 . 9 8 1 0 . 6  9 . 96 9 . 5 1  1 1 . 5  1 1 . 9 . 1 6 . 7  1 7 . 4  4 5 . 4  34 . 0  34 . 3  40 . 9  5 1 . 0  4 3 . 0  8 7 . 0  62 . 0  
Tempora l i s  8 . 45 5 . 2 3  5 . 67 2 . 98 9 . 4 7 2 0 . 3  2 1 . 4  1 5 . 8  30 . 5  3 1 . 2  3 1 . 5  40 . 3  5 5 . 8  6 3 . 4  1 1 9 86 . 5  1 02 1 79 1 1 6  ··1 � 7  2 8 5  
P t e rygoideus med ialis 4 . 85 4 . 08 4 . 59 4 . 2 1 4 . 50 6 . 7 6 7 . 5 3  1 2 . 0  1 5 . 9  2 0 . 4  1 4 . 4  40 . 7  2 3 . 5  34 . 0  48 . 0  3 6 . 1 4 5 . 4  1 1 2 56 . 0  7 2 . 0. 1 0 1  
P t e rygoideus lateralis 3 . 7 5 7 . 1 2 7 . 2 4  4 . 95 5 . 60 2 0 . 6  1 2 . 6  . 8 . 52 1 1 .  1 1 9 . 1  1 9 . 1  2 0 .  2 2 . 2  7 5 . 8  62 . 0  5 1 . 0  68 . 4  1 2 5  105 1 66 100 

Ver tebrae (whole) 
Cervica l 1 4 4 . 3  4 1 . 8  5 3 . 3  44 . 1  54 . 6  86 . 3  86 . 0  88 . 4  98 . 4  1 0 5  1 0 9  1 4 6  1 64 2 3 3 2 6 1  282 2 4 3  3 7 0  352 602 792 

2 5 8 . 4  5 5 . 0  6 7 . 7  55 . 0  68 . 2  1 0 3  104 108 1 1 3  1 1 9  1 1 7  155 1 6 7  2 3 1  269 268 228 395 360 6 1 3  838 
3 38 . 7  32 . 0  45 . 5  38 . 7  48 . 8  66 . 8  7 0 . 0  7 3 . 5  76 . 7  80 . 3  7 7 . 6  105 1 1 4 1 6 3  195 200 1 7 1  304 268 559 690 
4 4 1 . 0  3 7 . 7  48 . 8  40 . 6  5 1 . 0  7 5 . 5  7 3 . 7  7 5 . 1  85 . 4  86 . 0  8 1 . 5  1 1 8 1 2 1  1 66 201  203 185 3 1 9  284 580 699 
5 3 9 . 2  35 . 8  . 49 . 3  4 1 . 0  52 . 4  7 4 . 4  75 . 9  7 7 . 1 83 . 6  92 . 4  86 . 5  1 2 4  1 3 8  1 7 7  2 1 6 2 1 7  . 203 335 309 592 696 
6 39 . 5  38 . 9  54 . 9  44 . 9  5 5 . 5  7 6 . 5  79 . 2  82 . 7  85 . 5  94 . 7  9 1 . 4  1 2 4  1 38 2 0 1  225 2 2 6  2 2 1  364 3 1 9  6 3 1  782 

3 3 . 9  32 . 8  4 1 . 2  34 . 5  44 . 6  6 7 . 8  6 3 . 3  69 . 6  70 . 4  80 . 6  74 . 5  1 0 3  1 2 0  1 9 2  1 74 1 9 3  I B I  2 9 6  2 84 5 6 1  6 5 3  

Thoraci c  1 38 . 2  3 3 . 7  4 2 . 3  39 . 5  4 6 . 3  6 7 . 4  6 6 . 3  7 0 . 1  7 5 . 5  82 . 6  85 . 5  1 2 5  1 4 7  2 30 2 2 7  2 1 7  2 3 1  3 7 1  334 655 761 
2 34 . 8  2 8 . 4  3 6 . 2  3 1 . 4  40 . 6  60 . 5  6 1 . 0  6 1 . 5  69 . 2  75 . 6  7 8 . 1 1 1 5  1 3 3  1 9 1  1 9 3  1 9 8  203 323 297 567 734 
3 3 1 . 9  25 . 3  3 2 . 2  2 8 . 2  36 . 7  56 . 1  5 7 . 3  56 . 7  62 . 8  7 4 . 3  7 3 . 1  1 1 0 1 2 8  1 6 7  186 1 7 8 194 2 9 6  2 8 1  5 3 7  6 5 9  
4 2 7 . 3  2 4 . 8  3 1 . 7  2 5 . 8  34 . 4  5 3 . 9  52 . 9  5 5 . 5  59 . 7  68 . 8  68 . 9  lOS 1 1 S 1 5 6  1 76 1 7 0  1 8 7  2 7 8  266 5 1 9 600 
5 2 6 . 9  2 3 . 4  28 . 1  2 4 . 8  3 3 . 5  49 . 7  5 1 . 4  5 1 . 4  5 7 . 2  65 . 8  6 7 . 3  103 1 2 0  1 5 1  1 6 5  1 6 1  1 80 2 5 8  2 6 1  494 5 8 1  
6 2 4 . 8  2 1 . 7  25 . 7  2 2 . 8  3 1 . 3  45 . 3  4 7 . 8  4 7 . 6  54 . 4  6 1 . 8  6 3 . 2  94 . 2  109 142 1 52 149 1 6 0  2 � 9  2 3 2  455 53 8 
7 2 3 . 3  2 1 . 1  25 . 0  2 2 . 2  28 . 3  4 2 .9 44 . 1  4 1 . 5  4 8 . 4  5 5 . 2  55 . 4  83 . 7  9 7 . 3  1 2 8  1 39 1 29 1 36 1 9 9  200 369 4 5 1  
8 2 2 . 1  20 . 1  2 2 . 3  2 1 . 7  2 7 . 9  40 . 8  39 . 9  39 . 9  44 . 2  50 . 6  5 1 . 5  7 7 . 0  � 1 . 0  1 1 2 1 2 1  1 1 3  1 2 4  1 7 0  1 7 8  347 390 
9 2 2 . 8  1 8 . 7  2 2 . 7  2 0 . 7 26 . 6  39 . 0  38 . 5  3 7 . 4  4 3  4 7 . 6  49 . 2  7 1 . 7  B 2 . 8  107 1 1 3 1 0 5  1 1 3  l S I  1 6 7  299 353 

10 2 0 . 4  1 8 . 9  22 . 0  1 8 . 3  2 6 . 8  38 . 6  38 . 4  3 7 . 2  40 . 3  4 4 . 8  45 . 8  69 . 6  7 9 . 5  9 7  l O B  1 0 4  1 0 5  1 3 6  149 260 324 
1 1  2 0 . 7  1 8 . 3  2 2 . 2  1 9 . 7  26 . 7  38 . 1  36 . 0  38 . 3  38 . 8  44 . 2  4 3 . 9  7 1 . 4  8 1 . 6  9 7  I I I  1 1 0 1 1 0 1 4 0  159 265 3 2 2  
1 2  2 4 . 1  2 1 . 2 2 3 . 1  19 . 2  2 6 . 4  4 2 . 9  4 3 . 5  42 . 6  42 . 4  48 . 2  53 . 7  7 7  . 3  8 5 . 5  1 06 1 1 4  1 1 0 1 1 4 1 5 7  1 610 305 4 2 1  
1 3  2 5 . 4  2 3 . 5  2 6 . 9  2 1 . 1  2 9 . 2  4 2 . 9  45 . 1  44 . 5  4 7 . 8  53 . 5  54 . 7  75 . B  88 . 2  1 1 2 1 2 8  1 2 5  1 2 6  1 69 I B 3  3 2 3  466 

Lumbar 1 2 8 . 3  3 1 . 0 3 1 . 2  24 . 7  3 3 . 4  5 3 . 8  5 3 . 0  4 9 . 6  53 . 0  60 . 3  53 . 4  89 . 4  1 0 1  1 2 9  146 125 140 2 06 2 1 4 4 1 2  489 
2 2 9 . 3  2 4 . 5  35 . 6  28 . 5  3 7 . 0  59 . 7  6 1 . 1  5 5 . 3  5 7 . 7  6 7 . 3  6 7 . 3  99 . 2  1 1 3  1 4 6  1 70 1 5 9  1 6 3  2 3 5  2 5 7  4 4 7  5 5 6  
3 3 4 . 4  3 1 . 0  38 . 0  30 . 8  39 . 2  6 3 . 0  62 . 5  60 . 8  62 . 1  72 . 3  7 1 . 1  103 \ 1 8  1 6 1  1 7 7  1 7 4  1 72 2 6 1  266 508 626 
4 3 4 . 0  29 . 5  3 7 . 5  33 . 3  4 1 . 1  64 . 5  6 2 . 3  60 . 6  64 . 8  7 5 . 8  7 4 . 2  1 0 3  1 1 9 1 6 5  1 74 1 9 1  1 7 1  2 7 1  2 68 5 1 9  632 
5 3 3 . 1  2 9 . 5  3 6 . 1  32 . 1  4 1 . 3  65 . 2  64 . 1  59 . 4  6 7 . 4  7 7  . 2  7 7  . 1  100 1 2 1  1 7 3  1 8 3  200 1 78 2 8 7  2 7 7  S O l  6 1 5  
6 3 4 . 9  2 9 . 5  3 5 . 9  32 . 3  4 1 . 1  6 1 . 1  60 . 9  6 1 . 8  69 . 6  7 8 . 1 7 9 . 3  1 0 1  1 1 6 1 7 8  1 7 6  1 9 6  1 8 6  2 7 7  2 7 5  496 592 

Caudal 1 5 . 44 5 . 50 6 . 8 3 6 . 82 6 . 90 1 0 . 9  1 1 . 9 1 0 . 9  1 4 . 3  ! :' . 3  1 2 . 8 · 19 . 7  28 . 7  30 . 2  32 . 0  3 2 . 0  3 3 . 7  5 3 . 5  50 . 6  88 . 0  1 1 6  
2 4 . 30 5 .. 00 6 . 73 6 . 2 9 " . 05 9 . 5 5 1 0 . 6  1 0 . 1  1 2 . 2  1 4 . :- 1 2 . 3  1 7 .  eo 2 3 . 2  2 7 . 4  2 9 . 0  2 7 . 5  2 9 . 5 4 8 . 5  48 . 8  80 . 0  102 

Sternum 6- costal cartilage J!. 2 124 1 6 8  144 1 8 8  305 324 308 452 458 490 642 748 1040 1 1 34 1 2 5 6  1 2 1 7  1 66 2  1 6 6 7  2 300 3 3 1 5  .... 
Total r i b  2 0 7  1 86 2 1 6  182 2 1 2  338 345 355 494 555 5 3 4  8 1 4  9 1 0  1 4 1 7  1 350 1485 1 6 1 8  2 5 2 9  2 2 2 9  4844 5 3 3 5  

.... 00 



APPENDIX 4 :  ¥ALE JERSEY CATTLE CARCASS DISSECTION DATA (g) 

Identification No . 2 3  2 4  2 5  4 0  4 1  2 6  2 7  2 8  29 3 2  3 3  3 7  3 9  36 2 1  3 5  3 4  2 2  3 8  3 0  3 1  

Rib 1 1 5 . 6  1 3  . 5  1 8 . 5  1 7 . 1  1 6 . 8  2 8 . 5  26 . 6  2 9 . 6  34 . 9  4 1 . 9  39 . 1  5 9 . 0  6 6 . 3  1 0 0  1 0 2  1 1 1  1 1 5  1 7 5 1 5 8  3 0 1  362 

2 1 2 . 5  8 . 50 1 3 . 1 9 . 1 7 1 3 . 1  1 9 . 3  2 1 . 8  2 1 . 6  2 7  . 5  29 . 1  2 8 . 2  4 1 . 0  4 7 . 6  6 8 . 2  6 3 . 0  7 4 . 6  7 7  . 0  1 2 5  1 0 7  2 2 5  2 2 6  
3 1 0 . 5  7 . 50 1 2 . 7  1 2 . 2  1 4 . 0  2 1 . 7  2 3 . 3  2 5 . 1  2 8 . 9  30 . 9  3 3 . 1 4 8 . 0  5 2 . 7  7 5 . 1  7 5 . 0  9 0 . 0  8 4 . 0  1 4 9  1 20 268 256 
4 1 4 . 5  1 1 . 5  1 5 . 5 1 3 . 9  1 6 . 1  2 5 . 4  29 . 1  2 7 . 7  34 . 5  3 7 . 1  3 5 . 7  5 5 . 0  6 2 . 5  92 . 4  8 2 . 0  1 0 1  1 0 4  1 6 4  1 4 0  3 10 3 0 5  
5 1 8 . 0  1 3 . 0 1. 8 . 1  1 6 . 6 1 7 . 5  2 7 . 4  3 2 .  I 32 . 7  3 8 , 0  4 4 . 7  39 . 3  6 3 . 0  7 6 . 5  1 00 9 6 . 0  1 1 9 1 2 6  1 8 5  1 76 4 0 7  3 7 3  
6 1 9 . 0  1 5 . 0 1 9 . 9  1 6 . 6  20 . 3  29 . 2  32 . 5  3 3 . 0  4 1 . 3  5 1 . 1 4 4 . 9  7 5 . 0  9 6 . 0  1 2 5  9 7 . 0  1 4 0  1 6 6  2 15 2 1 8  482 465 
7 20 . 5  1 6 . 0  2 1 . 2  1 7 . 4  2 1 . 1 32 . 0  3 5 . 3  3 4 . 4  45 . 9  jO . 6  4 7 . 9  9 1 . 0  9 8 . 9  1 39 1 1 8  1 46 1 7 7  2 4 0  2 4 3  5 1 6  5 3 2  
8 2 0 . 1 1 7 . 5  2 0 . 3  1 7 . 5  1 8 . 4  3 1 . 9  3 6 . 4  3 3 . 5  46 . 6  54 . 3  5 2 . 9  86 . 0  8 8 . 4  1 4 6  1 2 8  1 48 1 80 2 7 7  2 1 4  4 7 9  5 0 7  
9 1 5 . 6  1 3 . 5  1 8 . 9  1 5 . 2 1 7 . 2  2 8 . 3  3 3 . 4  2 9 . 0  4 1 . 8  5 3 . 7  50 . 6  74 . 0  8 0 . 0  1 4 1  l lO 1 30 1 4 0  2 5 8  204 4 3 7  4 9 3  

1 0  1 3  . 0  1 0 . 5  1 5 . 0  1 2 . 4 1 5 . 0  22 . 4  24 . 8  2 2 . 5  36 . 1  4 4 . 2  4 4 . 8  6 5 . 0  6 5 . 8  1 1 4 96 . 0  I I I  1 2 5 2 2 4  ] 6 5 394 500 
1 1  1 2 . 5  9 . 00 1 3  . 1  ] 0 . 3  1 2 . 7  1 7 . 9 20 . 6  1 9 . 0  28 . 5  34 . 1  3 2 . 6  5 1 . 0  54 . 6  94 . 3  70 . 0  9 5 . 0  1 0 2  1 59 1 4 8  3 3 0  385 
1 2  1 0 . 0  7 . 50 1 0 . 5  8 . 6 &  1 0 . 3  1 4 . 1  1 6 . 5  1 5 . 0  23 . 2  2 5 . 3  2 8 . 5  4 5 . 0  4 4 . 0  7 8 . 8  60 . 0  7 3 . 0  9 1 . 0  1 3 7  1 2 6  2 8 7  3 4 4  
1 3  8 . 2 8  5 . 00 8 . 4 3  8 . 06 9 . 36 1 2 . 7  1 2 . 4  8 . 2 0  1 8 . 4  2 1 . 7  2 5 . 0  2 7 . 4  3 6 . 5  7 1 . 2  5 4 . 0  5 5  5 7 . 0  1 1 7 1 1 4 1 56 2 9 9  

Mandible 1 8 1  1 7 1  1 8 3 1 5 5  t96 . 2 2 8  2 5 1  2 4 6  3 1 1  380 3 5 5  5 5 2  5 3 4  7 4 2  8 7 5  8 4 7  1 0 5 8  1 4 4 1  1 2 6 5  1 72 7  2 0 7 8  
Scapula 7 2  . 2  59 . 0  7 6 . 9  6 8 . 0  8 3 . 5  1 3 5 , 1 3 7  1 3 5  1 58 1 79 1 70 2 4 5  2 9 6  4 1 9  4 5 8  4 4 6  5 1 0  . 7 4 6  8 1 0  1 5 9 3  1 6 6 4  
Humerus 1 7 2 1 3 3  1 82 1 5 6 1 9 1  3 1 5  3 1 1  3 1 9  346 377 3 64 4 7 9  5 6 1  7 7 2  8 5 7  8 4 0  9 0 8  1 096 1 2 38 1 7 50 2056 
Rad ius and ulna 1 4 6  1 1 6 1 66 1 3 1  1 62 2 4 7  2 5 4  2 5 0  2 7 5  2 9 1  2 7 5  3 8 3  4 0 7  5 3 8  6 2 6  5 8 5  6 0 8  7 78 " ,  9 1 2  1 2 0 8  1 5 3 3  
Carpal bones 30 . 6  2 7 . 0  3 6 . 6  2 8 . 3  3 6 . 7  6 1 . 6  60 . 9  64 . 8  60 . 2  64 . 0  62 . 8  8 0 . 3  8 8 . 8  1 09 1 2 6  1 1 4 1 2 5  1 4 2  '.  1 6 0  2 0 1  2 4 3  
Metacarpus 9 1 . 0  74 . 5  1 0 3  8 4 . 9  99 . 5  1 46 1 4 1  1 4 8  1 38 1 5 6  1 4 1  1 9 3  1 9 8  2 3 8  2 74 2 55 2 7 6  301 3 5 7  4 2 6  5 3 2  

O s  c o xa e  and sacrum 3 1 7  2 6 1  3 4 7  282 3 9 1  6 3 2  6 2 6  59 1 749 9 1 2  8 6 3  1 08 8  1 28 5  1 900 2 0 1 9  2 2 52 2 2 2 8  2 9 9 3  3 5 3 2  5 5 5 2  6 6 8 6  
Femur 2 3 7  1 9 8  2 6 8  2 1 9  2 8 0  482 4 5 7  4 5 5  4 8 2  5 5 7  5 3 3  652 7 4 7  9 5 4  1 044 1 0 7 1  1 09 2  1 2 6 3  1 58 7  2005 2 4 2 4  
P a  te l l a  1 7 . 3  1 4 . 0  1 7 . 8  1 3  . 4  1 8 . 5  2 7 . 7  30 . 3  2 8 . 0  24 . 8  3 3 . 6  3 2 . 8  3 7 . 1  4 8 . 6  5 0 . 3  6 3 . 0  6 5 . 0  7 2 . 8  7 6 . 5  94 . 4  1 1 6 1 1 8 
Tibia (+ f ibula) 1 7 6  1 4 8  1 9 9 1 6 4  2 0 3  3 3 6  3 0 1  306 3 2 5  3 6 5  3 3 2  4 5 2  4 8 9  6 2 6  6 8 2  687 682 791 981 1 1 6 7  1 5 1 4  
Talus 4 2 . 0  36 . 0  4 8 . 0  40 . 6  4 5 . 5  7 5 . 9  7 4 . 9  7 7  . 1  66 . 3  66 . 3  6 5 . 1  7 7  . 5  8 5 . 2  89 . 8  109 99 . 6  8 9 . 4  8 6 . 5  1 1 8 1 2 5 ] 6 1  
Ca lcaneus 40 . 9  36 . 0  4 1 . 6  4 1 . 1  4 1 . 2  70 . 2  70 . 5  7 0 . 4  64 . 1  76 . 7  6 6 . 8  89 . 1  9 7 . 9  1 1 3 1 39 1 4 7  1 39 1 56 1 82 2 1 0 2 80 
Dis t a l  tarsus 2 6 . 4  2 0 . 0  2 7 . 7  2 3 . 2  2 6 . 4  48 . 2  48 . 0  4 7 . 4  40 . 9  46 . 9  4 2 . 8  5 7 . 7  62 . 9  7 1 . 3  9 0 . 0  8 6 . 9  88 . 1  82 100 1 1 2  1 4 8  
Me t atarsus 101  8 1 . 0  1 1 0 9 2 . 8  1 0 6  1 54 1 5 1  J 60 1 4 9  1 66 1 55 2 1 3 2 2 1 280 306 2 94 308 307 392 4 4 4  5 1 5  

Tot a l  subcutaneous fat 32 . 6  1 2 . 5  2 3 . 0  2 6 . 1  8 . 6 6  2 6 . 9  40 . 6  2 0 . 1 1 0 8  5 5 . 0  40 . 2  7 8 . 3  5 3 7  2 5 3  264 2 1 4  5 3 3  1 4 4 9  5 7 7  320') 3 7 59 " int e rmuscular fat 90 . 4  55 . 2  1 0 7  100 8 6 . 0  1 40 2 1 2  1 30 4 3 1  3 3 8  2 34 694 1 5 7 2 1 2 8 7  1 1 1 9 1 6 3 5  1 9 9 7  ) 1 7 9 2650 864 & 1 1 7 2 7  
peri renal fat 60 . 3  3 3 . 7  1 1 6 60 . 8  5 7 . 7  59 . 2  1 1 9 6 5 . 2  1 2 1  97 . 5  69 . 3  2 5 1  6 8 7  4 1 9  6 3 7  3 7 6 4 8 1  5 5 8  1 000 5 2 4 7  9440 
channel fat  1 6 . 7  7 . 09 1 4 . 9  8 . 3 1  1 2 . 5  2 3  56 . 3  32 . 9  1 3 1  6 1 . 2  2 8 . 2  1 0 1  3 4 3  1 6 3 1 6 8  1 5 3  2 00 238 1 8 1  7 4 2  1 69 6  

Cod fat  1 4 . 0  2 7 . 0  1 8 . 0  4 3 . 5  32 . 0  4 9 . 3  7 1 . 4  6 3 . 5  1 66 1 1 3  69 . 0  1 4 1  588 4 6 3  4 1 0  2 8 5  4 3 6  996 7 1 8 3949 3299 
Cav i t y  f a t  9 . 20 8 . 50 1 3 . 8  5 . 99 3 . 88 5 . 7 2 2 4 . 2  1 5 . 4  3 5 . 2  1 7 . 9  2 7 . 3  29 . 0  1 2 6  62 . 4  2 6 7  4 0 . 4  8 3 . 1  586 253 1 7 6 5  1 0 79 
S t e rnal fat 1 0 . 7  4 . 50 1 4 . 7  8 . 9 3 9 . 7 3 2 5 . 4  2 8 . 8  2 1 . 1  4 4 . 8  39 . 1  4 3 . 0  4 5 . 0  1 1 4 8 9 . 4  1 04 8 3 . 9  1 36 1 6 5  1 89 2 9 5  4 8 8  
F� t o n  bone 5 7 . 0  3 5 . 4  4 5 . 6  4 4 . 2  49 . 9  1 1 4  1 6 7 1 1 2 2 1 6  2 3 1  1 80 3 5 7  4 4 9  370 4 7 7  5 3 0  64 1 649 643 1 0 92 1 70 3  
Spinal cord fat 9 . 6 5 8 . 08 8 . 39 4 . 6 2  1 2 . 8  24 . 6  1 4 . 7  2 3 . 3  24 . 7  32 . 8  3 3 . 6  3 4 . 0  4 4 . 4  46 . 7  49 . 5  7 7  . 1  3 3 . 2  46 . 5  64 . 2  9 5 . 5  9 3 . 5  

