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ABSTRACT 

Thirty-six 6-8 month South-down ram lambs, 18 each from the high and low-backfa t 

selection lines established at Massey University in 1976, were used in this study to evaluate 

some carcass corn position characteristics. 

Animals were randomly allocated within lines within sire groups into three lots of 12 

rams  each and were housed in metabolism crates on a lucerne chaff diet (1.3 maintenance) .  

Af ter a 10-day adjustment period, an  intravenous urea challenge was administered t o  the 

animals  ( 120 mg/kg LW) and blood samples were collected before and after the infusion . 

R a m s  were slaughte red within 5 - 7  days of the u rea cha llenge and half - carcasses were 

separated into soft-tissue and bone. 

Differences in body compo si t ion between the se lect ion l ines were greatest for 

measures of fa tness .  They were found to a lesser ex tent in some other characteristi cs ,  

especially those that have been reported prev iously to have posit ive or nega tive genetic 

correlations with backfat depth . Thus. carcasses from the high -backfat line, when compared 

a t  the same carcass weights had signif ican tly greater fa t depths a t  C. J, GR,  S2 and L3, by 

56.7 %,  37.1%, 26.1%, 33.3% and 51%, respectively. The high-backfat line group also had 

significantly greater amounts of kidney fat, higher chemically analysed fat percentage in the 

ca rcass soft-tissue, larger intermuscular fat cell diameter, shorter carcasses, lighter heart and 

liver weigh ts,  deeper (B) and narrower (A) cross sections of M. longissimus, and slightly 

higher (P < 0. 10) dressing-out percentages .  

Moreover, at the same carcass weight, the results of the current study agree well with 

previous studies in showing that fatter lambs had a higher proportion of the fatter cuts (rack 

cuts)  and a lower proportion of the leaner cuts  ( shoulder cut s ) .  The high-backfat l ine 

a n i ma l s  a l s o  h a d  l igh t e r  t o t a l  s ide bone w e ight ,  and s h o r t e r  l e n g t h s  and sma l le r  

circumferences of the humerus, radius & ulna, femur and tibia b ones in  the carcasses, which 

agrees with the negative genetic or phenotypic correlations reported elsewhere between 

backfat thickness and bone weight,  bone percentage or bone length in sheep. 
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At the same total side bone weight, l ine effects on bone distribution in the current 

study were less marked than the previous work with 17-month-old rams, with significantly 

higher weight s  of bone in the rack cut, lower weights  of bone in the leg cut and lighter 

h u merus and femur bone weigh ts for the carcasses of the high-backfat  line.  Shoulder cut 

bone weight in the present study d id not differ between selection lines and the difference was 

in  the opposite direction for the total leg bone cut compared with older rams  in the previous 

s tudy. 

At the same carcass weight ,  similar  total weight of f our muscle in the carcasses of both 

l ines was found, but at the same fat-free soft tissue weight in the side there are few effect on 

the distribution of muscle. The ratio of muscle to bone weight and muscularity are higher in 

the  high-backfat  line when adjusted to the same fat-free soft tissue and total side fat-free soft 

t issue weight plus bone respectively. These results are consistent with previous studies in 

showing that the reduction in backfat thickness have little or no effect on total muscle weight, 

l i t t le effect on muscle distribution and l ower ratio of muscle to bone weight and lower 

m uscularity. 

Line differences in muscle fibre type, proportion and area in the M .  semitendinosus 

were not found in the present study. This result which differs from previous which showed 

higher proportions of (BR) red fibres for the high-backf at line . 

In general, all moisture measurements showed a slightly higher weight and percentage 

in the low-backfat line. 

The prediction of empty body water percentage from the response to a urea challenge 

by measuring the rate of urea dilution in the plasma was  not very successful . The best 

extrapolation estimates of zero-time were obtained using a simple exponential model after 

linear adjustments were made for increasing baseline values.  

It is concluded that divergent selection for and against fatness on the basis of weight

adjusted ultrasonically-measured fat depth C in the present lines has led to line differences in  

14 kg  carcasses such that the fat line carcasses have more fat, less bone and a similar weight 

of muscle. The urea dilution method as used in this study was found to be unsatisfactory for 

the prediction of carcass composition. 
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CHAPTER 1 

INTRODUCTIO N  

In  recent years ,  a major aim of animal  scient i s t s  h a s  been t o  devise methods to 

increase the Jean content of the carcasses from meat-producing animals .  The trend for 

consumers to prefer decreasing amounts of fat in meat is the main reason behind this aim. 

This changes in consumer preferences are partly because of an increased awareness of the 

possible health risks associated with an excessive consumption of animal fat. 

Improvements in lean meat production and in the distribution of fat, muscle and bone 

within the carcass are considered to be desirable breeding objectives for New Zealand meat

sire breeds of sheep.  Changes in fatness within breeds can result from either the direct 

selection for or against fatness (Fennessy tlJ!l. 1987) or they may be achieved by selection 

for a genetically correlated trait (Roberts, 1979), if a suitable trait could be identified. 

A breeding programme based on ultra sonic measurements was initia ted at Massey 

University in 1976 to select for high and low backfat depth in the Southdown breed of sheep 

(Purchas et al .  1982). The objectives behind this breeding programme were, first, to evaluate 

changes in carcass characteristics and meat qual ity and, secondly , to sea rch for correlated 

traits in these selection lines. 

Studies conducted on Southdown sheep selected from the above breeding programme 

have shown signif i cant  differences in backf a t  depths  and relat ively sma l l  correlated 

responses such that sheep from the low-backfat line were longer and taller at the same weight 

(Sol is  Ramirez, 1988 ) .  Work by Kadim ( 1988) has  shown a significant difference in all 

measures of fatness and in a number of other carcass characteristics between 15 to 17 m onths 

old Southdown lines. 

In a series of several studies, physiological differences between animals from the two 

backf at selection l ines have been reported with higher levels of plasma urea in the high 

backfat  line being one of the consistent .  These differences were observed when the rams 

were subjected to a short-term fast (Carter �- 1989) and when they were fed a bove 
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maintenance level (Bremmers �- 1988) . Van M aanen � - 1989 has also shown by 24h 

sampling, fasting and refeeding that l ow backfat ram s  had lower concentrations of urea in 

plasma . 

The difference in plasma urea concen trations established in Southdown l ines was 

derived by using a urea challenge technique. In o rder to investigate these differences in 

more detail an experiment was designed in which ram lambs from the two lines were to be 

challenged with an intravenous injection of urea so that clearance rates could be observed. A 

urea challenge of this nature also forms the basis of a technique to measure body water using 

urea as a body water diluent. Therefore the opportunity was taken to use these same animals 

to evaluate the validity of urea as a body water diluent and to determine body composition. 

Thus, the reported study in this thesis used 6- to 8-months old ram lambs from the high 

and l ow backfat Southdown selection lines. 

The main objectives of the study are : -

1 .  To assess the carcass composition characteristics of rams younger than those used by 

Kadim ( 1988) .  

2. To a s sess  adi p ose t i s sue ce l lu la r i ty and m uscle  f ibre type proport ions  of M .  

semitendinosus from these rams. 

3.  To evaluate the urea dilution technique for  e stima ting body composition in young 

rams. 



2.1 INTRODUCTION 

CHAPTER TWO 

LITERATURE REVIEW 

3 

This review of literature is made up of four sections: first, evidence for genetic variabil i ty in 

the composition of sheep will be outlined; secondly, information on genetic variability in 

musc le  fibre types of sheep will be reviewed; thi rdly, genetic a spects of adipose tissue 

cellularity of sheep will be discussed; and finally, studies on the measurement of body water 

by dilution methods will be reviewed. 

Generally, reference will only be made to work with lambs al though relevant work 

wi th cattle, pigs, mice and rats is included where few references for sheep are available .  

2.2 GENETIC VARIABILITY IN THE COM POSITION OF SHEEP 

2.2. 1 INTROD UCTION 

Berg and Butterfield ( 1985) described the characte ristics of animal body composition of 

importance for the marketing of meat animals including species, liveweight, carcass weight 

and edible product yield. They concluded that when animals are sold on a l iveweight basis, 

dressing-out percentage is a critical factor which must be estimated. When sale is  by carcass 

weight, edible product (muscle and acceptable level of fat) must be estimated. Distribution 

of edible product (muscle and fat) is also important .  Berg and Butterfield ( 1985) described 

an ideal carcass f rom a meat animal as one which had a high muscle :bone ra t io  and an 

optimum level of fat .  Wood, ( 1983) stated that overall lean and fat content a re the most  

c ritical commercial aspects of carcass composition, although the ratios of lean to b one and 

subcutaneous to intermuscular fat and the shape of cuts also vary to an important degree. 

In this part of the review emphasis will be toward a ssessing the influences of genetic 

factors on the body and carcass composition of sheep. The section will be divided into four 

sub-sections according to some characteristics of sheep composition as  follows; 



1 .  dressing-out percent. 

2 .  fatness 

3. muscle - distribution and muscle to bone ratio. 

4. bone percentage and distribution . 

2.2 .2 VARIABLES INVOLVED IN SHEEP BODY AND CARCASS COMPOSITI O N  

2.2.2 . 1  Dressing-out percentage 

4 

Dressing-out percentage is the percentage of cold carcass weight relative to the whole live 

w eight. Factors effecting this characteristic include breed, degree of maturity, degree of 

fatness, sex, liveweight, wool weights and alimentary tract contents (Ki rton et al .  1984; Wood 

et al. 1983a) .  The differences in dressing-out percentage within any species of meat animal 

will be affected to a large extent by differences in these factors, which have often been taken 

into account in many comparative studies between and within breeds of sheep. 

Between breeds comparisons :  At the same degree of maturity, McClelland et al . ( 1976) 

showed highly signif icant d ifferences in dressing-out percentage between Soay (47 .7%),  

Finnish Landrace (53 .3%),  Southdown (53.3%) and Oxford Down (56.8%) breeds. They 

attributed these differences to degree of maturity at slaughter, the size of the breed, and sex. 

In an othe r s tudy W o lf�- ( 1980)  showed s ign if icant  diff erences  in d re s s ing- out 

percentages in the crossbred progeny, in descending order of values, of Oldenburg, Suffolk, 

Oxford, Texel, Ile-de-France, Dorset Down sires out of Border Leicester X Blackface cross, 

and Animal Breeding Research Organisation Dam line X Blackface cross ewes at constant 

l iv e  weight .  Previ ously ,  Fourie tl.Jli. ( 1970) h a d  a l so  shown that  South d owns  had a 

signif icantly higher dressing-out percentage than Romney sheep when slaughtered at the 

same age (80 Wee k s ) ,  and at maturity, while Southdown X Romney cros s  an imals  were 

in termediate .  A s imi lar result h a s  been a l so  reported by Kirton � - ( 1981 )  in that 

Southdown X Romney lambs had higher dressing-out percentages than straight R omneys. In 

similar, the fatter crosses breed has also been found to have higher dressing-out percentages 

than the straight breed (Hawkins �. 1985a and Kemp �. 1981) .  

In  contrast Meyer �- ( 1978) found no significant differences among groups of cross 

lambs out of Oxford, Suffolk and Southdown sires at  the same weight, although dressing-out 

percentages differed over slaughter groups. This result was in agreement with Fahmy � -
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( 1972) who compared Southdown lambs with Suffolk lambs at the same liveweight. In a 

comparison of Targhee and Suffolk X Targhee breeds Lloyd �. ( 1981)  found no  significant  

differences in dressing-out percentage. General ly,  however, i t  i s  concluded that  there are 

often real differences in dressing-out percentage between breeds, which may be attributed to 

fatness, sex and nutritional interaction. 

Within breeds comparisons: Bradford and Spurlock (1972) found a significant difference in 

dressing-out percentages a mong sire-progeny groups within the Suffolk breed at the same 

carcass weight with fa tter groups having higher dressing-out percentages. 

Recently, Kadim �. ( 1989) showed signif icantly higher dressing-out percentages for 

Southdown rams from a high backfat selection line (49.7%) than a low backfat line (47 .5%), 

when adjusted to the same carcass weight.  This differences between the two lines a ppeared 

despite the fact that the non-carcass fa t depots were significantly heavier in the high-line 

carcasses. The differences in dressing-out percentage were thus attributed to extra fat being 

located in the carcass.  

Heritability: Sheep dressing-out percentage has been found to be moderately o r  highly 

heritable . Botkin tl.J!l. ( 1969) reported an est imate of 0 .41 and Bradford and Spurlock 

( 1972) 0.94 ± 0.36. This indicates that  if this parameter was measured, either by suitable live 

predictors or by progeny testing, and used in selection, the trait should improve. Heritabil ity 

estimates have been presented in a number of papers reviewed by Wolf and Smith (1983). 

2.2 .2.2 Fatness 

As the animal grows and its carcass weight increases, the most notable change in composition 

is in the total  amount ,  the percentage of and the relative partitioning and distribution of 

carcass fat (Berg and Butterfield, 1985). For instance, there will be a large variation in level 

of carcass fatness within lambs of the same sex, breed and weight from the sam e  farm. The 

extent and distribution of fat therefore plays an important role in the composition of meat 

animal carcasses ( Berg and Butterfield 1985) . 

Fat-percenta�e: Breed differences in the amount of fatness have been clearly demonstrated. 

B owman ( 1967) reported that there was considerable genetic variation in fat percentage in 

sheep .  The Suffolk X Targhee group had heavier carcass weight (P  < 0 .05) and m ore  

external fa t  than straightbred Targhees (Lloyd tl..lll. 1981) .  The Suffolk breed was found to 
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be less fat than five o ther breeds especially when the comparisons were made at body weights 

exceeding 30 kg ( Reid �- 1968) .  The amounts of fat in the carcass of Southdown, Suffolk 

and  Oxford breeds d iffered considerably in descending order when compared at  the same 

carcass weights ( Meyer .u_ru. 1978) . Fourie .u_ru. ( 1970) showed that the Southdown breed 

was  smaller and fatter (P < 0.05) than the Romney breed, although the differences became 

less marked as maturity was attained. On New Zealand hil l  country, the Romney breed was 

leaner than Merinos, Corriedales, Perendales, Border Leicesters and Romney crossbreds at  

constant carcass weight, while at  constant age, the Merinos had the least fat ,  followed closely 

by the Romney, wi th the Perendale lambs the fattest (Kirton et al .  1974). At comparable 

weights, the Merino breed was found to be fatter than Border Leicester X Merino crossbred 

(Searle and Graham,  1972),  but leaner than Dorset Horn X (Merino X B order Leicester) 

crossbreds (Kellaway, 1973) .  Wood ( 1982) reported that the percentage of fat at  a particular 

weight is influenced mainly by mature size, with early maturing sire breeds producing lambs 

wh ich were fat ter  than those sired by later maturing breeds when compared at  the same 

carcass weight. H owever, Wood ( 1982) showed that when comparisons were made at  the 

sa m e  age, which pa rallels stage of development under similar feeding conditions, breed 

d ifferences disa ppeared .  To examine the effect of differences in ma ture weight on the 

composition between breeds, McClelland � - ( 1976) studied four different breeds (Soay, 

Finnish Landrace, S outhdown and Oxford) under similar conditions .  They found tha t Soay 

sheep consistently contained less fat than Finnish Landrace, when comparisons were made at  

a constant proportion of mature weight, and concluded that differences in mature weight are 

n ot solely responsible for differences in composit ion between breeds. On the basis of this 

c onclusion, and after accounting for ma ture size, Wood ( 1982) showed that the remaining 

variation in total fat content between Southdown, Dorset Down, Suffolk, Texel and Oxford 

D own at constant  b ody weight was probably small, and probably less than 10% of the whole 

v ariation in fatness .  Lee ( 1984) studied carcass corn position in a trial involving Scottish 

B lackface and Wel sh M ountain breeds .  They showed that the Welsh breed had  higher 

subcutaneous fat  and more (P < 0 .001) kidney fat than Scottish Blackface at  the same age. 

This difference in subcutaneous fat disappeared when comparisons were made at  the same 

d egree of maturity, but there was  no change in kidney fat  differences .  A t  constant live 

weight ,  W olf�- ( 1980)  showed a s ignif icant  d ifference in percentage fa t between 

crossbred progeny of Oxford, Suffolk, Texel, Ile-de-France, Oldenburg and D orset D own 

b reeds. Dorset D own and Ile-de-France cross lambs were fattest a t  constant l iveweight at 

s laughter, while the Suffolk breed had 1.7% m ore fat in the carcass than the Oldenburg but 

nei ther differed significantly from the Oxford cross. 
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Fat-partitioning: Fat partitioning refers  to proportion of total fat in different depots such as  

subcutaneous, in termuscular a nd kidney fat ( Cal low, 1948) .  A number of  studies showing 

that the partitioning of fat among the depots is influenced by breed have been reviewed by 

K empster ( 1980) .  Vezinhet and Prod'hon (1975)  reported that differences between species 

in the location of different depots ·exist when comparisons are made at the same level of total 

fat .  

Meyer llJ!l. ( 1978) reported that the Oxford cross had less internal fat (as  measured 

by amounts of omental and kidney fat) than the Suffolk, but relatively more external fat over 

the loin ('C' measurement) .  McClelland and Russel ( 1972) showed that a notably prolific 

sheep breed (the Finnish Landrace) had particularly large amounts of internal fat relative to 

total fat when compared with the purebred Scottish Blackface at the same carcass  weight. 

W ood et a l .  ( 1980) found that Clun Forest a n d  Colbred sheep (ewe breeds) had a higher 

proportion of internal fat than Suffolks or Ham pshire (ram breeds) at the same weight of 

carcass fat. They reported that these results, together with other information available from 

several trials, ind ica ted tha t breeds of meat- type sheep can be broadly classified into ewe 

breeds  ( n o t e d  f o r  p ro l if i c a cy and  m i l k  a b i l i ty )  and  a ram breeds (no ted  for  mea t  

characteristics) with the ewe breeds having a higher proportion of internal fat.  The results 

from sheep growing over the normal slaughter weight range (Kempster, 1980) indicated a 

high rela tive g r owth rate for  kidney knob a n d  channel fat (KKCF) in comparison with 

intermuscular fat (IMF) . Also, in this case subcutaneous fat (SCF) grew at  a similar rate to 

KKCF (the allometric growth coefficients of fat depots on carcass weight were 1.81 for SCF, 

0.79 for IMF and 1 . 17 for KKCF) . Similar results was found by Wood�- ( 1980) .  These 

results, together with other information available on the development of fat depots over the 

growing/fattening period in sheep, are thus consistent in indicating that SCF grows relatively 

faster than I M F  (Kempster, 1980).  The resul ts of Thompson � - ( 1979a ) showed no  

differences in the  partitioning of fat between carcass fat depots (SCF and  IMF depots) from 

the progeny of D orset Horn and Border Leicester rams crossed with either B order Leicester 

X Merino cross, Corriedale or Merino ewes. H owever, their results did show differences in 

the partitioning of fat between the carcass and internal fat depots, with the progeny of Dorset 

Horn rams and Merino ewes having a higher proportion of total fat as  internal fat than the 

progeny of B order Leicester rams, and Border  Leicester, Merino and Corriedale ewes 

respectively. Similarly, a t  the same carcass weight, Kirton �- ( 1974) found that Merino 

lambs had less subcutaneous fat and more perirenal fat than Perendale lambs.  J ones sa._al. 

( 1985) also found a significant differences in fat partitioning between subcutaneous and 

intermuscular fats depots at equal total fat weight between several sire breeds from the Meat 
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and Livestock Commission's Ram Breed Evaluation. Kempster and Cuthbertson ( 1977) also 

rec o rded sign ificant  d ifferences  (P < 0 .05)  between seven-breed type g r oups  in  f a t  

par t i t ioning a t  a constan t  subcutaneous  fa t  percen tage .  They demonstra ted that the 

carcasses of Welsh Mountain lambs had a significantly higher total fat percentage (and by far 

the highest KKCF percentage and above average IMF as  a percentage of total fat percentage) 

and the British Longwool cross group had a lower total fat percentage (and the l owest KKCF 

a n d  I MF percen tages)  than  the other  five breeds  (B lackface, Suffo lk ,  In termediate, 

Southdown cr osses  and B ri t ish Longwool ) when adjus ted  to the same  overall mea n 

subcutaneous fa t  percentage. The Suffolk cros s group had low KKCF percentage and the 

highest IMF percentage .  Overall ,  these studies of sheep indicate differen tial genetic 

pressures on fat partitioning (Kempster, 1980 ) .  Thus,  there are breed differences in the 

partitioning of body fat, especially between the carcass  fat (subcutaneous and intermuscular) 

and  internal  f a t  (kidney k n ob and channel  f a t, omental  fat and mesenteric fat depot) 

(Kempster, 1980) . The conclusions from these studies were clear, but they do not necessarily 

reflect real gene tic cliff erences because in order to demonstrate real genetic cliff erence, 

animals should be compared at the same total fatness. 

Fat-di stribu tion: Fat distribution refers to  its location within the various depots such as 

subcutaneous, in termuscula r  and kidney fat ( Callow, 1948) .  Kempster, ( 1980) reviewed 

results from the British Meat and Livestock Commission trials which involved several sire 

breeds and concluded that breed variation in the d istribution of fat existed though the 

differences were small. He also drew attention to the scarcity of published information on 

the relative growth of fat depots in different regions of the carcass. Several authors (e.g. 

Hammond, 1 932; Donald .tl...al. 1970 and McClelland and Russel, 1972) have reported that 

breeds of sheep d iffer in fat distribution within various fat depots. Gaili, ( 1978) showed that  

when animals were slaughtered at 42  kg  liveweight, Clun lambs yielded the least total IMF, 

D orset Horn lambs the most,  a nd Hampshire lambs an intermedia te amount .  Also, at an 

equal total intermuscular fat weight, the Clun lambs had significantly less IMF in the thoracic 

limb than the other two breeds, and the IMF content of the neck and thorax regions in the 

H a m pshire w a s  lowe r than  that  in the remaining breeds .  Merino l a m b s  h a d  h igher  

proportions ( relative to the total side SCF and  IMF weight respectively) of SCF and IMF in  

the loin and  flank joints and  a lower proportion in the thorax than the Dorset Horn (Border 

Leicester X Merino) when slaughtered at the same liveweight (See beck, 1968) . Nevertheless, 

Kempster ( 1980) concluded that there was relatively little variation between breeds in fat 

distribution, e specially when comparisons between breeds are made a t  equal total depot 

weight.  
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Heritabil i ty and within breed comparisons: Genetic selection to  change lamb carcass 

composition may involve selection between breeds based on comparative information or 

within-breed selection based on some form of testing of individual rams (Wood, 1983) .  

Although genetic differences occur in  carcass  composition, manipulation of  these differences 

by genetic means  depends largely on controlling the proportion of fa t  ( Wolf and Smith, 

1983) .  

Selection responses a re affected by the accuracy of the lean measurement. Several 

ultrasonic techniques to estimate carcass leanness (lean weight/carcass  weight) in young 

rams have been compared and correlations between ul trason ic measurements and carcass  

leanness of 0 .45 have been reported in sheep (Smith tlJ!l. 1986) . 

Her i tabi l i ty ,  selecti on intensity and genera tion in te rval a re the fa ctors affecting 

selection responses in lamb carcass composition (Smith et al .  1986) .  Heritability estimates of 

carc a s s  t ra i t s  in  sheep  h ave been presen ted in a n u m b e r  of paper s ,  and have been 

summarized in detail by Wolf and Smith ( 1983) .  They indicated that percentage of fat in the 

carcass is m oderately heritable (in some reports relatively high heritability was recorded for 

fat measurements) with low values being reported for the heritability of the subcutaneous to 

intermuscula r  fat ratio.  Also they stated that the studies of fat  distri but ion at constant 

weigh t of tota l  dissectible tissue showed low heritabil i t ies for this trait .  Although most 

heri ta bil i ty e s t imates would not have been on l ive-an ima l  measuremen ts,  select ion of 

ind iv idua l s  on the i r  own performance should a l low con tinued i m provement in these 

characte r is t ics  provided they can be measured (Wolf and  Smith,  1983 ) .  Wood ( 1983) 

reported that ultrasonics have been used to  select lean a nimals for breeding in sheep, 

although less successfully than in pigs. This is partly because in ruminants there is less 

subcutaneous fat than in pigs, and the loose hide or fleece presents a greater problem .  They 

concluded that  changing breeds in these species ( sheep and cattle) seems a much quicker 

route to genetically leaner carcasses, al though in some situations this may n ot be a practical 

a l terna t iv e .  Wolf and S mith  (1983) c on cluded that  es t imates  of t h e  heritabil ity and 

phenotypic s tandard devia t ions of carcas s  traits showed tha t u seful r esponses may be 

expected from within breed selection. Progress as often been slower than expected because 

it is difficult to identify differences in composition (Wood, 1983) .  

In m o s t  lamb studies from which genetic parameters have been derived, only one fat 

depot has b een measured, although where more than one depot was m ea sured, genetic 

corre la t ions  between indiv idual depots a re often l ow (Wolf S<l.JI.l. 1981) and someti m e s  
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nega tive (Olson � . 1976).  These correlations suggest that direct selection for a change in 

one depot may n ot result in concomitant changes in other fat depots  within the body. 

Fennessy sa__al. ( 1982) reported that selection of sires on the basis of backfat thickness could 

be an effective means of reducing carcass fat thickness in lambs. The difference between the 

progeny of four lean sires and that· of four fat sires was significant for two fat measurements, 

namely the backfat (P < 0.05) thickness over the 12th rib, and S2 (P < 0.01) a fat depth in the 

shoulder region. Generally those lambs sired by the lean rams were leaner than average for 

GR and chemical fat parameters measured (but not significantly different), while those sired 

by fa t  r a m s  were  fat ter  than average.  They concluded that  the significant regression 

rela tionship between the progeny and sires indicated that selection of sires on the basis of 

backfat thickness  measured ultrasonically could be expected to assist in reducing backfat 

thickness of the carcasses produced. Lean,  fat and control lines of Coopworth sheep were 

established in 1980 at Invermay (Fennessy tl.Jll. 1987) on the basis of backfat thickness 

( measured ultra sonically over the 12th rib) adjusted for l iveweigh t .  Marked difference 

between the lines in backfat thickness were reported indicating a considera ble response to 

selection . Consequentially an experimen t wa s undertaken by McEwan tl.J!l. ( 1989) to 

identify possible developmental changes in body components that had resulted from this 

Coopworth breed selection experiment. Preliminary results for the subcutaneous fat depths 

and  internal fat depots indicated that selection had resulted in significant changes in the 

carcass fat depth at the selection site when compared at the average carcass weight of all 

animals  in the tria l .  They a lso reported tha t  there were correlated changes in fat depths 

throughout the subcutaneous fat depot and also changes in the internal fat depot weights.  

The response was generally a grea ter for the high-ba ckfat  l ine.  McEwan et al .  ( 1989) 

concluded that the implication from the indirect response in internal depots was that genetic 

selection in these flocks was acting at least partly on common processes or controls shared 

between all fat depots. 

Meyer S<l.J!l, ( 1981/1982) selected the fattest (high) and leanest (low) rams from the 

R otomahana S outhdown and Suffolk flocks and the Ruakura Southdown flock based on 

weight-adjusted ultrasonical ly-measured fa tness  over the loin ( locati on C) and progeny 

tested them over Romney ewes. The measurement of the 'C' fat depth taken over the loin 

showed the progeny of low-fat sires to be leaner than the progeny of high sires in both breeds 

over both of two years. On average, progeny of two sires had 10% less fat at 'C'. This 

d ifference was  not seen, however, in GR fatness measured over the rib, suggesting that 

successful selection against fatness at one carcass site may not be as beneficial as  hoped in 

reducing total carcass fatness. 
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A t  M assey U nivers i ty ,  Kadim � - ( 1989) reported from Southdown rams l ines 

selected on the basis  of backfa t  depths (assessed ultrason ically at posit ion 'C'  over the 

longissimus dors i  muscle a t  the last rib) tha t selection on the basis  of a single fat depth 

measurement resulted in significant differences in all measures of fatness, and also in several 

other carcass characteristics. Kadim et al. ( 1989) showed that although mean carcass weights 

for rams from the two lines were very similar, they differed significantly in fatness with the 

percent of carcass dissectible fat and intramuscular fat being 19.8 and 47 .8 percent higher, 

respectively, i n  the high backfat, when these l ines were compared for part i t ioning and 

distribution, Kadim et al .  ( 1989) found that, a t  the same total side fat  weight, a nimals from 

the high backfat l ine had more fat  in the subcutaneous depot (P < 0.001, R2 = 0.97) ,  more 

intramuscular fat in the longissimus muscle (P < 0.0001, R2 = 0.67),  and less intermuscular 

fat  (P < 0 .001 ,  R2  = 0.90) ,  but simila r weigh t s  of the in ternal fat depots .  D ifferences 

between the two l ines in the ways in which fat was distributed amongst four cuts(shoulder, 

rack, loin and  leg)  were smal l  with a slight tendency for a grea ter p roport ion of both 

subcutaneous and intermuscular fat to be in the rack (P < 0.01) and loin (P < 0 .05) cuts for 

the high backfat l ine.  

2.2.2.3 Muscle - Distribution and muscle to bone ratio 

Distribution: Distribution of muscle tissue during growth and development does not differ 

between breeds to the same extent as fat (Kempster and Cuthbertson, 1977) .  Research work 

on muscle growth has shown only small differences between breeds in the distribution of lean 

in different parts of the body, especially when allowance is made for the total a mount of lean 

and the stage of development of the animals ( Lohse et al .  1971) .  However, there is still 

disagreement between researchers on the value of the differences which exist (Seebeck, 1968; 

Jury tl.Jll. 1977 ;  Taylor tlJll. 1980) . Butler-Hogg and Whelehan ( 1987) n o ted tha t the 

distribution of  muscle weight in  sheep did n o t  change between breed to an extent which 

would have commercial implications in the f i rst year of life. They showed that Clun and 

Southdown lambs had similar distributions of muscle weight at the same age despite their 

differences in mature size and conformation . The high-valued muscle constituted 5 13.8 g/kg 

total muscle in Clun and 5 14 g/kg total muscle in Southdown lambs at an  age of 200 days  

(Butler-Hogg and Whelehan  1987 ) .  Deta il e d  a n a tomical  studies of  the growth and 

development of  the  musculature of sheep have revealed a close relationship between muscle 

weight distribution and total muscle weight in the carcass (Lohse �- 1971;  J ury .tl...al. 1977) .  

Thus, when compari sons were made a t  a constan t  total muscle weight both Jury .tl..al. ( 1977) 

and Seebeck ( 1968) found significant breed effects only on the muscles of the neck, thorax 
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and abdomen. Work with crossbred lambs conducted by Wolf ( 1982) gave a similar result to 

the above findings, wi th small but significant  differences due to breed when comparisons 

were made at a constan t  weight of total lean . Also, the breed of sire did not significantly 

affect the proportion of total lean in the higher-priced joints, and the maximum differences 

between breeds for  proportion of lean in each joint  never exceeded 7 .7 g/kg. This work 

examined eight standard joints of crossbred lambs s laughtered at constant liveweights  of 

either 35 or 40 kg. The sire breeds used were Dorset  Down, Ile-de-France, Oldenburg, 

Oxford, Suffolk and Texel (Wolf, 1982) .  McClelland fi..i!l. ( 1976) showed large differences in 

total m uscle weight between Soay, Finnish Landrace, S outhdown and Oxford Down breeds at 

the same degree of maturity, but most of the breed differences disappeared when expressed 

as a percentage of body or carcass weight.  Moreover, total muscle as a percentage of body 

weight remained unchanged from one stage of maturity to another in the range of 40 to 76% 

of mature body weight, a lthough total muscle as  a percentage of carcass weight declined as 

maturity increased and this showed significant differences between breeds. Simil a r  results 

where obtained by Taylor  et al. ( 1980) between the same four breed based on 12 individual 

muscles  obtained from the prime retail joints. They a lso obtained highly significant breed 

differences in the weight s  of individual muscles, but these differences were greatly reduced 

(non-significant in some mu scles) when values were expressed as a percentage of total  

muscle weight. The combined muscles comprised 40.8, 43.4, 40.5, and 39.8% of total  muscle 

weight respectively in the Soay, Southdown, Finnish Landrace and Oxford Down breeds. The 

carca s s  lean percentage of lambs of nine sire breeds (Border Leicester,  Dorset D own,  

Hampshire Down, Ile-de-France, North Country Cheviot,  Oxford Down, Southdown, Suffolk 

and Wensleydale) were reported by Croston et al. ( 1979) after adjustments were made to 

equal carcass SCF percentage ( 1 1 .7% ). Significant differences were recorded between sire 

breeds with the highest values for lambs by Ile-de-France and Wensleydale sires (56.7 and 

56.5% respectively) and the lowest for lambs by Dorset Down, Oxford down and Hampshire 

Down sires (55.8, 55.8 and 55 .6% respectively) .  They also reported that significant,  but 

(from the economic point of view) relatively unimportant, breed differences were recorded 

in the percentage of total lean occurring in the higher-priced joints. 

Muscle to Bone Ratio: I t  has been suggested by Butterfield ( 1974) that any variation in  the 

percen tage of muscle in a carcas s  is brought  about p rimari ly by change in fatness ,  and 

secondly by changes in the muscle to bone ratio. Thus, as  an animal grows, i t s  muscle :bone 

ratio increases to a plateau at maturity and the fat:muscle ratio also increases to maturity. In 

meat a nimals, Berg and Butterfield ( 1985) reported that muscle weight relative to liveweight 

seemed to increase predictably with weight within a genotype and considerable differences 
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exis t  between var ious b reed types.  Boccard ( 1981)  suggests that for  m e a t  animals the 

muscle:bone ratio is of particular interest since it  measures their meat yield at cutting. He 

added that in the final stages of the preparation of the animals, and from the point of view of 

meat  production ,  this rat io does  not depend on  the growth rate and seems t o  be a breed 

characteristic. 

At cons tan t  l ivewe ight  the progeny of D o r s e t  D own,  Oxf ord ,  I l e -de -France ,  

Oldenburg and  Texel sires differed significantly in percentage lean, lean/bon e  ratio, lean/fat 

ratio and eye-muscle area (Wolf et al .  1980) .  The proportion of lean in the ca rcas s  of the 

Texel c ross l amb  was 3.7 percen tage points a bove the mean for all breeds due to high 

lean/bone and lean/fat ratios. Differences in percentage lean in the side were larger when 

compared at equal liveweights than after adjusting to an equal percentage SCF in the side, 

but the Texel breed produced a high percentage of lean because of a high ratio of lean to 

bone. Wolf .tl.J!l . ( 1980) concluded that most emphasis must be placed ultimately upon the 

d ifferences between breeds in the weigh t of tota l  lean produced .  Simil a r  results  were 

reported by Kempster and Cuthbertson ( 1977) in a survey of the carcass characteristics of the 

main types of B ritish lamb when the data were adjusted to the overall mean subcutaneous fat 

percentage. 

Anous ( 1989) reported that the ratio of muscle to bone weight offers an index for 

selection purposes  of the degree of carcass muscling, as  it was found to be an inherited 

cha racteristic. H owever, age,  size, sex, nutri t ion and genotype were found to effect the 

muscle to bone ratios of sheep .  Anous ( 1989) showed that the muscle :bone ratio in the hind 

limb of ram lambs of Rava, Ile-de-France, Charmois, Rouge-de-l'Ouest, Vende-e, Suffolk, 

Charolais, Romanov, Tarasconnais, Southdown and crossbred breeding var ied ,  from three 

units for breeds with poor conformation (but of compa rable fatness) to about six units for 

breeds with good conformation .  Thus each o ne of the pure breeds w a s  showed to be 

distinguished from the others by a specific muscle:bone ratio, so that animals of the same 

bone weight varied considerably in the amount of muscle and thus their muscle :bone ratios 

(Anous, 1989 ) .  A l so ,  there was  considerable variation in the ratios of individual muscle 

weights relative t o  the weight s  of the supporting bone.  The coefficients of variation of 

muscle: bone ratios of individual muscles varied also from one muscle to another .  However, 

the correlations between the different muscle :bone ratios showed that variability of many 

ratios is widely independent from those of the other ratios. Thus it seemed that a part of the 

variability of the muscle:bone ratios is related to the specific nature of each one. On the 

contrary, all the m uscle :bone ratios showed a h igh cor rela tion with the total muscle:bone 
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ratio, except  three of the ratios, the highest one was M. semimembranosus/femur ratio 

(r = 0.94). He concluded that, in the selection of meat animals, this ratio could be used with 

other ratios such as  M.  gluteobiceps/femur (r = 0.89),  M. adductores/femur (r = 0.89) and 

M. semitendinosus/femur (r  = 0.87) as indica tors of the degree of relat ive  muscling of 

animals. 

Muscle to bone ratios was found to be higher for crosses of the Southdown breed than 

the Suffolk breed when the data from seven breed-type groups compared by K empster �

( 1976).  

Heritability Estimates: Smith et al. ( 1986) reported that, al though selection responses are 

affected by the accuracy of the lean measurements, breed differences in the percentage of 

lean in the carcasses of sheep are not large and long-term selection within breeds will be 

necessary to improve this trait. Wolf (1982) suggested that there was little justification for 

the selection of a breed or of individuals in the hope of obtaining superior muscle weight 

distribution, as the gains to be made are l ikely to be insignificant compared with other 

variables. 

Her i tab i l i ty es t imates  from several s tudies reviewed by W olf and Smith ( 1983) 

indicated that in general percentage lean in the carcass was moderately heritable. Wolf and 

S mith ,  ( 1983)  rep orted tha t  the com bin a t i on of m oderate h e ri tab i l i ty e sti m a te a n d  

phenotypic standard deviations of about 3.0 percentage units from studies reviewed indicated 

a poten t ia l ly u seful response to direct  se lec t ion for percentage lean  in the carca s s .  

Heritability est imates for lean tissue distribution established by W olf ( 1982) ranged from 

0.07 (s.e. 0.08) to 0.65 ( s.e .  0 . 16) for the proportion of total l ean in the best-end neck and 

higher-priced cuts respectively . However, for  most traits involving muscle,  heritability 

estimates were only moderate. Where heritability estimates were highest, the coefficients of 

variation were low. Also, the dissection errors may have possibly made large contributions to 

the variation in  the proportion of total lean in  small joints, thus explaining the association 

between s ize of joint  and coefficient of v ar ia t ion . These considerations support the 

conclusion tha t  selection to change lean distribution would be possible but slow (Wolf, 1982) .  

Taylor � - ( 1980) reached a similar conclusion that carcass  improvement  by  a l tering muscle 

distribution was  unlikely to be very effective . Wood ( 1983) stated that selection within a 

breed to change carcass composition should be possible since i t  i s  modera tely heritable.  

Kadim �- ( 1989) showed that at the same side weight, high-backfat-line Southdown rams 

had significantly lower weights  of muscle and bone but higher muscle to bone ratios (P < 
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0.05) .  When adjusted to  a constant total-side muscle weight, any l ine effects on individual 

muscle weights or muscle  weights in the four cuts were small, a lthough two of the major 

muscles of the proximal pelvic limb were significantly heavier (M. semimembranosus and M. 

biceps femoris) in the h igh-backfat selection l ine.  Also, muscularity in terms of muscle 

weight relative to skeletal size was greater for the high-backfat selection line carcasses, when 

assessed e ither for total  side muscle rela tive to body length, or the weights of individual 

muscles relative to the length of adjacent bones. 

From these studies it can be concluded that: 

1 .  There are real breed effects i n  the percentage of lean, i n  muscle weight distribution, 

muscle/bone ratio and in muscularity. 

2. Some,  but not all ,  of these characteristics should be considered for genetic selection . 

3.  All  these characteristics should be a t  least measured and monitored . 

2.2.2.4 Bone - Percentage and Distribution 

There have been few studies of bone weight distribution in sheep and present knowledge of 

the factors influencing it is limited. Wolf and Smith ( 1983) reported tha t evidence available 

unt i l  n ow ,  however ,  is consistent  in indicating that  there are smal l  but economically 

unimportant  effects of breed on bone distribution. They showed a significant differences 

between D orset Down, Ile-de-France, Oldenburg, Oxford Down, Suffolk and Texel in the 

distribution of bone weight in standard joints (leg, middle-neck, shoulder and scrag) when 

comparisons were made at a constant weight of bone in the half carcass.  Seebeck ( 1968) and 

Thompson �- ( 1979b)  both also reported on breed differences in the d istribution of bone 

in sheep between standard joints .  Thompson sa._gl. ( 1979b) reported that the progeny of 

Dorset Horn and Border Leicester rams out of Merino, Corriedale and Border Leicester X 

Merino ewe s  differed significantly for bone tissue distribution between standard joints.  

It  h a s  been shown that sheep breeds differ in  bone percentage relative to body or 

carcass  w eight (McClelland sa....al. 1976; Wolf�- 1980; Fourie �- 1 970). Fourie � 

( 1970) showed that R om ney carcasses,  contained significantly m ore bone than those of 

Southdown and Southdown X Romney crosses when slaughtered a t  similar age and maturity. 
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McClel land �. ( 1 976) reported that differences between breeds in weight of bone i s  

probably a reflection of their ma ture size. They found large difference s  ( P  < 0.001) i n  bone 

weight between Soay, Southdown, Finnish Landrace, and Oxford breeds when comparisons 

were made  a t  the same degree of maturity with total bone weight ranging from a mean of 1 .3  

kg in the So ay to 4 .2 kg in the Oxford Down breed. Moreover, these differences were still 

observed  when exp r e s sed as a percentage of body or carcass weight, but in a reverse 

situation, the Soay having the highest percentage bone, with a mean value of 10.3 compared 

with 7 .3 ,  8 .8 and 9 .3% for Southdown,  Finnish Landrace and Oxford respectively. Similar 

results  were obtained between six terminal sire breeds of sheep in the percentage of bone 

relative to carcass w eight (Wolf �. 1980) .  The significant  d ifferences in bone weight 

between the six terminal sire breeds still existed when the sire breeds were compared after 

adjusting the data to an equal percentage of SCF in the side with the only changes in ranking 

being for  the Texel, Dorset Down and l le-de-France crosses (Wolf�. 1980) . Kempster 

and Cuthbertson ( 1977) also showed significant differences (P < 0.05) in bone percentage in 

the side with and without adjustment of the data to a constant SCF percentage for British 

Longwool crosses, Suffolk crosses, Intermediate, Southdown crosses and British Longwool 

sire breeds. The results showed that side bone weight ranging from a mean of 15 . 1% in the 

Intermediate sire breed group to 16.4% in the Suffolk crosses after adjusting the data to the 

equal S CF percentage .  However, it has  been found that lower percentages of bone in 

carcasses were largely the result of higher level of fatness (Berg and Butterfield, 1974) .  

2 . 3  GEN ETIC EFFECTS ON M U SCLE FIBRE CHARACTERISTICS 

2.3.1 INTRODUCTION 

Kiessling �. ( 1982) reported that skeletal muscles of many animals are known to vary in 

fibre types, numbers ,  sizes and colour, and that there is a marked heterogeneity of the 

individual fibres which compose vertebrate skeletal muscles. This heterogeneity has been 

confirmed biochemically as well as physiologically and is most readily demonstrated by the 

application of the modern histochemical methods (Kiessling .tl.a]. 1982) .  

T h e  object of  this  section i s  t o  investigate the genetic var ia tion in muscle fibre 

characteristics of sheep, starting with some information on the changes in muscle fibre 

characteristics with growth. Genetic differences between and within lines or breeds will be 

described with emphasis on the relevant information from sheep and from other meat  animal 

species, but research with mice, rats and chickens will also be considered .  
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2.3.2 CHAN GES WITH GROWTH 

Skeletal muscle is the predominant tissue of the mammalian body. Muscle fibres are the 

basic unit of skeletal muscle and comprising 75 to 90% of total muscle mass (Hegarty, 1971 ) .  

Cassens and Cooper ( 1971 )  suggested that striated muscle of each mammal has i t s  own fibre 

type profile which determines its physiological function during life. They concluded that the 

distribution of these fibre types and their relative contribution to the total muscle mass show 

species and individual variation. Staun ( 1972) noted that  these fibre types will differ both 

within and between muscles of an individual and are subject to dynamic changes due to age, 

sex, physical activity and feeding level. 

Animal s  are born with a certain number of fibres in each muscle. The prenatal origin 

of these f ibres  are myoblast  cells (Swatland,  1984 ) .  Premyoblasts give rise to myoblasts 

which fuse to form muscle fibre precursors called myotubes. Myoblasts fuse with each other 

and with myotubes to form multinucleate cells,  which give rise to multinucleate skeletal 

muscle fibres at birth. During postnatal development, new nuclei derived from satellite cel ls  

are added to the muscle f ibre . During postnatal development, the fibres grow radially and 

longitudinally (Swatland, 1984 ) , and with con tinued development there is  an increase in the 

content of nucleic acids and in the amount of protein accumulated per unit of nucleic acid 

(Young, 1 985) .  Postnatal muscle growth appears to be associated largely with increases in 

fibre cross-sectional area and length rather than in fibre number. Ashmore and Addis ( 1972) 

reported tha t  a l l  muscle growth in  l ambs after 140 days of gestation was the result of 

increases in the size of fibres present at that  time. 

Individual skeletal muscle fibres can be identified and evaluated using histochemical 

methods t o  i ndicate the act ivity of enzy m e s  such as succinic dehydrogenase, adenosine 

triphosphatase  in the alkal ine range (ATPase) and phosphoryla se (Ashmore and Doerr, 

197 1) .  The se three enzymes are localized w ithin mitochondria, a t  the 'A' band and in the 

space between myofibrils, respectively. 

Several  classification systems have been described for the identification of skeletal 

muscle fibre types (Stein and Padykula, 1962; Guth and Samaha, 1970; Peter � - 1972) .  