FQ subcutaneous fat  0 0 1 0 . 1  9 . 1 8 0 1 0 . 7  2 . 0 3  0 3 3 . I 1 1 . 2  1 0 . 9  1 8 . 8  2 1 3  4 4 . 9  7 1 . 0 80 . 6  1 5 5 559 2 38 1 0 1 4  1 4 34 
FQ in t e rm�ucular fat  5 1 . 6  28 . 9  5 9 . 2  62 . 2  46 . 6  7 6 . 6  1 0 3  66 . 4  2 5 4  1 66 1 1 3  408 928 7 7 7  7 0 1  1 0 4 2  1 2 5 8  2090 1 7 39 59 1 1  8 1 82 
FQ f a t  on bone 2 1 . 1  1 5 . 5  2 1 . 2  1 7 . 3  2 5 . 4  60 . 4  1 0 3  54 . 9  1 2 2  1 1 7  8 5 . 9  2 3 4  2 74 206 2 6 3  2 9 4  2 8 8  3 6 8  4 0 4  4 6 0  1 08 1  
FQ s p I n a l  cord f a t  7 . 65 5 . 3 3  5 . 4 7  2 . 98 8 . 8 9 1 6 . 4  8 . 0 1  1 4 . 3  1 5 . 0  2 0 . 3 1 9 . 5  2 0 . 5  2 4 . 8  2 2 . 6  2 7 . 0  5 5 . 1  1 5 . 5  2 1 . 5  34 . 8  5 3 . 0  4 8 . 0  

HQ subC'l Itaneous fat 32 . 6  1 2 . 5  1 2 . 9  1 6 . 9  8 . 6 6  1 6 . 2  38 . 6  2 0 . 1  7 5 . 5  43 . 8  29 . 3  5 9 . 4  3 2 4  208 1 9 3  1 34 3 7 7  890 338 2 1 9 5  2 3 2 5  
HQ '1n t " r'!1l 1scular fat  38 . 8  26 . 3  4 8 . 5  3 7 . 8  39 . 3  6 3 . 5  1 09 64 . 2  2 2 6  1 7 2 1 2 0  2 8 6  6 4 3  509 4 1 8  5 9 3  7 38 1 089 9 1 0  2 7 3 5 3 5 4 5  
IIQ f a t  on bone 35 . 9  1 9 . 9  2 4 . 3  26 . 9  2 4 . 5  54 . 4  64 . 2  5 7 . 8  9 3 . 5  1 1 3  94 . 2  1 2 2  1 74 1 6 4  2 1 4 2 36 353 2 8 1  2 3 9  6 3 2  6 2 2  
HQ spinu l cord fat 1 . 99 2 . 7 5 2 . 9 2  1 . 64 3 . 92 8 . 2 6 6 . 7 6 8 . 9 2  9 . 7 4 1 2 . 5  1 1 • .  1 1 3 . 4  1 9 . 5  2'4 . 1  2 2  . 5  2 1 . 8 1 7 . 6  2 5 . 0  2 9 . 3  42 . 5  4 5 . 5  

Fg Subcu t aneolls Fat 
1 .  Trap('ziu9 0 0 0 0 0 0 0 ' 0  0 . 3 2 0 0 . 2 2 4 . 3 2 1 7 . 0  4 . 2 7  0 5 . 38 1 5 . 5  4 7  1 3 . 3  9 5 . 0  202 
2 .  Thorac ic l imb 0 0 0 0 0 0 1 . 2 1  0 1 . 1 6 0 . 84 0 . 3 1 2 . 2 1  1 2 . 5  6 . 1 8 5 . 00 8 . 54 1 4 . 9  1 02 1 4 . 4  6 2 . 5  1 2 8  
3 .  La t i ssimuR dorsi  0 0 0 0 0 0 . 4 5 0 . 2 3  0 2 . 1 6 0 0 . 1 6 1 . 4 1  3 9 . 1  2 . 6 7  8 . 00 4 . 5 1  3 4 . 0  1 4 8  3 7 . 4  1 7 9  2 7 3  
4 .  Clit anf�tlS t r l lnci-

ahclom1.nal  0 0 0 8 . 1 6 0 2 . 8 5 0 . 5 9 0 2 . 4 .5  0 0 . 70 0 5 8 . 8  8 . 85 2 2 . 0  26 . 3  2 4 . 0  1 4 3  4 6 . 1 4 0 6  2 6 6  -
5 .  Pec t o r a l  :> 0 9 . 09 1 . 00 0 7 . 38 0 0 1 9 . 2  1 0 . 3  9 . 46 B . 4 1  50 . 8  22 . 9  1 9 . 0  3 5 . 7  4 8 . 8  

-
1 1 9 72 . 5  1 8 1  506 \0 

6 .  Neck 0 0 1 . 04 0 0 0 0 0 7 . 7 6 0 0 2 . 4 9  3 '  • •  6 0 1 7  . 0  0 1 8 . 2  0 5 4 . 8  8 9 . 5  59 



APPENDIX 4 : MALE JERSEY CAT��E CARCASS 

Iden t i f icat ion No . 

Hg Subcu taneous Fat 
I Cu taneus t runc i- tensor fasc iae 

II Medial aspe c t  of pelvic l imb 
I I I  Lateral aspect of pelvic l imb 

IV Abdom i n a l  
V Longi ss imus 

VI Per ianal 

E]...±.J!!L.In t ermuscu 1 st: Fat 
1 .  Ax i a l  musc l es 
2 .  Ext r in s ic muscles 
3 .  I nt e rcos t a l  
4 .  Abdom i n a l  
5 .  Sublumbar 
6 .  Prox imal t horac ic l imb 
7 .  D i s t a l  t horaci c  l imb 
8 .  Prox i m a l  pelvic l imb 
9 .  D i s t a l  pelvic l imb 

Fg + fig Bon e Fat 
1 .  Cerv i c a l . thorac i� lumbar 
2 .  S t e rnum + r ib 
3 .  FQ long bones 
4 .  Pelv i c  g i r d l e  + sacrum 
5 .  flQ l ong bones 

FQ Fa sc ia , tendon 
HQ 
Ligamentum nuchae 

I I  " 
Tot a l  l i g .  nuchae 

Spinal cor d 
Heart 
Lungs 
Liver 
Spleen 
Le f t  Kidney 
Right Kidney 

' Stomach 
Intest ine 

R i ght t e s t i s  
Le t t t es t i s 
Pen i s  
Preru t i a  1 mm 

+ l igament 
" 

(C' Tl) 
(T1 -TI 2 ) 

Re t rac tor pen i s  (L +R) 
Right c r emaster m 
Le f t  m 
I sch iocavernosus (L + R) 
Bulbospongi o�us (L + R) 
Ure thral is 

Coccygeus 
Levator ani 

latae 

DISSECTION DATA (g) 
2 3  2 4  2 5  4 0  4 1  2 6  2 7  28 

8 . 4 6 8 7 . 1 3 5 . 75 3 . 42 9 . 95 2 1 . 3  1 0 . 4  
3 . 48 2 5 . 7 7 7 . 60 4 . 56 6 . 06 1 3 . 8  8 . 52 
0 . 7 5 0 0 0 0 0 ·0 0 
1 6 . 7  1 0 0 . 78 0 0 . 2 7  0 . 68 0 
1 .  3 3  0 0 0 0 0 0 0 
1 . 92 1 . 50 0 2 . [I? 0 . 68 0 2 . 80 1 . 2 7  

8 . 36 5 . 5 0  5 . 2 7  20 . 0  20 . 6  1 6 . 8  2 6 . 8  1 5 . 3  
1 9 . 3  1 2 . 8  1 7 . 6  24 . 9  1 1 . 1  20 . 5  34 . 2  2 5 . 6  
5 . 66 1 0 . 0  1 3 . 1  7 . 7 6 3 . 1 7  8 . 2 2  7 . 0 7 7 . 07 
9 . 08 2 . 6 3  1 9 . 6  5 . 5 7  7 . 8 3 1 3 . 7  2 3 . 5  8 . 2 2 
4 . 06 3 ; 7 8 . 5 . 20 4 . �9 4 . 1 3  7 . 7 1  9 . 6 1  1 1 . 9 
1 0 . 7  4 . 50 1 1 . 4 6 . 72 7 . 1 1  1 6 . 3  1 3 . 4  1 5 . 8  
3 . 9 3  7 . 00 2 . 1 2 1 . 4 8  3 . 1 6 8 . 2 1  7 . 4 4  3 . 3 2 
2 1 . 7  1 5 . 0 2 4 . 3  2 1 . 8  22 . 6  36 . 6  7 1 . 6  2 9 . 6  
7 . 5 9 4 . 00 9 . 04 6 . 82 6 . 2 8 1 1 . 8 1 8 . 6  1 3 . 6 

8 . 1 6 3 . 00 1 1 . 9 1 4 . 7  1 1  . 6  2 7 . 6  3 7 . 8  2 1 . 3  
3 . 7 7 6 . 00 1 . 00 2 . 2 4  9 . 34 2 2 . 8  4 4 . 6  2 7 . 1  
1 1  . 0  6 . 50 1 1 . 3 3 . 7 1  6 . 2 8 1 3 . 6  2 6 . 9  9 . 74 
4 . 9 9 1 . 00 2 . 82 4 . 30 3 . 70 7 . 1 3 1 0 . 6  1 2 . 0  
2 9 . 1  1 9 . 8  1 9 . 4  1 9 . 2  1 8 . 7  4 3 . 6  4 7 . 3  42 . 5  

1 64 1 1 9 1 73 206 228 450 405 336 
1 3 7  1 0 4  3 2 5  1 58 2 2 2  386 3 5 5  298 

2 3 . 0  1 8 . 0  4 . 7 8 3 1 . 4  40 . 3  5 7 . 5  4 ' . . 5 5 1 . 8  
1 0 . 0  9 . 00 3 . 80 2 5 . 6  2 1 . 7  2 5 . 6  2 5 . 6  2 8 . 2  
3 3 . 0  2 7 . 0  8 . 58 57 62 83 . 2  6 7 . 1 80 . n  

2 8 . 1  2 7 . 4  3 3 . 6  2 9 . 1  39 . 4  3 6 . 9  4 1 . 6  36 . 7  
2 1 2  202 262 204 2 39 4 1 5  3 8 5  3 5 4  
3 1 5  3 2 5  3 4 2  393 345 6 1 5  60 1 4 9 1  
5 5 2  4 5 1  566 551 928 1 0 3 7  1 1 3 5  903 
1 02 64 . 0  7 3 . 0  7 1 . 0 1 2 5  188 2 1 2  1 8 7  

58 . 0  52 . 0  54 . 0  59 . 0  8 1 . 0  1 5 6  1 3 1  1 0 1 
5 5 . 0  54 . 0  54 . 0  6 7 . 0  8 1 . 0  1 66 1 3 2- 1 03 

369 34 1 5 2 6  380 636 8 7 6  9 6 3  886 
94 7  9 9 1  1 2 5 5  1056 1 840 2 2 4 3  2 1 5 8 1 8 5 7  

5 . 00 3 . 50 4 . 00 4 . 00 5 . 20 7 . 9 5  8 . 34 8 . 80 
5 . 00 4 . 50 5 . 0 0  4 . 1 0 5 . 2 0  7 . 50 8 . 4 1  8 . 7 1  

2 2 . 0  2 7 . 0 49 . 0  1 8 . 7  20 . 4  2 8 . 4  30 . 8  3 0 . 7 
3 . 50 3 . 00 1 . 5 0  2 . 94 4 . 99 2 3 . 6  1 7 . 0  1 9 . 4  
6 . 00 4 . 00 7 , 00 2 . 6 7  2 . 62 5 . 39 6 . 1 9 7 . 2 3  
1 . 00 1 . 00 1 . 0 0  0 0 . 92 2 . 3 5 3 . 08 2 . 52 
2 . 00 1 . 00 1 . 0 0  0 0 . 60 1 . 95 1 . 4 7  1 . 7 3 
4 , 00 3 . 00 3 . 00 3 . 1 0 3 . 4 3 1 0 . 3  8 .. 90 1 5 . 7  
1 1 . 0 7 . 00 1 5 . 0  2 . 7 0 3 . 2 7 9 . 83 1 9 . 3  1 3  . 6  

0 0 0 6 . 50 3 . 5 3 0 0 0 

0 . 82 1 . 60 1 . 5 1 1 . 39 4 . 1 2 4 . 6 1  2 . 70 5 , 09 
0 0 . (,0 0 1 . 82 2 . 5 1  1 . 69 3 . 84 1 .  9 9  

29 32 33 3 7  3 9 3 6  2 1  35 34 2 2  3 8  30 3 1  

3 9 . 5  2 1 . 0  1 7 . 9 3 1 . 1  1 3 6  1 3 1  1 30 92 . 8  1 5 0  3 2 8  1 6 2  804 8 1 4  
2 9 . 8  1 7 . 6  7 . 38 2 1 . 2 6 5 . 0  5 6 . 4  2 0 . 5  20 . 7  1 1 4 1 68 7 5 . 8  2 3 6  4 8 8  
1 . 28 0 . 8 2  0 1 . 4 5  34 . 5  4 . 6 3  8 . 00 1 . 1 3  3 5 . 9  1 4 8  40 . 6  4 6 1  302 
1 . 5 3  1 . 30 2 . 1 1  2 . 06 4 9 . 4  0 1 6 . 5  1 1 .  7 4 4 . 7  1 6 7  20 . 8  3 2 5  3 5 1  

0 0 0 0 1 7  . 6  0 2 . 00 0 8 . 4 2 3 6 . 0  6 . 7 1  208 202 
3 . 3 3 2 . 99 1 . 88 3 . 6 5  2 1 . 8 1 5 . 4  1 6 . 0  7 . 80 2 4 . 3  4 3 . 0  3 1 . 6  1 6 1  1 68 

69 . 9  54 . 3  3 2 . 1  1 3 7  2 9 1  2 1 2  1 30 299 354 801 6 5 3  1 5 54 2 5 1 2  
86 . 2  4 4 . 6  2 9 . 6  3 7 . 3  3 3 3  2 1 8  3 2 6  282 4 1 5  S 7 2  5 6 3  2365 2 6 1 8  
2 9 . 9  1 8 . 1 2 0 . 8  5 2 . 1  7 5 . 8  1 4 2  89 . 0  2 1 5 1 70 308 1 8 2 90 1 980 
4 3 . 8  25 . 6  1 7 . 2  5 6 . 5  2 6 2  1 32 6 5 . 0  1 4 8  2 1 1  4 4 6  3 7 6  1 4 8 7  Z 1 89 
2 4 . 7  32 . 9  · 1 5 . 6  5 0 . 7  90 . 3  5 9 . 3  36 . 0  9 3 . 3  1 00 1 2 0 1 4 4  3 7 5  5 9 7  
4 3 . 1  32 . 0  1 7 . 8  5 7 . 3  99 . 6  1 3 1  1 00 1 3 1  1 7 5  200 1 85 4 1 0  796 
1 1 . 5  7 .  7 6  8 . 7 7 7 . 7 9 1 2 . 9  1 5 . 9  3 7 . 0  3 5 . 4  5 5 . 0  46 . 0  1 1 . 6 88 . 0  49 . 0  

1 3 3  9 1 . 2  7 2  . 6  1 6 1  359 298 2 5 7  3 3 4  4 1 9  5 5 8  '. 440 1 1 1 5 1 5 1 9  
38 . 2  3 2 . 3  1 9 . 2  34 . 9  46 . 9  7 7  . 0  7 9 . 0  94 . 3  9 5 . 3  1 2 8  . 9 1 . 6  3 5 1  4 6 7  

5 1 . 2  4 8 . 6  4 6 . 8  l i S 1 1 3 150 1 5 3  1 7 0 2 0 3  1 95 2 1 2 1 80 4 4 5  
5 8 . 5  4 8 . 0  34 . 6  1 1 5 1 6 9  79 . 2  9 9 . 0  7 5 . 9  1 1 3  1 70 2 3 1  2 6 1  5 8 7  
2 3 . 9  2 6 . 3  2 2 . 5  28 . 3  3 3 . 6  2 . 22 6 2 . 0  5 9 . 7  5 2 . 5  7 4 . 0  2 6 . 8  82 . 0  1 6 8 
8 . 60 1 6 . 2  1 4 . 8  32 . 5  39 . 0  50 . 0  30 . 0  4 6 . 7  88 . 0  40 . 0  69 . 1  2 2 3  1 79 
74 . 0  92 · 5  6 1 . 3  66 . 1  9 3 . 0  88 . 5  1 3 3  1 7 7  1 84 1 70 1 0 3  346 324 

4 5 2  5 0 1  4 0 7  604 1 0 0 1  1 1 05 8 1 9 984 1 1 4 3  1 2 1 9  2 2 4 7  35 1 6  3089 
527 4 04 4 0 3  684 944 l I 39 7 6 3  948 1 0 1 8  1 085 1 906 3069 3 1 5 7  

59 . 3  59 . 9  60 . 1  7 1 . 0 89 . 6  96 . 1  1 4 8  1 1 2 1 0 6  1 50 1 6 5  208 3 1 6  
38 . 8  3 2 . 1  3 6 . 4  5 3 . 0  7 6 . 1  74 . 7  86 . 5  98 . 5  9 5 . 0  9 1 . 0 1 3 7 9 7  1 1 3  
98 . 1  9 2 . 0  9 6 . 6  1 2 4  1 66 1 7 1  2 3 5  2 1 1  2 0 1  2 4 1  302 305 4 2 9  

52 . 8 54 . 1 5 1 . 5  7 1 . 7 5 8 . 2  7 7 . 9  7 1 . 5  7 1 . 2  7 3 . 9  l OS 1 1 0 " . . � .  ] 5 8 
432 466 522 833 7 5 2  922 969 9 2 1  1 3 2 0  1 5 5 7  1 3 8 7  4059 3 3 2 9 
8 7 5  8 1 3  1 5 2 5  1 1 2 3  1 1;62 1 884 2 1 1 4 2038 1 9 5 5  2509 1 7 98 4 3 2 5  5 7 3 9  

1 6 5 5  1 7 83 1 9 1 3  2 4 3 3  21i84 3 1 1 4 2 1 4 2  2 7 8 7  3 5 6 2  5 1 2 5 4 4 5 1  9 7 5 3  98 1 3  
22 1 220 192 2 1 6 2 8 5  396 3 1 1  359 4 1 8  8 1 l 4 6 3  1 1 2 1  1 4 2 8  
1 8 6  1 5 7  1 7 7  204 250 395 2 30 2 5 5 2 6 5  3 3 3  2 9 5  949 8 1 4  
163 1 8 0  169 1 7 7  2 2 2  325 2 1 7  2 7 2  2 7 3  3 4 1  3 2 5  8 2 9  7 2 0  

2 0 1 0  3 2 3 6  3001 5 1 48 5 300 7 300 1 0900 1 1 300 1 0400 1 2 1 00 1 4 300 2 5400 3 2 9 5 5  
4682 6 6 1 4  5 4 7 9  7 6 8 3  7 9 4 5  9650 8200 8500 1 34 5 0  1 1 900 1 3 450 1 8 500 398H6 

13 . 6  1 7 . 0  1 7 . 0  3 5 . 0  4 0 . 0  1 44 1 1 8  1 4 1  1 6 5  289 3 1 1 499 4 9 3  
1 3  . 1  1 8 . 0  1 8 . 0 3 3 . 0  36 . 0  1 5 4 1 1 2 1 4 1  1 8 3  2 7 1  3 3 6  4 7 7  5 8 9  

39 . 9  4 8 . 0  44 . 0  102 1 36 3 1 3  290 393 5 1 8 4 7 5  505 579 8 8 1  
1 6 . 6  2 5 . 0  2 7 .0 4 . 00 7 5 . 0  8 7 . 0  98 . 0  68 . 0  89 . 0  1 7 4 109 4 1 3  3 7 6  
5 . 99 8 . 00 4 . 00 1 9 . 0  10 . 0  3 5 . 0  3 3 . 0  2 9 . 0  5 9 . 0  4 8 . 0  59 . 0  36 . 0  9 3 . 0  
2 . 2 7  3 . 50 2 . 00 4 . 00 B . OO 1 4 . 0  4 0. 0 2 5 . 0  2 5 . 0  5 1 . 0  30 . 0  70 . 0  6 7 . 0  
2 . 62 5 . 00 2 . 00 4 . 00 7 . 00 1 3 . 0  40 . 0  2 5 . 0  30 . 0  50 . 5  2 7 . 0  7 5 . 0  5 7 . 0  
4 . 69 8 . 00 8 . 00 2 1 . 0 80 . 0  162 198 1 5 1  2 5 6 3 1 6  306 359 5')4 
8 . 7 1 1 9 . 0  1 2 . 0  1 6 . 0  38 . 0  60 . 0  89 . 0  59 1 2 6  9 1 . 0  1 0 1i  1 7 4  1 9 9  
1 7 . 2 1 9 . 0  1 4 . 0  1 9 . 0  32 . 0  6 5 . 0  0 0 l O S 1 2 5 B 3  1 4 0  9 9  

5 . 4 7  3 . 3 1 3 . 89 4 . 84 1 4 . 7  1 5 . 1  1 7 . 5  1 3 . 0  1 6 . 4  2 5 . 5  2 2 . 1  811 . 0  50 . 0  
2 . 1 9 2 . 7 1  2 . 8 2  5 . 4 3  1 1 . 0 1 6 : S 2 5 . 0  1 1 . 9 1 0 . 0  2 1 . 0  2 9 . 6  2 1 . 0 3 7 . 0  -N 0 



APPENDIX 4 :  MALE JERSEY CATTLE CARCASS DISSECTION DATA (DID) 
Iden t i f icat ion No . 2 3  2 4  2 5  4 0  4 1  2

"
6 2 7  28 2 9  3 2  3 3  3 7  39 3 6  2 1  3 5  34 22 38 3 0  3 1  

LINEAR MEASUREMENTS 
1 .  C rown-rump 680 680 790 760 805 8 5 0  8 6 0  8 6 0  850 1 04 5  1 09 0  1 1 9 0  1 2 10 1 340 1 290 1 36 5  1 35 5  1 620 1 6 2 0  1 9 2 0  2080 
2 .  Minimum neck girth 4 1 5  3 7 0  4 1 0  3 9 5  4 1 0  4 7 0  5 1 5  480 490 440 498 5 5 5  6 4 0  780 760 700 7 5\l 8 5 5  680 1 1 3 5 1 1 50 
3 .  Height at w ithers 680 650 690 730 750 7 70 7 7 0  7 9 0  8 7 0  9 1 0  895 970 1 04 0  1 060 1020 1 1 00 1 0 7 0  1 2 2 0  1 3 30 1 390 1 35 0  
4 .  Wid t h  between tuber coxae 1 50 1 50 1 60 1 4 5  180 230 2 4 0  2 30 240 260 260 3 1 0  380 420 260 420 4 30 4 8 5  500 620 580 
5 .  Width between tuber i9ch 1 1  5 0  3 5  4 0  30 35 4 7  4 8  4 8  6 0  5 5  5 7  6 5  80 80 1 1 0 85 95 1 1 0 1 1 0 2 1 0 1 2 0  

Length o f  cervical vertebrae 1 8 8  200 2 1 4  1 9 2  2 0 8  2 4 9  2 4 0  2 4 7  2 6 9  288 2 7 2  3 2 3  3 1 5  354 3 5 5  3 7 5  400 460 4 7 0  480 5 50 " I I  thora c i c  2 8 8  2 9 9  3 1 5  2 9 0  3 1 5  3 7 7  3 6 4  3 6 6  4 1 2  4 4 7  4 4 4 4  5 0 9  5 0 0  5 5 7  604 560 583 662 6 7 7  868 84 1 
" lumbar 1 4 6  1 4 3  1 5 6  1 4 5  1 6 5  1 8 4  1 8 1  188 209 2 2 5  2 3 3  2 6 2  2 5 4  300 3 1 6  3 1 0  309 340 340 385 4 2 3  
" sacrum 1 09 9 3  1 0 3  9 3  1 2 8  1 2 4  1 2 2  1 2 5  1 7 3  1 9 0  200 183 1 86 2 5 7  208 262 2 3 7  2 2 5  2 4 5  2 6 7  2 9 0  

Tot a l  l ength 7 3 2  7 3 5  7 8 9  7 2 2  8 1 7  9 3 5  9 0 7  9 2 6  1 063 . 1 1 5 1  1 1 49 1 2 7 8 1 2 5 5  1 468 1483 1 50 7  1 5 2 9  1 6 8 7  1 7 3 2  2000 2 1 04 

Length of calldal vertebrae 4 3'. 0  42 . 0  44 . 7  3 9 . 3  4 3 . 8  5 . 1 0 4 9 . 3  5 2 . 0  58 . 0  60 . 0  60 . 4  7 0 . 5  58 . 7  8 3 . 8  a2 . 0  86 . 9  79 . 5  1 00 9 8 . 9  1 1 2 1 2 0  

Length o f  r i b  1 1 2 0  1 2 3  1 2 4  1 2 5  l I 8  1 4 2  1 4 1  1 4 5  1 5 1  1 6 0  1 7 0  1 8 5  1.90 2 1 9  2 30 240 230 2 7 9 285 3 30 356 
" rib 2 1 8 6  1 7 8 1 83 1 7 6  1 8 7  1 9 9  2 0 3  2 1 1  2 3 2  252 260 307 2 9 7  3 1 1  368 365 3 70 460 4 1 5  5 1 0  480 

Scapula length 1 74 1 7 5 1 86 1 8 5  1 9 3  220 2 34 2 2 3  � 4 2  2 4 7  2 5 3  284 2 9 7  3 3 1  32 . 8  35f> 363 4 3 6  42 1 5 1 5  5 1 0  
w id t h  (d istal neck) 2 2 . 6  2 2 . 0  20 . 5  � 3 . 3  24 . 0  2 7 . 8 2 3 . 9  2 4 . 7  1 6 . ;  2 8 . 6  28 . J  3 5 . 2  3 4 . 5  3 7 . 3  44 . 7  4 5 . 8  4 7 . 5  48 . 6  5 2 . 6  6 5 . 3  6 9 . 7  
wid th (proxima l )  84 . 7  78 . 5  89 . 4  8 1 . 3 88 . 9  1 1 0 1 1 2 1 06 1 1 5  1 1 3  1 1 7 1 3 9  1 3 7  1 56 1 8 8  1 7 0  1 78 2 30 205 225 240 

Humerus length 1 5 4  1 4 9  1 62 1 56 1 6 7  1 8 7  1 8 3  1 89 1 9 9  206 203 2 2 1  2 2 9  2 2 6  2 6 0  2 5 6  265 3 1 0  2 9 3  3 32 340 r,a"" "'" 66 . 9  5 5 . 3  66 . 4  7 0 . 7 7 8 . 8  84 . 5  85 . 9  85 . 1  92 . 5  8 7 . 2  94 . 0  1 0 1  1 02 1 1 7  1 2 0  1 1 7  1 2 5  1 1 6 1 38 1 7 3 1 8 5  
width mid-sha f t  1 8 . 3  20 . 7  1 8 . 4  1 8 . 3  1 9 . 8  2 2 . 8  2 2 . 9  2 1 . 9 2 2 . 5  2 3 . 0  3 0 . 4  2 5 . 7  2 7 . 2  2 8 . 4  32 . 3  2 9 . 6  3 1 . 7  32 . 0  36 . 0  42 . 8  4 7 . 0  

prox imal 5 9 . 4  54 . 4  62 . 7  5 5 . 5  6 1 . 0  7 7  . 5  7 5 . 6  7 2  . 5  78 . 1  79 . 0  80 . 0  86 . 2  9 2 . 7  1 0 4  1 06 1 1 0 1 1 6 1 1 8 1 2 1  1 3 8  1 4 2. 
d i s t a l  5 2 . 4  4 7 . 2  5 5 . 2  54 . 5  54 . 2  68 . 5  6 6 . 1  65 . 3  6 5 . 1 6 5 . 7  6 5 . 6  62 . 5  72 7 6 . 2  80 . 3  7 6 . 4  7 7 . 7 7 1 . 3 78 . 7  79 . 6  86 . 9  

Ulna length 1 8 7  1 80 1 9 8 1 9 3  208 2 2 5  2 2 7  2 32 240 24.', 247 2 7 3  260 2 9 5  3 1 6  3 1 8  325 355 358 3 7 7  3 9 4  
width 1 0 . 8  8 . 20 1 2 . 6  9 . 30 9 . 80 1 2 . 0  1 3 . 6  1 2 . 4  1 3 . 2  1 0 . 9  1 2 . 4  1 2 . 3  1 6 . 0 1 7 . 8 1 8  1 2 . 2  1 7 . 3  1 3  1 6 . 8  20 . 1  2 2 . 8  

Rad ius length 1 5 7  1 52 1 62 1 54 1 6 6  1 79 1 78 1 8 8  1 9 0  1 9 2  1 9 6  2 1 0 208 2 3 5  242 246 237 285 2 7 8  284 )03 
width 1 3 . 6  1 1 . 5 1 3  . 0  1 1 . 2  1 1 . 6  1 5 . 3  1 4 . 3  1 5 . 6  1 5 . 0 1 4 . 6  1 4 . 8  1 7 . 0 1 7 . 7  . 1 8 . 6  2 1 . 0 1 8 . 5  20 . 3  2 2 . 0  2 3 . 3  28 . 0  2 9 . 1  

Met acarpus length 144 142 1 5 1  1 50 1 5 4  1 6 6  1 60 1 68 1 6 3  1 66 1 64 1 7 5 1 76 1 8 1  1 8 9  1 9 2  1 7 6 1 88 200 1 9 2  2 1 0  
width 1 5 . 0  1 3  . 5  1 6 . 1  1 3 . 4  1 6 . 0  1 8 . 2  1 7  . 0  1 7 . 6 1 7 . 5  1 6 . 6  1 7 .  2 1 8 . 5  1 9 . 9  2 1 . 3  23 . 2  20 . 3  2 2 . 5  24 . 0  24 . 8  28 . 1  2 8 . 0  

Mandible length 1 8 3  1 75 1 8 4  1 7 7 1 8 5  203 2 1 1  208 2 1 9  2 38 2 3 1  262 2 5 6  2 8 5  3 5 4  309 306 304 345 3 9 9  3 8 5  
height 96 . 9  85 . 5  1 06 86 . 8  9 7 . 0  ! a s  1 1 3 1 2 1  1 2 1  1 30 1 2 7  1 54 1 4 8  1 6 7  206 1 7 5 1 86 1 8 2  2 1 2  2 1 2  2 5 6  

Os coxae Bet w .  tuber i9ch11 3 2  . 1  2 8 . 0  34 . 9  2 4 . 3  30 . 5  5 4 . 0  48 . 2  46 . 9  5 3 . 9  5 3 . 9  54 . 7  6 3 . 6  60 . 0  86 . 5  1 0 2  9 3 . 2  87 . 1  1 00 . 1 08 1 02 116 
Betw . t.uber coxae 1 3 7  1 2 9  1 36 1 3 5 1 4 3  1 68 1 80 1 6 8  1 9 4  2 1 1  2 1 5  2 5 2  2 6 7  3 0 1  3 2 9  324 340 4 1 0  396 488 505 
Conjugate diameter 7 3 . 7  68 84 . 3  74 . 6  8 1 . 9  87 . 6  8 9 . 2  86 . 9  1 06 1 1 3 1 1 6 1 1 4  1 2 0  1 6 1  1 4 5  1 7 3 1 4 4  1 7 5  1 7 4 1 9 1  1 8 3  

Transverse " 54 . 5  44 . 1  5 6 . 0  52 . 3  5 5 . 3  6 6 . 6 7 1 . 3  7 1 . 1  80 . 1  8 3 . 0  85 . 2  9 8 . 4  9 8 . 6  1 1 2 1 2 1  1 1 6 1 08 1 2 8  1 4 1  1 6 3  1 7 3  

Vert ical  59 . 0  5 3 . 3  6 4 . 3  60 . 4  63 . 0  69 . 5  6 7 . 5  69 . 0  7 2 . 0  7 5 . 2  79 . 3  9 5 . 4  85 . 8  1 0 3  1 1 6 1 1 5  1 1 4 1 30 1 2 0  1 58 1 59 
Femur Length 1 86 1 7 7 1 96 1 9 1  202 2 2 7  2 2 2  2 3 1  2 4 1  2 5 5  2 6 1  2 7 6  284 3 1 5  3 2 1  3 3 1  3 1 7  3 7 2  3 8 3  4 1 5  4 39 

.. id th 1 7 . 0  1 6 . 6  1 8 . 2  1 6 . 8  1 9 ..4 2 2 . 7  � 2 . 0  2 1 . 0  2 1 . 5  2 3 . 0  2 3 . 2  2 5 . e  2 6 . 3  29 . <  3 3 . 0  29 . 8  32 . 0  3 1 . 1 3 3 . 6  45 . 4  4 1 . 0  
Tibia l en gth 1 9 3  1 8 5 2 0 1  204 206 2 2 9  2 2 1  2 33 2/·0 2 5 2  2 5 0  2 7 3  2 7 5  305 305 3 1 8  302 343 347 358 390 

width 1 6 . 3  1 5 . 0 1 6 . 2  1 4 . 8  1 6 . 6  1 9 . 8  1 8 . 7  i 6 . 5  1 9 . 1  1 8 . 3  1 8 . 5  2 2 . 4  2 1 . 7  2 3 . 7  2 5  2 3 . 8  2 5  2 9 . 9  2 7 . 4  30 . 6  32 . 8  
Me tatarsus length 1 6 2  1 54 1 68 1 6 7  1 6 9  1 85 1 79 1 86 1 80 1 8 4  1 86 1 98 1 9 7  2 0 3  2 1 0  2 1 3  207 2 2 0  2 1 8  2 1 5  240 

width 1 5 . 8  1 4 . 6  1 8 . 0 1 5 . 2  1 5 . 7  1 8 . 7  1 7 . 7 1 9 . 1  1 8 . 3  1 8 . 8  1 8 . 2  2 1 . 0 24 . 3  2 3 . 5  2 5 . 8  2 5  2 8 . 0  29 . 5  3 1 . 2  
-

2 ) . 3  2 3 . 0  N -



APPENDIX 5 :  FEMALE JERSEY CATTLE CARCASS DISSECTION DATA (g) 
*Age in days or number of inc isor t e e t h  in pare n t heses 

Ide� t if i c a t ion No . 

Age* 

Liveweight at slaugh t e r  

Empty b o d y  weight 
Half c a r c a s s  weight 

Total s i d e  mus c l e  + bone 
Total s i d e  muscl e 
To tal s i d e  Done 
Tot a l  s i d e  fat 
Tot a l  s i de miscel laneous 

To t a l  forequa rter m u s c l e  
To t a l  f o r e q u a r t e r  bone 
To t a l  f o re q u a r t e r  fat 
Total forequarter m i s c e l laneous 

To t a l  h in dquarter mu s c : e  
To t a l  h in dquarter Done 
Total h indquarter fat 

Tot a l  h i ndqua rter m i 3 c e l l aneous 

S t andard �Iu scle Croups 

1 .  P el vic 
2.  Crura l 
3 .  Spinal 
4. Sublumbar 
5 .  Abdominal J 
6 .  Bra c h i a  1 
7 .  An t eb ra ch i a l  
8 .  Ex t r i n s ic 
9 .  I n t � in s ic ( n e c k )  

1 0 .  Tho r a c i c  

1 .  Pe lVic 

Tensor f�sciae latae 
Biceps femo r i s  
Sei.! i t en d i nosus 
Gl u t eu s  medius 
G l tl t e us  ac c e s so r i u s  
G l u t e u s  profundus 
Ceme l l i  
S a r t o r i u s  
Gra c i l i s  
Pe ct i..npus 
Seminemhranosus 

Qua d r a t u s  femo r i s  
Adductor 
Rec t u s  if'mo r i s  
V a s t u s  l a t e ra l i s 
Va s t u s  i n r e rm."'! d i u s  

Va s t u "  med ia l i s  
Obtll r a t o r ill� � x t crnus 

( co t  i n t e r n n � )  
S c r a p 

2 

1 
2 3200 
2 2900 

6 0 1 4  

5469 
3596 
1 8 7 3  

1 36 
408 

1 9 1 8  
1 0 1 8  
7 1 . 6  

1 9 2  

1 6 7 7  
854 

64 . 7  
2 1 5 

1 05 8  
2 2 5  
3 3 1  
1 0 8  
2 2 8  
', 2 1  
1 2 5  
4 9 1  
3 6 8  
2 3 7  

36 . 1  
2 1 3  

7 1 . 0 
1 03 

1 0 . 3  
1 4 . 4  
5 . 4 7  
1 6 . 7  
5 2 . 4  
2 2 . 2  

1 7 2 
2 . 42 
6 5 . 8  
76 . 9  
9 3 . 2  
38 . 4  
2 6 . 0  
28 . 5  
9 . 48 

3 

1 
19545 
1 8 765 

4988 

4438 
2954 
1483 

233 
3 1 6  

1 585 
8 1 0 

92 . 5  
1 5 6 

1 3 6$ 
6 1 3  
11 > 1  
1 5 9  

860 
1 9 3  
2 7 3  

74 . 3  
1 9 2  
3 5 2  
1 1 1  
4 1 3  
308 
1 7 4  

2 9 . 0  
1 78 

5 7 . 1  
83 . 3  
7 . 8 3  
1 0 . 7  
3 . 34 
1 2 . 5  
3 1 . 9  
1 8 . 9  

1 5 7  
2 . 0 ] 
47 . 7  
58 . 7  
7 0 . 5  
4 1 . 6  
2 3 . 5  
1 7 . 9  

S . OR 

4 

1-
1 9 5 4 5  
1 9 3 1 9  

5 1 5 5 

4648 
3 0 5 7  
1 590 
99 . 2  

408 

1 6 5 9  
864 

5 4 . 4  
208 

1 39 8  
7 2 6  

44 . 7  
1 9 9  

8 8 3  
2 0 1  
2 9 3  

88 . 2  
1 7 5 
3 6 7  
1 2 1  
4 2 8  
3 1 3  
1 8 8  

3 1 . 9  
1 82 

5 6 . 1  
84 . 1  
9 . 56 
1 1 . 6 
3 . 2 5 
H . 8 
3 4 . 9  
1 8 . 5  

1 5 4 
2 . 63 
5 5 . 8  
68 . 8  
7 1 . 3  
3 3 . 3  
24 . 6  
2 3 . 6  

5 . 86 

5 

38 
54800 
50933 
1 5 702 

1 34 5 0  
9 6 2 9  
3 8 2 0  
1 � 4 9  
1 002 

4 7 5 9 
2 1 34 

665 
5 1 0  

4870 
1 6 85 

584 
492 

3 1 94 
546 
9 3 1  
2 85 
663 

1 0 5 1  
3 1 6  

1 36 7  
7 8 7  
484 

1 4 0  
666 
2 2 2  
3 3 6  

2 6 . 1  
3 6 . 1  
9 . 30 
45 . 1  

1 2 9  
63 . 8  

5 60 
8 . 3 3 

1 9 1  
2 3 8  
2 7 2  

8 6 . 2  
7 6 . 2  
63 . 3  

2 4 . 3  

6 

38 
43 1 00 
4042 3 
1 2 0 2 4  

1 0465 
7 6 2 1 
2 8 4 3  

784 
7 7 5  

3 7 6 4  
1 5 69 

4 1 4  
4 1 4  

3 8 5 6  
1 2 7 4  

3 6 9  
360 

2 5 7 6  
4 5 4  
6 7 8  
2 2 3  
5 7 0  
808 
2 5 1  

1 0 7 6  
608 
3"13 

1 1 3  
5 6 7  
1 9 2  
2 3 5  

1 8 . 9  
2 6 . 9  
7 . 59 
4 5 . 0  

1 0 2  
5 2 . 6  

4 7 3  
5 . 81: '. 

1 2 7  
1 8 1  
2 2 3  

5 4 . 3  
7 9 . 6  
4 8 . 3  

2 1 . 3 

7 
4 2  

45000 
3 7 3 5 6  

9 9 2 2  

9 1 00 
62 l l  
2889 

1 1 2 
708 

3067 
1 5 5 9  
6� . 4  

3 5 1  

3 1 4 3  
1 330 

50 
3 5 7  

2035 
3 7 1  
606 
1 9 9  
4 0 9  
695 
1 80 
824 
562 
3 2 7  

63 . 3  
440 
1 4 7  
2 1 6  

1 9 . 9  
2 5 . S  
7 . 6 1  
20 . 3  
7 1 . 5  
4 1 . 6  

345 
5 . 88 

137 
140 
, 78 

64 . 7  
60 . 2  
3 7 . 9  

1 0 . 9  

8 

1 39 
86364 
72464 

. 18683 

16385 
1 1-4 1 6  

4968 
l l 5 8  
1 1 39 

5 7 36 
2 8 3 6  . 

396 
558 

5680 
2 1 32 

762 
580 

3 5 30 
620 

1 2 0 6  
344 
9 8 1  

1 2 6 2  
3 5 9  

1 49 2  
984 
634 

148 
726 
2 /, 7  
3 6 8  

3 5 . 1  
4 5 . 9  
1 2 . 3  
29 . 1  

1 3 3  
79 . 2  

607 
8 . 9 1  

2 3 3  
2 4 1  
2 78 
1 0 3  
1 0 7  

1' 5 . 7  

40 . 6  

9 

1 4 1  
85000 
1\82 4 1  
1 70 4 2  

1 4 7 8 0  
1 0 1 60 

4 6 1 9  
1 1 1 6 
1 1 4 7  

4 9 6 4  
2 6 2 3  

392 
5 75 

5 1 9 3  
1 9 9 6  

7 2 3  
5 7 1  

3 1 9 0  
5 9 7  
9 7 5  
3 2 5  
9 1 9  

1 1 2 6  
2 7 4  

1 2 9 0  
8 9 5  
562 

1 2 0  
6 1 9  
2 2 0  
3 3 8  

32 . 0  
43 . 5  
9 . 3 6 
4 1 . 9 

1 30 
66 . 7  

636 
6 . 64 

1 4 3  
2 4 0  
2 /, 3  

8 4 . 0  
1 0 1  

7 8 . 0  

3 6 . 6  

. 1 0  

1 4 5  
9 5 4 5 5  
7 9 8 5 1  
2 00 2 7  

1 7600 
1 2500 

5065 
1 3 30 
1 1 1 6  

6 1 50 
2850 

4 38 
5 6 9  

6 3 66 
2 2 1 4  

889 
5 4 7  

3 9 8 5  
674 

1 3 1 0 
396 

1 1 1 6 
1 " n  

344 
.1 6 3 1  

9 5 9  
699 

1 70 
8 1 0  
2 7 6  
4 1 3  

3 6 . 0  
53 . 7  
1 4 . 1  
40 . 2  

1 6/, 
1 0 3  
676 

9 . 48 
282 
286 
2 9 3  
1 1 0 
1 1 0 

9 1 . 5  

46 . 0  

1 7  

( 2 )  
1 1. 7 2 7 3  
1 1 2 705 

2 80 1 7  

2 1 1 8 0  
1 54 1 3  

5 7 6 7  
5 3 3 3  
1 502 

7662 
3 3 2 6  
3 0 3 0  

7 7 6  

7 7 5 1  
2440 
2 302 

7 2 6  

4 7 9 8  
8 2 7  

1 5 4 5  
5 1 3  

1 1 56 
1 7 8 8  

4 2 7  
2 1 5 7  
1 34 0  

8 5 9  

1 8 9  
1 04 7  

300 
5 5 1  

4 5 . 0  
"62 . 8  
1 3  . 8  
5 5 . 6  

1 83 
95 . 5  

786 
1 4 . 1  

2 82 
334 
388 
1 5 3  
1 36 

9 9 . 0  

6 3 . 4  

1 2  

(2 )  
140000 
1 2 1 5 52 

360 7 5  

2 6 6 8 7  
1 9 9 5 4  

6 6 9 2  
7 5 2 9  
1 8 5 9  

9 764 
3 8 1 2  
3 6 5 5  

8 6 6  

1 0 2 2 9  
2 8 7 9  
3 8 7 3  

9 9 3  

6 1 5 2 
1 0 8 1  
2 1 9 7  

6 5 7  
1 74 6  
Z 1 64 

546 
2699 
1 7 /, 6  
1 002 

18 

( 2 )  
1 7 2 7 2 7  
1 59 3 7 7  

4 2 7 9 6  

3 380 1 
2 5 6 7 5  

8 1 2 5 
7 1 1 1  
1 88 2  

1 2 1 0 7  
4600 
3 72 9  

880 

1 3S 6 8  
3 5 2 4  
3 3 8 2  
1 0 0 2  

8 3 9 3  
" 1 3 4 9  
2 8 2 1 

9 3 0  
2 0 9 4  
2 6 2 7  

6 7 3  
3 4 5 6  
1 '1 5 1  
1 3 7 7  

242 3 6 7  
1 38 6  1 8 1 1  

4 1 5  6 5 3  
7 1 0  8 89 

5 9 . 4  1 2 6  
7 7 . 2  1 3 7 
1 2 . 8  1 4 . 3  
70 . 7  8 6 . 7  

2 1 9  __ _ 3 4 4  
1 1 6 1 7 8 

1 008 1 3 80 
1 7 . 5 2 0 . 1 

369 488 
44 1 5 5 7  
4 5 9  663 
HlO 2 1 0  
1 3 6 2 1 6  
1 2 8  1 83 

1 05 68 . 7  

(4 ) 
2 1 9 0 2 3  
200623 

63930 

1,9 350 
3 7 4 5 1  
1 1 9 00 
1 2 34 1  

2 2 8 7  

1 9 440 
69 1 2  
6628 
1029 

1 80 1 1  
4988 
5 7 1 3  
1 2 58 

1 1 3 1 5  
1 709 
4296 
1 092 
3054 
4206 

9 2 5  
5 3 32 
3 3 1 0  
2 2 1 1  

5 8 1  
2 4 2 5  

7(-.0 
1 3 2 1  

1 2 8  
2 1 0  

2 6 . 0  
98 . 0  

4 1 6  
2 3 1  

1 7 92 
42 . 0  

7 2 0  
7 9 1  
8 7 8  
3 3 7  
2 7 6  
2 5 3  

30 . 0  

1 6  

(2 ) 
1 8 1 8 1 8  
1 6 4 368 

39 3 1 8  

3 1 384 
2 2 5 6 5  

8 8 1 9  
5 5 8 6  
2 3 4 7  

1 1 2 3 0  . 
5054 
2 9 2 9  
1 2 7 5  

1 1 3 34 
3 7 6 5  
2 6 5 6  
1 0 7 1  

7 3 3 7  
1 096 
2 2 8 3  

8 3 1  
1 6 39 
2 5 9 0  

6 2 2  
2 9 9 0  
1 908 
1 26 5  

360 
1 5 2 2  

458 
864 

6 1 . 8  
1 02 

2 7 . 4  
8 1 . 4 

2 6 5  
1 30 

1 2 62 
1 3 . 7  

469 
5 50 
5 8 7  
1 9 9  
1 6 5  
1 7/\ 

40 . 1  

1 1  

( 2 )  
1 86000 
1 6 8 6 1 4  

4 1 2 4 7  

3 3 1 7 1  
2439 1 

8 7 79 
5 9 9 1  
2084 

1 3 0 2 3  
5 1 7 7  
3 4 5 8  

8 B  

1 ! 3 6 7  
360 1 
2 5 3 3  
1 2 6 5 

6658 
1 1 2 3  
2 4 4 5  

8 1 1  
2 2 0 1  
3 0 2 /, 

665 
3 5 9 9  
2 4 3 7  
1 42 4  

3 1 7  
1 5 2 1  

499 
853 

60 . 6  
9 1 . 1  
2 3 . 7  
9 3 . 5  

1 59 
I J9 
9 4 1  

1 8 . 2  
4 2 6  
5 2 8  
61,0 
2 1 2  -
209 
1 1 6 

1 1 .  7 

1 3  

( 6 )  
29 5000 
2 6 8 8 9 5  

6 5 5 8 5  

49 1 8 6  
3 8 1 7 8 
1 1 008 
1 34 9 8  

2 8 9 9  

1 9484 
6 4 7 4  
6 9 2 4  
1 4 4 7  

1 86 9 3  
4 5 3 4  
6 5 7 4  
1 4 5 1 

1 1 5 9 0  
1 648 
3 9 6 5  
1 1 8 5 
3462 
44 1 8  

9 4 7  
51, 2 2  
3 2 0 7  
2 3 3 0  

5 3 1  
2 4 8 8  

8 3 6  
1 390 

1 0 2  
1 50 

3 7 . 7  
1 7 2 
502 
2 1 8 

1 8 34 
2 3 . 4  

7 5 4  
8 4 7  
802 
2 4 7  
2 4 5  
2 8 1  

1 2 8 

1 5  

(8 ) 
3 4 7 7 2 7  
3 2 1 1 2 7  

80346 

50<42 
4 5 78 1 
1 24 6 1  
1 8 3 2 3  

3 78 0  

2 3688 
7 :5 04 
8 2 3 9  
1 74 3  

2 2 092 
4956 

1 0083 
20 :16 

1 3246 
1 9 98 
4809 
1 44 3  
4 .! 7 7  
� G 29 
1 1 02 
0 7 2 2  
4 2 6 3  
2 9 8 7  

696 
2 8 3 3  
1 0 5 5  
1 4 55 

1 6 6  
1 8 6  

3 6 .  I 
1 2 9  
5 5 5  
2 5 1  

2 2 7 1  
2 1 . 5  

6 5 5  
9 3 0  
9 4 4  
304 
306 
3 1 2  

l "l9  

14 

(8)  
4 1 36 3 6  
3 8 7 9 8 6  

9 7 7 4 3  

70439 
54680 
1 5 7 5 8  
2 34 6 4  

3839 

2 8 1 1 0  
9 3 9 3  

1 1 5 7 8  
1 7 52 

2 6 5 7 0  
6365 

1 1 885 
2086 

1 5 9 2 2  
2 346 
5 9 3 5  
1 5 67 
5 5 1 9  
5839 
1 2 H2 
80 1 8  
4 8 6 7  
3382 

872 
3 1 4 8  
1 2 4 8  
1 906 

206 
2 4 8  . 