One classification that has  been widely used in muscle studies of  meat animals is  the one 

described by A shmore and D oerr ( 1971 )  which distinguishes between red (BR), intermediate 

(aR) and white (aW) fibres on the basis of ATPase and oxidative enzyme activities. Also the 

fibres capable of aerobic metabolism are designated as  red (R) and those mainly capable of 

only anaerobic metabolism as  white (W) (Ashmore, 1974).  
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2 .3 .3  GENETIC INFLUENCE 

Staun, ( 1972) stated that the size of an individual muscle is a function of i ts  cel l  size and cell 

number. Therefore, variation in muscle weight will depend on the variation in one or both of 

these variables and any difference in extracellular material ( eg. fat). The relative weights of 

muscles change as  total muscle weight increases, with the grea test changes occur during 

immediate post-natal growth (Butterfield, 1963) . The mechanism regulating the number of 

myotubes and hence the number of muscle f ibres that are formed is not known (Goldspink, 

1977 ) ,  but it i s  a lmos t  cer ta in ly under  gene tic control . Muscle hypertrophy (double 

muscling) in  d omest ic  c a t t le is  a n  inher i ted  disorder  of skeletal  m u sc le  growth a n d  

development, and the primary alteration a ppears t o  be a n  increase in the proportion of white 

muscle fibres (Holmes and Robinson, 1970) .  Genetically, in Charolais, muscle hypertrophy 

appears to be the results of one gene pa ir  with incomplete dominance  resulting in the 

heterozygote being phenotypically closer to the homozygous (muscle hypertrophy) animal 

(Oliver and Cartwright 1968) .  The double-muscled animal is, therefore, an  extreme example 

of a d ifference in muscle f ibre number within breeds of cattle. The following discussion 

examines the genetic influence on muscle fibre characteristics between and within animals 

that are not double-muscled .  

Between Breeds: In order to increase meat production it is desirable to select for increases 

in fibre number, as there are physiological limits for fibre size (Staun, 1972) . Also, Baldwin 

and Black ( 1 979) postulated that the major determinant of ultimate organ size in mammals is 

the genetic control of cell number, with smaller differences resulting from the genetic control 

of potential cel l  size. To exa mine this postulate in sheep, Black ( 1983) studied the DNA 

content of 3-6 year old rams  from several genotypes (viz: Cheviot, Dorset Horn, Corriedale 

and three strains of Merino)  ranging in body weight from 59-90 kg. All animals were offered 

a good quality diet ad libitum for at least 12 weeks before slaughter to reduce the effect of 

previous nutrition on cell size. Results for the triceps muscle confirmed that muscle weight 

and cell number were correlated (r = 0.91) within and between all breeds, and that there was 

little overall effects of muscle weight on cell  size.  Nevertheless, the cells of Corriedales were 

consistently larger than the cells of Dorset Horns.  That DNA content of a muscle may not 

reflect the muscle fibre number  (because larger fibre have more nuclei and because muscles 

contain a signif ican t  proportion of connect ive  t issue nuclei) was not c onsidered in the 

conclusion . In similar work, Colebrook � . ( 1988) studied the relative importance of cell 

number and cell size in determining the mass  of 16 organs and tissues in mature rams of six 

d ifferent  b reeds  (Fine  W ool ,  S trong W o o l  and Camden Park Mer in o ,  Dorse t  H o rn ,  
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Corriedale and Cheviot)  ranging in mean fleece-free empty body weight (FFEBW) from 54.6 

± 0.3 kg for Camden Park Merinos to 76.7 ± 1.6 kg for Strong Wool Merinos. The number of 

cells in  an organ was expressed as  g DNA and cell size was expressed as tissue weight per unit 

D NA .  Resu l t s  were i nterpreted to show tha t  c e l l  number,  no t  cel l  s ize,  was  l a rgely 

responsible for differences in muscle weight between mature sheep of different breeds.  Cell 

number  increased s ignificant ly wi th muscles weight .  Vastus lateral is  muscle d iffered 

between breeds in the number of cells which accounted for between-breed differences in 

muscle weight .  Cel l  s ize was signif ican tly related  to muscle weight .  H owever, va stus 

lateralis and triceps muscle differed in cell size between breeds. These differences for the 

triceps muscle were breed specific, whereas for the vastus la teralis muscle it  was a tt ributed 

to breed differences in muscle weight .  Colebrook et a l .  ( 1988) concluded that these results 

largely confirmed the hypothesis of Baldwin and Black ( 1979) that the reason for differences 

in weight of most organs and tissues between sheep breeds was a difference in ultima te cell 

number but not cell size . "Cell number" for these studies was not, however, the same as "fibre 

number" .  

Solomon e t  a l .  ( 1981) found that the effect of  breed was  limited to intermediate (aR) 

fibres and white (aW) fibres in both M. longissimus and M.  semimembranosus. Suffolk X 

(Finnish - Southdown) lambs had more (aW) fibres (P  < 0.01 and P < 0.05, respectively) and 

fewer  (aR) fibres (P < 0.05 and P < 0 . 10,  respectively) than the Suffolk X (Suffolk -

Rambouillet) lambs,  s laughtered a t  the same weight .  Furthermore, (BR) red fibres were 

sign ificantly larger in the M. semimembranosus of the Suffolk X (Finnish Landrace -

Southdown) lambs than in that  of the Suffolk X (Suffolk - Rambouillet ) .  I t  was concluded 

that breed may affect the transformation from aR to aW fibres and this may be advantageous 

for improving the quantity of muscle. Differences in muscle fibre number and size have also 

been demonstrated between breeds of cattle (Dreyer �- 1977) and pigs (Staun, 1963) .  

Dreyer � - ( 1977)  f ound that  Friesland cattle  h a d  a la rger percentage of white muscle 

fibres and a lower percentage of red muscle fibres than the Afrikaner breed. Johnston �

( 1975) reported that Charolais steers had larger fibre diameters and areas than Angus steers. 

J ohnston ll...al. ( 19 8 1 )  reported that breed had no significant effect on fibre numbers or 

percentages of each type within the semimembranosus muscle, but  the Angus s teers had 

larger (P  < 0.01) aR and aW diameters than the Simmental cross steers. The semitendinosus 

muscle from the Simmental cross steers had both a larger number and a higher percentage of 

BR fibres (P < 0.01 )  and fewer aR fibres (P < 0.05) than Angus cattle. In contrast, breed had 

no signif ican t  effect on fibre diameter of the semitendinosus muscle .  The biceps femoris 

musc le  from the S i mmenta l  c r o s s  s teers  had a l a rger number (4%;  P < 0 . 0 1 )  and a 
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correspondingly higher percentage of BR (4%; P < 0.01)  and a lower percentage of aR and 

aW fibres (2%; P < 0 .01)  than the Angus steers. The aR fibres from the Simmental cross 

steers were 1 .4 f.J.m larger (P < 0 .01)  than those from the Angus steers. It  appeared that 

muscle-f ibre type characteristics were rela ted to b reed,  sex and method of feeding. The 

effects of these variables on  individual fibre types was not consistent between experiments, 

thereby indicating that additional factors may also be influencing fibre characteristics.  

Wi th in  B reed : The eff e c t  of genet ic  se lec t ion  f or l a rge body s ize on the phys ica l  

characteristics of muscle h a s  been reported for mice (Hanrahan .tlJ!.l. 1973) chickens (Aberle 

and Stewart, 1983) and pigs (Ezekwe and Martin, 1975) .  Luff and Goldspink ( 1967) found 

that mice selected for large body size had larger muscles than mice selected for smaller body 

size.  The increased muscle weight was accompanied by increased fibre number and mean 

fibre diameter. They concluded that selection had a greater influence on fibre number than 

an fibre d iameter .  From a survey of in bred l ines  of mice Luff and Goldspink ( 1970) 

concluded that fibre number and muscle weight were independent, and that fibre number, 

but not f ibre diameter, was  genetically determined. The effects of selection for increased or 

decreased body weight in mice, at 5 or 10 weeks of age, on the fibre number, fibre diameter 

and we ight  of M .  ste r n o m astoideus and  M .  an ter ior  t ibial is  muscles were studied by 

Hanraha n  et  a l .  ( 1973 ) .  They found that  selection for  increased body weight resulted in 

increased muscle weight a nd fibre number but fibre d iameter was increased only when 

selection was for 5-week body weigh t .  S imila rly, Byrne et al .  ( 1 973) found increases in 

muscle weight, fibre number and fibre diameter in mice selected for high 5-week weight, and 

decreases  in l ines selected for low weight when compared to control l ines .  In another 

se l e c t i o n  progra m m e  i n  mice  b a s e d  on  body w e i g h t ,  Lax a n d  P i s a n sa r a k i  ( 1 982)  

demonstrated that selection for weight at 3 weeks of age, or  gain in weight between 3 to 6 

weeks, resulted in increased fibre number in all muscles counted except the M. soleus. The 

weight of the high 10-week weight selected line from the same experiment had a significantly 

higher proportion of white fibres (aW) in the M. longissimus dorsi than a low 10-week weight 

l ine.  The 3-week weight line did not d iffer from the control line in fibre type, but the 3 to 6 

week gain line did have n on-significant increases in the proportions of white fibres (aW) in 

both musc les .  S im i l a r  observa t ions  have been o b t ained using fast-growing lean p igs 

(Yorkshire) and the slow-growing obese pigs (Ossabaw) by Ezekwe and Martin ( 1975) .  They 

suggested that the greater muscle growth in the Yorkshire pigs was achieved by greater cell 

numbers  and size. In chi ckens, selection for body size or growth rate resulted in increased 

muscle weight and myofibre number (Smith, 1963) . The results from this work indicated that 

broiler - type birds had l a rger diameter muscle fibres than layer birds at 10-weeks and a t  
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maturity. T h e  primary difference i n  muscle weight between these groups could be attributed 

la rgely to m u scle cell  s ize (Smith ,  1963 ) .  Aberle � - ( 1979) found that broiler-ty pe 

chickens h a d  a signif icantly greater percen tage of GR f ibres and  fewer a fibres in the 

sa r t o r i u s  m usc le .  H ow ever ,  g rea ter  d iffe rences  w e r e  found in t h e  percen tages of 

intermediate (aR) and white (aW) fibres. In  the broiler l ine, approximately 28% of the a 

fibres were of the (W) type, while in layer-type chickens only 11% were (W) fibres. They 

also found that the broiler-type birds had larger fibres in both fibre type classification than in 

the layer l ine.  There was no evidence for p referential enlargement of one type of fibre over 

the other type .  Similarly, Aberle and Stewart ( 1983) reported that  broiler birds grew more 

rapidly than layer birds so that in comparisons at equal age, broilers had heavier body and 

muscle weights, larger fibre diameters and grea ter myofibre numbers. The percentage of 

inte rmed ia te  (aR ) type myofibres  decreased and tha t  of white ( a W )  type myofibres 

increased during growth .  These changes occurred at a younger age in broiler-type birds. 

However, at equal body weights, broiler- and layer-type birds had similar proportions of the 

various myofibre types, and broilers had la rger diameters and more rapid growth rates for 

myofibre diameters than layers. In contrast, layer-type birds had larger red (BR) myofibres 

than did broilers and the rate of radial growth was similar between breeds .  They concluded 

that more rapid growth and grea ter muscularity of broiler-type birds a re caused by more 

rapid myofibre hypertrophy and the presence of more myofibres .  

S taun ( 1972) suggested that if practical selection for  cell s ize and number could be 

carried out independently of body size, it was possible that genetic or physiological limits for 

muscle s ize  could be extended . Se lec t ion for increased growth ra te  or body size has 

sometimes  resulted in greater fat deposition rather than increases in muscle tissue (Biondini 

et al . 1968) . As a resu lt ,  selection for h igh meat yield or for muscula rity would not  be 

expected to produce the same results as  selection for body weight,since the selection for high 

muscularity would tend to counter high fat deposition a s  a component of the larger body size 

(Ashmore, 1974 ). This c onsideration was confirmed by Stickland and Goldspink ( 1973) when 

they found n o  increases in fibre number with muscles of pigs during growth in response to 

selection. 

In a study of the effects of selection for backfat depth on muscle fibre characteristics 

in the M. semitendinosus of Southdown rams,  Kadim ( 1988) indica ted  that,  at the same 

weight, the high fat line sheep possessed significantly higher proportions of red fibres (GR), 

with non-significant d ecreases in  the proportions of intermediate (aR)  and white fibres 

(aW).  Mean fibre diameters within fibre type did not differ significantly between lines. In a 



22 

similar experiment involving selection for or against fatness in two pig breeds,  Staun ( 1963) 

showed a significant differences only between the two lines (P < 0.05) of the Duroc pigs in 

the number of f ibres in M. longissimus dor s i .  This work did n ot show a ny significant  

differences between breeds or lines of the Y orkshires in  terms of the total number of muscle 

fibres or in fibre diameter. From this study Staun ( 1963) concluded that pigs selected with a 

thin layer of back fat possessed genes for a large area of M.  Longissimus dorsi,  which in turn 

resulted in an  increase in the number of muscle fibres. This phenomenon was only apparent 

in the Duroc breed, probably because there had been selection within this breed from several 

generations .  N ostvold � - ( 1979) investigated muscle fibre characteristics of female and 

castrated male pigs from the 8th genera tion of a selection experiment which included a 

control line (C) ,  a HP-line selected for high rate of gain and low fat thickness, the LP-line 

selected for the opposite trai ts .  The HP-l ine M.  longiss imus had a signif icantly higher 

percentage of (aR) in termediate fibres a n d  a corresponding lower (aW) white fibre 

percentage than the LP-line, but no significan t  line differences were observed for (BR) red 

frequencies a constant weight. The LP-line had smaller muscle fibre diameters than the HP

line at the same weight, but the differences were significant for the (aW) white fibres only. 

2 .4 GEN ETIC EFFECTS ON FAT CELLU LARITY 

2.4.1 INTR O D U CTION 

In this section, changes in  fat  cellularity with growth will be reviewed first and then genetic 

differences in fat cellularity between and within different breeds will be considered. 

2.4.2 CHA N G ES WITH GROWTH 

The new born farm animal has little reserve of adipose tissue (1-4%),  but the carcass of the 

adult may contain as much as 30 to 40%% (Leat, 1976) .  Cleary �- ( 1977) reported that the 

primordia f or adipose tissue depots which are often present in the late fetal stage or in the 

neonate, g r ow rapidly postnatally in concert  with overall growth of the animal. Adipose 

tissue increases in size and in weight by a combination of an increase in the number of cells, 

( i .e .  hyperpla stic growth) and by enlargement of the size of adipocytes (i.e. hypertrophic 

growth) (Cleary �- 1977) .  



23 

J ohnson and Francendese ( 1985) noted that an  adipose depot has the capacity to 

expand or to decrease in total size and weight in the adult. This changing ability reflects not 

o n ly the a bi l i ty of adipocy t e s  to change m a rkedly in s i z e  a s  they accumulate or lose 

intracellular lipid, but also reflects processes by which new adipocytes proliferate and lead to 

expansion of the tissue mass. Variations in the total fat mass in animals of different species, 

age and metabolic conditions have been shown to be the results of differences in the number 

and (or) size of the constituent  mature adipocytes. Kirtland and Gurr ( 1979) reported from 

several studies that epididymal and perirenal adipose depots in  the rat develop by an increase 

in fat cell size and observable numbers of fat cell s up to about 14 weeks of age. From 14 

weeks to at least six months of age, cell number remained virtually constant. Furthermore, 

adipose tissue cellularity in adult rats and mice did not appear to be permanently affected by 

var ious  man ipulat ions ,  inc luding,  sta rva t ion ,  hy potha l a m i c  les ions ,  gold -thioglucose 

t reatment and exercise. They stated that similar  patterns of development may apply to other 

adipose depots in the rat and to other species, although the precise time at which a stable cell 

number is reached might vary.  Hood and Alien (1977 ) reported that the number of fat cells 

in the perirenal and extramuscular adipose tissue in both lean Hampshire X Yorkshire and 

fat Minnesota 3xl pigs increased up to 20 weeks of age.  By 24 weeks of age, hyperplasia was 

complete in Hormel Miniature pigs. But in another study with Large White pigs by Gurr et 

al .  ( 1977) the number of observable fat cells in subcutaneous backfat increased up to about 

50 weeks of age. In cat t le ,  Hood and Al ien ( 1 973) reported that by 14 months of l ife 

hyperplasia was complete in the subcutaneous and perirenal adipose tissue from animals of 

the leaner Holstein breed and the fatter Hereford X Angus, but not in interfascicular adipose 

tissue . The results of this study suggested that in terfa scicular adipose ti ssue was a late 

developing depot and that hyperplasia is still an active process in this depot at 14 months of 

life . In sheep, Hood and Thornton (1979) found that both hyperpla sia and hypertrophy of 

adipocytes contributed to the growth of subcutaneous a d ipose tissue of Dorset Horn X 

Merino wethers until they reached about 12 months of age.  Thereafter growth of this fat 

depot occurred only by hypertrophy of the existing adipocytes .  The general conclusion from 

two reviews (Alien, 1976; Hood, 1977) was that growth of extramuscular fat depots of sheep 

resulted pr imar i ly f rom hypertrophy ra ther  tha n  hyp e r plas ia  of a di pose ce l l s .  T h e  

contribution of hyperplasia a nd hypertrophy of adipocytes to the growth of subcutaneous, 

perirenal and omental fat d epots of 32 growing adult Border Leicester X Merino wethers 

slaughtered over the liveweight range of 29 to 56 kg were examined by Thorn ton .e.Lal. ( 1984 ) . 

Subcutaneous tissue had the largest population of adipocytes,  but they were the smallest, and 

showed the slowest rate of v olume increase. Omental t issue had the lowest number of cells, 

but they were the largest and grew the fastest. Perirenal t issue was intermediate in terms of 
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cell n umber, size and growth rate. They concluded that differential hypertrophy of existing 

adipocytes could alone account for the growth of all three adipose tissue depots. In a serial

slaughter experiment i nvolving 5 pre- and 14 postnatal  Romney ewes, Broad �. (1980) 

repor ted that the growth of total adipose tissue and of each of the fat depots ( subcutaneous, 

intermuscular and internal cavity) occurred mainly by an increase in the adipocyte v olume, 

which increased over  70-f old from 120 days gestation to 5 years of age. During the same 

grow th period, the total  number of adipocytes increased about 6-fold, with 20-, 5- and 1 .6-

fold  increases in the n umber of adipocytes in the subcutaneous, intermuscular and internal 

cavity fat depots respectively . They concluded that a l though the mean number of adipocytes 

per half carcass increased over the whole of the growth-range studied, the variability was 

such that the increase in total adipocyte number in 5-year-old ewes compared with 6-month

old lambs did not appear to be statistically significant. 

Kirtland and Gurr ( 1979) reported that constancy of fat cell number in the adult is not 

universally accepted .  However, some of the evidence purporting to show fat cell formation 

in adult life must be v iewed with scepticism on two counts, first, on methodological grounds 

and secondly, on interpretation .  It i s  now believed that  the adipose depot grows initially by a 

c o m binat ion of hyperplas ia  and hypertrophy (J ohn son and Francendese, 1985 ) .  Cell  

numbers reach a plateau early in life while cellular  hypertrophy continues until  a "maximum 

fat cell size'' is reached .  When the "maximum fat cell size" is reached, a hypothetical signal is 

genera ted that results  in the recruitment of new fat cel l s .  The addition of these newer, 

smaller cells to the pool of mature adipocytes results in a lowering of the mean fat cell size. 

Theoretically, adipocytes can again reach "maximum fat cell size" generating a new wave of 

r e c ru i tmen t .  The  o rig in  of these  new c e l l s  h av e  been quest ioned by J o h n son  and  

F r ancendese ( 1985 ) :  "Are  they truly n ewly generated fa t  ce l l s  derived f rom cellula r  

proliferation i n  the a dult phase of life;  o r  d o  they a rise from dormant precursors that were 

generated during the juvenile growth phase and are then "recruited" by l ip id f i ll ing or 

differentiation?" .  They stated that the former would suggest that fat cell depot g rowth is 

essentia lly limitless; while the latter  would suggest that  the ultimate mass of the tissue is 

restricted to those cells formed during early proliferative stages of growth.  Kirt land and 

Gurr ( 1979) reported that there is  a strong tendency to assign an increase in obse rvable fat 

cells to  the synthesis of new fat cells .  Perhaps this may be true in the young animal where 

ad ipose tissue i s  being la id  down rapidly, but it m ay not be true in adult an ima l s .  The 

problem of dist inguishing between new cell syn th esis and the filling of empty fa t  cells is  

hampered by the difficulty of recognising an empty fat cell. Some workers have sought to 

identify these cel ls  on morphological grounds and others by looking for enzyme markers.  
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Kirtland and Gurr ( 1979) reported that using the rad io-labelled thymidine methods proved to 

give a direct indication of cell division and hence to give a truer reflection of the length of the 

hype rplastic period than just counting observable fat cells .  Thus Kirtland and Gurr ( 1979) 

reported from the rat epididymal fat  pad that,  a l though the standard counting methods 

indicated that the number of observable fat cells increased between birth and 12 weeks of 

age, the thymidine method indicated that the majori ty of fat cell synthesis was over by five 

weeks  of age. 

2.4.3 GENETIC INFL UENCE ON FAT CELLU LA RITY CHARACTERISTICS 

Over the past 20 years, there has been an appreciable decrease in body fat content of every 

l ive s tock  species  a s  a resul t  of se lect ion .  Data  from swine selection for reduced fat  

deposition is one of the most  visible example of increased leanness and decreased fatness of 

l ive market animal s  (Steele et a l .  1974) .  In  general ,  it has  been demonstrated that  genetic 

and  environmental  factors influence cellular mechanisms which lead to varia tion among 

animals relative to the proportions of adipose tissue in the body. Alien ( 1976) reported that 

whereas the number of adipocytes in a particular fat depot in older sheep appear to be largely 

unaffected by diet, the size of these cells is related to the level of feed intake. However, Van 

Middelkoop et al . ( 1977) sta ted tha t the potential to  deposit triglyceride in adipose tissue 

must be influenced to a large extent by the number of available cells within each depot ,  which 

in turn depends basically on genotype .  

Between Breed: Merkel et al .  ( 1973) studied the m ean cell number, volume and volume of 

adipose tissue occupied by adipocytes (specific volume) in subcutaneous adipose tissue of 

lambs differing in age (8, 16 and 32 weeks), sex (ewe, wether and ram) and breed (Southdown 

and Suffolk sired lambs), and showed no significant differences between breeds in  all traits 

measured. Butler-Hogg and Wood ( 1983) reported that it is known that the difference in fat 

depots between beef (Hereford ) and dairy (Friesian)  cattle types can be attributed to the 

greater number of fat cells (adipocytes) in the subcutaneous depot of the Hereford. They 

showed that in serial ly slaughtered Clun (ewe type)  and Southdown (ram type) l ambs, the 

i n c re a se in K K CF weigh t w a s  d u e  la rgely to a d ipocyte hyper t rophy, whereas  in SCF 

hyperplasia was important. Butler-Hogg and Wood ( 1983) concluded that there i s  a pattern 

of development  of fat depot s  c o mmon to sheep and  catt le .  KKCF increas e s  through 

hypertrophy and SCF through hypertrophy and hyperplasia, but there was no effect of breed 

type in sheep comparable with that found in cattle. In a serial-slaughter experiment involving 

Hereford and British Friesian steers, Truscott � - ( 1980) reported that in both breeds the 
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perirenal depot grew almost exclusively through cell enlargement, whereas the subcutaneous 

depot grew principally through cell enlargement to about 17 months of age and thereafter by 

cell recruitment a s  well as  cell enlargement. At equivalent ages, the Herefords were fatter 

and had more fat in the subcutaneous depot than Friesians which contained more fat in the 

intra-abdominal depot. Also, the subcutaneous d epot in the Herefords contained more cells 

than that in the Friesians but the cells were of a similar size in both breeds.  In the perirenal 

depot, cell size increased more rapidly with age in the Friesians resulting in larger cells in 

this  breed at 20 m onths .  Furthermore, the number of cells  in the perirenal depot of the 

Friesians was greater than that in the Herefords. They concluded that differences between 

depots in the cel lular  nature of fat growth were more obvious than differences between 

breeds, also the results did not support the view tha t a particular fat cell size provides the 

trigger for cell recruitment in all depots. 