3 3 . 9  
1 7 9  
606 
2 7 1  

2 5 60 
2 8 . 4  

948 
1 2 20 
1 1 9 3  

3 1 7  
386 
m t;  

f\.) 
1 7 8  



APPENDIX 5 :  FEMALE JERSEY CATTLE CARCASS DISSECTION DATA (g) 

Identif icat ion No . 2 3 4 5 6 7 8 9 1 0  1 7 1 2  1 8  1 6  1 1  1 3 1 5  1 4  

2 .  Crural 
Gast�ius 88 . 9  69 . 7  79 . 3  2 2 9  1 95 1 5 7  263 239 288 346 435 5 5 7  6 9 3  444 488 640 820 9 3 5  
Flexor digitorum 8upe r f ic ia1 18 2 1 . 9  24 . 2  2 1 . 4  52 . 3  38 . 9  39 . 3  62 . 2  6 1 . 3 62 . 6  9 1 . 2 102 120 1 7 6  1 1 7  1 04 1 6 5  208 2 1 8  
PerJneus t e r t ius e t  32 . 5  2 7 . 2  2 7 . 7  7 2  . 1  6 1 . 4  49 . 2  8 1 . 4  74 . 2  86 . 3  1 10 149 1 3 7  2 5 1  1 3 5  1 39 244 249 349 

extensor digitorum longus 
Tib ialis cran i a l is 8 . 40 6 . 24 5 . 39 1 6 . 1  1 2 . 1  1 0 . 8  1 1 . 9 1 4 . 5  1 7 . 8  1 7 . 7  2 9 . 9  32 . 9  18 . 0  2 7 . 0  1 1 . 8 3 7 . 8  4 2 . 0  4 7 . 6  
Peroneus l on gus 5 . 8 7  4 .08 4 . 3 1  1 2 . 9 1 6 . 7  7 . 59 9 . 75  1 3 . 2 1 4 . 3  1 6 . 0  1 8 . 6  26 . 8  3 6 . 0  1 7 . 8  20 . 8  30 . 3  34 . 0  1.0 . 6  
Extensor d ig i t orllm lateral i s  9 . 30 9 . 33 8 . 0 1  2 7 . 6  1 4 . 3  14 . 7  24 . 8  33 . 6  32 . 3  33 . 1  48 . 1  4 6 . 0  82 . 0  5 3 . 6  46 . 0  78 . 3  1 0 1  I I I  
PopU teus 1 2 . 5  1 7 . 0 1 6 . 2  32 . 4  2 5 . 9  2 7 . 8  38 . 9  43 . 2  38 . 5  7 3 . 7  5 8 . 5  84 . 0  7 5 . 0  74 . 3  6 1 . 2  1 1 2  207  1 36 
F lexor digi torum profundus 44 . 1  34 . 1  35 . 2  1 03 85 . 1  63 . 9  1 2 3  1 1 6  1 2 5  1 3 3  2 30 34 1 3 5 3  2 2 3  2 50 338 3 3 1  4 9 7  
Scrap 2 . 1 1  1 .  78 3 . 3 1  0 . 95 4 . 2 3  0 . 78 4 . 1 2 1 . 9 7  9 . 49 5 . 78 9 . 84 4 . 90 5 . 00 4 . 7 6 2 . 79 3 . 26  6 . 76 1 1 .  1 

3 .  Spinal 
Longissimus thorac i s  90 . 2  81 . 2  80 . 3  2 7 2  2 1 5  194 368 2 76 392 420 614  7 74 .  1 1 2 5  640 706 958 1·360 1 4 8 7  
Longissimus l umborum 84 . 0  7 1 . 6  7 9 . 0  308 2 2 3  1 7 1  360 303 4 36 532  759 945 1 2 76 765 745 1432 1 5'1 fi 2045 
I l iocos t a l i s  thorac is 19 . 5  1 3  . 8  1 5 . 1 38 . 1  2 7 . 5  2 7 . 0  50 . 7  4 1 . 2  5 5 . 2  5 7 . 7  96 . 3  9 5 . 5  1 94 7 3 . 5  1 1 7 1 6 3  205 2 7 4  
I l ioc o s t a l  is lllmborum 5 . 9 1  4 . 58 2 . 48 3 . 75 9 . 14 2 . 47  1 1 . 6 9 . 5 7  1 3  . 5  1 4 . 0  1 6 . 5  2 1 . 1  2 5 . 0  1 4 . 4  22 . 9  32 . 8  40 . 7  48 . 7  
Mu l t i f id i s  t horac i s  1 2 . 5  1 4 . 0  1 7 . 3  4 7 . 1  38 . 2  29 . 5  66 . 3  40 . 1  59 . 0  9 1 . 7  105 1 50. 164 1 35 1 09 202 263 2 7 5  
Hu l t i f id i s  lllmborllm 1 7 . 4  7 . 58 1 7 . 0  39 . 4  2 7 . 4  30 . 1  5 1 . 0 5 0 . 9  50 . 4  69 . 8  I I I  160 1 7 2  1 2 7  105  2 1 5  282 339 
Spina l is cervicis et thorac is 67 . 5  58 . 0  58 . 6  1 5 2  1 04 105 1 9 8  1 5 8  1 9 3  244 335 459 7 7 5  364 434 679 8 1 0  1 0 6 3  
Sar. rocauda l i  s vent ra lis 1 .  6 7  1 . 47  2 . 08 6 . 40 4 . 1 5  3 . 83 5 . 55 8 . 4 3  8 . 59  4 . 2 7  8 . 55 1 4 . 6  1 7 . 0  1 2 . 2  1 6 . 5  1 7 . 4  22 . 3  2 5 . 0  
Sacrocauda l i s  dorsa l is 8 . 70 6 . 02 7 . 0 1 22 . 3  1 7 . 0  1 2 . 2  30 . 9  26 . 3  3 3 . 3  3 5 . 4  42 . 3  94 . 5  91. 0 6 5 . 6  58 . 3  8 3 . 3  1 1 2  87 . 2  
Scrap 24 . 4  1 5 . 0  1 4 . 6  40 . 8  1 2 . 7  29 . 4  645 62 . 1  68 . 9  7 5 . 3  108 106 � 5 7  84 . 4  1 3 1  180 1 9 7 2 9 1  

4 .  Sub lumbar 
Psoas minor 13 . 1  7 . 75 1 1 . 2  39 . 7  2 8 . 8  2 1 . 3  3 7 . 3  3 7 . 8  4 0 . 9  49 . 2  67 . 9  78 . 8. 1 30 1 1 3  6 7 . 4  1 2 1  1 7 1  1 30 
I l  iopsoas 89 . 3  6 1 . 2 70 . 0  235  1 8 3  169 279 2 6 5  3 30 4 1 7  528 7 7 4  9 1 7  659 '6 7 1  959 1 1 42  1 3 1 9  
Quad ratus lumborum 5 . 77 5 . 28 6 . 92 1 0 . 3  1 1 . 8  8 . 87 28 . 3  22 . 3  2 5 . 7  4 7 . 1  6 1 . 1  7 7 . 4  4 5 . 0  59 . 2  7 3 . 5  1 05 1 2 9  1 I 7  

5 .  Abdominal 
Cut a�s t r�n c 1  39 . 4  33 . 7  34 . 8  1 4 2  1 2 1  78 . 7  1 66 1 4 3  1 80 232 304 384 5 1 8  2 7 7  402 589 7 5 5  1 1 62  
Rectus abdominis 58 . 5  58 . 5  4 7 . 6  164 1 54 96 . 1  246 2 4 1  293 335 388 462 768 334 429 749 942 1 0 7 5  
Obl iquus ext ernus abdominis 55 . 7  36 . 4  30 . 8  1 3 6  1 2 1  9 3 . 6  206 1 86 2 26 1 8 7  388 522 709 379 496 854 1 0 4 1  8 7 7  
Ob l iquus internus abdominis 39 . 4  35 . 5  3 3 . 9  1 2 4  9 1 . 6  80 . 3  1 90 1 9 6  2 3 7  220 372  433 563 3 6 1  5 1 1  70!  9 3 7  ! l OS 
Transversus abdominis 34 . 9  2 8 . 3  2 8 . 4  95 . 1  8 1 . 1  60 . 3  1 7 1  1 5 2  1 78 180 294 292 496 286 363 568 702 1 300 

6 .  Bra c h i a l  
Del toid;;m;-- 1 6 . 3  1. 4 . 2  1 5 . 3  4 5 . 8  33 . 6  24 . 5  4 6 . 0  40 . 4  4 6 . 6  7 1 . 0 9 1 . 0  1 1 6 1 4 5  84 . 9  9 7 . 6  1 4 3  184 2 5 7  
I n f ra s p in a t u s  67 . 1  5 1 . 3  56 . 4  1 74 1 2 6  106 227  1 9 7  2 5 7  326 399 458 7 3 7  489 527 835 942 1 0 5 6  
Supras p inatus 64 . 1  55 . 5  5 9 . 8  1 50 1 1 3 1 0 7  1 8 5  164 205 2 7 5  302 382 6 1 5  3 5 1  476 643 6 2 1  744 
Coracobra" h la l is 5 . 72 4 . 44 6 . 1 1  8 . 98 9 . 53 7 . 52 1 4 . 6  1 3 . 6  1 1 . 5 2 1 . 6 1 4 . 7  3 4 . 1 50 . 0  3 1 . 2  65 . 0  4 7 . 4  55 . 1  60 . 1  
Subscapul a r i s  42 . 6  30 . 7  30 . 4  9 5 . 6  5 9 . 9  63 . 4  1 2 1  1 02 1 2 8  140 2 1 2  290 420 2 74 2 5 1  49 1 535  625 
Teres maj o r  1 6 . 2  1 2 . 9  1 1 . 9 42 ; 8  3 8 . 7  26 . 1  40 . 9  49 . 8  5 4 . 8  56 . 9  80 . 3  8 7 . 6  1 63 1 1 4 98 . 1  1 6 1  1 7 1 2 5 7  
B i ceps brach11 2 1 . 5  1 9 . 6  20 . 5  56 . 5  45 . 1  4 3 . 0  7 6 . 0  6 5 . 0  7 6 . 8  100 1 2 8  1 3 7  242 146 I B I  245 2BO 369 
Teres mino r  8 . 90 6 . 35 6 . 06 1 9 . 9  1 7 . 8  1 4 . 0  2/, . 5  2 1 . 8 1 8 . 2 30 . 4  38 . 8  50 . 8  1 08 2B . 4  50 . 7 73 . 7  5 3 . 2  1 1 � 

Tensor fasc iae antebrachii 4 . 83 4 . 5 7  5 . 5 1  1 4 . 4  9 . 94 8 . 40 1 5 . 5  1 4 . 1 1 7 . 3  1 7 . 6  2 7 . 3  4 3 . 9  52 . 0  2 7 . 5  29 . 7  4 1 . 9  50 . 9  80 . 8  
Triceps brachi i :  

Capllt lacerale 2 5 . 4  24 . 7  2 6 . 6  68 . 2  5 7 . 6  46 . 7  B � . 6  62 . 7  9 0 . 9  I I !  1 33  1 5 5 . 286 1 52 182 2 58 283 343 
C a p l l t  I c.ngum I I I  9 1 . 5  89 . 5  2 79 22 1 1 8 1  325  296 J65 478 J60 667 . 1 1 1 6 702 8 1 2  1 1 68 1 2 76 1 49 3  
Capllt med i a l e  5 . 76 4 . 76 7 . 74 1 3 . 4  8 . 68 1 1 . 3 1 5 9  1 1 . 9 1 9 . 1  20 . 8  29 . 7  29 . 3  2B . 0  25 . 5  2 � . 4  33 . 6  4 1 . 7  42 . 4  

Brac h ia l i s 1 9 . 6  20 . 7  1 8 . 7  5 1 . 8 4 5 . 0  33 . 3  5 9 . 2 · 5 9 . 2  6 1 . 9  80 . 7  95 . 9  1 1 3  1 6 1  1 10 1 34 1 7 3  196 244 
Anconpus 5 . 69 4 . 06 4 . 68 ! 0 . 6  7 . 7 7 8 . 59 1 1 . 2  1 1 . 0 1 6 . 2  1 8 . 6  1 3 . 3 2 6 . 6  13 . 0  1 9 . 1  2 6 . 2 42 . 7  50 . 3  4 2 . 1  
Scrap 6 . 00 6 . 88 7 . 60 1 9 . 8  1 4 . 5  1 3  . 5  1 5 . 1  1 7 . 8  284 39 . 2  39 . 5  3 3 . 8  50 . 0  34 . 1  69 . 1  5 8 . 8  90 . 1  1 10 .-. N \..oJ 



APPENDIX 5 :  FEMALE JERSEY CATTLE CARCASS DISSECTION DATA (g) 

Iden t i f ic a t ion No . 2 3 4 5 6 7 8 9 1 0  1 7  1 2  1 8  1 6  1 1  1 3  1 5  1 4  

7 .  Antebrachial 
Extensor c arpi rad ial is 3 7 . 0  28 . 7  3 2 . 8  86 . 0  68 . 0  50 . 6  8 7 . 0  7 6 . 4  9 6 . 3  1 1 8 1 1.4 1 70 2 3 7  1 5 3  1 6 7  2 5 0  3 0 5  3 4 0  

Extensor d i g i t o rum lateral is 6 . 52 5 . 7 6 6 . 33 1 2 . 9  1 l . S  8 . 39 1 3 . 6 1 3 . 2 1 7 . 4  1 6 . 7  2 8 . 3  3 6 . 7  1. 5 . 5  2 6 . 4  2 7 . 0  4 7 . 5  59 . 4  5 5 . 1  

Extensor d igitorum communia 1 2 . 8  9 . 5 5  1 1 . 4 24 . 0  1 8 . 7  1 5 . 8  2 6 . 6  2 1 . 8 /. 3 . 7  3 3 . 4  4 6 . 0  48 . 1  62 , 5  50 . 1  4 1 . 9  3 9 . 7  7 6 . 4  9 3 . 5  

Abduc tor pol l ic is longus 1 . 54 1 . 05 1 . 1 6 2 . 5 3  2 . 86 1 . 5 7  4 . 22 2 . 38 2 . 89 3 . 2 3  4 . 08 6 . 66 5 . 00 5 . 0 7  4 . 2 5  6 . 63 1 0 , 8  1 2 . 2  

Ulnar i s  l a tcral is 5 . 2 2  1 1 . 3  1 2 . 0  35 . 2  2 7 . 5  2 S . 0  40 . 5  3 1 . 6  35 . 5  4 7 . 0  6 1 . 8  6 1 . 9  1 1 7  5 3 , 5  7 8 . 5  9 8 . 9  1 2 9  1 5 9  

Flexor carpi  u lnaris 6 . 4 2  5 . 39 5 . 85 1 5 . 7  1 2 . 4  10 . 9  1 9 . 9  1 2 . 9  1 9 . 0  2 3 . 0  2 7 . 9  35 . 4  49 . 5  3 5 , 8  2 8 . 2  5 0 . 9  7 1 . 6 68 . 2  

Flexor c a r p i  rad ialis 6 . 2 7  5 . 1 8 7 . 0 7  1 2 . 9  1 1 . 5  8 . 49 1 4 . 4  1 0 . 8  1 2 . 4  1 8 . 2  20 . 4  3 0 . 0  30 . 0  2 5 . 4  2 4 . 3  3 5 . 6  3 " . 0  4 5 . 7  

Flexor d lg i to rum supcrf ic ialis 1 6 . 7  1 4 . 8  1 6 . 9  4 7 . 1  34 . 0  2 9 . 4  54 . 5  44 . 8  49 . 6  64 . 0  7 3 . 0  ! O 3  1 3 5  92 . 6  1 60 1 39 1 5 2  1 6 9  

Fl exor d ig i t o rum profundus : 
capu t ulnare 5 . 7 7  4 . 56 4 . 36 1 1 . 9 1 0 . 8  7 . 89 1 1 . 4 1 0 . 2  1 1 .  6 1 5 . 5  2 2 . 4  38 . 9  42 , 0  3 6 . 4  3 2 . 3  4 7 . 4  5 1 . 0  59 . 4  

caput rad iale 0 . 7.9 . 0 . 8 7 0 . 4 7  4 . 1 5  2 . 64 1 . 3 3  3 . 00 3 . 08 2 . 66 3 . 7 3 6 . 33 6 . 84 5 . 00 8 . 0 1  6 . 82 7 . B 7  7 . 4 7  1 1 . 3  

caput hume rale 2 5 . 4  2 2 . 6  2 1 . 8  62 . 8  5 1 . 1  44 . 8  7 9 . 1  4 6 . 7  7 1 .  7 84 . 0  I I I  1 34 1 9 0  1 3 3 89 . 9  1 9 6  200 2 6 1  

Sc ra p  0 . 5 1  1 . 3 1  1 . 1 5 1 . 5 1  0 . 1 9  0 . 99 4 . 60 0 1 . 52 0 . 2 9
' 

0 0 . 7 3 6 , 50 1 . 88 4 . 5 6 7 . 3 3  2 . 66 6 . 38 " 

8 .  Ext rins i c  
Trapezius pars cerv i c a l is 3 3 . 1 25 . 4  2 6 . 9  95 . 6  7 3 . 0  5 7 . 9  90 . 7  7 5 . 0  98 . 5  1 4 5  1 8 4  265 3 7 9  J 8 3  2 1 8  4 1 2  449 508 

et t horac i s  
Brachioc e phalicuB 56 . 1  4 3 . 6  4 7 . 3  1 36 9 7 . 7  6 7 . 0  1 40 1 3 0  1 54 1 66 2 38 2 9 1  4 5 2  2 5 5  2 9 8  450 559 733 

Omo transversar ius 2 1 .  9 1 0 . 8  1 3 . 5  44 . 6  40 . 1  2 9 . 6  3 7 . 8  3 0 . 4  4 5 . 5  5 5 . 0 . 62 . 6  99 . 1  1 70 80 . 1  9 1 . 6  1 5 1  189 2 4 6  

Rhomboideus cervicis 39 . 9  38 . 1  40 . 7  95 . 3  7 4 . 2  64 . 3  95 . 0  8 1 . 6  1 1 3  1 54 1 9 9  2 1 0 4 1 7  2 1 3  2 5 5  339 344 5 7 9  

e t  t ho rac i s  
L a t  i ssiml ls  dorsi 56 . 1  49 . 4  52 . 3  1 8 8  1 53 1 0 2  1 82 1 6 9  2 0 3  2 6 6  3 59 496 690 389 504 695 8 7 6  1 0 4 7  

Serra tus ventralis  cervicis 1 2 5  J 08 102 364 285 2 32 4 7 1  3 7 2  482 7 1 1  8 7 4  1070 1 7 3 6  1 0 0 8  1'20 3  1 7 9 1  2 2 38 2 5 9 5  

e t  thorac i s  
Pectoral is  profundus 1 3 3  98 . 4  100 330 2 6 2  2 1 2 349 2 9 6  4 0 8  4 9 5  5 7 9  7 7 1  1 1 1 3  640 · 744 1 1 45 1 4 47 1 60 7  

Pec tora l i s  supe r f i c i a l  is 44 . 7  38 . 6  4 1 . 0  1 1 2 9 1 . 1  58 . 1  1 2 6  1 3 6  1 2 7  1 65 204 254 3 7 5  2 2 0  2 8 6  4 39 620 703 

9 .  In t r i ns i c (neck) 
S t e rnomand ibularis 1 6 . 4  1 5 . 4  1 6 . 0  4 1 . 2  2 5 . 8  2 2 . 4  39 . 3  3 7 . 7  35 . 8  48 . 6  5 3 . 6  6 8 . 8  1 0 7  7 1 , 5  9 3 . 1  1 2 6  1 68 1 67 

S t e rnoma s t o ldeus 1 9 . 0  2 2 . 0  2 1 . 4  4 3 . 1  40 . 9  1 4 . 8  49 . 3  4 7 . 4  4 6 . 5  69 . 2  1 1 8 1 5 7  209 94 , 1  1 4 0  1 9 3  220 2 36 

S t ernothyrohyoideus 5 . 7 8 . 5 . 76 6 . 44 2 0 . 1  9 . 44 8 . 3 1  3 0 . 1  3 5 . 6  38 . 9  3 1 . 7 52 . 7  5 1 . 4  4 3 . 0  36 . 6  6 6 . 3  48 . 4  69 . 8  83 . 3  

Omohyo i deus 0 . 88 0 . 7 3 0 . 5 9 2 . 1 6 0 . 60 1 . 0 1  6 . 05 1 4 . 1  3 . 0 3  1 .  30 3 . 4 3  4 . 46 3 , 00 4 . 92 4 . 90 1 4 . 5  1 6 . 3  28 . 6  

Splenius cap i t is e t  cervlcis 22 . 8  2 0 . 0  1 7 . 4  48 . 8  3 7 . 3  2 6 . 8  54 . 3  4 3 . 2  5 3 . 9  6 8 . 1 1 0 3  1 1 7  2 1 6  86 . 0  1 1 6 1 7 4  2 3 5  2 7 6  

Longiss imus cervicis  1 8 . 4  1 :1 . 6  1 5 . 9  3 6 . 7  2 9 . 0  3 3 . 6  48 . 2  3 7 . 4  35 . 1  64 . 5  84 . 5  106 1 6 5  80 . 8  98 . 3  1 7 3  2 2 9  3 4 3  

Longiss imus c a p i t is 1 1 . 6 1 0 . 1  8 . 7 7 2 1 . 8  1 5 . 9 1 7 . 3  2 7 . 0  2 3 . 9  2 3 . 9  44 . 3  4 4 . 4  50 . 5  69 , 0  5 5 . 6  55 . 3  7 7  . 9  1 1 3  1 1 7  