Wi thin Breed: Thompson et al . ( 1988) exa mined the cellular characteristics of dissected 

carcass (subcu taneous and intermuscular fat) and non-carcass (kidney fat, omental  and 

mesenteric fat) fa t depots at maturity in rams  and ewes from flocks of Peppin Merino sheep 

selected for high (weight-plus) or low (weight-minus) weaning weight and from a randomly

bred control flo c k .  Selection for high or l ow weaning weight had no effect on adipocyte 

volume among five dissected fat depots in the mature animals, with the increased weight of 

fat in the weight-plus animals due to an increased number of adipocytes in the dissected fat 

depot .  The kid n ey and omental  fat depots h a d  the largest adipocytes ,  fol lowed by the 

mesenteric fat d epot, with the smallest in the subcutaneous and in termuscular fat depot 

( Thompson �- 1988 ) .  Cel lula rity of subc utaneous ad ipose t is sue f rom s t ra ins  of 

genetically lean and obese pigs was studied by Steele et al .  ( 1974) . High (DH) and low (DL) 

backfat lines and a control l ine (DC) of Duroc pigs were compared at either a constant age 

( 100 days) or a constant weight (95) after 18 generations of selection. At a constant weight ,  

average backfat depth (mm) and backfat percentage were 77, 4 1  and 34 and 18, 8 .8  and 5 .4 for 

the DH, DC and  DL lines respectively. The results a lso showed that at con stant weight, 

adipocyte volume (u3 X 104) as 241, 156 and 92 for DH, DC and DL respectively, and that 

total  adipocyte  n umber in the carcass (X109) was 16.5, 10.2 and 9.2 for DH,  DC and D L  

respectively. Steele fi...a.l. ( 1974) concluded that these changes in fatness among lines were 

effected through a significant changes in adipocyte volume and apparent significant increase 

in adipocyte number in the high backfat line versus the low backfat line. Kadim �- ( 1989) 

reported that  s ides from Southdown rams f rom a l ine selected for h igh backfat depths 

contained 18% m ore dissectible fat at the same side weight as  a low backfat l ine,  and they 

showed that the greater weights of f our dissectible fat depots (subcutaneous, intermuscular, 
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omental and kidney and pelvic fat depots) were mainly the result of larger rather than more 

adipocytes. The results from a number of non-ruminant studies are summarized in Table 2 . 1 .  

Table 2.1 The cellular characte-ristics of adipose tissue from mice or  rats in a sample of 

studies involving groups with genetically different fatness levels 

Reference Genetic groups Age Characteristics of adipocytes 
compared of the fatter group 

Trayhurn et al . ,  Ad-obese 6 months Males: larger,  but a similar 
( 1979) Ad-lean number 

Females: larger and more 
per depot 

Aubert et al. ,  DW db obese 6 months Males: larger, but a similar 
( 1985) DW db lean number 

Females: larger and more 
per depot 

Eisen et a l . ,  M l6 = rapid gain at 10 week M 16 = larger and more per 
( 1978) 3-6 week postweaning depot than leaner controls 

H6 = large bodyweight H6 = The same volume but 
at 6 week more per depot than leaner 

controls 

Martin et al . ,  ICR - Albino 6 and Larger and more per depot 
( 1979) selected for 3 to 6 15  weeks than leaner con trois 

week postweaning 
growth 

Kaplan et al . ,  ob/ ob - obese less and At 3 week: the same volume 
( 1976) non.objob - lean larger than but more per depot 

4 weeks At 26 week: larger and more 
per depot 

J ohanson et al . ,  Zucker fa/fa - obese compared Larger and more per depot 
( 1971)  fa/Fa & Fa/Fa - lean at different with differences increasing 

ages from up to week 26 
3 to 37 
week 
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Dilution techniques were described by the Cuthbertson ( 1975) as involving the introduction 

of a k n own a m o u n t  of t r a c e r  w h ich bec o m e s  un i formly  d i s t r i b u t e d  t h r oughout  a 

compartment in the animal  body such as  body water .  B ody wa ter content can be then 

es t imated by the change in concentration of the tracer or diluent after equilibration with 

body water. As a result, Shebaite ( 1977) concluded that it is possible to predict the overall 

chemical composition of the animals because of the close relationship between fat and water. 

The purpose of this section is  to review work on the urea dilution technique as  a mean 

of predicting live body composition in domestic animals. Advantages and disadvantages of 

o t h e r  di lut ion m ethods wil l  be described f i rs t  and then u rea dilution a s  a method of 

est imating body water will be evaluated . 

2 .5 .2 DILUTION METHODS, OTHER THAN THOSE INVOLVING UREA 

Two kinds of tracer have been described in the literature as reviewed by Cuthbertson ( 1975) ,  

Russel and Wright ( 1982) and Purchas (1977 ) .  The first are  known as exogenous diluents and 

include tritiated water, deuterium oxide and urea ,  and the second type, known as endogenous 

d i lu ents ,  include muscle pota ss ium and plasma creatinine (Purchas ,  197 7 ) .  For these 

endogenous diluents, the concentration or content should be proportional to muscle weight, 

but for exogen ous diluents a knowledge of the quantity administra ted together with the 

concentrat ion permits the ca lcu la tion of water  percent (Purchas ,  1977 ) . E ndogenous  

diluents will not  be  considered further here. However, Preston and  Kock ( 1973) noted that 

any exogenous tracer should possess the following properties to be acceptable as  a measure 

of total body water: 

1 .  I t  should not be toxic .  

2 .  I t  must n ot be  metabolized, selectively excreted from,or stored in ,  the body. 

3. It should be easily measurable. 

4. I t  must diffuse homogeneously into all the volume to be measured within a short time. 
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According to Panaretto and Till ( 1963) ,  labelled water, in the form of either tritiated 

water (TOH) or deuterium oxide (D20) ,  constituted a major advance in the field of dilution 

m e th o d s  and  offered  a means  of e s t imating body water  with a h igher precis ion a n d  

confidence than was possible using other markers. The use of these forms of labelled water 

in ruminants  has been discussed in detail by R obelin ( 1976) who came to the fol lowing 

conclusions: 

1. The two tracers (TOH or D20) a re not significantly different .  

2 .  Standardisa tion of feeding is essential for accurate determination because gut  water is  

inc luded in the a ssessment .  Va riation i n  the amount of ingesta can cause major 

inaccuracies in estimated composition. 

3 .  Reasonable accuracy can be obtained in comparisons,but absolute measurements are 

not  generally of sufficient accuracy for practical application. 

H owever, of these two methods using labelled water, deuterium oxide would seem to 

be the m ore sui table,  and it  has the advantage that, it is more accurate than TOH and not 

radioactive (Robel in ,  1 976 ) .  However, i t  is expensive, and it i s  not pa rticula rly easily 

determined without sophistica ted equipment (Robelin,  1976) . Also it requires relatively 

large dose rates of between 0.5 and 1 .0  g/kg liveweight (Russel and Wright, 1982) .  Tritiated 

water on the other hand is ea sily determined, can be infused in small volumes, but being 

radioactive  and also requiring expensive measuring equipment, is general ly considered as  

unsuitable for use  in animals destined for  human consumption (Meissner, 1976). Meissner 

( 1976) also reported that although the tritium dilution technique is convenient and probably 

the m o s t  accurate m ethod ,  i t s  a p pl icat ion for prac tical use w ith farm animals  is less  

convenient.  The main reasons are, first, the tritium molecule equilibrates relatively slowly in 

the fluid medium of the body, taking approximately 5 to 8 hours in sheep, compared with two 

hours for  D20 and,  secondly, standard laboratories have to be especially adapted to cope 

with radioactive materials. However, both methods require several hours to determine body 

water  turnover rate  which is required to estimate ini tial  body water  di luti on a n d  body 

composition . With either isotope, Smith and Sykes (1974) reported tha t  total body water and 

hence body composition can be estimated either from a single sample (usually of blood) after 

equil ibra tion has  been attained or by extrapolation to the time of administration from a 

series of samples taken over several days .  
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Many other substances have been tested as  agents for the measurement of total body 

water including antipy rene, N-acetyl -antipyrene, thiourea and sulfanilamid (Reid ll.ill. 1958; 

Robelin, 1976) .  Results from work with antipyrene have generally demonstrated that results 

were too variable to give good estimates of total body water (Panaretto and Till, 1963) . In 

general ,  these substances have received little attention from the research workers since the 

introduction of TOH and D20. 

2 .5 .3 UREA DILUTION AS A METHOD OF ESTIMATING BODY WATER 

Bartle Sial. ( 1985) reported that urea dilution showed a level of accuracy for estimating body 

water  in sheep comparable to tha t obtained for  radioactive substances including tritiated 

water  and deuterium oxide . Meissner ( 1976) showed the urea di lut ion technique to be 

somewhat less reliable than tritium dilution for sheep ,  but he suggested that due to low cost i t  

could be useful for r outine calculations of body c omposition . San Pietro and Rittenberg 

( 1953) reported that urea appeared to meet all the requirements of a satisfactory body water 

tracer, and urea space  and deuterium oxide space were similar in size when the space was 

defined as the volume of water with which urea equil ibrates. Meissner, ( 1976) described the 

advantages of using urea dilution as following: 

1 .  I t  i s  not toxic .  

2. It is n o t  f o r e ign to  the body and c a u s e s  no  physiological  d is turba nces  when 

adminstered in sufficiently small amounts. 

3. Urea is  not selectively stored, secreted or metabolized . 

4 .  I t  is excreted sufficiently slowly to allow time for uniform distribution in the b ody. 

5 .  Urea can be m easured accurately and easily in either whole blood or plasma.  

6 .  The urea  molecule a ppears to  equilibrate i n  a short time. For  instance, within 30  

minutes in goa t s, only 12 minutes in  cattle and 14 to  20  minutes in  sheep. 

Bartle � - ( 1 985) concluded from work involving the evaluation of urea dilution as a 

method of estimating body composition in 42 finishing lambs, that urea dilution was a better 

estimator of carcass fat percentage than liveweight a lone. Although fewer studies have been 
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conducted with sheep than with cows and pigs, the results have shown that urea space gave 

satisfactory prediction results for both fat and lean weights in lambs (Bartle llJll. 1988) ,  

steer s  (Hammond et  al .  1984) ,  cows (Ba rtle et a l .  1987) ,  and pigs (Stansbury et al .  1985) . 

Kock and Preston ( 1979) studied the reliability and usefulness of urea space measured 

at va rying times after u rea infusion for estimating body composition in beef type steers of 

varying liveweight and degree of fatness. Plasma urea concentration measured 12 minutes 

fo l lowing urea inf u s i on proved to be the most  c l o sely c orre lated with rib soft tissue 

composition and carcass specific gravity. Overall correlations with rib water, protein and fat 

percentages and carcass specific gravity were 0 .84, 0 .73, -0.84 ,  and 0.68 respectively . S imilar 

resul ts  were found when the cattle were divided into groups according to age, cold carcass 

weigh t or fatness .  K ock and Preston ( 1979) concluded from this work that urea space 

appeared to be a reliable and practical measure from which to estimate body composition in 

live cattle. Similar results were obtained by Meissner ( 1976) in work performed on d ifferent 

breed s  of sheep ranging in body mass from 13 to 80 kg. He reported that urea space gave a 

highly satisfactory prediction of body water (R: = 0.93) and a moderate prediction of body 

fa t (R=  = 0.54) in lambs .  Stansbury et al .  ( 1985) showed from a study with growing-finishing 

swine that urea had good potential as a body water d iluten t for the determination of body 

composition of swine .  In this work, the water percen tage from chemical analysis of the soft 

tissue of the body and that determined from urea dilution at 54, 79 and 10 1 kg body weight 

respectively was as f allows : 58.2, 57 .6; 52.5, 54.0; and 52.5, 51 .5. The corresponding values 

for fat were 25.5, 26.4; 33.5, 3 1 .5 and 33.5, 34.9 respectively. Correlations between the urea 

space at zero time and chemically analyzed components were -0.73, 0.76 and -0.72 for water, 

fat and protein respectively over all weights. Similar correlations were obtained between the 

change in plasma urea from prior to infusion to 1 5  minutes after infusion and chemical 

analyses.  Bartle �. (1983) showed also that the u rea dilution technique provide useful 

estimates of body composition differences between groups of mature cows. The percentage 

urea space was calculated relative to either liveweight (LW) or empty body weight (EBW),  

and was compared with carcass  fat estima ted from carcass specific gravity and from the 

chemical composition of the 9-10- 1 1th rib section. Coefficients of determination between 

percentage fat estimated from carcass specific gravity and from urea space (LW) were 0.35 

and 0 . 17  for beef and  dairy types, respectively . When urea space (EBW) values were used 

the c oefficients of de termination were 0.50 and 0 .28. The coefficients of determination 

between actual chemical fat and that estimated from u rea space (LW) were 0.36 and 0 .09 and 

from urea space ( EBW) were 0.64 and 0.4 1 for beef and dairy types respectively . Therefore, 

the close relationship between urea space and other estimates of body fat content indicated 
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that  urea space can be used to  estimate body composition in live cows. Hammond et a l .  

( 1 984) determined urea space in  68 mixed breed and 50 Angus steers (210 to 5 17 kg)  and 

showed a l inear relationship between empty body water weight (EBH20) and urea space 

(r = 0.96, P < 0.001) . Prediction of EBH20 weight was improved by including liveweight or 

e mpty body weight as an independent variable along with urea space in a multiple regression 

equation. Although, EBH20 weight was determined by direct chemical analysis, (Hammond  

tlJ!l .  1984),  i t s  correlation with urea space percentage of liveweight was similar to  tha t for 

the data of K ock  and Preston ( 1979) where composition was estimated by carcass specific 

gravity. The results of Hammond et al. ( 1984) were in agreement with those of Bartle et al .  

( 1983) who found that urea d ilution methods could be used to estimate body composition in 

mature, non-pregnant cows, and also with Meissner �. ( 1980) who demonstrated that  urea 

d i l u t i on c ou l d  q u a n t ify b o dy c o m p o s i t i o n  in  bu l l s .  H owever ,  J on e s  � . ( 1 982)  

demonstrated urea dilution to be an unrel iable method for  the  prediction of both fa t  and lean 

weights in lambs, steers and c ows. Thirty eight lambs (4 1 .9 ± 9.7 kg (SD), 25 Holstein cows  

(624 ± 62.8 kg) and 30 steers (466 ± 63.2 kg )  were evaluated for urea space estimation . All  

lambs and cattle were slaughtered within 2 days and half carcasses were separated into fat ,  

lean and b one.  Urea space in lambs w a s  poorly related t o  the weight of half carcass lean 

tissue (R: = 0. 10) and also d id not improve the level of explained variat ion in half carcas s  

lean tissue weight over that explained by l iveweight alone (R:  = 0.73) . Urea space showed a 

closer association with half carcass lean weight in cows ( R1 = 0.55) than in steers (R= = 0.14) ,  

but again did not improve on the relationship with liveweight alone (R= = 0.60). Jones et a l .  

( 1982) concluded tha t urea space was n o t  very useful i n  these studies because the animals 

were either mature (cows) ,  or still in a lean body condition (lambs and steers) . 

J ones  lll!l. ( 1982) suggested some other points which should be considered in a ny 

future w ork using urea to predict body composition of l ive animals as follows: 

1. Smal ler volumes of more concentrated urea solution may be more rapidly distributed 

in the body water,  a nd may substantially alter the time to equilibrate with the b ody 

fluids. 

2 .  The  bes t  s amp l ing  t ime af ter  u rea inject ion  showed to associated with the  best 

prediction of composition (Kock and Preston, 1979) . Urea space measured 12 min in 

cattle and 9-12 min in lambs following urea infusion proved to be the best estimate of 

body composition . 
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3. The effects of a fa st ing period should be examined (there was n o  fast ing period 

applied by Jones et al .  ( 1982)) .  

However, Bartle and Preston (1986) examined the last  point above in four (450 kg) 

heifers  and c oncluded tha t  urea did not  d iffuse into  ret iculo-ruminal  wa ter  (RRW) in 

significant amounts in fasted animals.  RRW therefore, influenced urea dilution estimation 

of body composition only as  a variable component of liveweight. Urea dilution determined 

EBH20 plus urine, and therefore overestimated EBH20 by the urine volume produced in 

the 12 min period . They concluded that to decrease the variation in l iveweight due to RR W 

and poten tial ly to limit u rea transfer across the rumen wall ,  ruminants should be held off 

feed for 20 to 24 hours period before urea d ilution procedures are performed. Bartle et a l .  

(1987) suggested that the low correlations of  Jones et al . ( 1982) ,  and Meissner tl.Jll. ( 1980) 

may have been influenced by different sampling times or urea infusion concentrations, or by 

a somewhat l imited range in body composition.  

Rule e t  al .  (1986) used the urea dilution equations developed by three separate groups 

of investiga tors (Hammond et al. 1984 ; Preston and K ock, 1973; Meissner tl.Jll. 1980) to 

compare predicted empty body water with that measured chemically in 6-12 and 18 month

old crossbred beef steers .  They concluded tha t the overall compari son of urea space with 

components of the carcass and empty body indicated that urea dilution had potential for use 

in the prediction of body composition of beef steers. Also, the overall accuracy of prediction 

and stabilization of varia tion was improved when liveweight was included in the regression 

models .  Without liveweight ,however, urea space accounted for greater than 60% of the 

variation in percent body composition and mass of lipid in the carcass and empty body, and 

greater than 80% of the variation in mass of protein and water in the carcass and mass of 

EBH20.  A feature of LW inclusion was  the elim in a t i on of age effects  a s  revea led by 

analyses of residual plots. 

F inal ly, Bartle �. ( 1988) evalua ted u rea di lut ion in two experiments (n = 46 and 

n = 56) as an estimator of body composit ion in lambs and concluded from the regression 

equation that the relationship between urea space a nd percentage of empty body water in 

lambs was different from that reported for cattle .  In the combined experiments, urea space 

was related to percentage of empty body water by the equation 3 1 .7 ± 0.47 1 ( US)  (empty 

body weight basis: r2 = 0 .56, P < 0.001) .  As a result Bartle ll..a.l. ( 1988) c oncluded that urea 

dilution w a s  related to body composi t ion in lambs,  but considerable variation was noted. 

However, they claimed that the proportion of variation in body composition accounted for by 
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urea space was not satisfactory. They emphasised the importance of accurate sample timing 

and precise plasma urea-N determination and indicated that the urea space procedures may 

require modification for use in lambs. 



CHAPTER THREE 

MATERIALS AND METHODS 

3.1 ANIMALS AND EXPERIMENTAL DESIGN 

3 . 1 . 1 ANIMALS 
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Thirty-six Southdown ram lambs, 18 from each of the Massey University high and low backfat 

selection lines (Purchas et al. 1982) ,  were used in this experiment.  The selection programme 

from which the rams were drawn was initiated in 1976, and was based on selection for either 

increased (high-line) or decreased (low-line) weight-adjusted backfat depths as assessed by 

ul tra sound (Purchas and Beach , 1 98 1 ) .  Further details on the Massey University backfat 

selection l ines have been provided by Bremmers et al .  1988 . For this experiment, two sires 

w e r e  equa lly represented in each l ine,  and within each sire by line group (Table 3 . 1 ) .  

Animals were randomly allocated into three "lots" of 1 2  rams. All the rams used i n  this study 

were born in August and September 1987 and ranged in age from 158 · 233 days at slaughter. 

3 . 1 .2  EXPERIM ENTAL PROCEDURE 

After  the animals were transported from the f ie ld to the Animal Physiology Unit ,  they 

received a 10-day adjustment period in individual pens.  Rams were fed once daily (at 17 .OOh) 

chaffed lucerne hay at a rate equivalent to 1.3 times maintenance. Fresh water was available 

ill l ibitum. On day 10 the rams were cannulated as described by Bremmers .tl.lli. ( 1988) . An 

intravenous urea challenge was a dministered on day 12 .  Within each lot the animals  were 

d iv ided into two slaughter groups of 6 rams, each balanced for line. The same procedures 

were applied for the three lots (Table 3 .1) .  

The two g r oups  in  e a c h  lo t  were s l augh t e r e d  5-7 days a f t e r  the u r ea space 

measurement (Table 3 .1) .  The following measurements were taken at and after slaughter: 

1 .  Body components measurements at slaughter (Section 3.4) 

2. Carcass measurements (Section 3.5) 



3. Dissection measurements (Section 3.6) 

4. Adipose tissue measurements (Section 3.7) 

5. Muscle fibre type measurements (Section 3.8) 

6. Chemical  analysis (Section 3.9) 
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On the  day of s laughter, the carcas ses and al l  the n on-carcass c omponents were 

transported to  the Massey University (meat laboratory) in separate polyethylene bags. The 

carcasses were kept overnight in the chiller and the non-carcass components were frozen 

immediately at a temperature of c. -20
o
C. 

Table 3 _ 1 :  Layout of the experimental design. Each "lot" of 12 animals represent 6 animals 

for each line and 3 animals from each sire, and was slaughtered within 2 succeeding days. 

Lot Number Transfer Date Date 
No .  of indoors of Urea of 

animals challenge Slaughter 

1 6 31 Jan 12 Feb 17 Feb 
6 31 Jan 12 Feb 19 Feb 

2 6 21 Feb 04 Mar 09 Mar 
6 21  Feb 04 Mar 11 Mar 

3 6 13 Mar 25 Mar 30 Mar 
6 13 Mar 25 Mar 31 Mar 

Note:  a l l  the dates refer to the 1988 year. 

3.2 UREA SPACE MEASUREMENT 

Urea was administered intravenously a s  a single bolus ( 120 mg of urea/kg liveweight)  of a 

solution (300 mg/ml)  in sterile pyrogen-free physiological saline. I t  was follow by 6 ml of 

saline t o  wash out the catheter .  Blood samples of a pproximately 8 ml were collected through 

the catheter at 60, 40 and 20 minutes prior to infusion and at 15, 30, 45, 60, 75, 90, 105, 120, 

. 180, 240, 300, 360 and  420 min after the time of the urea challenge infusion . The blood 

sam ples  were with d rawn into tubes containing 0 . 1  ml of 35% (w fv) sodium citrate as  an  

anticoagulant, and immediately placed on ice. The blood samples were then centrifuged (20 
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min a t  2500 g and 4 o C) within 1 hour of sampling. Plasma blood was harvested and stored a t  

c .  -20 o C until assayed. The auto-analyser method described by Marsh S<l...al. ( 1965) was used 

to determine plasma urea concentration . 