Longiss imus a t lant is 2 . 5 3  2 . 6 1  2 . 1 7 3 . 09 5 . 08 1 . 60 3 . 39 1 0 . 5  4 . 1 2 6 . 9 1  1 5 . 0  4 . 9 5 2 3 . 5  1 5 , 1  1 5 . 3  1 \  . 8  26 . 7  I I  , 3  

Semispina l is cap i t i s . cervicis 74 . 4  60 . 8  5 7 . 6  1 4 9  1 1 6 1 1 6 1 8 7  1 7 3  1 9 2  260 3 5 7  370 651 400 457 590 860 964 

et t horacis  
Sca lenus dora l is 7 . 6 7  3 . 96 7 . 98 2 2 . 6  1 1 . 4 1 3 . 6  2 3 . 6  2 3 . 1  2 2 . 3  3 6 . 4  3 2 . 3  3 0 . 6  39 . 0  3 2 . 9  40 . 3  6 3 . 1  86 . I 1 60 

Scalenu s  vent ra l is 14 . 8  1 6 . 6  1 7 . 7  4 1 . 6  2 9 . 3  3 3 . 6  4 3 . 9  4 2 . 3  4 4 . 0  5 8 . 6  9 0 . 7  1 2 7  1 7 4 8 5 , 4  1 1 7 1 7 1  202 2 4 8  

I n t er t r ansversa r i i  cervicis 1 6 . 0  2 0 . 2  10 . 6  60 . 4  56 . 1  4 4 . 4  5 3 . 2  50 . 6  90 . 8  5 5 . 5  1 0 6  9 8 . 8  203 1 2 2  1 7 5 2 1 5  2 13 7  3 9 5  

I n t e r transve rsar i i  longus 1 2 . 8  1 1 . 7  1 1 . 2  1 7 . 7  1 4 . 6  1 4 . 6  2 4 . 6  2 3 . 8  25 . 6  4 3 . 6  5 6 . 0  72 . 6  1 3 5  78 . 5  7 2  . 1  1 08 1 7 1  1 60 

Longus cap i t  i s  1 \  . 8  1 1 . 3  7 . 48 2 8 . 9  1 4 . 8  1 6 . 5  3 4 . 6  2 3 . 5  1 8 . 2  4 2 . 0  2 9 . 1  6 5 . 9  1 0 3  5 5 , 1  7 8 . 6  85 . 9  86 , 2  8 1 . 7  

Longus col l i  29 . 1  2 1 . 8  20 . 3  7 4 . 7  5 3 . 0  4 9 . 6  8 3 . 0  6 2 . 9  7 1 . 0  1 3 5  1 7 7  1 9 7  3 9 1  2 3 5 2 3 0  3 2 0  405 463 

Ob) iqUllS capie is  rallcla l i s  1 6 . 9  1 4 . 3  1 3 . 2  4 1 . 0  3 1 . 4  2 7 . 2  46 . 2  4 2 . 5  4 9 . 1  74 . 6  7 1 . 6  89 . 2  1 3 7 1 0 3  1 06 1 74 2 2 3. 208 

Ohl i q l ll lS " ap i t i s r ran i a l i" 7 . 09 7 . 6 6  6 . 50 1 8 . 1 1 1 . 0 1 1 . 8 1 8 . 3  1 5 . 7 1 5 . 9  2 1 . 3  2 1 . 3  2 4 . 4  8 1 . 0  3 1 , 0  3 2  . 5  35 . 9  5 1 . 1  4 7 . 5  

Hpt' t l l s  rap l r t s  d a r sa l i s  maj or 7 . 0 3  6 . 05 6 . 2 7 1 0 . 6  1 1 . 2  1 2 . 2  1 7  . 4  1 6 . 8  2 0 . 0  2 5 . 4  3 1 . 9  39 . 1  6 3 . 0  3 7 , 2  4 3 . 1  5 1 . 8  80 . 0  68 . 7  

Rec t ii S  crlp l t l �  d0rsal is minor 2 . 1 7  1 .  30 2 . 2 3  5 . 4 3  2 . 3 1 1 . 1 7 2 . 48 4 . 80 2 . 2 9 3 . 6 1  6 . 9 3  5 . 06 4 . 00 6 , 38 4 , 52 9 . 7 8 2 3 , 1  8 , 1 8 

Re(� tus cap i t i s  ven t ra l i s  1 . 5 1  1 . 2 3  2 . 05 5 . 09 3 . 98 3 . 7 7  4 . 7 3 4 . 1 0 3 . 66 1 1 .  7 1 1 . 6  1 1 . 5  2 8 . 0  1 4 , 4  2 7 . 8  1 2 . 2  35 , 4  3 3 . 1 

Rec tl ls  ca p i t i s  lateralis 5 . 34 5 . 25 5 . 04 1 0 . 6  9 . 9 7 9 . 2 3  1 6 . 0  1 2 . 6  1 6 . 3  1 9 . 7  2 2  3 2 1 . 2 1 8 . 0  1 9 . 0  68 . 8  2 5 . 2  39 . 6  4 1 . 3  

Mu l t i f i d i s  cerv i c i s  2 3 . 7  1 2 . 6  1 4 . 2  40 . 4  2 6 . 2  2 5 . 3  2 9 . 2  32 . 8  3 7 . 2  3 7 . 7  6 2 . 7  32 . 3  1 00 8 1 . 3  8 8 . 4  1 29 1 8 3  1 80 

Sc rap 3 7 . 6  2 3 . 0  4 1 . 9 4 3 . 6  5 1 . 8  56 . 7  1 4 2  1 1 6 108 1 7 8 1 9 3  204 348 1 6 1  305 393 4 1 0  544 ..... N � 



APPENDIX 5 :  FEMALE JERSEY CATTLE CARCASS DISSECTION DATA (g) 

IDENTIFICATION No . 2 3 4 5 6 8 9 1 0  1 7  1 2  1 8  16 1 1  1 3  i 5  1 4  

1 0  Thoracic 
I n t erspinales 1 2 . 3  8 . 0 7  6 . 95 24 . 9  2 1 . 6  2 2 . 6  3 4 . 6  2 8 . 0  3 3 . 2  4 3 . 0  4 0 . 2  5 6 . 4  7 1 . 5  44 . 7  5 4 . 1  9 7 . 1  92 . 6  9 3 . 6  
Rec t u s  thoracis  4 . 95 3 . 33 3 . 80 1 2 . 2  8 . 4 3  8 . 0 3  1 1 . 4 1 1 . 3  1 3 . 4  1 7 . 2  2 3 . 0  34 . 8  5 6 . 5  ! 9 . 8  2 9 . 9  5 3 . 4  5 3 . 7  105 
Serratus dorsa l i s  cranialia 3 . 2 7  3 . 35 3 . 40 4 . 2 9  4 . 28 6 . 59 8 . 1; 1. 4 . 2 1  5 . 8 7  8 . 6 3  1 7 . 1 2 2 . 6  2 6 . 0  1 8 . 7  1 4 . 0  3 5 . 1  34 . 8  6 4 . 5  
Ser ratus dorsalis caudal i s  2 . 00 3 . 1 0 3 . 32 1 3 . 1 6 . 05 7 . 99 1 1 . 1  1 0 . 7  1 1 .  3 1 8 . 6  1 7 . 5  36 . 7  50 . 0  2 1 . 4 20 . 1  5 8 . 1 58 . 7  85 . 5  
Ret ractor costae 2 . 39 2 . 95 2 . 4 7  6 . 5 8  4 . 59 1 . 36 2 . 45 7 : 30 5 . 4 2  8 . 1 1  1 5 . 0  2 0 . 8  38 . 0  1 2 . 4  2 4 . 5  34 . 8  40 . 0  4 9 . 2  
Int e rcostales 1 5 2  1 09 1 2 5  2 7 9  2 1 3  1 76 3 5 8  289 388 429 5 2 5  6 4 2  1 2 98 6 6 5  750 1 2 54 1 62 8  1 8 2 8  
Transversus thora c i s  9 . 2 6  5 . 1 6 8 . 2 2  1 7 . 0  1 4 . 8  1 2 . 3  1 8 . 8  2 1 2 3 2 . 5  24 . 7  4 2 . 8  5 7 . 1 9 5 . 0  5 7 . 7  5 2 . 0  1 1 6  1 3 1  1 3 6  
Dl�phragma 4 6 . 1 36 . 4  3 1 . 5  1 1 0 80 . 4  7 3 . 8  1 3 7  1 4 8  1 6 5  1 90 2 39 304 4 7 4  3 2 2  3 4 9  5 1 4  7 4 8  8 6 4  
S�rap 4 . 2 2  3 . 09 3 . 76 1 6 . 6  20 . 6  1 8 . 7  5 1 . 8  4 2 . 8  44 . 4  1 1 9 824 2 0 1  1 02 1 0 3  1 30 1 6 7  2 3 0  1 9 5  

Musc l e s  o f  the Jaw 
Masseter 2 1 .  2· 20 . 7  . 2 1 . 8  58 . 8  52 . 8  5 5 . 7  102 105 1 2 1  1 4 3  1 5 6 1 8 8  3 3 6  2 7 3  2 3 8  3 1 0  382 4 1 6  
D lgastr lcus 7 . 2 2  5 .  1 7  6 . 82 .8 . 8 3 6 . 5 6  8 . 07 1 5 . 2  1 6 . 6  1 1 . 3  2 3 . 4  2 2 . 1  3 6 . 4  3 5 . 5  30 . 9  2 6 . 1  39 . 2  40 . 0  5 7 . 9  
Tempo ral is 7 . 7 8 7 . 7 1 6 . 5 1  1 9 . 4  1 4 . 8  1 7 . 6  4 3 . 8  4 2 . 4  44 . 1  5 5 . 7  7 3 . 0  85 . 4  1 22 8 1 . 4  9 1 . 6  1 3 1  1 3 3 1 4 8  
Pterygoideus med ialia 3 . 9 5 3 . 6 3  4 . 90 7 . 5 3  6 . 98 7 . 96 1 3 . 4  1 7 . 7 2 2 . 3  30 . 0  3 0 . 5 1 9 . 2  44 . 5  39 .9 3 5 . 5  5 1 . 1  56 '.2 1 0 1  
Pterygoldeus l ateralia 5 . 1 1  6 . 5 2  5 . 1 1 1 2 . 8  1 5 . 8  1 2 . 6  2 3 . 3  2 2 . 7  2 7 . 7  1 4 . 6  34 . 7  4 3 . 3 7 6 . 0  6 7 . 1  54 . 9  72 . 0  8 7 . 4  5 6 . 6  

Ve rtebrae (who l e )  
Cer;t c a l  1 4 7 . 7  4 0 . 3  39 . I 90 . 2  74 . 1  6 1 . 8  1 1 3  1 04 1 1 6 1 3 2  1 5 1  1 8 8  244 2 2 1  1 72 2 2 8  2 9 3  3 1 1.  

2 5 9 . 2  4 6 . 3  45 . 8  99 . 3  82 . 8  7 9 . 6  1 3 1  1 2 2  1 30 1 30 1 68 1 8 7  254 220 1 86 2 3 5  2 8 6  3 4 2  
3 ' 40 . 0  3 3 . 1  3 2 . 1 7 1 . 9  5 6 . 9  5 2 . 0  9 2 . 4  84 . 3  90 . 8  96 . 6  1 2 9  1 4 2  2 1 3  1 6 1  1 44 2 0 7  2 4 7  3 1 5  
4 4 2 . 1  34 . 7  3 6 . 6  7 5 . 0  5 9 . 9  5 6 . 2  9 7 . 6  90 . 8  9 5 . 6  1 0 5  1 2 9  1 50 2 34 1 7 1  1 5 5 206 2 5 5  3 3 9  
5 4 1 . 1  3 5 . 3  3 5 . 0  74 . 8  6 3 . 8  60 . 4  1 0 0  9 3 . 1  9 5 . 4  I I I  1 40 1 54 245 1 70 1 6 1  2 1 1  2 5 2 3 5 1  
6 44 . 6  35 . 0  3 7 . 5  8 1 . 8  64 . 5  6 1 . 8  1 0 8  98 . 0  1 0 4  1 1 6 1 4 5  1 6 2  2 7 1  1 8 2  · 1 8 6  2 2 8  2 9 8  3 9 0  
7 35 . 1  2 9 . 8  34 . 2  70 . 4  54 . 0  50 . 3  90 . 4  8 3 . 3  8 1 . 1  9 7 . 7  1 1 6  1 3 4  2 1 2  1 5 3  1 5 2  1 8 5  2 34 294 

Thor.1cic 1 3 7 . 6  29 . 7  30 . 0  7 6 . 0  5 3  . .  58 . 2  1 0 4  9 5 . 7  9 7 . 4  1 1 2 1 4 0  1 5 6  2 5 3  1 9 0  1 8 0  2 1 5  2 7 8 3 7 3  
2 3 3 . 8  2 6 . 4  2 7 . 4  69 . 7  48 . 4  50 . 3  9 6 . S'  8 7 . 8  9 2 . 1  1 09 1 3 1  1 4 6  2 4 7  1 7 3  1 7 3  206 2 50 324 
3 2 9 . 7  2 5 . 1  2 5 . 6  64 . 3  44 . 7  44 . 7  89 . 5  82 . 4  8 7 . 5  1 0 6  1 2 8  1 4 0  2 38 1 59 1 72 1 9 6  2 3 1  3C2 
4 2 7 . 5  22 . 3  2 3 . 5  58 . 6  4 1 . 7  4 1 . 9  85 . 2  7 7  . 5  85 . 2  1 00 1 2 3  1 3 5  2 2 8  1 5 5  1 65 1 9 1  2 1 9 286 5 2 5 . 7  2 1 . 1  2 2 . 3  58 . 0  39 . 8  38 . 6  78 . 8  7 5 . 4  82 . 1  9 5 . 6  1 2 3  1 3 2 2 1 6  1 4 7  1 5 7  1 9 0  2 08 2 80 
6 24 . 0  1 8 . 6  2 1 . 5  5 3 . 6  34 . 8  36 . 3  7 J  . 6  69 . 4  7 7 . 6  8 7 . 4  1 1 1  1 2 4 1 9 5  1 34 1 4 6  1 74 1 9 5 259 
7 n . 2  1 7 . 9  1 9 . 4  46 . 2  33 . 9  32 . 6  6 5 . 5  6 1 . 2  68 . 2  7 6 . 0  96 . 8  I I I  1 7 1  1 2 2  1 2 4  1 50 1 68 224 
8 2 1 . 5  1 6 . 8  1 7 . 6  4 3 . 7  3 1 . 9  30 . 6  60 . 6  59 . 1  6 2 . 6  6 7 . 9  90 . 5  1 0 1  1 50 1 0 7  1 0 8  1 2 9 1 4 9 203 
9 2 1 .  1 · 1 6 . 3  1 7 . 6  4 0 . 6  30 . 0  30 . 9  5 3 . 9  5 5 . 2  58 . 8  6 1 . 7  83 . 3  9 5 . 3  1 39 9 7 . 1  99 . 3  1 1 8 1 3 5 1 86 

1 0  20 . 1  1 5 . 8  1 6 . 9  39 . 5  2 8 . 6  28 . 8  . 5 1 . 1  5 3 . 1  5 6 . 0  5 7 . 8  78 . 3  8 7 . 3  1 2 5  9 1 . 8  90 . 4  1 0 7  1 2 4 1 6 7  
1 1  1 9 . 6  1 5 . 5  1 7 . 6  3 7 . 6  29 . 1  29 . 8  5 2 . 6  56 . 1  56 . 1  5 7 . 3  78 . 4  8 7 . 0  1 2 5 9 3 . 7  84 . 2  1 0 8  1 2 4  1 5 7  
1 2  1 9 . 9  1 6 . 6  1 8 . 2  44 . 8  32 . 0  30 . 1  5 7 . 6  5 7 . 1  6 1 . 5  6 6 . 2  84 . 7  89 . 6  1 3 3 1 0 8  1 0 7  1 1 5  1 4 1  1 8 1  
1 3  22 . 9  1 8 . 1 1 9 . 6  48 . 3  3 3 . 8  34 . 9  63 . 5  6 1 . 4  6 5 . 1  6 9 . 1  90 . 1  98 . 0  1 54 1 1 3 1 0 5  1 2 9  1 56 202 

Lumbar 1 26 . 2  2 1 . 0  2 3 . 6  48 . 6  3 7 . 2  38 . 7  7 5 . 1  69 . 4  7 5 . 5  7 8 . 0  1 0 7  1 1 4 1 74 1 35 1 2 4  1 56 1 84 2 30 
2 29 . 0  22 . 6  2 5 . 7  5 6 . 9  4 1 . 5  45 . 3  82 . 9  76 . 8  8 3 . 0  85 . 7  1 1 8  1 3 1  2 1 0  1 5 7  1 4 4 1 80 2 1 7  262 
3 30 . 5  24 . 0  2 5 . 8  60 . 9  4 5 . 0  '.8 . 6  90 . 9  8 1 . 1  88 . 8  9 2 . 3  1 32 1 39 2 1 3  1 7 7 1 52 1 9 1  229 2 8 1  
4 2 9 . 9  24 . 8  2 6 . 5  62 . 5  4 6 . 1  48 . 6  9 1 . 7  82 . 2  9 2 . 6  9 9 . 0  1 36 1 4 1  224 1 8 1  1 6 0  202 2 4 1  288 
5 30 . 2  24 . 3  2 5 . 3  63 . 2  4 5 . 8  49 . 2  9 5 . 3  84 . 5  9 6 . 1  9 8 . 5  1 34 1 4 9  2 38 1 7 4 1 6 3  206 2 4 3  298 
6 30 . 6  2 4 . 2  2 4 . 8  6 2 . 0  4 5 . 5  4 7 . 8  90 . 5  84 . 1  9 6 . 9  9 3 . 4  1 2 7  1 5 1  2 3 1  1 7 2 1 66 2 1 4  246 3 1 7  

Cauda l 1 7 . 03 4 . 3 3 5 . 04 1 2 . 6  9 . 90 7 . 68 1 3 . 7  1 6 . 4  20 . 4  1 8 . 9  3 3 . 3  3'0 . 3  4 3 . 5  3 3 . 3  30 . 8  4 5. 2  48 . 5  7 2  . 8  
2 6 . 6 3  3 . 48 4 . 1 2 1 1 . 3  9 . 39 7 . 3 7 1 3  . 3  1 5 . 8 1 4 . 7  1 8 . 6  3 1 . 3  2 8 . 2  4 3 . 0  3 3 . 3  30 . 5  4 3 . 2  4 7 . 8  66 . 1  

S t ernllm 6- costal cart ! lage 1 48 1 2 4  1 3 1  422 305 2 5 1  � 3 3  4 7 1  564 687 706 883 1 4 8 3  1 1 5 1  1 0 2 8  1 2 7 8  1 7 1 0  2049 
Tot a l  Rib 1 78 1 5 7 1 60 447 32 1 324 649 584 680 795 908 1 1 2 9  1 828 1 2 2 1  1 4 64 1 804 2 2 0 3  2 8 5 6  -N VI 



APPENDIX 5 :  FEMALE JERSEY CATTLE CARCASS DISSECTION DATA (g) 

Iden t ification No : 2 3 4 5 6 7 8 9 1 0  1 7  1 2  1 8  1 6  1 1  1 3  1 5  1 4  

Rib 1 1 5 . 4  1 2 . 9  1 3 . 2  3"3 . 0  2 6 . 7 2 9 . 5  48 . 4  3 8 . 9  4 2 . 3  49 . 8  60 . 6  6 3 . 5  1 0 3  8 1 . 8  84 . 8  1 0 3  1 3 1  1 6 1  
2 1 1 . 2 8 . 4 7  9 . 6 1  2 5 . 9  1 9 . 6  2 0 . 5  3 8 . 0  2 9 . 7  3 3 . 6  39 . 1  4 3 . 5  5 0 . 4  8 3 . 0  5 8 . 8  66. 1  74 . 5  89 . 1  1 05 
3 1 1 . 5 1 0 . 3  9 . 9 5  2 8 . 7  20 . 8 2 1 . 9  4 1 . 9  :32 . 4  39 . 1  4 7 . 5  54 . 3  5 5 . 0  100 68 . 5  7 9 . 1  89 . 6  100 125 
4 1 2 . 9  1 1 .  7 1 1 . 4 2 9 . 2  2 3 . 3  2 3 . 7  4 5 . 6  3 7 . 6  4 1 . 0  5 3 . 1  62 . 2  70 . 5  102 7 ? 7 90 . 9  tOl  1 1 4  1 4 5  
5 1 4 . 3  1 3 . 6 1 3 . 6  3 5 . 1  2 7 . 0  2 8 . 4  5 3 . 6  4 3 . 0  50 . 0  6 5 . 3  7 1 . 2 84 . 3  1 2 5  9 0 . 5  1 0 8  1 3 3 1 4 3  1 8 2  
6 1 7 . 0 1 5 . 9  1 5 . 4  3 9 . 0  2 7 . 6  30 . 3  59 . 8  4 9 . 5  62 . 0  7 5 . 3  85 . 2  106 155 106 1 30 1 6 7  1 9 2  2 5 0  
7 1 8 . 3  14 . 1  1 5 . 3  4 6 . 7  30 . 1  32 . 5  6 5 . 5  5 8 . ';  69 . 3  · 82 . 3  99 . 3  1 1 3 1 7 5  1 2 9  1 4 8  1 86 2 2 2  2 9 6  
8 1 6 . 8  1 4 . 5  1 5 . 8  ', 3 . 2  2 7 . 5  2 8 . 9  63 . 8  59 . 7  7 1 . 5  8 1  3 92 . 6  1 1 4 1 80 1 1 6 1 5 8  1 8 7  2 36 290 
9 1 5 . 5  1 1 . 8 1 3 . 6  4 3 . 0  2 7 . 2  2 5 . 8  5 8 . 7  5 4 . 5  6 3 . 2  7 5 . 7  84 . 5  1 1 8 1 56 108 1 30 1 8 5  2 2 7  2 7 4  

1 0  1 3  . 1  9 . 95 1 0 . 9  3 1 . 0  2 1 . 6  2 1 . 2  4 5 . 0  4 5 . 5  5 5 . 7  6 5 . 1  68 . 8  9 3 . 5  1 3 7  9 7 . 2  1 2 6  1 5 1  204 254 
1 1  1 0 . 5  9 . 54 8 . 6 3  2 7 . 8  1 6 . 9  1 7 . 2  36 . 8  34 . 8  4 1 . 6  4 9 . 1  60 . 9  7 6 . 8  102 8 3 . 8  109 128 1 65 209 
12  9 . 40 7 . 8 /  8 . 4 1  2 1 . 4  1 3  . 5  1 5 . 0  30 . 6  32 . 4  3 3 . 5  40 . 7  5 1 . 3  6 8 . 4  8 3 . 0  8 1 . 2  1 04 l L J  1 5 0  2 36 
1 3  5 . 80 5 . 6 1 5 . 34 14 . 3  1 l . 5  9 . 7 1  24 . 0  2 2 . 0  2 3 . 2  34 . 1  35 . 0  5 5 . 9  6 0 . 0  5 4 . 5  68 . 2  1 02 1 1 7  209 

Mand ible 1 66 · 140 . 1 54 3 1 2  246 275 459 436 492 596 561  740 1 1 9 1  1 0 5 1  9 9 4  1 22 6  1 4 2 6  1 4 8 2  
Scapula 7 2 . 6  55 . 1  5 8 . 4  1 56 99 . 6  108 2 1 6  1 9 5  2 0 7  2 5 0  3 0 2  -408 588 3 9 1  4 2 1  580 6 P 8 1 9  
Humerus 1 4 7  1 1 5 1 2 7  3 1 7  2 3 1  2 3 7  405 3 8 5  3 9 8  4 9 3  5 1 0 630 896 679 703 874 932 1 1 0 1  
Rad i u s  and ulna · 1 36 100 108 2 4 3  1 85 1 9 1  309 288 307 362 399 479 655 5 1 6  503 6 5 1  6 5 5  765 
Carpal bones 29 . 6  2 1 . 2  2 6 . 5  5 7 . 4  4 3 . 3  4 1 . 3  6 7 . 0  6 7 . 2  6 3 . 5  7 1 . 4 72 . 4  9 5 . 1  108 9 8 . 8  9 1 . 8  104 1 1 0  .. 1 3 9  
Me tacarpus 84 . 2  6 1 . 1  6 6 . 3  1 2 8  9 9 . 6  107 156 1 4 8  1 4 8  1 6 9  1 8 5  2 38 2 7 7  2 3 4  208 2 1,8 2 5 7  3 1 1  