3.3 SLAUGHTER PROCEDURES 

Six anim a l s  were slaughtered at one time (Table 3 . 1 ) .  Al l  animals were slaughtered and 

dressed a t  the Animal Physiology Unit  a t  Massey University following normal  commercial 

procedures with a captive bolt pistol being used to stun the a nimals. The animals were fasted 

for c .  17.0 hours before slaughter. 

3.4 BODY COMPONENTS MEASURED AT SLAUGHTER 

3.4 . 1  BLOOD COLLECTION 

The blood was collected in ta red plastic tray (30 cm x 50  cm) by carefully holding the animal 

over the t ray and a l lowing i t  to bleed completely after  cutting the neck vessels.  After 

weigh ing ,  t r ip l ica te s amp les  (approx i m a tely 100 ml  each) were tran sferred to t a red  

aluminium containers for estimation of m oisture content .  

3 .4 .2  NON-CARCASS COMPON ENTS MEASUREMENTS 

After exanguination, an imals were flayed and eviscerated according to normal dressing 

procedures,  and always in the same order .  The f allowing non-carcass components were 

weighed:  

1 .  Head and feet (g) 

2. Skin (g) 

3.  Foregut full  (g) 

4. Foregut empty (g) 

5 .  All  intestine full (g) 

6.  All intestine empty (g) 

7. Heart (g) 

8. Liver (g) 



9 .  Both kidneys (g)  

10. Spleen (g) 

1 1 .  Lungs and Trachea (g) 

12. Both Testes (g) 

13 .  Omental fat (g) 

14. Kidney fat (g) 

15. Other components (g) (all remaining pieces from non-carcass components) 
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The weights of all parts were recorded immediately after removal from the body. The 

foregut and the intestine were weighed with all the ingesta included and also after being 

cleaned and washe d  under cold running water and allowed to drip. The head and feet for 

each animal were sealed in a plastic bag and frozen at c .-20
o
C after weighing. The viscera 

components (items 3 to 15 above) were also stored in a plastic bag at c . -20
° 
C for moisture 

content determina tion.  The dressing and visceration procedures were done over a large (80 

cm x 150 cm) stainless steel tray to avoid any loss of blood and internal body fluids .  

3.4.3 SKIN AND WOOL SAMPLING 

Three rec tangular sa mples ( 10 cm x 30 cm) were cut from the pelts  of the la mbs after 

slaughter. The sampling positions were chosen on the basis of results of Wodzicka ( 1958) 

and their location on the body of the animal is outlined in Figure 3 .1 .  The pelt samples were 

weighed and frozen a t  c .  -20
o
C. After thawing, wool was removed from the samples using 

ani mal  clippers ( S u n beam animal  clipper, Model HCAA , detachable blade) .  The skin 

percentage (SK %) in these samples was obtained by dividing the skin weight (SK Wt.)  by the 

total  weigh t (TS W t . ) ,  and the wool  weight ( W  Wt . )  was determined by the d iffe rence 

between the total weight (TS Wt.)  and the skin weight (SK Wt.) 

SK Wt. 
SK % 

TS Wt.  

W Wt.  = TS Wt.  - SK Wt.  

The tota l  skin weight in  a pel t  (TSK W t . )  was obtained by multiplying the skin 

percentage (SK % )  by the total  pelt weight (TP Wt.) and dividing by 100. The total wool 

weight (TW Wt.) was  obtained by the difference between total pelt weight (TP Wt.) and total 

skin weight.  



-
, --

L- - --

HEAD 

i 
i 

, __ - ,_ -

--

..-· -- --

- - 1 

--
T 

I 

,-- -- -- -- ') J 
I -' I - --
t -- -

-- ..- I 

L ..-
I - I I I 
I I 

--

} -

- 1 
I 
I 

_j --

TAIL 

J -

F i gure 3 . 1 Samp l ing pos it ions on the pe l t . 

39 



40 

Table 3 .2  Definitions of  the carcass l inear  measurements (Adapted from Kadim, 1988) 

Measurement 

1. Body length (LB) 

2 .  Leg length (T) 

3. Gigot width (G) 

4. Maximum shoulder 
width (WF) 

5 .  Width behind 
shoulder (WTh) 

6a . Fat thickness (C) 

7a. Fat thickness (J ) 

8a Fat thickness (S2) 

9a . Tissue thickness 
(GR) 

lOa . M, 1Qn2issim.us 
with (A) 

ua. M, 1Qn2issim.us 
depth (B)  

12a
. Area of M.. 

1Qn2issimus 

13b. Fat thickness (L3) 

Definition 

Froni the p o i n t  where t h e  gambrel is i n ser ted  through the 
Achil les  t endon  to  a point jus t  anter ior  to  thepoint of the 
humerus (Moxham and Brownlie, 1976) 

From the distal end of the tarsals to the centre of the tuberosity 
of the tibia, which is visible on the ventral aspect of the hanging 
carcasses (Palsson, 1939) . 

Maximum width of the gigots, with the carcass suspended from 
the gambrel. The measurement was taken at right angles to the 
length of the carcass at a line level with the femoral trochanter 
(Palsson, 1939) . 

Maximum width of the shoulder, measured at the level of the 
sea pula from one lateral surf ace to the other, using a caliper 
(Palsson, 1939) . 

Minimum width behind the scapula (Palsson, 1939) . 

The depth of subcutaneous fat over B at right angles to the skin 
(Palsson, 1939) . 

The depth of subcutaneous  fat over the M .  Qbliquus externus 
abdominis (Palsson, 1939) .  

The depth of  subcu taneous fa t  over the M, latissi.us dQrsi a t  
a point a t  right angles to the mid-line bone (Kirton .tl.ill., 1967) .  

The depth of tissue over the surface of the rib at a point 1 10 mm 
from the mid-line (Frazer, 1976) .  

The maximum width across the surface of the M. 1Qn2issimus. 

The maximum depth at right angles to the width measurement .  

Area of the cut surface was traced on a tracing pape r  and the 
area was determined by using a digitising tablet attached to an  
Hitachi personal computer (Model MB-16003(E] ) .  

Fat  thickne s s  ove r t h e  ven t ra l  edge o f  M. 2luteus medi.us 
(Kirton and J ohnson, 1979) .  

a Measurements were taken on the cut surface between r ibs  12  and 13  (Figure 3.4) 
b Measurements were taken on the cross-section of the leg cut (Figure 3.4) 
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p o p l i t e a l I . M . F  
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F i gure 3 . 3 A side o f  c arcass s howing the po s i tions o f  
the s tand ard i s ed cuts u s ing dotted line s . The l ocat ions 
of the two intermuscul a r  fat depots used in th i s  s tudy 
are also s hown . 
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SK % x  TP Wt. 
TSK Wt. = 

100 

TW Wt. = TP Wt. - TSK Wt. 

3.5 CARCASS MEASUREMENTS 

Following a chilling period of approximately 24 hours at 1-3 
o 
C within a plastic bag, carcasses 

were weighed and the water that dripped from the carcasses was also weighed. 

Linear  measurements  made on the whole carcass included items 1 to 6 defined in 

Table 3 .2 and shown in Figure 3.2. Afte r  c omple ting the above measurements, carcasses 

were cut in to  four units ( sh oulder, rack ,  l oin and leg) (Figure 3 .3) .  The shoulder  was 

separated from the rack by first cutting with a knife along a line against the caudal edge of 

the 7th rib on each side, and then the vertebrae was sawn through. The rack was separated 

from the loin by cuts against the caudal edge of the 12th rib, the ventral edge of the costal 

cartilages, and through the intervertebral joint between the 12th and 13th thoracic vertebrae .  

The leg was  separa ted by cutting between the las t  and second to last  lumbar vertebrae. 

Linear measurements (items  7 to 12, 14 and 15  in Table 3.2) were then made on the surf aces 

of the cuts as  il lustrated in Figure 3.4.  Ca lipers and a metal rule were used to make the 

measurements.  Each cut from both sides of the carcasses was weighed after being split into 

halves. All cuts were sealed in plastic bags and frozen, a t  approximately -20
o
C for periods 

ranging from 3 to 60 days. 

3.6 DISSECTION PROCEDURES AND MEASUREMENTS 

Dissection commenced 2 to  3 days after the time of carcass measurements. All cuts from the 

left side of the carcass taken from f reezer at random were thawed for about 12 hours in a 

cooler a t  1 to  2 o C, while sti l l  in plastic bags .  After  weighing the dissection was done a s  

quickly a s  pos sible (using kn ives a n d  scal pels)  t o  avoid moisture losses .  T h e  c u t s  and  

dissected parts were kept c overed with damp towels prior to weighing. 

Cuts were dissected into the following components: 
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1 .  Soft tissue:  This included a l l  the muscle and fat .  
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2 .  Individual Muscles: These included M. semitendinosus, M. semime mbranosus and M .  

biceps femoris  d issec ted from t h e  l e g ;  a n d  M.  supraspinatus ,  d issected from the 

shoulder. All muscles were· weighed immediately after separation from the cuts .  The 

dissection of individual muscles was based on the description of Fourie ( 1962) . 

3 .  Bone: This included the total weight of bone plus cartilage in each cut, The following 

individual bones were removed from the shoulder and leg cuts,  scraped clean and 

weight,  length and circumference recorded (Figure 3 .5) :  

1 .  Humerus and Radius-Ulna ( shoulder) . 

2 .  Femur and Tibia (leg) .  

The c i r cumference of each bone was  mea sured w i th a f ine cot ton  string a t  the 

narrowest point on the shaft. The length was measured by calipers between the distal 

and proximal extremities (Figure 3 .5) .  

4 .  Intermuscula r Fat  Depots (IMFD): Two IMFD's were dissected from between the 

muscles as following: 

I .  Popliteal I MFD: Th is was dissected from the leg cut after removing the 

Biceps femoris and Semitendinosus muscles 

l l .  Prescapular IMFD: This was dissected from the shoulder cut after removing 

the subcutaneous fat, Brachiocephalicus muscle and Omotransversarius muscle. 

The respective lymph nodes (Popli teal  lymph n ode and Pre scapul a r  or superfeicl  

cervical lymph node) were left embedded in the fat depots (Figure 3.3) . 

The d i s se c ted sof t  t issue and bone  f rom l eft s ide  of each ca rca s s  were f r ozen 

separately after weighing in plastic bags for  subsequent determination of moisture content. 

3.7 ADIPOSE TISSUE MEASUREMENTS 

Cubes of approximately 10 to 15 mm of subcutaneous and intermuscular adipose tissues were 

taken from the fat above and beneath M. Il iocostalis a t  the c ranial end of the rack. After 2 to 
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3 months of storage in a formaldehyde solution ( 4%) a t  4 • C, the fat tissue was attached to a 

chuck with several drops of Tissue-Tek l i  O.C.T compound, and allowed to equilibrate to the 

Cryostat  temperature ( -25
o

C) for 30 minutes.  The t issue block was  then sectioned on a 

Cryostatic microtome (LIDSHA W CRYO TOME Model 1500) to about 90 p.m thickness for 

each cut .  The sections  were turned over on the knife with a small fine brush, and  then 

transferred to slides, where they were mounted in a water-based mountant and covered with 

a coverslip (Sjostrom .tlJ!l. 197 1) .  

The diameter of  two hundred randomly selected adipocytes from each s l ide  were 

measured using a projection microscope (REICHERT WIEN VISOPAN) at a magnification 

of 125X. Care was taken to ensure that  the same region was viewed only once in each slide. 

The mean diameter (d) of the adipocyte and its standard deviation (S) were calculated. 

The mean adipocyte volume (V) was obtained using the formula of Goldrick ( 1967) :  

3 . 8  MUSCLE FIBRE-TYPE MEASUREMEN TS 

The right M. semi tendinosus from 3 1  animals removed from the carcass at about 20 to 30 

minutes post-mortem . The muscle was cleaned of fat, weighed ,  placed in a plastic bag and 

kept on ice until the group of muscles  were transported to the Histology laboratory .  A 

longitudinal strip, up to 10 mm in length along the muscle and 5 mm in diameter was removed 

from each muscle, approximately 60 to 90 minutes post-mortem. The sample was wrapped in 

aluminium foil and frozen in 100 m! isopentane to - 16o
·
c in 100 ml of liquid nitrogen for 10 

minutes .  Samples  w e r e  then mounted on a c ry o s t a t  chuck with Tissue-Tek Il  O .C.T 

compound, and serial sections of 10  f.J.m thickness were cut  and mounted on clean glass  slides 

at -20 o C in a cryostat ( LIDS HAW CRYO TOME Model 1500) after the sample was al lowed 

to equilibrate to -20
° 

C .  All the slides were then left in a refrigerator for at least 30 m inutes 

before staining to prevent the section s separa ting f rom the slides a t  late r stages in the 

staining procedures. 

The d e m on s t ra t ion of Succ inate  d ehyd roge n a se ( S D H )  u sing the N i t r o  B lue  

Tetrazolium method ( N achlas tlJll. 1957) was  used to  stain the sections .  A cover slip was  

then placed over the t i ssue section u sing glycerol  je l ly to f ix i t  in place.  A p r ojection 
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microscope (REICHERT WIEN VISOPA N ) (magnifica tion of 315X) was  used to measure 

the diameter of muscle fibres. These were selected from four muscle fibre bundles in each 

sample. 18  randomly selected fibres of each of the 3 muscle fibre types were measured from 

each bundle. 

Musc le  fibre area (A) was calculated from the di ameter ( D )  u sing the fo l lowing 

formula: 

D 
A =  n. (---)2 

2 

The proportion of fibres of each of the muscle fibre types was calculated by counting 

all the fibres of each type in an area containing approximately 200 to 300 f ibres traced on to 

tracing paper .  This was done for four muscle fibre bundles for each animal . 

3 .9  CHEMICAL ANALYSIS 

The chemical analysis was determined in the following components: 

1 .  Blood sample, head and feet, viscera and skin sample for moisture determination. 

2. The s of t  t i ssue and bone from the d i ssected left side cut f o r  mois ture and fat 

determination. 

3. M. longissimus from the right side cuts f or fat determination. 

3 .9 . 1  WATER DETERMINATION 

Water c on tent was calculated from triplicate samples as the difference between the f resh 

sample weight and the dry weight after d rying at 90-lOO
o 
C (A.O.A.C.,1984 ) .  

Triplicate blood samples ( 100 m l  each) were collected after slaughter, and within 3-4 

hours post-mortem dried in an oven (90-100
°
C) for 24 hours, cooled in a desiccator and then 

weighed. This procedure was followed since when the first block of blood samples was dried 

for several days until there was no appreciable water loss after 24 hours. 
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The moisture in the head and feet and viscera was determined approximately one week 

post -m ortem (for each block ) .  S imi larly with soft t issues and bone, the moisture was 

determined approximately one week after dissection of the left side carcass was completed. 

All the samples were taken from the freezer a t  random for analysis, at the rate of 10 to 15 

samples per working day,  so that all  the samples were removed within approximately 3 

months of initial freezing. 

The m i n c e d  s a m p l e s  were p r e pared  by i n i t i a l ly thawing the sample  a t  room 

temperature for one  hour and then sawing the  frozen samples into slices of 10  to 20 mm 

thickness. These were m inced in  a 1 1  kW WOLFKING MINCER, fitted with two die plates 

containing 16 and 10 m m  holes respectively. After thorough mixing by hand, the mince was 

put through the same mincer again . After another mixing, the mince was put through a 1 . 1  

kW H O BA R T  M I N C E R  wi th  a p l a t e - h o l e  d i a me t e r  of  6 m m .  Once  a s s u r e d  of a 

hom ogeneous product ,  triplicate samples ( 15-20 g each)  were weighed out on to  tared 

aluminium foil, and dried in an oven (90- 100 o C) for 24 hours. 

The above procedure was followed only when the samples contained bone, such as the 

head and feet and the b one for one side. Otherwise the samples were minced three times 

only in the HOBART M INCER, for example the soft  tissue and eviscerate. Approximately 

100 g samples from the minced bone and soft tissues were stored in a deep freezer for later 

determination of fat. 

After one hour thawing at room temperature, the wool was shaved and longitudinal 

strips ( 1  cm x 10 cm) were then taken from all over the three skin samples.  Trip licate 

samples ( 15-20 g each) were weighed out on to tared aluminium foil and dried in an oven for 

24 hours at 90 to 100 o C .  

3.9.2 FAT DETERMINATION 

The fat content were d etermined in the soft tissue and bone from the left side cuts and in the 

M. longissimus from the right side rack cut. This fat content were estimated by S OXHLET 

extraction of duplica te  minced and freeze dried samples ( 10- 14 g wet weight)  for about 9 

hours with petroleum e ther (B .P .  40 to 60
o
C) (A.O.A.C., 1970). The minced samples used 

came from the separate soft tissue and bone which were prepared previously and stored, and 

from the M.  longissimus which was dissected on the day of linear measurement and stored 

after trimming of subcutaneous fat, connective tissue, intermuscular  fat and epimysium. All 
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the samples were thawed partially by microwave and then d iced into very small  pieces by 

kn ife. After mixing thoroughly, triplicate samples ( 10-14 g each) were weighed out on to 

tared aluminium foil to estimate the fat content .  

3 . 10 STATISTICAL M ETHODS 

Two kinds of data were available f ram this study as f allows: 

1. Body and carcass  composition data. 

2. Measurements a ssociated with the urea dilution experiments. 

The data were subjected to analyses of variance, and general least-squares procedures 

were used to examine the effects of the 3 slaughter lots ,  the four sire s and lot x sires 

interactions on both sets of data after being adjusted by covariance analyses for differences 

in the appropriate covariate. The computations were carried out using the generalized linear 

models  computing programme (REG)  held at the Ma ssey University computer centre 

(Gilmour, 1985) .  

3 . 10 . 1 BODY AND CARCASS COMPOSITION 

The model used to describe body composition characteristics was: 

Yijk = U + Li + Sj + (LS)ij + b(xijk) + eijk 

Where: 

Yijk is kth observation in jth sire and in the ith slaughter lot 

U = is the overall mean 

Li is the effect of lot 

Sj is the effect of sires 

(LS)ij = is the lot X sire interaction 

b is the linear regression coefficient of Yijk  on the covariate Xijk 

xijk is equal to (Xijk - X-), X- being the overall mean of the covariate Xijk 

eijk is a random error, a ssumed to be normally and independently distributed 

with zero mean and constant variance 
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I t  i s  importan t  to  note  that  the components of the model were always fitted in  the 

f allowing sequences: the covariate, lot, sires and interaction. The lot X sire interaction term 

was seldom found to be significant (P > 0 .1 )  and was therefore excluded from the model.  

Differences between the means of the 4 sire groups were evaluated using a set of 3 

orthogonal contrasts as  f allows: 

1 .  Ho : - lS l  - 1 S2 + 1S3 + 1S4 = 0 

2. Ho : - lSl  + 1S2 0 0 0 

3. Ho : 0 0 - 1S3 + 1S4 = 0 

Where: 

Sl and S2 represent the 2 sire groups within the high-backfat line 

and:  

S3 and S4 represent the 2 sire groups within the low-backfat line. 

3. 10 .2 UREA DILUTION 

I n  order  t o  pre d i c t  body w a t e r  f r o m  changes  in urea concentrat ion fo l lowing the 

administra t ion of a urea chal lenge, it i s  necessary to obtain an accurate estimate of the 

increase in urea concentra tion that would have occurred if mixing had been instantaneous. 

That is, the zero-t ime concentration minus the baseline value. 

The accuracy of various estimates of urea concentration increases were assessed from 

the closeness of rela tionships between empty body water percentage calculated from these 

e stimates and empty body water percentage which was measured directly .  

The estimation of empty body water percentage (EBH20%) from urea dilution data 

was based on the following equation: 

EBH20% = (EBH20 X 100) / EBWT 

Where EBWT = empty body weight, 

and EBH20 = weight of e mpty body water (kg) 

= volume of empty body water (L) 
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(Quantity of urea a dministered ( m Mol))  

(Estimated Urea Concentration Change (mMoliL)) 

( 1 .998 X BWT) I ( E UCC) 

Where BWT = Body weight (full) on the day of challange 

and 1 .998 = 120 I 60.06 

= ( Urea dose rate (mglkg))I(U rea molecular  weight) 

Several methods were used to calculated EUCCs from plasma concentrations of urea 

before and after the challenge as outlined below. Plasma urea concentrations available for 

each animal included the three baseline samples before the challenge and 13 samples after 

the challenge . 

1 .  METHOD (A): 

where : 

1 .  The following 2-pool model was  fitted using a l l  13  available data points (Bartle 

et a l . ,  1988) using iterative procedures in the BMDP statistical package (Down 

et al . ,  1985) .  Only the second com ponent of the model was of direct interest 

s ince  it repre s e n t e d  the phase  of c lea r a n c e ,  whi le  the f i r s t  component  

represented the initial mixing of the urea in  body water. 

U (t) = ae·bt + ce·d t  . . . . . . . .  ( 1 )  

U (t) is the plasma urea concentration at time t .  

a is the zero-time urea concentration for pool 1 (mixing curve) . 

e is the exponential constant = 2.7 18 (the base of natural logarithms) 

b and d is the fractional u rea decay constants. 

C i s  the zero-time u rea concentration for pool 2 ( clearance rate ) .  

2 .  Aver age pre-chal lenge base l ine  concent ra t ions  were subt racted from c .  

D ifficul ty w a s  e x p erienced i n  f i t t ing the  m odel  if base l ine  values  were  

subtracted beforehand. 
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1. Within each animal  all values beyond the first  post-challenge value that was 

within 2 percent of the final 420 min value were excluded from the analysis. A 

two percent range was  chosen because it was  the a pproxim a te intra-assay 

coefficient of variation between replicates for the urea assay . 

2. The 2-pool model ( 1 )  was fitted to the remaining values for each animal as for 

method A. 

3.  Average  pre-chal l enge basel ine c o n centra t ions  were subtrac ted  from c .  

D ifficu l ty w a s  exper ienced i n  f i t t ing  the m odel  i f  base l ine  v a l ues were 

subtracted beforehand. 

3.  METHOD (C) :  

1 .  Average pre-challenge baseline concentrations were subtracted from the 15 min 

(C15) ,  30 min (C30), 45 min (C45) and average of the 15, 30, and 45 min (Cav) 

post-challenge values for each animal .  

4 .  METHOD (D) :  

1 .  Within each animal  all  values beyond the first post-challenge value that was 

within 2 percent of the final 420 min value were excluded from the analysis. 

2. A simple  exponential equation of the form: 

U (t) = c e-dt 

was fitted to the baseline-adjusted data by l inear regression of loge U (t) on t .  

3. For method D l  the baseline was assumed to be constant and equal to the mean 

of the 3 pre-challenge samples. 

4. For m ethod D2 the baseline was a ssumed to be represented by a straight line 

between the mean of the 3 pre-challenge samples at time zero and  the l a st 

sample to be included in the analysis for that animal as  specified under 1 above.  
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The results for this stu dy are given in two sections. Results concerning Body and carcass 

composition characteristics a re presented in section 4 .2 (Tables 4 . 1  to 4 . 12 ;  Figures 4 . 1  to 

4.3) and, those relating to urea dilution studies are outlined in section 4.3 (Tables 4 . 13 and 

4 . 14 ;  Figures 4.4 and 4 .5) .  

4 .2 BODY AND CARCASS COMPOSITION CHA RACTERISTICS 

4 .2 . 1  F I N A L  L I V E W E I G H T ,  CA R C A S S  W E I G H T  A N D  D R E S S I N G - O U T  

PERCENTA G E  

T h e  d ifference between sires a n d  l ines for liveweight, carcass weight a n d  dressing-out 

percentage of rams a re presented in Table 4 . 1 .  Final liveweight was non-significan tly higher 

for rams from the low -backfat line, but this line had slightly lower carcass weight. Dressing

out percent however, were higher for the high-backfat line (P < 0 .10) than the l ow-backfat 

line when adjusted to a constant carcass weigh t.  Mean slaugh ter liveweights for the three 

lots  were 29.9, 30 . 1 and 35.4 Kg respectively and  their ages were 1 7 1 ,  197 a n d  223 days 

respectively. 

4 .2.2 NON-CA RCASS BODY COMPONENTS 

Least-squares means of all non-carcass components in Table 4 .1  were similarly higher for 

rams from the low-backfat l ine than the high-backfat line, when the data was  a djusted to  a 

constant carcass w eight, with the exception of skin plus wool, liver, spleen and heart weight, 

being significantly heavier. 

The skin plus wool weight was the only body component which showed significant 

differences between rams within a line. Table 4.1 also shows significant effects of lot on the 



Tahle 4. 1 Least·squares 111eans of age at slaughter, fasted l i vcwcight, t: l l lp ty  l i veweight, pen;emage gut coutcuts, carcass weight, dressing-out percentage, and 
non-carcass component weighL� of Southdown rams within two sire groups fru11 1  each or the h igh ami low backfat l i nes. 

Item 

Age at slaughter (d) 
f-asted l iveweight (kg) 
Empty liveweight (kg) 
Gut contents (%) 

Carcass weight (kg) 
Dressing-out percentage 
n too<.l weight (g) 

Skin + wool weight (g) 
Head ond feet weight (g) 
Empty fore gut weight (g) 
Intestines empty weight (g) 
Liver weight (g) 
Kidney weight (g) 
Spleen weight (g) 
Heart weight (g) 
Lungs and trachea weight (g) 

Testes weight (g) 

a High versus Low backfat l ines 
b Sire one versus sire two 
c Sire three versns sire four 

Overall 
Mc.1n 

1 \17 

3 1 .5 

24.7 

20.8 

1 4 .0 

44.2 

1421i 

2 5 5 1  

2 1 28 

876 

1 5 7 1  

483 

9 1  

43  

144 

390 

359 

---

S i res 

High f-at Low f-at 

I 2 3 4 

198 200 1 %  1 94 

3 1 .4 30.0 32.5 32.2 

25. 1 23.3 25.3 25. 1 

1 9.4 22.2 2 1 .0 20.6 

14.6 1 4 . 1  1 3 .3 1 4 . 1  

45.2 44.4 43.2 44. 1 

1 448 1 374 1437 1445 

2330 2405 285 1 26 1 8  

2092 2 1 38 2 173 2 109 

860 878 863 903 

1 584 1 557 1 546 1 599 

46{) 452 5 1 1  508 

88 95 90 92 

42 42 44 46 

143 1 3 5  1 50 150 

392 358 4 1 6 393 

368 353 364 35 1 

(1 R S D  H vs L3 

o.n 7. 1 NS 

0.26 4.28 NS 

0.29 3.8 NS 

0.4 1 4.05 NS 
0.85 1 . 1  NS 
0.70 1 .89 s 

0.78 1 02 NS 
0.8 1 234 ••• 

0.9 1 73 NS 

0.50 88.3 NS 
0.67 1 3 4  NS 
0.7 1 46 • • •  

0.64 8 NS 

0.63 4 .5  s 

0.80 1 0  • •  

0.25 59 NS 

0.67 53 NS 

d Lot ncfers to the three groups of ani111als slaughtered at three di fferen t t imes.  f-or more dcl:l i l s  refer to Tahle 3. 1 

S ignificance 

S 1  vs S2° s
3 vs S/ 

NS NS 

NS NS 

NS NS 

NS NS 
NS NS 
NS NS 
NS NS 
NS • 

NS s 

NS NS 
NS NS 
NS NS 

s NS 

NS NS 

NS NS 
NS NS 

NS NS 

, The covariate wns fasted liveweight for gut  contents % aud carcass weight analysis and carcass weight for a l l  other variables 

RSD = Residual standard deviation 
r2 

= coefficient of determination 
NS = not significant; S = P < O. I O; • = P < 0.05;  •• = P < O.O I ;  " * *  = P < O.OO I 

Lot(} Covariate� 

• • •  

• 

... 

•• • •  

NS • • •  

s • • •  

NS • • •  

N S  • • •  

• • • •  

N S  • • •  

NS • • •  

• • • •  

• •  • • •  

NS • • •  

• • • •  

N S  • 

• •  • • •  

Vl 
Vl 
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head plus feet weight, liver weight, kidney weight, heart weight and testes weight between the 

groups of rams which were slaughtered at different times. 

4.2.3 LINEAR AND AREA MEASUREMENTS 

When data was adjusted to a constant carcass weight, the carcasses from the rams of the low 

backfat line were significantly longer (by 39 mm) a n d  had significantly longer hind legs (by 

5.5 mm) than the rams from high-backfat line (Table 4.2).  H owever, the low-backfat line had 

narrower shoulders (WF) (P  < 0.1)  and a similar width behind the shoulders (WTh) .  

The least-squares means for a l l  fat  depth measurements were significantly grea ter for  

rams from the high-backfa t l ine  when compared a t  the same constant carcass weight.  On 

average the ram carcasses from the high-backfa t l ine had 1 .7 ,  2. 15, 1 .85, 1 .75 and 3.5 m m  

greater depth at C, J ,  GR, S 2  and L3 respectively than the low-backfat line. These i n  turn 

represent an  increase of approximately 56.7%,  37 . 1  %, 26 . 1  %,  33 .3% and 51% in the h igh

backfat l ine, relative to the low-backfat line. 

The cross-sectional a rea of M. longissimus a t  the 12/13 rib was similar for the two 

l ines,  but the shape of this muscle was significantly deeper (B) and narrower (A) for the 

high-backfat  line carcasses at a constant carcass weight. 

Signif icant differences between sires within either one or both lines existed for leg 

length (T) , fat depth C, J, G R ,  and S2 and also between the area and width (A) for M .  

longissimus (Table 4 .2) . Lot effects were also significant  for body length (LB) and fat depth 

(C) (Table 4 .2) .  

4 .2.4 CARCASS COMPOSITION 

4.2.4 . 1  Weights of individual cuts 

Least-squares means for 4 cuts (average of both sides),  together with total side soft tissue 

weight and total side bone w eight are presented in Table 4.3.  At the same carcass weight the 

carcasses  of the high -backf a t  l ine had signif icantly lighter shoulder cuts, heavier rack cuts 

(P < 0.001 )  and loin and leg cuts of a similar weight to the carcasses of the low-backfat l ine. 

Also, total side bone weight was significantly lower in the high-backfat l ine. 



Ta ble  4.2 Least-squares means for carcass l inear d imensions of Southdown .rams wi th in two s i re groups from each of Lhe high and low backfat l i nes 

S i res 
Overal l  H i!!h  Fat Low Fat S i  l!ni ficance 

Item Mean l 2 3 4 r2 RSD H vs L s 1 vs s2 s3 vs s4 Lot 

Body length LB (mm) 897 882 874 923 9 1 1 0.9 1 14 * * *  NS s * *  

Leg length T (mm) 1 60 1 57 158 1 66  160 0.67 4.7 * *  NS * *  NS 

Width behind shoulder WTh (mm) 1 56 1 55 1 58 1 54 1 56 0.85 5.2 NS NS NS NS 

Maximum shoulder width WF (mm) 1 70 1 7 1  1 73 168 1 70 0.93 4.4 s NS NS NS 

G igot width G (mm) 21 5 2 1 5  2 15  2 16  2 15  0.80 4.4 NS NS NS NS 

Fat depth C (mm) 2. 1  2.6 3 .4 1 .2 1 .4 0.81  0.7 * * *  * *  NS * 

Fat depth J (mm) 4.7 5 .3  6.3 3.2 4 . 1  0.83 1 .0 * * *  * s s 

Tissue depth GR (mm) 6.2 6.6 7.6 4.8 5.7 0.9 1 0.9 * * *  * * NS 

Fat depth S2 (mm) 4 .4 4.3 6.2 3.2 3 .8  0.78 1 .0 *** * * *  NS NS 

Fat depth L3 (mm) 5. 1 6.4 7.3 3.3 3.4 0.87 1 . 1  * * *  s NS NS 

M. longissimus: 

Width A (mm) 54 53 52 56 53 0.61 2.0 * * *  NS * *  NS 

Depth B (mm) 25 25 26 25 25 0.85 1 . 1  * NS NS NS 

Area (cm2) 10.6 1 0. 7  1 0.6 1 1 . 1  10.2 0.84 0.7 NS NS * *  NS 

� The covariate was carcass weight 

For definitions of abbreviations see Table 4 . 1  

Covariate� 

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

Vl 
....,j 



Table 4.3 Least squares means for cut weights and d issected tissue weights of Southdown rams wi th i n  two s i re groups from each of the h igh mid low backrat l i n.::s 

-

S i res 
Overall Hi!!h  Fa t Low Fat 

Item weight (g) Mean 1 2 3 4 

Lefl and right leg 4879 4936 485 1 4885 4843 

Left and right loin 2069 1 983 2 1 54 2023 2 1 14 

Left and right rack 1 206 1 203 1 277 1 1 74 1 172 

Left and right shoulder 5824 5862 5698 5892 5843 

Total side bone 987 950 927 1 05 1  1 0 1 8  

Fat-free soft tissue weight 4400 4364 4260 4533 4442 

Weight of 4 musclesa 547 567 54 1 550 530 

� The covariate was carcass weight 

a M. semitendinosus, M. semimembranosus, M. biceps femoris, M. supraspinatus 

For definitions of abbreviations see Table 4. 1  

'J 
RSD H VS L r-

0.98 l OO N5 

0.92 1 39 N5 

0.98 39 *** 

0.98 1 3 1  * 

0.86 54. 1  *** 

0.96 165 * 

0.93 29.3 N5 

S ign ificance 

5 1 vs 52 53 vs 54 

N5 N5 

** N5 

*** NS 

** NS 

N5 N5 

N5 N5 

5 NS 

Lot 

NS 

N5 

*** 

5 

** 

N5 

N5 

Covariate� 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

V> 
00 
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The shoulder cut was heavier and the loin and rack cuts were lighter in the carcasses of 

rams from sire number one than sire number two within the high-backfat line. Table 4 .3 also 

show s  that the rack cut weight and total side bone weight were the only two components 

differing significantly between lots. 

4 .2 .4 .2  Bone distribution and dimension 

The effects of sires on bone distribution are presented in Table 4.4, with the high-backfat l ine 

carcasses having a significantly higher weight of bones in the rack (7  .5%) a t  the same total 

side bone weight .  H owever, the high -backfat line had significantly lower weight of bone 

(3.8%) in the leg cut. The humerus and femur bone weight were also significantly l ighter by 

3.9% and 6.3% respectively in the high-backfat l ine. 

The humerus and tibia bone weigh t and the bone weight in  the loin cut differed 

significantly between the ram carcasses within the sires of the low-backfat line . Also, the 

radius and ulna bone weights differed significantly between the ram carcasses within sires of 

the high-backfat line. The lot affected only the tibia bone weight. 

The length and circumference of the humerus, radius and ulna, femur and tibia bones 

at the same carcass weight, were significantly lower in the high-backfat line (Figure 4 . 1 ) .  

Simil a r  results were obtained when these linear measurements were cubed t o  ensure that 

they were measured in units of the same dimension before being corrected for carcass weigh t 

(results not shown) .  

4 .2 .4 .3 Partitioning of fat  among the depots 

Table 4 . 5  shows the least-squares means for several  carcass and n on-carcass fat depots 

including omental and kidney fat depots, popliteal and prescapular intermuscular fat depots, 

and the fat percentage in M. longissimus muscle in the rack cut as an intramuscular fat depot . 

At  the same carcass weight, the kidney fat depot was significantly heavier ( + 14. 1%)  in 

the high-backfat line ,  but l ine differences were non-significant for omental, popliteal, and 

prescapular and intramuscular £  a t  depots. 

The fat percentage in the soft- tissues of carcasses from the high-backfat  line was 

12.3% greater than the low-backfat line (Table 4.5) , but the fat percentage in carcass bone 

did not differ between the lines. 



Table 4.4 Least square means for bone weight distribu tion wi lh i n  toral side bone of Soulhdown rams within two sire groups from each of Lhe high and low backfm 
lines 

S i res 
Overall Hieh Fat Low Fat 

Item weight (g) Mean 1 2 3 4 

Shoulder bone 466.0 469.3 462.3 470. 1 462.2 

Humerus bone 67. 1 65 . 1  66.6 69.8 67.0 

Radius and ulna bone 53. 1 5 1 .3 54.3 53.5 53. 1  

Rack bone 1 0 1 .3 1 05 .0 1 05 . 1  100.9 94.2 

Loin bone 89.8 85.8 95. 1 83.4 94. 8  

Leg bone 328.9 3 2 1 .7 323.7 332.6 337.7 

Femur bone 89.5 86.2 87.3 93 .7 90.8 

Tibia bone 70.0 69.5 7 1 .8 70.8 68.0 

� The covariate was total side bone weight 

For definitions of abbreviations see Table 4 . 1  

? 
RSD H vs L s 1 vs s2 r-

0.96 14.3 NS NS 

0.94 2.2 ** NS 

0.9 1 2. 1 NS ** 

0.73 8.5 ** NS 

0.65 1 1 .4 NS NS 

0.92 1 3 .7 * NS 

0.89 4.3 * *  NS 

0.89 2.9 NS s 

S i !!ni ficance 

s3 vs s4 

NS 

* *  

NS 

NS 

* 

NS 

NS 

* 

Lot 

NS 

NS 

NS 

NS 

NS 

NS 

s 

* 

Covariate� 

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

0\ 
0 
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Figure 4 . 1  Bone d imen s ions ad j usted to a con s tant Carc a s s  
we ight for h i gh {H )  and l ow (L )  backfat l ine s o f  Southdown 
rams . 



Ta hle 4.5 Least squares means for internal hody far depots, two in term uscu l ar fat depots and fm percen tage in M. Long issimus , soft tissue and bone of Southdown 

rams within two sire groups from each of the high and low backfat l i nes 

S i res 
Overal l  Hil!h Fat Low Fat 

Item Mean 1 2 3 4 

Omental fat weight (g) 325 304 325 29 1 382 

Kidney fat weight (g) 1 35 1 34 1 56 105 144 

Popli teal intermuscular fat 
depot weight i n  leg (g) 1 6.7 1 6.2 1 7.5 1 6.4 1 6.7 

Prescapular intermuscular fat 
depot weight in shoulder (g) 68.2 68.2 72.9 60.2 7 1 .4 

Chemical analysis: 

Fat percentage in M. longissimus (%) 3.5 3.6 3.2 4.2 2.9 

Fat percentage in carcass soft tissue (%) 25 . 1  25.9 27.6 22.3 24.6 

Fat percentage in carcass bone (%) 1 4 .6 14 . 1 14 .3  1 5.3 14.8 

� The covariate was carcass weight 

For definitions of abbreviations see Table 4 . 1  

r
2 

RSD H vs L  

0.90 48 NS 

0.68 3 1  * 

0.65 3.2 NS 

0.74 1 0.5 NS 

0.7 1 0.8 1 NS 

0.75 2.87 * *  

0.32 1 .58 NS 

S ignificance 
s 1 vs s2 s3 vs s4 

NS *** 

NS ** 

NS NS 

NS s 

NS * *  

NS s 

NS NS 

Lot 

NS 

** 

NS 

NS 

s 

NS 

* 

Covariate� 

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

NS 

0\ 
N 
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O m enta l  f a t  d e po t ,  k idney f a t  depo t  a n d  i n t ra mu scu lar  fa t percen tage in M .  

longissimus differed significantly between the sires of the low-backfat line, and kidney fat 

depot weight differed between the slaughter lots (Table 4 .5) . 

4.2.4.4 Adipose cell diameter and volume 

Rams from the high-backfat line had significantly larger fat cells (diameter and volume) for 

the intermuscular fa t  depot and a non- significantly smaller cells for the subcutaneous fat 

d e p o t  ( T a ble  4 . 6 ) ,  w h e n  the d a ta w a s  a d j u s t e d  to a constant  c a rcass  weigh t .  The 

subcutaneous fat depot had, on average, larger cell diameters and volumes than those from 

the intermuscular fat depot. 

The results in Table 4.6 also show several significant differences between sires within 

lines and between lots.  

4.2.4.5 Muscle weight and distribution 

At the sa me carcass weight, the weights of total 4 muscles, dissected from the leg and 

shoulder cuts, were similar in both high and low backfat line (Table 4 .3) .  However, the fat

free soft tissue weight in the left side which is considered to be closely corresponding to the 

total muscle weight in the side, showed slightly higher weight (P < 0.05) in the low backfat 

line carcasses. 

Table 4.7 gives least -squares means for muscle weights and muscle to bone ratios after 

adjustment to a constant fat-free soft tissue weight . Fat-free soft tissue weight was used as a 

covariate because it should correspond closely to total muscle weight .  

The high-backfat  line carcasses had significantly heavier M .  semimembranosus, M.  

biceps femoris but significantly lighter M .  semitendinosus. The weight of M.  supraspinatus 

did not differ significantly between the lines. 

All the ratios of the muscle to b one weight were significantly higher in the high 

backf a t  line except for the ratio of M. semitendinosus to femur weight .  

Only the weight of  M. semitendinosus and the ir  ratios were significantly different 

between the sires of the high-backfat line and between the slaughter lots (Table 4.7). 



Table 4.6 Least squares means for fat ce l lu larity characteri stics of two adipose ti ssue depots of Southdown rams wi th in two sire groups from each of the h igh and low 

backfat lines 

S i res 
Overal l High Fat Low Fat 

Item Mean I 2 3 4 

Subcutaneous fat cel l 
diameter (Jlll1) 82.6 79.7 83 . 1  79.2 88.3 

Subcutaneous fat cel l 342 304 352 303 409 

volume (Jlll1
3 

x 1 0
3

) 

Intennuscular fat cell 
diameter (Jlll1) 76.6 74.6 82.7 73.4 75.7 

Intennusclar fat cell 268 249 333 238 252 

volume (Jlll1
3 

x 1 0
3

) 

� The covariate was carcass weight 

For definitions of abbreviations see Table 4. 1  

� RSD H vs L s I vs s2 

0.68 7.8 NS NS 

0.64 1 0 1 .4 NS NS 

0.70 5.5 * * *  

0.65 60.8 * * *  

S igni ficance 

s3 vs s4 Lot 

* * 

* * *  

NS NS 

NS NS 

Covariate� 

* * *  

* * *  

* * *  

* * *  

0\ 
� 



Tahle 4.7 Least squares means for muscle weight distribu tion and ratios of m uscles to lX1nes adjusted to a constant total fat-free soft tissue weight of Southdown mms 
within two s ire groups from each of the high and low backlat l ines 

S i res 
Overal l  H igh Fat Low Fat S igni ficance 

Weight or ratio Mean 1 2 3 4 (2 RSD H vs L s 1 vs s2 s3 vs s4 Lot Covariate� 

M .  semitendinosus (g) 88.3 86.9 85.3 9 1 .6 89.5 0.93 1 1 .2 ** * *  NS * * *  ** 

M. semimembranosus (g) 203 .0 2 17 .0 203.7 1 96.9 1 94 .3  0.8 1 1 8 .4 * NS NS NS *** 

M. biceps femoris (g) 192.8 203 .3 204.2 1 83.3 1 80.3 0.88 1 3.4 * * *  NS NS NS *** 

M. supraspinatus (g) 78.3 80.4 78.5 76.6 77.6 0.8 1 7.3 NS NS NS s *** 

Muscle to bone ratios (g/g): 

Three leg muscles 
Femur 5 .43 6.0 1 5.83 4 .87 5.01 0.74 0.4 1 * * *  NS NS *** NS 

M. semitendinosus 
Femur 1 .00 1 .04 1 .05 0.95 0.97 0.97 0.08 NS * *  NS * * *  * * *  

M. semimembranosus 
Fem ur 2.27 2.57 2.39 2.03 2.09 0.58 0.23 *** NS NS NS * * *  

M. biceps femoris 
Femur 2. 16 2.40 2.39 1 .89 1 .95 0.78 0. 1 5  * * *  NS NS NS * * *  

M. supraspinatus 
Humerus 1 . 16 1 .26 1 .2 1  1 .05 1 . 1 3  0.48 0. 1 3  * *  NS NS NS *** 

� The covariate was fat-free soft tissue weight in the side 
0\ 

For definitions of abbreviations see Table 4 . 1  lJ1 
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4.2.4.6 Muscularity 

Least-squares means for the ratios of certain individual muscle weights in leg and shoulder 

cuts rela tive to femu r a n d  humerus lengths  re spectively are given in Table 4 .8 .  After 

adjustment to the same total side -fat-free soft tissue plus bone weight. All the ratios were 

significantly higher in the h igh-backfat line than the low-backfat line except for the ratio of 

M. supraspinatus weight to humerus length. The latter was non-significantly higher (0.05 < 

P < 0.10) in the high-backfa t  line. 

The t o t a l  weight  of the  three musc le s  in the leg rela t ive to fem u r  length was  

significantly higher between the slaughter lot, also the ratio of M.  semitendinosus to femur 

length was s ignificantly higher between the sires of the high -backfat line and between the 

slaughter lot.  

Double-log regression equations relating the weight of the 3-muscles to femur length 

have been plotted separately for the two selection lines in Figure 4.2. This Figure shows that 

the regression lines for the two selection lines had the same slopes, but significantly different 

intercepts, so that when lines were compared at the same femur length the h igh-backfat line 

animals had a greater weight of muscle. 

4.2.4.7 Muscle fibre type - area and proportion 

Table 4.9 shows the least-squares means for cross-sectional area, and proportion of the total 

number for the three muscle fibre types (red fibre (BR), intermediate fibre (aR), and white 

fibre (aW) ) of M. semitendinosus. There were no significant differences between lines or 

between sires within lines, except between sire three and sire four for red fibre type area. 

The analysis of muscle fibre characteristics was carried out within four muscle fibre 

bundles  for each animal so that the va r ia t ion between animals could be compared with 

variation between bundles in  a nested model .  This animal effect was highly significant for 

each characteristic (Table 4 . 10) .  