O s  coxae and sacrum 2 7 9 2 3 1  2 4 2  7 0 3  498 503 982 904 1096 1 1 5 5  11,67 1 780 2 854 2087 1 9 80 2 6 9 7  2860 3905 
Femur 2 2 1  1 8 1  1 9 0  460 3 5 2  3 6 5  5 5 8  5 1 3  5 5 7  648 7 0 7  8 7 4  1 2 35 896 886 1 049 1 1 5 3  1 4 1 6 
Patella 1 2 . 8  1 0 . 9  1 2 . 8  2 3 . 6  1 9 . 6  2 1 . 9  33 . 9  30 . 8  3 1 . 6  3 7 . 8 4 0 . 0  48 . 8  7 1 . 0  5 3 . 5  44 . 5  60 . 2  6 7 . 9  9 1 . 7  
Tibia (+ fibula)  166 126 1 4 2  305 234 256 354 336 369 425 482 582 769 592 567 696 731  906 
Talus 38 . 0  3 1 . 5  3 3 . 3  6 1 . 0 5 1 . 6  5 5 . 0  62 . 5  62 . 7  6 3 . 3  5 8 . 7 68 . 1  89 . 8  90 . 0  7 4 . 9  7 2 . 6  84. 7  92 . 2  105 
Calcaneus 39 . 9  29 . 1  30 . 9  6 1 . 5  4 7  .. 5 5 1 . 3  7 1 . 3  6 5 . 8  69 . 5  7 5 . 0  8 5 . 0  1 2 0  1 30 104 9 7 . 1  124 

. 
1 39 1 5 7  

Distal  tarsus 24 . 9  1 8 . 6  2 0 . 3  38 . 0  3 3 . 4  3 1 . 9  46 . 6  39 . 8  4 6 . 4  4 9 .6 5 1 . 9  68 . 2  68 . 5  5 9 . 6  54 . 2  69 . 6  78 . 8  9 9 . 2  
Metata rsus 94 . 1  65 . 9  7 6 . 6  145 1 1 4 1 1 9  1 7 2  1 7 7  1 7 8  1 8 9  2 1 2 2 7 5  304 2 5 8  240 285 288 357 

Tot a l  subcutaneous ·5 . 86 1 3 . 4  3 . 2 3 105 34 . 4  4 . 5 1  90 . 2  5 8 . 0  66 . 3  7 7 6 1 06 5  1 38 3  1 846 400 54 1 2 0 1 2  3085 4646 
intermuscular 28 . 1  7 3 . 1 2 0 . 6  4 1 2  208 2 2 . 2  311 \ 324 4 1 0  1 8 78 2450 2634 3 5 1 9  2074 2449 5 3 76 5 9 8 1  8 5 7 0  
perirenal fat 2 1 . 3  46 . 5  1 4 . 0  124 102 9 . 02 1 1 1, 1 3 1  1 3 3  804 1 784 964 2 686 1008 726 2 3 2 8  4 769 4646 
channel fat 8 . 0 1 1 7 . 1  2 . 2 3  1 0 3  5 9 . 0  3 . 7 7 36 . 1  95 . 0  46 . 1  1 2 9  296 2 7 1  594 22 5 2 8 7  6 7 2  861. 1 0 9 1  

Udder fat 38 . 8  50 . 0  34 . 8  2 2 7  2 1 2  22 . 7  246 220 345 886 1 000 8 7 8  2093 839 963 1 1 4 9  1 2 8 7  2 0 30 
Cav i t y  fat 0 . 68 1 5 . 2  0 . 88 6 . 86 6 . 04 0 . 1 2 6 . 00 39 . 2  2 0 . 6  1 5 4  1 74 1 4 8  7 2 0  2 2 3  1 4 1  6 3 1  1 0 2 7  8 3 0  
S t e rnal fat 7 . 74 3 . 2 5  3 . 00 5 1 . 4  2 3 . 6  1 1 . 9  1 8 . 6  2 8 . 6  4 3 . 5  1 1 5  1 5 5  160 417 1 4 1  1 26 3 1 7  300 3 7 9  
F a t  on Bone 2 5 . 3  4 3 . 2 2 1 . 0  1 9 0  1 2 0  3 3 . 9  2 1 8  1 89 234 540 5 5 6  6 3 1  408 6 1 2  7 1 5  946 950 1 2 1 5  
Spinal cord rat 1 .  6 1  1 0 . 2  2 . 34 28 . 2  1 7 . 6  5 . 5 3  47 . 4  30 . 3  2 8 . 3  4 8 . 8  46 . 1  4 1 . 1  57 . 3 61 . 7  4 2 . 5  64 . 7  59 . 4  5 5 . 6  

FQ subcutaneous f a t  0 0 1 . 00 39 . 0  9 . 72 0 2 1 . 4  9 . 1 8 1 5 . 0  309 444 5 5 3  8 4 7  1 2 8  1 7 7 7 78 1 2 5 3  1 9 3 3  
FQ l n t e rmuscu lar fat  1 3 . 7  40 . 2  8 . 68 2 2 0  8 7 . 8  1 4 . 6  1 9 5  1 9 0 2 1 8  1 1 69 1 509 1 5 5 2  2 344 1 1 8 7  1 560 3396 3738 5 5 4 1 
FQ f a t  on bone 9 . 66 1 4 . 3  6 . 1 3  1 0 3  64 . 7  9 . 95 1 2 4  IG8 1 2 5  3 7 0  3 4 4  4 1 4  1 7 6  3 7 3  465 6 1 7  598 830 
FQ spinal cord f a t  1 . 00 7 . 39 0 . 9 6  1 6 . 4  1 0 . 4  3 . 05 29 . 9  1 6 . 8  1 6 . 3  2 5 . 7  2 7 . 9  2 3 . 7  1 1 . 0  36 . 8  2 5 . 2  35 . 3  34 . 9  3 3 . 5  

HQ subcutaneous fat  5 . 86 1 3 . 4  2 . 2 3  66 . 4  2 4 . 7  4 . 5 1  68 . 8  4 8 . 8  5 1 . 3  466 620 3 30 999 2 7 1  363 1 2 34 1 8 3 2  2 7 1 2  
HQ intermuscular  fat  14 . 3  3 2 . 9  1 2 . 0  1 92 1 2 1  7 . 59 186 1 34 1 9 1  709 9 4 1  1081 1 1 7 5  8 8 7  888 1 9 80 2242 3029 
HQ f a t  on bone 1 5 . 7  2 8 . 9  1 4 . 8  86 . 5  5 5 . 7  2 4 . 0  9 3 . 5  80 . 7  1 0 9  1 6 9  2 1 2  2 1 6 2 3 2  2 39 249 328 3 5 1  3 84 
HQ sp inal cord f a t  0 . 6 1 2 . 7 8 1 . 39 1 1 . 7 7 . 2 3 2 . 48 1 7 . 4  1 3  . 5  1 2 . 0  2 3 . 1  1 8 . 1  1 7 . 3  2 6 . 3  24 . 9  1 7 . 3  29 . 4  2 4 . 5  2 2 . 1  

FQ Subc u taneous Fat 
1 .  Trapezius 0 0 0 0 . 2 1  0 0 0 0 0 . 5 3 2 1 . 8  3 7 . 6  5 3 . 6  9 5 . 0  1 2 . 3  1 2 . 1  7 1 . 2  1 2 1  307 
2 .  Thoracic 1 1 mb 0 0 0 2 . 2 2  0 . 48 0 1 . 5 1  0 . 42 1 .  1 1  4 2 . 7  2 2 . 9  5 6 . 4  1 2 5  1 6 . 1  29 . 5  100 145 3 6 9  
3 .  La t i s s imus dorsi 0 0 0 4 . 6 5  0 0 0 . 40 0 . 39 0 . 7 3 4 5 . 2  103 169 260 2 0 . 9  2 8 . 6  1 9 3  308 5 56 
4 .  Cutaneus t runc i 0 0 0 6 . 4 7  0 . 60 0 0 0 3 . 24 69 . 6  6 2 . 5  7 2 . 0  1 5 0  1 7  . 2  4 7 . 0  1 1 9 2 1 8  40 2  

- abdominal 
5 .  Pec toral 0 0 0 1 6 . 9  8 . 64 0 1 6 . 7  8 . 3 7 9 . 2 9  6 8 . 8 1 1 6 1 2 1  1 4 5  4 6 . 9  4 9 . 2  2 00 350 232 
6 .  Neck 0 0 0 B . 5 5 0 0 2 . 8 3 0 0 . 1 3 6 1 . 0 t 0 2  80 . 4  7 1 . 5  1 4 . 8  1 0 . 9  94 . 1  108 6 6 . 3  � N 0\ 



APPENDIX 5 :  FEMALE JERSEY CATTLE CARCAS S  DISSECTION DATA (g) 
Ident i f i c a t ion No . 2 3 4 5 6 7 8 9 1 0  1 7  1 2  1 8  1 6  1 1  1 3  1 5  1 4  

Hg Subcutaneous Fat 
I Cu t ane u s  trunci-tensor 4 . 8 6  8 . 62 1 . 2 3  2 6 . 5  1 1 . 6  3 . 5 1. 30 . 8  L9 . 3  2 9 . �  IB9 248 287 460 1 09 1 65 398 602 763 

fasciae latae 
I I  Med ia l  as pec t o f  pelvic l imb 1 . 00 3 . 54 1 . 00 . 1 8 . 6  9 . 94 1 . 00 26 . 6  1 4 . 4  1 4 . 8  1 18 144 202 1 1 3  78 . 2  93 . 3  2 58 2 5 1  387 

III Lat e r a l  aspec t  of pelvic l imb 0 0 0 4 . 7 1  0 0 1 . 1 2  0 0 . 9 1  44 . 1  7 0 . 9  1 0 1  1 2 6  2 1 . 2  2 3 . 4  1 88 4 2 2  5 6 1  
I V  Abdom i nal 0 0 0 8 . 1 9 0 . 68 0 2 . 88 0 0 64 . 6  7 7  . 1  1 5 0  1 5 7  2 9 . 0  39 . 5  1 9 3  3"0 1 ;' 9 7  

V Lon g i s s imus 0 0 0 0 0 0 0 0 0 1 7 . 7  2 4 . 8  1 6 . 8  62 . 0  3 . 1 1  3 . 46 55 . 5  1 0 7  2 6 7  
V I  Per ianal 0 1 . 22 0 8 . 4 3  2 . 5 5  0 7 . 38 5 . 10 5 . 79 3 2 . 3  55 . 2  7 3 . 6  8 1 . 0  30 . 9  3 8 . 6  1 39 1 4 8  2 3 7  

Fg + Hg I n t ermus c u l a r  Fat 
1 .  Axial muscles 2 . 0 7  8 . 34 1 . 02 64 . 4  . 2 3 . 1  2 . 29 67 . 2  4 3 . 2  5 1 . 5  299 496 5 5 1  6 1 3  4 7 5  6 18 1 220 1 1 2 6  2 1 60 
2 .  Ex t r i n s ic musc les 3 . 5 7 1 6 . 0  4 . 9 7  8 3 . 2  32 . 3  '. 5 . 46 50 . 0  6 3 . 7 7 0 . 3  506 5 75 5 1 3  900 2 5 8  4 3 4  1 069 1 4 1 5  1 636 
3 .  Intercostal 1 . 00 4 . 29  1 . 00 1 7 . 9  1 4 . 9  2 . 1 2 25 . 2  39 . 7  38 . 1  1 1 5 1 52 1 72 3 0 1  1 9 2  2 2 4  444 4 9 1  6 7 3  
4 .  Abdominal 1 . 1 4 5 . 34 0 . 29 5 1 . 2  1 5 . 2  0 . 46 30 . 9  8 . 7 3  3 1 . 9 2 58 358 403 450 306 297 843 1 349 1 7 56 
5 .  Sub l umbar 1 . 92 5 . 48 1 . 52 26 . 7  1 9 . 4  0 . 10 24 . 9  2 3 . 8  2 1 . 7  82 . 6  1 4 2  2 0 7  1 0 5  1 2 3  1 1 3 254 2 3 3  329 

6 .  Prox i ma l  thoracic l imb 5 . 8 5  7 . 3 1  2 . 00 2 5 . 8  1 3  . 4  3 . 06 33 . 8  4 1 . 9  3 7 . 2  1 39 1 24 180 320 123  1 90 38 1 288 404 

7 .  D i s t a  1 t horacic l imb 1 . 38 2 . 1 5  0 . 40 6 . 03 3 . 08 1 . 7 1  4 . 45  5 . 3 3  1 4 . 2  1 8 . 3  2 1 . 9  22 . 1  72  . 0  20 . 6  2 3 . 3  24 . 4  2 7 . 8  40 . 3  

8 .  Proximal pelvic l imb 7 . 2 5 1 9 . 8  8 . 05 l O S  68 . 7  6 . 50 1 1 4 8 1 . 7  I I I  355 428 466 630 4 7 7  4 9 5  9 1 2  8 3 3  1 2 52 

9 .  D i s t a l  pelvic l imb 4 . 8 7 4 . 25 2 . 40 3 1 . 6  1 8 . 0  0 . 6 3  30 . 6  1 6 . 3  3 3 . 5  103 1 5 2  1 1 7  1 2 8  96 . 5  5 3 . 9  228 2 1 6  320 

Fg + HQ Bone Fat 
I .  Cerv ica l ,  thoracic , lumbar 1 . 99  5 . 77 0 40 . 1  33 . 6  6 . 95  36 . 1  44 . 2  5 0 . 6  1 3 5  1 84 1 98 1 1 3  1 72 263 280 2 8 7  385 
2 .  Sternum + r ib 1 .  3 7  5 . 25 0 49 . 5  24 . 6  3 .00 69 . 1  4 5 . 2  6 1 . 9 227  1 70 2 5 3  1 00 200 2 1 9  352  3 5 5  556 

3 .  FQ long bones 6 . 29 5 . 22 6 . 1 3  2 3 . 1  1 6 . 6  0 3 1 . 4  2 7 . 4  30 . 9  44 . 5  4 3 . 6  34 . 2  63 . 0  58 . 4  60 . 0  65 . 7  62 . 6  8 7 . 4  

4 .  Pelvic  girdle + sac rum 0 . 3 7 3 . 66 0 1 2 . 3  4 . 74 0 . 5 7  1 8 . 5  1 4 . 6  29 . 8  40 . 2  4 7 . 9  66 . 5  58 . 0  4 3 . 0  46 . 0  90 . 7  8 3 . 2  76 . 0  
5 .  HQ long bones 1 5 . 3  2 3 . 3  1 4 . 8  65 . 4  40 . 7  23 . 4  C3 . 1  5 7 . 6  6 1 . 0 92 . 7  1 1 0 78 . 2  2 3 2  1 39 1 26 1 5 7  1 6 1  \ 1 0  

FQ Fas c i a ,  tendon + l i gament 1 4 4  1 0 9  1 44 302 328 2 3 7  4 3 4  4 7 9  4 14 665 708 780 830 \ 1 2 1  687 1 2 7 9  1 5 50 1 49 1  
HQ . .  1 4 4  1 1 3  1 5 2  328 28 1 2 5 1  447  4 4 7  4 3 1  642 8 7 3  9 0 7  1 06 7  844 \ 1 3 3  1 1 92  1 788 1 894 
Ligamen t um nuchae (C-Tl ) 2 2 . 2  1 6 . 8  2 1 . 9  42 . 5  38 . 6  2 8 . 6  49 . 6  49 . 5  5 1 . 7 65 . 8  74 . 5  86 . 5  1 1 8 8 1 . 3  8 7 . 7  1 0 3  1 1 5 I I I  

(TI -TI 2 ) 1 3 . 1  10 . 3  1 3 . 4  3 1 . 9  2 5 . 9  1 8 . 4  35 . 7  38 . 4  3 3 . 3  4 7 . 3  67 . 6  78 . 2  88 . 0  6 1 . 3  64 . 4  89 . 7  \ 1 2  1 0 1  
Tota 1 " 35 . 3  2 7 . 2  35 . 3  74 . 4  64 . 5  4 7 . 1  85 . 3  87 . 9  8 5 . 0  1 1 3  1 4 2  164 206 142  152  193  228 2 1 3  

Spina l cord 32 . 3  2 3 . 6  32 . 8  4 5 . 3  4 1 . 5  4 1 . 3  56 . 6  5 2 . 5  6 3 . 6  64 . 1  72 . 6  68 . 6  85 . 0  68 . 8  8 5 . 3  1 1 1  1 2 7  1 4 0  
Heart 2 10 1 5 8  1 8 7  3 78 380 280 665 502 ' 697  650 769 7 7 9  1 663 1 397  1 5 6 1  1 6 39 2 005 2 4 3 1  
Lungs 433 262 331  6 7 7  568 443 1 1 20 1 3 1 2  1 7 1 6  1 2 55 1 398 1 369 2559  2 2 2 7  1 5 7 8  2 3 1 2  2965 3750 
Liver 592 654 4 7 2  1 504 1 1 99 964 2064 2287 2260 1 863 2 1 49 3 1 8 2  3 7 38 4376 2 8 7 7  6243 7069 7 346 

Sp leen 7 8 . 0  78 . 5  7 8 . 5  209 205 1 2 1  2 1 9  2 5 3  239 307  370 290 438 3 1 1  397  534 693 8 1 7  
Le f t  K idney 49 . 2  6 1 . 9  4 5 . 3  1 86 1 2 7  87.6 1 72 2 0 1  1 68 1 5 1  IdO 2 70 28S 296 304 363 568 653 
Right Kidney 49 . 0  6 3 . 4  5 1 . 9 1 74 1 2 6  9 1 . 5  1 6 3  1 8 6  1 64 164 1 7 7  288 268 262 274 443 54(, 707 
Stomach 4 1 6  545 372 1 1 44 860 l it i S  4 100 4495 4343 49 1 0  72 1 5  9200 10300 1 0650 1 0900 1 ')000 261 50 3 5650 
In tes t ine 1 1 46 1 255  941  3462 3208 2 682 6900 6246 6253 8572 86 1 7  1 0 1 00 1 4 300 1 2 1 00 1 2600 1 5 1 9 3  2 2 000 3 1 800 

Ut erus 6 . 64 7 . 00 7 . 69 2 7 . 3  1 8 . 3  1 3 . 0  2 1 . 0 2 3 . 0  30 . 0  1 00 207 9 3 . 0  1 80 1 50 1 70 4 372 4835  4000 
Left Ovary 0 . 35 0 . 74 0 . 29 2 . 8 7  1 . 48 1 . 04 1 . 40 3 . 00 3 . 00 4 . 00 5 . 68 4 . 00 2 . 20 2 . 20 3 . 1 9 9 . 06 1 6 . 0  1 6 . 0  
Right ovary 0 . 30 1 . 25  0 . 1 8 1 . 7 1  0 . 89 1 . 3 1  0 . 90 1 . 00 3 . 00 4 . 00 2 . 1 5 5 . 00 5 . 80 5 . 80 4 . 45  2 . 55  1 2 . 0  1 2 . 0 

Coc cygeus 1 .  34 1 . 3 1 1 . 32 4 . 92 5 . 03  2 . 95  7 . 30 9 . 24  8 . 22 7 . 2.1 9 . 47 1 2 . 9  40 6 . 3 7 1 3  . 4  30 . 4  28 . 2  34 . 0  
Lev a to r ani 2 . 05 1 . 89 1 . 03 3 . 24 3 . 25 3 . 90 4 . 66 2 . 44 8 . 09 1 1 . 4  1 5 . 2  1 3 . 7  24  1 7 . 1  2 7 . 4  3 7 . 9  29 . 9  52 . 0  

-
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0000.J 



APPENDIX 5 :  FEMALE JERSEY CATTLE CARCASS DISSECTION DATA (mm) 
Ident i ficat ion No . 

LINEAR MEASUREMENTS 
1 .  Crown-rump 
2 .  Minimum neck girth 
3.  Height at w i thers 
4 .  Width between tuber coxae 
5 .  Wid th between tuber ischii 

Length of cervical vertebrae 
" " thorac i c  

I t  lumbar It 
I I  sacrum , .  