4.2.5 CARCASS AND NON-CARCASS EMPTY -BODY WATER 

Least-squares  means for the weigh t and percentage of water in carcass and non -carcass 

empty-body components are given in Tables 4 . 1 1  and 4. 12, and Figure 4.3 after adjustment to 

the same empty body weight .  



Table 4.8 Least squares means for ratios of musc le weights relative to bone lengths of Southdown rams with in two sire groups from each of the high and low backfat 
lines 

S i res 
Ratio of muscle weight to Overall H igh Fat Low Fat 

bone length (g/mm) Mean 1 2 3 4 

Three muscles of the leg 
Femur 3 .35 3 .58 3 .52 3 . 12 3 . 1 9  

M.  semitendinosus 
Femur 0.61 0.62 0.6 1 0.6 1 0.61 

M. semimembranosus 
Femur 1 .40 1 .53 1 .45 1 .30 1 .33  

M. b iceps femoris 
Femur 1 .33 1 .43  1 .4 5  1 .21  1 .24 

M. supraspinatus 
Humerus 0.65 0.68 0.66 0.61 0.65 

, The covariate was total side fat-free soft tissue plus bone weight 

For defini tions of abbreviations see Table 4 . 1  

� RSD H vs L  

0.80 0.23 * * *  

0.95 0.06 *** 

0.74 0. 1 3  * *  

0.84 0.09 * * *  

0.75 0.06 s 

S i!!n ificance 
s 1 vs s2 s3 vs s4 

NS NS 

* * *  NS 

NS NS 

NS NS 

NS NS 

Lot 

* * *  

* * *  

NS 

NS 

NS 

Covariate� 

* * *  

* * *  

* * *  

* * *  

* * *  

0\ 
00 



Tahle 4.9 Least squares means for muscle fibre area and proportions of the three muscle fibre types (red, i ntenned iate and white) from M. sem itendinosus of 
Soulhdown rams with i n  two s ire groups from each of the high and low backfat l i nes 

S i res 
Overal l  H i g h  Fat Low Fnt S i gn ificance 

Item Mean 1 2 3 4 
') 

RSD H vs L s 1 vs S2 s3 vs s4 Covariate� 1 

Average Area (J.lm2}: 

Red 249 236 254 27 1 236 0.43 43 NS NS * NS 

In termed ia te 474 482 483 486 446 0.54 69 NS NS NS NS 

White 527 5 56 549 5 1 9  488 0.61 77 NS NS NS NS 

Proport ion (%): 

Red 4 1 .5 39.8 42.0 4 1 .9 42. 1 0.53 4.7 NS NS NS NS 

Intermediate 3 1 . 1  3 1 .5 3 1 . 1  3 1 .8 29.8 0.49 4 .4 NS NS NS NS 

White 27.5 28.8 26.8 26.3 28.0 0.46 4.6 NS NS NS NS 

� The covariate was carcass weight 

For definitions of abbreviations see Table 4.1  

0'1 
\0 



Tahle 4 . 1 0  Mean squares with degrees of freedom from the nested analyses of variance for muscle fibre areas and proportions of the three muscle fibre types (red, 
intennediate and white) from four bundles w ithin M. semi tend inosus of Southdown rams within two sire groups from each of the high and low backfat l ines 

Degrees of Area Pr0£10rtion 
Freedom 

Source of variation (D.F.) Red Intennediate White Red Intermediate White 

Between sires 3 286 12 20878 67066 149.966 80.346 129.94 1 

Between animals 26 3759 1 6269 27033 87.255 63.588 58.679 

Error: (within animals 
between bundles) 93 1 8 1 8  470 1 5975 22.283 19 . 1 94 2 1 .028 

S ignificance of animal 
effect * *  * * *  * * *  * * *  * * *  * * *  

-..J 
c 



Table 4. 1 1  Least squares means for moisture weight and percentage of a l l  non-carcass component.s of Southdown rams within two sire groups from each of the high 
and low backfat lines 

S i res 
Overall H i gh Fat Low Fat 

Item Mean 1 2 3 4 

Moisture weight in (g): 

Blood 1 1 80 1 204 1 1 47 1 1 77 1 1 92 

Skin 1 144 1 079 1062 1 320 1 1 1 3 

Head and feet 1 1 5 1  1 120 1 1 57 1 1 82 1 144 

Viscera 3 1 84 3 1 62 3 120 3232 3224 

Total non-carcass components 6659 6566 6487 691 0  6672 

Percentage of water in: 

B lood 82.8 82.7 82.8 82.9 82.8 

Skin 70.7 7 1 .0 70. 1 7 1 .0 70.9 

Head and feet 54.2 53.4 53.9 55.0 54.4 

Viscera 68.9 68.9 68.0 7 1 .0 67.7 

Total non-carcass components 68.0 67.9 67.3 69.2 67.6 

� The covariate was empty body weight 

For definitions of abbreviations see Table 4 . 1  

� RSD H vs L s 1 vs s2 

0.79 80.4 NS NS 

0.57 190 * NS 

0.84 46 NS s 

0.70 233 NS NS 

0.87 307 * NS 

0.3 1 0.83 NS NS 

0.23 2.29 NS NS 

0.59 1 . 1 4  * NS 

0.77 1 .87 NS NS 

0.72 1 .24 NS NS 

S i gnificance 
53 vs 54 

NS 

* 

s 

NS 

NS 

NS 

NS 

NS 

* * *  

* 

Lot 

NS 

NS 

s 

NS 

NS 

NS 

NS 

NS 

* 

s 

Covariate� 

* * *  

* * *  

* * *  

* * *  

* * *  

* *  

* 

* * *  

* * *  

* * *  

....,J 
"""' 



Table 4. 1 2  Least squares means for moisture weight and percentage of water i n  carcass components and total empty l iveweight of Southdown rams with in two sire 
groups from each of the h igh and low back fat l ines 

S i res 
Overall High Fat Low Fat 

Item Mean 1 2 3 4 

Moisture weight (g) in: 

Carcass bone 700 683 656 736 724 

Carcass soft tissue 6794 6936 6624 6895 672 1 

Total carcass 7628 7748 7424 7765 7577 

Empty liveweight 1 4.3 14 .3 1 3.9 14.7 14.2 

Percentage of water in: 

Carcass bone 35 .7 35.7 35.4 35.6 36.0 

Carcass soft tissue 58 .0 57.8 55.9 60.4 57.8 

Total carcass 55.0 55.2 53.0 56.8 54.7 

Empty liveweight 57.9 5 8 . 1  56.6 59.4 57.7 

� The covariate was empty body weight 

For definitions of abbreviations see Table 4. 1 

') I RSD H vs L  s 1 vs s2 

0.64 5 1 .4 * *  NS 

0.9 1 352 NS s 

0.92 356 NS s 

0.95 0.46 * s 

0.5 1 1 .7 NS NS 

0.74 2.5 * NS 

0.70 2.3 s NS 

0.72 1 .8 s NS 

S igni ficance 
53 vs 54 

NS 

NS 

NS 

s 

NS 

* 

s 

s 

Lot 

NS 

NS 

NS 

NS 

s 

NS 

NS 

NS 

Covariate� 

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

* * *  

-..J 
N 
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In  general, all moisture measurements show a slightly h igher weight and percentage in 

the low backfat line. The low backfat l ine rams  had significantly higher m oisture weight in 

skin, total n on-carcass components, carcass bone and empty liveweight by 146, 264.5, 1 14 .5  

and 400 g ,  respectively than the  rams from the high backfat line. Moreover, the low backfat  

line rams had also significan tly higher  moisture percentage in  head and feet, carcass  soft

tissue, total carcass and empty liveweight.  

Some of the components had also shown signs of a significant difference between the 

sires of the two selection lines with non-significant differences between all the components 

for lot effects except for moisture percentage in viscera . 

4 .3  M EASUREMENTS OF BODY WATER BY DILUTION METHODS 

Mean changes in plasma urea levels for animals of the high and low-backfat lines are plotted 

against  time after an  intravenous u rea cha llenge in Figu re 4 .4 .  The da ta in this figure  

represent increases from the average of  the  3 pre-challenge baseline samples. The only 

significant difference between lines was  at 15 min when values were higher for the high

backfat line. 

Overall means with standard errors (SE) for actual e mpty body water percentage, and 

estimated empty body water percentage as calcula ted by four different methods are given in 

Table 4 . 13 together with relationships between actual and e stimated values. 

For methods A and B (see section 3 . 10.2) the double exponential model was fitted 

iteratively using unadjusted urea level s  and then the pre-challenge baseline values were 

subtracted from the estimated concentration at zero time. The expected urea concentration 

changes, ( EUCCs) predicted by methods A and B included some negative values with the 

result tha t  some estimated body water  percentages were also negative, and as the E U CC 

a pproached zero from e i ther the pos i tive or nega tive side the es t imated body water  

percentage a pproached infinity. This gave rise to exceptionally high standard errors (Table 

4.13), so these methods were not considered further. Attempts to fit the double exponential 

equation after adjusting the data for pre-challenge baseline values were unsuccessful as  the 

iterative procedure could not be made to converge to a meaningful stable result. 

Methods C15, C30 and C45 involved the calculation of percentage moisture from the 

single urea concentrations a t  15, 30 and 45 min respectiv ely after subtracting the baseline 
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values. Method Cav i nvolved the use of the average of the three values 15, 30 and 45 min 

af ter  subtract ing the basel ine .  The best re la t i o n ships  with actual  empty body water 

percentage were for C45,  C30 and Cav respectively, but these methods overestimated empty 

body water percentage.  Although, not presented in Table 4 . 13, the relationship between 

direct  and estimated empty body water percentage calculated by methods C and D gave 

similar results to those presented in Table 4 .13 when selection line was included in the model. 

Method D involved fitting a simple exponential equation to values which had been 

adjusted to either a constant baseline (method D 1 ;  section 3 . 10.2) or a sloping baseline 

(method D2; section 3 . 10.2) . Use of method D2 led to a rising baseline for all an imals, as 

shown for the group means in Figure 4 .4, and gave a close estimation of the mean actual 

e mpty body water percentage (Table 4.13) .  However, it had a lower relationship with actual 

empty body water percentage than method D1, which overestimated actual empty body water 

percentage by 1 5 . 67 percentage points .  The c o rre la t ion  between em pty b o dy water  

percentage estima ted by methods D1 and D2 was  0 .43. The mean number of sa mples that 

were within two percent of the final ( 420 m in) sa m pie was 2 .14 (range 1 to 5) .  

Least -squ a r e s  means for  urea c learance ra tes  and baseline urea concen trations 

(average of three pre-challenge samples) [ together with actual and estima ted empty body 

water  percentages ]  a re shown in Table 4. 14 for the high- and low-backfat l ines .  Baseline 

urea values and urea clearance rates did not differ significantly between the lines, but the 

low-backfat line ram s  had a higher empty body water percentage . In addition, the empty 

body water percentage estimated from increases in urea concentrations at 15, 30 and the 

average of the three values ( 15, 30 and 45 minutes after the challenge) ,  or by methods D1 and 

02 were significantly higher for the low-backfat line (Table 4 . 14 and Figure 4 .5) .  The empty 

body water percentages estimated from 15-minute post-challenge urea concentrations are 

plotted against empty body weight in Figure 4.6. 
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Table 4.13 Means and standard errors of Lhc actual and estimated empty body water percentages calcu lated by four d i fferent methods and relationships between actual 
and estimated values 

Item 

Direct empty body water % 

Estimated empty body water %: 

Method (A):a 

(double exponential equation model) 
C - B.L. ( 1 3  sample) 

Method (B): 
(double exponential equation model) 
C - B.L. (2% cut oft) 

Method (C): 
(single urea concentration) 

(C15) 15 min sample - B.L. 

(C30) 30 m in sample - B.L. 

(C45) 45 min sample - B.L. 

(Cav) 1 5, 30 and 45 m in samples - B .L. 

Method (D): 
(simple exponential model) 
(D l )  adjusted to constant baseline 

(D2) adjusted to a sloping baseline 

Mean 

57.94 

14 1 . 1  

58.2 

68.99 

8 1 .68 

93 .09 

80.03 

73 .40 

59.30 

a For definitions of all methods used refer to section 3 . 1 0  in  Chapter 3 .  

- For definitions o f  abbreviations see Table 4. 1 

(SE) 

0.53 

29 .7 

3 1 . 1  

1 .26 

1 .44 

1 .72 

1 .27 

1 .25 

1 .33 

Relat ionship wi th d i rect measurement 
rl RSD Significance 

0.09 

0.22 

0.29 

0.22 

0. 16  

0. 10  

3.07 

2.84 

2.7 1 

2.85 

2.95 

3 .06 

NS 
** 

*** 

* *  

* *  

s 

-.....! 
00 



Table 4.14 Least squares means for basel ine urea concentration, urea clearance rates , and actual and estimated empty body water percentage calculated by di fferent 
methods of Southdown rams w ith in two sire groups from each of the h i g h  and low backfat l ines 

S i res 
Overall High Fat Low Fat 

Item a Mean 1 2 3 4 
') l 

Base line (B .L.) urea 
concentration (mmol/1) 1 0.9 1 1 .3 10.8 10.8 10.4 0.42 

Urea clearance rates by Method D2 0.01 05 0.0090 0.0 103 0.0 109 0.0 1 16 0. 12  

Estimated percentage empty body water: 

By Method (C): 
(single urea concentration) 

C l 5 69.0 66.3 64.4 72.0 73.3 0.48 
C30 8 1 .7 80.5 77.0 84.4 84.8 0.46 
C45 93. 1 89.7 90.6 94.2 97.9 0.39 
Cav 80.0 77.4 76.3 82.3 84. 1 0.55 

By Method (D): 
(simple exponential model) 

D l  73.4 7 1 .9 69.6 76.3 75.9 0.45 
D2 59.3 59.4 53.8 61 .0 63.0 0.33 

--

a For definitions of al l  methods used refer to section 3 . 1 0  in Chapter 3 
For definitions of abbreviations see Table 4 . 1  

, The covariate was empty body weight 

RSD H vs L s 1 vs s2 

0.97 NS NS 

0.004 NS NS 

5.96 * * *  NS 
6.96 * *  NS 
8.84 s NS 
5.59 * *  NS 

6.09 ** NS 
7 . 19  * NS 

S igni ficance 
s3 vs s4 Lot 

NS * *  

NS NS 

NS NS 
NS NS 
NS NS 
NS NS 

NS NS 
NS NS 

Covariate� 

s 

NS 

* * *  

* * *  

* * *  

* * *  

* * *  

* 

--.1 
\0 
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The present experiment involved animals from the same high and low backfat selection lines 

that were assessed by Kadim et al .  ( 1989) ,  but the rams used were younger (7  mo vs 16 mo) . 

As the main objective was to assess the differences between the two selection lines a t  

younger ages, the  discussion wi l l  concentrate on differences between the lines in  order to  

compare the results with the previous trial . Few differences appeared between slaughter lots 

or between sires within the two lines. The lot differences can generally be explained in terms 

of differences in age and liveweight, and the within-line sire differences may be explained in 

terms of diffe rences in backfat depth. Thus, offspring of sire numbers one and three had 

lower backfat depths than those of sire numbers two and four in the high and low-backfat 

lines respectively (Table 4.2) . 

In addition to an assessment of line effects, this experiment was designed to further 

investigate differences in plasma urea levels between the two selection lines by evaluating the 

urea dilution technique for estimating body composition . 

5.2 BODY AND CARCASS COMPOSITION 

5.2 .1  DRESSING-OUT PERCENTAGE 

The higher dressing-out percentage for the high-backfat group was smaller than the similar  

result reported by  Kadim � - ( 1989) and was not significant probably because the line 

d ifferences in fa tness were  m u ch l a rger for the heavier  rams of Kadim �- ( 1989) . 

Bradford and Spurlock ( 1972) reported that higher dressing-out percentages were associated 

w ith higher levels of fatness for progeny groups of Suffolk sires. 
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Heritability estimates for dressing-out percentage of sheep have been reported to be 

moderate  to high (Wolf and Smith, 1983) ,  and to  be mod erately pos i t ively c orrelated 

(genetically or phenotypically) with backfat depth (Bradford and Spurlock, 1972;  Boylan and 

Seale, 1965) .  This  suggests that  the higher dressing-out percentage in the h igh-backfat line 

was a result of the increased fatness. S imi lar  c onclusions have been reached by several 

groups of workers using sheep differing in fatness for reasons other than genetic selection, 

including breed, sex, nutrition and mature weight (Kemp � - ,  198 1 ;  Hawkin s e t  a l . ,  1985a; 

Kirton �- ,  198 1 ) .  

5.2.2 NON-CARCASS COMPONENTS 

Kadim tlJ!l . ( 1989 ) reported tha t  Southdown sheep from the low-backfat line had heavier 

internal organs than the high-backfat line after adjusting for carcass weight differences .  The 

foregut empty, intestines, liver, heart and kidneys were higher in the low-backfat line. The 

only significant d ifferences obta ined from the present study after  adjusting for  carcass 

weight were those showing that the liver weight and heart weight were heavier in the low

backfat line (Table 4 .2) . 

The results from both trials are in general agreement with work with pigs showing that 

heavier non-carcass components were associated with pigs selected for low levels of backfat 

(Tess et al., 1986 ; K oong � - ,  1983).  

5.2.3 LINEAR A N D  AREA MEASUREMENTS 

Measures of carcass length in the present experiment agreed well with the results of Kadim 

S<..L.a.l. (1989) in showing that the low-back.fat line rams had significantly longer bodies (LB) 

and legs (T) after  a djustment for carcass weigh t .  Purchas stl...Al. ( 1982) a l so  found tha t 

Southdown ewes selected for low-backfat had longer body lengths at constant weight than 

those selected for h igh-backfa t .  O ther studies with sheep (Thorsteinsson and Bjornsson, 

1982 ;  K e m p  a n d  B a rton,  1966;  W ood �.,  1 980; Bennett �- ,  1982/ 1983) and pigs 

( Duckworth and Holmes, 1968) have also shown negat ive  genetic correla t ions  between 

carcass length and average backfat thickness at constant weight. Levels of fatness have also 

been  shown to  be reduced when pigs have  been selected for increased carcass  length 

(Duckworth and Holmes, 1968) and when sheep have been selected for long cannon bones 

(Purser, 1980) .  
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Kadim .tl...al. ( 1 989) found that the low-backfat line rams had significantly narrower 

carcass width s  by 1.7, 4.7, and 0.79% for WF, WTh and G respectively than the high-backfa t  

line. The biggest difference i n  the width behind shoulder (WTh) therefore, agree with the 

posit ive phenoty pic a n d  genetic c orrela tions  between this measurement  and backfat  

thickness reported by Mohamed ( 1976) to be 0.45 for both correlation. In  the  present study, 

these widths were not significantly less for  the low-backfat line. The small differences in 

width behind shoulder (WTh) percentage between the two lines in previous study (Kadim � 

.al., 1989), therefore resulted from the tendency for fat to  accumulate in the WTh at  larger 

age. 

The M.  longissimus measurements in  the present experiment differed between the two 

lines in the same way as  reported by Kadim S<.Lal. ( 1989) with similar cross-sectional areas of 

M. longissimus but with deeper (B)  and less wide (A) muscles for carcasses from the high

backfat line. These results are supported by those of Buhlinger tlJI.l. ( 1978) with obese and 

lean pigs and by those of Kemp and Barton ( 1966), in which fatter and leaner grades of sheep 

were compared a t  the same weight. Other studies (Wood et al., 1983b;  Kirton, 1982) have 

also shown that  fatter carcasses tend to have deeper (B) and shorter (A) M. longissimus cross 

sections. 

All fat depth measurements were significantly lower for the low-backfat line in the 

present study which is consi stent with the results of Kadim .tl..al. ( 1989) using similar but 

heavier animals and with studies with different breeds where sires have been selected on the 

basis of backfat thickness  measu red ultra son ica lly and the fatness of progeny has been 

assessed (Fennessy � . ,  1982; Fennessy � . ,  1987;  McEwan � . ,  1989; Meyer � . ,  

1981/1982) .  

5.2.4 WEIGHTS OF IND IVIDUAL CUTS 

At the same carcass weight several studies have reported that fatter lambs will have a highe r  

proportion o f  the fat ter cuts (rack a n d  l o in) a n d  a lower proportion o f  the leaner cuts  

(shoulder and leg) as reported by Kemp and  Barton, ( 1966) , Kirton � - ( 1978), Kemp .tlJU. 

( 1981 ) ,  Fou rie, ( 1965) ,  and  Kadim tl_al. ( 1989) . This  conclusion agrees with the present 

results and with reported negative pheno typic and genetic correlat ions between backfat  

thickness and lean cuts percentage, and wi th positive genetic correlations between backfat  

thickness and loin and rack cuts percentage (Boylan and Seale, 1965). 
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Genet i c  or phenoty pic corre la t ions  between backfat thickness and bone weight, bone 

percen tage or  bone  length in  shee p  have been reported to be generally negative, and 

somewhat higher for length than weight or percentage (Botkin �-, 1971 ;  Mohamed, 1976; 

Thorsteinsson and Bjornsson, 1982; Parratt et a l . , 1987 ; Clarke et al. ,  1984/1985) .  Thus 

selection for reduced backf at thickness would be expected to increase bone weights and 

particularly lengths a s  shown here and by Kadim tllli. ( 1989) . Similar results have been 

reported for pig selection lines (Rook �-, 1987; Wood et al. ,  1983b).  

I n  the curren t  study , l ine  effects  on bone distr ibution were significant ,  but the 

differences were less marked than those reported by Kadim fi.al. ( 1989). They found that  

the low-backfat l ine had significantly heavier shoulder bone, humerus bone weight and femur 

bone weight,  but significantly lighter leg and rack bone. The weight of bone in the shoulder 

cut rela tive to total bone did not differ between selection lines in the present study, and the 

difference was  in the opposite direction for the t otal leg bone .  It is possible that the 

differences in bone distribution between the two studies were due to the differen t  stages of 

growth of the rams. 

The heavier bone in the carcasses of the low-backfat l ine in the shoulder and leg cuts 

will contribute to those cuts being heavier in the low-backfat line. A s imilar conclusion could 

be reached for the high-backfat line for the rack and loin cuts. 

5.2.6 FATNESS 

5.2.6 . 1  Level of fatness and fat distribution 

Fat i s  the most variable tissue in the body composi tion of sheep, and numerous estimates 

show that the tendency to lay down fat in sheep is moderately heritable (Wolf and Smith, 

1983) .  This indicates that carcass composition of sheep can be changed by selection against 

fatness (Kirton and Morris, 1989) , and available evidence indicates that carcass fat content 

or backfat thickness can be reduced by selection on l ive measurements (eg. ultrasonically) in 

the region of the l a s t  rib ( Fennessy � . ,  1987; B ennett �., 1988; Wood ll..al. ,  1983a;  

McEwan �.,_1989; Kadim ll..al . ,  1 989) . The resul ts of the current study provide further 

evidence that significant progress by selection can be made. 
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The average carcass weight of the rams  used in the present study was 47% of that for 

the rams used by Kadim � . ( 1989) so the overall level of fatness was considerably lower. 