Total length 

Length of caudal vertebrae 

Length of rib 
" If " 2 

2 

680 
3 70 
700 
1 70 

32  

208 
299 
1 50 

83 
740 

44 . 4  

1 12 
1 85 

Scapula:  length 1 89 
width (distal neck) 2 1 . 7  
width (proximal) 89 . 0  

Hume rus: length 

width 

Ulna : 

Radius; 

{ del t o id crest 
mid-shaft 
proximal 
d i st a l  

length 
width 

l ength 
width 

Metacarpus: length 
width 

Mandible: l ength 
hei ght 

Os coxae: betw. tuber isch i i  
betw. tuber coxae 
conj ugate diameter 
t ransverse It 
vert ical 

154 
6 7 . 5  
1 6 . 5  
1 8 . 5  
49 . 6  

1 9 1  
1 0 . 2  

155  
1 2 . 4  

1 5 1  
1 3 . 6  

1 8 3  
9 3 . 8  

36 . 4  
134  

7 7 . 4  
50 . 8  
68 . 4  

3 

655 
360 
600 
1 75 

32  

192  
2 9 1  
1 4 2  

94 . 2  
720 

38 . 1  

1 1 1  
1 7 7  

1 7 5  
1 9 . 5  
80 . 8  

146 
6 2 . 8  
1 5 . 0  
54 . 2  
46 . 8  

1 7 3  
9 . 30 

1 42 
1 0 . 2  

1 3 3  
1 1 .  7 

1 7 3 
86 . 1  

32 . 7  
1 24 

72 . 3  
49 . 6  
5 3 . 6  

4 

700 
300 
640 
1 70 

48 

2 1 5  
2 8 7  
1 4 4  

99 
745 

3 9 . 0  

1 1 5 
180 

1 7 9  
2 0 . 6 
8 3 . 0  

1 5 2  
6 6 . 6  
1 5 . 0  
5 5 . 6  
4 7 . 4  

1 8 6  
1 0 . 0  

1 5 5  
10 . 6  

1 4 3  
1 2 . 7  

1 75 
89 . 8  

42 . 7  
1 36 

74 . 6  
54 . 8  
5 7 . 1  

5 

890 
4 1 2  
790 
270 

75  

260 
403 
205 
1 4 5  

1 0 1 4  

56 . 1  

1 40 
2 3 9  

2 4 1  
2 6 . 5  

1 1 5 

1 92 
89 . 1  
2 0 . 8  
7 5 . 2  
6 3 . 4  

2 32 
1 1 . 5 

1 88 
1 3  . 5  

1 69 
1 5 . 9  

2 2 8  
1 18 

7 2
'
. 9  

1 9 3  
102  

82 . 3  
7 5 . 2  

6 

780 
505 
760 
2 1 2  

65 

2 49 
3 7 4  
1 8 6  
1 2 9  
9 3 8  

5 2 . 4  

1 4 2  
2 1 0  

2 1 0  
2 1 . 6  
9 9 . 5  

1 82 
80 . 8  
20 . 6  
68 . 6  
5 9 . 1  

2 2 2  
1 1 . 5 

1 7 7  
1 2 . 1  

1 60 
1 4 . 4  

208 
1 1 5 

64 . 0  
1 72 
1 00 

72 . 8  
69 . 6  

7 

850 
465 
785 
225 
6� 

243 
3 7 1  
1 8 7  
1 2 4  
9 2 5  

50 . 7  

1 5 1  
220 

222 
2 5 . 7  

105 

1 7 7  
75 . 4  
20 . 0  
6 8 . 4  
59 . 2  

2 1 8  
1 2 . 0  

1 76 
1 2 . 7  

1 5 7  
1 5 . 3  

2 1 0  
1 12 

62 . 3  
1 8 7  

92 . 2  
7 1 . 6  
68 . 5  

8 

1075  
5 1 0  

1000 
3 1 5  

90 

3 1 0  
474 
240 
1 64 

1 18 7  

6 5 . 2  

1 8 5  
2 80 

270 
30 . 0  

1 3 1  

2 1 7  
9 1 . 6  
2 3 . 3  
85 . 1  
66 . 3  

265 
1 2 . 9  

2 1 2  
1 5  

1 79 
1 6 . 5  

244 ' 
1 4 0  

85 . 0  
245 
1 20 

94 . 4  
9 1 .  1 

9 

1 090 
4 9 5  
920 , 
c65 

60 

2 9 2  
4 6 1  
240 
1 6 7  

1 1 60 

6 6 . 0  

1 73 
2 6 5  

2 68 
2 8 . 0  

120 

206 
92 . 9  
2 1 . 3  
8 1 . 6  
6 1 . 5  

2 5 3  
1 0 . 6  

202 
1 4 . 5  

1 75 
1 6 . 3  

242 
1 38 

68 . 9  
235 
1 1 9  

9 2 . 4  
89 . 3  

1 0  

1 05 0  
500 
980 
290 

75 

2 9 7  
468 
2 4 3  
208 

1 2 1 6  

62 . 8  

1 73 
2 7 1  

282 
29 . 4  

1 2 8  

2 1 5  
92 . 4  
22 . 9  
82 . 3  
64 . 8  

263 
1 2 . 4  

2 1 1  
1 4 . 8  

180 
1 6 . 0  

2 4 7  
1 50 

72 . 0  
2 4 7  
1 3 7  
10) 

90 . 3  

1 7  

1 22 5  
6 1 0  
990 
350 
1 00 

345 
503 
265 
1 85 

1 298 

7 3 . 3  

1 9 7  
308 

295 
3 5 . 6  

1 38 

228 
1 0 1  

2 3 . 7  
9 1 . 9 
65 . 1  

283 
1 3 . 2  

2 18 
1 5 . 2  

1 72 
1 7 . 1 

2 72 
1 69 

84 . 0  
2 78 
1 37 

9 7 . 2  
9 7 . 6  

1 2  

1 3 10 
640 

1 0 1 0  
400 
1 00 

344 
547 
282 
205 

1 378 

83 . 5  

200 
29 1 

304 
3 7 . 1  

142  

2 2 7  
99 . 0  
25 . 5  
9 2 . 5  
65 . 6  

2 7 8  
1 5 . 2  

220 
17 . 2  

1 7 9  
1 7 . 7  

2 6 1  
1 6 2  

95 . 2  
2 9 1  
1 4 6  
1 1 9 
1 0 1  

1 8  

1 280 
665 

1 1 10 
380 
1 30 

3 7 2  
553 
285 
202 

1 4 1 2  

79 . 8  

1 2 1  
334 

329 
40 . 4  

1 5 9  

2 3 5  
1 0 5  

29 . 6  
9 7 . 7  
7 1 . 2  

296 
1 6 . 0  

2 2 7  
1 8 . 2  

1 9 1  
2 1 . 0  

294 
169 

1 1 2 
3 1 5  
1 4 5  
1 14 
1 2 1  

Femur ; length 
wid t h  

1 8 9  1 74 1 8 6  2 4 0  2 2 5  222  2 6 9  2 5 8  2 6 4  2 8 6  2 9 7  3 1 0  

Tibia : l ength 
wid t h  

Metatarsus: l ength 
width 

1 6 . 6  1 5 . 8  1 5 . 3  2 0 . 2  1 9 . 3  1 9 . 1  23 . 2  2 1 . 8 23.0 2 7 . 0  2 6 . 2  3 1 . 0  

1 9 6  1 72 1 9 2  238 2 2 7  2 2 2  265 256 266 2 7 7  � 78 294 
1 5 . 1  1 3 . 6  1 5 . 2  1 8 . 9  1 2 . 2  1 7 . 3  1 8 . 5  1 7 . 6  1 8 . 6 , 1 8 . 8  2 i . 8  22 . 3  

1 68 1 4 9  162  1 8 6  1 8 1  1 76 206 202 204 196 2 0 1  2 14 
14 . 8  1 2 . 0  1 3 . 2  1 7 . 7  1 5 . 2  1 6 . 5  1 8 . 5  1 8 . 4  1 8 . 6  1 9 . 0  2 0 . 4  2 4 . 2  

1 600 
655 

1 1 20 
3 1 0  
1 70 

395 
669 
348 
240 

1 652 

1 0 1  

243 
4 1 7  

373  
4 7 . 0  

220 

280 
125 

37 . 0  
1 1 5  

72 . 0  

338 
1 3 . 0  

2 5 3  
22 . 2  

196 
2 2 . 0  

333  
203 

1 86 
385 
1 9 5  
1 4 3  
1 7 3  

1 6  

1 4 2 0  
685 

1 1 80 
430 
1 20 

379 
602 
325 
220 

1 526 

94 . 0  

239 
392 

353 
4 5 . 0  

1 59 

266 
1 20 

29 . 4  
105 

6 9 . 8  

3 1 5  
1 7 . 7  

2 5 1  
1 9 . 2  

196 
1 9 . 8  

32 1 
203 

1 30 
354 
1 64 
1 4 2  
1 4 4  

1 1  

1 4 70 
6 30 

1 1 10 
4 10 
1 2 0  

370 
599 
325 
2 1 9  

1 5 1 3  

1 00 

2 3 1  
363 

355 
4 1 . 9  

1 6 1  

2 3 3  
259' 

2 8 . 9  
' \ 20 
6 7 . 0  

308 
1 4 . 7  

245 
1 8 . 8  

1 8 3  
1 9 . 0  

322  
200 

124 
350 
1 6 1  
1 38 
1 3 5  

1 3  

1 5 5 0  
760 

1 190 
480 
1 4 5  

3 9 5  
6 6 2  
3 5 2  
2 3 1  

1 640 

96 . 6  

2 7 1  
4 2 3  

395 
48 . 6  

1 76 

285 
1 30 

33 . 3  
108 

68 . 9  

340 
1 7 . 0 

268 
24 . 9  

1 94 
2 0 . 9  

349 
2 0 1  

1 50 
404 
1 95 
143  
1 75 

1 5  

1 6 10 
790 

1 2 1 0  
538 
160 

4 2 7  
7 16 
3 7 5  
247 

1 765 

105 

14 

1 750 
820 

1 340 
580 
1 80 

5 1 0  
7413 
385 
245 

1 888 

102 

285 
" . ,., 280 

462 488 

407 
53 . 2  

1 74 

286 
1 37 

34 . 9  
1 1 4 

72 . 0  

34 1 
1 8 . 3  

259 
2 2 . 2  

1 9 1  
2 1 . 7  

352 
220 

1 3 6  
454 
207 
1 6 7  
1 7 7  

4 1 8  
5 8 . 9  

1 9 7  

285 
1 4 1  

39 . 0  
1 1 3  

7 2  . 8  

349 
1 5 . 8  

268 
22 . 8  

199 
2 2 . 5  

358 
2 1 5  

146 
480 
2 2 7  
1 5 7  
1 9 4  

3 7 1  3 3 4  334 3 4 2  360 372  
3 0 . 7 2 7 . 6  29 . 0  3 3 . 5  33 . 8  37 . 3  

340 3 1 7  305 330 340 343 
30 . 0  2 3 . 7  2 3 . 8  2 5 . 6  24 . 2  2 8 . 2  

2 1 8  2 2 5  209 2 1 9  2 1 7  2 3 1  
L3 . 7  2 1 . 7  2 2 . 4  2 5 . 0  2 3 . 3  25 . 5  

..... N 00 



REFERENCES 

Allden , W. G .  ( 1 9 7 0 ) . The effects of  nutr itional deprivation on the 
subsequent productivity of sheep and cattle . Nutrition Abstrac ts 
and Reviews 40 , 1 167-1 184 . 

Allen , C .  E .  ( 1 9 76 ) . Cellularity of adipose t issue in meat animals . 
Federation Proceedings 35 , 2 302-2307 . 

Allen , C . _ -E . ,  Beitz , D .  . ,  Cramer , D .  A .  and Kauffman , R .  G .  ( 1 9 76 ) . 
Biology of fat in meat animals . North Central Regional Research 
Publication No . 234 . College of Agriculture and Life Sciences , 
University of Wisconsin , Madison . 

Anderson , D .  B .  ( 19 7 2 ) . - The cel lular development of  adipose tissue� 
Proceed ings of  the 25th Annual Reciprocal Meat Conference pp . 9-38 . 

Atkinson , T . ,  Fowler , V .  R . , Garton , G .  A .  and Lough , A .  K .  � 1 9 7 2 ) . 
A rapid method for the accurate determinat ion of l ipid in animal 
tissues . Analys t 2l, 562-568 . 

Barr ,  D .  R .  ( 1 9 69 ) . Using conf idence iutervals to test hypotheses . 
Journal of Quality Technology l, 256-258 . 

1 2 9  

Bell , E .  T .  ( 1909 ) . I I . On the histogenesis of adipose tissue of the ox . 
American Journal of  Anatomy 2., 4 1 2-438 . 

Bellows , R .  A . ,  Gibson , R .  B . ,  Anderson , D .  C .  and Short , R .  E .  ( 1 9 7 1a) . 
Precalving body s ize and pelvic area relationships in Hereford heifers . 
Journal of Animal Sc ience 33 , 455-45 7 .  

Bellows , R .  A . ,  Short , R .  E . ,  Anderson , D .  C . ,  Knapp , B .  W .  and Pahnish , 
o .  F .  ( 1 9 7 1b) . Cause and effect relationships associated with calving 
difficulty and calf birth weight . Journal of Animal Science 11, 407-
4 1 5 . 

Bendal l ,  J .  R .  and Voyle , C .  A .  ( 19 6 7 ) . A s t u d y  of the histological 
changes in the growing muscles of  beef animals . Journal of Food 
Technology �, 259-283 . 

Berg , R .  T . , Andersen , B .  B .  and Liboriussen , T .  ( 19 78a) . Growth of 
bovine tissues . 1 .  Genet ic influences on growth patterns of  muscle , 
fat and bone in young bulls . Animal Product ion ��,- 245-258 . 

Berg,  R .  T . )  Andersen , B .  B .  and Libor iussen , T .  ( 19 7 8b ) . Growth of  
bovine t issues . 2 .  Genet ic influences on muscle growth and 
distribution in young bulls . Animal Production '!:2, 5 1-6 1 . 

Berg , R .  T . , And �r s cn , R .  H .  and Libo � iuB sen , T .  ( 1 978c) . Growth of 
bovine t issues � 3 .  Genet ic influences on patterns of  fat growth 
and distribut ion in young bulls . Animal Production '!:2, 63-69 . 

Berg, R .  T . ,  Andersen , B .  B .  and L iboriussen , T .  ( 1 9 78d) . Growth of 
bovine t issues . 4 .  Genet ic influences on patterns of bone growth 
and distribution in y�ung bulls . Animal Product ion �, 7 1-7 7 .  



- -- - - ---

Berg , R .  T .  and Butterfield , R .  M .  ( 1 966) . Muscle : bone rat io and fat 
percentage as measures of beef carcass composition . Animal 
Product ion �, 1 -1 1 .  

Berg ,  R .  T .  and Butt2rfield , R .  M .  ( 1 968) . Growth pat terns of bovine 
muscle , fat anti bone . Journal of Animal Science 2 7 ,  6 1 1 -6 1 9 . 

Berg ,  R .  T .  and Butterf ield , R .  M .  ( 19 7 6 ) . New Concepts of Cattle 
Growth . Sydney Univers ity Press , Press Building , University of 
Sydney . 

Berg ,  R .  T . , Jones , S .  D .  M . , Price , M .  A . ,  Fukuhara , R . , Butterfield , 
R .  M .  and Hardin , R .  T .  ( 1 979 ) . Patterns of carcass fat deposit ion 
in heifers , steers and bulls . Canadian Journal of Animal Science 
59 , 359-366 . 

Berg ,  R .  T .  and Mukhoty,  H .  M .  ( 1970 ) . Lean 
from bulls , steers and heifers of various 
Feeders ' Day Report  .. Department of Animal 
of Alberta , Edmonton . pp . 40-4 1 . 

distribut ion in carcasses 
breeds . 49th Annual 
Science , the University 

I 

Bergstr�m , P .  L .  ( 1 978 ) . Sources of v ariation in muscle weight 
distribution . In Patterns of Growth and Development in Cat t le 
vol . 2 ,  pp . 9 1 - 1 3 1  (ed . H .  De Boer �nd J .  Mar t in)  Current Topics 
in Veter inary Medicine. Martinus Nij hoff  - The Hague . 

Bertalanffy , L .  von ( 1 960) . Principles and theory of 
Fundamental aspects of normal and _n.'llignant growth 
(ed . W .  W .  Nowinski ) Elsevier , Amsterdam . 

growth . In 
pp . l3 7-259 

130 

Black , J .  L .  ( 1 9 74 ) . Manipulation of body composit ion through nutrition . 
Proceedings of the Australian Soc iety of Animal Product ion lQ, 2 1 1-2 1 8 .  

Brady , D .  E .  ( 1 937 ) . A study of the factors influencing tenderness and 
texture of beef . 30th Annual Meet ing of the American Society of  
Animal Product ion pp . 246-250 . 

" Bra'nnHng , E .  ( 1 966 ) . Studies on monozygous cat tle  twins . XVIII .  The 
effect of castration and age of  cas "::rat ion on the growth ra "te , feed 
conversion and carcass traits of Swedish Red and White cattle . Part I 
Lantbruksh�gskolans Annaler �, 329-4 1 5 .  

Bra'nnHng , E .  ( 1 9 7 1 ) .  Studies on monozygous cat tle twins . XXIII . The 
effect of  castrat ion and age of  castration on the development of  
s ingle muscles , bones and special sex characters . Part II 
Swedish Journal of Agricultural Research 1:., 69-78 . 

Broad , T .  E . ,  Davies ,  A .  S .  and Tan , G .  Y .  ( 1 980) . 
study of  the carcass grmvth of the sheep . 2 .  The 
adipose t issues . Animal Product ion ll, 73-79 . 

Pre- and postnatal 
cellular growth of 

Broadbent , P .  J . ,  Ball , c .  and Dodsworth , T .  L .  ( 1 9 76 ) . Growth and 
carcass  characterist ics of purebred and crossbred catt le with sp�c ial 
reference to their carcass lean : bone rat io s .  Animal Product ion �, 
34 1-348 . 

Brody , S .  ( 1945 ) . Linear growth , form and funct ion . In Bioenergetics 
and Growth Chapter 1 7 ,  pp . 5 75-66 3 . Reinhold , New York. 



Brook, C .  G .  D .  ( 1 9 7 8 ) . Cellular growth : Adipose t issue . In Human 
Growth . 2 .  Po stnatal Growth Chapter 2 ,  pp . 2 1-33 . (ed . F .  Falkner 
and J .  M .  Tanner) Plenum Press , New York.  

Bulfer , J .  M .  and Allen , C .  E .  ( 1 9 79 ) . Fat cells and obesity . 
Bioscience �2., 736-74 1 .  

Butterf ield , R .  M .  ( 1 964a) . Estimation of  carcass composition : the 
anat omical approach . In Carcase Composit ion and Appraisal of Meat  
An imals , Technical Conference , University of Melbourne , 1 9 6 3 ,  
pp . 4- 1 0 to 4- 1 3  (ed . D .  E .  Tribe) . East Melbourne : CSIRO . 

1 3 1  

Butterfield , R .  M .  ( 1 964b) . Relat ive growth of the musculature of  the 
ox . In Carcase Composit ion and Appraisal of  Meat Anim&l s ,  Technical 
Conference , University of Melbourne , 1 9 6 3 ,  pp . 7-1 to 7-20 (ed . D .  E .  
Tribe ) .  East Melbourne : CSIRO .  

Butterfield , R .  M .  and Berg , R .  T .  ( 1 966a) . A classification o f  bovIne 
muscles , based on their relative growth patterns . Research in 
Veterinary Sc ience 2., 326-332 . 

But ter f iel d ,  R .  M .  and Berg ,  R .  T .  ( 1 966b ) . Relative growth patterns 
of commercially important muscle groups of cattle . Research in 
VeterInary Science I, 389-393 . 

Butterf ield ,  R .  M .  an May , N .  D .  S .  ( 1 966) . _ Muscles of  the ox . 
University of  Queensland Press , St . Lucia ,  Br isbane , Queensland . 

Callow, E .  H .  ( 1948 ) . Comparat ive studies of meat . I I .  The changes in 
the carcass during growth and fat tening, and their relat ion to the 
chemical compo sit ion of the fatty and muscular tissue s .  Journal of 
Agr icultural Sc ience ,  Cambridge 38 , 1 74- 1 9 9 . 

Callow ,  E .  H .  ( 1962 ) . Comparit ive studies of meat . VIII . The percentage 
of fat in the fatty and muscular tissues of steers and the iodine 
number of  the extracted fat , as affected by breed and level of 
nut rition . Journal of Agricultural Science , Cambridge 5 8 ,  295-307 . 

Carrol l ,  F .  D . ,  Clegg , M .  T .  and Kroger , D .  
ist ics of Holstein and Hereford steers . 
Science ,  Cambr idge �, 1 -6 . 

( 1964) . Carcass character
Journal of Agricultural 

Cassens , R .  G . ,  Cooper , C .  C .  and Morita , S .  ( 1969 ) . Dif ferent iation of  
muscle fibers dur ing growth and development . Proceedings of the 22nd 
Annual Reciprocal Meat Conference . pp . 1 0 1- 120 . 

Clark ,  R .  G .  and Tarttel in ,  M .  F .  ( 1 9 7 6 ) . �n accurate method for the 
preparat ion and analysis of the composit ion of animal t issue . 
Physiology and Behaviour ll, 3 5 1 -352 . 

Close , R .  I .  ( 1 9 72 ) . Dynamic proper t ies  of  mammal ian skeletal muscles . 
Phys iological Reviews �, 129-1 9 7 . 

Colomer-Rocher , F . , Bass ,  J .  J .  and Johnson , D .  L .  ( 1 9 80 ) . Beef carcass 
conformat ion and some relat ionships with carcass composition and 
muscle dimensions . Journal of Agricultural Sc ience , Cambridge 94 , 
69 7-708 . 



�- ---------------

Cornforth , D .  P . , Hecker , A .  L . ,  Cramer ,  D .  A . ,  Spindler , A .  A .  and 
Mathias , M .  M .  ( 1 9 80 ) . Maturity and its  relat ionship to muscle 
characteristics of  cat t le .  Journal o f  Animal Science 50 , 75-80 . 

Culling , C .  F .  A .  ( 1 974 ) . 
chemical techniques . 

Handbook of Histopathological and Histo
Third edit ion , Butterworths . 

1 3 2  

Davies ,  A .  s .  ( 1 97 2 ) . Postnatal changes in the histochemical f ibre 
types of  porcine skeletal muscle . Journal of  Anatomy 1 1 3 ,  2 1 3-240 . 

Davies ,  A . .  S .  ( 1 9 74a) . A comparison of  t issue development in Pietrain 
and Large White p igs from birth to  64 kg live weight . 1 .  Growth 
changes in carcass composition . Animal pro�uct ion. �, 367-3 76 . 

Davies , A .  s .  ( 19 74b) . A comparison of t issue development in Pietrain 
and Large White p igs from b irth to 64 kg l ive weight . 2 .  Growth 
changes in muscle distribution . Animal Product ion �, 37 7-387 . 

Davies , A .  s .  ( 19 79 ) . Musculoskeletal growth gradient s :  A c0nt ribut ion 
to quadrupedal mechanics . Zentralblatt fUr VeterinHrmediz in C .  
Anatomie Histologie Embryologie �, 1 64- 1 6 7 . 

Davies , A .  S .  and Gunn , H .  M .  ( 1972 ) . Histochemical f ibre types . in the 
mammal ian diaphragm .  Journal of Anatomy 1 1 2 ,  4 1-60 . 

Davies ,  A .  S .  and Kallweit , E. ( 1 9 7 9 ) . The effect of  body weight and 
maturity on the carcass composit ion of the pig . Zeit schr ift fUr 
Tierztlchtung und Ztlchtungbiologie �, 6- 1 7 .  

Davies , A .  S . ,  Pearson , G .  and Carr , J .  R .  ( 1980) . The carcass  
compos it ion of  male , castrated male and female pigs resulting from 
two levels of feeding . Journal of  Agricultural Sc ience , Cambridg� 
( In pc-ess ) . 

Davies ,  A .  S .  and Pryor , W .  J .  ( 19 7 7 ) . 
of dissectable and intramuscular fat 
Science , Cambridge �, 2 5 7-26 6 .  

Growth changes in the distribut ion 
in pigs . Journal of Agricultural 

De Luca , H .  F .  and Cohen , P .  P .  ( 1 964) . Suspending media for animal 
t issues . In Manometric Techniques . pp . 1 3 1 - 1 3 3 .  (ed . W .  W .  Umbreit , 
R .  H .  Burris and J .  H .  Stauffer ) Burgess Publishing Co . ,  Minnesota . 

Dijkstra , M. ( 1 9 7 9 ) . Factoren die invloed hebben op de verdeling van 
het vetweefsel over verhillende vetdepots in runderkarkas sen . 
(Factors affecting the d istribut ion of fatty t issues between several 
fat depots in bovine carcass)  Rapport B- 138 Inst ituut voor 
Veeteeltkund ig O'1.derzoek ' Schoonord ' Driebergseweg 10D-Zeist 
(Netherlands ) . 

Elsley , F .  W .  H . ,  McDonald , I .  and Fowler , V .  R .  ( 1 9 64 ) . The effect of  
plane of nutrit ion on the  carcasses of pigs and lambs when variat ions 
in fat content are excluded . Animal Produc tion �, 1 4 1 - 1 54 . 

Enser , M .  and Wood , J .  D .  ( 1 9 78 ) . The development of adipose tissue in 
cattle . In Patt erns of Growth and Development in Cat t l e ,  vol . 2 ,  
pp . 243-253 (ed . H .  De Boer and J .  Martin)  Current Topics Veterinary 
Medicine . Mart inus Nij hoff - The Hague . 



Enser , M .  B . , Wood , J .  D . ,  Restall , D .  J .  and MacFie , H .  J .  H .  ( 19 76 ) . 
The cellularity of adipose t issue from pigs of different weights . 
Journal of Agricultural Sc ience , Cambridge �> 633-638 . 

133 

Faulkner ,  L .  C .  ( 1 9 7 1 ) .  Male reproduct ion . In Veterinary Endocrinology 
and Reproduc tion . Chapter 9 ,  pp . 1 55 -205 (ed . L .  E .  McDonald ) . Lea 
and Febiger , Philadelphia . 

Fidanza , F . , Keys , A .  and Anderson , J .  T .  ( 1953) . Density of body fat 
in man and o ther mammals . Journal of Applied Physiology i, 2.52-256 . 

Fourie , p .. D . ,  Kirton , A .  H .  and Jury , K .  E .  ( 1 970) . Growth and 
development of sheep . II . Effect of breed and sex on the growth 
and carcass composition of the Southdown and Romney and their cross . 
New Zealand Journal of Agricultural Research 1 3 , 753-770 . 

Fowler , V .  R . , Taylor,  A .  G .  and Livings tone , R .  M .  ( 1969 ) . Nutritional 
impl ications of differences in t issue growth due to sex . In Meat 
Product ion from Entire Male Animals . pp . 5 1 -6 1 . (ed . D .  N Rhodes ) . 
Churchil l ,  London . 

Gail i .  E .  S .  E .  ( 1 9 7 8 ) . A note on the ef fect of breed-type and sex on 
the distribution of intennuscular fa t . in · carcasses of sheep . 
Animal Product ion �, 2 1 7-2 19 . 

Gauthier , G .  F .  ( 1 9 7 1 ) . The structural and cytochemical heterogeneity 
of  mammalian skeletal muscle f ibers . In Contrac tility of Muscle Cells 
and Related Processes . pp . 1 3 1- 150 . Symposium of the Society o� 
General Phys iologist s .  (ed . R .  J .  Podolsky) Englewood Cliffs ,  �ew 
Jersey : Prentice-Hall , Inc . 

Getty ,  R .  ( 1 9 75 ) . Sisson and Grossman ' s  "The Anatomy of  the Domestic_ 
AnimaJ-s" Volume 1 .  Fifth edition . W .  B .  Saunders Company, 
Philadelphia . 

Goldrick, R .  B .  ( 1 9 6 7 ) . Horphological changes in the adipocyte during 
fat deposi tion and mobilization . American Journal of Physiology 
2 1 2 ,  7 7 7-782 . 

\ 
Goldspink , G .  ( 1 9 72 ) . Postembryonic growth and diff��entiat ion of  

striated muscle . In The Structure and Func�ion- o� Muscle . Second 
edition . Volume 1 ,  pp . 1 79-236 (ed . G .  H .  Bourne) Academic Press , 
New York . 

Hammond , J .  
in the Sheep . 

( 1 932 ) . Growth and the Development of Mut ton Qualities 
Oliver and Boyd , Edinburgh . 

Hankins , O .  G . ,  Knapp, B ,  Jr . and Phillips , R .  w .  ( 1 943 ) . The muscl e
bone ratio as an index of merit in beef and dual-purpo�e cattle . 
Journal of Animal Science �, 42-4 9 . 

Hansson , I . , LundstrBm, K .  and Malmfors , B .  ( 1 9 75 ) . Effect of sex and 
weigrt on growth , feed efficiency and carcass characteristics of pigs . 
2 .  Carcass character istics of  boars , barrows and gil t s ,  slaughtered 
at four different weights .  Swedish Journal of  Agricultural Research 
�, 69-80 . 



Haugebak , C .  D . , Hedrick , H .  B .  and Asplund , J .  M .  ( 19 74 ) . Adipose 
t issue accumulat ion and cellularity in growing and fattening lambs . 
Journal of Animal Science 39 . 10 16- 1025 . 

Hegarty , P .  V .  J .  ( 1 9 7 1 ) . Muscle f iber growth and deve] opment . 

1 3 4  

Proceedings of the 24th Annual Rec iprocal Meat Conference pp . 3 1 9 -344 . 

Holloszy , J .  O .  and Booth , F .  W .  ( 1 9 7 6 ) . Biochemical adaptat ions to 
endurance exercise in muscle . Annual Review of Phvsiology �, 2 73 
-29 1 . 

Holmes � J .  H .  G .  and Ashmore , C .  R .  ( 1 9 72 ) . 
development of muscle f iber type and s ize  
muscledl l  cattle . Growth �, 35 1-372 . 

A histochemical study of 
in normal and "double 

Hood , R.  L .  ( 1 9 7 7 ) . Cellularity of  adipose t issue during post-natal 
development . Proceed ings of the Nutrit ion SocietY df Australia 
�, 43-52 . 

Hood ,  R .  L .  and Allen , C .  E .  ( 19 7 3 ) . Cellularity of bovine adipose 
t issue . Journal of  Lipid Research �, 605-6 1 0 .  

Hood , R .  L .  and Thornton ,  F .  F .  ( 1 9 7 9 ) . The cellularity o f  ovine 
adipose t issue . Australian Journal of Agricultural Research 30 , 
153- 1 6 1 . 

Hooker , C .  W .  ( 1944 ) . 
interst i t ial cells 
Ana�omy 1!!..., 1-3 7 . 

The postnatal history of  funct ion of the 
of the testis of  the bull . American Journal vf 

Huxley , J .  S .  ( 1924 ) . Constant different ial growth-rat ios and their 
sign ificance . Nature 1 1 4 ,  895-896 . 

Huxley , J .  S .  ( 1 932 ) . Problems of Relative Growth . Metheun , London . 

Johnson , E .  R .  and Beat t ie , A .  W .  ( 1 9 7 3 ) . Variat ion in muscle f ibre 
diameter among sect ions and intra- sect ions and between contralat eral 
muscles in seven bovine muscles .  Journal of Agricultural Sc ience , 
Cambridge �, 9-14 . � / 

Johnson , E .  R . , Butterfield , R .  M .  and Pryor , W .  J .  (r9 il ) . Studies of  
fat dist ribution in the  bovine carcass . I .  The partit ion of  fatty  
t issues between depots . Australian Journal of  Agr icultural 
Research �, 38 1-388 . 

Jones ,  S .  D .  M . , Price , M .  A .  and Berg , R .  T .  ( 1 9 7 8 ) . Effects of  breed 
and sex on the relat ive growth and distribut ion of bone in cat t le . 
Canadian Journal of Animal Science 58 , 157- 165 . 

Jones ,  S .  D .  M . , Price , M .  A .  and Berg ,  R .  T .  ( 1 980) . Tissue growth 
and distribut ion in bulls  and heifers of two breeds . 59th Annuai 
Feeders ' Day Report , Agriculture and Forestry Bulletin ,  University  
of Al0erta , Edmonton . pp . 26-29 . 

Joubert , D .  M .  ( 1 956 ) . An analys is of  factors 
growth and development of  the muscle f ibre . 
Science , Cambridge �, 5 9- 1 02 . 

influencing post-natal 
Journal of  Agr icultural 



Jury , K .  E . ,  Four ie , P .  D .  and Kirton , A .  H .  ( 1 9 7 7 ) . Growth and 
development of sheep . IV . Growth of the musculature . New Zealand 
Journal of  Agricultural Research �, 1 15-12 1 .  

Kempster , A ,  J . , Avis , P .  R .  D .  and Smith ,  R .  J .  ( 1976 ) . Fat 
distribut ion in steer carcasses of different breeds and crosses 2 .  
Distribut ion between j o int s .  Animal Product ion �, 223-232 . 

Kempster , A .  J . , Cuthbert son , A .  and Harrington , G .  ( 1 9 7 6 ) . Fat 
distribut ion in steer carcasses of different breeds and crosses 1 .  
Dist ribut ion between depots . Animal Product ion �, 25-34 . 

Kempst er , A .  J . ,  Cuthbert son , A .  and Smith , R .  J .  ( 1 9 7 6 ) . Variat ion 
in lean distribut ion among steer carcasses of different breed s and 
crosses . Journal of Agric.ultural Science , Cambridge §2, 533-542 . 

Kirtland , J .  and Gurr , M .  T .  ( 1 9 7 9 ) . Adipose t issue cellularity : a 
review 2 �  The relat ionship between cellularity and obesity . 
Internat ional }ournal of Obesity 1, 15-55 . 

. 

1 3 5  

Knittle , J .  L .  ( 1 9 7 8 ) . Adipose t issue development in man . In Human 
Grmvth . 2 .  Postnatal Grmvth Chapter 1 1 ,  pp . 295-3 1 5 . (ed . F .  Falkner 
and J .  M .  Tanner )  Plenum Press , New York . 

Kuchakian , C .  D .  ( 1 966 ) . Regulat ion of  muscle growth hy androgens . In 
The Phys iology and Biochemistry of Muscle as a Fciod . pp . 8 1- 1 1 2 (ed . 
E .  J .  Briskey , R .  G .  Cas sens and J .  C .  Trautman) The University of 
Wisconsin Press , Madison . 

Krotkiewski , M . , Sj Ustr�m, L . ,  Bj 8rntorp , P .  and Smith , U .  ( 19 7 5 ) . 
Regional adipose t is sue cellularity in relat ion to metabolism in 
young and middle-aged women . Metabclism , Clinical and Experimental 
�, 703- 7 10 . 

Laster , D .  B .  ( 19 74 ) . Factors affect ing pelvic size and dystocia in 
beef cat t le . Journal of Animal Science 38 , 496-503 . 

Lee , Y .  B . ,  Kauffman , R .  G .  and Grummer ,  R .  H .  ( 1 973a) . Effect of early 
nut r it ion on the development of adipose t issue iIl-- tne pig . 1 .  Age 
constant basis . Journal of Animal Science 3 7 ,  1 3 1 2 - 1 3 1 8 .  

- \  
Lee , Y .  B . , Kauffman , R .  G .  and Grummer , R .  H .  ( 1 9 7 3b) . Effect o f  early 

nutrit ion on the development of adipose t issue in the pig .  1 .  Weight 
constant bas is . Journal of Animal Scienc� 12., l 3 19- l325 . 

Lemonnier ,  D .  ( 1 9 7 1 ) . Sex difference in the number of adipose cells 
from genet ically obese rat s .  Nature (London) 23 1 ,  5 0 .  

Lemonnier , D .  ( 1 9 7 2 ) . Effect of age , sex and s ite on the cellularity of 
the adipose tissue in mice and rat s rendered obese by high-fat d iet . 
Journal of Cli�ical Investigat ion �, 2907-29 1 5 . 

Lohse , C .  L .  ( 1 9 73 ) . The influence of sex on muscle growth in Merino 
sheep . Grmvth ].2., 1 7 7-187 . 

Lohse , C .  L . ,  Moss ,  F .  P .  and But t erfield , R .  M .  ( 1 9 7 1 ) .  Growth patterns 
of mus cles of Merino sheep from b irth to 5 1 7  days . Animal Product ion 



.!l, 1 1  7 -12  6 . 

136 

Lorch , E.  and Rentsch , G .  ( 1969 ) . A simple method for staining and 
counting isolated adipose t issue fat cell s .  Diabetologia l, 356-35 7 . 

Malina , R .  M .  ( 1 978) . Growth of muscle t issue and muscle mass . In 
Human Growth.  2 .  Postnatal Growth . , Chapter 10 , pp . 2 73-294 (ed . F .  
Falkner and J .  M .  Tanner )  Plenum Pres s ,  New York . 

McClelland , T .  H . " Bonait i ,  B .  and Taylor ,  S t . C .  S .  ( 19 7 6 ) . 
diffe�ences in body composition of equally mature sheep . 
Product ion 2 3 ,  2 8 1 -293 . 

Breed 
Animal 

McDonald , L .  E .  ( l 9 7 1 ) . Pat terns of reproduction . In Veterinary 
Endocrinology and Reproduction . Chapter 1 2 , pp . 325--350 (ed . L .  E .  
McDonald ) Lea and Feb i ger , Philadelphia . 

McMeekan , C .  P .  ( 1940) . Growth and development in the pig , with special 
reference to carcass quality characterist ics . Journal of 
Agticultur'al Sc}ence ,  Cambridge 3 0 ,  2 76-343 . 

Meat and Livestock Commission ( 1 9 75 ) . Progress on beef carcass class
ficat ion . Marke t ing and Meat Trade Technical Bulletin No . 22 . Meat 
and Livestock Commission , Bletchley , Bucks . 

Medawar , P .  B .  ( 1950) . A discussion on the measurement of growth and 
form :  Transforma tion of shape . Proceedings of the Royal Societv of 

, London B 1 3 7 , 4 74 -479 . 

Mel ichna , J . ,  Gutman , E . , HerbrychoyA,-A . and S tichova , J .  ( 19 7 2 ) . 
Sexual dimorphism in contraction prop�rties and f ibre pat tern of the 
flexor carpi radialis muscle of the fr6g (Rana temporaria L . ) . 
Exp�rientia 2 8 ,  89-9 1 . 

) 
Merkel , R .  A . , Spooner , M .  E . ,  Emery , R .  S . ,  Romsos ,  D .  R .  and Parr , A .  

F .  ( 1 9 73 ) . Cellularity of ovine subcutaneous , adipo se-tissue . 
Journal of Animal Science 1I, 268 (Abstrac t No . 1 54 ) . 

Moody , W .  G . , Kemp , J .D . ,  Mahyuddin , M . , Johnston ,  D .  M .  and Ely, D .  G .  
( 1 980) . Effect of feeding systems , slaughter weight and sex on 
histological properties of lamb carcasses . Journal of Animal Science 
50 ,  249-256 . 

Moody,  W .  G . ,  Tichenor,  D .  A . , Kemp , J .  D .  and Fox , J .  D .  ( 1970 ) . 
Effects of \ve igh t ,  castrat ion and rate of gain on muscle fiber and 
fat  cell diameter in two ovine muscles . Jourr.al of Animal Science 
l!.., 676-680 . 

Moulton , C .  R .  ( 1923 ) . Age and chemical development in mammals .  
Journal of Biological Chemistry 21.., 79-9 7 . 

Mukho ty , H .  and Berg , R .  T .  ( 1 97 1 ) . Influence of  breed and sex on the 
allometric growth pat terns of maj or  bovine t issues . Animal 
Product ion .!l, 2 19-22 7 .  

Mukhoty,  H .  and Berg , R .  T .  ( 19 73 ) . Influence of breed and sex on 



muscle weight distribution of cattle . Jotirnal of Agricultural 
Sc h�nce , Carilbr idge �, . 3 1 7-326 . 

Mukhoty ,  H .  and Berg ,  R .  T .  ( 1 9 74 ) . Influence of breed and sex on , 
growth patterns and linear relationship among maj or bovine tissues . 
1 st World Congress on Genetic� Appl ied to Livestock Production . 
Madrid , Spain . pp . 839-84 9 .  

Murray , D .  M . , Tulloh , N .  M .  and \.Jinter , W .  H .  ( 1 9 74 ) . Effects of  
three different growth rates  on  empty body weight , carcass we ight 

1 3 7  

and dissected carcass composition of  ca ttle . Journal of Agricultural 
Science ,  Cambridge �, 535-54 7 .  

NevlJ le ,  W .  E . , Jr . ,  Smith , J .  B . , Mullinix , B .  G . ,  Jr . ,  and McCormick , 
W .  C .  ( 1 9 78 ) . Relat ionships between pelvic dimens ions , be tween 
pelvic dimensions and hip height and estimates of heritabilities . 
Journal of Animal Sc ience �, 1 089-1094 . 

New Zealand Meat Producers Board ( 1 9 75 ) . Hew Zealand expor t meat grades . 

Padykula,  H .  A .  and Herman , E .  ( 1 955) . The specificity of  the histo
chemical method for adenosine triphosphatase . Journal of Histochem
istry and Cytochemistry 2, 1 70- 195 . 

Peter , J .  B .  ( 1 9 7 1 ) . Histochemica l ,  biochemical and physiological 
studies of skeletal muscle and i ts adaptat ion to exercise . In 
Contractility of Muscle Cell s and Related Processes .  pp . 1 5 1-1 7 3 .  
Symposium o f  the Society o f  Genera.'. Physiologist s .  (ed . R .  J .  
Podolsky) Englewood Cliffs , New Jersey : Prent ice-Hall , Inc . 

Preston , T .  R .  and Willis , M .  B .  ( 1 9 74 ) . Intensive Beef Production . 
Second edit ion . Pergam�Pr�s s ,  Oxford . 

( . � 
Robelin , J .  ( 1 9 7 8 ) . Developpement differentiel du squelette chez les 

bovins . Annales de Biologie an imale, Biochemie , Biophysique �, 1 -4 . 

Robertson , D .  D .  and Baker ,  D .  D .  ( 1 933) . Histological differences in 
the muscles of  full , half and rough fed steers . Agricltural 
Experiment Station , Research Bullet in No . 200 . College of Agriculture , 
University of Missouri .  

Russel , W .  s .  ( 1 9 75 ) . The growth o f  Ayshire cattle : An analysis of 
l inear body measurement s .  Animal Product ion �, 2 1 7-226 . 

Schan , I .  ( 1 9 78 ) . The development of  fat cells in different anatomical 
posit ions in carcasses of young bulls , heifers and cow-heifers . In 
Patterns of Growth and Development in Cattle vol . 2 .  pp . 255-265 
(ed . H .  De Boer and J .  Martin)  Current Topics in Veterinary Medicine . 
Martinus Nijhoff -· The Hague . . 

Seebeck , R .  M .  ( 19 6 7 ) . Developmental growth and body weight loss of 
cattle . I .  Experimental design , body weight growth , and the effeC'ts  
o f  development growth and body we ight loss on  the dressed carcass and 
the offal . Australian Journal of AgLicultural Research �, 10 15-103 1 . 

Seebeck , R .  M .  ( 1968 ) . Developmental studies of  body composition . 
Animal Breeding Abstract s �, 1 6 7- 1 8 1 .  



Seebeci.<. ,  R .  H .  ( 1 9 73a) . The ef fec t of body-\veight loss on the 
composition of Brahman cross and Afri cander cross steers . 1 .  Empty 
body weight , dressed carcass weight and offal components . Journal 
of Agr icult�ral Sc ience , Cambridge 80 , 201-2 10 . 

, 138 

Seebeck, R. M. ( 1 9 73b ) . The effect of  body-weigh t  loss  on the 
compos it ion of Brahman cross and Africander cross steers . II . 
Dissected eomponent s of the dressed carcass . Journa l of Agricultural 
Science , Cambri� 80 , 4 1 1 -423 . 

Seebeck , R :  M .  and Tulloh , N .  M .  ( 1968a) . Developmental growth and 
body weight loss of cattle . I I . Dissected components of commercially 
dressed and j o inted carcass . Austral ian J6urrtal of Agr icultural 
Research .1 9 ,  4 7 7 -495 . 

Seebeck , R .  M .  and Tulloh , N .  M .  ( 1 968b) . Developmental growth and 
body weight loss of cattle . I I I .  Dissected components of the 
commercially dressed carcas s ,  following anatomical boundaries . 
Aust ralian Journal of Agricultural Research �, 67 3-688 . 

Sj Hstr8m, L . , Bj 8rntorp , P .  and Vrana , J .  ( 1 9 7 1 ) . Microscopic fat cell 
size measurements  on frozen-cut adioise tissue in comparison with 
automatic determinations of osmium-f ixed fat cells . Journal of Lipid 
Research �, 52 1-530 . 

Sj8str8m , L . , Smith , U . ,  Krotkiewski , M.  and Bj 8rntorp , P .  ( 19 7 2 ) . 
Cellularity in different regions of  adipose tissue in young men and 
womeIi . Metabolism .?l., l l/f3- 1 l53 . 

Smu t s ,  M .  M .  S .  ( 1 9 76 ) . Areas of muscular attachment and their corre
lation with foraminous areas of the cervical vertebrae of the ox 
(Bos taurus L . ) . Zent ralblatt fUr VeterinMrmed iz in C .  Anatomie 
Histologie Embryologie �, 253-2 66 . 

Snedecor , G .  W .  and Cochran , W .  G .  ( 1 9 6 7 ) . Statist ical Methods . Sixth 
edit ion . Iowa State University Press , Ame s ,  Iowa , U . S . A .  

Spencer ,  R .  P .  ( 1 968 ) . Changes in test icular allometric growth curves . 
Yale  Journal of Biology and Medicine 40 , 3 1 3-3 1 9 .  

Spindler , A .  A . , Mathias , M .  M .  and Cramer ,  D .  A .  ( 1 9 80 ) . Growth changes 
in bovine muscle f iber types as influenced by breed and sex . Journal 
of  Food Science �, 29-3 1 . 

S taun ,  H .  ( 1 963 ) . Va.rious factors affecting number and size of muscle 
fiber s in the pig . Acta Agriculture Scandinavica Q, 2 93-322 . 

Tan , G .  Y .  and Davies , A .  S .  ( 1980) . Growth of muscle in male  and female 
cattle . Journal of Anatomy 1 3 0 ,  204 (Abstract )  

Thompson , D ' A .  W .  ( 1 9 1 7 ) . On the theory of  transforma t ions , or the 
comparison of  related forms . In On Growth and Form Chapter 1 7 ,  
pp . 1 026-1095 . Second edition , 1942 . University Press , Cambridge . 

Truscot t , T .  G . , Lang , C .  P .  and Tulloh , N .  M .  ( 19 7 6 ) . 
body composition and tissue distribut ion of  Friesian 
Journal of Agricultural Science , Cambrid� �, 1 -4 .  

A comparison of  
and Angus steers . 



Truscott , T .  G . , Wood ,  J .  D .  and Denny , H .  R .  ( 1 980) . Growth and 
cellularity of fat depo ts in Brit ish Friesian and Hereford cattle . 
2-6th European Meet in8... of Meat  Research Wcirkers , Colarado Springs , 
1 980 , Colarado , U . S . A .  Pa� A-2 , pp . 6-9 . 

1 3 9  

Tulloh , N .  M .  ( 1 964 ) . The carcass compos ition of sheep , ca t tle and pigs 
as  funct ions of body we ight . In Carcass Composition and Appraisal of 
Meat Animals , Technical Conference , University of Melbourne , 1 963 , 
pp . 5-1  to  5-30 (ed . D .  E .  Tribe ) .  East Melbourne : CSIRO . 

Vaughan , H� S . ,  Az iz-ullah , Goldspink , G .  and Nowell , N .  W .  ( 19 74 ) . Sex 
and stock differences in the histochemical myofibrillar adenosine 
triphosphatase react ion in the soleus muscle of the mouse . Journal 
of Histchemistry and Cytochemistry 22 , 155-159 , 

Vezinhet ,  A .  and Prud ' hon , M .  ( 1 9 7 5 ) . Evclut ion of various ad ipose 
depOS i ts in growing rabbits and sheep . Animal Product ion �, 363-370 . 

Walker ,  D .  E .  ( 1 9 6 1 ) . A study of the growth an d development -of Jf' �sey 
cattle . I .  A new carcass dissec t ion technique . New Zealand Journal 
of Agr icultural Re search �, 99- 1 22 . 

Williams , D .  R .  and BergstrUw, P .  L .  ( 1 9 76 ) . Anatomical j oin t ing,  
t issue separat ion and weight recording proposed as the E . E . C . 
standard method for beef . Memorandum prepared for the Scientific 
Sub-Group "Carcass and Meat Qual ity" of the E . E . C .  - Programme for 
Co--ordinat ion of  Re search on Beef Product ion . pp . 1 -27 . 

Wilson , L .  L .  ( 1 9 7 3 ) . - Effec t s  of s ire , calf sex and age , and age of 
dam on hirth weight and body dimensions at one and three days of age . 
Journal of Animal Science )6 , 452-456 . 

Wilson , L .  L . ,  Roth , H .  B . ,  Ziegler , J .  H .  and Sink , J .  D .  ( 1 9 7 7 ) . 
Bovine me tacarpal and metatarsal dimensions : Sex effects , heritability 
estimates and relation to growth and carcass characteristics . 
Journal of Animal Sc ience 44 , 932-9 38 . 

Wood , J .  D . ,  Enser ,  M .  B .  and Restall , D .  J .  ( 1 9 75 ) . Fat size in 
Pietrain and Large White pigs . Journal of  Agricultural Sc ience , 
Cambridge 84 , 22 1-225 . 

Wood , J .  D . ,  Enser , M .  B .  and Restall , D .  J .  ( 1 9 78 ) . The cellularity of  
backfat in growing pigs and its relationship with carcas s  composition . 
Animal Product ion �, 1- 10 . 

Yeates ,  N .  T .  M .  ( 1964) . Starvat ion change and subsequent recovery of  
adult beef muscles . Journal of  Agricultural Sc ienc e ,  Cambri� g, 
267-2 72 .  


	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20104
	20105
	20106
	20107
	20108
	20109
	20110
	20111
	20112
	20113
	20114
	20115
	20116
	20117
	20118
	20119
	20120
	20121
	20122
	20123
	20124
	20125
	20126
	20127
	20128
	20129
	20130
	20131
	20132
	20133
	20134
	20135
	20136
	20137
	20138
	20139
	20140
	20141
	20142
	20143
	20144
	20145
	20146
	20147
	20148