This may explain why the present experiment did not show a significant difference in some of 

the measured fa t  depots found to differ between the l ines by Kadim liJU. ( 1989 ) .  The 

current experiment  did show a significant decrease in al l  backfat  thickness measurements 

and also in the weight of the kidney fat and in total fat percentage of the chemically a nalysed 

sof t  tissue in the low-backfat l ine when adjusted to the same carcass weight .  However, in 

spite of the lack of differences in other fat depots, the results lead to conclusions similar  to 

those of Kadim ll..a.l. ( 1988a) .  This suggests that differences between high and low-backfat  

lines in  many aspects of fatness occur at an ea rly age even though the subsequent gain period 

involves rapid increases in all measures of fatness .  This conclusion i s  supported by the 

suggestion made by Wolf and Smith (1983) that breed differences in tissue growth prior to 

attaining 30% of mature size make an important contribution to tissue weight differences at 

heavier carcass weights. 

Correlated responses in fa t  and tissue depths at other sites and in the weights  of 

internal fat depots in the present study support the general finding that selection for backfat 

thickness (based on ultrasonic fat depth measurements at position C on the live animal) will 

result in significant changes in carcass fat depths at the selection site and also in the internal 

fat depot weights of sheep (McEwan et al. , 1989; Bennett llJ!.l., 1988) and in pigs (Wood et 

1!1., 1983a ; Henderson llJ!.l., 1981) .  Further support is  provided by moderately high genetic 

correlations which have been reported between backfat thickness and other levels of fatness 

(Parratt tl.1!1.,_ 1987; Bennett et al . ,  198 1/1982 ; B otkin tlJ!l., 197 1 ;  Wolf et al. ,  198 1 ;  Clark tl 

1!1., 1984/1985) .  

The high backfat line had slightly higher  ( but not significantly higher) intermuscular 

fat depots (popliteal and prescapular) when adjusted to the same carcass  weight.  These fat 

depots were dis se cted to represent the whole intermuscular fat depot in the body a lthough 

the level of correlation with total intermuscula r  fat  was not known. No previous studies have 

used individual intermuscular fat depots . Kadim .e.t_al. ( 1989) found that  the h igh-backfat 

l ine had signif icantly higher dis sected intermuscular  fa t  depot weight s  a t  the same side 

weight ,  which agrees  with the h igh gene tic correlat ions reported by W olf �. ( 1981 )  

between subcutaneous  and  intermuscular fa t  depots in  sheep. The difference between the 

present results and  that of Kadim .e.t_al. ( 1989) may be because, the lymph nodes were not 

dissected from the popliteal and prescapula r in termuscular fat  depots. There i s  a clear 

variation in weight of these lymph nodes between animals (Yao, 1986) .  Alternatively, the 
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difference in results could be due to  a poor correlation between the popl iteal and prescapular 

depots and total intermuscular fat ,  or to the different stages of development for animals in 

the two trials. 

5 .2 .6.2 The relationship between carcass water and fat 

Carcass water percentage was very closely related to carcass fat percentage in the present 

study (r = -0.95) ,  as i t  was in the studies of K irton and Barton ( 1962) ,  (r = -0.99) and Reid � 

.al. (1968) (r = -0.98) for the concentrations of water and fat in the ingesta-free body. 

The results of the current study, although showing non-significant differences between 

the l ines for the wa ter  percentage in some carcass and n on -carcass body components,  

indicated that the h igh-backfat line had lower overall water weight and percentage as a result 

of higher levels of f a tness. 

5 .2.6.3 Adipose cellularity 

In previous work with Southdown rams from the same lines, Kadim et al .  ( 1989) showed that 

the greater weights  of four dissectible fat depots ( subcutaneous, intermuscular, omental and 

kidney and pelvic fat depots) in high-backfat rams were mainly the result of larger adipocytes 

rather than m ore adipocytes .  Line differences in fat cell number were found only in the 

subcutaneous fat  depot. In the present experim ent al though there were no differences in 

measures of intermuscular fat levels between the two lines (Table 4.5) ,  the high-backfat line 

showed significantly larger fat cells in that depot.  Line differences in subcutaneous fat cell 

size were not f ound, possibly because the subcutaneous fat depot is late developing (Leat, 

1976) . Also the n umbers of fat cells were not m easured in the present study. Cullen ( 1985) 

showed no line effects for the same two lines of Southdowns at birth either for number or 

size of adipocytes .  

In  general ,  the findings of  Cullen  ( 1985 ) ,  Kadim ll.,al. ( 1989) and the  present study 

breed indicate that the increase the subcutaneous fat depot in the high-backfat  line is due to 

increased fat cell number as this depot was found to have the same cell size between the two 

lines until 9 m onths of age. The increase in level of intermuscular fat appears to be due 

mainly to increased fat cell size, as this depot had the same cell number but larger fat cell 

sizes at 9 and 17 months of age. 
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A s  the sheep used in the current experiment were older than those used by Cullen 

( 1985) and younger than those used by Kadim �. ( 1989) from the same l ines  of the 

Southdown breed, the subcutaneous and intermuscula r  fat cell size was intermedia te.  The 

subcutaneous fat depot had larger adipocytes than the intermuscular fat depot in all these 

studies. 

5.2.7 M USCLE 

5.2.7 . 1  Muscle weight and distribution 

In the current study total weights of four muscles from the leg and shoulder cuts were similar 

in the carcasses of both lines when adjusted to a constant carcass weight. This is  contrary to 

the finding of Kadim filli. ( 1989) based on complete muscle dissection from one side, and 

this may be explained in term of differences in stage of growth. Kadim tl.Jll. ( 1989) showed 

tha t the low-backfat l ine had significantly higher total muscle weigh t in the carcasses, but this 

differences was very small  and represented an increase of 5 . 7% in the low-backfat  l ine  

rel ative to the high-backfa t line. Thus, the results of  Kadim �. ( 1989) and Wood et a l .  

( 1983b) in  sheep and Tess et  al .  ( 1986) in  pigs are consistent in  showing that the reductions in 

backfat thickness may have l i ttle effect on total muscle weight.  

Line effects on muscle distribution in the leg,  as  determined by individual muscle 

weights adjusted to a constant fat-free soft tissue w eight in the side, were similar to those 

found by Kadim et a l .  (1989).  An exception was M .  semitendinosus which was significantly 

heavier in the low-backfat line for the younger and lighter rams of this study only. However, 

this difference was only 5.1 %. The covariate, fat-free soft tissue weight in the side, was used 

in the current study instead of total muscle weight because i t  should correlate highly with 

total muscle weigh t and because total muscle weight  was not available .  Selection against 

fatness in this study a ppears to have produced only small  changes  in muscle dist ribution 

compared with the changes in fatness that have been achieved. The results of W ood S<.La.l. 

( 1983b)  for two genet ic  l ines  of p igs and Butl e r - H ogg and Whelehan ( 1987) for two 

conf ormation groups  of sheep are consistent with those reported here in showing that the 

distribution of muscle weight does not change to a n  extent which would have commercial 

implications. 
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Muscle to bone ra t io  in the meat animal carcass is considered to be a characteristic of 

particular interest. Together with fat percentage, i t  determines the meat yield at cutting (see 

section 2.2.2.3) and thus should be considered for selection purposes since it  is a moderately 

w ell inherited characteristic. The low-backfat line in the present study had a lower muscle to 

bone ratio which is similar to the result of Kadim tl..al. 1989. This  may be due mainly to  

higher bone weight resulting from the selection against fatness. 

The selection for low-backfat thickness in the Southdown breed has therefore resulted 

in a clear d ifference in muscle to bone ratio which agrees with the finding of K irton .e!....al. 

( 1983) who showed a higher muscle to bone ratio i n  a fatty group (lamb carcasses selected for 

good muscling) compared with a leaner group (lamb carcasses selected for poor muscling) .  

A similar result w a s  obtained by Butler-Hogg and Whelehan (1984) when comparing fatter 

and leaner genotypes of sheep, and Butterfield sa....al. ( 1983a) when comparing a small strain 

of Merino (fatter) with a large strain of Merino (leaner) .  

5 .2.7.3 Muscularity 

The term muscularity was defined by Kempster e t  al. ( 1982a ) as the thickness of muscle in 

rela tion to skeletal size . Muscula rity in terms  of muscle weigh t relative to the lengths of 

adjacent bones was found to be higher in the high-backfat line when the data was adjusted to 

a constant total s ide fat-free soft tissue plus bone weight.  This result agrees with the findings 

of Kadim � - ( 1989) and supports previous results with sheep (Kirton � - ,  1 983; Bass .s;.t 

al ., 1984) and pigs (Wood tl.£1., 1983b ) , in showing positive associations between fatness and 

muscularity. 

The double- log regression equations showing the relationship of muscle weight to 

bone length (Figure 4 .2 )  demonstra ted clearly that the high-backfat  l ine a n imals  had a 

greater weight of 3 leg muscles at the same femur length. 

Total dissectible muscle weight in the carcass was not measured in the current study. The 

possibility of a higher ratio of total muscle weight to body length as  reported by Kadim ll.al. 

( 1989) could not therefore be tested. 
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The higher proportion of (BR)  red fibres in M. semitendinosus of the high-backfat  line 

reported by Kadim ( 1988) was not found in the younger and lighter rams of the present study. 

This could be due to the different sires involved in the present study, or to differences in age 

or weight. 

Swatland ( 1984) and Y oung ( 1985) reported that postnatal muscle growth appears to  

be  associated largely with a n  increase in  fibre cross-sectional area and length rather than in 

fibre number.  Moreover, some muscle growth can be attributed to the enlargement of al l  

muscle fibres and some to the conversion of small red fibres to large white fibres (Ashmore 

tlJ!l. 1972).  An indication of the shift in the relative number or proportion of the different 

fibre types with increased weight and age can be obtained by comparing the results of this 

experiment with those reported by Kadim ( 1988).  Relative to the rams of the current study 

those of Kadim ( 1988) were about 10 months older, had carcass weights  that were about 1 5  kg 

heavier, and had proportions of red, intermediate, and white fibres that were 15.4 percentage 

points lowe r, 2.9 percentage points higher and 12.5 percentage points higher respectively. 

Thus, (BR) red fibres become less numerous, while (aR) intermediate and (aW) white fibres 

become more numerous and the reduction in percentage of (BR) red fibres appears to have 

been less in the high backfat line. This finding agrees  with tha t of Moody et a l .  ( 1980) 

working with M. longissimus in lambs ranging in weight between 31  to 50 kg. 

Overall means for the area of the different fibre types are shown in Table 4 .9. In both 

lines, the BR fibres possessed the smallest size (area), the aW fibres the largest, while the aR 

fibres were intermediate  in size . This trend is  consi stent with previous work in sheep 

(Kadim, 1988), pigs ( N ostvold �.t.a.l., 1979) and cattle (J ohnston �-. 1975) .  

The present results also agree with those of Staun ( 1963) for pigs and Purcha s  �
( 1985) for mice, in showing no significant differences in the size of muscle fibres between 

genetic groups differing in fatness. 

Table 4 .10  shows clearly that the variation between animals accounted for most  of the 

variation in all muscle fibre characteristics. By measuring muscle fibre characteristics in 

four separate muscle bundles within M.  semitendinosus it was possible to show that between

bundle variation was of little significance relative to between-animal variation. Therefore, 

sampling f ram only one bundle is  unlikely to lead to large errors when assessing muscle fibre 

cha racteristics. 
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The use of urea space measurements to estimate body composition of live animals is  based on 

the relatively constant relationship between empty body water and other body components in 

live a n i m a l s  (Shebai te ,  1 9 7 7 ) .  · I t  h a s  g iven sat i sfac tory resul ts  when used with cows 

(Hammond �., 1984; Preston and Kock,  1973; Bartle �. ,  1987) .  

Although there are few studies in sheep using urea space measurements for estimating 

body c o m p osit ion,  M e i s sner  ( 1976)  found that urea space gave a h ighly sa t i sfactory 

prediction of body water (r�  = 0.93) in sheep of different breeds ranging in body mass from 

13 to 80 kg . He concluded  that the u rea method was  more accurate at higher body fat  

contents. Bartle S:..UU. ( 1988) found the urea space to be a moderate predictor of body water 

(r2 = 0.56) in lambs of diffe rent breeds ranging in body weight from 18.2 to 7 1 .5 kg. J ones � 

_al. ( 1982) ,  however, showed that urea d ilution was an unreliable method in lambs ranging in 

body weight from 32.2 to  5 1 .6 kg and urea space was poorly related to the weight of half 

ca rcass lean tissue (r= = 0 . 10) .  Jones fiJ!l. ( 1982) concluded that urea space was not  very 

useful because the animals used were still in a lean body condition. This was considered the 

principal explanation for the disappointing results found. 

The results of the present study, which used relatively light animals (22 to 38 kg body 

weight) from high and low-backfa t  lines  of Southdowns, have led to conclusions similar to 

those of Jones tl.l!l. ( 1982 ) .  The results have clea rly shown urea space to be an unreliable 

method of predict ing e m p ty body water  percentage in these lambs .  The extrap ola t ion 

estimates that  corresponded most  closely with actual empty body water percen tages were 

obtained using a simple exp onential model after linear adjustments were made for increasing 

baseline values (method 02). Linear adjustments for increasing baseline were made because 

the urea level was still higher than that of the baseline at the end of sampling period (Figure 

4.4) . This  method h owever ,  had a very low relationship with actual empty body water  

percentage (r2 = 0 . 11 ;  R .S .D  = 3.06) . The  closest relationships with actual empty body water 

percentage were for empty body water percent estimated from urea concentrations a t  C45, 

C30 and Cav respectively ( see Table 4 .13) ,  but these methods overestimated the actual empty 

body water percentage. 

In general, all methods  used herein to estimate empty body water percentage had 

lower relationships with actual empty body water percentages than the above reported 

estimates. This may have been due to low variation in body water percentage for  these lambs 
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( Coefficient of V ariation = 5 .5% ) ,  which were of one breed and which had a lower body 

weight range compa red with sheep used in the studies of Meissner ( 1976) and B artle �. 

( 1988) .  

In beef type  steers  of varying l iveweight and degree of fatness, Kock and Preston 

( 1979) showed that  urea space was  a much poorer predictor of rib fat for lighter weight 

animals and those in lean body condition . 

Some other important factors which could have been partly responsible for the low 

relationships between predicted and actual empty body water in this study are listed below: 

1 .  Urea space  measurements  for each an ima l  were determined 5 - 7  days prior t o  

slaughter a n d  there may have been some changes i n  empty body water percentages 

over th is period. In other studies the period between urea challenge and slaughter has 

varied from one day (Bartle �. ,  1988) to two days (Jones �. ,  1982) . 

2.  The first sam pling time after urea injection in the present study was a t  15 min which 

may have been too la te to obtain a clear indication of the mixing phase . Kock and 

Preston ( 1979) and Bartle et al .  ( 1987) stated that the best sampling time after urea 

injection was 12 min in cattle and 9 - 12 min in lambs. Bartle � . ( 1988) a lso showed 

tha t  a 1 m i n  e r r o r  in t h e  12 min  s a m pl ing  t ime would  resu l t  in a n  error  of 

approximately 2 .0% in the urea space estimate,  but because urea clearance is not 

linear, they n oted that this error will not be consistent over greater timing differences. 

3 .  Inaccurate determination of body moisture, liveweight or empty body w eight could 

have contributed in a very small way to the l ow relationships. 

4 .  From the regress ion equat ions  wh ich  re la ted urea space to e mpty b ody water  

percentage in sheep and  cattle, Bartle ll..al . ( 1988) noted from the intercepts that an  

equivalent quantity of urea (LW basis) caused a grea ter plasma urea-N increase in 

cattle than in lambs. This suggested that m ore urea (per kg LW) should be infused in 

lambs. The c oncentration of the infusion solution, however, should not exceed 20%, 

because an  infusion solution containing greater than 22% urea causes red blood cell 

hemolysis in vitro ( Bartle ll..al . ,  1988 ) .  A solution containing 10% urea ( 130 mg 

urea/kg LW) was used by Bartle �- ( 1988) . Meissner ( 1976) found m ore reliable 

results when 200 - 250 mg/kg of urea was administered than when 100 mg/kg was 
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administered because i t  raised the blood urea concentration t o  a great extent, thereby 

reducing the error between samples and giving a more reliable estimate. The amount 

administered in the present study was 120 mg urea/kg LW. In addition, all  animals 

were weighed three days before urea injection to determine the actual volume of urea 

to be infused.  This  m a y  have resulted in a different  volume of urea  due to the 

different liveweigh t w hich were calculated to provide 120 mg urea/kg liveweight .  

Thus, larger amounts of administered urea should be tested in  sheep. 

5 .  The gu t  contents  was  found in this study to  be  higher than some previously reported 

values in lambs (Ghara ybeh tl....al. ,  1969),  in spite of the fasting period which was  

applied to the animals. This resulted presumably from the roughage diet which was 

given to  the animals .  H owever, the greater gut  c on tents may not  contribute to the 

error of estimating body composition. Bartle and Preston ( 1986) examined the fasting 

period in four heifers and concluded that urea did not diffuse into the reticulo-ruminal 

water ( RRW) in signif icant  amounts in fasted animals .  Preston and Kock ( 1973) 

considered urea space i n  the ruminant to be a measure of empty body water rather 

than total body water .  Reticulo-ruminal water therefore influences urea dilution 

estimation of body composition only as  a variable component of liveweight. 

As a method of predicting the body composition of sheep at an early age for lean meat 

production the urea dilution method has proved in this study to be unsatisfactory. 

Baseline urea values did not differ significantly between the lines in the present study 

a lthough the baseline urea concentrat ion was slightly higher and urea clearance was slightly 

lower in the high-backfat  line (Table 4 . 14) . In 7-month-old ram lambs of the same lines used 

in  this study, Bremmers �. ( 1988) showed tha t rams  fed 1 .2 maintenance exhibited 

significantly greater urea concentrations than those fed 0 .7  maintenance. The rams fed 1 .2 

m aintenance had greater pla s ma urea in the high-backf a t  line, but line effects were not  

significant .  Carter �. ( 1989) showed higher values in the high-backfat line for baseline 

c oncentrations of plasma urea during both the fasting and refeeding periods .  Similarly, Van 

M a anen ll...al. ( 1 989)  showed  that  high -backfat r a m s  m a intained significantly higher 

c oncentrations of urea in plasma than the low-backfat  l ine throughout the 24 hours sampling, 

and refeeding. 

Line effects on the r e sponses to a urea challenge w ere minimal with no effects on 

clearance rates and a significantly higher plasma urea level a t  15 minutes post challenge only 
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for the high-backfat line. Despite this, and despite the poor relationships between actual and 

predicted body water percen tage, the empty body water percen tage values predicted from 

several estimates of urea space were significan tly higher for the low-backfat line. I t  is 

p o s sible that the apparent  d ifferences between the l ines  in the way in which urea is 

metabolized and excreted (Van Maanen �. 1989) together with the lower fat levels of the 

l ow line an ima l s  combine d  in such a way tha t the pred ic ted  line differences were an  

exaggeration of the actual differences in  empty body water percentage. 
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CHAPTER SIX 

CONCLUSIONS 

Overall ,  the results  of this study indicate that  selection to al ter backfat thickness in 

Southdown rams of the Massey University backfat selection lines has been successful. This 

supports previous work on older rams  of the same l ines and provides evidence that  the 

ultrasonic method can be used in breeding programmes to select genetically lean sires. 

The following conclusions may be drawn with regard to differences between the high 

and low-backfat lines in this study, and with regard to the differences between the results of 

this study and those of a previous study involving older and heavier rams. 

1 .  N o  clear l ine differences in dressing-out percentage were shown in the current results. 

In the older and heavier rams the higher dressing-out percentage for the high -backf at 

line was probably because the line differences in fatness were larger .  

2 .  Differences in n on-carcass components were  less clear than in the  previous  tr ial  

although heavier heart and liver weights were found in the low-backfat line. 

3 .  The low-backfat  l ine carcasses had larger fra mes in this and the previous trial ,  with 

longer bodies (LB)  and legs (T) and greater lengths of certain bones. 

4 .  No l ine differences were found in carcass width measurements, whereas in older rams 

the l ow-backfat line had narrower carcass widths. 

5 .  The low-backfat line had lower fat depth measurements at C, J ,  GR, S2 and L3 as was 

found in the older rams. The largest differences between l ines i n  both studies was 

found for fat  depths C and L3. 

6. The  low-backf a t  l ine had a h igher  proport ion of the shou lder  cu t  and  a lower 

proportion of the rack cut, in the same way as the previous study. 
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7 .  The low-backfat line had lower weights of b one in the rack cut, higher weights of bone 

in the leg cut and heavier humerus and femur bone weight at the same total side bone 

weight .  Thus,  the line effect on bone d is tribution were less marked in the present 

work than the previous study and the difference in total leg bone weight was in the 

opposite direction . 

8 .  The k idney fa t  depot was  the only non carcass depot shown to b e  lower i n  the low

backfat line in this study. In previous study several non carcass fat depots were lighter 

in the low-backfat line. 

9 .  Smaller adipocytes were found only i n  the intermuscular fat depot of the low-backfat, 

while for  the previous work lower adipocyte size was shown for al l  measured fa t  

depots. 

10. At the sam e  carcass weight ( 14 kg) the low-backfat line rams had less fat, more bone 

and a simi l a r  weight of muscle, whereas the previous study found less fat and more 

muscle as well as bone in the low-backfat line .  

1 1 .  The low-backfat line had lower muscularity scores in terms of muscle weights relative 

to skeletal size and in term s  of shallower, bu t wider cross-sections of M. longissimus at 

the 12th r ib . The differences between the two lines were s imilar  and in the same 

direction for the heavier animals of the previous trial. 

12. Small line effects on muscle distribution, as determined by individual muscle weights 

adjusted to a constant fat-free soft tissue weight in the side, were found which were 

similar to those found for older rams. 

13 .  The muscle to  bone ratio was lower in the low-backfat l ine carcasses for both studies. 

14 .  No l ine difference was shown in the proportion or area of muscle-fibre types in the M. 

semitendino sus, whereas the previous work found a decrease in the proportion of red 

(BR) muscle fibres. 

15 .  The curren t study a lso showed, i n  general ,  that percentage mois ture was  sl ightly 

higher in the low-backfat line for carcass and non-carcass components. 
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Prediction of carcas s  composition by using the urea dilution method as described in the 

curren t study with young rams was found to be unsatisfactory . These results a re generally 

consis ten t with s imilar  work reported for young and light sheep but not  w ith older and  

heavier  animals. There is  a need for more fundamental  work to  evaluate the physiological 

implica tions of this m ethod,  as  it may become a u seful tool in breeding programmes if it 

could accurately predict carcass composition at an early age. 

The need to reduce the fat content of New Zealand lamb carcasses has resulted in the 

recent importation of new breeds, such as  the Texel, to New Zealand. However the present 

study,  together w ith the previous s tudy on the same selec tion lines has suggested tha t 

select ion programmes which incorporate ultra sonic backfat measurements may provide a 

suitable sires to compete with the imported breeds. There is a need for a study to evaluate 

more closely the carcas s  composition of animals from these lines at various stages of their 

growth so that some of the differences between this and the previous study can be clarified 

and so that these animals can be compared more effectively with those of other breeds and 

lines. 
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